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ABSTRACT: The miscibility and mechanical properties of the blends of polybutylene
terephthalate (PBT) and polypropylene (PP) with a liquid crystalline ionomer (LCI)
containing a sulfonate group on the terminal unit as a compatibilizer were assessed.
SEM and optical microscopy (POM) were used to examine the morphology of blends of
PBT/PP compatibilized by LCI. DSC and TGA were used to discuss the thermal
properties of PBT/PP blends with LCI and without LCI. The experimental results
revealed that the LCI component affect, to a great extent, the miscibility and crystal-
lization process and mechanical property of PBT/PP blends. The fact is that increasing
LCI did improve miscibility of PBT/PP blends and the addition of 1% LCI to the PBT/PP
blends increased the ultimate tensile strength and the ultimate elongation. © 2002 Wiley
Periodicals, Inc. J Appl Polym Sci 85: 1110-1117, 2002
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INTRODUCTION

For the past 2 decades, blends of liquid crystalline
polymers (LCPs) with other polymers have been a
popular research topic, and now the literature on
the subject is quite extensive. A number of re-
views summarize the published article on this
subject.? In general, blends of LCPs with other
thermoplastic polymers have weak interfacial ad-
hesion between the dispersal microfiber LCP
phase and the thermoplastic matrix phase. Inten-
sive work has been focused on improving the
properties of LCPs and their adhesion with other
polymers by introducing compatibilizers into the
blends to promote interchain interaction. In the
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latest series of articles, ionomer has been studied
to determine the compatible effect on ternary
blends; for example, Weiss®* reported that
slightly sulfonated polystyrene ionomers (Zn-
SPSs) are effective compatibilizers for blends of a
wholly aromatic liquid crystalline polyester (LCP)
with nylon 66 (PA66) and polycarbonate (PC);
7Zn-SPS is miscible with PC, PA66, and LCP; and
the origins of miscibility are different for the
three binary blends. Zn-SPS is miscible with LCP/
PAG66, because of strong intermolecular attractive
interactions between the sulfonate and amide
groups, while the ionomer is miscible with PC and
the LCP as a result of intramolecular repulsive
interactions along the ionomer molecules.
M. Joshi® using the ethylene methacrylic acid co-
polymer partially neutralized by Na ions (iono-
mer, Surlyn 8660) as a compatibilizer improves
the adhesion of PBT and PE. Thermotropic liquid
crystal ionomer as a novel compatibilizer has at-
tracted more and more attention during recent
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years owing to their special excellent mechanical
rheological processing and adhesive properties in
blends. In the previous articles, we reported the
synthesis of main-chain and side-chain thermo-
tropic Liquid crystal ionomers containing sulfo-
nate and carboxylic groups.®” In this article, we
seek to evaluate the compatibilization of PBT/PP
blending main-chain liquid crystalline ionomer
(LCI) as the compatibilizer. Because PBT is polar
and PP is nonpolar, blends of PBT/PP are incom-
patible. LCIs have not only the advantage of lig-
uid crystalline polymers but also the advantage of
ionomers, so they can improve properties of the
blends as a compatibilizer. The effect of ionic ag-
gregation of LCI in the blends of PBT/PP on the
miscibility property, thermal transition, morphol-
ogy, and mechanical properties are discussed in
this article.

EXPERAMENTAL

Materials

PBT was obtained from PBT Engineering Plastic
Plant of YIZHENG Chemical Fiber Group Corp.

(China). Its intrinsic viscosity was 0.75 = 0.02
dL/g and MFI 90-120 g/10 min. PP (F401, 97%)
supplied by Liaoning Huajin Chemical Group
Corp. (China) and its MFI was 1.7-3.1 g/10 min.
The thermotropic liquid crystalline ionomer (LCI)
containing sulfonate groups on the terminal unit
of the chain was synthesized by an interfacial
condensation reaction from 4,4'-dihydroxy-«,a’'-
dimethyl benzalazine (DDBA) and the monofunc-
tional dye 4-hydro-phenylazobenzene sulfonic
acid, and a sebacoyl dichlorides (Scheme 1) ac-
cording to the procedures reported by Zhang,® and
Zhi.® The LCI was semicrystalline and melted at
167°C to form nematic phase that was stable over
a wide temperature range of ca. 67°C. Its nematic
range is 167-230°C.

