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L GENBRAL L.09 Special Constderations
Commexctally pure titanium is used where high ductility L 091 Hydrogen pickup during ptekiing or heating may lead to
asmociarrd with moderate strength, high correaton resist- bydrogen embrislement,
ance and good weldabiliry are deaired, It is available in Lo092 Corygen and nitrogen contamination during ot formicg or
various degrees of purity, characterized malnly by differs heat treating may result in a brimnle skin and difficultes
cat oxygen contends, and, conscquently, with different oa further forming operations.
mechanical properties, lo 1939 three major grades were
preferred with minimum yield strengths of 40 kai, 55 kai
and 70 kai, although other grades having yleld strengths 2 PHYSICAL AND CHEMICAL PROPERTIBS
fxom 35 to B0 kst are aloo widely used.

2,01 Thermal Properties

Lo Commexcial Des . Commercially pure ttanium, 2,01 Melting temperature. 3000 to 3040 F. ldeldng polot of high

e purity flodide) timntum 1» berwees 3020 dad 3055 P,
2,0p2 Phase changes. Alloy transforma from beta phase to alphe
Loz Alternate Des tions, phase op cooling, Transformation temperature range (betn
Wﬁ%ﬁm,mwu, A=40, MST~40, RS- transuz). Table 2. 012,
40, T1=55A,
Fry, min = 55 kai, 99 + T, TI(55,000 pai), A=35, MST-353, TABLE 2.012
R8~55, Ti-65A. ) o | - =
:g,‘.?;m;;;g:‘n. 99 Ti, Ti(70,000 pai), A-70, MST-7, [ﬁw . mx_.l__n_js__[_n.mM R e
Pq. min = 80 ksl. Ti-100A.
L03 Specificadons. Tahle 1, 03 2, 0E3 Thermal conductlvity, Fig. 2.013,
2,04 Thermal expension, Fig. 2.0l4.
I TABLE 1.03 l 2,05 Specific heat, Fig, 2. 015,
M—E-I—F mtn] Form Miltwary 2.02  Other Physical Properties
::g: kai w“::'ﬂ:"‘e MIL-T-2046 C1 5 2,021  Densiry, 0.163 Ib per cu 1o, + 51 gr per cu cm.
ws1 ize, wel ding g léama Blectrical resistivity, Fig. 2.022. )
4900A] 55 kai , mxip, plate [MIL-T-9046 C17 ) me mpf.oom at icfﬁ’::c:"mm - Peemesbilisn
4901B] 70 ka1 srip, plate  [MIL-T-9046 C1 6 :
49214 » forgings, sad  [MIL-T-9047 C1 1 2,03 Chemical Properties
ceglog stock 2,00 Corroslon reslsmncs
2,031l  Genersl Timnium and ita alloys possess outsStanding corros
sion Tesimance o most media, s summarized in Table
LO4 Compoeition, Tahle L 04 2,031,
ABLE 2.031
TABLE 1. 04 edlum I 1
Source AMEB AMS AMS AMS AMS Nitric Acid Excellent for all concentratione and to boiling
(1) (2) (3) (4 &) (6} point. Titanium has pyrophoric tendencles in
Fry, min - k&l TS red fuming nitric acid below 2 percent water
Percent | Percent | Percent | Percent | Pexrcent and 10 to 20 perceat altrogen dioxide contents,
Max Max Max Max Max

Carbon 0.30 0.10 0.20 0.20 0.20 Sulfuric, Hydrochloric| Resists attack in dilute sclutions at low tem-

Nitrogen QLo 0.07 - - 0.07 and Phosphoric Aclda |persrures. At higher temperatures and cou-

Oxygen (a) - 0.15 - - 0. 40 centrations, lohibitors allow effective appli-

Hydrogen 0. 015 o.ms 0. 015 .05 0. 0125 catlon,

:‘on' - g 1} - - - {Hydrofluorie Actd Rapidly artecked

agancee - 0 - - - Organic Sales Generally good. Borderline masaivity in
Ocher 0.60 - 0.60 0. 80 0.80{c) formic -idgoclcm“onceu: acids.
Tisaium Balancz | Balance | Balance | Balance | Balance

- Inorganic Salws Qurowanding, particularly to pitting atack of

() "It determoed (c) Need not be reported chloride solutions (ses weter), excepuon

(6} AMS 4941 only aluminum chloride.

