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ABSTRACT: In a previous short communicatioMécromolecule2002 35, 8251-8254), we reported a unique
morphology in binary miscible crystalline poly(ethylene succinate) (PES)/poly(ethylene oxide) (PEO) polymer
blends, in which two kinds of spherulites, corresponding to each component, respectively, grew simultaneously
and PEO spherulites continued to crystallize inside PES spherulites on contact, forming interpenetrated spherulites.
In the present work the effects of blend composition and crystallization temperature on the crystalline morphologies
of PES/PEO blends were studied by optical microscopy in detail. The unique morphology of PES spherulites
penetrated by PEO spherulites was observed for the blends with PEO content ranging from 50 to 90% in a wide
crystallization temperature range. Furthermore, three novel and interesting crystalline morphologies were found
depending on blend composition and crystallization temperature. First, new boundaries were formed by the growth
of a single PEO spherulite itself after penetrating into PES spherulites because of the change in the growth
direction. Second, both components penetrated each other and formed interpenetrated spherulites. Third, PES
and PEO formed a special kind of blended spherulite that nucleated from the same site and showed two growth
fronts with PEO growing faster than PES. The growth rates of both components were studied; furthermore, much
more attention has been directed to the study of the observed growth rates of both types of spherulites when they
developed freely in the undercooled melt and when they were forced to penetrate each other. The blend composition
and crystallization temperature effects on the various crystalline morphologies were summarized in PES/PEO
polymer blends, which should be of great interest and importance for a better understanding of the crystallization
and morphology in miscible crystalline/crystalline polymer blends.

Introduction Poly(ethylene succinate) (PES)/poly(ethylene oxide) (PEO)
Binary crystalline blends have received much less attention Plends are typical crystalline/crystalline polymer blends. Wang
than fully amorphous or amorphous/crystalline systems; how- €t a_I. studlgd the miscibility, crystallization kInetI.CS, an_d
ever, it is of great interest and importance to study crystalline/ Sémicrystalline morphology of PES/PEO blends by differential
crystalline polymer blends from both academic and technological Scanning calorimeter (DSC), optical microscopy, and small-
points of view because both components are able to crystallize,angle X-ray scattering (SAXS}.The miscibility of PES/PEO
providing various conditions to investigate the crystalline bPlends was evidenced by the single composition dependent glass
morphology in polymer blends:1® The investigation of crystal-  {ransition temperature over the entire blend compositidn.a N
line morphology in these blend systems is not only concerned Previous s.hort communication, we reportgd the spherulitic
with the effects of blend composition and crystallization Morphologies of PES/PEO blends crystallized at °&D by
temperature but also related to the question of how the optlcgl microscopé? It was found that PES crystallized first
crystallinity of the one component affects the crystallization @nd filled the whole space before PEO could nucleate down to
behavior of the other. Only a small number of works are reported PES/PEO= 40/60 blend composition. However, for PES/PEO
on miscible polymer blends of two crystalline polymers with = 20/80 PES and PEO crystallized simultaneously and the
different chemical structures until now. The melting poifits formation of interpenetrated spherulites of PES by PEO was
of the two components in these studies are usually about 1000bserved. Moreover, it was found that the growth rate of the
°C apart, and the higffi, component crystallizes first. The low- ~ PEO fibrils inside the PES spherulite was fast than that
Tm component crystallizes in the constrained space in the developed in the bulk. Such increase in the growth rate may be
spherulites or on the interspherulitic boarders on lowering the related to the fact that the PEO content in the amorphous regions
crystallization temperature, indicating that the two components Of the PES spherulite was higher than the nominal melt
crystallize sequentially not simultaneousiy: |t is interesting ~ concentration due to rejection of PEO from PES crystals.
to investigate whether the two components can crystallize Was proposed that the density of lamellae in PES spherulites
simultaneously, and which kind of morphology will arise from Was lower than that in PEO spherulites, and PEO spherulites
the simultaneous crystallization since both of them are crystal- continued to penetrate into PES spherulites on contact. It is
lizable. Interpenetrated spherulites are occasionally formed in €xpected that such interesting crystalline morphologies must be
a few miscible pairs of two crystalline polymer&2-14.16-19 related to blend composition and crystallization conditions. In
Spherulites of one component continue to grow in the spherulitesthe present work the crystalline morphologies of PES/PEO