Sample Preparation

All blends (By—B;,)’s compositions were shown in
Table I. The blending was performed in an
XSS-30 Torque Rheogoniometer made in China
with a mixing chamber of 60 cm?, and operated at
240°C and 32 rpm for 10 min. Before blending, all
materials were dried in a vacuum oven for 12 h at
100°C.

Table I DSC Date of Components and Blends with LCI

T, (°C) AH, (J/g) T, (°C)

Sample Composition T s wtomloss

PBT/PP/LCI (wt %) PP PBT PP PBT PP PBT (°C)
PBT 100/0/0 214.1, 223.6 484 1914 371.8
PP 0/100/0 163.0 99.0 114.0 392.7
B, 50/50/0 163.2 215.2, 224.0 45.8 11.6 121.9 193.7 379.8
B, 49.5/49.5/1.0 163.5 213.9, 223.3 49.3 14.4 121.9 191.7 373.7
B, 49.0/49.0/2.0 164.1 214.7, 224.1 48.5 14.1 122.9 192.4 372.1
B, 48.0/48.0/4.0 164.0 212.4, 224.7 50.6 14.5 122.7 190.2 369.8
B, 47.0/47.0/6.0 163.0 210.9, 221.8 48.9 17.8 122.3 189.7 366.9
Bg 46.0/46.0/8.0 163.6 210.6, 221.6 50.5 15.9 123.0 188.1 366.7
B,, 45.0/45.0/10.0 163.5 208.8, 221.0 46.7 18.9 122.6 187.9 363.8
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Characterization

The crystallization behaviors and miscibility of
the blends were measured with a TA Instrument
Corp. USA in a DSC 2910 system, operating at
nitrogen flow. Specimens were first heated to
250°C in 20°C/min heating rate, maintaining the
temperature for 3 min to eliminate heating his-
tory, then cooled to 20°C at 10°C/min cooling rate;
the second heating rate was the same as the first.
The glass transition temperature (7,) was defined
at the midpoint of the change in the special heat.
The miscibility of a blend was inferred from the
observation of a single T; multiple 7,s indicated
phase separation. Thermal stability of the sam-
ples were determined with a TA Corporation
TGA-2950 thermogravimetric analyzer using a
nitrogen atmosphere and a 20°C/min heating rate
from 0 to 600°C.

Polarizing optical microscopic examination
was performed by using a Zeiss-Jena microscope
equipped with a Metler FP2 heating stage.

The structures of blends were determined with
a Nicolet 510-PF1 using Fourier Transform Infra-
red spectroscopy, using all samples on a KBr
sheet.

Mechanical property measurements were
made with a model 1000N Tensile Tester (made
in China). The mechanical property was mea-
sured by a GB 1040-79.
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Figure 1 T,s of PBT /PP and PBT/PP/LCI blends
determined by DSC first scans.
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Figure 2 T, curve of PBT/PP and PBT/PP/LCI blends
determined by DSC first scans.

The blend morphology was characterized with
a modal 505 from Philips Corporation (SEM). The
samples were freeze fractured in liquid nitrogen,
and the fracture surface was observed with a
scanning electron microscope (SEM).

RESULTS AND DISCUSSION

DSC

Figure 1 shows the DSC heating thermograms for
PBT/PP and PBT/PP/LCI blends. For the semic-
rystalline PBT/PP blend, only a T, is seen at
49.5°C, which is identical to that of the PBT com-
ponent (ca. 48.4°C),° and the T, corresponding to
the PP component is not observed. Figure 1 dem-
onstrates the effect of the LCI content on the T, of
the PBT component of the blends. The T, of the
PBT/PP blend, whose composition is 50% PBT
and 50% PP, estimated calculated according to
the Fox equation is ca. 15°C in our study, assum-
ing that neither phase contain any LCI and the
two phases are miscible. When the LCI was added
from 1 to10%, the T, for the PBT phase of the
PBT/PP blends decreased ca. 5°C from 46.8 to
41.8°C. The smallest T, of the blends measured
by DSC was about 27.8°C, which is higher than
that predicted by the Fox equation. This may
represent the LCI as a compatibilizer, making
PBT/PP partial miscible. The degree of compati-
bility of PBT and PP is demonstrated by the shift
in the T, of the PBT-rich phase, which is summa-
rized in Figure 2, when the LCI is added to the
blends. This result is consistent with a separation



