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Full Paper: Poly(methyl methacrylate)-poly(e-caprolac-
tone) (PMMA/PCL) microparticles were synthesized by
suspension polymerization of methyl methacrylate in the
presence of PCL. The incorporation of a small amount of a
macromonomer, methacryloyl-terminated PCL (M-PCL),
into the reaction mixture, led to the formation of grafted
systems, namely PMMA-g-PCL/PCL. The synthesis of the
macromonomer and its characterization by nuclear magnetic
spectroscopy ("H NMR) is described. The role of M-PCL as
an effective compatibilizing agent in the composite was
investigated. PMMA/PCL and PMMA-g-PCL/PCL compo-
sites were fully characterized by '"H NMR, gel permeation
chromatography (GPC) and thermal analysis, including ther-
mogravimetric analysis (TGA), conventional differential
scanning calorimetry (DSC), modulated DSC (MDSC) and
dynamic mechanical thermal analysis (DMTA). Finally, the
morphology of the prepared systems was investigated by
scanning electron microscopy (SEM). The addition of com-
patibilizing agent led the formation of a more homogeneous
microcomposite with improved mechanical properties.
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SEM picture of PMMA-g-PCL/PCL composite surface.
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Introduction

In a previous paper, we reported the synthesis of micro-
heterogeneous polymer systems prepared by suspension
polymerization of methyl methacrylate (MMA) in the pre-
sence of poly(e-caprolactone) (PCL),[” along with its
characterization by several techniques. Crosslinked graft
copolymers produced by the formation of PCL macroradi-
cals in the presence of the initiator were observed in some
cases.'"?! The morphology of the beads, as observed by
SEM, was quite complex. MMA suspension polymeriza-
tion conditions and the presence of the PCL, which at the
reaction temperature (65 °C) is beyond its melting point, are
important factors that determined the resulting morphol-

ogy. During the course of the free radical polymerization, at
a given conversion degree, the PCL chains are not compa-
tible with the polymerized PMMA chains, giving rise to the
segregation of the particles in microdomains. This is the
main fact that defines the final morphology and micro-
heterogeneity of the beads.

PMMA and PCL have two different degradation rates,
PMMLA is almost a not biodegradable polymer and PCL is a
biodegradable polyester. In addition, both are roughly in-
compatible polymers. Although PCL in the presence of
radicals can be crosslinked, the introduction of functiona-
lised PCL chains in the polymerization of methyl meth-
acrylate and PCL mixtures can provide an interesting way
to get more homogeneous polymeric composites.
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In this paper, we report on the synthesis and extensive
characterization of PMMA/PCL microheterogeneous beads
obtained by suspension polymerization with and without
the addition of a macromonomer, methacryloyl-terminated
PCL (M-PCL), as compatibilizing agent. The synthesis and
characterization of M-PCL by '"H NMR spectroscopy is
described. In order to evaluate the effect of the addition of
M-PCL in the initial reactive mixture, the resulting poly-
mers were extensively characterized by several techniques
including "HNMR, gel permeation chromatography (GPC),
and thermal analysis (TGA, DSC, modulated DSC and
DMTA). The surface morphology of the beads, visualized
by scanning electron microscopy (SEM), is shown and
discussed.

Experimental Part
Materials

e-Caprolactone (Merck-Schuchardt), methacryloyl chloride
(Acros Organics) were distilled under vacuum before use. Zinc
chloride (Probus) was dried under vacuum. Methyl methacry-
late (MMA, Merck) was used as received, poly(vinyl alcohol),
PVA (ERT Spain) (M, =50000, 99% hydrolyzed) was used
as suspension agent and benzoyl peroxide, BPO (Fluka) was
recrystallized from methanol at room temperature and used as
free radical initiator. Other reagents were extra pure grade and
were used as purchased.

Synthesis of PCL and the Macromonomer

The ring-opening polymerization (ROP) of ¢-caprolactone
in the presence of numerous catalysts to obtain high molecular
weight polyesters has been widely investigated.">* In this
work, PCL was synthesized by ROP of ¢-caprolactone using
7ZnCl, as initiator in toluene solution, following a procedure
reported previously.'!

