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500X : N27351

FIGURE 4. Ti-2Mo-2Fe-2Cr ALLOY CONTAINING 200 PPM HYDROGEN

Solution heat treated and aged.

FIGURE 5. Ti-6Mn ALLOY CONTAINING 600 PPM HYDROGEN

Stabilized,

WADC IR 54-616 Pt IV 12
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FIGURE 6,

250X

N26155
Ti-4Fe ALLOY CONTAINING 200 PPM HYDROGEN

Stabilized,

WADC TR 54-616 Pt IV 13












75X N28249

FIGURE 11, HYDRIDE AROUND A NOTCH IN THE SHOULDER OF AN
UNTESTED Ti-4V ALLOY (HIGH OXYGEN) TENSILE
SPECIMEN CONTAINING 200 PPM HYDROGEN

100X N3l442

FIGURE 12, HYDRIDE AROUND A FORMER VICKERS HARDNESS
IMPRESSION (REMOVED BY POLISHING) 'N A
Ti-4Mn ALLOY CONTAINING 200 PPM HYDROGEN

Stabilized,
WADC TR 54-616 Pt 1V 17

































50X As Polished N25173

FIGURE 15, MICROSTRUCTURE OF THE REDUCED SECTION OF A
HYDROGEN-CHARGED AND DEGASSED Ti-2Mo-2Fe-
2Cr ALLOY TENSILE SPECIMEN SHOWING POROSITY
IN THE NECKED REGION
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TABLE 11, RESULTS OF CHEMICAL ANALYSES (Continued)

Intended
Addition, Alloy Addition by Analysis, weight per cent
weight per cent No, Mo v Nb Ta Mn Cr Fe Cu Ni Al Se
4Al-4Fe, iodide K-b4 4.0l 4.0l=)
base
4Al1-4Fe, sponge K-65 4.5l8) 3.9(2)
plus 0,150,
4A1-4Cr, iodide K-66 3.98) 3.9(8)
base
4A1-4Cr, sponge K-67 3. 9l*) 10(0
plus 0.1502

(a) By quantitative spectrographic analysis.
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TABLE i2. FABRICATION DATA FOR ALLOYS PREPARED FOR THE STUDY OF THE EFFECT
OF COMPOSITION ON HYDROGEN EMBRITTLEMENT

Intended Forging Swaging Swaging
Addition, Alloy Temperature, Temperature, Temperature,
weight per cent No, F to 5/8-Inch Rouwnd, F to 1/4-lach Round, ¥
Binary Alloys
Yeta Isomorphous, non-hydride formers
4Mo K-1 1650 1500 1300
8Mo K-2 1650 1509 1300
20Mo K-3 1800 1700 1400
Beta lsomorpaces, hydride formers
@ K-4 1700 1600 1300
LY K-5 1650 1600 1300
20V K-6 1800 1600 1300
4Ta K-7 1650 1500
8Ta K-8 1700 1500 1200
4Nb K-% 1650 1500 1300
8Nb K-10 1800 1650 1300
Eutectoid, sluggish
4Mn K-11 1600 1500 1300
eMn K-12 1600 1500 1300
EMn K-13 1700 1600 1300
Eutecto:d, relatively active
2Fe K-14 1650 1500 1300
4Fe K-15 1650 1600 1300
4Cr K-l1¢ 1600 1500 1300
Cr K-17 1800 1650 1300
8Cr K-18 1650 1600 1300
Eutectoid, active
4Cu K-19 1650 1600 1300
Cu K-20 1800 1650 1400
4Ni K-68 1800 1700 1300
™ K-69
Beta Multiplicity
ZMo-2V K-21 L1700 1500 1300
4AMo- 4V K-22 1700 1500 1300
SMo-8V K-23 1800 1700 1300
ZMn-2Fe K-24 1650 1600 1300
ZMn-2Cr K-25 1650 1600 1300
2Cr-2Fe K-26 1650 1600 1300
3Cr-3Fe K-27 1650 1600 1300
ZMn-2Cr-2Fe K-28 1650 1600 1300
2ZMo-2Mn K-29 1800 1650 1300
2Mo-2Cu K-71 1650 1500 1300
ZMn-2Cu K-70 1650 1600 1300
2ZMo-2Fe K-30 1700 1500 1300
2ZV-2Fe K-31 1800 1600 1300
2ZMo-2C~ K-32 1700 1600 1300
2Mo-2Cr-2Fe K-33 1800 1600 1300
Aluminum Additions
4A1-4Mo K-34 1800 1700 1400
6ALl-4Mo K-35 1900 1700 1400
4AL-4V K-3¢ 1800 1600 1300
GAL-4V K-37 1900 1700 1400
4AL-4Mn K-38 1800 1600 1400
GAl-4Mn X-39 1800 1650 i400
4Al-2Fe K-40 1800 1650 1400
6Al-2Fe K-41 1800 1650 1400
WaDC Tk 54-616 Pt IV &5
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TABLE 12. FABRICATION DATA FOR ALLOYS PREPARED FOR THE STUDY OF THE EFFECT
OF COMPOSITION ON HYDROGEN EMBRITTLEMENT (Continued)

