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Abstract

A possible compatibilization method in thermoplastic/liquid crystalline polymer blends based on the development of interchange reactions
between the components of the blends has been tested in the case of the blends of Rodrun (Ro) with a miscible 80/20 poly(ether imide) (PEI)/
polyarylate (PAr) thermoplastic matrix. The interchange reactions between PAr and Ro modified the nature of the PAr miscibilized in PEI,
improving the adhesion between the modified matrix and Ro as seen by the improved ductility of the blends with 20% Ro. This indicated an
additional compatibilization of the blend. The additional compatibilization was not able to overcome the brittle nature of the Ro at large Ro
contents (40%), but in the case of the 20% Ro blends, led to blends with overall improved mechanical properties compared to those of the
reference blends without additional time in the melt state. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Blends of thermoplastics reinforced with thermotropic
liquid-crystal polymers (TLCPs) are the subject of much
current research activity [1-4]. This is mainly due to the
potential for the development of new, fully organic, rein-
forced materials provided by these blends. The reinforce-
ment of the thermoplastic matrix is obtained by the highly
oriented fibrillar structures of the TLCP in the solid state.
These structures are a consequence of the ordered structure
in the melt, which may be attained by means of the shear and
elongational flow fields during extrusion or injection mould-
ing. The high stiffness and strength of these fibrillar struc-
tures make them very effective reinforcements.

One of the most evident limitations of TLCP-reinforced
thermoplastics is the usual total immiscibility of thermo-
plastics and TLCPs. This gives rise to a high interfacial
tension that impedes the dispersion and fibrillation of
TLCP, and that gives rise to, when fibrillated, unstable
melt structures. Moreover, immiscibility also gives rise to
a low interfacial adhesion, which reduces the stress trans-
mission ability of the interphase in the solid state. Both
effects lead to mechanical properties of the blends well
below the maximum that could be expected from the rein-
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forcing ability of TLCPs. As a consequence, compatibiliza-
tion methods to reduce the interfacial tension and to
improve adhesion are widely sought.

Different compatibilization methods have been used in
thermoplastic/TLCP blends. For example, in the widely
studied polypropylene (PP) blends [5-11], the modifica-
tions by either maleic anhydride-grafted PP [5-7], or ethy-
lene- or propylene-acrylate copolymers [8,9] are the most
common. In poly(ethylene terephthalate) (PET) [12], poly-
carbonate [13,14] and poly(ether imide) [15,16] blends with
TLCPs, the incorporation of copolymers able to interact
with, or even miscible with the basic blend components, is
the most used compatibilization method. Other compatibi-
lizers include ionomers [17,18], and epoxy couplers [19,20].

In a previous work [21], we reported a different compa-
tibilization method in thermoplastic/TLCP blends based on
the addition of a second thermoplastic miscible with the
matrix and which could interact with the TLCP. The com-
patibilization was demonstrated in the case of blends of
poly(ether imide) (PEI)/Rodrun LC-5000 (Ro), through
the addition to the PEI of 20% of a polyarylate (PAr). The
compatibilization was attained thanks to the miscibility
between PEI and PAr at that composition, and to the inter-
actions between the PAr and Ro, which are a consequence
of the polyester nature of both polymers. Both effects
decrease the interfacial tension observed through the
improved dispersion and fibrillation of the TLCP. The
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improved morphology and adhesion in the solid state
produced mean increases in the Young’s modulus and
tensile strength of 28 and 75%, respectively, with respect
to those of the unmodified PEI/Ro blends.

Furthermore, there is another possible method of
improving compatibility. Taking into account that most
of the commercial TLCPs are either copolyesters or co-
poly(ester-amides), interchange reactions may occur
between the blend components in the melt state [22-26]
when TLCPs are mixed with condensation thermoplastics
such as polyesters or polyamides. These reactions give rise
to copolymers of the original blend components [27-29].
These copolymers should improve the compatibility of
thermoplastic/TLCP blends. However, this possibility of
compatibilization by means of reaction with a third compo-
nent has not been, to our knowledge, attempted previously
in thermoplastic/TLCP blends.