In order to synthesize a PCL-based macromonomer, a PCL
oligomer O-PCL, was synthesized by direct thermal poly-
condensation without using catalyst following the procedure
described by Fukuzaki et al.'! Briefly, aqueous solution of
e-caprolactone (80 wt.-%) was charged into a glass ampoule
and then nitrogen gas was bubbled into the solution at a con-
trolled flow rate of 200 ml - min~'. The ampoule was immersed
in a silicone-oil bath maintained at 200 °C being the solution
under reflux during 2.5 h. The water was removed from the
solution by closing the refrigerator coupled to the ampoule,
allowing the polymerization reaction to carry out during 21 h.
The polymer was purified by dissolution in dichloromethane
and precipitation in a large excess of ethanol to remove the
residual monomer. Afterward, the solid was filtered and ex-
haustive dried under high vacuum (10> mmHg) during 24 h at
room temperature. The reaction yield was 89%.

A suitable amount of PCL oligomer was dissolved in
dichloromethane. Then a calculated amount of triethylamine,
in stoichiometric ratio to hydroxyl groups, was added to the
solution under stirring. A large excess of freshly distilled
methacryloyl chloride in a dichloromethane solution was

added dropwise to the flask. The mixture was stirred in an ice
bath and then 10 h at room temperature. The triethylammo-
nium hydrochloride by-product, that remains suspended as a
white powder, was removed by filtration. The unreacted acid
halide was neutralized by washing the solution three times with
sodium hydroxide solution. The organic phase was finally
concentrated and precipitated in a large amount of cold ethanol.
After filtration, the methacryloyl-terminated PCL, called M-
PCL thereinafter, was extensively dried under high vacuum at
room temperature for 1 day.

Preparation of PMMA/PCL with and without
Addition of Macromonomer

The PMMA /PCL beads were obtained by suspension poly-
merization method following the experimental conditions
previously reported.[” Briefly, a predetermined amount of PCL.
(10 wt.-%) was dissolved in MMA under vigorous stirring. The
initiator, BPO, was then dissolved in the mixture (1.5 wt.-%). A
2 wt.-% PVA solution in distilled water was first introduced
into the reactor, heated to 65 °C and flushed with nitrogen for
10 min under stirring at 600 rpm. Then, the reactive phase was
poured into the reactor in a stepwise and a temperature program
of 4hat 65 °Cand 2.5 h at 80 °C. The product was exhaustively
washed with distilled water and dried under vacuum for 24 h.
The yield of PMMA/PCL beads was 88%.

The same procedure was followed for the preparation of
systems containing macromonomer. In that case, M-PCL
(2 wt.-%) was dissolved in the mixture MMA/BPO/PCL, and
the resulting solution was polymerized and dried as mentioned
above. The yield of this reaction was 70%.

Characterization of the Synthesized Polymers and Composites

All the polymers and composite systems were fully char-
acterized by different techniques. Proton nuclear magnetic
resonance ("H NMR) spectra were performed in a Varian
XLR-300 NMR spectrometer operating at 300 MHz and
room temperature from 5% (wt./v) CDClj; solutions.

The weight-average (M,,) and number-average (M,) mole-
cular weights were determined by using a Perkin Elmer gel
permeation chromatograph (GPC) equipped with a refractive
index detector series 200. A set of 10%, 10 and 500 A, PL-gel
columns conditioned at 25 °C were used to elute the samples of
10 mg/mL concentration at 1 mL/min HPLC-grade chloroform
flow rate. The values were calculated by means of a calibration
curve with polystyrene standards.

Thermal Analysis was performed by several techniques
including thermogravimetric analysis (TGA), conventional
differential scanning calorimetry (DSC), modulated DSC
(MDSC) and dynamic mechanical thermal analysis (DMTA).

The thermal degradation behavior of the particles was
studied by using a thermogravimetric analyzer (Mettler TG50).
All samples were heated from 30 to 500 °C at a heating rate of
10 K/min under a nitrogen flow of 100 ml/min. Degradation
percentages, onset temperatures and thermal degradation rates
were evaluated.

Conventional DSC was performed in a Mettler DSC30 with
three scan (heating-cooling-heating) at 10 K/min in the range
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30-120 °C under nitrogen flow of 100 ml/min. The tempera-
ture and enthalpy calibrations were performed using indium.
The glass transition temperature (T,) was taken as the
inflection point of the transition. On the other hand, MDSC
measurements were performed on a TA Instruments 2920 DSC
with MDSC option and cooling system, nitrogen was used as
purge gas and indium was used for calibration. Standard
modulation conditions used in the experiments were an amp-
litude of 1 °C and a period of 60 s. Samples with mass from 8 to
9 mg (or 7 mg for conventional DSC) in sealed aluminium pans
were heated at 3 K/min from —80 to 150 °C.

