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Sample stage

El1 W. Cufll Zr iK1 SEM 4
Fig. 1 SEM images of W (a), Cu (b)

and Zr (c) powders
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Table 1 Crystallographic parameters of metal and compounds found in samples

Lattice parameter/A

Compound Crystal class Pearson symbol Space group p ) . Ref.
w Cubic cl2 Im3m 3.192 - - [29]

Cu Cubic cF4 Fm3m 3.636 - - [29]

C Cubic cF8 Fd3mS 3.566 - - [30]
o-Zr Hexagonal hP2 P6y/mmc 3.236 - 5.189 [29]
p-Zr Cubic cl2 Im3m 3.644 - - [31]
ZrC Cubic cP2 Pm3m 2.924 - - [32]
Zr0O, Cubic cF12 Fm3m 5.031 - - [33]
WC Cubic cF8 Fm3m 4.239 - - [34]
CuyoZry Orthorhombic 0568 Cmca 12.686 9.314 9.347 [35]

*2 TSR AR R

Table 2 Physical properties of related metal and compounds in samples

Compound  Melting point/K  Density/(grem ) Thermal expansion/(10 °K)  Thermal conductivity/(W-m "K™")  Ref.

4 3695 19.25 45 173

Cu 1357 8.96 16.5 401

C 3827 2.25 1.0 150

Zr 2128 6.25 5.7 22.6
WwC 2870 15.63 6.9 — [36]
ZrC 3540 6.59 7.3 20 [36]

Zr0O, 2700 5.60 5.6 2.0 [36]
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YRR G5 &R G &M E NSRS E B,
K FH A 58 R FAAAR I v UL B 2 F PR (B i dRLFE 2200 °C)
HBEAT RMI i b EE . T 2N ¥ C/C HAMEHR
R ENE T A SR m s 5N BREE S 1
Cu-48.9%Zr &K R, BirE 2% S H 24 @A A
Z NI AT R C/C WA RiE. A mEiR A S A
B RS YIr R, B B T A SR E—[F
B A S AT IS AR B, AR 1300 C,
HAEEN 1X107° Pa, EihF| 800 CRHHEE N
10 “C/min FF, 800 ‘CH] 1300 “CKH 5 ‘C/min THE,
7E 1300 CHRIR 1~2 h, J5f3BIRARE N 3.5 glom’
(] C/C-ZrC-Cu EAMEE. SLI0%5 8 Fmiidk FT F 4y
W AAKI ) 22 F TSR, KiFE N 44~75 um, ZHEEA
99.95%. AP 1L I FE Ry R FEIE R, Tk
KB T A+ 100 'CF 1 he KA DH-1080
B TR B (RRINER 80 kW)IEATE5E 5 TR Ak
B, Wk LZZSE08: HIE 70V, HIR 650 A, X
(Ar)60 L/min, {X’S(H,)15 L/min, %## % 10 g/min,
BHRFES 120mm, B lmm. LZRAEN: AlE
A it 3R T — 2% TH M D R Ak — T 200 °C Pl #—

T
R -

2 FR5R

2.1 C/C 158 Cu-48.9%7Zr T 55 54H 4

2(a)MI(b) iz N C/C G EHEE Cu-48.9%Zr
HiJE R E MR, WEHRE 20T B EmR
C/C-ZrC-Cu BE M EHAHXT Bl 2(a)H C/C BE MBI &
A, RILGJE GRS RWE EERE INE) 3.74 g/em’.
FE IS NBIAH AR £ 4 R A T B v 58 24l 1 C/C
ZA WA AARMILR. KW Z CC EEMES
Cu-48.9%Zr ¥} K TE 1300 C T4 BIFHEEM. Kt
Z AN, MOEERTH S AASUIRIGER N C/C EAEMEBITLS:
i JZ 1A (A SR AN f LI . IX R : 1) it CVD 4k
RS PAN %t Cp AN vl AF/E AL, SRS
(1) Cu-48.9%Zr ¥y KIRHMEB N, fJa T st P /NS AL
2) Cy Pl A R AEAEAS [ TR/ INFD 7 1 (R FLBER, - st
] A ) T i L B I T 7 ) ) AR AT AR e [, B
P TRETORE 1. BB B ). BEEEE
REERIBE I, M2 2o R E & E /N T
I FERE AT, AR AR 1L, S e IRIR S B
YA P9 B LI

3(a)Fi7n N CIC HAMENE S Cu-48.9%Zr ¥3 K
JE O TESR ) SEM 1%, B 3(b)Rl(c) ATz 437 M 3(a)

