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Table 1 Process and operation condition of electrodeposition on AZ91D

Process Chemical reagent Operation condition

degreasing NaOH 40 g/L 60~70 C
NaxCOs3 20 g/L 8~10 min
NazPOq4 30 g/L

acid etching HsPO4(85%) 200 mL /L 40~45 C
NasMoQOy4-2H>0 1g/L 10~15 s

alkaline etching NasP207 80 g/L 70~80 C
NaxCOs3 20 g/L 8~10 min
NaNOs3 30 g/L

activation room temperature
HF(40%) 375 mL /L

5~10 min

7Zn immersion 7ZnSOy4-TH2O 30 g/L 70~80 C
NasP2O~ 120 g/L 8~10 min
NaF 5 g/L
NaxCOs3 6 g/L

electrodepositon of Zn  Choline chloride:Urea  1:2(mol%) 60~80 C

60 min

ZnClz

68 g/L

total passed charge = 18 C/Cm2
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3.1.3 Ak IBRUERERERIEK, FRfE—2
FLBEE SR MgO 1 Mg(OH),, 3T [P207]*
BTHSEEM, faaRmK MgO/Mg(OH), ¥
AN FTHEAER [Me(P207)]2, i “Hrie” & &R
REAEEWR. A5h, AIEGE T Al FEmEE 4%
Y B ATERR IR O 2k, (BRG AR

Fig.1 Morphologies of AZ91D after pre-treatment
(a) acid etching, (b) alkaline etching,

(c) activation, (d) Zn immersion
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Table 2 Composition of activation surface of AZ91D

(mass%)
Site O F Mg Al Zn
A 4.08 18.78 7232 4.82
B - 1.67 93.01 5.31

Note: element content is so low that beyond
the detection limit of the instrument.
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Fig.2 Morphologies and profiles of cross-section of
the Zn coatings on AZ91D
(a) galvanostatic deposition, (b) profile of
cross-section in Fig.2a, (c¢) pulsed deposition,

(d) profile of cross-section in Fig.2b

i Fik o L 8 P TR A R B, mT LA 40 Ak Sk,
EEEE T NER ., ¥5y U8, A sel 23R R Al ko e,
PR E R, IR 0 IR e K- Bkl & 1
K 3s, iR 2/3, SEHERBEEN 5 mA/em?,
Bl 2c Mpkol e gE Zn BRI, hh2aBH
B, HRE W ERBERHE, T, Z0RA/NY
5, MEZ HEFE%. NMERETUERIEERE
¥hay, GREAGEERT (B 2d), XMIET 82 R
TR St RE . TR FR S A ol B B8 Zn 20 A7
R % WL 3, Y48 Zn,
3.3 % Zn BHEBEMLFETAHHT

B Zn ZH9T I SR A ARSI, AT A,
FBHIR T Bk AZ91D ., fE 8% Zn, Bkl 48 Zn
R4l Zn WIRALEAT R, B 4 AT AZ91D FEfk,
B9 Zn }4E Zn R FELE 0.582 mass% By NaCl W
AR 30 min RUTF B ELAZHTER, & 5 SAHR A3
PRI ZR, AR b2 2 50nsR 3. Al 4 AL
FEF|, AZ91D B 54 Zn BFFEEEAL OCP AR{k
BB BAEEBRERTIRE, XEEN “H
7 3 AZ91D 548 E 4 Zn BT 0.582 mass%
B NaCl W, ERE AR T ZE DR IE,
REAIER, YiX R &5 5 AR, AR SE
BRFFRE, /A8 -1491 mV A1 -1071 mV, Ti{E
TRHLEE Zn ERNZ AR A A IER, R
fasE, {HAE 1000 s 22470, BT, U
BHE Zn EEE T EMBER, 2GR RERKS), ¥
REMFEE, XU Zn ZRITFEE MU E
b - Btk X Elf2, BIRRERIFEEBAL OCP K
-1428 mV, NoAHE R SEEAIRS EAL. fKof g
Zn BRI AN ERR S, BREA TS T
B, BERETE -1072 mV, 54 Zn 85lr. FJLE
BB PE Zn B{HEEEMR AZ91D P ERAL OCP KA
TIE®, Wk E%E Zn BHERBEE Zn BRE.
IS T2 BV, JT AL OCP WIERBIA T 4
& A B EE M. NE 5 ATLLER], BT HE
TLHLEE Zn EAN, Fra iR AL B R B A M AR
AR, AR XA B AW PR AR, Y FALIE
FIEmhE AT, SEANFHRX, JEmh e Rk, FE
JEHENEALIX, HREE Lon RREEFE—HEEE, 4
B —EEE, ek, B SGRERE K.
THE R B Zn EWA KA, FEAERXEER
FE Lo BN LFFHEHE. WK 3 FLIEF], AZ9ID
TR AL Ecore K -1696 mV, HREE Lo
H14.9 pA/em?; HFHEEE Zn BIEEREA Eoon
EBE -1482 mV, HEREE Lo, AHBAEE
21.6 pA/cm?s TRk HESE Zn BEBEMABEA Fonx
IEBZE -1072mV, BEREE Lon AN 6.9 pA/cm?,



