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INTRODUCTION 

The Standards Handbook for Copper and Copper Alloy Mill Products .is 
publisi!'!!2>y Copper Development Association Inc. as a technical service to 
the cus(omers of the copper and brass industry. The Handbook has been pre­
pared with the help of technical experts in the industry and is based on years 
of experience in the production, specification and purchase of copper mill pro­
ducts. This 1972 edition of Part 2 of the Handbook is the seventh edition ofa 
publication that first appeared in 1941. 

For convenient use, the Handbook is presented in seven separately bound paris: 

Wrought Products (Brass Mill Products) 

Part 1 - Tolerances 
Part 2 Alloy Data 
Part 3 Terminology 
Part 4 Engineering Data 
Part 5 Sources 
Part 6 Specifications Cross Index 

Cast Products (Foundry Products) 

Part 7 - Data/Specifications 

The Standards Handbook does not cover wire and cable for electrical trans­
mission and distribution or for other power and electronic applications. 

In this part of the Handbook, alloy data are presented for the standard wrought 
coppers and copper alloys. On page 1 a list of the standard designations for 
wrought coppers and copper alloys appears. This list contains the 34 coppers 
and 204 copper alloys which currently meet the criteria for assignment of a 
standard designation. 

Data on the properties and characteristics of 27 of the most used wrought cop­
pers and 94 of the most used wrought copper alloys make up the main part of 
this section of the Handbook. These Standard Data Sheets are preceded, on 
page 11, by a detailed index to them. Each data sheet includes the following: 
previous trade name; nominal composition and actual commercial composition 
limits; nearest applicable ASTM specifications; physical properties; typical uses; 
common fabrication processes; fabrk:ation properties; forms and tempers most 
commonly used; and mechanical properties. 

• 
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Property values shown in the Handbook are known to characterize generally the 
materials they describe. They are not intended for use in design. They can pro· 
vide 'general guidance in the selectk:> of alloys and of manufacturing processes. 

Further alloy data can be. obtained from any supplier of brass mill products 
(see Part 5/Sources) Or from Copper Development Association Inc., 
405 Lexington Avenue, New York, N. Y. 10017. Telephone (212) 867·6500. 

Useful infonnation fur preparing purchase orders is shown on page Ill. 
,i 

The use of the standards in this Standards Handbook by any member or non­
member of the Copper Development Association Inc. is voluntary, and the 
issuance or existence of these standards does not in any II,;Spect prevent any 
member or non-member from manufacturing or supplying products not in 
confonnance with these standards. 

') 
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PURCHASE ORDER INFORMATION 

Ordering Copper and Copper Alloy Wrought Mill Products can be g,eatly 
expedited if the purchaser will bear in mind that the following information is 
needed with each purchase order, preferably in lhe following sequence: 

1. Quantity, total, in units such as pounds, pieces, total feet. 

2. Copper or Copper Alloy, by number or nominal composition. 

3. Cross-section shape, such as round, hexagonal, square, rectangular. 

4. Product, such as sheet, strip, plate, bar, fOG, s11ape, wire, pipe, tube. 
See TERMINOLOGY, Part 3. 

5. Nominal dimensions, such as width, thickness, length, distance across 
flats, diameter (O.D. or J.D. for tube), wall thickn.", type of water 
tube or pipe. Use decimals of an inch instead of gage numbers. 

6. How furnished, such as straight lengths, rolls, coils, spooled. 

7. Length classification, such as specific, stock, mill, multiple. See 
TERMINOLOGY, Part 3. 

8. Dimensional tolerances. CDA schedules will apply unless special values 
are stated. 

9. Temper, such as nominal anneal or hardness. 

10. Finish (if other than commercial). 

11. Specifications, if any, such as ASTM, ANSI, SAE, Government. 

12. Shipping date. 

13. Special information, to aid in proper processing. such as use of product, 
drawing showing item to be fabricated, sample of fabricated product 
or previously used material, type of edges, coating, and any other 
requirements not covered by the above schedule. 

• • • 
Example: (I) 1000 pounds; (2) Copper Alloy No. 360 (Free·cutting Brassl; 
(3) Hexagonal; (4) Rod; (5) 0.75" distance between parallel surfaces; 
(6) Straight lengths; (7) Specific lengths 20'·0"; (8) Commercial tolerances; 
(9) Half·hard temper; (10) Commercial fmish; (II) ASTM BI6·71a; (12) Ship 
January 2, 19-; {I 3) To be used in screw machine production of hexagonal nuts. 

• 
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STANDARD DESIGNATIONS FOR COPPER AND COPPER ALLOYS 

(Wrought Products only) 

This is the accepted alloy designation system in 
North America for wrought copper and copper alloy 
products. Developed by the copper and brass indus­
try in the United States, the system is now used by 
the U.S. Government, by the American Society for 
Testing and Materials (ASTM), by the Society of 
Automotive Engineers (SAE) and by nearly all pro­
ducers of copper and copper alloy wrought products 
in North America. 

The designation system is not a specification but 
is rather an orderly method of defining and identi­
fying coppers and copper alloys. It eliminates the 
limitations and· conflicts of alloy designations pre­
viously used and at the same time provides a work­
able method for the identification marking of mill 
products. 

The designation system is administered by the 
Copper Development Association. New designations 
are assigned as new coppers and copper alloys come 
into commercial use, and designations are discon­
tinued when an alloy composition ceases to be used 
commercially. Anyone may request changes in the 
list. New designations are assigned if a copper or 
copper alloy meets three criteria: 

(l) The complete chemical composition 
is disclosed 

(2) The copper or copper alloy is in commercial 
use 

(3) The composition does not fall within the 
limits of any designated composition al­
ready in the list 

In the designation system, numbers from 100 
througb 799 describe wrougbt alloys. Within these 
numbers, the system groups the compositions into 
the following families of coppers and copper alloys: 

Coppers - Metal which has a designated minimum 
copper content of 99.3%. 

High Coppar Alloys - For the wrought products, 
these are alloys with a designated copper content 
less than 99.3% but more than 96%, and which do 
not fall into the other copper alloy groups. 

Brasses - These alloys contain zinc as the prin­
Cipal alloying element with or without other desig­
nated alloying elements such as iron, aluminum, 
nickel and silicon. The wrought alloys comprise 
three main families of brasses: copper-zinc alloys; 
copper-lead-zinc alloys (leaded brasses); and copper­
zinc-tin alloys (tin brasses). 

Bronzes - Broadly speaking, bronzes are copper 
alloys in which the major alloying element is one 
other than zinc or nickel. Originally "bronze" 
described alloys with tin as the only or principal 
alloying element. Today, the term bronze is seldom 
used by itself in a technical sense. Rather it is used 
with a modifying adjective. For wrought alloys, 
there are four main families of bronzes: copper-tin­
phosphorus alloys (phosphor bronzes); copper-tin­
lead-phosphorus alloys (leaded phosphor bronzes); 
copper-aluminum alloys (aluminum bronzes); and 
copper-silicon alloys (silicon bronzes). 

Copper-Nickels - Alloys with nickel as the 
principal alloying element, with or without other 
designated alloying elements present. 

Coppar-Nickel-Zinc Alloys - Commonly known 
as "nickel silvers". these are alloys which contain zinc 
and nickel as the principal and secondary alloying 
elements, with or without other designated elements 
present. 

Designations for the most widely used coppers 
and copper alloys are shown in bold-face type in the 
table of compositions. For each of these, a stan­
dard data sheet appears in Part 2 (wrougbt products) 
of the CDA Standards Handbook. 

Copper Development Association Inc. does not 
undertake to insure anyon'! using this Standard Desig­
nation system against lif.bility for infringement of 
letters patent nor does if. assume any liability. This 
publication should not be construed as a recom­
mendation of any patented or proprietary appli­
cation that may be involved. 

• • • 
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Standard Chemical Composition Limits 

The composition limits in this listin~ of Standard Des-
ignations for c0l:per and Copper Aloys are presented 
according to t e following numerical convention I 
wherever practicable. 

CONVENTION FOR 
EXPRESSING 

CONSTITUENT COMPOSITION LIMITS 

Chemical Symbols 

Aluminum AI 
Antimony Sb 

/ Arsenic IU 
Beryllium a. 
Bismuth Bi 
Boron B 
Cadmium Cd 

i[ 

I: ;, 

Copper Nos. 100,159 Incl. Calcium C. 
Carbon C 
Chromium C, 
Cobalt Co 

I"~ 

" 
" 'Ii 

iL 
1'1 

ill 
:.1 ; 

; 

Copp.' .;, ...... : .......... ; ................ XX.XX 
Alloying ~lcments and impurities 

1/10 a~d over ....................... .XX 
1/100 and less than 1/10 ...... .OXX 

,. 1i1000:ind less than 1/100 .. .OOX 
kS!I th~n 1/1000 ................... .OOOK 

Columbium Cb 
Copper C. 
Iron F. 
L.ad Ph 
Lithium LI 
Magnesium Mg 
Manganese Mn 
Mercury Hg 

" 
:t . Copper Alloy No •. 160-799 Incl. 

Nickel NI 
Phosphorul P 

II 
II I, 
!t !, 
\ 

Copper ..................................... . XX.X 
Alloying elements and impurities 

6/10 and over ....................... .X, X.X, XX.X 
1/10 and less than 6/10 ........ .XX 
1/100 and tess than 1110 ...... .OX 
1/1000 and less than 1/100 .. .OOX 

Selenium So 
Silicon 51 
Silver Ag 
Sulfur S 
Tellurium T. 
Titanium Ti 
Tin Sn 
Zinc Zn 
Zirconium Z, 

, 
Ii Ie .. than 1/1000 ................... .OOOX 

'I 
.\ 
1 
! 
1 
,I 
! 
I 

,\ 
\: 
!;i 
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WROUGHT ALLOYS 
'-. 

I 

COPPERS 
COMPOSITION, PER CENT MAXIMUM (UNLESS OTHERWISE INDICATED) 

COPPER Cu (inc'. Ag) Ag(l) OTH+ER NAMED 
ND, DESIGNATION TVPE (%Min.) (%Mln.) A, SO P To ELEMENTS 

101 ,2 ) OFE Oxygen Free Electronic .......... 99.99 13) - 14 ) (4) .0003 .0010 (4)(5) -~ 

10212 ) OF Oxygen Free ........................... 99.95 - - - - - -
104(2) OFS Oxygen Free with Ag ............. 99.95 .027(8) - - - - - .. 
10512 ) OFS Oxygen Free with Ag ............. 99.95 .034(10) - - - - -
107(2) OFS Oxygen Free with Ag ............. 99.95 .085(25) - - - - -
109,2 ) BDHC Boron Deoxidized High 

Conductivity ....................... 99.99(6) - (4) (4) .0005 14) (4}(7) 

. 110(2) ETP Electrolytic Tough Pitch ........ 99.90 - - - - - -
FRHC Fire-Refined High 

Conductivity ....................... 99.90 - - - - -
CRTP Chemically Refined 

Tough Pitch ......................... 99.90 - - - - - - -111 ,2 ) - Electrolytic Tough Pitch. ; 
Anneal Resistant ................. 99.90 - - - - - (a) 

• 113(2 )19) STP Toogh Pitch with Ag .............. 99.90 .027(8) - - - - -
114(2)19) STP Tough Pitch with Ag .............. 99.90 .034(10) - - - - '-

115(2 )19) STP Tough Pitch with Ag .............. 99.90 .054(16) - - - - - -
1;6(2 )19) STP Tough Pitch with Ag ......•....... 99.90 .085(25) - - - - -
117 - ............................................... 99.9 (6) - - - .04 - .004'.02 B 
rl9 PHC ............................................... 99.93 - - - .002-.010 - -
120 DLP Phosphorus Deoxidized, Low <-

Residual Phosphorus ........... 99.90 - - - .004-.012 - -
121 - ............................................... 99.90 .014(4) - - .005-.012 - -
122(10) DHP Phosphorus Deoxidized, High 

; 

Residual Phosphorus ........... 99.90 - - - .015·.040 - -
123 - ............................................... 99.90 .014(4) - - .015·.025 - -
12S{llf FRTP Fire-Refined 

Tough Pitch ......................... 99.88 - .012 .003 - .025(12) .050 Ni 
.003 Bi 
.004Pb 

127(11) FRSTP Fire-Refined Tough " 
Pitch with Ag ...................... 99.88 .027(8) .012 .003 - .O25{l2,) .050 Ni '. ' 

.003Bi 

.004 Pb 
128(11) FRSTP Fire-Refined Tough 

.o2~h:21 Pitch with Ag ...................... 99.88 .034(10) .012 .003 - .050 Ni 
.003 Bi 
.004 Pb 

129(11 ) FRSTP Fire-Refined Tough 
Pitch with Ag .................•.... 99.88 .054(16) .012 .003 - .025(1,2) .050 Ni 

.003 Bi 

.004Pb 
130111 } FRSTP Fire-Refined Tough 

pitch with Ag ................•..••. 99.88 .085(25) .012 .003 - .025(12) .050 Ni 
.003 Bi 
.004 Pb 

134(2) - Boron Deoxidized. High 
Conductivity with Silver ...... 99.99(6} .027(8) 14) (4) .0005 (4) (4)(7) 

135(2 ) - Boron Deoxidized, High 
Conductivity with Silver ...... 99.99(6) 034(10) (4) (4) .0005 (4) (4)(7) 

136'2) - Boron. Deoxidized. High 
Conductivity with Silver ...... 99.99(6) .054(16) (4) (4) .0005 (4) (~)(7) 

137(2) - Boron Deoxidized. High , -
Conductivity with Silver ...... 99.99(6) .385(25) (4) (4) .0005 .. (4) . (4,lpj":". 

141 ATP Arsenical, Tough Pitch ........... 99.40 .15-.50 .. ' -, 
- - - - - ' -

142 DPA Phosphorus Deoxidized. - ,. 
Arsenical ............................. 99.40 - .15-.50 . 015·.040 - .. ~ . 

- ~'-' 143 - Cadmium Copper. 
Deoxidized .......................... 99.90(13) - ~'- - - '- .05,'.15 Cd 

145(14) DPTE Phosphorus Deoxidized, • ~>- .:'"' - " "' ..... 
Tellurium Bearing ................ 99.90(15) -.' - - .004_.012116) .40·.6 -

147 - -... Sulfur Bearing .... : .... :-..... :.: .. : ... ; 99.90(17) "~' ... - -", ... - .. :20·:50 S - -- . ,- - - - -
150 - Zirconium Copper .................. 99.80 - - - - - .10·.20 Zr 
155 - ............................................... 99.75 .027·.10 - - .040·.080 - .10-.12 Mg 

(8:30) 

III NOTES APPEAR ON PAGES 9·10 AT THE END OF THE TABLE 
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HIGH COPPER ALLOYS 

(18) 
COMPOSITION, PERCENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM) 

Cu (Incl. Ag) 
COPPER + ELEMENTS OTHER ALLOY PREVIOUS WITH SPEC. NAMED NO. TRADE NAME LIM. ('Yo Min.' Fe 5n NI Co C, 51 Be Pb Cd ELEMENT: 

). 

162 Cadmium Copper. 99.8 .02 - - - - - - - .7-1.2 -
164 ............................. 99.8 .02 .20·.40 - - - - - - .6- .9 -
165 ............................. 99.8 . .02 .50·.7 - - - - - - .6-1.0 -
170 Beryllium Copper. 99.5 (19) - (19) (19) - - 1.60·1.79 - - -
172 Beryllium Copper. 99.5 (19) - (19) (19) - - 1.80·2.00 - - -
173 ............................. 99.5 (19) - (19) (19) - - 1.80-2.00 .20-.6 - -
175 Bsryllium Copper. 99.5 .10 - - 2.4-2.7 - - .40-.7 - - -
176 ............................. 99.5 .10 - - 1.4-1.7 - - .25-.50 - - .9-1.1 Ag 
117 ............................. 99.5 .10 - - 2.4-2.7 - - .40·.7 - - .40-.6 Te 
182 Chromium Copper 99.5 .10 - - - .6-1.2 .10 - .05 - -
184 C~romium Copper 99.8 .15 - - - .40-1.2 .10 - - - .005 As 

.005e • 

. 05 Li 

.05 P 

.7 Zn 
185 Chromium Copper 99.8 - - - - .40-1.0 - - .015 - .04 P 

.08-.12Ag 
187 Leaded Copper .••.• 99.9 - - - - - - - .8-1.5 - -
189 ............................. 99.9 - .6-.9 - - - .15-.40 - .02 - .05 P 

.01 AI 

.10-.30 lvIn 

.10 Zn 
190 ............................. 99.5 .10 - .9-1.3 - - - - .05 - .8 Zn 

.15-.35 P 
191 ............................. 99.5 .20 - .9-1.3 - - - - .10 - .50 Zn 

.35-.6 Te 

.15-.35 P 
COMPOSITION PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM) , TO T L. A .. OTHER P'REVIOUS; ELE-

T<RAO.E. ~.~ME' CU Fa 5n Zn AI Pb P Co MENTS(20) 

192 , ....... :~: .... ' ... :;.' ..... :~ ... ;"." 98.7 min. .8-1.2 - - - - .01-.04 - .10 
193 ............. , .... ; ........... 92.0·94.0 2.0·2.6 .03 Rem. .02 .03 - - .05 
194 ........ '!' ............ '! ••••••• 97.0 min. 2.1-2.6 .03 .05-.20 - .03 015·.15 - .15 
195 .............................. Rem. 1.3-1.7 .40-.7 .20 .10 .02 .08-.12 .6·1.0 .10 

COPPER-ZINC ALLOYS (BRASSES) COMPOSITIOh! PER CENT MAXIMUM (UNL.ESS SHOWN AS A RANGE OR MINIMUM) . 
TOTAL 

COPPER OTHER OTHER 
AL.L.OY NAMED ELE-

NO. PREVIOUS TRADE NAME Cu Pb Fo Zn P EL.EMENTS MENTS(20) 

205 ........................................................ 97.0·98.0 .02 .05 R~m. - - .05 
210 Gilding, 95% ...........•..•.......•....••..•.... 94.0-96.0 . 05 .05 Rem . - - .10 
220 :Commercial Bnmze, 90% ................ 89.0·91.0 .05 . 05 Rem . - - .10 
226 '. jewelry Bronze, 87%% .................... 86.0·89.0 .05 . 05 Rem . - - .15 , ,.' .. 

Red Bra", 85% ................................. 84.0·86.0 '21} .05!21} . 05 Rem . .15 230 ~ - -23" , ... 
81.0-84.0 .05 . 05 Rem . - - .15 4. ' ........................................................ 

240 . ~ow Brass, 80% ............................... 78.5-81.5 .05 . 05 Rem . - - .15 
:250 ···f··· .. ·· .. ··· .. · .. ·· .. · .. ·· .. ····· .. ······, .... ··,· .. 74.0·76.0 .05 . 05 Rem . - - .15 
260 Cartridge Brass,.7crx. ..................... , .. 68.5-71.5 .07 .05 Rem. - - .15 
261 ... , ..................................................... 68.5·71.5 .05 • 05 Rem . .02-.05 - .15 

.262 ' ' ........................ , ..... , ..................... ~ .. 67.0·70.0 .07 ;05 Rem. - - .15 
J 268 Y~I.low Bra .. , 66% .........••.........••.. : .. 64.0·68.5 .15 .05 Ren!. - - .15 

270 X';'I,low Br.", 65,(G ........................... 63,0-68.5 . 10 . .07 Rem . - - .20 
272 ............................. , .......................... 62.0·65.0 .07 .07 Rem. - - .20 
274 Yellow Brass, 63% ........................... 61.0·64.0 '.10 . 05 Rem . - - .20 
280 Muntz Metal, 60% ........................... 59.0·63.0 • 30 .07 Rem . - - .20 
282 ....... , ................................................ 58.0·61.0 • 03 .05 Rem . .12-.22 .005 AI,!22} .10 

.05 Sn 
298 Brazing Alloy .................................. 49.0-52.0 • 50 .lD Rem . - .10A! -

4 



COPPER-ZINC-LEAD ALLOYS (LEADED BRASSES) 
COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS P. RArlGE OR ~fINIM'JM) 

TOTAL 
COPPER OTHER OTHER 
ALLOY NAMED ELE-

NO. PREVIOUS TRADE NAME Cu Pb Fe Sn Zn ELEMENTS MENTS(20) 

310 Leaded Commercial 
Bronze (Low Lead) ...................... 89.0-91.0 .30-_7 .10 - Rem', - .50 

314 Leaded Commercial Bronze ............. 87_5-90.5 1.3-2_5 .10 - Rem. _7 Ni .50 
316 Leaded Commercial Bronze 

(Nickel Bearing) _ ... __ .. _ .. _ .... _ ... _ ...... 87.5-90.5 1.3-2_5 . 10 - Rem . .7-1.2 Ni .50 
.04-.10 P 

320 Leaded Red Brass ............................ 83.5-86.5 1.5-2.2 . 10 - Rem . .25 Ni .50 
325 ........................................................ 72.0-74.5 2.5-3.0 .10 - Rem. - .50 
330 Low Leaded Brass (Tube) ..... _ ... _._ .. _. 65.0-68.0 .20-.8 (23) .07 - Rem. - .50 
331 ........................................................ 65.0-68.0 .7-1.2 _06 - Rem. - .50 
332 High Leaded Brass (Tube) _ .. __ ._ ..•..... 65.0-68.0 1.3-2.0 .07 - Rem. - .50 
335 Low Leaded Brass ........................... 62.5-66.5 .30-.8 .10 - Rem. - .50 
340 Medium Leaded Brass. 64Y.z% .......... 62.5-66.5 .8-1.4 .10 - Rem. - .5.0 
342 High Leaded Brass, 64Y.2% ................ 62.5-66.5 1.5-2.5 .10 - Rem. - .50 
344 ........................................................ 62.0-66.0 .50-1.0 . 10 - Rem . - .50 
345 ........................................................ 62.0-64.0 1.5-2.8 .10 - Rem. - .50 
347 ........................................................ 62.5-64.5 1.0-1.8 . 10 - Rem . - .50 
348 ........................................................ 61.5-63.5 .40-.8 .10 - Rem. - .50 
349 ........................................................ 61.0-64.0 .10-.50 .10 - Rem. - .50 
350 Medium Leaded Brass, 62% ............. 59.0-64.0(24 ) .8-1.4 . 10 - Rem . - .50 
353 High Leaded Brass, 62% .................. 59.0-64.5 (24 ) 1.3-2.3' . 10 - Rem . - .50 
356 Extra High Leaded Brass ................. 59.0-64.5 (25 ) 2.0-3.0 .10 - Rem. - .sO 
360 Free Cutting Brass ........................... 60.0-63.0 2.5-3.7 .35 - Rem. - .50 
362 ........................................................ 60.0-63.0 3.5-4.5 _15 - Rem. - _50 
365 Leaded Muntz Metal, I' 

Uninhibited .................................. 58.0-61.0 .40-.9 .15 .25 Rem. - .10 
366 Leaded Muntz Metal, Arsenical ....... 58.0-61.0 .40-.9 .15 .25 Rem. .02'.:1O.A5 .10 
367 Leaded Muntz Metal, Antimonial .... 58.0-61.0 .40-.9 .15 .25 Rem. ..02-.10Sb .10 
368 Leaded Muntz Metal, Phosphorized. 58.0-61.0 .40-.9 .15 .25 Rem. .02-.10 P .10 
370 Free Cutting Muntz Me't!ll ............... 59_0-62.0 .9-iA . 15 - Rem . - .50 
371 ........................................................ 58.0-62.0 .6-1.2 . 15 - Rem . - .50 
377 Forging Brass .................................. 58.0-62.0 1.5-2.5 .30 - Rem. - .50 
380 ........................................................ 55.0-60.0 1.5-2.5 . 35 .30 Rem . . 50 Al .50 . 
385 Architectural Bronze .. ~.-....... , .......... 55.0-60.0 2.0-3.8 .35 - Rem. - .50· 

.' 

I 

COPPER-ZINC-TIN ALLOYS (TIN BRASSES) 
COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR-MINIMUM) 

COPPER 
ALLOY 

NO. 

405 
408 
409 
410 
411 

PREVIOUS TRADE NAME 

........................................................ 

........................................................ 

........................................................ 

........................................................ 

........................................................ 

' .... '" 

Cu 

94.0-96.0 
94.0-96.0 
92.0-94.0 
91.0-93.0 
89_0-92.0 

Fe 5n 

.05 .05 .7-1.3 

.05 .05 1.8-2.2 

.05 -£5 .50-.8 

.05 .05 2.0-2.8 

.10 .05 .30-.7 

Zn 

Rem . 
Rem . 
Rem . 
Rem . 
Rem . 

• 

p 

OTHER 
NAMED 

ELEMENTS 

. 

"-

... 
TOTP,L 
OTHER 

, EI_E,· 
MENTS(20) 

.15 
_15 
.15: 
.15. 
.15 

5 



COPPER-ZINC-TIN ALLOYS (TIN BRASSES) (Continued) 

COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM) 

TOTAL 
COPPER . , OTHER OTHER 
ALLOV NAMED ELE· 

NO. PREVioUS TRADE NAME CU Pb F. Sn Zn P Po Sb ELEMENTS MENTS(2( 

413 ................................................. 89.0-93:0 .10 .05 .7-1.3 Rem. - - - - .15 
415 ................................................. 89.0-93.0 .10 .05 1.5-2.2 Rem. - - - - .15 
419 ................................................. 89.0-92.0 .10 .05 4.8-5.5 Rem. - - - - .15 
420 ................................................. 88.0-91.0 - - 1.5-2.0 Rem. .25 - - - .15 
421 ................................................. 87.5-89.0 .05 .05 2.2-3.0 Rem. .35 - - .15-.35 Mn .15 
422 ................................................. 86.0-89.0 .05 .05 .8-1.4 Rem. .35 - - - .15 
425 ................................................. 87.0-90.0 .05 .05 1.5-3.0 Rem. .35 - - - .15 
430 ................................................. 85.0-89.0 .10 .05 1.7-2.7 Rem. - - - - .15 
432 ................................................. 85.0-88.0 .05 .05 AO-.6 Rem. .35 - - - .15 
434 ................................................. 84.0-86.0 .05 .05 .50-1.D. Rem. - - - - .15 
435 ................................................. 79.0-83.0 .10 .05 .6-1.2 Rem. - - - - .15 
436 ................................................. 80.0-83.0 .05 .05 .20-.50 Rem. - - - - _15 
43B ................................................. 79.0-82.0 .05 .05 1.0-1.5 Rem. - - - - .15 
443 Admiralty. Arsenical ................ 70.0-73.0 .07 .06 9_1.2(2. Rem. - .02-.10 - - .15 
444 Admiralty •. Antimonial ............. 70.0-73.0 . 07 .06 9_1.2(20 Rem . - - .02-.10 - .15 
445 Admiralty, Phosphorized .......... 70.0-73.0 .07 .06 9-L2(¥ Rem. .02-.10 - - - .15 

. 492 Naval Brass, 63Yl% .................... 62.0-65.0 .20 .10 .50-1.0 Rem . - - - - .10 
464 Naval Brass, Uninhibited .......... 59.0-62.0 . 20 .10 .50-1.0 Rem . - - - - .10 
465 Naval Brass, Arsenical ............... 59.0-62.0 . 20 .10 .50-1.0 Rem . - .02-.10 - - .10 
466 Naval Brass, Antimonial ........... 59.0-62.0 .20 .10 .50-1.0 Rem. - - .02-_10 - .10 
467 Naval Brass, Phosphorized ........ 59.0-62.0 .20 .10 .50-1.0 Rem. _02-.10 - - - .10 
470 Naval Brass Welding & 

Brazing Rod· ..... : .................... 57.0-61.0 .05 - .25-1.0 Rem. - - - .01 AI .50(2 7) 

472 Brazill!; Alloy ........................... 49.0-52.0 .50 .10 3.0-4.0 Rem. - - - - -
476 

N·~~bi·B~k~~:·M;d·i~·~ .. L~~d~d·:::: 86.0-88.0 1.8-2.2 .05 1.8-2.2 Rem. .03-.07 - - .05-.15 Mn _15 
482 59.0-62.0 AO-1.0 _10 .50-1.0 Rem. - - - - .10 
485 Navat Bra,;, High Leaded "_,,,, __ 59.0-62.0 1.3-2.2 .10 .50-1.0 Rem. - - - - .10 

COPPER-TIN ALLOYS (PHOSPHOR BRONZES) 

COPPER 
COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM) 

, ALLOV 
PRE~1.6us TRADE NAME 

Cu+5n+P 
NO. 1% Min.) Pb F. Sn Zn P Mn AI 

.. 
50.2 ................................................. 99:5' .05 .10 1.0-1.5 - .04 - -
505 Phosphor Bronze, '1.25% E "_._,, 99.5 .05 .10 1.0-1.7 .30 .03-.35 - -
50.7 ................................................. 99.5 .05 .10 1.5-2.0 - .30 - -
50B ................................................. 99.5 .05 .10 2.6-3.4 - .0.1-.07 -

(~) """""""""""""""""" """"'}"" 99.5 .05 .10 2.5-3.8 .30 .03-.30 - -
Phosphor Bronze, 5% A.tf~~._1tl 99.5 .05 .10 4.2-5.8 .30 .03-.35 - -

511 ................................................. 99.5 _OS .10 3.5-4.9 .30 .03-.35 - -
51B Phosphor Bronze ...................... 99.5 .02 - 4.0-6.0 - .10-.35 - .01 
519 ................................................. 99.5 .05 .10 5.0-7.0 .30 .0.3-.35 - -
521 Phosphor Bronze, B% C""''''_''' 99.5 .05 .10 7.0-9.0 .20 .03-.35 - -
524 Phosphor Bronza, 10% D __ "_,,,,_ 99.5 .05 .10 9.0-11.0 .20 .03-.35 - -
526 ................................................. 99.5 (20) .05 .10 2.2-3.3 .20 .03-.35 1.0-2.0 -
529 ................................................. 99.5,(20) .05 .10 7.0-9.0 .20 .03-.35 1.0-2.0. -

6 
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COPPER-TIN-LEAD ALLOYS (LEADED PHOSPHOR BRONZES) 

COMPOSITION, PER CENT MAXIMUM (UNLESS SilOW ... AS.ll, HANGE OR MINIMUM) 
COPPER 
ALLOY Cu + Sn + P + Pb 

NO. PREVIOUS TRADE NAME (%MIN.) Pb F. Sn Zn P 

532 Phosphor Bronze B .............................. 99.5 2.5-4.0 .10 4.0-5.5 .20 .03-.35 
534 Phosphor Bronze B-1 ........................... 99.5 .8-1.2 .10 3.5-5.8 .30 .03-.35 

c® ~ " t:' 99.5 (29) 3.5-4.5 Phosphor Bronze B·2 ..... p.;'( •• ~t:Y!,.~,.7/.~. .10 3.5-4.5 1.5-4.5 .01-.50 
546 Phosphor Bronze B-2 

(P .50 max.) ...................................... 99.5 (29) 3.5-4.5 .10 3.5-4.5 1.5-4.5 .50 
548 ............................................................. 99.5 (29 ) 4.0-6.0 .10 4.0-6.0 .30 .03-.35 

COPPER-ALUMINUM ALLOYS (ALUMINUM BRONZES) 
COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM) 

US) 
CU + ELE· 

COPPER MENT5 WITH OTHER 
ALLOY PREVIOUS SPEC. LlM- NAMED 

NO. TRADE NAME ITS 1% Min.} Pb F. Sn Zn .AI A, Mn 51 NI ELEMENTS 

606 ................................... 99.5 .50 4.0-7.0 
607 ·······~tt·"~::n.··········· 99.5 .01 1.7-2.0 2.3-2.9 
60B ~~':I_~i~~.mJ~J_Qnz~,,_5j{ 99.5 .10 .10 5.0-6.5 .02-.35 
610 ................................... 99.5 .02 .50 .20 6.0-8:5 .10 
613 ................................... 99.5 3.5 .ZO-.50 6.0-B.0 .50 .50 
614 Aluminum Bronze D .. 99.5 .01 1.5-3.5 .20 6.0-B.0 1.0 .015 P 
618 ................................... 99.5 .02 .50-1.5 .02 8.5-11.0 .10 
619 ................................... 99.5 .02 3.0-4.5 .6 .B 8.5-10.0 
622 ................................... 99.5 .02 3.0-4.2 .OZ 11.0-12.0 .10 
623 ................................... 99.5 2.0-4.0 .6 8.5-11.0 .50 .25 1.0 
624 ................................... 99.5 2.0-4.5 .20 10.0-11.5 .30 .Z5 
625 ................................... 99.5 3.5-5.0 12.5-13.5 2.0 

~ :ij3ijj ....•• ~, .. :: .• ~ .. ;l:: ..•..••...•...... 99.5 2.0-4.0 .ZO .30 9.0-11.0 1.5 .25 4.0-5.5 
Ii' 632 ................................... 99.5 .02 3.0-5.0(30) B.5-9.5 3.5 .10 4.0_5.5130 

634 ................................... 99.5 .05 .10 .20 .35 2.6-3.2 .15 .25-.45 .15 
636 ................................... 99.5 .05 .10 .20 .35 3.0-4.0 _15 .7-1.3 .15 
638 ................................... 99.5 . 05 .05 .50 2.5-3.1 _10 . 1.5-2.1 .10 .25-.55 Co 
642 ................................... 99.5 .05 .30 .20 .50 6.3-7.6 _15 .10 1.5-2.2 .25 I 

COPPER-SILICON ALLOYS (SILICON BRONZES) 
COMPOSITION, PER CENT MAXIMUM ( u NLESS SHOWN AS A RANGE OR M INI MUM) 

(IS) 
Cu + ELE· 

COPPER MENTSWITH 
ALLOY PREVIOUS SPEC. LIM· 

NO. TRADE NAME ITS (% Min.) Pb F. Sn Zn AI Mn 51 NI 

647 .................................. 99.5 .10 ,10 - .50 - - .4O-.S 1.6-2.2 
649 .................................. 99.5 .05 .10 1.2-1.6 .20 .10 - .8-1.2 .10 
651 Low Silicon 

Bronze B ................ 99.5 .05 .B - 1.5 - .7 .8-Z.0 -
655 High Silicon 

Bronze A ................ 99.5 _05 .B· - 1.5 - 1.5 2.8-3.B .6 
656 .................................. 99.5 ',02 . 50 '1.5 1.5 .. .. 01 1.5 '. 2.8-4.0 . --_. - ._-" .. 

658 .................................. 99.5 .05 .6 - - .01 .50-1.3 2.B-3.6 -
661 .................................. 99.5 .20-.8. .25 - 1.5 - 1.5, 2.8-3.5 -

7 
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MISCELLANEOUS COPPER·ZINC ALLOYS 
COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM) 

.. I I I TOTAL 
COPPER OTHER OTHER 
ALLOV PREVIOUS· [i~~~!> iviE~~;{~" NO. TRADE NAME CU Pb FB 5n Zn NI AI Mn 51 

\,1 , 

667 Manganese Brass ....... 68.5·71.5 .07 .10 - Rem. - - .8·1.5 - - .50 
668 ................................. 60.0.63.0 .50 .35 .3U Rem. .25 .25 2.0-3.5 .50-1.5 - .10 
669 ................................. 62.5·64.5 .05 .25 - Rem. - - 1.5·12.5 - - .20 
670 Manganese BT.onze B. 63.0·68.0 .20 2.0-4.0 .50 Rem. - 3.0·6.0 2.5·5.0 - - .10 
672 ................................. 57.5·61.0 .05 .25 - Rem. 4.0·6.0 - 6.0-8.0 - - .20 
673 ................................. 58.0·63.0 .40·3 .. 0. .50 .30 Rem. .25 .25 2.0·3.5 .50·1.5 - .10 

.. 674 57.0·60.0 .50 .35 .30 Rem. .25 .50·2.0 2.0-3.5 .50·1.5 - .10 ................................. 
;'[jlli Manganese Bronze A 57.0·60.0 .20 .8-2.0 .50-1.5 Rem. - .25 .05·.50 - - .10 

676 ................................. 57.0·60.0 .50·1.0' .40-1.3 .50-1.5 Rem. - - .05·.50 - - .30 
677 ................................. 55.5-58.0 .50·1.0 .7-1.5 - Rem. 1.'5·2.3 - .05-.30 - .40-.8 As .50 
678 ................................. 56.0·59.0 .30 .7·1.5 .20 Rem. - .50-1.5 .20·.6 - - .10 
680 Bronze, Low Fummg 

(Nickel) ................. 56.0·60.0 .05 .25·1.25 .75·1.10 Rem. .20-.8 .01 .01-.50 .04·.15 - .50(27) 

681 Bronze, Low Fuming 56.0-60.0 .05 .25-1.25 .75-1.10 Rem. - .01 .01·.50 .04-.15 - .50(271 

681 Aluminum Brass, 
Arsenical ............... 76.0-79.0 .07 . 06 - Rem . - 1.8-2.>. - - .02·.10 As .15 

688 ................................. 72.3·74.7 .05 .05 - Rem. - 3.0-3.8 - - .25·.55 Co .10 
694 Silicon Red Brass ...... 80.0·83.0 .30 .20 - Rem. - - - 3.5-4.5 - .50 
691 ................................. 75.0-80.0 .50.1.:;' .20 - Rem. - - .40 2.5-3.5 - .50 

COPr'!=R·NICKEL ALLOYS 
'.' COMPOSITION, PER CENT MAXIMUM (UNLESS SHOINN AS A RANGE OR MINIMUM) 

(18) 
CU + ELE-

COPPER MENTS WITH OTHER 
ALLOY SPEC. LIM- NAMED 

NO. PREVIOUS TRADE NAME ITS ('III MIn.) Pb FB Zn NI Mn ELEMENTS 

701 ................................................... 99.7 - .05 .25 3 .. 0-4.0 .25-.50 -
702 ................................................... 99.7 .05 .10 - 2.0-3.0 .40 -
703 ................................................... 99.5 - .05 - 4.7-5.7 .50 -
704 Copper Nickel, 5%., .................... 99.6 .05 1.3·1.7 1.0 4.8-6.2 .30·.8 -
705 Copper Nickel, 7% ...................... 99.5 .05 .10 .20 5.8-7.8 .15 -
706 Copper Nickel, 10% .................... 99.5 .05 1.0-1.8 1.0 9.0-11.0 1.0 -
707 ................................................... 99.5 - .05 - 9.5·10.5 .50 ~ 

708 Copper Nickel, 1'1% .................... 99.5 .05 .10 .20 10.5-12.5 .15 -
, . ) 
~. 

709 ................................................... 99.5 .05 .6 1.0 13.5-16.5 .6 -. 

710 Copper Nickel, 20% .................... 99.5 .05 1.0 1.0 19.0-23.0 1.0 -
711 ................................................... 99.5 .95 .10 .20 22.0-24.0 .15 -
713 ................................................... 99.5 .05 .20 1.0 23.5·26.5 1.0 -
715 Copper Nickel, 30% .................... 99.5 .05 .40-.7 1.0 29.0-33.0 1.0 -
717 ................................................... 99.5 - .40-1.0 - 29.0-33.0 - .30·.7 B. 
.,19 ................................................... 99.5 - .25 - 29.0-32.0 .50·1.0 2.6-3.2 Cr 

.08-.20 Zr 

.02-.08 Ti 
.01 C 

725 .................................................... 99.8 .05 .6 .50 8.5-10.5 .20 1.8·2.8 Sn 

8 
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'OPPER-NICKEL-ZINC ALLOYS (NICKEL SILVERS) 

COPPER 
ALLOY 

NO. 

732 
735 
736 
738 
740 
745 
752 
754 
757 
760 
761 
762 
764 
766 
767 
770 
773 

774 
776 
782 
784 
786 
788 
790 
792 
794 
796 
798 
799 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

COMPOSITION, PER CENT MAXIMUM (UNLESS SHOWN AS A RANGE OR MINIMUM) 

OTHER TOTAL 
NAMED OTHER 

PREVIOUS TRADE NAME Cu Pb F, Zn NI Mn ELEMENTS ELEMENTS(20) 

................................................... 70.0 (Min.) .05 .6 3.0-6.0 19.0-23.0 1.0 - .50 

................................................... 70.5-73.5 .10 .25 

................................................... 70.5-73.5 .05 .25 
Nickel Silver, 70-12 .................... 68.5-71.5 .05 .25 
................................................... 69.0-73.5 .10 .25 
Nickel Silver, 65-10 .................... 63.5-68.5 .10 .25 
Nickel Silver, 65-18 .................... 63.0-66.5 .10 .25 
Nickel Silver, 65-15.: .................. 63.5-66.5 .10 .25 
Nickel Silver. 65-12 .................... 63.5-66.5 .05 .25 
................................................... 60.0-63.0 .10 .25 
................................................... 59.0-63.0 .10 .25 
................................................... 57.0-61.0 .10 .25 
................................................... 58.5-61.5 .0, 2, 
................................................... 55.0-58.0 .10 .25 
Nickel Silver, 56.5-15 ................. 55.0-58.0 - -
Nickel Silver, 55-18 .................... 53.5-56.5 .10 .25 
................................................... 46.0-50.0 .05 -

................................................... 43.0-47.0 .20 -
Nickel Silver, 43.5-13 ................. 42.0-45.0 . 25 .20 
................................................... 63.0-67.0 1.5-2.5 .35 
................................................... 60.0-63.0 .8-1.4 .25 
................................................... 60.0-63.0 1.2-1.8 .35 
................................................... 63.0-67.0 1.5-2.0 .25 
................................................... 63.0-67.0 1.5-2.2 .35 
................................................... 59.0-66.5 .8-1.4 .25 
................................................... 59.0-66.5 .8-1.2 .25 
Leaded Nickel Silver, 10% ......... .: 43.5-46.5 .8-1.2 -
................................................... 45.5-48.5 1.5-2.5 .25 
................................................... 47.5-50.5 1.0-1.5 . 25 

NOTES 

Figures in parentheses nre troy opnces per avoirdupois 
ton. 

These nre high conductivity coppers which have in the 
annealed condition a minimum conductivity of 100% lACS. 

The 99.99 value for Cu is exclusive of Ag. 

The total of the seven following elements, Set Te, Bi, 
As, Sb, Sn and Mn not to exceed 40 ppm (.0040%). 

Hg, max., 1 ppm (.0001%); Zn, max., 1 ppm (.0001%); 
Cd, max., 1 ppm· (.0001%); S, max., 18 ppm (.0018%); 
Pb, max., 10 ppm (.0010%); Se, max., 10 ppm (.0010%); 
Bi, max., 10 ppm (.0010%); Oxygen.max.,lO ppm (.0010%). 

The value includes Cu + Ag + B. 

S, max .. 15 ppm (.0015%); Cd, max .. 3 ppm (.0003%); 
Zn, max., 5 ppm {.OOOS%}; Hg, max., 1 ppm (.000]/;:.); 
Ph, max., 10 ppm (.0010%); B, (.005-015%). 

Small amounts of Cd or other elements may be added by -
agreement to improve resistance to softening at elevated 
temperatures. 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

... ·(18) 

Rem. 16.5-19.5 .50 - .50 
Rem. 14.0-16.0 .50 - .50 
Rem. 11.0-13.0 .50 - .50 
Rem. 9.0-11.0 .50 - .50 
Rem. 9.0-11.0 .50 - .50 
Rem. 16.5-19.5 .50 - .50 
Rem. 14.0-16.0 .50 - .50 
Rem. 11.0-13.0 .50 - .50 
Rem. 7.0-9.0 .50 - .50 
Rem. 9.0-11.0 .50 - .50 
Rem . 11.0-13.5 .50 - .10 
Rem. 16.,-19.5 .50 .50 
Rem. 11.0-13.5 .50 - .50 
Rem. 14.0-16.0 .50 - .50 
Rem. 16.5-19.5 .50 - .50. 
Rem. 9.0-11.0 - .01 Al .~O 

.25P 
.04-.25 Si 

Rem. 9.0-11.0 - - .50 
Rem . 12.0-14,0 .25 .15 Sn .50 
Rem. 7.0-9.0 .50 - .10 
Rem. 9.0-11.0 .50 - .50 
Rem. 8.5-11.0 .50 - .10 
Rem. 9.0-11.0 .50 - .50 
Rem. 11.0-13.0 .50 - .10 
Rem. 11.0-13.0 .50 - .50 
Rem. 16.5-19.5 .50 - .50 
Rem. 9.0-11.0 1.5-2.5 - :§o 
Rem. 9.0-11.0 1.5-2.5 - .50 
Rem . 6.5-8.5 .50 - '.50 

This includes Low Resist.ance Lake Copper and Electrolytic 
Copper. 

This includes Oxygen-Free Copper which contains P in an 
amount agreed upon. 

This includes High Resistance Lake Copper. 

This includes permissible Se. 

This includes Cu + Ag + Cd; deoxidized with small amounts 
of Li or other suitable elements as agreed upon. 

This includes Oxygen-Free Tellurium Bearing Copper which 
contains P in an amount agreed upon. 

This includes Cu + Ag + Te. 

Other deoxidizers may be used as agreed upon, in whid~ case 
P need not be present. 

This includes Cu + Ag + S. 

... Specific limits are'· defined as" any· numerical ·values, Whether -
maximum only, minimum only, or ra~ges. 
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(20) 

(21) 

(22) 

, . 
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Ni + CO, ';2P%, min~ , 
.Ni ~ Fe + Co, ;6% max. 

Analysis is regularly made for the elements for which specific 
limits arc listed except Zn. If; however, ihe presence of 

. other elements is suspected or indicated in tbe course of 
routine analysis, further analysis shall be made to determine 
that the total of these "other" elements is not in excess of 
the limits specified. 

For pipe and tube, the Cu limit may be 83.0% min. and 
the Ph .06 max. 

AI + Si, .005% max. 

, " 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

For tube over 5 'inches a.D., the Ph may be les r than 
.20%. '( , 

./ 

Copper, 61.0% min. for rod. 

Copper, 60.0% min. for rod . 

For flat products, the minimum tin content may be .8%. 

Including At and Ph. 

Including Mn. 

Including Zn. 

Iron content shall not exceed nickel content. 

',Il 
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INDEX TO STANDARD COPPERS AND COPPER ALLOYS 

The standard commercial wrought coppers and copper alloys listed quantities by consumers. 
hereon are standard in the sense that over a period of years they have In addition to these alloys, there are many special and proprietary 
been the ones most commonly ordered, in the forms indicated, in large alloys which can be and are produced by the mills for various uses. 

COPPER FORMS MOST COMMONLY ORDERED 
OR Indicated by (I) or by reference to nearest applicable A S T M Specifications 

COPPER NOMINAL Wire 
ALLOY PAGE COMPOSITiON Flat (except 

NO. NO. PERCENT Products Pipe Rod Shapes Tube Flat) 

101 19 Cll, 100 B48, B133, B42, BIB8, BI2,B49, BI33, B187, B68, B75, BI, B2, B3, 
B152, BIB7, F6B BI33, BIB7, F68 BI 88, B2BO, F68 
B272, B432, F68 B372, F6B 
F6B 

102 21 Cll, 100 B48, B133, B42, BIBB B12, B49, BI 24, B133, B6B, B75, BI,B2,B3, 
B152, B187, B114, B133, B187 B88, BlI I, B33, B47, 
B272, B370, B187 B188, B2BO, B116, B189, 
B432 B359, B372, B246, B286. 

B395, B447 B298,B355 

104, 105 23 Cll + Ag, 100 B4B, BI33, B42, B188 B12, B49, BI33, B187 B6B, B75, HI, B2, B3 
and 107 B152, B187, BI33, BI87 BIB8, B280, 

B272 B372 

109 25 Cu +B +P, B48, B133, B42, B188 B12, B49, B133, B187 B68, B75, BI,B2,B3 
100 B152, B187, BI33, BI87 B188, B2BO, 

B272, B432 B372 

110 27 Cu + 0,100 BlI, B48, BI88 BI2,B49, B124, B133, BIll, B188, BI, B2, B3, 
BIOI, B124, BI24,B133, B187, B283 B447 B8, B33, B47, 
B133, B152, B187 B49, HI 16, 
B187, B272, B189, B246, 
B370 B286, B298, 

B355 

111 29 Cu+O+Cd, B272 Bl 
100 

113,114, 31 Cu +0 +Ag, B48, BIOI, BI88 B12, B49, B124, B133, B188 BI,B2,B3, 
115 100 B124, B133, B124, B133, BI87 B33, B47, 

and 116 B152, B187, BI87 B49, BI 16, 
B272 B189, B246, 

8286, B298, 
B355 

119,120 33 Cu + P, 100 BI33, B152, B42, B188, B12, B133, B133, B187 B68, B75, 
and 121 B187, B272 B302 BI87 B88,Bll1, 

B188, B280, 
B306, B359, 
B372, B395, 
B447 

122 35 CU+P, 100 Bll, BIOI, B4:1, B302 B12, B124, B124, B133 B68, B75, B260 
B124, B133, B133 B88,Bll1, 
B152, B370, B280, B306, 
B432 B359, B360, 

B395, B447, 
B543 

125,127, 37 Cu + Ag, 100 Bll, B124, B12,B124, B124, B133 
128,129 B133, B152, BI33 
and 130 B272 

142 39 Cu+P+Ar, Bll B12 B75, BlI 1, 
100 B359, B395, 

B447 

143 41 Cu+Ag+Cd, J 
100 

11 
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COPPER . FORMS MOST COMMONLY ORDERED ) 
OR Indicated by (J) or by reference to nearest applicable A S T M Specifications 

COPPER NOMINAL Wire 
ALLOY PAGE COMPOSITION Flat (except 

NO. NO. PERCENT Products Pipe Rod Shapes Tube Flat) 

145 43 Cu 99.5 B124, B301 B124, B301 B124,B301 J 
Te .50 

147 45 Cu 99.~ B301 B301 J 
S .40 

150 47 Cu + Ag 99.8 J J 
Zr .15 

155 49 Cu + Ag 99.83 J 
P .06 
Mg .11 

162 51 Cu 99 J J B105 
Cd I 

165 53 Cu 98.6 J J 0105 
Cd .8 
Sn .6 

170 55 Cu 98.3 B194, BI96 BI96 '.I 
Be 1.7 

172 57 Cu 98.1 0194,BI96 BI96 J J BI97 
Be 1.9 

173 57 Cu 97.7 8196 B196 J 
Be 1.9 
Pb .40 

175 59 Cu 96.9 B441, B534 B441 J J 
Co 2.5 
Be .6 

182 61 Cu 99.1 J J J J F9 
Cr .9 

184 61 Cu 99.2 J J J J F9 
Cr .8 

185 61 Cu 99.2 J J J J F9 
Cr .7 
Ag .10 

187 63 Cu 99 0301 B301 
I'b 1 

189 65 Cu 98.7 J J \ 
Sn .8 ' I' 

Si .3 
Mn .2 

190 67 Cu 98.65 J J 
Ni 1.1 
P .25 

191 69 Cu 98.15 J 
Ni 1.1 
Te .50 
p .25 

192 71 Cu 98.97 Blll,8359, 
Fe I 8395,8469 
P .03 

194 73 Cu 97.43 8465 8543 
Fe 2.4 
Zn .13 
p .04 

12 



COPPER FORMS MOST COMMONLY OROEREO 

OR Indicated by (J) or by reference to nearest applicable A S T M Specifications 

COPPER NOMINAL Wire 

ALLOY PAGE COMPOSITION Flat (except 

NO. NO. PERCENT Products Pipe Rod Shapes Tube Flat) 

195 75 Cu 97.0 J 
Fe 1.5 
Sn .6 
P .IU 
Co .8 

210 77 Cu 95 B36, B134 B134 
Zn 5 

220 79 Cu 90 B36, B130, J B130, B131 B135, B372 BI34 
Zn 10 B131, B134 

226 81 Cu 87.5 J J 
Zn 12.5 

230 83 Cu 85 B36, B134 B43 Bill, B135, Bi34 
Zn 15 B359, B395, 

B543 

240 85 Cu 80 B36, B134 BI34 
Zn 20 

260 87 Cu 70 B19, B36, J B129 Bi35 BI34 
Zn 30 B134 

268 89 Cu 66 B36, B134 J B13.1 B134 
Zn 34 

270 89 Cu 65 B36, B134 J BI35 ... BI34 
Zn 35 

280 91 Cu 60 J J Bill, B135, 
Zn 40 B395 

314 93 Cu 89 BI40 BI40 BI40 
Pb 1.9 
Zn 9.1 

316 95 Cu 89 BI40 BI40 BI40 
Pb 1.9 
Zn 8.1 
Ni I 

330 97 Cu 66 BI21 B453 B135 
Pb .5 
Zn 33.5 

332 99 Cu 66.5 BI21 B453 BI35 
Pb 1.7 
Zn 31.8 

335 101 Cu 64.5 BI21 B453 
Pb .5 
Zn 35 

340 103 Cu 65 BI21 B453 
Pb I 
Zn 34 

342 105 Cu 64.5 BI21 B453 
Pb 2 
Zn 33.5 

349 107 Cu 62.2 I J 
Pb .35 
Zn 37.45 

13 
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, \ 
COPPER FORMS MOST COMMONLY ORDERED 

, 
OR Indicated by II) or by reference to nearest applicable A S T M Specifications 

COPPER NOMINAL Wire 
ALLOY PAGE COMPOSITION Flat (except 

NO. NO. PERCENT Products Pipe Rod Shapes Tube Flat) 

350 109 ell 62.5 BI21 B453 
Pb 1.1 
Zn 36.4 

353 105 ell 62 BI2I B453 
Pb 1.8 
Zn 36.2 

356 III ell 62 8121 B453 
Pb 2.5 
Zn 35.5 

360 113 ell 61.5 BI6 BI6 B16 
Pb 3 
Zn 35.5 

365,366, 115 ell 60 BI71,B432 
367 Pb .6 , 

and 368 Zn 39.4 / 
370 117 ell 60 B135 

Pb I 
Zn 39 

377 119 ell 60 B124 BI24 B124, B283 
Pb 2 
Zn 38 

385 121 ell 57 B455 
Pb 3. 
Zn 40 

411 123 ell 90 B50B BIOS 
Sn .5 
Zn 9.5 

413 125 ell 90 J J J 
Sn I 
Zn 9 

425 127 ell 88.5 J 
Sn 2 
Zn 9.3 
P .20 

435 129 ell 81 J J !' Sn .9 
Zn 18.1 

443,444 131 ell 71 BI7l, B432 B111, B359, 
and 445 Sn 1 B395 

Zn 28 

464,465, 133 ell 60 B21, B124, 821, B124 821,8124, J 
466 Sn .8 BI71,8432 B283 

and 467 Zn 39.2 

482 135 ell 60.5 821 821 B21 
Pb .7 
Sn .8 
Zn 38 

485 137 ell 60 B21, B124 821,8124 B21,8124, 
Pb I.B B283 
Sn .7 
Zn 37.5 

14 



COPPER FORMS MOST COMMONLY ORDERED 

DR Indicated (I) or by reference to nearest applicable A S T M Specifications 

COPPER NOMINAL Wire 

ALLOY PAGE COMPOSITION Flat (except 

NO. NO. PERCENT Products Pips Rod Shapes Tube Flat) 

505 139 Cu 98.7 B508 BI05 
Sn 1.3 

510 141 CU 95 BIoo, BI03, B139 B139 BI59 
Sn 5 B139 

511 143 Cu 95.6 BI03 
Sn 4.2 
P .2 

521 145 Cu 92 B103, BI39 BI39 B139 B159 
Sn 8 

524 147 CU 90 BI03, B139 BI39 BI39 BI59 
Sn 10 

544 149 Cu 88 B103, B139 BI39 B139 
Ph 4 
Sn 4 
Zn 4 

608 151 Cu 95 Bill, B359, 
Al 5 B395 

610 153 Cu 92 I I 
AI 8 

613 155 Cu 92.65 B169,B171 BI50 
Sn .35 
Al 7.0 

614 157 Cu 91 B15o, B169, B150 BI50 I 
Fe 2 B171,B432 
AI 7 

618 159 Cu 89 I 
Fe 1 
AI 10 

619 161 Cu 86.5 
Fe 4 
AI 9.5 

623 163 Cu 87 B150 
Fe 3 
AI .10 

624 165 Cu 86 , I 
Fe 3 
AI 11 

625 • 167 Cu 82.7 I 
Fe 4.3 
AI 13 

630 169 Cu 82 B124, BI50 B124,B15o B150 
Fe 3 
Al 10 
Ni 5 

632 171 Cu 82 I I 
Fe 4 
AI 9 
Ni 5 

638 173 Cu 95 , 
AI 2.8 
Si 1.8 
Co .40 15 
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FORMS MOST COMMON!. V ORDEREO COPPER 
OR Indicated by (J) or by reference to nearest applicable A S T M Sp .. ;::flcatJons 

COPPER NOMINAL 
ALLOY PAGE COMPOSITION Flat 

Products NO. NO. PERCENT 

642 175 

651 177 

655 179 

667 181 

674 183 

675 185 

687 187 

688 189 

694 191 

706 193 

710 195 

Cu 
Al 
SI 

Cu 
SI 

Cu 
SI 

Cu 
Zn 
Mn 

Cu 
Zn 
Al 
Mn 
Si 

Cu 
Fe 
Sn 
Zn 
Mn 

Cu 
Zn 
Al 
Co 

Cu 
Zn 
Si 

Cu 
Fe 
Ni 

Cu 
Ni 

91.2 BI24, BI50 
7.0 
I.B 

98.5 B97, B98, 
1.5 B432 

97 B96, B97, 
3 B98, BIOO, 

B124, B432 

70 B291 
2B.B 

1.2 

5B.5 
36.5 

1.2 
2.B 
1.0 

J 

5B.5 BI24, B\3B 
1.4 
1 

39.0 
.1 

73.5 
22.7 

3.4 
.40 

B1.5 
14.5 
4.0 

J 

88.6 BI22, BI51, 
1.4 BI71, B402, 

10 B432 

79 BI22 
21 

Pipe 

B315 

B315 

B466,B467 

B466,B467 

715 197 Cu 
Ni 

70 
30 

BI22, B151, B466, B467 

725 

745 

752 

754 

199 

201 

203 

205 

Cu 
Ni 
Sn 

Cu 
Zn 
Ni 

Cu 
Zn 
Ni 

Cu 
Zn 
Ni 

88.2 
9.5 
2.3 

65 
25 
10 

65 
17 
18 

65 
20 
15 

BI71, B402, 
B432 

J 

BI22, B151 

B122, B151, 
B206 

, 

Rod 

B124, B150 

B98 

B98, B124 

J 

B124, B138 

B371 

B151 

B151 

B151 

B151 

Shapes 

B124, B150, 
B283 

B98 

B98, BI24, 
B283 

J 

B124, BIlB, 
B283 

Tuba 

B315 

B315 

Bill, B359, 
B395 

Bl11, B359, 
B395, B466, 
B467, B543, 
B552 

B1I1, B359, 
B395, B466, 
B467 

Bill, B359, 
B395, B466, 
B467, B543, 
B552 

Wire 
'except 

Flat) 

B99, BIOS 

B99 

J 

B206 

J 

B206 

B206 

\ 
,I 

J 

·---~--:"""""''''.'T'~'-~-.'-:o.~'''­
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----_._--- _ .. -



COPPER 
OR 

COPPER 
ALLOY 

NO. 

757 

770 

PAGE 
NO. 

207 

209 

782 211 

NOMINAL 
COMPOSITION 

PERCENT 

Cu 65 
Pb 2 
Zn 25 
Ni 8 

Cu 55 
Zn 27 
Ni 18 

Cu 65 
Ph 2 
Zn 25 
Ni 8 

FORMS MOST COMMONLY ORDERED 
Indicated by (I) or by reference to nearest applicable A S TN Specifications 

Flat 
Products 

BI22, BI51, 
B206 

J 

Pipe Rod 

BI51 

Shapes Tube 

Wire 
(except 

Flat) 

J 

B206 

17 
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COPPER No. 101 (OXYGEN FREE ELECTRONIC) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 

Residual Deoxidants 
Phosphorus 

Tellurium 
Other Named Elements:. 

99.99 
None 

Flat Products B48,BI33,BI52,BI87 
B272, B432, F68 

Physical Properties 

.0003 

.0010 

• Hg, max., 1 ppm, (.0001 %); Zn, max., 1 ppm, 
(.0001%); Cd, max., I ppm, (.0001%); S, max., 18 
ppm, (.0018%); Pb, max., 10 ppm, (.0010%); Se, 
max., 10 ppm (.0010%); Bi, max., 10 ppm (.0010%); 
Oxygen max., 10 ppm, (.00 I 0%) . 

.. The total of the seven following elements, Se, Te, Bi. 
As, Sb, Sn and Mn not to exceed 40 ppm, (.0040%). 

English Units 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

1981 F 
1981 F 
.323 Ib leu in @ 68 F 
8.94 

Pipe 
Rod 

Shapes 
Tube 

Wire 

1083 C 
1083 C 

B42, BI88, F68 
BI2, B49, BI33 
BI87, F68 
BI33, BI87, F68 
B68,B75,BI88,B280 
B372, F68 
BI, B2, B3, F68 

C. G. S. Units 

8.94 gm leu em @20 C. 
8.94 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

.0000094 per 0 F from 68 F to 212 F 

.0000096 per 0 F from 68 F to 392 F 

.0000098 per 0 F from 68 F to 572 F 

.0000170 per 0 C from 10 C to 100 C 

.0000173 per 0 C from 20 C to 200 C 

.0000177 per 0 C from 20 C to 300 C 
Thermal Cand uctivity 

Electrical Resistivity (Annealed) 
Electrical Conductivity· (Annealed) 

Thermal Capacity (Specific Heat) 
Modulus of Elasticity (Tension) 

Modulus of Rigidity 

226 Btu Isq ft 1ft Ihr I"F @ 68 F 
10.3 Ohms (eire mil 1ft ) @68 F 
101 % lACS @ 68 F 

.934 cal Isq em lem Isee I" C @20 C 
1.71 Microhm-cm @20C 

·Volumc and weight basis, minimum value 

ELECTRICAL AND 
ELECTRONIC: 

.092 Btu lIb OF @ 68 F 
7,000,000 psi 
6,400 ,000 psi 

Typical Uses 

.586 Megmho-em @ 20 C 

.092 eallgm r C @ 20 C 
12,000 Kg Isq mm 
4,500 Kg Isq mm 

bus bars, bus conductors and other conductors, wnve guides, hol­
low conductors, lead-in wires and anodes for vacuum tubes, 
vac!lum seals, transistor components, glass to metnl seals, coaxial 
cables and coaxial tubes, klystrons, micro-wave tubes, ~utomotive 
rectifiers 

Common Fabrication Processes 
Blanking, coining, coppersmithing, drawing, etching, forming and bending, 
heading and upsetting, hot forging and pressing, piercing and punching, roll 
threading and knurting, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ............... Excellent Suitability for being joined by: 
Capactty for Being Hot Formed ............... Excellent 
Hot Forgeability Rating (Forging Brass = 100) ......... 65 

Soldering . ......... , ................ Excellent 
Brazing ........................... Excellent 

Hot \'{orking Temperature ..... 1400-1600 F or 750-875 C 
Annealing Temperature ....... 700-1200F or 3750.650 C 
Macbinability Rating (Free Cutting Brass = 100) ........ . 20 

Oxyacetylene Welding . .................. " Fair 
Gas Shielded Arc Welding .... ............. Good 
Coated Metal Arc Welding . .... . Not Recommended 

Resistance Welding Seam ........ Not Recommended 

1 
Spot ........ Not Recommended 

Butt ...........•..•..•. Good 

Ihe values lilh:d abQve reprelenl reasonable approximQI.IQnl lullable fQr general englnurlng ult, Due IQ catnmerciQ! variQtlo"~ in comp.o.iIIQ!'! .and 
IQ mQnufQcluri"g IImilQIIQnl, lhey I"Quld "QI be uled hH .pedfkallQn purpaltl. See apptleabl. A.S.T.M •• pec:lllealion refnence •. 

(Cllnlinunl on other.ide) 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

COPPER No. 101 (Continued) 
Annealed T emparl RolI.d Of Drawn Tampar. Hot 

Finished 
~ Tamptrl 
~ 

I 
&; 

Nominal Grain Size mm ~ f 

~ 
$ .., .. < 

e • ., 
i ~ • B I 'II "Ii 1! < 

"Ii ~ 
~ I!' • < c 

'il 'II E 
< :l! 1! • 1! 

~ '" ~ l .., 
~ < ~ 

, 
:l! I ~ e a: 

~ < ~ • 0 C ~ :;; .. -S X 

I 
c :!! II ~ ~ 1! e e l II 0 0 0 m on on 

~ '" • f 'E w 1 S! .... i!l N ::; ... ... , 
~ :l! ~ lC e :l! :j iI '" 

.. .. .. .... w 0 w w C 

...................................................................... 

......................................................................... 

................•..................•.................................... 

.......................................................................... 

.......................................................................... 

.......................................................................... 

....... ............... .... ... ; •.......... , ...................•............ 

............................................................................. 

.....................................•.......................•..•........ 

................•.....•..•.........•.....•............................. 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE ....................................................................... '" , 

.......................................................................... I ) 

......................................................................... PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Temper 

in. 

FLAT .040 in. .050 mm .......... 
RODUCTS .025 mm 

Eighth Hard: : : : : : : : 
2uarter Hard ....... 

alf Hard .......... 

P 

Hard .............. 
~ring .............. 

xtea SWm/l' ....... 
As Hot 01 ed ...... 

. 250 in. .050 mm ........... 
Eighth Hard ........ 
auarter Hard ....... 

ard. '" .......... 
As Hot Rolled 

1.0 in. Hard ........ ::::: : 

ROD 1.0 in. .050 mm 
.250 in. Hard to%f : : : : : : : 1.0 in. Hard 35% ........ 

2.0 in. Hard 16% ....... 
1.0 in. As Hot Ro led. ...... 

WIRE .080 in. .050 mm 
Hard .... :: : : :: ::: : 
Spring ............. 

TUBE 1.0 in. 00 .050 mm . . . . . . . . . . 
X .065 in. .025 mm 

Ught Drawn ·(i 5%): : : 
Hard Drawn (40%) ... 

SHAPES .500 in. .050 mm 
Hard (l5'}'d( : : : : : : : : 
As Hot Ro led ...... 
As Extruded ..... . 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer~ 
cially feasible for the size in question. 

Yield Strength Elong.· 
Tensile (.5% Ext. tlon 
Strength under Loadl 1.2% 011"") In2ln. 

k.i ksi •• 1 " 
32.0 )0.0 '" . 45 
34.0 11.0 '" . 45 
36.0 28.0 ... . 30 
38.0 30.0 '" . 25 
42.0 36.0 . ... 14 
50.0 45.0 .... 6 
55.0 50.0 '" . 4 
57.0 53.0 '" . 4 
34.0 10.0 '" . 45 
32.0 10.0 ... . 50 
36.0 28.0 '" . 40 
38.0 30.0 .... 35 
50.0 45.0 ... . 12 
32.0 10.0 .... 50 
45.0 40.0 ... . 20 

32.0 10.0 '" . 55 
55.0 50.0 .... 10 
48.0 44.0 .... 16 
45.0 40.0 '" . 20 
32.0 10.0 '" . 55 

35.0 ... . ... . 35' 
55.0 . , .. ... . 1.5·· 
66.0 ... . ... . 1.5*-

32.0 10.0 .... 45 
34.0 11.0 '" . 45 
40.0 32.0 ... . 25 
55.0 50.0 '" . 8 

32.0 10.0 '" . 50 
40.0 32.0 ... . 30 
32.0 10.0 '" . 50 
32.0 10.0 '" . 50 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other~ 
wise moderately cold worked) is needed. 

Rockwall Shear Fatigue 
Hardn ... Strength Strength 

FJ B 1lOT •• 1 •• 1 
I Million 

Cycles 

40 - - 22.0 
i i:o ·ioo 45 - - 23.0 

60 10 25 25.0 ... . '" . 
70 25 36 25.0 

i3:0 'ioo 8440 50 26.0 
90 50 57 28.0 13.0 100 
94 60 63 29.0 14.0 100 
95 62 64 29.0 ... . '" . 
45 - - 23.0 . , .. '" . 
40 - - 22.0 .... . ... 
60 10 - 25.0 ... . '" . 
70 25 - 25.0 ... . '" . 
90 50 - 28.0 ... . '" . 
40 - - 22.0 .. , . '" . 
85 45 - 26.0 ... . .... 
40 - - 22.0 . ... '" . 
9460 - 29.0 

i'1:o '100 87 47 - 27.0 
85 45 - 26.0 .... . ... 
40 - - 22.0 . , .. '" . 
- - - 24.0 ... . '" . 
- - - 29.0 ., .. . ... 
- - - 33.0 ., .. . ... 
40 - - 22.0 ... . '" . 
45 - - 23.0 .. .. '" . 
77 35 45 26.0 .... '" . 
95 60 63 29.0 ., .. . ... 
40 - - 22.0 ... . . ... - 35 - 26.0 ... . .... 
40 - - 22.0 . ... . ... 
40 - - 22.0 ., .. . ... 

- Elongation in 10 inches. -- Elongation in 60 inches. 

The value, Ibled aba",e r.preunl nalonabl. appraltlmalian' luhobl. far general .nglneering u'e. Due ta tommerdal ",ariallon. in compa.llion and 
20 10 mal'lufaCIUril'lil I1mllollol'll, they Ihauld "0' b. uled far Ipeclficallan purpall'. S .. applicable A.S. T.M. IPeclflcatlan referentll. 
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COPPER No. 102 (OXYGEN FREE) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum IVlaximum 
Flat Products 

Copper (incl. Silver) 
Residual Deoxidants 

99.95 
None Pipe 

Rod 
Shapes 

Tube 

B48, BI33, BI52, BI87, 
B272,B370,B432 
B42,BI88 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacit): (Specific Heat) 

Modulus of Elasticity (Tension),: 
Modulus of Rigidity 

• Volume Ba.sis. 

ELECTRICAL: 

1981 F 
1981 F 

English Units 

.323 Ib leu in @ 68 F 
8.94 

.0000094 per" F from 68 F to 212 F 

.0000096 per" F from 68 F to 392 F 

.0000098 per" F from 68 F to 572 F 
226 Btu Isq ft 1ft Ihr /"F @ 68 F 
10.3 Ohms (eire mil 1ft ) @ 68 F 
101 % IACS@ 68 F 

.092 Btu Ilb"F @ 68 F 
7,000,000 psi 
6,400,000 psi 

Typical Uses 

Wire 

1083 C 
1083 C 

BI2,B49,BI24, BI33,BI87 
BI24,B133,BI87 
B68,B75,B88,BIII,BI88, 
B280,B359,B372,B395,B447 
BI, B2, B3, B33, B47, BI16, 
BI89,B246,B286,B298,B355 

C. G. S. Units 

8.94 gm leu em @ 20 C. 
8.94 

.0000170 per" C from :!O C to 100 C 

.0000173 per"C from20C t0200C 

.0000177 per" C from 20 C to 300 C 
.934 eal/sq em lem Isec '" C@ 20 C 
1.71 Microhm-cm @20-C 
.586 Megmho·cm @ 20 C 
.092 eallgm I" C @ 20 C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

bus bars and bus conductors. and ·other electrical conductors, 
wave guides. copper to glass seals in electronic appliances. 

Common Fabrication Processes 
Blanking, commg. coppersmithing. drawing. etching. forming and bending, 
heading and upsetting. hot forging and pressing, piercing and punching, roll 
threading and knurling, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity ror Being Cold Worked .............. Excellent Suitability for being joined by: 
Capacity for Being Hot Formed .............. Excellent 
Hot Forgeability Kiting (Forging Brass = IOO) .•...... .65 
Hot Working Temp,rature .... 1400-1600 F or 750-875 C 
Annealing Temperature ....... 700-1200 F or 375-650 C 
Machinability Rating (Free Cutting Brass = J aD) . ..... . 20 

Soldering ........ .................. . Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding ........ ............ . Fair 
Gas Shielded Arc Welding ................ Good 
Coated Metal Arc Welding ..... Not Recommended 

Resistance Welding Seam ........ Not Recommended ~ 
Spot ... .... . Not Recommended 

Butt ..••............... Good 

The valu., Ihl.d above nprelent rcosanabl_ apprallimatlan' lultabl. for general engineering UJII. Due 10 commercial varlallanl In camposlthm and 
10 manufaduring limitations. Ihey .hauld 1'101 be used for spedfko.lion Pllrpale5. See applleo.ble A..S.T.M. Ipedfltcllon references. 
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COPPER No. 102 (Continued) 
Forms and Tempers Annaaled Tampers Rolled or Drawn Tampera Hot 

Most Commonly Used Finished 
~ Tampers 

~ 

S !:l 
Nominal Grain SizB mm ~ .~ 

1! 
, 'C .. C 

• i! • 
" In • 
~ • B , 

:i! i .. 1! c 

1i 1! t .~ • c c i! E • :l! 1! " 3 3 .. c :l! ~ 
• 'C ~ C C 
, • ~ 

, ~ ~ a: 2 c " ~ 0 " C c 
£ " ~ " j 
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J! ... ~ , ! ~ :l! 1< e :3' ~ ~ '" '" '" '" '" ... iii 0 w '" C 

...... ' .....•.....•......•..•...•... , ............................ , .. 

................. ~ ................... ~ ..................... . 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

..................•....................•...................... 

.............................................................. 

.................................................................... 

.............................................................. .................................................................... 

........................ ~ ....................................•.... 

.................................................................... 

.............................................................. 

.............................................................. 

.....................................................•........ 

................................................................... 

Bar. Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Temper 

in • 

FLAT . 040 in. .050 mm · . . . . . . . . 
P RODUCTS .025 mm 

Eighth Ha;,j : : : : : : : 
~arter Hard ...... 

If Hard ......... 
Hard ............. 
Spring .........•. 
Extra SlJii'lfe ...... 
As Hot 0 ed ., ... 

.250 in. .050 mm .......... 
Eighth Hard ....... 
auarter Hard ...... 

ard .... " ., .... , 
As Hot RolIed ..... 

1.0 in. Hard ........... . 
ROD 1.0 in. . 050 mm 

. 250 in Hard to%i' : : : : : : : 1.0 in. Hard 35% ....... 
2.0 in. Hard 16% ....... 
1.0 in. As Hot Ro led ..... 

WIRE .080 in. .050mm · . . . . . . . . 
Hard ............ 
Spring ........... 

TUBE 1.0 in. OD .050 mnl · . . . . . . . . 
X.065 in .025 mm 

Light Draw~ '(150/;): : 
Hard Drawn (40%) .. 

SHAPES .500 in. . 050 mm 
Hard (l5%{ : : : : : : : 
As Hot Ro led ..... 
As Extruded ....... 

2. HARD DRAWN temper is used 
only where there is need for !l tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yiald Strongth Elonge' 
Tensile (.5% Ext. tion 
Strength undDI Load) 1.2% Of".'} In2 in. 

ksi ksi ksi % 

32.0 10.0 .... 45 
34.0 11.0 .... 45 
36.0 28.0 '" . 30 
38.0 30.0 '" . 25 
42.0 36.0 .... 14 
50.0 45.0 '" . 6 
55.0 50.0 '" . 4 
57.0 53.0 '" . 4 
34.0 10.0 '" . 45 
32.0 10.0 ... . 50 
36.0 28.0 ... . 40 
38.0 30.0 ... . 35 
50.0 45.0 '" . 12 
32.0 10.0 '" . 50 
45.0 40.0 . ... 20 

32.0 10.0 '" . 55 
55.0 50.0 '" . 10 
48.0 44.0 '" . 16 
45.0 40.0 '" . 20 
32.0 10.0 '" . 55 

35.0 ... . '" . 35· 
55.0 ... . '" . 1.5*· 
66.0 '" . . ... 1.5** 

32.0 10.0 ... . 45 
34.0 11.0 ... . 45 
40.0 32.0 ... . 25 
55.0 50.0 '" . 8 

32.0 10.0 ... . 50 
40.0 32.0 ... . 30 
32.0 10.0 ... . 50 
32.0 10.0 '" . 50 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shear Fatigue 
Hardness Strength Strength 

J 
Million 

FIB laOT k" k" Cycles 

40 - - 22.0 i i:ti 'iaa 45 23.0 
60 10 25 25.0 ... . " .. 
70 25 36 25.0 i'J:a 'iaa 8440 50 26.0 
90 50 57 28.0 13.0 100 
94 60 63 29.0 14.0 100 
95 62 64 29.0 ... . . ... 
45 - - 23.0 . ... '" . 
40 - - 22.0 .... . ... 
60 10 - 25.0 .... . ... 
70 25 - 25.0 ., .. . ... 
90 50 - 28.0 ... . . ... 
40 - - 22.0 .. , . ... , 
85 45 - 26.0 ... . .... 
40 - - 22.0 . ... .. , . 
94 60 - 29.0 i '7:a 'iaa 87 47 - 27.0 
85 45 - 26.0 . ... .. , . 
40 - - 22.0 ... . . ... 
- - - 24.0 ... . . ... - - - 29.0 . , .. .., . 
- - - 33.0 ... . . ... 

40 - - 22.0 .. , . '" . 
45 - - 23.0 .. , . .... 
77 35 45 26.0 . ... '" . 
95 60 63 29.0 . ... .. , . 
40 - - 22.0 ... . .... 
- 35 - 26.0 .. , . '" . 
40 - - 22.0 .... . ... 
40 - - 22.0 ., .. . ... 

• Elongation in 10 inches. ** Elongation in 60 inches. 

Th. valu •• Ibl.d aba .... upr ... nl r.cllonabl. opprollllimallanllu\!abill far g.neral engineering u.e. DUll to camm.rdalvarlatlanl In campolilion and 
22 ta manufacturing limltationl. they lhauld na, b. u.ed far Ip.dflcallan purpa •••• See applicable A.S.T.M. Ipec1f1eatlcin referenc ••• 
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COPPER Nos. 104, 105and 107 (OXYGEN FREE WITH SILVER) 

Composition - percent 

Nominal Minimum Maximum " -
Copper (inel. Silver) 
Silver'" 

Copper No. 104 
Copper No. lOS 
Copper No. 107 

9995 

D27( 8) 
D34(lO) 
D85(25) 

Flat Products 
Pipe 

Rod 
Shapes 

Tube 

B48,B133,B152,BI87,B272 
B42,B188 
BI2,B49,B133,BI87 
B133,B187 
B68,B75,B188,B280,B372 

Physical Properties 

Melting Point (Uquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Wire BI, B2, B3 

'" Figures in parentheses are troy ounces 
per avoirdupois ton. 

