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We considered the kinetics of electrochemical processes occurring during electrodeposition

of coatings from a low-temperature ionic liquid based on a eutectic mixture of choline

chloride and ethylene glycol, in which a trivalent chromium salt is dissolved. Irreversible

current waves of Cr(III) ions discharge on a glassy carbon electrode in the electrolytes of

studied compositions are not described by the «classical» equations of linear and cyclic

voltammetry, which is due to both the presence of the migration component of the current

and the cathodic passivation of the electrode. It has been established that the introduction

of additional water into the electrolyte leads to an increase in the current density of the

wave of irreversible discharge of Cr(III) ions on the glassy carbon electrode, which is

caused by a significant decrease in the viscosity of the solution. The current efficiency of

the chromium deposition reaction decreases when water is introduced into the ionic

liquid. The X-ray amorphous coatings electrodeposited from the electrolyte under study,

along with chromium, contain carbon and oxygen, the inclusion of which is due to the

electrocatalytic properties of the freshly deposited chromium surface.
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Introduction

The development of new processes for the
electrolytic deposition of chromium and its alloys
using electrolytes based on trivalent chromium
compounds is one of the most urgent problems of
up-to-date surface engineering [1]. The currently
known chromium plating processes based on Cr(III)
salts mainly involve «classical» aqueous electrolytes
[1–3], which, along with some obvious advantages,
also have a number of serious disadvantages [4]. In
this regard, over the past decades, considerable
attention has been paid to the development of
processes for the deposition of chromium and its
alloys from solutions of Cr(III) salts in non-aqueous
solvents. One of the most promising directions should
be considered the use of a new type of ionic liquids,
the so-called deep eutectic solvents (DESs).

Deep eutectic solvents are a kind of room-
temperature ionic liquids obtained by mixing of some
organic and inorganic components in a eutectic ratio.
The main advantages of DESs are a wide range of

electrode potentials of electrochemical stability (a
wide «electrochemical window» of the solvent),
almost zero saturation vapor pressure, availability,
low cost, and nontoxicity [5]. Another advantage
that distinguishes these systems from «classical» low-
temperature ionic liquids is their tolerance to water
impurity [6]. Moreover, the introduction of water
additives into the DESs often improves the
physicochemical properties of electrolytes used for
metal deposition [7].

One of the most well-known and widespread
DES at present is the so-called ethaline, a eutectic
mixture of ethylene glycol and choline chloride.
Previously, the kinetics and mechanism of chromium
deposition, the patterns of electrocrystallization, and
some properties of coatings electrodeposited from
an electrolyte containing chromium(III) chloride in
ethaline were characterized [8–10]. In particular, it
has been shown that coatings prepared in electrolytes
based on a Cr(III) salt dissolved in an eutectic ionic
liquid exhibit an increased electrocatalytic activity
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in the reaction of cathodic hydrogen evolution in 1
M NaOH in comparison with a «pure» chromium
electrodeposit [11]. At the same time, questions
important for the theory and practice of chromium
plating, concerning the effect of deposition conditions
(among other things, the effect of water additives)
on the current efficiency of the chromium deposition
reaction, and features of the surface morphology of
the resulting coatings, remain practically unexplored.
Therefore, the purpose of this study was to establish
the main kinetic patterns of the electrochemical
processes that occur during the electrodeposition of
coatings from an electrolyte based on a DES
containing a dissolved Cr(III) salt.

Experimental

The ethaline solvent was prepared by mixing
ethylene glycol and choline chloride in a molar ratio
of 2:1, respectively, and then stirring the resulting
mixture on a magnetic stirrer at a temperature of
700C until a clear, colorless homogeneous fluid was
formed. A chromium-containing electrolyte was
prepared by dissolving a certain weighed portion of
chromium(III) chloride hexahydrate in ethaline,
followed by stirring at 700C until a homogeneous
dark green fluid was formed. In some cases, an
additive of water was introduced into the electrolyte
composition in such an amount that systems of the
following composit ions were formed:
1ChCl:2EG:0.5CrCl3:xH2O, where the numbers in
front of the chemical formulae indicate the
corresponding molar ratios of the components (ChCl
and EG stand for choline chloride and ethylene
glycol, respectively), and x characterizes the total
water content in the system. In our experiments, x
was equal to 3, 5, 7.5, 10, and 12.5. Obviously, x=3
corresponds to a system without additionally
introduced water (i.e., we are talking about a system
containing only water of crystallization originated
from chromium(III) chloride hexahydrate).

