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The microphase separation, glass transition and crystallization of two series of tetrahydrofuran—methyl
methacrylate diblock copolymers (PTHF-5-PMMA), one with a given PTHF block of M, = 5100 and the
other with a given PTHF block of M,, = 7000, were studied in this present work. In the case of solution-cast
materials, the microphase separation of the copolymer takes place first, with crystallization then gradually
starting in the formed PTHF microphase. The T, of the PMMA microphase shows a strong dependence on
the molecular weight of the PMMA block, while the T, of the PTHF microphase shows a strong dependence
on the copolymer composition. The non-isothermal crystallization temperature (7,) of the diblock copoly-
mer decreases rapidly and continuously with the increase in the amorphous PMMA weight fraction; the
lowest T, of the copolymer is ca. 35K lower than the T, of the PTHF homopolymer. There also exists a 7.
dependence on the molecular weight of the PTHF block. In addition, when the major component of the
copolymer is PMMA, a strong dependence of the crystallizability of the copolymer on the molecular weight
of the PTHF block is observed; the higher the molecular weight, then the stronger its crystallizability. The
melting temperature of the block copolymer is dependent on the copolymer composition and the molecular
weight of its crystallizable block. Copyright © 1996 Elsevier Science Ltd.
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INTRODUCTION

The microphase separation of amorphous block copoly-
mers has been extenswely studied both theoretically'™
and experlmentally The study of semicrystalline—
amorphous block copolymers have also received some
attention, especially in recent L €ars, and a number of
expenmental investigations'’ > and a few theoretical
studies®”® have been carried out. The microphase separa-
tion behaviour of semicrystalline block copolymers is
usually very different from that of amorphous block
copolymers due to the added effect of crystallization of
the crystallizable block®; the crystallization behaviour
of this kind of copolyrner is also different from its
corresponding homopolymer blends and its correspond-
ing semicrystalline homopolymer, because the crystal-
lizable block is linked with an amorphous block through
a covalent bond and the two blocks are usually incom-
patible, which could thus lead to microphase separation.
Such semicrystalline copolymers have many aggre-
gated structures in solution; the lamellar liquid crystalline
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structures of ethylene oxide-styrene diblock copolymer
(PEO-b-PS) and ethylene oxide-butadiene (PEO-b-PB)
dlblock copolymers have been studied by Gervais and
Gallot!” Very recently, the very special crystalline
aggregates of PEO-b-PS diblock copolymer, when grown
from solution, was reported by Gast et al.>! In the case of
solution casting, the crystalline morphology of this kind
of copolymer usually shows a strong dependence on the
casting solvent™¥ due to the effect of the solvent on its
microphase separatlon The melt crystallization beha-
viour of the copolymer is also very different from that of
semicrystalline homopolymers; the kinetics (e.g. of ther-
mal annealing) plays a very important role in crystal-
lizable homopolymers®™ and a less important role in
crystallizable block copolymers®’. The nucleation beha-
viour of some semicrystalline- amorphous block copoly-
mers could also be somewhat unusual, and both
heterogeneous and homogeneous nucleatlon could be
observed in the same crystallization process**. In recent
years, a few further studies on the crystalline structure of
semicrystalline—amorphous block copolymers have been
carried out by Cohen and coworkers®** and by
Nojima et al.*'. Douzinar and Cohen® studied chain
folding in ethylene-co-butylene-b-ethylethylene (EBEE)
semicrystalline diblock copolymers by X-ray pole-figure
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analysis and small angle X-ray scattering techniques.
Nojima et al.*' studied e-caprolactone—butadiene diblock
copolymers (PCL-b-PB) by small-angle X-ray scattering
(SAXS) at various temperatures; the morphology form-
ation process was observed by time-resolved SAXS employ-
ing synchrotron radiation.

