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Effects of Arc Voltage on Microstructure and Properties of WC-Co Coatings
Prepared by Low Power Plasma Spraying

AN Lian-tong', SUN Cheng-qi"?, GAO Yang’
(1. Navigation College, Guangdong Ocean University, Zhanjiang 524025, Guangdong; 2. Transportation Equipment & Ocean
Engineering College, Dalian Maritime University, Dalian 116026, Liaoning)

Abstract: To study the influence of arc voltage on the microstructure of the WC-Co coatings, WC-12%Co powders were used
to deposit WC-Co coatings with the plasma spraying system of axial powder feeding under different arc voltages at constant
arc current. The arc voltage was adjusted by changing the hydrogen content in the working gas. The decarburization of WC-Co
coatings was analyzed by XRD. The melting status of powder particles, the flattening status, and the microstructure of the
coatings were observed by SEM. The Vickers hardnesses and abrasion performance of coatings were also measured. The
experimental results show that the powder particles can be better melted under the higher arc voltage. The flattening of the
powder particles on the substrate surface presents four typical shapes in accordance with the melted status of the powder
particles. Increasing arc voltage promotes the decarburization of tungsten carbide and produces W,C and Cos;W,C,, and
increasing hard phases contributes to the reduction of Co content in the coating. Proper enhancement of the arc voltage
increases the hardness and abrasive resistance of the coatings; however, the excessively high arc voltage deteriorates the
coating quality.

Keywords: plasma spraying; axial powder feeding; WC-Co coating; flattening; decarburization; microstructure

WS HHEA: 2016-03-04; fEEIHHA: 2016-06-14; EEMB: *EFRARF IS (51172033); | RIFERXFZQH EL TEDE
(GDOU2016050201)
BREE: "mFHA958—), BEN), #HIZ, WML MRAE: AEHERASIRE; Tel: (0411) 8472 6895; E-mail: gaoyang@dlmu.edu.cn

PR AR HE: 2016-07-21 14:30; PREGHREHELE: hitp:/www.cnki.net/kems/detail/11.3905.TG.20160721.1430.024.html

SI3c8:  ZOEMN, FIVREH, ERH. HL T I RS B A WC-Coig 2 44U MR Rk A2 ], Hh [ 11 1A%, 2016, 29(4): 111-117. AN L T,
SUN C Q, GAO Y. Effects of arc voltage on microstructure and properties of WC-Co coatings prepared by low power plasma spraying[J].
China Surface Engineering, 2016, 29(4): 111-117.


mailto:gaoyang@dlmu.edu.cn

112 b B xR T LT IR

2016 4F

0 51 B

WC-Co¥)2 H 1 Ji W CHBURL AN 4 J8 il i 271 21
B, RO, BE R
BEGUG B, BT N TS TR, R
Bo. BN S U, R & AT 1
PERE L B 2 B AR, WC-Colg JZ= i i
R AW TV H %, WA T miR . IR
KIEWE IR AR NE IR EC, W[/ NWC-Colf 2
TR GRS R, — B AR AT
FUI— AN B ] i

RS RS S T WOR R A &, SR
7, SEWCHEHEIZINK, RERERZE.
EERL W LR S R i = R S Y QI 1BUSE, i NP TS
BEERIRE, & H A& WC-Colg E M 1% 1%
#0L, EHRATEFERE KR, BRVTBRREM, 22
WS R AT R o R XV U (R RE 6 SR A9 BIUE 1 Uk
2, HBROHAER /DN, BRAC T IR AT, (H HmE
MR R, BAEARE, TWELIIE SR
&, XAE— AR BRI T M.

