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1.03
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GENERAL

Tamalum hae moderate roam temperature strength, which
decreasce comparatively alowly with increasing temperatire
It has & very low ductile=to=brictle transitico temiperature,
excellem fabricairiry, high melling point and good resist=
ance to chemical corrosion . Oxidation resisance at ee-
vated temperatures ie poor, (2, p. IXLL, p. 431).

Cammercial Designadon. Tamalum, comm. pure.
Altervare Degignation
Spectficarions. Table 1.03.

TABLE 1.03

AST™M

Form

B 365-61T
B 364-61T

Rod aod wire
Ingera and flat mill producte

Composition. Table 1.04,

5.08
1.081

2.01

2,011
2,012
2.013
2,014

2.015
2.016

2.02
2,021
2.022

2.03
2.031

NONFERROUS ALLOYS

Melting and Casl Practice

Ta

Te, COMM PURE

Powder mewallurgy process of consolidation is used, fol-
lowsd by sintering, cald working and a second sintering,

(11, p. 249), Sintered and/or cold worked Taslalum can be
melted by arc melting or ¢lectron beam refining techniques,

(5,9.37

FHYSICAL AND CHEMICAL FROPERTIES

Thermal Properties

Melting point, 5425 F,(12,p.3).
Phage chaages, Nane.

Thermal canductivity, Fig. 2.013.

Thermal expansion, 3,7 x 10 in per in per F for tempera-
ture zange 32 to 212 F, (12, p. 3). For high temperatures see

Fig. 2.014.
Specific hear, Fig. 2.015.
Emissivity, Fig. 1.016.

Oxher Physical Properties

Depaity. 0,60 b per cu in. 16.5 gx per cu em, (7, . 2).

Electrical resistiviry, Pig. 2.012.

Chemicat Propertiea
Carrosion resistance. Table 2.C31.

TABLE 2.031

(12,p.8)

‘TABLE 1.04
Bource ASTM B364-61T, B365-61T (15M16)
Percent
Min Max

[Carbon - 0.03
Col umbriom - 0.10
o - 0.0
Nciel - 0.02

U icon - 0,02
[Tiantum - 0.04
ITungsten - 0.03
Hydrogen - 0.01
pirr ogen - 0.015
IOxygen - 0.03
[Fantalvm 99.8 -

Pmce
Excelleat res!

Pour resistance

{to 480 F)

xanine, dry {to 570 F}
Bromine, wet
[Chlorine, dry(to 392 F)
hierine, wet
jChramic acid
Hydrochioric actd
fnorganic chiarides
pirric acid

Alr (above 480 F)
Alkalis

Fluorine
Hydrofluorte acls
Qleum

Potasetum hydroxide (concentratec
Sextiym hydr oxide(concentrated)

Sulfur triaxide

.05 Heat Treamment

1.05 Ancealing. 2372 w0 2852 F, | hr, io vacuwmn or icert atnos~
pbere of argen or beliwmm. Hear in a high vacuum below
1073 Hg or 10-3mm Hg, if part to be annealed (s pro=
tected by wrappiog to tantalum foll, (11, p. 318). Recrystalli-
zation tempersture 1832 to 2552 F depending upon degree
of ¢ald work, {2, p. 245).

1.06 Hardenabilicy
Ses Tabie 3,021,

1.07 Zigrms and Conditons Available

Rod, sheet, tube, wire and foil, Table 1.07, Alsg avallable
aa hex bar, threaded rod, scamlesa tublng, tubts, hex nies,

‘h:osphori.c acd

umn Irydr coxide(to 5 percent)
ulphurtc acid

Oxidation resistance.

A stable oxide film is formed below 57z F, (11, p. 436). A
protective coating is necessary for elevared temperature

service in air above 1800 F, (6, p. B)

stude, rivets and cups,(17).