Voltammetric studies of the kinetics of electrode
processes in the obtained electrolytes were carried
out using a Potentiostat/Galvanostat/ZRAReference
3000 (Gamry, USA) on the end surface of a glassy
carbon cylinder ( 5 mm) pressed into a Teflon
jacket. Before recording the polarization curve, the
working electrode was polished, washed successively
with an aqueous solution of HCl (1:1) and bidistilled
water, and then dried in an air stream. A platinum
plate was used as an auxiliary electrode. A silver
wire was used as a quasi-reference electrode. To
compensate for the ohmic drop, an automatic
compensator built into the potentiostat was used. A
glass three-electrode cell, in which voltammetric
measurements were carried out, was thermostated

(40±0.10Ñ). In all cases, the electrode potential sweep
was started from the steady-state potential value in
the cathode direction, and then the potential sweep
direction was changed to the anodic one.

Coatings were electrodeposited on the surface
of a gold or copper plate placed in a plastic cassette.
The surface area of the working electrode was 1 cm2.
The surface of the working electrode (substrate for
the coating deposition) was degreased by treatment
with an aqueous MgO suspension, etched in an HCl
solution (1:1), thoroughly washed with bidistilled
water, and dried. Electrodeposition was conducted
in the galvanostatic mode using a stabilized current
source in a glass thermostated cell with a volume of
100 cm3 according to a two-electrode scheme. A
platinized titanium plate served as the anode in these
experiments. The duration of electrolysis was chosen
so that the thickness of the deposit was approximately
10 m.

The current efficiency was calculated for the
partial three-electron reaction Cr(III)+3e–=Cr(0)
according to the Faraday law based on the data on
the cathode weight gain and the chromium content
in the coatings obtained. Since the coating also
contains other elements besides metallic chromium,
a chemical analysis was carried out to determine the
mass of deposited chromium. To do this, the coating
obtained on a gold substrate was quantitatively
dissolved in hydrochloric acid solution, and the
content of chromium(III) ions was determined
according to the standard method (photometry of
Cr(III) complexes with EDTA). For control, the
obtained results were compared with the data on the
determination of the chromium content in the
coatings, obtained by energy-dispersive X-ray
microanalysis. The discrepancies in the determination
of the chromium content in the coatings, obtained
by these two independent methods, did not exceed
0.9 wt.%.

The density of electrolytes was measured using
a pycnometer with a volume of 5 ml, and the viscosity
was measured using a VPZh-1 viscometer.

The surface morphology of the coatings was
studied by scanning electron microscopy (SEM) using
a Zeiss EVO 40XVP electron microscope with an
Oxford INCA Energy 350 built-in attachment for
chemical analysis by energy-dispersive X-ray
microanalysis (EDX). X-ray diffraction studies of
the coatings were carried out using a DRON-3.0
X-ray diffractometer in monochromatized CuK

radiation.
Results and discussion

Voltammetric study of Cr(III)-containing
electrolytes based on DES
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Figure 1 shows voltammograms (VAGs)
characterizing the electrochemical behavior of the
solvent ethaline containing various amounts of water.
It can be seen that anhydrous ethaline is characterized
by a relatively wide electrochemical window (from
~–2 V in the cathode region to ~+1.3 V in the
anode region with respect to the scale of the Ag
quasi reference electrode). The corresponding
cathodic and anodic currents recorded on the VAG
when the indicated potential values are exceeded
are due to the processes of electrochemical reduction
and oxidation of the DES components, the nature
of which is still poorly understood [12]. It should be
noted that the cathodic current wave at ~1 V,
detected on the reverse cathode scan, is due to the
reduction of the oxidation products of the ethaline
components formed on the previous anodic potential
scan [12]. As shown below, the discharge of Cr(III)
ions proceeds at much more negative potentials;
therefore, this peak of the cathode current is not
discussed further in our work.

