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ABSTRACT: Amorphous polyamide (aPA)/acrylonitrile-
styrene copolymer (SAN) blends were prepared using
methyl methacrylate-maleic anhydride copolymer MMA-
MA as compatibilizer. The aPA/SAN blends can be
considered as a less complex version of the aPA/ABS
(acrylonitrilebutadiene-styrene) blends, due to the absence
of the ABS rubber phase in the SAN material. It is known
that acrylic copolymer might be miscible with SAN,
whereas the maleic anhydride groups from MMA-MA can
react in situ with the amine end groups of aPA during
melt blending. As a result, it is possible the in situ forma-
tion of aPA-g-MMA-MA grafted copolymers at the aPA/
SAN interface during the melt processing of the blends. In
this study, the MA content in the MMA-MA copolymer
and its molecular weight was varied independently and

their effects on the blend morphology and stress—strain
behavior were evaluated. The morphology of the blends
aPA/SAN showed a minimum in the SAN particle size at
low amounts of MA in the compatibilizer, however, as the
MA content in the MMA-MA copolymer was increased
larger SAN particle sizes were observed in the systems. In
addition, higher MA content in the compatibilizer lead to
less ductile aPA/SAN blends under tensile testing. The
results shown the viscosity ratio also plays a very impor-
tant role in the morphology formation and consequently
on the properties of the aPA/SAN blends studied. © 2009
Wiley Periodicals, Inc. ] Appl Polym Sci 115: 2540-2549, 2010
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INTRODUCTION

Much attention has been paid to the use of reactive
compatibilizer in immiscible polymer blends for con-
trolling phase morphology and improving mechani-
cal properties in a variety of systems.'” Usually, the
potential reactive compatibilizer used has specific
functional groups which can generate in situ forma-
tion of block or graft copolymers at the interface
region during the blend preparation. The in situ
formed copolymer at the interface usually provides
finer morphology and increases the interfacial adhe-
sion strength.'

When selecting a compatibilizing agent for a given
polymer blend, it is necessary to consider its
characteristics like chemical composition, molecular
weight, and molecular architecture. Thus, it is
necessary to understand the effects of molecular pa-
rameters of these copolymers on their ability for
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compatibilizing the polymer system under study.
Larocca et al.” have observed the compatibilization
effects of methyl methacrylate-glycidyl methacrylate
(MGE) copolymer on the PBT/AES/MGE blends,
where low-molecular-weight MGE grades are more
efficient.

Maleic anhydride (MA)-modified polymers are of-
ten used as compatibilizers in blends with polyam-
ide due to the high probability of chemical reaction
between MA functional unities and the amine end-
groups of polyamide (PA) during melt blending.”*°
This reaction is expected to take place fast and
results in imide linkage formation, as shown in
Figure 1. Usually, this imide linkage is formed at the
polyamide blend interface, thereby leading to
adequate blend compatibilization. PA/ABS blends
have been compatibilized by maleated acrylic
copolymers.'"!? In these systems, the MA groups of
MMA-MA molecules react in situ with the amine
end groups of the PA chains, whereas the MMA co-
polymer segments form a miscible system with the
SAN phase of ABS, promoting adequate interfacial
adhesion between PA and ABS.'* The MMA-
based copolymers are miscible with SAN within a
wide range of AN content in the SAN.'"®' Due to
this fact, MMA-MA copolymers has being used
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Figure 1 Scheme of interface grafting by reaction
between a carboxyl group of maleic anhydride and a poly-
amide amino end group.

successfully as a compatibilizer for polyamide and
SAN-based polymer blends.'**

The aim of this work was to gain insights on how
MMA-MA copolymers with different molecular
weight and MA content affects the morphology and
mechanical properties of the amorphous PA/SAN
blends and contribute to the understanding about
the behavior of more complex systems such as aPA/
ABS and PA/ABS.

