AT oW
2018 4F 9 H

WHEERMEISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.9
September 2018

JE R R XT SPS #R 45 W-10Ti & &£ 4HLA K M REHI 21

RIm 2, 2!, A A !
(1. PHZE TR BEVEE L LA R S ER T AL =, B 1522 710048)
(2. FUSARE BRI E B W SES M & A=, Bt /i 726000)

B OE: SRCRABEBANER: — MRS ER TS W RIBRIE Ti 50 TiH AT HUMOR S, 59— Em R ek R
BRIE 0 WO FER YR TiH, My AT AL A &b . 2 J5IEH SPS e+ R (spark plasma sintering) 2Kl % W-10Ti &4:. &
i XRD. SEM. #KJEJREHM T B 5t T BUEDR AR 0 W-10Ti & &AL R PERE M. SRR BORERE W B,
KEREE WO BT 45 1) WTi & &4 800 LA, B8 EWD T 44%, RN &M AKEEIER T 55.7%. 4
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STWHR HEATBREE . FRBFST UL, JEURbEY K WAITI
FAE W F G 45 7 vk T R Wi 4L ZURT Pk e A R K 5%
Wi SPSAEN — Myl T Mibe 2 77 X, Rikghit
AT BTS2 AT AR T A S T R S
SPSHil % WTidr 4 fIH K .

1 % I

ARSI i F B s R R S Wk s Ti B B TiH, #
SERRIAR SR ) R 84 20 A3 um. ASZE LR WOk
AT R REBREE, EREE T 208 BEREEON 15:1, BRESHS
)4 9 h, #5344 400 r/min. 78 EREERLFE N 4%H
CWEAE A 43 TR, TR A T kD BR S I R v 2 BT g TN
BRI GECE DU S O o, KA WC K. BB <
A A () 5 2 L LE 1) WO BT 3 um 19 TiH, $y K
IR WOk AR F R B 2 50N HEAT e RS o LB A k)
A A KBRS TS I W OR 2 R 10% it & 4y
0O %) Ti B0 TiHy 320 0N V ZLR B RS 6 he
K P ) 2% BHTUBRO A5 K DL B WUB A < A B 2R 43 i 3 N
@21 mm A7 SRR, TR GO SPS ¥ kAT
Pegt . Besi T8 N LL100 C/min JHEE 600 'C, 2
JA LA 50 C/min FHE % 1400 C, R 10 min, %E45)E
7124 30 MPa, #E455¢ e a Rt A E .
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2.1.1 WA= Ti (TiH,) AR KT 5%

K18 W RITI (TiHy) PR S AR FTES. |
TWRA AR S W R PMIR S, RS K iE
TREFSCE R R ML W 1a 2 10 AR B 30 198
OO JE] L 3 AT 25 40 /NI BRORY 3 AN A7 AE A BORL K
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2.1.2  PANUARIRAS A RAT P ) & WTi 64 69 48 20 5%,
B BT 5%,

Bl 2 g DABLAR IR ok A A JsUk) BT ol 46 Wi & 4211

XRD B, HEA%, XRD Kb #RA BT 45 1

Bl 1 WORATi (TiHy) AR 1 SEM
Fig.1 SEM images of mixtures: (a, b) W and Ti, (¢, d) W and TiH»; (a, ¢) unmilled W; (b, d) milled W
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Fig.2 XRD patterns of WTi alloys prepared using different
mixtures: a-W(unmilled)+Ti, b-W(milled)+Ti, c-W (unmilled)
+TiH,, d-W (milled)+TiH,
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ARY WLk, ZAILG BRSPS il % Al-Fe &
I T A 7 45 K (R B B — Bt 2027, i Bk e 11
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BY AR . S Ah, BREEJE MR AR R
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Fig.3 SEM images and EDS analysis of WTi alloys prepared using different mixtures: (a, b) W and Ti; (¢, d) W and TiH»;

(a, ¢) unmilled W, (b, d) milled W
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Fig.4 Schematic diagram of the generation of plasma between the

internal of W powders with different packing density: (a) W
with high packing density and (b) W with lower packing

density
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WORLRLAR /N, 41 /N IR TiH, K360 B 6 45 UKL [ . 45 SPS
SRS RR T, URL JEUAG B9 R 22 T A b W Ak R B A AR 88
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2.2 LW Ti (TiH,) HHRE# KA RERETH &

