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ABSTRACT: The miscibility and crystallization behavior of binary crystalline blends of poly(butylene
terephthalate) [PBT] and polyarylate based on Bisphenol A isophthalate [PAr(1-100)] have been
investigated using differential scanning calorimetry (DSC) and wide-angle X-ray diffraction (WAXD).
Both polymers were able to crystallize over a wide range of blend composition and temperature. This
blend system exhibited a single composition-dependent glass-transition temperature over the entire
composition range and two distinctive melting peaks in some compositions. The equilibrium melting
point depressions of both PBT and PAr(1-100) were observed, and the Flory—Huggin’'s interaction
parameter of y1,pem) = —1.3 was obtained. It indicated that these blends were thermodynamically miscible
in the melt. The crystallization rate of neat PAr(I-100) was very slow. However, it was much faster
when the PBT was added. The crystallization rate of PAr(l1-100) was significantly influenced when the
PBT crystal was previously formed. It was not only due to the amorphous phase composition shifted to
a richer PAr(1-100) content after the crystallization of PBT but also to the constraint of the PBT crystal
phase. On the other hand, the crystallization rate of PBT was reduced due to the addition of PAr(1-100).

Introduction

In the past two decades, many miscible polymer
blends have been well studied and documented by
industrial and scientific research.? Most of them
focused on the polymeric mixture containing two amor-
phous components or amorphous and semicrystalline
components.3~> On the other hand, polymer blends
containing two crystalline components are less fre-
quently discussed.

In crystalline/crystalline blends, cocrystallization is
unfavorable because it requires close matching of chain
conformations and lattice parameters. Furthermore,
both polymers must exhibit a certain degree of miscibil-
ity in the melt and the crystallization kinetics of both
polymers cannot be significantly different, as has been
discussed and issued by Kyu and Vadhar.6 However,
only a few cases are identified as isomorphic systems.”—9
For example, the study of a poly(aryl ether ketone) blend
has proven to be the cocrystallization since the differ-
ence of the ketone content is less than 25 wt %.'° More
recently, several blends such as poly(ethylene oxide)/
poly(3-hydroxybutyrate),'* poly(vinylidene fluoride)/
poly(3-hydroxybutyrate),’? poly(vinylidene fluoride)/
poly(1,4-butylene adipate),’® and poly(ethylene tereph-
thalte)/poly(butylene terephthalte)'4 have been studied
and reported in the literature.

The purpose of the present study is to understand the
nature of miscibility and crystallization behavior in
crystalline/crystalline polymer blends. In this work, we
tentatively chose the poly(butylene terephthalate) [PBT]
and polyarylates [PAr(I1-100)], a homopolymer of Bisphe-
nol A isophthalate, as the blend system. These poly-
mers are both crystalline in their neat state, which
undergo crystallization over a wide range of tempera-
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ture. Nevertheless, the melting point of PBT is ca. 224
°C and that of PAr(I-100) is ca. 300 °C. Therefore, the
crystallization behaviors of both components can be
studied separately due to the more than 70 °C difference
in melting point.

Polyarylates based on Bisphenol A with isophthalates
are not commercially available now. However, its
homologous copolymers (i.e., polyarylates based on
Bisphenol A with iso/terephthalates), PAr have been
commercialized and recognized as important materials
due to high distortion temperature, excellent mechanical
properties, and toughness, especially the ultraviolet
(UV) resistance after long time exposure.’>17 The
polymer blends of PBT and commercialized PAr have
been studied intensively.’8-20 However, the study of
PBT/PAr(1-100) blends is limited. According to their
studies, PBT/PAr blends were shown to be miscible by
precipitation from 40:60 wt % tetrachloroethane/phenol—
methanol. Hence, it is expected that the PBT/PAr(I-
100) is a miscible blend. An intermediate can be
obtained with properties to meet certain needs. Most
of all, the concepts to explain the binary crystalline
phenomenon of PBT/PAr(I-100) are somewhat different
compared with the traditional viewpoints.