In this paper, a compatibilization method for thermoplas-
tic/TLCP blends, based on the production of a reacted copo-
lymer during the melt processing, will be presented. For this
purpose, the PEI/PAr—Ro blends were used because PAr
and Ro should react in the melt state owing to their mutual
polyester nature. The copolymer produced should improve
the compatibility between the matrix and the Ro. For these
reasons, the possibility of transesterification reactions
between PAr and Ro in the melt state, and their effects on
the structure, morphology and mechanical behaviour of the
PEI/PAr—Ro blends have been studied. The observed effects
are compared with those obtained in the unreacted PEI/
PAr—Ro blends. Given that TLCP contents less than 10%
did not give rise to reacted products sufficient to produce
noticeable improvements in mechanical properties, and that
the mechanical properties of the blends did not practically
improve [21] with respect to those of the matrix, the study
was carried out on blends with TLCP contents of 20 and
40%. The maximum TLCP content was selected taking into
consideration the maximum reinforcement content used in
short fibre-reinforced thermoplastics. The blends were
prepared by a two-stage mixing method in a single-screw
extruder and then injection moulded. Additional residence
times in the injection moulding machine were used to attain
increasing reaction levels. The solid state structure was
studied by differential scanning calorimetry (DSC), and
the morphology of the blends was analyzed by scanning
electron microscopy (SEM). The mechanical properties
were determined by means of tensile and impact tests.

2. Experimental

The PEI (Ultem 1000, General Electric), was supplied by
Polymerland Guzman (Valencia, Spain) with molecular
weights M,, = 30,000 and M, = 12,000. The TLCP was
a p-hydroxy benzoate/ethylene terephthalate (80/20) co-
polyester commercialized by Unitika Ltd under the trade
name Rodrun LC-5000 (Ro). It has an intrinsic viscosity

of 0.552 dl/g, as determined at 30°C in a phenol/tetrachloro-
ethane (50/50) mixture. The polyarylate (PAr) was a copo-
lyester of bisphenol-A and a 50/50 mixture of isophthalic
and terephthalic acids. It was supplied by Unitika Ltd under
the trade name U-Polymer. The average molecular weights
of PAr are M, = 51,500 and M,, = 21, 500, determined by
GPC in THF at 30°C.

PEI and Ro were dried before processing for 8 h at 135°C,
and PAr for 24 h at 80°C. To prepare the blends, PEI and
PAr were first mixed at an 80/20 composition at 330°C using
a single-screw extruder (Brabender) driven by a Brabender
PLE-650 plasticorder, through a six-element Kenics static
mixer. The screw had a diameter of 19 mm, L/D of 25 and
compression ratio of 2/1. The obtained rod extrudate was
pelletized at the exit of the die. In the second stage, dry
mixtures of pellets of the PEI/PAr (80/20) and Ro were
fed into the extruder to obtain the ternary blends, using
the same processing conditions, and the blends were pelle-
tized. The ternary blends will be named as PEI/PAr—Ro (80/
20-XX), where XX is the Ro content with respect to the
whole blend.

The extruded ternary blends were injection moulded
using a Battenfeld BA230E reciprocating screw injection
moulding machine. The screw had a diameter of 18 mm
and L/D ratio of 17.8. The mould provided tensile speci-
mens according to ASTM D-638, type IV, and impact speci-
mens according to ASTM D-256. The injection speed was
23 cm?/s and the injection pressure, 2850 bar. The melt and
mould temperatures were 330 and 85°C respectively. PEI
and Ro were also moulded under the same conditions as
reference materials. The dwell time between consecutive
moulding cycles was the parameter used to obtain additional
residence times (a-rt) in the injection machine. The a-rt were
obtained by multiplying the duration of a moulding cycle
(22 s plus the additional dwell time (s)) by the number of
cycles (roughly 5) that the material remained in the injection
machine. The minimum dwell time of 2 s corresponded to
the shortest reaction time and to a residence time of 2 min in
the injection machine. This blend studied in a previous work
[21] corresponds to an a-rt = 0 and will be considered as a
reference.

