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The morphology and melting behaviour of e-caprolactone—styrene diblock copolymers (PCL-6-PS) quenched
from the melt were investigated by small-angle X-ray scattering and differential scanning calorimetry as a
function of glass transition temperature of the PS block, T, »s. A plasticizer miscible only with the PS block, such
as polystyrene oligomer or dioctyl phthalate, was added to PCL-b-PS in order to decrease T ps successively
(plasticizer-added PCL-b-PS). The crystallizability of the PCL block depended strongly on T ps; the PCL block
did not crystallize when T, ps was higher than the crystallization temperature 7, while it crystallized partially
when T, ps was lower than T.. However, details of the morphology formed (i.e. the long spacing and lamellar
thickness) were independent of T, ps. These results suggest that the mobility of PCL-5-PS influences extremely the
crystallizability of the PCL block, but not the resulting morphology. The morphologies formed in the plasticizer-
added PCL-b-PS were compared with those of PCL-b-PS cast from toluene or cyclohexane solution, and the
characteristics of these morphologies were qualitatively discussed. © 1997 Elsevier Science Lid. All rights

reserved.
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INTRODUCTION

Crystalline—amorphous diblock copolymers are a fascinat-
ing system for studying the cooperative morphology
formation in polymer systems. In these copolymers, the
crystallization starts from the microdomain structure when
they are quenched from the melt. The molecular character-
istics of the constituent block copolymer, such as total
molecular weight, block ratio, interaction between the
blocks, and glass transition temperature (7,) of the
amorphous block, all affect the subsequent crystallization
behaviour and eventually the final morphology. In a high
molecular weight copolymer, for example, the crystal-
lization takes place within the microdomain structure
existing at the melt to yield the immature crystallites' ~°.
In a low molecular weight copolymer, on the other hand, a
morphological reorganization is observed from a micro-
domain structure into a lamellar morphology, an altematinog
structure of crystalline lamellae and amorphous layers’ ™'
This difference in the crystallization behaviour arises
mainly from the stability of the microdomain structure;
when the molecular weight is not large, the microdomain
structure is in a weak segregation to be easily destroyed by
the following crystallization, while the molecular weight is
large enough, it is in a strong segregation to yield a high
energy barrier for the destruction of this structure.

When the T, of the amorphous block is close to the
crystallization temperature (7.) or higher than 7, an
additional complexity intervenes in the morphology forma-
tion. That is, the restricted mobility of the block copolymer
yields a significant effect on the subsequent crystallization.

* To whom correspondence should be addressed

There are some studies on the morphology of crystalline—
amorphous diblock copolymers with a high 7, amorphous
block' 7?2, Liu and coworkers®""?, for example, investigated
the morphology and morphology formation of tetrahydro-
furan—methyl methacrylate diblock copolymers (PTHF-b-
PMMA), where the T, of the PMMA block was ca 105°C and
the melting temperature (7,) of the PTHF block was ca 30°C,
and showed that the crystallization behaviour of the solution-
cast PTHF-b-PMMA was strongly dependent on the
molecular characteristics and crystallization conditions.

In this study, we investigate the morphology and melting
behaviour of various e-caprolactone—styrene diblock copo-
lymers (PCL-b-PS), where the T, of the PS block, T, ps, is ca
95°C and the T, of the PCL block is ca 50°C. It is expected
that the PS block has completely frozen before the PCL
block starts to crystallize when PCL-b-PS is quenched from
the melt. It is, therefore, necessary to decrease T,ps and
eventually to increase the crystallizability of the PCL block
by blending a plasticizer (plasticizer-added PCL-b-PS). The
melting temperature and crystallinity of the PCL block were
measured by differential scanning calorimetry (d.s.c.) and
the resulting morphology was also investigated by small-
angle X-ray scattering (SAXS). The morphology formed in
the plasticizer-added PCL-b-PS was compared with that of
PCL-b-PS cast from toluene or cyclohexane solution, and
we discuss qualitatively the morphology formation of the
present PCL-b-PS/plasticizer systems.

