pxC

PHYSICAL CHEMISTRY 2021

15" International Conference
on Fundamental and Applied Aspects of
Physical Chemistry

Proceedings
Volume Il

The Conference is dedicated to the

30" Anniversary of the founding of the Society of Physical
Chemists of Serbia

and

100" Anniversary of Bray-Liebhafsky reaction

September 20-24, 2021
Belgrade, Serbia



Title: Physical Chemistry 2021 (Proceedings) ISBN 978-86-82475-40-8

Volume I1: ISBN 978-86-82475-39-2

Editors: Zeljko Cupié¢ and Slobodan Ani¢

Published by: Society of Physical Chemists of Serbia, Studentski Trg 12-16, 11158, Belgrade, Serbia
Publisher: Society of Physical Chemists of Serbia

For Publisher: S. Ani¢, President of Society of Physical Chemists of Serbia

Printed by: "Jovan”, <Printing and Publishing Company, 200 Copies

Number of pages: 6+388, Format A4, printing finished in December 2021

Text and Layout: "Jovan”

Neither this book nor any part may be reproduced or transmitted in any form or by any means, including
photocopying, or by any information storage and retrieval system, without permission in writing from the
publisher.

200 - Copy printing



CONTENT

Volume Il

Organizer

Comittes

Organic Physical Chemistry

Material Science

Macromolecular Physical Chemistry
Environmental Protection, Forensic
Radiochemistry, Nuclear Chemistry

Phase Boundaries, Colloids, Liquid Crystals, Surface-Active Substances

Complex Compounds
General Physical Chemistry

Pharmaceutical Physical Chemistry
Food Physical Chemistry

Physico-Chemical Analysis
Index

Sciences,

Geophysical ~ Chemistry,

v

345
367
487
519

633
643
655

669
679

703
725



czox-c

PHYSICAL CHEMISTRY 2021

15™ International Conference on
Fundamental and Applied Aspects of
Physical Chemistry

Organized by

The Society of Physical Chemists of
Serbia

in co-operation with
Institute of Catalysis Bulgarian Academy of Sciences

and

Boreskov Institute of Catalysis Siberian Branch of
Russian Academy of Sciences

and
University of Belgrade, Serbia:

Faculty of Physical Chemistry
Institute of Chemistry, Technology and Metallurgy
Vinéa Institute of Nuclear Sciences
Faculty of Pharmacy

and

Institute of General and Physical Chemistry, Belgrade, Serbia



International Organizing Committee

Chairman:
Vice-chairman:

Members:

S. Ani¢ (Serbia)

M. Gabrovska (Bulgaria)
A. A. Vedyagin (Russia)
S. N. Blagojevi¢ (Serbia)

N. Cyjeti¢anin (Serbia), S. M. Blagojevi¢ (Serbia), M. Dakovi¢ (Serbia), J. Dimitri¢
Markovi¢ (Serbia), T. Grozdi¢ (Serbia), L. Ignjatovi¢ (Serbia), D. Jovanovi¢ (Serbia),
M. Kuzmanovi¢ (Serbia), D. Markovi¢ (Serbia), B. Milosavljevi¢ (USA), M. Mojovié¢
(Serbia), N. Peji¢ (Serbia), M. Petkovi¢ (Serbia), A. Popovi¢-Bjeli¢ (Serbia), B.
Simonovié (Serbia), M.Stankovié¢ (Serbia), B. Sljuki¢ (Serbia), G. Tasi¢ (Serbia), S.
Velickovi¢ (Serbia), N. Vukeli¢ (Serbia)

International Scientific Committee

Chairman:
Vice-chairman:

Members:

7. Cupi¢ (Serbia)

V. Bukhtiyarov (Russia)
S. Todorova (Bulgaria)
B. Adnadevi¢ (Serbia)

S. Ani¢ (Serbia), A. Anti¢-Jovanovi¢ (Serbia), A. Azizoglu (Turky), R. Cervellati
(Italy), G. Ciri¢-Marjanovi¢ (Serbia), V. Dondur (Serbia), 1. I. Grinvald (Russia), R.
Jerala (Slovenia), M. Jeremi¢ (Serbia), G. N. Kaluderovi¢ (Germany), E. Ki§ (Serbia),
A.V. Knyazev (Russia), Lj. Kolar-Ani¢ (Serbia), U. Kortz (Germany), T. Kowalska
(Poljska), A. Lemarchand (France), G. Lente (Hungary), Z. Markovi¢ (Serbia), S.
Mentus (Serbia), K. Novakovi¢ (UK), N. Ostrovski (Serbia), V. Parmon (Russia), Z.
Petkova Cherkezova-Zheleva (Bulgary), M. Plavs§i¢ (Serbia), J. Savovi¢ (Serbia), G.
Schmitz (Belgium), I. Schreiber (Czech), L. Schreiberova (Czech), D. Stanisavljev
(Serbia), N. Stepanov (Russia), M. Stojanovi¢ (USA), E. Szabd (Slovakia), Zs.
Szakacs (Romania), Z. Saponji¢ (Serbia), A. Téth (Hungary), M. Trtica (Serbia), V.
Vasi¢ (Serbia), D. Veselinovi¢ (Serbia), V. Vukojevi¢ (Sweden)