The development of interchange reactions between PAr
and Ro was studied in a Brabender batch mixer at 330°C and
at a 50/50 composition. A rotation rate of 6 rpm was used
until a homogeneous blend was obtained. The rotation rate
was then increased to 30 rpm, and the blend subjected to
additional increasing kneading times, up to a maximum of
12 min.

The phase structure of the blends and the development of
interchange reactions were analyzed by DSC using a
Perkin—Elmer DSC-7 calorimeter. A first scan was carried
out from 30 to 330°C at 20°C/min in order to remove the
previous thermal history. After cooling at the maximum
speed provided by the calorimeter (approximately 100°C/
min), a second scan was carried out under the same experi-
mental conditions. The glass transition temperatures of the
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Table 1
Thermal transitions of PAr/Rodrun (50/50) blends as a function of the
additional kneading time at 330°C and 30 rpm

Additional kneading T, T, T
time (min) (PAr, °C) (Rodrun, °C) (Rodrun, °C)
0 185 63 279
1 179 63 281
2 170 64 285
4 164 62 286
8 157 66 296
12 155 - 303

blends (T,), as well as the melting temperature (77,) of Ro
were determined in the usual way. The melting heat was not
determined because it was very small (3.6 J/g for the neat
Ro) [30] and the melting endotherms were comparatively
broad, thus making the measurement difficult. The calori-
meter was calibrated with respect to an indium standard, and
a nitrogen flow was maintained through the sample and
reference chambers. The interchange reactions were also
followed by Fourier transform infrared spectroscopy
(FTIR) using a Nicolet Magna-IR 560 spectrophotometer.

The morphology of the tensile-broken specimens was
studied by scanning electron microscopy (SEM), after
gold coating. A Hitachi S-2700 microscope was used at an
accelerating voltage of 15 kV.

Tensile tests were carried out in an Instron 4301 tensile
tester at room temperature. The mechanical properties
(Young’s modulus, tensile strength, and ductility, measured
as the break strain) were determined from the load-elonga-
tion curves. The unnotched Izod impact tests were carried
out at room temperature using a Ceast 6548/000 pendulum.
At least eight specimens were tested for each reported value
in both the tensile and impact tests.

3. Results and discussion

3.1. Transesterification reactions between the PAr and the
Rodrun

Both PAr and Ro are polyesters. Therefore [31,32],
transesterification reactions may take place between both
polymers in the melt state. Such reactions have been seen
[33] in PAr blends with a TLCP consisting of the same
components as Ro, but in a different proportion. The likely
development of transesterification reactions in the blends of
PAr with the Ro of this work, would modify the chemical
nature of the blends and very probably their melt and solid
state characteristics. Therefore, the possible occurrence of
reactions was studied by calorimetric analysis (DSC) on a
PAr/Ro (50/50) blend (relative composition used in the 80/
20-20 blend), subjected to kneading times at 330°C longer
than those needed for homogeneous blending. The results
are shown in Table 1, where the thermal transitions of the

blends versus the kneading time are reported. As can be
seen, the physical blend (additional kneading time: O min)
shows two glass transitions (7). The upper T, is practically
identical to that of pure PAr, and the lower one corresponds
to that attributed [30] to the ethylene terephthalate units of
Ro. Despite the partial miscibility previously found [22,33]
between PAr and the copolymer of the same components as
those comprising Ro, this T, behaviour indicates that PAr
and Ro are immiscible. The melting temperature of Ro in
the blends was practically identical to that of pure Ro, also
indicating the immiscibility of the blend.

