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The results of an analysis of the experimental values of the thermophysical character is t ics  of 
oligomers which are distinguished by a long and flexible oligomer block and cross-l inked poly- 
mers  based on them in the temperature range 90-373~ are  presented. 

When investigating the temperature dependence of the thermophysical character is t ics  of oligocarbonate- 
methacrylates [1] we discovered maxima in the thermal conductivity, the position and intensity of which depend 
on the length and flexibility of the oligomer block in these systems [2]. 

It is of practical  importance to establish the correlation between the thermophysical characteris t ics  of 
oligomer systems which have a long and flexible oligomer block and spatially cross-l inked polymers based on 
them. 

Investigations were made of oligocarbonatemethacrylates [1] with a regular position of the active and in- 
active groups of the bis-(methacryloxyethylenecarbonate)-ethylene glycol (OCEM), bis-(methacryl-oxyethylene- 
carbonate)-butylene glycol-l ,4 (OCBM), bis-(methacryl-oxyethylenecarbonate)-hexamethylene glycol-l ,6 
(OCGM'), and bis-(methacryl-oxyethylenecarbonate)-diethylene glycol (OCDM), and also cross-l inked polymers 
based on them (PCEM, PCBM, PCGM, and PCDM), obtained by hardening oligocarbonatemethacrylates in the 
presence of a polymerization initiator: 0.5% cumene hydrogen peroxide and a 0.170 solution of vanadium oxide 
in tributylphosphate. The oligomer block of the systems investigated can be placed in the following order  of 
degree of flexibility: OCEM < OCBM < OC GM < OCDM. 

The thermophysical propert ies  were determined in the temperature range 90-373~ by the method of 
adiabatic envelopes under quasistationary conditions [3]. Liquid oligomer systems were placed in a quartz 
cuvette in the form of a hollow cylinder with internal and external diameters of 11.5 mm and 13.0 ram, r e -  
spectively, and height 100 mm. The specimens of the hardened systems have the same dimensions. A heater  
in the form of a cylinder was placed in thermal contact with the inner surface of the specimens. The maxi- 
mum relative e r r o r  in determining the thermophysical character is t ics  did not exceed ~5-10%0. 

In Fig. la and b we show the results of an experimental determination of the temperature dependence of 
the thermal conductivity and the specific heat of oligomer systems with the most rigid (OCEM) and most flexi-  
ble (OCDlVO oligomer blocks, and also of spatially cross-l inked polymers based on them (PCEM and PCDM). 

The results of an experimental determination of the thermal conductivity and the specific heat of OCM 
and cross-l inked polymers based on them were analyzed and approximated by appropriate analytical expres-  
sions. 

The initial par t  of the temperature dependence of the thermal conductivity X(T) of oligomers in the tem- 
perature range from 90~ to 170~ can be described by a hyperbolic expression of the form 

;~(r) = A + C, (1) 
T - -B  

where A, B, and C are constants. 

This means that the thermal conductivity of oligomers over this temperature range obeys Euken's law. 

At very low temperatures  (90-120~ the temperature curve of the specific heat Cp~T) of oligomer sys-  
tems is given by an equation of the form 
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Fig. 1. Temperature  dependences of the specific heat Cp (kJ/kg. 
deg) (1, 2) and the thermal conductivity ~ (W/m.deg) (3, 4): a) 
oligomer systems [OCERI (2, 3)and OCDM (1, 4)] and b) polymers 
[PCEM (91,3) and PCDM (2, 4)]. T, ~ 

C a (T) = A'  + B ' T  3, (2) 

where A' and B' are  constants. 

Within the framework of Tarasov 's  model [4] this corresponds to the low-temperature heat capacity of 
three-dimensional s tructures.  

When the temperature is raised from 220-240~ to 373~ a l inear decrease in the thermal conductivity 
and specific heat of oltgocarbonatemethacrylates o c c u r s  with a reduced value of their derivative with respect  
to temperature.  The derivative of the specific heat with respect  to temperature dCp/dT varies  from 0.08 to 
0.12, while the derivative of the thermal conductivity dk/dT varies from 0.10 to 0.13. 

We attempted to generalize the data on the thermal conductivity of oligomers in the viscous-flow state 
using the principle of corresponding states. As is well known, this principle was f i rs t  formulated for real  
gases, and was then applied successfully to liquids with spherical molecules, and it was then discovered [5] 
that it is possible to use the method of corresponding states for liquids with chain molecules. In a further 
ser ies  of investigations [6, 7], the applicability of the principle to polymer liquids, particularly to solutions 
of thermoplastic mater ia ls ,  was confirmed. For  strongly associated liquids, such as the oligomer systems 
investigated, it is possible to use the following simplified version of the method of corresponding states [8] to 
describe the MT) curves: 

)~(T) ---- A" + B"(1 --~), (3) 

where r = T/Tv, and A" and B" are constants. 

