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Universidad de Chile, Olivos 1007, Santiago, Chile

Received 27 March 2008; accepted 6 October 2008
DOI 10.1002/app.29585
Published online 30 January 2009 in Wiley InterScience (www.interscience.wiley.com).

ABSTRACT: A set of organically modified clays (OLS)
were mixed with different compatibilizers to alter their
interactions with either homopolymer or heterophasic pol-
ypropylenes when they were melt-mixed, and the relation
between the OLS/compatibilizer system and the composite
morphology was studied. X-ray diffraction (XRD) showed
that depending on the specific OLS/compatibilizer system,
it is possible to obtain several morphologies in the compo-
sites. In particular, some samples prepared with compati-
bilizers based on itaconic acid and OLSs, which had the
highest cation exchange capacity and were organically
modified with a set of quaternary ammonium salts, pre-
sented longer clay interlayer distances than the original
OLSs, whereas other composites showed a clay collapse
associated with shorter interlayer distances. Moreover,
some composites presented both kinds of morphologies to-
gether. By means of diffuse reflectance spectroscopy and

thermogravimetric analysis, it was possible to show that
the OLSs were stable under the operating conditions, so the
decrease in the interlayer distance found in some samples
was not related to degradation processes. On the other
hand, high-resolution transmission electron microscopy
(HR-TEM) showed that collapsed clays were formed by tac-
toid and immiscible structures with poor dispersion in the
polymer matrix. However, samples with intercalate state
from XRD presented very well dispersed multilayer stacks
about 10 nm thick. Finally, those samples with both col-
lapsed and intercalate morphologies presented tactoid and
immiscible structures together with well dispersed multi-
layer stacks in the corresponding HR-TEM images. VVC 2009
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INTRODUCTION

Addition of nanoparticles to polymer matrices is one
of the recent methods used to develop new plastic
composites.1–3 These nanofillers may be carbon nano-
tubes,4 inorganic particles,5 natural nano-organic com-
pounds,6 etc. In particular, polymer/layered silicate
nanocomposites based on montmorillonite (MMT) are
good examples because they allow polymer properties
to be improved at reduced cost.7,8 However, the
desired property changes will depend on the final
morphology of the filler in a polymer matrix.9 In this

way, only by controlling particle morphology will it
be possible to improve some properties at levels simi-
lar to those predicted by some theories.10

In the particular case of clays, the relation between
the filler’s morphology and composite properties is
even more complicated, because the initial state of
the filler is micrometric instead of nanometric, and
only a good interaction between a polymer and the
clay will be able to produce nanostructured compo-
sites.7,8,11 In this way, to make MMT miscible with
polymers one must exchange its alkali counterions
with cationic surfactants such as alkylammonium
compounds to obtain organically modified layered
silicates (OLS).12 Depending on the strength of the
interfacial interactions between a polymer matrix
and the layered silicate, three different types of
nanocomposites are thermodynamically achievable7:
(1) tactoid or immiscible, which means that no inter-
action between the clay and the polymer occurs and
no change is seen in the clay’s interlayer distance;
(2) intercalated, in which the insertion of a polymer
matrix into the layered silicate structure occurs in a
crystallographically regular fashion and the gallery
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distance increases; and (3) exfoliated, which means
that the individual clay layers are separated in a
continuous polymer matrix and the interlayer order
is disrupted. Whether an admixture of polymer and
OLS produces either an exfoliated/intercalated
nanocomposite or a conventional microcomposite
will depend critically on their characteristics. With
respect to polyolefins, it has been shown that by
using a compatibilizer such as a polypropylene
grafted with maleic anhydride it is possible to pre-
pare clay-based nanocomposites by the melt-mix
method.13,14 So the final morphology will be given
by the specific interactions between an OLS, a com-
patibilizer, and a polymer.

Although polyolefin/clay composites are well
known today and it is possible to find a large num-
ber of references on this subject, more experimental
data are necessary to have a complete understand-
ing of their morphology. For example, it is well
accepted that the presence of both compatibilizers
and polyolefins increases the clay’s interlayer dis-
tance.7,13–15 However, it has been reported that
sometimes the opposite is found, which means that
the interlayer distance decreases and the clay col-
lapses.16,17 Yoon et al. have found this behavior in
polystyrene/clay nanocomposites, and it was asso-
ciated with some instabilities of the intercalated or-
ganic compounds, generating an arrangement of the
alkyl chains from a bilayer to a monolayer structure
during processing.18 On the other hand, Pozsgay et
al. also found a clay collapse, but in polypropylene
nanocomposites.19 They suggested that it could be
due either to the degradation of organic com-
pounds or to the evaporation of the water mole-
cules present in the clay interlayers. These
hypotheses are supported by several publications,
because it has been shown that the organic mole-
cules20–22 coming from OLSs, normally alkyl ammo-
nium salts, decompose by the Hofmann mechanism
under the operating conditions (around 200�C) nor-
mally used for the polypropylene melt process.23