EXPERIMENTAL
Materials

The chemical structure of the amorphous polyamide
used in this study is illustrated in Figure 2. This
material was supplied by DuPont and is commer-
cialized as SelarPA 3426. The SAN material used
was supplied by DOW Chemical as Tyrill 790.
The characteristics of these materials are shown in
Table L

Synthesis of the compatibilizer

The MMA-MA copolymers used in this study were
synthesized by solution polymerization, using
methyl methacrylate (MMA) and maleic anhydride
(MA) as comonomers, as well as, ethyl acrylate (EA)
as auxiliary comonomer to increase the thermal sta-
bility of the copolymer against unzipping thermal
degradation.® The polymerization reaction was car-
ried out in a reactor under intensive mixing and
nitrogen atmosphere at 80°C for 8 h. The copolymers
were synthesized with 1, 5, and 10 wt % of MA,
using toluene as solvent. To control the molecular
weight of the copolymers, the initiator benzoil
peroxide was used at different concentrations as fol-
lows: for high-molecular-weight (HMW) 1% of per-
oxide; for medium-molecular-weight (MMW) 2% of
peroxide; and for low-molecular-weight (LMW) 5%
of peroxide. The volume of solvent in the reactor
was kept constant to maintain the monomers con-
centration at 2 g/mol. The copolymer obtained
through the polymerization reaction was then frac-
tionated by precipitation in methanol at 1 : 10 v/v
ratio, to remove all toluene and nonreacted maleic
anhydride. The synthesis technique used in this
study was a modified procedure based on similar

reactions reported in the literature.”’ The copoly-
mer MMAMA was characterized by gel permeation
chromatography (GPC) and titration, and the results
are presented in Table II.

Evidences for in situ reactions during
melt blending

A Haake torque rheometer, model RHEOMIX 600,
was used to obtain evidences of in situ reactions
between aPA and MMA-MA during melt mixing.
An increase in the torque values for the blend above
the individual ones for each component, during melt
mixing, would show evidence for grafting and/or
crosslinking reactions in the aPA/MMA-MA blends.
The mixture was carried out at 260°C and 60 rpm, in
a 69 cm® chamber filled upto 70% of its volume.
Both components in the powder form were mixed
before being added into the chamber.

Blend preparation and compounding

The neat aPA and SAN materials were cryogenically
ground into powder and dried for at least 24 h in a
vacuum oven at 80°C. The powder materials were
then thoroughly mixed and melt-compounded in a
corotating twin-screw extruder Werner & Pfleiderer,
model ZSK-30, operated at 150 rpm, with a flat tem-
perature profile along the barrel (260°C). The aPA/
SAN blend composition studied was 80 wt % of
aPA and 20 wt % of SAN. For the ternary blends
aPA/SAN/MMA-MA, it was used the composition
at the 76/19/5 wt % ratio. The blends prepared
were dried in a vacuum oven for 24 h at 80°C before
injection molding in an Arburg model 270V injec-
tion-molding machine to obtain specimens for tensile
tests according to ASTM D638. The injection mold-
ing was carried out with a temperature of 250°C in
the nozzle and 80°C in the mold.

Dielectric relaxation spectroscopy

Thin samples of the blend SAN/MMA-MA with
thickness in the range of 30-60 pm were prepared for
dielectric analysis through compression molding at
200°C. Dielectric relaxation experiments were per-
formed using a impedance analyzer Mod. 4192A (Im-
pedance and Gain Phase Analyzer 4192A — HP) in the
frequency range of 1-1000 kHz and temperature
range between 20 and 180°C.
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Figure 2 Illustration of the chemical structure of amor-
phous polyamide used in this study.
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TABLE I
Characteristics of the Materials Used in this Study

Molecular weight

Materials Description Composition (g/mol) T, (°C)
aPA  SelarPA 3426 End group content: [NH,] 37 x 10 ®eq g™ M, = 12,000 127
M,, = 47,000
SAN  Tyrill 790 S =72% M, = 61,028 110
AN = 28% M,, = 136,756

Transmission electron microscopy

The morphology of the blends was observed
through transmission electron microscopy (TEM),
using a Jeol 100CX microscope, operating at 80 kV
of accelerating voltage.

The samples analyzed by TEM were taken from
the injection-molded tensile test specimen. The
observed area was located at an intermediary posi-
tion of thickness and length of the sample and in the
direction perpendicular to the injection flow. The
samples were stained by immersion in a 10% phos-
photungstic acid (PTA) aqueous solution for 6 days,
when the substance etches preferably the polyamide
phase. After that, the samples were microtomed, i.e.,
cut into ultrathin sections with nominal thickness of
20 nm on a Leica ultramicrotome using a diamond
knife at room temperature. The slices of the polymer
samples floating in water both in the ultramicrotome
were collected with cooper grids.

