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6t INTERNATIONAL ACADEMIC CONFERENCE
“CHEMISTRY & CHEMICAL TECHNOLOGY 2017”
(CCT-2017)

CONFERENCE CHAIR
Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University

CONFERENCE VICE-CHAIRS
Prof. V. SKOROKHODA
Director of the Institute of Chemistry and Chemical Technology, Lviv Polytechnic National University
Prof. Yo. YATCHYSHYN
Head of the Department of Analytical Chemistry, Lviv Polytechnic Nationa University

PROGRAM COMMITTEE

Prof. V. ATAMANY UK - Lviv Polytechnic National University

Prof. A. BADY DA — Warsaw University of Technology (Poland)

Prof. M. BRATYCHAK - Lviv Polytechnic National University

Prof. M. BURMISTR — Ukrainian State University of Chemical
Technology

Prof. B. DZINIAK — Lviv Polytechnic National University

Assoc. Prof. M. GAJADHUR — Warsaw University of Technology
(Poland)

Prof. 0.GRYNYSHY N — Lviv Polytechnic National University

Prof. J. HAPONIUK — Gdansk University of Technology (Poland)

Prof. Z. ZNAK — Lviv Polytechnic National University

Prof. G. CRAVOTTO — University of Turin (Italy)

Prof. V. NOVIKOV - Lviv Polytechnic National University

Dr. L. PANIWNYK — Sonochemistry Centre at Coventry
University (Great Britain)

Prof. Z. PIKH — Lviv Polytechnic National University

Prof. R. PETRUS — Rzeszow University of Technology (Poland)

Prof. V. REUTSKYY — Lviv Polytechnic National University

Prof. V. SERHEIEV — Lviv Polytechnic National University

Prof. V. SKLABINSKY| — Sumy State University

Prof. T. SOSNOW SK| — Warsaw University of Technology
(Poland)

Prof. V. STARCHEVSKYY — Lviv Polytechnic National
University

Prof. 0. SUBERLIAK — Lviv Polytechnic National University
Prof. W. SUPRUN - Leipzig University (Germany)

Prof. Ya. VAKHULA — Lviv Polytechnic National University
Prof. S. VORONOV - Lviv Polytechnic National University

ORGANIZING COMMITTEE

Dr. M. CHOBIT —research fellow, Lviv Polytechnic National
University

A. GAY ER —Warsaw University of Technology (Poland)

Dr.Z.GNATIV —lecturer, Lviv Polytechnic National University

Dr.R. GUMINILOVY CH - lecturer, Lviv Polytechnic National
University

Dr. O. DOBROVETSKA — lecturer, Lviv Polytechnic National
University

K.JABLCZYNSKA —Warsaw University of Technology (Poland)

Dr. O.VASHCHUK - senior lecturer, Lviv Polytechnic National
University

T. IVASHKIV —senior laboratory assistant, Lviv Polytechnic
National University

Dr. V.IVASIV —leading research fellow, Lviv Polytechnic
National University

Dr.|. KOVAL - associate professor, Lviv Polytechnic National
University

Dr. 1. KOSTIV —lecturer, Lviv Polytechnic National University

T. KHARANDI UK - postgraduate student, Lviv Polytechnic
National University

Dr.V.KRASINSKY'Y — associate professor, Lviv Polytechnic
National University

N. LAPYCHAK —junior research fellow, Lviv Polytechnic
National University

D. MUCHA —Warsaw University of Technology (Poland)

Dr. O. OROBCHUK - lecturer, Lviv Polytechnic National
University

Z. PALYKH - postgraduate student, Lviv Polytechnic National
University

L. PREDZYMIRSKA — Freiberg Mining Academy (Germany)

Dr.Vol. REUTSKYY - lecturer, Lviv Polytechnic National
University

Dr. A. ROLEWICZ-KALINSKA —Warsaw University of
Technology (Poland)

I. SHPYRKA — postgraduate student, Lviv Polytechnic National
University

P. WIERZBA — Warsaw University of Technology (Poland)

Ju. WESOL OW SK A —Warsaw University of Technology (Poland)

L. WERNER —Warsaw University of Technology (Poland)

CONFERENCE SECRETARY
Dr. R. NEBESNYY
Doctoral student, Lviv Polytechnic National University



4th INTERNATIONAL ACADEMIC CONFERENCE
“ENVIRONMENTAL PROTECTION, NATURAL RESOURCE
MANAGEMENT AND TOURISM 2017”
(EcoTour-2017)

£tn
CONFERENCE CHAIR
Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University
CONFERENCE VICE-CHAIR
Prof. 0. MOROZ
Director of Vyacheslav Chornovil Institute of Sustainable Devel opment

PROGRAM COMMITTEE

Dr. M. ALEKSANDER - State Higher Vocational School, Nowy Prof. H. KRACHUNOV - Technical University of Varna

Sacz (Poland) (Bulgaria)
Prof. A. BERKO — Lviv Polytechnic National University Prof. M. MALOVANYI — Lviv Polytechnic National University
Prof. G. DENAFAS — Kaunas University of Technology Prof. 0. NAHURSKY | — Lviv Polytechnic National University
(Lithuania) Prof. 1. PETRUSHKA — Lviv Polytechnic National University
Prof. V. DYACHOK - Lviv Polytechnic National University Prof. V. POHREBENNYK — Lviv Polytechnic National University
Prof. M. GONTA — Chisinau State University (Moldova) Prof. M. RYMAR - Lviv Polytechnic National University
Prof. Ya. GUMNYTSKYY — Lviv Polytechnic National University  Dr. 1. SALAMON — University of Presov (Slovakia)
Prof. S. KNYAZ — Lviv Polytechnic National University Dr. A. TEREBUKH — Lviv Polytechnic National University
Prof. O. KORDAS - Royal Institute of Technology, Stockholm
(Sweden)

ORGANIZING COMMITTEE

Dr. O. FEDORCHAK —junior lecturer, Lviv Polytechnic National Dr.A.HYVLYUD —junior lecturer, Lviv Polytechnic National
University University
Dr. V. SLIUSAR — Lviv Polytechnic National University

CONFERENCE SECRETARY
Dr.l. TUMCHYK
Junior lecturer, Lviv Polytechnic National University



7th INTERNATIONAL ACADEMIC CONFERENCE
“ELECTRIC POWER ENGINEERING & CONTROL SYSTEMS 2017”
(EPECS-2017)

&0

CONFERENCE CHAIR
Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University

CONFERENCE VICE-CHAIR
Prof. A. LOZYNSKYI
Director of Institute of Power Engineering and Control Systems, Lviv Polytechnic National University

PROGRAM COMMITTEE

Dr. R. FEDORYSHY N — Lviv Polytechnic National University
Dr. P. HOHOLIUK - Lviv Polytechnic National University
Prof. A. KUTSYK — Lviv Polytechnic National University

Dr. F. MATIKO — Lviv Polytechnic National University

Dr. 0. MAKARCHUK - Lviv Polytechnic National University
Prof. V. MOROZ - Lviv Polytechnic National University

Prof. S. RENDZINIAK — Lviv Polytechnic National University

Dr.T. RYMAR - Lviv Polytechnic National University

Prof. M. SEHEDA — Lviv Polytechnic National University

Prof. 1. SHCHUR — Lviv Polytechnic National University

Prof. Yu. VARETSKY I — Lviv Polytechnic National University

Prof. A. ZHURAKHIVSKY| — Lviv Polytechnic National
University

ORGANIZING COMMITTEE

Dr.Yu. BILETSKYI —senior lecturer, Lviv Polytechnic National
University

R. FERENSOVY CH — Ph.D. student, Lviv Polytechnic National
University

Dr. M. KUZNETSOV A- associate professor, Lviv Polytechnic
National University

N. RAVLYK —junior lecturer, Lviv Polytechnic National
University

Dr. M. SABAT — senior lecturer, Lviv Polytechnic National
University

A.VAKARCHUK - student, Lviv Polytechnic National University

Dr. A. YATSEIKO — associate professor, Lviv Polytechnic
National University

CONFERENCE SECRETARY
Dr.M.MARTYNYAK-ANDRUSHKO
Senior lecturer, Lviv Polytechnic National University



8t INTERNATIONAL ACADEMIC CONFERENCE
“GEODESY, ARCHITECTURE & CONSTRUCTION 2017”
(GAC-2017)

CONFERENCE CHAIR
Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University

CONFERENCE VICE-CHAIRS
Prof. Z.BLIKHARSKY!
Director of Institute of Building and Environmental Engineering, Lviv Polytechnic National University
Prof. B. CHERKES
Director of Institute of Architecture, Lviv Polytechnic National University
Prof. K. TRETYAK
Director of Institute of Geodesy, Lviv Polytechnic National University

PROGRAM COMMITTEE

Dr.V.CHERNYUK - Lviv Polytechnic National University

Prof. 0. DOROZHYNSKY| — Lviv Polytechnic National
University

Prof. A. DRBAL — Research Institute of Geodesy, Topography and
Cartography, Zdiby (Czech Republic)

Prof. Y. DYBA — Lviv Polytechnic National University

Dr. B. GOY - Lviv Polytechnic National University

Prof. W. HEGER — University of Applied Sciencesin
Neubrandenburg (Germany)

Prof. A. HOFER - Vienna University of Technology (Austria)

Prof. Ye. KHARCHENKO — Lviv Polytechnic National University

Dr. P. KHOLOD - Lviv Polytechnic National University

Dr. S. PERIY — Lviv Polytechnic National University

Prof. L. PEROVY CH — Lviv Polytechnic National University
Prof. V. PROSKURYAKOQV - Lviv Polytechnic National
University
Prof. M. SANYTSKY'Y — Lviv Polytechnic National University
Dr. S. SHAPOVAL - Lviv Polytechnic National University
Prof. Z. SIEJKA — University of Agriculture in Krakow (Poland)
Prof. S. SOLODKY'Y — Lviv Polytechnic National University
Dr. R. SOSSA — Lviv Polytechnic National University
Prof. 1. TREVOHO - Lviv Polytechnic National University
Prof. A. TSERKLEVY CH — Lviv Polytechnic National University
Prof. F. ZABLOTSKY | — Lviv Polytechnic National University
Prof. V. ZHELYKH - Lviv Polytechnic National University

ORGANIZING COMMITTEE

S. DOSKICH - Ph.D. Student, Lviv Polytechnic National University Dr. A. KOLOMYEYTSEV —junior lecturer, Lviv Polytechnic

M. DUMA - Ph.D. Student, Lviv Polytechnic National University
D. KEREUSH — Ph.D. Student, Lviv Polytechnic National
University

National University

V.LOZYNSKY| —senior laboratory assistant, Lviv Polytechnic

National University

Dr. S. SHAPOVAL - lecturer, Lviv Polytechnic National University

CONFERENCE SECRETARY
Dr.l.SAVCHYN
Junior lecturer, Lviv Polytechnic National University



6t INTERNATIONAL ACADEMIC CONFERENCE
“MECHANICAL ENGINEERING,
MATERIALS SCIENCE, TRANSPORT 2017~
(MEMST-2017)

CONFERENCE CHAIR

Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University

CONFERENCE VICE-CHAIR
Prof. O. LANETS
Director of Institute of Engineering Mechanics and Transport, Lviv Polytechnic National University

PROGRAM COMMITTEE

Prof. J. BUREK — Rzeszow University of Technology (Poland)

Prof. 1. HRYTSAI — Lviv Polytechnic National University

Prof. H. HUDZ — Lviv Polytechnic National University

Prof. 1. HUREI — Lviv Polytechnic National University

Prof. A. DZIUBYK - Lviv Polytechnic National University

Prof. Z. DURIAHINA — Lviv Polytechnic National University

Prof. Ye. FORNALCHYK — Lviv Polytechnic National University

Prof. B. KINDRATSKY | — Lviv Polytechnic National University

Prof. L. KRAINYK — Lviv Polytechnic National University

Prof. 1. KUZY O — Lviv Polytechnic National University

Prof. V. MALASHCHENKO — Lviv Polytechnic National
University

Prof. |. ROZHANKIVSKYI| — University of Technology and Life
Sciences in Bydgoszcz (Poland)

Prof. B. SOKIL —Hetman Petro Sahaidachny National Army
Academy

Prof. Z. STOTSKO — Lviv Polytechnic National University

Prof. M. STUDENT — Karpenko Physico-Mechanical Institute of
the National Academy of Sciences of Ukraine

Prof. 1. VIKOVY CH — Lviv Polytechnic National University

Prof. 1. ZIN — Karpenko Physico-Mechanical Institute of the
National Academy of Sciences of Ukraine

ORGANIZING COMMITTEE

Dr. M. AFONIN - assistant professor, Lviv Polytechnic National
University

Dr. V. GUREY - senior lecturer, Lviv Polytechnic National
University

Dr. P. DMYTERKO - assistant professor, Lviv Polytechnic
National University

Dr.1.HOMY CH - assistant professor, Lviv Polytechnic National
University

T. KOVBASYUK - Ph.D. student, Lviv Polytechnic National
University

Dr.Yu. NOVITSKY| — assistant professor, Lviv Polytechnic
National University

Dr. T. POSTRANSKY | — assistant professor, Lviv Polytechnic
National University

Dr. A.VOYTOVY CH - assistant professor, Lviv Polytechnic
National University

CONFERENCE SECRETARY
Dr.V.KORENDIY
Junior lecturer, Lviv Polytechnic National University



6th INTERNATIONAL ACADEMIC CONFERENCE
“ECONOMICS & MANAGEMENT 2017”
(EM-2017)

CONFERENCE CHAIR
Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University

CONFERENCE VICE-CHAIRS
Prof. N. CHUKHRAY
Vice Rector for Research of Lviv Polytechnic National University
Prof. 0. KUZMIN
Director of Institute of Economics and Management, Lviv Polytechnic Nationa University

PROGRAM COMMITTEE

Prof. 1. ALEKSEYEV — Lviv Polytechnic National University

Dr. Yu. DANKO - Sumy National Agrarian University

Dr. A. DZIUBINSK A — University of Economics in Katowice
(Poland)

Dr. A. JANISZEW SK| — University of Economicsin Katowice
(Poland)

Prof. P. ILCHUK - Lviv Polytechnic National University

Prof. H. ZAKHARCHY N — Lviv Polytechnic National University

Prof. A. ZIELINSK A —Wroclaw University of Economics (Poland)

Prof. O. KARY| — Lviv Polytechnic National University

Prof. V. KOZYK — Lviv Polytechnic National University

Dr. Yu. KRASHCHENKO - Poltava V. G. Korolenko National
Pedagogica University

Prof. Ye. KRYKAVSKYI — Lviv Polytechnic National University

Dr. O. LAIKO - Institute for Market Problems and Economic—and—
Ecological Research of the National Academy of
Sciences of Ukraine

Prof. 0. MELNYK — Lviv Polytechnic National University

Dr. Yu. MY SKIN — National University of State Tax Service of
Ukraine

Prof. O. PYROH - Lviv Polytechnic National University

Prof. N. PODOLCHAK - Lviv Polytechnic National University

Prof. Zh. POPLAV SKA — Lviv Polytechnic National University

Prof. M. SOKOLOVICH - University of Lodz (Poland)

Prof. 1. YAREMKO — Lviv Polytechnic National University

ORGANIZING COMMITTEE

A.BOICHUK — Ph.D. student, Lviv Polytechnic National
University

Dr. L. BONDARENKO — senior lecturer, Lviv Polytechnic
National University

O. DUMA —junior lecturer, Lviv Polytechnic National University

Yu. KULYNIAK —junior lecturer, Lviv Polytechnic National

S. MALIBRODA — student, Lviv Polytechnic National University

Dr. A. PANCHENKO - associate professor, Lviv Polytechnic
National University

Dr. O. RUSANOV SKA —junior lecturer, Lviv Polytechnic
National University

Dr.T. SKLIARUK - associate professor, Lviv Polytechnic

University National University
Dr.|. LEKH —senior lecturer, Lviv Polytechnic National T. SHCHERBATA —junior lecturer, Lviv Polytechnic National
University University
Dr.Ya MAKSYMCHUK —junior lecturer, Lviv Polytechnic Dr.R. VILHUTSKA —junior lecturer, Lviv Polytechnic National
National University University
CONFERENCE SECRETARY

Dr.l. KULYNIAK
Associate professor, Lviv Polytechnic National University
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Dr.L. KLYMANSKA —Lviv Polytechnic National University

7th INTERNATIONAL ACADEMIC CONFERENCE
“HUMANITIES AND SOCIAL SCIENCES 2017”
(HSS-2017)

CONFERENCE CHAIR
Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University

CONFERENCE VICE-CHAIR
Prof. Ya. TURCHYN

Director of Institute of Humanities and Social Sciences, Lviv Polytechnic National University

PROGRAM COMMITTEE

Dr.H. LUTSYSHYN — Lviv Polytechnic National University Prof. P. VERBY TSKA — Lviv Polytechnic National University
Prof. N. MUKAN — Lviv Polytechnic National University Dr.H. VOZNIUK - Lviv Polytechnic National University
Prof. A. PELESCHY SHYN — Lviv Polytechnic National
University
ORGANIZING COMMITTEE
Dr.V.BANAKH —junior lecturer, Lviv Polytechnic National Dr. O. IVASECHK O - associate professor, Lviv Polytechnic
University National University
Dr. O. BEREZKO - associate professor, Lviv Polytechnic National ~ Dr. |. KHOM A — associate professor, Lviv Polytechnic National
University University
Dr. L. DOROSH - associate professor, Lviv Polytechnic National Dr.R. MELNYK —senior lecturer, Lviv Polytechnic National
University University
Dr. L. FEDORIV —junior lecturer, Lviv Polytechnic National Dr. N. VOVK —junior lecturer, Lviv Polytechnic National
University University
Dr. B. HURII —junior lecturer, Lviv Polytechnic National
University
CONFERENCE SECRETARY

Dr.Ya. LYSEIKO
Senior lecturer, Lviv Polytechnic National University

Prof. V. PETRUSHENKO — Lviv Polytechnic National University

11



9th INTERNATIONAL ACADEMIC CONFERENCE
“COMPUTER SCIENCE & ENGINEERING 2017”
(CSE-2017)

CONFERENCE CHAIR
Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University

CONFERENCE VICE-CHAIRS
Prof. D. FEDASY UK
Vice-Rector for Undergraduate Education, Lviv Polytechnic National University

Prof. P. KALENY UK

Director of Institute of Applied Mathematics and Fundamental Sciences, Lviv Polytechnic National University

Prof. M. MEDYKOVSKIY
Director of Institute of Computer Sciences and Information Technologies, Lviv Polytechnic National University
Prof. M. MYKYICHUK
Director of Institute of Computer Technologies, Automation and Metrology, Lviv Polytechnic Nationa University
Prof. I. PRUDIUS
Director of Institute of Telecommunications, Radioelectronics and Electronic Engineering, Lviv Polytechnic Nationa University

PROGRAM COMMITTEE

Prof. R. BUN — Lviv Polytechnic National University Prof. V.LYTVYN — Lviv Polytechnic National University

Prof. R. BUCKI| — Academy of Computer Science and Management  Prof. V. MAKSYMOVY CH — Lviv Polytechnic National
(Bielsko-Biata, Poland) University

Prof. V. DUDYKEVY CH — Lviv Polytechnic National University Prof. B. MANDZIY — Lviv Polytechnic National University

Prof. R. DUNETS - Lviv Polytechnic National University Prof. F. MARECKI — Academy of Computer Science and

Prof. P. ZHEZHNY CH — Lviv Polytechnic National University Management (Bielsko-Biata, Poland)

Prof. M. BASKONUSH HASI — University of Munzur (Turkey) Prof. A. MELNYK — Lviv Polytechnic National University

Prof. G. ILCHUK — Lviv Polytechnic National University Prof. Z. MYKYTYUK — Lviv Polytechnic National University

Prof. G. JAGER — lImenau University of Technology (Germany) Prof. A. PELESCHY SHY N — Lviv Polytechnic National

Prof. K. KALINOWSK| — Silesian University of Technology University
(Poland) Prof. Yu. RASHKEVY CH — Lviv Polytechnic National University

Prof. J. KALUSKI — Silesian University of Technology (Poland) Prof. Ya. SAVULA —lvan Franko National University of Lviv

Prof. A. KOWALCZYK — Rzeszow University of Technology Prof. K. SOLOVYOVA — Kharkiv National University of Radio
(Poland) Electronics

Dr.H. KLYM —Lviv Polytechnic National University Prof. P. STOLYARCHUK - Lviv Polytechnic National University

Prof. 0. LEVCHENKO - Lviv Polytechnic National University Prof. S. UBIZSKIY — Lviv Polytechnic National University

Prof. M. LOBUR - Lviv Polytechnic National University Prof. G. TSEGEL YK — Ivan Franko National University of Lviv

Prof. Ya. LUTSYK — Lviv Polytechnic National University

ORGANIZING COMMITTEE

Dr. O. BEREZK O - associate professor, Lviv Polytechnic National ~ Dr. V. ROMANCHUK - associate professor, Lviv Polytechnic

University National University
O. BASYSTIUK - student, Lviv Polytechnic National University Dr. O. STRIAMETS- lecturer, Lviv Polytechnic National
Dr. F. IVASHCHUSHUN - associate professor, Lviv Polytechnic University

National University I.ZAVUSHCHAK - lecturer, Lviv Polytechnic National University
Dr. Yu. KOSTIV —associate professor, Lviv Polytechnic National

University

CONFERENCE SECRETARY
Z.RYBCHAK

Ph. D. student, Lviv Polytechnic National University

12



4th INTERNATIONAL ACADEMIC CONFERENCE
“LAW AND PSYCHOLOGY 2017
(LPS-2017)

CONFERENCE CHAIR
Prof. Yu.BOBALO
Rector of Lviv Polytechnic National University

CONFERENCE VICE-CHAIR

Prof. V. ORTYNSKYJ
Director of Institute of Law and Psychology, Lviv Polytechnic National University

PROGRAM COMMITTEE

Prof. N. BORTNYK - Lviv Polytechnic National University Prof. N. KOVALCHUK - Lviv Polytechnic National University
Prof. M. CHMIEL — State Central School of Fire Servicein Prof. V. MAKARCHUK — Lviv Polytechnic National University

Chestohow (Poland) Prof. 0. OSTAPENKO — Lviv Polytechnic National University
Prof. T. HARASYMIV - Lviv Polytechnic National University Dr. 1. PANYONKO - Lviv Polytechnic National University
Prof. 0. HUMIN — Lviv Polytechnic National University Prof. S. SLYVKA — Lviv Polytechnic National University

Prof. Y. KOZLOVSKYJ — Lviv Polytechnic National University Prof. M. VARIJ — Lviv Polytechnic National University
Prof. 0. KUZNET SOVA — Lviv Polytechnic National University

ORGANIZING COMMITTEE

Dr.T.BACHYNSKYI — Lviv Polytechnic National University Dr. O. OSTAPENKO - Lviv Polytechnic National University
Dr. O. BARABASH — Lviv Polytechnic National University Dr.H. RYMARCHUK - Lviv Polytechnic National University
Dr.O. CHORNOBAI — Lviv Polytechnic National University Dr.l. TATSYSHYN — Lviv Polytechnic National University

Dr. 1. KHOMYSHYN — Lviv Polytechnic National University Dr.1.ZABOKRYTSKY! — Lviv Polytechnic National University

Dr. N. LESKO — Lviv Polytechnic National University

CONFERENCE SECRETARY
Dr.R. RADEYKO
Junior lecturer, Lviv Polytechnic National University

13



7th INTERNATIONAL YOUTH SCIENCE FORUM
“LITTERIS ET ARTIBUS”

LITITERIS

ET
ARTIBUS

Y

HEAD OF ORGANIZING COMMITTEE
Prof. N. CHUKHRAY
Vice Rector for Research, Lviv Polytechnic Nationa University

ORGANIZING COMMITTEE

Prof. A. BADY DA — Warsaw University of Technology (Poland)

Dr. O. DUMA —junior lecturer, Lviv Polytechnic National
University

Dr. M. GAJADHUR —Warsaw University of Technology (Poland)

Dr.F.IVASHCHYSHY N — associate professor, Lviv Polytechnic
National University

Dr. A. KOLOMIEYTSEV —junior lecturer, Lviv Polytechnic
National University

Dr.V.KORENDIY —junior lecturer, Lviv Polytechnic National
University

Dr. Yu. KOSTIV — associate professor, Lviv Polytechnic National
University

L. KOVALYK — Lviv Polytechnic National University

Dr.l. KULYNIAK — associate professor, Lviv Polytechnic
National University

Dr. . LEKH —junior lecturer, Lviv Polytechnic National University

Dr. Ya.LYSEIKO —senior lecturer, Lviv Polytechnic National
University

M. MALSKI-BRODZICKI — Foundation for Y oung Scientists
(Poland)

Dr. M. MARTYNIAK-ANDRUSHKO — senior lecturer, Lviv
Polytechnic National University

Dr. R. NEBESNY | —doctoral student, Lviv Polytechnic National
University

Dr. M. ODZIOMEK —Warsaw University of Technology (Poland)
Dr. 0. OROBCHUK —junior lecturer, Lviv Polytechnic National

University

Dr. B. POLISHCHUK - junior lecturer, Lviv Polytechnic National
University

Dr. R. RADEYKO — junior lecturer, Lviv Polytechnic National
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Abstract — developed of a method for producing structured
waterproof films based on polyvinyl alcohol (PVA) and
montmorillonite-polyvinylpyrrolidone mixture (MPM) to
research the impact of borax, pH-environment and MPM
content on the rheological properties PVA solutions and water
absorption capacity of films based on them. The MPM mixture
significantly affects on viscosity the characterigtics of the
solution polyvinyl alcohol provided their mixing in the
ultrasonic field have been established. Composition of traces
of sodium tetraborate in the aqueous solution eminent by the
highest rates of viscosty. Also, designed compositions
consderable influence pH at the viscosity, particularly
compositions obtained in weakly alkaline environment with
higher values of relative viscosity than compositions obtained
in neutral and acidic environments.

Keywords —  polyvinyl  acohol,  montmorillonite-
polyvinylpyrrolidone mixture, modifier, viscosity, exploitation
characteristics, borax, heat treatment, film.

l. Introduction

Polyvinyl alcoha (PVA) usad in indugtrid, commercial,
hedlthcare and food sectors and used for the production of
many end products such as varnishes, resins, surgical thread
and food packaging materials, which are often in contact
with food. This polymer is widdy used for blending with
other polymersto improve the mechanical properties of films
obtained through joint structure and hydrophilic properties
[1]. PVA is dso widey used to produce nanocomposte
materials, in particular based on aluminogilicate

Currently, the focus in the fidd of layered-Slicate
nanocompostes of polymer are paying a high leve of
exfoligion nanoscde patides in a polymer matrix that
determines achieve high perfarmance propeties Therefore,
the actua problem is the sdection of effective organic
modifierslayered slicate that provide high adhesion filler with
a polymer matrix. In this aspect, condgderable interest is the
study of the effect of various organic clay of the structure and
properties of nanocomposites obtained, the nature of which is
nat yet fully understood [2]. |dentifying these patterns dlow to
expend control over the gructure and predict the properties of
composite maerials basad organic day.

Il. Analysis of recent research

One of the promising directions of polymer science and
materials science in recent years is getting organic-inorganic
polymer nanocomposites that have a predetermined st of
properties [3]. Nanocomposites combine such chemical,
physical and mechanical properties that can not be achieved
with the introduction of inorganic fillers of macro or
microscopic sructure.

Intercalation inorganic polymers in laminated materials
such as day minerds—apromising new method of obtaining
organic-inorganic nanogtructures — supramolecular sructures
with gpecific molecular structure [4, 5]. Such an approach
causng multifaceted interest. Firgly, there is the practical
ability to create layered nanocompostes. Secondly, it is
important specificity intercalation and its manifestation in
acquiring sysems improved physica and chemica
properties. Furthermore, the study of these products can
provide important information about the nature of chemical
interactions in them, specific adsorption of polymers on
nanoscal e particles and so on. Unfilled polyvinyl acohal has
aglasstrangtion temperature of 70 °C and amdting point of
225 °C. Tofully intercalated materials (in which all polymer
intercalated in the interlayer space of montmorillonite) based
on PVA DSC results do not show any signs of Interphase
temperature transitions between 35 °C and 259 °C.

Nanocomposites PVA/MMT has a high light transmisson
even in the filler content, sufficient for the formation of
layered nanocomposites. This is due to the dispersion of
particles in a matrix layered dlicate cover the nanoscale
Good light trangmisson alows using nanocomposite
materials PVA/MMT for manufacturing paper coating
smultaneoudy with unfilled PVA (which is used now). The
presence of MMT particles does not affect the permesbility
of the composte for the vishle spectrum (waveength
400-700 nm), so there is a high light transmisson
characterigtic of unfilled PVA [6], but Sgnificantly increases
atmospheric stahility.

Previous research has devel oped a method to obtain water-
soluble films based on PVYA and and montmorillonite-
polyvinylpyrrolidone mixture (MPM), sudied ther
performance properties [6-7]. The aim of this sudy was to
devdop a method of producing structured water resistant
films based on poyvinyl acoha (PVYA) and
montmorillonite-palyvinylpyrrolidone mixture, investigate
theimpact of borax, MPM content and pH on the rheological
properties of PVA solutions,

[1l. Research Methods

PVA SUNDY 088-20 by Chinese company "Sinopec
Sichuan Vinylon Works' (PVA 088-20 — 23 mPa:s) used
for obtaining films. Prepared 8% solution of PVA in
water and buffer solution with pH 4.4 and 7.9.
Dissolution was performed at 60 °C using a magnetic
stirrer. To the PVA resulting solution was added MPM in
an amount that the ratio of elementary units of PVA to
elementary parts PVP system was 16:1, 12:1, 8:1. The
resulting mixture was treated with ultrasonic waves of a
frequency of 22 kHz on the machine "Volna UZTA
0.4/22 OM" for 3 minutes. Then the mixture was poured
into special molds to produce films with plastic lining (to
facilitate removal of the finished films form) and air-dried
at room temperature. Finished films separated from the
form and subjected to heat treatment strove at a
temperature of 150 °C for 30 minutes (fig. 1).

Viscosimeteria study of aqueous solutions of PVA was
performed using capillary viscometer (capillary diameter —
0.56 mm). Research performed at 25+0,1 °C.
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A
a) b)
Fig. 1. Samples of films PVA: MPM =12:1
a— after heat treatment at 150 °C; b — after the extracts in water
for 24 hours

V. Results and discussion

For research were used compositions based on PVA
and MPM (PVP-MMT = 5:1) ratio of the number of
elementary units of PVA to the number of PVP
elementary units in and montmorillonite-polyvinyl pyrro-
lidone mixture as 12:1.

The introduction of modifiers delivered in the
processing solutions ultrasonic waves for 3 minutes
because this method of mixing ensures satisfactory
distribution of particles in the composition.

The lowest values of intringic viscosity regardiess of
environment marked by pure PVA solutions. The
introduction of MPM to PVA solution leads to higher
viscosity of compositions which can be explained by
physical interaction of montmorillonite-polyvinylpyrro-
lidone mixture of polymer macromolecules in solution
under the influence of ultrasound (evidenced by a dight
change of color compositions).

It is logical that the highest viscosity solutions are
characterized by compositions with traces of sodium
tetraborate resulting from the formation of intermolecul ar
chelate compounds by interaction of the -hydroxyl of
PV A groups with borate-ions.

Significant effect of pH on the viscosity of the solution
of compositions. The lowest values observed intrinsc
viscosity of the composition obtained in a neutra
environment. Viscosity similar solution compositions in
alkaline and acidic environments, virtually the same and
is significantly higher.

With aim to determine the permeability and degree of
structuring films based on modified PVA investigated
their water absorption in cold water. Without treating all
the films based on modified PVA dissolved in water
independently of pH in which they are received. After
heat treatment at 150 °C for 30 minutes film based on
modified PVA only swell in water but not dissolved.
From Table 4 we see that the lowest water absorption of
film observed PVA:MPM = 12:1, produced in an acidic
environment, which correlates well with the results of the
mechanical strength of the films [7]. Thus, water
absorption of films obtained in acidic medium, 2.5 times
lower than the films obtained in a neutral environment.
The films based compositions obtained in an alkaline
environment aso characterized by reduced water
absorption, but after treating they dightly yellow, which
may indicate partial destruction of PVA. It is also worth
noting that films based on PVA modified MPM

characterized by lower water absorption than films based
on PVA modified pure MMT. So the best environment to
produce structured films based on modified PVA isacidic
buffer  solution, a modifier — MPM ratio
PVAIMPM = 12:1 (the number of dementary units of
PVA to PVP).

Conclusion

Thus, experimental studies found that montmorillonite-
polyvinylpyrrolidone mixture significantly affects the
characteristics of the solution viscosity polyvinyl alcohol
provided their mixing in the ultrasonic field. Composition
of traces of sodium tetraborate in the aqueous solution of
the highest rates of viscosity. Also on the viscosity of
designed compositions, pH environment commits
considerable influence, especially composition obtained
in weakly alkaline environment with higher values of
relative viscosity than compositions obtained in neutral
and acidic environments. Simultaneoudly, water
resistance and mechanical properties of films obtained in
an acidic environment is best. The optima from the
standpoint of durability and water resistance is a
composition of PVA:MPM=12:1 and depending on the
content as MPM and pH characterigtics of films based on
PVA can be adjusted over a wide range, which would
expand the scope..
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Abstract — Cross-linked hydrogels containing metal cations
were synthesized via radical copolymerization of hydrophilic
monomers and nanocomposite hydrogels were obtained on
their basis using in situ sol-gel synthesis of semiconductor
nanocrystals directly in hydrogel matrices. The influence of
metal ions onto copolymerization kinetics and hydrogel cross-
linking degree was studied. It was shown that nanocrystal size
dependsto alarge extent on the density of hydrogel network.
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[. Introduction

In  recent years, nanocomposites based on
semiconductor nanoparticles (NP) and polymeric matrices
of various nature are attracting many researchers, since
they can serve as substitutes for organic substances in
optoelectronic devices, biological indicators, etc [1, 2].
Despite the existence of a number of methods for the
formation of nanocomposite materials, the devel opment
of science and technology requires the creation of simple
and accessible methods of obtaining polymer-mineral
composites with improved characterigics. Among them,
sol-gel methods of synthesis of mineral nanoparticles in
conditions of limited growth of crystals in polymer
matrices, which allow controlling the shape, size, size
distribution of nanoparticles have attracted increasing
attention.

Il. Experimental

Synthesis of crosslinked hydrogels based on
acrylamide (AcAm) and acrylic acid (AA) as polymer
matrice was carried out by radical copolymerization in
water at 333K in the presence of meta salt
Cd(CH3COQ),. Structura agent N,N'-methylene-bis-
acrylamide (MBA) (0.5-2% per monomers) was used to
obtain structured hydrogels. The resulting hydrogels were
placed in a desiccator over 10% agueous NaS solution
for 6 hours at 333 K. Due to the interaction of Cd®* ions
incorporated in the hydrogel with the gaseous H,S CdS
nanocrystals (NC) were formed in the hydrogel .

The €agtic properties (compression ability) of
structured hydrogel s were determined as follows: samples
of obtained hydrogels (cylinders with a diameter of 9 mm
and a height of 10-12 mm) were placed under press. The
height of the sample at different loads was measured.
Rel ative deformation was determined by the equation:

€ = ((Nin- Neompr)/in) -100%

where h;, is the height of a sample of a hydrogel

without aload, heompr 1S the height of the loaded sample.

