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Abstract

In this work, the rheological, mechanical and morphological behavior of immiscible blend poly (methyl methacrylate)
with elastomeric particles (PMMA ) and post-consumer poly (ethylene terephthalate) (PET) with and without the
use of the interfacial compatibilizer poly (methyl methacrylate-co-glycidyl methacrylate-co-ethyl acrylate) (MGE) was
studied. The significant increase in torque presented in rheological analyses has shown a indication of chemical reactions
between the epoxy group of MGE with end groups of PET chains and also with the elastomeric phase of PMMA .
The increased concentration of PET yielded an increase in maximum strength and elasticity modulus and a decrease
in elongation at break. The PMMA | /PET binary blend (50/50 wt%) and PMMA _/PET/MGE compatibilized blend
(65/30/5 wt%) showed pronounced results in elongation at break compared to PMMA | , whereas, in the first results
were due to the evidence of a co-continuous morphological structure and in the second, due to the efficiency of the dual
reactive interfacial compatibilization of PMMA  /PET blends. Scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) analyses showed that PMMA | /PET/MGE blends exhibit complex phase morphology due

to the presence of elastomeric particles in the PMMA |  copolymer and in the use of MGE terpolymer.

Keywords: PMMA copolymer, post-consumer PET, morphology, reactive extrusion.

1. Introduction

Polymer blends seem to be a viable alternative to obtain
new polymeric materials with properties usually not found in
a single polymer. The interest both academic and industrial
to produce and refine new materials through the mechanical
mixing of commercially available polymers has grown
significantly each day. This approach is relatively simple
and commercially attractive compared to the synthesis of
new polymers!'-3.

Poly (methyl methacrylate) (PMMA) is a polymer
belonging to the class of methacrylates and shows many
possibilities for technological applications. Due to its
amorphous structure, PMMA is a transparent material that
exhibits good optical propertiest*®. It is widely used in
applications replacing glass, which require transparency
and good resistance. However, PMMA is brittle at room
temperature with low elongation at break and low impact
strength. A very common method to promote improvements
in the mechanical properties of PMMA is its toughening
with elastomers!”-'2.

The addition of elastomers in PMMA become the polymer
opaque and lose transparency, one of its most important
characteristics of this material. A solution to this problem
is the addition of MBS copolymers (methyl methacrylate-
butadiene-styrene) or MABS (methyl methacrylate-
acrylonitrile-butadiene-styrene), which do ot change the
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PMMA transparency because the refraction index of these
elastomers is close to the PMMA. Studies in literature
show that the addition of MBS to PMMA does not change
its transparency and improves its mechanical properties,
especially elongation at break and impact strength(”-3-17],

PET is a polymer belonging to the group of polyesters,
produced by the condensation reaction between terephthalic
acid and ethylene glycol. This polymer can be found in
different percentage of crystallinity: in the amorphous form
(transparent), partially crystalline and oriented (translucent) or
with a high degree of crystallinity (opaque). Due to its good
mechanical performance, chemical resistance, transparency,
processability and reasonable thermal stability, PET has
ideal characteristics for the manufacture of a wide variety
of products in the packaging sector such as soft drinks,
water, juices, edible oils, etc., in addition to durable items
used in electronics and automobiles!®!®2!1,

Bottle grade PET (PETG) has 2% by weight of terephthalic
acid replaced by isophthalic acid, and this structural change
hinders crystallization, retarding it sufficiently so that the
maximum degree of crystallinity during stretching in the
blow molding process does not exceed 35%, providing a
semi-crystalline, transparent and resistant product. The PETG
was developed to replace glass?®?.
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One of the major problems of society is the post-consumer
waste. PET is a plastic material widely found in garbage,
which takes over 100 years to degrade in the environment(>-2¢/,
Aviable alternative for the recycling of plastic materials with
higher added value, such as PET used as soft drink bottles
is the development of polymer blends. PMMA/PET blend
can be a form of conscious reuse of post-consumer PET,
decreasing the accumulation of this material in landfills and
helping the environment”..

