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ABSTRACT: Blends of different types of polypropylenes
(PP) with polyamide 6 (PA6) were produced by extrusion.
The PPs used were a PP homopolymer, a maleic anhydride-
grafted homopolymer, and an acrylic acid-grafted ho-
mopolymer. The blends were characterized by DSC mea-
surements, selective extraction, infrared spectroscopy, REM
microscopy, melt rheology, and their mechanical properties.
Three types of interactions in the blends as well as in two-
component composites mold by the core-back process could
be identified. Blends of PP with PA6 were not compatible,
and two-component bars could not be produced. Blends of
PPgAA and PA6 were made compatible during reactive
extrusion. Two-component bars could be produced only
with a blend containing 50 wt % PA6. The composite for-

mation was based on the interdiffusion of PA6 in both
components and the reactive compatibilization in the
blends. Blends of PPgMAn were also compatibilized during
reactive extrusion. The composite formation on two-compo-
nent injection molding was based on two mechanisms: the
interdiffusion at sites, where PA6 chains of both the compo-
nents came into contact, and an interfacial reaction, where
PPgMAn and PA6 came into contact. The interfacial reaction
was supported by the high mobility of the first component at
the temperature of the melt of the second component. © 2006
Wiley Periodicals, Inc. J Appl Polym Sci 100: 2992–2999, 2006
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INTRODUCTION

Polyamide 6 (PA6) is widely used as a construction
material in all fields of engineering, e.g., automotive,
power, and mechanical engineering, because of its
high mechanical strength, rigidity, and thermal stabil-
ity. PA6 shows low permeations of organic vapor and
liquids, e.g., petrol. Its good sliding properties open
further fields of applications. It may be advantageous
to combine the properties of PA6 with that of another
polymeric material, for some uses, e.g., to increase the
impact strength, reduce the cost, or to create a diffu-
sion barrier toward water. Polypropylene (PP) is a
suitable polymer with almost opposite properties of
PA6. Because of the incompatibility of PA6 and PP,
some compatibilization has to be established. The
most effective way is the use of a PP grafted with
acrylic acid or maleic anhydride as a blend compo-
nent.1 Grafting is realized in the molten2 or in the solid

state.3 On reactive extrusion of the grafted PP and
PA6, compatibilization is achieved by the formation of
copolymers according to Scheme 1 in which the PA6
branches are bound via an imide bond.4–6 The reac-
tion time, i.e., the residence time of the mixture in the
extruder, is several minutes, and the reactions are
carried out at high melt temperature.

Although the reactive blending produces materials
with a combination of the good properties of the com-
ponents, the disadvantageous properties are also com-
bined.

A better approach is the production of parts having
the components at that site at which their best prop-
erties can be exploited. Those parts may be formed by
two-component injection molding, in which a second
component is injected into a cavity, which is partly
filled with the already solidified first component. For
instance, one component may be used as the construc-
tion material and the other as the functional material
that exhibits good surface or sliding properties. A
combination of the pure PP and PA6 shall not be
possible due to its incompatibility. At long residence
times, a reactive coupling has been shown to be pos-
sible.7 For the injection molding process, however, the
reactive coupling is limited by the very short residence
time, which is in the order of a second. Thus, the
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composite formation is dominated by the short-time
thermal behavior of the components at the interface.
Previous works revealed for different systems that
chemical reactions could be exploited to bind poly-
meric materials in the injection molding process even
though the residence time at a high temperature is
very short.8,9

In this paper, we investigate the formation of com-
posite parts with polyamide as one component and
different types of PP as the other component. Also,
blends of different types of PPs with PA6 are used to
enhance the compatibilization. These blends of differ-
ent types of unmodified, acrylic acid-grafted, and ma-
leic anhydride-grafted PPs with PA6 are the subject of
the investigations in the first section of the paper.
Here, chemical reactions between the grafted PPs and
PA6 are studied. In the second section, two-compo-
nent injection molding investigations with these spe-
cial blends are presented. Conclusions are drawn from
the reactive behavior and the properties of the blends
toward the composite formation, and three different
types of interactions in the blends and in the compos-
ites are identified.

