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ABSTRACT: Crystallization and phase separation of polyethylene blend were first studied under a
controlled temperature gradient (T-gradient) condition. Branched low molecular weight polyethylene
(B-LMWPE) and ultrahigh molecular weight polyethylene (UHMWPE) blend films were prepared by
casting the blend solutions on the T-gradient stage and then evaporating the solvent. The morphological
evolution of blend films was investigated in detail. The blend films showed a continuous gradients surface.
With increasing temperature, the degrees of crystallinity for both of the B-LMWPE and UHMWPE
decreased in the blend films. The results indicated that phase separation behavior of B-LMWPE and
UHMWPE blend with composition 10/1 or 5/1 occurred in both of solution and gel, and the phase separation
was prior to crystallization. It is suggested that phase separation should induce molecular ordering and
crystallization in the B-LMWPE/UHMWPE blend in the initial stage, and the phase separation and
crystallization compete with each other in the later period. Another fact is that high viscosity of blend
solution plays a more important role in phase separation rather than in crystallization, and it will be the main
disincentive in inhibiting the Marangoni phenomenon when the composition of UHMWPE increases in the

blend.

Introduction

Gelation/crystallization is an excellent method to prepare
high-modulus and high-strength polyethylene. This method deve-
loped by Smith and Lemstra'~* has caused significant impacts on
the polymer science. They demonstrated that ultradrawing
ability of ultrahigh molecular weight polyethylene (UHM WPE)
was attributed to a reduced number of entanglements per mole-
cule in solution-cast/spun polymers in comparison with those
obtained from melts. Besides using UHMWPE, Matsuo et al ¥’
applied this method to prepare the blend films of UHMWPE and
branched low molecular weight polyethylene (B-LMWPE), since
the viscosity of solution became a drastic decrease with increas-
ing content of B-LMWPE. They investigated the crystallization
behavior of two components in the blend film. In this kind of
polymer blend system, crystallization and phase separation are
two principal issues. They govern the structure and morphology
and ultimately affect the properties of materials. It has been
demonstrated that when one component of the blend is crystal-
lized, there is an interaction between crystallization and phase
separation, and it is necessary to consider correlative relationship
of the two phenomena.

According to recent reports, phase separation and crystal-
lization can interfere and compete with each other in crystalline
polymer blend at the early stage. Matsuo et al.'' have pointed out
that no crystallization occurred in the initial stage of liquid—
liquid phase separation for B-LMWPE or UHMWPE solutions
at a desired temperature lower than its gelation temperature. It is
believed that phase separation played as a driving force to cause
gelation/crystallization. On the other hand, Graham et al.l?

8—10

*Corresponding author: Fax +86 411 39893638; e-mail binyz@
dlut.edu.cn.

© 2010 American Chemical Society

demonstrated that crystallization was a viable mechanism for
locking in the two-phase structure of a crystalline polymer
solution in thermally induced phase separation. Of course in
the B-LMWPE/UHMWPE blend system, the situation will
become more complicated because physical gelation of polymer
solution could affect crystallization and phase separation. Bansil
et al." used a system of gelatin, water, and methanol to observe
the effect of gelation on phase separation. When the quenching
temperature was below the gelation temperature for pure gelatin,
the gelation was found to halt the phase separation process. For
quenching to higher temperatures, the phase separation was
found to be similar to classical, nongelling mixtures. In addition,
the effect of viscosity of the solutions on phase separation also
needs to be considered because the coarsening droplets could be
frozen by the solidification of the matrix phase via viscoelastic
effects of polymer chains.'*'* Namely, the slow fluid component
(the UHMWPE-rich phase) could not catch up with the deforma-
tion rate of phase separation itself and behaved like a high-
viscosity body'® when the concentrations were large enough.
There is no doubt that those above excellent works have
revealed the correlative relationship between crystallization and
phase separation in the crystalline polymer blend. However, for
the complex system such as UHMWPE and B-LWMPE blend, it
is still not easy to understand the morphological evolution of
polymer blend under different temperature conditions. The pre-
sent work extends to combinatorial methods for studying the
morphological evolution of B-LMWPE/UHMWPE blend in-
volved crystallization and phase segaration during the annealing
period. Combinatorial methods'®~! provided us with a new idea
that is to prepare the sample with gradient structure under a
temperature gradient (T-gradient). Based on the previous
work,*!"#272% the T-gradient was kept at an appropriate range
ensuring the coexistence of polymer solution and gels on the same
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Figure 1. Gelation time of the 10/1 and 5/1 B-LMWPE/UHMWPE
well-blended solutions at different temperatures.

