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The heat field influence on electrophysical properties of polymer composites of the
penton — dispersed silver iodide (Agl) system at volume filling from 0 to 100 % have been
studied in 8-12 GHz frequency range. It has been shown that both real (¢') and imaginary
(¢'") complex dielectric permittivity components below the temperature of Agl dielectric-
ionic phase transition (T, = 420 K) depend on the content of the system components, and
the imaginary component depends also on the polymer supermolecular structure. After Agl
transition into ionic state, a percolation transition is observed in concentration dependences at
critical percolation threshold about 30 vol.% filler content and extreme maxima about C =
50% . The €' and ¢" values exceed almost in wice the corresponding Agl characteristics. The
results are discussed within the frame structure model.

WccnemoBaHo BAWAHWE TEILIOBBLIX IIOJIE Ha 3JIeKTPO(U3NUEeCKHe CBOMCTBA IIOJMMEPHBIX
KOMIIOBUTOB CHCTEMbI MEHTAILIACT-AUCIepCcHBI wmoxun cepebpa (Agl) ¢ comep:xammem 00—
100 % B mmanasome uyactor 8—12 I'T'm. Iloxasamo, uto 3HaueHus neiicrBurenpHO (€') m
MHHUMOH (¢”) COCTABIAIIINX KOMILIEKCHON AUAJIEKTPUUYECKON MPOHUIIAEMOCTH IO TeMIIepaTy-
psl dasosoro mepexoza Agl (T, = 420 K) qusieKTPUK-CYyIepHOHHUK 3aBUCUT OT COJEDPKAHNA
KOMIIOHEHTOB, a4 3HaUeHNe MHHMOM COCTABJAIIIE — TaKiKe U OT HaAMOJEKYJISAPHON CTPYK-
Typel mosaumepa. Ilocne mepexoma Agl B cymepmoHHOE COCTOSHME HA KOHIEHTPAIIMOHHBIX
3aBUCHUMOCTSAX HaO/J0gaeTcs MEePKOJSAINNOHHBIN Iepexos ¢ KPUTHUYECKHUM IIOPOTOM MEPKOJIs-
muu okoao 30 % (00.) comep:KaHWA HAIOJHUTENS U 9KCTPEMAJIbHBIMH MAKCHMyMaMU B
oomacru suHauenuii C = 50 % . 3uaveHus € u €' mpu 9TOM IIOUTH B 2 pasa IIPEBLIIIAIOT
cooTBeTcTByMOIMe xapaxkrepuctuku mias Agl. PesyabraTel 00CyKIaroTCs B paMKax Kapkac-
HOM CTPYKTYPHOII MOIesu.
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The development of new functional mate-
rials with pre-specified and controlled char-
acteristics is an actual problem. Those can
be obtained basing on disperse systems with
developed surface and active physicochemi-
cal interaction of components. Such materi-
als may show new properties connected with
interphase layer formation and changes of
phase transition parameters in active com-
ponents, and also polymer supermolecular
structure (SMS) changes depending on the
filler dispersity.

Functional materials, 14, 1, 2007

Among others, of interest are the materi-
als based on ionic conductors, especially
with nanodimensional components. The com-
plex research of the phase interaction be-
tween components influence on the material
electrophysical, thermophysical and physico-
mechanical properties is actual both from
scientific and practical points of view.
Thus, basing on the research of poly(chloro-
trifluorcethylene)-silver iodide and
poly(chlorotrifluoroethylene)- silver iodide-
silicon dioxide filled systems, an essential
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Fig. 1. Dependences of density (1) and poros-
ity (2) on Agl content in a penton-dispersed
silver iodide PCM.

influence of components interaction on the
interface thereof on electrophysical and
thermophysical characteristics, as well as
new and unique properties of composites
have been shown [1-4].

This paper is aimed at study of influence
of heat fields and filler content changes on
electrophysical properties of penton — Agl
systems polymer composites in SF-region.

