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The head to head (H-H) defect structure of poly(vinylidene fluoride) (PVF,) has a dramatic effect on the
crystallization rate of PVF, and its blends. At a fixed temperature the crystallization rate decreases with increase in
H-H defect and also with increase in the concentration of amorphous polymer, poly(methyl acrylate) (PMA), in
the blend. But under the same degree of supercooling the crystallization rate of PVF, increases with increase in
H-H defect concentration. The molecular mechanism of crystallization of PVF, is very much dependent on the
H-H defect structure present in the chains. Analysis by the Lauritzen and Hoffman (L-H) equation of
crystallization rate indicates a regime I-regime II break for lower defect content (3.75%) PVF, fraction and a
regime I[-regime III break for higher defect content (5% and 5.6%) PVF, fractions. However, analysis of the
kinetic data of PVF, blends by the modified L~H equation indicates only the regime IT — III break irrespective of
the H-H defect present in the PVF, samples. The regime transition temperature is dependent on both the H-H
defect concentration and also on the PMA concentration in the blend. The chain extension factor («), calculated
from the ratio of the lateral surface energy (o) values of pure polymer and that of blends, have values greater than
unity for almost all cases. © 1997 Elsevier Science Ltd.
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INTRODUCTION

There is a dramatic reduction of crystallization rate of the
crystalhne polymer in its miscible blends with amorphous
polymers' The crystallization mechanisms in these
polymer blends are different from those of the unblended
systems' . In the melt of the blend the amorphous polymer
should diffuse away from the crystal growth front. So, the
crystallization rate is influenced not only by the initial
composition of the melt but also by the local changes of the

modified the L-H growth rate equatron by 1ntroduc1ng the
concentration of crystallizing units in the equation3 More
meaningful approaches to analyze the crystallizatlon rate in
these blends have been made by Ong and Price? and Alfonso
and Russel® by cons1der1ng the dilution effect on the free
energy of formation (AF") of the critical size nucleus The
former authors used the model of Boon and Azcue® while
the latter group used the lattice model of Flory and
Mandelkern'® for the AF" in the presence of a polymer—
diluent system.

composition due to such depletion. This builds up a
depletion layer at the interface and it also contains the low
~molecular weight fraction and structurally irregular fraction
of the crystalline polymer This depleted layer affects the
crystallization rate in two ways: (i) the transport of the
crystallisable units to the growth front becomes affected,
and (ii) the nucleation rate is also reduced due to the
depression of the equilibrium melting point at this zone. The
composition of the melt at the growth front is dependent on
the diffusion coefficient, initial composition of the melt and
also on the growth rate. Therefore, in the compatible blends
it is very difficult to achieve a correct expression of
crystallization rate covering all these factors®.

The crystallization of unblended polymers are usually
explained by the Lauritzen— Hoffman (L-H) growth rate
theory’. However, Wang and Nishi' explained the crystal-
lization rates of the blends by applying the above theory
taking the T, and Ty, values of the blends. Some workers

*To whom correspondence should be addressed

In this paper we have analyzed the crystallization kinetics
data for the blends of PVF, fractions with PMA based on the
extended form of L—H growth rate theory® applicable to the
polymer blends?:

-U - K, (i) 0.2T51n ¢,
G'= Gooexp [R(T - Ta)} exp [T(T;;b 7 T, -7
1)
where G is the crystal growth rate, G, the pre- exponentlal
factor, ¢, the volume fraction of the crystalline polymer, U
the activation energy of transport, T, = (T, — 30) K, Tis the
temperature of crystallization, Ty, is the equilibrium melt-
ing point of the crystal in the blend, K (i) is the nucleation
constant of the ith regime: K (I) = 2K,(II) = K (III) with
K,(I) =4boo Top/kAh; where g, o, are the lateral and end
surface free energies, respectively, b is the thickness of the
nucleus, k is the Boltzmann constant and Ah; is the enthalpy
of fusion per unit volume. The first exponential term indi-
cates the contribution of transport process in the crystalliza-
tion rate and the second exponential term indicates the
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contribution of the nucleation process in the crystallization
rate. The pre- exponential factor is multiplied by ¢, because
the nucleation rate 1s proportional to the concentration of
crystallisable units'!

