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Fig. 1 Illustration of a BCC screw dislocation propagating
on a (110) plane with a sinusoidal Peierls barrier described

by UP. At low temperatures, screw dislocation propagates

based on thermally activated kink-pair mechanism!"!
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Fig. 2 UTS and TE of as-rolled W-0.5%HfC, as-rolled
W-0.5%HfC annealed at 1400 C, as-rolled W-0.5%HfC
annealed at 1600 ‘CP"
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Fig. 3 TEM images of (a) as-rolled W-0.5%HfC, (b) PDWs and PTBs in as-rolled W-0.5%HfC, (c) intragranular nano-sized

HfC particles pinning dislocations and (d) nano-HfC particle pinning GBs

[30]
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Fig. 4 Morphology of as-rolled alloy tested at
room temperature: (a) SEM image of fracture
surface of a longitudinal specimen showing
)| brittle fracture by pure transgranular cleavage;
(b) Back-scattered electron image of polished
surface showing phase contrasts, fine dispersed
Y,0; particles (black) and pores (gray,
indicated by red circles) at grain boundaries; (c)
| SEM image of fracture surface of a transverse

specimen  showing  brittle fracture by
intergranular and a small amount of
transgranular cleavage!””!
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Table 1 DBTT measured under tensile test for as-rolled tungsten alloys in some reported papers
Materials Dimension/mm Strain rate DBTT/C Ref.
W-HfC 1.5X0.75X5 0.06 mm/min 200 [30]
W-Y,04 1.5X0.75X5 0.06 mm/min 200 [40]
W-Zr-Y,0; 1.5X0.75X5 0.06 mm/min 150 [40]
W-TaC 1.5X0.75X5 0.06 mm/min 200 [41]
W-TiC 13X1.5X 64 6X107%s" 300 [42]
W-ZrC 1.5X0.75X5 0.06 mm/min 300 [43]

BWE, BABE 7EESR FRMEE. X1
PRI SRES & 4, Rl R I5AT R, EE2ER
2 B FIURLIE SR AF DO SEAR RS20 o 1T Zr TG BN,
AT LMEREL W-Y,05 41 DBTT K% 150 C,
K EFARTE& ST 5 I m A I SeE1E
BRL 1T SR FH # L ID T o) 46 & e 4b 5 B0k &2 & 3 5 4
G e BV AR E ST .

2 ASEREmMPERA e

T A0 ) RV SR A ) R T #6556 5 4 AR A7 7
—EMZES, 1 HEGOKEE AR SR A A E

M, BERINT R, FR85EExE HET
B RE AR R, TR T A SRR G R,
T L 28 AR JBURL A AR 1 20 AR S 2 T LB
Wi 45 FEAR 1) S HMERE . U0 OKSIUTA 2510 % 11
W-TiC &&/E =i PR K 26.5 W/(mK), X
F S TiC PURLLE 5 A AL WL 5 A8 50 4 A i
B T ELARXS TR, A b AR b
B OTE AL, R AR DL RRLAS Ze 045 & 4 5
P RE M PRI SE UL & SR RS VR IR B H %2
AR AR D ) —

2 VO o AL )R BE S R K R & T
W-0.5%TaC &4, W7 T TaC S EMELHARK TS



6 hEA O RYR

2021 E x A

X W-TaC & FRIFEN . AFEPRE W-TaC &
SRS REGEE K RME 5w, 0 Tregs
A W-TaC &4, FE%E TaC SEIMIN, 541
R B IR INE K& S, FHE 0.5%A =
ISR i B VS R, (HRRLE ST W-TaC & &l FE
PSR T A, — PR VTR I N mT fe &
R T RRURL S 2 X} e 25 A B0 FE 1Y) o3 4 B
SE, BEEBRIBEN, SR AL IS
R FE AR, A W-0.5%TaC & 434750 H)n T
Ji, ¥ RD HAMERASFTEZFNINE 175
W/(m'K), EbRegisal W(139 W/(mK))HH G H e
H 26%. X VAP TFLHEFE A RD J7 9] 145 SR
Wb, FAEEAE RS, (R FER
REURBEEISS, IfiEEE T W-0.5%TaC &4
S#ERE. 800 ‘CIBK 1 h 5, W-0.5%TaC &4:3k
Rk 186 W/(m-K)# T2, L T ITER 4344
BHEKT (174 W/(mK))o AT, wEiRiR ki,
SRS RS A PRV KR 3 RIS T IR UR, AATT
#1753 W-0.5%TaC & &M FRMAEERINEED. R,
X KL AR A LE I B0 25 8] 2R B 7 T 45
BT R B 1R VI 2K A0 R 5 2R 1 SR T B — A
HEER

25071 — SPSed, W

— SPSed, W-0.2TaC

— SPSed, W-0.5TaC

— SPSed, W-0.8TaC

200+ — SPSed, W-1.0TaC

— Hot-rolled, W-0.5TaC

— Hot-rolled, W-0.5TaC annealing/1 h

150+

100

Thermal conductivity/(W-m™-K™")

9
(=}
T

0 100 200 300 400 500
Temperature/C
Bl 5 REMRA W-TaC & & TR G IE M2 h 5 11
Fig. 5 Comparison of thermal conductivity of SPSed W
and W-0.2%TaC, W-0.5%TaC, W-0.8%TaC, W-1.0%TaC,
rolled W-0.5%TaC and rolled W-0.5%TaC annealed at
800 CH
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original and rolled state along various directions

