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Abstract

In this paper, we report experimental optical observations on the deformation, possible breakup and coalescence
of molten thermotropic liquid crystalline polymers (TLCPs) embedded in a molten polypropylene matrix. Both simple
oscillatory shear and extensional flow deformations are considered. In the case of oscillatory simple shear, different
regimes of deformation and filament formation are observed. In one case, stable filaments form by an accumulated
strain effect. In the second case, extended unstable filaments are formed mainly by filament coalescence. It is found
that the coalescence of droplets occurs by droplets migrating towards each other. The low pressure produced behind
the droplets during flow was thought to be the driving force for the droplets alignment and migration. Experiments
on droplets deformation and relaxation in extensional entry flow experiments are also presented, and from the data
presented in the paper it is possible to establish general conditions for the formation and survival of TLCP filaments
in a thermoplastics matrix, which is a necessary condition for the manufacture of in situ self reinforced thermoplastic
products. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Blending of thermotropic liquid crystalline polymers with isotropic polymers can lead to
enhanced processability and mechanical performance of the bulk polymers. Extensive research
studies have been carried out in this area and a number of review articles are available [1-4].
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Most of the work reported was carried out on blends containing the commercially available rigid
chain copolyester Vectra TLCPs manufactured by Hoechst-Celanese. It is generally accepted
that the property enhancement is due to the ease of orientation and long relaxation time of the
TLCPs in the blends. TLCPs are generally less viscous and show stronger shear thinning
behaviour when compared with isotropic polymers. During processing, the TLCPs can be made
to align in the flow field and these aligned low viscous TLCP molten structures can lubricate the
melt, giving rise to reduced energy consumption for processing and lower bulk melt viscosity [5].
If the alignment can be preserved in the products, mechanical properties such as tensile modulus
and strength may also be improved [6]. It is therefore of particular interest to establish the
conditions under which elongated fibrils of TLCP in the isotropic molten polymer can be
achieved, and this forms the basis of the experimental work described in this paper.

Taylor [7] was the first to study the deformation and break-up of a suspended immiscible
Newtonian droplet in another Newtonian liquid. He found that the droplet deformation was
controlled by two dimensionless numbers: the viscosity ratio of the droplet and the matrix, and
a capillary number or Taylor number, defined by the ratio of the viscous force to the interfacial
surface force. For a given viscosity ratio, a critical Taylor number is observed above which the
spherical droplets will be extended into irreversible slender or fibre-form droplets.

Tomotika [8] theoretically studied the breaking-up of deformed droplets in an extensional
flow field. From his calculation, it was concluded that the true instability in a thread can not
grow at extension ratios less than 15 during the process of stretching.

The effect of shear flow on droplet deformation and break-up is more complex than that due
to the elongational flow because of the additional component of rotation of shear. In general,
simple shear is not as efficient as extensional flow in deforming droplets, because, for the same
rate of deformation, the dimension increases linearly with time in simple shear flow, but it
increases exponentially in extensional flow

Relatively few theoretical or experimental studies dealing with the deformation and break-up
of viscoelastic droplets suspended in another viscoelastic liquid have been published [9-11].
Studies carried out so far show that when viscoelastic properties are exhibited by one of the
phases the following are found: (1) The viscoelasticity delays the droplet deformation; (2) The
effect of shear flow on deformation is affected more strongly by viscosity ratios; and (3) when
the viscosity ratio is greater than 4, no deformation can be expected for a droplet under any
shear rate in simple shear flow.

This work concentrates on the effects of viscosity ratio and the type of flow on TLCP droplet
deformation within a polypropylene matrix. The objective is to establish conditions under which
droplets can be deformed into fibres. The stability of these fibres during flow is also investigated.