1981 F 
1981 F 

English Units 

.323 1b leu in @ 68 F 
8.94 

.0000094 per 0 F from 68 F to 212 F 

.0000096 per 0 F from 68 F to 392 F 

.0000098 per 0 F from 68 F to 572 F 

1083 C 
1083 C 

C. G. S. Units 

8.94 gm leu em @ 20 C. 
8.94 

.0000170 peroC from 10 C to 100 C 

.0000173 per' C from 10 C to 200 C 

.0000177 per ° C from 20 C to 300 C 
Thermal Conductivity 

Electrical Resistivity (Annealed) 
Electrical Conductivity· (Annealed) 

Thermal Capacity (Specific Heat) 
Modulus of Elasticity (Tension) 

Modulus of Rigidity 

224 Btu Isq ft 1ft Ihr I'F @ 68 F 
10.4 Ohms (eire mil 1ft ) @ 68 F 
100 %IACS@68F 

.927 ea1/sq em lem Isee 10 C@ 20 C 
1.72 Microhm--cm @20 C 

'" Volume and weight basis 

.092 Btu lib OF @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

AUTOMOTIVE: gaskets, radiators 

.580 Megmho·em @ 20 C 

.092 ea1/gm 10 C @ 20 C 
12,000 Kg Isq mm 
4,500 Kg Isq mm 

ELECTRICAL: bus bars, conductivity wire, contacts, radio parts, 
windings, switches, terminals, commutator segments 

MISCELLANEOUS: chemical process equipment, printing rolls, clad metals, 
printed circuit foil; also where brazing in n hydrogen atmosphere 

Common Fabrication Processes 

Blanking, coining, cappersmithing, drawing, etching, forming and bending, 
heading and upsetting, hot forging and pressing, piercing and punching, roll 
threading and knurling, shearing, spinning, sqpeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ................ Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ......•...••.... Excellent 
Hot Forgeability Rating (Forging Brass = 100) .......... 65 

Soldering ......................... Excellent 

Hot Working Temperature ... 1400 -1600 .. F or 750-875 C 
Annealing Temperature ..... 900 -1400 .. F or 475-750 C 
Machinability Rating (Free Cutting Brass = 100) ......... 20 

Brazing .......... " ......•........... Excellent 
Oxyacetylene Welding ..................... Fair 
Gas Shielded Arc Welding ................. Good 
Coated Metal Arc Welding ....... Not Recommended 

. Resistance Welding Seam ......... Not Recommended ~ 
Spot ......... Not Re. commended 

\, Butt ................... Good 

Th. yglu .. lilted gboYII reprennt realonoble gpproidmations lultable for generglenglneerl"" Ule. Due tg commercia! ygriotionl In cOmpo,ilion and 
tg manufacturing IImltationl. they ,hould "01 be used for specifkation purpol ... See appllcoble "',S.T.M. Ipeciflcation reference'. 
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Forms and Tempers 
Most Commonly Used 

COPPER Nos. 104, 105 and 107 (Continued) 
Annealed Tampers Rolled or Drawn Tempers 

~ 
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Ho. 
Finished 
Tamper. 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

................•....•..•..•.....•.....•..•.............•............ 

................•..................•.................................... 

................•..................•.................................... 

........................................................................ 

................•........•.........•..•....................•........... , 

......................................................................... 

................•....•.....•..............................•............ 

......................•.....................................•........... 

....................................•.......................•............ 

................•....•..•.........•.....•............................. 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES ................•..................•.......................•...•....... 

1. DRAWN - GENERAL PURPOSE lemp~r is used 
for general purpose tu be only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Temper 

in. 

FLAT . 040 in. .025 mm ........... 
P RODUCTS Eighth Hard ....... 

Quarter Hard ...... 
Half Hard ......... 
Hard ............. 
Spring 
Extra Sp;i~g::::::: 
As Hat Rolled 

. 250 in. . 050 mm .......... 
Eighth Hard 
Quarter Hard ...... 
Hard ............ 
As Hot Rolled 

1.0 in. Hard ............. 
ROD 1.0 in. . 050 mm ..... " ... 

.250 in. Hard (40%) ...... . 
1.0 in. Hard (35%) ....... 
2.0 in. Hard (16%) 
1.0 in. As Hat Rolled ..... 

WIRE .080 in. . 050 mm .......... 
Hard ....•........ 
Spring ........... 

SHAPES . 500 in. . 050 mm ...•...... 
Hard (15%) 
As Hat Rolled ..... 
As Extruded 

TUBE 1.0 in. 0.0 .050 mm .......... 
x .065 in . . 025 mm .......... 

Light Drawn (15%) .. 
Hard Drawn (40%) .. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga· 
Tensile (.5% Ext. tion 
StrenGth undor Load) (.2% 01"." in 2 in. 

ksi ksi .,j % 

34.0 11.0 ........ 45 
36.0 28.0 ........ 30 
38.0 30.0 ........ 25 
42.0 36.0 ........ 14 
50.0 45.0 · . . . . . . . 6 
55.0 50.0 · . . . . . . . 4 
57.0 53.0 ........ 4 
34.0 10.0 ........ 45 
32.0 10.0 ........ 50 
36.0 28.0 · . . . . . . . 40 
38.0 30.0 ........ 35 
50.0 45.0 · . . . . . . . 12 
32.0 10.0 ........ 50 
45.0 40.0 ........ 20 
32.0 10.0 ........ 55 
55.0 50.0 ........ 10 
48.0 44.0 · . . . . . . . 16 
45.0 40.0 ........ 20 
32.0 10.0 •••••• 1. 55 
35.0 . , .. ........ 35' 
55.0 . , .. ........ 1.5" 
66.0 ... . · . . . . . . . 1.5·· 
32.0 10.0 ........ 50 
40.0 32.0 · . . . . . . . 30 
32.0 10.0 . ....... 50 
32.0 10.0 ........ 50 
32.0 10.0 ........ 45 
34.0 11.0 ........ 45 
40.0 32.0 ....... . 25 
55.0 50.0 ........ 8 

3. LIGHT DRAWN - BENDING temper is 
used only where 11 tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell . Shear Fatigue 
Hardness Strength Strength 

FIB 130T •• 1 k.i 
I Million 

Cycles 

45 - - 23.0 ... . '" . 
60 10 25 25.0 ... . . ... 
70 25 36 25.0 . , .. '" . 
84 40 50 26.0 ... . '" . 
90 50 57 28.0 ... . . ... 
94 60 63 29.0 ... . '" . 
95 62 64 29.0 ... . . ... 
45 - - 23.0 . ... . ... 
40 - - 22.0 ... . '" . 
60 10 - 25.0 ... . . ... 
70 25 - 25.0 ... . '" . 
90 50 - 28.0 ... . . ... 
40 - - 22.0 ... . '" . 
85 45 - 26.0 ... . . ... 
40 - - 22.0 ... . '" . 
9460 - 29.0 ... . '" . 
87 47 - 27.0 ... . '" . 
85 45 - 26.0 ... . . ... 
40 - - 22.0 ... . '" . - - - 24.0 . ... . ... - - - 29.0 . ... . ... 
- - - 33.0 ... . '" . 

40 ~ - 22.0 ... . '" . 
- 35 - 26.0 ... . '" . 

40 - - 22.0 . , .. '" . 
40 - - 22.0 ... . . ... 
40 - - 22.0 . ... . ... 
45 - - 23.0 ... . . ... 
77 35 45 26.0 . ... ..... 
95 60 62 29.0 ... . '" . 

• Elongation in 1 0 inches •• Elongation in 60 inches 

24 

The vgluel Ihl.d abgv. repre .. nl r"nClngbl. approxlmollonl luilable for gen.tal 'ngin •• rlng \II •• D\I. 10 commerdal variation. in compod,lon and 
10 mal\uf(Jclurlng IImilatlon •• Ih.V .ho\lld nol b. lolled for Ip.c:lfIcotion purpo .... S .. applitoble .... S.T.M. Ipedncollcin ref.r.nce •• 
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COPPER No. 109 (BORON DEOXIDIZED HIGH CONDUCTIVITY) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Flat Products B48,BI33,BI52,BI87, 

Copper (inel. Silver) 
+ Boron 

Boron 

Phosphorus 

.010 

99.99 

.005 .015 

.0005 

B272, B432 

B42, BI88 

BI2,B49,BI33, BI87 

BI33,BI87 

The total of the seven follov.ing elements, Sc, Te, Bi, 
As, Sb, Sn and Mn not to exceed 40 ppm, (.0040%). 

Pipe 

Rod 

Shapes 

Tube 

Wire 

B68, B75,BI88,B280,B372 

BI, B2, B3 

S, max., 15 ppm, (.0015%); Cd, max., 3 ppm, (.0003%); 
Zn, max., 5 ppm, (.0005%); Hg, max., 1 ppm, (.OOOI %); 
Ph, max., 10 ppm, (.0010%); B, (.005-.015%). 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

1981 F 
1981 F 

English Units 

.323 Ib leu in @68 F 
8.94 

1083 C 
1083 C 

C. G. S. Units 

8.94 gm leu em @ 20 C . 
8.94 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

.0000094 per 0 F from 68 F to 212 F 

.0000096 per 0 F from 68 F to 392 F 

.0000098 per 0 F from 68 F to 572 F 

.0000170 per 0 C from:!O C to 100 C 

.0000173 per °C from 20 C to 200 C 

.0000177 per 0 C from 20 C to 300 C 
Thermal Conductivity 

Electrical Resistivity (Annealed) 
Electrical Conductivity* (Annealed) 

Thermal Capacity (Specific Heat) 
Modulus of Elasticity (Tension) 

Modulus of Rigidity 
• Volume and weight basis 

226 Btu Isq ft 1ft Ihr j"F @ 68 F 
10.3 Ohms (eire mil 1ft )@68 F 
101 %IACS@68F 

.934 e.l/sq em lem Isee 10 C @ 20 C 
1.71 Microhm-cm @20 C 

ELECTRICAL: 

.092 Btu lIb of @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

.586 Megmho-em @ 20 C 

.092 e.l/gm j"C @20 C 
12,000 Kg Isq mm 
4,500 Kg Isq mm 

bus bars and bus conductors, communications cable 
shielding, electronic devices, waveguides, vacuum and 
conventional switchgear, microwave components, 
heatsinks, copper to glass sealing, pinch off tubes, 
clad metal 

Common Fabrication Processes 

Blanking, coining, coppersmithing, drawing, etching, forming and bending, 
heading and upsetting, hot forging and pressing, piercing and punching, roll 
threading and knurling, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ..... .......... Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ............... Excellent 
Hot Forgeability Rating (Forging Brass = 100) ....... ... 65 

Soldering . ......................... . Excellent 

Hot Working Temperature . .. .. . 1400-1600F .or 750-875 C 
Annealing Temperature . .... .... 575-1300F or 300-700 C 
Machinability Rating (Free Cutting Brass = 100) ..... ... 20 

Brazing ... ... : ................ , .... Excellent 
Oxyacetylene Welding ................... Good 
Gas Shielded Arc Welding ... ... , ......... . Good 
Coated Metal Arc Welding ...... Not Recommended 

Resistance Welding Seam ........ Not Recommended ~ 
Spot ..... . .. Not Recommended 

Butt ................... Good 

Thl! yalueli lilted oboye nprelent rel:UDnable appraxlmatlanl lullable far glnerl;d engineering UII!. Due 10 commercial voriatialll in campolillon and 
to manufacturing limilglionl, they 5"auld not be uud far specification purpOIIti. See opplitgble .... S.T.M. Iipec1ficgtion rl!ferenc.l. 
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COPPER No. 109 (Continued) 
Forms and Tempers Annaaled Tampers Rolled or Drawn Tempus Ho. 

Most Commonly Used Finished 
Tampers 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Fla t Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WlIlE 
TUBE 

PIPE 
SHAPES 
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1. DRAWN - GENERAL PURPOSE temper is used 
for &eneral purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on Ule other. 

2. HARD DRAWN temper is used 
only whCl'e there is need for a tube 
as hard or 115 strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

P 

M h IP ee amca ropertles Yield Strength Elonga· 
Tensile (.6% Ext. tion Rockwell Shear Fatigua 

Size Strength undel Loed) 1.2% Off ... } in 21n. Herdneu Strength Strength 
Form Section Tempsr 

I 
Million 

in. ksi ksi "" % Fie 130T k.i kli Cycles 

FLAT .040 in. .050 mm .......... 32.0 10.0 ... . 45 40 - - 22.0 .. , . '" . 
RODUCTS .025 mm .......... 34.0 11.0 .... 45 45 - - 23.0 11.0 100 

Eighth Hard ....... 36.0 28.0 .... 30 60 10 25 25.0 . ... . ... 
Quarter I'lard ...... 38.0 30.0 '" . 25 7025 36 25.0 . ... .... 
HaIr Hard ....... . 42.0 36.0 .... 14 8440 50 26.0 13.0 100 
Hard . . . . . . . . . . . . 50.0 45.0 .... 6 9050 57 28.0 13.0 100 
Spring .......... . 55.0 50.0 '" . 4 9460 63 29.0 14.0 100 
Extra Spring 57.0 53.0 ... . 4 9562 64 29.0 '" . '" . 
As Hot Rolled 34.0 10.0 ... . 45 45 - - 23.0 ... . '" . 

. 250 in. .050 mm .......... 32.0 10.0 '" . 50 40 - - 22.0 ... . '" . 
Eighth Hard ....... 36.0 28.0 ... . 40 6010 - 25.0 ... . '" . 
Quarter Hard ...... 38.0 30.0 '" . 35 7025 - 25.0 .... . ... 
Hard ........... . 50.0 45.0 . ... 12 9050 - 28.0 ... . '" . 
As Hot Rolled .... . 32.0 10.0 '" . 50 40 - - 22.0 . , .. .... 

1.0 in. Hard ............ 45.0 40.0 . ... 20 H545 - 26.0 .. , . . ... 
ROD 1.0 in. .050 mm .......... 32.0 10.0 '" . 55 40 - - 22.0 ... . .... 

.250 in. Hard (40%) ....... 55.0 50.0 '" . 10 9460 - 29.0 . , .. . ... 
1.0 in. Hard (35%) ...... . 48.0 44.0 '" . 16 8747 - 27.0 17.0 100 
2.0 In. Hard (16%) ...... . 45.0 40.0 '" . 20 8545 - 26.0 ., .. ., '., 

WIRE .080 in. .050 mm .......... 35.0 ... . '" . 35" - - - 24.0 ., .. . ... 
Hard 55.0 ... . ... . 1.5" - - - 29.0 .. , . . ... 
Spring . . . . . . . . . . . 66.0 . ... '" . 1.5" - - - 33.0 ... . '" . 

TUBE 1.0 in. OD .050 mm .......... 32.0 10.0 . , .. 45 40 - - 22.0 . , .. .... 
x .065 in . . 025 mm .......... 34.0 11.0 ... . 45 40 - - 23.0 .... '" . 

Light Drawn (15%) 40.0 32.0 ... . 25 77 35 45 26.0 .. , . . ... 
Hard Drawn (40%) 55.0 50.0 ... . 8 9560 63 29.0 .. , . . ... 

SHAPES . 500 in. . 050 mm .......... 32.0 10.0 ... . 50 40 - - 22.0 .. , . . ... 
Hard (15%) ...... . 40.0 32.0 ... . 30 - 35 - 26.0 .... . ... 
As Extruded 32.0 10.0 50 40 - - 22.0 

• Elongation in 10 inches •• Elongation in 60 inches 
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COPPER 1'10.110 (ELECTROLYTIC TOUGH PITCH) 

Nearest Applicable A S T M Specifications 
Nominal Minimum Maximum 

Flat Products 

Cc'cp<r (inc!. Silver) 
Oxygen 

99.90 
B11, B48, BIOI, B124, B133, 
B152,B187,B272,B370 
B188 
B12,B49,B124,B133,B187 
B124, BI33, B187, B28.3 
Bill, B188, B447 
B1,B2,B3,B8,B33,B47 
B49, B116, B189, B246, 
B286,B298,B355 

.04 

F'hy,;cal Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Cuefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
FJectrical Resistivity (Annealed) 

Ekclrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) , 
Modulus of Rigidity 

lI' \'ei=me:nd Weight Basis 

ARCHITECTURAL: 
AUTOMOTNE: 
ELECTRICAL: 
HARDWARE: 

MISCELLANEOUS: 

1981 F 
1949 F 

.321 - .323 1b leu in @68 F 
8.89 - 8.94 

,0000094 per 0 F from 68 F to 212 F 
.0000096 per 0 F from 68 F to 392 F 
.0000098 per 0 F from 68 F to 572 F 

226 Btu Isq ft 1ft Ihr /"F @ 68 F 
10.3 Ohms (eire mil 1ft ) @ 68 F 
101 % IACS@ 68 F 

.092 Btu lib OF @ 68 F 
17,000,000 psi 

6,400,000 psi 

Typical Uses 

Pipe 
Rod 

Shapes 
Tube 
Wire 

1083 C 
1065 C 

C. G. S. Units 

8.89 - 8.94 gm leu em @ 20 C. 
8.89·8.94 

.0000170 per 0 C from ~O C to 100 C 

.0000173 per 0 C from 20 C to 200 C 

.0000177 per 0 C from 20 C to 300 C 
.934 ea1/sq em lem Isee /" C@ 20 C 
1.71 Microhm-cm @20C 
.586 Megmho-cm @20 C 
.092 ea1/gm /"C @20C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

building fronts, downspouts. flashing, gutters, roofing, screening, spouting 
gaskets, radiators , 
bus bars, conductivity wire, contacts, radio parts, switches,1erminals 
ball floats, butts, cotter pins, nails, rivets, soldering copper, tacks 
anodes, chemical process equipment, kettles, pans, printing rolls, rotating 
bands, road bed expansion plates, vats 

Common Fabrication Processes 
Blanking, coining, coppersmithing, drawing, etching, forming and bending, 
heading and upsetting, hot forging and pressing, piercing and punching, foIl 
threading and knurling, shearing, spinning, squeezing and swaging. stamping 

Fabrication Properties 
~pacitY for Being Cold Worked ............ . Exr:ellent 
I pacity for Being Hot Formed .... " .. ~ ..... . Exeellent 

Suitability for being joined by: 

lor Forgeability Rating (Forging Brass = 100) ......... 65 
Ho, Working Temperature .... 1400-1600F or 750-1'75 C 
AnneaJingTemperature ...... 700-1200F or 375-650 C 
),bchinability Rating (Free Cutting Brass = 100) ........ 20 

Soldering ..... .................... .. Excellent 
Brazing .............................. Good 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding ... ............. .. Fair 
Coated Metal Arc Welding ...... Not Recommended 

Resistance Welding Seam .... ... . Not Recommended 

1 
Spot . ....... Not Recommended 

Butt ................... Good 

The values lilted ClbClve repTlllent teasanClble Clppra:";mollanJ Ju11C1b!1I fClt genlltal engineering ule. DUll to commerdClI vCltiatianl In campa.lllan and 
ta mClnufClduring IImitCllians. they .hCluld not be used fClr specifi.:glian purpales. See applltable A.S.T.M. Ip«lfleatian references. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER No. 110 (Continued) 
Annoaled Tampers Rolled or Drawn Tempen Hot 

Finished - Tempers 
~ 

= C 
Nomlnel Grain Size mm ~ .~ 

'C 
'C c- e :; 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no relll requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some sUffnes£, but 
yet capable of readily being bent (or other­
wise moderatelY cold worked) is needed. 

M h IP ee anlca ropertles Vield Strength Elonga· 
Tensile (.5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Load) (,2% Offset) In 21n. Herdness Strength S!!"=~ith 

Form Section Temper 

I 
Million 

in. ksi ksi k,1 % FIB 130T k,l ksi Cycles 

FLAT .040 in. .050 mm ......... 32.0 10.0 .., . 45 40 - - 22.0 
i Lli 'icc PRODUCTS .025 mm 34.0 11.0 .... 45 45 - - 23.0 

Eighth Hard: : : : : : : 36.0 28.0 ... . 30 60 10 25 25.0 '" . . ... 
~uarter Hard ...... 38.0 30.0 .... 25 70 25 36 25.0 

i '3:1i . i Iili aif Hard ......... 42.0 36.0 .... 14 84 40 50 26.0 
Hard ............ 50.0 45.0 .... 6 90 50 57 28.0 13.0 100 
Spring ........... 55.0 50.0 .... 4 94 60 63 29.0 14.0 100 
Extra S~rinF.' ...... 57.0 53.0 ... . 4 95 62 64 29.0 ... . ., .. 
As Hot 01 ed ..... 34.0 10.0 ... . 45 45 - - 23.0 ... . .... 

.025 in. .050 mm 32.0 10.0 ... . 50 40 - - 22.0 '" . . ... 
Eighth Hard: : : : : : : 36.0 28.0 ... . 40 60 10 - 25.0 '" . .... 
~uarter Hard ...... 38.0 30.0 ... . 35 70 25 - 25.0 ... . ., .. 

ard ............. 50.0 45.0 ... . 12 90 50 - 28.0 '" . . ... 
As Hot Rolled .... . 32.0 10.0 ... . 50 40 - - 22.0 . ... .... 

l.Oin Hard . . . . . . . . . . . . 45.0 40.0 ... . 20 85 45 - 26.0 '" . .... 
) 

ROD 1.0 in. .050 mm .......... 32.0 10.0 .... 55 40 - - 22.0 .. . ... 
. 250 in. Hard ~40%l' ....... 55.0 50.0 .... 10 94 60 - 29.0 

i '7:1i . i Iili 1.0 in. Hard 35% ........ 48.0 44.0 .... 16 87 47 - 27.0 
2.0 in. Hardtl6% ........ 45.0 40.0 .... 20 85 45 - 26.0 ... . . ... 
1.0 in. As Hot Ro led ..... 32.0 10.0 .... 55 40 - - 22.0 '" . '" . 

WIRE .080 in. .050 mm .......... 35.0 '" . . ... 35" - - - 24.0 ... . " .. 
Hard ............. 55.0 '" . '" . 1.5·· - - - 29.0 ... . . ... 
Spring . . . . . . . . . . . 66.0 ... . .., . 1.5*· - - - 33.0 '" . . ... 

TUBE 1.0 in.OD .050 mm . . . . . . . . . 32.0 10.0 . ... 45 40 - - 22.0 '" . . ... 
X.065in. . 025 mm 34.0 11.0 .... 45 45 - - 23.0 ... . '" . Light Drawn '(i 50/;): : 40.0 32.0 .. , . 25 77 35 45 26.0 '" . '" . Hard Drawn (40%) .. 55.0 50.0 .. , . 8 95 60 63 29.0 .., . . ... 

SHAPES .500 in. .050 mm 32.0 10.0 .. , . 50 40 - - 22.0 ... . '" . 
Hard (15%( : : : : : : : 40.0 32.0 .... 30 - 35 - 26.0 ... . . ... 
As Hot Ro led ..... 32.0 10.0 .... 50 40 - - 22.0 .. , . . ... 
As Extruded ....... 32.0 10.0 .... 50 40 - - 22.0 ... . . ... 

• Elongation in 10 inches. •• Elongation in 60 inches. 

Th. volu.1i Iht.d above r.pr.unt rea.onable opproJtlmollon •• uhable for general engineering u ••• Du. la commercial "arlotlon. In campo.!tlon and 
28 10 monu"':lcturlng IlInll,IIlonli. th_y .hould nol be u •• d lor Ipedllcalion purpo.e •• s •• appllcabl. -'.S.T.M. 'PltClficollcin refer_nc_ •• 
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COPPER No. 111 (ELECTROLYTIC TOUGH PITCH, ANNEAL RESISTANT) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper (incl. Silver) 

Oxygen 

Cadmium or other 
Elements 

Physical Properties 

.04 

.01 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity' 

• Volume and weight basis 

99.90 

1981 F 
1949 F 

English Units 

. 321-.323 Ib leu in @ 68 F 
8.89-8.94 
.0000094 per' F from 68 F to 212 F 
.0000096 per' F from 68 F to 392 F 
.0000098 per' F from 68 F to 572 F 

224 Btu Isq ft 1ft Ihr I'F @ 68 F 
·10.4 Ohms (eire mil 1ft ) @ 68 F 

100 % lACS @ 68 F 
.092 Btu lib 'F @ 68 F 

17,000,000 psi 
6,400,000 psi 

Typical Uses 

Flat Products B272 

Pipe 

Rod 

Shapes 

Tube 

Wire BI 

1083 C 
1065 C 

C, G. S. Units 

8.89-8.94 gm leu em @20 C . 
8.89-8.94 
.0000170 per'C from 20 C to 100 C 
.0000173 per' C from 20 C to 200 C 
.0000177 per' C from 20 C to 300 C 

.927 eal/sq em lem Isee I' C @ 20 C 
1.72 Mierohm-cm @ 20 C 
.580 Megmho-em @ 20 C 
.092 eal/gm I' C @ 20 C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

Electrical power fransmission where resistance to softening under overloads !s desired 

Common Fabrication Processes 

Drawing and stranding, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ... ........... .. Excellent 
Capacity for Being Hot Formed ................ Excellent 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) .... ..... . 65 
Hot Working Temperature ..... 1400·1600F or 750-875 C 
Annealing Temperature ........ 900-1400 F or 475-750 C 
Machinability Rating (Free Cutting Brass = 100) ......... 20 
Typical Softening Temperature .................. 675D F 

Soldering ........... ............... . Excellent 
Brazing . .............................. Good 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding ......... ........ . Fair 
Coated Metal Arc Welding ... , .. Not Recommended 

Resistance Welding Seam . ....... Not Recommended ~ 
Spot ..... .. . Not Recommended 

Butt .... , ... , .......... Good 

Th. valu •• 1I,1t'd abav. nprluenl rea,,:mable approxlmallans .ultable far general engine.,lng u ••. Due la tammercial varlo!lonl In compoli!lon and 
la manufacfurlng limitation., theYlheluld nat b. uud fat Ipeclflcatlon putpo.e •. See applir;cbl, ..... 5.T.M. Ipedfh:a!lan tef.,.nen. 
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COPPER No. 111 (Continued) 

Forms and Tempers Annealed Tampers Rollad or Drawn Tlmper. Hot 

Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
StriP. Ora wn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

Nominal Grain Size mm 

i 
0 
0 ..: 

is c c :q '" '" -= ,.. 
i!! N q J! '"' q q q 

~ 
l: 

= ~ 1! 1! ~ 
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Finished 
~ Tlmptln 
~ 

I e 
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e • It> 

i • a I ] e .r • 0 0 "II E 

~ '" ~ ~ "il ... ,! ~ I ~ .s a: C Q ;£ :0 2' 0 1( 
~ ~ ~ 1! .E j 

III 1 ~ 1( ~ :I! :3' <! <! W C 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

.................. ',' ........................................ . 

......................................•......•............... e .... 

PIPE 
SHAPES 

•••••••••••••••••••••• •••••••••••••••••••••••••••••••••••••• • ••• 1 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mec h anlca Properties 

Size 
Form Section Tampar 

In. 

WIRE . 080 in. Hard ..••...••..•• 

2 HARD DRAWN temper is uscd 
only where there is need for a tube 
I1S hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga-
TenlUe (.6% Ext. tion 
Strength under Load) 1.2% Off .. t) In 21n. 

k.1 "'i "" " 
66.0 '" . ... . 1.5" 

3. UGHT ORA WN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold Worked) is needed. 

Rockwall Shear Fatigue 
Hardn"l Strength Strangth 

FIB 130T "'i k~ 
I Million 

Cyel .. 

- - - 33.0 ... . . ... 

• Elongation in 60 inches. 

30 
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COPPER Nos. 113, 114, 115 and 116 (TOUGH PITCH WITHSILVERj 

Composition - percent 
Nearest Applicable A S T M Specifications 

Copper (ioel. Silver) 
Silver· 

No. 113 
No. 114 
No.115 
No. 116 
Oxygen 

Nominal Minimum Maximum 

.04 

.90 

.027( 8 

.034{10 

.054{16 

.085(25 

Flat Products 

Pipe 

Rod 
Shapes 

Tube 
Wire 

B48,BIOI,BI24,BI33, 
BI52, BI87, B272 
BI88 
BI2,B49,BI24,BI33,BI87 
BI24,BI33,BI87 
BI88 
BI,B2,B3,B33,B47,B49,BI16, 
BI89,B246,B286,B298,B355 

• Figures in parentheses are troy ounces 
per avoirdupois ton 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

1980 F 
F 

English Units 

.321· .323 Ib leu in @68 F 
8.89·8.94 

1082 C 
C 

C. G. S. Units 

8.89·8.94 gm leu em @ 20 C. 
8.89·8.94 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

per 0 F from 68 F to 212 F 
per 0 F from 68 F to 392 F 

per" C from:!O C to 100 C 
per "C from 20 C to 200 C 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

.0000098 per 0 F from 68 F to 572 F 
224 Btu Isq ft 1ft Ihr rF @ 68 F 
10.4 Ohms (eire mil 1ft ) @68 F 
100 % lACS @ 68 F 

.0000177 per 0 C from 20 C to 300 C 
.927 eal/sq em lem Isee r C @ 20 C 
1. 72 Microhm-cm @ 20 C 

• Volume Basis 

.092 Btu lIb of @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

AUTOMOTIVE: gaskets, radiators 

.580 Megrnho-cm @ 20 C 

.092 eal/gm rC @20C 
t'2,OOO Kg Isq mm 
4,500 Kg Isq mm 

ELECTRICAL: bus bars, conductivity wire, contacts, radio parts, windings, switches, 
terminals, commutator segments 

MISCELLANEOUS: chemical process equipment, printing rolls, clad metals, printed circuit foil 

Common Fabrication Processes 

Blanking, commg, coppersmithing, drawing, etching, forming and bending, 
heading and upsetting, hot forging and pressing, piercing and punching, roll 
threading and knurting, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ................ Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ................ Excellent 
Hot Forgeability Rating (Forging Brass = lOCI) •.•••••••• 65 
Hot Working Temperature ..... 1400·1600 F or 750·875 C 
Annealing Temperature ........ 900-140n F or 475-750 C 
Machinability Rating (Free Cutting Brass = 100) ........ 20 

Soldering ......................... Excellent 
Brazing ............................ Good 
Oxyacetylene Welding ....••. Not Recommended 
Gas Shielded Arc Welding ................ Fair 
Con ted Metal Arc Welding .... Not Recommended 

Resistance Welding Seam ...•.. Not Recommended ~ 
Spot ...... Not Recommended 

Butt ................. Good 

The valul!l liltl!d abavl! reprelent realanable appradmatianlluitable fer genl!ral engineering UIII. Due ta eamml!rcial variatlaru In campalitlan and __ 
ta manufacturing IImitatianl. they Ihauld nal be Ulio:d far specification purpales. See applicable A.S.T.M. Ipedficolion references. 
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COPPER Nos. 113, 114, 115 and 116 (Continued) 

Forms and Tempers Annaaled Tampen Rolled or Drawn Temp.,. Hot \, 
i Finilhed Most Commonly Used 

~ Tlmper, -~ ~ 

~ 
e 

Nominal Grein SIz8 mm ! 
~ 

, .. e • ~ .. 
i ~ 

• B 1 
~ 1 ~ !' 

e e 1 1! • e 11 E 1! '" ~ ~ .. e £ ~ 
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F 1< 1< E :I! 3' ~ ~ 1 q q q w 0 w w Q 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire. Drawn 

Bar, Rolled 

............................................................................. 

............................................................................. 

............................................................................. 

............................................................................. 

............................................................................. 

............................................................................. Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

......... ' .................................................................... . 

............................................................................ 

............................................................................. 

............................................................................. 

........................................................................ 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

P 

Mechanical Properties Yield Strength Elonge· 
Tensile (.5% Ext. tlon Rockwell Shear Fatigue 

SiZe Strength undar Load) 1.2% O'hot) in 21n. Hlfdnnl Strength Strength I Form Section Temper 
Million I in. k,i k.l k.l % FIB 130T k.l k.l 

FLAT .040 in. .025 mm ......... 34.0 11.0 . ... 45 45 - - 23.0 . ... 
RODUCTS Eighth Hard ....... 36.0 28.0 ... . 30 60 10 25 25.0 .... 

Quarter Hard ...... 38.0 30.0 '" . 25 70 25 36 25.0 ., .. 
/ Half Hard ......... 42.0 36.0 14 8440 50 26.0 '" . . ... 

Hard ............. 50.0 45.0 ... . 6 90 50 57 28.0 .... 
Spring ........... 55.0 50.0 ... . 4 94 60 63 29.0 ... . 
Extra Spring ....... 57.0 53.0 '" . 4 95 62 64 29.0 ., .. 
As Hot Rolled .. , . 34.0 10.0 ... . 45 45 - - 23.0 .. , . 

.250 in. .050 mm .......... 32.0 10.0 ... . 50 40 - - 22.0 ... . 
Eighth Hard ....... 36.0 28.0 40 60 10 - 25.0 '" . ... . 
Quarter Hard ...... 38.0 30.0 '" . 35 70 25 - 25.0 ... . 
Hard ............. 50.0 45.0 ... . 12 90 50 - 28.0 ... . 
As Hot Rolled ..... 32.0 10.0 ... . 50 40 - - 22.0 .., . 

1.0 in. Hard . . . . . . . . . . . . 45.0 40.0 '" . 20 85 45 - 26.0 ., .. 
ROD 1.0 in. . 050 mm . . . . . . . . . 32.0 10.0 . ... 55 40 - - 22.0 . ... 

.250 in. Hard (40%) ........ 55.0 50.0 '" . 10 94 60 - 29.0 ... -. 
1.0 in. Hard (35%) ........ 48.0 44.0 '" . 16 87 47 - 27.0 .. " 

2.0 in. Harll (l6%) ........ 45.0 40.0 '" . 20 85 45 - 26.0 .... 
1.0 in. As Ho tRolled .... . 32.0 10.0 ... . 55 40 - - 22.0 . ... 

WIRE .080 in. .050 mm ......... 35.0 ... . ... . 35" - - - 24.0 ., .. 
Hard ............. 55.0 ... . '" . 1.5·· - - - 29.0 .... 
Spring .......... . 66.0 ... . . ... 1.5" - _. - 33.0 ... . 

SHAPES .500 in. .050 mm ......... 32.0 10.0 ... . 50 40 - - 22.0 ., .. 
Hard (15%) ........ 40.0 32.0 ... . 30 - 35 - 26.0 .. , . 
As Hot Rolled ..... 32.0 10.0 '" . 50 40 - - 22.0 ., .. 
AJJ Extruded ....... 32.0 10.0 '" . 50 40 - - 22.0 ... . 

• Elongation in 10 inches. •• Elongation in 60 inches. 
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COPPER Nos. 119, 120 and 121 
': 'horized High Conductivity; Phosphorus Deoxidized, Low Residual Phosphorus (DLP); Phosphorus Deoxidized, Low """p 0· ••• _ n . 
:tclldUlJ Phosphorus, .... .;..1 !c-f f)f';:I.nng 

e<;mposition - percent Nearest Applicable A S T M Specifications •• 

Nominal Minimum Maximum Flat Products BI33.BI52. B187.B272 

Pipe B42. B188. B302 

.006 
99.93 

.002 .010 
Rod B12. B133. BI87 

Shapes B133. BI87 

Copper No. 119 
COPP" (inel. Silver) 

Phosphorus 
Copper No. 120 

Copper (mel. Silver) 
Phosphorus 

Copper No. 121 
COPP" (inel. Silver) 

Silver· 
Phosphorus 

.008 
99.90 

. 004 .012 

99.90 

Tube B68.B75.B88.BIII.BI88 • 
B280.B306. B359.B372. 
B395.B447 

.008 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
SpeCific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Copper No. 119 

Copper Nos. 120-121 
Electrical Resistivity (Annealed) 

Copper No. 119 
Copper Nos. 120·121 

fnctric.tl Conductivity· (Annealed) 
Copper No. 119 

Copper Nos. 120-121 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

.014(4 Wire 

.005 .012 

1981 
1981 
.323 
8.94 

.0000094 

.0000096 

.0000098 

224 
223 

lOA 
10.6 

100 
98 

.092 
17.000,000 

6,400,000 

• Figure in parentheses is troY'ounces 
per avoirdupois ton 

.* Refer to specific ASTM specifications 
for alloys covered 

English Units C.G.S. Units 

F 1083 C 
F 1083 C 
Ib./eu in. @ 68 F 8.94 gm leu em@20C 

8.94 
per OF from 68 F to 212 F .0000170 per"C from 20 C to 100 C 
per OF from 68 F to 392 F .0000173 per"C from 20 C to 200 C 
per"F from 68 F to 572 F .0000177 per"C from 20 C to 300 C 
Btu /sq ft/ft/hI/oF@ 68 F eal/sq em/em/see/"C @ 20 C 

.927 

.910 
Ohms (eire mil/ft)@ 68 F Microhm-cm @ 20 C 

1.72 
1.76 

%IACS@68F Megmho-cm @ 20 C 
.580 
.568 

Btu/lb/"F @ 68 F .092 eal/gm/"C @ 20 C 
psi 12.000 Kg/sqmm 

. psi 4.500 Kg/sq mm 

Typical Uses 

Bus bars, electrical conductors, tubular bus and applications requiring welding or brazing 

Common Fabrication Processes 
Blanking, coining, coppersmithing, drawing, etching, forming and 
bending, heading and upsetting, hot forging and preSsing, piercing 
and punching, roll threading and· knurling, shearing, spinning, 

squeezing and swaging, stamping 

Fabrication Properties 
C'.Ipacity for Being Cold Worked . . . ._ .. Excellent Suitability for being joined by: 
up;atity for Being Hot Formed . . . . .. Excellent 
IIot Forg,ability Rating (Forging Brass = 100) 65 

Soldering. . . . . . . . . . . . . . . . . . . . . . . . . .. Excellent 

~t Working Temperature ... 1400.1600 F or 750-875 C 
Meahng Temperature .... 700-1200 F or 375-650 C 

."'cblllability Rating (Free Cutting Brass = 100) .•..• 20 

Brazing ...... . . . . . . . . . . . . . . . . . . . . .. Excellent 
Oxyacetylene Welding. . . . . . . . . . . . . . . . . . . .. Fair 
Gas Shielded An; Welding ............... Excellent 
Coated Metal Arc Welding ....... Not Recommended 

Resistance Welding Seam ..... I ••• Not Recommended l Spot ......... Not Recommended 

Butt ................... Good 

Th, ycdu," lilled ClbClve reprelent reClIClnClbl. ClpprCl.dmClIiClnl lulloble fClr general engineering UII!. Due tCl cClmmerclal yariallonl In compo,illon and 
10 mcmufacturing lIml!Clllanl, they Ihauld m,l be uud for Ipeclfkation purpCl.e" Stt applJc:able .... S.T.M .• pKifirollon referentn. 
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COPPER Nos. 119, 120and 121 (Continued) 
Forms and Tempers Annealed Tempers Rolled or Drawn Temp8l'J Hot 

Most Commonly Used Finished 
Tempen 

FLAT 
PRODUCTS 

- ~ 

a !3 
Nominal Grain Size mm ~ 8' 

] 
, '6 .. e 

E • 
:J: .. 
· • a: I 

1 'E • e 
1 'E ~ 8' • e e 

e :l! :l! 'E • ~ ~ '" ~ ~ 
e e , 

I d e e " ~ • C C " '" ~ :J: 
~ .r e 

0 0 0 '" '" '" 1E 1E ... e e ~ 

~ 
~ 

.t: • £ '" 0 ... '" '" N ~ 

J! 
~ iD , r; :! ~ .§. ~ e 3' ..., q q q q q :J C C 

Strip, Rolled ..•.. '.. • . . . . . • . . . . .. . •• '.' ........•• '.0 ................ . 
Strip, Drawn "" -..•.............•.. , ......•......•.•.....••............... 

Flat Wire, Rolled . . . . . . . . . . • . . . . . . • . . .. . .........•................•.......... 
Flat Wire. Drawn . . . . . . . . . . . . . . . . . . . . .. . .................................... . 

Bar, Rolled . . . • . . . . . . • . . . . • . . . . .. • ................••......••.....•..... 
Bar, Drawn ....................• , ....•.........•........•..•........ - - . 

Sheet ......•................•..•................................ 
Plate . - _ ...•...............••.....•...... _ .•....•.......•....... 
ROD ........................................................... . 

WIRE ........................................................... . 
TUBE ......•....•....•...................•............•..•..• 

PIPE .................•...................•............•....... 
SHAPES ........................................................... . 

i 1 ii e .. ... • It , l-• 
~ l( ~ w 

<l <l ! 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for n tube 
as hard or as strong as is commer­
cially feasible for the size In question. 

3. UGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness. but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

P 

M hiP ec amca ropertles Yield Strength Elonga-
Tensile (,5% E)(t. tion Rockwell Shear Fatigua 

Sile Strength under Load) (.2% Offset) in2 in. Hardness Strength Strength 
Form Soction Tempar 

I 
Milllon 

in. kaj ksi ksi % FIB 130T k.i k.i Cycles 

FLAT . 040 in. .050mm .......... 32.0 10.0 '" . 45 40 - 32.0 '" . 
RODUCTS .025 mm .......... 34.0 11.0 '" . 45 45 - - 23.0 11.0 100 

Eighth Hard ....... 36.0 28.0 '" . 30 60 10 25 25.0 ... . '" . 
Quarter Hard ...... 38.0 30.0 '" . 25 70 25 36' 25.0 '" . 
Half Hard .......... 42.0 36.0 . ... 14 84 40 50 26.0 13.0 100 
Hard ............. 50.0 45.0 '" . 6 90 50 57 28.0 13.0 100 
Spring . . . . . . . . . . . 55.0 50.0 '" . 4 94 60 63 29.0 14.0 100 
Extra Spring 57.0 53.0 ... . 4 95 62 64 29.0 '" . .... 
As Hot Rolled ..... 34.0 10.0 '" . 45 45 - - 23.0 ... . '" . 

.250 in. .050 mm .......... 32.0 10.0 ... . 50 40 - - 22.0 '" . ... , 
Eighth Hard ....... 36.0 28.0 '" . 40 60 10 - 25.0 '" . . .. , 
Quarter Hard ...... 38.0 30.0 ... . 35 7025 - 25.0 " .. '" . 
Hard ........... . 50.0 45.0 ... . 12 90 50 - 28.0 '" . '" . 
As Hot Rolled ...... 32.0 10.0 '" . 50 40 - - 22.0 ... . .... 

1.0 in. Hard ............ . 45.0 40.0 ... . 20 85 45 - 26.0 '" . .... 
ROD 1.0 in. .050 mm .......... 32.0 10.0 '" . 55 40 - - 22.0 '" . .... 

.250 in. Hard (40%) ....... . 55.0 50.0 '" . 20 94 60 - 29.0 .... 
1.0 in. Hard (35%) . . . . . . . 48.0 44.0 '" . 16 87 47 - 27.0 17.0 100 
2.0 in. Hard (16%) 45.0 40.0 '" . 20 85 45 - 26.0 ... . .... 
1.0 in. As Hot Rolled .... . 32.0 10.0 '" . 55 40 - - 22.0 '" . .... 

PIPE * in. SPS Hard (30%) . . . . . . . 50.0 45.0 '" . 10 90 50 - 28.0 . -.. '" . 
TUBE 1.0 in.OD .050 mm .......... 32.0 10.0 ... . 45 40 - - 22.0 '" . .... 

x.065 in. .025 mm .......... 34.0 11.0 '" . 45 45 - - 23.0 '" . .... 
Light Drawn (15%) .. 40.0 32.0 ... . 25 77 35 45 26.0 . ... . ... 
Hard Drawn (40%) .. 55.0 50.0 '" . 8 95 60 63 29.0 '" . . ... 

SHAPES .500 in. .050 mm .......... 32.0 10.0 '" . 50 40 - - 22.0 '" . . ... 
Hard (15%) 40.0 32.0 ... . 30 - 35 - 22.6 '" . '" . 
As Hot Rolled ...... 32.0 10.0 '" . 50 40 - - 22.0 '" . .... 
As ExtrUded . . . . . . 32.0 10.0 ... . 50 40 - - 22.0 '" . . ... 

34 
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COPPER No. 122 (PHOSPHORUS DEOXIDIZED, HIGH RESIDUAL PHOSPHORUS) 

. . ",..,~, 

~po51t10n - ... -.~ ... '. 
Nearest Applicable A S T M Specifications 

Nominal Minimum Mar.imum 

corper (inci. Silver) 
Phosphorus .02 

99.90 
.015 .040 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

EJt'clrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• YctumC' and Weight Ba!tis 

1981 F 
F 

English Units 

.323 Ib leu in @ 68 F 
8.94 

.0000094 per" F from 68 F to 212 F 

.0000095 per" F from 68 F to 392 F 

.0000098 per" F from 68 F to 572 F 
196 Btu Isq ft 1ft Ihr I"F @ 68 F 
12.2 Ohms (eire mil 1ft ) @ 68 F 

85 % lACS @ 68 F 
.092 Btu Ilb"F @ 68 F 

17,000,000 psi 
6,400,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 
Shapes 

Tube 

Wire 

1083 C 
C 

BII, BIOI, B124, B133, 
BI52, B370, B432 
B42,B302 
BI2,BI24,BI33 
BI24,BI33 
B68, B75, B88, Bill, B280, B306, 
B359,B360,B395,B447,B543 
B260 

C. G. S. Units 

8.94 gm leu em @ 20 C. 
8.94 

.0000170 per" C from 20 C to 100 C 

.0000173 per" C from 20 C to 200 C 

.0000177 per" C from 20 C to 300 C 
.81 eal/sq em lem Isee I" C @ 20 C 

2.03 Microhm-cm @ 20 C 
.493 Megmho-em @ 20 C 
.092 eallgm /" C @ 20 C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

HOUSEHOLD: air conditioners, gas lines, heater lines and units, oil 
burner tubes, plumbing pipe and tube, refrigerators 

INDUSTRIAl: air conditioners, brewery tubes, condenser, evaporator 
and heat exchanger tubes, dairy tubes, distiller tubes. 
kettles. pulp and paper lines. steam and water lines, tanks 

TRANSPORTATION: (Air, Land and Sea): air, gasoline, hydraulic and oillines, 
oil coolers 

MISCELLANEOUS: gage lines, rotating bands 

Common Fabrication Processes 
Blanking, commg, coppersmithing, drawing, etching, forming and bending, 
heading and upsetting, hot forging and pressing, piercing and punching, roll 
threading and knurling, shearing. spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ............. Excellent 
Capacity for Being Hot Formed ............. Excellent 

Suitability for being joined by: 

::1 ForgeabiIity Rating (Forging Brass = 100) ......... 65 
I Working Temperature .... 1400-1600 F or 750-875 C 

Anne~lmg Temperature " ..... ~ 700M1200 F or 375-650 C 
Machmability Rating (Free CUtting Brass = 100) ........ 20 

Soldering ........................... Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding ....... ........... . Good 
Gas Shielded Arc Welding . ............ . Excellent 
Coated Metal Arc Welding ..... NClt Recommended 

Resistance Welding Seam ........ Nut Recommended ~ 
Spot ..... .. . Not Recommended 

Butt .................... Good 

'. The yaluel lined abaye' repreieni realanable appraio.imaliaIU lul!i;lble for' genlral engineering UIII. 01,111 10 eammen::ial yarlallan. in eampalilian and 
to manufacturing limltallan •. they .hauld naT be uled for Ipeclficallan purpalel. SlIe applicable A,S.T.M. specificaTion referenelll, 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

COPPER No. 122 (Continued) 
Annealed Tempars Rolled or Drawn Temper. Ho. 

Flnilhad 

~ 
Tamper. 

~ 

S !:l 

"I "I c c c c 

'" '" C) C) C) i!l on on " .E 
~ 

... on N q ,g ~ 

'" '" '" '" ::; 

&. I!' 
] 

~ '" .. c 

e • 
'" B 

III 

i ~ • I ] 'l! c 
'l! ~ I!' • c c i E 
:I! :I! 'l! ~ 'l! 

~ " ~ ~ .. .. • • I e ~ II: " .. 
~ • a '" Q Q 

~ ~ :1i ~ ~ '" ! I!' e c 
'l! ~ ~ .. .E w l • l! l( ~ l( a ~ m " F :I! :j .I! .I! a w w 

Nominal Grain Size mm 

......•................................................................... 

.......................................................................... 

.......................................................................... 

.......................................................................... 

... '. '., ............ ,. ' .......................... , ...... , .... '.' ......... . 

........................................................................... 

......•...............................•................................... 

......................................................................... 

) 

PIPE 
SHAPES 

....................... ............... .•.................................. ) 

1. DRAWN - GENERAL_ PURPOSE temper is used 
for general purpose tube only, usually where there 
is no ren! requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

ec anlca M hiP ropertles 

Size 
Form Section Tampar 

In. 

FLAT .040 in. .050 mm .......... 
P RODUCTS .025 mm .......... 

Eighth Hard ....... 
Quart~r Hard ...... 
Half Hard ......... 
Hard ............ 
Spring . . . . . . . . . . 
Extra Spring ...... 
As Hot Rolled ...... 

. 250 in. .050mm .......... 
Eighth Hard ....... 
Quarter Hard ...... 
Hard ............ 
As Hot Rolled ..... 

1.0 in. Hard ............ 
TUBE 1.0 in. OD .050 mm ......... 

X .065 in . . 025 mm . . . . . . . . . 
Light DraYin (15%) .. 
Hard Drawn (40%) .. 

PIPE * in. SPS Hard (30%) ........ 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or 115 strong as is commer· 
cially feasible for the size in question. 

Yield Strength Elonge-
Tenlile (.6% Ext. tlon 
Strength unde, Load) (.2% Ofh," In2 in. 

lui lui kli % 

32.0 10.0 ... . 45 
34.0 11.0 .... 45 
36.0 28.0 ... . 30 
38.0 30.0 ... . 25 
42.0 36.0 .... 14 
50.0 45.0 . ... 6 
55.0 50.0 .... 4 
57.0 53.0 . ... 4 
34.0 10.0 ... . 45 
32.0 10.0 .... 50 
36.0 28.0 .... 40 
38.0 30.0 ... . 35 
50.0 45.0 . ... 12 
32.0 10.0 ... . 50 
45.0 40.0 ... . 20 

32.0 10.0 . ... 45 
34.0 11.0 . ... 45 
40.0 32.0 .... 25 
55.0 50.0 .. , . 8 

50.0 45.0 '" . 10 

• Rotating beam tests on rod 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shear Fatigue 
Hlilrdneu Strength Str.ngth 

FiB i30T kli lui 
I Million 

Cyel" 

40 - - 22.0 . ... .... 
45 - - 23.0 11.0 100 
60 10 25 25.0 .... . ... 
70 25 36 25.0 . ... .... 
8440 50 26.0 13.0 100 
90 50 57 28.0 13.0 100 
94 60 63 29.0 14.0 100 
95 62 64 29.0 ... . . ... 
45 - - 23.0 . ... .. _ . 
40 - - 22.0 . ... . ... 
60 10 - 25.0 ... . . ... 
70 25 - 25.0 ., .. . ... 
90 50 - 28.0 ... . . ... 
40 - - 22.0 . ... '" . 
85 45 - 26.0 . ... . ... 
40 - - 22.0 11.0· 20 
45 - .r 23.0 ... . . ... 
77 35 45 26.0 14.0· 20 
95 60 63 29.0 19.0· 20 

90 50 - 28.0 . ... .... 

The value. lilted above repr •• enl r.olonabl. apprallllimalloni lultabl. for g.n.ral .ngln •• rlng u'e. Due 10 comm.rclal varialion. In compo.ltlon and 
36 10 monulaciurlng limilallanl. Ihey should nat b. u.ed for Ip.clllcation purpol'" S •• appllwbl. ".S.T.M. Ipeclflwllan ref.rene ••• 
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COPPER Nos. 125, 127, 128, 129 and 130 
(FIRE REFINED TOUGH PITCH WITH SILVER) 

Composition - percent 
Nearest Applicable A S T M Specifications •• 

Nominal Minimum Maximum 
BII,BI24,BI33,BI52,B272 

Carpe'r (incl. Silver:) 
Arsemc 

Antimony 
Tellurium + Selenium 

Nickel 
Bismuth 

Lead 

99.88 
Flat Products 

Pipe 
l'od 

Shapes 
Tube 
Wire 

Phy1ical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

(oertident of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

EJt~trical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Bas:is 

ARCHITECTURAL: 
AUTOMOTIVE: 
ELECTRICAL: 

MISCELLANEOUS: 

.012 

.003 

.025 

.050 

.003 

.004 
II< Minimum Silver Content 

percent oz/ton 

Copper No. 127 
Copper No. 128 
Copper No. 129 
Copper No. 130 

English Units 

1981 F 
F 

.321 Ib leu in @68 F 
8.9 

.027 8 

.034 10 

.054 16 

.085 25 

.0000093 peroF from 68 F to 212 F 

.0000096 per ° F from 68 F to 392 F 

.0000098 per ° F from 68 F to 572 F 
218 Btu Isq ft 1ft Ihr /"F @ 68 F 
10.6 Ohms (eire mil 1ft) @ 68 F 

98 % lACS @ 68 F 
.092 Btu lib OF @ 68 F 

17,000,000 psi 
6,400,000 psi 

Typical Uses 

1083 

8.9 
8.9 

.0000168 

.0000173 

.0000177 
.86 

1.76 
.568 
.092 

12,000 
4,500 . 

C 
C 

BI2,BI24,BI33 
B124, BI33 

•• Refer to specific 
ASTM specifications 
for alloys covered 

C. G. S. Units 

gm leu em @ 20 C. 

per DC from 20 C to 100 C 
per DC from 20 C to 200 C 
per D C from 20 C to 300 C 
eal Isq em lem Isee I" C @ 20 C 
Microhm-cm @ 20 C 
Megmho-em @ 20 C 
eal/gm 1°C @20C 
Kg Isq mm 
Kg/sq mm 

building fronts, downspounts, flashing, gutters, roofmg, screening, spouting 
gaskets, radiators 
bus bars, contacts, radio parts, commutator segments, switches, terminals 

-anodes, chemical process equipment, kettles, pans, printing rolls, rotating 
bands, road bed expansion plates, vats 

Common Fabrication Processes 

Blanking, coining, coppersmithing, drawing, etching, forming and bending, 
heading and upsetting, hot forging and pressing, piercing and punching, roll 
threading and knurting, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
up.,. :ity ror Being Cold Worked .•...••..•.... Excellent Suitability for being joined by: 
CaP.city for Being Hot Formed .............. Excellent S Id . flot F a enng ..........•..•......... Excellent 
Hot worg:.ability Rating (Forging Brass = 100). . . . • . . . . . . Brazing •........•.......•••.•..... Good 
At: ~r 109 Temperature ...... 1400-17S0F or 750-950 C Oxyacetylene Welding .••..... Nut Recommended 
,,-1.I~ltn~ !emperature ........ 750-1200 F or 400-650 C Gas Shielded Arc Welding .....•. , ........ Fair 

" mability Rating (Free Cutting Brass = 100) ....... 20 Coated Metal Arc Welding. '.' ... Net Recommended 

~ 
Spot. . . . . .. Not Recommended 

Resistance Welding Seam. . . . • .. Not Recommended 
Butt .•.....•••...... Good 

Th, "elu" lill~d ~b~:~-r~;re:enl ree,~~ebl; eppra .. im~llan; 'ull~bl~ f~r 'OI~neral englne;ring Ulie, Due Ie eammndal",drlellan,i In earnpalililan and 
la menufeeluring limilglienl, they Iheuld nel be ul~d far Ipeclfieelion purpalllli, See epplltable A.S.T.M. IpedfielJlian referentes. 
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COPPER Nos. 125, 127, 128, 129 and 130 (Continued) 

Forms and Tempers Annealed Tempers RoUad or Drawn Tempars Hot 

Most Commonly Used Finished 
~ TImpe,s -
I ~ 

NDmlnal Grain Size mm ~ ~ 

~ 
, '" .. < 

E • 
X III 

i ~ • E I ] 'ii ~ 
< 

~ ~ ~ I • < < "II e 
< :l! ~ ~ ~ '" l l .. '" ~ < < :l! I E f a: 2 < " ~ :l! CI c 

" ~ I 
< c 

~ ~ 1 .E < 
~ 

f f l .E 0 0 0 .. .. .. 
~ • ~ ~ w 

~ 
... .. ... N Ci ~ m , l! ~ ~ f :l! ~ 
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FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar. Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

............ _., ......... '., ... '.0 ... '., .•............. 

.........•......................................... e,·, 

.... e .. · ........................ e ...................•... 

....• , ..........................• , ................. . 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only 1 llsunlly where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the oUler. 

2. HARD DRAWN temper is used 
only where there is need for 11 tube 
as hard or as strong as is cammer· 
ciaUy feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Mechanical ropertles ViBld StrBngth Elonga· 
TBnsilB (.5% Ext. tion Rockwall Shear Fatigue 

p 

Size Strength undBI Load) (.2%00"" in2 in. Hardnau Strength Strength 
Form Section Tempar 

I 
Million 

in. ksi k.l k" % F I aJ30T ksi k.l Cycles 

FLAT . 040 in. .025 mm ....•.... 34.0 11.0 .... 45 45 - - 23.0 11.0 100 
P RODUCTS Eighth Hard ...... 36.0 28.0 34.0 30 60 10 25 25.0 . ... · .. , 

Half Hard . . . . . . . 42.0 36.0 39.0 14 8440 50 26.0 ... . .... 
Hard ............ 50.0 45.0 47.5 6 9050 57 28.0 ... . . ... 
Spring · . . . . . . . . 55.0 50.0 52.0 4 9460 63 29.0 .. , . · ... 
Extra Spring .... . 57.0 53.0 54.0 4 9562 64 29.0 ... . ., .. 
All Hot Rolled .. , . 34.0 1O.0 . ... 45 45 - - 23.0 . , .. · ... 

ROD 1.0 in. .050 mm ......... 32.0 10.0 ... . 55 40 - - 22.0 .... · ... 
Hard (35%) ....... 48.0 44.0 .... 16 8747 - 27.0 ... . · ... 
All Hot Rolled ..... 32.0 1O.0 ... . 55 40 - - 22.0 ... . ., .. 

WIRE . 080 i~. .050 mm ........ 35.0 ... . . , .. 35· - - - 24.0 . , .. .... 
Hard · . . . . . . . . 55.0 ... . ... . 1.5* - - - 29.0 .... · .. , 

Spring · . . . . . . . . 66.0 .... ... . 1.5'" - - - 33.0 ... . ., .. 
SHAPES .500 in. .050 mm ......... 32.0 10.0 ... . 50 40 - - 22.0 . , .. · ... 

Hard (l5%) ....... 40.0 32.0 ... . 30 - 35 - 26.0 . , .. .... 
As Hot Rolled ..... 32.0 10.0 ... . 50 40 - - 22.0 ... . · ... 
As Extruded ...... 32.0 10.0 .. , . 50 40 - - 22.0 ... . . ... 

• Elan'gation in 10 inches •• Elongation in 60 inches 

I I I I I 
Th. valu .. lilted above repre .. nl reolanable appralllmlillani lultable faf general engineering u ... Due to tammerdalvarlallanl In c:ampII,lllan and 

38 10 manufattutlng IImltatlanl, Ihey IhllUld nat be u,ed for IpedfltQllan purpa.e •• See applicable A..S.T.M •• pedflclltion r.ference •• 
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COPPER No. 142 (PHOSPHORUS DEOXIDIZED, ARSENICAL) 

Composition - percent 
Nearest Applicable AS T M Specifications 

Nominal Minimum IVlaximum 

Copper (inel. Silver) 99.68 99.40 

Arsenic .3 

Phosphorus .02 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
ModUlus of Rigidity 

·Volume Basis 

.15 

.015 

.50 

.040 

1978 F 
F 

English Units 

. 323 Ib leu in @ 68 F 
8.94 

per"F from 68 F t0212F 
per" F from 68 F to 392 F 

0000098 per" F from 68 F to 572 F 
112 Btu Isq ft 1ft Ihr /"F @ 68 F 
23 Ohms (eire mil 1ft ) @68 F 
45 % lACS @ 68 F 

:092 Btu lib "F @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

Flat Products B 11 

Pipe 

Rod BI2 

Shapes 

Tube B75,BIII,B359,B395,B447 

Wire 

\080 C 
C 

C. G. S. Units 

8.94 gm leu em @ 20 C . 
8.94 

per" C from 20 C to 100 C 
per" C from 20 C to 200 C 

0000177 per" C from 20 C to 300 C 
.463 eal/sq em lem Isee I" C @ 20 C 
3.82 Mierohm-cm @20 C 
.261 Megmho-em @ 20 C 
.092 eallgm I" C @ 20 C 

12,000 Kg/sq mm 
4,500 Kg Isq mm 

Plates for locomotiveTrreboxes, staybolts, heat exchanger and condenser tubef 

Common Fabrication Processes 

Drawing, forming and bending, heading and upsetting, 
piercing and punching, roll threading and knurting, shearing 

Fabrication Properties 
Capacity for Being Cold Worked . ..... ... ..... .. Excellent 
Capacity for Being Hot Formed ............... Excellent 

Suitability for being joined by: 

Hot Forgeability Rating (Forging IIrass = 100) ....•..... 65 
Hot Working Temperature •.... 1400-1600 F or 750-875 C 
Annealing Temperature .•.•... 800-1200 F or 425-650 C 
Machinability Rating (Free Cutting Brass = 100) .....•... 20 

Soldering . .................... , .... Excellent 
Brazing .................. , ........ Excellent 
Oxyacetylene Welding ................... Good 
Gas Shielded Arc Welding ....... ...... . Excellent 
Coated Metal Arc Welding ...... Not Recommended 

~ 
Spot ..... .. , Not Recommended 

Resistance Welding Seam .. ..... . Not Recommended 
Butt ......... _ ........ . Good 

Tho "aluutbtod abc"o ;~;ro~~~~;;~~.o~~bi~'~p;;j.-;;;x"f~O:lfoni-·.ullol:il" for'gin.rat onglneering 1,111. Duo to common:lot"cricllon.ln compo,illon and 
'0 mClnufgeturing IImltgllon., ,h.y .hould not b. u.ed for ,pltClfic::atlon pUrpOIU. S •• gppllcoblo A.S,T.M. 'pRifi.::allon roforonc ... 

(Conti1UU'd on olMr oMt) 39 



Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Baf, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

COPPER No. 142 (Continued) 
Annaalad Tampers Rolled or Drawn Tempera 

Nominal Grain Size mm 
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PIPE 
SHAPES 
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..................... ................................................... ) 

1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Temper 

in. 

FLAT 
P RODUCTS .040 in. .050 mm .......... 

TUBE 1.0 in.OD .050 mm .......... 
X .065 in. .025 mm .......... 

Light Drawn (I 5%) .. 
Hard Drawn (40%) .. 

PIPE % in. SPS Hard (30%) ....... 

2. HARD DRAWN temper is used 
only where there is need for a tube 
I1S hard or I1S strong I1S is commer­
cially feasIble for the size in question. 

Yield Strength Elonga· 
Tensile (.6% Ext. tion 
Strength under Load) 1.2% Off •• d In 21n. 

k.' k., "" % 

32.0 10.0 ... . 45 

32.0 10.0 .... 45 
34.0 11.0 .. , . 45 
40.0 32.0 .... 25 
55.0 50.0 .... 8 

50.0 45.0 .. , . 10 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell She" Fatigue 
Hardneu Strength Strength 

F[BJ3UT k,i "" 
I Million 

Cycle. 

40 - - 22.0 '" . . ... 
40 - - 22.0 11.0· 20 
45 - - 23.0 '" . . ... 
77 35 45 26.0 14.0· 20 
95 60 63 29.0 19.0· 20 

90 50 - 28.0 . ... .. , . 

·Rotatiog beam tests 00 rod. 

Th, yglu,. 1I",d gboY, r'p"""' r,aIDIIgbl, opprDlillmallDlI1 lullabl, fDr g,",ra\ ,ngln"rlllii u.,. Oil, 10 II:Dmm'rdal YoriallDnl III II:DmpolhlDn and 
40 10 mallufgr;turlng Iimllali';:III, Ih,y Ihould not b, u.,d for .p'clflca1\DII purpD .... S" appllalbl, "".S.T.M. Ipecificalldn r.f.reTlBI. 
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COPPER No. 143 (CADMIUM COPPER, DEOXIDIZED) 

eomposition - percent 
Nearest A.pplicable A S T M Specifications 

Nominal Minimum Maximum 

Ccpper (inc!. spver 
+ Cadmmm) 

Cadmium 

l'IIYSical Properties 

0.D7 

99.90· 

.05 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coc:ffic:ient of Thermal Expansion 
Coefficient of Thermal Expansion 
Codficient of Thermal Expansion 

.15 

* Deoxidized with small amounts of lithium 
or other suitable elements as agreed upon. 

1976 F 
1926 F 

Engllsh Units 

. 323 Ib leu in @ 68 F 
8.94 

.0000094 per' F from 68 F to 212 F 

.0000096 per' F from 68 F to 392 F 

.0000098 per' F from 68 F to 572 F 

1080 C 
1052 C 

C. G. S. Unitl 

8.94 gm leu cm @ 20C . 
8.94 

.0000170 per' C from 20 C to 100 C 

.0000173 per' C from 20 C to 200 C 

.0000177 per' C from 20 C to 300 C 
Thermal Conductivity 

Electrical Resistivity (Annealed) 
llearical Conductivity· (Annealed) 

Thermal Capacity (Specific Heat) 
Modulus of Elasticity (Tension) 

Modulus of Rigidity 

218 Btu Isq ft 1ft Ihr /,F @ 68 F 
10.8 Ohms (circ mil 1ft ) @ 68 F 

96 %IACS@68F 

.93 cal/sq em Icm Isec I' C @20 C 
1.80 Microhm-<:m @ 20 C 
.557 Megmho-cm @20 C 
.092 callgm /' C @ 20 C .092 Btu lib 'F @ 68 F 

17,000,000 psi 
6,400,000 psi 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

Typical Uses 

Cooling fins for automotive and heavy duty radiators. 
air conditioners, small motor commutators and elec­
trical terminals and connectors. Anneal resistant elec-