Tt AL B ZrC Rl CuyoZr, [f) EDS 4558, & 3(a)
WAL WRSETE C/C-ZiC-Cu EAPRESE R, K
LB TR, 454 3(b)h EDS AR AT, R
AT AR KM A 49.18%2Zr KITKLAT TS
L) ZrC, RUFAARAGIEL AR, FAT AL

@

_Smm_
B2 C/CBEaMERIRAZIE A C/C-ZiC-Cu B
R R
Fig. 2 Macro morphology of C/C composite (a) and Macro

morphology of C/C-ZrC-Cu composite (b)

KYUIR K AR N THI 0 3775 454 Cu, 45 Fill Cu F1 C/C
AR, T Ze BIIIASE S T Cu 7E 1300 CHYTE
C/C SAMEIFRENE. X2HT: ¢/C E&MEF
IR AT A JE B ) I R S A C VRN Ze S AR R ZeC s T
ZrC A Cu WEIE M L Cu A C RIS E N, [ g
1 Cu f£ C/IC BEMEHH RN 456K 3(c)
EDS iR ulHl, 18 Cu MIAZME KO NEH
40.2%Zr I IEAS i &AM CuyZry, £ CuZr &K
EIEB IR AR EY CugZr;. C/C-ZrC-Cu &
MEHR A HIEA DL S T G RA B o R
HIL, RUVEZ AR A ARG B a5 % B 4 PR
R Cu-48.9%Zr ¥ KJE C/C-ZrC-Cu HEEMEH
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&3 C/C-ZrC-Cu #k} SEM 41 ZrC J CuyoZr RERE4E
Fig. 3 SEM image of C/C-ZrC-Cu(a), EDS results of ZrC (b)
and CuyyZr; (c) in C/C-ZrC-Cu
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2.2 C/C-CuZr FEFBA W EH54HA
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Bl 4 C/C-ZtC-Cu EEMEL X GHEas Rt
Fig. 4 XRD pattern of C/C-ZrC-Cu campsite

El5 SEETWHR WiRZEIN SEM &
Fig. 5 SEM image of W coating surface

KLf g &4, REHA R AR, 4
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RIMPATEAE . B, RELBR T AT
SPARTE BRI SR TR s IR A Rk [ T A v 0 Rk
ARG, TR SENB N HAh, R
IRBUGIE, AT 5587 XA Ak R 5 R0 A e 7843 T
Wi, SEOLCREEI, SR P w4
e, 3 BRI B B KR WK .
Kl 6(a)ffizn A C/C-ZrC-Cu H & AR S B 1154
W B HTES - I 6(a)PT I, 2 E L8 1.3 mm,
WERMA LK, REMEALE S IERAS SEM W
HEHBEAEIY HZ, ALEN Cu MRENBZE
PLEGH AR Z N C/C-ZrC-Cu E AW RIR H LI A,
G 2HUM R B 6(b) TR iR R A S
% SEM {%. @it SEM—EDS 2 e, X A
RAT RIA G RN BUZEELN 10 pm, A%
VIR F B WC, Hrf WC ¢ SRERDELAN
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Fig. 6 SEM images of cross-section of sample: (a) Low

magnification; (b) High magnification
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Fig. 7 XRD pattern of cross-section of sample
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AT, C/C A PRI Py 4T 4 o 2 R 1R 2 LB,
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MFLBRIB B C/C EAEMERIA S . TEAZE FEAH %
Rife. HAJMFEGRBIE SN T, SERIRE) ) E
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JERA L C/C HRIEIE I BL, Bl AS C/C Huik
Z AR F /N T 90CHT, MR A RETE BANE 1 1ME
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KN Ze BIIINESGE TSR FN C/C SRAA (IR -
FERSAIENE C/C ARSI T, 4 P33 LA R A A A
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Peritectic

H & 8 H Cu-Zr AR 3(a) A L2 (1) AT
B, IBIRNERLE 1164 K B 42.1%Zr 54> N EWAE L
A E AL &Y CuyoZr;; 7E 1208 K B 50%2Zr 450
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Fig. 8 Phase diagram of Cu-Zr binary system

HBAR L A R )4k &9 CuZrs 7E 1163 K I 47.5%Zr
J o RO LI 3 S S AE ) CuZe A1 CuyoZrs. B
FIRFERK, 1F 985 K I 50%Zr &4 FRQ)M(3)4
I CuZr FHFLHT [N A2 i CuyoZr; 1 CusZry. S2E6 T
I EA RIS CuZr M CusZr,, THREWT
CuyZry, EAEFN: 1) BAK K BIAKA Cu-48.9%Zr
LB G, ARSI FE e o AT vk

AT R ZE , T IR T B2 1) CuyeZry, H CuZr
MM SO 58 A A ) CuyoZr; AT CusZry o H 2 A
CuyoZr; KU, CusZr; 0] AZISAS T T S 85045 1
HR IR R R CusZr .