LOS Heat Treatment Alkalies Bxcellent for all concentrations and to bolling

Lo8l Anneal 1000 P, 1hr to 1300 P, 2 br, depending upon de- poiot, except bolling concentrated potasaium
gree of reawration of yleld strength desired, Bifect of hydroxide.
annealing temperature on yield smrength of cold rolled Ti-

55, Pig. 1 0SL 2.0312  Stress corrosion mey oceur in commerclally pure titanium

L 052 Soreas relief w avold distortions due to Tesidual soresses, in dry red fumic acid. Stress corrosion may also oceur in
IKNOF, 1/2br wihr, 900F, 2t 4 br or 800 F, 8 hr. some titanium alloys, but cot in pure titantum, if chioride

salts have besn deposited on the surface of srressed maoe-

Los Hardemabllity. ALl grades can be bardened only hy cold rial which is then subjected to high temperatures.
work, 2.0313  Galvanic corrosion of many metais is promated by con-

tact with timnlum and its alloys. which are at the noble

Lo Forms and Conditions Availahle end of the galvanic geries, next to nickel base alloya.

Lo Alloy is avallable in the full commercial range of alzes 2.0314  Hydrogen embrictlement 18 a major problem with deanium
for sheet, strip, plate, bar, billet, wire, forgings, ex~ and 113 alloys. Hydrogen 19 readily absorbed from bydro-
tTusions and seamiens and welded tubing, all in the an- genating solutions at room temperature aad {rom the at-
naaled condidon, moaphere at elevated temperatures. Hydrogen embricie~

Lo72  Bpecil products which are available on a commercial menr of titanium alloys may sasume one of two forms, Firm
baais are cold worked fat products and wire and castngm, common for alpha alloys, is a reduction in ductility and

slight increase in strength. This is aseociated with a de~

L08 Melting and Casdng Pracoice., Consumable elecorode crease o impact strength at temperatures below 200 F and

dothle vacuum melt,

a ghift in the temperature range where the change from duc-
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tile o brimle behavior is chaerved. Second, similar to the
embrizlement of stoels, la an emhrittiement az alow speeds
of teaTing And under consthar or sustained” loeda &5 usu-
ally demounstrated by such tests on notched specimens.
This type of embrittiement becomen evident only
abowve a certain strength level and it 1s observed particy-
larly in alpha-bets type alloys st room and moderately
clevated temperatures, Io geoeral, the bydrogen tolerance
of diantum alloys L specified at 0, 015 percent for bar pro=
duces, bz if may vayy depending upon the alloy and its
condition, I the tolerance limit is maintained, hydrogen
embrimiement is prectically absent.

REVISED: MARCH 1963
I a2l
[Alloy_. Ti- [ 7155 Ti-70
Hardness
RB, min 88 95 -
max 91 99 -
RC, min - - 23
max - - Lid
3,022 Bifect of exposure to elevated temperatures with load on

tensile properdes of T1-70 bar, Table 3. 022,

1.0x Oxidation reslatance

2,032]  Scaling of titaaium and ite alloys staxts at about 900 F.
Light scals tormed during exp e At peTatures up to
1000 F for long tmes bas po detrimental effece om the pro=
perdes.

2,012 Heating to temperatuzres ahove 1000 P under oxidizing con=
ditons results in increasingly severe surface scaling as
well as in diffusion of cxygen. Diffuslon results in hard
brimle surface layers difficult to distinguiah fram the base
menl. This contaminaced layer is hrittle and must be re-

d, twrefore, by hanical or chemical means prior
to forming pares or application in streassd componenta,

2.04 Nuclear Properties

2.041 The thermal neutron absorption crose section of titanium
ta 5.6 barns.

2. 042 The mechanical properties of Ti-70 are affected by irra-
diation as follows.

2.0421  The hardoess I increassd by exposure at 3to 20 x 10?
ovt slow and 200 w0 S40 F from about 200 w 230 BHN.

2.0422  [rradistion at 180 F raises the yield swrength consider-
ably, the tenslie strength to a lesser extent and reduces
the ductlity, both 4t room tempernture and at 212 P, A
yield point was observed when tesied at 390 F.

