®

G Sy nthesis Materials ;- Corrosion :: Environment - - Energy
xi«ﬂalyse 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 EDUCATION, SCIENCE AND TECHNOLOGICAL
DEVELOPMENT OF THE REPUBLIC OF SERBIA

Pod pokroviteljstvom
MINISTARSTVO PROSVETE, NAUKE | TEHNOLOSKOG RAZVOJA
REPUBLIKE SRBIJE

September 17-20, 2019 : : Tara Mountain, Serbia




CIP - Kararnor1sauuja y nybnukatmju
HapopHa 6ubnuoteka Cpbuje, beorpan

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)

MEBYHAPO[HA koHdepeHuuja JYKOP (21 ; 2019 ; Tapa)

Steciste nauke i prakse u oblastima korozije, zatite materijala i Zivotne sredine [Elektronski izvor] :
knjiga radova = Meeting point of the science and practice in the fields of corrosion, materials and
environmental protection : proceedings / XXI YuCorr [Jugoslovenska korozija] Medunarodna
konferencija = XXI YuCorr International Conference, September 17-20, 2019, Tara Mountain, Serbia ;
[organizatori Udruzenje inzenjera Srbije za koroziju i zastitu materijala ... [et al.] = [organized by]
Serbian Society of Corrosion and Materials Protection ... [et al.] ; urednici, editors Miomir Pavlovi¢,
Miroslav Pavlovic]. - Beograd : Udruzenje inzenjera Srbije za koroziju i zastitu materijala UISKOZAM,
2019 (Beograd : Udruzenje inzenjera Srbije za koroziju i zastitu materijala UISKOZAM). - 1 USB fle$
memorija ; 12 cm

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tiraz 200. - Bibliografija uz
vecinu radova. - Abstracts. - Registar.

ISBN 978-86-82343-27-1

a) Mpemasw, aHTKOpO3uoHK - 360pHuLy 6) MpeBnake, aHTUKOPO3MOHE - 36OPHNLK B)
AHTUKOPO3MOHa 3alTuTa -- 360pHMLM r) XuBOTHa CpeavHa -- 3alwTuTa -- 360pHuLM a) Hayka o
matepujanuma -- 360pHuuy

COBISS.SR-ID 279136012

XXI YUCORR - International Conference | Medunarodna konferencija

PUBLISHED BY | IZDAVAC

SERBIAN SOCIETY OF CORROSION AND MATERIALS PROTECTION (UISKOZAM)

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

Kneza MiloSa 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. Pavlovic, Serbia — President

Prof. dr D. Vastag, Serbia; Dr M. M. Pavlovi¢, Serbia; Prof. dr D. Vuksanovié, Montenegro;

Prof. dr D. Camovska, North Macedonia; Prof. dr M. Antonijevi¢, Serbia; Prof. dr S. Stopi¢, Germany;
Prof. dr R. Zejnilovi¢, Montenegro; Prof. dr V. Alar, Croatia; Dr N. Nikoli¢, Serbia;

Dr I. Krastev, Bulgaria; Prof. dr J. Bajat, Serbia; Prof. dr M. Gvozdenovié, Serbia;

Prof. dr S. HadZi Jordanov, North Macedonia; Prof. dr R. Fuchs Godec, Slovenia;

Prof. dr J. Stevanovic, Serbia; Dr R. Jefti¢-Mucibabié, Serbia; Dr T. Vidakovié¢-Koch, Germany;

Dr V. Panic, Serbia; Dr M. Mihailovic, Serbia; Prof. dr V. Mari¢, Bosnia and Herzegovina;

Prof. dr J. Jovicevic, Serbia,Prof. dr D. Jevti¢, Serbia; Dr F. Kokalj, Slovenia; Prof. dr A. Kowal, Poland;
Prof. dr Prof. dr M. Gligori¢, Bosnia and Herzegovina; Prof. dr M. Tomié, Bosnia and Herzegovina

ORGANIZING COMMITEE | ORGANIZACIONI ODBOR: Dr Miroslav Pavlovié¢ — president

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

Prof. dr Miomir Pavlovi¢; Dr Vladimir Panié; Jelena Slepcevié, B.Sc.; Dr Vesna Cvetkovic;

Prof. dr Milica Gvozdenovi¢; Zagorka Besic, B.Sc.; Gordana Miljevic, B.Sc.; Miomirka Andi¢, B.Sc.
Dr Aleksandar Dekanski; Dr Marija Pavlovié; Marijana Pantovi¢ Pavlovié, M.Sc.