The introduction of water somewhat narrows
the region of electrochemical stability of the DES
(Fig. 1), although the electrochemical window
remains rather wide (more than 2.5 V). It is logical
to assume that the cathode and anode currents on
the voltammograms are associated with the
electrochemical transformation of water molecules
(hydrogen and oxygen evolution reactions) occurring
together with the transformations of the main
components of the deep eutectic solvent.

The introduction of a Cr(III) salt into the
electrolyte leads to the appearance of a cathode
current wave C1 on the VAG (Fig. 2), which
corresponds to the following one-electron reduction

process [9]:

Cr(III)+e–Cr(II).  (1)

On the cathode potential scan, after the passage
of the maximum current C1, an increase in the
current density is observed; this can be associated
with the achievement of the electrode potentials
corresponding to the beginning of the deposition of
metallic chromium according to the following two-
electron reaction:

Cr(II)+e–Cr(0).  (2)

The formation of a metal phase on the surface
of the glassy carbon electrode is indicated by the
presence of a loop on the cathode section of the
VAG after the change in the direction of the potential
sweep to the anodic one (a characteristic criterion
for the appearance of a new phase during
electrocrystallization on a foreign substrate).
Obviously, in this case, the reaction of hydrogen
evolution on freshly formed chromium crystals,
which play the role of the corresponding catalytic
active sites, is also not excluded.

The anodic scan shows the appearance of a
current peak A1, which apparently corresponds to
the electrochemical oxidation of Cr(II) ions
accumulated in the near-electrode layer (the reverse
process of reaction (1)). The potentials of the peaks
of the cathode and anode waves C1 and A1 differ by
almost 2 V, which unambiguously indicates the
irreversible nature of the process of the discharge of
Cr(III) ions [9]. Note that the VAG does not detect

Fig. 1. Voltammograms of a glassy carbon electrode in ethaline

at various contents of introduced water. Potential sweep rate is

50 mV/s, temperature is 400C

Fig. 2. Voltammograms of a glassy carbon electrode in ethaline

(1) and in an electrolyte containing chromium(III) chloride

without additionally introduced water (x=3) (2) at a potential

sweep rate of 50 mV/s. Temperature is 400Ñ
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a separate current wave associated with the anodic
dissolution of metallic chromium. Apparently, this
process proceeds at very positive potentials together
with the anodic decomposition of the ethaline
components (>1.5 V).

An increase in the potential scan rate in the
electrolyte without additionally introduced water
leads to a regular increase in the height of the C1
current wave (Fig. 3,a). However, the dependence
of the C1 peak height on the square root of the
potential scan rate (v) is not a straight line, as it
follows from the well-known Delahay equation for
the current peak of an irreversible electrode process
(see inset in Fig. 3,a). Moreover, when additional
water is introduced into the electrolyte, some
unexpected effects are observed (Fig. 3,b–d). Firstly,
the current peak typical of linear voltammetry
practically disappears (it is clearly visible on the
voltammograms only at two of the lowest scan rates

used, 10 and 25 mV/s). Secondly, the current density
at each fixed value of the potential decreases with
increasing v, and, accordingly, the height of the
Cr(II) anodic oxidation current on the anodic scan
noticeably decreases.

Thus, as a general trend, a decrease in the
cathode current on the VAG with an increase in the
potential scan rate should be noted. Dependences
of this kind, in general, are not typical of linear
voltammetry. Moreover, in our previous work [9],
we observed strictly linear dependences in the
coordinates jp vs. v

1/2 and Ep vs. lnv (where jp and Ep

are the current density and potential of the peak on
the VAG, respectively) quite typical of linear
voltammetry on the same glassy carbon electrode
for an electrolyte containing chromium(III) chloride
dissolved in ethaline and water additives. The only
difference between the conditions for obtaining VAG
in work [9] and in the present study is a significant