In this present paper, we report on the microphase
separation, glass transition and crystallization of two
series of tetrahydrofuran—methyl methacrylate diblock
copolymers (PTHF-5-PMMA); one series of samples has
a fixed PTHF block with M, = 5100 but different
compositions, while the other series of copolymers has
a fixed PTHF block with M, = 7000, and also with
different compositions. The microphase separation and
crystallization of our copolymers did not proceed simul-
taneously during solution casting; the microphase
separation started well in advance of the crystallization,
which was confirmed by small-angle X-ray scattering
(SAXS) and wide-angle X-ray diffraction (WAXD)
studies. The glass transition temperature (7,) depen-
dence of the PTHF microphase on the copolymer
composition was different from the results reported for
the glass transition behaviour of the PTHF mlcrophase
of PTHF/PS di- or triblock copolymers®. Different
crystallization features of PTHF-b- PMMA diblock
copolymers with PEOQ/PS di- or triblock copolymers,
for which the final morphology was driven by the
balance of microphase separation and crystallization in
the case of solution casting, were also found and are
discussed in this paper.

EXPERIMENTAL
Preparation of the copolymer

The PTHF-b-PMMA diblock copolymer was synthe-
sized in our laboratory by a novel route which involved a
cationic-to-anionic mechanism transformation. The PTHF
prepolymers were synthesized by a cationic ring-opening
mechanism. THF polymerization was initiated by adding
benzyl bromide to a well-stirred solution of silver per-
chlorate hydrate in THF monomer at 258K, and the
reaction was allowed to proceed for about 40h. This
polymerization was finally terminated by the addition of
aniline. The PTHF-b-PMMA diblock copolymer was
obtained by adding sodium naphthalene to THF and a
methyl methacrylate (MMA) monomer solution of the
purified PTHF prepolymer. The copolymerization was
allowed to proceed for ca. 16 h at room temperature and
then terminated by pouring the reaction product into a
solution of HCI in distilled water (0.1 mol1™' ) Purifica-
tion of the block copolymer was carried out in order to
remove the small amount of unwanted homopolymers.
PTHF homopolymer was removed by precipitating the
products three times from acetone solution into a large
excess of petroleum ether; the homo-PMMA still remain-
ing in the products was removed by crystallization of the
PTHF block of the copolymer in acetone solution at 253 K.

Molecular characterization of polymers

The molecular weights of the two PTHF prepolymers
were measured by membrane osmometry at 333K in
benzene (Table 1). The molecular weight of a PMMA-b-
PTHF diblock copolymer was calculated from the
molecular weight of its corresponding PTHF prepolymer
and the copolymer composition determined by proton
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Table 1 Characterization of PTHF-h-PMMA diblock copolymers

M, PTHF M, of PTHF
Designation (gmol™) (wt%) (g mol™")
H-0 20000 0 0
H-1 46700 15 7000
H-2 29200 24 7000
H-3 23300 30 7000
H-4 20000 35 7000
H-5 14300 49 7000
H-6 12300 57 7000
H-7 10 800 65 7000
H-8 7000 100 7000
L-1 24300 21 5100
L-2 20400 25 5100
L-3 17000 30 5100
L4 13100 39 5100
L-5 12400 41 5100
L-6 8400 61 5100
L-7 5100 100 5100

nuclear magnetic resonance (n.m.r.) spectroscopy, where
5% (wt/vol) solutions of polymer in deuterochloroform
were examined. The diblock copolymers with a PTHF
block of M, = 7000 are designated as H-, and the
copolymer samples with a PTHF block of M, = 5100 are
designated as L- (Table I). In order to compare the
crystallization behaviour of the PTHF-b-PMMA
diblock copolymers with the PTHF/PMMA blends, a
series of PTHF/PMMA blends with 10, 20, ..., and 90%
PTHF were prepared by mixing in CHCIl;, and are
designated as TM1, TM2, ..., and TM9, respectively.
The number-average molecular weights of the PTHF and
PMMA homopolymers that were used were 7000 and
20000, respectively.

Differential scanning calorimetry (d.s.c.)

The PTHF-h-PMMA copolymer samples used for
thermal analysis were solution-cast from a non-selective
solvent, i.e. chloroform, and then dried under vacuum
for 48 h at room temperature. All of the thermal analysis
measurements were performed on a Perkin-Elmer DSC-
2C differential scanning calorimeter. The glass transition
temperatures (7,s) of the PTHF and PMMA micro-
phases of the copolymers were obtained during reheating
at a rate of 20 K min ! after the samples had been held at
383K for 5min and then cooled to 213K at 20 K min™"'
The non-isothermal crystallization temperatures (7.s) of
the copolymers were obtained on cooling at 10 K min "
from 383 K; the melting points and degrees of crystal-
linity of the copolymers were obtalned from their thermo-
grams after reheating at 10 K min ™' from 213 to 383 K.

