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Influence of mechanical alloying on structure and
properties of W-Ti alloy

WANG Qing-xiang, FAN Zhi-kang, YANG Yi

(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: W-Ti nanocrystalline alloying powders of 30—80 nm with composition of W-10%Ti (mass fraction) and
W-30% TiH, were prepared by mechanical milling in alcohol media. The W-Ti alloy was prepared by pressing and
sintered at 1 823 K for 80 min using W-Ti powders. The phase constituent and microstructure of the powders and alloy
billets were analyzed by X-ray diffractometry (XRD), scanning electron microscopy (SEM) and transmission electron
microscopy (TEM). The density and micro-hardness of the alloy billets were also measured. The results show that
mechanical alloying is helpful to decrease the sintering temperature and increase the density. The microstructure of the
alloys is well-proportioned and the size of crystal is small. The alloy prepared by W-TiH, powders has higher density
than W-Ti powders, and its particle size is finer.
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Fig.1 XRD patterns of powders after ball-milled for different
times: (a) W-Ti; (b) W-TiH,
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Fig.2 Relationships among powders grain size, micro-strain

and milling time (e: Micro-strain; d: Grain size)
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B3 ANFEIEREEIN )5 W-Ti ¥y K SEM £
Fig.3 SEM images of W-Ti powder after ball-milled for different times: (a) 0 h; (b) 24 h; (c) 48 h; (d) 72 h

B4 ANFBRERI )5 W-TiH, B3 A SEM &
Fig.4 SEM images of W-Ti H, powder after ball-milled for different times: (a) 0 h; (b) 24 h; (c) 48 h; (d) 72 h
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Fig.5 TEM images of W-Ti and W-TiH, powders after ball-milled for 48 h: (a), (b) W-Ti; (c), (d) W-TiH,
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Fig.6 Schematic diagram of mechanical alloying process for W-Ti and W-TiH, powders: (a) W-Ti; (b) W-TiH,
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Bl 7 ERESAIN S W-Ti G450 SEM 1%
Fig.7 SEM images of W-Ti sintered samples after ball-milled for different times: (a) 12 h; (b) 24 h; (c) 48 h; (d) 72 h

Bl 8 ERESAFIN )5 W-TiH, K451 SEM 15
Fig.8 SEM images of W-TiH, sintered samples after ball-milled for different times: (a) 12 h; (b) 24 h; (c) 48 h; (d) 72 h
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Fig.9 SEM images and line scanning curves of elements for W-Ti and W-TiH, powders after ball-milled for 24 h: (a), (b) W-Ti; (c),

(d) W-TiH,
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PRI B 5 AR TR R O L G R AR B
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G, FHOE R DR S AT, At mT DAY RIORL R 1
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i, SR 2 T EOT R, D Ja T il A R
(1391 L it PR DRET . P v 1 D R b R B e
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R A BRBEA AT K S A, A TR AL TR 2 Pl 1
(I TE, AR BOOE Re RS, §ECREOE K,
fERGEH A HIRE Jo TG TR 23 Al E QK A L i iR
THEE MM AERE TR 596G [N f TRk R R
Z IR R AR B R AT, I FARYE A 5525 5 (pa)
W5, p~3nld? (n N BATTHIR N R, d Ry bR
), RERBE p=10°~10%cm?, BREE 5 p~10""~10""/cm?,
TR Jim 3 8 KA A TR G B ) T 1 O A it
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Table 1 Density of sample without sintered and sintered after

ball-milled for different times

W-Ti W-TiH,
Milling
meh o) en P o) @en 1
12 10.36 12.55 86.3 10.73 13.38 92.0
24 9.67 13.37 92.0 10.54 13.88 95.5
48 9.37 13.95 959 10.48 14.23 97.9
72 9.15 12.13 834 9.93 14.45 99.4

pi1 is density of green compact; p, is sintering density; u is

relative density.

25 IREEIKEERNE

2 A R BREE AN [ 1] Ji5 Jo 45 R 1) . At
ML R, HRATLUGE H, W-Ti BREEFH4E 5 2L B
T RE SRSk e X T W-Ti &4, SemidLaligzm)
R ZEBR T % R BEAL, 0 s Ak R R
W-Ti ¥yEREE 24 h i W ORI Ti [8 9% 30 40 28508 W 8 HL ok
SEIA /N, AR A A, AR SRR BT A )
FrRdii 2, mReS LR MG 2, i
SET SRR R, JUHOEEREE 720 5, )M
Wi 3 BRI AN PGS IR 7= NG, A R R
A . W-TiH, BREE K} IR e 45 fo fifl A8 4 15 W-Ti Bk
PER R AR A AR, BREE 12 h AR5, i 39
BRES I 7] J FCA AR AN, BT SR W-TiH, Bk
5 12 h I, AR AR A T A B A T i A Al i
K5 B IRER B I 8] S A ker F5E 128 ST A0 A0k B, [
R B WA S), R B A BT BB Bk nT A,
[ A A PR 38 S P o s it 2 S ORI R 1 T B

T2 BRIEANIFIIN o) e 5 R 1 S Al 5
Table 2 Micro-hardness of sintered samples after ball-milled

for different times

Milling time/h HVg0s, w-i HVo.0s, w-tin,
12 645 635
24 679 585
48 574 577
72 423 562

T H LSRNV RENN AT, SR FHAH [ 3K B2 b
]I W-TiH, By AR Hl #4160 W-Ti & & tEfe2im, H4l2
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Al LRI R P B AIG, 5 5 7 AR I 1k it B 2 e
W- TiH, ¥ R &, TiH, MatE Lbal Ti foR, BRES
T TiH, BURLEL Ti PR FFRERE R, W BRI 5 I
BiEsan, KMEERRN T R FistEgm, 51
AR SN R IS @ N U R N R Y i = R
YIRS/ o SR F W-TiH, B 114 11 W-Ti &4k
RENS 5 T W-Ti Ko AR ERES I [0 W-TiH, $y A A &
2 IR A A LRI BRI 52 I, BRI IS 1) 24 48 h
IF,  ZH 2] S An A B RO A, TS I ] BRAR
RERE I — D AN A YR AL 25 51 N 2 24 it H 18 0
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