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Resul ts  of m e a s u r e m e n t s  of the t h e rma l  diffusivity of p recoked  asbes tos ,  gIass ,  and carbon  
Textol i te  compos i t e s  in the t e m p e r a t u r e  range  f r o m  900 ~ to 2800~ a re  repor ted .  The na-  
ture  of the t e m p e r a t u r e  dependence of the t h e r m a l  diffusivity and of the dependence of the 
t h e r m a l  diffusivity on the composi t ion  of the m a t e r i a l s  is  explained.  

P l a s t i c s  used as  s t ruc tu ra l ,  e l ec t r i ca l  insulating, heat  lagging, and sound insulat ing m a t e r i a l s ,  and 
o ther  m a t e r i a l s ,  cons is t  of synthet ic  po lymers ,  organic  or  inorganic  r e in fo rcemen t s ,  and s e v e r a l  other  
components  in sma l l  amounts .  Severa l  m a t e r i a l s  based  on re in forced  p ias t ics  were  inves t igated under  con-  
ditions of eontact  with a h i g h - t e m p e r a t u r e  envi ronment ,  a n d i t w a s  found that  a low r a t e  o f d e s t r u e t i o n a t t e m -  
p e r a t u r e s  to 3500~ typified a s b e s t o s - r e i n f o r c e d ,  g l a s s - r e i n f o r c e d ,  and c a r b o n - r e i n f o r c e d  p las t i c s  [1, 2]. 
P l a s t i c s  including coking r e s i n s  tn the i r  compos i t ion  f o r m  [2], when heated: 1) a zone of comple te ly  coked 
ma te r i a l ;  2) a zone of pyro lys i s ,  o r  a zone of t h e r m a l  decomposi t ion of the constituent compos i te  p las t ics ;  
3) a zone filled with the initial  m a t e r i a l .  

Each  of these  zones co r r e sponds  to a ce r t a in  range of t e m p e r a t u r e s  dictated by the t h e r m a l  s tabi l i ty  
of the po lymer  used. In the case  of phenolic r e s ins  which have gained the i r  g r e a t e s t  popular i ty  as b inders  
of compos i te  m a t e r i a l s ,  the m a x i m u m  ra te  of t h e r m a l l y  induced degradat ion  is obse rved  in the 570-870~ 
t e m p e r a t u r e  range,  which co r r e sponds  to the conditions typifying the second zone. tn the case  of coktng 
m a t e r i a l s ,  as shown by calculat ions,  the e f fec t iveness  of t h e r m a l  lagging is  affected mos t  se r ious ly  by the 
t h e r m a l  conductivity of the coked layer  and by the ra te  of decomposi t ion  of the binder  [3, 4]. 

The re  a re  r epo r t s  on invest igat ions of the h e a t - t r a n s f e r  p rope r t i e s  of some  re in forced  po lymer s  in 
the t e m p e r a t u r e  range 300-600 ~ and a lso  on de te rmina t ions  of the effect ive  values  of h e a t - t r a n s f e r  coeff i -  
c ients  for  g lass  f iber  re in forced  pIas t ies  up to 900~ [5, 6]. But under conditions where a h i g h - t e m p e r a t u r e  

TABLE ! .  

Designation of materia: 

Asbestos textolite 
Glass textolite 
Carbon textolite* 

Var ia t ion  of Phys icomechan ica l  P r o p e r t i e s  of  Textol i tes  in Coking P r o c e s s  

IFurther shrinkage 
lpressive Shrinkage after ]o f specimens after 
Lgth, MN/m 2 coking at 823~ at 

% ____~12oo~ K, ~ 

2ng looking ilayers layers !layers layers 

.s2 84.82 2.8 ] 8.2 2 I 4.7 
�9 8 7 1 1 9 . 2 2 I  8.4 I 1.s I 8.2 
.98 I 21.28 I 1.42 i 2.2 1.6 I 8.5 

