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ABSTRACT: The effectiveness of P(E-co-MA-co-GMA) as a compatibilizer for recycled PET/PP and recycled PET/PP-EP (polypropylene
(ethylene-propylene) heterophase copolymer) blends was investigated by means of morphological (scanning electron microscopy),
rheological (small amplitude oscillatory shear), mechanical (tensile, flexural and impact tests), and thermal (differential scanning calo-
rimetry) properties. Compatibilizer concentration ranged from 1 to 5 wt % with respect to the whole blend. All blends were obtained
in a 90/10 composition using a twin screw extruder. Compatibilization effects for PETr/PP-EP were more pronounced due to ethylene
segments present in both PP-EP and P(E-co-EA-co-GMA). PETr/PP-EP has shown greater dispersed phase size reduction, a more
solid-like complex viscosity behavior and larger storage modulus at low frequencies in relation to PETt/PP blend. For both investi-
gated blends, mechanical properties indicated an improvement in both elongation at break and impact strength with increasing com-
patibilizer content. PETr/PP-EP blends showed improved performance for the same level of compatibilizer content. © 2015 Wiley

Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 41892.
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INTRODUCTION

Due to their ability to combine the properties of their compo-
nents in a unique product, polymer blends have proven to be
one of the most efficient ways to satisfy new requirements for
materials properties.' Nowadays, research in polymer blends
focuses mainly on blends containing engineering plastics, biode-
gradable polymers, recycled polymers, and the fundamental
understanding of how to control the morphology of these mate-
rials, as the properties of these materials are directly related to
their morphology.

Poly(ethylene therephthalate) (PET) is one of the most recycled
plastics in the world due to its wide range of applications: tex-
tiles, carpets, bottles, packaging, films, and so forth. PET recy-
cling has several advantages as compared to other polymers
from the standpoint of energy consumption, water consump-
tion, environmental impact, social benefits, among others. How-
ever, PET chains present ester groups which are extremely
hygroscopic and a dimethylene sequence which is highly reactive
with oxygen above the PET melting temperature. As a conse-
quence, recycled PET undergoes hydrolytic and thermal degra-
dation®” resulting in a decrease in molar mass that, in turn,
deteriorates thermal, rheological and mechanical properties.* In
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the case of mechanical properties, impact resistance is highly
affected.

Some studies have reported that mixing PETr with other poly-
mers, polyolefins for example, can be an alternative to improve
its properties.”"°

Unfortunately, PET and polyolefins are immiscible resulting in
blends with poor adhesion among its phases, coarse morphol-
ogy, and consequently poor mechanical properties. The com-
patibility of these blends can be improved commonly by
reactive compatibilization processes where copolymers can be
formed in situ during melt-blending by using suitable poly-
mers containing functional groups (e.g., carboxyl, anhydride,
epoxy, etc.) capable of reacting with PET end groups.”'' Sev-
eral studies have shown that copolymers containing epoxy
functions present the strongest compatibilizing effect as com-
pared to polymer bearing maleic anhydride or acrylic acid
functions. The epoxy functions can react with hydroxyl and
carboxyl end groups of PET while maleic anhydride and acrylic
acid functions only react with the hydroxyl functions.'' More-
over, PET/polyolefin compatibilization will be more effective if
the compatibilizer presents compatible molecular segments
with polyolefin molecules.
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Table I. Main Characteristics of the Polymers Used in this Study
Melt flow index Density Zero shear stress
Polymer/copolymer Trade name Manufacturer Wt % (9/10 min) (g/em®) viscosity (Pa.s)
PP homopolymer HP 550K Braskem = 3.5 0.905 1843
PP-EP heterophase EP 200K Braskem Ethylene: 3.6° 0.903 1798
Copolymer 12.5t013.5
P(E-co-MA-co-GMA) Lotader Arkema MA:24 GMA:8 6.0° 0.940 -
AX 8900
PETr - Clodam - 21.0°¢ 1.330 91

22.16 kg/230°C.
2.16 kg/190°C.
©2.16 kg/260°C.