intended Forgng Swaging Swaging
Addition, Alloy Temperature, Tempe rature, Tempe rature,
'.f per cent No. ¥ to 5/8-Inch Round, F to | /4-Inch Round, F
AAL-4Cr K42 1800 1650 1400
SAl-4Cr K-4) 1800 18650 1400
4AL-TCu K-72 1800 1650 1400
4AL-2Cr-2Fe K44 1800 1600 1300
QAL M), e L, WMo K45 1800 1500 1300
Tin Addiions
125n-4Mo K-7) 1650 1500 1300
125n-4V K-74 1800 1700 1400
125n-4Mn K-7% 1800 1600 1400
125n.-iFe K-7¢ 1800 1700 1400
125Sn-4Cr K-77 1800 1650 1400
125n-7Cu K-78 1800 1650 1400
Interstitia. Level
4Mo, 1odide base K-4 1600 1650 1300
Mo, sponge plus 0,150, K-48 1700 1600 1300
20Mo, odide base K-47 1800 1650 1300
20Mo, sponge plus 0 150, K49 1800 1700 1400
4V, rodide base K-50 1600 1650 1300
4V, sponge plus 0,150, K-52 1800 1600 1300
20V, iodide base K-Sl 1800 1650 1300
20V, sponge plus 0,150, K-53 1800 1600 1300
SMn, iodide base K-54 1600 1650 1300
SMn, sponge plus 0,150, K-5% 1700 1600 1300
o r, iodide base K-S 1000 1650 1300
oCr, sponge plus 0,150, K-8 1800 1600 1300
TCu, rodide base K-80 175 1600 1300
TCu, sponge plus 0,150, K-y 1550 1600 1300
SAL-4Mo, 1odide Dase K-58 1800 1650 1400
6Al-4Mo, sponge plus 0,150, K-59 1900 1700 1400
BAL-4V, 1odide base K-80 1800 1650 1400
SAL-4V, sponge plus 0 150, K-61 1900 1700 1400
4AL-4Mn, odide base K-b62 1800 1850 1400
AAL-4Mn, sponge plus 0,150, K-6) 1800 1600 1400
4AL-4F ¢, 1odide base K-o4 1800 1650 1400
SAL-4Fe, sponge plus 0,150, K-65 1800 1600 1400
SAL 4Cr, 1odide base K-b6 1800 1650 1400
4AL-4Cr, sponge plus 0150, K-o7 1800 1600 1400

M
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N32179

500X

4V (K-37)

SHOWING SMALL PARTICLES OF BETA IN AN ALPHA

MATRIX

FIGURE 16. MICROSTRUCTURE OF VACUUM-ANNEALED Ti-6Al-

N31440

MICROSTRUCTURE OF VACUUM-ANNEALED Ti-2Cr-2Fe

(K-

(GRAY)

26) SHOWING A MIXTURE OF APPROXIMATE 50 PER

CENT ALPHA (WHITE) AND BETA

FIGURE 17.

