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ORIGINAL ARTICLE

Crystallization of double crystalline block
copolymer/crystalline homopolymer blends:

2. crystallization behavior

Satoru Gondo, Satoshi Osawa, Hironori Marubayashi and Shuichi Nojima

We examined the isothermal crystallization behavior of poly(e-caprolactone) (PCL) chains (that is, PCL blocks and PCL
homopolymers) in binary blends consisting of PCL-block-polyethylene (PCL-b-PE) copolymers and PCL homopolymers using
simultaneous synchrotron small-angle X-ray scattering/wide-angle X-ray diffraction (SAXS/WAXD) and independently using Fourier
transform infrared spectroscopy (FTIR). Because the crystallizable temperature of PE blocks was significantly higher than that of
PCL chains, the PE block crystallized first upon quenching to form a crystalline lamellar morphology (PE lamellar morphology)
and subsequently the PCL chain crystallized within this morphology. We prepared two blends by considering the miscibility of
PCL homopolymers in microphase-separated melts; when the PCL homopolymer was localized between PCL blocks in the
lamellar microdomain (dry brush), the crystallinity of PCL chains showed a composition-dependent asymptotic increase at the
late stage of crystallization, suggesting the individual crystallization of PCL homopolymers and PCL blocks to yield separate PCL
lamellar crystals in the PE lamellar morphology. When the PCL homopolymer was uniformly mixed with PCL blocks (wet brush),
the time evolution of crystallinity was identical to that of PCL blocks irrespective of composition, indicating that the
crystallization of PCL chains was virtually controlled by that of PCL blocks to form a mixed crystal of PCL blocks and PCL

homopolymers.
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INTRODUCTION

Many experimental studies have been performed on the crystallization
of binary blends consisting of A-B crystalline-amorphous block
copolymers and A crystalline homopolymers.''* The crystalline
morphology formed in these blends is complicated and hence
interesting because it depends significantly on the miscibility of A
homopolymers in microphase-separated melts (that is, uniformly
mixed or locally segregated). For example, we examined the crystalline
morphology formed in binary blends of poly(e-caprolactone) (PCL)-
block-polybutadiene copolymers and PCL homopolymers,* and found
two different morphologies (single lamellar morphology or complex
structure of two lamellar morphologies) after crystallization depending
on the miscibility of PCL homopolymers.

When B blocks are also crystalline, overall crystallization will be
more complicated. That is, when the B block has a higher crystallizable
temperature, it crystallizes first upon quenching to form a crystalline
lamellar morphology, and eventually A chains (A blocks and A
homopolymers) are spatially confined in it before crystallization. This
lamellar morphology is a kind of confined space for A chains, and
such crystallization will be substantially different from that of polymer
chains confined in hard nanodomains.!>!8 This is because the
preexisting lamellar morphology consists of hard crystalline lamellae

covered with soft amorphous layers and is not sufficiently hard to
completely confine the crystallization. Furthermore, this crystallization
will be different from those observed in binary blends of crystalline—
amorphous diblock copolymers and crystalline homopolymers
described above, where the crystallization starts directly from the
microphase-separated melt without forming the crystalline lamellar
morphology. However, such experimental studies are very limited
until now.'>22 Therefore, it is important to find the crystallization
mechanism of A chains on the basis of the miscibility of A chains in
the crystalline lamellar morphology.

