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Abstract Cu-Zn alloy films have been electrodeposited
directly from their oxide precursors in choline chloride
(ChCl)/urea-based deep eutectic solvent (DES). The reac-
tion mechanism and the influence of the cathodic potential
on the characteristics of the Cu—Zn alloy films are studied.
Cyclic voltammetry and energy dispersive spectroscopy
analyses reveal that the reduction of Cu(Il) species rela-
tively more preferentially occurs in comparison with the
reduction of Zn(Il) species, and Cu—Zn codeposition pro-
cess can be controlled in the DES. Chronoamperometric
investigation further confirms that the electrodeposition
of Cu—Zn alloy on a Fe electrode follows the three-dimen-
sional instantaneous nucleation-growth process. The micro/
nanostructured Cu—Zn alloy films with different phase
compositions can be facilely produced by controlling the
cathodic potential. The obtained Cu—Zn alloy films typi-
cally exhibit enhanced corrosion resistances in 3 wt% NaCl
aqueous solution. It is suggested that Cu—Zn alloy films can
be sustainably electrodeposited from their abundant and
inexpensive oxide precursors in DES.
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Graphical Abstract Micro/nanostructured Cu—Zn alloy
films have been electrodeposited directly from CuO and
ZnO precursors in deep eutectic solvent (DES), the elec-
trochemical reaction mechanism and the nucleation-growth
process of Cu—Zn alloy in the DES are investigated.
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1 Introduction

Cu—Zn alloy plays an important role in a large range of
industrial applications such as corrosion resistance, elec-
trocatalysis, electronics, etc [1-3]. Traditionally, elec-
trodeposition of Cu—Zn alloy is performed in aqueous
electrolyte solutions with high conductivity and low fab-
rication cost. However, the electrodeposition carried out
in the cyanide- and acid-based aqueous solutions gener-
ally involves high corrosiveness and hydrogen-evolution
process [4]. Therefore, exploring for ideal electrolyte
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candidates for the Cu—Zn alloy electrodeposition at or
near room temperature is required. Considerable attention
has been focused on the use of ionic liquids as electrolyte
media for the electrodeposition of metals/alloys in recent
years [5, 6]. Compared with aqueous solutions, ionic lig-
uids (ILs) usually have wide electrochemical windows,
extremely low vapor pressure, high ionic conductivity,
high solubility of metal salts, and thermal stability [6, 7].
The electrodeposition of Cu—Zn alloy in ionic liquid elec-
trolytes has been preliminarily proven. Sun et al. [2, 8]
investigated the electrodeposition of Cu—Zn alloy in Lewis
acidic ZnCl,/1-ethyl-3-methylimidazolium chloride ionic
liquids. It was found that the surface morphologies of the
electrodeposits can be influenced by the electrodeposi-
tion potential, temperature, and metal concentration of the
electrolyte. In addition, Rousse et al. [9] studied the elec-
trodeposition of Cu, Zn, and Cu—Zn alloy in the 1-butyl-
I-methylpyrrolidinium  bis(trifluoromethylsulfonyl)imide
ionic liquid. In these cases, the use of ionic liquids can
avoid the problem associated with hydrogen embrittlement,
and nanocrystalline Cu—Zn electrodeposits can be facilely
obtained without any additive during the alloy electrodepo-
sition. However, the corrosiveness, cost, and the instabil-
ity against air and moisture of these ionic liquids probably
restrict their further practical application [9, 10]. In addi-
tion, many coppetr/zinc salts such as halides generally have
very low solubilities in the ionic liquids [11]. The copper/
zinc cations can be introduced into the Tf,N-based ionic
liquids by anodic dissolution of copper/zinc electrodes [11,
12] or by dissolution of copper/zinc-Tf,N salts [9]; how-
ever, these processes are time consuming. Consequently,
suitable copper/zinc precursor—electrolyte systems are
extremely needed for the electrodeposition of Cu—Zn alloy
at low temperature.

