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Abstract. In this work, we studied the effect of the method of preparation and of reprocessing on the morphology and, con-
sequently, on the physical properties of polyamide 6 (PA6)/ high density polyethylene (HDPE)-clay nanocomposite blends
in the presence of different compatibilizers. In particular, the nanocomposites were obtained by melt mixing using a co-
rotating twin screw extruder (E1). The blends thus obtained were re-extruded (E2) under the same operating conditions.
Moreover, blends with the same final composition were produced using a masterbatch of the compatibilizer with the clay
prepared in a separated stage in a batch mixer (MB). All the materials were characterized by scanning electron microscopy
(SEM), transmission electron microscopy (TEM) and X-ray diffractometry (XRD) analyses. In addition, the rheological
behaviour and the, tensile and impact, properties were evaluated. The XRD and TEM analysis showed that re-extrusion
slightly improves the morphology of the nanocomposites. A further improvement of the morphology, in terms of lower clay
dimension and better dispersion, was observed in the MB blends. The results of the mechanical tests showed that reprocess-
ing (E2) induced an increase of all the properties for all the three systems. A further general increase of the mechanical

properties was showed by the MB blends.
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1. Introduction

There are several studies on the preparation and the
properties of nanocomposites based on polymer
blends in the presence or not of compatibilizers
[1-9].

Blends of polyamides with polyolefins and poly-
esters are particularly interesting and attractive
from an industrial point of view. During the last
years, it has been shown that such blends can be
efficiently compatibilized with numerous com-
pounds derived from maleic anhydride, acrylic acid,
glycidyl methacrylate, oxazoline, etc., grafted onto
the polyolefin chain so that hydrogen bonds, or even
covalent bonds, can be formed between the two
polymers at the blending stage [10-18].
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Nanocomposites based on polyethylene (PE) and
polyamide (PA) blends have also been studied. In
particular, the effect of the composition and of filler
level was investigated [19-24]. In our previous works
we presented the properties of high density polyeth-
ylene (HDPE) and polyamide 6 (PA6) blends con-
taining an organically modified montmorillonite
(OMM) [25, 26]. We evaluated the effect of differ-
ent compatibilizing systems on the properties of the
blends. The results indicated that, despite a good
morphology achieved in the filled blends and a
moderate intercalation level, the mechanical per-
formance, especially the properties at break, were
not satisfactory. This behaviour was attributed to
degradation phenomena involving the organic mod-
ifier of the clay that were reduced by using a stabi-
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lizing system. These degradation phenomena were
deeply investigated in other works [27, 28]. We
studied the effect of thermal treatments under dif-
ferent atmospheres and for different times on the
behaviour of organically modified clays, demonstrat-
ing that the degradation products of the modifier
(a-olefins transforming into various carboxyl com-
pounds if oxygen is present) initially increased the
basal spacing, followed by a collapse of the particle
layers when the decomposition products migrated
toward the surface and eventually volatilized. More-
over, in order to understand the possible different
interactions of neat and degraded modified clay,
composites were prepared in the melt and fully
characterized.

There are several works regarding the effect of
reprocessing on the morphology and on the proper-
ties of polymer based nanocomposites, but to the
best of our knowledge no similar studies was per-
formed on nanocomposite based on polymer blends
[29-34].

Aim of this work is to evaluate the influence of
morphology, at nano and micro scale, achieved by
different processing methods on the rheological and
mechanical properties of blends of PA6/HDPE in
the presence of OMM and different compatibilizing
systems. The morphology of the blends was studied
by XRD, TEM and SEM analyses.

2. Experimental section

2.1. Materials and pre-treatments

The PA6 used in this work was a sample of Radilon
S35 100 NAT, kindly supplied by Radicinova, Italy.
It has an intrinsic viscosity (measured in sulfuric
acid) equal to 3.4 dL/g. The HDPE was an injection
moulding grade (MP94, Polimeri Europa, Italy, Melt
Flow Index at 190°C/2,16 kg =7 g/10 min).

