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ABSTRACT: In this paper, we investigate the relationships between the viscosity ratio, morphology, and processing
temperature of composite fibers comprising liquid crystalline polymer (LCP) and polyamide-66 (PA 66). Furthermore,
we examine in details the effect of the LCP concentration on the phase microstructure and the mechanical properties of
the composite fibers. The results show that, first, the optimal processing temperature of melt spinning of the composite
fibers depends strongly on the viscosity ratio of LCP to PA 66 though the processing temperature range can be determined
by the degradation temperature of PA 66 and the melting point of LCP. Secondly, the LCP phase structure/morphology in
composite fibers can be controlled by the viscosity ratio of LCP to PA 66. Thirdly, the LCP phase structure/morphology
are changed with LCP concentration for a fixed viscosity ratio/processing temperature. With an increase in LCP concen-
tration, the morphology of LCP phase is changed from a fine fibril dispersed phase to a perfectly aligned continuous fiber
reinforced phase in a rich LCP composite fiber. Finally, the mechanical properties of LCP composite fibers depend on
the LCP phase structure/morphology and LCP concentration. The tensile properties of the composite fibers exhibit the
positive synergy in the rich LCP composite fibers.
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The morphology of the materials, especially the mor-
phology/microstructure of the LCP phase, has a strong
influence on the mechanical properties of the compos-
ite materials comprising thermotropic liquid crystalline
polymers (LCPs) and thermoplastic matrix. In gen-
eral, the thermotropic LCPs do not directly transform
to an isotropic melt when heated above their melting
point, but to a state where the orientational long-range
order is preserved whereas the long-range positional
order breaks down. Thermotropic LCPs are essen-
tially rigid-rod long-chain molecules with some irregu-
larity or flexibility incorporated into the polymer chain
to lower the melting point below the decomposition
temperature. The rigid-rod molecular structure allows
these materials to exhibit molecular order in a liquid
mesophase. The highly oriented nature of LCPs pro-
duces highly anisotropic physical property and makes
thermotropic LCPs quite attractive as a potential dis-
persed phase in in-situ reinforcing materials.1–22

The processing conditions affect the morphology and
properties of the composites significantly. The process-
ing conditions are also related to rheological proper-
ties of polymers, which determine the deformation and
flow behavior of polymer materials in liquid, melt or
solid form. In many industrial processes, polymer melts
are subject to complex flows and temperature histories.
To understand these complex flows, the response of the
polymer melts in simple flow fields has been studied to
determine material properties such as the viscosity, nor-

mal stress coefficient and dynamic modulus. In turn,
these material properties have been used to select the
processing parameters for the polymers and to study the
rheology-structure relationship of the polymers.

For composite systems of a liquid crystalline poly-
mer (LCP), VectraTM A, and polyamines (PA),2 for
example, the viscosities of PA 66 and PA 6 decrease
slowly with an increase of temperature, while the vis-
cosity of Vectra A drops dramatically at 280◦C, but re-
mains slightly changed above 295◦C. At constant fre-
quency and above 295◦C, the mean value of the activa-
tion energy of VectraTM A is about 87.0 kJ mol−1, but
jumps to a much higher value of about 407.0 kJ mol−1

if the melt temperature is below 295◦C. The activation
energy of VectraTM A above 295◦C is lower than PA
66, which shows that the viscosity of PA 66 has larger
temperature dependence than VectraTM A. The viscos-
ity of VectraTM A is less than that of PA 66 at tempera-
tures higher than 290◦C, which indicates that VectraTM

A can form the fibrils in PA 66 matrix and reinforce PA
66 when blended together above this temperature.