stage. The temperature range containing the gelation temperature
of the blend was lower than the melting point of B-LMWPE. This
means that the blend would form gels on the stage where the
temperature was lower than the gelation temperature, and it
would be kept as solution at the high temperature side on the
stage for the period neglecting the evaporation of solvent. In this
study, the final dry film, which was partly annealed from gels and
partly from the solution by evaporating solvent, was investigated
by polarizing microscope, scanning electron microscopy (SEM),
differential scanning calorimetry (DSC), and Fourier transform
infrared (FTIR) observations.

Experimental Methodology

Materials. The samples were prepared by using UHMWPE
(Hizex Million 630M) with a viscosity-average molecular weight
of 6.3 x 10° and B-LMWPE (Sumikathene G201) with a
viscosity-average molecular weight of 4 x 10* and containing
2.5 degrees of short chain branching. The compositions of
B-LMWPE/UHMWPE chosen were 10/1 and 5/1 in weight
ratio. Solvent was xylene (mixture of isomer, commercial).

Preparation of T-Gradient Library. A xylene solution contain-
ing UHMWPE and B-LMWPE was prepared by heating the
well-blended polymer/solvent mixture at 130 °C for 1 h under
nitrogen. The concentration of UHMWPE against solvent was
fixed to be 10 mg/mL, and the amount of B-LMWPE was
determined as relative ratio to UHMWPE, while the composi-
tions of B-LMWPE and UHMWPE blend were 10/1 and 5/1.

Then 15 mL of hot homogenized B-LMWPE/UHMWPE
blend solution was poured onto the T-gradient stage to form a
film with ca. 150 um thickness. Then xylene was allowed to
evaporate from the blend under T-gradient conditions. It took
about several hours to form a dry film. Crystallization and phase
separation of B-LMWPE/UHMWPE blend occurred during
this process. The drying time was dependent on the concentra-
tion of solutions. Then the film was divided into several pieces
depending on the position of the T-gradient stage, correspond-
ing to the annealing temperature, and each piece of specimen
was investigated separately. Besides, noncombinatorial experi-
ments of 10/1 composition at the selected temperature points
were done for confirming the validity of the method.

In order to determine the T-gradient range, the gelation tem-
perature and the gelation time of hot B-LMWPE/UHMWPE
blend solutions were measured first. 5 mL of well-blended
solution was poured into a glass tube which was immerged in
silicon oil at a desired temperature. The time until the solution
did not flow under its own weight by tilting the tube was defined
as the “gelation time”. The highest temperature at which the
onset of gelation occurred within 1 h was defined as the “gela-
tion temperature”. This method was a little different with the
other reports.''>>2® Figure 1 depicts the gelation time at the
different temperatures. It indicates that the gelation tempera-
tures of B-LMWPE/UHMWPE blend with 10/1 compositionsis
about 65 °C and 5/1 is about 60 °C. It is considered as the
reference to design the T-gradient range.
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Figure 2. Schematic drawing of the T-gradient stage employed for the
formation of a T-gradient library.

100
. —2 Internal
08 ol —a— Surface
[
E
©
5 60
Qo
£
(0]
F 40
20

Distance (cm)

Figure 3. Internal and surface temperatures at different positions of the
stage. The heater was set at (a) 100, (b) 90, and (c) 80 °C while the cooler
was at 25 °C constantly.

