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Table 1 Physical properties of pure W and W-4Re-0.27HfC alloy

Property W-4Re-0.27HfC w
Average grain size/pm 5.52 17.13
HfC particle size/um 0.84
Density/g cm™ 18.24 18.86
Relative density/% 93.99 97.46
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Fig.1 Shape and dimension of the tensile creep specimen at elevated

temperatures
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2.1 4 W 1 W-4Re-0.27HfC & £ BRI LA LA

2 N4 W Fil W-4Re-0.27HfC & 4 )4 HH4H
1, AL, 2B KACER G R R E R E B R 4, LA
SRR E o W-4Re-0.27HFC &4 flki R sF /N4l w,
KA R A FECK 2 HFC Btk (& 2b H
WK BB RUETHL AR T PR TUE R, Mgk
DA
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Fig.2 Metallographic microstructures of pure W (a) and W-4Re-
0.27HfC alloy (b)
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Fig.3 TEM images and SAED pattern of the as-received W-4Re-0.27HfC alloy (a), HRTEM image of the marked area in Fig.3a (b)
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o, IEAS WL A 3.7 h, MEAR(HRK R AT A 29.33%.
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XFECE 4 FIE b T4, W-4Re-0.27HIC & & huifastt
eI 2L T-4E W . 1600 “C/40 MPa 1745 10 h, W-4Re-0.27HfC
PR 1%, SFT40 W, MHIFEZ4FEAE 6 h
Joi» HAFA KR KT 5%. BB Re fl HFC [N B2
Pem T W TG AR g8

35
——1600 'C/40 MPa
| ——1600 'C/50 MPa
30 ——1600 'C/60 MPa

Strain/%
= = N N
ol o ()] o ul

o

3 4 5 6 7
Time/h

o
-k
N

B4 4 W7E 1600 ‘C. AN[ERN 21T HIidAR ih 2k

Fig.4 Creep curves of pure W at different stress conditions
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Fig.5 Creep curves of W-4Re-0.27HfC alloy at different stresses and temperatures
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FRIFARWIERE, n RIFRTREN R, R AU

B, TRREEE, k2&5MERREA R 5.
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Table 2 Creep properties of pure W and W-4Re-0.27HfC alloy

Material TIC o/MPa  £/>107s™ Time/h
40 15 6
W 1600 50 46 5.4 (Rupture)
60 150 3.7 (Rupture)
40 11 10
1500 50 2.1 10
60 4.5 10
40 14 10
W-4Re-0.27HfC 1600 50 2.9 10
60 6.0 10
40 4.2 10
1700 50 21 12.4 (Rupture)
60 51 4.8 (Rupture)

3 W, W-4Re-0.27HfC F1—LEAB XA HRIA0 n 1 Q &
Table 3 Values of n and Q of pure W, W-4Re-0.27HfC alloy and

some related alloys

Material T/IC n Q/kJ mol™* Reference
w 1600 5.8 368 This paper
W-1.9Re 1927 6.8
W-2.5Re 1927 54
[15]
W-3.6Re 1927 6.2
W-4.5Re 1927 6.6
1500 3.2
W-4Re-0.27HfC 1600 6.1 444 This paper
1700 6.3
1927 5.0
W-4Re-0.32HfC 2027 5.1 594 [16]
2127 5.4

RATHL, M n=3 I, IFANLEILUSE YO, R
MRS 2 n=3~7 I, WEARHLE 3 R A A s R
WIE I Re & BRI, W-Re &4 M4l W [#)iF 48
HLEIFAIR], CAAZASEERS N .

