i

Synthesis : : Materials : : Corrosion : : Environment : : Energy

—
=YuCorr

Analyse : : Discover:: Coat:: Green:: Protect:: Save :: Sustain

INTERNATIONAL CONFERENCE
MEDUNARODNA KONFERENCIJA

MEETING POINT OF THE SCIENCE AND PRACTICE IN THE FIELDS OF
CORROSION, MATERIALS AND ENVIRONMENTAL PROTECTION
STECISTE NAUKE | PRAKSE U OBLASTIMA KOROZIJE,
ZASTITE MATERIJALA | ZIVOTNE SREDINE

PROCEEDINGS
KNJIGA RADOVA

Under the auspicies of the
MINISTRY OF SCIENCE, TECHNOLOGICAL DEVELOPMENT
AND INNOVATION OF THE REPUBLIC OF SERBIA

Pod pokroviteljstvom
MINISTARSTVO NAUKE, TEHNOLOSKOG RAZVOJA |
INOVACIJA REPUBLIKE SRBIJE

May 28-31, 2023 : : Divcibare, Serbia



CIP - Karanorusauuja y nybnvkaumju
HapogHa 6ubnuoteka Cpbuje, beorpas

620.193/.197(082)(0.034.2)
621.793/.795(082)(0.034.2)
667.6(082)(0.034.2)
502/504(082)(0.034.2)
66.017/.018(082)(0.034.2)

INTERNATIONAL Conference YUCORR (24 ; 2023 ; Div¢ibare)

Meeting point of the science and practice in the fields of corrosion, materials and environmental
protection [Elektronski izvor] : proceedings = SteciSte nauke i prakse u oblastima korozije, zastite
materijala i Zivotne sredine : knjiga radova / XXIV YuCorr International Conference, May 28-31, 2023,
Div€ibare, Serbia = XXIV YuCorr [Jugoslovenska korozija] Medunarodna konferencija = [organized
by] Serbian Society of Corrosion and Materials Protection ... [et al.]] ; [organizatori UdruZenje
inZenjera Srbije za koroziju i zaStitu materijala ... [et al.] ; [editors, urednici Miroslav Pavlovi¢, Marijana
Pantovi¢ Pavlovi¢, Miomir Pavlovi¢]. - Beograd : Serbian Society of Corrosion and Materials
Protection UISKOZAM = Udruzenje inzenjera Srbije za koroziju i zastitu materijala UISKOZAM, 2023
(Beograd : Serbian Society of Corrosion and Materials Protection UISKOZAM = Udruzenje inZenjera
Srbije za koroziju i zastitu materijala UISKOZAM). - 1 elekironski opticki disk (CD-ROM) ; 12 cm
Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Radovi
na engl. i srp. jeziku. - Tiraz 200. - Bibliografija uz vecinu radova. - Abstracts.

ISBN 978-86-82343-30-1
a) Mpemasu, aHTUKOPO3noHK -- 360pHMLK b) MpeBnake, aHTUKOPO3UOHE --

360pHNLM V) AHTIKOPO3MOHa 3aluTuTa -- 360pHULYM g) XKNBOTHA CpeanHa --
3awTwnTa -- 360pHuum d) Hayka o matepujanuma -- 360pHULM

COBISS.SR-ID 119553545

XXIV YUCORR - International Conference | Medunarodna konferencija

PUBLISHED BY | 1ZDAVAC

SERBIAN SOCIETY OF CORROSION AND MATERIALS PROTECTION (UISKOZAM)

UDRUZENJE INZENJERA SRBIJE ZA KORZIJU | ZASTITU MATERIJALA (UISKOZAM),

Kneza Milo$a 7a/ll, 11000 Beograd, Srbija, tel/fax: +381 11 3230 028, office@sitzam.org.rs; www.sitzam.org.rs