Deep eutectic solvents (DESs), which are formed by
mixing quaternary ammonium salts with hydrogen bond
donor species such as alcohols, amides, and carboxylic
acids [13, 14], have been considered as alternative media
due to their biodegradation, nontoxicity, facile synthesis at
low cost, and stability in air and water [13—15]. The DESs
have been extensively used in a range of fields including
material synthesis [16], dissolution and extraction pro-
cesses [17, 18], and electrodeposition [19, 20]. Further-
more, they are capable of dissolving a wide range of metal
oxides with high selectivities [21, 22]. Compared with
metal chloride precursors (e.g., CuCl,, ZnCl,, etc.) [7], the
abundant and inexpensive metal oxides (e.g., CuO, ZnO,
etc.) can be used as new precursors for the green and fac-
ile electrodeposition of alloy films in DESs without chlo-
ridization pretreatment. The remarkable dissolving capacity
contributes to the processing of metal oxides and probably
provides a green electrochemistry pathway for the produc-
tion of metals/alloys directly from their oxide precursors
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in DESs at room temperature. Abbott et al. [23] pioneered
their study on the large-scale extraction and separation of
metals from a complex matrix using DESs. Hussey et al.
[24] investigated the electrochemistry of Cu,O and the
nucleation/growth mechanism of Cu electrodeposition in
ChCl/urea-based DES. Reddy et al. [25, 26] studied the
electrodeposition of zinc and lead films from their oxides
in the same DES due to its appreciable solvent power. In
addition, Zhang et al. [27-29] reported that the DESs can
be used as alternative solvents to prepare metals from solid
oxides by in situ electroreduction. In our recent study [30,
31], micro/nanostructured Zn and Cu films have also been
electrodeposited from ZnO and CuO precursors in DESs,
respectively. Therefore, it is reasonable to believe that the
electrodeposition of Cu—Zn alloy from their oxide precur-
sors in DESs is possible. However, the electrodeposition
process for Cu—Zn alloy in ChCl/urea-based DES has not
been systematically investigated. Particularly, the reaction
mechanism of the electrodeposition process and the nuclea-
tion-growth process of Cu—Zn alloy in the DES are not well
understood and need further investigation.

In the current study, we report the electrodeposition of
Cu—Zn alloy from CuO and ZnO precursors in ChCl/urea-
based DES. The electrochemical reaction mechanism and
the nucleation-growth process of Cu—Zn alloy on a Fe
substrate in the DES are presented. The influences of the
cathodic electrodeposition potential on the phase composi-
tion, structure, morphology, and corrosion behavior of the
electrodeposited Cu—Zn alloy are determined.

2 Experimental

Choline chloride [HOC,H,N(CHj;);Cl] (ChCl) (Aldrich
98%), urea [NH,CONH,] (Aldrich 99.5%), CuO (Aldrich
99.5%), and ZnO (Aldrich 99.5%) were dried under vac-
uum prior to use. The eutectic solvent was obtained by stir-
ring the mixture of ChCl and urea in a molar ratio of 1:2
(12CU) at 343 K until the formation of a homogeneous,
colorless solution. Then, the electrolyte was prepared by
dissolving 0.01 M CuO and 0.1 M ZnO in the 12CU ionic
liquid at 343 K. The concentrations of the dissolved cop-
per and zinc species (mainly in forms [CuO-Cl-urea]™ and
[ZnO-Cl-urea]™) [24-31] in the CuO/ZnO-saturated 12CU
ionic liquid at 343 K were determined to be about 0.016
and 0.342 M, respectively.

Electrochemical investigations including cyclic voltam-
metry (CV), chronoamperometry (CA), and potentiody-
namic polarization were carried out under an argon atmos-
phere by means of a HCP-803 electrochemical workstation
(BioLogic). About 60 mL of the prepared 12CU ionic
liquid containing 0.01 M CuO and 0.1 M ZnO served as
the electrolyte for these experiments. A three-electrode
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system, comprising a platinum plate (S=0.6 cm?) as the
counter electrode, a Fe electrode (S=0.5 cmz) as the work-
ing electrode, and a silver wire (1.0 mm in diameter) as the
reference electrode, was used during the electrochemical
experiments. All the electrodes were polished with 0.3 pm
alumina paste, rinsed, and dried prior to all measurements.
It is worth noting that the silver wire acted as the quasi-ref-
erence electrode in the electrochemical experiments [32].
All electrochemical experiments (CV and CAs) were per-
formed at 343 K. Following the electrodeposition experi-
ments, the samples were taken out, washed with distilled
water and alcohol, and then dried rapidly.

