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Fig.1 XRD patterns of Ni-Cr alloy coatings prepared by DC and

PC electrodeposition methods
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Fig.2 AFM images of the surface morphology of PC (a) and DC (b)

alloy coatings



© 2048 -

Mol SR AR TR

45 3%

MBEEX, B ERFRESNN, Ni-Cr &% 2
REAZREERE, SHESEERMEMER, W
S YRR FEE ST ARG

B 3 BT LA H, Bk Ni-Cr & &85 )2 1 5.5
WEMEA S T HRS &2 . R Hall-Petch X &
X, Bl SR RSE BN, R R ) R
Hall-Petch 3¢ 2 202 75 S2 6 R 8 JEall B s 45 1ok i1,
s P (1 5 B VR B 5 ok R~ e R

HV=H¢o+kd 2 2)
HA: Ho N5, kK A—IEFEG d SRR A
KFHRN (2) T LUFE H A 4 0 2 1 S5 AR 32 o o bt R~
(/N 8 . BT DA & 498 2 ki fk, R
WA T RS S%E.
2.3 Ni-Cr A &R R E hit

K 4 B3R, BRMKE Ni-Cr & &8 27
3.5%NaCl ¥ H I JE ek 28 K AR FE X L. IR 4
LG, BRI Ni-Cr & 458 2 1 Ji ik 2% 43 5
9 0.295 F10.198 g -m™2 ht, T A4 ) Ji bk K =3k 1.05
gm?ht, ZEEFAK A SRR B R 3.56 Al
5.30 1%, PRI B AT Ni-Cr & 445 2 oA i 0m 1 it
JE5 b, T AR A M R 47 B A G0 52 JES ik, T HL Bk R 42
PR M BT ER S S ZE B 4 S HE
SR ) AR LR T LLE H, Ni-Cr & &4 2 1 i
T ek v, S ek ), T R

K 5 B~ AN ERARKT Ni-Cr & &89 21 3.5%
NaCl % H 2 UG R EE ST . B1E 5a AT LURE
H, Bkih Ni-Cr & & 9% 252 3 1 i iz i, INTER
T2 A2 T /D S A0/ R JE =4 o S LI Bb BT 7R 1 EL I
HEEWEE, ZRMBEMSmES S, REAET KE

10000
—m— PC coating
—e— DC coating

N
%/ \Q:

.—_é.

Microhardness, HV/MPa

2000 10 15 20 25 30 35
Current Density/A-dm™

Bl 3 AIE HAE R R BRI Ni-Cr & &892 1 &
A
Fig.3 Vickers hardness of DC and PC alloy coatings obtained

from different current density
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Fig.4 Corrosion rate and microhardness values of substrate, DC

and PC alloy coatings
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Fig.5 SEM morphologies of the PC (a) and DC (b) alloy

coatings after corrosion tests in 3.5% NaCl solution
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Fig.6  Potentiodynamic polarization curves for Ni-Cr alloy

coatings in 3.5% NaCl solution
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Table 1  Electrochemical parameters obtained form the

polarization curves

. 2 pc pa
Coating  Eeon/V' leon/ A €M™\ docade)  (Videcade)
DC 0624 1011x10° 2422 8.698
PC 0477 2587x10°  2.464 9.844

Note: gc-Tafel slope of cathode; pa-Tafel slope of anode
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Microstructure and Corrosion-resistance Performance of Ni-Cr Alloy Coatings by
Direct Current and Pulse Current Electrodeposition

Du Dengxue, Sun Jian, Lv Hongfei, Zhou Lei
(Shandong Provincial Key Laboratory of Fine Chemicals, Qilu University of Technology, Ji’nan 250353, China)

Abstract: Ni-Cr alloy coatings were prepared on mild carbon steel surface by direct current (DC) electrodeposition and pulse current
(PC) electrodeposition. X-ray diffraction (XRD) analysis, scanning electron microscope (SEM) and atomic force microscope (AFM)
were used to analyze the phase structure and surface morphology. The corrosion behaviors of the Ni-Cr alloy coatings in the 3.5%
(mass fraction) NaCl were investigated by a soak method and an electrochemical polarization method. The results show that
microstructure and performance of the coatings are greatly affected by electrodeposition methods. The pulse electrodeposition can
increase the amounts of new nuclei and reduce grain size, so the PC alloy coatings exhibit a relatively uniform and fine structure. The
self-corrosion potential (Ecorr) Of PC alloy coatings is increased from —-0.624 V to —0.477 V and the corrosion current density (lcorr) is
decreased from 1.911x10* A cm™ to 3.789x10° A ¢m™ compared to those of the DC alloy coatings. The PC alloy coatings have better
corrosion resistance than DC alloy coatings.

Key words: Ni-Cr alloy coatings; direct current and pulse current electrodeposition; structure and performance of coatings; corrosion

resistance
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