1500 ‘CHf, W-4Re-0.27HfC &4/ n il 3.2, iF
AR LN 1700 CHF n B HE R3] 6.3, 15 B e iR 2 1)
&, W-4Re-0.27HFC & & AR ML b J5 4 HOR & S0
SVEAR NSRS . 24 HIC S & 0.27%3 1% 0.32%
i, W-4Re-0.32HfC &4 n {HZN 5, T BLE AR AL
RS

W-4Re-0.27HfC & 4 1)1 22 0 e Q 2 444 kd/mol,
KTF4 W i) (368 ki/mol™) . 24 HC & i 0.27%3%
hn#) 0.32%I5, W-4Re-0.32HfC ) Q 34K % 594 kd/mol.
VLI HFC MUk BE P W-Re SR/ B B, $2mibt
BHAPUGRAZRE S o b TG B i 72 75 B RN AR TE e
BRSO E AR TET, [R5 ) HFC BB
E A BN, AR R A AR B
2.3 W-4Re-0.27HfC HORIWILELA T4

K 6 AR FIFA G W-4Re-0.27HFC & &I
AL, M 6a Fl 6b H1Af LIE H7E 1500 'C R4 10 h i
)5, W-4Re-0.27THFC & 4 1P iR R~ R 28.13 pm,
KT 2 s R GG Sk RsT, BGAR R FE b & AR
TRENSAAK . ER %N 1700 “C/60 MPa K, i
GG 4 AU TR R T KERFLIE, 5 5 LI R
AR i 8, Wil 6c Fion. B dh LI R &
T B i RS0 A8 15 W-4Re-0.27HFC & 4 i A8 8% i
EREIN, I AE AR B T 4, 45 W LR ()
N 48h.



3604 -

WA R MRS TR

Bl 6 AR FIHEE W-4Re-0.27THC &4 1 B4
Fig.6 Microstructures of crept W-4Re-0.27HfC alloy under different creep conditions: (a) 1500 ‘C/40 MPa, t=10 h; (b) 1500 ‘C/60 MPa, t=10 h;

(c) 1700 ‘C/60 MPa, t=4.8 h

KRR SR AR 5 W-4Re-0.27THFC & & 1) f ki
Al HFC BURLRE, 2R 7 fim. W, AR
o, SRR SRR HEC Bki ¥ R AR K. RIGES 4
PRERRIA HFC BURLR 43519 5.52 pm A1 0.84 pm,
1500 ‘C/60 MPa #%4% 10 h, 35 R~F35n#] 28.13 um
A10.93 um. 4iFAE S 1700 “C/60 MPa i, 4.8 h )5

fERAE T IFAR MR, FEk SRR S8 %) 40.43 um, K
JRAEAS I 732%; HFC PR R34 E] 1.04 um, MR L4H
A0 124%.

FRILAA RN HEC R ZE K 4h, W-4Re-0.27HfC &
ST R KR T R A . B 8 A
W-4Re-0.27HfC & kM &2 m A, hE

1.5

60 a b
50t
g 0.9340.17 lvfofij‘v)""l‘l
€ 40 S10r  0.8440.08 7
3 “ 28.1344.17 @ e
£ 3 %
&5 20t 205 '
10k 5524061 T
0.0 222223 2222
As-Received 1700 “C/60 MPa

As-Received
1500 ‘C/60 MPa

1500 C/60 MPa

7 W-4Re-0.27HfC & S A A1 5 B FE 44 dtbi RO HEC itk R~
Fig.7 Matrix grain size (a) and HfC particles size (b) of as-received and crept W-4Re-0.27HfC alloy under different creep conditions

K8 W-4Re-0.27HFC & 44 AL I f5 A Al i KL Y &5 1 4y A
Fig.8 Microstructures of W-4Re-0.27HfC alloy with different grain types under the as-received state (a) and being crept at condition of

1500 ‘C/60 MPa, t=10 h (b) and 1700 ‘C/60 MPa, t=4.8 h (c) (blue: equiaxed grains, yellow: subgrains, red: deformed grains)



