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Electrodeposition of Zn-Ti alloy in urea-NaCl-ZnCl, ionic liquid
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Abstract: The cathode reaction process of Ti(IV) in urea-NaCl-ZnCl,-TiCly ionic liquid was studied with the
electrochemical methods. The electrodeposition was carried out by the controlled potential method. The effects of
temperature, potential and ZnCl, content of ionic liquid on the coating were studied. The results indicate that the cathode
reaction is a quasi-reversible reaction and Ti(IV) can be reduced to Ti(0) through stepwise reduction. The flat and
compact deposits on the mild steels are obtained by the induced codeposition of Zn and Ti. Increasing temperature and
potential properly is favorable to obtaining the finer and more compact deposits. However, the codeposition is inhibited

by the increase of ZnCl, content. The coating with crystal size of nearly 0.8 pm is obtained when the mole fraction of

ZnCl, is 10%, the temperature is 80 C and the potential varies from —1.5 to —2V.
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1.1 RFIFEENE

JRZ(AR), [H 254 b5 2 5 24E 7= NaCl
(AR), KRN 2R AR R A W 425 ZnCl,
(AR), RERMHL AR A R A A A4 TiCl
(CP), [H 2B PAARF 2w 2=

RET 22445 M Il ) Bt O AR SE 56
FHARGRAF L) CHIT60C Y rifb2: TR (-
W AR A T A7)

1.2 BFiRERRHIE

BIRFBMAN TN T 80 CTHE 12 h, ZnCl
AR HAE S G K g, ILTRI7ES
HR[21]

W PRFEA ZnCl, A R I B EE ) ARG, i
IR 80 °C, MRS HE B RGBS
SRR E N 1.67 mol/L ] NaCl ¥, 1 H5¢
EWET urea-ZnCly &R, WEEAE. T
it A7 o

80 ‘CF, MIHI44H urea-NaCl-ZnCl, & 14
BN 0.43 mol/L ¥ TiCly, 334535 50 Fa e i il 21
BT
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PR AR B HO B 38 D A AR (A 1 mm), AR AR Ok B
(GO HM(d 4 mm), A ALO; 7ERE R S
SEIFH 2B KIEE: TR, 2 L ROk BT AR
(d1 mm), FHIEAEHER (3.0 emX 1.5 em), BIHH
A4 Q235(3.0 cm X 1.5 cm), FEARIAEE A 1 cm.
DU BT RASCE F H~F-4, FHAR ER 18 (0.1 mol/L)iE vt 1
h DR 3R AN B 2, ARG H 4. S FT6 54
RS AR R TS e, B i R 6 ‘5 S AR
FTEEGseRI], SRS T B L ¥y vl v oK SRz
ARG, e HEB PR H .
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2.1 Ti"WIBRUFTR

1 i M4E % 1.67 mol/LNaCl £ urea-ZnCl,
(9:1, FEIREG) & A I TiCL i /5 GC Hibk B
CV gk, L, B 1@ iAE TiCL, Kl 1)
NI 0.43 mol/L (1) TiCly, FFHHIAZ 25104 0.61 Fl
—0.01 V. N 1 VTS, 507, ik
1.6 VZJEHFER| 1V, HEH 80 C, HiHZA 50
mV/s.
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CV Ik
Fig. 1 CV curves of urea-NaCl-ZnCl, (a) and urea-NaCl-
ZnCl,-TiCl, (b) ionic liquid
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Fig. 2 CV curves of urea-NaCl-ZnCl,-TiCly ionic liquid at

various scan rates: (a) 20 mV/s; (b) 50 mV/s; (c) 80 mV/s;

(d) 100 mV/s
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Fig. 3 CV curves of urea-NaCl-ZnCl,-TiCly ionic liquid at
various mole fractions of ZnCl,: (a) 25%; (b) 20%; (c) 15%;
(d) 10%
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Table 1 Variation of mass fractions of Zn and Ti in electro-

deposits with ZnCl, mole fraction of electrolytes

x(ZnCly)/% w(Zn)/% w(Ti)/%
25 99.46 0.54
20 99.49 0.51
15 99.50 0.50
10 99.56 0.44
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Fig. 4 SEM images of Zn-Ti alloy electrodeposits obtained from urea-NaCl-ZnCl,-TiClyionic liquid at various mole fractions of

ZnCly: (a) 25%; (b) 20%; (c) 15%; (d) 10%
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Table 2 Effect of temperature on mass fractions of Zn and Ti

in electrodeposits

1 w(Zn)/% w(Ti)/%
60 99.61 0.39
70 99.59 0.41
80 99.56 0.44
90 99.51 0.49
100 99.48 0.52
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ff] SEM 1%
Fig. §
electrodeposits obtained from urea-NaCl-
ZnCl,-TiCl, ionic
temperatures: (a) 60 ‘C; (b) 70 C; (c) 80
C; (d) 90 C; (e) 100 C

SEM images of Zn-Ti alloy

liquid at various
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Table 3 Effect of deposition potential on mass fractions of Zn and Ti and morphologies of electrodeposits

o/V w(Zn)/% w(Ti)/% Morphology

-1.1 100.00 0 Metallic luster, uneven particles and poor adhesion
-1.2 99.69 0.31 Metallic luster, uneven particles and poor adhesion
-1.3 99.56 0.44 Metallic luster, uneven particles and adhesion
-1.5 99.53 0.47 Metallic luster, even particles and good adhesion
-1.8 99.28 0.72 Metallic luster, even particles and better adhesion
-2.0 98.79 1.21 Metallic luster, even particles and best adhesion

RN BB, B AR raAr (Y 108, ™ A i R
AR ARG i R I AR 52 2 24,
SRR R AN, PR AAGECE . 4, H
B AoRE AL, DORUZR PRI S, S AR
FARM S 5 B W sk AEARTTRAL R, BARTT

B 6 Urea-NaCl-ZnCL-TiCl, 5 TRARLEA
[FIYORR AL N YT TR Zn-Ti & 802
ff] SEM 1%

Fig. 6 SEM image of Zn-Ti alloy electro-
deposits obtained from deposition urea-NaCl-
ZnCly-TiCl, ionic liquid at various cathode
potentials: (a) —1.2 V; (b) —1.3V; (c) -1.5 V;
(d)-1.8V;(e) 2.0V

JER I ATAEARBRAN AR, (BB AN FLIF AT
HgE, XA RAETIRIERE, TORAEIA BG4
RIS S BALF . 535h, AR AR
BRI TP O I, R AR A B AN 5 <2
JZ B2 AR EAN [ T 2 80 DL SE
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