Lela Mladenovi¢ — secretary

EDITORS | UREDNICI: Prof. dr Miomir Pavlovi¢, Dr Miroslav Pavlovi¢

SCIENTIFIC AREA | OBLAST: CORROSION AND MATERIALS PROTECTION | KOROZIJA | ZASTITA MATERIJALA
PAGE LAYOUT | KOMPJUTERSKA OBRADA | SLOG: Marijana Pantovi¢ Pavlovié, M.Sc.

CIRCULATION | TIRAZ: 200 copies | primeraka

ISBN 978-86-82343-27-1




CONTENTS | SADRZAJ

PLENARY LECTURES | PLENARNA PREDAVANIJA 1

Computer—aided decision—assistant system for diagnosis of different diseases
Milka Avramov lvié, S.D. Petrovié, B. Reljin , 1. Reljin, D. Mijin, S. Stevanovic, J. Lovi¢, D. Vukovi¢___ 2

Materials in medicine — a multidisciplinary effort
Zahida Ademovic 3

Textile waste as important source of secondary raw materials
Julija Volmajer Valh, Simona Vajnhandl, Aleksandra Lobnik, Bojana Voncina 4

Layer-by-layer nano-coating deposition of water based polyelectrolytes for imparting
conductive, flame retardant and anti-corrosive properties of materials
Igor Jordanov 8

Electrochemical and corrosion behaviour of copper shape memory alloy in NaCl solution
Ladislav Vrsalovig, 1. lvanic, S. Gudi¢, M. Goji¢ 9

* INVITED LECTURES | PREDAVANJA PO POZIVU 20

Protective and decorative role of golden foils on sacral objects
Zoran Karastojkovi¢, Pavle Karastojkovi¢, Suzana Poli¢ 21

Green alternatives for formaldehyde based adhesives in wood industry
Ilvana Gavrilovi¢-Grmusa, Milanka Diporovi¢-Mom¢ilovi¢, Miadan Popovi¢ 31

Steel tank’s roof examination by combined RMS and MFL method, rehabilitation of the tank
and rehabilitation of tank base
Zeljko Krivacevié, Dejan Grgi¢, Sasa Stojanovié, Aleksandar Pesi¢ 48

Corrosion characteristics of laser-cleaned surfaces on iron artefact
Bojana M. Radojkovié, Bore V. Jegdi¢, Biljana M. Bobi¢, Slavica Risti¢, Suzana Poli¢ 56

Saving resources during aluminum alloys continuous casting process using electromagnetic
field

Aleksandra Patari¢, Marija Mihailovi¢, Branka Jordovié 70

Electrodeposited Pd-based alloy coatings as efficient catalysts for low temperature fuel cells
application

78

Comparison of trace element accumulation and particulate matter deposition in leaves of
Aesculus hippocastanum L. and Platanus acerifolia Willd. in three urban parks in Serbia

Marija Pavlovi¢, Dragana Pavlovi¢, Veljko Perovi¢, Snezana Jari¢, Milica Markovi¢, Miroslava

Mitrovié, Pavle Pavlovié 82
Production of silver and copper powders by electrolytic and non-electrolytic methods:
comparison of morphological and structural characteristics

Ljiljana Avramovi¢, Mile Bugarin, Jasmina S. Stevanovic¢, Nebojsa D. Nikoli¢ 93
Green Corrosion Inhibitors

Marija Mihailovié, Bojana Radojkovié, Dunja Daniéi¢, Jovanka Kovacina, Jasmina Stevanovic,

Biljana Bobic, Bore Jegdic¢ 97



Jelena
Highlight

Jelena
Highlight


XX1YuCorr, September 17-20, 2019, Tara Mountain, Serbia 78

Electrodeposited Pd-based alloy coatings as efficient catalysts fof low
temperature fuel cells application

Elektrohemijski taloZene legure na bazi Pd kao efikasni katalizatori koji se
primenjuju u niskotemperaturnim gorivim celijama
Jelena D. Lovi¢

Department of Electrochemistry, Institute for Chemistry Technology and Metallurgy, University of
Belgrade, Njegoseva 12, Belgrade, Serbia

Abstract

Electrodeposition of Pd—based coating samples of different thicknesses, depending on the coating
composition and current efficiency, was achieved galvanostatically on the rotating Au disc
electrode from the plating bath containing mixed solutions of their precursors. Determination of the
alloy coating composition was performed by the anodic linear sweep voltammetry (ALSV) analysis
and compared with spectroscopic measurements. Electrodeposited Pd and PdNi coating samples
were tested for ethanol oxidation reaction (EOR) in alkaline solution. The current density and
poisoning tolerance increased with increasing the amount of Pd in the PdNi coating. Examination
of the EOR and oxygen reduction reaction (ORR) on electrodeposited Pd, Ag and AgPd alloy
coatings of different compositions and morphologies demonstrated for the first time that the activity
for the EOR and ORR at AgPd alloys was closely related to the amount of non-reduced Ag>O (most
probably as Ag-hydroxide).