The corrosion behavior of the Cu—Zn electrodeposits
was investigated by polarization experiment in 3 wt% NaCl
aqueous solution. A three-electrode system consisting of
a platinum plate counter electrode, an Ag/AgCl (saturated
with KCl) reference electrode, and the sample working
electrode (surface area of about 0.5 cm?) was used. The
samples remained at the open-circuit potential (OCP) for
30 min before polarization experiments. The OCP val-
ues of the samples obtained at different electrodeposition
potentials are stable in the potentials ranging from —0.39 to
—0.79 V. Polarization curves were recorded at a scan rate
of 5mV s~ ! from —200 to +200 mV vs. Eqcp. Based on the
Tafel extrapolation method, the corrosion potential (E_,)
and corrosion current density (j.,,,) were determined.

The macro- and microstructures of the electrodeposited
Cu—Zn alloy films were characterized by means of an opti-
cal microscope (KEYENCE VHX-1000C) and a scanning
electron microscope (SEM, JEOL JSM-6700F), respec-
tively. The elemental composition of the samples was ana-
lyzed by energy dispersive spectroscopy (EDS, Oxford
INCA EDS system). The phase structure of the samples
was examined by X-ray diffraction (XRD, Bruker-AXS D8
Advance) with Cu Ko radiation at a scan rate of 5° min~ ',
and the target voltage and tube current were 40 kV and
40 mA, respectively. The concentrations of the dissolved
copper and zinc species in the CuO/ZnO-saturated 12CU
ionic liquid were determined by inductively coupled plasma
spectroscopy (ICP, Perkin Elmer PE400).

3 Results and discussion
3.1 CV analysis

Figure 1a shows the CV curve of a Fe electrode in pure
12CU ionic liquid at 343 K with a scan rate of 10 mV
s~!. In the pure 12CU system, the cathodic potential
limit is about —1.20 V. Fig. 1b shows the CV curve of
the 12CU ionic liquid containing 0.01 M CuO and 0.1 M
ZnO on a Fe electrode at 343 K with a scan rate of 10 mV
s~!. Three reduction peaks are observed in the cathodic
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Fig. 1 a Cyclic voltammogram for a Fe electrode in pure 12CU ionic
liquid at 343 K with a scan rate of 10 mV s~'. b Cyclic voltammo-
gram for a Fe electrode immersed in 12CU ionic liquid containing
0.01 M CuO and 0.1 M ZnO at 343 K with a scan rate of 10 mV s~!

range. The reduction peaks (c;, ¢,) and their correspond-
ing oxidation peaks (a,, a,) are attributed to the reduc-
tion and oxidation processes of Cu(II)/Cu(I) and Cu(I)/
Cu(0), respectively [31]. The reduction peak c; is associ-
ated with the cathodic formation of Cu—Zn electrodepos-
its, which can be confirmed by the EDS analysis (Fig. 2).
The EDS spectra reveal that the electrodeposits produced
at —0.80 V (reduction peak c, illustrated in Fig. 1b) and
343 K for 2 h on a Fe substrate contain 100 wt% Cu
(Fig. 2a), while the electrodeposits produced at —1.15 V
(reduction peak c; illustrated in Fig. 1b) and 343 K for
2 h on a Fe substrate contain 20.1 wt% Cu and 79.9 wt%
Zn (Fig. 2b). Results from CV and EDS analyses indicate
that Cu—Zn codeposition occurs at a potential more neg-
ative than that of the electrodeposition of pure Cu, and
the electrodeposition of Cu—Zn in 12CU ionic liquid is
not the anomalous codeposition [33, 34]. On the reverse
scan, the apparent oxidation peaks a; and a, are mainly
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Fig. 2 EDS analysis of the Cu—Zn electrodeposits obtained on a Fe
substrate in 12CU ionic liquid containing 0.01 M CuO and 0.1 M
ZnO ata—0.80 V,b —1.15V and 343 K for2 h

related to the stripping of Cu—Zn electrodeposits and pure
Zn, respectively [30, 33].

3.2 Chronoamperometric investigations

To study the nucleation-growth mechanism of Cu—Zn elec-
trodeposition, chronoamperometric experiments were car-
ried out in 12CU ionic liquid containing 0.01 M CuO and
0.1 M ZnO at 343 K, and the current density—time tran-
sients resulting from these tests are illustrated in Fig. 3.
The current transients show the typical profile for a three-
dimensional multiple nucleation with diffusion-limited
growth [34]. The sharp decrease of current density in each
transient is due to the charging of the double layer, and the
attendant increase in current density is attributed to the for-
mation and growth of Cu/Zn nuclei [35]. Then the current
density decreases after reaching a maximum current den-
sity j,, at the time of ¢ . Furthermore, the j  increases, and
the ,, decreases with the increasing nucleation potential,
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Fig. 3 Current density—time transients resulting from chronoampero-
metric experiments on a Fe electrode in 12CU ionic liquid containing
0.01 M CuO and 0.1 M ZnO at 343 K

which is mainly ascribed to the decrease in time needed for
overlaping of the diffusion zones [34].