trical applications 

Common Fabrication Processes 

Forming and bending, piercing and punching. blanking and etching 

Fabrication Properties 
).«::~:~ for Being Cold Worked .......•........ Excellent Suitability for being joined by; 

~~~eing Hot Formed ...••......•.•.. Excellent Soldering ....•.....•........••.... Excellent 
'" .,_ ty Rating (Forging Brass = 100) ......... 65 Brazing ......................... Excellent 
or~.g Temperature ..... 1400-1600 F or 750-875 COt I Wid· G d :~::~~T~ xyace y cne e mg.................... 00 

~ emperature ...•... .1000-1400 F or 535-750 C Gas Shielded Arc Welding .....•....... Excellent 
Rating (Free Cutting Brass = 100) .•.. '" . _20 Co.ted Metal Arc Welding ....• Not Recommended 

Softening Temperature ... '" 675 F or ....• 355 C l Spot .••... " Not Recommended 
Resistance Welding Seam .....•.. Not Recommended 

Butt •..•.............•. Good 

valli" 1I11.d gban r.pr ••• nl r..a,anabl. appraxlmglianl luhabl. far g.nual .n~ln .. rl~~ ~~~-:·DII. t~ cam~,";;lai ~arl';lian'i"in-ctimpaijilan and 
Ig manufactllrlng Ilmllollanl. th.y shallld nal b. IIsHi far specifiCQlian purpo •••. 5 •• appllrobl. A.5o T.M. Ipee1nrollan r.f.r-.nc:ft. 
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COPPER No. 143 (Continued) 
Forms and Tempers Annealed Tempe" Rolled or Drawn Tempers Hot 

Most Commonly Used Finilhed 
~ Tempe" -
~ e 

Nominel Grain Size mm ~ ~ 
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FLAT 

PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
.......................................................................... 
.......................................................................... 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

........................................................................... 

........................................................................... 

.................................................. _ ....................... . 

........................................................................... 

........................................................................... 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on Ule other. 

2. HARD DRAWN temper is used 
only where there is need for 11 tube 
as hard or as strang as is commer­
cially feasible for the size in question. 

3. UGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent· (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength Elonga-
Tensile (,5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Load) 1.2% Offset I In 21n. Hardness Strength Strength 
Form Section Temper 

.1 Million 
in. ksi ksi ksi % FIB 130T k.l kd Cycln 

FLAT . 005 in. Special Spring ...... 65.0 62.0 ... . 2 - - - ..... ... . . ... 
P RODUCTS . 040 in. .050 mm . . . . . . . . . 32.0 10.0 . ... 45 40 - - 22.0 ... . . ... 

. 025 mm ......... 34.0 11.0 ... . 45 45 - - 23.0 ... . . ... 
Eighth Hard ....... 38.0 30.0 ... . 30 60 10 25 25.0 .... . ... 
Quarter Hard ...... 40.0 32.0 ... . 25 70 25 36 25.0 ... . .... 
Half Hard ......... 44.0 38.0 ... . 12 86 42 51 26.0 ... . .... 
Hard . . . . . . . . . . . . 52.0 47.0 ... . 6 91 51 57 28.0 ... . .... 
Spring ........... 58.0 54.0 ... . 4 95 61 63 29.0 . , .. .., . 
Extra Spring ...... 60.0 58.0 ... . 3 96 63 64 30.0 ... . . ... 

Th. "o.lue. Ihted o.ba"e repre.e,,! recnano.ble apprallimatiani lullc:abl. far ge".rc:al englne.rlng 1.1,., Due 10 comm.rcial varlc:allanl In campc:alillon and 
42 10 mc:anulacturlng limitation •• lh • ., Ihould nat b. u .. d far IpKlflc::ation purpo •••• S •• oppllc::abl. A.S. T .11' •• p.dfICQllon r.f.r.nc ... 

, 
) 

i ) 



COPPER No. 145 (PHOSPHORUS DEOXIDIZED. TELLURIUM BEARING) 

~mposition - percent 
Nearest Applicable A S T M Specifications 

Nominal r..fInimum Maximum ......... 
Copper 99.50 

Tellurium .50 

Phosphorus· .008 

Cu + Ag + Te + p. 

.40 .60 

.004 .012 

99.90 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

BI24,B301 

BI24, B301 

BI24, B283 

•• This includes oxygen-free tellurium copper which contains 
phosphorus in an amount agreed upon. 

·Other dcoxidizers may be used in which case phosphorus 
need not be present. 

Physical Properties 

Melting Point (Uquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (T,ension) 
Modulus of rugidity 

·Volume and Weight Basis 

1967 F 
1924 F 

English Units 

. 323 Ib leu in @ 68 F 
8.94 

.0000095 per 0 F from 68 F to 212 F 

.0000097 per 0 F from 68 F to 392 F 

.0000099 per 0 F from 68 F to 572 F 
205 Btu 'sq ft 1ft IhI I"F @ 68 F 
11.2 Ohms (eire mil 1ft ) @68 F 

93 % lACS @ 68 F 
.092 Btu Ilb"F @ 68 F 

17,000,000 psi 
6,400,000 psi 

Typical Uses 

1075 C 
1051 C 

C. G. S. Units 

8.94 gm leu em @ 20 C . 
8.94 

.0000171 per 0 C from 20 C to 100 C 

.0000174 per 0 C from 20 C to 200 C 

.0000178 perlo C from 20 C to 300 C 
.85 cal /sq em lem Isee r C @ 20 C 

1.86 Mierohm-cm @ 20 C 
.538 Megmho-cm @ 20 C 
.092 e.l/gm rC @20C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

Forgings and screw machine products and parts requiring high con­
ductivity, extensive machining, corrosion resistance, copper color, or a 
combination of these; electrical connectors, motor and switch parts, 
plumbing fittings, soldering coppers, welding torch tips, transistor bases ~' 

and fUrnace brazed articles 

Common Fabricat.ion Processes 

Hot forging, machining and moderate cold heading 

Fabrication Properties 
Capacity for Being Cold Worked . ................. Good 
Capacity for Being Hot Formed .................. Good 

Suitability for being joined by: 

Hot Forge.bility Rating (Forging Brass = 100) .......... 65 
Hot Working Temperature ...... 1400·1600F or 750·875 C 
Annealing Temperature ........ 800·1200 F or 425-{;50 C 
Machinability Rating (Free Cutting Brass = 100) .......•. 85 

Soldering ......... ................. . Excellent 
Brazing .............................. Good 
Oxyacetylene Welding ..................... Fair 
Gas Shielded Arc Welding ...... , ...•.....•. Fair 
Coated Metal Arc Welding . . ... . Not Recommended 

Resistance Welding Seam ........ Not Recommended ~ 
Spot ........ Not Recommended 

Butt .............. " .... Fair 

The vcdu •• lI,ted abo .... r.pr.lent r.alanabl. ClPpralllmatlan, ,ultabl. far gllnerol' engineering' u'-.:-D~~-'a cal'llmerdal variation. In cal'llpa,lrlon and 
to manufaduring IImltetlani. they .hauld nat be uled for IPKifkatlan purpalel. S.II Clpplieabl. "'.S.T.M. IpKlflcutlan ~fllr.lKe •. 
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COPPER No. 145 (Continued) 

Forms and Tempers Annealed Tempa ... Rolled or Drawn Tamp .... HoI 

I FlniShedl 
) 

Most Commonly Used 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

Nominal Grain Size mm 
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Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

,., ........... ,., ........... , ............................................ . 
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...... , .•. , .......... , •..•..•.....•.... , .. ,', ................... , ...... . 

.................•.................................•......•............. , .. 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hllIdness on 
Ule one hand or for bending qualities on the other. 

M hIP ec anlca ropertles 

Size 
Form Section Temper 

in. 

ROD 1.000 in, .050 mnl . ...... , .. 
.500 in. .015 mm ..... , ... ,. 

Eighth Hard (6%) ... 
.250 in. Half Hard (20%) ... 
,500 in, Half Hard (20%) , ',' 

1.000 in, HaJf Hard (20%) ... 
2.000 in. Half Hard (15%) ... 

,250 in. Hard (45%) ...... . 
.500 in. Hard (35%) ...... . 

l.000 in. Hard (35%) . . . . . . . 
WIRE .080 in. .035 mm., .. ", .. , 

Eighth Hard ....... 
Half Hard .. " ... 
Hard.,., ........ . 

TUBE 1.0 in.OD .050 mm ... , . , ... , 
x ,065 in. Light Drawn (15%) 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard Dr as strong as is commer~ 
ciuUy feasible for the size in question. 

Yield Strength Elonga· 
Tensile (.5% Ext. tion 
Strength under Loadl (.2% Offset) in2 in. 

k.t ksi ktt % 

32,0 10.0 , .. - 50 
33,0 11.0 ... , 46 
38,0 30.0 ., .. 26 
43,0 40.0 ' ... 18 
43.0 40.0 '" . 20 
42,0 40.0 " .. 25 
42.0 39.0 . ,. , 35 
53.0 49.0 ... . 10 
48,0 44.0 .., . 15 
48.0 44,0 .... 20 

33.0 11.0 '" . 40 
38.0 30,0 ... . 20 
51.0 41.0 ... . 6 
56.0 51.0 ... , 3 

32.0 10.0 .... 40 
40,0 32.0 _ ... 20 

). : 
3, LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other~ 
wise moderately cold worked) is needed. 

Rockwell Shear Fatigua 
Hardness Strangth Strength 

I 
Million 

F : B :3QT k.i k,i Cyel .. 

40 - - 22,0 ... . .... 
43 - - 22.0 .... . ... 
- 36 44 25.0 ... . .. _ . 
- 43 - 26.0 ... . .., . 
- 43 50 26,0 ". , . ... 
- 42 - 25.0 ". , .... 
- 42 - 25.0 .... .., . 
- 54 - 29.0 .... ., .. 
- 48 - 27.0 ... . -... - 48 - 27.0 . ,. , , ... 
- - - 22.0 ... . . ... ) 
- - - 25,0 ... . .... - - - 27,0 '" . . ... 
- - - 30,0 ... . .... 
40 - - 22.0 ... . . ... 
- 35 - 24.0 ... . . . .. 

Th. volu.1 lill.d above r.pr ... nl nOlonobl. opprolilimolioniluilobl. for g.n.rol .ngln •• ring UI •. Du. 10 comm.rdol vOflotilml in compo.illon and 
44 to monufocturlng limilolionl. Ihy Ihould nol b. uled tor Ip.dllcClllon purpOI.I. 5 •• Clppllcobl ..... S.T.M. IpKi"wtlon r.ference., 

r:~~ -·-----4 ........ S ..... - .. ----·. ~;iI~''', --.---A'""' .. ~1II!4 .. 1I."'SIlll.2 ... 4 ... i .... --.. ---~1I211/111. ill 
~ ..... ,.:.', .. "!J . .., .. ' ',-. 'C.'.'" ,c'. , .. '.~ ~ " -"' : . .:--,,-,-.~.,.;~.-~.. - -

".'-: 



COPPER No. 147 (SULFUR BEARING) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 

Sulfur 

eu +Ag + S· 

Physical Properties 

99.6 

040 .20 

99.90 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Flat Products B301 

Pipe 

.so Rod 

Shapes 

Tube 

Wire 
·Oxygen-free or deoxidized grades with agreed 
upon deoxidizers (such as phosphorus. bocon, 
lithium or others) are available when so ordered. 

1969 F 
1953 F 

English Units 

1076 C 
1067 C 

B301 

C. G. S. Units 

.323 Ib leu in @ 68 F 
8.94 

8.94 gm leu em @ 20 C. 
8.94 

.0000094 per' F from 68 F to 212 F 

.0000096 per' F from 68 F to 392 F 

.0000098 per' F from 68 F to 572 F 

.0000170 per' C from:!O C to 100 C 

.0000173 per'C from 20C t0200C 

.0000177 per' C from 20 C to 300 C 
Thermal Conductivity 

Electrical Resistivity (Annealed) 
Electrical Conductivlty'" (Annealed) 

Thermal Capacity (Specific Heat) 
Modulus of Elasticity (Tension) 

Modulus of Rigidity 

216 Btu Isq ft 1ft Ihr I'F @ 68 F 
10.9 Ohms (eire mil 1ft )@68 F 

95 %IACS@68F 

.89 eal/sq em lem Isee /' C @ 20 C 
1.81 Microhm-cm @ 20 C 

.092 Btu lib 'F @ 68 F 
17 ,000,000 psi 
6,400,000 psi 

·Volume and weight basis 

Typical Uses 

.551 Megmho·em @ 20 C 

.092 eal/gm j"C @20C 
12,000 Kg Isq mm 
4,500 Kg Isq mm 

Screw machine products and parts requiring high conductivity. extensive machining, corrosion 
resistance, copper COIOf or a combination of these; electrical connectors, motor and switch 
components, plumbing fittings, cold beaded and machined parts, cold forgings, furnace brazed 

articles, screws, soldering coppers, rivets and welding torch tips 

Common Fabrication Processes 

Hot: extrusion, rolling, forging 
Cold: drawing, rolling, machining and swaging 

Fabrication Properties 
Capacity for Being Cold Worked ..... '" ........... Good Suitability for being joined by: 
Capacity for Being Hot Formed ................ Excellent Soldering .... ...................... . Excellent 
Hot Forgeability Rating (Forging Brass = 1 OO) ............ . Brazing ........................... Excellent 
Hot Working Temperature ...... 1400·1600 F or 750·875 C Oxyacetylene Welding ......... Not Recommended 
Annealing Temperature. _ ..•.... 800-1200 F or425-650 C Gas Shielded Arc Welding ..... Not Recommended 
Machinability Rating (Fre" Cutting Brass = 100). ........ .85 Coated Metal Arc Welding ..... Not Recommended 

Resistance Welding Seam. " ..... Not Recommended ~ 
Spot ........ Not Recommended 

Butt .•........•......... Good 

Thll "'alUIli lilled gbg",. reprennl nglgngble apprg.Jmgtlgnl ,ulIgble for glnugl .ngineulng 1,11'. Du, tg commllu;gl ",grlglionl in compoillion gnd 
19 mgnufgcturing IImltationi. they Ihould nol b, uI.d for Ip.tclflcl:ltlon purpOIIli. SIfIf opplir;abr, A.S.T.M. Ip.clficatlon referencel. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

COPPER No. 147 (Continued) 

Annealed Tampa" Rolled or Drawn Tampar. Hat 
Flnilhed 

~ Tamper, - ~ 

R 0 
Nominal Grain Sin mm 8. ~ 

ii ii 
c c c c ~ 
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Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

· .. .. .. . . .. . .. .. . .. ... . .................................................. .. 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
[or general purpose lube only. usually where there 
is no rcal requirement for high strength or hardness on 
the one hand or [or bending qualities on the other. 

Mechanical Properties 

SiZe 
Form Section Temper 

in . 

ROD . 500 in. .050 mm ......... 
.015 mm · . . . . . . . . 
Eighth Hard (6%) ... 
Half Hard (20%) .... 

.250 in. Hard (36%) .. , ..... 

.500 in. Hard (35%) ........ 
1.000 in. Hard (29%) .... , ... 
1.625 in. Hard (25%) ........ 
1.750 in. Hard (24%) ........ 

. 375 in. Extra Hard (56%) ... 

2. HARD DRAWN temper is used 
only where there is need for n tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga-
Tensile (.5% Ext. tion 
Strength under Loed) (.2% Off ... , In21n. 

ksi klO k,l % 

32.0 10.0 . , .. 52 
33.0 11.0 . , .. 50 
38.0 30.0 ... . 26 
43.0 40.0 ., .. 20 
48.0 44.0 .. , . 10 
48.0 44.0 ., .. 12 
46.0 43.0 ... . 11 
42.0 38.0 ... . 20 
40.0 36.0 ., .. 15 
57.0 55.0 .. , . 8 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent -(or other­
wise moderately cold walked) is needed. 

Rockwell Shear Fetigue 
Hardness Strangth Strength 

I 
Million 

F LaJ30T kli ksi Cycles 

40 - - 22.0 .., . . ... 
43 - - 22.0 . ... ., .. 
- 3644 25.0 '" . '" . 
- 43 50 26.0 ... . . ... 
- 45 - 27.0 '" . '" . 
- 4? - 27.0 '" . . ... 
- 46 - 27.0 ... . .... 
- - - 26.0 . ... .... 
- - - 25.0 ... . . ... 
- - - 29.0 '" . '" . • 

46 
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COPPER No. 150 (ZIRCONIUM COPPER) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper (incl. Silver) 

Zirconium 

Physical Properties 

.15 

99.80 

.10 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Ami.ealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rlgidityr. 

·Solution Annealed, 84% cold worked and age 
"After precipitation hent treatment 

·"Volume Bnsis 

.20 

1976 F 
1796 F 

English Units 

. 321 Ib leu in @68 F 
.8.89 

.0000094 per' F from 68 F to 212 F 

.0000098 per' F from 68 F to 572 F 

.0000112 per'F from 68 F tol200F 
212 3tu/sq ft 1ft Ihr/"F @68F 
11.2 Ohms (eire mil 1ft ) @ 68 F 

93 % lACS @ 68 F 
.092 Btu Ilb'F @ 68 F 

18,700,000 psi 
psi 

Typical Uses 

Electrical: Switches, circuit breakers where 
high temperatures exist, commutators, stud 
bases for power transmitters and rectifiers, sol-

dering-welding tips 

1080 C 
980 C 

C. G. S. Units 

8.89 gm leu em @20 C . 
8.89 

.0000163 per' C from "0 C to 100 C 

.0000 I 80 per' C from 20 C to 300 C 

.0000201 per' C from 20 C to 650 2 
.876 eal/sq em lem Isee I' C@20 C 
1.86 Microhm-cm @ 20 C 
.538 Megmho-em @ 20 C 
.092 eal/gm /" C @ 20 C 

13,000 Kg Isq mm 
Kg /sq mm 

Common Fabrication Processes 
Machining, swaging, bending, heading, hot forging 

Fabrication Properties 
Capacity for Being Cold Worked ............. Excellent 
Capacity for Being Hot Formed ...........•. Excellent 
Hot Forgeability Rating (Forging Brass = 100) ... ' .......• 
Hot Working Temperature .... 1650-1740'F or900-950 C 

.... Annealing Temperature F or C 
Machinability Rating (Free Cutting Brass = 100) ..•. , ... 20 

····Recommended Solution Annealing and Aging Cycles 

Solution Treating Time 

Suitability for being joined by: 
Soldering .... ~ ................... Excellent 
Brazing ....•.................... Good 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding .... Not Recommended 
Coal ed Metal Arc Welding .... Not Recommended 

1 
Spot. . . . . .• Not Recommended 

Resistance Welding Seam. . . . .. Not Recommended 
Butt ................ Good 

Solution Heat Treated and Aged 900·925 C 
Solution Heat Treated, Cold Worked 

and Aged 900-925 C 

5-30 min. 500-550 C 14 hrs. 

5-30 min. 375475 C 14 hn. 

The "elull'S lilted abeye reprell!n' reeleneble opproxlmatlonlsultable for general enginllilring USII. Due Ie commercial verletlonl In compoli,lon and 
10 manufacturing IImitationl. they should naT be Uled for spedflcaTion purposes. SII. appllcablll A.S.T.M. Ipllcificallen referllnclIl. 
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COPPER No.1S0 (Continued) 

Forms and Tempers 
Most Commonly Used 

Ann •• lad Tampen Rolled Dr Drawn Tampers Hot 
Finished 
Tampera 

---""---

'" '! ! 
Nominal Grain Sin mm '11 

]~ 
·11 

11 • I 

FLAT 
PRODUCTS 

Strip I Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

" " 51 ~ ... 
q q 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usuully where there 
is no l"eal requirement for high strength or hardness on 
the one hond Ol" for bending quulities on the othel". 

M h IP ee amea rOpertlBs 

SIze 
Form Section Temper 

in. 

After Solu-
tion Heat Altar 
Treatment Aging 

% Reduction 

ROD .375 in. 80 44 
.s00 in. 56 47 
. 625 in. 61 31 
. 750 in. 50 34 
. 875 in. 48 52 

1.000 in. 48 47 
l.250 in. 32 17 
. 204 in. - 76 
. 250 in. Mill Annealed and 

I!l 
q 

Cold Worked (10%) 

WIRE .040 in. Solution Heat 
Treated, Cold 
Worked 98%. 
Aged 

and 

.090 in. Solution Heat 
Treated, Cold 
Worked 92% 
Aged 

and 

Solution Heat Treated 
Solution Heat Treated 

and Aged 
.250 in. Mill Annealed 

(.025 mm) 
.500 in. Mill Annealed and 

Cold Worked (30%) 
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::::::::::::::::::::::::::::::::::::::::::: .. ) 
2. HARD DRAWN tempel" is used 
only where there is need for 0 tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHt DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderatelY cold wOIked) is needed. 

Vleld Strength Elonga-
Tan.lIe (.6% Ext. tion Rockwell Shear Fatigue 
Strength und" Loadl t.2%. Offsetl In 21n. Ha,dn ... Strength Strength 

I 
Million 

k.1 lui lui % FIB 130T bl kli Cycles 

68.0 64.0 ... . II - 72 - .. ' . ., .. . ... 
67.0 63.0 .... 15 - 72 - ... . . _ .. . ... 
64.0 62.0 .... 15 - 72 - ... . ., .. . ... 
63.0 61.0 ... . 15 - - - .. , . . , .. .... 
62.0 60.0 .... 15 - - - .. , . ., .. . ... 
62.0 60.0 ... . 15 - - - . ... .... 0 ••• 

60.0 58.0 0" • 18 - - - • 0" 
., .. .... ) 

62.0 56.0 ... . 8 - - - ... . ., .. ..0 • 

41.0 36.0 .... 34 - - - .., . • 0 •• . ... 

76.0 72.0 .... I.5 - - - ... . . ... . ... 

72.0 68.0 ... . 3 - - - ... . '" . .... 

29.0 6.0 ... . 54 - - - .. , . ... . '" . 
30.0 13.0 ... . 49 - - - .. , . ... . . ... 
37.0 11.0 ... . 50 40 - - .. , . ... . . ... 
53.0 49.0 .... 23 90 - - .. , . ... - . ... 

48 
The valu .. lilted aba"'e reprelent realonable opprolltlmatlonllultable for generol engln .. rlng ule. Due to commerclol varlatlonl In compo.hlon and 

to monufol;turlng IImitatlonl. they Ihould not be Uled for Ipecllkallon purpo.el. Se. appllcabl. ".S.T.M. Ipedfh:c:uldn nference •. 
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COPPER No. 155 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper (incl. Silver) 
Silver 

Phosphorus 
Magnesium 

Physical Properties 

99.75 
.027(8) 

.06 .040 

.11 .10 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

.10(30)' 

.080 

.12 

*Figure in parentheses is troy ounces 
per avoirdupois ton. 

1980 F 
1972 F 

English Units 

.322 Ib leu in @ 68 F 
8.91 

1080 C 
1078 C 

C. G. S. Units 

8.91 gm leu em @20 C . 
8.91 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

.0000098 per' F from 68 F to 212 F 
per II F from 68 F to 392 F 
per' F from 68 F to 572 F 

200 Btu Isq ft 1ft Ihr I"F @ 68 F 
11.5 Ohms (eire mil 1ft ) @ 68 F 

90 % lACS @ 68 F 

.0000177 per' C from 20 C to 100 C 
per ° C from 20 C to 200 C 
peril C from 20 C to 300 C 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity* (Annealed) 
Thermal Capacity (Spe'cific Heat) 

Modulus of Elasticity (Tension) , 
Modulus of Rigidity.' 

.092 Btu lib "F @ 68 F 
17,000,000 psi 
6,400,000 psi 

• Volume Basis after precipitation heat treatment 
Typical Uses 

.83 eallsq em lem Isee I' C @ 20 C 
1.92 Mierohm-cm @ 20 C 
.522 Megmho-cm @ 20 C 
.092 cal Igm I' C @ 20 C 

12,000 Kg /sq mm 
4,500 Kg Isq mm 

High conductivity light duty springs, electrical 
contacts, resistance welding electrodes, electrical 
fittings, clamps, connectors, diaphragms, electronic 
components 

Common Fabrication Processes 

Blanking, drawing, etching, forming, bending, shearing, spinning, machining 

Fabrication Properties 
Capacity for Being Cold Worked ..... ........ : . . Excellent 
Capacity for Being Hot Formed ............. .. . Excellent 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass ,: 100) ........... 65 
Hot Working Temperature .....• 1400-1600 F or 750-875 C 
Annealing Temperature .. : ... 900-1000 F or 485-540 C 
Machinability Rating (Free Cutting Brass = 100) .... _ .... 20 

Soldering ................... , ....... Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding ......... Not Recommended 
Gas Shielded Arc Welding. _ .... Not Recommended 
Coated Metal Arc Welding ...... Not Recommended 

Resistance Welding Seam ........ Not Recommended ~ 
Spot ...•............... Good 

Butt ........ Not Recommended 

Th. volu" IJsl.d oboye repr .. llnt reosonobl. approximatlonl t",habl. for g.n.rul engln .. rlng 1,1111. DUll 10 camm.rclal varlallons In compotltlon and 
to lTIonvfocluring limitations. ,hll), Ihould nol bll uilld for Ipedfi«lllon PUrpOlilS. 5 .. oppllrobl. A.S.T.M. ,pKIfI«IIIon ref.r,nt ... 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER No. 155 (Continued) 
Annealed Tampers Rolled or Drawn Tempers 

- ~ 

~ ~ 
Nominal Grain Size mm ~ i!' 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only 1 usuaUy where Ulcre 
is no real requirement for high sucngth Or hardness on 
the onc hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer~ 
dally feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capnble of readily being bent _ (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength Elonll8-
Tensile 1.5% Ext. tion Rockwell Shear Fatigue 

Size Strength undef Loed) 1.2% Offset) 1021n. Hardness Strength Strength 
Form Section Temper 

I 
Million 

in. ksi "" "'1 % FIB 130T ksi ksi Cycles 

FLAT .040 in. Light Anneal ..... 40.0 18.0 17.8 34 70 - - .... 15.0 100 
P RODUCTS Q,!arter Hard· ..... 45.0 36.0 35.8 25 89 - - '" . ... . .. , . 

Half Hard,· . '.' .... 53.0 47.0 47.0 13 92 - - '" . . ... .. , . 
Hard····,· .. , .. , 62.0 57.0 57.2 5 97 - - .... 23.5 100 
Spring ........... 67.0 65.0 67.0 4 100 - - " .. 22.5 100 
Extra Spring .... . 72.0 68.0 71.0 3 - 80 - '" . '" . .... 
Super Spring 75.0 70.0 73.0 3 - 82 - ... . . ... .... 
Special Spring ..... 80.0 72.0 75.0 3 - 84 - ... . .. , . .... 

.200 in. Light Anneal ..... 40.0 18.0 17.7 40 70 - - '" . . ... .. , . 
Quarter Hard ..... 45.0 36.0 35.7 28 89 - - ... . ... . .... 

Th. valu .. U ... d abovi rlprl.lnt nalonabll apprallimatlonllu\tabil for gln.rallJnglnl.r1ng U.I. DUI 10 commlrclol variatian.ln campo,ltlon and 
50 ta manufacturIng IImltationl, thlY .hauld not bl u,ld for Ipldflcallon purPOI", S •• gpplicubil .... S.T.M. IpKlflcatldn rlferlnc ... 
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COPPER AllOY No. 162 (CADMIUM COPPER) 

..... omposition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 
Cadmium 

Iron 
Cu + Ag + Cd + Fe 

Physical Properties 

99.0 
1.0 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

.7 

99.8 

1.2 
.02 

1969 F 
1886 F 

English Units 

.321 Ib leu in @ 68 F 
8.89 

.0000094 per· F from 68 F to 212 F 

.0000096 per· F from 68 F to 392 F 

.0000098 per 0 F from 68 F to 572 F 
208 Btu Isq it 1ft Ihr j"F @ 68 F 
1l.5 Ohms (eire mil 1ft )@68 F 

90 % lACS @ 68 F 
.09 Btu lib "F @ 68 F 

7,000,000 psi 
6,400,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire BI05 

1076 C 
1030 C 

C. G. S. Units 

8.89 gm leu em @20 C . 
8.89 

.0000170 per 0 C from 20 C to 100 C 

.0000173 per 0 C from 20 C to 200 C 

.0000177 per 0 C from 20 C to 300 C 
.86 cal/sq em lem Isee j" C @ 20 C 

1.92 Mierohm-cm @ 20 C 
.522 Megmho-em @ 20 C 

.09 eal/gm rC @20C 
12,000 Kg Isq mm 
4,500 Kg Isq mm 

Electrical: Trolley wire, heating pad, electric blanket 
elements, spring contacts, railbands, high strength trans­
mission lines, connectors. cable wrap. switch gear com-

ponents and 'waveguide cavities 

Common Fabrication Processes 

Drawing. forming and bending. etching, heading and upsetting, hot forging, piercing, and punching 

Fabrication Properties 
Capacity for Being Cold Worked .......•....•... Excellent 
Capacity for Being Hot Formed ................... Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = JOO) •.••..•.•..• 
Hot Working Temperature ..... 1400-1600F or 750-875 C 
Annealing Temperature. • . . . .. 800-1400 F or 425-750 C 
Machinability Rating (Free Cutting Brass = JOO) .•••..•• 20 

Soldering ....... " ........•..•...... Excellent 
Brazing ......•....•............... Excellent 
Oxyacetylene Welding ......•....•........ Good 
Gas Shielded Arc Welding ......•.......... Good 
Coated Metal Arc Welding ....•. Not Recommended 

Resistance Welding Seam .. '.' .... Not Recommended ~ 
Spot .....•.. Not Recommended 

Butt ................... Good 

Th~ ':"1;:i,luu lilled aba .... nprelllnl_ rea.onable appraxil"f1allanl,uitQbl. far gllnllral IInglneerlng 1,11 •• DUll 10 c:ommllrclQ! "'orlollan,ln c:arnplaftJon ond 
._' - "10 moriulodurlng IimUallon,: they Ihauld nat b. Uied for Ipec:lfla:llion PUrpOlei. See ClppUa:lbl. A.S.T.M. Ipllciflrolian referenelli. 
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COPPER ALLOY No. 162 (Continued) 

Forms and Tempers Annesled Tempers Rolled Qf Drawn Tampera Hot ) 
Most Commonly Used Finilhed 

- Tampers 

I e 
Nominal Grein Size mm 8. 8' 

~ 
~ '0 

0. " 
~ • l: m 

~ 
~ • B , 

:E i!. "i 'E 8' " " i "i 'E t: • " E 
" :!! :!! 

~ ~ ~ ~ '" J J '0 .. • " " , 
~ ~ '" • I-

" " • 0 C ~ " ;; t: l: 

~ 
8' " £ :0 

0 0 0 ill on on :: ]; 
'" • 'E e ~ J .. ]; "' 1 0 " on N 0. J! ~ !" • f :i! l( ~ I( e :! ~ Ii Ii '"' 

q q q q "' 0 "' w C 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

...........•.........................•.....•..•.......................... 

FLAT 
PRODUCTS 

...... , ....•...................•... '" .................................... . ...........•.........................•.....•..•.......................... 

Bar, Drawn 
Sheet 
Plate 
ROD 

W[RE 
TUBE 

PIPE 
SHAPES 

........................................................................ -. 

....................................................................... ) 

1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no reul requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Tempar 

in. 

FLAT .040 in. .025 mm ....... . 
P RODUCTS Hard ............ 

Spring ........... 
Extra Spring ...... 

ROD . 500 in. .050 mm ......... 
.025 mm ......... 
Ha[f Hard (25%) ... 
Hard ............ 

W[RE . 080 in. .025 mm ......... 
Hard .......... . 
Spring ......... . 
Drawn ( > 96%) 

.DIO in. Drawn ( > 99%) 

2 HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer~ 
ciaUy feasible for the size in question. 

Yield Strength Elonga-
Tenrdle 1.5% Ext. tlon 
Strength under Load) 1.2% 011 ... 1 In 2 in. 

k., kli kli % 

35.0 [ 1.0 ... . 52 
60.0 45.0 '" . 5 
64.0 '" . '" . 3 
72.0 59.0 '" . [ 

35.0 7.0 6.8 56 
36.0 [2.0 ... . 57 
58.0 45.0 .. , . [2 
73.0 68.7 70.0 9 

38.0 [2.0 '" . 50 
70.0 55.0 . ... 6 
80.0 66.0 '" . 2 
88.0 ... . ... . 1.5 

[00.0 ... . . ... 1.0 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of same stiffness. but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shaar fatigue 
Hardnetl Strength Strength 

I 
Million 

FIB 130T kli k" Cyel .. 

54 - - . , .. . ... .... 
- 64 - '" . . ... .... 
- 73 - . ... ... - '" . - 75 - ... . . ... '" . 
46 - - 27.0 [4.5 100 
46 - - '" . . ... .. , . 
- 65 - . , .. '" . .... 
- 73 - 56.0 30.0 100 

- - - . ... ... . .. , . 
- - - '" . ... .. '" . 
- - - . ... ... . '" . - - - '" . . ... .... 
- - - ... . '" . .... 

-Elongation in 60 inches. 

Th. valu .. IIlled abav. r.pre •• nl r.a.anabl. appraJllmallanllultabl. for g.n.ral .ngln •• rlng UI •• Du. 10 commercial variation. In campatltlan and 
52 10 manufacturing limitation •• Ih.,. Ihallid nat b. utltd lor Ip.cllkallon Pllrpo, ••• 5 .. appllcabl. A.S.T.M •• peclflcal\dn r.ltt.nc ••• 
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COPPER AllOY No. 165 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 
Cadmium 

iron 
Tin 

Cu + Ag + Cd + Sn + Fe 

Physical Properties 

98.6 
.8 

.6 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

.6 

.50 
99.8 

1.0 
.02 
.7 

1958 F 
F 

English Units 

.321 Ib leu in @ 68 F 
8.89 

peroF from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000098 per 0 F from 68 F to 572 F 
146 Btu Isq ft 1ft Ihr /,F @ 68 F 

17.29 Ohms (eire mil 1ft ) @ 68 F 
60 % lACS @ 68 F 

.09 Btu lib OF @ 68 F 
17,000,000 psi 

psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire BI05 

1070 C 
C 

C. G. S. Units 

8.89 gm Icu cm @20·C. 
8.89 

per "C from 20 C to 100 C 
per °C from 20 C to 200 C 

.0000177 per ° C from 20 C to 300 C 
.60 eal/sq em lem Isee /' C @ 20 C 

2.87 Microhm-cm @ 20 C 
.348 Megmho-em @ 20 C 

.09 eal/gm /' C @ 20 C 
12,000 Kg Isq mm 

Kg Isq mm 

Electrical springs and contacts, trolley wire, clips, flat cable, resistance welding electrodes 

Common Fabrication Processes 

Drawing, forming and bending, etching, heading and upsetting, hot forging, piercing and punching 

Fabrication Properties 
Capacity for Being Cold Worked ................ Excelllmt 
Capacity for Being Hot Formed ................... Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) .......... . 
Hot Working Temperature ..... 1425-1600 F or 775-875 C 
Annealing Temperature. .. ... 800-1450 F or 425-800 C 
Machinability Rating (Free Cutting Brass = 100). ........ 20 

Soldering ......•.................. Excellent 
Brazing .......................... Excellent 
Oxyacetylene Welding ..... .. .. Not Recommended 
Gas Shielded Arc Welding ... ............. .. Fair 
Coated Metal Arc Welding ..... Not Recommended 

Resistance Welding Seam .. ... .. Not Recommended ~ 
Spot ........ Not Recommended 

Butt . .............. . .Excellent 

The vghllJl IIlled gbov .. rlllpro!lel1l realanable appro"imallanl luitable far general engineering UIII. Due la ~ammlllrdal varlall0l11 In ~ampalillan and 
Ig manufacturing limltallonl. IhlllY Ihould nal be uled for IpHlfi~allon purpalel. Sile applkable A.S.T.M. Ipedfi~atiol1 refl!rlln~n. 

(Continued on olMr .ide) 53 



I 
I. 

Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUcrS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

COPPER ALLOY No. 165 (Continued) 
Annealed Tempers Railed or Drawn Tempers 

-
~ !:) 

Nominal Grain Size mm ~ ~ 

1! 
, '6 .. e 

• ~ 
• 

:t m 
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............................................................ 
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............. " .... '" ...............•.. ," ............ , ... . 

Hot ) 
Finished 
Tampers 

i ] 11 E .. ... • II: l! l-

~ 1< ;; 

"' ·u 
l .:I .:I 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

) 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the One hand or for bending qualities on the other. 

M h IP ec amca ropertles 

Size 
Form Section Temper 

in • 

FLAT . 040 in. Hard ............. 
PR ODUcrS Extra Hard ........ 

Spring ........... 
Extra Spring ...... 

ROD .500 in. .050 mm ......... 
Hard (35%) ........ 
Extra Hard (67%) .. 

WIRE .080 in. .025 mm .......... 
Hard ........... . 

DRA WNBAR [.J /2 x3/, Hard ........... . 

2. HARD DRAWN temper is used 
only where there is need for 11 tube 
as hard or as strong as is commer· 
cially feasible for the size in question. 

Yield Strength Elonge. 
Tensile (.5% Ext. tion 
Strength under Load) 1.2% Offsot) in 2 in. 

k,l ks; ksi % 

66.0 ... . .... . 5 
69.0 65.5 .... . 2 
73.0 66.0 . .... 2 
76.0 69.0 .... . 1.5 

40.0 14.0 13.0 53 
65.0 55.0 .... . 15 
17.0 71.3 73.0 9 

42.0 ... . .... . -
95.0 '" . ..... -

56.0 52.0 . .... 23 

3. LIGHT DRAWN - BEND!NG temper is 
used only where Ii tube of some stiffness, but 
yet capnble of relldily being bent (or other~ 
wise moderately cold worked) is needed. 

Rockwell Shear Fatigue 
Hardness Strength Strength 

I 
Million 

FJ .-'30T ksi k" Cycles 

- 79 - '" . '" . '" . 
- - 67 ... . . ... .... 
- - 72 ... . . ... . ... 
- - 73 '" . '" . . ... 

62 - - '" . 20.0 100 
- 75 - '" . '" . .. , . 
- 78 - '" . 31.0 100 

I 
- - - '" . '" . '" . 
- - - ... . '" . . ... 
- 60 - '" . '" . '" . 

54 
lh. Vl:dll.' 1I.led obov. repre.enl reoulnoble opprOltlmollon. ,IIJtob18 for gllnerol engln.erlng II". 01111 to tommerdol variation. In compo.illon ond 

10 monllfoctllring \1milotion" th.y .hollid nOI be \ued for Ipeclfltollon purpo .... Se. oppllcable A.S.l.M. ,pllclficatlon referencel. 

) 
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COPPER AllOY No. 170 (BERYLLIUM COPPER) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 98.3 
Beryllium 1.7 1.60 

Nickel + Cobalt .20 
Ni+ Fe + Co 

Copper (inc!. Ag) 
+ Elements with 

Specific Limits 99;5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

1.79 

.6 

1800 F 
1590 F 

English Units 

. 298 Ib leu in @ 68 F 
8.26 

Flat Products 

Pipe 

8194,8196 

Rod BI96 

Shapes 

Tube 

Wire 

980 C 
865 C 

C. G. S. Units 

8.26 gm leu cm @ 20 C . 
8.26 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) •• 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity; 

per 0 F from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000099 per ° F from 68 F to 572 F 
62 -75 Btu Isq ft 1ft Ihr rF @ 68 F 

46.2 Ohms (eirc mil 1ft )@ 68 F 
22 % lACS @ 68 F 

per 0 C from:W C to 100 C 
per a C from 20 C to 200 C 

.0000178 per ° C from 20 C to 300 C 
.26 - .31 cal/sq em lem Isee r C @ 20 C 

7.68 Microhm-cm @ 20 C 

• In Ute precipitation hardened condition 

.10 Btu lib 'F @68 F 
18,500,000 psi 
7,300,000 psi 

.. Volume Basis Typical Uses 

.128 Megmho-cm @ 20 C 
.10 cal Igm 1°C @20C 

13,000 Kg /sq .mm 
5,000 Kg Isq mm 

HARDWARE: bellows, bourdon tubing, diaphragms, fuse clips, fasteners,lock washers, 
springs, switch parts, relay parts, electrical and electronic connectors, 
retaining rings, roll pins . 

INDUSTRIAL: valves, pump parts, spline shafts, rolling mill parts, welding equipment 

Common Fabrication Processes. 

Blanking, drawing, forming and bending, turning, drilling, tapping 

Fabrication Properties 
Capacity for Being Cold Worked . ............. .. Excellent Suitability for being joined by: 
Capacity for Being Hot Formed .................. Good 
Hot Forgeability Rating (Forging Brass = 100) ........... . 

Soldering. .......... ... ' ..... ........ Good 

Hot Working Temperature .... 1200-1500 F or 650-8::5 C 
Annealing Temperature ...... 1425-1475 F or 775-800 C 
Machinability Rating (Free Cutting Brass = 100) ......•.. 20 

Brazing ................. ;......... Good 
Oxyacetylene Welding ...... Not Recommended 
Gas Shielded Arc Welding ............. Good 
Coated Metal Arc Welding. . . . . . . . . .. .. Good 

Resistance Welding Seam .. . . . . . . . . . . . . . Fair 1 
Spot ............... Good 

Butt ..•......•..... Fair 

The Yalue. lilTed abo ... e reprelenT reasonable opprO.lrnoTlons suiTable for g,n,rol engineering Ule. Due TO (ommerdgl variaTions In cOmpalltion and 
To monufgCTurin" limITaTion,. they Ihould nOI be uled for Ipeciflcotion PUrpOllll, See oppllcoble .... S.T.M. Ipecificcnion reference •. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

StriP. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
,TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 170 (Continued) 
Annoaled Tampers Rollad or Drawn Te~peri 

!: 
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Hot 
Finished 
Tempen 

, I 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qUalities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as IUlid or as strong as is commer­
cially feasible for the size in question. 

3. LlGlIT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

4. Solution heat treated. 5. Special mill processing and precipitation treatment 

Mechanical Properties 
Yield Elonga-

Tensilo Strength tlon Rockwell Fatiguo 
Strength .2% Offset in 2" Hardness Strength 

Form Size Temper !I 
Section k,1 ksi % I I II Million 

I II I II I II I II B 30T C ksi Cycles 

FLAT Under A AT 70.0 165.0 32.0 145.0 45 7 60 58 35 36.0 100 
PRODUCTS .188 in. 'AH Y..H! 80.0 172.0 70.0 150.0 25 5 SO 70 37 40.0 100 

I>H I>HT 92.0 IS2.0 S2.0 160.0 15 4 92 77 39 42.0 100 
H HT 110.0 190.0 104.0 170.0 5 3 99 SI 40 43.0 100 

AM ... . 105.0 ... . SO.O ... . 20 - - - 20 ... . ., .. 
Y..HM ... . 115.0 ... . 90.0 ... . IS - - - 23 . ... .... 

\ 

I>HM '" . 12S.0 '" . 105.0 . ... 15 - - - 27 .. , . .. , . 
HM '" . 142.0 . ... 122.0 ... . 12 - - - 32 ... . .... I 

XHM '" . 16S.0 ... . 14S.0 . ... 6 - - - 36 '., . .. , . 

ROD ALL A ~~ 6S.0 165.0 .. , . ... . - - 62 - 35 . ... .... 
up to 3/8 in. inel. H 112.0 ISS.O '" . ... . - - 95 - 3S '" . ., .. 

over 3/8 to 1 in. inel H HT 105.0 IS3.0 ... . ... . - - 95 - 37 '" . . ... 
over 1 in. H HT 100.0 17S.0 .. , . ... . - - 95 - 36 . ... .... 

Note: A - Solution heat treated T - Precipitation heat treated 
H Hard (except for tempers utilizing 

M designation) , 
AM through XHM - Special mill processing and precipitation treatment 

56 

(I) As supplied by producer m~l (II) Properties after precipitation hardening by customer at 600F 

The voill .. lined above rlprelenl rlCllonoble opprO,ll.lmallanllllllable for general engineering 1111. 0...11 to commercial YClrlollon' in compolltlon ond 
to monll'actur1ng IImltotlonl. they .haliid not b. u"d for IpeclflcalJon purpOIII. See appllcoble A.5.T.M. Ipeclfia:dloo re'erenul. 
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COPPER AllOY Nos. 172 and 173 (BERYLLIUM COPPER) 

Composition - percent 
Copper Alloy No. 172 Copper Alloy No. 173 Nearest Applicable A S T M Specifications 

Nominal Minimum 

Copper 98.1 
Beryllium 1.9 1.80 

Lead 
Nickel + Cobalt .20 

Ni:l-Fe+Co 
Copper (incl. Ag) 
+ Elements with 

Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

Maximum 

2.00 

.6 

Nominal MinImum Maximum 

97.7 
1.9 
.40 

1800 F 
1590 F 

1.80 
.20 
.20 

99.5 

English Units 

.298 Ib leu in @ 68 F 
8.26 

2.00 
.6 

.6 

Flat Products 
Pipe 
Rod 

Shapes 
Tube 
Wire 

980 C 
865 C 

Copper Alloy 
No. 172 

BI94,BI96 

BI96 

BI97 

C. G. S. Unlta 

8.26 gm leu cm @ 20 C. 
8.26 

Copper Alloy 
No. 173 

BI96 

BI96 

Specific Gravity 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

per"F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000099 per" F from 68 F to 572 F 
62-75 Btu Isq ft 1ft IhI rF @ 68 F 

46.2 Ohms (cire mll/ft) @ 68 F 
22 % lACS @ 68 F 

per"C from 20 C to 100 C 
per" C from 20 C to 200 C 

.0000178 per" C from 20 C to 300 C 
.26-.31 cal/sq em Icm Isee r C @ 20 C 

7.68 Microhm-cm @ 20 C 

·In the precipitation hardened condition 

.1 o Btu lIb "F @ 68 F 
18,500,000 psi 
7,300,000 psi 

.128 Megmho-em @ 20 C 
.10 eallgm rC @20C 

13,000 Kg Isq mm 
5,000 Kg Isq mm 

·"'Volume Basis Typical Uses 
HARDWARE: Bellows, bourdon tubing, diaphragms, fusc clips, fas-

teners, lock washers, springs, switch parts, relay parts, 
electrical and electronic components, retaining rings, 

roll pins 
INDUSTRIAL: . Valves, pump parts, spline shafts, rolling mill parts, 

welding equipment 

Common Fabrication Processes 

Blanking, drawing, forming and bending, turning, drilling, tapping 

Fabrication Properties 

Capacity [or Being Cold Worked ........... ..... Excellent Suitability for being joined by: 
Capacity for Being Hot Formed .. ................. Good 
Hot Forgeability Rating (Forging Brass = I DOl 

Soldering. . . .. . ...... ,0 • • • • • • • • • • • • • • •• Good 

Copper Alloy No. 172 ......•....•...•..... 40 
Copper Alloy No. 173 ........ Not Recommended 

Hot Working Temperature ...... 1200-1500 F or 650-825 C 
Annealing Temperature ..... .1425-1475 F or 775-800 C 
Machinability Rating (Free Cutting Brass = 100) 

Copper Alloy No. 172 ........•.•.......... 20 
Copper Alloy No. 173 .................•... 50 

Brazing .................... . . . . . . . . .. Good 
Oxyacetylene W!lding ......... . Not Recommended 
Gas Shielded Aro Welding ............•..•.. Goad 
Coated Metal Arc Welding. . . . . . . . . . . . . . . .. Good 

1 
Spat .................... Goad 

Resistance Welding Seam. . . . . . . . . . . . . . . . . . . .. Fair 
I Butt. ............. : . . . . .. Fair 

-Tho valuo. listed above repre.en' recllanabl. appraJlim'atiari-•• ultable far gl111era! -engIneering uie. Duo'ia eamm~tc:fa(va;iatlan, In camp~'ltlan and 
10 manufacturing IImllallan,. they .hauld nat be Uled for IpedfJeatian PUrpIlIU. See applic:nble A.S.T.M. Ipeclflc:nlian referonco •. 

(Contirumi an otMr ddr) 57 



'i, 

COPPER ALLOY Nos. 172 and 173 (Continued) 
Forms and Tempers Annealed Tempers Rolled or Drawn Tempers Hot 

~ Most Commonly Used Finished 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

- Tempers 
~ 
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1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tu be only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is 
only where there is need for a tube used only where a tube of some stiffness, but 
as hard or as strong as is commer~ yet capable of readily being bent (or other~ 
cially feasible for the size in question. wise moderately cold worked) is needed. 

4. Solution Heat Treated. S. Special Mill Processing illld Precipitation Treatment. 

Mechanical Properties 

Size Tensile Yield Strength Elongation Rockwell Fatigue 
Form Section Temper Strength .2% Offset in 2" Hardnl:lSl Strength 

Million 

"'I ksi % B lOT C ksi Cycles 
I " I " I " I " I I " " 

FLAT Unuer .188 in. A AT 70.0 175.0 32.0 155.0 45 6 60 58 38 36.0 100 
PRODUCTS ~~ ~H \(\HT 80.0 185.0 70.0 165.0 25 4 80 70 40 40.0 100 

V,H lC<HT 92.0 195.0 82.0 175.0 15 3 92 77 41 44.0 lOa 
Ii lIT 110.0 200:0 104.0 180.0 5 2 99 81 42 44.5 100 

AM - 105.0 ... . 82.0 ... . 20 - - - 20 '" . . ... 
Y.tHM - 115.0 .. , . 92.0 .. , . 17 - - - 23 .... . ... 
l>HM - 128.0 ... . 105.0 . ... 15 - - - 27. ... . .... 

HM - 142.0 ... . 122.0 '" . 12 - - - 32 .. , . 
') XHM - 168.0 '" . 148.0 ,., . 7 - - - 37 '" , 

XHMS - 182.0 ... . 160.0 '" . 6 - - - 39 " .. '" . 
ROD All A AT 68.0 178.0 25.0 160.0 48 6 62 - 38· " .. '" . 

Up to 3/8in. inel. H HT 112.0 200.0 90.0 182.0 15 3 95 - 4V" .... . ... 
Over3/8 to lin. ineI. H HT 105.0 195.0 90.0 178.0 15 5 95 - 41 .. , . . ... 
Over 1 in. H HT 100.0 190.0 90.0 175.0 15 3 95 - 41 .. .. .... 

WIRE A AT 68.0 178.0 28.0 160.0 35 3 - - - .. .. .... 
\4H \(\HT 102.0 190.0 82.0 175.0 10 2 - - - .. .. '" . - - -lC<H V,HT 122.0 200.0 100.0 185.0 5 1 '" . . ... : 

'AHT 120.0 190.0 2 1 J,4H 142.0 210.0 - - - .... . ... , 
H HT 152.0 212.0 125.0 195.0 I I - - - " .. . ... 

Note: A - Solution Hellt Treated T - Precipitation Heat Treated 

! 

H - Hard (except for tempers using M designations) AM through XHMS - Special Mill Processing and Precipitatic 
Treatment 

(I) - All Supplied by Producer Mill (II}- Properties after Precipitation Hardening by CUstomer a~ 

The vtl'un lilted tlbovlI repre"nl recuanab'e approxlmatlanl I"ltable for gener,,1 engineering u.e. Due 10 cammerclolvorlolian.In campotltlan ond 
58 to m"nul"l:tur\ng limitation., they .hould nat be uilld for Ipedflcatlon purpo •••• Se. "ppUcoble "',S.T.M. Ipeclflcculon ref.r.nce •• 
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COPPER ALLOY No. 175 (BERYLLIUM COPPER) 

Composition - percent 

Nominal Minimum Maximum 

Copper 96.9 
Iron 

Cobalt 2.5 2.4 
Beryllium .6 .40 

Copper (ineL Ag) 
+ Elements with 

Specific Limits 99.5 

P~ysical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

.10 
2.7 

.7 

1955 F 
1885 F 

English Units 

.316 Ib leu in @ 68 F 
8.75 

Nearest Applicable A S T M Specifications 

Flat Products 

Pipe 

B441, B534 

Rod B441 

Shapes 

Tube 

Wire 

1068 C 
1029 C 

c. G. S. Units 

8.75 gm leu em @20 C. 
8.75 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) •• 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

perOF from 68 F to212F 
.0000098 per' F from 68 F to 392 F 

per'F from 68 F to 572 F 
120 - ISO Btu Isq ft 1ft Ihr I'F @ 68 F 

22.8 Ohms (eire mil 1ft ) @ 68 F 

per °C from:!O C to 100 C 
.0000176 per' C from 20 C to 200 C 

per' C from 20 C to 300 C 
.49 - .62 cal/sq em lem Isee r C @ 20 C 

3.79 Mierohm-cm @ 20 C 

• In the precipitation hardened condition 
$1Jc Volume Basis 

45 % lACS @ 68 F . 
.10 Btu Ilb'F @ 68 F 

19,000,000 psi 
7,500,000 psi 

Typical Uses 

.261 Megmho·em @ 20 C 
.10 cal/gm!'C @20C 

13,500 Kg Isq mm 
5,250 Kg Isq mm 

HARDWARE: fuse clips, fasteners, springs, switch parts, relay parts, 
electrical conductors 

INDUSTRIAL: welding equipment 

Common Fabrication Processes 

Blanking, forming and bending, turning, drilling, tapping 

Fabrication Properties 

Capacity for Being Cold Worked ....... ......... . Excellent 
Suitability for being joined by: 

Capacity for Being Hot Formed .................... Good 
Hot Forgeability Rating (Forging Brass = 100) ............ . 
Hot Working Temperature .....•.. 1200-1625 For 650·765 C 
Machinability Rating (Free Cutting Brass = 100) ........... . 
Solution Heat Treating Temperature 1675~1725 For 900-950 C 

Soldering .. ........................... . Good 
Brazing .............................. Good 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding ............. _ .... Fair 
Coated Metal Arc Welding ....... .......... . Fair 

Resistance Welding Seam . .................. . Fair ~ 
Spot .. ............... .. Good 

Butt .................... Fair 

The vaIVl" lilled above reprellml realonabl .. appro"lmallons luitoble for general engineering us •. Due 10 eommtlrcial variations in comp.uitJan and 
10 manufacluring IImhadanl, Iha)' ~hauld nal be uled for Ipcelfleatlon purpalH. See applkable A.S.T.M. Ipeclnr;atlon references. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip. Rolled 
StriP. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

COPPER ALLOY No. 175 (Continued) 
Annealed Temper. Rolled or Drawn Tampefa 

Nominal Grain Size mm 1 
"!! 

,:: 
• i :r 
~ 

:r 
"!! ~ g "!! ~ 

:l! :l! ~ ~ "!! ';: :,: 
• 

~ :i ~ 0 :r ;; :r g-~ ~ e 
" • ~ "!! j ... , £ ~ :l! ~ 1< • 
w 0 w d: 

:: 
a 
0 
~ , 
c-
e E • 0 • 0 

'" ~ I 
o c 
~ "!! E :l! c 

E 
g-
'D o • III 
I 
0 

~ 
c . 
" ... ... 

Hot 
Finllhed 
Tampera 

1 
............... ; .•............•......•...........•........................ 

.................•...................•...........•........................ 

.................•...................•...........•........................ 

.................•..... '" ................................................. . 

.................•..... ' ........... , '.' ..........•................ ,' ..... . 

.................•.... ........... , ........ , ................... , .......... . 

\ 

PIPE 
SHAPES .................•............•........................................ ) 

1. DRAWN - GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 
for general purpose tube only. usually wheJe there only where there is need for a tube 
is no real requirement for high stren!;th or hardness on as hurd or us strong as is commer-
the one hand or for bending qualities on the other. cililly feasible for the size in question. 

p 

4. Solution ~eat treated. 

ee amea M h IP ropertles 

Form 

FLAT 
RODUCTS 

Note: 

ROD 

A 
H 

Size 
Section Tamper 

in. 

Under ............ A(l) 
.188 in. .. , ...... AT(l)(2) 

........... IOH(I) 
· ....... IOHT(l )(2) 
....... ..... . H(I) 
......... HT(l)(2) 

ALL , ......... " .A(l) 
· . . . . . . . . . . . H(l) 
· .. , ..... AT(l )(2) 
· ........ HT(l)(2) 

Solution heat treated 
Hard 

Tonsile 
Strength 

ksi 

45.0 
110.0 
68.0 

115.0 
78.0 

115.0 

45.0 
72.0 

110.0 
115.0 

Yiold Suength Elonga. 
1.5% Ext. tion 

undor Load) 1.2% Offset) In 2 in. 

101 101 % 

25.0 '" . 28 
90.0 '" . 12 
60.0 '" . 8 

108.0 '" . 8 
70.0 '" . 5 

110.0 '" . 8 

25.0 '" . 28 
65.0 '" . 12 
90.0 '" . 18 

110,0 '" . 14 

T - Precipitation heat treated 

3. L1GHr DRAWN - BENDING temper Is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shear 
Hardness Strength 

Fie 130T k.i 

- 32' 36 ... . 
- 96 80 . , .. 
- 70 64 ... . 
- 98 81 .... 
- 83 72 ... . 
- 98 81 ... . 
- 35 - . ... 
- 68 - ... . 
- 96 - ... . 
- 98 - ... . 

Fatlguo 
Strength 

Million 
k,i I Cye' .. 

'" . .., . 
'" . . ... 
'" . .., . 
35.0 100 
. ... '" . 
. ... '" . 
... . '" . 
'" . . ... 
. ... '" . 
'" . '" . 

I 
! 

(1) As supplied by producer mill (2) Properties after precipitation heat treating Ilt 900 F either by 
the producer or the consumer. 

The valu .. lI.rld abavI nprllent rfiuconable appraltimcollon •• uitabl. (or glnlral Inglne.rlng UII. Due to ~ommlrdal variations In CGmpolltion and 
60 to manufoduring limitation •• th.y .hould not b. u.ed for 'pKlfl«ltian PUrpO'.,. 5 .. oppllcabl ..... S.T.M. Ip.dfl~atld'n r.f.nnul. 
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COPPER AllOY Nos. 182, 184 and 185 (CHF10MIUM COPPER) 

omposition - percent 
Copper Alloy No. 182 Copper Alloy No. 184 Copper Alloy No. 185 

Nominal Minimum Maximurr Nominal Minimum Maximum Nominal MinimumlMaximum 

Copper 
Iron 

Chromium 
Silicon 

99.1 

9 

99.2 99.2 Nearest Applicable A S T M Specifications 

Lead 
Arsenic 

Calcium 
Lithium 

Phosphorus 
Zinc 

Silver 
ler (Incl. Ag) 
lements with 
ecmc Limits 

.' ... 

.6 

99.5 

.10 
I.2 
.10 
.05 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

.8 
.15 

040 1.2 .7 
.10 

.005 

.005 

.05 

.05 

.7 
.10 

99.8 99.8 

English Units 

1967 F 
1958 F 
. 321 Ib leu in @ 68 F 
8.89 

.40 1.0 

.015 

.04 

.08 .12 

1075 C 
1070 C 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

C. G. S. Units 

8.89 gm leu em @ 20 C . 
8.89 

F9 

.0000176 per' C from 10 C to 100 C 
per °C from 20 C to 200 C 
per'C flam 20 C t0300 C 

Thermal Conductivity'" 
Electrical Resistivity (Annealed) .... 

.0000098 per' F from 68 F to 212 F 
peroF from 68 F to 392 F 
per' F from 68 F to 572 F 

187 Btu Isq ft 1ft Ihr I'F @ 68 F 
13.0 Ohms (eire mil 1ft )@68 F 

80 % lACS @ 68 F 

.77 e.l/sq em lem Isee /' C@20 C 
2.16 Microhm-cm @ 20 C 

Electrical Conductivity· (Annealed) •• 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

.092 Btu lIb 'F @ 68 F 
17,000,000 psi 
7,200,000 psi 

··Solution Heat Treated, Cold Worked (500; minimum) 
and Aged (Volume Basis) Typical Uses 

.463 Megmho-em @ 20 C 

.092 eal/gm I' C @ 20 C 
12,000 Kg Isq mm 

5,100 Kg Isq mm 

Resistance welding machine electrodes, seam welding wheels, 
electrical switch gear, e1ectrode holder jaws. cable connectors. 
current carrying arms and Shafts, circuit breaker parts, arcing 
and bridging parts, grid siderods in electron tubes. molds, spot 
welding tips, flush welding electrodes, electrical and thermal 
conductorsrequiringgreater.strength than copper. switch contacts 

Common Fabrication Processes 
Hot: Extrusion, rOlling, forging 
Cold: Drawing, rOlling, impacting. heading, 

bending, swaging 

Fabrication Properties 

Capacity for Being Cold Worked .......•...... , Excellent Suitability for being joined by: 
Capacity for Being Hot Formed .................. Good 
Hot Forgeability Rating (Forging Brass = 100) ...•..... 80 
Hot Working Temperature ..... 1500-1700F or 800·925 C 

Soldering .........•.............•...... Good 
Brazing •............................. Good 

•• Annealing Temperature F or C 
Machinability Rating (Free Cutting Brass = 100) ......... 20 ,p 

•• Recommended Solution Heat Treating and Aging Cycles 

\ Condition 
_ . Solution Heat Treated and Aged or 

Solution Treating 

Solution Heat Treated, Cold Worked and Aged IBO().IB50F 98IJ.IOOOC 

Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding ..•............. Good 
Coated Metal Arc Welding ..... Not Recommended 

~ 
Spot ..•..... Not Recommended 

Resistance Welding Seam •...... , Not Recommended 
Butt .•..•..•............. Fair 

Time Aging TIm. 

10-30 min. BOIJ.930F 425·500C 24 hrs. 
The vCllue. lilled above tlllprlllleni reolonable appto:oclmallonllu;h,ble for general engineering use. Due 10 commercial variglionl In compCllillon ond 

10 manufacturing IlmllClllonl. they IhCluld nol be UI~ fCir Ipecincallon purpOltll. See Clpplicable A.S.T.M. sp"inmllon referencel. 

(Continum on otMr lidt) . 
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COPPER ALLOY Nos. 182, 184 and 185 (Continued) 
Forms and Tempers Annealed Tempers Rolled or Drawn Tamper. Hot 

Most Commonly Used Finilhed 
TampaR 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar. Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

• 'Ii "0 
Nominal Grain Size mm 'Ii 

• e 
'Ii ~.t 'Ii • i i ~'i !-g h "0 

i= i=.t i= e 

i 1-.>< I- • • 
'li i ji h ill li 'Ii :ll'li :ll 'Ii 'li 'li E e :I: :I:~ ::t~~ :I: a.>< .. "0 • e .'l e e:!! e 0 e 0 0 e'li e e 0 II: , l-e 

:2 .g8 .51 :i: :2::;: .g of e ~ ii " J: ;"0 " "l: :!! :e " " " l!l '" '" .:: 3 3"0 ,"0"0 
3"0 ~~ 

W 

~ 
... '" N ~ 

ell = ell ell Ii H ~88 ell Ii ~ i2 i2 l q q q q q ::J 

.........................•...•....•...............•...................... 

............................................................................ 

............................................................................ 

............................................................................ 

............................................................................ ........................................................................... 

.......................................................................... 

.........................•...•....•....................................... 

.........................•...•....•.....•.........•...•....•........... 

....................................................................... 

...................................•.....•.........•...................... 

............................................................................ 

........................................................................... 
Mechanical Properties Yield Strength Elong.- ) 

Tensile 1.5% Ext. tion Rockwell $hear Fatigue 
Size Strength undef Load) 1.2% Off"") in2ln. Hardn ... Strength Strength 

Form $action Tamper 

I 
Million 

In. ksi ksl ksl % FIB 130T ksi k" Cycles 

FLAT .040 in. Solution Heat Treated 34.0 19.0 .... 40 - 16 - · '" .... . ... 
PRODUcrS Solution Heat Treated 

62 

and Aged (500e· 3hr,) 51.0 36.0 .... 22 - 59 - .... .... 
Solution Heat Treated 

and Cold WOlked (50%) 53.0 51.0 .... 6 - 66 - , ... .... 
Solution Heat Treated, 

Cold Worked (50%), 
and Aged(450C·3lu,) 67.0 59.0 .... 14 - 79 - .... .... 

PLATE 2.0 In. Solution Heat Treated 
and Aged 58.0 42.0 .... 25 - 70 - .... .... 

3.0in. Solution Heat Treated 
and Aged 56.0 40.0 .... 30 - 68 - , ... .... 

ROD . 156 In. Solution Heat Treated 
and Cold Worked (91%) 74.0 73.0 .... S - - - .... .... 

Solution Heat Treated, 
Cold WOlked (90%), 
and Aged 86.0 77.0 .... 14 - - - .. .. .... 

.500 in. Solution Heat Treated 45.0 14.0 . ... 40 - - - .... .. .. 
Solution Heat Treated 

and Aged (500e· 3lu,) 70.0 55.0 .... 21 - 70 - .. . , .... 
Solution Heat Treated 

and Cold Worked (60.5%) 57.0 56.0 .... 11 - 65 - .... .... 
Solution Hcat Treated 

and Cold Worked (60.5%) 
and Aged (450e· 3hrs) 77.0 65.0 .... 16 - 82 - .... .... 

Solution Hent Treated, 
Cold Worked (50%), 
Aged u...,d Cold Worked 

19 (6%) 77.0 67.0 .... - 83 - .... " .. 
1.0 in. Solution Heat Treated 

and Aged 72.0 65.0 .... 18 - 80 - .... .... 
2.0in. Solution Heat Treated 

and Aged 70.0 65.0 .... 18 - 75 - · '" " .. 
3.0 In. Solution Heat Treated 

and Aged 65.0 55.0 .... 18 - 70 - · '" . ... 
4.0 in. Solution Heat Treated 

and Aged 55.0 43.0 .... 25 - 68 - · '" .... 
TUBE 3/8 in. 00 

X .094 in. Mill Annealed 40.0 15.0 .... 50 59 - - ... . . ... 
1.250 in.OD Solution Heat Treated 

X .212 in. and Cold Worked (76%) 59.0 57.0 .... 21 - 67 - .... . ... 
Solution Heat Treated, 

Cold Worked (76%),Age 
and Cold Worked (28%) 69.0 63.0 .... 26 - 84 - .... .... 

The value. IIlt,d abave reprelent rea.anable appraxlmatlonl lultable far general engineering Ule. Due ta commlrc\gl Yorlatlon. In c.ompoli,ion and 
'0 monulCl.cturinljl limitation •• the.,. Ihould no' b. ulld lor Ipeclllmtion purpOIIi. 5 .. crppllcabll A.S. T.M. Ipldficolldn uferlnell. 
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COPPER ALLOY No. 187 (LEADED COPPER) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 

Lead 

Cu+Ag+Pb" 

Physical Properties 

99.0 

1.0 .8 

99.9 

Melting Point (liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

1.5 

Flat Products B301 

Pipe 

Rod 

.shapes 

Tube 

Wire 

B301 

·Oxygen-free or deoxidized grades with agreed 
upon deoxidizers (such as phosphorus, boron, 
lithium or others) are available when so ordered. 

1976 F 
1747 F 

English Units 

.323 Ib leu in @ 68 F 
8.94 

per D F from 68 F to 212 F 
per C F from 68 F to 392 F 

.0000098 per 0 F from 68 F to 572 F 
218 Btu Isq ft 1ft Ihr /"F @ 68 F 

10.8 Ohms (cire mil 1ft )@68 F 
96 % lACS @ 68 F 

.092 Btu lib OF @ 68 F 
J 7,000,000 psi 
6,400,000 psi 

Typical Uses 

1080 C 
953 C 

C. G. S. Units 

8.94 gm leu em @ 20 C . 
8.94 

per C C from ~O C to 100 C 
per cC from 20 C to 200 C 

.0000176 per ° C from 20 C to 300 C 
.93 eal/sq em lem Isee /" C @ 20 C 

1.79 Microhm-cm @ 20 C 
.556 Megmho-em @ 20 C 
.092 eallgm /" C @ 20 C' 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

Electrical: connectors, motor and switch parts, screw machine parts requiring high .conductivity 

Common Fabrication Processes 

Machining 

Fabrication Properties 
Capacity for Being Cold Worked ................ Good 
Capacity for Being Hot Formed ................ Poor 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) .......... . 
Hot Working Temperature ..... 1400-1600 F or 750-875 C 
Annealing Temperature ....... 800-1200 F or425-650 C 
Machinability Rating (Free Cutting Brass =.: 100) ........ 85 

Soldering ....................... Excellent 
Brazing .......................... Good 
Oxyacetylene Welding ......... Not Recommended 
Gas Shielded Arc Welding ...... Not Recommended 
Coated Metal Arc Welding ..... Not Recommended 

Resistance Welding Seam ........ Not Recommended ~ 
Spot ........ Not Recommended 

Butt .................... Fair 

The vgluon lilted gbave represenl realionoble gpprol<imallanl suilgble for genergl engineering ule. Due 10 commerdgl variations In cgmpcllil!on and 
Ig mgnufgclurlng limllol!gnli. Ihey Ihould ngl be ulied for Ipedficglign purpOlel. Sec gpplkoble A.S.T.M. Ipedfitt:llign feferencel. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

COPPER ALLOY No. 187 (Continued) 
Annoaled Tempers Rolled or Drawn Tempers Hot 

Finilhed 
~ Tempers - ~ 

~ !:l 
Nominal Grain Size mm ~ ~ 

'E 
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PIPE 
SHAPES :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: .) 

1. DRAWN - GENERAL PURPOSE temper is used 
Cor general purpose tube only. usually where there 
is no rcal requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M hiP ec amca ropertles 

Size 
Form Section Temper 

in. 

ROD 1.0 in. .050 mm ........ 
.250 in. Half Hard (20%) ... 

1.0 in. Half Hard (20%) ... 
.125 in. Hard (50%) ....... 
.250 in. Hard (45%) ....... 
.500 in. Hard (35%) ....... 

1.0 in. Hard (35%) ....... 

2. HARD DRAWN temper is used 
only where there is need for Ii tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga-
Tensile (.5% Ext. tion 
Strength under Load) 1.2% Of "at) in 21n. 

ksi lui k,i % 

32.0 10.0 ... . 45 
43.0 40.0 ... . 18 
42.0 38.0 ... . 25 
55.0 50.0 ... . 8 
53.0 49.0 ... . 10 
48.0 44.0 ... . 12 
48.0 42.0 .... 15 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Rockwell Shaar Fatigue 
Hardness Strength Strength 

I 
Million 

FIB 130T k.l k.l Cycl., 

40 - - 22.0 .... . .. -
- 43 - 26.0 .... . ... 
- 42 - 25.0 .... . ... 
- - - 30.0 .... . ... 
- 54 - 29.0 ... . .... 
- 48 - 27.0 ... . .... 
- 48 - 27.0 ... . . ... 

64 
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COPPER AllOY No. 189 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 98.7 
Tin .8 

Silicon .3 
Lead 

Phosphorus 
Aluminum 
Manganese .2 

Zinc 
cOlfer (inc!. Ag) 
+ Jements wIth 

Specific Limits 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity~ (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

.6 

.15 

.10 

99.9 

.9 

.40 

.02 

.05 

.01 

.30 

.10 

English Units 

1967 F 
F 

.322 Ib leu in @ 68 F 
8.91 

per II F from 68 F to 212 F 
per" F from 68 F to 392 F 
per II F from 68 F to 572 F 

75 Btu Isq It lit Ihr /"F @ 68 F 
34.6 Ohms (eire mil lit ) @ 68 F 

30 %IACS@68F 
.09 Btu lIb OF @ 68 F 

psi 
psi 

Typical Uses 

1075 C 
C 

C. G. S. Units 

8.91 gm leu em @20C. 
8.91 

per" C from :20 C to 100 C 
per" C from 20 C to 200 C 
per ° C from 20 C to 300 C 

.31 eal/sq em lem Isee /" C @ 20 C 
5.75 Microhm-cm @20C 
.J 74 M egmho-em @ 20 C 

.09 eallgm I"C @20C 
Kg /sq mm 
Kg Isq mm 

Welding rod and wire for inert-gas tungsten-arc and 
oxyacetylene welding of copper. Also inert-gas metal 

arc welding 

Common Fabrication Processes 

Welding 

Fabrication Properties 
Capacity for Being Cold Worked ........ . 
Capacity for Being Hot Formed . ....... . 
Hot Forgeability Rating (Forging Brass = 100), 

. Excellent 

. Excellent 

Hot Working Temperature F or C 
Annealing Temperature 925-1100 F or 500-600 C 
Machinability Rating (Free Cutting Brass = 100) ..... . 20 

Suitability for being joined by: 
Soldering . ......................... . Excellent 
Brazing ................. , ........ '. Excellent 
Oxyacetylene Welding ................ Excellent 
Gas Shielded Arc Welding . ............ . Excellent 
Coated Metal Arc Welding ................ Good 

I Spot ...•••...•.......• Fair 
Resistance Welding Seam .. ... .. Not Recommended 

Butt '" , . ........... Excellent 

Thl valul!l lisled abave represent reasanable appraximaliaru ,uitable far general engineering ule. Due 10 cammerclal variatla," in campalilion and 
10 manufacturing limiTation!. Ihey ,hauld nOT be uled for Ipeclficatlan purpales. See applicable ".S.T.M. specificaTlan referencel. 
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COPPER ALLOY No. 189 (Continued) 
Forms and Tempers Annealed Tampers Rolled or Drawn Tempars Hot 

Most Commonly Used Finishaci 
Temper, 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

-~ ~ 

1 c 
Nominal Grain Size mm !' 
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~ '6 .. c 
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........................................................................... 

.......................................................................... , 

........................................................................... 

........................................................................... 

., .. , ............. , ..... , ................... , ..................... , ...... . 

............................................................................ 

........................................................................... 

.....................................•.................................... 

........•...........................•.................................... 
:::::: :: :::: ::::: ::::: :::: :: :: ::::: :::::::::::: ::::::: ::::: :: :: :: :::::::. ) 
................ ' .......................................... ' ................ . 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer· 
ciallY feasible for the size in question. 

3. UGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

M h IP ec anlca ropertles Yield Strength Elonga-
Tensile (,5% Ext. tion Rockwell Shear Fatigue 

Size Strongth under Load) (.2% Offset! in 21n. Herdness Strength Strength 
Form Section Temper 

I 
Million 

In. ksi ksi lui % FIB 130T k.1 k.1 Cycl81 

ROD .125 in. Soft ............. 38.0 9.0 ... . 48 - - - . ... ... . .., . 
.125 in. Hard (35%) ........ 56.0 52.0 .... 14 - - - '" . ... . . ... 

WIRE .045 in. Hard (99%) ........ 95.0 ... . '" . ... . - - - '" . ... . . ... 
. 062 in. Hard (96%) ........ 90.0 " .. '" . .., . - - - ... . ... . .., . 
. 093 in. Hard (92%). ....... 84.0 .... ... . .., . - - - ... . .. , . .., . 

TIM valu •• Ii,'ed above repre .. n' realanable approlt1mot1onl ,ultable far gen.ral .ngln •• ring u ••• Due to cammerclgl varlgllon. In ~ompo.lllgn and 
66 to manufacturinG limitations. the., should 1'01 b. Uled far Ipeciflmllon purpol", Se. applicable ".S,T.M. Ipedflcatlon r.ferent ••• 
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COPPER AllOY No. 190 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum 

Copper 98.6 
Iron 

Nickel J.l 
Lead 
Zinc 

Phosphorus .3 
C01f!ier (inel. A~ 
+ ements wit 

Specific Limits 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

.9 

.15 

99.5 

Maximum 

.10 
1.3 

.05 

.8 

.35 

1980 F 
1900 F 

English Units 

.323 Ib leu in @ 68 F 
8.94 

1082 C 
1038 C 

C. G. S. Units 

8.94 gm leu em @ 20 C. 
8.94 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

per of from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000098 per 0 F from 68 F to 572 F 
145 Btu Isq ft 1ft Ihr /"F @ 68 F 

17.3 Ohms (eire mil 1ft ) @68 F 
60 % lACS @ 68 F 

per °C from 20 C to 100 C 
per °C from 20 C to 200 C 

.0000177 per 0 C from 20 C to 300 C 
Thermal Conductivity •• 

Electrical Resistivity (Annealed) •• 
Electrical Conductivity· (Annealed)·· 

Thermal Capacity (Specific Heat) 
Modulus of Elasticity '(Tension) 

Modulus of Rigidity-

.60 eal/sq em lem Isee /" C @ 20 C 
2.88 Microhm-cm @ 20 C 

·Volume Basis 
•• Age Hardened Condition 

.092 Btu lIb "F @ 68 F 
18,000 ,aDO psi 

6,800,000 psi 

Typical Uses 

.347 Megmho-em @ 20 C 
.. 092 eal/gm /" C @ 20 C 

12,100 Kg Isq mm 
4,800 Kg Isq mm 

Springs, clips, electrical connectors, electronic parts such as power tube and electron 
tube components, high strength electrical conductors, bolts, nails, screws, c.otter pins 
and parts requiring some combination of high strength, high electrical or thermal con­
ductivity, high resistance to fatigue and creep, and good workability 

Common Fabrication Processes 

Forming and bending, heading and upsetting, hot forging and 
pressing, roll threading and kn1:lrling, shearing, swaging 

Fabrication Properties 
Capacity for Being Cold Worked .. __ ... __ •.. ~ _ .. Excellent Suitability for being joined by: 
Capacity for Being Hot Formed .. _ ........• : ... Excellent 
Hot ForgeabiHty Rating (Forging Brass = J 00) .......... 65 

Soldering ...................• , ...... Excellent 

Hot Working Temperature ..•... 1300-1550 F or 700-850 C 
Machinability Rating (Free Cutting Brass = 100) ......... 30 
Annealing Temperature ........ 900-1300 F or 475-700 C 

Brazing ........................... Excellent 
Oxyacetylene Welding .•.................. Good 
Gas Shielded Arc Welding ..•.....•........ Good 
Coated Metal Arc Welding ...... Not Recommended 

Solution Annealing Temperature 1300-1450 F or 100-800 C 
Age Hardening Anneal ....•...• 800- 900 F or 425-475 C Resistance Welding Seam .................... .Fair ~ 

Spot .................... Fair 

Butt .................... Good 

The ",alue, lilted abo"'e reprelent rlD'alonable appraximatianl luitabl. far general englneer1ng uu. Due to commercial ",grial!ons in composition and 
to manufacturing Iimitul10nl. they Ihould nol be used for Ipecificallon purpOUl, See appllcClbl. A.S.T.M. Ipedflealion referencel. 
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Forms and Tempers 
Most Commonly Used 

COPPER ALLOY No. 190 (Continued) 
Annealed Tamper, Rolled or Drawn Tampers 

Nominal Grain Size mm 

'E • l: 

i 
'Ii c • c 'E c .. • l: 
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... i!l PI N ;;; "I "I "I J! if 

'E ~ 
'E t: !' • 'E :!! l: 'E • 

~ 
, 

:!! .c ~ :!! 0 
.E t: 

~ 'E e .§' e • m , 
~ :!! lC ~ lC iii 0 w w 

Hot 
Finlahed ) 

~ Tampar, -~ ~ 

S !:l 

~ !! 
'0 .. c 

~ .!! 
B i c ] • c c 'Ii E '" J '0 J ... • I f e a: 

~ 
.. 

c C c 
! i J 'E .E w 1 e :!! 

Q 

~ ~ c :J 

Strip. Rolled 
Strip I Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

...................•.....•..•.....•.....•..•......................... 
FLAT 

