B '
H@mM @
5 Synthesis : : Materials : : Corrosion : : Environment : : Energy

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 EDUCATION, SCIENCE AND TECHNOLOGICAL
DEVELOPMENT OF THE REPUBLIC OF SERBIA

Pod pokroviteljstvom
MINISTARSTVO PROSVETE, NAUKE | TEHNOLOSKOG RAZVOJA
REPUBLIKE SRBIJE

September 13-16, 2021 : : Tara Mountain, Serbia



CIP - Katanorusaupja y nybnukaumjun
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 (22 ; 2021 ; Tara)

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 / XXII YuCorr International Conference = XXI YuCorr
[Jugoslovenska korozija] Medunarodna konferencija, September 13-16, 2021, Tara Mountain, Serbia
= [organized by] Serbian Society of Corrosion and Materials Protection ... [et al.]] ; [organizatori
Udruzenje inZenijera Srbije za koroziju i zastitu materijala ... [et al.] ; [editors, urednici Miomir Pavlovi¢,
Miroslav Pavlovi¢, Marijana Pantovi¢ Pavlovic]. - Beograd : Serbian Society of Corrosion and
Materials Protection UISKOZAM : UdruZenje inZenjera Srbije za koroziju i zastitu materijala
UISKOZAM, 2021 (Beograd : Serbian Society of Corrosion and Materials Protection UISKOZAM :
UdruZenije inzenjera Srbije za koroziju i zastitu materijala UISKOZAM). - 1 elektronski opticki disk
(CD-ROM) ; 12 cm
Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tekst na engl. i srp. jeziku.
- Tiraz 200. - Bibliografija uz ve¢inu radova. - Abstracts.

ISBN 978-86-82343-28-8

a) Mpemasu, aHTUKOPO3MOHH -- 360pHULKM ©) MNpeBnake, aHTUKOPO3NOHe -- 360PHULIM B)
AHTWUKOPO3WOHa 3aLwuTuTa -- 360pHuULK r) XKnBoTHa cpeanHa -- 3awTuta -- 360pHnLmM ) Hayka o
matepujanuma -- 360pHuLM

COBISS.SR-ID 48091145

XXIl YUCORR - International Conference | Medunarodna konferencija

PUBLISHED AND CD BURNED BY | 1ZDAVAC | NAREZIVANJE CD

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.orq.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, North Macedonia; Prof. dr M. Antonijevié, Serbia; Prof. dr S. Stopi¢, Germany;
Prof. dr R. Zejnilovi¢, Montenegro; Prof. dr L. Vrsalovic, Croatia; Dr N. Nikolic, Serbia;

Dr I. Krastev, Bulgaria; Prof. dr B. Grgur, Serbia; Prof. dr M. Gvozdenovic, Serbia;

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

Prof. dr J. Stevanovic, Serbia; Dr V. Panic, Serbia; Dr M. Mihailovic, Serbia;

Prof. dr V. Maric, Bosnia and Herzegovina; Prof. dr J. Jovicevic, Serbia;Prof. dr D. Jevtic, Serbia;

Dr F. Kokalj, Slovenia; Prof. dr A. Kowal, Poland,Prof. dr Prof. dr M. Gligori¢, Bosnia and Herzegovina;
Prof. dr M. Tomic, Bosnia and Herzegovina; Prof. Dr B. Arsenovic, Bosnia and Herzegovina

ORGANIZING COMMITEE | ORGANIZACIONI ODBOR: Dr Miroslav Pavlovic — president

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

Prof. dr Miomir Pavlovi¢; Aleksandar Putnik B.Sc.; Dr Vladimir Panic; Jelena Slepcevic, B.Sc.;

Dr Vesna Cvetkovic; Prof. dr Milica Gvozdenovic; Zagorka Besic, B.Sc.; Gordana Miljevic, B.Sc.;

Miomirka Andic, B.Sc.; Dr Marija Mati¢; Marijana Pantovi¢ Pavlovic, M.Sc.; Dr Dragana Pavlovic;