Some studies regarding PETr/PP, PETr/PE, and PETy/ ethylene-
propylene rubber (EPR) blends have been conducted.”™* Never-
theless, no study about PET/polypropylene (ethylene-propylene)
heterophase copolymer (PP-EP) has been addressed. PP-EP het-
erophase copolymer consists mainly of a polypropylene matrix
with embedded ethylene—propylene copolymer domains.'>'®

The aim of this work is a comparative investigation on P(E-co-
EA-co-GMA) effectiveness as a compatibilizer for recycled PET
(PETr)/PP and recycled PET (PETr)/PP-EP blends. A systematic
blend morphologies investigation, as well as their influences on
the rheological and mechanical properties, was performed to
establish the correlation of ethylene sequences presence both in
the compatibilizer and the polyolefin (in the case of PETr/PP-
EP blend) or just in the compatibilizer (in the case of PETr/PP
blend).

EXPERIMENTAL

Materials

Recycled material from PET bottles (PETr) (supplied by Clo-
dam, Brazil) (as matrix) and commercial grade polypropylene
(PP) and polypropylene (ethylene-propylene) heterophasic
copolymer (PP-EP) (supplied by Braskem, Brazil) (as dispersed
phase) as well as a compatibilizer Poly(ethylene-co-methyl acry-
late-co-glycidyl methacrylate (P(E-co-EA-co-GMA), type Lotader
AX 8900, commercial product of Arkema (France) were used.
Table I summarizes the main characteristics of the polymers
used in this study.

Table II. Composition of PETt/PP-EP and PETi/PP Blends

PETr PP PPEP P(E-co-MA-co-GMA)
Blend (Wt %) (wt %) (wt %) (wt %)
PET(/PP-EP 90 - 10 -
PET/PP-EP/IL 89 - 10 1
PETr/PP-EP/3L 87 - 10 3
PET/PP-EP/SL 85 - 10 5
PETI/PP %0 10 - -
PETH/PP/IL 89 10 - 1
PETH/PP/BL 87 10 - 3
PETH/PP/SL 85 10 - 5
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Experimental Procedures

PETr/PP and PETr/PP-EP blends were prepared in a Haake Pol-
yLab 900/Rheomix PTW16 twin-screw extruder (Haake—Ger-
many). The temperature profile, starting from the feeding zone
to the die, was 250, 260, 270, 270, 260, 245°C and the rotation
speed of the screws was 150 rpm. Both the genuine blends and
the ones to which the copolymer was added were prepared in
two steps. The compatibilizer was first mixed with the minor
phase (PP or PP-EP). PP homopolymer and PP-EP copolymer
were subjected to the same processing in order to undergo the
same thermo mechanical history. Next, the first mixture was
added to PETr (matrix) according to proportions shown in
Table II. Prior to extrusion, PETr was dried at 150°C for
approximately 6 h.

Samples for tensile (ASTM D-638, Type I), flexural and impact
tests were obtained by injection molding (Battenfeld HM 60/
350—Austria) using the same injection conditions for all inves-
tigated blends in this work (heating cylinder temperature profile
of 245-280°C; injection pressure: 65 MPa; mold temperature:
50°C).

Tensile and flexural tests were performed at room temperature
using an Instron 5567 universal tester, according to standard
conditions (ASTM D-638 and ASTM D-790, respectively).
Charpy impact tests were performed using notched samples
according to ASTM D256 (pendulum weight of 2.19 kg). For all
mechanical tests conducted, at least 10 specimens of each mate-
rial were tested. All samples were conditioned for one week at
23°C and 50% relative humidity prior to testing.