study of iomomer/polymer blends, which con-
cluded that mixing was due to strong intermolec-
ular interactions with the ionomer.'%1! It appears
that miscibility of LCI with PBT/PP is due to
specific intermolecular interaction. The miscible
effect of the LCI demonstrated by the Tg of the
blends decreased when LCI was increased in the
blends. LCI, which was to be micelle, is in the
interface of the PBT/PP where the intermolecular
force is formed by the polar part, ionic groups of
LCI, and carboxylate groups of PBT. Meanwhile,
the intermolecular force connected the nonpolar
part (—CHy,—) of LCI, and (—CH,—) of PBT and
nonpolar (—CH(CHjy)—) of polypropylene, so that
a new area was formed and the 7, was decreased
when LCI was increased.

The thermal transitions measured by DSC are
summarized in Table I and the second heating
scans are shown in Figure 3. From Table I we can
see that the melting temperatures (7,,) of the PP
component do not change much in all the blends,
and the melting temperatures (7)) of the PBT
show double, which both tend to a slight decrease
with increasing the LCI content to the blends.
These results suggest that the crystalline size is
slightly decreased for the PBT component in the
blends, whereas that of the PP component re-
mains unchanged. This is because some of the PP
probably come into the PBT-rich phase with LCI
as the compatibilizer.
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Figure 3 DSC thermograms at second heating of the
blends By—B,.
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Figure 4 DSC cooling scanning curves of the blends
BO_BIO'

Figure 4 shows the DSC cooling thermograms
for PBT/PP and PBT/PP/LCI blends, and dates
are listed in Table I. The crystallization temper-
ature (T,) is determined as the maximum of the
crystallization peak that tends to shift to a lower
temperature region with increasing the LCI in
the blends. It is interesting to note that the 7', of
the PP component of all the blends nearly has no
change, while blends from B, to B, start to crys-
tallize at a somewhat lower 7', than pure PBT. It
is generally known that the degree of supercool-
ing, AT ,can be used to characterize the crystalli-
zation behavior of polymer melts. It is defined by
the difference between the peak melting temper-
ature and onset crystallization. An increase in AT
generally indicates that the crystallization rate of
polymer is retarded. AT values of the specimens
investigated are summarized in Figure 5, which
shows that the AT of the PBT component of the
blends tends to increase with increasing the LCI
in the blends, and AT of PP in the blends is first
increased then decreased with increasing the LCI
composition. From Figure 5 it is evident that the
crystallization rate of the PBT phase is depressed
in the PBT/PP blends due to the introduction of
LCI, and the crystallization rate of PP phase is
depressed then increased. When the samples con-
taining LCI of less than 6 wt % as the compatibi-
lizer, the effect of depression is largest. Such a
behavior has been observed in other polymer
blends when the miscibility between their blend



1114 ZHANG, ZHANG, AND FENG

5.0

)

e A
2 a0p\ el e
o e Y
I—/: N ~a
] \\
a— PP N
35+ s \\\
—e— PBT
' L]
30 ! i ! i
0 2 4 3 8 10
LCH{wt%)

Figure 5 Crystallization rate AT, of blends depen-
dent on the LCI content.

components is improved.'? Several workers!®1*

have used AT values to describe the crystalliza-
tion behavior of polymer blends.