We have recently examined the crystalline morphology formed in
binary blends of PCL-block-polyethylene (PCL-b-PE) copolymers and
PCL homopolymers.?? The PE block crystallized first upon quenching
to form a crystalline lamellar morphology (PE lamellar morphology),
where the miscibility of PCL homopolymers in the microphase-
separated melt was substantially maintained. Subsequently, the PCL
chains (PCL blocks and PCL homopolymers) crystallized within this
lamellar morphology. It was found that the resulting morphology
depended significantly on the miscibility of PCL homopolymers before
crystallization. Namely, when the PCL homopolymer was localized
between PCL blocks in the lamellar microdomain structure, separate
PCL lamellar crystals (that is, PCL block crystals and PCL
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Figure 1 Schematic illustration showing the morphologies formed in binary blends of poly(e-caprolactone)-block-polyethylene (PCL-b-PE) copolymers and PCL
homopolymers before and after crystallization.22 The PCL homopolymer is localized between PCL blocks in the lamellar microdomain (a) to yield separate
PCL crystals after the crystallization of PCL chains (b) in the upper route. The PCL homopolymer is uniformly mixed with PCL blocks in the lamellar
microdomain (c) to form a mixed PCL crystal after the crystallization of PCL chains (d).

homopolymer crystals) were formed in the PE lamellar morphology
(upper route in Figure 1), whereas when it was uniformly mixed with
PCL blocks, a mixed crystal was formed consisting of PCL blocks and
PCL homopolymers (lower route in Figure 1).

In this study, we investigate the crystallization behavior of PCL
chains in the same blends previously used, where the PCL homo-
polymer exists with different states in lamellar microdomains (that is,
uniformly mixed or locally segregated). The crystallization behavior is
observed as a function of the volume fraction of PCL homopolymers
in PCL chains ¢pcr. Simultaneous small-angle X-ray scattering
(SAXS)/wide-angle X-ray diffraction (WAXD) with synchrotron
radiation and independently Fourier transform infrared spectroscopy
(FTIR) were employed to pursue the isothermal crystallization process
of PCL chains. From these results, we try to find a substantial
difference in the crystallization behavior of PCL chains spatially
confined in the PE lamellar morphology on the basis of the miscibility
of PCL homopolymers in the lamellar microdomain structure. To our
knowledge, this is the first time to examine the complicated crystal-
lization of binary blends consisting of crystalline—crystalline diblock
copolymers and crystalline homopolymers.

EXPERIMENTAL PROCEDURE

Samples and sample preparation

The crystalline—crystalline block copolymers used in this study are PCL-b-PE
and the crystalline homopolymer is PCL, both of which are the same samples
employed in our previous study.?? The method used to synthesize these samples
has been described elsewhere.?>2> We synthesized two PCL-b-PE copolymers
(denoted PCL-PE1 and PCL-PE2) and one PCL homopolymer (PCL), where
PCL-PEL: M,, =9000, M,,/M,, =1.12, PCL:PE (vol.%) =38:62, PCL-PE2: M,
=16 800, M,/M,, =1.11, PCL:PE =51:49, PCL: M,, = 3000, M,/M,, = 1.05. It
is well known that the molecular weight ratio of PCL homopolymers and PCL
blocks r (= M,(PCL homopolymer)/M,(PCL block)) controls the miscibility
of PCL homopolymers in microphase-separated melts;?*->% when r is ~ 1, the
PCL homopolymer is locally segregated between PCL blocks, whereas it is
uniformly mixed with PCL blocks with r<<1. Actually, we found in our
previous study®? that the PCL homopolymer was localized between PCL blocks
in the lamellar microdomain structure formed in PCL-PE1/PCL blends with

r=0.83 (blend 1), and it was homogeneously mixed with PCL blocks in
PCL-PE2/PCL blends with r=0.33 (blend 2).

The binary blends with various volume fractions of PCL homopolymers ¢pcr.
in PCL chains (PCL blocks and PCL homopolymers) were prepared using a
solution-casting method with toluene as a common solvent, where ¢pc was
calculated using the specific volume of PCL homopolymers?® and PE
homopolymers®® at 120°C. The sample thickness was ~2mm for SAXS/
WAXD measurements and 100 pm for FTIR measurements.

