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ABSTRACT: The i situ compatibilization of poly(butylene terephthalate} (PBT) with liquid crys-
talline polyester via catalyzed transesterification reaction was examined through thermal, rheological,
morphological and mechanical studies. The addition of the catalyst, dibutyltin-dilaurate, was found to
promote the transesterifications between PBT and LCP within a short reaction time. Produced co-
polymer acted on the interface to diminish the size of the dispersed phase (LCP), enhanced in-
terfacial adhesion and caused an early increase of flexural strength. Depending on the amount of
PET moiety in the LCP copolymer, physical properties showed different behaviour. Flexural
strength was reduced after a long time reaction due to the chain scission. Transesterification con-

firmed by NMR spectroscopic analysis played a major role in the interchange process.

Introduction

Transesterification or ester exchange reactions
are well established in polyesters and the like poly-
ester liquid crystalline polymers, at melt pro-
cessing temperatures above 230°C. They have been
reported in the literature to explain the partial mis-
cibility observed in certain blends such as poly
(ethylene terephthalate}/Polycarbonate, poly(bu-
tylene terephthalate) (PBT}/polyarylate, polyester/
phenoxy or polyester/polyester liquid crystalline
polymer blends.”* A specific polyester copolymer,
a modified linear PET incorporating a concen-
tration range of the p-oxyhenzoate(POB) moiety
has heen extensively studied and was found to
show a nematic mesophase.™ One of these co-
polymers, containing 60~70 mol% POB units, show-
ed maximum mechanical properties which is su-
perior to the corresponding glass fiber reinforced
PET.™ PET has been used as a matrix resin in sev-
eral blends with liquid crystal polymers.” Blends of
PBT and polyesters (liquid- crystalline polyesters
and a polyarylate) were recently studied by Porter
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et al®"* and by the present authors.' According to
Porter et al's study, even when PBT was in-
timately mixed with another polymer in an amor-
phous state and the blends exhibited a single, sharp
glass transition, PBT could crystallize when the
blend was raised above the glass transition term-
perature T, of the blend, excluding the second
polymer from PBT crystals." The melting point of
PBT was found to be nearly constant, being
depressed only a few degrees by the increased con-
tent of the second melt-compatible polymer. PBT
underwent mainly reversible transesterification
with polycarbonate catalysed by 7. residues
present in commercial PBT.” The PBT blends after
transesterification showed higher T,'s than the cor-
responding physical blends with polyarylate and
also showed a marked melting-point depression
and lesser PBT crystallinity at the corresponding
increased PAr content.” In our previous study, the
blends of PBT with the POB-PET copolyester {60
mole% : 40 mole%) was investigated to see the ef-
fect of the catalyst on transesterification reaction
and the physical properties of the blends." As a
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part of our continuous study, we investigated trans-
esterification reaction in the blends of PBT and
POB-PET copolyester{80 mole% and 20 mole%).
The use of a catalyst is necessary (o ensure Com-
patibilization reaction within realistic extruder resi-
dence time. The effect of chemical modification
during melt mixing was investigated in terms of
the minor phase dispersion quality and stability as
well as the mechanical properties. The interaction
between PBT and LCP that rendered the blend
miscihility has been elucidated. Since transester-
ification taking place in the blends necessarily led
to polyester chain scission, a compromise had to be
achieved in order to produce sufficient copolymer
at the interface, without extensive decrease in the
polyester molecular weight. We report the results
of a preliminary investigation on the reactivity of
molten PBT/polyester LCP blends in the presence
of a catalyst, dibutyltindilaurate.

Experimental

Materials. The blends investigated in this study
are based on PBT(HV1010 from LG Cherical,
Korea) and a copolyester of 80 mol% parahydroxy
benzoic acid (POB) and 20 mole% poly(ethylene
terephthalate) (PET) (LC5000 from Unitika Co.,
Japan). Added catalyst was dibutyltindilaurate
{DBTDL) (Aldrich chemical Co.), which has prov-
ed to be efficient in the transesterification.”