Three compatibilizing systems were used in this
work: an ethylene-co-acrylic acid copolymer (EAA)
(Escor 5001, Exxon chemical, acrylic acid content
6.2 wt%) together with a 2,2'-(1,3-phenylene)-
bis(2-oxazoline) (PBO) (1,3-PBO, Adeka Palma-
role, melting point 146°C); a high-density polyeth-
ylene modified with acrylic acid (HDAA) (Polybond
1009, Chemtura, acrylic acid content 6 wt%) together
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Figure 1. Chemical structure of each compatibilizer used in
this work: a) EAA; b) HDAA, ¢c) EGMA, d) PBO

with PBO and an ethylene-co-glycidyl methacrylate
copolymer (EGMA) (Lotader AX8840, Arkema, gly-
cidyl methacrylate content 8 wt%). The chemical
structure of each compatibilizer is reported in the
Figure 1.

Nanocomposites were prepared by adding 5 phr of
montmorillonite modified with alkylammonium
salts (Cloisite 15A, Southern Clay). The organic
modifier is a dimethyl-ditallow, with two organo-
philic tails fully hydrogenated with an average
composition of 65% Cys, 30% C;¢ and 5% Cja.
Prior to processing, all the materials, except PBO
and HDPE used as-received, were dried in order to
prevent hydrolytic scission of the polyamide. PA6
was dried for 10 h in a ventilated oven at 90°C fol-
lowed by 16 h under vacuum at 120°C, while EAA,
HDAA and EGMA were dried for 3 h under vac-
uum at 70°C and the Cloisite was dried 12 h under
vacuum at 120°C.

2.2. Processing

Blends PA6/HDPE 25/75 w/w were produced by
using a co-rotating modular twin screw extruder
(OMC, Italy). All the blends prepared together with
sample code and composition are reported in Table 1.
The materials were prepared using different proce-
dures as reported in Table 2. Some blends were pre-
pared by premixing all the components in the solid
state and then feeding them all together into the
extruder (E1). The thermal profile was 180-200—
210-220-230-240-240°C and the screw speed
220 rpm. Under these conditions, the residence time,
measured by feeding a colour tracer to the extruder

Table 1. Sample code and composition of the blends prepared in the present work

Code sample PA6 HPDE EAA HDAA EGMA PBO CL15A
PA6/HDPE/EAA/PBO/15A 25 75 5 - - 0.2 5
PA6/HDPE/HDAA/PBO/15A 25 75 - 5 - 0.2 5
PA6/HDPE/EGMA/15A 25 75 - - 5 - 5
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Table 2. Sample code of different preparation method

Code sample Processing
PA6/HDPE/EAA/PBO/15A/EL Extrusion
PA6/HDPE/HDAA/PBO/15A/E1 Extrusion
PA6/HDPE/EGMA/15A/E1 Extrusion

PA6/HDPE/EAA/PBO/15A/E2 Re-Extrusion

PA6/HDPE/HDAA/PBO/15A/E2 Re-Extrusion
PA6/HDPE/EGMA/15A/E2 Re-Extrusion
PA6/HDPE/EAA/PBO/15A/MB Masterbatch
PA6/HDPE/HDAA/PBO/15A/MB Masterbatch
PA6/HDPE/EGMA/15A/MB Masterbatch

in a separated test, was about 80 s. The molten mate-
rial coming out from the extruder die was immedi-
ately cooled on line in a water bath, pelletized and
then used for further characterization. In another
procedure, part of the pelletized blends was further
re-extruded adopting the same conditions in order
to evaluate the effect of the re-processing (E2). In
another procedure, blends with the same final com-
position were prepared using a masterbatch of the
compatibilizer (EAA, HDAA or EGMA) with
Cloisite 15A, prepared in a separated stage at 180°C
and 64 rpm in a Brabender batch mixer. In particu-
lar, the masterbatch and the other components of the
blends were premixed in the solid state and fed to the
extruder adopting the same conditions reported
above (MB).