PRODUCTS ..................... ............................................. ...... 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

...................•...............•............................ ...................•.•..•..•.....•.....•..•........... 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M h IP ec anlca ropert.es 

Size 
Form Section Temper 

in. 

WIRE .080 in. Age Hardened ..... . 
Quarter Hard - HT .. 
Half Hard - HT ..... 
Hard - HT ......... 
Spring - HT ........ 
Extra Spring - HT ... 

F LATWIRE V1 in. X Age Hardened ... .... 
.040 in. Half Hard - HT ..... 

Hard - HT ......... 
Extra Spring - HT ... 

ROD 1.0 in. Solution Treated .. , . 
Age Hardened . ...... 
Hard (35%) HT .... . 

HT - Heat Treated 

2. HARD DRAWN temper is used 
only whexe there is need for a tube 
as hard or BlI strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga· 
Tensile (.5% Ext. tion 
Strength under Load) 1.2% Off18t} In 2 in. 

k,l ksi k.1 % 

65.0 40.0 40.0 25 
80.0 70.0 73.0 13 
88.0 73.0 78.0 8 
97.0 77.0 85.0 5 

110.0 80.0 97.0 4 
115.0 81.0 101.0 3 

65.0 40.0 40.0 25 
76.0 65.0 70.0 4 
84.0 72.0 77.0 3 

!OO.O 77.0 91.0 2 

38.0 20.0 20.0 50 
65.0 45.0 45.0 30 
85.0 75.0 80.0 15 

) 
3. LIGHT DRAWN - BENDlNG temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwall Shear Fatigue 
Hardness Strength Strength 

F I BJ30T k.i ksi 
1 Million 

Cycles 

- - - 35.0 '" . . ... 
- - - 40.0 ... . .... 
- - - 43.0 '" . . ... 
- - - 49.0 .. , . . ... 
- - - 57.0 '" . .... 
- - - 60.0 ... . .... 

- 72 - 35.0 .... . ... 
- 83 - 38.0 '" . . ... 
- 88 - 42.0 '" . .. , . ) 
- 94 - 50.0 '" . .... 

- 45 - 25.0 '" . . ... 
- 70 - 35.0 '" . .. , . 
- 87 - 42.0 '" . .. , . 

68 
Th. VOIIiIl lI.t.d obo .... r.pr.llnt rlluonobl. opprOlllmotionl 'liltobl. for ".n.rol .n"lnllrln" iii •• Du. to comm.rdol variation. In compo.ilion ond 

10 monufodUrlng limllallonl. Ih., .hould not b. ulld for Ipli:lflcollon purpOII •. 51. opplicobl. A.S. T.M. IPlClncolh:in r.f.r.nc. •. 
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COPPER ALLOY No. 191 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum 

Copper 98.2 
Iron 

Nickel 1.1 
Lead 
Zinc 

Tellurium .5 
Phosphorus .2 

cotJter (inc!. A~ 
+ ements wit 

Specific Limits 

Physical Properties 

Melting Point (IJquidus) 
Melting Point (Solidus) 

Density 

.9 

.35 

.15 

99.5 

Maximum 

.20 
1.3 
.10 
.50 
.6 
.35 

1980 F 
1900 F 

English Units 

.323 Ib leu in @ 68 F 
8.94 

1082 C 
1038 C 

C. G. S. Units 

8.94 gm leu em @ 20 C. 
8.94 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

perClF from 68 F to 212 F 
per CI F from 68 F to 392 F 

.0000098 per 0 F from 68 F to 572 F 
145 Btu Isq ft 1ft Ihr rF @ 68 F 

18.9 Ohms (eire mil 1ft )@68 F 
55 % lACS @ 68 F 

per" C from:20 C to 100 C 
per" C from 20 C to 200 C 

.0000177 per ° C from 20 C to 300 C 
Thermal Conductivity·· 

Electrical Resistivity (Annealed) •• 
Electrical Conductivity· (Annealed) .. 

.60 eal/sq em lem Isee r C @ 20 C 
3.14 Microhm-cm @20 C 
.318 Megmho·em @ 20 C 

Thermal Capacity {Specific Heat} 
Modulus of Elasticity ('Tension) 

Modulus of Rigidity 

.092 Btu lIb OF @ 68 F 
16,000.000 psi 

6,000,000 psi 

.092 eallgm rC @20C 
11,200 Kg Isq mm 
4,200 Kg Isq mm 

• Volume Basis 
.. Precipitation Heat Treated Typical Uses 

Forgings and screw machine parts requiring high strength, hardenability, 
extensive machining, corrosion resistance, copper color, good conduc­
tivity, or a combination of these; bolts, bushings, electrical connectors and 
components, gears, marine hardware, nuts, pinions, tie rods, turnbuckle 
barrels, welding torch tips 

Common Fabrication Processes 

Forming and bending, heading and upsetting, hot forging and pressing, 
machinmg, roll threading and knurling, shearing, swaging 

Fabrication Properties 
Capacity for Being Cold Worked ................. , Good Suitability for being joined by: 
Capacity for Being Hot Formed .................. Good Soldering. . . . . . . . . . . . . . . . . . . . . . . . .. Excellent 
Hot Forgeability Rating (Forging Brass = 100) ...... , ... 65 
Hot Working Temperature ..... 1400-1600 F or 750-875 C 
MachInability Rating (Free Cutting Brass = 100). ........ 75 
Annealing Temperature 900-1300 F or 475-700 C 
Solution Annealing Temperature 1300-1450 F or 700-800 C 
Age Hardening Anneal ......... 800- 900 F or 425475 C 

Brazing ............................. Good 
Oxyacetylene Welding. . . . . . . . . . . . . . . . . . . Fair 
Gas Shielded Are Welding . . . . . . . . . . . . . . . . Fair 
Coated Metal Arc Welding. . . . . . . . . . . . . . .. Fair 

~ 
Spot. . . . . . . . . . . . . . . . . .. Poor 

Resistance Welding Seam. . . . . . . . . . . . . . . . .. Poor 
Butt .................. Poor 

The yaluel UII .. d aba"e reprelenl realanable oppra:dmatjanl luilQble far general enginuring ule. Due To cammerdal "griatign, In cam;:"nltlan and 
To manufacturing limitgllanl, the)' ,hguld nat be uled for IpetifieQI;gn purpalel. See applica bl .. A.S.T.M. Ipecification referenc",. 
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COPPER ALLOY No. 191 (Continued) 
Forms and Tempers Annealed Tampen Rolled or Drawn T emparl Hot 

Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

Nominal Grain Size mm 
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Bac, Drawn 
Sheet 
Plate 
ROD 

WIRE 
.....................................•......•............... . .... 

TUBE 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only I usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M h IP ee amea ropertles 

Size 
Form Section Temper 

In. 

ROD .250 in. Hard (35%) - HT ... 
.500 in. Hard (35%) - HT ... 

1.0 in. Hard (30%) - HT ... 
. 125 in. Spring (75%) - HT .. 
.375 in. Spring (60%) - HT .. 

F ORGINGS ........ As Forged and 
Quencht:d·, ...... 

As Forged and 
Air Cooled· ..... 

As Age Hardened ... 

HT = Heat Treated 
• If quenched imm 

indicated. If air-
age-hardening so 
quenched forging 

2. HARD DRAWN temper is used 
only wheel! there is need for a tube 
ns bard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga· 
Tensile (.5% Ext. tlon 
Strength under Load) (.2% OIfset) In2 in. 

k,l ksi "'; % 

84.0 73.0 77.0 10 
80.0 70.0 73.0 15 
78.0 68.0 70.0 27 

104.0 77.0 92.0 6 
94.0 75.0 86.0 10 

36.0 10.0 '" . .... . 
45.0 - 12.0 - '" . . , .. 
55.0 20.0 
58.0 38.0 ... . '" . 

diately Pt water fr m forging, he aIIo~ 
ooled fr m forging, there will an ind 
that th propertie will be s mewhe 

and a e-hardened forgings. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Rockwall Shear Fatigue 
Hardnau Strength Strength 

FIB laOT "'; kli 
I Million 

Cycles 

- 85 - 44.0 .... .., , 
- 85 - 43.0 33.0 100 
- 84 - 41.0 33.0 100 
- 95 - 56.0 '" , '" . 
- 90 - 48.0 '" . .., . 
35 - - '" . ... . '" . 
50 - - '" , '" . '" . 
80 
97 70 - '" . '" . '" . 

will be qui e Boft a 
terminate mount a 

between those 0 

70 
lh. valu .. Ibl.d above repr •• enl rea.onable apprOlllmallonl .ullable for gen.ral englne.rlllg Ule. Due 10 tommerclol varlallons In tOmpolilloll and 

10 mOllufotlurlng limllallon., Ih." .hould nat b. uI.d for Ip.cificollon purpol.l. S •• oppli~bl. A.S.l.M. IPecilitallon r.f.rent ••• 
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COPPER AllOY No. 192 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Flat Products 

Copper 98.97 98.7 
Iron .8 J.2 

Phosphorus .03 .01 .04 
Total Other Elements 99.9 

Pipe 

Rod 

Shapes 

Tube 

Wire 

BIll, 8359, B395, B469 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

1983 F 
F 

English Units 

. 320 Ib leu in @ 68 F 
8.87 

1084 C 
C 

C. G. S, Units 

8.87 gm leu em @ 20 C . 
8.87 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

.0000090 per ° F from 68 F to 212 F 
per a F from 68 F to 392 F 
per" F from 68 F to 572 F 

125 Btu Isq ft 1ft Ihr /"F @ 68 F 
20.8 Ohms (cire mil 1ft ) @ 68 F 

50 %IACS@68F 

.0000162 peroC from ~O C to 100 C 
per a C from 20 C to 200 C 
per" C from 20 C to 300 C 

.517 eal/sq em lem Isee /" C @ 20 C 
3.45 Microhm·cm @ 20 C 

·Volume Basis 

.09 Btu lIb OF @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

.291 Megmho-em @ 20 C 
.09 eal/gm j"C @20C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

Automotive hydraulic brake lines, flexible hose, electrical 
terminals, fuseclips, gaskets, gift hollow ware, applications 
requiring resistance to softening and stress corrosion, air 
conditioning and heat exchanger tubing 

Common Fabrication Processes 
Blanking, coining, coppersmithing, drawing, etching, forming 
and bending, heading and upsetting, hot forging and pressing, 
piercing and punching, roll threading and knurling, shearing, 
spinning, sq'leezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ................ Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ................ ExcelIent 
Hot Forgeability Rating (Forging Brass = lfJO) ......... 65 
Hot Working Temperature ...... 1500-1750 F or 825-950 C 
Annealing Temperature ........ 1300-1500 For 700-825 C 
Machinability Rating (Free Cutting Brass = 100) ....... ,,20 

Soldering ........................... Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding. . . . . . . . . . . . . . . . . .. Good 
Gas Shielded Arc Welding .............. Excellent 
Coated Metal Arc Welding ...... Not Recommended 

Resi!;tance Welding Seam ........ Not Recommended 1 
Spot ........ Not Recommended 

Butt Good 

The valuel llded abavl! reprl!ll!nl rl!alanable apprallimglianl luhabll! for g"nual engineering USI!. Due 10 cammertial varlallanl in campolitign and 
la manufacturing IimiTglionli, they should ngl be used for spl!cifitalian purposes. Sl!e oppifcable A.S.T .M. specificolh,n rei'erencu. 
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COPPER ALLOY No. 192 (Continued) 
Forms and Tempers 
Most Commonly Used 

Annealed Tempers Railed or Drawn Tempers 
I Hot 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire. Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 

Nominal Grain Size mm 
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TUBE .. , ........ , .. , .. '.' .. 

ROD I " , " " , ... , " " . , . , , . 
" . " " . " ... " " " " " . " " ... " ..... 

PIPE .. , ......... " ... , .. ,. 
SHAPES ..... , ...... , . , ... , .. , 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only I usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M h IP ec amca ropertles 

Size 
Form Section Temper 

In, 

TUBE 1.875in.OD Light Anneal ..... 
X .095in Soft Aonea! .... , . 

1.875in.OD Hard Drawn (40%) 
X .095in 

/16in,OD Light Dra wn ...... 
X .030 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonge-
Tensile 1.5% Ext. tion 
Strength under Load) 1.2% Offset) in2ln. 

ksi ksi ksl % 

42.0 23,0 22.0 30 
37.0 12,0 11.0 40 

56.0 52.0 52.0 7 

42.0 31.0 30.0 35 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shear Fetlgue 
HardnBSS Strength Strength 

I 
Million 

FIB IJOT k" k.1 Cycles 

- - - ... . ... . '" . - - - ... . ... . _ ... 

- - - ... . '" . . ... 

- - - ... . .... . .. 
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COPPER AllOY rNo. 194 

Composition - percent 

Nearest Applicable A S T M Specifications 
Nominal Minimum 

Copper 97.43 9].0 
Iron 2.4 
Tin 

Zinc .13 
Lead 

Phosphorus .04 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

2.1 

.05 

.015 

Maximum 

2.6 
.03 
.20 
.03 
.15 
.15 

1990 F 
1980 F 

English Units 

.317 1b leu in @68 F 
8.78 

Flat Products B465 

Pipe 

Rod 

Shapes 

Tube B543 

Wire 

1090 C 
1080 C 

C. G. S, Units 

8.78 gm lell em @ 20 C. 
8.78 

per" C from 20 C to 100 C 
per"C from 20 eta 200 C 

Specific Gravity 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

per"F from68F to212F 
per CI F from 68 F to 392 F 

.0000090 per 0 F from 68 F to 572 F 
150 Btu Isq ft 1ft Ihr /"F @ 68 F 

15 Ohms (eire mil 1ft )@68 F 
65 % lACS @ 68 F 

.0000163 per ° C from 20 C to 300 C 
.625 eal/sq em lem Isee /" C @ 20 C 
2.54 Microhm-cm @ 20 C 

-Volume Basis 

.092 Btu lIb OF @ 68 F 
17,500,000 psi 

6,600,000 psi 

Typical Uses 

.377 Megmho-cm @ 20 C 

.092 eallgm rC @20C 
12,300 Kg Isq mm 

4,640 Kg Isq mm 

Circuit breaker components, contact springs, electrical clamps, 
electrical springs, electrical terminals, eyelets, flexible, hose, 
fuse clips, gaskets, gift hollow ware, plug contacts, rivets and 

welded condenser tubes 

Common Fabrication Processes 
Blanking, coining, coppersmithing, drawing, etching, forming 
and bending, heading and upsetting, hot forging and pressing, 
piercing and punching, roll threading and knurling. shearing, 

spinning, squeezing and swaging, stamping 

Fabrication Properties 
C.apacity for Being Cold Worked ............. Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ............. Excellent 
Hot ForgeabiIity Rating (Forging Brass = 100) ......... 65 

Soldering ........................... Excellent 

Hot Working Temperature ..... 1400-1600 F or 750-875 C 
Annealing Temperature ....... 700-1200 F or 375-650 C 
Machinability Rating (Free Cutting Brass = 100) ........ 20 

Brazing ........................... Exce[ent 
Oxyacetylene Welding .................... Good 
Gas Shielded Arc Welding .............. Excellent 
Coated Metal Arc Welding .... , .Not Recommended 

Resistance Welding Seam ........ Not Recommended 
{

Spot ........ Not Recommended 

Butt ................... Good 

The veluu IhTed abo .... reprel.nT reasonable appro-imolionl luitoble fer generelenglne.rina UI •. Oue 10 commerdol veriolion. in comPOliTion and 
10 monufecturing limilolignl, thl!Y should nol bl! uled for Ipecificclicln purpOlel. Sel! applicable A,S.l.M. Ipeciflcation refefencel. 
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COPPER ALLOY No. 194 (Continued) 

Forms and Tempers Annealed Tempers Rolled or Drawn Tempers Hot 

Most Commonly Used Finished I 
~ Temper. -a 5 

Nominal Grain Size mm ~ ~ 
"E 

, .. e 
• "!! • :I: '" i ~ • B I j ;;; "E e 

m "E t ~ • e e 'II E • • "E " 1 ;; e :l! :I: "E • j 1 ... l!-e e , • I ~ ~ II: , 
e <t ~ • 0 :I: 0 ~ <t ~ :I: e C l> ~ J; J; t ~ e .5 e 1 J; 0 0 0 '" '" '" • £ "E "E :I: w 

~ '" '" '" N q ;g ~ 
~ , 

~ :l! l( ~ l( ~ • :3' <t <t l q q q q iii 0 w w C :I: 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

..................•..•..........•......•..•...•..•....................•..... 

FLAT 
PRODUCTS 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE ........................................................... -.' 

PIPE 
SHAPES 

I. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement ror high strength or hardness on 
the one hand or for bending qualiLies on the other. 

M hiP ec amca ropertles 

SizB 
Form Section Temper 

in. 

FLAT .025 in. Soft Anneal ....... 
p RODUCTS Light Anneal ...... 

.040 in. Half Hard ......... 
liard ............ 
Extra Hard ........ 
Spring ........... 
Extra Spring ....... 
Super Spring ...... 

TUBE I in. 00 Soft Anneal ....... 
X .035 in. Light Anneal ...... 

AW Half Hard ..... 
AW Hard ......... 
AW Extra Hard ... " 
AW Spring. ' ...... 
AW Extra Spring ... 
Light Drawn (15%) .. 
Hard Drawn (35%) .. 

2. HARD ORA WN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yiald Strangth Elonga. 
Tam.ila 1.5% Ext. tion 
Strength under Loadl 1.2% Offset I in 21n. 

ksi ksi ksi % 

45.0 ... . 24.0 32 
50.0 '" . 30.0 29 
60.0 50.0 53.0 9 
67.0 . ... 63.0 4 
70.0 '" . 67.5 3 
73.0 ... . 70.5 2 
76.0 '" . 73.0 2 
80.0 ... . >73.0 >1 

45.0 ... . 24.0 28 
50.0 '" . 30.0 16 
58.0 ... . 53.0 9 
65.0 ... . 63.0 4 
70.0 '" . 67.5 3 
73.0 '" . 70.5 2 
76.0 '" . 73.0 I 
58.0 '" . 55.0 9 
68.0 ... . 66.0 2 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shesr FatiguB 
Hardness Strength Strength 

I 
Million 

FIB f30T ksi ksi CVcles 

- 38 - .... 16.0 100 
- 45 - ... . ... . . .... 
- 68 66 ... . . ... ..... 
- 73 69 . ... 21.0 100 
- 74 71 ... . ... . . .... 
- 75 72 '" . 21.5 100 
- 77 74 .... 20.5 100 
- ->73 ... . ... . . ... 
- 38 - '" . . ... ..... 
- 45 - . ... ... . . .... 
- 61 60 ... . . ... . .... 
- 73 66 ... . . ... . .... 
- 74 68 '" . . ... . .... 
- 75 69 ... . .... . .... 
- 76 69 ... . . ... . .... 
- 61 60 . ... ... . ..... 
- 73 66 '" . ... . ..... 
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The valuel Ihled aba ... e repreuml reasonable appra.imallonl lultable for general engineering ule. Olle 10 commerdal yorlallona In compotilion and 

10 manlliociuring limilallons. the., shollid nol be uled for Ipec1fieollon Purpole •• See oppllcClble .... S.T.M .• pedli",lhin re'erenc: ••• 
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COPPER AllOY No. 195 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 
Iron 
Tin 

Zinc 
Aluminum 

Lead 
Phosphorus 

Cobalt 
Total Other Elements 

Physical Properties 

97.0 
1.5 

.6 

.10 

.8 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

$ Volume Basis 

96.0 
1.3 
.40 

.08 

.6 

1.7 
.7 
.20 
.02 
.02 
.12 

1.0 
.10· 

* .05 % maximum for any element 

1995 F 
1985 F 

English Units 

.322 Ib leu in @ 68 F 
8.92 

per OF from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000094 per" F from 68 F to 572 F 
lIS Btu Isq ft 1ft Ihr /"F @ 68 F 

20.8 Ohms (eire mil 1ft ) @ 68 F 
50 %IACS@68F 

Btu Ilb"F @ 68 F 
17,300,000 psi 

psi 

Typical Uses 

1090 C 
1085 C 

C. G. S. Units 

8.92 gm jeu em @ 20 C . 
8.92 

per" C from :W C to J 00 C 
per DC from 20 C to 200 C 

.0000169 per" C from 20 C to 300 C 
.47 eal/sq ern lem Isee '" C @ 20 C 

3.44 Microhm-em @ 2.0 C 
.293 Megmho-em @ 20 C 

eal/gm I"C @20C 
12,150 Kg/sq mm 

Kg Isq mm 

Electrical springs, sockets, terminals, connectors, 
clips and other current carrying parts requiring 

strength 

Common Fabrication Processes 

Drawing, forming, stamping 

Fabrication Properties 
Capacity for Being Cold Worked . . . . . . . Excellent 

Excellent 
Suitability for being joined by: 

Solderin$ ..... , ........... , .. " .. ' .... Excellent 
Brazing ............................ Excellent 
Oxyacel ylene Welding ...................... Fair 
Gas Shi,!lded Arc Welding .................. Good 
Coated .\1etal Arc Welding ........... , ....... Fair 

Capacity for Being Hot Formed ...... . 
Hot Forgeability Rating (Forging Brass = 100) 
Hot Working Temperature .... 1200-1800 F or 650-980 C 
Annealing Temperature ..... 750-1100 F or 400-600 C 
Machinability Rating (Free Cutting Brass = 100). . . . . 20 

Resistance Welding Seam .................... Good 1 
Spot ..................... Fair 

Butt .................... Good 

The valuu lilled above repreJt!nl fea,onable approllimolionl luilable for general engineering Vit!. Due 10 commerdal varialion. in compolilion and 
to manufacturing limltalia"" they lhould nal be Vied for Ipecifkalion pUfpo.U. See oppllcable .... S.T.M •• pedfitalion refe~encn. 
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COPPER ALLOY No. 195 (Continued) 
Forms and Tempers Annealed Tamper. Rolled or Drawn Temper. 

Most Commonly Used 

Nominal Grain Size mm 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bur, Rolled. 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

0 0 0 

5! ... on q q 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. llsually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mec hiP amca ropertles 

Size 
Form Suction Tamper 

in. 

FLAT .040 in. Precipitation Heat 
P RODUCTS Tr!,ated 

Precipitation Heat 
Treated and Cold 
Rolled Half Hard 

Precipitation Heat 
Treated and Cold 
Rolled Spring 

Precipitation Heat 
Treated and Cold 

on 

'" q 

Rolled Super Sprin 

~ 
" t m 'E m 'E ~ 

< :I! :I! 'E • < < • < " t • C 

" ~ ~ " ~ on on " .E • ~ 
'E N q J! 

~ m • ~ :I! q :J C 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer~ 
cially feasible for the size in question. 

Yield Strength Elonga· 
Tanlila (.5% Ext. tion 
Strength under Loadl (.2% Offnd in 2 in. 

ksi kli ksi % 

80.0 ... . 65.0 15 

86.0 ... . 80.0 10 

93.0 ... . 90.0 4 

97.0 ., .. 95.0 2 

'E 
:I! 
e 
l< 
"' 

~ -
I e 
8. I!' 
~ '6 

< 

i! • III 

• ~ I < 
I!' • < < 

~ '" J J 
I ~ ~ 

Q Q 
I!' e < 

~ 
J 'E .E 

l< d :I! :5 "' 

] "ll 
i .. e .. ,! It 2 

~ l< :;; 
w 1 .Il .Il 

....... 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet cllpabJe of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwall Shear Fatigue 
HardnBSI Strength Strangth 

FIB 130T k.1 k.1 
I Million 

Cyclel 

- - - .... 26.0 100 

- - - .... ... . . ... 

- - - .... 29.0 100 

- - - ... . ... . . ... 

Th. valu .. IlIt.d above r.pr ... ml reo:uonabl. appraxlmatlonl lultable for g.n.ral .ogin.erlng 1,11 •• Due 10 eommerc1ol vorlollona In eompolltlon ood 
76 10 manufadurlng limitation., they .hould not be uled for Ipeciflcation purpo •••• See oppliooble A.S.T.M. Ipl'dlltatldn referenee •• 
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COPPER AllOY No. 210 (GILDING,95%) 

'Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 95 
Lead 

Iron 
Zinc 5 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity'" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

94.0 96.0 
.05 
.05 

Flat Products 

Pipe 

Rod 

B36,B134 

Remainder Shapes 

.10 

1950 F 
1920 F 

English Units 

. 320 Ib leu in @ 68 F 
8.86 

per D F from 68 F to 212 F 
per D F from 68 F to 392 F 

.0000100 per" F from 68 F to 572 F 
135 Btu Isq ft 1ft Ihr /"F @ 68 F 

18.5 Ohms (eire mil 1ft )@68 F 
56 % lACS @ 68 F 

.09 Btu lIb "F @ 68 F 
17.000,000 psi 
6,400,000 psi 

Typical Uses 

Tube 

Wire BI34 

1065 e 
1050 e 

c. G. S. Units 

8.86 gm leu em @20 e . 
8.86 

perce from '20 C to 100 C 
per "C from 20 C to 200 C 

.0000181 per" e from 10 e to 300 e 
.56 cal /sq em /cm /sec r C@ 20 C 

3.08 Microhm-cm @ 20 C 
.325 Megmho-cm @ 20 C 

.09 cal Igm I"e @20 e 
12,000 Kg Isq mm 
4.500 Kg /sq mm 

COINAGE: coins, medals and tokens ~ 
MUNITIONS: bullet jackets, firing pin support shells, fuse caps, primers 
NOVELTIES. emblems,jewelry, plaques· 

MISCELLANEOUS: base for gold plate, base for vitreous enamel 

Common Fabrication Processes 

Blanking, COining, drawing, etching, forming and bending, piercing 
and punching, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ............. Excellent 
Capacity for Being Hot Formed ................ Good 

Suitability for being joined by: 

Hot ForgeabiIity Rating (Fo·:ging Brass = 100) ......... . 
Hot Working Temperature .... 1400-1600 F or 750-875 C 
Annealing Temperature ...... 800··1450F or 425-800 C 
Machinability Rating (Free Cutting Brass = 100) ...... 20 

Soldering ........................... Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding ................... Good 
Gas Shielded Arc Welding ....... , .... , ... Good 
Coated Metal Arc Welding ..... Not Recommended 

1 
Spot ...... , . Not Recommended 

Resistance Welding Seam, .... , .. Not Recommended 
Butt .... , .............. Good 

The valuu lill~d above repreU,"1 rea'anable appra_imalianl luitable for general engineering uSe. Due 10 t:amm~rdal varia lions In campalilian and 
10 manufacluring limjlalianl, Ihay shauld nal ba uled for Iprtificalian purpales. See applitable A.S.T.M. Ipecificallan referen'~I. 
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COPPER ALLOY No. 210 (Continued) 
Forms and Tempers 

I 
Ann.aled Tampers Rolled or Drawn T.mp .... Ho, 

Most Commonly Used Finilhed 
Tempers ::: ~ 

s C 
Nominal Grain Size mm ~ ~ 

~ 
, ;; 
0. e 

E • 
:>: ., 

i ~ • B I i 1 ~ 
e 

1 'E t: ~ • e e i E 'E '" ~ ~ .. e :l! :>: 'E ~ ." f ." • C e :l! /Ji I e a: 2 ... c " ~ • 0 C 

" -5 :>: ~ e C (; l< ~ t: I e e 0 0 0 "' "' "' .t' E .c • ~ 'E 
~ 

~ 'E E :>: w 
0 " i!l '" N q JI 

m ... , 
~ ~ :l! l< II E :l! :S' ~ ~ l .., q q q :J w 0 w w C 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

......................................................... 

FLAT 
PRODUCTS 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

.....•.•.•.•............................................ 

PIpE 
SHAPES 

1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube only. u~ually. where thefe 
is no real requirement for high strength Or hardness on 
the one hand or for bending quallties on the other. 

M echamcal p roperties 

Size 
Form Section Tampar 

in. 

ROLLED . 040 in. .050 mm .......... 
STRIP .035 mm .......... 

.015 mm .......... 
Quarter Hard ...... 
Half Hard ......... 
Hard ............ 
Extra Hard ........ 
Spring ........... 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga· 
Tensile (.5% Ext. tion 
Strength under Load) 1.2% Off .. tI ln2 in. 

k,l k.1 k,l '" 
34.0 10.0 .. , . 45 
35.0 11.0 ... . 45 
38.0 14.0 ... . 42 
42.0 32.0 ... . 25 
48.0 40.0 ... . 12 
56.0 50.0 .., . 5 
61.0 55.0 .... 4 
64.0 58.0 . ... 4 

3. liGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shellr Fatigue 
Hardness Strength Strength 

I 
Million 

Fl B i30T .. I kli Cycl81 

46 - - ... . . ... . ... 
52 - 4 28.0 '" . . ... 
60 - 15 30.0 '" . . ... _. 38 44 32.0 '" . . ... 
- 52 54 34.0 . ... .... 
- 64 60 37.0 ... . . ... 
- 70 64 39.0 . ... . ... 
- 73 66 40.0 '" . . ... 

78 
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COPPER AllOY No. 220 (COMMERCIAL BRONZE, 90%) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

B36,BI30,BI31, BI34 

Copper 90 89.0 91.0 
Lead 
Iron 
Zinc 10 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

.05 

.05 
Remainder 

.10 

1910 F 
1870 F 

English Units 

. 318 Ib leu in @68 F 
8.80 

1045 C 
1020 C 

Bl30, BI31 

B135,B372 

BI34 

C. G. S. Units 

8.80 gm leu cm @ 10 C . 
8.80 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

per 0 F from 68 F to 212 F 
per of from 68 F to 392 F 

.0000 I 02 per 0 F from 68 F to 572 F 
109 Btu Isq ft 1ft Ihr /,F @ 68 F 

23.6 Ohms (eire mil 1ft ) @ 68 F 
44 %IACS@68F 

peroC from 10 C to 100 C 
per 0 C from:20 C to 100 C 

.0000184 per ° C from 20 C to 300 C 
.45 cal Isq em lern Isec 1° C @ 20 C 

3.92 Microhm-em @20 C 

• Volume Basis 

.255 Megmho-em @ 20 C 
.09 Btu lIb of @ 68 F 

17,000,000 psi 
.09 cal Igm rC @20 C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 6,400,000 psi 

ARCHITECTURAL: 
J t 7"'u_1...:) COSMETICS: 
, 'j' HARDWARE: .,:::::.v! 

MUNITIONS: 
MISCELLANEOUS: 

Typical Uses 
etching bronze, grillwork, screen cloth, weatherstripping 
compacts, lipstick cases 
escutcheons. kick pJates,line clamps, marine hardware, rivets, screws, 
screw shells 
primer caps, rotating bands 
costume jewelry, ornamental trim, screen wire, vitreous enamel base 

Common Fabrication Processes 
Blanking, coining, drawing, etching, forming and bending, heading and 
upsetting, hot forging and pressing, piercing and punching, roll thread­
ing and knurling, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ................ Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ................... Good 
Hot Forgeability Raftng (Forging Brass = 100) .... , ... , ... 
Hot Working Tempenture , ... 1400-1600 F or 750-875 C 
Annealing Temperature... .. .. BOO-1450 F or 425-800 C 
Machinability Rating (Free Cutting Brass = 100) ......... 20 

Soldering ........................... Excellent 
Brazing , ........ , ......... , ....... Excellent 
Oxyacetylene Welding .................. Good 
Gas Shielded Arc Welding .... , ........... Good 
Coated Metal Arc Welding .. , .. Not Recommended 

Resistance Welding Seam ........ Not Recommended ~ 
Spot ........ Not Recommended 

Butt ................... Good 

The yaluel Hued aboye reprelenl reasonable appraximationl luitable for general engineering ule. Due 10 commercial Yoriotion, in cOmpoSiTion ond 
to monufocTuring [imltotionl. They should nOI be vied for specification PUfPOU!S. See cpplicobl!! A.S.T.M. ,pecificoTion ref!!f!!nc!!l. 

(Continul!'d on othu /lide) 79 



Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 220 (Continued) 

Nomllllli Grain Sin mm 

'E 
:I! 

RoUad or Drawn Tampers 

'E 
:I! 
e 
Ji 

...................................................... 

Hot 
Finilhed 
Tampers 

.........•....................•.............................•.... 
'" ......•....................•.............................•.... 
............................................................ ........................................................... 
............................................................ 

) 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no renlrcquirement for high strength or hardness on 
the one hand or far bending qualities on the, other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard O[ as strong as is commer~ 
clally feasible for the size in question. 

3. L1GIIT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Mechanical Properties 

Form 

FLAT 
PRODUCTS 

WIRE 

TUBE 

ROD 

Siz.e 
Section 

in • 

. 040 in. 

.250 in. 

.040 in. 

.250 in. 

Temper 

.050 mm ........ . 

.035 mm ........ . 

.025 mm ........ . 

.015 mm ........ . 
Quarter Hard ..... . 
Half Hard ........ . 
Hard ....•.•....• 
Extra Hard ....... . 
Spring ......... .. 
.035 mm ........ . 
Half Hard ........ . 
As Hat Rolled .... . 
As Hat Rolled .... . 

.080 in. .035 mm ........ . 
.015 mm ........ . 
Eighth Hard ...... . 
Quarter Hard ....•.. 
Haif Hard ........ . 
Hard ........•... 
Extra Hard ....•.. 
Spring .......... . 

1.0 in. OD .035 mm ........ . 
X .065 in. Hard Drawn (3591» .. 

.500 in. .035 mm ....... . 
Eighth Hard ...... . 

Vield Strangth 
Tan,lI_ (.6% E)(t. 
Stran;th under Load) (.2% Offsatl 

k.i 

37.0 
38.0 
39.0 
41.0 
45.0 
52.0 
61.0 
67.0 
72.0 
38.0 
52.0 
39.0 
37.0 

40.0 
42.0 
44.0 
50.0 
60.0 
74.0 
83.0 
90.0 

38.0 
60.0 

40.0 
45.0 

lui 

10.0 
12.0 
14.0 
15.0 
35.0 
45.0 
54.0 
58.0 
62.0 
12.0 
45.0 
14.0 
\0.0 

12.0 
53.0 

lui 

Elonga· 
tion 

In 21n. 

" 
45 
45 
44 
42 
25 
Ii 
5 
4 
3 

50 
15 
44 
45 

50 
48 
27 
13 

6 
4 
3 
3 

50 
6 

50 
25 

Rockwall 
Hardn8S1 

F 18 130T 

53 - 6 
57 - 12 
60 - 16 
65 - 26 
- 42 44 
- 58 56 
- 70 63 
- 75 67 
- 78 69 
57 -
- 58 -
60 -
53 -

57 - 12 
- 69 62 

55 -
- 42 -

Shaar 
Strength 

kli 

28.0 
30.0 
31.0 
32.0 
33.0 
35.0 
38.0 
40.0 
42.0 
30.0 
35.0 
31.0 
28.0 

30.0 
32.0 
33.0 
34.0 
37.0 
42.0 

32.0 
33.0 

Fatigue 
Strength 

k.1 I 

21.0 

23.0 

Million 
Cycles 

15 

) 

100 

80 
Thl valu .. IIll1d above rlp, ... nt rl~::IIonobll approximation •• ultabl. for glneral Inglnl.rlng UII. DUI to tommlrclal variation. In c.ompo,lllon and 

to manufor;turinfil limitation., thlY .hould nol .,. u,.d for .pec:II1~lion purpo.". 5 .. applic.abl. A.S.T.M. ,pKII\~lion ref.r.nuli. 
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COPPER AllOY No. 226 (JEWELRY BRONZE, 87'h%) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 87.5 86.0 89.0 
Lead 
Iron 
Zinc 12.5 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

.05 

.05 
Remainder 

.15 

1895 F 
1840 F 

English Units 

.317 Ib leu in @ 68 F 
8.78 

per" F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000103 per 0 F from 68 F to 572 F 
100 Btu Isq ft 1ft Ihr /"F @ 68 F 

25.9 Ohms (eire mil 1ft )@ 68 F 
40 % lACS @ 68 F 

.09 Btu Ilb"F @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

01 ARCHITECTURAL: angles, channels 

1035 C 
1005 C 

C. G. S. Units 

8.78 gm leu ern @20 C. 
8.78 

per 0 C from 20 C to J 00 C 
per 0 C from 20 C to 200 C 

.0000186 per"C from 20 C to 300 C 
.41 eallsq ern lem Isee /" C @ 20 C 

4.31 Mierohm-cm @ 20 C 
.232 Megmho-em @ 20 C 

.09 eallgm /" C @ 20 C 
12,000 Kg Isq mm 

4,500 Kg Isq mm 

HARDWARE: chain, eyelets, fasteners, slide fasteners 
NOVELTIES: compacts, costume jewelry, emblem"s, etched 

articles, lipstick containers, plaques 
MISCELLANEOUS: base for gold plate 

Common Fabrication Processes 

Blanking, coining, drawing, etching, forming and bending, head~ 
ing and upsetting, piercing and punching, roll threading and 
knurling, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked. . . . . . . . . . . . . .. Excellent 
Capacity for Being Hot Formed ......... ....... , . . Good 

Suitability for being joined by: ' 

Hot Forgea'Jility Rating (Forging Brass = 100) ........... . 
Hot Workir.g Temperature .. . .. 1400-1650 F or 750-900 C 
Annealing Temperature .. ..... .. 800-1400 F or 425-750 C 
Machinability Rating (Free Cutting Brass = 100) ........ 30 

Soldering .. : .•.. ... , ............... . Excellent 
Brazing ........... , ............... Excellen t 
Oxyacetylene Welding ... ............. , . . Good 
Gas Shielded Arc Welding . .... ", .......... . Good 
Coated Metal Arc Welding .... , . .Not Recommended 

Resistance Welding Seam ........ .Not Recommended ~ 
Spot ................ _ .. _ Fair 

Butt ..... ............ .. Good 

The v"!LJel !hted abav .. represenl reolanob!e appra"imatianl luit"ble far gen.ral .ngln .. rlng 1,1 ... 0 .... to cammtrdal variation, In compositIon and 
to mCIOufottLJring limitatlonl. they lhould nol be uled for Ipe[ilicotlon PUfPCI", S •• Clppllcabl. "'.S.T.M, specificatIon r,ftr,ncli. 

(ConlinUfti an otlu!r 'ide) 81 



'. 

COPPER ALLOY No. 226 (Continued) 
Forms and Tempers Annaalod Tampers Rolled or Drawn Tampars Hot 

Most Commonly Used Finished 

~ 
Tempers 

~ e 
Nominal Grain Size mm 8. I!' 

~ 
S 'ij .. e 

E • 
:t III 

i t • a: I ] i 1: e 

i 1: ~ I • e e 'II E e :I! :I! ~ 
• 1: '" ~ ~ .. .. • e e , • I d E It 

~ 
.... e .. t 0 l: C ~ .. 

l! ~ ~ 
l: 

!! E I!' e e 
:l! :e 0 0 0 on on on :: • 1: 

~ 
~ .. l! w 

~ r- on '" N ~ 

J! :j ,,,, , 
~ (E. :I! l( l( e ~ .. 

."l ."l .t '" '" '" '" '" w 0 w w c ;:; 

, ................... , ' ... ' ......... , .. ". ' .. " .. ,',., .... ,., ..... ,." .. . 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

........................................................................ 
' ... '.' '.' '.' '.' ............... " .......... " ............................. . 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

........................................................................... 

........................................................................... 

................................................................... _ ...... . 

......................................................................... 

.................................. _ ..................... _. -............. . 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
u!"cd only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

P 

M hiP ec amca ropert.es Yield Strength Elonga- I Shm I Tensile (.5% Ext. tion Hockwcll Fetlgus 
Size Strength under Load) 1.2% Offset! in2 In. Hardness Strengih Strength 

Form Section Tempsr 
Million 

in. ksi ksi k,l % FIB laOT kli kli I Cycles 

FLAT ,040 in. .050 mm · . . . . . . . . 39,0 11.0 .... 46 55 - - 29,0 -' .. . ... 
RODUCTS .035 mm · . . . . . . . . 40,0 13,0 ... . 45 59 - - 30.0 _ ... . ... 

. 025 mm ......... 42.0 15.0 ... . 44 64 - - 31.0 . ... . ... 

. 015 mm · . . . . . . . . 44.0 16.0 .... 42 68 - - 32,0 . ... . ... 
Eighth Hard ...... . ... . ... . ... ... . - - - ... . . ... . ... 
Quarter Hard ...... 47,0 37.0 . ... 25 - 47 - 34,0 ... . . ... 
BalfHard., ... ,., . 54,0 47.0 .... 12 - 61 - 36,0 ... . . ... 
Hard ... " ........ 66.0 56.0 .... 5 - 73 - 40,0 ... . . ... 
Extra Hard ........ 72,0 60,0 .... 4 - 78 - 42.0 ... . . ... 
Spring ............ 79.0 62,0 .... 4 - 82 - 44.0 . ... . ... 

WIRE . 080 in. ,050 mm ......... 40,0 ... . . ... 44 - - - 29,0 ... . . ... 
,035 mm ......... 41.0 18,0 . ... 42 - - - 30.0 .. -. . ... 
. 025 mm · . . . . . . . . 43.0 .... .... 40 - - - 31.0 ... . . ... 
. 015 mm ......... 45,0 18.0 . ... 38 - - - 32,0 ... . . ... 
Eighth Hard, , , , ... 47.0 ... . .... 26 - - - 34.0 . ... . ... 
Quarter Hard .•.... 56.0 ... . .... 12 - - - 36.0 ... . . ... 
Half Hard ......... 68.0 .... ... . 7 - 70 - 40.0 _ ... . ... 
Hard ............ 83.0 . ... ... . 5 - - - . ... . ... . ... 
Extra Hard ........ 89,0 ... . .... 4 - - - ... . ... . ., .. 
Spring ........... 97,0 ... . . ... 3 - - - ... . ... . . ... 

82 
The valu •• Ihted above repre.ent rea.anable oppraximatlans suitable for gen.ral engineerIng u ••• Due to commercial variation. in compa.ltlon and 

.ta manufacturIng IImitallans. the., should nOI b. u.ed for specification purpa .... See appllcabl. A.S.T.M. Ipeclfltallon refer.nc ••• 
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COPPER AllOY No. 230 (RED BRASS, 85%) 

Composition - percent 
Nearest Applicable A S T M Specifications, 

Copper 
Lead 

Iron 
Zinc 

Nominal Minimum IVlaximum 

85 

IS 

84.0' 86.0 
.05-
.05 

Remainder 

B36,BI34 

B43 

Total Other Elements I .15 

'" For pipe and tube, the copper limit may be 83.0 
percent minimum; and the lead .06 percent maximum 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

BIII,B135,B359.B395,B543 

BI34 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

1880 F 
1810 F 

English Units 

.316 Ib leu in @68 F 
8.75 

1025 C 
990 C 

C. G. S. Units 

8.75 gm leu em @20 C. 
8.75 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of lligidity 

per g F from 68 F to 212 F 
per g F from 68 F to 392 F 

.0000104 per" F from 68 F to 572 F 
92 Btu Isq ft 1ft Ihr /"F @ 68 F 

28.0 Ohms (eire mil 1ft ) @ 68 F 
37 % lACS @ 68 F 

per" C from 20 C to 100 C 
per"C from 20 C to 200 C 

.0000187 per" C from 20 C to 300 C 
.38 eal/sq em lem Isee I" C @ 20 C 

4.66 Microhm-em @ 20 C 

'" V-oiume Basis 

.215 Megmho-em @ 20 C 
.09 Btu Ilb"F @ 68 F 

17,000,000 psi 
.09 cal Igm I"C @20C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 6,400,000 psi 

ARCHITECTURAL: 
ELECTRICAL: 
HARDWARE: 

INDUSTRIAL: 

PLUMBING: 
MISCELLANEOUS: 

Typical Uses 
etching parts, trim, we£ltherstrip 
conduit, screw shells, sockets 
eyelets, fasteners, fire extinguishers . 
condenser and heat exchanger tubes, flexible hose, pickling 
crates, plumbing pipe, pump lines, radiator cores 
JMbends, pipe service lines, traps 
badges, compacts, costume jewelry, dials, etched articles, 
lipstick containers, nameplates, rouge boxes, tags 

Common Fabrication Processes 
Blanking, coining, drawing, etching, forming and bending, head­
ing and upsetting, piercing and punching, roll threading and 
knurling, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked .............•.. Excellent Suitability for being joined by: 
Capacity for Being Hot Formed .... , .............. Good 
Hot ForgeabiIity Rating (Forging Brass = 100) ........... . 
Hot Working Temperature .. " .1450-1650 F or 800·900 C 
Annealing Temperature ......... 800-1350 F or 425~725 C 
Machinability Rating (Free Cutting Brass = J 00) ....... 30 

Soldering ........................... Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding .. . . . . . . . . . . . . . . .. Good 
Gas Shielded Arc Welding .............. " Good 
Coated Metal Arc Welding ...... Not Recommended 

Resistance Welding Seam ........ Not Recommended ~ 
Spot .............. _ ..... Fair 

Butt ................... Good 

The valul!5 lilted gbave represent realanable appra.dmatlanl luitable fgr general engln .. rlng un. Due tel tommercial variotionl In compolition gnd 
to manufacturing limita,;gnl. the)' .hould not be uu,d for specifieatign purpg,e,. See applicable A.S.T .M. I.,.ciflcatlan referent". 

(Continued on athtr .idt) 83 



, 
.i 

L, 

COPPER ALLOY No. 230 (Continued) 
Forms and Tempers Annealed Tempers Rolled or Drawn TempeR Hot ) 
Most Commonly Used Finished 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

~ -~ ~ 

[ e 
Nominal Grain Size mm ~ 

'!! 
~ '6 .. e 

• e • 
l: III 

~ • B I 
'i ~ 

e e 
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e :l! '!! ~ '!! 
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e e :l! I ~ ~ e " ~ :l! 0 c 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or ru strong as is cammer· 
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise modera.tely cold worked) is needed. 

P 

M h IP ec anlca ropertles Yield Strength Elanga-
Tenlile (.5% Ext. tlan Rockwell Shear Fatigue 

Size Strength under Load) 1.2% Offntl ln2ln. HardnBlI Strength Strength 
Form Section Tempar 

I 
Million 

In. k.1 lui k.1 % FIB 130T k.1 k,i Cyel., 

FLAT .040 in, .070 mm ........ . 39,0 10.0 .... 48 56 - IO 31.0 ... . '" . 
RODUCTS ,050 mm "., ..... 40.0 12,0 ... . 47 59 - 14 31.0 .... . .. , 

,035 mm .. ,., .. , , 41.0 14.0 '" , 46 63 - 22 31.0 .... .., . 
,025 mm , .. , ..... 43.0 16.0 '" . 44 66 - 28 32.0 . ... . ... 
,015 mm , ........ 45.0 18,0 '" . 42 71 .' 38 33,0 '" . . ... 
Quarter Hard . , , .. , 50,0 39.0 '" . 25 - 55 54 35.0 '" . '" . 
Half Hard, ........ 57.0 49,0 , ... 12 - 65 60 37.0 .. , . '" . 
Hard ., ....... , .. 70.0 57,0 .. , . 5 - 77 68 42.0 .. , . '" . 
Extra Hard , ...... 78,0 61.0 '" . 4 - 83 72 44.0 '" , ." . 
Spring . . . . . . . . , . . 84,0 63,0 ... . 3 - 86 74 46.0 .. ' . ''''I 

WIRE .080 in, .035 mm ..... , ... 41.0 , ... '" . 48 - - - 31.0 '" . . ... 
,025 mm . . . . . . . . . 43.0 .... '" , . , .. - - - 32.0 '" . '" . 
,015 mm .' .. ' .... 45,0 , ... '" . . , .. - - - 33.0 ... . '" . 
Eighth Hard ... , , .. 50.0 .. , . . ... 25 - - - 35.0 20.0· 100 
Quarter Hard .... , . 59,0 .. , . ... . 11 - - - 38.0 ... . '" . 
Half Hard ........ 72.0 , .. , '" . 8 - - - 43,0 '" . '" . 
Hard ...... , .. , .. 88.0 . ... ... . 6 - - - 48.0 ... . '" . 
Spring ........... , 105.0 ... . '" . ... . - - - 54.0 '" . . ... 

TUBE 1.0 in, OD ,050 mm . , . . . . , , . 40,0 12.0 ... , 55 60 - 15 .... .. , . '" . 
X .065 in ,015 mm .... ' .. ' . 44,0 18.0 '" . 45 71 - 38 '" . ... . '" . 

Ugh! Drawn (l5%), . 50.0 40,0 '" . 30 - 55 54 '" . , ... . ... 
Hard Drawn (35%), . 70,0 58,0 '" . 8 - 77 68 '" . '" . , .. , , 

PIPE 3/4 in. SPS .015 mm ......... 44.0 18,0 ... . 45 71 - - ... . . ... . ... 

• Rotating beam tests on rod. 

84 
The value. lilted above represent realonable approxlmallonl luhabl. for gen.ral engln.erlng u ... Du. 10 comm.rclal varlollanl In compolltlon ond 

II> manufacturing I1mllollonl. they Ihould nol be u .. d for Ipecllicallon purpo .... See applicabll "'.S.T.M. Ipedflcatlon r.f.rln"l. 
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COPPER AllOY No. 240 (LOW BRASS, 80%) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 80 78.5 81.5 
Lead 

Iron 
Zinc 20 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

.05 

.05 
Remainder 

.15 

1830 F 
1770 F 

English Units 

.313 Ib leu in @68 F 
8.67 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

B36,B134 

Wire BI34 

1000 C 
965 C 

C. G. S. Units 

8.67 gm leu em @ 20 C, 
8.67 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

.Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

per "F from 68 F to 212 F 
per a F from 68 F to 392 F 

.0000106 per' F from 68 F to 572 F 
81 Btu Isq ft 1ft Ihr I'F @ 68 F 

32.4 Ohms (eire mil 1ft ) @ 68 F 
32 % lACS @ 68 F 

perce from 2:0 eta 100 C 
per II C from 20 C to 200 C 

.0000191 per' C from 20 C to 300 C 
.33 eal/sq em lem Isee /' C @ 20 C 

5.39 Microhm·cm @ 20 C 

• Volume Basis 

.09 Btu lib 'F @ 68 F 
16,000,000 psi 
6,000,000 psi 

Typical Uses 

.186 Megmho-em @ 20 C 
.09 eal/gm I'C @20C 

11,200 Kg Isq mm 
4,200 Kg Isq mm 

ARCHITECTURAL: 
ELECTRICAL: 

ornamental metal work, medallions, spandrels 
battery caps 

INSTRUMENTS: bellows. musical instruments 
HARDWARE: clock dials, flexible hose, pump lines, tokens 

Common Fabrication Processes 

Blanking, drawing, etching, forming and bending, heading 
and upsetting, piercing and punching, roll threading and 
knurling, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked .............. Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ................. Fair 
Hot Forgeability Rating (Forging Brass = 100) ......... . 
Hot Working Temperature ., .. 1500-1650 F or 825-900 C 
Annealing Temperature .. '" .. 800-1300F or 425-700 C 
Machinability Rating (Free Cutting Brass = 100) ..•...• 30 

Soldering ....................... , Excellent 
Brazing ........................ Excellent 
Oxyacetylene Welding ............. , ... Good 
Gas Shielded Arc Welding ............... Good 
Coated Metal Arc Welding .... Not Recommended 

Resistance Welding Seam ...... Not Recommended ~ 
Spot .................. Fair 

Butt ................. Good 

The ygl!,1u lilted gbg"e represenl regigngble gpprgxlmgligni iuilgble fgr genergl enginllering !,lie. Due Ig cgmmerdgl "gr;gllgni in Cgmpg,ilign and 
tg mgn!,lfgct!,lring limitglign', they ,hg!,lld ngl be used 'gr Ipedlkgtign p!,Irpglel. See gpplicgble ""S.T.M. Ipllcificglign referllncel. 
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COPPER ALLOY No. 240 (Continued) 

Forms and Tempers 
Most Commonly Used 

Annulad Tampers Rolled or Drawn Tampen; Hot 
Finished 

- Tempef. 
~ 

~ ~ 
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Nominal, Grain Size mm 

1\ 1\ 
c c c c <t <t 

0 0 0 "' "' "' " 
E 

~ 
... "' '" N q :3' "! "! "! "! J! 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

.. '.' '.' '.' ' .. '., ..........• ,. '., .... '., .... '., ........................... . 
FLAT 

PRODUCTS 

..... '.' .•... , .. ' , ..... ' ..... ' '., ............•............................. 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

......•..•.... '., ...... '.' '., ..•......•..•...•................. , .......... . 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real reqUirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Temper 

in. 

FLAT .040 in. ,070 mm ........ . 
P RODUCTS ,050 mm ........ . 

,035 mm ........ . 
.025 mm ........ . 
.015 mm ........ . 
Quarter Hard ...... 
Half Hard, , , , ' . , , • 
Hard ........... . 
Spring . . . . . . . . . . . 

WIRE ,080 in, ,050 mm ........ . 
,035 mm ........ . 
,015 mm ........ . 
Eighth Hard, . , , , ' , 
Quartor Hard ...... 
Half Hard " ""'" 
Hard ............ 
Extra Hard ........ 
Spring .......... . 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonge-
Tensilo (.5% Ext. tlon 
Strength under Load) (.2% Offsat) in2 in. 

ksi ksi ksi % 

42,0 12,0 '" . 52 
44,0 14,0 '" . 50 
46,0 15,0 '" . 48 
48,0 17.0 ... . 47 
50,0 20.0 '" . 46 
53.0 40,0 '" . 30 
61.0 50,0 '" . 18 
74,0 59,0 . ... 7 
91.0 65,0 '" . 3 

44,0 ... . . ... 55 
46,0 ... . . ... 50 
50,0 .. , . . ... 47 
56,0 ... . '" . 27 
68,0 ... . '" . 12 
82,0 ... . . ... 8 

107,0 .., . . ... 5 
116.0 ... . '" . 4 
125,0 . ... '" . 3 

3. liGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other~ 
wise moderately cold worked) is needed. 

Rockwell Sh ... Fatigue 
Hardness Strength Strength 

FIB 130T ksi •• l 
I Million 

eyc!" 

57 - 8 . ... ... . '" . 
61 - 16 32.0 ... . '" . 
66 - 28 . ... ... . .... 
69 - 32 ... . .... . ... 
75 .' 42 33,0 ... . '" . 
- 55 54 36.0 ... . '" . 
- 70 64 39.0 .. , . '" . 
- 82 71 43,0 .... . ... 
- 91 77 48.0 24,0 20 

- - - 32,0 .... . ... 
- - - ... . ., .. . ... 
- - - 33,0 ., .. . ... 
- - - 37.0 ... . '" . 
- - - 42,0 ... . '" . 
- - - 47.0 .. , . . ... 
- - - 53,0 23,0 100 
- - - . ... ... . '" . 
- - - 60,0 26,0 100 
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COPPER ALLOY No. 260 (CARTRIDGE BRASS, 70%) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 70 68.5 
Lead 
Iron 

71.5 
.07 
.05 

Flat Products 

Pipe 

Rod 

BI9,B36,BI34 

Zinc 30 Remainder Shapes BI29 
~ 

Total Other Elements 

Physical Properties 

Melting Point (Uquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

.15 

1750 F 
1680 F 

English Units 

. 308 Ib Icu in @ 68 F 
8.53 

per" F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000111 per" F from 68 F to 572 F 
70 Btu Isq ft 1ft Ihr I"F @ 68 F 

37.0 Ohms (circ mil 1ft ) @ 68 F 
28 % lACS @ 68 F 
.09 Btu lib of @ 68 F 

16,000,000 ps; 
6,000,000 psi 

Typical Uses 
ARCHITECTURAL: grillwork 

AUTOMOTIVE: radiator cores and tanks 

Tube BI35 

Wire BI34 

955 C 
915 C 

C. G. S. Units 

8.53 gm leu em @ 20 C . 
8.53 

per "C from:!O C to 100 C 
per" C from 20 C to 200 C 

.0000199 per" C from 20 C to 300 C 
.29 cal/sq cm /cm /sec r C @ 20 C 

6.1 6 Microhm-cm @ 20 C 
.162 Megmho~cm @ 20 C 

.09 cal Igm I"e @20C 
11,200 Kg /sq mm 
4,200 Kg Isq mm 

ELECTRICAL: 
HARDWARE: 

flashlight shells,lamp fixtures, reflectors, screw shells, socket shells 
bead chain, chain, eyelets, fasteners, grommets, fmish hardware 
articles (hinges, kick plates, locks, push plates, etc.), stencils 

INDUSTRIAL: 
MUNITIONS: 
PLUMBING: 

WIRE: 

pump and power cylinders and liners 
ammunition comprlnents 
plumbing accessories, plumbing brass goods 
pins, rivets, screws, springs 

Common Fabrication Processes 
Blanking, drawing, etching, forming. and bending, heading and upsetting, 
piercing and punching, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ................ Excellent 
Capacity for Being Hot Formed ..................... Fair 
Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperature ..... 1350-1550F or 725~850 C 
Annealing Temperature ........ 800-1400F or 425-750 C 
Machinability Rating (Free Cutting Brass = 100) ......... 30 

~uitability for being joined by: 
T'<.'IftJ Soldering ........................... Excellent 

)!.'fStl Brazing ........................... Excellent 
/~j./; Oxyacetylene Welding ................... Good . . 

tdG'Jf"}' Gas Shielded Arc Welding ..... '" ......... , Fair ~ 
,-..III Coated Metal Arc Welding ...... Not Recommended 

,~ 1 Spot ................... Good 
Resistance Welding Seam ........ Not Recommended 

Butt ................... Good 

The ... aluf!I Ii.'ed aba¥e reprelenl reasonable cppraximalianJ luilable for genetalengineering ule. Due 10 commerdal ... ar;allanl In (ampolitlon and 
10 manufaCluring limilallans. Ihey Ihould nol be uled for lpedfkClliCin purpo.eJ. See ClpplitCible "'.S.T.M. IpedfitCiliCin referen~l!!l. 
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COPPER ALLOY No. 260 (Continued) 
Forms and Tempers 
Most Commonly Used 

Annealed Tempor. Rolled or Drawn Tampars Hot 
FlnilhlKl 
Temper. 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

-a ~ 

8. ! 
] 

~ .. c 
"§ • :r III 

i ~ • B , 
] ] c 

"E ~ !' • c c 'i E 
l! :r ] • "E 

~ '" ~ ~ '0 .., 
~ , 

l! , e e II: , 
~ 0 Q Q ii ~ :r .~ 

c a :e ~ 

~ "E e e ~ :c • ~ 
.., :r w . .. , 

l! ~ ~ ~ g ~ 
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.'l .'l l w 0 w w :J 

Nominal Grain Size mm 

m m c c c c " " 0 0 0 '" '" In .t' :c 
~ 

... In '" N q ... q q q q J! -' 

.' -.' '.' .•..•. '., ....................... '.' ..•..•.......................... .' '.' .•..•................... ' '., .....•..•. ,' ................. " .......... . 

...................... '" ................................................. . 

........................................................................... 

........................................................................... 

......•................•..... ~ .......................................... . 

..... '.' '.' '.' '., .. ," ' .. - -., .. -,. - - -,. - -.. - -... - _ ........ " ...... , ....... . ......•.....•.... , ............................ , .... ' •..•...... , ........... . 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qUalities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as bard or as strong as is commer· 
cinlly feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper ls 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Vield Strength Elonga· 
Tensile {.5% Ext. tion Rockwell Shear Fatigue 

Size Strength undel Loadl 1.2% Off .. tl In21n. Herdness Strength Strength 
Form Section Tampar 

I 
Million 

in • k.i ksi k.1 % FIB 130T !al k" Cyclos 

!'LAT . 040 in. .100 mm ... , .... 44.0 11.0 . ... 66 54 - 11 . ... 13.0 100 
PRODUCTS .070 mm ....... . 46.0 14.0 ., .. 65 58 - 15 32.0 13.0 100 

.050 mm ........ 47.0 15.0 ... . 62 64 - 26 '" . . ... . ... 

. 035 mm . . . . . . . . 49.0 17.0 .... 57 68 - 31 34.0 14.0 100 

.025 mm ....... . 51.0 19.0 .... 55 72 - 36 ... . ... . . ... 

.015 mm ........ 53.0 22.0 . ... 54 78 - 43 35.0 14.0 100 
Quarter Hard ..... 54.0 40.0 .... 43 - 55 54 36.0 ... . . ... 
Half Hard ....... 62.0 52.0 . ... 25 - 70 65 40.0 18.0 100 
Hard ......... ' , 76.0 63.0 .... 8 - 82 73 44.0 21.0 100 
Extra Hard ...... 86.0 65.0 ... . 5 - 88 76 46.0 . ... . ... 
Spring .......... 94.0 65.0 . ... 3 - 91 77 48.0 23.0 100 
Extra Spring ..... 99.0 65.0 ... . 3 - 93 78 '" . . ... . ... 

WIRE .080 in. .050 mm ....... . 48.0 ... . .... 64 - - - ... . . ... 
. 035 mm ....... . 50.0 '" . , ... 60 - - - 34.0 . ... , ... 
. 025 mm ....... . 52.0 '" . ... . 58 - - - . , .. .... . ... 
. 015 mm .. , ..... 54.0 '" . ... . 56 - - - '" . ... . .... 
Eighth Hard 58.0 , ... .. , . 35 - - - 38.0 ... . .... 
Quarter Hard ..... 70.0 '" . ... . 20 - - - '" . . , .. ." . 
Extra Hard .... . 124.0 '" . ... . 4 - - - ... . .. , . . ... 
Spring .......... 130.0 '" . . ... 3 - - - 60.0 22.0 lao 

TUBE 1.0 in. OD .050 mm , ....... 47.0 15.0 . , .. 65 64 - 26 . .. , .... ,., , 

X .065 in .025 mm ........ 52.0 20.0 ... . 55 75 - 40 '" . . ... . ... 
Hard Drawn (35%). 78.0 64.0 ... . 8 - 82 73 '" . ... . ., .. 

ROD 1.0 in. .050 mm ........ 48.0 16.0 ... . 65 65 - - 34.0 . ... . ... 
Eighth Hard (6%) .. 55.0 40.0 .... 48 - 60 - 36.0 .. , , . ... 
Half Hard (20%) ... 70.0 52.0 .... 30 - 80 - 42.0 22.0 50 

88 
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COPPER AllOY Nos. 268 and 270 (YELLOW BRASS) 

Composition - pe,cent 

earest PP lea e peel tcatlons .. 
ALLOY NO. 268 (SHEET) ALLOY NO. 270 JADO AND WIRE) 

N A I' bl AS T M S T 

Nominal Minimum Maximum Nominlll MinImum Mill(imum 

Flat Products 836,8134 
C('PI-1l'f 00 64.0 68.5 65 63.0 68.5 

Pipe 
Lc;Jd ... . " . .]5 .... . ... .10 
Iron .05 .07 Rod .. ' . . ", ... . .. ' . 
Zinc 34 Remainder 35 Remainder Shapes 

ther Elements ... . . " . I .15 ... . .. ' . I .:W Tube B135 

Wire BI34 

Total 0 

• Refer to specific A5TM Specification for alloys covered 

Physical Properties 
English Units C. G. S. Units ____ , __________________ -+ ______________________ -J~------------------------

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

1710 F 
1660 F 
.306 lb leu in 
8.47 

@68 F 

930 C 
905 C 

8.47 gm leu cm @20 C. 
8.47 Specific Gravity 

CoeffJ.:it'llt of Thermal Expansion 
Coefiicient of Thermal Expansion 
Coefficient of Thermal Expansion 

per a F from 68 F to 212 F 
per a F from 68 F to 392 F 

.0000113 per 0 F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr j"F @ 68 F 

38.4 Ohms (eire mil 1ft ) @ 68 F 
27 % lACS @ 68 F 

per a C from 20 C to 100 C 
per aC from 20 C to 200 C 

.0000203 per a C from 20 C to 300 C 
Thermal Conductivity 

Electric;]1 Resistivity (Annealed) 
Electric;]1 Conductivity· (Annealed) 

Therm;]! Capacity (Specific Heat) 
Modulus of Elasticity (Tension) 

Modulus of Rigidity 

.28 cal Isq em Icm /sec r C@ 20 C 
6.39 Microhm-cm @ 20 C 
.I 57 Megmho-cm @ 20 C 

.09 Btu lib OF @ 68 F 
15,000,000 psi 

.09 cal Igm 1° C @ 20 C 
10,500 Kg Isq mm 
3,900 Kg fsq mm 5 600,000 psi 

ARCHITECTURAL: 
AUTOMOTIVE: 
ELECTRICAL: 
HARDWARE: 

PLUMBING: 
WIRE: 

Typical Uses 
grillwork 
radiator cores and tanks 
flashlight shells, lamp fixtures, reflectors, screw shells, socket shells 
bead~_chain, chain, eyelets, fasteners; grommets, finish hardware . 
articles (hinges, kick plates, locks, push plates, etc.), stencils 
pluinbing accessories, sink strainers 
pins, rivets, screws, springs 

Common Fabrication Processes 

Blanking, drawing, etching, forming and bending, heading 
and upsetting, piercing and punching, roll threading and 
knurling, shearing, spinning, squeezing and swaging, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ............. Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ................ Poor 
Hot Forgeahiliry Rating (Forging Brass = 100) .......... . 

Soldering ........................... Excellent 

Hot Working Temperature ........... F or ....... C 
Ann~aring Ten~~ei.::lt!.lr-: .. . SCO-1300F or 425·700 C 
Mil china biIity Rc:.t ing (Free Cutt.ir.g Brass = 100) ........ 30 

Brazing ........................... Excellent 
OXyacetylene Welding .................. ~c'0d 
GJS Shielded Arc Welding ............... _ . Fair 
Coated Metal Arc Welding ..... Not Recommended 

1 
Spot ..............•.. ,. Good 

Resistance Welding Seam ..•..... Not Recommended 
Butt ................... Good 

ih ..... ,,1.."15 ',il'~: o!;)::: ..... nprtlllnl ,talance!. cpp,admaliao' IUilgbr. fell· goneral .ng;n • .,;ng UI •. D". 10 camm.,dal "'arialianl;n campalilicn ond 
Ic mCnufgclllring 'imilalian •• ther Ihauld not ba uIO"d.!:i..r lpecificatian pII,palU. S.a gpplicocl. ".S.T.M. Ipacification refa,aocu. 
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COPPER ALLOY Nos. 268 and 270 (Continued) 
Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS I 

Strip, Rolled 
Strip, Drawn 

Flat Wi". Rolled 
Flat Wire, Drawn 

B,H, Rolled 
Baf, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

Rolled or Oflwn Tamper. 

~ 
~. 

Nominal Grain Siu mm ~ ~ 
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Finished 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general pUrpDSI! !uhe only, usually where there 
is no real requirement for hIgh strength or hardm:.s~ on 
the One hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only when! there is need for a tube 
a~ h::ud or as strong as is commer· 
cially feasible for the siz.e in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a lube of some stiffness, but 
yet capable of readily being bent lor other· 
wiSt! moderately cold worked) is needed. 

M p echanocal ropertles Yield Strength Elonga-
Tensile 1.5% Ext. tion Rockwall She.r Fatigue 

Size Strength under Loadl (.2% Offlllt) in 2 in. Hllrdneu Strength Strength 
Form Section Tamper 

I 
Million 

in. kli ksi kli '" FIB 130T kli ksi Cyel .. 

FLAT ,040 in. .070 mm ....... - 46.0 14.0 ." . 65 58 - 15 32.0 12.0 100 
PRODUCTS .050 mm ........ 47.0 15.0 . ... 62 64 - 26 ... . '" . '" . 

.035 mm ........ 49.0 17.0 . ... 57 68 - 31 34.0 ... . . ... 
.025 mm ........ 51.0 19.0 .. . 55 72 - 36 . ... . ... ..' . 
.015 mm ........ 53.0 22.0 . ... 54 78 - 43 ... . ... . '" . 
Eighth Hard ...... 50.0 35.0 ... . 50 - SO 50 .... '" . '" . 
Quarter Hard ..... 54.0 40.0 . ... 43 - 55 54 36.0 ... . '" . 
Ha.lf Hard ........ 61.0 50.0 .... 23 - 70 65 40.0 " .. '" . 
Hard . . . . . . . . . . . 74.0 60.0 . ... 8 - 80 70 43.0 14.0 100 
Extra Hard ....... 85.0 62.0 .... 5 - 87 74 45.0 . ... .... / 
Spring .......... 91.0 62.0 . ... 3 - 90 76 47.0 20.0 100 

ROD 1.0 in. .050 mm ........ 48.0 16.0 . ... 65 65 - - 34.0 ... . . ... 
Eighth Hard (6%) .. 55.0 40.0 .... 48 - 55 - 36.0 '" . '" . 

WIRE .080 in. . 035 mm ........ 50.0 ... . . ... 60 - - - 34.0 ... . '" . 
Eighth Hard ...... 58.0 .... ... . 35 - - - 38.0 . ... '., . 
Quarter Hard ..... 70.0 . ... . ... 20 - - -. 42.0 22.1l" 300 
Half Hard ..... . 88.0 .... ... . 15 - - - . ... . ... ' ... 
Hard ........... 110.0 ... . . ... 8 - - - 55.0 . ... . ... 
Extra Hard ..... 120.0 " ... .., . 4 - - - 60.0 ... . '" . 
Spring .......... 128.0 . ... ... . 3 - - -- 60.0 ... . '" . 

• Rotating beam tests on rod 
The .alu •• Ii •• .d aba",. r.pr.'~1 r~lonabl. opproximaliam ,ullabl. lor ".n.red ."Gin_ring UI •. Du. 10 camm.rcial varia,iom in competition ar.I 
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COPPER AllOY No. 280 (MUNTZ METAL, 60%) 

Composition - percent 
Nearest Applicable AS T M Specifications 

Nominal Minimum Maximum 

Copper 60 
Lead 

Iron 

Zinc 40 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Clldficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

59.0 63.0 
.30 
.07 

Remainder 

.20 

1660 F 
1650 F 

English Units 

.303 Ib leu in @ 68 F 
8.39 

per "F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000116 per' F from 68 F to 572 F 
71 Btu Isq ft 1ft Ihr /,F @ 68 F 

37.0 Ohms (eire mil 1ft )@ 68 F 
28 % lACS @ 68 F 

.09 Btu lib 'F @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

Tube BIII,BI35,B395 

Wire 

905 C 
900 C 

C. G. S. Units 

8.39 gm Icu crn @ 20 C. 
8.39 

per" C from 20 C to 100 C 
per" C from::W C to 200 C 

.0000208 per' C from 20 C to 300 C 
.29 cal/sq em lem Isec r C @ 20 C 

6.16 Microhm-cm @ 20 C 
.162 Megmho-cm @ 20 C 

.09 eallgm I' C @ 20 C 
10,500 Kg Isq mm 
3,900 Kg ,Isq mm 

ARCHITECTURAL: panels and large sheets, trim 
large nuts and bolts HARDWARE: 

INDUSTRIAL: brazing rod, condenser plates;condenser, evaporator and heat 
exchanger tubes; hot forgings 

Common Fab,ication Processes 
Blanking, forming and bending, hot forging and 
pressing, hot heading and upsetting, shearing 

Fabrication Properties 
Capacity for Being Cold Worked .................... Fair 
Capacity for Being Hot Formed ................ Excellent 
Hot Forgeability Rating (Forging Brass = 100) .......... 90 
HOI Working Temperature ..... 1150·1450 F or 625-800 C 
Ar;n~:,\linf T'"Ei';'; i".lrt:n.'.... 800-1100 F or 425-600 C 
!..Ll~-;':ip~l::;li~)· R:l;i::.;i (Free Cut!in~ Brass = 100) ....... 40 

Suitability for being joined by: 
Soldering. ..... ~ . . . . . . . . . . • . . . . .. Excellent 
Brazing ........................ Excellent 
Oxyacetylene Welding ............. . .. GOGa 
Gas Shielded Arc Weldin','! .... . . . . . . . . F<ill 
Coated Meral Arc Welding ... Not Recommended 

1 
Spot ............... , Good 

Resistance Welding Seam ...... Not Recommended 
Butt ........•........ Good 

'111: ,,=I"1n li.l .. d =bo" .. r.pr •• "nl t.alonoblt: oppn".imolions lu;lobl. fo~ gan •• "l .ngin •• ring u ... Ou. 10 eamm.rcial "ari,donl in campc:.;li"n and 
10 manufoch.lring limilarionl. lh.y Ihould nor bt: uud lor .p.dficallon purpa •••. S.e opplicobl. A.S.T.HI. Ip..:iliCl:l!ion r.luene ••. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

J 

Strip, Rolled 
Strip, Drawn 

l 
Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled. 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 280 (Continued) . 

AnnAl1id T .mpers Rolled or Drawn Tempera Ho. 
Finished 
Tampen 

S CO 
Nominal Grain Siu mm ~ ~ 
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1. DRAWN - GESERAL PURPOSE temper is used 
[or general purpu~e tube only, usually where there 
is no real requuement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is net:d for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some 5tiffne!S, but 
yet .:apable of readily being bent lor other­
wise moderately cold work-ed) is needed. 

p 

Mechanical Properties Yield Strength Elong.l· 
Tensile 1.5% Ext. tion Rockwall Sh.ar Fatigua 

Size Strength under Load) 1.2% Offllltl in 2 in. Hardnes. Strength Strength 
Form Section Temper 

I 
Million 

in. ksi "'i ksi " FIB IJOT kli kli eyel .. 

FLAT .040 in. Soft Anneal . . ... . 54.0 21.0 .... 45 80 - 46 40.0 '" . . ... 
RODUCTS As Hol Rolled ... . 54.0 2l.0 .. ' . 45 85 - 49 40.0 ... . ." . 

Eighth Hard ....... 60.0 35.0 . ... 30 - 55 54 42.0 ... . . ... 
Half Hard .......... 70.0 50.0 .. , . 10 - 75 67 44.0 ... . ." . 

ROD l.0 in. Soft Anneal ........ 54.0 21.0 .... 50 80 - - 40.0 '" . . ... 
Quarter Hard ....... 72.0 50.0 .... 25 - 78 - 45.0 . ... . ... 
As Extruded ...... . 52.0 20.0 ., .. 52 78 - - 39.0 .... . .. " 

TUBE 1.0 in. 00 Light Anneal ...... . 56.0 23.0 .... 50 82 - 47 . ... ... . . ... 
X .DbS in. Hard Drawn (30%) ... 74.0 55.0 .... 10 - 80 - '" . ... . . ... 

, 

I I 

92 
The .alu .. Ihrad abo .... r.p""~1 ...aIQnabie approahnal!an. IUhClbl. ICir g_ral englnHring UI •. tN. to tomm ... dQI ,",rioliCin' In ~mpo.ItICNI one! 

to manvfadl,/ring IImlrallon •• they.n-ki not be u.ed for tp«if1(:C1rlon pI.IrpO,.,. s.. appllc:obl. A.5.T.M. 1p«ilicatlOn ,ef~. 
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COPPER AllOY No. 314 (LEADED COMMERCIAL BRONZE) 

Composition - percent 
Nearest Applic2ble A S T M S"eoificatiG~s 

Nominal Minimum Ma)Cimum 

Copper 89 
Lead 1.9 
Iron 
Zinc 9.1 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

Flat Products BI40 
87.5 90.5 

1.3 2.5 

.10 
Remainder 

.50 

1900 F 
1850 F 

English Units 

.319 Ib leu in @68 F 
8.83 

.,ler "F from 68 F to 212 F 
per" F irom 68 F to 392 F 

.0000102 per 0 F from 68 F to 572 F 
104 Btu Isq ft 1ft Ihr j"F @ 68 F 

24.7 Ohms (circ mil /ft )@68 F 
42 % lACS @ 68 F 
.09 Btu lib OF @ 68 F 

17,000,000 psi 
6,400,000 psi 

HARDWARE: 
INDUSTRIAL: 

Typical Uses 

screws, screw machine pans 
pickling crates 

Common Fabrication Processes 

Macbining 

Fabrication Properties 

Pipe 

Rod 

Shapes 

Tube 

Wire 

1040 C 
1010 C 

BI40 

BI40 

C. G. S. Units 

8.83 gm leu em @10 C. 
8.83 

perce from ~O C to 100 C 
per °C from 20 C to 200 C 

.0000184 per °C from 20 C to 300 C 
.43 cal/sq em /cm /sec r c @ 20 C 

4.10 Microhm-cm @ 20 C 
.244 Megmho·cm @ 20 C 

.09 eal/gm I'C @20C 
12,000 Kg Isq mm 

4,500 Kg Isq mm 

Capacity for Being Cold Worked ......... 0 •••••••• Good Suitability for being joined b:r: 
Capacity for Being Hot Formed ... 0 • •• • • • • • • • • • •• Poor 
Hot Forgeability Rating (Forging Brass = 100) ......•...•. 
Hot Working Temperature 0 •• 0 ••• 0 ••••• For. 0 ••• o. C 
Annealing. 'Temperature ... 0 •••• 800·1200 F or 425-650 C 
M:\cnin-'f:tli'.:: Ibt!nr, (Free Cuttiq; DIUS5 = 100) ........ 0 gO 

Soldering ........................ 0 ••• 0 • Excellent 
Brazing ................... 0 •• 0 0 •• 0 •• Good 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc \'.'eic,ing 0 ••••• Not Rf~C'::!IT1;:i1:nd,:_. 
Coated Metal Arc Weljing .. 0.0. No, R;:commf.nd'~,-· 

Resistance Welding Sear'] •.•..•. Nor Recommended ~ 
Spa ~ •....... Not n.el:GUii.'l~lj{kL . 

Butl ........... 0 •••••••• Fair 

Th., "'alu.,~ liu.d ob::"'e .. "ruenl reall;Jnob!e appraximalian1 illilahl" far general engineering u". Due la commer:ial wariaticns ;n ~ompQ.i"ic" "'r'>cl 
10 manuraduring limitOlioni. th.y 1hould nol be uled rar specifk,;nian purpa1"". s.. applicabl. A.S.ToM. ipeciflcal;gn rl!l"r,n.:uo 

(Conljn~ gn ~r .i.d~) 93 



Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 1 

Strip. Rolled 
Strip, Drawn 

l 

Flat Wire, Rolled 
Flat Wire, Drawn 

Sar, Rolh:d 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 314 (Contil)ued) 

Ann .. IKI T empen RolI.cl or Dr.wn Temper. Hot 
Finished 

::: Tempers 

I ~ 

~ ~ 

"E 
, ;; .. , 

• -; • :t '" i. = 
N I j '" ~ 

, , 
"E ~ t • , "i E '" '" • • (; 
:l! '" ~ ~ l • ~ • 

~ 0 ~ IS 
0: .... 

~ 
~ 

~ c i 1< j t 

! ! ... ~ ~ • '" :c .. 1 .". ~ (:. ~ 1< l 1< .s ~ j <l <l .. 0 .. .. 
i i , , c , 

" " 
~ 

0 

~ ill on on 
~ 

E ... N q j q 'l q 

Nominll Gr.in Sil.l mm 

...........................•.......... ................. . 

..... '.,., ............. ~ .......•........................................... 
. . . . . . . , . . , . . . . . . . . . .. ............................ ~ . . . . . . . . , . . . . . . . . . . . . . . 

) 

1. DRAW~ - GENERAL PURPOSE temper is used 
for genera..! purpuse tube only, usually whert~ there 
is no real requirement for high strength or hardness on 
the one ha."ld or for bending 'q~aJjt~es on the other. 

2. HARD DRAWN temper i5 used 
only wh~re ther~ is n~~d for a tube 
as hard or ilS strong as is commer· 
cially feasible for the size in question. 

3. UGHT DRAWN - BENDING temper is 
used only whae l tube of some stiffness. but 
yet capable o( readily being bent (or other· 
wise moderately cold worked) is needed.. 

Mechanical Properties Yi.l~ Strangth Elonp-
Tonsila (.5% Ext. tion Rockwall Sh .. , FAtiQu. 

Siza Slr.ngth unda, Lo.d) 1.2% Off,.,' in 2 in. turdn ... StUng1h Str.ngth 
Form Section T.mpar 

I 
Million 

in. k.i Q' Q' " FIB 1lOT . Q' ... eyel • 

ORA\>. 'i .250 in. Half Hard ........ 55.0 50.0 . ... 12 - 61 - 31.0 ... . '" . 
B.~R 

ROD 1.0 in. .050 mm ......... 37.0 12.0 '" . 45 55 - - ·-24.0 '" . . ... 
.250 in. Half Hard (37%) .... 60.0 55.0 '" . 10 - 65 - ·32.0 . ... '" . 
. 500 in. Half Hard (25%) .... 55.0 50.0 '" . 14 - 61 - .31.0 . ... . ... 

1.0 in. Half Hard (20%) .... 52.0 45.0 '" . 18 - 58 - 30.0 ..' . . ... , 

I I i I 

. 
'. 
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COPPER AllOY No. 316 (LEADEDCOMMERCIAL BRONZE, NICKEL BEARING) 

Composition - percent 

Nominal Minimum MalCimum 

Copper 
Lead 
Iron 
Zinc 

Nickel 
Phosphorus 

Total Other Elements 

. Physical Properties 

89 
].9 

8.1 
I 

87.5 
1.3 

90.5 
2.5 

.10 
Remainder 
.7 1.2 

.10 

.50 

1900 F 
1850 F 

English Units 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density .320 Ib leu in @. 68 F 
8.86 

Nearest Applicable A S T M Specifications 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

1040 C 
1010 C 

8140 

BI40 

BI40 

C. G. S. Units 

8.86 gm ,leu em (~. 20 C. 
8.86 Specific GraviIY 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

per c F from 68 F to 11::! F 
per ~ F from 68 F to 392 F 

.0000102 per <> F from 68 F to 572 F 
81 Btu Isq ft 1ft Ihr 1°F @ 68 F 

32.4 Ohms (circ mil 1ft ) @68 F 
32 % IACS@68 F 

per ~ C ;'rom 20 C to 100 C 
per "'C from 20 C to 200 C 

.0000184 per"C from20C t0300C 
.33 c::!l ,'sq em Icm /sec /" C @ 20 C 

5.39 Microhm-em @:WC 
.186 Megmho-cm @20C 

·Volume Basis 

.09 Btu lIb OF ~ 68 F 
17,000,000 psi 

psi 

Typical Uses 

.09 cal/gm /"'C @20C 
12,000 Kg ,'sq mm 

Kg /sq mm 

Electrical connectors, fasteners, hardware. nuts, screws, screw machine parts 

Common Fabrication Processes 

Machining 

