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INNOVATIONS IN PROCESSING OF POLYMERS FOR
MEDICAL APPLICATIONS

M. Kozlowski

Wroclaw University of Témology, Poland

Polymers are widely used in medical applications, both for the diagnostics
and therapy. Recently, a special attention attracts biodegradable polymers that
degrade in a body after performing their function and do not require a second
surgcal intervention. Besides standard requirements the biomaterials have to meet
(biocompatibility of both the polymer and its degradation products) they should
exhibit appropriate engineering properties (functielated properties and shape,
the life time,processing properties suited to the manufacturing technology etc.).

In this paper processing technologies of two kinds of medical devices have
been discussed: the scaffolds used in tissue engineering and the stents implemented
in vascular surgery, urologyand laryngology. These devices represent also
different forms of polymers (porous and solid, respectively) and may be
manufactured by means of different technologies. Batch foaming, extrusion
foaming, 3D printing, electrospinning and laser micromachiniraye been
discussed.

(4]
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HYDROGELS BASED ON POLY(2-OXAZOLINE)S

J. Kronek, A .

Department for Biomaterials Research, Polymer Institute, Slovak Academy of

Zahoranov§,

M. Mi kul ec,

Sciences, Dubravska cesta 9, 84541 Bratislava, Slovakia

Juraj.kronek@savba.sk

Poly(2oxazoline)s represent versatile polymeric materials for different

biomedical applications [1]. The living cationic polymerization ebX&zolines
enables to prepare the polymers with dedirstructure, size, functionality, and

architecture [2].

It wasalso shown that poly(zbxazoline)sdo not exhibit any

adverse cytotoxic effectswards various cell lind8,4] andin vivo experimentsn
rodentsprovedfast clearance time and no accumuwlatin organgs,6].

2-Oxazolines can be also used for the preparation of hydrogels using
various synthetic routes [7]. In this contribution, two types hydrogels based on
poly(2-oxazoline)s have been studied. The first class of hydrogels was prepared by

the random copolymerization of-@thyl2-oxazoline with three different aliphatic

bis(2-oxazoline)s (Fig. 1a). Second type was based on the crosslinking of-poly(2

isopropenyi2-oxazoline) with different aliphatic dicarboxylic acids (Fig. 1b).
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Fig.1. Scheme of preparation of hydrogels based on pelytazoline)s by cationic
copolymerization of zthyl2-oxazoline with aliphatic bis¢(@xazoline)s &) and

polymeranalogous

reaction of poly{opropeny2-oxazoline) with

different aliphatic dicarboxydi acids b).
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In both cases, the properties of hydrogels such as polarity, stiffness,
swelling ability and porosity have been adjusted by the length of aliphatic chain in
crosslinker and the crosslinking density. Beside mentioned properties, we also
examinel in vitro cytotoxicity of all hydrogels using a direct contact method and
analysis of hydrogel extracts. Both techniques showedmaa character of both
types of hydrogelsMoreover, the first cell cultivation studies on the selected
hydrogds showedhat the survivabf cells injected into the hydrogels was higher
than two weeks

r
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CHITOSAN 1T A PROMISING WORK BENCH FOR
OBTAINING DYNAMIC MATERIALS

L. Marin

Petru Poni o I nstitute of Macromol ecul
Alley, lasi 700487, Romania
Imarin@icmpp.ro

Imino-chitosan biopolymers are of great interest for health care due to their
promising biological properties. The obtaining and exchange processes of imines
formed by chitosan polyamine and aldehydes shdutther be of particular
interest for dynamic covalent chemistry by creating the premises for the
preparation of dynamic biomaterials.

In this context, théectureis about our achievements in the field of imino
chitosan biopolymers as pathway to functiondodynamic materials, and
underlines the benefits brought by grafting imine units on chitosan backbones, with
a deeper view on the advantages in using vanillin, cynnamaldehyde or an aromatic
aldehyde containing boronic units.

The obtained results demdrate that chitosan polyamine is a challenging
workbench tevardfunctional biodynamic materials.

(7]
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DISENTANGLED POLYMERS AND ALL -POLYMER
COMPOSITES

A. Pawlak
Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences,

Sienkiewicza 112, 9863 Lodz, Poland
apawlak@cbmm.lodz.pl

All-polymer composites, based on one or two compatible polymers, are
interesting alternative for classic composites2]1 Their advantages are: lower
specific weight, esier recycling (e.g. melting into bleng)pssiblegood adhesion
between components, easier processing and forming. The negatives are: more
expensive processing and needs of precise control of mixing condifiorskip
these negative aspects the new mashaf preparations are developed.

The strategies for obtaining qdblymer composites are based on two main
selections: one or two polymeric components and one or many steps in processing.
The methods of preparation can be divided into two groups: distnbof already
made polymeric fibers into matrix from other polymer [3], or blending two
polymers with formation of the fibers by elongation of molten droplets of minor
component [4]. The second approach was successfully applied only for some pairs
of pdymers: PPPET, PE/PET PET/PA6, PLA/PP In most blends only some
elongation of droplets was achieved.

Poly(tetrafluoroethylene) (PTFE) is an example of polymer which is hardly
to process by melt blendinglowever, there are observations that this polyimer
easy for deformation and fibrillation under the modest shear conditions when PTFE
powder is mixed in solid state with a second molten polyraerihe positive
experience with solid state transformation of PTFE particles into microfibrils
motivated us dr work on the obtaining of aflolymer composites based on
polypropylene filers formed during deformation. To achieve these goal, it was
necessary to prepare RMBlefor deformation in solid statender action of low
shear/elongation forces during miximgth second molten polymer. The forces
should transform grains of polypropylene into micro or nanofibers. The role of
molten polymer is transferring stresses form mixing device and after solidification
forming a matrix of composite, containing PP fibeldsual commercial
polypropylenes are not suitable forsitu formation of nanocomposites because
they have limited ability to deformation.

Mechanical properties of polymers and their ability to plastic deformation to

(8]
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large strains are controlled by macrdewular entanglements in amorphous phase
i.e. less entangled polymer may be stretched lafger.number of entanglements

in semi crystalline polymemay be reduced by applying specific crystallization
procedure. Three different approaches were proposed fimitation of the
entanglements of macromolecules in amorphous phase of solid polymer: a)
crystallization under pressure with formation of exeth chains crystals (e.qg.
HDPE) b) crystallization during polymerization (e.g. FH, PE) c) crystallization

from diluted solution.

The last method was attractive for us because it was applicable for wider
range of polymers than other methods. This method was developed by Smith and
Lemstra p] for preparation of highly oriented and strong polyolefins filaments.
When small amount gfolymeris dissolved inhot solvent the number of contacts
between macromolecules is low, so thainsare not entangleduring cooling of
such solution is formed a gehaving structure of macromolecular network
(crystals are linkswith a lot of solvent inside. The disentangled state is preserved
in the gel, so is possible to spunto high strains. After drawing and removing of
solvent is obtained a strong, solid filament. For example, the polyethylene gel from
decalin solution s drawn 30 times, while typical ratio for melt formed PE is only
5. The filaments exhibited excellent mechanical properties, with tensile strength of
3 GPa and Young modulus of 90 GPa.

If the polymer gel is not spun but dried then is obtained a polymedgro
with reduced number of entanglements, useful for preparation -glginer
composite. It is known that in deformation of semi crystalline polymers play a role
not only entanglements of amorphous network but also crystals present in
structure. The stiss of initiating the plastic deformation of crystals strongly
depends on the temperature and in highest temperatures e$tatdicstretching is
only 2 MPa.

Summarizing, the new recipe for-glblymer composite is as follows: make
the polymer with redued number of entanglements and mix them with the second
molten polymer in temperature just below the melting point. After some minutes of
mixing the grains of first polymer should be elongated into fibers, so after cooling
the composite should be ready.n@oorientation of freshly formed fibers could be
expected if for processing was used an extruder.

In our studies the polypropylene with reduced entanglenesssprepared
by dissolution 1 or 2 wt% of polymer in hot xylene, in temperature ofC3Time
of dissolution was 1 or 3 hrs. After this time the temperature was decreased with a
rate of 15°C/h. When the temperature reached®80a gel was formed inside the
flask. The solution with gel was cooled to “@and the gel was filtrated and dried.

In resut was obtained a white powd¢Fig. 1), containing reduced number of
macromolecular entanglemenis confirmed by rheological studies

The second way of preparation of the partially disentangled polypropylene
was dissolution of polymer in hot oil. Usintdpis method 2 wt% of PP was

(9]
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dissolved in hot mineral oil at 19C in time of 1 h. The solution was cooled down
to 100°C, with a rate of 30C/h, followed by faster cooling (approx. 8G/h) to
temperature of 46C. The cloudiness of solution was obseratdemperature of
100°C, meaning the formation of gel. The solution cooled t6G@vas poured in
n-hexane, and obtained PP was precipitated, filtered, rinsed and finally dried.
The polypropylene powders were characterized using methods sensitive to

entanglement degree: rheology in melt (viscosity), crystallization (growth rate),
plastic deformation (stress).

T e :

28 il 5. 4
Fig. 1. Polypropylene powder obtained from diluted solution in xylene.

The powders were used for preparation of-palymer composite
Polypropylene (3or 6 wt%) was mixed with a second polymer (UHMWPE, PS,
ethyleneoctene copolymeEOC) in temperature higher then melting point of this
polymer, but belowthe temperature of melting PRi.e. 135152 °C). The
components were mixed by using BrabendeBOE measuring mixer or laboratory
mini extruder EHFSCS produced by Zamak, Poland. Plasticizing system of
extruder was equipped with conical screws and return channel with a bypass valve
that allowed passmg the plast|C|Z|ng materlal several tlmes ﬂlrtbmagsystem ‘

F|g 2. Polypropylene f|bersrj|spersed in PS matrix caafter removmg PS matrix
(b); dispersed in ethylepectene elastomer matrig)(

The shearing forcescting inthe melt, deformed PP powder particles and
in result were obtainethe fibers or nanofibersdispersed iside the matrix of

[10]
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second polymeri.e. it was formed alpolymer composite. The morphologies of
new nanocomposites were examined by using scanning electron microscope and
examples are shown in Fig. 2

The nanofiberswere successfully obtained in all compositionkhe
diameters of fibersver e b e | o w mdstof@ramwassmaller, with the size
of 100-300 nm. Many fibers were circular in crossection, but part of themwas
flat, tapeslike. It was difficult to judgeabout the length of fibers, because only part
of eachwas visible. Therewere fibers whichcame outfrom the matrix and then
came back to it The comparison of effectiveness of mixer and extruder showed
that the compositesprepared by mixer had less umifo morphologies than
compositeprepared by mini extruder
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BIOINSPIRED CRYSTAL GROWTH THROUGH
POLYMERIC ADDITIVES AND TEMPLATES

M. Mihai !, F. Doroftei’?, B. C. Simionesct
Petru Ponio Institute of Macromol ecul

Alley, lasi 700487, Romania
marcelas@icmpp.ro
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Napoca 400084, Romania

Biominerals are everywhere in our world, including in our own bones, teeth
and inner ear otoconia. Biologically regulated mineralization (biomineralization)
began more than 500 million years ago ia ireCambrian period, and is largely
responsible for the evolutionary success of the Cambrian expld@iganisms
from many different phyla evolved the ability to form about 64 different minerals
knownuptodate[IThe t er m fbi omiwntea naireral prodeded r s
by organisms, but also reflects the fact that almost all of these mineralized products
are composite materials of both mineral and organic components. Furthermore,
being formed under controlled conditions, biomineral phases oftengraperties
such as shape, size, crystallinity, isotopic and trace element compositions quite
unlike their inorganically formed counterparts. All this complexity is reflected by
the term fAbiomineral 0.

Adapting the design comnes@ts sfraonpr
pathway to develop advanced materials, using biominerals as a wide range of
exampl es. For instance, nat ur eibasvera bi | i
simple moleculei to produce skeletal materials with considerable fracture
regstance can be an inspiration for this approaChlciumbearing minerals
comprise about 50% of known biominerals [2], most probably because calcium
fulfills many fundamental functions in cellular metabolism. Calcium carbonate
minerals are the most abunddoogenic minerals, both in terms of the quantities
produced and their widespread distribution among many different taxadela
exists as three different anhydrous polymorpleglcite, aragonite and vaterite, all
of which occur in calcified tissueMonohydrate (monohydrocalcite), hexahydrate
(ikaite) and amorphous forms of Cag@ere also identified as metastable
precursor phases present during the initial stages of crystal forrf@tion

The organisms strategy to control mineralization, as natumenot

[12]
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manipulate parameters such as temperature or pressure as commonly done in the
lab to control crystal growth, is by using organic molecules. These ones can be in
the form ofinsoluble organic matriceswhich generate a unique environment
where crystdization occurs and can influence nucleation processesplable
organic additives also typically present during crystal growth, which influence
crystal texture and morphology.

To control the properties of crystals grown in synthetic systems a vafiety
strategies are commonly applied, taking biological mechanisms as an inspiration.
There is a significant interest in usisgluble additivego control crystallization
[4-7]. These can vary from small molecules to large polymers, and can generate
crystab with complex morphologies and with composite structures where one
phase is embedded within the matrix of another, showing superior mechanical
properties. Soluble additives are also believed to be the key in controlling crystal
polymorphs. As an examplthe influence of soluble polymeric molecules, namely
the double hydrophilic block copolymer polyflydroxystyrengbi methacrylic
acid), PHOSb-PMAA, on the structure of CaG@omposites, as compared to bare
CaCQ particles prepared in the same supersaturatonditions, was evidenced
combining scanning electron microscopy and atomic force microscopy [7].

*
(W]

T ]

T T v

PHOS FMA& cleite (hombehwdnl) o,
waterite (hesagomnl)

Fig. 1. SEM images of CaC{and CaC@PHOSb-PMAA 0.05 wt%,AFM phase image of
sample with polymer, ansthematic representation of inorganic/organic organization

As shown by SEM images (Figl), the copolymer PHOB-PMAA
influences the CaCgcrystallization pathway. Thus, as compared to the typical

[13]
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cauliflower shape of bare CaGg@articles, a low amountf ®HOSb-PMAA (0.05

wt.%) induces the formation of smoother particles of very small grain size. The
AFM phase image in Figure 1 shows some structured features: ;Gagsdals
(lighter color) seem to form elongated structures which are intercalated by the
polyanion chains (darker color). At working pH (9.5) the PMAA blocks are ionized
and the electrostatic repulsion between the ionic groups determines an extended
conformation, whereas PHOS blocks are neutral and adopt a coiled conformation.
When calcium ionsare introduced into PHOBPMAA solutions, the positive
divalent calcium ions crosslink the negative ionic groups of different PMAA
blocks. As shows the scheme in Figure 1, two polymeric regions can be found: one
where PMAA chains are organized in crasiséid and extended conformation, and

the second with intertwined coils of the PHOS blocks. Therefore, gg@invth

will take place as elongated structures between the crosslinked PMAA chains, and
in an irregular manner between the PHOS caoils.

Insoluble orgaic matricesare also extremely important in controlling the
formation of biominerals. At the most fundamental level, a key feature of
biological systems is that crystallization always occurs within compartments. This
significantly affects the progress awditcome of reactions occurring within. A
range of different model systems were used as synthetic matrix for -CaCO
crystallization [810]. An example is the synthesis of complex functional materials
with therme and pHsensitive tunable properties based @n poly(N
isopropylacrylamidécoi methacrylic acid) hydrogel and péénsitive and
biocompatible CaC¢gJ10].

As can be seen in Eig, the hydrogel displays a regular porous stmg;t
wi t h pores of about 95 Om. The prese
polymeric structures appropriate candidates for Ga@i@eralization. Initially, the
growth of CaCQ@ on hydrogels takes place by the interaction of the acidic groups
of their stricture with C&" ions, thus providing the nucleation centers upon which
crystallization can occur, and then calcium carbonate crystallization takes place. As
shown in Fig 2, CaCQ mineralization on hydrogel templates was effective,

[14]
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forming a layer of inorgnic material on hydrogels walls and also some GaCO
micropatrticles in excess. Thus, the hydrogel/Ca€a@nple wall thickness is ~ 2.7
NO.6 Om, whereas the bare hydrogel sanm
Given the present state of knowledge, titespects for finding simple,
tough explanations for different effects of biomineralization mechanisms still
represent challenges for further investigations. Moreover, bioinspired
mineralization can transfer biomineralization principles to the synthesigahic
inorganic materials, offering a large playground to develop future materials.
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ALL -WASTES COMPOSITES WITH INCRESED PET
CONTENT

A. Duta, C. Cazan, M. Cosnita

Transilvania University of Brasov, R&D Centre: Renewable Energy Systems and
Recycling, 29 Eroilor Bvd., Brasov 500036 BrasRemania
a.duta@unitbv.ro

Huge amounts of polymer wastes are yearlydpoed; a general trend
towards environment protection limited the amounts of rubber and plastic wastes
trashed to the landfield and supported more sustainable and feasible disposal ways.
One general path is to partially recuperate the energy embeddesséingioducts
by using them as fuels in various industries (e.g. cement production); this solves
t he iwastesd problem but does not S 0
recycling is more and more approached as an alternative, aiming at using these
wastesas second raw materials in novel products development.

Recycling rubber(s) is well known and applied; however, recycling plastics,
particularly cured plastics (as PET) represents a challengepmso&ssing is no
longer an option. An obvious alternatiigeto embed plastics in composites that can
be further designed and tailored according to the application. The mechanical,
thermal, chemical, etc. properties of these composites are depending on the
components but mainly on the interfaces developed athasg.

The interfaces in any composite are developed based on structural or at least
surface charge compatibility between the components. Raw rubber and PET have a
very limited compatibility (even at higher temperatures); when using waste rubber
and wastePET the compatibility is more difficult to predict, as aging may
significantly change the surface properties of the components and/or may
differently change the bulk and surface properties [1]; as result, when using wastes,
the second raw materials maydeunp with a variable set of properties that makes
their compatibility a real issue in designing the -pndduct/material and its
processing parameters. One solution previously proposed, is the addition of a third
component supporting the interfaces formatibetween rubber and PET, and
foll owing t he concept of nal l wast ec
compatibility agent. Further on, various additives can be added (as fillers) to
control the interfaces and the aggregation of the components in the canijsit

Hence, in the composites design several targets were proposed: (1) the

[17]
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majority components should be wastes (rubber, plastics); (2) to use PET in a large
extent as being one of the most difficult to recymbéymer; (3) the type (chemical
composiion) and amount of additives will allow tailoring the composites
according to the indoor/outdoor applications. All these targets can be met only if
the composites are able to develop strong, controlled and predictable interfaces,
reproducible over a rathelarge variety of second raw materials batches.
Additionally, as these composites are obtained using wastes, theoshvieature
should be preserved (for large scale applications as in construction, roads, etc).

1. Increasing the PET content

Literature usully reports a maximum of 15% PET that can be dispersed
into a rubber matrix without using special surface treatments that are expensive and
far from being environmentally friendly (like plasma or concentrated acids).

By combining rubber, PET and HDPE, camsfies with much higher PET
content could be obtained, through compression molding. The raw materials were
scrap rubber from tires, PET and HDPE from household waste (all obtained from
wastes collection companies) that were mechanically milled at graiabaaft
1mm. The processing temperature will influence dh@lity of the interface and
can be responsible for oxidation reactions that can influence the surface and
interfaces; in the end, the mechanical properties (sstemi® 0 nc E,
compression,R;, and impact resistancdRinpa) Were considered as main
output/optimization properties and the results in Table 1 show that the composite
containing 35% of PET best meets all three properties and proved the point: PET
can be embeddl in high amounts in rubber matrix by using HDPE as
compatibility agent, by developing good/continuous interfaces as Fig. 1a shows.

Table 1.Mechanical properties of the rubbBRET-HDPE composites

rubber : HDPE : | Tprocessing u E R. Rimpact
PET (weight) [AC] IN'mm?] | [N/mm? | [N/mm? | [kdJ/m?
65:25:5 220 1,65 0,66 72,04 10,54
240 1,20 0,68 52,07 9,51
60:35:5 220 1,34 0,41 67,78 12,39
240 1.57 2.56 96,66 15,37
55:45:5 220 0,75 1,00 54,35 4,67
240 1,00 1,11 50,10 6,12

When using scrapubber from tires actually one already uses a composite,
containing the rubber blend, fillers (mainly oxides but also carbon black and
sulphur), traces of metals etc. As these components are proved to have a good
compatibility with the matrix, the next stép designing the albased composites
was the use of small amounts of oxides, as fillers.

[18]
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2. Tailoring the interfaces in the allwastes composites

Adding a filler may have as primary target an increase in the mechanical
strength. In the alvastes compositease, the rational of testing and adding
various oxides (in very low amounts 025%) was to control the aggregation of the
components (around the filler) and/or to develop new interfaces; this was possible
by adding the fillers as nargized powders (as TP CaO or ZnO), [2, 3]. To
preservwas hes d amnbfly ask grains wePe@lso tested.

The basic idea was to control the strength of the interfaces by controlling
the macre and micrearrangements of the composites around the filler grains,
including the nucleation/growth of the interfacial structures, thus the crystallinity.
The results in Table 2 outline the mechanical properties and the crystallinity degree
(obtained through XRD) and show a stiffness increase that well mirrors the
increasen the crystallinity degree.

Table 2. Mechanical properties and crystallinity degree of the composites
rubber:PET:HDPE:filler = 59.57:35:5:0.25

Fi”er Tpro,cessing lj’rr E Rc lepact Z
[AC] [IN/mm?] | [N/mm? | [N/mm? | [kJ/m?] [%i
TiO, 220 1,00 10 67,23 | 1510 | 17,6
240 1,10 17,86 | 7214 | 13,78 | 25,2
CaO 220 0,98 9,7 68,97 | 13,67 | 187
240 1,12 10,73 | 70,41 | 11,42 | 105
ZnO 220 0,97 12,76 | 78,90 | 956 | 21.4
240 0,92 20,89 | 8241 [ 1058 | 231
Fly ash 220 1,15 1365 | 79,34 | 1045 | 259
240 1,29 25,75 82,67 | 12,14 | 293

Table 3.Surface energy and roughness of the composites rubber:PET:HDPE:filler
=59.57:35:5:0.25

Filler | Tprocessing| © water = G &P RMS
[AC] [ [MN/m] | [MN/m] | [mN/m] [nm]
TiO, 220 87,35 8,05 2.36 5,69 1006
240 86,79 19,92 2,69 17,24 699

CaO 220 81,34 27,16 19,92 7,24 393
240 84,83 25,61 17,55 8,05 245

ZnO 220 89,36 17.87 1.85 16.02 335
240 93,39 23,13 1945 3,68 446

Fly ash 220 84,75 26,81 23,13 3,68 399
240 96,83 45,91 45,80 0,11 266

[19]
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The other mechanical properties are not actually improved by adding nano
and micresized fillers; however these results show that when designing the
reinforced composgits of this type, a compromise should be met between the
macre and the micreeffects of the fillers.

The addition of fillers has an even more significant effect on the surface.
The surface energye() and its polar and dispersive compone#fs (°) @btained
based on contact angle measurements [4] taedAFM roughness (RMS) and
images, Table 3 and Fig. 1 outline that the newly formed interfaces can be
controlled by the size of the filler and its cposition/ionic degree and these
correlations will be detailed presented.

10

um

Filler: none Filler: TiO, Filler: CaO Filler: Fly ash

Fig. 1 AFM Images of the alvastes composites.

The comparative analysis can be completed by identifying the gtbaps
are likely to be found at the interface (based orlRTata). Further on, the water
resistance (thus the stability of the mechanical properties after long term contact
with water) can differentiate the composites in terms of applications and igymainl
related to the (micro)porosity of these materials that support water ad/absorption
and lubrication.
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HYPOTHESES OF WELDING MECHANISMS AND NATURE
OF THE WELDED JOINT OF PLASTICS

M.V.lurzhenko 1?2

! Plastics Welding Department, E.O.Paton Electric Welding Irtstittational
Academy of Sciences of Ukraine, B.8, 11, Bozhenko Str., 0368a,30yiWkraine
iurzhenko@paton.kiev.ua

2 Institute of Macromolecular Chemistry, National Academy of Sciences of
Ukraine, 48 Kharkvske Av., 02160, Kiev, Ukraine

Construction of technological pipelines is one of the main fields of
polymeric materials application in the world [1]. Among polymers used for pipes
production polyethylene (PE) is one of the most commonly used [2]; diisrial
has a perfect correlation between prices, mechanical properties and weldability,
and, hence, has considerable advantage comparing with other polymers.

Pipes produced of various types of high density polyethylene (HDRE; so
cal l ed #fApi pleate uged forypmpdlirney dorstnuetion [3]. Pipes for the
first technological pipelines have been produced from the raw material marked as
PE-63. Later on the next brands, namely-8Eand PELOO, have been developed
and widely applied [4, 5]. Currently atese three types of polyethylene are used
in pipe industry [6].

Welding is the main method of PE pipes joining for pipelines construction.
As for today the following welding methods are sufficiently developed from
technological point of view and are comnty used in practice: hot tool butt
welding, hot tool socket welding and resistance welding [7, 8]. The last two
methods require some special coupling details, such as socket and resistance
fittings. Butt welding is the most simple and multipurpose metimatican be used
for pipes of all diameters (except the thiall pipes).

Performance characteristics of polyethylene pipelines are considerably
dependent on the welded joint quality. As a rule the declared pipeline lifetime is at
least 50 years, and aladtors that could promote pipe or weld destruction are
permanently investigated and can be eliminated [9]. In cases when destruction has
occurred it is important to have an efficient and reliable repair technology [10].
Since pipes are produced of varidyges of polyethylene it is required to develop
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welding technology providing reliable welds of dissimilar PE types.

All abovementioned welding methods have their own technological
peculiarities and typical defects of welded joints [11]. Numerous sciestifities
aim to improve hot tool butt welding method. Empiric methods are used by
researchers in order to optimize main welding parameters for various technological
conditions [12, 13], as well as to investigate peculiarities of various size pipes
welding[14]. Mechanical and thermal properties of the pipe material also strongly
affect the hot tool butt welding process [15, 16]. This should be taken into account
when dissimilar types of polyethylene are welded with each othe63PEBESO
and PE100 have idferent technological characteristics, like, for example,
shrinkage degree at cooling [17], different melt flow indexes, so special welding
technology and equipment should be developed for the cases when dissimilar PE
types have to be welded together.

Inspite of the numerous developed t
practical application the detailed research of polyolefin welding nature is still not
compl et ed; mechanism of wel ds b f or me
Investigations of morphologyas a rule, enable to study the PE pipe macro
structure, fusion lines and heaffected zone geometry [18, 19]. In some works the
PE macromolecular structure affecting on material weldability has been
investigated [20] as well as the internal deformationBE welded joints [21], but
general mechanism of welded joint formation and macromolecular structures [22,
23] in the weld are still studied insufficiently.

Hereby, there is still no complete understanding of PE and other polyolefins
welded joints formabn and structural peculiarities. Welding process of more
complicated chemical system than polyethylene is even less explored. In this work
the results of complex investigations (by means of differential scanning
calorimetry, thermogravimetric and thermarhanical analysis, as well as via
wide-angle Xray scattering) of dissimilar technical PE types welds structure and
their properties are presented. Basing on analysis of the results obtained some new
hypothesis concerning natmatioa and potlymeme c h
structuring in such welds are proposed.
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The development of new types of tactile ¢kyis based on the actuation of
nanocomposite materials can aid the visually impajigdIn general, actuators
have ability to change their dimension upon application of external stimulus (light,
heat, electric voltage). Polymer/carbon nanotubes (CNTsjposites represent
promising materials for designing and fabricating new stimuli responsive samples
[2,3,4.

Nanocomposites based on ethylene vinyl acetate (EVA) polymeric matrices
enriched by CNTs produce ensembles capable of-iighiced actuation. New
photoactuating materials based on the commercial elastomer EVA and well
dispersed CNTs were developed as potential materials for the fabrication of smart
actuators [5,6] To improve compatibility of mukwall CNTs (MWCNT) with
EVA, the MWCNT were modiéd by using special synthesized compatibilizer
consisting of pyrenenyl and cholesteryl groups (cholestepyrénecarboxylate
(PyChol)). Studies showed that the presence ofamsalently bonded PyChol
compatibilizer significantly improved the filler/miat interaction leading to well
dispersed MWCNT.

The contribution represents the phaittuation testing of EVAMWCNT
nanocomposites in the form for Braille elements in response to light usingia new
situ method of scanning electron microscopy (SEMpndt force microscopy
(AFM) and also by nanoindentation.
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The photeactuation measurements of EMMWCNT nanocomposites also
were carried out in the form of strips illuminated by red light emitted diode (red
LED) using dynamic mechanical analysis (DMA) adgnamometer. The fully
reversible phot@actuation of the nanocomposites were obtained. The dependence
of the actuation stress as a function of CNTs concentration, energy and intensity of
light was studied.

EVA-CNTs nanocomposites can be employed as fig$ponsive materials
to fabricate new types of phesxtuators, due to the composites exhibited high
actuation stresses combined with very good 1 stability.
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In recent ars, the development difybrid polymer namocompositeshas
drawn a considerable attention especially due to their potential applications in
diverse industrial and biomedical fieldd]. Up to now, various inorganic
nanoparticles such asietalgmetal oxides clays, carbon nanotubes, silica or
hydroxyapatite have been incorporated into polyntemplates leading to
micro/nanofilled materials with distinctive featureAmong thesg silvergold
nanoparticles are extensively studiedason for that differergtrategies for the
achievement of Ag/Au nanoparticles have been repoAesimple and efficient
method for theobtainingof hybrid composites containirig situ grown silver or
gold nanoparticles is based on the photopolymerization of aemtigy monomers
in tandem with the reduction of the metal salt by a radical arising from the
photoinitiator used in the systdgj.

Our studydescribes arnterestingtechnique tan situ create noble metal
nanoparticles in triazene block copolymes through the UMWtriggered
photodecomposition of the photolabile triazene units without the use of any
conventional reducing agenthe generation oAg/Au metal nanopatrticles from
noble metal precursors (1 wt% AghGor AuBry) induced via the W
decomposition of chromophoweith the formation of some radical active spscie
was monitored in solutiothlin films and he in situ growth of Ag/Au
nanostructures into polymer matriceas provedoy UV spectroscopy and TEM
analysis.
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Chitosan is aversatile bipolymer with exciting propertiessuch as:
biocompatibility, biodegradability, antitumor activitgromoter of wound healing
that recommend it for a great variety of biomedical applicatidr®]. Current
evidences suggest that incorporation of hydrophobic chains into chitosan structure
confes new physicochemical properties, including the ability toastbciate ito
different mediums and to fornmicelles, nanoparticles or hydrogelsvith
promising results as chemotherapeutictays [3] In this regard, the paper
presents the synthesis artthracterization of docetaxkeladed nanoparticles based
on N-palmitoyl chitosan (PCs) prepared through -ssembly method and
evaluates their potential in biomedical applicatidsgalmitoyl chitosanhasbeen
obtained through the reaction of chitosaithvpalmitoyl chloride its structure has
been investigatednd confirmedoy FT-IR and'H-NMR spectroscopyThe self
aggregation behaviour of PCs in aqueous media and its critical micelle
concentration (CMC) were determined using fluorescence spectrosgipy
pyrene as a fluorescemolecule. Theselfassembly mechanisimply a combined
effect of hydrophobicand electrostatic interactions, hydrogen bonds and van der
Waals forcesthat take their own roles simultaneously. Docetal@hded
nanoparticleexhihited positive Zeta potential and a hydrodinamic diameter around
250 nm.In vitro drug releasstudies and biodegradation assays, performed in two
phosphate buffered salin®BS) mediums (pH 7.4 and 5.5) have indicatieel
suitability of proposedhanopartitesas drug delivery system
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The main advantageof organic semiconductors over conventional
conductivematerials is their #xibility and wide range of opticabptoelectronic,
and photeand electroluminescent propert[@s.

Within the large family of porphyrinoid systems, synthetic porphyrin
analogues sealled phthalocyanines (Pcs) enjoy a privileged posites are
generdly difficult to dissolve in most organic solventbecause of the
intermolecular interaction of the Pc moleculeshence, limiting their further
applications.The physicochemical properties of Pecan be finguned through
synthetic manipulatiofor exampleby variation of the central metal ion, attaching
variousmoiefes to the exterior ring system substitutingthe axial ligand$2, 3].

In this work,the similar compoundsvere investigated: pyridinsubstituted
at 3,5position by carbazole two differersides, the 2 and 3-positions. This
molecules were proposed as axial ligandf$or ruthenium phthalocyanine

complexes The main aim of our projectis o combi ne <carbazol

properties with very good photoinduceslectron transfer and hole transpor
properties of metallophthalocyanines.

Carbazole and its derivatives have been known mainly due to their high
hole transporting capabilitiep-type semiconductorand strongfluorescence, as
conponents of optoand electractive materials.Carbazolebas& compounds
show interesting electrochemical, electrochromic, lightitting, and
photorefractive propertieS.heir bluish phote or electreluminescence is a result
of the large bandiap of the biphenyl uniMoreover they exhibit higthermal and
photoclemical stability Theseproperties are especially valuable for perspective
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materials, wherthese compounds are used as monomers in syntheses of conjugated
macromolecules for optoelectroniés5].
Herein, we report comparison of results fbicarbazolepyridine ligands:
electrochemical (cyclic voltammetry) aivd situ spectroelectrochemical (UVis-
Nir and Electron Paramagnetic Resonance).
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NEW RESINS FROM ALLYL -BENZOXAZINES AND
BISMALEIMIDES FOR OBTAINING HYBRID MATERIALS
0. Ursachel, C. Gainal, V. Gainal, F. Tanasal, D. Ionital, M. lurzhenko?2

lapetru Ponio Institute of Macromol ecu
Alley, lasi 700487, Ronméa
oana.buliga@icmpp.ro

2|nstitute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine

The resins and hybrid materials were synthesized by d¢laetion of
multifunctional intermediates containing allyl, benzoxazine/benzoxazine
triethoxysilangroups with aromatic/aliphatibismaleimides or a mixture of both
type of bismaleimides. The reactions that occur during the reticulation of the
multifunctioral intermediates are: ene reaction (Aldee reaction), Dieldlder
cycloaddition reaction Mannich reaction, hydrolysis and condensation of
triethoxysilane groups. The mechanism of these reactions has been reported in our
previous work [1,2].

Using thereaction between the benzoxazine monomers and a mixture of
aromatic and aliphatic bismaleimides, flexible benzoxazine resins with lower phase
separation were obtained.

The hybrid materials were obtained by the reaction of bismaleimides with a
mixture compsed from a benzoxazine monomer containing allyl and furyl groups
and a triethoxysilane functionalized benzoxazine monomer.

A general representation of the reae schemes is presented below.

The structure of the compounds was confirmed by the -ARTHR
spectroscopy. Then, the dynammeechanical, the dielectric and thermic properties
were investigated. The morphology of the films was studied using-amglik X
ray scattering.

1. Gaina C, Ursache 0., Gaina V., Musteata. . High performance
thermosets basesh multifunctional intermediates containing allyl, maleimide
and benzoxazine gropifs] Polym Res20 (2013) 263

2. Gaina C, Ursache O., Gaina V., Varganici .(D. Poly (urethane
benzoxazine)§ J Polym Res21 (2014) 586.
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MICROPARTICLES OBTAINED BY THE CROSS -LINKING
OF MALEIC ACID COPOLYMERS AND THEIR
APPLICATION IN DYE REMOVAL

|. Popescy D.M. Suflet

fiPetru Poni o I nstitute of Macr omol ecu
Alley, lasi 700487, Romania
ipopescu@icmpp.ro

In this work, new pksensitive polymeric microparticles (Figure 1) were
obtained by the crodimking of poly(N-vinyl caprolactarrco-maleic acid) (VCE
MAc). Due to the high content on carboxylic units aondthe low crosslinking
degree, the microparticles can retain large amount of water (200 g water/g
microparticles). Their swelling was largely influenced by the pH and by the
presence of cationic hydrophobic molecules.

The performance of VGIMAc micropartctles as adsorbent for cationic
dyes like rhodamine 6 G (R6G) and methylene blue (MB) from agueous solution
was investigated. They proved to have high dye removal efficiency. The adsorption
capacities, low at acidic media, increase with the solution pliiajghigh values
at pH = 10 (Figure 2).

2500

2000 . ‘Q’ ¢
*
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> * A , A A
€ ATA
& 1000 o 4
A
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5004 P A MB
A
01— :
2 4 6 8 10
pH
Fig 1. SEM pictures of VCEMAc | Fig 2. Influence of the initial pH on the dy
micropatrticles adsorption by VCEMACc microparticles
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The equilibrium dye adsorption data were analyzedh Wwangmuir and
Freundlich models. According to Langmuir model, the maximum adsorption
capacity of VCI=MAc micropatrticles at pH = 10 was 2012 mg/g for R6G and 1644
mg/g for MB, values closed to those presented in the literature for hydrogels with a
high cortent of carboxylic acid groups [6,7]. The kinetic of the dye adsorption was
also study in order to obtained important information about the adsorption
mechanism.

r
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WASTE WOOD ROLE IN THE DESIGN OF ALL -WASTES
COMPOSITES WITH RUBBER MATRIX

M. Cosnita, C. Cazan and A. Duta
Transilvania University of Brasov, RTD Dep. Renewable Energy Systems and

Recycling, Eroilor 29, 500036 Brasov, Romania
a.duta@unitbv.ro

Nowadays finding solutions for the increasatkergy consumptions and
environmental pollution represents a very topic which researchers have to face.
The great development of automotives made the discharge of tire wastes to
increase year by year. Tire rubber posses afsehportant properties, sucts a
impact strengthflexibility, abrasion resistance, and itance to weatheringl].

A new trend of sustainable development encourages to use alongside the
polymers, second raw materials such as celldbes®d wastes aiming at their use
as constructiommaterials.There are some properties oéllulosic fibers,such as
biodegradability, easy availability and outstandistltysicomechanical properties
which makes iproper to be used in polymeric blenf,

This waste in most cases burned. Though thevood waste maybe
important filler for thermoplastic composite industry. This material due to its
properties and being inexpensive it is recommended for the-téony
sustainability of the WPC industry, [3].

Others important wastes wittlesirable propert®eto be inserted in the
rubber matrix are based on polyethylene terephtalate (PET), taking into account
that the huge amounts obisehold waste consistsostly of polyolefin plastic
(HDPE, LDPE and PP) and polyetbyge terephthalate (PETH][

The main omponent of any composite system with determinant influence
on the whole output properties is the coupling agéotv molecular weight
compounds are used to increase the compatibilizaticguch systems, but most
often they are of toxic nature and are exgive. In our research paper the role of
coupling agent was initially designed to be played by HDPE, but extended studies
showed that sawdust compete in increasing the mechanical properties of the
obtained composites.

The influence of wood waste as canpglagent in rubbePET-woodHDPE
based composites is investigated in this work.

[38]
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Results and conclusions

The mechanical properties aifly type of composites are strongly dependent
on the interfacial adhesion between blended components. Often the interactio
between composite components are of physical nature, but the strongest interfaces
are based on chemical interactions. In previous studies we reported on the
mechanical properties of rubber, PET and HDPE based composites, and the
optimal properties werefound for compression molding temperature of
temperatures of 220, 240 and 260 [5]. When adding small amount of sawdust at
rubberPET-HDPE blend, remarkable results were recorded in terms of mechanical
performance, [6].

r
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Fig. 1. Comparative analysis of mechanical properties
composites without wood (A, B) and with wood sawd
(C and D)
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The wood sawdust addition led to important economical benefit related to
decreasing the curing temperature while preserving good mechanigedrties.

The optimal series of temperature for composite with added wood were found for
150, 160 and 19%bC.

The mechanical testsesults in terms of tensile and compression
resistance of our previous composites with the composition ratio rubber, PET,
HDPE = 85: 10: 5 are represented in the Fig.1 (A and B), and those of sample with
added wood are found in Fig.1 (C and D), with the weight ratio rubber, PET,
HDPE, wood = 80: 10: 5: 5.

There is obviously the effect of wood addition on the growth of teasite
compressive strength, Fig.1. These results are suggesting that new strong interfaces
are developed when sawdust was added. These new interfaces were investigated by
obtaining a composite based only on PET and wood and by characterizing them by
FTIR spectroscopy. The FTIR spectra of these recorded significant changes, which
are indicating that there are interactions between PET and wood, as Fig.2 shows.

r

A)

N \I\H

I £
il [y h i’l i!l H

B)

Fig.2. FTIR spectra of composite based on PET and wood comy
with that of PET.

The possible interaction between PET and wood can be represented as
follow in Fig. 3.
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Low cost materials based on waste of rubber, plastics and wood with good
mechanical propertiesan be manufactude The study reveals that wood sawdust
are competing alongside HDPE for enhancing the interfacial adhesion between
components of composite. Mechanical tests results recorded an improvement of
performance by adding wood to rubber, PET, HDPE blend. FTIRtrapec
confirmed the formation of new interfaces, in which are implied PET and wood.

1. Turgut P, Yesilata B.Physiceamechanical and thermal performances of
newly developed rubbexdded bricksEnergy and Buildings 2008; 40:678B.

2. Thakur, M.K. Thakur Processing and chacterization of
naturalcellulose/thermoset polymer composit€arbohydr. Polym., 109
(2014), pp. 102117).

