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ABSTRACT: Phase morphology and rheological behavior
of polyamide 6 (PA6)/acrylonitrile butadiene styrene (ABS)
polymers blends was studied using scanning electron mi-
croscopy and rheometry. The results showed that the phase
morphology and rheological properties depends on blend
composition. We evaluated the effect of addition of ABS as
dispersed phase and EnBACO-MAH (ethylene n-butyl acry-
late carbon monoxide maleic anhydride) as a compatibilizer
on the morphological and rheological behaviors of PA6/
ABS blends. It was concluded that there is a good agree-
ment between the results obtained from rheological and
morphological studies. As a consequence, addition of the
ABS and compatibilizer weight percent led to a significant
change in morphological structure and a great mounting in
the viscosity as well as the elasticity. The rheological prop-

erties results demonstrate that adding compatibilizer to
polymer blends led to increasing the crossover point, which
shows a transition from a high viscous to a considerably
more elastic behavior. Also, the slow transition of relaxation
time peak from the peak of the PA6 to the peak of the ABS
implies increasing the miscibility of the PA6/ABS blend
components by increasing compatibilizer content. In addi-
tion, the Carreau-Yasuda model was used to extract infor-
mation on rheological properties (zero shear viscosity and
relaxation time) for PA6/ABS/EnBACO-MAH blends by
fitting the experimental data with this model. © 2010 Wiley
Periodicals, Inc. ] Appl Polym Sci 120: 2173-2182, 2011
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INTRODUCTION

PA6 is a semicrystalline thermoplastic used in a
wide range of engineering applications because of
its attractive combination of good processability, me-
chanical properties, and chemical resistance to many
moderately polar and nonpolar organic species.'
However, it exhibits poor impact resistance to crack
propagation in the presence of a notch, especially at
low temperatures below its glass transition tempera-
ture and in the dry state, high moisture sorption,
critical heat deflection temperatures, and poor
dimensional stability. On the other hand, acryloni-
trile butadiene styrene (ABS) polymer have been
widely used in various industrial fields because of
their high impact resistance, good dimensional sta-
bility, high toughness especially at lower tempera-
tures, good processability, and good surface appear-
ance. ABS consists of butadiene rubber dispersed in
a matrix of styrene acrylonitrile copolymer. The rub-
ber phase can improve the low-temperature tough-
ness of PA6 and the SAN phase provides stiffness
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when blending ABS with PA6.>> The blends of PA6
and ABS exhibit relatively poor mechanical proper-
ties due to the low interfacial tension, but their prop-
erties can be greatly improved, often with synergis-
tic effects, through appropriate compatibilization.*”
A compatibilizer is often required to promote a fine
dispersion, to stabilize the morphology by suppress-
ing coalescence, and to enhance interfacial tension.
Therefore, the blend of PA6 with ABS has excellent
properties, as evidenced by the combination of ex-
cellent toughness, outstanding chemical resistance,
good dimensional stability under heat, high-quality
surface finish, pleasant touch, and good moldability
or ease of processing.*

The blending of miscible polymers can also lead
to superior properties. A major problem can be a
lack of miscibility, leading to the dispersion of large
minor phase domains in the matrix of the blends.
Effective compatibilization is needed to improve the
interfacial adhesion between the phase components.
This can be achieved by adding functionalized poly-
mers and block or graft copolymers.'” Melt blending
of PA6 and ABS form immiscible ternary blend.
These immiscible blends are thermodynamically
unstable; they must be stabilized to prevent coales-
cence during melt blending.'* In the development of
these blends (PA6/ABS), the concept of reactive
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TABLE I
Detailed Compounding Formulation of PA6/ABS/Com Blends

Constituents (wt %)

Formulation Compatibilized ternary blends PA6 ABS EnBACO-MAH
F1 PA6/ABS/EnBACO-MAH 100 0 0
F2 PA6/ABS/EnBACO-MAH 0 100 0
F3 PA6/ABS/EnBACO-MAH 75 25 0
F4 PA6/ABS/EnBACO-MAH 50 50 0
F5 PA6/ABS/EnBACO-MAH 80 15 5
F6 PA6/ABS/EnBACO-MAH 70 25 5
F7 PA6/ABS/EnBACO-MAH 60 35 5
F8 PA6/ABS/EnBACO-MAH 77.48 14.52 8
F9 PA6/ABS/EnBACO-MAH 67.78 24.22 8
F10 PA6/ABS/EnBACO-MAH 58.10 33.90 8