As can also be seen in Table 1, at increasing kneading
times, the upper 7, decreased progressively, indicating the
occurrence of reactions. The low-temperature 7, barely
changed. However, as in a similar system [33], its intensity
decreased with the kneading time, disappearing after an
additional blending time of 12 min. This behaviour indi-
cates the increasing development of transesterification reac-
tions, and is probably due to the disappearance of ethylene
terephthalate units of the Ro, which are progressively incor-
porated in the PAr chains. The opposite reaction, i. e. the
incorporation of PAr units in the Ro chains, seems to be less
important, or at least it gives rise to a much smaller change
in the 7, of the Ro phase. These facts agree with the results
of a study on interchange reactions in PAr/PET blends [34],
where the change in the 7, of PET (whose repeat unit is
present in the Ro) was much smaller than that of PAr at
reaction times similar to those of the present work.

As can also be seen in Table 1, the T, of Ro in the
physical blend unexpectedly increased 24°C after an addi-
tional kneading time of 12 min. This is in contrast with the
usual effects of interchange reactions on blends with a crys-
talline polymer, because the T}, tends to decrease due to the
decrease in the length of crystallizable sequences as the
reacted copolymers are generated. The behaviour of PAr/
Ro blends may be attributed to the fact that as reactions take
place and the ethylene terephthalate units disappear from
the Ro chains, the length of p-hydroxy benzoate segments
increases, giving rise to more perfect crystals.

The development of interchange reactions between PAr
and Ro was also analyzed by FTIR. Fig. 1 shows the FTIR
spectra in the carbonyl region of PAr, Ro and the chloro-
form-soluble fraction of the PAr/Ro (50/50) blend after an
additional kneading time of 12 min. If no reaction took
place, the carbonyl absorption band of the soluble fraction
of the blend should be coincident with that of PAr.
However, as can be seen in Fig. 1, it appears slightly
displaced towards that of Ro, and even shows a slight
slope change at wavenumbers (1715-1725 cm™") similar
to that of the maximum of the absorption band of Ro.
This proves the existence of reactions.

3.2. Solid state behaviour of the reacted ternary blends

In Table 2, the thermal transitions of the reference ternary
blend and those of some blends after different a-rt are
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Table 2
Thermal transitions of PEI/PAr—Rodrun blends
T,, matrix (°C)
Additional residence time 80/20-00 80/20-20 80/20-40
8 (a-rt) (min)
5
5 0 205 196 195
3 42 - 192 190
< 8 - 190 187
10.7 - 192 189
P R S shown. The T}, values are not reported because the melting
1800 1750 1700 1650 endotherms were very wide, giving rise to a large uncer-
Wavenumber (cm™) tainty of the results. As can be seen, the observed single 7,
corresponds to the matrix, rich in PEI/PAr, because its value
Fig. 1. FTIR spectra in the carbonyl absorption region of PAr (- - -), Ro is close to the Tg of the miscible PEI/PAr (80/20) blend
[CEREe ) and the chloroform-soluble fraction of the PAr/Ro (50/50) blend (2030C) [35,36].The Ro glass transition was not observed.

after an additional kneading time of 12 min (—). .
¢ - However, the presence of a second Ro phase is clear
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Fig. 2. Tensile fracture surfaces of the skin of the 80/20-20 reference (a) and those of blends obtained with additional reaction time of 1.7 (b), 4.2 (c) and
8 min (d).
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Fig. 3. Tensile fracture surfaces of the skin of the reference 80/20—40 blend (a) and those obtained with additional reaction time of 1.7 (b), 4.2 (c) and

8 min (d).

because the decrease in T, is too small to be due to the
miscibilization of Ro. The non-observance of the T, of
Rodrun was probably due to the small heat capacity change
of Ro and to its low content in the blends.

As can be seen in Table 2, in the reference (a-rt =0)
blends, there is a slight (10°C) T, decrease due to the
presence of Ro. It is similar to that previously observed in
the binary PEI/Ro blends [37]. This decrease in the 7,
induced by the presence of Ro could be attributed to partial
miscibility but also, as in PEI/Vectra B950 blends [38], to a
more active movement of the TLCP chains in the blends.

