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Anomal Rccovery of the Remanent Polarization 
after Hcatillg Polarized PVDF Films up to 

180°C 

C. Elwr\(', \1\', CisC'llll10ngel', 
I. Physika.li sdH:'S iIlSt.it.ut., U1Iiversity uf Stuttgart . Cerma.ny 

1 Introduction 

It is w('11 known tha.t the remanent pola.rization in PVDF which ca.uses 
the s trong pif'zo- a nd pyro('icctl'irity o f t his polymer is stahle for sOllle 
years at rool1l tp.m p(' ratnJ'(', To make the polarization in PVDF rema­

nent two llu'chauis IHs .\.1'(' Ilt'c('ssa.I'Y: 

• Th(' nY::ita.lJi tt> <lipoi<'s arC' orienlC'd Hild er field strength s g reat(,T 

than !)O~;I V /111 in slf' ps of 60'l ill the (1l1 ilSihcxagonal lat ti ce of 

fJ- phas e I'VDI' [iJ· 

• Cuulomh tr:l()s it!''' l'u l"IllPd by the dipol orielltation at the surface 
o f thl'" cry stallite:'.;. Thel'l'fo re chargE's wh ich are injec.ted into t he 
POlY IIH:' 1' film durillg the pol illg proress [2] a.re trapped at the stlr­
fa.cr of t he crystallitcs [:1]. Thf' coulomh intr ra.rlion of these real 
dl(\.I"~('s with ti1C" dipolar charges Ca.U Re'S the st rong st ,Lhility of the 
rrma.nl.'llt pola. ri za tion. 

This wa.:; (lXPE:'riIlH'lltctlly cilecked by t!t(' 1"<'I(: t that tht' diro l orie llta lion 
ullder fif'l d and tlu" n~ IlI;UlC'nt polariza.tion have diff<-l"Cllt tim(' consta.nts 
hy poling ne w PVllF ,lId I' (V llFjTrFI::) 'am pies with short « lOOm s ) 
II V puls('s 14,!)] ancl t !t al li n rl;'lIlanent polarizalio n a.ri ses hy Jloli ng with 
hlocking eiedroclC"s [!iJ. T ht' lrapl)('(1 cilargf's :l.r(> iOlls for exam ple r­
a.n d H+ a.s iuciir('l,t iy sllo\ .... 1I by IIll'rL'itl ring thft fi eld in<ill fe cl gas emissio n 
of PVI)F [71. 
In this work we want to lllea.S lIrp. t hp. tt'mp<'rt\lu re dependent stability 
of th!' rrmanent polariza.tion. To dis tin guish betwecn an irr('versi blc 
an d rcvcrsibl f' polarization loss hy hC'<tting up pola.rized PVDF films we 
lll C'I'lSIH(,(\ t lw poimizatioll at. f'1('vat('cl tClIlpera.tlll'(,s and after cooling 
dOWll to 1'00111 t e1l1 peratllr~ ap;ll.in. Th e re v<'I"!jible pola.rization loss causes 
the pyrop\ec lric..:ity of pVnF. 
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Figure 1: The r'mal dft>oim'isaliou oj PVDF. The 0 1'eprcscnt the rema­
nent poiw'izatioH of C(lelt ... ample a/lfT poling at 20°C, the 0 the palm'. 
izalio71 at hifJh and th(' * (lflCY' cooling down to mom tempemture. 

2 Experimental 

Biaxial stretched :lS/tlll thick PVDF samples with about 80% (3 content 
are poled at room tempera.lure at E = 200MV 1m for 55. The rema.nent 
polarization was measu red with the PPS methode [8J first at 20°C then 
after heating up to <\,11 elc:,vatf'd temperature and a third time a.fter cool­
ing down the :-;a.mple to roum l('mperaturE' again. The piston electrode 
of the PPS apparatus prevents thE' sample from shrinking as otherwise 
observed in hea.ting hiaxb.l stretd](>d polymer films. 

3 Measurements 

Figure 1 shows the result for 16 samples, The rhombic points show the 
remanent polarization after poling at 20°C, the ddes the pola.rization at 
high temperature and thl' stars the polarization after cooling down the 
samples to room temperature. For each temperature a new sample has 
been used. Th~ diffel'('IH'0. of the' polarization between high temperature 
and after cooling down to :2OoC dpscribes the reversible polarization 
loss, the differel1ce hetwe(,1J th e (Jrepolariz{'d value and the polarization 
left after ('ooling down to 20°(; describes the irreversible polarization 
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loss. Figure 1 shows tha.t unlil 17f}u C the reversible polarisa.tion loss is 
small compared to the irl'('vcl'sible loss. But by cooling from 180°C the 
polal'i7.(t lion \I llexspcdedly i IIneases from O.07rC I em '2 to 2.1/lC / em:.! 
which is ahout 40% of thp prepolarizcd value. In contrast to this by 

