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ABSTRACT: The crystal transformation of poly(vinylidene fluoride)/cyclohexanone solution
casting film in the isothermal crystallization was investigated by the determination of change
of melting peak. Effects of the rate of solvent evaporation, the constitution and molecular
weight of PVDF, and solution concentration on the crystal transformation were considered in
this study. The IR results confirm that changes of melting peak are due to the transformation
of crystals from a phase to y phase. In the solution casting PVDF films, one can obtain «
phase PVDF crystals with the higher barrier potential energy in comparison to the a phase
PVDF crystals from melt casting films. It causes the easy crystal transformation to y phase
during the isothermal crystallization. The barrier potential energy of obtained a form PVDF
crystals was also affected by the rate of solvent evaporation, the molecular weight of PVDF,
and the concentration of solution. It was found to be significant for the formation of y phase
crystal in the isothermal crystallization. The crystal transformation in copolymers provides y
phase crystal with high barrier potential energy even though the amount of crystal transfor-
mation is less than ¥ phase crystal obtained in homopolymers.

Keywords: poly(vinylidene fluoride), cyclohexanone, solution casting film, isothermal crystalliza-
tion, crystal transformation.
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Table 1. Physical Properties of Used Poly(vinylidene fluoride)

p:;ys(;:fl intrinsic  density melting cold crystallization melt index molecular weight
PVDFp perty viscosity  (g/cc) temperature(°’C) temperature (C) (235 C,5000g) M, M,
850 0.85 1.77 177 142 23.4 131000 214000

1100 1.10 1.77 177 142 4.0 163000 267000

1200 100 1.77 167 142 135 153000 242000
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Figure 1. DSC thermograms of 5wt% PVDF/

cyclohexanone solution casting PVDF films crystal-
lized at 165 °C; p,, low temperature peak; p,, interme-
diate temperature peak; p;, high temperature peak.
(a) solution casting PVDF 1100 films and (b) solu-
tion casting PVDF 1200 films.
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Figure 2. Schematic summary of crystal transforma-
tion of PVDF.
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Figure 3. Infrared spectra of 5wt% PVDF 1100/
cyclohexanone solution casting PVDF films with dif-
ferent endothermic enthalpy ratio(p,/py/p3)-
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Figure 4. Melting temperature of 5wt% PVDF/
cyclohexanone solution casting PVDF films crystal-
lized at 185 C; O, PVDF 1100; A, PVDF 1200. (a)
slow evaporation and (b) fast evaporation.
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Figure 5. Endothermic enthalpy ratio associated with
peaks in DSC thermograms of PVDF 850 films crys-
tallized at 165 C. (a) 20wt% solution casting
films; O (p1), @ (p2), @ (p3), & (po+p3) and (b)
melt casting films; O (p;), @ (py), @ (p3).

o] F& 1 55%H =R FARE € 5 Aot
£ 9@ &§ Axgoz Az JEL BF 0¥
Z27& gAsht s ARPA &8 23l b g
o 8o shAEle] AL cyclohexanoneo] A{Aj3] |
Agd uet 887134 B}t AdiH o2 barrier po-
TG*TG™ A& HHE

]‘.:.

tential energy &7} =&

Polymer(Korea) Vol. 20, No. 4, July 1996



£ 7}F Poly(vinylidene fluoride) g9 T224 3} & ZA Azl dis A+

Ze oF Ao AT oA AA3 AAHA 7
L& F2EAS AR o8 dH oldAAY r¥
e o]3AA 7} Zt= barrier AR HE HA =
28 £ 9o dyx 2997 & TTTGTTTG™
e zte 7Y Aoz A HBPE v
Fig. 6014 B uie} o] A PVDF 1200
2] 3¢ PVDF 850} v|&3PEA pyoll 7103 23
o] EAdA %o QYA FH7F L pydll 71U}
E r¥ ZAo] g4A AN AA AgE S dd
Z3Hd vl AgHez LS 4 F U &
$718e] A Y713 vidled APAF o] R
o P4¢ 2% YR &7 & ¢ F Utk
gl gl FRAEYE 23A8ee Foy 3y
AR dd FPA A HlEt QA EH]47F B
ps7t Y& ¢ 4 Utk o] Lando9} Dollg®
A7 AT A9} nbEr}A) 2 triflucroethyleneo] &
At AxAl FHE oF AR AU 97 =
o} Z A 3}A| barrier potential energy F$7} =
& TTTG*TTTG ¥e] 2o W] HAYE
ojnjgict, webd dd FEA L FFEA EF &
drlzez dojzl BEo] w2 YR EHY oF
23 & 7tFez F3A|, §871F R FH & 9
U2 obd 24 Hegd Hed Y AHE €&
T AL Aoz HzET)