2. Experimental
2.1. Materials
The matrix material used for the blend study in this work was polypropylene PP-GE71200,

kindly supplied by Shell KSLA. The melting temperature for the PP used is 164°C. The
thermotropic liquid crystalline polymers Vectra B950 and Vectra A950 manufactured by
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Hoechst-Celanese were used as the dispersed phase for the blend. The Vectra A950 TLCP is a
random co-polyester of composition 73% hydroxybenzoic acid and 27% hydroxynaphthoic acid.
Vectra B950 is a random copolyesteramide made from 60% hydroxynaphthoic acid, 20%
aminophenol and 20% terephthalic acid. The DSC crystalline nematic transition temperatures
for these two TLCPs are about 280°C. Detailed rheological and optical texture characterizations
will be presented in a separate publication. Prior to all experiments, the Vectra TLCPs were
vacuum dried at 120°C for at least 12 h.

2.2. Interfacial tension measurement

In order to measure the interfacial tension between the Vectra TLCPs and the PP matrix, a
long uniform cylindrical Vectra A950 thread embedded in a PP-GE71200 matrix blend sample
was required. Since the break-up time varies with fibre diameter, an appropriate diameter size
of TLCP fibre was needed. If the diameter is too large, the break-up time could be so long that
significant degradation or oxidation of the materials would occur. If the diameter is too small,
the break-up time will be too short, giving large measurement errors. Typically, fibre diameters
in the range of 5-20 um are ideal.

Blend samples were prepared by melt blending 3 wt% Vectra A950 with PP-GE71200 in a
Davenport ram extruder. Blend samples were extruded at a range of ram speeds and examined
using an optical microscope for fibre diameter optimization. Die draw was also applied to
produce fine TLCP fibre dispersion in the PP matrix with fibre diameter of order 10 um. The
blend samples satisfy this requirement was then observed using an optical microscope with a hot
stage at 310 +0.5°C. Both polymers are in the molten state at this temperature. The time
dependence of the shape of the fibre was recorded using a video recorder.

2.3. Molten TLCP droplet deformation and break-up in simple shearflow

Optical observations of the TLCP droplet deformation and break-up under simple oscillatory
shear flows were carried out using a purpose designed optical shearing apparatus, developed at
Cambridge [12,13]. A photograph and a schematic diagram of the rig are illustrated in Fig. 1.
The essential features of the device are a static upper plate which can be accurately aligned with
respect to the lower plate using micrometers which are attached to the lower plate. A 12 mm
diameter optical glass disc is mounted onto each plate. Translational movement is applied to the
lower plate by a motor and cam arrangement. Strain amplitudes and shear rates are controlled
by cam eccentricity and motor speed, respectively. A range of cams were used varying from 0.05
to 0.5 mm displacement from the central position which give oscillatory movement to the lower
plate by a piston-cam arrangement. The temperature of the two plates is controlled indepen-
dently using separate band heaters around both upper and lower glass discs. Temperatures in
the range of 20-350°C ( + 1°C) can be applied. A modified ‘Swift’ polarising-light microscope
was used with a twenty times long working-distance objective. A photo eyepiece is attached to
a video camera which is connected to a television monitor. The gap between the plates has been
set at 50 pum.

Two blend samples were used, a blend of Vectra A950 and PP-GE71200 and a blend of
Vectra B950 and PP-GE71200. In both cases, Vectra was dispersed at 10% by weight. Blending
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was achieved by first mixing the polymers mechanically until macroscopically homogeneous.
The premixed blend is then extruded through a capillary die with a length to diameter ratio of
20 and a diameter of 1 mm on a single screw extruder. The material was extruded at an
extrusion speed corresponding to an apparent wall shear rate of 25 s~ ! in the capillary. Die
draw was also applied immediately on the fibre emerging from the capillary die. All samples
used in this study were drawn to a die draw ratio of ten. The draw ratio here refers to the ratio
of the cross sectional area of the die divided by that of the fibre. Therefore, the initial

motor
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Fig. 1. Photograph (a) and schematic diagram (b) of the optical translational shearingapparatus.
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morphology of TLCP within the blend material was fibrous. These fibres broke up into spherical
droplets at temperatures above 290°C. The experimental results discussed here were obtained at
a temperature of 310°C.