PMMA/PET blends are mainly use in electrical and
automotive applications, which require materials with
good dimensional stability especially for electronic circuit
equipment. PET is a material with good dimensional stability
in the temperature range from 0 to 100 °Cl%, its use in
mixtures promotes improvements in the PMMA properties,
which is an amorphous polymer that may exhibit variations
in its dimensional stability. Furthermore, it can also reduce
production costs by replacing part of virgin PMMA resin
by post-consumer PET?7:281,

Most immiscible blends have unstable phase morphology
and often lower properties compared to pure polymers,
requiring the addition of an interfacial compatibilizer.
The use of compatibilizers in these immiscible systems must
accomplish: (i) optimization of the interfacial tension, i.e.,
the degree of dispersion; ii) stabilize the morphology against
high stresses during forming, and (iii) enhance adhesion
between the phases in the solid state®-3!,

Studies in literature with poly (butylene terephthalate)
(PBT) and poly (styrene-co-acrylonitrile) (SAN) blends***
have shown that poly (methyl methacrylate-co-glycidyl
methacrylate-co -ethyl acrylate) (MGE) is an efficient
compatibilizer for the PBT/SAN system. These studies
showed that MGE has miscibility with SAN copolymer
according to the acrylonitrile concentration in the SAN,
and also there is a chemical reaction of end groups of the
carboxylic and hydroxyl chains of PBT.

Torque rheometry provides, by monitoring torque as a
function of time, evidence of the occurrence of chemical
reactions between components of the polymer blend.
And also interfacial compatibilizer, which increase the
torque, promote a chemical reactions with in situ formation
of a copolymer (reactive extrusion) during processing of
the polymer blend?®*3¢),

In the work developed by Ito et al.”, the torque rheometry
results showed no increase in torque with the addition of
compatibilizer MGE to the PMMA, _ /silica/MGE composition
(96/2/2 wt%) when compared with the torque value of pure
PMMA, . On the other hand, the PMMA | /silica/ MGE
composition (96/2/2 wt%) showed a significant increase in
torque compared to pure PMMA |, indicating that there was
no reaction between MGE and silica. Thus, the occurrence
of reactions between PMMA |  and MGE was verified.

Studies conducted by Dewangan and Jagtap®* showed
that the addition of PtBA-b-PMMA compatibilizer, which
has acidic functional groups that react with end groups of
hydroxyl chains present in PET, synergistically affects the
mechanical properties of the PMMA/PET binary blend.

Dantas®” showed that the increase of PET percentage
as dispersed phase in the PMMA, /PET binary blend
caused a significant increase in the average diameter of the
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dispersed phase. In relation to the use of MGE compatibilizer,
it was observed that there was a reduction in the average
diameters of the dispersed phase for compositions with the
same percentage of PET.

Due to the incompatibility and immiscibility of the
PMMA/PET binary blend, it is necessary to use a compatibilizer
to improve the properties of this blend. Therefore, the aim
of this study was to correlate the rheological, mechanical
and morphological properties of poly (methyl methacrylate)
copolymerized with elastomer and post-consumer poly
(ethylene terephthalate) binary blend with and without the
use of compatibilizer MGE until to phase inversion.

2. Experimental

2.1 Materials

This study used two types of poly (methyl methacrylate)
(PMMA): poly (methyl methacrylate) homopolymer (PMMA, )
(ECL-DH); poly (methyl methacrylate) copolymerized with
elastomeric particles (PMMA ) (ECP800); both acquired
from Unigel SA with melt flow indexes of 1.2 and 3.8 g/10 min
(standard ASTM D1238, 230 °C/3.8 kg, obtained from the
supplier), respectively. Poly (ethylene terephthalate) (PET)
was obtained from soft drink bottles with melt flow index
of 15 g/10 min (standard ASTM D1238, 250 °C/2.16 kg,
measured by the authors). Poly (methyl methacrylate-co-
glycidyl methacrylate-co-ethyl acrylate) (MGE), used as
compatibilizer, was synthesized in laboratory according to
methodology described in literature!3>3!,

The formulations of polymer blends used for rheological,
mechanical and morphological characterization, and solvents
used for the extraction of phase in the morphology of the
PMMA  /PET binary blends and PMMA , /PET/MGE
compatibilized blends are showed in Table 1.