3. Nadir Ayrilmis AlperenKaymakcj T ¢, r 6 ¢ I, Botential use of decayed
wood in production of wood plastic composite, Industrial Crops and Products,
Volume 74, 15 November 2015, Pages 2284.

4. Yong Lei, Qinglin Wua,, Quanguo Zhargorphology and properties of
microfibrillar composites based on recycled poly (ethylene terephthalate) and
high density polyethylene, Composites: Part A 40 (2009 9D2.

5. Vladuta, C., Voinea, M., Purghel, E., Duta, &£grrelation between the
structure and morphology of PHUbber mnocomposite with different
additives, Materials Science and Engineering B 165 (2009p281

6. Cosnita, M., Cazan, C., Duta, Anterfaces and mechanical properties
recycled rubbémpolyethylene terephthaldteood composites, Journal f
Composite Mateals, (2013), DOI: 10.1177/0021998313476561.
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EFFECT OF EPOXY AND SUCCINIC ANHYDRIDE
FUNCTIONALIZED SOYBEAN OIL COATING ON WOQOD
RESISTANCE AGAINST PHOTODEGRADATION

C.iD. Varganici, D. Rosu, CiA . Teact, L. Ros u, R.

Centre of Advanced Resear ch i n Bi onat
P o ninstdute of Macromolecular Chemistry, 41A Grigore Ghica Voda Alley, lasi
700487, Romania

varganici.cristian@icmpp.ro

The main components of awd consist of natural macromolecules,
including cellulose, hemicellulosesd lignin.Due to its exposure into the natural
environment, wood undergoes photooxidation processeter the action of
environmental factorsAs a primary consequenceglour modifications occur at
the wood surface during photooxidation. One way in preventing unwanted
aspect consists itoatingthe wood surfacwith protective layershroughchemical
modification This study deals withphotostability evaluationof softwood
chemically modified surfaceby stages ofsuccessive treatment witBuccinic
anhydide and epoxidized soybean oil under exposure to higher than 280 nm
wavelengths. Glour and structural modificaths of the materials during
photooxidation phenomena were monitorsl functions of irradiatiomlose and
time. A slow increasing tendency was exhibited by chromatic coordinvaiess
with irradiationdose and time, as comparedheir initial valuescorresponding to
unmodified wood. More intensephotodegradation tendenciegere exhibited by
lignin. This led mainly to an increase in redness featureghemwood samples
surface. The coating layer of epoxidized soybeanwait responsible for the
protection of modified wood surface against photooxidatiphenomena by
screening effect.
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Mn (II) and Zn (I) T ORGANIC FRAMEWORKS: TOWARD
NEW MAGNETIC AND LUMINESCENT MATERIALS

M. F.Zaltariov, M. Cazacu, A. Vlad, S. Shova

AfiPetru Poni o I nstitut eAleedGrNchicalvoddld,| e c u |
lasi 700487, Romania
zaltariov.mirela@icmpp.ro

Polynuclear metal carboxylate clusters are versd&iRUs Eecondary
bulding unit$ for the synthesis of metakganic frameworkslue to their versatile
binding featuresas well astheir robustness and thermal stabilityhe affinity
between the metal ions argdrboxylateligands determines the stability dfe
resulting comfexes anddepends on the interaction mechanism which involves the
assembly processes (coordinative bonds andcowalent interactions: #onds
and”-" stacking).

In this work two flexible carboxylic acids were reacted, in the presehce
N-donor derivatives as dmands, with Zn (Il) and Mn (ll) salts or clustefBhe
structure of the obtained complexes was confirmed by single crystaly X
diffraction, showing different coordination geometries of metal ions and structural
motifs, in dependence on the ligand natamed reaction conditionghe presence
of metal centers (Mn or Zn) confers properties of interest such as magnetism and
fluorescence to the resulting structures proved by adequate measurignehts

T (c=mat 10
[y

EEE I R

T ) I . -

0 100 20 300
(a)

Fig. 1. XRD structue and magnetic susceptibiligf versus T plots data for Mn
(1) coordination polymer (a); XRD structure and fluorescence spectrum of Zn (ll)
coordination polymer (b).
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HYDROGE PEROXIDE AS AN ININITIATOR OF THE
DIENE RADICAL POLYMERIZATION

V.P.Boiko, V.K.Grishhenko
Institute of Macromolecular Chemistry of National Academy of Seseraf

Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
boikovita@bigmir.netBoiko V.P

The reactive diene oligomers with terminal hydroxyl groups (HTPB, liquid
rubbers) have a wide application as froshd waer-resistant products of low
polarity. They mainly use for making polyurethanes by the liquid formation
method.

The most economical method of HTPB synthesis is a radical polymerization
with using hydrogen peroxide (HP) as an initiator. This initiataodices into
oligomer molecules required terminal hydroxyl groups. Despite the production of
HTPB liquid rubbers in the industrial scale, chemistry of this process is not finally
elucidated.

The maindrawbackis impossibility of thermal decomposition oh &P
molecules on two hydroxyl radicals. The peroxide bond energy is too high to be
cleaved at the temperatures of polymerizatior.30°C. So the process does not
be realized according to the accepted mechanism.

With using of labeled alcohols, we foundtahat the oxygeitontaining
alcohol radicals enter oligomer their hydroxyl groups. In case of isopropyl alcohol,
these groups are tertiary ones, which havereactivity in the urethanfrmation
reaction and do not be determined by an acetylationtioeacSo, effective
functionality of an oligomer synthesized in isopropyl alcohol equal to 1.5, while in
other alcohol it does to 2.

Taking into account the finding results, we proposed a new scheme of the
polymerization including the decomposition ofi@le complex monomeinitiator-
solvent (a supramolecule), which breaks through concerted rupture of a
supramolecule with forming two initiated radicals:

H,0,+CH,= CHCH = CH, + (CH,),CHOH -
HOCH,CH = CHCH, -+ (CH;),C- OH + H,0

This conclusion was supported by thermochemical and quacttemical
calculations.
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According ths scheme, the chain termination is realized through the chain
transfer onto the HP molecule. As a result, a fraction of alcohol fragments consist
of one fragment on two oligomer molecules (functionality on alcohol fragments is
equal to 0.5).

HOCH,CH = CHCH,M,,,- + HOOH — HOCH,CH = CHCH,M,,,0H + - OH
HOC(CH3); M., - + HOOH — HOC(CH,), M,,, OH + - OH

The results obtained permit to manage the properties of the HTPB
oligodienes by virtue of a choice of solvent. The understanding the mechanism of
action of HP as an initiator opens wide perspectives of its using instead expansive
and dangerous initiators of (fiwo)peroxide types. The high economy and
ecological advantages of HP may be realized in synthesis of a range of industrial
polymers.
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POLYSACCHARIDE -BASED BLOCK COPOLYMERS

MagdalenaCristina Stanciu, Marieta Nichifor

APetru Poni 0 | dkesutai Chamistey, 4044 Grigbee Ghica WModa
Alley, lasi 700487, Romania
cstanciu@icmpp.ro

New bhiocompatible diblock copolymers based on dextran and polyesters
containing deoxycholic acidiere obtained and charagzed by means of spectral
measurements, as well as by thermal analgsid micellar characteristics in
aqueous solutianThe syntheses of the amphiphilic diblock copolymers were
carried out i n t hr €saccisoyloxyy deoxychoticacid was f i r
obtained by esterification of the bile acid with succinic anhydride. In the second
step, polyesters of -8uccinoyloxydeoxycholic acid with different
polyethylenglycols (PEG100, PEG200, PEG400, PEG600, PEG1000) were
achieved by polycondensationin the third step, diblock copolymers (Schefe
were obtained by entb-end coupling of amino terminated dextran (Dex6000,
Dex11000, Dex25000) with deoxycholic acid polyesters. These biocompatible
diblock copolymers can be used as nanosized matricesupidélivery systems.
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Scheme 1Chemical structure of block copolymers
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ELECTROACTIVE STRESS SENSITIVE POLYMER
COMPOSITES WITH ORIENTED STRUCTURE OF
CONDUCTIVE PHASE

V. Levchenkol, Ye.Mamunyal, Yu. Klymenkoz, |. Parashchenkd

Linstitute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48 Kharkivske shase, Kyiv 02160, Ukraine.
levchenko v@hotmail.com

2Institute of Space Research of National Academy of Sciences of Ukraine and
National Space Agency of Ukrajr@3187, Kyiv, Ukraine

Stress sensitive polymenaterials are required in many areas of technical
applicationsand canbe widely used as the elementsetéctromechanical sensor
devicesof navigation and control (sensors of acceleration, sensors of pressure,
etc.) Such materials change their resisyivitnder impact of appliedtress.The
most common type ddtress sensitivenaterial is a composite material with a non
conducting elastic polymer matrix containing conductive fillersuch composites
the change of volume caused by applied external foleads to change in
electrical current that passes through the investigated composite matargthe
properties of stress sensitive polymer composites mostly depend on the
morphology of the filler phase.

Nowadays dferent strategies and approachewe beenused to develop
stress sensitivesensorswith a stable electrical responséhich depends on the
structure changes in composite under applied force. However, all these approaches
did not allow appropriate control the structure of steessitive edctro conductive
filler channels inside the polymer matrix. This disadvantage leads to a gradual
destruction of the network of conductive filler channels in the composite under
loading / unloading of external force and is the reason that sensor composite
materials still are not enough stable or electrically sensitive.

Therefore, the actual problem is to develop new approaches and composites
effective for creation of highly stable stress sensitive materials. Recently, great
interest was shown in polymer coagite, in which conductive filler phase has an
ordered structure, formed under the influence of a magnetic or electric fields.
Oriented 1D structure of conductive phase which was obtainéeéynent of the
composites in a magnetic fieldlas found to bexdremely sensitive to the small
values of applied stress and can be used for creation of stress sensitive polymer
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composites.

The composites based on silicone polymer filled with mgize and nano
size Ni powders were investigated. The result of thenreat of the composites in
a magnetic field was the formation of anisotropic structures of nickel particles in a
polymer matrix. The cyclic stressewere applied to the compositeshile the
deformation and electrical current were measured alonglaading cycles.
Apparently, formed 1D oriented structure of conductive phase was found to be
different from the statistical distribution of the filler particlesthe composites
without the treatment inmagnetic field. Composites with oiwkmensional 1D
structue have much lower percolation threshold than the composite with the
statistical 3D distribution of the filler. Thus, composites with oriented filler
structure can be attractive for use as sensor materials, becausdréaeyhave
high conductivity andlengated ordered structure of conductive filler that is able to
not be deformed under the action of external forces.

Three types of electrsensitive composite materials based on silicone
matrix were investigated: composites filled with micigired nickel powder,
composites filled with combination of microand nanesized nickel powder and
composites filled with copper particles in dendritic form.

The cyclic dependences of straiand currenton the appliedstressfor
composites filled withmicron-sized nckel powdemwere investigatedThe danges
of strain and current whicare passing through the sample during the applying of
cyclic force were investigated as well. Each subsequent cycle of applied force led
to the destruction of the orientated conductiller structure and decreed the
current pick amplitude, thus low maximal value of current for the last cycle was
observed. The same effect was found for other concentrations of rsizezh
nickel. Also it was observed that bigger value of applied faaesed bigger
changes of strain and currehiring the measurementhegradualdecrease of the
electricalresponse undenechanicahction can be explained blye destructiorof
orientedstructure ofthe nickel particles itompositeunder loading/unlading of
externalforce Thus composites filled witmicron-sized nickel powder and treated
in magnetic fields cannot be used for creation of effective stress sensor.

Composite filled with a combination of micraized and naneized nickel
fillers and trated in a magnetic field remained constant values of current
amplitude during all steps of loading force cycles. When mixed, the nano particles
have wrapped up micron particles thus prevented their sticking to each other during
the deformation of the samgphnd thus stabilized the system. With the increase of
the both fillers concentration, the signal of the current was more stable, and it was
not observed any shifts of the signal amplityfe.1). In order to analyze the
stability of the system, 30 cyclegere performed. The composite has shown stable
signal even after 30 cycle$he results have shown high electrical sensibility of
obtained composites with 1D structure of combined micro and-siaedillers to
the small values of applied stresses.
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Fig.1. Stress sensitive silicon@mposite filled with a combination of micresized

and nanesized nickel

For the composites with micrersized nickel, each following cycle of

applied stress led to the destruction of the conductive filler structure thus

deaeasing of current signal was observBdt the presence ofanoparticlesn the
compositesincreased thesensorycharacteristics anelectrical stability of the

compositematerial.

Compositedased on silicone matrikled with copper particles in dendia
form were investigatedIn these composites ionon-sized conducting copper
particlesare randomly distributedwithin a silicone matrix. Metal particles are in
dendritic form ad have spikes on the surface whinerate high charge densities.
Conducticn mechanisnof the composites under stressdalized through quantum

mechanical tunneling of electrons via spikes. Composites characterized by high

electrical sensitivity to applied pressure.

For such metal composites the shape and size of the filléclesris as
important as the nature of the filler and its concentration. In particular, composite

[50]
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materials filled with conductive metal micparticles with sharp, spiky and
nanostructure formation on the surface, show a huge change in electrical
conduclvity in response to applied of small values of mechanical forces. Such
filler morphology is responsible for strengthening the local electric field, which
significantly increases the probability of tunneling through the insulating barrier
between adjacemetallic particles.

The investigations of silicone/copper composite have shown that
deformaton properties of the compositesmained constant during all loading
cycles. The current amplitude is also kept constant for the cycles indicating that
conductivestructure is not destroyed and is resistant to external fo@reated
composite with filler combination and with filler in dendritic form characterized by
required elastic properties and sensitivity and may allow for the development of
material suitable for practical use as sensor material for compression
accelerometers.
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LASER-INDUCED SURFACE RELIEF FORMATION ON
AZO-POLYMER FILMS

A. Meshalkinl, M. lur zhenkoz, S. RObL?', E. Achimoval,
A. Prisacarl, V. Abashkinl, G. Triduhl
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Chisinau, MD2028Moldova
alexei@asm.md

2 plastics Welding Department, E.O.Paton Electric Welding Institute, National
Academy of Sciences of Ukraine, B.8, 11, Bokb Str., 03680, Kyi¥50, Ukraine
iurzhenko@paton.kiev.ua

3 State University of Moldova, 60 Mateevici str., Chisinau, MD2009, Moldova
s.v.robu@mail.ru

Carbazolecontaining polymer materials attract wide interest due to their
applications in optical data storage and information processing due to possessing of
good photorefractive, photoconductive, and photochemical properties for hologram
recording [L,2). It was show in [3] that holographic gratings could be obtained on
carbazole materials that involves exposure of the thin film to an interference
pattern. During the holographic recording two coupling gratings are formed
simultaneously: * phase grating, due to mddtion of the refractive index and-2
amplitude grating, resulting from the changes of absorption coefficient. The third
type of holographic grating namely surface relief grating was obtained by a wet
chemical process leads to film thickness changes. Menvewet etching
development techniques based on solvent dissolutions affect the fabrication
process, leading often to a deformation of the fabricated structures and to
increasing of background scattering.

Recently, new organic materials named azobenzentining polymers
(azopolymers) have attracted much attention for the fabricahb surface
structures [§ . Kimbs group first showed a
surface relief gratings (SRG) on azopolymer films without a@upsequent
processing steps thanks to mass transport effect undeodalated light
irradiation [§. It was reported that large surface modulations by a simplestepe
process can be obtained on azo polymer films. Many theoretical models were
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proposedo explain the mechanism of SRG formation but the mechanism is still
not fully explained. The widely used model is the gradient force mdiel [
According to this model, the resultant force can be achieved thanks to the light
irradiation, which induces aransf o r m Zorm pbadtosomerization effect in
azobenzene molecules.

So the aim of our work was the synthesis and characterization of new
carbazolebased azopolymer suitable for direct surface relief grating formation.
The surface modulation of gzolymer film depending on the polarization of the
writing beams was also considered.

Carbazolebased polymer Epoxypropylcarbazole (EPC) and azodye
Disperse Orange (DO) was utilized in this study. DO was purchased as a
commercial product from Sigmaldrich Company [18]. DO molecule was
chemically attached to EPC monomer by polycondensation scheme at a
temperature of 1200 C for 4 hours. T h
90/10. The copolymer was purified by precipitation in hexane and then in
methanol.Scheme of synthesis and chemical structure of EPC:DO is presented in
Fig. 1.

NO,

Fig. 1. Scheme of synthesis and chemical structure of EPC:DO.

Fourier Transform Infrared Spectroscopy (FTIR) characterization was
applied for copolymer structure characterigand igntifying organic molecules
Infrared spectra of the samples were recorded with a Perkin Elmer FTIR 100
spectrophotometer (4 érand 32 scans).

The introduction of azo group in synthesized copolymer EPC:DO was
proved confirmed by the peak at 1576 timthe IR spectrum corresponding to the
N = N stretching frequency. All constituents of copolymer (monomer EPC, azodye
DO and cpolymer EPC:DO) were the same characterized by FTIR spectroscopy
with attribution of infrared absorption bands to main functional groups.

In our study the thin polymer films were prepared from homogeneous
polymer solution by spin coating procedure usinggpammable spic o0 at er @A S
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Spincoat G3RB oPolymer thin films were prepared by spin coating of the 10 wt.%
polymer solution in toluene onto glass substrate. Obtained films were dried in a
oven at 60 ATde thiakmess 6f sphnoated fims detenined from the
fringe pattern in the interferogram was about 270 nmi Usible transmittance
spectrum of the spinoated EPC:DO thin film is shown at Fig 2.

90 -

80 |
473 n

70+ T=43%) 650 nm
T=86%

T,%

60 -
50 |
40 532 nm
T=59%
30

20

104 PEPC+Disp.Orange 10%
substrate

0

A, nm
Fig. 2. Transmittance spectra of EPC:DO copolymer thin film and used subs
The wavelenth of used laser (532 nm), and the wavelength of 650 nr

monitoring laser during holographic recording are shown insight.

The absorption band ranges from 400 nm to 580 nm with an absorption
peak at 460 nm. Thereforegreen 532 nm lasés suitable forthe holographic
recording. The wavelength of used lasers, and the wavelength of 650 nm of
monitoring laser during holographic recording are shown in Fig. 2.

Green (532 nm) DPS$aser wasused for holographic recording. The
polarizations of the two lasereams were controlled independently by using
different wave plates (quartgrave plate and halfiave plate).The grating period
was 1um. In order to monitor the dynamics of grating formation, a red laser beam
(&= 650 nm, power = 1 mW) was semder i nt
diffraction intensity was measured as a function of time, indicating the formation
of diffraction grding.

In this workwe considered three polarization configurations

1. S:S parallel linear polarizations;

2. +#4550:0rt hogonal linear polarizat

oriented at an angle of 45U;

3. RC:LC right and left orthogonal circulpolarizations.

For SS polarization configuration, the polarizations are the same for both
laser beams resulting in a maximal amplitude modulation (100%) of the intensity
interference pattern and interference polarization keeps the same direction. For +
45 polarization configurations the interference polarization varies periodically
between linear and circular forms. For the case of RC:LC polarization
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configuration, the resultant polarization becomes a linear polarization with constant
amplitude, but the parization direction changes periodically in thepigne.

It was shown thatS:S polarization configuration, providing 100% of
intensity modul ati on, doesnoét | eaxU t o
and RC:LC polarization configuration, whichefonot create intensity modulation,
allows to obtain grating with high diffraction efficiency. So the formation of
grating on azopolymer therefore depends strongly on the polarization distribution.

So we report observation of holographic surface relieftiggs with
relatively large amplitude on EPC:DO copolymer without any subsequent
processing steps. We also found that the RC:LC polarization configuration is the
best case, which allows to achieve surface relief grating with the largest amplitude
about 18nm (48% of film thickness). On the other hand, the S:S polarization
configuration, providing 100% of inte
formation. The formation of surface relief grating therefore depends strongly on
the polarization distribubin.

We conclude that the surface relief grating formation plays a dominant role
in diffraction efficiency evolution.
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ELASTIC SILICONE NETWORKS WITH INCREASED
PERMITTIVITY AND HIGH BREAKDOWN FI  ELDS FOR
DIELECTRIC ELASTOMER TRANSDUCERS
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’Empa, Swiss Federal Laboratories for Materials Science and Technology,
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In the actual economic and environmental context, finding new prgnisi
systems for energy harvesting or actuation is a hot topic. Elactice polymers
(EAP) represent a very attractive class of materials, being lightweight, easily
processable, cosfffective and weatherproof. The relatively new concept of
dielectricela t omer transducers (DET) is basect
are able to convert electrical energy to or from mechanical energy. In the first case
they act as actuators, while in the second case, they are generators. Other
applications of DETs inchle sensors and variable stiffness devices.

Silicones are, besides acrylics and polyurethanes, between the most
promising materials for electromechanical transduction. However, the optimization
of silicone materials for DETs has to address multiple aspéttprinciple, a
material should have increased dielectric permittivity, high breakdown field
strength, large strains and a moderate Young modulus.

In order to increase the dielectric permittivityd () pol ar silic
synthesized [1], while the meatiaal properties were tuned by iriewnnecting or
blending them with polydimethylsiloxane (PDMS) of high molecular weight. The
thermal (DSC, DMA) and morphological (SEM) investigations showed the
biphasic morphology of the networks. However, by appropréantrol of cross
linking the macroscopic phase separation can be avoided, while by blending PDMS
with preformed crostinked polar silicone particles, further improvement of the
morphology can be achieved. The dielectric, mechanical, and electromethanica
properties of the thin films were investigated. Materials with good elastic
properties, increasedo , high b r eB)kahd promisirfgi aetliation (
performances were obtained [2].
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BIODEGRADATION OF SYSTEMS BASED ON
POLY(L -LACTIC ACID) WITH TRICHODERMA VIRIDE

1
R. Lipsal, L. Opricaz, R. N. Darie*, N. Tudorachi - C. Vasile*

lapetru Ponio Institute of Macromol ecu
Alley, lasi 700487, Romania
rlipsa@icmpp.ro

2 Faculty of Biology of Alexandru loan Culzmiversity, 11 Carol Boulevard, lasi,
700506, Romania

As biomedical materials are in contact with human organs, tissues, blood or
skin, the biodegradability, biocompatibilitin vivo stability and toxicity are very
important considerations [1The stug highlights the biodegradation of poly(L
lactic acid) (PLLA) and somBLLA systems based a@omponents with different
chemical structureby Trichoderma viridefungus in liquid medium The PLLA
and systems were obtained by melt mixing in Brabender, miiting speed of 60
rot/min, at 175°C for 10 minutesAfter the processing step, each sample was pre
melted for 5 min and then sandwiched (in a Carver Prasder a pressure of 200
bar, to obtain plates with thickness of 1 and 4 mm, respectively. Teetslof
PLLA and PLLAbased systems with thickness of 1 mm, were undergone to
biodegradation testsy Trichoderma viriddungus in liquid medium

The biodegradabilityof the samplesvas evaluated byhe lossin weight
and the malonyldialdehyde, catalagd,P-ase, lactatedehydrogenase and soluble
protein activity after 7 and 21 fungus inoculation days. The nonbiodegraded and
biodegraded sampleqafter 21 inoculation days)were structurally and
morphologically characterizedy: FTIRRATR and SEM. SEM mirogaphs
revealed thathe systems were biodegraded after 21 days and the biodegradation
degree was influemd by the systems components. Bgrmal characterization
(TG-DTG) it wasconcluded hat the biodegraded PLLA arsystems have lower
thermal stabilitycomparatively to the nonbiodegraded ones.
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INFLUENCE OF THE INTERFACIAL INTERACTIONS ON
THE RHEOLOGICAL PROPERTIES OF SOME NOVEL
COMPATIBILIZED PP -CLAY HYBRID MATERIALS

M. Zanoaga F. Tanasa

AfnPetru Poni o I nstitute of Macr omol ecul
Alley, lasi 700487, Romania
zanoaga@icmpp.ro

Polymerclay nanocomposites argpecial hybrid materials because they
allow highly dispersed distribution of fillers due to the strong interactions that
occur between the matrix and clay during processing.

The classic thermodynamical studies for the reduced particle size fillers
didn’t predict accurately the nanofillers effect on the polymer properties. Only by
using continuum mechani¢s] it was possible to substantiate that the properties of
polymer nanocomposites are strongly dependent on the particular features of the
nanofiller (catent, aspect ratio, granulation, distribution etc.).

The highly dispersed filler distribution renders new hybrid materials
improved properties as compared to initial polymers. As result, these new materials
become lighter, have increased mechanical sthelagd scratching resistance,
display flame retardancy properties, can be easily painted, and, in some cases, they
can be recycled.

This study focuses on novel Ry nanocomposites prepared in preset
ratios, by melt compounding, using an organically ified layered silicate,
namely Cloisit€ 20A, and MAg-PP as compatibilizer. The compatibilizer was
employed to modify the hydropkithydropholic balance which improves the
interfacial interactions and leads to a better dispersion of the clay into the PP
matrix. This feature was evidenced by the meanX-oay diffraction spectrometry
(XRD). The thermal stability of these new materials was assessed by thermal
gravimetric analysis (TGA) and their rheological behaviour was also investigated
in order to asss the effect of the interfacial interactions.

1. Dill, Elis Harold (2006). Continuum Mechanics: Elasticity,
Plasticity,ViscoelasticityGermany: CRC Press.
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ROOM TEMPERATURE PLD OF AL-DOPED ZNO THIN
FILMS: WAXD AND SPM INVESTIGATIONS

D. Timpu, C. Ursu

AfPetru Poni o I nstitute of Macromol ecul
700487, lasi, Romania
dtimpu@icmpp.ro

Highly oriented Al doped ZnO thin films were obtained by pulsed laser
deposition (PLD) on amorphs substrate at room temperature on both crystallites
orientations, i.e., in plane and out of plan@xis orientations. Atoped ZnO
usually grows with the-axis perpendicular on the substrate, i.e., (002) oriented
films but for some particular experintah parameters we obtained (110) oriented
samples. This particular growth mode enhances the quantum efficiency of the
OLEDs in comparison with the usual encountered (002) growth mode where the
internal electric field which come out from spontaneous andinstinduced
polarization affects directly the quantum efficiency. However, (116jodled ZnO
thin films have weaker electrical and optical properties with respect to the (002)
oriented ones in order to be used as electrode for OLEDs. For this purpase, we
trying to establish the experimental growing conditionavoid this inconvenience
by systematically studying for both oriented samples the relationship between local
properties such as, morphology, roughness, spreading resistance (SPM) and
intrinsic material properties, i.e., crystallites dimensions and orientations, constant
lattice (WAXD).
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SYNTHESIS AND CHARACTERIZATION OF CHALCONE -
CONTAINING AROMATIC POLYAMIDES

M. Nechifor
fiPetru Poni 0 I nstitute of Macromol ecu

Alley, lasi 700487, Romania
nechifor@icmpp.ro

Two novel diacidbased monomers have been synthesized by anchoring at
the 5position of the isophthalic acid ring a benzylideneacetophenone (chalcone)
moiety through an amide or ester bridge. Two series of poliesnbearing
chalcone side chains were prepared by direct polycondensation reaction of the
aforementioned dicarboxylic acids and various aromatic diamindsniethy}2-
pyrrolidinone, using triphenyl phosphite and pyridine as condensing agents. Their
molecdar structure and the basic properties were investigated by nuclear magnetic
resonance, Fourigransform IR and UWis spectroscopy, differential scanning
calorimetry, thermogravimetric analysis and watgle Xray diffraction. The
inherent viscosity, mdecular weights measurements (by gel permeation
chromatography), water uptake and solubility tests completed the research study.
Introduction of therigid and bulkychalcone units into the polymer side chains
improved remarkably the solubility of the araimapolyamides, endowed them
with an amorphous naturggood thermal stabilityand photosensitivity. The
resulting polymers were obtained in good yields, inherent viscosities varied
between 0.49 and 0.86 dL/g and their relative high molecular weights r@mhfer
them filmforming properties. The polyamides underwent a photocycloaddition
reaction upon UV light irradiation both in solution and film state in the absence of
a photoinitiator or photosensitizer. The polymer films became insoluble in solvents
as a reult of the crosslinking.
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ANOMALOUS STRUCTURAL ORGANIZATION OF
LITHIUM PERCHLORATE SALT IN THE
ELECTROACTIVE POLYMER SYSTEMS BASED ON
EPOXY RESINS

1,2 1
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2 2
G. Boiteux , A. Serghei
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Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
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2Universit® de Lyon, Universit® Lyon 1,
UMR ONRS 5223, IMP@LYONZ1, France

The paper considers thermogravimetric and thermal characteristics,
structure and morphologyf the electroactive polymer composite based on epoxy
resins. Salt of lithium perchlorate LiCj@vasdissolved in theepoxy oligomerof
diglycide aliphatic ester of polyethylene glycdDEG). These solutions were
prepared with LiClQcontent from 0 to 50 phr (parts per hundred) on 100 phr of
DEG. Polyethylene polyamine hardener (PEPA) was used as a curing agent. DEG
and PEPA contents wer90 and 10 phr, respectively, for all synthesized
composites. Compositesiredat8 0 A C d u r. Our gevi@us ihvestigat®ns
in [1] showed that the obtained imonductive polymeric material witthe ionic
conductivity iNjLO® S/cm and the permittivity)=6A f &re attained for the system
DEG with 20 phrof LiClQat el evated temperatures (:

Thermogravimetric characteristics were studied by TA Instruments TGA
Q50 in the temperature range fret®5 to +700A C  wtie helating rate of
20AC/ mi n. oPasample weigbing was 0.019%GA results are presented
in Fig. 1. According the TGA results the weight loss at these temperatures is
negligible, thus their usability at hi

Thermal characteristics were studied by Differential Scanning Calorimetry
at TA Instruments DSC Q2000 in the temperature rangeffol t o +150 A
the heating Metdass tarfsitioh @mparaurgy)was determined
from the DSC curves #he second heatin@ablel).
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Fig. 1. The TGA curves of the samples with different conteritiGiO,.

It is obvious that the increase of LiCJ@mount in reactivenixture from 0
to 50 phr leads tthe increase of glass transition temperature frdn0 t o 6 4
That can be a result of electrostatic interactions between lithium catioasd._the
macromolecular chain of DEG with immediate forming of coordinativeptexes,
such as éther oxygen lithium cations- ether oxygeh which is accompanied by
the displacement of electron density of the oxygen atoms and their partial
polarization. The result is a substantial reduction of segmental mobility of DEG
chains wittin the complexes formedvyhich leads ta glass transition temperature
rise of polymer matrix.

Table 1 Thermal characteristics of epoxy polymers with different content of
LiClO,.

Glass ContentLiClO 4, phr.
temperaturd 0 5 10 | 15 | 20 | 25 | 30 | 35 | 40 | 50
(Ty) -10 | -1 9 18 | 25 | 33| 39| 55| 60 | 64

Structural organization and features of macromolecular ordering of the
synthesized polymer systems were investigated by -aidge Xray scattering
(WAXS) using the Xray diffractometer DROM.7. The investigations were
carried out by automatic step scanning in the range of scattering angléso(@

2,6 to 40 degrees, the exposure time wasThs.lesearch temperature was T = 20
N 2 AC.
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The aalysis of the widaangle Xray diffraction patterns of the systems
showed that all of them are amorphous (R)gIn particular, epoxy oligomer DEG
that was cured with polyethylene polyamine is characterized by -ishmye
ordering in the space translation of moleculagfnants of its crossite links. That
is confirmed by presence of one diffraction peak (calculated from the angular half
width) of the diffusion type (amorphous halo), which angular posiffy) is
about 20,0 degrees.

The average value of the periad) f a shortrange molecular ordering of
DEG internodal molecular segments in a polymer volume can be calculated using
Bragg equation:

d = A(2sind)™*
where A4 - wavelength of the characteristicrdy emission{ = 1 , ®HddulK,
emission) and itequalsto 4 4 | .

T, rel. units

5
4
3
- 2
10
fann 1
1I0 20 30 20, degrees

Fig. 2. The wideangle Xray diffraction patterns of a salt of lithium perchlorate
LiCIO, (1) and DEG/LICIQ systems with the salt content: O {8J, 5 phr(3), 10
phr(4), 20 phr(5), 50 phr6)at 20. N 2 AC

However, the introduction dhe salt LiClO,4 that has a crystalline structure
into the epoxy resin is accompanied by changes in the diffraction pattern. This is
evidenced by the presence of subtle diffraction peak of the diffuse tyfuf, at
12,2 degrees on the background of the amorphous halo, which is similar to the
angular position of the DEG &t,4 2,@degreesd & ,444 ). This diffraction
peak characterizes the existence of mptdymer complexes of the doracceptor
type, in ourcase, between central ions )Land ether oxygen of the epoxy chains
in the intermolecular volume of the epoxy resin.

The gradually increasingiClO,4 content from 0 to 50 phr in the volume of
epoxy resin leads to the displacement of the amorphoust2dp@ 2 degrees,
which characterizes the shoange order of fragments of the DEG internodal
molecular segments, in the region of large scattering angles. That indicates a
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tendency to decrease the Bragg distance between the molecular segments (Table

2).

Table 2. The Bragg distance between the molecular segments of epoxy polymers
with different content of LiCIQ

Pure LiCl
(for :ot:npar(iion) 20 444
0 20 4,44
5 20,2 4,39
10 20,4 4,35
20 20,4 4,35
50 20,4 4,3

The morphology of polymers was studied by Transmission optical
microscopy at Carl Zeiss Pringtar and Reflective optical microscopy at Uit
NJF 120A.The gtical microphotos are presentedHig. 3.

Fig. 3. The transmission (left) and reflective (right) optical microphotos of the
DEG/LICIO, systems with the salt contewit20 phr

The analysis of the WAXS of thiavestigatedsystems showed thatl @f
them are amorphous except salt which has a crystattinetigre. At the same time
the optical microscopy shas the separatgghaseforming that needs more precise
research.

1. Matkovska L.K., lurzhenko M.V., Mamunya Ye.P., MatkovskaO.K.,
LebedeE.P., Boiteux G.,SergheiA. lon-conductive polymer system based
on aliphatic epoxy resin arldCIlO, // Ukr. Polym. J.36 (2014) 364368 (in
Ukrainian).
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EFFECT OF THE PHASE SEGREGATION
ON THE PERCOLATION BEHAVIOUR IN
CONDUCTIVE NANOCOMPOSITES

F. Tanasal, Y. P. Mamunyaz, M. Zanoaga1

lipetru Ponio Institute of Macr omol ecu
Alley, lasi 700487, Romania
ftanasa@icmpp.ro

2 |nstitute of Macromoladar Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine

Polymer composites with conductive properties arouse a great interest due
to their remarkable characteristics. Considering their versatility, they hese
studied of both theoretical and experimental point of view over the last decades,
especially for the possibility to tune some characteristics (electric conductivity)
according to specific requirements by only adjusting the content of the conductive
filler.

Carbonbased fillers with conductive properties (carbon black, carbon
nanotubes or nanowires, graphene, graphene oxide, etc.) are preferable because,
unlike metals, they do not undergo degradation processes that may alter their
conductivity. The mar advantage of the conductive composites is that electrical
properties are close to the fillers, while their mechanical characteristics and
processing are typical for plastics. Several other advantages over the conventional
conductive materials include qmessability, flexibility, light weight, ability to
absorb mechanical shocks, low production costs.

Different morphologies can be achieved upon formulation changes, yielding
in composites with superior conductivity ranging from electrostatic dissipative t
highly conductive[1]. Thus, they can be used as antistatic materials and in
applications such as switching devices, medical equipment, cables, transducers and
gas sensors, as well as devices for electromagnetic radiation shielding and
electrostatic didrarge.

Conductive carboivased fillers are able to give highly ordered distributions
that lead to composites with segregated morphology. This phase segregation is
characterized by ultralow values of the critical volume fraction of filler, while the
electrical resistivity reaches values of 40A ¢ m.
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This article presents the effect of the phase segregation on the percolation
behaviour in conductive nanocomposites in comparison with random conductive
composites. Factors that can influence the critical velfiraction of filler and its
distribution in the matrix, such as nature of filler and matrix, processing approach
and specific parameters are also reviewed, as well as some specific applications.

1. Deng H, Lin L, Ji MZ, Zhang SM, Yang MB, Fu Rrogress orthe
morphological control of conductive network in conductive polymer
composites and the use as eleattiva multifunctional materials /Prog
Polym Sci 392014 627i 55.
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PARTICLE SIZE EFFECT ON FUNCTIONAL PROPERTIES
OF COMPOSITE MATERIALS WITH POLYMER MATRIX

M. Airimioaei T, V. Preutu?, R. Stanculescti S. Tascd, L. Mitoseriu *

1Dept. of Physics, AAl . . Cuzaodo Univ
Romania
mirela.airimioaei@yahoo.com

2Interdisciplinary Research DepartmeiitFi el d Sci ence (RAMT
Cuzad University, Bl v. Carol I, nr. 11,

A wide range of composite materials were being developed in the last years,
but a particular atterdh was given to the compost¢éhat are composed of a
inorganic filler and an organic polymeric matrix due to the multiple applications in
different fields: medicine, biotechnology, electronic industry, etc .

The aim of this study has been to investigate influence of the particle
size of ferroelectric filler BaTiQon the functional properties of the BaTiPCL
composite.

We havechosenas ferroelectric fillerBaTiO; which exhibits ferroelectric
properties at and above room temperature and as polymertox poly-O
caprolactone (PCL)a biocompatible, biodegradable polymer witlnany
physicochemical properties: nooxicity, slow degradation, and low melting point.

The xBaTiQ-(1-x)PCL (x=0, 0.02; 0.05; 0.10; 0.2@ompositeswere
prepared by solvent casting methusing BaTi@ powder with different particles
size.The main advantage of this method is that it involves simple equipment and
low temperatureseading tocomposite materials with a good distribution of filler
in the polymer matrix.

The composites forman and their characteristic as structure and
microstructure were investigated by XRD and SEM analyses. For all the samples,
the frequency dependence of dielectric properties at room temperature has been
investigated and discussed in correlation with therastructural data.
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HYBRID MATERIALS BAS ED ON
INTERPENETRATING ORG ANIC-INORGANIC POLYMER
NETWORKS

N.V. Babkina, T.T. ¢ lekseevays.l . Tsebrienko,N.V. Yarovaya

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
nbabkina@mail.ru

In recent years, an actualoplem is obtaining new polymeric materials
with the desired complex of physitoechanical properties. This object was
successfully solved by the creation of interpenetrating orgaaiganic polymer
networks that combine the properties of organic andgamic components. In
addition, the intensive development of the acquireegsbkechnology, which are
promising due to receive orgariimorganic materials wittnanodisperseniorganic
phase at the molecular level.

Hybrid organieinorganic interpenetratingolymer networks (O IPNSs)
received from crosknked polyurethane (PU) based 24&-toluene diisocyanate,
poly(oxypropylene glycol) (POPG) and trimethylolpropane as a crlisking
agent, poly(hydroxyethyl methacrylate) (PGEMA) and poly(titanium oxige)y
(titanium oxide) was formeth situ solgel method in the medium POPG using
titanium tetraisopropoxide(TTIP). The component ratio of PU/PGEMA in initial
and organid@norganic IPN was 70/30 wt. % and the content of TTIP was varied
from 0.5 t05.0 wt %. The samplesof initial and Q IPNs investigated by dynamic
mechanical analysis, differential scanning calorimetry and thermogravimetric
analysis (TGA).

Study viscoelastic and thermal properties of orgamicganic 1PN
showed that with increasing dhe content poly (titanium oxide) temperature
PGEMA-component glass raisewhich indicates an increase in the microphase
separation, which is confirmed by calculation of degree of segregation. Calculation
M. indicates the nonlinear behavior of the densftthe polymer network, with the
highest crosslink density havel @N containing 0.5 wt. % TTIP. In the study
samples by TGA it shows that the introduction of an inorganic component in the
polymer chain significantly increases the thermal stability efdtganieinorganic
hybrid IPNs relatively initial systems.
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STUDY OF CHEMICAL MODIFICATION OF PO LY AMIDE
FIBERS SURFACE

A. V. Barantsova, V. K. Grishchenko, N. A. Busko,Gudzenko N.V.,
Z\V. Falchenko, S. N. Ostapduk

Institute of Macromolecular Cheastry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine

Composite polymeric materials (polymer compositeg)mult-component
materials, which are the main components of the polymer base (matrix) and filler,
which have a certain set of physical and mechanical properties. The combination of
substances of different nature leads to the creation of a new material whose
properties are quantitatively and qualitatively different from the properties of each
of its components

Significant role in shaping the properties of the composite material is
interphase layer at the interface between the matrix and reinforcing phase.
Interphase layer has a composition and structure, different from the composition
and structure of the matr because in addition to the material of the matrix itself,
he also includes some products that are part of a reinforcing filler. His role in
shaping the properties of the polymer composite is great, but because the study and
management processes of fation of the interfacial layer is of great importance.

In the composites reinforced with polymer fibers, polymer matrix diffuses into the
surface layers of fibers to form an intermediate interfacial layer. Thanks to the
properties of the filler in the coropite material properties are different from the
original fiber. The strength of the reinforcing fibers can be several times greater
than the strength of binding. Howeyéo realize the benefits of reinforcing fillers

to the matrix to create a strong iataction between the matrix and fibers
throughout the area of contacts. Regulation of the structure of the interphase layer
is always directed at increasing the adhesive interaction at the interface and,
ultimately, to improve the physical and mechanipabperties of composite
material.