Dr Sanja Stevanovi¢; Lela Mladenovi¢ — secretary

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

CIRCULATION | TIRAZ: 200 copies | primeraka

PUBLICATION YEAR | GODINA IZDANJA: 2021
ISBN 978-86-82343-28-8



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

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

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

September 13-16, 2021, Tara Mountain, Serbia

Ovaj PDF fajl sadrzi elektronsku Knjigu radova prezentovanih u okviru Medunarodne
konferencije XXII YuCorr. U knjizi su plavom bojom obeleZeni aktivni linkovi ka
pojedinim njenim delovima, iz Sadrzaja do naznacenih stranica.

This PDF file contains Proceedings presented on the XXIlI YuCorr International
Conference. It can be easily navigated through the book contents by a single click on
the appropriate links in Contents (showed in blue).

Autori snose punu odgovornost za sadrzaj, originalnost, jezik i
gramaticku korektnost sopstvenih radova.

Authors bear full responsibility for the content, originality,
language and grammatical correctness of their own works.



XXIl YUCORR IS ORGANIZED BY
ORGANIZATORI XXIl YUCORR-a

=
UISkezam

SERBIAN SOCIETY OF CORROSION AND MATERIALS PROTECTION
Udruzenje InZenjera Srbije za Koroziju i Zastitu Materijala

)
INSTITUTE OF CHEMISTRY, TECHNOLOGY AND METALLURGY,

UNIVERSITY OF BELGRADE

Institut za Hemiju, Tehnologiju i Metalurgiju,
Univerzitet u Beogradu

=t

UNION OF ENGINEERS AND TEHNICIANS OF SERBIA, BELGRADE
Savez Inzenjera i Tehnicara Srbije

TAS]

ENGINEERING ACADEMY OF SERBIA
InZenjerska Akademija Srbije




XXIl YUCORR IS ORGANIZED UNDER THE AUSPICIES OF THE

MINISTRY OF EDUCATION, SCIENCE AND TECHNOLOGICAL
DEVELOPMENT OF THE REPUBLIC OF SERBIA

XXI11 YUCORR JE FINANSIISKI POMOGLO

MINISTARSTVO PROSVETE, NAUKE | TEHNOLOSKOG RAZVOJA
REPUBLIKE SRBIJE

SPONSORS | SPONZORI

INTERNATIONAL SOCIETY OF ELECTROCHEMISTRY, Switzerland
SAVEZ INZENJERA | TEHNICARA SRBIJE, Beograd
HELIOS SRBIJA a.d., Gornji Milanovac
METAL CINKARA d.o.0., Indija
SURTEC CACAK d.o.0., Cagak
ALFATERM d.o.0., Caéak
INSTITUT ZA PREVENTIVU d.o.0., Novi Sad
EKP ELKER a.d., Prijedor, Republika Srpska, B&H
EKO ZASTITA d.o.0., Bijeljina, Republika Srpska, B&H
IPIN d.o.o0., Bijeljina Republika Srpska, B&H
HEMIPRODUKT d.o.0., Novi Sad
INSTITUT ZA OPSTU I FIZICKU HEMUJU, Beograd
SZR “GALVA”, Kragujevac
NOVOHEM d.o.0., Sabac



XXIl YuCorr, September 13-16, 2021, Tara Mountain, Serbia

Electrochemical properties of pigment extracts from dark red corn
grains
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Abstract

Electrochemical properties of pigment extracts from dark red corn grains was investigated by
means of cyclic voltammetry (CV) and square wave voltammetry (SWV) on glassy carbon electrode
(GC) in 0.1 M H,SO4. The shape of CV was typical for the oxidation of polyphenols. The
antioxidant capacity of pigment from dark red corn grains was established from the charge under
the anodic peaks. Quantitative determination of dark red corn pigments was performed by SWV.
The linear polarization resistance (LPR) examinations were conduced in order to study the
corrosion effect of polyphenolics on mild steel. Calculated corrosion inhibition efficiency ranged
from 30% to 70%. Determination of the corrosion inhibition efficiency revealed that the red corn
pigments have anti-corrosion effect on mild steels.