EXPERIMENTAL

Materials

The PCL-b-PS copolymers used in this study were
synthesized by successive anionic polymerizations under
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Table 1 Characterization of polymers

Notation Polymer Source Total M;, M M i’éL/PS ratio (vol‘7c)" 7
Al PCL.-b-PS d 12000 1.41 34/66

A2 PCL-b-PS d 23000 1.21 26/74

A3 PCL-b-PS d 12000 1.18 13/87

PS1 PSO i 500 1.14 —_—

PS2 PSO ¢ 950 1.13 —

“ Determined by VPO” Determined by g.p.c. * Determined by 'H n.m.r.¥ Synthesized in our laboratory® Cbtained from TOSOi{" Corporation

vacuum. The styrene monomer was first polymerized in
toluene at 20°C for 24 h with n-butyllithium as an initiator,
then g-caprolactone monomer was added to synthesize the
block copolymer at — 15°C over 2~12 min. The reaction
time of the e-caprolactone monomer was carefully adjusted
to obtain the PCL block with various molecular weights and
also to prevent depolymerization (backbiting) by the living
g-caprolactone end during the anionic growth of the PCL
block®*. The block copolymers were precipitated several
times into methanol to remove the unreacted e-caprolactone
monomer.

The samples thus synthesized were characterized by gel
permeation chromatography (g.p.c.), vapour pressure 0smo-
metry (VPO), and nuclear magnetic resonance ('H n.m.r).
Table 1 summarizes the results of molecular characteriza-
tion. The following specific volumes were used to calculate
the block ratio in vol% from the 'H n.m.r. result and the
electron density of each block for the SAXS measurement.
For polystyrenc::24 (above T),

2

v =0.9217+ (5412 X 10~ X T+(1.687 X 10~ 7) X T
(H

and for amorphous poly(e-caprolactone)®,
v =0.9106+ (6.013 X 10~ X T (2)

where v, is in cm® g~ and T is in °C. For the perfect crystal
of poly(e-caprolactone)®, vy, = 0.833 em” g7 was used
irrespective of temperature.

Sample preparation

Two methods were employed to promote the crystal-
lization of the PCL block in PCL-5-PS. In the first method,
polystyrene oligomer (PSO) or dioctyl phthalate (DOP),
miscible only with the PS block, was blended with PCL-b-
PS (plasticizer-added PCL-b-PS) in order to decrease T, pg
and eventually enhance the crystallizability of the PCL
block. In the other method, the PCL-5-PS solution was cast
on a glass plate at T, to give the opportunity for the PCL
block to crystallize during the gradual evaporation of the
solvent (solution-cast PCL-b-PS).

The molecular characteristics of PSO used for the
plasticizer-added PCL-b-PS are shown in Table 1. PSO is
known to be immiscible with PCL homopolymer®”** and
DOP was also immiscible with PCL, so that they are
accommodated selectively into the PS block domain at the
melt to decrease T, ps. PCL-b-PS and plasticizer were first
dissolved in a common solvent benzene and the solvent was
evaporated at 100°C for more than 24 hr under vacuum. The
sample was then quenched to T, ranging from 20°C to 40°C
and annealed at 7, for 24 hr to crystallize the PCL block.

To prepare the solution-cast PCL-5-PS, two solvents
were used; toluene, good for both blocks at any tempera-
tures, and cyclohexane, good for both blocks above 35°C
and poor only for the PCL block below 35°C. The solution
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was cast on a glass plate and the solvent was evaporated
gradually at T, ranging from 20 to 50°C for more than 24 h,
during which the PCL block crystallized.

Small-angle X-ray scattering measurements

The SAXS measurement was performed with a point
focusing optics and a one-dimensional position sensitive
proportional counter (PSPC) with an effective length of
10 ecm. The accumulation time for each measurement was
3000~5000 s. Details of the optics and the instrumentation
are described elsewhere?-**. The SAXS intensity measured
was corrected for the background scattering and absorption
by the sample, and relative scattered intensity I(s) was
obtained as a function of wave number s defined by

§ = 2sinf/\ 3)

where 26 is the scattering angle and \ is the X-ray wave
length ( = 0.1542 nm). Since the apparatus had point focus-
ing optics, the scattered intensity was not corrected for the
smearing effect from the finite cross section of the primary
beam. The angular position of the intensity peak was eval-
uated after the SAXS curve was corrected for the Lorentz
factor.