*Specimens coked at 873~ 
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Fig.  1. Dependence of t h e r m a l  diffusivity (m2/sec)  
on t e m p e r a t u r e  (~ a) a sbes to s  Textol i te  composi te ;  
b) g l a s s  Textol i te  composi te ;  c) ca rbon  Textol i te  c o m -  
posite;  - - - )  indicate s tabi l iza t ion  (annealing) t e m -  
pe ra tu re ;  . . . . .  ) cu rves  indicate t e m p e r a t u r e  depen-  
dence of t h e r m a l  diffusivity before  and a f t e r  anneal; 
O) denotes expe r imen ta l  data  p o i n t .  

m e d i u m  af fec ts  re in forced  plas t ics ,  the t e m p e r a t u r e  on the su r face  of the p las t ics  may  run as high as 2000 ~ 
o r  even  h igher .  However ,  the informat ion  on h e a t - t r a n s f e r  p rope r t i e s  of re inforced  p las t ics  at e levated t e m -  
p e r a t u r e s  now avai lable  in the l i t e ra tu re  is  scanty [7, 8}. Numer ica l  values  of the h e a t - t r a n s f e r  c h a r a c -  
t e r i s t i c s  of m a t e r i a l s  in the range  f r o m  room t e m p e r a t u r e  to the working t e m p e r a t u r e  on the su r face  a re  
needed for  the design and calcula t ion of opt imum th icknesses  of t h e r m a l  lagging. 

Invest igat ions  of the t h e r m a l  diffusivity coefficient  of precoked glass ,  a sbes tos ,  and carbon Textol i te  
compos i t e s  were  ca r r i ed  out on a h i g h - t e m p e r a t u r e  faci l i ty ,  following a p rocedure  descr ibed  in another  
a r t i c l e  [9]. The t h e r m a l  diffusivity was de te rmined  in accordance  with the method of Kraev [10, 11] on 
cyl indr ica l  spec imens  25.5 m m  in d i a m e t e r  and 76.5 m m  long, in a h i g h - t e m p e r a t u r e  furnace  a s s e m b l e d  
on the bas i s  of a TVV-4 crucible  vacuum tungsten fu rnace .  Before  the exper imen t  was c a r r i e d  out, the 
faci l i ty  was roughed down to a r e s idua l  p r e s s u r e  of 1.333 N / m  2, and then fil led with pure  a rgon  of grade A 
to a p r e s s u r e  of 1.03 �9 105Nfln 2. The e l ec t r i c a l  components  of this t e s t  faci l i ty  cons is t  of a ROT-25 /0 .5  
a u t o t r a n s f o r m e r ,  and a OSU-40/0.5 stepdown t r a n s f o r m e r .  Up to 1300~ the p r o c e s s e s  were  c a r r i e d  out 
by the r e t a rda t ion  method with the aid of C h r o m e l - A l u m e l  the rmocouples ,  and at h igher  t e m p e r a t u r e s  by 
means  of a photoe lec t r ic  p y r o m e t e r  using specia l  luminous readout  connections [9]. 
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Fig. 2. Dependence of thermal  
d i f fus iv i ty  (m~/sec) of coked 
asbestos Texto l i te  composite 
on content of polymer ic  binder, 
at t e m p e r a t u r e s :  1) 973~ 2) 
1023; 3) 1073; 4) 1123; 5)1173; 
6) 1223. 

The specimens investigated were based on a phenolic resin with 
a coke number of 54%, and several reinforcing fabrics: AT-I asbestos 
fabric, KT-II high-silica fabric, UUT-I carbon-impregnated fabric. 
The Textolite composites were sintered at 433 ~ �9 5~ under I06 N/m 2 
pressure. Cylindrical specimens with axes parallel to the plane of 
the fabrics were machined from the sintered plates. The specimens 
were eoked in a tubular graphite furnace at 820 ~ in a nitrogen atmos- 
phere under 1.03 �9 105 N/m 2 pressure until volatile products were no 
longer given off. The specimens to be coked were lined up along the 
axis of the graphite tubular furnace within which the temperature drop 

