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Fabrication and formation mechanism of vacuum cladding

WC-graphene oxide /Ni composite coating

YANG Guirong" , WANG Ning' , SONG Wenming®, LI Yamin' , MA Ying'
(1. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals, Lanzhou University of
Technology, Lanzhou 730050, China; 2. Lanpec Technologies Co. Ltd., Lanzhou 730070, China)

Abstract: WC-graphene oxide(GO)/Ni composite coating was fabricated by vacuum cladding technique. The mi-
crostructural change and phase composition of the coating at different temperatures were observed and analyzed
by scanning electron microscopy, energy dispersive spectroscopy and X-ray diffractometer. The results show that
the WC-GO/Ni composite coating with dense microstructure and good metallurgical fusion with the matrix was suc-
cessfully fabricated on the ZG45 substrate. There are four sub-layers from the coating surface to substrate, they are
composite layer with about 1.5 mm thickness, transition layer with about 360 um thickness, diffusion fusion layer
with about 50 um thickness and diffusion affected layer with 100 um thickness. The main phases of WC-GO/Ni com-
posite coating are Cr,Cs, FeNis, WC, Cr,3Cg, Ni;Si, C, Fe;Ws, y-Ni solid solution. FeNi; and Fe;Wg are dispersed in
the metallurgical fusion zone, and the main phase of the diffusion affected zone is pearlite. The phase size of the
composite zone is smaller than that of the interface zone. The changing of metal particles at composite area pre-
cedesthatatthe interface area. The clusters (Cr,C;/Cr,3C¢) formed on the incompletely melted metal particles surface
and grew into needle shape. The needle carbides are embedded in the Ni-based solid solution among the coating.
Keywords: vacuum cladding; composite coating; formation mechanism; nickel-based alloy; WC; graphene ox-
ide(GO)
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Table1 Chemical composition of the Ni-based alloy powders

Element C B

Cr Fe Ni

Mass fraction/wt% 0.7-1.1 3.0-4.0

3.5-5.0 15.0-17.0 <5.0 Bal.
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(a) Ni-based alloy particles

(c) Graphene oxide
F1 RIS
Fig.1 Morphologies of powders
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Fig.2 XRD pattern of WC-graphene oxide(GO)/Ni composite coating
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Fig.3 Morphologies of WC-GO/Ni composite coating at cladding temperature of 1060°C
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(a) Overall morphology of the coating (b) Magnified morphology of area C

(c) Morphology of the arrow b

(e) Morphology of the arrow ¢ (f) Magnified morphology of area E
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Fig.4 Morphologies of WC-GO/Ni composite coating at a cladding temperature of 900°C
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(c) Magnified morphology of area G (d) Composite zone morphology

(e) Magnified morphology of area H
5 HEBERIE N 960°C I WC-GO/Ni & S5 2 M5
Fig.5 Morphologies of WC-GO/Ni composite coating at cladding temperature of 960°C

SARHEA RS TCE AR, AR s T — HZ U R )2 . & 5(e) A& & 5(d) H AR TE IX A
EART, AL R 20X, fEEEIZR H AL RIE A . T2 BLERTE (4 JORE T T < 0 T
iﬂﬂﬂ‘%ﬁiﬁ??ﬁﬁﬁlﬁid\ %%ﬁ?ZI‘EJE@EE%m %Hﬁ% “Jk'“éﬂi‘(%lzl@ 5(c)tlj’fjr4ﬁ%é$iéﬁﬁ



5t o 55

WC-4E AL A1 B M /NG S5 3 L2 1A o 8 B I SR L ]