Fabrication Properties 
Capacity for Being Cold Worked ................... Good 
Capacity for Being Hot Formed ................... Poor 
Hot Forgeability Rating (Forging Brass = 100) 
Hot Working Temperattlre . . . . . . F or 
Anne.::ling Temperaturt: ........ 800-1:00 F OJ' 

Machinability Rating (Free Cuuing Brass = 100) 

C 
42S..(iSO C 

80 

Suitability for being joined" by: 
Soldering ..........................• Excellent 
Brazing .............................. Good 
Oxyacetylene Weldin!! ........ .Not Recommended 
Gas Shielded Arc Welding ...... .Not Recommended 
Coated Metal Arc Welding ...... .Not Recommended 

1 
Spot ........ .Not Recommended 

Resistance Welding Seam ....... .Not Recommended 
Butt ..............••...• .Fair 

Tn. yeluu 1i51,d aba .. , rlpr .. ,nl rla$enebl, eppre.';malien5 ,uitebl. fer glnl.al Inginllring UII. OUI 10 eemm.rcicl Yadalianl in eempeaitian end 
10 manufecturing limitalien •. Ihey .nauld nal bl! u.1td far apeeifkatian purpeul. S .. appn~abl1 A.S.T.M. Ipuifieal;an 'Iferlne.a. 
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COPPER AU .. OY No. 316 (Continued) 
Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

Ann .. lld T ..,..~n 

Nominal Grain Size mm 

i 
e e .. 

~ 
<> 

~ i!! '" '" ~ 0- N i:i q q q 
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~ 

i " " ~ 'iii 
~ e 

" , e 
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] e: e .r • e 

~ " 1 
,~ :f I ~ 

" l!' j e e ~ l ~ ~ ~ :!! w w " 
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e • '" I 
e 
1 • 0 

" ! 

HoI 
Finilhed 
Tempers 

] 1 .. 
" a: , 

~ ~ 
.:/ .:/ 

) 

i 
E 
" l-

1 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

........•................... 

PIPE 
SHAPES 

1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requiremt:nt for high strength or hardness on 
the one hand Of for bending qualities on the other. 

M h IP Be amca rOpert.BS 

Size 
Form Section T.mpar 

in. 

DR AWN BAR .250 in. Hard ............. 

ROD !.O in. .050 mm ......... 
.500 in. Hard (38%) ....... 

1.0 in. Hard (38%) ....... 

... 

............... ~ .................... . 

2. HARD DRAWN temper is used 
only where there is need for a tube! 
as hard or as suong a5 is commer­
cially feasible for the me in question. 

Yield Stre~h Elo ... • 
Tensile 1.5% Ext. tion 
Strenllth under Load) 1.2% 01''''' in 2 in. 

lui lui Iu' " 

63.0 56.0 ..... 12 

37.0 11.0 . .... 45 
67.0 59.0 . .... 13 
65.0 57.0 . .... 15 

I 

, 
, • 

3. UGHT ORA WN - BENDING temper is 
u£ed only where a tube of sume !tiffn.::;!, but 
yet capable of readily bt!ing bent {0. ather­
wise moderately cold worked} is n1!eded. 

Rockwell Sh .. , Fatigue 
Hardneu Str.ngth Stuo;th 

Million 

F' B '30T kli kd I eyel", 

- 70 - ... . . ... . . . . 

55 - - 24.0 ' ... . .. 
- 72 - 40.0 ... . '" . 
- 70 - 39.0 '., . '" . 

) 

TM \'Glu •• lilted Gba",. ,.pr ••• nt reo&O"",bl. opptOalmallonl .ultobl. for g.n.rol ..-.g1,,",lna UI •• Du. tG cormn.rdQI .oriGtlOM In compolhlon one! 
96 10 manufacturing IImltotlon., I...,. .hould no' be Uled for Ipecifif;Gtlon purpo .. l. s.. oppllf;Gbl. A..S.T.M. fP«\,Haadcin ref.r_. 
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COPPER AllOY No. 330 (LOW-LEADED BRASS TUBE) 

(See also Copper AJloyNo. 335) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum ~-!aximum 

Flat Products BI21 
Copper 66 65.0 68.0 

Lead .5 .20· .8 Pipe 

Iron .07 Rod B453 
Zinc 33.5 Remainder 

Total Other Elements .50 
Shapes 

Tube BI35 

Wire 

" For tube over 5 inches 00, lead 
may be less than .20 percent. 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
M.odulus of Rigidity 

• Volume BilSis 

InOF 
1660 F 

English Units 

.307 Ib leu in @ 68 F 
8.50 

per G F from 68 F to 212 F 
per G F from 68 F to 392 F 

.0000112 per ° F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr /"F @ 68 F 

39.9 Ohms (eire mil 1ft ) IS 68 F 
26 % lACS @ 6a F 

.09 Btu lib OF @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

940 C 
905 C 

C. G. S. Units 

8.50 gm .-'ell em ~ 20 C. 
8.50 

per "C from 20 C to 100 C 
per G C from 10 C to 200 C 

.0000202 per· C from 20 C to 300 C 
.28 eal1sq em lem lsee 1° C@ 20 C 

6.63 Microhm-cm @ 20 C 
.151 Megmho-cm @ 20 C 

.09 'cal igm 1° C @ 20 C 
10.500 Kg isq mm 

3,900 Kg /sq mm 

GENERAL PURPOSES: where some degree of machinability is requir::d, 
together with moderate cold working properties 
pump and power cylinders and liners INDUSTRIAL: 

MUNITIONS: primers 
PLUMBING: plumbing accessories, plumbing brass goods 

Common Fabrication Processes 

Forming and bending, machining, piercing and punching 

Fabrication Properties 
Capacity for Being Cold Worked ...... , .. , .... Excellent 
Capacity for Being Hot Formed ........... , ....... Poor 

Suitability for being joined by: 
Soldering. . . .. . .................... Excellent 

Hot Fcrgeability Rating (Forging Brass = 100) .......... . Brazing .... : ........................ Good 
Ho' ","'orking Tempe:-ature ........ ,... F or ....... C 

--:-~nealing Temperature ........ 800-1200 F or 425-650 C 
Machinability Ratin~ (Free Cutting Brass = 100) ......... 60 

Oxyac,;;':~']ent: '\\'eidinp, ................ _.,. F"lr 
Gas Shlelded Arc Weldmg ................. Filir 
CO?::d Metall .. _rc Welding ..... Not Recommended 

1 
Spat .................... Fair 

Resistance Welding Seam ........ Not Recommended 
Butt ...•.........•...... Fair 

Th ... olt",. 1I11.d abo ... r.~r ... nl r.Olonabl. appra,,;malianl luiloble far g.n.,..,1 ."gin •• ring '1$ •• DUI! 10 camml!rcial "ariallon. in campOlilian and 
la manufaCluring IimitaTian •• Ihe,. dlluld nel be Uled for .p<tCilicaTIG" purpel.l. S.e applicable A.S.T.M. J.PI!Cifil:l:>tlon rll'f.r.nc.,. 97 
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COPPER ALLOY No. 330 (Continued) 
Forms and Tempers Ann_led Tempera Rolled or Or.wn Tempers Hot 

Finishld' Most Commonly Used 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolh:d 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 

Nominal Grain Site mm 

i 
C 
c 

" 0 0 0 "' "' "' 0 ~ "' '" N q ~ .., q "! q q 
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TUBE .....•.....•......... .............................•..•........... 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually whcre there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M hiP ec anlca ropertles 

Size 
Form Section Tamper 

in. 

TUBE 1.0 in. OD .050 mm ........ . 
X .065 in .025 mm ....... . . 

Hard Drawn (35%) .. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i ) .... 

2. HARD ORA WN temper is used 
only where there is need for a tube 
as h:lfd or as strong :IS is commer· 
cially feasible for the sile in question. 

Yield Strength ElonlPl-
Tensile tJi% Ext. tion 
Strength under Loadl (.2% Offset) in 2 in. 

ksi ksi ksi % 

47.0 15.0 ... . 60 
52.0 20.0 '" . 50 
75.0 60.0 ... . 7 

3. UGHT DRAWN - BENDING temper is 
used only where a tube of some 5tiffnen, but 
yet c3pable of readily being bent (or other­
Wise moderaldy cold Worked) is nceded_ 

Rockwell Shear Fatigue 
Hardness 5trangth Strength 

FIB 130T k.i k.i 
.1 Million 

Cycles 

64 - 26 '" . ... . '" . 
75 - 37 '" . . ... . ... 
- 80 69 '" . ... . .... 

) 

1M vglu .. Ii.t-.;! aba ... repn,enl realonabl. approximgllon. luhabl. far ;enllolen;lnHring u ... Du. 10 ~omm.rdal variation. in compo,itlan and 
98 la mgnufacturing IImhalionl. IMY mould nol be ",ed far ~fieutllHl purpo •••• s.. ctpplieubl. A.S.T.M.. ~flr;allcin , ... ~encn. 
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COPPER AllOY No" 332 (HIGH-LEADED BRASS TUBE) 

(See also Copper Alloy Nos. 342 and 353) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 66 
Lead 1.6 
Iron 
Zinc 32.4 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basu 

65.0 68.0 
1.3 2.0 

.07 
Remainder 

.50 

1710 F 
1650 F 

English Units 

.308 Ib leu in @ 68 F 
8.53 

per" F from 68 F [0 212 F 
per" F from 68 F to 392 F 

.0000113 per ° F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr 1°F @ 68 F 

39.9 Ohms (eire mil 1ft )@ 68 F 
26 % lACS @ 68 F 

.09 Btu lIb OF @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

930 C 
900 C 

B1 ~ 1 

B453 

BI35 

C. G. S. Units 

8.53 gm leu em @ 20 C. 
8.53 

per C C from 20 C to 100 C 
per C C irom 20 C to 200 C 

.0000203 per 0 C from 20 C to 300 C 
.28 eal/sq em lem Isee 1° C @ 20 C 

6.63 Microhm-cm @ 20 C 
.151 Megmho-cm @ 10 C 

.09 eal/gm I"C @20C 
10,500 Kg /sq mm 
3,900 Kg !sq mm 

General purpose screw machine products 

Common Fabrication Processes 

Machining, piercing and punching 

Fabrication Properties 
Capacity for Being Cold Worked .................... Fair Suitability for being joined by: 
Capacity for Being Hot Formed ..........•........ Poor 
HCll Forgeability Rating (Forging Brass = 100) ............ . 
Hot Working Temperature. . . . . . . . . . . .. F or ...... C 
Annealing Temperature ........ 800-1200 F or 425·-650 C 
Ma.::hinability Rating (Free Cutting Brass = 100) ....... 30 

Soldering ........................... Excellent 
Brazing ............................. Good 
Oxyacetylene Welding ....... Not Recommended 
Gas SideJded Arc Welding ..... Not Recommended 
Coated ?vI·.!l .. J! Arc Welding ..... Not Recommended 

Resistance Welding Seam ....... Not Recommended 1 
Spot ......•. Not Recommended 

Butt .•.•..•.•........... Fair 

Th. "'<;Iluu li,11'd abo". r.pre,enl rHllonabl. appro.imcn;onl lu;Ioblot lor ~l!!n.,rt:1 ~ngln""'ring U"", Out! 10 tomm.erdol "od<;ll;OnJ in (ompall',on ond 
10 monulocluring IimiToI;onl. Ih • ., Ihould nol b. uilld lor IpKifkal;an pU.pO .. I. S .. applicable •. S.T.M. Ipedliccnion r.ler.nclll. 

(Con.linUC'd an aIMr .Uft) 99 
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COPPER ALLOV No. 332 (Continued) 
Forms and Tempers Ann_IMI T.mpen Rolled or Drawn T MllpII'I Ho. , 
Most Commonly Used 

FLAT 
PRO[lUC'TS 

Strip, Rolled 
Strip. Drawn 

Hat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

Nomirwl Gr.in SlUi mm 

8 l< § lil III II> 

q ., q q q 
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Bar. Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE ........•............................. , ...........•...•............ 

PIPE 
SHAPES 

I. DRAWN - GENERAL PURPOSE temper is. used 
for general purpose tube: only, u5ually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M hiP ec amca ropertles 

Si .. 
Form Section TempM 

in. 

TUBE I.D in. OD .025 mm ........ 
X .D65 in. Hard Drawn (35%). 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as haId or as strong as is commer­
ci.ally feaMble for the size in question. 

Yi,ld Strength Elonp· 
TlIfllile 1.5% Ext. don 
Strength UndM Loadl 1.2% Off ... , in2ln. 

kli lui lui " 
52.0 20.0 ... . 50 
75.0 60.0 ... . 7 

-\' .. . 
) .. . 

3. UGIIT DRAWN - BENDING tmlpcr 
used only where a tube of some S1!ffness, hi 
yet capable of readily being bent (or othe 
wise moderately cold worled) iJ needed. 

Rockwell Shoo. F,Hgul 

Hardri ... Strength Slr.ngth 

I Million 

FIB I30T lui lui Cycles 

75 - 36 ... . '" . '" . 
- 80 69 ... . '" . . .. 

) 

I 
The yaiu.1 1I11.d oboy. r.pr.len' reoaolWlbl. appro.lmolians Illilobl. far a_ral ~""rlng III •• 011. 10 CGmm.rdal yariallou in compen..llion and 

100 10 mol'lufadllrlngllmhollom.. they Ihoilid -'01 b. IIUG fat IIP4dficution purpoMI. s.. oppllc:obl. A.S.T.M.lPKificalhia,.,.,.,,;es. 
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COPPER AllOY No. 335 (LOW-LEADED BRASS) 

(See also Copper Alloy No. 330) 

C:m1position - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 65 
Lead .5 
Iron 

Zinc 34.5 
Total Other Eleemnts 

Physical Properties 

Melting Point (Liquidus) 
Melling Point (Solidus) 

Density 
Specific Gravity 

Codfkicnt of Thermal Expansion 
Cocfficil!nt of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical ConduL:tivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elastici[y (Tension I 
Modulus of Rigidity 

• Volume B:lsis 

62.5 66.5 
.30 .8 

.10 
Remainder 

.50 

1700 F 
1650 F 

English Units 

.306 Ib leu in @ 68 F 
8,47 

per" F from 68 F to 2!:2 F 
peroF from 68 F to 392 F 

.0000113 per a F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr 1°F @ 68 F 

39.9 Ohms (eirc mil 1ft )@ 68 F 
26 % IACS@'68 F 

.09 Btu lib 'F @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

925 C 
900 e 

BI21 

B453 

C. G. S. Units 

8.47 gm Icu cm @' 20 C. 
8.47 

per" C from ~O C to 100 C 
per" C from 20 C to 200 C 

.0000'203 per" C from 20 C to 300 C 
.28 cal{sq em fern /sec r c @ 20 C 

6.63 Microhm-<:m @ 20 C 
.151 Megmho·cm @ 20 C 

.09 eal/gm loe @20e 
10,500 Kg Isq mm 
3,900 Kg Isq mm 

HARDWARE: butts, hinge brass, watch backs 

Common Fabrication Processes 

Blan\:ing, drawing, machining, piercing and punching, stamping 

Fabrication f.lroperties 
Capacity for Being Cold Worked .................. Good 
Capacity for Being Hot Formed .................. Poor 
Hot Forgeability Rating (Forging Brass = 100) ......•..... 
Hot Working Temperature .............. F or ....... C 
Annealing Temperature ........ 80Q·13QOF or 425-700 C 
Machinability Rating (Free Cutting Bra:;!; = 100) ......... 60 

Suitability for being joined by: 
Soldering. . . . . . . . . . . . . .. . .......... Excellent 
Brazing .............................. Good 
Oxyacetylene Welding ................... Fair 
Gas Shielded Arc Welding ................. Fair 
Coated Metal Arc Welding ..... Not Recommended 

~ 
Spot .......•....•...... Fair 

Resistance Welding Seam ....... Not Recommended 
Butt .......•........... Fair 

The velu ... li.,.d ebe ... r.prele'" rl!"C.e"eble epproxime,jen' .ui'eblo fe• <,iene.el .. n<;l;ne~·;ng "II!. 0" .. 'e commerc;ef vot;e';on. in compOlil;e" end 
'e menuFeClurin" limi'e';en •• 'hey .heuld no' be und for .pecifice,jen purpose$. See epplicebl ..... S.T.M. 5plIKific.c'ien ... r"flnCO,. 
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COPPER ALLOY No. 335 (Continued) 

Forms and Tempers Ann .. lm TemPV' Roll" or D,.wn Temp .... HoI I Flnl .... Most Commonly Used 
, 

T.mpen. I 

I 
M 

Nomllllli Gr.in Siu mm ~ ~ 
." 

, ;; .. c 
; ;;; • :t 

., 
i ; 

; N I ] 1 "E c c 
i "E " ~ • c "i e c :! :! ~ "E 

~ '" • • .. 
~ • c c ~ :! I ~ .5 a: >-c " ; '" Q " .c :t ~ c ! 1< :; 

lO .. " I ~ ~ • .. 
~ 

0 

~ I!l "' "' :: • "E j ~ 
w u ... N Ci 3' .R' :! ~ 1< 1( .5 3' ! q q q d! 

, 
:! .I .I w Q w w 

Strip. Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar. Rolled 

..•. e' ......................................................... . 

FLAT 
PRODUCTS ...........................•.................................. 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

..........................•.................................. 
.......................................................................... 
.......................................................................... 

PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high 5uength or hardm:ss on 
the one hand or for bending qualities on the other. 

M hiP ec anlca ropert,es 

Size 
Form Section Tamper 

in. 

FLAT .040 in. .070 mm "'" -" 
PRODUCTS .050 mm ...... , . 

.035 mm ....... . 

.025 mm ....... . 
Quarter Hard ..... 
Half Hard ........ 
Hard .......... . 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hud or as strong as is commer­
cially feasible for the me in question. 

Yield Su.ngth ElonQa' 
Tlr1sil. (.5% Ext. tion 
Strani\h under Lo.d) (.2% Offset) in 2 in. 

ksi lui lui " 
46.0 14.0 ',. - 65 
47.0 15.0 ' ... 62 
49.0 17.0 ' ... 57 
51.0 19.0 ... . 55 
54.0 40.0 ... . 43 
61.0 50.0 ' ... 23 
74.0 60.0 '" . 8 

) 
.... 
.... 

3. UGHT DRAWN - BENDING temper i! 
usc:d only where a tube of some stiffness, bUI 
yl!t capable of readily being bent (or other­
wise moderately cold Walked) is needed. 

I 

Rockwell Sh .. , htigu. 
Hardn ... Str.ngth Stnngth 

I 
Million 

F LB i30T lui ... Cycles 

58 - 15 32.0 .... .... 
64 - 26 .. ' . . ... '" . 
68 - 31 34.0 .... ., _ . 
72 - 36 ... . .... '" . 
- 55 54 36.0 .. , . '" . 
- 70 65 40.0 .... '" . 
- 80 69 43.0 .... '" , 

) 

102 
The ...a1l •• 1 Ibl..:l abo". rapr •• enl reoaanabl. oppro.lmallonl lulilibl. for 1iI_1"II1 erogl"".rlng UI •• Ikt. 10 tomm.rdol ...ariatianl In compoaliion lind 

10 rnanvfocturing Umllatlom.. they.t-Id -'01 be 111..:1 for lpecllication poIIlXlfI ••• S-lIpplkabl. "'.$.T.M. &p«ffiadldn refererQs. 
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COPPER AllOY No. 340 (MEDIUM-LEADED BRASS, 64'h%) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 65 
Lead 
Iron 

Zinc 34 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

62.5 66.5 
.8 1.4 

.10 
Remainder 

.50 

1700 F 
1630 F 

English Units 

.306 Ib leu in @ 68 F 
8.47 

percF from 68 F to 212 F 
per C F from 68 F to 392 F 

.0000113 per ° F from 68 F to 572 F 
67 Btu /sq ft 1ft Ihr j"F @ 68 F 

39.9 Ohms (eire mil 1ft )@ 68 F 
26 % lACS @ 68 F 

.09 Btu lib OF @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

HARDWARE: 

Flat Products B! 21 

Pipe 

Rod B453 

Shapes 

Tube 

Wire 

925 C 
885 C 

C. G. S. Units 

8.47 gm jeu em € 20 C. 
8.47 

per ~ C from :0 C to 100 C 
pt!r D C from 20 C to :200 C 

.0000203 per" C from 20 C to 300 C 
.28 cal /sq cm /em /sec r C @ 20 C 

6.63 Microhm-cm @ 20 C 
.151 Megmho~cm @:W C 

.09 cal Igm 1° C r£ 20 C 
10,500 Kg Isq mm 
3,900 Kg /sq mm 

MISCELLANEOUS: 
butts, gears, nuts, rivets, screws 
dials, engravings, instrllment plates 

Common Fabrication Processes 

Blanking, heading and upsetting, machining, piercing 
and punching, roll threading and knurling, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ................ Good Suitability for being joined by: 
Capacity for Being Hot Formed ................. Poor 
Hot Forgea bility Rating (Forging Brass = 100) .......... . 
Hot Working Temperature ............ F or ...... C 
Annealing Temperature ....... BOO-I200 F or 425-650 C 
Machinability Rating (Free Cutting Brass = 100) ....... 70 

Soldering ....................... Excellent 
Brazing .......................... Good 
Oxy;!celylene Welding ....... Not Recommended 
Gas Shielded Arc 'Ne/ding .... Net Recommended 
Coaied M~lal Arc Welding .... Not Recommended 

Resistance Welding Seam ..•... Not Recommended j Spot ...... Not Recommended 

Butt ................ Fair 

Tho: "QI"IU ri.I.d ebey. r.pr.tenl ,.,e.onable epprOllimalionJ lu;loble for general engin.,,,ri,.,g ".e. 0"" la ~Dmm"rtiot vQriolicnl in ~ompeJition "lr.d 
10 man"reChlring limilelienl. Ihe.,.lheuld no' be Vied lor .pecifi~elion purpo'.I. Se" epplicebr. A.S.T.M •• p""ifitation ref.,.mu. 

(Conlirnu.d all. Dl.Mr .ide) lil3 



Forms and Tampers 
Most Commonly Used 

FLAT 
PRODUCTS I 

Strip, Rolled 
Strip, Drawn 

Fla t Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar. Drawn 

Sheet 
\ Plate 

ROD 
WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 340 (Continued) 

Ann .. I" Temptl'1 RolIMl or On ... n T.nII*" 

~ 
Nomin.1 Grain SiZi mm 8. 

"E of 
• ~ :t N 

1 "E ; e 
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j " • e .i 
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..........• , .........•... '., .................... . 

Hot 
Flnilhlld ) Tempera 

i ] 
"i E "0 .. • II: , .... 

~ ~ :! 
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..... ) 

1. DRAWN - GENERAL PURPOSE temper is. used 
fur general purpose tube only, usually where there 
is no real requiIement for high strength or hardness on 
the one hand or for bending qualilies on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as !luang as is commer­
cially feasible for the size in question. 

3. UGHT DRAWN - BENDING temper is 
used only where :1 tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needt:d. 

Mechanical Properties Yield Strength Elon;l-
Tensile 1.5% Ext. tion Rockwell Sh .. , fltigul 

Site Strength und81 Load} 1.2% Off ... 1 In 2 in. Hlrdn .. Str.n~ Strength 
Form Section Tlmp.r 

I 
Million 

in. ksi ksi kli " FIB IJOT ksi ksI Cyel .. 

FLAT .040 in. .050 mm ........ 47.0 15.0 '" . 60 64 - 26 ... '" . '" . 
PRODUCTS .03-5 :!'1m ........ 49.0 17.0 ... . 54 68 - 31 34.0 . ... . ... 

.025 mm ........ 51.0 19.0 ... . 53 72 - 36 .. ' . .. ' . '" . 
Quarter Hard ..... 54.0 40.0 ... . 41 - 55 54 36.0 .. ' . '" . 
Half Hard .. _ ..... 61.0 50.0 ... - 21 - 70 65 40.0 -... .... 
Hard . _. -....... 74.0 60.0 ... . 7 - 80 69 43.0 -... -- --

ROD 1.0 in. .025 mm ........ 50.0 19.0 ... . 60 70 - - 34.0 '" . -... 
Quarter Hard (10%) 55.0 42.0 ... . 40 - 60 - 36.0 .. _. .... 

) 
WIRE .080 in. .025 mm ... _ .... 50.0 ... . . ... 60 - - - 34.0 ... . . - _ . 

Eighth Hard ...... 58.0 '" . -" . 45 - - - 38.0 . ... -. _. 
Half Hard ........ 88.0 ... . -" . IS - - - 46.0 ... - .., . 

I I 

The ... alll.' 1I.'ed aba .... repr •• _"' r.alQnabl. apPi'Oxlmolio"1 .uitobl. for 1iI_"erol .""I""ri",, II ••• tkle 10 ~mm.rcIQI ... arloliOtUl In ~politl.". ond 
104 10 morndadU""" IImllo:;llllOtUl. lhey Ihould not be IIlecllor lpIdfkQljoot purpoa ••• s.. applkabl_ .... S.T.M. IpecifimtlOn nI~ 
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COPPER AllOY No. 349 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 62.2 
Lead .3 

Iron 

Zinc 37.5 
Total Other Elements 

Physical Properties 

Melting Point (Uquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal ExpJnsion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Eldstidty (Tension) 
Modulus of Rigidity 

·Volnme Basis 

c: 

61.0 64.0 
.10 .50 

.10 
Remainder 

.50 

1670 F 
1640 F 

English Units 

.305 Ib leu in @ 68 F 
8.44 

per e F from 68 F to 212 F 
per e F from 68 F to 392 F 

.0000113 per ° F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr 1°F @ 68 F 

39.9 Ohms (cire mil 1ft ) @ 68 F 
26 % lACS @ 68 F 

.09 Btu lib OF @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 
1 C 

910 C 
895 C 

c. G. S. Units 

8.44 gm Icu em @ 20 C. 
8.44 

per e( from 20 C to 100 C 
per e C from 20 C to 200 C 

.0000.203 per e C from 20 C to 300 C 
.28 cal/sq em Icm Isec Ie C @ 20 C 

6.63 Micrahm-cm @ 20 C 
.151 Megmho-cm @ 20 C 

.09 eal/gm 1°C @20C 
10,500 Kg Isq mm 
3,900 Kg Isq mm 

Building hardware, drilled and tapped rivets, 
plumbing goods, saw nuts, and parts requiring-­

. moderate cold working combined with some 
machining 

Common Fabrication Processes 

Bending and formi.ng, heading and upsetting, 
machining, roU threading and knurling 

Fabrication Properties 
Capacity ior Bcing Cold Worked .................. Good Suitability for being joined- by: 
Capacity for Being HOI Formed ................... Fair 
Hor Forgeability Rating I Forging Brass = 100) ........... . 
Hot Working Temperature ..... 1250-1450 For 675-800 C 
Ann~aling Temperatur1: ........ 800-1200 F ut 475-550 C 
Machinability Rating C:"="ree Cutting Brass = 100) ........• 50 

Soldering ........................... Excellent 
Brazing ......... , .................... Good 
Oxyacelylene Welding ................... Fair 
Ga:i Shddcd A.rc Wdding .................. FaiT 
Coatl;d MeIal Arc I.'lelding ..•... Not Recommended 

Resistance Welding Seam .•..... Not Recommended ~ 
Spot ...•....••......•... Fair 

Butt •.......•.......•... Fair 

Th ... ",Iu •• Ii.t.d abe"l rlprlunl tHllanable eppre"im",lionl luil",b1e fo. gln""o1 enginllering u ••. DUI fa tammo.tial .. arialicm, in tampa.ilian an.d 
10 manufa~luting limilalian •• th.y .hauld nal bl! ul.d fer Ip .. dricalian purpOIU. S •• opp·itobl ..... S.T.M. Ipecilicolian r.r".ncel. 

(Canlintud an oLMr .idr) 107 



Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, RoU!!d 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, RoHed 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 349 (Continued) 
Ann .. led T etnplrt Rolled or Onwn Tlmpen 

S ~ 

Nominal Grain Sin mm i .~ 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real n:qUtIclllent for hIgh strength or hardness on 
the one hand or for bending qualities on the olher. 

2. HARD DRAWN temper is used 
only where there is need for a tUlk! 
as hard or as strong .15 is commer· 
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yt!t capable of readily being bent (or other­
wise moderately cold worked) is needed. 

M hiP eG amca ropertieS Yield Strength Elonga-
TMtSiia 1.5% Ext. tion Rockwall Sh .. t Fatigue 

Size Strength und.f Load) (.2% Ofbet) in 2 in. Hardn ... Strength Strength 
Form Section Tampar 

I 
Million 

in. ksi ksi kli ;,; ;: 12 hOT kli ksi Cycles 

ROD .250 in, .035 mm ..... " .. 53.0 24.0 ... , 50 75 - - 34.0 .... .., . 
1.0 in. QUartl!r Hard (10%) . 56.0 42.0 '" . 42 - 70 - 36.0 , ... , ... 

WIRE .750 in. .050 mm """" . 48.0 16.0 . .. , 72 67 - - 32.0 ... . ., .. 
,250 in. .015 mm ,.,., .. , . 55.0 22.0 . ... 48 70 - - 35.0 ... . .... 
.250 in. Quarter Hard (21 'Yo) • 68.0 55.0 ... . 18 - 72 - 41.0 .... '" . 

) 

TM VCllu .. li.ltd Clbav. r.pr •• en, reCI.anabl. appraairnatianl .uitgbl. far g.n.ral .ngln"ri"", IIH. Du. ,a commercial _riatlans in compolilion and 
108 la mcmufOC1uring IimilCilianl. th.., should 1\0' be u.ed 'gr specifitalion P'lrpa .... SoH applitabl. ".S.T.M. spedflc:atiOn refMM'IQS. 

) 
.. we· z* Oil 



COPPER AllOY No. 350 (MEDIUM-LEADED BRASS, 62%) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Ma.imum 

Copper 

Lead 
Iron 
Zinc 

62.5 
1.1 

36.4 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melling Point (Solidus) 

Density 
Specific Gravity 

COclflc:icnt of ThermJi Expansion 
Codfi.:ient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

59.0· 
.8 

64.0 
1.4 

.10 
Remainder 

.50 

·Copper. 61.0% minimum for rod. 

1680 F 
1640 F 

English Units 

.306 Ib leu in @ 68 F 
8.47 

per" F from 68 F til 21::: F 
per C F from 68 F to 392 F 

.0000113 per ° F from 68 F 10572 F 
67 Blu Isq ft 1ft Ihr 1°F @ 68 F 

39.9 Ohms (eire mil If I ) @ 68 F 
26 'if lACS @ 68 F 

.09 Btu lib OF @ 68 F 
15,000 ,000 psi 

5,600,000 psi 

Typical Uses 

Flat Products 

Rod 
Wire 

Tube 
Pipe 

BI:!l 
B453 

Shapes 

915 
895 
8.47 
8.47 

.0000203 
.28 

6.63 
.151 

.09 
10,500 

3,900 

C 
C 

C. G. S. Units 

gm leu em @ 20 C. 

per "C from::;O C to 100 C 
per" e from:.'!O e to ::;00 C 
perce from 20 e to 300 C 
cal jsq em /cm /sec r e @ 20 e 
Microhm·cm @:.'!O e 
Megrnho-cm @ 20 C 
cal Jgm j"e @20C 
Kg /sq mm 
Kg /sq mm 

~I 

Bearing cages, book dies, clock plates, engraving 
plates, gears, hinges, hose couplings, keys, Jock pans, 

.!-_~_.- 10"cKtumblers, meter parts, sink strainers, strike 
plates, templates, nuts, type characters, washers, wear 

plates 

Common Fabrication Processes 
r,·,r<_>- ( ,.', 

Blanking, machining, piercing and punching, roll 
t.b..reading and knurling, stamping 

Fabrication Properties 
Capacity for Being Cnld 1,l:orked ................... Fair 
Capacity for Being Hrlt Formed ................... Fair 

Suitability for being joined by: 

Hot ForgeabiJity Rating (Forging Bnss = 100) ......... 50 
Hot Working Temper.lture .... 1400-1500 F or 760-800 C 
Anne~!Iing Temperature ....... 800-1100 For 415 .... 500 C 
Machinability Rating lFree Cutting Brass = 100) ......... 70 

Soldering ........... , ...... , , ....... Excellent 
Brazing .............................. Good 
Oxyacetylene Welding ... , . , ... Nor Recommended 
Gll:; Shiflded /uc Welding ...... Not Recommended 
(oated Meal Arc \Velding ..... Nut Recommended 

Resistance Welding Seam .... , .,. Not Recommended I Spot ....... , Not Recomm'ended 

Butt. , .................. Fair 

Th= ycluu ti,'ed ebc ..... pannl r.c'tlnobl. cpprc,,;mclio"; luilabl .. for t;I",n.,"I .,n\lin!!,";n" un. 0"", Ie "omm".cjcl yer"::rl;on~ in tC",pc~ilion end 
10 menu'IXluring IimiTr;";on,, Th.y ,hould no' b. u,,,d fer ,pltcifi'aTion purF-QI.'. Se. appliceble "'.S.T.M. ,pe<:ificeT;en r.'u.ncu. 

(Continued on atM. ,id.,) 109 



COPPER ALLOY No. 350 (Continued) 
Forms and Tempers Ann .. led T«npen RoIiMi Dr Drawn T ....... 

Most Commonly Used 

FLAT 
PRODUCTS 

;:; 

S 
~ 

Nominll Grain Siu mm ~ ~ 

"E 
, 'C .. e 

• ; • 
X ID 

• ;:; I 
i "D e e 

i "E ~ " ~ • e 
"D '" • • e :! "D ~ ~ l e e I ~ ,5 e " • l 0 

" " ..c ~ e 
J; J; " I ~ ~ • J; 

~ ~ ~ i!l I'.l '" :: ~ ! "E j 
"D 

q ~ .il ~ Ii Ii e ~ ~ q C! q Jl w 0 :! w w " 
Stnp, Roil,d .. . . . .• .............. . ... , .......................... . 
Strip, Drawn .................•.........•.......................•........ 

Aat Wire, Rolled .. . . . . . . . . • . . . . . . . . . .. . •................•..............•.... 
Flat Wire, Drawn . . . . . . . . . . . . . . . . . . . . .. . .........•...................•....... 

Bar I Rolled .. . . . . . . . . . . . . . . . . . . .. . ........................•...•........ 
Bar, Drawn ........................................................... . 

Sheet ........................................................... . 
~.te ......................................................... . 
ROD .......................................................... . 

WIRE ........................................................... . 
TUBE ........................................ , .................. . 

PIPE ...... , .... , ............................................... . 
SHAPES ............................... , .......................... .. 

HoI 
) Flnllhed 

T.m~rI 

i ] 
"II E .. ] • '" l-

~ e j 
W 1 ~ ~ 

) 
.... 
. .. 

1. DRAWN - GENERAL PURPOSE temper is used 
lor gent!rai purpo~e tube only, usually where there 
is no rcal r~4.ul!em~nt for high strength or hardness on 
the one hand Of for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as stfong as is .;ummp_r_ 
ciaUy feasible for the size in question. 

3. UGHT DRAWN - BENDING lemper is 
used only where a lube of some stiffneu. but 
yet capable of readily being bent (or other­
WISe mcderately cold worked) is needed. 

Mechanical Properties Yield Strength Elongll-
Tanlile 1.6% Ext. tion Rockw.1I Sh .. , F.tigue 

Size Strength undel to.d) 1.2% 011..,1 in2 in. .... rdnas Strenvth Str.ngth 
Form Section Temptlr I Million 

in. kli kli kli " FIB 1lOT kli • ti Cycl .. 

FLAT .040 in. .050 mm ......... . 45.0 13.0 13.0 57 61 - - '" . ... . . ... 
P RODUCTS . 035 mm ......... . 47.0 16.0 16.0 54 67 - - '" . ... . .... 

.025 mm .......... . 48.0 20.0 20.0 50 70 - - " .. .... . .. , 

.015 mm , ......... 51.0 25.0 25.0 46 74 - - ". , . , .. " .. 
Quarter Hard .. , ... , 54.0 32.0 34.0 43 - 53 52 ... , . , .. .... 
Half Hard ....... , . _ 60.0 45.0 45.0 29 - 66 60 .. .. .... ..' . 
Three Quarter Hard .. 67.0 53.0 55.0 17 - 75 68 .... .,. , . ... 
Hard ... , ......... , 73.0 60.0 60.0 10 - 80 71 .. .. ... . .... 
Extra Hard ... , ..... 84.0 65.0 69.0 5 - 86 75 .. ,. ... . .... 

ROD .500 in. .050 mm ...... -... 48.0 16.0 56 65 - 25 34.0 .. _. . . ) . ... 
.015 mm ......... . 55.0 25.0 . ... 46 85 - 50 36.0 .. , . . ... 
Quarter Hard (10%) .. 58.0 44.0 ... . 42 - 60 57 38.0 ... . .... 
Half Hard (20%) ..... 70.0 52.0 .. , . 22 - 80 70 42.0 _ ... . ... 

n 

Th. val ... l. Iiltld abavi r.pr •• enl realanabl. apptoalmationt .... llabl. 'ar g_rol engln"ring 101.'. Du. la ,omm.rc.iol variatiDM In compoiJtlOtl and 
110 to manufrxturlng IImilDliolli. tbey ahould nat IN uud far .peciflclul_ purpa .... See appllcabl ..... S.T.M. ap«Ificatlo... ,.,.,~. 
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COPPER ALLOY Nos. 342 and 353 (HIGH-LEADED BRASS) 

(See also Copper Alloy No. 332) 

Composition - percent 

Copper Alloy No. 342 Copper Alloy No, 353 

Nominal Minimum Maximum Nominal Minimum Maximum 

Copper 64.5 62.5 66.5 62 59.0· 64.5 

Lead 2 1.5 2.5 1.8 I.3 2.3 

Iron 0.1 .I 
Zinc 33.5 Remainder 36.2 Remainder 

Total Other Elements .05 I .5 

• For rod, the copper content shaH be 61,0 percent minimum. 

Physical Properties 

Melting Point (Liquidus) 
Melring Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefiicient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

1670 F 
1630 F 

English Units 

. 306 Ib leu in @ 68 F 
8.47 

per" F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000113 per" F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr I"F @ 68 F 

39.9 Ohms (eire mil 1ft ) @ 68 F 
26 % lACS @ 68 F 

.09 Btu Ilb"F @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

Nearest Applicable A S T M Specifications 

--'----~---=-----Flat Products 

Pipe 

B 1 ~ 1 

Rod B453 

Shapes 

Tube 

Wire 

910 C 
885 C 

C. G. S. Units 

8.47 gm jcu cm @ 20 C . 
8.47 

per "C from 20 C to 100 C 
per ~ C from 20 C to 200 C 

.0000203 per" C from 20 C to 300 C 
.28 cal jsq cm jcm jsec r C @ 20 C 

6.63 Microhm-cm @ 20 C 
.151 Megmho-cm @ 20 C 

.09 cal !gm I" C @ 20 C 
10,500 Kg jsq mm 

3.900 Kg /sq mm 

HARDWARE. dock plates and nuts, clock and watch pans, 
gears, wheels 

IliDUSTRIAL: channel plate 

Common Fabrication Processes 

Blanking, machining, piercing and punching, roll threading and knurling, stamping 

Fabrication Properties 

Capacity for Being Cold Worked .................. Fair 
Capacity for Being Hot Formed ................... Poor 
Hot Forgeability Rating (Forging Brass = 100) ... , ....... . 
Hot Working Temperature ............ F or ...... C 
:\nnealing Temperature ........ 800-1100 F or 425-600 C 

Suitability for being joined by: 
Soldering ........................... Excellent 
Brazing .............................. Good 
Oxyacetylene Welding ........ Not Recommended 
C;;'.~, Sh:-:,lded .Arc Wcldinr. .. Not 11.ecommended-

Machinability Rating (Free Cutting Brass = 100) ......... 90 C,:,ated Metal Arc Weldin-g ..... Not Rr;commended 

1 
Spot· ....... Not RecOimnended 

Resistance Welding Seam ........ Not Recommended 
Butt· •.................. Fair 

Th .... aluu list.d abay. runllint r •• uanabl. appra.imOlionl luitabl. for gln.ral ;ng;nlfHinp ", •. 011110 comm,,,ial yoriation. in compo.itian and 
To manllfaelllring limitaTion., Ihay .hould nal b. uud for Ip..:ificalion pUfpoU •. s.. applicobl. A..S.T.M •• p..:lf1cotion ulh'.ncn. 
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COPPER ALLOY Nas. 342 and 353 (Continued) 
Forms and Tempers 
Most Commonly Used 

Annul" T emptrs Roilld or Drawn T.m .... 110. 
I."'lhod 

::; T.mJM" 
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0 0 
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Strip, Rolled ...... " '.' ..... '., .... , .. '.' '.' .... '., .......... , ................... -.... . 
FLAT 

PRODUCTS 

Strip, Drawn 

'" '.' 

..................................................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . 

..................................................... 
....... ~ ..... ~ ................................... . 

..................................................... 

.......... , ........................................ . 
l 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Shet!t 
Plate ....................... .... ~..... ............ . 
ROD 

WIRE 
TUBE 

.................•.........•..•........................................... 

PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
fur general purpose tuhl! only. usuaUy where lhere 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mec hiP amca ropertles 

Sin 
Form Section Temper 

in. 

FLAT .040 in. .035 mm ......... 
p RODUCTS Quarter Hard .... . 

Half Hard ........ 
Hard ............ 
Extra Hard ....... 

ROD l.0 in. Half Hard (20%) ... 

U 
I 

..................................................... 

.................................................... 

.............................................. )-. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is cammer· 
ciaJ.ly feasible for the size in question. 

Yield StrenQth Elonill' 
Tensile 1.5% Ext. lion 
Strength unde, Loadl 1.2% Offsetl in 2 in. 

ksi kli k~ " 
49.0 17.0 .., . 52 
54.0 40.0 .... 38 
61.0 50.0 . ... 20 
74.0 60.0 . ... 7 
85.0 62.0 ... . 5 

58.0 45.0 ... . 25 

3. LIGHT DRAWN - BENDiNG temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Rockwell Shear Fatigue 
Hardnns Strength Strenvth 

I F 1 BJ30T 

Million 
kli ksi Cycln 

68 - 31 34.0 '" . ..' . 
- 55 54 36.0 . ... '" . 
- 70 65 40.0 . ... . ... 
- 80 69 43.0 . ... . ... 
- 87 74 45.0 '" . . ... 

- 75 - .. . . ... '" . 

) 

Th. val", .. 1I11.d abcrv. r.pt ••• nt realanabl. approJdmationl .",habl. far g.n.tal erogln .. rlng It .... DII. 10 ~cnm.rdal voriallOC\& In ~pcuhl~ ond 
106 la manvfach.ring IImIIQtion •• the, 1h0000ld nQl be ",ud far 'p«lIkatlOn purpa .... s.. appUcabl. A.S.T.M. apedflcotlcin ,.t.r.ntft. 
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COPPER AU.OY No. 356 (EXTRA-HIGH LEADED BRAS'S) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 62 59.0· 64.5 
Lead 2.5 2.0 3.0 
Iron .ID 
Zinc 35.5 Remainder 

Total Other Elements 

Physical Properties 

Melting Point (Uquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

CoefCtt:ient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity* (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasw:itr (Tension) 
Modulus of Rigidity 

·Volume Basis 

.50 

·Copper, 60.0'%- minimum for rod. 

1660 F 
1630 F 

English Units 

.307 Ib jeu in @ 68 F 
8.50 

per a F from 68 F to 212 F 
per D F from 68 F to 392 F 

.0000114 ler D F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr 1°F @ 68 F 

39.9 Ohms (cire mil 1ft ) @ 68 F 
26 % JACS @ 68 F 

.09 Btu lib OF @ 68 F 
14,000,000 psi 
5,300,000 psi 

Typical Uses. 

Flat Products BI:!l 

Pipe 

Rod B453 
Shapes 

Tube 

Wire 

905 C 
885 C 

C. G. S. Units 

8.50 gm /C11 em (~ ~O C. 
8.50 

per ~ C from ~O C {Q I 00 C 
per a C from 20 C to 200 C 

.0000:205 per a C from 20 C to 300 C 
.28 ealJsq em fern /sec ja C @ 20 C 

6.63 Microhm-em @ 20 C 
.151 Megmho-em (~20 C 

.09 cal jgm /"C @ 20 C 
9,800 Kg Isq mm 
3,700 Kg Jsq mm 

HARDWARE: Clock plates and nuts, clock and watch 
backs, clock gears and wheels 

I'liDfJSTRIAL: Channel plate 

Common Fabrication Processes 

Blanking, machining, piercing and punching; stamping 

Fabrication Properties 
Cap<lcity for Being Co'd Worked ......... '.' ........ Poor 
Capacity for Being Hot Formed ............ _ ....... Fair 

Suitability for being joined by: 

Hot Forgcahiliry Ratillg (Forging Brass = 100) 
Hot Working Tempera:ure .... 1300-1450 For 700-800 C 
Annealing Temperatur! ........ 800-1100 F or ~:25-600 C 
Machinability Rating (Free Cutting Blass = 100) ..... " . 100 

Soldering ........................... Excellent 
Brazing . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Good 
Oxyacdylene Welding ........... Nor Reeommend':!d 
Gas Shielded Arc Welding ......... Not Recommended 
Coated Metal Arc Welding ........ Not Recommended 

Resistance Welding Seam .......... Not Recommended 1 
Spot ........... Not Recommended 

Butt ..... _ ... _ ............ Fair 

Tkot yah, .. 1i.I",d abovlI apr",l",nl r",osonabl", opproximol;ans ."iIObl., for ~."neroj .engineer;ng "lit. Du", 10 comm",rciol yor;olionl in campoliTion ond 
10 manufaCTuring IimilaT;onl. Th.y Iho"ld not b. ".lId far Ipc-ci!icalian purpoln. Sn opplicQblot "".S.T.M. IplO'CificoTion ,",lu",nc",l. 

(Con.!inUfti on olMr,id .. ) 111 



Forms and Tampers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 356 (Continued) 
Ann .. 11Id Temperl Rolled Of Drawn T",f*'s 

:: 
S ~ 

Nominal Grein Si:z. mm 8. i!' 
"E 

; ~ .. 
• .. • J: III 

~ 
t ~ I 

1 ." C 

i ." :f " !' • c c 

:f ." '" ~ ~ C ." • c c " :f ~ I ~ ~ .i " ~ ~ 0 0 oS J: c 
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j; " • ." f 1 ~ ~ ." ;;; § ill til '" :: .< • - ~ ~ 

Jl ~ ." , £ ! ; l ~ ~ ! ~ CO CO CO CO "' 0 w w 

.........•............. ', ..•. ' •.. ' •.................. ', ..... 

..............................•...•......................... 

.................•.........•. -•............................. 

....................................................... , .... 

Hot 

Flnlohod! \ ) 
Temper. 

i j 
"'i E 

~ -g • .... e ! 1 "' .c .c 

....... r.: :: ...... \ 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tl!be only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a lube 
as hard or as strong as is commer· 
cially feasible for the size in question. 

3. LIGHT DR.o\WN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

PR 

Mechanical Properties Vield StrenlJlh Elongl.· 
Tenlila (.5% Ext. tion Rockwall Sh ... Fatigua 

Siu Strength undar Load) 1.2% OfflElt J in 2 in. Hardn ... StreWJ1.h Strength 
Form Section Tampar 1 Million 

in. kli ",I kli " Fiai311T kli k~ Cyel .. 

FLAT .040 in. .050 mm .......... 47.0 16.0 17.0 60 62 12 - ,.' . '., . . ... 
ODUCTS .035 mm ... , ...... 49.0 17.0 .... 50 68 - 31 . ... .. , . .., . 

.015 mm .......... 54.U 32.0 33.0 42 86 52 - ... . ' ... '" . 
Quarter Hard ....... 54.0 40.0 '" . 35 - 55 54 ... . '.' . . ... 
Half Hard ......... 61.0 50.0 52.0 20 - 70 65 .. ' . . ... . ... 
Hard ............. 74.0 65.0 68.0 8 - 81 - ... . .... ." . 
Extra Hard ....... 88.0 66.0 77.0 5 - 85 - ', .. '" . '" . 
Spring ............ 92.0 67.0 83.0 4 - 87 - ... . '" . '" . 
Extra Spring ...•... 97.0 68.0 87.0 3 - 89 - .. ' . '" . . ... 

) 

112 
The val" .. lI.fed abo1r. ,..,....ent leaMlnabl. appra.1rnatlon, wltabl. for genlrol ""'IIln_rlng "UI. Du. to commercial variOIlOfUl In ~polilion and 

ta tnCInc.-fcKt"nna lIm1ratlOl\i, tMy thtwld run 1M ",Id for apldflcatlon PIltpOUlI. s.. appllc;abll A.S. T .11.. aped~lcin ""-...cu. 
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COPPER AllOY No. 360 

J1-/ 

(FREE CUTTING BRASS) 
;/ 

..1...-v., ..> ..... / 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 61.5 
Lead 3 
Iron 
Zinc 35.5 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

60.0 63.0 
2.5 3.7 

.35 
Remainder 

.50. 

1650 F 
1630 F 

English Units 

.307 Ib leu in @ 68 F 
8.50 

per ° F from 68 F to 212 F 
per ° F from 68 F to 392 F 

.0000114 per ° F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr rF @ 68 F 

39.9 Ohms (eire mil 1ft )@68 F 
26 % lACS @ 68 F 

.09 Btu lIb OF @ 68 F 
14,000,000 psi 
5,300,000 psi 

Typical Uses 

HARDWARE: 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

900 C 
885 C 

BI6 

BI6 

BI6 

C. G. S, Units 

8.50 gm leu em @ 20 C. 
8.50 

per.;le from 10 C to 100 C 
peroC from 20 eta 200 C 

.0000205 per ° C from 20 C to 300 C 
.28 cal Isq em lem Isee r C @ 20 C 

6.63 Mierohm-cm @20 C 
.151 Megmho-em @ 20 C 

.09 cal Igm 10 C @ 20 C 
9,800 Kg Isq mm 
3,700 Kg Isq mm 

INDUSTRIAL: 
gears, pinions 
automatic high speed screw machine parts 

Common Fabrication Processes 

Machining, roll threading and knurling 

Fabrication Properties 
Capacity for Being Cold Worked .. ................ . Poor Suitability for being joined by: 
Capacity for Being Hot Formed ................... Fair Soldering. ...... ................... . Excellent 
Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperature, .... 1300-1450 F or 700-800 C 
Annealing Temperature ........ 800-1100 F or 425-600 C 
Machinability Rating (Free Cutting Brass = 100) ....... 100 

Brazing ..... -: ...................... , . Good 
Oxyacetylene Welding ....... Not Recommended 
Gas Shielded Arc Welding ..... Not Recommended 
Coated Metal Arc Welding ... . , Not Recommended 

Resistance Welding Seam ....... Not Recommended 

1 
Spot ....... Not Recommended 

Butt ................... Fair 

The .. aluel lilted abo .. e reprelent realonable apprQxlmallani luilabl. for genlrol eng Inuring 1,11 •. Due 10 CgmmercJgl .. orlgllonl In compolillon and 
10 mgnufo~luring Iimita!l.;>ns. !hey Ihould no! be uled for spedfkation purposlIs. S •• gppl!cobl. A.S.T.M. Ip.clflmtlan r.fllrenc ... 

(Colltinlltd all otMr .ide) 113 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, RoHed 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

Afl5 4 (,10 

COPPER ALLOY No. 360 (Continued) 
Annealed Tempers Rolled or Drawn Tempers 

~ -~ a 
No minal Grain Size mm ~ 
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I. DRAWN - GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. UGH DRAWN - BENDING temper is 
for general purpose tube only. usually where there only where there is need for a tube used on y where a tube of some stiffness, but 
is no rcal requirement for high strength or hardness on as hard or as strong as is commer- yet cap'blc of readily being bent (or other-
the one hand or for bending qualities on the other. cially feasible for the size in question. wise mo;lerately cold worked) is needed. 

Mechanical Properties Yield Strength Elonge-
Tensile (.5% Ext. tion Rock~ III Shear Fatigue 

Size Strength und~r Load) 1.2% Offset) in2ln. Hardn ss Suength Strength 
Form Section Temper 

Million 
in. ksi ksi ksl % FIB 30T k., k., Cycles 

FLAT .250 in. Quarter Hard (l1 %) . 56,0 45.0 20 - 62 33.0 
PRODUCTS 

ROD 1.0 in. Soft Anneal . ...... 49.0 18.0 53 
&ir!ltttJ) 
68 - 30.0 

. 250 in. Half Hard (25%) .. , . 68,0 52.0 18 81] - 38.0 
;:"'-;>/~i~ 1.0 in. Half Hard (20%) .. , ' 58.0 45.0 25 ?;~~ - 34.0 

2.0 in. Half Hurd (15%) .... 55.0 44.0 32 - 7S 32.0 20,0· 100 
14,0· 100 

SHAPES ,500 in, N; Extruded.,., ... 49.0 18,0 50 68 30,0 
Quarter Hard (11 %) . 56.0 45.0 20 6: 33,0 

• Independent rotating beam tests, diameter of test sectbn: 0.350 in. 

114 
Th. VQlue. I1ded QboYe repre,en! reolonable opprollirnQllanl ,uhQb\e far generoleng\neering ule. Due 10 cammerch varlorlon. in campolhlon ond 

10 manlliacluring IImltotionl. Ihey .hollid nol be uled fDr Ipecillcallo" purpa.e •. See oppllcable A.S,T.M .• p Ciflcolhin reference •. 
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Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 

Lead 
Iron 
Tin 

60 
.6 

58.0 
.40 

61.0 

!l 
.15 
.25 

Zinc 39.4 Remainder 

As, Sb or P'" 0;""1 .10·" 
Total Ot~er Elements ~ .. :.-.10 

• The uninhibited alloy is Copper Alloy No. 365 

•• Arsenic, Antimony and Phosphorus inhibited alloys are identified 
respectively by Copper Alloy Nos. 366, 367 and 368 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resisth'ity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

1650 F 
1630 F 

English Units 

.304 Ib leu in @ 68 F 
8.41 

per D F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000116 per 0 F from 68 F to 572 F 
71 Bru Isq ft Ifllhr /,F @: 68 F 

37.0 Ohms (circ mil 1ft ) @68 F 
28 % lACS @ 68 F 

.09 Btu lIb OF @ 68 F 
15,000,000 psi 

5,600,000 psi 

Typical Uses 

INDUSTRIAL: condenser tube plates 

Common Fabrication Processes 

Machining 

Fabrication Properties 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

900 C 
885 C 

B171, B432 

C. G. S. Units 

8.41 grn leu em @, ~o C. 
8.41 

per DC from:!O C to 100 C 
per" C from:!D C to ~oo C 

.0000208 per" C from 20 C to 300 C 
.19 cal ,:sq em Icm Isec r C (~ 20 C 

6.16 Microhm-em € 20 C 
.162 Megmho-cm @ 20 C 

.09 cal/gm /",C @ 20 C 
10,500 Kg Isq mm 
3,900 Kg /sq mm 

Capacity for Being Cold Worked ................... Fair 
Capacity for Being Hot Formed ............... Excellent 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperarure .... 1150·1450F or 625·800 C 
Annealing Temperature ....... 800·1100F or 425-600 C 
Machinability Rating (Free Cutting Brass = 100) ......... 60 

Soldering ......... __ . _ .............. Excellent 
Brazing .............................. Good 
Oxyacetylene Welding .................... Fair 
Gas Shielded Arc Welding .................. Fair 
Coated Metal Arc Welding ...... Not Recommended 

j Spot ........ Not Recommended 

Resistance Welding 1 i~at~: : : : : : : : .~~t. ~~~~~_~~n:~~ 

Tn ... elun I;ot .. d ebeyt rtprtant "elenebl. cppre.-,mel'en, ''''Iobl. rer g.n.rel .ng'neni"g "Ie Ou~ Ie ~Dmmerc'cl .''''el'en, in ,0,",'oo,;lion cnd 
10 mcn"rQ'h"in~ lim;lel;en •. Ihey '''ould nel b. " .. d ler .p .. cilitot;en pu'POlfi 5 ... epplicebl. A.S.T.M. op.dl;cel'en ... hr.n, ... 
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COPPER AllOY Nos. 365, 366, 367 and 368 (Continued) 

Forms and Tempers AnMiIMi Templn RolI.cl or Dr.",n rempWI Hot 

Most Commonly Used FiniahMi 
Tempe ... 

~ 

I C 
Nominal G ... ln Siu mm 8. : 

] 
~ .. e • 

l: E .. 
i l E I 1 i 1! e 

i 1! ~ ~ • e e 'i E % 1! " • • "0 e :I! 1! ~ l • .. • e .i % I ,5 II: 2 l-e ; % 0 t5 
1 « .c ~ e 1( :! .E .E ~ ~ i ~ ~ • 1! .E 

~ 
.. § on on on 

~ ~ j "' 1 ... M N q ... ... ! F ~ • ,5 % S <I <I .. "! "! oJ w " "' w 

t:!!l",,£"''''ldfi'ma=.r~J:::J:..;;mI='''''''''''~+ __ =_'''' ___ '''''''_+ _____________________ +-___ "" ..... _ 
Strip: Rolled' 
Strip, Drawn 

FLAT 
PRODUCTS 1 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M hiP ec amca ropert.es 

Sizll 
Form Section Temper 

in. 

PLATE 1.0 in. As Hot Rolled ..... 

.............. .....•. 

2. HARD ORA WN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonge. 
Temiile (.5% Ext. tlon 
Strllngth undll' Load) (,2% OHMtl in2 in. 

ks' ks' ks' " 
54.0 20.0 .... 45 

3. LIGHT DRAWN - !lENDING temper 
used only where a tube of some sliffnes~, bilt 
yet capable of readily being bent (or other· 
wise moderately cold work-ed) is needed. 

I 
Roekwtlll Shear t'atigu. 
H.rdnau Strength Strength 

I 
Million 

FIB !JOT kai k~ Cycln 

80 - - 40.0 .., . 

) 

116 
-n.. ,,011''' lialed aba ... r.p' ... n' .~.a"abl. appra~imallan' aullable la. veneral envin.erlng ".e. 01'. la cammertlal .. ariallanl In tampa.ilian and 

la INInulacturing lim;lal;an', ,h., .hauld nol b. u .. d tor apec:ific.atlan pllrpo •••. S •• applicable A.S.T.M. 'pecifitalicin ref ere"'.'. 
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--COWEffAll.QY No" ~iO (FREE CUTTING MUNTZ METAL) 

in position - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 

lead 
fron 

Zinc 
Total Other Elements 

Physical Properties 

60 

39 

'I 

i 

59.0 62.0 

.9 1.4 
.15 

Remainder 

.50 

English Units 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

B135 

C. G. S. Units 

---------------+--------------~------------------
Melting Point (Liquidus) 

Melting Point (Solidus) 
Density 

Specific Gravity 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductiviry 
Electrical Resistivity (Annealed) 

ElenriGd Conductivity" {Annealed) 
Thermal Cupucity {Specific Heatl 

Modulus of Elasticity (Tension) 
Modulus of Rigidi!y 

• Volume Basis 

1650 F 
1630 F 
.304 Ib leu in @ 68 F 
8.41 

per"F from 68 F to 211 F 
per g F from 68 F to 391 F 

.0000116 per" F from 68 F to 571 F 
69 Bt u Isq ft 1ft Ihr /"F @ 68 F 

38.4 Ohms (circ mil 1ft ) ~ 68 F 
27 r;c lACS(~ 68 F 

.09 Btu lib OF @ 6S F 
15,000 000 psi 
5,600,D00 psi 

Typical Uses 

900 C 
885 C 

8.41 gm icu em (<: 10 C. 
8.41 

per ~C from ~O C to 100 C 
per DC from]O C \0200 C 

.0000208 per" C from 20 C 10300 C 
.28 cal /sq em lem 1st:..:. Ie C (~ 20 C 

6.39 MJ.:rohm-cm I~ 20 C 
.157 Megmho-cm (~ 20 C 

.09 cal ,'gm r c (;; 20 C-
10.500 Kg /sq mm 

3.900 Kg, sq mm 

INDUSTRIAL: automatic screw machine products 

Common Fabrication Processes 

Machining 

Fabrication Properties 
Capacity for Bdng. Cold Worked .Fair Suitubility for being joined by: 
Cap,lI.:iry for Bt'ing Hot Formed ............... Excellent 
Hot Forgf:'i1hillty Rating (Forging Brass = 100) 
Hot Working Temper<!ture ... " 1150·1450 F or 615.800 C 
Annealing Temperature ........ 800·1100F or 415.600 C 
Machinability Rating (Free Cutting Brass = 100) ......... 70 

Soldering. . . . . . . . . . .. E.xcellem 
Brazing .............. . . . .. Good 
Oxyacetylene Welding. . . . . . .. Not Recommended 
Gas Shielded Arc Welding ..... Not Recommended 
Coated Mel.d Arc Welding ..... Not Recommended 

Resistance Welding Seam ....... Not Recommendpd 1 
Spot ........ Not Recommended 

BUlt .................... Fair 

The "01,, ... li., .. d abo ..... ttp ...... n' r.o.Dnobl .. opP'Dz'maliDn. '''''Dbl .. ID' g .. n .. ,DI .. n"'n ..... ing " .... 0""'0 tamm .. «iol ,,"o';""an. in tomDo,,'io~ ond 
10 mon"lo~,,,.ino; lim"ol;Dn,. Ihu ,ho"ld nc' b .. utpd Ic' .p .. ,ili,c,ion PIJ'pc.u S .... applicobl .. "'.S.T.M .• p .. ,i1j~o';an , .. f." .. ncu 
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COPPER ALLOY No. 370 (Continued) 

Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS I

i Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar I Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

Nominll GrIIln Siu mm 

'E 
:! 
'" ;; ... w 

~ ~ ~ :J: ~ • f • c 

RolIMl or Dl'llwn T ampen 

~ 

l 
~ l 

e :J: 
~ • c 
~ .. • 
~ i i " I c c 
I 'E e .~ e ~ .c :i! .li .i • e ... w c 

Hot 
Finished 
T.m~ 

6 .. 
;; 
c • III 

i ~ I ] c c 11 E l ~ .. .., 
t! e .5 II: E c l 1< :! 

~ 
;;: .. u ... < < l ... 

""" -, j--
T 

..... '. 

WIRE 
TUBE 

PIPE 
SHAPES 

............... ,' .' •........................ ,' .•...•........ 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose lube only. usually where there 
IS no real requuement for high strength or hardness on 
the Dnc hand or for bending qUalities on me other. 

Mechanical Properties 

Sin 
Form Section Temper 

in. 

TUBE 1.5 in. OD Light Anneal ..... . 
X .125 in. Hard Drawn (35%) ... 

1.0 in. OD Hard Drawn (25%) ... 
X .250 in. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as lotTong as is commer­
cially feasible for the size in question. 

Yield Stranljlth Elonga-
Tensile (.5% Ext. tlon 
Strength under Load) 1.2% Othatl in 2 in. 

k.i ksi klli " 
54.0 20.0 '" . 40 
80.0 60.0 .... 6 

70.0 45.0 '" . 10 

3. UGHT DRAWN - BENDING temper is 
used only wheIe II tube of some stiffness, but 
yet capable of readily being bc:nt lor other­
wbe moderately cold worked) is needed. 

Rockwall Sh • ., I Fatigue 
Hardneu Strength Strength 

J 
Million 

F j B 130T kill k~ eyel .. 

80 - 43 '" . .. ' . '" . 
- 85 74 ... . '" . " , 

- 75 67 . ... .... '" -

) 

1 18 
Th ...... Iuu li'IKI .. bo .... f.pr ••• nl ._, .. nobl ... ppro"lmol; .. nl .ullabl. lor lI.n .... 1 .n-gin.uinll u ••. Ou. 10 comm •• c;al "'or;al;onl In compO,;1;an arod 

10 monulo(fUrlnll IimiloliQru. 1h., ,hould nol b. u .. d lor ,pK;ll,ol;on purpo".,. s •• opplicabl. A.S.T .M. IpKifjcolion • .t ••• ne.l. 
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COPPER AllOY No. 377 (FORGING BRASS) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

FlaI Products B 124 
Copper 60 58.0 62.0 

Lead 2 1.5 2.5 
Pipe 

Iron .30 ': i'! Rod. BI24 

Zinc 38 Remainder "'Shapes 'B 124, B283 
Total Other Elements 

~nysical Properties 

Melting Point (Liquidus) 
Mdting Puin[ (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal E.xpansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

.. Volume B3Sis 

.50 

1640 F 
1620 F 

English Units 

.305 Ib jeu in @ 68 F 
8.44 

per C F from 68 F to 2.1 ~ F 
per C F from 6S F to 392 F 

.0000115 per "F fram 68 F ta 57~ F 
69 Btu /sq ft 1ft fhr I"F I~ oS F 

38.4 Ohms (-::ire mil 1ft ) (~ 65 F 
27 % lACS i:l 68 F 

.09 Btu lib of @ 68 F 
5,000,000 psi 
5,600,000 psi 

Typical Uses 

Forgings and pressings of all kinds 

Common Fabrication Processes 

Tube 

Wire 

895 C 
880 C 

C. G. S. Units 

8.44 gm jeu em (11: 20 C. 
8.44 

per 0 C from ~O C [0 100 C 
per" C from 20 C [0 :?:OO C 

.OOOO~07 per" C from ~O C [0300 C 
.::!8 cal jsq em fern fsec I" C @ 20 C 

6.39 Microhm-cm @ 20 C 
.157 Megmho·cm @ 20 C 

.09 cal !gm IOC @10 C 
10,500 Kg /sq mm 
3,900 Kg jsq mm 

Heading and upsetting, hot forging and press­
ing, hot heading and upsetting, machining 

Fabrication Properties 
Capacity for Being Cold Worhd . . . . . . . . . . . . . . . . .. Poor Suitability for beingjoincd by: 
D.pacity for BeiD!.! Hot Formed ............... Excelle.nt 
Hot Forgeilbiliry Rating (Forl.ing Bra.5s= 100) ......... 100 
Hot Working Tt=rnpeu![ure ..... 1200·1500F or 650·825 C 
Annealing Temperature ........ 800-1 IDO F or 425-600 C 
Machinability Rating (Free ClUing Brass = 100) ......... 80 

Soldering. . . . . . . . . . . . . _ ...... ExceLlent 
Braling .............................. Good 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding ..... Not Recommended 
Coated Metal Arc Welding .... Not Recommended 

~ 
Spot ........ Not Recommended 

Resistance Welding Seam ...... Not Recommended 
Butt .................... Fair 

Thll .. alu .. liulld abo .... rllpr .. enl realanable cpprodmalianJ ILlifabl1l for gllneral IIngine.ring ule. Due '0 com ..... rciol ... aria.ionl ;n COmpOI;I;an and 
'0 manufocluring Ii .... i,ation •. Ihey Ihould nol be "led for Ip.cilica'ion purpOIU. Sell applicablll .... S.T.M. Ipecifio::a';an referlln' ... 
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COPPER ALLOY No. 377 (Continued) 
Forms and Tempers Ann_ltd T .mpen RolIHl Dr Drllwn T.mpllrl I F;:~odl Most Commonly Used 

T.mper. 

I ~ 
NamlMI Grlin Size mm ~ I!' 

"E 
, '0 .. • • 
"£ 

• J: .. 
i • N I 

~ -= 
." 

.~ • 
-= 

." 

~ < • • • il E • ~ "E • "E " • • 0 ." • • ~ 
, 

:i! ~ I • e II: , >-• • 0 

" " • J: 
.~ • ii 0 

~ e :0 
~ 

.. 
~ ~ '" E E < ~ ." ~ ~ • ." E III :: • f "' u ... 

OJ ell :3' IE , 
(:. ~ ; l 1< ~ ~ ... .1 q q q 0 w w -' ."l ."l 

. . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . , . . . . , , . . . . . . . . 

i 
Strip, Rolled 
Strip. Drawn .................. , ... , ................................................... . 

FLAT 
PRODUCTS 1 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

! Sheet 
l Plate 

ROD 
WIRE 
TUBE 

PIPE 
SHAPES 

....................................................................... , ... 

................................................. , ........ , ... . 

.................................. , ....................... . 

..........................•.................................•. 

............................................................. 

............................................................. 

............................................................. . ..•. 
1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose lube only, usually where there 
is no real requirement for high strength Or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
u51!d only where a tube of some stiffness, but 
yet capable of readIlY being bent (or other· 
wise moderately cold worked) is needed. 

M h ec amca Properties Yietd Strength Elon!pl' 
Tensiie t.S% Ext. tion Rockwell ShsiIr Fltigue 

Size Slrength undlr Load} 1.2% O1fl81) in 2 in. Hlrdness Strlngth StrlfllJ1h 
Form Section Tlmper 

I 
Million 

in. ksi "'; ksi " F / B /3DT ksi ksi eve1es 

ROD AND 1.0 in. As Extruded 52.0 20.0 4; 78 -..... . '" . - . . . ... . ... 
SHAPES 

) 

I 
, 

I 

Th. vol .... lI.red obo ... rQlrl .. nr flG.of\CIbl. opproxlmarlon ..... !tabl. for tilllMnll .ngin •• ri"", Inl. 0 ... to commercial .. analion. in tompel.lrlon ond 
to monilfatf ... r1"ti1limitlltlon., they ahcM.Ild no' bI ..... d lor ,pKllianion pIIrpel .... s.. a~lic:able A.S.T.M. 'P«ifitatIOn ntlrent8 •• 
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("'umposition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper, 57 
Lead 3 
Iron 
Zinc 

Total Other Elements 

Physical Properties 

40 

I 
Melting Point (Liquidus) 

Melting Point (Solidus) 
Density 

Specific Gravity 
Coefficient of Thermal Expansion 
Coeff!eient of Thermal Expansion 
Coetf)(:ient of Thermal Expansion 

55.0 
2.0 

60.0 
3.8 

.35 
Remainder 

.50 

English Units 

1630 F 
1610 F 
.306 Ib leu in @' 68 F 
8,47 

per" F from 68 F 
per" F from 68 F 

to 211 F 
to 391 F 

.0000116 per" F from 68 F to 571 F 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

\Vire 

B455 

c. G. S. Units 

890 C 
875 C 

8.47 gm Icu cm @. ~o C. 
8.47 

per" C from 20 C 
per" C from 10 C 

.0000209 per" C from ~O C 

to 100 C 
to 200 C 
\0300 C 

Thermal Conductivity 
Eb:tricai ReSIStivity IAnnealed) 

Electrical Conductiyity * (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

71 Btu Isq ft 1ft Ihr 1°F ~ 68 F .29 cal /sq em lem Isec ,'c C (q ~O C 
37.0 

28 
.09 

14,000,000 
5,300,000 

ARCHITECTURAL: 

HARDWARE: 

INDUSTRIAL: 

Ohms' eire mil/ft ) @. 68 F 6.16 r.-!Jcruhm·cm (~ 20 C 
o/c IACS@68 F .162 Megmho·em ~- 20 C 
Bt u lib OF @ b8 F .09 cal Igm I"C @.::OC 
pSJ 9,800 Kg Isq mm 
psi 3,700 Kg Isq mm 

Typical Uses 

architectural extrus!ons, store fronts, thr~sholds, trim 
butts, hinges, lock bodies 
forgings 

Common Fabrication Processes 

Hal forging and pres!;ing, hot forming and bending, machining 

Fabrication Properties 
C!p<lcity for Being Cold Worked .................. Poor Suitability for being joined by: 
Capal..:!IY for Being Hot Formed ............... Excellent 
Hot Forgeubility Rating (Forging Brass = 100) ... . 

Soldering ........................... Excellent 

Hot Working Temper:!ture .... 1150.1350F or 625-725 C 
Annealing Temperature ........ 800.1100 F or 4.!5-600 C 
Machmability Rating (Free Cutting Brass = IOO} ......... 90 

Brazing .............................. Good 
Oxyacetylene Welding ......... .Not Recommended 
Gas Shielded Arc Welding ..... Not Recommended 
Coated Metal Arc Welding .... Not Recommended 

j Spot ........ Not Recommended 

Resistance Welding 1 ~~~~ . : : : : : : : .~~t. ~~~~~.~~n:~~ 

Tn ... a!u ... lill .. d aba_ .. ",,, ..... nl aalonob! .. npp<o.imolion. I,,;tabl. I", g .. n .. ,a! ."gin .... ,ing ulo". Ou .. 10 [ammO'«ia1 .a,iol'on. in cam.,,,.,,io,, and 
la manulactu'ino; !imitnli",,". th.r .hou!d "at be u •• d lar .p.tilieal;an PU'palll. 5,.. a.,p!icabl. A.5 T.M. H>eoil,eali.," ,.It, .. na •. 
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C·OIPIPIERAll()Y No. 385 (Continued) 

Forms and T Gmpers 
Most Commonly Used 

Aollilid Dr Drawn Tompo,. 

-
I 

"HOf-c
",---

Finished 
Tom ... 

!:'-
Naminll Gr.in SiD mm ~ ~ 

FLAT 
PRODUCTS 

Strip, Rolled 
, Strip, Drawn 

Fla.t Wire, Rotled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

0 

5! 
0 0 ... "' q q 

1. DRAWN - GENERAL PURPOSE temper is used 
for geot:rai purpose lube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M hiP ee anica ropertles 

Sila 
Form Section Temper 

in. 

"' '" q 

SHAPES 1.0 in. As Extrudt!d ....... 

"l! ~ 
;; 
c 

• E • 
l: III • 

"l! = c !::! I 1 5. 
"l! ~ ~ • c c 1 E 
:!' :!' ~ 

• "l! i '" ~ ~ "0 .. • , 
:!' I ~ d II: , I-

~ '" ~ " t " • ~ c c £ ] 
E • .. e e ~ "l! E "' u • l ~ ! ; l ; ~ .f .S' , 

:!' :j .! .! w '" w w c 

jj i 
c c c c '" '" E "' on 

N c:; ;S ... q ..J 

..... e ....... , _ ... . 

.~.::~ ....... :::: .. :.: .... ::::.::::::: j: .. ::. 
2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yiald Strength Elonga· 
Tam:illl 1.5% Ext. tion 
Strength undel Load) (.2% Ofhat) in 2 in. 

ksi ksi "'; % 

60.0 20.0 '" . 30 

3. LIGHT ORA WN - BENDING temper is 
u~d only where a tube of some stiffness, but 
}'et capable of readily being bent (or other­
whe moderately cold worked) is needed. 

Rockwell Shllaf Fatigue 
Hardness Strength Strength 

I 
Million 

FIB 130T 
ksj ksi CVcles 

- 65 - 35.0 . ... . ... 

Til ... 01 .... 1l.I.d abo ... r.pr ••• nl r.a.onabl. appra"';maT;an' ... ;Iabl. lor g.n.rol .ngin •• ring III •. 0 ... I" t"mm."'al .. "rialianl in tamp, .. il;on and 
'22 I" manulan .. ring limllali"nl. Ih.y ,"auld "'" b. und I"r Ip.dlitali,," purpo .... 5 .. opplitobl. A.5.T .M. Ip-"i'itOlio" r.f ••• r>Cn. 
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COPPER AllOY No. 411 

Composition - percent 

Nearest Applicable A S T M Specifications 
Nominal Minimum Maximum 

Copper 90 
Lead 
Iron 

Tin .5 
Zinc 9.5 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity* (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

"'Volume Basis 

89.0 92.0 Flat Products B508 

.10 

.05 
.30 .7 

Remainder 
.15 

1920 F 
1860 F 

English Units 

.318 Ib leu in @68 F 
8.80 

.0000102 per" F from 68 F to 212 F 
per" F from 68 F to 392 F 
per of from 68 F to 572 F 

95 Btu Isq ft 1ft Ihr;oF @ 68 F 
32 Ohms (eire mil 1ft ) @ 68 F 
32 % lACS @ 68 F 

.09 Btu lib of @ 68 F 
18,000,000 psi 

psi 

Typical Uses 

Bearings. bushings. flexible hose, thrust washers 

Common Fabrication Processes 

Blanking, drawing, forming and bending, piercing 
and punching, shearing, spinning, stamping 

Fabrication Properties 

Pipe 

Rod 

Shapes 

Tube 

Wire 

1050 C 
1015 C 

BIOS 

C, G, S. Units 

8.80 gm leu em @ 20 C. 
8.80 

.000018 per" C from 20 C to 100 C 
per 0 C from 10 C to 200 C 
per"C from 20 C to 300 C 

.388 eal Isq em lem Isee 1° C @ 20 C 

.533 Microhm-em @ 20 C 

. I 88 Megmho-cm @ 20 C . 
.09 cal/gm /" C @ 20 C 

12,600 Kg Isq mm 
Kg /sq mm 

Capacity for Being Cold Worked ............... Excellent 
Capacity for Being Hot Formed ................... Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) ............ . 
Hot Working Temperature ..... 1500-1650 F or 825~900 C 
Annealing Temperature ........ 800-1400 F or 425-750 C 
Machinability Rating (Free Cutting Brass = 100) ......... 20 

Soldering, ...................•....... Excellent 
Brazing ........................... Excellent 
Oxyacel:r'lene Welding ............ '" ...... Fair 
Gas Shie Ided Arc Welding .................• Good 
Coated Metal Arc Welding ...... Not Recommended 

Resistance Welding Seam .•..... Not Recommended 
{

Spot ..................... Fair 

Butt ................... Good 

The ... alu ... liued abo ... e teprelenl rea.onoble opproximolion. Suiloble for gen .. ral .. ngine .. ring u .... Due 10 commercial ... ariallan. in compadtion and 
to manufoclurinc limilations. ,h .. y should not be us .. d lor specificolion purposn. See applicable A.S.T.M. ,p .. dfieal;on rooferencn. 

(Continurd on other .ide) 
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COPPER ALLOY No. 411 (Continued) 

Forms and Tempers Annealed Tampers Rolled or Drawn Tampers Ho! 

Most Commonly Used Finished 
Tamper. - ~ 

ill e 
Nominal Grain Size mm 8. ~ 

"E 
a '" .. c 

• "l! • 
l: .. 

i ~ • El I ] "i ." C 

"i "E ~ t ~ • c c Ii E c :!! "E • "E 
~ '" J J "0 ." • C 

~ " • I f ~ a: " ... c ~ • 0 J: e '" " J: ,~ 
c Q '0 ~ 0 1; 1; t • "E E E J 1; 0 0 '" '" '" ~ • £ ~ ." J: w 

~ ... '" '" N C; ~ m 
d !' :!! 1< l l< e ~ ~ .. .. ~ Ci Ci Ci Ci ::J iii w w Q 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

.....•..•..•..•............•..•.....•..•..•..•.......................... 

FLAT 
PRODUCTS 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

.....................................•.................................... 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M h ec anical Properties 

Size 
Form Section Temper 

in. 

FLAT ,040 in, ,050 mm . , , , , , , , , , 
P RODUCTS ,035 mm , , , , , , , . , . 

.015 mm ........•. 
Half Hurd . . . . . . . . . 
Hard ........... . 
Extra Hard ........ 
Spring .......... . 
Extra Spring ....... 

WIRE ,250 in, Hard ..... " .... ,' 
.100 in. Hard ............ . 
,05Q in, Hard ........ , .... 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga· 
Tensile 1.5% Ext. tion 

Strength undor Load) (,2% Offsetl in 2 in. 

ksi ksi ktl % 

41.0 10,0 11.0 44 
42,0 12,0 13,0 43 
44,0 16,0 17,0 40 
55,0 48,0 51.0 12 
68,0 58,0 63,0 4 
72.0 64.0 69,0 3 
80,0 67,0 72,0 2 
82.5 70,0 77,0 I 

81.0 .. , . ... . 2.0· 
102,0 ... . . ... 1.0" 
106,0 ... . ... . 0,9" 

3. LIGHT DRAWN - BENDING temper is 
used only where n tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderotely cold worked) is needed. 

Rockwell Shear Fatigue 
Hardness Strength Strength 

I 
Million 

FIB 130T ksi k.1 CyclBl 

58 - 18 32,0 ... . .... 
60 - 20 33,0 ... . .... 
65 - - 34.0 ... . .... 
- 67 64 36,0 ... . . ... 
- 76 65 40,0 .. , . . ... 
- 78 69 '" . .., . . ... 
- 81 74 '" . .... . ... 
- 83 76 ... . ... . ., .. 

- - - '" . . ... ., .. 
- - - .... . ... ., .. 
- - - '" . ., .. . ... 

• Elongation in 10 inches •• Elongation in 60 inches 
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COPPER AllOY 1'10.413 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 90 89,0 93,0 
Lead ,10 

iron ,05 

Tin 1 ,7 1.3 
Zinc 9 Remainder 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity'" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

,15 

1900 F 
1850 F 

English Units 

,318 Ib leu in @68 F 
8,80 

per D F from 68 F to 212 F 
per' F from 68 F to 392 F 

,0000103 per' F from 68 F to 572 F 
77 Btu Isq ft 1ft Ihr 1°F @ 68 F 

34.3 Ohms (eire mil 1ft ) @ 68 F 
30 % lACS @ 68 F 
,09 Btu lIb OF @ 68 F 

16,000,000 psi 
6,000,000 psi 

Typical Uses 

1038 C 
1010 C 

C. G. S. Units 

8,80 gm leu em @ 20 C, 
8.80 

per "e from:1O C to 100 C 
per "C from 20 C to 200 C 

,0000186 per'C from 20 eta 300 C 
.32 eal/sq em lem Isee r C@ 20 C 

.570 Mierohm-cm @ 20 C 

.174 Megmho~cm @ 20 C 
.09 eal/gm r C @ 20 C 

11,200 Kg Isq mm 
4,200 Kg Isq mm 

Plater bar for jewelry products, flat springs for electrical switchgear 

Common Fabrication Processes 

Bending, blanking, coining, drawing, forming, spinning, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ................ Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ................... Good Sold:!ring .............. ............. Excellent 
Hot Forgcability Rating (Forging Brass = 100} .......... 50 Braz:.ng ........................... Excellent 
Hot WorUng Temperature ...... 415- 460 F or 780-860 C Oxy, cetylene Welding ................... Good 
Annealing Temperature 900-1400 F or 480-750 C 
Machinability Rating (Free Cutting Brass = 100) ........ 20 

Gas Shielded Arc Welding . ................ . Fair 
Coated Metal Arc Welding ... .. . .Not Recommended 