EXPERIMENTAL

The acrylic acid grafted-polypropylene was a Poly-
bond 1002 from Crompton Corp. The content of
acrylic acid moieties was 6% by mass or approxi-
mately 0.83 mmol g�1. The melt flow rate was 20 g (10
min)�1 at 230°C and 2.16 kg, as measured according to
ASTM D 1238 standards. The maleic anhydride-
grafted polypropylene Scona TPPP 2112 was supplied
by Kometra, Germany. The content of maleic anhy-
dride was 1.2% by mass, which equals 0.12 mmol g�1.
No free maleic anhydride was found by titration. A
melt flow rate of 2.9 g (10 min)�1 at 190°C was given.
The PP homopolymer Moplen HF 500N was supplied
by Basell. This product had a mass flow rate of 12 g (10
min)�1 at 230°C and 2.16 kg (ISO 1133). Blends of one
of the PP types and the PA6 type Ultramid B3 (BASF,
Germany, melt flow rate � 130 cm3 (10 min)�1 at
275°C and 5 kg with a water content of the PA6 less
than 0.05%, according to ISO 1133) were produced by
reactive extrusion using a twin-screw extruder with a
screw aspect ratio of L/D � 41 and the following
conditions: screw revolution rate � 100 min�1, mass

rate � 10 kg h�1. The temperatures at the zones were
decreasing in the range between 240 and 205°C. The
PPs were fed continuously gravimetrically as the main
component. PA6 was added gravimetrically. The dif-
ferent blends produced had compositions of 0, 3, 6, 10,
20, 30, and 50% PA6 by mass (wt %).

The blends were extracted in formic acid according
to the following procedure: 5 g of the ground sample
was mixed with 100 mL formic acid and shaken for
24 h. The mixture was separated by filtration over a G4
frit. The residue was shaken three times with fresh
formic acid for 4 h each and filtered again. This frac-
tion was considered as nonsoluble residue in formic
acid. The accumulated supernatant was poured into
water to precipitate the dissolved polymer. The pre-
cipitate was separated by filtering with a G4 frit. This
fraction was considered as soluble extract in formic
acid. Both precipitates were finally washed with water
until the filtrate was neutral.

The PP types, the PA6, and the blends were inves-
tigated under nitrogen by differential scanning calo-
rimetry (DSC) using a DSC 7 device (PerkinElmer,
Wellesley, MA). Heating and cooling rates for approx-
imately 10 mg samples were 10 K min�1. The curves
were analyzed as follows: The glass transition temper-
ature was taken as the average of the intersection
points of the extrapolated lines before and after the
transition, respectively, with the tangent at the point
of return at the rising curve. Melting (Tm) and crystal-
lization (Tc) temperatures were taken as the tempera-
tures at the maximum peak heights. The heats were
calculated from the areas taken from the curves as
integrals between the onset points of the correspond-
ing peaks. The heats were related to the masses of the
components in the material according to their compo-
sition. FTIR spectra were recorded using a Bruker
IFS66. Investigations of the melt rheology were done
using an ARES rheometer from Rheometric Scientific
Inc. (Epsom, UK), with a plate–plate configuration.
The melt viscosity was measured at constant temper-
ature of 250°C as a function of the shear rate. The
temperature for Moplen HF 500N was 210°C.

For investigations on the bond strength between the
blends and PA6, two-component bars were produced
according to Scheme 2 with a core-back mold. The first
component was injected in compartment A, whereas a
core locked the other part of the mold. The first com-

Scheme 1 Reaction of a maleic anhydride-grafted polymer with PA6.
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ponent was allowed to solidify. After a delay time of
usually 25 s, the core was removed and the second
component was injected. The mass temperatures for
both components were 260°C. The temperature of the
mold was 45°C. The blends were dried for 10 h at 80°C
prior to the molding. The bond strength was charac-
terized by a tensile test according to ISO 527–2/1A/50
with a drawing rate of 50 mm min�1, if composite
samples could be produced. The interface in the two-
component bars was investigated by removing the
PA6 by selective extraction with formic acid. Hereby,
no damage of the bars occurred. XPS spectra were
recorded with an Axis Ultra spectrometer (Kratos An-
alytical Ltd., Manchester, UK).