The effect of processing conditions on the mor-
phology and properties of the blends was predom-
inantly investigated for injection molding, while
more recently efforts were also put on making in-
situ composite fibers via melting spinning.1, 10, 23–28

The investigated systems mainly included VectraTM

A900e/polypropylen,23, 24 LCP/poly(ether ether ke-
tone)/poly(ether imide),25 LCP/polycarbonate and
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polysulfone,26 LCP/PET,27–29 LCP/PES (polyether
sulfone)11 and LCP/LCP. 30 For example, the proper-
ties of polypropylene/VectraTM A900 blend fibers with
different weight ratios (100:2.5, 100:5, 100:10, 100:15)
were investigated by Qin et al.23, 24 They found that
the single-stage drawing producing fibers had a slightly
higher initial modulus than polypropylene, but a signif-
icantly lower tenacity.

For the composite fibers consisting of LCP and
PES (polyether sulfone) as well as the blends of
poly(phenyl-1,4-phenylene terephthalate) liquid crys-
talline polymer with polycarbonate and polysulfone,
the tensile moduli and strengths of the composite fibers
were consistent with the morphology of highly oriented
LCP microfibrils with high aspect ratios dispersed in
the thermoplastic fiber and the mechanical properties
increased with increasing draw ratio.11, 26 In addition,
the fusion heat of the LCP phase in LCP/PES compos-
ite fibers increases continuously with draw down ratio,
while the crystal-nematic transition temperature, Tm,
and glass transition temperature, Tg, of the PES ma-
trix are unaffected.11 The mechanical properties of the
LCP/PET composite fibers could be well improved by
heat treatment.28, 29

Creveceur and Groeninckx25 evaluated the blend
fibers of a thermotropic liquid crystalline polymer and
a thermoplastic matrix of 75 wt% poly(ether ether ke-
tone) and 25 wt% poly(ether imide) in terms of mor-
phology and mechanical properties. The composite
fibers containing more than 25 wt% LCP exhibited a
morphology in which the LCP was dispersed as very
long fibrils with good alignment of molecules in the
spinning direction. The fibers followed the rule of mix-
tures behavior for stiffness vs. composition. For fiber
containing 5 and 10 wt% LCP, both fibril aspect ratio
and molecular orientation were lower, and the stiffness
was below the rule of mixtures.

Most of the research on LCP/thermoplastics31–33

have been focused on the improvement of the mechan-
ical properties of thermoplastics through the microfib-
rillar morphology of the LCP-dispersed phase formed
in a suitable deformation history, in addition to the im-
provement of the melt processing of thermoplastics by
adding a small amount of LCP to a conventional ther-
moplastic polymer. The LCPs can form the elongated
fibrils under appropriate processing conditions, and re-
inforce the thermoplastic matrix.34–37 However, it has
been found that the LCP domains do not always form
fibrils for some LCP/thermoplastic composites.2, 25–30

It is interesting that different processing conditions and
different phase structure may result in a synergistic ef-
fect on the composite fibers. The objectives of this
work are two folds. First, to investigate the relation-

ship between the viscosity ratio and the morphology,
and identify the optimal melt spinning temperature for
the LCP-PA composite fibers. Second, to examine the
effect of the LCP concentration on the LCP phase struc-
ture/morphology and the synergy of LCP composite
fibers for a fixed processing temperature, and provide a
guideline for the morphology control and property im-
provement of the composite fibers.

EXPERIMENTS

Materials
LCP VectraTM A 950 used was a wholly aro-

matic copolyester consisting of 27 mol% of 2,6-
hydroxynaphthoic acid (HNA) and 73 mol% of p-
hydroxybenzoic acid (HBA) produced by Hoechst
Celanese Company. The polyamide-66 (PA 66) pellets
employed were the product of Asahi Chemical Industry
Co. Ltd., Japan. The LCP and PA 66 were dried in a
vacuum oven at 120◦C for 24 h prior to mixing. The
blending was performed in a Brabender Plasticorder
equipped with a mixing chamber of 50 cm3 and oper-
ated at 290◦C and 75 rpm for 5 min. Weight ratios of
LCP and PA 66 were 10/90; 20/80; 30/70; 40/60; 50/50,
and 70/30, respectively. Fiber spinning was performed
at 295◦C by the melt extrusion of LCP, PA 66 and the
LCP/PA 66 blends, followed by hot stretching the as-
spun fibers on a small scale drawing unit comprising
of two pairs of advancing rollers and a hot plate. All
fibers were spun from mono-filament die with 0.4 mm
diameter and an aspect ratio of 2. The drawing ratio is
4.

