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Fig. 1
morphology: (a) TiH, powders; (b) HDH powders; (c)Al-V

SEM images of raw powder particle surface

intermediate alloy powders
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Table 1 Chemical composition of TiH, powders in experiments

(mass fraction, %)

Cl N Si C Mg Fe Mn H Ti
0.06 0.03 0.02 0.02 0.01 008 0.0l 4.0 Bal

F2 5T H HDH S A6 A% B
Table 2 Chemical composition of HDH powders in

experiments (mass fraction, %)

C H (0] N Fe
0.011 0.019 0.26 0.003 0.018
Mn Mg Si Cl Ti
0.013 0.007 <0.01 0.031 Bal.

F3 KB TH ALV G S
Table 3 Chemical composition of Al-V intermediate alloy
powders in experiments (mass fraction, %)
Fe Si C (0] \Y% Al
0.35 0.25 0.15 0.20 36.0-44.0 Bal.

JECRRRS A O BCEHE A7 DL-SHL—-SL 2 i 20U
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Table 4 Theoretical hydrogenation contents(THC) and real
hydrogenation contents(RHC) of sintering Ti-6Al-4V alloys

w(TiH,)/%  wTHC)/%  w(RHC)%  x(RHC)/%
0 0 0 0
45 0.18 0.12 5.16
9 0.36 0.29 11.61
13.5 0.54 0.40 14.97
18 0.72 0.54 18.92
225 0.90 0.69 22.77

Note: All hydrogenation contents in the following are RHC.

b B 2 E%, ik FET QUANTA 200 5541
H BT T B S s ) A UM SR RE TS AT

EEBEHE 1 X SEATH A HTE D8 Advance
X ST BT . MRS R TRURATE, 5°
SR MIE, 80°; LK, 0.004°; LKA, 28.5s; Vi
B, 25 C(room); CuK, 5H4k; FIH# A, 5 (°)/min;
TAEHH, 40kV; TAEHR, 40 mA.
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1~2 min, LM (RRLLL) N V(R EIR): V(K &
2)=1:10 B E k45 Ti-6A1-4V 454 EBSD 70 M1 & %k
B, Wk S Pion.

*S5 EEBEY Ti-6Al-4V 54 EBSD i Hiik
Table 5 EBSD analysis parameter settings of hydrogenated
sintering Ti-6Al-4V alloys

Accelerating Specimen Picking rate/ Step size/
voltage/kV tilt/(°) Hz um
20.00 70.00 33.36 0.2
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Fig. 2 Microstructures of Ti-6Al-4V alloys under different

sintering conditions: (a) Sintering for 3h without hydrogen; (b)
Sintering for 2 h without hydrogen; (c) Sintering for 2 h at

hydrogenation content of 0.12%
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Fig.3 Microstructures of sintering Ti-6Al-4V alloys with varied hydrogenation contents: (a) OH; (b) 0.12%H; (c) 0.29%H;

(d) 0.40%H; () 0.54%H; (f) 0.69%H



28 455 2

XUHFM, 4. BB Ti-6AL-4V 4 4 B 21 A H At 253
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(b) Ti

Element w/%  x/%
Ti 943 90.3
Al 5.7 9.7

Energy/keV

Element w/% x/%
Ti 89.07 86.80
Al 391 6.77
A% 7.02 6.44

2 4 6 8 10 12
Energy/keV

Fig.4 SEM images and EDS results of sintering Ti-6Al-4V alloy without hydrogen: (a) SEM image of a phase; (b) EDS result of a

phase; (c) SEM image of § phase; (d) EDS result of S phase
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Fig.5 XRD patterns of Ti-6Al-4V alloy with varied hydrogenation contents: (a) 0.29%H; (b) 0.54%H

B 6 AfEEARMNEEL Ti-6A1-4V &4 ALK 3 A

Fig. 6 Phase composition and distribution of sintering Ti-6Al-4V alloys with varied hydrogenation contents: (a) 0H; (b) 0.12%H; (c)
0.29%H; (d) 0.69%H (Note: a phase named Ti-Hex, £ phase named Titanium cubic, HCPa' named Ti6Al4V alpha', Orthouhombic "
named Tialpha)
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Table 6 Phase composition and volume contents of sintering