The lateral surface free energy (o) of the polymer crystal
can be determined from the analysis of crystallization
klnetlcs provided the end surface free energy (o.) is
known'?. Recently, Hoffman et al.'® related the lateral
surface free energy (o) of a polymer crystal with the chain
configuration parameter, the characteristic ratio (c,), in the
pure melt of the polymer by the relation

1
0= AHi(al2)— 2
CCX
where AH; is the enthalpy of fusion (erg cm™), a is the
width of the chain and

Ca = W (3)

72 is the mean square end to end distance in the unperturbed
state, / is the diameter of the segment and » is the number of
segments in the chain'®. Polymer chains adopt the unper-
turbed dimension in an unblended melt, but may be
extended by a factor « in the blended condition due to
their interaction with the chain of other ?olymer Extending
the above relation to the case of blends'”

=AH(al2)—
O t(a ) o
where C, assumes a value (a?o)/(nl2).
One can calculate « for different compositions of the
blend from the relation

a=(oloy,)" 4

Thus measuring the surface free energies of the crystal both
from unblended polymer and also from its blended state, one
can calculate the molecular extension factor.

Poly(vinylidene fluoride) (PVF,) is not completely
isoregic but has a certain amount of head to head (H-H)
defect structure'®. The amount of H-H defect structure is
dependent on the polymerization condition'”. Tn the litera-
ture, though some crystallization kinetics of PVF 8-21 and
its blends' " are reported but there is yet no report relating
the crystallization mechanism of PVF, with the head to head
(H-H) defect structure present in the chain. In this paper we
report the crystallization kinetics of three sharp PVF,
fractions and their blends with poly(methyl acrylate)
(PMA) with special emphasis to their H-H defect structure
present in the chain. The chain extension factor («)
measured from the o values obtained by crystallization
kinetics studies will also be presented in this paper.

EXPERIMENTAL

Three sharp PVF, fractions (KFE, KYA and KYD) were
used in this work. They were obtained from fractional
crystallization of KF-1000 (Kureha Chemical Co., Japan)
and KY-201 (Pennwalt Corporation, USA) and were
characterized using a procedure published earlier’?. The
fractions were chosen in such a way that the 1nﬂuence of
molecular weight on crystallization kinetics can be mini-
mized (KFE and KYA as one pair, KYA and KYD as
another pair). The poly(methyl acrylate) (PMA) was
fractionated by a liquid-liquid phase separation technique
using a benzene/methanol system. The second fraction
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Table 1 Characteristics of the samples used

Sample M, X 107° PDI H-H defect Crystallinity® M.Pt.*

(mol.%) (°C)
KFE 5.08 1.43 3.75 534 175.0
KYA 6.50 1.77 5.06 49.0 165.2
KYD 7.46 2.45 5.64 46.2 161.6

PMA2 4.04 1.56 - - -
# All the samples were crystallized at 144°C for 24 h.
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Figure 1 A representative DSC thermogram of the KYA PVF, fraction
(crystallized at 156°C for 14 h) showing «, y and v’ phases of PVF,

(PMA2) was blended with PVF, fractions in different
compositions using a procedure published earlier”. The
characteristics of the samples are presented in Table 1.

The crystallization kinetics of the systems has been
studied using a differential scanning calorimeter (DSC 7,
Perkin Elmer) equipped with a 3700 data station. The
samples were 1n1t1a11y melted at 227°C for 5 min to destroy
all the nuclei’** and then quenched at the rate of
200 deg min ' to the predetermined isothermal crystal-
lization temperature. Crystallizations were performed for
different times at a partlcular temperature and melted at the
heating rate of 10 deg min~' from the isothermal crystal-
lization temperature to 227°C without cooling. From the
endothermic area, crystallinities were calculated taking the
enthalpy of fusion per repeating unit (AH?) = 104.5J g~'*¢,
The experiment was repeated for other isothermal crystal-
lization temperatures and in every case the instrument was
calibrated with indium before use. During the isothermal
crystallization, PVF, can crystallize in three different
polymorphs «, y and #'. Usually, low crystallization
temperatures (7,) and crystallization for smaller times
produce the o phase of PVF,, whereas « and 4’ phases are
produced at higher 7. values and also for longer times of
crystallization?’. The three polymorphs o, v and %' are
identified in order of increasing melting points in the
thermograms®®. A representative thermogram showing
the melting of the three polymorphs is shown in Figure 1.
In the crystallization isotherms, the three phases have been
marked wherever they are produced. The equilibrium
melting points required for the analysis of the kinetic data
have been taken from Ref. 27.