As can also be observed in Table 2, the T, decreased when
the residence time increased. The progressive decrease at
short times in the T, of the PEI/PAr matrix clearly indicates
the increasing Ro presence induced by the reactions. The
effect is less noticeable than that of Table 1, probably due to
the smaller possibility of contact between PAr and Ro that
the miscibilization of the PAr in the main component PEI
offers. As in the 50/50 PAr/Ro blend obtained at the same
temperature, discussed in Section 3.1, this behaviour proves
that transesterification reactions between both polyesters

took place. This is although the impossibility to adequately
separate PEI and PAr avoided the study of the interchange
reactions in these ternary blends by FTIR. The occurrence of
these transesterification reactions and the copolymers that
they give rise to, offer an opportunity for their use to
improve the compatibility of the blends.

3.3. Morphology

Figs. 2 and 3 show the morphology of the skin of the 80/
20-20 and 80/20-40 blends, respectively, after a-rt of 0,
1.7, 4.2 and 8 min. As can be seen in Fig. 2, the dispersed
phase particle size decreased after an a-rt of 1.7 min and,
although the difference is not so clear, after 4.2 min. In the
80/20—40 blends of Fig. 3, an a-rt between 1.7 and 4.2 min
was necessary to thin the dispersed phase. This thinning
effect indicates a decrease in the interfacial tension between
the matrix and the dispersed phase due to the presence of the
reacted copolymers.

In both blends, when the a-rt was 8 min, the size of the Ro
particles remained constant or increased slightly. This is not
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Fig. 4. Tensile curves of the PEI/Ro (80/20) blend (a), of the reference PEI/PAr—Ro (80/20-20) blend (b), and of the reacted PEI/PAr—Ro blend after

additional reaction time of 2.5 (¢) and 8 min (d).

unexpected because, for example, a slight coarsening was
found [16] in PEI/Vectra B950 blends compatibilized with a
poly(ester-amide), when the compatibilizer content
increased above an optimum value. It was attributed to the
flocculation of the TLCP phase as a consequence of strong
interparticle interactions. Thus, the presence of reacted
copolymers gives rise to an improved Ro dispersion that
indicates a decrease in the interfacial tension that probably
will lead to an improved adhesion in the solid state.

3.4. Mechanical properties

In Fig. 4, representative tensile curves of the binary 80/20
PEI/Ro blend, of the reference ternary 80/20-20 PEI/PAr—
Ro blend, and of two ternary blends after increasing a-rt are
shown. As is seen when curves € and d are compared with
curve b, they are higher and longer than curve b, which in
turn was also higher and longer than that of the binary PEI/
Ro blend. This indicates that the effect of the reactions that

Ductility (%)

a-rt (min)

Fig. 5. Ductility of the 80/20—20 (O) and 80/20—40 (®) blends as a function of the additional reaction time. The data for the uncompatibilized 80/20 (A) and
60/40 (A) blends are represented on the vertical axis.
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Fig. 6. Fracture region of a 80/20-20 tensile specimen after an additional
reaction time of 8 min.

the a-rt gives rise to is to additionally improve the compa-
tibilizing effect of the presence of the PAr compatibilizer.

Fig. 5 shows the ductility of the 80/20-20 and 80/20-40
blends as a function of the a-rt. The ductilities of the binary
80/20 and 60/40 blends are plotted as triangles on the verti-
cal axis. The reference ternary blend, which corresponds to
an a-rt =0, is also plotted on the vertical axis. As can be
seen, in the 80/20—40 blends, the ductility did not increase
with the a-rt. This was probably due to the important
presence of the brittle Ro, which avoided deformations
higher than those of its own deformation at break (2.1%)
to take place.

As can also be seen, the ductility of the blends with
20% Ro increased with the a-rt up to an a-rt of 6 min.