Experimental Section

Materials. The PBT sample was kindly supplied by Nan-
Ya Plastics Co. Inc. (article no. PBT-1100). Its intrinsic
viscosity (V) was ca. 0.85 dL/g, determined from 60:40 wt %
phenol/1,1,2,2-tetrachloroethane cosolvent at 30°C. The M,
of PBT was converted from IV to be 27 400 by using an
adequate Mark—Houwink constant.?! The PAr(1-100) used in
this work was synthesized by feeding Bisphenol A with 100%
isophthaloyl chloride via interfacial polymerization. The PAr-
(1-100) was a homopolymer of polyarylate. The detailed
preparation and reaction mechanism were demonstrated in
Chu and Lee’s® work. Its weight-averaged molecular weight
(My, ~ 61 400) was measured by gel-permeation chromatog-
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raphy (GPC) in tetrahydrofuran solution relative to polysty-
rene standards.

Blends of PBT and PAr(l-100) were prepared by dissolving
a total amount of 2 g of PBT/PAr(1-100) in weight fractions
100/0, 85/15, 65/35, 50/50, 35/65, 15/85, and 0/100 in 100 mL
of the same cosolvent, as described in intrinsic viscosity
measurements. Stock solutions of both polymers were stirred
at 80 °C for 4 h and then dropwise added to ten-fold excess of
methanol. To remove the residual solvent completely, the
precipitate was filtered off and washed with methanol. Then
the resulting precipitate was further placed in vacuum oven
at 100 °C for 3 days until it reached constant weight. To make
sure that the solvent was removed completely, it was checked
by TGA. The result of TGA did not show any weight loss
before 300 °C.

Characterization. The backbone structure of PAr(1-100)
was checked by the 'H-NMR technique. These detailed
procedures could be found in the literature reported by Runt
et al.2 The NMR results showed that the polymer was a
homopolymer of polyarylate. The measurement of the thermal
behavior was conducted with a DuPont TA instruments (DSC
9900) equipped with a liquid nitrogen cooling system. The
corresponding peak temperature and heat of fusion were
calibrated using pure indium and cadmium standards. Sealed
aluminum pans containing 5—10 mg samples were operated
at the scanning rate of 20 °C/min in all experiments. In order
to eliminate the previous thermal history, all samples were
heated above the melting point (i.e., 300 °C) for 5 min so as to
destroy the initial morphology. For the determination of glass-
transition temperatures, the cell must be cooled as quickly as
possible. The glass-transition temperature was recorded as
the midpoint of heat capacity jump, and the melting point was
obtained from the peak value of the endotherm from the second
run. All measured data reported are at least twice those of
DSC scans based on mean values. Wide-angle X-ray diffrac-
tion (WAXD) was performed on a Philips PW-1170 rotating
anode generator with nickel-filtered Cu Ka radiation at an
accelerating voltage of 40 kV and a current of 30 mA. The
samples used in WAXD were prepared by compression mold-
ing. The sample thickness was approximately 0.2 mm. Data
were collected with a step size of 0.04° from 26 = 10 to 60°.
The calibration of sample-to-detector distance was employed
using the silicon single crystal.

Results and Discussion

The glass-transition temperature (Tg) was measured
on the melt-quenched samples of PBT/PAr(1-100) at a
cooling rate over 100 °C/min and a heating rate of 20
°C/min. The glass-transition temperatures of blends
observed in dynamic DSC scans were indicated by an
arrow in Figure 1. A single composition-dependent Tg
with intermediate value between their respective neat
state was found for each blend. It indicated that PBT
and PAr(1-100) were miscible in the melt. The partial
crystallization of PBT was inevitable even partial
crystallization of PBT under such quickly quenching
conditions, except for the blends that the PBT weight
ratio was less than 65 wt % (Figure 1 and Table 1). On
the other hand, PAr(1-100) partially crystallized for the
blends of PBT/PAr(1-100) = 35/65 and 15/85 on quench-
ing process (Figure 1 and Table 1). The amorphous
composition must be corrected due to the crystallization
during the quenching process. The crystallinity of PBT
(¢c,peT) IN Melt-quenched sample was calculated from
the following equation:

AH . pgr — AH, ppr
AHfgpr

Xc,PBT —

where AHc¢per was the recrystallization exotherm,
AHnper was the melting endotherm of PBT, and
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Figure 1. DSC traces recorded from second run of PBT/PAr-
(1-100) Blends. Ty is indicated by an arrow.

