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m = FIH NaeWO4s-WOs itk RAE V-ACr-4ATI G&HE ERIRHE& TSR W BE, EEREES 10—
160 mA /em® JEEKHIF T RMBEM SR W REH LM 2R . FFRas Ry, MR REERET W
A AER U R RS R, W RFERSE V-ACr-ATi 488k LBy, MAEMS W S ERSHEER W &
BRAHER, mREERA (100 mA/cm®) i, W BRZHSHALSERRARGEH, MESEERI, W REZHHET
ek, W RZHRE RS i RN TR, W REE V-4Cr-4Ti &&EAMms 43R 59.36 MPa. mfi#EH
10 mA /em?® i, BARBEEAE 10 pm, H W RBERR N 5 pm, WEEE . SR kg Bk g4 ks
BARAE, 4331 628.42 HV, 99.71%# 96 N.
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ABSTRACT The W coatings prepared on structure materials (V-4Cr—4Ti) as plasma facing mate-
rials, not only can release impinging thermal power but also can resist erosion under plasma particles
bombardment in international thermonuclear experimental reactor. The electro deposition of W in
NasWO4~WO3 melt as a promising technique was studied in this work. The effects of current density
on microstructure and mechanical properties of W coating were investigated, and the results show that,
with the increasing of the current density, the trend of crystal growth is promoted and the grain size of
W coatings increased. The nucleation easily occurs on V-4Cr—4Ti alloy substrate for W atom, and af-
ter that, the growth of crystal nuclei is the most important factor for the formation of coatings. When
the current density increases to 100 mA/cm?, the metallographic structure of W coatings presents
columnar or stripy structure, and tooth—like grains were presented in microstructure as current density
is lower. The Vickers micro—hardness of W coatings is decreased as increasing current density, and the
adhesive strength of the coatings is greater than 59.36 MPa by the tensile test. Although the thickness
of tungsten coatings is 10 um as current density is 10 mA /ecm?, grain size is less than 5 pum, Vickers
hardness, current efficiency and the coatings adhesion are all maximum, and the values are 628.42 HV,
99.71 % and 96 N respectively.
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&/ W BHEAEESE S, U, WErmE, 8
BE, VA BAR/ING T3 D RIAR IR AL 2 R 46 R A HY
WEE ., fbEtERE, E W IRBHAT 2N H, ifERN %
ML RGP, IVE ERRE . R R, X
SHEEPURRRMS L [, TR W SRR,
R TR B DA SR PR B TR R B 4%, H RiTAE E Brk
%HRAHE (ITER, international thermonuclear experi-
mental reactor) HE kA B 5 TH 1) 55 B TS —BE
FOBRIRIE AR REROEL B4 MR T A b, V-4Cr-
4Ti @ FRARE =R | KA REEL ) H FHi 7
R BTG AL SRR RE, TR RS A R s bR B
SE R FARA B W S S5 ARl B A AH B SR % SR AR
MEIRBABEENE L, MAE V-4Cr-4Ti Hfk Ei i
W RERE Rl W Al V-ACr-4Ti #8MH M TE.

YR W MR AREL, HAKBERAEYIER R
BRI L E MRS BN EeE, RAERRMERSYA
LI BT LA e JE WIS AR TR 1 o Sk e A PR Y
R, BEN LA SRR fmkz 18]
WAkH — SR ik R 0 fd ek & M. P
KA R R A A — AR B R IR 4% A 58
FERI I BVERYBORAR S, A R IR R A R
IR ANBUR, 25 Gl B R B E R TE v, R AE R AR
P RA R 12 DEEs U2 figEn 1B g
2%t NagWO4,-WO3-7ZnO =701k R B A g%
P W IRBRIF T BN, B ZnO FILIE
LRSI SRR R A E, B2 Zn0 55 5%
JB& W —FVIRREIR R b, jgm W IR BRI HRERI 4R ST
B 4L Lin 25 0516 Q#4958 T NapgWO,-WOs3
&, 1 HA A ER G SRR TS AL 0 R4 b i TR T3
o W RE, FHHRBEEEX 1 mm BIERRE X&
WFRR M, BB IiRGE W RER—FMIERE AR
2. BT, BRSNS RS TR ARAE V-4Cr-4Ti
Fetk Bl W IREREBRZ 05T, F, A58 R SR
BUTREAR, PN EREEAE V-4Cr-4Ti ek Bl yiR
fils T W IRZE, RGBSR T HE EEAX BT W
1R 2 BAREE AP RE #9 5E .
1 LA

LEF R HAHTEE NapgWO4-2Ho0 #il WO3, DL
NagWO,4 @ WO3=3 @ 1(EE/RK) #7FrE, THRIES
WEEAESESSA T FHEZ 900 C. BgEsck ol W
(15 mmx10 mmx6 mm) {ER3FEME, KiEHL V-4Cr-
4Ti(15 mmx12 mmx3 mm) YE5 TR, B2
WD, JOCAEE, HAAYIERMEE KB TR N
TREIREREULVBEREFENSE W RE, 5%
EERBENHEL T, BisErEs V-4Cr-4Ti 3
BT W IR)2 BAE R AR . B B Se i it

PIELH R, BAMHEF A 10 mA/cm? Ky
160 mA /cm, #41E 4 30 mA /em?, HEFTAEEN 1 h.

