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The rapid development of modern technology requires new materials with predetermined properties. There is a
need for materials with ultra-high strength, hardness, other characteristics and a common combination of these
properties. The work was aimed at solving the problem of creating polymer composite materials that combine high
physical and mechanical characteristics and thermal and electrical conductivity. Information was given on fillers, the
use of which gives polymers thermal and electrical properties. Shown are the most commonly used in the composition
of polymer composites fillers, advantages and disadvantages of each of the fillers. It was established that the use of
carbon nanotubes allows obtaining polymer composites with the required performance characteristics. One of the
problems when using nanoparticles as modifiers of reactive oligomers is their uniform distribution in the volume of
the polymer matrix. Heterogeneity and uneven distribution of the dispersed phase can lead to dangerous defects in the
material, so the technology of combining the nanofillers and the polymer matrix plays an important role. The possibility
of obtaining polyvinyl butyral structured with carbon nanotubes in the process of its synthesis in the presence of carbon
nanotubes was shown and the technological conditions of In situ synthesis are developed. Experimental samples of
polyvinyl butyral structured with carbon nanotubes with high thermal and electrically conductive characteristics were
obtained. Under optimal conditions of synthesis, in the obtained PVB samples structured with carbon nanotubes, the
electrical conductivity of the composite increases by five orders of magnitude due to the high electrical conductivity of
CNTs. For the obtained PVB, structured with carbon nanotubes, the fracture stress was significantly (by 62 %)
increased, and the fracture deformation is reduced by approximately 38 %. The decrease in the deformation of the
fracture during compression indicates an increase in the fragility of the polymer with the inclusion of CNTs. The
prospects for the synthesis of polyvinyl butyral in the presence of carbon nanotubes to obtain a composite with a high
level of achieved electrical and thermal conductivity were shown.

Keywords: composite materials, thermal conductivity, electrical conductivity, carbon nanotubes, polyvinyl
butyral

INTRODUCTION automobile windshields. Recently it has also been
found application in photovoltaic solar cell
encapsulation. Other applications include as hot
melt adhesive, ultra filtration membranes,
radio—chromic film dosimeter etc. It has excellent
optical properties like transparency, low glass
transition temperature and mechanical properties
like strong adhesion, flexibility efc. As an
encapsulating material, polyvinyl butyral protects
the encapsulated material from degradation due to
environmental influences. It has good resistance
to heat, UV light and moisture permeation. It is
usually prepared by modifying the already
existing polymer chain of polyvinyl alcohol. PVB
has amorphous structure at room temperature and
its thermal conductivity (0.0224 W/m-K) falls in

The present time is characterized by high
rates of scientific and technological progress. The
rapid development of modern technology requires
more and more new materials with predetermined
properties. There is a need for materials with
ultra-high strength, hardness, other characteristics
and a combination of these properties. Therefore,
the main and long-term direction in the
development of new materials now consists in
creating materials by combining various already
known materials, that is, in obtaining composite
materials [1].

Polyvinyl butyral (PVB) is a polymer widely
used as an interlayer in laminated safety glass for
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the lower end among different polymers. The
volume resistivity of PVB is around 10" Q-m
level.

Oligomers and polymers, which are used as a
basis of adhesives, are dielectrics in the cured
state and do not conduct electric current.
However, in various branches of technologys, it is
required to provide electrical contact between the
surfaces to be joined through the use of
electrically conductive adhesives. Such adhesives
are most in demand in instrument making and
electronics. In aviation and rocketry, they are used
in adhesive joints of structures to remove static
electricity. To ensure electrical conductivity,
special fillers are introduced into the adhesives,
while the level of electrical conductivity depends
on the type and amount of filler used.

Most often, conductive fillers are used in
conductive adhesives: graphite, carbon black,
carbonyl nickel, and finely dispersed metal
powders. Common to all conductive adhesives is
a high filling rate. Analysis of scientific, technical
and patent literature in the leading countries of the
world: Russia, USA, Japan, Germany, France,
Great Britain and China with a retrospective
search for 27 years has shown that the highest
electrical conductivity is provided by finely
dispersed metal powders, which are introduced in
quantities of 23 times exceeding the weight of
the polymer. The specific volumetric electrical
resistance of such systems reaches 10°-107° Q-m.
Conductive fillers also include powders from
metals and their alloys with magnetic properties,
for example, powders obtained from a rapidly
quenched hard magnetic alloy neodymium — iron
— boron. An adhesive with such a filler ensures
self-fixation of substrates with a sufficiently high
compression force. Silver powders are most
commonly used in conductive adhesives. Due to
their high plasticity and resistance to oxidation,
silver particles form strong contacts that are
resistant to high temperatures, moisture and
various components of polymer adhesives, which
do not change under operating conditions [2, 3].

