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Table 1 Electrodeposited composite coating formula (g/L)

Composition Content
NiSO4 200
NiCl, 16
CoS0y4 15
H;BO; 35

C12H25SO4sNa 0.1

C;Hs0;NS 1
CsH¢O, 0.7
Graphene 0.1

BEAME: SMERHETESEHEETE (20180201082GX) ;5 SMATFWHARHTSHE LT (2019C046-8)

fEEEN: BT, U
1120339500@qq.com

1993 44, it, KFHFETAKEMERES TR%B, S K& 130012, #Hif: 0431-85716396, E-mail:
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BEJEAE BT N 2 A/dm?, WHJE 50 'C, pH N
4.5 BEAE R YT 120 min, HL AR U] 1 BE & HL
PR o & T R R AT R Bk, E S B
( TEM, JEM-2000EX) , #3115t (SEM, JSM-
5500LV) , X HFZfiTiH{¢ (XRD, D/MAX 2000/PC)
M %8 3 101 T8 B0 A AH 45 K, B8 )z DI )R X ( Dualscope
FMP20) & &% . I FM700 225 5k 5 o1, 0l
HRAENE, ATk 50 g, AR 15 s, EWEE
BENUS I 10 &k, BCFEME. AR %556
WA CUNMT-1) 05 5% 2 B 0, 8 o il A )
%N 4 mm 1) GCr15 ®HEK, EEEHEE N 5 mm/s, JE
BB RN S mm, BEERMEKA 30 mn. f#H
VersaSTAT3 M Hifb 2% TRk, 76 = ik R~ AT
HAL2E S50, B R O 5 A, B O A
WFIH R HLK (SCE, +0.2444 V) fZ bk, PHET
PRI A AL h 26 #8248 3.5%NaCl(JT & 43 %50) v i il
i, R A 2 i Y 50 mV/s, HUE
JH-2.0 V~2.0 V, BHFTHIZ 0.01 Hz~100 kHz.
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Fig.1 TEM images of graphene: (a) IGO and (b) GO
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Fig.2 Raman spectra of graphene: (a) IGO and (b) GO
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Table 2 Comparison of the graphene

Graphene Size/pm Thickness/nm State
1GO <6 1~3 Black powder
GO 0.5~3 0.55~3.74 Black powder

KNI, i A7 SR AR B T LR )3
WG, A8 A S EEIC T, Bl 3b sk
Wb SR A T s, &R 2 i AR R AR
T RN .

2.3 AEKEEHEE TEM #1 XRD 454
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Fig.3 Raman spectra of the graphene composite coatings: (a) Ni-

Co-IGO and (b) Ni-Co-GO
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Fig.4 TEM images and SAED patterns of the composite coatings:
(a) Ni-Co, (b) Ni-Co-1GO, and (c) Ni-Co-GO

I E DTS R h 2 N Ni-Co & &4 2 AL,
A5 A T S I~ 2, AR R T R B o A A A
SR AS B R0 10 5 P P B s ) R S P A R, A
PR Jmy B o Jes RURE T AR P AR R, S BB = R 1
PR AT . B 6 P HEAS . Ni-Co-GO
ROWRRIM R AT, SERAD, XRHE 5
ok RBORDRLAR BN, AE [RS8 5 P SR S A 0 [
FEZ o AT LABEAE [ S5 i T, A sl A AR RURERE
TR /N, A H OB AR I R R 5 3 ) oy B BB
T, BRRR I AR T



<1738 + i G @ RS TR 550 %
A1) (200) a
Ni-Co-GO ”/\
\\
g Ni-Co JL v j
g Ni-Co-IGO
Ni-Co-IGO  f\
Ni-Co-GO J (200)
20 30 40 50 60 70 80 90
260/(°)
24+ b
E 2}
o
N
wn
£ 18f
e
5
gn 15}
o
z
12

TNi-Co-IGO
Coating

B s SAHZ M XRD B34 kR
Fig.5 XRD patterns (a) and average grain size (b) of the

Ni-Co-GO

composite coatings
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Fig.6 SEM images of the composite coatings: (a) Ni-Co, (b) Ni-
Co-IGO, and (c) Ni-Co-GO
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Fig.7 Thickness of the composite coatings
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Fig.8 Hardness of the composite coatings
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Fig.10 Friction morphologies of the coatings: (a) Ni-Co, (b) Ni-
Co-IGO, and (c) Ni-Co-GO
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Fig.11 Polarization curves (a) and impedance spectra (b) of the

composite coatings
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Table 3 Corrosion values of polarization curves

Coating Ni-Co Ni-Co-IGO Ni-Co-GO
Econ/V -0.808 -0.916 -0.956
Teon/*107° Arem™ 1.8298 1.0905 4393
CPE,
I
1
Ry
| I | —
IR—I

K12 & HEkE

Fig.12 Fitting circuit diagram
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Table 4 Fitting circuit value

Coating Ni-Co Ni-Co-IGO Ni-Co-GO
R/Q-cm’ 8.087 10.45 4.407
R,/Q-cm? 50591 112090 31177

AN AER R RPN, ML % 2 B 49 R o
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Effects of Graphene Particle Size on Properties of Ni-Co-Graphene
Composite Coatings

Wei Guangning', Gao Erlong', Ding Zhenguo®, Li Xuesong '

(1. Key Laboratory of Advanced Structural Materials, Ministry of Education, School of Materials Science and Engineering, Changchun

University of Technology, Changchun 130012, China)

(2. Jihua Liaoyuan Chemical Industry Co., Ltd, Liaoyuan 136200, China)

Abstract: In order to obtain a composite coating with excellent performance, Ni-Co-graphene composite coating was prepared by adding

graphene with different particle sizes to the plating solution and using composite electrodeposition technology. The surface morphology,

phase structure, microhardness, wear resistance and corrosion resistance of the coating were characterized and compared with the Ni-Co

alloy. The results show that graphene is well embedded in the coating, and the presence of graphene does not change the crystal structure

of the substrate. The addition of graphene increases the microhardness (HV) of the composite coating up to 8050 MPa. The friction

coefficient of composite coating is reduced, and the area of adhesive wear is reduced to some extent. The self-corrosion current density of

composite coating is 1.0905x10” A/cm?, which is lower than that of Ni-Co alloy coating 1.8298x10” A/cm®. The addition of graphene

improves the hardness, wear resistance and corrosion resistance of composite coatings.

Key words: graphene; composite electrodeposition; Ni-Co alloy coating
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