For optimal properties of composite materials plays a significant role
compatible fiber and polymer matrix, which can be obtained by chemical
modification of fibers, with the aim ahemicalgraftingon their surface funiinal
groups capable of reacting with reactive groups of the polymer matrix.

The modification of the surface of thpwlyamide fiberdecreases surface
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tension and increases wetting angle. The influence of the modifiers on adhesion
properties, which, in cain degree, determine the mechanical properties of
reinforcedpolymer compositess difficult as the fibers have very small diameter
(2830 em) and the square »%02nd).HTeisvilon c
lead to a big error at measuring of force of the adhesion contact destruction. This
error can grade the influence of fibmirface modification. That is why the study

was carried out on the model samples.

The recycledpolyamide fiberwas treated by solution of the furfural in
isopropanol at weight ratio 40/40 in boiling isopropanol. The unreacted furfural
was washed out bysopropanol and the modified fiber was dried in vacuum. The
grafting degree of the furfural to tipelyamide fibersurface was determined as 2
4% by weight. The FTIR spectra of initial components and the resulting material
are given in Figure 1.

Absorption

2026 @ ——
2860 ——
2174
1738 —
1631 ——
1534 ——
1458 ——
1366 ——
1283 ——
189 ——
103 ——
6

—
=
@

T T
3500 3000 2500 2000 - 1500 1000

3294 ——

Fig. 1. FTIR-spectra 1 1 furfural, 2 i untreatedpolyamide fiber,3- polyamide
fiber modified by furfural.

In FTIR spectrum opolyamide fibermodified by furfural we can observe
(Fig. 1, curved) changes in intensity of absorption band of CH group in the region
of 14731388 cm. Importantly, in the spectrum the absorption bands of aldehyde
group of furfural at 1692 and 1794 ¢ntwhich are present in the spectrum of
furfural, curve 1) are absent. Instead of them the bands of stretching vibrations of
OH-group at3400 cnt and the bands of deformation vibrations of Qtéups at
1020 cnt appear, confirming formation of hydroxyl groups as a result of chemical
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interaction of aldehyde groups of furfural with amide groupgalfamide fiber
surface according to the she below:

i-o
U-&-H + Ic§=o . U_g_é‘_

o) Hg o) H
9 I
+ -C-H C‘* -CH-
o) H O | 0
'HZO W%/ H\"L‘_
(6]
H ¢=0
-C-N — _LH&L
(@] ! I
OH% H C%ZO l‘\l*CW
[
e UL
I
0 (‘3H§ 0 o
_— H,C,
-H-»0O I
2 NWNCfN O
AN

The recycledpolyamide fiberwas treated by the mixture of furfural with
acetone (1:1) at 668 for 50 h. The possible scheme of the chemical reaction
occurred is as follows:

Mg bo o E 1o
~C-CHp-C-CHz+ C=00 —= -C —CHp-C -CH3
o &1 8 HMd O oo

} ¢ 8
The grafting degree of the furfural in this case was determia@Bant.%. In the
spectrum opolyamide fiber modified by the mixture of furfural with acetone, the
duplet of the absorption bands of aldehyde group at 1692 and 167Basnbeen
replaced by the band at 1671 ‘trof ketone groupi product of chemical
interaction of furfural with acetone and by wide band in the region of-3800
cm* of associated Otgroups. This evidences the formation of the reaction product
of furfural with acetone and its chemical grafting to guwyamide fibersurface
through thaeaction of the product with amide groups of the fiber.

The recycledpolyamide fiberwas treated by the solution of the reaction
product of interaction of furfural with dibutyl amine in benzene at the temperature
of benzene boiling for 8 h. The ungraftewdifier was washed out from the fiber
and the latter was dried in vacuum. The grafting degree for this case was
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determined as-3 wt.%. The possible scheme of chemical grafting is shown in the
scheme below.

OH GaHo | e
@'ﬂ:"}‘ +(I::O—O> “C-N
H i
O H CyHg HN 2 o i
/N
HgC4 Cg4Hg

Modification of the recyclegholyamidefiber by the product of interaction
of furfuryl alcohol with TDI. The reaction monitoring was fulfiled by FTIR
spectroscopy on decreasing of the stretching vibrations of isocyanate groups by 50
%. The reaction occurs according to the scheme:

Hs s

|T| -NCO -NCO
‘(F-OH+ —
o H | | lﬁ
NCO H—N—(I.IT—O‘C—@
|

o H O

The recycledpolyamide fiberwas treated by the solution of the product of
interaction of furfuryl alcohol with TDI in butyl acetate at the temperature of butyl
acetate boiling for 8 h at weight ratio pblyamide fiberand modifier 90:10. The
modified fiber wa washed out by butyl acetate and dried in vacuum. The degree of
grafting of the modifier onto the fiber surface was estimated-Zasv2%. In the
spectrum it is seen that NCO groups of the modifier have been spent for the
reaction with amide groups ofeHiber. The absorption band at 3390 af NH of
the urethane group, formed at interaction of NCO group of the modifier with amide
group of the fiber, has appeared in the spectrum of the modified fiber. This and
several other changes in the spectra o@ytaonfirm the grafting of the modifier
onto the fiber surface through the reaction between NCO and amide groups.

The processes of modification by reactive compounds of polyamide fiber
surface have been studie@hermaichemical modification of surfacef avaste
polyamide fiberby furfural, mixture of furfural and acetone, the reaction product
of furfural and dibutylamine, the reaction product of furfuryl alcohol with toluene
diisocyanate has been carried out. Chemical grafting of all the reactive nsodifier
onto the surface of PA fibers has been confirmed by the method of FTIR
spectroscopylt has been established that this method gives a noticeable effect of
surface modification of fiboro materialk.was proved that the use of activation of
surface of palamide fiber is perspective way.
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INFLUENCE OF THE TECHNOLOGICAL PARAMETERS
OF EXTRUDER ON THE QUALITY OF POLYMER
NANOCOMPOSITES

Y. Bardadyml, E. Sporyagin'2

institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48 Kharkivske stusse, Kyiv 02160, Ukraine
ferocen@i.ua

2Dnipropetrovsk national university Oles Honchar, 72 Gagarin Avenue,
Dnipropetrovsk 49010,Ukraine
sporiagin@rambler.ru

Extrusion mahines are one of the most common types of equipment used
for mixing plastics and elastomers. Confusion, a process that reduces the
compositional heterogeneity, is very important step in the reprocessing of
polymers, whereas mechanical, physical and chémieaperties as well as the
appearance of products depend strongly on the composition uniformity. This stage
is usually defined as a process that leads to increase in the homogeneity of
multicomponent materiald-3].

This manuscript presents a methoddtrdying blends, in which the thickness
of bands is a criterion of quality. The purpose of this investigation was to create a
program to predict the quality of mixing tracks for their processing in extruders.
Model highly filled compositions based on lomolecular weight rubber
SKN-10Ktr and SKDM80 were studied. Sunflower oil fatty acids, stearic and
oleic acids were selected as surfactants.
Table 1.Structure of nanocomposition

B NaCl, | SRN 10str, |SRDQ 8QFAPi 4,|Sufactan| DJ S,
compositio] mass %| mass % | mass %|mass %, mass % mass %
1 81,50 18,50 i i i i
2 81,50 i 18,50 i i i
3 80,00 12,27 i 4,00 0,73 3,00
3 0O 83,00 12,27 i 3,00 0,73 1,00
3 B 85,00 12,27 i 1,00 0,73 1,00
4 74,25 i 10,20 | 12,70 i 2,85
5 68,50 i 11,50 | 18,00 0,50 1,50
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Wormdisc (combined)extruder was used. Figure 1 shows a combined
extruder. Its faced disc surface and body are inclined to the rotation axis normal
and there is working gap between them. The minimum operating gap value is
defined by the axis of rotation, constant for selédisc radius and depends on the
angle values of end surfaces inclination to the axis rotation normal. Due to this
structure, there is a shift of the relative movement of the melt particles from one to
another strain plane. It is caused by the tems@npession strains, which are
determined by changes in the workiggp in one disc revolution at a constant
minimum operating gap.

Fig. 1. Combined extruder: 1 screw; 2i body of extruder; 3 disc; 41 outlet.

Screw and disc rotation (RG;055 m) was carried out using DC motor with
adjustabl e s pe e d-200 rev/nirh Eestunit wag equippéd bythe= 5
thermostatic cylinder system, screw, forming head with thermocouple and
controlling devices for the coolant (water) temperataomitoring. Thermocouples
were installed to the material cylinder for mixture temperature measuring. The
forming head is provided with a pressure sensor and a thermocouple to measure the
processed mixture temperature at the outlet of the cutting augectigsly

Important component of thickness of a strip is the consistence coefficient K:

r=n-y"
Inz=InK+n-Iny
Figue2s how dependences I nU from In o.
Int
&
[
an{
?—]II-Y
Fig.22.Show dependences InU from In o
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Figure 3, 4 shows plots of dependence between the strip thickness and layer
position in the gap. Curves do not take into accounstifessstrain deformation at
the entrance to thgap and the output, i.e., reflects only the influence of
generalized deformation.
I /
/

0.5

1.154 1.240° 12500 1.310°

10’\
AN

-r

Fig. 3. Dependence between the layer thickness and strips position in the discs gap:
w=5.258;h=0.01m.

I

//

1.35010°° 1\.4x10 ®  14310°  1510°  15510°

o S
\

Fig. 4. Dependence between the layer thickness and ggiton in the discs gap:
w=21s%h=0.01m.

o 3

Straincompression deformations have little influence on the mixing process
at the small values of the working gap and disc speed. Thus, width of the bands is
inversely proportional to the total defortimn. Consequently, the larger particles
and the smaller dispersed phase volume concentratien,more deformation
amount required to achieve any desired final bandwidths value. Empirical
regularity was obtained by Z. Tadmor during the experiments onmgoly
compositions mixing: good (adequate) mixing is achieved when the amount of
deformation is 18 000N6 000 shift wuni
widthto 1d[4] . However, it should be noted
defined by rquirements applying to the mixture. Our results are in good agreement
with Z. Tadmor and presented on Figure 3, 4.

If the smallest strip thickness is on the low speeds and small gaps, i.e. better
mixing is observed at the gap center, there are two area® e gip thickness
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is th |n|maI (at the high speed rotation and larger gaps). Position of these regions
is defined by the octahedral def or mat |

strip thickness is reduced by approximately two orders of magnitude wit
increasing of the disc speed rotation from 50 rpm/min to 200 rpm/min. Strip
thickness is reduced by about three orders of magnitude with an increase in the gap
from 0.001 to 0.003 m at t™h[E. constant

Analysis of the restd shows that the mixing quality in combined extruders
depends on the presence of secondary (circulation) flows in the disk area. In
addition to the main melt stream extending on the spiral of Archimedes to the exit
area, there will be a backflow to thesdicenter.

1. Stobiac V., Heniche M., Devales £mapping method based on Gaussian
quadrature Application to viscous mixing/ Chem. enginer. research and
design. 86 (2008) 1410.

2. Mikulionok I. O., Radchenko L. Bimulation of disk extruder operation //
Applied chemistry. 85 (2012) 1475.

3. Zuilichem D. J., Kuiper E., Stolp WMixing effects of constituting
elements of mixing screw in single and twin screw extruders // Powder
technology 147 (1999) 147.

4. 1 OtGHOHT d&3 5. 1., [dtststavw coffini d .+ 5@ O dzd v
L dzj G sdzOMmr h j dedz” n Cotipfetf€ dyqg 2z’ §letstf j 14t
Edz 9 jtemdlsjskr13.21 (2013) 10

5. Bardadym Y., Sporyagin Efluence of technological parameters extruder

on the quality of polymer compositions // Frerdkrainian journal of
chemistry. 2 (2014)@&i1 21.

[79]



| The3“ CEEPN Workshop on Polymer Science
SeptembeP3-26, 2015
lasi, Romania

000

P

HYBRID ORGANIC -INORGANIC COMPOSITES BASED ON
CHITOSAN AND SILICA

.M. Bei, O. V. Sisenko, V. L. Budzinska
Institute of Macromolecular Chemistry of National Academy of Sciences of

Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
irynabei@meta.ua

In recent years the problem of environment pollution has aggravate
dramatically forcing both polymer science and industry look for the renewable
sources of raw materialdmong various natural polymers uséal composite
materials synthesis considerable attention has been given to chitosan because of its
unigue properties. Chitosan is the principal deacetylated derivative of chitin which
is the second most important polysaccharide on earth next to cellhosés
available from waste products in the shellfish industry. Chitosan has good
solubility at agueous acidic medium and can be modified easily owing to both
hydroxyl and amino groups. Thanks to its good biocompatibility, biodegradability,
nontoxicity andavailability chitosan has widespread applications in biomedical,
food, chemical industries etc.

In this work chitosafbased nanocomposites filled with in situ condensed
silica were synthesized and investigated. Chitosan was used as 2 wt.% solution in
diluted acetic acidWater solution of polysilicic acidPSA) was used as a
precursor for the silica synthesis:gBcidoxypropyltrimethoxysilane (GPTMS)
was used for the crosslinking of chitosan. In addition thanks to its ofganic
inorganic nature silane ads a coupling agent for the composite constituents. The
procedure of chitosan creisking one can found in [1]n brief, a certain amount
of GPTMS was added to chitosan solution during vigorous stirring Ait.6Che
homogenized reaction mixture was tcesa Petri dish and then heated in an oven
at 60AC for 48 h. The dried films were immersed in 1IN aqueous NaOH to
neutralizethe residual aciénd then rinsed with water for several tilegemove
the remaining NaOH The formed filmlike samples were d¥d in an oven and
stored in desiccators.

Chitosan nanocomposites filled with silica in situ were obtained by the
same way adding inorganic precuré@ater solution opolysilicic acid into initial
reactive solutionBoth citosan to GPTMS and chitosam PSA weight ratiosn
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final nanocomposites evevaried from2:0to 2:2.
The crosdinking route ofchitosarwith GPTMSis shavn in Fig.1.

CH,OH
o]
o—ch, 0 e "
CH;-0— S'M A + OH >
o " .
O CH, addition and hydrolysis
NH,
GPTMS Chitosan

CH,OH

\\o Q heat -

OH
condensation and crofisking

Hies @

HO— 9\/\ ﬂ—/

NH WNH
o
(HO)S =0 \'

\
NH
Sl(OH)2 /N
NH; N
H

o o,

SIMWW = §-(CH,),0CH,CH(OH)CH,-

H,N

zZ

Fig.1. Chemical structure and reaction model for cilirtssng chitosan to prepare
chitosan/GPTMS hybrid matri2].

Chemical interaction between amino groups of polysaccharide and
glycidoxy groups of GPTMS resultingn chitosan network formation was
confirmed by IRspectrometrylt was revealed intensity decreasing of absorption
band of glycidoxy groups at 910 émCrosslinking of chitosan during composites
synthesis was also confirmed by -g@l analysis. All orgag-inorganic hybrids
lost their solubility in acidic media indicating hybrid chitosan/GPFivByork
formation.

Thermal propertiesf chitosarbased compositegere studied by means of
TGA under nitrogen atmosphere from room temperature up t6C700 general
TGA thermograms of organinorganic composites are similar to the weilglss
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dependence of the initial chitosan. All samples showdteps degradation with an
initial weight lossassociated with water evaporatiaround 108C from 6 (neat
chitosan up to 1012% (hybrid composites). This effect could be explained by
increased hydrophilicity of hybrids comparing to the neat chitosan. The main stage
of degradation of neat chitosan starts from/Z78nset of hybrids degradation
varied from 263 to28Cand has no direct dependen:c
char residue for the neat chitosan and all hybrids is arounad2%.
Morphology of composites prepared was studies by means of SEM.

Micrographs of tweand threecomponents hybrid composites ab@wn in Fig. 2.

T e :

38kUV Ho. B8 SHm zaku %z, 5680 18xm

(a (b
Fig.2. SEM micrograph of chitosan/GPTMS/PSA hybrids with components ratios
2:1:0 (a) and 2:1:2 (b).

One can see that composites obtained have homogeneous morphology with no
phase separation confirming formation of organimrganic hybrid material. Only

small amounts of condensed silica inclusions could be discerned on micrograph of
the threecomponent composite.

1. ShirosakiYu, TsuruK., HayakawaS, OsakaA., LopesM.A., Santosl.D.,
Costa M.A., FernandesM.H. Physica] chemical and in vitro biological
profile of chitosan hybrid membraneas a function of organosiloxane
concentratior/ Acta Biomaterialia 5 (2009 346-355.

2. AnChong Chao Preparation of porous chitosan/GPTMS hybrid
membrane and its application in affinityrption for tyrosinase purification
with Agaricus bisporu#/ J. Membrane ScB811 008 306 318.
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STRUCTURE AND PROPERTIES OF ORGANIC -
INORGANIC COMPOSITES BASED ON INORGANIC
OLIGOMER AND POLYURE TANE

V.L. Budzinska, O.V. Slisenko, I.M. Bei

Institute d Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
budzinska@meta.ua

The primary goal of a modern polymeric science is working out of
composites witithe improved operational properties. As is known, properties of
composites can be regulated by carrying out of synthesis and by selection of
components of reactions. At a choice of components of reactions to the foreground,
there is an availability of matials and their ecological safety. So creation of
organicinorganic composites (OIC) based on a water solution on sodium of
silicate andsocyanateactual sphere of last decad&hese composites have found
their applications aprotective coatings, seaits, binders etdroperties such OIC
change depending on updating both inorganic and organic system components.
Updating of an organic component gives the chance to influence formation of a
polymeric organic matrix that, certainly, will be displayed aoperties of final
compositesModification of composite constituents allows to control structure and
properties of such materials. In this work effect gfr&thoxysilyl)propylamineon
mechanical properties of OIC based on polyurethane (PU) and coddardiem
silicate was studied.

PU was synthesized from urethane oligomer based on- 2,4
toluenediisocyanate and linear poly(propylene glycol) (trade mark FB@) with
molar ratio 2:1. NC@roups content in urethane oligomer was 5 wt.%. Water
soluble sodim silicate (Na&OAMSIOAVH,O, m:n = 3.1, water conteint52 wt.%)
was used as inorganic precursor. Organic to inorganic constituents ratio in OIC was
60:40 wt.%. Concentration of silane coupling agent was 5 wt.%.

Mechanical properties of initial and moaifi PU/SiQ nanocomposites were
studied. The results obtained show that OIC has increased tensile strength and
elongatim at brealcomparing to unmodified compositFig. 1.

The high mechanical characteristics of OIC are result of the number of
paralletcompetitive chemical reactions in forming composite. The first it is the
reaction between-NCO groups PU and amino group3-(triethoxysilyl)
propylamine. During formation of the orgafiorganic system, the NC@roups
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of PU are concurrently spent in theacdon with water osodium silicateo form
polyurea as follows.

Tensile strengt Elongation

600

4 400
350

3 200

| T unmodified OIC; Ili modified OIC
Fig. 1 Properties of OIC based of the modified PU aadium silicate

The reasonable supposition is that parallel reaction between organic and
inorganic constituents can path with formation of polyurethane silicates.

Thi s coul d be explained by The mpos
morphology of OIC prepared was studied by scanning electron microscopy. It was
revealed that the presence of sdaagent leads to the size decreasing of glica
particles (Fig.2 formed in situ.

A :
8 \RE }

Fig. 2. SEM images of (a) OIC unmodified PU and (b) OIC modified PU
(84
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This effect provides decreasing of heterogeneity and formation of compact
structure of OC. Introduction 3-(triethoxysilyl)propylaminein system OIC leads
to reduction of the sizes of particles of silicate, which are formed in such systems
in situ. Reduction of the size of particles of silicate leads to increase in the area of
contact of two pases (organic and inorganic), that subsequently gives the chance
to receive structure that is more compastich phenomena result in improved
mechanical properties of silawentaining OIC comparing to unmodified
composite.

Created OIC based on modifi@l andcondensed sodium silical®y fast
time of formation of a composite that is important at use of such systems as
protective compositions and heretics for concrete structures, waterproofing of
concrete collectors and pipes also are characterised.
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PROPERTIES OF BLOCK COPOLYMERS OBTAINED ON
THE BASE OF OLIGOMER INITIATOR AND MONOMERS
OF PYROLYSIS FRACTION OF 49PETROLEUM

PRODUCTS

N. A. Busko,V. K. Grishchenko, A. V. Barantsova, Ya.V., Kochetova,
U.A. Silchenka N.V.Gudzenko

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine

In the last decades vegetable oils get considerable interest in polymeric
chemistry as initial raw materials for synthesis of polymeric materials.
Investigations on modification of vegetable oils have allowed to synthesize new
reacti ve ol i go msedasexteRs[o) agents And bldtk capolgmens
(BCP).

The perspective method of obtaining copolymers and block copolymers on
the basis of vegetable oils is preliminary synthesis of oligomer azoinitiator (OAl).
This method not only is directly incorporatedvall-characterized OAI block into
the BCP chain, but blocks, which can be prepared by different routes (i.e., either
polymerization or polycondensation). At first, lawolecular azoinitiator with end
functional groups interacts with vegetable oil, anentithermal decomposition of
azogroups in the vinyl monomer presence initiates formation of triglycefitd
copolymer by radical polymerization.

Development of new technologies of synthesis of hydrocarbon
(petropolymeric) resins (PPR) by oligomerizatiaf vinyl-containing monomers of
pyrolysis fractions of the oil products forming as the waste of ethylene
manufacturing is an actual problem. This problem is connected not only the
solution of ecological problems of recycling the waste of petrochemical
manufactures, but ones of replacement of polymers of natural origin which are
used in the foogbrocessing industry on synthetic products in manufacture of paint
and varnish materials, replacement of rosin and softeners in paper manufacture,
industrial rubber goodand tire rubbers. The basic lack of PPR is their enhanced
fragility that causes low elasticity of coverings on their base. In this connection,
vegetable oils are added to PPR. It is caused by higitigizing ability of oils and
propensity of vegetable oils to oxidizing polymerization in films. For improvement
of compatibility of PPR with oils, it is expedient to add to them modified by oils
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PPR or block copolymers that will promote improvement lofgicatmechanical,
protective and decorative properties of coverings. Using of PPR in paint and
varnish industry provides fast drying of coverings, excellent water, oil and
chemical resistance.

The purpose of the given work is study of synthesis of btmpolymers
(BCP) by method of radical polymerization, initiated by oligomer azoinitiators on
the base of vegetable oil, and caracterization of their physheasthical properties.

In our works [13] oligomeric azeand poliazoinitsiator (OAl) are
synthesied on a basis macrodiisocyanates andcaropounds with end functional
groups were used for both thermalnd photeinitiation of vinyl and diene
monomer polymerization.

The method of synthesis of oligomer azoinitiator of castor oil (OAICO) was
developed on the base of monomer azoinitiator diazoaminobenzol (DAAB) and
triisocyanate of castor oil (TICO) at molar ratio of TICO:DAAB=1:3 the OAICO
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The reaction of interaction of isocyanate groups TICO with amine groups
DAAB has been studied by method of FI$Rectroscopy on the {Bpectrometer
Tensor 37 (Bruker)

absorption

3408 3340

N

NH
3340

-
_// N

NH
3200

N
/ Nk 3

3500 3000 2500 2000 1500 1000 500
Wavenumber

Fig. 1.IR spectra of DAAB (1), TICO (2), oligomezoinitiator of castor oil (3).
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On the base of synthesized oligomer azoinitiator of castor oil and monomers
of t9pymlysis fraction of petroleum products or styrene, block copolymers of
type ABA (A1 block of castoroilL, B bl ock of oligostyrene
synthesized bymethod of thermoinitiated radical polymerization at temperature
130 during 10 hours. Kinetic studies
method of differential calorimetry on the calorimeter DAKA. The structure of
the new block copolymers was invigstted by the means of FTHRpectroscopy.
Molecularweight characteristics of TICO, petspblymer resin, received on
the monomer initiator DAAB, oligostyrene (OSt) castor®mil i gost yr ene (
St) and castor cilpetrotpolymer (BCP CGdg) of syntheied block copolymers
were studied by the method of exclusion chromatography on the chromatograph
Du Pont LC System 8800 with bimodal exclusion columns Zorbax. The resulted
viscosity has been calculated for synthesized BCP, TICO and -petywher
resins,received on the monomer initiator DAAB for what relative viscosities have
been defined at use of Ubbelohde type viscometer at temperatwre 26 Ta b | e
The calculated specific viscosities change similarly to the molecular masses,
measured by the method of chromatography.

r

Table 1. Molar weightcharacteristics of BCPs

Samples Mn MW MZ MW/Mn t Sv) M specific
hmvim, (%) viscosity

[n]

Ost 8000 (10000 (12000 1,23 100 -
TICO 3000 (7000 23000 (2,21 29/71 0,045
PPR 22000 [48000 |112000 (2,22 19/81 0,052
BCP COu (35000 (130000 (341000 (3,71 50/50 0,084
BuP COSt (81000 [163000 |253000 (2,02 86/14 0,148

P (Mw) percentage ratios of fractions of fi@ymer, calculated on the integrats
area of highmolecular and lowmolecular peaks of a curve MMW; himhigh-
molecularweightfraction Im- low-moleculanweightfraction

Thermal behaviour of the new block copolymers was evaluated by
differential scanning calorimetry (DSC), with respectrétaxation transitions in
the soft (castor oil) and the hardo(@r St) blocks of the type ABA. The
experimental data for heat capacity and glass transition temperatures are
summarized in Table 2 and thermograms corresponding to block copolymers ABA
are pesented in Figur2.

It was shown that studied BCPs are a typical-pliase polymeric systems
with two glass temperatures (Tg) with a formed interphase field.

[88]
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Table 2. Thermodynamic characteristics of BCPs
Samples Tg,1, ACp,1, | Tg,2, ACPp,2,
K J/ (g4 K J/ (g4
TICO 222 0.36
PPR 272 0.34
St 334 0.54
BuP -8&0 230 0.21 311 0.32
BCP COuyg 234 0.29 263 0.35
6 -
T s
— 5 e - - —./.— ] T 4
g g P 2):{;. 263 3:{1 e g
o b e /./'
2310 ’/,/"' [334 <<,
3l ___,—-”"’.
‘272 =
.1 —.’-4/_,« — 1
e <" 222
1| ././
léO 2(‘]0 2;0 3(‘)0 3;0 4(‘)0 4;0
T.K

Fig. 2. Temperature dependences of heat capacity triis@atgaof castor oil
(TICO) (1); petrolpolymer resin, received on the monomer initiator DAAB (2);
oSt ( 3) ;-St By BCPCA®u4gy (5). ). Beginning at curve 3, all the
subsequent ones are displaced relative to the ordinate axe 0.5
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DESIGN AND PROPERTIES CONTROL IN OMPOSITE
MATERIALS BASED ON RECYCLED RUBBER,
PET, PVC and HDPE

C. Cazan, M. Cosnita, A. Duta

Transilvania University of Brasov, Centre Product Design for Sustainable
Development, Eroilor 29, 500036 Brasov, Romania

Composite materials were developed by optimizing the composition
parameters (filler, percent of filler) anket technological parameters (compression
molding time, the temperature range, duration, pressure, and speed of injection).
The interface properties optimization were done by using an additive (HDPE) to
make the matrix (tire rubber) compatible with theefdd (PET and/or PVC).
Correlations microstructure interface properties are developed, as an essential
step in the design of multifunctional composites. The interface and mechanical
properties were evaluated using integrated characterization techniques fo
composition (FTIR spectroscopy), morphology (AFM), surface energy (contact
angle measurements), crystalline structure (XRD), mechanical strength (tensile
strength, compression, impact); mechanical characterization allowed comparing the
synergetic effect of polymefrpolymer composites and the influence of the
processing parameters on the fracture behavior.

Since injection molding has been a successful method for mass production
of glass fibeireinforced plastics, it is of great interest to optimize thécess for
the production of composites based on wastes: tire rubber and plastic materials.
The injection used a standard mold for developing samples to conduct tensile tests,
compression tests and impact tests. The results allowed to optimize the pgpcessi
parameters for each composition: injection speed, injection pressure, injected dose,
injection temperature and velocity.

Table 1 The samples composition

Samples cod rubber (%) PET (%) PVC (%) HDPE (%)
1 50 45 - 5
2 45 45 5 5
3 45 35 15 5
4 45 25 25 5
5 45 15 35 5
6 45 10 40 5
7 50 - 45 5
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The compositions of the wastbased composites in injection moulding are
presented in Table 1, while the processing parameters that were varied during
injection are included in Table 2.

Table 2. The processig parameters

Code T1 | T2 | T3 | T4 Vyq P Velocity
(FC) | (AC) | (FC) | (AC) | (cc) | (bar) V1 V2 V3

1a 195 | 205 | 205 | 210 64 175 | 15%;13%12%;
12mm;10mm

2a 195 | 205 | 205 | 210 64 175 | 15%;13%310%;
12mm;10mm

2 195 | 205 | 205 | 210 64 150 | 15%;13%10%;
12mm;10mm

3a 195 | 205 | 205 | 210 63 175 | 15%; 13%; 10%;
12mm;10mm

3b 195 | 205 | 205 | 210 63 150 | 15%; 13%; 10%;
12mm;10mm

3¢ 195 | 205 | 205 | 210 63 125 | 15%; 13%; 10%;
12mm;10mm

42 195 | 205 | 205 | 210 62 175 | 15%; 13%; 10%;
12mm;10mm

ab 200 | 210 | 210 | 220 62 175 | 15%; 13%; 10%;
12mm;10mm

5a 205 | 210 | 210 | 215 60 175 | 15%; 13%,; 10;
12mm;10mm

6a 200 | 210 | 210 | 215 58 175 | 15%; 13%,; 10;
12mm;10mm

6b 200 | 210 | 210 | 215 58 175 | 15%; 13%,; 10;
20mm;15mm

6C 200 | 210 | 210 | 215 58 175 | 15%; 13%; 10;
35mm;20mm

After analysing all the dat@lable 3)obtained during the expiments, it
can be concluded that no significant differenteshe mechanical propertiese
registeredwhen the injection parameters are varied for the same type of composite
material, except a slight in the tensile strength with the decrease in eb#oinj
pressure for composite 3, while an increase of the injection temperature led to an
increase in the compression strength for composite 4. The reason for the small
differences between the composites created with different injection parameters is
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would be changed more drastically, larger differences could become clearer.

Table 3.The mechanical properties for the rubi¢DPE:PET:PVC composites

Code Rtr. 2 E 5 Rcompr.2 ECharD%/ EIzod2

(N/mm®?) (N/mm?) | (N/mm?) | (k3/m?) | (kJ/m?)

la 12,09 320,0 75,66 57,11 3,35
2a 13,79 805,5 78,71 21,60 4,20
2b 8,42 407,0 57,73 59,08 2,87
3a 5,64 638,5 36,30 27,99 2,05
3b 3,86 284,9 37,59 35,33 3,23
3c 6,51 515,6 35,76 25,60 2,64
4a 4.4 1801 22,35 33,21 2,99
4b 3,64 364,8 34,28 31,45 2,05
5a 4,43 2544 31,17 36,05 2,52
6a 5,22 386,3 35,75 33,91 2,75
6b 5,02 621,1 27,07 29,36 3,11
6C 4,66 383,6 28,09 34,62 2,75

In order to elucidate what chemical and/or physical interaction took place
between composite components during blend curing, FTIR spectra analysis were
performed for the composite withehhighest dimensional stability and the data
show that more bands are formed, indicating new chemical interaction between
polymeric composite amponents (PVC, HDPE and rubber). These results are
supporting the mechanical tests results. Considering the FTIR analysis and contact
angle measurements, it may be conclude again that new interfaces between the
components of composites are formed.

Table 4. Contact angle, surface energyg) and i tPsg) ang dispersive ( G
( %) componentfor the samples 2b and 3b
Samples Uyater Usar 0 sv G %v U Psy
cod [MmN/m] [MN/m] [mN/m]
2b 86,3 70,2 23,46 17,87 5,59
3b 82,4 72,8 38,45 27,47 10,58

For the 3b sample the lowest surface rgies of 27.47 mN/m were
registered as result of a compact structure, in good agreement with mechanical test
results (mainly in terms of compression resistance). From the results of the contact
angle measurements one can observe the decrease in the soef@gevalue after
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long term water immersion, recorded for the composites thermally treated at
composite type 3. This result is in good agreement with mechanical tests result,
which showed an increase in compression strength of this composite, prating th
more compact interfaces are developed.

Results obtained from contact angle measurements, support the assumptions
of the changes in the morphological properti#sen the functionalized PVC were
used for obtain the rubb&VC-HDPE composites, the disped particles were
reduced and the interfacial adhesion of the phases has been improved. Therefore,
the compatibilized blend clearly revealed a finer phase dispersion and smaller
domain size in SEM micrographs, and composites 2b and 3b confirm a better
interfacial adhesion and finer particle morphology than another composites.

53400 15.0kV x650 BSECOMP 50Pa

Fig. 1 SEM image of sample 2b Fig. 2SEM image of sample 3b

In the scanning electron microscopy images of the fractured sFigse 1
and 2) more phases and voids arelimeid, occurred after the failure of the sample
at tensile tesfThis homogeneous and dense structure is confirmed by contact angle
measurements.lt can be distinguished phases and interfaces achieved between
composite components. The areas wide openk ciaour represent a mixture of
homogeneous / less homogeneous interface between rubber and HDPE.

When different composites are compared to each other, it can easily be seen
that increasing amounts of HDPE and PVC in the composite have a positive
influence on all the mechanical properties. The composites 2b and 3b showed the
most promising set of properties to be used as construction materials, also proving
very good stability after long term water immersion, thus these could be used as
waterproof foils, bricks, etc.
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SHEDDING LIGHT UPON THE INFLUENCE OF
CONFORMATIONS AND MICROSTRUCTURE ON THE
PHOTOPHYSICAL PROPERTIES OF CONJUGATED
POLYMERS: CASE STUDY ON FLUORENE-VINYLENE
ALTERNATI NG COPOLYMERRBODON dAHAI
ARCHITECTURE

L. Ciangal’z, D. G°%e r?, L.¢Cdnhga1kE.- G. Hitruc 1, v. Yagciz'3

lapetru Ponio Institute of Macromolecu
Alley, lasi 700487, Romania
ioanc@icmpp.ro

2 Department of Chemistry, Faculty of Science and Letters, Istantohinital
University, 34469, Istanbul, Turkey

3 Center of Excellence for Advanced Materials Research (CEAMR) and Chemistry
Department, Faculty of Science, King Abdulaziz University, P.O. Box 80203,
Jeddah, 21589, Saudi Arabia

Conjugated polymers (CPs), erof the most fascinating examples of
specialty soft materials, have undergone an unprecedented pace of development in
the last four decades. Their applications, such as-digfitting devices (LED) and
displays, photovoltaics and organic field effect siators (OFET), electrochromic
devices (ECD) or sensors and actuators, rely on their conductivity, -pbioto
electroluminescence, ligltduced charge generation and Hdimear optical
behavior [1].lt is alsonoteworthythat research on CPs for biomediapplications
expanded greatly in the 1980s and, since then, their useful properties were
exploited in order to obtain advanced materials for biomedical applications like
regenerative medicine [2,3] or diagnosis and therag#}.[4

Concerning the CPs biomiedl application, there is a shiftom the use of
organic electronic coatings to the use of organic electronic delpatésn vitro
andin vivo that positively impacts the worldwide individuals quality of life. The
new rising field of organic bioelectras attracts great scientific interest [8]. As
one of the main objectives is to develop low cost and flexible electronic
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components in largscale, at the core of the strucfiyseoperty relation research is

the need to improve the performance of electrdeiices based on CPs.

Understanding the role that morphology plays in the electronic properties
and longterm stability of these devices concomitantly with the identification of a
proper synthetic strategy, allowing the conformation chains modification i
controllable and systematic manner, are critical for creating better materials.

The physical and electronic properties of CPs are very sensitive toward the
conformation adopted by the polymer chain in a given solvent. Some experimental
evidencessugget t hat the fAmemoryo of the sol
through solution processing. On the other hand it has been proven that, efficient
and rapid migration of excitation and charges through CPs material could be
reached by films having ordsa structures from the narto macroscale.

The molecular selassembly (SA) in solution or in melt, is an elegant path
to achieve reproducible materials structuring at the nanometer scale. The complex
attractive and repulsive interactions required for &Astructures composed of
different building blocks need to be already encoded in the basic units. To design
and build macromolecules capable of forming a desired superstructure by SA,
mani pul ating el ement al RUOPNOO neetr r dodagi gtys
important aspect in the CPs field. [1]

Excepting the fact that CPs are sensitive at almost all the external stimulus
(electric, photo, electromagnetic, mechanic, electromechanic, etc.), their organizing
capability through selissembling mediated bgon-covalent interactionsnfn
staking, electrostatic, van der Waals, hydrophobic, hydrogen bonding) is notorious
and could be usefully directed by their covalent linking with-tikéd polymers [1].

The resultingrod-coil copolymers, due to the anisotiopnolecular shape
and orientational organization imparted by the stiff-likd conformation of the
conjugated blocks, give a plethora of different morphologies in solid and solvent
dispersed states even at low molecular weights [4].

Fig.l.iHa-Rody models and the molecular for
[96]
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Both supramolecular shapes of the formed aggregates as well as their
stability can be manipulated by the variation of macromolecular architecture. In
this context conjugated recbil copolymes i n irichda@ r ar chi t ec
become an exciting research field for the new materials with unexpected properties
otherwise impossible to be obtained by the polymers with common topology.
Although they have similar propensity for SA as their linear-goitl block
copolymer analogs, neverthel ess-rtoldes 0mo
are significantly better when used for electronic devices, as recently reported [9].

Based on our own previous experience, in the present approach we focused
on the materials design strategioward the new conjugated polymers having
Aharogo topology (Figure 1), by engine

Thefi macr omon o me rwadg chasénnfar gha syathesis of new
copolymers, due to its advantages relatedath-defined grafting density and side
chain length, defedtee polymer structures and ease of access in copolymer
synthesis [4]. As conjugated, rigid main chains we drive our attention toward
poly(fluorenylene vinylene)s (PFVs) which, having similarustures to PPVSs,
combines the structural characteristics of PPVs with those of polyfluorenes, and
show higher thermal stability and photoluminescence quantum yields.

The Wittig polycondensation was chosen due to the fact of being a suitable
route for thesynthesis of weltlefined strictly alternating copolymens.Terphenyl
is a chemically, electrochemically and photochemically stable -&gtitting
chromophore. It is also a wéthown mesogene, which has been widely used to
generate liquid crystals withidh birefringence.

Oligostyrenic, oligee-caprolactonic and PEG 2000 side chains were used in
t he synt hsehsa pe do f-s hialpetapheyyp macromonomethat
were subsequently conducted to amphiphilic, amphipolar or low mixing entropy
materids.

Targeted goals of the present research are as follow:

(i)- Selfassembling in solution of the synthesized alternating copolymers in
various solvents; modifying their selectivity in relation to the main or side chain by
direct dissolution method,;

(ii)- Size and shape characterizations of the formed colloidal assembles by
integrated methods'H-NMR, dynamic light scatterin@®LS- and atomic force
microscopyAFM);

(iif) - Obtaining thin films by drojrasting method on the supports with
different surface engy (mica and HOPG), morphology characterization and the
assessment of the influence of surface character on the morphological transition
during the film forming;

(iv)- Studying the photophysical properties of the synthesized materials in
solution and filmin order to establish how the peculiar structural characteristics as
well as their processing are decisive factors in manipulating chain conformations
and morphology that directly impact the properties;

[97]

r



| The3“ CEEPN Workshop on Polymer Science
SeptembeP3-26, 2015
lasi, Romania

000

r P9

a

The results of our investigation demonstratedhat tre conjugated chain
conformation as well as the sel§sembling properties and film morphologies can
be manipulated by chemical changes (the nature, number of the side chains) and
also by processing (solvenbr surfaceinduced changes). Best to the our
knowledge our studies on the new obtained structures revealed for the first time:

- Foldamers forming from oligomers of PPV type, totally water-self
dispersible with promising applications in both-xo optoelectronic devices;

- Vesicle forming from conjugae d p ol y mAneordss Of hianiirbya c k
selective solvent;

Acknowledgements

One of the authors (I.C.) acknowledges the financial support given by The
Scientific and Technol ogical Research
fellowship.

1. Cianga |., Yagi Y.// Prog Polym Sci. 29 (2004) 3&809.

2.Bendrea AD., Cianga L., Cianga |// J Biomat Appl.26 2011), 385.

3. Bendrea AD, Fabregat G., Torras J. , Maione S., Cianga L., del Valle L.
J, Cianga |. Aleman C.// J. Mater.Chem B, 1, (2013), 43:3145.

4. Cianga L.,Bendrea AD., Fifere N., Nita L-E., Doroftei F., Ag D., Seleci
M., Timur S., Cianga |., RSC Adv. 4, (2014)5638556405.

5. Ag D., Seleci M., Bongartz R., Can M., Yurteri S., Cianga I., Stahl F.,
Timur S., Scheper T., Yagci ¥ Biomacromoleculeg4 (2013), 353:8541.

6. Yuksel M., Colak D.G., Akin M., Cianga I., Kukut M., llker Medine E.,
Can, M., Sakarya, S., Unak, P., Timur, S., Yagci/ Biomacromolecules
13 (2012), 268@2691.