Design and Calibration of the T-Gradient Stage. Referring to
the reports from other researchers,”’ >° we chose an aluminum
plate as the stuff to design a T-gradient field (see Figure 2). This
T-gradient stage employed a heater and a cooler, which resulted
in a linear T-gradient range from one side to another. The heater
and cooler were controlled independently by two thermostats to
make the temperature range of the stage controllable. The
distance between two thermocouple ports was 1.5 cm. The first
port in the left was set at 0 cm, while the seventh port was 9 cm,
which is much larger than those stages reported before.'1727

Although the internal temperature of the stage could be
obtained easily, the surface temperature, which is valid and
close to the sample temperature, was difficult to measure dir-
ectly. So the “simulation method” was adopted to estimate the
surface temperature. The so-called simulation method was that,
first, a polyethylene film (simulating the blend film) was firmly
attached on the surface of the stage, and then the probe was
inserted into the gap between film and stage at the positions just
above each thermocouple port. The surface temperatures at
different positions of the stage were determined. Then the
differences between the internal temperature and the surface
one at the different positions were calibrated one by one. Figure 3
shows the results of calibration when the heater was kept at
different temperatures, such as 80, 90, and 100 °C, while the
cooler was constant, at 25 °C. With increasing heating tempera-
ture, the T-gradient range increases, and the surface tempera-
ture is more close to the internal temperature. Especially for the
heater kept at 100 °C, the internal temperature is only a little
higher than the surface temperature with difference less than
1 °C. The difference is attributed to convection airflow and
radiant heat loss. It means that there is a T-gradient along the
vertical plane of the stage. However, this vertical temperature
difference is quite slight, as can be neglected for our research
system.

According to the obtained gelation temperature and the
melting point of B-LMWPE in the preliminarily experiment,
the T-gradient range of this study was set from 40 to 95 °C,
where heater was kept at 100 °C and cooler at 25 °C. In this
T-gradient, surface and internal temperatures at every port
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Figure 4. Polarizing microscope images of the dry blend films with 10/1
of B-LMWPE/UHMWPE at different temperatures, corresponding to
91,79, 66, and 53 °C, respectively. Scale bar in all images is 100 um. (a)
from combinatorial experiments and (b) from noncombinatorial ex-
periments.

could be considered as the same profile as shown in Figure 3a. In
addition, the temperature was linear change in the whole range.
The T-gradient, X, can be easily calculated from eq 1, where T4
is the temperature difference and D is the distance between the
two ends. The surface temperature of any point on the stage can
be obtained.

T,
5 (1)

From the gelation time at different temperatures as shown in
Figure 1, it can be seen that the gelation temperature is 65 °C for
10/1 composition and 60 °C for 5/1. The time is more than 500
min when the original solution of 10/1 composition gels at about
70 °C, which is far beyond the solvent evaporation time. There-
fore, the blend is always in solution state above 65 °C and in gel
state below the temperature if the solvent is not evaporated as
shown in Figure 2. Of course, the blend was dried by evaporat-
ing the solvent.

Characterization of Films with Gradient Structure. The mor-
phologies of the film produced under T-gradient conditions
were obtained by a Nikon polarizing microscope (X2TP-11).
Further structure analysis was carried out by SEM. The cross
sections of films were freeze-fractured under liquid nitrogen.
These samples were gold sputtered and analyzed using SEM
(JEOL JSM-7600).

Phase separation and crystallization behaviors were also
investigated in terms of melting endotherms of DSC curves.
DSC measurements were performed at a heating rate of 5 °C/
min from 20 to 160 °C in a N, atmosphere by using DSC-204
(NETZSCH). The weight of samples sealed in aluminum pans
was 9—10 mg.

FTIR spectroscopy (AVATAR330-FTIR, Nicolet) was car-
ried out to verify the change of relative crystallinity in the range
of bands from 1200 to 1400 cm ™.

