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Electrodeposition of Ni-Mn Films of High Corrosion
Resistance at Room Temperature in Ionic Liquids
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ABSTRACT: The work aims to improve corrosion resistance of AZ91D magnesium alloy. Ni-Mn alloy film was electrodepo-
sited on the surface of magnesium alloy in the choline chloride-urea ionic liquid by electrodeposition method. After homogeni-
zation pretreatment, the copper layer was electrodeposited on the surface of magnesium alloy to improve the adhesion between
subsequent Ni-Mn alloy film and the substrate. The effects of Mn element on the surface morphology, chemical composition
and phase structure of the film were studied by using scanning electronic microscopy (SEM), energy-dispersive X-ray spectros-
copy (EDS) and X-ray diffraction spectroscopy (XRD). Once Mn was incorporated into the film, the surface morphology trans-
formed from pyramid-like to tumor-like clusters. Moreover, Mn content of Ni-Mn alloy film rest on current density and in-

creased as the current density increased. Corrosion resistance of the coating could be improved by introducing a little Mn com-
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pared with pure Ni film. However, the corrosion resistance of the film was weaker than that of the pure Ni film when too much

Mn was introduced. The Ni-Mn alloy film, when containing 3.078at.% Mn, shows the best corrosion resistance with

self-corrosion current J . of 0.301 uA/cm2 and corrosion potential E, of =0.157 V (vs. SCE).
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P FEE, HEAGSHABEM. s,
YA AU TrEREAE 5 T Il S — R A A
BB T 7z 38 IR HIE L iR . R
i, B, ae R TR AP RGENESRE, 7
T B R BT B & AR e R LR ok, Sk R T BE
Gait—E AN TR B A 4 R
fig, wW AR LR . PEA AL . RS . k2
P LN R AN Bk . Horp, F OBV SR S
i FHA A RRe . R FITERE . Jeibmk
LS, Y ZE AT REES SN e, 5
SELEIEAA L, A VII B EICZE Mn, ANLREN i
ERRARSR R T, SR B e RE, i L RB SR
JZRHLBREE B | s AR e D sk, T
Ni-Mn I 4 S5 T A7 Sk AR 5 B A 41, PR TR 7K
W, Ni BRI ( E . =—0.257 V (vs. SHE))
Al Mn (B4R ERM RS CE .., =1.185 V (vs.
SHE)) HMHZEE K, MELUTE K EE W il 2 R ¥ 2110
Ni-Mn &4 5 . Mn® (38 J5 s 67 b HY O 67, Al M
NN SR AN T WK P R & R
FU0 9 H, Ni-Mn A o DR R A A AT
AN, KA AR VR B E R e R A I R TR A
RORKEE . AR RO e TS B

J T IH BRI, R ORI RS (AN
TR ) HlE&MEAEKIE R RTINS R A 4.
A. P. Abbott! V%5 ]k S AL IR B ( ChCl ) FlJR 25 44 1 g
IR 122 TR A, A TS 12 °C (GE/hFR
BRI A 302 CRIRE MM & 133 C )R B F A,
ORE R T 2WMACR SR RER (DES) Z—.
ERERARLE , B PR (TL) & B — Sl 4 A4
B, WMRZESUE . mARCENE . mHSR . SR
R vE AL 2R AN B R T LA R R
ZHERADMEBEEMY), TEREWE, 57K
VS h AT DO L, 7R B TR AR T 4 e B T is
JEELA BT, X (A AR B T VRO B A A
JZ kAT e

AR S 3 L AR O VA AR S AR IR - PR 2R B T A
TS SRTHBETTH Ni-Mn 5482, b TS
Ni-Mn & & B2 AR Z B Z5 6 11, St 3 —~1kni
AbERJE , FEEE S AR H TR 2 o AR SCR
B (SEM). AEIE{Y (EDS). X $HATHHMY (XRD)

WFFE T Mn TR IR FOWIEA . o MRS B4 52
Wi, I AL AT PR TR AR A AT

1 SKBWHE

ARSI R H AZ91D B4 4 ik, HE
TS (SRR E0) M Al 9%, Zn 0.68%, Mn 0.26%,
Si0.04%, Cu0.02%, Fe 0.004%, Ni0.001%, Mg 4
o BUFERLAS S 20 mmx11 mmx5 mm. FF 5 K
ACHT B 2 20007, A T VEIE KT o

B Ik A HE S B TR RN, I 4 v A
YIRS T, ERR BT Cu MR Al 3
2. BUUH Cu T 2RISR 1 fin. k-
iR Pk — 35— A 3 — 6 A 1R FE— B YRR o B8 T
R EB FKEERIFRT

FEEE/REE 12 2 FRECGALIRBR AR 2, K mia iR
A5 BT P D OAREER 80 Chn#k,
AW HEEE N B AWK, RE, FRE
0.2 mol/L NiCl,-6H,0. 1.5 mol/L MnCl,-4H,0 .
0.2 mol/L HZ MM A AL AmE-JR R & Tk, $ii
PEE R, R