RESULTS

Blend preparation and characterization

The details of the composition and specification of the
bare polymers and of the blends are shown in Table I.
For comparison with the blends, the bare PPs were
also extruded to ensure the same thermal treatment.

These materials were marked with the tag “-0.” It was
found in DSC investigations that the second heating
scan was apparently different from the first scan, even
for the bare materials. The differences between the
second heating scan and the following heating scans
were almost negligible. For that reason, only the sec-
ond heating scans are discussed, if not stated other-
wise.

The DSC curve for the heating of the blend PP-50 in
Figure 1(a) exhibits a melting peak at 221°C, which is
close to that value supplied by the manufacturer for
PA6. The cooling curve shows a crystallization peak at
173°C. Super cooling and thermal inertia may have
caused the lower melting point, compared with the
crystallization point, since the heating and cooling rate
was apparently finite. The super cooling effect may
occur if the number of nuclei in a volume is low. The
DSC curves in Figure 1(a) show also a melting point at
163°C, which is within the range given by the manu-
facturer, and a crystallization point at 123°C. These
values were assigned to PP. Consequently, the ther-
mal behavior of both blend components was indepen-
dent from each other, and the components were im-
miscible.

The DSC curves of PPgAA-0 in Figure 1(b) show a
melting peak at 163°C and a crystallization peak at
122°C. These values are close to those of PP [see Fig.
1(a)]. In the curve of PPgAA-50, a glass transition at
54°C was observed, which was assigned to PA6. This
glass transition temperature was almost the same as
that of PA6 in PP-50, which revealed the immiscibility
also for PPgAA and PA6. At 163°C and 217°C, two
endothermic peaks that were assigned to the melting
peaks of PP and PA6, respectively, were observed.
However, in the cooling curve of PPgAA-50, no crys-
tallization peak of PA6 in its typical range was ob-
served. An exothermic peak close to the crystallization
temperature of PPgAA at 125°C arose. Its enthalpy is
approximately the same as the sum of the melting
peaks of both components. This indicates that a frac-
tionated crystallization10–13 occurred in which the PA6
crystallization at its normal temperature was sup-
pressed, and in which the PA6 starts to crystallize on
the crystallization of PPgAA. The reason for the frac-
tionated crystallization in this system is that PA6
formed a high number of small isolated domains in
the melt that have not enough nuclei to crystallize.

Scheme 2 Sketch of the two-component tensile bar with indication of the gates.

TABLE I
Complete List of Materials Used and Their

Compositions. The Tag Stands for the PA6 Content.

Label Composition

PA6 Ultramid B3
PP Moplen HF 500 N
PP-0 PP, extruded
PP-10 Blend of PP with 10 wt % PA6
PP-30 Blend of PP with 30 wt % PA6
PP-50 Blend of PP with 50 wt % PA6
PPgMAn Scona TPPP 2112
PPgMAn-0 PPgMAn, extruded
PPgMAn-3 Blend of PPgMAn with 3 wt % PA6
PPgMAn-6 Blend of PPgMAn with 6 wt % PA6
PPgMAn-10 Blend of PPgMAn with 10 wt % PA6
PPgMAn-20 Blend of PPgMAn with 20 wt % PA6
PPgMAn-30 Blend of PPgMAn with 30 wt % PA6
PPgMAn-50 Blend of PPgMAn with 50 wt % PA6
PPgAA Polybond 1002
PPgAA-0 PPgAA, extruded
PPgAA-3 Blend of PPgAA with 3 wt % PA6
PPgAA-6 Blend of PPgAA with 6 wt % PA6
PPgAA-10 Blend of PPgAA with 10 wt % PA6
PPgAA-20 Blend of PPgAA with 20 wt % PA6
PPgAA-30 Blend of PPgAA with 30 wt % PA6
PPgAA-50 Blend of PPgAA with 50 wt % PA6
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Therefore, super cooling occurred until the crystalli-
zation of PPgAA started, which produced the nuclei
for the crystallization of PA6. The formation of small
domains of PA6 in the PP matrix, essential for the
fractionated crystallization, points to a compatibility
of the components in the blend. Fractionated crystal-
lization was also observed in all PPgAA blends with
PA6 contents lower than 50 wt %. As shown in Figure
1c, the fractionated crystallization also occurred with
PPgMAn-50.