RESULTS AND DISCUSSION

Figures 2-4 show the crystallization isotherms at the
indicated temperatures of PVF, fractions and their blends of
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Figure2 Plots of degree of crystallinity (1 — N)AH versus log time (min) for KFE PVF; and its blends with PMA2 at the indicated temperatures (°C): (a) pure

KFE, (b) wgre = 0.75, () wgps = 0.47

compositions (weight fraction) wpyg, = 0.75 and 0.50. PVF,
crystallizes from the melt in three different polymorphs («,
v and v') depending on the temperature and time of
crystallization®8, At the lower crystallization temperature
and at lower crystallization times, only the a phase is
obtained for all the fractions; v and ¥’ phases have been
observed at higher T, values®’. This has been denoted by
demarkation lines at each figure in a qualitative way. The vy
and v' phases are less abundant with increasing blend
composition for each fraction and ¥’ phases also decrease
with increasing H-H defect concentration. Like the crystal-
lization isotherms of other polymers, the crystallization rate
exhibits an autocatalytic nature and at the tail part of the
isotherms there is retardation in the crystallization rate'’.
From Figures 2—4 we first analyze the temperature range
(TR) required for the isothermal crystallization within a
definite workable time period (1 decade to 3 decades) for
different H~H defect content fractions and their blends. The
dependency of TR with composition for each PVF,
fractions has been shown in Figure 5. From the figure it is
clear that with increasing PMA concentration in the
blend the TR becomes situated progressively at lower

temperatures and this is also true for the PVF, fractions and
their blends with increasing H-H defect concentration. This
indicates that at a given temperature the lower defect
content fractions can be crystallized more easily than the
higher defect content samples and it is also true for their
blends at identical compositions. For each fraction the TR
becomes widened with increasing PMA concentration in the
blends and this is very much apparent from the Figures 2—4
where the isotherms become gradually closer with increas-
ing blend composition. The reason may lie within the
nucleation and growth mechanism of the blend and will be
discussed later.

To work out the influence of blend composition on the
crystallization rate, plots have been made for 1/719 (79,10 =
time (min) required to obtain 10% crystallinity) with weight
fraction of PMA (wpya) at a given temperature and are
shown in Figure 6a and b. At 156°C there is a sudden drop
of crystallization rate of KFE PVF, with increasing blend
composition and thereafter the decrease is gradual. With
increasing T. the drop of crystallization rate of pure PVF,
and its blends is gradually lowered for both the KFE and
KYA systems. A linear decrease of crystallization rate with
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Figure 3 Plots of degree of crystallinity (1 — N)AH versus log time (min) for KYA PVF, and its blends with PMA2 at the indicated temperatures (°C): (a)

