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Fig.1 XRD patterns of W and W-3%Re alloys at room temperature
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Fig.3 3D morphologies (a—c) and depth vs. length curves (a, —c,) of W alloy oxidized at different heat-treatment temperatures for 6 h:

(a, a,) 500 °C, (b, b,) 700 °C, and (c, c,) 900 °C
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Fig.4 3D morphologies (a—c) and depth vs. length curves (a,—c,) of W-3%Re alloy oxidized at different heat-treatment temperatures for 6 h:

(a, a,) 500 °C, (b, b,) 700 °C, and (c, c,) 900 °C
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Fig.8 Macroscopic images of W and W-3%Re alloy oxidated at 700—
900 °C for different time (the left side of each image is W and
the right side is W-3%Re alloy)

i P S 2 3, ISR T AL R T B R DU A A 2 B
VST

HH P 8 AT AT, 7 700 C TR R T 5 A H B B
RIME ABRE =L T — E R A, D207 H
PRAL VR A TE LG T AE 800 'C K, W-3%Re & & £ 10 %
WS SR 12 h 5 8 BT L B 5, Bt A B s
) R K, D g 2L BV BT T 7E 900 C R, B M
TSR AT 51 W-3%Re & 42 1E 900 ‘C N H 3L T 43 /2 HIKi AF
MIIR G, 300 S A T 2L M v, ] S LW e % AR AR B R
B,

&1 9a~9d 73 51 9 W HT W-3%Re & 4 2 sl i Atk 52
WG HSEM KM S . - 9an A AW & &1
700 ‘C AL 18 h 3R [HI A0 2 Bl 450 ™ B, 12 R 3R THT 4
YL 2R 0% AR AFAE VR 2 28U P8, R T A 1) 7
A SBULRT A T 4i 22k ; B A AR R T
15> 75 800 ‘C 44k 18 h A4l W I S 40 3K J2 5 s b , IF
HidH REBRRZL . SALE R I7 BRI
S BRI T AR TR (B 9b) .

FH & 9¢ 1 T, W-3%Re 5 42 7F 700 C 546 W 4 4k )2

FHLE , R, REUR B R0R BAE RN, R4 T
VF 2 /N (1 ORE ) B A ZE A RE W ISR TR, LRSI %
7. HE9d AT, W-3%Re &5 4 7F 800 C 54 W 4L 2
FHEG, 40 18 h IR 1 B0 R S8, S0k 2 0032t B
TAARITE PR bZ 4h , R ARS8 K fE RN
TR R AR 4, FALE R T =4 T KEARI )
LI,

zi ER A0, M EE T AR W, W-3%Re &4 7E 700 'C R
AL v EUE A DU I B B AR A e . T
800 C , W-3%Re £ &= PU A 1 BEAH X 15y , I % A% Ui
AR, R R B A -
322 = HEMLBALEE 5T

10 AR 11 /2 W A W-3%Re & 41 LSM800 & 1%,
=4 BRSO 2 ORI SE DA ROR R B SRS
M 10 H AT BLA H 700 °C B, W-3%Re A 4 BRI IR
54 W ORI R A B S 00 X3, Al W BRI AR A [
% » W-3%Re & 4 I RURL TR 9 i IR . BT W-3%Re
B I URL JURL 2 R AR AR, B LASE BRI, 3%
T RS K o 11T 40 W TR URE R Ay 2 00 0 1 [ 7 5 357
A DX 5 P [ 752, 3 26 TV B — ROURIR R BRI A5 0K, 3 A
S R IURL 5 K RIORE 22 7] 52 [0 R SH AR 8K, AT 3R THI
Eb W-3%Re £ 4 5 805 , 7 HH 10 S0 R A6 5 S AL i R 4%
FaE o R RMORL_ 2% G 1R 2 RATBUN R RBURL Y, 1
W-3%Re & 4 FUBURLTZ AR A e PR 800 C I, 4ff W 3R
THT PR O 35 85 LAST- R SRR AE — 2, TR A1 g 2 R0 0 1)
BT S 80 T R A T IR % , B 2T o — Rk
(RVER T RS RIORE , . 1 B2 B 5 T W-3%Re & 4 2 1HI 2 30
DR S A, HEAT 5. 900 CHY , W-3%Re & 4K 1
HEAT SN SR A B0, HA TR B2 1) B S

ARG T4 W R T UK 1T 5 W-3%Re £ 4 3% T Uk
SR8 SR I, W-3%Re £ 4 3 THIRURE (1) % 1 = T4l
W, {H W-3%Re £ < 1 22 111 7 5 I8 T 26 WP A 10
AT 1L AT 51, 900 °C R 13D JE 3 B H AT DL H W-
3%Re G4 4l W 7E IR FE T AU AR K BN T4

12 9 W Je W-3%Re £ & 7EH1 AL SL50 F 3R T
FEREBE (R DAL o AR PRI S 1155 W-3%Re & 427 800+
900 “C T~ 2 TR RS BEAIC T W I SR THUHDRE 2 5 1 75 700 C
N, W-3%Re & & R MEHKERE & T W R TG . 25
AW, 7 800,900 C T %4k 18 h ¥] W-3%Re & 4 4k
PEE R T WA, E A BETE LA F R R R
323 Al HFHE

F 1 NERDUASEE W I W-3%Re £ 4 I i &
Ak, FEANFNREE N AW TE 700 C R BB E N W
7E800 'C N, i B I 2 k% EFHE B I AR ;1T W
7£900 C T, it AR 4L 5 800 °C N i B AR ih 22251
B 1Al 50, FEAS[F L, W-3%Re & 42 7E 700 'C R



* 3118«

W] B RS TR

554 3%

700 °C

W-3%Re

9 AR WA W-3%Re £ £83d 18 h (L5 &1 SEM JE 3
Fig.9 Surface SEM morphologies of W and W-3%Re alloys after oxidation for 18 h at different temperatures
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Fig.10 3D morphologies (a—c) and depth vs. length curves (a,—c,) of W oxidized at 700-900 °C for 18 h: (a, a,) 700 °C, (b, b,) 800 °C, and (c, ¢,) 900 °C
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Thermal Stability and High-Temperature Oxidation Behavior of W-Re Alloy

Nan Lingxin, Qi Yanfei, Xu Pengfei, Li Yungang, Pang Binghe, Liu Kun
(College of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063210, China)

Abstract: Superalloys have a very important position in the development of nuclear fusion and other fields. To study the stability and oxidation
resistance of W-3%Re alloy at high temperature, the thermal stability experiments of W and W-3%Re alloy were conducted at the temperature of
500, 700, and 900 °C for 6 h. Oxidation experiments were conducted at the temperature of 700, 800, and 900 °C for 18 h. The phase composition,
oxidation kinetics, oxidation products, and surface morphology of the oxide film were analyzed by XRD, SEM, LSM800 automatic 3D
morphology analyzer, and Hysitron TI Premier nanoindentation apparatus. The results show that the quality of the alloy increases with the
prolongation of oxidation time. During the oxidation process, the grain size of W-3%Re alloy is reduced, the oxidation film forms faster, the
surface oxide layer is gradually thicker, and the high temperature oxidation resistance of W-3%Re alloy is improved. Compared with W, the
chemical stability of the Re oxide in W-3%Re alloy is higher. And W-3%Re alloy shows a lower oxidation rate constant when it is oxidized at
700 °C for 18 h. At this time, the W-3%Re alloy is a weak oxidation grade, and the density of the oxide layer is improved to a certain extent during
the oxidation process. This indicates that the addition of Re can improve the high temperature oxidation resistance of W material.
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