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Electrodeposition of zinc from zinc
chloride-1-ethyl-3-methylimidazolium chloride molten salt

MA Jun-de, LI Bing, YAN Ling-guang, CHEN Yan

(School of Resource and Environmental Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: The electrodeposition of zinc from zinc chloride-1-ethyl-3-methylimidazolium chloride molten salt was adopt
to study the process of the cathode reaction. The electrodeposition was carried out with direct current and impulse current.
The factors influencing the coating were studied. The result indicate that: the electrodeposition of zinc on nickel and
tungsten substrates involves instantaneous three-dimensional nucleation. The coating is the best when the current density
is 4 mA/cm? and the temperature is 80 ‘C. The coating by the method of the impulse electrodeposition is better than the

direct current electrodeposition. Especially when f'is 100 Hz, f,./tr is 2/8 and J is 8 mA/cm?, the coating is clean and

uniformity. The crystal size is nearly 0.3 pm.

Key words: Zn; ZnCly; ionic liquids; electrodeposition;

LA 1 A5 oo e 4 e 22 1 [ o ¥ ok P R
Xof PSR 1) A 5 Lk S €8 P A 22 R AR T i R i
(1 I R, T IR A 2 R R TR, IXRRRAA
HAZRARRERAE, AR i5d. LRtk
U SRR R AT B S BR A e TR 2
(4B AE 4, HEA S ER SR (s ik, 3
TR 2 Bk FL R R 1) B A4,

PITNER ZDFIHIILT AICL HIBRTEES IR AAWT
FTEEAES: . A BN A iR R, K

EEWMB: EXMRREEEE B H (50474027)
Iis BEA: 2007-09-30; 1&iTHHEA: 2008-01-16

IRAE 4 il A R IS, iR B AR R
SOURZIE R RIS A 4. SUN 20
¥ EMIC 5 ZnCl, JRATF RG2S R e A1)
B, R RO ERMR AR, Y
ZnCl, 55 EMIC [REE/R L 1:3 1, K R 5 Lewis Bk,
AL 22 B RZ0h 3.0V, S5 EMIC-A1C; A
[f; 4 ZnCl, 5 EMIC [WERLEN 0.5:1 1, ARE
Lewis fRPE, FUALSEE T2 0 2 Ve FEIE 1 1 R
T, fERRVERS AR Re 13 B B2

WITEE: 2 UK, 2, i, A% 021-64252170; E-mail: drlibing@163.com



1136 PR R AR

2008 4 6 A

SNBSS pc R R R NIV E SER IR
2O, HIE AT T B AAE HL Ry T FE )
Wl W AR, TR IR A ERAK
FBAE TR B AL K 2 s 3 B AR A
e, HGBCRAR. BRAKACEL ), TR FRBE
ZEAEIL R, ASCAER R AE B A ZnClL-EMIC
R POREEREAT TR, e L ORLEL,  JFxt s
BRI Fh B BEATWT ST, A IR 2 L A L
AV INAREE P LR ST R

1 XIe

1.1 EERUEEIRF
FAb-1-FHE-3- Z LK EMIC) (21 E KT 97%.
HAR sk Aty SULEE(riral)s TR (5
Fraty; kb EIE(SMD-30 Hdzs fik sl Fo B e, ISR
WRTERAER ) ): CHIN140 HIAL 22 WA (R
AR AT]); IMS-2 X FEMMEAULITHE
BARERAAD; HEAG WA em X 1 em)(4EE A
99%); 542 (4LE N 99.95%); HRLZ(LEFE N 99%); BE
Fr(1emX 1 em)( 2054 99%); BF22(Z6 5 99%).