Blend Preparation. PBT and LCP were dried
in vacuum at 100°C for at least 24 hrs, to min-
imize possible hydrolysis during melt processing.
Blending was performed using a domestic vacuum
reactor designed in our laboratory. It was equipped
with the vacuum distillation head and stainless
mechanical stirrer. Melt reaction blending was
done at 250°C in vacuum. Temperature was con-
trolled in a salt bath. Vacuum was maintained be-
low 1 torr. Weight percent of the LCP in the blend
was fixed at 10 wt%. Different reaction time was a-
dopted to observe the effect of reaction time : 10
min, 20min, and 30min. In each blends the
amount of DBTDL was fixed at 1000 ppm. The ef-
fect of different amount of catalyst has been re-
ported elsewhere." After the blending step, a por-
tion of each sample was quenched in liquid ni-
trogen and fractured for morphological analysis.
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The rest of the blend was dried at 50 °C in vacuum
for 24 hrs prior to moulding. The blend was then
injection moulded inte a specimen which was 1.2
mm thick and used for rheological measurements.

Thermal Properties. Differential scanning calo-
rimetry {d.s.c) studies for the thermal property
characterization were performed on a DuPont 910
d.s.c. controlled by a 9900 thermal analyser. The
heating and cooling rates were 20°C min’, and the
materials were scanned from 30 to 350°C. Every
thermogram was repeated twice to verify the
reproducihility of the measurement. Dynamic me-
chanical thermal analysis (d.m.t.a.} of the blend, to
measure the glass transition temperature (T} was
carried out with a Polymer Laboratories Dynamic
Mechanical Thermal Analyzer(Model 2) at a fre-
quency of 1 Hz in the bending mode with a heating
rate of 3°C min™.

Mechanical Properties. Testing of mechanical
properties of the blends was done using an Instron
Universal Testing Machine (model 4204} at con-
stant temperature. Flexural strength and medulus
of the blends were measured according to the
ASTM D790. The samples were prepared using
the Mini-Max extruder (CS5-Max. Custom Scien-
tific Instruments Inc.) All the reported results are
averages of at least five measurements.

Rheological Properties. Rheological properties
of the blends and pure resins were measured using
a Rheometrics Dynamic Spectrometer (RDS)
(RDS7700, Rheometrics) on which parallel plates 25
mm in diameter were mounted. The frequency
was set 1-500 rad/sec and the applied strain was
5%. The plate gap was set at 1.2 mm. Measure-
ments were done in nitrogen atmosphere. In order
to observe the molecular weight change, intrinsic
viscosity (L.V.} of the blends were measured with
Ubeholde viscometer at 25°C. Mixed solvent of
tetrachloroethane/phencl (60/40 vol%) was used.

NMR Spectroscopy. 'H NMR spectra were re-
corded on a Varian Gemini 200 spectrometer at 200
MHz with tetramethylsilane as the internal stan-
dard. Deuteriated trifuloroacetic acid was used as
the solvent.

IR Spectroscopy. Transesterification reaction
was also monitored using a Bomen MB-10t Fouri-
er-Transform infrared spectroscopy. KBr tablets
were prepared. The measurement was done in the

199



K. U. Kim et al.

transmission mode at a resolution of 2 cm™

Scanning Electron Microscopy. Scanning elec-
tron microscopy (SEM) observations of the blend-
ed samples were performed on JEOL model JSM-
35. The samples, fractured in liquid nitrogen, were
coated with gold to make them electrically con-
ductive.