2.4. Molten TLCP droplet deformation and break-up in entry flow

In terms of entry flows, the optical observations were made on an optical flow cell in
conjunction with a Davenport ram extruder, which was also developed at Cambridge. The
detailed experimental set-up was published elsewhere [13,14]. The slit die used for the present
study has a 180° entry angle, a width of 1 mm, a depth of 15 mm and a slit length of 15 mm.

In order to make clear optical observations on TLCP droplet deformation in the optical flow
cell, a low concentration of TLCP material in the blend is required. Sample preparation
procedures were as follows: pure Vectra A950 material was spun using a screw extruder at a die
temperature of 310°C. These fibres with an average diameter of about 0.2 mm were then
chopped into small strands approximately 10 mm long and mixed mechanically with PP-
GE71200 for form a 3 wt% TLCP mixture. The mixture was then loaded into the Davenport
ram extruder at a temperature of 310°C. Melt blending was not adopted here for two reasons:
(a) the droplet sizes are smaller than the resolution limit of the optical flow system; and (b) the
strong mixing causes a wide range of droplet size distribution. The very small ones cause a very
high light scattering which makes the light transmission very difficult. All optical observations
were made at a temperature of 310°C and at different flow rates. Observations were made both
in the entry and in the slit regions.

2.5. Rheological characterisation

Full dynamic rheological properties of the TLCPs used in this study will be published in a
separate publication. However, plots of the complex viscosity as a function of temperature for
all polymers used is presented here in order to establish viscosity ratios. Measurements were
performed on an RDS II Rheometrics Mechanical Spectrometer; when the test temperature was
above the materials’ melt transition temperature, a parallel plate fixture was employed. When
the materials were in the semi-solid state, a torsion/rectangular fixture was used. Before
commencing each test, the equipment was equilibrated for at least 20 min and the gap for the
parallel plates was zeroed at the test temperature. All measurements were performed at a
frequency of 1 rad s~' and the strain was within the linear viscoelastic region of the samples.

Fig. 2 shows the dynamic temperature sweep data for PP and Vectra A950 and B950
measured from 180 to 320°C. PP is in the molten state and its melt viscosity decreased gradually
from 20 to 2 kPa s~ ! over this temperature range. For Vectra TLCPs, both materials are in their
semi-solid state at temperatures below 280°C. A rapid transition occurs between 265 and 295°C.
Above 295°C, the complex viscosity changes very little on further heating. The viscosity ratio,
p, defined as the ratio of the complex viscosity at 1 rad s ! of the dispersed phase to that of the
dispersion matrix, at 310°C are 0.1 and 0.05 for Vectra A950/PP and Vectra B950/PP,
respectively.
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Fig. 2. Temperature sweep data for polypropylene and Vectra A950 and Vectra B950. Frequency = 1 rad s—!. The
measurements of the solid Vectra samples were carried out using a rectangular/torsion fixture, and for the melt
samples a parallel plate fixture was used. The measurement was performed within the linear viscoelastic region of all
the materials tested.

3. Results and discussions

3.1. Interfacial tension measurement

Prior to the analysis of droplet deformation in the dynamic state, the interfacial tension value
between the two molten polymer phases needs to be quantified and this was measured by using
the liquid cylinder break-up method developed by Rumscheidt and Mason [15]. The principles
of the fibre break-up method were based on the theory originally proposed by Tomotika [16] on
the pioneering experimental work by Taylor [7]. The Tomotika’s theory describes the capillary
instability behaviour of a slender Newtonian liquid thread embedded in another Newtonian
liquid under the balance of the interfacial surface tension force and the viscous forces acting on
the cylinder. For viscoelastic liquids, no theory is yet available. Studies on various systems so far
suggest that a similar behaviour can be observed and the presence of the elasticity by the
dispersed phase may lead to a larger apparent interfacial tension value [10].

It is assumed that the liquid cylinder of radius R, is subjected to a very small sinusoidal
distortions of, in principle, arbitrary wavelength, 4. This is presented schematically in Fig. 3.

