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The authors give the results of an investigation of the linear-expansion coefficients of glass-
fiber-reinforced plastics based on polymethylsiloxane resin and various types of filler when
heated to 1000°C,

When plastics, including glass-fiber-reinforced plastics (GFRP), are heated, their linear-expansion
coefficients vary, and this exerts a marked influence on the physicomechanical properties and durabilities
of this class of materials under various mechanical and thermal loads. Interest therefore attaches to the
temperature dependence of the linear-expansion coefficients [o =f (t)] of GFRP from the viewpoint of an un-
derstanding of the action of both the GFRP itself with its heterogeneous structure and also its separate com-
ponents,

Opinions differ as regards the explanation of the influence of o =f (t) of GFRP on their durabilities and
strength properties. Zherdev [1] emphasizes that the strength of a nonmetallic composite when heated falls
mainly owing to the large difference between the linear expansion coefficients of the polymer matrix and the
glass reinforcing filler [2-4].

However, Tarnopol'skii and Kintsis [5] and Bartenev and Motorina [6], starting with the model sug-
gested by Outwater [7], state that the difference between the linear-expansion coefficients of the resin and
reinforcement in GFRP leads on heating to compression of the polymer matrix and tension in the reinforce-
ment, i.e., the polymer matrix and reinforcement work together in such a way that the strength of the non-
metallic composition is to some extent increased.

We must evidently suppose that both treatments can be correct for certain types of GFRP, but each
operates in a definite temperature range.

In this article we give some results of an investigation of the functional dependence of the linear-ex-
pansion coefficients between 0 and 1000°C for polymethylsiloxane resin with augmented cross-linkage fre-
quency and for GFRP based on it, reinforced with various types of silica fillers differing in the structure of
the reinforcing fibers.

We investigated specimens of GFRP with felted, knitted, and layered structures, and also GFRP with
a three-dimensionallycross-linkedreinforcement structure. These types of structure are listed in Table 1
and shown in Fig. 1.

The strength properties of these materials are listed in Table 1. The indices of the physicomechan-
ical properties were determined by standard methods. To elucidate the influence of the thermal expansion
of the resin itself on o =f &) of the compositions and on their behavior, and to deter mine the mutual relation
between o =f (t) of the resin and the strength of the compositions at high temperatures, we made a number
of dilatometric and strength tests on these nonmetallic compositions.
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TABLE 1. Physicomechanical Characteristics of Compositions
Based on Polymethylsiloxane Resin

Property Comp, based on polymethylsiloxane resin and reinforcetnent
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Fig. 1. Appearances of structures of GFRP based on silica fibers. a)
KT-11; b) MKT; c) TSP; d) STAN; e) KN-11.
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In these tests we studied the linear-expansion coefficient of various nonmetallic compositions when
heated at 10 deg/min or 50 deg/min to 1000°C in inert gas or in air. We determined the influence of the
type of reinforcement and of anisotropy of the properties of the GFRP on their thermal expansion and
shrinkage. The temperature dependences of o =f (t) of the materials were measured in a dilatometer
("LINZAIS® system) on specimens 6 X6 X40 or 5x 5xX40 mm in size,

To wnderstand the functional dependence of the linear-expansion coefficient on temperature, we must
first know how the resin itself behaves on heating.

Figure 2 shows the temperature dependence of the linear-expansion coefficient of polymethylsiloxane
resin. We see that up to 350°C the resin undergoes rapid expansion, but on reaching 350°C the expansion
decreases, reaching negative values at T=600-700°C. As remarked above in our reference to [2-4], the
linear-expansion coefficient of the resins is an order of magnitude higher than the linear-expansion coef-
ficients of the reinforcement and the GFRP themselves. This difference in the linear-expansion coefficients
is reflected in the behavior of GFRP on heating.

The different arrangements of the silica threads in the polymer matrix largely determine the be-
havior of the GFRP on heating. Figure 3 plots the temperature dependences of the linear-expansion co-
efficients for the composites based on polymethylsiloxane resin, Comparing the graphs in Fig. 3, we see
that the more mobile the reinforcement structure, the more closely does the behavior of the composite on
heating correspond to the behavior of the resin itself.
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Fig. 2. Graph of avs t for polymethylsi-
loxane resin.