7.Colak D. G., Ciang, I., Demirkol D.O., Kgas O., Medine E. I., Sakarya
S., Unak P., Timur S., Yagci/fJ. Mater. Chem. 22012), 92939300.

8. Rivnay J., Owens R.M., Malliaras G.GChem. Mater, 26, 014) 679
685.

9. Kim H. J., Kim JH., Ryu JH, Kim Y., Kang H., Lee W. B., Kim-$.,
Kim B.J. //ACS Nang 8, (2014), 1046110470.

[98]



| The3“ CEEPN Workshop on Polymer Science
SeptembeP3-26, 2015
lasi, Romania

000

P
S
ar P10
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CONDUCTING POLYMERS: CARBOXYL, SCHIFF BASE
AND TERTHIOPHENE -CONTAINING RANDOM
COPOLYMERS AS PROSPECTIVE BIOMATERIALS

L. Ciangal, M. M. -I\Hh@igaézz:g, L. J. del Valle2, l. Ciangal,
C. Al%23msn

l3Ppetru Ponio Institute of Macromol ecu
Alley, lasi 700487, Romania
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2Departament d6Enginyeri a Qu i nca cda , E
Catalunya, Barcelona, #8028, Spain

Scenter for Research in Nanoengineerin
Barcelona, E 08028, Spain

An interesting sociological aspect of the research on conducting conjugated
polymers (CPs) has beenetlevolving target for technological applications, and
hence emphasis on peculiar physical properties, that has motivated the research in
the ensuing almost 40 years.

Driven by the possibility of magzoducing cheap and sustainable
electronic devices, the nt er di sci plinary emerging f
(organic/plastic e | e cconjugated cnwlecules iwihe b
increasingly complex structures [1]. Recently broughtmta r k e t Sonyds
televisions, as well as Samsung Impression deting near to the first general
illumination OLED panels (Philips Lumiblade and Osram ORBEOS) are
successful commercial examples of CPs applications.

On the other hand, integration of CPs was alsasideratedn the field of
the biomaterials, tailoring 8m into more intelligent and advanced ones. Freedom
in chemical modification, ease of processing on flexible substrates, soft mecahnical
properties and, most important, combined ionic and electronic conductivity and
capability to operate in hydrated stateke CPs uniquely suited for interfacing
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with biological systems [2].

Placed at the convergence between organic electronics and biology, the new
rising field of organic bioelectronics attracts great scientific interest [1] and it is
naturally developingtai ng t he CPsd® above mentionedo

Already known as a viable alternative for tissue engineering [3], the use of
CPs in new bioelectronic devices is expected to provides conformal, -ighly
compliant, functional humamachine interfaces for this apgdition.

These targets fuel the research interest in the synthesis of new CPs as
suitable materials for such applications. It is also the case of the present study that
reports about electroactivity and bioactivity of random copolymers films, PAzbT
co-Th3), obtained by electrochemical copolymerization betwezn 2 Nj: 5 Nj, -
terthiophene (T§ with a new reportedbis-thienyl type monomer (AzbT),
containing preformed azomethine likages and a carboxyl functional group as is
presented in Figure 1.

As electrochemical method, chronoamperometry was applied for synthesis
using acetonitrile and tetrabutylammonium tetrafluoroborate (TBATFB) as the
solvent and the dopant agent, respectively [4].

_ " Biocompatible
scaffold

Fig. 1. Suggestive representation of the comonomers structure used for the
synthesis of copolymers and optical images of dmnggatible scafflods

The structure of the new monom@zbT was spectroscopically proved
(NMR and IR), while the copolymers film composition was assesed by XPS and IR
analyses.

The electroactivity (charge storage ability) and electrostability (loss of
eledroactivity with consecutive oxidatiereduction cycles) of PThand P(AzbF
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co-Th3) films were determined by cyclic voltammetry (CV) assays, while optical
properties ofP(AzbT-co-Th3) films deposited onto ITO were recorded between
300 and 800 nm in the afmbance mode by UWis spectroscopy. Thickness,
morphoplogy and topography of the obtained films were evaluated as well by
specific methods (profilometry, SEM and AFM microscopy).

The study results revealed that, in spit¢hef easiness of its obtainmette
AzbTbés structur al peculiarities are r
electrochemical homopolymerization and the concomitant and complex
phenomena that take place in the reaction medium when its copolymerization with
Th3 was applied. Thusjue to the presence of the ionizable carboxyl function,
AzbT can work as both comonomer and dopant, the resulting copolymers
belonging to the socalleld s edrf aut odo pi Thg anpunt offlgerr s O .
the reaction medium shifts the equilibrium betwélea two forms ofAzbT and
consequently dictates the final properties of the obtained materials.

The potential application of P(Azbdo-Th3) films as bioactive substrates
has been evaluated using human osteosarcoma and monkey kidney epithelial cell
lines (MG-63 and Vero, respectively). The film of 80 : 20P(AztdFTh3)
copolymer promotes cellular viability, most probably due to the presence of the
carboxyl groups. More specifically, we hypothesize that such a favorable response
is essentially due to the ragmition of fibronectin and integrins from cells by the
imine and carboxylate groups of AzbT units.

If the antibacterial activity ia priori taken into account due to the presence
of the Schiff base functionalities in its structure, the obtained matstialsid be
considered as a suitable bioactive platform for advanced biomedical applications in
which optical properties similar to those displayed by semiconducting
polythiophene derivatives are required.

1.de Mello J., Anthony J., Lee BChemPhysCha. 15, (2015) 1099.100.
2. Guo B., Glava L., Albersson-g. // Prog. Polym. Sci.38 (2013) 1263
1286.

3.Bendrea AD., Cianga L., Cianga 1// J Biomat Appl.26 (2011), 385.

4. PerezMadrigal M.M., Cianga L., del Valle L.J., Cianga I., Aleman/C
Pdym. Chem., 6, (2015), 4314335.
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STRUCTURING, THERMOMECHANICAL AND
ELECTRICAL PROPERTIES OF NANOCOMPOSITES
BASED ON PECTIN, POLYETHYLENEIMINE AND Cu/CuyO
CORE-SHELL NANOPARTICLES

V.L.Demchenkq S.V. Riabov, V.I. Shtompel

Institute of MacromolecularChemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
dvaleriyl@ukr.net

In the last decade, considerable attention is patdescientific researas
dealing withpolymer nanocomposites, filled with nanoparticles of different metals
or metal oxides [1]Metallo-containingcompoundsanprovide polymermaterials
with special optical electrica] magneti¢ and mechanicalpropertiesas well as
catalytic activity [2]. The capability of functional groups on polyelectrolytes to
bind metal ions offers a possibility for their application as sorbing agents, ion
exchange materials, components of selective membranes, or as precursors for
preparation of polyméinorganic hybrids \a reduction or precipitation of metal
ions [3]. Polymeiinorganic nanocomposites are important candidates for
construction of photonic devices, bapass filters, components of nonlinear
optical systems, optical limiters, elements of microcircuit chipsec. et
Polyelectrolytebased materials, including ultrafine particles of silver and noble
metals, exhibit antibacterial properties and are therefore promising for application
in medicine [4].

The aim of this study is to investigate the features of the singstu
thermomechanical and electrical properties of the nanocompositamed via the
chemical reduction of Ciications in theernary polyelectrolytenetal complexes
(TPMC) based on oppositely charged polyelectrolypetin polyethyleneimine)
and s CuSQ.

The stoichiometricpolyelectrolyte complex REQ, which is formed by
equimolar amountsfahe anionic and cationic paectroltes, is characterized by
shortrange orderingduring translation of fragments of oppositely charged
polyelectrolyte meromolecular chains in space. Tleiscumstance is indicated by
the appearance of omiffuse diffraction maximum witl2d,, ~ 20.8A o nX-rayh e
diffractogram of the PEC sample (see Figcurvel). The averge value of the
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period of shorrange ordering ofrhgments of complementary magrolecular
chains of oppositely charged polyelectytes in the PEC (théBragg distance
between themacromolecule chains of anionic and cationic polyelectrolytes in the
PEC) is4.3i .

T, rel. units.

Fig. 1. Wide-angle Xray
diffractograms of I) the PEC;
(2) the TPMC; and3i 10) the PEC
Cw,0 nanocomposites obtained via tr
chemical reduction of Cii cations in
the TPMC at molar ratios oBH,' ] :
[C*1=(3 05,81 6)2 63, 04
(8) 5, ©) 6, and 10) 10.

0 1 : 1 ) m‘
15 30 45

However, the sorptionf CuSQ, by the initial PEC sample and formation of
the PECCU?* TPMC is accompaniebly a change ithe diffractogram. This result
is indicated by theappearance of an intense diffuse diffraction maxinat2d;, ~
11.2A  ( c2yin thes presence of a leimtersity amorphous halo, which, unlike
that for the initialPEC, has an angular posiii at2d,, ~ 20.4A(d ~ 4.4 ). This
diffraction maximum according to %], characterizes the existencef
polyelectrolytemetal complexesetween the central ionsC(*) and ligands,
whose role is likely to be played by the nitrogen atofrthe amino grops of PEI
and by the carbonyl ogen atoms of the anionic polyelectrolyte. With the oke
the angular position of this diffraction peak on tKeay diffractogramof the
TPMC, average Bragg damce d between he macromolecule chains of
polyelectrolytes oordinated withCu?* cations is found tbe 7.9 .

During investigation of the sorptiooharacteristics of PEC films it was
found that the PEC has a high sorption capagity 2.9 mmol/gwith respect to
wU?* cations.

After the chemical reduction of Cucations with the use of sodium
borohydride (molar rati§BH,'] : [Cu?] = 0.5 10) in the TPMC bulk, the Xay
diffractograms of nanocomposites show a gradual transition from nanocomposites
based on PEC an@u,O nanoparticles to the nanocomposites based on PEC and
Cu/CyO coreshell nanoparticles, when the amount of the reducing agent is
increased (curv@i 10). At the same time, one can observe a significant decrease in
the intensity of the diffraction peakharacterizing the existence of polyelectrolyte
metal complexes &d, ~ 1 landtWo diffraction peaks also appeare@dyt ~
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35.6A and 40. 8A, ¢ o n fOinanopartictes, antd additformlr ma
two diffraction peaks emerged ati,~ 42. 8A and 49.6A, r el
copper 6s phase ,0Csramopadities inethe ®EC bdg]./ABy
accordingto wide-angleX-ray diffraction it may be concludedthatthe molarratio

BH, : CU#* = 6 is optimum for the formation of PECu/Cw,O nanocomposites,

when the full structural appearance of the metal Gaselis observed.

The conversion of PECW ternary metapolyelectrolyte complees into
nanocomposites contaig Cu/CyO nanopdicles is confirmed by transnsi®n
electron microscopy (see FigR), and the averagesize of the Cu/Ci©
nanoparticles in mocompositess 10 nm. Analysis of the micrographs showed
that thenanoparticles aretatisticalIydistributed in the?EC.

P »® 2
by '. '. .’.' ’!? ". ‘e
‘\";.'. '.‘~ '. J'

[ APRARY . ’ ..; e Fig. 2. TEM micrograph of the PEC
B o Cu/Cy0O nanocomposite obtained vie
T IR WL the chemical reduction of Clcations
5 o ‘. in the TPMC at a mak ratio[BH,'] :

ey A AR [CU/]=6.
ARG L e
L NS R £

Analysis of the thermomechanical curve of the initial PEC (see3Fayrve
1) demonstrated that temperature transitions that are associated with the
temperatures of the glass transition and flow occur irtdhmperature rages 2%
145M4 and 2653508, respectively.

&%
100

Fig. 3. Thermomechanical curves (1)
the PEC, 2) the TPMC, and3) the
PEQ Cu/CwO nanocomposite obtaine
via the chemical reduction of &u

cations in the TPMC at a molar ratio

[BH,]:[CU/] =6.

75 -

50 |-

0 100 200 3
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Furthermore, in the range of temperatures28®4, there is a temperature
transition thais due to the melting of the crystallites in REC that are related to
anionic polyelectrolytes. However, the introductionGafSQ, into theinitial PEC,
which causes the TPMC formation, is accompanied by the appearance of a
temperature transition @054 on the thermomechanicaurve, a phenomenon
that is due to the melting @uSQ in the PEC. This leads to the transitiointhe
polymer to he viscoudlow state (curve2). Analysis of the thermomechanical
curves ofthe PEC, the TPMC, and PECuU/Cy,O nanocomposite shows that,
during thetransition from the PEC to the TPMC, glasansition temperature,
increases, and during the transitioronfr the TPMC to the PHCuU/CyO
nanocompositey, significantly decreases. Simultaneously with the decrea$g in
a decrease itranstion temperature in the viscofisw state, T;, occurs in the

following SerIeS:Tf(PEC) > T pec-cucuo) > Trapug *

Studying of the fequency dependence of the real part of sha mp | e s 6
complex conductivityl.{f) revealedthat the PEC and PMC exhibit dielectric
properties, nanocomposite PECL/CyO has the propertiestrinsic toinsulatoi
semiconductor (Fig. 4). It was found that thensition from PEC andPMC to
nanocomposites PECu/Cy0 resulted in the enhancing 6f(f) magnitude in the
range of two orders.

Fig. 4. The frequency dependence o
10°¢ the real part of the complex
conductivityl,{f) atT=20 N 2
(1) the PEC, 2) the TPMC, and3) the
PEQ Cu/CwO nanocomposite obtaine
via the chemical reduction of €u
cations in the TPMC at a molar ratio

[BH4]:[CU"] =6(3).

1. Nicolais L.Metali Polymer Nanocomposites (2005) New York: Wiley.

2.Yan Y, Huang JHierarchical assemblies of coordination supramolecules
// Coord. Chem. Rev. 254 (2010) 167@80.

3. Bruening M.L., Dotzauer D.M., Jain P., Ouyang L., Baker @iteation

of functional membranes using polyelectrolyte multilayers and palyme
brushes // Langmuir 24 (2008) 768873.

4. Nicolais L., Carotenuto G. (edMetalpolymer nanocomposites (2005)
John Wiley& Sons

(105



0 | The3“ CEEPN Workshop on Polymer Science
SeptembeP3-26, 2015

C lasi, Romania

c P11

5.8 h tompel 6 V. IStrycturi ef LicehraolyvirathaiyeB008)

Naukova dumka, Kiev [in Russian].

6. Kou T., dn C., Zhang C., Sun J., Zhang Kanoporous coiehell

Cu@CuyO nanocomposites with superior photocatalytic properties towards

the degradation of methyl oranffdRSC Adv. 2 (2012)263612643.

P
A

r

(106



| The3“ CEEPN Workshop on Polymer Science
SeptembeP3-26, 2015
lasi, Romania

000

P
aSr P12

THE INFLUENCE OF STRUCTURE AND FUNCTIONALITY
OF CAPROLACTA M BLOCKED ISOCYANATES ON THEIR
THERMAL PROPERTIES

K. S. Didenko,N. V. Kozak, T. V. Dmytriieva, H. M. Nesterenko,
V.l. Bortnytskyi, N.l. Stepanenko, V.V. Klepko

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48 Kharkivke shausse, Kyiv 02160, Ukraine
didenko.katherina@gmail.com

Latent (or blocked) isocyanates (BIC) are compounds that can release free
reactive isocyanate groups at a distinct temperature. The BIC thdigsaciation
temperature depends on structure of isocyanate (IC) and blocking agent, medium
(solvent) and catalyst [1,2]. Moreover, IC functionality and structure (aromatic or
aliphatic) has a significant impact on process of BIC thermal dissociatdn [3,

Hence, the aim of our research was to investigate the influence of structure
and functionality ofJcaprolactam (CL) blocked isocyanatest@tyl isocyanate (o
TICb), toluene diisocyanate (TDIb), methylene diphenyl isocyanate (MDIb) and
hexamethylene diisocyanate (HDIb)) on their thermal properties, particularly on

thermal dissociation temperature.
Scheme below illustrates the synthesis of CL blocked IC:

CH,
H
N=c=C N|( acac) , NYN
O
s0°c o (o]
N:C/o Ni( acac) ,
F< B + 2 o°c \[r ~ / T
NfC%

<>f e

The reaction was carried out at’@0for 4 hours. Reactant contents ufad
BICs synthesis are listed in table 1.
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Table 1 The contenbf reactants for BIC synthesis

BIC IC CL Ni(acac)
0-TICh 1 1 0,03
TDIb 0,7 1 0,01
MDIb 1 1 0,01
HDIb 0,7 1 0,01

The blocked isocyanates thermal characteristics and thermal dissociation
temperature (J) of are shown in table 2.

Table 2 The characteristics of CL blocked IC

BIC Fom Yield, % Ty, o Tl o
o-TICh light-yellow powder 91 100-110 76-78
TDIb white powder 88 120130 72-74
MDIb white powder 85 150160 148150
HDIb light-grey powder 66 110120 57-60

The reaction was controlled by FTIR spectroscopy. FTIR spectra we
recorded on th@ENSOR 37spectrometer Bruken) in the frequency region of
4000i 400cm™.

Thermal properties, particularly thermal dissociation temperature, were
investigated by thermogravimetric analysis (TGA) and pyrolysis +mass
spectrometry (MS). T& was performed with a TGA analyzer (Derivatograph Q
1500D system F.Paulik, J.Paulik, L.Erdey). In the analysis, 50 mg of sample was
heated from room temperature to ¥0@vith a 16C A mtiheating rate.

The MSinstrument that consists of liner pyrolysislic(temperature range
257 400%) and masspectrometef mi 1321 allowing determination of the
components of gas mixture in the mass number region48f00, was used for
investigation of initial isocyanates and caprolactam blocked ones.

From the FTIR spdmscopic analysis, all BIC spectra are similar and does
not show intensive NCO absorption peak at 2275".c@haracteristic bands at
1705, 153%nd1395fm™* (amide 1, Il and I, respectively) are observed. It ought
to be noted that Bl@pectra have twamide | bands1705fm™ corresponds to
formation of amide bond during reaction of IC and CL whef@&&Sfim™ is amide
| band presented in CL spectra. FTIR spectra confirm the formation of new bond in
BIC: o-TICb, TDIb, DFMDIb and HMDIb.

According to TGAdata the thermooxydative destruction character of BIC in
the temperature range of 11B35°C depends on structure and functionality of IC.
The Td was defined as the temperature of endothermic region in DTA curve where
the weight losses at TG curve begifiable 2 represents;Temperatures.

The oTIC degraded in a single step, while for the blocked diisocyanates the
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degradation process exhibited two stages.

Thermal dissociation of BIC can pass not only through the formation of
NCO-groups. Thus, the idenitittion of products of BIC thermal decomposition is
important factor for prediction of the main reaction possibility.

The identification of BIC thermal decomposition products was carried out
by using masspectra of their pyrolysis decomposition at appedprtemperature
range to BIC thermal dissociation temperature.

Pyrolysis of BIC occurred in several stages. The temperature range of first
stage corresposdo BIC thermal dissociation process. Pyrolysis decomposition of
o-TICb goes through the 3 staged0-155% , -218% ,and 210-340% .The
main decomposition ion fragments at 3D@re fragments of mass number 113 and
133 that correspond to molecular mass of CL anrtl@ respectively. The
molecular ion of eTICb (mass number is 246) is also presenthSfragments are
present in masspectrum also at higher temperatures. With temperature increasing
the content of €TICb molecular ion decreases and it does not observed &t.300

In contrast to blocked monoisocyanate, pyrolisis decomposition of blocked
diisocyanates passes in two stages. The characteristic ion current vs temperature
dependence and corresponding regssctra are illustrated in fig. 1a and 1b,
respectively.

1800C

500

400
2
2 300 0041, b 1l ‘\ I, i . i

20 40 60 80 100 120 140 160

£
© 200
5

§
100 260°C

S/Smax

50 100 150 200 250 300 350 E\iAOO
U

RINE .

20 40 60 80 100 120 140 160

m/z
a b

Fig. 1. The temperaturdependence of ion current intensity (a) and rspestra of
HDIb at various temperatures (b).

The temperature decomposition of TDIb occurs in the rang&8%250u
and 250-320% .At 140% the main ion fragments of mass numhldB and 174
agreed with molecular mass of CL and TDI, in proportion of 2:1 are occurred. The
presence of fragment with mass number 287 corresponding to blocked TDI by one
NCO-group togetherwith CL and TDI fragments refer to continuing the
deblocking process.
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Decomposition stages of MDIb reside in the temperature regid28%f
300 and235-300%%. The main pyrolysis decomposition fragments at“&6fre
113and250in the ratio of 2:1 that aged with molecular mass of CL and MDI,
respectively. At the higher temperature the diisocyanate fragment is absent.

HDIb pyrolysis decomposition occurs in temperature ral@@2504 and
250-300% .The main pyrolysis decomposition fragments at&8fre113 and 169
that correspond to molecular mass of CL and HDI, respectively. The ion fragment
of diisocyanate is absent at the higher temperature.

From obtained data it was concludttht not only the number of NGO
groups but also their position in moleculeshan influence on thermal dissociation
of BIC. Deblocking reaction of MDIb and HDIb occurs simultaneously by two
NCO-groups, whereas it is seen from TDIb mapectra that its pyrolysis occurs
with releasing of only one isocyanate group. Opposed to MBdloyanate groups
of TDIb are located in the same benzene ring. Thus, deblocking of oneghiD@
TDIb can inhibit the release of another N@@up. Such behavior can be
explained in terms of different reactivity of TDI isocyanate groups [4,5].

Thus, thenvestigation of thermal properties of caprolactam blocked mono
(o-TICb) and bifunctional isocyanates (TDIb, MDIb and HDIb) demonstrates that
thermal dissociation temperature depends on the structure and functionality of IC.
Moreover, it was found that-conjunction of aromatic ring with -prbital of
nitrogen atoms can influence the dissociation order of blocked -HiGaps
located in the same benzene ring.
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INTRODUCTION

Last yearsthe considerable interest has grown to ionic liquids. Their
advantages over other organic solvents are in unique physical and chemical
properties such as low melting temperature, incombustibility, ecological,
electrochemical and high temperature stabiliyic liquids are progressively used
as solvents and substances with catalytic properti€$. [The structure of such
catalytic systems allows easier separation, recovery and recycling of the catalyst
from the reaction mixtures. This combination of pmbige makes ionic liquids
excellent candidates for accelerating the polycyclotrimerization of cyanate ester
resins (CER), which is usually carried out at relatively high temperatures.

Cure kinetics of the neat cyanate ester resins is extensively available
literature B]. For the best of our knowledge the catalytic effect of ionic liquids on
the cure kinetics of CER has not been reported yet. Therefore, the idea of this work
was to verify if there is any acceleration effect at polymerization of cyastde e
monomer in the presence of ionic liquid.

RESULTS AND DISCUSSION
In the current work we investigated an influence ofoctyl-3-
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methylimidazolium tetrafluoroborate ([OMIm][BP ionic liquid on curing
behavior of dicyanate ester of bisphenol E (DCBHE)e chemical formula of
DCBE and [OMIm][BR] are presented in Figure 1. The kinetic peculiarities of
polycyclotrimerization of DCBE as well in the presence of [OMImJBRwvas
investigated using FTIR analysis.

H
H\|/H

c =
H

Fig.1.Chemical structures of the DCBE and [OMIm][BF

Figure 2 shows the change in FTIR spectra afterifgeat 150C for 6
hours for neaDCBE and DCBE/[OMIm][BF,] blends with varying content of the
latter. As an internal standard the band at 1501 ofrthe benzene ring backbone
stretching vibrations was used. It is seen that at polycyclotrimerization of DCBE an
intensity of the peaks of cyanate grog£266-2235 fy m decreases arithe new
bands appeaat 1563 and 1366 chcorresponding to C=NC groups (triazine
cycle) and NICi O groups (cyanurate cycle).

benzene
ring

>
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Fig.2. FTIR spectra of uncured DCBE (1) and DCBE/[OMIm][BBlends cured
at 150°C for 6 hours with different [OMIm][BE] content, wt.%: 0 (2), 0.5 (3), 1.0
(4), 2.0 (5), 3.0 (6), 4.0 (7), 5.0 (8).
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The conversion dbCBE was calculatedising Equation (1):
0y = At)zzeezzss/ Ato 2266-2235 x10®6 (l)
AXt 1501/'At0 1501

where Ay:62235 IS the area under absorbance peak@EN groupof DCBE at

time (t); Agisor IS the area under absorbance peak of benzene ring backbone
stretching vibrations at time (t)Ag is the area undembsorbance peak of
corresponding group ithe FTIR spectra of the initial DCBE monomer.

The values of conversion obtained for the each blend applying equation 1
versus [OMIm][BFR] content are plotted in Figure 3. The FTIR data evidence the
acceleration e#ct of the ionic liquid used on kinetics of the early stages of DCBE
polymerization at 150C. Moreover, catalytic effect is already noticeable at the
lowest concentration (0.5 wt.%) of [OMIm][BFchecked.

80

(o]
o

Conversion, %
D
o

20

0 L 1 L 1 L 1 L 1 L 1

4 5
OMIm-BF content, %
Fig. 3. Conversion 61 OCN groups of DCBEersugOMIm][BF 4] content.

It is known [4] that Lewis acids such as TjGire used as catalyze
polycyclotrimerization of CERs. The mechanism of the catalytic effect was
investigated in some publications, for exampi. [Taking into account that
fragment [BR]” is similar to TiCl, we have suggested the mechanism of
polycyclotrimerization of DCBE in the presence of the ionic liquid (Fig.4). The
[BF,]™ catalyzed polycyclotrimerisation of DCBE is possible via formation of
OCN*-—-[BF4]% complex.
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Fig.4. The mechanism for the [OMI?n][B;F catalyzed polycyclotrimerization of
CER

CONCLUSIONS

The incorporation of [OMIM][BE ionic liquid has shown the catalytic
effect on the curing reaction of bisphepol di cyanate ester.
catalysis has been suggested.
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POLYIONENS BASED ON TETRAHYDRO -1,40KSAZYN
AND EPOXIDIZED DERIVATIVES OF 1,2 -EPOXY-4,7-
DIOKSONONEN-8 ARE PERSPECTIVE IONIC LIQUIDS

M. V. Burmistr, O. S. Sverdlikovska, O. O. Fedenko

Sta¢ e higher educational establ i shment
technol ogyeée, 8, Gaka&9005nUkraiset r . , Dni prop
osverdlikovska@rambler.ru

At the present stage of development okeace and technology have great
interest are ionic |liquids (wlL). Uni qu
have analogues compared to other materitite use of IL as new immersion
environments in the field of optical measurement; electrolytesvarious
electrochemical process; component in batteries, batteries, power sources, fuel
cells is important. But IL have the high cost for a broad range of areas of use.

It has knew a large number of works on IL with different organic anionic
and cationimrganic or inorganic parts. Of particular interest are advancbddéed
on polymeric quaternary ammonium salts (polyionen) with high ionic conductivity.

In [2], the synthesis of nepolyionens(Pl) based on tetrahydih4-oksazyn
and epoxidized derivatives of 1,2epoxy4,7-dioksononer8 (PITE) general

formula:

©
cl

®
NS CHa CH—0— GH— 0 CHy—CH,— O — CHy—R—CHy=0— CHy— CHp— 0= CH =0 — CH—CH
[ j OH CHs CHy OH
o

where

CH3

The structure of the syntheed Pl W|th functlonal groups based on epoxide
compounds confirmed by elemental analysis, IR spectroscopy. The
physicochemical properties of synthesized Pl with functional groups have been
studied by potentiometer, argentometry, piknometry and optichlauet

The behavior of polymers has been characterize the chemical resistance
when heated thermal stability [3]. The main method of determining of the thermal
stability of polymers is thermogravimetric analysis. PITE have been subjected the
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thermal analyis.

The thermostability has been estimated by the temperatumgolymer
beginning schedule when starting the weight loss and temperatureékol Tso,
when there is a loss of 10, 20 and 50% of the mass of the sample in research under
the same conditian

Outlines all curves "weight losstemperature" PITE similar, that expansion
is uniform (like the mechanism and nature of destruction), in addition, such a
character curves indicates the complexity of the processes thermooxidative
destruction under dymagic heating samples in the atmosphere air. The studies have
been shown that PITE is heat resistant compounds.

Table 1 Chemical resistance of polyionens based on tetrahydroksazyn and
epoxidizedderivatives of 1,2poxy4,7-dioksononerB

E 2
S U1, U2, U3, Usg, Up, U, = The activation energy in the temperatu
E Out (%) Ou b Ou Ou P range, kJ/mol
S
©
o
0,764 0,385 1673 7178
PI-1-1 51 54 98 199 53 300 11 65+-15(¢ 150+215 215:315| 315:430
0523 3416 21117

- - — 12824
PI-1-2 75 110 180 230 75 300 7 75150 150:24( 250:325 T25.520

0,208 4,255 9,722

P22 | 50 | 90 | 127 | 158 | 103 | 275 | 9 | 31:105 105:17| 177:260 | peoon

Note: Ty, Too, Tzor Tso - temperature 10, 20, 30, 50% weight loss,
respectively; T - beginning autocatalytic process of destruction: €nd process
autocatalytic degradation.

In the temperature range -B5°C observed small weight loss-{B%)
samples PITE, which is prably due to loss of moisture.

And then, at higher temperatures to BUIPC, there avtocatalitical
progress of the destruction. In this temperature range the difference in the behavior
is best expressed of the studied PITE. Thus, on the table 1 shovZ)%athe
weight loss: for Ril-1 occurs at 5C; for P+1-2 - at 116C; for PF2-2 - at 90C;
50%-the weight loss: P1-1 occurs at 19€; PF1-2 at 238C; PF2-2 at 158C.

At temperatures above 3D (PH1-1 and Pi1-2) 500S (P+2-2); weight
loss slowsdown and does not change, that the destruction process is terminated.
Thus, the final stage of thermooxidative destruction observed the behavior is
identical for all investigated PITE.
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According to thermographic analysis IPPITE characterized by thermal
stability up to 50C (PF1-1 and Pi2-2); 75’S (P+1-2). It should be noted that PITE
PI-1-2 is most resistant to thermooxidative degradation.

Almost

the same pattern for

PITE observed with autocatalytic

decomposition. At the final stage of thermooxidativatdestion PITE not fully
decompose form a mass balance.
We also investigated the specific ionic conductivity and molar new PITE.
Analysis of the results of ionic conductivity at®@5of new PITE showed that
PITE have high (18-10* C m A &)rand the spefic molar ionic conductivity (Fig.
1, 2). The influence of external factors asttuctural properties of neRITE on
their ionic conductivity.lt has &tablished that with increasing temperatuweiad
conductivity relative newWITE increases correspondit@the Arrhenius equation.
The influence of cationic nature, the distance betweenqtiaernary nitrogen
atoms in the macromolecule, functional groups in the radical cation andesgymm

in the cation radical ne®RITE ontheir ionic conductivity.

Fig. 1. Temperature (1000/)
T Purl; 27 Pr2; 31 P 4r3; 41 P r4; 51 P 4&-2; 67 P 83; 77 P W4,

Fig.2Ar eni us

1-2; 31 P 4r3; 47 P 4r4; 57 P42-2; 61 P +8-3; 717 P 4.

(2 ,; nefm’
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PITE are lowtemperature ionic liquids of new type, capable of operating in
temperatures ranging from -B5°C with high ionic conductivity due to the
structure of their cationic parts.
S investigatechew PITE can be recommended for use as a component of
liquid and polymeric electrolytes for electrochemical devices of a new type (in
lithium batteries, capacitors, solar batteries, etc.).

1. Burmistr M.V., Burmistr E.M. Alkylaromatic polyionenes. -
Dnepretrovsk: USUCT, 2005.131 p.

2. Sverdlikovskaya O.S., Burmistr M.V., Fedenko ®dlyionenes based on
derivatives of oxirane compounds and morpholine / Abstracts of X
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CHEM", 27-28 May 2014 Moscow, Russia.P. 3436.
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Characterization

IR spectra were registered onFaS 40A BicRad spectrometer at room
temperature on KBr pellet§canning electromicroscopy images were obtained
on aQuanta 200 ESEM microscope operating at 30 kV with secondary electrons.
The mechanical properties were measured on a Instron testing machine, model
4411. The tensile strength was determined at 10 mm/min. rate.

RESULTS AND DISCUSSIONS

Siloxane modified epoxy resins were prepared according to Scheme 1, by
reacting the ROPOXID/®S/ePDMS/aPDMS (30/1/1/1 weight ratio) mixture at
60 °C, under vacuum for 6 h. Then POLYA or DETA curing agents were added in
a 10/1 mixture/cring agent weight ratio and the resulted viscous products were
cast in films of about 1 mm width. The films were left to cure at room temperature
for 24 h to obtain the RESINS | and Il samples, respectively. The film samples
were further submitted to agingxperiment and their properties were analysed
before and after aging.

/O\ ?:H3 /o\
H,C — CH—CH,—0 @—? @— O—CH,—CH—CH;
CH3

DGEBA

+
Hs CHs

HZN—c3HE<_ si—0 a Sli—C3H5—NH2
|
CH; "CHg
PDMS oH

OH 60°C
/

|
| Vacuum CH,—CH—CH,—DGEBA—
—DGEBA—CH2—(|:H— CH3 CH,—PH —CH;~DGEBA—

—DGEBA— CHz~CH—CH,
\ N—CsHg —PDMS—CsHg— N

oH OH
Scheme 1General pathway toward siloxanedified epoxy resins

The aging under simultaneous heating and UV irradiation was followed by
investigating the structural and surface morphology modifications through IR
spectroscopy and SEM, respectively, and by measuring the mechanical properties.

IR spectra obothREFERENCE and RESIN sampliesfore and after aging
experiments(not shavn) indicate importantmodifications in the regions of
aromatic bands (1400650 cnt) a prove of chain decomposition involving
arylene moieties. This observation was proved by EDX analysis (Table 1) where
for RESIN samples and increase of silicon and nitrogen and a decrezebai
contents were registered.
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Table 1 EDX determined compositions for siloxam®dified epoxy resins
Element RESIN | RESIN 600 RESIN Il RESIN 1I-600

Wt %

C 81.02 78.76 76.96 75.80

N 3.09 4.60 1.92 2.26

0 13.96 14.73 15.33 16.43

Si 1.93 1.91 5.64 5.61

Mechanical properties

The mechanical properties were measurdbbth original and aged resin
samples for 600 KTable 2). As expectedthe siloxanemodified epoxy resins
showed lower Young modulus as compared to the REFERENCE saksptae
may se from the data presented Trable 2 all studied samplepresengd an
increase in stiffness after aging. While the non modified epoxy resin keeps its
tensile strengthand manifests a reduction of the elongation after the aging
treatment, the siloxanmodified resins showed different behavior, depending on
the nature of the curing agent. A small improvement of the tensile strength was
registered forRESIN | cured with POLYA, whereas RESIN Il (curing agent,
DETA) has an opposite behavior. Both modified regiet a higher modulus and a
lower elongation to break after aging.

Table 2 Mechanical properties of epoxy resins before and after aging treatment

Samples* Young's modulus | Tensile strength Elongation to break
MPa MPa mm
REFERENCE 1351.63 25.32 1.16
REFERENCE600 2492.87 25.62 0.62
RESIN | 1256.32 20.05 0.81
RESIN 1-600 2213.34 21.96 0.60
RESIN I 1288.12 26.65 0.75
RESIN 11-600 2212.97 18.1 0.56

* REFERENCEand REFERENCHE00 areepoxy resis prepared by curing
ROPOXID with DETA before and after aging treatment, respectivRESIN |
and Il are the siloxanrmodified epoxy resins before agitrgatment RESIN F600
and [F600 are the siloxarmodified epoxy resins after agitiggatment

Conclusions

Siloxanemodified epoxy resins wealed good mechanical properties before
and after aging treatment, being suitable materials forhsalfing of epoxy
composites.
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NEW POLYURETHANE ACRYLATE/ORGANOCLAY
NANOCOMPOSITES

A. N. Gonchar, Yu. V. Savelyev, T.V. Travinskaya

Institute of Macromolecular Chemistry, Natl. Acad. of Sci. of Ukraine.
Kharkovskoe shosse 48, 02160, Kiev, Ukraine.

lexgon@ukr.net

An actual trend in the field of surface modification is the creating of new
nanofillers for improvement strength and barrier properties of based materials.
Natural inorganic structures such as montmorillonite (MMT) are commonly used
to produce polymer nanocomposites. Surface modification of MMT nanoparticles
by chemical adsorption of organic cations has opened the opportunities for
compatibility of silicate nanoptcles with polymer.

In order to creatpolymernanocomposites withigh performanceropertieson the
basis ofpolyurethane acrylateahe method of montmorillonite modification with a
new modifier oligourethane methacrylat@mmoniumchloride (OUMAAC) has
beendeveloped.Synthesizechew modifier comprisesboth urethaneand reactive
methacrylatgroups

CH
H,C=(H3C)COCO(H,C),00CHN (HZC)GHNCOO(HZC)Z-ﬁ;(SCHz)ZOCONH (CH4)6NHCOO(CH,),0COC(CH3)=CH,

n

n=1,8

Intercalationof modifier into the interlayer spacef MMT was confirmed
by X-ray analysis the content obrganic componenin the MMT modifiedwith
OUMAAC (MMT/M) was determinedy thermogravimetrianalysis.The rew
modifieri OUMAAC provideshigh affinity of MMT/M with polymer matrixdue
to the possibility of physical andchemical bonds formationThe physie
mechanicaltests of the polymer nanaoposite with MMT/M concentrationof
about 3% have shownthe strength increas@ almost3 times as compared to
polyurethane acrylate matristudy of vapor permeabilty and water absorption of
nanocomposites based on polyurethane acrylate and MMT modifidd w
OUMAAC has shown the improved in 2.23 times gas barrier properties as
compared to the original matrix.

New method of MMT maodificationis universal and@¢an be applied tMMT
of various origingdeposits).
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NANOSTRUCTURED ORGANIC -INORGANIC
COMPOSITES WIT H INCREASED ADHESION

L.d¢d. Go,r bfa.ch. Br ov k oM.G.Tkalieh. Lut sy k,

1

Institute of Macromolecular Chemistry, National Academy of Sciences of Ukraine,
48 Kharkivsbéke shose, 02160 Kyi v, Ukr a
gorbachla@bigmir.et

Today nanostructured orgasiimorganic (NOI) composites attracted a great
attention of scientists, researchers, first of all as the basis for the creation of new
structural materials with unique properties which may be used in modern
technology, espéally aviation, space rocket, as well as mass media devices.

The formulation and technology of obtaining of nanostructured adhesives
based on of epoxy resins and methacrylic oligomers with the use of
interpenetrating polymer networks (IPN) method has lbleseloped. Silanes with
epoxy and amino groups were served as silicon comprising derivative.

A series of simultaneous | PN with ¢
comprising derivative have been obtained. For comparison the NOI IPN both with
silicon ammprising component and without it has been synthesized.

Viscoelastic properties of simultaneous NOI IPN based on epoxide,
di methacryl ate and functionalized tet
ratio and silicon comprising derivative have been istlidusing dynamic
mechanical analyzer TA Instruments Q800 in the temperature rangj@édofo 250
°C with the heating rate of 3min, at a frequency of 10 Hz in the stretching mode.

It has been shown that for NOI IPN with the biiltinto the epoxy
networ kés structure of silicon comprisir
the closeness of glass transition temperatures of acrylate and epoxy networks has
been observed. That suggests the reduction of microphase separation in the
system.

The characteof elastic modulus of and loss tangent of epoxy and acrylate
networks are essentially differed; both networks have their fixed glass transition
temperatures. It should be noted the gradual reduction of elastic modulus of
acrylate network that accompaniis transition from glassy to the viscoelastic
state in a wide temperature range from 100 t€@5Contrary, the sharp reduction
of elastic modulus in the temperature
epoxy networks in the transition region. Tltensity of epoxide transition
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calculated in accordance with loss tangent, is in ten times higher than that of
acrylate network. The calculated. Malues amount 400 and 286 for epoxy and
acrylate networks, correspondingly.

The increase of elastic modslin the temperature range corresponding to
the glassy state of the system has occurred for the IPN with the component ratio of
50/50.

Silicon comprisingfragments(as structural epoxy modifirsignificantly
influenceon NOI IPN microphase structureyamely promotethe reduction of
microphase separation arebult inobtaining compositions with a high modulus of
elasticity. Introduction of silicon comprising compounds into the polymer part of
NOI IPN essentially improve their adhesion properties. Thength of adhesive
line was tested on steel mushrooms, when gluing carbon fiber with titanium foil.
195 t', wmp¢ The obtained dependence has an extreme
4000 character. The maximal value (50 MPa)

has the NOI IPN containing 1 wt% of
3000 silicon component.
It has been proved thathe
2000 adhesive strength of NOI IPN modified
with silanes with amino group increases
1000 significantly and substantially higher than
I S 0 that of modified with silane with epoxy
0 group. The modification of epoxy
5 5575 7 4000 adhesive materials with silane comprising
ffo mp o u n dcw- andnmaane levels
- 3000 can improve the technical adhesive
properties both when gluing a metals
2000 (steel, aluminum alloys, titanium, etc.)
and other materials of different nature
(fiberglass and carbon plastics).