compatibilization and the use of styrene maleic an-
hydride copolymer as an efficient compatibilizer
were described extensively in the past.®>'"'> Moan
et al."® investigated the influence of addition of a re-
active compatibilizer, a random terpolymer, on mor-
phological and rheological properties of blends of
polyamide dispersed in a polyethylene matrix. This
addition leads to smaller size and narrower size dis-
tribution of the dispersed phase. This has been
related to the presence of copolymers at the inter-
face, formed in situ by reaction between the PA and
the terpolymer, which form an interphase between
the disperse phase and the matrix. It has been dem-
onstrated that the compatibilizer type, compatibilizer
content, and blend composition on microstructure
and morphology'* all play important roles in con-
trolling the low-temperature ductility of these
blends."” Another method of reactive compatibiliza-
tion is based on the addition of a reactive polymer
to the blend as a third component. It is necessary
that this reactive polymer be miscible with one of
the blend components and reactive with the other
blend component.'” The addition of compatibilizer
can lead to more stable and finer morphologies by
reducing the effective interfacial tension.'®™'* Tt was
expected that the co-continuous phase structure of
the PA6/SAN blend would offer a good combina-
tion of the properties to the components. Many
articles reported on the effects of compatibilization
on morphological and rheological, of polymer
blends.'*>**** The effects of composition and result-
ing morphology on rheology of blends of polyethyl-
ene and PAI12, two immiscible polymers that
are having the same Newtonian viscosity but differ-
ent elasticity, by Huitric et al®*® were studied.
Recently, Tol et al.?” studied the influence of rheol-
ogy and reactive compatibilization on phase mor-
phology and stability of co-continuous polypheny-
lene-ether/polystyrene (PPE/PS)/PA6 and PS/PA6
blends. It has been demonstrated that the uncompa-
tibilized co-continuous morphologies are very unsta-
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ble under quiescent annealing conditions and do
break-up or show strong phase coarsening depend-
ing on the blend composition. Conversely, the effect
of compatibilization on the phase inversion and the
stability of the resulting co-continuous blend struc-
tures were investigated using scanning electron mi-
croscopy (SEM), dissolution, and extraction experi-
ments. Also, the composition ratio of the blends
(PA6 or SAN matrix) has a significant influence on
the morphology and rheology of the blends, in par-
ticular for large compatibilizer concentrations.?®

In this work, the influences of blend composition
and morphology changes on the dynamic rheologi-
cal behaviors of immiscible blends of PA6 and ABS
compatibilized by an EnBACO-MAH copolymer
were studied. Commercially, EnBACO-MAH was
selected as a new compatibilizer for blending of
PA6/ABS. Also, the effect of addition of ABS as dis-
persed phase and EnBACO-MAH as compatibilizer
on the morphological and rheological behaviors of
PA6/ABS blends was reported.

EXPERIMENTAL
Materials

Polyamide 6 (Ultramid B3S HP) and ABS (SD 0150)
were obtained from BASF and Tabriz Petrochemical
Company, respectively. A compatibilizer precursor
based on EnBACO-MAH was provided by DuPont
with trade name Fusabond® A MG423D with Speci-
fications MFI (190°C, 2.16 kg): 8 g/10 min, melting
point: 62°C, MAH content: 16.6 mg KOH/g.

All the materials used in this study are supplied
from commercial sources. Before blending, ABS, PA6
granules were dried in oven at 80°C for 16 h, and
EnBACO-MAH was dried at 80°C for 12 h. PA6/
ABS/EnBACO-MAH batches at prearranged compo-
sitions were dry-mixed, and then melt blended in a
twin-screw Brabender Plasticorder with a tempera-
ture profile of 235-236-237-238-239-240°C at a
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screw speed of 80 rpm and feeding ratio of ~ 1 kg/
h. The extrudate was water cooled and chopped into
small pellets. The produced pellets were again vac-
uum-dried at 80°C for 16 h before injection molding.
Detailed compounding formulations of PA6/ABS
blends are given in Table I

Scanning electron microscopy

A SEM of model VEGA TESCAN was used to char-
acterize the blend morphologies. Before the SEM
observations, samples were first fractured in liquid
nitrogen. PA6 and ABS phases were etched by
immersing the fracture surfaces in THF for 72 h at
room temperature to remove the dispersed phase
domains (ABS) and observe the blend phase mor-
phologies. These samples were dried for 24 h in a
vacuum oven at 80°C and gold sputtered. The mi-
croscopy operating at 20 kV was used to view the
specimens, and several micrographs were taken for
each sample. The size of the dispersed phase was
analyzed by image analysis technique. For each
blend, about 500 particles were considered to calcu-
late these parameters. The number average diame-
ters (D,) and volume average diameters (D) were
determined using the following equations.*

D, = %52 )
D4
D, = —% N ®)

where D; is the diameter of each droplet and N; is
the number of droplets with a diameter of D;.