For composites preparing the following
components were used: silver iodide "pure”
grade, particle size 1 to 6 um; penton [3,3-
bis(chloromethyl)oxacyclobutane], particle
size about 45 um, the particle geometry
being similar to cubic. To prepare the sam-
ples, a mixture of Agl and penton was ho-
mogenized carefully. Then the mixture was
compacted at the temperature equal to the
polymer melting point (T,,,,, = 483 K) under
identical pressure conditions (20 MPa). The
cooling rate was 0.5 K-min 1. The electro-
physical characteristics of penton — Agl
systems were determined using a superhigh
frequency interferometer [4] within 8 to
12 GHz frequency range and 293 to 433 K
temperature interval. Density and porosity
were measured using hydrostatic weighting.

The experimental data on density and po-
rosity of polymeric composite materials
(PCM) depending on Agl content are shown
in Fig. 1. The density values agree with cal-
culated ones within the experimental accu-
racy. The porosity of all PCM samples does
not exceed 1 %, that fact enables to con-
sider the system as a two-component one.
Temperature dependences of complex per-
mittivity for composites with Agl content
from 0 to 100 vol.% at 293-453 K tem-
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perature range are shown in Fig. 2. The ¢
(a) and ¢" (b) values for PCM system are
seen to do not change considerably during
heating up to the Agl phase transition tem-
perature (T, = 420 K). An exception makes
the temperature dependence &"(T) for C ~
69 % Agl content. The ¢’ values for that
sample increase considerably under heating
and attain a relaxation maximum at
T=~318 K. Since the filler becomes ionic con-
ductor as the temperature T, is reached, the
temperature dependences €'(T) and €"(T) in-
crease sharply to certain extreme values
above Agl phase transition temperature. In
particular, for PCM containing 50 % of
filler, ¢"” value increases by a factor of 1.7.

Basing on the data obtained, concentra-
tion dependences of real ¢ and imaginary
g"” components of complex dielectric permit-
tivity at temperatures below and above the
Agl phase transition have been plotted. In
concentration dependences below the filler
phase transition temperature (Fig. 3a), €'(C)
values rise from 2.5 to 6.5 in proportion
with increasing Agl content. However, £''(C)
dependences exhibit maxima in the filler
concentration region C~16 % and minima at
C~50 % (Fig. 3b). In concentration depend-
ences above the phase transition tempera-
ture, in particular at T = 426 K, ¢ and &
values exceed significantly those for corre-
sponding PCM at T < T, (Fig. 3). As is seen
in Fig. 8 (¢, d), the ¢’ and ¢" changes at the
filler content increase up to 30 % are rela-
tively small as compared to & and &" values
at temperatures below the Agl phase transi-
tion temperature. Then their values in-
crease sharply and attain a maximum at
C~50 %.

The low porosity of compacted Agl and
samples with maximal filler content (Fig. 1)
is connected with plastic straining of dis-
perse filler particle shape under thermal
compaction. At the same time, the presence
of insignificant porosity in all samples evi-
dences a need to optimize the PCM perform-
ance characteristics. The porosity can be
lowered by increasing pressure during ther-
mal compaction. Elimination of macropores
allows to improve PCM functional charac-
teristics (electro- and thermophysical char-
acteristics, linear expansion, etc.), perform-
ance (physico-mechanical characteristics,
wear resistance) and to protect filler
against environmental factors.

The basic processes defining the & and
values in semi-crystalline polymers, in-
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Fig. 2. Temperature dependences of real (a, ¢) and imaginary (b, d) complex dielectric permittivity
components for penton-Agl PCM at Agl content (per cent): 69 (1), 46 (2), 14 (3), 0 (4), 50 (5) and 100 (6).

cluding penton, are molecular relaxation
processes in amorphous and imperfect re-
gions [5]. The considerable dielectric losses
in the polymer are conditioned by the
dissymmetry of his primary (monomeric)
unit. Variations in the polymer super-
molecular structure influences appreciably
its electrophysical properties. The penton
electric conductivity is known to vary sig-
nificantly depending on the crystallinity
level. Under crystallization, its specific re-
sistance changes by a factor of 10 to 1000
[6]. The polychlorotrifluoroethylene
(PCTFE) crystallinity level decrease by 10—
50 % causes increase of its electric conduec-
tivity by 1-3 orders of magnitude [5].