Samples were first treated at 120°C for 15min to develop microdomain
structures in the system, then annealed at 70°C for > 15 min to achieve the
complete crystallization of PE blocks and finally quenched to 38 °C to observe
the crystallization behavior of PCL chains. It took ~90's to completely reach to
38 °C during the quenching process. The crystallization temperature (=38 °C)
was chosen by considering that the PE lamellar morphology was virtually
maintained after the crystallization of PCL chains below 40°C,*3! and
furthermore the crystallization behavior of PCL chains could be conveniently
observed using SAXS/WAXD methods.

Simultaneous synchrotron SAXS and WAXD measurements

The crystallization behavior of PCL chains was pursued using simultaneous
SAXS and WAXD with synchrotron radiation. The experiment was performed
at Photon Factory in High Energy Accelerator Research Organization, Tsukuba,
Japan, with a small-angle X-ray equipment for solution installed at BL-10C
beam line. Details of the equipment and the instrumentation have already been
described elsewhere.>>* The two-dimensional SAXS intensity was detected
using PILATUS3-2M, which had 1475 x 1679 pixels with 172 x 172 pm? in each
pixel dimension, and two-dimensional WAXD intensity was simultaneously
detected using PILATUS3-200K with 487 x 407 pixels. The accumulation time
of one measurement was 10 s during isothermal crystallization for both blends
that was continued until the integrated intensity ceased to change. The two-
dimensional SAXS and WAXD curves thus measured were azimuthally
averaged to obtain one-dimensional SAXS curves as a function of s (=(2/1)
[sin O], 20: scattering angle, A: X-ray wavelength used (=0.1488 nm)) and
one-dimensional WAXD curves as a function of 20, and then corrected for
background scattering and absorption by the sample. The PE lamellar
morphology existed in the system just before the crystallization of PCL chains,
so that it was necessary to subtract the SAXS (or WAXD) curve arising from
this lamellar morphology (or PE crystals) to evaluate the substantial change in
time-resolved curves due to the crystallization of PCL chains. We simply
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subtracted the SAXS (or WAXD) curve at 90s (corresponding to the curve
before the crystallization of PCL chains) from every time-resolved SAXS (or
WAXD) curve after 100 s.

Next, the long period L and invariant Q(SAXS) were evaluated as a function
of crystallization time ¢ from one-dimensional SAXS curves, and the diffraction
intensity [(WAXD) from the (110) plane of PCL crystals from one-dimensional
WAXD curves. Finally, we evaluated several parameters characterizing the
crystallization behavior of PCL chains in blend 1 and blend 2 as a function

of ¢pcr-

FTIR spectroscopy measurements

FTIR spectra were recorded to examine the crystallization behavior of PCL
chains in blend 1 and blend 2 using FTIR 6200 spectrometer (JASCO, Tokyo,
Japan) with a spatial resolution of 4cm™!. The sample was first dissolved in
toluene and then thin film (~100 pm in thickness) was prepared by a solution-
casting method on a silicone plate. The time evolution of the crystallinity of
PCL chains was evaluated from the integrated intensity of absorption band at
934 cm ™~ ! resulting from C-O-C symmetric stretching in PCL crystals.’>3¢ The
normalized crystallinity ypcp, the integrated intensity at t divided by the final
value, was finally evaluated as a function of ¢ during isothermal crystallization at
38°C, and compared with the results obtained from SAXS or WAXD
measurements. It should be noted that the absolute crystallinity of PCL chains,
which could not be obtained from SAXS or FTIR measurements, was not
important to understand the crystallization behavior, and hence we did not
evaluate this value using other methods (for example, differential scanning
calorimetry measurements).

RESULTS AND DISCUSSION

Crystallization behavior pursued using SAXS and WAXD

The crystallization process of PCL chains in blend 1 and blend 2 was
pursued using simultaneous SAXS/WAXD techniques, and Figure 2
shows the typical time-resolved SAXS (Figure 2a) and WAXD
(Figure 2b) curves for blend 1 with ¢ppcy =0.22 during isothermal
crystallization at 38 °C. The SAXS curve at 120 °C has several scattering
peaks arising from the lamellar microdomain structure (not shown in
Figure 2a), and turns into another one with diffuse scattering peaks
(corresponding to the SAXS curve at t =0s in Figure 2a) by the
crystallization of PE blocks during annealing at 70 °C, indicating a
morphological transition from the microdomain structure into some
crystalline morphology. This diffuse scattering peak grows remarkably
by the subsequent crystallization of PCL chains at 38 °C (shown by an
arrow in Figure 2a), where the peak position does not change

Intensity (a.u.)

