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Summary 

Die lectr ic  and TSC studies of charged (by stabi l ized e lect r ica l  breakdown) 
and discharged PVDF/PMMA blends have been performed. The re lat ive changes 
in ~" are found to decrease with increasing PVDF content except for samp- 
les with 50 and 70 weight-% of PVDF. The temperature Tma x of the TSC maxi- 
mum is found to be shif ted l inear ly  towards lower temperatures with increa- 
sing PVDF content up to 30 weight-% of PVDF. For higher concentrations 
Tma x is found to be independent on PVDF content except for samples of 
70weight-% of PVDF. These behaviours indicate that for PVDF concentra- 
tions higher than 30 weight-% the system starts to lose i t s  compatibi l i ty.  

Introduction 
Compatibi l i ty of PVDF/PMMA mixtures has been found in the amorphous state, 
however, i t  is known that a part of PVDF can c rys ta l l i ze  (1-7). A sh i f t  of 
the main glass t rans i t ion temperature T a towards lower temperatures has 
been observed with increasing PVDF content (1,4,5,7) ,  however, there are 
certain discrepancies between the results reported. Wang ( i )  reported a 
l inear sh i f t  of T a vs. PVDF content, whereas Hirataet  al (5) and KrUger 
et al (7) observe~ i r regu la r i t i es  for blends of higher than~60 weight-% 
PVDF concentration. 

In the present paper we discuss the charge storage (8,9) properties of 
PVDF/PMMA blends. We measured d ie lec t r i c  properties and thermally stimula- 
ted currents (TSC) of charged and discharged blends of various PVDF con- 
tents. 

Experimental 
PVDF (product of Deutsche Solvay, Solingen, PVDF Solef X8N) and PMMA (pro- 
duct of R~hm, Darmstadt, atact ic PMMA 8N) were melted at about 200oc and 
mixed (7,10). The mixtures were pressed to 50}Jm fi lms and cooled as quick- 
ly as possible to room temperature. For d ie lec t r i c  and TSC measurements 
samples were polarized by stabi l ized breakdown (9) at Tp = 120oc; a voltage 
of Vp = -7 kV was applied for  I h and a glass insert  o f - I  mm thickness was 
used. The temperature dependence of the real (~ ' )  and imaginary part (~") 
of the p e r m i t t i v i t y E ' a t  i0 kHz was determined for samples with pa in teds i l -  
ver electrodes using a HP 4210A bridge at a heating rate of 2 deg/min. 
E ~ (T) was measured two times: I . )  the polarized sample during heating up 
to 120~ 2.) the completely discharged sample af ter  slow cooling down from 
120~ Short c i r cu i t  TSC measurements (7) were carried out at the same hea- 
t ing rate. Refractive index meamurements were performed on untreated samp- 
les using an Abbe refractometer (wave length of 589.3 nm). 
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"Fig. 1: ~ ' (T),  C"(T) for polarized 
) and discharged PVDF/PMMA 

80/20 sample. Relative changes 
(E~-E',',)/C~ caused by polarizat ion 
are p~ozted vs. PVDF content. 
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Results and discussion 
Fig. 1 showsa'(T) and ~"(T) for polarized (dashed) and discharged 
PVDF/PMMA 80/20. In a l l  cases the values at temperatures higher than 40~ 
were greater for polarized samples than for unpolarized. In the same f igu- 
re re lat ive changes of C" at -lO~ caused by polar izat ion are plotted vs. 
the PVDF content. I t  is rather hard to f ind a regular dependence. I r re -  
gu lar i t ies  were observed for 50 weight-% and 70 weight-% of PVDF. I t  
seems however, that the re lat ive changes of ~" decrease with increasing 
PVDF content. Fig. 2 shows an example of a current thermogram for a 
PVDF/PMMA 80/20 sample charged negatively by e lect r ica l  breakdown. The TSC 
peak was found to consist of two overlapping maxima and i t  is d i f f i c u l t  to 
dist inguish the contribution of the PVDF molecule or ientat ion since both 
PVDF and PMMA exhib i t  TSC maxima in the same temperature region (8,11). 
Therefore we plotted the temperature Tmax of the greater TSC maximum vs. 
the PVDF content (Fig. 3). Tma x was found to be shif ted l inear ly  towards 
lower temperatures with increasing PVDF concentration up to 30 weight-%. 
For higher concentrations Tma x was found to be nearly independent on the 
PVDF content. For PVDF/PMMA 70/30 sample we observe deviations in the TSC 
and the d ie lec t r i c  measurements. The results obtained are s imi lar  to re- 
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Fig. 2: TSC spectrum of a negatively 
charge--6 PVDF/PMMA 80/20 sample. 
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Fig, 3: Temperature Tma x 
~maximum vs. PVDF 
content. 
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Fig. 4: Refractive index n 589 vs. 
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sults of mechanical and DTA measu- 
rements of Hirata and Kotaka (5) 
who found deviations in the concen- 
t rat ion dependence of Tg.for samp- 
les of higher than 60 weight-% PVDF 
concentrations. The fact that we 
observe deviations for blends of 
lower PVDF contents we relate to 
increasing c rys ta l l i za t ion  caused 
by heating above 120oc. Deviations 
from the addit iv~ty are also ob- 
served in the refract ive index 

measurements. Fig. 4 shows the refract ive index of PVDF/PMMA blends as de- 
pendent on PVDF concentration. 

Conclusions 
Dielectric and TSC studies of charged and discharged PVDF/PMMA blends show 
deviations from the additive behaviour for PVDF concentrations higher than 
30 weight-%. Similar deviations were found from refractive index measure- 
ments to start  at~6O weight-% of PVDF for untreated samples of lower 
c rys ta l l i n i t y .  Samples of 70 weight-% of PVDF exhibit  an exceptional be- 
haviour both in dielectr ic and TSC measurements. Deviations for PVDF/PMMA 
70/30 blends have been observed also in IR studies by Leonard et al. (12) 
and are related to the existence of the ~c r ys ta l  form. 
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