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Low-temperature specific heat measurements on bulk technical  polymer samples 
(polytetrafluoroethylene and polychlorotrifluoroethylene) were carried out between 
2,5 and  20 K. In these experimental investigations a heat pulse method and an adiabatic 
vacuum calorimeter were used. 

The low-temperature specific heats of polytetrafluoroethylene (T4) and poly- 
chlorotrifluoroethylene (T3) have not been studied in sufficient detail [1 -15] .  
The extrapolation of the experimental values at 20 K down to 4 K by means of the 
Debye-model is inadmissible [5]. Thus, investigations of the thermal properties 
giving the necessary physical quantities and constants for cryogenic design of these 
highly crystalline polymers are quite important. 

In the present work, calorimetric measurements on the bulk polymer samples 
were made in the range 2 . 5 - 2 0  K. The length and diameter of the samples did not 
surpass 50 mm and 12 ram, respectively. By using a shield in a vacuum calorimeter 
[16], entirely adiabatic conditions of operation were ensured. The cooling of the 
calorimeter, as well as that of the sample and the shield, was effected with a mecha- 
nical heat switch [17]. The heat capacity was derived from a well-known relation 
between the increase of the sample temperature (A T ~ 10-2 T) and the amount of 
heat supplied to the sample by a 650 f2 heater, consisting of 0.050 mm diameter 
constantan wire. This heater gives heat impulses lasting 40 seconds. The tempera- 
tures of the samples and the shield were measured by 300~ Allen-Bradley 
resistors. The calibration of these resistors was performed using a germanium 
(NIG) substandard. The time for establishment of the heat equilibrium was a 
few seconds at 2.5 K, and about 15 minutes at 20 K. 

Experimental 

The temperature-dependence of the specific heat is presented in Fig. 1 for poly- 
chlorotrifluoroethylene, and in Fig. 2 for polytetrafluoroethylene. The values of 
C/T ~ for T 3 at 4 K (C/T ~ = 0.057 mj/gK 4) obtained by Reese and Tucker [3] from 

* Internat ional  Laboratory of High Magnetic Fields and Low Temperatures,  Wroclaw 
Poland. 

3 .L Thermal Anal. 20, 1981 



3 4  T E R Z I I S K A  et  a l . :  S P E C I F I C  H E A T  

~AblCW ' 3 

ZNSIf TM ~ 1 1 3  

4- 

e.l 

r  

~51CW ~ 3 

' l '  I ' I ' I ~ " I ~ l ~  [ I ~ I I ~ l  ' I 

Zg61f TM ~ 1 1 3  

~o 

,,,1" 

r 

J. Thermal Anal  20, 1981 



T E R Z I I S K A  e t  a l . :  S P E C I F I C  H E A T  3 5  

indirect measurements (the heat capacity was calculated f rom the thermal conduc .  
tivity and thermal  time constant)  are higher than the values o f  C/T a (C/Ta= 
= 0.048 mj/gK a) obtained in our  heat pulse calorimetric measurements.  There are 
no specific heat measurements for  this polymer  in the temperature range 4 -  20 K 
with which the present results can be compared.  

A compar ison of  the results o f  the specific heat measurements o f  different authors 
[1 - 11 ] for  T~ is made in Table 1. We can draw the following conclusions f rom 
Table 1 and Fig. 2: 

1. In the temperature range 1 5 - 2 0  K our  results are in reasonable agreement 
with the data of  Furukawa  et al. [7]. 

2. For  the first time the present measurements  supply a T 2"5 dependence o f  the 
specific heat at 4 . 9 - 9  K for  T4 (C = 0.0856 T 2"5 mj/gK) and at 4 . 3 - 6 . 7  K for  

Table 1 

A comparison of results of different authors [3, 4, 7, 8, 9, 10, 11] and review articles [1, 2, 5, 6] 
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T 3 (C = 0.0967 T 2"5 mj/gK). This is in very good agreement with the theoretical 
models [13-15]. Unfortunately, in the given temperature ranges for these two 
polymers there are no experimental data of other authors for comparison with 
ours .  

3. The experimental results for the specific heat at 2 .5-4 .9  K follow a T 3 law, 
as shown by Noer et aL [8], Reese and Tucker [3, 9], and Scott and Giles [4]. 
However, these low-temperature calorimetric values of C/T 3 for T~ as well as those 
for T z are larger by more than 50~  compared to accoustic values [10] and give 
Oo x' = 102 K and 6)D x~--70 K.The reason for this discrepancy is unknown[11 ] for 
the time being. Some authors [12] point out that such a phenomenon may be 
provoked by the existence of low-frequency localized modes. 

A correction for the parasitic heat flows and the heat capacities of the additions 
to the sample was introduced into the programme calculation of the experimental 
results according to the calibration curve of the calorimeter with Osborn copper. 
The reproducibility of the experimental data was about +__ 1 ~ at 20 K. 

We are indebted to Drs. E. Leyarovski and L. Leyarovska from the Institute of Solid-State 
Physics, Sofia, Bulgaria for suggesting the experimental method of measurements. 

This work was performed in the international Laboratory of  High Magnetic Fields and 
Low Temperatures, Wroclaw, Poland. 
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R.I!SUMt~ -- On a effectu6 des mesures de chaleur sp6cifique ~t basse temp6rature, entre 2.5 et 
20 K, sur des 6chantillons de polym6res techniques en vrac (polyt6trafluoro6thyl6ne et poly- 
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chlorot r i f luoro6thyl6ne) ,  ~t l ' a ide  d ' u n e  m 6 t h o d e  pa r  impu l s ions  de cha l eu r  et d ' u n  calori-  
m6 t l e  ad i aba t ique  sous  vide. 

ZUSAMMENFASSUNG - -  M e s s u n g e n  der spezif ischen WS, r m e  bei n iedr igen  T e m p e r a t u r e n  wurden  
an  technischen  P o l y m e r p r o b e n  "a l la  r i n fu sa"  (Poly te t ra f luor~ thy len  u n d  Polychlor t r i f luor~thy-  
len) zwischen 2.5 u n d  20 K durchgeff ihr t .  Bei diesen exper imente l len  U n t e r s u c h u n g e n  wurde  
eine W / i r m e p u l s i e r u n g s m e t h o d e  u n d  ein ad iaba t i sches  V a k u u m c a l o r i m e t e r  eingesetzt .  

Pe3i~Me --  HpoBe~leHbl Hla3KOTeMIIepaTypHble H3MepeHH~I y~eJIbHO~t TeU.YlOeMKOCTI/I TeXHHqec- 
KIIX noJIrlMepHbIX o6pa3IlOB (rlO:It, ITeTpaqbTopaTmqeH II rlo~I!~lXJIOpTprIqb~ropaTrlJIeH) Mex~Ry 
2.5 ~I 20 K. B npoBe;IeHHl, lX uccJIejIoBarf~ax IlCllOJIb3OBaJIl,I MeTO;I TellJIOBOrO laMnyYibca ri a~Irla- 
6aTHaecKH~ BaKyyMHbl~ Ka.rIOpI, IMeTp. 

J. Thermal Anal. 20, 1981 


