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Pulse Electrodeposition for WC-Co-Ni Coating Preparation and Performance
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ABSTRACT : Objective To improve the comprehensive performance of WC-Co-Ni nanocrystalline composite coatings. Methods
WC-Co-Ni nanocrystalline composite coatings were prepared by pulse electrodeposition, the structure, the surface morphology and

the elemental composition were analyzed, microhardness of the composite coatings was tested. The 304 stainless steel and the com-
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posite coatings were immersed in H,SO, solution of the mass fraction of 5% , the corrosion rate was calculated and their corrosion

resistances were compared. Results It was showed that when the pulse parameters were the follows, i.e. , 5 A/dm” cathodic cur-

rent density, pulse duty ratio 50% , the pulse frequency of 2000 Hz and the plating time 2 hours, the prepared WC-Co-Ni compos-

ite coating formed a nanocrystalline structure. At these parameters, the coating, composed by cubic crystal Ni, hexagonal WC and

cubic crystal Co, was smooth and bright without cracks. The WC-Co particles uniformly diffused in the Ni nanocrystalline coating

layer and m(Ni)

:m(W) :m(C) : m(Co)=6:2:1:1. WC-Co nanoparticles played an important role to promote nucleation

and the grain size was mostly about 20 nm. WC-Co nanoparticles had a strengthening effect on the coating dispersion, making the

microhardness of the composite coating reach to 600HV. The immersion test showed that the corrosion rate of the composite coating

increased slowly when the temperature raised from 20 C to 80 °C, and the corrosion rate was only 0. 4192 mm/a at 20 C and less

than 20 mm/a at 80 °C. Conclusion The hardness, corrosion resistance and comprehensive performance of the WC-Co-Ni nano-

crystalline composite coatings are superior to the traditional 304 stainless steel.

KEY WORDS: pulse electrodeposition; WC-Co-Ni coating; nucleation; microhardness; pulse parameters; corrosion rate

G TR AT B S5O X 32 A ok B 1 R T 2
T JE ol B4 5 9% 57 W 24 32 0 T M4 R 3R 1T, BT LA 3R fT
FR4E R RN BE EL R & R AT R Y 2R A v T
1999 4F K Lu A1 L Lu'™ & H T 4 J8 A1k 1 498 K 1k
RS, BIVAE A REZR ) 25 1h — 8 )R B HL R R A 5 Y
YK LR F 2 | 1 2 M BE A A ok B2 i b R
ZRA 12 RE I IR B IR BB 1. 9K ISR HL A /)
RSTRN  FE T R00, Al RCE 00 S5 ik v B, &
HYK Si0,,WC, AL O, , TiO, S Foki iy 55 2 BA
T e S S e 0 P R sk PR R S A,
FERI R AT S R AT 2 s BT g
R 25 M- B ik 4% T B A LA
K -4 AR B2 B s ek, HE
B MEREXT BT S 1 F A AL 1 B AR T A FLAS A
ey = SN Wl e N 1| D E N BRI A7
WC-Co KUK 5 Ni 5454 T B LA SR, 451
FHY AEXT T4 Ni 982 525 0 S A R B i vy, L
TPEREAR2E S ki e ORI AR A 7 2 1 o
WC-Co-Ni #§J2 , J-0F5% T Kotk Be

1 058

1.1 FkHE TR WC-Co-Ni $EE

FEBM R A A B A, ELAR R 4 em; FAAR A B
#% 20 mmx20 mmx0. 25 mm B EH A, 15 1 R %
o I TR R L B 5 ART T S — K P — FH
LT VE— /K P BRIZ h— K Bk — i B 7 . AP 4RT
JE T HE SR R 800F —2000* B AT, e A AT
2000" A5 [ SR, BRI FRLR YA Uk A A A2 - B v it
(AR I 5 VRIS 0., MR 60 ~ 70 °C, BH % HiL I 4 )

2 A/dm’ LRI 2910 s, FRIZIRAE TR FH 5% ~
10% (J s 3 50 W B IR VA YRR 0, BRI 294 1 min,
KU T =R TR EZ G, B2k B T
JPats R TS Y T T8 T BT

PEREL T Wk BT A B, B H S % K a Sk, 7F
FUAR RV R 0 (0 6k om AR Ak, 5 S 56 e
4 :NiSO, + 6H,0 240 g/L,NiCl, 40 g/1.,H,BO, 40 g/L,
THRZEE 0.1 o/L, T he LB RR 4N 0. 08 o/L, A1k
WC-Co 2 g/L, FIH 500 mL AYBEFRREIL T S vy B Al
HL B R ] CLIB-09 B BERE It FEas AT Bl H,
J58 MD-30A 1 Z D) GE ik v reL 58 FLUA

ST PR ) A 2 g sy i, R A
B BB, FH 25 2 /K e 1 ¥, O PR g 1 B
PR 2 T R . WML A S , B 24 h fF
2 R

1.2 WMkFG=E

K H TESCAN VEGA3 U4 o 7 i 1ol B I 2 %
2 EIES, R BRUKER 129V BUERE TS HT
PR NS o SRR A

(m,—m,

-] (1)