Recently, the trend of using nanostructuring
additives as modifiers in the manufacture of
composite materials for various industries,
including aircraft construction, has been
dynamically developing [4—11].

Multiwall carbon nanotubes are among the
most anisotropic materials known and have
extremely high values of Young's modulus [12].
Carbon nanotube aspect ratio of length to
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diameter is more than 10°; this distinguishes it
from other nanoparticles. New composites with
carbon nanotubes (CNTs) as additives were
studied intensively during the last decade.
Composites are characterized by extremely high
specific strength properties, electrical and thermal
conductivity.

CNT are characterized by extremely high
specific strength characteristics (tensile strength
~1.8 TPA), electrical and thermal conductivity,
etc. In this connection, they have great prospects
for use in modern technologies. The property that
distinguishes CNT from other nanoparticles is the
uniquely high aspect ratio (1) (ratio of length to
diameter) that exceeds 10°. In this case, the
percolation threshold @, (@, = 1/), that is, the
concentration at which A continuous grid of CNTs
is formed, provided they are uniformly distributed
in the polymer matrix, can be = 0.1 % by weight.

One of the acute problems in the use of
nanoparticles as modifiers of reactive oligomers
is their uniform distribution in the bulk of the
material. Inhomogeneity and uneven distribution
of the dispersed phase can lead to the appearance
of dangerous defects in the material, therefore, the
technology of combining nanofillers and polymer
plays an important role.

The main methods of
nanoparticles into polymers include:

1) Direct mixing of polymer and nano-particles;

2) In situ polymerization in the presence of
nanoparticles. The most common and simplest
method is the first method for producing
composites.

To achieve a high degree of uniform
distribution of particles, it is proposed to use
various types of processing and their
combinations: signification, high-speed shear, the
addition of surfactants. There are various methods
for obtaining nanocomposites: in the process of
synthesis, in solution, in a melt, deposition on a
reinforcing filler, and using sol-gel technology.

The authors of [13] obtained polymer
composites CNT — PVB from solution using
solvents ethanol and 1-butanol with vigorous
stirring and sonication. However, this method
does not provide sufficient dispersion of CNTs in
the polymer matrix, which makes it impossible to
obtain the required performance characteristics of
the composite.

The aim of this work was to obtain conductive
compositions based on polyvinyl butyral
structured with carbon nanotubes.

introducing
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EXPERIMENTAL

Synthesis of polyvinyl butyral modified with
carbon nanotubes. Polyvinyl butyral is produced
by the interaction of butyraldehyde and polyvinyl
alcohol in an aqueous medium in the presence of
a dispersion of carbon nanotubes (CNTs). The
optimum determined amount of CNTs is
0.5 wt. % of the resulting polymer. The synthesis
was carried out at the temperature of 70 °C for
30 min.

CNTs were obtained by the method of
catalytic chemical vapour deposition (CCVD) by
pyrolysis of hydrocarbons on complex metal
oxide catalysts. Synthesis of CNT was carried out
in equipment with a reactor volume of 30 dm” and
an output of about 1.5 kg of product per day.
According to the  Ukrainian  standard
(TU U 24.103291669-009: 2009 (ISC NAS of
Ukraine)), the average diameter of the CNT was
10-20 nm, the specific surface determined by
desorption of argon was 200-400 m*/g, the bulk
density — within 2040 g/cm’[14-15].

The temperature dependence of the thermal
conductivity of the samples was measured by the
method of dynamic heating using an IT-1-400
industrial device equipped with an analogy-digital
device for recording data on a personal computer.
The samples were coated with a thin layer of
graphite grease to improve thermal contact with
the measuring plates. The measurements were
carried out in the temperature range 40—-170 °C
with a heating rate of 5 °C/min. The relative error
of the method was £8 %.

Table 1. Characteristic samples temperatures

The electrical conductivity at low frequencies
at room temperature was investigated by a two-
contact method using an E7-14 immittance meter.
The tests were carried out on a 2167-P50 tensile
testing machine in the mode of repeated-static
compression with a record of the deformation
diagram until the final destruction of the sample.
The fibres were fixed by winding them onto
cylindrical clamps. The loading speed was
10 mm/min.

The structural features and crystallization
behaviour of nanocomposites, as well as the
dependence on CNTs, were investigated by
differential thermal and gravimetric analyses
(DTA, DTG) (Q1500 derivatograph, heating rate
10 °C/min).