FOR PUBLISHER | ZA IZDAVACA Prof. dr MIOMIR PAVLOVIC, predsednik UISKOZAM

SCIENTIFIC COMMITEE | NAUCNI ODBOR: Prof. dr M. G. Pavlovié, Serbia — President

Prof. dr b. Vastag, Serbia; Dr M. M. Pavlovic, Serbia; Prof. dr D. Vuksanovi¢, Montenegro; Prof. dr D.
Camovska, N. Macedonia; Prof. dr M. Antonijevié, Serbia; Prof. dr S. Stopi¢, Germany; Prof. dr R. Zejnilovic,
Montenegro; Prof. dr L. Vrsalovic, Croatia; Dr N. Nikoli¢, Serbia; Dr I. Krastev, Bulgaria; Prof. dr B. Grgur,
Serbia; Prof. dr M. Gvozdenovic, Serbia; Prof. dr S. HadZi Jordanov, N. Macedonia; Prof. dr R. Fuchs Godec,
Slovenia; Prof. dr J. Stevanovic, Serbia; Dr V. Panic, Serbia; Dr M. Mihailovic, Serbia; Prof. dr V. Maric¢, B.&H.;
Prof. Dr C. Stojanovic, , B.&H.; Prof. dr J. Jovicevic, Serbia; Prof. dr D. Jevtic, Serbia; Dr M. Pantovic¢ Pavlovic,
Serbia; Dr F. Kokalj, Slovenia; Prof. dr M. Gligori¢, B.&H.; Prof. dr A. Kowal, Poland; Prof. dr M. Tomic, B.&H.;
Prof. Dr B. Arsenovic, B.&H., Dr S. Blagojevic, Serbia

ORGANIZING COMMITEE | ORGANIZACIONI ODBOR: Dr Miroslav Pavlovic — president

Dr Nebojsa Nikoli¢ — vice president; Dr Marija Mihailovi¢ — vice president

Prof. dr Miomir Pavlovi¢; Dr Vladimir Panic; Jelena Slepcevic, B.Sc.; Prof. dr Milica Gvozdenovic; Zagorka Besic,
B.Sc.; Gordana Miljevié, B.Sc.; Miomirka Andic, B.Sc.; Dr Marija Mati¢; Dr Marijana Pantovic¢ Pavlovic; Dr
Dragana Pavlovic; Dr Sanja Stevanovic; Lela Mladenovic¢ — secretary

EDITORS | UREDNICI: Dr Miroslav Pavlovic¢, Dr Marijana Pantovic¢ Pavlovic, Prof. dr Miomir Pavlovic
SCIENTIFIC AREA | OBLAST: CORROSION AND MATERIALS PROTECTION | KOROZIJA | ZASTITA MATERUALA
PAGE LAYOUT | KOMPJUTERSKA OBRADA | SLOG: Dr Marijana Pantovi¢ Pavlovi¢

CIRCULATION | TIRAZ: 200 copies | primeraka

PUBLICATION YEAR | GODINA IZDANJA: 2023
ISBN 978-86-82343-30-1



mailto:office@sitzam.org.rs
http://www.sitzam.org.rs/

XXIV YuCorr, May 28-31, 2023, Divcibare, Serbia

Zn/Au alloys formation by Zn electrodeposition from a deep eutectic
system
Formiranje Zn/Au legura elektrohemijskim taloZenjem Zn iz dubokog eutektikuma
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Abstract

The electrochemical deposition of Zn onto Au from a choline chloride/ethylene glycol deep eutectic
system containing different ZnCl> concentrations has been investigated. The voltammetric results
demonstrated that Zn electrodeposition commences in the zinc underpotential deposition (UPD) and
proceeds through to the zinc overpotential deposition (OPD) region. The results of X-ray diffraction
analysis revealed that the deposit prepared at a relatively low Zn overpotential of — 0.050 V vs. Zn
was composed of cubic Auzn alloy. The morphology of the deposit has been characterized by means
of a scanning electron microscope and displays a relatively compact and dendrite-free Zn/Au alloy
deposit formed.

Keywords: zinc electrodeposition; deep eutectic solvent; zinc/gold alloys; morphology

lzvod

U radu je ispitivano elektrohemijsko talozenje Zn na Au iz dubokog eutektikuma koji se sastojao od
holin hlorida/etilen glikola i sadrzavao je razlicite koncentracije ZnCl>. Na osnovu voltametrijskih
rezultata ustanovljeno je da elektrohemijsko taloZenje Zn zapocinje u oblasti potpotencijala Zn i
nastavlja se u oblasti natpotencijala. Rezultati rengenske difrakcione tehnike su pokazali da se talog
dobijen elektrohemijskim talozenjem Zn u oblasti natpotencijala Zn, na potencijalu od —0.050 V vs.
Zn sastoji od kubne AuZn legure. Skenirajuca elektronska mikroskopija je pokazala da je dobijeni
AuZn talog relativno kompaktan i bez dendrita.