AHfgpr was the fusion heat of 100% PBT crystal.
Then, the composition of amorphous was calibrated by
removing these previously formed PBT crystalline frac-
tions. The crystallinity of PAr(1-100) in the melt-
guenched sample was not able to be calculated due to
the lack of the heat of fusion of 100% PAr(I-100) crystal.
However, the crystallization of PAr(1-100) during quench-
ing was so slight that the correction of amorphous
composition was not necessary, except for blends of PBT/
PAr(1-100) = 35/65 and 15/85. In order to be more
careful in dealing with the uncorrected blends, Tg's of
PBT/PAr(1-100) = 35/65 and 15/85 were not included
in the following mathematical treatment of Ty's. The
dependence of T4 on blend composition can be estimated
using classical Fox's law,?* (1), or Gordon—Taylor’s
equation,? (2):

1 W W,
= @
Tg,l Tg,z

Tg,blend

W Ty, + k(1 — Wl)Tg’2
w,; + k(1 —w,)

@)

Tg,blend =

where w; is the weight fraction, Kk is the fitting param-
eter that equals Aai/Acy, and Ac; is the difference
between the volume expansion coefficients in the glassy
and liquid states. Ty; is the glass-transition tempera-
ture of the pure component. Subscripts 1 and 2 denote
the PBT and PAr(1-100), respectively. The glass transi-
tion temperature of PBT between 30 and 45 °C has been
reported from DSC!826 measurements, which are inde-
pendent of crystallinity, as described by Illers.?’” How-
ever, the Ty of PBT was influenced by the thermal lag
of the instrument, which depends on the heating rate
and sample mass.?” The Tg4 of pure amorphous PBT
seems unavailable due to the crystallization of PBT on
guenching. Therefore, only four data points (85/15, 65/
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Table 1. Exo/Endothermic Heats Calculation of PBT/PAr(1-100) Blends

PBT/PAr(1-100) PBT phase PAr (1-100) phase

wt fraction (%) amorphous Tg (°C) AHJ/AHR2 AHp — AHP AHp/wt %° AHJ/AHR2 AH; — AHy? AHp/wt %°
100/0 37.87 0.05 54.48 57.46 N .Ad N.A. N.A.
85/15 43.23 0.48 27.85 63.60 N.A. N.A. N.A.
65/35 54.28 0.45 17.90 50.08 N.A. N.A. N.A.
50/50 75.36 0.98 0.56 47.66 0.98 0.17 17.07
35/65 96.60 1.00 0.00 41.14 0.89 1.97 27.28
15/85 136.74 N.A. N.A. N.A. 0.76 5.30 25.67
0/100 180.39 N.A. N.A. N.A. N.A. N.A. N.A.

a Ratio of recrystallization-exothermic and melting-endothermic heats: dimensionless. P Difference of endothermic and exothermic heats:
J/g. ¢ Endothermic heats by crystalline phase’s weight fraction: J/g. 9 N.A. means “not available”.
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Figure 2. T, versus composition as Fox and Gordon—Taylor
equation: (—) Fox's law; (- - -) Gordon—Taylor’s equation; (®)
experimental data.

35, 50/50, and 0/100) were fitted by Fox's law. A value
of 36.55 °C for the T4 of pure amorphous PBT was
obtained from curve fitting by Fox’s law. Then, this
value of 36.55 °C was used in the Gordon—Taylor’s
equation. The best fit of eq 1 (solid line) and eq 2 (dash
line) are shown in Figure 2. It was obvious that the
Tg—composition variation could be well described by
Fox’s law and Gordon—Taylor’s equation with k = 0.36.
Although the Gordon—Taylor equation gave a satisfac-
tory result for experimental data, nevertheless, it should
be noted again that the Ty difference between PBT and
PAr(1-100) was over 140 °C.

The overall thermal diagram of the PBT/PAr(I-100)
system established by dynamic DSC analysis, was
shown in Figure 1. For the blends with compositions
of 100/0, 85/15, and 65/35, only one melting point (T)
around 220 °C was found in each blend and it was the
melting point of PBT crystals. However, two melting
endotherms (around 220 and 280 °C) were found for the
blends with compositions of 50/50 and 35/65. The lower
melting point was the melting point of the PBT crystal
and the higher melting point was the melting point of
the PAr(1-100) crystal. For the blend of PBT/PAr(1-100)
= 15/85, only one PAr(I-100) melting point was found.
No melting point was found in the neat PAr(1-100). It
should be mentioned that the as-prepared PAr(1-100)
was completely amorphous. However, it could become
semicrystalline after long-term annealing. The mor-
phological transformation of PAr(1-100) before and after
annealing could be observed in DSC (Figure 3-1a,b) and
WAXD (Figure 3-2a,b) patterns. The crystallization
rate of neat PAr(I-100) was very slow. However, it was
significantly increased when the low-T4 component
(PBT) was added (Figure 1). Since the dynamic DSC
traces showed two distinct melting peaks for some
blends, it could be concluded that PBT and PAr(1-100)