Introduction

Among various types of fuel cells, the direct alcohol fuel cell (DAFC) has been considered as a
promising energy source of portable and transportation application due to their low environmental
impact, high theoretical energy density, and ease to accumulate and handle compared than other
fuels [1]. For decades polymer electrolyte membrane fuel cells were investigated but almost
exclusively in the acid medium. However, since the appearance of alkaline membranes,
electrochemical investigations including ethanol and methanol oxidation reaction (MOR) as well as
ORR, turned towards the alkaline medium [1, 2]. The alkaline media provides a less corrosive
environment to the electrodes in regard to the acid medium. Moreover, one of the main advantages
of alkaline medium comes from the fact that the electrode reaction kinetics in this medium is higher
than in the acid medium, enabling the use of Pt-free catalysts. Recent studies have shown that Pd-
based catalysts arc very attractive for both alcohol oxidation reaction [2] and ORR [3] in alkaline
medium, representing an important alternative to Pt-based catalysts for DAFCs. Numerous
previously published results showed the noticeable catalytic properties of Pd but problems with
durability signify the need of upgrading the Pd-based materials. In order to improve the
performances of Pd catalysts, metals such as Au [4], Ag [5], Ni [6], Cu [7], or metal oxides [8] are
usually added. Regarding the anode side reaction of DAFC, Pd-based catalysts have shown
improved catalytic activity and poisoning-tolerant ability. Concerning the cathode side reaction, Pd-
based catalysts have shown high ORR activity close to that of Pt.

In order to consider the catalytic activity, cost, stability, and long-term operation for electrocatalyst
in industrial application, the development of new materials remains challenging. Synthesis of metal
alloy nanoparticles by the electrochemical methods are extensively developed topic in materials
science. Most of the synthesis methods use organic surfactants, capping agents or high
temperatures, consequently heating or cleaning treatment are necessary and therefore, the catalytic
activity can be affected by undesirable adsorbed species. Nevertheless, among the various methods,
electrodeposition is recognized as a simple and versatile method to prepare bimetallic surfaces.
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The aim of this work was to investigate the EOR on electrodeposited Pd, PdNi and AgPd alloy
coatings of different compositions and morphologies. ORR was investigated on electrodeposited
Ag, Pd and AgPd alloy coatings. The electrocatalytic performances were studied in order to
correlate the composition, morphology and activity of coatings. Particular attention was given to the
relevance and contribution of Ag-oxides in the EOR and ORR.

Results and discussion

ALSYV analysis of electrodeposited coatings

The preparation of nanostructured materials by electrochemical procedures through simultaneous
deposition of metals from the mixed solutions of their precursors has attracted considerable
attention because these techniques allow variation of the crystallite size influencing on physical and
chemical properties. Electrodeposition is an excellent technique for producing amorphous and
nanocrystalline coatings.

Identification of phases in electrodeposited alloys for size of crystals lower than 10 nm by x-ray
technique is often limited because they appeared as amorphous the on diffractograms and had to be
identified by the other technique such as transmission electron microscopy (TEM). Nevertheless
simple ALSV technique provide phase composition determination of different types of
electrodeposited alloys [9]. The ALSV technique is based on the application of linear sweep
voltammetry at low scan rate of 1 mV s™ during the dissolution of a thin layer of electrodeposited
alloy. Alloys were electrodeposited up to 10 pm thickness, from the solution containing ions of both
metals in one cell. Immediately after the electrodepositing process, the electrode was transferred to
another cell that contained electrolyte in which no passivation of any of the metals could take place,
for complete dissolution.

It was possible to predict the shape of the ALSV of alloy dissolution by consideration of the phase
diagram of alloys and the Gibbs energies of phases appearing in the system. Different types of
alloys (eutectic [10], solid solution [9, 10], and alloys with intermediate phases and/or intermetallic
compounds [10]) were investigated possessing different shapes of the ALSV responses. The PdNi
as well AgPd systems belong to the solid solution-type alloys [10, 11] and taking into account
standard potentials of pure metals, as well as the fact that the electrodeposition/dissolution of both
metals is irreversible, two separate peaks for dissolution of each constituent of the alloy should be
expected on the ALSV response. The PdNi [12] and AgPd [13] alloy compositions determined by
the ALSV and EDS techniques are given in Table 1 and Table 2.

