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2 2: Di-f-butyl peroxide (DTBP)E 7MAlAlZ ARg3}lod A=F poly(vinylidene fluoride)
(PVDF)& 12%3% 54 47 ZYsixe} §do] ¥, head-to-head #HA #&ko] 4ot 2
BFZE oY (Phase 11)o]3jod, v|34 U7y} SHA =Y 2] Esisty by
4 & F9h. Ammonium peroxodisulfate (APS)E A3l A =¥ PVDF& A&2% 54 4
ol 383 Q=7 £ head-to-head ¥bd #3o] Wt AR T ZE A% (Phase 1)9]
ggo] o, T} EFE B9 ol F7sIth 22, R2 head-to-head ¥t
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ABSTRACT: Poly(vinylidene fluoride)s(PVDFs), which were polymerized by di-#-butyl per-
oxide (DTBP), an initiator, at high temperature, showed low melting temperature, low crystal-
linity, and high contents of head-to-head inversion. The main crystal structure was a-form
(Phase 1I) and it showed good thermochemical stability due to their nonpolar end group.
PVDF by ammonium peroxodisulfate (APS) showed higher melting temperature, higher crys-
tallinity, and lower contents of head-tu-head inversion than those by DTBP. The main crystal
structures were F-form (Phase I), but the content of a-form increased at high polymerization
temperature. It also showed poor thermochemical stability because of their polar end group
and low contents of head-to-head inversion.

Keywords: poly(vinylidene fluoride), DTBP, AFS, end group, thermochemical stability.
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A& 74% Poly(vinylidene fluoride)Al #a+A F¥AT (D
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AA & 1A% Poly(vinylidene fluoride)Adl £44A F8A+ (D

Table 1. The Results of Emulsion Polymerization of Vinylidene Fluoride (VDF) by Using DTBP Initiator

) DTBP temp. time VDF yield Tn(lst) GPC(DMAc/0.05 M LiNO5y)
POVMEr (@ () (min) (psi) ® (0 M, M, M,/M,
DTBP-1 09 125 440 400-600 () 104 157.2 116100 276000 2.38
DTBP-2 09 120 560 480-840 (I) 104 157.0 165900 334700 2.02
DTBP-3 09 115 1375 550 (C) 56.0 156.3 88000 258500 2.94
DTBP-4 0.9 125 465 750-400° (C) 80.5 156.5 119500 228200 191
DTBP-5 1.82 125 345 600-700° (1) 136 153.4 145400 284800 1.96
DTBP-6 1.82 125 270 350-550¢ (1) 75.3 146.5 99300 208100 2.10

Kynar 2850 (HFP 5%) 156.1 111700 186600 1.67
Kynar 760 homopolymer 160.0 119300 259400 2.17
Polyscience PVDF homopolymer 165.2 127900 203500 1.59

() : incremental feeding, (C) : continuous feeding.

%0.5g of perfluorohexyl iodide (R{l) as chain transfer agent was inially added. 436g of hexafluoropropene (HFP) as comonomer was
initially added. ©9.1 g of hexafluoropropene (HFP) as comonomer was initially added.
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Figure 1. Typical curves of 7,,/C vs. concentration
for dilute solutions of various PVDFs dissolved in
DMAc at 25 T, which were prepared from DTBP and
APS initiators.
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Figure 2. GPC chromatograms of PVDF prepared
from (a) DTBP and (b) APS.
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Table 2. The Results of Emulsion Polymerization of Vinylidene Fluoride (VDF) by Using APS Initiator

I APS temp. time VDF* yield T, GPC (DMAc/0.05 M LiNOy)
) () (min) (ps) @  (Us)(C) M, M, M,/M,
APS-1 0.6 85 360 220 85.2 158.7 87200 297800 342
APS-2 0.5 80 155 320 71 160.0 124100 297900 240
APS-3 0.5 75 150 460 97 165.3 184700 . 306300 1.66
APS-4 05 70 210 520 74 164.6 105500 213400 2.02
APS-5 05 60 300 460 88.2 169.1 158200 290800 1.84
APS-6 10 60 150 480 106 168.9 226900 408400 1.80
APS-7 1.0 60 130 520° 76 169.2 99400 211400 2.13
APS-8 1.0 50 300 440 68 169.5 167100 - 349400 2.09

¢ VDF monomer was continuously fed. ® 1.0g of 1(CF,),I as chain transfer agent was initially added.
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AA & FA% Poly(vinylidene fluoride)Al 444 F8AT ()

Table 3. Physical Properties of PVDF Samples

reaction a b
4H" X' afrac-
T, (C m )
PVDF  temp. © ) @ ton
()
Ist /1670 4597 439
Kynar?60 - o 400y /1664 4211 402 OO
Poyscience _ Ist /1652 5954 59
PVDF nd(20) /1641 4257 407
Epn 1 & /1512 ®2 08

2nd(20) /1616 29.71 284

Ist /1600 3411 326
APS-2 % 2nd(20) /1612 3285 314 0.06

Ist /1646 4798 458
2nd( 2) /1668 4206 402
(5) /1648 3814 364
APS-4 70 (10) /1687 4172 398 OO
(15) /1689 3985 38.1

(20) /1688 40.56 387

Ist /1689 5399 516
2nd( 2) /1692 4259 407
(5) /1691 4043 386
(10) /1689 40.08 383
(15) /1683 4053 387
(20) /1684 39.79 380

Ist /1695 5850 559
APS-8 0 ond (20) /1698 3992 381 003

( ):Cooling rate, C/min.