Local Executive Committee

Chairman:
Vice-chairman:

Members:

S. N. Blagojevi¢
A. Ivanovi¢-Sasié
N. Jovi¢-Jovicié
A. Stanojevié¢

M. Ajdukovi¢, I. N. Bubanja, A. Dobrota, J. Dostani¢, D. Dimi¢, S. Jovanovi¢, Z.
Jovanovi¢, D. Loncarevi¢, M. Kragovi¢, J. Krsti¢, B. Markovi¢, S. Macesic, J.
Maksimovié, S. Marinovi¢, D. Milenkovi¢, T. Mudrini¢, M. Pagnacco, N.
Potkonjak, B. Stankovi¢, I. Stefanovié¢, G. Stevanovic¢, A. Stoiljkovi¢, M. Vasi¢



SPONSORS

Ministry of Education, Science and Technological Development of the
Republic Serbia
Institute of General and Physical Chemistry, Belgrade
Belgrade Analysis d.o.o.

\



PHYSICAL CHEMISTRY 2021 K-17-P

BLACK INORGANIC PIGMENTS OBTAINED FROM WASTE MATERIALS

A. Devecerski, K. Kumri¢, S. Stankovi¢, M. Egeri¢, M. Omerasevic, S. Krsti¢, R. Vujasin

"Vinca" Institute of Nuclear Sciences - National Institute of the Republic of Serbia, University of
Belgrade, Belgrade, Serbia. (kkumric@yvinca.rs)

ABSTRACT

Hazardous industrial wastes are the most common source of environmental pollution. Waters
originating from unregulated landfills and places of inadequate disposal of this type of wastes can
pollute the water sources and affect the human health. In this study, electroplating waste sludge (ES)
and various Fe-rich wastes were used as starting materials for the synthesis of inorganic pigments.
Obtained black Cri3Feo703 pigments possess adequate properties required for use as inorganic
pigments.

INTRODUCTION

Inorganic pigments are widely applied due to the many of their advantages: high chemical and
temperature stability, non-toxicity, resistance to the influence of UV radiation, and as such, can be
used for external uses: facades, roofs, wall and floor tiles [1,2]. The waste sludge used in this study
comes from an electroplating plant (nickel, chromium, zinc, etc.) and belongs to toxic industrial
wastes class. It has already been used [3] as a raw material for the synthesis of black inorganic
pigment through the reaction with commercially available Fe,Os (p.a. purity). Despite expectations
that a spinel (FeCr.O4) black pigment will be obtained, it was found that a mixed Fe/Cr oxide
(Cry13Feo703) was obtained instead. However, its color and non-toxicity indicate the possibility for
his commercial use. In this study, we tried to replace previously used p.a. Fe.O3 with a various Fe-
rich wastes as cheaper raw materials, thus fully following the principles of circular economy.

EXPERIMENTAL

The ES investigated in this study was collected from an open-air basin containing 40t of historical
sludge from the Cr/Ni-plating plant of “PPT TMO” Technological and metallurgical processing
factory, Trstenik, Serbia. As a Fe-source, following waste materials, in the form of the powders, were
used in this study: Fe-waste from the metal processing industry (FeW1); Fe-waste from the steel plant
(FeW2); Rust, scraped from the iron/steel items that were exposed to atmospheric conditions for a
longer period (FeW3).

Characterization of the Cr/Ni plating sludge and products obtained from it, included determination
of chemical composition (XRF), main crystalline phases (XRD), color of the samples (UV/VIS, NIR)
expressed in L*a*b* values and toxicity level (leaching test, performed according to DIN-38414-S4,
to determine the metals mobility under the neutral conditions [4]).

RESULTS AND DISCUSSION

The sludge in liquid form was taken from a basin at five different spots and then thoroughly mixed
while in liquid state. Sludge was then dried at 110 °C and the mass of the dry residue was measured.
It was found that water content in sludge is about 91.5 wt%. Chemical composition of the dried sludge
is shown in Table 1 and it represents average value of five different samples.
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Table 1. Chemical composition of the dried ES determined by XRF
Cr Fe P Zn | Ni | Cu | Pb | Si |Elements in traces

62.93 | 11.79 | 9.20 | 6.51 | 3.58 | 2.62 | 1.75 | 1.36 0.26

Conc.
(Wt%)