- 2497 -

ez sk S EHR W) & R C SR M Cr R A b &
Y, W HERNZ AL & Y& CrCy. CrysCe 55, JH il
M ZARYIth COT R M W It R 4L, E*cﬁ%
MWILEWETF R 2:1, 454 XRD K%
e Wy 22K W 2 WLC, ﬁ?f%*mm A#T
Ptk WC BUkL 3R 2 88 53 40 i A2 1 T WLC, ALy
W,C FI R — B REER NG EAR 2R E
21
2.4 WC-GO/Ni EEREBEMEAHLEI
HIEHE NI RE SIEEIZN, MRk
ﬁkﬁ?ﬁﬁﬂAﬁ@T%EMME.liﬁa
B, MRS E . Mheds 88 ik KB B .
IVE A FLBRERIE I BE . VIGE ZEEem B, K6
R AR ORL B 2 1 ARSI L AR bR 2 e Y, fE
B IR (1 . IU) JS0kE (] 0% D i 22 fioh o5l 422 fike
I 7% AR AR R 4 A, BB R K RS R 28
I FRIFURIE PR 30, UKL N 1Y) AR AN & A el s
WURL AP L A WA AR 4k s FER S 1 i (.
M) Jit o) 00K 285 485 1D 1Y) R f aE RS AT BR 25 Sl K
UKL (] R S 4 /N, P E S LRI, [T T
ALK, A LR B AERES RS
(V. V) ZH 1w 2, HHLLREE R
K, FLBUIBRE T ERAC BERW 46/ . Bl 1
HIREZEH T &R 900C A AR, HHEZNE
G X (# a(a) £7) 2N W Br 2L 2205 S IE 8, Ni
e A UKL Z 18] & 2800 WU 18 B AN [R) Y e 45 4,
Jry R URL [B] FZE AL IR, B DX R Ni JE A 4 0k il
A2 O T IR AR ARSI 2, #5610 THEY
BORYRRAE, i R X (18] 4(a) A2) WO JE B2 A
TR T IR AL MG & ORI IE 3, Ni B4 4 0RE

M WC BURE AR, #7451, BB EFE,
PR FF 3 B2 BT O A ORI BRI

HHG 2 R R TR E 960°C AT, R MR
lﬂi@ﬂ@ AT O, R B BRARBURL 7E

I TR, R R Z AT R AR,
%MLﬁﬁﬁﬁﬁﬁiTQQ,ﬁﬁ@%ﬁ@ﬁ
NIRRT R A i
fEa . VBB RRAE, I B 7R 960°C 2o Ay I i
12 X (18] 5(a)) 35K A B Ni B a0z, (H
5 BEALE 900°C 7 A7 I A [ (9 2 BRI AY Ni B
G OB R S8 /b N R 6 UKL (] AR AR IR 6 5
e ibesi s, fra . M Bk e, Bl A IR ¥
F89 T e A R T ) S R SOR [8] 19 4 205 590002 7 K

CRERURE (] (1) A 80 A R B R I HL45 & 15 ik 2
], B0 JOREL A] A T B e 445 351 5 3 T 1 19 e &5 33
RN, Rt Ni BE A 4 JURE 25 5 NG 7 2 1 3%
HY T 35 40 0k ) BBl WC ki 2, B FE 55 1
HBE T RZM WCIKA HA R, K
FBAMIHAR B T Rk, N WC FiURLE: £ X 381
Ni FE5 4 Ok 22 W] 45 & 23 32 B S 2 5/ B 52
DU B A5 1 T B0 B KR 0 M X348 2 AN K
By MIABIRETE 1060°C A4 E A X (8 3(d)
S X (K 3(e)) M HZC L9EH 8%, WC
5HAERMMHZEIER T RIFMG KA,
WEZMBL TV HUE A XMy B m X, ¥k
B XMEBEREFEGE R, b EsmEnE
AE%E%#%?%%?%EEAE%hmm%
L RIS R R A S AR TR A
m\ﬁﬁ¥tﬁ5%%£mﬁﬁ,xﬁﬁmﬁm
o FIEH, EAXMEREIRT T I ZNik4e
=N 1T I W/ 1= 7 o A 2 A I I N L
TR, B S T ES X AR R T
W 5] 328 32 /N TR P9 4 Ja I B R g 1
Wik, EAX&RIETZ3 - EETFHEZR
[ 6 152 AR 51 1, XA 3Z SR 4] 5]R

G X R SaeE S TR 3G, A TE
FLZS AT B T E W R R R A X A e R T
Al Fiasipyas, HWLE & X 48 Pk i 451k
J6 T XY 4 WO, Bk A A XA 4 R A
S0 [ 5% 1 AC 48 3k 380 D /N L 2 T AR AR 3R
sk A1, M T REMAK, NNEEZER AKX
R E TR YA N 3 P Y

INFA T 2 1Y) F FE R 10 e 45 291 14 T8 12 B o T

S5

RN ,

&)Q@

V)
IEI 6 BiRbestid Feri

Fig.6 Powder sintering process model
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