The electron density difference between the amorphous
PCL (337 e nm~* at 100°C) and PS (332 e nm " at 100°C) is
unfortunately extremely small, so that we can not expect the
scattering from the microdomain structure at the melt. It is
also impossible to observe the change of the microdomain
structure by adding the plasticizer. The scattering from the
morphology after crystallization of the PCL block, however,
can be observed since there is an enough electron density
difference between PCL crystals (393enm™) and PS
blocks (344 e nm ™~ at 40°C).

Differential scanning calorimetry measurements

A Perkin-Elmer Model 7 DSC was used to determine
T, ps, melting temperature of the PCL block T, pc;, and
crystallinity of the PCL block x (i.e. wt% of the crystallized
PCL blocks against the existing PCL blocks in the system).
The plasticizer-added and solution-cast samples in which
the PCL block crystallized were heated at a rate of
5°C min . T,ps was evaluated from the onset of the
baseline change, T, pc; Was evaluated from the endothermic
peak position, and x was calculated from the peak area
assuming that the heat of fusion for the perfect PCL crystal
is 135.44 J g~' **. When T, ps and T, p¢, Were overlapped in
a same temperature range, T, ps was evaluated using the
samples just quenched from the melt, where the PCL block
did not start to crystallize.

RESULTS

Crystallization of plasticizer-added PCL-b-PS
The PCL-6-PS copolymers synthesized in this study did
not crystallize when they were quenched from the melt into



any crystallization temperatures ranging from 0°C to T, pcy.
This fact was confirmed by the d.s.c. curve with no
endothermic peak for the melting and also by the
monotonously decreasing SAXS curve with increasing s.
This result is intuitively understood from the fact that the 7',
of the amorphous block (PS block) is higher than the T, of
the crystallizable block (PCL block) and hence PCL-b-PS
can not move favourably for the crystallization at T..

Differential scanning calorimetry measurements. The
crystallization of the PCL block was induced by adding
PSO with M, =500 (PS1) or 950 (PS2) (Table 1) or DOP
selectively to the PS block and eventually by decreasing
T,ps. The d.s.c. thermograms for A2/PS1 crystallized at
T, = 30°C for 24 h are shown in Figure I, where each
curve is adjusted so as to show the result for the unit gram
of the PCL block and ¢ pg represents the weight fraction of
the PS block against the sum of the PS block and plasticizer
in the system. The endothermic area increases with decreas-
ing ¢ps, namely, with increasing the plasticizer in the
system. The ¢ps dependence of T,ps and T, pcy for A2/
PS1, A2/PS2, and A2/DOP is shown in Figure 2. In
Figure 2a, T, ps decreases linearly with decreasing ¢ p, indi-
cating that T, pg is simply described by a linear combination
of the Ts of the components:

Ty ps=(1—ps)Ty 1+ &psT, 2 ¢

where T,; and T, represent the Ts of the plasticizer used
and the pure PS block (~95°C), respectively. The single and
¢ps dependent T, ps shown in Figure 2a means that the
plasticizer is completely miscible with the PS block in the
microdomain structure at the melt, and also that it is possible
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Figure 1 D.s.c. thermograms for A2/PS1 systems crystallized at 30°C for
24 h, The heating rate is 5°C min~'. ¢ s represents the weight fraction of
the PS block against the sum of the PS block and added plasticizer. The
d.s.c. curves are adjusted so as to show the result for the unit gram of the
PCL block
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Figure 2 ¢ pg dependence of 7, ps (a) and T, pcy, (b) for A2/PS1 (O), A2/
PS2 (A), and A2/DOP (O). T, = 30°C

to change the mobility of PCL-b-PS arbitrarily by changing
¢ps when trying to crystallize the PCL block at T.. The
addition of a large amount of the plasticizer will produce
a considerable deformation of the microdomain structure, or
it may bring the system into a different structure, but we can
extract no information about this structure from the d.s.c.
results as well as the SAXS results. Though the influence of
this structure on the subsequent crystallization is also an
interesting topic, we focus on the 7, dependence of the
crystallization in this study.