DSC Experiments
Thermal analysis was carried out using a Perkin–

Elmer Pyris-1 DSC. The samples were heated from
100◦C with the heating rate of 10◦C min−1. The tem-
perature and heat flow of the instrument were carefully
calibrated with highly pure indium and zinc prior to
use.

Thermogravimetric Analysis (TGA)
The measurements of weight loss of LCP and PA 66

in air were performed on a Perkin–Elmer thermogravi-
metric analysis system TGA 7 with 5◦C min−1.

Rheological Experiment
The rheological experiments were performed us-

ing Advanced Rheometric Expansion System (model-
ARES) with parallel plates produced by Rheometric
Scientific, Inc. The diameter of parallel plates was
25 mm. The frequency was set at 62.8 rad s−1 and the
applied strain was 50%. The plate gap was 1.5 mm. The
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viscosity ratio was determined by the viscosity of LCP
to PA 66 at the same test conditions.

Polarized Light Microscopy (PLM)
The phase structure/morphology of the LCP blends

and composite fibers under polarized light was ob-
served with an Olympus BX50 microscope equipped
with a Linkam TP93 hot stage with a maximum heat-
ing and cooling rate of 90◦C min−1. The sample was
first sandwiched between two glass cover slips on a hot
plat. The micrographs were taken at a temperature of
270◦C where the PA 66 phase was molten and LCP fib-
rils were below their melting point. Magnification used
was 200X.

Scanning Electron Microscopy (SEM)
The morphology of the fracture surfaces of the com-

posite fibers was observed in a scanning electron mi-
croscope (SEM, Philips-XL 30). All fractured surfaces
were coated with a thin layer of gold prior to SEM ex-
amination.

Mechanical Properties
The tests of the mechanical properties were carried

out on an Instron tensile tester with a gauge length of
50 mm and an extension rate of 10 mm min−1. The test
was performed at 25◦C and 65% relative humidity. The
diameter of composite fibers is about 0.2 mm. The ef-
fective numbers are not less than 5 and the standard
deviation is < 10%.

RESULTS AND DISCUSSION

Determination of Optimal Processing Temperature
Temperature is one of the important processing pa-

rameters. The processing temperature of a single poly-
mer is more than its melting temperature and below
its degradation temperature, while the processing tem-
perature range of two conventional polymer blends is
from the melting temperature of higher melting temper-
ature polymer to the degradation temperature of lower
degradation temperature polymer. The DSC and TGA
curves of VectraTM A 950 and PA 66 are shown in Fig-
ures 1 and 2, respectively. It can be seen that the melt-
ing temperatures (Tm, peak temperature) of VectraTM A
950 and PA 66 are 280 and 263◦C, respectively. The
TGA experimental result (Figure 2) exhibits that the
VectraTM A 950 and PA 66 start slightly degrading at
450 and 360◦C, though their degradation temperatures
(Td) are 480 and 400◦C, respectively. This indicates
that the processing temperature range of VectraTM A
950 and PA 66 composite system should be in 280 to
360◦C.

For LCP in-situ composites, the viscosity ratio of

Figure 1. DSC curves of PA 66 and LCP.
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Figure 2. TGA curves of PA 66 and LCP.