Fig. 3. Graphs of avs t for compositions
based on KN-11fiber. 1) Fibrous composite;
2) knitted filler STAN; 3) MKT fabric; 4) TSP
fabric; 5) KT-11 fabric.
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Fig. 4. Graphs of « vs tfor composite based
on KT-11 fabric. 1) Along warp; 2) at 30°; 3)
at 45°; 4) at 60°; 5) along weft.

Fig. 5. Graphs of ¢ vs t for composites based
on MKT fabric (1, 2) and TSP fabric (3, 4). 1),
3) Along warp; 2), 4) along weft.

From our preliminary results from a comparison of « =f (t) for the composite and the change in
strength of the same composite on heating, we can find the correlation between these indices. A similar
relation can be followed if we compare the anisotropy of a = f (t) of the GFRP (Figs. 4 and 5). From the
graphs in Fig. 4 we see that the composite behaves most like the resin in those directions in which the
mechanical properties of GFRP based on KT-11 are weakest from the viewpoint of the anistropy, namely,
in the directions at 30, 45, and 60° to the warp. But the behavior of composites based on MKT and TSP fab-
rics corresponds to the strength indices of these composites. (see Table 1) in the direction of the warp and
weft and reflects the conclusions drawn from the graphs in Figs. 3 and 5. In addition, the behavior of com-
posites based on MKT fabric along the warp and weft (Fig. 5) is an additional confirmation of the conclu-
sions of Tarnopol'skii et al. [8] who deduced the linearity of the reinforcing fibers increases the strength
and reduces the deformability of the composites.

Composites based on polymethylsiloxane resin are very resistant to thermooxidative degradation and
have practically equal thermal expansion and shrinkage whether heated in air or in an inert medium. The
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Fig. 6. Graphs of o vs t for composites based on polymethyl-
siloxane resin. 1) In inert medium (helium); 2) in air.

Fig. 7. Graphs of ¢ vs t for resin {I) and composites based
on MKT fabric {2), and graphs of strength under static flexure
vs temperature for MKT in warp (3) and weft (4) directions.

graphs in Fig. 6 fit in well with the results of a number of thermophysical and strength tests on the thermo-
oxidative degradation resistances of composites based on polymethylsiloxane resin [2, 3, 9].

The anisotropy of the thermal expansion of plastics, illustrated in Figs. 4 and 5, leads to a complex
state of stress in the material at high temperatures, and this may be one cause of premature loss of
strength in structures subjected to rapid heating. Note that composites reinforced by mobile structures
(KN-11, STAN, MKT) suffer from cracking during heating to a lesser extent, indicating the possibility of redis-
tribution of the stresses and hence of the thermal expansion and shrinkage phenomena in this type of structure.

It is interesting to compare the temperature dependence of the strength with « =f ) for composites
based on polymethylsiloxane resin and multilayer MKT silica fabric. As we see from the combined graphs,
which are plotted in Fig. 7, the maxima for a =f ) for the GFRP and the resin itself coincide with the min-
imum flexural strength for the GFRP; the subsequent rise and stabilization of the strength of the composite
coincide with a region close in absolute values of a = f (t) to the resin itself and the composite as a whole.
We can explain this effect by means of the model suggested by Outwater [7]. Thus, taking into consideration
the maximum difference in tho thermal expansion of the resin and plastic at temperatures up to 350°C, we
can suppose that the compsite at the given moment cannot act as a single whole. In this case the fall in
strength, in our opinion, is due to the separate action of the resin and reinforcement, which largely corre-
sponds to the hypotheses given by Zherdev and Korolev [1], and is also related to a certain rupture of the
adhesive bonds between the resin and reinforcement due to the different thermal expansions of the resin
and reinforcement. On further rise of temperature there is some increase and partial stabilization of the
strength; this is apparently due to the appearance of frictional forces between the resin and reinforcement,
because a zone of intensive shrinkage of the resin sets in and we get combined action of the polymer ma-
trix and the reinforcement filler, i.e., this supports the hypothesis in [4, 5]. The subsequent fall in
strength at 500°C is due to the onset of active degradation of the polymethylsiloxane resin [9] and the fall
in strength of the actual silica filler. According to our preliminary results, there is a similar relafion for
certain other types of organosilicon resins in conjunction with the same types of reinforcement fillers.
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