The value of T, pc; in Figure 2b is, on the other hand,
almost constant (~50°C) irrespective of ¢py and slightly
lower than the T,, of PCL homopolymers (~55°C). The
melting temperature 7,, of crystalline homopolymers is
related to the lamellar thickness €. through the equation3 !

T =Ty {1 —20/(¢ AH)) (5)

where T; is the T, of the infinitely large crystal, ¢ is the
specific surface energy, and AH is the heat of fusion per unit
volume. Therefore the constant T, pc; shown in Figure 2b
means that £, is unchanged irrespective of ¢ ps. This is sur-
prising because the difference in ¢ pg leads to the difference
in the mobility of PCL-b6-PS (Figure 2a) and eventually to
the large difference in crystallinity of the PCL block, but no
difference in the characteristics of the resulting morphology
(such as the lamellar thickness and long spacing), as
described later.

The ¢ 5 dependence of T, ps and T, pc; for A1/PS1, A2/
PS1, and A3/PS1 is shown in Figure 3, where samples were
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Figure 3 ¢ ps dependence of T ps (a) and T, p1, (b) for A1/PS1 (O), A2/
PS1 (0), and A3/PS1 (A). T, = 30°C

crystallized at 30°C for 24 h for the T, pc; measurement.
T, ps falls on a single straight line connecting the 7's of the
PS block and PS1, suggesting that the ¢ps dependence of
T,ps is not affected by the molecular weight of the
constituent PS block, since the PS block is enough long
for each PCL-b-PS. The value of T,,pc is ca 50°C and
independent of ¢ ps. We could not observe the difference in
T, ps and T, pc; measured by d.s.c. among Al, A2, and A3,
so we describe mainly the results of A2/plasticizer systems
hereafter.

The crystallinity of the PCL block, x, is plotted against
¢ ps in Figure 4a, where each system makes different curves
which change suddenly within a narrow ¢pg range. In A2/
DOP, for example, ¢ changes dramatically in the ¢ s range
0.7~0.8. It is possible to convert ¢ps into T, ps of each
system by using equation (4) obtained in Figure 2a. The plot
of x against T, ps for three systems is shown in Figure 4b.
The three different curves in Figure 4a coincide with each
other and make one master curve in Figure 4b. The
temperature at which x changes dramatically is about 40°C,
which is slightly higher than T, ( = 30°C). Figure 4 suggests
that the crystallizability of the PCL block is extremely
affected by T, ps, and that when PCL-b-PS has an enough
mobility at T, the PCL block crystallizes.

When T, was changed between 20 and 40°C, the x versus
¢ ps curve (Figure 4a) and the x versus T, ps curve (Figure 4
b) shifted slightly with changing 7. These curves coincided
practically with each other when the abscissa was replaced
by T.—T, ps instead of T,ps This indicates that x is
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Figure 4 (1) ¢, dependence of x and (b} T, ps dependence of x for A2/
PS1 (O), A2/PS2 (A). and A2/DOP (L. T. = 30°C

determined by the mobility of PCL-b6-PS at T, which relates
intimately how far T is apart from T, ps and that T, — T, ps
is a measure for x in the present systems.