pure KYA, (b) wgya = 0.73, (c) wgya = 0.48

composition is expected from equation (1) but the reason for
the sudden drop of crystallization rate, particularly at lower
isothermal T values and at lower PMA concentration in the
blend, is unknown. Also, from the figures it is apparent that
at a particular temperature (156° or 150°C) the lower defect
content fractions and their blends crystallize at a faster rate
than the higher defect content sam}z)les This is similar to the
behaviour of pure PVF, fractions™', and the reason is that
the higher H-H defect content PVFZ experiences lesser
supercooling than those of lower H-H defect content PVF,
fractions because the equilibrium melting points of PVF,
samples decrease with increasing H-H defect content®?,
Since the equilibrium melting points of PVF, and their
blends depend on both the H-H defect concentration as well
as on the blend composition 2227 a comparison of the
crystallization rate should be made on the basis of the same
degree of supercooling to obtain correct thermodynamlc
information. In Figure 7, the crystallization rate (7, 10) has
been plotted with blend composition at AT(supercooling) =
40°C. It is clear from this figure that there is a slight decrease
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of the crystallization rate with composition for KFE PVF,
but for KYA and KYD PVF, fractions the crystallization
rate at first decreases faster with increasing wpya, and at
wpma = 0.4 the rate is same with KFE PVF, blends. The
slight decrease of crystallization rate of KFE PVF, with
blend composition at the same supercooling is due to the
decrease of ¢, in equation (1). The transport term has not
much influence on the crystallization rate in this system
because the T, of the blends (— 39°c to —18°C)* [T, of
PMA = 10°C30 T,of PVF, = 39°3! are much lower than the
isothermal crystalhzatlon temperatures (170-140°C). The
cause of initial decrease of crystallization rate with blend
composition for KYA and KYD PVF, blend may be
ascertained from the following discussion. It is clear from
the figure that under the same degree of supercooling the
higher H-H defect content PVF, fractions crystallize at
higher rate than that of lower defect content PVF,
fractions®', but this is an abnormal situation because
under the same thermodynamic condition the higher
defect content material should crystallize slower than the
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Figure 4 Plots of degree of crystallinity (1 — N)AH versus log time (min) for KYD PVF, and its blends with PMA?2 at the indicated temperatures (°C): (a)

pure KYD, (b) wgyp = 0.74, (c) wgyp = 0.48
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Figure 5 Plots of isothermal crystallization temperature range versis
WpMA2: , KFE; 0, KYA; -+» --+ ---, KYD

lower defect content material because of the defect energy.
This anomaly can be explained from the fact that in PVF,
crystal some H-H defects become introduced into the
crystal on an equilibrium basis and the higher the
concentration of H~H defect in the chain the larger is the
amount of defect in the crystal*2. These H-H defect content
crystals have lower equilibrium melting points than those
calculated from Flory’s exclusion model®32 of copolymer
crystallization. So the depression in Tp, is proportional to the
amount of H-H defect present in the chain and, therefore,
the supercooling calculated from these Ty, values does not
represent the ideal situation. This is the probable cause for
the abnormal behaviour of crystallization of PVF, with H-
H defect from the pure melt at the same supercooling.

10
(a)

(1/Tqy) x 107
~ o o

N

(1/%y,4) x 10°
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Figure 6 Plots of crystallization rate (7, 1') versus wpmaz: (@) O, KFE at
156°C; A, KYA at 156°C; @, KFE at 158°C; @, KFE at 160°C; (b) A, KYA
at 150°C; [0, KYD at 150°C; A&, KYA at 152°C; A, KYA at 154°C
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Wpma

Figure 7 Plot of crystallization rate (7, 1) versus wpwas at AT = 40°C: O,
KFE; A, KYA; O, KYD systems
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Figure 8 Plot of In(74 o)) —{0.2T0In (¢ )/(To —T)] versus TS /TAT for
KFE/PMA?2 blends: O, WpyFr = 10, A, WpyR = 075, D, WpvF, = 0.47

However, it is apparent from the Figure 7 that, with
increasing PMA concentration in KYA and KYD PVF,
blends, the abnormality is gradually lowered and it is
negligible at wpy, =0.4. The reason is not yet clear to us
and may be due to some fractionation of H-H defect
entering into the lamella of higher defect content PVF,
fractions in the blends.

