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8 ¢} : Vinylidenefluoride-trifluoroethylene(VDF-TrFE) &5 3o faw s}l rt o 71
Z2F9 AAE 0] &3 3z Aoz Ry PO o5 Lol ZRE cast® VDF-TFE ¥ %3
A2} Curie do] R £§ AFol ARIEN 95t nHEArt, §3lx A8 93 33141 Han-
sen space 2% €l 7817 VDF-TrFE 25849 3% satulel o) ghe 23.4MPa/%0] o o5
9] dispersion, polar @ hydrogen bondingoll o}& AE 52 7}z 17,3, 13.8 ¢ 7.7MPal?z e}
@b o2j7kx]) Rul 2RE cast® A5 59 Curie 5 &§ 24stE A 59 2700 vslo &
&g Mo & Curie Mo} AEHY §EL F& AAAAE Bk ANEEY Curie &
g = g% Felole g ol &s= Ho| olviel L= Fetv| el 9] polar HH-9 & (p)ol
a4 23S B, & 6po #ol 45 1 & Curie 258 HYdh,

Abstract . Solubility parameter of vinylidenefluoride-trifluoroethylene(VDF-TrFE) copolymer was
determined from the solubility test using 30 liquids and the behaviors of Curie transition and melting
were investigated by the differential scanning calorimetrical measurements. The value of solubility
parameter of VDF-TrFE copolymer was 234MPa"? and dispersion, polar and hydrogen bonding te-

vz respectively, which was calculated from

rms of solubility parameter were 17.3, 13.8 and 7.7MPa
three dimensional Hansen space. Curie temperature of sample cast from various solutions was higher
than that of sample crystallized from the melt and heat of Curie transition was nearly linear to the
heat of fusion. Curie temperature of sample was not dependent on the total solubility parameter but
on the polar term of solubility parameter. That is, the higher the polar term of solubility parameter

was, the higher the Curie temperature was.

Z2lM 4154 #1135 1991 2¢



A&

HdedERogol~EZE o2 gd
(VDF-TrFE) E58A7F 2473 42& vehith=
AHd e i} EZoAMe EFdta ¥ Zu2E o
24 o]A o= Hx & AA R Yot FHH
AL 7 A (ferroelectric) — 3 (paraelectric)
Aolg zt= Fel(Curie) 255 Yely] 1 &
& D-E hysteresis loop, x-4 3], IR, DSC,
A3t AE, NMR 274 59 ol o3t o]
AA ol ™% VDF-TrFE 33849 3%
Curie2 = F5gAA VDFe} TrFES] 2/3u]of
A o&stn Jdon 53] FejujddEFetol
=(PVDF) 9] Curie 2%+ §3ol4e] LxolA] &
Asta de Rez Lxn ok E3F VDF-
TrFE 35§84 ¥9r olug} VDF-tetrafluoroethy-
lene 35 GollA2 Curierdo] AEL &9
AR 27 2A oEsn JehS

3HH AR FFTHA AL Ao 19 &
AL Algel AAAz ] FehEFA] (comono-
mer)9] EAAR g o]o] Fxo| AA #AE
o270 el W FFUAY 249 FAE ¥
FAo] 7t ST E HAHoz SRtk ©
g FFEAA Jolxel F DA o] Ao ke
4743 e FOEA Y EqR wat HA
o 2o g gol oJste] WAYstt} of A Z
Aol Hadt FEFA FApAo FAxe ojE3}
o] #A4)7} €}, Curie Hol% npzvix g2 AH
Azl A o] FhEA o] FEAbol 2 HRste] U
slo] & 4= v}, VDF-TrFE F53HAle 3% 24
Well TrFE Sea|o] ol met 2739 defect7}
gt e g A2 9 Curie 2%+ defect7} 542
7484 g}, o]= VDF-TrFE 3380l QlojA
% thakd 9] 2H)7} Curie £59] 34 9)&38t3 9]
v Ao2% #F ¢ & Aok £ PVDF9 oA
= A% oA Ao Agen e EAHY
head-head £-& tail-taile] W&o wjebA] 19) 2
7} Wslsled 2 13.5mol% 9] head-head/tail-

