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Absiract The kinetics of isothermal crystallization In blends of poly(ethylene oxide) (PEO) and poly
(styrene—co—acrylic acid) (SAA) has been examined as a function of the blend ratio, the copolymer
composition, and the crystallization temperature, based on the Avrami equation. The Avrami exponents
were mostly close to 2, independent of the crystallization temperature. The crystallization rate of PEO in
PEO/SAA blends decreased with the increase of SAA content., And also, the higher the acrylic acid con-

tent in the SAA copolymer, the slower the crystallization rate of PEO in the blends.

INTRODUCTION

The study of the crystallization behavior in
polymer blends may be useful way to obtain
fundamental information about miscibility of
polymer pairs.”” The crystallization rate of a
crystalline polymer in the blend system can be
influenced by the addition of a miscible amor-
phous polymer.>™® On the other hand, the
added polymer does not affect the crystalliza-
tion of the crystalline polymer if the polymer
pair is immiscible.

In our previous work,” we reported that
poly(ethylene oxide) (PEQ) is miscible with

poly (styrene—co—acrylic acid) (SAA) having
acrylic acid content greater than 7 mole %
and that both the hydrogen bonding between
ethylene oxide and acrylic acid segments and
the intramolecular repulsive force in SAA co-
polymers are responsible for the miscibility.

In this work, isothermal crystallization kinet-
ics for the blends of PEO and SAA was stud-
ied by differential scanning calorimetry to ex-
amine the influence of copolymer composition
and blend ratio on the crystallization rate.

EXPERIMENTAL

PEO(M,=1.0 x 10°, T,= —56C, equilibrium
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Table 1. Properties of* SAA copolymers

Copolymer Composition, Intrinsic Viscosity, T,
Sample mole % of acrylic acid dL/g T
SAA7 7.0 1.24 108
SAA15 15.0 1.19 115
SAA19 19.0 1.08 119
SAA29 29.0 0.93 125
melting point =68.7°C) was obtained from Al- log[ —In{(1—X) ]=n log t+log K (3)

drich Co. The experimental methods of
synthesis of SAA copolymers, characterization
of the copolymers, and preparation of blends
were specified in a previous paper.* The copol-
ymer composition and other properties are list-
ed in table 1.

The crystallization rate was measured by Du
Pont 910 differential scanning calorimeter
(DSC) equipped with a mechanical cooling ac-
cessory. Samples were first melted at 85°C for
5 min, then quickly cooled to the crystalliza-
tion temperature(T.) and kept at T. for at
least 20 min, recording the heat of crystalliza-
tion as a function of time at T. The weight
fraction X, of material crystallized after time t
was determined by the relation'® ',

Xi= [ (dH/dvdr/ [ (dH/dvde )

where the first integral is the heat generated
at time t and the second is the total heat of
crystalhization for t=o00. X, can be obtained
from DSC crystallization thermogram.

RESULTS AND DISCUSSION

The crystallization isotherms were analyzed
with the Avrami equation'®:

1—Xi=exp(—Kt") (2)

where K is the overall kinetic rate constant
which depends on the rate of nucleation and
growth, and n, so called Avrami exponent, is a
parameter that depends on the nature of the
primary nucleation and the geometry of grow-
ing crystals. Eq(2) can be transformed into

The values of K and n can be obtained for
each isothermal crystallization temperature
from the intercept and the slope of a straight

line obtained by using the relation:
K=In 2/t»" (4)

where 12, the half —crystallization time, is de-
fined as the time for half of the crystallinity to
develop, which can be determined from the
crystallization isotherm.

Figure 1 shows the Avrami plots for PEQ/
SAA7(85/15) blend at various crystallization
temperatures. The linear relationships between
log[ —In(1—X,)] and log t for a large part of
crystallization process indicate that the crystal-
lization kinetics of this blend follows the

Ltog[-Ln{1-Xp]

