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The authors  give the r e s u l t s  of an invest igat ion of the l i nea r - expans ion  coeff ic ients  of g l a s s -  
f i b e r - r e i n f o r c e d  p las t i cs  based  on polymethyls i loxane  r e s i n  and var ious  types of f i l ler  when 
heated to 1000°C. 

When p las t i c s ,  including g l a s s - f i b e r - r e i n f o r c e d  p las t ics  (GFRP), a r e  heated,  the i r  l i nea r -expans ion  
coeff icients  va ry ,  and this exe r t s  a marked  influence on the phys icomechanica l  p r o p e r t i e s  and durabi l i t ies  
of this c lass  of m a t e r i a l s  under var ious  mechanica l  and t h e r m a l  loads.  In t e re s t  t he re fo re  a t taches  to the 
t e m p e r a t u r e  dependence of the l inea r -expans ion  coeff ic ients  [~ = f  (t)] of GFRP f r o m  the viewpoint of an un- 
ders tanding of the act ion of both the GFRP i tse l f  with its he terogeneous  s t r u c t u r e  and also its s e p a r a t e  c o m -  
ponents.  

Opinions differ  as r e g a r d s  the explanation of the influence of ~ = f  (t) of GFRP on the i r  durabi l i t ies  and 
s t rength  p rope r t i e s .  Zherdev  [1] emphas izes  that the s t rength  of a nonmetal l ic  compos i te  when heated falls 
mainly  owing to the l a rge  di f ference  between the l inear  expansion coeff ic ients  of the po lymer  ma t r ix  and the 
g lass  re in forc ing  f i l ler  [2-4]. 

However ,  Ta rnopo l ' sk i i  and Kintsis  [5] and Bar tenev  and Motorina [6], s t a r t ing  with the model sug-  
ges ted  by Outwater  [7], s t a te  that  the d i f ference  between the l i nea r - expans ion  coeff icients  of the r e s i n  and 
r e i n f o r c e m e n t  in GFRP leads  on heating to c o m p r e s s i o n  of the po lymer  ma t r ix  and tension in the r e i n f o r c e -  
ment,  i .e . ,  the po lymer  ma t r ix  and r e i n f o r c e m e n t  work  together  in such a way that the s t rength  of the non- 
metal l ic  composi t ion  is to some  extent inc reased .  

We must  evidently suppose that both t r e a t m e n t s  can be c o r r e c t  for ce r t a in  types of GFRP,  but each  
ope ra t e s  in a definite t e m p e r a t u r e  range.  

In this a r t i c l e  we give some  r e s u l t s  of an invest igat ion of the functional dependence of the i i n e a r - e x -  
pansion coeff icients  between 0 and 1000°C for  polymethyls f loxane  r e s i n  with augmented c r o s s - l i n k a g e  f r e -  
quency and for  GFRP based  on it, r e i n f o r c e d  with var ious  types  of s i l i ca  f i l le rs  differing in the s t ruc tu re  of 
the r e in fo rc ing  f ibers .  

We invest igated spec imens  of GFRP with felted, knitted, and l aye r ed  s t r u c t u r e s ,  and a lso  GFRP with 
a t h r e e - d i m e n s i o n a l l y c r o s s - l i n k e d r e i n f o r c e m e n t  s t ruc tu re .  These  types of s t ruc tu re  a r e  l i s t ed  in Tab!e  1 
and shown in Fig. l .  

The s t rength  p r o p e r t i e s  of these  m a t e r i a l s  a r e  l i s t ed  in Table 1. The indices of the phys i comechan-  
ical  p r o p e r t i e s  we re  de te rmined  by s tandard  methods.  To elucidate the influence of the t he rma l  expansion 
of the r e s i n  i tself  on ~ = f  (t) of the composi t ions  and on the i r  behav ior ,  and to de te rmine  the mutual r e l a t ion  
between ~ = f  (t) of the r e s i n  and the s t rength  of the composi t ions  at high t e m p e r a t u r e s ,  we made a number  
of d i l a tomet r ic  and s t rength  t e s t s  on these  nonmeta l l ic  composi t ions .  
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TABLE 1. Physicomechanica l  Charac te r i s t i cs  of Composit ions 
Based on Polymethylsi loxane Resin 

Property Comp. based on polymethylsiloxane resin and reinforcement 
index, --o KT-II MKT TSP STAN KN-11 
kg/mm~ o 90 ° o o 90 ° o o 90. o o 90 ° o o 