This clearly indicates increasing compatibilization and
interfacial adhesion. At longer a-rt, the ductility levelled
off, indicating a limiting compatibilization level. The
ductility of the blends with 20% LCP is noteworthy
because a-rt equal to or greater than 6 min (elongation at
break of 6%) gave rise, as can be seen in Fig. 6, to the
appearance of shear bands and of partial necking in these
blends with 20% TLCP.

Fig. 7 shows the Young’s moduli of the blends as a func-
tion of the a-rt. The moduli of the binary blends are plotted
as triangles on the vertical axis. The values of the reference
blends with an a-rt = 0 appear, as in Fig. 5, on the vertical
axis. As can be seen, the modulus of the 40% Ro blends first
remained constant up to an a-rt of roughly 3 min; it subse-
quently showed an increase from approximately 5.0 to
5.5 GPa with increasing a-rt. These trends are attributed,
respectively, to the observed lack and beginning of produc-
tion of fibres at roughly the same a-rt. The continuous modu-
lus decrease with a-rt of the 80/20-20 blend was
unexpected. The possibility of low adhesion is excluded
by the high ductility values of Fig. 5. Thus, the decreasing
length of the fibres of Fig. 2 at increasing a-rt may be the
reason for the observed behaviour. This is because the short
fibres seen in Fig. 2 at a-rt higher than 0 min will probably
hinder the effective transmission of stress. Moreover, the
modulus decrease was absent at a-rt higher than roughly
7 min, when little change in the fibre length could be
observed. Reliable quantitative values for the fibre length
could not be obtained due to the complex morphology of the
skin and to its indeterminate limit. It might be deduced that
the length of the fibres is too short and the decrease in the
modulus could indicate that the optimum compatibilization
had been reached. However, the observed modulus

Young's Modulus (GPa)

a-rt (min)

Fig. 7. Young’s modulus of the uncompatibilized and compatibilized blends versus the additional reaction time. Symbols as in Fig. 5.
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Fig. 8. Tensile strength of the uncompatibilized and compatibilized blends versus the additional reaction time. Symbols as in Fig. 5.

decrease, which was 5—-10% in the blends after an a-rt
between 2 and 4 min, will be compensated by the higher
relative increase in both the tensile and impact strength that
the higher ductility permits, as discussed below.

The tensile strengths of the blends as a function of the a-rt
are shown in Fig. 8. The shape of the curve of the 40% Ro
blends was similar to that of the modulus of elasticity. This
is attributed to the fact that another parameter that in these
brittle materials controls the tensile strength, i. e. the ducti-
lity, remained constant. The maximum increase took place
after an a-rt of 5—6 min, and was 16% with respect to that of
the reference ternary blend. The initial constancy of the

tensile strength coincides with the lack of important change
of the morphology that was evident up to an a-rt close to
3 min.

With respect to the tensile strength of the 80/20-20
blend, it increased with the a-rt, attaining at an a-rt of
2—4 min, a maximum value 22% higher than that of the
reference PEI/PAr—Ro, and 100% higher with respect to
the binary PEI/Ro blend. A qualitatively similar effect
was found [16] when an excess of a poly(ester-imide)
was added as a compatibilizer in blends of PEI with Vectra
B. As can also be seen in Fig. 8, the maximum value in the
40% Ro blends was obtained at a shorter a-rt than in 20% Ro

2000

1500

1000

Impact Strength (J/m)

a-rt (min)

Fig. 9. Unnotched Izod impact strength of the uncompatibilized and compatibilized blends versus the additional reaction time. Symbols as in Fig. 5.



