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High-energy planetary milling of TiH, powders and
sintering of titanium alloy with ultrafine grains
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(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The planetary milling of TiH, powders was systematically investigated, and then the sintered samples
fabricated by pressing and sintering in vacuum of the milled powders was inspected to reveal the influence of high-energy
milling on their microstructures. The results indicate that planetary milling of TiH, powders can be divided into three
stages. At the initial milling, the size of the powders is rapidly reduced. At the middle milling stage the particle size
gradually reaches the minimum, and the scope of size distribution also become more and narrower at the same time as
milling goes on. And the size of the powders is raised at the final milling stage. It is also discovered that dehydrogenation
temperatures of milled TiH, powders decrease in comparison with those of raw powders, and the finer the Ds, the lower
the temperatures. The maximum temperature difference becomes 83 °C. Optical analysis shows that the grain size of the
sintered titanium samples is obviously fined after milling raw powders. With the optimized milling treatment, the sintered
titanium becomes ultrafine grain with size totally less than 5 um by pressing and sintering in vacuum.
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fraction, %)
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Fig. 1 SEM images of TiH, powder at different ball milling times: (a) 0 h; (b) 0.5 h; (¢) 2 h; (d) 5h; (e) 10 h; (f) 15h
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Table 2 TiH, powder sizes at different milling times

Milling time/h Dsp/um Granularity span value
0 17.5 1.24
0.5 7.7 0.84
5 42 0.58
10 1.8 0.50
15 2.7 0.59
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Fig. 2 Effect of different mass ratios of ball to powder on SEM images of TiH, powder: (a) 5:1; (b) 10:1; (c) 15:1; (d) 20:1
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Fig. 3 XRD patterns of TiH, powder at mass ratio of ball to

powder being 20:1 after milling for different times
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Fig. 4 XRD patterns of TiH, powder after milling for 10 h at

different mass ratios of ball to powder
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Fig. 5 XRD patterns of TiH, powder at 450 ‘C holding for
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Fig. 6 DSC curves of TiH, powder at different milling times
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Fig. 7 Enlarged DSC curves: (a) First endothermic peak;

(b) Second endothermic peak
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Table 3 DSC dehydrogenation characteristic temperatures of

TiH, powder at different milling times

T1H2—>T1H1 5 TlHl 5—>Tl
Mllhng Starting Final Starting Final
time/h o herature/ temperature/ temperature/ temperature/
C C C C

0 410 485 510 554

5 393 454 502 541

10 327 443 500 533

15 362 435 506 545
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Fig. 8 Microstructures of sintered TiH, powder at different
milling times: (a) 0 h; (a) 10 h

ket T2 1250 'Cy 3ho P 8 0%, JERM K
FRAEFE R B U RSB, PR ok )R
290 40 pum. TERES KD AR LSS il 1) WAL 2R 1503
A, BRI RS E 2SR 5 um LU, 358 T
AR RS R

Kl 9 Flos A LEBRERE AR AP FA IR B 25 11 5 |
THAF ] B SRAS R BE B R e 25 it (1) S A2 2R 1]
9 WL, BRRFLXT WA AR AT R, B
£5 9 SNRA By | Y e R Ry € STy AN Mt B e
BIFFE T g .

XF T R REBK IS TiH, Ky AR, 2878 25 he sl fE 3k
P AR, VR A LU P AL 1) 4% HOCHR9]
AT 5 A, AR i U AR I R 53 3 AN BdhAT
TiH,—TiH, s—o-Ti(H [f%)—0a-Ti, H$ TiH,—TiH; 5
(1 3 A WU AR BB X RR I S R B, TiH, s—Ti(H
) AL 12 SOV . AN 4@ A
A DL A% R, DR, 3RA3 o-Ti(H [#]
O RE S TR B BR SR R (1) AL VR IE, AT 434l
(0 EORERE s A B P i e Bk ) ) 25 S b R AR e
A, AHSE T a-Top-Ti FAT IR SR B 2ls L 1,
JIT LA 3L AR JR AT AR & 8 4l it (1) B-Tis 2) eHT- H A oi
B-Ti BRI, MW H =R &N, sl Ti
(1) p AR 1 H 886 “CRE % 330 'CIl. ALk, W&
W A] e R AT BREE M R WA ZURAE R B-Tie

B9 A[FIERE!LLEREE TiH, Mhpess a1 B2 4R
Fig. 9 Microstructures of sintered TiH, powder at different
mass ratios of ball to powder: (a) 5:1; (b) 15:1
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