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SYNOPSIS

Interfacially compatibilized immiscible blends with an isotactic polypropylene matrix (PP)
and dispersed polyamide-66 (PA) were prepared by extrusion with anhydride-grafted iso-
tactic PP compatibilizers, one of high-anhydride content (HAC, 2.7 wt % grafted maleic
anhydride) and one of low-anhydride content (LAC, 0.2 wt % anhydride). On a weight
basis, HAC was more efficient than LAC in dispersing PA to submicron domains, but on
a total weight % anhydride basis, both compatibilizers were equally efficient. Both com-
patibilizers imparted similar tensile strength improvement compared to an uncompatibilized
blend. Maximum fracture strain was obtained at similar total anhydride content, but much
higher maximum fracture strain was achieved with LAC than with HAC. Good adhesion
in an 11.25 wt % LAC blend was seen at the microscale as fibrillar ligaments connecting
PA particles to the drawn PP matrix. Interfacial failure was observed in a lower fracture

strain composition, 11.25 wt % HAC. © 1994 John Wiley & Sons, Inc.

INTRODUCTION

Multicomponent materials are frequently made by
blending two or more miscible or immiscible poly-
mers. The mechanical blending of miscible polymers
results in a homogeneous morphology that exhibits
a single glass transition.’> However, the mechanical
blending of immiscible but compatible components,
such as polycarbonate with acrylonitrile-butadiene-
styrene, gives a multiphase morphology with effi-
cient dispersion of the minor component and good
interfacial adhesion between the two unmodified
components.>* When incompatible thermoplastic
polymers such as polypropylene (PP) and poly-
amide-66 (PA) are mixed, the interfacial adhesion
is weak, which results in inferior mechanical prop-
erties and poor dispersion of the components. These
blends require a compatibilizing agent to achieve
satisfactory interfacial adhesion and interfacial
stress transfer between the phases. One approach
to polymer blend compatibilization is to manipulate
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the interactions at the interface by the addition of
“interfacial agents” that facilitate graft reactions.>®

PP is often blended with other polymers to im-
prove its performance in specific applications. The
addition of a PA serves to significantly increase the
yield strength of the material if the components can
be made to interact constructively. Functionalized
PP compatibilizers are popular third components
that are added to aid both adhesion and mixing in
the PP /PA system. Compatibilizing agents for these
blends have been developed by grafting maleic an-
hydride onto polypropylene chains where the
amount of grafted anhydride can be varied.”® In PP/
PA blends, the PP-grafted-maleic anhydride (PP-
g-MA) compatibilizer forms a chemical linkage
through the reaction of anhydride groups with the
polyamide end groups. Consequently, a graft copol-
ymer with segments of PP and PA is formed in situ
at the interface. The graft copolymer improves in-
terfacial compatibility by association of the different
segments with their respective components. Since
the compatibilizing process occurs by reactive mix-
ing, special consideration must be given to the
amount of maleic anhydride graft used in the com-
patibilizing agent.
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Previous studies have shown PP-g-MA to be an
effective compatibilizer for PP/PA6 blends.>!?
Compatibilization is considered to occur through
chemical linkage of the anhydride on the compati-
bilizer chain and the PA end groups. This is similar
to the reaction previously proposed by Ide and
Hasegawa?®:

Other modified PPs such as acrylic acid-func-
tionalized PP*? that have been used to compatibilize
PP /PAG6 blends also improved the properties. The
application of grafted polyolefin compatibilizers ex-
tends to other polyolefin blends. Polyethylene /PA6
blends have been compatibilized by the addition of
PP-g-MA or functionalized polyethylenes, * whereas
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where polyamide end groups at the interface are
chemically reacted with anhydride groups on the
compatibilizer during melt mixing. Model reactions
of amines with anhydride-grafted polypropylene at
melt temperatures proceed to imide linkages, but it
is difficult to determine the amide vs. imide structure
in the PP/PA blends. The formation of the graft
copolymer through the reaction of the anhydride
with the polyamide end group has been confirmed
through solvent extraction.®!° The grafted copoly-
mers preferentially reside at the interface and im-
prove interfacial adhesion through the chemical
linkage across the interface.

