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SU~dARY 
Copolymers  o f  v l n y l i d e n e  f l u o r i d e  (VDF) w i t h  f l u o r o o l e -  

f i n s  o f  t h e  s e r i e s  CF2CFX (X = Fj CI ,  Br,  CF 3 and C5F l l )  have 
been  s y n t h e s i z e d  in  t h e  0-16 mole % CF2CFX r a n g e .  R e s u l t s  o f  
p h y s i c o - c h e m i c a l  c h a r a c t e r i s a t i o n  by means o f  DSC t e c h n i q u e s  
(Tg,  TH, ~ H f )  and X- ray  d i f f r a c t i o n  a r e  examined and r e l a t e d  
to the nature of the substituent of the fluoroolefin. 
The Tg/T M ratio varies from 0.5 for the VDF homopolymer to 
higher values at increased CFzCFX content, although to a dif- 
ferent extent for the various series of copolymers. The re- 
sults show that the Beaman-Boyer empirical rule (Tg/TM=2/3) , 
developed for homopolymers, also applies to some copolymerlc 
systems. 

INTRODUCTION 
Whereas the T~T M ratio has been studied for various 

homopolymers (BOYER 197S, 1977), no data have been published 
for copolymers. In this paper we report a preliminary study 
of the thermal behaviouG in terms of specific enthalpy of fu- 
sion ~Hf)and Tg/T M ratio, of various vinylidene fluoride co- 
polymers with CF2CFX fluoroolefins (X -- F, CI, Br, CF3, C5F11) 

EXPERIMENTAL 
VDF CF2CFX copolymers were synthesized by aqueous emul- 

sion polymerisation. A 300 ml stainless steel autoclave was 
loaded with 1OO ml demineralized water, 0.3 g ammonium persul- 
phate and a monomer mixture up to attaining a pressure of 
8-11 arm at 9OeC. The monomer composition was adjusted in 
order to yield the desired polymer. The autoclave was then 
rocked until a pressure drop was observed. The low conversion 
allowed a narrow coposition distribution to be obtained. The 
polymer was coagulated by pouring the emulsion into a 2 % 
A12(S04) 3 solution under stirring~ washed with demineralized 
water and dried at 45~ under vacuum for 7 hours. The sample 
composition was determined by elementar 7 analysis and by 
19F NMR spectroscopy (for VDF-TFE, VDF-C3F6, VDF-CTF14 and 
VDF-C2F3CI) using a Varian EM 360 L spectrometer. X-ray dif- 
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fraction (XRD) patterns of unoriented powder samples were re- 
corded on a Philips PW 1050/1070 gonlometer using Ni filtered 
Cu K radiation. Thermal analyses were run using a Perkin El- 
mer DSC-2C calorimeter with heating and cooling rates of 10 
and 5 ~  respectively, 

