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INTRODUCTION

ABSTRACT: The POB/PBT copolyesters, designated B28, B46, B64, and B82, were
prepared from p-acetoxybenzoic acid (PAB) and poly(butylene terephthalate) (PBT).
The polymeric products obtained were then ground and subjected to solid-state poly-
merization under vaccum for 4 h. The melting and crystallization behaviors of these
copolyesters haven been studied by differential scanning calorimetry (DSC). In the DSC
scan of the POB-rich composition, the endothermic peak shows obscurely, and enthalpy
of fussion becomes small due to the change in the crystalline morphology from isotropic
to anisotropic. In general, the melting point of the copolyester is increased by the
solid-state polymerization reaction. Also, thermogravimetric analysis (TGA) were per-
formed with these samples obtained. It was found that the decomposition temperature
(T,) is increased as the POB content is increased. Effects of composition and solid-state
polymerization on the decomposition temperature of copolyesters are also discussed.
The crystalline morphology of copolyester was investigated with a Zeiss polarized
optical microscope. It was found that the POB/PBT copolyesters with 60 mol % POB
was shown to be highly anisotropic. © 2000 John Wiley & Sons, Inc. J Appl Polym Sci 78:
2363-2368, 2000
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late-p-oxybenzoate)] copolyesters, called POB/

For a polymer to exhibit thermotropic liquid crys-
talline behavior, it must be able to melt or become
liquid-like, and the oriented aggregates of rod-
like moieties must be stable in the melt state. The
series of copolyesters, based upon poly(ethylene
terephthalate) (PET) that has been copolymerized
with p-acetoxybenzoic acid (PAB) or p-hydroxy-
benzoic acid (PHB), has been investigated for
their structure and properties by several re-
searchers.’™° The co[poly(ethylene terephtha-
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PET, have been shown to exhibit liquid crystal-
linity at or above 35 mol % POB. In our previous
research on blends of PET with POB/PET, we
reported on the crystallization kinetics by
DSC!'2 and morphologic observation by polar-
ized light microscopy'® and compatibility by scan-
ning electron microscopy (SEM)'* and also on the
interchange reaction between PET and POB/PET
by proton NMR.15-16

Poly(butylene terephthalate) (PBT) has a sim-
ilar structure to that of PET, and poly(p-oxyben-
zoate) incorporated with PBT would be expected
to exhibit liquid crystalline behavior at certain
compositions. The series of POB/PBT copolyesters
has not been investigated to as great an extent as
POB/PET copolyesters. The solubility, thermal
properties, and liquid crystalline properties of
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POB/PBT copolyesters have been reported by
Chen and coworkers.'” They found that POB/PBT
copolyesters with 40—60 mol % POB content ex-
hibited a continuous nematic phase. In my previ-
ous article,'® the exact composition and sequence
distribution of the copolyester were investigated.
For this article, we present the results of melting
and crystallization behaviors, thermol stability,
and crystalline morphology of POB/PBT copolyes-
ters.

EXPERIMENTAL

Materials

The POB/PBT copolyesters with various POB/
PBT compositions have been synthesized accord-
ing to the procedure as reported in my previous
article.'® These copolyesters contain different
POB/PBT mol ratios: 20/80 in B28, 40/60 in B46,
60/40 in B64, and 80/20 in B82. PBT was a com-
mercial product from the Far East Texile Co.
(Taoyuan, Taiwan), having an intrinsic viscosity
of 1.0 (dL/g) measured at 30°C in 60/40 by weight
phenol/tetrachloroethane solvent.

DSC Measurement

The weight of all samples was kept between 10
and 11 mg for DSC evaluation. DSC measure-
ments were carried out in a DuPont DSC cell
equipped with a DuPont 2000 thermal analyst
system. The reference material used was a blank
aluminum pan. Samples were heated to 300°C at
a heating rate of 10°C/min under a nitrogen at-
mosphere, held for 3 min to destroy anisotropy,
and then cooled at 10°C/min to 30°C. Both ther-
mal and crystallization parameters were obtained
from the heating and cooling scans. 7T',, was cosi-
dered to be the maximum of the endothermic
melting peak from the heating scans, and 7', that
of the exothermic peak of the crystallization from
the cooling scans. The heat of fusion (AHf ) and
crystallization heats (AH_) were determined from
the areas of melting peaks and crystallization
peaks. All results are the average of three sam-
ples.

Thermogravimetric Analysis (TGA)

The thermogravimetric analysis for all samples
was performed by a DuPont 2950 TGA system.
The TGA measured weight change of the material
was a function of temperature at a heating rate of
10°C/min under a nitrogen atmosphere.

Polarized Optical Microscopy (POM)

Specimens were observed using a Zeiss polarized
microscope (III), equipped with a programmable
Mettler FP82 HT hot stage. The specimens held
between two thin microscope cover slips were pre-
pared in a hot stage preheated at 250°C. When
the blends melted, they were pressed on the up-
per cover slip and then immediately quenched by
liquid nitrogen. The sequence of heating, press-
ing, and quenching was always accomplished in
under 20 s.

