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Corrosion Resistance of Ni-Co Alloy Coating Prepared on AZ91D
Magnesium Alloy in Simulated Marine Environment

ZHANG Shi-yan, ZHANG Lun-wu, WEI Xiao-qin, YANG Wan-jun, YANG Xiao-kui

(Southwest Research Institute of Technology and Engineering, Chongqing 400039, China)

ABSTRACT: The work aims to improve corrosion resistance of AZ91D magnesium alloy. Protective Ni-Co alloy coating was
prepared on AZ91D magnesium alloy by performing electroless plating pretreatment. Morphology, microstructure feature and
chemical composition of the coating were analyzed by using environmental scanning electron microscope (ESEM), X-ray dif-
fractometer (XRD) and energy dispersive spectrometer (EDS), respectively. Corrosion resistance of Ni-Co alloy coating for
AZ91D magnesium alloy in simulated marine environment (neutral 3.5wt.% NaCl solutions) was analyzed and tested by using
potentiodynamic polarization curve and electrochemical impedance spectroscopy (EIS). The electrolessly plated Ni-P coating on
magnesium alloy was uniformly covered, cauliflower-like grains grew densely, and mass fraction of P element in the Ni-P coat-
ing was approximately 5.6wt.%. The Ni-Co alloy coating had uniform coating surface and was in pyramid-shape, formed
face-centered cubic (fcc) solid solution, mass fraction of Co in the coating was approximately 31wt.%. Thickness of Ni-P and

Ni-Co alloy coating was approximately 11 um and 19 pm, respectively. In simulated marine environment (neutral 3.5wt.% NaCl
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solution), corrosion potential (E.,;) of bare magnesium alloy, Ni-P and Ni-Co alloy coatings pretreated by electroless plating

was —1485 mV, =372 mV and —284 mV, respectively; corrosion current density (J.o;) was 3.4x107° Alem?, 1.8x107° A/em?,
2.9x1077 A/em?, respectively; and fitted charge transfer resistance (Ry) was 4.72x10° Q/em?, 1.70x10* ©/cm” and 2.06x10°

Q/cm?, respectively. The Ni-P coating pretreated by electroless plating can provide better corrosion protection for magnesium

alloy while Ni-Co alloy coating provide more significant corrosion resistance for magnesium alloy.

KEY WORDS: AZ91D magnesium alloy; electroless plating; Ni-Co alloy coating; potentiodynamic polarization; electrochem-

ical impedance spectroscopy; corrosion protection
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Tab.1 Bath compositions and operating conditions for
electroless Ni-P coating

PEW L) s | BERN #E
NiCO;-2Ni(OH),"4H,0 10 g/L pH {H 6.1
NaH,PO, H,0 20 g/L by 75 C
C¢Hg0;7-H,0 5g/L i [A] 30 min
NH,HF, 20 g/L
SC(NH,), 1 mg/L

*2 BAMN-Co AeEEERMAMIMEE
Tab.2 Bath compositions and operating conditions for the
electrodeposition of the Ni-Co alloy coating

YWY H{H BRAESRME HH
NiSO,6H,0 250 g/L FEL I % 5 A/dm?
CoCl, 6H,0 18 g/L pH 3.7

H;BO, 30 g/L R 40 C
NaCl 10 g/L i [A] 30 min
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1) FREIEH S 7381 KA Quanta 200 F15%
4l H %% (FEI Co., Ltd, the Netherlands ) VA K 7 %
INCA fEi/3#Hr 24 ( Oxford Co., Ltd, Britain), X}
Ni-Co & 488 )2 £ 1B S A K4 479047 o

2) BEEMORZER 781 R D8 DISCOVER X
SRS ( BRUKER AXS Co., Ltd, Germany ) %t
Ni-Co B& B2 AT, ME FZHKM: Ul Cu
Kodf@ 5 A b T, SR 40 kV, EHITEN
40 mA.
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FH R, W (CE) MKW A, W5
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KA R B SR M 3.5%NaCl & i AE A
ULV T A5 114 o 3 VR - 0 R A R A it £ R rEL AL
2 BB 43 5 2K M2 73 A HL AR AT M5210 41
FRCR AR PAR HLAL2: RTINSl ik Ak
MR A FAHEE RN 1 mV/s. AL ABRPTRE IR 1Y 28 7
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Fig.1 Surface morphologies of a, b electroless Ni-P coating and ¢, d Ni-Co alloy coating prepared on AZ91D magnesium alloy
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Fig.2 Typical EDS plots of (a) Ni-P coating and (b) Ni-Co
alloy coating prepared on AZ91D magnesium alloy
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Fig.5 Typical potentiodynamic polarisation curves of bare
magnesium alloy, pre-treated magnesium alloy and Ni-Co
alloy coating coated magnesium alloy in simulated marine
environment (netrual 3.5 wt. % NaCl solutions)
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Tab.3 Electrochemical parameters calculated from the potentiodynamic polarization curves

