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Fabrication and properties of ultrafine Ti powder by
NaCl coated/hydrogenation-dehydrogenation combined method

HE Wei, JIANG Yao, DU Yong, YUAN Tie-chui, HE Yue-hui

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Ultrafine Ti powder was prepared through the process of hydrogenation, mechanical pulverization, inhibitor
coated, vacuum dehydrogenation and inhibitor removed with titanium sponge as its raw materials. The effects of
technological parameters on the morphology, particle sizes and oxygen content of Ti powders were investigated by
transmission electron microscopy, scanning electron microscopy and laser-diffraction diameter tester, etc. The mechanism
of NaCl inhibitory action was explored. The results show that the titanium hydride powder with Dsy of 2.61 pm is
obtained after the hydrogenation at 700 “C for 2 h and then mechanical pulverization for 5 h. Using NaCl as inhibitor to
coat the titanium hydride powder, dehydrogenizing at 630 °C for 2 h and removing NaCl, an irregular Ti powder with Ds,
of 6.16 um and oxygen content of 0.89% (mass fraction) is prepared. There is not a noticeable increase of oxygen content
in the Ti powder after the addition of NaCl. The growth of Ti particles during the dehydrogenation is effectively inhibited
through the coating treatment of NaCl which forms isolation layer of 5—10 nm thickness on the surface of Ti particles to
the block surface atomic diffusion.
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Table 1 Chemical constitutions of sponge Ti (mass fraction, %)
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Fig. 1
fabricated by inhibitor coated/HDH combined method

Experimental procedures of ultrafine Ti powder

AR, $RAF NaCl A A Ti by, SR
Yo A 580~680 C. Mit&5, *F NaCl €478 1) Ti #yik
ATEREE A HL, WFRCEREER T 23000 1. 3% 54 7. 9 i
11 h B TRy AR RSO o 258 7K sk o HUS 1)
Ti ¥5, KH 0.1 mol/L AgNO; VN & Ve /K =L
yisE I b, BT AR TR . oK LR
o iralie

K Fl Malvern-microplus J# G E 43 A3 e 43 R
P . KH Leco-Tch600 5. S &&= Hr il
EM RN TR FE. KM Monosorb Autosorb—1
R T AN i TR R I3 i 7 N <4 = - T A S
JSM—5600LV Y414t LGE o Tk KW TS ARiAT . 75
Ab, RIS NaCl R AR KRR PR, F)
H JEM=2100 (200 kV)3Z& 5 B0 I 20 NaCl B3 ¥
(IS TSR S5 K EA T 23T o

2 FHR51R

2.1 #MARNESHIR
A BEL1 ) 7 A IR AU B T R A 4 TR (1
AR, TiH, BT R BEER R O R . TiH, i

Ti Fe Si C

(0] Mn Mg H

99.8 0.03 0.01 0.01 0.01

0.04 0.01 0.01 0.003




160 A G EE R

20124FE 1 H

AL E B35 A e 28I 0 1) TRy AR

Bl 2 FroncA TiHy K ACRLE BEER B o (1] 42 £k i
2o 2 vTHN, AREIBEUS TR TiH, 5 THL
PARRE, EREE 1 h J5, BRI RR A% Dso il B 2
6.47 um, I RIERFS 48.27 ym. {EEREERT Sh A,
TiH, A AR B B ER B I (] R D0 SO B, B oKk
FERE R BEIC W] e SREEIGINER R IR [R], X8 R (Rl
WA BT R % BRI Dso AR AR EAEEREE 5 h
239903 5] 2.61 pm AT 19.31 pme 4R, 43R EE I R]
HEE] 7. 9 A 11 h I, Dso HornlFE4 1.91. 1.80 F
1.42 um. BRKEE 7. 9 Al 11 h J5 1 TiH, #3 5 2530
Wy Bk TR A e et % 18, Til, (1
I AEER BRI Iy 5 h, IXEHEIE K TiH, By K Dso M
2.61 pm,

50

[\ 98] S
(=] (=) (=]
T T T

Particle size/um

—_
(=]
T

2 4 6 8 10 12
Ball-milling time/h
2 TiH, AR EZ BERK I (A A2 1

Fig. 2 Variations of TiH, particle size with ball-milling time
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Fig. 4 SEM images of TiH, powders: (a)NaCl-coated TiH,

powder (ball-milling time: 5 h); (b) NaCl-coated Ti powder
after dehydrogenation; (c¢) Leached Ti powder
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Fig. 5 Size distribution of Ti powder by inhibitor coated/
HDH combined method
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Table 2 Oxygen content in different fabrication processes

Experiment w(O)/  Aw(O)/
No. Sample % %
1 Raw materials 0.04 -
2 Titanium hydride 0.39 0.35
Micro-grade TiH, powder
3 after ball milling (5 h) 0.57 0-18
TiH, powder after coating
4 with NaCl 0.70 0.13
5 Dehydrogepated and leached 0.89 0.19
Ti powder

F 3 TiHy BroR LR AR REEK BE N [R] ) A8 4L,
Table 3 Variations of TiH, powder’s specific surface area

with ball-milling time

Ball-milling Specific surface | Ball-milling Specific surface
time/h area/(m*g ") time/h area/(m*g ")
1 0.71 7 3.01
3 1.40 9 3.77
5 2.05 11 5.17

23 NaCl IH{ERRIRIS
IR NaCl B 2L R U K B ik
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Fig. 7 SEM images of TiH, powder without NaCl coated during dehydrogenation at different temperatures: (a) Room temperature;

(b) 480 °C; (¢) 530 ‘C; (d) 580 C
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Fig. 8 TEM images of powder: (a) NaCl-coated TiH, powder; (b) NaCl-coated Ti powder dehydrogenated at 530 C; (c) High-

resolution image and fast Fourier transform of (b); (d) Leached Ti powder
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