S. Bastida et al. / Polymer 42 (2001) 3161-3170

Table 3
Mechanical properties of reinforced PEIs

3169

Young’s modulus Tensile strength Ductility Unnotched 1zod

(GPa) (MPa) (%) impact strength
(J/m)
PEI/PAr—Rodrun (80/20-20) 44 131 6.5 1420
PEI/Glass fibre (20 wt%) 6.9 140 3.0 480

blends. This agrees with the fact that the orientation increase
was observed faster in the 20% Ro blends than in the 40%
Ro blends. The overall behaviour of the tensile strength of
the 20% Ro blends is a consequence of the behaviour of the
modulus and the ductility. Thus, at an a-rt shorter than
roughly 3 min, the negative effect of the decreasing modulus
of elasticity is counteracted by the positive effect of the
increasing ductility. However, at longer a-rt, where the
ductility levels off, the negative effect of the modulus of
elasticity is seen.

The unnotched impact strength values are shown in Fig. 9
against the a-rt. The values of the binary blends are plotted
on the vertical axis as triangles. The values of the reference
blend correspond to an a-rt = 0. As can be seen, the beha-
viour of the impact strength was rather similar to that of the
ductility. As a consequence, the behaviour has to be similar
to that of the toughness measured in the tensile test, because
the change of the tensile strength was much smaller than
that of the ductility. This is due to the low sensitivity of
these rather elastic materials to the test speed, and to the
unnotched nature of the specimens. As can also be seen, in
the case of the 40% Ro blends, the impact strength slightly
decreased probably because of the important presence of the
brittle Ro. However, the impact strength of the 80/20-20
blend, although clearly smaller than that of the neat PEI
(1950 J/m) [35] because of the presence of the brittle Ro,
clearly increased with the a-rt. This behaviour is indicative
of improved adhesion.

If the mechanical properties of the compatibilized blends
are considered as a whole, it appears that for 40% Ro, the
increases in the Young’s modulus and tensile strength are
slight and do not counteract the observed constant ductility
and decreasing impact strength. With respect to the 20% Ro
blends, the best a-rt is close to 3 min, because the modulus
decreases 5% with respect to the reference blend without a-
rt, but the increases in tensile strength (15%) and impact
strength (25%) are considered to be large enough to posi-
tively counterbalance the overall properties. This best a-rt
appears to be too long for practical purposes, but it may be
easily controlled by means of the addition of catalysts that
can be effectively used [31,32] to accelerate interchange
reactions.

Finally, the properties of this still unoptimized 80/
20-20 blend after an a-rt =3 min are compared as a
reference in Table 3 with those of a commercial PEI
also reinforced 20% by weight with short glass fibre

(Ultem 2200) [39] (volume percents of 18.6% in Ro
and of 11.2% in the case of glass fibre). There is room
for a further improvement of the Ro dispersion and fibril-
lation by optimizing the Ro content, the processing condi-
tions and the compatibilization. However, the balance of
properties is not negative. As can be seen, the Young’s
modulus is clearly higher for the glass fibre-reinforced
material (less important if the specific modulus per weight
were compared (4.9 GPa/(g/cm®) against 3.4 GPa/(g/
cm? )). The difference in tensile strength between both rein-
forced materials is small. The ductility, and probably the
toughness in tensile conditions, is 100% higher in the Ro-
reinforced PEI. The difference in impact strength is even
larger. The smaller abrasive effects on the processing
machinery and the ability to flow in the melt state would
also improve the competitiveness of TLCP-reinforced
composites through increased production and consequent
economies of scale.

4. Conclusions

Interchange reactions between PAr and Ro develop in
ternary PEI/PAr—Ro blends in the melt state. They give
rise to a slight change in the nature of the PAr inside the
miscible PEI/PAr matrix. This partially reacted nature of the
matrix leads to improved ductility values that indicate an
improved interfacial adhesion between the two phases of the
blends.

A 40% Ro is too high a content for an effective overall
increase in mechanical properties. However, in the case of
the 80/20-20 PEI/PAr—Ro blend, additional reaction times
(a-rt) of roughly 3 min give rise to a smaller modulus of
elasticity owing to the short Ro fibres obtained. This nega-
tive effect is counteracted by the higher improvements of the
tensile and impact strengths, a consequence of the improved
interfacial adhesion and ductility of the blends.
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