Blend morphologies were characterized by scanning electron
microscopy (SEM) using a CanScan model CS3200LV micro-
scope (England). Fracture surfaces from impact tests were ana-
lyzed. The samples were coated with gold using an Edwards
sputter coater. Several micrographs were taken for each blend.
Dispersed phase diameter distribution was characterized by
measuring the diameter of about 800 particles for each sample
using Analysis-Olympus software. To calculate the average
diameter, Saltikov’s correction was used.'”

Differential scanning calorimetry (DSC) tests were carried out
using a TA Instruments calorimeter DSC-Q20 under a nitrogen
atmosphere. Samples taken from impact test specimens were
heated at a scanning rate of 10°C/min from 25 to 280°C. DSC
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data from the first heating cycle were considered, because blend
mechanical properties are determined by crystallinity obtained
during the injection molding cycle.

PP degree of crystallinity (X.%) was determined according to:

AH,
"X 100% (1)

X %= ——
<’ AHyo X @

where AH,, is the measured enthalpy of melting, o the weight
fraction of the blend components and AH,,, the enthalpy of
melting of 100% crystalline polymer. The enthalpy of melting of
100% crystalline PP was considered 208 J/g.'® The PP-EP degree
of crystallinity was not calculated since EPR concentration in
the block copolymer was not specified by the supplier.

In the case of PETr which presented a peak of cold crystalliza-
tion during first heating DSC tests, the initial degree of crystal-
linity (X%) of PETr (related to PETr crystallization obtained
during injection molding cycle) was determined according to:

AH,,—AH,

XY=
<’ AHg,o X o

X 100% (2)
where AH,. is the measured enthalpy of cold-crystallization.
The enthalpy of melting of 100% crystalline PET was considered
140 J/g."

Dynamic frequency sweep tests were performed using a con-
trolled strain rheometer ARES (TA Instruments) under dry
nitrogen atmosphere at 270°C. A plate—plate configuration was
used with a gap size of 0.9 mm and a plate diameter of 25 mm.
The measurements were carried out in the linear viscoelastic
region at frequencies from 100 to 0.1 rad/s. Prior to experi-
ments, dynamic strain sweep tests were performed at 270°C for
neat PP, PP-EP, and PETr samples and blends. The strain value
was set at 5% to validate the linear viscoelastic region. In addi-
tion, time sweep tests for neat PP, PP-EP and PETr samples
were performed at 270°C for 600 s (duration of dynamic fre-
quency sweep tests). It was observed that the complex viscosity
of these polymers remained constant throughout the period |[.]
examined, indicating thermal stability during the tests. Before
all rheological experiments, the specimens were dried at 100°C
for 24 h in a vacuum oven at approximately 100Pa.

Fourier transform infrared spectroscopy (FTIR) spectra were
obtained using a Nicolet-560 FTIR spectrometer. Samples for
infrared analysis were thin films prepared by hot pressing. Reso-
lution of 2 cm ™! and 32 scans were used.

RESULTS AND DISCUSSION

Reactive Compatibilization—FTIR Spectroscopy

Figure 1 shows FTIR spectra of P(E-co-EA-co-GMA), uncompati-
bilized PETr/PP-EP and compatibilized PETr/PP-EP at 5 wt % of
P(E-co-EA-co-GMA). The absorption bands of the epoxy group
(C—0—C) in P(E-co-EA-co-GMA; located at 846, 912, and
996 cm™')*® were not present in PETr/PP-EP compatibilized
blend spectrum. This behavior could indicate that chemical reac-
tions occurred between the epoxy group in P(E-co-EA-co-GMA)
and hydroxyl (—OH) or carboxyl —COOH) in PETr, resulting in
a P(E-co-EA-co-GMA)-co-PETr copolymer as described in Figure
2. Similar behavior was observed for PETr/PP blends.
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Figure 1. FTIR spectra of P(E-co-EA-co-GMA), uncompatibilized PETr/
PP-EP and compatibilized PETr/PP-EP at 5 wt % of P(E-co-EA-co-GMA).

