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=2 =1-o|A+= vinylidene fluoride (VDF), trifluoroethylene (TrFE), chlorotrifluoroethylene (CTFE) &
ALgEle] 3AEA 1EAS IO, A& AAIA] di—tertiary—butylperoxide (DTBP) & A3l dg%
Fl3ith. NMR, FT-IRE &3l 34384 &t Akze] viAlT2, Aked e dstel disf & < I3tk CTFE
mol%7t T7Fers g AdElE AAR O R hAstal y e 7k s & = Uitk DSC #4143, CTFE
mol%7} S7FEE FHo] LE(T) v AR wolx|n] 7 S HA}F 2ot 1 §iA HAE A& &Rl
At 43} ol A= Freeman—Carroll'Holl 28] AAFE Sl
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Abstract :
fluoroethylene (CTFE) were prepared by suspension polymerization using di—tertiary—butyl peroxide (DTBP)
as an initiator. The structural characteristics including microstructure and chain conformation of the polymers
have been carefully elucidated as a function of the chemical composition using NMR, FT—IR. The intensity

In this study, terpolymer of vinylidene fluoride (VDF), trifluoroethylene (TrFE), and chlorotri—

of absorption bands of the f—phase gradually decreases and the y —phase increases with the increment of
CTFE mol%. The analysis results of DSC shows that the Curie phase transition temperature (72) of the ter—
polymer gradually shifts to ambient temperature and trace becomes smaller and broader with the incre—
ment of CTFE mol%. Also, activation energies of the samples were calculated by Freeman—Carroll method.
Keywords : vinylidene fluoride (VDF), trifluoroethylene (TrFE), chlorotrifluoroethylene (CTFE), Curie
temperature.
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Poly (vinylidene fluoride) (PVDF) % trifluoroethylene (TrFE)
& =% poly (VDF/TrFE) = s] =& 8 9 845 &
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fluoroethylene (CDFE), Z12]31 chlorofluoroethylene (CFE) 52
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Al2f. VDF (CH2=CF, 99%), TrFE (CHF=CF2) = AldrichAe}
HalocarbonAF2 €] 915} A3 2 CTFE (CFCI=CFs,
99%) + 3F (Shanghai 3F New Materials Co.) ARl )8t A}
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Figure 1. Synthesis of the ferroelectric poly (VDF/TrFE/CTFE) terpolymer.
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AN L] mol% 7t AAaE o™, TYFEZF ddld o2 S7kst 24
HIE A3t

HETE 24 'H-NMRE 58] VDFS} TrFES] 3j8H4] o5&
o = Ql=d] 2.3~2.6 ppm 183 2.8~3.2 ppmellA VDFE]
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7 o|%3¥} 5.3~5.7 ppmeld TrFES] —CHF—CFy— Hil¥d1-x7}
HEE o, ol Y] Akls skl & HIE ke AEEE
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Table 1. Summary of VDF/TrFE/CTFE Terpolymer Composition
Prepared by DTBP Initiator and Suspension Polymerization
Process

Terpolymer
composition (mol%)

Experi— Monomer
mental composition (mol%)

number “ypE TyRE CTFE VDF  TrFE  CTFE

No.1 84.58 1244 298 80.66  17.64 1.71
No.2 82.14 1208 5.78 79.38 1706 355
No.3 81.34 1197 6.70 7847 1495 650
No.4 79.06  11.63 9.30 80.72 1231 6.98
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Figure 2. '"F—NMR spectrum of the poly (VDF/TrFE/CTFE =
80.66/17.64/1.71).

o 101 ogA) ukS-S B35 3ARA 1HARe] A9 CTFES] CFy
7} —CH.CFy 212 o] VDFE 3431] VDF-CTFE tail—
to—tail IETZ7} F2 o] F= AS & F QISITEY o2 njgko.
2R ATeM 9] PE-NMR B4 slglon, dAH R SElsh
g}t olsS YeEhE 3 & 4 Atk Poly (VDF/TrFE/
CTFE)*= VDF—VDF head—to—tail ¥l¥+% 21l tail-to—
tail WIET%S 2h= VDF—CTFE (—CFsCH.CCIFCF2—) 2} VDF—
TrFE (—CFoCH,CHF CFy—) 7} 52 Jeh}= A2 Figure 29
A gR18k 4= QIk P Taple 2¢] wjdx ¥4 A3} VDF— VDF
head—to—tail (—CHoCF2CHyCFy—) ¥lg7:3= —92.21 ~—93.98
ppm 12|31 —114.81~—117.49 ppmeollA velthe A wjd
T% F 51.71%% A&ttt VDF-CTFE tail—to—tail
(—CFoCH,CCIFCFz—) WiQ7-%= —93.40, —108.70, —119.10
T18]al —121.90 ppm Gl yERPH, HAe] 30.60%E AF
Ah= 2 & 4 39l