of the other component after they make contact with each other. blends observed in ref 13 are further investigated by changing
blend composition and crystallization temperature. Effects of
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detail. Compared with the qualitative result regarding growth
velocities of PEO in the bulk and within PES spherulites in the
previous communication, much more attention has been directed
to the study of the observed growth rates of both types of
spherulites quantitatively when they freely develop in the
undercooled melt and when they are forced to penetrate eac
other. The growth rates of both components were studied by
following the development of the spherulites as a function of
crystallization time. Furthermore, some novel and interesting
crystalline morphologies are also found. The blend composition
and crystallization temperature effects on the various crystalline
morphologies were summarized in miscible crystalline/crystal-
line polymer blends, which should be of great interest for a
better understanding of the crystallization in polymer blends.

Experimental Section 1 001 m

Both PES i, = 10 000,Tg = —11°C, T, = 103°C) and PEO
(My =100 000,Ty = —55°C, T, = 67 °C) samples were purchased (a)
from Scientific Polymer Products, Inc. and used as received. PES/

PEO blends were prepared with mutual solvent chloroform. The
solution of both polymers (0.0125 g/mL) was cast on glass plate at
room temperature. The solvent was allowed to evaporate in a
controlled air stream for 1 day and the resulting films were further
dried in vacuum at 50C for 3 days. In this way, blends were
prepared with various compositions ranging from 100/0, 80/20, 60/
40, 50/50, 40/60, 30/70, 20/80, and 10/90 to 0/100 in weight ratio,
the first number referring to PES.

Crystalline morphologies of PES/PEO blends were observed
under crossed polarizers with an optical microscope (Olympus
BX51) equipped with a first-order retardation plate and a temper-
ature controller (Linkam THMS 600). The samples were first
annealed at 138C for 3 min to erase any thermal history and then
guenched to the crystallization temperatufe) @t a cooling rate
of 100 °C/min. The spherulitic growth rat& was studied by
following the development of the radiuR of spherulite with
crystallization timet, namely,G = dR/dt.

Results and Discussion

Effect of Blend Composition on the Formation of Pen-
etrated Spherulites of PES/PEO BlendsPES/PEO blends are
miscible crystalline/crystalline polymer blends. Both PES and
PEO crystallize in their neat states according to spherulitic
growth with negative birefringence under crossed polarizers with
a first-order retardation plate. In previous work, it was found
that for a 20/80 blend PES and PEO crystallized simultaneously
at 50°C and the formation of interpenetrated spherulites of PES
by PEO was observed. It is expected that such interesting
crystalline morphologies must be related to blend composition
and crystallization conditions. In the present work, we extend
our investigation on the formation of interpenetrated spherulites
to other blend composition and crystallization temperature.
Figure 1 shows the crystalline morphology in a 30/70 blend
crystallized at 47.8C. Similar to the morphology in the 20/80
blend, the simultaneous growth of both PES and PEO spherulites
was observed. Two different types of spherulites were observed
during the crystallization of this blend sample with the large
and compact spherulite being PEO type spherulite and the small
and open one being PES type spherulite. As shown in Figure (c)
1a, bOth PES and PEO leystalllzed simultaneously, W'_th PEO Figure 1. Formation processes of interpenetrated spherulites in a 30/
spherulite generally growing faster than PES spherulite. The 70 blend at 47.5C at different crystallization times: (a) 264, (b) 284,
growth rates of PEO and PES were determined to be aroundand (c) 300 s. The white arrow indicates the new boundary.