The results of the analysis of the DTA
diagrams of the sample are given in Table 1: the
temperature of the beginning and end of the
melting and crystallization process, the
temperature range of these processes, as well as
the temperature of the extreme of the DTA peak.
The results showed that the characteristic
temperatures of the melting process depended on
the presence of CNTs. The limited mobility of
polymer units, which can be caused by the
interaction of the polymer with the filler surface,
is obviously the reason for the increase in the
melting and crystallization temperatures. For
crystallization processes, a monotonic but
nonlinear increase in characteristic temperatures
is observed. This is due to the presence of CNTs
in the polymer material.

Melting process

Crystallization process

N System T..  Tm, T, AT, T., Tm, T. Az, Crystallinity,%
OC OC OC OC OC OC OC OC
1 PVB 163 180 192 29 136 120 101 35 72.1
2 PVB+CNT 168 181 199 31 141 126 104 37 74.9
The crystallization temperature in the are formed from agglomerates of the filler. In the

PVB-CNT system increases, and the temperature
range (AT) of melting and crystallization is shorter
in comparison with pure PVB. This may indicate a
similar nature of the effect of CNTs on the processes
of structure formation of composites.

The electrical conductivity at low frequencies
at room temperature was investigated by the two-
contact method using an E7-14 immittance meter.
With the content of CNTs, separate leading chains

100

studied sample, the electrical conductivity of the
composite increases by 5 orders of magnitude due
to the high electrical conductivity of CNTs. A
jump in the dielectric constant is also observed,
the dependence of which is presented in the form
of the Clausius-Mosotti function:

=)
&+2
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where ¢ is the dielectric constant.

The measured value of ¢ is 10, respectively
F —0.75 relative units. This shows that structural
features are observed in the percolation transition,
that is, in a system where there is still no
continuous CNT cluster.

The level of thermal conductivity of the
composites of the system is rather low, since the
polymer, a feature of which is a complex
molecular and supramolecular structure, makes
the main contribution to the total thermal
conductivity. It is known that the thermal
conductivity of polymer composites depends not
only on the thermal conductivity of the filler,
concentration and tendency to form intrinsic
structures in the composite material, but also on

Table 2. Temperature dependences of thermal conductivity

the level of its interaction with the polymer
matrix.

The heat resistance of thermoplastics
characterizes the plasticity of the polymer at a
given temperature and significantly depends on
the molecular weight, degree of crystallinity and
technological conditions for obtaining the
polymer material. It increases with an increase in
the degree of crystallinity of the polymer. A
change in this temperature in the system may
indicate the state of the supramolecular structure
of the polymer component in the temperature
range under consideration. The temperature
dependences of the thermal conductivity of the
PVB —CNT and PVB system are given in Table 2.

T,°C 20 40 60 80 100 120
PVB A, WiM-K 0.011 0.015 0.017 0.016 0.015 0.014
PVB + CNT A, Wim-K 0.31 0.37 0.35 0.34 0.33 0.32
The data on the dependence of the Thus, polymer compositions reinforced with

compressive stress and deformation in a pure
polyvinyl butyral sample and a sample modified
with carbon nanotubes are given in Table 3.

When CNTs are added to PVB, the fracture
stress increases significantly (by 62 %), and the
fracture strain decreases by about 38 %. A decrease
in the deformation of fracture in compression
indicates an increase in the brittleness of the
polymer when CNTs are included.

Table 3. Compressive stress versus deformation

carbon nanotubes have characteristic tempe-
ratures of the melting process, which depend on
the presence of CNTs. The limited mobility of
polymer units, which can be caused by the
interaction of the polymer with the filler surface,
is obviously the reason for the increase in the
melting and crystallization temperatures.

PVB
Compression stress, MPa 0 5 10 15 20 25 30 35
Deformation, % 0 1.3 1.7 2.1 2.3 3.3 4.5 5.6
PVB+CNT
Compression stress, MPa 0 5 10 15 20 25 30 35
Deformation, % 0 0.3 0.5 0.6 0.7 1.2 1.5 1.8
The crystallization temperature in the of structure formation of composites.
PVB-CNT system increases and the temperature In the studied sample, the -electrical

range (AT) of melting and crystallization is shorter
in comparison with pure PVB. This may indicate a
similar nature of the effect of CNTs on the processes
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conductivity of the composite increases by
5 orders of magnitude due to the high electrical
conductivity of CNTs.
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CONCLUSIONS
1. The possibility of obtaining polyvinyl 2. The efficiency of the introduction of carbon
butyral structured with carbon nanotubes in the nanotubes into the polymer matrix to improve the
process of its synthesis in the presence of carbon physicochemical, physic mechanical and
nanotubes has been shown. operational characteristics has been shown.