c

o min

F

A

68

Ry

tail defect® 2= PVDFoA] §-Folate] x4
T ZRA dolddol Yehdrs BuE? o &
AlASY &t}

VDF-TrFE F53A9 22 2344 3589
3% AR A Wl EA313L Y= FGFAo) B
Fd2MeE o5 2 A7kxe B9 A4 5
ek, AR AA Wl TrFE ©)71 9443] w2l =)o
A= A5, 2AAA Ul M9 TrFE ©@9)7} v 43
FHANMe TrFE ©9i9} 22 vjg2 ZEAshaA
d4gs e 3¢ aglx AF AU TrFE @917}
¥ 274 FAdeAMrg o HA Tgso] Qe BLY
A7k o)tk 113 = exclusion 24, stable and
metastable inclusion 2@ o] 2R3 Eo|t}, Exclusion
% Inclusion 2ol #3t A7 F2oHA(PE)
oA e A7t olFojA gte=d PE9 A4,
A AR Ho| A8k butyl 32 methyl seque-
nceZt AbE AP o2 AHEE o] Aol A o] 8 &)
ARz 29 uHTRE WEA7E d 24 BA"
o 148 o9l paste FEEA] AHUM
defecto] o] & AH3} AF, £844F L 1A
A o](solid state transition) HE So] 57
Wy, deistd vy 2 A8y gylo g gol o
T5o] $tth, VDF-TrFE ¥5§A0] #slere=
Green,' Stack™ Soll <3t ARl EA)sh=
defect?] ol M2 §4 % Curie 259 ¥/} 2
I v} o}, 53| Green & RF2RS 1 g
solvent-cast®l 2] Algo 2] Curie &%9] z}o]
7} 242y 43gkE o) FEFAE 743k TrFE &
ZFA e T AoldlA] &= AHolzty HYdgoy
& FHste AgoA9 Curie &9 2ol &
et FEHAE 1A= F dEAte) faE 3
olol A 2= HAYE AAMFA L 1ev VDF-TrFE
STEEA ] &= dFetolEvt Aol Fuje}e
BE ARG B ojug FAHQ] A A A A
[Eie=

up}r] B Aol VDF-TrFE $5349 &
=7t & oe7ta] g SulES A8 sol-

vent-cast¥l WE-S FHlste] F{F A Folo gufo

Polymer (Korea) Vol. 15, No. 1, February 1991



VDF-TrFE #3339l %53 3ol

4e 402 @ ARd 98 4A¢ nBstuz

Alge] &

Al 8+ Central GlassAte] 60/40mol% VDF-TrFE
EEZGHE o] &3k o] AlEE 3059 oei7tA
g fu5S o] &3l 60TAA] oF 3wt% o] &F
& ULE ¥ solvent-casting HHol ¢ldle] EL 9t
=20tk Solvent-cast® HE2 &ul7t F&E3] AA
S5 & 2~3F T Ao BXE F A5y &
e A%E wjA3l7] fsked 30~40CeAlA F=A]7H
et AF QBN AxHUY. fHozRE FH
3lg ool WhaTe e dF AFS Lolr7]
9lste] A BE 60TolA &3] % F AS 4
2o B o7 FYAA o] of AFsE ANEE A
E F 93] dF2AA dEME AIER ARSI
w3 gofl o3 AR3 aAE A A7) $3ld 60
Tol 89E 2A3) FLoz A7 F o] gAg A
29 B o Yy ol wf AYs}E AEE AR F
SRS HARAIA GEE AlER AR