Thermal diffusivity of W-Y,0; specimens at
[48]

Xof T SRARHE S A P R R A 4, 7 IEH
B TAESREE T, (mE 2% 3B AL 52 B AR S o
T 5~10 MW/m ), i 2445 B AR R A RS A
i, 03 A AR R BT, 102 R R AR 3 (ELMs)
R LA R 4 (VDEs), X SElEAs G 4l 6E
SHUR N ARE T E T m, e TERE,
PERE AL IR A B ] LA R 20 MW/m? PO, 44
FIE LB B RN A R R BURDRE L . R
J Rl S P B TSR AT, 3 B AR S R HE S
PERR AR SR ORI 5 Yo S5 88 Tk . Bap e RSO ) —
FEOALER =5 205 R v i G A P o e O G
FEAE RN S E AR BT, FFRRIRIVE . [



31 B x W

PR, S BTN T RAR R B RORE SRR & VR RE S MR BT TU IR 7

I, AR R BT Ih PE e S S R & VA
Ky RUFH) G RE R 2 B2 /N RHE R AE
IR TR ERR R, PR AR B AR B e 1504
AE. BRAL, BRI S m AR E R R
FRIFFREBIE, BN B GF ) AT P A RE #A
A T SRR AR T SRR N, 77, S
PSR, i oeE MEE AR R iR s
7R,

XIE 250205 g 5L ) A0 R840 B 4% T W-ZrC
e R Sl =N 1 QL= SRR SO R na W =7 R = Bl N
TR Dy B A SR, S TE DN S ms.
Kl 7 JEoR T R G R TR RS A AR 5 3R T
TSR R4, T LB A TR A g 1 H
T, ELHES W-ZrC A& s s W-2rC 548 5f

B PIAGENERE. #EE W-ZrC & 41 0.44
GW/m® A e T, 724 T SRR, 4L )
A W-ZrC &4:15 55 0.88 GW/m” AT,
YA TR o 3 RO Fh 2 5 32 B PR A
SRR, I, LS W-ZrC 5410
WERILEER W-ZrC A4 MRS RE L 20
W/(m'K); 5—J71, FLiES W-ZrC &8 1Pi5E i
J¥ 15 2.84 GPa, HLIE S W-ZrC & & Em i —1%,
FLHIN TANERL SR AL W-ZrC & 4 AP 1)
0 R R T R R AR A7 A TR BRI

T ETF LR, — SR HRIE (S A (1
i, 4 WP, wezrc™, w-v,0,%, W-La,0,P%
A W-TaCH*') 5 ITER W (1% 25 i T 2L B A1
ZENER 2 Fos o AN FHLHIAS W-ZrC & 4 1 m ik ot

Intergranular
cracks

- Transgranular
cracks

B 7 AN[F) ThER 2 RTINS S S RS &S W-ZeC FE 3R SEM R
Fig. 7 SEM micrographs of loaded areas on swaged W-ZrC ((a)—(d)) and rolled W-ZrC ((e)—(f)) after a single pulse for 5 ms
at RT with various absorbed power densities: (a) 0.44 GW/m’; (b) 0.66 GW/m’; (c), (d) 0.88 GW/m’; (e), (f) 1.1 GW/m*™
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Table 2 Cracking threshold of some reported particle-

reinforced tungsten alloys under transient thermal load

Alloy State Cra((:é&l/r.zjgc))lds/ Ref.
ITER W - 0.22-0.33 [53]
W As sintered 0.33-0.55 [54]
W-ZrC As rolled 0.88-1.1 [52]
W-ZrC As swaged 0.22-0.44 [52]
W-Y,0; As sintered 0.42—-0.53 [55]
W-La,0; As sintered 0.17-0.22 [56]
w-rac  Asrolledand 0.33-0.44 [41]
annealed
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Research progress on influence of rolling process on performance of
particle-reinforced tungsten alloys for fusion devices

LUO Lai-ma"?, ZHAO Zhi-hao', YAO Gang', ZAN Xiang"?, ZHU Xiao-yong’,
CHENG Ji-gui"? WU Yu-cheng"*?

(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China;

2. National-Local Joint Engineering Research Centre of Nonferrous Metals and Processing Technology,
Hefei 230009, China;
3. Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education,
Taiyuan, 030024, China)

Abstract: Tungsten (W) is considered to be the most ideal candidate material for fusion devices due to its high

melting point, high sputtering threshold, and good thermal conductivity. A series of microstructure transformations

of particle-reinforced tungsten alloy during rolling process will have a certain influence on the properties of the

materials. This article reviews the effects of rolling on the mechanical properties, thermal conductivity and

resistance to thermal shock damage of particle-reinforced tungsten alloys, and points out the research prospects and

development directions of tungsten materials for thermonuclear fusion reactors.

Key words: plasma-facing materials; particle-reinforced tungsten alloys; rolling process; microstructure;

properties

Foundation item: ¥ 5 ST &ML A B AL A & £ 15 (2017YFE0302600, 2019YFE03120004); [H % H 4R

Fe i EIH (51674095)

Received date: 2020-10-12; Accepted date: 2021-04-18

Corresponding author: LUO Lai-ma; Tel: +86-551-62902604; E-mail: luolaima@126.com

(w8 )