49
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300X N32167

N32169
a. Medium Equiaxed Alpha, b. Medium Equiaxed Alpha, c. Medium Equiaxed Alpha,
Stabilized Solution Heat Treated Solution Heat Treated and Aged

N32170 N32172

d. Coarse Acicular Alpha, €. Coarse Acicular Alpha, f. Coarse Acicular Alpha,
Stabilized Solution Heat Treated

g . S
¢ c‘-’dff"

. 5 "

& Ao T

= 9 "‘.A-&‘n v g)

| GIMRL ™ -

F3 - g g

s . e e

300X N32153 300X N32158

g. Fine Equiaxed Alpha, h. Coarse Equaxed Alpha, i. Mediam Acicular Alpha,
Stabilized Stabilized Stabilized

FIGURE 21. MICROSTRUCTURES OF Ti-8Mn ALLOY (K-13) IN VARIOUS CONDITIONS

Nominal hydrogen content 20 ppm.
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300X N32173 300X

a. Medium Equiaxed Alpha, b. Medium Equiaxed Alpha,
Stabilized Solution Heat Treated

¢. Medium Equiaxed Alpha, d. Medium Acicular Alpha,
Solution Heat Treated And Aged Stabilized

300X N32178

e. Medium Acicular Alpha, f. Medium Acicular Alpha,
Solution Heat Treated Solution Heat Treated and Aged

FIGURE 22. MICROSTRUCT URES OF Ti=2Mo-2Fe-2Cr ALLOY (K-33) IN VARIOUS CONDITIONS

Nominal hydrogen content 20 ppm.
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300X N32179 300X N32180 300X N32181

a. Fine Equiaxed Alpha, " b. Fine Equiaxed Alpha, c. Fine Equiaxed Alpha,
Stabilized Solution Heat Treated Solution Heat Treated and Aged

d. Coarse Acicular Alpha, . Coarse Aclc-alar Alpha, f. Coarse Acicular Alpha,
Stabilized sam Heat Treated Solution Heat Treated and Aged

N

: ' | rmm 300X N32154
8. Medium Equiaxed Alpha, h. Coarse Equiaxed Alpha, i, Medium Acicular Alpha,
Stabilized Stabilized Stabilized
(Some Areas Very Coarse Acicular Alphs)
FIGURE 23. MICROSTRUCTURES OF Ti-6A1-4V ALLOY (K-37) IN VARIOUS CONDITIONS

Nominal hydrogen content 20 ppm.
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§. Medium Equiaxed Alpha, h. Coarse Equisxed Alpha, I. Fine Acicular Alpha,
Stabilized Stabilized Stabilized

FIGURE 24. MICROSTRUCTURES OF Ti-4Al-4Mn ALLOY (K -38) IN VARIOUS CONDITIONS

Nominal hydrogen content 20 ppm.
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TABLE 21. EFFECT OF ALPHA GRAIN SIZE ON THE HYDROGEN EMBRITTLEMENT LEVEL OF THREE
ALPHA-BETA TITANIUM ALLOYS AS STABILIZED AT 1100 F

———————————————— — e

— — = —_—
Tensile Prqeme-(b) Hydrogen Embrittlement
Description of Alpha uUTS, Elongation, Volume % Level, ppm
G-ain Sizeld) Type 1000 ps: % in 4D Alpha“" Slow Strain'‘/ Impact\t/

Titanium-8 Manganese

Fine (4.) equiaxed 130.0 32 60 (>200) 200
Medium (&) equiaxed 126.5 26 50 300 200'¢)
Coarse (8i) equiaxed 122.4 3 50 300 > 300
Medium acicular 123.9 28 50 300 > 300
Coarse acicular 120.7 30 50 300 > 300

Titanium-6 Aluminum-4 Vanadium

Fine (&) equiaxed 145.0 i3 90 > 800 > B00
Medium (124) equiaxed 130.9 (7 90 (>400) (>400)
Coarse (24) equiaxed'®) 149.9 9 90 200 > 200
Medium acicular 139.4 13 95 (>400) (> 200)
Coarse acicular 159.0 iz 90 (800) (> 600)

Titanium-4 Aluminum-4 Manganese

Fine (4u) equiaxed 150.0 20 6u-70 600 > 600
Medium (16u) equaxed 134.5 24 60 (> 300) (> 300)
Coarse (244) equiaxed 1328 1) 60 (100-200) (> 200)
Fine acicular 148.7 13 - (> 300) (> 300)
Coarse acicular 1435 16 ©0-70 200 >200

(a) Grain diameter, in microns, given for equiaxed alpha,

(b) Tensile properties and per cent alpha determined from vacuum annealed material. Low speed (0,005 inch per
minute) tensile test, Elongation values in parentheses estimated from extension between shoulders of specimen,

(¢) Values in parentheses {rom incompleted tests,

(d) I!mpact ductility recovered at 300 ppm,

(e) Some regions in this material showed very coarse acicular alpha,

e—————————
—_—

aDC To Sk-616 Pt IV
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TABLE 139. RESULTS OF TESTS TO DETERMINE THE HYDROGEN SENSITIVITY
OF THE Ti-4Al-@Mn ALLOY AS SOLUTION HEAT TREATED. FINE
EQUIAXED ALPHA.