SAXS and WAXD measurements

A Philips PW1700 automatic powder diffractometer
with Ni-filtered CuK « radiation was used for the wide-
angle X-ray diffraction (WAXD) measurements. The
scans were obtained by using a 0.05° step programme
with a collection time of 10s per step. A Kratky small-
angle X-ray scattering (SAXS) system with a propor-
tional counter, attached to the above equipment, was
used for obtaining the SAXS data of the copolymers.
The numbers of pulses counted at each step was more
than 10000 in order to assure a standard deviation. The
widths of the incident and receiving slits were 80 and
200 pum respectively.
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RESULTS

An amorphous AB diblock copolymer microphase-
separates when the incompatibility degree XN (where X
is the Flory parameter characterizing the A-B interac-
tions, and N is the polymerization index) of the two
different blocks is above a critical value, which varies
with copolymer composition f gi.e. XN = 10.5 for the
symmetrical case where f, = 0.5)". This accounts for the
variety of microphase-separation morphologies; i.e.
spherical, cylindrical, lamellar, or ordered bicontinuous
double-diamond (OBDD) microdomain forms, which
can be obtained, depending on the copolymer composi-
tion. In order to achieve a good understanding of the
microphase-separation and crystallization of the PTHF-b-
PMMA diblock copolymers, the compatibility and crystal-
lization behaviour of the PTHF/PMMA homopolymer
blends were investigated first. Direct observations of the
phase behaviour of PTHF/PMMA blend melts with an
optical microscope showed that all of the blends from
TM1 with 10% PTHF to TM9 with 90% PTHF were
macroscopically incompatible. Therefore, a microphase-
separated structure for our synthesized PTHF-5-PMMA
diblock copolymers should be expected.

Separate processes of microphase separation and
crystallization

Direct observation of the PTHF-A-PMMA copoly-
mers at 383 K in an optical microscope showed that all of
them were macroscopically homogeneous, indicating
that the copolymers have microphase-separated. More
direct SAXS and 7, evidence is presented later. Since one
of the blocks of the PTHF-b-PMMA copolymer is
crystallizable when cast from solution, in general the
copolymer can both microphase-separate and crystallize.
Our d.s.c. study on the PTHF homopolymer showed that
on cooling its crystallization temperature (7,) was
ca.284K, and its isothermal crystallization at 288 K
was completed in just a few minutes. When cast from
CHCI; at 288K, the PTHF homopolymer formed well-
developed spherulites as soon as the bulk film was
formed. However, when the PTHF-A-PMMA diblock
copolymers were cast from the same, non-selective
solvent CHCl;, again at 288K, they did not crystallize
at all during the first 2 h; this included copolymers L-6
and H-7 (Table 1) where the PTHF weight fractions are
0.61 and 0.65, respectively. Figure I is the SAXS curve of
the copolymer L-5 (Table 1), measured as soon as the
cast film was dry. WAXD measurements of the same
copolymer sample and its corresponding PTHF pre-
polymer were carried out immediately after the SAXS
measurements (Figures 2a and 2b). Since the WAXD
patterns showed that the copolymer did not crystallize,
while the homopolymer did, the SAXS peak in Figure [
represents only the contribution of the microphase
separation of the copolymer initiated by the incompat-
ibility of the two different blocks; this was also confirmed
by the unchanged SAXS curve measured at a higher
temperature than the melting point of the PTHF
homopolymer. In fact, the copolymer can only crystallize
slowly in the formed PTHF microphase at room temp-
erature because the nucleation is very difficult, as shown
in Figures 2c and 2d, where the crystalline WAXD
patterns of the L-5 and H-4 copolymers are presented
after they had crystallized at 288K for 3 weeks. This
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Figure 1 The SAXS curve of the PTHF-5-PMMA copolymer L-5
plotted as a function of the scattering angle ©, measured immediately
after it had been cast from CHCI;
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Figure 2 The WAXD patterns of the PTHF-5-PMMA copolymer L-5
(a) and the PTHF homopolymer L-7 (b), measured immediately after
they had been cast from CHCI;, plus the patterns of the copolymer
samples L-5 (c) and H-4 (d), measured after they had slowly crystallized
at 288K for 3 weeks

shows that when the PTHF-b-PMMA diblock copoly-
mers were cast from solution microphase separation and
crystallization takes place separately; the microphase
separation occurs first, and then the crystallization starts
gradually, even for the copolymers where the major
component is PTHF, such as L-6 and H-7.