3.9 x 1(? and 38um/min, respectively, when they developed

freely in the undercooled melt. With further prolonging crystal- spherulite became distorted when it contacted the PES type
lization time, both types of spherulites contacted each other. spherulite. Moreover, as shown in Figure 1b, the brightness

Figure 1b shows that the PEO spherulite continued to crystallize increased in the part of PES spherulite where the crystallization

inside the PES spherulite and the growth front of the PEO type of PEO has occurred, and does not change where the crystal-
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lization of PEO has not occurred, indicating that PES spherulite
is penetrated by PEO spherulite. Figure 1c shows that the growth
front of PEO finally passed through the PES spherulite and
continued to grow in the left melt. In this case, the birefringence
of the growth front of PEO was almost the same as that in the
region of the PEO spherulite where the interpenetration process
did not occur, unlike the increase in the birefringence of the
region where the interpenetration occurred as shown in Figure
1b. The interpenetration of PES spherulite by PEO spherulite
can be verified by the same discussions as in previous Wérks.
However, two experimental aspects should be noted during the
formation process of interpenetrated spherulites. On one hand
the outline of the brighter area is not consistent with the shape
of the rest of the PEO spherulite, and the brighter area seemsg
too large. Such result may be related to the fact that the PEO
fibrils grew faster inside the PES spherulite because the PEO 20um
content in the amorphous regions of the PES spherulite was
higher than the nominal melt concentration due to rejection of (a)
PEO from PES crystals. By following the development of the
spherulite with crystallization time, the growth rate of the PEO
fibrils inside the PES spherulite was estimated to be around
8.6 x 10? um/min, which was significantly greater than that of
PEO developing freely in the melt. It should also be noted that
the growth rate of PEO fibrils decreased to be around>3.9
10? um/min after finishing penetration of the PES spherulite as
shown in Figure 1c, indicating that the melt concentration
recovered to be almost the same as those in the undercoole(
melt. On the other hand, the PEO fibrils (stacks of lamellae)
cannot keep their original growth direction during the penetration
process into the PES spherulite, which must change their growth
direction and continue to grow along the PES fibrils. As a result
the fibrils of the PEO spherulite developed in the PES spherulite
should have new growth direction and stop growing when they
meet the growth fronts of the fibrils of other part of the PEO
spherulite with original growth direction, resulting in a new
boundary as indicated by the arrow in Figure 1c. The afore- (b)

mentioned results indicate that the PES spherulite becomes &

new growth site for the PEO spherulite after the formation Figure 2. Simultaneous crystallization and formation process of

; jnterpenetrated spherulites in a 50/50 blendiat 47.5°C at different
process of penetrated spherulites and leads to the change of thgystallization time: (a) 221 and (b) 245 s. The black arrow indicates

original growth direction. Thus, a new boundary can be formed the growth direction of PEO spherulite, and the white arrow indicates
by the growth of one PEO spherulite after the penetration into the growth direction of PES spherulite.

the PES spherulite. As is well-known, the boundary can only llizati infl On th her hand. th
appear when neighboring spherulites contact each other There-CrySta ization temperature Influence. On the other hand, the

o . . ’ growth rates of the higfw, component PES shown in Figures
fore, it is of great interest that new boundaries are found for a

X . . . 1 and 2 were almost unchanged, indicating that the blend
single PEO spherulite after penetrating the PES spherulite. Tocomposition showed a very pro?ound effect og the growth rate
the best of our knowledge, such novel morphological aspect

. . . of PEO type spherulite than that of PES type spherulite. When

has never been noticed before in the literature. the two spherulites contacted, they continued to crystallize inside