{/]I~. 
E 
Structure of re- 

inforcement 

14,0 12,0 
13,6 I 1,9 
4.45 
1465 1~0 
Fig. l a ,  
layered: 

I 1,1 9,7 
11,0 11,5 
3,45  o 

Fig. lb, 
multi - 
layered 

9,1 6,6 
9,1 7,75 
2,65 72~ 
1790 

Fig. 1%eros~ 
H~ked in 
layers 

7,3 1,9 
6,45 6,2 

Fig. ld, 
I~nitmd 

4,5 
11,2 
9,05 

Fig. le, 
felted 

Note. Angles of determining s t rength p roper t i e s :  0 °, along warp;  
90 °, along weft of re inforcement .  

KT-11 (card web) 
/ 

KN-11 (thread) 

KT-II (card web) 
........ ~ ~ d )  

b c 

Fig. 1. 

KN-11 (thread) 

KN-11 (thread 1 = 50-80) 

d e 

Appearances  of  s t ruc tu res  of GFRP based on s i l ica  f ibers,  a) 
KT-II; b) M-KT; c) TSP; d) STAN; e) KN-II. 

In these tests  we studied the l inear-expansion coefficient of  various nonmetall ic 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 re in forcement  and of anisotropy of the proper t ies  of the GFRP on their  thermal  expansion and 
shrinkage. The tempera tu re  dependences of a = f  (t) of the mater ia ls  were  measured  in a di latometer  
(~LINZAIS" system) on specimens 6 ×6 x40 or  5 x 5x40  mm in size.  

To understand the functional dependence of the l inear-expansion coefficient on tempera ture ,  we must 
f i rs t  know how the r e s in  itself behaves on heating. 

Figure 2 shows the t empera tu re  dependence of the l inear-expansion coefficient of polymethylsUoxane 
res in .  We see that up to 350°C the r e s in  undergoes rapid  expansion, but on reaching 350°C the expansion 
dec reases ,  reaching negative values at T=600-700°C. As r e m a r k e d  above in our r e fe rence  to [2-4], the 
l inear-expansion coefficient of the r e s ins  is an o rde r  of magnitude higher than the l inear-expansion coef-  
ficients of the re in forcement  and the GFRP themselves .  This difference in the l inear-expansion coefficients 
is ref lec ted  in the behavior of GFRP on heating. 

The different a r rangements  of the s i l ica  threads  in the polymer  matr ix  l a rge ly  determine the be-  
havior  of the GFRP on heating. Figure 3 plots the t empera tu re  dependences of the l inear-expansion co-  
efficients for the composi tes  based on polymethylsi loxane res in .  Comparing the graphs in Fig. 3, we see 
that the more  mobile the re in forcement  s t ruc ture ,  the more  c losely  does the behavior  of the composi te  on 
heating cor respond  to the behavior  of the r e s in  itself. 
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Fig. 2. Graph of ~ vs t for polymethyls i -  
loxane res in .  

Fig. 3. Graphs of ~ vs t for composit ions 
based on KN-11fiber .  1) Fibrous composi te ;  
2) knitted fil ler STAN; 3) MKT fabric;  4) TSP 
fabric;  5) KT-11 fabric.  
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Fig. 4 

Fig. 4. Graphs of (~ vs 

a l .tO -~ ram/ram' deg Vgi 
/2 

4 

O ,  • t°C 

Fig. 5 

t for 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 composi tes  based 
on MKT fabric (1, 2) and TSP fabric  (3, 4). 1), 
3) Along warp; 2), 4) along weft. 

F r o m  our p re l iminary  resu l t s  f rom a compar i son  of (~ =f (t) for the composi te  and the change in 
s t rength of the same composi te  on heating, we can find the corre la t ion  between these indices. A s imi la r  
re la t ion can be followed if we compare  the anisotropy of a =f (t) of the GFRP (Figs. 4 and 5). F r o m  the 
graphs in Fig. 4 we see that the composi te  behaves most like the r e s in  in those direct ions in which the 
mechanical  proper t ies  of GFRP based on KT-11 are weakest  f rom the viewpoint of the anistropy,  namely, 
in the directions at 30, 45, and 60 ° to the warp. But the behavior of composi tes  based on MKT and TSP fab- 
r i c s  cor responds  to the s t rength indices of these c o m p o s i t e s  (see Table 1) in the direct ion of the warp and 
weft and ref lects  the conclusions drawn f rom 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 ' ski i  et al. [8] who deduced the l inear i ty  of the re inforc ing  f ibers increases  the s t rength 
and reduces  the deformabil i ty  of the composi tes .  