The polydispersity (d) was also characterized by
means of the ratio as shown in eq. (3):

d==" 3)

Dynamic rheological measurements

A Rheometric Scientific MCR-300 controlled stress rhe-
ometer was used to measure the viscoelastic properties
of the blends. Parallel plates with a diameter of 25
mm were chosen. All measurements were carried out
under dry N, atmosphere to prevent any degradation
and take-up of moisture. The following small ampli-
tude oscillatory shear measurements were carried out
for each blend at a fixed composition. Dynamic strain
sweep and frequency sweep test (from 0.01 to 600
rad/s) carried out at temperature 245°C. Strain sweep
tests were performed first to determine the linear
viscoelastic region for each blend.
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Figure 1 SEM micrographs showing the phase morphol-
ogy of PA6/ABS/Com blends: (a) F3, (b) F5, (c) F6, (d) F7,
(e) F8, (f) F9, and (g) F10.

RESULTS AND DISCUSSION
The effect of blend composition on morphology

Melt-blended immiscible polymer blends possess a
complex phase morphology that depends on interfa-
cial tension, volume fraction, and viscosity ratio of
the components.*® The phase morphology character-
istics of blends based on various compositions of
PA6/ABS/Com have been shown in Figure 1. As
SEM micrographs shows the particle size diameter
of ABS increases by increasing the weight percent of
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ABS. To summarize, the morphology of the blends
appears in a droplet matrix morphology obtained
for many blends. But only for F10 blend, partial
co-continuous structures is observed. On the other
hand, by increasing the amount of compatibilizer the
particle size diameter in dispersed phase is
decreased. So in the specific content of compatibil-
izer (8%), the system is close to co-continuous. It can
be seen that, the addition of only 35 wt % of ABS
causes a significant change in blend morphology of
co-continuous structure (F10). The particle size of
disperse phase domains is reduced with increasing
compatibilizer. Furthermore, with the addition of
compatibilizer, the morphological characteristic of
PA6/ABS/EnBACO-MAH blends is greatly altered.
The presence of compatibilizer significantly reduces
the size of the dispersed phase and shows good
interfacial adhesion.”" The effect of addition 5% com-
patibilizer on the morphology of PA6/ABS/Com
blends is demonstrated in the SEM micrographs
[Fig. 1(a—d)]. The addition of EnBACO-MAH to
PA6/ABS blends led to a significant change in the
morphology, we could observe that the dispersion of
the minor phase was finer, and the system became
more homogeneous in comparison with the samples
without compatibilizer. Therefore, it is essential to
determine the size of the particles and their distribu-
tion in the blends to interpret rheological data and
assess rheological models.>* When the amount of the
minor phase component increases, the particles
begin to coalesce and form greater structures. Fur-
ther addition extends the continuous structure until
the minor phase is continuous throughout the whole
sample.”® Consequently, by increasing the ABS and
compatibilizer contents, the system undergoes a
change from dispersed droplets—matrix structure to
approximately co-continuous morphology. The vol-
ume average diameter D, of the dispersed phase
droplets as a function of the ABS concentration are
shown in Table II. As shown in Table II, by increas-
ing the weight fraction of ABS in the blend, the
mean particle size increases. When the amount of
ABS is 35 wt %, the mean particle size increases dra-
matically, which will result in extension of the par-

TABLE II
D,, Dy,and d (Polydispersity) of the Dispersed
Phase (ABS)

Formulation D, (um) D, (um) d=D,/D,
F3 4.33213 5.57700 1.28735
F5 2.70717 3.64952 1.34809
Fé6 4.44776 5.10061 1.14679
F7 5.64576 9.80405 1.73653
F8 2.22950 2.39060 1.07225
Fo 2.74592 3.64849 1.32869
F10 - - -
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Figure 2 Storage modulus versus strain (%) for evalua-
tion of the linear viscoelastic region at a steady frequency
of 10 rad/s and 245°C.

ticles. As the concentration of the dispersed phase
increases, there is an increase in coalescence, so that
the particles become progressively large and then
deform into fibrils. The appearance of such a mor-
phological structure could be associated to the blend
composition, which is very close to the phase inver-
sion composition estimated to be about 35 wt %
ABS. The number average radius and volume aver-
age radius of the dispersed phase are increased by
increasing of ABS content in PA6/ABS blends.