In addition to chemical reactions between P(E-co-EA-co-GMA)
and PETr, physical interactions may occur between PP or PP-EP
and the ethylene segments of P(E-co-EA-co-GMA). The effects
of these physical interactions on morphological, rheological,
and mechanical properties of PETr/PP-EP and PETr/PP are dis-
cussed in the next sections.

Morphological Characterization

All blends, compatibilized or not, presented droplet dispersion
morphology. Figure 3(a,b) shows morphologies of uncompatibi-
lized PETr/PP-EP (90/10) and compatibilized PETr/PP-EP (90/
10) at 5 wt % of P(E-co-EA-co-GMA), respectively. Table III
reports the volume average diameter (d,), the number average
diameter (d,,), and the polydispersity (d,/d,) for the different
investigated blends.

The number average diameter (d,) and the volume average
diameter (d,) were calculated from the following equations:'

= Zinidi
Zi”i

= Zinidi4

Zi”"dia

where #; is the number of particles with diameter d..

(3)

4)

The diameter reduction (d,R and d,R) for a given compatibilizer
concentration was calculated using the following equation:*

_ do_dc

(4

dR X 100% (5)
where d, is the average diameter of the dispersed phase of the
uncompatibilized blend (d,, or d,,) and d. is the average diam-
eter of the dispersed phase of the blend at a given concentration
¢ of the compatibilizer (d,. or d,.). These values are shown in
Table III.

For both PETr/PP-EP and PETr/PP blends, the dispersed phase
average diameters (d, and d,,) and polydispersity decreased as a
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Figure 2. Possible reaction between P(E-co-EA-co-GMA) and PET.

function of increasing compatibilizer concentration. This behav-
ior may be attributed to the presence of the compatibilizer that
interacts with the blend components leading to interfacial ten-

Figure 3. PETr/PP-EP blends morphology: uncompatibilized (a), compati-
bilized at 5wt % P(E-co-EA-co-GMA) (b).
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sion reduction and coalescence suppression. Although the dis-
persed phase diameter of the PETr/PP blends was initially
smaller than PETr/PP-EP blends, the effectiveness of compatibil-
izer was more pronounced for PETr/PP-EP blends: the reduc-
tion in diameter was 58% for PETr/PP-EP blends compared to
49% for PETr/PP blends, both compatibilized with 5 wt % of
P(E-co-EA-co-GMA). The polydispersity showed the same trend.

Rheological Characterization

Figure 4(a,b) shows the storage (G), loss (G”) moduli and the
complex viscosity (n*), respectively, as functions of frequency at
270°C for the neat constituents of PETr/PP-EP and PETr/PP
blends.

The rheological curves of PP and PP-EP presented the same
magnitude. The zero shear stress viscosities of PP and PP-EP,
determined using the rheological data fitted to Carreau’s
model®® (Table I), presented similar values. The storage and loss
modulus and the complex viscosity of PETr were lower than
that of PP and PP-EP for the measured frequency range. PETr
displayed a pseudo-Newtonian behavior for the whole frequency
range and did not present the transition from a liquid-like to a
solid-like behavior.

Table III. Morphology Quantification for PETt/PP-EP and PETr/PP
Blends

Blend dy(um)  dp(um) dyfd, AR (%) diR (%)
PETr/PP-EP 369 150 246 - -
PETH/PP-EP/IL 276 135 205 25 10
PETF/PP-EP/3L 1.69 091 1.86 54 39
PETH/PP-EP/SL 1.54 086 1.78 58 43
PETr/PP 329 121 272 - -
PETr/PP/1L 261 104 251 21 14
PETr/PP/3L 188 098 192 43 19
PETr/PP/5L 169 090 1.88 49 26
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Figure 4. Storage (G), loss (G”) moduli (a) and the complex viscosity (1*) (b), as functions of frequency at 270°C for the neat constituents of the

PETr/PP-EP and PETr/PP blends.

