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Fabrication and Properties of Cu-Ni Composite Coating
Reinforced by Carbon Nanotube

FAN Yan-e, YANG Lyu, ZHANG Jin, WU Huai-chao, WANG Yue

(School of Mechanical Engineering, Guizhou University, Guiyang 550025, China)

ABSTRACT: The work aims to improve the hardness, friction and wear resistance and corrosion resistance of Cu-Ni composite
coating. Cu-Ni and Cu-Ni/CNT composite coatings were prepared through electro-codeposition by adding nickel sulfate
hexahydrate and carbon nanotube (CNT) in copper sulfate pentahydrate plating solution. The hardness and friction and wear
properties of composite coating reinforced by CNT (Cu-Ni/CNT) were investigated by micro-hardness meter and tribometer;
and the surface morphology, element distribution and morphology of wear scar of the coating were characterized by scanning

electron microscope (SEM) and energy dispersive spectrometer (EDS). The electrochemical impedance spectroscopy (Nyquist)
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and Tafel curves of the coatings were measured in 3.5%NaCl solution. When Cu and Ni were co-deposited, more Ni atoms were
replaced by Cu atoms, which caused the hardness of the coating slightly lower than that of pure nickel coating, but the wear
resistance of the coating was enhanced due to solid solution after the formation of Cu-Ni solid solution. CNT co-deposition in
Cu-Ni composite coating resulted in grain refinement and dispersion strengthening effect, which increased the coating hardness
to 560.59HV in the range of investigation. When the Cu-Ni co-deposition plating solution was added with CNT with the mass
percentage of 0.08%, the composite coating presented the highest corrosion potential of —436.08 mV due to the physical
shielding of CNT, and the lowest self-corrosion rate and corrosion resistance. The coating resistance R, was (1573 Q-cm?).
Compared with the pure Ni coating, the corrosion suppression efficiency of Cu-Ni/CNT (0.08%) was 95.86%, the average
friction coefficient of the coating was 0.52 which was the lowest, and the wear resistance was also the best. In the co-deposition
process of Cu-Ni/CNT, the addition of CNT with appropriate mass percentage can effectively enhance the hardness, friction and
wear properties and corrosion resistance of Cu-Ni composite coating.

KEY WORDS: CNT; composite coating; micro-hardness; friction and wear properties; corrosion resistance; electrochemical
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impedance spectroscopy
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Tab.1 Chemical composition of 45 steel
wt%
C Si Mn Cr Ni Cu
0.42~0.50 0.17~0.37 0.50~0.80 <0.25% <0.30 <0.25

Bl 1 CNT &5
Fig.1 TEM image of CNT
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&H .
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5 g/L) . FHALE . BEREEN. SDS RUKIMA B F K
Hr, 08 B 41, ¥ 200 mL 5 FKm#AE 70 C,
FEFR B AT TR BN | AR R | SR MRS 84 . SDS .
STECEFI) CNT (B 43800028 0.05% . 0.08% .
0.11% ) KK I A K&K, ieh C4l. ¥ ik AL
B. C W BIAERE P #k4s LB $E 90 min, FHFGE:
iR MV B AL B pH=4.220.1, JRJE (52+1) C, %
BT KERZE 250 mL,

x2 BARERRS

Tab.2 Plating solution formulation of electrodeposition

g/L

Cu(3 g)-Ni Cu(5 g)-Ni Cu(5 g)-Ni/CNT(0.05%) Cu(5 g)-Ni/CNT(0.08%) Cu(5 g)-Ni/CNT(0.11%)

Chemical agent Ni

NiSO,4-6H,0 280 280 280
CuS0O,4-5H,0 0 10 20
NiCl,-6H,0 40 40 40
C¢HsNa;0,2H,0 60 60 60
SDS 0.10 0.10 0.10

C,H4NO;SNa-2H,0 3 3 3
EDTA 0.50 0.50 0.50

CNT 0 0 0

280
20
40
60

0.10

0.50
0.72

280 280
20 20
40 40
60 60
0.10 0.10
3 3
0.50 0.50
1.12 1.44

TEBAMG FLAR FiEFT Cu-Ni/CNT BEEHI%E, N T
P, fERARIRAE EVURR NI 5 Cu-Ni 482, BT
SR 3. BAEIAR 500 mL AN, HL TR
P A AR R AR, R PR AT, RlER
F 3 em. A TR SRR TE LS A, RAEE
FL AR T T REUIORL. SB—UCR A BERGET
% Ni, BFE] 15 min, 25 " WK51RAH A, B, CH¥
WHLYTA Ni. Cu-Ni, Cu-Ni/CNT, i) 45 min, Hi
DU R, R JOK C BB R 1 R S min, R,
FETEIR TR T R AE & S