Rheological behavior of PA6/ABS/Com blends

Dynamic strain sweep test is very much essential
before performing dynamic frequency sweep test to
ensure the linear viscoelastic region of the blends.
That is performed at 245°C for PA6/ABS/Com
blend at a steady frequency of 10 rad/s have been
shown in Figure 2. These results show that the F6
and F9 blends and pure PA6 rheological behavior
for strains lower than 10% at the steady frequency
10 rad/s is in linear viscoelastic region, for strains
lower than 10% at the constant frequency 10 rad/s.
On the other hand, the storage modulus (G') of
PA6/ABS/Com blend of the ratio F9 is higher than
that of two other blends, because of rising elasticity
in the presence of 8% compatibilizer.

Rheological behavior of multiphase system was
significantly influenced by the morphology, which
depended on several parameters such as the blend
composition, viscosity, and elasticity of two phases
and interfacial tension.** The influence of compati-
bilizer addition and phase disperse on the variation
of the complex viscosity m* with the frequency is
shown in Figure 3. According to the figure, the level
of complex viscosity increases by enhancement of
the concentration of added compatibilizer and ABS
content. It is possibly due to an enhancement in the
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Figure 3 Complex viscosity versus frequency for the
PA6/ABS/Com blends at 245°C.

interfacial interaction between the two components,
which was related to the grafting reaction between
MAH and the amino end groups of PA6 with the
elastomeric fraction of the compatibilizer. This
occurrence in F10 blend is more visible than the
others. The graft copolymer formed by chemical
interaction has always been dispersed in the inter-
face between two phases, which reduces the interfa-
cial tension and improves the compatibility.”> When
the interface is strong, the deformation of the dis-
persed phase would be efficiently transferred to the
continuous phase; conversely, when the interface is
weak, interlayer slip and disentanglement take place
and hence the viscosity of the system decreases.”
This observation suggests that at higher frequencies
the incorporation of compatibilizer has not signifi-
cantly affected the dynamics of the PA6 chains. But,
it is clear that the compatibilizer has a considerable
influence on the rheological behavior at low fre-
quency region. It can be considered that the
decreased dispersed phase is attributed to the

1000000
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100000

-~—-F5 —=—F6 —+—F

10000

0.01 0.1 1 10 100 1000
Frequency (rad’s)

Figure 4 Storage modulus versus frequency for the PA6/
ABS/Com blends at 245°C.
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increased viscosity by the addition of compatibilizer
content.

The storage modulus G’ as a function of frequency
in the linear viscoelastic region for PA6/ABS/Com
blends at 245°C containing different amounts of
compatibilizer (5 and 8%) and ABS (15, 25, and 35%)
is illustrated in Figure 4. As shown in the figure, the
storage modulus represents similar trend to complex
viscosity that the values of the storage modulus for
all of the blends at all frequency regions increase
monotonically with the addition of compatibilizer
and ABS content. The storage modulus curves of all
blends in all frequency regions show a similar trend,
and the plateau region can be observed for some of
the blends. The extended plateau region at low fre-
quency can be related to interactions between par-
ticles. Also the evolution of the elastic modulus at
low frequencies confirms the influence of the pres-
ence of physical interaction between particles. In
particular, we observed that, by increasing the
amount of compatibilizer, a shoulder appears in the
curves of storage modulus for some of the blends.
The shoulder becomes a plateau when the concentra-
tion of the compatibilizer goes beyond 5 wt %, and
the plateau extends to the low frequencies region.
Consequently, the increase of elasticity at low-fre-
quency region is originated from the strong interac-
tion between polymers and compatibilizer.®® The
presence of the compatibilizer in the blend leads to
a remarkable increase in the storage modulus, which
was more pronounced at low frequency.”” The
elastic modulus of the blends measured at low fre-
quencies provides further evidence of the morpho-
logical changes. The F10 has the most elasticity
among the other blends and this may be due to
almost co-continuous structure. Moreover, it was
interesting to note that the results obtained from
morphology and rheological measurements are in
good agreement.