Results and Discussion

Thermal Properties. Figure 1 shows the melt-
ing temperature (7.) and crystallization tem-
perature (7.} of PBT/LCP blends with different
reaction time. 7. of PBT could be observed from
all blends. The nematic transition temperature of
LCP was not clearly observed because of the small
enthalpy change of LCP. Considering that the tran-
sition enthalpy of POB homopolymer was 35.8 cal/
g, this means there are very small amount of
nematic crystal. Almost unnoticeable wide en-
dotherm suggests that the crystal size is not uni-
form and there are some defects due to co-
polvmerization. This also confirms that flexible
chains such as PBT encompanies large entropy
change per umt volume when it is cooled down
from the disordered melt and solidified whereas
the entropy change of LCP in the solidification pro-
cess from nematic phase is very small.” Kim and
Paul reported that POB/PET copolymer showed di-
luent effect of PET unit where by endotherm peak
moved to lower temperatures as the PET amount
increases.”” Similar phenomena can be observed for
PBT/LCP blend. T.. of PBT in the blend decrease
with the increase in the reaction time, irrespective
of the LCP content. This indicated that trans-
esterification reaction between PBT and LCP had
occurred. Esterification between PBT and LCP led
to the formation of copolymer at the interphase re-
gion and this prevented the perfect ordering of the
PBT unit. Therefore T, of PBT decreased as the
reaction time proceeded. As expected, decrease of
T, of PBT was more prominent with L.CP portion
which 1s ascribed to more transesterifications with
more LCP amount. This result is consistent with
our previous study" on the blend of PBT and LC
3000(POB : PET =60 : 40 mole ratio) and PBT/PC
blend by Devaux e al™*" Contrary to melting
behaviour, T. of the reacted blend was higher than
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Figure 1. 7,(8) and T, (®)of PBT/ LC3000 blends as a
function of reaction time.
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Figure 2. Enthalpy of fusion (®) and enthaipy of crys-
tallization (M) versus reaction time.

that of unreacted one. This indicates that the crys-
tallization rate of the reacted blend is faster than
that of the unreacted blend, This is ascribable to
the nucleating action of the LCP domain in the
PBT matrix.

Figure 2 represents the heat of melting and crys-
tallization of the blend. Both show maximum
around 10 minutes of reaction time. This implies
that ordering of PBT muolecule is maximum when
the blend was reacted for 10 minutes. This is due
to the nucleating effect of LCP at early period.
The increase of the heat of melting is believed due
to the enhanced nucleating effect after blending by
the LCP domain dispersed in a much smaller size.
On the other hand, after long reaction time, the
heat of melting decreased with the reaction time.
Long reaction time produced more copolymers at
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Figure 3. T, of PBT/L53000 blends as a function of reac-
tion time.

the interfacial region, which prevented the PBT
moiety forming crystal structure. Large amount of
catalyst used in this study induced more trans-
esterifications to produce more copolymers. These
copolymers were initially diblock copoly-
mers and then random copolymers in later stages
after long reaction time, They came into PBT re-
gion to hinder PBT having ordered state. For PET
and LCP(PET/POB copolymer) blend, it was re-
ported that added LCP helped PET to enhance its
crystallization by the nucleating action of LCP,***
Figure 3 shows the glass transition temperature
(T,) of the PBT/LCP blend versus reaction time.
These T,'s are from DMTA measurement in the
themperature range between 30 °C and 220 “C. The
T, of PBT 1s 55°C and that of LCP 1s 77°C. T,
shows similar behaviour to 7. or T.. With the ad-
dition of LCP, molecular motion in the amorphous
region was restricted by the addition of densely
packed crystalline region and the compatibility was
promoted by the produced copolymer. Hence T, in-
creased with blending time. However, after long
time mixing, transesterification occured more vi-
gorously and more random copolymer were pro-
duced. In the late stages, the crystallinity of the
blend decreased with more random copolymer pro-
duction. Also, as noted below, molecular weight
reduction induced low T,. Hence T, decreased hut
still had a higher value than that of PBT.
Rheological Properties. Figure 4 shows the in-
trinsic viscosity of the pure PBT and extracted
one from the blend with the reaction time. In-
trinsic viscosity was measured in the tetrachloro-

Korea Polym. J., Vol. 4, No. 2, 1996

-
IS

-
w

ury
-y

—y

Intrinsic Viscosity (dL/g)
h+]