Composites based on polymethylsi loxane r e s in  are  ve ry  res i s tan t  to thermooxidat ive degradation and 
have prac t ica l ly  equal the rmal  expansion and shrinkage whether heated in air  or  in an inert  medium. The 
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Fig. 6. Graphs of ~ vs 
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Fig. 7 

t for  composi tes  based on polymethyl-  
si loxane re s in .  1) In iner t  medium (helium); 2) in a i r .  

Fig. 7. Graphs of ~ vs t for  r e s i n  (1) and composi tes  based 
on MKT fabric  (2), and graphs of s t rength  under s ta t ic  f lexure 
vs t empera tu re  for MKT in warp (3) and weft (4) direct ions.  

graphs  in Fig. 6 fit  in well with the r e su l t s  of a number  of thermophysica l  and s t rength  tes t s  on the t h e r m o -  
oxidative degradation r e s i s t ances  of composi tes  based on polymethylsUoxane r e s i n  [2, 3, 9]. 

The anisotropy of the the rma l  expansion of p las t ics ,  i l lus t ra ted  in Figs. 4 and 5, leads to a complex 
state  of s t r e s s  in the mater ia l  at high t empe ra t u r e s ,  and this may be one cause of p r e ma t u re  loss of 
s t rength  in s t ruc tu re s  subjected to rap id  heating. Note that composi tes  r e in fo rced  by mobile s t ruc tu res  
(KN-11, STAIN, MKT) suffer  f rom cracking during heating to a l e s s e r  extent,  indicating the possibi l i ty of r e d i s -  
tr ibution of the s t r e s s e s  and hence of the thermal  expansion and shrinkage phenomena in this type of s t ruc tu re .  

It is in teres t ing to compare  the t empe ra t u r e  dependence of the s trength with a =f (t) for  composi tes  
based  on polymethyls i loxane r e s i n  and mul t i l ayer  MKT s i l ica  fabr ic .  As we see  f ro m the combined graphs,  
which a re  plotted in Fig. 7, the maxima for a =f (t) for  the GFRP and the r e s i n  i tself  coincide with the min- 
imum flexural  s t rength  for the GFRP;  the subsequent r i s e  and stabil izat ion of the s t rength  of the composi te  
coincide with a region  close in absolute values of ~ =f (t) to the r e s i n  i tself  and the composi te  as a whole. 
We can explain this effect  by means of the model suggested by Outwater [7]. Thus, taking into considerat ion 
the maximum difference in the t he rma l  expansion of the r e s i n  and plast ic  at t e mp e ra t u r e s  up to 350°C, we 
can suppose that  the compsi te  at the given moment cannot act  as a single whole. In this case  the fall in 
s t rength,  in our opinion, is due to the separa te  action of the r e s in  and r e in fo rcemen t ,  w h i c h l a r g e l y  c o r r e -  
sponds to the hypotheses given by Zherdev and Korolev [1], and is also re la ted  to a cer ta in  rupture  of the 
adhesive bonds between the r e s i n  and r e in fo rcemen t  due to the different  the rmal  expansions of the r e s i n  
and re in forcement .  On fur ther  r i s e  of t empera tu re  the re  is some increase  and par t ia l  s tabil izat ion of the 
s t rength;  this is apparent ly  due to the appearance of fr ic t ional  forces  between the r e s i n  and re in forcement ,  
because  a zone of intensive shrinkage of the  r e s i n  sets  in and we get combined action of the polymer  ma- 
t r ix  and the r e in fo rcemen t  f i l l e r ,  i .e. ,  this supports  the hypothesis  in [4, 5]. The subsequent fall in 
s t rength  at 500°C is due to the onset  of active degradat ion of the polymethylsUoxane r e s i n  [9] and the fall 
in s t rength  of the actual s i l i ca  fLUer. According to our p r e l imina ry  r e su l t s ,  the re  is a s imi la r  re la t ion  for 
ce r ta in  other  types of organosi l icon r e s in s  in conjunction with the same types of r e in fo rcement  f i l le rs .  
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