Xy =

Results and Discussion

Noncombinatorial Experiments for Validation. Before dis-
cussing the combinatorial experiments results, noncombina-
torial experiments of 10/1 composition at selected tempe-
rature points were done for validation. A part of blend
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Figure 5. Morphology of dry blend films with different compositions.
(a) and (b) are photographs from a digital camera. (c) and (d) are the
SEM images of surfaces of the B-LMWPE/UHMWPE = 10/1 blend
dry film at different positions corresponding to 85 and 53 °C, respec-
tively. Scale bar is 50 um in (c) and (d).

solutions was casted on the T-gradient stage to form a
T-gradient structure film. The residual solutions of the same
solutions were casted into several aluminum dishes which
were set on the several constant temperature stages to
evaporate the solvent. The temperature points of samples
correspond to 91, 79, 66, and 53 °C. Then the morphology
was observed. Figure 4 shows the polarizing microscope
images of the two kinds of films obtained on the T-gradient
stage and corresponding constant temperature stages.
Figure 4a,b shows quite similar morphology characteristics
at the same temperature points. For instance, a clear crystal-
lization occurred at the interface, called interface crystal-
lization. Another important feature of the two kinds of
samples is that the interface crystallization seems to be
stronger on high-temperature point. We also compared the
results of DSC measurement and FTIR spectra for above
samples. Almost the same results were obtained, and we did
not show them here. Those results mean that the T-gradient
brought extremely small interfere on the morphology evolu-
tion of the blend compared to the preparation method under
the constant temperature for the B-LMWPE/UHMWPE
blend system. Namely, the combinatorial method is feasible
in this study. Therefore, the combinatorial experiments
results were mainly discussed below.

Surface Characteristics of B-LMWPE/UHMWPE Blend
Films under a T-Gradient. Figure 5 shows the morphology of
dry blend films with the 10/1 and 5/1 compositions. These
resultant films appear an obvious gradient surface, especially
in the dry film with B-LMWPE/UHMWPE = 10/1 compo-
sition (see Figure 5b). The transition region obviously exists
between the solution and gel regions of the blend at about
65 °C. The surface roughness at the high temperature is
associated with the Marangoni effect.>'*> On the basis of this
concept, the formation of the roughness can be explained.
When the solvent was evaporated rapidly, there was a
concentration fluctuation. The presence of concentration
fluctuation in blend would naturally cause the interfacial
tension gradient which drove liquid flowing from the regions
of low interfacial tension to the high one. This behavior made
the surface of the solution contract and, ultimately, the
formation of rough surface. Besides, the surface roughness
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Figure 6. SEM images of surface (a) and cross section (b) of bump area
obtained from 10/1 composition dry film at high temperature. Domain
A corresponds to UHMWPE-rich phase; domain B corresponds to
B-LMWPE-rich phase.
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Figure 7. DSC curves for the samples at different positions on the
T-gradient stage, where the compositions were 10/1 (a) or 5/1 (b).

is more obvious at high-temperature end because the net-
work elasticity arising from the gelation can suppress con-
centration fluctuation. This result indicates that gelation is
an important factor in inducing the surface morphology.
Further, there are lots of surface bumps at the high-tempera-
ture end; in contrast, no bumps are observed at the low-
temperature end as shown in the SEM images (Figure 5c,d).
The form mechanism of the bumps will be discussed later.

Figure 6 shows SEM images for the surface and cross
section of the film with large bumps. It can be seen that the
bumps are mainly formed by UHMWPE domains where the
fibrils of UHMWPE can be observed clearly in the cross
section. The flat part shows smooth cross section, suggesting
that it mainly contains B-LMWPE component as domain B
in Figure 6b.