However, sufficient proof is missing to support
some of the latest explanations.19

The present work shows the results of polypropyl-
ene nanocomposites prepared by the melt-mix
method using a set of different OLSs. Moreover,
because the compatibilizer also has a key role in the
interactions between a polymer and a clay, three dif-
ferent compatibilizers were studied for each of the
OLSs used to evaluate their importance in the final
results. The idea is to show that the OLS/compati-
bilizer system, as a whole, affects the morphology of
the composites obtained in a better way than the
OLS itself. In a future contribution we will report
the relation between the morphologies found and
some composite properties.

EXPERIMENTAL

Materials

Montmorillonite samples from three different sour-
ces were used: Cloisite 20A from Southern Clay
Products, KSF from Aldrich, and a sample from a
Chilean producer, Zl, which is a sodium montmoril-
lonite clay from natural volcanic sources in the south
of Chile. Cation exchange capacity (CEC) was deter-
mined as 55, 80, and 95 [meq/100 g of clay] for KSF,
Zl, and Cloisite 20A, respectively. The KSF and Zl
clays were modified with octadecylamine (ODA)
from Aldrich and were designated as O-KSF and O-
Zl, respectively. The particle sizes (d50%) of the dif-
ferent OLSs were 18, 6.7, and 12 lm, respectively,
for O-KSF, O-Zl, and Cloisite 20A, measured by a
Malvern Mastersizer X instrument. On the other
hand, three different compatibilizers were used: one
commercial polypropylene grafted with maleic anhy-
dride from Aldrich (PP-g-MA) with 0.6 mol % con-
tent, and two polypropylenes grafted with either 0.7
mol % or 1.8 mol % of itaconic acid synthesized in
our laboratory through a free radical melt reaction
process, designated as PPgIA0.7 and PPgIA1.8,
respectively.24,25 A commercial heterophasic poly-
propylene (HPP) from Petroquı́mica Cuyo (Argen-
tina) with a melt flow rate of 0.8 g/min, and a
homopolymer polypropylene (PP) from Petroquim
(Chile) with a melt flow rate of 26 g/min, were used
as polymer matrices.

Clay intercalation

A 5-g sample of clay, either KSF or Zl, was dis-
persed in 500 mL of water using a homogenizer. A
solution of 2.1 g of ODA was made at 60�C in a 50 :
50 v/v water : ethanol mixture; it was acidified to
pH 3 by adding 2 mL of concentrated hydrochloric
acid, and the resulting suspension was then added
to the amine solution and stirred vigorously for 2 h
at 25�C. The organically modified clays were recov-
ered by filtration, washed abundantly with water,
filtered, and then dried at 80�C. The organophilic
clays obtained were characterized by XRD and FTIR.
Cloisite 20A has a set of quaternary ammonium salts
based on hydrogenated tallow of different sizes and
it was used as received.

Composite preparation

First, a master batch consisting of a mixture of an or-
ganic-modified clay and a compatibilizer in a 1 : 3
clay/compatibilizer weight ratio was prepared by a
melt-mixing technique in a Brabender plasticorder
internal mixer. The mixing conditions were 190�C,
110 RPM, and 10 min. The composites were also pre-
pared using the Brabender plasticorder, under the
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same conditions as those used for the preparation of
the master batch, by mixing predetermined amounts
of the master batch, antioxidant, and neat polymer
under a nitrogen atmosphere to obtain nanocompo-
sites containing between 1 and 5 wt % of clay.

Clay and nanocomposite characterization

The clay’s interlayer distance was characterized by
X-ray diffraction (XRD) using a Siemens D-5000 dif-
fractometer with CuKa ¼ 1.54 Å and a step scan of
0.02� at room temperature. For some samples, its
configuration was changed to decrease the lowest
angle to 0.7�. The interlayer structure of the OLSs
was examined in a Bruker Vector 22 FTIR spectrom-
eter with 100 scans at a resolution of 4 cm�1 using
KBr for dilution. Diffuse reflectance was measured
on the same equipment using a DRIFT accessory with
temperature control under a nitrogen atmosphere. The
samples were analyzed without any dilution in KBr.
Thermogravimetric analysis (TGA) was carried out in
nitrogen from room temperature to 600�C in a TA
Instruments at a heating rate of 20�C/min. Finally,
transmission electron microscopy (TEM) measure-
ments were made on a Philips model CM 100 instru-
ment at 80 kV. HR-TEM images were made on a
JEOL-2100F microscope at 200 kV. Ultrathin sections
of about 70 nm were obtained by cutting the sam-
ples with an Ultracut Reichert-Jung microtome
equipped with a Diatome diamond knife.