Hydrogen Content, ppm VHN (10-Kg Load) lltn.u..rl"lk
Nominal y Analysis Hydrogen Content VHN Structure, <) ppm
20 - 20 319
200 - 200 333 S
600 - 600 - See Figuve 24b
800 - 800 -

Unnotched Stress-Rupture Tests Using 0.125-In. Round Samples

Applied Stress Rupture Extension, % Elonga- Reduction

Nominal % of Ultimate Time, Between ton, in Area,
Hydrogen Pei Tensile Strength hours Shoulders % in 4D %
20 144, 400 9t 309. 5(8) 5 7 -
20 141, 400 93 262.3(3) 4 6 —
200 149, 700 97 85.6 9 13 29
200 146, 600 95 256.1(2) 7 1 s
200 143, 500 93 259.8(2) 3 s =
600 145, 300 97 192.1 12 ) 48
800 147, 400 97 2.2 14 18 58

(a) Test discontizued before failure; (b) Broke outside gage mark; (c) Broks: on gage mark,

Unnotched Tensile Tests Using 0.125-In. Round Samples

Ultimate Propor-

Tensile Yield Stre: .l tional Extension, % Elonga- Reduction
Nominal Strength, 0. - 2 Limit, Between tiom, in Area,
Hydroges pai Offset Offset Offset pei Shoulders % in 4D %

Low Testing Speed - 0.005 In. /Min

20 152, 000 132, 600 132,200 131,800 - 12 ld“) 47
208 154,400 . 136,800 136, 600 134,100 131,000 25 22 48
600 149, 800 137, 300 135, 500 131,300 127, S00 14 26 56
800 152, 000 138, 000 136, 000 127,000 109, 000 14 22 50

High Testing Speed - 0.5 In. /Mia

20 153, 000 11 20 48
200 157, 300 11 15 50
600 152, 700 10 20 52
800 154, 000 10 18 s

(a) Broke on gage mark; (b) Broks outside gage mark,

N ch-Bend lmpact Tests Using Micro Sample

Energy Absorbed, in-1b
Nominal ydrogen At 7T i kl -4 F Conclus:on

20 26 16 No embrittlement observed
200 16 12
600 14 12
800 it 14

WADC TR S4-£16 Pt IV 218



TABLE 1490,

RESULTS OF TESTS TO DETERMINE THE EYDS OGEN A NSITIVITY
OF THE Ti-4Al-4Mz ALLOY AS SOLUTION KEAT TREATED AND
AGED. FINE EQUIAXED ALPHA.

Hydrogen Content, ppm VHN (10-Kg Load) Metallographic
Nomisal y Analysis Hydrogen Content VHN Structure, 20 ppm
20 - 20 a2z
100 - 100 - See Figure 24c
200 - 200 354
Unnotched Stress-Rupture Tests Jning 0.125-In. Round Samples
Applied Stress Rupture Extension, % Elongs- Reduction
Nominal % of Ultimate Time, Between tion, in Ares,
Hydrogen Pasi Tensile Strength hours Shoulders % in 4D %
20 150, 800 93 204.8 ] 14 28
100 157, 000 97 8.6 10 »A€) 36
100 153, 700 95 253,918 5 s €
200 159, 200 97 104.7 5 7 10
200 159, 200 97 2.5 & ) 21
200 152, 800 93 256,118 4 2 e
(a) Test discontinued before failure; (b) Broke outside gage mark; {c) Broke on gage mark,
Unnotched Tensile Tests Using 0.125-In, Round Samples
Ultimate Propor-
Tensile Yield Stre i tional Extension, % Elonga- Reduction
Nomina! Strength, 0. F F Limit, Between tion, in Area,
Hydrogen pei Offset Offset Offset _pei Shoulders % in 4D %
Low Testing Speed - 0.005 In. /Min
20 162,100 135, 000 134, 00C 128,400 124, 400 S l“" is
100 161, 800 145, 000 143,200 131,000 122,100 9 14 30
200 164, 300 143, 500 141, 500 137,400 134,500 10 16 30
High Testing Speed - 0.5 Ia. / Min
20 159, 600 9 19 3
100 160, 500 9 19 40
200 167,200 10 16 37
(a) Broke on gage mark; (b) Broke outside gage mark.
Notch-Band Impact Tests Using Micro Sample
Energy Absorbed, in-Ib
Nominal Hydrogen At 77 g T( ~40 F Conclusion
20 i3 9 Slow strain embrittlement at 200 ppm; no impact
100 12 10 embrittiement
200 10 7