The morphology was evaluated by microscopy im-
ages of samples, whose surfaces were etched with
formic acid to dissolve the PA6. Thus, the dark areas
in Figure 2 represent the domains of soluble PA6. The
REM picture in Figure 2(a) shows rough domains of
PA6 in PP-50. Those domains are characteristic for
blends of incompatible polymers such as PP and PA6.
The domains in the micrograph of PPgAA-50 [Fig.
2(b)] are much smaller than those of PP-50. The ap-
proximate size of observable domains is 1 �m. This
points to a finer distribution of the components, as
already concluded from the crystallization behavior in
the DSC investigations. In the micrograph of PPg-
MAn-50 in Figure 2(c), the domains almost disap-
peared, although at higher magnification some do-
mains could still be resolved. The fine structure in the
micrograph of PPgMAn-50 points to a high level of
compatibilization of the components due to the
grafted anhydride function on PPgMAn. On the ex-
trusion of PA6 with PPgAA and PPgMAn, copolymers
of PP and PA6 were formed, which acted as compati-
bilizers. According to the REM investigations, this
compatibilization effect was higher for PPgMAn.

All blends were extracted in formic acid and extract
and residue was investigated by infrared spectroscopy
and DSC. Approximately 50 wt % of the PP-50 blend
material could be extracted with formic acid, which
suggested that all PA6 was dissolved quantitatively
from PP-50. The nonextractable part of polyamide in
the other blends, which is supposed to be bound in
copolymers with PP via the grafted functional groups
on PPgAA and PPgMAn, was calculated with eq. (1).
Here m0 is the total mass of PA6 in the blend according
to its composition, and me is the mass of the extract.

nonextractable PA6 content � 1 �
me

mo
(1)

In Figure 3, the nonextractable part is shown as a
function of the content of PA6 in the blends. The
nonextractable parts of the blends with PA6 contents
between 10 wt % and 50 wt % (samples PPgAA-10,
PPgAA-20, PPgAA-30, PPgAA-50, PPgMAn-10, PPg-
MAn-20, PPgMAn-30, PPgMAn-50) depended only
slightly on the composition and amounted to approx-
imately 0.5 and 0.2 for the PPgAA and PPgMAn

Figure 1 DSC curves of the blends. (a) PP-50, (b) PPgAA-0
and PPgAA-50, and (c) PPgMAn-0 and PPgMAn-50. Only
the second heating and the cooling scans are shown.
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blends, respectively. Thus, the amount of PA6 bound
to the grafted PP was 2.5 times higher for PPgAA than
for PPgMAn. Although the higher value for the PP-
gAA blends suggested a higher level of compatibili-
zation, the REM micrographs suggested a better com-
patibilization of the PPgMAn blends. The higher value
for PPgAA blends may be due to the higher content of
acrylic acid grafted as compared with maleic anhy-
dride grafted to PPgMAn. The molar content of acrylic
acid in PPgAA was approximately 7 times higher than
that of maleic anhydride in PPgMAn. The lower quan-
tity of anhydride groups and the better compatibiliza-
tion suggest that the efficiency of maleic anhydride to
react with PA6 chains was higher.

The nonextractable content of the blends with a very
small PA6 content (PPgAA-03, PPgAA-06, PPgMAn-
03, and PPgMAn-06) was very high. It is not assumed
that this high content represents the chemically bound
part of polyamide but is rather caused by the nonac-
cessibility of small polyamide domains within the
bulk blend.

FTIR spectra (not shown) of all extracts revealed
that only the polyamide was extracted. No PA6 was
found by infrared spectroscopy and DSC in the resi-
due of PP-50 but in that of PPgMAn-50 and even more
in that of PPgAA-50. In the latter, all the anhydride
groups were completely reacted.

The log (G�) � log (�) function in Figure 4 is almost
linear for the polymers investigated. The slope was
approximately 1 for PP. An analog result was obtained
for PPgMAn-0 and for the blend PP-50. PPgAA-50
was thermally not stable during the measurement pro-
cedure, so no data could be collected. The function for
PPgMAn-50, however, exhibited a slope of 0.33. G� of

Figure 2 REM micrographs of (a) PP-50, (b) PPgAA-50,
and (c) PPgMAn-50. �1000 magnification. The cut surface
was extracted with formic acid to remove the polyamide
selectively.

