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Synopsis :

The effect of various heat treatments on the behavior of the hydrogen embrittlement of
Ti-6A1-2Sn-4Zr-6Mo alloy, and the relation between hydrogen embrittlement and microstructural factor
was investigated.

In the case of the specimens which were air cooled after solution treatment in the (¢+ ) region, the width
of hydrogen embrittled fracture surface, which corresponded to the hydride formation zone, and the hy-
drogen embrittlement ratio increased with the increase of solution treatment temperature, namely the de-
crease of the areal percentage of primary a. On the other hand, in the case of the specimens which were wa-
ter quenched after solution treatment in the (¢ B3) region, the opposite tendency was observed. In the case
of solution treatment temperature higher than 1173 K, the width of hydrogen embrittled fracture surface
and the hydrogen embrittlement ratio increased in the order of furnace cooled, water quenched and air
cooled specimens after a solution treatment with the same treatment temperature. The hydrogen embrittle-
ment ratio was lower and the width of hydrogen embrittled fracture surface was wider in the specimens
which were solution treated in the 8 region than that in those which were solution treated in the (¢ +p) re-
gion with the same cooling condition after solution treatment.

Key words : titanium base alloy ; impact toughness; hydrogen embrittlement ; hydride ; microstuctural factor;

heat treatment.
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Table 1. Chemical composition of material (mass%).

Al Sa Zr Mo Fe ¢} C H N
6.33 2.10 4.12 6.14 0.075 0.110 0.008 0.006 0.003

Table 2. Heat treatment condition of specimen.

Mark Solution treatment Aging treatment Morphology of &
A 978K, 3.6 ks AC 863 K, 21.6 ks AC equiaxed o
B 1123K, 3.6 ks AC ks K
C 7 Q 2 ”

D 1173K, 3.6 ks FC ks ”
E 7 AC % z”
F ” 2 P
G 1213K, 3.6ks AC ” e
H 2 s 2z
1 1338K, 3.6ks FC 4 acicular «
J ” AC ” ”
K 7z wQ a2 ”

FC : Furnace cooling AC : Air cooling WQ : Water quenching
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Fig. 1. Effect of hydrogen charging time on 7;, r,,
r, and 7,.
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Fig. 2. Effect of hydrogen charging time on r;, Tp>
r; and 1;.
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Fig. 3. Effect of cooling conditions after solution
treatment on 7,.
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Fig. 4. Relation between solution treatment
temperature and 7, 7,, 7, and 7; in the case of air
cooled specimen and water quenched specimen after
solution treatment.
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Photo. 1. Typical fracture surface of
specimens G ( (3) and (b): SEM:
equiaxed a) and J ({¢) and (d): SEM:
acicular a) hydrogen charged for 14.4
ks.
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Fig. 5. Relation between hydrogen charging time
and width of hydrogen embrittled fracture surface.
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Fig. 6. Relation between solution treatment
temperature and width of hydrogen embrittled frac-
ture surface in the case of air cooled specimen
(hydrogen charged for 10.8 and 16.2 ks) and water
quenched specimen (hydrogen charged for 10.8 and
16.2 ks) after solution treatment.
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Fig. 7. X-ray diffraction pattern of specimen sur-

face (heat treatment B: 1123 K, 3.6ks AC, 863"
K, 21.6 ks AC).
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Fig. 8. Relation between areal percentage of
primary « and 7;, 7,, 7, and 7; in the case of air
cooled specimen and water quenched specimen after
solution treatment.
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Fig. 9. Relation between areal percentage of
primary « and width of hydrogen embrittled frac-
ture surface in the case of air cooled specimen
(hydrogen charged for 10.8 and 16.2 ks) and water
quenched specimen (hydrogen charged for 10.8 and
16.2 ks) after solution treatment.
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Fig. 10. Relation between width of hydrogen
embrittled fracture surface and 7, or 7, in the case
of air cooled specimen and water quenched speci-
men after solution treatment (equiaxed a structural
specimen).
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Fig. 11. Effect of hydrogen charging time on 7,
and 7, in the case of Ti-6A1-2Sn-4Zr-6Mo (1173
K, 3.6ks AC, 863K, 21.6ks AC and 1338K, 3.6
ks WQ, 863 K, 21.6 ks AC) and Ti-6Al-4V (1173
K, 3.6 ks AC, 813K, 14.4ks AC and 1 338K, 3.6
ks WQ, 813 K, 14.4 ks AC).
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Fig. 12. Relation between hydrogen charging time
and width of hydrogen embrittled fracture surface
in the case of Ti-6Al-2Sn-4Zr-6Mo (1173 K, 3.6
ks AC, 863K, 21.6 ks AC and-1 338K, 3.6 ks WQ,
863 K, 21.6 ks AC) and Ti-6A1-4V (1173 K, 3.6 ks
AC, 813K, 144ks AC and 1338K, 3.6ks WQ,
813 K, 14.4 ks AC).
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WQ LG E0AWEWHIC EREMASYEEL, &
AL WQ L723E& 09 AC L7234 X Dbz
B B LW bhror. FOREA, KERILEEE,
AL FC, WQ B XU AC OLHDNHEIZK XL 25
FEE AR &5 7z,

3) BB OB Y E — DG4S, (a+p) HTHERE
L L7258 0F 5 BB THEMRL L 72HE & 0 KRRILE
WE L, KRERABEREE LS o,

4 ) KRERMEER OB EY, KERICBEEIEA A
&Ry, KERICESEATS.

5) [E—KERACKEE T, BfbE WQ L2
BoJia AC L7sifEHc e~k ER LR E .

6) —Ai K EMALBEIRAK & 13 & AT 7 4
DE—IHEL, BHOY— 7 OEAERA~DY 7 M
HEVDOHED SN,

7) KERMEE A ARERLEE TR S bR
¥cid, KERICEEZNZ TR, RBodLET
BHDY — 7 DEAER~D L 7 FHFRH LN, KER
T 29 < K EALBR R AT & e v i, &)
BHRGLLETIC B D € — 7 DIRABEI~D 2 7 + 258
BN Y, KEOWHAHKEP LT TRATHE
W kb,

B 112, Ti-6Al-2Sn-4Zr-6Mo &4 % MRt T & 5
iz, KESWMCEBNT & o BASHELER
WAEFIZERT 2 5 UM, WFERIT ISRV 72 2w iR
B TE/RASIRBRL 7.
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