T -10 ~0.6 -0.2 0.2 0.6
Logt

Fig. 1. Avrami plots for PEQ/SAA7(85/15, wt/
wt) blend at various crystallization tempera-
tures : (@) 36.1°C, (0) 3797, (w) 3987T,
(V) 41.8C, (M) 43.7C, and ([]) 45.6C.
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Table 2. Kinetic data of the isothermal crystallization for PEO/SA A15 blends
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PEQ/SAA15(wt/wt) T, C n K, min™" t1/2, min
85/15 34.1 2.08 6.39 0.34
36.1 1.96 4.75 0.37
38.0 1.92 2.88 0.48
39.7 1.92 1.27 0.73
41.7 2.01 0.49 1.19
43.7 1.96 0.15 2.19
80/20 31.3 2.23 5.70 0.39
33.3 2.05 3.16 0.48
35.1 2.04 1.82 0.62
37.0 2.07 1.17 0.78
38.9 2.08 0.28 1.55
41.0 2.16 0.07 2.90
75/25 31.3 2.31 0.42 1.24
329 2.44 0.16 1.85
35.0 2.14 0.11 2.36
36.9 1.86 0.12 2.55
38.8 1.97 0.04 4.11
40.6 1.63 0.04 5.76
70/30 31.3 1.44 0.13 3.20
33.3 1.62 0.06 4.74
35.1 1.77 0.01 9.67
Table 3. Kinetic data of the iosthermal crystallization for PEO/SAA(85/15) blends
Sample ToC n K, min™" t12, min
PEO/SAA7 36.1 2.04 13.52 0.23
37.9 2.04 8.83 0.29
39.8 2.04 6.16 0.34
41.8 1.98 3.30 0.46
43.7 1.99 1.38 0.71
45.6 2.00 0.36 1.39
PEO/SAAI15 34.1 2.08 6.39 0.34
36.1 1.96 4.75 0.37
38.0 1.92 2.88 0.48
39.7 1.92 1.27 0.73
41.7 2.01 0.49 1.19
43.7 1.96 0.15 2.19
PEO/SAA19 33.0 1.98 2.06 0.58
34.9 2.01 1.08 0.80
36.8 1.99 0.43 1.28
38.7 2.04 0.15 2.09
40.6 2.06 0.03 4.42
PEO/SAA29 32.1 2.11 1.15 0.79
34.0 1.96 0.68 1.00
35.9 2.04 0.30 1.52
37.8 2.10 0.13 2.19
39.7 1.82 0.06 3.77
41.6 1.75 0.01 9.88




154 BEAETHA A1H A3Z (1991)

(min™)

-1
Vip

t

Te (°C)

Fig. 2. Reciprocal of crystallization half —time vs.
crystallization temperature for PEO/SAA15
blends : () 85, ([J) 80, (¥) 75, and (V) 70
weight percent PEO.

Avrami equation up to high degree of conver-
sion. The other blends also show similar behav-
ior.

The kinetic parameters are listed in table 2
for PEO/SAA15 blends of various blend ratio,
and those are listed in table 3 for the blends
with the fixed blend ratio (85/15) of various
copolymer compositions of SAA used. The
Avrami exponents are independent of the crys-
tallization temperature and these values are
close to 2 for all the samples except for PEOQ/
SAA15 (70/30) blends. It means that the
crystallizaion mechanisms for these blends are
similar, while the crystallization process for
PEO/SAA15 (70/30) blend differs from the
above cases.

As shown in figure 2, the isothermal crystal-

' decreases

lization rate represented by ti2”
with increasing the crystallization temperature

and decreases with the addition of non-—

crystallizable SAA component. According to -

the general theory for the growth rate of a
miscible blend consisting of a crystalline and
an amorphous polymer the glass transition
temperature of the blend significantly influenc-
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Fig. 3. Reciprocal of crystallization half —time vs,
crystallization temperature for PEQO/SAA (85/15)
blends: () SAA7, (0) SAAI1L5, (W) SAAIY,
and (V) SAAZ29.

es the crystallization rate of the crystalline
component.'® The addition of an amorphous
polymer to a crystallizable one will lower the
crystallization rate if the glass transition tem-
perature of the blend is higher than that of the

-crystalline one, since the transport of- the

crystallizable polymer onto the crystal growth
surface is retarded. Conversely, a higher crys-
tallization rate will be expected if the glass
transition temperature of the blend is lower
than that of the crystallizable one. In this
study, the glass transition temperatures of the
blends are higher than that of pure PEO.”
Therefore, the diffusion of PEO to the crystal
growth sites becomes difficult and the crystalli-
zation rate decreases.

In order to investigate the effect of the co-
polymer composition on the isothermal crystal-
lization rate, the t,»"' is plotted against T, for
the fixed composition blend samples using the
different copolymer compositions in figure 3.
This plot indicates that, at constant T, the
crystallization rate of the blends decreases
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with increasing the acrylic acid (AA) content
of the copolymer. The glass transition tempera-
ture increases as the AA content in the SAA
copolymers increases, since the strength of
intermolecular interaction between PEO and
SAA increases with the AA content in the
SAA copolymers. Therefore, the segmental
motion is more restricted with increasing the
AA content in the SAA copolymers, which
leads to the decrease of the crystallization rate
of the blends.

CONCLUSIONS

The crystallization kinetics for PEQ/SAA
blends was investigated on the basis of the
Avrami equation. The crystallization process
of these blends follows the Avrami equation up
to high degree of conversion. The Avrami ex-
ponents are independent of the crystallization
temperature and these values are close to 2 for
ali the samples except for PEOQ/SAA15 (70/
30) blend.

The isothermal crystallization rate of PEO in
PEO/SAA blends decreases with increasing
the SAA content and with increasing the
acrylic acid content in the SAA copolymers at
the fixed blend ratio. This result is well consis-
tent with the facts that these blends are misci-
ble and that the interaction energy density in-
creases with the acrylic acid content in the
SAA copolymers.”
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