Titration

The amorphous polyamide amine end group con-
tent, in the blends, was determined by potentiomet-
ric titration technique. First, the blend was dissolved
in a phenol solution and then the pH turning was
determined while adding a 0.IN HCI solution. All
aPA blends were analyzed for residual amine
concentration to measure the extent of reaction,
assuming the dominant reaction is between amine
and anhydride units to form imide linkages.

TABLE II
Molecular Characteristics of the MMA-MA Copolymers
Synthesized
MA content
(Wt % by Mn Mw
Copolymer titration)  (g/mol) (g/mol) M, /M,
MMA-MA1 HMW 1.1 30,729 52,386 1.6
MMA-MA5 HMW 5.0 29,398 57,474 2.0
MMA-MA10 HMW 9.8 23,408 60,365 2.6
MMA-MA1 MMW 0.8 19,779 34,217 1.7
MMA-MA5 MMW 5.1 19,253 33,782 1.8
MMA-MA10 MMW 8.9 15,636 42,839 2.7
MMA-MA1 LMW 0.7 12,364 22,895 1.8
MMA-MA5 LMW 59 9262 25,185 2.7
MMA-MA10 LMW 8.2 8081 22,643 2.8
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Mechanical testing

Tensile tests, according to the ASTM D638 stand-
ards, were carried out in an Instron universal testing
machine model 5569, using Type I specimens. Cross-
head displacement rate of 5 mm min~' was used. A
longitudinal strain gage with 25-mm gap was used
to obtain Young modulus.

RESULTS AND DISCUSSION

Evidences for the reaction of compatibilization

in situ

Figure 3 shows evidences for the reaction between
end groups of the aPA and anhydride groups of the
MMA-MA copolymer under melt blending in a tor-
que rheometer. All samples show a very intense tor-
que peak at short times of mixing due to the melting
process, and then show a tendency to level off at
lower torque values for longer mixing times. The
MMA-MA samples showed the lowest torque val-
ues, whereas neat aPA shows higher torque than
MMA-MA copolymer. Samples of poly(methyl meth-
acrylate) (MMA-MAOHMW) were synthesized at the
same conditions as the MMA copolymers containing
different MA content. The aPA/MMA-MAOHMW
blend was used as reference to show the effect of

20

—®— neat aPA

—&— 3PASMMA- MADH MY
—8— 3PAMMA-MATHMW
15 1 —4— aPAMMA- MAS HMW
—B— 3PAMMA-MATOHMW
—a— neat MW A-MATHMW

Torgue (Nm)

Time (min)

Figure 3 Torque vs. time for aPA/MMA-MA mixtures at
260°C and 60 rpm.
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Figure 4 Comparison plot of dielectric loss at 50 kHz
versus temperature for SAN/MMA-MA.

presence of MA in the acrylic copolymer for in situ
reactions with aPA during melt mixing. The torque
vs. time curve for aPA/MMA-MAOHMW (80/20)
blend show torque values intermediate between the
torque values for aPA and for the plain MMA-
MAIHMW (Fig. 3), whereas all aPA/MMA-MA
blends containing MA in the MMA-MA show torque
values above the ones for plain aPA. This behavior
shows evidences for the occurrence of grafting reac-
tions between aPA and MMAMA molecules, which
leads to higher molecular weights species. As the
MA content in the MMA-MA copolymer was
increased, the torque levels became higher, which
correlates with the higher intensity of the grafting
reactions. Almost all aPA/MMA-MA blends with
MMA-MA copolymer containing 5 and 10 wt % of
MA, for all the molecular weight studied, have
shown another torque peak after melting. This effect
might be a result of crosslinking reactions followed
by thermo-mechanical degradation represented by
the decrease in the torque after reaching the maxi-
mum torque at the melt state. Considering that most
of the aPA/MMA-MA/SAN blends would not have
a residence time longer than 2 min during its prepa-
ration by melt extrusion, the observed torque peak
values are within the residence time needed for the
reactive compatibilization in those blends to occur.

Study of the miscibility of SAN/MMA-MA blends

The influence of the MA content in the MMA-MA
copolymer on the miscibility between SAN and
MMA-MA was studied by dielectric relaxation spec-
troscopy. Figure 4 shows the dielectric loss (¢”) ver-
sus temperature for the SAN/MMA-MA blend at 50
kHz. The neat SAN presents only one relaxation
peak which is related to its glass transition tempera-
ture (Ty ~ 143°C). The addition of MMA to the SAN

leads to a shift in the glass transition and only one
relaxation peak near 132°C is observed. This obser-
vation is a evidence of the miscibility between these
SAN and MMA materials. The results of the dielec-
tric relaxation spectroscopy analysis for the SAN/
MMA-MA systems with different maleic anhydride
content also show only one relaxation peak.