did not exceed I0 ~ 

As a result of pyrolysis of the binder and dehydration of the 
reinforcing fillers, physical and chemical changes took place in the 
m a t e r i a l .  Ult imate chemica l  ana lys i s  showed the composi t ion  of the 
coking r e s i n  to. v a r y  in the d i rec t ion  of inc reas ing  carbon content and 
dec reas ing  hydrogen and o\wgen contents with inc reas ing  t e m p e r a t u r e .  
The m a s s  pe r  volume dec reased  at the s a m e  t ime ,  and the mechanica l  
p rope r t i e s  of the plas t ics  d e t e r i o r a t e d s e v e r e l y  while poros i ty  and 
t h e r m a l  conduc t iv i ty increased .  The change in some of the p rope r t i e s  
in r e sponse  to e levated  t e m p e r a t u r e s  affecting the p las t i cs  under in -  
ves t iga t ion  is reflected in the data in Table 1. 

Since the cylinder method was used in this work, the values of 
the thermal diffusivity were averaged if the materials were anisotropic. 
Of course, the difference in the thermal diffusivity along the layers 
and across the layers may amount to roughly 40% in the case of asbes- 
tos Textolite composite at temperatures to 900~ On the other hand, 
however, the formation of a secondary carbon backbone in the bulk of 
the material comprisingthe specimen, and a further increase in poro- 
sity at temperatures above 900 ~ will equalize conductivity in the 

var ious  d i rec t ions .  Po ten t iome t r i c  m e a s u r e m e n t s  of the t e m p e r a t u r e  field during the heating p roce s s  
showed, for  a l l t h e m a t e r i a t s  studied in this  work,  that  t e m p e r a t u r e s  at a 9 m m  radius  p rac t ica l ly  coincide 
in the d i rec t ions  along the l aye r s  and a c r o s s  the l a y e r s .  In the t h e r m a l  sense  the m a t e r i a l s  studied a r e  
thus found to be i so t rop ic .  

The t e m p e r a t u r e  dependence of the t h e r m a l  diffusivity in the ease  of a sbes tos  Textol i te  composi te ,  
g lass  Textol i te  composi te ,  and ca rbon  Tex to l i t ecompos i t e  is plotted in Fig.  1. Annealing at the c o r r e s p o n d -  
ing t e m p e r a t u r e ,  indicated by the ve r t i ca l  b roken  l ines,  l a s t s  one hour,  a f t e r  which the furnace  is al lowed 
to cool down, held at a ce r t a in  level  for  some t ime,  and following that a slow r i se  in t e m p e r a t u r e  is  brought  
about to the p rev ious ly  at tained t e m p e r a t u r e  at  which the p r o p e r t i e s  of the m a t e r i a l  become  s tabi l ized.  The 
heat ing r a t e  of the spec imens  is  0 A5 d e g / s e c :  The do t -dash  curves  indicate the change in the t h e r m a l  dif-  
fusivi ty as  a function of the t e m p e r a t u r e  a f t e r  the r egu la r  s tabi l izat ion.  Ext rapola t ion  of this t e m p e r a t u r e  
dependence of the anneal ing t e m p e r a t u r e  makes  it poss ib le  to at tain the cor responding  value of the t h e r m a l  
diffusivi ty.  The expe r imen t  was s taged in such a way that  the t e m p e r a t u r e  on the su r face  of the spec imen  
would not be above the s tabi l iza t ion  t e m p e r a t u r e .  

In all  the coked Textol i tes  invest igated,  we obse rve ,  as s een  in Fig. 1, an initial  r i s e  in the t h e r m a l  
diffusivity with increasing temperature. The transfer of heat takes place, of course, through the solid back- 
bone and through the gas in the pores. It is evident in the diagram that the composition and structure of the 
materials affect the thermal diffusivity. 

In the case of coked carbon Textolite composite consisting entirely of carbon, the thermal diffusivity 
in the 870~176 range is slightly higher than in coked glass Text01ite composite. At II70~ the coked 
glass Te~olite composite contains about 71~c silicon dioxide and 29% carbon by weight. 

