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A T LR R E T =45 3R A L
(SYH-15) TR A, JRA NN 20~25 r/min,
RRUETR G R, 1R Rk R I E & WC BRE8h
B, RMIE NS5 h (50 g My KD KBS E T
BR4E k4% (SPS, LABOX-350) X VR4 J& Mk R k47 e
g, BessiRE A 1500 'C, HAE 1500 C LRI 5 min,
HEIESE N 100 Clmin. N IRBESE AR SR, 18
800 CfRi## 10 min AR LR A AL N HE 2 R A M HES .
Begh I 4G B 7124 20 MPa, JH7E 800 “C /i I ¥4 51 m
JE % 50 MPa, Jedh 2h 3R J5 315 WogTagsVosZreSce i i
B
KH X SFHEATEM (XRD, X' Pert PRO MPD) Xt
i BEAT WIAR S M, IR R 3 R T BB
(FE-SEM, SUB020) M54 4 2H 2 FN4R I 5 4 A 5 0.«
KA BELSE FIRE% (PSIEC, Hefei University of
Technology) 2%} 10 mm>10 mm1 mm ks FIRE S AT
— RIIAFSHIN He B RIS, SFE T4/ ESE
N 3.0<107 Pa, FUFEIHZE N 0.9~1 KW, #fahE i HA i (i
BB TN B 7E 500~540 C. Langmuir 3R 154
BAESECON: B TiEE Flux=2.1x10" ions/m?® s, HL T
JE Te=12 eV, LT3 n=7.6X10" m?, #@IEmHE N 15
min, &Y 2.1x10% ions/m?. B & BTk 0 4 e 3 5l
430, 40 F150V, X} He BT AERHKIE Nishijima 5
NPOIRT N 25 NPT IE (5712253591 54.95 eV (48.45
eV). 68.0 eV (63.6 eV) F173.6eV (76.8 eV), EZf
WRSHE 1 iR,

2.1 WMMEHMEHARR
K 1a A WgTapgV 28ZrsSCq HR A S TR AR
st A BuUA ) XRD K. XRD Eitk R, BA K
WA ok b S5 A & B R RIS AR (Se T R
B, KRAEE XRD ERILH B R RHIEI) . REEAS
W6 & B PR —FARLSL T (bee) 4514, TBAAE 1500 C
(1) SPS &t v, =i il & & I & RO AR FE SR I AE T T
EH T e 08 2850 %) 46 8 TR Ak & 0T B AR, TR T R
A bee LRI EAR. B 1b Z2EFE 41 SEM
TS, AJLUUEH, G432l 2 MEXIEAR: WTav
515143 A 1) e 85 DX IR Se/zr B & E SclZr X . iX
DX 350 19 2 A 3 2 TR RS S T 5 R s O Be 4 iR B, LA
Je Zr L Sc X 5T WL Ta. VIINTERH, S 2Zr.
Sc B G B BTV AR A
2.2 EEBRFTEFEIR

2 EffmEN 30 V [ He B THREEAMT
WogTagsVsZrsSce i fifi £ & FH Al W 1) 3R THI 451473 1% O »
IEi He B FRe R 2N 55 eV & 2a Fl 2¢ AT LE H,
TEX PR SFAT N, Sl E 4 1 03 T I oK R BB S 1
Wi, EEENEHT, RWSHEE SRR
FU PR Ve BOIRAERE , 31X 1 By i & S AR X AN BE 21 He
HE FRMZE TH5, H He BTFHEERIFALL
HENBIRT TR A, IR0 He 2 U7 fE AR K
I8 EE BT R T M RS AR AL . T2l W R, an &
2b Al 2d Ao, C&IFIH I g™ &8s, R
2d MRS T LLUR I, 48 W FIRECSAEKH
— EM RN Fuzz 8589, BAE Fuzz S5/ 0] LG

2 ZERIMITIE SR o
N L W IR, X BRI AN He B4 Ok
%1 PSIEC R4 TAE He BEFHEEMNZEFIRSH
Table 1 Plasma parameters of different He ion energies in PSIEC system
o Plasma Flux/>10% Electron He ion energy/eV .
Sample Negative bias/V potential/\V/ ionsm?s”  temperature/eV  Ref.[26] Ref.[27] Temperature/'C
1 -30 -18.45 1.93 10.6 54.95 48.45 500
2 -40 -23.6 2.07 12.9 68.0 63.6 525
3 -50 -26.8 2.46 12.6 73.6 76.8 531
W e-Taw-VazH, a
e

2 Zr-rich =7

2 —

8 ~

k= Sc-rich ~

~N
Powder N
v * *
20 Bb 4b 5‘0 Gb 7‘0 8b 90
201
Bl 1 WogTansVasZrsScs milifi 741 XRD EI1EFI SEM 50
Fig.1 XRD patterns (a) and SEM morphology (b) of WagTaz5V28ZrsScs high-entropy alloy
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N, 4 W RIS MBI Fuzz 458, B4l w
Fuzz S5 MTE I 56 55 T 2% A 1 1= A R 7E 55 eV LA
F, X5 Hammond®®pr i it 1) K A5 %0 W ATRLE 30
eV LU EARF24E Fuzz S5 W 458 R AT

B 3 2N 40 V 1) He B FHEIEMT
W TazeV s ZrgSCq 1 i 75 42 R 2E W 11 3 T 2 425 175 452 »
555 TR AR IR B sh, Uhi He &1
eI nE s T 10 eV, £y 68eV. 7EE 3a fl 3c
s E i A A I Ao S b, HL 3R TR AE 5 1
JE2H 30 V (1) He B 745 B4 F 1 i & 4 1 SR THRFAE
AL, WA IR REE. T4 W S, 1