2.2 Rheological characterization

Table 1 shows the polymer blends used in the
characterization of the rheological behavior of mixtures that
were performed using a PolyLab Haake torque rheometer
model Reomix 600, rotation speed of 100 rpm, temperature
of 240 °C, mixing chamber of 69 cm?® with 70% of filled
volume, and processing time of 15 minutes.

2.3 Extrusion and injection molding processing

The compositions of polymer blends used in the
characterization of the mechanical and morphological
behaviors are shown in Table 1. The mixtures were prepared in
a co-rotating twin screw extruder from company AX Plésticos
Magquinas Técnicas LTDA, D= 16 mm and L/D =40, using a
temperature profile of 102/160/190/210/220/230/220/210 °C
from the feeding zone to the matrix. The materials were added
into the feed hopper at 80 rpm and screw rotation speed of
220 rpm. After extrusion, the formulations of polymer blends
were granulated and dried in a circulating air oven (at 60 °C
for 12 hours) and then in vacuum (at 60 °C for 12 hours).
The molding of test specimens for tensile strength analysis
(ASTM D638-01) was performed in an Arburg injection
molding machine, model 270V, with temperature profile
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01230/240/240/250/250 °C, molding temperature of 50 °C
and cooling time equal to 50s.

2.4 Mechanical characterization

Uniaxial tensile tests were performed in a Shimadzu
universal testing machine model AG - 300 kN, speed of
Imm.min™! up to 0.5% and strain of Smim.min™' until
failure. For calculation of the elasticity modulus, speed
of 1 mm.min™! was used, using segment mode between
0.05 and 0.25% of strain.

2.5 Morphological characterization

2.5.1 Scanning electron microscopy

Samples were cryo-fractured in liquid nitrogen and
then phase extraction was performed with chloroform and
a phenol/1,1,2,2-tetrachloroethane solution (60/40 wt%)
(Table 1) under mechanical stirring in ultrasound for
5 and 15 minutes. Samples were placed on SEM specific
support and metallized with a thin gold layer. Morphological
analyses were performed using a Philips scanning electron
microscope model XL-30 FEG.

2.5.2 Transmission electron microscopy

Samples collected from the center of the tensile specimen
were cataloged and prepared by reducing the sample
cross-sectional area (trimming) and sizing the sample tip to
be cryo-ultramicrotomized in the trapezoidal form, which
provides better stress distribution in the cutting of films,
with surface area of approximately 0.5 mm?.

Then, samples were sectioned on a Leica ultramicrotome
model Reichert Ultracut S using a diamond knife (Diatome
CryoHisto 45°), temperature of —60 °C cooled with liquid

Table 1. Formulations of polymer blends used for rheological,
mechanical and morphological characterization, and solvents used
in function of the morphologies.

Rheological Mechanical
and Solvents
Materials Studies Morphological
(wt%) (Wt%)
PMMA 100 100 *1 and *2
PMMA, 100 - -
PET 100 100 -
MGE 100 - -
PMMA , /MGE 95/5 - -
PMMA,  /MGE 95/5 - -
PMMA  /PET 95/5 95/5 *2
PMMA_ /PET 85/15 85/15 *2
PMMA  /PET 70/30 70/30 *1
PMMA  /PET 50/50 50/50 *1
PMMA  /PET 30/70 30/70 *1
PMMA _ /PET/MGE 80/15/5 80/15/5 *2
PMMA  /PET/MGE 65/30/5 65/30/5 *1 and *2

*1 - Chloroform (solvent to PMMA, “and elastomeric particles).
*2 - Phenol / 1,1,2,2-tetrachloroethane (60/40 wt%) (solvent to PET
and elastomeric particles).
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nitrogen to avoid deformation of the original microstructure,
cutting rate of 0.2 mm.s ' and sample thickness of 25 nm.