MADC TR 54-616 Pt IV

(s

219



TABLE 141. RESULTS OF TESTS TO DETERMINE THE HYDROGEN SENSITIVITY
OF THE Ti-4Al-4Mz ALLOY AS STABILIZED. COARSE ACICULAR

ALPHA.
H en Contant VHN (10- Load) Metallographic
Nominal By E;znu Hydrogen nt VHN Structure, 20 ppm
20 = 20 342
100 =2 100 - See Figure 244
200 == 200 387

Usnnotched Stress-Ruptare Tests Using 0.125-1n. Round Samples

Applied Stress Rupture Extension, % Elonga- Reduction

Nominal ¥ of Ultimates Tirae, Between tion, in Area,
Hydrogen Pai Tensile Streagth hour e Shoulders % in 4D %
20 136, 300 95 5.5 6 7 0
20 133, 500 93 286. 418} 4 6 -
100 142,200 97 0.2 6 10 19
100 139, 400 95 5.9 7 _ <) 21
200 136, 000 97 13.2 5 s 10
200 133, 300 95 0.5 4 -{b) 23
200 139, 600 93 261. 3(2) 3 10 =

{a) Test dizcontinued bafore failure; (b} Broke outside gage mark; (c) Broke on gage mark,

Unnotched Tensile Tests Using 0.125-1n, Round Samples

Ultimate Propor-

Tenstle Yiald Sm?!& p tional Extension, % Elonga- Reduction
Nominal Strength, 0. F L Limit, Between tion, w Area,
Hydrogen pei Offset Offset Offset psi Shoulders % in 4D %
Low Testing Speed - 0. 005 In. /Min
20 143, 500 128, 800 127,000 119, 000 114,200 6 10 24
100 146, 600 131, 900 130, 000 121, 000 117, 400 7 9(d) 24
200 140, 500 128, 600 126, 500 116, 600 110, 200 7 14 14

High Testing Speed - 0.5 in. /Min

20 148,700 L] 10 23
100 150, 300 7 12 23
200 152, 500 € 11 20

(a) Broke on gaje mark; (b) Broke outside gage mark,

Notch-Bend Impact Teste Using Micro Sample

Energy Absorbed, in-Ib
Nominal Hydrcgen A 77 i kt —40 F Conclusion
20 28 14 Slow strain embrittlersent at 200 ppm; no impaci
100 24 10 embrittlement
200 23 13
MADC TR 54-616 Pt IV e
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mm:zm

Nominal

- .

138, 400
134, 000
138, 600
134, 100
137, 6%
147, 400
144, 400
141, 400

Ultimate
Tensile
Streagth,

Hydroges  _psi

148, 800
149, 000
142, 000
152, 000

149, 300
155, 000
153, 000
158, 000

]

hil Structurs 9 ppen
m
g See Figure 14

Usaotched Stress - Ruyiwre Tests Using 9.103: - ored Samples

(a) Broke on gage mark; (b) Broke outside gage mark.

