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Abstract

The crystallization behavior of poly(3-caprolactone) (PCL) blocks starting from a solid lamellar morphology formed in advance by the

crystallization of polyethylene (PE) blocks (PE lamellar morphology) in a PCL-b-PE diblock copolymer was investigated by differential

scanning calorimetry (DSC), small-angle X-ray scattering with synchrotron radiation (SR-SAXS), and polarized optical microscope (POM).

The crystallization behavior was quantitatively compared with that of a PCL-block-polybutadiene copolymer, where the crystallization of

PCL blocks started from a rubbery lamellar microdomain. DSC and SR-SAXS results revealed that the crystallization rate of PCL blocks in

PCL-b-PE increased drastically with decreasing crystallization temperature Tc and the Avrami exponent depended significantly on Tc. SR-

SAXS curves during the crystallization of PCL blocks at high Tc showed a bimodal scattering character, that is, the peak position moved

discontinuously with crystallization time. At low Tc, on the other hand, no shift of the SAXS peak position was observed. The macroscopic

change in morphology was detected only at high Tc by POM observations. These experimental results for the crystallization behavior of PCL

blocks in PCL-b-PE all support our previous conclusions obtained by static measurements; the crystallization mechanism at low Tc is

completely different from that at high Tc, that is, the PCL blocks crystallize within the PE lamellar morphology at low Tc while the

crystallization of PCL blocks at high Tc yields a morphological transition from the PE lamellar morphology into a new solid morphology.

q 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The crystallization behavior of low-molecular-weight

crystalline–amorphous diblock copolymers is interesting

from the viewpoint of morphology formation because a

microdomain structure turns into a completely different

lamellar morphology, an alternating structure consisting of

thin crystals and amorphous layers. This behavior has

usually been observed by time-resolved small-angle X-ray

scattering with synchrotron radiation (SR-SAXS) [1–7], and

the results are analyzed by the Avrami equation widely used

for homopolymer crystallization. These results show that

the crystallization behavior of block copolymers is
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qualitatively similar to that of homopolymers, that is, pre-

existing microdomains do not substantially affect the

subsequent crystallization of constituent blocks.

The crystallization behavior of crystalline–crystalline

diblock copolymers would be more complicated because

two kinds of crystallization work cooperatively when the

copolymer is quenched from the microphase-separated melt

into various temperatures below the melting temperatures of

both blocks. When the melting temperatures of both blocks

are close enough such as poly(ethylene oxide)-block-poly(3-
caprolactone) copolymers, we expect a simultaneous

crystallization of both the blocks by quenching, and the

thermal analysis and microscopic observation have revealed

a unique crystallization behavior [8–13]. When the melting

temperature of one block is far from the other, on the other

hand, we have a completely different crystallization; one

block crystallizes in advance to result in some morphology

and subsequently the other block crystallizes starting from
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this morphology. Though the crystallization behavior and

resulting morphology of such cases have been studied for

some diblock and triblock copolymers [14–20], they are not

quantitatively understood so far.

In our previous study [20], we synthesized various

poly(3-caprolactone)-block-polyethylene (PCL-b-PE)

diblock copolymers and investigated the morphology

formed by the crystallization of both blocks, where the

melting temperature of PCL blocks Tm,PCL was ca. 56 8C

and that of PE blocks Tm,PE was 95 8C. The PE block

crystallized first during quenching from the microphase-

separated melt into various crystallization temperatures Tc
below Tm,PCL, and, therefore, the solid lamellar morphology

consisting of PE crystals and amorphous layers (PE lamellar

morphology) always existed prior to the crystallization of

PCL blocks. We found that the resulting morphology

depended significantly on Tc. That is, at low Tc, PCL blocks

crystallized within the PE lamellar morphology and

eventually it was preserved throughout the crystallization

process of PCL blocks. At high Tc, on the other hand, the

crystallization of PCL blocks destroyed the PE lamellar

morphology to result in a new lamellar morphology

favorable for the crystallization of PCL blocks. Therefore,

we can expect that the crystallization behavior of PCL

blocks at high Tc will be completely different from that at

low Tc.