LCP to matrix has strong influence on their morpho-
logical and mechanical properties, and is a critical fac-
tor in determining the composite morphology. For
good fibrillation to be achieved, the viscosity of the
dispersed LCP phase should be lower than that of the
matrix2, 14, 37 (i.e., ηLCP/ηMatrix < 1). Temperature de-
pendence curves of viscosity ratio of LCP to PA 66
at 62.8 rad s−1 are shown in Figure 3. It is very clear
that the viscosity ratio of LCP to PA 66 is more than
1 below 290◦C and is less than 1 above 290◦C. For
example, the viscosity ratio of LCP to PA 66 is 3.42
at 285◦C, while the viscosity ratio of LCP to PA 66
is 0.75 at 295◦C. The corresponded morphology of the
dispersed LCP phase is shown in Figure 4. The optical
micrographs show that good fibrillation can be achieved
when the viscosity ratio of the dispersed LCP phase to
the PA 66 matrix is 0.75 (less than 1) at 295◦C. The dis-
persed LCP domains tend to be spherical or cluster-like
when the viscosity ratio of the dispersed LCP phase to
the PA 66 matrix is 3.42 (more than 1) at 285◦C. This
shows that the LCP/PA 66 composite systems can form
a better reinforcing phase at a processing temperature
of 295◦C than at a processing temperature of 285◦C.
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Figure 3. Temperature dependence curves of viscosity ratio of
LCP to PA 66 at a frequencies of 62.8 rad s−1.

A: a viscosity ratio of 3.42 at 285°C

B: a viscosity ratio of 0.75 at 295°C

Figure 4. Optical micrographs of LCP/PA 66 (20/80) compos-
ite system at different viscosity ratios.

The processing temperature can change the viscosity
ratio of LCP composite systems for a fixed LCP con-
centration, which results in different LCP reinforcing
phase structure/morphology in LCP composites.1, 14, 37

In fact, the good fibrillation can only be achieved when
the viscosity of the dispersed LCP phase is less than
that of the PA 66 matrix above 290◦C. That is to say,
LCP is able to form the fibrils in PA 66 matrix and
reinforce PA 66 when the processing temperature is
above 290◦C, but it is difficult to form LCP fibrils in
PA 66 matrix below 290◦C. However, the high process-
ing temperature will easily result in the degradation of
PA 66. In general, the processing temperature of PA
66 should be below 300◦C. Based on the ratio of LCP
to PA 66 and the instability of PA 66 at high processing
temperature, we think that 295◦C is an optimal process-
ing temperature for melt spinning of LCP/PA 66 com-

posite fiber.

Effect of LCP Concentration on Morphology of LCP/PA
Composite Fibers

The processing conditions, mixing equipment and
LCP concentration have a crucial effect on the mor-
phology of immiscible polymer–polymer composite
systems. Flow type also plays a decisive role in the LCP
deformation. Shear flow tends to break up the polydo-
main structure, while extensional flow may consolidate
and orient it.39 In the present work, the transformation
of the LCP into fibrils may take place in two stages.
First, there is an elongational flow at the spinneret hole
entrance where deformation can take place. Secondly,
there exists an elongational strain below the spinneret,
which can deform the LCP phase.

Figures 5a and 5b are the hot-stage optical micro-
graphs of composite fibers with LCP/PA 66 (wt/wt) ra-
tios of 10/90 and 20/80 at a processing temperature of
295◦C. It can be seen that the LCP and PA 66 exist in
separate phases. The LCP fibrils are fine and chaoti-
cally dispersed in PA matrix. The hot-stage optical mi-
crograph of composite fibers with LCP/PA 66 (wt/wt)
ratios of 30/70 is shown in Figure 5c. The short LCP
fibrils are mostly aligned in the direction of flow, how-
ever, the aspect ratio (L/D) ratio of the fibrils is very
small. The hot-stage optical micrographs of compos-
ite fibers with LCP/PA 66 (wt/wt) ratios of 40/60 and
50/50 are illustrated in Figures 5d and 5e. As LCP con-
centrations are increased, the most fibrils are aligned in
PA matrix in the direction of flow. Figure 5f displays
the hot-stage optical micrograph of LCP/PA 66 (70/30)
composite fibers. The LCP forms the continuous fib-
ril phases with increasing the concentrations which are
perfectly aligned in the direction of flow.