10000 3 £ 1000
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1000 3 r
1 + 100
3 100 : =
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s ] Ly
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E —h—n"
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1 . . ; . 1
0 20 40 &0 80 100

ABS (Wt.%0)

Figure 5 Storage modulus and complex viscosity versus
ABS composition at frequency of 0.1s .
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Figure 6 Damping factor versus frequency for the PA6/
ABS/Com blends at 245°C.

The complex viscosity and storage modulus of all
blends versus ABS composition are presented in Fig-
ure 5. According to this figure, the complex viscosity
and storage modulus are increased by increasing the
ABS weight fraction in all of the blends.

The plot of damping factor 6 as a function of fre-
quency is illustrated in Figure 6. According to the
figure, it can be determined that PA6 has the highest
damping factor at intermediate frequencies. Con-
versely, the F10 blend has the lowest damping fac-
tor. These results clearly indicated that for all the
blends, storage modulus is raised with increasing
the amount of ABS and compatibilizer, because
more compatibilizer content causes higher adhesion
between PA6 and ABS. Furthermore, it can be con-
cluded that by increasing the compatibilizer content,
the elastic behavior is increased followed by decreas-
ing the damping factor.

Figure 7 clearly represents a comparison of the
curves of G’ versus G’ for PA6/ABS/Com blends at
245°C. It can be seen from Figure 7, at low and high

100000 3
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10000 § .
E Frequency increases . -~

1000 ¢
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1 ——F5 ——F
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Figure 7 Han plot of the PA6/ABS/Com blends at
245°C.
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frequencies region all of the blends display almost
elastic, and in the intermediate frequencies region
indicate viscose behavior. Moreover, this figure indi-
cate that the addition of compatibilizer and ABS
enhance the elasticity and change the morphological
properties of the blends. The F10 blend has lower
slope and higher elasticity than the others, as the
morphological results confirm. It can be concluded
that the high elasticity is related to the compatibility.
Consequently, the Han plot®® revealed that reactive
compatibilization significantly increase the complex
modulus of PA6/ABS blends at low frequencies.”

Phase inversion composition and
co-continuity prediction

The resulting viscosity ratio of (PA6/ABS/Com)/ABS
blends at 245°C is shown in Figure 8. As can be seen,
the viscosity ratio of the high viscous ABS is higher
than 10, while a value below one is observed for the
blends. As shown in Figure 8, the dashed lines indi-
cate the prediction of the phase inversion concentra-
tion in the blends with different compositions as a
function of shear rate. The dashed line shows the
selected content of PA6/ABS/Com in the ternary
(PA6/ABS/Com)/ABS blends, the line is approxi-
mately near by the F10. At this point, the morphologz
changed from dispersed to almost co-continuous.™
The morphological structure in immiscible blends is
strongly related to the rheological behavior of the
blend components. The concentration at which phase
inversion in immiscible blends occurs can also be
determined from the rheological criteria that are max-
imum dynamic viscosity, maximum stora%e modulus,
and minimum slope of storage modulus.*

Figure 9(a-h) shows G/, G”, and n* versus fre-
quency for all of the blends. As can be seen from
this figure, many of the blends indicated two cross-
overs at low and high frequencies that the G’ and G”

10

Viscosity (PAG6/ABS/Com)/Viscosity (ABS)

0.01 T T T T

0.01 0.1 1 10 100 1000
Shear rate (L/s)

Figure 8 Viscosity ratios of the PA6/ABS/Com blends
versus ABS as a function of shear rate at 245°C.
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Figure 9 G/, G’, and n* versus frequency and fit of the n* data to Carreau-Yasuda model for PA6/ABS/Com blends: (a)

F3, (b) F4, (c) F5, (d) F6, (e) F7, (f) F8, (g) F9, and (h) F10.

crossed each other. It means that the melt behavior
of blend is viscose between two crossovers. In the
region of two crossing points amount of G” is more
than G'. Rheological behaviors of PA6/ABS/Com
blends (F3 and F4) have been shown in Figure
9(a,b). As can be seen, by addition 25% and 50%

ABS to PA6 in frequency between 0.01 to 600 rad/s
the amount of G, G, and m* have significantly
increased. Figure 9(c) shows rheological behavior of
a blend containing 15% ABS and 5% compatibilizer.
In this figure, the values of G’ and G” are close to
each other. This means that by adding 15% ABS and