Keywords: polyphenols; antioxidant capacity; linear polarization resistance; corrosion inhibitor

lzvod

Elektrohemijska svojstva ekstrakata pigmenta iz zrna kukuruza tamnocrvene boje ispitivana su
pomocu ciklicne voltametruje (CV) i voltametrije pravougaonih talasa (SWV) na elektrodi od
staklastog ugljenika (GC) u 0.1 M H,SO,. Dobijeni oblik CV je tipican za oksidaciju polifenola.
Antioksidativna kapacitivnost je utvrdena odredivanjem naelektrisanja ispod anodnih pikova.
Pigmenti iz zrna kukuruza tamnocrvene boje su kvantitativno odredeni primenom SWV metode.
Linearna polarizaciona otpornost (LPR) je sprovedena na niskougljenicnom (moze i mekom, ali ovo
je bolji izraz) celiku kako bi se ispitalo koroziono ponasanje polifenola. Izracunata efikasnost
inhibicije korozije je bila izmedu 30 % i 70 %. Odredivanje ove efikasnosti pokazalo je da pigmenti
tamnocrvenog kukuruza imaju antikorozivno dejstvo na niskougljenicnom cCeliku.

Kljuéne reci: polifenoli; antioksidativna kapacitivnost;linearna polarizaciona otpornost;inhibitor
korozije

Introduction

Corn grains are source of nutrients and they are known to have high antioxidant capacity due to the
presence of (poly)phenolic compounds such as carotenoids, flavonoids, anthocyanins [1]. In plants,
these compounds protect the cells from the effect of UV light and high radiance conditions.
Pigmented corn, as compared to the yellow ones, are considered as potential sources of health-
promoting compounds (carotenoids and flavonoids) due to antiinflammatory, anticancer, and
hypoglycemic effect [2]. The antioxidant capacity detection of polyphenolic compounds is usually
based on electrochemical, spectroscopic, chromatographic or some other technique [1, 3, 4]. The
phenolic groups of flavonoids can be electrochemically oxidized, showing an oxidation peak and
then redox potentials determined by voltammetric methods have been used for the evaluation of
antioxidant capacity of those compounds [5,6]. The total phenolic content obtained by
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electrochemistry was proposed as a screening method to determine polyphenolics in food [7] or in
vine [8]. The determined antioxidant activity of polyphenolics was accompanied with the corrosion
inhibiting examination, since the most of the green corrosion inhibitors are recently found in the
group of these organic molecules [9].

The aim of present study was to investigate the electrochemical behavior of dark red corn in
acid solution. By varying the concentration of dark red corn the quantity of antioxidant activity was
examined. The corrosion inhibitive test of dark red corn grains was also conducted.

Results and discussion

CV of dark red corn pigments on GC electrode in 0.1 M H,SO,4 along with the voltammetric
response of GC electrode in blank solution (dash line) is presented in Fig. 1. The electrochemical
oxidation of examined pigments was depicted by two peaks in forward direction and two peaks on
the backward scan, indicating a quasi-reversible process. First peak was attributed to the oxidation
of the polyphenolic compounds containing a flavonoid structure, while the second one was
attributed to anthocyanins [8]. The observed electrochemical behavior can be attributed to the well-
described path for the oxidation of phenols, hydroquinones, and derivatives [10] and it is in
accordance with biochemical properties of tested dark red corn seeds [11].

