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Abstract 

It is well known that poling of PVDF in high electric fields ( ...... 
lDOMV 1m) lellds to remanent polarization and a strong piezo
electric effect. The remanent polarization is etable for years 
at room temperature. We report on polarization reductions if 
poled films Are immersed in polar solvents like acetone. propanol , 
ethanol, and methanol for Ii few minutes . Also immersion in 
nonpolar solvents like hexane or carbon tetrachloride for some 
hours results in a small reduction of polarization. The amount 
of the reduction depends on tho dipole moment of the solvent 
molecules, the length of t.he influence of the solvent, and the 
poling parameters. We also observe an influence on tbe rema
nent poluization if the fllm!i have been immersed in a solvent 
for some minutes before poling. We find inhomogenious polar
ization distributions in these films different to distributions in 
untreated ftlms before poling. ]n the case of a polar solvent 
pretreatment, the developement of pollU'ization profiles with 
several m8xilll8 is observed. These pbenomena are clisctlased 
in terms of the interaction of solvent molecules with trapped 
charges stabilizing the polarization. 

1 Introduction 

PVDF films are resistant to most anorganic and organic acids, to ox idation me
d ia , aliphatic and aromatic hydrocarbons, to soh:ents containing halogen and 
to alcohols. Therefore PVDF is mainly used to protect other materials from 
these substances {51. But on t.he other hand it is well known that polar solvents 
like acetone and a lcohols arc absorbed by PVDF. If poled films arc immersed 
inlo these solvents , the influence on the remanent polarization which is stable 
without any treatment at room temperature for many years is unknown but of 
great technical interest because in most applications the surfaces of the poly
mer film musl be very clean and therefore the films are treated with solvents . 
To investigate the influence of polar solvents we immersed poled pvor films 
in acetone and some alcohols for differen t. length of time. The remanent po
larizat.ion remaining after this solvent treatment has been compared with the 
polarization after poling the sample. We e xpect t.hat especially po la.r solvents 
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will ha .... e an influence on the polarization by pos.c;ibly shielding internal fields 
especia lly if polar crystallites are not. completely neutralised . With increasing 
dipole moment o f the solvent we expect a stronger inHuence. In addition to this 
the ~olubi liLy of polar solvents in PVDF iicreases with dipole mo ment and re
duced molecular size. Therefore we expect that acetone has a g reater influence 
on the remanent polarization as alcohols . On t.he other hand non polar solvents 
like hexane and eel" presumably may not influence the remanent. polarization 
in poled PVD.~ . To check this we immerse polarized PVDF films into nonpolar 
solvents, too . 

Since the polarization distribution in PVDF is determined by injected 
and trapped charges [2] [3] [61 the presence of polar solvents in unpoled films 
will also influe nce the polarization bu ilt up whereas the influence of non polar 
solvents will be IIluch smaller. Thus we also iuvestigatcd the influence of polar 
and nonpolar solvents by poling PVDF films exposed to these solvents prior to 
poling. 

2 Experimental 

Sa.mples used were biaxial stretched ca. 351lm t hi ck PVDF films with 70% 
{J content . First t he samples were poled at room temperature (E=220MV 1m, 
t=5min or E=60MV/ m , t=120m in). The polarizal,io n d istributio n after t he 
poling process was measured with the PPS method [2) [4J . The spatial reso
lution of this method is about 2pm. Afterwards the samples were immersed 
in different solvents for different limes. \\le used the polar solvents acetone, 
pro panol, ethanol and methanol and the non polar solvents hexane and CCI4 . 

After t.h e ex position to thc solvcllts the polarization d ist ri bution in the sample 
was measured again and compared with the distributio n before t he samples 
were immersed in the solven ts. 

In a second series the PVDr samples were exposed 1.0 the solvents fo r 
different times bevore t he poling process. Then the samples were poled (poling 
paramete rs as mentioned above) before evaporation o f t he solvents o ut of the 
samples took p lace. The po larizat ion dist ribu tion was measured aga in wi th the 
PPS method and compared to the distr ibutio n in samples poled under the same 
conditions but witho ut t he presence of so lvents. 

3 Results 

3.1 Solvent Contact After Poling 

3.1.1 Ho mogcnio tls Polarization Profiles 

The selection of t he solvents was due to d ifferent molec ul a r size and d ipo le 
moment . Acetone is the solvent with t he highest dipo le moment (2.88 Debyc) 
while the alcohols all have nearly t.h e same dipo le mo ment ( 1.66- 1.70 Dcbyc) 
but di fferent ill size . Hexane and CCI4 are nonpolar . 
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After immersion of homogeneous poled films (field strength E::::::220MV 1m, 
poling time t::::5min) in acetone for 5.5min the polarization was reduced by 
40% (figure 1). The upper curve shows the remanent polarization before and 
the lower curve the remanent polarization after the contact with acetone. The 
immersion for some hours caused a weakening of polarization of 50%. 

The other soLvents didn't show any meassurable influence on the polariza
tion after 5 minutes of contact . Only the alcohols could reduce the polarization 
up to 15% but not until the films were immersed for some hours. 

3.1.2 Inhomogenious Polarization Profiles 

In this case the influence of polar and non polar solvents was much stronger. 
The poling field strength was 60MV 1m and the poling time 120 minutes. The 
immersion of samples in acetone caused a reduction of remanent polarization 
by 6(}-70% (figure 2). The upper curve shows the inhomogenious remanent 
polarization before and the lower curve the remanent polarization after the 
contact with acetone. Using alcohols the reduction was about 10- 20% after an 
immersion of 5 minutes and about 40- 50% after an immersion of some hours. 
Nonpolar solvents did not show an influence on the rcmanent polarization after 
some minutes. Surprisingly they had an influence on the remanent polarization 
after an immersion of several hours. Hexane caused a reduction by 20% and 
CCI., up to 40%. 