Fig. 3. Voltammograms of a glassy carbon electrode in 1ChCl:2EG:0.5CrCl3:xH2O electrolytes at different water content: x=3 (a),

x=7.5 (b), x=10 (c), and x=12.5 (d). Potential scan rate (mV/s): 1 – 10, 2 – 25, 3 – 50, 4 – 75, and 5 – 100. Temperature is

400C. Inset in Fig. 3a shows the dependence of the peak current C1 on the square root of the potential scan rate
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difference in the concentration of Cr(III) ions in
solution. The concentration was varied in the range
from 0.05 to 0.20 mol/dm3 in work [9], while the
concentration of Cr(III) ions in the present study,
calculated on the basis of the measured solution
density, turned out to be much larger (Table 1):
about 1–1.5 mol/dm3.

Table  1

Calculated molar concentration of Cr(III) ions in
electrolytes 1ChCl:2EG:0.5CrCl3:xH2O and measured

viscosity of solutions () at the temperature of 400Ñ and
various water content

x С(Cr(III)), mol/dm3 
, mPas 

3 1.60 229.4 

5 1.44 86.6 

7.5 1.28 31.5 

10 1.15 29.7 

12.5 1.04 14.4 

 
We assume that under conditions of such a

high concentration of Cr(III) ions, it becomes
impossible to neglect the migration component of
the mass transfer and take into account only the
diffusion component, as is customary in deriving the
classical equations of linear and cyclic voltammetry.
It should be noted that deviations from the simple
well-known equations of «classical» voltammetry in
systems based on DESs at a relatively high content
of metal ions were observed earlier [13]. For a
quantitative description of VAGs obtained in systems
of this kind, where migration transfer cannot be
neglected and where diffusion, in principle, may not
obey the Stokes-Einstein equation [14], it is necessary
to develop adequate mathematical models. However,
this task is far beyond the scope of the present study.

One more specific feature of the obtained VAGs
should be pointed out, which is that the currents of
the anodic peaks are much lower than the currents
of the corresponding cathodic peaks of reaction (1),
while in the «classical» cyclic voltammetry, the
heights of the current waves on the anode and
cathode scans, as a rule, are close, and their ratio is
determined by the ratio of the diffusion coefficients
of the oxidized and reduced forms, which usually
do not differ much from each other. In our case, a
noticeable depression of the wave of the anodic
current of Cr(II) oxidation on VAG can be associated
with the low solubility of complex Cr(II) salts in the
DES and the formation of a layer of poorly soluble
Cr(II) compounds that partially block the electrode
surface [15].

For the convenience of analyzing the effect of
adding water on the kinetics of electroreduction of

Cr(III) ions in an ethaline-based solution, Figure 4
summarizes the corresponding VAGs registered at
different H2O contents and the same electrode
potential scan rate. It can be seen that with an
increase in the H2O concentration, in general, there
is a tendency to an increase in the cathode current
density, although at a sufficiently high water content
(x=7.5, 10 and 12.5) there is no significant difference
in the current values in the initial section of the
VAG. Such an ambiguous dependence, apparently,
is a consequence of the manifestation of several
oppositely acting effects. On the one hand, when
adding water and maintaining a constant molar ratio
of electrolyte components, the concentration of
discharged chromium(III) ions decreases (Table 1),
which should result in a decrease in the currents on
the VAG. In addition, changes in the composition
of complex chromium ions (gradual replacement of
chloride ions in the inner sphere by water molecules
[16]) should also lead to deceleration of charge
transfer in the Cr(III)/Cr(II) system [9]. On the
other hand, the introduction of water contributes to
a decrease in the viscosity of the electrolyte (Table 1),
and hence to an increase in the rate of diffusion
mass transfer in the electrolyte, which leads to a
regular increase in the diffusion component of the
currents on the VAG.