Small angle X-ray scattering measurements. The Lor-
entz-corrected SAXS curves for A2/PS1 crystallized at 30°C
for 24 h are shown in Figure 5, where the SAXS intensity is
very weak and we can observe the scattering of the data
points at high angles. The SAXS intensity for the samples
including A3 or PS2 was also very weak and we could not
observe the significant change in the SAXS curve with
changing ¢ ps. This is because the scattered intensity is pro-
portional to Y(1 — ), where y is the volume fraction of the
PCL crystal formed in the system, and the A3/plasticizer
systems have a low PCL content (Table 1) and the PCL-b-
PS/PS2 systems have a low crystallinity (Figure 4a) both
leading to a small . Figure 5 shows that the SAXS curve
for ¢pg = 0.7 or higher is a monotonously decreasing curve
with increasing s, suggesting that there is no regular struc-
ture detectable by the SAXS measurement. The SAXS
curves for ¢pg = 0.5, on the other hand, have an intensity
peak at around s~0.025 nm ' and also a second intensity
peak (indicated by arrows), the position of which exactly
corresponds to twice the angular position of the first peak.
The appearance of the SAXS intensity peak at ¢pg = 0.5,
which agrees with the finite x in Figure 4. suggests that the
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Figure 5 Lorentz-corrected SAXS curves for A2/PS1 crystallized at 30°C
for 24 h. The SAXS curves for ¢ = 0.3, 0.4, 0.5, and 0.7 are shifted
upward successively for legibility
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(0)), and A1/PS1 (@) crystallized at 30°C for 24 h

morphology with a regularly repeating structure is formed
by the crystallization of the PCL block. The angular position
of the first and second peaks gives a clue to understanding
the resulting morphology, as discussed later.

Figure 6 shows the long spacing, L, evaluated from the
angular position of the SAXS intensity peak, where L does
not change significantly with changing ¢ ps (or mobility of
PCL-b-PS). However, L increased with increasing T and it
was also dependent on the copolymer (A1, A2, or A3) used
but not the plasticizer (PS1, PS2, or DOP). These facts,
together with the constant 7, pc; against ¢ pg, indicate that
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the mobility of PCL-5-PS does not control the details of the
morphology (i.e. the long spacing and lamellar thickness)
formed by the crystallization in the present systems.

The d.s.c. and SAXS results have revealed that the
mobility of PCL-b-PS is an important factor for the
crystallization of the PCL block. This means that when
PCL-b-PS has an enough mobility at T, then the PCL block
can crystallize and x increases. However, the characteristics
of the morphology, such as the long spacing and lamellar
thickness, are not determined by the mobility of PCL-5-PS,
but may be predominantly controlled by 7. These facts are
reminiscent of our previous observations in e-caprolactone-
butadiene diblock copolymers (PCL-b-PB)®!""1° where the
T, of the PB block, T, PB, was extremely low (ie. T, —
T, pg > 0). The PCL block, therefore, crystallized easily by
destroying the microdomain structure, and the long spacing
of the resulting morphology was strongly dependent on T..

Morphological comparison between plasticizer-added
PCL-b-PS and solution-cast PCL-b-PS

The other way to provide the mobility to PCL-b-PS
during crystallization is the solution-casting method; it
gives the opportunity for the PCL block to crystallize during
the solvent evaporation since PCL-5-PS in the solution has
an enough mobility. We used two casting solvents: toluene,
good for both blocks at any temperatures; and cyclohexane,
good for both blocks above 35°C but poor only for the PCL
block below 35°C. This means that in the cyclohexane
solution below 35°C, T,ps is extremely low and the
crystallization of the PCL block is not disturbed since
only the PS block is swollen by cyclohexane.

70
P T | T
60 | _
(3 A
< 40 8
Pt
2 50 — Q/g —
2 n/g/
~ P
a0 |-~ -]
30 ] ] | |
80 M T 1 !
|
. 2® 84
I 6o o, n
3 § o} , ©
-
= |
£ 40— é | —
© I
I
5 ] | Oooa
20 |- @ a l o
| (]
0 | [ | | |

10 20 30 40 50 60
Temperature (°C)