712 29 WS 3 3AEA aEAl AT vl wEksd
4 ), VDF—CTFE, CTFE—CTFE #|g7-%2] 93 W22 A4
o] WA oA 2|eh= HAEF F7F8AL, Figure 2914 —106
ppm (CTFE—CTFE) ¢ 937} A== 218 & = ASIth Table
2% &l 182k U2] CTFE mol%7} Z7FedA AAd o Az
FAEAY AlefA= 8184 Wisls CTFE-CTFE Hjd3ol4
gk 2S¢ Qlglom v WskE Gl 2ls ERIsISIc) Bgt CTFE
o] o) F7FE Al AlzolM CTFEZF A vl Zo]
ql 7 gkego] SbE uEAlR [k s, CTFEE % VDF-
CTFER d3He 25 & 5 ek

HHER S} FT-IRS 3l vhefst 2AuE 2= 34434
Ex19] wjgkd W3h= Figure 39| CTFE mol%e°l we} vERATEH
WA 0 & B AV ( Ty, all—trans) o] HiEAS ZH= xo)A 9]
CF. vibration® CHs rocking< 1288, 820 cm *ellx] Z}zt vle}
L, o At tg ) O WIEHIS 614 em ! 78] p el (kg tttg )
o wjgL 505 em” ' ollA LR} P10 0)5 Table 3¢ AHels)
At

CTFE®] mol%7t 57Fer5 vlAletA vebdd g el &
)27} 7o) AAf YeRA] ¢hs AS 2 4= gl vAlskAl
ERtd y AR A STkl sl VR, o B A A
2F S92t STkkE At ¢ S sdok B CTFE 3.55 mol%
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Table 2. Chemical Shifts and Assignments of YF_.NMR Peaks of the Poly(VDF/TrFE/CTFE)= (a)80.66/17.64/1.71, (b) 79.38/

17.06/3.55, (c) 78.47/14.95/6.58, (d) 80.72/12.31/6.98

. . . . Percentage (%)

No. Chemical shift (ppm) Designation @ ) © @
1 —92.21 to —93.98 VDF—-VDF H-T 39.77 35.41 35.41 43.53
2 -95.01 CTFE-VDF T-T 3.75 4.15 4.15 2.57
3 —96.68 VDF—-VDF—-VDF T-T-H 2.13 2.02 2.02 1.16
4 —106.25 to —107.71 CTFE-CTFE H-T 1.69 7.56 7.56 6.77
5 —107.79 to —108.23 VDF-CTFE T-T 13.14 11.19 11.19 7.32
6 —108.76 to —110.18 CTFE-CTFE H-T 7.03 5.83 5.83 8.85
7 —113.76 to —114.05 VDF—-TrFE T-T 2.44 4.62 4.62 3.11
8 —114.81 to —115.19 VDF—-VDF T-T 6.76 3.34 3.34 2.44
9 —-116.18 VDF—-VDF T-T 0.91 1.23 1.23 0.71
10 —-117.49 VDF—-VDF T-T 2.15 2.26 2.26 2.00
11 —120.45 to —120.88 VDF-CTFE T-T 1.77 3.95 3.95 1.23
12 —121.10 to —122.54 CTFE-VDF T-T 3.22 1.98 1.98 5.74
13 —123.15to —123.86 TrFE-TrFE H-T 1.10 2.97 2.97 5.00
14 —124.15to —124.26 TrFE-TrFE—VDF H-T-T 1.39 3.58 3.58 1.58
15 —130.90 VDF—-TrFE—-VDF T-T 1.04 1.20 1.20 0.94
16 —131.90 CTFE-TrFE—-VDF H-T-T 0.66 0.86 0.86 0.92
17 —199.51 TrFE—VDF T-T 5.38 2.84 2.84 3.30
18 —208.78 to —208.92 VDF—-TrFE H-T 5.68 5.01 5.01 2.83

% () T
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Figure 3. FT—IR spectrum of VDF/TrFE/CTFE terpolymers with
(@) 80.66/17.64/1.71, (b) 79.38/ 17.06/3.55, (c) 78.47/14.95/6.58,
and (d) 80.72/12.31/6.98 mole rations.

Table 3. Peak Assignments of FI-IR Curve of the Poly(VDF/TrFE/
CTFE =80.66/17.64/1.71)

Freq.(cm™) Assignment Conformation References
1288 1 (CF2),11(CC), & (CCO) Thss 19,20
820 VH(CFQ) 7:193 19,20
614 8 (CF), § (CCO) TG 20,21
505 8 (CFy) TsG 22,23
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t} Ad¥d o2 CTFES] mol%7} %7]—?;_—’,:E B
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Figure 4. DSC thermogram of (a) VDF/TrFE*=75.00/25.00
copolymer and VDF/TrFE/CTFE terpolymers with (b) 80.66/
17.64/1.71, (c) 79.38/ 17.06/3.55, (d) 78.47/14.95/6.58, and (e)
80.72/ 12.31/6.98 mole rations.
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Figure 5. Application of Ferrman—Carroll's method to the typical
experimental data obtained 10 C/min heating rate for the thermal
decomposition of poly (VDF/TrFE/CTFE).
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Figure 6. Activation energy of the terpolymers as function of
CTFE mol%.
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