Eource AL, R—
Metai Taoalum, comm. puze
Red - - L
[Wire - - 0.003°
Fol 0. 0055 - 0. 004 10 coll
ISarip b.oos - 0.007 12 -
p.0i0 - 0.059 5 -
060 -0.125 6 -
[Sheet D.01 ~0.02 12 84
D.020 - 0.040 24 120
p.050 - 0,100 24 96
0.12% 24 72
0.187 24 36
0. 250 24 36
ate 0.750 18 36

* minimum (other values are maximum)

3. MECHANICAL PROFERTIES
3.0 Specified Mechanical Properties
3,011 ASTM gpecified mechanieal properties, Table 3,011,
TABLE 3.0!1
S ASTM
ource ASTM (15, p.627) 06, p.630)
Metal Tantalum. CanID.uIe.
[Form Ingoto and flat mill Rod, Wire
KCondirion ow Suress  [Full ann CW | Ann
relief
ize - in < 074 021k<l2ip: 2002t F>-021] - =
. min-kei 75 | 15 {85 |55 35 B3| 40
.T!ln}mln-pac:m: 2 2 10 | 7.5] 30 25 - -
(10ip)min-perceny - - - - - - 1 10
3.02 Mechanieal Pr. ies at Room Tem) fure
3.021 Typical mechanica] properties ag £oom temperature,