Crystallization and Phase Separation Behaviors. Figure 7
shows DSC curves for the specimens sampled at various
annealing temperatures on the T-gradient stage, where the
ratios of LMWPE/UHMWPE were 10/1 and 5/1. These
samples captured from the B-LMWPE/UHMWPE = 10/1
film correspond to the annealing temperatures: 91, 79, 66,
and 53 °C on the T-gradient stage and from B-LMWPE/
UHMWPE = 5/1 film correspond to 92, 82, 73, 55, and 46 °C.
The thermal characteristic is obviously dependent upon the
annealing temperature. The DSC curve of the annealed
sample shows two main endothermic peaks. Judging from
the melting points of pure UHMWPE dry gel film (139 °C)
and B-LMWPE(100 °C),* the peaks at higher (131.6—
133 °C) and lower (104.9—107.1 °C) temperature sides for
both 10/1 and 5/1 are associated with the melting points of

Xu et al.

Table 1. Heat of Fusion and Crystallinity of B-LMWPE/UHMWPE
Films with Different Ratios under the T-Gradient

B-LMWPE UHMWPE
7(°C) Al (J/2) X1 (%) Ahy (/) X2(%)
B-LMWPE/UHMWPE = 10/1
53 114.1 39.8 228.1 79.5
66 102.8 358 2255 78.6
79 92.5 322 212.1 74.0
91 73.0 25.5 179.9 62.7
B-LMWPE/UHMWPE = 5/1
46 92.5 322 224.6 783
55 89.3 31.1 208.5 72.7
73 84.2 29.4 216.2 75.4
82 72.6 253 210.7 735
92 62.9 21.9 187.8 65.5

UHMWPE and B-LMWPE. The melting point of UHMWPE
crystallites within the both blends is much lower than the
melting point of UHMWPE homopolymer gel film, and the
point of B-LMWPE is higher than pure B-LMWPE sample.
It indicates that most of UHMWPE and B-LMWPE chains
crystallized independently under heat treatment, but a few
chains of the two components entangled and formed cocrys-
tallization. This behavior is consistent with the result for the
samples prepared by quenching to room temperature as
reported before.* More importantly, there are only two
sharp peaks in the DSC curve. This thermal characteristic
indicates that phase separation of the blend was obvious, and
it was prior to crystallization.

Incidentally, further observation shows that a shoulder
peak appears in the low-temperature side in DSC curves
marked by the arrow. As found in previously reported
research,®® B-LMWPE would appear the secondary crystal-
lization after nonisothermal crystallization and the long
branched chains could participate in crystallization above
about 80 °C. Here, it is attributed to the role of Marangoni
effects, which brought instability resulting in nonisothermal
crystallization at the high temperature. It also explains that
why the shoulder peak was not found in the sample at the
low-temperature side of the T-gradient stage.

The detailed results estimated by the DSC curves in
Figure 7 are summarized in Table 1, in which heat of fus-
ion and crystallinity are listed for the different temperature
points. Each heat of fusion was calculated by the relation-
ship: heat of fusion (A/y) observed value/content of UHMWPE
(or B-LMWPE) based on individual peak concerning
UHMWPE and B-LMWPE crystallites. The crystallinity
(X.) was calculated from eq 2 by assuming the heat fusion
of 100% crystalline polyethylene (A/¢.pg) to be 286.8 J/g.*

Ahg
X. = 1 2
Alrn x 100% (2)

Asshownin Table 1, the crystallinity of both compositions
decreased as the temperature rising because crystal nucleus
was difficult to be formed or unstable ascribed to the violent
molecular thermodynamic movement at the higher tempera-
ture regions. Of course, UHMWPE with linear chains and
high molecular weight can achieve a higher degree of crystal-
linity than B-LMWPE.

