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On the basis of mixes of phenolformaldehide and epoxy resins at presence of some silicon organic compounds and fiber
glasses annealed in vacuum and hydrogen media the new conductive monolithic materials have been created. There
were investigated the conductive, magnetic and some other properties of these materials. It is established
experimentally that the obtained products are characterized by semiconducting properties, the level of conductivity of
which are regulated by selection of technological conditions. The density and mobility of charge carriers increase at
increasing of annealing temperature up to definite levels. The temperature dependence of the electrical conductivity
and charge mobility describe by Mott formulas. It is established that at annealing free radicals and other paramagnetic
centers are formed. It is proposed that charge transport between conducting clusters provides by mechanism of charge
Jjumping with alternating distance of the jump.

Knrouesvle cnosa: ghenonghopmanvoecuonvie u snokcuoHvle cMobl, KPEMHUNOPLAHUYECKUE COCOUHEHUsL, RUPONU3, INEKMPUUECKas]

nPoBOOUMOCHIb, MPAHCNOPM 3aPA006, NAPAMASHUMHbLE YEeHMPbI.

bvinu coz0anvr HoBble npo6oOsUe MOHOIUMHbIE MAMEPUATBL HA OCHO8e cmecell (eHONpoPpManbOecUOHbIX U
INOKCUOHBIX CMOJ 8 NPUCYMCIBUU HEKOMOPLIX OP2AHUYECKUX COCOUHEHUL KDEMHUS U CMEKNIOBONIOKHA, OMONCHCEHHBIX
6 Baxyyme u cpede 8000pooa. bvinu uccrnedosanvl nposodsujue, mMasHumHble U HeKOmMopbvle Opyeue C80UCmed dMux
mamepuanog.  DKCHepUMEHMANbHO — YCMAHOBIEHO,  YMO  NOJAYYeHHble  NPOOYKMbl — XAPAKMepu3yiomcs
HOYNPOBOOHUKOBLIMU — CEOUCMBAMY,  YPOBEHb  NPOBOOUMOCHMIU — KOMOPbIX — pe2ynupyemcs nymem  noooopa
mexHono2uuecKux ycioeuil. IIomHocmbs u NOOBUNCHOCM® HOCUmenel 3apsaoa Yeeiuyueaemcs. npu yeeiuyeHuu
memnepamypsl  omocuea 00 onpeoeieHHvlX yposHeil. Temnepamypras 3asuUcuUMOCmb  INEKMPONPOSOOHOCHIU U
HOOBUNCHOCTU 3apA008 onucvleaemcs gopmynoi Momma. Yemanosneno, umo npu omoscuee 06pasyiomes c60600HbIe
paoukanvl u Opyeue napamazHumuvie yewmpul. Ilpeononazaemcs, umo nepeHoc 3apada medxicoy NpoBoOSUUMU

Kiacmepamu obecneuusaemcs no NPBIHCKOBOMY MEXAHU3MY C nepe,weHHoﬁ Onunou npwvloicKa.

Introduction

Interest to the processes proceeding at
increased temperatures (up to 600K) in polymer
materials is stimulated by a possibility to obtain systems
with double conjugated bonds, which exhibits the
properties of semiconductors. Intensity of formation of
the polyconjugation systems increases with temperature,
if pyrolysis proceeds in vacuum or under inert
atmosphere[1,2].

Intramolecular transformations with further
change of supermolecular system were studied well on
the example of polyacrylonitrile [3]. Thermal
transformation of polyacrylonitrile leads to formation of
a polymer, consisted of condensed pyridine cycles with
conjugation by C=C bonds, as well as by C=N ones.
Concentration of paramagnetic particles increases with
temperature of pyrolysis. It is known that the ESR
signal is one of the signs of polyconjugation appearance
in polymer systems [4]. Deep physical and chemical
transformations in polymers proceed at combination of
temperature varying with introduction of various donor-
acceptor inorganic or organic additives into the reactor.

It is known that one of the ways of obtaining of
organic semiconductors is the pyrolysis of of low or
high molecular substances. However, as a rule, this
method allows a formation of powder like materials and
formation of monolithic ones is connected with additive
technological procedures, after which often the material
deteriorated.
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The main aim of the presented work is the
obtaining of pyrolized monolithic materials with wide
range of the electric conductivity.

Experimental

Epoxy resin (ER), novolac phenoloformaldehyde resin
(PFR), polymethyl-silsesquioxane (PMS) and fiber glass
(FG) were chosen as the initial substances. Pyrolysis of
mixtures of the components mentioned, pressed in
press-forms, was conducted at various temperature
ranged within 500 - 1500 K in 10 Pa vacuum. Products
obtained in this manner possess
good mechanical and electroconducting properties, and
are monolythic materials. Pyrolized samples or
pyrolyzates were tested by polarization microscopy
technique in order to determine their microstructure.
The paramagnetic properties of pyrolizates were
investigated by using of ESR spectrometer of Brukker
type. The type and mobility of charge -carriers
investigated were measured by the Hall effect
technique.

The main aim of the presented work is the
obtaining of pyrolized monolithic materials with wide
range of the electric conductivity.

Results and Discussion

Inclusion of fiber glass into compositions was induced
by the following idea. It is known [5] that at high
temperatures organosiloxanes react with side hydroxyl
groups, disposed on the fiber glass surface. In this



reaction they form covalent bonds with those side
groups.