In this study, we clarify the crystallization behavior of

PCL blocks starting from the PE lamellar morphology by

differential scanning calorimetry (DSC), SR-SAXS, and

polarized optical microscope (POM). In particular, the

difference in crystallization behavior between low and high

Tc will be emphasized. The results are compared with the

crystallization behavior of a PCL-block-polybutadiene

(PCL-b-PB) copolymer with the same molecular character-

istics, where the crystallization of PCL blocks starts from

the rubbery lamellar microdomain to yield a morphological

transition into the solid (or crystallized) lamellar mor-

phology at all Tc.
2. Experimental

2.1. Samples

Samples used in this study are double crystalline poly(3-
caprolactone)-block-polyethylene (PCL-b-PE) diblock

copolymers, which were obtained by the hydrogenation of

PCL-block-polybutadiene (PCL-b-PB) diblocks. The

methods of PCL-b-PB synthesis and hydrogenation were

described in our previous paper [1,20]. We also used PCL-b-

PB just before the hydrogenation to compare the crystal-

lization behavior of PCL blocks with that of PCL-b-PE. A

major difference between PCL-b-PE and PCL-b-PB is the

pre-existing morphology from which PCL blocks start to

crystallize; the solid PE lamellar morphology exists in PCL-

b-PE while the rubbery lamellar microdomain in PCL-b-PB.
The molecular characteristics of PCL-b-PE and PCL-b-

PB are shown in Table 1, where Tm,PE is ca. 95 8C and

Tm,PCL is ca. 56 8C. A3 and B3 were mainly used to

investigate the crystallization behavior of PCL blocks by

DSC, SR-SAXS, and POM, but A2 was supplementally

used only for SR-SAXS measurements because the

morphological transition of A2 at high Tc was more distinct

compared with that of A3 (Fig. 5) owing to the SAXS peak

appearing at higher-angle. The total number-averaged

molecular weight Mn is less than 18,000 for all copolymers,

so that the microdomain structure does not preserve by the

crystallization of PE and/or PCL blocks when the sample is

quenched from the microphase-separated melt [21].

2.2. DSC measurements

The sample was quenched from the melt (ca. 130 8C) into

various crystallization temperatures Tc ranging from 30 to

45 8C (!Tm,PCL) at a maximum cooling rate

(Z500 8C/min) and annealed at Tc for a prescribed time

tc, where PE blocks already crystallized during quenching to

yield the PE lamellar morphology. A Perkin–Elmer DSC

Pyris I was used with a heating rate of 10 8C/min to obtain

the crystallinity of PCL blocks cPCL as a function of tc,

where the difference between Tm,PCL and Tm,PE is large

enough, so that cPCL could be accurately evaluated (Fig.

1(a)). cPCL was calculated from the endothermic area by

assuming that the heat of fusion for perfect PCL crystals was

135.44 J/g [22]. Note that cPCL might include a minor

contribution from the re-crystallization of PCL blocks

during heating process.

2.3. SR-SAXS measurements

The SR-SAXS experiment was carried out at Photon

Factory in High-Energy Accelerator Research Organization,

Tsukuba, Japan, with a small-angle X-ray equipment for

solution (SAXES) installed at beam line BL-10C. Details of

the optics and the instrumentation were described elsewhere

[23,24]. The incident beam intensity with wave length

lZ0.1488 nm was monitored at before and after the sample

by two ionization chambers for the evaluation of frame-by-

frame transmission factors of the sample and also for the

correction of a minor decrease in intensity during measure-

ments. The detector was a one-dimensional position

sensitive proportional counter (PSPC) and data accumu-

lation time was 10 s to get each SAXS curve during

dynamic measurements. The background scattering and the

Lorentz factor were taken into account when the spacing of

alternating structures was evaluated.

2.4. POM observations

The macroscopic change in morphology by the crystal-

lization of PCL blocks was observed at various Tc as a

function of tc by a polarized optical microscope (Olympus



Table 1

Molecular characteristics of PCL-b-PE and PCL-b-PB copolymers

Notation Sample Total, Mn
a Mw/Mn

b PCL:PE (vol%)c EB (mol%)c Tm,PCL (8C)d Tm,PE (8C)d

A3 PCL-b-PE 18,000 1.18 51:49 5 56 95

B3 PCL-b-PB 17,000 1.18 52:48 5 55 –

A2 PCL-b-PE 11,000 1.09 69:31 6 55 97

a Determined by membrane osmometry.
b Determined by GPC.
c Determined by 1H NMR.
d Determined by DSC for the samples crystallized at room temperature.
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BX-50) with a temperature-controlled hot stage (Linkam