The enthalpy (AH, at T',) of the PBT and PP
phases were 11.6 J - g~ ! and 45.8 J - g~ ! of the
PBT/PP blend; both of them decreased more than
half AH, compared with AH, of pure PBT (48.4 J -
g 1) and PP (99.0 J - g 1) (see Table I). It indi-
cated that the crystallization of the two phases in
the blends was not perfect compared with pure
PBT and PP; the AH, of the PBT phase increased
and AH,of the PP phase increased then decreased
with generally increasing LCI in the blends. It is
possible that the compatibillization of LCI to the
PBT was a bit better than PP; the reason for this
is that there is an intermolecular force between
LCI and PBT. But the LCI is a good compatibi-
lizer for polar polymer (PBT) and nonpolar poly-
mer (PP), as it contains ionic groups and nonpolar
chains. The fractional crystalline degree of each
component in the blends was calculated by mea-
suring the areas under the melting peaks. After
graphical separation of the peaks, the AH,, values
were calculated for each component and normal-
ized for fractional content. Figure 6 displays the
total degree of crystallinity (X,), vs. different LCI
composition of the PBT/PP blends. X, is calcu-
lated as the sum of crystalline degree of the pure
component in the blends by the following equa-
tion.

X. = (AHpp/AHpr) X Wepr
+ (AHpp/AHFp) X (1 — Woepp)

where AHppr and AHpp are the melting heats of
PBT and PP, respectively, according to the DSC,

and Wppr is the weight fraction of PBT. In the
calculation, the AH*ppy and AH*pp, which are
PBT and PP with 100% crystallinity at equilib-
rium melting temperature, are 144.5 J - g~ ! and
209.0 J - g~ ! according to the literature,®!® re-
spectively.

Figure 6 shows variation of the crystalline de-
gree of blends with the LCI content. It can be seen
that X_ increases significantly with increasing the
LCI content. This observation is in good accor-
dance with the crystallinity behavior of other
LCP/thermoplastic blends. Although the intro-
duction of the LCI retards the crystallization rate
of PBT and PP due to some intermolecular inter-
actions between the LCI and PBT in the PP
phases, the oriented LCI dispersed phase can act
as the sites for nucleation of spherulites and en-
hance the degree of crystallinity of PBT and PP. It
is worth noting that the degree of crystallinity of
the blends with LCI content 1 wt % (B,) increase
more rapidly than that containing LCI content
>4%. This is due to the miscibility between the
PBT and PP in the blends, with lower LCI content
better than that with higher LCI content. Thus,
the LCI acts as a more effective nucleating agent
and miscibility agent for the blends with lower
LCI content.

FTIR

Evidence for specific interaction between the es-
ter groups of PBT and sulfonate groups of LCI
was obtained from FTIR. Figure 7 shows the
FTIR spectral region for the carbonyl group of the
PBT in the B, and B,, B4, B;, specimens. The
addition of LCI had influence on the position of

8L
a
e
-~ -
o /
< 17 - Pl
[
= ,/‘j‘.’/
] /
= 6 - /
| O/
D /
ot/
(53
156
14 n L I 1 i 1 I
0 2 4 8 8 10
LCI (wi%)

Figure 6 Degree of crystallinity curve of PBT/PP and
PBT/PP/LCI blends determined by DSC second scans.
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Figure 7 FTIR spectrum of the blends B,; B;; Bg; B1,.

the C=0 stretching vibration peak at 1716 cm ™ ?,
which shift to lower wave numbers of 1713, 1711,
and 1707 cm ™, respectively.

{c) = 200
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TGA

A TGA thermogram of the blends measured using
a nitrogen atmosphere and the temperatures at
which 5 wt % loss was tabulated is shown in Table
I. The temperature of thermal degradation 5 wt %
of blends decrease with increasing LCI ,but the
decrease is less than 8°C comparing with pure
PBT (371.8°C at 5 wt % loss). In this case, the
cause is due to the specific intermolecular inter-
actions occurring between PBT and PP in all the
blends with LCI.