A conventional approach to analyze the nucleation-
growth mechanism was put forward by Scharifker and Hills
[36]. The most famous models for describing the kinetics
of the initial stages of the electrocrystallization process
are instantaneous and progressive nucleation models. The
instantaneous nucleation model means that all the nuclei
are formed within very short times after the potential step,
while progressive nucleation model means that the nuclea-
tion will gradually take place and precious nucleation sites
continue to grow. To distinguish between the two cases of
nucleation, the experimental current density—time tran-
sients are compared with the theoretical transients, and
the expressions of instantaneous (Eq. 1) and progressive
(Eq. 2) nucleations are represented, respectively.

Ginst/Jm)* = 1.9542(t /1) {1 — exp[—1.2564(t/1,)]}*
()

Gprog/im)” = 1.2254(t /1) {1 — exp[-2.3367(/1,,)*1} o

Figure 4 shows the comparison of the experimental
transients with the theoretical models for instantaneous
and progressive nucleations during the Cu—Zn alloy elec-
trodeposition in 12CU ionic liquid. The electrodeposition
of Cu—Zn alloy on a Fe electrode follows the three-dimen-
sional instantaneous nucleation-growth process. Similarly,
the three-dimensional instantaneous nucleation-growth
process was also observed in the previous studies for the
electrodeposition of Zn on a Cu electrode in 12CU ionic
liquid [25, 30]. It is indicated that the electronegative metal
Zn involves instantaneous nucleation-growth mechanism
irrespective of substrate material in 12CU ionic liquid [37].
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Fig. 4 Comparison of the dimensionless experimental data derived
from Fig. 3 with the theoretical models for three-dimensional nuclea-
tion process

Moreover, due to the presence of Cu(Il) ion, the Cu(II) and
Zn(II) ions would compete for the nucleation site, the for-
mation of Cu—Zn alloy phase structure is dependent on the
nucleation mechanism, i.e., the nucleation rate and the com-
petition between nucleation and growth [38]. The instanta-
neous nucleation tends to form an alloy phase which is a
solid solution, while progressive nucleation tends to form
a phase which has a small amount of one species inserted
in the matrix of the other major species [38]. Therefore,
the electrodeposition of Cu—Zn on a Fe electrode in 12CU
ionic liquid is likely to form a solid solution, which can be
further confirmed by the XRD analysis (Fig. 8).

3.3 Electroreduction process of Cu(II)/Zn(II) species
in 12CU ionic liquid

The Cu—Zn alloy electrodeposition was carried out on a Fe
substrate in 12CU ionic liquid containing 0.01 M CuO and
0.1 M ZnO at different electrodeposition potentials and
343 K for 2 h. Based on the previous study [23-25, 28-31],
the 12CU ionic liquid dissolved with CuO and ZnO can form
complex species [CuO-Cl-urea] and [ZnO-Cl-urea]” (Reac-
tion 3). The structure of HOC,H,N(CH;);* (expressed
as Ch") is not destroyed in the 12CU-CuO (0.01 M) and
12CU-ZnO (0.1 M) systems [24, 31]. Therefore, the
[CuO-Cl-urea]”, [ZnO-Cl-urea] and Ch* ions can diffuse
through the electrolyte and react at cathode to form Cu—Zn
alloy and [ChCl-O-urea]*~ (Reaction 4). The complex anion
[ChCl~O-urea]2_ is formed among ChCl, urea and 0% anion,
which can be confirmed by the previous study [25, 28, 29].
Then, the formed [ChCl-O-urea]’~ complex anion can trav-
erse through the electrolyte and lose electrons at anode to
generate gas (Reaction 5) [25, 28, 29]. The anode gas gen-
erally consists of O,, whereas a small amount of Cl, may
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Fig. 5 a Variation of current density with time for different electro-
deposition potentials in 12CU ionic liquid containing 0.01 M CuO
and 0.1 M ZnO at 343 K for 2 h. b Variation of average current den-
sity with electrodeposition potential at 343 K for 2 h

appear when the cathodic electrodeposition potential is
higher than the decomposition potential of the electrolyte
[39, 40]. Hence, the possible reactions are as follows.

