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Microstructure and properties of Ni-nano TiC composite coating

prepared by different electrodeposition methods

REN Xin', ZHANG Yuchen, TIAN Jiaru , WANG Haoxin , CHAI Botian , MENG Chao
(School of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: To improve the quality of electrodeposited Ni-nano TiC composite coating, the Ni-nano TiC composite
coating was prepared on the Q235 steel by electrodeposition. The effects of three different electrodeposition
methods of direct current (DC), single pulse and double pulse on the microstructure and surface properties of the
composite coating were compared and analyzed. The surface morphology and element distribution of the coatings
were analyzed by SEM/EDS. The phase and grain size of the coatings were studied by XRD, and the hardness and
corrosion behavior were tested by microhardness tester and electrochemical workstation respectively. The results
show that the compactness and microhardness of the composite coating increase in turn, and the porosity, plating
rate and grain size decrease in turn according to DC, single pulse and double pulse electrodeposition methods. The
content of TiC in pulse deposition composite coating is obviously less than that in DC deposition coating. The
microhardness of double pulse electrodeposition composite coating is HV 740.5, which is 67% higher than that of
DC electrodeposition coating. Compared with DC and single pulse electrodeposited coatings, the self-corrosion
current density of double pulse electrodeposited composite coatings in 3.5wt%NaCl solution decreases by an order
of magnitude (5.275x10°° A-cm?), the self-corrosion potential shifts positively (-0.113 V), and the charge transfer
resistance is the largest, showing the best corrosion resistance.
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(b) Single pulse (SP)

(c) Double pulse (DP)

Jm—Average current density; /,—Peak current density; £,,—Turn-on time; f,—Turn-off time; T—Pulse period
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Fig.2 Current waveforms of different electrodeposition methods
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DPE—Double pulse electrodeposition; SPE—Single pulse electrodeposition; DCE—Direct current electrodeposition
3 ARREHIURT 20 Ni-gok Tic 24 4E2 1) SEM EIE

Fig.3 SEM images of Ni-nano TiC composite coatings under different electrodeposition methods
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Fig.4 Section morphologies of Ni-nano TiC composite coatings under different electrodeposition methods
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Fig.5 XRD patterns of Ni-nano TiC composite coatings under different

electrodeposition methods
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PR, 7F DCE 8% 2 (1) XRD [ 3% A 46 I 21 £k 55
1Y TiC F#1iE g (PDF R f 32-1383), M ik i T A1

R IR K I 2 W LAY TiC RRAENE, X S8R P
40 K RL R IKR A BB B A O P, R
Scherrer AT 498 2 ok 193 RSE, angk 1
fii 7% o DCE F ¥ ik R 5F 4 202.5 nm, SPE T
- kL R SF 7 98.1 nm, DPE R F 27 ok R~

F1 FAEBARARXT Ni-4XK TiC EEEEHRH R T
Table1 Grain size of Ni-nano TiC composite coatings in
different electrodeposition methods

Settle  “ni/nm

P dni Error/%
mode  (111) (200) (220)
DCE 205.6 188.4 213.5 202.5 6.54
SPE 95.0 87.9 111.5 98.1 8.27
DPE 28.3 21.4 25.5 25.1 431

Notes: dy;—Nickel grain size; dx;—Average size of nickel grains.
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K6 ARRBTIBUET Ni-g4k Tic 2 &R EDS Ki: (a) WAL (b) LRI () NiJtH; (d) TiiHE; (e) CLx

Fig.6 EDS patterns of Ni-nano TiC composite coatings under different electrodeposition methods: (a) Microstructure; (b) Element distribution map;

(c) Ni element; (d) Ti element; (e) C element
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Fig.7 Plating rate and microhardness of Ni-nano TiC composite

coatings under different electrodeposition methods
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Fig.8 Tafel polarization curves of Ni-nano TiC composite coatings

-0.7

under different electrodeposition methods
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*2 FAEBAMART Ni-4k TiC E5EEH
Tafel HRIL L SHINEER
Table 2 Fitting results of Tafel polarization curve parameter
for Ni-nano TiC composite coatings in different
electrodeposition methods

o A, XUPK L BT Ni-gH K TiC &2 G452 1)
GO B O HV 740.5, 202 20 F B UIEE
BHEZ 17 £y

(3) 5 EL U NIk vp A5 R DOAR R JZ A L, UK
AT 5 A4 2 AE 3.5wt%NaCl % W 1y R bl

L B i O -0.113 'V, [ JE ol L 3 2 FE PR AR T —A>

Settle mode  E.o/V R,/(Q-cm™®) isor/ (A-cm™)
DCE -0.355 1839.0 1.917x107°
SPE -0.268 32239 1.138x107°
DPE -0.113 7 692.7 5.275x107°

Notes: E.,,—Self-corrosion potential; R,—Polarization resistance;
icorr—Self-corrosion current density.
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