Crystallization
Time (s)

appreciably. Two distinct scattering peaks (indicated by s* and 2s*)
can be observed after the complete crystallization of PCL chains
(at t+ =1170s), the positions of which exactly correspond to a ratio of
1:2, suggesting a lamellar morphology (that is, an alternating structure
consisting of two or more layers) is formed in the system. Of course,
the SAXS curves before and after the crystallization of PCL chains
(t =0 and 1170s, respectively) are consistent with those in our
previous morphological study using the same samples.?? It is easily
supposed from Figure 2a and our previous studies?»3! that the PCL
chains crystallize within the lamellar morphology formed by the
advance crystallization of PE blocks (PE lamellar morphology). The
WAXD curves have three appreciable diffraction peaks in Figure 2b.
Because the diffraction pattern from PE crystals is extremely similar to
that from PCL crystals, these peaks are combined diffractions arising
from PE and PCL crystals.

The fundamental parameters characterizing the crystallization
process were extracted from SAXS and WAXD curves. Figure 3 shows
these parameters as a function of ¢ for blend 1 with ¢pcy =0.22,
where data points up to 90s are omitted by considering the time
necessary for quenching. The long period L evaluated from the
primary peak position in SAXS curves (Figure 3a) increases slightly
at the beginning of crystallization (indicated by a broken line) and
thereafter remains nearly constant. It is found from our previous study
on the morphology formed in neat PCL-b-PE copolymers®! that PCL
blocks crystallize within the existing PE lamellar morphology when the
crystallization temperature is <40 °C, although L increases slightly
because of the moderate distortion of this morphology. The invariant
obtained from SAXS curves Q(SAXS) (Figure 3b) and the (110)
diffraction intensity of PCL crystals from WAXD curves [[WAXD)
(Figure 3c) both change sigmoidally with increasing . The increase in
Q(SAXS) arises from the large electron density of PCL crystals (=393
enm ™3 %°) as compared with those of PE crystals (=340 e nm~3 )
and amorphous PCL (=344 enm 3 at 38°C?’), and the increase in
I(WAXD) from the increase of PCL crystals in the system. Because Q
(SAXS) and I(WAXD) are approximately proportional to the crystal-
linity of PCL chains, the isothermal crystallization behavior of PCL
chains is qualitatively similar to that of bulk crystalline homopolymers.
Figure 3 clearly indicates that SAXS and WAXD measurements
provide the same results for the crystallization behavior of PCL chains,
and therefore we mainly analyze the t dependence of Q(SAXS) as a

b
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Figure 2 Typical time-resolved (a) small-angle X-ray scattering (SAXS) and (b) wide-angle X-ray diffraction (WAXD) curves for blend 1 with ¢pc. =0.22
during isothermal crystallization at 38 °C. The s* in (a) represents the wavenumber of primary peak position, and (110), (200) and (210) in (b) are the

diffraction planes of poly(e-caprolactone) (PCL) crystals.
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function of ¢pcy to clarify the effects of miscibility of PCL homo-
polymers (dry brush or wet brush) on the crystallization mechanism
of PCL chains.