1 L] A

10 20 3c 40
Reaction Time{min)

o
o
o

Figure 4. Intrinsic viscosity of the pure PBT (M} and
blend after 30 min. blending(®).
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Figure 5. Dynamic viscosity of the blends at the strain of
5% and 240°C after different reaction time{mir.): (@) un-
reacted; ([0} 10; (<) 205 {a) 30,

ethane/phenol (60/40} mixed solvent with
Ubeholde viscometer. Intrinsic viscosity of the
PBT in the blend shows more rapid decrease com-
pared to pure PBT. It can be inferred from this
result that thermal degradation was not so much
prominent as PBT virgin resin in the reaction con-
dition, because of LCP addition.

Dynamic viscosity of the blend is presented in
Figure 5. They show typical behaviour of polymer
melts produced by.condensation, i.e., almost flat
value in low shear rate region, Dynamic viscosity
shows the maximum around 10 minutes and then
decreases with mixing time. As transesterification
proceeds, better adhesion at the interface as well
as more uniform dispersion occurs. Hence, the
viscosity increases first, but molecular weight
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Figure 6. Cole-Cole plot of the blends after different reac-
tion time{min.): (®) unreacted; (O} 105 (<) 20; (A} 30.

reduction decreases the dynamic viscosity in later
stages. It is interesting that unreacted blend shows
shear thinning behaviour from the low shear rate
range, but reacted blends show nearly Newtonian
plateau. Generally heterogeneous system shows
strong shear thinning behaviour whereas homo-
geneous system shows Newtonian behaviour.™ Dy-
namic viscosity behaviour indicates that the blend
system changes from heterogeneous system to
homogeneous one due to the transesterification.

In order to see the system's homogeneity, mod-
ified Cole-Cole plots of the biends are presented in
Figure 6. The slope of the reacted blend is larger
than that for the unreacted one. Hence the blend
system becomes more homogeneous with mixing
due to the transesterification reaction. Beside the
slope change unreacted blend shows a little cur-
vature while the reacted one shows almost a linear
relationship. Curvature in the Cole-Cole plot is fre-
quently observed in the heterogeneous blend sys-
tem, which is consistent with our results.”

IR Spectroscopic Analysis. Structural change
of extracted parts of the blend using tetrachloro-
ethane/phenal (60/40) cosolvent was investigated
with FTIR Pure LCP is insoluble in this sclvent
but PBT and copolymer produced by the transes-
terification were soluble. IR spectra of pure PBT
and pure LCP are presented in Figure 7. PBT only
has terephthalate group but LCP also has benzoate
group. The peaks at 1604 cm™ was assigned to the
henzoate group while the peak at 1580 ¢cm™ was as-
signed to terephthalate group. Intensity change at

202

Transmittance

T
1600

T
1700 1500

Wavenumbers { cm)

Figure 7. FTIR spectra of pure PBT and pure LCP.
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Figure 8. FTIR spectra of the exracted from the blends.

1604 cm™ probed the transesterification progress.
IR spectra of the soluble fraction of the blends
were presented in Figure 8. The intensity at 1604
cm’ increased slowly but evidently with blending

Korea Polym. J., Vol. 4, No. 2, 1996
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Figure 9. NMR spetrum of PBT/LC5000 blend. (a) un-
reacted; (b) 30 min reacted.

time. This manifested that transesterification had
progressively occurred with blending time.