JE ik & Ecor (vs. SCE)/mV Jeon/(A-cm ™) B /mV f/mV R/(Q-cm™)
fe Feg ST -1485 3.4x107° 54.3 174.1 769

Ni-P #)2 -372 1.8x10°° 1243.5 200.7 14 146
Ni-Co G442 -284 2.9x1077 229.2 193.8 87 190

2.3.2 H{LZFEMEmE

SRS A R AE TP 3.5%NaCl A T R
Bode HHZE 1 Nyquist fHZE ILIE 6. BEA 3Lk b
A BT A B N-P 98 2 19 Nyquist {1 22 AR 45 2 24 3 T
ARSI . AT BTSN ) H AT VA 235 Ay J6 ok e A 6
& A s E 6c TLIE L, Ni-Co A4 82
) 50O 28 K T4k 9% 1T A0 B Ni-P 8% 2 I 4550,
X 22 B 55 A SR AT AL 3 Ni-P 95 A L, Ni-Co & 488
JZ RS N B G A BRI T A4 S Tk 7 4

K FH R A 2 2 R0 R S o) | A 2 BH BT 33 P 0 A7 A

U, 0T LA AT 45 T o 7 47 1A 2R AE RS H000 1 PR v 1 IS
THALEE . AN (A3 i AR R AE P 3.5%NaCl % 9 H MLy
() Bode Hh 4k K HAH R A #1426 WL 6a. &1 6b. &
Ta ) EE b2 S AN B TR RIS BE B SRR LA
fEAPE AT AL BE Ni-P 9% )2 /) EIS £udi, & 7b ik sk
2 S L B IR R R AP Ni-Co & 445 219 EIS Bl .
& 6a AR E 2 nT 0, 9547 Ni-Co A& 821
BEA A A0 B Tt A 0 eb Y BH oA 328 5 A Ak
SERERTAL PR A & I BHPTEAE , 2 3RS T4 2 1N
WY 1 ANBERSH, X RFABEA Ni-Co & & HZ1EE



£ FHol Tt HE T . BUUEEEIRBE T Ni-Co A 282X AZ91D B4 4 19 I 1k b5 b 5% 233 -
— 100 140 k
6 R EHEE A Ni-CoB &%=
- —— AL HTAL BN -PE 2 80 | 120k o ALAHERTALFINI-PHEZ
=7 — Ni-Cofr &2 T 100k : “
£ 4] o 60r § A
e | § 40 - 80kf 1000F W BEA S HILIAK
S 3 2 S 6okt A
N T 20} N g0kl 4
=1 ol 20k}

=20 L

A
0.0F h

0 400 800 1200 1600 2000

0 n
-25-15-05 05 15 25 35 45 55

Ig(f/Hz)
a Bodefth 2t (J1-K4{E )

-25-15-05 05 15 25 35 45 55 00 40k 80k

lg(f/Hz)
b Bodeflli £ (4HiZR-FH £ )

120k 160k
Z /() + cm™)
¢ Nyquist £k

Bl6  =RSPEER I REE (P 3.5% NaCl % ) P38 Bode i 2k A LAY Nyquist i £k
Fig.6 Typical Bode plots (a and b) and Nyquist plots(c) of bare magnesium alloy, pretreated magnesium alloy and Ni-Co alloy
coating coated magnesium alloy in simulated marine environment (netrual 3.5 wt. % NaCl solutions)
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Fig.7 Electrochemical equivalent circuits used for fitting EIS
data of a bare magnesium, pre-treated magnesium alloy, b
Ni—Co coating coated magnesium alloy
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Tab.4 Fitting data of electrochemical equivalent circuit

B e A 2

RJ(Q-cm®)R/(Q-cm®)R/(Q-cm?)L/(H-cm ™)

BASHEEE 333 4.72x10° 2.5 x10° 11
Ni-P 8% 2 0.06 1.70x10*  4.78  5.01x107'°
Ni-Co 5492  2.89  2.06x10°
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