By adjusting blend composition and crystallization temper- the spherulite of the other component each other, forming
ature, the penetration of PES type spherulites by PEO typeinterpenetrated spherulites as shown in Figure 2b. During this
spherulites can be found in a wide crystallization temperature penetration process, the PEO fibrils inside the PES spherulite
range for a variety of blend compositions. Furthermore, a novel traveled at a growth rate of around 66102 um/min. However,
morphological pattern that the PEO type and PES type spheru-the growth rate value was estimated to be aroundxl.90?
lites can interpenetrate each in some special cases dependingm/min for the same PEO spherulite developing along other
on blend composition and crystallization temperature. Figure 2 directions in the undercooled melt. Such growth rates difference
presents the crystallization process of a 50/50 blend at°47.5  resulted in the distortion phenomenon of the PEO spherulite
As shown in Figure 2a both PES and PEO spherulites grew growth front observed in Figure 2b. After passing through the
simultaneously with the growth rate of PEO being higher than PES spherulite, the growth rate of PEO recovered to be around
that of PES. When the two types of spherulites developed freely 1.9 x 10? um/min again. As also indicated by the arrows in
in the undercooled melt, the growth rate of PES type spherulite Figure 2b, the PES spherulite became a new growth site for
was around 3&m/min, while that of PEO type spherulite was the PEO component, indicative of the penetration of PES
around 1.9x 10? um/min. The growth rate of the PEO type spherulite by PEO spherulite. PEO must continue to grow along
spherulite decreased significantly from around .90 um/ the fibrils of PES spherulites, resulting that the growth direction
min in Figure 1 to 1.9« 10 um/min in Figure 2 by decreasing  of PEO changed and formed new boundaries with original PEO
the low-T,, component from 30/70 to 50/50, if we ignored the spherulite. Furthermore, unlike the crystalline morphology
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pattern that PES stopped growing inside the PEO spherulite in
the 20/80 and 30/70 samples, PES continued to crystallize inside
the PEO spherulite in a 50/50 blend as indicated by the increasg
of brightness and the growth front shown in Figure 2b. Such
result indicated that PES spherulite also penetrated into PEO
spherulite. Thus, PES and PEO formed interpenetrated spheru
lites. The growth rates was estimated to be aroungraimin
for the PES fibrils, which continued to develop inside the PEO
spherulite as indicated by the white arrow in Figure 2b. Such
increase in the growth rate of PES fibrils can also be attributed
to the melt concentration change during the formation of
penetrated spherulites.

It is apparent that blend composition plays a dominant role
on the development of PES spherulite inside PEO spherulite.
For ¢gpe0 > 70%, the advancement of PES spherulites terminated f 2
inside PEO spherulites. For 50%¢peo < 70%, PES continued : 2o A —
to grow inside PEO spherulite during the interpenetration. Such
results may be explained as follows. Foseo = 80%, the (a)
structure of PEO spherulite is so compact that there is no enough
space for PES to continue to crystallize inside. For 50%reo
< 70%, the compactness of the structure of PEO spherulite
reduced, thus providing the space for PES to continue to
crystallize inside further. The model of the spherulites structures
that are open or compact with crystalline lamellae has been
described in more detail elsewhére.

From the previous studies, we propose that the important
factors in realizing penetrated spherulites are the difference in &
the lamella population density in the different types of spheru-
lites of the two components and the sufficient amount of the
melt of one component inside the spherulites of the other
component. It should be noted whether simultaneous spherulitic
growth of two components is not a requirement for interpen-
etrating spherulites. In the miscible poly(vinylidene fluoride)
(PVDF)/ poly(butylene succinates-butylene adipate) (PBSA)
blends, the lowF,, component PBSA spherulites nucleated and
continued to grow and penetrate into the hihcomponent (b)
PVDF spherulites, which developed at high crystallization
temperature and ceased growth, forming interpenetrated spheru
lites1® As a result, it was found that penetrated spherulites
appeared for a wide crystallization temperature range and blend
composition in PES/PEO blends. The blends with the PEO
contentgpeo between 50 and 90% exhibited penetrated spheru-
lites morphology in a wide crystallization temperature range of
37.5to 57.5°C. The effects of blend composition and crystal-
lization temperature on the crystalline morphology of PES/PEO =g
blends will be shown in detail in the following section. =

In the aforementioned studies, we found that both components§#
crystallized as separate spherulites and formed penetratec
spherulites when they contacted each other in most cases
However, a novel crystalline morphology pattern was also found
in some cases for the samples with 50ppgo < 70% at 37.5
< T < 50 °C. Under such conditions, PES and PEO usually
appeared as separate spherulites and they formed penetrate P e [
spherulites in some area of the sample. However, in some aree (c)
of the sample different crystalline morphology was found. Figure
3 shows the crystallization process of a 50/50 blend at 42.5 Figure 3. Formation of blended spherulites showing two growth fronts