WTi A& BT RE

1 hLL W OB R Ti CTiH,) ¥ A g 5URL T il 4%
1 WTi &&rsrEaesfn. AR RUGEH, Bk
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Table 1 Properties of WTi alloys prepared using the mixtures
of W and Ti or TiH,

W illed W (milled

Properties F“nml ef ) - (mille ,)
Ti TiH, Ti TiH,
Conductivity/MS'm”" 6.68 7.2 3.80 4.78
Relative density/% 99.7 100 97.5 98.1
Nanohardness/GPa 3.5 6.5 7.9 8.6

Elastic modulus/GPa 207.9 3149 255.7  287.1
Fracture toughness/

1 4 . .
MPa-m ! 8 6 7.0 5.9

BRI 2 R A, R I 2 A 2 TR R PR A A A
U, @ T A BRI

BTi K, TiHy By APl e & G 1 o T4, 9Kl
JE R R R R, 4 ik #) 7.2 MS'm™ L 6.5 GPa il
314.9 GPa. [N, Z&&BUE K EIE 100%, X&H
y—J7 TAREE Tiky, TiH ¥y AR, 0 Au s,
B AD W OB A ELE e, SRR R de v % L R T AR 4%
K, XL R T5 & W BUE b FE I35 ok b
4i/NE WTi &4 340 TiH, He Ti WA HLEE ) 5 1 5
AR T AR, XEFA TiH, PR TE A F
Ti J5 R B AL S, SETi R 1 3d PO 7 R
J -2 (AR 51 20T Ti-H R 2 08, B ss4 78R 7
Z A GE AR, AT AL HERY A B 45 HEREPY; TiH, i
Sk AR BB AR A (V) L 2 45 b B i R A S
1 Bl 22 Bl BEAL 22 IR, X SR A AT ) T Al Be 4
[ e 20 i A B P e 1) T Js 1, AT oe & 2 )
(AR EL P DR 4 v 32 S808 B R R OK (1 L 5
HA IR o TR R A2 B0 BE A OR8] 5
TiHy By AR Ti By AR 40, B T8 A6 4 414801
B SRR A e CnlE s o, il
(45 4 rp S RL gl /N3850 ), R TiH, K A B S R A
B S €l D YRS R S R R VAR Y A 4 EAARCE)
ATHE A A A YK RE B, (R TiH, B4 10 & &b 8
WRE WL AR AR R S B . A 4 R FE R
— B AR S AR A R, PR TiH, ¥ BT A 1
G4 P R R W AR RS A T R ARG W
K BT A 4% 1) A A R T SR D M R v, I DRIl — ) TS
NHRE FE A R T AR B m I, S — oy T A 4 4141
R R HUZ IR m T 22 M4 G omE s 5
Ah, TiH fEM AT R, A SR A K, T FEARER
B st i, X AT R A S sE A P RED
2.3 KW EESUMKRAERASZEE WI0Ti &

RILE LD R M AE

DA TiH, Ky R LRV 2 WTi & 42 . SPS Fe4h
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Fig.5 Fracture morphology of WTi alloy prepared using the

mixture of W milled and TiH,

R, EORME R BPIRES A & S A 258 m ok, B
PRI HL e g I AV, U Z A B A R, A
T RX 0], WU H R LR 42 AR SPS )
ek Tk kA G, BN OB R UEAT WA & 410
AEBE, 5B TE RCTIG < Rk R AT G 3 2 TR 4y B e A
G, 2 JE R F PR IEUE 45 A AL SR AR S50 TS
W HI TiH, By AT HUAR A 440
2.3.1 HURA AT WTi &2 418 6%k

Kl 6 R B G <A R A B T ol 2 5 < 1) T 35 By
KMAHA . MBIl UG, AHEE W B AT TiH, HLAK
REMA, WA TiH, &G aME, 2 Fisimmn K
IRAEDX 53 TF o diZNP) TiH, By RAEF W R RN & <
e R, g /N TiH, BEERTE W OB R T I A B
HOE B B AR, BORLTE B R IR TE S, JT A 84y
KA AW TiH, By RS SRS E A TR
KB, H a2 BRR A ZUE B8 K 4R 21,
X8 BT T SR 1) TR SR A A 2 — 30, B ek
RAZ B Z R . & s BN S BB D &
13.6%, X2 DR A WU G <o Aok 2R BAGHS 23 ] 3 380 g o
B0, & P AT AR WA, I H B0 o

