Applied Polymer

SCIENCE

Effects of Calcium Carbonate and Compounding Sequence on the
Phase Morphology and Properties of Maleic Anhydride-Grafted
Polypropylene Compatibilized Polyamide 6/Polypropylene Blend

Li Wang, Xue-Liang Ling, Chen Shi, Zhao-Xia Guo, Jian Yu

Key Laboratory of Advanced Materials (MOE), Department of Chemical Engineering, Tsinghua University, Beijing 100084,
People's Republic of China

Correspondence to: Z.-X. Guo (E-mail: guozx@mail.tsinghua.edu.cn) or J. Yu (E-mail: yujianO3@mail.tsinghua.edu.cn)

ABSTRACT: Effects of calcium carbonate (CaCOj;) and compounding sequence on the phase morphology of maleic anhydride-grafted
polypropylene (MAPP) compatibilized polyamide 6 (PA6)/polypropylene (PP) blend were investigated. The morphology in the subskin
and core regions of injection molded specimen was observed using scanning electron microscopy, which shows great changes due to the
incorporation of CaCO;. With the addition of CaCOj; (25 phr), oriented “ginger-like” network (directly mixing) or loose elongated net-
work (mixing PA6, PP, and MAPP with premixed PA6/CaCO;5 masterbatch) of PP phase is formed in the core region, instead of spheri-
cal dispersed PP domains for unfilled blend. The distribution of CaCO; in PA6 and PP phases was determined by selectively dissolving
PA6 phase and thermogravimetric analysis of PP phase. A possible mechanism is proposed based on the morphology evolution process
to interpret the morphological differences. The mechanical properties and heat distortion temperature of the materials were tested and

correlated with the morphology formed. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

Blending of polymers provide a chance of combining the advan-
tages of different polymers and achieving optimized overall
properties. Many polymer blending systems have been investi-
gated thoroughly and some have been commercialized. It is
common knowledge that most polymer pairs are thermody-
namically immiscible and different types of phase-separated
morphology can be formed when they are mixed. The proper-
ties of immiscible polymer blends are closely related to the mor-
phology formed during processing.' Thus, tailoring the mor-
phology of polymer blends has become an important way in
optimizing the properties of polymer blends. Traditionally, a
compatibilizer is often used to obtain fine morphology.”

Recent studies have revealed the great potential of inorganic fill-
ers in tailoring the morphology of polymer blends. For instance,
the incorporation of organoclay (nanofiller) can bring about a
significant reduction in the average domain size of polymer
blends with matrix-dispersed type morphology”™ or a change
from sea-island morphology to cocontinuous morphology.®™®
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The influence of traditional microsized fillers (talc, glass fibers,
glass beads, microsized calcium carbonate, etc.) on the mor-
phology of polymer blends has also been reported.” "

Microsized calcium carbonate is the second most commonly
used filler in industry after talc. Usually, it is incorporated into
polyolefin/elastomer to obtain balanced stiffness,
strength, and toughness."*™° Here two extreme situations of
phase structure can be formed: (1) CaCO; and elastomer are
dispersed separately in polymer matrix and (2) CaCOj; particles
are encapsulated by the elastomer. The location of CaCOj; can
be controlled by justifying the interactions between CaCO; and
polymers'® or changing mixing sequences.”” According to the
results of many researchers,'”*" different phase structures may
affect the reinforcement and toughening of polymer blends sig-
nificantly. Despite considerable amount of research on CaCO;-
filled polymer blends, current studies are insufficient in the fol-
lowing two aspects:

systems

1. Usually, injection molded specimen is cryofractured per-
pendicular to the injection flow direction and morphology
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Table I. Composition and Designations
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PAB PP MAPP CaCO3 Compounding sequence
PAG/PP/5M 70 25 5 0 One-step compounding
PAG/PP/25C 70 30 0 25 One-step compounding
PAG/PP/5M/25C-1 70 25 5 25 One-step compounding
PAG/PP/5M/[25C-2 70 25 5 25 Masterbatch approach