crystals coexisted. Obviously, they did not form the
cocrystals due to different chemical structures. In
addition, they recrystallized at the different and well-
separated temperature regimes. The recrystallization
of PAr(1-100) occurred after the complete recrystalliza-
tion of PBT. During the heating process, it was found
that the recrystallization temperature of PBT increased
with the increased PAr(1-100) content except for the
neat PBT. This was primarily due to the increasing
high-T4 component PAr(1-100) in the amorphous phase,
causing the recrystallization shift to higher tempera-
ture. Although the crystal formed during the quenching
process would increase the recrystallization tempera-
ture, the crystallinity of the blend during the quenching
was decreased with the increasing PAr(I-100) contents
(see Table 1). The decreasing of crystallinity should be
favorable to the low-temperature recrystallization.
Therefore, the effect of the high-Ty components domi-
nated these behaviors. The most intriguing cases were
the recrystallization temperature of PAr(1-100) in the
50/50, 35/65, and 15/85 composition ranges. The re-
crystallization temperature of PAr(1-100) should de-
crease with the addition of low-T4 components (PBT).
However, the recrystallization temperature of PAr(l-
100) in the 35/65 blend was slightly higher than
observed in the 15/85 blend. It should be mentioned
that the recrystallization of PAr(1-100) occurred im-
mediately after the melting of PBT and might have
partially overlap with the melting of PBT in the 35/65
blend. It was possible that the remixing of PBT and
amorphous was not complete when the recrystallization
of PAr(1-100) occurred. On the other hand, the crystal-
lization rate of PAr(I-100) appeared to be significantly
improved by the presence of a small amount of PBT (i.e.,
the 15/85 blend) in comparison with the neat PAr(1-100).
It may be explained by the fact that the PBT increases
the segmental mobility of PAr(1-100). Thus, it enhances
the crystal growth of PAr(1-100).

Figure 4 shows the X-ray diffraction patterns of PBT,
PBT/PAr(1-100) = 50/50 blend, and PAr(1-100) which
isothermally crystallized at 200 or 250 °C. The X-ray
diffraction pattern of neat PBT was similar to that
reported by Tadokoro et al.2® The pattern of neat PAr-
(1-100) reconfirmed that it could crystallize and the
crystallization rate was very slow. It was found that
the 50/50 blend isothermally crystallized at 200 °C
revealed several extra peaks in comparison with the
neat PBT. Those peaks could be indexed by the neat
PBT and PAr(1-100), respectively. It reconfirmed that
the dual crystals could coexist in the 50/50 blend.
Although the PBT/PAr(l-100) blend was miscible and
the weak interaction existed between the unlike molec-
ular group of PBT and PAr(I1-100), the unit cells of PBT
and PAr(1-100) crystals were never significantly modi-
fied by each other.
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Figure 3. (Left) (a) DSC scan of amorphous PAr(1-100). (b) DSC scan of crystalline PAr(I1-100). (right) (a) WAXD pattern of
amorphous PAr(1-100). (b) WAXD pattern of crystalline PAr(1-100).
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Figure 4. X-ray diffraction (WAXD) patterns of isothermally

crystallized PBT/PAr(1-100) samples at different temperatures
for 12 h.

In order to understand the effect of the PBT phase
on the crystallization of PAr(1-100), and at the same
time, the effect of the PAr(I-100) phase on the crystal-
lization of PBT, we employed the ratio of exothermic
and endothermic heats (AHJ/AHp,), the difference of
endothermic and exothermic heats (AHn» — AH(), and
endothermic heats by the crystalline phase’s weight
fraction (AHn/wt %) to determine the degree of sup-
pression during the DSC second scanning. These
results are summarized in Table 1.