The results obtained can be discussed
within the frame structure model of cubic
lattice [7, 8], based on two-phase model of
polymer-filler, four-component structure
model (filler, polymer with structure of
boundary layer near the filler particles and
with particular properties, polymer in tran-
sitional boundary layers, and bulk polymer
with structure and properties without filler
particles); model concepts of percolation and
cluster theory. The model provides active
interaction of components, variations in the
polymer and filler properties in PCM of dif-
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ferent compositions, selection possibility of
optimum pressure, temperature and time PCM
processing conditions taking into account the
polymer matrix and dispersed filler (physico-
mechanical properties, shape and dimensions,
particle size distribution, ete.).

Considering the experimental results pre-
sented in Fig. 2 and Fig. 3, it can be stated
that below the filler phase transition tem-
perature (T, =420 K), values of real (g)
and imaginary (g") components of the PCM
complex permittivity can be influenced by
variations in polymer SMS caused by the
dispersed filler (Fig. 2 and Fig. 3) and
changes in the filler content (Fig. 3). Ac-
cording to the four-component structure
model [7, 8], the filler content increase re-
sults in a gradually reducing number of
polymeric PCM components: at first, the
bulk polymer disappears, then the polymer
in boundary (transitional) layers. In high-
filled PCM, the polymer component is pre-
sented only by the layer neighboring to the
filler surface. As it is obvious from Fig. 2
and Fig. 3, the imaginary component g’ of
the system complex permittivity is more
sensitive to the polymer SMS changes. As
the Agl content increases, changes in the
polymer component occur, that is reflected
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Fig. 3. Dependences of real (a, c) and imaginary (b, d) complex dielectric permittivity components
at 10 GHz frequency on Agl content in penton-Agl PCM at temperatures (K): 299 (1), 373 (2), 407

(a, b) and 426 (c, d) (3).

as maximal €” values in the region of rela-
tively low Agl content (about 16 %) and
minimal values in region where the polymer
component is mainly in transitional and
filler-neighboring boundary layers [1].

The character of €"(C) concentration de-
pendences indicates that the polymer struc-
ture and its properties vary depending on
the crystallinity level. For example, sub-
stantial increasing of dielectric loses (g")
with maximum at 16 % Agl must be associ-
ated with increasing amount of amorphous
phase. The minimum ¢’ values at the filler
content about 50 % stands for more "per-
fect” polymer structure in transition bound-
ary layers [1]. Increasing ¢” values for
specimen with Agl content of 69 % under
heating and maxima at T = 318 K point to
specific, relatively more amorphous polymer
state with imperfect structure in crystalline
regions in the layer neighboring to the
filler surface. It differs from other ones by
the presence of relaxation processes in poly-
mer and relaxation maximum at T =318 K
connected with glass transition process in the
polymer, which is registered in SHF range [6].
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The drastic increase of PCM &' and ¢
within the 420-440 K temperature range is
connected with realization of f—a dielectric-
ionic phase transition in Agl. A similar phe-
nomenon was also observed in PCTFE-Agl
PCM system [7—10]. The filler (Agl) transi-
tion into ionic state at T > T, promotes the
active increase of his absorbing possibility
of electromagnetic waves and thus specific
electric conductivity [7]. A slight increase
of ¢ and ¢" in PCM systems, containing up
to 30 % Agl, as compared to the corre-
sponding samples at T < T, (Fig. 3) can be
explained by the filler transition to ionic
state at T > T, (for example, at 426 K).
The more intense increase of & and &’ at
further increasing Agl content (C > 30 %)
evidences the macrostructural transition from
isolated clusters system to the infinite filler
cluster with critical percolation threshold
at C =380 % and extreme maximum at
about 50 % Agl (Fig. 3). In this case, the
PCM system shows unique properties: real
(¢') and imaginary (¢") complex permittivity
components exceed about twice the corre-
sponding values for ionic conductor (Agl);
perhaps this is caused by formation of an