1° PA6+CaCOs3 (7 : 3)
2° (PAB/CaCOg)+PA6+PP+MAPP

observation is carried out on the core region of fractured
surface. This custom is suitable for typical sea-island mor-
phology (spherical dispersed domains). Nevertheless, when
the addition of filler alters the sea-island morphology
greatly into complicated morphology (e.g., cocontinuous),
this custom becomes too simple to obtain a clear and
accurate description of the morphology formed.*'

2. The distribution of filler, which is an important factor in
determining the final properties of filled polymer blends,
is usually obtained based on microscopic analysis (optic
microscopy, scanning, or transmission electron micros-
copy). The result is not quantitative and thus a deep
understanding of structure—property relationship for filled
polymer blends is often not possible.

The present work aims at overcoming these obstacles in the
investigation of filled polymer blend. PA6/PP blend is selected
as a model system because it is a typical immiscible system pos-
sessing both research interest and industrial value, due to its
mutually complementary properties.””> Maleic anhydride-grafted
polypropylene (MAPP) is used as compatibilizer and CaCOj is
selected as filler. To our knowledge, the effect of CaCOj; on the
morphology of PA6/PP blend has rarely been reported in litera-
ture.”” In the present work, the effects of CaCO; and com-
pounding sequence on the morphology of PA6/PP/MAPP (70/
25/5) blend have been investigated thoroughly and interpreted.
The distribution of CaCO; in PA6 and PP phases has been
determined quantitatively. The mechanical properties and heat
distortion temperature (HDT) of both unfilled and CaCOs;-
filled PA6/PP/MAPP blends have been tested and correlated
with the morphology formed.

EXPERIMENTAL

Materials

PA6 (B3S, MFI: 29.4 g/10 min) was purchased from BASF
(Malaysia). PP (S1003, MFI: 3.2 g/10 min) was obtained com-
mercially from Yanshan Petroleum and Chemical (Beijing,
China). MAPP with 1 wt % of MA was prepared by reactive
extrusion in our laboratory. CaCO; (WF1250, mesh: 1250) was
supplied by Guoli Super Fine Powder Co., Ltd. (Beijing, China).

Preparation of unfilled and CaCO;-filled PA6/PP Blends

PA6 and CaCO; were dried at 110°C for 4 h prior to com-
pounding. All materials were premixed manually and then
extruded using a counter-rotating twin-screw extruder [TE-34,
KY Chemical Machinery (Nanjing, China)]. The mixing temper-
ature was 200, 230, 230, 235, and 225°C from hopper to die
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and the screw speed was 120 r min~'. After being granulated
and dried, the extrudates were injection molded using an injec-
tion molder [ZT-630, Zhenda Machinery (Hangzhou, China)]
into standard specimens for tensile and impact tests. The injec-
tion temperature was 230°C and the mould was kept at ambient
temperature. The composition and designations of all samples
are given in Table L.

Characterization

Field Emission Scanning Electron Microscopy (FESEM). Mor-
phology observation was conducted with a JEOL JSM-7401F
apparatus operating at an accelerating voltage of 1 kV. The sam-
ples were prepared in three ways: (1) cryofractured in liquid
nitrogen; (2) remove PA6 phase by solvent dissolution using
hexafluroisopropanol (HFIP) repeatedly and get PP phase; (3)
remove PP phase by Soxhlet extraction using xylene as solvent.
A JEOL software (SMILEVIEW) was used to measure the mean
size of PP phase.

Thermogravimetric Analysis (TGA). TGA (TA Instruments
TGA2050) was performed on the PP phase after removing PA6
phase by solvent dissolution to determine the amount of
CaCOj; in PP phase. The conditions are: heating from ambient
temperature to 600°C at a heating rate of 20°C min'; N,
atmosphere.