®3 BAMRSHY

Tab.3 Electro-deposition parameters

Parameters Value
Current density 2 A/dm?
pH 4.2+0.1
Pre-plating time 15 min
Second plating time 45 min
Stirring speed (350+50) 1/s
Temperature (52+1) C

1.2 ERURENKEREMRERILE

7 [C IR ST B it HXD-1000TCM {300
RAGMA, 78 0.49 N AT, ATk e R
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ZEW T, 7E Retc MET-5000 JE& 482 BE 3R 50 H1 L 37F
AT R ZR B, BR - 1 R 42 s i S 0 1 6 1)
HAA N 9.6 mm [ WC BR. SZI0U 2 R R iz sh Ll B
%o 18 mm, fnZk Sy 3.94 N, #n=100 r/min, Z&#F
v=0.1047 m/s, H}[E] 31 min, JHXFTHE 200 m, Ak,
FEBEE S P 2 i, A ECE R (RSB 0.1 mg )
D L DR ) B i, RN 3 Wk, BCFIIME.
M 5E UG, B LR, THR AT 5
K,

KA B8 (SEM, S-3400N ) EAEE
GHERIIEA, 455 H815{ (EDS, Mapping )
R ZHE 2 T 40 . EDS MEE 2 0% & i), 725
JRRA RS B AL 3 A S ki, B3 (EE
FMEREE R . BeAh, A AE BB /AT (CS600 ) Xf
B2 ik on R S T J T
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k2R A FH 45 48 DH7001 HL Ak 2% T ARG . 1
R =R R, Al A HKEH (SCE) |
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TR AT E T A7 1 h, Bl 0 e A 24 BT 1% C EIS )
5 Tafel #efbih4. sfb2#RHPTIART, RAEIE
SIFIER 6 mV IESZAS T, MR 0.01 Hz~
10 kHz, F$4 77 [ = 450 2 A0
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Fig.2 Surface morphology of coating
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Fig.3 Maping and EDS diagrams of Ni coating

CuLa

CuKa

I~ NiLa

N | Ni KB1
OK NiKa iKlB

0 1.3 2.6 39 5.2 6.5 7.8 9.1 10.4 11.7 13.0

El 4 Cu(3g)-Ni 952 M H#5FRETE 7B
Fig.4 Maping and EDS diagrams of Cu(3g)-Ni coating
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Fig.5 Maping and EDS diagrams of Cu(5g)-Ni coating
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Fig.6 Maping and EDS diagrams of Cu(5g)-Ni/CNT(0.05%) coating
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Fig.7 Maping and EDS diagrams of Cu(5g)-Ni/CNT(0.08%) coating
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Tab.4 Element mass percentage of coatings

wt%
EDS CS
Sample
Cu C Ni ¢ C
Ni 9041 9.59 —
Cu-Ni(3 g) 91.99 — 1.49 652 —
Cu-Ni(5 g) 97.50 — 036 214 —

Cu(5 g)-Ni/CNT(0.05%) 66.82 1431 2.08 16.79 0.003
Cu(5 g)-Ni/CNT(0.08%) 64.04 20.17 4.12 11.67 0.008
Cu(5 g)-Ni/CNT(0.11%) 56.67 21.50 8.84 12.99 0.010

2.2 BWREESEEEDRERE

M 9 FTLLEH, Hali Ni )2 M b, Cu-Ni —
JUA AR WA A RN, A TR, v
AENEZE) Cu AT BT Ni, M2  Cuit
Eomam, W B i ERl. 5 Cu-Ni Zth4%
PEZAEE, ONT BYImASEIR b4t e 7o R, 4
JIA 0.11%CNT B}, 98200 5 i, 5% 560.59HV,
B RS A KGR A CNT 28T Cu-Ni Z 4
PR, REIVREGRICAVER, A RBH L TR
%, Mimitem T2 GH 2 MR,

Cu(5 g)-Ni/CNT(0.11%)
600 | Cu(5 g)-Ni/CNT(0.08%)
Cu(5 g)-Ni/CNT(0.05%)

Cu(3 g)-Ni Cu(5 g)-Ni

1

Ko 2588 )2 00 et B2

Fig.9 Micro-hardness of different coatings
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I Ni-Cu ZICHE A 982 1 G 4 200w B B, & &L
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BeE T, IR 11 ATRUE B, LB S L3 U 45 A
i hE. CNT IMAJG, 9520045 8 E =T,
HUKEBAN BE58R , CNT 0.05%7F1 0.08%M4 Cu-Ni/CNT
REWEBERRES—S L, H CNT WA 7Ed
B E CNT JZ& MY R, HIRRHE, 2
BSOS AR IR A R . JEDTR, 24 CNT Y
R BEEEE 0.11%)5, BT ONT Rk ER, &
2 F AR, SR 5 S5 S BT DI MECE Y TIRE
CNT FREKZEmY E, WM RKmRIE, &
B