Figure 5(a,b) shows the storage modulus (G’) and complex vis-
cosity (n*) as functions of frequency at 270°C, respectively, of
uncompatibilized and compatibilized PETr/PP-EP and PETR/PP
blends at P(E-co-EA-co-GMA) different concentrations. All
blends presented an intermediate behavior between their com-
ponents and did not present the transition from a liquid-like to
a solid-like behavior, since at high frequencies, the matrix
behavior is dominant. Compatibilized PETr/PP-EP and PETr/PP
blends showed an increase in storage modulus with increasing
compatibilizer concentration at low frequencies. This increase in
elasticity has already been observed by several researchers in dif-
ferent compatibilized blends and is related to the role of compa-
tibilizer in reducing dispersed phase size, narrowing the
polydispersity, and inducing interactions, at the interface,
between blend components.*~*

10*
10° =
@
?_—, 10° —a— PETr/PP-EP
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10°+ —o— PETHIPP/SL
] a
T Il O T Ty
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Comparing PETr/PP-EP and PETr/PP compatibilized blends at 1
wt % P(E-co-EA-co-GMA), storage modulus presented the same
magnitude at low frequencies. For higher P(E-co-EA-co-GMA)
concentrations (3 and 5 wt %), PETr/PP-EP blends showed the
highest storage modulus at low frequencies when compared to
PETr/PP blends for the same level of compatibilizer content.

Compatibilized PETr/PP-EP and PETr/PP blends showed an
increase in complex viscosity with increasing compatibilizer
concentration at low frequencies. The complex viscosity of
uncompatibilized blends, PETr/PP-EP, and PETy/PP blends con-
taining 1 wt % P(E-co-EA-co-GMA) presented a typical Newto-
nian plateau at low frequencies, whereas for higher P(E-co-EA-
co-GMA) concentrations, the blends exhibited a shear thinning
behavior. PETr/PP-EP blends compatibilized with 3 and 5 wt %
P(E-co-EA-co-GMA) presented a stronger shear thinning effect

T LB R | Ty T T

= PETr/PP-EP -
—e—PETr/PP-EP/ 1L
—A—PETr/PP-EP /3L |
—w— PETr/PP-EP /5L -
—I—PETr/ PP
—>—PETr/PP /1L
—G—PETr/PP/3L -
—o—PETr/PP/5L

T T

n+ (Pa.s)

Figure 5. Storage modulus (G’) (a) and the complex viscosity (7*) (b), as functions of frequency at 270°C of uncompatibilized and compatibilized PETr/

PP-EP and PETy/PP blends at different P(E-co-EA-co-GMA) concentrations.

Mnh\"‘lfu-'§ WWW.MATERIALSVIEWS.COM
1

41892 (5 of 8)

J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.41892

Applied Polymer L


http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE WILEYONLINELIBRARY.COM/APP Applied Polymer
Table IV. DSC Results of the First Heating Scan
PETr PP-EP or PP

To0  TeelCl  AHeeUlg)  Tm(C)  AHn Ul Xe (%)  Tm(Cl  AHn Ul X (%)
PETr/PP-EP 69.4 124.0 26.0 248.4 44.9 15.0 165.0 6.8 -
PETH/PP-EP/IL  69.2 123.7 26.5 248.6 46.8 16.1 165.0 7.0 -
PETr/PP-EP/3L 685 1229 27.0 2482 49.4 17.8 164.9 7.0 -
PETH/PP-EP/5L 686 122.3 27.3 2483 49.9 17.9 164.8 71 -
PETr/PP 69.7 128.7 25.8 247.9 44.8 15.1 161.8 7.2 34.6
PETr/PP/1L 69.4 128.2 26.1 2481 46.9 16.5 162.0 7.0 33.7
PETr/PP/3L 68.7 1271 27.0 248.0 50.1 18.3 161.7 71 341
PETr/PP/5L 68.5 127.0 27.0 2482 50.0 18.3 161.6 7.2 34.6

as compared to PETr/PP blends. Good agreement exists between
morphological observations and rheological response of blends
studied.

