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Abstract: We will report on ferroelectric copolymer composed of vinylidene fluoride
(VDE) and trifluoroethylene (TrFE). Copolymerization was performed by combination
of technologies, such as monomer supplier system, suspension process and control
technique. We obtained successively copolymer with whole composition (VDF
35~91.5 mol %) and a similar molecular weight (about 200,000). Main
microstructure with pentad unit ( 20202, 20201, 20200, 20212, etc) were observed
in copolymer. Copolymer gradually alters molecular conformation from paraelectric
phase (trans—guache) to ferroelectric phase (planar zigzag all trans), and Curie
temperature of ferroelectric phase transition shifts to higher temperature with
increase of VDF content.
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otA A (Piezoelectricity) - 284 (Pyroelectricity) @ 273 o) 2% A= (Spontaneous
polarization) €A 4L ZHAA ) EACE EWAARA, AA, F 25 AA, w5 &2 § 0
8 2 g RotoA FoEA AL A1), 71E] Mg 7Rte g = AR

AAAS D w2 o] ASAL AT YL E EFety, B S8 AU JoE @3 e 7HA L 9
2], HZ, °‘?‘1 , A%, s Fez o Ay 5o FAL AR AT, 7IE ARY S B
¢ & 5 Yt AaAnERE 2 AL Bedoesin duh(2]. E3], PVDF ¥ TrFEE =3
Poly (VDF/TrFE )TL_; E nEA) vld AP & A d FASTE J& &L A7 A
Foll ATH3,4].

B Ao A 9499 VDF mol & 2= Poly(VDF/TrFE) & &A%y, 159 vlAl+x ¥
AR A%-& Bl 1 )
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di—tertiary—butyl peroxide ((CH3)3COOC(CHs)s, DTBP 98 %)= =g x4 FdFt}. 9
BE&E 095 %2 1 £EE AEPod, FHSE Milli-Q system Millipore) 28 A A €t}
Ax. t¢s VDF mol% g 7He 1&8AE 95§ (Suspension polymerization) & F3) #)
ZHJq. % ¢, VDF/TrFE=75/15 mol %t ZAE$7]9] 100 mL ®Hg7]o) AAA
di—tertiary—butyl peroxide 0.1 g& $/4 50 g& ¥, 4AALE Y7 1\]71 e, 29 ¥
5 AAYS A48 VDF 106 g, TrFE 4.4 g& ZO}J?&]:}, IEL vrS2 T 128 °C, wykE
5 200 rpmollA FF% HAG 7] 247 F, 25 128 TR F#AHAT, H1 ¢ 52
kgf/cm®e] 253t} o] ¢4 3AL F¢ FAE F, nt+l (kgf/cm®)/hr (n= hrs)E ZAH
Rk AY T AMTE FF AEE O, AEE 20 %olA N2 FEIHAJT. FHE nEAE
FHTY L E AHEA o7 & /‘1]7—‘1 HAx, ALAAE B dx HUo

B4, g49 282 E¢HE= 'H liquid-state NMR  (Bruker DPX-300) ol <} 235
R, AELS FFaE X8H olAEYEH (acetonitrile—dy) ol 5 wt, %2 L= ATt 1EA
o ol FZE "F liquid—state NMR (Bruker DPX—-300)°] 93} #ZHUR, BEL FFLE
A&d ol E (acetone—de) ol 10 wt.%=Z LaHJT BF FAFE o|F4 HEHSO|ER
¥ (tetrahydrofuran)& AHE3d:= waters 26908 T3 FAHUT A €88 Az
differential scanning calorimeter (TA Instruments DSC 2910)% #EHAUT, WMELS 200
°CllX 0 °C2 WZAZ F, 10 °C/minZ 2 HJt nEA #FPLS FT-IR
(Bio—Digilabs FTS—-165)% #& =it}

|

3. 4% 9 E%

#A. o] WEE S, 433 ¥ €5 098%) I FFEAF 150,000~270,000 2= LEA
g AU 1H liquid—state NMR spectrum©elA 2.4~3.6 ppm (—-CH;—)3} 4.8~5.8 ppm
(—CHF-) 9 99 zte 7 /9 & 937 @2 93, 259 93 93 2 $2493% 5
9JsjA VDF/TrFE & vl& 2 =AU F ¥ 999 VDF mol %S %= Poly (VDF/TrFE)
% 1)7 The Fineman and Ross methodE %3 ©@&A #8548 (rvpr=0.53, rrre=0.56)&
At olgt #AY 1YL 1Y 29 302 YERYLL