2.3. Characterization

The morphology of the clay and of the nanocom-
posites was evaluated by using X-ray diffractometry
(XRD), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). XRD
analyses were performed using a diffractometer
Siemens D-500 in reflection mode with an incident
X-ray wavelength of 0.1542 nm. The morphology of
the samples was analyzed by a scanning electron
microscope (SEM) (Quanta 200F ESEM, FEI, USA).
All samples were fractured in liquid nitrogen and
sputter-coated with a thin layer of gold to avoid
electrostatic charging under the electron beam. Trans-
mission electron microscopy (TEM) images were
obtained with a Philips EM 208 TEM with 100 keV
accelerating voltage. Ultrathin sections (50 nm
thickness) of the specimens, cooled at ; 80°C, were
obtained by cryo-ultramicrotomy with a diamond
knife cooled at —60°C.

Rheological measurements were carried out using a
parallel plate rheometer (RDAII, Rheometrics)
equipped with plates of 25 mm diameter in dynamic

mode. The testing temperature was 240°C and the
frequency range 0.1-500 rad/s.

Mechanical characterization was carried out on
specimens cut off from compression-moulded sheets
(10x90 x~0.6 mm). Mechanical testing was per-
formed using an Instron 4443 tensile testing machine
according to ASTM D882. The grip distance was
50 mm and the crosshead speed was 50 mm/min.
IZOD impact test were carried out using a CEAST
6545/000 according with ASTM D256 on notched
specimens.

All the specimens for the mechanical and rheologi-
cal characterization were prepared by compression
moulding at 240°C using a Carver Laboratory press
(100 bar, 7 min) on materials dried for 3 h at 120°C
in a vacuum oven.

3. Results and discussion

3.1. X-ray diffractometry (XRD)

In order to evaluate the morphology of OMM after
processing, XRD diffraction has been carried out on
all the samples. In Figure 2, there are reported the
XRD patterns of blends compatibilized with EAA,
Figure 2a, HDAA, Figure 2b and EGMA, Figure 2c,
prepared by single extrusion (E1), re-extrusion (E2)
and extrusion with a masterbatch (MB). As reported
in our previous works, the XRD pattern of Cloisite
15A (here not reported for sake of clarity) presents
a main broad peak at 2.8° (the position is indicated
with dotted vertical lines included in Figure 2a—2c)
corresponding to a d-spacing of 3.15 nm [26, 35—
37]. In Table 3 there are reported the values of 20
corresponding to the main diffraction peak of the
XRD patterns and the respective values of inter-
layer distance calculated by Bragg’s law.

As regards all the blends, it is worth observing that
they all present peaks associated to the clay. This fea-
ture suggests that an exfoliated structure was never
achieved at least under the processing and composi-
tion conditions here adopted.

In all compatibilized blends E1 the peak related to
Cloisite 15A shifted towards lower angles and, as
reported in Table 3, therefore the d-spacing increased.
In accordance with our previous work, this is partic-
ularly true for the blend compatibilized with EAA/
PBO system as the interlayer distance is above 4 nm
[26]. The structure achieved by the organoclay in
the compatibilized blends can be explained consid-
ering that, on increasing the compatibilizing effect,
the adhesion between the different phases and the
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PAB/HDPE/EAA/PBO/15A/MB

Intensity [a.u.]

PAB/HDPE/EAA/PBO/15A/E2

PAB/HDPE/EAA/PBO/1SAIET

Table 3. Interlayer distance of neat CL15A and of compati-
bilized blends prepared by single extrusion (E1),
re-extrusion (E2) and extrusion with a masterbatch
(MB)