Ti-6Al1-4V alloys with varied hydrogenation contents

0/%
w(H)/% Orthorhombic ~ HCP a'
ophase  fphase . .
o martensite  martensite
0 82.44 3.59 0.68 7.74
0.12 55.52 14.27 0.61 25.87
0.29 49.07 17.79 5.07 23.23
0.69 15.22 50.77 5.10 8.30

B 7 AEESEN R Ti-6A1-4V &4 41245

4) B B AR S, BT 4 5 K o A iG
T 0.68% 2 b B 5% AT, AREE N B A B AT
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M EBSD kil 4y T R A AR B A ) be gh
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I, REARUE I B AHAFA S BAHXA IR, & 6(a). (b)FI
(¢) s 1) B AR WAL SR I T o AHIRN R ZH 2R E R 0
HRAEREFED, KL, B 7(a)- (0) ()B4 Fi(a+h)
I AEMWT ] W, I BB BAHARER 3 B (atp)
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Fig.7 Microstructures of sintering Ti-6Al-4V alloys with varied hydrogenation contents: (a) OH; (b) 0.12%H; (c) 0.29%H; (d)

0.69%H

7 AABEABEREL Ti-6A1-4V &4 K 2 2 E T

Table 7 Microstructure features of sintering Ti-6Al-4V alloys with varied hydrogenation contents

Figure No. w(H)/% Microstructure composition (atp) lamellar beam Grain boundary
Fig. 7(a) 0 (a+p) lamellar beam and lamellar o Clear Not clear
Fig. 7(b) 0.12 (at+p) lamellar beam and lamellar o Clear Not clear
Fig. 7(c) 0.29 (a+p) lamellar beam and lamellar a Clear Not clear
Fig. 7(d) 0.69 Lamellar a and f plate Disappear Clear
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Fig. 8 (Ti-6Al-4V)—H pseudo phase diagram
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Microstructure evolution mechanism of
hydrogenated sintering Ti-6Al-4V alloy

LIU Hai-bin, XIAO Ping-an, CHEN Chao, LI Zhi-hua, LU Rui-qing, GU Jing-hong

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The real hydrogenation contents were controlled in the range from 0 to 0.69% (mass fraction) by adding TiH,
powders to the raw powders, and the effects of real hydrogenation contents on microstructure evolution and phase
composition, morphology and distribution of sintering Ti-6Al-4V alloys were comprehensively investigated. Means of
OM, SEM, EDS, XRD and EBSD were used for the exploration and characterization. The results are as the follows: 1)
The time for microstructure reaching the near-equilibrium-state reduces from 3 h to 2 h at hydrogenation content of
0.12%. 2) With hydrogenation content increases to 0.69% gradually, the volume fraction of a phase reduces from 82.44%
to 15.22% and the volume fraction of § phase increases from 3.59% to 50.77%. Meanwhile, coarse lamellar o phase
transforms to fine lamellar a phase distributing around § phase discontinuously, and thin strip § phase distributing
between a phases discontinuously transforms to plate § phase. 3) The volume fraction of HCP o' martensite increases
from about 8% to about 25% with the increase of hydrogenation content, which distributes in o phase locally and
intensively; Acicular J hydride generates at 0.54% hydrogenation content, which distributes in a and £ phases and
between the two phases. Meanwhile, the volume fraction of HCP a' martensite reduces to about 8% again. 4) Though the
volume fraction of orthorhombic a” martensite increases with the increase of hydrogenation content, it only reaches about
5% and distributes in a phase with small equiaxed shape. 5) The hydrogenation content can also effectively affect the
microstructure composition, (a+f) lamellar beam and grain morphology. Finally, the microstructure evolution mechanism
of hydrogenated sintering Ti-6Al-4V alloys was analyzed and discussed on the basis of experimental results.

Key words: hydrogenated sintering; Ti-6Al-4V; microstructure; phase composition
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