2.0413  The Impacr scrength appears usaffected by trradindon,
according to limited dats.

2.043 Physical properties of Ti-70 are affected by irradistion
as ollows.

2.0431  The density remeined constant after irradiavon.

12,0432 No dimemsional changes were obeerved,
2.0433 The electrical resiativity decreased by exposure at 2 o
7 x 1020 ot elow and 180 F.
N MECHANICAL PROFERTIES
La Bpocitied Mechavical Propertics
Lq@ AMEB specified mechanics) properties, Table 3, Q1L
TABLE 3,00
Bource AME | AMSS AMEB | AMS | AMS | AMS
(1) (2) (£)} {4) ) (6)
| Alley Ti-40 Ti-55 Ti-70
8heet, [Tubing.! Wire, |Sheet, |Sheet, |Bar,
Form srip, |welded {we strip, |otrip. Horgl
plate Iphm plate | stock
Condition Ann
Fr. min - ksi 50 50 50 65 80 80
pax - ksl - - 20 - - -
P',.. min - kel 40 40 - 5% 70 70
max - ksi 65 65 - 80 93 -
o(2 in), min-percent 20 20 - 18 1S [{4D) 1%
RA, min  -percamy - - - - - 3o

*  Thickness 353 in

3m

3.0
CoDE 370!
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Machanical Propertias at Room Tempersture. Sea 3, 03
also,
Typical bardness values, Tahle 3. 021

TABLE 3,022
| Source _{7, p- €-17)
LAlley, Ti-70
[Form Bar_

Condition Ann

U0 hr exposure at Tested at RT

Temp Load | Creep Po Fry € BA

F kat percent | kai kat percent| percent
RT 45 10. 6 o7 97 15 45

400 40 3.6 b 89 20 53

600 35 5.8 106 98 20 2

800 12.5 6.5 93 76 20 a3

1000 4 16.8 83 &6 w al

023 EHect of atrain rate on tensile propertes of T1-55 and
Ti-70 sheer, Pig. 3,023,

3. 024 Compressive yicld sorength, B =L 04 Pry.

3,025 Commercizlly pure tanium m%x noich sénsitive at room

perature, as evid d for ber by & conswmant notch
stzength ratio over a wide range of stress concenrrations
or notch sharpnesses, BEffect of notch sharfmess on the
ootch strength ratio of bar at room temperature, Fig.
3. 025.

3.026 Sheet specimens, provided with notches of various sharp=
nesaesa, also show lack of notch sensitivity at room temper-
swire, evidenced by linear increase in notched strength
Tato with aotch depth. Effect of notch depth on the notch
strength rado of aheer, FPig. 3. 026,

303 Mechanical Properttes at Various Temperatres

3.0: Short time tension properdes

3,031  Strees siTain curves for Ti-55 and Ti-70 aheet at room
and elevated temperatures, Pig. 3,031,

3.0312  Effect of test emperature oo tensile properdes of various
grades of tianlum bar and sheet, Pig. 3.0312,

3.0313  BEfecr of test temperature on tenaile properdes of T1-70
sheet, Fig. 3, 0313,

3.0314  Bffect of test temperature on tenaile properties of annealed
and of cold worked @, 064 In T1-55 shest, Fig, 3, 034,

3.0315  Effect of test temperature on tensile strength of annealed
and of cold worked 0. 187 tn T1-55 sheet, Pig. 3.0315,

3.0316  Bffects of test temperature, holding tme apd atrain rate
on teasile properties of Ti-70 sheet, Fig. 3. 0316,

3,032 Sbort time properties other than tension

3,021 Swress strale curves 1o compression for Ti=-55 at room and
elevated temperateres, Fig, 3,012L

3,0322  Effect of tess temperature on compregsive yield strength
of Ti-55 sheet, Rig. 3,0322,

3.0323  Rffect of test temperature on bearing properttes of Ti=55
sheet, Fig. 3,023,

3,0324  Effect of tegt temperature on shear strengeh of T1-55 aheet,
Flg. 3.0324,

3.0325  Effects of test temperature and strain rate op toralon
atreugth of T1-70 bar, Rig. 3, 0325,

3.0326  Effect of teat temperature on impact streagth of various
grudes of dtanium, Fig. 3.0326.

3,033 Stafic stress concentrarion effects

3, 0371 Effecta of nowch depeh and low test temperatres oo the
nolch strength rado of Ti-70 bar, Flg, 3, 033L

3,04 Creep and Creep Rupture Propertes

3040  Toml streln curves for T1-70 sheet at 500 t 1200 F, Pig.
3,041

3,042 Cresp rupture curves for Ti-55 and Ti-70 at rosm temper=
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ature to 1000 F, Fig. 3. 042,

3,05 FPatigue
3. 051 Patigue pxoperdes of Ti-55 bar, Table 3,050
TABLE 3, 051
[Source & p. 30
Alloy Ti-35
orm _Bar
Condidon Ann
Tewmp [Sxxesn Stress Patigue Strength - ksi
P IMethod |Rado Concen- at Cyclea
21| waden 108 107
-3 Pevbend] « | -1 |Smooth K =1 - 100
Notched K =22.7 - %
RT Smooth K = 1 42 £l
Notched X =2.7 - a5
400 SmoothK =1 22 23