TennoBa Ta e1eKTPUYHA XapPAKTEPUCTHKH KOMIIO3UTIB MOJIiMep/ByrJienieBi HAHOTPYOKH 3
NOJIBIHII0OYTHPAIBbHOI0 MATPHULIEI0
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Bypxausuii pozsumox cyyacnoi mexiku sumazae 6ce HOBUX Mamepianie 3 Hanepeo 3a0aHUMU BIACTNIUBOCHIAMU.
Bunuxae nompeba 6 mamepianax 3 Ha08UCOKOIO MIYHICIIO, MEEPIICIIO, THUUMU XAPAKMEPUCTIUKAMU § CRITbHUM
NOEOHAHHAM Yux enacmusocmeu. Poboma cnpamvosana Ha eupiuienus npobiemu CMBOPEeHHA HNONIMEPHUX
KOMRO3UYIUHUX ~Mamepianié, sKi MNOEOHYIOMb GUCOKI  (DI3UKO-MEXAHIUHI XAPAKMEPUCUKU Mad menjio- I
enekmponpogionicme. Haeoosimuvcsi idomocmi no HanosH08auax, 3acmocy8anHs SKUX HA0ae noaiMepam menao- ma
enexmponpogioni enracmusocmi. Tlokasani HAUOLILW 4ACMO BUKOPUCMOBYSAHI 6 CKIAOL NOJIMEPHUX KOMNO3UMIG
HAano6HiI08ayi, nepesazu i HEOOMIKU KOJCHO20 3 HANOBHIO6AUIE. Bcmanosneno, wo GUKOPUCAHHA 8yelleyesux
HaHOMPYOOK 0036015€ OMPUMAMU NOAIMEPH] KOMNO3UMU 3 HEOOXIOHUMU eKCNAYAMAYIUHUMU XAPAKMEPUCMUKAMU.
Oowuiero 3 npobaem npu BUKOPUCMAHHI HAHOYACMUHOK SIK MOOUQDIKAMOpie peakyiltHo30amuux onicomepie € ixHitl
pisHOMIpHULL pO3n00in & 00'emi nonimeproi mampuyi. HeoOHopiounicmo i HepisHoMipHicmb po3nodiny oucnepcHoi
Gaszu modce npuzgooumu 00 SUHUKHEHHs HebesneuHux oOegeKmis 6 Mamepiani, mMoMy MeXHONO02IA CYMIiljeHHs
HaHOHanogueaya 1 nonimepHoi mampuyi eidiepac easciugy poav. Ilokazana MONMCIUBICING OMPUMAHHS
NOIGIHINOYMUPANIO, CMPYKMYPOBAHO20 BVeNleye8uMU HAHOMPYOKAMU, 8 Npoyeci U020 cuHme3y 8 NPUCYMHOCH
gyaneyesux HaHompyboK ma po3pobieHi mexHonN02iuHi ymosu cunmesy In situ. OmpumaHno excnepumeHmanbHi 3pasKu
NONIGIHINOYMUPATIO, CMPYKMYPOBAHO20 BY2IEYECBUMU HAHOMPYOKAMU, 3 GUCOKUMU MENNO0- | eNeKmponposiOHUMU
Xapaxmepucmukamu. 3a onmumaibHux yMo8 nposedents cunmesy, y ompumanux 3paskie IIBb, cmpyxmyposanux
gyeneyesumu HAHOMpPYOKAMY, e1eKMPONPOGIOHICIb KOMIO3UMY 30I1bULYEMbCsE HA 5 NOPOKIE 8EIUYUHU GHACTIOOK
sucoxoi enekmponposionocmi YHT. Jna ompumanozo I[IBB, cmpyxkmyposanozo eyeneyegumu HaHompyoOKamu,
Hanpyaa pyuHy8anHs 3Ha4Ho (Ha 62 %) 30insuyromscs, a depopmayis pyuHyeanHs smeHuyemocs npudausno Ha 38 %.
3menwenns oeghopmayii pytiHy8aHHs nPU CMUCKYBAHHI CEI0UUMb NPO 30LTbULeHHS KPUXKOCTE NOAIMEPA NPU BKIIOYEHHI
VHT. Iokaszano nepcnekmusHicms cunmesy NOMIGIHIIOYMUPATIO 8 NPUCYMHOCMI 8yelleye8ux HAHOMPYOOK Ol
OMPUMAHHS KOMNO3UMY 3 BUCOKUM PIGHEM eleKmpO- | MenjionposioHOCM.

Keywords: xomnosumui mamepianu, menionpogioHicCmb, eleKmponpogioHicms, 8yeieyesi HAHOmMpYOKu,
NOAIGIHINOYMUpans
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