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Thermal Analysis of Ferroelectric Polymers

Shigeru Tasaka

Thermal properties of ferroelectric polymers, such as poly (vinylidene fluoride), vinyli-
dene fluoride and trifluoroethylene copolymers and amorphous vinylidene cyanide polymers
were reviewed on the basis of the data from differential scanning calorimetry. The effect of
cohesive force between polar molecular chains on ferroelectric transition was discussed from
the results of DSC. Moreover, it was pointed out that all the polymers in paraelectric phase

showed a liquid-crystal like structure.
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Table 1 Thermal properties of various polymers,
polymer conformation Tw (C)  OHy (R]/mol) ASu(JAdeg «mol)
PE (TT) 142 4.00 194
PVDF a, ap (TGTG)
B (TD 210 5.85 —6.69 12.1- 138
8 (TTTGTTTG)
P(VDF-TFE) B (TD 143 5.85 13.4
TFE 0.2
P(VDF-T:FE) B (TT) 149 2.34 5.85
TrFE:0.25 (T,=128) (ANH,=3.176) (AS, = 8.18)
P (T:FE) 371 helix 210 5.43—6.27 11.3- 12.9
P (TFE) 1376 or 15/7 helix 327 5.73 9.6
TT (under high pressure)
TFE : tetrafluoroethylene

T.FE ! trifluoroethylene
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(5 kban¥,

Netsu Sokutei 15(1) 1988

i Table 1 OBAOE{ITIEET 5 &, HE/ICE
DESSAETFTLCO D, Chi#Edidgikciszy oy
IR EBD Ny kL TEICE SN S T s e — DY)
ROWEADHFBZBILLDEbDEEZ SN,

Fig. 2.2PVDFiZ7 v &%=%/~—(TFE, T,FE,
hexafluoropropylene, hexafluoroacetone) 45
FoESS S E0p BEEO (110, 200) @D
BEEts, Bifie, v—&Ht-bdVan der Waals
AEOBMAERLTOE5, $Hbb, SFEBEOAS
BaE/ =—DBAILLY, EROBEIRIEET 5, &
FIEBMHI 8 B Lt & L ATREN 1L B D33k
L TLEDWTH %, Van Krevelen Hic kg
B SN A ORSEFRRORBLIERN L VHI%T
HbH, HEHTLEG7L9 c A MDIEED L Ed4ud,
Loa, b @A MOETEROELD 25 ERE GO
LMD, TOME X2 =16%I3, 5 + EEOEE
HEEBZ N, N TOHRED IR 2 HRE
EEAD, -TPVDF, £ESICL - THESED LH}
SRICUTWVIRREE THEEGIHICEIfI TX A2 it 3, bbb
Hh, BFOTAHAORKEOE CATHIEROEESMNE
5B,

o<
o b
g
= [ ]
= .
o 46
z
o
£ . ¢
1z |
@
[ ,
£ °
5 oaap /
.
/ 1 |
0 05 1.0

VAN DER WAALS VOL. INCREMENT
YoroLy " evor et/ gy )

Fig. 2 Plots of lattice spacing and Van der Waals
Volume increment for VDF copoly-
mers!S).

Fig. 31ZP (VDF-T:FE) O& LIz 3 5DSC
HRERT EMiBFC, &P FORE D4 L
P2 L OXUET—25 CF W HIEd 2 b T
FILOD, ZUCKHIET AEEZ SN2, $553F
FHIMO 72 T OBEkK 8D 2% 2, Thabis -
U= (T IT8B0 5 WA £ — 7 BB IESEELN,
WA -HABERLEL S, LT 2RHDE— 24T

BETH 205, TOLD BHEAFOBE, Har-iEss

— 91 —



4

)

B 2O ®

s, POMOBHEIFRICNE VIREILS 2. RS D ERIC Y 7 F AT E D oI EE
FaU A, CORMT, X#H, BEEONEERE, 2 ohCnd, COFa Y - AEERESHBILICE T
zLTZ hb ICIRBERENS D, HBHIFROEELITME K& CEALT B,
Fig. 41c7 vibE =1y 7> (VDF) & b Y 7t
5 Ly (T,FE) #£F &K g 55 OMER S & aho
Ui A A L 222019, PVDF #4&1/82mol %L1
OJHKH'C W RERITO TS, a BIvr BAESAAEY
CEAEAXMTE I o7 0 B LIT0 DY, 82mol%Yd
Fo fETEHE 5 - % DN —EDHIE/RT,
& IT50mol#BUL EO S D TEBREMNEETHL, LI
MoTZ DL HLRETE, 7 4 v 2 FHEEHICE ST
FHEETIREECHEET 2 720, BEHEIKRS (&L
Lich, MEdusEngtLicbd 5,
HHEETHOELA, DSCTHERLSE-» & bRE N5
S0V, P (VDF—TrFE) OATHZH, % AR
L#- k51, 5P (VDF — TFE)IC D0 CidDSC
HTRERIC T, ABM S R, BRI A

S

5 5mo1, %

ENDO

BHish s,
1 1 [
50 1o 190 2.2 LI, EMEBFEER'Y

re P (VDF- T:FE) &80, kg ss, 858 (TL)
Fig. 3 DSC curves and shematic states cf. AR BT By T, LU B O ORI T, B
P(VDF-TrFE)?)19). DR ELE ORI KA A BHAE I ZAL 0, Ll
T. PIETm UL FOBETERQFET AL, HELEIER
BT T B, ThiE, XELSOANTH S, Ll
COBMIRARATEML 7D, o—5—TD28F &, f
SALERENLTLE S, &olcild Licdila T.~T,
T DBIET S, 74 v FR A O BiE ST
WA E PSS L T B, RE NSO T ii)‘( 3
soVicEL, TOXD R, HERDoldEEE D
RS HERE & (L Re75 BETREMEDS S B, EBRS LioldiRo
BRI, 2% BAS, Bt isEz s L
Tfol d@f%éé/p%{folo, FhuctEoaa b RE £y
LETTHLANY, CoFESETRIBNE D, T
OB, LT IERORE T EOE
FEMA BT A0, 22T fold #5 TR BUY)
D SIGE NSRS 5014 H ) TSI RL
FoR Y T F LB B EIEERMEOBUDBHRTH 5,
Fig. 5 ICK&E S DR L o BT & 5 B RO
I XA 70g 19,29 i ) R BSRBVIL TR L 2 VB T I
. 100 nm EV 5 2 Shukkd b, CCTHERIER
50 b ; OldEN T RBMED LS > T BEMHENHTET
i : &%°t$AECC”ﬁm%ﬁT fold (2/072<, Hil
! 0 e 14%0))\% V5 }%Mftsg CAENTOADESS,
LT, Uk TIidsAIT Z DO 10D et
Eﬂ I REL T « /VA&L[U’C*KZE itk R TR

— 22— Netsu Sokutei 15{1) 1988

200

150

T/°C

100

VDFyoL %

Fig. 4 Phase diagram of P(VDF-TrFE)2)16)



TR EIR & AT

7T00A

(a) (b)
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