3082 Fatigue properdes of ‘[3-70 sheet and bar af room temper~
amre, Table 3,052,

TABLE 3,052

Source {7, p. C-15)

LA oY Ti-70

Condition Ann

Streas Stress Patgue Sorength - kai

Porm [Method Rade Concen-~ at Cycles

AR | oraton 09 | 108 | 1w’

Bar theary = -1 |[Smooth K =1 75 68 62

Nowhed K =2.7] 42 3 36

[ Theet Dlrect | B[Smooth K =1 T 17
I'Scres s

3.06 Blasdic Properties

3.061 Modufus of alastcity at various temperatures, Fig. 3. 06L

3. 062 Modulus of rigudity 4t room and elevated temperatures,
Plg. 3,062,

3. 063 Polssou's ratio, 0, 34 to 0. 405,

3. 064 Tangent modulus curves ln compresaion at room and ele«
vated temperatures, Fig. 3.0064,

PABRICATION

401 Porming and Casdog

4,01 Commercially pure ticanium 15 formed only to a imited
exzent at room temperature, Many forming operadons re-
quire heating to 40001200 F. The ease of forming decreass
a8 the ptrength increases, Burrs should be removed by
filieg to prevent edge cracking.

4012 Bend radil of 3. 5i can be obtained at room temperatures
uaing & lubrtcant. -Smaeller radii cap be formed at temper-
atures sbove 300 I,

4,013 FPlanges cap be rubber or die formed and sections can be
conwured by stretch forming at room temperamre, Prefer-
ably, the pert Is formed in two operations wich an inter-
mediate angeal,

4. 014 Blevated temperaturss are used for various forming oper-
ations as follows: Drop hammer formicg, 800 to 1000 F,
spinalng and deep drawing, about 800 F, rubber forming
and die forming flanges, 400 w 800 F.

4, 015 Shearing and blanking require rhe same techniques and
pressures as 1/4 hard austenitic etainlesn steels;

4. 016 Forging. Starting temperature 1700 F maximum, finishing

4. 017

temperature L200'F minimum. To ebain optimum proper-
tes, forging equivalent to 25 to 40 percent reduction
ehould be performed below the ransformation temperature
(betn to alpha 4 beta) 1o the fingl forging operation, Sub-
sequent reheating such as required for glzing operations,
should not excesd 1500 F or, generally, about 200 P below
the beta to alpha plus beta tamperature.

Castings having properties comperable to those of wrought
products can be produced tn commercially pure titanium
ustng co ble or ole electrode melding

4.02
4.021

4.022

4,023

4,03
4,031

4.0%2

4.033

404
4. 04}

4. 042
4.043

4. 044

4,052
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techniques. ‘The mechl 18 poured in vacuum into special
wold materials sych ag machined graphie.

Machining

Commercially pure titanium has machining characteristics
gimilar to those of austenidc smintess steels, Timpium
alloys, becayge of their highar hardness, are somewhat
moze difficulr v machine, but the same general rules
apply. Sharp tools, rigid setups, heavy feeds plow speeds
and an abundance of soluble oil coolant are the basic rules
for successful machining, Titrium requires low forces
and demonstxraies o completz abgence of “budlr up edge™

It can be machized to very high surface finisheg.

Sawing 1s beat performed with high apeed friction saws
running at a linear opeed of 4000 to 4500 fpm. The feed
should be positve. Hack and hand sawing i also possible,
High speed steel blades, beavy feeds and slow speeds
should be wed, Surface scale and contaminated surfaces
will resulz in excesaive hlade wear if not removed,
Grinding should be performed only as a finishing operation.
Light feed rares should be mainteined. Silicon carbide
wheels are sadgfactory for conventional speed grinding,
Maximum grioding retios are maintnined at 3, 000 to 5, 000
feet per minute surface speed. Parts should be stress re-
Ueved after grinding to remove residual seresses,

Welding

Genersl Commercially pure titontum 15 readily welded by
suitable technig Welds p excellent flow char-
acteristes, high smength and ducdlity and a corrosion re-
alsmoce equal o that of che parent metal

Fusion welding to 100 percent efficiency 15 accomplished by
using gaa shlelded arc welding techniques. In open fusico
welding, shislding can be effected by & sufficient supply of
helium or axgen, or preferably a 50/50 mixmire of both,
whareby any air coatact with surface areas heated to 1800F
or higher o prevented, Alternacively, inert gas filled
chambers are used, Back up support is easential. The
edges must be deburxed by filing and the metal must be
very clean where welded., Stress relief at 800 to 1000 F in
a furnace, or st about 1200 F with & gas torch is recom -
mended akter welding,

Renistance welding, Spot and seam welding is done without
protective atmosphere, using electrode pressures welding
currents and dme cycles similar to those vsed with austen-
idc sminlens stesls.