It should be noted that the crystallization rate of PCL blocks in
PCL-PE2 is moderately larger than that of PCL homopolymers
because of an advantage of molecular weight (that is, M,(PCL
block) =9100 and M, (PCL homopolymer) =3000), whereas the
crystallization rate of PCL blocks in PCL-PEl (M,(PCL block)
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Figure 3 The time evolution of long period L (a) and invariant Q(SAXS)
(b) evaluated from small-angle X-ray scattering (SAXS) curves and (110)
diffraction intensity of poly(e-caprolactone) (PCL) crystals /(WAXD) from
wide-angle X-ray diffraction (WAXD) curves for blend 1 with ¢pc. =0.22
(c) during isothermal crystallization at 38 °C. The broken line represents the
crystallization time at which L starts to increase.
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=3600) is extremely lower than that of PCL homopolymers, in
particular at the late stage of crystallization, probably because of the
restricted molecular motion of PCL blocks.

Analysis of crystallization behavior

The time evolution of normalized invariant Q’(SAXS) (that is, Q
(SAXS) divided by final Q(SAXS)) was analyzed as a function of ¢pcr
to get information on substantial differences in the crystallization
mechanism of PCL chains between blend 1 and blend 2. Figure 4
shows Q’(SAXS) plotted against ¢ for blend 1 (Figure 4a) and blend 2
(Figure 4b) with various ¢pcy. Every crystallization proceeds sigmoid-
ally with a finite induction time that is usually observed for the
crystallization of bulk crystalline homopolymers and crystalline blocks
confined in lamellar nanodomains.>*37-3° Furthermore, we find from
Figure 4 that the crystallization rate increases steadily with increasing
¢pcy in blend 1, whereas it is almost the same in blend 2 irrespective
of ¢pcL except that of PCL homopolymers.

The half-time of crystallization 7y, the crystallization time at
Q(SAXS) =0.5, was evaluated to quantitatively compare the crystal-
lization rate, and is plotted in Figure 5 as a function of ¢pcy for both
blends. As easily anticipated from Figures 4, 71, increases extremely
with decreasing ¢hpcy at small ¢pcy for blend 1 to indicate the
decelerated crystallization, whereas it remains nearly constant for
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Figure 5 Half-time of crystallization plotted against ¢pc_ for blend 1 (O)
and blend 2 (®). The half-time of crystallization at ¢pc. =1 (corresponding
to poly(e-caprolactone) (PCL) homopolymers) ([7]) is common to both blends.
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blend 2 except that of PCL homopolymers. If PCL homopolymers in
blend 2 crystallize separately from PCL blocks, we will have a gradual
increase in crystallinity at the late stage of crystallization (and hence a
substantial increase in 7j;;) because of the slow crystallization of
PCL homopolymers. Therefore, the identical crystallization behavior
observed in blend 2 suggests that the crystallization mechanism of PCL
chains is completely controlled by the crystallization of long PCL
blocks in PCL-PE2 to form a mixed crystal consisting of PCL blocks
and PCL homopolymers. This fact is sharply contrasted with the case
of blend 1 (Figure 4a), and therefore we further analyze the crystal-
lization behavior of PCL chains in blend 1.

The crystallization time was reduced using 7/, in Figure 5 to find
the crystallization mechanism of PCL chains in blend 1; if the
mechanism is virtually identical, Q' (SAXS) curves make one master
curve irrespective of ¢pcy when plotted against reduced time
(= t/t1p).*° Figure 6 shows Q(SAXS) curves plotted against #/7),
for blend 1 with various ¢pcr, where they do not make one master
curve at the late stage of crystallization (#/7y/, > 1), indicating that the
crystallization mechanism depends intimately on ¢pc;. We found
from our previous study on the crystallization behavior of neat
PCL-b-polybutadiene copolymers that the crystallization rate of short
PCL blocks decelerates significantly at the late stage of crystallization
as compared with that of bulk PCL homopolymers, 4! ascribed
to the limited diffusion of crystalline blocks.*>** Therefore, the
¢pc1-dependent asymptotic increase in Q(SAXS) observed at the late
stage of crystallization mainly arises from the crystallization of PCL
blocks, suggesting the individual crystallization of PCL homopolymers
and PCL blocks in blend 1. Namely, the crystallization of PCL
homopolymers finishes within a relatively short time (#/z1/, <2) but
PCL blocks continue to crystallize asymptotically (t/z;, >2). As a
result, the t/r;, dependence of Q(SAXS) reflects two kinds of
crystallization (that is, rapid crystallization of PCL homopolymers
and slow crystallization of PCL blocks), and the crystallization of PCL
blocks is dominant at smaller ¢hpcy (<0.22), whereas the crystallization
of PCL homopolymers at larger ¢hpcy, (>0.38).