VR G5 B BN BB o, FHEE] 900 C, fHifR
30 min. FEEF TAERMRMXT BER)E, #FTRITR. Bt
REEFRERH TAERRE S, REEA NaOH BRI E£5
FKiEYE, EBRFEEAEL. R Rigaka D/MAX-RB
X SRS (XRD, CuK, #i) #1 LEICA DMR
St BEE, X W RBEHEITYAAHMR AR .
JSM-6480LV Elfff e b, WET W RZHMEREE
BABEESR. AT IEMESRETTR W RBH ¥
R, XHAFERE SN )5 AT T EMLE MR, B
MRS A LEIKA CMHT & EEAY, #fi 100 N, fR#
10 s. XREERA MFT-4000 ZZREpRIRmE AR IR
B, PrfhscssE WDW-20CD ffbl#] i 17 B e
HL_E#AT.
2 ZRER5TR
2.1 RENDBESR

&Jd W F 3 Mgikal, 25 oW, 3-W A
v W. He, oW BRERE, J§T bee 454, W &
WS, S ALS dihds, B-W HAEAEGEMRETA
REHIBEL, BFE 630 CRUTFEFRER, M1E 630 T RN
A oW, T HiX — BEAT R, v~W JET fec 44
4, AR BAETRS AR e W A 700 CHE
Al oW | 1 ARFEREETHE W BE
# XRD . "TRAEH, 75 10 mA/cm? F] 160 mA /cm?
TEHE AT LA YTRSE W %Z, FEHYE bee B a-W.
X451 U0, KA NagWO4-WO3 #E#hik R, "R
V-4Cr-4Ti Bk FHETEGH&HE W RE.
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Fig.1 XRD spectra of W coatings with different current

densities



%6

S X V-ACr-4Ti @k LRI W IkE BREHe#m 4T

EZORE TR W, ENMENREARRERR. £F
T NaoWO,-WO3 HAlREFFER IR N WO ™
W07, BITFEEM TR X R:

W,02™ + 0% = 2WO03~ (1)
2 A ER G B AR b, BEAR AR B N A
WO — 6e — WO (2)
WOt JENFI R RER A, %A T A SR
WOt +40%" —» W03~ (3)

W sEg 12 fizsEn 8] gRs e sk b
R BG4 6 N TR MR 3

WO?Z™ + 6e — WO 4407~ (4)

BABIRAS 6 A T 2 AR AR EAT, S A
WAE W IER B T-IRBHAN T W BT, SHET W g
W IGFIGTRRBI Bk L. SERREFSEH R B, FEARk W i BT
RECEER TR W BRI, JFERERE
W, WO 35 02 454 WO~ B, 4%
He—3 6 AN TRR BRI, [Fi4 R A Rk A id v
RE LV — T4y, X B P IR G 4 SR AN AR 2 FiL 3R
BEMAL. I, 7R TR R, H A B H
RESSHT W IR M 451 5 VR B .

2.3 BEBEN W REAAHIRIEN

B 2 RAFERSEFERG W REEEH
SEM 4. WEHTUE N, B2, Bh W
ZUGCHIFLIR. WA AT B ARG I, 1 RSP SRR T
K. MEFHEE R 10 mA/em? B, FR RN 5 um,
AR RE 6 (B 2a).  Ydms s
40 mA/em? FEKE, BESBRSE 2030 pm
20, HERA/NRHES (A 2b—d). B 3 NARE
WHEETHR W REHATSME . mETW,
B RN, YRR BN, Y R R
40 mA/em? B, WREEEN 20 pm, B NE]
160 mA /em? B, WEEEREF] 50 pm, {HERAHE
TRKHHG R R T AR S, FBIERREA A 2K B
BRI L R 2 B I P SR L UL 35 B 4 o
WKHBI% S Liu 48 00 Sl i esl & &3k Bk W
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Fig.2 Surface SEM images of W coatings with different current densities

(a) 10 mA /cm? (b)40 mA /cm?2

(c) 100 mA /cm?

(d) 160 mA /cm?



748

& &® ¥ W

F49 %

M; Rz Sk 0819 o W AE Rk R TR SR
W i, BRSEEAH ST W SRR, BREE
b NG O

R 3 AT, EREER/NT W IRBENFHE E T
ORI, B e R KK, R SR A &
REEH. B THE SR TR W B2 m Ayl
i, FE W A SR R B R T ARG, X RERERR 7
PARERIE R TR RIT IR (Hraikif A K 7)),
TRAEE W REh TRgm Sakm @ 202, gar
V-4Cr-ATi 3R W SR RSP 40/, B2 )5 Bk
BRKK, mEEAINE W REH SRR SRR, W R
TEFEERKLR, SFERER. JHEE W HTERSE
V-ACr-ATi 3k L, MR W _LEmEee
JE AWK, X5 Koji 4 22 #£ KF-B,03-WOs
Wk A D EE S 12 4 NapWO,-WO3-ZnO Fih
thZ e, Cu 3k EBRVTR W BFE e —3
2.4 HEBEXN W REBEEMSE