Non-isothermal crystallization kinetics

Figure 3 shows that the crystallization temperature 7,
of the PTHF-b-PMMA copolymers decreases greatly
with increases in the amorphous PMMA weight fraction.
The lowest T, of the PTHF-b-PMMA copolymer is
ca.35K lower than the T, of the PTHF homopolymer.
This indicates that the higher the PMMA content, then
the lower the nucleation and crystallization rate of the
PTHF-b-PMMA copolymer. As also shown in Figure 3,
there is a clear T, dependence on the molecular weight of
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the PTHF block; at a given copolymer composition, the
T, of the copolymer with a PTHF block of M,, = 5100 is
obviously lower than that of the copolymer with the
longer PTHF block (M, = 7000). When the PTHF
weight fraction decreases to a certain critical value, no
crystallization could be detected by d.s.c. on cooling;
these critical fractions are 0.3 and 0.15 for the L- and H-
series of copolymers, respectively, indicating that when
the molecular weight of the PTHF block is higher, then a
smaller PTHF weight fraction is needed for the copoly-
mer to be able to crystallize in the PTHF microphase.
Since the microphase separation of the copolymer takes
place well in advance of its crystallization when it is cast
from solution at room temperature, the dependence of its
microdomain morphology on the composition, and the
dependence of its microdomains size on the molecular
weight are similar to that of an amorphous diblock
copolymer, i.e. the above T, dependence on the mole-
cular weight of the PTHF block is essentially the depen-
dence of its crystallizability on the PTHF microdomain
size. The larger the PTHF domains, then the easier is the
crystallization.

Figure 3 also showed that there is a big difference
between the crystallization of the PTHF-5-PMMA diblock
copolymers and the PTHF/PMMA blends. Unlike the
copolymer, the crystallization temperatures of the blends
do not decrease with increases in the PMMA content;
instead, they increase slightly, probably due to the
nucleation role of the interface of the macroscopic
separated phases.

Melting behaviour and crystallinity of PTHF microphase

Figure 4 shows the melting point (7,,) dependence of
the PTHF-b-PMMA copolymers and the PTHF/PMMA
blends on the PMMA weight fraction; the melting point
data were obtained on reheating the samples. As shown
in Figure 4, the T;s of the copolymers decrease rapidly
with increases in the MMA weight fraction; the lowest
T,, of the PTHF-6-PMMA copolymer is ca. 15K lower
than the T, of the PTHF homopolymer. The melting
behaviour of the copolymers is also different from the
PTHF/PMMA blends (Figure 4), where the T,;s of the
latter decreased very little with increases in the PMMA
weight fraction. Figure 4 also showed that at a given
copolymer composition, the PTHF-5-PMMA copoly-
mer with the shorter crystallizable block had a lower T,
with this difference becoming larger for the copolymers
whose major component is PMMA. Since the domain
size is dependent on the molecular weight of the PTHF
block, therefore the above T, dependence on the
molecular weight of the PTHF block is also essentially
a dependence on the PTHF domain size.

The enthalpy of fusion of PTHF, AHp =
12.4kJmol™" (ref. 41), ie. AHS =17222Tg"", was
used to calculate the degree of crystallinity X, of each
PTHF microphase. Figure 5 gives the X, curve plotted
as a function of the PMMA weight fraction. It can be
found from this figure that the measured X, decreases
rapidly as the PMMA weight fraction increases, indicat-
ing that the very small size of the PTHF microphase,
the ‘joint’ between the crystallizable PTHF block and
the PMMA block, and the conformational constraint
of the PTHF blocks in its microphase greatly restricted
the crystallinity. The X, depression with the increase in
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Figure 3 The curves of the crystallization temperature (7,) of various
samples on cooling, plotted as a function of the PMMA weight fraction:
(x) PMMA/PTHF blends; (®) L- and (A) H- series of PMMA-b-PTHF
diblock copolymers
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Figured The melting point (T}, ) curves of various samples plotted as a
function of PMMA weight fraction: (x) PMMA/PTHF blends; (®) L-
and (&) H- series of PMMA-5-PTHF diblock copolymers.