20 d-spacing

[°l [nm]
2.80 3.15
2.20 4.02
2.14 4.13
2.07 4.27

Sample

CL 15A as received
PA6/HDPE/EAA/PBO/15A/E1
PA6/HDPE/EAA/PBO/15A/E2
PA6/HDPE/EAA/PBO/15A/MB
PA6/HDPE/HDAA/PBO/15A/E] 2.48 3.56
PA6/HDPE/HDAA/PBO/15A/E2 2.38 3.72
PA6/HDPE/HDAA/PBO/15A/MB 2.31 3.83
PA6/HDPE/EGMA/15A/E1L 2.40 3.68
PA6/HDPE/EGMA/15A/E2 2.39 3.70
PA6/HDPE/EGMA/15A/MB 2.25 3.93

a) 20 [7]
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Figure 2. XRD patterns of blends compatibilized with
a) EAA, b) HDAA and c) EGMA prepared by
single extrusion (E1), re-extrusion (E2) and
extrusion with a masterbatch (MB). The dotted
vertical lines indicates the position corresponding
to main peak at 2.8° of neat Cloisite 15A

melt stresses, are increased. As a consequence, the
clay tactoids are more stressed and the polymer
chains can enter the galleries thus increasing the
d-spacing [26].

The XRD spectra of the re-extruded blends (E2)
show that both in the system containing EAA, Fig-
ure 2a, and in that containing HDAA, Figure 2b, the
peak related to Cloisite 15A shifts to lower angles.
Indeed, as reported in Table 3, the interlayer dis-
tance of the clay incorporated in the polymer matrix
increases after the reprocessing growing from 4.02
to 4.13 nm for the EAA compatibilzed blends and
from 3.56 to 3.72 nm for blends containing HDAA.
Such result, according to the scientific literature,
can be likely ascribed to the supplementary stresses
induced on the blend by the second processing. This
would allow a further dispersion/redistribution of
the nanofiller with consequent higher intercalation
level [32-34].

As regards the EGMA compatibilized materials, Fig-
ure 2c, the position of the peak identifying Cloisite
15A remains practically unchanged after the repro-
cessing and consequently the d-spacing is almost
the same for both the samples, i.e. 3.68 nm for PA6/
HDPE/EGMA/15A/E1 and 3.70 nm for PA6/HDPE/
EGMA/15A/E2.

When a compatibilizer-clay masterbatch is used,
there is always a shift of the peak of Cloisite toward
angles even lower than those observed for E1 and
E2 materials, thus indicating a higher interlayer dis-
tance as highlighted by the values of d-spacing
reported in Table 3. Indeed, for each compatibilized
system the MB blend exhibits the higher interlayer
distance.

These results, in accordance with the literature, can
be explained considering that the preparation of the
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compatibilizer-clay masterbatch may induce a cer-
tain initial intercalation/expansion of the clay that
becomes more intense during the subsequent extru-
sion processing [38].

Moreover, the differences observed between the
different compatibilizers could depend on their dif-
ferent viscosity and affinity with the nanofiller. This
feature, indeed, may cause higher or lower pre-
intercalation of the compatibilizer during the mas-
terbatch preparation. HDAA, in fact, having a lower
viscosity if compared with the other compatibilizers
as reported in our previous work, could be less

g

effective in dispersing the clay compared with EAA
or EGMA [26]. Of course, the affinity between the
clay and the compatibilizer plays also a key role in
determining the final morphology in the master-
batch and a dedicated study to go deeper inside these
aspects will be object of a future work.

3.2. Transmission electron microscopy (TEM)
To better understand the structure of the nanocom-
posites and to corroborate the conclusions achieved
by XRD analysis,, TEM analysis was carried out on
the nanocomposites.

— 400 nm

Figure 3. TEM micrographs of compatibilized blends prepared by single extrusion (E1: a, d, g), re-extrusion (E2: b, e, h)
and extrusion with a masterbatch (MB: ¢, f, 1). Each TEM image contains inside a frame with the magnification of
a illustrative particular. The scale bar contained in each frame corresponds to 100 nm.
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In Figure 3 the TEM micrographs of blends com-
patibilized with EAA, Figure 3a—3c, HDAA, Fig-
ure 3d-f, and EGMA, Figure 3g-3i prepared by sin-
gle extrusion (E1), re-extrusion (E2) and extrusion
with a masterbatch (MB) are reported. Each image
contains inside a frame with the magnification of an
illustrative part.