RESULTS AND DISCUSSION

Organic modification of clays

FTIR analysis was used to evaluate the presence of
ODA in both the KSF and the Zl clays. Figure 1
shows the FTIR spectra of neat KSF and O-KSF and
O-Zl clays; the typical spectrum of a natural mont-
morillonite is seen.26 There is a strong absorption

band between 3700 and 3200 cm�1 due to the pres-
ence of water, another absorption band at 1650 cm�1

due to the m2(HAOAH) bending vibrations of water
molecules, and a strong band at 1050 cm�1 due to
the SiAO stretching and bending. On the other
hand, the presence of organic molecules in both O-
KSF and O-Zl is confirmed mainly by the absorption
bands at 2922 and 2843 cm�1 corresponding to
mas(CH2) and ms(CH2), respectively, which are associ-
ated with the CAH stretching of alkylammonium
cations.26 The characteristic das(CAH) bending vibra-
tion of the (CH3)4N

þ at 1470 cm�1 also appears. The
low amount of water in the OLSs is also clear, due
to the adsorption of organic cations.26 The incorpora-
tion of organic molecules is also shown by XRD,
where it is possible to see the increase of the inter-
layer distance from 1.23 nm (2y ¼ 7.2�) to 1.73 nm
(2y ¼ 5�) for O-KSF and from 1.39 nm (2y ¼ 6.4�) to
2.16 nm (2y ¼ 4.1�) for O-ZL. Although the same or-
ganic modifier was used, the interlayer distance of
O-KSF is lower than that of O-Zl. This difference is
explained by the higher CEC value of O-Zl. It has
been reported that the clay gallery height decreases
by decreasing the chain packing density or increas-
ing the available surface area per guest molecule, pa-
rameters that are related to the CEC value.27,28

Although the lateral size of the clay could also be
relevant, it has been reported that differences in
CEC values are more important.28 The interlayer dis-
tance of Cloisite 20A is 2.47 nm (2y ¼ 3.5�), which is
greater than that in O-Zl in spite of the similar CEC
value, and it is associated with the different organic
modifiers used.

Nanocomposite structure

XRD was used to analyze the morphology of the
master-batches prepared using different compatibil-
izers and clays, and Figure 2 shows the results for

Figure 1 FTIR spectrum of the KSF natural clay and the
organically modified clays O-KSF and O-Zl.

Figure 2 XRD patterns of the O-Zl clay and its master
batches with different compatibilizers. The dashed line
shows the position of the original peak of the Zl clay.
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O-Zl. The results for Cloisite 20A and O-KSF are not
shown because the same trend was found as for O-
Zl. Although it has been reported that when an OLS
is mixed with a compatibilizer its interlayer distance
increases,13,14 these samples did not show any im-
portant change in the position of the diffraction
peaks. Indeed, in the master batches of O-KSF/
PPgIAs, the peaks become broader and are displaced
to shorter interlayer distances.

On the other hand, as mentioned in the experi-
mental part, the polypropylene/clay nanocomposites
were prepared by mixing the master-batch with the
neat polymer. The results for the composites based
on the high molecular weight heterophasic polypro-
pylene (HPP) using either 1 wt %, 3 wt %, or 5 wt %
of the O-KSF with PPgMA as compatibilizer are
shown in Figure 3. Contrary to what was expected,
the position of the d001 peak does not change to
smaller angles but is rather shifted to larger ones.
So, with the incorporation of the HPP, and regard-
less of the amount of O-KSF, the clay’s interlayer
distance decreases, showing clay collapse. It has
been reported that the clay intercalation/exfoliation
process is more difficult when high molecular
weight polypropylenes are used as matrix. The same
trend was seen when heterophasic polypropylenes
of different molecular weights and morphologies
were studied,29,30 so our results are in agreement
with these findings.