2500 = :
g *-f-W(Ti) ¢
2000 - #p-we
172}
515007
2
é 1000 | g g
= v . 2
R P O
NP i
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6 HUBK <AL TR W-TiH, By A K T i) 46 10 15 <2 (K0T 3 A AR 20 A
Fig.6 Morphologies of WTi powders (a) and WTi alloy (b) as well as its phase composition (c)
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IR, /N IR TiH, [ 21045 i A & A A /N BORL I 78
BB RS 2 W ARl R e T B N,
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AFIPT, f T 5 0 A BB BE I SE S, DAL
Bl < A AR T 6 < 1 B0 BE AR . HL 3 R B
WIS R, BUR AR, TR, RS2
B B R W BRI IE A £ <8 ) 9 KA R AN i A
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BREE W OB RIS Ti CTiH,) AU &8 K A J5R T
& I G A2 A AR B AR, TR BRI W
Ky FIERYE Ti CTiHy) HIMUBRIE 2580 K BT il 2% & &b ot
RV HCEN A, AP AR, HUE B S R B
T 44%, [FIGERGKRM YR T 55.7%.

2) FEARSKEMETT, B OTi B, JBORFPCR Al
BI5I TiH, K3 oK AT 3R A3 B AT 417N 3550 B 1 how 41
A, % w KA S R AT > 10.7% . [A] BT 4 ) W10Ti
EAMBUE L A KA AR Y B
4354 100%. 7.2 MS/m. 6.5 GPa 1 314.9 GPa.

3% W Al Ti 8% TiH, I HUAR 58 K, W HI TiH,
THLBIR A G AR 2K BT 11 2% 19 Wi & b 4R 19 s R AH
TN, HAZAS RN 13.6%, %S S PIrkidr,
£ 4 1) LA P 42 20 1 8 DA, O 2 B0 R R 4t
KBERE, 73 HANA 96.8%K1 2.8 GPa.

4) LEFEE, EARLRAIMT, SPS & WTi
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Effect of Raw Material Powders on Microstructure and Property of W-10Ti Alloy
Prepared by Spark Plasma Sintering

Dai Weili'?, Liang Shuhua', Luo Yatao', Yang Qing'
(1. Shaanxi Province Key Laboratory for Electrical Materials and Infiltration Technology,
Xi’an University of Technology, Xi’an 710048, China)
(2. Shaanxi Key Laboratory of Comprehensive Utilization of Tailings Resources, Shangluo University, Shangluo 726000, China)

Abstract: Two kinds of WTi mixtures were used as the raw materials, one was the mixed powders of W (unmilled or milled) and Ti (or
TiH;), and the other was the mechanically alloyed W-Ti powders. The W-10Ti alloys were then prepared by spark plasma sintering (SPS)
at 1400 °C for 10 min. XRD, SEM and nano indentation were used to investigate the effect of raw material powders on the microstructures
and properties of W-10Ti alloys. The results show that WTi alloy prepared using milled W powders has no pure Ti phase, the content of
Ti-rich phase is decreased by 44% and the nanohardness is improved by 55.7%, when WTi mixed powders are used as the raw materials.
Meanwhile, TiH, powders with fine particles are beneficial to the WTi alloy with less Ti-rich phase which is fine and uniformly distributed
in the microstructure. The obtained alloy has a relative density of 100% and its electrical conductivity, nanohardness and elastic modulus
are improved by 7%, 46% and 34%, respectively, compared with those of the alloy prepared using Ti powders. For the WTi alloy prepared
using the mechanically alloyed WTi powders, the content of tiny stripped Ti-rich phase is higher and the alloy has a better ductility but a
lower density of 96.8% and nanohardness of 2.8 GPa than the alloy prepared with WTi mixed powders. Proper raw powders are a key
factor to obtain excellent WTi alloy by SPS.

Key words: SPS; WTi alloy; Ti-rich phase; physical properties
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