The TEM micrographs of blends E1 show that the
clay in all the materials is mainly organized in inter-
calated tactoids although some isolated exfoliated
silicate sheet can be found. Moreover, it is interest-
ing to note that, despite PA6 is the minor polymeric
phase, the filler is mainly located inside the PA6
phase and at HDPE/PAG6 interface. This is in agree-
ment with the observation of other authors on simi-
lar systems and can be reasonably explained consid-
ering that, despite the presence of the organic mod-
ifier, the clay is essentially a polar component that,
therefore, tends to migrate to the polar part of the
blend [39].

In the re-processed materials, it is possible to indi-
viduate areas in which the clay tactoids are smaller
than those observed in the same non-reprocessed

blends. This is particularly true for the blends con-
taining EAA and HDAA as compatibilizers, Fig-
ure 3b and 3e. This is in agreement with the XRD
analysis and confirms that the second processing
helps in dispersing the nanofiller inside the matrix
achieving a better morphology.

A further improvement of the morphology, in terms
of lower clay dimension and better dispersion, can
be observed in the blends prepared using the com-
patibilizer-clay masterbatch prepared in a separated
step prior extruding, Figure 3¢, 3f and 3i. Also this
result is fully according with the XRD analysis,
confirming the positive effects of this procedure on
the intercalation/exfoliation of the clay.

3.3. Scanning electron microscopy (SEM)

Differently from TEM that observes very small por-
tions of the material, SEM analysis is a powerful
characterization to investigate the overall phase
morphology of the polymer blends and of the related
composites. In particular, it is possible to evaluate
the interfacial modification in the presence of com-
patibilizers, the dispersion of the phases and the

Figure 4. SEM micrographs of compatibilized blends prepared by single extrusion (E1: a, d, g), re-extrusion (E2: b, e, h)

and extrusion with a masterbatch (MB: c, f, 1)
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reciprocal adhesion achieved by different process-
ing methods, with particular reference to the two
polymeric phases constituting the matrix.

In Figure 4 there are reported the SEM micrographs
of blends compatibilized with EAA, Figure 4 a—4c,
HDAA, Figure 4d—4f, and EGMA, Figure 4g—4i
prepared by single extrusion (E1), re-extrusion (E2)
and extrusion using a clay/compatibilizer master-
batch (MB).

It is evident that in the blends PA6/HDPE/EAA/
PBO/15A/E2, Figure 4b, and PA6/HDPE/EAA/
PBO/15A/MB, Figure 4c, the dimension of the par-
ticles of the PA6 dispersed phase is definitely
smaller and the interfacial adhesion better than
those observed in the corresponding E1 blend, Fig-
ure 4a. It is also possible to see smaller aggregates
with a different contrast, ascribable to the clay tac-
toids, well dispersed both in El, in E2 and in MB
materials.

When using HDAA as compatibilizer, the dimen-
sion of the particles of E2, Figure 4e, and especially
of MB materials, Figure 4f, is higher if compared
with that of E1, Figure 4d. However, the adhesion
of E2 seems to be the best. Also in this case, it is pos-
sible to find small clay aggregates, better dispersed
in E2 and MB materials.

The situation is similar for the EGMA compatibi-
lized blends. In this case, the blends E2, Figure 4h
and MB, Figure 4i, display a rougher morphology if
compared with E1, Figure 4g, but the adhesion of
the former is definitely better, as the particles are
well embedded in the matrix. It is worth noting that
the dispersion of the clay aggregates is here less
uniform if compared with that observed in the mate-
rials compatibilized with EAA/PBO or HDAA.

3.4. Rheological characterization

The complex viscosity, the storage modulus and the
loss modulus as a function of frequency are reported
in Figure 5-7 for all the materials.