The sliced samples were exposed to ruthenium tetroxide
vapor (RuO,) for 4 hours for the incorporation of atoms of
high atomic number into the PET phase and to generate
a contrast between domains of the dispersed phase in
relation to the continuous phase. Morphological analyses,
obtained by TEM, were carried out with a Philips model
CM120, using voltage of 120kV. Subsequently, Image Pro
Plus software version 4.5 (Media Cybernetics) was used
to determine the average diameter of particles based on
photomicrographs obtained.

3. Results and Discussion

3.1 Rheological characterization
The analysis of the reactivity of pure polymers (PMMA

homo”
PMMA and PET) with the interfacial compatibilizer
(MGE) as a function of the torque variation was analyzed

in a torque rheometer.

Figure 1 presents the results of the torque versus time for
pure polymers (PMMA | and PET) and PMMA , /MGE
(95/5 wt%) and PET/MGE (95/5 wt%) mixtures. A significant
increase in the torque value, both for PMMA and PET
with the addition MGE was observed. The increase in the
torque value of PET is related to the reaction that occurs
between the epoxy group of MGE and the carboxyl and
hydroxyl groups present at the end of the PET chain, whose
results are found in literature on studies conducted in reactive
compatibilization with poly (butylene terephthalate) (PBT),
which has structure similar to PETE>31,

Figure 2 shows the analysis of PMMA, /MGE and
PMMA, /MGE mixtures (95/5 wt%), which analysis aim
to investigate the increased torque in the PMMAelast/MGE
mixture presented in Figure 1. The PMMA, /MGE
mixture showed no significant increase in torque compared
to PMMA, " thus there is indication that the reactivity
between PMMA  and MGE is a function of the reactivity
of'the elastomeric particles of PMMA with the epoxy group
of MGE.

Torque at 15 min
——PMMA__-51Nm

elast

——PET-15N.m
+— PMMA,, /MGE (95/5) - 7.0 N.m

—~— PET/MGE (95/5)-4.7 N.m

e

JEGEY
o =
1 1

e t——

Torque (N.m)

5 —-Q
4]
31
2} | T=240C “""-.._L_‘ .
1] s=100rpm I, .
0 T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
time (min)
Figure 1. Torque versus time curves for PMMA ., PET,
PMMA , /MGE (95/5) and PET/MGE (95/5).
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An illustrative representation of reactions occurring
during the mixing of the PMMA  /PET/MGE blend is
showed in Figure 3. The epoxy group of MGEP?33! reacts
with end-chain groups (carboxyl and hydroxyl) of PET,
and the increased torque of the PMMA | /MGE mixture
is related to the possible reaction of the epoxy group of
MGE with elastomeric particles of PMMA. The PMMA |
is composed of homopolymer PMMA and copolymer
PMMA with elastomeric particles (PMMA ) Thus,
there is a possibility of reactivity of MGE with PMMAelast
and with PET, forming the complex interfacial structure
PET-g-MGE-g-PMMA

The torque vs. time curves for pure polymers and for
binary blends in Figure 4 show that the PMMA |  had higher
torque compared to PET, thus the increased percentage of
PET in the binary blend leads to a proportional reduction of
the torque value, i.e., reducing the viscosity of this mixture.

elast”

Figure 5 presents an increase in torque as a function of
the addition of MGE to the binary blend with 30 to 15% by
weight of dispersed phase PET. The results showed that the
addition of MGE increases the torque of the PMMA  /PET
blend, where the first torque increase peak (not shown on
graph) is due to the addition of the solid material before the
softening and melting as a function of time and temperature.
The second peak in the torque versus time curve that is
displayed in the compatibilized blends is an indication of
the dual reactivity of MGE with PMMA and PET.