Optical spectra of nanocomposite hydrogels were
obtained using Specord-M40 spectrophotometer. The size
of the CdS NC (D, nm) synthesized in the hydrogel was
determined from absorption maximum values in optical
spectra of samples of hydrogels (cylinders with a
diameter of 9 mm and height of 2 mm) using the
equation:

D=-6,652140°% 3+1,9557:40"*% 2-9,2352:40%% +13,29

where | is the wavelength of the adsorption maximum
in the absorption spectrum.

[1l. Results and Discussion

The results of the study of copolymerization kinetics
indicate (Fig. 1) that in the case of introduction of 10%
cadmium acetate into reaction mixture the rate of
copolymerization of acryl amide with acrylic acid
decreased by 30-50%. And further increase of metal salt
concentration up to 25% has a little effect on the kinetics
of the process.

100
80+
60 )
2
UJ— 404 u CCd(AC)2=O%
[ CCd(AC)2=10%
204 © CCd(AC)2=25%
0 T T T T T
0 500 1000 1500 2000 2500
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Fig. 1. Kinetics of copol ymerization of AcCAm with AA at
different content of precursor Cd(Ac),. [AcAm]: [AA] = 90: 10

The gel-fraction value of copolymers obtained in the
presence of cadmium acetate was lower than in the case
of its absence and was equal to 58-66% depending on
MBA content. Taking into account that metal salt
introduction decreased copolymerization rate one can
conclude that cadmium acetate inhibited radical reaction
of polymerization and cross-linking.
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< 404 m 10% Cd(Ac)2
= A 25% Cd(Ac)2
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‘@ 30+
(%]
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Fig. 2. Dependence of relative compression of p(ACAmM-AA)
hydrogel s containing Cd?* ions on Cd (Ac), concentration
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The curves of relative compression dependency of
hydrogels containing Cd ions on load (Fig. 2) have classic
look like those obtained for hydrogels without metal ions.
But absolute values are essentially higher and increase
with the increase of salt content that witness in favor of
assumption about inhibiting influence of Cd(Ac), on the
process of hydrogel polymer cross-linking

As a result of the treatment of hydrogels containing
Cd** ions with gaseous hydrogen sulfide CdS
nanocrystals were formed in the volume of hydrogd that
was proved by the change of sample color from colorless
to yellow (Fig. 3). The color intensity increased with the
growth of the concentration of cadmium acetate in initial
reaction mixture

Fig. 3. Samples of structured poly(AcAm-AA) hydrogels filled
with CdS nanoparticles (Cd(Ac), = 25% (left), 10% (right))

Optical spectra of filled hydrogels proved the formation
in them of CdS nanocrystals — the absorption bands in the
range of 425-460 nm are present in spectra that
corresponds to nanocrystal size of 4.3-5.7 nm (Table 1).
Besides, with the increase of crosslinking agent
concentration (i.e. enhancement of curing degree of
hydrogels) we observed hypsochromic shift of absorption.
The shift of this peak into the range of higher energiesis
caused by quantum-size effect of CdS NC and witnesses
about the decrease of the size of nanocrystals embedded
into hydrogel.

TABLE 1

DePENDENCE OF CDSNC SIZE ON CONCENTRATION OF CROSS-
LINKERMBA AND CD(AC), PRECURSOR

MBA content, % CCd(Ac)Z, I - Dye, M
%
0,5 10 437,3 4,7
0,5 25 445 51
1,0 25 440 4,9
2,0 10 4254 4,3

The values of relative compression for hydrogd with
CdS nanoparticles are essentially higher than that for
hydrogels with metd ions only (Fig. 4). On our point of
view it can be due to the breaking at the formation of CdS
NC of the salt and coordination bonds between Cd** ions
and polar carboxylic groups of acrylic acid which aso
participate in the formation of 3D network. After breaking
of these bonds the rigidity of mesh structure decreased

significantly that caused the ability of hydrogels to
compression.

o 701
S 60-
S
$ 50-
o
o 40_
£
8 30
()
= 204 = 0,5% MBA
5 —0—2,0% MBA
(0] i
© 10
O T T T T
0 4000 8000 12000 16000
P, Pa

Fig. 4. Dependence of relative compression of p(ACAmM-AA)
hydrogel s containing CdS NC on MBA concentration

But at the same time such samples are elastic and after
unloading restored their size and shape (Fig. 5).

Fig. 5. Samples of p(AcAm-AA) hydrogel with CdS NC before
loading (a); under pressure P=16,5 kPa (b),
after unloading (c)

Conclusion

Thus, crosslinked nanocomposite hydrogels with
embedded semiconductor nanocrystals were obtained via
insitu synthesis of CdS nanocrystalsin hydrogel polymer
matrices. Studies of copolymerization kinetics indicate
that the introduction of Cd** salt into monomer mixture
reduces the rate of copolymerization and degree of
hydrogel crosdinking. It is shown that the size of
semiconductor nanocrystals is largely determined by the
density of the hydrogel network. The formation of CdS
NC leads to reduction in the giffness of hydrogels due to
the destruction of salt and coordination bonds between
Cd?* and the polar functional groups of copolymers.
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Abstract — It is proposed to carry out treatment of
wastewaters, containing of aromatic compounds, in particular
benzene, in cavitation fields. The results of gtudies of the
cavitational decomposition of benzene under isothermal
conditions (at temperatures 303, 313 and 323 K) are presented.
The extremal characterof the dependence of the degree of
decomposition of benzene from temperature with a minimum
of 313 K is edablished. An abnormal appearance of the
dependence is explained by possibility of occurrence of
secondary processes , namely the formation of gas bubbles of
nanometer sizes (babstons) and their clugters, which have high
mechanical resistance and diffusivityy, and also on the basis of
the kinetic theory of Frenkel's fluid.Recommendations for the
implementation of the benzene decomposition process in
cavitation fields are formulated on the basis of the results of
experimental studies.

Keywords — cavitation fields, decomposition, benzene,
ultrasoni c magnetostrictive emitter, stationary treatment mode.

[. Introduction

Benzene and its derivatives (toluene, phenol, etc),
dispersed and emulsified in agueous media, are the main
pollutants of sewage from chemica enterprises and, in
particular, petrochemicals. They suppress the respiratory
activity of hydrobionts and lead to changes of kind and
trophic structure of biogeocoenoses.  Processes of
oxidation of aromatic compounds are actively used for the
trestment of such wastewaters. The effectiveness of
oxidation of inorganic (sodium sulfite) and organic
(phenal, cresol, toluene) compounds in cavitation fields
has been confirmed by numerous studies [1-3]. As aresult
of the sonolysis of water molecules in cavitation fields,
highly reactive compounds (atomic oxygen, hydroxyl
radicals, ozone, etc.) are formed which have properties of
oxidants-destructors. Thus, it has been established that
benzene, which is contained in an agueous medium, in the
presence of atomic Oxygen decomposes with the
disclosure of the benzenering [3].

The purpose of the research was to study the process of
decomposition of benzene in cavitation fields under
isothermal conditions.

Il. Research results

Investigation of the benzene decomposition in
cavitation fields under isothermal conditions was carried
out on the example of an imitation system of wastewater
containing benzene, mol C6H6 / m3 H20ditilled: for 303
K —8.37; for 313 K — 7.26; for 323 K — 6.63. Ultrasonic
Magnetostrictive Emitter "Ultrasonic Disintegrator UD-
20" was used as a cavitation generator. The mode of
cavitation treatment is stationary, that means that process
parameters, such as the frequency of ultrasonic
oscillations and the specific power of the ultrasound
generator, are constant over time and equal respectively
22 kHz and 68 kW / m® The duration of cavitation
treatment was 1800 sec. The concentration of benzene in
the imitation of waste water during cavitation treatment
was determined by UV / Viz spectroscopy using a
SPECORD M40 Cal Zeiss JENA two-beam
spectrophotometer with a 10 mm quartz cuvette in the
wavel ength range of 200-400 nm.

The dependence of the benzene concentration in the
imitation (C, mol /m% on the duration of cavitation
treatment (t, s) under isothermal conditions is shown in
Fig. 1.
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Fig.1. The dependence of the benzene concentration
(C, mol / m®) intheimitation from the duration of cavitation
treatment (t, s) under temperature, K:
1-303;2-313;3-323

A decrease in the concentration of benzene in the
imitation due to cavitation treatment at different
temperatures was found, mol / m3: at 303 K — by 6.18
(from 8.37 to 2.19); for 313 K — by 1.8 (from 7.26 to
5.46); for 323 K — by 5.92 (from 6.63t0 0.71). The degree
of benzene decomposition is, respectively, %: for 303 K —
73.8; for 313 K — 24.8; for 323 K — 89.3. The nature of
the change in the benzene concentration at 303 and 323 K
isexponential, and at 313K — linear.

The minimum degree of benzene decomposition in the
cavitation fields and the linear nature of its concentration
change at a temperature of 313 K indicate a flow in the
system of various secondary processes, which consumes
the energy brought to the reaction system. The main
process is the formation of babstons — stable gas nano-
bubbles. Babstones stahility is due to adsorption on their
surface of ionswith one sign. Asaresult, there are forces
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of Coulomb repulsion that act aong the surface of
babston. They are compensated by the forces of surface
tension, which also contributes to the mechanical balance
of the babston. The gas pressure inside the separate
babston is equal to the pressure of the gas above the
surface of the liquid after achievement of mechanical
equilibrium. This provides a diffusion (relative to the gas
inside the bobston and gas dissolved in the liquid)
stability of the babston. The action of frictiona forces,
which, of course, are present during cavitation trestment,
leads to the appearance of an eectric charge on the
surface of the babston and the formation of a layer of
counterions as a result of the Coulomb attraction.
Counterions are result of the sonolysis of water
molecules in the cavitation fields. The coagulation of
babstons with the formation of bubonet clustersin deeply
purified water is confirmed by the method of modulation
interference microscopy [4]. The presence of new
structural entities (babston clusters) in aqueous media is
also indicated by a decrease of sound absorption
coefficient in 4 times in the temperature range from 273
to 313 K [5]. The diffusion and mechanical resistance of
babston and their clusters prevents their growth with
forming of cavitation bubbles capable of spraying with
high pressure and temperature gradients, and, hence, the
proportion of high reactive compounds, in particular
oxidative compounds, decreases. This is also reflected by
the results of the cavitation destruction of benzene at
313 K. At further rise of temperature to 323 K, cluster
dructures are destroyed [5], which facilitates the
development of cavitation phenomena and contributes to
a significant increase in the degree of decomposition of
benzene.

The extreme nature of the change in the degree of
decomposition of benzene in cavitation fields with a
minimum of 313 K can aso be explained on the basis of
the kinetic theory of Frenkd's fluid. According to this
theory, water in aliquid state exists smultaneoudy in the
form of two equilibrium phases — liquid and quasicrystal
by analogy with quasicrystals, whose crystal lattice has
axes of symmetry of various orders and which is
characterized by orderliness in the mutual arrangement of
atoms and molecules. In the region of physiologica
temperatures of 308-314 K, water reaches a state in which
the masses of quasicrystalline and liquid water are the
same, and the ability of one structure to pass into another
(variability) is maximal [6]. With increasing temperature,
the proportion of liquid water, which is characterized by
therma fluctuations of the molecules, increases, and,
accordingly, the probability of formation of new
cavitation nucleus increases.

Conclusions

Consequently, the process of decomposition of benzene
in cavitation fieds is highly effective (maximum
decomposition rate is 89.3%). The extreme nature of the
dependence of the degree of benzene decomposition on
the temperature of the reaction system indicates the
course of the secondary processes, in particular the
formation of gas nanobulls (babstons) and their
coalescence with the formation of clusters for which
mechanical and diffusion stahility is characteridtic.
Therefore, in order to prevent unproductive expenses of
energy, the process of cavitation treatment should be
carried out a temperatures lower or higher than 313 K
(303 and 323 K in the studied range).

References

[1] Yu. V. Sukhatskii, “Hidrodynamichnyi kavitator dlia
kavitatsiino-flotatsiinono  rozdilennia  vodnykh
heterohennykh  seredovyshch”  [“Hydrodynamic
cavitator for cavitation-flotation separation of water
heterogeneous  environments'], Vydavnytstvo
Natsionalnoho universytetu “Lvivska politekhnika” —
Publishing House of the National University “Lviv
Polytechnic”, p.24, 2017.

[2] O. I. Nekoz, O. A. Lytvynenko, R. V. Lohvinskyi,
“Kavitatsiina tekhnolohiia ochyshchennia stichnykh
vod vid toksychnykh rechovyn” [“Cavitation
technology for wastewater treatment from toxic
substances’], Vibratsii v tekhnits ta tekhnolohiiakh,
vol. 2 (66) — Vibrations in technics and technologies
val. 2 (66), pp. 112-115, 2012.

[3] M. A. Margulis, “Zvukochimicheskie reaktsi i so-
nolyuminestsentsiya’ [“Sonochemica reactions and
sonoluminescence’], Himiya — Chemistry, 1986,
p. 286.

[4] N.F. Bunkin, N. V. Suyazov, A. V. Shkirin, P. S. Ig-
natev, K. V. Indukaev “Klasternaya struktura sa-
bilnyih nanopuzyirey rastvorennogo gaza v gluboko
ochischennoy vode’ [“Cluster structure of stable
nano-bubbles of dissolved gas in deeply purified
water”], ZhETF, T. 135, Val. 5, pp. 917-937, 2009.

[5] A. N. Smirnov, A. V. Syiroeshkin, “Supranadmole-
kulyarnyie kompleksyi vodyi” [*Supramolecular
water complexes’], Ros. him. zh. — Russian chemical
journal, T.48, val. 2, pp. 125-135, 2004.

[6] I.Ignatov, O.V.Mosin, B. Vdikv, “Matematicheskie
modeli, opisyivayuschie  strukturu vodyi"
[“Mathematical modedls describing the structure of

water”],  Internet-zhurnal  “Nauko-vedenie’  —
Internet-journal  "Science-Management”,  vol. 3,
p. 25, 2013.

INTERNATIONAL YOUTH SCIENCE FORUM “LITTERISET ARTIBUS’, 2325 NOVEMBER 2017, LVIV, UKRAINE 27



M odeling of Heter ogeneous
Catalytic Recovery Process
of Ketones

lvanna Skoretska®, Y uriy Beznosyk?

"Department of Cybernetics of Chemical Technol ogy
Processes, National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”, 37 Peremogy ave., Kyiv,
Ukraine, 03056, E-mail: ivanna.skoretska@gmail.com

2Department of Cybernetics of Chemica Technology
Processes, National Technical University of Ukraine “Igor
Sikorsky Kyiv Polytechnic Institute”, 37 Peremogy ave., Kyiv,
Ukraine, 03056, E-mail: yu_beznosyk@ukr.net

Abstract — The article considers the mathematical model of
the recovery reaction of cyclohexanole by the Meerwein-
Ponndorf-Verley mechanism. The activity of the three catalysts
in the presence of which the reaction of cyclohexanole
recovery took place has been analyzed and selected the most
active zeolite for further calculations. With the use of Mathcad
15.0 software the rate constants of investigated reaction has
been calculated.
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[. Introduction

In the catalysis and green chemistry, thereis a need for
environmentally friendly technologies in order to obtain
substances using the heterogeneous catalysts.

In the synthesis of organic substances with a
homogeneous catalyst is often necessary to use an
additional solvent and restore the catalyst due to its
deactivation. These problems considerably complicate the
process of obtaining organic compounds.

In contrast to the homogeneous catayst, the
heterogeneous catalyst can be reused and it is much easier
to separate this catalyst from the reaction products (with
application of mechanica methods of separation) [1].

Promising catalysts of several processes of fine organic
synthesis are zeolites which provide a high degree of
conversion. Therefore, the development of new catalysts
and exploring catalytic propertiesisareevant task.

At the Ingtitute of Physical Chemistry of the Ukrainian
NAN (Kyiv, Ukraine), the zeolite systems of structura
group beta (B), which incorporated ions of metals, were
investigated: Sn and Al. The main difference between the
given zeolites from those already known is the dual
structure of porosity (they have micro- and meso- pores).

The purpose of research is modelling of heterogeneous
catalytic recovery process of cyclohexanone and
calculation of the reaction rate constants.

To accomplish the set aim, the following tasks were
formulated:

- to conduct experimental study of the recovery
reaction of cyclohexanone to cyclohexanole in the
presence of various zeolite catalysts;

- to process the obtained experimental data and to
calculate the rate constants of the examined

reactions, using the developed mathematical model
in the automated mathematical software package
MathCad 15.0 (USA);

- to analyze the received results of calculations and
to choose the most efficient catalyst.

[l. Mathematical model

Selective recovery of carbonyl compounds to alcohols
in the presence of alcoholates is commonly caled the
restoration of ketones by the Meerwein-Ponndorf-Verley
(MPV) mechanism [2].

During carrying out of scientific — research experiment
on the recovery of cyclohexanone through the MPV
mechanism on SnAl zeolite catalyst it has been obtained
the values of conversion degrees (Table 1) of component
A in Eqg. (1) at different time for three different zeolite
catalysts:

— SN-MgAI(C4H100) (in Table | — Catalyst 1);

—SN-MgAI(SQ,) (in Table | — Catalyst 2);

—Sn-MgAI(COg3) (in Table | — Catalyst 3).

Mechaniam of the recovery reaction of cyclohexanone
isasfollows:

AV YE9 9@ B 1)
-H,0
where A — cyclohexanone; B — cyclohexanole.

In Table| by the X, % marked the values of conversion

degrees

TABLE 1
CONVERSION OF CYCLOHEXANONE
Catayst 1 Catayst 2 Catayst 3
t,h X, % | th | X,% | th | X,%
0 0 0 0 0 0
0,5 10,75 1 10,09 4 65,46
1,17 20,12 2 16,68 10 89,2
2,25 | 34,43 4 30,99 - -
4 44,91 6 38,73 - -
6 53,54 8 57,55 - -
8 63,03 10 62,2 - -
10 67,16 - - - -

As aresult the mathematical model of this process has
been obtained.

The assumptions that have been nominated in the
construction of a mathematical model of the recovery
process of the recovery process of cyclohexanone [3]:

— alayer of catalyst is the quasi-homogeneous medium,
which iswhy in amathematical model the catalyst surface
area can beignored;

— since isopropanoal is fed to the reactor in excess, then
the change in its concentration can be considered
negligible and it can be neglected;

—alayer of catalyst isisothermal;

— the displacement of substance occurs under an ideal
agitation mode;

— the transfer of substance along the axid direction is
not considered.

Mathematicall model of the recovery process of
cyclohexanone to cyclohexanol e takes the following form

Eq. (2).
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Initial conditions for mathematical mode (2):

— Ca(0)=0.3 kmol/m® isthe starting concentration of

component A in reaction Eq. (1);

— Cg(0)=0 kmol/m® is the starting concentration of
component B in reaction Eq. (1).

i dCa
Ca
fdt k @)

I

dCb
I =k >Ca
tdt =k

With using of mathematical moddl Eqg. (2) the rate
constant has been cal culated.

It should be noted that by performing the rate constants
calculation of cyclohexanone recovery reaction by the
model Eq. (2) for various catalysts will be obtained
different values of rate constants, as well as more
effective catalyst, the value of the congtant is greater.

In order to caculate the rate condants is necessary to
recal culate conversion degree of reaction componentsto molar
concentrations. Fragments of the cd culating the concentration
of cydohexanole and cyclohexanone in the MathCad 15.0
software for one of the catdystsare shownin Figure 1.

Initial concetration, kmol/m*3 Ca0 = 03 Cb0 =0
Conversion of cyclohexanone,% Time, h Concetration of cyclohexanole
{catalyst Sn-MgAI(C4H100)) (Sn-MgAI(C4H100)), kmol/m"3
o 0 0
10.75 05 0032
2012 117 0.06

3443 225 xl 0.103
E cbl=—-Cal cbl=

44901 4 100 0135
33.54 6 0.161
63.03 8 0.189

67.16 10 0201

Concetration of cyclohexanone
(Sn-MgAI(C4H10DY)), kmaol/im3

03
0268
024

x1 0197
cal = Cal{1- — cal =
100 0.165

0139
0111
0.00%

Fig.1 Calculationinthe MathCad ~ 15.0 programming
environment of the component concentrations for catalyst Sn-
MgAI(C4H100).

Data given in Fig.l were used to calculate the rate
congantsin the MathCad 15.0 programming environment.

[1l. Results of rate constants calculation

By using the calculated values of cyclohexanone and
cyclohexanole concentrations, given in Table 2, in the
MathCad 15.0 programming environment we calculated
the rate constants of reaction Eqg. (1) for three zeolite
catalysts. We employed the listing given in [4] for the
calculation. The obtained constants are given in Table 2.

TABLE 2
CALCULATED RATE CONSTANTS

Catalyst Rate constants, s*
Sn-MgAI(CsH1o0) 0,1340
Sn-MgAI(COy) 0,2544
S-MgAI(SIO;) 0,053

Analysis of the received values of constants is given
bellow.

The maximum concentration of the product of reaction
(cyclohexanole) is achieved when using the zeolite
catalyst Sn-MgAI(COs). The maximum concentration of
cyclohexanole is 0.2676 kmol/m®. Such value is achieved
within 10 hours of the reaction course. The second best in
performance is the catayst Sn-MgAI(CsH100) (the
maximum value of concentration of the product of
reaction is 0.2015 kmol/m* . The worst catayst for this
process is the zeolite Sh-MgAI(S Oy).

Finally, the mathematica model Eq. (2) with
considering the calculated rate constant (for the Sn-
MgAI(CO;) catalyst) will be as follows:

19Ca _ 4 oaa18sca

1 dt ©)
ACh _ 0,24415xCa

T dt

The adequacy of the mathematica model Eq. (3) has
been proved by Fisher's criterion.

Conclusion

We examined the recovery reaction of cyclohexanone to
cydohexande by the MPV mechanism in the presence of
three new zedite catadyss Sn-MgAI(CHi0), Sn-
MgAI(SOy), SN-MgAI(COs), which have a dua sructure of
porosity. Experimental data are obtained (conversion degrees
of cyclohexanong), which were recaculated into
concentrations (kmol/m®) and used to calculate the rate
congantsin the MathCad 15.0 programming environment.

The calculated values of the rate constants can be used
to solve the direct problem of chemical kinetics, as well
as for modelling of chemical reactors.
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Abstract — the purpose of these studies is to determine the
mechanical activation characteristics of powdered suspension
polyvinylchloride with zinc. The studying method of the
powdered polymeric raw material’s mechanical activation
effectiveness with fine metal powders is devel oped, according
to which the influence of the powdered polyvinyl chloride and
finely divided Zinc ratio, the time of the mixture treatment, as
well as the degree of a ball mill loading on the activation
efficiency of the polymer surface has been investigated. The
optimal processing time of powdered polyvinyl chloride in a
ball mill during the activation of fine Zinc has been
established.

Keywords — polymer composites, activation, PVC, zinc, ball
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[. Introduction

The analysis of trends in the development of promising
materials and technologies indicates the widespread use
of polymer composites, of which the metal-filled
polymeric materials are of particular interest. A wide
range of practical use of such materials contributes to its
inherent complex of valuable properties.

In the simplest case, the metal-filled polymer composite
consists of finey dispersed metal particles that are
uniformly  distributed in  the polymer  matrix.
Traditionally, metal-filled polymer composites are
produced by the following methods:

1. Mechanical mixing of a metal filler with powders,
solutions or melting of polymers.

2. Thermal or eectrolytic reduction of metals from their
compounds, that were previoudy dispersed in liquid
resins, solutions or molten polymers.

3. Impregnation of metal harnesses, fabrics or porous
metal s with solutions or melting of polymers.

Thefeature of metal filled polymer compositesisthat at
low concentrations of metal particles, they remain
isolated from each other and do not contribute to the
conductivity of the system, and at the next increased
concentration of the filler, the mechanical properties of
the system deteriorate sharply.

The creation of metal filled composite materias with
high technological and operational properties requires the
development of alternative technological solutions for
their obtaining. The main disadvantage of traditional
technologies for the production of metal-filled composites
isasignificant reduction in their mechanical properties, as
well as high concentrations of reaching the threshold of
percolation. A new technology for the production of
metal-filled polymeric composites is proposed by

metallization of polymeric raw materials and its
subsequent processing directly into products [1-3].

As a result, the process of combining of the
components is sgnificantly facilitated and the uniform
distribution of the metal filler in the polymer matrix is
provided (Fig. 1). This technology relates to highly
effective, resource-saving technological processes and is
characterized by a reduced production cycle.

Fig. 1. Microphotography of metal-filled PV C composite
(5 mass. % of copper)

[l. Powdered PVC activation

The creation of polymeric composites combining good
conductive (electrical and thermal conductive) and
mechanical properties is a complex task and represents a
considerable practical interest. One of the effective
methods for solving the problem is the development of
new technological solutions for the production of metal-
filled polymer composites using a simple technology for
activating the polymeric surface.

Powder-like suspenson PVC was used for research.
Activation of the polymer surface was carried out in a
laboratory ball mill with ceramic cylindrical grinding
bodies. Suspended PVC and metal activator (zinc powder
of the brand PZ-2) was loaded into the mill. During the
rotation of the mill there was a metal activator on the
polymeric surface.

The use of powdered PVC poses a difficult task for
studying of the activation process. Since both the polymer
and the metal-activator are powder-like products, it is
unclear whether, in the process of processing in a ball
mill, there is fixation of metal particles on the polymeric
surface (activation), or a mechanica mixture of
componentsis formed.

The formation of a mechanica mixture during
processing in a mill is unacceptable, since in this case,
during the subsequent metal deposition in chemical
recovery solutions [2], there will be no polymeric surface,
which eliminates all the advantages of the proposed
technol ogy.

Investigation of the activation effectiveness of
powdered polymers was carried out using an installation
that provides the possibility of transferring the activated
polymer powder to a fluidized state with simultaneous
vibration exposure (Fig. 2). The need for simultaneous
use of vibration and fluidization is caused by the sealing
of a powder-like polymer layer due to vibration, which
prevents the system from being split into separate density
fractions. The transfer of the test mixture to the fluidized
state provides the necessary mobility of the components,
which contributes to the rapid and maximally complete
separation of the system by density.
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Fig. 2. Installation for separation of the activated
powdered polymer on adensity fractions
1 —tissuefilter, 2 — separation cylinder, 3 — connection of the
vacuum pump, 4 — holder, 5—vibrator, 7 —tripod.

Using only fluidization to separate the system by density is
also less effective because of the presence of significant
circulation flows, which, due to the small size of the metal
particles, contributes to the mixing of individual fractions.
The veocity of air flowing through the polymer layer should
prevent the compaction and provide the required mobility of
the components of the system (polymer, metal, polymer with
metal) for the possihility of their separation under the action
of vibration and does not cause a significant circuleion in
the layer, resulting in a dendity equalization the height of the
materia layer.

The design of the ingtallation also enables the unloading of
individual fractions, which are divided in the height of the
cylinder by densty. After unloading, the percentages of
metal in each fraction were determined. The activation
efficiency was estimated by the difference in the content of
the metd in the upper and lower fractions.

In order to evaluate the activation efficiency of powdered
polymeric raw materials, a number of sudies has been
conducted on the activation of PVC powder with a different
amount of findly divided zinc.

It has been established that the activation efficiency
increases with an increase in the amount of zinc in the
mixture. This can be explained by the fact that a low zinc
leves, it is not sufficient for the uniform activation of all
polyvinyl chloride. There is a certain amount of pure
polymer that is unbound (not activated) with particles of
zinc. With an increasein zinc content in the composition, the
proportion of such unactivated PV C decreases, which leads
to an increasein the activation efficiency.

Microscopic sudies, carried out using a scanning electron
microscope in the mode of contrast on the average atomic
number (Fig. 3), showed the presence of zinc particles on the
surface of polyvinylchloride, and can confirm the activation
of the polymer surface by zinc powder.

WD=258mm 0 Tmm

Fig. 3. Microphotographs of zinc activated
suspension PV C surface produced in the mode
of contrast on the average atomic number

In order to intensify the process of suspension PVC
activation, the effect of technological activation
parameters was investigated. Namely, the speed of
rotation in a ball mill, as well as increased loading of
grinding balls and a mixture of polymer with metal
activator. The speed of rotation in a ball mill is found to
have the greatest influence on the activation efficiency in
the range of 60-100 rpm, and the subsequent increase in
the speed does not significantly affect the activation
efficiency.

In the case of an increase in the degree of ball mills
loading, as grinding balls, and the initial mixture, the
activation efficiency increases dightly. In addition, it
should be borne in mind that with a greater degree of load
of the mill with a mixture of polymer with metal, the
efficiency of the use of equipment and the reduction of
energy costsincreases.

Conclusions

Thus, the studies confirm that in the process of
mechanical activation of suspension polyvinyl chloride
with fine zinc in a ball mill there is a strong interaction
between the surface of the polymer and the metal-
activator. Such interaction is a prerequisite for the next
stage of metallization and the production of metal-filled
polymer composites with high performance. The
activation efficiency is largely determined by the speed,
the degree of loading and the ratio of components, which
allows to set the optima parameters for the process.

This work was supported with the project "Technology
development for obtaining of constructiona dispersed-
filled polymer nanocomposites’ (number of state
registration is 0116U004410).
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Abgtract— An  effective method for the synthesis of
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[. Introduction

Hydrazones as functional derivatives of the hydrazine
are widey used in the synthesis of heterocyclic
compounds [1]; some hydrazones exhibit a broad
spectrum of biological activity [2]. Compounds of the
9,10-anthraquinone series are known to possess a
combination of practically important properties [3]; they
have been shown to be promising for various applications,
in particular for use as medicinad agents [4]. The
anthraguinone ring system is an important scaffold for the
design of new biologically active compounds, which
srongly simulates synthesis of new derivatives.
Syntheses of anthraguinone hydrazones from the anthrone
and its derivatives have been reported in [5-7]. Vorob'eva
et al. [8] developed a procedure for the synthesis of ethyl
pyruvate anthraquinonylhydrazone via the Japp-
Klingemann reaction of 9,10-anthraquione-2-diazonium
chloride with ethyl methylacetoacetate in acid medium.
However, anthraquinonylhydrazones have not been
reported, presumably due to their ability to readily
undergo intramolecular cyclization [9].

[l. Results and discussion

Herein we propose an efficient method for the synthesis of
previoudy unknown 1-anthraguinonyl hydrazones containing
in the ylidene moiety acyl and/or ester fragments (Eq. (2)).
The reactions of freshly prepared 9,10-dioxo-9,10-
dihydroanthracene-1-diazonium hydrogen sulfates 1, 2 [10]
with acetone 3a, butan-2-one 3b, acetylacetone 3c, diethyl
malonate 3d, and ethyl acetoacetate 3e at aratioof 1: 3in
water at 0-5°C in the absence of a base afforded hydrazones
da—e, Sa-ein 62—71% yidds.

O N=NHSO,

1 (R=H), 2 R;=COOH) 3a-e
R’ Y]

|
(0]
N

O HN R?
Rl
—
o

4a-e (R'=H), 5a-e (R'=COOH)

The reaction time depended on the initial
carbonyl compound. The reactions with less acidic
ketones 3a and 3b were completed in 40-45 min, and
with 1,3-dicarbonyl compounds 3c—3ein 10-15 min.

The formation of hydrazones 4a-e, 5a-e is confirmed
by the data of the 'H and *C NMR spectra, as well asthe
presence of the corresponding molecular peaksin the LC-
MS spectra. The signal of the ylidene proton in
compounds 4a,b and 5a,b are superimposed with protons
of the anthracenedione fragment and are located within
the range of 7.71-7.92 ppm. The signal of proton in the
amino group of anthraquinonylhydrazones 4a-e, 5a-e with
acyl subgtituents in the ylidene moiety is resonated as a
broad singlet within the range of 12.29-12.79 ppm, and
for compounds 4d,e the chemical shift increse to the
region of the weak field at 14.28-14.48 ppm. In the IR
spectra of hydrazons there are absorption bands of the
secondary amino group at 3310-3370 cm™.

In order to modify the anthraquinonylhydrazones by
new pharmacophores, in particular, carbonic and
heterocyclic fragments, reactions of the 1-amino-9.10-
anthracenedione 1 and 2 diazonium salt with cyclic p-di-
carbonyl compounds 6a-c - 5,5-dimethyl-1,3-cyclohexa
nedione, 2,4,6-pyrimidintrione, 2-thioxopyrimidine-4,6-
dione (Eq. (2)). The analysis of the *H and *C NMR
spectra of the obtained hydrazons 7a-c, 8a-c alowed to
establish the following: the 5,5-dimethyl-1,3-cyclo-
hexanedione fragment in anthraguinonyl-hydrazone 7a in
DMSO-ds solution exists exclusively in a ketone form.
A similar situation is observed for hydrazone 8a. In the
'H NMR spectra of compounds 7b,c and 8b,c in DMSO-
ds, in addition to the NH signal of the hydrazinyl moiety
in the weak field, the signals of exchange protons were
observed, which is evidence of the formation of keto-enol
tautomeric forms.

R,=Me, Ry=H (a);

Rs=H, Ry=Et (b);

Ry=Me, R;=C(O)Me (c);
Ry=0Et, R3=C(O)OEt (d);
Ry=0Et, R3=CN (e)
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Antioxidant activity

Antioxidant capacity of the synthesized compounds
were determined by comparing with Trolox as the
standard reference compound using CUPRAC assay (at
room temperature) [11]. The CUPRAC molar absorption
coefficient (&) of the tested compound divided by that of
TR under the same conditions gave the TEAC-CUPRAC
values (Fig. 1).

12

0
Ttolox 4a 4b 4d Sc 4c 7a 7c 5d 8a
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Fig. 1. The TEAC coefficients of the hydrazones with respect

to the CUPRAC assay
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Fig. 2. Catalase enzyme activities (U mL™) of hydrazones

Amongst the compounds screened for a antioxidant
capacity, 5d, 8a and 8b exhibited the highest antioxidant
capacities and the TEAC coefficients of these compounds
were TEAC = 0.86, 0.89, 0.87 (Fig. 1). Also, studies on
the effect of catalase activity, which is an integral part of
antioxidant protection in cells, were carried out using the
CUPRAC method [12]. The results (Fig. 2) showed that
the highest activity was characteristic of compound 8b
(0.89 U/ml), and the lowest — hydrazone of dimetidon 7a
(0.48 U/ml).

Conclusion

A convenient way of obtaining a number of new
anthraguinonylhydrazones by combining diazonium salt
with a-active ketones and B-dicarbonyl compounds in an
agueous medium under mild conditions is proposed. All
the synthesized compounds were tested for their

antioxidant capacity and for inhibitory activities against
catadlase enzyme using the CUPRAC method. The
synthesized compounds 5d, 8a and 8b exhibited better
antioxidant capacity than the other compounds. The
results revealed that 8b exhibited high CAT inhibition
activity compared to the other compounds.
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Abstract — Influence of the vibration source location on the
modes of liquid jets disintegration and obtaining monodisperse
droplets and granules of the finished product is theoretically
grounded and experimentally confirmed. The experiment was
conducted on an experimental stand of industrial granulation
equipment.

Keywords — forced perturbations, priller, regular hits, jet
disintegration, monodispersity, satellite droplets.

[. Introduction

Currently the use of nitrogen-containing fertilizers is
growing every year and further growth is expected
according to the investigation conducted by BMI
Research.

The most widespread methods of nitrogen fertilizers
(ammonium nitrate, carbamide, NPK) production are
prilling in towers and granulation (using fluidized bed
granulator or drum granulator). Advantages and
disadvantages of the listed methods are presented in [1].