With respect to the effect of the compatibilizer,
Figure 4 shows the XRD patterns of the HPP compo-
sites containing 5 wt % of O-KSF for the three com-
patibilizers studied. It is clearly seen that regardless
of the compatibilizer used, the HPP/O-KSF compo-
sites show clay collapse, and their clay interlayer
distance decreases from 1.73 nm (2y ¼ 5�) to
1.35 nm (2y ¼ 6.4�) for the three compatibilizers
tested. A similar behavior was found when 5 wt %

of O-Zl was added to the HPP, and in this case the
clay interlayer distance decreases from 2.16 nm (2y
¼ 4.1�) to 1.4 nm (2y ¼ 6.3�). However, when the
HPP/Cloisite 20A composites were analyzed a dif-
ferent trend was found, as can be seen in Figure 5.
In particular, it seems that when Cloisite 20A was
mixed with HPP, three different morphologies
occurred depending on the compatibilizer used.
When PPgMA was used, the clay collapsed and its
interlayer distance decreased from 2.47 nm (2y ¼
3.5�) to 1.85 nm (2y ¼ 4.9�). The opposite was found
when PPgIA1,8 was used, because the clay interlayer
distance increased from 2.47 nm (2y ¼ 3.5�) to 3.9
nm (2y ¼ 2.3�). Surprisingly, two different morphol-
ogies were observed together in the HPP/Cloisite
20A sample compatibilized with PPgIA0,7, because
some clay sheets got closer to each other, as shown

Figure 3 XRD patterns of the O-KSF/PPgMA master
batch (adjusted scale) and its composites with HPP for a
clay content of 1, 3, and 5 wt %.

Figure 4 XRD patterns of the HPP/O-KSF composites
containing 5 wt % of clay with different types of compati-
bilizers. The O-KSF clay is also shown for comparison
(adjusted scale).

Figure 5 XRD patterns of the HPP/Cloisite 20A compo-
sites containing 5 wt % of clay with different types of
compatibilizers.
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by the small peak around 2y ¼ 6.4�, but other sheets
are intercalated and their peak is shifted to lower 2y
values, around 2y ¼ 2.3� (3.9 nm). This split in the
interlayer distance has already been reported in
some polymer/clay nanocomposites.19 It is notewor-
thy that because no other peak appears at an angle
related to those of the collapsed clays (for example,
in the half value for the d002 peak), it is believed that
these peaks are not associated with some secondary
diffraction coming from intercalated clays with inter-
layer distances that are out of range of the X-ray
equipment.18 Moreover, the HR-TEM images
showed interlayer distances similar to those meas-
ured by XRD in composites with clay collapse (see
below).

Therefore, it is clear from our results that the final
morphology of the HPP/clay composites, in particu-
lar their interlayer distance, depends not only on the
type of clay and its organic modifier, but also on the
specific compatibilizer used.

To analyze the effect of the polymer matrix on the
clay’s morphology, the X-ray diffraction patterns of
the composites based on pure low molecular weight
polypropylene were also studied using different
compatibilizers and clays. The same as in the HPP
matrix, clay collapse was seen in composites pre-
pared with either O-Zl or O-KSF, and their interlayer
distance decreased to about 1.38 nm (2y ¼ 6.2�)
regardless of the compatibilizer used. However, dif-
ferences were found when Cloisite 20A was used, as
seen in Figure 6. In this case, regardless of the kind
of compatibilizer, all the composites showed both
the intercalated and the collapsed states together.
Therefore, the matrix affects the polymer/clay mor-
phology29,30 and, as already reported, polypropy-
lenes with low molecular weights present better
interactions with OLSs.29,30

Stability of organically modified clays

As mentioned earlier, clay collapse can be associated
with two different mechanisms: changes in the mor-
phology of its organic molecules from mono- to bi-
layer structure, or thermal degradation together with
water release processes due to the high temperatures
used for the preparation of nanocomposites.26 To
verify if under the processing conditions the clay
undergoes either water release or degradation of the
intercalated organic molecules, the thermal stability
of the OLSs was studied by diffuse reflectance spec-
troscopy (DRIFT) at 190�C as a function of time. Fig-
ure 7 shows the DRIFT spectra at 190�C for Cloisite
20A at times between 0.5 and 12 min. The DRIFT
spectra were also recorded at room temperature.
The results for both the O-Zl and the O-KSF samples
are not shown because they were entirely similar.
Surprisingly, the absorption bands associated with
the presence of organic molecules (around 2900 and
1500 cm�1) did not present any change under the
conditions studied. Moreover, the absorption bands
related to water molecules (around 3500 and 1650
cm�1) were stable, so both possible processes are not
relevant in the clays.
To confirm the absence of the degradation associ-

ated with the organic molecules of the OLSs, a ther-
mogravimetric analysis (TGA) was performed.
Figure 8 shows the TGA results for the O-KSF, O-Zl,
and Cloisite 20A samples. It is seen that the water
content of both O-KSF and O-Zl is around 2 wt %,
so its presence is not relevant. Moreover, these val-
ues confirm the thermal stability of the samples
under the operating conditions, because degradation
temperature is always much higher than 190�C.
It is clear that the data obtained from Figure 8 are

measured in a dynamic state, which is different

Figure 7 DRIFT spectra of Cloisite 20A at room tempera-
ture and after different times at 190�C. See text for signal
assignment.