The rheological behavior observed could indicate that ethylene
segments present in both PP-EP and P(E-co-EA-co-GMA)
copolymers enhanced interpolymer interactions in PETr/PP-EP
blends, resulting in an increase in elasticity®*® and viscosity.*’

Thermal Properties

Table IV summarizes DSC results obtained during the first heat-
ing scan. T, of PETr within PETr/PP-EP blends presented lower
values as compared to T, of PETr within PETt/PP blends
whereas the enthalpy of melting (AH,,) of PETr within PETr/
PP-EP and PETr/PP blends did not present differences. The eth-
ylene sequences affect T.. of PETr, but do not promote an
increase in crystallinity. For compatibilized PETr/PP-EP and
PETr/PP blends, T, of PETr and PETr degree of crystallinity
presented a slight decrease and a slight increase, respectively,
with increasing P(E-co-EA-co-GMA) concentration. This behav-
ior might indicate that P(E-co-EA-co-GMA) copolymer acted as
heterogeneous nucleating agent and increased PETr crystalliza-
tion. No significant differences were observed in T, and T,, of
PETr within the blends. Probably, the slight increase in PETr
degree of crystallinity was not sufficient to promote changes in
these temperatures. T,, of PP within the blends presented lower
values as compared to T,, of PP-EP. No differences were
observed in T,, and in the enthalpy of melting (AH,,) of PP-EP
and PP within the blends containing P(E-co-EA-co-GMA), indi-
cating that PP or PP-EP crystallization was not influenced by
the presence of P(E-co-EA-co-GMA).

Mechanical Properties
Table V presents the tensile, impact and flexural properties of
PETr, PP-EP, PP neat polymers and Figures 6-9 present the

mechanical properties of PETr/PP and PETr/PP-EP blends as a
function of P(E-co-EA-co-GMA) concentration.

Impact strength and elongation at break of PETr/PP-EP and
PETr/PP blends increased with increasing P(E-co-EA-co-GMA)
concentration, indicating its effectiveness as compatibilizer for
the investigated blends. The elastomeric nature of P(E-co-EA-co-
GMA) may also affect toughness and ductility. Located at the
matrix/dispersed phase interface, P(E-co-EA-co-GMA) acted
both as compatibilizer and softening agent.

When P(E-co-EA-co-GMA) was added to PETr/PP-EP blends,
elongation at break and impact strength showed a marked
increase as compared to those corresponding to compatibilized
PETr/PP blends, where a slight increase was observed. This is
another indication that the ethylene segments present in both
PP-EP and P(E-co-EA-co-GMA) copolymers enhanced interpoly-
mer interactions in PETr/PP-EP/P(E-co-EA-co-GMA) blends,
leading to more compatible blends than PETr/PP/P(E-co-EA-co-
GMA) blends. The morphology and the rheological curves
observed for these blends corroborated this behavior. Similar
behavior was observed by Martinez et al.>® where a comparative
study of PP/EVA and PP-EP/EVA blends showed that the pres-
ence of ethylene segments in both PP-EP and EVA resulted in a
more efficient compatibilization.

Young modulus and yield strength values presented a decrease
with increasing P(E-co-EA-co-GMA) concentration. This behav-
ior could be explained by the elastomeric nature of P(E-co-EA-
co-GMA) copolymer that acted as a softening agent. The copol-
ymer could enhance plastic flow in the matrix caused by exten-
sive interaction of shear stress fields around PP or PP-EP
particles.’’ Consequently, the matrix could yield locally at lower
stress than expected, resulting in a decrease in Young modulus
and yield strength with increasing compatibilizer concentration.