. .\ in a 50/50 blend at; = 42.5°C with the nucleation of PEO spherulite
Figure 3a shows the spherulitic morphology of PES component inside PES spherulite at different crystallization time: (a) 310, (b) 335,

with the growth rate being around 22n/min. With prolonging and (c) 390 s. The black arrow indicates the growth front of PEO
crystallization time, it was found that loWi, component PEO  spherulite, and the white arrow indicates the growth front of PES

nucleated at the center part of high- component PES  spherulite.

spherulites as shown in Figure 3b, which further grew through

a spherulitic shape inside the PES spherulites and surpasseavhen they contacted each other as shown in Figure 3c. From
the growth front of original PES spherulites. Finally PEO Figure 3, it was seen that PEO spherulite started to crystallize
spherulites stopped growing and formed straight boundariesinside PES spherulite, showing two growth fronts, corresponding
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| (_}(.}1 m
(a) (c)

(b) (d)

Figure 4. Formation of blended spherulites showing two growth fronts in a 40/60 blefig at42.5°C with the nucleation of PEO spherulite
inside PES spherulite at different crystallization time: (a) 261, (b) 291, (c) 297, and (d) 411 s. The black arrow indicates the growth front of PEO
spherulite, and the white arrow indicates the growth front of PES spherulite.

to the growth of PES and PEO components, respectively, in blend at 42.5°C. As shown in part® andc of Figure 4, the
one spherulite. The inner front was still ascribed to the growth white arrows indicated the growth fronts of PES with the growth
front of PES as indicated by the white arrow in the center of rate of 27um/min, while the black arrows indicated the growth
Figure 3b. The growth rate of PES corresponding to the inner fronts of PEO with the growth rate of 3.2 10? um/min. PEO
growth front was determined to be around 2&/min, which would form separate spherulites and form penetrated spherulites
was higher than that developed freely in the undercooled melt when they contact PES spherulites if PEO nucleated from the
at the same crystallization temperature. Such increase in thehomogeneous melt. However, PEO would form blended spheru-
growth rate may be related to the melt concentration changelites with two growth fronts if PEO nucleated inside the pre-
during the crystallization process of PES surpassed by PEO.existing PES spherulites. Where PEO started to nucleate is the
The outer front was ascribed to the growth front of PEO key factor influencing the crystalline morphologies. Whether
component as indicated by the black arrow. The growth rate the formation of PES spherulites penetrated by PEO spherulites
corresponding to the growth front of PEO was determined to or the blended spherulites with two growth fronts occurred
be 1.9x 10?7 um/min. It is clear that the growth rate of PEO  mainly depended on the nucleation sites of PEO in binary
spherulite was obviously faster than that of PES spherulite. We miscible crystalline/crystalline polymer blends. The fact that
named such crystalline morphology as blended spherulitesblended spherulites showing two growth fronts were only
showing two growth fronts. One easy experiment was performed observed with 56 ¢peo < 70% may be explained as follows.
to verify that the inner and outer fronts of the blended spherulite |n the case of the PEO content above 70%, the PES content is
were from PES and PEO, respectively by heating the samplejow. Therefore, PES spherulites grow slowly with open spheru-
to a temperature betwedis of two components. It was found  |itic structure and leave sufficient undercooled melt in the blends.
that the outer front part disappeared while the inner part still |n this case, it will be easier for PEO to nucleate in the
existed. undercooled melt rather than inside the PES spherulites. Thus,
Similar results were also found in other blend composition. it will be difficult to form blended spherulite showing two
Figure 4 shows the similar crystalline morphology in a 40/60 growth fronts.
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the low supercooling. The crystallization of PES corresponds
to the phase transition from amorphous/amorphous to crystalline/
amorphous state. By prolonging crystallization time, PEO also
crystallized in the matrix of PES spherulites. The crystallization
of PEO corresponds to the phase transition from crystalline/
amorphous to crystalline/crystalline state. Figure 5 show the
growth process of PEO component. One PEO spherulite with
strong birefringence was found to nucleate and continue to grow
within the pre-existing PES spherulites. The growth of the PEO
spherulites proceeded with keeping almost the spherulitic shape
until they impinged on other PEO spherulites, which has also
been found in several binary miscible crystalline polymer
blends?12141619 The growth rate of PEO nucleating and
growing inside the preexisting PES spherulites was determined
to be around 2.7Ztm/min because of the small supercooling at
such a high crystallization temperature. It is usually difficult
for the low-T,, component to crystallize through the spherulitic
growth in crystalline/crystalline polymer blends because it must
crystallize in the matrix of the pre-existing crystals of the high-
Tm component. Only tiny crystals of the loy, component are
found to grow within the spherulites or at the boundaries of the
spherulites of the higfw, component for most crystalline/
crystalline polymer blends8 The possibility of the observation