Prilling method involves dispersing and cooling of the
melt spherical droplets in a free fal and ther
crystallization in a counterflow of cooling air.

Modern prilling towers are equipped with prillers
located at the top of the tower and melt droplets are
produced by them (prillers).

The priller has a perforated bottom (bucket) and melt
jets are outflowing from its holes and under influence of
forced oscillations break up into droplets of a given
size[2].

Forced jet disintegration into dropletsis a very complex
phenomenon, which has a variety of modes and depends
on anumber of internal and external factors[3].

The main interest of the contemporary scientists is
drawn to the monodisperse mode of the jet disintegration
into the main droplets without satellite droplets (small
droplets) formation.

As one can see from the analysis of the nitrogen
fertilizers production process stages, a great dea of
fertilizer is lost with the dust emission of the granulated
substance (satellite drops) which comes with the cooling
air into the atmosphere [2]. In addition to the economic
aspects associated with the product loss, this problem has
an environmental one which is the pollution of air,
surface and ground water; nitrites and nitrates
accumulation in plants and reservoirs, which all resultsin

a load on the ecosystem. Besides European Fertilizer
Manufacturers Association stiffened the limit values for
dust emissions of the product particles into the air.

The effect of forced oscillations on the modes of the
liquid jet disintegration was investigated previoudy [4].

Il. Challenge problem

Providing of continuous operation of the priller
(granulator) technological units and maintaining sability
of the operation parameters are important issues.
Influence of hydrodynamic flows and local mechanical
vibrations on the metal structure of the perforated bottom
(bucket) lowers elastic properties of the material, which
causes its plagtic deformation, changing the shape of the
discharge holes, and subsequent destruction of the bucket.

There occurs a problem of selecting optimal design
parameters of the device for imposing forced oscillations
on the mdt, to increase duration of the equipment
operation and improve quality of the finished product.

Analysis of the study results proved the efficiency of
using the disc oscillator as a device for imposing forced
oscillations. Disc is not firmly attached to the housing,
which allows to reduce negative effect of local vibrations
on the device. Oscillations are transmitted through a
viscous melt (which under operating conditions can be
considered as incompressible fluid) from the source to the
bottom. Under this approach, the period of perforated
bottom use increases significantly, since there areno local
sources of vibration acting directly on the bucket.

As a result of previous theoretica studies of
hydrodynamics of liquid jets outflowing from the holes in
the bucket of a vibratory granulator, there was obtained a
relation between parameters of the disc oscillator and
change in the flow pressure by solving the Navier-Stokes
system of eguations for an axisymmetric liquid jet
Eqg. 1[6]:

2r (p Af cos(2p ft ))2 X +asin(wt +¢)=
= pamM - r (0.5&/(pt r02) (- 2Q0”18 + 2p Ceroz -
-ApCyrZrZInr, +2pCyrlr? +pCyr -

-4pCym? +2pCyr +2p Gyl ) + G,

D)

lll. Experimental research

Coefficient ¥ depends on the physical and chemical
composition of the melt and the device internal design,
including distance between the bottom and the source of
vibrations. There occurs a problem in determining
optimal location of the disc oscillator towards the bucket,
to provide monodisperse disintegration of the jets into
droplets. Theoretical study of the impulse transmission
parameters is hampered by complex internal design of the
device; therefore, to obtain more accurate solution, a
series of  experiments were performed using an
experimental setup, shown in Fig. 1.

The experiment was carried out at parameters close to
the parameters of a working industrial unit with a similar
device design [2]:

« liquid flow in the device V=45 m¥/h;
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» diameter of the vibratory granulator housing D=0.5 m;

» the number of bucket holes, n = 5850 pcs;

» diameter of the discharge holes d,=1.2 mm;

* vibration frequency =375 Hz;

o distance between the bucket bottom and the disc
oscillator (h) can be adjusted from 0 to 40mm.

9

Fig. 1. Scheme of the experimental stand of the vibratory
granulator: 1 — replaceable perforated bottom of the granulator;
2 — disc oscillator; 3 —housing; 4 — pump; 5 — vibratory
generator; 6 — camera; 7 — stroboscope; 8 — buffer capacity;

9 — electromagnetic vibrator (actuator); 10 — control valve.

To obtain the most accurate data and reduce the overall
level of error, a series of photographs was taken for each
position of the disc oscillator. The images were anayzed
using the method of detecting objects, searching for round
figures using the specialized program (Fig. 2).

2017, y -_0603.JPG > x
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Fig.2 Determination of droplet sizes by a specialized program:
a) photo processing; b) part of thelist of measurements

V. Results

There were constructed graphs of detailed analysis and
suitable presentation (discussion) of theresults (Fig. 3). In
case if the disc oscillator is in contact with the bucket
there is observed formation of satellite droplets
simultaneously with the main disintegration of jets. It

decreases the unit's capacity and negatively affects the
environment as well as increases the costs of cleaning the
worked-out coolant used to crystallize the madlt.
Formation of granules of regular spherica shape having
maximal diameter occurs when the disc oscillator is
placed 15 mm away from the perforated bottom of the
vibratory granulator. In this position saellites are not
formed and size of the main droplets increase. When the
disc oscillator was placed at a distance of more than 30
mm, the number and dimensonal scatter of satellite-
droplet increased.
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Fig. 3 Graphical dependence of the droplet diameter, formed
after jet disintegration,on the distance between the bottom and
the disc oscillator

Conclusion

As a result of the conducted studies, one determined
influence of the location of forced oscillations source in the
innegr space of the priller (vibrating granulator) on the
diameter of the target droplets and satdlite droplets in the
process of liquid jets digntegration. This study makes it
possible to improve quality of the obtained products and
minimize losses of the target product with the exhaust air by
contralling position of the disc oscillator. Technology of
transmisson the oscillations through the ligquid mdt
significantly increases the operation period of assembly parts
and components of the vibratory granulaor and it increases
the general economic indicators of the production.
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Abstract — The process of synthesis of mercury selenide
(HgSe) thin films by a chemical bath deposition method (CBD)
with using different complexing agents (potassum rodanide,
potassum iodide and sodium thiosulfate) has been
investigated. The phase composition, crystal structure,
absorption spectra, surface morphology of HgSe films were
studied. The effect of nature of complexing agent on the
properties of obtaining coatings was shown. The HgSe films
have a sphalerite structure, nearly stoichiometric atomic ratios
of mercury to selenium and optical band gaps, which are
localized in the ranges 1.38-2.40 eV, depending on the usage
of complexing agent.

Key words — mercury selenide, semiconductor films, chemical
bath deposition, optical band gap, structure and morphology of
thin films.

l. Introduction

Mercury sdlenide (HgSe) beongs to A"BY' group
materials. The mercury chalcogenides can be used in in
IR detectors, ultrasonic and gas sensors, catalysts,
electrostatic reflective materials and solar cells [1-3].
Also there is great interest in the physical properties of
nanometer sze semiconductor films, because their
properties are often superior to those of conventional
coarse-grained polycrystalline materials [4].

Development of chemica synthesis of HgSe films with
different complexing agents will allow to study the effects
of the ligand nature on the properties of coatings. It will
provide new possihilities for wave function engineering
and in tailoring optical and optoelectronic properties of
semiconductor films.

Il. Experimental

The obtaining of HgSe semiconductor films is carried
out by many methods. Technologically convenient way to
their obtaining is by the method of chemical bath
deposition (CBD) [5]. Compared with the other it allows
to pursue the deposition at temperatures below 100 °C on
the large-sized substrates of different nature and use
different combinations of starting substances.

The CBD of thin films of HgSe was conducted with the
initial working solution which congisted of mercury
nitrate  (Hg(NOs),), complexing agent, sodium
selenosulphate (Na,SeSO;) and, if necessary, the pH-
regulator. As comlexing agens for mercury were used:
potassium rodanide (KSCN), potassium iodide (KI) and
sodium thiosulfate (N&S,0s3); the pH-regulator — tri-

sodium citrate (NagCsHsO;). The concentration of the
Hg(NOs), solutions was equal to 0.05 M; KSCN —2.0 M;
Kl = 0.1 M; N&S,0; — 1.0 M; NaSeSO; — 0.25 M;
NagCeHsO; — 1.0 M. Only freshly prepared reagents
entered the working solutions for synthesis of HgSe films.
The deposition duration and temperature of HgSe films,
was 80 min and 20°C (in the case of using KSCN),
10 min and 90°C (in the case of using K1), 220 min and
20°C (in the case of using N&S,03). The pH-regulator
was added only at presense of sodium thiosulfate, because
it was necessary to prevent its decomposition with
formation of the sulfur. The chemical deposition has
carried out on pre-prepared glass substrates with an area
of 3.24 cm?. After the end of the reaction the substrates
were diminated; the surface was cleaned with a distilled
water to take off the remains of working solution and
dried inair.

The phase composition of the HgSe films was
investigated by X-ray powder diffraction (diffractometer
DRON-3.0, CuKa' radiation). Primary processing of the
experimental diffraction data in order to identify the
phases was made using the PowderCell program [6].
Optimum exposure for each of the samples was selected.
Calculation of the cell parameters were done by using the
FullProf software package [7]. The investigation of
surface morphology of the films was carried out using a
raster electron microscope REM-106Y equipped with a
system for microanalysis. Absorption optical spectra of
HgSe films were obtained with a spectrophotometer
XION 500 (Dr.Lange). A comparative signal was passed
through glass substrates identical to the substrates, used
for theinvestigated films.

[1l. Results and discussion

The X-ray andlysis of HgSe films has been hed. It
showed that films are single phase. Pesks that
corresponded to the cubic phase of HgSe (sphalerite)
(Fig. 1) can be identified on all diffractograms. The lines
of theoretical diffractogram of HgSe phase are shown for
comparison. The unit cells of HgSe was follows:
a; = 0.6055(1) nm; & = 0.6052(2) nm and az = 0.6083(1) nm
at using KSCN, K1 and N&S;0; respectively.

2500
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Fig. 1. X-ray diffractograms of HgSe films, deposited with using
different complexing agents: 1 — KSCN, 2 — K, 3 —N&S,03
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The optical absorbtion spectra A(1) of HgSe films were
investigated for wavelengths from 340 to 900 nm (Fig. 2).
The HgSe films, deposited with usng NaS,0;, has the
biggest light absorbtion. Using KI makes this vaue
averages. The lowest absorbtion of HgSe films was
observed with use of KSCN. The decrease of the light
absorbtion can be seen in al cases near 400 nm
wavelengths region, which corresponds to mercury
selenide and confirms the results of the phase analysis by
X-ray diffraction. The spectral dependencesin (a-hv)? vs.
hv coordinates alow determining the fundamental
absorption edges. The optical band gaps of the films are
localized in the ranges 1.38-2.40 eV, depending on the
usage of complexing agent. These values corresponds to
the literary data [8-10].
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Fig. 2. The spectral dependences of optical absorbtion of HgSe
films, deposited with using different complexing agents. 1 —
KSCN, 2 —KI, 3— Na,S,05 (inset — (a-hv)? vs. hv dependense)

Investigation of HgSe surface morphology at x5000
magnification (Fig. 3) showed that the films are
homogeneous and solid, with small amounts of surface
defects. The spherical particles are seen on the surface of
the film at the case of using potassium rodanide.

#"

Fig. 3. Surface morphology of HgSe films, deposited with using
different complexing agents: 1 — KSCN, 2 —KI, 3 - N&S,0;3

The microanalysis of the surface of the HgSe films
shows nearly stoichiometric atomic ratios of mercury to
selenium with a slight excess of mercury atoms (at using
of potassium iodide) or a dight excess of selenium atoms
(at using of potassium rodanide and sodium thiosulfate).

Conclusion

The HgSe thin films were synthesized by the CBD
method. The possibility of using different complexing
agents was shown. The phase composition of obtained
HgSe samples was determined. The optical absorption
spectra, surface morphology of HgSe films were
investigated. According to the results of microanalysis the
elemental composition of coatings were studied. From the
obtained data, the most suitable complexing reagent can
be selected. The positive research results of obtained
HgSe films allows to assuming that the chemical bath
deposition method can be used to produce optical
materials based on this coatings.
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Abstract — It is studied the process of thermal stability of the
fresh and waste mineral motor oils for the diesel engine. Based
on the results of the research it's been established that the
chemical composition of mineral motor oid after their
exploitation depends primarily on the type of engine and its
service conditions. It is shown that thermal stability of the
studied petroleum motor oils under the same conditions is not
the same, due to a change in the chemical composition and the
uneven wear and tear additive package.

Keywords: waste motor oils, thermogram, mass 1oss,
thermolisys, chemical composition

The motor oil is important element in the interna
combustion engine construction, because it has
considerable influence on the reliability of its work. The
ability of oil to counteract thermal, mechanical and
chemical effects is a guarantee of a long duration of the
engine operating. The main factor affects the motor oil
source is a temperature on the friction surface and heated
parts. Accordingly, the thermal stability of the oil is
primary indicator at its selection for engines with
different degrees of capacity. At the same time
temperature has influence on oxidation processes and
processes of additives destruction and fundamental basis
of the o0il[1,2]. The temperature method of testing
[ubricating layers helps to get the data about the thermal
stability at thefriction of any lubricants.

|. The starting materials

For investigation we selected M-10DM mineral motor
oil. The samples before using in the augmented diesel
engine and after finishing standard service life
(approximately 350 motor hours) of oil were studied. For
virgin M-10DM motor oil, it was found: kinematic
viscosity vso = 60,13 mm?/s, vi= 11,40 mm?/s; viscosity
index (V1) 95; density 889 kg/m® acid number (AN)
1,30 mg KOH/g; base number (BN) 5,83 mg KOH/g;
flash point 230 °C; freezing point -20 °C.

For used M-10DM motor ail it was found: kinematic
viscosity vso = 51,65 mm?/s, vi= 10,22 mm?/s; viscosity
index (V1) 88; density 884 kg/m® acid number (AN)
2,71 mg KOH/g; base number (BN) is absent; flash point
215 °C; freezing point -19 °C.

Il. The studying of mineral motor oils
thermal stability

Group hydrocarbon compostion was dudied by a
chromatography. The slica dumina gd of ASK type was
used as an adsorbent. Fractions of hydrocarbons were
washed out by petroleum ether and benzene, and asphalt-
resnous substances were desorbed by acohol-benzene
mixture]3].

The widespread themal analyss methods are
thermogravimetric and differential-thermal.

One of the varidies of the differentid-thermal method is
derivatographic analysis. The fundamental principle of itisa
comparison of therma properties of testing substance sample
and thermally-inert substance of the ethanal. Derivatographic
method alows combining derivatographic therma andysis
and thermogravimetric analysis, what enables to determine
themd dgability and thermd effect in  compound
smultaneoudly.

Investigation of thermal stability of oil samples was
performed on a derivatograph Q-1500D (Paulik-Paulik-
Erdey system) with the registration of the anaytica
signal of mass loss and hest effects using a computer[4].
The samples were analyzed under a dynamic mode with a
heating rate of 10°/min in the air. The weight of the
samples was 100 mg. The reference substance was
aluminum oxide.

[ll. Results and Discussion

If we analyze the changes in the group composition (Tab-
le 1), we observe the decresse in the amount of paraffin-
naphthenic  hydrocarbons and increase of monocydlic
aromatics and tarry agphaltene substances for the used ail. It
means that during operation the destruction of paraffin
hydrocarbons, dehydration of naphthenic hydrocarbons and
condensation of aromatic hydrocarbons take place leading to
the formation of tarry asphaltene substances.

TABLE 1

GROUP COMPOSITION OF M-10DM oiL

Group V'(;i?' n Used ail
Paraffin-naphthenic 75,2 71,0
Hydrocarbons
Aromatic monocyclic 56 107
hydrocarbons
Aromatic bicyclic 157 14,2
hydrocarbons
Aromatic polycyclic 19 12
hydrocarbons
Tarry asphatene substancs 1,6 29

To establish the change in thermal stability of M-10DM
we carried out derivatographic investigations before and
after engine operation. According to the results of
thermogravimetry (TG), differentia thermogravimetry
(DTG) and differential therma anaysis (DTA) of the
virgin and used oils the thermolysis takes place over two
or three stages, respectively (Figs. 1-2).

Thermolysis of the virgin oil (Fig. 1) takes place over
three stages. The first stage, when the sample looses the
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main mass (Dm = 87.20 %) is within the temperature
range of 20-390 °C. This stage is accompanied by the
appearance of intense exothermal effect on DTA curve
with the maximum at 347 °C and corresponds to a
thermooxidative destruction of hydrocarbons and their
partial combustion. The second stage is within the range
of 390-577 °C. It is accompanied by the appearance of
the next exothermal effect on DTA curve with the
maximum at 494 °C and corresponds to the combustion of
pyrolytic residue (Dm = 11.45 %). At the third stage of
thermolysis within 577-725 °C the combustion of
carbonized residue takes place. This process is
accompanied by a dight mass loss (Dm = 1.35 %) and
appearance of the third exothermal effect on DTA curve
with the maximum at 640 °C.

, DTA,C
DTG,%/min

2.5

|- 40 0.0

------

F35 |25
F30 |50
F2s [-75
20 |--10.0
15  |--125
10 |-15.0

F5  |-175

Fo  |-200
TG

T T T T T T T T T 5 L.22s
0 100 200 300 400 500 600 700 800 900 1000
Temperature,’C

Fig.1. Thermogram of the virgin ail
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Fig.2. Thermogram of the used ail

Thermolysis of the used ail (Fig. 2) takes place over two
stages. The first stage corresponds to the thermooxidative
destruction of the sample and partial combustion of
destruction products (Dm = 89.47 %, temperature range
20-387 °C). The first exothermal effect appears on DTA
curve with the maximum at 331 °C. At the second stage
within 387—650 °C the complete combustion of pyrolytic
residue takes place (Dm = 10.53 %) and the second
exothermal effect has the maximum at 479 °C.

It should be noted that the used oil has a lower thermal
stability compared with that of the virgin oil. The reason
is the decrease in additives amount. While heating the
used oil loses its mass more intensive than the virgin ail
(Fig. 4) and maxima of its exothermal effects are shifted
to the area of lower temperatures (Fig. 5). The
combustion of pyrolytic residue takes place over one
stage for the used oil and is accompanied by the
appearance of only one exothermal effect.

200 400 600 800 1000
T.°c

Fig.3. TG curves of M-10DM: virgin ail (1); used ail (2)

The combustion of pyrolytic residue of the virgin ail
takes place over two stages within wider temperature
range (390-725 °C). Two exotherma effects appear on
DTA curve,

1
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T T T ,
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Fig.4. DTA curves of M-10DM: virgin oil (1); used ail (2)

Conclusion

It has been studied the thermal stability of fresh and
waste mineral motor oil M-10DM for diesdl engines.
With the help of derivatographic research, it has been
established that waste oil M-10DM differs in lower
therma resistance in comparison to the fresh oil. The
waste mineral oil is characterized by lower thermal
stability in comparison to the fresh oil, what is caused by
the change of chemical composition and wear and tear the
additives package while operating.
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Abstract — The results of investigations of the process of
precipitation of micro- and nanosized particles of slver and
palladium on the surface of silicon by eectroplating
subgtitution are presented. The conditions of the process, in
which a nanosized precipitate is formed in the environment of
organic aprotic solvents, is established. The influence of the
concentration of metal ions in the solution, temperature and
duration of galvanic subgtitution on the morphology of the
modified surface, the geometry of the sediment particles and
their distribution in size have been studied.

Keywords — galvanic replacement, nanoparticles, silver,
palladium, silicon surface, aprotic solvents.

[. Introduction

In the last decade, great attention is paid to
modifications of the surface of silicon by micro- and
nanosized particles of metals by galvanic substitution [1-
6]. This method is easy to implement and in providing
equipment [7].

The process of galvanic substitution on the surface of
silicon occurs by the dectrochemica mechanism and
therefore it is characterized by the same electrode
processes, asin electrodeposition:

microanode: Si + 6F — SiFs” + 4 €
microcatode: Me™ + ne — Me;
Y:nSi+4Me™ « nS*+ 4 Me.

However, the spontaneity of the eectroplating
substitution process makes it difficult to obtain
nanoparticles with given characterigtics — geometry, size
distribution, component content.  Therefore, it is
important to establish the basic parameters that affect
these characteristics. This will be the basis for the
creation of scientific principles for controlled synthesis of
nanomaterials by e ectroplating substitution.

The purpose of the research was to study the process of
depositing micro- and nanosized particles Pd and Ag on
the surface of silicon by galvanic subgtitution in an
environment of organic aprotic solvents.

Il. Research results

Deposition of silver and palladium on the surface of
silicon in solutions of organic aprotic solvents DMSO and
DMF was investigated. Such environment, as shown by
the authors [8-9], prevents the course of a number of side
chemical processes. This ensures a uniform distribution of
particles of deposited metal by size on the floor of the
substrate. In addition, high-donor properties of such

solvents cause the formation of surface complexes on the
embryos of recovered metals, which also positively
affects the sediment nanostructure.

Relatively simple composition of the solution
(AgNO; + DMF; Pd (NOs), + DMSO) was used to obtain
nanosized particles. It is shown that nanosized particles of
silver and palladium (Fig. 1, a-b) are formed on the
surface of silicon in a wide range of ions of reducing
metals.

Fig.1 SEM image of the surface of silicon deposited with
silver (), palladium (b) by galvanic replacement in solutions
of 0.01M AgNOs in DMF, 0.004M Pd(NQOs), in DMSO.

The concentration of the corresponding metal ions,
temperature and duration of galvanic substitution are the
main factors influencing the sediment morphology and
the size of its structural particles.

The tendency to decrease of the size of deposited
particles of silver and paladium with a decrease in the
concentration of the corresponding metal ions in solutions
of organic aprotic solvents DM SO and DMF was found.

As the temperature increases due to cathodic
depolarization, the particle size increases. At the same
time, there is a tendency to 3D growth of sediment.
Moreover, 2D growth prevails, which contributes to the
uniform filling of the substrate (Fig. 2, a-b).

ET=IS00W  cigwA=SEf
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Fig.2 SEM —an image of silver deposited with agalvanic
substitution from the solution 0.01M AgNOs + 3% HF in DMF
on the silicon surface for 1 min at atemperature 23(a), 40(b) °C.

As the length of the galvanic substitution process
increases, the size of the particles of the recovered metals
increases. Thisis due to nucleation amost exclusively in
the initia period, that is during the formation of
microcatodes and microanodes on the substrate surface.
In the future there is only their growth. Consequently, the
long process of galvanic substitution causes the formation
of a sintered sediment with a large particle size
distribution.

40 INTERNATIONAL YOUTH SCIENCE FORUM “LITTERISET ARTIBUS’, 2325 NOVEMBER 2017, LVIV, UKRAINE



Conclusions

1. The man factors influencing the sediment
morphology and the size of its structural particles are the
composition of the solution, the temperature and the
duration of galvanic substitution.

2. In the environment of organic aprotic solvents
DMSO and DMF galvanic subgtitution on the silicon
surface passes without any side processes. This
contributes to the formation of nanoparticles of silver and
palladium of uniform sze and uniformity of their
distribution on the surface.

3. The size of the particles of the recovered metals
increases with increasing of temperature and duration of
the electroplating process on the silicon surface.
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Abstract — Polymeric microcapsules with paraffin core
containing magnetite nanoparticles modified by oleic acid and
functional polymeric shell were synthesized using the
technique of " extraction-coacervation" microencapsulation.
The influence of process parameters onto colloidal chemical
properties (size, dispersity index, surface porosty) of
synthesized microcapsules was studied. It was shown that the
use of heterofunctional copolymer as microcapsule shell
allows the possihility of irreversible immobilization of a-
amylase and provide its participation in the reaction of starch
catalytic decomposition.

Keywords — magnetite, acrylate copolymer, heterofunctional
copolymer, magnetic nanoparticles, encapsulation,
microcapsul es, enzyme immobilization.

l. Introduction

In past decade, magnetic nanoparticles (MN) with definite
sze didribution and structure are of a wide attention due
their unique physical and chemical properties [1]. Their use
as the cariers of diverse bicactive moieties is of specia
interet due to their unique properties such as
Superparamagnetism, high surface area, large surfaceto-
volume ratio, easy separation under externd magnetic fields
[2]. Compared to porous carriers, such non-porous
nanoparticles have no externa diffuson problems, making
them more competitive especialy for large scale indudtria
usage in solidHiquid systems (e.g., precipitated protein) [3].
However, unmodified magnetite nanoparticles often have
high reactivity and easly undergo degradation upon direct
exposing to certain environment, leading to poor Stahility.
Hence, the daboration of the method of obtaining polymeric
microcapsules (MC) with functional shdll and encapsulated
MN istheimportant scientific and practical problem.

Therefore the aim of this work is to study the processes
of obtaining and properties of functionalized polymer
microcapsules with paraffin core filled with MN for
immobilization of a-amylase enzymes.

Il. Experimental part

Heterofunctiona tetrapolymer (HFP) — copolymer of
acrylonitrile (AN), butyl methacrylate (BMA), styrene (ST)
and mdeic anhydride (MA), the composition and properties
of HFP are presented in Table 1. IR analysis of synthesized
HFP proved the presence of corresponding functional groups
in HFP structure: 2240 cm™ — valent vibration vC=N of AN
nitrile group; 1856 and 1780 cm™ —vC=0 vibrations of MA
anhydride groups, 1728 cm® — vC=0 vibrations and
1220 cm® — vC-O vibrations of ester group in BMA;

3030 cm® — vC—H vibrations, 1600, 1580, 1460 cm™ —
skeleton vibrations of aromatic C-C bonds, 760 and
700 om™ — 8C—H deformation vibrations of ST phenyl groups

TABLE 1

COMPOSITION AND PROPERTIES OF HFP

COPOLYMER

COMPOSITION, % DISPERSIT)
MOLE My | Mw | Y INDEX K’

Mw/ M

AN | BMA| ST [MA (Mw/ M)
50.2 | 279 [14.3 | 7.6 (2860253013 1.85 356+1

The method of synthesis of magnetite nanoparticles.
The synthesis of Fe;O, nanoparticles modified with oleic
acid (OA) was carried out using modified co-precipitation
technique [4]. The difference of our modified method
from the original technique was that in this case was used
crystalline FeSO,-7H20, and the final product synthesis
was prepared as a suspension in ethyl acetate.

The technique of MN microencapsulation. In this work
we applied "extraction-coacervation" method of MN
encapsulation described in [4].

The technique of immobilization of a-amylase onto
microcapsules surface. In order to cary out the
immobilization of a-amylase onto MC surface we prepared
phosphate saline buffer solution (pH=6). This solution (100
ml) with 500 mg of a-amylase enzyme previoudy solved in
it was added to the synthesized MC. The glass with obtained
sugpens on was placed onto water bath with stirring during 3
hours. After that the enzyme solution was separated from
MC containing Fe;O, nanoparticles via magnetic separtion.
Modified MC were washed three times by 0.01% solution of
Tween 20 in water.

Methods of analysis of modified MN and MC with
encapsulated MN.

Thermogravimetric analysis (TGA) was carried out
using TG 209 Fl/lris device at dynamic mode in air
atmosphere and differential-scanning calorimetry (DSC)
was performed using DSC 204 F1 Phoenix. Electron
microscopic studies were performed using Selmi REM-
106l scanning electron microscope (SEM).

Using the results of datitical treatment of the size
measurements of 400-500 particles differential curves of
MC size distribution were built and number-average (d,),
weight-average (d,) sizes as well as dispersty indexes
(kp) of synthesized MC were calcul ated.

[1l. Results and discussion

Synthesis and modification of MN. At the first stage we
have synthesized magnetic nanoparticles  with
simultaneous their modification by oleic acid. The curves
of TGA and DSC of synthesized Fe;O, nanoparticles are
presented in Fig. 1. For unmodified magnetite
nanoparticles we observed sharp weight decrease in the
range from 25 °C to 100 °C that was not observed for
modified MN. This is evidently caused due to the
elimination of adsorbed water because MN modified by
oleic acid have hydrophobic surface and do not adsorb
water molecules. Besides, for the sample of modified MN
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the sharp weight decrease is observed in the range 250-
400 °C (close to the boiling point for oleic acid) that can
be explained by elimination of unbonded oleic acid.

DH, uVimg

100 200 300 400 500 600

100 200 300 400 500 600

T,°C T,C
a) b)

Fig. 1 The curves of TGA and DSC of magnetite samples:
unmodified (8) and modified by oleic acid (b)

MN microencapsulation. The next step of the work was
the MN encapsulation in microcapsules with paraffin core
and functiona polymer shel and the study of
dependences of colloidal-chemical  properties  of
synthesized MC, namely of number-average, weight-
average sizes as well as polydispersity indexes on the
process parameters (Table 2).

TABLE 2
M C FORMATION CONDITIONS AND CHARACTERISTICS
(MN TOPARAFFIN RATIOIS 1:22 WEIGHT PARTS, DISPERGATION
RATE —400 RPM)

PVA
T, | Dn, | Dw,
SAMPLE CON;;OENT, K ey oy Kp
MC1 1.0 328 | 479 | 781 | 1.63
MC2 2.0 328 | 375 ] 69.6 [ 1.86
MC3 3.0 328 | 283 | 635 [ 224

According to obtained data (Table 2) one can conclude
that the increase of PVA concentration in stabilizing
solution causes the decrease of number-average and
weight-average size of MC. At the same time the value of
polydispersity index increases.

One can see (Fig. 2), that as aresult of encapsulation of
magnetic nanoparticles of magnetite microcapsules with
regular spherical shape were obtained and agglomeration
of particles was not observed.

Fig. 2 Microcapsules of sampleMC 1 (a), MC 3 (b).

As one can see the porosity of the surface of
microcapsules obtained with 3% of PVA in stabilizing
solution is less as compare with microcapsules
synthesized at the PVA concentration of 1%. It is caused
by the fact that greater concentration of PVA leads to the
increase of solution viscosity. Asaresult, during the stage
of water addition extraction of ethyl acetate into water

phase proceeds dower and the microcapsule surface is
formed smoother with lessamount of pores. It isnecessary to
note that obtained MC ae rather sable even in acidic
medium. After their deposition into 1.5% solution of HCI
during one month they keep magnetic properties, that
witnesses in favor of dense encapsulation of modified
magnetic nanoparticlesin the paraffin core.

The next step of the work was the immohilization of
a-amylase enzyme onto MC surface using the technique
described above. To prove a-amylase immobilization the
obtained MC were placed into via with 5% gtarch solution
(2 ml) and phosphate buffer
solution (5 ml). To ancther
- via the same solutions were
added but without MC.
These vids were deposited
into thermostat at 40 °C
during 20 hours. After that 1
drop of iodine were added to
each vid. In the vial that did
not contan MC the
appearance  of intensve
color was observed while the
solution  in the vid
containing MC remained colorless (Fig.3). The test was
repested a few times. Obtained result proves the catalytic
action of immobilized a-amylase in the reaction of sarch
decomposition.

A8 = -
! l‘- = |

Fig. 3 TheviaswithMC
containing immobilized
a-amylase (left) and
without MC (right).

Conclusion

The results of performed studies witness that the method
proposed alows to obtain microcapsules with paraffin core
containing magnetic nanoparticdles and  functionalized
polymeric shdl. The influence of process parameters onto
colloidal-chemical properties of synthesized microcapsules
has been studied. It was shown that MC size and polymeric
shel porodty decreases with the increase of polyvinyl
alcohol  concentration in the dabilizing solution. The
presence of functional groups in MC shdl dructure allows
irreversbly immohilization of enzymes that can be used as
biocatal ysts for industrial application.
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Abstract — The objective of research was determination of
the optimum heat treatment conditions before drying fruits
and stage-wise dehydration modes. The optimal stage-wise
regimes of apples drying in the production of fruit chips are
presented in the article The drying curves apples and
organoleptic properties apple chips are analyzed.

The obtained results were used in the development of
energy-efficient technology for the production of fruit chips
using the convection drying method, and the technical
conditions were developed and approved. The developed
technology increases the energy efficiency of the process by
15 %.

Keywords — fruit and vegetable chips, apple chips, therma
and humidity parameters of the drying agent, stage-wise drying,
energy efficiency.

[. Introduction

A new form of dried products for Ukrainian consumers
is fruit and vegetable chips. These include chips from
apples, pears, persmmons, quinces, bananas, beets,
carrots, white roots, etc.

Fruit and vegetable chips are natural sweet product with
high dietary and taste properties with natural taste and
they have a color that inherent in the feedstock and they
had been dried to alow residual moisture content.

Special distinction of chipsis:

- noroasting process, cholesterol, carcinogens,

- lowcdorie

- easeof use

- duration of storage.

Daily consumption of chips provide the body's need for
natural vitamins, trace d ements and other vital substances.

Scientific devdopment technologies drying chips are
involved in many countries (USA, China, Korea, Thailand,
Serbig, Poland, Hungary, Russa and Bearus), but Ukraine
does not pay enough attention to such sudies.

Various methods of dehydration such as sublimation,
vacuum, convective, infrared, as wel as their
combination are used in the production of chips. Most
technologies for chips involve the use of different flavors,
stabilizers, spices, on the preparation of raw materials
and the final stage [1 - 4]. This increases the cost of the
find product, fruit and vegetable chips lose their
naturalness, become more calorie and less dietary.

The devel opment of energy-efficient technology for the
production of fruit chipsisan urgent task because thereis
no mass production of chipsin Ukraine.

Il. Objective of the work

The plant materials may be separated into groups
differing in certain predominant features. For example,
such plant products as apples are characterized by high
content of pectin substances. Therefore the drying process
for such pectin-containing materials should proceed under
such therma and moisture conditions which would
provide maximal retention of pectin.

Bearing this in mind, we performed a complex of
experimental  studies whose results served  for
optimization of the convection drying parameters and
development of the technology for processing of plant
products into dried products. This technology is based on
the technique of fast drying of pretreated raw materia.
This technology is also characterized by small energy
consumption.

lll. Objects and methods of research

Objects of research were Reinette Simirenko apples.
Apples dehydration was carried out by the method of
convective drying to a residual moisture content of no
more than 8 %.

The duration of the apples stay in a medium of a
certain temperature and moisture content was monitored;
the apples temperature in the course of drying process did
not exceed the maximum permissible temperature for
thermally unstabl e pectin-containing materials.

Drying experiments and the evaluation of apples quality
were performed according to standard procedures.

[ll. Results of experimental
investigations and discussion

Theresults of our experimental investigations show that
elevated content of pectin substances (which bind and
retain moisture) hampers the drying process and limitsthe
material temperature in the course of this process. To
obtain a high-quality final product with high degree of
retention of pectin and other bioactive substances, it is
necessary that the material temperature in the course of
drying process remain below its critical value. For this
purpose, the drying agent parameters should vary in the
course of the drying process in accordance with the
regularities of heat and moisture transfer in the dry-out
material [5].

Taking into account specificity of the dehydrated
objects, one has to conclude that hygrothermal processing
of parenchyma (resulting in trangition of insoluble pectin
into its soluble form and increase of jellying ability of
dried products) is the mandatory requirement when
processing the pectin-containing materials into dried
products. In the course of hygrothermal processing, cell
permesbility is increased and moisture removal is
intensified. In addition, such processing leads to better
preservation of dried pectin-containing products, due to
reduction of their absorbability and inactivation of the
enzyme system.