Fig. 7& PVDF 850¢] £7}2A] cyclohexanone
4] AASE WE F2EAASA AA HEE
€ yehligit}. Fig 7(a)diA Re vle} o] y¥
Z2AE JYEll = p psdl B 2A3 24 = A
A3 £l AAT BEo] M#go] w0 F2F
gl Alzte] 10417 o] & AL LY AASE
g weld g9 dggol oldE B o=
Fig. 7(b)dlX & F AU%o] &ufe] AALZET} =
73S & 1434 FAE AAol diHLE Y
A 71 B o Fo o]ZFA ol wap HEA
8} 7)ol AR A3 pyoll 713 AR &9
7t & y¥ AAor WHEsE v o9 AAS
=g wa 3 g8 AL YA E97F RL ¥
de o]dFAA 7L A o5 FLAHSA p,
o 71dgts R Ay F99 y¥ 2HTHE B4
&3 ol AAIA|Z0] ZHAF uiet A3 ¥}
o] SuiE AA3 AAT R} AHAEE

F2lof A20d A4z 1996 79

1.0 + o]
° |
g o8t Qo P °
2 o6 ~—o0
S oal
o 04 ®
£ Ps g
L /
o ) [ 4
£ 02b
g [ 4
m; ’ P2
0.0 *|———0
—l. 1 1 ] e i1
0 5 10 15 20 25 30
Crystallization Time( hr )
(a)
1.0 - C

p

Endothermic enthalpy ratio

0.6
%
0.4 I
(]
Ps e
Y
00f e—eo—®
N S ] 1 —L i 1

o] 5 10 15 20 25 30
Crystallization time ( hr )

(b)

Figure 6. Endothermic enthalpy ratio associated with
peaks in DSC thermograms of PVDF 1200 films crys-
tallized at 165 °C. (a) 20wt% solution casting
films; O (p,), @ (py), @ (p3) and (b) melt casting
films; O (py), B (py), @(p3)- :
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Figure 7. Effects of solvent evaporation rate on endo-
thermic enthalpy ratio associated with peaks in DSC
thermograms of 0.5 wt% solution casting PVDF 850
films crystallized at 165 °C. (a) endothermic enthalpy
ratio associated with sum of p,; and p;; O, slow evapo-
ration rate; @, fast evaporation rate and (b) endo-
thermic enthalpy ratio associated with p, and p3;
(p2), @ (p;) slow evaporation rate; A (p;), A (p;)
fast evaporation rate.
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Figure 9. Effects of solution p, and p; associated with
peaks in DSC thermograms of solution casting PVDF
850 films. (a) fast evaporation rate; O, 0.5 wt% solu-
tion; @, 20 wt% solution and (b) slow evaporation
rate; O, 0.5 wt% solution; @, 20 wt% solution.
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Figure 10. Effects of solution concentration on the en-
dothermic enthalpy ratio of the sum of p, and p; asso-
ciated with peaks in DSC thermograms of solution
casting PVDF 1200 films. (a) fast evaporation rate;
C, 0.5wt% solution; @, 20 wt% solution and (b) slow
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lution.
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Figure 11. Effects of molecular weight on the endo-
thermic enthalpy ratio of the sum of p, and p; associ-
ated with peaks in DSC thermograms of 5wt %
PVDF solution casting films. (a) fast evaporation; O,
PVDF 850; @, PVDF 1100 and (b) slow evapora-
tion; O, PVDF 850; @, PVDF 1100.
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