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There is effect of some technological factors (kind and content of fillers, olygomer additions, vulcan-
ization method) on the technical characteristics of filled silicon rubbers on the polydimethylvinylsiloxan
(SKTN) base investigate. It is established that these factors essentially influence the microstructure of
composites and connected with its conductive network. It has been shown that the higher indexes
belongs composites which are produced by the method of filling polymerization and especially with
using alteration by various siliconorganic components of thermally splitted graphite. The density of
vulcanization network is estimated by the application of sol-analysis method, while NMR method is
applied for a estimation of macromolecules in the composites and sensitivity of materials to external
deformation.

Silicon elastomers have many unique properties due to chemical binds Si—O and
Si—C.! These elastomers have high elastic state at temperatures —90 -+ 300°C,
high insulation properties, resist to influence of crown discharges. The silicon
elastomers—the best insulators with specific volume conductivity about 10-'%
(Okm-m)~!, but after the introduction of some types of carbon black, graphite
and metallic powders they become a conductor with conductivity like semicon-
ductors.? The conductivity of these materials depends on fillers content and some
technological conditions. The filled with carbon black silicon elastomers after vul-
canization acquire good mechanical properties. A choice of fillers they must pay
attention to surface structure and the sizes of powder particles. A good result is
achieved at utilization of fine-grained carbon materials, which size is some mi-
crometers with specific surface about 10> m?-g~'.

During the last ten years we carry out investigations by technology and physical
and chemical properties of conductive silicon rubbers, filled by another low-mo-
lecular elastomers and carbon black.

The conductive rubbers we have obtained on the base of polydimethylmethil-
vinilsiloxan SKTV (molecular weight 500000). In some composition we have in-
troduced the silicon low-molecular (olygomer) substances (molecular weight 25000).

The obtain of materials we carried out mainly by peroxid vulcanization* and by
utilization cure agent diethylaminomethilthreeetoxysilan ADE-3.! Sometimes the
rubbers we obtained by method of polymerization filling.*
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The vulcanization of SKTV with cure agent ADE-2 we carried out at room
temperature by the following reaction:

3H—(O—Si(CH,),—),—(O—Si(CH.}{CH=CH,)—),—OH
+ (C,H;),NCH,Si(OC,Hs); — (C;H;),NCH,Si—X, + 3C,H;OH
where
X = (0—Si(CH;),—),—(O—Si(CH;)(CH=CH,)—),,—OH
We carried out the vulcanization by analogical reaction using initiator

(C.HgO) Ti—O—Ti(C;HgO).:6H—X
+ (C,Hg0)-Ti—O—Ti(C,Hg0) X Ti—O—TiX, + 6C,HgOH.

where

X = (—O—Si(CH,),—),—(—0—Si(CH=CH,),,—0OH

Production technology of filled conductive rubbers (CFSR) with use of dieth-
ilaminomethilthreeetoxysilon (ADE-3) includes the following stages:

Preparing of rubber mixture;

Rolling at 15-25°C about 10-15 min;

Production of rubber plates with thickness of -3 mm and drying at room
temperature and during 24 hours;

4. The thermical treatment of rubbers mixture at regime: 100°C during 2 hours,
150°C-4 h and 200°C-6 h.

b DN —

Similar technology was used for production of CFSR by polymerization filling
method. But in this case some polymerized on the chemical modified carbon black
powder cycled siliconic monomers were used, as a start product. This method
includes the following manipulation: in the retort with three throat, with a stirring
rod and ventile for the regulation of argon current definite carbon black and metallic
K with definite proportion were placed. After the intermixing at 100°C during 2 h
with subsequent cooling till room temperature we have added some organcyclo-
siloxan and one of three dry monomer 1,3.5,7-tetramethil-1.3.5,7-tetramethilcy-
clotetrasiloxan, 1,3,5-three-methil-1,3.5, three fenilcyclothreesiloxan and hexa-
methilcyclothreesiloxan. The obtained mixture was intensively mixed at temperatures
in a range of 70 + 110°C during 2—-6 hours. The time intervals and temperatures
were due to the type of monomer. The composition had been treated by water or
0.1% water solution of acetic acid. The cure agent was introduced to this material
and then it was subjected to the same procedures, as at low temperature vulcan-
ization by use of ADE-3.

Some experiments were carried out by polymerization filling method. in which
carbon black was placed by thermal splitted graphite (TSG).?
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The production of CFSE by peroxid vulcanization method had been carried out
by well-known standard.?

During the receipt of conductive rubber there was established a number of
dependences between electrical specific volume resistance p, and some technolog-
ical factors, namely, p, of rubber mixtures essentially depends on treatment time
at rolling on type and content of filler as well as on content of related silicon
olygomers.