Compared Figure 5b with Figure 4B, it can be found
that different processing conditions can result in dif-
ferent phase structure/morphology of LCP/PA 66 com-
posites even if they have the same level of LCP concen-
trations. For LCP/PA 66 blends (Figure 4B), the LCP
phase dispersed in PA 66 matrix forms long fibrils due
to the shear stress of screw in the mixer and the diam-
eter of the fibrils is from 10 to 50 µm. For LCP/PA 66
composite fibers (Figure 5b), a good dispersion and an
elongational flow at the spinneret hole entrance can re-
sult in LCP fine fibrous structure and the diameter of
fine fibrils is below 10 µm. This is due to the fact that,
during fiber spinning, the LCP particles dispersed in the
matrix through elongation into cylindrical shapes break
up into smaller droplets in quiescent regions. These
drops are elongated again in high-shear regions, break
up again, and so on until viscous stress equilibrates the
interfacial stress.39 At the spinneret hole entrance, a
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a: (10/90) b: (20/80)

c: (30/70) d: (40/60)

e: (50/50) f: (70/30)

Figure 5. Optical micrographs of LCP/PA 66 composite fibers (Direction of arrow is direction of flow).

rapid acceleration flow begins, which produces an elon-
gational flow that deforms fine fibril form. In addition,
the LCP fibrous morphology is stable since the activa-
tion energy of LCP phase is very high below 280◦C.2

We carried out the SEM observations of the trans-
verse cross-fractured morphology of the LCP/PA 66
(10/90, 20/80, 30/70, 50/50, and 70/30) composite
fibers at a processing temperature of 295◦C. The SEM
photographs are shown in Figure 6. It is obvious that
PA 66 is immiscible with LCP, and there are two dis-
tinct phases in the composite fibers. The morphology of
LCP phase changes with the LCP concentration. LCP
exhibits a fine fibril dispersed phase in the PA 66 ma-
trix if the LCP concentration is low. With an increase
in LCP concentration, the morphology of LCP phase
varies from a fine fibril dispersed phase to a perfectly
aligned continuous fibrils reinforced phase in the rich
LCP composition samples. Thus, the aspect ratio (L/D)
of the LCP phase increases with increasing LCP con-
centration. The above observation is in agreement with
LCP fibrils in other matrices well documented in the
literature.9, 40, 41 In short, the formation mechanisms of
LCP fibrils in in-situ composite fibers are (A) the LCP

component of the composite systems forms an elon-
gated, fibrous phase that orients in the direction of flow
when an extensional component is present during pro-
cessing of the melt. Because of the long relaxation
times of the LCP, the fibrous nature of the dispersed
phase may be preserved even in cases where the ex-
tensional flow is followed by a simple shear flow. (B) a
rapid acceleration flow begins, which produces an elon-
gational flow that deforms dispersed phase into fibril
form, at the spinneret hole entrance.

Effect of Morphology on Mechanical Properties of
LCP/PA 66 Composite Fibers

In general, the mechanical properties of LCP in-
situ composite systems do not follow the rule of
mixture27, 39 and often exhibit the negative or pos-
itive synergy,25 which is related to the processing
technology, fibril orientation and LCP concentration,
etc.9, 40, 41 The tensile strengths of LCP/PA 66 compos-
ite fibers with different LCP concentration are shown in
Figure 7, while the dependence of tensile modulus on
LCP concentration in LCP/PA 66 composite fibers is
displayed in Figure 8. The tensile moduli increase with
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a: (10/90) b: (20/80)

c: (30/70) d: (50/50)

e: (70/30)

Figure 6. SEM photographs of fractured surface of LCP/PA 66 composite fibers.
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Figure 7. Dependence of tensile strength on LCP concentra-
tion in LCP/PA 66 composite fibers.