Formation of the graft copolymer during reactive
mixing significantly changed the rheological prop-
erties of the blend. The unmodified PP /PA6 blend
produced a negative deviation from the same curve,
which indicated incompatibility of the blend com-
ponents. A positive deviation from the viscosity—
composition curve predicted by the rule of mixtures
in compatibilized blends indicated strong interac-
tions between the blend components. A TEM study
revealed that a 260 A-thick layer of graft copolymer
formed at the phase boundary during melt mixing
of the compatibilizing agent with PA6.1°

PP-g-MA compatibilizers have been shown to
improve the dispersion, interfacial adhesion, and
mechanical properties in PP /polyamide-6 (PP/
PA6) blends.? 2 The compatibilizer efficiently dis-
persed the polyamide as the average particle size
decreased from 10 to less than 1 um. The addition
of PP-g-MA compatibilizer also increased the frac-
ture strain from 6 to 30% in a 80/20 PP /PAG6 blend,
indicating that the interfacial adhesion was also im-
proved.

anhydride-functionalized polystyrenes have reac-
tively compatibilized blends of PA6 with polysty-
rene.!®

The present study was aimed at understanding
the relationship between the nature of the compa-
tibilizer and the resulting blend morphology and
properties. In particular, PP-rich PP/PA blends
were investigated using two compatibilizers with
widely different graft anhydride concentrations.

EXPERIMENTAL

Materials

Blends of polypropylene (PP) and polyamide-66
(PA) were supplied by the Amoco Chemical Co. The
polyamide was DuPont Zytel 101; titration of the
end groups gave a value of 3 X 107° equivalents of
amine per gram. The polyamide was dried in a
—30°C dewpoint oven for 12-16 h at 71°C before
compounding. The PP was a stabilized Amoco iso-
tactic homopolymer with a melt-flow rate of 3.5 g/
10 min. The blends were compatibilized with two
different relatively low molecular weight isotactic
PP-g-MA compatibilizers, shown in Table 1. The
melting temperatures of low-anhydride compatibil-
izer (LAC) and high-anhydride compatibilizer
(HAC) were 4 and 10°C lower than PP, respectively,
and both were semicrystalline (Table I). The com-
patibilizers were vacuum-dried at 100°C for 16 h
before compounding.

Molecular weights of the compatibilizers were
determined by GPC and the anhydride contents
were measured by NMR, FTIR, and titration meth-
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Table I Molecular Weight and Thermal Data
of Blend Components and Compatibilizers

PA PP LAC HAC
M, 29,000 356,000 135,000 52,100
M, 14,000 71,000 42,500 16,100
T. (°C) 265.4 164.1 160.4 154.6
% Crystallization 36.2 50.0 38.1 36.0

ods. The LAC had an average of one anhydride group
per chain (0.2% anhydride by weight) and the HAC
had an average of six anhydride groups per chain
(2.7% anhydride by weight). Whereas the LAC had
much less grafted anhydride, it also had a molecular
weight approximately three times higher than that
of the HAC. Both LAC and HAC were characterized
by GPC and by FTIR after vacuum drying and also
after precipitation from hot xylene into acetone fol-
lowed by vacuum drying. No difference in molecular
weight distribution or grafted anhydride content was
found between the nonprecipitated and precipitated
samples. The DSC melting behavior was also the
same. Therefore, the LAC and HAC were presumed
to be randomly grafted and not mixtures of highly
grafted oligomer and PP.

Methods

The blend components were compounded in a ni-
trogen-purged barrel (45/1 L/D) in a Werner-
Pfleiderer ZSK-30 extruder at 285°C, dried in a
—60°C dewpoint oven, and injection-molded using
a multispecimen mold and a temperature of 277°C
throughout the barrel. The injection pressure was
16 MPa, the back pressure was 0.34 MPa, and the
mold cavity temperature was 65°C. The specimens
were then stored in sealed containers with a desic-

cant and dried in a vacuum at 80°C for 3-4 days
before testing.