The crystallization rate will now be analyzed according to
equation (1). However, in this system there is a complica-
tion in analysing the overall kinetics data because PVF,
crystallizes in « and v polymorphs by nucleation and the v’
polymorph is produced by solid state transformation from o
polymorph. But until now there has been no nucleation
theory presented for the twin polymorph formation from the
melt. However, it is clear from Figures 2—4 that -y and 4’
phases are produced at high conversion of melt into the
crystal. So by making an approximation that the usual
growth rate theory can be applied for the « phase of PVF,
where the v and v’ phases are absent, we have analyzed the
data according to equation (1)*'. We have considered the
inverse of time required to attain 2% crystallinity (7q o) as
the crystallization rate of the « phase from the melt at
different crystallization temperatures. Another approxima-
tion has been made in analysing the crystallization rate data
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In(1/%4 ) = [0.2TAIn(9,) /(T3-Tc )]

=701 1 ] L | L ! ]
2.2 2.6 3.0 3.4 3.8

(Ta/ TcAT ) x 102

Figure 9  Plot of In(7505) —[0.2T o In (¢ )/ Toy —T)] versus TS, /TAT for
KYA/PMA2 blends: O, wpye, = 1.0; A, wpypy = 0.73; O, wpyp = 0.48

(0 (1/Tg,02)=[0.2T3 In ($)/(T-Tc )]
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Figure 10 Plot of In(rggh) —[0.2T2In (¢)/(T2, —T)] versus TS /TAT
for KYD/PMAZ2 blends: O, wpypy = 1.0; A, wpyp = 0.74; [, wpyp, = 0.48

in that the contribution of the transport term in the equation
has been considered negligible, because the isothermal
crystallization temperatures are much higher (115-170°C)
than the T, (—39°C to +18°C) for the above compositions
of the blend?®. Thus, from equation (1) we can plot In (1/
7000) —0.2TopIn (¢ (T, —T) versus the temperature
function T, /TAT and the plot may be a straight line or a
combination of two intersecting straight lines depending
upon the K, values and hence the regime of crystallization.
In Figures 8—10 the plots are shown for PVF, and its blends
and from these figures some interesting observations may be
made. In Figure 8, two intersecting straight lines represent
the data very well, but there is a difference in the nature of
the two intersecting straight lines of pure KFE and the
blends. The pure PVF, exhibits a regime I — II break'?
while the blends exhibit a regime III — II break. A similar
change in the regime break of PVF, (KF-1000, defect =
3.5%, unfractionated) and its blends with PMA was also
observed from growth rate measurements®” of & spherulites.
The reason for such a different behaviour in this blend will
be discussed later. In Figures 9 and 10 KYA and KYD PVF,
and their blends exhibit the regime break of a similar nature,
e.g. a regime III — II transition®*. From these results it can
be concluded that the regime transition in the unblended
PVF, is dependent on the H-H defect content present in the
chain and that in the blends the regime transition is
independent of H-H defect content of PVF, or on the
blend composition.
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At this point it is necessary to compare these results with
those reported in the literature for pure PVF,. Nandi and
Mandelkern®! observed a regime I — II break for lower
defect content PVF, fraction (H-H defect = 3.36%), a
regime I — II — III transition for medium defect content
(4.02 and 4.1%) PVF, fractions and a regime II — III break
for higher defect content (4.99 and 5.54%) PVF, fraction.
They also analyzed the growth rate data of prev1ous
workers®>?¢ with their T2, values®® and observed a regime
1 — II break for lower (3.81%) defect content Kureha PVF,
and a regime IT — III transition for higher defect content
(5.0 and 5.7% H-H defect) Kynar PVF, samples. Thus the
present data of pure PVF, fractions are in good agreement
with those of previous workers. Recently, Inoue and
coworkers made extensive studies on crystallization rates

of PVFZ/poly(met ;Il methacrylate) (PMMA) blends by
optical mlcroscopy and by small angle light scattering
experlments . But their results on regime transition of pure
PVF, sample is contradlctory to each other and varies from
method to method™?

In Table 2 the reglme transition temperatures and the
supercooling at the transition temperatures are presented.
From the table it is clear that the regime transition
temperature decreases with an increase in PMA concentra-
tion for all the three PVF, fractions, but the supercooling
required for the regime transition is approximately the same
for all the blends (AT = 36 *3°). This conforms with the

Table 2 Break points in regime transition of PVF, fractions and their
blends with PMA

System WPMA Transition temp. Supercooling
0 (A7)
KFE 0.0 162 44
0.12 162 38
0.25 156 39
0.39 152 38
0.53 150 37
KYA 0.00 157 31
0.11 154 31
0.26 150 33
0.40 146 36
0.51 144 38
KYD 0.00 146 30
0.09 144 31
0.25 140 34
0.41 136 37
0.52 132 40

kinetic nucleation theory of regime transition'***. How-
ever, for KYA and KYD blends there is a slight tendency in
the increase of supercooling with increasing PMA concen-
tration for the same regime transition.