Figure 7 T, dependence of T, pc., (a) and x (b) for Al (O), A2 (&), and
A3 (0) cast from the cyclohexane solution
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Differential scanning calorimetry measurements. T, pcp
and x for Al, A2, and A3 cast from the cyclohexane solution
are plotted against 7. in Figure 7, where T, pc; increases
linearly with increasing 7, irrespective of the PCL-b-PS
used. This T, dependence of T,,p; was also observed for
A2 cast from the toluene solution, and usually observed in
the homopolymer crystallization; the increase of T, is
explained by the increase of the lamellar thickness through
equation (5). The value of x was strongly dependent on the
solvent used; when toluene was used, x was low (~20 wt%)
and independent of T, while x showed a complicated change
with changing T, when cyclohexane was used, as shown in
Figure 7b. In Figure 7b, x increases first with increasing T,
and then decreases with further increase of 7,. All three
curves begin to decrease when T, reaches 35°C, where the
PCL block starts to be swollen by cyclohexane in the solu-
tion. That is, only the PS block is swollen by cyclohexane
below 35°C to increase the mobility of PCL-b-PS leading to
the crystallization of the PCL block, while above 35°C, both
PS and PCL blocks are swollen to increase the mobility of
PCL-b-PS and simultaneously to make the crystallization of
the PCL block disturbed. This situation is the same when
toluene is used as the casting solvent, where both blocks
are swollen by toluene at any temperatures. The value of x
at the same 7, changes significantly for three samples, which
is different from the case of the plasticizer-added PCL-b-PS
(Figure 4b).

Small angle X-ray scattering measurements. The SAXS
curves for Al and A2 cast from the cyclohexane solution at
each T, have an intensity peak arising from the lamellar
morphology, though the height of the peak changes signifi-
cantly with changing T.. The long spacing, L', evaluated
from the angular position of the SAXS peak is shown in
Figure 8, where L' increases slightly with increasing 7. Itis
found that L' (Figure 8) is significantly smaller than L
(Figure 6) for the same PCL-b-PS crystallized at 30°C,
that is, L~40 nm and L'~30 nm for A2 and L~32 nm and
L’~25 nm for Al. To understand the morphological differ-
ence between the plasticizer-added PCL-bH-PS and solution-
cast PCL-b-PS, it is necessary to clarify the general picture
of the morphology after crystallization of the PCL block, as
discussed later.
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Figure 8 7. dependence of the long spacing L' for Al (@) and A2 (O)

cast from the cyclohexane solution. The long spacings L for A1/PS1 (W)
and A2/PS1 ({J) with various compositions are also shown
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DISCUSSION

In our previous studies on the crystallization of the
crosslinked PCL-b-PB?’. the PCL block crystallized
partially under the condition that the microdomain structure
was completely fixed by the chemical crosslinks introduced
in the system, though the crystallinity and crystallization
rate were considerably reduced compared to the case of the
un-crosslinked PCL-b-PB. We also observed the distortion
of the microdomain structure by the subsequent crystal-
lization, indicating that PCL-b-PB moved slightly in the
fashion convenient to the crystallization. In the present case,
however. the pure PCL-H-PS cannot move at all because one
end (PS block) is anchored within the glassy region at 7.
This small difference in the mobility, though the molecule is
extremely restricted in both cases. affects the crystal-
lizability of the PCL block to lead the different morphol-
ogies in the systems.

The morphology formation in the crosslinked PCL-b-PB
and PCL-h-PS is schematically illustrated in Figure 9,
where a spherical microdomain structure with the PCL
block inside is depicted and the plasticizer added to decrease
T, PS is omitted for clarity. Of course. the plasticizer
addition affects the microdomain structure considerably or
it may bring the system into a wholly different structure
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Figure 9 Schematic illustration showing the morphology formation in
crosslinked PCL-b-PB (a) and PCL-5-PS (b). The spherical microdomain
structure with the PCL block inside is depicted and the plasticizer added to
decrease T, pg in (b) is omitted for clarity. The thick line connecting the
broken chains in (a) is the crosslinks introduced in the system



such as a homogeneous state at a small ¢ ps. In the case of
the crosslinked PCL-b-PB, the deformation of the existing
microdomain structure makes the crystallization of the PCL
block possible to yield the deformed microdomain structure
in which the PCL block crystallizes partially (crystallized
microdomain structure) (A in Figure 9). In the case of PCL-
b-PS with T, < T, pg, the microdomain structure of PCL-b-
PS, though not observed in the present study, is rigid due to
the glassy nature of the PS block to prevent completely the
subsequent crystallization of the PCL block. As a result, the
microdomain structure is preserved without any crystal-
lization (B in Figure 9). When T, ps decreases below T, by
adding the plasticizer, the molecular movement is possible
and the PCL block crystallizes to result in the crystallized
microdomain structure (C in Figure 9) or the lamellar
morphology (D in Figure 9). The latter was observed in the
relatively low molecular weight PCL-b-PB in our previous
studies® 13,