Blend compositions used in this study are listed
in Table II. The blends were prepared with the same
amounts of compatibilizer, specifically, 2.5, 3.75, 7.5,
and 11.25%. Similar anhydride concentrations were
achieved by preparing blends with large amounts of
LAC (15, 20, and 25% ) and small amounts of HAC
(0.8, 1.0, and 2.0% ). The anhydride concentration
in the blends varied differently with compatibilizer
loading due to the different amounts of graft an-
hydride on the LAC and HAC chains. The amount
of PP in the blend was adjusted so that PP plus
compatibilizer was 75% by weight while the PA re-
mained constant at 25% by weight.

Undeformed blend samples were cryogenically
fractured perpendicular to the injection-molding di-
rection after submersion in liquid nitrogen for 1 h.
Fracture surfaces were coated with 60 A of gold and
the domain morphology was observed in a JEOL
840A scanning electron microscope. Photomicro-
graphs were taken near the center of the thickness.
V-notched (45°) tensile bars were fractured at am-
bient using a displacement speed of 2 mm/min. The
fracture surfaces were coated with 60 A of gold and
microdeformation processes were observed in the
scanning electron microscope.

Injection-molded unnotched dogbone specimens

Table II Blend Compositions Showing Compatibilizer

and Anhydride Concentrations

Anhydride Anhydride
PP/LAC/PA (%) PP/HAC/PA (%)

75.00/0/25 0 75.00/0/25 0

72.50/2.50/25 0.005 74.20/0.80/25 0.022
71.25/3.75/25 0.008 74.00/1.00/25 0.027
67.50/7.50/25 0.015 73.00/2.00/25 0.054
63.75/11.25/25 0.023 72.50/2.50/25 0.068
60.00/15.00/25 0.030 71.25/3.75/25 0.101
55.00/20.00/25 0.040 67.50/7.50/25 0.203
50.00/25.00/25 0.050 63.75/11.25/25 0.304
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(Type I ASTM D638) 3.15 mm thick were used to
characterize mechanical behavior. Uniaxial tensile
tests were conducted at room temperature on an In-
stron 1123 mechanical testing machine using a strain
rate of 5% min~'. Tensile strength was the maxi-
mum stress that was reached, either fracture or yield.

RESULTS AND DISCUSSION

Morphology of PP/PA Blends

The uncompatibilized blend of PP/PA (75/25) had
a coarse morphology with domain sizes as large as
tens of microns [Fig. 1(a)]. The large particle size,
with no evidence of adhesion between the matrix
and dispersed phase, confirmed the incompatibility
of the two components. In compatibilized blends,
the PA was dispersed in the PP as spherical parti-
cles. Addition of 2.5% LAC produced a dispersion
of fairly uniform PA particles about 2 um in diameter
[Fig. 1(b)]. The PA particles were even smaller
when the blend was compatibilized with 2.5% HAC
[Fig. 1(c)]. It was evident that the compatibilizers
affected the PA particle size differently. The PA
particles in the blend with HAC also appeared to be
more deeply embedded in the matrix.

The PA particle size initially decreased with in-
creasing amount of either compatibilizer, then
reached a constant value of about 0.4 um when in-
creasing compatibilizer further had no effect on par-
ticle size. However, HAC was more efficient than
was LAC in dispersing PA. The plot in Figure 2
shows that the particle size correlated better with
the amount of anhydride in the blend, rather than
with the amount of compatibilizer. Small concen-
trations of anhydride had a very large effect on par-
ticle size, e.g., 0.03% anhydride decreased the av-
erage particle size from over 4 pm to less than 1 um.
Further increases in anhydride concentration, up to
0.3%, resulted in only minimal additional decrease
in particle size. Because the anhydride content of
HAC and LAC was very different, the smallest
amount of HAC used, 0.8%, was sufficient to achieve
a PA particle size less than 1 um. To achieve a PA
particle size less than 1 um with LAC, 11.25% of the
compatibilizer was required.