Different methods of preliminary processing of raw
materials for drying were carried out (steam treatment,
processing in solutions of citric acid and sugar syrup).
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Analysis of modes and methods of pretreatment of raw
materials on drying kinetics and the organoleptic finished
product showed that examined treatments provide a high
degree of color preservation of raw materials and
accelerating the kinetics compared to untreated samples.

Steam treatment shortens the drying process by
20...30 % than the raw fruit dehydration, Fig. 1. Steam
treatment stabilizes color and taste range of source
material. The effect of preliminary processing on color of
raw materials and finished product are given in Table 1.
Steam treatment helps preserve vitamins and helps
destruction of oxidative enzymes.

500 ¥
400 \

Moisure content, %
(8]
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Fig. 1 The effect of preliminary heat treatment on apples drying
at t=80...60 °C, V=1,5 nVs, d=10 g/kg of dry agent: 1 — fresh
apples, 2 — 10 % solution of sugar syrup, 3 —0.1% lemon
solution acid, 4 —1 % lemon solution acid,

5 — steam-thermal trestment.

TABLE 1

THE EFFECT OF PRELIMINARY PROCESSING ON COLOR OF RAW
MATERIALS AND FINISHED PRODUCT

The type of The change thecolor | The color
processing of the raw materia of the chips
darkening of the
sample from 3to 35 | light brown
fresh apples minutes, depen-ding color
on the variety
steam-thermal color stable saturated light cream
trestment color
processingin 0.1% light
and 1 % lemon color saturated yellow
solution acid color
treatment in 10 %
solution of sugar color saturated cream color
Syrup

We studied the effect of drying agent medium
parameters such as temperature and flow rate on the
drying process. We also studied the effect of stage-wise
dehydration modes of apples, Fig. 2.

Based on experimentally determined drying curves and
drying rate curves it was found that drying time is mainly
affected by initia flow rate of drying agent and
temperature. We offer the optimal stage-wise regimes of
apples drying are with therma and humidity of the drying
agent parameters. temperature t=80..60 °C, speed of
V=1.5...2 m/s, moisture content of d=10 g/kg of dry agent.
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Fig. 2 The stage-wise apples dehydration modes at V=1,5 m/s,
d=10 ¢/ kg of dry agent: 1 —t=60 °C, 2 —t=70...65...60 °C,
3-1=90...70...60 °C, 4 —t=80...60 °C.

Conclusions

Considering the above set of requirementsto the drying
process, we determined the optimal parameters of the
drying agent and developed the stage-wise dehydration
modes resulting in 20...30 % reduction of process
duration and 15 % saving of energy carriers and providing
high degree of preservation of pectin and bioactive
substances.

The obtained results were used in the development of
energy-efficient technology for the production of fruit
chips using the convection drying method. In a basis
production technology of fruit chips is the method of
convective drying in modes of multigage dehydration
pre-prepared materials. In the process does not use any
flavoring ingredients, preservatives, it is undoubtedly
worth of chips and provides their naturalness, low calorie,
stability, organoleptic characteristics during storage. The
developed technology allows to intensify the process and
reduce time of the fruit chips production, to preserve the
natural feedstock comprising: vitamins, amino acids,
carbohydrate, organic acid, pectin and other
biologicallyactive substance. As a result, naturd fruit
chips are obtained containing no outside chemical agents
used as fillersin chips prodused abroad.

The technica conditions of "Chips fruit, vegetable"
were developed and approved. Technology is protected
by 9 patents of Ukraine.
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Abstract — Oxide system CeO,-M0O; with atomic ratio
Ce/Mo = 15:85, 25:75, 50:50 and 75:25 was modified by
mechanochemical treatment (MChT) during 2, 4 and 8 hours
in air. Obtained samples were studied by means of XRD, BET,
TEM, sorption from the solution methods. It was shown, that
mechanochemical modification leads to change of oxides
crystalline structure, their surface morphology, porous
structureand sorption ability to safranin-T dye.

Keywords — mechanochemistry, composition, cerium and
mol ybdenum oxides.

[. Introduction

It is known that CeO,-M00O; system is widely used in
catalyss branch, namely is an effective sdective reduction
catalyst to remove nitrogen oxides (NO,) [1], presentes high
activity towards CO oxidation [2] and high photocatalytic
ability in degrade process of organic dyes[3].

The preparation of oxide cerium-molybdenum system
by traditiond methods (solid phase synthesis,
precipitation, hydrothermal synthesis etc.) is characterised
have some drawbacks and the creation of new preparation
methods of these compounds is very actual. It is found
that mechanochemical treatment permits to obtain the
nanocompositions with larger specific surface area, the
structure with specific planes and other properties, reduce
the production stages, realize the energy consumption,
and prepare the catdysts in metastable state. In this
communication the results of MChT on properties of
Ce0,-M00O; system are reported.

Il. Experimental

Cerium-molybdenum oxide system with a molar ratio
of CeO,/MoO; = 15:85, 25:75, 50:50 and 75:25 was
prepared by mixing. Milling of samples was carried out in
the planetary ball mill Pulverisette-6 (Fritsch) during 2, 4
and 8 hours in air. The rotation frequency was 550 rpm
with the reverse after 30 min treatment. The viad
(200 cm®) and balls (5 mm in diameter) were made of
ZrO,. The ball-to-powder weight ratio (BPR) was 10:1.

The physico-chemical properties of investigated system
before and after modification were studied by the
following methods: XRD, BET, TEM and sorption from
the solution.

[1l. Results

The X-ray data show that in initial mixture CeO,-
MoO;= 50:50 al reflexes characterigtic for simple oxides
(Fig. 1, 1) with sgnificant domination reflex of a-MoO;
from the plane (020). It is found, that MChT leads to

decrease of intensity all reflexes that is caused by
decrease of particle size of initial oxides.
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Fig.1 Diffractogram of system CeO,/MoQ;: initia
Ce/M0=50:50 — 1, after MChT of Ce/M0=15:85-2, 25:75 -3,
50:50 — 4, 75:25 -5

L.
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It is shown, that in samples Ce/Mo= 50:50 and 75:25
after 2 hours treatment the reflexes a-MoO; are disappear
that is connected with the amorphization process of this
phase and simultaneously the dominance of phase CeO,
from the plane (111) is observed.

The results of crystallite size (L) calculated by Scherer
equation presented in Table .

TABLE 1
XRD AND BET RESULTS OF SYSTEM CeO,/M005
SYSTEM
Atomic Time L, nm P
: - ! , | Vex107,
ratio | processing, | MoO; |CeO, ?nBzE/a zcm3/g
Ce/Mo h (020) |(112)
0 89 64 13 10
. 2 47 36 11,6 11
1585 4 59 33 12,4 12
8 50 28 13,0 12
0 96 55 11 2,0
. 2 56 26 14 5,0
25:75 4 44 25 4,6 50
8 72 22 9,5 9,0
0 93 53 17 3,0
. 2 - 21 2,7 3,0
S0:50 4 - | 18 | 30 | 30
8 - 15 4,7 6,0
0 - 48 6 4,0
) 2 - 17 5,2 6,0
525 4 - 16 6,4 6,0
8 - 16 7,2 8,0

The studies of porous structure show that
mechanochemical modification accompanied by increase
of specific surface area and total pore volume (Table 1).
Thus, the change of type isotherm from Il to IV (IUPAC
classification) for Ce/M0=15:85 and 25:75 after treatment
is observed that is connected with mesopores formation. The
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modification of Ce/Mo=50:50 composition accompanied
only increase of Sger while the MChT of Ce/M0=75:25
leads to formation of macropores from the the mesoporous
gructure as indicate the total pore volume (98-130 nm) and
changetypeisotherm (from IV to l).

Reaults of trangmisson dectron microscopy  of
mechanochemical trested samples of compostion
Ce/M0=50:50 showed the formation of nancsized particles
of cerium and molybdenum oxides. There are two types of
initid oxide particdes. big crystals 200-300 nm (MoOs) and
small aystals—50-70 nm (CeO,) (fig.2 a).

c d

Fig2 TEM microphotographies of initill composition
Ce/M0=50:50 — aand ater itstreatment during 2h—b, 4h —c,
8h—d

The decrease of particles sizeto 20-40 nm after 2 hours
treatment is shown from the fig.2 b. The modification of
this sample during 4 hours accompanied by a formation of
nanodispersed structure “core-shell” (fig.2 c), when after
8 hours this structure is destroyed with agglomerates
formation (fig.2 d).

The studies of composition Ce/Mo=50:50 catalytic
properties in ethanol sdlective oxidation reaction showed
that the acetic aldehyde is major reaction product and the
selective formation of ethen as collaterad product is
insignificant (3%).
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I.°C
Fig.3 Depending ethanol conversion on the temperature for
Ce/M0=50:50 samples. 1- initia, after MChT during 2h—2,
4h -3, 8h—4.

Such changes can be connected with icrease specific
surface areafor modified samples.

The comparative analysis of sorption properties of
mechanochemical modified composition Ce/Mo=50:50
showed that type of kinetic curves changes from H2 to H1
(agree with classification to C.Giles). Efficiency of dye
removal from water solution by materials modified during
2, 4 and 8 hours are 72, 78 and 87 % respectively, when
thisindicator for initial sampleisonly 50 %.

a, mg/g
0,28
0,26
0,24
0,22
0,20
0,18 n
0,16
0,14
0,12
0,10

0,08 4 initial

L5 2,0 2,5 3,0 35 4,0 4,5 5,0

S m’/, g

Fig.4 Graph of the adsorption dependence of safarin T on the

specific surface of a mechanically activated composition
Ce/Mo =50:50

Obtained results testify about dependent of sorption
ability from the specific surface area because with an
increase in Sger in 1,6-2,8 times the dye adsorption
increasesin 1,4-2,8 times (fig. 4).

Conclusion

This study has shown that mechanochemical trestment
of CeO,-M00O; system leads to decrease crystalline size,
change of porous structure and direct dependence the
sorption capacity from the specific surface area.
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Abstract — The photocatalytic decomposition of benzene
and phenol was carried out on TiO,N/SIO, catalysts. TiO,
supported on SO, was synthesized using TiCl, and silica gel
as raw materials. In the process of deposition, the samples
were modified with urea and ammonia for introducing
nitrogen atoms into the matrix TiO,. The effect of annealing
temperature was investigated. According to IR spectroscopy,
the nitrogen doped TiO,/SiO, consisted of nitrogen atoms. The
band gaps of nitrogen doped TiO, and pure TiO,(P-25) were
estimated from UV-Vis spectroscopy data to be 2.7 and 3.3 eV,
respectively. From the comparison of photocatalytic activity of
TiON/SIO, samples  prepared by different annealing
temperature, it was found that sample annealed at 500°C was
the most active.

Keywords — photodegradation, TiO,N/S O, catalysts.

l. Introduction

Photocatalytic degradation is conddered a favored,
promising, cleaner, and greener technology for the removal
of toxic organic and inorganic pollutants from water and air.
Titanium dioxide (TiO;), as a chemically stable, nontoxic,
highly efficient, and relatively inexpensive photocatal yst, has
been widdy used for water and air purification. However,
the TiO, photocatalyst has not been applied widdy in the
fidd of environmental pollution control, since its large band
gap energy consderably limitsthe utilization of visible light.
Band gap narrowing by the introduction of nonmeta anions
(N, S, C and F) into TiO, was recently found to be more
efficient than the traditional methods to yidd catalyst with
high catalytic activity under visiblelight irradiation [1].

While the TiO, suspenson has been employed in
most of the studies, the supported TiO, on a sationary
support is more likely to be used in any commercial
application of this technique because of its easer
recovery of TiO, particles from the purified effluents.
Silica gel has been selected as a unique support since it
has been used widely in industry and does not possess a
charged framework, but a moderate hydrophaobicity.

Il. Experimental

Synthesis of nitrogen-doped TiO, supported on silica
gel was prepared according to the procedure [2]. 2 ml
solution of 5.6 M TiCl, was dowly added to 20 ml water.
Taking into account that the reaction of hydrolysis of
titanium chloride is exothermic, the process was carried
out in an ice bath. To prevent the formation of orthotitanic
acid, 10 ml of acetic acid was added. Then 40 ml

saturated solution of urea and 50 g silica gel were added
to reaction solution under vigorous tirring for 30 min.
Deposition of TiO, was carried out using 25% ammonia
solution. After this, the samples were dried at 110 ° C and
calcined for 5 hoursat 400, 500 and 600 ° C.

Photocatalytic experiments were carried out under the
influence of radiation of 70W sodium and 125 W mercury
lamps of high pressure. As a substrate, agueous solutions
of phenol or benzene at concentrations of 50 MPC
(maximum permissible concentration) were used. The
reaction products were analyzed on a gas chromatograph
with a PID on a 1m column filled with Porapak-Q (for
anaysis of benzene content) and 3m filled with silica gel
with a polymeric siloxane deposited on its surface (for
phenol analysis). As a photocatalytic installation, a
system of serialy connected quartz tubes, filled with
supported samples, was placed around the thermostated
radiation source. The reaction mixture circulation and
cooling of the reactor were provided by a peristaltic pump
with parallel channés.

[1l. Results

As aresult of gravimetric studies, it was found that the
amount of TiO, deposited irrespective of the heating
temperature is about 0.9%. From the structural-sorption
data it is clear that the application of silica gel to the
surface of both pure and nitrogen-containing TiO,,
cacined at various temperatures, practically does not
affect the structural and sorption properties of the support.

Fig. 1 shows IR-spectra of nitrogen doped TiO,
supported on silicagel samples.

intensity, i.0.

—— N-Ti0,/Si0, 400
——N-Ti0,/Si0, 500
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-~ Tio,/SiO,
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Fig.1 IR-spectraof TiO,/SO,and N-doped TiO,/SiO,

In the IR range al samples have similar bands. It
demonstrates the bands that are positioned at 3300-3500
cm', assigned to hydroxyl for both the dissociated water
and the molecularly adsorbed water and at 1623 cm™, for
the molecular water [3]. An intense bands within 1020-
1050 cm™ can be attributed to the nitrogen atoms
embedded in the titanium dioxide matrix [4]. Also bands
at 1740 cm™ correspond to oxygen-containing particles of
nitrogen (N,Qy) [5].

The band gaps of nitrogen doped TiO, and pure TiO,
(P-25) were estimated from UV-Vis spectroscopy data to
be 2.7 and 3.3 €V, respectively.
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The activity of synthesized samples was investigated in
the reactions of photodegradation of agueous solutions of
benzene and phenol (50 MPC) under UV and visible
light.
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Fig. 2 The photodestruction of aqueous solutions
of benzene (50 MPC) under (a) UV and (b) visiblelight.

From the comparison of photocatalytic activity of
TiON/SO, samples prepared by different anneding
temperature, it was found that sample annedled at 500°C was
the mogt active A two-fold decrease in the content of
benzene in the solution with irradiation with amercury lamp
was achieved in less than 60 minutes, while at irradiation
with asodium lampin just two hours (Figure 2).

Somewhat lesser activity was observed in the
photodestruction of phenol agueous solution (Fig. 3).
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Fig. 3 The photodestruction of aqueous solutions
of phenal (50 MPC) under (a) UV and (b) visible light.

In the visible range of radiation, the activity of the
samples did not exceed 40%, and when irradiated with a
mercury lamp — 60%.

Conclusion

The preparation of nitrogen doped TiO, resulting in a
desired band gap narrowing and an enhancement in the
photocatalytic activity under visible light. Thus, among
all synthesized and modified samples, only in the case of
nitrogen doped titanium dioxide supported on silica gd, it
was possible to obtain samples that are active in the
visible range of radiation.
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Abstract — Polymers with terminal peroxide fragment were
synrhesized via radical polymerization of fluoroalkyl
methacrylates. Amphiphilic block-copolymers with hydrophilic
block of different structure were synthesized by usage of
obtained polymers with terminal peroxide group as
macroinitiators. Kinethic peculiarities of polymerization were
studied on both stages. The strucrure of polymers were
confirmed by | R- and NM R-spectroscopy.

Keywords — fluoroalkyle methacrylate, peroxide group,
radical polymerization, controlled synthesis.

[. Introduction

Polymeric materials are widely prevalence in all
spheres of human life. However, the field of application
of such materials is determined by their properties which
in turn depend on the structure of macromolecule.

Control of polymeric structure can be done by regulation
of the lengths of sSde- and main chains of macromolecule.
The nature of polymeric fragments is also affects the
polymeric properties. Thus, amphiphilicity of polymeric
backbone possible to provide by combining fragments with
different solubility in polar environment.

Unique properties of fluorine contained polymers led to
the rapid growth of the number of their studies in
different areas. Polymers with fluorine fragments are use
as components of contact lenses [1], additives for surface
modification [2] and semiconcuctors [3]. In additions,
perfluorinated lengths in the structure of surfactant are
most hydrophobic in comparison with their hydrocarbon
counterparts [4]. This properties is interesting for
increstion of molecular amphiphilic  character.
Amphiphilic copolymers with fluorinated segments
studied as carriers for nucleic acid delivery and marking
and detection of biological objects [5-7].

In order to provide effective control of macromolecular
structure and properties is important establishment of
kinetic regularities of homo- and block-copolymers with
controlled lengths and nature of side chains and blocks.

In this paper are presented research of synthesis of
poly(fluoroalkyle methacrylate)s with terminal peroxide
fragments and amphiphilic block/comb-like copolymers
based on obtained polymers with peroxide group.

Il. Synthesis of F-contained polymers with
terminal peroxide group

Comb-like fluorine-contained homopolymers  with
terminal peroxide fragments were synthesized by free
radical polymerization of fluoromethacrylatesin presence
of peroxide contained chain transfer agent -
monoperoxine (MP). General scheme of polymerization
areshown in fig. 1.
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Fig. 1 General scheme of polymerization
of poly(fluoroalkyl methacrylate)-MP

Kinetic peculiarities of polymerization were studied.
Influence of polymerization parameters on the length of
macromol ecular backbone was established.

Structure of comb-like polymers confirmed by IR- and
NMR-spectroscopy. The  results of  gasliquid
chromatography confirmed entrance of peroxide group to
macromolecular structure.

Control of molecular-weight characteristics was carried
out by addition of monoperoxine. Terminal peroxide
group allows to use obtained polymers as macroinitiators
on thenext stage of synthesis.

lll. Synthesis and properties of amphiphilic
copolymers based on prepared
macroinitiators

Amphiphilic block-copolymers with fixed size of side
chains and blocks were synthesized by free radical
polymerization of hydrophilic monomers initiated by
obtained poly(fluoroalkyl methacrylate)s. Block/comb-
like copolymers obtained with different structure of
hydrophobic (block A) and hydrophilic block (block B)
(fig. 2). Thus, we changed the lengths of blocks and
nature of hydrophilic blocks. Cumen and epoxide-
contained derivative of cumen (KGE) were used for
narrowing the molecular-weight distribution. The general
scheme of synthesis of block/comb-like copolymers with
amphiphilic character are shown on fig. 2.
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Fig. 2 General sgheme of synthesis of bl ock/comb-like amphiphilic copolymers based on poly
(fluoroalkyl methacrylate)-M P

Kinetic parameters of synthesis of hydrophilic block B
were studied. The dependencies of molecular-weight
characteristics from the length of block A, nature of the
solvent, amount of chain transfer agent and macroinitiator
were established.

Structure of amphiphilic copolymers was confirmed by
IR- and NMR-spectroscopy and results of elemental
anaysis.

Including of hydrophilic part in the structure of
macromolecule also confirmed by ability to dissolving of
amphiphilic copolymersin water.

Colloidal-chemical  properties  of  amphiphilic
copolymers were studied. The avaibility of inflection
point on obtained isotherms confirmed surface tentions
properties of amphiphilic copolymers. The sizes of
polymeric micellar sructures were studied by results of
dynamic light scattering (DLS). Influence of the length of
blocks on CMC value and sizes of micdllar structures
were established.

IV. Perspective of practical application
of amphiphilic copolymers

The changing of nature of hydrophilic block or termina
group determine specifics of block-copolymers usage.

Thus, polymers with polyelectrolyte block B can form
complexes with nucleic acids (called polyplexes). Such
polymers are described at literature as nonviral vectors for
nucleic acid/genes ddivery. Wel known [7], that
fluoritated fragments in structure of nonviral vecrors
prevent of interactions between delivery system and
proteins. Furthermore, such components facilitate
penetration of polyplex through cell membrane.

From the other way, terminal epoxy group was
introduced for the purpose of binding polymeric
macromolecule and biologically active components, for
example oligonucleotides. Moreover, nonionic nature of
block B are provide selective oligonucleotide binding
with terminal group.

Proposed methods of synthesis block/comb-like
copolymers are interesting for research, development and
implementation of novel approaches to therapy for cancer
and genetic diseases.

Conclusion

In present work are described kinethic perculiarities of
poly(fluoroalkyl methacrylate)s with terminal peroxide
groupe and amphiphilic copolymers based on obtained
macroinitiator.  Colloidal-chemical  properties  of
amphiphilic copolymers were studied. Perspective of
practical usage of copolymers are shown.
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Abstract — Was investigated the egterification of dextrin
using Steglich reaction. Such modification allows obtaining a
functional product with an extensive sructure of
macromolecules, capable to form self-stabilized dispersionsin
an aqueous environment. To ensure the branching, the
modification was performed using the functional agents — N-
derivatives of glutamic acid. The substitute in the N-position
provides the introduction of the required function.

Keywords — dextrin, glutamic acid, crosslink, Steglich
esterification, modification of polysaccharides.

. Introduction

A number of natural properties of the polysaccharides
do not allow their direct use for medical and biomedical
purposes.

To create biomaterials based on them they need to be
modified. Very often modification is made by controlled
cross-linking of the polysaccharides macromolecules [1].
But, despite the modification, should not forget the
advantages of this naturd polymer. The materials,
obtained by the modification, should stay polysaccharides
and preserve the property of being tolerant to the human
body.

Steglich reaction takes place in mild conditions, and the
obtained polyester, as shown by the relevant studies, is
non-toxic, depyrogenized and biodegradable material. It
is also important fact that the products of decomposition
of the polymer in the live organism are aso non-toxic. [2,
3]

In light of this, the considerable interest represents the
modification of polysaccharides by N-derived of
dicarboxylic acid using Steglich reaction to produce
polymer materials for medical and biomedical purposes.

[l. Dextrine modification

In general, the interactions between the hydroxyl group
of dextrin and carbonyl group of 2-(stearoylamino)
pentane dicarboxylic acid (Glu(S)) can display the Fig. 2.

The degree of subgtitution of hydroxyl groups
determined by the efficiency (selectivity) of the reaction
and by the ratio between the reagents. Because the
Glu(St) is a dicarboxylic acid, it is possible the cross-
linking reaction between dextrin macromolecules, under
conditions of sufficient process efficiency, in any ratio of
the reagents. This processisreflected on the Fig. 3.

With moderate increase of quantities of cross-links will
be formed modified dextrin with significantly increase of

molecular weight and a dendrite dructure of
macromolecules. The modified product, with the dendrite
structure of macromolecules, should not lose solubility in
water and, by introducing the residues of Glu(St) and the
formation of ester group must obtain the ability to
dissolve in some organic solvents, particularly in
methanol.

On the other side, the formation of a significant amount
of cross-links between the macromolecules of dextrin
should lead to the formation of spatial net. The modified
dextrin, which macromolecules formed crosslinked
spatial nets, loses its ability to dissolve in solvents,
including water, and it can only restricted swell.
Furthermore, if to the process of creating a three-
dimensional net will be involved a critica amount of
macromolecules of dextrin it will lead to the ge
formation, which, observed with a rapid increase of the
viscosity of the environment.

Confirmation, that in the investigated system observed
the progress of described above processes, can be seen on
Fig. 1, which shows the change of viscosity of the
reaction mixture during the process at the ratio of
carboxyl groups of Glu (St) to the hydroxyl groups of
dextrin as 1 to 1. As it can be seen from the curve, the
viscosity of the mixture increases during the whole
process of the reaction and when the process reach a
certain conversion, occurs its rapid magnification and the
reaction environment transformed into the gel. The
processes of structuring passes during al the time of the
reaction, and when it reached a certain molecular weight,
at the point of percolation, it begins a mass interaction
between the cross-linked macromolecules, leading to the
formation of the gel. Chemical processes of structuring
also occur and after percolation point.

254

204

T T T T T T 1
o] 100 200 300 400 500 60(
Time of reaction, min

Fig 1. The change of viscosity over time.

Time of the percolation point achievement depends
from the ratio of the reagents and from the conversion.
The percolation point is observed at 6,5, 7,5 hour after
beginning of the process, which corresponds to
approximately 80 , 90 % conversion.

Conducted research showed that the ratio, provided to
the achieving of the 92 95% conversion, is the
determining factor for obtaining modified products of the
different molecular weight and composition.

The investigation of the structure and composition of
significantly structured product, that was obtained after
percolation point, is complicated by the loss of its
solubility. Therefore, within this work, conducted studies
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Fig. 3. Cross-linking of the dextrin macromolecules.

of modified dextrin, that formed before percolation point
was reached, but under the condition of high conversion.

According to the methodology of the research, the
resulting product was separated by extraction of samples
with methanol and distinguished the product soluble in
methanol and insoluble in it. Several additional
observations such as swelling of methanol separated
products in a variety of solvents showed that the fraction
that soluble in methanol endlesdy swells in DMF and
product that insoluble in methanol has a limited swelling
in some solvents. We can conclude that in the methanol
dissolved the modified and heavily branched product, and
insoluble in methanol fraction is a cross-linked product
that during modifications formsthe spatial net.

Fig. 4 shows the NMR spectrum of methanol soluble
fraction of the product with referring of basic signals.
This spectrum confirms the reaction of grafting Glu (St)
to dextrin macromol ecules.
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Fig 4. NMR spectrum of the dextrin esterification product.
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The resulting products were tested for the ability to form
in water environments polymer dispersons. These studies
have shown that modified dextrin with a dendrite Sructure
of macromolecule formed in an agueous environment, a
sdf-gabilized dispersion with particles of nanometric sze.

Conclusions

As a result of conducted studies was found that
modification of the dextrin, by N-derivatives of the
glutamic acid using the Steglich reaction, proceeds with
high efficiency and provide the substitution of 50 to 75%
of the hydroxyl groups from possible, at a given
proportion of reagents. Asaresult of the modification it is
formed the products with branched and cross-linked
structure of macromolecules. These products can be
separated and the ratio between them determined by the
ratio of reagents at the stage of synthesis. The practical
interest represents the product with branched structure of
macromolecules, as it is able to form the sdlf-stabilized
aqueous dispersion, stable in time, with nano- and micro-
metric size of the particles.
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Abstract — The process of synthesis of indium sulphide
(In;S;) semiconductor thin films by a chemical synthesis
method was done. The acetic acid has been used as a
complexing agent. |vestigations of thin films properties were
carried out by using X-ray powder diffraction, scanning
eletron microscopy, optical spectroscopy. The phase
composition, optical transmission and absorption spectra of
In,S; films were studied. The value of bang gap energy has
been experimentally determined from spectral dependences of
optical transmission of In,S; films, and ranges from 2,31 to
2,55¢V.

Key words - indium sulfide, chemica deposition,
semiconductor films, thin films, structure and morphology of
thin films.

[. Introduction

Mass production of thin-film devices are alowed only
when the methods for their preparation are
technologically ssimple, low-cost, flexible in managing
properties with high reproducibility obtained materials.

Increased interest is observed in  semiconductor
materials of the group A’B® with their subsequent
application in the optoeectronic, photoelectric industry
and photoelectrochemical solar cells [1,2]. One of the
promising candidates for replacing cadmium sulfide is
chemically deposited films of sulfide indium.
In,Ss — n-type semiconductor with  bandgap
width (2.0-2.8 eV) [2,3], which is a non-toxic materia
and can be used as a buffer layer in Cadmium-Indium
Sulfide (CIS) solar cells.

Il. Experimental

The working solution for synthesis In,S; films was
prepared by mixing indium sulfate (C(Iny(SO4)3) = 0,01 M),
acetic acid (C(CH;COOH) = 0,1 M), as a complexing agent
and thioacetamide (C(CH;CSNH,)=0,2 M), as
sulphating agent [3-8]. Deposition time was from 10 to
45 min.; temperature — 65 °C. As substrates, pre-prepared
plates 18 x 18 mm from an optically homogeneous glass
with athickness of 0.2 mm were used. The resulting films
were solid.

The investigation of surface morphology of the films
was carried out using a raster eectron microscope
REM-106Y equipped with a system for microanalysis
The optical transmission spectra of In,S; films were
obtained for wavelengths from 340 to 900 nm on

spectrophotometer Xion 500 «Dr. Lange». A comparative
signal was passed through glass substrates identical to the
substrates, used for the investigated films. The phase
composition of the In,S; films and structures was
investigated by X-ray powder diffraction (diffractometer
DRON-3.0, CoKa-radiation). Primary processing of the
experimental diffraction data in order to identify the
phases was made using the PowderCell program [4].
Optimum exposure for each of the samples was sdl ected.

[1l. Results and discussion

According to the results of X-ray diffraction anaysis of
samples In,S; films obtained at a temperature of 65 ° C.,
was established that all samples consist of a-1nyS;,
B-1n,S;, or their mixture, That's because their theoretical
difractograms are similar.
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Fig. 1 X-ray diffractogram of In,S; film.

The optical spectrum of light transmission T (1) of In,S;
film for wavelengths from 340 to 900 nm was
investigated (Fig. 2). The growth of light transmission
begins in the area 360-380 nm. With increasing in the
duration of the synthesis of light transmittance gradually
decreases due to an increase in their thickness. The
spectral dependences of the absorption of the In,S; in
(a:hv)?> vs. hv coordinates allow determining the
fundamental absorption edges.
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Fig. 2 The spectral dependences of optical transmission
of In,S; films.
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Fig. 3 Plot of (a-hv)? vs. hv (b).

The optical band gaps of the films (Fig. 3) are localized
in the ranges 2,31-2,55 eV, which is in good agreement
with literature data for films of indium sulfide, deposited
by chemical methods. [3,4].

TABLE 1
RESULTS OF THIN FILMS MICROANALY SIS
I_Deposit_i on Content In, Content S, s
time, min. at.% at.%
10 43.812 56.188 1.283
15 40.125 59.875 1.492
20 41.891 58.109 1.387
25 41.844 58.156 1.390
30 41.734 58.266 1.39%6
35 42.013 57.987 1.380
40 43.052 56.948 1.323

The surface of 1n,S; films (Fig.4 a — d) is smooth and
homogeneous, solid, completely covering the surface of
the substrate. With the increase duration of synthesisthere
is a change in color from yellow lemon to orange. The
duration of the process also affects the thickness and
thickness defects obtained films. More inclusons of
approximately the same color, the number of which
increases over time.

20.00kV___x1.00k 50,

d)
Fig. 4 Surface morphology of the In,S; films, deposited for
a) 10 min; b) 20 min; ¢) 30 min; d) 40 min.

Conclusion

The possibility of the synthesis of films by chemical
precipitation using acetate acid, as complexing, indium
sulfate, as a donor of Indium ions and thioacetamide as a
sulfating agent [1-4, 5-9], has been confirmed. In this
paper, the synthesis and properties of thin films of indium
sulfide were studied.

The influence of the deposition time on the surface
morphology and the coefficients of light transmission has
been investigated. The value of bang gap energy has been
experimentally determined (2,31-2,55 €V). The atomic
composition and phase composition of films are
determined. It has been established that the quality of
films is very dependent on mixing and constant
temperature control. At low mixing speed, a precipitate is
formed on the substrate surface.
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Abstract — Some chemical modifications of the Gewald 2-
amino-thiophenes and 3-aminothiophenes were established.
Anumber of new substituted thienotriazolopyrimidines,
thienotriazoles and thiophenyl-triazolothiadiazine were
obtained. This study provides new approaches to the
condruction of subgtituted 1H-1,24-triazoles bearing
thiophene core and allows to use data in medical chemistry for
further drug discovery.

Keywords — 2-aminothiophene, 3-aminothiophene, 1,2,4-
triazoles, aminohydrazones, thienotriazol opyrimidines,
triazol othiadiazines.

|.Introduction

Recently, special attention is paid to the research in
medicine, particularly to the synthetic drugs devel opment
for the treatment of serious diseases such as cancer. Fused
heterocyclic derivatives with thiophene core continue to
attract considerable attention because of their great
practical usefulness, primarily, due to a very wide
spectrum of biological activities. In particular, thiophenes
have been reported to possess anticancer activity [1].
Among all heterocycles, the heterocycle-fused 1,2,4-
triazole scaffold has been identified as one of the
privileged structures in drug discovery. New literature
data suggest that compounds with both: thiophene and
1,2,4-triasole rings are actively investigated for anticancer
activity [2]. Among them thieno[3,2-€][1,2,4]triazolo
[4,3-a]pyrimidines [3], thieno[3,2-d][1,2,4]triazol 0 1,5-a]
pyrimidines [4] and [1,24]triazolo[3,4-b][1,3,4]
thiadiazines [5] are predisposed to antitumor activity.

Therefore, based on the combination of both thiophene
and 1,24 triazole rings, an extended structure-activity
investigation focusing on drug-like properties should be
performed and the development of new efficient and mild
syntheses of such compounds is a useful task, particularly
when versatile procedures from readily available reagents
can be employed.

[l. Results and discussion

Synthesis of diverse heterocyclic molecules from the
readily available starting materials in a cost and time-
effective manner is an enduring challenge for organic
chemists. Thus, functionalized Gewald 2-aminothiophe-
nes and 3-aminothi ophenes were used as starting material
for thisresearch.

In order to obtain 1H-1,24-triazole derivatives
aminothiophenes la-c were transformed at first into
reactive thienyl clorohydrazones 3a-c in high yidds

through the diazotation reaction. Obtained chlorohydra-
zones with active chlorine atom could easily react with
ammonia giving corresponding aminohydrazones in
guantitative yields. It should be mentioned, that in case of
Gewald aminothiophene, the diazotization step was

carried out in the sulfate acid, since the use of
concentrated hydrochloric acid leads to a rapid
decomposition of such labile diazosalts.
R, COOEt R, COOEt
NaNO,
Ry fOCR _ HSO, /FS\NH R/FS\
\ N
Ry /s NH, Accgg(lchoCOEt R ™
EtOH COOEt COOEt
1a,b 2a,b 3a,b
H2N>_
COOEt ) —COOEt
NH, NaNO, />~ NH, -

U\ HCl
——
3 COOMe NaOAc

@coom dioxane Q\COOMe

AcCHCICOOEt S
1c EtOH 2¢ 3¢

Fig. 1 Synthesis of thienyl aminohydrazones 3 a-c

Aminohydrazones 3 as a versdtile reagents with several
nucleophilic centers were studied in the cyclization
reactions. Specia attention was paid to the formation of
1H-1,2/4-triazole  derivatives. We  found that
aminoethenylhydrazones 3a-c do not react with
carbodiimidazole, even with prolonged hesting and
excess of reagents. Cyclic derivative 6 was obtained only
during prolonged heating of aminohydrazones with acetic
anhydride in moderate yield. The cyclization reaction is
most easily achieved by the formation of similar thienyl
triazoles 5a,c while heating aminohydrazones 3 with
orthoester in acetic acid using toluenesulphonic acid as a
catalyst. Thetarget product isformed with agood yield.