Functional materials, 14, 1, 2007
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interphase layer with special structure and
properties due to active physico-chemical inter-
action of the components and increasing phase
interface. Changing the extension of the com-
ponents interface, the system -electrophysical
properties can be controlled within certain lim-
its [10].

Thus, the experimental research has been
revealed substantial variations in the PCM
electrophysical properties depending on
temperature, content of components, their
structure, and formation of interphase lay-
ers with special structure and properties
due to active interaction. For the polymer
component, the variations are displayed as
formation of the polymer transitional and
boundary layers around the filler particles
with structure and properties different
from those of bulk polymer; as gradual
change of SMS and properties at increasing
filler content from three-, two- to single-
component structure with maximal amor-
phization at 16 % Agl content; as changes
in fractal geometry of heterogeneous disor-
dered structures and structural percolation
transition from continuous cluster to iso-
lated ones at decreasing polymer content.
For dispersed filler, the variations men-
tioned are displayed as changes of fractal
geometry of heterogeneous structures and
structural percolation transition form iso-
lated clusters to continuous one at increas-
ing filler content. The percolation transition
for the penton — dispersed silver iodide

system is observed at 30 % Agl content. An
extreme maximum at C = 50 % is connected
with maximal boundary surface between
components in ionic state of silver iodide.
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EnexTpodi3duuyHi BJAaCTHBOCTI MOJiMEePHUX KOMIIO3MTIiB
CHCTEeMM IeHTAIJIACT-oaua cpidja y miamaszoHni
gactoTr 8—12 I'T1x

M.O.Porxuyvruii, I1.I1.I'op6ur, B.B./lesandoécvruili,
C.M.Maxno, O.B.Kondpamenrxo, M.I.Illym

Hocaig:xkeHo BIJIMB TEIJIOBUX IIOJIIB Ha eJIeKTPOo()i3WMUHi BJIACTUBOCTI MOJIiMEepHUX KOMIIO-
3UTIB cHUCTEeMHU MeHTaIIacT-guciepcuuit wogun cpidia (Agl) 8 smicrom 0-100 % y miamasowni

yactoT 8—12 I'T'i. ITokasano, mio sHaueHHA AificHoI (¢') Ta yABHOI (¢') CKIaZOBUX KOMILIEKC-
HOI fieJeKTPUYHOI MPOHMKHOCTL fo Temmeparypu (hasosoro mepexony Agl (T, = 420 K) ngie-
JIEKTPUK-CYIIEPiOHHIK 3aJIeKUTh BiJ BMicTy KOMIOHEHTIB, a 3HAUEHHS YSIBHOI CKJIAZOBOI —
TAKOXK Bix HamMoOJeKyIApHOI cTPpyKTypu moiaimepa. Ilicasa mepexony Agl y cymepionuwuii crau
Ha KOHIIEHTPAI[IMHMX B3aJIeXKHOCTAX CIIOCTEPIiraeTbCsl MEePKONAIINHUI mepexis 3 KPUTUUHUM
moporom mnepkossrnii 6auseko 30 % (00) BmicTy HamoOBHIOBAUA TA €KCTPEMAJbHUMU MAaKCH-
mymamu B obsacti sHauenr C = 50 % . 3mauenus ¢ Ta ¢’ mpu upromy Mmaiike B 2 pasu
IIePeBUINYIOTh BimmoBimui xapaxkrepucturku mis Agl. Pesyabratu 00roBopoIOTHCA y pPaMKax

KapKacHOI CTPYKTYPHOI MoOjeJri.
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