Resistance Welding Seam ... .... Not Recommended ~ 
Spot . .................. . Fair 

Butt .. ................. Good 

The valulll Ihled above reprele,,1 reasonable uppro>limat;oni iuilable far gltneral engineering Ullt. Due 10 camme,dal varialians in composition and 
10 monufaet\lrin~ limit:lliam. they should nol bit us"d for Ipecmealian purpOIltI. 51t" applicable A.S.T.M. specification rltferenclIl. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

COPPER ALLOY No. 413 (Continued) 
Annealed Temper. Rolled or Drawn Tamper. Ho. 

Finllhtd 
~ Tempera - ~ 

I 
0 

Nominal Grain Siu mm !! 
"l! 

'6 .. " • ~ 
• 

X III 

~ • 5 I ] 1i i " 1i "l! ~ !! • " " 11 
" :!! "l! ~ i ~ '" l l "0 

'" " " I ~ ~ a: 2 <l " ~ • 0 C 
"" X I!' i c ~ ~ .E .E ~ ~ ~ e .E 0 0 0 i!l "' "' .:: • £ "l! 

~ 
.. "' ~ 

... "' N q .g ... m , F :!! ~ ; e ~ :3' ~ ~ '" '" "! '" ..J 0 "' "' C 

.......................................................... 

......•........•.......•.....•.....•.............................. 

...•..•..•..•..•.......•..•..•..•..•...•..•..................... 

) 

i 
E • ... 
:;; 

i 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES ::::::::::::::::::::::::::::::::::::::r::::: ). 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M h IP ee anlca ropertles 

Size 
Form Section Temper 

In. 

FLAT .040 in. .100 mm ......... . 
p RODUCTS .070 mm · . . . . . . . . . 

.050 mm ......... . 

.035 mm ......... . 

.025 mm · . . . . . . . . . 

. Ols'mm ......... . 
Quarter Hard ....... 
Half Hard .......... 
Three Quarter Hard .. 
Hard . . . . . . . . . . . . 
Ex.tra Hard ........ 
Spring ............. 
Ex.tra Spring ...... . 

WIRE .080 in. .070 mm ......... . 
.050 mm · . . . . . . . . . 
.035 mm · . . . . . . . . . 
.025 mm ......... . 
.015 mm ......... . 
Eighth Hard ........ 
Quarter Hard ....... 
Half Hard ........ . 
Three Quarter Hard .. 
Hard . . . . . . . . . . . . . 
Extra Hard ....... . 
Spring ........... . 

ROD .500 in. .050 mm ......... . 
.015 mm ......... . 
Eighth Hard (6%) .... 
Half Hard (20%) ..... 

2. HARD DRAWN temper is used 
only where there is need for a tu be 
I1S hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga-
Tensile (.5% Ext. tlon 
Strength undor Loed) 1.2% 01'18" in 2 in. 

ksi k,l ksi % 

41.0 12.0 '" . 44 
42.0 13.0 '" . 43 
43.0 15.0 '" . 43 
44.0 16.0 . ... 42 
45.0 16.0 '" . 41 
46.0 17.0 . ... 40 
49.0 40.0 ... . 29 
56.0 50.0 ... . 17 
64.0 55.0 '" . 6 
71.0 62.0 '" . 4 
74.0 65.0 ... . 4 
79.0 70.0 '" . 3 
84.0 75.0 . ... 2 

43.0 16.0 ... . 45 
44.0 17.0 . ... 44 
45.0 18.0 '" . 43 
46.0 20.0 '" . 42 
47.0 21.0 . ... 41 
47.0 37.0 '" . 30 
55.0 44.0 ... . 18 
67.0 58.0 '" . 10 
76.0 72.0 ... . 6 
86.0 77.0 ... . 5 
96.0 80.0 '" . 4 

105.0 82.0 '" . 3 

44.0 18.0 '" . 45 
48.0 22.0 ... . 42 
50.0 41.0 '" . 28 
65.0 56.0 ... . 12 

Hard (35%) ....... " 74.0 65.0 6 

3. LIGHT DRAWN - BENDING temp" i, 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shear Fatigue 
Hardness Strength Strength 

I 
Million 

FIB 130T 
k,l k,l Cycles 

58 - 18 32.0 .. , . '" . 
59 - 19 32.0 .... . .... 
60 - 20 33.0 ... . '" . 
61 - 21 34.0 ... . .. , . 
62 - 22 34.0 . ... .... 
63 - 25 35.0 ... . .. , . 
- 53 54 36.0 . , .. '" . 
- 68 64 39.0 .... . ... 
- 76 70 42.0 ... . .. , . 
- 79 72 44.0 ... . '" . 
- 82 74 46.0 ... . '" . - 86 76 48.0 .... . ... ) 
- 88 77 49.0 ... . '" . 

- - - 33.0 ., .. . ... 
- - - 34.0 .... . ... 
- - - 35.0 ... . '" . 
- - - 36.0 .... . ... 
- - - 36.0 ... . '" . 
- - '- 38.0 ... . . ... 
- - - 39.0 .... . ... 
- - - 42.0 . ... '" . 
- - - 46.0 .... . ... 
- - - 51.0 ... . '" . 
- - - 56.0 ... . '" . 
- - - 58.0 ... . '" . 
60 - 20 34.0 ... . .. , . 
64 - 24 39.0 .... . ... 
- 53 54 40.0 ., .. . ... - 76 70 42.0 ., .. . ... 
- 82 74 44.0 

Th, YQlllU list,d aboy, r,pr,.',,' re~lIa"oble appralllimalla"s .ultabl, far g,,,eral e""I"'eri",, u ... Du, 10 commercial vorlollons In cu".;:~oItloo a"d 
to mcz"ufaclurlog limitation •• Ih,,. should 001 b, Uled 'or Ipeclfltatlao purpo.". S •• applicable A.S. T.M •• peciflcaljcio "f'r,nc'" 
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~omposition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 

.Lead, 

Iron _: 

Tin 
Zinc 

Phosphorus 

TClal C,::~er EJ<:ments .~~ 

Physical Properties 

88.5 

2 
9.3 

.10 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specifie Gravity 

Coefficient of Thermal Expansion 
Codfident of Thermal Expansion 
Coefficient of Thefmal Expansion 

87.0 90.0 
.05 
.05 

1.5 3.0 
Remainder 

.35 

.15 

1875 F 
1850 F 

English Units 

.3161b jcu in @'68 F 
8.75 

J025 C 
1010 C 

C. G. S. Units 

8.75 gm leu em I~ 20 C. 
8.75 

.0000184 per C C from.20 C to 100 C 
per"C from .20C to.200C 
pef "C from.20 C to 300 C 

Thermal Conductivity 
Electrical Resistivity (-\nnealed) 

Electrical Conductivit y" I Annealed) 
Thermal Capacity (Specific He:!.t' 

Modulus of ElastiCIty, Tension I 
ModulUS of Rigidity 

.0000 I O~ per" F from 68 F to 212 F 
per" F from 68 F to 392 F 
percF from6SF t057~F 

52 Btu Isq ft /ft fhr !OF @ 68 F 
5\.85 Ohms ~ cire mil 1ft ) ~ 60S F 

20.0 C;C lACS I~ 08 F 

.1 I 5 cal/sq ~JT1 fcm Jsec r C Iq' 20 C 
8.62 Microhm-em (;; 20 C 

.09 Btu .lIb of (;! os. F 
18.000 .000 pSl 

psi 

.116 Mt'gmho-.. :m lij .20 C 
.09 cal jgm /" C (~. 20 (" 

1 ~,600 Kg jsq mm 
Kg Jsq mm 

·Volume Basis - Wnh a .05o/r ma,imum phosphorus content, electrical conductivity is 28,);, lACS. 

Typical Uses 

Electrical switches and spnngs, fuse and pen clips, weather stripping 

Common Fabrication Processes 

Blanking, coining, drawing, forming, bending, heading and upsetting 

Fabrication Properties 
CdPilCJ!}-" for Bt'ing Cold \\'ort,cd Excellent 
CdpaL:lty for Bemg Ho! FlIrmt'd .. Good 
Hot Forgeahility Ratlng.{Forging Brass: 100) ........... . 
Hot Working. Temperature ..... 1455-1545 For 790-840 C 
Annealing Temperalure, ....... 800-1300 F Of 425·700 C 
Ma.:hmJbility Rating. \ Fret' Cutting Brass: IDOl ......... 30 

SuitJbiJlIY for being ,lL'H1ed by: 
SldJermg. . . . r xcellent 
Brazing .............. Lxcellent 
Oxyacetylene Welding . , ............. Good 
Gas Shiddt'd Arc Wddmg. . .. Good 
Coalt'd Metal Arc Wcldmg ..... Not Recommended 

Resistance Welding 1 ~~~~. : : : : : : : ·N~t· R~~~~'~~n~~~ 
Butt , ....... " ......... Good 

Tht ."I~t, I;,.~d ebe • ., 'r;:l'~'~~' 're,ef1eblr eopte.;mo.ie'" .u"ob'~ ler !;l~n.,rel e"p'nr~rin\l u.e Du .. to co",,,, .. rc'el ~eriol;onl in tOmp''''''en end 
to mO'1"lo""',n,, limi'e',en •.• hey .heuld "C' b r u.ed fe. 'pr(;licol;on pu,pe,r. S .... eppl,toble I..S.T.M .prtil,co"on alr,entr. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

r 
Strip, RoBed 
Strip, Drawn 

J

l 
Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER AllOY No. 425 (Continued) 

Annaated T MnPOr. AoU.d Of Omwn T.m~. 

~ 

I 0 
Nominal Grain Sin mm ~ .r 

~ 
, .. .. 0 

~ • 
:t '" • • B I 

1 .. 0 

1 :! ~ t ~ • 0 0 
0 :I! :! • :! j " • • 0 0 

, 
:I! I ~ d 0 .. • :I! 0 c .. " t ! ~ 0 

~ 
., ., 

'" '" '" ~ 
J; J; • :! e 

j 
~ • :! J; ... 

~ 
... N ~ . ~ . .. , ! ~ :I! 1< • d :I! ... q q q q -' w 0 0- w w -' 

..•....• Ill.; .•. ' .•...••.••... G,-.e.·. ;-;-;-;.:-5''':,:,:9-. ~e· .~-': .• '~ •• ; .• .-, 

.. , .... '., .. , ..................... , '.' ....... , .............. , .. 

........•...................... 

Hot 
Finish«l 
T.mpen 

) 

i i il e ;; .. i! '" , 
£ il :! 

WI i ~ ~ 

.. -,', .. 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD ORA WN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING tem~ ,) 
used only where a tube of SOme stiffne:.!. but 
yet capable of readily being bent (or olher­
wise moderately cold Worked) is needed. 

M hiP Be aOlca rOpertlBS Yield Str.ngth Elonga· 
Ten5ile (.5% Ext. tion Rockwell Sh •• , I Fatigua 

Size Strength undel load I 1.2% Offwt) in 2 in. Hardness Strength Strength 
Form Section Tampar 

L 
Milli.:.n 

in. ksi k5i kst " F La 130T kai kai Cycles 

FLAT .0-10 in. .035 mm ........ . 44.0 18.0 ... . 50 67 IS - .... .. . . ... 
RODUCTS Eighth Hard ....... 52.0 40.0 ... . 38 - SO - ... . ... 

Quarter Hard ..... . 57.0 47.0 .... 22 - 60 - ... . . .. . ... 
Half Hard ......... 62.0 51.0 '" . 18 - 70 56 ... . .. ' . . ... 
Hard ........... . 73.0 60.0 .... 8 - 83 - ... . . .. . ... 
Extra Hard ...... . 80.0 63.0 '" . 5 - 88 - . ... ... . . ... 
Spring . . ... . . ... ~o.o 65.0 '" . 3 - 90 - . . .. . ... 
Extra Spring ..... . 97.0 b8.0 ... . 2 - 92 - .. . .. . . . ... 

I ) 

Th ... al .... 1 lil,.d abo ... r.pr.l.n' nOlonabl. apprOll;malionl Ivilobl. lar g.n.rol .ngh .... ling ...... 0 .... '0 ,omrntft;.,1 .. orioTioni in compo,i,ion ond 
128 10 mon ... lodvring UmiICII;onl. Ih.y Iho ... ld no' b. ",I.d lor IPKilkCllion purpo •••. S •• applicabl, "'.S.T.M. 'PKilicolicin r.I.,.nce.. 



COPPER AllOY No. 435 

Composition - percent 
Nearest Applicable AS T M Specifications 

Nominal Minimum Maximum 

Copper 81 
Lead 
Iron 
Tin .9 

Zinc 18.1 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

79.0 83.0 
.10 
.05 

.6 1.2 
Remainder 

.15 

1840 F 
1770F 

English Units 

.313 Ib leu in @68 F 
8.66 

.0000108 per" F from 68 F to 212 F 
per<>F from 68 F to 392 F 
per "F from 68 F to 572 F 
Btu Isq ft 1ft Ihr I"F @ 68 F 

37 Ohms (eire mil 1ft ) @ 68 F 
28 % IACS@ 68 F 
.09 Btu Ilb"F @ 68 F 

16,000,000 psi 
6,000,000 psi 

Typical Uses 

Bourdon tubing and musical instruments 

Common Fabrication Processes 

Forming and bending 

Fabrication Properties 

1005 C 
965 C 

C. G. S. Units 

8.66 gm leu em @ 20 C. 
8.66 

.0000194 per"C from 20 C to 100 C 
per D C from 20 C to 200 C 
perce from 20 eta 300 C 
cal/sq em lem /sec /0 C @ 20 C 

6.16 Microhm-em @20 C 
.163 Megmho-em @ 20 C 

.09 eal/gm I"C @20C 
11,200 Kg Isq mm 
4.200 Kg /sq mm 

Capacity for Bein~ Cold Worked ............... Excellent Suitability for being joined by: 
Capacity for Being Hot Formed .................... Fair 
Hot Forgeability Rating (Forging Brass = 100) ............ . 
Hot Working Temperature .............. For •.•.•... C 
Annealing Temperature ..•........•.... F or ........ C 
Machinability R'lting (Free Cutting Brass = 100) ......... 30 

Soldering ........................... Excellent 
Brazing ... 0 0 •• 0 0 • 0 • 0 ••• 0 0 •• 0 0 0 • 0 0 0 Excdlent 
Oxyacetylene Welding. 0 ••••• 0 •• 0 0 0 ••• 0 ••• Good 
Gas Shielded Arc Welding . 0 0 0 •• 0 •• 0 • 0 •••• 0 .Fair 
Coated Metal Arc Welding .. 0 o' Not Recommended 

Resistance Welding Seam .. 0 •••• 0 Not Recommended 1 
Spot ..... o •• 0.·· .. o' ••• Good 

Butt ...... 0 0 ••• 0 • 0 • 0 ••• Good 

Thll valuel lilted above reprlllenl realanable appro"imalianl luilable for general engineering UU!. Due to tommertiol ... griallonl in tgmpalition and 
to monulatturinlO IImilglionl. they ,hould not be u~ed lar IpedHtallon purpOlel. See opplkable "'oS.T.M. Ipedlitolian referentel. 
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COPPER ALLOY No. 435 (Continued) 

Forms and Tempers Annealed Tampers Rolled or Drawn Tampers Hot 

Most Commonly Used Finished \ 
Tampers 

~ 

~ !'! 
Nominal Grain Size mm 0 ~ 

0. e 
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Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

........................................................................ : ... 

............................................................................ 
FLAT 

PRODUCTS 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

.........•.............................................•................... 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 
· ....................................................................... 'l 

I. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need ror a tu be 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

p 

M hiP ec amca ropertles Yield Strength Elonga-
Tensile (.5% Ext. tion Rockwell Shear Fatigue 

Sizo Strongth undor Load) 1.2% Offset) in 2 in. Hardness Strength Strength 
Form Section Temper 

I 
Million 

in . ksi ksi ksi % FIB 130T kli kli Cycles 

FLAT . 040 in. .025·mm .......... 49.0 18.0 ... . 46 70 - 31 36.0 . ... . ... 
RODUCTS Half Hard .......... 65.0 54.0 .... 16 - 72 - 41.5 ... . . ... 

I·lard ............. 80.0 68.0 ... . 7 - 85 - 45.0 . ... '" . 

TUBE I in. OD . 035 mm .......... 46.0 16.0 ... . 46 69 - 40 . ... ... . . ... 
X .065 in. Hard (35%) ........ 75.0 60.0 ... . 10 - - - ... . '" . . ... 
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COPPER AllOY Nos. 443, 444 and 445 (/NHIBITEDADMIRALTY) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 71 
Lead 

Iron 
Tin I 

Zinc 28 
As, Sb orP 

Total Other Elements 

700 73.0 
.07 
.06 

.9' 1.2 
Remainder 

.02** .10** .... I .15 

Flat Products 

Pipe 

Rod 

Shapes 

B171, B432 

Tube BIII,B359,B395 

Wire 

'" For flat products, the minimum tin may be .8% 

"'* Arsenic, Antimony and Phosphorus inhibited alloys are 
identified respectively by Copper Alloy Nos. 443, 444 J,lnd 445 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

" Volume Basis 

1720 F 
1650 F 

English Units 

.308 Ib leu in @ 68 F 
8.53 

per" F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000112 peroF from 68 F to 572 F 
64 Btu Isq ft 1ft Ihr 1°F @ 68 F 

41.5 Ohms (eire mil 1ft ) @ 68 F 
25 % lACS @ 68 F 

.. 09 Btu lIb of @ 68 F 
16,000,000 psi 
6,000,000 psi 

Typical Uses 

935 C 
900 C 

C. G. S, Units 

8.53 gm Icu cm @ 20 C. 
8.53 

per" C from 20 C to 100 C 
per" C from 20 C to 100 C 

.0000202 per" C from 20 C to 300 C 
.26 cal Isq qn lem Isec I'" C @ 20 C 

6.90 Microhm-cm @ 20 C 
.145 Megmho-cm @ 20 C 

.09 eal/gm r C @ 20 C 
11,200 Kg Isq mm 
4,200 Kg Isq mm 

INDUSTRIAL: condenser, evaporator and heat exchanger 
tubes, condenser tube plates, distiller tubes, 
ferrules . 

Common Fabrication Processes 

Forming and bending, machining 

Fabrication Properties 
Capacity for Being Cold Worked ............... Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ................... Fair 
Hot Forgeability Rating (Forging Brass = 100) .......... . 
Hot Working Temperature ..... .1200-1450 F or 650-800 C 
Annealing Temperature ........ 800-1100 F or 425-600 C 
Machinability Rating (Frec~ Cutting Brass = 100) ......... 30 

Soldering ........................... Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding ................... Good 
Gas Shielded Arc Welding ................ Fair 
Coated Metal Arc Welding .... Not Recommended 

Resistance Welding Seam ....... Not Recommended ~ 
Spot. . . . . . . . . . . . . . . . .. Good 

Butt .................. Good 

The "'Qluu lilted Qb.,~e tepreunt teelonQble QPpto"imotions suitable fer generQI t'nginl!l!ring UII!. OU~ to [ommer~iol voriationl in compolilion Qnd 
la monufQcturino;:limiiationl. they .hould nol be uled for Ipecificatian purpale •. S~~ Qpplicabll! A.S.T.M. Ipl![ifiCQlion r.fert'ncu. 
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COPPER ALLOY Nos. 443, 444 and 445 (Continued) 

Forms and Tempers 
Most Commonly Used 

Annealed Temper, Rolled or Drawn Tempers I F;~;~odl ) 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
FJat Wire, Drawn 

Bar, Rolled 

Nominal Grain Size mm 

0 0 0 '" '" '" ;! ... '" M N <i q q q q 
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Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

......................................•............ 

............. -•...... , 

.. ' .........•... , ..... 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualiti~s on the other. 

M hiP ee anlca ropertles 

Size 
Form Section Temper 

in. 

TUBE 1.0in.OD .025 mm ........ 
X .065 in. 

PLATE 1.0 in. As Hot Rolled .... 
WIRE .080 in. .015 mm ........ 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard oc as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga· 
Tensile 1.5% Ext. tion 
Strength under Load' (.2% Offset) in 2 in. 

ksi ksi "" % 

53.0 22.0 . ... 65 

48.0 18.0 . ... 65 

55.0 ... . . ... 60 

) 

3, LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Rockwell Shear Fatigue 

Herdness .Strength Strength 

F' B '30T ksi ksi 
I Million 

Cycles 

75 - 37 '" . '" . . ... 

70 - - ... . ... . . ... 

- - - '" . '" . . ... 

\ ) 
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COPPER AllOY Nos. 464, 465, 466 and 467 (NAVAL BRASS) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 60 
Lead 
Iron 
Tin .8 

Zinc 39.7 
As, Sb or p* 

Total Other Elements 

59.0 62.0 
.20 
.10 

.50 1.0 
Remainder 

... ~2"1 .10** 
.10 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

B21,BI24,BI71,B432 

B21,B124 

B21, B124, B283 

• The uninhibited alloy is Copper Alloy No. 464 

** Arsenic, Antimony and Phosphorus inhibited alloys are 
identified respectively as Copper Alloy Nos. 465, 466 and 467 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

'" Volume Basis 

1650 F 
1630 F 

English Units 

.304 lb leu in @ 68 F 
8.41 

per" F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000118 per 0 F from 68 F to 572 F 
67 Btu Isq ft 1ft Ihr I"F @ 68 F 

39.9 Ohms (eire mil 1ft )@68 F 
26 % lACS @ 68 F 

.09 Btu lib of @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

900 C 
885 C 

C. G. S. Units 

8.41 gm Icu cm @ 20 C. 
8.41 

per "C from 20 C to 100 C 
per" C from 20 C to 200 C 

.0000212 per" C from 20 C to 300 C 
.28 cal Isq cm Icrn Isec la C @ 20 C 

6.63 Microhm·cm @ 20 C 
.151 Megrnho-crn @20 C 

.09 eal/gm r C @ 20 C 
10,500 Kg Isq mm 
3,900 Kg Isq mm 

HARDWARE: aircraft turnbuckle barrels, balls, baits, 
marine hardware, nuts, propeller shafts, rivets, 
structural uses, valve stems 

INDUSTRIAL: condenser plates, welding rod 

Common Fabrication Processes 

Blanking, drawing, forming and bending, heading and upsetting, 
hot forging and pressing, hot heading and upsetting, shearing 

Fabrication Properties 
Capacity for Being Cold Worked .••....•.......... Fair 
Capacity for Being Hot Formed ....••......... Excellent 
Hot Forgeability Rating (Forging Brass = 100) .•........ 90 
Hot Working Temperature .... 1200-1500F or 650-825 C 
Annealing Temperature •..•.... 800-1100 F or 425-600 C 

Suitability for being joined by: 
Soldering ............... " ........... Excellent 
Brazing ..................... ' ...... Excellent 
Oxyacetylene Welding ...•.............. Good 

Machinability Rating (Free Cutting Brass = 100) ........ 30 
Gas Shielded Arc Welding ................. Fair 
Coated Metal Arc Welding ..... Not Recommended 

Resistance Welding Seam ................... Fau 1 
Spot .................. Goo.d 

Butt .................. Good 

The ... alues lilted eba ... e repruent realanable app.",dmatienl luiteble for genl!ral engineering IIle. DUI! to commercial ... e.ialionl in tOmpolilian ern:l 
Ie monuleClurlng limilelians, thl!Y .hould nol bl! IIled fot spl!tificalian purpales. See epplicoble "'.S.T.M. spedlitOlion references. 
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COPPER ALLOY Nos. 464, 465, 466 and 467 (Continued) 
Forms and Tempers 
Most Commonly Used 

Annaaled Tempers Rolled or Drawn Tampars Hot 
Finished 
Tampar. 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

~ 
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Nominal Grain Size mm 
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", .................................... , .................................. . 
........................................................................... 
.................................................... ,', .................... . 
......................... ' ........... , ................... , ................. . 
..................•.•.....•.............................................. 
..................•..•.....•..•........................................... 
.............................. , ........................................... . 
....................•........•.............................. ~ .......... . 
..................•..•.....•..•..................................•........ 
.....................................................•..• , ................. . 
........................... ~ ...................................•....... 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only I usually where lhere 
is no real requirement for high strength or hardne~5 on 
the one hand or for bending quallties on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a lube of some stiffness. bul 
yet capable of readily being bent (or other­
wise moderately cold worked) is nceded. 

M h IP ec anlca ropertles Yield Strength Elongo-
Tensile 1.5% Ext. tion Rockwell Shear Fatigue 

Size Strength undel Load} 1.2% Offlet) In 2 in. Hardness Strength Strength 
Form Section Temper 

I 
Million 

in. ksi ksi ksi % F' B '30T ksi .,1 Cycles 

FLAT .040 in. Light Anneal ...... 62.0 30.0 . ... 40 - 60 57 41.0 ... . . ... 
RODUCTS Quarter Hard ..... 70.0 58.0 . ... 17 - 75 68 43.0 ... . . ... P 

. 250 in. Soft Anneal ....... 58.0 25.0 .... 49 - 56 55 40.0 ... . . ... 
Light Anneal ...... 60.0 28.0 .... 45 - 58 56 41.0 ... . . ... 

1.0 in. As Ho.t Rolled ..... 55.0 25.0 .... 50 - 55 55 40.0 ... . . ... 
ROD .250 in. Soft Anneal ....... 58.0 27.0 , ... 45 - 56 - 40.0 ... . .... 

Light Anneal ...... 63.0 30.0 .... 40 - 60 - 42.0 ... . . ... 
QuarLt:r Hard (lO%) . 70.0 48.0 .... 25 .- 80 - 43.0 . ... . ... 
Half Hard (20%) .... 80.0 57.0 .... 20 - 85 - 45.0 ... . . ... 

1.0 in. Soft Anneal ..•.... 57.0 25.0 ... . 47 - 55 . 40.0 ... . .... 
Light Anneal ...... 63.0 30.0 .... 40 - 60 - 42.0 ... . . ... 
Quarter Hard (8%) .. 69.0 46.0 ... . 27 - 78 - 43.0 . , .. .... 
Half Hard (20%) '" 75.0 53.0 .... 20 - 82 - 44.0 ... . . ... 

.0 in. Soft Anneal ....... 56.0 25.0 ... . 47 - 55 - 40.0 ... . .... 
Light Anneal ...... 62.0 28.0 ... . 43 - 60 - 42.0 ... . . ... 
Quarter Hard (8%) .. 67.0 40.0 ... . 35 - 75 - 43.0 ... . .... 

TUBE . 375in.m Hard Drawn (35%) .. 88.0 66.0 ... . 18 - 95 - .... ... . . ... 
X.097in. 
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COPPER AllOY No. 482 (NAVAL BRASS, MEDIUM LEADED) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 60.5 
Lead .7 
Iron 
Tin .8 

linc 38 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

*Volume Basis 

59.0 62.0 
.40 1.0 

.10 
.50 1.0 

Remainder 
.lD 

English Units 

1650 F 
1630 F 
.305 lb jeu in @ 68 F 
8.44 

per 0 F from 68 F 
per 0 F from 68 F 

to 212 F 
to 392 F 

.0000118 per" F from 68 F to 572 F 
67 Btu jsq ft jft jhr j"F @ 68 F 

39.9 Ohms (circ mil 1ft )@68F 
26 % IACS@68 F 

.09 Btu lib 'F @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod B21 

Shapes B21 

Tube 

Wire B21 

C. G. S. Units 

900 C 
885 C 

8.44 gm leu em @ 10 C. 
8.44 

per DC from 20 C to 100 C 
per DC from 20 C to 200 C 

.0000212 per DC from 20 C to 300 C 
.28 cal /sq em fern /sec r c @ 20 C 

6.63 Microhm~cm @ 20 C 
.151 Megmho-cm @ 20 C 

.09 cal Igm I' C @ 20 C 
10,500 Kg Isq mm 
3,900 Kg jsq mm 

Marine hardware, screw machine products, valve stems 

Common Fabrication Processes 

Hot forging and pressing, machining 

Fabrication Properties 
Capacity for Being Cold Worked ................... Poor Suitability for being joined by: 
Capacity for Being Hot Formed ............... .. Good 
Hot Forgeability Ruting (Forging Brass = 100) ..... 90 
Hot Working Temperature ..... .1200-1400 F or 6;iO-760 C 
Annealing Temperature ........ 800-1100 F or 4~5-600 C 
Machinability Rating (Free Cutling Brass = J DO) . .•••.... 50 

Soldering ........................... Excellent 
Brazing .............................. Good 
Oxyacetylene Welding ........ .Not Recommended 
Gas Shielded Arc Welding ..... .Not Recommended 
Coated Metal Arc Welding ....... Not Recommended 

{

Spot ........ .Not Recommended 
Resistance Welding Seam ........ Not Recommended 

Butt .................... Fair 

The "glues lisled gbeve repre ... nl reglengble gpprell;mglienJ suilable fer generolengineering ule. Due 10 cemmertiol varialions in compcJ;lion end 
Ie menu/aauring limilalians, Ihey should nal be used for specification purposes. See gpplicgble A.S.T.M. specificalion referenc"s. 

{Continued on other lidt) 135 



Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

COPPER ALLOY No. 482 (Continued) 
Ann •• led Tampers Rolled or Drawn Tampen Hot 

Finished 
~ Tempers 
~ ~ 

~ 0 
Nominal Grain Size mm ~ ~ 
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.................................................................... Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

............................................................................. 

..................•..•.......•..•............................ 

PIPE 
SHAPES .............................................................. ...... ) 

I. DRAWN - GENERAL PURPOSE temper is used 2. HARD DRAWN temper is used 3. LIGHT DRAWN - BENDING temper is 
for general purpose tube only, usually where there only where there is need for a tube used only w:~ere a tube of some stiffness, but 
is no real requirement for high strength or hardness on 115 hard Or 115 strong as is commer- yet capable of readily being bent (or other· 
the one hund or for bending qualities on the other. cially feasible for the size in question. wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength Elonge-
Tensile 1.5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Load) (.2% Offset! in 2 In. Hardness Strength Strength 
Form Section Temper 

Million 
in. ksi kli "" % _1.130'( kli .,' Cyclel , 

ROD 1.0 in. Soft Anneal. ....... 57.0 25.0 40 S5 38.0 
Ught Anneal ..... . 63.0 30.0 35 60 .. 39.0 
Quarter Hard (8%) .. 69.0 46.0 20 78 .. 40.0 
Half Hard (20%) .... 75.0 53.0 15 82 .. 41.0 

2.0 in. Soft Anneal ..... ' ... 56.0 25.0 40 55 38.0 
Light Anneal ....... 62.0 28.0 37 60 i 39.0 
Quarter Hard (8%) .. 67.0 40.0 30 75 40.0 
Half Hard (15%) .... 70.0 52.0 17 78 " 41.0 

3.0 in. Quarter Hard (4%) .. 63.0 33.0 43 78 .. 40.0 

BAR .375 in. As Extruded ....... 63.0 33.0 34 60 39.0 ) 
1.5 in. Quarter Hard (4%) .. 66.0 40.0 32 75 40.0 

I 
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COPPER ALLOY No. 485 (NAVAL BRASS, HIGH LEADED) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 60 
Lead 1.8 
Iron 
Tin .7 

Zinc 37.5 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

59.0 62.0 
1.3 2.2 

.10 
.50 1.0 

Remainder 
.10 

1650 F 
1630 F 

English Units 

. 305 Ib leu in @ 68 F 
8.44 

per D F from 68 F to 212 F 
peroF from 68 F to 392 F 

.0000118 peroF from 68 F t0572F 
67 Btu 'sq ft 1ft Ihr 1°F @ 68 F 

39.9 Ohms (eire mil 1ft )@68 F 
26 % lACS @ 68 F 

.09 Btu lib of @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

900 C 
885 C 

B21,B124 

B21, BI24 

B21, BI24, B283 

C. G. S. Units 

8.44 gm leu em @ 20 C . 
8.44 

per'" C from::!O C to 100 C 
per a C from 20 C to 200 C 

.0000212 per ° C from 20 C to 300 C 
.28 cal/sq em fern Isec r C @ 20 C 

6.63 Microhm-em @ 20 C 
.151 Megmho-cm @ 20 C 

.09 cal Igm I'C @20C 
10,500 Kg Isq mm 
3,900 Kg Isq mm 

HARDWARE: marine hardware, screw machine products, valve stems 

Common Fabrication Processes 

Hot forging and pressing, machining 

Fabrication Properties 
Capacity for Being Cold Worked .................. Poor 
Capacity for Being Hot Formed ................. Good 

Suitability for being jOined by: 

Hot Forgeability Rating (Forging Brass = 100) ......... 90 
Hot Working Temperature ..... 1200-1400 F or 650-750 C 
Annealing Temperature ........ 800-1100 F or 425-600 C 
Machinability Rating (Free Cutting Brass = 100) ........ 70 

Soldering. .......................... Excellent 
Brazing .............................. Good 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding ..... Not Recommended 
Coated Metal Arc Welding ..... Not Recommended 

~ 
Spot ........ Not Recommended 

Resistance Welding Seam ....... Not Recommended 
Butt .................... Fair 

The ... allle! lilted abo ... e reprennl reolonoble appro,.imationl JlIih"ble for general engineering 1I11!. Dlie la cammercial ... ariotlan. in compolilian ond 
10 monlilatlllrlng limitalionl, they sholiid nol be lIad for Ipecilkalion pllrponl. See appllcoble A.S.T.M. 5pecilicalion relerenclII. 

(Continued on other .idt) 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 485 (Continued) 

Annealed Tempers Rolled or Drawn Tempers 

~ ~ 

~ ~ 
Nominal Grain Size mm 0 = !O 0 

:! 
, '" .. 0 

• f • 
l: '" ~ • B I 

~ :! 0 
0 

~ ~ 
t .E • 0 • :! I.'l ~ 0 l: "D • ~ 

0 0 
, • ~ I ~ ~ 0 

'" ~ ~ C l: 0 0 

'" -5 l: • g- o 
.E t ~ ~ ~ .E 0 0 0 '" '" '" ~ " • £ • :! 

~ ~ l< ... '" PI N ::; = i3' , .E :l! ; ; d = '" '" '" '" ::; C I- W w l: ::; 

""""""""' .. ,' , .. ,., .. ',.,.,', ... " ... ,.".,",.,' 

"',.,""",.,.,.'" "".".""",.,',.,.,""', .. ,.". 

,.,.",.""",., .. ,., , .. , .. , ... ".,.,""",.".,"', .. ". 

Hot ) Finished 
Tampers 

• 
] 8. 

Ii e a "D • a: , I-

~ ;; :5 
l: w u 

... ... l 

y: 
1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hund or for bending qualities on the other. 

2. HARD ORA WN temper is used 
only where there is need for a tube 
as hard or us strong as is commec­
ciaUy feasible fOI the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of rendlly being bent (or other­
wile moderately cold worked) is needed. I 

Mechanical Properties Yield Strength EIDnga-
Tensile t.5% Ext. tiDn R'Jckwell Shear Fatigue 

Size Strength under LDad) (.2% Offset I in 21n. Hardness Strength Strength 
FDrm Section Temper 1. Million 

In, ksi ksi ksi % F j B j30T ksi k.l Cycles 
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ROD 1.0 in. Soft Anneal ..... . 57,0 25.0 ... . 40 - 55 - 36,0 '" . 
Quarter Hard (8%), , 69.0 46,0 ... . 20 - 78 - 39,0 '" . 
Half Hard (20%) .. , 75,0 53,0 .. , . 15 - 82 - 40,0 . ... 

Thl Yaluu 1I,I.d abOYI rlpreUlI\1 r.alanabll Clpprollllimotlan.luilabl. for , ... n.rolln;ln.lrinlil U'I. Du.la co'·mlrclol yarlotlonlln compolillon ond 
10 manufacturIng IImilollonl. th.y Ihould nol b. Uled for Ip.clfltalion purpo.I •. S •• appllalbll .... S.,:.M. Iplclflcallon r.f.r.ncl •• 
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COPPER AllOY No. 505 (PHOSPHOR BRONZE, 1.25%) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 98.7 
Lead 
Iron 
Tin I.3 1.0 

Zinc 

Phosphorus .03 
Cu+Sn+P 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity* (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rlgidity 

.. Volume Basis 

.05 

.10 
1.7 

.30 

.35 

1970 F 
1900 F 

English Units 

.321 Ib leu in @68 F 
8.89 

per 0 F from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000099 per 0 F from 68 F to 572 F 
120 Btu Isq ft 1ft Ihr rF @ 68 F 

21.6 Ohms (eire mil Ift)@68 F 
48 % lACS @ 68 F 
.09 Btu lIb of @ 68 F 

17,000,000 psi 
6,400,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

1075 C 
1035 C 

B508 

BIOS 

C. G. S. Units 

8,89 gm leu em @ 20 C. 
8.89 

per DC from 20 C to lOa C 
per "e from:W C to 200 C 

.0000178 per 0 C from 20 C to 300 C 
.49 cal/sq em fern fsec 1° C @ 20 C 

3.59 Microhm-cm @ 20 C 
.278 Megmho-cm @ 20 C 

.09 cal Igm r C @ 20 C 
12,000 Kg Isq mm 
4.500 Kg Isq mm 

INDUSTRIAL: electrical contacts, flexible hose, pole-line hardware 

Common Fabrication Processes 

Blanking, forming and bending, hen ding and 
upsetting, shearing, squeezing and swaging 

Fabrication Properties 
Capacity for Being Cold Worked .............. Excellent 
Capacity for Being Hot Formed ................... Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperature ..... 1450-1600 F or 800-875 C 
Annealing Temperature ........ 900-1200 F or 475-650 C 
Machinability Rating (Free Cutting Brass = 100). . . . . . .. 20 

Soldering ........................... Excellent 
Brazing ........................... Excellent 
O;tyacetylene Welding .................... Fair 
Gas Shielded Arc Welding ................. Good 
Coated Metal Arc Welding ................. Fair 

Resistance Welding Seam ........ Not Recommended ~ 
Spot ........ Not Recommended 

Butt ................ Excellent 

The value, Ihted above reprmenl reasonable opproximalion, ,uitable for gllneral engineering use. Due 10 tamml!rdal variaTianl in l;omposfllon and 
to manulathtrin" limitetian., they .hould nOI bl! uled fer specifitoTion purpole,. See appikabl" "'.S.T.M. ,pedflcation referent .... 
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COPPER ALLOY No. 505 (Continued) 

Annealed Tampers Hot Forms and Tempers 
Most Commonly Used 

Rolled Dr Drawn Tlmpar. 
Finished 

I, 
f 

~ Tlmpers -
S ~ 

i i 
< < < < ~ 

~ 
0 0 0 on on on 

i 
E 

;! ... on '" N q 5 '" '" '" '" 

~ .~ 
~ '" .. < 
l: f <Ii 

i t • ~ ] 'E < 
'E " .~ • < < 'l! E 
:I! :I! 'E • 'E '" ~ ~ '0 '" • , 

:I! ~ I ,s ~ a: , l-
t • 0 < ~ e ~ -5 l: ~ " f 'E ~ ~ ~ 'E E .., • ~ ~ 

w . .. , 
F :I! 1( 1< d • ~ 

.'/ .'/ l w 0 w W l: ::J 

Nominal Grain Size rnm 

................................................................... 

................ ' ................................................. . Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

........................................................................... 
FLAT 

PRODUCTS 
................................................................... 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

........................................................................... 
PIPE 

SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for gen~ral purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Temper 

in. 

FLAT .040 in. .025 mm ....... . 
PRODUCTS Half Hard ........ 

Hard ............ 

Spring' .......... 

WIRE • OSO in. Hard (80%) ....... 
.460 in. Hard (70%) ....... 

............................................ '1. 

2. HARD DRAWN temper is llsed 
only where Ulcre is need for a tube 
as hard Of as strong IlS is cammer· 
cially feasible for the size in question. 

Yield Strength Elong •. 
Tensile (.5% EKt. tion 
Strangth undl" Loadl (.2% Ottl8tl in 2 in. 

ksi ksi ksl % 

40.0 14.0 ... . 48 
55.0 ... . ... . 16 
65.0 50.0 ... . 8 
75.0 ... . ... . 4 

79.0 '" . ... . I' 
72.0 ... . ... . 4' 

• Elongation in 10 inches 

3. LIGHT DRAWN - !!E!'JDING temper is 
used only where n tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold Worked) is needed. 

Rockwell Sheer Fatigue 
Hardness Strength Strength 

1 
Million 

FIB 130T ksi ksi Cvcles 

68 - - . ... .... . ... 
- 64 60 . ... . ... .... 
- 75 67 ... . ... . .... 
- 79 70 ... . .... . ... 

- - - . ... 32.0 100 

- - - ... . ., .. . ... 
, 

Thll valu •• lI.t.d aboy. r.pr ••• nl r.(lIonablll appralltlmollon •• ultabl. for g.n.ral .ngln •• ring II ••. Ou. I comm.rdol varlallon. In compo.llian and 
140 to manutacturlng limitation •• Ih.y Ihould nol bl! u.1Ki far spKillcallon purpO'.I, S •• applicabl. "'.S.T.M •• p.dfltallcin ,.f.r.nul. 
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COPPER AllOY No. 510 (PHOSPHOR BRONZE, 5% A) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 94.8 
Lead 
Iron 
Tin 5. 4.2 

Zinc 
Phosphorus .2 .03 
Cu+Sn+P 99.5 

Physical Properties 
'. 

\ Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
• Modulus of Rigidity 

.05 

.10 
5.8 

.30 

.35 
~ 

English Units 

1920 F 
1750 F 
.320 Ib leu in @ 68 F 
8.86 

per a F from 68 F 
per a F from 68 F 

to 212 F 
to 392 F 

.0000099 per a F from 68 F to 571 F 
40 Btu Isq ft 1ft Ihr 1°F @ 68 F 

69.1 Ohms (cire mil 1ft ) @ 68 F 
15 % IACS@68 F 

.09 Btu lib OF r'!! 68 F 
16,000,000 psi 
6,000,000 psi 

Flat Products BIOO, BI03, BI39 

Pipe 

Rod BI39 

Shapes BI39 

Tube 

Wire BI59 

C. G. S. Units 

1050 C 
950 C 

8.86 gm leu em @ 20 C. 
8.86 

per a C fro,n 20 C to 100 C 
per a C from 10 C to ::WO C 

.0000178 per a C from 10 C to 300 C 
.17 eal/sq em lem Isee I" C @ 20 C 

11.5 Microhm-em @ 20 C 
.0870 Megmho-cm @ 20 C 

.09 cal/gm I" C @ 20 C 
11,200 Kg Isq mm 
4,200 Kg Isq mm 

., Volume Basis, detennincd on an alloy containing 5% Tin and .2% 
Phosphorus. This value will vary with the compo~itiQn. 

, Typical Uses 
ARCHITECTURAL: 

HARDWARE 
Qri~~~ be.aring plates U]I: . 
beater bars, bellows, Bourdon tubing, clutch disks, cotter pins, diaphragms, fuse clips, 
fastenerr., lock washers, sleeve bushings, springs, switch parts, truss wire, wire brushes 

INDUSTRIAL chemical hardware, perforated sheets, textile machinery, welding rods 
";i!'/'I, c:>,;'; 

Common Fabrication Processes 

Blanking drawing, forming and bending, heading and 
upsetting, roll threading and knurling, shearing, stamping 

Fabrication Properties 
~apacity for Being Cold Worked ............... Excellent Suitability for beingjoincd by: 
Capacity for Being Hot Formed .................... Poor 
Hot Forgeability Rating (Forging Brass = 100) ........... . 

Soldering ........................... Excellent 

Hot Working Temperature .............. F or ....... C 
Annealing Temperature ........ 900-1250 F or 745-675 C 
Machinability Rating (Free Cutting Brass = 100) ....... 20 

Brazing ........................... Excellent 
Oxyacetylene Welding ................... Fair 
Gas Shielded Arc Welding ................ Good 
Coated Metal Arc Welding ................. .Fair 

Resistance Welding Seam ................... Fair 
{

Spot .................. Good 

Butt ................ Excellent 

Thl! ... clun 1i,led ebe"'l! rl!prl!'l!nl rl!e~aneble appra .. imeljam luitable far gene-,el engineering vie. Due 'e cammudel verieTianl in ,ampa,iTien and 
Ie menufaClvrin" limilalian~. Ihe)' shauld nal bl! u~ed fDr ~pedficalian purpall!~. SI!I! epplicebll! A.S.T.H. Ipedfkatian referl!nte~. 

(Continued on othtr lIide) 141 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPERALLOV No. 510 (Continued) 

Annealed Tampers Rolled or Drawn T IIrnpltl'l 

-s e 
Nominal Grain Size mm 8. .. 

'E 
~ '" .. e 

• .. • 
X co 
~ 

t !::! , 
j 'E .. e e i 'E ~ • e 
e :l! :l! ~ 

• 'E j " J J 
e 

~ 
, 

:l! , 
~ E e ~ 0 C 

" .e X .~ 
e 

0 E .c ~ ! 
~ 

E a J E 0 0 III on on :: • f 'E 
~ .... on N ;j m E ~ ~ E .. .. .. .. :;; J! iii 

, • :J 0 .... W W C X 

................ '., .......... '., .....•...•. '.' ..•........... ................................................ ', ......... ,. 

................... ', ....... , ..... ' .. ' ..... '.' ............. . · . . . . . . . . . . . . . . . . . . . .. ..................................... . 
· . . . . . . . . . . . . , . . . . . . .. ..................................... . 
............................................................ 

..............................•............................ 
'" ........................................................ . 
............................................................ 

Hot 
Finished I 
Tempers; 

] 
1 .. ." a: , 

1 ~ 
w .. .. 

• 8. 
E • .... 
~ 
l 

"( I" 

J 

\ 
I,· • 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is us,~d 
only where there is need for a tu.>e 
IlS 11I1Id or as strong IlS is camml r­
cililly feasible for the size in questil n. 

3. LIGHT DRAWN - BENDING temper is. 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Mechanical Properties Viald Strength 

I 
Tensile 1.5% Ext. 

Size Strength under Load) 1.2% Offsotl 
Farm Section Ttlmpor 

in. k.' ksi k" 

FLAT .040 in. . 050 mm ......... 47.0 19.0 
PRODUCTS .035 mm ......... 49.0 20.0 

.025 mm ......... 50.0 21.0 

.015mm ......... 53.0 22.0 
Half Hard ........ 68.0 55.0 
Hard ., .......... 81.0 75.0 
Extra Hard ........ 92.0 80.0 
Spring ........ , .. 100.0 80.0 
Extra Spring .... , . 107.0 80.0 

ROD .500 in. Half Hard (20%) .... 75.0 65.0 
1.0 in. Half Hard (20%) .... 70.0 58.0 

WIRE .080 in. .035 mm · . . . . , . . . 50.0 20.0 
Quarter Hard 68.0 60.0 
Half Hard ......... 85.0 80.0 
Hard .. , ......... 110.0 
Extra Hard (75%) ... 130.0 
Spring (84%) ...... 140.0 

1Ionga· 
tion Rockwall 

n 21n. Hardness 

'iIo F 6 lOT 

64 7326 
58 75 28 
52 77 30 
50 79 34 
28 78 69 
10 87 75 

6 93 78 
4 95 79 
3 97 80 

25 80 
25 78 

58 
24 
8 
5 
3 
2 

Shear 
Strength 

"" 

Fatigua 
Strangth 

k" 

25.0 

22.0 

I 
Million 
Cvciltl 

100 

100 

27.0 100 
30.0 100 

142 Th. valuu lilted above repr .. ent realonable approllimallani lultable for genefal engineering "'I' • Due to cammerclal varlllllani In complliitian and 
10 manuillduring Iimllalhml. th.y 1hoYId nol be u .. it far IplKlfication purpo .... s.. ap, Ih:able A.S.T.M. Ipedflcallgn r.ferencel. 
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COPPER AllOY No. 511 

Composition - percent 
Nearest Applicable A S T M Specifications· 

Nominal Minimum Maximum 

Flat Products B 1 03 
Copper 95.6 

Lead .05 
Pipe 

Iron .10 Rod 

Tin 4.2 3.5 4.9 Shapes 
Zinc .30 Tube 

Phosphorus .2 .03 .35 
ell + Sn + P 99.5 

Physical Properties 

Melting Foint (LiquirlCls) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

ARCHITECTURAL: 
HARDWARE: 

INDUSTRIAL: 

1945 F 
1785 F 

English Units 

.320 Ib leu in @ 68 f 
8.86 

per <> F from 68 F to 212 F 
per <> F from 68 F to 392 F 

.0000099 per 0 F from 68 F to 5n F 
48.4 Btu Isq ft 1ft Ihr 1°F @ 68 F 

52 Ohms (eire mil 1ft ) @ 68 F 
20 % lACS @ 68 F 

.09 Btu lib of @ 68 F 
16,000,000 psi 
6,000,000 psi 

Typical Uses 
bridge bearing plates 

Wire 

1060 C 
975 C 

C. G. S. Units 

8.86 gm jeu em @ 10 C. 
8.86 

per" C from 2:0 C to 100 C 
per a C from 10 C to 100 C 

.0000178 per ° e from 20 C to 300 C 
.20 cal/sq em /crn 15ec r C @ 20 C 
8.7 Microhm·cm @20 C 

.116 Megmho-cm @ 20 C 
.09 eal/gm loe @20C 

11,200 Kg Isq mm 
4,200 Kg /sq mm 

beater bars, bellows, clutch disks, connectors, diaphragms, fuse clips, 
fasteners, lock washers, sleeve bushings, springs, switch parts, terminals 
chemical hardware, perforated sheets, textile machinery 

Common Fabrication Processes 

Blanking, drawing, forming and bending, roll threading and knurling, shearing, stamping 

Fabrication Properties 
Capacity for Being Cold Worked ............... Excellent 
Capacity for Being Hot Formed ................... Poor 

Suitability for being joined by: 

Hot Forge3bility Rating (Forging Brass = 100) ........... . 
Hot Working Temperature ............. For ....... C 
Annealing Temperature ........ 900·1250 F or 475-675 C 
MaChinability Rating (Free Cutting Brass = 100) ......... 20 

Sold{!ring ........ , ...... , ....... ,. Excellent 
Brazing .. , ... , .................. ,. Excellent 
Oxyacetylene Welding .................... Fair 
Gas Shielded Arc Welding ...... , . ' ......... Good 
Coated Metal Arc Welding ...... , , , ......... Fair 

Resistance Welding Se~m ...... , ........ ' .... Fair 1 
Spot .. , ...... ' ..... , ... Good 

Butt ......... , " .... ExceUent 

The values lisll!d above rep.e'l!nl reoH>ngble cppto,.imalions suiloble for general engineering use. Due 10 eommerdal voriolign. in COmpg.ilion end 
10 monufocluring limilol,gn" Ihl!Y should m;ll bl! uled lor spl!dliealion purposl!5. Sel! gpplieeble A.S.T.M. Ipl!eilicelion referene" •. 

(Continued on oth!!r lIid!!) 143 



COPPER ALLOY No. 511 (Continued) 

Forms and Tempers 
Most Commonly Used 

Annealed Temper. Rolled Dr Drawn Tempers Hot 
Flniahtd 
Tempers ~ -

5 !:l 

"jj "jj 
c c c c .. .. 

0 0 0 "' "' "' " .E 
~ 

... i!l '" N q ~ C! C! C! JI 

~ 8' 

~ 
, 'U .. c 

i • J: ID 

i ~ !:! , 
1 1! c 

'C t 8' • c c "II E 
:i! ~ 'C • ~ ~ 

Cl • • .. 'C • , , ~ E II: , l-
.e lii lii 0 J: C c 

£ ~ ~ t J: 
~ 8' c 

.E 'C e e • 1! .E w • l! :i! ~ ~ l< e l .!!, , r; ~ .!!' 
~ ~ w C w w C ... 

Nominal Grain Size mm 

......•.•.•.•...........•..•..•..•..•..•..•.. ,' ............. . ................................................................... 

................................................................... 
FLAT 

PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled ................................................................... 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

........................................................................... 

........................................................................... 

........................................................................... 

1. DRAWN - GENERAL PURPOSE temper is used 
for genenl purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially fellsible for the size in question. 

3. LIGHT DRAWN .- BENDING temper is 
used only where a tube of some stiffness, but 
yet capllble of relldily being bent (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength Elonga-
Tensilo (.5% Ext. tion Rockwell Shear Fatigua 

Size Strength under Load) (.2% Offset) In 2 in. Hardness Strength Slrangth 
Form Section Temper 

I 
Million 

in • k., k.1 kli % F / B /30T k,l k.i Cycles 

FLAT . 040 in. .050 mm ........ . 46.0 .... 16.0 48 70 - - . ... ... . . ... 
RODUCTS .035 mm ......... 48.0 ... . 19.0 47 73 - - ... . ... . '" . P 

.025 mm ........ . 50.0 .. , . 21.0 46 75 - - .. , . ... . \ ... 

.015 mm . . . . . . . . . 51.0 ... . 23.0 46 76 - - ... . .... . ... 
Quarter Hard ...... 55.0 50.0 43.0 36 - 4845 ... . ... . .. , . 
Half Hard ......... 62.0 54.0 56.0 19 - 70 65 ... . ... . .. , . 
Three Quarter Hard . 74.0 ... . 72.0 II - 84 72 ... . .... . ... 
Hard ........... . 80.0 74.0 77.0 7 - 86 74 . ... . ... .... 
Extra Hard . . . . . . . 92.0 ... . 89.0 4 - 91 78 ... . . ... '" . 
Spring ........... 98.0 80.0 95.0 3 - 93 79 . , .. . ... .., . 
Extra Spring , ..... 103.0 80.0 98.0 2 - 95 80 . ... . ... "" ': 

• 

Th. Vlllul. Ihl.d abave repr .. enl reaumabl. appraxlmallan. luhobl. far g.n.ral .ngln"rlng UII. Du. la camm.rclal vorlatlanl In campolilian (:Ind 
144 10 mom.rfaC'lurlng lImltatlanl. IhlY Ihould noI b. ulld for IpKlflcatlan purpol'" S .. applieabl. "".S.T.M. Iplclfic(:llldn refer.nee •• 
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COPPER AllOY No. 521 (PHOSPHOR BRONZE, 8% 0) 

Composition - percent 
Nearest Applicable A S T M Specifications. 

Nominal Minimum Maximum 

Copper 92 
Lead 
Iron 
Tin 8 

Zinc 
Phosphorus 
Cu+Sn+P 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 

7.0 

.03 
99.5 

.05 

.10 
9.0 

.20 

.35 

1880 F 
1620 F 

English Units 

.318 Ib leu in @ 68 F 
8.80 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

1020 C 
880 C 

BI03, BI39 

BI39 

BI39 

BI59 

C. G. S. Units 

8.80 gm leu em @ 20 C. 
8.80 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

perOF from 68 F to 212 F 
per ° F from 68 F to 392 F 

.0000101 per ° F from 68 F to 572 F 
36 Btu Isq ft 1ft Ihr 1°F @ 68 F 

79.8 Ohms(cire mil/ft)@68F 
13 % lACS @ 68 F 

per co C from:W C to 100 C 
per 0 C from 20 C to 200 C 

.0000182 per ° C from 20 C to 300 C 
.15 eal/sq em lem Isec 1° C @ 20 C 

13.3 Microhm~cm @20 C 

... Volume Basis 

.09 Btu lIb OF @ 68 F 
16,000,000 psi 
6,000,000 psi 

Typical Uses 

.0754 Megmho-cm @ 20 C 
.09 callgm rC @20 C 

11,200 Kg Isq mm 
4,200 Kg Isq mm 

(Same as for Phosphor Bronze, 5% (A), but for more severe service conditions) 
'ARCHITECTURAL: bridge bearing pl.tes 

HARDWARE: beater bars, bellows, Bourdon tubing, clutch disks, cotter 
pins, diaphragms, fuse clips, fasteners, lock washers, ~~~.Y~ 
bushings, springs, switch parts, truss wire, wire brushes 

INDUSTRIAL: chemic'iil hardware, perforated sheets, textile machinery, welding rods 

Common Fabrication Processes 

Blanking, drawing, forming and bending, shearing, stamping 

Fabrication Properties 
C'apacity for Being Cold Worked .................. Good Suitability for being joined by: 
Capacity for Being Hot Formed. . . . . . . . .. . . . .. .... Poor 
Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperature .............. F or ....... C 
Annealing Temperature ........ 900-12: 0 F or 475-675 C 
Machinability Rating (Free Cutting Brass = 100) ....... 20 

Soldering. .......................... Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding .................... Fair 
Gas Shielded Arc Welding ................ Good 
Canted Metal Arc Welding ................. Fair 

Resistance Welding Seam .................... Fair ~ 
Spot ................... Good 

Butt ................ Excellent 

Thl vatull ti'Ild QbQVI rlprellnt rlQHtnQbl1 ClpprQxlmQIIQn, luilQble fQr glnlrQI Inglnurlng VII'. Due tQ commerciol voriQtlOM in compClillQn ond 
10 manufoCTuring limitalionl. the.,. ,hould not be uu~d for 'peclficalion pvrpOIIl'. 5 .. opptlcablll A.5.T.M. ,plcillcolion referlncel. 
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COPPER ALLOY No. 521 (Continued) 

Forms and Tempers Annealed Tempers Rolilld or Orawn Tamper. Hot I Flnlshedl Most Commonly Used 
"Iampllrli 

FLAT 
PRODUCTS 

-
~ !:l 

Nominal Grain Size mm 8- ~ 
~ '" "E .. 0 • :l! 'E" III 

• • (:! I 
m "E 0 

m "E ~ ~ • c 0 

0 :l! :!! • "E 
~ '" ~ ~ 

0 0 "E , 
:l! I ~ ~ o " Ii • 0 0 0 

" ~ :I: ,5 c 
,E ~ m ~ E ~ ,E 0 0 0 "' "' "' ~ • "E "E 

:;! ... "' PI N q :3' ~ , l! ~ :!! 1l ~ 1l ~ • ~ '" '" '" '" iii 0 w w 0 :I: 

Strip, Rolled ..............................•.....•..•..•..•............ 
Strip, Drawn ............................................................ . 

Flat Wire, Rolled ............................................................ . 
Flat Wire, Drawn ............................................................ . 

Bar, Rolled ........................... , ................................ . 
Bar, Drawn ............................................................ . 

Sheet ............................................................ . 
Plate ............................................................ . 
ROD "'" , .... "." ... ,., .. , ..... , .•.. , .. , .. ,." .. , .... ,' ... ".,' 

WIRE ' , , , , , . , , .. , .. , . , .. , . , , , , , .• ' .•. , , . , • ' .• ' ... , . , , ...... , ... . 
TUBE ..... ,.,'."., .. , ....... ".,.,.,.,'.,.,., ..... ,', .. , .... , ... . 

PIPE ' , ... , . , " , , , , .. , ... , . , , , .. , . , ... , . , , . , , ., . , , " " .. , .. , ... , , . 
SHAPES ..... , . , . , , , , .. , , . , ......... , , , . , , . , , , , , .. , . , , . , , , , ... , , . , .. . 

~ ] 0. 
11 E '0 "0 • II: E t-

~ ;; l< 
:I: w 
.:< .:< l 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper Is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength Etong8-
Tensile (.5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Load) (.2% Offset) in 2 in. Hardness Strength Strength 
Form Section Tempor 

I 
Million 

in. ksi ksi k.i % FIB 130T k.i ksi Cycle. 

FLAT .040 in. .050 mm ........ 55,0 ... . ... . 70 75 - - . ... '" . . ... 
RODUCTS .035 mm ....... . '58.0 ... . ... . 65 80 ., - ... . '" . . ... 

.025 mm ....... . 60.0 24,0 .... 63 82 50 - V:::: '" . . ... 

.015 mm ....... . 62,0 . _ .. ... . 60 85 -
7-~ 

. ... .... 
-k Half'H.rd",.", . 76,0 55.0 ... . 32 - 84 '" . . ... 

-. . .. - ~ _. - ' ... -Q,"n 710 
.~ :..g¥JJL· 10 - 93 78 .... 22,0 100 .. -.- . _ ..... 'i-=.:*~.o.--&-o------- . -._--_.- . '::'=~6 Extra Hard.· ...... 106,0 80,0 ... . 4 80 ... . ' ... ..- . 

Spring .......... 112,0 . ... ... . 3 - 98 81 ... . ... . · " .. 
Extra Spring .... . 120,0 ... . ... . 2 -100 82 ... . .., . · ... 

ROD ,500 in. Half l'lard (20%) ... .80,0 65,0 ... . 33 - 85 - ... . '" . . ... 
WIRE . 080 in. .035 mm ........ 60.0 24.0 ... . 65 - - - . _ .. 

'" . . ... 
Quarter Hard ..... 8LO ... . . _ .. ... . - - - . ... '" . · ... 
Half Hard ....... 105.0 ... . ... . ... . - -- - . ... '" . . ... 
Hard ........... 130.0 ... . ... . . ... - - - ... . '" . . ... 
Extra Hard ...... 140.0 ... . ... . ... . - - - . ... . ... · ... 

-

Thlt vatultl !llted above repre.ent fIIalonoble approximotlon. ,,,liable for general engineering ule. Due to tommuclol vorlCitlonl in ~olU ..... ;i;"n ond 
146 to mCinulothoring limilCilionl, they Ihould not be uud for IpetifitOtlon purpOle •. See ClpplitCible .... S.T.M. Ip.cllh:otlon reference •• 
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COPPER AllOY No. 524 (PHOSPHOR BRONZE, 10% OJ 

Composition - percent 

Nearest Applicable A S T M Specifications 
Nominal Minimum Maximum 

Copper 90 
Lead 
Iron 
Tin 10 

Zinc 
Phosphorus 
Cu+Sn+P 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

.05 

.10 
9.0 11.00 

.20 
.03 .35 

99.5 

1830 F 
1550 F 

English Units 

.317 Ib leu in @68 F 
8.78 

per D F from 68 F to 212 F 
peroF from 68 F to 392 F 

.0000102 per" F from 68 F to 572 F 
29 Btu Isq ft 1ft Ihr rF @ 68 F 

94.3 Ohms (eire mil 1ft ) @ 68 F 
11 % lACS @ 68 F 

.09 Btu Ilb"F @ 68 F 
16,000,000 psi 
6,000,000 psi 

Typical Uses , 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

1000 C 
845 C 

B103, BI39 

BI39 

BI39 

B159 

C. G, S. Units 

8.78 gm leu em @20C. 
8.78 

per'" C from 20 C to 100 C 
per" C from 20 C to 200 C 

.0000184 per"C from 20 C to 300 C 
.12 cal /sq em fern /see to C@ 20 C 

15.7 Microhm-em @ 20 C 
.0638 Megmho-em @ 20 C 

.09 eal/gm I" C @ 20 C 
11,200 Kg Isq mm 
4,200 Kg Isq mm 

Heavy bars and plates for severe compression, good wear and corro­
sion resistance; bridge and expansion plates and fittings; and articles 
requiring extra spring qualities, greatest resiliency, particularly in fatigue 

Common Fabrication Processes 

Blanking, forming and bending, shearing 

Fabrication Properties 
Capacity for Being Cold Worked ....•............ , Good 
Capacity for Being Hot Formed. . . . . . . . . . . . . . . . . .. Poor 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Bra:is = 100) ........... . 
Hot Working Temperature. . . . . . . . • . . .. F or ....... C 
Annealing Temperature ........ 900-1250 F or 475-675 C 
Machinability Rating (Free Cutting Brass = 100) . . . . . . .. 20 

Soldering ........................... Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding ................... Fair 
Gas Shielded Arc Welding ... . . . . . . . . . .. Good 
Coated Metal Arc Welding ............... Fair 

Resistance Welding Seam ................... Fair ~ 
Spot ................... Good 

Butt ................ ExceUent 

The "",Iuu listed ",bDve teprelent feD.Dnable appraximatiDn. tuilable far general engineering Ule. Due tD commercial "ariatian. in composition and 
10 manufDcturing limltDtiDnl, they Ihould nol be uud lor IpedfitallDn purpDSes. See applicable A.S.T.M. ,pllteilicalion reilltr!nce •• 
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COPPER ALLOY No. 524 (Continued) 
Forms and Tempers 
Most Commonly Used 

Annealed Tempers Rolled or Drawn Tempers Hot 
Finished " 
Tempers 

i 
- ~ 

~ c 
Nominal Grain Size mm 8. 2' 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

0 

~ 
0 0 ... Ul q q 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only, usually where there 
is no real requirement for high strength Of hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Tempar 

in. 

FLAT .040 in. .035 mm ........ 
PRODUCTS Half Hard ....... 

Hard . . . . . . . . . . . 
Extra Hard ....... 
Spring .......... 
Extra Spring ...... 

WIRE .080 in. .035 mm ........ 
Quarter Hard ..... 
Half Hard ........ 
Hard . . . . . . . . . . . 

Ul 

'" q 

~ 'C 
"E .. c 
• e • 
J: III 

~ • B I 
"E c c "" t 2' • c 

f :\! "E " l l 
~ 

• 
~ .5 " :\! I E 

~ 0 .c :t .~ 
c 0 

lO t t "" ~ ~ l "E lO • f ~ " 1; f 1( l E :\! :J 0 I- w w 0 

"i "i c c c c .: .: 
Ul Ul .t lO 
N ::; ~ 
q J! ::i 

........•......•...•..•...•................. 

....... ~ ......................................... : 
." ..•..•..... -•.................................... : 

2. HARD DRAWN temper is used 
only where there is need for 11 tube 
115 hard oc 115 strong as is commer­
cially feasible for the size in question. 

Vield Strength Elonga· 
Tensile 1.5% Ext. tion 
Strength under Load) (.2% OUsat) in 2 in. 

ksi ksi ksi % 

66.0 28.0 ... . 68 
83.0 '" . '" . 32 

100.0 '" . . ... 13 
115.0 ... . ... . 7 
122.0 '" . ... . 4 
128.0 ... . '" . 3 

66.0 ... . ... . 70 
93.0 ... . '" . . ... 

118.0 ... . ... . ... . 
147.0 '" . '" . ... . 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shear Fatigue 
Hardness Strangth Strength 

I 
Million 

F 1 BJ30T ksi k.1 Cycles 

- 55 - '" . ... . '" . 
- 92 - ... . ... . '" . 
- 97 - ... . ... . '" . 
- 100 - '" . .... . ... 
- 101 - ... . . , .. '" . 
- 103 - .... . ... . ... 
- - - '" . .. , . '" . 
- - - ... . ... . . ... 
- - - '" . .. , . , 
- - - ... . ., .. .. 

148 
Th. valu" Iht,d obove r'pr"ent reolangbl. apprallimgtianl suhable for general.ngln •• ring u, •. Du. 10 I:ommlrclol vorlations in eampa,1tJon and 

10 manufaetlolrlng limitations. th • ., should not b. u .. d for Ip.dflcatlon purpal15. 5 .. appllc;obl. '-'.5.T.M. ,pedfleatlc:in r.f.renul. 
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COPPER ALLOY No. 544 (PHOSPHOR BRONZE B-2) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 88 

pb: Lead 4 3.5 
Iron 

" 

Tin 4 3.5 
Zinc 4 1.5 

Phosphorus .01 
eu + So + P + Pb + Zn 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

4.5 
.10 

4.5" 
'-4;5 

.50 

1830 F 
1700 F 

English Units 

.321 Ib leu in @68 F 
8.89 

perDF from68F to212F 
per a F from 68 F to 392 F 

.0000096 per 0 F from 68 F to 572 F 
50 Btu Isq ft 1ft Ihr /"F @ 68 F 

54.6 Ohms (eire mil 1ft ) @ 68 F 
19 % IACS@68 F 

.09 Btu lIb OF @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

Flat Products BI03, BI39 

Pipe 

Rod BI39 

Shapes BI39 

Tube 

Wire 

1000 C 
930 C 

C. G. S. Units 

8.89 gm leu em @ 20 C. 
8.89 

per 0 C from 20 C to 100 C 
per a C from 20 C (0 ::!OO C 

.0000173 per ° C from :W C to 300 C 
.21 cal /sq cm /em /see r c @ 20 C 

9.07 Microhm-em @ 20 C 
. I 10 Megmho-cm @ 20 C 

.09 cal /gm r c @ 20 C 
10,500 Kg Isq mm 
3,900 Kg Isq mm 

INDUSTRIAL: bearings, bushings, gears, pinions, shafts, thrust washers, valve parts 

Common Fabrication Processes 

Blanking, drawing, forming and bending, machining, shearing, stamping' 

Fabrication Properties 
Capacity for Being Cold Worked ................. Good 
Capacity for Being Hot Formed ...................... . 
Hot Forgeability Ruting (Forging Brass = IDO) .••..•...•.. 
Hot Working Temperature ............ F or ...... C 
Annealing Temperature ........ 900-1250 F or 475-675 C 
Machinability Rating (Free Cutting Brass = 100) ......... 80 

Suitability for being joined by: 
Soldering .... , ...................... Excellent 
Brazing .............................. Good 
Oxyacetylene Welding ......... Not Recommended 
Gas Shielded Arc Welding ...... Not Recommended 
Coated Metal Arc Welding ..... Not Recommended 

1 
Spot. ........ Not Recommended 

Resistance Welding Seam ........ Not Recommended 
Butt ................... ' Fair 

The value. lilled gbove repre!enl reolonable Dppraltimalia", luitc:>ble far general engineering Ule. Due 10 cammerciar varic:>tionl in compalilion c:>nd 
fa manufacturing limitelianl. the.,. lhould nol be uled for Jpecificolion purpa.el. S,ee opplicc:>bJe A.S.T.M. lpecificalion rderellces. 149 
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COPPER ALLOY No. 544 (Continued) 
Forms and Tempers Annealed Tempers Rolled Dr Drawn Tempers Hot ) 
Most Commonly Used Finished 

Tempers -
~ 0 

Nominal Grain Siz~ mm il. :!' 
~ '" "E .. e 

• e • 
l: m 

~ 
" • e I ] -; '" e .. -; "E ~ ~ = • e e ;: E e :l'! '" • "E .= " ~ ~ 0; 

'" • e e 

" 
, • ~ I ~ ~ It: 2 l-e " " 0 l: 0 

" .c l: .S e 0 '0 1< ~ .E .E ~ ~ E E ~ .E 0 0 0 on on on • "E "E l: w 
~ 

... on '" N Ci ~ ;j m , :f ~ :l'! ;; ~ ;; ~ • m 
~ ~ l '" '" '" '" w 0 w w 0 l: ::; 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

............................................................................ 

............................................................................ 
FLAT 

PRODUCTS 

............................................................................ 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

..................................•...................................... 

PIPE 
SHAPES 

1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube only, usuully where there 
is no real requirement for high strength or hardness On 
the one hand or for bending qualities on the other. 

M hiP ee anlca ropertles 

Size 
Form Section Temper 

in. 

FLAT 
p RODUCTS .040 in. .035 mm ......... 

Half Hard ......... 

ROD .500 in. Hard (35%) ....... 
1.0 in. Hard (25%) ........ 

2. HARD DRAWN temper is used 
only where there is need for a tu be 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga-
Tensile (.5% Ext. tion 
Strength under Load) 1.2% Offset} in 2 in. 

k.1 ksi kol % 

44.0 19.0 ... . 50 
58.0 40.0 ... . 24 

75.0 63.0 ... . IS 
68.0 57.0 ... . 20 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold Worked) is needed. 

Rockwall Shear Fatigue 
Hardness Strength Strength 

FIBI30T ko; k,i 
I Million 

Cycles 

65 - - ' ... ... . . ... 
- 68 - ... . ... . .... 
- 83 - '" . . ... . ... 
- 80 - '" . ... . . ... 

• , 

150 
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COPPER AllOY No. 608 (ALUMINUM BRONZE, 5%) 

Composition - percent 
Nearest Applicable AS T M Specifications 

Nominal Minimum 

Copper 95 93.0 
Lead 
Iron 

Aluminum 5 5.0 
Arsenic .02 

Copper + Elements 
with Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Maximum 

.10 

.10 
6.5 

.35 

English Units 

1945 F 
1920 F 
.295 Ib leu in @68 F 
8.17 

per" F from 68 F 
per" F from 68 F 

to 212 F 
to 392 F 

.0000100 per"F from 68 F to 572 F 

Flat Products 

Pipe 

Rod 

Shapes 

Tube BIII,B359,B395 

C. G. S. Units 

1063 C 
1050 C 
8.17 gm leu em @ 20 C. 
8.17 

per" C from 20 C 
per a C from 20 C 

to 100 C 
10 :WOC 

.0000181 per" C from 20 C to 300 C 
Thermal Conductivity 

Electrical Resistivity (Annealed) 
Electrical Conductivity* (Annealed) 

Thermal Capacity (Specific Heat) 
Modulus of Elasticity (Tension) 

Modulus of Rigidity 

46 Btu Isq ft 1ft Ihr 1°F @ 68 F .19 cal/sq em Icm Isec I" C @ 20 C 
60 Ohms (eire mil 1ft ) @ 68 F 10 Microhm~cm @ 20 C 
17 % IACS@68 F .099 Megmho-cm @ 20 C 

.09 Btu lIb OF @ 68 F .09 cal/gm I" C @ 20 C 
17,500,000 psi 12,300 Kg /sq mm 
6,600,000 psi 4,640 Kg Isq mm 

·Volume Basis Typical Uses 

Industrial: condenser, evaporator and heat exchanger 
tubes, distiller tubes, ferrules 

Common Fabrication Processes 

Forming and benping 

Fabrication Properties 
Capacity for Being Cold Worked ................ . Good 
Capacity for Being Hot Formed . ................... Fair 

Suitability for being joined by: 

Hot Forgeability Ruting (Forging Brass = 100) ............ . 
Hot Working Temperature ..... .l450-1600F or 800~875 C 
Annealing Temperature . ...... .I OOO~1200 F or 550~650 C 
Machinability Rating (Free Cutting Brass = 100) . ....... . .20 

Soldering . ................ .. Not Recommended 
Brazing ............................... Fair 
Oxyacetylene Welding ....... Not Recommended 
Gas Shielded Arc Welding . ................ Good 
Coated Metal Arc Welding . ............... . Good 

Resistance Welding Seam . .................. Good ~ 
Spot . ............ , .... . Good 

Butt ................... Good 

Th~ values listed abave repre ... nl realanabl .. appro .. imalianl suitable for general engineering .ne. Due la ~omnlercial varia lions in ~ampOlltion and 
la monula~lurinl: limilolions. they should nat be used lor Ipedfkolian purposes. See oppli~abl .. A.S.T.M. spedlitation references. 
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COPPER ALLOY No. 608 (Continued) 

Forms and Tempers Annealed Tempers Rolled or Drawn Tampa,. Hot 

Finished ( Most Commonly Used 

Nominal Grain Size mm 

] 
:t 
~ "5 "E "5 "E ~ 

e :l! :l! '" • e e 
~ 

, 
e <: ~ 0 <: .. 

~ 
:t 

~ 0 0 0 "' "' "' ~ 
); ); • "E 

~ 
... i!1 '" N c; :3' ~ , £ j; :l! '" '" '" iii 0 .... 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip. Drawn 

Fla t Wire I Rolled 
Flat Wire, Drawn 

Bar, Rolled 

. . . . . . . . . . . . . . . . . . , . . . 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE ...................... 

PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tuhe only. usually where there 
is no real requirement for high strength or hardness on 
the one hund or for bending qualities on the other. 

M hiP ee anlca ropertles 

SiZB 
Form Soction Temper 

in. 

TUBE 1.0 in. OD .025 mm .......... 
X .065 in. 

2. HARD DRAWN temper is used 
only where there is need for n tube 
as hard or I1S strong as is commer­
cially feasible for the size in question. 

Yield Strungth Elonga· 
Tansile (.5% Ext. tion 
Strength undel Load) (.2% Ofhet) in2 in. 

lal la' ksi % 

60.0 27.0 ". , 55 

"E 
:l! 
~ 
~ 
w 

, 
Tampers 

) 

- ~ 

s ~ 

8. 8' 
~ '" .. e 

E • III 

i • B I ] e 
8' • e e "Ii E 

~ '" • • "0 '" • I .s .s a: 2 .... 
~ 

.~ 
e 0 ~ :! a • '" ); :t w u 

~ E ~ ~ 

<1 <1 l w c ::; 

...... ,. 

y:: 
3. LIGHT DRAWN - BENDING temper Is 
used only where a tube of some stiffness, bul 
yet capable of readily being bent (or other-
wise moderately cold worked) is neeJI!u. ' 

Rockwell Sh .. , I Fatigue 
Hardness Strength Strength 

F' B '30T ksi k.l 
1 Million 

Cycles 

77- - ' .. , '" , ., .. 

) 
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COPPER ALLOY No. 610 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 92 
Lead 
Iron 

Zinc 
Aluminum 8 6.0 

Silicon 
Copper + Elements 

with Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

.02 

.50 

.20 

8.5 
.10 

1905 F 
F 

English Units 

.281 Ib leu in @ 68 F 
7.78 

per 0 F from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000099 per 0 F from 68 F to 572 F 
40 Btu Isq ft 1ft Ihr I"F @ 68 F 

69.2 Ohms (eire mil 1ft ) @68 F 
IS % lACS @ 68 F 

.09 Btu lib OF @ 68 F 
7,000,000 psi 
6,400,000 psi 

Typical Uses 

i' 

1040 C 
C 

C. G. S. Units 

7.78 gm leu em @20C. 
7.78 

per D C from:!O C to 100 C 
per 0 C from 20 C to 200 C 

.0000179 per ° C from 20 C to 300 C 
.17 caljsq em /ern /see r c @ 20 C 

11.5 Microhm·em @ 20 C 
.087 Megrnho·em @ 10 C 

.09 cal/gm I"C @20C 
12,000 Kg Isq mm 
4,500 Kg /sq mm 

1: 

Bolts, pump parts, shafts, tie rod~, overlay on steel for wearing surface 

Common Fabrication Processes 

Blanking, drawing, forming and bending, heading and roll threading 

Fabrication Properties 
Capacity for Being Cold Worked ................... Good 
Capacity for Being Hot Formed ................... Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) .......... 70 
Hal Working Temperature ..... 1400·1600 F or 760·~175 C 
Annealing Temperature ....... J 100·1250 F or 600-(.75 C 
Machinability Rating (Free Cutting Brass = I ~O) ••.•...•. 20 

Soldering ................ , .............. Fair 
Brazing ................... .Not Recommended 
Oxyacetylene Welding ., ..... Not Recommended 
Gas Shielded Arc Welding ............... Good 
Coated Metal Arc Welding ....... , ....... Good 

Resistance Welding Seam .......... , ...... , . Fair 

1 
Spot ... , ...... , ...... , Good 

Butt ............... , .. Good 

The ",aluu liited aba"'e reprelent reaianable appra>timal;ani luileble for generaillngineering ule. Due 10 cammerdal ... arial;a"1 in cempa.itian and 
10 manufacturing limilatianl, the)' Ihauld nat be used far ipecif1calian purpOlel. See applkable "'.S.T.M. Ipeei/icolicn reference •. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 610 (Continued) 

Annealed Tampers Rolled or Drawn Tempers 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is coml1ler~ 
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is . 
used only where a tube of some stiffness. but :' 
yet capable of readily being bent (or other~ 
wise moderately cold worked) is needed. 

Mechanica Properties Yield Strength Elonge· 
Tensile 1.5% Ext. tion Rockwell Shear Fatigu8 

Size Strength under Load) 1.2% Offsetl in 2 in. Hardness Strength Strength 
Form Section Temper 

I 
Million 

in. ksi ksi ksi % FIB 130T ksi ksi Cycles 

ROD 1.0 in. Soft Anneal ....... 70.0 30.0 . ... 65 - 60 - ... . '" . . ... . Hard (40%) ....... 80.0 55.0 . ... 25 - 85 - ... . '" . . ... 

) , 

Th. valulIl lilted above utprennl fIIalonablll approxlmotions luhoble for generol engineerinll UUI. DUll 10 ~ommlrcilll .. arlollonl in (ompolition and 
154 10 manufacturing limllolionl. they Ihould nol b. ullld for Ipeclflcotion purpo.II •• Se. opplicobl. "'.S.T.M. Ipecificotlon ref.renc ••• 
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COPPER AllOY No. 614 (ALUMINUM BRONZE OJ 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Flat Products 
Pipe 

Rod 
Shapes 

Tube 
Wire 

BI50,BI69, B171, B432 
Copper 91 

Lead 

Iron 2 1.5 
Zinc 

Aluminum 7 6.0 
Manganese 

Phosphorus 
Copper + Elements 

with Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

.01 
3.5 
.20 

8.0 
1.0 
.015 

1915 F 
1905 F 

English Units 

.285 Ib leu in @ 68 F 
7.89 

1045 C 
1040 C 

BI50 

BI50 

C. G. S, Units 

7.89 grn leu em @ 10 C. 
7.89 

per 0 C from 10 C to 100 C 
per 0 C from:2O C to :WO C 

.0000162 per 0 C from 20 C to 300 C 
Thermal Conductivity 

Electrical Resistivity (Annealed) 
Electrical Conductivity'" (Annealed) 

Thermal Capacity (Specific Heat) 
Modulus of Elasticity (Tension) 

Modulus of Rigidity 

per" F from 68 F to 212 F 
per "F from 68 F to 392 F 

.0000090 per 0 F from 68 F to 572 F 
39 Btu Isq ft 1ft Ihr /"F @ 68 F 

74.1 Ohms (eire mil 1ft ) @ 68 F 
14 % IACS@ 68 F 

.1 fi cal/sq em fern /sec /" C @ 20 C 
12.3 Microhm-em @ 20 C 

·Volume Basis 

09 Btu lIb OF @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

.081 Megmho-cm @ 20 C 
.09 cal/gm;oC @20 C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