As regards the blends compatibilized with the EAA/
PBO system, Figure 5, the viscosity of PA6/HDPE/
EAA/PBO/15A/E2 is the lowest of this series of
materials while E1 and MB show almost the same
values. This can be likely interpreted with degrada-
tion phenomena occurring during the second repro-
cessing. It must be highlighted that, from one side,
reprocessing can absolutely improve the overall
morphology, especially in terms of dimension. Nev-
ertheless, it cannot be disregarded that in E2 blends,

10°
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Figure 5. Complex viscosity (a), storage modulus (b) and
the loss modulus (c) as a function of frequency of
blend compatibilized with EAA prepared by sin-
gle extrusion (E1), re-extrusion (E2) and extru-
sion with a masterbatch (MB)

HDPE, PA6 and the clay are exposed to high tem-
peratures and mechanical stresses for a second time.
According to our previous results, the degradation
products of the clay can be responsible of a marked
deactivation of the compatibilizing system [26, 27].
The decrease of the compatibilizing action given by
EAA/PBO induces a lower phase adhesion and, con-
sequently, a lower melt viscosity. For MB materials,
actually, this phenomenon is less marked and the
double processing of the clay has fewer conse-
quences reasonably because the masterbatch prepa-
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Figure 6. Complex viscosity (a), storage modulus (b) and
the loss modulus (c) as a function of frequency of
blend compatibilized with HDAA prepared by
single extrusion (El), re-extrusion (E2) and
extrusion with a masterbatch (MB)

ration is carried out at 180°C, thus reducing the
potential degradation effects on the clay after this
step. Similar considerations can be done for the sys-
tems containing HDAA/PBO, Figure 6, and EGMA,
Figure 7, even if in this latter case the reduction of
viscosity is less relevant reasonably because of a
minor compatibilizing effect of this agent and a
lower antagonistic effect with the clay degradation
products, confirming previous findings [26].

The analysis of the storage and loss moduli show
that, for the EAA/PBO compatibilized blends, Fig-
ure 5, the differences in the rheological behaviour
can be mainly attributed to the conservative compo-

10¢
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Figure 7. Complex viscosity (a), storage modulus (b) and
the loss modulus (c) as a function of frequency of
blend compatibilized with EGMA prepared by
single extrusion (El), re-extrusion (E2) and
extrusion with a masterbatch (MB)

nent, G', as the dissipative component, G”, remains
practically unaltered for E1, E2 and MB materials.
This is not true for the HDAA containing materials,
Figure 6 as both G' and G" significantly change com-
paring E1/MB materials with E2. EGMA contain-
ing blends, finally, Figure 7, show very small differ-
ences in G’ and G", thus corroborating the hypothesis
of a bland activity of this compound as compatibi-
lizing agent.

3.5. Mechanical characterization
In Table 4 it is reported the elastic modulus, £, the
tensile stress, 7S, the elongation at break, £B and
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Table 4. Elastic modulus (E), tensile stress (75), elongation at break (EB) and impact strength (ZS) of compatibilized blends
prepared by single extrusion (E1), re-extrusion (E2) and extrusion with a masterbatch (MB). The samples were

prepared by compression moulding.

Sample E TS EB IS
[MPa] [MPa] [%] [J/m]
PAG/HDPE/EAA/PBO/ISA/E] 128332 23.650.3 3.1£0.1 24.0£1.0
PAG/HDPE/EAA/PBO/I5A/E2 1348+39 23.4+0.4 3.4+0.2 28.540.9
PAG/HDPE/EAA/PBO/15A/MB 1452+43 23.840.3 4.0+0.2 333+1.1
PAG/HDPE/HDAA/PBO/15A/EL 1169427 17.3£0.6 1.9+0.2 23.7+0.9
PAG/HDPE/HDAA/PBO/15A/E2 1229433 21.6£0.4 2.440.1 30.3£1.0
PAG/HDPE/HDAA/PBO/I5A/MB 135341 22.6£0.5 2.940.1 31.240.8
PA6/HDPE/EGMA/15A/EL 1173428 233408 5.0+03 28.3%0.7
PA6/HDPE/EGMA/15A/E2 128734 26.7+0.6 59403 36.4+1.1
PA6/HDPE/EGMA/15A/MB 129728 273407 7.540.4 42.0=1.3

the impact strength, IS, measured on compression
moulded specimens of all the nanocomposites.