10 #

F IR W-4Re-0.27HFC & 421 1500~1700 Chifdiik A5 fig K 453 45 A7 2

= 3605 -

AL, WIMEAS A& W SR AR SRS =R,
1500 “C/60 MPa 48 J5 £ 4 P 30 7 &R0 FI AR T dioh 75 5
AR AR, M AR 0 2 T A o I R T T R 45
fio 1700 °C/60 MPa #EATIRAS 5, WAEARTE &GN, &
K ILAS FIFR FE AR T, 5 800G 4 P9 3 5 il it 2 2 B
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5, E AT SRR e BN A B A AR AL, TR
JRRE ARG SRS NI i S T AT R A B
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PIRCR, PRIECR F S ) 22 (LAMD SRS B RN 3

(KR EBAS AR o B i A At P AR AR ), ] 9
W-4Re-0.27HfC & & Jrs i m 240 A B, BB, R
HABEMALT LAM 8K, JFIGEE S FE )
AAfE AT, 1500 C/60 MPa %25 5 & 4= LAM
B FRAC, fEUFM N SN ERSE, RS9
FHEHRE, ACETE B IRAC. IR A 22 1700 C, &
SR AR TEREEE RN, LAM (38K . BRI ki A T fig
WY EHTIT SRR, AR T AR G A PR

K 10 A ARFEZKAGEA S W-4Re-0.27THFC & 4t
A TEM [&F, w WAL IZ S0 % AR i AR rp R 4% 5 B
H . 7£ 1500 ‘C/40 MPa N KA AT EETE RS AIAH BLAESS (&

é

9 W-4Re-0.27HfC & & 4 2 FiE AR J5 Jey 38 B 1) 22 40 A

Fig.9 Local average misorientation (LAM) images of W-4Re-0.27HfC alloy under the as-received state (a) and being crept at condition of

1500 ‘C/60 MPa, t=10 h (b) and 1700 ‘C/60 MPa, t=4.8 h (c)

1 um

g £ 54 3
Dislocation climb

B 10 AR &MHFAE 5 W-4Re-0.27THFC #4210 TEM B
Fig.10 TEM images of the crept W-4Re-0.27HfC alloy under different creep conditions: (a) 1500 ‘C/40 MPa, t=10 h; (b) 1600 ‘C/40 MPa,

t=10 h; (c) 1700 “C/40 MPa, t=10 h; (d) 1700 ‘C/60 MPa, t=4.8 h
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Tensile Creep Properties and Damage Mechanisms of W-4Re-0.27HfC
Alloy at 1500-1700 °C

Wang Chenrui*, Dong Di? Ying Wenging', Zhang Chao®, Wang Chengyang?, Li Mei*, Sun Shangyue®, Zhang Chengyu®
(1. NPU-SAS Joint Research Center, School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)
(2. ATTL Advanced Materials Co., Ltd, Beijing 100094, China)

(3. School of Materials Science and Engineering, University of Sheffield, Sheffield S2 4QF, UK)

Abstract: In this paper, the tensile creep behavior in vacuum of W-4Re-0.27HfC alloy prepared by powder metallurgy was studied, the creep
temperature was 1500-1700 °C and the creep stress was 40-60 MPa. SEM, EBSD and TEM technologies were used to observe the microstructure,
and characterize the evolution of grain size and dislocation during the creep process. The results show that the steady creep rate of
W-4Re-0.27HfC alloy ranges from 1x107 s™ to 5x10° s, which is 1-2 orders of magnitude lower than that of pure tungsten (W). The reason of
that the creep resistance of W-4Re-0.27HfC alloy is higher than that of pure W is the dislocation pinning by HfC particles and the lattice distortion
caused by Re replacing W atoms. The creep mechanisms of W-4Re-0.27HfC at 1500 °C are mainly atomic diffusion and grain boundary slip,
accompanied by dislocation slip, dislocation climb becomes the main creep mechanism with the temperature increasing. The dislocations are
blocked by the HfC particles, which leads to the debonding of the HfC/matrix interface. Moreover, the desquamation of HfC particles forms pores,
which results in the great degradation in the creep properties.
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