HARDWARE: nuts, bolts, stringers and threaded members 

INDUSTRIAL: corrosion resistant vessels and tanks, struc­
tural components, machine parts and mem­
bers, condenser tubes and piping systems 

MARINE: protective sheathing anel fastening 

MUNITIONS: mixin~ troughs and blending chambers 

Common Fabrication Processes 

Blanking, drawing, forming and bending, heading and roll threading 

Fabrication Prope·;ties 
Capacity for Being Cold Worked .... ; ............. Good Suitability for being joined by: 
Capacity for Being Hot Formed .................. Good 
Hot Forgeability Ruting (Forging Brass = 100) ............ . 

Soldering ..................... Not Recommended 

Hot Working Temperature ..... 1450-1700 F or 800-925 C 
Annealing Temperature ....... 1125-1650 F or 600-900 C 
Machinability Rating (Free Cutting Brass = 100) ......... 20 

Brazing .................................. Fair 
Oxyacetylene Welding ........... Not Recommended 
Gas Shielded Arc Welding ................... Good 
Coated Metal Arc Welding .................. Good 

Resistance Welding Seam .................... Good 1 
Spot .................... Good 

Butt .................... Good· 

Th~ value, Ihl~d abo .. ~ r~pru~nl r~atonable appro.dmalians suilabl~ far gen~ral .. ngin~~ring UI~. Due la ~amm .. rtial varial;o,,, in campOlitiDn and 
la manufacTuring limitaTianl. Ih~y shauld nal be u.~d fDr speciFicatian purpDses. S~ .. applicabl~ .t..S.T.M. sp~cilicatian r~hr"n~~I. 

(Contlnufil on other .lift) 157 
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COPPER ALLOY No. 614 (Continued) 

Forms and Tempers 
Most Commonly Used 

Annealed Tamper. Rollod or Drawn Tempars Hot 
Finllhed 
Tampers 

FLAT 
PRODUCTS 

Strip. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bac, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usuaUy where there 
is no real requirement for high strength or hardness on 
the one hllnd or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
us hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper Is 
used only where a tube of some stiffness, but 
yel capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

M hiP ee antea ropertles Yield Strength Elonga· 
Tensile (.5% Ext. tion Rockwall Shear Fatigue 

Size Strangth under Load) (.2% Offsot) In2ln. Hardn"' Strenllth Strenllth 
Form Section Temper 

I 
Million 

in. ksi ksi ksi % FIB IJOT k.1 k.1 Cycles 

FLAT .125 in. Soft .............. 82.0 45.0 .... 40 - 84 - 45.0 30.0 100 
RODUCTS Hard ............. . 89.0 60.0 ... . 32 - 87 - .. .. ... . .... P 

.312 in. Soft ............... 80.0 40.0 .... 40 - 83 - 42.0 28.0 100 
Hard . ............. 85.0 58.0 ... . 35 - 86 - .... . ... . ... 

.500 in. Soft .............. 78.0 35.0 .... 42 - 82 - 40.0 26.0 100 
Hard ............. . 80.0 54.0 ... . 38 - 85 - ... . .... . ... 

1.0 in. Soft ......•....... 76.0 33.0 .... 45 - 81 - 40.0 25.0 100 
Hard . ............. 78.0 45.0 ... . 40 - 84 - .. .. ... . .... 

ROD . 500 in. Hard .............. 85.0 45.0 ... . 35 - 91 - 48.0 .... 
1.0 in .. Hard ............. . 82.0 40.0 ... . 35 - 90 - 45.0 ... . ., .. 
2.0 in. Hard . ............. 80.0 35.0 ... . 35 - 88 - 40.0 ... . .... 

I I 
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COPPER AllOY No. 613 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 
Flat Products 

Pipe 

BI 69, BI 71 

Copper 92.7 
Iron 

Tin .3 
Aluminum 7.0 
Manganese 

Nickel 
Copper + Elements 

with Specific Limits 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

.20 
6.0 

99.5 

3.5 
.50 

8.0 
.50 
.50 

1915 F 
1905 F 

English Units 

. 287 Ib Icu in @ 68 F 
7.95 

per" F from 68 F to 212 F 
per"F from 68 F to 392 F 

.0000090 per ° F from 68 F to 572 F 
32 Btu Isq ft 1ft Ihr 1°F @ 68 F 

86.8 Ohms (circ mil 1ft) @ 68 F 
12 % lACS @ 68 F 

.09 Btu lib OF @ 68 F 
17 ,000,000 psi 
6,400,000 psi 

Typical Uses 

HARDWARE: Nuts, bolts 

Rod BI50 

Shapes 

Tube 

Wire 

1045 C 
1040 C 

C. G. S, Units 

7.95 gm leu em @20C . 
7.95 

per D C from 20 C to 100 C 
per" C from 20 C to :WO C 

.0000162 per" C from 20 C to 300 C 
.13 cal/sq ern /em /see I" C@20 C 

14.4 Microhm-em @20 C 
.070 Megmho-em @ 20 C 

.09 cal Igm /" C @ 20 C 
12,000 Kg /sq 'I'm 
4,500 Kg Isq mm 

INDUSTRIAL: 

MARINE: 
MUNITIONS: 

Corrosion resistant vessels, tanks, 
components, machine parts, piping 
systems, heat exchanger tube 
Protective sheathing and fastene1s 
Blending chambers, mixing troughs 

Common Fabrication Processes 

Blanking, drawing, forming and bending, cold heading, roll threading, welding 

Fabrication Properties 
Capacity for Being Cold Worked ..•••.............. Good 
Capacity for Being Hot Formed ..•..•............. Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) ......... 50 
Hot Working Temperature ..... 1450-1700 F or 800-925 C 
Annealing Temperature 1125-1600 F or 600-875 C 
Machinability Rating (Free Cutting Brass = 100) ........ 30 

Soldering ................... Nol Recommended 
Brazing ................................ Fair 
Oxyacetylene Welding ......... Not Recommended 
Gas Shielded Arc Welding .............. Excellent 
Coated Metal Arc Welding ................ Good 

Resistance Welding Seam .................. Good 
1 

Spot .................. Good 

Butt .................. Good 

The ... alues listed abo ... e represenl realonable opprollimalianl ,uilabl .. for genilraillngine .. ring ule. Due 10 commerdol ... arialigm in tgmpolilign and 
To mgnUlocTuring IImiTationl. they shauld not be und lor Ip .. cificoTlon purpo'es. Slle applicable A.S.T.M .• pedficotion referllnc .... 

(Continum on ofur .ideo) 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 613 (Continued) 

Annealed Tempors 

Nominal Grain Sizo mm 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength Or hardness on 
Ihe one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is cammer· 
dally feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, hut 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength Elonga-
Tensile (.5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Load) (.2% Offset) in 2 in. Hardness Strength Strength 
Form Section Temper 

I 
Million 

in. ksi ksi .,' % F \ B \aOT ksi ksi Cycles 

FLAT .125 in. Soft Anneal. ....... 80.0 40.0 .... 40 - 82 - 52.0 28.0 100 
PR ODUCTS .500 in. Soft Anneal. ....... 78.0 35.0 .... 42 - 81 - 50.0 26.0 100 

1.0 in. Soft Anneal. ....... 76.0 33.0 .... 42 - 79 - 45.0 25.0 100 
3.0 in. Soft Anneal. ....... 70.0 30.0 .... 40 - 78 - 42.0 21.0 100 

ROD .500 in. l'lard (25%) ........ 85.0 58.0 .... 35 - 91 - 48.0 ... . . ... 
1.0 in. Hard (25%) ........ 82.0 55.0 .... 35 - 90 - 45.0 . ... . ... 
1.0 in. Hard (25%) ........ 80.0 48.0 .... 35 - 88 - 40.0 ... . . ... 

156 
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COPPER ALLOY No. 618 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 89 
Lead 
Iron 
Zinc 

Aluminum 
Silicon 

Copper + Elements 
with Specific Limits 

Physical Properties 

10 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity* (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

.02 
.50 1.5 

8.5 

99.5 

.02 
11.0 

.10 

1913 F 
1904 F 

English Units 

.272 ib leu in @ 68 F 
7.53 

per C F from 68 F to 21 ~ F 
per" F from 68 F to 392 F 

.0000090 per" F from 68 F to 572 F 
37 Btu Isq ft Ift/hr 1°F @ 68 F 

79.8 Ohms (cire mB/ft) @ 68 F 
13 % lACS @ 68 F 

.09 Btu lIb of @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

1045 C 
1040 C 

C. G, S. Units 

7.53 grn leu em @:W C. 
7.53 

per"C from:!:O C to 100 C 
per 0 C from 20 C to 200 C 

.0000162 per DC from 20 C to 300 C 
.15 cal /sq em fern /sec r C@JO C 

J 3.3 Microhm-em @:W C 
.075 Megmho-crn @ 20 C 

.09 cal/gm loe @20e 
12,000 Kg Isq mm 
4,500 Kg Isq mm 

Bushings, bearings, corrosion applications, welding rod 

Common Fabrication Processes 

Hot forging, hot pressing 

Fabrication Properties 
Capacity for Being Cold Worked .................... Fair Suitability for being joined by: 
Capacity for Being Hot Formed .................. Good 
Hot Forgeability Ruling (Forging Brass = 100) .......... 50 
Hot Working Temperature ..... 1400-1625 F or 750-885 C 
Anne .. ding Temperature ....... 1100-1200 For 600-650 C 
Muchinabilil y Rating (Free Cutting Bruss = 100) ......... 40 

Soldering ............................... Fair 
Brazing ...... ,' ....................... Good 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding ................. Good 
Coated Metal Arc Welding ................ Good 

Resistance Welding Seam ................... Good 1 
Spot .......... ' ......• , Good 

Butt ................... Good 

The .. alu". Iisl"d oba .. " '"p'''J",,1 .eo'a"abl" nppraJ:;malians suilabl" for ge""tal ""gi"""dng US". Du" 10 camm".cial "'arialians in composilion and 
10 monufnClurin;- limitolia,,'. Iher shauld "at be used for spedficolio" purpolu. 5"" applicable A.S.T.M. sp"cifitolio" '"!"rene,, •. 
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COPPER ALLOY No. 618 (Continued) 
Forms and Tempers Annealed T emparl Rolled Dr Crawn Tampera Hot 

J Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

Nominal Grain Size mm 
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Bar, Drawn 
Sheet 
Plute 
ROD 

WIRE 
TUBE 

.•.......... 

PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. u5uhlly where there 
is no real requirement [or high strength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Tomper 

In. 

ROD 1.0 in. Half Hard (15%) .... 
2.0 in. Half Hard (15%) .... 
3.0 in. Half Hard (15%) .... 

2. HARD DRAWN temper is used 
only where there is need for a tube 
Il5 hard or as strong as is commer~ 
ciDlly feasible for the size in question. 

ViBld StrBngth Elonga-
Tensile 1.5% Ext. tion 
Strength undar Load) 1.2% Offsat) In 21n. 

ksi ksi k" % 

85.0 42.5 '" . 23 
82.5 39.0 '" , 25 
80.0 39.0 ... , 28 

, 
, 

", 

\ ,,,. 
JJ •• 

3, LIGHT ORA WN - BENDING temper iJ 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is nceded. 

Rockwell Shaar Fatigue 
Hardness Strength Strength 

Flel30T k,' ksi 
I Million 

Cycl" 

- 89 - 47.0 28.0 100 
- 88 - 45.0 28.0 100 
- 88 - 43.0 26.0 100 

) 

, 

i 

Th .... alu •• 1i,I.d aboy. r.pr.l.nl r.olonabl. apprOJillmollon, luilClbl. 'Clr g.n.ral .ngln •• ring u, •. Du. 10 comm.rclol YClrlClllonl In compo.1I1on and 
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COPPER AllOY No. 619 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 86.5 
Lead 
Iron 4 3.0 
Tin 

Zinc 
Aluminum 9.5 8.5 

Cop~er + Elements 
with pecific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heal) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

.02 
4.5 

.6 

.8 
10.0 

1920 F 
1905 F 

English Units 

.270 Ib leu in @ 68 F 
7.5 

per ° F from 68 F to 212 F 
per ° F from 68 F to 392 F 

.0000090 per ° F from 68 F to 572 F 
45.9 Btu Isq ft 1ft Ilu 1°F @ 68 F 

99 Ohms (eire mil 1ft ) @ 68 F 
10.5 % lACS @ 68 F 
.10 Btu lib OF @68 F 

16,000,000 psi 
psi 

Typical Uses 

Springs, contacts and switch components 

Common Fabrication Processes 

1050 C 
1040 C 

C. G. S, Units 

7.5 gm leu em @20 C. 
7.5 

per"C from 20 eta 100 C 
per" C from 20 C to 200 C 

.0000162 per °C from 20 C to 300 C 
19 eal/sq em lem Isee r C @ 20 C 

16.4 Microhm·cm @20 C 
.061 Megmha-em @ 20 C 

.10 eal/gm rC @20C 
11.200 Kg Isq mm 

Kg/sq mm 

Blanking, forming, bending, shearing and stamping 

Fabrication Properties 
Capacity for Being Cold Worked ... , ......•..•...... Fair Suitability for being joined by: 
Capacity for Being Hot Formed ................ Excellent 
Hot Forgeability Rating (Forging Brass = 100) .......•...• 

Soldering ... ~ •........................... Fair 
Brazing ............................... Fair 

Hot Working Temperature ..... 1020-1520 F or 580-825 C 
Annealing Temperature ....... 1000-1450 F or 550-790 C 
Machinability Rating (Free Cutting Brass = 100) .•.......•• 

Oxyacetylene Welding ......... Not Recommended 
Gas Shielded Arc Welding .............. Excellent 
Coated Metal Arc Welding ................ Good 

Resistance Welding Seam ................... Good 1 
Spot ................ : .. Good 

Butt ........•.......... Good 

The yalun Ii,ted aba .... e rep''',ent realonable opprollimationi .uiTable for gen.ral .ngin •• rlng .ue. Du" 10 comm.rciol .... oriallonl in cE)mpolilion and 
10 monufacturing limitoTjonl'. They Ihauld nol be uled for Ipecilicalion purpol ••• S .. applicaiXe A.S.T.M. Ipecilicglion r.ferenclll. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES I 

COPPER ALLOY No. 619 (Continued) 
Annealed Tampers Rolled Of Drawn T empars 

::. 
~ ::!. 

Nominal Grain Size mm ~ i 
1! 
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1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube onty, usually where there 
is no real requirement for high strength or hardness on 
the one hand Of for bending qualities on Ole other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where n tube of mme stifrness, but 
yet capable of readily being bent (or L1ther­
wise moderately cold worked) is needed. 

p 

M echanical p roperties Yield Strength 
Tonsile (.5% Ext. 

Size ) Strength under Load) (.2% Offset) 
Form Section Temper 

in. ksi ksi k" 

FLAT .040 in. Annealed ......... 92.0 49.0 60.0 
RODUCTS Half Hard ......... 104.0 •• 80.0 

Hard ............. 121.0 •• 102.0 
Hard* ............. 135.0 •• 120.0 
Spring ........... . 130.0 •• 108.0 
Spring* ........... 145.0 •• 135.0 
Extra Spring ........ 137.0 •• 117.0 
Extra Spring* ..... 152.0 •• 145.0 

·After heat treatment for 1 hour at 450F . 
... ·Not applicable because the 'h% extension under load 

yield strength is below the elastic limit. 

Elonga-
don Rockwell 

in 2 in. Hardness 

% FIB 130T 

30 - - 72 
21 - 93 78 

8 - 98 83 
2 - - -
4 -100 83 
1.5 - - -
3 -100 84 
I - - -

S· IBar Fatlgua 
S" Bngth Strength 

(si k,l 
Million 
Cycles 

33.5 100 
38.5 100 
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COPPER AllOY No. 623 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 87 
iron 3 2.0 
Tin 

Aluminum 10 8.5 
Manganese 

Silicon 
Nickel 

4.0 

.6 
11.0 

.50 

.25 
1.0 

Flat Products 

Pipe 

Rod BI50 

Shapes 

Tube 

Wire 
Cop~er + Elements 

with pecific Limits 99.5 

Physical Properties 

Melting Point (liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

1915 F 
1905 F 

English Units 

.276 Ib leu in @ 68 F 
7.66 

per D F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000090 per 0 F from 68 F to 572 F 
31 Btu Isq ft 1ft Ihr rF @68 F 

86.4 Ohms (eire mil 1ft ) @ 68 F 
12 % lACS @ 68 F 

.09 Btu lib of @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

1045 C 
1040 C 

C. G. S. Units 

7.66 gm leu em @20 C. 
7.66 

per DC from:!O eta 100 C 
per a C from:2O C to 100 C 

.0000162 per ° C from 20 C to 300 C 
.13 eal/sq em lem Isee I" C@20 C 

14.4 Microhm-em @ 20 C 
.070 Megmho-cm @ 20 C 
0.09 eallgm rC @20C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

Bearings, bushings, valve guides, gears, valve seats, 
nuts, bolts, pump rods,worm gears, cams 

Common Fabrication Processes 

Bending, hot forging, hot pressing, forming, welding 

Fabrication Properties 
Capacity for Being Cold Worked ................. , Good Suitability for being joined 'JY: 
Capacity for Being Hot Formed .................. Good 
Hot Forgeability Rating (Forging Brass = 100) .......... 75 
Hot Working Temperature ..... 1300-1600F or 700-875 C 
Annealing Temperature ....... 1100-1200 F or 600-650 C 
Machinability Rating (Free Cutting Brass = 100) ........ 50 

Soldering ......... , . , ....... Not Recommended 
Brazing ................................ Fair 
Oxyacetylene Weldi~g ........ Not Recommended 
Gas Shielded Arc Welding ............... Good 
Coated Metal Arc Wdding ............... Good 

Resistance Welding Seam .................. Good 1 
Sp.}t .................. Good 

BUlt .................. Good 

The "glues listed gbaye Tepanlll re(:uanoble oppraximotian. suitable lar generalengilleering un. Due la tammerdal "orialians in tomposition and 
to manufacturing limitaTions, they Ihould nat be used ItH spedfi,otion purposu. See appH,able A.S.T.M. specilkalian reference •• 
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COPPER ALLOY No. 623 (Continued) 

Forms and Tempers Annealed Temper, Rolled or Drawn Tempafs Hot· 

Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Extruded 

Nominal Grain Size mm 

I • 
~ 

co co co ill .. .. :: 
~ 

... on N q J! q q q q 

'E • :t 

~ 1 'E 'E c :!! :!! 
~ ~ 

~ ~ 0 :g :t 
J; ~ ~ 'E • :l! :5' ~ 

, 
t= :!! 0 

Finis·
1 

• ) - TempI. 
~ 

S 0 

~ ! , '6 .. c • e III 

i • 6 t ] c 
! • c c 11 'E j '" ~ ~ • .. • :!! t • e a: e ... c 0 

~ c ~ I e e ~ ~ 

~ 
'E .c w 

~ ~ e :!! :J' <! <! w w 0 

...•. 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 

...............•...........•........................ 
., .,. 

···············0···········1t······················· . ... ··1· ... ··.· 
TUBE 

PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hllnd or for bending qualities on the other. 

M hiP ec amca roperttes 

Size 
Form Saction Temper 

in. 

BAR 3.0 in. As Extruded ........ 
1.0 in. Half Hard (15%) ..... 
2.0 in. Half Hard (15%) ..... 

ROD 4.0 in. As ExtrUded ...... . 
.5 in. Half Hard (15%) ..... 

1.0 in. Half Hard (15%). '" . 
2.0 in. Half Hard (15%) ..... 
3.0 in. Half Hard (15%) ..... 

2. HARD DRAWN temper is used 
only where there is need for II tube 
as hard Of 1I1I strong as is conllll~r· 
cially feasible for the size in question. 

Yield Strength I Elonga· 
Tenlile (.5% Ext. tion 

Strength under Load) (.2% Offset) in2 in. 

kli k.i ksi % 

75.0 35.0 '" . 35 
90.0 45.0 ... . 30 
85.0 40.0 '" . 30 

75.0 35.0 ' ... 35 
98.0 52.0 '" . 22 
95.0 50.0 '" . 25 
92.0 48.0 .... 28 
87.0 45.0 '" . 35 

. . . .. . .. " .......... 
\.:. , 
I .. · 

3. LIGHT DRAWN - BENDING temp<!' 
used only where a tube of some sUrrneu.1N1 
yet capable of readily being bent (or olA", 
wise moderately cold worked) is needed. 

Rockwall I Shea' I Fatigul 
, 

Her-dn8S1 Strength Strlf1Qth 

I Million 
FIB 130T ksi kIt Cycl. 

, 
80 - - ... . . ... " .. 

- 85 - ... . .... '" , 
- 82 - ... . . ... .... 
- 80 - 35.0 25.0 100 
- 89 - 52.0 31.0 100 
- 88 - 50.0 30.0 100 
- 87 - 48.0 30.0 100 
- 85 - 46.0 29.0 100 

), , 

j 

, 

: 

" 

i 
,t 

. --

Thl vczluu IIltld czbovi rlprllint rll:llonabll approJlimcztionl Ivitczbll for glnlrczl In"lnllrlng v ... DUI to commlrcial vClriationl In compo_hlon and t 
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COPPER ALLOY No. 624 

Compositiurl - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 86 
Iron 3 2.0 
Tin 

Aluminum II 10.0 
Manganese 

Silicon 
Copper + Elements 

with Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volumc Basis 

4.5 
.20 

11.5 
.30 
.25 

1900 F 
1880 F 

English Units 

.269 Ib Icu in @ 68 F 
7.45 

per 0 F from 68 F to 212 F 
per"F from 68 F to 392 F 

.0000090 per 0 F from 68 F to 572 F 
34 Btu Isq ft 1ft Ihr rF @ 68 F 

86.4 Ohms (eirc mil 1ft )@ 68 F 
12 % IACS@68 F 

.09 Btu lIb OF @ 68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

1040 C 
1025 C 

C. G. S. Units 

7.45 gm Icu cm @20 C. 
7.45 

perDC from 20 C to 100 C 
per D C from 20 C to 200 C 

.0000192 per o,C from 20 C to 300 C 
.14 cal Isq cm Icm Isec r C@20 C 

14.4 Microhm-cm @ 20 C 
.070 Megmho-cm @ 20 C 

.09 cal Igm r C @ 20 C 
12,000 Kg/sq mm 
4,500 Kg Isq mm 

Bushings, gears, cams, wear piates, nuts, drift pins, tie rods 

Common Fabrication Processes 

Hot forging, hot bending 

Fabrication Properties 
Capacity for Being Cold Worked ................... Poor 
Capacity for Being Hot Formed ................ Excellent 

Suitability for being joined by: 

Hot Forgeability Rat'ng (Forging Brass = 100) .......... 80 
Hot Working Tempelature ..... .l400~1625F or 750~885 C 
Annealing Temperat'lre ....... llOO~1200F or 600·650 C 
Machinability Rating (Free Cutting Brass = J DO) •••••..•• 50 

Soldering ............•...... Not Recommended 
Brazing •.........................•.... Fair 
OXyacetylene Welding ......... Not Recommended 
Gas Shielded Arc Welding ................. Good 
Coated Metal Arc Welding ...............• Good 

~ 
Spot ..•..•............. Good 

Resistance Welding Seam ................... Good 
Butt ............•...... Good 

Th!: vclu!:. liited abave r!:prDJerl1 reaianabl!: appra",lmatiani iuITable far genual Dngineering UJe. Due ta ,"ammerdcl variatlaru in campaiitian cnd 
to manu'a~turing IImitat;am. they ihauld nat be und for Ipl!tificatian purpalel. See applicable A.S.T.M. Ipedfltatian referencel. 
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COPPER ALLOY No. 624 (Continued) 

Forms and Tempers Annuled Tempers Rolled or Drawn Temperl Hot 

Most Commonly Used Finished 
Tempel'll - ~ 

S e 
Nominal Grain Size mm 8. !' 
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FLAT 
PRODUCTS 

Strip, Rolled 
StriP. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Extruded ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0 ••••••• 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

.............................. e ................................. e ....... . 

PIPE 
SHAPES ........................................................................ : 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no reul requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M h IP ec amca ropertles 

SizlI 
Form Section Temper 

in. 

BAR 1.0 in. Ugh! Anneal ...... . 
2.0 in. Light Anneal ...... . 
3.0 in. As Extruded . . . . . . . 

ROD 1.0 in. Half Hard (10%) ..... 
2.0 in. Half Hard (10%) ..... 
3.0 in. Half Hard (10%) ..... 
4.0 in. As Extruded ...... . 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga-
Tensile 1.5% Ext. tion 
Strength under Load) 1.2%011 ... 1 In 2 in. 

k" Its; ksi " 
100.0 50.0 ... . 14 
93.0 45.0 '., . 14 

.90.0 40.0 '" . 18 

105.0 52.0 '" . 14 
95.0 48.0 '" . 14 
95.0 47.0 '" . 14 
90.0 40.0 '" . 18 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Sheaf Fatigue 
Hardnau Strength Strength 

FIB laOT .,' k,i 
I Million 

Cycles 

- 92 - '" . . ... '" . 
- 91 - . ... '" . .... 
- 87 - . ... '" . . ... 
- 92 - 65 36.0 100 
- 92 - 62 35.0 100 
- 91 - 60 34.0 100 
- 87 - 58 32.0 100 
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COPPER ALLOY No. 625 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 82.7 
Iron 4.3 3.5 

Aluminum 13 12.5 
Manganese 

Copper + Elements 
with Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient cif Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

ModUlus of Elasticity (Tension) 
Modulus of Rigidity 

'" Volume Basis 

5.0 
13.5 
2.0 

1925 F 
1917 F 

English Units 

.260 ib leu in @ 68 F 
7.21 

per" F from 68 F to 212 F 
per D F from 68 F to 392 F 

.0000090 per ° F from 68 F to 572 F 
27 Btu Isq ft 1ft Ihr 1°F @ 68 F 

104 Dhms (eire mil 1ft ) @ 68 F 
10 % lACS @ 68 F 

.09 Btu lib OF @ 68 F 
16,000,000 psi 

psi 

Typical Uses 

1052 C 
1047 C 

C. G, S. Units 

7.21 gm/cuem @20C. 
7.21 

per" C from 20 C to 100 C 
per" C from 20 C to 200 C 

.0000162 per" C from 20 C to 300 C 
.11 ea1/sq em lem Isee r C@ 20 C 

17.2 Microhmwcm @20 C 
.058 Megmho-em @ 20 C 

.09 eal/gm 1° C @ 20 C 
11,200 Kg /sq mm 

Kg Isq mm 

Guide bushings, wear strips, cams, dies, forming rolls 

Common Fabrication Processes 

Hot forging, machining 

Fabrication Properties 
Capacity for Being Cold Worked ........ Not Recommended 
Capacity for Bemg Hot Formed ................ Excellent 

Suitability for being joined by: 

Hot Forgeabilil y Rating (Forging Brass = 100) .......... 80 
Hot Working Temperature ..... 1375-1550F or 74S-850 C 
Annealing TenJperature ....... 1100-1200 F or 600-650 C 
Machinability Rating (Free Cutting Brass = 100) ........ 20 

Soldering ..........•........ Not Recommended 
Brazing .............................•. Fair 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding. . . . . . . . . . . . . . .. Good 
Coated Metal Arc Welding .....•.. ", ..•..... Good 

Resistance Welding Seam ...........•......•. Fair 

1 
Spot ..........•.......•• Fair 

Butt ....... , ...•........ Fair 

The yoluel Ihiled obaye reprelent rel'Honable opprallimalloni suitable rar general engineering use. Due to commercial yoriotions in compa,ition'and .• , 
10 manufacturing limilolions. Ihey Ihould nal be uu.d for Ipecificolion purposes. See applicable A.S.T.M. Ipedficotion references. 
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Forms .and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

StriP. Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Extruded 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE' 
SHAPES 

COPPER ALLOY No. 625 iGontinued) 
AnnnlMi Tamper. Rolled or Drawn Temper. 

-
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Nominal Grain Size mm I!' 
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1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usunlly where there 
is no real requirement for high strengUI or hardness on 
the one hund or for bending qualities on the other. 

2. HARD ORA WN temper is used 
only where there is need for a tube 
115 hard or as strong as is commer­
cially feasible for the size in question. 

3, UGHT DRAWN - BENDING temper is 
used only where 11 tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

M h IP ec amca ropertles Yield Strength Elonga-
Tensile 1.5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Loadl (.2% Off ... , in 2 in. Hardnen Strength Strength 
Form Section Temper I Million 

in. k.1 1,,1 k.1 % FIB 130T k.1 k.i Cyel .. 

R OD&BAR All As Extruded ....... 100.0 55.0 .... I - 29 - 60.0 67.0 100 

-

Thl valul. Hilid abovi rlprl.lnt rlGlanobll approilimatloni Iullobll far "Inlrol Inglnluln" UII. DUI 10 (ommuc1al varlollon.ln c.ompolhlon and 
168 to manulotlurlng IImltatlon.,lhlY Ihould nOI bl ulld for Ipldllcallon purpa .... S .. applic.obll A.S.T.M. IPl'dlimtlon rlf.r.ne ... 
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COPPER ALLOY No. 630 

Compo,ition -. percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 82 
iron 3 2.0 
Tin 

Zinc 
Aluminum 10 9.0 
Manganese 

Silicon 
Nickel 5 4.0 

Copper + Elements 

4.0 
.20 
.30 

11.0 

.I.~ 
.25 

5.5 

Flat Products 

Pipe 

Rod 

BI24, BI50 

BI24, BI50 

Shapes BI50 

Tube 

Wire 

AI'1J '-Ib'-lo 
"I"l.C_q6 :l 

with Specific Limits 99.5 A 5 J,. 07 r<; Li •• ,f 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

1930 F 
1895 F 

English Units 

.274 Ib leu in @ 68 F 
7.58 

per"F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000090 per· F from 68 F to 572 F 
22.6 Btu Isq ft 1ft Ihr I'F @ 68 F 
116 Ohms (eire mil Ift)@ 68 F 

7 % IACS@68 F 
.09 Btu IIb"F @ 68 F 

17,500,000 psi 
6,400,000 psi 

\ Typical Uses 

R;S leA {:')(rr<vo DE ! 

C. G. S. Units 

1054 C 
1035 C 
7.58 gm leu em @20C. 
7.58 

per 0 C from 20 C to 100 C 
per a C from 20 C to 200 C 

.0000 I 62 per· C from 20 C to 300 C 
.09 cal Isq em lem Isee I' C @ 20 C 

19.2 Microhm-em @ 20 C 
.04 I Megmho·ern @ 20 C 

.09 cal Igm I" C @ 20 C 
12,250 Kg Isq mrn 
4,500 Kg Isq mm 

Nuts, bolts, valve sents, plunger tips, marine shafts, 
valve guides, aircraft parts, pump shafts, structural 
members 

Common Fabrication Processes 

--
Hot forming and forging 

Fabrication Propert,ies 
Capacity for Being Cold Worked ................... Poor Suitability for being joined by: 
Capacity for Being Hat Formed .............. .... . Good 
Hot Forgeability Rating (Forging Brass = 100) . ....... " 75 
Hot Working Temperature ..... .145DM1700F or 800-925 C 
Annealing Temperature ........ 1100-1300 F or 600-700 C 
Machinability Rating (Free Cutting Brass = 100) ........ :10 

Soldering ........ .......... . Not Recommended 
Brazing ............................... Fair 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding .. .............. . Good 
Coated Metal Arc Welding .... ............ . Good 

~ 
Spot ................... Good 

Resistance Welding Seam ....... ........... . Good 
Butt ................... Good 

Thill .. alues lliled aba .. e reprellllni realanabllll aPpra"imalianl .uilable far genlllralengineering UI •. Due la cammercial vadallens in campalilien and 
la manufecruring limiTalians. they shauld nat bill used far IPIICificat!an purpau". See applicable A.S.T.M. specificatien reference,. ~~ 
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COPPER ALLOY No. 630 (Continued) 

Forms and Tempers Anneeled Tempar, Rolled or Drawn Tempe" Hot 
Finish .. 
Tempo,s 

Most Commonly Used -
S ~ 

Nominal Grain Size mm ~ !' 
11 ~ 'D c 
• ~ 

• :z: ID 

~ • !:'- , 
1 ." C 

1 ~ :l! ~ !' • c c 
c • 11 

~ '" ~ ~ 
c c 11 0 

~ 
, ~ ~ c <: ~ :l'! c 0 0 <: ~ ~ ~ .~ 
c 

0 0 0 ill '" '" ~ 
J; • ~ 11 e e ~ 11 J; 

~ 
... '" N Ci ~ m 0 :i! F ~ ~ j 1C ~ 

~ = CO CO CO CO C w w 0 :J 

i 
E 
~ 

I 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire. Drawn 

Bar, Extruded ......................................................................... 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 

............................... ~ ...................................... . 

........................................................................... 

...............................•................................•. 
TUBE 

PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement fOJ high strength or hardness on 
the one, hand or for bending qualities on the other. 

Mechanical Properties 

Size 
Form Section Tampar 

In. 

BAR 1.0 in. Half Hard (10%) .... -- 2.0 in. Half Hard (10%) '" . 
3.0 in. As Extruded ... , .... 

ROD 1.0 in. Half Hard (10%) .... 
2.0 in. Half Hard (10%) " .. 
3.0 in. Half Hard (10%) .. . , 
4.0 in. As Extruded ....... 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga-
Tensile 1.5% Ext. tion 
Strength under Loadl (.2% Offsetl in 2 in. 

k., ksi ksi % 

110.0 62.0 '" . 15 
100.0 60.0 '" . 15 

90.0 50.0 ' ... 15 

118.0 75.0 '" . 15 
115.0 65.0 '" . 18 
112.0 62.0 '" . 20 
100.0 60.0 '" . 15 

... ,' . 
\::: 

3. LIGHT DRAWN - BENDING temper i! 
used only where a tube of some stiffness, bUI 

yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Rockwell Shaar Fatigua 
Hardness Strength Strength 

FIB 130T ksi lal 
I Million 

CyclDs 

- 97 - ... . .... '" , 
- 96 - ... . " .. " .. 
- 96 - ... . . , .. .. , . 
- 98. - 70.0 38.0 100 
- 96 - 69.0 37.0 100 
- 96 - 65.0 37.0 100 
- 96 - 62.0 36.0 100 

\ 
I; .' 

, 
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COPPER AllOY No. 632 

Composition - percent 
Nearest Applicable A S T M Specific:ations 

Nominal Minimum Maximum 

Copper 82 
Lead 

Iron'" 4 
Aluminum 9 
Manganese 

Silicon 
Nickel'" 5 

Copper + Elements 
with Specific Limits 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity'" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

'" Volume Basis 

3.0 
8.5 

4.0 

99.5 

.02 
5.0 
9.5 
3.5 

.10 
5.5 

1940 F 
1905 F 

"'!ron content shall not exceed 
nickel content 

English Units 

.276 Ib leu in @68 F 
7.64 

per C> F from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000090 per" F from 68 F to 572 F 
20 Btu Isq ft 1ft Ihr /"F @ 68 F 

148 Ohms (eire mil 1ft ) @ 68 F 
7 % IACS@68 F 

.105 Btu Ilb"F @68 F 
17,000,000 psi 
6,400,000 psi 

Typical Uses 

1060 C 
1040 C 

C. G. S. Units 

7.64 gm leu em @20 C. 
7.64 

per"C from:W e to 100 C 
perce from 20 C to 200 e 

.0000162 per"C from 20 C to 300 C 
.086 eal/sq em lem Isec I" C@ 20 C 
24.6 Microhm-cm @ 20 C 
.041 Megmho-em @ 20 C 
.105 eal/gm/"C @20C 

12,000 Kg Isq mm 
4,500 Kg Isq mm 

MARINE: Nuts, boits, structural pump parts, shafting 

INDUSTRIAL: Corrosion resistant articles 

Common Fabrication Processes 

Hot forming, welding 

Fabrication Properties 
Capacity for Being Cold Worked .................... Fair Suitability for being joined by: 
Capacity for Being Hot Formed ................... Good 
Hot Forgeability Rating (Forging Brass = I DO) ..••.•.••• 70 
Hot Working Temperature ..... 1500-1650 F or 825-900 C 

Soldering ............................... Fair 
Brazing ................................ Fair 
Oxyacetylene Welding ......... Not Recommended 

Annealing Temperature ........ 1150·1300F or 600-700 C Gas Shielded Arc Welding; ............. Excellent 
Machinability Rating (Free Cutting Brass = 100) ......... 30 Coated Metal Arc Welding ...........•..... Good 

Resistance Welding Seam .................... Fair 
{

Spot ................... Good 

Butt ................... Good 

To! ... ",Iues Ii.t!d aba ... e rl!preu!nt realonoble "'pprollimatianl suitable for g'Ull!ralengineering .ne. Due 10 t:ammerdal ... arlalrans in tampa.lTion "'nd 
to manufacturing limilolionl, toe,( .hauld no! be uu!d for Ipl!dfitaticn purpall!'. Sl!e applicable A.S.T.M. spedficatian rl!fl!rl!neu. 

{Ccmtim.lm an athf!rllid~l 171 



COPPER ALLOY No. 632 (Continued) 
Forms and Tempers Annaaled Tlmpers Rolled or Drawn Tampen Ho. 

Most Commonly Used Finished 
Temper. 

FLAT 
PRODUCTS 

~ - ~ 

5 C 
Nominal Grain Size mm a. !!' 

'E of '5 
" • • 

l: ~ 
III 

~ ~ 
, 

"i 'E " "i 'E ~ !!' • " " " :l! :l! 
~ 

• 'E 
~ '" ~ ~ 

" " 
, 

:l! , E E 
" " ~ 0 C 

" " " c 
0 I< 0 '" '" '" E E ~ ~ 'E E !!' E ~ 'E E 
~ '" ., N :: 

:j ... • :i! l< ~ l< d = q JI 
, 

~ :l! :l! '" '" '" '" w 0 w w :J 

StriP. Rolled .. . . . . . . . . . . . . . . . . . . .. . ...•.....................•..•.•.•.... 
StriP. Drawn ....... . . . . . . . . . . . . . .. . .................................... . 

Flat Wire, Rolled . . . . . . . . . . . . . . . . . . . . .. . .................................... . 
Flat Wire, Drawn . . . . . . . . . . . . . . . . . . . . .. . ................. -................... . 

Bar, Rolled ............ . . . . . . . . .. . .................................... . 
Bar, Drawn .............. " ...... , ..................................... . 

Sheet . . . . . . . . . . . . . . . . . . . . .. . .................................... . 
Plate ... . . . . . . . . . . . . . . . . .•. . ..................................... . 
ROD ....................•....................................... 

WIRE .... , ..................................................•.... 
TUBE .......................................................•.... 

PIPE ............................................•......•........ 
SHAPES ........................................................... . 

i ] 'Ii E .. .. !! a: , 
~ :£ :;; 
w u 

1-~ ~ 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usuaUy where there 
is no relll requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only whert~ there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. UGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Vield Strength Elonge· 
Tensile 1.5% Ext. tion Rockwell ShaDr Fatigue 

Siza Strength undar Load) (.2% 0'''.') in 2 in. Hardness Strangth Strength 
Form Section Temper I Million 

in. ksi kli k., % FIB 130T ksi ksi Cycles 

FLAT 
PRODUCTS 

PLATE . 250 in. Light Anneal ...... 100.0 50.0 '" . 20 - 92 - ... . . ... '" . 
. 500 in. Light Anneal . ..... 95.0 47.0 ... . 22 - 89 - ... . ... . '" . 

1.0 in. Light Anneal ...... 90.0 45.0 ... . 25 - 85 - . ... .... '" . 
ROD 1.0 in. Light Anneal . ..... 105.0 53.0 '" . 22 - 96 - ... . . ... '" . 

2.0 in. Light Anneal . ..... 103.0 52.0 '" . 24 - 94 - ... . . ... '" . 
3.0 in. Light Anneal . ..... 102.0 51.0 ... . 24 - 93 - ... . ... . '" . 

FORGING 5.0 in. Light Anneal . ..... 100.0 45.0 ... . 22 - 92 - ... . . ... '" . 
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COPPER AllOY No. 638 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 95 
Lead .05 
Iron .05 
Zinc .50 

Aluminum 2.8 2.5 3.1 
Manganese .10 

Silicon 1.8 1.5 2.1 
Nickel .10 
Cobalt .40 .25 .55 

Copper + Elements 
with Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

.. Volume Basis 

1885 F 
1830 F 

English Units 

.299 Ib leu in @ 68 F 
8.28 

.0000083 per 'F from 68 F to 212 F 

.0000087 per' F from 68 F la 392 F 

.0000095 per' F from 68 F to 572 F 
23 Btu Isq fl/fl/hr I'F @ 68 F 

104 Ohms (eire mB/ft)@68 F 
10 % lACS @ 68 F 

.09 Btu lIb 'F @ 68 F 
16,700,000 psi 

psi 

Typical Uses 

1030 C 
1000 C 

C. G, S. Units 

8.28 gm leu em @ 20 C. 
8.28 

.0000150 per 'C from 20 C la 100 C 

.0000157 perce from:20 eta 200 C 

.0000171 per' C from 20 C to 300 C 
.097 eal/sq em Icm Isec I' C @ 20 C 
17.3 Microhm-em @ 20 C 
.058 Megmho-cm @ 20 C 

.09 eallgm I' C @ 20 C 
11,700 Kg/sq mm 

Kg Isq mm 

Springs, switch parts, contacts, relay springs, glass 
sealing and porcelain enameling 

Common Fabrication Processes 

Blanking, drawing, forming and bending, shearing and stamping 

Fabrication Properties 
Capacity for Being Cold Worked ............... Excellent 
Capacity for Being Hot Formed ............... Excellent 

Suitability for being joint:d by: 

Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperature ............. F or ........ C 
Annealing Temperature ....... 750-1100 F or 400·600 C 
Machinability Rating (Free Cutting Brass:= 100) ......... . 

Soldering ............................... Fair 
Brazing ............................... .Fair 
Oxyacetylene Welding .................... .Fair 
Gas Shielded Arc Welding ............. Excellent 
Coated Metal Arc Welding .............. Excellent 

Resistance Welding Seam ............. , .. Excellent 1 
Spot ....•........... Excellent 

Butt ................ Excellent 

The "arUei lilted aba"e represent rea.anable appra~imatran. suitable far general engineering Ule. Due la ~ammertial "adatianl in campa.ithlll and 
Ie manufacturing limitatians. they Ihauld nal be used far Ipecificatian purpaleL. See applicable A.5.T.M. specification references. 
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COPPER ALLOY No. 638 (Continued) 
Forms and Tempers Annuled Tempi" Rolled or Drawn TImpe,. Ho. 
Most Commonly Used FinilhlNi 

Tlmpers -
J e 

Nominal Grain Slz& mm I!' 
1! • ;; .. c 
• E .Ii :c i t B I 1 1 1! I!' ~ c i Ii 1! :i! 
~ ." " 

c 
! ;2 e c :i! 1 

• 
:!! i • ." • c .i • I ~ c • I-

.i ~ 
t 0 c Q Q ~ ~ :; 

~ ~ ~ ~ I!' e :I! g 0 0 i!l ~ on .t' • f 1 i ~ 1! .l! .. u ... i!l ~ 

J! 
m ... • ~ S ~ :i! :j .. .. l .., q q q q :J w 0 w Q 

Strip, Rolled ................. e· ... . ...... e· ..... e ..... e ............ .. 
Strip, Drawn . . . . . . . . . . . . . . . . . . . . .. . .................................... . 

FLAT 
PRODUCTS 

Flat Wire, Rolled . • • . . . • . . • • • . . . • . . . . .. • •...•...•.........•........••..•.•... 
Flat Wire, Drawn .. . . . . . . • . . • • . . . . • . . .. ...•....•........•...••........•...••. .', ..•. 

Bur. Rolled .......•.......•..... , .............................••....... 
Bar, Drawn ........................................................... . 

Sheet ..................... , ..................................... . 
Plate ....... " .................................................•. 
ROD ........................................................... . 

WIRE ........................................................... . 
TUBE ........................................................... . 

PIPE .. , " ...................................................... . 
SHAPES ........................................................... . 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only, usually where Utere 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

• 2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feaSible for the size in question. 

3. LlGIIT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

PR 

Mechanical Properties Yield Strength Elonga-
TensUe (.5% Ext. tion Rockwall Shear Fatigue 

SIZ8 Strangth under Load) (.2% Off ... ) In 21n. H.rdnass Strength Strength 
Form Section Tamper 

I 
Million 

In. k,l lui k,l % F' B '30T lui k,l Cyclu 

FLAT 
ODUCTS .040 in. Soft Anneal .......• 82.0 53.0 54.0 36 - 86 73 '" . '" . . ... 

Quarter Hard ....... 96.0 ... . 77.0 23 - 93 78 ... . '" . . ... 
Half Hard .......... 106.0 ... . 88.0 15 - 96 79 '" . . ... .. , . 
Hard ............ . 120.0 ... . 101.0 7 - 99 82 '" . . ... .. , . 
Extra Hard ......... 124.0 . , .. 107.0 5 - 100 82 '" . . ... .. , . 
Spring . . . . . . . . . . . 128.0 .... 110.0 4 - 10) 82 . ... 35.0 100 
Extra Spring . . . . . . . 130.0 . ... 114.0 4 - 101 83 . ... .... . ... 
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COPPER AllOY No. 642 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 91.2 
Lead 
Iron 
Tin 

Zinc 
Aluminum 7.0 

Arsenic 
Manganese 

Silicon 1.8 
Nickel 

Copper + Elements 

.05 

.30 

.20 

.50 
6.3 7.6 

.15 

.10 
1.5 2.2 

.25 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

BI24,BI50 

B124.B150 

BI24,BI50,B283 

with Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity* (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

1840 F 
1800 F 

English Units 

.278 Ib leu in @ 68 F 
7.69 

per" F from 68 F to 212 F 
per D F from 68 F to 392 F 

.0000100 per ° F from 68 F to 572 F 
26 Btu Isq ft 1ft Ihr 1°F @ 68 F 

113 Ohms (eire mU/ft)@68 F 
8 % IACS@68 F 

.09 Btu lIb OF @ 68 F 
16,000,000 psi 
6,000,000 psi 

Typical Uses 

1005 C 
985 C 

C, G. S. Units 

7.69 gm leu em @ 20 C. 
7.69 

per"C from:W eta 100 C 
per Q C from 20 C to 200 C 

.0000181 per ° C from 20 C to 300 C 
108 eal/sq em lem Isee rC@20 C 

18.6 Microhm-em @ 20 C 
.0464 Megmho-em @ 20 C 

.09 eal/gm 1°C @20C 
11,200 Kg Isq mm 
4,200 Kg Isq mm 

Valve sfems, gears, marine hardware, pole line hard­
ware, bolts, nuts, valve bodies and components 

Common Fabrication Processes 

Hot forming, forging, machining 

Fabrication Properties 
Capacity for Being Cold Worked ................... Poor Suitability for being joined by: 
Capacity for Being Hot Formed .....•......... Excellent 
Hot Forgeability Rating (Forging Brass = 100) .......... 80 
Hot Working Temperature ..... 1300-1600 F or 7110-870 C 
Annealing Temperature ....... 1100-1300 F or 600-700 C 
Machinability Rating (Free Cutting Brass = 100) ......... 60 

Soldering ................... Not Recommended 
Brazing ............................... Fair 
Oxyacetylene Welding ........ Not Recommended 
Gas Shielded Arc Welding ................. Fair 
Coated Metal Arc Welding ................. Fair 

Resistance Welding Seam .................... Fair i Spot .................... Fair 

Butt .................... Fair 

Th .. value, Ihled abav .. r .. pr .. , .. nl r .. a,anabl .. appraximaliani iuilabl .. far g"nll!talll!nginll!lI!ring UI". DUll! la commll!rcial varialiam in compaliTian and 
to manufacturing limilaliani. Ihll!Y ,hauld nal bll! uu!d far Ipecificalian pUrpOIIl!I. See applicable A.S.T.M.'lpecificatian t .. fll!rencl!l. 
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COPPER ALLOY No. 642 (Continued) 
Forms and Tempers Anna.led T.mp." Rolled or Drawn Tampen Ho. 

Most Commonly Used Finllhed 
Tampers 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Ora wn 

Aat Wire, Rolled 
Flat Wire, Drawn 

Bar, Extruded 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

~ -~ ~ 

l e 
Nominal Grain SIz8 mm I!' 

~ l. '0 

1 :J: e 
~ • B I 

i 'E Ii 'E ~ I!' • • I • f f .. ~ ~ ~ '" ~ ~ • ii :! I ii ~ 
~ C1 • g :< ~ ~ lQ III 01' .E ~ ! 'E E I!' e ~ 'E .E • ~ '" C! C! q M ;5' .Il' , 

~ F f a a e f ;5' w C1 Q 

...................................... 

...................................... 

...................................... 

...................................... 
" ...... , .......... '.' ." ............•............ ,',., .. ,., ............................................................ 
............................................................ 
.................................... ·e··· .. ······ .. · .. · .. ··· ............................................................ 
............................................................ 
............................................................ 
............................................................ 

E "li .. 
1 E 'il 
1 • II: l-

~ 1 w 
~ ~ 

..... 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hnrdness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only whue there is need for a tube 
as hard or .as strong as is commer~ 
cially feasible for the size in question. 

3. UGHT DRAWN - BENDING temper 1s 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

M h P ee anieal roperties Visld Strength Elongll' 
Tanilla (.6% Ext. tion Rockwall Shaar Fatigua 

Size Strangth under Load) 1.2% Off ... ) In 21n. Hardn ... Strength Strangth 
Form Section Temper I Million 

In. kli k.1 kli % FIB 130T k.i k.1 Cyel .. 

BAR .750 in. As Extruded ...... 75.0 35.0 '" . 32 - 77 - '" . ... . . ... 
ROD .750 in. As Extruded ...... 75.0 35.0 '" . 32 - 77 - '" . . ... . ... 

. 500 in. Light Anneal .. , .. , .. 92.0 58.0 ' ... 22 - 98 - . ... ... . ., .. 

. 750 in. Light Anneal ...... 90.0 55.0 .., . 28 - 89 - '" . '" . .., . 

. 750 in. Hard (15%) ....... 102.0 68.0 '" . 22 - 94 - 59.0 50.0 100 
1.500 in. Hard (10%) "'" .. 93.0 60.0 .... 26 - 90 - '" . '" . . ... 

) 

FORGING 2.0 in. As Forged ........ 79.0 38.0 '" . 30 - 78 - '" . . ... . ... ) 
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COPPER AllOY No. 651 (LOW SILICON BRONZE B) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 98.5 
Lead 
Iron 
Zinc 

Manganese 
Silicon 1.5 

Copper + Elements 
with Specific Limits 

Physical Properties 

Melting Point (Uquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

.8 

99.5 

.05 

.8 
1.5 

.7 
2.0 

1940 F 
1890 F 

English Units 

.316 Ib Icu in @68 F 
8.75 

per a F from 68 F to 212 F 
per a F from 68 F to 392 F 

.0000099 per 0 F from 68 F to 572 F 
33 Btu Isq ft 1ft Ihr rF @ 68 F 

86.4 Ohms (eirc mil 1ft) @ 68 F 
12 % lACS @ 68 F 

.09 Btu lIb of @ 68 F 
17,000,000 psi 
6,400.000 psi 

AIRCRAFT: 

Typical Uses 

hydraulic pressure lines 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

1060 C 
1030 C 

B97,B98,B432 

B315 

B98 

B98 

B315 

B99,BI05 

C. G. S. Units 

8.75 gm Icu cm @20 C. 
8.75 

per a C from::!:O C to 100 C 
per a C from 20 C to 200 C 

.0000179 per 0 C from 20 C to 300 C 
.14 cal Isq cm Icm Isec r C @ 20 C 

14.4 Microhm-cm @ 20 C 
.0696 Megmho-cm @ 20 C 

.09 cal Igm rC @20C 
12,000 Kg Isq mm 
4,500 Kg Isq mm 

HARDWARE: 

INDUSTRIAL: 

anchor screws, bolts, cable clamps, cap screws, machine screws, 
marine hardware, nuts, pole line hardware. rivets, U-bolts 
electrical conduits, heat exchanger tubes, welding rod 

Common Fabrication Processes 

Forming and bending, heading and upsetting, hot forging and 
pressing, roll threading and knurling, squeezing and swaging 

Fabrication Properties 
Capacity for Being Cold Worked 0 0 0 0 0 0 0 • 0 0 ••••• • Excellent 
Capacity for Being Hot Formed .. 0 ••• 0 • 0 • 0 •• •• Excellent 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) ...... 0 0 • 0 0 0 

Hot Working Temperature . .. .. 1300-1600 F or 700-875 C 
Annealing Temperature . .. 0 ••• • 900-1250 F or 475-675 C 
MaChinability Rating (Free Cutting Brass = 100) ... 0.000.30 

Soldering ............... ............ EXcellent 
Brazing ........................... Excellent 
OXyacetylene Welding . 0 •• 0 • 0 •• 0 • 0 0 • 0 0 o. Good 
Gas Shielded Arc Welding 0 • 0 0 • 0 •• 0 o. Excellent 
Coated Metal A.rc Welding ... 00 0 0 •• 0 •• 0 • 0 Fair 

1 
Spot . 0 • 0 0 • 0 0 • 0 0 0 o. Excellent 

Resistance Welding Seam. 0 •••• 0 •• 0 •••• 0 0 0 Good 
Butt .. 0 • 0 •• 0 ••• o. Excellent 

Th. 'Ialu .. Ibhd abc'Ie rltprltlcnl rc(:ugngblc gppra"jmgljgnl luitgbl. far g.n.ral engineering Ullt. Due 10 tammcrdal 'Iarlallanl in campalillon and 
10 manufacturing limltallonl. thcy shauld nal bc used for spedficatian purpan.o See applicable "-oS.T.M. Ipeclfleallan rltfcrencu. 
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COPPER ALLOY No. 651 (Continued) 
Forms and Tempers Annealed Tempers Rolled or Drawn Temper. Hot 

Most Commonly Used Finished 
~ Tempers -a ~ 

Nominal Grain Size mm ~ !' 
] ~ 'ii e 

e • l: .. 
i ~ • !::! I 

~ 1i 'E e 

1i 'E ~ .~ • e e 'Ii E e :l! :l! 'E ~ 'E " ~ ~ Ci ." • e e :l! : I e e II: " l-e " ~ • 0 0 ~ " .c l: e C £ 1 0 0 0 ill '" '" .E .E ~ ~ 'E e !' e ~ ." .E .:: • ~ l 
w 

~ .... '" N 1i! ell ;j . .. " ~ :l! 1( 1( e ~ ~ 

.i1 .i1 "! "! "! "! w 0 w w 0 ;J 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Bar, Drawn 
Sheet 
Plute 
ROD 

WIRE 
TUBE 

........................................................................... 

" ......................................................... , .......... , ... . 
......................................................................... 
..... '" ......•....................................•..•................. 

PIPE 
SHAPES 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hatdness on 
the one hand or for bending qualities on the other. 

M hiP ec amca ropertles 

Size 
Form Section Temper 

In. 

ROD 1.0 in. .035 mm ......... 
Hard (36%) ....... 
Extra Hard (50%) ... 

WIRE . OBO in. Eighth Hard ....... 
Quarter Hard ...... 
Half Hard ......... 
Hard ............ 
Extra Hard ........ 

.440 in. Quarter Hard (21%) . 
Half Hard (37%) ". 
Hard (60%) ...... . 

TUBE 1.0 in. OD .015 mm ......... 
X .065 in. Hard Drawn (35%) .. 

2. HARD DRAWN temper is used 
only where there is need for II tube 
llS hard or as strang llS is commer­
cially feasible for the size in question. 

Yield Strength , Elonge.! 
Tensile (.5% Ext. tion 
Strength under Load) (.2% Off ted I~ 2 In. 

ksi ksi lui " 
40.0 15.0 . ... 50 
70.0 55.0 .., . 15 
90.0 67.0 ... . 12 

55.0 40.0 .... 40 
65.0 50.0 .... 25 
BO.O 63.0 .... 15 

100.0 70.0 . ... 11 
105.0 71.0 .... 10 
63.0 .. , . .. , . 30 
BO.O ... . . ... 20 
95.0 ... . .... 12 

45.0 20.0 . ... 55 
65.0 40.0 .... 20 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell I She .. 
Fatigue 

Hardness Strength Strength 

FIB 130T lui ksi 
I Million 

Cycles 

55 - - ... . '" . . ... 
- BO - 45.0 '" . . ... 
- 90 - 50.0 ... . ., .. 

- - - 36.0 ..' . . ... 
- - - 40.0 '" . . ... 
- - - 45.0 .., . . ... 
- - - 50.0 25.0 100 
- - - 53.0 2B.0 100 
- - - ... . ... . . ... 
- - - ... . . ... . ... 
- - - .. , . . ... ., .. 
6B - - ... . ... . . ... 
- 7S 67 . , .. '" . . ... 

The y".IuII lIltld ".boVI rlpreslnt realorlobll appro:ltlmotlonl luitabl. for glrllral erlglnllrlng u ... DUI to commlrclol Yarlatlonl In compolltlo" and 
178 to monufocturing limitolionl. IhlY Ihould nol bl Uled fOf IPecillaalion purpo .... S .. applicabl. A.S.T.M •• pecllicallon ref.rlnell. 
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COPPER AllOY No. 655 (HIGH SILICON BRONZE A) 

:mposition - percent 
Nearest Applicable A " T M Specifications 

Nominal Minimum Maximum 

Copper 97 
Lead 

Iron 
Zinc 

Manganese 

Silicon 3 2.8 
Nickel 

Copper + Elements 
with Specific Limits 99.5 

.05 

.8 
1.5 
1.5 
3.8· 

.6 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

B96,B97,B98,BIOO,BI24, 

B432 

B315 

B98,BI24 

B98, BI24, B283 

B315 

B99 

'* In the case of wire, maximum silicon content is 3.6 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity'" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

'" Volume Basis 

1880 F 
1780 F 

English Units 

. 308 Ib leu in @ 68 F 
8.53 

per D F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000100 per" F from 68 F to 572 F 
21 Btu Isq It lit Ihr /"F @ 68 F 

148 Ohms (eire mil/It)@ 68 F 
7.0 % lACS @ 68 F 
.09 Btu lib OF @ 68 F 

15,000,000 psi 
5,600,000 psi 

AIRCRAFT: 

Typical Uses 
hydraulic pressure lines 

1025 C 
970 C 

C. G. S. Units 

8.53 gm leu ern @ 20 C . 
8.53 

per c C from 10 C to 100 e 
perce from 20 eta 200 C 

.0000180 per"C from 20 C to 300 C 
.09 eal/sq ern lem Isee I" C @ 20 C 

24.6 Microhm-cm @ 20 C 
.0406 Megmho~cm @ 20 C 

.09 eaI/gm r C @20C 
10,500 Kg Isq mm 

3,900 Kg Isq mm 

HARDWARE: bolts, burrs, butts, clamps, cotter pins, hinges, marine 
hardware, nails, nuts, pole line hardware, screws 

INDUSTRIAL: 

MARINE: 

bearing plates, bushings, cable, channels, chemical 
equipment, heat exchanger tubes, kettles, piston rings, 
tanks, rivets, screen cloth and wire, screen plates, shafting 
propeller shafts 

Common Fabrication Processes 

Blanking, drawing, forming and bending, heading 
and upsetting, hot forging and pressing, roll thread~ 
ing and knurling, shearing, squeezing and swaging 

iFabrication Properties 

Capacity for Being Cold Worked ............... Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ............... Excellent 
Hot Forgeability Rating (Forging Brass = 100) .......... 40 
Hot Working Temperature ..... 1300·1600 F or 700-875 C 
Annealing Temperature ........ 900·1300 F or 475-700 C 
Machinability Rating (Free Cutting Brass = 100) ........ 30 

Soldering ............................ Good 
Brazing ........................... Excellent 
Oxyacetylene Welding ................... Good 
Gas Shielded Arc Welding ............. Excellent 
Coated Metal Arc Welding ................. Fair 

Resistance Welding Seam. , , ..... , ..... Excellent 1 
Spot ............... , Excellent 

Butt ........ , , ...... Excellent 

.- .Thl ",alvu listed abo",,, '''p'"."nl tla5anabl" .appra"imolian5 suitable for glnual Ingineering UII. Du" 10 tommertigl ",orlalian. in fampo.itlan and 
10 ml;:lIlufocturing limilotian., Ihey should nal be Vied lor speclficalion purpOIl!s. See opplicable A.S.T.M. Ipedfkotion referencel. 
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Forms and Tempers 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

COPPER ALLOY No. 655 (Continued) 

Annealed Tampers Rolled or Drawn Tempen Hot 
Finished 

~ Tempers -
I 6 

Naminal Grain Siza mm ~ !!' 

~ 
, '0 .. e • e III 

~ • B I ] i 'l! e 
i 'l! ~ !!' • e e 'Ii e :l! :l! " ~ 'l! l '" ~ ~ • " e e 

£ X I E a a:. , 
e <t ~ 0 0 ~ e <t " !!' e 

0 
., ., t E 'l! ~ ~ ~ " 

., 0 0 on on on .:: • £ l 
.. 

~ " on '" N q J! ... ~ 
, 

t= X lC lC E £ 3' <! <! q q q q ... 0 .. .. 0 

........................................................ 

..............................•.........•................... 

.............................................................•..... 

.............................................................•..... 

............................................................ 

........................................................ 

.....•.............................................•..•.... 

i 
E • ... 
:! 
u 
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1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube only. usuaUy where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qUalities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as s'uong as is commer­
cially feasible for th~ size in question. 

3. UGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength EiUi1;::. I I Tensile (.6% Ext. tlon Rockwell ShQ!lr Fatigull 
Size Strength under Load) (.2% Offset' In 21n. Hardness Strllngth ~=!'!::~ ... 

Form Section Temper 

J 
Million 

In. ks! •• j ksl % FIB 130T kli ksi Cycles 

FLAT .040 in. .070 mm ......... . 56.0 21.0 . ... 63 76 40 - 42.0 . ... .... 
P RODUCTS .035 mm .......... 60.0 25.0 ... . 60 85 62 - 43.0 . ... . ... 

" ... 

.015 mm 63.0 30.0 .. , . 55 90 66 - 45.0 .... 
~uarter H~;d : : : : : : : 68.0 35.0 ... . 30 - 75 67 47.0 ... . 
~alf Hard ....... ' ... 78.0 45.0 ... . 17 - 87 75 50.0 . ... 
Hard ............. 94.0 58.0 ... . 8 - 93 78 57.0 .... 
Extra Hard ......... 104.0 60.0 ... . 6 - 96 80 60.0 .. , . 
~pring . . . . . . . . . . . 110.0 62.0 ... . 4 - 97 81 63.0 . ... 

ROD 1.0 in. .050 mm .......... 58.0 22.0 ... . 60 - 60 - 43.0 ... . 
"alf.Hard (20%) .... 78.0 45.0 ... . 35 - 85 - 52.0 . ... 
Hard (36%) ....... . 92.0 55.0 . ... 22 - 90 - 58.0 . ... 
Extra Hard (50%) .... 108.0 60.0 ... . 13 - 95 - 62.0 ... . 

WIRE . 080 in. 035 mm .......... 60.0 25.0 ... . 60 - - - 43.0 . ... 
~ighth Hard ....... 70.0 40.0 ... . 35 - -- - 48.0 ... . 
Ruarter Hard ....... 80.0 48.0 ... . 20 - - - 52.0 .... 
lalf Hard ........ 98.0 57.0 ... . 8 - - - 58.0 ... . 
~ard ............. 125.0 65.0 .... 5 - - - 65.0 29.0 
pring (80) . . . . . . . . 145.0 70.0 .. , . 3 - - - 70.0 30.0 

TUBE 1.0 in. OD OSOmm ......... . 57.0 .. , . .. , . 70 - 45 - '" . . ... 
X .065 in. iard Drawn (35%) ... 93;0 ... . ... . 22 - 92 78 . ... .... 

180 
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COPPER AllOY No. 667 (MANGANESE BRASS) 

Composition - percent 
Nearest Applicable AS T M Specifications 

Nominal Minimum Maximum 

Flat Products B291 
Copper 70 68.5 71.5 Pipe 

Lead 

Iron 
Zinc 28.8 

Manganese 1.2 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrica! Conductivity'" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

'" Volume Basis 

.07 

.10 
Remainder 

.8 1.5 
.50 

2000 F 
1920 F 

English Units 

.308 Ib leu in @ 68 F 
8.53 

per OF from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000111 per ° F from 68 F [0572 F 
56 Btu Isq ft 1ft Ihr 1°F @ 68 F 
61 Ohms (eire mil 1ft )@ 68 F 
17 % lACS @ 68 F 

.09 Btu lIb of @ 68 F 
16,000,000 psi 

psi 

Typical Uses 

Resistance weldable brass products 

Common Fabrication Processes 

Rod 

Shapes 

Tube 

Wire 

C. G. S. Units 

1100 C 
1030 C 
8.53 gm leu em @ 20 C. 
8.53 

per II C from:!O C to 100 C 
per a C from 10 C to 200 C 

.0000200 per ° C from 20 C to 300 C 
.23 eal/sq em lem Isee 1° C@ 20 C 

10.1 Microhm-em @ 20 C 
.099 Megmho·em @ 20 C 

.09 eallgm 1°C @20C 
11,200 Kg Isq mm 

Kg Isq mm 

Blanking, bending, forming, stamping, resistance 
welded components by spot,seam and butt welding 

Fabrication Properties 
Capacity for Being Cold Worked .. " . '" .. " ... Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ............. Good to Fair 
Hot Forgeability Rating (Forging Brass = 100) .......... " 
Hot Working Temperature ..... 1340-1560 F or 725-850 C 
Annealing Temperature ..... " 930-1300 F or 500-700 C 
Machinability Rating (Free Cutting Brass = 100) ......... 30 

Soldering ........................... Excellent 
Brazing ...............•........... Excellent 
Oxyacetylene Welding ........... , ....... Good 
Gas Shielded Arc Welding ................ Fair 
Coated Metal Arc Welding .: ... Not Recommended 

Resistance Welding Seam ........ , ...... Excellent 1 
Spot ...............• Excellent 

Butt ................ Excellent 

The value. Ihted above repruenl reou:mable appra><imotionl sU;loble for general engineering ule. Due 10 ~ommerdal vorlations 1~ ·~a-mpo~iii;"n a~d 
to manufacturing limitationl, Ihey should not be "sed lor Ipecilicoliorl purpole •• See applicable A.S.T.M. IpecificIlllan reference •• 
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COPPER ALLOY No. 667 (Continued) 

Forms and Tempers Annealed Tempers Rolled or Drawn Tempers HD' 

Most Commonly Used Finished 
~ Tempen -
~ 0 

Nominal Grain Size mm ~ .W 
~ ~ 'D 

e 

e • X .. 
i ~ • ~ I i 'i ~ 

e 
'i 1! t: i!' • e e 'll E e :I! ~ 

• 1! 
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j!: :I! :3' .'! .'! '" '" '" :::; iii 0 w w 

...................................................... 

............................................................ 

............................................................ 
FLAT 

PRODUcrS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
............................................................ 
............................................................ 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

............................................................ ........................................................... 

............................................................ 

............................................................ 

..............•.....................•...................... 

................................................................... 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• J 

1. ORA WN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness On 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tu be 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper Is 
used only where a tube or some stifrness, but 
yet capable of readily being bent (or other· 
wise moderately cold Worked) is needed. 

P 

Mechanical Properties Yiald Strength Elonga· 
Tensile (.5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Load) (.2% Ofho.) i021n. Hl!rdnoss Strength Strength 
Form Section Temper I Million 

In. kli 
v 

koi ksi % FIB 130T ksi k" Cycisl 

FLAT 
RODUcrS .040 in. .100 mlll . . . . . . . . . 45.8 12.0 11.8 ... . 60 - 18 '" . .. .... 

.070 mm ........ . 47.0 16.0 13.5 60 64 - 22 '" . . ... ., .. 

.050 mm ........ . 49.0 '" . 14.9 58 70 - 30 ... . . ... ., " 

.035 mm ......... 50.0 18.0 17.4 55 74 - 35 '" . . ... . '" 

.025 mm ........ . 53.0 20.0 20.0 53 77 - 41 '" . .... . ... 

.015 mm ........ . 55.0 24.0 24.0 44 83 - 47 '" . .. , . .... 
Quarter Hard ...... 56.0 36.2 36.0 38 - 57 55 '" . . ... .... 
Half Hard .......... 64.0 48.0 57.0 20 - 70 64 '" . . , .. ., .. 
Three Quarter Hard . 71.0 '" . 66.0 13 - 78 69 '" . .. , . .... 
Hard ........... . 77.5 62.0 74.0 10 - 84 72 '" . .. , . .. " 

Extra Hard ........ 88.0 ... . 85.0 4 - 89 75 '" . .... .. " 
Spring .......... . 96.0 ... . 90.0 2.5 - 91 77 '" . ., .. .... 
Extra Spring ....... 100.0 ... . 92.5 2 - 93 78 ... . .... .. " 

WIRE . 080 in. Half Hard ......... 90.0 '" . '" . 5 - - - '" . .... .. " 

182 
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COPPER ALLOY No. 674 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum MIIalfTlUm 

Copper 58.5 57.0 60.0 
Lead .50 
iron .35 

.30 Tin 
Zinc 36.5 " 'Remainder 

Nickel 
Aluminum 1.2 
Manganese 2.8 

Silicon 1.0 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

.50 
2.0 

.50 

.25 
2.0 
3.5 
1.5 
.10 

10:!5 F 
1590 F 

English Units 

. 292 Ib leu in @ 68 F 
8.08 

per 0 F from 68 F to 212 F 
per'F from 68 F to 392 F 

.000011 per' F from 68 F to 572 F 
58 Btu Isq ft 1ft Ihr I'F @ 68 F 

45.1 Ohms (eire mil/ft)@68 F 
23 % lACS @ 68 F 

.09 Btu lib 'F @ 68 F 
16,000,000 psi 
6,000,000 pSI 

Typical Uses 

885 C 
865 C 

C. G. S. Units 

8.08 gm leu ern @ 20 C . 
8.08 

perDC from~OC to lODe 
per"C from 20 C to 200 C 

.000020 per' C from 20 C to 300 C 
.24 eal/sq em lem Isee I' C@ 20 C 
7.5 Microhm-em @ 20 C 

.133 Megmho·em @20C 
.09 eal/gm I'C @20C 

11,200 Kg Isq mm 
4,200 Kg Isq mm 

Bushings, gears, connecting rods, shafts, wear plates 

Common Fabrication Processes 

Hot forging and pressing, machining 

Fabrication Properties 
...... Poor 

Capacity for Being Cold Worked. . . . . . . . . . . . . Excellent 
Capacity for Being Hot Formed ..... :' '00;'::::'" .100 
Hot Forgeability Rating (Forging Bruss -"I~O F ~r 600-675 C 
Hot Working Temperature ..... 1IOQ.l ioOF or 425-600 C 
Annealing Temperature . ..... : . 800-~';:I 100) .. ...... . 25 
Machinability Rating (Free Cuttmg Brass 

Suitability for being joined by: 
Soldering .. ............................. Fair 
Brazing .............................. Good 
OXyacetylene Welding ........ Not .1,{ecommende,d 
Gas Shielded Arc Welding . ................ . Farr 
Coated Metal Arc Welding ...... Not Recommended 

1 
Spot· .•................ Good 

Resistance Welding Seam .. ........... : .... . Good 
Butt.· ............... .. Good 

~I pptaaimolioni iuiloble for generol enginel!ring ulie. Due \0 tommerciol voriollonl in campolilion cmd 
The olul!!l lilt.d obov. repr •• ltnT "",,0f'0 \:'Id nal bit uled for Ip!"cilicoTian purpalu. See applicable A,S.T.M. lipetificotian rcfer .. ncltl. 

V r '1 lionl tk, I 
10 manufacturing lml a . (Contintud an other .ide) 183 

I 
1 

I 

I' 

I ! 



";',,', 

, 
I· 

COPPER ALLOY No. 674 (Continued) 

Forms and Tempers 
Most Commonly Used 

Annealed Tampers 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

Nominal Grain Size mm 

i i 
c c c c .. .. 

" " ~ ill on on .:: ,l; 
~ ... N q :3' C! C! C! ell 

.................................................................. 

............................................................. -'" .... 

................................................................... 

...................................... , - .......................... . 

........................................................................ -,. ................ '.0 .......... '.' ........ -....... ', .............. ,ii, ....... . ............................................................ , ............. . 

........................................................................... 

.................•............•..................................•......... 

........................................................................... 

...................................................................... 

........................................................................... 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no renl requirement for high strength or hurdness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hilid or us strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

M echanical Properties Yield Strength Elonga-
Tensile 1.5% Ext. tion Rockwell Shear Fatigue 

Size Strength unde, load) 1.2% Offset} in 2 in. Hardness Strellllth Strength 
Form Section Temper I Million 

in. lui ksi lui % FIB laOT kll k.1 Cycles 

ROD . 750 in. Soft Anneal. ....... 70.0 34.0 ., .. 28 - 78 - . _ .. . ... ... , 
Half Hard, ~tress 

92.0 55.0 20 - 87 - 48.0 29.0 100 Relieved ........ .... 
BAR 2in. X 

3 in. As Extruded ....... 78.0 38.0 ... . 26 - 78 - ... . '" . .... 
H.lf ~~rd'Jl.tress 

85.0 45.0 24 83 Re leve •.....• ... . - - ... . . ... .... 
~ 

• I Hour.t 550'F 

184 Th. valu •• 1I,'ed above repre .. nl re,nonoble OpprOll\matio,1I aultoble for g.nerol engineering u ••• Du. to commercial varlatlonl In compolillon rind 
10 monufacturing limitation., they .hould not be u.ed for Ipeclflr:alion purpale •• S •• applicable A.S.T.M •• pec!fleatla'n nferene ... 
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COPPER ALLOY No. 615 (MANGANESE BRONZE A) 

~ -' mposition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 58.5 
Lead 
Iron 1.4 
Tin 

Zinc 39.0 
Aluminum 
Manganese .I 

Total Other Elements 

Physical Properties 

Melting Point (Uquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefricient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

57.0 60.0 
.20 

.8 2.0 

.50 1.5 
Remainder 

.05 
.25 
.50 
.10 

1630 F 
1590 F 

English Units 

.302 Ib leu in @ 68 F 
8.36 

per 0 F from 68 F to 212 F 
per OF from 68 F to 392 F 

.0000118 per"F from68F to572F 
61 Btu Isq ft 1ft Ihr /"F @ 68 F 

43.2 Ohms (eire mil 1ft ) @ 68 F 
24 % lACS @ 68 F 

.09 Btu Ilb"F @ 68 F 
15,000,000 psi 
5,600,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

Tube 

Wire 

890 C 
865 C 

BI24,BI38 

BI24,BI38 

BI24, BI38, B283 

C. G, S, Units 

8.36 gm leu em @ 20 C. 
8.36 

perce from:!O C to 100 C 
per 0 C from 20 C to 200 C 

.0000212 per" C from 20 C to 300 C 
.26 eal/sq em lem Isee I" C @ 20 C 

7.18 Microhm-cm @ 20 C 
.139 Megmho-cm @ 20 C 

.09 cal Igm I" C @ 20 C 
10,500 Kg Isq mm 
3,900 Kg Isq mm 

AUTOMOTIVE: clutch disks, pump rods, shafting 
balls, valve stems and bodies HARDWARE: 

Common Fabrication Processes 

Hot forging and pressing, hot heading and upsetting 

Fabrication Properties 
Capacity for Being Cold Worked .. , ............... Poor 
Capacity for Being Hot Formed .............. Excellent 

Suitability for being joined by: 

Hot FDrgeability Rating (Forging Brass = 100) ......... SO 
Hot \\orking Temperature ..... 1150-1450 F or 625-750 C 
Annealing Temperature ........ 'SOO-II00 F or 425-600 C 
MachLlability Rating (Free Cutting Brass = 100) ......... 30 

Soldering ........................... ' Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding ................... Good 
Gas Shielded Arc Welding ................. Fair 
Coated Metal Arc Welding ..... Not Recommended 

Resistance Welding Seam .................... Fair 1 
Spot ................... Good 

Butt ................... Good 

Thlt "oluel lilted above repre5enl realanable appraxlmatianl lullabllt for generaleng;nee.ing ule. Due 10 cammerdal "arialianl in campoillian "'nd 
10 manul"'cturing IimilaTianl, they Ihauld naT be uud for IpecHicaTian purpalu. See applicable "'.S.T.M. Ipecificatian reference •. 

(Can1inued On atmr ,ide) 185 

I 
I. 

\ 



I 
Ii. 

COPPER ALLOY No. 675 (Continued) 

Forms and Tempers Annealed Tempers Rollod or Drawn Tampers HDt , 
Most Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip. Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

Nominal Grain Size mm 

0 0 0 "' "' "' ~ " "' '" N Ci q q q q 

1 1 0 
0 0 
0 " " 
~ 

.E 
~ 

:J 

." 
~ 
I: 
~ 'l! 'l! c 

:i! :i! • 
~ 

, 
" C 

'" • I: c • .E • £ f 'l! 
~ , 

~ :i! W c 

Finished \ 
" - Tampers 

S e 
~ 8' 

'C 
0: " e • CD 

i • B I j 0 

,~ • 0 0 iI E 'l! " • • a ." • • ~ I ~ ~ a: 2 I-
I: a a 0 £ ~ ~ e ~ ~ 

~ • ~ .E w 
~ ~ e :3' ;( ;( l w w a 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
................•.........•..•............................... ··e········ 

TUBE 
PIPE 

SHAPES ...................................................... , ..........•.. \ ) .. 