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE III
Mo, Nw,and Gc Obtained from Fitting Carreau—Yasuda
Model to the Experimental Data for the PA6/ABS/Com
Blends at 245°C

Mo Noo Gc1 Geo
Formulation (Pa s) (Pa s) (Pa) (Pa)
F1 2.5353 116.320 - 41,100
2 123.55 106.21 345 50,100
F4 4425.96 102.76 88.5 58,900
F5 8.6366 x 10 - - 50,700
F6 - 70.673 18.1 -
F7 - - 41 34,500
F8 6.54 x 10" - - 47,700
F9 2.1451 x 10'® 46.661 13.9 50,600
F10 - - 156 52,200

5% compatibilizer to PA6, melt elasticity in low fre-
quency increased because of interfacial tension
between PA6 and ABS declined, so two crossover
become close to each other. Also, this can indicate
that in frequency close to 0.01 rad/s melt behavior of
blend is elastic but by increasing frequency in the first
crossover the behavior of melt will be viscose. As it
can be seen from Figure 9(d), by increasing ABS con-
tent to 25%, G, G, and n* increase and low frequency
crossover (mc1) shifts to higher frequency, it means that
in frequency of 0.01 rad/s the melt behavior is elastic.
On the other hand, by increasing weight percent of
ABS, the values of G’ and G” in different frequencies
in comparison with F5 blend, is closed together, so
elasticity behavior increases in lower frequency. The
closeness of G’ and G” curves confirm that not only
increasing interfacial adhesion of PA6 and ABS but
also decreasing of interfacial tension between matrix
and dispersed phases in presence of 5% compatibilizer.
Figure 9(e) shows F1 blend, as it is seen in this formu-
lation, the changes are as same as two previous formu-
lations. So it can be concluded that in three formula-
tions with increasing ABS content from 15 to 35%, G/,
G”, and n* increase and crossover become closed to-
gether and consequently melt elasticity increases. By
increasing the frequency, the crossover point indicates
a transition from a more viscous deformation to a
more elastic behavior. The shift in crossover frequency
represents the changes in molecular mobility and relax-
ation time behavior.* In low frequency by increasing
ABS and compatibilizer content G¢; (first crossover
modulus) increases in all the graphs. G and Ge, (sec-
ond crossover modulus) are calculated for all the sam-
ples and shown in Table IIl. According to Figure 9(a—
h) and Table III, by increasing of compatibilizer weight
fraction from 5 to 8% elasticity is raised in low fre-
quency, or crossover is closed together because of
increasing the phase interfacial adhesion between ma-
trix and dispersed phases. Also with increasing of com-
patibilizer in each formulation G/, G”, and n* raise and
this phenomena is the most noticeable for F10 blend.

Journal of Applied Polymer Science DOI 10.1002/app
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Comparison with model predictions

The Carreau-Yasuda model was used to extrapolate
the viscosity data to its zero shear limit (zero shear
viscosity) of the pure components and their
blends from the dynamic measurements, assum-
ing that the Cox-Merz rule is valid for both pure
components.z‘l'43

_ No — Ninf )
Y= 0t ™ @
Mo — Ming > 0 5)

where ng and 1 are the zero shear viscosity and in-
finite shear viscosity, respectively, and a, n, and
A are the width of the transition range between zero
shear viscosity and power law regime, power law
exponent, and relaxation time, respectively. Figure
9(a—h) show the Carreau-Yasuda model predictions
for n* compared with the experimental data for all
the blends. As can be seen from this figure, n*
graphs versus frequency compared experimentally
through Carreau-Yasuda model prediction. As it can
be seen from all formulation, experimental curves
and Carreau-Yasuda model are the same for all for-
mulation. This means that the rheological behavior
of these blends in the range of frequency from 0.01
to 600 rad/s is almost justifiable with Carreau-
Yasuda model. Also the complex viscosity curves
were fitted with the Carreau—Yasuda model for each
blend to obtain the amount of zero shear viscosity,
values are reported in Table III. According to Table
I, the zero shear viscosity ratio between the dis-
persed phase and the matrix was found at 245°C. In
each graphs, experimental data and Carreau—Yasuda
model have been compared together. According to
these data, all the blends fitted together in the fre-
quency of 0.01-600 rad/s. So it can be concluded
that in the range of frequency from 0.01 to 600 rad/
s, melt behavior is followed to Carreau-Yasuda
model. Also ng and n., constants are obtained by fit-
ting the Carreau-Yasuda model and are shown for
all samples (Table III). The comparison between
model prediction and experimental results shows
the model predictions obtained for n* and ng are in
good agreement with the experimental data in many
frequencies.