SR K RE S B T R W& (LELS) il %
WC-CoiR 21 s Z B4 R A w8 77 2, FIH
TG 3R 5 S, (Macker RURL),  F580 A HH B ARt SR 26 N
SR O il DX 37, AT 3R A5 B v (R i i %
FE GE 1 SR 46 55 1 BUR AR LG, 1K e 55 B8 118
UL A IR T R AK (4~10 kW), IR BE B A
(<5 cm), A RANH] T WC-Co¥ A Fy i F4 A i 5%
AR TFHRESGBEFRE. LEISE&H & KWC-Cols
J= BOR T AN T A TR R IE R, (H
AN L AR RS, CHE SN
Ji 2 TH S B2 AR TEAR R T 1) I Z ] %% . WC-CoiR )2
()5t & 5 H MO G5 A B VIR G, IR )= I IO 45 4
SR AR AR B2 B A o AR 5 1) s~ AR
BEBEHIK . WC-Cobt k1 B AH R 2% ik 2
SRR Z R R AE B . ORI TR
IS FRRE . R PARES DL BB AR AH AR 55 0K
REZE B T YW C-Coi |2 40 21 K M RE I B2 M A A o

1 X 8

L1 BEASH

fESc B, AR R R, i B
BT R A A KB B I E R B
WK, WERBH IR F

1 FETHASY

Table 1 Plasma spraying parameters

Parameters Value
Arc current / A 130
Arc voltage / V 40-70
Ar/(L-min™") 21.6
H,/(L'min™) 2.8-4.5
Carrier gas N,/ (L-min™") 6.6
Powder feeding rate / (g'min™") 35
Spraying distance / mm 50
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Fig. 1 Morphology and XRD patterns of WC-Co powders

1.3 W=
¥ H H ZA&RigakuD/MAX-3A B X -ray i 51X K



543 TN, S BIHEXRAE SR T HRWC-Coik = 2141 e Pk RE D RN 113

W E R KA E I A AL, EFECoK,(1.789 A,
#40.05°, 3 FF8°/min)E S 414 K Philips-
XL30FA i HL B R WS R O TESR . Uk 2 M IR 1T 1)
RAUEER Ry AR IR AR AS BLBOR AR 1)
J AL &S R MH-64E PCRE A4 J2 i
AT E, T N300 g, IHEASTES s. FEALIE
WIEEI F20 s RERE, BIBRS R AR, THER
RS R EIE I R

1.4 BHidi

K FIMM200 B i i B0 ATLAE T BEEOIRES T AT
BEHURLS . BB EA N @ 40 mm> 10 mmfH)[F]
B, MOELNASEN, RIHWBHR T mmE R WC-Coik)Z
FFEEEIETE, WS FRFE 4580 D 40 mm>10 mm
MR RS ARE 5533200 t/min, XHEFEE K
180 r/min, P& ZEN10%. FMINEEAIETT A300 No
K FH N 2 35 I B W C-Col 2 I BE 451 &,k R i)
F&-N15 min.

2 SRR

2.1 WC-Cof RENEH R RIAL

1E40 VAI70 VEEIKHE T, KWC-Co¥p K i
ANKH BT 15 2 1 SEME S i B2 o
40 VHIRHE T, KM R T RIBHRAES(E
FTEPR)FEIE RS GERIERIR), REHLRE: 70V
LR T, BARISIB N7 5, fERTEK I
TER FURE NERIR, R LB, BIE— L
KMy AR R Ae G B AR FIWCHURL, R BAmE iR id
T LA CoE Ttk 70 VELINHLE R, Feuk
WC-Co¥ R HIZR T 2 AL, A3 3 b HE i ix 24
AR N AZLE 2, R N AT e s R
AR HH 2R B H A A AR A TR 2 K oK R Ak /N AL B
AW R AR, EJETERM RO TE RS, T
2 TH LA 2 7S SO K S TR R HE S
SGIRE

1E40 VAI70 VHITHE T, K WC-Cokp AR B
WP G 4SRRI, M H PR %,
2 EIMSEMIES A EI3FT R . $d R I AL G 2 5
DB (a)~(d) 28 4R BLIR S . N T G R
R AR I RS, SR T A OAS [ 5 b
o B R M m-FARS 2 Bl A, AR
R SRR BE DL S AR BE S0 e~ 4K,
IR, B — M PR I 55 T SR

()40 V

b)70V

K2 WC-Cofy RIFHRETEEN
Fig. 2 Melting status morphologies of WC-Co powder particles
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Fig. 3 Flattening morphologies of WC-Co powder particles
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