Figure 3 Nonextractable content as a function of the blend
composition for blends with PPgAA and PPgMAn. The
nonextractable content is the part of polyamide in the blend
that was not soluble in formic acid. The nonextractable
content of all PP–PA6 blends was zero.
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PPgMAn-50 at low shear rates was several orders of
magnitude higher than that of the other polymers.
Similar behavior was observed for PA6-(ethylene–pro-
pylene) rubber blends, in which the polyolefin was
grafted with maleic anhydride.7 This behavior pointed
to long chain branching or even a network structure in
PPgMAn-50, in which the branches were formed by
polyamide.

The investigations of the blends of PA6 with PP
revealed that they are noncompatible in all composi-
tions and even after treatment at the polyamide pro-
cessing temperatures for a long residence time as used
in the extruder. The blends with the grafted PP types
were compatibilized by reaction of the PA6 with the
grafted acrylic acid or maleic anhydride, respectively.
This was shown by DSC and rheological investiga-
tions and by their morphology. Thus, there are prob-
ably domains of PA6 in a PP matrix, and some PA6
chains in the interface of the domains are covalently
bound to PP chains in the matrix. In the next chapter,
the composite formation between these blends and
PA6 at two-component injection molding, where the
residence time for establishing of bonds is very lim-
ited, is investigated.

Composite formation

Our investigations aimed at two-component injection
molding with the blends that were produced in the
first section of this paper. All composites were pro-
duced with PA6 as one component. The other compo-
nent was one of the blends or a pure polymer, e.g., PP
or PA6. The first component was allowed to solidify
before the second component was injected. In all ex-
periments, the mass temperatures of PA6 and that of

the other components were 260°C. The bond strengths
of the composites were tested by a tensile test.

The composites with PA6 as first and PA6 as second
component exhibited a high bond strength of approx-
imately 40 MPa, as shown in Figure 5. This may be
caused by attractive interactions and interdiffusion,
since it may be assumed that the first component,
though solidified, is heated over its glass transition
temperature by heat exchange with the second com-
ponent. The thermal conditions at the interface may be
very important for the formation of a composite, as
was already shown for a different polymer system,14

where an effective annealing of the first component on
injection of the second component was found to be an
important process. The mobility of polymer chains, as
a requirement for interdiffusion and interchain con-
tacts, depends on the difference of its temperature (the
contact temperature) to a critical temperature, for in-
stance the glass transition temperature or the Vogel–
Fulcher temperature according to the Vogel–Fulcher
law.

In the first series (Series I) of two-component injec-
tion molding experiments, PA6 was used as the first
injected component and the blend or PP, respectively,
as the second component. Since the first component
had to be solidified on injection of the second compo-
nent, its surface temperature on injection was esti-
mated to be between the melting temperature of PA6
and the mold temperature, more probably near to the
mold temperature. Composites with PP could not be
produced, obviously because the components were
noncompatible. Composites with all PP–PA6 blends as

Figure 4 Storage modulus G� versus shear rate � for dif-
ferent materials in a double logarithmic plot. 250°C. Moplen
HF 500N at 210°C.

Figure 5 Bond strength of composites of PA6 with PPg-
MAn and PPgAA blends, respectively, as a function of PA6
content. Composites were produced in either sequence of
the components. Data points of nonbonded composites are
omitted for a clear presentation for PP, PP–PA6 blends,
PPgAA–PA6 blends with PA6 being the first or second
component. Error bars indicate the standard deviation. The
added lines are linear fits.
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second component could not be produced, even
though the PA6 content in the blend was up to 30 wt
%. Thus, even if an interdiffusion took place at the
interface between the injected PA6 melt and the PA6
domains at the surface of the solidified blend, these
domains had no adhesion to the PP matrix. This was
already concluded from the blend investigations.

Composites could be produced neither with PPgAA
nor with PPgAA–PA6 blends as second component,
although the components in the PPgAA–PA6 blends
were proved to be compatibilized, as it was concluded
from the results of the investigations of these blends.