Dissolution reaction

CuO/Zn0O + CI” + urea — [CuO - Cl - urea]” /[ZnO - Cl - urea]”
3

Cathodic reaction
2Ch* + [CuO - Cl - urea]” + [ZnO - CI - urea]”

+4e~ — Cu —Zn(s) + 2[ChCI - O - urea]*~
Anodic reaction

“

2[ChCl - O - urea]*™ — 0,(9) + 2Cht 4+ 2C1™ + 4e™ + 2urea
)]

3.4 Electrodeposition and characterization of Cu-Zn
alloy

The effect of the cathodic electrodeposition potential on the
current density and the characteristics of the Cu—Zn alloy
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films in 12CU ionic liquid were studied in the potentials
ranging from —0.80 to —1.15 V at 343 K. Variation of cur-
rent density with time is shown in Fig. 5a. The current den-
sity increases with more negative potential. However, the
current densities almost maintain at relatively stable values
with the increasing electrodeposition time, even at more
negative potentials. It is indicated that the electrodeposi-
tion of Cu—Zn alloy in 12CU ionic liquid is a stable and
fast electrochemical process. Figure 5b shows the variation
of the average current density with electrodeposition poten-
tial. It is obvious that the average current density increases
with the increasing electrodeposition potential. More nega-
tive potential can accelerate the reduction reaction, and
thus contribute to higher current density during the electro-
deposition process.

The elemental compositions (determined by EDS) of
the electrodeposited Cu—Zn alloy films are found to be a
function of the cathodic potential, as shown in Fig. 6.
All electrodeposits are only composed of Cu and Zn
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Fig. 6 a Cu and b Zn contents of the Cu—Zn alloys electrodeposited
in 12CU ionic liquid containing 0.01 M CuO and 0.1 M ZnO at dif-
ferent electrodeposition potentials and 343 K for 2 h
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without impurity. In the Cu—Zn electrodeposits, Cu con-
tent decreases and Zn content increases with the increasing
cathodic potential. The different Cu and Zn compositions
can be attributed to their different electrodeposition rates
and different solubilities (ZnO: 0.342 M; CuO: 0.016 M) in
12CU ionic liquid at 343 K.

Figure 7 shows the optical microscopic images of the
surfaces of the Cu—Zn alloy films electrodeposited at dif-
ferent cathodic potentials and 343 K for 2 h. Homogenous
Cu and Cu—Zn alloy films can be electrodeposited from
CuO and ZnO precursors in the potential range of —0.80 to
—1.15 V (Fig. 7a—f). However, the Cu—Zn alloy films elec-
trodeposited at —0.90 to —1.15 V exhibit different appear-
ances (Fig. 7b—f). The different appearances are mainly due
to the different compositions of the Cu—Zn electrodeposits
(corresponding to Fig. 6).