RESULTS AND DISCUSSION 
As shown in Fig. Ip T_ values for the various series of 

copolymere increase from - ~ 5 , 4 " C  (our experimental value for 
PVDF; literature values from -40 to -52~ according to DOHANNY 
and ROBB 1980~ and SASABE et al. 1969) with an almost linear 
trend and a slope depending on the nature of the comonomer. 
In this context~ it is to be considered that the low T_ value 
of PVDF is due to the identity of the I. I substltuent~ in the 
r e p e a t i n g  uni t  (MOGGI e t  al. 1982). 
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I n t r o d u c t i o n  o f  u n i t s  i n  t h e  p o l y m e r i c  c h a i n  r e s u l t s  i n  a l o s s  
o f  s i m m e t r y  a n d  an  i n c r e a s e  i n  t h e  Tg c o n t r i b u t i o n  o f  t h e  VDF 
repeating unit. Moreover, interchain steric hindrance and the 
p r e s e n c e  o f  b u l k y  s i d e  g r o u p s  a l s o  t e n d s  t o  i n c r e a s e  %he Tg 
v a l u e .  
Starting from the observed meltlng point of 162"C for PVDF 
in our experimental conditionsp as compared to literature va- 
lue in the 154-184~ range (DOHANNY and ROBB)~ we notice a 
lowering of TMp which is more pronounced for comonomers con- 
taining bulky side groups. The minor slope observed in the 
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VDF-TFE system may be interpreted o n  the basis o f  isomorphous 
substitution, w h i c h  is very important for the preservation of 
l o n g  r a n g e  o r d e r .  
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On t h e  w h o l e ,  i t  i s  o b s e r v e d  t h a t  s h a r p  m e l t i n g  p o i n t s  d i s a p -  
p e a r  a l r e a d y  i n  t h e  t h e r m o g r a m s  o f  p o l y m e r s  o f  l o w  c o m o n o m e r  
content, for which some residual crystallinity still persists. 
Although the Beaman-Boyer empirical rule Tg--(2/3)TM is diffi- 
cult to ratlonalize since Tg and T M occur in different phases 
(amorphous for Tg and crystalline for T M ), the matter is 
simplified with BunnWs hypothesis that the same kinds of mole- 
cular motion occur at Tg and T M (short range and long range, 
respectively). According to Boyer~ T~/T M ratios take on values 
in three ranges (A, B and C, respect~vely): homopolymers without 
bulky side groups (such as PVDF) having Tg/T M 0.5, most polymers 
(55%) having Tg/TM~O.667+OoO5 , and those with long side chain 
(irrilevant for our purposes) with even higher values. By 
plotting Tg/T M values vs comonomer content (Fig. 3) we notice 
a sharp trend away from the ratio (0.52) f o r  the VDF homopolymer 
towards higher values with the slope depending on the size of 
the substituent group of the comonomer. In the case of X=CsFII 
4 mole % C7F14 in the copolymer is already sufficient to shift 
the Tg/T M ratio to about O.66 (into Boyer's region B), apparen- 
tly due to the strong contribution of the bulky side group. 
On the other hand, with a smaller substituent, such as CI, as 
much as 15 mole % is needed to reach the same ratio value. 
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No a p p r e c i a b l e  e f f e c t  was n o t i c e d  f o r  X = F~ p r o b a b l y  a s  a r e -  
s u l t  of isomorphous substitution (MOGGI et al.~ in press). 
It is stressed that the reported range of investigation is li- 
mited by difficulties in the determination of Tg and disap- 
pearance of TM. 
We have further investigated the effect on specific enthalpy of 
fusion ~Hf) and degree of crystalllnity of PVDF (measured by 
means  o f  XRD) b y  i n t r o d u c i n g  v a r i a b l e  amouns o f  CF2CFX c o m o n o -  
mer  i n  t h e  p o l y m e r i c  c h a i n  ( F i g ,  4 a n d  5 ) .  B e c a u s e  o f  t h e  u n -  
c e r t a i n t i e s  i n  t h e  a b s o l u t e  v a l u e  o f  t h e  c r y s t a l l i n i t y  o f  PVDF 
( l i t e r a t u r e  r e p o r t s  a 35-65% r a n g e  d e p e n d i n g  on t h e  m e t h o d  os 
polymerisation and thermal history)~ both the crystallinity 
index and~ have been normalized with respect to the VDF ho- 
nopolymer prepared in our experimental conditions. It is not 
unexpected that the observed trends as a function of the compo- 
sition are similar for the crystallinity from XRD and~. The 
isomorphous substitution in the VDF-TFE system again indoubte- 
d l y  a c c o u n t s  f o p  t h e  m i n o r  v a r i a t i o n  o b s e r v e d  f o p  X - F .  On t h e  
o t h e r  hand9 b o t h  t h e  c r y s t a l l i n i t y  a n d A H f  r a t i o  d e c r e a s e  more  
r a p i d l y  w i t h  i n c r e a s e  o f  b u l k i n e s s  o f  t h e  s i d e  g r o u p s ,  L i t t l e  
d i f f e r e n c e  i s  o b s e r v e d  f o p  s u b s t i t u t i o n  o f  CF 3 a n d  Br  i n  t h e  
chaln~ as expected for the similar radii of these groups. 
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