PMMA weight fraction could also partly result from
the surface-to-volume ratio of the PTHF microphases.

Although no crystallization peaks were observed for
the L-1, L-2, L-3 and H1 samples on cooling (Figure 3),
melting peaks were observed for L3 and H1 samples on
subsequent heating. However, no melting peaks were
observed for samples L1 and L2, whose PTHF weight
fractions are 0.21 and 0.25, respectively, indicating that
they were not able to crystallize at all. Since the
crystallinity X, of the PTHF homopolymer with low
molecular weight is obviously higher than that of the
PTHF homopolymer with high molecular weight?'
(Figure 5), at any copolymer composition with a PTHF
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weight fraction PTHF > 0.35, the X, of the PTHF block
of the copolymer with short PTHF blocks is still higher
than that of the copolymer with long PTHF blocks.
However, when the PTHF weight fraction is less than
0.35, i.e. when dispersed PTHF domains are supposed to
be formed, the copolymer with short PTHF blocks has a
lower X, than that of the copolymer with the longer
PTHEF blocks, as shown in Figure 5, thus suggesting that
the larger the size of the dispersed PTHF domain, then
the stronger the crystallizability and the higher the
crystallinity will be.

The glass transition

Differential scanning calorimetry was used to study
the glass transition temperatures, 7s, of the PTHF-5-
PMMA diblock copolymers. Since both the H- and L-
series of copolymers have their own given lengths of
PTHF blocks but different lengths of PMMA blocks
(Table 1), it is very convenient to study the T, depen-
dence of the PMMA microphase on the molecular weight
of the PMMA block at a given length of PTHF block. As

Crystallinity (Xc)

L L 1 L

0.0 0.2 0.4 8.6 0.8 1.0

Wt.(PMMA)

Figure 5 The crystallinity degree curves of the (@) L- and (A) H-series
of PTHF-5-PMMA diblock copolymers plotted as a function of the
PMMA weight fraction

shown in Table 2, the T, of the PMMA microphase of
both the H- and L-series of copolymers decrease with
decreasing molecular weight of the PMMA block. The
higher T, of the PMMA microphase in sample H-3 when
compared to that in sample L-3 (Table 2), where both
have the same H-3 composition but with a shorter
PMMA block for the latter, gives further evidence of the
T, dependence of the PMMA microphase on the mole-
cular weight of the block. A 7, corresponding to the
PMMA microdomains in sample L-6 was not observed,
probably due to the very small molecular weight of the
copolymer (M, = 8400) and hence the small degree of
incompatibility of the two blocks.

Since both the H- and L-series of PTHF-5-PMMA
diblock copolymers have their own given PTHF length
but different PMMA lengths, this also made it possible
to study the T, dependence of the PTHF microphase on
the copolymer composition. In our experiments, the
glass transition of the PTHF microdomains could only
be observed for samples with a PTHF weight fraction
>0.35. As shown in Table 2, the T, of the PTHF
mrcrophase of the L-series samples increases with
increasing the PTHF weight fraction, i.e. the T, changes
with copolymer compos1t10n Another feature of the Tg
of the PTHF microphase is that the T, values listed in
Table 2 are much higher than the 7, of the PTHF homo-
polymer*' and the PTHF mrcrophases in PTHF/PS di- or
triblock copolymer reported in literature®®. There is a
general agreement that PTHF forms a glass atabout 187K;
low-molecular- welght glycols may do so at a somewhat
higher temperature The reported highest 7, of PTHF
was about 210K i Therefore, the T,s of PTHF
microphases obtained in the present study on PTHF-4-
PMMA copolymers are about 30K higher than the
reported highest T, values.