To obtain further confirmation, FTIR spectroscopy were
also detected for studying the crystallization behavior of
B-LMWPE/UHMWPE = 10/1 blend film. Figure 8 shows
that the FTIR spectra for the film annealed at different
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temperatures on the T-gradient stage. The relative crystal-
linity was analyzed bdsed on the FTIR spectra. The absorp-
tion peak at 2019 cm ™' corresponding to methylene peak was
used as the internal standard because it was inert to the
change of crystallinity, and the absorption peak at 1894 cm ™!
was chosen as analysis peak which corresponded to crystalline
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Figure 8. FTIR spectra for B-LMWPE/UHMWPE = 10/1 dry blend
film annealed at different temperatures.
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Figure 9. Relative crystallinity of the 10/1 composition blend film at
different temperatures.
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combination mode.*>3® The relative crystallinity of PE was
calculated from eq 3, where X, is the relative crystallinity, 4;
is the area of the absorption peak at 1894 cm ™', 4, is the area
of peak at 2019 cm™ ', and k is the proportional factor
measured by using the known crystallinity of samples. In
this work, the relative crystallinity can be represented by 4;/
Ag. The most important advantage for this method is that the
influence of thickness could be eliminated. Figure 9 presents
that the relative crystallinity of samples calculated with eq 3.
It indicates that the relative crystallinity of polyethylene
decreases from low temperature to high temperature. This
result is consistent with DSC measurement.

A
X.= Zlk
A, ®)

In order to investigate the relationship between phase
separation and crystallization under the T-gradient in de-
tails, cross sections of dry blend films were observed by SEM.
Figure 10 shows two examples, obtained from the film of
10/1 composition at 91 and 53 °C. Phase separation for both
samples occurred obviously. The UHMWPE fibrils formed
networks in the UHMWPE-rich phase. This loose structure
is a trail of solvent evaporation. However, two samples
provided different morphology. In particular, the phase
interface became unclear at the higher temperature com-
pared to the lower one.

Cross sections of the B-LMWPE/UHMWPE blend films
of 5/1 composition were also observed by SEM. As seen in
Figure 11, compared with the sample of 10/1, the cross
section became much smooth in 5/1 composition. In addi-
tion, there was no obvious transition region and roughness in
the film with 5/1 composition (refer Figure 5a). It indicates
that the entanglements of UHMWPE molecular chains
restricted Marangoni instability in the whole annealing
process in both solution and gels, and even the droplet
growth was hampered as increasing UHMWPE content.

Figure 10. SEM images of cross sections of 10/1 dry blend film with the temperature at 80 °C (a, a’) and 53 °C (b, b’). Scale bar in (a, b) = 50 um;

@, b) = 1um.



5328 Macromolecules, Vol. 43, No. 12, 2010

Figure 11. SEM images of cross sections of 5/1 dry film annealed at
temperature (a) 92 °C and (b) 46 °C.
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Figure 12. Schematic representation of the typical T-gradient structure
for 10/1 blend film. (a) Cross-section sketch of the blend casted onto the
T-gradient stage. (b) Photograph of the dry blend film formed on the
T-gradient stage. (c) Cross-section scheme of the dry blend film
corresponding to the different configurations in (b).

But microphase separation occurred. On the other hand, for
10/1 and 5/1 blends, the difference of crystallinity of
UHMWPE or B-LMWPE calculated from DSC profile
was no obvious. These results demonstrate that the high
viscosity of UHMWPE solution plays an important role
in phase separation rather than in crystallization. Figure 5
also shows that there are few bumps in the B-LMWPE/
UHMWPE blend film of 5/1 composition. It suggests that
the effects of gelation and viscosity on the morphological
evolution of blend films were interrelated. In sum, when the
viscosity of the blend is low, gelation plays a leading role in
inhibiting the Marangoni phenomenon, but when the vis-
cosity increases, the main disincentive is from the viscosity
effect.

Speculation of Mechanism of the Morphological Evolution.
On the basis of the results from Figures 4—11, we proposed a
mechanism to illustrate the formation of the typical gradient
structure for the B-LMWPE and UHMWPE blend as
scheme as shown in Figure 12.

Xu et al.