Notch-Ber d impact Tests Using Micro Sampie

___‘.hng‘_ﬁ.z- Ropeur Frtwases, ® Elongs- Reduction
Tumwe S Hoa, in Area,
Tensile Streagth JSoure . ders Tt -
" 44 " "
L Y34 A€} 2
» 26 ¢ ' " L)
L FTIIS o . LY ) oo
9 .3 . - "
"” 1.2 s L) E 1)
9" L - LA F1)
» 275, 9i8) ’ » e
(s Test discontinued bafore failure; (b) Broke outeside gags mark (€) Broke o jags ™ah,
T o Round .
Propor -
Yield tional Extension, % Elongs - Redu. tion
o b o Lamit, Between tom, n Area
Offset Otfwet Offset po Shouiders S *
Low Tooting Speed - 0,000 bn. /Min
133, M0 133, 200 127, 400 125,100 . “N n
- - .- - s 4 n
195,400 133,300 123,000 117,000 - o) 14
141, 000 140, 000 130, 000 126,000 Ll 1 53 4
- 0.5 Min
1 12 i
. a 3
H] L ] E
? n 24
Ene in-1b
- Conclusion
n " No embr ttiement observed
n "
2 n
24 10
E-y

WA T

426 IV



TABLE 143, RESULTS OF TESTS TO DETIRMINE THE HYDROGEN SENSITIVITY
OF THE Ti-4Al-4Ma ALLOY AS SOLUTION HEAT TREATED AND
AGED. COARSE ACICULAR ALPHA.

Hydrogen Costent, E _ VHN (i0- Metallographic
Nominal y yoie ‘iydrogen t Structure, 20 ppm

20 - 20 360
100 = 100 - See Figure 24
200 -- 200 390

Unnotched Stress-Rupture Tests Using 0.125-In. Round Samples

Applied Stress Rupture Extension, % Elonga- Reduction

Nominal & ol Ultimate Time, Between tion, in Area,
Hydrogen Psi Tensile Streagth hours Shouldars % in 4D <
20 148, 100 93 133.3 - 6 9
100 154, 600 o5 0.3 5 (b) 21
100 151, 400 93 27.0 - - 16
100 138, 500 85 259.3(8) 2 3 =
200 155, 500 93 1.0 1 3 2

(2) Teet discontinued before failure; (b) Broke cutside gage mark; (c¢) Broke on gage mark.

Unnotched Tensile Tests Using 0.125-In. Round Samples

Ultimate Propos -

Tensile Yield 5?1?5 psi tional Extess‘on % Elonga- Reduction
Nominal Strength, 3 - F Limit, Betuzen tien, in Area,
Hydroges poi Offset Offset Offset pei Shoulders % in 4D 5

Low Testing Speed - 0. 005 In. /Min

v s Tr———

20 159, 300 i3.,100 134,500 126, 400 126 400 6 10 18
100 162, 800 145,100 142, 500 135, 000 129, 800 5 9 12
200 167,200 161,200 156, 900 141, 400 138,100 2 3 1
High Testing Speed - 0.5 In. /Min
20 161,300 5 ] 14
100 161,900 5 8 16
200 174, 900 3 3 13
(a) Broke on gage mark; (b) Broke outside gage mark,
Notch-Bend impect Tests Using Micro Sample
Energy Absor in-1b
Nominel Hydrogen At - Conclusion
20 24 12 Slow st.ain embrittlement at 200 ppm: tmpact
100 12 11 embrittlement at 100 ppm
200 10 9
WADC T 54-515 Pt IV 222

———
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TABLE 144,

—_—

20 .-
200 .-

134, 000
131, 300
140, 500
140, 500

5533 H[
;

ALPHA .

ta) tmq.u-—iwu-mmm“"-uumm-"—n.

20 134, 500
200 138, 200
e 147, %00

20 137, %00
100 140, 300
300 147, 500

WADC TR 4616 Pt IV

Unsotched

115,000
118, 000
136, 400

RESULTS GF TESTS 10 DETERMINE THF HYDROGEN SENSITIVITY
OF THE Ti-4Al-4Ma ALLOY AS STABILIZED. MEDIUM EQUIAXED
VHN () Metallographic
b __ Suecture, 0ppe
20 .- See Figure 14y
200 .-
L] .o
Tests o
Hupture Extension, % Elongs - Reduction
Time, Between tiom, ia Area,
Dewse Shoulders Siadd . -
1.3 1n 2 »
0.3 1 3] 40
.5 7 n 17
1.9 7 12 0
Tests 0. 125
Propor -
T R o
® . . Lamit, w Ares,
Ofiess pot _Shouiders S %
- '
112z, 700 107, Y00 101, 600 13 4 %
117, 400 112, 300 108, ™00 11 n 0
134, 600 126, 700 121, %00 L " 0
-0.5
10 0 “
1" 2 4
. 13 ] P2l
in-ib
- Conclusion
L Testing was act completed; so embrittiement at
9 300 ppm
0
E-3)