12 KIEiE

BT B TR S K, AN TR K AR L RS
M E K AR AT IR SR R K P, 75 23S Pl 5 7K A
R, 17 2 B 4l e K AL BE K 2 2 ZnCl, H
Zn(OH)CI1 [FIR-EY), FTLA, {ESE8 2 Jif S0 o fraik
IKEAEEREAT 7K

PG R ZnCly(HT4h)ZEN HAARK G 1A
WP, WA TR SA R, AR 150 CIHE
MR — R, R R IK A S, 51k
Tk, BRAKSEA G EIHR, AT BERRK. 495
550 ‘CH, ANFAHKEAM . N, FHE R
770 ~800 °C, 24 750 CHF4H 7 ZnCl, A4 T4
PAYEERE L, THEREE, BRTEM, ARk
PR, K ZnCly By AT H AN,

B AR I B R A kT,
FHHTEK POs JAEFEF Pl T4#57), ZnCl, 15 EMIC
DA 101 (B ZK LG, n#ha] 90 CIRKF 2 he

EFEHT, OO &AL R T
HEAT HL IR

H T TRERIESETT Zn RIS, 752t
AT HALZE S, BRI (1 2 L rAAE S s R AN
W, KL, ##% Zn/Zn* ZHCEI . UK ) 90 mm,

FARh 8 mm MBIEE, (EPIEE M Imbed—Hhayk
TP il 2 mL 224511 ZnClL-EMIC & A (5
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by A B A E
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Table 1 Electrical conductivity of ZnCl,-EMIC ionic liquids at

various temperatures

Temperature/‘C 50 75 80

Electrical conductivity/(mS-cm™")  4.25 7.86 9.06
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Fig.1 Cyclic voltage current -characteristic curves of
ZnCl,-EMIC at 80 ‘C and 100 mV/s: (a) Nickel electrodes;

(b) Platinum electrodes
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Fig.2 Cyclic voltage current curves of ZnCl, - EMIC at

80 C and different scanning rates (a) and dependence of I,

on v'"(b)
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Fig.3 [—t curves of melt on different electrodes at 80 C: (a)

Tungsten electrodes; (b) Nickel electrodes
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Table 2 Expressions derived from Eqns. (2) and (3)
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Fig.4  Non-dimensional plots of (/I,)* vs t / t, data
corresponding to potential steps in Fig.3: (a) Tungsten

electrodes; (b) Nickel electrodes
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Fig.5 XRD pattern of coating containing gray composition

Fig.6 SEM images of coating prepared at different tempera-
tures (Molar ratio of EMIC to ZnCl, of 1:1, J=1.39 mA/cn’):
(a) 50 'C; (b) 80 C

KHHES] 1.39 mA/em® I, SR K H] 2.5 ym £
A1, W 7(0) Fras. HHEIRIAL, Y HL s gk Ak oK
I, BEAE F A AR SR, SRR B, Y
KE 4 mA/em® I, SRR 1 um 2247, W 7(c)
Fin. mEma, SERmMAAG, g, BHsE
75 0~1.39 mA/em® I, Bl LG 3 B 3 KU URUZ (K 4
AR, X T A A, AN, S EUR
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Fig.7 SEM images of coating at 80 ‘C and different current densities: (a) J= 1 mA/em?; (b) J = 1.39 mA/em’; (¢) J = 4 mA/cm?;

(d) J=6 mA/cm’
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X B T T LR, T 11 F O T R
U B Y 5 B K E 10 mA/em? I, 1R HEAS S HOAE
RIMHER T KA. PEERTK SEM Bl 8
FizR. HERIAD, R e 8 mA/em?, ik %8 &
9 ms, kb IFIRE 1 ms B 73 2 8% 2210 2 A el
FRLAN /NS, TAZAT db s

A5 FH ke ELERE A% R A A I S I Al /N PR SR
TR ik e AR L B I, BRI B AR I 4
FAT A L BT DU A /N R RORE s > FRLR DG KT
PEUZ I, IR B T8 P B - ST R BI04
WSS, XFEBIAR R Y BUZ P 10 48 28 IR 5 kA5
BT Jeib bz, Bz IR BB G 9 T

&)