He BT ReEIG MM % 4F T, R Fuzz =T
RN E R, il 3b F1 3d iR

B 4 Z7MmEN 50 V () He B THEBEMGT
W g TazgV2sZrsSCq 1 i £ &2 RN AL W [ 3R T 452 457 175 1L
I He B8 T-REE L4 73.6 eV. 1K 4a M1 4c fiow,
Y He B FREEIRE A 736V, miaeRmcs
T AT IR 1) Fuzz 2544, B7E S DXt 2 IR (R 1)
AKEE, XMiZA Fuzz SH7E R A & E K E
FPEA <. BRI 4b A1 4d B94i Wb A7 SR ™
Fuzz 458 . % He BT ReE NIISCIRRA R & &0
Fuzz 45 #9774 (G 7F 68~73.6 eV Z[d], i T4 W

B2 AN 30V A1F N Rl e e Mot W RIS 4
Fig.2 Surface damage of high-entropy alloy (a, ¢) and pure W (b, d) under 30 V negative bias

K3 fiufkEy 40 V 56 A4F T w6 e A al W R 50
Fig.3 Surface damage of high-entropy alloy (a, ¢) and pure W (b, d) under 40 V negative bias
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K4 fifEoy 50 V S&AF T milli & e Mal W R i
Fig.4 Surface damage of high-entropy alloy (a, ¢) and pure W (b, d) under 50 V negative bias
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AR, XA B G LI SR TR B 2% 7E R AR R He
WFET R, ® Sc KA AE T RN, BT Zr,
W. Ta { R 7 i &3 KT Sc, L3Pk & 1 i AR
NTITRZ ¥R RN S RESR TP AR P i U i =1 R 11
RAL, A LSRG R PUAE A R

2.3 BRES@ETR

6 N He B THR M5 =i & & 2l Wit T T2
I, fEK 6a fl 6c FRTLLRIL, A SR EH
LT BRI X, A Ak 1 2 o T BAT S A 2R T Ak
TR T AT, RIZEMEEEEHERIEHRIX . X
NEZ A T N He &7 X miii & &K1
R TR AE F, A AR I S B AR R 14T R
XSS E 2c fAE 3c A& MR E &
RUF IR, 3B 7E (R 30 A 40 V LR, =
WG ERMZE T —E M.

6b. 6d. 6e 1 6f H13 0] LLFE B & 1) Fuzz 45
¥y, HrhE 6f il T Fuzz S5#) XI5, SRR
Ab ) Fuzz G546 384 4547, AR m DL L 88 A i A ozt
Ab I Fuzz 454 @A &0 fumIE A 50 VI, A Rg
VgL Fuzz 45K, I Fuzz S5/ 84008 321 nm.
1M 26 W 7E 7l [ 8 30 VI D48 7= A2 B R 1) Fuzz 4544,
BE# He B TREE MM IN, Fuzz 454410 )5 5 BH 5384,
7£ 30~ 40, 50 V Wififi I~ Fuzz 45418 5300 8

5 fiufE 50 V AEAF N mil G R TR
Fig.5 Surface damage of high-entropy alloys under 50 V negative bias: (a) matrix and (b) Zr/Sc-riched phase
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K6 WosTaxVasZrsScs M &z 14l W 7E i fl >y 30, 40 1 50 V T I I 50
Fig.6  Cross-section morphologies of WagTazsV2sZrsScs high-entropy alloy (a, ¢, €) and pure W (b, d, f) at negative bias voltage of 30 V (a, b),

40V (c,d)and 50 V (e, f)
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A1 He o iy A=Kk 21 1 BRIAE FH AT 2 80 .
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1) WygTapsVsZreScs i il & 4/ He B T4 IR RN /™=
A Fuzz 45, (H7P= 4 Fuzz 501 He &5 7 g & B E1E
68.0~73.6 eV X [H], & T4 W 1) Fuzz r= £ B{H (55
eV LLF). fEAMH A & AF T m i & 4 nanf b 4l wo B 4%
i, H 73.6 eV 1 He & T4, Fuzz £ 1 JF EAX
Al W R 173,

2) WogTasVasZrgScs i fii A 4 H AN [l 1) i 73 X 38
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Study on WygTa,sV.5ZrsScg High-Entropy Alloy Irradiation Damage Induced by
Low-Energy and High-Flux Helium lons

Wang Yafeng®, Chen Zhihong', Xu Yunfeng®, Luo Laima“?3, Zan Xiang"? Zhu Xiaoyong? Wu Yucheng??
(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. Copper Alloy and Forming Engineering Research Center of Ministry of Education, Hefei 230009, China)

Abstract: The damage behavior under low-energy and high-flux helium ions irradiation condition of the WosTazsV2sZrsScs high-entropy alloy,
prepared by spark plasma sintering (SPS), was studied. The results show that the high-entropy alloy reveals better resistance to irradiation
damage than pure W under the same He ions irradiation condition. Under different He ion energies, the He ions threshold energy when the
serious “Fuzz” structure appears in high-entropy alloy is much higher than that of pure W. With the same irradiation parameters, the “Fuzz”
layer thickness of high-entropy alloy is obviously smaller than that of pure W. After irradiation, the different phase regions of WogTazsV2sZrsScs
high-entropy alloy show different surface morphology characteristics, which are related to the He ion irradiation behavior of the main elements
constituting the phase region. An excellent irradiation damage resistant material could be achieved by designing the microstructure of the high
entropy alloy.

Key words: high-entropy alloy; He ion irradiation; Fuzz structure; He ion energy
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