xC

PHYSICAL CHEMISTRY 2014

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

The Conference is dedicated to the
25. Anniversary of the Society of Physical Chemists of Serbia

September 22-26, 2014
Belgrade, Serbia



ISBN 978-86-82475-30-9

Title: PHYSICAL CHEMISTRY 2014 (Proceedings)

Editors: Z. Cupi¢ and S. Ani¢

Published by: Society of Physical Chemists of Serbia, Studenski 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” Priting and Publishing Company; 200 Copies;
Number of pages: 6+ 441; Format: B5; Printing finished in September
2014.

Text an 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 - Coppy priting

II



PHYSICAL CHEMISTRY 2014
12th 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

Boreskov Institute of Catalysis of Siberian Branch of the Russian Academy
of Sciences

Faculty of Physical Chemistry, University of Belgrade, Serbia

Institute of Chemistry Technology and Metallurgy,
University of Belgrade, Serbia

Vinca Institute, University of Belgrade, Serbia
Institute of General and Physical Chemistry, Serbia

Faculty of Pharmacy, University of Belgrade, Serbia

v



International Organizing Committee

Chairman: S. Ani¢ (Serbia)
Vice-chairman: M. Gabrovska (Bulgaria)

V. A. Sadykov (Russia)
Members:
N. Cvjeticanin (Serbia), S. N. Blagojevi¢ (Serbia), M. Dakovi¢ (Serbia), T. Grozdié
(Serbia), D. Jovanovic¢ (Serbia), M. Kuzmanovi¢ (Serbia), D. Markovi¢ (Serbia), J.
Markovié-Dimitri¢ (Serbia), B. Milosavijevi¢ (USA), M. Mojovi¢ (Serbia), N.
Ostrovski (Serbia), 1. Pasti (Serbia), M. Petkovi¢ (Serbia), A. Popovié-Bjeli¢
(Serbia), B. Simonovié (Serbia), D. Stanisavljev (Serbia), B. Sljuki¢ (Serbia), N.
Vukeli¢ (Serbia), V. Vukojevi¢ (Sweden)

International Scientific Committee

Chairman: Z. Cupié (Serbia)
Vice-chairmans: V. N. Parmon (Russia)

S. Rakovsky (Bulgaria)
Members:
B. Adnadevi¢ (Serbia), S. Ani¢ (Serbia), A. Antic-Jovanovié (Serbia), G. Bacié
(Serbia), A. Kelarakis (Greece), R. Cervellati (Italy), V. Dondur (Serbia), Ivan
Gutman (Serbia), S. D. Furrow (USA), K. Hedrih (Serbia), M. Jeremi¢ (Serbia), A.
V. Knyazev (Russia), Lj. Kolar-Ani¢ (Serbia), V. Kunti¢ (Serbia), Z. Markovié
(Serbia), S. Mentus (Serbia), S. Miljani¢ (Serbia), M. Peri¢ (Serbia), M. Plavsi¢
(Serbia), D. M. F. Santos (Portugal), G. Schmitz (Belgium), I. Schreiber (Czech),
P. Sevcik (Slovakia), B. C. Simionescu (Romania), N. Stepanov (Russia), D.
Todorovic¢ (Serbia), M. Trtica (Serbia), V. Vasié¢ (Serbia), D. Veselinovi¢ (Serbia)

Local Executive Committee

Chairman: S. Blagojevi¢
Vice-chairmans: A. Ivanovié-Sasié¢

Members:

P. Bankovi¢, N. Bosnjakovi¢, J. Dostanié, A. Peric, A. Ignjatovié, A. Jovié, N.
Jovic-Jovicié, D. Loncarevié, J. Krsti¢, J. Maksimovié¢, V. Markovic, M.
Milenkovié, S. Macéesié, V. Markovi¢, B. Nedié, N. Potkonjak, D. Rankovi¢, M.
Stevié, M. Zunié, M. Ristic,



PHYSICAL CHEMISTRY 2014 F-30-P

RADIATION STABILITY OF HYBRID COMPOSITES
BASED UREA-FORMALDEHYDE RESIN MODIFIED
WITH MICRO- AND NANO-TiO,

oo e r1 < r1 < sl
S. Samarzija-Jovanovi¢', V. Jovanovi¢', B. Petkovic',
G. Markovi¢? and M. Marinovi¢-Cincovié®

"Faculty of Natural Science and Mathematics, University of Pristina Lole
Ribara 29, 38220 Kosovska Mitrovica, Serbia (vojani@sbb.rs)
2Tigar, Nikole Pasica 213, 18300 Pirot, Serbia,

University of Belgrade, Institute of Nuclear Science Vinca, Mike
Petrovica Alasa 12-14, 11000 Belgrade, Serbia

ABSTRACT

The thermal stability of organic-inorganic composites prepared by a two-
stage polymerization of urea-formaldehyde resin (UF) with micro- and
nano-TiO; before and after irradiation has been investigated. Composites of
urea-formaldehyde and particles of TiO, of different size were synthesized,
namely: Composite I (UF+ micro-TiO,) and Composite 2 (UF + nano-
TiO;). The thermal stability of obtained materials was studied by non-
isothermal thermo-gravimetric analysis (TG), differential thermal
gravimetry (DTG) and differential thermal analysis (DTA). Hybrid
composites based on UF resin have been irradiated (50 kGy) and after that
their radiation stability was evaluated on the basis of thermal behavior. DTG
peaks of both composites are shifted to a higher temperature after
irradiation, but Composite 1 after irradiation shows less change in thermal
behavior than Composite 2.