TABLE 145, RESULTS OF TESTS TO DETERMINE THE HYDROGEN SENSITIVITY
OF THE Ti-4Al-4Me ALLOY AS STABILIZED. COARSE EQUIAXED

ALPHA .
% VHN (10 Metaliog raphic
b PR . TN —
20 o 20 -
200 = 200 £ See Figure 140
Unmotched Stress-Rupture Tests Using 0. 125-1a. Rownd Sampies
_% Rapture Extension, % Elongs - Reduction
Nomina' Time, Between tom, o Area,
Hydroges L] Teasile Sereagth dowve Bhouiders pI°X ] . -
20 126, 200 » 149.) 1" i M
200 120, 900 AL 0.3 3 12 )
200 119, 500 a4 .0 5 10 .
200 118, 300 LH 209, 1\8) 2 ] o
(a) Test discon inued before failure; (b) Broke outside gage mark; (c) Broke on gage mark.
Ussotched Tensile Tosts Using 0.129-1a. Rownd Sempies
Ultimate Propor -
Tensile T‘_M#_ﬁ.“ tonal Extension % Elonga - lo‘:m-
Nominal Strength, b " N Lamit, Between ton, o Area,
Hydroges P Otfset Offset Off et pe Shoulders % in 4D *
20 132,800 112,200 111,800 107,100 102, 300 12 16 ¥
200 127, 200 117, s00 148, %00 106, 800 100, Y00 L] L "
Sigh Tooting Spved - 0.5 o, /Mt
20 137, 400 1" 21 4
200 136, 000 Y
(a) Broke on gage mari: (b) Broke outside gage mark,
Notch-Bead Impact Tests Using Micro Sample
Ene gy Absorbed, in-Ib
Nominal Hydrogea _xt"' _ﬁ.lll Conclusion
0 . " Testing was not completed; slow strain embrittle -
200 26 L] ment at 100-200 ppm, no umpact embrittiement

VADC TR 54416 Pv IV a4
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TABLE 146, RESULTS OF TESTS TO DETERMINE THE HYDROGEN SENSITIVITY
OF THE Ti-4Al-#Ma ALLOY AS STABILIZED. FINE ACICULAR

VHN () Metallographic
O el
20 - 20 ..
200 .. 200 .- See Figure I8
100 - o ..
Unnotched Stress- Tests 0, 125-In, Round .
__”_‘._on R Extension, % Elongs - Reduction
Nominal of Ultimate Time, Between Hon, in Ares,
Sydreges . Teastls Srengh Jdowse houidere LI
w0 145 100 “ 32 L) " "
200 145, 000 » s 1 13}
200 142, 000 " "” s L3 0 "
300 148,200 " 2.1 5 10 13
100 145, 100 9 1465 1 i) "

=) f.nwwmm“mwmm“-”-n.
Unnotched Tensile Tests U 0. 125 Ia, Round

Ultimate Propor -
Tensile Yin'd tiona! Extension, % Elongs - Reduction
Nominal Strength, o b N Lamit, Between o, n Ares,
Mydveges  _pA  Ofiess  Offess  Ofess P Stouiders  Slad 3
Low T . 0,008 k.

0 148, 700 131, 600 129, 000 117, 000 109, 100 . 1 "
200 152, 100 139, 000 137, 000 124, 000 117, 400 L 114 0
00 156, 000 144, 000 142, 000 132, 000 127,000 L] 0 9

High Tosting Speed - 0.5 in. /Min

20 150, %00 4 L] 0
200 156, 400 . " 2
100 157, 000 L 73 26

(a) Broke on gage mark: (b) Broke outside gage mark.
Notch - Bend t Tests Us Mic ro
Ene n-1b
Nominal Hydroges Loy 5 - Const
0 26 . Testing was not completed. no embr tthement

200 4 12 obeerved at )00 ppm

00 P24 114
VADC TR S-616 Pt IV s
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