Distortions with a wavelength larger than the original circumference of the cylinder will lead
to a decrease in interfacial surface area and thus only these distortions can grow. A dimension-
less wave number, X, is given by



P. Gao et al. /J. Non-Newtonian Fluid Mech. 80 (1999) 199-216 205

—— T —
4__1_{_0__4. _______ -I- _________
e —
| Am I
B -~

Fig. 3. Schematic diagram of the sinusoidal capillary distortions on a liquid cylinder.
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The distortion amplitude is assumed to increase exponentially with time, given by
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where « and o, are the amplitudes of perturbation at times, t =¢ and ¢ =0, respectively. The
growth rate for the disturbance, ¢, is given by

g
q= i Rof(i, p). (3)

Here ¢ is the interfacial tension, 7, is the viscosity of the dispersion matrix, and f(4, p) is a
function of the characteristic wavelength, 4, of the perturbation and the viscosity ratio, p, of the
system concerned. For a given blend of two immiscible liquids with a constant viscosity ratio,
there is a unique value for the dominant wavelength, /., causing the thread to break up and a
unique value for the growth function, f(/,, p), which corresponds to a maximum growth rate
for this wavelength, A, as represented in Fig. 4 [17].
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Fig. 4. Dominant wave number, X = 2nR,/4,,, and its corresponding growth function f(4,,, p) versus viscosity ratio,
p, (after Jassen (1993)).
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By following the break-up dynamics of a long cylindrical liquid thread embedded in a
quiescent liquid matrix, the value of the initial radius of the thread, R,, and the dominant
wavelength, /., can be determined. The maximum growth rate, ¢, can also be determined from
a plot of the amplitudes of the perturbation, «(¢), versus time, ¢, referring to Eq. (2). If the
maximum growth rate and both the droplet and matrix viscosities are known (and assuming
both the viscosities do not change during the process of break-up), the corresponding values of
f(Zm, p) can be read from Fig. 4. Therefore, it is possible to determine the interfacial tension, o,
between the two polymers using Eq. (3).

The experimental measurements on interfacial tension were performed on an optical shearing
rig without shear. The blend samples containing 3 wt% Vectra A950 with initial TLCP fibre
diameters of the order 10 um were placed between the two optical discs, which were preheated
to the desired experimental temperature of 310°C. Distortions start growing at the interface. The
time dependence of the distortion amplitude of the thread was recorded using a video recorder.
Time, ¢, was counted from 7=1¢" as the first measurement at the initial stage.

Fig. 5 shows the evolution of the growth of the distortion amplitude on the TLCP fibre
surface. It can be seen from these photographs that the distortion amplitude of the fibre surface
increases with time and has a dominantly sinusoidal shape. In the process of fibre break-up, a
characteristic wavelength, 4, can be recognized and the droplets formed are of equal diameter
with equal separation. No satellite droplets are formed in between, indicating that the dispersed
TLCP fibre shows little elasticity during breakup. The initial distortions due to thermal
fluctuations are small and are of the order 10~° m for polymer melts [18]. However, the
distortions observed here may be significantly larger due to the possible effects of initial residue
stress within the fibre and non-equilibrium experimental conditions [19,20]. Machiles et al. [11]
have found that the magnitude of the initial distortions has a strong effects on the mechanism
of break-up. Large initial distortions can lead to fibre break-up at a range of non-dominant
wavelengths which grow as quickly as the dominant distortion, and thus cause a wide range of
droplet sizes

The initial fibre diameter, R,, can be obtained from Fig. 5(k), where the maximum distortion
amplitude, «(#,), can be readily measured, using the result from the conservation of volume:
Ry = a(7,)/0.81. The characteristic wavelength for fibre break-up, 4, can also be measured from
Fig. 5(k). The time dependence of the distortion amplitude «(t)/«(t") can be determined from
Fig. 5 (a-]) and is plotted against time ¢-¢" in Fig. 6. The growth rate of the distortion can then
be calculated from the slope of the curve.