The heightened content of binder in the materials greatly increases the thermal diffusivity in the 
range up to 1300 ~ bug the specific contribution of radiative transfer of heat in the pores becomes greatly 
enhanced, on the other hand, with further rise in the temperature, as confirmed by the steeper rise in 
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the curve in the 1300-1650~ range in the case of asbes tos  Textolite composi tes  and glass Textolite com-  
posi tes .  In the case of carbon Textolite composi tes ,  the r i se  in t empera tu re  is accompanied by a mono-  
tonic decline in the thermal  dlffusivity in the 1370~ ~ range of t empera tu res ,  as is typical  of graphi-  
t ized mate r ia l s .  

Thermal  decomposit ion in the 873~176 tempera ture  range, accompanied by release of volatiles 
and by s t rueturat ion of the coke residue,  contributes to a fur ther  increase  in the porosi ty of the mater ia ls  
investigated. The total porosi ty  of the coked mate r ia l s  inc reases  with increased  binder content, and amounts 
to 30-40% of which 10-15% is accounted for  by closed porosi ty.  The dimensions and shape of the closed 
pores,  the composi t ion of the gas in the pores,  and the emiss iv i ty  of their  walls, appear to also exert  a 
marked effect on radiat ive heat t r ans f e r .  

As the binder content in the mater ia l  is increased ,  the tempera ture  dependence of the thermal  diffu- 
sivity in the 873~176 tempera tu re  range also declines.  On the curves  of constant composit ion X 1 = 0.32 
and X 2 = 0 A8 (see Fig. 2), values of the thermal  diffustvity are  marked off at t empera tu res  in the 973 ~ 
1223~ range.  If the i so therms  are  now approximated by straight  lines, these will in tersec t  at a point hav-  
ing the coordinates a = 2.36 �9 10-7 and X = 0.24. A point with these coordinates  cor responds  to a mater ia l  
whose thermal  diffusivity is independent of the annealing t empera tu re .  Using the relationship i l lustrated 
in Fig. 2, we can immediately  indicate a se r ies  of values of the the rmal  diffusivity without staging an ex-  
periment  by specifying nothing more  than the binder content. The equation of the family of i so therms  plotted 
for  asbestos  Textolite composite in the 870 ~176 t empera tu re  range can be represented in the following 
form:  

( Oa ) (X--0.24). a~ = 2.36.10 -7-~ ~ h 

It is c lear  in Fig. 1 that a change is observed in the nature of the tempera ture  dependence of the t he r -  
mal diffusivity in asbes tos  Textolite composi tes  and glass Textolite composi tes  beyond the tempera ture  
1670 ~ The falloff in the the rmal  diffusivity of the ma te r i a l s  investigated in the 1670~ ~ tempera ture  
range can be explained by the fact that, at those t empera tu res ,  heterogeneous chemical react ions take place 
with appreciable ra tes ,  according to the following schemas  [12-14]: 

Glass Textolite composite 

SiO 2 + C ]640 ~ SiO ]" + CO f", 
Asbestos Textolite composite 

3MgO. 2SiO 2 . 2H20 9ro-117o or, 3MgO + 2SiO 2 ~- 2H20 --~ 

2MgO-SiQ @ MgO.SiO 2 -t- 2H20; 

MgO + c 1670 ~ Mg t + CO l ; 

SiO 2 + 3C - - , -  SiC + 2C0 1 �9 

In view of the fact that the procedure  followed in [10, 11] to calculate the thermal  dtffustvity was based 
on the solution of the heat conduction equation with no heat sources  and no heat sinks, its values beyond the 
inflection points in Fig. la,  lb must  be viewed as effective values.  The kinetics and thermal  effects of the 
heterogeneous react ions taking place inside the coke residue must  be known in o rder  to find the true values 
of the thermal  diffustvtty at t empera tu res  upwards of 1400~ 
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