The surface energy values obtained from the slopes of the
straight lines of Figures 8—10 are presented in Table 3. In
this table the standard deviation of the oo, values are also
presented. However, the deviation is larger for regime II
than that for regime III, probably because of less data in the
lines representing regime II than that of regime III. From the
table it is clear that oo, values calculated in different
regimes are not exactly equal except in a few cases. The
cause of such anomaly is due to the fact that the ratio of the
measured slopes of III to II regimes is not exactly equal to
the theoretical value of 2'%*. The cause is as yet uncertain.
However, for comparison of the oo, value one can choose
the values for a particular regime and it is clear from the
table that the oo, value gradually decreases with increasing
PMA concentration in each case for all the regimes. To
explain the cause of the gradual decrease of the oo, value
the individual surface energy values will now be discussed.
The end surface free energy o, is intramolecular in origin'?,
though under specific circumstances it can exhibit variable
values, particularly in the presence of a small molecular
diluent38, In the presence of a polymeric diluent, the
variation of o, is not yet reported. A difference between
the effect of polymeric diluent and monomeric diluent on
the crystallization behaviour of a crystalline polymer is that
a monomeric diluent can penetrate into the fold inter-
3940 while a pol?/merlc diluent is completely re]ected
from the interface* ~**. Thus, a polymeric diluent is
expected to remain neutral on the chain folding process
and so o, will be independent of blend composition
Therefore, the observed variation of o¢o. with blend
composition is expected to be due to the decrease of the o
value. The o, value can be measured from both thermo-
dynamic and kinetic points of view'?, and in the literature
there are vanous g, values reported for PVF,. Nakagawa
and Ishida® found for o, a value of 146 erg cm ™ from the
slope of the melting point versus reciprocal lamellar
thickness plot. In the kinetic method Wang and Nishi'
determined the value of ¢, to be 47.5ergcm™ and
Mancarella and Martuscelliz’ reported two values of o,
e.g. 65 and 239 erg cm 2. Since we are dealing with the oo,
values obtained by the kinetic method we should choose a
value of o, from the kinetic methods. Of the three values

Table 3 Surface energies and chain extension factor of PVF; in its blend with poly(methyl acrylate)

Polymer WpMA Regime I Regime II Regime III
go. = 50 agx 03 g0, = 60 s 09 o = 0.07 go, *+ 30 g+ 05 o * 0.04
erg’cm* erg cm? erg’ cm erg cm? erg’ cm* erg cm’
KFE 0.0 816 12.5 816 12.5 1.00 - - -
0.12 960 14.7 0.92 912 14.0 -
0.25 819 12.6 1.00 699 10.7 -
0.39 489 7.5 1.29 630 9.7 -
0.53 489 7.5 1.29 522 8.0 -
KYA 0.0 903 13.9 1.00 666 10.2 1.00
0.11 807 124 1.06 606 9.3 1.05
0.26 711 10.9 1.13 564 8.7 1.09
0.40 856 13.2 1.03 655 10.1 1.01
0.51 856 13.2 1.03 594 9.1 1.06
KYD 0.0 885 13.6 1.00 573 8.8 1.00
0.09 909 139 0.99 576 8.8 1.00
0.25 612 94 1.2 420 6.4 1.17
0.41 564 8.6 1.25 444 6.8 1.13
0.52 456 7.0 1.39 456 7.0 1.12
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reported by this method we found the 65 erg cm ™ value is
justified since the T2, used® to calculate oo, for the polymer
(KY-301 defect = 5.7%) has been found to be accurate??.
Taking this value of o, and assuming it is invariant, ¢ values
were measured and are reported in the table. The value of ¢
calculated from the theoretical expression'> o =
0.1(AH)(ab)'? = 9.76 ergcm™ for PVF,'. As shown
from the table, the measured o values are close to the
calculated value and are comparable with those of other
straight chain polymers'?.