Relaxation behavior

Relaxation time spectra were provided more infor-
mation about miscibility of these materials in the
melt state.***> A method suggested by Grames-
pacher and Meissner*® consists of plotting the relax-
ation time spectra H(A).A versus A (relaxation time)
and using the location of the maximum in the result-
ing curve as the relaxation time for the droplets.*
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Figure 10 Relaxation time spectra of PA6/ABS/Com blends of varying ABS and compatibilizer contents at 245°C: (a) F1,

(b) F2, and (c) all of the blends.

The rheological material functions G’ and G” were
used to calculate relaxation time spectra and to
determine characteristic relaxation times.*” The Car-
reau—-Yasuda model used to determine the zero
shear viscosity and relaxation time.

(n-1)

(Mo = Moo) X (T + (Ax)) ™ + 1y

n (6)

where ng and 1 are the zero shear viscosity and in-
finite shear viscosity, respectively, and A is the relax-
ation time. Figure 10(a—c) shows the relaxation time
spectra as a function of relaxation time for PA6/
ABS/Com uncompatibilized and compatibilized
blends at 245°C, calculated from the experimental
storage modulus data obtained by a nonlinear spec-
trum calculation method,*® available in MCR-300
rheometer software. We can see that the relaxation
time spectra of the PA6 represent two peaks that is a
characteristic relaxation time. Also, we observe that
many blends display two peaks that are higher than
that of PA6. Furthermore, all of the blends peak
slightly shifted toward a higher relaxation time from
that of PA6 to that of ABS. The behavior described
in Figure 10(c), implies immiscibility of PA6 and
ABS, and is associated with deformation of droplets

of the dispersed phase. The transition from peak of
the PA6 to the ABS implies increasing the miscibility
of the PA6/ABS blend components by increasing
compatibilizer concentration.*® This behavior implies
miscibility and compatibility of the PA6/ABS blends
component. However, at high compatibilizer levels,
suppresses coalescence in the all blends and, hence,
properties such as relaxation time is dominated by
the effects of coalescence suppression.*® Upon more
increase in the amount of compatibilizer to 8%, the
slow relaxation time moves to higher. Addition of
3% compatibilizer to F7 blend raises the relaxation
time. Such an increase of relaxation time with com-
patibilizer has been previously outstanding for F10
blend. This increase in relaxation time indicates a
decrease in disperse phase droplets, although there
may not be an exact proportionality between dis-
perse phase droplets size and relaxation time in
compatibilized blends.*” When the dispersed phase
content increases, the diameter of the dispersed
phase droplet increases and the relaxation process of
the dispersed phase becomes extended, leading to
an increase of the elastic modulus.'* This is attrib-
uted to the increase of the interfacial area as a result
of diminishing the dispersed phase droplets by addi-
tion of the compatibilizer.”
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CONCLUSIONS

In this work, the influences of blend composition
and morphology changes on the dynamic rheologi-
cal behaviors of immiscible blends of PA6 and ABS
compatibilized by an EnBACO-MAH copolymer
were studied. For this purpose, blends based on
PA6/ABS with different compositions of PA6 and
ABS with and without compatibilizer were investi-
gated. It was concluded that there is a good agree-
ment between the results obtained from rheological
and morphological studies. The results clearly show
the blend microstructure variations are significantly
dependent on the rheological properties of the com-
ponents. Conversely, the transient blend rheological
behavior is closely related to the morphology
changes. Rheology and morphology behavior of PA6
and ABS blends showed the effect of viscosity and
elasticity ratios on the blend morphology improve-
ment. Moreover, addition of the EnBACO-MAH and
ABS leads to a significant change in morphology
structure and also increased the viscosity as well as
the elasticity. In addition, the Carreau-Yasuda
model was used to extract information on rheologi-
cal properties for PA6/ABS/Com blends, in each
case the graphs of experimental data and Carreau-
Yasuda model have been compared together. The
slow transition of relaxation time peak from the
peak of the PA6 to the peak of the ABS implies
increasing the miscibility of the PA6/ABS blend
components by increasing compatibilizer content.
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