Horr my  my S50 ER R R TS A, g5 S
FBA TAETE AL, em® ;p W EGHEZ I g/cm’

FH H A B XRD-7000 Y X 528 A7 4L 43 #r 9%
JEEERE , FESECR AT 20, Cu $IE, FHEE L 30° ~
80°, HLJE 40 kV, HLIE 35 mA, FHHME K 5 (°)/min,
K HVS-1000 2 f 4k PR R 31000 e 5 2 0

T IR I 5B 5K WC-Co-Ni 40K i A4 2 1Y
it o B 2R A 304 AN AN IR RE IR MU TE 5%
(Jf 43 80) H,S0, ¥ W rh ifF A7 st 5 i 20,

d



Faatk B

5 BB WC-Co-Ni B2 010 5 S HERE 5 £37.

40,60,80 C 4 ML . 2 A 67 357 FH Ak e 25
B, N AVFR NG M, DL R o) J) W7 09 Tif
Tt AR
Amx24x365
WG (2)
K .p MARHGEERE S MiRE R AL ¢ B ik
BFE], Am i RE 8 Tl i I A BT 6 25

2 #R5itie

2.1 ITZSHRNETE

YW pH (H1RE N 3. pH 1b /N BRI &S
AL Ni** YUR R 2202 ; pH 3 KB 882 & o R
P 2 AR R S DR R AR A A
s

WA IR R 5 A/dm® I BCR R, HUR S
Ik /NG B S LR T K s OG5 5 PR T
F5 A/dm® B, 982 BRGS0 U ™
PE S Bl A,

Hi 25 O R R 50% , 0T g FL AL 248 5 7 2 A
1,7 N OB R, T 2 TR A B T
TR HACR

Fik AR B G R 2000 Hz, >4 Bk b4 R 458 /N
FL MR T 114) 4 5 T RE J5 A5 1) S ISP 72, 3 P
FAEHRRR TR AL, LE TR W5 720, 2R
ShHETEL M5 R KT 2000 Hz B B 25 ik 4 R 1) 38
R, KEB T B AR AEAE SRR b A A R A /N,
ftf WC-Co 4K IR AR ME I B 21 9% )2 1

BrUL b T 2S5, W i By 50 °C it 9%
FEA 2 h

2.2 EENEESRMEE

RHBCE 1) T 2SR HE , 13 2 24> WC-Co-Ni
AR ATl e T AR R S i
HREBHEIZNERE p 2999 10,12 g/em®, MAEAF
(1) BAGPLIZREE /A TE 40 ~ 50 pm,

B HE DAL R R W], 9K i WC-Co-Ni E 5=
(A B2 D 600HV, f 35 w5 T 4% 58 19 A 45 B9 #1 kL
(210HV) X F= RN e B B £ WC-Co 40K UKL
PLI o AR Ni 2 ep 7 A TR BRI/ E

2.3 FEERMHEAR
FEAh X BHRAT A 2E R ULIE 1, fr g 20 R

44.507°,51.846°,76. 370° L & I H BL T 558 1Y
A Ni U A3 IR (111), (200), (220) §41f0 ;260 K
31.511°,35.641°,48.296°,73. 104° (7 & FHBLT
WC AR ; [RIE, 260 Sk 44. 507° 11 73. 104° A4 B
P TR Co TS IE, MWRARSS R AT LA
132 WC-Co-Ni E A2 & A 3 7 i AU Ni N7
SR WC ST T LAY Co.,

8000 —
7000} = * Ni
: v WC
6000} + Co
2 5000}
<
. 4000F
§ 3000}
=
=200 =&
sS
1000+ :’ v
30 40 50 60 70 80

20/(°)

Bl RS XRD
Fig. 1 XRD patterns of the products

2.4 FEEMBEBRT

B2 SR RS D s i AR A T
kA
:,BCOS 0 (3)

o A SRR, S8 TR A s & R AR
B 0. 896 NATHT A 3 B AT I Y~ i 9

F I 2 T LA Y Aok R ST 4R 2 A 76 10 ~ 30
nm Z[H],J& T/NPOK A5, X 2= ki
DORRURRIE 1, vk /N T B — Ji) 109 1 1) L 38 1743 P
iR ETINTE ¥ SR A4 8 o = PN = U Ve
ATLUE Y AR R AR IE S 40 A JE 2K, WC-Co 44
KATORE RS B T AR HETEAZ AR T i deob R K2 43 1
1620 nm 2247, 24 20=73. 104°] | Sbi R ~F 2R 40 nm
T RURL 9 A B3z 2, /N URE ) 2% T RE =, R B0k 1Y)

0.5

—— Gauss Amp fit relative frequency

<
~

<
)

o
)

Relative frequency

o
=

0710 15 200 25 30 35 40

Grain size / nm

El2 WC-Co-Ni B &8E)Z MR R T4

Fig.2 The distribution of grain size of WC-Co-Ni composite coating
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