POM Analysis

Figure 8(a)—(d) shows the hot-stage polarized op-
tical micrographs of compression-molded PBT/
PP/LCI blends. It is evident from these micro-
graphs that the B, sample [Fig. 8(a)] exhibites a
very clear interfacial phase-separated phase. The
boundary of PP and PBT blend is rather clear,
and the morphology is typical of an incompatible
alloy structure with poor adhesion between the

(B) = 200

(d) 5 200

Figure 8 Polarized micrographs taken at room temperature for (a) By; (b) By; (c) Bg;

(d) By
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Figure 9 SEM micrographs of the B, By, Bg, B1,.

two phases of PBT and PP. In contrast, the pho-
tomicrograph of the B; sample [Fig. 8(b)] exhibits
a miscible structure, and the compatibility of the
two phases of PBT and PP increases. The pho-
tomicrograph of the By [Fig. 8(c)] and B,, [Fig.
8(d)] exhibit an even better dispersion of PP, and
the microscope separation of PBT/PP decreases.
In B,, two distinct regions of PBT and PP be-
comes much more, and the region of the PP do-
main become smaller. It is interesting to note this
interfacial compatibility of the PBT/PP blends in-
creases with increasing the LCI content, and the
phenomenon is consistent with the result of 7.

SEM Analysis

Figure 9 gives some SEM micrographs of the
blends (By—B;), respectively. It is found that the
mophologies of the investigated blends is clearly
dependent on the LCI content in the blends. The
blend B, [Fig. 9(a)] shows a large size of the
dispersed phase and the smooth surface. The ter-
nary blend B, [Fig. 9(b)] with a low-content LCI

shows a narrow distribution of particle size where
the average particle diameter is 8—10 um, and
that seems to have liquid crystalline microfibers
and liquid crystalline fiber of B; significantly
more than that of Bg in the blends. The phase size
of sample B; decreased and liquid crystalline mi-
crofibers formed are evident that the presence of
LCI improved adhesion of the two phases of PBT
and PP where a new penetrating network struc-
ture with small spherical particles are formed
[Fig. 9(b)]. For the blend Bg [Fig. 9(c)] with a
higher amount of LCI than blend B,, the average
particle diameter increases to about 12 um .The
reason is the same as the above IR Spectra Anal-
ysis, Thermal Analysis, and POM. More interest-
ing, it is found that the morphology of sample B,
[Fig. 9(d)] is phase separated. It is possible that
the blends are supersaturated by the LCI, as LCI
is more than 6 wt % and the excess LCI forms a
repulsive effect and does not play compatibiliza-
tion. The result will effect the mechanical prop-
erty.
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Figure 10 Tensile properties and ultimate elongation
of the PBT/PP and PBT/PP/LCI blends.

Tensile Properties

Figure 10 shows the effect of the compatibilizer
quantity on the tensile strength of the samples of
B,, B;, By, B4, B, B, and B;,. Comparing the
tensile behavior of the compression-mould PBT,
the addition of LCI to PBT/PP blends increased
the tensile strength and ultimate elongation. It is
interesting that the B, specimen exhibits a max-
imum tensile strength and ultimate elongation.
The tensile strength of all blends decreasing with
increasing LCI may be due to miscibility and a
microfiber reinforce effect. Blend B; with 1 wt %
LCI is not brittle in the PBT matrix because of the
incorporation of some LCI into the PBT. When
LCI composition increases only miscibility exists,
and the microfiber effect makes the brittleness of
the PBT disappear. It is evident that the blends
are supersaturated by the added surplus LCI, as
LCI is more than 6 wt % in the blends, and the
excess LCI forms a repulsive effect. This indicates
that the LCI is a compatibilizer for polar PBT and
nonpolar PP. It is facilitated by a small amount of
LCI being added to the blends. So the result is
consistent with the results shown.

CONCLUSION

The compatibility and tensile property of the LCI
in the blends of PBT and PP were studied. The
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investigation indicates that blends of PBT/PP
with a little LCI are partially miscible as a result
of a strong specific intermolecular interaction be-
tween LCI and the ester groups. Accordingly, the
miscibility of the blends increases with increasing
the LCI. The lowest T, was observed in the case of
blends containing LCI at 10 wt %. The largest
tensile strength of the blends with LCI is the B,
sample containing 1% LCI, which is due to the
fact that LCI has double properties of LCP and
the ionomer that are miscibile and microfiber re-
inforced.
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