The dynamic mechanical behavior of thick composite
samples (12 x 10 x 3 mm) was analyzed using a dynamical
mechanical thermal analyzer (Polymer Laboratories Ltd.,
model Mk II, USA) operated in the dual cantilever bending
mode (dynamic displacement 64 pum, frequency 1 Hz) with a
heating rate of 3 K/min in the temperature range going from
25 to 110°C. Samples were prepared by compression
moulding at 175 °C for about 15 min and then by cooling the
mould in water.

Finally, the morphology of the particles was observed with a
Cambridge Stereoscan 200 scanning electron microscope with
an accelerating voltage of 20 kV.

Results and Discussion
PCL and PCL Macromonomer

In order to determine the chemical structure of PCL, O-PCL
and M-PCL, 'H NMR spectra were recorded. In the case of
PCL, the observation of a triplet at 3.5 ppm was ascribed to a
methylene endgroup capped with a chloride atom. This fact
was previously attributed to the transference of a chlorine
atom to the end chain which occurs during the ROP with
zinc chloride by a coordination-insertion mechanism.!”!
On the other hand, PCL oligomer exhibited a signal at
3.62 ppm which was assigned to the CH2-OH end group, as
shown in Figure 1. After derivatization with trifluoroacetic
anhydride this signal shifted downfield to 4.3 ppm confirm-
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i
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Figure 1. '"H NMR spectra of PCL oligomer and methacryloyl-

terminated PCL (M-PCL).

ing the assignation of the end group. The presence of a
hydroxyl end group allowed the formation of a macro-
monomer by reaction with methacryloyl chloride. The
resulting methacryloyl-terminated PCL, M-PCL, displayed
two signals at 5.51 and 6.05 ppm corresponding to
vinyl protons of the methacryloyl end group and a peak at
1.90 ppm assigned to the o-methyl protons (see Figure 1).
The signal of CH,—OH end group at 3.62 ppm did not
appear, evidencing that virtually all the hydroxyl end groups
were converted to methacrylic end groups.

The average molecular weight values were determined
by GPC. PCL exhibited a M, = 45 000 and a polydispersity
index (M,,/M,)=1.6. On the other hand, the macromono-
mer obtained from the PCL oligomer displayed a M, value
of 6000 and a polydispersity of 1.5.

Chemical Composition of the
Microcomposite Systems

The theoretical composition of both samples is almost
similar (89.1/10.9 for PMMA/PCL and 89.2/10.8 for
PMMA-g-PCL/PCL). The composition of PMMA/PCL
beads determined by "H NMR was 89/11 (wt.-%) whereas
for the PMMA-g-PCL/PCL composite was 64/36, where
36% corresponds to the total amount of PCL. Although the
composition in the first case was approximately the same
that the theoretical one, a PCL-enrichment was observed in
the case of PMMA-g-PCL/PCL sample. The GPC chroma-
tograms of the composites (not shown here) revealed a two-
modal distribution, corresponding to PMMA and PCL
phases.

Thermal Analysis

The degradation of PMMA has been studied for many years
and it is well known that the thermal degradation proceeds
by chain scission and unzipping mechanism, giving a very
high yield of monomer."”! The details of the degradation
have been elucidated by Kashiwagi and Manring,’®*! who
demonstrated that the degradation is initiated mainly at end
chain unsaturations and weak links such as head-to-head
linkages.

Thermogravimetric curves are shown in Figure 2. The
results indicate that the thermal behavior of PMMA/PCL
and PMMA-g-PCL/PCL is complex. In both cases, a con-
tinuous weight loss starting at 150 °C was observed, and at
least three thermal events occurred. The first thermal
process observed in the thermogravimetric curves is related
to the low molecular weight components at 160 °C and
involve a 10% wt. According to Figure 2, second thermal
degradation occurred between 250 and 367 °C, with weight
losses of 27 and 32% wt. for PMMA/PCL and PMMA-g-
PCL/PCL, respectively. The third thermal degradation
occurred between 367 and 450 °C, with weight losses of
63 and 58% wt., respectively. The temperature values and
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Figure 2. Thermogravimetric curves of PMMA/PCL and
PMMA-g-PCL/PCL composites.

the percentage of volatilized material after each stage
depends on the composition of the beads, and only small
differences were found in these analysis.