an increase in LCP concentration, especially in the rich
LCP concentration. For example, the tensile moduli of
PA and the composite fibers with LCP/PA 66 (wt/wt)
ratios of 10/90, 20/80, and 30/70 are 585, 717, 1098,
and 1619 MPa, respectively. But the tensile modulus
of the composite fibers is sharply enhanced at 40 wt%
LCP concentration and has the positive synergistic ef-
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Figure 8. Dependence of tensile modulus on LCP concentra-
tion in LCP/PA 66 composite fibers.

fect if the LCP concentration is rich, indicating that the
LCP phase can easily orient and form the continuous
fibril phase. The tensile strengths increase with an in-
crease in LCP concentration only when LCP concen-
tration is above 40 wt%. This indicates that the LCP
phase has the reinforcing effect when the LCP concen-
tration is greater than 40 wt%. Compared to the pure
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PA 66 fiber, it can be found that the 40 wt% LCP com-
posite fiber shows a 982% increase in tensile modulus
and a 123% increase in tensile strength. The mechan-
ical properties of LCP/PA 66 composite fibers depend
mainly on their morphology. Although the long fibrils
can be observed in low LCP concentration like LCP/PA
66 (10/90 and 20/80) composite fibers, the LCP con-
centration is too low to reinforce PA 66 matrix and the
tensile strengths of the composite fibers are mainly con-
trolled by the properties of matrix. In the low LCP
concentration, based on mechanics of composite ma-
terials, the tensile strength can be approximately shown
as: σc ≈ Vmσm. Here σc is the strength of composite
materials, while Vm and σm are the volume fraction and
the strength of matrix, respectively. The tensile strength
of the composite fiber is lower than that of matrix and
exhibits the negative synergistic effect since Vm is be-
low 1. For example, the tensile strength of pure PA
is 67.8 MPa, while the tensile strengths of composite
fibers with LCP/PA 66 (wt/wt) ratios of 10/90, 20/80,
and 30/70 are 56.9, 58.9, and 60.7 MPa, respectively.

In addition, from the hot-stage optical micrographs
of composite fibers with LCP/PA 66 (wt/wt) ratios of
10/90 and 20/80, it can be known that another reason
of their tensile strengths lower than pure PA 66 fiber’s
one is that the fine LCP fibrils chaotically dispersed
in PA66 matrix. For LCP/PA (30/70) composite fiber,
the unremarkable reinforcing effect is because the L/D
ratio of the LCP fibrils is too small though the most
short LCP fibrils can be aligned in the direction of flow.
Thereafter, the most LCP fibrils are aligned in PA ma-
trix in the direction of flow and produce the remark-
able reinforcing effect, as the LCP concentrations are
increased. The composite fibers containing more than
40 wt% LCP exhibited a morphology in which the LCP
was dispersed as very long fibrils with good alignment
of molecules in the flowing direction (Figures 5d, 5e,
and 5f). The LCP forms the continuous fibril phases
with increasing further the concentrations which are
perfectly aligned in the direction of flow and the re-
inforcing effect is more remarkable. Our experimental
results on LCP/PA 66 system are similar to LCP/PEI
system,39 as well as the blend fibers of a LCP and a
thermoplastic matrix of 75 wt% PEEK and 25 wt% PEI
reported by Creveceur and Groeninckx.25 Their exper-
imental results showed that the composite fibers con-
taining more than 25 wt% LCP exhibited a morphology
in which the LCP was dispersed as very long fibrils with
good alignment of molecules in the spinning direction.

In addition, it is found that the synergistic effect of
the tensile modulus is much better than that of the
tensile strength. This is because the tensile modu-
lus depends on the structure and orientation of macro-
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Figure 9. Dependence of strain at break on LCP concentration
in LCP/PA 66 composite fibers.

molecules, while the strength is related to the bond en-
ergy. For composite system, the function of the rein-
forcing phase is to bear the load, while the main func-
tion of the matrix is to transfer the stress.