Bl 4 45T W IRIZH Vickers fifi BEFH i 25 BE )
AALHIZR. MERHEER 10 mA/cm? B, REXEHY
sk RGE/NF 5 opm, HAEFE(ESA 628.42 HV; HI
FREHKE] 40 F1 70 mA/cm? B, FoRRSFE 10—
20 pm 2 [a], {HAEREE T FE] 446.52 F1 427.18 HV; 4k&:
WRHAE, SRLRSHE 2030 pm 2 (8], TR B (AR
430 HV Zef5 B#THace. X 20 B b i i 2 ARk
H B G T RE R i ok RT RS B T A, iz g (29

4 20um

RIS, 4R SR, SR, X2 3 A R sl
K, PERHEIR A Rk, B . B
P RERG KT, SRR, A R TE AR X3P A A,
SEEEE TR BRSEE#HT 40 mA/cm? B, W %2
SRR RS B AR B, Wik, W RZ iR
AR AL
2.5 R W RERHE

R R, SOIA ] IR AL R R,
Faraday 25— @ BRI %, W13 o R STa w iy v i S5 Bk 1
Hr R R R E B, BTRASEEe s V-4Cr—4Ti 3k
IR WA R BERE . (ELR S 2 HEL I 238 B R T,
B T R ) L 2 R K R BAR S A,
HEMAREREA RN S BRERY Fara-
day s FER AR A, B BB T SR B AR b & A R P
IHFER A i 5% Faraday @R AATREREA R
. AR/, HAL AR SR, BTSSR
W 2 BAAR SR T A B T30 i S S S s il B e
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SEf Y. BARE RGN, BT IR A i, (ELR
A T 0 R B T i S T R B B AT I, ST AR b HEL VAR
et B 5 S R[] HLI A B A B SR A B TR W
BT, AT, A RERE AN, BN R AR, 24
HLHE R 10 mA /cm? B, HFHRAE] 99.71%, B
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Fig.3 OM images of W coatings with different current densities

(2)10 mA /cm? (b)40 mA /cm?

(c) 100 mA /cm? (d) 160 mA /cm?
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HL R 5 BE AN RE AR S SR/, R AEEH W RE,
T ELVE T AT A REE, 4 P ROR.
2.6 W RESEGHESRE

R SRR B RTIS RN A AEE RE, N T
BRAFEREE T W IREM V-ACr-4Ti B4 S
HERE, e F KR SC I 4 5 5 S A 225 2 7 0 W SR
T EREI, ERRBEBHET W RES V-4Cr-4Ti
HARB LSS NIAEARZ, EHERFEN 10 mA /em? B, 45
B HHGRARA RN 96 N, B BN 100 mA /cm?
i, R EER/N Y 86 N. N TEEWIEN W B2S
V-ACr-4ATi R sE e, R0 7 %
100 mA /em? FgERE, KELEHI 6 E7 2. Sl RAE
E7 JBehbiizs, T W SRR BA B, WA SRR, H
th B7 Bt AR BB E] T 59.36 MPa, ATLIN &
W %25 V-4Cr—A4Ti EAWLEAREET 59.36 MPa.
W iR 2 5 R A X b LG485 4 0 5 e AR R A
BWRER TG L. Bk, a7 BT, W
Sk G R BT BB R, B R AR
SrepkmgamEmaE L. Hk, 8 W RETHRE

Helk bR A B Y AR, AR A P T,
SRR AEAER — Lol (IRISE G NS (LB AR
1%, WA, PRI R S A Ty, 24 SN L Ut
HIE, 48 B TS e Rl B RS 76 AL AR AL 1
THEAX S IFK A 2520 gx A bt fid, W
SRR KRR R A R AR, T, BT
A W IR 2 SRR LS & R R A LR s PR 7,
TIAEAEE H BORI S 2 B AL 2 R, ST T IR R S
HefhAR R RAFALE A1

3 4t

(1) EFRFESTEIIR W B2 BIMEE A EER .
WEE FEL T B ARG, WS A A K R, bR T
WK, WEHEEMARK W HTEASE V-4Cr-
ATi Fetk B, WA W EEEEREZRKK
Hoat R A RN, W REEFHARAS, B
BERRK B RN SR AL,

(2) HUTR W I 2 A 38 E 11 P IE 200 PR O 2
HRE KT FEAR, BN 10 mA/em? B, B EFEFK
 628.42 HV, HFAER KN 99.71%, L% FE
it 70 mA/em? PR, W BB EEER/E 430 HV
7iti, B TRE.

(3) RAHFFEET W RES V-ACr-4Ti FkHy
A NMERE, EEFEFEER 10 mA/cm? i, 4&H
HIE R BT 96 N, W k2 E V-4Cr-4Ti Hikpy
ZEG R 59.36 MPa.
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