The use of new environmentally

friendly tecologies will significantly

- 1000

1 1 1

0 50 100 150_ , . 200 .
—— PN T.°C reduce or completely eliminate the use of
—— NOI IPN toxic solvents and hardener. This in turn

will contribute to reduce the cost of
adhesive systems. Domestic polymer materials can compete wittknogth
foreign companies.
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PRODUCING OF POLYMERIC MATERIALS BASED ON
REACTIVE FUNCTIONAL OLIGOMERS

N.V. Gudzenkg A.S. Bubnova, A.V. Barantsova N.A. Busko,
V.K. Grishchenko

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160Ukraine

At present, significant progress has been research on the synthesis of
polymeric materials based on reactive oligomers with terminal functional groups.
The changing nature of the functional groups in these oligomers can vary their
physicocherital properties and, therefore, extends the possibilities of their use in
various industries. Were carried out to develop methods for the synthesis of
oligomers with terminal functional groups (amide, hydroxyl, epoxy, urethane,
acrylate) [13]. As the monmers used isoprene, styrene, acrylate, aliphatic
isocyanates and polyols nature. Synthesis oligodiene / oligovinyl with terminal
amide and hydroxyl groups were carried out in methanol by free radical
polymerization initiation 2.2 azbis-isobutiroamide [4] Product yield was 25
80%, depending on the nature of the initial monomer.

By physical modification of alkyd resins functionalized oligomers of these
formulations have been developed polymeric fibrming materials (PPM). It is
proved that the increasm rates of adhesion and impact strength with the
introduction of the MRP is-3% (by weight) of modifyingpligomers in the alkyd
resin.

Products based on them are characterized by adhesion to the surfaces of
various materials, high dielectric propertibardness and resistance to corrosion
and water, as well as a sharp change in temperature. Also, was a conducted study
on the synthesis and modification of photopolymeric composite materials for
protective decorative coatings, informational images in ipdnt and
microelectronics. As part of this work, was carried out research to develop of
methods for producing photosensitive composite materials based on
oligouretanacrylate / oligoetheracrylate oligomers (photofragment initiators). The
synthesis of aliphat oligoetheracrylate oligomers was conducted by reactions
between isophorone diisocyanate, trimethylolpropane, and monometacrylate ether
glycol, with specificworking parameters and process conditions. The modifier
based on organosilicon oligomers wasigiesd, which improves the protective
properties of polymeric materials [5].
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Have been received modified polymeric fiforming alkyd materials with
high protective properties by interaction alkyd resin (varnishO&®H and
synthesized functional oligon®kith amide groups. It is proved, that at presence
in structure alkyd 5 % oligomers result in substantial increase of parameters of
durability at impact, elasticity and adhesion to a metal surface.

Table. 1.Comparative physicomechanical parametersefsynthesized polymeric
film-forming materiabind industrial analogue FF60

Parameter Industrial Polymeric film:
analogues PB60 forming materials

Drying time of film to degree 3
at 20+5 Aw, hgd 27 24
Hardness, point 0.38 0.43
Adhesion, (Methoaf trellised
cuts), point 2 1
Shock strength 20 50
Elasticity, mm 1 1
Tg, AC 18.94 13.30
putc, Jg/ K*grad 0.270 0.296

It was determined that obtained materials are significantly better then
industrial analogues by their physical chemical and pto®e properties,
especially anticorrosion stability. So, these materials can be recommended for
using as protective coatings for energy and chemical equipment, autoindustries and
the objects of domestic facilities.

The  photopolymer compositions are cansi of oligomers:
oligourethanacrylate OUASF, oligoetheracrylate TGM (active solvent) and
photoinitiator ~ mixture  Darocur 1173 and Lucirin TRQO also
aminoglicedylmethacrylate. Elasticity (mm) is estimated by method of bending
coatings around of metaylinders of different diameters. Conditional hardness of
coatings is determined by the method using standard of pencils of varying
hardness, with control resistance of surface to scratching (method complies with
DIN, Germany). Adhesion was assessed imfsoper GOST 15140 method lattice
cuts (1 point corresponds to the high of adhesion strength, 2.3 pdietseasing
adhesion, 4 points low adhesion with the complete destruction of the coating).

In Table 2 are shows the effect of modificator based ilitois-organic
oligomers on physical and mechanical properties of the compositions and coatings.
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Table 2.- Effect of modifier on the properties of the material
Amount Exponenti Hardness, | Elasticity, Adhesion,
[ D, ma] alsec. point mm point
0 5 13 3 3
3 5 13 2 1
5 5 15 1 1
7 5 15 1 1
10 15 12 3 2
15 30 9 5 2

According to the research the optimal number offggiliorganic oligomer in
the FPC is & wt. %. Increasing modifier content leads to deterioration of material
properties increasing exposure time, reducing of the hardness and elasticity of the
polymer film, a violation of adhesion strength. Such changes are caused the
structural transformations of the polymer network and increasing degree of
heterogeneity.

Thus, the inclusion irthe base polymer matrix a structural fragment of
functional oligpmers (various amounts) forragstems with new desired properties.
Found a significant increase in sensitivity of the compositions, degree of the
structureforming (estimated by determininghe hardness), a significant
improvement in adhesion to the base of the application layer. This allows you to
create new composite materials with controllable properties and to extend the
capabilities of these materials for application in instrument matwig
microelectronics as a protective coating of printed circuit boards and chips in the
printing industry in the manufacture of label production, packaging, securities.

1. B. PabinSzafko, E. Wisniewska, Zzech Selected radical azoinitiators in
the syithesis of solvenborne acrylic presswgensitive // Adhesives.
Chemisty & Chemical Technologyd ~ (2029.
2.B. Yameen, M. Ali, M. Alvarez, R. Neumann, W. Ensinger, W. Knolld and O.
Azzaroni A facile route for the preparation of azitkyminated polymes:
6606Clickingdbébpol yel ect r odnd rtamochdnnels8 h e s
Polym. Chem. 12010 183 192.
3. Synthesis of telechelics with furanyl egups by radical polymerisation
with azecinitiators and network formation with unsaturated polyestéss
Diels-Alder additims Dirk EdelmanniHelmut Ritter / Makromolekulare
Chemie.194 (1993 1183 1195.
4.1 Ols j dzgls dz0O tsi&misU\dA ] 8iatk) MiEK(2009) CO7CF 25.01.2010,
B;onNoZAMiuzz'OL-Es”fr} s 3O Mdzv dzts’ Cdmdzsisd w e
q’tsdz B34 ed @G m“‘dzﬁzdzlsqc(eﬂihcgtdzﬁm@jte'qs./,/
, 1 0ttOdytsa © ¢. , JEmres 1. ¢.
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REACTIVE PROTIC OLIG OMERIC IONIC LIQUIDS

M.A. Gumenna, A.V. Stryutsky, N.S. Klymenko, S.I. Lobok, S.M. Ostapyuk,
A.A. Fomenko, V.V.Klepko, V.V. Davydenko, V.V. Shevchenko

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48 Kharkivske shausse, Kyiv 02160, Ukraine

Mary-G@ukr.net

Oligomeric ionic liquids (OILs) aa be considered as an individual type of
ionic liquids (ILs) that combine the properties of ionic liquids with the classic
features of the oligomeric state of matter. The unique properties of these
compounds are defined by the ability to seijanizationthe vast possibilities of
varying molecular architecture and the great influence of nature of terminal groups
on their propertiesSimilarly to traditional ILs, OILs can be classified as protic or
aprotic; while in analogy to the polymer litlsey can belao divided into anionic
or cationic ones. As usu@lLs basedn oligo(ethylene oxide)sre usedsion-
conductingmedia forlithium power sourcesThe introduction of reactive groups
into OILs opens new possibilities to construction of block polymeraogs of
ionic liquids with the prospect of their practical use in various fields.

The purpose of this research is the synthesis of reactive protic oligomeric
ionic liquids- oligo(ethylene oxide)sontaining imidazoliunterminal groups.

The conditions ofthe oligomers synthesis were investigated for a model
reaction of butyl glycidyl ether with an excess of(2- aminopropyl) imidazole.

The two types of basic centers in formed compounds (secondary amine and
imidazole) were full or partially (50%) neutrzdid by the ethanesulfonic acid

(Fig.1).
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Fig.1. Scheme for obtaininthe model reactive ionic liquids
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Fig.2."™H NMR (DMSO- ds) spectra of model reactive ionic liquids.

It was indicated that in case pértial neutralizatiomn the obtainedH NMR
spectra (Fig.2)there are the signals typical for compounds containing positive
chargel imidazolium and quaternary ammoniumroups Furthermore, the
spectrum contains a broad peak in the regiorb®B4opm correspondin mobile
protons involved in rapid exchange between liasic centers in spite of their
different strength gKa of conjugate acid i-butyl amine ~ 11, N
methylimidaole ~ 7).

Protic oligomeric reactive ionic liquidsete gnthesized by the reaction of
diglycidyl ether ofoligo(ethylene oxide diol)$MM 1000) with a twofold molar
excess of 4(3- aminopropyl) imidazole followed by partial (50 %) and complete
neutraliation of the basic centers by ethanesulphonic acid3)Fi@btained OIL
with hydroxyl groups areviscous liquids, soluble in polar solvenBy the method
of '"H NMR spectroscopyt was foundthat the featuresf neutralizationin the
preparation othemodel ionic liquidsandOILs are similar
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Fig.4. 1H NMR (DMSO de) spectra ofeactiveOlLs.

According to DSQFig.5), the resulting compounds contain both amorphous

(glass transition temperaturd 2 -463 A C)

phaseThey are thermally stable up to

heat flow

1. [PO-2H-2Im]?* 2[CoH5S05]"

rndo

2. [PO-4H-21m]** 4[C,HgSO5]"

-80 -éO -ziO -éO 6 Zb 4‘0 60
T,°C

Fig.5. Temperature dependence of heat floweafctive OlLs
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Conductivity of OlLs (defined by diectric relaxation spectroscopy at-40
120 AC under anhydrous cotnadi 8] D&FsnpA 48
(Fig.6). These compounds are characterized by similar values of conductivity in
spite of different content of ionic groupApparently this is explained bythe
contribution of therapid exchange afobile protondetweenthe basic centers to
conductivityof the ionic liquidcontaining 5&b cationic groups

r
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-1
1000/T, K

Fig.6. Temperature dependence of ion conductivityeafctve OlLs

In this work it were developedé methods of synthesis of low molecular
weight cationic proton ionic liquids, as well as oligomeric ionic liquids
oligo(ethylene oxide)serminatedwith imidazolium groupswhich contains basic
centrespartially (50%) and completely neutralizdaly ethanesulfonicacid The
compounds wre studied by IR andH NMR spectroscopy. The relationship
between the degree of neutralization and the level of conductivity of ionic liquids
oligomerwas establishedlhe synthesed compounds are of interest for use as a
polyelectrolytefor fuel cell operated under anhydrous conditions at a temperature
above 100A C
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CHEMICAL STRUCTURE AND THERMAL PROPERTIES
OF ENVIRONMENTALLY FRIENDLY PHB/NR FILM
MATERIALS

K. Gusakova O. Grigoryeva, O. Starostenko, A. Fainleib

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48 Kharkivske sise, Kyiv 02160, Ukraine
polymernano@ukr.net

Nowadays accumulation of mibins of tons of not#iodegradable polymer
wastes (plastic, rubbers, etc.) causes an irreparable harm to the global ecosystem
and environment. Their recycling requires significant investments and elimination
by combustion leads to uncontrollable strengthgnifi greenhouse effect [1].
Microbial polyhydroxybutyrate (PHB) and copolymers there@epresenting a
family of natural polyesters and combining an excellent antioxidant and optical
characteristics with amxhaustive biodegradability under natural envirental
conditions is one of the most perspective alternat{2¢s However, a certain
rigidity and brittleness of the initial PHB stipulates the necessity of their
modification by polymers and/or plasticizers, e.g. natural rubber (NR). Considering
the appaent advantages in physieathemical performances of the vulcanized NR
versus uncured analogues, the present study was focused on generation and
investigation of environmentally friendly PHiBased film materials reinforced
with in situvulcanized NR

PHB/NRpcpf i | M sampl es (thicknes-80wuwp to
NR have been synthesized. RP8Wydroxybutyrate, PHB, was purchased from
"Biomer" (Germany). Natural rubber, NR, with molecular weighMgf~ 1,0<10°
was kindly supplied byBr as' | st en I ndustria e Co
(Brazil). Dicumylperoxide (DCP) and chloroform were from "SigAddrich”.
PHB/NR blends (in different ratio) were prepared by mixing of 5% solutions of
PHB and NR in chloroform. After that, 1ghr of DCP as vulcanizing agent was
added. The gradual removal of the solvent was reached through subsequent heating
of the resulting s ol udbmio fFinallyran motheérthd t o
curing at T = 170AC for 30 mi n was foch F il
composition was cooled up to room temperature. In sake of comparison the
samples of individual PHB and NR film materials comprisingvit.86 of DCP
were also prepared at the same curing conditions.
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FouriertransformIR (FTIR) spectra were recorded on auBer Tensor 37
DTGS spectrometer between 4000 and 700".cfthermal properties of the all
samples obtained were investigated via Differential Scanning Calorimetry (DSC)
measurements performed by using "TA Instruments DSC Q2000" through a single
heating fran-80 t0250%% a t mirh @l&s transition and melting temperatures
were calculated by using TA Universal Analygig.5software.

The comparative analysis of the FTIR data for PHB film materials before
and after treatment (PHB and PHB samples, respectively) siashown the
distinct changes in intensities and shapes of the main characteristic absorption
bands corresponding to-ig stretching (at ~ 3150800 cnt) and to C=O
stretching (at 47801600 cnt) together with €Oi C asymmetric (at 4320
1200cm™) vibraions reflecting the rearrangement of crystalline and amorphous
microphases in the PHBr sample. The calculations of the crystallinity indices
according to [3] allowed concluding a significant reduction of the crystallinity
degree of the treated PHB matdue to the interaction betwe&iB and DCP free
radicals formed via thermal decomposition of peroxidecording to B] an
assumption of generation of branched and/or elinked PHBfragmentsvas also
made.

The FTIRresults for the initial and treatedR\film samples have indicated
of at least partial NR vulcanization resulting in generation of the irdesd NR
structure with preferably saturated bonds. The confirmation was found from a
certain shift of the maximum corresponding to stretching vibmatiof ia =&
groups (in frequency "Yytahgher wavenwniversivdho 0 1
significant increase in the intensity of absorption bands with maxima at 1126 and
1037cm* corresponding to 1GC stretching Noteworthy evidence was also noticed
in the manifestative disappearance of the peak at 804imdicating the oubf-
plane vibrations of CH double bonds conjugated with diene C=C groups.

The FTIR spectra of the PHB/NR- compositions represented itself as
cumulative chemicadtructures of bothhie individual PHBcr and NRycp Samples
(Fig.1). The increase of the initial NR content caused the growth of the intensity of
stretching and deformation vibrations offCbonds (at around ~ 28@D60 cnf,
~15001340cm* and ~ 900750 cni'). Along with tha, obvious variations were
observed in shape and intensity of the absorption bands corresponding to the
characteristic C=0 stretching (sharp maximia 17.8-1740 cnt) and C-O-C
groups (doublet withmaxima at ~ 1278260 cnt) vibrations reflecting the
redistribution between the amorphous and the crystalline microphases of PHB
matrix along with formation of the vulcanized NR in all the samples investigated.

To confirm the conclusions made and to determine thermal properties of the
PHB/NRycr film materials dtained depending on the composition, the DSC
investigations were carried out (Fig.2). The DSC analysis have shown the presence
of endothermic transition in temperature range aroird>10AC associ at e
devitrification of PHB macromolecules for ahe investigated PHBontaining
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samplesHowever, the values of glass transition temperatsgeincreased from
~33Au for the neat45RBBf 9 a mppdamplePids the
formation of at least partially crogisked PHB matrixcan be concluded

Moreover, several additione
ende and exothermic transitions @t
~107167"¢ associ at e
decomposition of unreacted DCP a
possible partial branching of PH
macromolecules were also observ
for all the PHBc-based
PHB100 compositions. As a resuthe melting
temperature, v, decreased fron
1779% f or  rédated PHB
PHBO | fiim to 1736 f or beh
800 1000 1\%(/)0 ‘ 146(;) ‘ml?%J —7/o00'300° sample. Additionally, the reductio
, : avenumbe . of enthalpy of fusion, qoH, on the
Fig.1.Typical FTIR spectra of the samples stddit DSC thermogram of the latter was
also establishedThus, one can supposket formation of disordered crystalline
microphases with lower crystallinity degree due to partial elinkgg and/or
branching of PHB macromolecules.

1740

Absorbance

2853
fzges

PHB70

The DSC thermograms of the individual initial and vulcanized NR in

temperature range froa70 to -40A Chave shown a slight shift of they value
from -62AC f or t he-65A€a tf o N Bt dareple. \VRreover, the
occurrence of additional glass transition process with maximusg, @ -48A C i
the latter was also observed. One can suggest the formatwrewiically cross
linked macomolecular fragments possessing additional glass transitigh &t
highertemperaturafter peroxide vulcanization.

o000 0 DSC investigations of therme
P00 properties of PHB/NB.p samples

\\ have also shown the occurrence

PHB100 several partially overlappin

endo/exothermic transitions in tr

temperature rangdrom ~110 to
175% that coul d

possible  branching of PHI

HB70 macromolecules and decompositi

PHBYof unreacted DCP with he

LM appearance of free cumylox

-50 0 50 100 150 200 radicals as well as to the pos

vjmperature ( Awvulcanizaton of NR componer

Fig.2. DSC thermograms of PHB/NRR» samplesduring DSC measuremen
investigated (Fig. 2) [4]. It was also foundhat
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crystallization of PHBmatrix was not impeded by pestilcanization process of

NR due to improving imicrophase separation between crystalline and amorphous
microphases in the samples. However, the increase of initial NR content in the
PHB/NRycp compositions promoted decreasigvalues from& 19 4( f or t |
PHB-based samples containing 10 and 20 wt.% of NRpfcd 1% 9 ( f or
PHB/NRycp = 70/30 wt.%), indicating disordering crystalline PHB microphase
and, generation of more defective and smaller crystallites in the PHB hagrito
partial crosslinking (or branching) of PHB macromolecules caused by their
chemical interactions with DCP radicals. Noteworthily that significant inhibition of
segmental mobility of macromolecules in glass transition regions of both the NR
and PHB components was also noticed. This is explained by the partial
crosslinking and/or branching of PHB and NR including possible intercrosslinking
with formation of PHB/NR canetwork.

1. Nkwachukwu O. ., Chima C. H., Ikenna A. O., AlbertFocus on
potential @vironmental issues on plastic world towards a sustainable plastic
recycling in developing countriésint J Industrial Chem @013 34-47.

2. Bugnicourt E., Cinelli P., Lazzeri A., Alvarez Folyhydroxyalkanoate
(PHA): Review of synthesis, characteristicprocessing and potential
applications in packaging eXPRESS Polym Le® (2014)791-808

3. Wei L., McDonald A.GPeroxide induced crodmking by reactive melt
processing of two biopolyesters: polyi$droxybutyrate) and polydactic
acid) to improve heir melting processability // J Appl Polym S@015
app.41724

4. Krugel 8k J., STkora R., Hudec I . P
Part I. effect of temperature and peroxide concentration // J Polyn3&ng
(2014)617-624.
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EFFECT OF NANOCLAY MODIFICATION ON STRUCTURE
AND THERMAL PROPERTIES OF NANOCOMPOSITES
BASED ON CYANATE ESTER RESINS

K. Gusakova, A. Fainleib®, N. Lavrenyuk®, D.Timpu?
Ynstitute of Macromolecular Chemistry of National Academy of Sciences of

Ukraine, 48 Kharkivske sise, Ky 02160, Ukraine
polymernano@ukr.net

‘Petru Ponio Institute of Macr omol ecul
Alley, lasi 700487, Romania

High-performance Cyanate Ester Resins (CER) repreaefiamily of
thermasetting polymers possessing excellent thermal and chemical stability
combined with high adhesipremarkableoptical anddielectric characteristics etc.
Obvious disadvantage of higlensely crosslinked CERs appearsaircertain
brittleness materialghered [1]. As known, the improvement of mechanical
propertieswhile maintainingCER intrinsic characteristics can be achieved through
the creation of CERbased nanocomposites comprising layered silic&eshat
either intercalated and/or exfoliated structw& the CER nanocomposite is
generated [2]. The better results are reached when ergadified nancofillers are
used. Recently [3 4] we have investigated chemical structure of CER
nanocomposites filled with different amimoodified montmorillonites usingTIR
spectroscopytechnique The occurrence of chemical interaction between the
aminagroups of the functionalized clay with the reactive OCN groups of the CER
monomer resulting in acceleration of CER network formation and chemical
grafting of thereactivenanofiller to the final CER matrix were establish8d4].

The present work was focused on the investigation of the effect of different
aminofunctionalized montmorillonites (amifdMT) on structural peculiarities
and thermal behavior of the CHRsed naocomposites.

1 , -Mdisi¥fcyanatophenyl) ethane under the trade name Primaset LECy from
AfiLonzad (Switzerland) as CER monomer
available aminanodified nanoclays under tradea me Nanomer El . 28 E
| .31PS from Nanmofilers &ere lapptied. Synthesisn ahe
nanocomposites was fulfilled by dispersing 5 wt % of nandfiller in liquid CER
monomer using magnetic stirrer w93 h st
min (depending on the clay used) followed by thermal ncuriof CER
monomer/ nanoclay compbdsh,ti baBA@FZ1ITACI o
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X—Ray Diffraction (XRD) measurements were performed on a
Diffractometer Bruker D8 ADVANCE using Braggrentano parafocusing
goniometer, in the range of diffractondang s 2d from 0. 7A to
of 0.0l1Aat a room temperature. Scans v
fltered Cuk U r adi ati on (wavelength & = 0.1
were 36 kV and 30 mA tube power.

DSC measurements were ad out with a TA Instruments DSC Q2000
calorimeter under nitrogen atmosphere. Samples with masses of ~10 mg were first
heated from 40 to 3000UC, and cooled b
the same conditiond.he main ¢pss transitiorcharacteriscs were neasured ira
second run and calculated using TA Universal Analygibsoftware.

r

390, —_CER matrix XRD pattern of the neat CEI
600- —1.28E matrix (Fig.1) have shown the
—1.30E presence of amorphous halo with tv

—1.31PS maxi ma at  a8r.o0u3nU

2@&18.200. I n t
crystalline nanoclays studigedtrong
di ffraction peak
| .28E), i(2fdor= 14..3
=4.18 (for 1.31PS) correspondg to
the diffraction ofatomic layers of the
| st I : crystal lattices were noticed (Fig.1
0 5 10 15 zzg 25 3035 40 According to theBragg's law,the
Fig.1.XRD patterns for the neat CER matrix a interlayer spacing in the initial
the nanoclays under investigation. nanoclays investigated was varied
from ~2.11-2.12 for 1.3PS and 1.30E samples, respectively, t®.26nm for
I.28E nanoclayThus, the interlayer spacing strongly dependethertype ofthe
aminomodifier used as expectedlong with that, the 1.28E sample was also
characterized by theeak of the highest intensitywhereas the 1.31PS clay
possessed ¢hlowest reflection.

Figure 2 represents the XRD patterns for the CER/awizp
nanocomposites synthesized. Comparative analysis of the XRD data obtained for
the CER/aminalay nanocomposites and for the individual components has shown
decreasing intensi of the nanoclay diffraction peak along with significant shift of
the maxima to | ower 2d -modifldinamofillet espde ndi n

The smallest shio f di f fract i on 1 fihefarkthe fnitiad m 2 d
I.L30E)t o 2 dTi (for th2 naddtomposite) was established for tHeER/I.30E
sample. Thereforethe increase ofinterlayer spacingrom ~2.12 nm (for the
initial nanoclay)to ~3.03 nm (for the nanocomposite) can be concluded. The
CER/I.31PSnanocomposite was characterized by higlieal fvalue of interlayer
spacing at 3.00 nd. Tie.ladedd shiftof diffraction angle

Y
o
o

Intensity

200
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(pad. 71U0) as compar ed obeervedfothe CERA.Z8E a | r
nanocompositéndicating the extension of the distance between the layers from

2.26t0 7.42 nm.
1000- — CERII.28E Therefore one can conclude that
— CERA.30E in all the cases at least intercalated
structure was formeddowever,the
intercalation  degree in  the
CER/I.2BE  nanocomposite  was
found to be the highest whereas
penetration of CER into the galleries
of 1.30E was the lowest among all
the CER nanocomposites studied.
This fact can be explained by the
20535 35 4o different amount of the reactive
20 groups of the clay modifier and their
Fig.2. XRD pattems for the CER/nanocle reactivity toward the cyanate groups
nanocomposites synthesized. Amount of nanofi of the CER matrix.
was 5 wt.% Recently [4] we have shown that
chemical grafting of amindIMT to CER network improves dispersing nanofiller
in the matrix. Moreover, comparing the intensifythe peaks corresponding to the
nanoclay galleries in all the nanocomposites studied, one can assume the
occurrence of partial exfoliation. At that, the exfoliation degree seems to be the
highest in the case of CER/I.31PS and CER/I.28E nanocompositesasHe380E
was worsdistributed in the matrix.

The effect ofthe nanoclay modifieusedandthe structuralcharacteristicef
the CERbased nanocomposites produced on thermal properties of the lagters w
evaluated by means of DS€chnique The resultare summarized in Table 1.

—— CER/I.31PS

Intensity
(o2} [ee]
o o
o o -

N
o
— T

200

~5 10 15

Table 1.Thermal properties of the CEHbased samples under investigation

Sample Tg .. onset Tg .end Cpl;- Tg . Cp@ .
(uc)lcuc|(uc)y(Ucag-Ae
CER 211 230 |19 221 [0,138

CER/ w. | 226 262 36 246 0,318
CER/ w. | 215 238 23 226 0,280
CER/ w. | 204 236 32 223 0,292

One can see that the presence of the nanoclays in the CER matrix results in
improvement of the nma thermal properties of the nanocomposites investigated
regardless the modifier used. However, the growth of the values of glass transition
temperature intervalg§]) and heat capacity jumpmp(@) in all the casesllows
concluding generatiorof a nanoheteogeneous structure in theompositesas
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compared tahe individual CER matrix At that, the heterogeneity degree strongly

depended otthe type ofnanoclaymodifier used. The largest differencesgnfand

P& values as compared to the neat CER were foford the CER/I.28E

nanocomposite, whereas the lowest ones were established for CER/I.30E sample

(see Table 1). Noteworthily, that glass transition process in the CER/I.31PS

nanocomposite occurred at the lowest temperature of glass transitiorm pnset

204 UC that was even | ower by ~6U0C th

explained by formation of the defected CER matrix at using this nanofiller due to

character and intensity of the chemical interaction between the components.

Thus, the chemal dispersing of aminfunctionalized MMT in the CER
matrix is effective and both the chemical grafting of the modifier into the CER
network structure and the nanoheterogeneity appeared provide improvement of
thermal behavior of CER/nanoclay nanocompssitietained depending on amount
and reactivity of the amino groups of the nanoclay modifierused.

P 0 | The3“ CEEPN Workshop on Polymer Science
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1. Chemistry and technology of cyanate ester resins / [ed. |. Hamérton]
Glasgow : Chapman & Hall, 1994359 p

2. GanguliS, Dean D, Jordaf, Price G, Vai RMechanical properties of
intercalated cyanate esti&yered silicate nanocomposités Polymer 44
(2003) 131519

3. Gusakova K, Fainleib A, Grigoryeva O, Youssef B, Saitbt. Reactive
dispersing and catalytic effect of amifumctionalized MMT in cyanatester
resins.[abstract] Rouen Symposium on Advanced Materials, Reénagce,
June 2013Abstract book, p 49.

4. Bershtein V, Fainleib A, Egorova L, Gusakova K, Grigoryeva O,
Kirilenko D, Konnikov S, Ryzhov V, Yakushev P and Lavrenyuk N. The
impact of ultralow amounts of aminanodified MMT on dynamics and
properties of densely crofisked cyanate ester resifidNanoscale Res Leti0
(2015 165
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THE INFLUENCE OF FULLERENE CONCENTRATION ON
MORPHOLOGY AND OPTICAL PROPERTIES OF
P3HT/PCBM THIN FILMS

B. Hajduk, J . Jurusi k, H. Bednar ski,

Centre of Polymer and Carbon Materials of the Polish Academy of Sciences

In this work we have investigated the optical properties and morphology of
P3HT/PCBM thin films [1,2]. The films were deposited ontortpigubstrates and
studied with the spectroscopic elipsometer working in transmission mode and with
the atomic force microscope. The P3HT (polyh&Xylthiophene) and PCBM
(phenytC61-butyric acid methyl ester) were used in different weight potions and
thesolution percentage concentration in chlorobenzene was constant.

The determined value of the surface roughness coefficients for pure P3HT
thin film was relatively large (12.96) and significantly lower for pure PCBM
(0.90). Whereas, the roughness coeffits obtained for PSHT/PCBM thin films
were in the narrow range (0.71 to 1.96) depending on the P3HT/PCBM percent
ratio.

The optical transmission spectra measured on prepared films were
converted to absorption. The absorption spectrum of pure P3HT IthisHowed
one strong absorption band with the maximum placed at about 2.25 eV, while in
the spectrum of pure PCBM one can observe two strong bands with the maxima
placed at about 3.6 and 4.4 eV. All these bands are visible in absorption spectra of
P3HT-PCBM thin films. Moreover, the intensities of these bands are strongly
dependent on percentage concentration of the P3HT/PCBM thin films.
Additionally, the refractive index and the extinction coefficients of all of the
studied samples were determined andatated with the thin films composition.

1. Chetan Kamble, D.R. Meht@rganic Solar Technique using P3HT and
PCBM as Promissing Materials // International Journal of Engineering
Research and Applications 3/1 (2013) 22228

2. Balderrama V.S., Estrada M., Cerde A., SoteCruz B.S., Marsal L.F.,
Pallares J., Nolasco J.C., Iniguez B., Palomares E., Albermfluence of
P3HT:PCBM blend preparation on the active layer morphology and cell
degradatiort/ Microelectronics Reliability 51 (2011) 59501

(*) This work has been supported by the NCN grant (Polaxd) UMO-2013/09/B/ST8/01629.
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THE SPECTROSCOPIC ELLIPSOMETRY STUDY OF THIN
FILMS OF POLYAZOMETHINE WITH OXYGEN

B. Hajduk, H.Bednarski B. 3§ 8.KKatdWltZ\k Cozafi, M. Brum&

& Centre of Polymer and Carbon Materiaéthe Polish Academy of Sciencg4

Marie CurieS k g o d o w s-&18 ZabrzeyPpland 1

nstitute of Ma c PetrmBonie Aleed Grigore GhieModas t r y
No. 41A 700487 lasi, Romania

In this work we have presented the properties of poly(1-(4-
methylenephenoxyt)phenylened-methylenel,4-phenylnenitrylomethylene) [1]
PPI2 thin films using the spectroscopic ellipsometry. Thin films were deposited
onto microscopic glass substrates via {tamperature chemical vapour deposition
(LCVD) by polycondensation of monomers. The paraphenylenediamine (PPDA)
was purchased from SIGMAIdrich and the4 , -dx@dibenzaldehyd@PDA) was
synthesizedn the Institute ofMacromolecular Chemistry of Romanian Academy
of Sciences in lasi, Romania. The 3D and 2D thickness distribution maps were
performed with elipsometer mapping mode, where the surface was scanned point
after point using microspots, where the diameter ofyewegasured poinvas at
about 200 em. The thickness of every |
Obtained results showed that thin films are growing in conoidal way and average
value of growing rate is included in range i1L8 nm/s. The theoretical model
used for determinip the thickness and optical coefficients was considering the
glass substrate and polyazomethine layer. The PPI2 polyazomethine layer has been
fitted with three Taud.orentz oscillators and the glass substrate has been fitted
with Cauchy layer. Obtained mdtss showed that refractive index of
polyazomethine is near to 1.6 for 630 nm wavelength and the extinction coefficient
is near to 0.05 for the same wavelength.

1.B. Haj duk, J. Wes zk a, V. Cozan.
D o ma EOkidal plperties of polyazomethine with oxygen atom in the
backboné, Archives of Materials Scienc
85-88.

(*) This work has been supported bgtNCN grant (PolandNo. UMO-2013/09/B/ST8/01629.
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THE IMPACT OF IMMEDIATE ENVIRONMENT ON THE
PHOTOPHYSICAL PROPERTIES OF A POLYMER
CONTAINING BISPHENOL A AND 1,3,4 -OXADIAZOLE
MOIETIES

M. Homocianu, A. Airinei, P.P. Dorneanu, A.M. Ipate, C. Hamciuc

fiPat rPoni 0 I nstitute of Macromol ecul ar
Alley, lasi 700487, Romania

michalupu@yahoo.co.uk

The presence obisphenol A(BPA) in the many consumer products (toys,
drinking containes, eyeglass lenses, baby bottlasd medical equipmestetc.)

[1], andrisk of human exposure to BAZ], as well aghe small number of studies
from literature regarding the photophysical behavior of bisphenol A derivatives in
different conditions of madm motivated thestudy performed byhe authors of

this paper.Other aspectsthat justify these studies werthe presence of some
nanoparticles in many food produ¢8 and the advantage aficroheterogeneous
environment & mixture ofsolvens) to chasethe suitable solvents amdtios, thus
creating a new systemore environmentdtiendly.

Thus, this article presents the photophysical behavior of a polymer
containing bisphenol A and 1,3gkadiazolemoietiesin different conditions of
medium (variouspure solvents, microheterogeneous environmemixt(re of
solvens) and in presence of some metal oxide nanoparticles).

Influence of themedium characteristicen photophysical behaviowas
examinecdby multiple parametric regression analysis in terms lviesih parameters
of the two new solvent scales (Catalan and Laurenek)|.[ The polarity
parameters of solventsene found as themost important factodeterminingthe
photobehavior in ground state, while acidity was found to be the dominant factor
for the excited state.

Changes induced in the spectral characteristicBuofophore moleales
were studied in chloroform solution in the presence of various amount gfséadO
NiO oxide nanoparticles. The fluorescer@ndof investigatedpolymer gradually
deaeasedintensity with increase ofboth SnQ@ and NiO oxide nanoparticle
concentrationsThe NiO nanoparticles have a lower quenching efficiency for
emission of this compound
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Generally, photophysical properties of fluorescent molecules are affected in
a microheterogeneousenvironment. The binary mixtures of solvents have drawn
attention because of their diverse applications, such as cryoprotecting agents and in
investigations of the photochemical and biological process. Binary mixtures of
methanolandchtoo f or m pr esent s t he nasdibiliymala ge t
ratios [6]. The emission intensity of studied compound was sensitive to the
compositions of the microheterogeneous media (involving different chloreform
methanol ratios).The preferentialsolvation of studied polymerin chloroform
methanolsolvent mixtures indicate that this polymer is preferentially solvated by
methanal

1. Liao C.,KannanK. Widespreadccurrence bbisphenol A inpaper and
paper products: Implications fohuman exposure Environ Sci Technol.45
(2011 93729379

2. Wilson N. K., Chuang J. C., Morgan K., Lordo R.A., Sheldon LS.An
observational study of the potential exposures of preschool ehildo
pentachlorophenol, Bisphenol A, and nonylphenol at home and daycare
Environ Res. 103 (2007)-20.

3. Hannon J. C.,Kerry J.,CruzRomero M.Morris M., Cummins

E. Advances and challenges for the use of engineered nanopatrticles in food
contact materialsTrends Food Sci Technol. 43 (2015) 83.

4. Catalan J, Toward generalized treatment of the solvent effect based on
four empirical scales: dipolarity (SdP, a New Scale), polarizability (SP),
acidity (SA), and basicity (SB) of the mediuth Phys Chem B17 (2009)
5951-5960.

5. Laurence C., Legros J., Chantzis A., Planchat A., Jacquemii D.
database of dispersionduction DI, electrostatic ES, and hydrogemnding

UL and b1l solvent parameters and so
correlation analysis of solvent effecisPhys CherB. 119(2015)3174 3184.

6. Gratias R. Kessler H., Molecutdynamics study on microheterogeneity
and preferential solvatiom methanol chloroform mixtures. J Phys Chem B.
102 (1998) 202i72031.
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POLYSACCHARIDE COMPOSITES FOR FUEL CELL
APPLICATION

T. Yemel‘yanovail, le. Lobkol M. Vorokhta 2, A. Hubinal

1Institute of Macromolecular Chemistry of National Academy of Scientes
Ukraine, 48 Kharkivske shausse, Kyiv 02160, Ukraine

zurako@ukr.net

2Charles University, Surface Physics Grodp, Hol egovi | k18 dD
Praha8iLi beR, Praha, Czech Republic

o

747

Proton exchange membrane (PEM) is a principal component in a proton
conductive fuel cellln recent years a diverse number of sulfonated synthetic

polymers was developed to servePag M. Using the renew

abl

such as polysaccharides as potential base for fuel cell application is one of the
prospective trends in current research. To date a number of chitosan and cellulose

derivatives are described in literature as prospe materials for PEM. But still
the devel opment of new solid and ge
are of great importance in actual polymer science

This research concerns development of PEM on the base of microbial
polysaccharide xanthaim current research two approaches for introducing PVA
into xantharPVS composite were used. The conditions for gel formation of

xanthanPVA blends were determined to obtain membr+hefilms.

Fig. 1. The surface organization of 10:1 xanttRWA film.
(146
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The optimal conditions for filatasting were achieved for low
concentrations of xanth#VA blends in ratios 10:1. Obtained films were
investigated via SEM, AFM, DSC and used as PEM in Fuel Cell Test Station.
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WELDING AND WELDED JOINTS OF THE
HEAT-RESISTANT PLASTICS

M.V. lurzhenko®?, V.L. Demchenkd? M.G. Korab®, A.M. Galchun',
V.Yu.Kondratenko?, V.V. Anistratenko’, S.M. Dyachenkd, M.G. Menzheres

! Plastics Welding Department, E.O.Paton Electric Welding Institute, National
Academy of Sciens®f Ukraine, B.8, 11, Bozhenko Str., 03680, K0, Ukraine
iurzhenko@paton.kiev.ua

2 |nstitute of Macromolecular Chemistry, National Academy of Sciences of
Ukraine, 48 Kharkivske Av., 02160, Kiev, Ukraine

Nowadays the equirements for durability, strengttheatresistance of
industrial plastic products for oil and gas, aerospace and other industeies
constantly increasing. In recent years, new Higlformancepolymeric materials
such aspolyetherimices (PEI) and plyetheretherketorse(PEEK), have already
become competitordo metals ensuring longerm reliability, heat, thermal,
chemical and radiation resistance in difficult operating conditiohspecific
constructions These polymers are used anpure formas wellas a matrix for
various composite materialé\t the same timemanufacture of many products
needs joiningof polymeiic parts so the development of efficient technologids
such heatesistant polymers welding &tual

In the present wrk welding of Zedex plastics, namelX i 410 based on
polyetherimide and&X i 324 based on polyetheretherketone, were conducted by
three traditional methods, namely welding with the heated (teigl 1, Fig 2.)
thermistor(Fig. 3, Fig. 4)and uIrason Fig. 5, Fig. 6)welding

LA

- asl

] P i
Fig. 1. Theexperimental equipment for butt fusion welding with the heated tool
and thewelded joint of the PEplates obtained using the heated tboitt welding
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Fig. 2. The welded joint of the PEI pip,éobtained usig the heated todiutt
welding

Preasure

Heating
element

| |
Welded |,/ :
sample b o

Current \

Current contact jaw Welded joint

Fig. 3. The principal scheme of the thermistor welding.

Fig. 4. The outward view and the cressction of the lap thermistor weld of the
PEI plates
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AMORPHOUS
PLASTICS

CRYSTALLINE
PLASTICS

TEMPERATURE

Fig. 5. Theprincipal scheme of the ultrasonic welding

PEI PEEK

Fig. 6. The welded joints of the PEI and PEEK samples and their deconstruction at
mechanical tests
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It was revealed that materials medtreprone to cavitatiothatdegrades the
quality of weldgFig. 7). _ N
I {§‘|1 : HHH - i BRI .:.i_ I ‘_;Zi

| 1
T ImBEE ! ! 2

H+t HHH aweod . .

18 Sa H 1 . oo sanenle
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Fig. 7. The general view and character of the welded joint destruction of the PEI
plates, obtained using butt welding with the heated tool.

For the best understanding of the welding processes [1] and development of
the efficient welding technology thergctural features of the welded joints were
studied by optical (TOM and POM) and electron microscopy (TEM and SEM),
wide-angle (WAXS, Fig. 8) and smadingle (SAXS) Xray spectroscopy.

£, rel. units. ? rel. units.

30k ——PEl matrix
PEI welded joint {heated tool welding)

30
PEl welded joint (ultrasonic welding)

£
A, |][||:>
7T s,
S
ff‘f‘; - % o 10} \‘m

L . L
10 20 30 29 deg.

Fig. 8. The WAXS spectra of the PEI welded joints.

As the resulttiwas found thathte strongest jointerereformed by welding
at"soft" modesThe mechanical strengtbf joints at breakhas been received about
86% comparing to the mechanical strength of the bawsiterialat optimal modeof
butt welding and 100% at opial mode ofoverlappingwelding which are the
maximum level reached in the wor{dccording to the literature) similar types

of welding for these materials.