LTS-350). The film thickness prepared by a solution-casting

method was ca. 0.02 mm for all samples. The morphological

change during the crystallization of PCL blocks was

monitored between crossed polarizers for qualitative

comparison at different Tc.
3. Results and discussion

3.1. DSC results

Fig. 1 shows DSC melting curves for A3 (a) and B3 (b)

isothermally crystallized at 42 8C during various crystal-

lization times tc indicated on each curve. The endothermic

peak at ca. 56 8C arising from the melting of PCL blocks

grows with increasing tc for both cases. However, the diffuse

endothermic peak at ca. 96 8C arising from the melting of

PE blocks (Fig. 1(a)) does not depend on tc, that is the

crystallinity of PE blocks cPE is constant (ca. 24 wt%

against whole PE blocks in A3) irrespective of tc, indicating

that the crystallization of PE blocks has completely finished

when the sample arrives at 42 8C from the microphase-

separated melt.

We obtained the tc dependence of cPCL from the peak

area, and then evaluated the half-crystallization time t1/2,

i.e. time necessary to reach the half of final crystallinity of

PCL blocks, as a function of Tc for A3 and B3. The inverse
Fig. 1. DSC melting curves for A3 (a) and B3 (b) isothermally crystallized at 42 8

curves are shifted upward successively for legibility.
of t1/2, which is a measure of the crystallization rate of PCL

blocks, is plotted against Tc in Fig. 2, where the crystal-

lization rate of PCL blocks in A3 is almost equal to that in

B3 at high Tc (O45 8C) but the difference increases

significantly with decreasing Tc. That is, the crystallization

rate in PCL-b-PE increases drastically with decreasing Tc
compared with the case of PCL-b-PB. It is known from our

previous studies [2,21] that low-molecular-weight PCL-b-

PB copolymers take a morphological transition from a

rubbery microdomain into a solid lamellar morphology by

the crystallization of PCL blocks at all Tc, and the

crystallization rate increases steadily with decreasing Tc.

Therefore, the drastic increase of crystallization rate in

PCL-b-PE suggests the change in crystallization mechanism

of PCL blocks at low Tc. Thus, the large difference in

crystallization rate between PCL-b-PE and PCL-b-PB at

low Tc qualitatively supports our conclusion previously

obtained by static measurements for the final morphology of

A3 [20], that is, PCL blocks crystallize within the PE

lamellar morphology at low Tc (!30 8C) while the

morphological transition occurs at high Tc (O30 8C).

Hamley et al. recently investigated the crystallization

behavior of a high-molecular-weight crystalline–crystalline

diblock copolymer, poly(p-dioxanone)-block-PCL (PPDX-

b-PCL) [17]. They found that the crystallization rate of PCL

blocks was accelerated by the presence of crystallized

PPDX blocks, and concluded that the crystallized PPDX

acted to nucleate PCL blocks, so that the heterogeneous
C as a function of crystallization time tc indicated on each curve. The DSC



Fig. 2. Inverse of half-crystallization time t1/2, obtained from DSC

measurements for A3 (circle) and B3 (square), plotted against crystal-

lization temperature Tc.

Fig. 3. Time-resolved SAXS curves during the crystallization of PCL

blocks when A3 is quenched from the microphase-separated melt into TcZ
42 8C.

S. Nojima et al. / Polymer 46 (2005) 4060–4067 4063
crystallization of PCL blocks was always observed within a

confined space. The acceleration of crystallization rate with

decreasing Tc is also recently reported for high-molecular-

weight crystalline–amorphous diblocks [25,26]. Sakurai et

al. for example, investigated the crystallization behavior of

a flow-oriented polyethylene-block-(atactic-polypropylene)

(PE-b-PP), and found that the crystallization rate of PE

blocks increased significantly with decreasing Tc and also

that spherulites could grow only at high Tc, that is, the

crystallized lamellar microdomain did not coexist with the

spherulitic morphology at all Tc. They concluded that a

large number of nuclei prevented the transformation of

confined microdomains into spherulites at low Tc. The Tc
dependence of crystallization rate observed in their diblock

is phenomenologically similar to that in our diblock. The

substantial difference in factors controlling the crystal-

lization behavior between crystalline–amorphous and crys-

talline–crystalline diblocks will be discussed later.
Fig. 4. Intensity (a), spacing (b), and FWHM (c) for the SAXS peak plotted

against crystallization time tc for A3 crystallized at 42 8C.
3.2. SR-SAXS curves

Fig. 3 shows time-resolved SAXS curves for A3

quenched from 130 8C into 42 8C. A sharp diffraction

arising from the lamellar microdomain (at tcZ0 s) turns

quickly into a small scattered peak with a considerable shift

of peak position to the low angle, indicating the PE lamellar

morphology has formed by the crystallization of PE blocks.