Torque at 15 mim
—a—PMMA  -43 N.m

9 homo
s —e— PMMA,, /MGE (95/5) - 4.7 N.m
= 4 MGE-35N.m
g€ 7
=
s
= 5
S
o 4
[
3
2 T =240°C
1 $ =100 rpm
(U o o e L e o e e e o A o ]
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
time (min)
Figure 2. Torque versus time curves for PMMA, .
PMMA, /MGE (95/5) and MGE.
PET PMMAGse
"°°c“/\/\j\/\-cwn f\_/\/\
PMMAhomo
HO" N\ /NS e coon \W
s oH Elastomer PMMAcopo
o= MGE +
VIR
[PET - - MGE| | ELASTOMER - g- MGE

Figure 3. Illustrative representation of the reaction of MGE with
end-chain groups of PET with the elastomeric phase of copolymer
PMMA (PMMA =PMMA _+PMMA ).

copo-
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3.2 Mechanical characterization

The mechanical properties of pure polymers (PMMA |
and PET) and of PMMA  /PET binary blends with and
without the use of compatibilizing agent MGE are showed
in Table 2 and Figure 6.

The PMMA | used in this study showed better elongation
at break properties compared to commercial types of
PMMAP, due to the modification of the mechanical properties
(toughening mechanisms!'%) caused by elastomeric particles.

The results of maximum strength and elastic modulus
(Table 2 and Figure 6) showed that these properties increase
as a function of the PET concentration in the binary blend
and also due to the use of MGE.

The addition of PET as a dispersed phase reduced the
elongation at break in the PMMA | /PET blend. However,
in the blend with 30 wt% of PET compatibilized with 5 wt%
of MGE, and in the binary blend with 50 wt% of PET,
increase in this property (synergism) how has been observed
in Figure 6¢. These results indicate an efficient interfacial
compatibilization by reducing the size of the dispersed phase,
and co-continuous morphology, respectively.

Torque at 15 min
124, ——PMMA,__ -5.1 N.m
11 ~+ PET-15N.m
10} —+—PMMA,_/PET (95/5) - 5.1 N.m
ol i % + PMMA,__/PET (85/15)-4.6 N.m
8] § < PMMA__/PET (70/30)-3.1 N.m
T 1% ~+ PMMA,__/PET (50/50) - 2.5 N.m
zZ, ——PMMA___/PET (30/70)- 2.2 N.m
s ]
g °7
G 4
[t
34
24 | T=240C
14 $=100 rpm
L e o L o A o e e o e N
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
time (min)
Figure 4. Torque versus time curves for pure polymers (PMMA
and PET) and for binary blends (PMMA , /PET).
st
12 Torque at 16 min
" { i —=—PMMA,, /PET (70/30) - 3.1 N.m
Tt +—PMMA___/PET (85/15)- 4.6 N.m
10 +— PMMA___/PET/MGE (65/30/5) - 6.2 N.m
9] +— PMMA___/PET/MGE (80/15/5) - 6.6 N.m
84
E 7]
Z 6+
(]
g °
2
34
2 T=240°C
S=100rpm‘
14
L o e o e e I s e e L e e e e |
01 2 3 45 6 7 8 9 10 11 12 13 14 15
time (min)
Figure 5. Torque versus time curves for PMMA | /PET
binary blends: (70/30) and (85/15) and PMMABIN/PET/MGE

compatibilized blends: (65/30/5) and (80/5/15).
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Figure 6. Mechanical properties of the PMMA | /PET binary blends in function of the PET concentration. (a) Tensile strength; (b) Elastic

modulus; and (c) Elongation at rupture.

Table 2. Mechanical properties of pure polymers (PMMA _ and PET) and PMMA/PET and PMMA/PET/MGE blends.

Composition Tensile strength Elastic modulus Elongation at rupture
(Wt%) (MPa) (GPa) (%)

PMMA_ . (100) 349+0.6 1.4+0.1 51.6+1.0
PET (100) 51.8+£0.7 2+0.0 185+34
PMMA  /PET (95/5) 35.1£0.2 1.4£0.1 44.1+3.1
PMMA  /PET (85/15) 36.5+1.2 1.6+0.1 38.4+1.0
PMMA  /PET (70/30) 41.5+0.1 1.7+0.0 46.0+7.8
PMMA  /PET (50/50) 444413 1.9+0.0 1042+9.1
PMMA_ /PET (30/70) 524+£08 22+0.1 129+3.5
PMMA_ /PET/MGE (80/15/5) 374+0.1 1.7+£0.1 399+2.1
PMMA  /PET/MGE (65/30/5) 392+0.2 1.8+0.1 81.6+4.7

Regarding to the blends with 15 wt% of PET in
Figure 6¢, no significant increase in the elongation at break
was observed. The compatibilization agents used and the
weight percentage of PET are not enough to promoted the
synergism in the PMMA _/PET blends.