If it is assumed that the graft copolymer is located
at the interface between the two phases with com-
plete penetration of the two phases, the interfacial
area stabilized per molecule (A) can be estimated
by® ’
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Figure 1 Blend morphology: (a) the uncompatibilized
blend (PP /PA:75/25); (b) blend containing 2.5% LAC;
(c) blend containing 2.5% HAC.

where ® is the volume fraction of the dispersed
phase; M,,, the number-average molecular weight of
the compatibilizer; R, the particle radius; W,, the
mass of compatibilizer per volume of blend; and N,
Avogadro’s number. The calculated values of surface
area stabilized per compatibilizer molecule in Table
IIT were estimates only; a primary source of uncer-
tainty was the use of an average particle size to rep-
resent the particle-size distribution.

From the stabilization areas in Table 111, it was
possible to develop a qualitative picture of LAC and
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Figure 2 Polyamide particle size as a function of the
anhydride concentration in the blend.

HAC distribution and extent of reaction. To begin,
it was assumed that with the lowest LAC content
(2.5% ) alt LAC molecules reacted to form block co-
polymer and were located at the interface [Fig.
3(a)]. The copolymer formed by LAC and PA
probably was close to a PP/PA diblock structure.
Since most of the compatibilizer chains of LAC had
a single terminal anhydride group, coupling of LAC
and PA would have occurred predominantly at the
chain ends with formation of a diblock copolymer,
according to the generally accepted reaction mech-
anism. The area stabilized per LAC molecule was
then taken to be about 180 A 2. The choice of a value
slightly greater than 160 A? was based on other work
with the same LAC compatibilizer.'® A calculated
value smaller than 180 A? was interpreted as less
than 100% of the compatibilizer at the interface due
to incomplete reaction of the anhydride groups. A
value larger than 180 A2 indicated that compatibil-
izer molecules were spread out on the interface. This
was only expected with HAC where on that average
there were six anhydride groups per chain that could
react. The resulting comb-shaped graft copolymer
could have penetrated the interface at several lo-
cations. In this case, it was assumed that the inter-
facial area stabilized per reacted anhydride group
was 180 A? regardless of how many other anhydrides
on the HAC molecule were reacted.

The decreasing surface area as the LAC content
increased from 2.5 to 7.5% indicated less than com-
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plete reaction of the LAC molecules; the unreacted
LAC molecules were probably dispersed in the PP
matrix. When the LAC content was higher than
7.5%, there was less confidence in the particle-size
measurements, while at the same time, small
changes in particle size had a large effect on the
calculated surface area. For these reasons, differ-
ences in calculated surface area per molecule were
not considered significant when the LAC content
was larger than 7.5%. For these compositions, the
stabilized surface area per molecule was taken to be
on the order of 90-100 A2, which suggested that
about one-half of the LAC molecules reacted to form
copolymer [Fig. 3(b)].

The HAC compatibilizer was more eflicient in
dispersing PA than was LAC, meaning that the sta-
bilized surface area per molecule was larger, es-
pecially when the compatibilizer was present in
small amounts. With 0.8% HAC, the surface area
stabilized was about three times that of an LAC
molecule. This suggested that if all the HAC chains
were at the interface each would have, on the av-
erage, three grafts penetrating the interface [Fig.
3(c)]. The fraction of reacted anhydride decreased
as the HAC content increased. With 3.75% HAC,
about one-quarter of the anhydride groups were re-
acted; this decreased to only one-twelfth with
11.25% HAC.