HL TR Ni-Mn SR = iR R, AR
Cu 5 AZ91D A EAEN TAERM, MA%H 50 mmx
25 mmx3 mm FYAEEEHT (99.99% ) YE M BhH %, LA
EAZ 0.5 mm BARZIEAS N . RH PARSTAT2273
H Ak TR AR M R TR, 7E BB PRk, i
BN 3~9 mA/em® T, HLITFE Ni-Mn

K B F 2 8% ( SEM, JSM7600F, Japan )
K RETEAL ( EDS ) ML H- 43 AT Ni-Mn 9 5 3% 1 Ko 48 i
AT S RIC R 53 A o SR X SHERATEHL ( XRD,
D/MAX 2000 V, Rigaku, Japan ) 4> H748% 2 A5
K PARSTAT2273 ML Ak2= T AE i il 9% )2 i 1 PR
B 28 0 Sl e A AR Ak £ 0 A9 PR 2l 2t SR
SHRAZR, HAR 0.5 mm BIEAZL R TAERML, MM
7 50 mmx25 mmx3 mm A ZEER A AE A HTBh EL A, DL
B 0.5 mm MR ZVE NS i . I H A A Ak il
LR =R R, LR EEGHE 0.5 cm® %
M) AZIID BEAa/E N TR, LiAREmE Rl
HEBhEAL, LIS L H R (SCE) fEN S
o AT RARFEREUE, FEMIRA 3.5%I1) NaCl %
-5 H A2 I T 2 2 ) A s ] TRTBR A 1 he



© 68 * om o OR 2017 4F 3 H

F1 AZID HASHATAETZRE
Tab.1 Pretreatments of AZ91D substrate AZ91D magnesium alloy

Process Solution compositions Operating condition
NaOH 80 g/L
Akaline cleaning Na,COs 40 g/L 60~70 ‘C, Ultrasonic cleaning 8~10 min
Na;PO, 30 g/L
Acid cleaning CeHs0, 100 g/L Room temperature, 25~30 s
Alkaline conditioning NaOH 40 ¢/l Room temperature, Ultrasonic cleaning 7~10 min
Additive 93.6 g/L ’
NH4HF, 10 g/L Room temperature, 2~3 min
o ZnSO4 30 g/L
Zr?lcrtri;aet;(s)lr:)n K4P,07-3H,0 120 g/L 5 e s
Na,CO; 5g/L ’
KF 7g/L
Cu,P,0; 60 g/L
K4P,07,-:3H,0 300 g/L
Cu electroplating (NH,4);CsH50; 25 g/L First step: 40~50 °€3, 50 mA/cm?, 1 min.
K,HPO,3H,0 40 g/L Second step: 40~50 ‘C, 15 mA/cm?, 30 min
Phytic acid 0.2 g/L
Vanillin 0.08 g/L
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Fig.1 Cyclic voltammetry of ChCl-urea
ionic liquid on Pt wire
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Fig.2 SEM image and EDX analysis of Ni-Mn film after one
circle of cyclic voltammetry
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Fig.3 Morphology and composition of Ni-Mn films at different current density
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Ni-Mn films on current density

& 5 e A ) L 3 2 BT B TR Ni-Min B2 1) X
SEATHIE , BB S AT UL, 4l Ni S O Sz (fee)
ik, BA (111) . (200) F1 (220) =i,
M A E M 3 mA/em? B3] 9 mA/em? I, ) Mn
JGE R TF B BN 0%38 5] 9.4%0}, Ni-Mn & 42
FE B AT S D R FE AR, ELAT TR i AR 58, RIA 4
FEE 22 B R RO/ o AT ARSI E] N Min,, 20 (1) 45
BALEY, £ Mn TTRRFESEIET 9.4%
Bf, Mn JCE#HFAZEOALTT (fee) Z5MF) Ni JoE
L e ds RIS | T R N

Ni (220)

b i
J=6 mA/cm?
J=9 mA/cm?

40 45 50 55 60 65 70 75 80

Bls AR TR Ni-Mn
)2 6 X S AT 5T P 3
Fig.5 Grazing incidence X-ray diffraction patterns of
Ni-Mn alloy films at different current density
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Fig.6 (a) Cross-section morphology and (b) EDX analysis of Ni-Mn film carried out at 6 mA/cm?
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Fig.7 Potentiodynamic polarization curves of Ni-Mn films

carried out at different current density
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JJ/(mA-cm™) grﬂ/‘;?‘ﬁ/o Jeord (RA-cm2) Econ(vs. SCE)/V
3 0 0.739 -0.225
5 3.07 0.301 -0.157
6 3.08 0.562 -0.168
7 6.66 0.672 0.187
9 9.39 0.831 —0.244
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