A 7x. "F-NMRE4& poly (VDF/TrFE) 9 vlAl#xe] gt FRE AFdch —CF.-9
—CHF -+ -90~-130 ppm, —190~-220 ppm% ¥l veEhts, o] @, B—carbon
group®l Y= FO A&S v ok VDFY Head—Tail & ojFojA Fx (20202)2 =27}
-91.8 ppmolA YEhdTh ®& VDF-TrFEE 429 3+ Avid AZH Doz <l v
Me 2R Yoz dse #FA & & 9ok 2R nFxE & 22 FHHUH

WPy W 13 45 B4 VDF & 8 & 2= poly (VDF/TrFE) 9 i@ W& E B F31 3l
t}. Bphase (tmss, tmrs) @ HIBFAL 1288, 820 cm ™ ‘oA Vbt 53], 1288 cm™' &4 peak:
VDF 35.9 mol % & 7IX X QA& (a) A= vlekstAl vhe A gt mol %7} S el wek Flo] F
7beta Q= AL B 2= glch WA, ephase (tg'tg?) 9 614 cm™! 3 E A3 Yot F, VDF
mol % 72 &, 1% 2} vj@4Ad o] aphasecllA] fphase 2 A = Aotk

AA0|LE A¥. 1% 5= tje¥s VDF & v)E 4381 e 2¥A2 DSC curved YebAT, 359 mo |
%E T3 (a) = Aol 2 Har7t e A9 54.6 mol %E 3t A )Y A € 92
7} A9} VDF mol %7} 571l wel o] 271 3533 8-S (0, (DE B34 8l & + Qi
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9 53+ VDF 35.9 mol %Rt & FFelA Yehe], VDF mol %7} 3] 258 2433

4.4 @
A gade & ulE zt= 7FH3A Poly (VDE/TrFE) S d853S F3 A3Foz doeH, 1 1¥
AL 2 &5 9 vl% e

=g Bake 7K 3 99k ¥F liquid—state NMR, DSC, FT-IR #
g Z8 qHY zEAY nATFE D Aol AFE #F € £ Utk & VDF §#& /A1
qE TEAE —CFp—CHy—CFy—CHy—CFy— (Head—Tail) 727} & ¥E& aAXsta JSS &<
& 4 At VDF mol %7} $718e) wet n8AY wl@dAdS B phase (tmys, tm3) 914 @ phase
(tg'tg )2 AP, Fdo] 2+ FT7HEITE f19 A= 743 Poly (VDF/TrFE) 9] 712 A&
ATFoEHN SgE & £ go] F Ao},
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Table 1. Composition(mol%) of synthesized
polymer
composition(VDF/TrFE mol%) '
sample no.
monomer polymer 10
A-1 30 /70 35.9 /64.1 N
A-2 52 /48 54.6 /45.4 3
A-3 75 /25 68 /32 = 5
A-4 85 /15 77.2 /22.8
A-5 87.5 /12.5 80.2 /19.8 0
A-6 90 /10 85.3 /14.7
A-7 92.5 /7.5 88 /12
A-8 95 /5 91.5 /8.5

Fif

Fig. 2. Plot of (F/f)(f-1) vs. F¥/f
for VDF (r1)—TrFE(r.)
copolymerization with 1least
squares straight line.
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Fig. 3. Monomer—polymer comp—
osition diagram of VDF-TrFE

system.
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Fig. 4. *’"F-NMR chemical shift of

(a) VDF /TrFE (35.9/64.1: sample

A-1), (b) VDF/ TrFE (85.3/14.T:

sample A-6).

Table 2. “F-NMR chemical shift assignments (number of fluorine in
chemical species/ CH,=0, CHF=1, CF,=2), internal reference CFCl;

sample peak a-carbon B—carbon chemical shift{ppm)
Poly(VDF/TrFE) CF2 020 20 2 02 -91.87
20 2 01 -93.97
20 2 00 -95.64
021 20 2 12 -105.73, -107.26
022 20 2 21 -113.07
20 2 20 ~114.20
10 2 20 -115.17
00 2 20 -116.50
121 21 212 -119.5
221 02 210 -122.86, -130.41
CHF 012 20 1 22 -198.5
212 02120 -207
T (o)
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Fig. 4. FT-IR spectra of four
poly(VDF/ TrFE) with (a) 35.9/64.1
(sample A-1), (b) 54.6/ 45.4
(sample A-2), (c) 68/32 (sample
A-3) (d) 77.2/22.8 (sample A—4).
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Fig. 5. DSC curve of five
poly(VDF/TrFE) with (a) 35.9/64.1
(sample A-1), (b) 54.6/ 45.4
(sample A-2), (c) 68/32 (sample
A-3) (d) 77.2/22.8 (sample A-4)
and (e) PVDF.
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