The same conclusion that the higher the molecular
weight of the amorphous block, the higher the T, of its
corresponding microphase, was also achieved by Taka-
hashi and Yamashita® for PTHF/PS di- and trlblock
copolymers, and by Crystal, Erhardt and O’ Malley
for PEO-6-PS diblock copolymers. But Takahashi and
Yamashita’s results did not show any T, dependence of
PTHF microphase on copolymer composmon or on the
molecular weight of PTHF block, although the number
average molecular weights of PTHF blocks of their
copolymers ranged from 60 500 to 134 000; their dynamic

Table 2 The glass transition temperatures of the PMMA and PTHF microdomains of PTHF-h-PMMA diblock copolymers

PTHF block PMMA block T, (K)
Designation M, Wt% M, PMMA domains PTHF domains
H-0 0 0 20000 378
H-2 7000 24 22170 375 -
H-3 7000 30 16 300 373 -
H-4 7000 35 13000 369 238
L-1 5100 21 19200 3n -
L-3 5100 30 11900 369 -
L-4 5100 39 8000 357 234
L-5 5100 41 7340 352 238
L-6 5100 61 3260 - 242
L-7 5100 100 0 -~ 2107

“ Represents the highest T, of PTHF reported in the literature
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mechanical measurements revealed that the T, of PTHF
microphase was about 209 K for all their samples. This
difference probably came from the difference in the
molecular weight range of the PTHF blocks of the
PTHF/PS copolymers were about ten times higher than
those of our PTHF-5-PMMA copolymers. However, the
T, dependence of a semicrystalline microphase on
copolymer composition was found for dimethyl-
siloxane-styrene diblock copolymers (PDMS-5-PS) by
Wang and Krause?. Their d.s.c. studies showed that for
the copolymers having >40wt% PDMS, the higher the
PDMS content in the copolymer is, the higher the 7,
of PDMS semicrystalline microphase is. Their theoreti-
cal calculation confirmed that this 7, increase was
attributed to the effects of thermal stress field, which is
caused by the unequal coefficients of thermal expansion
of the two phases below the T, of the PS microphase. The
conclusion that the T, of the semicrystalline microphase
increases with increasing weight fraction of the crystal-
lizable block was achieved both for the PDMS-5-PS and
the PTHF-6-PMMA diblock copolymers. This similarity
probably resulted from the final microphase morphology
of these two copolymers being driven by microphase
separation when cast from solution. Therefore, the micro-
phases formed are not favourable for crystallization, and
after they had partly and slowly crystallized, the PDMS
and PTHF segments which failed to crystallize could
adopt special conformations.

DISCUSSION

By comparison of the microphase separation and
crystallization of PTHF-b-PMMA copolymers with
those of PEO-4-PS copolymers, where the latter have
been extensively reported in the literature, the following
different features have been noted. First, in the case of
solution-cast samples the microphase separation of the
PTHF-b-PMMA copolymers takes place first, and then
crystallization starts gradually, while microphase separa-
tion and crystallization of PEO-b-PS copolymers take
place simultaneously with the final structure and morph-
ology being driven by the balance between the two
processes. Secondly, the non-isothermal crystallization
kinetics of the PTHF-5-PMMA copolymers is very differ-
ent from that of the PEO-5-PS copolymers. The T, of the
PTHF-5-PMMA copolymers decreases continuously and
very rapidly with the increase in amorphous PMMA
weight fraction; the lowest T, found is ca. 35 K lower than
that of the PTHF homopolymer, as shown in Figure 3.
Poly(ethylene oxide) (PEO)-b-PS copolymers, however,
behave similarly to the PEO homopolymer when the
major component is PEQ, and the T, does not change
much with composition. When the major component of
the PEO-5-PS copolymers is PS, however, two distinct
crystallization peaks, about 60K apart, are observed,
but the higher T, is still near the 7. of the PEO
homopolymer (ca.315 K)?*. This dual crystallization
process becomes more evident in PEO-PS—PEO triblock
copolymers. Since the T, of the amorphous PMMA hard
block is nearly the same as that of the PS block, and the
degree of incompatibility between both PTHF and
PMMA and between PS and PEO is very big, the
above differences between the PTHF-5-PMMA and
PEO-b-PS copolymers most likely result from the
different nature of their crystallizable blocks.
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The effect of block crystallizability on microphase
separation and crystallization

High-molecular-weight PTHF is an excellent rubber,
and such amorphous polymers possess an excellent green
strength and good tack. The polymers with intermediate
or low molecular weights can crystallize, but this crys-
tallizability is easily weaken by copolymerization. Hence
this polymer is widely used industrially as the soft
segments in thermoplastic elastomers, e.g. polyurethane
and polyester elastomers, where its tendency to crystal-
lize slowly at room temperature is easily overcome*!. The
remarkable decrease of the non-isothermal crystalliza-
tion temperature (T,) of PTHF-56-PMMA diblock copoly-
mers with increases in the PMMA weight fractions also
largely results from the copolymerization.