NMR Spectroscopic Analysis. Direct structural
change of the blends can be observed by NMR
spectra. Figure 9 shows the n.m.r. spectra of ex-
tracts from unreacted and reacted blend. The
peaks at 4.6 ppm and 2.1 ppm were attributed pro-
tons in the butane diol unit. The peak at 8.3 ppm

was assigned to the protons in the benzene ring of-

the terephthalate group. The peaks at 7.4 ppm and
7.5 ppm were assigned to the protons in the POB-
PET dvad unit and the protons in the POB-POB
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Figure 10. Flexural strength and flexural modulus of the
blends versus reaction time.
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Figure 11. Relative flexural modulus comparison.

dyad unit, respectively. The peaks around 8.3 ppm
were caused by the protons in the LCP with dif-
ferent chemical environment. The structural chan-
ge of the blend could be investigated by meas-
uring the area change of the peaks at 7.4 ppm and
7.5 ppm. The appearance of relative intensity at 7.5
ppm tells us that POB block was formed in the
blend and the increase of relative intensity at 7.4
ppm in later time meant that more randomized
LCP structure was formed in the LCP rich domain,
which is close to our previous experimental result
of PBT/ LC3000 (POB: PET =60 : 40 mole ratio)
blends.*

Mechanical Properties. Flexural strength and
flexural modulus of PBT/LCP blends are represent-
ed in Figures 10 and 11. Both show the maximum
with the reaction time about 10 min. Improved
mechanical properties of the blends are due to the

203



K. U. Kim ef al.

)

© @

Figure 12. SEM micrographs(x 2000} of LC10 blend with
different reaction time (min.): (@) ¢; (b} 10; (¢} 20: (d) 30.

compatibility by transesterification and enhanced in-
terfacial adhesion. Figure 11 shows the relative flex-
ural strength. Flexural strength has increased about
30% compared to unreacted blend. Since PBT/LCP
blend shows a partial miscibility in the processing hy
the formation of copolymers at the interface, the
mechanical properties of PBT/LCP blend increase
by blending. Decrease of the mechanical properties
after 10 minutes of blending time is ascribed to the
reduction of PBT meolecular weight.

Morphology. Electron microscopy was used to
investigate morphological changes due to chemical
reaction hetween different components. Figure 12
shows micrographs of fractured surfaces, obtained
for the blend after 0, 10, 20, and 30 min. reaction
time Two-phase morphology is clearly seen for the
non-reacted blends, suggesting immiscibility
between PBT and LCP with no reaction. The size
of the I.CP domain in the unreacted blend was a-
bout 3.5 Um and it ig less than 1 um in the reacted
blend. Vacant hole is vividly seen in the unreacted
blend while it is not observable in the reacted
blends. For the unreacted blend, LCP dispersed
phase seems to have a very low level of adhesion
to the matrix. Adhesion seems so much poor that
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many of the dispersed phases have been flung out
from their cavities during the fracture. The rup-
ture propagated along the interfaces, which are the
weakest part of the material. Proceeding with the
reaction, adhesion between the matrix and the drop-
let is enhanced, leading now to the presence of de-
formed particle shapes. This observation is a clear
indication of the presence of PBT/LCP copolymer,
produced by the transesterification. After a long
time, the fractured domain does not show separate
LCP domains suggesting that the fracture takes
place in the matrix itself, which now constitutes
the least resistant phase. This provides the clue
that mechanical properties deterioration after long
blending time is due to the matrix molecular
weight decrease.

Conclusions

In this work, experimental results showed the i
situ generation of the compatibilizer for PBT/PET-
POB LCP blends with dibutyltindilaurate catalyst.
PBT/LCP blends were shown to form two phase
for unreacted blends (no catalyst added), but ad-
dition of catalyst generated block copolymer at the
interface first while they formed random block co-
polymers which later caused complicated thermal
and rheological behaviour.” These random block co-
polymers made blends homogeneous phase and
good adhesion at the interface. In comparison to
our previous study of the blends of PBT with LC
3000 (POB: PET =60 : 40 mole ratio), we ohserve
one T, with long reaction time. Depending on the
blending time, the flexural strength and modulus in-
creased about 30%. In the present study, fixed
amount of catalysts (1000 ppm) was used which ap-
peared to yield good results in terms of mor-
phological and mechanical properfies. More im-
proved mechanical properties could be obtained us-
ing optimum amount of catalyst which yielded
more diblock copolymers. This study is still in pro-
gress and reported elsewhere."
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