XRD patterns of the Cu—Zn alloy films electrodepos-
ited on a Fe substrate at different cathodic potentials and
343 K for 2 h are shown in Fig. 8. The pure Cu electrode-
posit produced at —0.80 V shows two diffraction peaks at
260 (43.3° and 50.4°), which correspond to the characteris-
tic of (1 1 1) and (2 0 0), respectively. At more negative
potentials of —0.90 and —1.00 V, the diffraction peaks of
the electrodeposits become broader and smoother, and
shift to slightly lower 26 values compared to those of pure
Cu. These changes can be attributed to the formation of
a-CuZn phases in the electrodeposits or zinc solid solu-
tion in copper [41], which is consistent with the instanta-
neous nucleation-growth process. More negative poten-
tial can contribute to a higher electrodeposition rate, and
hence form the nanocrystalline electrodeposits. The aver-
age crystal sizes of the Cu and a-CuZn phases obtained
at —0.80, —0.90, and —1.00 V were calculated by XRD
(Fig. 8) using Scherrer equation [42] with the TOPAS
software, and the values are approximately 18.3, 9.9, and
5.5 nm, respectively. However, the diffraction peaks of the
Cu—Zn film electrodeposited at —1.05 V are different from
those of the samples electrodeposited at —0.80, —0.90, and
—1.00 V. For the Cu—Zn film electrodeposited at —1.05 V,
the dominant phase is CusZng, which further confirms that
the codeposition of Cu—Zn alloy can be achieved by con-
trolling the cathodic potential. The average crystal size
of the CusZng phase is about 39.9 nm. For more negative
potentials (—1.10 and —1.15 V), the CusZng phase rapidly
disappears, and the e-CuZns, Zn phases are clearly visible,
owing to the increased Zn electrodeposition rate at more
negative potential [41]. The observation is consistent with
the EDS analysis mentioned above (Fig. 6). The calculated
average crystal sizes for the CuZn; and Zn phases obtained
at —1.10 and —1.15 V are 48.5, 20.4, and 39.4, 72.0 nm,
respectively. The results of the formation of various Cu—Zn
alloy films at different cathodic potentials are similar to the
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Fig. 7 Optical microscopic images of the surfaces of the Cu—Zn alloy films electrodeposited in 12CU ionic liquid containing 0.01 M CuO and
0.1 M ZnO at the potentials of a —0.80 V, b —0.90 V, ¢ —1.00 V,d —1.05 V,e —1.10 V, f —1.15 V, and 343 K for 2h
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Fig. 8 XRD patterns of the electrodeposited Cu—Zn alloy films
obtained on a Fe substrate in 12CU ionic liquid containing 0.01 M
CuO and 0.1 M ZnO at different electrodeposition potentials and
343 Kfor2h

results reported for the electrodeposition of Cu—Zn alloy
films in the pyrophosphate solution [43].

The surface morphologies of the Cu—Zn alloy films
electrodeposited on a Fe substrate at different cathodic
potentials and 343 K for 2 h are illustrated in Fig. 9.

The pure Cu film electrodeposited at —0.80 V consist
of spherical nodules (Fig. 9a), and showing an optically
fuchsia color in appearance (Fig. 7a). When the elec-
trodeposition potential is changed to —0.90 V (Fig. 9b)
where Cu-Zn codeposition occurs, a relatively looser
and rougher surface is produced, and the electrodepos-
its exhibit a brown color in appearance (Fig. 7b). As
the electrodeposition potential increases to —1.00 V
(Fig. 9c), the Cu—Zn electrodeposits are made up of
spherical clusters. Upon further increasing the electro-
deposition potential to —1.05 V (Fig. 9d), the polygonal
structures of particles are observed, and the Cu—Zn elec-
trodeposits exhibit a gray color in appearance (Fig. 7d),
due to the Zn electrodeposition rate increases with more
negative potential. For more negative potentials of —1.10
and —1.15 V (Fig. 9e, f), the hexagonal e-CuZns phase
begins to form at the higher quantity of Zn in the alloy
[41]. Combining with the average crystal sizes of CuZns
and Zn phases calculated from Fig. 8 (CuZns: 48.5 nm,
Zn: 20.4 nm at —1.10 V; CuZns: 39.4 nm, Zn: 72.0 nm at
—1.15V), the formations of the hexagonal-shaped Zn and
Cu—Zn alloy particles are mainly ascribed to the agglom-
eration of Cu and Zn crystals [30, 44]. More negative
potential can contribute to the aggregation of the parti-
cles, resulting in the formation of the large particles [31,
45]. In addition, the content of Zn obviously increases
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Fig. 9 SEM images of the
Cu—Zn alloy electrodeposited
on a Fe substrate in 12CU ionic
liquid containing 0.01 M CuO
and 0.1 M ZnO at the potentials
ofa—-0.80V,b-090V, ¢
-1.00V,d-1.05V,e-1.10V,
f-1.15Vand343Kfor2h

with the increasing electrodeposition potential, and the
Cu-Zn electrodeposits become less uniform and less
compact, showing silver-colored appearances (Fig. 7e, f).
Based on the EDS, XRD, and SEM analyses, it is evi-
dent that the phase composition, structrue, and morphol-
ogy of the Cu—Zn alloy films electrodeposited in 12CU
ionic liquid containing 0.01 M CuO and 0.1 M ZnO can
be readily tuned by controlling the cathodic electrodepo-
sition potential. Furthermore, it is worth noting that the
concentration ratios of the precursors in the electrodepo-
sition bath have significant influences on the resultant
composition, microstructure, and property of the alloy
electrodeposits. Different Cu/Zn concentration ratios
would contribute to different electrodeposition rates and
thus influence the Cu—Zn alloy electrodeposition process
[46, 47].
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3.5 Corrosion performance of the Cu—Zn alloy films