cooling fro III 17!)OC tllf~ pola.rization reeovel's only from O.14,lCjcm2 to 
DAILe/nU z, The t('IllI){>raturf> df'pendf>nt IlwaSUI'C'ments of the polariza­
tion by cooiill,Q; poial'iz('(\ ~:lll1plp:) frolll 180°(; showed a strong increase 
of thp poiariz'Ltioll lwtwl,t'11 170l>C iI,lId 150°(; and a slower increase until 
20°C [9]. By ('oolill,Q; frollL I 7,1"jl'(: tit(' strong illrreasc between 170°(; and 
l!)O°C is missing [D]. 
If nonpolc-d filllls .tn' h(,;ltt,d Ill' to lXQoC .l..ud cooled down to :woC no 
polarizatioH ari::;p:5. But ilL cUlltrast to Jloled samples the Ilonpoled sam­
ples are deformed by tIl(' prt"'ssul"(' of tIll' piston of the PPS appara.tus at 
tempe ratllrf:'s cxc('E'dinp; 17~Y)C. for ('xalllpl(' at 180°C the rubber ~lcc­
trode of thp PPS appnratus is pressf'd thl'ou~h the melting non poled 
PVDF films in (Olltrast to Lbf' poled 1Il;l.tf'l'inl. Also an p.lectricai hreak­

down O(TUrS if,~ vo lLClgp is a.pplil't! to lLolIPolcd samples a.t temperatures 
higer thi:Ul 17W'(;, U.v <I.ppl,villJ!; it voILa.g(~ to lIollpoled sample5 at 179°C 

and cooling down to :.WO(' rf'l!l<luelit polarization rises a~a.ill_ Alit. its 
valllf' is with O)'~/LC/nll:l at :WOV distinctly smallf')' than thf' recovery 

by cooling polarized S<llllplf.'S as described abovl':'. 

4 Discussion 

The recovery of the n'lIlil.llpnt polarization by cooling from tempNa­
t1\res until 175°(: down tu :.woC riln \)(' a.ttribllted to the pyroelf'ctricity 
of PVDF. But hy (~oo l illp.; frolll U~OuC down to ~.woC the ItllOlll,t!OUS re­

covery (".111 noL hf' dpsrriiJpd by tht' PYl"oelertricity a.lone. The strong 

derorlllatioll and til(:' f'\('!·tri(";)\ hl"l:'akduwlI of non poled filIll s at v·woe 
indicate that thf' lIH1\till"'; point of 1I0Ilpol(.><1 ~amples is at a.bout 180'Y~. 

But po\,nized fillll s an' lIot 1110 1t ('11 COlllp\('tl"ly a.t }."':onc beca.use 1% of 
t1\f~ prc>pola.rized yahw 01" llip polariza.tioll is S1.ill remanent. ThC' trapped 

charges which s t,lhilizp the' rPlll'\.lIl'llt poia.riza.tioll inue<-e;e the tlterm;\! 
stahil ity of tile rrY:;lallitc·s, too, <llId t. 1l ",ir lllPlting telllper'l.ture. There­

forE' in pola.rized samples SO Ille' crystallit.es a.re still present at 180°C. 
These C'l'ystallit.C':'; ar(' rr.vstallis<llion nllcl(~i with a preference direction 

by coolillg: dowil polarized Salllplf's from pmoc to ro01ll tf'l1lpcratllJ'c. 

The PVDF' ciJa iw.; a.I"(' orielltt'cI iuto til is preference direction if the film 
recrystallizes. Th,' ::;trong: increase of the- polarizatioll bel.w('(~n 170°C 
and 150')(: [9} indic<lte that PVDr 1"(>(l"ystalizt's in this t(>rnperature 
reglOll. 
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Figure 2: X - ray rliflmdirm at different l("tHpf:mtu1'e.~ by heating up a 
polcd PVDF .Wt1lL1)/c. Thf JJHlI.: at u'/ty/c 20 = 21 degrees is att1ibutccl to 
jJ-plicu.c the pwJ.: at the (t11gif 10 = :20 degf'ecs to the a-phase. 
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Figure ;l: X -my dijJJ'(u' lioH at different fCUlpemht1'Cs by heating up a 
nouTJolcd PVDF ,'i(/1Ilph. 
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FiAIl re 4: X- my dijJl'UciioH at dijJc7l:'uL t.eml}(Tatlll,('s by coolill9 dow" a 
po/cd P (I D F ""lIlp/C. 
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FigurE' 5: X - my dzJlmd.irJft at diJjc1'C:7lt l(;m1icm l 1U'C~~ by cooling down (l 

1l01l1)oicd Pl'DF samp/f'. 
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We checked this with X-ray diffraction measurements at poled and nOll­

poled PVDF films during heatiI]g and cooling. Figure 2 shows the result 
by heating" poled PVDF sample up to ISO·C and figure 3 for a non­
poled sample which was heated "1' to 150°C. At 20·C we can see two 
peaks. One at the angle 20 = 21 degree which is attributed to the (110) 
and (200) planes of the Ii-ph .... and one at the angle 20 = 20 degree 
which correspomls to (110) plane of the <>"-1'hase [10] . In figure 2 we can 
see a strUl~ tured diffraction signal of the poled film up to 180°C while 
for nOll poled films (figure :3) the diffraction signal vanishes at 150n C. In 
cooling down poled films (figure 4) almost the same diffraction inten­
sity results as ,before. III contra.st to this lion poled films show reduced 
diffraction intf'Hsiti('s (figure 5). The X-ray diffraction measurements 
confirm that poled PVDF IiIlIls are llH'lting at higher temperatures than 
nonpole<l films. 
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