Although it was not possible to confirm whether
some HAC molecules were highly reacted and spread
out at the interface while most of the HAC remained

Table III Average Size of Particles and Area
Stabilized per Molecule of Compatibilizer

PP/PA (75/25)

Compatibilizer LAC HAC
Content
(Wt %) R* Db A° R D A
0.80 34 08 552
1.00 2.7 0.7 566
2.00 14 06 398
2.50 14.7 2.4 161 1.1 0.5 353
3.75 9.8 1.8 137 0.7 04 265
7.50 4.9 1.3 9% 04 04 133
11.25 33 07 118 0.2 0.4 88
15.00 2.5 0.6 103
20.00 1.8 06 93
25.00 1.5 0.5 82

* R = amine/anhydride ratio.
b D = particle diameter (um).
© A = surface area stabilized per compatibilizer molecule (A?).
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Figure3 Schematic representation of interface stabilization: (a) 2.5% LAC; (b) 11.25%

LAC; (c) 0.8% HAC; (d) 3.75% HAC.

unreacted, or whether the reacted anhydride groups
were distributed among the HAC molecules, it was
speculated that once an HAC molecule came in con-
tact with a PA particle and one anhydride group
reacted the close proximity of the others made it
more likely that other anhydride groups on the same
molecule would react and the grafted molecule would
spread on the interface. The sketch in Figure 3(d)
shows schematically the situation with 3.75% HAC
where about only one-quarter of the anhydride
groups were estimated to be reacted. If half the an-
hydride groups reacted on a molecule that reached
the interface, half the HAC molecules would have
been at the interface, while half would have no re-
acted anhydride groups and would probably have
been distributed in the PP matrix.

It was possible that incomplete reaction of an-
hydride, especially when the compatibilizer content
was high, was due to insufficient amine. The amine-
to-anhydride ratios are included in Table III. These
were calculated without consideration of molecular

weight changes during processing; nevertheless, even
taken as estimates, they indicate a large excess of
amine groups available for reaction when the LAC
content was 2.5%, consistent with the assumption
that all the anhydrides were reacted in this com-
position. The excess amine decreased substantially
as the LAC content increased. Even though the
amine-to-anhydride ratio was always greater than
the one in the blends compatibilized with LAC, in-
cluding the 256% LAC composition, it seemed likely
that some fraction of the PA chain ends were buried
in the dispersed phase and would not have been ac-
cessible to LAC at the interface.

Since the stabilized surface area depended on the
total anhydride in the system, it was more useful to
relate the fraction of reacted anhydride to the amine-
to-anhydride ratio, rather than to the amount of
compatibilizer. Thus, when 0.8% HAC and 11.25%
LAC provided about the same total anhydride, with
an amine-to-anhydride ratio of about 3.3, the frac-
tion of anhydride reacted was also comparable, about



one-half. Combining the data for LAC and HAC,
the fraction of reacted anhydride decreased as the
amine-to-anhydride ratio decreased from essentially
100% when the ratio was greater than 10 to about
one-third when the ratio was close to 1 (2.56% HAC).
The multiple reaction sites and low molecular weight
of HAC made it possible to achieve blends with
amine-to-anhydride ratios less than 1. When this
was the case, the fraction of reacted anhydride was
even lower. The three compositions were 3.75% HAC
with approximately one-quarter of the anhydrides
reacted, 7.5% HAC with one-eighth reacted, and
11.25% HAC where only one-twelfth of the anhy-
dride groups had reacted.

Tensile Behavior of PP/PA Compatibilized Blends

The stress—strain behavior of the control materials,
including the uncompatibilized blend, is shown in
Figure 4. It is evident that the addition of 25 wt %
PA resulted in a reduction in the tensile strength of
PP as well as a large reduction in fracture strain.
This behavior is typical of incompatible blends with
poor interfacial adhesion. If the PA particles behave
as voids, thereby reducing the effective cross-sec-
tional area and requiring a lower remote load to
achieve the same effective stress, the reduction in
tensile strength is given by!’