Although PTHF and PEO are very similar in their
molecular structure, our d.s.c. investigations show that
for intermediate degrees of polymerization, PEO and
PTHEF crystallize at 315 and 277K, respectively, during
cooling at a given rate of 10 Kmin ', indicating that the
nucleation, and hence the crystallization rate, of the PEO
homopolymer is much higher than that of the PTHF
homopolymer. The same conclusion was also reached by
infra-red spectroscopic studies*'. The weak ability for
PTHF to crystallize means that when a PTHF-b-PMMA
copolymer is cast from solution microphase separation
takes place first and then the copolymer starts to grad-
ually crystallize. The microphase-separation structure
which is formed makes the crystallization of PTHF-b-
PMMA diblock copolymers very difficult; this also
includes melt crystallization. In contrast, in the case of
the PEO-b-PS diblock copolymers, when cast from
solution the final morphology is driven both by micro-
phase separation (initiated by the incompatibility of the
two blocks) and by crystallization. A third case was
recently reported®® in which the final morphology of a
hydrogenated 1,4-butadiene-1,4-isoprene diblock copo-
lymer only resulted from the crystallization process. We
can therefore say that block crystallizability in semicrys-
talline—amorphous diblock copolymers is one of the key
factors governing its final equilibrium morphology. The
final morphology can only be driven either by crystal-
lization or microphase separation, or by a balance
between the two processes.

CONCLUSIONS

1. In the case of solution-cast samples, of PTHF-5-
PMMA copolymers microphase separation takes
place first and then crystallization gradually starts in
the formed PTHF microphase. This is different to
PEO-b-PS copolymers where both microphase
separation and crystallization take place simulta-
neously, and is also different to hydrogenated 1,4-
butadiene—1,4-isoprene diblock copolymers where
the final morphology is only driven by crystallization.

2. The non-isothermal crystallization temperature (7,) of
the crystallizable block in PTHF-5-PMMA diblock
copolymers decreases rapidly and continuously with
increases in the amorphous MMA weight fraction; the
lowest T, of these PTHF-5-PMMA copolymer is
ca. 35 K lower than the T, of the PTHF homopolymer.
This is similar to other miscible homopolymer blends
(e.g. PEO/PMMA), but very different to PEO-5-PS
diblock copolymers, which either have one 7, which is
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slightly lower than that of the PEO homopolymer, or
have two distinct crystallization peaks (ca. 60 K apart),
depending on the copolymer composition.

There is also a T, dependence on the molecular weight
of the PTHF block at a given copolymer composition,
with the higher molecular weights giving higher values
for the 7.

The degree of crystallinity of the PTHF microphase of
the copolymer shows a large decrease with increases in
the PMMA weight fraction, due to the change in the
PTHF microphase morphology from a matrix phase
to a final smaller dispersed microphase, and from the
increase of the surface-to-volume ratio of the micro-
phases.

The melting temperatures of the PTHF-b-PMMA
block copolymers showed a strong dependence on the
copolymer composition and on the molecular weight
of its crystallizable block. This is very different from
reports in the literature on PTHF/PS di- and triblock
copolymers, where the 7., was almost independent of
the copolymer composition®*. This difference resulted
from the large differences between the molecular
weights of the PTHF blocks in the PTHF/PS and
PTHF/PMMA block copolymers.

The T, of the PMMA microphase showed a strong
dependence on the molecular weight of the PMMA
block, while the T, of the PTHF microphase showed a
strong dependence on the copolymer composition,
This latter dependence was not previously reported in
published studies on PTHF/PS di- and triblock
copolymers with much higher molecular weights.
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