RESULTS AND DISCUSSION

Polarized Optical Microscope (POM)

Polarized optical microscope was used to obscure
the crystalline texture of polymer crystalline. As
seen in our previous report [Fig. (3a)],'° it is ob-
vious that the texture of PBT shows the typical
spherulites texture. B28 is a random copolymer
with a low POB content, and the POB sequences
are short. Under polarized light, the B28 melt
showed no explicit melt birefringence. Yet POB
sequences of B46 are longer than that of B28. The
patterns of B46 show a dispersed anisotropic
phase in a continuous isotropic phase, yet keep
the isotropic and anisotropic biphases. We believe
that the structure of POB/PBT is similar to that of
POB/PET. The shapes of the crystalline in this
composition begin to exhibit the general me-
sophase, but a similar type of PBT spherulites.
For B64, the mesophase become continuous, and
the patterns show the typical threaded texture,
which is consistent with a nematic phase. B82
could not melt or become liquid-like on the hot
stage. Its crystalline morphology could not be ob-
served by a polarized optical microscope.

Thermal Behaviors

The results of DSC heating and cooling scans for
POB/PBT copolyesters are shown in Figure 1(a)
and 1(b), respectively. It is evident that there is a
endothermic melting peak in all of the heating
scans, and there is a distinct exothermic crystal-
lization peak in all of the cooling scans except for
B82. The various thermal and crystallization pa-
rameters determined from heating and cooling
scans for all copolyesters are given in Table I. The
melting temperatures (7},,) and the heat of fusion
(AH)) of PBT are 223°C and 36.9 J/g, respectively.
It has been shown in Table I that the T, of B28 is
lower than that of PBT, and the AH, of B28 is
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Figure 1 DSC thermograms of POB/PBT copolyesters (a) heating scans, (b) cooling
scans.

smaller than that of PBT. The depression in the ration of POB moiety. The T, of the copolyesters
T,, and AH, are attributable to the destruction of decreased as the POB content increased in the
the PBT isotropic crystal domain by the incorpo- range from 20 to 80 mol %. The AH of the copoly-
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Table I DSC Data of PBT and POB/PBT Copolyesters

Melting (From Heating Scans)

Crystallization (From Cooling Scans)

Onset T, AH, Onset T, AT, AH,

Composition °C) °C) (J/g) (°C) (°C) °C) J/g)
PBT 203 223 36.9 203 189 22 37.2
B28 179 209 23.3 196 185 25 21.5
B46 169 191 19.0 172 164 32 18.5
B64 131 183 12.1 161 154 23 10.7
B&2 144 169 2.0 — — — —

2 Cannot be detected.

esters were always smaller than that of pure
PBT, and decreased as the POB content in-
creased. The POB/PBT copolyesters are random
copolyesters, as confirmed by my previous arti-
cle.’® The decrease of the T, and AH, was attrib-
uted to the inclusion of the rigid POB unit in the
PBT chain, which causes a decrease in their crys-
tallizable segment length. B64 showed a broad
and obscurely melting peak at 183°C, and a small
AH,due to the change in the crystalline morphol-
ogy from isotropic to anisotropic. The mesophse of
B64 observed by POM becomes the continuous
phase, resulting in a broad peak during the ther-
mal process because the heating process deals
with a rigid chain-softening process of the liquid
crystalline polymer.

The crystallization peak temperature (7)) and
crystallization peak width (AT,) of PBT are 189
and 22°C, respectively. The T, of the copolyesters
are always lower than that of pure PBT, and
decreased as the POB content increased in the
range from 20 to 80 mol %. Changes in the crys-
tallization peak width (AT,) and the heat of crys-
tallization (AH,) are related to the overall crystal-
lization rate and the extent of crystallization, re-
spectively. The AT, and the values of AH, for the
POB/PBT copolyesters are broader and smaller
than those of pure PBT. These results reveal that
the overall crystallization rate and the extent of
crystallization of POB/PBT copolyesters are
smaller than those of pure PBT.

The heat of fusion, AH/, normalized per gram of
PBT homopolymer, is seen in Table II to decrease
with an increase in the POB content. The degree
of crystallinity (PBT component) of POB/PBT co-
polyesters could be obtained from the heat of fu-
sion of fully crystalline PBT (34.5 cal/g).2° The
degree of crystallinity shown in Table II decreases
with an increase in the POB content also. This
result was attributed to the inclusion of a POB

unit in the PBT chain. From the NMR analysis,'®
the POB/PBT copolyesters with a higher POB
content exhibit a longer POB-POB sequence (a
shorter PET-PET sequence).