Table V. Tensile, Impact, and Flexural Properties of PETr, PP-EP, and PP Neat Polymers

Young modulus Tensile strength Elongation at Impact Flexural Flexural strength
(MPa) (MPa) break (%) strength (J/m) modulus (MPa) (at 5% def.) (MPa)
PETr 2672 (+162) 57.9 (=0.5) >100 17.0 (x1.7) 2426 (+14) 87.3 (x0.5)
PP-EP 1135 (x125) 20.4 (x0.3) >100 - 1003 (=10) 29.2 (x0.7)
PP 1295 (+112) 28.9 (x0.9) >100 28.9 (+=0.9) 1205 (+45) 39.4 (+1.2)
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Figure 6. Tensile properties of PETr/PP and PETt/PP-EP blends as a function
of P(E-co-EA-co-GMA) concentration: Young modulus and yield strength.
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Figure 7. Tensile properties of PETr/PP and PETr/PP-EP blends as a func-
tion of P(E-co-EA-co-GMA) concentration: elongation at break.
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Figure 8. Impact strength of PETr/PP and PETr/PP-EP blends as a func-
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Figure 9. Flexural properties of PETr/PP and PETr/PP-EP blends as a
function of P(E-co-EA-co-GMA) concentration.

In this case, the softening effect was more effective than the
increase in PETr crystallinity observed by DSC analysis. Similar
observations were reported by Pracella et al’* on PET/PE/E-
GMA, Friedrich et al®® on PET/PP/E-GMA, Chiu and Hsiao™
on PET/PP/POE-g-MA and by Armat and Moet’' on PA/PE/
SEBS-MA.

Flexural modulus and flexural strength also decreased with
increasing P(E-co-EA-co-GMA) concentration. The reduction in
flexural properties could be again attributed to the elastomeric
nature of P(E-co-EA-co-GMA) copolymer that acted as a soften-
ing agent for PETr/PP-EP and PETy/PP blends.

CONCLUSIONS

In this study, a comparative investigation of morphological,
rheological, and mechanical properties of PETr/PP and PETr/
PP-EP blends compatibilized or not with P(E-co-EA-co-GMA)
was performed.

P(E-co-MA-co-GMA) acted as a compatibilizer for PETr/PP and
PETr/PP-EP blends, but its effectiveness as compatibilizer was
more pronounced for PETr/PP-EP blends.

All blends, compatibilized or not, presented droplet dispersion
morphology. For both PETr/PP-EP and PETr/PP blends, the dis-
persed phase diameters and polydispersity decreased as a func-
tion of increasing compatibilizer concentration. The reduction
in droplet diameter of PETr/PP-EP compatibilized blends was
more pronounced compared to PETr/PP blends for the same
compatibilizer content.

At 3 and 5 wt % of P(E-co-MA-co-GMA), the complex viscosity
of PETr/PP-EP blends exhibited a more solid-like behavior as
compared to PETr/PP blends. PETt/PP-EP blends showed the
largest storage modulus at low frequencies.

DSC studies revealed that P(E-co-EA-co-GMA) copolymer acted
as heterogeneous nucleating agent for PETr, promoting a
decrease in T, and a slight increase in crystallization. The slight
increase in PETr crystallization was not sufficient to promote
changes in T, and T,, of PETr within the blends. PP or PP-EP
crystallization was not affected by P(E-co-EA-co-GMA) addition.
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The mechanical properties of PETr/PP and PETr/PP-EP blends
were markedly affected by P(E-co-EA-co-GMA). Located at the
matrix/dispersed phase interface, P(E-co-EA-co-GMA) acted
both as compatibilizer and softening agent due to its elasto-
meric nature, resulting in a decrease in Young and flexural
modulus, a decrease in yield and flexural strength and an
increase in impact strength and elongation at break with
increasing compatibilizer concentration. PETt/PP-EP blends
showed improved performance in elongation at break and
impact strength for the same compatibilizer content.

Morphological, rheological, and mechanical properties indicated
that ethylene segments present in both PP-EP and P(E-co-EA-
co-GMA) copolymers enhanced interpolymer interactions in
PETr/PP-EP/P(E-co-EA-co-GMA) blends, leading to more com-
patible blends than PETr/PP/P(E-co-EA-co-GMA) blends.
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