N —<COOEI H2N COOEt N_<COOEI
% <:H(0Et)3 U
ACOH
S A COOEt pﬁcooa TSA, t Pﬁ/COOEt
2
b 3a,b
H H,N
o YCOOEI )—COOEt N ~cooet
N~ CDI { _
\H CH(OEt), N-N
THF ACOH,
COOMe / TSA, t
S &~~COOMe 5~ ~COOMe
4c 3c 5¢c
LAcQo,t
N
Me\( YCOOEt
l/
N-N
3
S COOMe
6

Fig. 2 Transformation of thienyl aminohydrazones 3 a-c

The etyl thiophene-3-carboxylate 7, formed in Gewald
aminothiophene deamination reaction, was converted to
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4-amino-[1,2,4]triazole-3-thiol 8 according to the well-
known method [6]. Alkylation of the compound 8 with
chloroacetamide 9 and subsequent cyclization of the
product in excess of POCI; resulted in the previoudy
unknown thienyl substituted [1,2,4]triazolo[3,4-b][1,3,4]
thiadiazine 11.

A LNH H0
OEt 9. ¢s, KOH, EtOH 1/\1—@\
/\ 7N SH
q 3. NH, HCI \
NH,
7 8
cl _p-Tol | KOH
J P Eron

\ N / . NG
_poct; \/[<
© Qf\ NH, p- Tol

F| 0.3 Synthess of triazolothiadiazine 11.

Moreover, Gewald's aminothiophenes were studied in a
three-component reaction with hydrazides and orthoester.
Thus, 2-aminothiophene 12 reacting with
triethylorthoformiate forms an appropriate
ethoxymethylene-aminothiophene, which undergoes an
attack by the nucleophilic nitrogen atom of the hydrazide
molecule. Further cascade cyclization lead to the
formation of thieno[2,3-€][1,2,4]triazol o[ 1,5-C]
pyrimidine 14a-e.

R?
N 1
Vi R N

0 CH(OEt), i —\1(\1
i \ + 3JJ\ NH, — » R~ / N’
2 BN DMF, t _
R S NH, H > S N7

12 13 14a-¢

Fig. 4 Synthesis of thienotriazolopyrimidines 14a-e.

The method has been tested on a number of hydrazides
and allows to obtain large combinatoria libraries of the
not enough studied tricyclic fused systems of thiophene.
Yields of compounds 14a-e are shown in Table 1.

TABLE 1
YieLDs OF THIENOTRIAZOLOPYRIMIDINES 14a-e.

R R? R® YIELD, %
14a | R R’=-(CH,)- Ph 81
14b R=R=Me 4-NO,-CgH,4 84
14c R= R=Me 3-Me-CgH,4 80
14d R= R=Me CH,CN 79
14e | R+ R°=-(CHy)- CH,CN 79

Investigating the properties of previoudy obtained by
us thienopyrimidines [7], we found that when heating a
mixture of 2,3-diaminothieno[2,3-d]pyrimidine 15 with
benzal dehyde and sulfur in DMF, athieno[2,3-d][1,2,4]

triazolo[1,5-a] pyrimidine 17 is formed. Thisresult opens

the way for the synthess of isomeric
thienotriazol opyrimidines.
i o
s~ N, DMF

Fig 5. Synthesis of thienotriazolopyrimidine 17.

Conclusion

A number of new subgtituted thienyl 1,2,4-triazoles, 3-
(thiopen-3-yl)-triazol o[ 3,4-b][ 1,3,4] thiadiazines, thieno [2,3-
€][1,2,4]triazol o[ 1,5-c]pyrimidines, thieno[2,3-d]
[1,24]triazolo[1,5-a] pyrimidine were obtained. Theresulting
compounds have sgnificant potential for biologica research,
in particular, to find new anticancer drugs.
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Abstract — Decoloration methyl violet dye by Fenton reagent
was investigated spectrophotometrically. Reagents
concentration, pH value, and metal ion were varied. It was
shown that substrate oxidation rate depends non-linearly on
dye concentration, Fe"™, H,0,, and pH value. The composition
of the reaction mixture providing maximum oxidation rate and
MYV conversion is proposed.

Keywords — kinetics, oxidation, Fenton reaction, dye, methyl
violet, hydrogen peroxide, UV/Vis-spectroscopy.

[. Introduction

Dyes are a common moded in the studying of water
purification processes. Oxidation of dyes is not only a
methodological but also a practical interest, since it is of
great importance for reducing the impact of textile, paper,
food, and pharmaceutical industry wastes on the
environment. Fenton reagent may be effectively used as
oxidizing agent because it is environmentally friendly and
rather cheap. In classical Fenton system, Fe(ll) ions are
used for the catalytic decomposition of hydrogen peroxide
[1]. Fenton reaction produces Fe(lll) and hydroxyl
radical, the latter initiates radical-chain oxidation process.
It is known that this process consists of number of stages,
including oxidation—reduction reactions. Some authors
showed that Fe(l1l) could also be used in Fenton-like
systems instead of Fe(ll) [2]. The goa of this work was
investigation of regularities of oxidation reaction of
organic compounds with both classica Fenton reagent
and H,O./Fe(I11) system under different conditions using
methyl violet dye as the substrate.

Il. Experimental part

Methylene violet (MV), FeSO,-7H,O, FeCl3-6H,0,
H,0, (60 % wiv), H,SO,, were all G.R. grades and used
as received. All solutions were made in distilled water.
The pH value of the FeSO, solution was adjusted using
0.25 M H,SO,.

The kinetics of dye decoloration was studied using
SPEKOL® 1500 UV/Vis spectrophotometer (Analytik
Jena AG, Germany) at 585 nm. Digital pH-meter was
used for pH measurements. The experiments were carried
out at 21+2 °C.

It was shown that in the range 1.2-10°-2.7-10° M, the
absorbance of methyl violet solution at 585 nm versus
concentration plots were linear (r~0.99) with zero
intercept for both Fenton systems.

[1l. Results and discussion

The kinetics of oxidative destruction of methyl violet
(MV) by hydrogen peroxide in the presence of Fe(ll) or
Fe(Ill) ions was investigated. It was shown that such
Fenton-like reactions could be effectively controlled by
initial concentrations of dye, F€"™, H,O,, and pH value of
the reaction media

Analysis of kinetic curves demonstrated that the
decoloration of MV solution by Fenton reagent occurs in
two stages (Figs. 1 and 2). The firg stage is faster (1—
2min or less), and the second one is ~4times sower,
regardless F€™ ion used. The rate of each stage essentially
depends on the concentration of the components of the
reaction mixture. It has been shown that the initial rate of
the oxidative destruction of dye and process duration
depends on each component concentration (substrate,
hydrogen peroxide, F€™). It should be noted that type of
metal ion used is aso important — change of F&*' in
classical Fenton system to Fe** results in changes of
kinetic curves form (see Figs. 1 and 2). The duration of
the fist faster stage is much shorter for Fe** + H,0,

system.
1.2
0,8
|
D
0.4 k — -2
a% “““ 3
0 e vamer b
0 20 40 60 80

t, min
Fig. 1 Changein opticd density (D) at different [H,O,]o:
(1) -1.1510* M; (2) — 2.28:10* M; (3) — 4.57-10° M;
[MV]o = 1.75:10° M; [Fe*']o = 1.0-10* M; pH = 3.
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\:\:.
NS, — -1
D 0.8 \ ."::"\,‘*
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Fig. 2 Changein opticd density (D) at different [H,O,]o:
(1) —0.99-10° M; (2) - 2.01-10° M; (3) —3.99-10° M;
[MV]o = 1.75:10° M; [Fe*']o = 1.0-10° M; pH = 3.

To investigate the effect of hydrogen peroxide
concentration on dye degradation Kinetics, experiments
were conducted at different H,O, concentrations. From
Figs.1 and2 it can be seen that change of H,O,
concentration significantly influences the initia rate of
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dye oxidation reaction. At comparativey low
concentrations of H,O,, relatively high initial rates are
observed. When the concentration of H,O, increased
significantly (0,02 M) (not given), the form of the kinetic
curve has changed: the initial rate decreased, but
remained almost constant throughout the measurement
period. This may indicate a nonproductive decomposition
(in terms of the formation of *OH radicals, which are
essential in the degradation of the dye) of hydrogen
peroxide in such conditions. The analysis of the received
dependences demondtrated that the initid rate of dye
decomposition (Vy) and substrate conversion depended
non-linearly on H,O, concentration. V, reached maximum
values at [H,0]o = 5,7-10*M for Fe*" + H,0,, and
[H,0,]0 = 6,02:10° M for Fe** + H,0,.

Fig. 3 demondrates the kinetic curves of MV
decoloration by H,0, in the presence of F€*". At high Fe**
concentrations gradual decrease in the initial rate of dye
destruction process is observed. The possible explanaton
is the growth of hydrogen peroxide decomposition rate,
which means that the concentration of reactive OH"
radicas in the system decreases: 2Fe** + H,0, + 2H" —
2Fe®* + 2H,0. As for system Fe** + H,0,, larger
concentrations of reagents should be taken to achieve
similar results (Fig. 4).

.2 ¢ e, 1
-2
0.8 — 3
D % — s
R e —————— =
0
0 10 20 30 40

f, min
Fig. 3 Changein opticel density (D) at different [Fe*']o:
(1) -0.91:10* M; (2) — 1.82:10* M; (3) —22.810* M;
(4) —27.410* M;
[MV]o = 1.75:10° M; [H,0,]o = 4.0-10* M; pH = 3.

D

1.2

0,8

0,4

0 25 50 75 100
t, min
Fig. 4 Changein optical density (D) at different [Fe*]o: (1) —
1.010° M, (2) —1.85-10° M, (3) — 2.0-10°M, (4) —4.0-10° M;
[H,0,]0 = 1-10° M; [MV], = 2:10° M; pH = 3.

In the presence of only Fe* ions and hydrogen
peroxide, sgnificantly lowly reaction takes place:
Fe* + HOOH® Fe&** + OOH + H".

Generated *OOH radical is less active than hydroxy
radicas, therefore, they react with MV much more
dowly. For the investigated concentrations range initial
decoloration rate shows non-linear  dependence
maximum initial rate of decoloration and dye conversion
was observed at [Fe*']o = 1.85-10° M.

Additiona experiments were made to determine the
influence of pH value on the dudied process. It was
established for Fe?* + H,O, system, that maximum
conversion and rate of dye decomposition was observed
for pH 2.2-3.

In order to determine the optimum ratio of
[F€"]/[H,0,] for dye degradation, experiments were
conducted by varying the Fe™ and H,O, concentrations,
keeping the dye concentration fixed. The results of the
experiments arelisted in Table 1.

TABLE 1

COMPARISON OF THE INITIAL RATES OF MV OXIDATION (Vo) BY
FENTON SysTEMS DEPENDING ON [Fe™]/[H;0,] RATIO AND
METAL IoN UseD ([MV]o = 2:10° M)

nt V10, mol 1 Tmin?
[Fe™1/[H07] F =
2/1 1.8 1.0
3/1 1.5 4.9
4/1 1.3 3.4
6/1 0.9 2.9

It can be seen from the Table that for F&’* as the
catalyst maximum initial oxidation rate is observed at
[Fe?")/[H,0,] = 2/1, while for [F€®")/[H,0;,] = 3/1. The
higher the concentration of F€™ the lower the V, value is
observed.

Conclusion

The oxidation of methylene vidlet dye by Fenton reagent
at ambient temperature was sudied spectrophotometrically.
The effects of the initial concentrations of dye, Fe** (Fe™),
and H,O,, pH of the solution on dye decoloration reaction
were established. It was shown that the initia rate of dye
decoloration changes non-linearly with concentration of
hydrogen peroxide and Fe™. Substitution of dassical Fe?* +
H,O, system to Fe** + H,0, showed lower efficiency. In
order to reach smilar effect in dye converson and reaction
rae the concentrations of reagents should be increased
approximady by order of magnitude. It was shown That the
higher the concentration of F&™ in the system compared to
H,O, the lower the dye decol oration rate was observed.
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Abstract — The effect of the water steam on the sulphur
removal degree and conversion level of coal organic matter
has been determined. Sulfur content, as well as ash content
and volatiles yield depend on the mentioned values. The
optimal the content of water steam in oxidants to realize the
oxidative desulphurization process has been found with the
aim of obtaining raw material for pulverized coal production.
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[. Introduction

It iswell know, that to improve technical and economic
indicators of the metalurgy industry can be used
pulverized fuel. It considerably decreases the expenses of
the imported natural gas and coke, and cheapens the
process of steelmaking.

The requirements to the raw stuff of pulverized fuel are
rigid enough. It primarily concernsthe sulfur content, asit
shouldn’t accede 1.5%. The balance reserves of Ukrainian
coal is considerable, approximately 33873 millions ton.,
it's 3,8% of word stocks. However, the exploitation of
Ukrainian coal for production of raw stuff for pulverized
fuel isimpossible because of high sulfur content.

To extend the sources of raw materials for PCI
technology it is proposed [4] to use oxidative
desulphurization of the coal, i.e. selective oxidation of
pyrite sulphur, which is the main sulphur in coal, by an
oxidant (air or air-steam mixture — ASM) to the
sulphur(lV) oxide. The influence of the oxidant
composition on the process of oxidative dehydration to
get theraw materials for pulverized fuel production hasn’t
been study. The study of the influence of this parameter is
considered in the work.

[l. Initial Material

Low-rank coal from "Belorechenskaya' mine (Donetsk
coal basin, Ukraine) was used for the experiments. It was
grinded and fractions of 0.1-0,25mm were chosen. The
characteristic of theinitial coal coal isgivenin Tab 1-2.

As can be seen from Tab. 1 the investigated coa is
high-sulphuric coal with the pyrite form forming the bulk

of coal sulfur.

TABLE 2

SULPHUR CONTENT IN INITIAL MATERIAL

Sulphur content relative to the dry mass, wt %

total Pyrite organic (s N ) sulphate
(s") (s) ()
3.29 1.67 1.25 0.37

TABLE 1
CHARACTERISTICS OF THE INITIAL MATERIAL
'\"0‘5‘“\;& Ash content, A°, | Volatilesyield,
conten, . Wt % VDAF’ Wt %
wt %
3.01 8.15 38.08

lll. Experimental
The process conditions under which the effect of the
water steam on the oxidative desulphurization is studied
are presented in Table 3.
TABLE 3

OXIDATIVE DESULPHURIZATION CONDITIONS

Parameter Vaues
Time, min 15
Temperature, K 698
Oxidant linear velocity, m/s 0.044
OFR, m*/hkg, 4.8

As aresult of the experiments was defined that in a case
of water vapor increasing in steam-air mixture, boost the
yield of the digtilled coal (fig.1). The matter is that the
water vapor slows down the reaction of the coal organic
part burning. And total amount of the solid desul phuration
products output increases.

100 T T —
Q0
L 80 N _+ # —+
_—é 70 T T
_r60 — =#=Desulphurized coal
g 50 +— yield
S40 == Decomposition resin
3g - yield
20 | |
T s
0 |

0O 10 20 30 40 30 80 70
Oxidant compositon,

Fig. 1 Desulphurized coal yield; decomposition resin yield;
solid products yield vs. oxidant composition.

It is shown in the table 4 that at the increasing of the
water vapor content in the sseam-air mixture decreases the
ash level of desulphuriziting coal in a result of reaction
impairing of OMD burning.

At the increasng of water vapor in the oxidant the
amount of pyrite and total sulfur in coal develop through
the minimum (tab.5). The addition of first dosage of water
vapor, not only dows the process of organic and mineral
depositions burning, but intensifies the process of pyrite
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oxidation. The enrichment of sulfur content in the
desulphuriziting coal after getting the maximum is
explained by the lack of oxygen in the reagent (reduction
of its concentration in reactive capacity).

TABLE 4

DEPENDENCE OF DESULPHURIZED COAL PROPERTIES
ON OXIDANT COMPOSITION

Water steam Moaisture Ash volatiles
content in content, W, | content, | vield, vdaf,

oxidant,vol % wt % AP, wt % wt %

0 0,98 12,24 31,28

45 1,08 11,88 32,10

15 1,13 10,98 33,23

30 1,17 10,13 37,66

50 1,25 8,99 38,59

70 1,32 8,67 39,46

TABLE S5
SULPHUR CONTENT IN DESULPHRIZED COAL
Water seam Sulphur content, wt %

content in total | Pyrite | organic |sulphate
oxidant, vol % (s) s | (s ()

P 0 A

0 2,74 1,24 0,30 1,19

45 2,43 1,01 0,28 1,13

15 1,92 0,86 0,26 0,80

30 1,36 0,28 0,22 0,85

50 1,52 0,39 0,23 0,89

70 2,25 0,94 0,27 1,03

In the fig.2 is depicted the areas of water vapor content
in the steam-air mixture, what helps to obtain the suitable
characteristics of the desulphuriziting coal, which meet
the requirements of the raw suff for PVP
(Polyvinylpyrrolidone).

As we can see the fig.2 presents a wide range of the
water vapor content values in the oxidant (32,342,7 %
vol.), in consequence of the oxidative desulfurization of
the low-metamorphosed coal, can be obtained the raw
materials for PVP production, it meets the requirements
of the coal brands Ne3—4 [2]. It is worth mentioning that
at the given parameters of the water vapor content in the
oxidant, is observed considerably high yield of the solid
desulfurization products, near 92,5 % wt.

The content of water vapor in oxidants, under which cbtaning rew
materals to produce pulverized col 1 possible

~

/ // f
The contenof water aper m vidas, /
wderhich V< 380wt %
B e e s e

Thecontent of water vapor m oadans,
wnder which §:¢ 150wt %

"The content of water vapor i o,
wianich X (00wt %

Content of water
vapor m oxidants, vol. %

Fig. 2 Contents water steam val ues, under which the raw
material for PClI may be obtained

Conclusion

The conducted experimental research made it possible to
determine the water vapor influence in an oxidant on the
process of receiving of the raw materias for pulverized
coa fud from high-sulfur low-grade metamorphozed coal
by means of its oxidation desulfurization. The increase of
water vapor quantity in an air-vapor mixture has the
following generd influence on the research procedure: yied
of sulfur-free coal grows, yidd of tar from disintegrated
coa becomes dightly reduced, ash content in sulfur-free
coal decreases, the number of volatile mattersincreases, the
amount of pyritic and genera sulfur goes through a
minimum.

The duration of the process is 15 min., the temperature
698 K and OFR 4,8 m¥hkg, however, an optima interval
of the value of water vapor quantity in an oxidant is 32-43
% wit. (sulfur-free coal receiving is provided, which can be
classfied, dueto its characteristic features, asaraw material
for pulverized coal fud production)
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Abstract — The results of researches of dialysis permeability
hydrogel films on the basis of copolymers of 2-hydroxyethyl
methacrylate with polyvinylpyrrolidone dependently on their
composition and modes of dialyss have been carried out.
Possibility of synthesized hydrogels applying as the diffusion
dialyss membranes has been confirmed.

Keywords — hydrogel, copolymer, polyvinylpyrrolidone, films
membranes, dialyze, permeability.

[. Introduction

The creation of biologically compatible polymer
membranes which able selectively skip one or other
substances not only for the molecules size, but also
depending on their nature and membrane process
conditions — is an actual problem [1]. Perspective in this
direction are grafted copolymers of methacrylates and
polyvinylpyrrolidone (PVP). Such copolymers are
effectively applied in medicine, in particular, for making
contact lenses, film medical materials, drugs controlled
release systems etc. [2-4]. In the work the correlation of
hydrogel membranes permeability based on cross-linked
copolymers of 2-hydroxyethyl methacrylate (HEMA) and
PVP with its composition and dialysis process parameters
has been studied. The aim of the work was to determine
the main kinetic regularities of diffusion permeability of
hydrogel membranes based on HEMA/PVP copolymers
while dialysis and ground the capabilities of its practical
application.

[l. Material and Methods

Hydrogen membranes  were  obtained by
copolymerization of HEMA with PVP compositions in
the water at mass ratio of the monomer phase and water
equal to 1:1. The potassium persulfate in an amount of
0,3wt. % per polymer-monomer composition has been
applied as the initiator. Polymerization of compositions
were conducted in forms of slicate glass in dry-air
thermostat in the following mode: 60 °C —2,5 hr; 75 °C —
3hr.

To increase the mechanica strength the hydrogel was
reinforced with a polyamide grid of cell dimensions
1,5 1,5 10* m. The reinforcement was carried out during
molding.

Obtained hydrogel membranes were hydrated in
digtilled water for 24 hr and stored prior to the research
gtart in a hydrated state.

Diffusion properties of hydrogdl films were studied in
dynamic mode (flow velocity of liquid Vg = 2...4 dm%hr)
during water solutions dialysis of a mode substance
(sodium chloride). The laboratory dialyzer which contains
a flowable dialysis cdl by area of 1,940° m? and
peristaltic pump has been utilize. The research was
carried out in accordance with the developed
methodology [5]. The film’s permeability was determined
by change in the dectrica conductivity of the water
solution of electrolyte during diaysis applying measuring
bridge P-5010 using platinum electrodes of comparison.
Dialysis permeability was estimated by the amount of
electrolyte which has diffused through the studied film
membrane.

[1l. Result and Discussion

The influence of copolymer composition of synthesized
hydrogel films on the diffusion rate of NaCl in the initia
stage (Fig. 1) has been researched.

It was defined that permeability of film hydrogel
membranes based on HEMA/PVP copolymers is
significantly determined by the hydrogel composition.
With increase of PVP amount in the initia composition
the diffusion velocity increases, however, increase of PVP
content in polymer-monomer composition over 20 wt. %
doesn’t lead to a proportional increase of NaCl diffusion
velocity. Taking into account the above as well as that
fact that increase of PVP content is the reason of
deterioration of hydrogel films mechanical strength [3],
for further research the hydrogel membranes containing
PVP in the composition to 20 wt. % by weight have been

applied.

HEMA:PVP, wt. p.:

[iN
N

A 55 @ 73 O g2 0O 91 4 100

Q, mole/m2

=
N

10 (]

0 0,6 1,2 18

t 103, sec.

Fig.1 Kinetic curves of didysis permeability (Q)
HEMA/PVP membranes for NaCl (d = 200 um):
NaCl = 0,154 mole/dm®; V4 = 3 dm¥hr; Ty = 20 °C.
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The dependence of dialysis permeability of the
synthesized membranes on liquid flow velocity has been
researched. It is determined that with increasing of flow
rate of liquid from 3 to 4 dm/hr NaCl diffusion velocity
through the HEMA/PVP membrane increases almost
twice (Fig. 2).

HEMA:PVP = 8:2 wt. p.

Q10% mole/m?

t. min.

Fig.2 Kinetic curves of diaysis permeability (Q) HEMA/PVP
membranes for NaCl (d = 200 pm): Cnac) = 0,154 mole/dm?;
T4=20°C; Vg, dm’hr:1-2;2-3;3—-4.

HEMA:PVP, wt. p.:
1,6-9:1;2..5-8:2

Q-102, mole/m?2
[$]

oW Ao

t, mn.

Fig.3 Kinetic curves of diaysis permeability (Q) HEMA/PVP
membranes for NaCl (d = 200 pm): Cac) = 0,154 mole/dm?;
Vg =3 dm?hr; Ty, °C: 1...3-20; 4, 6 — 37, 5-50;
2,4,5—reinforced films.

In order to determine the practica application of
hydrogel membranes the influence of temperature dialysis
effect on their permeability were investigated. It is
determined that the diffusion rate of NaCl significantly
increases with increasing of dialysis temperature (Fig.3,
curves 1, 6), but such a membrane will be significantly
strain through of their high easticity. Reinforcement of

hydrogel film with polyamide grid reduces their easticity
and increases strength, however effective area of the
membrane working surface decreases by almost 40%. It
was defined that reinforcement dightly affects dialysis
permeability of hydrogel membranes (Fig.3, curves 2, 3).
Also NaCl diffusion velocity for reinforced films
increases much less with increasing of dialysis
temperature (Fig.3, curves 2, 4, 5) than for non-reinforced
films. The reason of mentioned istheir elagticity reduce.

Conclusion

The kinetic regularities of the dialysis permeability of
hydrogel films based on crosslinked HEMA/PVP
copolymers have been researched. The dependences of
their  permesbility on  hydrogel  composition,
reinforcement, and also conditions of dialysis of sodium
chloride water solutions have been determined. The
possibility of application of HEMA/PVP copolymer
hydrogd films of as the diffusion dialysis membranes is
confirmed.
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Abstract — The new porous compositions on the basis of
hydroxyapatite filled copolymers of methacrylic esters and
polwinylpyrrolidone, which containing silver nanoparticles in
the structure, were synthesized. Effect of pores forming agent
nature, polyinylpyrrolidone and hydroxyapatite amount on
the composite properties was observed. In the composite
structure silver nanoparticles are obtained via slver nitrate
reduction by tertiary nitrogen of polyvinylpyrrolidone. The
synthesized silver-containing composites possesses bactericidal
properties.

Keywords — porous composition , polyvinylpyrrolidone, silver
nanoparticles, bactericidal properties, porosity.

[. Introduction

Modern medicine and biotechnology pays great
attention to research that focused on the development of
new osteoplastic materials. These materias should
provide effective regeneration of bone tissue after various
kinds of operations, particularly in orthopedics and
maxillofacial surgery. These applications require
materials that can be produced on the basis of non-organic
matrix of cattle natural bone tissue which contains
chemical elements in the same form as in vita organism.
Hydroxyapatite (HA) is the main mineral component of
bone, tooth, enamel and dentin that plays an important
role in many physiological processes. As potentidly the
most biologically compatible and active replacement of
bone tissue the hydroxyapatite attracted great attention
from scientific society [1]. Hydroxyapatite may be stable
in contact with body fluids and become essentiadly
integrated with the bone [2]. However, this material is
brittle and its poor mechanica properties, such as
compressive strength, elastic modulus and some fracture
toughness, cannot be entirdly compared to unique
mechanical features of cortical and cancellous human
bones [3]. The possibly most benefitial way to overcome
this disadvantage is to design porous polymer-mineral
composites [4,5] synthesized from calcium-phosphate
materials (which have their composition similar to bone)
and biocompatible polymeric matrix, mainly on the basis
of 2-hydroxyethylmethacrylate (HEMA) with
polyvinylpyrrolidone (PVP) copolymers.

The aim of the present work is to develop new
compositions with antiseptic and antibacterial properties
based on (co)polymers of HEMA with PVP capable being
applied in medicine (in osteogenesis) and to investigate
the effect of composition structure on the regulations of
composites formation and properties.

[l. Material and Methods

2-Hydroxyethylmethacrylate (Bisomer) were vacuum
distilled before use; polyvinylpyrrolidone (My=28X0°,
AppliChem CmbH); hydroxyapatite (Cayox(PO4)s(OH)2)
with the particles size of 0,05...1,25 mm was synthesized
at the Department of Silicates Technology of Lviv
Polytechnic National University.

The average diameter of pores (d,) and polydispersivity
index (PDI) were determined by size measuring of at least
200 pores using MBS-9 microscope. The structure of the
composites was studied using transmission eectron
microscope (TEM) JEOL JEM 200 CX. Thetotal porosity
and composites density were determined using a
Manehold method described in [6].

The compression strength was determined by the
standard method using testing machine “Kimura” type
RT-601U. UV spectroscopic studies was carried out on
the Perkin-Elmer Lambda 20 UV-VIS spectrometer.

[1l. Result and Discussion

One of the man bioplagtics requirements is the
presence of through porous structure with controlled
micro- and macropores sizes necessary for implant
composite growth by bone tissue. Therefore, at first we
studied the effect of nature of potential pores forming
agents on the porous structure formation and composites
conditiona dengity. The basic polymer-monomer compo-
sition was the composition [HEMA]:[PVP] = 7:3 wt. p.
with high reactivity and without demand of high curing
temperature [7]. The pores forming agents were
compounds of organic and inorganic nature: chloroform,
methylene chloride, cyclopentane, hexane, calcium
chloride, ammonium and potassium carbonate. The
organic agents form pores a evaporation, calcium
chloride — after its washing by water from a ready
composite, ammonium and potassium carbonates — due to
the decomposition and release of carbon dioxide at
composite heating. Porous material is not formed only in
the case of hexane. Concerning the inorganic forming
agents (calcium chloride and ammonium carbonate), the
high-porous composites were obtained with fine pores,
the size of which does not exceed 0,4 mm. While using
organic ones:. chloroform, methylene chloride and
cyclopentane the materias with satisfied size of pores
(0,8...1,3 mm) areformed.

The value of porosity considerably depends on the
components ratio. Porosity increases from 37 % for
polyHEMA to 67...70 % for copolymer HEMA-PVP
with PVP content of 30 wt. %. This fact reveals that PVP
positively affects not only the kinetics of composite
curing but pores forming as well. AgNO; do not affect the
general porosity, though the polydispersivity index
increases with the increase of their amount.

Photographs of the composites filled with HA are
represented a Fig.1. They confirm the presence of
developed micro- and macroporous structure favoring the
effective growth of the composite by bone tissue
Composites, which incorporates contain more PVP, have
greater porosity value (Fig.1a).
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Fig.1 Photographs of microporous structure
of hydroxyapatite filled HEM A-PVP composites:
[HEMA][PVPL:[HA], wt. p.: a—6:4:7, b—9:1:7.

The amount of the filler also affects the composite
formation and its properties. The porous composite
structure is not formed without HA or its content not
exceeding 25% even at the optimum amount of pores
forming agent. To our mind, foaming takes place before
the composition curing. At the same time in the
investigated range the decrease of material porosity is
observed with the increase of filler amount. The most
homogeneous porous material with the least conditional
density is formed with HA amount of 70 wt. %.

In order to obtain silver nanoparticles and to provide the
composites with antibacterial properties the reaction of
silver recovery by interaction of its salts with tertiary
nitrogen of PVP was investigated. The formation of silver
by this reaction is confirmed with the presence of peak
(420...430 nm) at UV spectra of products of interaction
between AgNO; and PVP and with the results of the
chemical analysis of reaction products.

The results of eectron microscopy studies have shown
that Argentum nitrate forms silver nanoparticles in the
shape of different size polyhedrons. The size of
nanoparticles depends on the nature of the reaction
medium. In aqueous solution there are formed silver
particles with an average diameter of 40...60 nm, whereas
in mixtures of water with ethanol — 10...30 nm.

Reaction of Argentum reduction by interaction of its
salts with tertiary nitrogen of PVP was used to provide
antibacterial properties of composites during the
composite formation. Temperature conditions of
composites synthesis were justified on the basis of kinetic
studies of polymerization [7]. The polymerization was
initiated by BPO (1 wt. %).

During the synthesis composites with PVP and
argentums salts change their color from weak-yellow to
brown. It is aso the indirect confirmation of silver
nanoparticles formation while interaction between
argentum nitrate and PVP tertiary nitrogen. This method
has irrefutable advantages over other known methods
when nanoparticles and hydrogels are prepared separately
or when hydrogdl is saturated with argentum sats or
when silver nanoparticles are obtained via its reduction by
amino-containing methacrylic monomer followed by its
copolymerization with other monomers. Moreover, there
IS No necessity in toxic amino-containing reducers.

To confirm the possible practical application of the
developed silver-containing composites in  biomedical
research industry their bactericidd and fungicida

properties were investigated. The research results are
presented in Table 1.

TABLE 1
FUNGIBACTERICIDAL ACTIVITY OF SILVER-CONTAINING
COMPOSITE (HEMA:F’VP:HA:AGNO3= 7:3.7:.0,6 WT. P.,
DIAMETER OF THE COMPOSITE SAMPLES 15 MM)

Diameter of the growth retardation zone, mm (%)
E. coli S aureus A. niger
24,4 (60) 26,0(73) 20,0(33)

As a result of comparative anaysis of bactericidal and
fungicidal properties of the obtaned HEMA-PVP
composites that contain silver nanoparticles and non-silver-
containing composites on microorganisms it was found that
the composites, containing slver nanoparticles, block the
growth of bacteria, showing bactericidal activity.

Conclusion

Thus, new porous composites on the basis of
hydroxyapatite filled copolymers of methacrylic esters
and PVP were synthesized. The possibility of silver
nanoparticles obtained during formation of the composite
was confirmed. It is expected that these composites will
possess antibacterial properties. The effect of origin and
ratio of the initial components on the properties of porous
filled composites was determined. These results will be
used for optimization of compound ratio of the material
for osteogenesis and its further investigations including
medical and biological treatments.
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Abstract— Resins were syntheszed via phendl
polycondensation with formaldehyde from the coal coking by-
product, phenal fraction namely. Phenol-cresol-formaldehyde
resins were obtained from the fractions b.b.—185 °C (PhCFR-
1) and “raw” phenol obtained from the fraction b.b.-185 °C
(PhCFR-2). It was established that the resulting resins may be
used asmodifiers of road bitumen.

Keywords — modified bitumen, «aw» phenol, phenol-
cresol-formal dehyde resin.

[. Introduction

Approximately 85% of oil bitumen is used as an
astringent in the ways of asphalt stacking: pavements,
highways, airports etc. It's a basic binding agent that is
used for highway engineering. There are some difficulties
in using of the road bitumen, but the most essentia
problem is that the adhesion properties of the bitumen
commodities are not high enough (even if it meets the
reguirements of the normative documents) [1].

One of the ways of the problem solution is the
modification of the commercial road bitumen. For road
bitumen modification usualy are used the block
copolymers of styrene SBS type, it is caused not only its
ability to improve the bitumen strength but also to provide
a polymer-bitumen elastic compositions, even in a low
temperature [2-4].

The main drawback is high price, what moderates the
growth rate of modified by the thermoelastoplasts
bitumen (price is higher in 1,5-2,5 times rather than non
modified [5]).

It is important to find inexpensive substances which
improve the operating characteristics of bitumen, first of
al adhesive.

The experiments of getting relatively cheaper and
effective oil bitumen modifiers from the by-products of
coking coal are conducted at the department of Chemical
Technology of oil and gas processing, Lviv Polytechnic
National University [6-8].

It is known [2-4], while modifying the oil bitumen quite
effective modifiers are phenol-formaldehyde resins. But
resins got from the phenal, is not widely used as polymer
modifiers because of its high price. On the other hand,
one of the coke-chemical enterprises products is phenol
fraction with the output of 1,5 — 2,5 % wt on fresh coal,
there is a considerable part of phenol and cresol (around
65 %) form in the coking process. The cost of the coal tar

phenal fraction contains 35-50% wt of the phendl, it isin
35-40 times lower than cost of the synthetic phenal [9].
The purpose of the experiments was to show the
possibility of the oil bitumen modification by the phenol-
formaldehyde resins, got from the by-products of the
coking coal process

Il. Experimental

The phenal fraction was used for synthesis, selected on
JSC Zaporizhkoks.

The scheme of experiments performing isin thefig.1. In
order to separate phenol and cresols mixtures was
performed the didtillation of phenol fraction on two
fractions — b.b. fraction — 185 and 185-e.b. fraction °C
(the temperature of phenol boiling is 182 °C, cresols -—
191-202 °C). Then from the b.b. fr. — 185 °C the phenal
was concentrated («raw» phenol was got). The phenol
disengagement from the b.b. fr.-185°C was performed by
10% NaOH solution, with phenal it forms water soluble
phenolates, conversion into phenol was made by the
concentrated hydrochloric acid. (Fig.1)

| Phenol fraction |

y
Distillation

b.bfr.-185°C 185°C-eb. fr.
10% NaOH
addition
37% HCI
addition

A 4

A
PhCFR-2

b.bfr. -185°C
without phenol

Fig.1 Scheme of research.