Discussing the voltammetric curves shown in
Fig. 4, one should keep in mind the fact that for
each curve the potentials were measured with respect
to a silver quasi-reference electrode immersed in an
electrolyte with different water content (the same as
in the solution where the working electrode was

Fig. 4. Voltammograms of a glassy carbon electrode in

1ChCl:2EG:0.5CrCl3:xH2O electrolytes at different water

content: 1 – x=3, 2 – x=5, 3 – x=7.5, 4 – x=10, and

5 – x=12.5. Potential scan rate is 50 mV/s. Temperature is 400Ñ
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located). This was done in order to prevent the
occurrence of an additional uncontrolled component
of the interfacial potential at the contact boundary
«working electrolyte–electrolyte of the reference
electrode». Thus, the potentials on the VAG in
Fig. 4 are measured in principle against differing
reference electrodes. In order to assess how serious
these differences might be, open circuit voltages
(OCV) were measured for circuits composed of a
silver reference electrode immersed in an ethaline-
based electrolyte with various water contents, and a
saturated silver chloride electrode placed in an
aqueous electrolyte (Table 2). As can be seen, the
change in OCV when adding the largest amount of
water used in the work (x=12.5) does not exceed
200 mV. Such relatively small changes in the first
approximation can be neglected.

Table  2

Open circuit voltages of circuits consisting of an aqueous
saturated silver chloride electrode and a silver electrode

placed in ethaline with different water contents.
Temperature 400Ñ

x OCV, mV 

0 –275 

3 –180 

5 –145 

7.5 –121 

10 –106 

12.5 –112 

 
Current efficiency of chromium deposition

reaction, coating composition and surface morphology
The current efficiency of the reaction of

chromium deposition increases with a decrease in
the electrolyte temperature and with an increase in
the cathode current density (Fig. 5, a, b). This trend
is typical not only of the processes of chromium
electrodeposition from electrolytes of various
compositions based on Cr(III) salts dissolved in DES,
but also of aqueous chromium plating electrolytes
both based on Cr(III) and Cr(VI) [1]. An increase
in the water concentration in the electrolyte leads to
a decrease in the current efficiency of the chromium
deposition reaction, all other things being equal
(Fig. 5,c), which, apparently, is a consequence of
an increase in the rate of the competing hydrogen
evolution reaction at the cathode. The decrease in
current efficiency with the addition of water becomes
especially noticeable at x7.5.

It should be noted that the current efficiency
of chromium electrodeposition in some cases reaches
25–28%, which is significantly higher than the value
characteristic of industrial chromic acid electrolytes

(13–15%). This is an important advantage of
environmentally friendly chromium plating
electrolytes based on trivalent chromium compounds.

Taking into account the fact that an increase
in temperature leads to a decrease in viscosity and
an increase in the electrical conductivity of the
considered ionic liquids, although it is accompanied
by a decrease in the current efficiency, it is reasonable
to perform the deposition at the temperature of about
400C. In this case, the highest current density
(20 A/dm2) should be used, which ensures a high
current efficiency while maintaining a satisfactory
quality of the resulting electrodeposits.

It is well known that chromium plating
electrolytes based on trivalent chromium salts allow
producing coatings that do not consist of «pure»
chromium, but alloys and/or composites containing
a sufficiently large amount of metalloids [1]. The
results of EDX microanalysis show that the coatings
deposited from the DES-based electrolyte include
three elements: chromium, carbon and oxygen
(Table 3).

Table  3

Chemical composition of coatings deposited from the
electrolytes 1ChCl:2EG:0.5CrCl3:xH2O at the current
density of 20 A/dm2, temperature of 400Ñ and various

water content

Content of chemical elements, wt.% 
x 

Cr C O 

3 84.56 3.61 11.83 

5 82.16 4.15 13.69 

7.5 81.85 4.27 13.88 

10 80.71 4.84 14.45 

12.5 76.38 6.55 17.07 

 
With an increase in the amount of water added

to the electrolyte, the content of carbon and oxygen
in the coating increases, which may be due to the
formation of chromium oxide-hydroxide compounds
on the electrode surface and their inclusion in the
growing deposit, accompanied by partial occlusion
of the molecules of the organic components of the
electrolyte. The incorporation of carbon into the
deposit can also be the result of chemical or
electrochemical reduction of organic molecules on
the electrode surface [1,7].