Mechanical Test. The tensile and flexural properties of all sam-
ples were tested using a TCS-2000 tensile tester (Gotech). The
tensile test was conducted according to GB1040-1979 at a test-
ing rate of 50 mm min ' and the flexural test was conducted
according to GB1042-1979 at a testing rate of 10 mm min .
The notched Izod impact strength of all samples was tested
according to GB1843-1980 using a UJ-40 impact testing
machine (Hebei Testing Machinery (Chengde, China), energy
pendulum: 2 J). Before dry state mechanical test, all specimens
were dried in a vacuum oven for 6 h. Before wet state mechani-
cal test, all specimens were kept at 25°C and under relative hu-
midity of 50% for 48 h.

Heat Distortion Temperature (HDT). The HDT of all samples
were tested using a HV-2000 HDT tester (Gotech) according to
GB1634-2000.

RESULTS AND DISCUSSION

Morphology

To obtain a clear reveal of the morphology of all samples, the
injection molded tensile specimens were cryofractured both per-
pendicular and parallel to the flow direction for morphology
observation, as is shown in Figure 1. Besides, PP phase which
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Figure 1. Fractured surfaces along two directions for morphology observa-
tion. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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was recovered by dissolving PA6 phase using HFIP was also
characterized by FESEM.

Figure 2 shows the FESEM images of sample PA6/PP/5M. It has
been reported that during the process of injection molding, a
hierarchical structure of morphology called skin-core structure
[including skin, subskin (or shear zone), and core] is often
formed.**” The skin layer is quite a thin layer which is formed
when molten material enters mould, undergoes stretching to
some extent and solidifies quickly. Thus, in the present study
we will only concern about the subskin and core regions below
skin layer.

FLOTU LE 1.0kV X1,000 10pm WD 9.0mm

.&A ""\

10 WD 9.Tmm

Figure 2. FESEM images of sample PA6/PP/5M: (a) perpendicular to flow direction, subskin; (b) parallel to flow direction, subskin; (c) perpendicular to
flow direction, core; (d) parallel to flow direction, core; (e) recovered PP phase.
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Figure 3. FESEM images of sample PA6/PP/5M/25C-1: (a) perpendicular to flow direction, subskin; (b) parallel to flow direction, subskin; (c) perpendic-
ular to flow direction, core; (d) parallel to flow direction, core; (e) perpendicular to flow direction, with PP etched by xylene extraction, core; (f) recov-

ered PP phase.

For sample PA6/PP/5M, platelets parallel to each other can be
observed from fractured surfaces perpendicular and parallel to
the melt flow direction in the subskin region, with their thick-
ness ranging from 2 to 10 um. In the direction perpendicular to
the melt flow direction [Figure 2(a)], some platelets can reach
50 pum in length, while some others are only several um in
length. In the direction parallel to the melt flow direction
[Figure 2(b)], the length of the platelets is larger.

In the core region, from both fracture surfaces [Figure 2(c,d)]
only semispherical and semiellipsoidal bulges can be found,
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indicating PP phase is dispersed as spherical or ellipsoidal
domains in the core region. The mean size of dispersed
domains was measured to be 6.2 um, which is quite large. The
interfaces between PA6 and PP phase are sharp and holes left
after dispersed particles falling out from matrix phase can be
clearly seen. The large dispersed domain size and poor interfa-
cial adhesion indicate that the compatibility between PA6 and
PP is not good enough even in the presence of MAPP.

Figure 2(e) is the FESEM image of the dispersed phase of PA6/
PP/5M, which was obtained by removing the continuous PA6
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Figure 4. FESEM images of sample PA6/PP/5M/25C-2: (a) perpendicular to flow direction, subskin; (b) parallel to flow direction, subskin; (c) perpendic-

ular to flow direction, core; (d) parallel to flow direction, core; (e) perpendicular to flow direction, with PP etched by xylene extraction, core; (f) recov-

ered PP phase.

phase using HFIP. Fibrils, rods, ellipsoids, and spheres can be
clearly seen.