Themateria balance of didillationisgiveninthe Table 1

TABLE 1
THE MATERIAL BALANCE OF PHENOL FRACTION DISTILLATION
Article/ Vaue fresh, % wt
b. b.fr.-185 °C (phenol concentrate) 50,60
fr. 185-e. b. °C (cresol concentrate) 46,77
Residuum 2,63
Total 100,00
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The method of phenol polycondensation with formalde-
hyde was used to synthesize resins from the b.b. fraction.
-185 °C (PhCFR-1). Theyield of «raw» phenol is 28,8 %
wt for b.b.fr. .-185 °C.

[1l. Result

The conditions of PhNCFR-1 and PhCFR-2 are in the
Table 2[10].

TABLE 2
THE CONDITIONS OF PHENOL — FORMALDEHY DE RESINS SYNTHESIS
Parameter Value
Molar relation phenol / formal dehyde 1,42
Catayst content (conc. HCl), % wt on 01
phenol '
Temperature,°C 100
Process duration, min. 60
Theyidlds of theresinsarein the Table 3.
TABLE 3
THE YIELDS OF PHENOL — CRESOL — FORMALDEHY DE RESINS
Resin b.b. fr.-185, % wt
PhCFR-1 24,3
PhCFR-2 26,1

The oil bitumen was modified at 110 and 190 °C by the
phenol-formaldehyde resins. The characterigtics of the
bitumen-polymer mixturesarein the Table 4.

TABLE 4

THE CONDITIONS OF PREPARING AND CHARACTERISTICS OF
BITUMEN MODIFIED BY THE POLYMER

& M odification temperature, °C
e 0,
Indicators Q . PhCFR-2 the
g | thebitumen bitumen output
£ | output P
O | 110 [ 190 110 190
Softening
temperature (ball & | 45 | 48 | 48 - 48
ring method) (°C)
Penetration
at 25 °C (0,1 mm) 67| 62 | 42 — 52
Ductility at 25 °C >90| >90 | 90 _ >90
(cm)
Adnesontodlass | 495) 905|874 - 94,5
(%)
. non-
Homogeneity * * * homogeneous| *

Conclusion

Compare the data given in the table 4, it is dear that
loading into bitumen phenadl-formaldehyde resins — 2,5% wt,
increases the mdting temperature and adhesion of ail
hitumen. Modification of PhNCFR-1 of ail bitumen should be
conducted a 110 °C, because a 190 °C the modified
bitumen becomes less plagtic; phenol-formal dehyde resins 2
—a 190°C, because a 110 °C it is modified bitumen what
doesn’t meset the requirements of homogeneity.

Also the results show (Table 3) the yidd of of phenal
PhCFR-2 is much higher than PhCFR-1. So, it is more
expedient to get the phenal-formaldehyde resins from «raws»
phenal.
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Abstract —The main raw materialsfor co-oligomers synthesis
are waste and by-products of ethylene production, first of all |
a liquid pyrolyss products which contain aliphatic and
aromatic hydrocarbons. The main part of these productsis Cq
fraction. Emulsion co-oligomerization of hydrocarbon fraction
Cy allows for the maximum degree of processing liquid
pyrolysis by-products, improve ecological production of
ethylene, lower power inputs on the stage of the synthesis and
release of co-oligomers compared to existing methods.

The process of emulsion co-oligomerization with " emulsion
water" (by-product of the suspension polyinylchloride
production) as a dispersion medium — have been investigated.

Keywords — emulson co-oligomerization, C, fraction,
inititor, co-oligomer, "emulsion water".

[. Introduction

In today's industrial development question of qualified
use of by-products appears as ethylene production amount
increases annually, leading to increasing of the amount of
liquid by-products of pyrolysis (LBPP). The rational way
of LBPP recycling is obtaining cooligomers on their
basis. The features of indudtrial methods of initiated
oligomerization: high reaction temperature (453 -
473 K), high reaction time (6 — 8 hrs.), complexity of the
selection of target products, high enough color (40 —
100 mg 1,/200 ml) which significantly affects not only
properties, but aso the oligomers cost.

Since the initiated co-oligomerization produces a
cyclopentadiene-styrenic  co-oligomers, a  low-
temperature technology of hydrocarbon fraction Cq
emulsion co-oligomerization of the is proposed. The
peculiarity of co-oligomerization in an emulsion is the
low temperature of the process (323 K), its
insignificant duration (down to 3 hours), and the
possibility of obtaining high-molecular weight and low
color-coding co-oligomers. The emulsion mixture
contains: a monomer (hydrocarbon fraction), water,
emulsifier and initiator. The initiators are soluble both
in the disperse phase (benzoyl peroxide) and in the
dispersion medium (peroxides, persulfates).
Emulsifiers are a variety of soaps. oleates, stearates,
salt sulfocytes of paraffinic high boiling carbohydrates,
castor oil. The concentration of the emulsifier in the
system ranges from 0.1 to 2.0 wt% (relative to the
dispersion medium). Emulsifiers quantitative of a

certain nature depends on the value of their critical
concentrations of micelles (CCM).

Suspension polyvinylchloride (PVC) manufactured in
"Karpatnaftokhim" (Ukraine, Kalush city), a significant
amount of "emulsion water" is obtained as a by-product.
"Emulson water" (EW) is a solution of residues of the
emulsfier E-30 and a mixture of the initiator's decompo-
dtion products (bis (2-ethylhexyl) peroxydicarbonate,
(Trigonox EHP-W60), dilauyl peroxide (Laurox WA40),
2,4, 4trimethylpentyl 2- peroxidecanoate (Trigonox 423-
W50)), in the amount of 0.1 — 0.2wt% (reative to the
monomersweight).

The study of co-oligomers obtaining by emulsion co-
oligomerisation with "emulsion water" as a dispersion
medium is appropriate.

Il. Experiments

As raw materia for oligomerization (disperson phase)
fraction Cy of liquid by-products of diesel pyrolysis is
used: density — 936 kg/m® bromine number —
68 g Br,/100 g, molecular weight — 102, the content of
unsaturated compounds to 45% including styrene 17,85%
viniltoluols 6,99%, 18,00% dicyclopentadiene, indene
1,25 %.

The initiator — water-soluble potassium persulfate (PC)
with the content of the main product 99.0%. The
emulsifier — E-30, a mixture of linear alkanesulfonates.
The genera formula R-SO3Na, where R — corresponds to
a carbon chain with an average length of Cjs.

Under the conditions of the process the main reactive
monomers are styrene and its derivatives with a low
boiling point. Selectivity observed in the reactivity of
unsaturated hydrocarbons Cy fraction as the maximum
product yield is comparable with the amount of styrenein
the raw material.

[1l. Results and Discussion

For the results comparison of "emulsion water" and tap
water (TW) as a disperson medium surface tension has
been determined. The results of the study are shown in
Fig.1.

70 ™

30 n

20 \.\ =

= »\.\’— R R L
10 ? A4 —+

0 0.1 0.2 0.3 0.4 0.5

Surface tension, mN/m
.
(=]

Concentrations of emulsifier, %
*EW EE30+TW

Fig.1 Isotherm of surface tension of "emulsion water" and tap
water at different concentrations of emulsifier E-30.
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It was determined that an increase in the amount of
emulsfier E-30 in "emulson wate" only by 0.1%
contributes to reducing the surface tenson from 17.0to 13.6
mN/m. An increase in the concentration of emulsifier above
0.1% haslesser effect on the surface tension.

"Emulson water" is used as a digpersion medium in the
process of the Cy fraction unsaturated hydrocarbons
emulsion co-oligomerization. Co-oligomers synthesis of was
carried out under the following conditions reaction
temperature 323 K; volumetric phase ratio [fraction Cq:
[emulsion water] = 1: 1+ 1: 3; reaction time 180 minutes.

For comparison, to the "emulsion water”, an initiator of
potassum persulfate was added in an amount of 0.1% by
weight. (rdative to the amount of fraction Cg), and an
emulgfier E-30 with a concentration of 0.1% by weight
(relative to the amount of water phase). The results of the
research are shown in Fig.2.

S
b

b2
[=1

Yield of the co-oligomer, wt % mass

—
[T S RN e = - I =T S R - o]
|

1:1 12 13 1:1 1:2 1:3
Volumetric phase ratio
Fig.2 The volume phase ratio effect [fraction Cg] : [EW]
on theyield of the co-oligomer
| —without emulsifier and initietor;
Il —emulsfier (E—30) = 0.1 wt%,initiator (PC) = 0.1 wt%
mass, T = 180 min)

The reaults of the study indicate that the use of "emulsion
water" as a digperson medium in the process of emulsion co-
oligomerisation of fraction Cy is appropriate. As a result, a
co-oligomer with a maximum yidd of 19.4% by weight was
obtained. (with the ratio [fraction Cg] : [EW] = 1: 2) and
good parameters (molecular weight — 860, softening
temperature— 350 K).

The maximum yield of the product (19.4% by weight) was
obtained at theraio [fraction Cg : [EW] = 1: 2 (concenation
of the emulsfier and initiator 0.1% by weight), average
molecular weight 860, softening temperature 350K .

Theresults of the study are shown at Table 1.

The dependence of the product yield on the phase ratio
for the disperson medium of "emulsion water" is
compatible with the dependence for co-oligomerization
using as a dispersion medium of tap water.

TABLE 1

THE DEPENDENCE OF THE COOLIGOMER
CHARACTERISTICS FROM THE EMULSION SYSTEMS

COMPOSITION

[Cq fraction]:[EW]
Characterigtics | [Co fraction]:[EW] (C=0,1 wt%;

CE(E-3O)=01 1Wt%)
Volumetric 11| 12| 13| 11| 12| 13
phaseratio
Bromine
number, 345|340 368 | 333 | 293 | 345
g Br,/100 g
Softening
temperature, 346 | 348 | 344 | 348 | 350 | 349
K
The average
molecular 755 | 760 | 755 [ 810 | 860 | 815
weight
Color,
mg 1,/100 mi 40 40 40 40 40 40

Conclusion

The possibility of using — a by-product of the of
suspension polyvinylchloride production — "emulsion
water" (EW) for the synthesis of co-oligomers in the
emulsion has been established. The results of the study
indicate that the use of "emulsion water” as a dispersion
medium in the process of emulsion co-oligomerisation of
fraction Cq isappropriate. As aresult, a cooligomer with a
maximum yield (19.4% by weight) was obtained at the
ratio [fraction Cg] : [EW] — [1:2] and the following
physical and chemical parameters. molecular weight —
860, softening temperature — 350 K. The proposed
technology alows the rational use of petrochemical
industrie by-products.
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[. Introduction

Today, for the development of modern technologies
and their effective implementation it is necessary to use
the innovative materials with specific required properties.
The increased attention have thermoplastic and thermoset
polymer-inorganic (nano-)composites based on inorganic
fillers including silicates, which have the required for a
particular application unique set of operating and
technological characteristics.

Usually the inorganic fillers are previousy modified
for enhancing the technological compatibility with the
polymer matrix and directiona adjustment of
technological and exploitation properties of polymer
composites. Among the methods of modifying of silicate
fillers physico-chemical method, based on coprecipitation
of water-soluble silicates and functionality surface-active
polymers modifiers under the influence inorganic acids
and (or) sdts of metals is effective and ensures even
distribution of the modifier on the surface and in the
structure of the filler. The functional-active water-soluble
polymer — polyvinyl alcohol (PVA), which has a high
surface activity and is able to intermolecular and
interfacial  interactions is advisable to use for
maodification. Polypropylene (PP) occupy a special place
among the wide range of polymer matrices used for
development of new composite materials.

Il. Experimental

To filling polypropylene and polyester resin was used
metal-containing modified silicate fillers that was
obtained due to coprecipitation of sodium silicate and
polymer modifier — polyvinyl alcohol under the influence
of metals chlorides of different nature [1]. The devel oped
method of coprecipitation are provided the obtaining of
silicate filler with a specific active surface area of the
within 60-76 m?/g and the number of active sites on it 77-
99 - 10° mol/g and reduced of water absorption value by
40-60% and even distribution of the modifier on surface
and in silicon-oxygen skeleton.

To create a polymer composite materias as a polymer
matrix were used — polypropylene Moplen HF501N
(«LyondellBasdll» Netherlands). For polymer composites
based on PP with Ni-containing silicate filler, which are
modified by polyvinyl alcohol (Ni-PVA-SF), was pre-
mixing the bulk components in the desired ratio in the
mixer drum (applying powder of silicatefiller on granular
of thermoplastic polymer). After receiving mechanical
mixture carry out drying and homogenization of
components by mixing in viscous state on extruder Cellier
followed by squeezing material in the form of rods.

Production of standard samples from granular material
for future research carry out in injection molding machine
mark 25 KUASY 32/2. Filler content — 10% by
weight.Physical-mechanical  properties of samples:
ultimate tensile strength at breaking, border fluidity
during stretching, the relative elongation during tearing
was determined according to SO 527-1, -2.

Research elastic-deformation properties of obtained
materials carried on consigometers of Hepler at 293 K by
indentation of conical indenter under load of 120 N and
determine the characteristics of the module and
deformation by cal culation according to the methodol ogy.

The surface hardness by conical point of fluidity
determined on consistometers of Hepler at 293 K indenta-
tion in the polymer sample sted cone with an angle
sharpening 58° 08' under load of 50 N for 60 s

[1l. Results and Discussion

The performance properties of composite materias
based on thermoplastic polymers, including polypropy-
lene differ significantly from unfilled thermoplastics. For
polymeric composition materias these properties over a
wide range can be adjusted by physical condition and
nature of the initial components, the nature of the
distribution of the ingredients in the bulk material, heat
treatment, technological parameters of processing and
more. In this regard, considerable interest is the study of
basic physical, mechanical and thermophysical properties
of materials based on PP filled with modified Ni-
containing silicate filler.

Physicomechanical properties of the composites are one
of the most important performance properties and largely
determine the field and terms of the products in their
basis. Mechanical testing under static loads by using
stress-élongation curve can determine the key indicators
of strength during stretching.

Stretching curves of developed polymer composites are
typical for crystalline polymers. In particular, there are
areas that meet certain state of supramolecular structure
of the material under the applied load. Because the elastic
deformation, which is fully reversible, meaning tension in
the material initialy is proportiona elongation that is
smilar to a crystalline solid bodies and significant
restructuring of the crystallites happens [2]. The basis of
curves defined border tension strength (op,) and relative
elongation (gp). These characteristics and surface hardness
values before (F) and after (Fr) heat treatment shown in
table. 1.
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TABLE 1
PHY SICOMECHANICAL PROPERTIES OF COMPOSITES BASED ON PP

No. Filler I\pra &, % | F,MPa | Fy, MPa
1 | withoutfiller | 41,2 | 66 | 1957 2134
2 Ni-SF 434 | 30 | 190,22 2287
3 | Ni-PVA-SF | 456 | 40 | 231,7 | 240,94

The composites based on filled PP the ultimate tensile
strength values is higher compared to unfilled materids,
which is obviousdy due to the higher degree of
crystallinity. Thus, the largest value o, is observed during
use as Ni-PVA-SF — 45,6 MPa. This feature is associated
with the creation of more favorable conditions for
crystallization of PP with the direct participation of the
modified filler.

As a result of intermolecular interactions (mostly
hydrophobic character) filler with macromolecules of PP
occur changes in interphase layers that lead to some
relative orientation of macromolecules to form denser
supramolecular structures, resulting is increases a surface
hardness of the composites.

For polymer composite of constructive and
thermotechnical  appointment are important resilient,
highly dastic and plastic properties. The study of
deformation properties of composites based on PP are
essential for understanding the behavior of a material
under load different types (static or dynamic, short or
long, etc.) and the correct choice of the application. The
elastic-deformation properties for composites based on PP
areshown in table. 2.

TABLE 2
ELASTIC-DEFORMATION PROPERTIES OF COMPOSITES BASED ON PP
Filler
No. Parameter , Ni-
" NS leva-sy
1 Module strain Eg, MPa 512 | 614 677
2 The equilibrium modulus E, 1248 | 1568 | 1677
MPa
Conditionaly instantaneous
3 modulus Eg, MPa 1727 | 2169 | 2165
4 | Highelasticity module E,, MPa | 4496 | 5662 | 7446
Proportion of the elastic
5 component in the overall 0,296 | 0,283 | 0,313
deformation e,
Proportion of the highelasticity
6 component in the overall 0,113 0,208 ( 0,09
deformation g,
Proportion of the plastic
7 component in the overall 0,589 | 0,608 [ 0,596
deformation e,
Coefficient of plasticity K, | 0,092 | 0,089 | 0,085
Coefficient of structure Kg 566 | 57 571

Modulus (E,,) that defined by a small displacement of
atoms, changing the interatomic and intermolecular
distances and bond angles of the investigated PP material
increases with the introduction of Ni-containing silicate
filler, modified by polyvinyl alcohol. That demonstrates
the reinforcing effect of polymer-modified silicate filler
because of orienting influence of active centers filler and
modifier on macromolecule PP, which results in limiting
their mobility and the formation in a force field around
fine particles of adsorbed layers of ordered
supramolecular structures. This effect of filler involves a
reduction in the number of possible conformations of
macromolecules in these layers, the growth medium of
relaxation times, increased relaxation spectra and density
packing of macromolecules. High elastic deformation (Ey)
that associated with conformational changes of
macromolecules somewhat reduced due to the using of
modified filler, that is associated by additiona intermo-
lecular interactions filler-modifier-polymer matrix. The
increase in the overall deformation proportion of plastic
deformation (e,) that was caused irreversible movement
of macromolecules for filled materials, also reflects the
influence of the filler on the formation of tighter structure
of the polymer, which is unable to inverse deformation.
The established of module strain shows that derived
materials can be attributed to low deformability materials,
which are characterized mainly strong inverse
deformation and elastic aftereffect. At the same time, the
introduction of filler leads to increase of the coefficient of
structure, which is characteristic of spatial fluctuation
network

Conclusion

Composites based on polypropylene and metal-
containing polymer-silicate filler due to equitable
distribution of modifier, directed influence on the surface
properties of the filler and high technologica
compatibility between components have the value of
ultimate tensile strength at breaking of composites is
increased by 5-10%, modulus — by 20-30%, surface
hardness by 10-15%. Increased mechanical, elastic-
deformational, thermal and technological properties of
developed composites provide their effectiveness for use
in the production of materialsfor constructional purposes.
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[. Introduction

Unsaturated polyester resins are technologically
compatible with polymers and fillers different by nature.
That enables them to provide a complex of essential
properties. Among technologically and economically
feasible methods of modification of polyester resins are
physical methods based on the combination of polyester
oligomers with oligomers of a different nature, and
macromolecular compounds. Their application provides
materials with the necessary complex of technological
and operational properties.

Adding inorganic fine fillers, in particular, CaCO; and
Al,O3 into polyester composition, along with the impact
on technological and operational properties of the
modified materials, will regulate the process of binder
structuring through the formation of interfacial layers
with different characterigics and formation of physical
and chemical bonds between the filler surface and
mol ecules of the polymer matrix [1].

Il. Experimental

The unsaturated polyester resin (UPR) marked Estromal
A023 was used for obtaining polyester composites.
Unsaturated polyester resin curing was conducted in the
presence of 1.5-2.0 ptswt. initiator Metox-50 (methyl
ethyl ketone peroxide solution in dimethyl phthalate) and
0.2-0.4 ptswt. accelerator of cobalt naphthenate at room
temperature.

Poly (vinyl chloride) (PVC) of brand Lacovyl PB1156
was used as polymer modifier. We also used the calcium
carbonate (CaCOs) and auminum oxide (Al,Os) as fine
disspersed inorganic fillers. Additionally, the composition
was filled with diesterphtaate plagticizer of dibutyl
phthalate (DBP) which is compatible with poly (vinyl
chloride). It aso functioned both as a solvent and
plasticizer for the unsaturated polyester resin and
polyvinyl chloride.

The research of eagtic-deformation properties of
modified polyester materials was carried out with the
application of Hepler Consistometer at 293 K. The
method is based on indentation of conical indenter under
the load of 120 N and determination of characteristics by
the modulus and deformation cal culation according to the
methodol ogy.

Vica heat resistance of the investigated materials was
determined in accordance with SO 306:2013, the loading
was 50 N.

The surface hardness of conical fluidity point was
determined on Hepler Consistometer at 293 K by
indentation of steel cone in the polymer sample with a
sharpening angle of 58°08' under the load of 50 N for
60s. Shrinkage of polyester materiad was measured
according to 1SO 2577:2007, comparing the size of the
obtained sample with the size of a form.

[1l. Results and Discussion

Unfilled unsaturated polyester resin is characterized by
high values of deformational modulus and modulus of
elagticity. Apparently, it is caused by structural features of
cross-linked polymers, such as presence of chemical
knots of the grid which practicaly are not destroyed
under static loads. Herewith, high density of grid reduces
the segmental mobility, as evidenced by the high values
of High elasticity modulus.

Adding finely dispersed CaCO; filler in UPR increases
the value of deformation modulus of composite that
decreases its ahility to deformation under static loads. The
value of the equilibrium modulus, characterized by
interatomic distances change in the chains of
macromolecules, as well as bond angles deformation,
significantly increases during the process of CaCOs
adding. It is obvioudy caused by the decrease of mobility
of structured polyester resin segments due to interphase
interactions with the surface of finely dispersed filler.
Along with this, there is a substantial increase of high
elagticity modulus for polyester composites.

Adding PV C modifier to the polymer composition leads
to increasng of elagticity and plagticity of the composite
material. It is evidenced by the increasing of the dastic
modulus and decreasing of the value of high dasticity
modulus as in the case of unfilled and filled materials.

Adding plasticizer dibutyl phthalate in filled
composition results in increased strength characteristics
of the material (deformation modulus and elastic modulus
are increased). These special features are caused by
decrease defects of polyester grid owing to theinteraction
of plasticizer molecules with solid filler surface and
change of interphase characteristics of the system
polyester matrix —filler [2].

In the case of applying Al,O3 as a filler of unmodified
polyester compositions, we could observe the similar to
CaCO; effect on deformation modulus and high dasticity
modulus (these values increase).

However, the deformation modulus decreases in the
materials which except the filler contain 20 weight part of
PVC. It shows that the modified composite is less rigid
and hard compared to the unmodified one.
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Influence of the filler nature and polymer modifier on
structure coefficient K of the polyester materids are
shown in Fig. 1.

Adding poly (vinyl chloride) in unfilled composition
increases the coefficient of the composite structure, which
apparently is a consequence of the formation of partly
interpenetrated grid of structured polyester resin and PVC
macromol ecul es.

Fig. 1 Influence of filler nature and PV C polymer modifier on
structure coefficient K of polyester composites:
a) UPR:CaCO3:DBP, wt. p.: 1 —100:0:0; 2 — 100:235:0;
3-100:235:3; PVC content, wt. p. | —20, Il - 0.
b) UPR:AI,O3:DBP wt. p.: 1 —100:0:0; 2 — 100:150:0;
3 —-100:150:3; PVC content, wt. p.: 1 —20, 11 -0

It is found out that the addition of inorganic filler,
irrespective of its nature, reduces the composite structure
coefficient due to the influence of surface filler on the
process of oligomers structuring in the studied systems.
This may form a three-dimensional grid with less knots
integrity. Adding poly (vinyl chloride) and inorganic
findy disspersed fillers to the polyester compositions
allows predetermining the process of structuring polyester
binder through the formation of boundary layer on the
border of filler-polymer matrix [3]. Therefore, it affects
the thermal and physicomechanical properties of the
obtained composite.

TABLE 1

THE IMPACT OF MODIFIER CONTENT AND NATURE FILLER ON
TECHNOLOGICAL PROPERTIES OF POLYESTER MATERIALS

Composition content
P Shrin- | Vica heat S‘r:;frzce
Ne PvC kage, | resistance

Filler | content, % K NS,

Wt p. MPa
1 - 8,64 582,3 30
2 20 7,82 522,2 26
3 - 7,08 643,0 48
4 | CaCOs 20 5,65 599,3 34
5* 20 6,87 589,5 36
6 - 7,45 638,9 44
7 | AlLOs 20 5,82 579,4 33
8* 20 7,15 594,6 33

* In the presence of 3 wt. p. of DBP.

The impact of the polymer modifier and nature of finely
dispersed inorganic filler on thermal and physico-
mechanical properties of polyester materials is presented
inTable.1.

It is determined that the modified polyester materials
containing findy dispersed inorganic fillers, ae
characterized by various principles of change of the val ues of
asurface hardness and Vica heat resistance compared to the
unfilled materials. Adding findy dispersed inorganic fillers,
for ingance CaCO; and Al,O; in polyester matrix alows
adjugting strength properties of the materid. It is found out
that adding findy digpersed inorganic fillers leads to higher
values of surface hardness,

These features of polyester materia could be explained
by the different nature of interactions between polyester
resin and filler. It leads to significant changes in the
structure of supramolecular polyester matrix and to the
change of properties of polyester composite.

Technological shrinkage of polyester materia depends
on the nature of the filler, modifier content, and also on
the ratio of the reagentsin the composition. It is found out
that adding findy dispersed inorganic filler and poly
(vinyl chloride) polymer modifier in the polyester matrix
causes the reduction of technology shrinkage of the
material by 30-35%.

Conclusion

The study discovers that the nature and content of finely
dispersed inorganic filler calcium carbonate and aumi-
num oxide substantially affect the eastic-deformation,
therma and technological properties of modified poly
(vinyl chloride) polyester materials.

Highly filled modified polyester composites are
characterized by the increased values of Vica heat
resistance, hardness, modulus of elasticity and reduced
values of technological shrinkage.

Adding poly (vinyl chloride) leads to increases of
highly elastic features of polyester composites. Evidently,
it is due to the formation of partly interpenetrated grid
involving structured polyesters and poly (vinyl chloride)
macromol ecul es.
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[. Introduction

One of the important problem of the modern water
purification is insufficient level of wastewater treatment
without damage to the environment and peopl€' s health.
Small amount of fresh water causes the reuse of
wastewater for technological purposes. However, this
cannot always be done, because modern technologies of
water purification, mostly,do not provide the appropriate
level of purification. So, it is necessary to modernize them
and introduce new technol ogies of water purification.

One of the new methods is ultrasounds water
purification. Ultrasound has a destroying effect into
organic and biological contaminants, which are the basic
components of wastewater from  biotechnology
production [1].

Il. Experimental part

The process rate and the degree of the purification of
polluted water under ultrasound action depends on the
conditionals of the process. The experiments were carried
out at the constant parameters, means frequency of 22
kHz, temperature of 298 K, pressure of 1 105 Pa,
process duration of 1-120 min.,the nature of the gas being
the only variable . We use oxygen, nitrogen and a mixture
of nitrogen and oxygen in theration of 1:1. The object of
the study was the wastewater of «Brewery Kumpel ».

The main indexes in determining the influence of
ultrasound to the wastewater treatment of «Brewery Kumpd
» are chemical oxygen consumption and microbial number.
Basad on the obtained experimental data chemical oxygen
consumption and microbial number the calculation of the
degress of the dedtruction of organic substances and the
degrees of water disnfection under the influence of various
gases on the water purification process have been conducted.

The degrees of the water purification have been calculated
for the finad value chemica oxygen consumption and
microbial number ( in the 120 min of ultrasound effect to
these samples of water).

Comparing obtained results of the destruction of organic
substances during bubbling the gases of different nature
(fig.1) the lowest degree of water purification has been
achieved during oxygen bubbling -7,5 %. Better result has
been obtained during nitrogen bubbling -11,67 %. The
highest degree of the destruction of organic substances
has been observed during common action of nitrogen and
oxygen — 3529 %. Exposing the wastewater under
ultrasound action during 120 min have obtained the
degree of purification 47,37 % has been obtained, which
is 1,3 times higher, than during the action of the most
efficient gas — mixture of oxygen and nitrogen in the
ration of 1:1.
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Fig. 1 Dependence of the degree of destruction of organic
substances on the influence of gases of different nature

Conducting similar comparison of influence the nature
of the bubbling gas to the degree of water disinfection
from biological contaminants (fig.2), we can observe the
lowest degree of water disinfection during bubbling
nitrogen — 26,22%. Oxygen bubbling and the action of the
ultrasound itself has shown close values of the degree of
the water disinfection — 39,34 % for oxygen and 40,76 %
for ultrasound. The highest value has been achieved
during bubbling the mixture of oxygen and nitrogen in the
ration of 1:1 —41,58 %.
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Fig. 2 Dependence of the degree of water disinfection from
the influence of gases of different nature

In further research it is advisable to consider the action
of the separate gas to the water purification process from
organic and biological contaminants, exactly nitrogen.
Under different conditions of the process,exactly when
we use the action of the ultrasound itself, bubbling gas
and common action ultrasound with gase, we can observe
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a certain regularity for the degree of the destruction of
organic substances (fig.3.) and for the degree of water
disinfection (fig.4.). The lowest resultsin both cases have
been achieved during bubbling the nitrogen itself, the
degree of the destruction of organic substancesis 11,67 %
and the degree of water disinfection is 26,22%.

Average results have been achieved under the action of
ultrasound itself. For the degree of the destruction of
organic substances it is 47,37% and for the degrees of
water disinfection it is 40,76 %.

= US

40 1 N2

N N2+US

. The degree of destruction organic
substances , %
w
=]

Fig. 3 Dependence the degree of the destruction
of organic substances from the conditianals of the process

The deepest purification from organic and micro-
biological contaminants has been observed during the
common action of ultrasound with nitrogen. The degree
of the destruction of organic substances is 57,14%,which
is five times higher,than the action of the gas itself and
1,3 times higher than the action of ultrasound itself. The
degree of water disinfection is86,93%, which is 3,3 times
higher than the action of the nitrogen itsdlf and 2,1 times
higher than sounding water, which confirms again the
expediency of the common usage of ultrasound and
nitrogen.
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Fig. 4 Dependence the degree of water disinfection from
the conditianals of the process

Comparing the effect of all gases (oxygen, nitrogen, a
mixture of nitrogen and oxygen in the ration of 1:1) in
cavitation conditionals with the effect of the ultrasound
itself (fig.5.) has been established that in ultasound field
the least expedient is the common action of ultrasound
and the mixture of nitrogen and oxygen in the ration of
1:1 (the degree of the destruction of organic substancesis
16,67 %). The degree of the destruction of organic
substances during oxygen bubbling is average — 31,25 %.
The effect of ultrasoun itself is better, than its common
action with oxygen and with the mixture of nitrogen and
oxygen (the degree of the destruction of organic

substancesis 47,37 %), but less effective than sounding of
wastewater in an atmosphere of nitrogen (the degree of
the destruction of organic substances is 57,14 %, which is
3,4 times better than using ultrasound with mixture of
nitrogen and oxygen in theration of 1:1.
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Fig. 5 Dependence the degree of the destruction
of organic substances from the nature of the gasesinto the
cavitation conditianals

For desinfection wastewater into cavitation conditionals
(fig.6.) bubbling the mixture of the gases and the action of
ultrasound itself have shown close values (38,16% and
40,76% accordingly). The common action of ultrasound
and oxygen is more effective, we have reached the degree
of water disinfection 81,05%, which is 2 times higher
than the action of ultrasound itsef and bubbling the
mixtures of the gases. But the most expedient is the
common action of nitrogen and ultrasound, the degree of
the destruction of organic substancesis 86,93 %.
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Fig. 6 Dependence the degree of of disinfection water from
the nature of the gasesinto the cavitation conditianals

Conclusion

The degrees of the destruction of organic substances and
the degrees of water disinfection has been calculated. Has
been proved that the ultrasound cavitation destroy organic
compounds and has negative effect to hiological
contamination, which are contained in wastewater. Has been
determined that the common action ultrasound with gases are
more effective than the effect from the gases itsdf. The
highest purification effect has been achieved during the
common action of ultrasound and nitrogen. The highest
degree of the destruction of organic substances is 57,14 %
and the highest degree of water disinfection is 86,93 %.
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Abstract — it had been demonstrated that mechanochemical
and hydrothermal treatment of support allows increasing
activity and selectivity of the catalyst in the studied process.
Hydrothermal treatment (HTT) of silica increases mechanical
strength of silica gel granules subjected to hydrothermal
treatment, also reduction of coke formation takes place, aswell
as prolongation of the catalysts life. Similarly, the same
approaches allow to optimize the pore structure of titanium
phosphates.

Keywords — acrylic acid, aldol condensation, mechanoche-
mical treatment, hydrothermal treatment, porous structure.

[. Introduction

Acrylic acid (AA) is a valuable substance in the
industry of organic synthesis and is widely used in the
production of high-quality paint and varnish, organic
glass, as an auxiliary substance in the textile industry, in
the production of superabsorbents, in medicine [1-4].
World production of AA amounts to over 5 million tons
per annum, and according to analytical studies, the market
of acrylate monomers has a steady upward trend [5]. One
of the most promising methods of AA production is adol
condensation of acetic acid (AcA) with formaldehyde
(FA) [6]. The production of AA by aldol condensation is
not implemented in industry because of comparably low
efficiency of known catalysts and short working life due
to coke formation on catalysts surface[7].

The key for successful implementation of AA produc-
tion based on AcA and FA is effective catalyst for this
process. It is known that the reactions of aldol
condensation may proceed through both base and acidic
catalysis. We have synthesized the catalysts of both types
and found that acid catdysts have higher activity and
efficiency than the base ones [8,9]. Also the correlation
between the strength of acid sites of the catalysts and their
selectivity was found [10]. But despite of some successin
the cataysts development, the desirable level of their
efficiency isn't fill achieved.

It iswell known that porous structure of solid catalysts
has a huge effect on their catalytic properties. So we
decided to continue our developments of catalytic systems
for adol condensation reaction and to apply different
kinds of treatment of the catalystsin order to modify their
crystal structure, activate surface and, as a result, change
their catalytic properties [11]. This kind of modification
aso alows to vary parameters of porous structure

(specific surface area (S), pore size (d) and pore size
distribution (PSD)) in wide limits[12].

Il. Results and Discussion

It is well known that efficiency of catalysts of aldol
condensation reactions depends on many physical and
chemical characteristics, namely specific surface area,
porous and crystal structure, surface acidity. So, different
kinds of catalysts were tested in this process: acid and
basic type catalysts, supported and bulk solid catalysts,
the catalysts with various carriers. Recently using of
structured carriers for aldol condensation catalysts was
reported as well as the huge effect of porous structure of
catalysts on their chemical properties. So in this context,
application of different kinds of catalysts treatment
(hydrothermal, microwave and mechanochemical), which
are able to vary the physical and chemical characteristics
of catalysts within wide limits, can be considered as the
alternative method for porous structure regulation and
optimization of the catalytic properties [12]. Therefore,
the goal of present work is to study the efficiency of
hydrotherma methods for the regulation of porous
structure of the cataysts for aldol condensation reaction
as well as optimization of their catalytic performance in
acrylic acid synthesis, for which we tested the effect of
hydrotherma treatment of B,O3;—P,0Os—WOs-V,05/SIO,
and hydrothermal and mechanochemica trestments of
TiPO, cataysts which are moderately efficient in gas-
phase acrylic acid synthesis via aldol condensation.

It has been found that hydrothermal treatment (HTT) of
silica support of B-P—-V-W-0O catalyst at 150 °C alows
increasing the one-pass yield of acrylic acid synthesis
from 58 % to 68 % at acrylic acid selectivity of 91 %. In
addition to increase of mechanical strength of silica gel
granules subjected to hydrothermal treatment, reduction
of coke formation takes place, as well as prolongation of
the catalysts life.

10071%
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80 A —=—HTT at 150 °C
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40
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260 290 320 350 380 410 440

Fig.1 The effect of HTT temperature on Acrylic Acid yield
(Y, %) at different reaction temperatures.

0

As expected, mechanochemica and hydrothermal
treatment of TiPO4 catayst also modifies its porous
structure (Table 1). But in this case specific surface area
changes areinsignificantly.