It is apparent from Table 3 that there is a tendency for a
decrease of o values with increasing PMA concentration in
the blend for both the regimes of crystallization. For the
blends, the « values were calculated using equation (4) and
are also reported in the table. For almost cases « is greater
than unity, though no definite trend with blend composition
or with H—H defect content is observed. This indicates that
in the melt due to blending with PMA, chain extension of
PVF, occurs. However, no quantitative analysis of the chain
extension factor can be given from these data because they
are not in exact agreement with the interaction parameter
values?” which increase with PMA content and also with
H-H defect content of PVF, in the blend. This indicates
that o is a complex parameter and apart from its absolute
dependency on the thermodynamic property of the melt
the structure of the crystal produced from the blend is also
playing a specific role'’.

It is pertinent now to discuss the widening of the
isothermal temperature range (TR) for the same time
period of crystallization (Figure 5) and also the change of
regime from I — II for pure KFE PVF, from II — III in its
blends. According to a recent attempt of Hoffman ez al.'® to
relate o with the polymer chain structure it has been
postulated that the activated state of crystallization process
is the formation of a straightened portion of the chain
(length = initial lamellar thickness) localized under the
influence of crystal surface prior to crystallographic
attachment. This ‘poised’ section of the molecule in a
subsequent fast step attaches crystallographically to the
substrate. As may be seen from Table 3, the PVF, chain
becomes extended in the melt of the blend than in pure PVF,
and consequently the activation energy of the nucleation
process in the blend will be smaller. Thus in the blend the
nucleation will be faster than that in the pure melt*. But the
growth of the nuclei in the blend is, of course, slower than
that in the pure PVF, melt because it requires the depletion
of the amorphous polymer. These two different effects make
the isothermal crystallization range wider when increasing
the amorphous content of the blend. Also this is the reason
why in the KFE PVF,/PMA blends, no regime I crystal-
lizatton was seen as observed in the pure KFE PVF,
fraction. In regime 1 a single nucleus completes the substrate
but since nucleation event in the blend is easier than the
growth process, then at the same supercooling there is
always more than one nucleus completing the substrate,
causing regime II crystallization. Therefore, the extension
of the PVF, chain in the melt of the blend is the cause of
widening of the isothermal temperature range for the same

* According to equation (1) the nucleation rate should be lower in the
diluted system, but this equation was derived considering onlgy the prob-
ability of selecting the crystalline sequences from the mixture®. However,
in the mixing process of the PVF,/PMA system there is some favourable
interaction?” which causes the chain extension. Therefore, the enhancement
of nucleation is due to interactional force which was not counted in deriving
equation (1).
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time period of crystallization and also is the probable cause
for the absence of regime I crystallization in any of the
PVF,/PMA blends studied here.

CONCLUSION

From this study we can conclude that at a particular
temperature the crystallization rate decreases with an
increase in H-H defect content of PVF, samples but at a
particular supercooling the crystallization rate increases
with an increase in H-H defect content. In the case of PVF,/
PMA blends a similar conclusion can be drawn, particularly
at low PMA concentration in the blend. H-H defects in
PVF, have a significant influence on the regime transition.
The lower H-H defect (3.75%) PVF, fractions exhibit I —
I regime break while the higher H~H defect (5.0%)
fractions exhibit I — III regime break within the same time
scale (1-3 decades) of crystallization. The oo, values
calculated from the kinetic results decrease with increase in
PMA concentration for both the regimes of crystallization
(regime 11 and III) and the cause has been attributed to the
decrease of the ¢ value with the blend composition. The
chain extension factor («), calculated from the ratio of o
values of the blends and of the pure polymer, have values
greater than unity, indicating that the PVF, chain becomes
extended when blended with PMA. This extension of the
chain probably causes a widening of the isothermal
temperature range for crystallization of the blends with
increasing PMA concentration and also causes the absence
of regime I crystallization of PVF; in the blends.
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