%Heat of fusion. ®Degree of crystallinity estimated from
DSC measurement. © Aggy -t (@-form)/L Agqy oyt (B-form)+
Argy eme1] at form.
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Figure 3. X-ray diffractograms of PVDF samples.
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Figure 4. 'F-NMR (A) and 'H-NMR (B) spectra of
PVDF prepared from APS,
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ujgo] 2.2~25ppmeA {FHD gloug olg
vz vizREe H-H(T-T) 3 @32 2R3
%th. Table 4= DTBP %4 9 APS Z§A
3l F-NMR 2 'H-NMR A~¥jezl2 8 24
g H-H (T-T) v ¥ AG Ao, F-
NMRd) ¢j&] 23" DTBP-1, DTBP-32] H-H ul
A ge 27 6.259) 5.01¢] wigo] APS-1& 4.27
ol3ltt. 'H-NMRejA H-H wbd @ake DTBP-1
7% 5.64¢1 W], APS-2~APS-8& 5.37~3.92
olgict. WA, H-H 93 ke FHeE7 £8
FE & Aoz Yt Kynar 760 £x2 A
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Table 4. Contents of Head-to-Head (H-H) Inver-
gion and Thermal Stabilities of PVDF Samples

head-head

pyDF 'O tent()  hermel
temp. (C) TSF_NMR 'H-NMR stability
Kynar 760 4.60 496  no change
DTBP-1 125 6.25 564 pale yellow
DTBP-3 115 5.01 5.13 -
APS-1 85 427 6.25 deep brown
APS-2 80 537 deep brown
APS-3 75 521 light brown
APS-4 70 436
APS-5 60 4.18 light yellow
APS-6 60 4.12 -
APS-7 60 397  red brown
APS-8 50 392 light yellow

2 Color change after heating for 30 min at 200 C.

H-H A 3iste DTBP F#AEth= WAl
A2 APS F3ARchs ¥t

%3, Table 4] AV FRAES FABALE
ZAtEt Yehfilth. PVDF F@4& 200 CAA
oF 0¥zt /9% ¥ Ao 4 ¥sls PHHoz
ZAbet w3 P . Kynar 7602 4] W¥sist A
3 glzlen, DTBP F@8Alc vid A w3ivlol
#&5 A} 28y, APSE AHg-3le 60 C o]3}d
A Z39 F3 (APS-4~APS-8) & €& k@Me
2 DTBP Z3Alnch ozt 4@ #sfo] dojstort,
70T o4l 3¥E UM (APS-1~APS-2)&
AG 2oz e Wo] YaAch HEFY
Y 29cg CTAZ AHg® APS-7e HzaNoz
78 s ddo] dojyt. o =¢dE 8= T
@717} oA A Bl ol APS
FHA L A d7iet o] 7HEA AE EYe] U
U A& H-H wbd @ge] Yol 1204 &3
a3 o] doju= T F3tety dgAdo] Eof

A7l WEez AzEe}y. 22y, APS-1~APS-3

o] 7% 'H-NMRd| i3 238 H-H 93 go|
DTBP Aol ulsle] £3teolE $781 Balo)
AsA Lelgteh. oA H-H wde) gguce
FWA7H Y 34 YW MEA ez 4E.
Hetd, F3Ae] APPAe HH o1 gapmaol
ohizt ANASH CTAZRY SYUsie 34 e
oA SHME 2 B Ve Rz dehgth

#2of A23d A63 1999 114

4 £

DTBP F@Aol slel APS 2849 ¢3o| ¥
A wdn FHeEs R4S 13 4459 2
RHEE EUATh 13 £4 F J4S50) e 23
g8 W nusYoy 12 &4 F W
g 23 2% 8§ AH,o BRHEE BasY
o 1 ZAEE NE FUNYSE o A A
et

DTBP %34t 282 o8 (Phase 1) 2%
FZE, 60 C olslN %€ APS FEHE 49
(Phase 1) 2ZAF7x& B9l 28, APSE A%
# AL LRt ZNE4E o8 BRTRA
qsol ¢ f So ARE ETAY 25 Yeh)
sitt.

H-H 9hd $e $¥eE7} 245 & sioz
Ueltt}. DTBP Z@Ale] 79t mjoks 4 wsjet
o] AU Y, APSE Alg-3l] 60 T o)Al
FUE FYAE o2 A Walo] Aolxtor}, 70 C
ol 288 A A A Wsis} g s
At APS 849 2$ ¥e H-H wtd gapme
o] ohlgl F4 wUets|o] ola) A3t bgAo] B
CF:1=8

wed, 3¢ AAA, 28eE 9 CTA § 382
A& PVDFe g¢&%, 2RSE, /1A% 54 1
B3 ZEAS DsetE dPA 2 G vHE
RHo g el

g2 a g8
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