After some induction time, the peak intensity increases

gradually with increasing tc, which arises from the crystal-

lization of PCL blocks starting from the PE lamellar

morphology. Fig. 4 highlights the change of the SAXS peak

with tc, that is intensity (a), spacing (b), and full width at half

maximum (FWHM) (c) of the peak are plotted against tc for

A3 crystallized at 42 8C. The significant change in intensity,

spacing, and FWHM between tcZ1000 and 2000 s is

intuitively explained if we assume that the PE lamellar

morphology deforms moderately by the crystallization of
PCL blocks. Here, we measure the crystallization behavior

of A2 as well as A3 to confirm the generality of Fig. 4,

because the SAXS peak appears at higher-angles for A2

and, therefore, we can clearly understand the change in

SAXS curves with increasing tc.

The inset of Fig. 5 shows the change in FWHM for A2

crystallized at 42 8C, where it increases first, takes a

maximum (indicated by an arrow in the inset), and finally

decreases with tc. Fig. 5 shows typical SAXS curves at tc



Fig. 5. SAXS curves at each tc around the maximum of FWHM for A2 quenched from the melt into 42 8C. The SAXS curve at tcZ1070 8C s shows a bimodal

character. The inset shows the tc dependence of FWHM for A2.
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around the maximum of FWHM, where we can distinctly

see a bimodal SAXS curve at tcZ1070 s. This fact means

that the original SAXS peak does not move continuously to

the lower-angle but there exist two peaks with their angular

positions being very close. The higher-angle peak is

gradually replaced with the lower-angle peak as PCL blocks

crystallize, which suggests that the PE lamellar morphology

is replaced by a new morphology. The molecular weight of

A3 is higher than that of A2 and, therefore, SAXS peaks for

A3 appear at the lower-angle, which shrinks the difference

in angular position between two peaks and eventually we

cannot observe two peaks at all.

The experimental results described above were observed

only at high Tc for A2 and A3. At low Tc, on the other hand,

the peak intensity increased, but FWHM was constant and

the peak position did not move with tc at all. Therefore, the

final spacing after the crystallization of PCL blocks was

exactly equal to that of the PE lamellar morphology. This

fact indicates that the pre-existing PE lamellar morphology

preserves throughout crystallization and eventually PCL

blocks crystallize within this morphology. These exper-

imental facts both at high and low Tc are consistent with our

previous conclusion obtained from static measurements

[20].
3.3. Analysis of SR-SAXS curves

The half-crystallization time t*1/2 can be evaluated from

the tc dependence of the SAXS peak intensity. Because the

peak arising from the crystallization of PCL blocks was

overlapped with the higher-angle peak (arising from the PE

lamellar morphology) at high Tc (Fig. 5), we decomposed

this combined peak into two by assuming the Lorentz
function for each peak,

IðsÞZ
2A

pW
1C

4

W2
ðsKsmaxÞ

2

� �K1

(1)

whereW is FWHM of the peak, A is proportional to the peak

area, and smax is the maximum value of s. This function is

usually used to approximate diffraction intensities from

crystalline materials in order to characterize each peak [27],

and is empirically used with no theoretical basis. The

angular position of two peaks was extremely close for A3 at

high Tc, so that the result of peak decomposition contained

much error. However, because we had the initial and final

values of the peak intensity, t*1/2 evaluated by this

procedure was adequately reliable. The peak intensity thus

obtained showed a sigmoidal variation against tc, which is

usually observed in homopolymer crystallization [28,29].