Figure 3 shows the results of morphology observation on sample
PA6/PP/5M/25C-1. From Figure 3(a,b) it can be found that irreg-
ular shape platelets coexist with fibrils and strips. The thickness
of these domains is smaller than 10 um and their length along
the melt flow direction can reach 50 um. In the core region, not
only semispherical bulges but some round or elliptical fractured
surfaces [circled out in Figure 3(c)] also show up on the
fractured surface perpendicular to the flow direction, which is
apparently different from that for PA6/PP/5M. A combination of
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Figure 3(c,d) reveals that these fracture PP domains exist as strips
that are oriented along the flow direction and lumps or nodes
are present on these strips. It is quite interesting to see from Fig-
ure 3(f) that the strips don’t exist separately but conglutinate to
each other through the nodes, forming oriented network or so-
called “ginger-like” structure. Therefore, PP phase in the core
region presents coexistence of spherical domains and oriented
ginger-like structure. The average diameters of spherical dispersed
domains and the strips are 4.2 and 7.1 um, respectively.

The distribution of CaCOj; in the two phases can be determined
qualitatively from Figure 3(e). After Soxhlet extraction using
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Figure 5. Sketch illustrating the distribution of morphology in each injection-molded sample (left: PA6/PP/5M; middle: PA6/PP/5M/25C-1; right:

PA6/PP/5M/25C-2).

xylene, PP phase was removed, leaving many holes on the frac-
tured surface. A lot of CaCOj; can be observed in and around
of the holes, which is a clear sign that a large amount of CaCO;
is distributed in PP phase. This will be verified by TGA in fol-
lowing analysis.

Figure 4 shows the FESEM images of sample PA6/PP/5M/25C-2,
which was prepared by the masterbatch approach (premixed PA6/
CaCO3; masterbatch was mixed with desired amounts of PA6, PP
and MAPP). In the subskin region, PP phase still exist as platelets,
fibrils and strips. In the core region, it can be found that the phase
morphology changes significantly. First, the phase morphology
becomes finer, considering that the spherical dispersed particles has
a mean diameter of 2.2 um and the average diameter of the strips
is 3.2 pum, which are all well below those of PA6/PP/5M/25C-1.
Second, nodes also exist in the strips of PA6/PP/5M/25C-2, but
their density is much lower than that of PA6/PP/5M/25C-1. This
means that in the core region of PA6/PP/5M/25C-2, finer and
looser elongated network structure of PP phase is formed.

In Figure 4(e) a lot of CaCOj; particles can also be observed in
the holes left by the removal of PP phase, indicating that a cer-
tain amount of CaCOj; is present in PP phase finally, although
CaCO;3; was mixed with PA6 first.

Figure 5 presents a schematic illustration of the skin-core mor-
phology in each injection-molded sample (PA6/PP/5M, PA6/PP/
5M/25C-1, and PA6/PP/5M/25C-2).

Distribution of CaCOj; in the Two Phases

The addition of CaCOj5 induces significant changes in the phase
morphology of PA6/PP/MAPP (70/25/5) blend and great differ-
ences in morphology are found between CaCOs;-filled blend
prepared by different compounding sequences. It is well known
that the morphology of polymer blends mainly depends on
blending composition, viscosity ratio, interfacial tension, proc-
essing parameters and so on. The distribution of CaCO; in PA6
and PP phases is an important factor for morphology evolution,
because different distribution states of CaCO5 can cause varia-
tion in viscosity ratio between PP and PA6 phase. To determine
the distribution states of CaCOs, TGA was carried out on the
recovered PP phase after the removal of PA6 phase using HFIP.
The content of CaCOj3 in PP phase can be determined accord-
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ing to the weight percentage of residue in TGA. By further esti-
mation, the distribution ratio of CaCOj; in PP and PA6 phases
can be obtained and the results are shown in Table II.