Numerical values of the coefficients occurring in Eqs. (1)-(3) are shown in Table 1. Here we also give 
values of the derivatives of the specific heat and the thermal conductivity of these materials  with respect  to 
temperature (in relative units) in the temperature range from 220-240~ to 373~ The oligocarbonatemethac- 
rylates investigated are  given in the table in the order  in which the length and flexibility of their oligomer 
block increase.  

When analyzing the data in Table 1 it is necessary to note the s tr ict  correlation between the coefficients 
of the equations describing the temperature dependences of the thermal conductivity and the specific heat of 
oligomer systems distinguished by the length and flexibility of the oligomer blocks, in the different tempera-  
ture ranges. This correlation holds both for the linear and nonlinear parts of the k(T) and Cp(T) curves. 

The nature of the oligomer has the most important effect on the absolute values of the coefficients of 
the temperature in Eqs. (1)-(3). These coefficients describe the rate of temperature increase (decrease) of 
the heat t ransfer  when investigating the thermal conductivity and the specific heat for Cp(T). 

At temperatures  up to T v the coeffictents A and B' increase considerably as the length and flexibility of 
the oligomer block increases ,  i .e. ,  the greater  the flexibility of the oligomer block the greater  the effect a 
change in temperature has on the variation of the thermophysical character is t ics  of the oligomer in the glass-  
like state. 
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TABLE 1. Analytical  Express ions  Descr ibing the Tem p era tu r e  
Dependences of the The rm a l  Conductivity and Specific Heat  of Oligo- 
m e r s  

I 

Oligomer " 

OCEM 
OCBM 
OCGM 
OCDM 

- A 

3,4 
3,45 
3,6 
3,7 

T<T y T>T v 

90--170K 90--120K 220--240K--373K 

B I C 

51,0 I 0,255 
50,5 0,260 
49,5 ] 0,270 
49,0 0,275 

C p ~ A  " .~B " T~ 

A" B'I0 s 

0,44 0,258 
0,47 0,265 
0,50 0,290 
0,53 0,300 

d~ 
E=A"+B"(1--~) 

A" B~I0 

0,288 0,62 --0,13 
0,290 0,58 --0,12 
0,295 0,55 --0,11 
0,296 0,50 --0,10 

dCp 

dT 

--0,12 
--0,11 
--0,09 
--0,08 

For  liquid o l igomers  (i.e., for  T > Tv) the opposite phenomenon is obse rved :The  t empera tu re  coefficients 
in the equations for  k(T) and Cp(T) dec rease  considerably as the length and flexibil i ty of the ol igomer block in-  
c reases .  Here  an increase  in the flexibil i ty of the o l igomer  block leads to a reduction in the tempera ture  de-  
pendence of the thermophysica l  cha rac t e r i s t i c s  of liquid o l igomers .  

The t empera tu re  dependences of the thermophysica l  cha rac te r i s t i c s  of hardened ol igomer  sys tems poly-  
ca rbona temethacry la tes  (Fig. lb) have prac t ica l ly  l inear  sect ions with a point of discontinuity of the coefficient  
at the vi t r i f icat ion t empera tu re  of the po lymer  [9]. The exper imenta l  curves  of k(T) and Cp(T) of these sys tems  
are  descr ibed  by l inear  equations of general  fo rm at t empera tu res  not exceeding the vi t r i f icat ion t empera tu re  
of the po lymer .  The coefficients in these equations are  shown in Table 2. Here  we also give the values  of the 
der iva t ives  of the the rmal  conductivity coefficients  of the po lymers  with r e spec t  to t empera tu re  for  T > Tv.  

It is seen f rom Table 2 that,  as for  o l igomer  sys t ems ,  there  is a cor re la t ion  between the length and 
flexibil i ty of the o l igomer  block of the initial o l igomers  and the coefficients in the equations descr ib ing k(T) 
and Cp(T) of po lycarbona temethacry la tes .  Thus ,  when changing f ro m  PKEM to PKDM, i . e . ,  in the direct ion 
of an increase  in the flexibil i ty of the o l igomer  block of the initial o l igomer ,  the absolute values of the coeff i -  
cients of the t empera tu re  in the equations descr ib ing  the t empera tu re  dependence of the thermal  conductivity 
of the po lymers  investigated in the glassl ike state inc rease  by a factor  of prac t ica l ly  1.5. Similar ly  when T > 
T v the der ivat ive  of the the rmal  conductivity with r e spec t  to t empera tu re  inc reases  by more  than a fac tor  
1.5 when changing f rom PCEM to PCDM; i .e . ,  for  the po lymers  investigated both in the glasslike state and in 
the highly e las t ic  state there  is an increase  in the t empera tu re  dependence of the thermal  conductivity as the 
length and flexibil i ty of the o l igomer  block of the initial o l igomer  sys tem inc reases .  The more  flexible the 
o l igomer  block the more  the t empera tu re  affects  the the rmal  conductivity of spatially c ross - l inked  po lymers  
based on a given ol igomer .  