£33 5 sepvlee] 2A

VDF-TrFE 3539 &3l gepvlele] 23S
Asted YRF FA WES 3059 Aol =
LS FAEATH ALdAe 4A B2 5A &
9}7] wjE-of] 60T2] waterbatholl Al 57t ukA7]
3 moxo oiE ZARBIYCh AR &Y
fafo} Bgog prglon AHEg A9 disper-
sion, polar 2 hydrogen bondingell u}& £3]% I}
ghulE o) MZHe x, y. zE2 2 3} Hansen space
2 vehfio] Algel &aet B8-S FASY ]
Hansen space 258 &£3& Jell= €2 74
H 27te] 2418 AFHol o3ty FHen 1 3¢S
VDF-TrFE 3% @49 3w getuje) 2 243
2%

PEEER

oaj7hx] o Fulg AEE M A

rlo

Zai A15¢ A1E 19913 2¢Y

2D HM7](DSC, Seiko DE o] 83lh}, &%
+ 20T/min2 2 3 om ALEE Alge] ZAe o
10mgg AHE3H¢le}. Curie €% 2§38 DSC =
Ao HAHe ex2 ol w3 &8 233 A
59 243 2= F §HE Yol 7] Y5l A5 S
200C o) g2 RE 42712 10T/ming] &%
2 WA 79X DSCE F331 e ol2 thal 20
C/ming £ 8 $ A},

X-484 33

Alge) X-4384d 3 43L& Rigaku SG-9 X-M
3 H59F22 Cuka X-4-2 Ni BE 2ZAHA
ALRElR o™ old 208 2°/ming] £ FAMSLY
=

A3 g a3

g4 shetule

S cdd o g HE) VDF-TrFE 3319 &3}
= 2t E B8] k] 3059 AHE o] &
3t Alg o] &3S AL AlE9 §3s e
e B9 BRo2 Yyojfon I Ad:e
Table 1o 2 Vel ok Alg9) 3% sefr) g
+= dispersion, polar ¥ hydrogen bondingol] w}&
A el ge g 74 vbe  Qlen orix] o
Aol g aidozRE Ao gx FivE
Wk ofg} o]l Aoz 7 JEES 7 + 2
t}, & A9 dispersion(d,), polar(8,) & hydro-
gen bonding(8,)& Al FHEFHOF z= Hansen
spaceol] 9|3 We] TN ¥ gz Aoz
e 9] Hansen spacet Fig. 1914 2 vbeh} ok,
o] 1Yo 2RE &=l FUHS e Bt
449 # den o9 Filo] vtz {3k eiv
El9] 7} A&l sigs= gholth ©ol& FAFEHE ol
83te] 848, 84-8y R 8,78, A7HA o]zt 1
B2 Jebd 4 lom meba 19 F4o] e A
T Ak 8,-84 VA o7} Fig. 2] yeht ot
o] Hansen spacec| A &3j=]= &7ke] F419] 914
28E dojx)i= VDF-TrFE %849 &3 1

69



ghujele] gre 8,=17.3, §,=13.8 @ §,=7.7
MPa'”o]r o] gt

Table 1. Solubility Parameters(MPa' */*! of Liquids and
Solubility Behaviors of VDF-TrFE Copolymer

5¢ vee) (D43

}o
=

A2

Liquids & & 8 &  Sol Insol
Acetic Acid 145 80 135 214 X
Acetone 155 104 70 200 O
Acetonitrile 1563 180 6.1 244 O
Acetophenone 196 86 37 218 X
Acrylonitrile 164 174 68 248 O
Benzyl Alcohol 184 63 137 238 X
1-Butanol 160 57 158 231 X
n-Butyl Acetate 158 37 63 174 O
Cyclohexanone 178 63 51 196 O
Dimethyl- 184 164 102 267 O

sulfoxide
Dimethylaceta- 168 115 102 227 O
mide
Dimethylform- 174 137 113 248 O
amide
Dioctyl Phthalate 166 7.0 3.1 182 X
1,2-Dibromome- 19.6 68 121 239 X
thane
1.4-Dioxane 190 18 74 205 O
Ethanol 158 88 194 265 X
Ethyl Acetate 158 53 72 188 O
Ethylene Glvcol 17.0 110 260 329 X
Formic Acid 143 119 166 249 X
Formamide 172 262 190 36.6 X
Glvcerol 174 121 293 36.1 X
Methanol 151 123 223 296 X
Methyl Acetate 155 72 76 263 O
Methylethyl- 160 90 51 190 O
ketone
N-Methvi-2- 180 123 72 229 O
pyrrolidone
Nitrobenzene 200 86 41 222 O
Nitromethane 158 188 51 251 O
I-Propanol 160 68 174 245 X
Tetrahydrofuran 168 57 80 194 O
Trimethyl Phos- 168 160 102 253 O