As for catalytic properties in adol condensation
reaction of AcA with FA, the formation of AA on pure
TiPO4 was negligible (Fig. 2).
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TABLE 1
PARAMETERS OF POROUS STRUCTURE OF THE CATALYSTS
Porous Structure

Catdysts SSA, Vs, g T(();?J

2 3 , nm acidity,

m/g | cmlg mmol/g
TiPO, (Initid) 109 1.60 32; 52 0.434
TiPO4 (MChT) 86 1.23 9.0 0.080
TiPO, (HTT) 107 1,72 3.7; 49 0.510

SSA — spedific surface areg, Vy —tota pore volume, d —pore size

Mechanochemica and hydrothermal treatment of
titanium phosphate dramatically changes its catalytic
properties in test reaction. Thus both mechanochemically
and hydrothermally treated catalysts exhibit much better
catalytic performance. On the treated by MChT catayst
AA vyield increases to 14 %, and on the treated by HTT
catalyst AA yield reaches maximum value 61 % at 623 K.
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TiPO4 (linitial) ' TiPO4 (MChT) ' TiPO4 (HTT) '
Fig. 2 Cataytic properties of initia titanium phosphate
and titanium phosphates after MChT and HTT at 623 K,

residence time 8s.

Conclusion

It had been demonstrated that mechanochemical and
hydrotherma treatment of support alows increasing
activity and sdlectivity of the catalyst in the studied
process. Hydrothermal treatment (HTT) of silica support
of B-P-V-W-0, catalyst at 150 °C allows increasing the
one-pass yield of acrylic acid synthesis from 58 % to
68 % at acrylic acid sdlectivity of 91 %. In addition to
increase of mechanical strength of silica gel granules
subjected to hydrothermal treatment, reduction of coke
formation takes place, as well as prolongation of the
catalysts life. Similarly, the same approaches allow to
optimize the pore structure of titanium phosphates. On the
treated by MChT catalyst AA yield increases to 14 %, and
on the treated by HTT catalyst AA vyield reaches
maximum value 61 % at 623 K.
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Abstract — The effects of conduction heating at the drying
surface temperatures ranging from 50° to 90°C for thin layer
conduction drying of polymer dispersion were studied.

Results show that polymer dispersion at 52 percent initial
moisture contants dried initially under constant rate period for
a very short time and then dried under falling rate period.

The empirical drying equations, developed before for the
above drying conditions can be used to predict the drying time
with fairly good accuracy.

Keywords — contact drying, drying rate, drying time, drying
kinetics, polymer dispersion

[. Introduction

The drying of materialsis often the final operation in a
manufacturing process and the drying operation often
follows evaporation, filtration and crystallisation.

Heat transfer and mass transfer are critical aspects in
drying processes. Heat is transferred to the product to
evaporate liquid, and mass is transferred as a vapor into
the surrounding gas. The drying rate is determined by the
set of factorsthat affect heat and mass transfer.

The conduction method is of considerable interest for
the understanding drying kinetyc. According to this
method, the total drying time of a thin film material form
(50-150 pum) can be calculated.

[l. Materials and methods

Typically convection approach to define the drying
kinetic can be used. The mass transfer at atmospheric
pressure can be modeled using Crank's model [1].

Anacther approach can be used for conductive drying. A
conduction dryer experiment is made on a meta-walled,
hest-jacked arrangement that is either Sationary or rotating.
Accoding to this conditions removal of vaporized weter is
independent of the heating medium. It depend from heat
surfase temperature and more other factors such as structure
and materid properties, heat transfer, operation pressure. The
polymethylmethacrylate-polystyrene water disperson was
investigated under contact drying conditions. The physical
properties of the polymer digperson aregivenin Table 1.

TABLE 1
THE PHY SICAL PROPERTIES OF THE DISPERSION

Solid phase content 47-48%
Particle size 0.2-0.4 um
Viscosity at 25°C 200 — 500 mPa-s
Density of dispersion 1108 kg / m°
Film formation 93°%C
Sintering temperature 104°C

[1l. Results and discussions

The surface temperature was 50, 75, and 92°C. The
diagram in Fig. 1 shows that the process consists of two
periods.

50

# 50 degrees celsius
75 degrees celsius

W 92 degrees celsius
40 A T T

30 A

20 -

10 o
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2

Fig. 1 The polymer dispertion drying curve

The instantaneous moisture content during the firgt

period of drying can be determined from the equation:
W =W - Nt, (1)

where W is the initial moisture content, %; N the rate
of drying in thefirg period, %/sec; and z, the drying time,
SEC.

The moisture content in the second falling rate period
can be determined from the equation:

W - WE = (Vvt:r1 - We)exp(_ 213X1Nt 2) (2)

where 7, is the time elapsed from the start of the second
period, sec; X- the relative coefficient of drying, 1/% and
W, the equilibrium moisture content, %.
According Egs. (1)-(3) taken into account gave the
following equation of thetotal drying time:
1 1 Wcr - We
= - +—lg——— 3
ttotal N (VVI chr1 Xl Ig Wu _ We ) ( )

where W, is the ultimate moisture content. [2]

Conclusion

The rate of water loss during contact drying of polymer
dispertion was directly related to the temperature.

The process time to attain a We water loss can be
predicted using the proposed model when the mode
parameters are known.

The rate of drying in the first period N and reative
coefficient of drying X obtained from the experimet data
ranged from 0.038 to 0.141 s* and from 0.023 to 0.06, to
temperature ranged from 50 to 90 °C, respectively.
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Absgtract. The influence of various factors (temperature,
concentration of garting substances and catalyst of sol-gel
process) on the rheological behavior of sol-gd systems on the
basis of the organic-inorganic precursor — 3-methacryloxypropyl
trimethoxysilane — was invegtigated by viscosmetry. The dagic
and friction components of viscosity were esimated from the
gradient dependence measurements using the optimization
method. The integral activation energy of the gdation processin
the sudied sol-gel systemswas calculated.

Keywords — sol-gel  system,  3-methacryloxypropyl
trimethoxysilane, dynamic viscosity, gradient dependence of
viscosity, activation energy

[. Introduction

Membrane science and technology are of great interest
for many researchers and are constantly considered as one
of the priority scientific and technical directions.
Membranes are widely used in dternative energy,
electrodialysis, ion-exchange processes, etc.

A lot of membranes are synthesized on the basis of
hybrid organic-inorganic materials, what ensures the
achievement of desired properties. Sol-gel technology has
a number of advantages in comparison with other
methods of synthesis. simplicity, eco-friendliness,
possibility of modification of material properties by
introducing modifying substances at the synthesis stage.

One way of obtaining hybrid organic-inorganic
membranes with the use of sol-gel technology is to form
them from organic-inorganic precursors that contain
organic functional groups and inorganic akoxysilane
groups undergoing sol-gel transformation.

3-methacryloxypropyl trimethoxysilane (MAPTMYS)

(I)CH3 0]
HaCO-Si—_~ CH,
OCHjs

is one of the promising starting materials for such
syntheses because it contains methacrylic fragments
capable to form C-C bonds in polymerization process and
alkoxysilane groups near S atom that can form siloxane
chainsin sol-gel process[1, 2].

MAPTMS is often used together with the other
alkoxysilane — tetragthoxysilane (TEOS), which is the
most commonly used acoxysilane in sol-gel synthesis.
When added to sol-gel system based on TEOS, MAPTMS
acts as a structural modifier. As a result of the modifier
influence, the final dloxane network acquires the

necessary properties (for example, hydrophobicity,
flexibility). Thus, in [3] a mixture of MAPTMS and
TEOS was used in a molar ratio of 4: 1. Hydrolysis of a
mixture of precursors was carried out in a solution ethanol —
water. Investigation of sol-gel process of alkoxysilanes
mixture by 2Si NMR and FTIR allowed to optimize the
duration of hydrolysis of both components and
subsequently to prepare organic-inorganic  hybrid
materials — sol-gel coatings for metallic surfaces.

For the wider use of precursor MAPTMS in sol-gd
processes, it is necessary to study its rheological behavior
under different conditions.

Il. Experimental

Solutions of sol-gel precursors were prepared by
mixing TEOQS, MPTMS, ethanol, water and phosphoric
acid in appropriate ratios, a constant tirring on a
magnetic tirrer (500 rpm) at different temperatures. The
rheological behavior of these systems was investigated
using the rotary viscosimeter RHEOTEST 2.1 (VEB
MLW, GDR).

For sol-gel precursors the dependence between the
shear stress © and the shear rate D, was established.
Dynamic viscosity was determined by theratiom =t/ Dy,
where 1 is the dynamic viscosity (Pa e s); t is shear stress
(Pa); D, isthe shear rate (7).

[1l. Results and discussion

The percolation point corresponds to such concentra-
tion of macromolecules and their conformational sze, at
which the conformational volumes of macromolecules
begin to overlap leading to a sharp increase in viscosity of
sol-gel system. Consequently, the sate of gelation can be
estimated by monitoring the changes in viscosity of the
systemintime.

Dynamics of viscosity of sol-gd systems was
investigated at high angular speeds of rotation of the
working cylinder (o = 4.05 rps). We obtained the
dependencies of viscosity:

- on temperature for 5 sol-gd systems of different

compositions;

- on MAPTMS content;

- on the content of sol-gel process catalyst —

orthophosphoric acid. The exaple of measured
dependenciesis presented in Fig. 1.
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Fig. 1. Viscosity change in time for sol-gel system MAPTMS:
TEOS. C2H5OH: H3PO4: Hzo =
=0.25: 0.75: 4: 1.2: 4 (mal) at different temperatures
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From obtained dependencies the time of achievement of
percolation point tg, which corresponds to the beginning
of gelation process, was determined. The obtained data
aresummarizedin Table. 1.

TABLE 1
DYNAMICS OF SOL-GEL SYSTEMS STRUCTURING
System composition H3PO, | Temp® tg
(mal) (mal) C min
MAPTMS.TEOS.C,HsOH:H3
PO4:H,0 = 1,2 25 300
=0,4.0,6:4:X:4
25 150
45 130
MAPTMS:TEOS:C,HsOH: 12 55 | 100
:H3PO4:H20 =
= 0,25:0,75:4:X 4 65 70
18 45 130
65 120
25 100
45 30
1,2
TEOS.C,HsOH:H3PO,: 55 10
‘H,0 =1:4:X:4 65 5
18 45 30
65 7

The temperature dependence of the gelation time can be
described by the Arrhenius equation: In (t) = A + E/ RT,
where E is activation energy of the gelation process.

5,3

5,2+
5,14
5,01 -
)
c 4,94

4,84

4,7 .

2,9 3,0 3I,1 3I,2 3,3 3,4
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Fig. 2. Temperature dependence of gelation timein sol-gel
system MAPTMS: TEOS: C,HsOH: H3PO,: H,0 =
=0.25:0.75: 4: 1.2: 4 (mol)

Experimentally determined activation energy of
gelation process is 22.5 k¥mal for the sysem MAPTMS;
TEOS: C,HsOH: H3PO,: H,O = 0.5: 0.75: 4: 1.2: 4 (mal)
and 44.9 kJmoal for the system TEOS : C,HsOH: H3POy,:
H,O = 1: 4: 1.2: 4 (mol).

The gradient dependence of sol-gel system viscosity
was measured in the range of speeds of the working
cylinder of 0.5 — 243 rpm (Fig. 3). The frictional and
elastic components of viscosity and coefficient b, which
characterizes the segmental motion of macromolecules,
for each sol-gel system at different conditions were
calculated usng the optimization method in ORIGIN 5.0

program.

t=250c
ho=0.17 Pa’s

2,0 hg =4.18 Pa*s

b=0.01 min'l

T T T T T T T T T
00 05 1,0 15 20 25 30 35 40 45
w, 1ps

Fig. 3. Gradient dependence of viscosity of the system
MAPTMS: TEOS: C;HsOH: H3PO,4: H,0 =
=0.4:0.6:4:1.2:4 (mal)

Calculated values of viscisity parameters show their
dependence on the system composition, temperature and
the catalyst content. In all cases, the eastic component of
the viscosity is greater than the frictional one, which
indicates a significant contribution to viscosity of the
segmental motion of macromolecules. With increasing
temperature, we observe the growth of viscosity, and the
elastic component changes more significantly.

Conclusion

Investigation of sol-gel systems viscosity of various
composition based on precursors TEOS and MAPTMS
adlowed to determine the effect of temperature,
composition of the system, the catalyst concentration on
the time of achievement of percolation point, when
gelation occurs. These results are of practical importance
for synthesis of organic-inorganic composites using sol-
gel process. It was established that the replacement of
TEOS by MAPTMS dows down the gelation process.
Studying of the gradient dependence of viscosity of sol-
gel systems allowed to determine the frictional n, and
glagtic ns components of viscosity depending on
temperature and the initial composition of the system.
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[. Introduction

Cavitation is a process of formation of cavitiesin fluids
filled with gas, vapor or a mixture of them (so-called
cavitation bubbles or cavities) [1]. Cavitation bubbles are
formed in those places where the liquid pressure reaches a
certain critical value of P,. The sharp collapse of the
generated gas cavities creates a very sharp sudden
increase in local pressure creating rapid change in
pressure and hydrodynamical properties of current
volume [2]. In the order to a low amount of the
engineering researches of this process, CAE investigation
of the cavitation has been conducted.

Il. Experimental part

For engineering modding of the process, the series of
experiments with a modd mixture on a vibration cavitator
(Fig. 2) were conducted. A modd water solution of
isopropyl alcohol with concetration 1,2x10° mol/l. Series of
indicative measurements of chemical oxygen demand were
done to analyse amout of oxidizable pollutants. Andytical
analysis was conducted due to recommendations[3].

The Dichromate Chemical Oxygen Demand (COD) test
measures the oxygen equivalent of the amount of organic
meatter oxidizable by potassum dichromatein a 50% sulfuric
acid solution. End products are carbon dioxide, water, and
various gates of the chromium ion. After the oxidation step
is completed, the amount of dichromate consumed is
determined titrimetrically or colorimetrically. Either the
amount of reduced chromium (chromic ion), or the amount
of unreacted dichromate, can be measured. If the latter
method is chosen, the analyst must know the precise amount
of dichromate added.

2 K,Cr,O; + 8H,SO, + 3C — 2K, SO, + 2 Crz(SO4)3 +
+3 CO,1 + 8H,0 [4]

Chemical oxygen demand results are usually expressed
by the amount of oxygen consumed during the oxidation
of organic matter. When oxygen is used as the primary

oxidant in the oxidation of potassium acid phthalate, the
equation above describes the reaction.

The results of the researches are shown in the Table 1
and Fig. 1.

TABLE 1

RESULT oF THE COD ANALYSIS.

Freqﬁfncy’ 0 | 35 | 40 | 45 50
4,48 8,64 18,24 | 29,44 29,44

0, demand, | 10,88 | 1344 | 2464 | 304 | 3264

mg/ml 16 | 27,52 | 30,08 | 39,04 | 36,48

21,12 | 32,64 | 3584 | 39,04 40,64
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Fig. 1 The relation between COD frequency values.

lll. Model of the laboratory device

For experimental investigations the compact laboratory
electromagnetic vibration cavitator (Fig.2) has been
used [4].

4 4 -
Fig.2 Thelaboratory electromagnetic vibration cavitator: 1 —
electromagnetic vibration drives, 2 — operational chamber with
three cavitation disks, 3 —liquid outlet , 4 —liquid inlet

Cavitation disks are moving in X-axis, creating digtortion
of the mixture wich follows the cavitation process.

For the analysis of hydrodynamics and cavitation
process a solid model of the laboratory cavitator has been
created in the CAD/CAE software complex of
SolidWorks 2016 Educationa Edition [5].

The solid mode of the operationa chamber with three
cavitation disksis shown in the Fig. 2.
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Fig.3 The solid model of the vibration
cavitator created in SolidWorks 2016
Educationa Edition.

Conclusions

The research results will be published. The results are
going to show simulation of the cavitation process, which
has a wide use in various industrial processes. That will
help in theresearch of the practical process using.
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Abgtract — The influence of alcoholic yeast treatment with
electrochemically activated water (EAW) on their enzymatic
activity in the fermentation and generation, improve their
physiological date was investigated. The obtained results showed
that catholyte has the greatest effect on alcoholic yeast
activity. The use of eectrochemically activated water in alcohol
production can reduce the duration of the biotechnological
processand increasethe finished product yidd.
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[. Introduction

Production of ethyl alcohol from grain raw materials
includes the biotechnological process — fermentation.
Yeast Saccharomyces cerevisiae is a source of alcohol
fermentation. The intensity of this biotechnological
process depends on ther physiological state
Biosynthetic, fermentation activity, the number of cdls
with kidneys, with glycogen, dead cdlls affect the rate of
fermentation, the concentration of alcohol in the
digestible medium, the yield of the finished product. One
of the ways of ethanol production intensification is to
stimulate the activity of industrial yeast strains.

Different methods are used to increase the activity of
yeast. These include: the effect of the magnetic field on
aqueous solutions, ultrasound, shaking, thermal treatment
of water (heating, cooling, freezing and subsequent
thawing) and electrochemical activation (EA). Activated
by these methods water receives new properties. These
properties have an influence on the kinetics of reactions
occurring in it, the change in solubility of substances,
biological activity.

The analysis of scientific literature on the use of
electrochemically activated water showed that today there
are no stable patterns of the influence of catholyte and
anolyte on hiologica  objects, in particular
microorganisms. Electrochemical activation of water
occurs in an electrodider — a device consisting of a
capacitance and two dectrodes. In a container, which is
separated by a semipermeable membrane, eectrodes
(cathode and anode) are on both sides. In the volume of
water through these membranes under the action of an
electric field passes an electric current, due to which the
electrolyte creates a potential difference and the transfer
of ions and el ectrons through the membrane occurs. The
cathode forms in a cathode chamber. Anolyte is obtained
in the anode chamber due to eectrochemical activation.
In the smplified form, the basic processes that occur in an
electrolyzer can be represented as follows:

1) oxidation of water in the anode:
2H,0 — 4e— — 4H™+ Oy;

2) water recovery on cathode:

2H,0 + 2e— — H, + 20H ;
3) formation of gaseous chlorine at an anode:

2CI" -2e— — Cly;
4) formation of highly active oxidants in the anode
chamber:
Cl,0, ClO,, CIO, HCIO, CI', 05, O3, OH';

5) production in the cathode chamber of high-level
reducing agents:

OH, H,, HO;, HO, , O, .

Many scientists have noticed the biological activity of
dectrochemically activated water (EAW). It has been
established that the catholyte exhibits antioxidant properties
[1-2]. It inhibits the processes of oxidative phosphorylation
and respiration of its tissues It was invedtigated that
dectrochemically activated water with negative AFP is
eadly digested and restores the lost and charged cdls with
charge and energy, while avoiding pathologies[3-5].

Therefore, the study of eectrochemically activated water
effect on the yeast fermentation activity to reduce process
time and increase the yield of ethanol isvery urgent.

Il. Methods and Techniques

The research material was yeast Detaferm AL-18,
which was made in Germany. Electrochemically activated
water was obtained using "Ekovod-3K" device. (Ukraine).
To prepare wheat wort the enzymes Amelex 3T (apha-
amylase) and Diazyme SSF (glucoamylase) were used.
Wheat wort with 22-24% of dry matters was fermented by
Deltaferm AL-18 seed yeast kept in EAW, as well as by
control samples. The "fermentation test" was carried out
in conical flasks with gauge filled with a sulfuric acid
solution at 33 °C for 72 hours. Evolved CO, was
controlled by gravimetric method. In fermented wash the
content of ethanol was determined by bottle method, non-
fermented sugars — by photoel ectrocol orimetric method,
the number of yeast cells— using Goryaev chamber.

[1l. Results and Discussion

Stimulation of yeast cells to produce seed active culture
for wheat wort fermentation was performed by treating
Deltaferm AL-18 dry alcohol yeast with EAW, namely
catholyte, anolyte, catholyte/anolyte mixture with the
ratio of 1:1. Yeast kept in sterile tap water, which was
used to prepare EAW, were used as the control samples.
Previous studies showed that EAW has a positive effect
on yeast biosynthetic activity.

The dynamics of carbon dioxide accumulation during
the fermentation indicates that the largest mass of evolved
gas (17.4 g CO,/200 cm® mash) is observed in mash
obtained using seed yeast kept in catholyte (fig 1). Yead,
which were treated before fermentation with anolyte and
catholyte/anolyte mixture (1:1), generated more CO; in
fermented wort in comparison with the control samples. It
should be noted that fermentation time can be reduced to
64 hours under seed yeast stimulation by EAW, because
after this period the mass of evolved carbon dioxide
actualy is not changed.
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Fig. 1 The dynamics of carbon dioxide accumul ation
during the fermentation.

Analysis of alcoholic mash obtained using yeast kept in
gerile tap water (control — option 1) and trested by catholyte
(option 2), anadlyte (option 3) and catholyte/anolyte mixture
(option 4) shows the highest alcohol content for the option 2.
According to the results obtained, the yied of alcohol was
maximum in option 2 (fig. 2, @). However, both anolyte and
mixture also gimulate fermentation activity of yeest, because
alcohol content in mash is higher as compared with the
control sample.

An important indicator of yeast fermentation activity isthe
concentration of non-fermented sugars in mash. Fg. 2, b
shows the lowest content of sugarsin mash obtained seed
yeast kept in catholyte. The high alcohol content in this
sample confirmsthis fact.

™ Control

¥ Catholyte

* Anolyte
¥ Mixture

b
Fig. 2 a—yield of ethanol; b —lowest content of sugarsin mash.

Changes in yeast cdls concentration during fermentetion
(Fig. 3) indicate unequal effect of catholyte, anolyte and
mixture on cdls activity. Catholyte has the greatest effect.

o

Growth of yeast biomass

Fig. 3 Growth of yeast biomass.

Despite the fact that anolyte has antiseptic properties,
yeast treatment by it causes stimulation of yeast activity
that requires further research and explanation.

Conclusion

In this work, the results demonstrated that alcohol
yeast treatment with eectrochemically activated water
gimulates their biosynthetic and fermentative activity,
which leads to the increase in the yield of alcohal, the
decrease in concentration of non-fermented sugars and
insoluble in mash starch and reduction of the fermentation
time.

The use of eectrochemically activated water can be
offered in acohol production as an effective way of
activating industrial yeast.
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Abstract — Various branches of petroleum, chemical and
food industries cause significant damage to natural reservoir;
outdated and imperfect technology forms a substantial amount
of harmful waste and wastewater to the environment. Mostly
businesses these industries consume large amounts of water,
which in some cases used directly for manufacturing
processes, while others — for the support and maintenance of
technology, ie for treatment products and semi-finished
products, washing packing container and equipment etc.
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[. Introduction

Number of works is dedicated to the investigation of
cavitation effect in water by the indicating of its high
efficiency in the viruses, protozoa etc. But at the same
time, the researchers have noticed, that cavitation is
highly effective nonchemica ecological method of water
purification from organic and microbial components. It is
clear that the need for a long disinfecting processing
doubted the feasibility of using ultrasound for indudtrial
conditions. Obvioudly, it is due to the result of an
inadequate study of complex phenomena, which is
accompanying with the cavitation effect, together with the
ignorance of basic laws of the studied process that
characterize the interaction of the components of water
available to it specific organisms, the impact of additional
gas supplied by the action of cavitation, etc.

Il. Methodology

We have conducted complex of microbiology research
of natural water from the lake in the Lviv region. In this
water the Diplococcus, Pseudomonas fluorescens,
Bacillus cereus, Sarcina lutea bacterias were detected.
The bacteria Bacillus cereus was available in a huge
number that is why it was chosen as the data to creste
model environment. The basis was to identify not only
microscopy preparations like a "crushed drop”, with the
fixed preparations of cells to study their morphological
criteria, including Gram staining, but the study of culture
and physiological reaction (oxygen) microorganisms
(MO) propertiesidentified in the examined water.

The determination of the total number of MO in the
water for the purpose of bacteriological study of universal
culture medium used —meat peptone agar.

Cultivation was carried investigated by the MO depth
method. MO was grown in an incubator at a constant
temperature (37 °C) with the duration of 48 hours.

To investigate the impact of natura gas to the
cavitation effectiveness of water treatment experiments

performed under argon, helium, oxygen, carbon dioxide
in the ultrasound fiedd a amospheric pressure,
temperature of 298 K, ultrasound frequency — 22 kHz.
Processing time 1-120 min. US oscillation frequency of
22 kHz low-frequency generator UZDN-2T (power 90 W)
transmitted via magnetostriction emitter immersed in
water volume study of the initial value of the number of
known microorganisms (NM). Outputs NM machining water
sampleswerein therange NM, = 820 — 2090 CFU/cm?”,

[ll. Description

The further research amed at studying the
simultaneous effect of gas and cavitation perturbed by the
rod-shaped bacteria of Bacillus cereus family Bacillaceae
an inggnificant microbial contamination of water (NMg =
8*10° CFU/cm?). In the short-term action of the acoustic
field under argon, oxygen, helium and carbon dioxide gas
(tgsus = 60+180 s) there was a sharp increase NM.
Availability of simultaneous action of carbon dioxide and
ultrasound led growth in order NM (2.4* 10° CFU/cm?®) in
the first three minutes of the experiment. The further steps
of gag/ultrasound processes in al cases leads to a sharp
reduction of NM throughout the whol e trestment process.

For detailed studying of this phenomenon the
microscopy of water samples before and after the joint
gad/ultrasonic action was made. As the result, in the
control water samples a large number of microbial units
was revealed, while after t = 180 s system was dominated
mostly by the separated cells. We can therefore say that
the accumulation of microbial cells on the stage of the
process and due process of disaggregation. Obvioudly,
increasing the value of NM directly proportional to the
number of cellsin unitsidentified in the initial samples of
water, and may affect the process of disaggregation nature
of the bubbling gas. The growth of NM in the presence of
carbon dioxide by 1600 CFU/cm? in contrast to the
growth in the presence of argon (only 100 CFU/cm®) may
have an impact on the final value of the NM.

Thus, when cutting in the ultrasound field water in
which exiging microbial aggregates is disaggregation
dominant process in the presence bubbling gases, which
in turn, is characterized by a determining influence on the
overall efficiency of water disinfection. Therefore, the
studying of the process of disaggregation would make the
process without bubbling gases only in acoustic terms.

To study the process of disaggregation, the real
natural water from lake was selected in the Lviv region.
Samples of water were taken during the summer period
(June and July), as the water temperature is the highest
and the water level is the lowest, when the oscillations of
NM are maximal.

The number of MO ranged 820-2090 CFU/cm®,
depending on many physical and chemical factors:
temperature regime of a reservoir, which influences on
the growth of MO, the concentration of dissolved oxygen
in water, the value of pH of water and redox potential,
and aso temperature of the air, quantity of the
atmospheric precipitations, hydrodynamic regime of the
reservoir, etc.
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Investigating a joint action of gas’US on the example
of bacteria Bacillus cereus at NM, = 800 CFU/cm?®, and
the influence of acoustic cavitation on the natural water
from the [ake in the Lviv region with an increased content
of bacteria Bacillus cereus at NM; = 820 CFU/cm® and
NMo, = 2090 CFU/cm?®, it was found a pattern of growth
of NM at the first stage of acoustic cavitation process.
The difference was only at the time of sound treatment, at
which the maximal values of NM were observed.

The abrupt increase of NM was observed during a short-
term action of acoudtic field on the bacteria Bacillus cereus
in a@mosphere of carbon dioxide during the first 60+180 s of
experiment. At the joint action of cavitation and argon or
hdium, athough there was observed an increase in NM at
the beginning of the experiment, but with much lower
maxima than at the joint action of carbon dioxide and
cavitation. The exception was the action of oxygen, where
theincrease of NM was not observed.

When lake water istreated by a sound, NM reaches its
maximal value after 1800 s of experiment in the absence
of gas bubbling. By microscopic examination of the
water, it was discovered the aggregates of MO of
different types, while the number of single cells was
negligible. Energy of acoustic cavitation at this stage was
spent mostly on the breaking of the aggregates to the
single cells, and the dying occurs more dowly than
disaggregation. A similar picture was observed during the
action of acoudtic cavitation on the clusters of detected
bacteria aggregates Bacillus cereus under atmosphere of
argon, oxygen, helium and carbon dioxide. The decrease
of the time spent on the breaking of aggregates in the
water environment, is likely due to saturation of one or
another gas, because in their absence only dissolved
oxygen is available in agueous solutions.

the obtained experimenta data on disinfection of
aqueous solutions from bacteria Bacillus cereus
demonstrate the effectivity of simultaneous bubbling of
gases and the action of US waves on the studied water
environment. The presence of a gas decreases the
accumulation period of the number of MO comparing

with the water treated by a sound without gases in 10
times. Thus, for the water sample 1 NM» = 1500
CFU/cm® for 1800 s without gas bubbling; and for the
sample of water with a pure culture of bacteria Bacillus
cereus with the same initial value NM, it increased
accordingly: NM e = 1100 CFU/cm? for helium, NM
= 850 CFU/cm? for argon, and NM . = 2400 CFU/cm®
for carbon dioxide within 60+180 s of the experiment. As
it was found that the increase of the value NM is
proportional to the number of cells in the aggregates,
found in the initial water samples. Thus, the process of
disaggregation is aso affected by the nature of bubbling
gas. In the atmosphere of argon, it was achieved the
highest value of the sonochemical effective death rate
congant of MO ky = 8.92*10" s*, comparing with
kq = 7.47%10™ s* for oxygen, in the presence of which the
increase of NM was never observed. In the aimosphere of
carbon dioxide, where the highest value of NM . was
observed, the process of water disinfection from bacteria
Bacillus cereus proceeds the most dowly, at the value of
kg = 6.99#10* s'. Cadculation of the sonochemical
effective death rate constants of MO once again confirms
the expediency of the gas usage (in particular, argon) to
disinfect the water from bacteria Bacillus cereus,
compared with the use of only cavitation. Without
bubbling of gases under the action of cavitation waves on
water samples 1 and 2, only dissolved oxygen is available
in the reaction medium, the amount of which is
insufficient for the formation of additional centers of
cavitation nucleations.

Conclusion

It was proved that the supply of gas in the firg three
minutes of the process promotes acceleration of breaking
of bacterial aggregates in 10 times in the water
environment at acoustic conditions, comparing with the
process run in the absence of gas supply, where a similar
process occurs after 30 minutes, due to a formation of
additional cavitation nucleations during gas supply.

86 INTERNATIONAL YOUTH SCIENCE FORUM “LITTERISET ARTIBUS’, 2325 NOVEMBER 2017, LVIV, UKRAINE



Development of the Forming
Technology of Combined
M embr anes Based on Hydrogel
and Polycaproamide

Nataliya Baran, Y uriy Melnyk,
Oleksandr Grytsenko, Galyna Y aculchak,
Catheryna Shapoval

Department of Chemical Technology of Plastics, Lviv
Polytechnic Nationa University, UKRAINE, Lviv, S.Bandery
street 12, E-mail: natabmk@ukr.net

Abstract — The technology of forming of composite polymer
membranes by modifying the surface of hydrogels thru thin
layer of polymer has been developed. The physical, mechanical
properties and surface adsorption of composite membranes are
determined. It was established that via variation of composite
structures of hydrogel and modifying layers of composite
membranes can be directed regulating of their physical and
mechanical properties and surface adsorption of the obtained
composite membranes.

Keywords — combined membranes, hydrogels, polycapro-
amide, polyvinylpyrrolidone,  2-hydroxyethylmethacrylate,
modification solution.

[. Introduction

The modern research and development in field of
polymer and membrane technologies are focused on
innovations making it possible to improve properties of
known synthetic membranes. The leading place in the
above mentioned studies belong to the production of the
latest composite or hybrid membranes wich contain
functional polymer hydrogels. Polymer hydrogels are
three-dimensionally crossinked polymer systems that,
due to its porous structure possess selective permeability
for various chemical and biological molecules. Also
described polymer hydrogels have good sorption
properties, biocompatibility and are capable for
biodegradation [1]. Besides numerous advantages the
polymer hydrogels also have disadvantages. Their porous
structure makes it possible to absob solutions, while at the
same time making them vulnerable to mechanical stress
[2]. Insufficient strength of hydrogels caused insecurity in
their use a high pressures and loads, and therefore
narrowed the fields of their application.

There are various methods of membranes modification
with organic and inorganic fillers [3] which are directed
to increase the strength of existing membranes based on
polymer hydrogels [4], etc. A successful combination of
various materials makes it possible to create composite
materials with unique properties. Therefore, it isadvisable
to create composite polymer materials by modifying them
with compatible polymers to improve their working
characterigtics.

Currently, the search for strengthening material and its
bonding with hydrogel is an actual as well as the
development of an effective method for the modification
of polymer hydrogels and membranes with strengthening

material, which would retain the selectively permeable
characteristics of the hydrogd .

Formation of composite polymer membranes is
associated with two technological processes: the creating
of a porous base and the application of thin fine-porous
selective layer onit [5, 6].

One of the most productive directions in the
development of polymer membranes is the creation of
composite membranes of a heterogeneous structure. In
such membranes, porous substrates can be considered as
modified ones by thin and ultra-thin layers of porous
synthetic material. The laying on of thin polymer films by
precipitation from solutions is an effective method for
modifying the surface of polymer membranes, which
makes it possible to consider thistechnology as promising
for the creation of specially designed membranes.

For surface modification of membranes with thin
hetero-layers the multicomponent polymer solutions are
applied.[5, 7]. The method of film deposition from
solutions makes it possible to form thin films of definite
structure, uniform in thickness and didribution of
functional groups. Also it allows in wide ranges to vary
both qualitative and quantitative composition of the
modifying layer, while giving for the composition
membranes additional special properties.

[l. Formation of combined membranes

In order to develop a technology for the formation of
composite polymer membranes of high strength the films
based on agueous sol utions of hydrogels from copolymers
of polyvinylpyrrolidone (PVP) and 2-hydroxyethyl
methacrylate (HEMA) [8] were synthesized and applied
on ther surface microporous films based on the
interpolymer complex of polycaproamide (PA-6)/PVP.
The thin strengthening modifying layer was applied by
precipitation diffusion of PA-6/PVP polymer blend from
the formiate solution due to the contact of the hydrogel
sampl e surface with the solution surface.

The working out the technology of obtaining of
composite polymer membranes was conducted by
research the influence of the concentration of PA-6/PVP
in formic acid, the concentration of formic acid, the time
of laying on of the film, the temperature and time of
evaporation of the acid from the composite film on the
amount of surface adsorption and, consequently, on the
physical and chemical properties of the obtained
membranes.

The influence of combined membranes on the
adsorption properties of hydrogel has been investigated.
Simultaneoudly the conditions for the formation of the
hydrogel substrate were studied, namely the ratio of the
polymer agueous phase, the replacement of part of the
water phase with water soluble additives, in particular
glycerol, formic acid, as well as the temperature mode of
the matrices hardening (three stages of temperature
increase) and the stage of hydration of the obtained
hydrogel films of thickness 0,35 mm and 0,5 mm.