First, from column five (AHn/wt %) of Table 1, it was
found that the 85/15 blend had the largest crystallinity
of PBT. The result was similar to the results reported
by Porter et al.26 for PBT/PAr(150-T50) blends. Com-
paring blends with the neat PBT, it was found from
column three (AH/AHp) of Table 1 that for PBT-rich
blends (i.e., 85/15 and 65/35 blends), the crystallization
of PBT on quenching was partially suppressed by the
PAr(1-100) amorphous phase. Furthermore, the crystal-
lization of PBT on quenching was almost completely
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Figure 5. Thermodynamic behavior of PBT/PAr(I-100)
blends: (@) PAr(I-100) Tg,; (O) PAr(1-100) T¢; (a) PBT T2; (4)
PBT T; (M) blend Tg.

suppressed by the PAr(1-100) when the weight fraction
of PBT was less or equal to 50 wt %. With the
increasing amount of PAr(1-100), the suppression effect
on the crystallization of PBT was more pronounced.
However, the melting points of PBT were nearly invari-
ant up to 50/50 blend (Figure 1). On the other hand,
the PAr(1-100) was strongly influenced by the presence
of PBT in two aspects. The melting point of PAr(1-100)
was significantly decreased by increasing the amount
of PBT. This was not only the dilution effect of the PBT
amorphous phase but also the suppression effect of the
PBT crystalline phase. Also, the crystallization of PAr-
(1-100) was enhanced by addition of PBT. These be-
haviors were illustrated in Figure 5.

Before the discussion of isothermal crystallization
behavior of blends, an important factor, transesterifi-
cation, should be commented on here due to the long-
time isothermal crystallization at high temperature. It
was widely known that the interchange reaction com-
monly occurred in polyester blends. The interchange
reaction in polyester blends involved acidolysis, alco-
holysis, and direct transesterification. Devaux et al.?®
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Figure 6. DSC traces of PBT/PAr(l-100) 50/50 blend of

different heat-treatment conditions (see text). Ty is indicated
by an arrow.

had reported that direct esterification was likely to occur
in Bisphenol A polycarbonate (PC) with poly(ethylene
terephthalate) (PET) and poly(butylene terephthalate)
(PBT) blends. According to Kimura and Porter’s®®
research, they concluded that transesterified PBT/PAr
blends showed higher Tg's than the corresponding
physical blends and also showed a marked T, depres-
sion after treated in a vacuum oven at 250 °C for up to
16 h. To understand if a large degree of transesterifi-
cation reaction did occur in our cases, the sample
isothermally crystallized at 250 °C for 12 h was remelted
again and quickly quenched in liquid nitrogen. Then
the DSC scanning of the sample was carried out, and
the result is shown as trace F of Figure 6. It was found
that the DSC trace was similar to the case in Figure 1
for the 50/50 blend. The PAr(I-100) again recrystallized
after the recrystallization of PBT. It indicated, at least,
that the degree of transesterification was not large
enough to significantly affect the crystallization behav-
iors of these blends.