Table 3.021.
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To, COMM PURE i TABLE 3.021
(2, p. 197} { (2,p 1)
Taotalum , comm,._ pure
Sheee Wire Shee i Wire
Am | "cw Ann [ Asdrawn oo 2350F | AsCR JAnn, 2250 F | as cD
0.010 0, 002 dia
» typekal 50 110 100 180 55 - 75 110 - 150 60 - 80 120 - 135
P:';, typ-kal . - - - 35 -55 - - -
e,” [yp - percem 40 1 11 2 25-35 0-1 H 10 - 30 10 - 30
Hardoess, ! i
Rockwell - ] - - - B 60 - 70 C 30 i - -
3.03 Mechanical Pr ies at Various Tem mres is mifficient. The surface of fine wire can be axidized by
3,031 Short time tension propesties heating or asedizing which prevents metal ptciup an the die.
3.031)  Efect of room and elevatad temperatures on tensile proper- The oxides have to be removed before annealing tn arder to
tien of wrought, recrystallized and coid rolled Taotalum prevent axygen diffuslon and hardening, {12, p.12).
sheew, Fig, 3.0311. 4.015)  Deep drawing. Fer this operation only annealed Tantalum
3.0312  Effect of low aud elevated temperatures on tensile proper= 8hoel ahould be uged. The work-hardening which is pot a8
ties of recrysalilzed powder metaliurgy sneet, Fig, 3.0312.. apid a5 in most metals appears ot the die emtrance. The
3.0313  Effect of low and elevated temperatures oo tenslle proper- permissaible’reduction increascs with thicker material. Sul-
Ues of recrystallized rod, Fig. 3,0313. Phonared tallow is recommended a9 a lubricant. In nrutdple
3.0314  Bffect of high test tempererure on tensile properties of arc drawings the depth of the flrat draw should not exceed 50
meited and powder metatlurgy produced sheet, Fig. 3.0314. percent of the diameter. Anneal berwen draws is recam-
3.0315  Seress strain curves at varlous temperatures for siress mended, (13, p. 2).
relieved and recrystailizod wrought bax, Fig. 3.0315. 4.016 Spinning. Cooventional techniques are used, {13, p.2).
3,032 Shaxt time properties other than tension 4.02 Ma
3.003  Swaric gtress concentration effects 4.021  Geaeral. The machining of Tamalum is similar 1o that of
3.0331  Effect of low and room temperatures tenslle sorength of stainiess sesls in respect to gall or selze,
pached and unnotched recrystallized bar, Fig. 3.0331, 4.022 Hard metal tools have a tendency to weid to the metal and
3.0332  Effec of low and roam temperntures or tensile strength of should be avoided, (11, p. 325). The metal can be milled,
notched and unnotched stress relieved wrought bar, drilled, threaded and tappod. High speed tools with maximum
FPig. 3.0332. rake, clearance ard good curting edge strength in connec-
3.04 Creep and C; o Pr don with high speeds, 100 sfpm mint arcr -
3.041 Creep 2nd creep we cuves gw sheet at 1380 to 2550 F, ded for best results, Carbon tetrachloride, trichloro- or
Fig. 3.041. tetrachloroethane are satisfzcrory as cumiag flulds, {13, p. 4, 5).
3.042 Creep and creep Tupture curves for amealed sheet at 3000 4.023 Tuming. The same genexal procedure as in 4,022 is vaed
to 5000 P, Fig, 3,042, for noning, Sattatactory reswis ar: obtained with sharp tools
3.043 Rupture properties of high puriry Tantalum, Fig. 3,043, anvl ughx) feeds and finishing the wark in oue operation,
(13, p. 4).
3.05 Fa Pr. rien 4.024 Crinding. Grinding of pnoealed Tamnlum 1y impractical.
3,081 Fatigue curves for annealed sheer at room and sub=zero Hardened Tantalum cao be ground with silicon curbide
temperateres , Fig, 3.051. wheels, floodad with soluble olt and dressed [requeniy,
3.052 Fatgue cuxves for ennealed wire at room and sub-zero {tL p.327).
temperatures, Fig., 3.052.
4.03 Welding
3,06 Elastic Propertes 4.031 General. The metal may be welded 10 itsell and certain oth-
3.061 Modulus of elagicity at room and elevated temperatures, er mewmls by inert gas arc and reststance welding, (i3, p. 3).
Fig. 3.061. 4.032  Resisance welding. Reatstance welding eon be done with
3.0610  Modulus of eiagticiry 8t emperatyres shave 3000 F for conventional equipment, and methods are net substantially
arc melted sheet; Fig, 3.0611. different from those used in welding other materials, Wel-
3.062 Polgson’s ratio, 0.35,(11,p. 398). ding time should be kept as shert as possible and work
should be flooded with cooling water where possible. Too
4. PABRICATION much welding force causes too lirtle interface resimance,
(13, p. 4).
4.01 Ferming and Ca 4.033 Inext gas arc welding. The inert gas arc welding technique
4.011 General. Cold forming is preferred because of poor oxida- is preferred for weldieg Tantalum sheet material.greater
tion resistance, It is readily drawn, formed, stamnped, forged, than 0.020 in, but is unsatisfactory for materinl less than
catand blanked by conventional methods, Annealed Tantalum 0.020 in. The alloy can be joined by this methed using high-
kas a tendency o selze,tear or gail, (12, p, 11} ly purified gas. Swrong ductile welds cap be achieved through
4012 Farging, The metal work hardens siowly to a maximum of the Tungeren inery gas method . Extreme care must be takep
~RC 30 and muy be cold forged under & hammer or press. 10 cover with inert gas all surfaces which are raised above
Watex cooling before reductions is necessary to avoid bea- 600 P by welding heat. Homogeneous and high ducdlity can
ting. No imexrmediate anneal 1s required, (12, p.13). Be achieved by use of welding chamber, (11, p. 335) (13, p.4).
4.013 Heavy sections can be heated for forgings to abour §00 F, 4.034 Ocher welding methods. Carbon axc and electron welding
(13, p.1). have been successfully used, (11, p.339). Taptalum canoot
4.014 Blanking and punching. There are no difficulties in blanking be gas toxch welded, {13, p. 3).
uod punching. Scoring of the die can be prevented by car-
bon tetrachlozide or trichioroethane as a substitute. Steel 4.04 Heating and Heat Treating
diea are used, {13,p.1). 4. 041 Sintexing. Bars produced by vacuum sintering are roduced
4.0141  Form stamping. The techniques are elmilar to those of mild 20 to 50 percext by rolling, forging and swaging. Sintered
steel. Where there iy a slipping of the metal,al wninum a second time at 4712 F, 1to 2 hr.
bronze or berylllun copper dlta showld be used, Annealed 4,042 Annexn! at 2250 F, fyrnace cool, 1o obraln material for dccp
Tamalur: does oot HpTing hack from the dies, (13, p-2). drawing and subsequent working, (12, p. 17).
4.015 Crawtng, In order to prevent galling and welding i the dies
gpecla) lubricants are required for drawing of large bary, 4.05 Surtace Treamment
Flocded dies with chisrinated hydrocarben ofls contalning 4.051 Cleaning. Conventional cleaning methods and materiats may
dtanium ¢xide pigment er carbon tetrachloride and beeswax be used safely, although hot caustics must be avoided, (13.p. 2
covE 54010
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BT PT PER (HR 5Q FT )

Ta

For chemical surface cleanliness,bot sulphuric acid solu- 1.0 = WP 0.1 To, COMM PURE
don of chromic axide is recommended, (12, p. 17}, & %CI,..E D OR POLISHED
4.052 Pickling. Where surface contamination occurs, pickling in . XI.D‘IZL“EED E
a 40 percem nitric 60 percent hydrofluaric achd soluticn at 25 ELLIVED g
room temperature Is necessary. Rinse with clean or dig- P 0.08 3
tilled water and dry in a blast of air, (12, p. 17}, ’ g
4.053 Polighing. Tantalum can be polighed bur oot to a mirrarlike ™
finish, {13, p. 5). &
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