INTRODUCTION

As a typical amino resin, UF resin adhesive possesses some advantages,
such as fast curing, good performance in the panel, water solubility, the non
toxicity of resin and resin products, the environmental compatibility of resin
bonded products and lower price [1]. High-energy radiation is a well-known
technique for modification of polymers. Radiation stability-resistance is the
ability of the polymer to retain irradiation despite initial chemical and
physical properties, macrostructure and microstructure,i.e. to avoid
crosslinking and/or degradation. However, little work concerning the effects
of y-irradiation on the thermal properties of modified UF resins has been
done. The goal of this work was to determine the radiation stability of the
synthesized micro- and nano-TiO,-based urea—formaldehyde composites
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based on their thermal behavior. The thermal behavior of two types TiO,-
based UF hybrid composites (unirradiated and irradiated) was investigated
using non-isothermal TGA, DTG and DTA.

EXPERIMENTAL

The following materials were used in the study reported here: Urea
(Alkaloid-Skopje, FYR of Macedonia); 35% formaldehyde (Unis-Gorazde,
Bosnia and Herzegovina); micro- and nano-TiO; (Sigma-Aldrich,
Germany). Two types of TiO,-based UF hybrid composites with
formaldehyde-to-urea (F/U) ratio of 0.8 were synthesized using the same
procedure [1]. Irradiations were performed in air in the Co-60 radiation
sterilization unit with the dose rate of 10 kGyh™ and the total absorbed dose
of 50 kGy. The thermal stability was investigated by non-isothermal
thermogravimetry (TG, DTA) using a Setaram Setsys Evolution 1750
instrument (France). Samples (6+£0.2 mg) were placed in alumina crucibles.
An empty alumina crucible was used as a reference. The samples were
heated from 30 to 600°C in a 20 cm’/min flow of argon atmosphere with a
heating rate of 10°C/min. The temperatures at maximum decomposition rate
were determined from the peak maxima of the DTG curves.

RESULTS AND DISCUSSION

The thermal behavior of unirradiated and irradiated hybrid composites based
on UF resins occurs in three and four main stages (Figure 1 and 2). The
mass loss at different temperatures is summarized in Table 1. The rate of the
thermal decomposition reaction before and after irradiation, shows more
than one maximum rate with temperature is increasing. This behavior
indicated that thermal decomposition of these resin passed through multiple
stages, depending on the state of decomposition and not on the components
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Figure 1. TGA (a) and DTG (b) curves of unirradiated and
irradiated hybrid composites based on UF resin.
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The first-step degradation occurs in the temperature region around 30-
140°C for all samples; and with a DTG peaks observed around 68-81°C and
81-84°C for wunirradiated and irradiated modified UF composites,

respectively, indicating water and formaldehyde evaporation.
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Figure 2. DTA curves of unirradiated and irradiated hybrid composites
based on UF resin

Table 1. DTG, DTA data of peak values, and total mass loss for
unirradiated and irradiated hybrid composites based on UF resin.

Dose of y- DTG E DTA . Total
. L ndothermic
Samples irradiation peak values cak values  ass loss
(kGy) (°C) P o) (%)
67.9 71.9
218.9%* 219.7*
0 265.0%* 264.9%* 548
335.8 327.7
Composite 1 68.5 72.8
217.3* 222.4%*
50 269.1%* 269.3* 57.6
339.8 324.2
441.1
81.4 82.5
0 259.5% 260.4* 55.2
334.4%* 330.4*
Composite 2 83.8 85.2
260.4* 261.4%*
>0 331.9* 323.3* 64.5
507.0 456.1

*overlapping peaks
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The minimum of the endothermic peak attributed to water evaporation
which comes to lower temperatures for Composite 1 than Composite 2.
Main mass loss happened in the second stage. In this stage degradation
occurs in the temperature region around 164-395°C for all samples. In
Figure 1 can be notes that the second and third degradation regions are
overlapped for all hybrid composites based on UF resins. In the DTA
measurements (Figure 2) the endothermic peak with minimum at 264.9,
260.5 for unirradiated UF resin composites and at 269.3, 261.4°C for
irradiated UF resin composites, respectively, is attributed to the degradation
of methylene ether bridges into methylene bridges and cross linking
reactions in the resins network [3]. Degradation of cured resin composite
begins the liberation of formaldehyde from dimethylene ether groups. This
kind of destruction can be regarded as post curing of resin composite, as
released formaldehyde participates in further reaction, finally giving more
stable methylene group.

The Composite I showed lower values for total mass loss (54.8 and
57.6%) than Composite 2 (55.2 and 64.5%) before and after irradiation,
respectively.

CONCLUSION

1. DTG peaks of both composites are shifted to a higher temperature after y-
irradiation.

2. After irradiation, Composite I shows minor changes in the thermal
properties compared with Composite 2, which indicates that the
Composite 1has more resistant to the effect of [irradiation
than Composite 2.

3. The total mass loss for Composite 1 is less than that of Composite 2.
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