The surface morphology of the coating
deposited from the Cr(III) electrolytes based on the
DES without the addition of water is characterized
by a inhomogeneous microstructure, consisting
mainly of spheroids of different sizes (Fig. 6,a). In
addition, individual cracks and hollows (caverns) are
found on the surface. The introduction of additional
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water into the ethaline-based electrolyte leads to a
significant leveling the surface microprofile: cavities
and microcracks practically disappear, and the surface
is built from fairly symmetrical intergrown spheroids

Fig. 5. Dependence of the current efficiency of the reaction

of chromium deposition from electrolytes based on DES on

temperature at x=3 (a) and x=12.5 (b) and on the water

content in the electrolyte at the temperature of 400C (c).

Cathode current density (A/dm2): 1 – 20, 2 – 15, 3 – 10,

and 4 – 5

Fig. 6. Micrographs of the surface of coatings deposited from

1ChCl:2EG:0.5CrCl3:xH2O electrolytes at different water

contents: x=3 (a), x=10 (b), and x=12.5 (c) at the temperature

of 400Ñ and the current density of 20 A/dm2
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with an average size of about 10 m (Fig. 6,b,c).
Note that the formation of a spheroid-type surface
morphology is typical under conditions of strong
inhibition of electrocrystallization, which is also
evidenced by the formation of an X-ray amorphous
microstructure of the coatings (Fig. 7). Variation in
the water concentration in the DES-based electrolyte
(x=312.5) does not affect the type of microstructure
of the resulting coating: it remains X-ray amorphous
in all cases.

Fig. 7. Typical X-ray diffraction pattern of a coating deposited

from 1ChCl:2EG:0.5CrCl3:3H2O electrolyte at the temperature

of 400C and the current density of 20 A/dm2

Conclusions
The patterns of electrodeposition of coatings

from electrolytes based on a deep eutectic solvent (a
liquid eutectic mixture of ethylene glycol and choline
chloride) containing chromium(III) chloride and
water additives have been systematically studied for
the first time. It has been established that irreversible
current waves of Cr(III) ions discharge on a glassy
carbon electrode in electrolytes of the studied
compositions are not described by the «classical»
equations of linear and cyclic voltammetry, which is
due to both the presence of the migration component
of the current and the cathodic passivation of the
electrode.

The current efficiency of the chromium
deposition reaction decreases with increasing
temperature, decreasing cathode current density and
adding water to the plating bath. In a number of
cases, the values of the current efficiency significantly
exceed the values typical of industrial hexavalent
chromium electrolytes. This feature is an important
advantage of environmentally acceptable electrolytes
based on Cr(III) salts dissolved in eutectic ionic
liquids.

It is shown that X-ray amorphous deposits are
formed on the cathode during deposition from the
studied electrolytes, which do not consist of «pure»
chromium, but include a significant amount of carbon
and oxygen. The inclusion of a noticeable amount

of carbon in the coatings is a consequence of the
interaction of freshly deposited chromium with
organic components of the electrolyte. Apparently,
the increased electrocatalytic activity of the studied
coatings in the hydrogen evolution reaction in 1 M
NaOH [11] is caused by the incorporation of carbon
into the composition of the electrodeposit and the
corresponding change in the electronic structure of
the metal. A change in the water content in the
trivalent chromium plating electrolyte makes it
possible to control the chemical composition and
surface morphology of the coatings.
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ÅËÅÊÒÐÎÄÍ² ÏÐÎÖÅÑÈ Â
ÍÈÇÜÊÎÒÅÌÏÅÐÀÒÓÐÍÎÌÓ ÅÂÒÅÊÒÈ×ÍÎÌÓ
ÐÎÇ×ÈÍÍÈÊÓ, ÙÎ Ì²ÑÒÈÒÜ ÐÎÇ×ÈÍÅÍÈÉ
ÕÐÎÌ(III) ÕËÎÐÈÄ