The influence of solvents could be increased when the poling parameters 
of the samples were changed to E=80MV 1m and t=5min. For example the 
immersion in acetone (or 5min caused a reduction of remanent polarization by 
80% from P = 1.8JlC/cm2 to P = O.35IJC/cm2. 

3.2 Solvent Contact Before Poling 

By poling PVDF samples after the immersion in solvents we observed unusual 
polarization profiles . Poling parameters which normaly result in nearly homage
nioml polarization now caused strongly inhomogenious polarization profiles , 
sometimes with several maxima (mainly at polar solvents). Poling paramcters 
which normaly result in inhomogenious polarization profiles under solvent in
fluence lead to changed profiles in several variations. Figure 3 gives an example 
for a polarization profile after the immersion in acetone for some minutes. Even 
nonpolar solvents caused changed polarization profiles . Using hexane the max
imum increased by 30% and the polarization was located at the side of the 
anode. The immersion in CCI" resulted in an increased maximum of 10- 20%. 

4 DISCUSSION 

The fact that solvents can reduce the remanent polarization when poled PVDF 
films are immersed can be explained with the help of the charge trapping model 
[4] . This model suggests the trapping of charges which are injected into the film 
during poling with high electric fields. The charge trap~ arise at the surfaces of 
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the crystatlites in the form of Coulomb traps when the crysta llite dipoles are 
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Figure 1: Polarization profile of a 
PVDF sample which was poled with 

E=220AfV 1m and t=5min and then 
immersed in acetone for S minutes. 
The upper curve shows the polari:a
tion before and the [ower curve the 
poian::atlOn after the contact WIth 
acdone. 
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Figure 2: Polari::ation profile of a 
PVDF sample which was poled with 
E=60MV 1m and t= 120min and then 
immersed in acetone for .j mInute .... 
The upper curve shows the polariza
tion befoTe and the lower curtIe the 
polari::ation after the contact wtth 
acetone. 

aligned in the applied field . After switching off the field the trapped charges 
compensate the aligned dipoles and stabilize them. 

The presence of the sol .... ent molecules in the film causes a swelling of the 
amorphous phase. Therefore charges can be freed which are mechanidy held in 
narrow holes at the transition from amorphous to crystalline phase. That may 
be the reason why nonpolar solvents lead to a small reduction of polarization. 

On the o ther hand polar solvent molecu les are able to accumulate to the 
trapped charges and decrease the trap binding Coulomb energie the reby ther
mal detrapping of weakly binded charges is possible. In fact, in the experiments 
polar solvents with higher dipole moment reduce the remanent polarization 
more than those with lower dipole moment. 

The reduction of remanent polarization was larger at PVDF films poled 
with lower field strength than those poled with higher field strength. This is in 
accord with t he charge trapping model predicting that higher fields in poling 
produce deeper traps. 

The different polarization profiles of PVDF films wh ich are poled after the 
immersion in a solvent can be discussed as follows: 

Primarily all solvents cause higher conductivity of the PVDF . The la rgest 
change is observed when using acetone. There the conductivity rncreases by 
a.bout four orders of magmtude (1]. Therefore at constant voltage the injec
tion cu rrent increases in comparison to non- treated films. Consequently mote 
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charges ace available to be trapped. 

Figure 3: Polarization profil~ of 
a PVDF sample which was poled 
with E~60MV/m and t=J20min al· 
~ e r tht immersion in acetone for 
some hour3 (solid cUnJe). The dashed 
curve shows the polarization without 
solvent conlad be/ore poling. 

At the beginning of poling the charges are trapped at the boundary of 
the polarization zone because of the high density of traps . When most of the 
dipoles are aligned the trap density doesn 't increase any more. The existing 
traps are filled with charges and an increasing number of charges moves into 
the polarization zone. They a.re trapped until the polarization is stabilized with 
nearly homogenious charge distribution. The polarization current decreases to 
a minimum but does not vanish. Because of the present solvent the residual 
current is high enough to build up a great space charge and consequently an 
increasing field at a place where the polarization is still small or zero. New 
remanent polarization can arise . This explains the developement of the multiple 
peaks. 

Because in PVDF the charge carriers are ions with different sizes the in
crease of conductivity is different for positive and negative charges. This leads 
to shifts of the position of the polarization maxima under the solvent influence. 

5 SUMMARY 

When poled PVDF films are immersed in different solvents the remanent polar
ization is reduced in dependence on the poling field , poling time, dipole moment 
of the solvent molecules , and the duration of solvent contact. One can obtain a 
stronger reduction of polarization by using smaller field strengths, longer pol
ing time and immersion in the solvent, and high dipole moment of the solvent 
molecules. This behaviour can be explained With the interaction between the 
dipole moment of the solvent molecules and the charges which are bound in 
traps the depth of which depends on the poling field strength . 

The long exposition to nonpolar solvents causes a small reduction of po
larization after poling with low field but not with high field . 
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The different polarizatio n profiles which arise by poling PVDF fil ms which 
contain solve nt.s can be again explained wi th the help of the charge tra pping 
model. The mobilit.y of charges is increased by the solvent so that the rema nent 
polarizat ion grows faster and after its saturation more pola ri zat ion peaks can 
arise besides the first peak. 
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