The polarization curves obtained from potentiodynamic
polarization tests for Cu—Zn alloy films electrodeposited at
different cathodic potentials in 3 wt% NaCl solution at room
temperature are shown in Fig. 10. The corrosion potentials
(Eor) and corrosion current densities (j,,,) obtained from
the polarization curves (Fig. 10) for Cu—Zn alloy films are
summarized in Table 1. It is obvious that the E_ . of the
sample generally decreases with the increasing electrodep-
osition potential, and this can be attributed to the increased
Zn content of the electrodeposits [30]. The microstructure
and phase composition of the Cu—Zn alloy films would
influence their corrosion resistances [48]. The Cu—Zn alloy
film electrodeposited at —1.15 V and 343 K displays the
lowest E . of about —817 mV and the highest j_,. of about
12.23 pA cm~2, which is even worse than pure Cu film
electrodeposited at —0.80 V and 343 K (the Zn content is
0%). The poor corrosion resistance of the Cu—Zn alloy film
electrodeposited at —1.15 V and 343 K may be ascribed
to its coarse, non-uniform structure and its higher Zn con-
tent. However, the Cu—Zn alloy film electrodeposited at
—1.05 V and 343 K shows enhanced corrosion resistance.
The E_,, of the specimen is increased to about —526 mV,
and the j_,. is decreased to approximately 1.86 pA cm™2.
Compared with the previous Zn film electrodeposited in
the same DES (E,,, = —806 mV, j.,,= 12.05 pA cm™?)
[30], the Cu—Zn alloy films electrodeposited at the moder-
ate potentials (from —0.90 to —1.05 V) show enhanced cor-
rosion resistance (Table 1). The enhanced corrosion resist-
ance is likely to be mainly attributed to the compact and
uniform microstructure of the Cu—Zn alloy film [48, 49].
And also, the Cu—Zn alloy films containing 27.4-56.6 at.%
Zn exhibit improved corrosion resistances compared to that
of the commercial Cu—40Zn alloy and the Ni—Zn electrode-
posit with Zn content of 88.72 at.% being obtained in aque-
ous solution [50, 51], which can be verified by the lower
in Table 1.

]COIT

Table 1 Corrosion characteristics of the electrodeposited Cu—Zn
alloy films summarized from potentiodynamic polarization tests in
3 wt% NaCl aqueous solution at room temperature

Conditions Zn content(at.%) E,.., (mV) j.,. (LA cm™2)
-0.80V 0 -378 10.45

-0.90V 16.2 —656 5.63

-1.00V 27.4 -567 2.54

-1.05V 56.6 —-526 1.86

-1.10V 76.2 =776 9.52

-1.15V 79.9 -817 12.23
Cu—40Zn alloy [50]  38.19 -232 32

Ni—Zn electrodeposit  88.72 —-1014 40.20

[51]

4 Conclusions

The electrodeposition behavior of Cu—Zn alloy in 12CU
ionic liquid containing 0.01 M CuO and 0.1 M ZnO was
investigated. The reaction mechanism involved in the elec-
trodeposition process and the influence of the cathodic
potential on the characteristics of the Cu—Zn alloy films
were discussed. Voltammetric measurement shows that
the reduction potential of Cu(Il) species is more posi-
tive than that of Zn(II) species, and Cu—Zn codeposition
can be achieved at a potential more negative than that of
Cu electrodeposition. Three-dimensional instantaneous
nucleation-growth process is occurred on the electrodepo-
sition of Cu—Zn alloys. By controlling the electrodeposi-
tion potential, uniform and compact Cu—Zn electrodeposits
can be produced. The phase composition and structure of
the Cu—Zn alloys are significantly dependent on the elec-
trodeposition potential. Moreover, the Cu—Zn alloy films
electrodeposited at the moderate electrodeposition poten-
tials (from —0.90 to —1.05 V) typically exhibit enhanced
corrosion resistances in 3 wt% NaCl aqueous solution. The
study reveals that the abundant and inexpensive CuO and
ZnO can be used as novel candicate precursors for the elec-
trodeposiiton of Cu—Zn alloy films in 12CU ionic liquid at
room temperature, and the electrochemical process can be
facilely and effectively controlled.
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