Kljuéne reci: elektrohemijsko talozZenje cinka; duboki eutektikum; cink/zlato legure; morfologija

Introduction

The electrodeposition of metals from ionic liquids, particularly those employing deep eutectic
solvents, (DESS), has gained significant attention recently [1,2]. Deep eutectic electrolytes have been
suggested as alternatives to classical room temperature ionic liquids and nowadays are used on an
industrial scale for the electrodeposition processes to produce protective metal coatings [2]. As it is
well known, zinc is an important industrial metal, particularly in anticorrosion protection [3].
However, the electrodeposition of zinc coatings for anticorrosion protection from the aqueous
electrolytes is accompanied by massive hydrogen evolution. Zinc deep eutectic solvents (DESs) have
become an alternative choice of electrolytes for hydrogen-free industrial plating of zinc coatings.
Several studies on the electrodeposition of Zn, Co, Ni, Pd, Ag, Cu, Sn, or Ru, from DESs have been
reported. It has been shown that DES not only combines the advantages of the system’s wide
electrochemical window in low-temperature operation but can also provide metals and alloys that are
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otherwise electrodeposited usually from high-temperature molten salts [4]. Several groups have
studied the electrodeposition of Zn from deep eutectic systems mainly composed of choline chloride
(ChCl):ethylene glycol (EG) or ChCl:Urea containing ZnCl> [1,4-6]. Abbot et al. studied the
electrodeposition of Zn from ChCI:EG and ChCl:Urea DESs onto a platinum disc working electrode
[1]. Whitehead et al. investigated the Zn electrodeposition process by cyclic voltammetry and
potential step techniques from ChCI:EG containing ZnCl> using static and rotating glassy carbon
(GC) disc cathodes at 30°C [7]. The voltammetric behavior of the Zn in ChCI:EG with 0.3 M ZnCl>
by employing glassy carbon, stainless steel, Au, Pt, Cu, and Zn working electrodes was investigated
by Vieira et al. [6]. In the literature, a number of studies reported the usage of additives, in order to
improve deposit morphology and physical characteristics [1,5].

In this work, we have investigated zinc electrodeposition onto polycrystalline gold electrode
from choline chloride (ChCl):ethylene glycol 1:2 (ChCI:EG) electrolyte at 60°C. The main task was
to achieve a dendrite-free Zn coating onto polycrystalline gold electrodes without using additives.
Cyclic voltammetry and chronoamperometry have been used to attain a better understanding of the
nature of the electrode reaction involved in Zn electrodeposition.

Experimental

The electrolyte was prepared by mixing choline chloride (>98%, HOC>H4N(CH3)3Cl) and
ethylene glycol (99.8%, ethane-1,2-diol) at a 1:2 molar ratio. The mixture was then placed onto a hot
plate for 2.5 hours at 40°C, and slowly mixed under an argon atmosphere until a colorless liquid phase
was formed. The electrolytes containing ZnCl, (0.01 M, 0.1 M and 0.5 M) were prepared similarly
by adding zinc chloride (99.999% ZnCl), to the based electrolyte. The electrolyte was stirred again
until all of the zinc salt had been completely dissolved. A three electrode electrochemical cell
configuration was employed, in which gold (Au, 99.999%, wires or plates) was used as a working
electrode, reference electrode was made from a Zn rod (Zn, @ =3mm, 99.99%) and the counter
electrode was a zinc plate (active surface area in the electrolyte 7.5 cm?, Zn 99.99%). The details of
the electrochemical cell set up and procedure of the electrodes preparation have already been reported
elsewhere [8,9]. All experiments were performed at 60 °C. The electrochemical measurements: cyclic
voltammetry (CV, using various scan rates in the range of 2-20 mV/s), chronoamperometry,
potentiodynamic and open-circuit potential chronopotentiometry, were controlled by an
potentiostat/galvanostat Interface 1010 E (Gamry Instruments, Warminster, PA, US). Zn
electrodeposition was performed by applying constant potentials to the Au cathode in the electrolytes
containing Zn?*ions. The structure analysis of the deposit was revealed by X-ray diffraction (XRD),
employing a SmartLab® X-ray diffractometer (Rigaku Co., Tokyo, Japan). The morphology and
composition of Zn deposits were explored using a scanning electron microscope (JOEL JSM-
IT300LV), equipped with an energy-dispersive X-ray spectroscopy (EDS) Oxford Instruments X-
MAXN and AZtec version 3.1 software.