It has been showed experimentally, that at low temperature vulcanization with
the application of ADE-3 agent, p, of rubber mixtures at first was increased and
then during some time this increase was retarded. During more prolonged rolling
of p, mixture it is again increased.® The character of p, dependence on rolling time
may be explained in the following way.

There are some complicated physical and chemical processes taking place in
rubber mixturé among which the macromolecule crosslinking and destruction pro-
cesses are basic. The vulcanization process taking place at this time, promotes the
formation of the vulcanization network and subsequently the increase of internal
tension in the rubber mixture. Therefore the probability of mechanical destruction
of space crosslinking molecular structures growth with the increase of rolling time.
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FIGURE 1 Relative p, — T(T — rolling time) for rubber mixture based on SKTN and carbon black
P267 at 40(1), 50(2) and 60 mass.part {3} content. Cure agent ADE-3.
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FIGURE 2 Dependence p.(1) and strength at brake of samples o(2) for CFSR on filler content.
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This process leads to the increase of macroscopical defects in the matrix of rubber
mixture. Apparently, these processes introduce corrections in the distribution of
conductive filler particles. For example, because of the increase of a number of
broken contacts between carbon black particles p, of rubber mixture is increased.
It should be noted that this process has been accelerated at the increase of filler
contents (Figure 1).

The dependence of p, of CFSR on filler content is in a good agreement with
well known dependence for all conductive polymer composition (Figure 2). The
choice of optimal carbon black concentration in the composition, as a rule, is limited
by mechanical strength of material. Here the optimum corresponds to filler content,
which provides the strength maximum (Figure 2).

With the purpose to reveal the role of the method of the influence on the
properties of CFSR we have investigated the rubbers, which were synthesized with
the application of vulcanizator ADE-3 by polymerization filling and peroxid vul-
canization.

According to the data of Table 1, the conditions of vulcanization essentially
influences the conductive rubbers properties. Thus, p, rubbers, consisting 40 mas.parts
of carbon black, received by the application of ADE-3, is low by one order than
p, for analogous rubber, received by the application of peroxid vulcanization, but
is higher about two orders than for rubbers received by polymerization filling. At
comparatively high filling this difference becomes stronger. For example, p, for
the rubbers with 60 mass.part of filler produced by peroxid vulcanization and
polymerization filling methods differs more than by 2 orders. Essentially the dif-
ference takes place for the significance of homogenity and the threshold of per-
colation (this is a minimal consistence of filler, which is corresponding to the
insulator-conductor transition). Threshold of percolation for the rubbers consisting
of TSG (0,7 mass.part of filler) is essentially lower than for another rubbers.

Vulcanization method has an effect on some mechanical properties of rubbers
too. The rubbers which were produced by peroxid vulcanization consisting of 50
and 60 mass.p. and by polymerization filling consisting of 30 mass.p. of filler have
high strength properties. The last materials have no residual extension.

The elucidation of reasons of these differences between properties of filled rub-
bers needs the application of some methods of structural analysis. It is known that
the considerable influence on the physical properties of filled rubbers has on the
one hand the structure of vulcanization set, namely, its density’ and the on the
other hand—interaction between the components of the composite.® With this
purpose the structure parameters of vulcanization network were measured by the
method of zoll-analyse.® According to the concentration and molecular mass of
zoll-fraction S all main parameters of vulcanization network were calculated, in
particular, the density of set N.. Simultaneously the mobility of elastomeric seg-
ments had been investigated by the application of NMR method using the signif-
icance of the spin-lattice relaxation time T, and spin-spin relaxation time T, ana-
lyzing the slump of free induction in the semilogarifmic coordinates by the method
of the least squares (the spectrometer of the firm “Minispec-Brucker” was used in
this work by the application of pulse consistence 180°-90° by Meibaum-Hill). In
this case the fact was taken into the account that the mobility of elastomeric chains
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adsorbed by carbon black particles is strongly limited at the distance of 5 A
Introduction between phases has been estimated by the definition of sensitivity of
resistance to small deformations. In this case it was supposed that material sensi-
tivity to deformation is increased at the enlargement of content of crosslinkage
elastomer, involving the conductive phase of composite into the deformation.'?
The data on zol-analyse, NMR and tensil sensitivity for some composition were
obtained. Experiments were carried out in order to determine the influence of
vulcanization network of low molecular appendix on macromolecular mobility and
density with the application of polymer-olygomer composites. Polydimethilsiloxan
SKTN was used as a olygomer (mol.mass 28.000). The data of measurement are
shown in Table Il. These data allow us to make following conclusions:

