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Fig.5 SEM morphologies of W-Re alloy films under sputtering power of 30 W at 300 ‘C for 60 min and different sputtering pressures: (a) 0.2 Pa,
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Table 1 Physical properties of W and Rel®!
Material W Re
Atomic number 74 75
Atomic radius/pm 139 137
Density/g €m>(25 ‘C) 19.35 21.03
Melting point/K 3695 3459
Recrystallization 1423 1900
temperature/K
Ductile brittle transition 150~450 _
temperature/K
Lattice structure Body centered cubic Hexagonal
Face centered cubic Close packed

2 W-10%Re &&HSRES R REZRET2E
Table 2 High temperature fatigue damage and room

temperature (RT) fatigue strength of W-10% Re

alloys®?
Fatigue test at 1000 C Fatigue test at RT
a./MPa N/cycle o./MPa N/cycles
299 10° 317 2.4x10°
299 10%(=Ny) 317 122
292 10° 365 112
292 10*(=Ny) 365 54

FE B HTIT T ERE RN 40~50 eV Fulfl & 23~24 MW/m?,
AREEASTE] 20 s U HE R, WL W-5%Re & 41 W-25%Re
BEMMAEAT A GREY, Bk 3 Fb kR Y
151k, H W-25%Re A& & AR E, HikZ W
Al W-5%Re &4, H W Al W-5%Re &4 )5 &4 2 T 1]
BZER, X5 W hiEne Re KHAEA %K. Nogami
AL Y B 7 o3 B (JUDITH D BFSE 7 W R W-3%Re
B MPIETAT N, PFFRI, Re AT HIHIGERSUAITE A
Siller Z5M7/E A FE T UL EHEAT T W-10%Re &4

(1 i A S, HR B KIREE N 1700~1750 C,

B DR 625l 170~200 °C. (R InEk )5, AFALE
(1) W-10%Re MR I GAT N EIEERT . R, A4



57

FEE5RAE: BBRE & L2 RGBT ARIAT IR

+2685 -

T B HIVAREAN S B U AT R
B RAE T MBI R BT e (B 7) o A
MM, W-10%Re &4 Re X H #5717 N FHLEE ) 520
e WARE, A FFRNIF T

DB, O DR SCHROE 7 W-Re & &350
e AR EFHINE ST W-Re &4 IR AT I (BRSHA
MHAT ARBIE T TN - B W A Re Ao
&R BSOS IR B eI L s, (ER
Homii 1R AR KR o A% R AR HE I T AR IR
f, W W-PFMs [T #4671 B o6 52 B .
Ab, KT W-Re & &AM EAT NIRAE FEI T RME
AR R R, RAEH— HFRRER Fridk— SR
o MBRATHEEATIIRE D, W-PFMs K o748 I8 18 45 7=
Y1 W-Re & &6 B L At me. Har, RA
DECCHRARIE T W-Re & 4 7E 5Lk 3 FOOG 0 R4 3 i
THIFAGIRAT AN KT W-Re & & AR BGHLEE T 7T
WA LB RAOE, JCHGR R T Re ££ W-Re & & 34T
N TSR FH I AL LU AL B = o R0, TR EIE AT )
BRASYET S, W-PFMs THIG B 3 sh 31 Fin 2.
b, W-Re &4 5717 st — N AUET 5T 1 1)
2.2 fRHEAR

BRI B T B RE I — AR G 1) 7, X T
IINTHAMEL DB T, R IR AR BT A RE L
MmN IR LR — e e 3 8 . WA
CR BB AT T W-Re B4R . B4R
SREEFI GRS eAh, BTN T MBS M B A
eI A R EA — AR ER -

SR B s ey R AR S — R, MR T
LT W-Re R4 4 8t se A # ) 52PERE, A
WA R R, W-Re &4bE Re S ETHE, HAABRERE
s HETYIBEEARIRRAL, BIA BRI YA 6e Sk
%, MBS RAETYIARE: Hb KBS AWK, 38
MBI B RS, MRS R A #RMAE . DLE 3 M
PEFIE SRR, B Re S &N, W-Re &4 1)k
Rk iy HAUZMK KA N, HAEKRELA w
K. {HE 800~2600 K P, W15Rel &4 K 75055
Aho Li UL T — kR E R IE, W-Re &4
PERE Re & & THaE MG 58 . Wang £5B%%8 57 7 — /M B g
FERL, BT AE 300~1200 K YEEE P, Ar AN Ao
W-xRe &4 (x=0, 1,3, 5,20,25 %, FESH HEx
IS . W AR AT 2 8 101°~10" m?, JLFEXt &4
1 SR B AR . SR, 76 400 K AR, f45% Fit

Position: Position:
7.5 um
5.0 um
2.5 um
0 um
-2.5um
—5.0 um
—7.5um
Thermal grooving 1~3 Profile 1 e 6 Profile 3
Profile 2
5
£ _ 4
= " Slip bands
S 0.0 3
(5]
T Grain O~ " o~ 2
-0.1t boundary A 1
-1
0.2 5 +———Crack 2
0 2 4 6 0 5 10 15 0 10 20 30

Distance/um

Distance/um Distance/um

Bl 7 W-10%Re %41 YRR A5 L
Fig.7 Typical mechanisms of surface damage for W-10%Re alloy: combined height and intensity images at characteristic position A (a),

position B (b) and position C (c); selected height profiles marked in Fig.7a (d), Fig.7b (e), and Fig.7c (f)1*"!
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Research Status of Preparation Technology and Thermal Loading
Behavior of W-Re Alloys

Ren Xigiang®, Li Yungang®, Qi Yanfei', Zhou Jingyi', Wang Bo?
(1. College of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063210, China)
(2. Faculty of Materials and Manufacturing, Beijing University of Technology, Beijing 100124, China)

Abstract: Tungsten, with excellent properties, has become one of the candidate materials for plasma facing materials in nuclear fusion reactor.
During the operation of nuclear fusion reactor, tungsten will be exposed to high thermal load irradiation, high hydrogen/helium plasma irradiation
and high energy neutron irradiation. Among them, the transmutation element Re generates by neutron irradiation of tungsten, which will continue
to produce and accumulate in tungsten to form the transmutation product tungsten-rhenium alloys. Therefore, the thermodynamic parameters and
thermal loading resistance of tungsten plasma facing materials have changed, which will affect the service properties of plasma facing materials,
and even be related to the stable operation of the reactor. At present, the generation of fusion high-energy neutrons under laboratory conditions is
limited. Therefore, the research on the transmutation product tungsten-rhenium alloys mainly bases on the tungsten-rhenium alloys prepared in the
laboratory. In this paper, the major preparation technology and thermal loading behavior of tungsten-rhenium alloys at present were summarized,
and the existing scientific problems in the thermal loading behavior of tungsten-rhenium alloys were analyzed, which provided reference for the
application of tungsten as plasma facing materials in future nuclear fusion reactor.

Key words: transmutation product; tungsten-rhenium alloys; preparation technology; thermal loading behavior
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