Unlike the the rmal  conductivity,  for  the specif ic  heat  the coefficient of the t empera tu re  in the equation 
descr ibing the Cp(T) curve for  T < Tv ,  dec r ea se s  somewhat (by ~ 20%) when changing f rom PCEM to PCDM. 
That  is ,  the g rea te r  the length and flexibil i ty of the ol igomer  block of the initial o l igomer  sys t em,  the less  the 
specif ic  heat  of a po lymer  based on this o l igomer  depends on the t empera ture .  

A comparat ive  analysis  of the data given in Tables  1 and 2 showed that for  both the initial o l igomer  sys -  
tems and for spatially c ross - l inked  po lymers  based on them there  is a cor re la t ion  between the length and f lexi -  
bility of the o l igomer  block and the coefficients  of the t empera tu re  in the equations descr ib ing the t empera tu re  
dependences of the thermal  conductivity and the specif ic  heat  in different  t empera tu re  ranges corresponding to 
different  physical  s tates  of the o l igomers  and po lymers .  The glasslike state of the o l igomers  and po lymers  
investigated is cha rac t e r i zed  by a s imi la r  degree of dependence of the thermal  conductivity on the t empera tu re  
as the length and flexibil i ty of the ol igomer  block changes. The g rea te r  the length and flexibil i ty of the ol igo-  
m e r  block, the g rea te r  the effect  the t empera tu re  has on the thermal  conductivity. 

The effect  of the length and flexibil i ty of the o l igomer  block on the specif ic  heat  of o l igomer  sys tems  and 
c ross - l inked  po lymers  based on them in the glassl ike state in percentage  t e r m s  is much less  compared  with 
the the rmal  conductivity. Also,  whereas  for  o l igomers  the coefficient  of the t empera tu re  inc reases  somewhat 
as the length and flexibil i ty of the o l igomer  block i n c r ea se s ,  for  po lymers  based on them this coefficient falls .  

These  resu l t s  indirect ly  conf i rm the previous ly  obtained analogy between molecular  and hypermolecu la r  
s t ruc tu res  of o l igomer  sys tems  and spatial ly c ross - l inked  po lymers  based on them [9]. The increase  in the 
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TABLE 2. Analytical Expressions Describing the Temperature  
Dependences of the Thermal Conductivity and Specific Heat of 
Polymers 

Polymer 

I L-10' 

r<rv 

Cp=K'+L'T 

K" I L"IO '  

'r>r v 
d~ 

PCEM 
PCBM 
PCGM 
PCDM 

0,190 
0,190 
0,191 
0,192 

1,11 
1,28 
1,43 
1,66 

~0,06 
--0,08 
--0,11 
--0,12 

3,00 
2,82 
2,51 
2,33 

--0,147 
--0,174 
--0,201 
--0,231 

coefficient of the temperature in the equation for MT) as the length and flexibility of the oligomer block in- 
creases  for cross-l inked polymers in the glasslike and highly states elast ic,  and for oligomers in the glasslike 
state confirms that the heat t ransfer  in these systems is determined by the number and nature of the bonds be- 
tween the structural  components characterizing the density of the spatial lattice. For oligomers at tempera-  
tures above T v the mobility of the structural  components, which decrease as the dimensions of the oligomer 
blocks and hypermolecular  s t ructures  formed from them increase,  play a decisive role in the heat- t ransfer  
process.  This is also confirmed by electron-microscope data. As was shown previously [9], for  the OCEM 
oligomer with six oligomer blocks, s t ructures  of the anisodiametric play are character is t ic ,  and for OCDM 
with flexible oligomer blocks hypermolecular s tructures of the globular type with diameters up to 1000-1500 
are observed. 

N O T A T I O N  

T 
Tv 
k 
Cp 
A, B, C, A' ,  
B', A w, B", 
K, L, K', L 
dk/dT 
dCp/dT 

is the temperature,  OK; 
are the vitrification temperature ,  ~ 
is the thermal conductivity; W/m �9 deg; 
is the specific heat; kJ/kg, deg; 

are  the constants; 
is the derivative of the thermal conductivity with respect  to temperature;  
is the derivative of the specific heat with respect  to temperature,  and r = T/T v. 
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