B8 80 CIf NEKIM 1 SEM 1%
Fig.8 SEM image of coating at 80 ‘C (=100 Hz, t,/t,s=9/1,
J=10 mA/ecm?*)
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7 80 C FHIJL S E 4 8 mA/em®s AN[AIAHR Al
WrLL I A3 25 2 SEM B WnE 9 fros. HEW LR
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MR D 5T, SRR/NMZT 0.3 pm .
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TR REIR T LR I 2 o T LA S B 5 R B IR 45
it 2O EIE AR, AL, AT RAU AR AR B
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Table 3 Experiment results of Zn electrodeposition by PCP at 80 C

J/(mA-cm ) f/Hz ton/tot Surface of coatings

8 100 9:1 Silvery, slippery, branch nearby edge
10 100 9:1 Black, gray substance deposit on surface
8 100 55 Silvery, slippery, branch nearby edge
8 100 2:8 Silvery, slippery

8 50 2:8 Silvery, slippery

8 10 2:8 Silvery, slippery, branch nearby edge
8 500 2:8 Silvery, slippery, branch nearby edge

v

Ay 4
A4 g
A

ot " 4 B ’L._' _-y.‘.;-ﬁﬂ .h‘ ,@ ‘1'
9 80 CIF ARSI MMM L F i 15 min $%)2 1) SEM &
Fig.9 SEM images of coating at different impulse frequencies and different ratios of ,, to for at 80 'C (J =8 mA/cm?): (a) f =
100 Hz, t,/tor =2/8; (b) £ =50 Hz, to/torr= 2/8; (¢) £ =10 Hz, t,,/toer = 2/8; (d) £ =500 Hz, t,,/torr = 2/8; (€) f =100 Hz, ton/torr= 5/5;
() f=100 Hz, t,,/tor=9/1

AN, BRIV AR b A% = YRR AL

3 it BRI BB, FE R, 50 CRHGH
BEZARIEELL 80 CHTRHH PR 2 fikigi /N, RS

1) ZnCL-EMIC &5-F- 04 WL TR BE (1) s W ok #E 2) 7£ 80 CHY, MU LA 0~1.39 mA/cm® 4%



1142

PR R AR

2008 4 6 A

I, BEAE R SRR, DIRRZ I R AS R s IR
B PSR IGERI,  H A RN, A R R
Hhn, PORRZES S i I avr ER 5.0
mA/em’ I, 132K KO 4EeEE, B
U TNAT TR
3) Mk E DR B B PR D ORR B 2 3 T o i B A

KRR LT, A IR B 8 mA/em?, ki 5
2 ms, BKPPIEREG 8 ms, HLRZEE A 8 mA/cm® I, 155
A =2 e H5), SRR/ N 0.3 pm.

REFERENCES

(11 BRXCP, AR, Erd, SR, @ F. & s
F 4778 0). K4k AR n) 44, 2004, 34(5): 10-12.
CHEN Shuang-ping, WANG Shou-wu, WANG Shou-jian, DAI
Wei-dong, FENG Li. The character and preparation method of

ionic liquids[J]. Fine Chemical Intermediates, 2004, 34(5):
10-12.
21  EHR, SKEET, BREME, & W, SKEK B

B FLAE AR AL SR BT D] u& LA 4R, 2003, 3(2):
177-185.
WANG Jun-feng, ZHANG Shuo-jiang, CHEN Hui-ping, LI Xian,
ZHANG Mi-lin. The character of the ionic liquids and the
appliance on catalysis reaction[J]. Chinese Journal of Process
Engineering, 2003, 3(2): 177-185.

[3] ke, KT, Wwih, Kok, BRI o2,
M AT 228, 2005(2): 7-12.
ZHANG Ying-feng, LI Chang-jiang, BAO Fu-shan, ZHANG

s

Yong-an. The classify synthesize and application of the ionic
liquids[J]. Chemistry Education, 2005(2): 7-12.

[4]  XHETE, Y BR, BREY, RV BT R DN
AR RN ], IR, 2004, 67: 470-475.
LIU Yan-sheng, YAN Jun, XU Chun-ming, HU Yu-feng. The

> J A

application of the ionic liquids electrodeposition of metal and
semiconductor material[J]. Chemistry, 2004, 67: 470—475.