2H BiHSE « AZOID BRESFEFMAM - RREFHAEFHHE Zn MR 159

intensity /a.u.

y [

1 2 3 4 5 6 7 8 9 10
energy /keV

Fig.3 Composition of Zn coating on AZ91D by elec-

trodeposition
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Fig.4 OPCS of the AZ91D, Zn coatings and pure Zn
in 0.582 mass% NaCl solution for 30 min

Table 3 Electrochemical parameters of AZ91D, Zn coatings and pure Zn in 0.582 mass% NaCl solution

opPC FEeorr Teorr over-passivation potential
Specimens
/mV vs-SCE  /mV vs-SCE  /uA-cm™2 /mV vs-SCE
AZ91D substrate -1610 -1696 14.9 -1400
Zn coating on AZ91D by
-1482 -1543 21.6 -
galvanostatic deposition
Zn coating on AZ91D by
-1072 -1349 6.9 -960
pulse electrodeposition
pure Zn -1078 -1299 6.6 -970
10° E —v— pure Zn 4 é:él:‘ (&
| —A—AZ91D/Zn, 5 mA/cm’=1's, 0 mA/cm’=2 s
o, 10 fe=Aaoozn Smen (1) AZOID B4 e e ILIAL - R %35 THEMK
T 10 PR SRR RAS Zo SR, Bkl e SR HCIE I B E AT
5ol FEA S, IR R Zn B
= . (2) Pkl 88 Zn RRWEHE ., JEEH S, 5
2 IEE R, mALEIRARRY], ki gE Zn 2
0% JERRAT R EAE Zn AR, FION AZOID BEG & HkikiR

. . . . .
-2000 -1800 -1600 -1400 -1200 -1000  -800
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Fig.5 Potentiodynamic polarisation curves of the
AZ91D, Zn coatings and pure Zn in 0.582

mass% NaCl solution
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-960 mV, 54 Zn=970 mV L. LR FREAE
TSR Zn B REEMEN B, KETIER, HH
IR T Bk AZ9ID f i, X AT REJE T 1E I A g%
In RHR, GRJREE, BIE—BEEERET
B, PR R SUE M AR, BTN T A
PRI, TRk 88 Zn RHE AT A 526 Zn A
oL, VEEAZE . 456 RIFRIBKko g Zn RRA RIT
BT e RE, FIR AZ91D #56 SRR IFE B
YERI.
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ELECTRODEPOSITION OF Zn ON AZ91D IN CHOLINE
CHLORIDE-2UREA IONIC LIQUID

YANG Haiyan!?2, GUO Xingwu!'?, WU Guohua'?, DING Wenjiang!+?
(1. National Engineering Research Center of Light Alloy Net Forming, Shanghai Jiaotong University,
Shanghai 200240,
2. State Key Laboratory of Metal Matriz Composites, Shanghai Jiaotong University, Shanghai 200240)

Abstract: In aqueous electrolytes, electrodeposition on Mg alloys is still a challenge because Mg has high
chemical reactivity. The process becomes more complicated in aqueous electrolytes owing to the hydrogen
evolution. Ionic liquids as non-aqueous electrolytes in electrodeposition have received much attention from
researchers. In present study, choline chloride-urea ionic liquid, which is sustainable, biodegradable and stable
in air and water, was used as the solvent and the electrodeposition of Zn on AZ91D magnesium alloy was
investigated. The pretreatment mechanism of the AZ91D substrate and the effect of current mode on the Zn
coatings were studied by scanning electron microscope (SEM/EDX). The corrosion resistance of the deposited
7Zn coatings were studied by electrochemical testing. The results show, Zn coatings could be electrodeposited
on pretreated AZ91D substrate from choline chloride-urea ionic liquid. Application of pulse deposition was
superior to galvanostatic deposition in producing dense, uniform and cohesive Zn coating. By pulse deposition
Zn coatings, the OCP of AZ91D substrate moves in positive direction from -1610 mV to -1072 mV and the
corrosion current density I.or; decreases from 14.9 pA/cm? to 6.9 pA/cm?, comparable to those of pure Zn
(OCP=-1078 mV, I.orr=6.6 uA/cm?).

Key words: AZ91D magnesium alloy, ionic liquid, electrodeposition, corrosion