Fig. 6 shows the plot of 1/t*1/2 against Tc, where 1/t*1/2
of A3 is identical with that of B3 at high Tc but the

difference increases significantly with decreasing Tc. One

remarkable difference between Figs. 2 and 6 is the

temperature at which the deviation between A3 and B3 is

notable (45 8C for Fig. 2 and 38 8C for Fig. 6). The other

important difference is the Tc dependence of t
K1
1=2 (or t�

K1
1=2)

at low Tc; it increases exponentially with decreasing Tc in

Fig. 2 while it increases linearly in Fig. 6. These difference

may arise from the difference in measuring method between

t1/2 and t*1/2. That is, the DSC result might include an

additional crystallization of PCL blocks during heating

process while the SR-SAXS measurement pursues the neat

crystallization process of PCL blocks. Therefore, a

quantitative comparison between Figs. 2 and 6 needs

information about the morphological change during heating,

which will soon appear in a forthcoming paper. In summary,



Fig. 6. Inverse of half-crystallization time t*1/2, obtained from SR-SAXS

measurements for A3 (circle) and B3 (square), plotted against crystal-

lization temperature Tc.

Fig. 7. The Avrami exponent n, evaluated from DSC measurements

(square) and SR-SAXS measurements (circle) for A3 (closed symbols) and

B3 (open symbols), plotted against Tc.
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Fig. 6 also demonstrates that the crystallization mechanism

of A3 changes with Tc because B3 takes a morphological

transition from the rubbery lamellar microdomain into the

solid lamellar morphology at all Tc.

The crystallization behavior of materials is usually

analyzed by the Avrami equation [30], which is widely

used for homopolymer crystallization [28,29],

XðtcÞZ 1Kexp½KðKtcÞ
n� (2)

where K is a crystallization-rate constant and n is the

Avrami exponent expressing the mode of crystallization.

X(tc) is the normalized crystallinity (in volume fraction) at tc
(i.e. crystallinity at tc divided by that at tcZN), and can be

evaluated from DSC results (Fig. 1) or SR-SAXS results

(Fig. 4(a)) independently. In the treatment of SR-SAXS

results, we could not quantitatively analyze bimodal SAXS

curves for A3 at high Tc owing to the reason described in the

evaluation of t*1/2, so that we analyzed SR-SAXS results

obtained only at low Tc, where the peak position did not

change with Tc. In addition, the development of endother-

mic peak area in DSC measurements was too fast to be

detected at low Tc, and, therefore, we could not analyze

DSC results obtained at low Tc both for A3 and B3.

Fig. 7 shows the Tc dependence of n evaluated from SR-

SAXS and DSC results for A3 and B3, where n for B3 at all

Tc and A3 at high Tc (O42 8C) is about three, indicating a

heterogeneous nucleation in 3D space. This is consistent

with the values obtained for many crystalline homopoly-

mers and also block copolymers in which morphological

transition occurs by the crystallization of constituent blocks

[2,5]. On the other hand, n for A3 at low Tc (!40 8C) is

considerably small and the average value is ca. 1.6. When

the crystallization is completely confined within a spherical

microdomain, it is reported that n is reduced to one or less

[31,32]; an unusually small n seems to be characteristic for

the crystallization in confined space. Fig. 7 suggests that

the crystallization of PCL blocks in A3 brings about the
morphological transition at high Tc (O42 8C) while it

occurs within the pre-existing PE lamellar morphology in

low Tc (!40 8C), which is consistent with our previous

observations for the final morphology in various PCL-b-PE

copolymers [20].
3.4. POM observations

Macroscopic change in morphology by the crystal-

lization of PCL blocks was also observed by POM, and

results are shown in Fig. 8 for A3 crystallized at 49 8C ((b)

and (c)) and 7 8C ((d) and (e)) for a qualitative comparison.

Fig. 8(a) shows the morphology at 70 8C, where only PE

blocks crystallize but we cannot observe any significant

pattern in POM pictures since the crystallinity of PE blocks

is fairly small (12 wt% against whole system). When PCL

blocks are crystallized at 49 8C, we can observe the

development of white aggregates and their area fraction

increases with increasing tc. This aggregate is far from the

distinct spherulite sometimes observed in neat crystalline–

amorphous diblocks [33], and, therefore, difficult to be

quantitatively analyzed. However, the white aggregate

appears only by the crystallization of PCL blocks at high

Tc, suggesting the morphological transition occurs only at

high Tc. When PCL blocks are crystallized at 7 8C

(Fig. 8(d)), on the other hand, no change in POM pictures

is observed at tcZ30 min, indicating that further macro-

scopic re-organization in morphology does not take place by

the crystallization of PCL blocks, which confirms that PCL

blocks crystallize within the PE lamellar morphology. In

summary, the macroscopic observation also indicates the

difference in crystallization mechanism of PCL blocks at

high Tc (Z49 8C) and low Tc (Z7 8C).