Calorimetric Analysis

DSC results of first and second runs (after quenching) are
summarized in Table 1. A single endothermic peak asso-
ciated to PCL phase was detected along with a secondary
transition assigned to PMMA.

On the other hand, Modulated DSC (MDSC), a modern
technique which provides not only the same information as
conventional DSC, but also provides unique information
not available from conventional DSC increasing the under-
standing of complex transitions in materials, was used.!"’
In MDSC a sinusoidal modulation is overlaid on the con-
ventional linear heating or cooling ramp to yield a heating
profile in which the average sample temperature continu-
ously changes with time but not in a linear fashion. In this
way, MDSC determines the total heat flow and simple
calculations are used to separate the total heat flow into its
heat capacity (reversible) and kinetic (not reversible)
components.

MDSC thermograms of Figure 3 display the heat flow
and its reversible component versus temperature for
the studied materials. Heating curves from —80 to 150 °C
were denoted as traces h and the following cooling curves
were denoted as traces c¢. Heat flow curves of PCL and
M-PCL (Figure 3a and 3b) clearly show the melting
and crystallization from melt during the cooling. PCL and
M-PCL behave similarly, with temperatures that are how-
ever slightly different both for melting and crystallization.

Data of Table 2 indicate some differences in the heat flow
MDSC results that should be noticed and are consistent with
the different purity and molecular weight of PCL. Accor-
ding to its higher purity and molecular weight PCL presents
both slightly higher melting and lower crystallization
temperature than the observed for M-PCL, as well as lower
melting and crystallization enthalpies. It is also worth
noting the small endothermic peak centered at about 41 °C
having an enthalpy of about 2.8 J/g, that should correspond
to the melting of less ordered, hence less perfect, crystalline
regions. Moreover, heat flow curves of both PCL/PMMA
blends exhibited a double melting peaks, as for PCL. The
lower temperature peak was however bigger and sharper,
indicating the blending affected the PCL crystallizations
and provoked the formation of higher amounts of less
ordered crystalline regions. Data of Table 2 also show that
melting temperature of the main melting peak of PCL phase
decreases for both PMMA/PCL blends, with a larger
dropping in the case of the graft copolymer blend, as result
of a further reduction in the structure ordering. Taking into
account the relative percentages of PCL in the blends, 11%
and 36%, the corresponding normalized melting enthalpy
resulted almost the same of pure PCL in the case of PMMA/
PCL (97.3 J/g), and about one fifth in the case of PMMA-g-
PCL/PCL (21.7 J/g). This could be explained as an effect of
partial miscibility of the two polymers, that seems is also
the reason of the glass transition temperature decrease of
PMMA from about 114 to 108 °C, due to the presence of
grafted PCL that would act as compatibilizer.

During heating above the glass transition temperature, in
the case of the heat flow curve all the blends showed a small
but wide exothermic peak at about 130°C. This non-
reversible energy is attributable to the reaction of unreacted

Table 1. Heat flow data of DSC analysis.
Sample 1*" Heating Cooling 2" Heating
Tt (AH,)” 7, T, (AH)” T (AH)” T,
°C (J/g) °C °C (J/g) °C (Jlg) c
PMMA/PCL 59 (10.4) >115 29.5 (6.5) 54 (7.9) 108
PMMA-g-PCL/PCL 56 (8.8) 110 3.3 (3.0) 55(7.8) 107

¥ Temperature and enthalpy of the melting peaks.
) Glass transition temperature.
9 Temperature and enthalpy of the crystallization peaks.
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Figure 3. MDSC curves showing the total heat flow (—) and the reversible heat flow component (—). The letters h and c indicate heating

and cooling traces. (a) PCL; (b) M-PCL; (c) PMMA/PCL composite; (d) PMMA-g-PCL/PCL composite.