Composites with PPgMAn and PPgMAn–PA6
blends with a polyamide content of 3–10 wt % could
also not be produced. However, composites could be
produced with PPgMAn-20, PPgMAn-30, and PPg-
MAn-50. The bond strength increased with the PA6
content in the blend, as shown in Figure 5. Compati-
bilization between PPgMAn and PA6 in these blends
was proved by extraction, REM, and by the mechani-
cal investigations of the blends. Since composites
could only be obtained with high PA6 contents in the
blends, it may be assumed that an interdiffusion be-
tween the PA6 as first component and the PA6 domains
in the blend at the interface was the dominant process
for composite formation here. However, the bond
strengths for those combinations were rather low.

In the second series (series II) of experiments, the
blend or PP were used as the first injected component
and PA6 as the second. As in the series I, no compos-
ites could be produced with PP, PP-10, PP-30 because
of the incompatibility of the components PP and PA6.

As in the first series, composites of PPgAA and its
blends with 10 and 30 wt % PA6 as first component
and PA6 as second component could not be formed.
However, the bond strength of the composite with
PPgAA-50 as first component was high. It was shown
in the REM and DSC investigations, that the PA6 in
the blend domains was compatibilized by reactive
extrusion. The composite may have been formed here
only by interdiffusion between the PA6 injected and
the PA6 in the blend domains at sites at which those
are located on the outermost surface layer. One may
assume that composite formation should also be pos-
sible with PPgAA-30 having a PA6 volume fraction of
25 wt %. It may be speculated that in the experiments
of series I and in the experiments with PPgAA-10 and
PPgAA-30 of series II, the PA6 domains in the blends
were not accessible but screened by PP. In the exper-
iments of series II, the mobility of the polymer chains
at the interface was certainly higher than in series I,
since the contact temperature was higher above the
glass transition temperature of the PA6. The difference
in the bond strengths with PPgAA-50 for both series of
experiments clearly reveals the impact of processing
conditions in the two-component injection molding
process.

A totally different behavior was observed with PPg-
MAn and its blends in the series II experiments. The
most obvious difference was that composites could be
produced with PPgMAn-0 and PA6. The bond
strength was approximately 13 MPa, as shown in Fig-
ure 5. The blend investigations showed that the PPs
and PA6 were thermodynamically immiscible. As dis-
cussed in the experiments with PP-0, the components
PP and polyamide are incompatible. Therefore, com-
posite formation did not occur between the PP units
and PA6. The content of MAn units in PPgMAn-0 was
only about 1 wt %. A compatibilization only by phys-
ical interactions between the MAn unit as the polar
group in PPgMAn-0 on the one side and the amide
unit as the polar group in PA6 on the other would
probably be too small to gain such a large effect. A
reactive compatibilization, as occurred in the PPgMAn
blends, may have taken place. Here, on reaction of the
anhydride groups with amide groups during the short
residence time at the injection, a link may be formed
between the PP chain and the polyamide chain frag-
ment. This chain link may be responsible for the
strong enhancement of the bond between the compo-
nents, even at such a small residence time at a high
temperature. The interface between PPgMAn and PA6
was investigated spectroscopically at the PPgMAn
side. Prior to the investigations, the soluble part of
PA6 was removed selectively by repeated shaking
with formic acid. ATR-IR spectra did not show signif-
icant signals of PA6 at the PPgMAn side of the inter-
face. However, nitrogen and oxygen signals were de-
tected by XPS measurements. The atomic concentra-
tion of nitrogen was approximately 5% by number of
atoms. This is close to the concentration of nitrogen in
PA6 (5.25%). The concentration did not change on
further treatment with fresh formic acid. These inves-
tigations revealed that the PPgMAn is fully covered
by a thin layer of PA6. Its thickness was larger than the
information depth of the XPS measurements (some
nanometers) but lower than that of the ATR-IR tech-
nique (some micrometers). These PA6 molecules must
be bound chemically to the PPgMAn.

The composite formation between an amorphous
polyamide and a maleic anhydride-grafted polypro-
pylene, at contact times in the range from minutes to
hours,7 revealed that the largest increase in interfacial
fracture toughness took place at the beginning of the
thermal treatment at temperatures above the melting
temperature. This is the time range used for the prep-
aration of composites by injection molding.