Table III shows the values of activation energy to
the relaxation process for the SAN and the SAN/
MMA-MA mixtures. The activation energy was cal-
culated by Arrhenius equation (1)

() o

where E, (kJ]/mol) is the activation energy, f,, is the
peak frequency, and A is the fitted parameter. The
slope of the line for the best fit through the In(f,,)
versus 1/T can be used to calculate the activation
energy.”* The SAN/MMA-MA systems present
higher activation energy than neat SAN which is
related to a lower mobility of polymeric chain in the
SAN/MMA-MA system due to the miscibility
between SAN and MMA-MA.

aPA/SAN blends morphology

It has been shown in the literature that the presence
of adequate copolymers at the interfase of immisci-
ble polymer blends promotes a decrease in the
disperse phase particle size, mainly because of the
efficiency of these copolymers in promoting a steric
stabilization of the disperse particles against the coa-
lescence phenomena.”>* The SEM photomicro-
graphs for the binary aPA/SAN and ternary aPA/
SAN/MMA-MA blends are shown in Figure 5. As
expect, for all blends, the SAN particles are dis-
persed in the aPA continuous phase. Figure 5(a)
shows the morphology for the aPA/SAN binary
blend where it can be observed SAN particles with
very different sizes. Addition of MMA-MA contain-
ing 1 wt % of maleic anhydride (MMA-MA1) seems
to promote a reduction in the overall SAN particle

TABLE III
Activation Energy for the SAN/MMA-MA Blends

Material E, (kJ/mol)
SAN 189
SAN/MMA-MAOHMW 257
SAN/MMA-MATHMW 258
SAN/MMA-MASHMW 210
SAN/MMA-MA10HMW 225
SAN/MMA-MATMMW 241
SAN/MMA-MASMMW 202
SAN/MMA-MA10MMW 240
SAN/MMA-MA1LMW 248
SAN/MMA-MA5SLMW 295
SAN/MMA-MA10LMW 209

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 5 TEM Micrographies of the injection-molded
blends: (a) PA/SAN; (b) aPA/SAN/MMA-MA1 HMW; (c)
aPA/SAN/MMA-MA1 MMW; (d) aPA/SAN/MMA-MA1
LMW; (e) aPA/SAN/MMA-MA5 HMW; (f) aPA/SAN/
MMA-MA5 MMW; (g) aPA/SAN/MMA-MA 5 LMW;
(h) aPA/SAN/MMA-MA10 HMW; (i) aPA/SAN/MMA-
MA10 MMW; and (j) aPA/SAN/MMA-MA10 LMW.

size, as shown in Figure 5(b-d). Therefore, the
decrease in the SAN particle size when MMA-MA1
is added might correlates with the hypothesis of for-
mation of aPA-g-MMA-MA grafted copolymers in
situ at the interface. In addition, when MMA-MA
copolymers containing 5% and 10% of maleic anhy-
dride (MA) were added to the system, larger SAN
particles size were observed [Fig. 5 (e) through (j)],
which can be related to the coalescence phenomena.

Journal of Applied Polymer Science DOI 10.1002/app
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Another observation is that changes in the MMA-
MAT1 average molecular weight do not cause any
significant change in the SAN particle size. It would
be expected that lower molecular species (MMA-
MA1 LMW) would have higher mobility to diffuse
to the aPA/SAN blend interfase, thereby leading to
higher emulsification efficiency. The effect of the
amount of MA content in the MMA-MA copolymer
as well as of the change in the molecular weight
in the SAN particle size, can also be observed in
Figure 6.