Using the above values of wavelength, 4, and viscosity ratio, p, the value of the growth
function, (4., p), is then read from Fig. 4. Given the growth rate, the initial radius of the fibre,
the matrix viscosity and the value of the growth function, the interfacial tension between Vectra
A9SO and PP-GE71200 can be calculated using Eq. (3). The calculated result together with all
parameters obtained is shown in Table 1, where a value of 2.35 x 10 =2 Nm ~! for the interfacial
tension was obtained. This value is almost identical to what was reported recently on a similar
system using similar technique by Machiles et al [11]. This value is close to that measured by
others for TLCP/isotropic flexible chain polymer systems using pendant drop method [21].
Although it is one order of magnitude larger than the theoretical values predicted by Doi and
Kuzuu [22]. It should be stressed that firstly the results of Machiles also account for the effects
of break-up at non-dominant wavelengths. This means that the measurements are not affected
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Fig. 5. A capillary instability growing on a Vectra A950 fibre embedded in a PP-GE71200 matrix at 310°C. The
photos were taken at equal time increments of 1 s after the sample was loaded on the hot stage.
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Fig. 6. Distortion amplitude versus time obtained from the photographs of the fibre shape evolution as shown in Fig.
5.

by whether fibre break-up took place at the dominant wavelength or not. Secondly, the
prediction of Doi and Kuzuu was on the interfacial tension between the isotropic and nematic
phase of the low molecular mass LC materials at their biphasic state.

The close agreement between the values reported here and others using the simple liquid
cylinder break up method also indicates that the system here may be Newtonian during break
up process, for Tomotica’s theory is only valid for Newtonian systems [16]. This is also
supported by the fact that the fibre break-up process produced no satellite droplets which
confirms that the fibre shows negligible elasticity.

3.2. TLCP droplet deformation in simple shearflow

Molten TLCP droplet morphology evolution during the application of a dynamic sinusoidal
oscillatory shear was studied on a translational optical shearing rig. The test was performed at
310°C. At this temperature the viscosity ratio between the Vectra A950 and the PP molten
matrix is 0.1 at 1 rad s —'. Fig. 7 shows the morphology development of Vectra A950 droplets
embedded in PP during oscillatory shear. The maximum shear rates and strain units were 10 s '
and 10, respectively. It can be seen from these photos that the Vectra A950 droplets were nearly
spherical in the quiescent state. This is due to the interfacial tension effect which keeps the
surface area of the droplets as small as possible. In addition, there is a wide range of droplet

Table 1

Nallm R, (um) q (s7h / (measured) (pum) A (predicted) (um) o (Nm™)

0.1 8.78 0.097 111 97 2.35x1072
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Fig. 7. The evolution of the morphology of Vectra A950 droplets embedded in a PP-GE71200 matrix at 310°C during
oscillatory shear. Maximum shear rate = 10 s —!; strain = 10 units; width of photo = 350 um. (a) Quiescent; (b) during
shear with flow to the right; (c) during shear and the flow is to the right; (d) during shear but on flow reversal from
right to left; (e) during shear with flow to the right; (f) during shear with flow to the right; (g) during shear but at
the onset of flow reversal from flow to the right to the left; (h) during shear and flow direction is to the right.
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size, ranging from 3 to ~ 50 um in the melt. When an oscillatory shear was applied, a number
of events take place. Firstly, some of the large droplets deform into ellipsoidal shapes and ultimately
into threads. Secondly, the larger droplets deformed easier than small droplets. Some very small
droplets showed little deformation at this shear rate. This is likely due to the small capillary number
associated with these small droplets. Thirdly, the droplet elongation was found to be time
dependent. A slight droplet relaxation at the onset of zero shear rate is observed for both the
small and the larger droplets as shown in Fig. 7(d, g). However, further elongation into thinner
thread is observed at the acceleration of shear. Finally, we observed that droplets tend to line
up behind each other during the course of shear. Such a migrating effect causes some droplets
to coalesce and form even larger droplets during the shear process. The migration effects observed
between the two larger droplets on the top of the photos as indicated by the arrows are thought
to be due to the wake formation behind the larger droplet. The low pressure region generated
behind the larger droplet caused the smaller droplet to move closer to it.