As regards all the compatibilized systems repro-
cessing (E2) induce an increase of all the properties
for all the systems.

This improvement is in full agreement with the bet-
ter blend morphology and with the improved clay
distribution and intercalation after the second pro-
cessing, as commented above. To go deeper inside
this aspect, i.e. to investigate if the improvement of
the mechanical properties was due to a better filler
redistribution or to a finer polymer blend matrix
morphology after reprocessing, unfilled materials
were re-extruded and tested. The values of all the
mechanical properties (here not reported for sake of
brevity) do not show significant changes after the
second processing for all the compatibilizing sys-
tems used, exception made for EB that shows a slight
reduction. It can be therefore concluded that the
improvement of the mechanical properties in the
composites have to be attributed to the clay rather
than to the polymer blend matrix.

Also the composites prepared using the compatibi-
lizer-clay masterbatch show a general increase of
the mechanical properties even if some specific
comments must be given. The highest increase of
Young’s modulus can be found in the EAA contain-
ing system but the overall better improvement is
found in the EGMA system. These results confirm
that the pre-dispersion of the clay in the compatibi-
lizer helps in achieving a further dispersion in the
final material. Moreover, the differences in the per-
formances of the different compatibilizers can be
explained either with the different viscosity of the
compatibilizers under the masterbatch preparation
conditions. In particular, the lower the viscosity the
lower the shear stress acting in the melt and the
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worse the dispersion. In this sense, as reported in
EAA and EGMA show the highest viscosities and
therefore it is reasonable to suppose that the initial
dispersion of the clay in the masterbatch prepara-
tion step is more effective than that of HDAA [26].
Of course, a different affinity between the compati-
bilizer and the clay leading to different melt interac-
tions between the two components could be also
taken into account.

As regards the impact strength, Table 4, it can be
observed the same trend already evidenced in the
tensile properties. IS is increasing according to E1 <
E2 <MB. Again, the highest increase are observed
for EAA and especially for EGMA containing mate-
rials while when using HDAA this increment is def-
initely lower. These results confirm that, beyond the
better dispersion of the clay, there is also an
improved adhesion between the filler and the matrix
that enhances the stress transmission between the
phases and, consequently, reduces crack propaga-
tion.

4. Conclusions

We studied the influence of morphology achieved
by different processing methods, on the rheological
and mechanical properties of PA6/HDPE-clay nano-
composite blends in the presence of different com-
patibilizing systems. The XRD and TEM analysis
showed that the re-extrusion improves slightly the
morphology probably because to the supplementary
stresses induced on the blend by the second pro-
cessing allowing a further dispersion of the nano-
filler with consequent higher intercalation level. A
further improvement of the morphology, in terms of
lower clay dimension and better dispersion, can be
observed in the blends MB. These results can be
explained considering that the preparation of the
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compatibilizer-clay masterbatch may induce a cer-
tain initial intercalation/expansion of the clay that
becomes more intense during the subsequent extru-
sion processing. The rheological characterization
showed that the E2 blends have a lower viscosity in
comparison with the respective E1 blends. This can
be likely interpreted with degradation phenomena
occurring during the second reprocessing. Indeed,
in E2 blends, HDPE, PA6 and the clay are exposed
to high temperatures and mechanical stresses for a
second time. On the contrary, the MB blends exhib-
ited values of viscosity similar to E1 blends. This
can be explained considering that the masterbatch
preparation is carried out at 180°C, thus reducing
the potential degradation effects on the clay after
this step. The results of the mechanical tests showed
that reprocessing (E2) induced an increase of all the
properties for all the three systems. This improve-
ment is in full agreement with the better blend mor-
phology and with the improved clay distribution
and intercalation after the second processing. A fur-
ther general increase of the mechanical properties
was showed by the blends MB. These results con-
firm that the pre-dispersion of the clay in the com-
patibilizer helps in achieving a further dispersion in
the final material.
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