The dependence of the amount of the obtained hardened
layer on the researched conditions was studied. It was
determined that the optimum concentration of formiate
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solution is 7 % by weight, the time of its laying on to the
hydrogd (modification time) is 5 minutes, the
evaporation temperature is 75..80 °C and the time of
solvent evaporation is 30 min. Hydration of the obtained
combined membranes was carried out in three stages:
1,5% aqueous solution of sodium bicarbonate (50 °C),
distilled water (50 °C), distilled water (25 °C) — 2 hours,
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Fig. 1 Dependence of surface adsorption (A, kg/m?)
of combined membranes on time of modification.
HEMA : PVP: H,O0=48:12: 40 wt. h,,

HEMA : PVP=8:2wt. h,, PA-6 : PVP =95 : 5 % by weight,
PA-6/PVP : HCOOH, mass%: 1,2—7: 93, 3-10: 90,
Initial concentration [HCOOH] = 80 % by weight,

5, mMm: 1-0,35 mm, 2—0,5 mm.

The ressearch have determined that surface adsorption
increases with the modification time of the combined
membranes increase and also with the increase of the
formiate solution concentration (Fig. 1). It is shown that
while increasing the thickness of the hydrogel layer the
surface adsorption is dlightly higher (Fig. 1)
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1,7 1
1,6 1
1,5 1
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Fig. 2 Dependence of the strength (ot, MPa)
of the combined membranes on the surface adsorption.
HEMA : PVP: H,0=48:12:40wt. h,,
HEMA : PVP=8:2wt. h,,
PA-6/PVP : HCOOH =7 : 93,% by mass,
Initial concentration [HCOOH] = 80% by weight,
PA-6 : PVP=95:5 % by mass, 6 =0,5 mm.

As we can see from Fig. 2 with increasing of
modification time of hydrogel membranes, the strength
increases with an increase of the adsorption of polymer
layer based on PA-6/PVP.

The influence of the additives on the structure of
hydrogdl is determined. The conformation of chains of
mentioned hydrogel substantially changes (rectified in
glycerine and twisted and packed in formiate acid). An
increase in the amount of water in the initial composition
causes the formation of diluted hydrogel with reduced
strength and deteriorated optical properties.

Conclusion

Consequently, we devel oped the technology of forming
of combined hydrogel membranes based on 2-hydro-
xyethylmethacrylate  copolymers — with  polyvinyl-
pyrrolidone, which were strengthened with nano-layer
made of PA-6/PVP polymer blends, and the dependence
of their physical and mechanical properties on the surface
adsorption was studied.
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Abstract — the analysis of petroleum bitumen characteristics
used in road building is presented. The inflence of crumb
rubber derived from waste tires on the bitumen properties has
been investigated. The modification residual bitumen polymer
latexes Butonal NS 198 and Butonal NS 104 and the analysis
of modified bitumen. Using the above-mentioned productsit is
possible to omprove bitumen properties
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blinder

[. Introduction

Bitumen consists of carbon and hydrogen in liquid,
semisolid or solid state and contains smal amounts of
sulphur, nitrogen and oxygen. Bitumen production is one
of the priority directions in oil refining. Petroleum
bitumen is one of the man engineering-building
compounds widely used for the production of roofing and
waterproofing materials but the road-building is its main
consumer [1]. Recently the demand for bitumen quality
became dricter, especially for mechanica and
deformational properties[2].

The modern road-building makes increased demands for
road-building materials, namely for bitumen of asphalt
concrete. Usual asphalt concrete based on bitumen cannot
provide necessary physico-mechanical properties of the
coatings and their durability. The bitumen modification
by fillers, surface-active substances, sulphur, polymeric
additives, etc. stands first among the methods of coatings
lifeincrease[3].

Latexes, compounded and raw rubbers take a special place
in bitumen modification. The bitumen-polymeric product
obtained due to the modification by above-mentioned
compounds possesses higher dadticity, greater resistance for
cracking, and wider temperature range of servicesbility.
Moreover, it ismore durable during repested dynamic effects
in the area of low temperatures. While changing plagticizer
and polymer content we may control the quality indexes of
the finished product [4-5]. Rubber powder which is obtained
during used tires processing may be also used as bitumen
modifier [6]. Such usage allows to save money and solve the
ecol ogical problem.

The aim of this work is to obtain the commercia
bitumen via its modification by rubber crumb and latexes
of butonal type.

Il. Experimental

For modification we used residua bitumen of
Orkhovits il and polymeric latexes Butonal NS 198 and
Butonal NS 104. These types of modifiers are widdy
used in the industry to increase the bitumen ductility and
elagticity (Table 1).

TABLE 1

DEPENDENCE OF MODIFIED BITUMEN PROPERTIES ON
BUTONAL NS 198 QUANTITY AND MODIFICATION TIME

Softening
Penetration at temperature, | Elasticity, %
» 25°C, °C at Butonal
Modifica- | 0.1 mm a Butond | at Butona NS 198
tiontime, | NS 198 content of NS 198 content of
hrs content of
2wt | 4wt | 2wt | 4wt
2wt% | 4wt % % % % %
0 106 106 37 37 31 31
1 101 96 44 45 65 73
2 97 90 47 49 71 75
4 89 83 48 52 72 76
6 77 74 49 54 73 77

We introduced 2-3 wt % of Butonal NS 104 or
Butonal NS 198 into the residue of Orkhovits ail, stirred
the mixture at 180°C for 26 hrs and obtained the
bitumen meeting the requirements of BND-60/90 bitumen
according to the standard DSTU 4044-2001. Thus,
polymeric latexes of Butonal type may be used not only
to increase the bitumen eladicity but to provide the
necessary ratio softening temperature/penetration.

In spite of latexes advantages, their great shortcoming
is high cost. On the other hand, there are many waste
rubber products, namely used tires. Therefore we
investigated modification of BND 90/130 bitumen by
rubber wastes, i.e. by used crumbled tires.

Using the laboratory plant we investigated the effect
of rubber crumb granulometric composition, its content in
bitumen, temperature and mixing time on the quality of
obtained product. The plant consists of a reactor,
equipped with heater and temperature control, and mixing
unit. The process was carried out within 373-473 K for
250-350 min. Since the rubber crumb is not completely
solved in bitumen, we extracted the insoluble part from
the mixture by means of metal sieve to make the analysis
results more objective.

The samples of modified bitumen were analyzed to
determine their eadticity, penetration at 25°C, and
softening temperature by “ring and ball” method. The

experimental results arerepresented in Table 2.
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TABLE 2
CHARACTERISTICS OF ROAD BITUMEN MODIFIED BY
RUBBER CRUMB

Mixing time 250 min

Rubber crumb content | Rubber crumb content

Quality d=0.6-0.8mm d=0.8-1.0mm
indexes 5] 10 15 0] 15
0,

0% | o | o6 | o | 9% | 5% | o | o
Elasici- | g9 | g5 | 82| 81| 80 | 85 | 81| 81
ty,%
Penetra-
tion at
perc 01 |115| 95| 75| 50 | 115| o1 | 71| 48
mm
Softening

tempera- | 49 | 59 | 64 | 66 | 49 | 57 | 62 | 65
ture, °C

Mixing time 350 min

Rubber crumb content | Rubber crumb content
d =0.6-0.8 mm d=0.8-1.0mm

0% | 5% | 10% | 15% | 0% | 5% | 10% | 15%

Quality
indexes

Elastici-

ty,% 89 | 8 | 83| 8 (8| 8 | 81| 81

Penetra-
tion at
25°C, 0.1
mm

1151100 | 80 | 60 | 115 90 | 70 | 46

Softening

tempera-
ture, °C 49 |58 |63 |65 |49 |55 |60 |63

[1l. Result

The obtained results show that the increase of rubber
crumb by more than 15 wt % increases the viscosity of
rubber-bitumen blinder.

The optimum temperature is 433K. At lower
temperatures the time of rubber-bitumen blinder
preparation increases from 250-350 min to 500-700 min.
At 453K and higher temperatures the bitumen colloid
structure is destroyed and all quality indexes of rubber-
bitumen blinder sharply become worse.

Concerning the optimum size of rubber crumb
granules, it was found that bitumen modification by the
fraction 0.8-1.0 mm and 0.6-0.8 mm shows the best
results relative to all quality indexes. Application of
smaller granules is useless. Rubber-bitumen blinder
prepared by using fraction of above 1 mm does not meet
requirements for such composites.

There is no necessity to completely solve rubber
crumb in bitumen. It is enough to carry out the surface
devul canization of rubber crumb.

Our investigations show that minimal modification
time is 4 hrs. The shorter mixing time leads to the partial
disintegration of bitumen-rubber crumb system. It is
impermissibly. The increase in mixing time does not
essentially change the quality indexes; thereforeit isto no
purpose to increase thetime.

Conclusion

We showed the possibility to use rubber crumb in
bitumen production. The addition of rubber crumb has a
positive effect on main properties of bitumen: eadticity,
penetration, softening temperature. It aso allows to
exchange the expensive commercia elastomers for
cheaper ones to obtain polymeric asphalt concrete. While
adding rubber crumb in amount of 5-12 wt % the rubber-
bitumen blinder which satisfying the standard demands is
produced [7]. Taking into account the decrease in bitumen
cost and partid solving of the used tires problem, the
proposed method may be used in the industry.
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Abstract — The cycloaddition reaction between 2,3-dimethylbuta-
1,3-diene and methylacrylate proceeds by the second order
kinetics. The rate constants increase with the increase in the
excess of one of the reactants. The change in the effective rate
constants is described by the Michadis-Menten eguation
indicating that the reaction proceeds through the initial
equilibrium gage of formation of an intermediate complex which
then transforms into the product. The effective rate congtants, the
equilibrium congtants of formation of the intermediate complex,
and the rate constant of its transformation into the reaction
product were determined, as wel as the thermodynamic
parameters of the formation of the intermediate complex and the
activation parameters of the transformation of the intermediate
complex into the product. The limiting sage of the reaction is
established and itsmechanism is suggested.

Keywords — 2,3-dimethylbuta-1,3-diene, methylacrylate,
methyl-3,4-dimethyl cycl ohex-3-ene-1-carboxylate,
cycloaddition reaction, Michadis-Menten equation, effective
rate constants, intermediate complex, limiting stage.

Introduction

Alkylcyclohexene carboxylates are garting materias for
drugs, aswel as modifiers, pladticizers, epoxyresins, and co-
monomers [1]. They are used to create lotions, body
emulsions, shampoos, day and night creams, perfumes, and
food flavors [2]. In this work we dudied the kinetics of
interaction between 2,3-dimethylbuta-1,3-diene (DMB) with
methylacrylate (MA) to optimize the process of producing
methyl-3,4-dimethyl cycl ohex-3-ene-1-carboxylate (1).

o
HSCID/C/LO_CHS (@)
HaC

Il. Experiment

Kinegtic studies were performed in temperature-
controlled sealed glass ampules according to the method
described in [3], in the temperature range 403-433K. To
the 10 cm® ampules were charged methylacrylate and
2,3-dimethylbuta-1,3-diene in the molar ratios from 1:1 to
1:1.75 and some hydroquinone, the ampules were sealed
and placed in a thermogtat. At regular intervals, an ampule
was removed from the thermostat, quickly cooled, opened,

and the reaction mixture was analyzed by gasdiquid
chromatography on a SELMI CHROM-1 apparatus. The
quantitetive analyss was peformed with internal
normalization. The accuracy of chromatographic andyssin
multiple paralle determinations did not exceed 3% [4].

The invegstigated reaction proceeds according to the
second-order kinetics. The values of effective rate congtants
are liged in Table 1. We found that the velues of the
effective secondorder congtants increase with the increasing
radio 23-dmehylbuta-1,3-diene: methylacrylate The
differenceis more pronounced at higher temperatures. It was
appropriate to examine in more detail the mechanism of this
reaction. Note that the mechanism of the [4 +2]-
cyd oaddition reaction today is &ill controversal [5].

Two concerted mechanism are suggested: a single-step
(snchronous) and a two-step, in which the firgt gep is the
limiting one [6]. The Arrhenius equation described
satisfactorily the dependence of the effective rate congtants
on temperature for different ratios (Fig. 1), which alowed us
the cdculation of the formal activation energy and other
activation parameters of the overal process (Table 1).

TABLE 1
EFFECTIVE RATE CONSTANTS AND ACTIVATION
PARAMETERS OF THE CYCLOADDITION REACTION
BETWEEN 2,3-DIMETHY LBUTA-1,3-DIENE AND

METHYLACRYLATE
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The correlation coefficient was satisfactory in al cases
(R? > 0.95). The analysis of the parameters maid it
possible to establish that upon increase in the
2,3-dimethylbuta-1,3-diene excess and the accompanying
increase in the values of kg a systematic increase was
observed in the effective energy (AE«s) and the effective
activation enthalpy (AHes). Simultaneoudly, the value of
the effective activation entropy (—ASg) also increased.

For all ratios of reagents an isokinetic relationship was
observed with a high degree of correlation (R* = 0.99)
between the effective entropy and enthalpy of reaction,
which alowed the calculation of the isokinetic

temperature Ti, =287 K (Fig. 2) that was far from the
investigated temperature range.

T, K
00023 0.00235 00024 000245 (.0025
42 : ;
#DMB: MA =11
WMDME . MA=125:1
44

ADMB MaA=14:1
ADMB: MA =151
-4.6
ODMB . MA =161

®MB

MA=1751

Fig. 1 Dependence of the effective rate constant
of cycloaddition between 2,3-dimethylbuta-1,3-diene and
methylacrylate on temperature for different ratios of reactants:
2,3-dimethylbuta-1,3-diene : methylacrylate

B0~

y=-28Tx+ 113,3643
Ro=109923

AH g kI'mol?

60

35 : : ; ;
135 140 143 150 135 160 163
-AB,, TmoltK!
Fig. 2 Dependence of the effective activation entropy on the
effective activation enthdpy of the cycloaddition between

2,3-dimethyl buta-1,3-diene and methylacrylate.

T

Theincrease in E« and AHe; with increasing excess of
2,3-dimethylbuta-1,3-diene and a simultaneous increase

in ASg indicate the increasing steric hindrances in the
reaction course. This finding suggests also that the
reaction mechanism is unique in the studied range of the
reagents ratio. Such a systematic change in the rate
constants with an increase in excess of one of the
reactants is typical of the reactions that include the
formation of the charge transfer complex (CTC by the
reagents) [7]. A similar reaction course has been proved
aso for several cases, including the acoholysis of
alcohols [7], where the formation of charge-transfer
complexes was confirmed by the methods of
physicochemical and spectral analyses.

For these reactions the effective second-order rate
constant does not remain constant at the change in the
reagent ratio, and the kinetics of the process is described
by the Michadis-Menten equation:

k
A+ BRao [A:B] =% Product
1 _ 1, K.C, 2

keff kconv kconv

where ke IS experimentally determined effective second
order rate constant (I mol™ s™) for each reagent ratio,

Ke is the equilibrium constant (I mol™) for the
intermediate complex formation,

Keonw IS the rate constant (s*) of the intermediate
complex conversion into the reaction product,

Ca is the molar concentration (M) of the substance
taken in excess.

[1l. Results and Discussion

In our case, the change in the effective rate constants of
the  2,3-dimethylbuta-1,3-diene  cycloaddition  to
methylacrylate as a dependence on theratio of reactantsis
also satisfactorily described by the Michadis-Menten
equation (2). This fact suggests that the cycloaddition
reaction between  23-dimethylbuta-1,3-diene and
methylacrylate proceeds through a stage of equilibrium
with the formation of an intermediate complex followed
by its conversion into the reaction product [Eg. (3)].

From the dependences shown in Fig. 3 for four
temperatures, we obtained the following linear equations:

403K: Uk, = -331500C,+708910 , (R°=0.990) (4)
413K: Uk = -131591C,+297689 , (R?=0.976) (5)
423K: 1k = -87327Ca+192769 , (R?=0.971) (6)
433K: Uk, = -75758CA+157315 , (R?=0.986) (7)

CH. CH, C
):f + C'\_\‘/ "0—CHy Ke
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Fig. 3 Dependence of the effective rate constant of
cycloaddition between 2,3-dimethylbuta-1,3-diene and
methylacrylate on the molar ratio of reagentsin the temperature
range 403-433K.

The dope of the obtained straight lines gives the rate
constants of the conversion of the intermediate complex
in the reaction product (Keony). The values of the intercepts
on the ordinate axis give the equilibrium constants of the
complex formation (Table 2) according to the expression
Keq = j./(keff koom,).

The dependence of the equilibrium constant (K) of
the intermediate complex formation is described by the
isobar (Fig. 4, R? = 0.993). The dependence of the rate
congtants of conversion (Ken) ON temperature is
described by the Arrhenius equation (Fig. 5, R* = 0.999),
which allows the calculation of the activation parameters
of the intermediate complex conversion in the reaction
product (Table 2).

i
|

0 T T T 1
0,0023 0,00235 0,0024 0,00245 0,0025
1T, K
Fig. 4 Dependence of the equilibrium constant of
the formation of intermediate complex on the temperature.

TABLE 2
EQUILIBRIUM CONSTANTS (Kgo)
AND THERMODYNAMIC PARAMETERS OF FORMATION
OF THE INTERMEDIATE COMPLEX,
THE RATE CONSTANTS (Kcony) AND ACTIVATION
PARAMETERS OF ITSTRANSFORMATION INTO
A PRODUCT OF THEREACTION
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Fig. 5 Dependence of the rate constants of conversion of the
intermediate complex in the reaction product on the temperature.

The found positive AGg and negative ASy values
indicate the energy advantage of the intermediate
complex formation. At the same time a reatively fast
decomposition of the intermediate complex suggests that
its formation is the limiting stage of the process. Thus, we
established for the first time that the kinetics of the
investigated process obeyed Michadis— Menten equation,
which was valid in the case of the reaction course through
the stage of the associative equilibrium. It is an argument
in favor of this reaction to proceed by the mechanism of
concerted cycloaddition. However, the nature of the
interaction of the components should be studied in more
detail.

It is known that the addition of a diene malecule to the
dienophile double bond originates from acertain deficiency
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of the eectron density on this double bond due to its
interactions with the other active groups, and the stronger
conjugation with them, the easier the diene addition.
Indeed, when kg of  2,3-dimethylbuta-1,3-diene
interaction with methylacrylate at 353K is 0.74x107° mol
It s (determined graphically), the kg for the interaction
of 2,3-dimethylbuta-1,3-diene with 1,4-naphthoquinone,
where the n-bond interacts with two C=0O groups, is
0.14x10° mol I s* (in hexane) [8], and with its
5-subgtituted derivatives it is even two orders of magnitude
higher, 1.5x10° mol I s [9]. The accelerating effect of
electronegative substituents, like cyano group or hal ogen,
on the cycloaddition reaction is even more pronounced.
Thus, in the interaction of cyclopentadiene with methyl
acrylate at 303K in dioxane ks is 2.8x10° mol I s,
with fumaric acid dinitrile, 155x10™° mol 1™ s, and with
tetracyanoethylene, 10200x10° mol I s, In such cases
it is reasonable to assume that a relatively strong donor—
acceptor bond arises between the reagents[9].

Conclusion

The results of the study of kinetic regularities in the
process of synthesis of methyl-3,4-dimethylcycl ohexa-3-
ene-1-carboxylate and the study of the mechanism of this
reaction showing its corresondence to the Michaelis—
Menten equation confirm the formation of an intermediate
complex between the reagents, 2,3-dimethylbuta-1,3-
diene and methylacrylate. The study of thermodynamic
parameters of formation of the intermediate complex
suggests that the limiting stage is the slow formation of an
intermediate complex, the activation parameters of the
transformation of the intermediate complex in the product
indicates that the conversion of the intermediate complex
in the product occurs rapidly and spontaneoudly.
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[. Introduction

Riceis considered to be the second largest collection of
grain in the world. For half of humankind, rice processing
products are the main ones in daily nutrition. Rice cereals
— the main food product of more than 3 billion people.
Rice grains are found in 112 countries on an area of 155.5
million hectares, and annual grain production in the world
is about 600 million tons [1-3].

Rice contains vitamins E, B, Bs, Bs, Bs, By, PP and
minerals K, Zn, Mg, P, Mn, Fe, which are necessary for
normal physiological activity of the human body. Vitamin
Bs and Mn help improve metabolism in the body, Zn and
P stimulate the brain and improve memory and vision.
Vitamins E and PP improve the condition of the skin and
hair, minerals K, Mg — normalize blood pressure,
strengthen muscles. Vitamins By, B4, Bs, By support the
hedlth of the cardiovascular system [2].

Il. Scientific aspects

Rice grain has a reduced moisture output due to the
presence of air gap under the fruit membranes. In addition,
low protein content in it causes large fractures, which is
revedled even when the maturation of grain in the fied,
requiring mild drying conditions. The temperature mode
should be differentiated depending on the initial moisture
content of the grain: at a moisture content of 18% dried in
one pass at the temperature of the coolant 65 — 70°C and the
hesting of grain is not higher than 40°C. At a humidity of
about 20%, apply a two-gtage mode (at first degree, the
temperature of the coolant 60°C, with the second 70°C),
allowing the heating of the grain to 35 and 40° C. The
productivity of dryersduring drying of ricegrainislow.

In practice, ailmost always apply a few hours grate (2 — 3
hours) of grain between thefirgt and second stages of drying.
The length of the detachment depends on the amount of
moisture evaporating during drying at one time: 3% — not
less than 4 hours, 2% — not less than 3 hours, 1% — up to 2
hours.

Note that in the grain of dry rice, the moisture of the
embryo is 2 — 3% lower, but moist, on the contrary.

Therefore, in order to prevent the rapid self-heating due to
the high level of respiration, grain of rice must be brought
to a state of dryness [4].

[ll. The laboratory equipment
and its description

Theoretical and experimental research of regularities of
filtration drying of grain of riceis carried out. The results
of experimenta studies of the influence of the
temperature of the thermal agent have been found that
increasing its temperature increases the rate of filtration
drying of grain of rice.

The effect of temperature of the thermal agent was
investigated in the range from 40 to 70 °C and the height
of the material layer in the range from 0.05 m to 0.1 m on
the kinetics of filtration drying. The chosen parameters of
the heat agent were sdlected taking into account that the
grain of rice was a thermolabial material, the rate of
filtration of the heat agent was sdlected taking into
account the productivity of the industrial fans and based
on the fact that in industrial ingallations the total area of
the drying zone can be 4 — 6 m% The height of the
stationary layer of grain of rice was chosen for reasons of
providing the maximum possible uniform heating of the
layer and the final moisture.

To perform experimental studies of filtration drying of
rice grain, an experimenta laboratory plant was used, the
general appearance of which is depicted in Fig.1 [5-6]. It
makes it possible to carry out complex studies of grain
drying under variable conditions the speed and
temperature of the drying agent, the height of the grain
material layer, its moisture and the angle of inclination of
the drying zone.

9 8 7 10 6

PT-0102-8

\

11 1T

Fig.1 Scheme of the experimental installation: 1 —awater-ring
vacuum pump; 2, 3 — shut-off and regulating valves; 4 —
rotameters; 5 —the receiver; 6 — container; 7, 8 —thermocouples,
9 —control and measuring device PT — 108; 10 — diffuser; 11 —
electric heater; 12 —fan; 13 — U-shaped gauge.

The ingallation shown in Fig. 1 consigs of a circulator
vacuum pump 1, which through regulating 2 (for
contralling the flow of the thermal agent) and the shut-off
valve 3 and the rotameter 4 are connected to the receiver
5 to which the container 6 isinstaled. Over the container
6 is athermocouple 7 that controls the temperature at the
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input to the container and a system of thermocouples 8
that measure the temperature in the layer of dispersed
material and which are connected to an intelligent
measuring transducer. Above the container 6 is a diffuser
10 of the air-cooled electric-cooler 11, which is connected
to the fan 12. To measure the pressure loss values, a U-
shaped gauge 13 is attached to the material layer.

For experiments the grain of rice was pre-moistened to
the given moisture content. The initial moisture content of
grain material was determined by an electric digital meter
of moisture content of grain and seeds of VSP-100

(Fig. 2).

Fig. 2 The hydrometer VSP-100

The required grain moisture content of rice and its
calculation were obtained according to the stepwise
humidification of the grain material in accordance with
the procedure given in [1]. Having determined the initial
moisture content of rice grain samples, we calculated the
mass of water W needed to obtain the grain of rice of the
required moisture, according to the eq. 1:

W=G, W
100 - w €
where G,- mass of grain a initial humidity, kg; w, , w,

— humidity, respectively, before and after the addition of
water,% of the total mass of grain.

The calculated amount of water W was added to the
grain material in small portions, mixing it well. After that,
the rice grain was stored in the desiccator for 2 ... 3 days,
gtirring periodically. Before the experiment began, the
hydrometer content of the grain was checked using the
VSP-100 moisture.

The fans and heaters were switched on, after reaching
the st temperature, which was measured using the
electronic thermostat PT-0102 (accuracy of measurement
+ 0.5 °C), included a vacuum pump and a damp material
container mounted on the receiver. At certain intervals,
the weight of the container was fixed with a weight of
AXSIS-3000 with an accuracy of 0.01 g. The time of the
weighing of the container was 60, 120 and 180s. To
exclude the cooling and evaporation of moisture fromrice
grain, the container was covered with alid.

Conclusion

According to the results of the research, the
dependences of the temperature change of the thermal
agent on the height of the material layer were determined.
It was established that the increase in the height of the wet
material layer does not change the nature of the filtration
drying process of grain of rice. On the basis of the study
of the kinetics of the process, the rate of filtration drying
of rice grain at a different height of the layer, and at
different temperatures of the thermal agent, is determined.
It has been found that the rate of filtration drying
increases with the growth of the temperature of the heat
agent and the decrease in the height of the grain material

layer.

References

[1] B.V. Lesyk e a. “Zberihannya i tekhnolohiya
siI'skohospodarskykh — produktiv’, Kyiv, UA:
Vyshcha shkola, p.275, 1980.

[2] Yel. Horyedova, “Osnovy zberihannya zerna’,
Moskva, Ahropromyzdat, p.364, 1986.

[3] H.I. Podpryatov e a, “Zberihannya i pererobka
produktsyarodynnytstva’/ Kyiv, Meta, p. 562, 2002.

[4 V.M. Atamanyuk, YaM. Humnytskyy, “Naukovi
osnovy filtracijnogo sushinnia dyspersnykh materialiv”,
Lviv, Vydavnyctvo Lvivskaji politekhniky, pp 127-134,
2013.

[5] V.M. Atamanyuk, D.P. Kindzera, R.R. Hosovs kyy,
“Dodlidzhennya perspektyvy fil’tratsiynoho
sushinnya stebel sonyashnyka dlya vyrobnytstva
tverdoho biopalyva’, Odes ka natsionalna akademiya
kharchovykh tekhnolohiy, Naukovi pratsi, vol. 41
(2), pp. 81-88, 2012.

[6] V.M. Atamanyuk et da., “Ustanovka filtracijnogo
sushinnia sypkykh materiaiv’, UA Patent 78453,
MPK 2006.01, March 25, 2013.

96 INTERNATIONAL YOUTH SCIENCE FORUM “LITTERISET ARTIBUS’, 23-25 NOVEMBER 2017, LVIV, UKRAINE



Simultaneous Filtration
of Liquid and Solid Aerosols
on FibrousFilters

Lukasz Werner, Anna Jackiewicz-Zagorska,
Jakub Gac

Chemical and Process Engineering Department, Warsaw
University of Technology, POLAND, Warsaw,
Warynskiego street 1, E-mail: |.werner @i chip.pw.edu.pl

Abstract — The subject area of this work refers to filtration
process by using fibrous filters made by modified melt-blown
technique during simultaneous exposition to contaminated gas
by solid particles and liquid microdroplets. The paper consists
a characteristics of depostion of aerosols with different
morphology and influence for pressure drops for separation
solid, liquid and mixed aerosols on fibres. In this research a
filtration test set-up was modified to allow to generate and put
into airstream simultaneously both particles and droplets.
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[. Introduction

Nowadays gas purification process is one of the most
significant step in the processing of various substances and
iswiddy used in many industrial processes for humen and
nature protection. Harmful and unwanted partices must be
removed from the waste gases before there could be released
to the atmosphere. This alows us to minimize a negative
impact on the environment. New generation of high efficien-
cy fibrous polymer filters can be used for capture and remo-
val from air pollutantsin wide range of sze diameter [1, 2].

In the literature of subject, mainly removal of solid [3,4] or
liquid particles [5,6] separatly has been reported. Very rare
are informations about s multaneous occurrence of these two
types of agrosols, they interaction with each others and with
the surface of the collector. However, in real conditions of
filtration process these two type pollutants often occur in air.
It has affected for the actual lifetime of the filter materials.
Hence, there is a big need for a better understanding of the
smultaneousfiltration of mixed aerosols.

In the paper [4], it have been shown phenomena, which
occur during the filtration of solid particles. In the first
step, the particles settle on the surfaces of the clean fibers.
During the filtration process the particles starts to forming
a dendritic structures. As a results, they reduce pores of
onwoven and we could observe that filtration efficiency
and airflow resistance increase.

The separation of aerosols with liquid droplets was
investigated in [4]. In the first part of process, the
droplets deposited on the surface of the filter fibers and
create thin film layer . In this step of process we could
observed a dight increase in pressure drop. After some
time ail starts fill aimost the entire space between the
filter fibers forming numerous liquid bridges what
results in an exponential increase of airflow resistance.
Later on when this resistance reaches a maximal value
the pressure drop and particle penetration are nearly

constant. This is due to the balance between loading,
dripping and redistribution of droplets.

In case of solid partides dendritic structures are formed
which are hardly to tear down. As a result of coalescence,
droplets create the liquid bridges and oil may flow on the
fibres [4]. In the case where the filter contains particles of
both types, the nature of the interaction between them and
between them and the fibers has changed. It affects directly
in thefiltration efficiency, nature of the deposition as aresult
of additiona interactions and forces (eg. capillary forces)
[7]. Furthermore, it makes a difference in the pressure
resigtance characterigtics during thefiltration process.

The framework of our investigation includes the
measurement of pressure drop across the filter and
analysis of deposits formed on the surface of the fibers
after the filtration process by using scanning electron
microscope (SEM).

[l. Materials and methods

As a filtration medium, fibrous filters made by means
of modified melt-blown technique were used [1]. Non-
woven filtrating media contains packed fibres formed into
layers with irregular structure and polydisperse diameter
digtribution of fibres. The filters were made from
polypropylene. This polymer has high value of Mélt
Flow Index that allows to obtain filters with thin average
fibres diameter. In this studies the mean fiber diameter
was 7.186 pum, porosity of filters was 97.02% and mean
thickness of afilter was 5.059 mm.

The tests of filtration process were carried out at the
modified MFP 1000 set-up (PALAS® GmbH). Thisis a
set-up specially designed for testing flat filtrating
materials. The main components of the test bench are;
solid particle generator, nebulizer — liquid particle
generator, charge neutralizer, spectrometer particle
counter and vacuum pump used to suck the sample into
the particles counter probe.

The appropriate equipment and materials were used to
generate dispersed phases. In the case of solid particles, it
was the RBG 1000 generator and synthetic silica dust the
“Arizonafinetest dugt”. To generate the droplets the PLG
1000 generator and DEHS (Di-Ethyl-Hexyl-Sebacat) ail
were used.

During the tests, the test bench was modified to allow
simultaneoudly put into filtrating chamber solid and liquid
particles. The particles size distributions of generated
aerosols are shown in Fig.1.
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Fig.1 Particle size distribution of generated aerosols.
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The total concentration of generated silica dust was
4996 [Plcm?], for oil droplets it was 2956 [P/cm?] and for
mixed aerosol it was 5810 [P/cm?]. It can be notice that
the total amount of particles for mixed aerosol was less
than the sum of solids and liquids (7952 [P/cm®]) more
than 25%. This may be due to collisions of particlesin the
filtration chamber and particles deposition mixing jets.

[1l. Results

It was noted that during the Smultaneous loading of the
filter by mixed agrosol we observed that pressuredrop on filter
increase much more dower than in the case of solid particles
separation and increase only alittle bit fagter in compared with
the oil droplet separation. This is due to the reorganization of
dendritic gructure deposits which occur under the influence
of athin layer of liquid formed on fibres and partides. Due to
the presence of ail on the fibers solid partides firstly creaste
dense layer throughout ther lengths. On the next step of
process partides start to form larger dugers which cause that
flow resigance is increasing dowly. This type of structure
makes less resstance to the flow of air then solid particdes
dendrites gructure The changes of pressure drop during 7h
filtering processareshown in Fig.2.
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Fig.2 Changes of pressure drop under continuous loading
by different types of aerosols.

A sries of photos was taken to see the morphology of
deposits on fibers (see Fig.3). There is condderable diffe-
rence between deposits of solid, liquid and mixed aerosol.
Dendritic structures are clearly visible for solid partides and
liquid bridges for ail droplets. However, the mogt interesting
is the appearance of fibers with both types of partides. It is
easy to see how the fibers were loaded by dust and oil. The
presence of creates dense compact structures.

Conclusion

During the loading of non-wowen filters there may be
observed huge differences between filtration deposits,
depending on the form of particles (solid, liquid or
mixed). Mixed (solid and liquid) particles form
characteristic compact structures. This is caused by the
presence of oil, which disturbs to form dendritic
structures and spreads dust along the whole length fibers
and makes dense dructures. Moreover, there were
observed changesin the trends of the pressure drop across
the filters. During a filtration of mixed aerosol the flow
resistance grows only alittle more quickly than during the
filtration of oil droplets.
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Fig.3 SEM images of filters after filtration of (A) solid particles
(B) liquid droplets (C) mixed aerosol.
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The thess investigates dissolution of solid polydisperse
materials during pneumatic mixing. In particular, a study of
kinetics regularities of dissolution of CsHsCOOH in water. The
methods of experimentations are described. It has been
experimentally established that with increasng air flow, the
duration of the dissolution processisreduced. The influence of
mixing applications on the dissolution process is described.
The advantages of the dissolution process during the
pneumatic mixing of the solution are analyzed.
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l. Analysis of recent research
and publications

The dissdlution belongs to one of the most widely used
mass transfer processes, which are widdy used in indudry. It
is known that the investigation of the dissolution process is
thoroughly invedtigated, mainly for sngle paticles of
spherica form [1]. The main attention during the study of the
dissolution of single particles was given to determining the
coefficient of mass transfer expaimentdly and the
presentation of experimental deta theoreticaly by the method
of generdized variables. In particular, the dissolution of single
particles of benzoic add in a spherical form is aso described
in Garner and Hoffmann'swork [5].

In spite of the fact that the gudy of the dissolution of single
paticles has been given a lot of attention by different re-
searchers, the indugry usualy dissolves polydisperse systems
cong ging of many partides of irregular shgpe The dissolution
in alayer of solid maerial isgiven in works[6-7]. Dissolution
is a trandtion phase to a solid solution and can be accompa:
nied by the complete disgppearance of the solid phase.
Dissolution is a complex process that can occur in diffusion,
kinetic or mixed areas. Widespread use of dissolving was de-
temined in hdurhiya during the process of naturd <dts
refinery [2].

Reducing codts associated with the intensfication of the
process of dissolution. There ae many ways of
intensification of this process, mechanica and pneumatic
mixing, cregting a fluidized bed, ripple motion of fluid,
cavitation and ultrasound sparks [3]. A known method for
intengfying reaction and mass trandfer processes in
heterogeneous sysems is redized in a device for dissolving
solid partides in a liquid in which a liquid carrying solid
particles moves along a pipe having a variable cross section
throughout its length [4]. However, the disadvantage of this
method is the large dimensions of the ingtallation, loss of

pressure in the variable cross sections, and adso possble
eroson of thewalls of the pipe

Mogt of the methods of intensfication characterized by
high energy codts, flexible design of mixing devices, so we
investigated the method by intensfying creation the
pneumatic mixing in the device with compressed air.