It is impossible to decide only from the SAXS results
whether the final morphology is the crystallized micro-
domain structure or lamellar morphology, since we could
not observe the microdomain structure at the melt by the
SAXS measurement. If the spacing of the microdomain
structure, D, is detectable, we can determine which
morphology prevails in the system by comparing D with
L; if D~L, the crystallized microdomain structure is formed
and if D is extremely different from L, the morphological
reorganization takes place to result in the lamellar
morphology. Our previous study on the crystallization of
the crosslinked PCL-b-PB?®, however, showed that T, and x
decreased extremely due to the restricted crystallization of
the PCL block within the existing microdomain structure.
T,,pc. and x shown in Figure 2b and Figure 4a are not small
compared to those for the solution-cast PCL-5-PS (Figure
7a and b), where the lamellar morphology forms during the
solvent evaporation. In addition, the SAXS curves shown in
Figure 5 have a clear second peak and the angular positions
of first and second peaks definitely correspond to a ratio of
172, suggesting the lamellar morphology. The spacing
shown in Figure 6 is also extremely large when it is
compared with the microdomain structure composed of
amorphous—amorphous diblock copolymers (for example,
D = 19nm for the lamellar microdomain structure of
styrene—2-vinylpyridine diblock copolymer with M, =
20000* and D = 17.2 nm for the lamellar microdomain
structure of styrene—isoprene diblock copolymer with M,
= 21000™). All the above results suggest that the lamellar
morphology will be reasonably assumed for the morphology
after crystallization of the PCL block in the plasticizer-
added PCL-b-PS as well as the solution-cast PCL-b-PS.

The characteristics of the morphology, such as the long
spacing and lamellar thickness, are dependent on the
crystallization method employed as well as T, as observed
in Figures 6, and 8. For the plasticizer-added PCL-b-PS,
T, ps is in close proximity to T, even if the PCL block can
crystallize. The PCL block is, therefore, somewhat
restricted for the crystallization to lead the thinner lamellae
with low x. For the solution-cast PCL-b-PS, the PCL block
can move freely during the solvent evaporation to form
thicker lamellae with a high x. The quantitative analysis is
necessary for this point after confirming the resulting
morphology by the crystallization of the PCL block.

CONCLUSIONS
In this study, various (PCL-b-PS) copolymers were

Effect of T, on PCL-b-PS crystallization: S. Nojima et al.

synthesized, and the morphology and melting behaviour
of PCL-b-PS were investigated by SAXS and ds.c.
measurements as a function of T ps. A plasticizer miscible
only with the PS block, such as PSO or DOP, was blended in
order to decrease T, ps successively. The following conclu-
sions were obtained from the experimental results.

(1) The crystallinity of the PCL block, x, was extremely
influenced by T, ps, that is, the mobility of PCL-b-PS at
T.. When T, < T, ps the PCL block did not crystallize,
while when T, > T, ps it crystallized partially to yield
the morphology with a regular structure detectable by
SAXS.

(2) The characteristics of the resulting morphology such as
the long spacing and lamellar thickness were not deter-
mined by T, ps. It may be controlled by T, rather than
T, ps, as usually observed in crystalline homopolymers.

(3) The morphology formed in the plasticizer-added PCL-
b-PS was qualitatively compared with that in the solu-
tion-cast PCL-b-PS. There was an appreciable differ-
ence in the long spacing, which will arise from the
difference in the morphology formation between
them. It is necessary for the further analysis to confirm
the resulting morphology formed in the plasticizer-
added PCL-b-PS.
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