It is known that after high-temperature
treatment silsesquioxanes obtain a structure, close to
inorganic glass with spheres of regulation due to
formation of three-dimension siloxane cubic structures
and selective sorption of one of the composite elements
is possible on the filler surface in the hardening
composite [5].

Figs. 1 -6 reflect changes of some mechanical,
electric and paramagnetic properties of polymer
composites depending on pyrolysis temperature. These
dependences are the result of proceeding of deep
physicochemical  transformations  in  materials.
Combined analysis of the change of microstructure and
density of materials (Fig. 1) with the increase of
pyrolysis temperature induces a conclusion that
excretion of some volatile fractions of organic part of
the material, carbonization of organic residue and
caking of glassy fibers cause the increase of pyrolyzate
density, based on the composite  with
polymethylsesquioxane. The limit of pyrolyzate density
is reached at temperatures near1273 K (Fig.1, curve 1),
followed by a decrease of the material density due to
intensification of thermal degradation processes with
pyrolysis temperature increase above 1273 K.
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Fig. 1 - Dependences of pgen (1) and strengthening at
elongation o (2) on pyrolysis temperature for the

composite ED-20 + PFR + KO-812 + FG
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The material strengthening at elongation extremely
depends on the pyrolysis temperature, possessing an
intermediate maximum near 1273 K (Fig.1, curve 2).
Burning out of organic part of the composite leads to
weakening of adhesion forces in the interphase and,
consequently, to decrease of the material strengthening
with pyrolysis temperature increase up to a definite
value. At further increase of pyrolysis temperature on
the curve of this dependence the small maximum
appears due formation of covalent chemical bonds
between glass and organic conjugated double bounds
skeleton. At more high temperatures of pyrolysis the
degradation of these bonds has place

The conductivity (y) and charge carrier
mobility of the pyrolyzates grows monotonously
initially with increasing of the pyrolysis temperature
and then saturate. This dependence points out a
constant accumulation of polyconjugation systems due
to complex thermochemical reactions. Chemical bonds
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which link organic and inorganic parts of the composite
reliably increase stability of polyconjugated structures,
responsible for electrically conducting properties of
materials. The electrically conducting system of the
materials can be considered as a heterogeneous
composite material, consisted of highly conducting
spheres of polyconjugation and barrier interlayers
between them.

The most apparently true model of electric
conductivity in materials with the system of double
conjugated bonds seems to be the change transfer in the
ranges of  polyconjugation  possessing  metal
conductivity and  jump  conductivity  between
polyconjugation spheres [6].

An important information on the nature of
conductivity of pyrolized polymer materials is given by
investigation of the y dependence on temperature.

Comparison of the experimental data on
dependence of y - T with known for organic
semiconductors [2]:

Y = voexp (-dE/KT) Q)

and one proposed by N. Mott shows that the
dependence obtained by us experimentally satisfies to
Mott low [7]:

el (3

where T, and y, are constants depending on some
guantum mechanical values.
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Fig. 2 - Dependences of electric conductivity y (1),

mobility of charge carriers p (2) on pyrolysis

temperature for the composite ER + PFR + PMS + FG
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The growth of cariers mobility pu well described with
analogical expression:

1/4
B = Mo exp —[—T"J
0 T

The dependence of paramagnetic centers
concentration in pyrolized polymer composites on
pyrolysis temperature has an extreme character (Fig. 7).
Curve of the present dependence possesses maximum,
which is corresponded to the 900 - 1000 K range.
Change of the ESR absorption line intensity is
accompanied by a definite change of its width. In this
case, the form and width of the ESR line changes (at



constancy of the g-factor) - lines are broadened, and
asymmetry of singlet occurs.  Maximum on the
concentration dependence for paramagnetic centers on
pyrolysis temperature is correspondent to the
temperature range, in which volatile products of
pyrolysis are released and polyconjugation systems
occur. Decrease of concentration of the centers above
973 K proceeds due to coupling of a definite amount of
unpaired electrons. According to this coupling new
chemical structures occur (for example, polyconjugation
responsible for electric conductivity increase).
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Fig. 3 - Temperature dependence of paramagnetic
centers N (1), ESR line width (2) and ESR line
assimetry  parameter A/B (3) on the pyrolysis
temperature for the ED-20 + PFS + KO-812 + FG

composites

At more high temperatures of pyrolysis
deepening of thermo-chemical reactions in composites
leads to formation of the paramagnetic centers localized

on the oxygen atom. On the other hand, it is probable of
the increase of free charges-current carriers contribution
into ESR signal, the line of which is characterized by
asymmetry (so called Dayson form [8]).

Conclusions

High-temperature treatment (pyrolysis) of
polymer composites in the inert atmosphere or in the
hydrogen medium stimulates processes of formation of
the polyconjugation systems). Charge transfer between
polyconjugation systems is ruled by the jump
conductivity mechanism with variable jump length. In
this case, its temperature dependence is described by the
Mott formulas. Presence of a glassy fiber and
polymethylsilsesquioxane in composites promote
formation of covalent bonds between organic and
inorganic parts of the composite at pyrolysis. This leads
to improving of mechanical properties of materials
together with the electric ones.
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