—
=]

0.75 A Average friction coefficient
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Fig.10 Friction coefficient and wear mass
loss of different coatings
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Ni/CNT(0.08%)5% )2 1Y F Ji 1l Ha o7 fre e, “H—436.08 mV,
A T4l Ni 582 1ER5 T 271.43 mV; Cu(3 g)-Ni.Cu(5 g)-
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Fig.11 SEM image of the wear tracks of the deposited coatings

W Cu(5 £)-NI/CNT(0.08%)>Cu(5 g)-Ni>Cu(5 g)-Ni/
CNT(0.05%)>Cu(3 g)-Ni>Ni>Cu(5 g)-Ni/CNT(0.11%).
6 b L A — o R B b OB SR R R [ Rk
FLLERAIG, B MEREERaE . N 12 nT R 2
JER AR . Veus gnivent0.0s%<Veus oni<Veus g
ONT(0.05%) <V cu(s oni<Veus oNienTo.110<Viio P 40K
CNT #IE R, s e AR 38, X2
P4 CNT 7£ Ni 58 Cu-Ni 4 )& ok ] Bt gL, 35505
MRS, NS TYHBMEN . 24 CNT 4k
Zeytmet, BT HRMEE R, &7E Ni 3¢ Cu-Ni 4
e UKL 2 T B A R A 45 9% 204k, FLBRR AN, #F
M 2 B M e T R

i 5 Al Cu(5 g)-Ni/CNT(0.08%)8¥)Z=H IE
KN 95.86%, HUJE Cu(3 g)-Ni B2, Fy 95.72%.
5 Ni $E 2 M, 2695258 0w i R i B g
IMAGK CNT J& , Tafel S AT 2T AR BEAT K AE B i

M, FREITESZ P CNT X RS2 I oA 368 A

B
57 urﬁj o

1.5

—=— Ni

—o— Cu(3 g)-Ni

| —a— Cu(5 g)-Ni
v Cu(5 g)-Ni/CNT(0.05%)

~L.5 —<— Cu(5 g)-Ni/CNT(0.08%)

»— Cu(5 g)-Ni/CNT(0.11%

Ig [J/(A - cm™)]

-1.0 -0.9 0.8 —0.7 —0.6 —0.5 —0.4 —0.3 —0.2
E (vs. SCE)/V

K12 A[FZH 822 Tafel HiAL 2

Fig.12 Tafel polarization curves of various coatings

x5 BEEM Tafel HEBEXSHE EISUAENRESH

Tab.5 Tafel polarization curves related parameters and EIS fitting equivalent circuit parameters of different coatings

Sample Eeon(vs. SCE)YmV  Jn/(uA-cm®)  IE/%  RJ(Q-em®) Ry /(Q-cm?)  CPEy/(uF-cm?)
Ni -707.51 67.60 — 3.93 202.80 40.38
Cu(3 g)-Ni —705.44 2.89 95.72 10.29 310.70 22.36
Cu(5 g)-Ni —613.66 6.76 90.00 10.25 310.80 22.28
Cu(5 2)-Ni/CNT(0.05%) —683.3 3.39 94.98 5.60 469.90 4.69
Cu(5 2)-Ni/CNT(0.08%) —436.08 2.81 95.86 7.84 1573.00 4.09
Cu(5 g)-Ni/CNT(0.11%) -731.09 6.92 89.76 6.00 1213.00 17.40
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K 13 SR TANEEZ R Nyquist B S50 %
FRAIH Bode &, HIEWHI, FrAA Nyquist F#FE B
AFERANE R R, Bode 4] M 52 31—~ BA— () B
U, FREHEA — IR S ARIEE 13 H i BT
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Bl Cu-Ni [E% A 0T B (75 55 2 0 T o B 422 55 o

FAN, @K CNT LA Cu-Ni —JeH & HZ2N, RAH
KIEIEAN, Ml A 0.08% CNT i, REmK, N
1573 Q-cm?, S50 A 0.08% CNT 41, 0.05%F1 0.11%
Cu-Ni/CNT #)Z21 R, WA T, XATREEH T2
HCNT /bl 2 8 i A R ) . i %
S5ATRIARH, 5 NigE)ZMHEE, Cu-Ni fil Cu-Ni/CNT 8
ZEA AR e RE . SR LA S5 S Nyquist
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