The difference in crystallization rates at the early and late stages of
crystallization can be clearly found in Figure 7, where the reduced
crystallization time at Q' (SAXS) =0.2 for the early stage of crystal-
lization and Q’(SAXS) =0.8 for the late stage of crystallization is
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Figure 8 Fourier transform infrared spectroscopy (FTIR) curves of blend 1
with ¢pc. =0.22 after complete crystallization at 38 °C. The inset shows the
change in FTIR curves during isothermal crystallization at 38°C for a
selected range of wavenumbers. PCL, poly(e-caprolactone).

plotted against ¢pcy, for blend 1 and blend 2. The reduced time at
Q’(SAXS) =0.2 remains nearly constant (~0.75) irrespective of ¢pcr
for both blends, whereas that at Q(SAXS) =0.8 for blend 1 is very
large at small ¢ppcy. This fact clearly indicates that the characteristics of
block copolymer crystallization appear appreciably with decreasing
¢pcy in blend 1, suggesting the individual crystallization of PCL blocks
and PCL homopolymers to form separate PCL lamellar crystals in the
PE lamellar morphology.

Crystallization behavior observed using FTIR

We found using simultaneous SAXS/WAXD techniques that the
crystallization behavior was substantially different between blend 1
and blend 2 because of the difference in the miscibility of PCL
homopolymers in the PE lamellar morphology that originated from
the miscibility between PCL homopolymers and PCL blocks in
microphase-separated melts. Here, the crystallization behavior of
PCL chains in both blends was independently observed using FTIR.
Figure 8 shows the typical FTIR curve of blend 1 with ¢pcy =0.22
after the complete crystallization of PCL chains at 38 °C, and the inset
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Figure 10 Schematic illustration showing the crystallization process of poly(e-caprolactone) (PCL) chains in blend 1 (dry brush, upper route) and blend 2
(wet brush, lower route). The lamellar microdomain structure (Figure 1la and c) is completely replaced with the polyethylene (PE) lamellar morphology (a, d)
by the crystallization of PE blocks, and subsequently PCL chains start to crystallize within this morphology (b—c in blend 1 and e—f in blend 2).

represents the change of FTIR curves during isothermal crystallization
at 38°C in a selected range of wavenumbers. We evaluated the
normalized crystallinity of PCL chains ypcy from the steady increase in
absorption band at 934 cm ~! as a function of ¢, as precisely described
in the Experimental Procedure section.

Figure 9 shows the time evolution of ypcp during isothermal
crystallization at 38 °C for blend 1 (Figure 9a) and blend 2 (Figure 9b)
with various ¢pcp indicated. The data points are generally scattered
because the absorption band analyzed is relatively small (Figure 8) and
hence much error intervenes for the evaluation of ypcr. However, the
change in ypcp is extremely similar to that in Q(SAXS) evaluated
using SAXS (and also WAXD) for both blend 1 and blend 2
(Figure 4); the crystallization proceeds sigmoidally irrespective of
¢pcr- In addition, the crystallization rate of PCL chains in blend 1
increases steadily with increasing ¢pcy, (Figure 9a), whereas it is nearly
the same irrespective of ¢pcr except neat PCL homopolymers in blend
2. Therefore, we easily expect that the analysis of FTIR results leads to
the same conclusion derived from simultaneous SAXS/WAXD mea-
surements, and hence we do not analyze the FTIR results anymore.
However, it should be noted that the FTIR measurement is important
in that it is an alternative method to confirm the crystallization

behavior of PCL chains pursued using time-resolved SAXS/WAXD
techniques.