In the system aPA/SAN without the MMA-MA
copolymer, the average diameter of the SAN particle
size observed was about 0.18 um. On the other
hand, when the MMA-MA1 copolymer was added
to the blend, the average particle size diameter
decreased to 0.13 um. The molecular weight of the
compatibilizer did not show significant effect on the
SAN particle size, within the molecular weight range
used in this study. However, the addition of MMA-
MA5 to MMA-MA10 copolymers to the aPA/SAN
blends lead to a large increase in the SAN particle
size, as observed in Figure 5. According to previous
studies, it was expected that higher MA content in
the MMA-MA copolymer would lead to systems
with a finer morphology with smaller SAN particles.
Majumdar and coworkers®® have reported some
insights about why that prediction is not always
experimentally found. The maleic anhydride copoly-
mer might react with end groups of the polyamide
chain and become chemically bonded to the PA
phase, whereas the MMA copolymer moieties are
only physically bonded to the SAN phase. During
the processing of these blends in the melt state, high
shear stresses might remove the MMA-MA back-
bone of the graft copolymer from the SAN phase.
The chemical reactions with amine end groups of

055 [ JaPASANMMA-MAXHMW
1 E2ZZ)aPAISANMMA-MAXMMW
| E=aPASANMMA-MAXL MW

Average SAN particle slze (um)
§

T

0.10 - %

T . 1 : T
o 1 5 10

MA. content m MMA-MA copolymer (%)

Figure 6 Average diameter of the disperse phase in
aPA/SAN/MMA-MA blends as function of MA content in
MMA-MA copolymer.
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Figure 7 Histograms of particle size and distribution of particle size for the injected blends studied: (a) aPA/SAN; (b)
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the polyamide changes the chemical characteristics
of the MMA-MA copolymer and at high extend of
reaction the MMA-MA copolymer might became im-
miscible in the SAN phase. If the graft copolymer is
removed from aPA/SAN interfase under the high
stresses during processing, the surface of the dis-
persed phase particles will became with significantly
depleted coverage which makes them more suscepti-
ble to coalescence. The confirmation of this inference
is possible through the examination of the domain
size distribution by observing the histogram shown
in Figure 7. If high shear stress removes the back-
bones of the grafted copolymer from the interfase
region, one could expect to observe domains of the
graft copolymer in the a-PA matrix. Besides this,
due to the chemical linkage, the domain size of the
graft copolymer in the aPA matrix must be smaller

than 100 nm. This is exactly what is observed in Fig-
ure 7 which confirms the hypothesis above.

Figure 8 shows a correlation between the extent of
reaction between aPA amine end groups and the
MA groups in the MMA-MA copolymers and the
SAN dispersed phase particle size as function of MA
content in MMA-MA copolymer. For the samples
containing higher molecular weight MMA-MA co-
polymer, the amount of unreacted amine end groups
decreases as the MA content increases [Fig. 8(a)].
As the MMA-MA molecular weight decreases,
the amount of unreacted amine end groups reaches
the lowest value as the MA content increases in the
MMA-MA copolymer [Fig. 8(b,c)]. For the MMA-
MA grade with the lower molecular weight, the low-
est unreacted amine end groups limit is reached for
the MMA-MA containing 1% of MA, as result of its

Journal of Applied Polymer Science DOI 10.1002/app
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higher molecular mobility during melt mixing.
Although the amount of unreacted amine end
groups has changed, the same trend between SAN
particle size and MMA-MA molecular weight grade
was observed.

It is also interesting to observe that reactively
compatibilized blends may have a significantly
higher melt viscosity than their uncompatibilized
counterparts due to the grafting reaction which can
alter the viscosity ratio between the disperse phase
and the polymer matrix.***" It is known that at low-
viscosity-ratios, the disperse phase drop is highly
deformed but do not break.>* Table IV shows the
torque values for all samples and the torque ratio
for all SAN/(aPA-g-MMA-MA) systems, measured
at 2 min of mixing. This mixing time was chosen
because the residence time during the blend prepa-
ration by extrusion is similar to this time span. It
can be observed that the addition of MMA-MA co-
polymer with higher level of MA to the aPA/SAN
blends lead to a reduction in the torque ratio. Wu™
has shown that the smallest particle size for uncom-
patibilized blends is reached when the viscosity ratio
is ~ 1. Low-viscosity-ratio for the blend components
SAN/(aPA-g-MMA-MA) would lead to poor disper-
sion of SAN domains in the aPA-rich matrix phase.
Although torque measurements do not represent
exactly the viscosity ratio for a given polymer sys-
tem, a processing condition where the torque ratio
approach 1 is the condition where the best disper-
sion is usually obtained. As the torque ratio becomes
smaller than 1, the SAN particle size would increase
in diameter as observed in Figure 6. On the other
hand, the compatibilization effects is expected to
reduce the interfacial tension, which would lead to
smaller SAN particle size. The addition of MMA-
MA in the aPA/SAN blends leads to the observation
of both aforementioned effects. The SAN particle