1. Galchun A., Korab N, Kondratenko V.. Demchenko V.Shadrin A,
Anistratenko V,.lurzhenko M.Nanostructurizatiorand thermal propertiesof
pol yet lweglds/ENamoscéldResearch Letterd0 (2015),P.138-149.
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FEATURES AND BEHAVIOR OF PLASTICS AT LASER
IRRADIATION WELDING

M.V.lurzhenko *? O.0.Tarasenkd, V.L.Demchenkd"? A.O.Shadrin',
A.M.Palageshd, O.V.Fedoseevg M.G.Menzheres, A.Meshalkin®

! Plastics Welding Department, E.O.Paton Electric Welding Institute, National
Academy of Sciences of Ukraine, B.8, 11, Bozhenko Str., 03680, %yilWkraine
iurzhenko@paton.kiev.ua

2 Institute of Macromolecular Chemistry, National Academy of Sciences of
Ukraine, 48 Kharkivske Av., 02160, Kiev, Ukraine

3Institute ofApplied Physicef Academy of SciencesMbldovg 5 Academiei str.,
Chisinau, MD2028Moldova

alexei@asm.md

Among the classical welding methods, laser welding has recently become
an interesting alternative and offers a number of advantages. This method is
characterized by improved optical propertiesmall heat affected zone,
miniaturization, less thermal, mechanical or electrical load upon the product, less
flash or no flash at all, feasibility of 3D weld geometries etc. Also in some cases it
allows to weld dissimilar polymers, which cannot be welogdther methods.

There are two kinds of laser welding: overlap (transmission) welding and
butt welding. Today the most commonly used is transmission welding. In this
method the first material is transparent and the second is absorbing of the laser
irradiation. Laser beam penetrates through the first polymer (upper) and it is
absorbed by the second (lower) one. The result and process depend on the type of
polymers and lasers. The major benefits of the transmission laser welding
technique can be summarizast weld high quality seam, no direct contact with the
welding tool, flexible configurations of joint, controlled and localized energy input,
high strengths of joint, minimal thermal motion and deformation. In process of the
butt welding, laser beam focissat the junction of two seriansparent materials.

The result and quality of junction depends on optical properties of plastics to be
joined, their thickness and thermal properties.
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There are no researches in Ukraine of plastics laser welding, aneiiyis
vivid nowadays. The main areas of progress and plastics laser welding researches
can be the following: multilayer film welding (triple layer joining), influence of
different laser irradiations on different plastics, welding of Highperature
thermopastics, technological features in welding of plastics.

In this work we present the results of investigations of laser irradiation
influence of different lasers on engineering plastics like high density polyethylene,
namely PELOO, PE400, PP, PEEK and PHilastics. CQ, Nd:YAG and fiber
lasers were used. This made it possible to investigate the effect of different
wavel engths on each polymer. After | as
morphological changes in these plastics have been performed.

P
P e

r

(153



| The3™ CEEPN Workshop on Polymeci®nce
SeptembeP3-26, 2015
lasi, Romania

000

P
S
ar P28

ANNEALING EFFECT ON THE ABSORBANCE SPECTRA
OF POLYMER THIN FILMS

B. Jat k Shbae M-D. Damaceand, R-D. Rustf, B. Hajduk®, M. Bruma?®

1centre of Polymer and Carbon Materials Polisbademy of Sciences,
34 M. CurieSklodowska Str41-819 ZabrzePoland
bozena.jarzabek@cmpgpan.edu.p(corresponding author)
barbara.hajduk@cmpyan.edu.plpresenting author)

2fPetru Ponio Institut e AleedGrigdre Ghica Yodd e c u
41A,lasi-700487, Romania

Polymer thin films as a parts obptoelectronic and photovoltaic devices
are exposed to the effect of hitgmperaturdup to 180°C) so these polymer films
are required to be bothime- and thermestable Good candidates for thees
applications seem to be different derivatives of polyimides and polyoxydiazoles
because of their high thermal stability and good ploptiical and electrochemical
properties. The study of optical absorbance durnirgjtu heat treatment of films is
asimple, new method to investigate thermal stability and to observe the changes of
polymer chain conformation and conjugation during annealing process.

This work presents temperature dependences (up te3%BC) of
absorbance spectra for thin films of aroimapolyimides containing side
substituted azobenzene groups, copolyimides containing oxadiazole and perylene
units and for thin films of copoloyoxydiazoles. Generally the obtained results
confirm good tlermal stability of these polymer films. Some slightamges of
absorption spectra, connected witie thermal structural disorder, have been
discussed, being depemaht on the polymer chain structure. For e studed
polymer films conjugation ispreserved at highemperatures (energy gap is
invariable), wiat is particularly important in applicatioas advanced materials
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SYNTHESIS AND CHARACTERIZATION OF
FLUORINATED POLY(AZOMETHINE)S FROM NEW
CORE-PERFLUORINATED AZOMETHINE -CONTAINING
MONOMERS

Ya.L. Kobzar, url. kfa. ¢ h e n kShekerg V.W.Shevchenlo
Institute of Macromolecular Chemistry of National Academy of Sciences of

Ukraine, 48 Kharkivske shausse, Kyiv 02160, Ukraine
yaroslav_kobzar@mail.ru

Polyazomethines (PAMSs) or polymeric Schiff bases areteresting class
of polymers and show various excellent properties such as good thermal and
environmental stability, mechanical strength, nonlinear optical, and
semiconducting electrical properties under doping. They often display liquid
crystalline (LQ behavior at room temperature as well as ability to form chelates
with metals [1, 2]. As a consequence, PAMs have a potential for numerous
application in electronics, optoelectronics, photonics and sensors [2].

PAMs can be synthesizeth a traditional appach (also known as
polyazomethine route) by a reactiohdialdehydes witldiamines [3]. On the other
hand, PAMs can be obtained by an alternative route that consists in using of
azomethinecontaining compounds (like bdiols, bisphenols, etc.) [4].
Unfortunately, the majority produced polymers arkaracterized bylimited
solubility in the most of common organic solvents [3]. The growing
macromolecular chains of PAMs precipitate from the solution during the
polycondensation reaction. Moreover, high tingl temperatures of the PAMs
make them intractable for processing by other conventional techniques. One of
possible ways for solving theforementionegbroblem consists in reducing density
packing of their polymer chains.

It is generally recognized thalhd presence of alkyl chains and isomeric
fragmentsin a polymer backbone imparts higher segmental mobility to the
polymers and so simultaneously enhances their solubility and reduces their glass
transition temperatures [5]. Additionally, the incorporatioh the aliphatic
moieties flexible ether linkages and isomefragmentsnto the polymer chains of
PAMs is sufficient toinduce LC properties to such macromolecular compounds

[3].
On the other hand, it is known that introduction of fluorine atoms into
pad y mer s 6 emhances theiruthremnal stability and chemical resistance, as
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wel | as allows reduction the polymers
optical losses at the same time improving their ability to form LC phasel$ [§].
interestig to note that sucHuorinated liquid crystals have good stability, high
voltage holding ratio and specific resistance. Moreover, they are characterized with
low threshold switching voltage (Y and small temperature coefficient of,Vand

are, therefag, widely used now in LC displays [6].

The aim of this study was in theynthesis of new isomericore
peffluorinatedazomethinecontainingmonomers and PAMs with aliphatic spacers
different lengthsn the main chain based on them.

Dihydroxyl-substituted azomethinecontaining monomers4 and 5 with
tetrafluorobenzengTFB) unit were synthesized by a condensation reaction
between diaminé and isomeric hydroxybenzaldehy®er 3 (Scheme 1).

T ™ G O O

2 (para-), 3 (meta-) 4 (para-), 5 (meta-)

Scheme 1Synthesis otorepeffluorinateddihydroxytsubstitutedaizomethine
containingmonomerst and5.

The structure of the synthesizadomethinecontainingmonomers4 and5
was confirmed by FTIRH, °C, **F NMR and U\Vis spectrometry techniqueis
should be mentioned thatynthesized compound4 and 5 can be sed as
monomers for the production of wide spectramomethinecontainingpolymers.

The novel PAMI i PAM-IV polymers having aliphatic moiety were
prepared by polycondensation reactionssyfithesizednonomers4 and 5 with
dibromoalkaned1and12 (Scheme).

¥ —=,0H " /_<_\
71— 3
>—\ g )—g_ \ 7
AN aUand rUJ\\ﬁ I, — oy M /)“"“ o) h
Ho‘(:) F F
4 (para-) or § (meta-) 1Hx=5) or 12 (x-6) PAMAT (para-, x=5), PAMIT (metar-, x=5),
PAM-III (para-, x=6), PAM-IV (meta-, x=6).

Scheme 2Synthesis otorepeffluorinatedPAM-I i PAM-IV.

The conditions for obtaining PAMs were found by changing the
temperature and time of the reaction and solvent/monomer concentrations in the
reaction medium. Polymers PAM1 PAM-IV were synhesized with the
maximum yields and the highest][values by using anhydrous potassium
carbonate as a base and monomer concentration in the reaction mediufb.of 10
Othersynthesis conditionas well as yieldand [f] values for PAMsare listed in
Table 1.
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Table 1. Thesynthesis conditionsntrinsic viscosity values and yields for PAMs
Synthesis conditions

: Yield, [dl
Polymers Reaction Time Solvent % dL/g
temperatureC
PAM-I 100 48 h DMAC 84 0,13
PAM-II 100 48 h DMAC 78 0,24
PAM-III 100 48 h DMAc 79 0,16
PAM-IV 100 48 h DMAc 75 0,29

%n H,SO, at 30°C;
% DMF at 30°C.

The resulting polymerdPAM-I and PAMIIl are soluble only inthe
concentrated sulfuric acid, whileAM-1I and PAMIV are soluble in most
common organic solvents and insoluble in methanol, ethanol, toluene, benzene,
andn-hexane. The improved solubility of the polymers PAMPAM-IV in polar
organic solvents may be attributed to the simultaneous incorporatisoroéric
fragments and flexible aliphatic segmeinit® the polymer chains [7].
The solubility of PAM-II and PAM-IV polymers in THF enabled
investigation of their molecular mass distribution by gel permeation
chromatography (GPC) using polystyrene standards. According to the GPC
measurements, the PAM polymer based on 1:@libromohexanehas higher
molecular weight than the PAM compoundbased on the l.8ibromopentane
unit. The numbeaverage molecular weight 8AM-II and PAM-IV are 3,400 and
7,600 g/mol respectively.
@@ Q@ . The values of the

LCF LI polydispersity inde were

w similar: 2.9 for PAMII

J. and 3.2 for PAMIV.

] 2 The chemical
" structure of the obtained
polymers was confirmed

by FTIR, 'H and *F
NMR spectrometry

techniques

s,

T LAAAML AR IAAAAS AL AL RSN MASMLARAAY )
50 5 55 50 45 4.0 35 3.0 25

192 615 9.86 4.00 403398
— — —

T T T T T T T T T T T T T T T
85 8.0 75 7.0 65 6.0 55 50 45 4.0 35 3.0 25 20 15
ppm

Fig. 1. '"H NMR spectra of PAMI (1) and PAM-IV
().

the observed peaks could be readily assigned to the protons in the corresponding

repeat units.
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The PAMs obtained arecharacterized byhigh thermal stability,
decomposition temperatunehich is in the range381i426 s and t hei r
transition temperaturig in the range®0i 1 2 TA

In a summary, we have synthesized new -gaéuorinated isomeric
dihydroxytsubstitutedazomethinecontainingmonomers with a TFB central unit.
Novel polymerswith aliphatic moietydifferent lengthdased on these negore
peffluorinateddihydroxytsubstitutedazomethinecontainingderivativeswere also
prepared. Our study of the synthesized polymers shows that their solubility,
molecular mass characteristics ahdrmophysical propersearemainly dependent
on the isomeric nat uengthsqgbthd ajipmeicspicersnb a ¢ k |
the main chairof the PAMs.Thesepolymers show high thermal stabilizndhigh
decomposition temperatureéBhe obtained polymers are promising systdarsa
wide range of applications as ledielectric materials, in optical devices and
polymers with liquid crystalline properties. These special properties of the core
peffluorinated aromatic polymers require individual consideration will be a subject
of our future work.

1. Kobzar Ya.L., Tkachenko |.M., Shekera O.V., Shevchenko TWg&/.
fluorine-containing polyazomethines: synthesis and properties // Polymer
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2. Ravikumar L., Kalaivani S., Vidhyadevi T., Murugasen Aygta S.D.,
Sivanesan SSynthesis, Characterization and Metal lon Adsorption Studies on
Novel Aromatic Poly (Azomethine Amide) s Containing Thiourea Groups //
OJPChem. 4 (2014)11.

3. Iwan A., Sek D.Processible polyazomethines and polyketanils: from
aerospace to lighemitting diodes and other advanced applications // .Prog
Polym Sci. 33 (2008) 28845.

4. Tamareselvy K., Venkatarao K., Kothandaraman $ynthesis and
characterization of new halogé&ontaining poly (azomethidgrethane) s //
Makromol Chem. 191 (1990) 1231242.

5. Gul A., Akhter Z, Siddiq M., Qureshi R., Bhatti ASynthesis and
physicochemical characterization of poly (azomethine) esters containing
aliphatic/aromatic moieties: Heical studies complemented by DFT
calculation // J. ApplPolym Sci. 131 (2014) 18.

6. Ishikawa H., Toda A., Okada H., Onnagawa Rklationship between
order parameter and physical constants in fluorinated liquid crystals // Liquid
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crystalline behaviour of some lanthanides complexes containing two
azobenzene Schiff base // Liquid Crystals. 41 (2014) -13131.
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THERMODYNAMICS OF THE FORMATION,
THERMOPHYSI CAL AND ELECTRICAL PROPERTIES OF
THE COMPOSITES BASED ON EPOXY POLYMER AND
CARBON NANOTUBES

V.V.Korskanov1, |.L.Karpova 1 V.V.Klepko 1 N.V.Rukhailol,V.B.Dolgoshe)?

Linstitute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
korskanov_v@mail.ru

2Kievds National Uni ver si t yl RoYitroflGtsky s t r |
Avenue, Kiewkraine, 03680

Up to now, the most publications was dedicabof the research of the
behavior of the some properties composites based on the polymers and carbon
nanot ub e s -3](ThislFapes showf that most of the physical properties of
epoxyCNTbH6Hs composites are determinefl by
their components.

The epoxy polymer (EP) (based on epoxy resin E32R (produced by
DOW Chemical (USA) cured with an amine hardener Polypox H354 (produced by
UPPC (Germany)), filled with carbon nanotubes have been investigated.

The nanocomposites (NGyith CNTs volumefraction contente from
0.003 to 0.9 were prepared by introducing of nanofillers to B32Rand dispersed
using the ultrasound. After adding hardener of samples were formed on teflon
substrates at room temperature during 24 h. Futtteemal supplementary curing
was carried out at 473 K during 4 hours.

The density, heat capacity, thermal and electrical conductivity and
viscoelasticpropertiesof the NC were measured. On the base of experimental
results the specific enthalpy, configtipnal entropy and Gibbs free energies of the
NC have been calculated.

The thermodynamics analysis has shown that the maximum of specific
energy interaction (SEI) bet ween EP a
content of 0,060,2 % Fig. 1).
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Fig. 1. Concentration dependences of tiespecific energy interaction between E

and

C.NT b6 s

It was found that the SEI determine the thermophysical, electrical and
viscoelastiqroperties of NC.
The very low percolation threshotd electrical conductivity has been found to
be around 0.0015 volume fraction of CNTs content (electrical conductivity

increased from 1H6 to 1E6 S/m in the range from 0,001 to 0,002 volume
fraction) (Fig 2a). The experimental data of the thermal condigt (were
measured in temperature interval from 323K to 473K) increased by four times in
the range from 0,002 to 0,003 volume fractidtig (2b).
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Fig. 2. Dependences electrical conductivity (ajfldhermal conductivity (b) from
volume fraction nanotubes. Temperaturg:323K, 21 373 , 1 823 s 4 78 ¢
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Depending on the ratio of the components in nanocomposites can be usefull
as following materials with different properties:

Weight fractio Properties Application field
CNTO s
el ectric c oi®®m/a insulators
O O0,]lheat conduct i vi|lowheatconductivity
materials
el ectric cod8mne| semiconductors
0,1<w<05lheat conduct i vi]|lowheatconductivity materia
el ectric cof &mum semiconductors
05<w<10lheat <conduct i vi]|highheatconductivity materig
el ectric c of8mn| semiconductors
>1,0 heat conduct iAK) porous materials
thermal isolators

1. Hammel E., Tang X., Trampert M., Schmitt T., Mauthner K., Eder A. and
P° t s ¢ C&bonn&hofibers for composite application€/arboni 20041
V.42, 561 P.11531158.

2. Gojny F., Wichmann M.Fiedler B., Schulte Kinpuence of dierent
carbon nanotubes on the properties of epoxy matrix composités
comparative study//Composites Science and Technoiog§05.7 Vol. 657

P. 23002313.

3. Bauhofer W., Kovacs A review and analysis of electricpercolation in
carbon nanotube polymer composites // Composites Science and Technology.
120091 Vol . 6Df.1486114098

4. Korskanov V.V., Babkina N.V., Brovko AA. et. at Viscoelastic,
Thermophysics and Relaxation Properties of the Nanofilled ©seitgs based

on epoxy polymer // Polymer0.2015.1 Vol.3 7, Tw21i1A
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EFFECTS OF POLYURETHANE MATRIX COMPONENT
STRUCTURE ON ITS BEAM STRENGTH

L. Kosyanchuk, N. Kozak, M. Stratilat, N. Babkina, V. Bezrodnyi

‘Institute of Macromolecular Chemigt of National Academy of Sciences of
Ukraine, 48 Kharkivske shausse, Kyiv 02160, Ukraine
Ikosyanchuk@ukr.net

‘Institute of Physie of National Academy of Sciences of Ukraid®, Nauki
prospektKyiv 0368Q Ukraine
bezrod@iop.kiev.ua

The use of organic dydoped solidstate laser elements based on polymer
matrices is caused by a set of advantages of the latter, compared to their liquid
analogues(by compactness, neoxicity, simplicity of construction and its
replacement, possibility of operation in a wide temperature range) [1]. Polymer
matrices should satisfy some significant requirements Besides high optical
transparencyn a broad spectralregion high solubility for dyes stability of the
latter understorageandoperation they shouldprovideconsiderabléeamstrength
i.e. resistance to the powerful light emissioBeam strength of the polymer
depends on mobility of its macrochains and penetrability for dlaentolecular
compoundgdecay products, formed under continuous or pulsed influence of laser
irradiation) [2]. Linked polyurethanes (PU) can be used as matricdse dye
doped soliestate laser elements and differ by a type of the diisocyanate
component,and also by a structurenolecular weight and functionality of the
oligoether part.

The present work deals with the investigations of PU segmental mobility of
chains and penetrability by means of the EPR method with a use of a nitroxyl
paramagnetic probe [ [ t, nd also the study of the linkage density of netlike
PU by dynamic mechanical analysis (DMA).

The objects under study were the PU matrices, synthesized from
prepolymers of different structure, namely, the ones based on hexamethylene
diisocyanat€HMDI) or the mixtures of 2,4 2,6toluene diisocyanate (65/35) (PU
4) and different oligoethers: olighi et hy|l ene gl ycol-808di pa
(oligoether diol ester) (PQ), threef unct i onal oligooxy(pro
(OPG500) (polyether triol Iigoether) (PU1), bifunctional oligooxy(propylene
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glycol) [ [ 1000(OPG1000) pligoether dig) (PU-3), taken in doubleequimolar
excess of diisocyanate in relation to oligoglycaliniethylolpropang TMP) was

used as a linking agent

HQ?foww
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PU-3 PU-4

The pobewas inserted to the PU by means of diffusion process from the
saturated vapor of TEMPO. Calculated values of correlation timgs,
characterizing mobility of the polymer chajmelative intensity of the prabsignal,
corresponding to the amount of diffused probe in the polymer, and g/saliks

for all the matrices are presented in Table.
Dynamic characteristics of maeohains and parameters, affecting the

matrix penetrability, and also a linkage degreetfe PU, based on HMDI are
determined by a structure of the oligoether component.
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Table. Spin dynamics parametes§the probeandf values in polyurethanes
Integral Threshold of singlgulse
Sample| intensity,ru. |t 19| [ g laser damage,
s Jem? (£0.5 Jent)
PU-1 1.00 205 960 12,5
PU-2 5.6 5.1 1800 18,0
PU-3 182 17 4250 13,5
PU-4 8.5 2.2 3100 20,0

Threefunctional OPG500 compound having the smallestMM value
amongthe studiedoligoethersand the largestlinkage degree, is characteed by
the lowest values of polymer chain mobilityenetrability for the lowmolecular
probe from a gas phase dng,

Thedecreasén functionality of the glycol component in PL2 leads to the
lowering of J increase of the TEMPO diffusion simplicity afidy, value The
smallerMM of the glycol component, compared to FPRJ(the smaller theoretical
value of M) and a preence of ester groups in F2Jmore able to form kbonds
with urethane groups, compared with simple ether groups of the glycol component
in PU-3, cause largdnindranceof the probe spinning in the P2matrix, decrease
of the probe penetrability and sn&ll values, compared with RBI.

Taking into accountthe valuesfor the lowering of the TEMPO spinning
diffusion hindranceincrease in the relative amouof the probediffused to the
polymer, and rvalues, the PU matrices can be ranged as follows:

PU-17 PU-271 PU-3.

This row is illustrated by the following diagrams

}v-131uv-23v-43uv-3

a b c

Fig. Effects of the polyurethanematrix componentstructureon the macrachair
dynamicsand linkage degree correlationtime (a), relative integral intensity of
signal(b), effective linkage degref).

(164



P 0 | The3“ CEEPN Workshop ond¥ymer Science
S SeptembeP3-26, 2015

C lasi, Romania
arc P31

Thresholdbeamstrengthof the HMDI basedpolymers measured in a

regime of singlepulse laser radiatigragrees with the presented above sege,
characterizing the dynamic parameters of the studied matrices and their linkage
degree.

The effect of the diisocyanatecomponentype, aliphatic or aromatic one,
was analyzed for the PU, based on GHIBO. After the replacementof the
diisocyanatecomponent OCNi (CH,)si NCO HMDI) with the OCNi Ph 13)i
NCO (TDI) one in PU4, having the same glycol component as&Wne should
expecthigher rigidity and density for P4, compared with P{3.

Actually, this suggestion is proved by calculated values of correlation
time U characterizing hindrance of éhprobe spinning in P4 (Table. They
indicate the lower mobility of P4 macrechains, compared with RB. In
addition accordingto the Tabledatg the TEMPO ability to diffuse in P4 is 2.14
times lower, than in PA3. This is an evidence of significtly denser packing of
macrachains in the polyurethane, based on TDI. $imailar decreasés alsoseen
for [ pvalues

Oneshouldnote that{ valuesfor all initial PU systemscalculatedrom
the dataof dynamicmechanicexperimentscorrelatewith both t (a characteristic
of segmentalmobility) and relative intensity of PU penetrability for the low
molecularprobe from a gas phagkigure, despite the fundamental differences of
the methods used

Measured threshold beam strength of the polymers, based on different
diisocyanates correlates also with the parameters of rehaios mobility,
obtained by EPR andMA methods penetrability for the lowmolecular probe and
an effective value of M

In summary the carried out investigatioralow to predict the material
stability under continuous or pulse laser irradiation by selection of the polymer
matrix for the slid-state laser elements

r

1. Gromov TA., Dyumaev KM., Manenkov AA., Maskukov AP,
Matyushin GA., Nechitalo V.S., Prokorov AM. Effcient plastic host
dye laserd/ J Opt Soc Am B 21985 10281031.

2.Cost el a -Moreno |.Geagtre R.Rolymeric solidstate dye lasers:
recent developments/ PhysChem Chem Phys(2003)47454763
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CRYSTALLIZATION OF POLYPROPYLENE FROM
PARTIALLY DISENTANGLED MELT

J. Krajenta, A. Pawlak

Centre of Mlecular and Macromolecular Studies, Fsh Academy of Science,
Sienki ewi cz-33,Rolagd, G- d¥ 90
justynak@cbmm.lodz.pl

It is known that crystallization of polymers from melt depend on the
diffusion of macromolecules to the crystallization frorithe movement of
macromolecules is limited by the presence of their entanglements with other
macromolecules. The crystallization when the number of entanglements was
reduced was not fully studied yethe aim of our investigationis describe
formation ofspherlitic structureandkineticsof crystallizationfor semicrystalline
polymer with reduced entareghents in amorphous phase.

The number of entanglemsnmay be reduced by applying specific
crystallization procedure[1-3]. Isotactic polypropylene(iPP) with partially
disentangled chains was gerteth through crystallization ofPP from diluted
solution inhot mineral oilor in hot xylene When the temperatudecreasea gel
was formed inside the flaskThe reduced number of macromolecular
entanglemest in diluted solution was preserved in the gdle solution with gel
was cooledo room temperaturand the gel was filtrated and dried. In result was
obtained white powder,containing reduced numbeof macromolecular
entanglements [2]. The properties ad morphology ofpartially disentangled
polypropylene were examine@haracterization obbtainedpolypropylene powder
and for comparison the initialcommercial iPP was made on the basfi DSC
measurements, -¥ay analyss, rheological measurementand studies of
mechanical properties during compression in channel die.

The crystallinity of powder, melting temperaturamiellar thickness were
determined from DSC experiments. DSC was also used for studies of isothermal
crystallization at 135C. The Linkam bt stage connected with polarizing light
microscope was applied for studies of spherulitic structure, crystallization kinetics
from melts, the regimes of crystallization, in aim to examine the effect of
disentanglement on iPP crystallization.

The example®sf spherulitic structures for PP powder obtained from xylene
solution and for initial PP are shown on Fig 1. It is visible that a nucleation density
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was lower in the powder. The growth rate of spherulites was faster for partially

disentangled polypropylenahich resulted in largest size of growing spherulites.

T e :

|

N ) S i'“& o

Fig. 1. Polarized optical micrographs of iRRnangefleft) and iPRiia (right)
showing the spherulites growing during isothermal crystallization &tCl38oth
samples weredpt in the melt state (18C for 1 min) before quenching to 185

Figure 2 shows the heat flow in time, measured during the isothermal
crystallization of PP powders and initial PP, studied by DSC. As can be seen from
Figure 2, the total crystallizatiotime is shorther for iPRrom xylene solution
(PPX) and foiiPP from mineral oil solutioifPPO) than for initial polymer (PPI).

The lower number of entanglements along the chains couses the higher spherulite
growth rate and faster conversion of melbinotystals.
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Fig. 2. DSC thermograms of PPI (iPP initial), PPX (iPP from xylene solution),
PP5(6) (iPP from mineral oil solution) recorded during isothermal crystallization at
135¢C.

Acknowledgments

The studies were financed from funds of the Polish Naltfeaence Centre
on the basis of the decision number 2012/04/A/ST5/00606. The participation in

[167)



P 0 | The3“ CEEPN Workshop on Polymer Science
® SeptembeP3-26, 2015
S C l lasi, Romania
arch P32
Workshop was financed from statutory funds of CMMS.

1. Krajenta ], Pawlak A, G a § Rosnlation d& polypropylene nanofibers
by solid state deformation blendirwith molten polyethyleneRolimery 10
(2015)64-66.

2. Wang X.,, Liu R, Wu M., Wang Z, Huang Y Effect of chain
disentanglement on melt crystallization behavior of isotctic polypropylene,
Polymer 50 (2009) 5828827.

3. Psarski M, Pi - r k o ws kKGa §.ECsy#tdllizatian of Polyethylene
from Melt with Lowered Chain Entanglementdacromolecules 332000)
916932

(168



| The3“ CEEPN Workshop on Polymer Science
SeptembeP3-26, 2015
lasi, Romania

000

P
S
ar P33

CROSSLINKED POLYURET HANES NANOSTRUCTURED

N.N. Laskovenkd', A.A. Protasov,’E.V. LebedeV}

Ynstitute of Macromolecular Chemistry of NationAkademy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
nilla.laskovenko@ gmail.com

’|Institute of Hydrobiology National Academy of Sciences of Ukriiemes of
Stalingrad Ave., 1204210, KieyUkraine
protasov@bigmir.net

GOAL OF THE WORK

Investigation of the process of modification of network polyurethanes with
organicinorganic oligomers to produce nanostructured polymeric materials
(Punono).

REAL RESEARCH

Polyurethane based on polyether (PUP) and polyester (PUS) an aromatic
polyisocyanate was used as the polymer matrix. Nanostructured eng@agjanic
oligomer (NONO) was used as a modifier. NONO has the siloxane structure, and
was obtained by classical reaction of hydrolmidycondensation of
phenyltriethoxysilane with tetraethoxysilane.

RESEARCH METHODS - functional chemical, IR spectroscopy,
transmissioroptical microscopy, Xay, optical microscopic analysis. tafe
Standard methods for determining the properties of paints.

RESULTS
It was shown that modified polyurethanes exhibit improved physical and

mechanical properties (Table 1).was found that the studied materials are water
resistant ad resistant to aggressive environments (Fig).l1,
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Table 1.Physical-mechanical characteristics of the modified polyurethane

Title Name of polyurethane
index PUP PUS PUSNONO PUS+Zn(60%)
Hardness relative 0,30 0,45 0,50 0,40

units, Not less the

Blow cm, not less thary 50 50 50 50
Bending mm, not less 1 1 1 1
than

Adhesion, ratingnot 2 1 1 1
more

G, MPa, no 23,9 34,0 36,8 38,0
¥y, %, not | 150,0 | 90,0 85,0 85,5
Mass fraction of the 95,0 88,5 88,5 87,8
gel fraction,%, not

less
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4 PUP, 5 PUP+ Zn(60%); 2-Maritime; 3- 20% solution

6 PUP+ Zn(60%) +NONO. of NaOH; 4- 20% solution

of H2S04; 5 20% solution
of CuS04; 6 30% solution of NH40OH

Investigations on possibility of using the materials as antifouling coatings
were performed. For this purpose, biostability of modified polyurethane was
determined and new antiseptics: TitaniuBoron -, aminecontining compounds
were used. Studies have shown that polyurethane, which was modified with nano
structured organimorganic oligomer, and which has polyesters hgslroxyt
containing componentshowed biological stability to the action of bacteria
degraderg2]. Studies show the stability of the structure of the films after exposed
to cultures of corrosive bacteria (fig.3).

Fig. 3. Transmissionnaptical microscopy photas PU film: A- source; B- after
microbiological investiations

Studies of experiental substrates with different polyurethane coatings in the
conditions of the Kanev Reservoir showed that they have some antifouling
properties (Fig. 4, 5).
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Fig.4. Fouling by zooperiphyton of control Fig. 5. Absence of fouling on the
samples fronvinyl plastic plates whichwerecoatedwith PUNONO.
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Fig. 6. Dynamics of intensity of fouling of substrates (in points) for the different
exposures: control (k) and average valtier Sample of PUNONO coatings

CONCLUSIONS

Nanostuctured polyurethanes were prepared by the modification of
polyurethanes by nanostructured organmrganic oligomers. Their properties,
including antifouling, were investigated. It was investigated and shown, that In
time of mass development of zoopegpn (molluscs, sponges, Dresden and
others), The intensity of fouling of studied coatings was only 30% of control.
Therefore, further research of nanostructured polyurethanes in this direction may
be promising.

1. V.P. Kusetova, N.N. Laskovenko, S.I. r@elchenko. Composite
polymeric materials,lstitute of Macromolecular Compound Chemistry of
NationalAcademy of Sciences of Ukrairig€yiv). - 2000- 22.-p. 87-92.

2. Laskovenko N.N.Kopteva G.P., Kusmenko N. Ja. atd./ /Polygmer
€-s y i-2015:" 5. in print
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STRUCTURAL FEATURES OF POLYETHYLENE GLYCOL -
CARBON NANOTUBES NANOCOMPOSITES

E. A Lysenkovl, S. L. Bohvar?, V. V. Klepko2

1MykolayivNationaI University named after V.O. Sukhomlynsik?y4 Ni kol 6 s k
Mykolayiv 54030Ukraine
ealisenkov@mail.ru

2|nstitute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
klepko vv@ukr.net

During the | ast decade polymeric ¢
particles with nanosize are the objects of intensive researches due to their unique
properties and wide area of its applications [1]. One of the most perspective
materials which ugk as nanofillers for polymeric nanocomposites are carbon
nanotubes (CNT).

The development of materials based on polymeric matrix and CNT is a very
difficult process due to thermodynamic and to the kinetic barriers which hinder the
good dispersionofnanwotb es. A degree of nanotubesé
determinative for the receipt of materials with improving functional descriptions
[2]. The different methods of mixing are used for avoidance of aggregation. A
method of mixing in solution is not e much effective due to difficulties in
desolvation. The method of CNT surface functionalization results in the
improvement of distribution of nanotubes in the nanocomposites, however it
worsens their physical properties. Therefore, a study of structum@ngy in the
nanofilled polymeric systems is very actual, because a structure of polymeric
nanocomposites determines their properties.

Various methods, such as scanning and transmission electronic microscopy
(SEM and TEM accordingly), thermal analysisarRan spectroscopy and-ray
scattering analysis is used for a study and analysis of structure and morphology of
polymeric nanocomposites, filled by CNT. In particul@mall angle X-ray
scatteringgives information about character of aggregation of indi@ichanotubes
or their bunches and allows to set a structure and sizes of these aggregates. The
purpose of this work was a study of features of structure forming of carbon
nanotubes in a polymeric matrix in the model nanofilled system based on
polypropylere glycol (PPG) and CNT.

(173


mailto:ealisenkov@mail.ru
mailto:klepko_vv@ukr.net

P 0 | The3™ CEEPN Work&op on Polymer Science
® SeptembeP3-26, 2015

C l lasi, Romania

arch P34

Polypropylene glycol (PPG 40®JO[-CH,-CH(CH;)O-],H (n = 9) with a
molecular mass o, = 400 (Aldrich) was used as a fluidic polymer matrix. Its
density afl = 293 K wasp, = 1010 kg/mi. PPG 400 is anily viscous liquidand it
has a pour point ok 236 K.Before using PPG 400 was dewatered by heating in
vacuum (2 mm) at residual pressyre 270 Pa and temperatule= 263283 K
during 5 hours.

The multiwalled CNT were prepared from ethylene using the chemical
vapour deposition (€D) method (TM Spetsmash Ltd., Kyiv, Ukraine) with
FeAlMo as a catalysB]. They were further treated by alkaline and acidic solutions
and washed by distilled water until reaching the distilled water pH values in the
filtrate. The typical outer diameterof CNT was 2840 nm, their length. ranged
from 5 to 10 em anaklL/ha2b@l7aaspect ratio

The specific surface aréaof the powders determined bl adsorption was
S = 135 nf/g. The specific electric conductivityi of the powder of CNT
compressed at 15 TPa was about 16n§ 'along the axis of compressiofhe
density of theCNT was assumed to be the same as the density of pure graphite,
Pn = 2045kg/m?.

The composites were obtained by adding the appropriate weights of filler to
PPG400as= 323 s (30 mBagwith subsgquents2 min sonication of
the mixture using a UZDRT ultrasonic dispersat frequency of 22 kHz and the
output power of 150 WThe series of samples with content of CNT wit0.05
1,5 wt% (in further %)were investigated.

Small angleX-ray <attering (SAXS) investigations were done in the
diapason of the scattering anglds, bet ween 0. @lrdky-camata 4 A
system. The Kradiation was selected with a filter and data, measured by step
scanning with a scintillation counter, were obtain€tevious treatment of SAXS
curves was conducted with the use of the progfB®AXS[4].

The microscopy images of composites placed inside a santypiehcell

(cell thickness was 50 mgrosgopagiNagbe Suongt ai r

Instruments Co., Ltd, ChinaYhe microscope detector unit was interfaced with a
digital camea and a personal computer.

The features of structure forming of CNT in a polymeric matrix based on
polypropylene glycolare studied. Two levels of fractal aggregation for the probed
nanocomposites was fixed by the methodroéll angleX-ray scatteringlt is set
that fractals of the first structural level of aggregation for the probed systems are
surfacetype, and fractals of the second level are riggs. The fractal dimension
of aggregates of the first structural level grows and arrives at a valtieat3
specifies on formation of surfatgpe fractal aggregates with the most rough
surface with the increase of CNT content in the system. The value of fractal
dimension for the mass fractal structures of the second hierarchical level for the
system of PG-CNT changes from 2,5 to 2,9, that testifies to formation of net from
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the clusters of nanotubes and compression of such mass fractal aggregates with the
increase of CNT content. The sizes of pours, which appear between separate
nanotubes during their agggation and are the mediated description of closeness of

CNT packing in the nanocomposite are e
shown that the size of "pours”, which appear between separate nanotubes during
their aggregation, decrease from@&2n t o 4, 7 nm at the in
content . Such tendency in dependence

specifies on the compression of structures from CNT and determining the role of
aggregation processes of CNT at the formation of stnacture of polymeric
nanocomposites based on PPG. Using the mathagbtical microscopy it is set,

that the systems of PPGNT are characterized with fractal structure.

1. Paul D. R., Robeson L. MPolymer nanotechnology: Nanocomposites //
Polymer 49 (208) 31873204.

2. Liff S. M., Kumar N., McKinley G. HHigh-performance elastomeric
nanocomposites via solveakxchange processing Nat. Mater. 6 (2007) 76
83.

3. Melezhyk A. V., Sementsov Y. |., Yanchenko Synithesis of thin carbon
nanotubes by copricigition of metal oxide catalyst8 Appl. Chem.78,
(2005)938-944 (in Russian)

4. VonkC.G. FFSAXSs Programfor the Processingf SmallAngle X-ray
ScatteringData i GeleenDSM (1974 83.
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STRUCTURE-PROPERTIES RELATIONSHIP IN
COMPOSITES BASED ON POLYURETHANE AND SODIUM
SILICATE

T. Malysheva A. Tolstov

Institute of Macromolecular Chemistry tifie National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
Malysheva_tat@ukr.net

Over thke last years organioorganic system (OIS) consisting of
polyurethane organic phase and sodium silicate based inorganic phase are studied
intensively because of great prospective in producing of nanocompeghdsgh
performanceproperties

The aim ofthis work is the study of effedf isocyanate groups conteint
macrodiisocyanate (MDipolyisocyanate blendn interfacial interactions, sorption
and mechanical properties of ®IHybrid polymer composites were prepared by
the joint polycondensation dkocyanate componeriMDI and polyisocyanate)
with unmodified or polyacrylic acid modified aqueosediumsilicate MDI with
NCO groups content in the range of 36,8 wt% was prepared from
poly(propylene glycol) of N} 1000 or 2000 and tolylene diisocyamgmixture of
2,4/2,6isomers).0OIS prepared via aforementioned techniqumntain20 wt% of
inorganic phaseThe reactionbetweenNCO groups of organiphaseand silanol
groups of inorganic phase during formation of the composites is confirmed by
FTIR [1]. It is stated out that the increasiisgpcyanategroups content itMDI is
caused to increasing hydrophobic urethaitieate layer content at the interface
layer, decreasing water sorption ability and improving mechanical characteristics
of compositeshtained.

1. Malysheva T.L.,Tolstov A.L. Peculiarites of influence of chemical
structure of organic constituent on interfacial interactionsoiganic
inorganic system based on sodium silicatédjprosy khimii i khimicheskoi
technologii. 1 (2015) 6B7.
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COHESIVE-ADHESIVE PROPERTIES OF THE
COMPOSITES BASED ON OF POLYURETHANE
ELASTOMER AND VINYLCHLORIDE POLYMER

T. Malysheva

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
Malysheva_tat@ukr.net

Nowadays,great attention attracts trstudies of interfacial interactions in
polymer/polymer systems, which realize in obtaining nanocomposites with novel
functional characteristicsSThe ckemical structure of polyurethamgPU) has a
impact on phase separation processes, compatibility viityl chloride based
polymer and cohesivadhesive properties of the composit&rong hydrogen
bonding (Hbonding) network between polar groups of Ridd poly(vinyl
chloride) macromolecules at the interface provides a formation of
nanoheterogeneous structure of the blends containing up40 @6 of PVC and
improves the tensile pperties of the final composites

The influence of chemical structure afemicrystalline polyurethane
elastomer and vinythloride based polymeriKe pdy(vinyl chlorideco-vinyl
acetate) chlorinated poly(vinyl chloridg)ts supramolecular structure, cohesion
and adhesiorpropertiesof the compositehas been studiedt was shown that
strong interfaciaH-bonding between carbongroups of PU based on poly(t,4
but anedi ol -hgdiogem afchiodinatedmpalyméts in the blenifstiates
a formation of amixed phase with loosely packed macromolecaled result in
redwcing the mechanical and adhesion strength of the compositédse
strengthening of intramolecular-bonds in elastomer by increasing polar urethane
urea segments contenttbereplacement of poly(1;8utanediol adipate) segments
onto less compatible polyfeylene glycol adipateo-1,4-butanediol adipatednes
suppress the interface interactions e formation of mixed phasdt leads to
improvement of cohesion and adhesion properties of the composites. The
composites with 30 wt.%f pdy(vinyl chloride-co-vinyl acetate) are characterized
by nanoheterogeneous structure and enhanced adhesion properties compared with
neatPU.
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STRUCTURE AND ELECTROPHYSICAL PROPERTIES OF
POLYMERS BASED ON EPOXY OLIGOMER AND
HETEROPOLYACID

0. K. Matkovskal, Ye. P. Mamunyal, M. V. lurzhenkol, O. V. Zinchenkol,
E. V. Lebede\J-, G. Boiteux2, A. Serghe?

institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
omatkovska@ukr.net

2Universit® Lyon 1, Ing®nierie des Mat
Boulevard du 11 Novembre 1918, 69622 Villeurbanne, France
gisele.boiteux@uniyonl.fr

Epoxy compsites are widely used for different applications in many
technical areas due to their valuable properties. The characteristics of epoxy
composites depend on type of curing agent. It is knownli&ais acidscan be
used as hardenerBowever a mechanism ofiring isnot studiedenoughalthough
such a type of hardener can provide high characteristics of epoxy composite.