of the nucleation and spherulitic growth of the IGw-compo-
nent within the matrix of the pre-existing crystals of the high-
Tm component may be related to the following two factors. One
is the nucleation ability of the lowr, component, and the other

is the amount of its melt in the matrix of the pre-existing crystals
of the highT,, component. The lower nucleation ability and
the higher amount of the melt of the loW; component favor

the observation of its nucleation and spherulitic growth. On the
basis of the aforementioned factors, PEO nucleated and grew
within the pre-existing PES spherulites for the blend with high
PEO content at high crystallization temperatures.

On further loweringT, to 55 °C and below, the nucleation
ability of low-T,, component was improved because of relatively
high supercooling. In this case PEO can also nucleate and grow
through spherulitic growth before the hidhr component fill
the whole sample. In this case two types of spherulites,
corresponding to PES and PEO spherulites, respectively, can
grow simultaneously. Furthermore, the penetration of PES
spherulites with slow growth rate by PEO spherulites with fast
growth rate can be found in the 20/80 blend. The detailed
crystallization process has been described in the short com-

Effect of Crystallization Temperature on the Crystalline munication previously?
Morphologies of PES/PEO Blends.It is clear that blend Upon further loweringT, to 45 °C and below, the crystalli-
composition and crystallization temperature play a significant zability of PEO was improved significantly. As a result PEO
role on the crystalline morphology of miscible crystalline/ nucleated first and continued to fill the whole sample before
crystalline polymer blends. In the above section effect of blend the nucleation of PES. When a 20/80 blend was quenched to
composition on the crystalline morphology of PES/PEO blends 45 °C and below, PEO spherulites contacted each other and
were studied in detail. In this section much more attention has showed clear boundaries between neighboring spherulites first.
been directed to the effect of crystallization temperature on the The nucleation of PES component was impossibly able to be
crystalline morphology of PES/PEO blends. We chose a 20/80 observed before PEO type spherulites filled the whole sample.
blend as a model blend, which can present various crystalline However, the brightness of PEO spherulites increased apparently
morphologies depending on crystallization temperature. When with further prolonging crystallization time, indicative of the
T. is not lower than 60C, only PES can crystallize through  occurrence of crystallization of PES inside the PEO spherulites.
spherulitic growth; however, PEO is still in the melt due to the Unlike the crystalline morphology that PEO could crystallize
different supercooling required by the two components. For through the so-called spherulitic growth, PES spherulites cannot
brevity, the POM micrograph of PES spherulites is not shown be observed when they crystallized inside the PEO spherulites

100umn

—

(b)
Figure 5. Crystalline morphology in a 20/80 blend at 57°E:
spherulitic morphology and growth of PEO spherulites after the PES
spherulites filled the whole space sample at (a) 150 min and (b) 202
min.