404 blank solution GC/01M HzSO4
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30 -
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Figure 1. CV of GC electrode in 0.1 M H,SO, (dash line) and after the addition of 1 mg ml™ red
corn pigments (solid line); v=50 mV s*

Electrochemical methods can be used for a facile test of the antioxidant activity of many
compounds [3]. So by calculating the charge under the anodic peaks (Q) it was possible to
determine the quantity of antioxidants. For several concentrations of red corn pigments (Fig. 2a),
tha charge under the anodic peaks vs. concentration was presented in Fig. 2b. Highest Q value was
obtained for the most concentrated solution, which has larger amount of phenolic compounds. The
results obtained by CV measurements are consistent with total phenolic and flavonoid contents and
with spectrophotometric antioxidant assay (DPPH test) which confirms the same high antioxidant
activity [11]. Our results are in accordance with literature data showing higher concentration of
phenolic compounds in kernels of darker red and blue flour coloration [4], or of black maize kernels
[12] as compared to light colored maize.
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Figure 2. CVs of GC electrode in 0.1 M H,SO4 with different concentrations of dark red corn
pigments (a); the dependency of charge from concentration (b)

Cyclic voltammetry revealed electrochemical activity and concentration dependency of dark red
corn grains using 0.1 M H,SO, solution and thus possibility for its quantitative determination by
SWV as is presented in Fig. 3.

04 1 . blank solution
1y=207+672 )

i Pt ——0.25 mg ml™ red corn

——0.5mg ml™ red corn

x| & ——0.75mg ml™ red corn
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g 072 014 016 073 170
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10 H
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Figure 3. Dark red corn pigments determined by SWV at GC (the concentrations added in
electrolyte are presented in legend). Step size 5 mV, pulse size 50 mV and scan rate 50 mV's /,
accumulation time 60 s, at the potential — 200 mV

In SWV experiments deposition times of 30 and 120 s and deposition potentials of -100 mV and 0
V as well as pulse size of 20 mV were tested but better results were obtained under conditions
presented in Fig. 3. The SWV response showed that the oxidation peak currents for the dark red
corn pigments were linearly dependent on its concentration in the range from 0.25 to 1 mg ml-1 as
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it is presented in Fig. 3. The obtained regression equation is jp/pA cm 2=20.7+6.72¢c/ mgml?
with an excellent correlation coefficient (R = 0.999) according to dependency given in inset of Fig.
3.

The linear polarization resistance measurements on mild steel were performed examining the
corrosion inhibitive behavior of dark red corn grains. In order to estimate the inhibiting action of
investigation compound, the polarization resistance (Rp) was determined as a slope of the potential
versus current curve from LPR data after measurement in the potentials range of -0.01V - 0.01
V relative to Eoc. the corrosion inhibition efficiency, nin, Was calculated according to equation (1):

R
Nink = (1 - ”"""’) 100 (1)
Rp,inh

Re.me and Rp iy are the values of polarization resistance (Rp) for a metal in the solution without and
with inhibitor, respectively. The dependency of ninn from the concentration of of red corn pigments
IS given in Fig. 4. It can be noted that the inhibiting effect increases with increase in red corn
pigments concentration and the determined corrosion inhibition efficiency ranged from 30 to 70%.
According to the literature finding corn silk extracts exibit inhibitive effect in the range of 66-95%
[13], while surfactants obtained from corn oil show inhibitive effect ranged from 80 to 99% [14]
both in acidic media for mild steel. In regard to this results, the investgated red corn has low to
moderate inhibiting effect.

70

nt%

T T T T T T T T T
0.0 0.5 1.0 1.5 2.0

c/gml’

Figure. 4. The dependency of corrosion inhibition efficiency from concentrationon of dark red corn
seeds on mild steel in 0.1 M H,SO4

Conclusion
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Electrochemical properties of dark red corn grains were investigated from the aspect of antiradical
and anti-corrosion capacity. CV measurements were presented by two peaks, both in forward and
the backward scan, indicating that the electrochemical oxidation of tested compounds was quasi-
reversible process typical for the oxidation of polyphenols. The obtained antioxidant activity of
polyphenolics was accompanied with the corrosion inhibiting examination. The linear polarization
resistance measurements on mild steel were performed in order to test the corrosion inhibitive
behavior in acidic solution at pH value at which the highest activity of investigated pigments is
obtained. The corrosion inhibiting effect of dark red corn grains was established resulting the
corrosion inhibition efficiency up to 70%.
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