The bond strength, already high without PA6 in the
blend, increased further with the PA6 content. The de-
viation of each data point from the fitted line added in
Figure 5 is much larger than the error bar, which repre-
sents the standard deviation of the measurements on
two-component bars. Thus, errors are still big. Neverthe-
less, a line was drawn to illustrate the dependence on the
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PA6 content. The slope of this line roughly equals that of
the experiments in series I with the PPgMAn blends.
This increase may have the same origin as in the series I
experiments that are interactions and interdiffusion be-
tween the PA6 domains in the blend and the PA6 of the
other component. These interactions may be enhanced
with increasing the PA6 content in the blend. Conse-
quently, the bond formation in the experiments with
PPgMAn blends in series II was a result of the reactive
compatibilization via the anhydride group on injection
molding plus physical interactions between the PA6
phases in both components.

Compared with the procedure in series I, the ther-
mal conditions were different, although the compo-
nents (PPgMAn, PPgMAn–PA6 blends, PA6) were the
same. Since the melting temperature of the second
component (PA6) was much higher than that of PP,
the PP was effectively annealed or even re-molten,
resulting in a larger mobility of chain segments at the
interface. In contrast, the temperature in series I ex-
periments was not sufficient to support a high mobil-
ity of the PA6 chains in the first component. As diffu-
sion has a great impact on polymer reactions, the
reactive compatibilization may have been supported
by the molding procedure in series II experiments.

CONCLUSIONS

Blends of different types of PP with PA6 were pro-
duced by extrusion. The PPs used were a PP ho-
mopolymer, a maleic anhydride-grafted homopoly-
mer, and an acrylic acid-grafted homopolymer. The
blends were characterized by DSC measurements, se-
lective extraction, infrared spectroscopy, REM, melt
rheology, and their mechanical properties. Three types
of interactions could be identified for blends and for
composites produced by two-component injection
molding containing PP, PPgAA, and PPgMAn.

It was shown that blends of PP with PA6 had poor
mechanical properties. Their components were not
compatible and could be separated quantitatively by
selective extraction. Two-component bars could not be
produced. Although an interdiffusion of the PA6 com-
ponent and the PA6 in the domains of the blend may
have occurred, the adhesion of the PA6 domains to the
PP phase in the blend seemed to be poor.

Blends of PPgAA and PA6 were made compatible
during reactive extrusion. The extraction investigations
revealed that a large amount of the PA6 was bound
chemically to the PP phase. The mechanical properties of
the PPgAA could be improved by blending with PA6.
This reveals good adhesion of PA6 to the PP phase.
Composites with PA6 could only be produced with a
blend containing 50 wt % PA6. Consequently, on injec-
tion of the PA6, only interdiffusion with PA6 in the
blend may have occurred. These PA6 domains in the

blend were compatibilized, so that composite formation
was possible. No interaction took place between the PA6
component and the PPgAA in the blend.

Blends of PPgMAn were also compatibilized during
reactive extrusion. Their chemical and mechanical
properties were very similar to those of the blends
with PPgAA. An interdiffusion between the PA6 com-
ponent and the PA6 domains in the blend was sup-
posed to have taken place at the two-component in-
jection molding, as in the case of the PPgAA blends. In
addition, an interface reaction took place between
PPgMAn and PA6, which resulted in the high bond
strength of this composite. Thus, the composite forma-
tion of PPgMAn–PA6 blends as one component and
PA6 as the other was based on two mechanisms: the
interdiffusion at sites, where PA6 chains of both the
components came into contact, and an interfacial re-
action, where PPgMAn and PA6 came into contact.
Since the bond strength increased with the PA6 con-
tent in the blend, the first process was apparently
more efficient. The high bond strength in the cases
where the PPgMAn blends were the first component
and PA6 the second may be a result of the higher
mobility of the chain segments of the first component
on injection of the second. The reactivity of the grafted
maleic anhydride was sufficiently high to react at the
short time at which the high temperatures were
present, whereas the reactivity of the grafted acrylic
acid was not high enough.
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