Thermogravimetric Analysis

Figure 2 shows the thermogravimetric curve of
PBT. The thermogravimetric curves of the POB/
PBT copolyesters are like that of PBT. The cate-
gory of a thermogravimetric curve in TGA is de-
termined by the average decomposition tempera-
ture (T,;) as well as the lower decomposition
temperature (7;) and the upper decomposition
temperature (7',). The experimental data ob-
tained from thermogravimetric curve are summa-
rized in Table III. It is clear that the decomposi-
tion temperature of POB/PBT copolyesters de-
pends primary on the POB content. It is shown in
Table III that the decomposition temperature is
increased as the ratio of POB moiety is increased.
This is may be explained by the fact that the
decomposition temperature of poly(p-oxybenzo-
ate) (515°C)*! is higher than that of PBT (419°C).
From the results of the previous report,?' the
higher degree of polymerization of the same
chemical segment may be less stable under the

Table II The Crystallinity of POB/PBT
Copolyesters

Copolyester AH, (J/g - PBT) Crystallinity (%)*
B28 25.6 17.3
B46 25.0 16.9
B64 18.8 12.7
B&2 —b —

2 Calculated by the heat of fusion of fully crystalline PBT
(34.5 cal/g).2®
b Cannot be detected.
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Figure 2 TGA curve for PBT.

thermal decomposition temperature in POB/PET
copolyesters. For POB/PBT copolyesters, the
lower decomposition temperature is related to the
PBT moiety, and the upper decomposition tem-
perature is related to the POB moiety. The lower
decomposition temperature of POB/PBT copolyes-
ters are higher than that of pure PBT (400°C) by
1 to 2°C. This result reveals that the chain length
of the PBT unit in the POB/PBT copolyesters is
slightly shorter than that of the pure PBT. In
contrast, the upper decomposition temperatures
of POB/PBT copolyesters are significantly larger
than that of PBT (438°C). The reason is that the
upper decomposition temperature is related to
the POB moiety, which is hard segment. The in-

troduction of POB moiety into the structure com-
position causes the increase in the upper decom-
position temperature for the POB/PBT copolyes-
ters. The upper decomposition temperatures of
B28, B46, and B64 are about at 450°C, indicating
that they exhibit about the same chain length as
that of the POB unit. The upper decomposition
temperatures of B82 show an upper temperature
of 498°C, a jump of 48°C from the 450°C of B64,
and are larger than that of pure PBT by 60°C. The
reason for this jump in the upper decomposition
temperature is not clear at this point. One of the
possible explanations is that the content of POB
unit in B82 is 80%, and the upper decomposition
temperature must be close to the the upper de-

Table III TGA Data of PBT and POB/PBT Copolyesters

T, T, T, AT T,.
Composition °C) °C) °C) °C) °C)
PBT 400 419 438 38 —
B28 401 421 452 52 423
B46 401 423 448 43 424
B64 402 426 450 48 428
B82 402 458 498 96 496

T,: lower decomposition temperature, T';: decomposition temperature.
T,: upper decomposition temperature, AT = T, — T,.
T ,.: decomposition temperature after 4-h solid-state polymerization.
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composition temperature of poly(p-oxybenzoate)
(532°C).?! Moreover, the difference between up-
per and lower decompostion temeratures (A7) of
POB/PBT copolyesters are larger than that of
pure PBT (38°C). This means that the POB/PBT
copolyesters exhibit more uniform thermal char-
acteristics over the broad heating temperature
interval. The value of AT of B82 is about two
times that for those of another three copolyesters.
This fact means that B82 has the most uniform
thermal characetristics.

The effect of 4-h solid-state polymerization on
the decomposition temperature of the POB/PBT
copolyesters is shown in Table III. The decompo-
sition temperature after 4-h solid-state polymer-
ization (T;,) are always higher than those of de-
composition temperature before 4-h solid-state
polymerization. The result is similar to the result
of POB/PET copolyesters after 4-h solid-state po-
lymerization.?!

The POB/PBT copolyesters were made from
the hard segment of p-oxybenzoate (POB) moiety
and soft segment of poly(butylene terephthalate)
(PBT) moiety. The introduction of POB moiety
into the structure composition causes the increase
in the decomposition and the upper decomposi-
tion temperature. The decomposition tempera-
ture and the upper decomposition temperature
are increased as the ratio of the POB moiety is
increased.

CONCLUSIONS

Under polarized light, the B28 melt showed no
explicit melt birefringence. The POB/PBT copoly-
esters with 40—60 mol % POB content exhibited
an anisotropic phase, and B64 exhibited the typ-
ical threaded texture of nematic liquid crystal-
line.

The AH, of the copolyesters were always
smaller than that of pure PBT, and decreased as
the POB content increased. The AT, and the val-
ues of AH, for the POB/PBT copolyesters are
broader and smaller than those of pure PBT. B64
showed a broad and obscurely melting peak at
183°C and a small AH, due to the change in the
crystalline morphology from isotropic to anisotro-

pic.

The decomposition temperature and upper de-
composition temperature of the POB/PBT copoly-
esters were increased as the POB content in-
creased. The thermal stability of POB/PBT co-
polyesters will be increased by 4-h solid-state
polymerization.
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