Crystallization mechanism of binary blends
In this section, we discuss the crystallization mechanism of PCL chains
in blend 1 and blend 2 on the basis of the experimental results
obtained using simultaneous SAXS/WAXD and FTIR, and present the
schematic change in morphology during the isothermal crystallization
of PCL chains. It is important to remember that PCL chains are
spatially confined within the PE lamellar morphology throughout
crystallization, in which the miscibility of PCL homopolymers is
different between blend 1 (dry brush) and blend 2 (wet brush).
Figure 10 shows an illustration showing the change in morphology
during the isothermal crystallization of PCL chains in blend 1 (upper
route) and blend 2 (lower route). In blend 1, the local segregation of
PCL homopolymers from PCL blocks still exists in the PE lamellar
morphology (Figure 10a), from which PCL homopolymers and PCL
blocks together start to crystallize. However, the PCL block continues
to crystallize after finishing the crystallization of PCL homopolymers
(Figure 10b— Figure 10c) because the crystallization rate is signifi-
cantly different at the late stage of crystallization between PCL blocks
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and PCL homopolymers. This fact suggests no cooperative crystal-
lization of PCL blocks and PCL homopolymers to yield separate PCL
lamellar crystals (PCL block crystals and PCL homopolymer crystals)
in the PE lamellar morphology (Figure 10c).

The crystallization mechanism of PCL chains in blend 2 is
completely different from that in blend 1. That is, PCL blocks and
PCL homopolymers are uniformly mixed in the PE lamellar mor-
phology before crystallization (Figure 10d), from which a mixed
lamellar crystal appears by a cooperative crystallization (Figure 10e)
and grows steadily with increasing crystallization time (Figure 10f).
This mechanism is easily anticipated from identical crystallization
curves irrespective of ¢pcp (Figure 4b). As a result, the final crystalline
morphology formed in blend 2 is substantially different from that in
blend 1, as schematically shown in Figures 10c and f. The resulting
morphologies derived from the crystallization behavior in this study
are consistent with those concluded in our previous study on the final
morphology formed in blend 1 and blend 2 examined using static
SAXS and thermal analysis.??

CONCLUSIONS

We have examined the crystallization behavior of binary blends
consisting of PCL-b-PE copolymers and PCL homopolymers using
simultaneous SAXS/WAXD and independently FTIR as a function of
the volume fraction of PCL homopolymers ¢pcy in PCL chains (that
is, PCL blocks and PCL homopolymers). Because the crystallizable
temperature of PE blocks was significantly higher than that of PCL
chains, the PE block crystallized first upon quenching from
microphase-separated melts to form a crystalline lamellar morphology
(PE lamellar morphology), followed by the crystallization of PCL
chains within this morphology. Two binary blends (denoted blend 1
and blend 2) were prepared by considering the miscibility of PCL
homopolymers in microphase-separated melts; the PCL homopolymer
was localized between PCL blocks in the lamellar microdomain in
blend 1 (dry brush), whereas it was uniformly mixed with PCL blocks
in blend 2 (wet brush).

The time evolution of the crystallinity of PCL chains during
isothermal crystallization at 38 °C showed a composition-dependent
asymptotic increase at the late stage of crystallization in blend 1. The
decelerated crystallization of short PCL blocks was responsible for this
result, suggesting the individual crystallization of PCL blocks and PCL
homopolymers to yield separate PCL lamellar crystals in the PE
lamellar morphology. However, the crystallization behavior of blend 2
was virtually identical irrespective of ¢pcp except that of PCL
homopolymers, indicating that morphology formation is controlled
by the crystallization of PCL blocks to form a mixed PCL crystal in the
PE lamellar morphology. The resulting morphologies formed in blend
1 and blend 2 derived from this study were consistent with those
concluded in our previous study using static SAXS and thermal
analysis.
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