Table 1. Conditions of Pd and PdNi alloy coatings electrodeposition and their compositions
determined by ALSV and EDS.

sample , 2 oo | ALSV EDS

3 Ja@Acem™) | Qu(Com™) | o/ py  4ropNi at%Pd  at%Ni
Pd 9.1 05 100 0 100 0
PANi-1 188 05 80 20 74 26
PdNi-2 60 05 60 20 50 50
PdNi-3 30 05 40 60 28 7

Table 2. Conditions of Pd and AgPd alloy coatings electrodeposition and their compositions
determined by ALSV and EDS.

sample ja (mA ecm™) | Qq (C em™) | ALSV EDS

at % Pd at % Ag at % Pd at % Ag
Pd 2 -1.0 100 0 100 0
AgPdl -0.178 0.2 24 76 16.2 83.3
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AgPd2 -0.415 -0.2 8 92 9.8 90.2

AgPd2 -7 -0.3 134 86.6 34 96.6

EOR at electrodeposited Pd and PdNi alloy layers in alkaline solution

The EOR was investigated on the Pdg74Nio 26, Pdo s0Nio.s0, and Pd, »sNig 72 and Pd coatings by the
CV. It was shown that the current density increased with the increase of Pd content up to 74 at. %.
The most active one was found to be Pdy 74Nig 26 with the lowest value of onset potential and highest
poisoning tolerance among the studied coatings [12]. The contribution of Ni in the PdNi alloy
concerning EOR in notable due to increasing the presence of OH species at the electrode surface. It
was pointed out that improved catalytic activity of investigated binary coatings can be achieved
through the optimization of the Ni content and appropriate surface morphology. The ability to

recover activity loss demonstrates surface composition stability of investigated PdNi binary
coatings [14].

EOR at electrodeposited Pd and AgPd alloy layers in alkaline solution

Three AgPd alloy samples were electrodeposited for the EOR investigation and compared with the
sample of pure Pd, since pure Ag shows negligible catalytic activity towards the EOR [13]. It was
shown that high catalytic activity for the EOR onto AgPd alloys can be obtained by cycling the
electrodes to the potential of complete formation of Ag,O indicating on the contribution of the
amount of Ag-oxides. The percentage of non-reduced Ag;O could be obtained according to the
equation:

|Qox| — |Qr|

Qon] 100(x,4)

The absolute value of charge for Ag,O reduction is |Q,|; absolute value of charge for Ag,O
formation is |Q,,| the; the amount of Ag in the alloy is xag. The dependence of the non-reduced
Agy0 for investigated coatings as a function of the atomic percentages of Pd is presented in Table 3.

% non — reduced Ag,0 =

Table 3. The dependence of the non-reduced Ag20 for investigated coatings as a function of the
atomic percentages of Pd

Sample % non — reduced Ag,0 at % Pd
Ag 1.3 0
AgPdl 12.9 27.4
AgPd2 6.05 13.4
AgPd3 14 15.2

Pd ' 0 100

The presence of non-reduced Ag,O (Table 3), most probably in the form of AgOH, could act as
oxygen source for the oxidation of carbonaceous species improving the EOR kinetics on Pd catalyst
in alkaline solution through a bifunctional mechanism. The most active and the most poisoning
tolerant are AgPdl and AgPd3 alloy samples.

ORR at electrodeposited Ag, Pd and AgPd alloy layers in alkaline solution

The ORR on the Ag, Pd and AgPd alloys of different morphologie and compositions was
investigated in alkaline solution saturated with oxygen. Significant catalytic activity for the Ag and
AgPd alloys was detected after cycling electrodes in the potential region of Ag,0 formation and
reduction [15]. Catalytic activity of AgPd alloys was found to be closely related to the amount of
non-reduced Ag,O, most probably in the form of Ag-hydroxide. This finding was support by XPS
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measurements. The highest value of the kinetic current density was obtained for the alloy
containing 27.4 at.% Pd (AgPdl).

Conclusion

Investigation of EOR on electrodeposited PdNi coatings showed that the magnitude of the currents
increases as a function of palladium content. Better utilization of Pd on the surface of Pd ¢.74Nio 26
coating is noticed due to appropriate surface morphology since more active sites are accessible to
the EOR. Also improved catalytic activity of investigated binary coatings can be achieved through
the optimization of the Ni content and appropriate surface morphology.

Alloying of Pd with Ag greatly reduces the amount of precious Pd metal in the catalyst, maintaining
at the same time better catalytic activity for the EOR and ORR. Besides the investigated bimetallic
coatings are less expensive electrocatalysts and this preliminary research indicates a possibility for
practical application.

Acknowledgement This work was financially supported by Ministry of Education, Science and
Technological Development of the Republic of Serbia under contracts No. 172060.
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