3.3 Morphological characterization
3.3.1 Scanning electron microscopy

Specific solvents can be used for phase extraction in
polymer blends, allowing observing the morphology of
the dispersed phase by electron microscopy techniques.

Polimeros, 25(5), 451-460, 2015

Chloroform is solvent of the PMMA and the phenol/1,1,2,2-
tetrachloroethane solution (60/40 wt%) solubilizes the
PETM; thus, these solvents can be used to extract phases
present in the PMMA | /PET mixture.

obtained

Figure 7 shows the morphology of PMMA |
after the extraction of phases using two solvents: chloroform
and phenol/1,1,2,2-tetrachloroethane solution. Preliminary tests
with chloroform showed that there is complete solubilization
of PMMA after 10 minutes under ultrasonic agitation.
A structure of spherical voids are formed after 5 minutes
of immersion of PMMA_ _ in chloroform (Figure 7a),
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PMMA _(chloroform solvent)

(@

PMMA  (phenol/1,1,2,2 tetrachloroethane solution)

) \
) -

Spot Magn Det WD Exp 1 100 um
50 200x SE 163 1 UFSCar - DEMa - LCE - FEG

(b)

Figure 7.PMMA_  morphology: (a) solubilization with chloroform for 5 minutes, (b) solubilization with phenol/1,1,2,2-tetrachloroethane

solution (60/40% wt) for 15 minutes.

elast

PMMA ___/PET (70/30) (chloroform solvent)

¥ A S

i PR ek
Det WD Exp F—— 10um
SE 19.0 1 UFSCar - DEMa - LCE - FEG
AR = S X

(@

" e D g
JAccV  Spot Magn Det WD Exp F———— 10um

B2 00kv 40 2000x SE 204 1
: : 2 e

PMMA | /PET/MGE (65/30/5) (chloroform solvent)

elast

-3 v

UFSCar - DEMa - LCE - FEG _

(b)

PMMA _ /PET (50/50) (chloroform solvent)

elast

t WD Exp - 10um
2111 UFSCar - DEMa - LCE - FEG

©
Figure 8. Morphology of PMMA
chloroform for 15 minutes.

/PET and PMMA

elast clast
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PMMA __/PET (30/70) (chloroform solvent)

clast

= 0. " . 3
ot WD Exp 10 pm

SE 205 1 Car - DEMa - LCE
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/PET/MGE blends: (a) (70/30), (b) (65/30/5) (c) (50/50) (d) (30/70) using
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which was an indication of preferential solubilization of
elastomeric particles.

In Figure 7b, the phenol/1,1,2,2-tetrachloroethane
solution was used as solvent with the aim of showing
that the solution does not react with the PMMA structure.
However, the morphology of fibrillar dispersed phase was
verified, which appears after the immersion of PMMA
in the phenol/1,1,2,2-tetrachloroethane solution. This result
corroborates the illustrative representation of Figure 3,
where PMMA | is composed of homopolymer PMMA
(PMMA, ) and copolymer PMMA with elastomeric
particles (PMMACODO). Therefore, the solvent is preferably
solubilized with elastomeric particles, extracting PMMA
and remaining the PMMA, phase, corresponding to the

fibrillar phase shown in Figure 7b.
In Figure 8, chloroform is used as solvent for PMMA | /PET

elast
and PMMA  /PET/MGE blends. Preliminary test has
confirmed that chloroform did not solubilize PET, so the
voids shown in Figures 8a-d correspond to the PMMA

phase, which was extracted with chloroform.