here. On further loweringd,, both components can crystallize.
Figure 5 shows the crystalline morphology of a 20/80 blend at
57.5°C. At this highT, PES crystallized first through spherulitic
growth with growth rate being around 6idm/min and filled
the whole sample. In this case, PEO is still in the melt due to

in the interlamellar and interfibrillar regions. The different
crystalline morphologies may arise from the difference in the
nucleation ability of the two components and the supercooling.
At T; as high as 57.8C the nucleation ability of PES was
stronger than that of PEO; therefore, PES crystallized first and
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filled the whole sample followed by the nucleation and growth
of PEO spherulites inside the pre-existing PES spherulites. At 60 o o o o o o o
Tc as low as 40C the nucleation ability of PEO was stronger

than that of PES; therefore, PEO crystallized first and filled ; ;
the whole sample followed by the crystallization of PES crystals s e .
inside the pre-existing PEO spherulites. - o o
On the basis of the above study, it can be found that _ so| o o
crystallization temperature plays a dominant role on the crystal- £ | a o
line morphology for a given blend composition sample in
miscible crystalline/crystalline polymer blends. Various crystal- o 8 “
line morphologies can be obtained by just controlling crystal- - o o

lization temperature.

From the aforementioned studies, it is clear that crystalline
morphologies of miscible crystalline/crystalline polymer blends
are dependent on not only blend composition but also crystal- ¥ ———— (" '
lization temperature. In this section, we summarize the crystal- @, (%)
line morphologies dependence of blend composition and rig,re 6. Dependence of the spheruliic morphologies in PES/PEO
crystallization temperature in PES/PEO blends. The difference plends on the crystallization temperatiieand the PEO contegfpeo
in the crystallization rates (or spherulitic growth rates) of both (%): square, only PES crystallized; circle, PES first filled the whole
componens s key factor infuencing the rystaline morphol- 0 Whie FEC crsalized i he mat of PES sphenles e,
ogy patterns. Al morphologlgal features discussed at?o"e could placg; éross, PEO first rf)i/IIed the whole sr:)pace while PE% crystallized
be forecast at least on qualitative terms on the basis of well- inside the PEO spherulites later.
established rules governing the crystal growth rate dependence
on crystallization temperature and blend composition in crystal- in binary miscible crystalline/crystalline polymer blends by
line polymer blends. By adjusting crystallization temperature changing blend composition and crystallization temperature.
and blend composition, three different kinds of crystalline )
morphologies could be formed. The first is that the growth rate Conclusions
of PEO is significantly greater than that of PES. In this case  The unique morphology of PES spherulites penetrated by
the low-Ty, component PEO crystallized first with compact PEO spherulites was investigated in detail depending on blend
structure and filled the whole space, while the high-  composition and crystallization temperature. It was found that
component PES crystallized subsequently as microcrystals insidesuch morphology occurred for the blends with PEO content
the preexisting PEO spherulites with prolonging crystallization ranging from 50 to 90% in a wide crystallization temperature
time. The second is that the growth rates of both componentsrange. Some novel and interesting crystalline morphologies were
are comparable. Both components can crystallize simulta- observed, including the formation of new boundaries by the
neously. Depending on the nucleation site of the Bw-  growth of a single PEO spherulite itself after penetrating into
component PEO, both components can form interpenetratedPES spherulites, the formation of interpenetrated spherulites by
spherulites or blended spherulite containing two growth both components on contact, and the formation of blended
fronts from the same growth site with PEO growing faster than spherulites with two growth fronts from the same growth site
PES. The third is that the growth rate of PES is significantly with PEO growing faster than PES. The growth rates of both
greater than that of PEO. In this case, the highcom- components were studied when they developed freely in the
ponent PES crystallized first with very open structure, while undercooled melt and when they were forced to penetrate each
the low-T, component PEO nucleated and continued to grow other. The blend composition and crystallization temperature
subsequently in the preexisting PES spherulites with effects on the various crystalline morphologies were summarized
prolonging crystallization time. Although such summary is in PES/PEO polymer blends, which should be of great interest
obtained on the basis of PES/PEO blends, it is expected that itand importance for the better understanding and prediction of
will be also useful for the better understanding and prediction morphological patterns for other miscible crystalline/crystalline
of morphological patterns for other miscible crystalline/crystal- polymer blends.
line polymer blends.
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