The research is devoted to the study of the structure formation regularities
and their influace on the electrophysical propertiespofymes based on epoxy
oligomer (EO) and heteropolyacid (HRPAHPA causes the reaoh of
homopolymerization oEO and, except of it, is a source of protons. It is found that
solvent of HPA (water) in the initial mixture is determinative factor that has an
influence on the structure and electrical properties of the EO/HPA polymer. Using
of electrometric and DRS methods it has shown the effect of water concentration
on the structural organization of the systems. Water content from 1 to 7 parts in
mass leads torstctural heterogeneity and increasing the water content up to 9 parts
leads to homogeneous structure of the polymer network. For the first time it has
been discovered threstage curing process of systems by the electrometric method.
Constants of rate ofonductivity change are in range fran. 43t 100 4°s2 T 1 0
Electrical and structural models of the epoxy polymer conductivity and
morphological model which explains the formation of heterogeneous structure of
polymer matrix have been worked out. It is shown that dependence of conductivity
on temperature makes agree with VTF theory that point out the influence free
volume on the proton transfer process in the EO/HPA polymer.

(178


mailto:omatkovska@ukr.net
mailto:gisele.boiteux@univ-lyon1.fr

| The3“ CEEPN Workshop on Polymer Science
SeptembeP3-26, 2015
lasi, Romania

000

P
S
ar P38

NOVEL NONLINEAR OPTICAL CROSSLINKED
POLYMERS BASED ON GLYCIDYL SUBSTITUTED
QUERCETIN

D. O. Mishurovl, A. D. Roshafz, 0. O. Brovko3

INational Techni cal Uni ver s,i2k, Frunze sth,a r ki
Kharkiv61002, Ukraine
mdal975@mail.ru

2 |nstitute of Chemistry is at the Kharkiv National University by name of V.N.
Karazin, 4, sq. Freedom, Kharko&1022 Ukraine

institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine

In last decadeshe photonics and optoelectronics are most developing
fields of ience and technology. This development would not be possible without
creation of new functional opticédansparently polymeric materials having
effective nonlinear optical (NLO) propertigs 2].

One of the ways to obtain such polymeric NLO materiathéssynthesis
of multifunctional chromophorecontaining monomers with theirfurther cross
linking. These monomers have to be of high molecular secondorder
polarizabilities thatleterminethe macroscopicNLO responseof the polymers.

This work is devotal to synthesisof polymersbasedon di-, tri- and
tetraglycidylderivativesof quercetin(GDQ). The estimationof molecularsecond
order polarizabilities (b ) of chromophorecontaining monomers using
solvatochromianethodbased on the quantumechanical twdevel model [3] was
carried out. Microscopicsecondorderp o | ari zabi |l i ti es @of p
were determined using ommémensional rigid orientedas model [4]

Theglycidyl derivativesof quercetinwerefirst obtained.The synthesisvas
carried out by reaction of quercetin (Q) with epichlorohydrin (ECH). The
optimizationof reactionconditionsaimedto improvethe yield of targetproducts
was made It was found that not-catalytic dehydrationof quercetin hydroxyl
groupsresultsin very low yields of thereactionproducts.
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Our investigationsshowedthat quaternaryammoniumsalts are the most
effectivecatalystdor mentionedpbrocessThe synthesioof GDQ wascarriedoutin
the presencef N-Alkyl -N-benzytN,N-dimethylammonium cloride (M,= 367.5,
SigmaAldrich Chemicals)undervariousmolar Q/ECH ratios. The obtainedGDQ
wereidentifiedusingFTIR and'H NMR methods.
The studiesof polymer networks obtainedfrom GDQ have demonstrated
high valuesof their macroscopi@uadratigolarizabilitiesandtemporalstability of
NLO properties.

1. Dhanya R., Kishore V. C., Sudha Kartha C., Sreekumar K., Rani J.
Ground state and excited state dipole momentsliofl substitutedpara
nitroaniline derivatives /Bpectrochim Acta A71(2008)1355 1359

2. Mallakpour S., Zadehnazari AAdvances in synthetic optically active
condensation pgmers //Express Polyrer Lett. 5(2011)142 181

3. Paley M. S., Harris J. M., laser H., Baumert J. C., Bjorklund G. C.,
Jundt D., Twieg R. JA solvatochomic method for determining secocadder
polarizabilities of organic molecule3Org Chem. 541989)3774 3778

4. Xie HQ., Liu Z-H.; Huang X:D., Guo XS Synthesis and nelinear
optical properties of four polyurethanes containing different chromophore
groups// Eur. Polyner J.37(2001) 497505
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ULTRAFINE FIBERS OF CELLULOSE ACETATE
BUTYRATE ELECTROSPUN FROM 2 -
METHOXYETHANOL 1 DIMETHYLFORMAMIDE
SYSTEMS

L. Olaru, A. L. Matricala, N. Olaru

fiPetru Poni o0 Institute of Macromol ecu
Alley, lasi 700487, Romania
lolaru@icmpp.ro

Polymer nanocomposites containing zinc oxide (ZnO) are intensively
investigated fortheir remarkable performances in various fields as optics,
electronics, semiconducting materials, biomedicine, photocatalysis. For example, a
highly efficient and friendly depollution of waste waters can be performed by
means of Zn@&ontaining materials, kich exhibit photocatalytic activity for
degraddon of many organic pollutants [1]Flexible polymeric nanofibers
produced via the electrospinning procedure are used as substrates for growing of
ZnO nanostructures.

New composites of ZnO nanocrystals groan cellulose acetate butyrate
(CAB) nanofiber mes have been recently performeahd their photocatalytic
activity was demonstrated over two organic dyes [2]. In the first step of this
process, CAB nanofiber mats with a zinc salt, like acetate, embeddédue i
polymer matrixi as a precursor for growing of ZnO nanocrystaise obtained by
electrospinning from polymer solutions containing zinc acetate.

The choice of a suitable solvent for this purpose may cause some problems
since such a solvent hae meet the requirements of a good electrospinning
solution and the necessity of dissolving the metal bathis study, mixtures of-2
methoxyethanol and dimethylformamide (DMF) warious proportions are
investigated in an attempt to find adequate sdhsstem and electrospinning
conditions for obtaining of smooth CAB nanofibers without besmbcontaining
zinc acetatén the polymer matrix.

We have shown that -thethoxyethanol is an adequate solvent for
electrospinning of CAB and can provide smootmafibers without beads by
electrospinning from solutions with polymer concentrations higher 2%ant.%

(Fig.1, a b), but it cannot dissolve sufficient amount of zinc acetate when it is used
without a cosolventriber diameters increase at higher polye@icentration.
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Dimethylformamidéas alsoa solvent for CAB and other cellulose esters, but
from its CAB solutions only beads connected by extremely fine fibers can be
obtainedeven br higher polymer concentratidfrig. 1,c, d. An explanation for
this behaviormay consist in the higher surface tension of this solvent as compared
with 2-methoxyethanol. In turn, DMF can dissolve sufficient amountziot
acetate which is a precursor for growing of ZnO nanocrystals in metal oxide
polymer composite.

P
>

r

(0) (d)

Fig. 1. Nanostuctures of CAB obtained from solutions Bamethoxyethanol at
CAB concentrations of 26 wt.% (a) and 32 wt.% (b), and from solutioB$4R at
CAB concentrations of 26 wt.% (c) and 32 wt.%. (d)
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The morphologiesof CAB nanostructures obtained in the studseti’ent
mixturesi as revealed by SEM analysisare c&ependent othe composition of the
solvent system an@n polymer concemation. It was observed thdtl (v/v)
composition of the solvent mixture is suitable for obtaindiggmooth nanofiber
mats at32 wt.% polymer concentration (Fig. 2, a), while lower CAB concentration
gave spheres connected bitrafine fibers (Fig. 2, b)With respect to fiber
diameters, which is also dependent on polymer concentration, the above mentioned
solvent mixture ensuresiaineters even lower than those produced in 2
methoxyethanol &6 wt.%, as shown in Fig. 2, a and Fig. 1, a, respectively.

(@) (b)

Fig. 2. Nanogructures of CAB obtained from solutions in mixtures 2
methoxyethanoli DMF 1:1 (v/v) at32 wt.% (a) and29 wt.% (b) polymer
concentration

The morphology of the beaddso vared with the composition of theolvent
system. At higher proportion of DMF ithe mixture, the surface of the beads
becomes more irregular due to a combined effect of lower volatility and higher
surface tension of this solvent as compared witlne2hoxyethanol. It is also
notable that solutions of CAB in mixtures oh#thoxyethanchnd DMF exhibit a
better spinnability than those performed im2thoxyethanol alone.

The results of this study (including those not depicted in this abstract) show
that mixtures of Znethoxyethanol and DMF in approximately equal proportions
are suitablesolvent systems for synthesis of smooth electrospun CAB nanofibers
with metal salts as precursors for hybrid composites.
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1. Liu H., Yang J., Liang J., Huang Y., Tang ZnO Nanofiber and
Nanoparticle Synthesized Through Electrospinning and Their Pdiaigtic
Activity Under Visible Light// 3 Am Ceram Soc. 9R008) 1287- 1291 .

2. Olaru N., Calin G., Olaru L.Zinc Oxide Nanocrystals Grown on
Cellulose Acetate Butyrate Nanofiber Mats and Their Potential Photocatalytic
Activity for Dye Degradation //dd Eng Chem Res. 53 (2014) 179687975.
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NICKEL DOPED TIN OXIDE NANOFIBERS PREPARED BY
ELECTROSPINNING FOR HUMIDITY SENSING

P. Pascarid, A. Airineil, N. Olaru?, F. Tudoraché

IbPetru Ponio Institute of Macronmdal ecul
41A, |l aki 700487, Romani a
pascariu_petronela@yahoo.com

2 |nterdisciplinary Research DepartmeinField Science & RAMTECH, Alexandru

loan Cuza University of lasi, Bd. Carol | Nr. 11, lasi 700506, Raanan

Nanosized metal oxide materials have been attracted much attention
because of their promising environmental capabilities of monitoring applications,
especially as active materials for humidity and gas senSaenserally a humidity
sensor has to presefdst response and recovery time, high sensitivity, good
stability, negligible hysteresis over utilization periods, and possibly a broad
operating range for both humidignd temperature, and low cost [1, 2

In this work, NiGSnG, nanofibers were fabricadl via electrospinning
technigue combined with calcination at 68. The NiGSnQ, nanofiberbased
sensor has sensitive response to relative humidity in air at room temperature. The
crystallinity, structure and morphology of the electrospun -Sif@, nanofbers
were discussedXRD data revealed that NiSnG; nanofibers with pure tetragonal
rutile structure for Sn@and cubic phase corresponding for NiO structure were
obtained.
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Fig. Humidity sensor sensitivity of Ni€3nQ, nanofibers
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The emissia characteristics are determined by structural defects and
oxygen vacancies and depend on the nickel level in nanofibeese nanofibers
having the advantages of porous structures and Ni doping gave excellent
performances for humidity sensorBhe effectof relative humidity on electrical
resistance of sensing element was studied in the humidity range of 0 to 100% RH.
The significant effective surface of these nanofibers increases the conduction in the
presence of water vapor which is reflected in a irgrdrsensitivity to humidity of
NiO-SnG, nanostructures.

1. Sin N. D. M., Tahar M. F., Hamat M. H., Rusop Mnhancement of
nanocomposite for humidity sensor péipation, In: Recent Trends in
Nanotechnology and Materials Science, F. L. Gaol, J. Webb, &gddnger

Int. Publ. Switzerland2014)15-30.

2. Kim H. R., Haensch A., Kim D., Barsan N., Weimar U., Lee J. Hhe

role of NiO doping in reducing the impact of humidity on the performance of
SnQO-based gas sensors: synthesis strategies, and phenonaiokmgd
spectroscopic studies, Adv. Funct. Mater. 21 (2011) #4%563.
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b-CYCLODEXTRIN -CONTAINING POLYMER SYSTEM
WITH CONTROLLED RELEASE OF DRUGS

S.V. Riaboy, L.A. Orel, L.V. Kobrina, S.I. Sinelnikov
Institute of Macromolecular Chemistry the Nationdtademy of Sciences of

Ukraine, 48 Kharkivske shausse, Kyiv 02160, Ukraine
Sergii.Riabov@gmail.com

Recently, much attention is paid to ttlevelopment of polymeric matrices
with controlled release of drugs such systems polymeric carrier and active agent
form a complex, which in addition to the set of physiological activity, has
adjustable pharmacokinetics [1]. In this respect, a promising compgoirent
creating polymer matesfor drug delivery are cycttextrins (CD), which form
inclusion complexes with various organic substrates, allowing to solve problems
such as maintaining constant concentrations of biologically active substances in the
blood, drugs release in a long time, protection compounds shkitit halflife,
stability of drugs, reducing the frequency of dosing and elimination of side effects
of drugs [26]. In the work presentedve investigateda desorption kietics of
drugs from cyclodextrinsontaining polymer matrices and estabdidlthe impact
o f -Cb functionalized derivatives aeir desorption. Therefore, we synthesized
crosslinked polymers based acrylamide (AAm), bisacrylamide (bish) ¢m) and
b-CD derivativeslike maleateb-CD (b-CD-Mal) and methacrylaté-CD (b-CD-

Met), in which bologically active molecules dfifferent sizes being capable to
foomi ncl usi on c eGDpot its xeivativegwete hincofporatedTheir
structural formulas are given below:

H,COONa ClI
B N
Cl H,CO
diclofenacsodium(DKF) metoprolol MTP) loratadine (R)

Drugsinvestigated were troducedinto the polymer matesin two ways:
encapsulation (directhduring the synthesis of polymer) and swelling (in the
already synthesized polymer). The concentration of released compounds was
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monitored by means of UV spectroscopyalculating the amount of drug in
solution using the calibration graph. Absorbance for calculating concentrations was
measured at maximum absorption with a wavelength redoorDKF i 274 nm,
MTP T 275 nm, LRi 247 nm respectively.
The general scheme afesorption drgs from polymeric carrier can be
represented as follows:

(Eer, [roy  [oen
L&/ :>4 0 :> Lo/ =

In the IRspectrum of the synthesized copolyngetim-bis-¢ ¢m (without
of b-CD moieties) one can see thbaracteristic absorption bands of amide groups
(3C=[ andiN ,) at 1653 and 162cni'r e s pe c t i VHeshoulder aa 1528 U N
m*, in turn, in spectrum of synthesized copolymérgm-bis-¢ ¢m havingb-CD-
Mal fragmentsthere are absorption bandg 10001100 cm', comresponding
vibrations3 CO o f glycoside ring -@dnd lgahdy c 0 s
absorptiorats 1 7 2 4vhichrelatedtes C=0O ester fragment .
In order b study the desorptiomf drugs from polymer sampleghe
experimentsinvolving the drug releasekinetics were conducted The research
results are presented in tableiridicaing thatp r e s e n-Clederivdtive I the
polymer matrix resulted in slowing of drugs desorption almost in 2 times for LR
and MTP, and for DKF id times. Method ofl r u igtéduction irio the polymer
matrix (by swellingi sample P3 or encapsaltioni sample P2) hasa little effect
on the value of its desorption.

Table 1.LP desorption from polymers in water

Polymersample Contento f  tCiDe| Type of dugs SS;Oér}tllon’ per
P-1 i LR 0,291
P-2 + LR 0,132
p-3* + LR 0,133
P-4 i DKF 0,052
P-5 + DKF 0,012
P-6 i MTP 0,650
P-7 + MTP 0,380
p-8** + MTP 0,190

* drugswere introducedhto the polymes by swelling in alcohol solution.
** polymer based ob-CD-Met only, other- on b-CD-Mal were obtained.
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It was interesting to compare destion behavior of samples having

differentamount of drugs filled imatrix t hat cont ai ned-Cbr di ¢
Mal. For this purposeinto polymersamplesdifferent quantities of MTPfom
0.29t0 0.6 mlof 11T P 6 s s wereunjectenlds)canbe seen from tabl2,
while b-CD derivativeis presentedn the polymer,MTP desorption proceeds in
smaller extent and slower time.

0 | The3“ CEEPN Workshop on Polymer Science

Table 2. MTP desorption in watdrom polymer samplewith different degrees of
MT P @llmg

The degree of fiing of the matrix

Sample minimum average maximum

Desorption MTP, per day, g/ |

Polymer (model) 0,225 0,882 1,1625
Pol y meb-Mal 0,474 0,329 0,507

Since the drugs investigated are mainly oral route of use, it was important to

examine thanfluenceof acidity mediumon their releaseSo, we also determing

t he ef f ect-Chderivatives, fineorperating tfe polymes onto the
desorptiorof drugs(MTP was applied as drug)nalysis of the data obtained leads

us to conclusiothatchangest malium from theneutral to the acidionedoes not
significantly affect on the desorptia@apability of the MTP,at the same timehe
presenceof b-CD-Met derivative in the polymematrix slows desorptiomprocess

of drugstrongercompared to thé-CD-Mal derivative.

°© 2 neutral environment
= acidic environment

06 |

04t

goncentration,

02

0,0

Fig. Release MTP from polymers in differenedium sample P8 (1), sample &
(2), sample 5 (3).
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Thus, based on the resultsbtained it can be concluded that the
incorporating of theb-CD derivatives into polymer néx results in slowingof
drugsreleasgloratadine, diclofenasodium metoprolol succinate). It is of interest
for developing of a new drugsolymer complexes with sustained releasel
incorporating of the cyclodextrin functionalized polymers may helpeduce
overall toxicity drugs antb improvetheir stabilization during storage.

1Plate NA., Vasiliev V.E. Physiologically active polymers- M.:
Chemistry, 1986i. 294

2Glangchai L. C., Caldorefisloore M., Li Shi, Roy K. Nanoimprint
lithography basedabrication of shapeespecific, enzymaticdltiggered
smart nanoparticles // J. Control.Release. 125 (2008)27@3

3.Mundargi R.C., Babu V. R., Rangaswamy V., et Blano/micro
technologies for delivering macromolecular therapeutics using poly(D,LL
lactideeceglicolide) and its derivatives // Ibid. 125 (2008) 1289.

4.Di Benedetto L. J., Huang J. S. Poly(alkylenetartrates) as controlled
release agents // Polylegrad. Stability. 451994 249 257.

5.De Scheerder I. K., Wilczek K. L., Verbeken E. V.etBibcompatibility

of polymerrcoated over sized metallic stents implanted in normal porcine
coronary arteries // Atherosclerosis. 114 (1995) 1Q8.

6.Bajpai A. K., Shukla S. K., Bhanu S., Kankane S. Responsive polymers in
controlled drug delivery // Progedym. Sci. 33(2008 1088 1118.
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BACTERIAL CELLULOSE -POLYANILINE COMPOSITE
FOR HEXAVALENT CHROMIUM REMOVAL

O. A. Aksenovskd, Y. V. Sheludkol, V. 0. Yevdokymenkol, N. D. Didiv%,
1 1
O. P. Tarasyuk , |. Y. Zayets’, N. O. Kozyrovsk&, S. P. Rogalsky

Linstitute of Bioorganic Chemistryand Petrochemistryf National Academy of
Sciences of Ukrain®0 Kharkivske shusse, Kyiv 02160, Ukraine
rogalsky@bpcikievua

2|nstitute of Molecular Biology and Genetics Mfational Academy of Sciences of
Ukraine, 150, Zabolotnogo Str., Kyiv 03680, Ukraine

Chromium is a common pollutant in groundwater because it is widely used
in electroplating, metal finishing, leather tanning, dye and textile industrigd jetc.
In aqueousaution Cr is known to exist in two oxidation states such as trivalent
Cr(Ill) and hexavalent Cr(VI). Cr(VI) is acutely toxic, carcinogenic and mutagenic
to living organisms whereas Cr(lll) is less toxdind does not readily migrate in
groundwater J]. Therefore, he most effective approachdsr removal of Cr(VI)
from polluted solutions are based on the reduction of Cr(VI) to Cr(lll) followed by
adsorltion of Cr(lll) on a solid adsorbent surfac¥arious natural or synthetic
materials, such as zewalentiron or Fe (ll) particles, cellulose or polyamines are
reported as widely used electron donors and adsorbentrfdt) removal [2].
Among the polyamines, conducting polymer polyaniline (PANI) has been paid
increasing attention for heavy metals remova¢ doi the high content of amine
groups, as well as high efficiency and reversibility. THUSNI powdersmay be a
good candidate for highly efficien€r(VI) removal due to their large specific
surface area, low cost aedsy bulk productiof]. However, reycling the PAN
powders after treatment is still a challenge due to its small padizte The
surface coating of PANI on the cost effectiveasily separate@nd reusable
substrates including magnetite (R®,) nanoparticles, carbon fiber fabric and
cdlulosewas demonstrated a good strategy for solvinig problem [2]. Cellulose
was shown to be especially promising material for-effgctively treating Cr(VI)
pollution since it can act as an electron donor for the Cr(VI) reduction and also
contains dot of active adsorption sites fo€r(lll) adsorption[4]. However, the
adsorption capacity of the neat cellulose is not high enough to achieve fast Cr(VI)
removal and therefore needs improvement. Thus, the surface modification of
cellulose with polymersontaining amino groups, particularly PANI has been
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clearly demonstrated as effective appro@chmprove itsremoval rate and removal
capacityagainst chromium ions [5].

In this study, bacterial cellulose (BC) has been used as support for PANI
depositionin order to develop new efficient composite for hexavalent chromium
removal.BC is a natural hydrogel synthesized by acetic and other badtria [
Being chemically identical to plant cellulose, BC displays important structural
peculiarities Thus it has high chemical purity and forms threémensional
ultrafine network ofribbon-shapednanofiters which are about two orders of
magnitude smaller than plant cellulose fibe8k [The nanemorphology of BC
results ina large surface areand highly porous mek having enormous water
holding capacity (to 99%)At the same timeBC hydrogelsdisplay high wet
strength and elasticityit was found that PANI can be easily synthesized on the
surface of BC nanofibers and assembled into novel electrically condudiing 3
network [5]. It is natural to assume that the specific morphology of BC/PANI
composite may cause its high efficacy for Cr(VI) removal.

BC hydrogel was synthesized with the helpkaimagataeibactexylinus
bacteria in the cultural medium contain@dv): 2% glucose, 0.5% yeast extract,
0.5% peptone, 0.25% disodium hydrogen phosphate, 0.18% citric acid (pH 6.0).
The culture was incubated within 7 days afGQunder stationary conditions to get
a BGpellicle (Fig. 1, a)

Fig. 1.Bacterial ellulose pellicle (a) and BC/PANI composite (b).

BC/PANI composite was obtained using the modified method described in
[5]. The scheme of PANI formation in the BC hydrogel is shown in Fig. 2. BC
pellicle (10 g, water content 99 wt%) was immersed into rh00f water solution
of aniline hydrochloride (1 wt%) for 24 h. The wet BC film impregnated with a
monomer was immersed into 50 ml of 0.1 M ammonium persulfate solution in 1 M
sulfuric acid cooled to-® °C. The dark green composite film (Fig. 1, b) obtgin
after the reaction time of 4 h was taken out of the solution and washed with
distilled water and with methanol consequently. Further, it was immersed into 50
ml of 3% KOH solution for 24 h to convert PANI salt into basic form. The
BC/PANI pellicle was ded at 100120 °C for 24 h. The PANI content in a
composite calculated from elemental analysis data was 20 wt%.
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Fig. 2. Scheme of the formation and structure of BC/PANI composite.
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According to AFM topgraphy images, the neat BC (Fig. 3, a) las
reticular threedimensional structurtormed by ribborshaped fibrils with diameter
of 115151 nm. For the BC/PANI composite, the formationaafinterconnected
network of fibres bundlewith diameter of 644659 nm was observed (Fig. 3, b)
which may be caused hgtramoleculahydrogen bondbetween PANI coated BC
fibers.

5.2um x 5.2um x 261.8nm [256 x 256] 2,0m

56um x 5.6um x 115.8nm [256 x 256] , b

X, um

Fig. 3.AFM topography images of BC (a) and BC/PANI composite (b).

The base form of PANI (emeraldine base) can be padliby Cr(VI) to
pernigraniline (PG) in solution by following scheme (4):

i i

16 H+l 2crof”

Pernigraniline (PG)
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For the studying of Cr(VIl) removal, the BC/PANI composite with dry
weight of 0.01 g was added to 30 ml of ,8&0, water solution containing 5 mig/
of Cr(VI) adjusted to PH of 3 by addition of sulfuric acid. In such conditions, only
slight stoichiometric access of PANI (1.3) to Cr(VI) has been used. The mixture
was stirred at room temperature and solution probes were taken after different
treatmenttime for spectrophotometric determination of Cr(VI) concentration. The
optical density at 540 nm was measured in the presence of diphenylcarbazide [4].
The removal ratio was calculated as following: R = 1Q8¢Q/C,, where G is the
initial concentrationof Cr(VI) in solution and Cis the concentration of Cr(VI)
after a certain time of exposure to BC/PANI composite. According to the obtained
results, the concentration of Cr(VI) in the treated solution decreased on 88% after
60 min exposure, whereas 98%(\) removal was detected after 90 min. In the
comparison experiment, the neat PANI (0.002 g) was used for Cr(VI) removal
instead of BC/PANI composite with the same PANI content. The removal ratio of
93% was achieved after 60 min which is similar to tfos@C/PANI composite.

Thus, the results of this study indicate on high efficacy of BC/PANI
composites for detoxification of Cr(VI) contaminated water. The main advantage
of BC based material is much higher surface area which allow fast Cr(VI)
reduction.as well as efficient Cr(lll) adsorption from water solutions.

1. Costa M Potential hazards of hexavalent chromate in our drinking water
/l Toxicol Appl Pharmacol. 188 (2003j 3.

2. Qiu B., Xu C., Sun DWan Q., Gu H., Zhang X., Weeks B. L., Hopper J.,
Ho T. C., Guo Z., Wei .SPolyaniline coating with various substrates for
hexavalenthromium removal/ Appl Surf Sci. 334 (2015)-14.

3. Olad A., Nabavi RApplication of polyaniline for the reduction of toxic
Cr(VI) in water // J Hazard Mater. 147 (2007) 83/%l.

4. Lin Y-C.,, Wang SL. Chromium(VI) reactions of polysaccharide
biopolymers// Chem Eng J. 181182 (2012) 470 485.

5. Liu X., Qian X., Shen J., Zhou W., An Ah integrated approach for
Cr(VI)-detoxification with polyaniline/cellulose fibecomposite pepared
using hydrogen peroxide as oxidéBiores Tech. 124 (2012) 5H3l9.

6. Ul-Islam M, Khan T, Park JKWater holding and release properties of
bacterial cellulose obtained by in situ and ex situ modificati@erbohydr.
Polym. 201288: 596603.
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FEATURES OF GLASS TRANSITION PROCESS IN
PENTON - Agl SYSTEM

M. I. Shut, M. A. Rokitskiy, G. V. Rokitskaya A. M. Shut, T. G. Sichkar
National Pedagogical Dragomanov Universit9, Pirogova Str., Kyiv 01601,

Ukraine
maksal@bigmir.net

Introduction

Due to a number of properties, in particulaeatheringand resistance to
weathering and aggressive environmeltte gas and vapor penetrability polymer
materials are widely used as coatings. However, under varyingitons of
temperature durability of products polymeric coating surfarssgis limited to
the difference of temperature coefficients of linear expansion (TOELE)bstrate
and coatingFor example, TCLEbf metals and plastics often differ by morertha
an order of magnitude

One of the directions of solving this problem couldthe approachingof
valuesof coating and substrate surfaC€LE. This can be accomplishdyy using
as a coatingf polymer composite materials (PCM) with fillers that have a&imo
zero or negative TCLEand through optimum selectioof composite heat
treatment

Optimum filler for such systems our view,canbe silver iodide (Agl)that
is characterized by a negative and stable in a wide temperature(&igé 2 0 s )
TCLE value As polymer matrixdue to the symmetrical arrangement along the main
chain of chloromethylgroups, which provide stable and high chemical resistance
penton is thenost appropriatgl].

This papelis dedicatedo theresearch of tarmal expansion peculiaritiesd
penton- Agl PCM system and determination of parameters of the glass transition
in this systenby dilatometric method.

Experimental

In the capacity of polymer matrithe powdery pentonof industrial
productionwaschose. Original powdemwasdispersed by mechanical metheih
foll owing fractionating b-y[-200smark gvitho f
loops size50 and 40 micron. Before pressingpenton powdemwas agedfor 24
hoursat323K for elimination of fugitive lowmolecular impurities.

Disperse filleri silver iodidewas prepared from ultrapure potassium iodide
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Kl and silver nitrate AQN@ Solution of Klwasinfused under continuous mixing in
silver-bath. Mixing of solutions and washing of Agl precipitatere cariied out in
the dark.

The pecipitate were carried owet filter-paper and oven dried 883K.
Dried Agl wasdispersedy mechanical method. Particles dimensiegscontrolled
by optical microscopeThe Agl outlet purity control was realized using Xay
analysis. Xray diffraction patterns of investigategeximenswereregistered using
I t J4-07 in Cukyemission with nickel filter in reflected rays and Bragjgntano
observation geometry.

Penton- disperse Agl system specimens were prepared at following thermo
barotime (T-p-t) condition: heating rat&,5 K/min, aging a#83K pendingl5 min
under pressure &0 MPa cooling from melt with0,5 K/min rate,that correspond
to better technological conditions of composite recycling with takitaccount
thefiller and polymer matrix properties.

Investigatimm of penton- Agl system linear expansion ih93 - 493K
temperature rate as carried out usingmodified linear dilatometer gauge of
induction type. Asanetalon an invar alloy vasused.

Results and discussion

For composites containing (0O< 100% (vol.) of filler in the temperature
range 273 343 K, there are four breaks on the curve relagiomgation.The first
two arerelated to low temperature component of the glass transition and the other
two - with a high temperatureomponent

The <lected temperature dependencé the composite system relative
elongatiomareshown in Fig. 1.

0,012 |-

—a—0% " .
0,010 |- —e—17% e /././-
¥ —a—42% P e
0,008 |- —v—58% e
| —e—69 o/g -/_/-/(./- s A
0,006 ——100% o Por

0,004
0,002
0,000 IR 33

-0,002

Fig. 1. Temperature dependerscof the penbn - Agl composites relative
elongation1i 0 %, 21 17 %, 3i 42 %, 4i 58 %,571 69 %, 6/ 100 %
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Analysisof composites relative elongatiasemperature dependencébas
to setbeginningand enthg temperaturs of a glass transitiocomponert for the
polymer matrix and in turto analyze their concentration dependence.

By the rature of temperature changés = flepead@rnceconditionally
can be divided into three areé®m 0 to8 %, from8to 42 %and overd?2 %

In the firstarea with concentrations from 0 to 8%ith content of dispersed
Agl increasingsome decrease indhglass transition temperature of the beginning
of the processs observedwvhich causedvy filler structural activity.As the Xray
diffraction researchshows,in this concentrations aredecreaseof the overall
pentoncrystallinity degreeis observed This causes increasing mobility of kinetic
units of the polymer chains and promotes their more intense thermal motion.

In the secondarea with increasing fillerconcentratiorfrom 8 to 42 %, Agl
can play the role o$tructuralnuclaus limiting the mobility of macromolecules
individual units near its surfaceThereforebeginning temperature of the glass
transition process increases

Further increase of fillecontent((i > 42 %) leads to the appearanckits
inhibitory action on the processes of crystahfation in the polymer matriand
therefore to difficulty of crystallization centers formation and thus to decrease of
crystallinity degree and temperatdrg(third ared.

The characteof the concentration dependenoéendng temperaturdl, of
relaxation processis similar to the correspondingeginningtemperatureT; of
processA slight displacemenof the temperatur&, minimum toward the higher
concentrations explains the growth of segmental mobility openton
macromolecules due temperature decrea

Conclusions

Thus, due to Agl anomalous negative TCLE value, PCM on its hase
TCLE valuesclose to the low molecular materiallh combinationof unique
thermal conductivity [2] and high chemical and drnitition pentonresistance,
above mentionedattor allows to solve the problenof penbn and silver iodide
composite systems coating durabilitpy addition, perdn - Agl compositesare
characterized byhighly absorptive capacityf ultrasonic and electromagnetic
radiation [3,4]which allows uig of the systemamaterials as protective coatings
on highfrequency electromagnetic and ultrasonic radiation and significantly
expands their application.

1. Shu M.1.,, RokitskiyM.A., Rokitskayds.V., BashtovyiV.l., Borbich Ju.O.
Polymer composite materials lealson pento Scientific Annalsof National
Pedagogical Dragomanov Universitithysical and mathematical sciences
Seriesl (2014 16 6-23[in Ukrainian].

2. Rokitskaya G.V., Shut M.l., Rokitskiy M.A., Sichkar T.G. Heat
conductivityof polymercompositematerial basedon pentonandsilver iodide
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RomaniaOctober24-25 (2014 215219

3. Shu M.1., RokitskiyM.A., Rokitskay#s.V., ShutA.M., Levandovskiy.V.
Physical andnechanicalproperies of polymer compositematerialsbased on
penton and disperse silver iodide // The aerodisperse systems physics 50
(2013) 2332[in Ukrainian]
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THE INFLUENCE OF COMPONENT RATIO AND
REACTION CONDITIONS ON THE PROPERTIES OF
PHOTOCURED EPOXY-ACRYLATE
INTERPENETRATING POLYMER NETWORK S

T. F. Samoilenkag N. V. larova, O. O. Brovko

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine

s t f@gmail.com

At the present stage dievelopment of chemistrgnd chemical technology
the combination oflifferentcomponentsn one composite materiaé anattrective
way to obtainnew materialswith the improvedproperties One of the important
types of polymer composite materials an interpenetrating polymer network
(IPN), in which the best characteristio§ both polymer networks are retaindd.
Theaim of this researctwasto form simultaneougpoxy-acrylatelPNson the base
of acrylic componenttriethylene glycol dimethacrylat¢d TEGDM) and epoxy
components of different chemical structumycloaliphatic triepoxide 1-(2',3*
epoxypropoxymethyt1-(2",3"“epoxypropoxymethyt3,4-epoxycyclohexane ([ -
1), aliphatic diepoxide 1-(2',3-epoxypropoxymethy)-1-(2",3"-epoxypropoxy
methy)-cyclohex3-ene ([ -2), and diane bifunctional epoxy resins based on
diglycidyl ether of bisphenoh ED-2 0 -3| gnd Epikote828 E-4) in the ratio of
100:0, 50:50, 25:78nd0:100,andto compareheir properties The polymerization
reactionswereinitiated by meansof ultraviolet (UV) radiationof UV-lamp (L) or
naturalsunlight(S) in a closedC) or in an opened[ ) form, that is,betweernglass
plates or on the glass surface, respectively mixture of triphenylsulfonium
hexafluorophosphatsalts (50% soluion in propylenecarbonaty 4wt % of a
system was usedas a photoinitiatorof both kinds of polymerization(via cationic
mechanism of epoxy component avid free radical one of acrylicomponent
For obtainedon the baseof the IPNs films such characgristics as gel fraction
content thevalueof surfacehardnessindweathemresistancevere investigated

The surface hardness of the filmghich is represented on a figungas
measured by the pencil test method according to the ASBBE374. The
hardnes isdeterminedby the last pencil in a set (rangifrpm the softes® lto the
hardes®B 1) which slate leaves no scratches on its surface
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Fig. The dependencef surfacehardnesson the componentatio for IPNs on the
baseof E-1 (Q, E-2 (b), E-3 (¢) i E-4 (d), obtainedby means oftJV-lamp(1, 2) and
sunlight(3, 4) in a closed and in an opened fomespectively

The values of hardnesstimated for the samplé@sadiated with a UMamp
and sunlight(other factors being egyahlmost coincide which testifiesto the
effectivenes®f applyingthe sunasa sourceof UV-radiationfor polymerizationof
given systemsAt the sametime for the samples cured in the presence offar,
curves2 and4) and without it(fig., curvesl and3) significant differencesn the
hardnessare observedlt is attributedto the oxygen inhibitory effect on the
polymerizationof TEGDM via free radical mechanisf2]. With the increaseof
acrylic component in a sample curédan opened fornthe hardnesf the fim
descend while neatTEGDM does not polymerize at aindits hardnesgends to
be null Epoxy componenin this caseservesasa barrierfor oxygendiffusion to
the systenandallowsacrylates to polymerize in the presence of3irAmongthe
appliedepoxy resin€-1 hasthe greateshardnesand E-2 hasthe lowest oneput
nevertheles$PNs on the baseof E-2 arethe least sensitivid reactionconditions
whereadPNsonthe baseof E-4 arethe mostsensitiveto them

The contentof gel fraction of obtainedsamples which characterizeghe
completeness of their curingias calculatedby the results oéxtractionin boiling
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Table 1.Gelfraction contentin theIPNson the basef aliphaticandcycloaliphatic
epoxyresins

Condi TEGDM | TEGDM TEGDM | TEGDM
tions / cE1= cE1= E2= ‘E2=
ratio | 'E°PM | 50:50 2575 | E1| s0:50 o5:75 | 2
c L 99.45 98.5 99.42 | 100 94.8 94.97 | 95.06
S 99.16 97.39 99.4 100| 93.89 94.48 | 95.41
o L [} 90.7 97.08 | 100| 96.33 95.92 | 95.16
S T 85.22 100 100| 92.34 96.25 | 95.45
Table 2. Gelfractioncontentin thelPNson the basef dianeepoxyresins
Conditions| TEGDM | TEGDM TEGDM | TEGDM
/ ratio E3= (E-3= E-3 ‘B4 = ‘B4 = E-4
50:50 25:75 50:50 25:75
C L 95.08 88.39 92.99 96.16 96.02 97.19
S 96.4 96.94 94.48 95.08 95.51 97.23
(0] L 75.68 91 92.78 79.21 96.38 97.2
S 93.59 95.92 94.57 94.06 94.77 97.13

High values ofgel fraction contentmeans thathe degree of conversion of
the functional groups in compounds during photopolymerization is also high

The weather resistance of tbbtained films was determined a climatic
cell, in which they wereheld in strict conditions(humidity 1 98%, temperature
6 OCAradiation ofUV-lamp with the maximum light intensity &40nm) for a
month Changesin massof the samplesafter climatic cell are demonstrateth
tables3 Is for IRNs on the base oéliphatic cycloaliphaticand dianeepoxy
resins respectively

Table 3. Changes in massf the samples ofPNs on the base ofaliphatic and
cycloaliphaticepoxyresinsafterclimatic cell

Condr TEGDM | TEGDM TEGDM | TEGDM

tions / E-1= TE-1= B2 = B2 =

ratio | 'ECPM | 5050 | 2575 | Bl | 500 | 2575 | B2

oIl | 249 018 | +139 |+173] 163 2 233
S | 247 0.66 112 | +18| 048 104 | 2.35

oL i 104 | +1.63 |+L71] 172 164 | 2.29
S T 283 | +1.31 |+L.78] 108 168 | 2.32
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Table 4. Changs in mas®f the samples dPNson the base alianeepoxyresins
afterclimatic cell

Conditions| TEGDM TEGDM TEGDM TEGDM
/ ratio E-3= E-3= E-3 E4= ‘E4= E-4
50:50 25:75 50:50 25:75
C L 1.68 0.95 0.52 1.06 0.31 +0.48
S 1.72 0.94 0.31 1.85 0.28 +0.45
(@] L 2.45 1.51 0.6 1.07 1.24 +0.39
S 2.47 1.47 0.55 3.79 1.15 +0.37

The mass of all samples changdightly, which in generaldemonstrate
their fine weather resistancEor neat epoxyresins especiallyfor E-1 and E-4,
weightincrease iobservedmarkedasa signg + i@ the tableg, that corresponds
to humidity absorption. Foneat TEGDMweightlossis noticedindicaing thatthe
reactions of destruction passombinationof both componentsn onelPN allows
producing materials with the mproved characteristicsnamely with minimal
changes in sample mass during their operatiornweather conditionsFor the
samplebtainedn opened formweightloss ishigherthat supplements thresults
of hardnessmeasuring and alsconfirms the inhibitory effect of atmospheric
oxygenon the polymerizationof acrylic componenvia freeradicalmechanism

All in all, the resultsof the investigationshow thatphotochemicaturing of
simultaneousepoxy-acrylate IPNs is an easy and effective way to produe
materialswith new propertieswhich, to some extenmay beregulated byarying
chemical structure of the componerteir ratio and polymerization conditians

1. De BritoM., AllonasX., CroutxeBarghornaC. et al Kinetic study of
photoinduced quasimultaneous interpenetrating polymaretworks //
Progress in Organic Coating& (2012) 136-193.

2. DeckerC., VietT.N.T., DeckerD., WebetKoehlE. UV-radiation curing
of acrylate/epoxide systemisPolymer 42 (2001) 5531-5541.