100 T T T
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o, = ao[1/(1 — 1.2C2/?)] (2)

where o, is the tensile strength of PP, and ¢,, the
tensile strength of PP with a void fraction equal to
C, assuming that the voids are spherical and ar-
ranged in a cubic array. This calculation predicts
that the tensile strength of PP with 25 wt % PA (C,
= 0.21) would be reduced by a factor of 0.57. Using
the observed tensile strength of PP (33 MPa), the
equation predicts that the tensile strength of the
uncompatibilized blend with 25 wt % PA would be
19 MPa if the PA particles acted as voids. Since the
measured tensile strength was significantly higher,
27 MPa, physical adhesion must have provided some
degree of stress transfer to the PA particles.

The addition of compatibilizer increased the ten-
sile strength from 27 MPa in the uncompatibilized
blend to 35-38 MPa, which was also higher than
the PP control ( Figs. 5 and 6). This was attributed
to improved adhesion in the compatibilized blends
that facilitated stress transfer to the PA particles
and increased their load-bearing capacity. Tensile
strength of the LAC-compatibilized blends de-
creased gradually from 38 to 35 MPa with increasing
compatibilizer, while all the blends with HAC had
about the same strength (35 MPa). The maximum
tensile strength of 25 wt % PA blends with good
adhesion was predicted using Nielsen’s equation for
the yield strain’®:
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Figure 4 The stress—strain behavior of the control materials: PA, PP, and PP/PA (75/

25).



202 DUVALL ET AL.

50 T T T V/// T
40 } 2.5% 4
2
= e i
Y
% 15.0:1
Ll 20.0%]
|_
[72]
0 1 I} 1 17/// 1
0 5 io0 15 20 50 60
STRAIN (%)

Figure 5 Stress-strain curves of blends compatibilized with LAC containing increasing
loadings of compatibilizer: 2.5, 3.75, 7.5, 11.25, 15.0, and 20.0%.

eyblend = &pp(1 — a® ) (3) with the yielding angle around a spherical PA par-
ticle. After the yield strain of the blend, ¢,pjena, was
where ¢,pp is the yield strain of PP; ®p,, the volume obtained from eq. (3), the tensile strength was cal-
fraction of PA; and a, a geometric factor associated culated using the modulus of a blend with good
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Figure 6 Stress-strain curves of blends compatibilized with HAC containing decreasing
loadings of compatibilizer: 11.25, 7.5, 3.75, and 2.5%.
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Figure 7 Fracture strain in the blends as a function of the anhydride concentration in

the blend.

adhesion. The predicted maximum tensile strength
for blends with good adhesion was 40 MPa, slightly
higher than the observed values.

Although compatibilization with either LAC or
HAC produced about the same increase in tensile
strength, their effect on fracture strain was not the
same either in terms of the trend in the fracture
strain with increasing compatibilizer content or in
terms of the magnitude of the fracture strain that
was achievable with compatibilization. The fracture
strain of blends with LAC increased from 7% with
2.5% LAC and to 56% with 20% LLAC when the blend
necked before fracturing. In contrast, the highest
fracture strain with HAC was only 19% and was
achieved with 2.5% compatibilizer. Increasing the
HAC content above 2.5% resulted in a gradual de-
crease in the fracture strain.

The fracture strain is plotted in Figure 7 as a
function of anhydride concentration in order to
make comparisons with the corresponding plot of
particle size (Fig. 2). The maximum fracture strain
occurred at a similar anhydride concentration for
the LAC and HAC blends: 0.040% for LAC and
0.068% for HAC. Approximately the same anhydride
concentration was required to achieve a particle size
of 0.5 um. Figure 7 also shows several compositions
that compare similar anhydride concentrations
achieved by high loadings of LAC and low loadings
of HAC. The blends containing LAC achieved sig-

nificantly higher fracture strains than those con-
taining HAC. The improvement in mechanical
properties with both compatibilizers was attributed
to the reduction in particle size and improved adhe-
sion by the graft copolymer that formed a chemical
linkage across the matrix—particle interface. How-
ever, it appeared that LAC improved fracture strain
to a greater degree than HAC,; this was attributed
to differences in adhesion since particle sizes were
similar.