As shown in Figure 12b, the gradient film of 10/1 compo-
sition can be divided into three kinds of configurations.
Configuration 1 (C1) with large roughness and many bumps
might be produced through complex evolution from solu-
tion. At the early stage of the high-temperature end, phase
separation occurred due to the increasing local concentra-
tion of blend solution when the solvent was evaporated
rapidly. The velocity field was induced by the gradient
interface tension. Then small droplets of UHMWPE phase
were absorbed through diffusion into the larger ones due to
self-similar growth. At high temperature, the Marangoni
effect was significant, making the growth violent, and bumps
occurred soon after due to the surface contraction. However,
a high viscosity of UHMWPE solution managed the later
process as solvent evaporating. It led to that a few of
B-LMWPE could not escape from the UHMWPE-rich
phase but participated in crystallization of UHMWPE; more
B-LMWPE formed the interface with UHMWPE and co-
crystallized at the same time, as shown Figure 12d. When the
viscosity of solution was high enough, the bumps were
“frozen” in the nonequilibrium morphology and eventually
served as the final product. These bumps could not be healed
by their own gravity.

Configuration 2 (C2), which looks like a gully, is a transi-
tion region. This configuration may be formed due to the
reverse tensions. One was from the surface contraction at
higher temperature end, and the other was from the surface
tension of gels. The surface of the blend film could be easily
torn by the two tensions.

Configuration 3 (C3) with few roughness and bumps was
suggested to be the result of strong intermolecular forces and
network structures in gels, which eliminated Marangoni
effects. Since no crystallization occurred in the initial stage
of liquid—liquid phase separation of the UHMWPE and
B-LMWPE solutions,'' the droplets were possibly induced
by a deep temperature jump.'® The droplets grew up quickly
until the solution formed gels, and then they were frozen. The
evolution was very gentle at low evaporation rate of solvent.
Most of B-LMWPE molecules had enough time to separate
from the UHMWPE-rich phase. Only a few of them cocrys-
tallized with UHMWPE molecules in the UHMWPE phase.
Of course, interface crystallization still existed owing to that
some long chains of UHMWPE could easily extend into the
B-LMWPE phase to being as nucleus (see Figure 12¢).

As discussed above, although this complex situation such
as the introduction of the temperature gradient and gela-
tion cannot be entirely explained by this mechanism, it is still
a useful clue to elucidate the morphology evolution of the
polymer blend.

Conclusions

The crystallization and phase separation behaviors of the
B-LMWPE/UHMWPE blend films prepared by using gelation/
crystallization methods from solution were investigated under a
controlled temperature gradient condition in this research. The
results showed that a gradually varying aggregation structures
formed in a film under the temperature gradient. There were
many bumps and much obvious surface roughness at the high-
temperature side, while the surface was much smooth and the
structure was much compact at the low-temperature side. As
increasing temperature, the degree of crystallinity decreased in
both of B-LMWPE and UHMWPE. The results of DSC mea-
surements demonstrated that phase separation of the blend
occurred in both solutions and gels, and it was prior to crystal-
lization, but a few of UHMWPE and B-LMWPE would cocrys-
tallize later. From above results, it is suggested that phase
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separation induce crystallization in the B-LMWPE/UHMWPE
blend in the initial stage, and then they compete with each other in
the later period. Another fact for 10/1 blend is that Marangoni
instability relating of high viscosity of UHMWPE solution is
necessary to be considered simultaneously to explain the complex
evolution at late stage of phase separation in solution, while the
droplet growth is restricted by gelation at the low-temperature
end. It also indicates that the viscosity effect of solution is more
significant on the phase separation rather than on crystallization,
and it will play a leading role in inhibiting the Marangoni
phenomenon when the composition of UHMWPE increases in
the blend.

In general, this research proved that the combinatorial method
is effective, efficient, and convenient for evaluating the morpho-
logy evolution of polymer blend. All of results present a relatively
comprehensive explanation for the formation of the morphology
of B-LMWPE/UHMWPE blend films under the temperature
gradient. They are useful in understanding the relationship
between crystallization and phase separation in the crystalline
polymer blend.
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