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Table 1 Chemical composition of TA15 alloy (wt%)

Ti Al \'% Zr Mo

R 6.44 2.14 2.16 1.67

Si Fe C H 0
0.014 0.057 0.013 0.0015 0.116
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X, =4.44(Dt) "2 (1)
D, = 1.80 x 1072exp[(—6200 + 340)/T]cm?/s3]  (2)
Dg = 1.95 x 10~%exp[(—3320 + 250)/T]cm?/s*]  (3)
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Fig. 1 Tensile specimens of TA15 alloy
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Table 2 Hydrogen content of TA15 alloy after 1h charging under

different conditions

Sample Hydrogen
Environment T/K P/MPa
number content wt/%
As-received NH 0.0024
800H 800 0.16
High
850H 850 10 0.32
pressure
900H 900 1.3
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t; 850K A JE, BEMEATEN 0.32wt%, CAEE
T 800K FZEAMFHI 2 f%; 900K A5G, AEMA S EA
1.3wt%, CZEIEE] T 800K AR ML 8 fi5, EIRTE
10MPa. 1h % F, FEREASGEETHEA ST EDE
e HPAEZERAT L, TALS &&MATE—MNMEERE,
iz A S, AE8NA 'S REKRRIEM.
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Fig. 2 XRD diffraction patterns of TA15 before and after charging
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Fig. 3 Microstructure of the specimens be fore and after hydrogen charging at 10 MPa: (a)NH, (b)800H, (¢)850H and (d)900H
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Fig. 4 TEM microstructure and diffraction pattern of uncharged TA15

titanium alloy
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Fig. 5 (a,c)TEM microstructure of the samples after charging at 800 K and 10 MPa for 1 h and diffraction pattern of (b)d in region B and (d) y in

region D
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Fig. 6 TEM microstructure and diffraction pattern of the samples after charging at 900K and 10MPa for 1h: (a,c,e)TEM image of 900H, (b)SAED

pattern of § in region B, (d) SAED pattern of y in region D, (f)the corresponding EDS analysis(Al and Mo atoms) of the framed region in (e)and

(g) SAED pattern of & in region G
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Fig. 7 Engineering stress-strain curves of the specimens before
and after hydrogen charging (a)l0MPa and (b)900K
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Table 3 Tensile properties of TA15 titanium alloy before and after

charging

Specimen YS UTS

Environment number MPa  /MPa 0/% or/%
As-received NH 902 977 12.0 /
800H 986 1060 10.6 12
prljsiff:re 850H 796 86 95 21

900H / 157 0 100

- W
N Opm

1
2

K 8 10MPa Fe Al Jo iR B fi b 1 T2 35
Fig. 8 SEM images of fracture surface morphologies of the specimens before and after hydrogen charging at 10 MPa: (a,e)NH, (b,f)800H,
(c,g)850H and (d,h)900H
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Fig. 9 Schematic diagram for precipitation mechanisms of hydrides: (a)NH, (b)800H, (c)850H and (d)900H
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Fig. 9 Phase distribution diagram of samples before and after hydrogen charging: (a)NH, (b)800H, (c)850H and (c)900H
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Fig. 10 The tensile fracture longitudinal section of the samples before and after hydrogen charging: (a)NH, (b)800H, (c)900H
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Effect of charging temperature on hydrogen damage behavior of TA1S alloy

Wu Chaomei 2, Wang Tiantai®, Liu Jiaxin 2, Zhao Mingjiu !

(1. CAS Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China)
(2. School of Materials Science and Engineering, University of Science and Technology of China,
Hefei 230026, China)
(3. Beijing Aerospace Propulsion Institute, Beijing 100076, China)

Abstract: In this paper, the effect of charging temperature on the hydrogen damage behavior of TA15 alloy was studied. The results show that the
strength of the alloy increases first and then decreases with the increase of charging temperature under the condition of 800K ~ 900K, 10MPa and
1h hydrogen charging, but the elongation decreases continuously. When the charging temperature is 800 K, the tensile strength of the alloy increases
by 9 % compared with the as-received samples, while the elongation decreases by 12 %. When the charging temperature is 900 K, the tensile strength
of'the alloy decreases by 85 %, and the alloy is completely brittle fracture ( the embrittlement index reaches 100 % ). The microanalysis demonstrates
that as the hydrogen charging temperature increases from 800 K to 900 K, the hydrides in the alloy undergo a transformation, shifting from
precipitating predominantly along the o/ phase boundary to precipitating within the o and B phases. The sizes and quantities of these hydrides
increased significantly, resulting in a change in the nature of the hydrogen cracking of the alloy. Rather than occurring along the o/p phase boundary,
as previously observed, the cracking now occurs along the hydrides within the o and § phases or along the hydride/matrix interfaces.

Key words: titanium alloy; hydrogen attack; hydride; precipitation mechanism
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