For PA6/PP/5M/25C-1, which was prepared by compounding all
components simultaneously, 74.6 % of the incorporated CaCO;
is distributed in PP phase finally. For PA6/PP/5M/25C-2, the
amount of CaCO; in PP phase is 53.3%, which is smaller than
that for PA6/PP/5M/25C-1. The discrepancy in the distribution
states of CaCO; between PA6/PP/5M/25C-1 and PA6/PP/5M/
25C-2 can be understood concerning the interaction among dif-
ferent components and the migration of CaCO; during com-
pounding. For directly mixed PA6/PP/5M/25C-1, the melting of
PP and MAPP happened before that of PA6 and CaCOj; entered
PP and MAPP melt first. During this time, some CaCO; par-
ticles had opportunity to interact with MAPP and became
encapsulated by MAPP molecules. After the melting of PA6, a
certain amount of CaCO; migrated to PA6 phase, but the
CaCOj; encapsulated by MAPP wouldn’t and finally ended up in
PP phase. While for PA6/PP/5M/25C-2, CaCO35 was premixed
with PA6, thus the reaction of PA6 with MAPP competed with
the interaction between CaCO; with MAPP when all compo-
nents melted in the second step. Because of the high reactivity
between MAPP and PAG6, fewer CaCOj; particles got encapsu-
lated by MAPP. This might be the reason why the amount of
CaCOj3 in PP phase for PA6/PP/5M/25C-1 is higher than that
for PA6/PP/5M/25C-2.

To verify the above mentioned hypothesis, CaCO;-filled PA6/PP
blend was prepared by direct mixing in the absence of MAPP.
The sample is designated as PA6/PP/25C. The amount of
CaCO; in PP phase for PA6/PP/25C is 44.6% (see Table II),

Table II. Distribution Ratio of CaCOj; in PP and PA6 Phases for All Filled
PA6/PP Blends

CaCOs3 in CaCOs in

PP phase PAB phase
PAG/PP/5M/25C-1 74.6% 25.4%
PAG/PP/5M/[25C-2 53.3% 46.7%
PAG/PP/25C 44 6% 55.4%
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which is lower than that for PA6/PP/5M/25C-1 and PA6/PP/
5M/25C-2, thus our hypothesis is correct. Ersoy et al.’ found
that most of the incorporated CaCO; was located in PA6 phase
for CaCOs-filled PA6/PP blend without compatibilizer. This is
clearly different from our result (44.6% of CaCOj3 in PP phase).
On one hand, this could be ascribed to a difference in the sur-
face characteristics of CaCO; used in the two cases. On the
other hand, the tendency of fillers to be located in the more vis-
cous phase (PP is more viscous than PA6 phase in our case) to
minimize energy dissipation during compounding might also
play a role.”®

Mechanism of Morphology Formation

A possible mechanism is brought up based on the distribution
states of CaCOj; and the characteristics of injection flow. First,
polymer melt experiences intense shear and elongational stresses
along the flow direction during the entire filling stage, which
can cause dispersed phase to be stretched in the same direction.
The coalescence of dispersed domains is another factor that can
not be neglected. D’Orazio et al. have reported irregularly
shaped EPR domains in the core of injection-molded iPP/EPR
(80/20 w/w) blend due to the coalescence phenomenon.”* In
our case, the volume fraction of PP phase reaches 35, 39, and
37% for PA6/PP/5M, PA6/PP/5M/25C-1, and PA6/PP/5M/25C-
2, respectively, making the coalescence of dispersed droplets
unavoidable. Thus during the filling stage high shear and elon-
gational flow fields facilitate dispersed PP droplets to be
stretched along the flow direction and coalesce into strips in the
core.