MMA residual monomer in the beads. During cooling after
the heating cycle, the curves of PMMA/PCL and PMMA-g-
PCL/PCL exhibited again one exothermic peak, indicating
the PCL crystallization. This crystallization peak was shift-
ed to lower temperatures (about ten and thirty degrees lower

Table2. Heat flow data of MDSC curves.

for PMMA/PCL and PMMA-g-PCL/PCL blends, respec-
tively) with respect to that observed at about 37 °C in the
pure PCL or M-PCL. The large decrease of both crystal-
lization temperature and enthalpy, confirms that PMMA,
and much more grafted PMMA, hindered in some extent the

Sample Heating Cooling
Tt (AH))? Tz (AH,)” 7" T, (AH,)® T.(AH)®
°C (J/g) °C (J/g) °C °C (J/g) °C (J/g)
PCL 41.3(2.8) 61.5 (98.0) - - 36.4 (78.0)
M-PCL — 59.1 (122.1) — — 37.6 (84.7)
PMMA/PCL 41.3 (5.5) 58.2 (9.6) 114.4 130.4 (3.5) 28.9 (3.7)
PMMA-g-PCL/PCL 39.7(3.9) 56.1(7.8) 108.3 128.6 (3.3) 5.6 (1.8)

» Temperature and enthalpy of the secondary melting peaks.
®) Temperature and enthalpy of the main melting peaks.

9 Glass transition temperature.

9 Temperature and enthalpy of the residual MMA polymerization.
® Temperature and enthalpy of the crystallization peaks.
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PCL crystallization. Moreover the reader should note that
crystallization peaks of PCL in the blends are less visible
because of the less amount of material involved.

The reversible heat curves run similarly, but with values
for the melting and crystallization enthalpies that are dif-
ferent from the previous ones, this being due to the meaning
that the technique associates to the word “‘reversible”. Re-
versibility is in fact evaluated within the applied tempera-
ture modulation, and phenomena that occur with different
kinetics but are thermodynamically reversible display
apparent different reversible components. A speculation
on the curve behavior could suggest that melting is less heat
flow rate dependent than cooling.

MDSC curves of PMMA/PCL and PMMA-g-PCL/PCL
blends present a singular aspect that was not so well detected
by the not reported conventional DSC experiments, i.e. two
well distinct melting peak occurring during the heating at
40 and 60 °C, respectively. Differences between the tra-
ditional DSC curves (not shown here) where the melting
peak is unique with a small shoulder, and the Figure 3c and
3d reported MDSC curves, are attributable to the different
adopted heating rate, equal to 3 K/min in MDSC and to
10°C in DSC, but mainly to the different response of the
material to a continuous heating or cooling (DSC) and a
modulated heating or cooling (MDSC). The difference
existing between the two techniques is analogous to the one
that could be applied by performing static stress-strain test
(i.e. by straining a sample at a constant strain rate) or a dyna-
mic stress-strain test (i.e. by superimposing to the constant
strain increase a strain modulation). The results in this case
would be evidently different, due to viscoelasticity dependent
effects, and hence, to kinetic relaxation phenomena.

From the above reported results, it could be deducted that
PCL assumed two different crystalline morphologies when
blended with PMMA. In this case the higher temperature
peak, consistently with the results on pure PCL, could
account for the melting of the PCL that is completely
segregated in microdomains from PMMA, while the lower
temperature peak could express the melting of less perfect
crystals that are formed by PCL chains in some extent
hindered by the PMMA molecules to which are inter-
connected. This explanation appears to agree with the tran-
sitions that the technique said to be reversible, that is also
reported in Figure 3c and 3d. Instead of the lower
temperature endothermic peak, the reversible heat curves
displayed, in fact, a small exothermic peak, both for
PMMA/PCL (1.3 J/g at 41.0 °C) and PMMA-g-PCL/PCL
blends (0.5 J/g at 39.7 °C). This peak could measure re-
crystallizations of part of the PCL chains free to rearrange
forward the more stable crystalline form after the lower
temperature melting. It is worth noting that crystallization
of PCL in the blend during cooling from 150 °C at 3 K/min
reached only 24% and 15% of the initial crystallinity of the
as produced PMMA/PCL and PMMA-g-PCL/PCL powder,
respectively.

Moreover, reversible heat flow put very well in evidence
the glass transition temperature that is a typical reversible
signal, both in the heating and in the cooling stage. In this
latter case, T, values of PMMA at 117.2 and 110.8 °C were
obtained for PMMA/PCL and PMMA-g-PCL/PCL sys-
tems, respectively. That observation confirm the effect of
the grafted copolymer, as previously observed in the glass
transition temperature measured in the heat flow data of the
heating curve (Table 2).