1. The use of ADE-3 as a cure agent leads to decrease of zol-fraction with the
increase of filler contents at simultaneous crosslinkage bind density increase
(vulcanization network), what confirms well-known conclusion about linear-
proportional dependence of degree of filler introduction—elastomer on spe-
cific contents surface.® Comparatively small output of zol-fraction and/or rel-
ative high density of vulcanization network in the rubbers obtained by peroxid
vulcanization, due to arising of crosslinks at higher degree, because of contents
of vinil groups, which take part in the crosslinkage at peroxid vulcanization
in the elastomer macromolecules on the content of silanol group, which takes
place to the linkage at vulcanization by cure agent ADE-3. The equality of
significances of zol-fraction and vulcanization density for rubbers obtained by
polymerization filling methods and peroxid vulcanization may be accounted
for by the fact, that although the vulcanization of polymerization filled elas-
tomer proceed also by the use of ADE-3, but in this case increase of S and
N, due to the intensification of introduction of elastomer-filler because of
increasing integral surface of filler at increase of degree of filler dispersion at
produced semiproduct result on polymerization of monomers at filler particle
presence.

2. Times of relaxation T, and T, are in accordance with macromolecular seg-
ments mobility. Their values are in accordance with a regularity: with the
increase of vulcanization network density with corresponding decrease of

TABLE 11
Technical parameters of CFSR based on SKTN and carbon black

Ncx10'® Tensil
Filler content, S, bundle/ T, T, sensitivity
Production method mass.p % sm? ms ms K
Vulcanization by ADE-3 40 5.6 4.5 35.0 45 7
50 4.9 7.0 312 45 7.5
60
Filling at polymerization 50 + 10 SKTN 7.5 5.5 447 67 8.5
50 + 20 SKTN 4.2 5.5 380 55 10.0
50 + 3 SKTN 5.0 4.5 400 60 7.5
40 2.2 10 300 15 11.1
Peroxide vulcanization 50 3.1 9.2 305 16 11.5
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mobility of macromolecules, T, and T, are decreased too. On the other hand,
increase rubber density leads to increase of sensitivity of the material to
mechanical deformations (high value of sensitivity to tensil K corresponds to
rubbers with high density of vulcanization network).

3. By introducing to the rubber mixture of olygomer polydimethilsaloxan of
SKTN type the filler dispersion becomes easy in the matrix. But the olygomer
without vinil group should decrease Nc, and, consequently, increase a part
of soft component of elastomeric matrix. Probably, there is a critical olygomer
concentration, at which the effect from increase of average surface of inter-
action of polymer-filler will prevail over the processes, leading to decrease of
Nc. This composition may be reinforced at the generation of penetrative
networks of low and high molecular olygomers. This statement practically is
reflected in small extremal dependence of all measured parameters on oly-
gomer contents.

SUMMARY

There is effect of some technological factors (type and content of fillers, olygomer
additions, vulcanization method) on the technical characteristics of filled silicon
rubbers on the polydimethilvinilsiloxan SKTN base investigate. It is established
that these factors essentially influence the microstructure of composites and con-
nected with it the conductive network. It has been shown, that the highest indexes
have composites which are produced by the method of filling polymerization and
especially while using of modificated by various silicoorganic components of therm-
ical splitted graphite. By the application of sol-analyse method the density of
vulvanization network is estimated and by NMR method—mobility of macro-
molecules in the composites and accordingly the sensitivity of materials to external
deformation.

References

1. L. M. Khananashvili and K. A. Andrianov, Technology of elementorganic monomers and polymers,
M. Chimia, 1983, 415 p.
. V. E. Gul and L. Z. Shenfil, Conductive polymeric composition, M. Chimia, 1984, 240 p.
. V. Goffmann, Vulcanization and cure agents, Transl. from Germany, M. Chimia, 1988, p. 263,
367.
4. G. 1. Chogovadze, L. M. Khananashvili, M. I. Topchiashvili, J. N. Anely, D. G. Pagava, Ts. V.
Kakulia, M. E. Volpin and Yu. N. Novikov, Patent 1081987/USSR, 16.04.82, No. 3425172.
5. J. N. Anely, D. G. Pagava, Ts. V. Kakulia and N. 1. Tsomaia, Cautshuk i resina, 1991, No. 4, p.
13-15.
6. J. N. Anely, D. G. Pagava, M. 1. Topchiashvili and I. M. Khananashvili, Reports of Georgian
Academy of Sciences, 1983, 110(3), p. 536-557.
7. A.S. Licin, E. A. Anfimova, N. A. Yushakova and P. A. Shumakov, Cautshuk i resina, 1982, 7,
p. 8-10.
8. B. Donne and A. Vidal, Reports on VIII International conference on Cautshuk and rubber. M.,
1984, v. 3. Plenar report.
9. E. A. Anfimova and A. S. Licin, Caurshuc i resina, 1987, 9, 10-12.
. J. N. Anely and G. M. Topchiashvili, Cautshuc i resina, 1989, 4, 39-43.

W N

—
=1