Second, coalescence, relaxation and breakup of dispersed phase
compete with solidification process of polymer melt after the
cessation of injection flow. In the present case, it is reasonable
that it takes only a few seconds to cool down the polymer melt
below the melting temperature of PA6. For unfilled sample PA6/
PP/5M, PP domains in the core have enough time to coalesce
completely and relax or break up into spherical or ellipsoidal
shape when the mould-filling stage is finished. However, the sit-
uation is quite different for CaCOs-filled samples. The incorpo-
ration of CaCOj greatly altered the rheological properties of the
two phases, causing the characteristic times of particle coalesce,
shape relaxation, and breakup to exceed the solidification time
of polymer melt greatly. Thus, in the presence of CaCOj3, it is
difficult for PP domains to coalesce completely, and it is also
difficult for PP strips in the core to relax or break up into
spherical domains. Fenouillot et al.*® have reported that for a
blending system in which dispersed phase could crosslink, coag-
ulation instead of coalescence happens when the gel fraction of
dispersed phase reached a certain value. PP phase filled by a
large amount of CaCO; can behave in a similar way to cross-
linked dispersed phase. Incomplete coalescence or so called
coagulation of PP domains leads to the formation of nodes on
PP strips. Compared to PA6/PP/5M/25C-2, more CaCOj is dis-
tributed in PP phase (74.6%) of PA6/PP/5M/25C-1, therefore
the deformation and complete coalescence of PP phase proceed
more slowly. This is why the density of nodes on PP phase of
PA6/PP/5M/25C-1 is larger than that of PA6/PP/5M/25C-2. On
the other hand, deformed PP phase does not have enough time
to relax or break up before the morphology is frozen at last due
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to the incorporation of CaCOj;. This explains why different
types of morphology are formed in the core region for unfilled
and CaCOs-filled PA6/PP/MAPP blends.

Third, the difference in the size of PP phase in the core region
for CaCOs-filled samples originates from different compatibili-
zation efficiency of MAPP. The compatibilization efficiency of
MAPP in PA6/PP/5M/25C-2 which is prepared by masterbatch
approach is higher than that in one-step compounded PA6/PP/
5M/25C-1. This is because more MAPP molecules encapsulate
CaCOj particles and less MAPP can locate at interface acting as
compatibilizer for PA6/PP/5M/25C-1. Therefore, initial size of
PP domains before injection molding in PA6/PP/5M/25C-2 is
smaller than that in PA6/PP/5M/25C-1. The effects of in situ
compatibilizer on the morphology development of polymer
blends are rather complicated. On one hand, it can facilitate the
deformation and breakup of droplets by reducing interfacial
tension or enhancing interfacial adhesion. On the other hand, it
can also stabilize droplets by reducing coalescence or increasing
interfacial viscosity.”! Considering that the rheological proper-
ties of the two phases are greatly altered by adding CaCOs;, the
former case mentioned above may be dominating. Thus, the
high compatibilization efficiency of MAPP for PA6/PP/5M/25C-
2 ensures effective stress transfer from PA6 to PP phase and
considerable deformation of PP domains. As a result, finer and
looser network structure of PP phase is formed in PA6/PP/5M/
25C-2.

Last, PP domains in the subskin exist as platelets, meaning that
they are also deformed perpendicular to the flow direction. This
is the result of spreading radial flow at the entrance of the
mould.”® The spreading flow can cause shear and elongational
fields perpendicular to the flow direction, leading to the defor-
mation of PP domains in the traverse direction. The effect of
spreading flow is confined in a limited zone (near the gate) and
is milder compared to the flow fields parallel to the flow direc-
tion. Thus, PP platelets in the subskin are longer in the direc-
tion parallel to injection flow.

Mechanical Properties and HDT

Table III gives the mechanical properties and HDT of PA6/PP/
5M, PA6/PP/5M/25C-1, and PA6/PP/5M/25C-2. The addition of
CaCOj brings about remarkable increase in the impact strength
of PA6/PP/MAPP blend and PA6/PP/5M/25C-1 outperforms
over PA6/PP/5M/25C-2, with its dry state impact strength
53.3% higher than the unfilled sample PA6/PP/5M. There may
be two reasons for the high impact strength of PA6/PP/5M/
25C-1: (1) more CaCO; was distributed in PP phase for PA6/
PP/5M/25C-1, which leads to a higher volume fraction of PP
phase and thus higher toughening efficiency of PP phase; (2)
the ginger-like morphology in the core region may contribute
to improved toughness by retarding the development of micro-
cracks® or absorbing more energy through debonding and fric-
tion®" between PA6 and PP phases during impact test.