N TR RSB )G Cu-Zr & AW 2 2 1A H1 5%
R, KHPHATEE7EH195 T WsCussZrao(BEIR 7341, %)
—ItE 4, o Cu Ml Ze Ky LB RE 1B TG LU 82
FEMAE 800 ‘CIR/K 60 KFrfd W-Cu-Zr =JCAHK R4
K 9(a)firam. BB 9(a)nl &, ¥ &k 3
(CuyZryH(W)H(Cu)) = A P I,  JHrR  E0RL AR
(W), HE 9(b)+ EDS 45 Fn] A1 H 6845 5 Al & %
1.48%Cu M 1.04%Zr. 454K 9(c)+ EDS 455K/ %1,
i 2K A (Cu) RERS 43 A [E A 0.53%W 1 0.71%Zr. /i
TW)RI(Cu)fHZ A K k0N CuyoZr,, EDS 45 R (WK
9(dNERMHEF Zr FEHN 40.18%. RIEE 9(a)
W-Cu-Zr =JCRMK R, 4 SEM-EDS 73 #r4s RIF
FEFRUIER CuyoZr, AFETE. B 6(b)n] %1, 25 851§
W Ml C/C-ZrC-Cu =AM BRI Z MR AT B, A
% 10 pm A4 1) WC FHUZ . th W-C oA P
() 2 3 2(5) AT RN AE 3047 K B 50%C [ F C 5 Wil
AR WC §HUZ . KRR,

Energy/keV

b
®) Element w/% x/%
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Zr 0.52 1.04
W Cu 052 148
Matrix Correction ZAF
V)
0 1 2 3 4 5 6 7 8
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© Element w/% x/% ) Element w/% x/%
W 1.52 0.53 Zr 49.09 40.18
Zr 1.01 0.71 Cu 50.91 59.82
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C r Cu
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B9 WsCussZryy &4 7E 800 CAHF1 5% & 1) SEM 141 EDS 4
Fig. 9 Phase equilibrium of W5CussZry alloy at 800 “C and EDS results: (a) SEM image; (b) EDS result of (W); (c) EDS result of
(Cu); (d) EDS result of CuyoZr,
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EIRIE R A A NI SR I AOIRLRE o, (LR AR B 244
WA RARERE, H4h, BT C/C REMEFTIFE
T Cu Ml Zr JTE, EATRERS FRARY AL .

3 Zhip

1) C/C EEMERRIFEERM Cu-48.9%Zr #
K& AL IR B EMEL, Ze BIIAIRSE T Cu
£ 1300 CHI{E C/C EEMEHEIRIE, FE % H
1.60 g/em’® HINF 3.74 g/em®, MBI AR TR
E Cu PRHE BERMS USRS & R AH CugoZry, JEERR AR H
(1) Zr K53 01 21 24 o) Bl 1) FA A IR S5 R AR i ZeC o

2) 1£ RMI |44 ) C/C-CuZr &4k R APS
T AR A 1.3 mm [ W 2, Bk m#
FARER 4y LA CBRLR Z2rO,, FE45 A A R B WC
=B

3) W iRJ2 5 C/C-ZrC-Cu E &R 45 & 28R LA
TG AT ORI E, KX N F R
L@ N AE R WC T HUZ, RN R R
2929 10 pm. W-Cu-Zr P & & it —HHIESE CuyoZry
5 W H Cu PLE AR ZeC HL47
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Microstructure of W coating by atmosphere plasma spraying on
C/C-ZrC-Cu composite

ZHOU Zhe, GE Yi-cheng, WANG Yuan, GONG Jie-ming, YI Mao-zhong

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: W coating with thickness of 1.3 mm was successfully deposited by the atmosphere plasma spray (APS)
technology on C/C-ZrC-Cu composite which was fabricated by reactive metal infiltration (RMI). Phase composition of
interface between W coating and C/C-ZrC-Cu composite was investigated using a combination of X-ray diffraction
(XRD) and scanning electron microscopy with energy-dispersive X-ray analysis (SEM-EDS). The results show that good
performances of C/C-ZrC-Cu composite are obtained by reactive infiltration method with using powders of Cu-48.9% Zr,
and Zr element can increase the wettability of Cu in C/C composite at 1300 °C, the orthorhombic phase Cu,¢Zr; is found
in the composite. The type of bonding between W coating and C/C-ZrC-Cu composite is diffusion bonding on the main
area of the interface. The diffusion bonding of WC layer is produced by peritectic reaction of phase W and C, and the
thickness of reaction-diffusion layer is about 10 pm.

Key words: C/C-ZrC-Cu composite; RMI; APS; W coating
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