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Effect of chemical conversion film plus electroless nickel plating
on corrosion resistance of magnesium alloy

HUO Hong-wei, LI Ying, WANG Fu hui
(State Key Laboratory for Corrosion and Protection, Institute of Metal Research,

Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: In order to improve the corrosion resistance of as cast AZ91D alloy, electroless nickel plating combined with
chemical conversion treatment was investigated in detail. Firstly, the alloy was treated by stannate conversion treatment,
and then electroless nickel plating was carried out on the conversion film. The compositions, structure and corrosion resis-
tance of the conversion film and the electroless nickel coating were studied. T he results show that a MgSn0O3*H,0 conver-
sion film is formed by treatment in the stannate solution at 90 ‘C, and the immersion test and potentiodynamic polarization
show that the corrosion resistance of the AZ91D alloy is improved to some extent. The porous conversion film provides an
advantage for the adsorption during sensitisation treatment prior to electroless nickel plating. A Nt P coating is successfully
deposited on the conversion film. The presence of the stannate conversion film reduces the potential difference between the
Nt P coating and the substrate and enhances the corrosion resistance of the coating. The potentiodynamic polarization indi-

cates that the Nr P coating deposited on the conversion film provides a good protection for the magnesium alloy.
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Table 1 Chemical compositions of
as cast AZ91D alloy(mass fraction, %)

Al Zn Mn Ni Cu

8.77 0. 74 0.18 0. 001 0. 001

Ca Si K Fe Mg
< 0.01 < 0.01 <0.01 < 0.001 Bal.

A2 AR AR BESR F UG IR Eh AN AR IR 26 0 32 22
FA BB ST, WS4 h: NaOH 5~ 15 g/ L;
Na;Sn03°3H,0 40~ 60 g/L; NasP,07 40~ 60 g/ L;
20 5~ 15 g/ L. AL BRZAFJ: 80~ 90 C, 50~
70 min, "PEH: .

BRI FA R TR T
B IRAML AR 4 NP IR, % TP B RO
ARSI 2 Frzs . B AL BRI H B2 KR
R — 2 BAEFE R Sn®, DUEAETE Ak
SN L B 18 R R AT HE AR TR IR 7, 74k
PRI P AR VE ML L IR JRAC I H K TE AL

WA IR 2 RE S-SR & I8 R, PRI 1RX
LS TR B AR e T
R 2 EALB T AL B S AR A
Table 2 Compositions of bath and operating

conditions of pretreatment for nickel deposition

Process Compositions Operating conditions

SnCly: 5~ 15 ¢ Room temperature,
Sensitization HCL 5~ 15 mL 1~ 2 min, shaking
H,0: 1 000 mL specimen

PdCly: 0.5~ 1.5 ¢

Room temperature,

Activation C,HsOH: 500 mL 1~ 2 min, shaking
H>0: 500 mL specimen
Room temperature
NaHzPOz' H20:
Reduction 10 s~ 1 min,
20~ 40 g/ L
shaking specimen
Nickel Corresponding
deposition to Ref. [ 11]
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Fig. 1 Schematic diagram of set-up for
measurement of hydrogen evolution rate
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Fig.2 XRD patterns of AZ91D alloy before and

after chemical conversion treatment
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Fig. 3 Microstructure of as cast AZ91D alloy
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Fig. 4 Surface(a) and cross section( b)
morphologies of AZ91D alloy treated by

stannate solution at 90 C for 1 h
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MgKaq Ni 17.48% 10.19%
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Fig. 5 Surface( a) and cross section(b)
morphologies of NI P coating deposited

on stannate conversion film

formed on AZ91D alloy
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Fig. 6 EDS results of NrP coating( a)

and stannate conversion film(b)
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Fig. 7 Hydrogen evolution rates for
bare alloy, alloy specimens with

chemical conversion coating and NrP
coating immersed in 3. 5% NaCl solution
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Fig. 8 Potentiodynamic polarization curves

for bare alloy, alloy specimens with

chemical conversion coating and NP coating
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Fig. 9 Surface morphologies of AZ91D alloy
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after potentiodynamic polarization

in 3. 5% NaCl solution

(a) —As cast; (b) —Conversion treated;
(¢) =Nt P coating
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Table 3 Dynamic parameters derived from

potentiodynamic polarization curves by liner fit

Sample Ry Q Peor! V Jeore! (A*em™?)
AZ91D 52.05 - 1.527 4,075 107 *
Conversion film 74.55 - 1.444 3.641x 1074
NiP coating 5.952x 10* -0.5776  7.298x 107
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