The droplets deformation and break-up during oscillatory shear has been found to be strongly
affected by the viscosity ratio. The photos shown in Fig. 8 illustrate the droplet deformation of
Vectra B950 in PP matrix at 310°C. At this temperature, the complex viscosity ratio between the
Vectra B950 and PP matrix is 0.05 at 1 rad s~ ' which is about one half of that of the Vectra
A950 and PP blend. The maximum shear rates and shear strain units were also set at 10 s~ ' and
10, respectively.

It can be seen from these photos that in the quiescent state, the droplets are again nearly spherical.
However, the average droplet sizes are much smaller than those of Vectra A950. In addition, the
size distribution is also narrower. The maximum droplet size here is ~ 12 um which is about one
quarter of that of the Vectra A950 droplets.

During the application of shear, the molten Vectra B950 droplets rapidly deform and coalesce
to form long threads. However, these fibres are extremely unstable during the deformation process.
While they form during the flow acceleration process, a rapid relaxation, or in some cases,
disintegration into droplets is observed when the shear rates become zero. This is illustrated in
the photos of Fig. 8(b, c, e, f ). In addition, the droplet coalescence is the main factor for fibre
formation since the fibre diameter is close to that of the initial droplet diameter.

These studies show that in simple shear flows, droplets elongation is controlled by viscosity ratio
and droplet size, for a given interfacial tension, matrix viscosity, and shear stress. Smaller viscosity
ratio favors droplet deformation and dispersion. However, the stability of the fibre form droplets
decreases. In order to form an in situ composite, the deformation rate must be faster than the
relaxation rate or break-up rate of the fibre form droplets. In other words, a longer droplet break-up
time is desired so that the fibre morphology can be easily retained in the product. The following
section on entry flows, therefore, will be concentrated on the Vectra A950/PP-GE71200 blend.

3.3. The molten TLCP droplet deformation and break-up in entry flow

Fig. 9 shows the evolution of morphology of Vectra A950 droplets within a PP-GE71200 matrix
in the entry region when flowing through the converging die at 310°C. The flow rates were 1.41
mm? s ~!. The maximum droplet size in these photos is ~ 400 um. At this flow rate, the droplet
elongation mainly occurs at the entrance of the slit (Fig. 9(c—f)), and little deformation is found
at the upstream of the entry region (Fig. 9(a, b)).
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Fig. 8. The evolution of the morphology of Vectra B950 droplets embedded in a PP-GE71200 matrix at 310°C during
oscillatory shear. Maximum shear rate = 10 s~ !; strain = 10 units; width of photo = 350 um. (a) Quiescent; (b) at the
start up of shear with flow direction to the right; (c) during shear with flow direction just reversed from the right to
the left; (d) during shear with flow direction to the right; (e) during shear with flow direction to the right; (f) during

shear but at the immediate flow reversal from the right to the left.

As flow rates increased, droplets become extended further upstream from the entry region and
form much thinner fibres. An example of such an observation is illustrated in Fig. 10 where the
flow rates were 8.46 mm® s~ '. At this flow rate, most droplets deformed into fibres with an
average diameter of ~ 50 pm near the slit entry region. It can also be seen that the long thin

TLCP fibres are very stable during the flow.