Figure 6 shows the series of DSC scans of PBT/PAr-
(I-100) = 50/50 blends by different heat treatments.
First, the trace A (crystallized at 150 °C for 12 h and
then quenched to 0 °C followed by dynamic scanning
up to 340 °C) exhibits only one endotherm of PBT. The
blend could not form the PAr(1-100) crystal during the
isothermal crystallization due to the low crystallization
temperature. The composition of amorphous phase
after the isothermal crystallization was shifted to 15/
85 by weight fraction (AH,, = 37.08 J/g of PBT). The
blend’s Tg shifted to a higher temperature (162.91 °C)
due to the change of amorphous composition and PBT
crystalline phase. However, the 15/85 blend without
previously formed PBT crystal (a little bit of PAr(I1-100)
previously formed) still could form the PAr(1-100) crystal
during the DSC scanning (Figure 1). Hence, the PAr-
(1-100) crystal could not be formed due to not only the
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change of amorphous composition but also the previ-
ously formed PBT crystal phase. Furthermore, the
blend could form the PAr(I-100) crystal if the sample
was quickly jumped to 200 °C and maintained at that
temperature for 12 h after the isothermal crystallization
at 150 °C for 12 h (trace B). In trace B, the melting
endotherm of PBT crystals was splitting into two peaks.
The lower temperature was the melting point of a
crystal formed during the crystallization at 150 °C. The
higher temperature was the melting point of the crystal
formed during the crystallization at 200 °C. The
magnitude and position of the PAr(1-100) endotherm
peak in trace B were comparable to those of the sample
isothermally crystallized at 200 °C (Figure 6, trace C).
Comparing traces A and B, it could be concluded that
the PAr(1-100) could be formed even with the PBT
crystal previously formed. However, the crystallization
of PAr(I-100) was significantly affected not only by the
change of amorphous composition but also the previ-
ously formed PBT crystals. The trace C (crystallized
at 200 °C for 12 h and then quenched to 0 °C followed
by dynamic scanning up to 340 °C) not only exhibited a
PBT’s endotherm but also a PAr(I-100)'s endotherm.
Obviously, they could crystallize at the same tempera-
ture. The melting point of PBT isothermally crystal-
lized at 200 °C was slightly higher than that of PBT
crystallized at 150 °C due to the higher crystallization
temperature. Trace D (crystallized at 250 °C for 12 h
and then quenched to 0 °C followed by dynamic scan-
ning up to 340 °C) also exhibited two melting peaks of
PBT and PAr(I1-100). Since the crystallization temper-
ature was higher than the T, of PBT, it could not to
form any crystal of PBT during the isothermal crystal-
lization at 250 °C. Obviously, the PBT crystal was
formed during the quenching and heating processes. It
meant that the PBT crystal could be formed even with
PAr(1-100) crystal previously formed. It should be
mentioned that the blend's T, shifted to a lower tem-
perature (54.48 °C), which is close to that of the
composition 56/44 by weight fraction (Figure 2). If one
considered the effect of previously formed PBT and PAr-
(1-100) crystals on the Tg, the amorphous phase should
be richer in PBT content. However, the blend also could
form the PBT crystals if the sample was quickly
guenched to 150 °C and maintained at that temperature
for 12 h after the isothermal crystallization at 250 °C
for 12 h (trace E). It was clear that the melting peak of
PBT compared with trace A was down to lower temper-
ature due to the previously formed PAr(I-100) crystals
[the amorphous phase should be PBT-rich after the
crystallization of PAr(1-100)].

The equilibrium melting point was determined using
Hoffman—Weeks?®? analysis. The equation was written
in the following form

1 1\

To= T+ (1 + ;)Tm 3)
where T, and T;, are the experimental melting tem-
perature and equilibrium melting temperature of PBT
in the blend, respectively. y is a proportional factor
between the initial thickness of a chain-folded lamella,
Ig*, and final lamellar thickness, ..

The equilibrium melting point, T;,, was obtained
from the extrapolation with the T, = T, line. Figure 7
shows the Hoffman—Weeks plots for PBT and it PBT/
PAr(1-100) blends, each piece of experimental data was
obtained by isothermal crystallization for 12 h. Data
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Figure 7. Hoffman—Weeks plots for PBT/PAr(1-100) blends:
(m) 100/0; (®) 90/10; (a) 85/15; (¥) 75/25; (®) 65/35.

Table 2. Hoffman—Weeks Analysis for
PBT/PAr(1-100) Blends

PBT/PAr(1-100)  equilibrium mp (°C)  thickening factor, y

100/0 241.42 1.82
90/10 237.69 1.87
85/15 234.62 1.85
75125 233.16 1.73
65/35 231.41 1.66

of 50/50 and 35/65 blends were dropped off due to the
coexistence of PBT and PAr(I-100) crystals. Additional
data of 90/10 and 75/25 blends were added. Thus, the
samples used in Figure 7 contained the PBT crystals
only. The values of Ty, and y are listed in Table 2. The
equilibrium melting point of PBT was reasonable in
comparison with the data reported by Kimura et al.28
(240 °C) and Cheng et al.3! (245 °C) but was lower than
that reported by Cebe and Huo? (249 °C). It was hard
to make a direct comparison due to the different
materials and blend compositions they used. We could
find from Table 2 that the thickening ratio, y, decreased
with increasing PAr(1-100) content. This inferred that
the PBT crystals became less stable due to the smaller
lamellar thickness. However, the y values of PBT/PAr-
(1-100) 90/10 and 85/15 blend were greater than that of
neat PBT. ,It might be helpful for PBT to become stable
with a small amount of PAr(I-100).