[5] PITNER W R, HUEESY C L. Electrodeposition of zinc from
ionic liquids[J]. J Electrochem Soc, 1997, 144: 3095-3104.

[6] HSIU S I, HUANG J F, SUN I W. Lewis acidity dependency of

chloride-1-ethy1-3-

the electrochemical window of zinc

methylimidazolium chloride ionic liquids[J]. Electrochimica
Acta, 2002, 47: 4367-4372.

[77 HUANG J F, SUN I W. Electmdeposition of Pt-Zn in a Lewis
acidic ~ ZnCl,-1-ethyl-3-methylmidazolium chloride ionic
liquid[J]. Electrochimica Acta, 2004, 49: 3251-3258.

[8] CHEN P Y, SUN I W. Electrodeposition of cobalt and
Zinc-cobalt alloys from a lewis acidic zinc chloride-1-ethyl-3-

methylimidazolium chloride molten salt[J]. Electrochimica Acta,

[

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

2001, 46: 1169-1177.

Ao, BEEE, & e DHREALIN TR AL TR I
N [I]. 22T R, 2004(11): 795-801.

LIU Hui, TAO Guo-hong, KOU Yuan. The application of the
ionic liquids on electrochemistry[J]. Chemistry, 2004(11):
795-801.

FRE, A, ORI
SEHERELT]. LT HERE, 2001, 20(12): 16-19.

ZHANG Jing-tao, PU Xiang-lan, ZHU Shen-lin. The research of

TR R AR RE I ) N AT

application on extraction of ionic liquids[J]. Chemical Industry
and Engineering Progress, 2001, 20(12): 16—19.
TREE, 2 I, BARER, IO, BTN I D).
FEANL T, 2005, 22(5): 324-327.
ZHANG Pu-yu, LOU Shuai, JIN Lin-yu, LI Wen-bin. The
research of the application of the ionic liquids[J]. Fine Chemical
Intermediates, 2005, 22(5): 324-327.
BRHG, TR, W Ak, 4R M8, R, R A
[ 5A RNI]. 2 HERE, 2005, 17(4): 700-705.
ZHAO Da-cheng, XU Hai-tao, GAO Ge, XU Peng, LIU Feng-qi.
Polymerization reaction of the ionic liquids[J]. Chemical
lndustry and Engineering Progress, 2005, 17(4): 700—705.

JEARL R BB A A R R IVIR[T). U SR, 2003,
22(6): 35—-40.
AN Mao-zong. The status of electroplate zinc and alloy[J].
Electroplating and Coating, 2003, 22(6): 35—40.
VR, K B, A & WS SRR R
S SR TTED]. A1 KB AR, 2005(5): 22-25.
JIA Hui-zhen, ZHANG Ping, LI Yuan, HAN Ming-hui. A sort of
laboratory preparation of high pure zinc chloride[J]. Journal of
Shijiazhuang University, 2005(5): 22-25.
GERISCHER H, KOLB D M, PRZASNYSKI M. Tunneling
processes at highly doped zinc oxide electrodes in contact
with aqueous electrolytes ( I ): Electron exchange with the
conduction band[J]. Surf Sci, 1974, 45: 662—666.
LI L F, TOTIR G G TOTIR D O, CHOTTINER G S.
Underpotential deposition of lithium on aluminum in ultrahigh-
vacuum environments[J]. Phys Chem, 1999, 103: 164—168.
SCHARIFLKER B, HILLS G. Theoretical and experimental
studies of multiple nucleation[J]. Electrochemical Acta, 1983,
28(7): 45—48.
A0, B0, BT R NG RS RTTIUIRT]. RS RS
1, 2005, 27(5): 25-29.
LIU Yong, LUO Yi-hui, WEI Zi-dong. The study status of
impulse electroplate[J]. Electroplating and Coating, 2005, 27(5):
25-29.

(iE EIRH)