TABLE IV
Torque Values for aPA, San, and aPA/MMA-MA
Materials and Torque Ratio for the SAN/(aPA/MMA-
MA) Blends, Measured at 2 min, at 260°C

()

Figure 8 Unreacted amine end groups content and dis-
persed phase particle size as function of MA content in
MMA-MA copolymer for aPA/SAN/MMA-MA blends
for different MMA-MA molecular weight: (a) MMA-MA
high-molecular-weight (HMW); (b) MMA-MA medium-
molecular-weight (MMW); and (c) MMA-MA lower molec-
ular weight (LMW). The solid lines between data points
are for eye guiding purpose only.

Journal of Applied Polymer Science DOI 10.1002/app

and 60 rpm

Torque ratio

Torque at [SAN/(aPA/

Samples 2 min (Nm) MMA-MA)]

SAN 1.9 -

aPA 24 0.8
aPA/MMA-MATHMW 3.7 0.5
aPA/MMA-MASHMW 3.8 0.5
aPA/MMA-MA10HMW 3.7 0.5
aPA/MMA-MATMMW 6.5 0.3
aPA/MMA-MASMMW 10.0 0.2
aPA/MMA-MA10MMW 8.3 0.2
aPA/MMA-MA1ILMW 9.2 0.2
aPA/MMA-MASLMW 11.2 0.2
aPA/MMA-MAT0LMW 9.2 0.2
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Figure 9 Stress—strain curves for aPA/SAN/MMA-

MAxHMW blends studied.

size increases as the torque ratio is well below 1, but
still remain very small in the range of 0.1 to 0.6 pm.
Addition of the low-molecular-weight MMA-MA
copolymers to the aPA/SAN blends promoted more
significant increase in the SAN average particle size.
The higher mobility of lower MW copolymers may
lead to larger extend of grafting reactions within the
residence time of ~ 2 min within the extruder. This
hypothesis is in agreement with the observations
through the torque values (Table III). It has to be
considered in this analysis that the SAN particle size
do not show a very clear trend due to the addition
of the different MMA-MA copolymers mainly
because the particle size distributions are quite wide
for most of the samples studied as observed through
the error bars in Figure 6. As can be observed in Fig-
ure 5, the disperse phase domains in the blends
with compatibilizer with high MA content shows
orientation along the shear direction indicating that
these blends have significantly higher melt viscosity

2547

when compared with similar systems without the
compatibilizer. The results observed indicate that the
viscosity ratio plays a very important role in the
morphology formation for the aPA/SAN blends
studied.

Tensile properties

The amorphous polyamides show ductile behavior
under standard tensile testing, whereas SAN materi-
als are essentially brittle and break before yielding.*
On the other hand, the aPA/SAN blends may show
both behaviors, depending on their morphology.
The tensile test curves for the binary aPA/SAN and
the ternary aPA/SAN/MMA-MA blends can be
observed in the Figure 9. The presence of very small
SAN particles (Fig. 5) seems to correlate with the
ductile behavior for the aPA/SAN and aPA/SAN/
MMA-MA1 HMW blends. The blends without the
addition of MMA-MA and with MMA-MA contain-
ing 1% of MA shows very significant plastic defor-
mation. Addition of MMA-MA copolymer with
high-molecular-weight and high MA content leads
the aPA/SAN blends to show a brittle behavior. We
speculate that the addition of MMA-MA copolymers
with high MA content leads not only to the forma-
tion of large SAN disperse particles but also it pro-
motes the embrittlement of the aPA matrix due to
more intense in situ grafting and possibly some
crosslinking reactions, as discussed earlier.