The melting point depression of a crystalline phase
with noncrystalline polymeric diluent in a miscible
blend was derived by Nishi and Wang.3? The equation
could be written as

1 1 Z_RVZ'”¢’2+L_L¢ 3
T:’l T;1' AH?VI MZ M2 Ml !

RV,
F;Vl(% 12017) (4)

where V is the molar volume of the polymer repeating
unit, ¢ is the volume fraction of the component in the
blend, AH¢ is the perfect crystal heat of fusion of the
crystallizable polymer, M is the degree of polymeriza-
tion, R is the universal gas constant, T;, is the equilib-
rium melting point of pure crystalline polymer, Ty is
the equilibrium melting point of a blend, and y12 is the
polymer/polymer interaction parameter. The subscripts
1 and 2 denote the amorphous and crystalline compo-
nents, respectively. If the entropy of mixing could be
negligible and the melting point depression was domi-
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Figure 9. Hoffman—Weeks plots for PAr(1-100)/PBT blends:

(m) 100/0; (@) 85/15.

nated by an enthalpic term, then the equation reduces
to

TO

m

RV, ) .

T'?n' AH;\/l(X12¢1 ) ( )

It was well-known that experimental factors such as
scanning rate, crystallization temperature range, and
time of crystallization could affect the values obtained.
Figure 8 shows the plot to obtain y12 from eq 5. The
following parameters are used: AHf = 31.2 kJ/mol of
monomer (converted from 142 J/g),%” V1 = 266.2 cm3/
mol of monomer, and V; = 129.6 cm3/mol of monomer.
The molar volume of PAr(I-100) is assumed the same
as that for PAr used by Kimura and Porter.?6 The
interaction energy density, B, which is equal to y1,RT/
Vi, would also be calculated. From the slope of the
curve, it was found that y;, = —1.3 (at 241 °C) and ; B
= —5.0 J/(cm?3 of PBT). It reconfirmed that the poly-
meric mixture was thermodynamically miscible in the
melt.

A similar approach was also suitable for PAr(1-100)
as a crystalline phase. Considering the ester-inter-
change reaction and the time required for the PAr(l-
100) crystallization, two blends (100/0 and 85/15 blends)
were chosen to achieve the equilibrium melting tem-
peratures. Figure 9 showed the Hoffman—Weeks plot
of PAr(I-100)/PBT blends. The result was listed in
Table 3.

By comparison of Tables 2 with 3, it was found that
the depression magnitude of PAr(I-100) was greater
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Table 3. Hoffman—Weeks Analysis for

PAr(1-100)/PBT Blends

equilibrium mp (°C)

389.40
376.72

PAr(1-100)/PBT

100/0
85/15

thickening factor, y

1.56
1.74

than that of the PBT crystals. It inferred that the PAr-
(1-100) molecule was more favorable to mix with the
PBT. Unlike the PBT-rich blends, the plot has an
intersection at T, = 304 °C. In the meantime, the larger
thickening factor of the 85/15 blend also implied that
the existence of the PBT matrix could enhance the
mobility of the crystallizable chain segments. Thus, it
formed a thicker lamellae than the neat PAr(1-100). This
influence of PBT crystallites on the crystallization of
PAr(1-100) and the evidence of melting point depression
for the 85/15 blend suggested the miscibility of PAr(l-
100) and PBT in the melt.

Conclusion

The PBT/PAr(I-100) blend system exhibited a com-
position-dependent single Ty over the entire range of
composition and an equilibrium melting point depres-
sion associated with a negative interaction parameter.
It indicated that they were miscible in the whole range
of composition. PBT and PAr(I-100) were able to form
crystals at the same temperature simultaneously for the
50/50 blend. However, it did not form a cocrystal. Also,
they could crystallize separately. It offered a chance
to observe the effect of the crystal phase on the crystal-
lization of the other components. The crystallization of
PAr(1-100) was much faster when the PBT was added.
It was due to the increasing segmental mobility by
addition of low-Ty components. However, the previously
formed crystallites of PBT in the blend suppressed the
crystallization of PAr(1-100). It was due to the con-
straint of crystallites on the segmental mobility. The
crystallization of PBT is slightly influenced by the
presence of amorphous PAr(1-100) but severely sup-
pressed by the presence of crystalline PAr(1-100).
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