phate
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Fig. 1. Solubility region of VDF-TrFE copolymer in
Hansen space.
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Fig. 2. Computerized diagram of solubility of VDF-

TrFE copolymer in various solvents in §,-8, diagram.
Numbers denote the relative height of curves.
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Table 2. Comparision of Solubility Parameters(MPa'?) of PVDF and VDF-TrFE Copolymer

Sample Source By 3, O 8, Method
VDF-TrFE Present Work 17.3 13.8 7.7 234 Solubility Test
PVDF Bottino® 17.2 12.5 9.2 232 Solubility Test

Hansen? 13.7 10.6 8.2 19.2  Contact Angle
Chapiro?! - - - 246  Swelling
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Fig. 3. DSC thermograms of VDF-TrFE copolymer
films cast from various solvents,
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Table 3. Curie(Tc) and Melting(Tm) Temperatures
and Heats of Curie Transition(4Hc) and Fusion
(dHm) for VDF-TrFE Copolymers Cast from the
Various Solvents

Tc AHc Tm AHm
(©)  (callg) (C) (cal/g)
A DMA 89.0 3.34 142.3 5.82
Acetone 883 3.63 144.3 6.14
CHN 88.0 3.73 141.0 5.63
DMF 88.7 291 137.9 5.29
MEK 88.6 3.69 1444 6.09
DMSO 88.8 329 134.3 4.83
MP 88.2 2.83 131.3 4.20
DMA : Dimethylacetamide

CHN : Cyclohexanone

DMF : Dimethylformamide

MEK : Methvlethylketone

DMSO : Dimethylsulfoxide

MP . N-Methyl-2-pyrrolidone

Code Solvent
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Fig. 4. Relation between heat of Curie transition and
heat of fusion of VDF-TrFE copolymer films cast
from various solvents.
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Fig. 5. DSC thermograms of VDF-TrFE copolvmer
during cooling at 10C/min from the melt (A) and the
second heating at 20C/min (B).
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Fig. 6. Curie temperature vs. solubility parameter of

solvents used in casting the films.
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Fig. 7. Curie temperature of VDF-TrFE copolymer
films cast from various solvents vs. polar term of
solubility parameter.
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Fig. 8. DSC thermograms of VDF-TrFE copolymers
crystallized by quenching the various solutions at 60C

into the water at room temperature.



Table 4. Curie(Tc,, Tc:) and Melting(Tm) Temperatu-
res and Heats of Curie Transition(AHc) and Fusion
(4Hm) for VDF-TrFE Copolymers Quenched in Wa-
ter at Room Temperature After They were Comple-
tely Dissolved at 60T

Code Solvent ’I:Cl TCE AHc F[.:m AHm
(Cy (0 (cal/lg (C) (cal/®)
W1 Acetone 487 84.1 294 1458 6.30
W2 DMF 515 822 2119 1491 585
W3 MEK 49.1 834 227 1448 6.05
W4 DMSO 528 840 232 1438 593
w5 MP 487 837 307 1427 591
W6 DMA 495 833 253 1500 647
T A
£
=
B
1 1 ] ] [l 1 1 1 1 1 1 1 1 1 i
50 100 150
Temperature(C)

Fig. 9. DSC thermograms of VDF-TrFE copolymer
crystallized by immersing the solution at room tem-
perature in water (A : Nitromethane, B: Acrylonit-

rile).
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Fig. 10. X-ray diffractogram of VDF-TrFE copolymer

films cast from the various solvents.
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