Once the fibres or droplets enter the slit, three phenomena are observed. At low velocities, the
deformed droplets can be further deformed if they are close to the wall (at which the shear rate
is at maximum) as shown in Fig. 11. However, they could relax if they flow in the centre region
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Fig. 9. The evolution of the morphology of Vectra A950 fibres within a PP-GE71200 matrix when flowing through
a slit die. The constriction ratio of the entrance, defined by the width of the upstream divided by the slit width, is 15.
Width of slit is 1 mm; slit depth = 1 mm; temperature = 310°C; flow rate=1.41 mm?*s~'. (a) t=0s; (b) r=15s; (¢)
t=20s;(d)t=23s;(e) t=24s; ()t=255s; (g) t=26s; and (h) 1 =27 s.
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of the slit, where the shear rate is close to zero, as shown in Fig. 12. In addition, it was found
that the droplets had a tendency to be inclined to the centre region and maintained their
inclination angle as they flowed through the slit, as shown in Fig. 11. At high flow rates,
relaxation of the deformed droplets could not be observed. Further the fibre diameters decrease
with increasing flow rates Fig. 13.

NI

Fig. 11. The evolution of the morphology of Vectra A90 droplets when flowing through a slit. Width of slit = 1 mm;
depth of slit = 1 mm; temperature = 310°C; flow rate = 1.41 mm? s ~!. The photos were taken at equal time intervals

of 1s.
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Fig. 12. The evolution of the morphology of a single Vectra A90 droplet when flowing through the centre of the slit.
Width of slit = 1 mm; depth of slit =1 mm; temperature = 310°C; flow rate = 1.41 mm?> s ~!. The photos were taken
at equal time intervals of 1 s.

I
(@

Fig. 13. The evolution of the morphology of Vectra A90 droplets when flowing through a slit at increasing flow rates.
Width of slit=1 mm; depth of slit=1 mm; temperature = 310°C. Flow rate increases progressively from Fig. 13
(a—d).
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The single droplet relaxation behaviour along the centerline of the slit is depicted in Fig. 12.
The photos are taken at equal time intervals of 1 s. It is interesting to note that as the droplet
relaxes the droplet becomes more like a spherical cap, rather than a full sphere. This is very
similar to the gas bubble flow in the slug flow regime where large gas bubbles exist in the form
of spherical caps. We have no explanations for the observed behaviour at present. Further
research will be carried out to study the flow patterns and pressure distribution around the
droplet in order to understand the observed behaviour

4. Conclusions

The study of the molten TLCP droplet deformation in simple shear and entry flows has
established that the droplet deformation is controlled by two parameters, capillary number and
viscosity ratio. In addition, droplet coalescence during flow is also an important factor for fibre
form droplet formation. In the quiescent state, a Rayleigh instability similar to that of
Newtonian thread embedded in another immiscible Newtonian liquid, is observed. The presence
of viscoelasticity and anisotropy of the TLCP melt does not appear to play a significant role for
fibre instability behaviour. This is further confirmed by the study of fibre break-up on cessation
of flows. The interfacial tension between PP and Vectra A950 at 300°C, obtained by breaking
thread method was 2.35 x 1072 Nm~'. This value is close to that measured by others for
TLCP/isotropic flexible chain polymer systems [11,21], but much higher than the value of
107°—2x 1072 Nm ' predicted by Doi and Kuzuu [22].

The simple shear observation shows that droplet size and viscosity ratio are both important
for fibre formation. Droplet coalescence by droplet alignment or migration is also observed.
Such effects are more clearly seen for the Vectra A950/PP blend, where the viscosity ratio is
higher. The smaller droplet was clearly seen to be drawn to the larger droplet during flow. We
attribute this to the low pressure produced behind the large droplets along the flow direction.
For the low viscosity ratio blend system Vectra B950/PP, the droplet coalescence is the
dominant effect for fibre formation during oscillatory shear flow. Larger droplets and smaller
viscosity ratio favor droplet deformation. However, fibre break-up time decreases with smaller
viscosity ratio.

The entry flow studies showed that TLCP droplet deformation occurred mainly in the entry
region of the slit. Droplet extension was controlled by flow rates. Fibre break-up was not
observed during flow. This is in agreement with the prediction by Tomotika [8]. Our study has
direct relevance to the control of product morphology in processing for example injection
moulding. In order to obtain products with TLCP fibre dispersion, large TLCP particle sizes or
sufficient TLCP concentration and a long TLCP relaxation time material should be selected.
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