Table V summarizes the results for tensile tests
obtained for all samples studied. The values of the
tensile yield stress are reduced by the addition of
SAN when compared with the value for neat aPA.
On the other hand, the addition of SAN and MMA-
MA to aPA leads to an increased in the tensile mod-
ulus for the blends compared with aPA value or to
values comparable to the modulus of the SAN.
The ductility of the materials as observed through
the results of elongation at break and the area under

TABLE V
Effect of MA Content at MMA-MA and MMA-MA Molecular Weight on Tensile Properties

Yield strength

Tensile

Elongation Area under tensile curves

Materials and blends (MPa) modulus (GPa) at break (%) (MPa x mm/mm)
aPA 84 + 0.5 29 +£0.1 78 + 6 46.7 £ 3.9
SAN - 37+05 31+03 1.3 + 0.1
aPA/SAN 76 + 1.5 37+03 125 £ 18 70.0 + 4.6
aPA/SAN/MMA1 HMW 75 + 0.9 38 +03 129 £ 7 65.4 + 4.1
aPA/SAN/MMA1 MMW 77 £ 0.9 3.6 £04 52 + 38 30.5 £ 154
aPA/SAN/MMA1 LMW 76 £ 0.7 35+02 153 + 20 88.0 + 4.1
aPA/SAN/MMA5 HMW - 3.6 £0.1 34 +02 26 £22
aPA/SAN/MMAS5 MMW - 34 +£0.1 29 +04 1.2 +£0.27
aPA/SAN/MMA5 LMW - 3.6 £05 3.5+07 1.7 £ 03
aPA/SAN/MMA10 HMW - 39 £ 06 33+02 1.5+ 0.1
aPA/SAN/MMA10 MMW - 35+0.1 3.6 £0.1 1.7 £ 0.1
aPA/SAN/MMA10 LMW - 3.5+02 3.0+ 0.2 1.2 £01
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the tensile curves shows that the presence of SAN in
the aPA matrix improves significantly both parame-
ters. Addition of low MA content MMA-MA copoly-
mer to the aPA/SAN does not change the high duc-
tility of these blends. However, all the other blends
containing MMA-MA with higher MA content have
shown higher tensile modulus, lower elongation at
break, and similar brittle behavior as the neat SAN.
The higher toughness observed for the binary and
for some of the ternary blends may be due to the
corresponding morphology with a very fine disper-
sion of SAN-rich phase in the aPA matrix. It is well
known that an appropriate disperse phase with an
optimal particle size might improve a polymer ma-
trix toughness as a result of local stress concentra-
tion around the particles and its ability for energy
absorption through crazing and/or shear yielding
deformation mechanisms.”®  Although polymer
toughness improvement is more usually obtained
through addition of rubber disperse phase to a brit-
tle matrix, different kinds of disperse phase may
trigger the aforementioned toughening mechanisms.
The molecular weight of the compatibilizer seems to
affects the ductility of the aPA/SAN/MMA-MA1
blends. The addition of medium-molecular-weight
MMA-MA copolymer (MMA-MA1 MMW) to the
blends lead to lower elongation at break and smaller
area under the stress—strain curves. It was not found
a reasonable explanation for this result once
although the SAN’s particle size for this system
seems to be smaller than for the other blends, as
shown in Figure 5(c), the corresponding SAN parti-
cle size distribution was not very different from the
system using higher and lower molecular weight
MMA-MAT1 components, as shown in Figure 6. The
tensile modulus for these blends are essentially inde-
pendent of the MA content and of the MMA-MA
molecular weight within the limits used in this
study.* The elongation at break for higher MA con-
tent in the MMA-MA copolymer does not change
with variation in MA content and molecular weight
of the copolymer. These results suggest that in the
systems with compatibilizer with high MA content,
the SAN phase affects the elongation at the break
results due to the brittle nature of the dispersed
phase.

CONCLUDING REMARKS

The aPA/SAN blends studied showed a very fine
SAN dispersed phase due to similar melt viscosity
during mixing. Evidences for in situ reactions during
the aPA/SAN/MMA-MA blends preparation in the
melt state were observed through increase in the tor-
que values for aPA/MMA-MA blends prepared in
an internal mixer and mainly by a reduction in the
amine end group content in the blends of aPA with
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addition of the MMA-MA compatibilizer. The mo-
lecular weight and the chemical characteristics of the
MMA-MA copolymer affect the dispersed particle
size. The SAN phase improved the tensile modulus
and the aPA ductility for the systems studied. Addi-
tion of MMA-MA copolymer with low MA content
was more effective for the improvement of the me-
chanical properties of the aPA/SAN blends. On the
other hand, addition of MMA-MA copolymer with
high content of MA led to brittle aPA/SAN blends.
The results shown that the viscosity ratio also plays
a very important role in the morphology formation
and consequently on the properties of the aPA/SAN
blends studied.

The authors are grateful to Dupont and Dow Chemical for
providing the aPA and SAN materials, respectively.
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