Interfacial Deformation

Evidence for differences in adhesion was sought by
examining interfacial deformation on notched ten-
sile fracture surfaces of LAC- and HAC-compati-
bilized blends. Deformed material on the fracture
surfaces was PP and possibly the compatibilizer,
whereas the PA particles remained undeformed re-
gardless of how good the adhesion was because the
yield stress of PA was significantly higher than the
fracture stress of the blends. Fracture surfaces of
the 11.25% LAC blend in Figure 8 showed the PA
particles enmeshed in a highly drawn network of
matrix material. Numerous thin ligaments con-
nected PA particles to the deformed matrix and in-
corporated the particles into the fibrous PP network.
This evidence that particle-matrix adhesion was
good enough to prevent debonding during matrix
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Figure 8 Fracture surface of 11.25% LAC blend showing microscale deformation near
PA particles at two magnifications: {a) 5000X; (b) 25,000X.

drawing indicated that the interfacial strength was
higher than the fracture strength of the matrix. The
ribbonlike features on the drawn ligaments were the
result of recoil after they fractured.

Fracture surfaces of the 11.25% HAC blend in

Figure 9 showed tufts of matrix material pulled out
between clusters of PA particles and only occasion-
ally were there thin ligaments attaching the PA par-
ticles to the pulled-out tufts. The residual material
that gave the particles a rough texture was believed
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L

Figure 9 Fracture surface of 11.25% HAC blend showing microscale deformation near
PA particles at two magnifications: (a) 5000X; (b) 25,000X.

to include compatibilizer left by the interfacial fail-
ure. Thus, it appeared that the interfacial strength
provided by HAC was lower than the draw stress
of PP.

The blend strength was similar in HAC and LAC
blends because adhesion was maintained until the

matrix yielded. The better adhesion provided by
LAC was manifest primarily in the ultimate elon-
gation. It was presumed that interfacial strength in
the blends was determined primarily by interaction
of the compatibilizer with PP, since adhesion to PA
was provided by chemical linkages. The interaction
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of LAC with PP was strong enough to sustain par-
ticle-matrix adhesion as the compatibilizer was
drawn along with the PP. This translated on the
macroscale into higher fracture strains for the LAC
blends. Interaction of HAC with PP was not strong
enough to sustain adhesion with the PA particles
when the matrix began to draw. Therefore, drawing
occurred only in the matrix-rich regions between
debonded particles and, consequently, the drawn PP
appeared as tufts rather than as a network. Inter-
facial failure produced voids that subsequently be-
came the sites for crack initiation and ultimately
lower fracture strains.

CONCLUSIONS

A low-anhydride compatibilizer and a high-anhy-
dride compatibilizer both improved the dispersion
of polyamide-66 (PA) in polypropylene (PP). The
PA particle size was determined by the anhydride
concentration rather than the amount of compati-
bilizer. Thus, less than 1 wt % of the high-anhydride
compatibilizer (HAC) produced an average particle
size less than 1 um, whereas more than 11 wt % of
the low anhydride compatibilizer (LAC) was re-
quired to achieve a similar particle size. Estimates
of the interfacial area stabilized per compatibilizer
molecule suggested that the fraction of anhydride
groups reacted with amine to form copolymer de-
creased significantly as the anhydride content in-
creased. :

The tensile strength of the uncompatibilized
blend was lower than that of PP due to poor adhesion
between the phases. With improved adhesion, the
tensile strength of the compatibilized blends was
about twice that of the uncompatibilized blend and
was also higher than that of PP. The tensile strength
of the compatibilized blends was relatively unaf-
fected by the amount of compatibilizer or by whether
the low or high anhydride compatibilizer was used.

Maximum fracture strain was obtained with sim-
ilar anhydride content; however, a much higher
maximum fracture strain was achieved with LAC
than with HAC. During matrix drawing, the PA
particles in the LAC-compatibilized blends remained
connected to the matrix by thin ligaments, whereas
interfacial failure occurred in the HAC-compatibil-
ized blend as the matrix was drawn out. It was pro-
posed that interaction of the compatibilizer with PP

was responsible for the difference in interfacial
strength.
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