In the mechanical property tests, it is interesting to
note that the pure PA fiber and the composite fibers con-
taining below 30 wt% LCP show clear yield points and
ductile fractures, while the samples containing equal
and more than 30 wt% LCP do not yield and give brit-
tle fractures. The dependence of strain at break on
LCP concentration in LCP/PA fibers is shown in Fig-
ure 9. The strains at break decrease with increasing
LCP concentration, but remain invariant above 30 wt%
LCP concentration.

For LCP composite systems, the mechanical proper-
ties of composite fibers are controlled by the LCP phase
structure/morphology, while the LCP phase struc-
ture/morphology is related to LCP concentration and
processing conditions, such as processing temperature
(viscosity ratio) and processing method (flow types of
melt). The viscosity ratio is a critical factor in deter-
mining the blend morphology. The good fibrillation
can be achieved when the viscosity of the dispersed
LCP phase is less than that of the PA 66 matrix above
290◦C. In addition, an elongational flow at the spinneret
hole entrance makes both of LCP and PA 66 orient in
the direction of flow. Since the orientation relaxation
time of LCP is longer than the stress relaxation time,42

thus the orientation LCPs achieved during processing
is frozen in the solid state more easily than for flexible
chain PA 66. LCP phase exists in PA matrix in the form
of fibrils. Furthermore, in low LCP concentration, the
disorientation or shrinkage of PA 66 take place since
the relaxation time is related to the activation energy,
∆E, τ ∝ e∆E/RT, and the activation energies of LCP
and PA are 407.0 kJ mol−1 and 109.6 kJ mol−1,2 respec-
tively, so the relaxation time of PA 66 is shorter than
LCP relaxation time. The disorientation or shrinkage
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of PA 66 results in LCP fibrils not to align in the direc-
tion of flow, but to chaotically disperse in PA66 matrix.
LCP fibrils lost their reinforcement effect. The me-
chanical properties of composite fibers are controlled
by the properties of matrix. Moreover, in the rich LCP
concentration, the LCP fibrils can form the continuous
reinforcing phase and the composite fibers exhibit the
excellent mechanical properties. On the other hand, if
the LCP content is too high (> 80%), the LCP fibrils
in the matrix would tend to coalesce into a sheet-like
structure, resulting in poor reinforcement.25 The tensile
modulus of the composite fibers has a positive synergy,
as it is higher than the value predicted by the mixture
law in the rich LCP concentration, especially around
70 wt%.

CONCLUSION

The viscosity ratio of LCP to PA 66 varies with tem-
perature and is less than 1 above 290◦C. Good fibril-
lation can be achieved when the viscosity ratio of the
dispersed LCP phase to the PA 66 matrix is 0.75 (less
than 1) at 295◦C. The dispersed LCP domains tend to
be spherical or cluster-like when the viscosity ratio of
the dispersed LCP phase to the PA 66 matrix is 3.42
(more than 1) at 285◦C. The morphology of the LCP
composite fibers can be controlled by adjusting LCP
concentration, in addition to viscosity ratio, processing
conditions and methods. The morphology of the LCP
phase changes with the LCP concentration for a fixed
processing condition. With an increase in the LCP con-
centration, the morphology of LCP phase varies from a
fine fibril dispersed phase to a perfectly aligned contin-
uous fibrils reinforced phase if the LCP concentration is
high. Good mechanical properties of composite fibers
can be achieved with high LCP concentration due to
a perfectly aligned continuous fibrils reinforced phase.
The tensile modulus of the composite fibers has a pos-
itive synergy as it is higher than the value predicted by
the mixture law in the rich LCP concentration, espe-
cially around 70 wt%. The investigation of the relation-
ships between the processing technology, morphology
and mechanical properties can provide a guideline for
the design, research and development of new polymer
composite fibers as well as the investigation of nano-
polymer composite fibers we are currying out.
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