Â.Ñ. Ïðîöåíêî, Ë.Ñ. Áîáðîâà

Ðîçãëÿíóòî çàêîíîì³ðíîñò³ ê³íåòèêè åëåêòðîõ³ì³÷íèõ
ïðîöåñ³â, ùî â³äáóâàþòüñÿ ïðè åëåêòðîîñàäæåíí³ ïîêðèòò³â
ç íèçüêîòåìïåðàòóðíî¿ ³îííî¿ ð³äèíè íà îñíîâ³ åâòåêòè÷íî¿
ñóì³ø³ õîë³í õëîðèäó ³ åòèëåíãë³êîëþ, â ÿê³é ðîç÷èíåíà ñ³ëü
òðèâàëåíòíîãî õðîìó. Íåîáîðîòí³ õâèë³ ñòðóìó ðîçðÿäó ³îí³â
Cr(III) íà ñêëîâóãëåöåâîìó åëåêòðîä³ â åëåêòðîë³òàõ äîñë³-
äæóâàíîãî ñêëàäó íå îïèñóþòüñÿ «êëàñè÷íèìè» ð³âíÿííÿìè
ë³í³éíî¿ ³ öèêë³÷íî¿ âîëüòàìïåðîìåòð³¿, ùî îáóìîâëåíî ÿê
íàÿâí³ñòþ ì³ãðàö³éíî¿ ñêëàäîâî¿ ñòðóìó, òàê ³ ïðîÿâëåííÿì
êàòîäíî¿ ïàñèâàö³¿ åëåêòðîäà. Âñòàíîâëåíî, ùî ââåäåííÿ
äîäàòêîâî¿ âîäè äî åëåêòðîë³òó ïðèâîäèòü äî çðîñòàííÿ ãóñ-
òèíè ñòðóìó õâèë³ íåîáîðîòíîãî ðîçðÿäó ³îí³â Cr(III) íà
ñêëîâóãëåöåâîìó åëåêòðîä³ óíàñë³äîê ñóòòºâîãî çíèæåííÿ
â’ÿçêîñò³ ðîç÷èíe. Âèõ³ä çà ñòðóìîì ðåàêö³¿ îñàäæåííÿ õðî-
ìó çìåíøóºòüñÿ ïðè ââåäåí³ âîäè äî ³îííî¿ ð³äèíè. Ðåíòãå-
íîàìîðôí³ îñàäè, ùî îñàäæóþòüñÿ ç äîñë³äæåíîãî åëåêòðî-
ë³òó, îêð³ì õðîìó, ì³ñòÿòü â ñâîºìó ñêëàä³ âóãëåöü ³ êèñåíü,
âïðîâàäæåííÿ ÿêèõ âèêëèêàíî åëåêòðîêàòàë³òè÷íèìè âëà-
ñòèâîñòÿìè ñâ³æåîñàäæåíî¿ ïîâåðõí³ õðîìó.

Êëþ÷îâ³ ñëîâà : åëåêòðîîñàäæåííÿ, õðîì,
íèçüêîòåìïåðàòóðíèé åâòåêòè÷íèé ðîç÷èííèê, ê³íåòèêà,
âèõ³ä çà ñòðóìîì.

ELECTRODE PROCESSES IN A DEEP EUTECTIC
SOLVENT CONTAINING DISSOLVED CHROMIUM(III)
CHLORIDE

V.S. Protsenko *, L.S. Bobrova

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine
* e-mail: Vprotsenko7@gmail.com

We considered the kinetics of electrochemical processes
occurring during electrodeposition of coatings from a low-
temperature ionic liquid based on a eutectic mixture of choline
chloride and ethylene glycol, in which a trivalent chromium salt
is dissolved. Irreversible current waves of Cr(III) ions discharge
on a glassy carbon electrode in the electrolytes of studied
compositions are not described by the «classical» equations of
linear and cyclic voltammetry, which is due to both the presence
of the migration component of the current and the cathodic
passivation of the electrode. It has been established that the
introduction of additional water into the electrolyte leads to an
increase in the current density of the wave of irreversible discharge
of Cr(III) ions on the glassy carbon electrode, which is caused by
a significant decrease in the viscosity of the solution. The current
efficiency of the chromium deposition reaction decreases when
water is introduced into the ionic liquid. The X-ray amorphous
coatings electrodeposited from the electrolyte under study, along
with chromium, contain carbon and oxygen, the inclusion of
which is due to the electrocatalytic properties of the freshly
deposited chromium surface.

Keywords: electrodeposition; chromium; deep eutectic
solvent; kinetics; current efficiency.
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