1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only 1 usually where there 
is no real requirement for high sUength or hardness on 
the one hand or for bending qualities on the other. 

Mechanical Properties 

Siza 
Form Section Temper 

in. 

ROD 1.0 in. Soft Anneal ........ 
Quarter Hard (l 0%) , . 
Half Hard (20%). ' .. , 

2.0 in. Quarter Hard (I 0%) .. 

2. HARD DRAWN temper is used 
only where there is need for a lube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength Elonga-
Tensile (.5% Ext. tion 
Strength under Load) (.2% Offset) in 2 in. 

ksi ksi kll % 

65.0 30.0 ... . 33 
77.0 45.0 .. , . 23 
84,0 60,0 .. , . 19 
72.0 42.0 ... . 27 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stirfness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwell Shear Fatigue 
Hardnets Strength Strength 

I 
Million 

FI B 130T k .. i ksi Cycles 

- 65 - 42.0 '" . . ... 
- 83 - 47.0 '" .- .... 
- 90 - 48,0 ... . .., . 
- 77 - 44.0 '" . .... 

" J 
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COPPER AllOY No. 687 (ALUMINUM BRASS, ARSENICAL) 

Compo·.ition - percent 
Nearest Applicable AS T M Specifications 

Nominal Minimum Maximum 

Flat Products 

Copper 77.5 76.0 79.0 
Lead .07 
Iron .06 
Zinc 20.5 Remainder 

Pipe 

Rod 

Shapes 

Aluminum 2 
Arsenic 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conduc:tivitY* (Annealed) 
Thermal Capacity {Specific Heat} 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

* Volume Basis 

1.8 
.02 

2.5 
.10 
.15 

1780 F 
1710 F 

English Units 

.301 Ib leu in @ 68 F 
8.33 

per 0 F from 68 F to 212 F 
per <:I F from 68 F to 392 F 

.0000103 per ° F from 68 F to 572 F 
58 Btu Isq ft 1ft Ihr /"F @ 68 F 

45.1 Ohms (eire mil 1ft ) @ 68 F 
23 % lACS @ 68 F 

.09 Btu lib OF @ 68 F 
16,000,000 psi 
6,000,000 psi 

Typical Uses 

Tube Bill, B359, B395 

Wire 

970 C 
935 C 

C. G. S. Units 

8.33 gm leu em @ 20 C. 
8.33 

perDe from 20 eta 100 C 
per D C from:W C to 200 C 

.0000185 per °C fHlm 20 C to 300 C 
.24 eal/sq em lem Isec r C @ 20 C 

7.50 Microhm-cm @ 20 C 
.133 Megmho-em @20C 

.09 eal/gm rC @20C 
II ,200 Kg Isq mm 
4,200 Kg Isq mm 

INDUSTRIAL: condenser, evaporator and heat exchanger tubes, distiller tubes, ferrules 

Common Fabrication Processes 

Forming and bending 

Fabrication Properties 
Capacity for Being Cold Worked " ... ,....... Excellent 
Capacity for Being Hot Formed .......... , . . . . . .. Fair 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) , .. , ....... . 
Hot Working Temperature ..... .1400-1600 F or 750-875 C 
Annt!aling Temperature ....... , 800-1100 F or 425-600 C 
Machinability Rating (Free Cutting Brass = 100) ........ 30 

Sold"ering ...... , ......... , .......... , ... Fair 
Brazing ..... ,....................... Good 
Oxyacetylene Welding ........ , . . . . . . .. Fair 
Gas Shielded Arc Welding ................ Fair 
Coated Metal Arc Welding. . .. Not Recommendel'l 

Resistance Welding Seam . ...... , ..... , .. " Fair ~ 
Spot ..... '.' '.' .. , ... , . . Good 

Butt ................. Good 

The values listed abo .. e represent reasonable apprOllimations suitable for general engineering use. Due to tommerdol .. arlotlon. in tomposilion and 
10 manufathnlng limitation •. they .hould nat be used for spedfkallan purpo",., See applicable A.S.T.M. Ipedfitotlon referencu. 
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COPPER ALLOY No. 687 (Continued) 

Forms and Tempers 
Most Commonly Used 

Annealed Tampers Rolled or Drawn Tempera Hot 
Finished 
Tempars 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

Nominal Grain Size mm 

0 0 0 "' "' "' ~ ... "' PI N q q q q q 

"li 
< < .. 
:: 
J! 

." 
~ 
:t 

~ 1! 1! ~ • • £ :t 1! , 
"" 

~ • 0 
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~ ~ 1! • m , £ r: £ 0 

"li 
< < .. 

.E 
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~ 

a !:\ 

~ ~ , ;; .. < 

il • ., 
• B I < < .~ • < 

1! " ~ ~ 

:l! ~ I E E 
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.~ < e e ~ ~ 
~ 

l( ~ lC d • ~ w w :t 

] ~ 
Ii 

.. 
"0 E .. • a: , I-
~ ~ ~ 0 
:t w 

~ " • i1f 

Bar, Drawn 
Sheet 
Plate 
ROD 

WIRE 
TUBE ..........•.............................................................. 

PIPE 
SHAI'ES 

1. ORA WN - GENERAL PURPOSE temper is llsed 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

M hiP ee amca ropertles 

Size 
Form Section Tamper 

in. 

TUBE 1.0 in. 00 .025 mm ......... 
X .065 in 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

Yield Strength ElonSB-
Tensile 1.5% Ext. tion 
Strength under Load) 1.2% Offset' in 21n. 

k,i ksi ksi % 

60.0 27.0 " .. 55 

3. LIGHT ORA WN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Rockwall Shear Fatigue 
Hardness Strength Strangth 

F , B '30T ksi k,l 
I Million 

Cycles 

77 - - . ... .., . '" . 
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COPPER AllOY No. 688 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 73.5 
Lead 
Iron 
Zinc 22.7 

Aluminum 304 
Cobalt AD 

Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity*' (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume Basis 

72.3 74.7 
.05 
.05 

Remainder 
3.0 3.8 

.25 .55 
.10 

1765 F 
1740 F 

English Units 

. 296 Ib leu in @ 68 F 
8.20 

per" F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000101 per" F from 68 F to 572 F 
23 Btu Isq ft 1ft Ihr I"F @ 68 F 
58 Ohms (eire mil 1ft ) @ 68 F 
18 % lACS @ 68 F 

.09 Btu Ilb"F @ 68 F 
6,800,000 psi 

psi 

Typical Uses 

965 C 
950 C 

C. G. S. Units 

8.20 gm leu em @20 C . 
8.20 

per DC from 20 C to 100 C 
per "C from:W C to 200 C 

.0000182 per"C from 20 C to 300 C 
.095 eal/sq em lem Isee I" C @ 20 C 

9.6 Microhm-cm @ 20 C 
.104 Megmho-cm @20 C 

.09 eal/gm /" C @ 20 C 
11,800 Kg Isq mm 

Kg Isq mm 

Springs, switches, contacts, relays, drawn parts 

Common Fabrication Processes 

Blanking, drawing, forming and bending, shearing and stamping 

Fabrication Properties 
Capacity for Being Cold Worked ............... Excellent Suitability for being joined by: 
Capachy for Being Hot Formed ............... Excellent 
Hot FIJrgeability Rating (Forging Brass = 100) ........... . 
Hot \\ orking Temperature .............. F or . . . . . .. C 
Anne.lling Temperature ........ 750-1100 F or 400-600 C 
Machinability Rating (Free Cutting Brass = 100) .......... . 

Soldering .............. " ............... Fair 
Brazing ............................... Fair 
Oxyacetylene Welding ....................... . 
Gas Shielded Arc Welding ........ , ........... . 
Coated Metal Arc Welding .................... . 

Resistance Welding Seam .................. Good 1 
Spot ... " .............. Good 

Butt ... " .............. Good 

The velun lilled ebeye repre.en! reeienable appral<imatienl ,uitable for glllnilralilngineering Uti!!. Due 10 ,ammertial veriatlan. in ,ampalillan and 
10 manufa,!uring limitation!., IheV !.heuld nal be u!.ed for Ipe,ifjcalien purpOlel. See applicable ".S.T.M. Ip..cificalion r"ferencel. 
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COPPER ALLOY No. 688 (Continued) 
Forms and Tempers Annaaled Tempers Rolled or Drawn Temp •• 

Most Commonly Used 
~ 

FLAT 
PRODUCTS 

C ~ 

~ 
e 

Nominal Grain Size mm ~ 

'E 
'6 .. 0 

• ~ 
• 

" 
.. 

t B I 
"li 'E 0 

"li 'E ~ ~ • 0 0 

0 :!! :!! ~ • 'E 
~ 

t!I l l 
0 ii " :!! I e e 0 t 0 Q Q <t 

.E £ ~ " i! e 2' e 0 
0 0 0 ill on "' .:: .0 • ~ 

'E 
~ 

l ." .E 
0 " :!l N ... m S ~ e ~ '" q q q q J! " r: :!! :J' ... 0 .. Q 

Strip. Rolled ........................................................... . 
StriP. Drawn ..... .............. '" ................. -.. ........ ..... " ., .. . 

Flat Wire, Rolled . ................... " ..................................... . 
Flat Wire, Drawn .................... " ..................................... . 

Bar. Rolled . . . . . . . . . . . . . . . . . . . . .. . .................................... . 
Bar, Drawn ......... , ................................................. . 

Sheet ............. '.' . . . . . .. . ........ , ........................... . 
Plate ...... , ............ '" ..................................... . 
ROD .......................................................... . 

WIRE ..........•..................................•...•..•...•... 
TUBE ........................................................... . 

PIPE .........•.•.............•....•.•............•.............. 
SHAPES ....................................... - ....... , .......... .. 

Hot 
Finished 
Temper. 

• 
! I 11 '0 ." • II: e I-

£ :; 
IU 1 ~ ~ 

.) .. .. 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose lube only, usually where there 
is no real requirement for high strength or hllJdness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hllld or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper Is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

M h ee anica Properties Yield Strength Elong8' 
Tensile 1.5% Ext. tion Rockwall Shaar Fatigue 

Size Strength under Load) (.2% 0111811 in 2 in. Hardness Strength Strength 
Form Section Tampar I Million 

In. .,1 .,1 ",I % F \ e \30T k.i • ,1 eyel .. 

FLAT 
P RODUCTS .040 in. .015 mm ........ . 82.0 54.0 55.0 36 - 81 71 .. , . .. , . .. , . 

Half Hard ......... 93.0 '" . 75.0 20 - 90 78 '" . ... . .. , . 
Hard . ......... ~" 109.0 ... . 97.0 6 - 96 82 ... . . , .. ., .. 
Extra Hard . ....... 117.0 ... . 105.0 3 - 97 83 ... . ., .. . ... 
Spring . . . . . . . . . . . 122.0 '" . 110.0 2 - 98 83 .... 36.5 100 
Extra Spring ..... . 129.0 '" . 114.0 2 - 99 83 .. , . .. , . .. , . 

! ) 

The value. IIlt.d above upr ••• nt r.a.onabl. approximations .uhabl. for glnlral .nginNring UI •. Du. to commercial variatlo", In eampolilion and 
190 to manufadurlng IImltatlonl, thlv Ihould nat b. Uled for IpecilltQllon purpOI ... S .. applleabl. "'.S.T.M. IpedficotldnleferllXll. 
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COPPER AllOY No. 694 (SILICON RED BRASS) 

~omposition - percent 
Nearest Applicable A S T M Specifications 

Nominal· Minimum Maximum 

Copper 81.5 
Lead 
Iron 
Zinc 14.5 

Silicon 4.0 
Total Other Elements 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·Volume DDSis 

80.0 83.0 
.30 
.20 

Remainder 
3.5 4.5 

.50 

1685 F 
1510 F 

English Units 

.296 Ib leu in @ 68 F 
8.19 

per 0 F from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000112 per 0 F from 68 F to 572 F 
IS Btu Isq ft 1ft Ihr I'F @ 68 F 

167 Ohms (eire mil 1ft ) @ 68 F 
6.2 % lACS @ 68 F 
.09 Btu lIb OF @ 68 F 

16,000,000 psi 
psi 

Typical Uses 

Flat Products 

Pipe 

Rod B371 

Shapes 

Tube 

Wire 

920C 
820 C 

C, G. S, Units 

8.19 gm leu em @20 C. 
8.19 

per a C from 20 C to 100 C 
per D C from 20 C to 200 C 

.0000202 per 0 C from 20 C to 300 C 
45.4 eal/sq em lem Isee I' C@ 20 C 

28 Microhm-cm @ 20 C 
.036 Megmho-cm @ 20 C 

.09 eal/gm r C @ 20 C 
11,200 Kg Isq mm 

Kg/sq mm 

Valve stems where corrosion resistance and high strength are critical 

Common Fabrication Processes 

Forging, screw machining 

Fabrication Properties 
C.apacity for Being Cold Worked ...............•.•. Poor 
Capacity for Being Hot Formed ................ Excellent 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) ......... 80 
Hot Working Temperature ..... .1200-1600 F or 650-U75 C 
Annealing Tempefature ........ 800-1200 F or 425-(i50 C 
Machinability Rating (Free Cutting' Brass = 100) .... " .. 30 

Soldering ......................... Excellent 
Brazing .•...........•........... Excellent 
Oxyacetylene Welding ................... Good 
Gas Shielded Arc Welding ..................•.. 
Coated Metal Arc Welding .......•............. 

Resistance Welding Seam .................. Good 1 
Spot ................... Good 

Butt ................... Good 

The values lisTed abav" r"pre5l!nT reasonable approximations lullabl" for general engineering ule. Due To commercial variaTionl in cllmpoliTion clnd 
10 manufacturing limitations. Ihey Ihould not be used for specification purpalU. See applkable A.S.T.M. Ipedficalian referl!ncet.. 
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COPPER ALLOY No. 694 (Continued) 
Forms and Tempers . Annealed Tlmpar, Rolled or Drawn Temper. Hot 

Most Commonly Used Finilhid 
Tamper. 

FLAT 
PRODUCTS 

~ - ~ 

I !:l 
Nominal Grain SIz8 mm I!' 

~ 
~ '" c 

E E 
&! 

~ • 
1 'l! c 

II ~ 
~ I!' • c c 

c :I! 
~ 

~ 'l! i '" ~ ~ c ii • I ii ~ 0 J: 

~ I!' c 0 
.E ~ ! e e 0 0 0 III on on .t: • f 'l! ~ 'l! .E 0 .... i!l N q :3' IE " 1< ;§: 1< e .'I! 

'" q q q Jj 0 F :I! w w 0 :I! ...I 

StriP. Rolled ..................... , ..................................... . 
Strip, Drawn . . . . . . . . . . . . . . . . . . . • .. . .................................... . 

Fin t Wire, Rolled .....•...........•..• , •....•....•...........•.......•......• 
Flat Wire, Drawn . . . . . . . . . . . . . . . . . . . . .. . .................................... . 

Bar. Rolled . . . . . . . . . . . . . . . . . . . . .. . .................................... . 
Bar, Drawn ......... , .... '" . " ....................................... . 

Sheet .................. '.' .. . .................................... . 
Plate '" ............. , .......................................... . 
ROD ..................•....•.................................... 

WIRE ........•...•.................•....•..............•......... 
TUBE .......................•.......... '" ...................... . 

PIPE ........•...•......•..•...•...•....•.....•...•...•.........• 
SHAPES ........................................................... . 

i ] 11 E 1i .. • a: E l-

~ 1< :a w 

l .II .II 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. UGHf DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

M hiP ec amca ropertles Yiald Strength Elonge-

I 
Tanlile (.5% Ext. tion Rockwall Shlar Fatigue 

Size Strength under Load) (.2%011 ... 1 in 2 in. HardnBlI Strength Strength 
Form Section Tamper I Million 

In. •• 1 ksl •• 1 % F' B '30T •• 1 •• 1 Cycles 

ROD . 500 in. Soft Anneal ........ 90.0 45.0 ... . 20 - 85 - .... ... . . ... 
1.0 in. Soft Anneal ........ 85.0 43.0 ... . 25 - 85 - . ... ... . .... 
2.0 in. Soft Anneal ........ 80.0 40.0 '" . 25 - 85 - ., .. ... . . ... 

. 75 in. Eighth Hard (7%) .... 100.0 57.0 ... . 21 - 95 - ... . .... ., ... 
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COPPER ALLOY No. 706 (COPPER NICKEL, 10%) 

I..omposition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 88.6 
Lead 
Iron 1.4 1.0 
Zinc 

Nickel 10 9.0 
Manganese 

Copper + Elements 
with Specific Limits 99.5 

Physical Properties 

Melting Point (liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal EXpansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

.05 
1.8 
1.0 

11.0 
1.0 

2100 F 
2010 F 

English Units 

.323 Ib leu in @ 68 F 
8.94 

per ° F from 68 F to 212 F 
per ° F from 68 F to 392 F 

.0000095 per ° F from 68 F to 572 F 
26 Btu Isq ft 1ft Ihr 1°F @ 68 F 

115 Ohms (eire mil 1ft )@68 F 
9.0 % lACS @ 68 F 
.09 Btu lIb OF @ 68 F 

18,000,000 psi 
6,800,000 psi 

Typical Uses 

Flat Products BI22,BI51,BI71,B402,B432 

", .' 

Pipe 

Rod 

Shapes 

Tube 

Wire 

1150 C 
1100 C 

B466, B467 

BI51 

Bll1, B359, B395, B466, B467, 

B543,B552 

C. G. S. Units 

8.94 gm leu em @ 20 C. 
8.94 

peroC from 20 C to 100 C 
peroC from 20 C to 200 C 

.0000171 peroC from 20 C to 300 C 
.11 eal/sq em lem Isee I' C @ 20 C 

19.1 Microhm-cm @20 C 
.0522 Megmho-em @ 20 C 

.09 eal/gm I" C @ 20 C 
12,700 Kg Isq mm 

4,800 Kg Isq mm 

INDUSTRIAL: condensers, condenser plates, distiller tubes, evaporator 
and heat exchanger tubes, ferrules, salt water piping 

Common Fabrication Processes 

Fanning and bending, welding 

Fabrication Properties 
Clpacity for Being Cold Worked ................. Good 
Capacity for Being Hot Formed .. , ... , ........ , .. Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperature ..... 1550-1750F or 850-950 C 
Annealing Temperature ....... 1l00-ISOOF or 600-825 C 
Machinability Rating (Free Cutting Brass = 100) ........ 20 

Soldering. . . . . . . . . . . . . . . . . . . . . . . . .. Excellent 
Brazing , .......... : .... ,......... Excellent 
Oxyacetylene Welding .................... Fair 
Gas Shielded Arc Welding ............. Excellent 
Coated Metal Arc Welding ................ Good 

Resistance Welding Seam ........... , ....... Good 
{

Spot ..... , ............. Good 

Butt ................. Excellent 

The valulU lilted abave reprelent reasanable appraICimalianl luitable far generalen~ineerJng ule. Due la cammertial variathml. in campalhlan and 
la manufacturing limitatianl, they Ihauld nat be ulrd far Ipeciflcatian purpOlel. See appJJtgbJe .... S.T.M. IpecJricatjon referencltI. 
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Forms and Tempers 
Most. Commonly Used 

FLAT 
PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

I 

COPPER ALLOY No. 706 (Continued) 

Annealed Tempers Rolled or Drawn Tempera Ho. 
Finilhed 

~ Tempers -
5 a 

"jj "jj 
e e e e « « 

0 0 0 '" '" '" .): .E 
S! ... '" '" N C; ... q q q q .g ..J 

~ l! 
'E 

, '6 .. e 
• E • x III e 
~ • B I :i 8. 'E l! 

e e 'E ~ • e 'i E • 'E " ~ ~ '0 :l! x • 
~ 

.. • 'E , • I d E II: 2 I-
~ • 0 x c 

£ ~ ~ x Ii ~ j E 
c 1( ~ • £ 'E ~ 'E .E "' m , 

~ :l! 1( 1< • :l! ;j ~ • iii 0 "' w d ~ iii 

Nominal Grain Size mm 

.................................................................... '" 

.......................................................................... 

.......................................................................... 

.......................................................................... 

.......................................................................... 

........................................................................... 

................•........•..•.....•.................................... 

.............................................................•............ 
................................................. t··· 

........ , ............................................................... . 
...................................... I······ ·1···· '. 

1. DRAWN - GENERAL PURPOSE temper is used 
for generai pUIpose tube only. usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is cammer· 
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDiNG temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength Elong8-
Tensile (.5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Load) (.2% OfflO') in2 in. Hardness Strength Strength 
Form Section Temper 

I 
Million 

In. k,l k.1 k.1 % F' B '30T ksi ksi Cycles 

TUBE 1.0 in. OD .025 mm ........ 44.0 16.0 '" . 42 65 )5 26 ... . . ... '" . 
X .065 in. 

Light Drawn ...... 60.0 57.0 ... . 10 100 72 70 ... . .... '" . 
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COPPER AllOY No. 710 (COPPER NICKEL, 20%) 

I 
,nposition - percent 

Nearest Applicable A S T M Specifications 
Nominal Minimum Maximum 

Copper 79 
Lead 
Iron 
Zinc 

Nickel 21 
Manganese 

Copper + Elements 
with Specific Limits 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

"'Volume Basis 

19.0 

99.5 

.05 
1.0 
1.0 

23.0 
1.0 

2190 F 
2100 F 

English Units 

.323 Ib leu in @ 68 F 
8.94 

peroF from 68 F t0212F 
per co F from 68 F to 392 F 

.0000091 per 0 F from 68 F to 572 F 
21 Btu Isq ft 1ft Ihr j"F @ 68 F 

160 Ohms (eire mil 1ft )@68 F 
6.5 %IACS@68F 
.09 Btu lIb OF @ 68 F 

20,000,000 psi 
7,500,000 psi 

Typical Uses 

Flat Products 

Pipe 

Rod 

Shapes 

B122 

B466, B467 

Tube Blll,B359,B395,B466,B467 

Wire 

1200 C 
1150 C 

B206 

C. G. S. Units 

8.94 gm leu em @ 20 C. 
8.94 

per co C from:!O C to 100 C 
per °C from 20 C to 200 C 

.0000164 per ° C from 20 C to 300 C 
.09 cal/sq em lem Isee j" C @ 20 C 

26.6 Microhm-cm' @ 20 C 
.038 Megmho-em @ 20 C 

.09 eal/gm rC @20C 
14,100 Kg Isq mm 

5,275 Kg /sq mm 

Communication relays, condensers, condenser plates, electrical 
springs, evaporator and heat exchanger tubes, ferrules, resistors 

Common Fabrication Processes 

Blanking, forming and bending, welding 

Fabrication Properties 
Capacity for Being Cold Worked . ............... .. Good 
Capacity for Being Hot Formed .................. Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = JOO) ...... ..... . 
Hot Working Temperature .... 1600-1900 F or 875-1050C 
Annealing Temperature ...... : 1200-1500 F or 650-825 C 
Machinability Rating (Free Cutting Brass = 100) ........ 20 

Soldering . ......................... . Excellent 
Brazing ........................... Excellent 
Oxyacetylene Weld.ng ................... Fair 
Gas Shielded Arc Welding . ............ . Excellent 
Coated Metal Arc Welding .......... , ...... Good 

Resistance Welding Seam . .............. Excellent ~ 
Spot . ............... Excellent 

Butt ............. ' .. . Excellent 

The valuel Ii,led abeve reprelenl reelenebl. apprexlmalian. suilable fer generl" engineering ule. Due Ie (ommenia' variallon, In compodllon 1'Ind 
10 manufacturing limilgllglu. Ihe)' ,heuld nat be uled for Ipllcificatlon purpOIIll. Sile appllcgble A..S.T.M. Ipeciliasllan referentlll. 
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COPPER ALLOY No. 710 (Continued) 

Forms and Tempers Annuled Tampon Rolled or Drawn Tamplr. Hot , 

'~\ Most Commonly Used Flnlahad 

- Tamper, 
~ 

I e 
Nominal ~r.ln Size mm 8. ~ 

~ ~ '" c 

E • 
:I: 

., 
i ~ 

• B I i Ii ~ c 
Ii ~ ~ • c c 'II E c :I! :I! ~ § ~ 
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.., N q J! 

m m , (; :I! 1< ~ 1< e m 
<'l <'l l q q q :J C w w c :J 

........................................................ Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

...................................... . ... , .. 
FLAT 

PRODUCTS 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

...................................... 

...................................... 

................................... , .. 

....................... , ............. . 

...................................... 
............................................................ 
........................................................... 
............................................................ 
............................................................ 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is uo real requirement for high strength or hardness on 
thp. One hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tu be 
as hard or as strong as is commer­
cially feasible for the size in question. 

3. UGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

Mechanical Properties Yield Strength Elong •• 
Tensile (.5% Ext. tion Rockwell Sheer Fatigue 

Siza Strength und., Loadl (.2% Off ... ) in 2 in. Hardnesl Strength Strength 
Form Section Tampar 

I 
Million 

In. kli ksl ksl % F / B /30T kli ksi Cyclel 

FLAT 
PRODUCTS .040 in. .050 mm ....... . 51.0 13.0 13.0 35 72 25 - ... . '" . .. , . 

.035 mm . . . . . . . . 52.0 14.0 14.0 35 7327 - .. , . '" . .... 

.025 mm . . . . . . . . 53.0 16.0 16.0 35 75 30 - .. , . .... .... 
Quarter Hard ..... 60.0 48.0 49.0 20 9258 - ... . '" . .... 
Half Hard ........ 68.0 62.0 63.0 8 10075 - ... . '" . .... 
Hard .......... . 75.0 71.0 72.0 5 - 80 - ... . '" . .... 
Extra Hard ...... I 78.0 75.0 76.0 4 - 82 - .. , . ... . .... 
Spring .......... 82.0 78.0 79.0 3 - 84 - .... . ... . ... 
Extra ,Spring ....• B5.0 78.0 79.0 3 - 86 - ... . '" . .... 

TUBE 1.0 in. or .025 mm ...•.... 49.0 IB.O ... . 40 72 - - ... . '" . .... 
X .065 in Light Drawn .... . 68.0 62.0 '" . 14 - 76 - .... 20.0 100 

WIRE .OBO in. Extra Spring .... . 95.0 85.0 '" . 5 - - - ... . '" . . ... 
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COPPER AllOY No. 115 (COPPER NICKEL, 30%) 

Composition - percent 

Nearest Applicable AS T M Specifications 
Nominal Minimum Maximum " 

Copper 69.5 
Lead .05 

BI22,BISI,BI71,B402,B432 

B466,B467 

Iron .5 .40 .7 

Flat Products 

Pipe 

Rod 

Shapes 

BI51 
Zinc 

Nickel 30 29.0 
Manganese 

Copper + Elements 
with Specific Limits 99.5 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (TenSion) 
Modulus of Rigidity 

.$ Volume Basis 

1.0 
33.0 

1.0 

2260 F 
2140 F 

English Units 

. 323 Ib leu in @ 68 F 
8.94 

per" F from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000090 per" F from 68 F to 572 F 
17 Btu Isq ft 1ft Ihr rF @ 68 F 

225 Ohms (eire mil 1ft ) @ 68 F 
4.6 % lACS @ 68 F 
.09 Btu lib OF @ 68 F 

22,000,000 psi 
8,300,000 psi 

Typical Uses 

Tube BIII,B359,B395,B466,B467, 

Wire 

1240 e 
1170 e 

B543,B552 

C. G. S. Units 

8.94 grn leu em @ 20 C . 
8.94 

per" C from:20 C to 100 C 
per" C from 10 C to 20(1 C 

.0000162 per ° e from 20 e to 30G e 
.07 cal Isq em lem Isee r e @ 20 e 

37.5 Microhm-cm @ 20 C 
.0267 Megmho-em @ 20 e 

.09 eal/gm loe @20e 
15,500 Kg Isq mm 
5,800 Kg Isq mm 

INDUSTRIAL: condensers, condenser plates, distil!er tubes, evaporatol' 
and heat exchanger tubes, ferrules, salt water piping 

Common Fabrication Processes 

Forming and bending, welding 

Fabrication Properties 
Capacity for Being Cold Worked ................. Good 
Capacity for Being Hot Formed ................. Good 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) .......... . 
Hot Working Temperature .... .l700-1900F or 925-1050 C 
Annealing Temperature ....... .l20D-lSOOF or 650- 825 C 
Machinability Rating (Free Cutting Brass = 100) ........ 20 

Soldering .......... ................. Excellent 
Brazing ........................... Excellent 
Oxyacetylene W..elding ............ , ...... Good 
Gas Shielded Arc Welding .. , .......... Excellent 
Coated Metal Arc Welding , ............ Excellent 

Resistance Welding Seam . ............. , Excellent ~ 
Spot .... , .......... Excellent 

Butt ............... Excellent 

The yolul!S lilTed gbgye reprelenT feglgngble appra.imalianl luilable for general engineering ule. Cue 10 cammerdol yarlalionlln compa.1Tlan gnd 
10 manufocturing IimiTaTionl, Ihe)' Ihguld nal be uled for spedficaTlon purpall!l. See applicable "'.S.T.M. Ipedf1~Tlon r.fer.ncl •. 
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COPPER ALLOY No. 715 (Continued) 
Forms and Tempers Annealed Tempers Railed or Drawn T.mp .... Hot 

Most Cbmmonly Used Finilhad 
~ Temper, - ~ 

I !3 
Nominal Grain Size mm ~ l!' 
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1i l! t l!' • c c 1 E c :i! :i! ~ ~ "i! 

~ '" ~ ~ .. 
~ ,! c -i :i! I ~ f II: c ~ 0 « .c :J:: l!' c Q Q 
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""" , ... , .•.. ,' .•. "., , ..... ' ' •.... , ...... , .... , ......... , " ...... , , .... . 
............................................................................ 

FLAT 
PRODUCTS 

f 
Strip. Rolled 
Strip. Ora wn 

Flat Wire, Rolled 

l 
Flat Wire, Drawn 

Bar, Rolled 

........................................................................... 

................. -......................................................... . 

.............................................................. 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

.............................................................. 
, , .. , , ... , . , , .... '. ' .. , . , ...• ' . ' •........ , ... , .... " ..... , ..... 
............................................................. . ...... 
... , .... , ...... ' ....... , .. "'., ' ... , ...... ,.,." ........... ," 

.............................................................. 
· " ..... , ... ' •..•................ , ............ ,., .. " .. ,., .... . 

1. DRAWN - GENERAL PURPOSE temper is used 
for general pUi'JI0~e tube only, usually where there 
is no real requirement for high strength or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
orJy where there is need for a tube 
as hard or as strong as is commer4 
ciBlIy feasible for the size in question. 

3. UGIIT DRAWN - BENDING iemper is 
used only whete a tube of some stiffness, but 
yet capable of readily being bent (or other~ 
wise moderately cold worked) is needed. 

P 

Mechanical Properties. Yiald Strength Elonga· 
Ten,ile I.S% Ext. tion Rockwell $hear Fatigue 

Siie Strangth undal Load) 1.2% Off ... , in2 in. Hardnau Strength Strangth 
Form Section TempBr 

I 
Million 

In. k,i k" k" " Fie 130T "" kli Cycles 

FLAT 1.0 in. As Hot Rolled 55.0 20,0 45 - 35 -RODUCTS .... . . , .. ... . .... .... 

TUBE 1.0 in. 00 .025 mm · . . . . . . . . 50.0 25.0 .... 45 8045 - ... . ... . ., .. 
X .065 in 

4.5 in, 00 .035 mm · ......... 54.0 . , .. ... . 45 77 36 - .... . ... . ... 
X .109 in 

ROD 1.0 in, Half Hard (20%) .... 75,0 70.0 ... . 15 - 80 - . , .. '" . ., .. 

I 

i 
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COPPER AllOY No. 725 

n,;·' 
t,;omposition - percent 

Nearest Applicable A S T M Specifications 
Nominal Minimum Maximum 

Copper 88.2 
Lead 
Iron 
Zinc 

Nickel 9.5 8.5 
Manganese 

Tin 2.3 l.8 
Copper + Elements 

with Specific Limits 99.8 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

*Vohlme Basis 

.05 

.6 

.50 
10.5 

.20 
2.8 

2065 F 
1940 F 

English Units 

.321 Ib leu in @ 68 F 
8.89 

per' F from 68 F to 212 F 
per" F from 68 F to 392 F 

.0000092 per' F from 68 F to 572 F 
31 Btu Isq ft 1ft Ihr I'F @ 68 F 

94.3 Ohms (eire mil 1ft ) @ 68 F 
II % lACS @ 68 F 

.09 Btu lib 'F @ 68 F 
20,000,000 psi 

7,500,000 psi 

Typical Uses 

1130 C 
1060 C 

C, G. S. Units 

8.89 gm leu em @ 20 C. 
8.89 

per lie from::!O C to 100 C 
per lie from:W C to 200 C 

.0000165 per' C from 20 C to 300 C 
.13 eal/sq em lem Isee I' C @20 C 

15.7 Microhm-cm @20 C 
.064 Megmho-cm- @ 20 C 

.09 eallgm I' C @ 20 C 
14,000 Kg Isq mm 

5,250 Kg Isq mm 

Relay and switch springs, connectors, brazing 
alloy, lead frames, control and sensing bellows 

Common Fabrication Processes 

\ 1 ' 

Blanking, brazing, coining, drawing, etching, forming and 
bending, heading and upsetting, roll threading and knurling, 
shearing, spinning, squeezing, stamping and swaging 

Fabrication Properties 
Capacity for Being Cold Worked ... ....... .. Excellent 
Capacity for Being Hot Formed ......... , . . Excellent 

Suitability for being joined by: 

Hot Forgeability Rating (Forging Brass = 100) ........ . 
Hot Working Temperature .... 1550-1750 F or 850-950 C 
Annealing Temperature . .... . 1200-1475 For 650-800 C 
Machinability Rating (Free Cutting Brass = 100) .. .. " 20 

Soldering .. ........................ . Excellent 
Brazing ........................... Excellent 
Oxyacetylene Welding ......... .. , ....... . Fair 
Gas Shielded Arc Welding .. .............. . Good 
Coated Metal Arc Welding ................ Good 

Resistance Welding Seam . ................ . Good ~ 
Spot ............... Excellent 

Butt ............... Excellent 

The "aluellilled abo"e represen' re':uonobTe-approJClmglianllullable for general engineering un. DUI/: 10 tammetdal "ariatlanl in campalitjon and 
to manufacturing IImltationl. they Ihould ngl be uled for Ipecification purpOlel. See applicoble .... S.T.M. Ipecification references. 
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COP?EFi ALLOY No. 725 (Continued) 

Forms and Tempers 

I 
Annaaled Tempers Rolled or Dl1Iwn Temper. Hot 

Finished ) Most Commonly Used 
~ Tempers 

FLAT 
PRODUCTS 

Strip, Rolle.! 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE' 
PIPE I SHAPES 

- ~ 

~ 0 
Nominal Grain Sizi mm ~ ~ 

] 
, '5 .. c 

1! • 
:t III 

~ • E I 
1 1! c 

1 1! ~ .~ • c c 
c :l! :l! • 1! '" ~ ~ 

c 
~ ~ 

, • ~ I ~ ~ c t 0 :t C ~ -S ~ c 0 
0 0 0 m '" '" ~ 

J; 
'" 

~ Z 1! ~ E ~ ." J; • ~ 0 ... i!! N Ci = = , l! ~ :l! ~ ~ E ~ ~ .., q q q :J W 0 w w 0 

........•..•..•........•..•..•..•..•..•..•..•............ 
( ............................................................ . 
............................................................... 

........................................................... 

............................................................ 

............................................................ 
.••••..••• ;t ............................................ . 

...... •..... 

............. 

!t ........... . 

. ..... 
) 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tube only. usually where there 
is no real requirement for high strength or hardness on 
th:.l one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong as is commer­
cially feasible for the 5ize in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

p 

M h IP ee amea ropertles Yield Strength EIMga-
Tensile (.6% Ext. tion Rockwall Sheer Fetigue 

Size Strength under Load) 1.2% 0111.11 in2in. Hardness Strength Strength 
Form Section Tamper 

I 
Million 

In. kli ksi ksi % FIB 130T k,l ksi Cycles 

FLAT .040 in. .015 mm ......... . 55.0 ~2.il 22.0 35 .. 42 44 '" . . ... . ... 
RODUCTS Eighth Hard ........ 58.0 ... . 43.0 29 . 65 60 '" . ... . . ... 

Quarter Hard ....•.. 55.0 53.0 58.0 18 .. 71 .. 
'" . . ... ...... 

Half Hard ........ . 71.0 65.0 69.0 6 .. 78 .. 
'" . ... . . ... 

Three Qua:. ~er lbrd .. 17.0 ... . 75.0 5 .. 81 .. 
'" . . ... . ... 

Hard ............ . 83.0 75.0 81.0 3 .. 85 .. '" . ... . . ... 
Extra Hard ...•..... 87.0 81.0 86.0 2 .. 88 .. 

'" . ... . . ... 
Spring ........... . 91.0 83.0 90.0 I .. 90 .. 

'" . ... . . ... 
Super Spring 11l.0 tl';' ,", 108.0 I ...... . :J_".V .. 99 .. 

'" . ... . . ... 
WIRE .080 in. .015 mm ......... . 60.0 25.0 ... . . , .. .. .. .. 

'" . . ... . ... 
Quarter Hard (20%) .. 80.0 ... . ... . ... . .. .. .. 

'" . ... . . ... 
Half Hard (45%) '" . 90.0 . ... ... . ... . .. .. .. 

'" . . ... . ... 
Extra Hard (75%) 100.0 ... . ... . . ... .. .. . . 

'" . . ... _ ... 
Extra Spring (90%) ... 110.0 ... . ... . . ... .. .. .. 

'" . ... . . ... 
Super Spring (99%) ... 120.0 ... . . ... ... . .. .. .. '" . ... . . ... 

I 
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The valu .. Ibl,d abo .... npr ... nl rla,anabl, approximation •• uhobl. for glnlrol loglollrlog UI •. Du. 10 &:ommndal vorlollool In compo.hlan 01"<1 

10 manufacturing limitation., thlY .hould not b. u • .d for Iplclflr;arlon purpol", S •• appllcabl' A.S.T.M .• pedfleatlcin r",rlllcl •• 
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COPPER AllOY No. 745 (NICKEL SILVER, 65-10) 

Composition - percent 
Nearest Applicable A S T M Specifications 

Nominal Minimum Maximum 

Copper 65 63.5 68.5' 
Lead .10' 
Iron .25 
Zinc 25 Remainder 

Nickel 10 9.0 11.0 
Manganese .50 

Total Other Elements .50 

'" In the case of rod and wire, maximum copper 
is 66.5% and maximum lead is .05%. 

Physical Properties 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity'" (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

'" Volume Basis 

1870 F 
F 

English Units 

.314 Ib leu in @68 F 
8.69 

per" F from 68 F to 212 F 
per 0 F from 68 F to 392 F 

.0000091 per" F from 68 F to 572 F 
26 Btu Isq fllfllhr j"F @ 68 F 

115 Ohms (eire mil 1ft )@68 F 
9.0 % lACS @ 68 F 
.09 Btu Ilb"F @ 68 F 

17,500,000 psi 
6 600,000 psi 

HARDWARE: 

Typical Us;;s 

OPTICAL GOODS: 
rivets, screws, slide fasteners 
optical parts 

Flat Products 

Pipe 

B122, BISI 

Rod BISI 

Shapes 

Tube 

Wire B206 

1020 C 
C 

C. G. S. Units 

8.69 gm leu em @ 20 C . 
8.69 

per 0 C from ~o C to 100 C 
per 0 C from 20 C to 2nD ,C 

.0000164 per" C from 20 C to 300 C 
.II cal/sq em lem !see I" C @ 20 C 

19.2 Microhm-em @ 20 C 
.0522 Megmho-em @ 20 C 

.09 eal/gm rC ,@20C 
12,300 Kg /sq mm 
4,600 Kg Isq mm 

MISCELLANEOUS: etching stock, hollow ware, name plat~s, platers' bars 

Common Fabrication Pmcesse~ 

Blanking, drawing, etclling, fOiIIling and bending, 
heading and upsetting, roll threading and knurl­
ing, shearing, spinning, squeezing and swaging 

Fabrication Properties 
Capacity for Being Cold Worked .............. Excellent 
Capacity for Being Hot Formed ................... Poor 

Suitability for being joined hy: 

Hot Forgeability Rating (Forging Brass = 100) .......... . 
Hot Working Temperature . ............. F or ....... C 
Annealing Temperature .. ..... .1100-1400 F or 600-750 C 
Machinability Rating (Free Cutting Brass = 100) . ....... . 20 

Soldering ......................... . Excellent 
Brazing ............................... Excellent 
Oxyacetylene Welding . . . . . . . . . . . . . . .. Good 
Gas Shielded Arc Welding ................. Fair 
Coated Metal Arc Welding ... ~ . Not Recommended 

Resistance Welding Seam . .................. Fair ~ 
Spot ................... Good 

Butt .................. Good 

The valuu lilted abave reprelent reaionable approlllmal;oni luitable far gllneral engineering UI •. Du. fa cr;omm.rdal variationl In compolitlon and 
fa manufacturing IImilolli:lni, Ihey Ihould not be uiII!d far Ipedfication purpolu. See appllcabl ..... S.T.M. Ip.dficatlon r.feren(u. 
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COPP2R AllOY No. 745 (Continued) 
Fof~~",n(J Tempers 
Most Commonly Used 

Annealed Tempers Rolled or Drawn Tampen HoI 
Finiahad 
Tamper, 

FLAT 
PRODUCTS 

-
I 0 

Nomitad Gr1!:ln Sizo mm 

'i 'i c c c c <t <t 
0 0 0 '" '" '" :: .E 
~ 

... t,} '" N ~ 

~ :3' =! 'l <! <! <! 

~ !!' 
1! 

'ii .. c 
• E • 
:t OJ 

~ B I 
1! c c 1! ~ !!' • c 
::I! ~ 

I!I ~ ~ 
::I! ~ ~ i I ~ ~ 

~ 0 C c -5 ~ 
:t 

! e !!' e c 

" ~ ~ 
~ 

~ 
.E • 1( i 1( f ~ 

, r; :3' 0 w w C 

Strip, ItoHed ". e' .•. 'e' .• ' '.' . , .............................. '.' . '.' ..................... . 
Strip, Drawn ............................... 0 ••••••• ' ••••• 0 ••• 0 • 0 ••••••• _ •••••• 0 •• , • 0 •• 0 • 

Flat Wire. Rolled ................ 0 ••• 0 • 0 • 0.00.0. 0.0. 000 ••• 0 ••• 0 •• 0 ••• 0 ••••••••••••• 0 •• 0 • 0 •• 00 

Flat Wire, Drawn .... 0 ••• 0 • 0 •••• 0 0 0 0 • 0 0 ••••••••••• 0. 00. 0 • 0 •••••••••••• 0 ••• 0 •••• 0 0 •• 0 ••••••••• 

Bar, Rolled ......•..................................................................... 
Bar, Drawn ............................................................................ . 

Sheet ...............•..•.•....•...................................•....•......... 
Plate ···· .......................................... 0 ••••••••••••••••••••••••••••• 

"ROD ................•.•...................................•..................... 
WIRE .............. J) .............................................................. . 
TUBE ................. 0 ••••••••••••••••••••••••••••••••••••••••••••• 0 •••••••••••• 

PIPE ..............•......•........•............•...............•........•....... 
SHAPES ........................•............•............................•......... 

1. DRAWN - GENERAL PURPOSE temper is used 
for general purpose tu be only. usually where there 
is no real requirement for high strengUI or hardness on 
the one hand or for bending qualities on the other. 

2. HARD DRAWN temper is used 
0;;1;; where there is need for a tube 
as n!l.rd or as strong as is commer­
cially feasible for the size in question. 

3. LIGHT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

Mechanical Properties 

Sila 
Form Section 

in. 

FLAT . .04.0 in. 
PRODUCTS 

WIRE . .08.0 in. 

Temper 

.070 mm 

. .05.0 mm 

.035 mm ........ . 

. .025 mm ........ . 

. .015 mm ....... . 
Eighth Hard .... . 
Quarter Hard .... . 
Half Hard ....... . 
Hard ........... . 
Extra Hard ...... . 

..07.0 mm 

. .05.0 mm 

. .035 mm 
,025 mm ........ . 
. .015 mm ........ . 
Eighth Hard (1.0%). . 
Quarter Hard (2.0%) . 
Half liard (37%) .. 
Hard (6.0%) ....... . 
Extr, Hard (75%) ... ' 
Spring (84%) •.••• : 

Yield Strength 
(.5% Ext. l'rJnsile 

Strongth under Load) (.2% Qffnt! 

ksi 

49 . .0 
51..0 
53 . .0 
56 . .0 
6.0.0 
6.0 . .0 
65 . .0 
73 . .0 
86 . .0 
95 • .0 

5.0:.0 
52 . .0 I, 
'56:.0 
58 . .0 
63 . .0 
65 . .0 
72,0 
85 . .0 

105 . .0 
12.0 . .0 
13.0 . .0, 

lui ksl 

18 . .0 
19.0 
2.0 . .0 
23.0 
28.0 
35.0 
45.0 
60.0 
75.0 
76.0 

Elonga­
tion 

1n21n. 

49 
46 
43 
4.0 
36 
34 
25 
12 
4 
3 

5.0 
48 
45 
40 
35 
25 
10 
7 
5 
3 
I 

Rockwell Shear 
Hardn8SJ Strength 

FIB 130T k,i 

67 22 3.0 
71 28 34 
76 35 38 
8.0 42 44 
85 52 51 
- 6.0 55 
- 7.0 63 
- 8.0 7.0 
- 89 76 
- 92 78 

41..0 

43 . .0 
45 . .0 
5.0 . .0 
55 . .0 
59 . .0 

Fatigue 
Strength 

kli I Million 
Cycles 

Th. "alvl' 1i,I.d abov. rlpr ... nt rltCllonabl. approxlmatlonl Ivltobl. for glnlral Ingln •• rlng v ••• Du. 10 comm.rtiol voric:lflonl In compolltlon ond 
202 10 mcmufoclvrlng limltotion •• th." Ihould not b. V'N for IPldflCQtlon purpo .... 5 .. applleobl. A.S.T.M. IpKiflcolli:ln rd.fenc ••• 
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COPPER ALLOY No. 752 (NICKEL SILVER,65~.18) 

Composition - percent 

Copper 
Lead 
Iron 

Zinc 
Nickel 

Manganese 

Nominal Minimum Maximum 

65 63.0 66.5 
.10· 
.25 

17 Remainder 
18 16.5 19.5 

.50 

Nearest Applicable A S T M Specifications 

Flat Products 

Pipe 

BI22, BI51, B206 

Rod BI51 

Total Other Elements .50 

Shapes 

Tube 

Wire B206 

'" In the case of rod and wire, maximum 
lead is .05% 

Physical Properties 
English Units C. G. S. Units 

Melting Point (Liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of The'rrriaJ Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

2030 F 
1960 F 
. 316 Ib leu in @68 F 
8.73 

per" F from 68 F to 212 F 
per D F from 68 F to 39.2 F ' 

.0000090 per" F [rom 68 F to 572 F 
19 Btu Isq ft 1ft Ihr I"F @ 68 F 

173 Ohms (eire mil 1ft ) @ 68 F 
6.0 % lACS @ 68 F 
.09 Btu Ilb"F @ 68 F 

8,000,000 psi 
6,800,000 psi 

1110 C 
1070 C 
8.73 gm leu em @20 C . 
8.73 

per ~C from:2O C to 100 C 
perce from 20 C to 200 C 

.0000162 per" C from 20 C to 300 C ' 
.08 cal Isq em lem Isee I" C @ 20 C 

28.7 Microhm-em @20C ' . I:' 
.0348 Megmho-em @ 20 ·C 

.09 cal Igm I" C @ 20 C 
12,700 Kg Isq mm 
4,800 Kg /sq mm 

'.,' 
• Volume Basis 

Typical Uses 

\ r 

HARDWARE: 
OPTICAL GOODS: 

MISCELLANEOUS: 

rivets, screws, table fiat ware, truss wire. zippers 
bows, camera parts, core bars, temples 
base for silver plate, costume jewelrY. etching 
stock, hollow ware, name plates, radio dials 

Common Fabrication Processes 

Blanking, drawing, etching, fanning and bending, 
heading and upsetting, roll thre'ading and knurl­
ing, shearing, spinning, squeezing and swaging 

Fabrication Properties 
Capacity for Being Cold Worked ............... Excellent Suitability for being joined by: 

",,' 

Capacity for Being Hot Formed ................... Poor 
Hot Forgeability Rating (Forging Brass = 1 DO) ............ . 

Soldering .............. : ..•......... Excellent 

Hot Working Temperature ............. F or ....... C 
Annealing Temperature ....... 1100-1400 F or 600-750 C 
Machinability Rating (Free Cutting Brass = 100) ......... 20 

Br"zing .............. ' ............. Excellent 
Oxyacetylene Wdding .•......... . . . . .. Good 
Gas Shielded Arc Welding: . . . . . . . . . . • . • . .. Fair 
Coated Metal Arc Welding •...• Not Recommended 

'i Spot ................... Good 
Resistance Welding 1 Seam . • . . . . . • . . . . . . . .. Fair 

Butt ..........•........ Good 

Th. "glue. 11,ted gbo .... rll!prll!uml rl!laonoblll! approximation, luilabl. far g.nual.n,,;nl!l!rlng UI •. DUI! 10 (ommll!re;al varlallons In (ompa,itian ond 
10 manufacturing limitatianl. thll!Y .hguld ngt bll! uled for IplI!cificotion pUtpOIIl!I. Se. applleobl. A.S.T.M. spulfieolign rll!f.renen. 
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COPPER ALLOY No. 752 (Continued) 

Annealed Tempers Rolled or Drawn Tempers Hot 
Finished 1 

I 

Forms and Ternpers 
,Most.!;oITlr,r.onlv U~d p 
, ,j. '. ' c,' 

FLAT 
PRODUCTS 

- Tempers 
;,;'.1.0"'·,,'_',.'),1""''' 

S 6 

i i 
0 

0 0 
0 .. .. 

0 0 0 on on on .:: .E 
~ ... i!! '" N ~ = 

'" '" '" '" J! :::; 

8. go 
S '0 

'E .. 0 

• e • 
J: III 

~ 
~ • C I :i i!. 'E 0 

'E ">- 1:: go • 0 0 "ll E 
:!! :!! ~ 

• 'E 
~ " ~ ~ "0 ." If!. :5 :!! I ~ 

~ a: , 
~ C ~ ii .. " " 

J: 
~ 

go 0 0 .E • ." ~ 

~ 
e ~ 'E .E J: w 'u 

~ 
, .. " ~ 1< ; E • = ¢ .. .i " :t I- w w C J: :::; 

Nominal qrain Size mm 

Strip, Rolled " . , ... , •.... e' , , . . .. ., ..•.. e· . , , , . e' .... , . , ... , ... , .. , , , . 
Strip, Drawn .... , ....... , .. , ..... , ,., .... , .. , ... , .......... , ...... , .... , 

Flat Wire, Rolled , ..... , ............ , .. . .. ,.,. e' .....• ' ...... , , ....... , . , . , . 
Flat Wire, Drawn ....... , ... , ... , .. , . .. , .......... , .. , ...... , ..... ,.,.,.,.," 

Bar, Rolled .. , . , .... , .. , ...... , " ' .... " ... , ... , ..... , ... ', ...... , .... , 
Bar, Drawn " ... , .. , ....... , ........... ,., ... " .......... , ........ , ... . 

Sheet . , ...... , . , ...... , , .. , .......... "., .. ,' .. " ...... , .. , ... , .. 
Plate .. , ....... , ............. ," .. , .. ,' .. , ..... , ....... "., ... ,., 
ROD ........ " ............ ' •......•............................. 

WIRE , ................................................................. . 
TUBE ~ ...... , ............................................................ . 

PIPE I' . . . . . . . . . . . . . . . . . . . .. . ........................................... . 
SHAPES, ........................................................... , ...... , .. \ 

1. DRAWN - GENERAL PURPOSE temper is uiied 
for general purpC'se tube only. usunlly where the(c 
i!\ no real requirement for high strength or huntness on 
the one hund or for heading qualities on the other. ' 

2. HARD DRAWN temper is used 
'only where there is need for 11 tube 
us hurd or a:; strong as is commer­
cially fellsible for the size in q,uestion, 

3. LIGHT DRAWN - BENDING temper is 
used only where II. tube of some stiffness, but 
yet capable of readily being bent (or other­
wise moderately cold worked) is needed. 

P 

M hIP ee amea ropertles Viald Strength Elonga. 

I 
Tensile (.5% Ext. tion Rockwell Shoar FatiguD 

Siza StrenE(th unde. Load) (.2% Of bat) in 2 in. Hardness Strength Strength 
Form Section Temper 

I 
Million 

in. .,1 ksi .,1 % F' B '30T k,i kli Cycles 

FLAT .040 in. .035 mm • 58.0 25.0 40 85 40 -... ,',., . . ... ,., , . , .. . ... 
RODUCTS .015 mm .... ,., . 60.0 30.0 .. , . 32 90 55 - ... . , ... . ... 

Quarter Hard .. " .. 65.0 50.0 . , .. 20 - 73 65 ... . ,.' . . ... 
Half Hard .... , ... 74.0 62.0 ... . 8 - 83 72 ., .. . .. , . ... 
Hard . . . . . , . , . . , . 85.0 74.0 .... 3 - 87 75 ,., , ... . . ... 

ROD . 500 in. .035 mm ...... , .. 56.0 25.0 .. , . 42 - - - .... . ... . .. , 

Half Hard (20%) ... 70.0 60.0 . ... 20 - 78 - ... , .. , . . .. , 

WIRE .080 in. .035 mm ' "'" 25.0 45 - - -......... 58.0 .. , , " .. ... . .... 
.015 mm ........ 60.0 30.0 . . , .. 35 - - - ,., . ,., . . ... , 

Quarter Hard 
.. 

73.0 65.0 16 , ..... ... . - - - ., .. .., , ., .. 
Half Hard ......... .B6.0 80.0 ... , 7 - - - ... , ... . .... 
Hard ., .... ,., .. 103.0 90.0 ... . 3 - - - ,., . . ... . ... 

: :', .. . ' .. 

204 
Th' volul. lI.t,d elbo .... r.pr"lnt r"lIonabl. approllimgtlcu\I .ullabl. for glneral Inglnllring UII. Due 10 commerclal variation. In compo.llion and 

to manufacturing IImltClIJom, Ihl,. .hould not be Ulld for ,plclflcatlon purpa •••• 5 •• applicable A.S.T.M. Ipitdfiealion r.f.r,nel., 
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COPPER ALLOY No. 754 (NICKEL SILVER, 65-15) 

om position - percent 
Nearest Applicable A' S T rvi' 'S~etjfi~a'\:ionk 

Nominal Minimum Maximum 

Copper 65 
Lead 

Iron 
Zinc 20 

Nickel 15 
Manganese 

Total Other Elements 

Physical Properties 

Melting Point (liquidus) 
Melting Point (Solidus) 

Density 

63.5 66.5 
.10 
.25 

Remainder 
14.0 16.0 

.50 

.50 

1970 F 
1900 F 

English Units 

.314 Ib leu in @68 F 
8.70 

1075 C 
1040 C 

C. G. S. Units 

8.70 gm Icu cm @:Wc. 
8.70 Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annr!aled) 
Thermal Capacity (Specific Heal) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

per "F from 68 F to 212 F 
per" F from 68 F to 392 F", 

.0000090 per ° F from 68 F to 572 F 
21 Btu Isq ft 1ft Ihr 1°F @68 F 

148 Ohms (eire mil/ft}@68F 
7.0 o/c lACS @ 68 F 

.0000162 
'.:09 
24.6 

.0406 
.09 

12,700 
4,800 

per"C from JO C to 100 C 
per "C from 20 C to 200 C 
per "C from 20 C to 300 C 
cal /sq em lem /sec /" C @ 20 C 
Microhm-cm @ 20 C 
Megmho-cm, @ 20 C 
cal Ism I' C @ 20 C 

·Volume Basis 

.09 Btu lIb OF IE. 68 F 
18,000,000 psi 
6,800,000 psi 

Typical Uses 

OPTICAL GOODS: camera. parts, optical equip,ment 

MISCELLANEOUS: etching stock, jewelry 

Common Fabrication Processes 
, ': 

Blanking, drawing, etching, forming and bending; 
beading and upsetting,'roll threading and knurling, 
shearing, spinning, squeezing and swagin~, : \ 

Fabri cation. Properties 

Kg /sq mm 
Kg jsq mm 

Capacity for Being Cold Worked ...... . 
Capacity for Being Hot Formed ...... . 

Excellent 
Paor 

Suitability for being joined by: 

Hot Forgeability Ralilg (Forging Brass = 100) . 
Hot Working Temperature ........ F or 

Soldering ...... . 
Brazing ....... . 

.... C 
Annealing Temperatlre, .... 1100-1500 F or 

';1. 

-. , 

Excellent 
Excellent 
.. Good 
... Fair 

Machinability Rating (Free Cutting Brass = IOO) . 
600-825 C 

20 

Oxyacetylene Welding 
Gas Shielded Arc Weld!ng 
Coated Metal Arc Weldmg Not Recommended 

Resistance Welding 1 ~~~~ : 
Butt . 

The yaluel Iii led abc"'e tlP'elenl reclanable <:Ippra"imalianl luilable far glneral Inginllring ull. Due la cammertial "ariqlionl in compcli!;an ond 
'Ia monufaci .. rin~ I'milal;anl. Iher Ihauld nel b~ ulld lot Ipetificali"n purponl. Sl~ al'plicabl~ .... S.T.M. opldlitalian r~fer~ntu. 

(Continurd on !>lhu .idtJ 
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· Good 
· .Fair 
· Good 
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,Forms and Teinpers I I' , .,' 
I .,' ,,,_ ~, ' 

Mo'stCommbnly used 

FLAT 
PRODUCTS 

"f ~ , 
" 

Strip, Rolie,f 
Strip, ,t)rawn 

Flllt. Wire, Rolled 
Alit' Wire, prawn 

Bar I 'Rolled 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

. PIPE 
,~':, ,,::: SHAPES 

COPPER ALLOY No. 754 (ContiflUBliJ-
- Rouoci or Drewn T.mpttl 

~ 

~mlR.lI Grain Siu mm J 

i i 
!~, ,: .; 

< < < < .. .. 
,,~ ~ ~ III Ie III :: .E 

q ;3' q q q dI 

! i. 
-; B 'E • i 'E ~ r < 

:! :! .. ~ 'E 
~ " ~ • l 0 :! I 6 

~ ~ 

" ! 'E e l 'e ~ ... ... ~ :! r:. :! 1C j ; ! w 0 w w Q 

"e, ,e, ,e,.e, .. ,,"", ..... e .. e .. ,·,,, .. e ..... ,,······ ..... ,",·,·,·,·,,·· 

............................ ' .............. " ................... '.' ...... , .... . 

1. DRAWN - GENERAL PURPOSE t~mper is 'used 
for general purpose tube only. I,Isually where 'there 
is no real requiremeqt for high strength 'or hardness on 
thl: one hand or for bending qualities ,on the ~ther. 

2. HARD DRAWN temper iJ used 
only where there is need for a tube 
as htrd or as strong as is commer­
cially feasible for the sile in question. 

3. UGHT DRAWN - BENDING tempe ') 
used only where a tube of wme stiffneu, '1.0 ... 

yel capable of readily being bent {or other­
wise moderately cold worked} is needed. 

M h P ee ameal roperties . Yi.ld Str.ngth Elana--
-Tensil. t5" Ext. tion Rockwlli Sh •• r Fatigul 

~iz.> .Strlngth undl' Load) (.2% O'bol) in 2 in. Hardnea Strength Str.ngth 
Form,I, ~ctian r.mper 

" 

I 
MiIIlDn 

" , , 
FIB 130T 

-r' In. ' k.i 'ksi ... " k,l k. Cycllll 

'i, ,.. " !; 

FLAT 
P RODUCTS .040 in. .070 mm ......... . 53.0 18.0 ... . 43 69 - 27 ... . . ... .... 

.050 mm ......... . 55,0, 19,0 ... . 42 73 - 33 ... . . ... .... 
,035 mm ......... . 57,0 21:0 ... . 40 79 - 41 ~LO ... . .... 
.025 mm ...... _ ... 59.0 24.0 ... . 37 82 - 46 ... . . ... .... 
.015 mm ......... ~ ",~LO , 28,0 ... . 34 89 - 53 ... . . , .. .... 
Eighth Hard .. : .':: .. , : :,:,62,0 35.0 ... . 30 - 60 55 43,0 ... . _ ... 
Quarter Hard .... : : . 65.0 4<j':0 ... . 21 - 70 63 44,0 ... . .... 
Half Hard, ... " " . , 74.0 62.0 ... . 10 - 80 70 47,0 ... . .... 
Hard ............ . 85,0 75.0 . ... 3 - 87 75 52,0 ... . .... 
Extra Hard ...... . ,. 92.0. 79.0 . ... 2 - 90 77 54.0 ... . .... 

I 
, , 

, 
, .; 

, 

'.;.'" '. 

, 
," 

~'.' 

, 
, j', . , . ; ~ • , ' .: 

.! , , J ; .• ,;,.' , 

\\; .-,'1' y,. 

11M .,Cllu.1 lill.G .Q~"e r.p ... e"' '.a,onabl. oPP'Clltlmollonl'lullobl. for gen.rol .ngln •• rlng II ... Du. 10 tomm.rc!ol .,o,iollonl in tompol-illon ond 
206' , -, 10.mCIl1~f/;"d"'tl'''iI' limilo'iJ~.;.lhiy lhould nOI b. UIItd for lpec:lfltGti(>l'l purpal.l. s.. Clppljtclbl. ".S.T.M •• pKlfialtlon ,.f.reM", 

. - . 1',· - '. '.,' ,'~; /1 , ' 

J 

-----------...."...",...-----..~,~ 
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COPPER AllOY No. 757 '(lWtYk2t~JLVE[i/, 65-12) ".i"'. 
% h'<···j'';, "",,',',"""'.; 

Composition - percent ., 

i '. \ 
.~,-. 

'I(""'r 'ft:!;' 
t(' 

Nearest AiIplicable A S T M Specifications 
Nominal Minimum M'Iximum'-

Copper 
Lead 
Iron 
Zinc 

Nickel 
Manganese 

Total Other Elements 

Physical Properties 

65 

23 
12 

Melting Point (Uquidus) 
Melting Point {Solidus} 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity* (Annealed) 
Thermal Capacity (Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

• Volume Basis 

English Units 

1900,' 
F 

.314 ib leu in @68 F 
8.69 

per D F from 68 F to 212 F 
per ° F from 68 F to 392 F 

.0000090 per ° F from 68 F to 572 F 
23 Btu Isq ft 1ft Ihr 1°F @ 68 F 

130 Ohms (eire mll/ft) @ 68 F 
8.0 % lACS @ 68 F 
.09 Btu/ll> oF, .@68.F ,"'"'' ". 

18,000,000 psi 
6,800,000 psi 

Typical Uses 

HARDWARE: slide fasteners 

:;, 

1040C· 
C 

BI51, B206 

BI51 

. ,) 

C. G, S. Units 

8.69 gm leu' em @ 20 C . 
8.69 

-I' 

per ClC from:W C to 100 C 
per"C from 20 C,to 200'C 

.0000162 per ° C from 20 C to 300 C 
.10 eal/sq em/em isec /oC@20C 

21.6 Microhrn::.crii @:20 C' . 
.0464 Megmho-cm @ 20 C 

.'."" .. 09 c~l/glllr.r;: Ii!! ,irc ., ' ... 
12,700 Kg Isq mm 
4,800 Kg /sq mm 

OPTICAL GOODS: 
MISCELLANEOUS: 

camera parts, optical parts 
etching stock, name plates." 

,L 

Common Fabrication Processes 

Blanking, drawing, etching, forming and bending, 
heading and upsetting, roll threading and knurl­
ing, shearing, spinning, squeezing and swaging 

Fabrication Properties 
Capacity for Being Cold Worked ............... Excellent Suitability for being joined by: 
Capacity for Being Hot Formed ................... Poor 
Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperature . . . . . . . . . . . .. F or ........ C 
Annealing Temperature ....... .11'00-1500 F or 600-825 C 
Machinability Ra~ing (Free Cutting Brass = 100) •..•...• 20 

Soldering .................... ~ ...... Excellent 
Brazing .......... ; ......... ~ ...... Excellent 
Oxyacetylene Welding ......... ~ ......... Good 
Gas Shielded Arc Welding .... /\ .......... Fair 

Coated Metal Ar~c ~~r,i.n.g. : : : : :·;~~t. ~~~~~,~~~~~ 
Resistance Welding .Seam .... , . , . : .......... Fair 

Butt ................... Good 

The 'yc'luu,liillld abave repreuml reaJancble cpprn .. imalianl iu!lab[1I far !Jeneralenglneering uie. D,j~ la commercial vc'i~ia:llo,nl ,in campciillan and 
la manufactvring IImilaliam, they ,havld nal be vnd far Ipecifitatian purpaiel. 51111 applicl;lblll ~.S.T.M. ipecificotian re(erencu. 

(Conliruud on other .ide) 207 

"',- '" 



l 
fi 

[: 

I 
': 

I: 

COPPER ALLOY No. 757 (Continued) 

Forms and Tempers 
Most Com!llonly Used·: 

Rolled or Drawn Taml*l Hot 

Finished I 
TamJHIrl , . 

; c,-. 

~ 
~ 

'E 'E ~ 

:I! :I! 
~ 

g 'E 
~ 0 :I! 

~ ~ 

" ! 'E e .f ... g 
:I! F :I! ~ ~ w 0 ~Jl~ ~ 

' ... '>, 

-
I 
8. 
J! 
-; 

2' Ii 
j " 1 

e i 
~ e 

0 

B 
i e c 
'E 
:I! 

~ 

0 
l! 
'" c • .. 
1 
c 

l 
J: 
:3' 

! 
1 

.......................................................................... 
FLAT 

PRODUCTS 

Strip, Rolled 
Strip, Drawn 

Flat Wire, Rolled 
Flat Wire, Drawn 

Bar, Rolled 

..................................................... 

........................................ : ........... . ...................... 
Bar, Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

PIPE 
SHAPES 

· . . . . ~ . . . . . . . . ~ . . . . . . . 
• • ' .•. ' ......... ~ •• >,' •••••• ~ 

..................................................... 
.: •••.•••.•. 1I ............................................................. . 
· ........................................................................... . .......................................................................... 
......................................................................... 

1. DRAWN - GENERAL PURPOSE temper J,s.qsed 
for general purpose tube onlYI usually. v.;her~).r\-:rd 
is no real requirement for high strength ,or ·.ltatdn'o!!b- on 
th6 one hand or fOf bending qualities oil' the o~1le.r.· 

-' ". 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard Of as strong as ill cammer­
c1ally feasible for the size in quelltion. 

3. LIGlIT DRAWN - BENDING temper is 
used only where a tube of some stiffness, but 
yet capable of readily being bent (or other· 
wise moderately cold worked) is needed. 

P 

M h IP ee amea ropertlOS Vlald Strength Elonga-
TenlUe 1.5% Ext. tion Rockwell Shear Fatigue 

Size Strength under Load) 1.2% Offoatl in 21n. H.rdneu Strength Strength 
Form Section Ttlm~r 

I 
Million 

In. k,l lui lui % F I .130T k.l k.1 Cvcl .. 

FU.T .040 in. .070mm ......... . 52.0 18.0 .... 48 69 22 27 '" . . ... ." . 
RODUCTS . 050 mm ......... ·54.0 19.0 ... . 45 73 30 33 '" . ... . . ... 

.035 mm ........ . 56.0 21.0 ... . 42 78 37 38 41.0 .... . ... 

.025 mm ........ . 59.0 24.0 .... 38 82 45 44 . ',,' ... . . ... 

.015 mm ......... 61.0 28.0 ... . 35 88 55 51 . " . ... . '" . 
Eighth Hard ....... 60.0 35.0 .... 32 - 60 55 43.0 ... . . ... 
Quartet Hard ...... 65.0 45.0 ... . 23 - 70 63 44.0 ... . .... 
Half Hard ....... 73.0 60.0 ... . 11 - 80 70 47.0 ., .. '" 
Hard ............ 85.0 75.0 ... . 4 - 89 75 52.0 ... . '" . 
Extra Hard ........ 93.0 79.0 .... 2 - 92 77 56.0 ... . . ... 

208 
Th. valu •• IIlt.d abo'll. r.pr ... nt rlGlonabl. appra.lmllIllonl lultabl. 'IlIr g.n.ral .ngln •• rlng u ••• DUI 10 c:omm.rdal vorlCilion. In c:ompolltlon and 

to manu!ac1urlng IImllallalll, they 'howld not btl' ulld for IP.ctnc:atlon purpo •••• S •• appllcabl ..... S.T.M. IPeclllcatlon ,.f .... JItI •• 
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S'.?ppsition - percent 

Nominal Minimum Maximum 

Copper 55 53.5 56.5 
Lead . ".'. .10(1 
Iron ...... ' .25 
Zinc 27 J Re'lTtiiihder .. 

Nickel 18 16.5 
Manganese 

Total Other Elements 

• In the case of reid and wire. 
maximum lead is .05% 

19.5 
.50 
.50 

."" "F.rot,'!'rcid\jd~~: BI22,BI51,B206 

Pipe 

Rod :B151 

,Shapes ~ 

,.' tirl,,,. "". 

... " .. Wire ·,··B206 
"'- "I---.: •• t:~'~':1~\;~(1~:,,"~;;t; i~;::,:;';: 'I ;';iji: :/,;,,'J 

..,;' 

" I..' "'. -', "," .,' 
Physical Properties 

Melting Point (liquidus) 
Melting Point (Solidus) 

Density 
Specific Gravity 

Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical Resistivity (Annealed) 

Electrical Conductivity· (Annealed) 
Thermal Capacity {Specific Heat) 

Modulus of Elasticity (Tension) 
Modulus of Rigidity 

·VolumeB~ 

English Units 

1930 F 
F .. 

.314 Ib leu 
8.70 

in@68F 

,0000093 
17 

189 
5.5 
.09 

8,000,000 
6,800,000 

per' F from 68 F to 212 F 
per 0 F from '68 F' to· 392· F: 
per 'F from 68 F to 572- F. ' 
Btu Isq ft 1ft Ihr I'F @ 68 F 
Ohms (eire mil 1ft ) @ 68 F 
% IACS@68 F 
Btu lIb 'F @ 68 F 
psi 
psi 

. ,,: ' 

i' " 

,/c:·G. s. U~h5 
i" 

,.";/i.IQ$~, . .() :'. 
.. .C., , 

·8.70 'grr. liu em@ 20 C. 
8.70· ,.', 

", .:.".'~~~r,°f;-'from:!:OC to-JDO'C 
:~':, ".": __ ':,;f :,_pef:;·~;.F'_ from 20 C 'to 2190 C 

·;.000Dr67"",;:,;r;"G!:from 20C. to 300.C , 
:'. ';-.-" \·~,J.t)r1.'·cit,,]i.S~~cm /cmJsec Ie C @ 20 e, 

:' ." '·:if;!", Mltrohm-cm· @ 20 C' , 
", '.031g M'-eginho.cm "@20,G " ;i 

.09 eal/gm I' C @ 20 .G"·' 
12,700 Kg Isq mm", " ... 
4,SOQ ·Kg/sq mm 

, ,:' 

,.j, 

~. , . , 

Optical go?ds, springs, resistance wir~ 
: .'; " 

" . : 
Common Fabrication ProcesseS· 

!., '., ;'e 

Blanking, forming and' bending, shearing 
. '! 

Fabrication Properties 
Capacity for Being Cold Worked ................. Good 
Capacity for Being Hot Formed .................. Poor 
Hot Forgeability Rating (Forging Brass = 100) ........... . 
Hot Working Temperature ............ F or C 
Annealing Temperature ....... 1100-1500 F or 600-825 C 
Machinability Ratin'g (Free Cutting Brass = 100) .. , ... 30 

Suitability for being joined by: 
Soldering.: .......................... Excellent 
Bra'zing .' .; ......................... Ex( ellent 
Qxyacety~en.e Welding ................... Good 
Gas Shielded Arc Welding ................. Fair 
Coated M~tal Arc Welding .. ,' ... Not Recomrr ended 

I ~ Spot .. ,.' ... ; .•........ Good 
Resistance Welding Seam •... : ••. l ........... Fair 

! Butt •• : •.... ~ .......... Good 

The ... alua. Ii.led aba.e r.p, ... nl rea,anabll! appra"lmalian. ,uiTable far general Ingln .. ring UI •. Du. la tamm.rcial .. adaliani i~ ~ampa'i!ian lind 
fa manufa~luring limi!alian'. They .hauld naT b~ ulI!d far Ip~dficalian purpau,. See appli'table .... S.T.M. ,plKifical;an r.r.'ln'.'. 

'. " . ,. . ~-'" i.,J d>' , 

.. ..,! .1"1.1 ·.i~·-' 
:.,;".",." 
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Form,:'aiidTenipers 
Most Commonly Used 

.. +.;/; " .. ~ .. J: 
'''. ''I,;' ;\,;>0', '~~1' 

-.'.' .• -to.,' ,! '-") 

CCjPP~R;*-l,.M)VJ"o~ 770 (Cortinued) 
. .- .::~-:'~:" ':""~"*'- ,I' '-::'- ;_~'_-~'i' ',~, ' , " " 

Ann .. l .. T.m~... Rolled or D,..wn Tampn 

i! 
:! 

i! 
:! i! 

'f, 
l!' 
! 

I 
i­
f • Ii 
" I 
i 
~ 

Q . 

l!' 
;; 
c 
.l! 
I 

Hot 
Finish .. 
T.mper5 

.. I',i_: r;~;;~!it~, I 

. --l'.;'lS=:=¥,,:,~"~"""'_"''''_';·~'~''~I-_;' ___ --''''--~I-------'''--__________ """*"" ..... "ji' ........ iIi 
, ,.' .",' "- ~::fpp-,,'~~. ~~," ;.:' : ,: : : : : : : : : : : : : : : : : : : :: ... " .... ", .. "" .. e, ....... ,e· , , , , , .... , , .. , , , .. .. ., , . , , .... , ... / 

FLAT 
PRODUCTS 

" 

• •••••••••••••••.••••••• : •••••••••••••••• ',' • , ..... ,-J')- ••• 
fla,t lVite, Roll~4 ... " .. ,., ........... , ..... , ....... " ... , ...•.. , .... ,.,., ............. " ... 
Flat Wire, Drawn 

B.u; RaUen 
Bar I Drawn 

Sheet 
Plate 
ROD 

WIRE 
TUBE 

··.,,:, .... PJPE.:· 
SHAPES' 

.. , .-.................. . 
',;,"': . '. : .- ... '~;'",:;~' .. _.' . '. '. '.- .' .. :,. 
.f·._ .. " -..................... . 

.................. ' ..................... , ............ . 

................................... ', ................ . 
· ...................................... ~ ............ . 

." ............ , ... ,', .. , ........ ,', .. " ......... , ... 
' ... " .. " .... , .... ,. '., ........ , ...... ,.,' ' ....... " .. 
· .', .............. ~ ...................... -....... -.. ...; .... . 
,"'1-. ;·-t' ' .• " ~ • • • • • • • • • • • • • • • • • , • • • • , ~ • '.' '. 1 .• ' "~_ · .-.. , ...................... -.......... , ... . 

1. DRAWN -. GENERAL PURPOSE templ;_r is used 
[or general purpose tube .only. usuaUy' where there 
is no real requirement for high strength or Iiardness on 
the one hand or for bending .qu~,Uti~s o~ .. ~~ -Olber. 

2. HARD DRAWN temper is used 
only where there is need [or a tube 
as hard or as strong as is cammer-

3. UGlIT DRAWN -·BENDING,!...","" \ 
used only where a tube of some stiffne;s;Ti,.h 

P 

~ ~alltfeasible for the s~e in question. 

M h IP ec amca ropert.es yield Strength Elon!J8' 

I' 
Tamile 1.5% Ext. tion 

Size StrenlJ1:h undel Load) (,2% Off ... , in 2 in. 
Form Section Tamper 

in. kli lui lui '" 
. 

FLAT .040 in. ,035 mm ... , ..... 60,0 27.0 ., .. 40 
RODUCTS Hard , ....... , . 100,0 "'[5'·,0; , , ... 3 

Extra Hard .... , .. 108,0 90.0 , ... 2.5 
Spring .. , .. , ..... 115,0 .... . ... 2.5 

WIRE . 080 in. .035 mm ........ . 60.0 . , .. .... 40 
Spring (6B%) ." ... 145.0 ... , .... 2 

. - .' '. , 

I " - -

: , 
, 

, 
. , . , .. 

yet capable of readily being bent (or other· 
wise moderately cold worked) is n~~ 

.. " 
Rockwall Shear Fatigue 
Hlldnm Strength Strength 

I 
:Millien 

FIB 130T kli k~ eyei.· 
, 

'-'..;; 

90 55 - ., .. '" . ., .. 
- 91 77 ..' . . ... .., . 
- 96 80 , .. , '" . ." . 
- 99 BI ." . " .. . ... 

- - - .,' . .. , . . ... 
- - - ." . '" , ." , 

. 

210 
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---~.;---,. 

,of';',·, 

..,JmtN:5i'~.'on - per'cent , 
Specifications 

Nominal Minimum Maximum <I: 
t~t~ 

~: Manganese 

Total 'Other Elements 

Physical Properties 

65 
-, 2': 
:: -: t 

" 

. ': 

Melting Point (lJquidus) 
! .;'::~·o-;U!l--j- '=::tIM!=l~ing Point (Solidus) 

;~,~i. Density 
Specific Gravity 

Coefffdent -df Thermal-Expansion 
Coefficient of Thermal Expansion 
Coefficient of Thermal Expansion 

Thermal Conductivity 
Electrical, Resistivity (Annealed) 

Electr~caLC;,ond ucttvit y. (Annealed) 
Th'eimal·.Capacity (Spedfic Heat) 

M~,d;pJIJ~f,9C.~~~!4§ticity (Tensi,qn) 

·Volume' Basis 
Modulus of Rigidity 

63',!b 

'
I, .5,:,' 

67.0" 
2.5' ' 

'.~5 "" 
Remaiifder" 

}r 
, ~.;~i:~\};: 

7.0.. 9.0 
.50 
.10 

'F,.- ',: ~' , " :" ! '1,':'";:.,,'· -"r': :'-. '~""':'" :.~- ,,~~,~~~~".:;:~J;,:~;·~$.t~t~ .,l. ,~:t"~~ ;,.;:;,:,,:!;: ~'~f.r.Y~~:;"L:,~r~; \1~~j0;'::' 

English Units 

1830 F 
1780 F 
.314 Ib leu 
8.69 

in @ 68 F 

.0000103 per 0 _F from -68 F .to 21 J'F 
percF from 68 F to 392 F 
per D F from 68 F to. 572 F 

28 Btu Isq ft/ft.fbI I"F @ 68 F 
103 Ohms (eire mil lit )@68 F 

10.9 % IACS@68 F 
.09 Btu lIb of @ 68 F 

17,000,000 psi, 
6,400,000 psi 

Typical Llse,s 

Key, blanks, watch plates, watch parts 

Common Fabrication Processes 

, Bumking, milling, drilling 

Fabrication Properties 

,·,.:,(r;, 

~,-

",~:~.G. S. Units 

100C)'/ .,,"," 
970 e ' 

, 8,69, gm/eucm @,20c. ",.,' 
:~.69>-'; -.i\'-~,:-. ,'J',' ,", ',','; 

.0000185 per,',Cfro~ 20 e to looe ", 
per 0 C from 20 C to. 200 C 
per 0 C from 20 C to.,300 C­

.11 cal/sq 'tm fcm /sec!",C@20 C 
17.2 Microhm-cm @: 20 t;::'. 
,.0S'S· Megmho·cm @ 20 C·· 

.09 eal/gm I" e @ 20 
12,000 Kg {sq', 1"'1'.-, , 
:r,500 Kg{sq rh;n ' •. ' 

.' , 
.•.. 

Capacity r'Jr Being Cold Worked .....•............. Good Suitability for being joined by: 
Capacity fOT Being Hot Formed ... ,." ...... , ... ,. Poor 
HoI Forg,l ability Rating (Forging Brass = 100) •........... 
Hot Working Temperature .......•..•.. For ....... C 
Annealin:~ Temperature .. , .... 930·1159F or 500·620 C 
M<lchinat,ility Rating (Free Cutting. Brass '= 100) , ... , .... 60 

Soldering .................... , , ..... Excellent 
Brazing ............. ; ....... , ..... , ... Good 
Oxyacetylene Welding ........ .Not ,Re,:omrnended 
Ga's Shielded Arc Welding, ..... .Not 'Rel:ommended 
Coated Metal Arc Welding" ..... .Not"~Recommended 

Resistance Welding Seam ........ .Nof:lfecommended ~ 
Spot ........ .NoURecommended 

Butt .. , ......... ;' ........ .Fair 

Thor .. "Iue. li.lld "b"yor rep.elenl nall",able app'oIimolionl .uilobllt for g.n.rol Ingin,orrin" UI •. OUI 10 commorr<ial yoriclI;On. in tamp".i,;"n ond 
io' monulotlur'ng limita'ionl. Ihey .hould no. bor ul.d 'or .p~i'koljon rurpo.I.: S •• opolicobl ...... ~.~.~ .• p~jfica'i~~ ,,,flf.ne... 211 
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i Forms and T:empers 
. Mo5tC6mini)n{~ uSed 

~. _. 
~ 

;' ... 
,8. 
:= II. 

Hot 

"., .;.'" .. 
FLAT 

PRODUCTS ., ................. -........................................ . 

1. DRAWN ,- GENERA)..)~'tjRroSE ,temper is_u5e~ 
for general purpose tube only"·,lIs~.nlly,,wttere .there 
is no real requirement [or high: str,ength, or httrdness on 
the Onc hand or for be~ding, qualities on the .-other. 

Mechanical Properties 

Size 
Form Section' TElm~r 

'. in. ... 
, . '.;.,........,. .. ,;' 

. • 
.. , 

;"" . '." , c 

FLAT 
P RODUCTS :040 m. .035 mm ':'. -, .•.• " • 

,015 mm . . . . . . . . . 
" . Qlfarter Hard ...... 

Half Hard •..•.•...• 
Three Quarter Hard. 

.. Hard ...... ' .•.. : .. 
Extra Hard ........ 

. 

•• 

2. HARD DRAWN temper is used 
only where there is need for a tube 
as hard or as strong .ns ii ,commer~ 
dally feasible for the size in question. 

Vield Strength Elonga-
Tansile t.5% Ext. tiDn 
Strength under Load) 1.2% 0111.,1 in 2 in. 

" ,;.:·~L ,': ':.;/ ~i""', k.i .. , % 

.. ..... 
• • 

", ... ., .. 

53.0 23.0 . "'" .40 . 
59.0 27.0 . ... 32 
62.0 42.0 '" . 24 
69.0 58.0 '" . 10 
78:0 63.0 .... 5 
85.0 73.0 -, .. 4 
91.0 76.0 .... 3 

. 

", 

, . . ., 

. ',' r ',-,I', 
3. UGIIT DRAWN -BENIl.rnlF\Cmpor-l~ .. 
used only where a tube of-some stiffness,-but 
-yet capable or readily. being bent:~(or".othcr· 
wise moderately co1d worked) is ri.cedc(b .' 

Rockwell SheDf Fatigue 

Hardn ... Strength Strength 

l Million 

FIB IJOT ksi k" ' _ ~yCI./:)' 
',.' ",.' 

78. - - 40.0 ... . '" . 
85 - - 43.0 . ... '" . 
- 65 63 44.0 . , .. '" . 
- 78 69 47.0 . ... . ... 
- 84 72 51.0 ... . '" . 
- 87 74 54.0 ... . '" . 
- 90 75 58.0 ... . '" . 

, 
~~-- \ 

212 The ~CI,I ... ~ Hued abo ..... prelenl reoao~Clbl. ClPpro~lr"'nlg'ni.,1'lIitClbl. ICI~ genefal' .~l~, •• r1ng "' ••. Due lD ul';lm.':i:ici.I'''CI.riClI~Dn. in compo.illon onc:! 
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