3. Samoilenkd'. The investgation of the curing completeness of epoxy
acrylate formulationslepending on the content// Abstract proceedings of
the Eight AltUkrainian scientific conference of students, pmstduate
students and young scientistgth international participationgChemical
problems of toda& Ponetsk (2014 151.
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BIOLOGICALLY ACTIVE METAL CONTAINING
POLYURETHANES

Yu. V. Savelyev, A. N. Gonchar, T.V. Travinskaya

Institute of Macromolecular Chemistry, Natl. Acad. of Sci. of Ukraine.
Kharkovskoe shosse 48, 0216@\K Ukraine

lexgon@ukr.net

Materials containing metal particles of nanometer size exhibit unique
physical and chemical properties, and in recent years, they are the objects of
i ntense resear ch. noCpoanptoisciltees/ fimet gsmer
particular interest since they open the opportunities for structural and functional
materials of new generation.

In our work we prepared a biologically active metal containing
polyurethane materialshased on colloid Sohs of silver and copper in polyether.

Preparation otolloidal solutions of metalg§Ag, Cu) in the poly¢he was
carried outby Electron beam physical vapor deposition {EB/D). This method
relates tophysicalhighly productivemethods ofme t a | s drticles abtainipg
which enabledo produ@ metal (Ag, Cu) colloid solutionswith a concentratiomp
to 1000ppm.

Biological study of metal containing polyurethaneanomaterialshave
shown that polyurethanesontainingCu and Ag nanometalexhibit bactercidal
properties in relation to botlyrampositive and gramnegative bacterjaand
Candida fungi.Thesepolyurethanesare also bacteriostatically effect on fungi
micromycets

It was found thatluring 14 days of cultivatiorthere were ndiodegradation
products of polymer samples detectedthe culture medium, anthey did not
exhibittoxicity on thecells of tissueulture.

Obtainedbiologically activemetal containingolyurethane materiatsan be
processednto goodsfor medical purposeécathetersdraing films, grids and so
on) by standard methodsf polyurethane processings thepresenceof metal
nanoparticlesin their structuredoes not affect thehysical properties othe
polymer.
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SORPTION / DIFFUSION BEHAVIOR O F
NANOSTRUCTURED POLYA CRYLAMID E/SILOXANE
HYDROGELS

0.V. Slisenkq I.M. Bei, V.L. Budzinska, V.V. Levchenko, Ye.P. Mamunya
Institute of Macromolecular Chemistry of National Academy of Sciences of

Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
olgaslisenko@ukr.net

Creation of new nanocompositehydrogels with high mechanical and
sorptioncharacteristicattractsmuch scientificinterest last years. Few methods of
preparation of the organioorganic composite hydrogels (OIC) namely
introduction of polymer particles [1], nanoclay minerals [2] and carbon nanotubes
[3] into the polymers or monomers followed by subsequent diddsg into
(semi}interpenetrating (sIPN/IPN) polymer networks [4], or formation of
independently crosslinked dowble network hydrogels [5] are widely used.
Changing the composition of Ol@an provideimproved physicathemical
characteristics and resistance to cracks formation of the materials obtained.

A novel nanostructured composite was developed by -pmie
polymerization of the organic and inorganic precursors. An organic polymer
network was created by polymerization of acrylamide (AAm) in a presence of
N, Nn&thylene(bisacrylamide) as a crosslinker, while an inorganic siloxane
network was formed in a processaztalyticallyinduced polycondensation of the
aqueous sodium silicate precursor. A series mdlyacrylamide/siloxane
(PAAM/SIO,) hydrogels with different Si©content (up ta35 wt%) have been
successfully prepared by situ polymerization technique. Toetermine an effect
of chemical structure of the OIC hydrogels on its lyophilic characteristics a
swelling behavior of materials obtained was studied in details.

FTIR spectral analysis of OICs indicates formation of network structure of
the hydrogels obtaed by controlled combining both organic (PAAm) and
inorganic (silicate) networks. The thermograms of PAAm{Si@nostructurized
materials have shown their enhanced thermal stability in comparison with neat
organic hydrogel (PAAm) due to formation of theity stable hybrid hydrogen
bonding network between polar amide groups of PAAm and siloxane fragments of
inorganic network.

From the analysis of swelling behavior of the hydrogels it was established
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that water sorption of individual PAAm has an extremestgpsorption curve, i.e.
kinetic curve has well defined maximuafter which desorption of water is
observed. At the beginning of sorption process the rate of sorption is rather high
and is in accordance with Fickian la{Fig.1). PAAmM/SIO, nanostructured
hydrogels corresporsdto two-stage swelling model: (1) a rapid increase of the
solvent content in the composite that takes place due to PAAm saturation and then
after some quasquilibrium (2) the solvent concentration increased much slowly.
Diffusion coeficient (D) for the composites at the first stage was calculated using
i helaft urationd time in accordance with

a) b)
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Fig. 1 Time-swelling pressur€@® andFickiansorptioncurves(b) for Pp ¢ [/SiO,
composites witl8i0, content 0, 5, 15and25 wt.%.

The D values decreased with increasing inorganic content. However for
PAAM/SIO, = 75/25 composition it increased again. The equilibrium swelling of
the composite hydrogels was much larger than that of the PAAmM hydrogel. Even
the smallest swellingatio of PAAM/SiIQ = 95/5 sample was approximately 3.5
times higher than that of the neat PAAm.

Thus novel nanostructured hydrogels consisting of organic PAAm and
inorganic siloxane networks were synthesized by facile-pmiein situ
polymerization apprach. Spectral study indicates formation of network structure
of hydrogel composites obtained. Both DSC and TGA measurements confirm a
presence of mixed organicorganic hybrid phase that enhances the thermal
stability of hydrogel materials. The measuredielling pressures (B of
PAAM/SIO, composites were determined in the range of 12@W0 kPa. Swelling
degree of hybrid composite hydrogels depends on components ratio and reaches
2700 %.
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HYPERBRANCH ED PROTIC OLIGOMERIC ANIONIC
LIQUIDS

O. A. Sobko,A. V. Stryutskyi, N. S. Klymenko, M. A. Gumenna,
A. A. Fomenko, V.V. Klepko, V. V. Shevchenko

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48 Kharkivske shausse, KyR160, Ukraine
lgsobko@meta.ua

lonic liquids (ILs) are well known for their exceptional physical properties,
such as notwolatility, high thermal and chemical stability, higinic conductivity,
nonflammability, wide electrochemical window and tunable solubility [1].

Polymerized ILs or as they are known as polymeric ILs combine the unique
properties of the monomer ionic liquids with the macroproperties of polymeric
systems, bt lose the ability to exist in the liquid state in a wide temperature range
[2, 3]. Therefore, it is most reasonable to classify such compounds as polymeric
analogs of ionic liquids [2].

At the same time the oligomeric form of ILs, which is intermediatevben
monomeric and polymeric ILs, is poorly highlighted in literature and the term
oligomeric ionic liquids (OILs) was proposed by us for these class of compounds
in analogy with polymeric ILs [4,5]. OILs are of great interest in scientific and
practicalaspects due to a combination of unique properties of ionic liquids with the
peculiarities of the oligomeric state of matter [4,5].

In this area promising are the development of methods for the synthesis of
the hyperbranched OILs terminated with ionic greuThe globular shape of such
OlLs enables low viscosity and their multifunctionality providegh density of
ionic groups on the molecule surface at relatively low molecular weight[6

In this study the method of synthesis of hyperbranched proticnanio
carboxylate OlLs terminated with methylimidazolium and triazolium cations was
developed. The synthesis of these compounds is based on complete acylation of the
aliphatic polyester pol yo20sH3®bH40jvith n E o
phthalic anlgdride followed by neutralizing the resulting oligomeric acid by N
methylimidazole and 1,2;#tiazole.
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Synthesized OILs were characterized by FTIR &hdMR spectroscopy.

They are solid materials with low temperaturérahsition in viscous state in the
temperature range 490 A C . These compounds sol bl «
According to DSC glass transition temperatures of the OILs are abdutA C . The
synthesized OlLs is thermostable up to-158 0 A C .

It was fourd with use of dielectric relaxation spectroscopy that the proton
conductivity of these compounds is in the rangé-10* S/cmat 100l 2 0 AC u n d e
anhydrous conditions. It is shown that the conductivity of these OlLs depends on
the generation number of gelther polyols that were used in the synthesis (with
increasing generation numbers a conductivity decrease was observed). In addition,
the conductivity depends on the counterion (conductivity of triazolium OIL is
higher than that of methylimidazolium OIL).

1. Hallett J.P., Welton T Roomtemperature ionic liquids: solvents for
synthesis and catalysis // Chem Rev. 111 (2011)-3508.

2. Shaplov A.S., Ponkratov D.O., Vlasov P.S., Lozinskaya E.l., Komarova
L.l., Malyshkina I.A.\Vidal F., M. Nguyen G.T., Armand., Wandrey C.,
Vygodskii Ya.SSynthesis and properties of polymeric analogs of ionic
liquids. Polym Sci B. 55(2013) 12P38.

3. Yuan J., Meccerreyes D., Antonietti Moly(ionic liquid)s: an update //
Progr Polymer Sci. 38 (2013) 1009036.

4. Shevchenko V.V.Stryutsky A.V., Klymenko N.S., Gumenna M.A,,
Fomenko A.A., Bliznyuk V.N., Trachevsky V.V., Davydenko V.V., Tsukruk
V.V.Protic and aprotic anionic oligomeric ionic liquids // Polymer. 55 (2014)
33493359.

5. Shevchenko V.V., Stryutsky A.V., Klymenko N.8meBnaya M.A.,
Fomenko A.A.Trachevsky V.V., Davydenko V.V., Bliznyuk V.N., Dorokhin
A.V. Protic cationic oligomeric ionic liquids of the urethane typPalymer

Sci B. 56 (2014) 58%92.

6. Peleshanko S., Tsukruk V.Vhe architectures and surface behawabr
highly branched molecules // Prog Polym Sci. 33 (2008} 523.

7. McKee M.G., Unal S., Wilkes G. L. et &8ranched polyesters: recent
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ALKOXYSILYL PROTIC OLIGOMERIC IONIC LIQUID
AND ORGANIC -INORGANIC PROTON-EXCHANGE
MEMBRANES BASED ON IT

A. V. Stryutskyi?, N. S. Klimenko', M. A. Gumennd, Yu. V. Yakovlev',
0. A. Sobkd', S. 1. Lobok?, V. V. Korskanov?, S. N. Ostapiuk®, E.A. LysenkoV,
V. V. Klepko!, V. V. Shevchenkd

institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
stryutskyi@ukr.net

2Mykolayiv National University V.O. Sukhomlynskiy, 24 Nikolska Str., Mykolayiv
54030, Ukraine
ealisenkov@mail.ru

Oneof the main directionsf a pdymer electrolytefuel cells development
is to impart themwith ability to operate under anhydrousconditions at
temperatures abov&0C®C [1]. A promising solution for this problem is the
creation ofnanostructurechybrid organicinorganic polymeric protorrexchange
membrans (PEM) via solgel method2,3]. Presence oihorganicsilsesquioxane
frameworkasa part of such membranegrovides their highthermal stability and
mechanical strengtrand the organiccomponentgives themthe necessary
flexibility [2]. Another approach tamprove the efficiency opolymer electrolyte
fuel celk is areplacement ofaqueousprotorrexchangemedum in PEMs with
anhydrous ong?]. The useof ionic liquids assuchalternative watefree proton
exchange medjavhich, however tendto diffuse from the bulk membraneis very
promising[2,4]. At the same timé¢he direction ofuse for PEM synthesisf protic
oligomeric ionic liquids (OILs), which combine thehigh conductivity of low
molecular ionic liquids andthe high viscosity of oligomeric compounds,
preventingtheir diffusion[5], and oligoetheion-conductivecomponentremains
undeveloped

In the present studg method forthe synthesis ofalkoxysilyl protic OIL
(OAP-Tol-Si), which combines thability to solgel transformatios, protonrdonor
and protonconducting properties and a method for producinghe organic
inorganicPEMs based on that Ollveredeveloped.

Synthesisof OIL OAP-Tol-Si was performedby reaction ofexcessof
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aliphaticepoxyoligomerwith 1(3-aminopropyl)imidazolefollowed by blockingof
terminal epoxy groups of the obtaineligomerwith 3-aminopropyltriethoxysilane
and neutralization ofbasic groups with4-toluenesulfonic acid It should be
emphasized that the preserdetriethoxysilyl groups as a part @IL gives itthe
ability to hydrolytic condensation. Theriidazoliumtosylateionic liquid groups
provide the protondonor propertiesand being combined with thexyethylene
component the proteconductive properties of the synthesized OIlAs a
cooligomerfor the PEMs synthesighe oligoehyleneoxydelerivative(PEC-UG-Si)
MM 1000with urethaneuretriethoxysilylterminalfragmentsvas used.

PEMs synthesis wasarried out both byydrolytic homopolycondensation
of OIL OAP-Tol-Si obtainedn this workand byjoint condensation of ivith the
oligomerPEO1000UG-Si at their ratis of 25: 75; 50: 50; 75: 25 respectivelyThe
solkgel processwas carried out using0.1 N HCI in amount providinga
stoichiometricratio of water toethoxy groups The synthesizednaterals are
transparenflexible films that are insoluble imrganic solventsdilute acids and
alkalis.

on 5% on OH

H
(Et0);Si_~_ J\%o 0\/& ks \/Q N__~_ Si(OEt);

(OAP-Tol-Si)

N
[%s@
oH, H™
R= 2/{'0\/\0/\/0%4?;/\0/\/0\

i CH; O * H %3_“ H\/\/Si(om)3
(Et0)si” N u@’”)qo/\/hi\[gh‘_\ ! 70(
(PEO-UG-Si)
l sol-gel
PEM

Chemical structure othe synthesizedIL and POMs based on itwas
studiedby FTIR spectroscopyAccording toDSC resuls thesemembranes are
amorphousand theirTg values aren the negativéemperature regionn this case
a decrease iffg with increase in content dhe oligoethyleneoxydecooligomer
PEO1000UG-Si was obsrvedwhich is due tdhe influence of flexible agoether
fragmens. The synthesizethembrane arethermallystable up t¢230-250)A Gind
the values otheir static exchange capacitiepending on the conteof OIL are
(0,481,88) mequivig. The proton conductivity othe synthesized materialsnder
anhydous conditionswvas studed with use ofdielectric relaxationspectroscopy
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and amounts(10°-10% S/cm at temperaturesof 100-120°C. The increase in
conductivity and thermal stability ofPOMs was observedwith increase ofOIL
contentin their composition.

1. Luo W:H., Zhao L.-H. Inorganid¢ organic hybrid membranes with
anhydrous proton conduction prepared from tetraethoxysilane, 3
glycidyloxypropyltrimethoxysilane, trimethyl phosphate and
diethylethylammonium trifluoromethanesulfonatd Membr Sci451 (2A4)

32-39.

2. Shevchenko V.V., Stryutskii A.V., Klimenko NRSlymeric organic
inorganic protorexchange membranes for fuel cells produced by tligesbl
method //Theor Exp Chemd47 (2011) 6-92.

3. Membreno D., Smith L., Dunn ESilica solgel chemistry: crding
materials and architectures for energy generation and storage /GéIS8¢i
Technol. 70 (2014) 20215.

4. Shevchenko V.V., Stryutskii A.V., Bliznyuk V.N., Klimenko N.S., Shevchuk
A.V., Lysenkov E.A., Gomza Yu$ynthesis, structure, and properties o
anhydrous organiénorganic protorexchange membranes based on
sulfonated derivatives of octahedral oligosilsesquioxares d - U0, r
di(triethoxysilyl) oligo(oxyethylene urethane urea) Fblymer Sci B 56
(2014) 216228.

5. Shevchenko V.V., Stryutsky A.V., Klymenko N.S., Gumennaya M.A.,
Fomenko A.A.Trachevsky V.V., Davydenko V.V., Bliznyuk V.N., Dorokhin
A.V. Protic cationic bgomeric ionic liquids of the urethane typePblymer

Sci B. 56 (2014) 58%92.
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UDNIC LIQUIDS BASED O N POLYMERIC QUATERNA RY
SALTS OF AMMONIUM (M ORPHOLINE DERIVATIVE S)

O. S. Sverdlikovgka, M. V. Burmistr

State higher educat iiannstate unwessityadh thensicalme n
technologyeé, 8, Gakad005nUkraiset r . |, Dni prop
osverdlikovska@rambler.ru

lonic liquids (IL) are melts of organic salts that are liquid at a wide
temperature ange [1]. The unique physical and chemical properties of IL
determine their applicability in various fields of science and technoloe§y. [1

Introduction of the latest science and technology, the emergence of new
technologies, materials and energy souftage led to revolutionary changes in
society. Mankind has entered the era of scientific and technological revolution that
strengthened the human impact on nature. So important is to solve environmental
problems. One way to solve many environmental problessociated with
emissions from chemical plants, is the use of "green chemistoy temperature,
thermo stable IL, workable in the temperature range6#C to +65C [4]. IL are
expensive for a wide range of areas of use, therefore reducing the t¢bet®f
compounds is important.

It have been known a large number of works about IL with different organic
anionic and cationic organic or inorganic parts. The special interest are promising
thermostable low temperature IL based on moaed bisfunctional gaternary
salts of ammonium (morpholine derivatives) with high ionic conductivity [6].

The polyionens (Pl) are particular interest among the -higlkecular
compounds [7]. The unique properties of the impact and effectiveness of Pl on
different systems angrocesses associated with a molecular weight and topological
structure of macromolecules; charge distributed in the chain of the macromolecule;
and functional groups.

Therefore directed synthesis of polymeric quaternary salts of ammonium
(morpholine deriveives)i ionic liquids (ILPQASM) is a new type of scientific and
practical interest.

In order to continue research synthesis poliquaternary ammonium bases
based on morpholine were studied the reactions of polycondensation equimolecular
amounts of tertiarydiamines based on morpholine and aliphatic alkyl aromatic
dihalides. Synthesis have been conducted bylFig
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Fig. 1. Synthesis PQASM

When planning a synthesis the scheme using margh&r the synthesis
of tertiary diamine was been chosen. The tertiary diamine has been obtained by a
reaction of morpholine with dihalide. The reaction of synthesis (at twice the excess
morpholine) has been held at-60°C for 6:8 hours. As an initial momers for the
synthesis of target PQASM with high yields were identified tertiary diamines
based morpholine and ¢Bhlorpropanol2, dibromethane, bishalide derivatives
ED-20, TEG1, DEGL1. It has been established [10, 11] that the reactions of
bishalide derivatives with morpholine occur by nucleophilic substitution of
chlorine atoms in the amino group.

As dihalides (as for the synthesis of tertiary diamines, and as a monomer for
the synthesis PQAS) have been useddih®rpropanol2, dibromethane and
dihalide derivatives of biepoxide compounds such as alkylaromatic, and aliphatic
structure. The synthesis bishalides has lmaened out by known techniques [12],
which occurs by nucleophilic attack of unsubstituted agent, spatially more
accessible hydrogeatom. The protonation biepoxide compounds of the oxygen
atom occurs on the rapid and reversible first stage with the formation-gkgon
In the second slow stage, the nucleophilic attack of halide ion of proton form of
biepoxide compounds.
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The synthesiof PQAS based on morpholine and alkylaromatic, aliphatic
dihalides has been performed by Menshutkina reaction (FiurEhe estimated
number of tertiary diamine has been mixed with equimolecular number of dihalide.
The initial monomers have been dissalvin acetone. The synthesis was been
carried out at a temperature of-60°C within 1416 hours. The synthesized
PQASM are watesoluble compounds, so the addition of water in the reaction
mixture leads to a shift of the equilibrium towards the formafR@pAS. It is
known that this type of interaction occurring on the mechanism of bimolecular
nucleophilic substitution.

The properties of synthesized PQASM are shown in Table 1. The
synthesized PQASM are letemperature amber color IL of a new type.
Table 1. The properties of synthesized PQASM of general formula

Refrae

f Density
) o tive 20
RNj R NiNj mo|n | index | (d3g)
20 3
€ | kgm
—CH,—CH—CH,—
i * wl | 9 | 1,5280 910
OH
—CH,—CH—CH,—
i ok uwl | 12 | 1,5210 930
OH
—CH,—CH-
OH work ul | 15 | 1,5250 850
* ok uwl | 11 | 1,5245 920
—CH,—CH—CH,—
* i wl | 7 | 1,2956 1115
OH
—CH,—CH—CH,—
wox i wl | 13 [1,4132 730
OH
—CH,—CH—CH,—
o 2 2 ul | 10 | 1,2830 1429
OH
** * ul 11 T T
—CH,—CH—CH,— j
—CH,—CH,— I ul | 15 [1,1900 i
OH
—CH;—CHy— * ul | 10 | 1,3910 1248
_CHZ_CHZ_ *x ul 14 1,2200 T
—CH,—CH,— ok al | 19 | 1,2957 1590
—CH,—CH—CH,— . )
i —CHy—CH,— Br | 13 i i
OH
* —CH,—CH;— Br | 16 | 0,300 i
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m=0,414; s
»e —CHZ—(IZH—CHZ‘(O—CHZ—CHZ 0= CHy—CH—CH—
OH OH
we —CHZ—(IiH—CHZ-(O—CHZ—CHZ}SO—CHZ—(ISH—CHZ—
OH OH

The resistance to thermuxidative dstruction, physical and chemical
properties ofPQASM has been studied. It is established that the synthesized
PQASMthermally stable up th00 150Fu.

The ionic conductivity of neWwQSAMhas beestudied Fig. 2).
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Fig. 2. Temperature (1000/T) dependence of ionic conductivitydfldigPQSM: 1a
T 4-7-1, a1 4-1-7,3al 4-9-1, A u-1-8, |i u-8-1, @i u-1-9; 1bi ¢-137, Di u-138 i
d-7-13, 40" &-8-13, i ©-139, Bi 4913

New promising low temperatureQASM are a new type of ionic liquids
with high ionic conductivity (10i 102 & dgdd') has been synthesized for the first
time.

PQASM can be recommended for use as a component of liquid and polymer
electrolytes for electrochemical devices of a new type.
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MULTI -COMPONENT POLYMER SYSTEMS
COMPRISING DIFFERENT BIO -BASED FILLERS

C.-A. T&RactBod rl tu, L. Rok u, N . Tud
fiPetru Poni 0 I nstitute of Macromol ecu

Alley, lasi 700487Romania
cateaca@icmpp.ro

Nowadays, ecological concern has resulted in a renewed interest in natural
composite materialand issues such as recyclable featuaed environmental
protection are becoming increasingisnportant for the introduction of new
materials and products. At this moment,-@lesign concept is applied to more and
more materials and products.

The development of advanced polymer materials for various sustainable
applications requires the obtainmeaf polymer composites from lowost,
environmental friendly, renewable and biodegradable resources (with natural
biopolymers in their structure), with main focus upon enhanced multifunctional
properties (e.g. thermal stability, impact resistance, watsistamce, photo
stability) and reduced impact as pollution effects under environmdigpbsal
conditions [15].

Multi-component polymer systems comprising different biobased fillers
(hardvood sawdustsoftwoodneedleshardwoodlignin) within plasticizel starch
matrix have been obtainedParticle size analysisiourier Transform Infrared
(FTIR) spectroscopy, Xay diffraction, scanning electron microscopy (SEM), and
TG/DTG/DTA simultaneous thermal analysis methadsre used for polymer
systems charactestion.

1. Faruk Q, Bledzki AK., Fink H.P., Sain M Progress report on natural fiber
reinforced composites Macromol Mater Eng299(2014)9i 26.

2. Isogai A.Wood nanocelluloses: fundamentals and applicatemsiew
bio-based nanomaterialsyMWood Sci59 (2013)449 459,

3. Huber T., M¢ssig J., Cur now .POA | P s
critical review of all-cellulose compositesdl Mater Sci 47 (2012) 1171
1186

4. BlakerJ.J., LeeK.Y., BismarckA. Hierarchicalcompositesnadeentirely
from renewablaesourced/ J BiobasedViaterBioenergy 5 (2011)1-16.

5. Habibi Y., Lucia L.A., Rojas0.J. Cellulosenanocrystalschemistry self-
assemblyandapplications// ChemRev. 110(2010) 34793500
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ULTRAFAST SPECTROSCOPY. STUDY OF THE NON-
RADIATIVE PROCESS

l. R. Tigoianu* and M. Chergui®

bPetru Ponio Institute of Macr omol ecul
41A, lasi700487, Romania

Laboratoire De Spectroscopie Ultrarapide, Ecole Polytechnique Fédérale De
Lausanne, ISIC, FSB, GH)15 Lausanne, Swirland

In this presentation, the ultrafast spectroscopy (ultrafast fluorescence up
conversion and transient absorption spectroscopy) was used for to understand,
learn about these techniques and to investigate and characterize ttaglintive
processesthat consist of different mechanisms such as internal conversion (IC,
nonradiative transitions between states of similar spin) and intersystem crossings
(ISC, transitions between states of different symmetfids)

Fluorescence uponversion [2] on tl fs time scale that measures only the
fluorescence of the sample is a complementary tool to transient absorption
spectroscopy where we have present contributions from the ground state bleach
(GSB) and excited state absorption (ESA) for to address ralaxdyinamics in
molecular systems.

The ultrafast spectroscopy can be used not only for the fundamental
information about photophysics of molecular systems, but also for the present and
potential applications that offer these systems in the field of solargen
conversion, light emitting devices, etc.

1. Chergui M On the interplay between charge, spin and structural
dynamics in transition metal complexes. Dalton Trans. 41 (2012) 13022
13029.

2. Cannizzo A., Bram O., Zgrablic G., Tortschanoff A., Ajdarka@skouei

A., Van Mourik F., and Chergui M.Femtosecond fluorescence
upconversion setup witlbroadband detection in the ultravioléptics
Letters 32, (2007) 3553557.
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SYNTHESIS OF STAR-SHAPED MOLECULES BASED ON
POLYHEDRAL OLIGOMERIC SILSESQUIOXANE AND
AZOBENZENE DYE WITH

TRIMETHYLSILYLOXYMETHYLENE GROUPS

I. M. Tkachenko, Ya. L. Kobzar, A. V. Sidorenko,
0O.V. Shekera, V.V.Shevchenko

Institute of Macromolecular Chemistry of National Academy of Sciences of
Ukraine, 48 Kharkivske shausse, Kyiv 0216Rrdihe
tkachenko im@i.ua

Organicinorganic oligomeric silsesquioxanes with a general formula
RSIO;; are widely used to improve the thermal, mechanical, and optical properties
of nanocomposite materialfl-3]. Cajugation of organic chromophores to
polyhedral oligomeric silsesquioxan®OS3 core was shown to increase the
therma and photostability of dyes and enhance optical propeRigthermore, the
bulky POSS core disrupts the stacking of conjugated mokecuteerefore
increasing fluorescence efficiencjhe amorphous character of these conjugates
results in solution processability, which makes it possible to manufacture
nanocomposites by versatile wet chemistry approg@gks

Organic dyes containing arz@benzene fragment are used extensively as
tunable chromophores and liglesponsive moieties due to reversible treiss
photoisomerization[6]. Therefore, attachment of photoresponsive azo dyes to
POSS(Azo-POSS)may result in novel hybrid materials witiroad applications.
Several recent studies demonstrated the utility of this approach by grafting simple
azobenzenes onto cubic POSS c4d8eg, 8]

Recently, to elucidate the role of azobenzene conjugation, we utilized two
Azo-POSS compounds, with diffemt spacer lengths between the inorganic core
and the azobenzene moi¢8y 7]. As is known, the linker length has a pronounced
effect on thermal cigo-trans relaxatiorf9]. It was shown the branched conjugate
with a long spacer between the core and #wbanzene branche8zo-POSS1)
undergoes photoisomerization in solution but not in an ultrathin solid film due to
the aggregation of azo dye$he thin film of AzePOSS conjugate with a shorter
spacer between the core and the azobenzene moieliesP(0SS2), however,
exhibited a pronounced change in intensity of thé* transition at 350 nm,
indicating efficient trango-cis isomerizatior7].

On the other handatomic force microscopicevealed thaiAzo-POSS1
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yielded a smooth film, buAzo-POSS 2 under the same conditions gave a
somewhat less uniform film. In thisase, formation of crystalline domains and up
to 30 nm deep cavities was observed on the film suffgcéncorporation of bulky
groups intochromophore of POSMolecules can prevent of A#80SS conjugate
crystallization. Additionallythesechemical grops can serve as salled suitable
isolation groups or SIG groups. SIG groups are introduced to decrease the
intermolecular dipolidipoleinteraction of chromophore fragmeifitg)].

Therefore, the aim of this study was to synthesize new azobenzene dye
having side bulky trimethylsilyloxymethylenédTMSOM) groups as well as to
prepare highly substitutedzo-POSS structure based on obtained-dy® via
hydrosilylation coupling.

Synthesis of azdye 3 containing TMSOM units was accomplished by
reaction of aldehiel groups ofdye 1with NaBH, followed by interaction of the
newly obtained OH-substituted dye 2 with trimethylchlorosilaneschemég
Substituted POS®zo-dye conjugate (POS$) was prepared using a
hydrosilylation approach with octakis(dimethylsilyloxy¥sisquioxane (POSIS)
as a schold for the attachment of azdye 3 bearing reactive allyloxy groups
(Schemg

SchemeThe route of synthesis of compounds 2, 3 and ROSS
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It should be noted that the protection of OH groups of dye 2 is essential
becaus OH groups react with $1 bonds under theonditions used (ilylation)
[11]. So, n addtion to serving as a protective groapmethylsilyl (TMS) groups
as part offTMSOM fragmentsserve as SIG groups, in other words, TMS protecting
groups serveual purposes.

The molecular structure of the synthesized dye 2, dye 3 and -PQ&S
confirmed with FTIRUV-Vis, 'H and**C NMR spectroscopy, i.e. the results were
consistent with the structure of the compounds shown in Scheme. It should be
noted that'H NMR spectroscopy indicated nearly complete modification of the
octavalent POSS core with azo dyes

Compounds 2 and 3 have a typical azobenzene absorbanae witht r o n g
band at 348 nm and a weaker The UViva:
spectra of compounds 3 and POGE# chloroform solutions are very similar. The
absence of a pronounced shift of absorbance peak positions before and after dye
conjugaton to the POSS core indicates that in dilute solution aggregation is
insignificant.

In a summary, we have developed synthetic routes for new hyeraxgl
TMSOM-containing azodyes. Based on dye witiTMSOM groups a highly
substituted AzePOSS(POSS1) was synthesizedlhe structure of the synthesized
compounds was determined by FTIR, W&, 'H NMR and **C NMR
spectrometry techniques.

r
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THE INFLUENCE OF THE ORGANIC -INORGANIC SILICA
BASED MODIFIER ON THE EPOXY POL YMER
PROPERTIES

M.G. Tkalich, L.A. Gorbach, O.0. Brovko
Institute of Macromolecular Chemistry of National Academy of Sciences of

Ukraine, 48Kharkivske shusse, Kyiv 02160, Ukraine
tkalich.maksym@gmail.com

The aim of work was to investigate the influence of the ratio of the initial
reagentsof epoxy resin EE20 and organiénorganic silica based modifier
(functionalized by epoxy group (Epi)) on adhesion and viscoelastic properties of
cured epoxide compdsin. The trifunctional triethanolamine (TEA) was used as
hardener, which provides the formation of low defective 3D networks. The amount
of Ep-Siwas varied in interval of 0:30 wt %.

Strength, MPa

L
80

40

20

0 T T T T T
0 5 10 15 20

w(%)
Fig. 1.Influence ofthe amount ofEp -Si on overallstrength.

By using dynamic mechanical analysis method the viscoelastic behavior of
free epoxy films and films modified by different amount of {&pwas studied on
the dynamic mechanical analyZzek Instruments Q80th the temperature interva
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of 20-160", with the rate of heating'®/min, on the frequency 10 hz by tensile
stress mode. The overall strength was investigated by tensile stress mode with a

constant displacement rate, U=10mm/ min
3000- Epoxy
T . —s— Epoxy+ 0,5 % EpSi

—s=— Epoxy+ 3 % EpSi
—=— Epoxy+ 5 % EpSi
Epoxy+ 10 % EpSi

2500 “‘-—-..,._-‘.“
) ]
~ 2000 -
—
. 1500

W 1000 -

500 +

2I0 ' 4I0 ' 6IO ' 8IO ' l(l)O ' 150 ' 1:10
T,°C
Fig. 2. Temperatureelpendenc éorepdxy t he EI

—— Epoxy
| —=— Epoxy+ 0,5 % EpSi
030 —=— Epoxy+ 3 % EpSi
_ —=— Epoxy+ 5 % EpSi
Epoxy+ 10 % EpSi
200
w
100
0 e L
T T T T T T T T T T T T T T
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T,°C
Fig.3.Temper ature defoeepakence olf

The experimental results which was obtained are presented on fig.1 are
show the influence of organrinorganic silica based modifier on adimn
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characteristics of cured epoxide composition. The dramatic drop of adhesion
strength was observed for adhesive layers having amount «3ilgss than 1 wt
% and more slowly decrease occurred in case of increasing number of modifier.

It was determing that amount of EpSi influenced both adhesion and
viscoelastic behavior of epoxides (Fig. 2,3). It was shown that adhesion strength
and glass temperature of cured epoxide composition, which content 0,5 wt % of
organicinorganic Epi Si, has too high vaki compared with the nemodified.
Further increases of amount of modifier are decreasing of glass temperature and
adhesion strength.

Accordingly, the clear correlation between both adhesion and viscoelastic
properties of epoxide composition was determinédvas established that the
optimal amount of Ep Si is 0.5 wt%, that product the best of physiechanical
properties of epoxide polymer.
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LYOPHILICITY AND OPTICAL PROPERTIES OF CROSS -
LINKED COPOLYMERS OF BUTYL METHACRYLATE
WITH IMPREGNATED ZnO NANOPA RTICLES

A.L. Tolstov, O.V. Gres, E.V. Lebedev
Institute of Macromolecular Chemistry tifie National Academy of Sciences of

Ukraine, 48Kharkivske shusse, 0216&yiv, Ukraine
tolstov.aleksandr@rambler.ru

Polymeric materials loaded with zinc oxide (ZnO) found wide application in
various fields of civil life. It has become due to exhaustive properties of the
inorganic filler. Introducing micrometer sized ZnO powder into polymers provides
improved strength bactericidal, antifouling, electromagnetic, heahductive
properties of the final composites [1]. Transfer from midm nanesized ZnO
leads to appearing novel optical properties (luminescenceali$drbance, high
transparency) of the materials [2. Bong exploitation term of polymers filled
with ZnO nanoparticles (nZnO) could be achieved by stabilization of inorganic
nancdispersed constituent via functional features of polymeric matrix or additional
stabilizers.

In this work we proposed complep@oach for stabilization of nZnO in
solution by soluble polymeric stabilizer followed by impregnation of stabilized
nZnO into a surface of polymeric matrices. Sol of nZnO was synthesized by polyol
approach from zinc acetate and ethylene glycol in a presai poly(N
vinylpyrrolidone) (PVP) as extra stabilizer. Averaged nZnO size in the sol was
found as 16.1NK1.5 nm (Fig. 1).

Copolymers of butyl methacrylate (BMA),
N-vinylpyrrolidone  (VP) and N,N
dimethylaminoethyl methacrylate
(DMAEM) crosslinked with ethylene glycol
dimethacrylate (EGDMA) have been
synthesized by free radical phétotiated
polymerization and usedas polymeric

matrices for impregnation of nzZnO.
,ﬁi::"“ VR s . Composition of the copolymers obtained
Fig. 1. TEM mlcrograph of PVP  Was presented in Table 1. Polymer films
stabilized nZnO sol. with a thicknessof 200 m wer e wused
experiments.
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Table 1.Composition and lyophilic characteristics of BM¥ased (co)polymers

Sampl@ Composition, wt% Equilibrium sorption, wt%
BMA EGDMA | VP | DMAEM EG EGME IPA

PBMA® 95 5 - - 0.4 13.3 13.3

PBMAT 99 1 - - 0.4 43.0 42.8

P(BMA-VP) 90 5 5 - 0.5 30.1 16.5

P(BMA-DMAEM) 90 5 - 5 0.2 19.8 10.1

@ Superscript indices indicate crelgsk level (EGDMA crossinker content).

It was experimentally found that EG is good solvent for preparation of
nZnO sol but very poor solvei achieve good results for impregnation of nZnO
into surface layer of polymeric matrices (equilibrium swelling of all (co)polymers
in EG do not exceed 0.5 wt%). According to handbook data a solubility parameter
@) for PBMA iAs 3%.B8edulctm we have triet
values closed to PBMA to achieve a moderate swelling of polymers in
experimental conditions. The second requirement for the solvents is to be good
diluents for nZnO sol thatill provide a stability of nanosystem. Among different
solvents i sopropyl al cof ard etlylere Aglycol wi t |
monoethyl ether (EGME) with o f 3#Awlerde/ csmel ected (U val
61 J/cm that is too high for BMAbased copgimers).

Prior to immobilization of nZnO onto polymeric substrates the lyophilic
properties of pure PBMA with different cresks density and the copolymers are
studied to evaluate the best-salvent for nZnO sol. The kinetics of sorption of

solvents salcted ipresented in Fig2.

50 50

e 2
S = I
- Q
~y
8 25 g 25 |
S 4 7
%] S
[%] 3
1 1
4
0 T T 0 T
0 100 200 0 100 . 200
t, min t, min
(a) (b)

Fig. 2. Kinetics of sorption of EGME (a) and IPA (b) by polymer films: (1) PBMA2)
PBMA?, (3) P(BMAVP), (4) P(BMADMAEM).
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Equilibrium sorptiondegreedor all polymers are summarized in Tableltl.
was fownd that swelling behavior of polymer films is highly dependchemical
structure of the polymer and a nature
of PBMA and IPA the maximum equilibrium swelling of the copolymers was
observed when EGME used advent. Moreover, introducing EGME into nZnO
sol do not change a stability of ZnO nanodispersion.

In accordance with aforementioned results nZnO sol was diluted with
EGME (EG/EGME = 1/1 vIV; GGno= 3.1 mg/mL; Gyp = 2.9 mg/mL) followed by
deposition of he mixture onto a surface of polymer films. Specific nZnO content
in polymers of 0.2 mg/cfrwas achieved by dropping appropriate quantity of nZnO
sol and temperatweontrolled treatment for uniform deposition of active
constituent.

i — Optical properties of
] ] polymer films with impregnated
80 - nZnO at fixed wave length (U¥A
region at & = 365
60 | region at o = 55 (

measured and the results are
collected inFig. 3. It is shown that
reference sample (PBMA without

Transmittance, %
B
(=]

nZnO) is characterized by high

27 transparency at both UX and
. I visible region. Impregnation of
0- 2 © 0 o nZnO provides increased
& F \\Q\Q’ & absorbance of UV radiation and
& @\ﬁ*‘ 9&@ excellent transparency at visible

R 65 v [ 550 Q@é‘“ region. Highest leel of UV

Fig. 3. UV-absorbane data of the polymer absortgance was 'd?nt'f'ed for
with immobilized nZnO at fixed wave length. ~PBMA™nZnO composite (PBMA
matrix is practically inert to both
nZnO and PVP stabilizer). At the same time for P(BRMAEM)-nZnO
composition a moderate level of UV absorbance and good transparency in visible
region wa observed. Probably the main reason of such impact is high reactivity of
DMAEM (complexation of ZA" by aminecontaining ligands [4] and its reducing
properties [5]). Intermediate level of UV absorbance for P(BDMAEM)-nZnO
system at high transparenceniisible region is brought about by effect of polar
component of the matrix (VP) on stability of PAéRabilized inorganic nanophase.
Thus in this work we propose an efficient method for preparation of
optically active polymeric nanocomposites with enhdredgsorbance at UV region
and excellent transparency for visible light. An impact of chemical structure of
polymer matrices on optical characteristics of the materials was identified and
discussed. Sorption behavior of crdis&ed polymer matrices in thmedia with
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different solubility parameters was studied as well.

1. Madelung O Semiconductors: Data Handbq@004.

2. Pearton S.J, Norton D.P., Ip K., Heo Y,\8teiner T.Recent progress in
processing and properties of Z@Prog. Mater. Sci50 2009 293-340.

3. Tolstov A.L., Gres O.VPolymeric systems containing nanand
microstructured zinc oxide // Theor&xperim. Chem. 48 (2013) 35%56.

4. B° r n.&mnc cdmplexes with Mlonor ligands and their application as
catalysts in the polymerisation of cycliesters // PhD thesis in Natural
Sciences, Paderborn, 2009.

5. Pliss E.M., AleksandrovA.L., MogilevichM.M. Mechanism of initiated
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NEW POLYMERIC NETWORKS BASED ON POLY(VINYL
FURFURAL) CROSSLINKED WITH MALEIMIDE
MONOMERS CONTAINING TRIBUTHYLTIN
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The membranes were obtained by the DAdtder cycloaddition reaction of
poly(vinyl furfural) with (bisymaleimides [1,2] functionalized with tributhyltin
carboxylate groups. Two procedures were uBedobtaining films or porous
membranes (by phase inversion method).

The structure of the membranes was confirmed by the -ATIR
spectroscopy. The morphology of the membranes and the thermal stability were
studied A qualitative study of the antimicrobial actiwiwas also conducted.

A general route for the synthesis of membranes is represented below:

1. Gaina C, Ursache O., Gaina V., Buruiana E., lonita Dvestigation on
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