The addition of CaCOj; causes the flexural strength and tensile
strength to decrease more or less and the worsening is smaller
for PA6/PP/5M/25C-2. Considering the morphological differen-
ces, this is not difficult to understand. The morphology of PA6/
PP/5M/25C-2 is finer than that of PA6/PP/5M/25C-1 and its
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Table III. Mechanical Properties and HDT
Tensile Tensile Flexural Flexural Impact
strength (MPa) modulus (MPa) strength (MPa) modulus (MPa) strength (J m~ HDT (°C)
PAG/PP/5M 61.7 £ 0.2 860 = 34 1008 1.2 2187 = 37 16.1 (19.9) 93.0
(52.9 = 0.4)2 (814 = 12) (82.2 + 0.8) (1686 + 14)
PAG/PP/5M/25C-1 51901 (1119 + 8) 804 +12 2303 + 34 27.4 (30.5) 108.1
(451 +0.1) 1035+ 8 (62.0 = 0.9) (1597 + 24)
PAG/PP/5M/[25C-2 53.0 =28 859 + 39 941 =02 2304 = 40 20.7 (23.6) 125.0
(48.1 = 3.7) (840 = 19) (80.8 = 2.3) (1985 + 78)
@Wet state data are placed in parenthesis and the others are dry state
data.
interfacial adhesion between PA6 and PP phases is better. As a ~REFERENCES

result, tensile load can be transferred from PA6 phase to PP
phase more effectively. Moreover, PA6/PP/5M/25C-2 has a larger
amount of CaCOj3 in PA6 matrix, which is also beneficial to the
strength of the blend. The addition of CaCOj; brings about dif-
ferent effects on the tensile and flexural modulus of samples
prepared by different compounding sequences. The tensile mod-
ulus of PA6/PP/5M/25C-1 is larger than that of PA6/PP/5M/
25C-2, while its wet state flexural modulus is smaller than that
of PA6/PP/5M/25C-2. It is difficult to give a reliable explanation
to this result and we speculate that different structural features
(CaCOs; distribution, interfacial tension, etc.) have different
extent of contributions to the tensile and flexural modulus of
the composites.

The HDT of PA6/PP/5M/25C-2 is 32.0°C higher than that of
PA6/PP/5M, while the HDT of PA6/PP/5M/25C-1 is only 14.0°C
over that of PA6/PP/5M. This is determined by the difference in
the distribution state of CaCOj in the blend. More CaCO5 was
distributed in PA6 matrix for PA6/PP/5M/25C-2, so the incre-
ment in HDT for PA6/PP/5M/25C-2 is larger.

CONCLUSIONS

The effects of CaCO; and different compounding sequences on
the phase morphology of MAPP compatibilized PA6/PP blend
have been investigated. In the core region of injection molded
specimen, the addition of CaCO; led to oriented ginger-like
network of PP phase for the one-step compounded sample and
finer and looser elongated network for the sample prepared by
masterbatch approach. Deformation, incomplete coalescence
and retarded relaxation (or breakup) of PP phase in the pres-
ence of CaCOj; are believed to be the mechanism for morphol-
ogy formation. The morphological differences between the sam-
ples prepared by the two compounding sequences originate
from the different distribution of CaCOj in the two phases and
compatibilization efficiency of MAPP. Because of the different
morphology formed, the CaCOjs-filled PA6/PP/MAPP blends ex-
hibit superior properties in different aspects. The impact
strength of the one-step compounded CaCOs;-filled sample is
53.3% higher than that of unfilled sample. The HDT of CaCO;-
filled sample prepared by masterbatch approach is 32.0°C
higher than that of unfilled sample.
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