From the XRD patterns (not shown) of the dried (110 °C) and calcined (600 °C) Fe-wastes,
following was observed: all reflections in the XRD pattern of the dried FeW1 waste can be ascribed
to Fe»O3 phase (JCPDS No. 33-0664). XRD patterns of dried FeW2 waste showed reflections of the
Fe>O3 phase and FezO4 phase (JCPDS No. 19-0629). XRD patterns of dried FeW3 waste showed
reflections of the species that are known as the rust constituents: FeO-OH (JCPDS No. 76-2301),
Fe(OH)s (JCPDS No. 38-0032) and FeszOs. After the calcination at 600 °C, XRD patterns of all Fe-
wastes showed reflections originating only from the Fe>Os phase, indicating that all the wastes
constituents were transformed into the Fe»Oz during the calcination process. Moisture content i.e.
weight loss after drying at the 110 °C were 0 wt% for FeW1, 0 wt% for FeW2 and 2.2 wt% for FeW3.
Weight losses after the calcination at 600 °C were 0 wt% for FeW1, 0 wt% for FeW2 and 6.6 wt%
for FeWs.

By varying the amount of the Fe-waste added into the ES, it was found that for all Fe-wastes, 30
wt% is amount that is sufficient to transform ES into the black pigment.
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Figure 1. XRD patterns of the black pigments obtained after the calcination of various ES/Fe
mixtures at 1000 °C (2h): BP1 — ES/30wt% FeW1; BP 2 — ES/30wt% FeW2; BP 3 - ES/30wt%
FeWa.

As can be seen from Fig. 1, CrPO4 and mixed phosphates phases, which are characteristic for
unreacted ES, almost completely disappeared. Dominant phase in all pigments was Feo.7Cr1303
mixed oxide, followed by FePO4 and SiO> phases. Also, there were no reflections characteristic for
the bulk/metallic Fe or Fe>O3 phase, which indicated that all Fe was bounded either in Feo.7Cr1.303
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mixed oxide structure or in FePOg4 structure. Color of all the samples was black without brown
domains in it.

Color of the pigments was estimated by UV/VIS spectroscopy and Table 2 shows the colorimetric
coordinates of some pigments. As one can see, values for L*a*b* coordinates are in accordance with the
literature, or even better. (L = 100 = white color; L = 0 = black color).

Table 2. The colorimetric coordinates of black pigments

L* a* b*
BP1 38.00 0.44 -1.99
BP2 38.29 0.22 -2.24
BP3 38.35 0.48 -2.04
Commercial black pigment [1] 33,0 1 0
Commercial black pigment [3] 28,8 -1,2 0,7

Level of toxicity, i. e. the leaching test, was conducted according to DIN-38414-S4 standard, which
is most commonly found in the literature regarding the synthesis of pigments from waste materials.
The metal concentrations in eluates were determined by the AAS method (Atomic Absorption
Spectroscopy) and the results are shown in Table 3.

Table 3. Metal content (mg/l) in eluates obtained after the leaching test
Cr Ni Pb Zn Fe Cu pH

ES dried at 110 °C 10,5 75 0,1 194 69 91 4,5

BP1 <0,01 <0,2 <0,5 <0,1 0,32 <0,1 7,7
BP2 <0,01 <0,2 <0,5 0,11 <0,3 <0,1 7,1
BP3 <0,01 <0,2 <0,5 <0,1 <0,3 <0,1 6,9
Allowed 0,05- 1| 0,04- | 0,05 - 4 —
concentrations* 1 1 1 0.4-5 / 0.2-5 13

* - EU Council Decision 2003/33/EC; first value refers to the “Inert” and second to the “Non-
hazardous” classification of materials

CONCLUSIONS

Following the principles of the circular economy, black Feo7Cr1303 pigments were obtained using
only the waste materials (electroplating sludge and Fe-rich wastes). The obtained products show no
leaching of toxic metals, have color comparable to those of commercial pigments and thus have
potential commercial application.

Acknowledgement

This research was supported by the Ministry of Education, Science and Technological Development
of the Republic of Serbia.

582



PHYSICAL CHEMISTRY 2021 K-17-P

REFERENCES

[1] W. Hajjaji M.P. Seabra, J.A. Labrincha, J. Hazard. Mater., 2011, 185, 619 - 625.

[2] G. Costa V.P. Della, M.J. Ribeiro, A.P.N. Oliveira, G. Monroés, J.A.Labrincha, Dyes and
Pigments, 2008, 77, 137 - 144.

[3] A. Devecerski, K. Kumri¢, J. Ili¢, R. Vujasin, M. Omerasevi¢, L. Slavkovié¢-Beskoski, L;j.
Matovi¢.14th Int. Conf. on Fundamental and Applied Aspects of Physical Chemistry, Belgrade,
2018, 809 — 812.

[4] A.P. Galvin J. Ayuso, J.R. Jiménez, F. Agrela, Waste Management, 2012, 32, 88 - 95.

583