In Figure 8a, apparently, there was a collapse of the
disperse phase PET due to the extraction of the major phase
of the PMMA _/PET blend. The morphology with the
formation of spherical voids (Figure 8b) is an indication
of extraction of elastomeric particles, keeping the structure
of the PMMA  /PET blend as a function of the reactive
compatibilization, corroborating synergism results observed
in the elongation at break for this PMMA  /PET/MGE blend
(65/30/5 wt%). The comparative analysis of the morphology
of the binary blend (Figure 8a) with the same composition as
the compatibilized blend (Figure 8b) showed a reduction in
the size of the dispersed phase PET, increasing the surface
area of PET particles and increasing the interaction with
the PMMA matrix and thus increasing the matrix stability
against the attack of solvents.

In PMMA  /PET binary blends with 50 wt% of
dispersed phase (Figure 8c), a co-continuous morphology
was observed, which was confirmed by the synergism found
in its mechanical properties when compared to the other

blends before and after phase inversion.

PMMA _/PET (95/5)
(phenol/1,1,2,2 tetrachloroethane solution)
-~ ¥ 3

Det WD {:\'p =10 200N
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Figure 9. Morphology of PMMA | /PET and PMMA |

phenol/1,1,2,2-tetrachloroethane solvent for 15 minutes.
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Figure 10. Morphology of PMMA  /PET and PMMA, /PET/MGE blends: (a) (70/30) and (b) (65/30/5) stained with RuO, and obtained
by TEM.

The photomicrograph of Figure 8d shows a surface
with voids of irregular shapes, these voids were generated
by extraction of the PMMA | dispersed phase in the PET
matrix. This morphology also corroborated with the result
of mechanical behavior, as the drastic reduction in the
elongation at break, increase in the maximum strength, and
elastic modulus, how a function of the PET matrix.

Figures 9a and 9b show that the phenol/1,1,2,2-
tetrachloroethane solution favored the extraction of the
elastomeric particles and the PET. The fibrillar morphology
shown by this composition corresponds to PMMA

homo*
For compatibilized blends (Figure 9c¢ and 9d), the
morphology was not sufficiently revealed. The MGE
terpolymer reacts with PMMA and PET simultaneously,
hindering the extraction of phase with the phenol/1,1,2,2
tetrachloroethane solution in PMMA | /PET/MGE blends.

3.3.2 Transmission electron microscopy

In Figure 10, it was observed that the PMMA  /PET
blend showed a complex morphology, where the elastomeric
particles of PMMA appear in spherical shape and PET
phase with the dark regions into the PMMA matrix.

The average diameter of elastomeric particles measured
in Figure 10a and 10b are 300 + 20 nm and 290 + 20 nm,
respectively. These results confirm that elastomeric particles
do not undergo changes in size with the addition of the
compatibilizer. If the PMMA _ was a polymer blend, the
interaction between MGE and elastomeric particles would
favor the reduction of the average diameters of these particles.
These results corroborate with the morphologies shown by
the extraction phase obtained by SEM (Figure 7, 8 and 9)
for the PMMA  /PET blend and by illustrative proposal
shown in Figure 3.

4. Conclusions

The study of the rheological, morphological and mechanical
behavior of immiscible and incompatible polymer blends
constituted with poly (methyl methacrylate) with elastomeric
particle and post-consumer poly (ethylene terephthalate)
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(PMMA  /PET) showed that these properties are directly
correlated and vary depending on the composition and
addition of the compatibilizer.

The addition of MGE terpolymer to the PMMA  _/PET
blend increased the torque of both polymers, as shown in the
rheological results. Thus, MGE reacts with PMMA |  and
PET, corroborating with the changes in the PMMA | /PET
blends properties.

The results of the elongation at break in the mechanical tests
were conclusive to evidence the co-continuous morphology
inthe PMMA _/PET blend (50/50 wt%), and also to show
the effectiveness of the dual reactive compatibilization in
the blend with 30 wt% of PET dispersed phase with S5wt%
of MGE.

The morphological study using solvents aided in the
visualization of spherical particles in the elastomeric phase
of PMMA | , and showed that the PMMA _ is composed
ofaPMMA,  phase and another PMMA | phase.

It was concluded that the PMMA  /PET blend
compatibilized by MGE terpolymer has complex morphology
that can be better understood in this work.
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