To investigate the possibility of further crystallization of

PCL blocks crystallized at 7 8C for 30 min, A3 was

subsequently brought into 45 8C and annealed there for a

long time. However, the POM picture did not change any

more (Fig. 8(e)), indicating that PCL blocks crystallized



Fig. 8. POM pictures during the crystallization of PCL blocks for A3 at 49 8C (panels b and c) and 7 8C (panel d). Panel e shows the POM picture after A3,

crystallized at 7 8C for 30 min, has been brought into 45 8C. The direction of polarizer is horizontal for each picture.
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completely at 7 8C and no further crystallization occurred at

45 8C. This fact justifies the DSC results; the morphological

transition does not take place during heating process from

low Tc, and, therefore, the additional increase in cPCL will

be small even if it exists. Fig. 8 also shows that it would be

possible to control the final morphology by changing the

thermal history applied to A3; if A3 is directly quenched

from the melt into 49 8C we have a morphology mainly

driven by the crystallization of PCL blocks, while A3 is first

crystallized at 7 8C and then brought into 45 8C, we have a

different morphology in which the PE lamellar morphology

prevails in the system.
3.5. Factors controlling crystallization behavior

We consider here the difference in factors controlling

crystallization behavior between crystalline–amorphous and

crystalline–crystalline diblock copolymers. Recently, a

change in crystallization mechanism against Tc has been

reported for some crystalline–amorphous diblocks, where it

is pointed out that the type and the stability of pre-existing

microdomains are important factors [25,26]. The stability of

microdomains against crystallization is controlled by the

total molecular weight of crystalline–amorphous diblocks,

where a strongly segregated spherical microdomain, for

example, confines the crystallization most effectively.

In crystalline–crystalline diblocks, a solid lamellar

morphology certainly exists prior to the second crystal-

lization. The stability of this lamellar morphology solely

drives the subsequent crystallization mechanism and

resulting morphology, where the stability can be changed

by the volume fraction of crystals as well as the total

molecular weight. This point is substantially different from

the crystallization starting from a rubbery microdomain,

where the type of microdomains and total molecular weight

(stability of microdomain) affect the subsequent crystal-

lization. Therefore, the solid lamellar morphology formed
by the crystallization of high Tm blocks will be a new class

of confinement against the subsequent crystallization of low

Tm blocks in crystalline–crystalline block copolymers. We

are now going to change the volume fraction of PE crystals

by synthesizing other PCL-b-PE copolymers with different

compositions or mixing low-molecular weight PE homo-

polymers in order to clarify the cPE dependence of this

confinement against PCL crystallization. The result will

soon appear.
4. Conclusions

We have investigated the crystallization behavior of PCL

blocks in low-molecular-weight PCL-b-PE diblocks by

DSC, SR-SAXS, and POM, where PCL blocks started to

crystallize from a solid lamellar morphology formed in

advance by the crystallization of PE blocks. The crystal-

lization behavior was compared with that in PCL-b-PB,

where the crystallization of PCL blocks started from a

rubbery lamellar microdomain to yield a morphological

transition into a lamellar morphology at all Tc. Following

conclusions were obtained, which are entirely consistent

with those previously obtained from static measurements

for the final morphology formed at various Tc.
(1)
 At high Tc, the crystallization of PCL blocks destroyed

the PE lamellar morphology, and the crystallization rate

was equivalent to that in PCL-b-PB. The Avrami

exponent was ca. 3 and we could observe a distinct

change in POM pictures during the crystallization of

PCL blocks. All these results show that PCL blocks

crystallize as PCL homopolymers crystallize from the

amorphous melt. That is, the crystallization of PCL

blocks is not disturbed by the solid pre-existing PE

lamellar morphology.
(2)
 At low Tc, the crystallization rate of PCL blocks in
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PCL-b-PE was extremely large compared with that in

PCL-b-PB. The Avrami exponent was significantly

smaller, and POM observations showed no macroscopic

change in morphology during the crystallization of PCL

blocks. This crystallization behavior is consistent with

the fact that PCL blocks crystallize within the existing

PE lamellar morphology without any morphological

transition.
It would be possible to change the crystallization

behavior and eventually resulting morphology by changing

the stability of the solid PE lamellar morphology, that is, the

volume fraction of PE crystals existing in the system.
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