Results and Discussion

Figure 1. shows the CVs recorded on a polycrystalline Au electrode immersed in ChClL.EG with
different ZnCl2 concentrations at 60 °C. One reduction (C1) current wave with peak potentials at ~
0.170 V vs. Zn was observed in the Zn underpotential region (UPD) region, Fig. 1a) and b). In Zn
overpotential region (OPD), at potentials negative to =~ — 0.050 V vs. Zn, classical nucleation loops
indicating the deposition of the Zn bulk metal were recorded. These nucleation and electro-
crystallization loops have been often reported for Zn deposited on a foreign substrate from ionic liquid
electrolyte media [5]. When the concentration of Zn?* ions was increased in the electrolyte, the
beginning of the current loops was shifted to less negative electrode potentials. In the 0.01 M ZnCl>
electrolyte, the start of the nucleation loop was observed at potential of = — 0.150 V, (Fig. 1a), in 0.1
M ZnClz at ~ - 0.100 V vs. Zn, (Fig. 1b). The cyclic voltammetry of zinc deposition/dissolution on
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gold electrodes shows multiple stripping peaks in the anodic potential range which could be attributed
to the dissolution of bulk zinc (As) and the dissolution of Zn/Au alloys at more positive potentials
(A2 and Az). Diffusion controlled Zn bulk deposition in the voltammograms becomes obvious only
at the cathodic end potentials applied above — 0.200 V vs. Zn.
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Figure 1. Cyclic voltammograms of Au cathodes in choline chloride:ethylene glycol (1:2 molar
ratio) electrolyte containing different concentrations of ZnCl,: a) 0.01 M ZnCl; b) 0.1 M ZnCl..
The CVs started from initial potential E;jtowards different cathodic end potential Ec with a scan rate
of 5mV/s.

To get further inside into Zn electrodeposition the system was investigated by the open-circuit
potentiometry. The open-circuit measurements were recorded after Zn deposition in the electrolytes
containing different concentration of Zn(ll). Open circuit measurements registered the start of
dissolution of a solid phase at around 0.000 V vs. Zn in both systems, followed by a plateau I, Fig.
2a) and b). According to the open-circuit measurements in Fig. 2a) the plateau II at the potential of =
0.300 V and the plateaux IT and IIT at = 0.280 and 0.400 V, Fig. 2b) were recorded. This dissolution
current plateau after Zn deposition at Eqep = — 0.100V on Au cathode for only 3 min, suggests
dissolution of zinc from deposited metal zinc and Zn/Au alloys formed during Zn deposition.
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Figure 2. Open-circuit potential transient curves obtained after short polarization (t = 3 min), at —
0.100 V vs. Zn in choline chloride:ethylene glycol (1:2 molar ratio) electrolyte containing different
concentrations of ZnCl: a) 0.01M ZnCl;; b) 0.1 M ZnClo.
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Figure 3. shows surface morphology obtained by electrodeposition from 0.1 M Zn(ll) at an
overpotential of — 0.050 V vs. Zn (Fig. 3a)), and XRD analysis of the same sample in Fig. 3b). It is
apparent that the Zn deposition under these electrodeposition conditions resulted in the formation of
the compact, hard adherent and dendrite-free electrodeposit.
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Figure 3. a) The SEM micrograph of deposit obtained by electrodeposition from 0.1 M Zn(ll) in: an
overpotential region (— 0.050 V vs. Zn) and b) X-ray diffraction analysis of the deposit obtained by
Zn electrodeposition in potentiostatic mode (deposition potential — 0.050 V vs. Zn) from choline
chloride:ethylene glycol (1:2 molar ratio), deposition time 30 min.

X-ray diffraction analysis of the samples formed by Zn potentiostatic deposition from 0.1 M ZnCl,
electrolyte onto the Au polycrystalline substrate at — 0.050 V vs. Zn revealed that AuZn phase was
formed. The XRD results were in agreement with those reported in the literature which name the
cubic AuZnz and AuZn phases, as well as the hexagonal Auz1.Zngg phase, as the main alloys of gold
and zinc [10]. However, recently it was suggested that the transition in AuZn phase at low temperature
can be trigonal or rhombohedral with a very small distortion [11].

Conclusions

The electrochemical deposition of Zn from an ionic liquid based on a eutectic solvent of choline
chloride and ethylene glycol (1:2) containing Zn(l1) as a source of metal components was studied on
the Au electrode. Cyclic voltammetry results indicated that electrodeposition of Zn commences in
zinc underpotential deposition (UPD) and proceeds through to the zinc overpotential deposition
(OPD) region. Applying relatively low Zn electrodeposition overpotential of — 0.050 V vs. Zn,
resulted in a dendrite-free deposit consisting of cubic AuZn intermetallic.

Acknowledgements: This research has been financially supported by the Ministry of Science,
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01/200026).
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