Heating and Heat Treating

Elecwic furnaces are preferred for heating and heat treat~
ing. If gan fired furnaces are used, these should be of the
muffle type and e atmosphere should be oxidizing, Direct
flame impingement should be avolded to prevent severe
localized oxidation and contarnination,

Conmace with scale or dirt should be prevented,

‘The heating and heat treating time should be kapr at a
mislmum, after uniform temperature to reached.

Direct resisiance heannag of sheer or other thin sectdons
roay alternately be-used where extremely short heat up snd
total heating times arc deaired on nearly finished surfaoces
to minimize surface oxidadon.

Surface Treating

Cleaning. Ouddation at tempersuiren in excess of LOO F is
detrimenml to [orming and machining operations and can
rarely be tolerated {n fintahed parts. Scale may be removed
preferably in oxidizing molten salt baths although under
certain condivions sedium hydride type baths cap be ysad
if bydrogen pickup is minimized Ix may also be removed
mechanically by grit or vapor blasting or by grinding.
Grinding should be followed by stress relief, After scale
removal, the subsurface high oxygen layer aheuld be re-
moved by pickling in a 20 to 35 percent atrric seid - 2 to

5 percent hydrofluoric acid solution a2 130 to 160 F, A
aitric © hydrofluoric acid rate of 10:] or greater should
be mainwained e prevent hydrogen pickup,

Light discolorstions obtnined by heating at 1000 to 1100 F
may be removed by pickling in the ulrric acid-hydrofluoric
acid soludon,
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4. 053 Burface hardenirg, to minimize wear of reciprocatag perts 0.20
:::. mp:}::.ﬂwﬂﬂmwmmduuu 1n mé '"/

4. 054 Galling of bolza or in forming of parts, can be eliminated

)
3
by anodic ox phosphate base chemical conversion type ; 0.15
coarings. Owides devaloped st 1200 t 1400 F also preven: & L~
galling and sexyve as & base for lubricants, E —
& 055 Hloctroplasing with copper or nicke] can be applied to |
titanium . 0.10
0 00 200 1200 1600
FIG. 2.015 SPBCIFIC HEAT
10, p. 4)
T35 80
100 CR+ ANN, | HR STRLNGTH LE]VHL kL
Fry N § NOT GIVEN —e
A 153) Cr .~
® %0 -
gw ' s
BLECTRICAL LR T0KST) g
g BREBISTIVITY 35 K51
@ g«
|
o 100 U0 1200 100 1800 » /
ANNBALING TEMP - P ,,“ ——— Uy
PIG. 105} BPFECT OF ANNBALING TEMPERATURE ON YIELD e —_
STRENGTH OF COLD ROLLED T1-53 SHEET 0
(9, p. 108) -400 o 400 800 1200 1600 2000
TEST TEMP - F
3 ' FIG. 2.0 ELECTRICAL RESISTIVITY
THERMAL | m 10, p. 311, p. 48)
o CONDUCTIVITY
™
e 12
g N
g \ Tu58
70
g 7
= /
e
E N
10
\
[ 400 50 1200 1600
TEMP - P

P10. .03 THERMAL CONDUCTIVITY
(10, p. 3)

ol l ] n E ©
MEBAN COEF LINEAR -_——
E THERMAL axrmm_gi___,.—-—/ E
& P .
gs Vs o
7 OO TR
& ’f’é% amsam T 0.0004 0. 001 ©.01 0.1 1
£ 0 ) 200 B0 1600 3000 STRAIN RATE - IN PER IN PER MIN
-] TEMP - F Fig. 3,023 EFFECT OF STRAIN RATE ON TENSILE FROPERTIES
FI0. 2.014 THERMAL EXPANSION OF TI-55 AND TI-70 SHEET
(10, p. 3) (%, p. 100, 101)
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LB v 15 Tt 1
® 13 T-70 8o |=—-T1-95. 0.064 IN SHEET "
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E e —— TIi-70, 0,025 IN SHEET
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(12,5, 15X13,p.17) % A== pros
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FIG. 2.0311 STRESS STRAIN CURVES FOR TI-55 AND
T1-70 SHEET AT ROOM AND ELEVATED
TEMPERATURES (L4}15,p. 67, 68)
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Ti-58
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