Dynamic Mechanical Thermal Analysis

Curves of the storage modulus, E’, versus temperature are
shown in Figure 4 and clearly indicate the higher mech-
anical properties of the compatibilizer added PMMA/PCL
blends (curve B). Dynamic mechanical analysis data
however did not confirm the double transition that was de-
tected at about 40 and 60 °C from the calorimetric studies.
This fact could be due to differences among samples, i.e. as
produced powder for DSC and a compression moulded
specimen, for the DMTA, induced by the moulding process.
For both samples, i.e. PMMA/PCL and PMMA-g-PCL/
PCL, the storage modulus almost continuously decreased
with temperature, reaching an apparent very low plateau
above about 60 °C. It is clear that the stiffness of the samples
after this temperature is dominated by the PCL physical
state, i.e. the samples became very flexible after the PCL has
molten. Moreover, the curve did not display the attended
PMMA ¢glass transition. These facts suggest that, after
melting, PCL acted as a liquid plasticizer, or, from another
point of view, that the PMMA was the reinforcing phase of a
PCL matrix. In both cases mechanical stiffness of the
samples was assured by the PCL consistence, hence the
samples stiffness dropped after the PCL melting, reaching
low values, too low for being correctly measured by the
DMTA apparatus. This is the reason for which the system
did not detect the expected PMMA glass transition. A DSC
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Figure 4. Storage modulus (E") and Loss Modulus as a function
of temperature. (A) PMMA/PCL composite; (B) PMMA-g-PCL/
PCL composite.
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Figure 5. SEM pictures: (a) PMMA/PCL beads; (b) PMMA/PCL composite surface; (c¢) surface of PMMA/PCL composite after
treatment with 0.1 N H,SO,4; (d) PMMA-g-PCL/PCL composite surface; (e) SEM micrograph of the PMMA-g-PCL/PCL composite
surface after treatment with 0.1 N H,SO,.
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performed on the same specimen after the DMTA runs
regularly registered the T, value of PMMA.

A more accurate examination of the E’ and E” curves
point the attention on the shoulders and on the peaks that
appear along the curves in the temperature range —50 to
50 °C. Referring to the loss modulus curves, the peaks could
be attributed to PMMA f-relaxation and to the PCL
melting, respectively.!'"! The f-relaxation of PMMA has
been extensively analyzed by Heijboer!'*'¥ and Struik!'¥!
and it was clearly assigned to the motions of an entire side
group around the bond, joining it to the chain backbone.
They confirmed, from DMTA experiments performed at
1 Hz, that the loss modulus peak seen at 10 °C corresponds
to the mechanical f-relaxation. In our case, the relaxation
peak is shifted to —10 °C, which could be explained taking
into consideration the plasticizing effect of the graft co-
polymer. The difference in the attributed f3-relaxation signal
between the PMMA/PCL and PMMA-g-PCL/PCL samples
could be due to the presence of the compatibilizer that could
interfere with the lateral groups PMMA mobility. The
difference in the height of the E” melting peaks well agrees
with the specimen composition, i.e. 11 and 36% of PCL
in the blend samples without and with compatibilizer,
respectively.

Surface Morphology

Relatively concentrated or semi-diluted sulfuric acid solu-
tions attack PCL chains whereas PMMA chains are not
sensitive at least during a period of time of one month. SEM
pictures before and after treatment with 0.1 N H,SO,
solution are shown in Figure 5a to Se. From the comparison
of Figure 5b and 5c with Figure 5d and 5Se, it is clear that the
addition of compatibilizing agent led to a highly homo-
geneous surface structure. The surface treatment allowed a
more efficient elimination of the PCL in the case of the
grafted blend while in absence of compatibilizer a clear
phase separation between PMMA and PCL occurred.

Conclusions

Two microheterogeneous systems were prepared by sus-
pension polymerization of MMA in the presence of PCL.
The addition of methacryloyl-terminated PCL allowed the
formation of grafted species PMMA-g-PCL/PCL that were
well characterized from a thermal and mechanical point
of view.

MDSC curves of these blends presented singular aspects
that were not so well detected by the not reported con-
ventional DSC experiments. Thus, it could be considered

that PCL assumed two different crystalline conformations
when blended with PMMA. DMTA results clearly indicate
the higher mechanical properties of the compatibilizer
added PMMA/PCL blends. The addition of compatibilizing
agent led to the formation of more homogeneous surface
structure as visualized by SEM.
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