Figure 6 XRD patterns of the PP/Cloisite 20A composites
containing 5 wt % of clay with different types of
compatibilizers.
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from the melt-mixing conditions, so TGA was also
made at constant temperature, 190�C. The results
agree with the DRIFT measurements, because no rel-

evant degradation is seen after 60 min, and only
2.5% weight loss is detected.
So from the results of DRIFT and TGA, it is possi-

ble to conclude that the decrease in the interlayer
distance is not associated with either the degrada-
tion of organic molecules or water loss. Moreover,
the possible degradation of organic molecules in the
clay was further studied by increasing the mixing
time used for the preparation of the master batch.
No substantial change was observed in the interlayer
distance of the clays, even for mixing times longer
than 30 min. On the other hand, a comparison was
made of the interlayer distance of the O-KSF clay af-
ter treatment at 190�C in a vacuum oven. After 10
min (the time elapsed in the melt-mixer), no change
was found in the gallery heights. The same behavior
was seen with O-Zl. It is worth noting that the inter-
layer distance of Cloisite 20A remains stable after
6 h at 190�C. Thus, the presence of neat polymer is
necessary to detect the clay collapse. It is also possi-
ble that due to the shear processes in the mixer the
local temperature of the sample may have gone

Figure 8 TGA analysis of different organically modified
clays.

Figure 9 TEM images of some HPP composites with 5 wt % of filler using: (a) the O-Zl/PPgIA1.8 system; (b) the O-KSF/
PPgIA0.7 system; (c) the Cloisite 20A/PPgMA system; and (d) the Cloisite 20A/PPgIA0.7 system.
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above 190�C and new phenomena could appear that
favor the degradation. Therefore, some composites
were prepared by a solution process at 120�C using
xylene as the solvent. However, the same trend was
found, meaning that some samples presented clay
collapse that rules out the last explanation.

TEM characterization

It is well known that the XRD is a good tool for
evaluating clay morphology, in particular its inter-
layer distance. However, TEM is also needed to
assess the overall state of the clay. Figure 9 shows
TEM images of some HPP composites with 5 wt %
of clay loading. In agreement with what was found
by XRD measurements, the composite morphology
depends on the clay used. The TEM images of the
HPP/O-Zl and the HPP/O-KSF composites showed
tactoid or immiscible clay particles, so that the clay
collapse studied by XRD is associated with these im-
miscible particles. On the other hand, depending on
the specific OLS/compatibilizer system used, to-
gether with collapsed tactoid particles, it is possible
to see some degree of dispersion in the polymerc
matrix, as can be seen in Figure 9(a).31,32 These

images also show that some clays were fractured.33

With respect to the HPP/Cloisite 20A composites, in
agreement with the XRD results, these samples
showed better dispersion in the HPP matrix than the
other clays, as seen in Figure 9(c,d), although with
some amount of immiscible particles, which could
account for the double morphology found by XRD.
On the other hand, Figure 10 shows HR-TEM

images of the PP/Cloisite 20A composite when
PPgIA1.8 is used as compatibilizer. This sample
presents both the intercalated and the collapsed state
by X-ray analysis, and from Figure 10 it is also pos-
sible to observe two kinds of morphologies: good
clay dispersion together with tactoid or immiscible
structures. However, HR-TEM leads to the conclu-
sion that no exfoliated state is found, but there are
very well dispersed multilayer stacks about 10 nm
thick which mean five silicate sheets per stack, simi-
lar to what has been reported for other clay nano-
composites.31 The PP/O-KSF sample compatibilized
with the PPgMA, which presented a clay collapse by
XRD, shows tactoid or immiscible morphology, as
seen in Figure 11. In this case multilayer stacks are
agglomerated together and they are not dispersed as
in other samples. Moreover, from these images it is

Figure 10 HR-TEM images of the PP/Cloisite 20A composites compatibilized with PPgIA1.8.
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possible to estimate the interlayer distance of the im-
miscible structures and a value of 1.4 nm was found,
which is close to that measured for collapsed clays
by XRD, confirming that the collapsed state comes
from these immiscible particles. From the last TEM
results, it is clear that the OLS/compatibilizer sys-
tem is the fundamental variable to understand the
morphology of polypropylene/clay composites.

In spite of the different morphologies found in the
composites, it is possible to conclude that by the
addition of an OLS and a compatibilizer, the melt-
processing was able to break up the original agglom-
erated clay particles, whose initial size was about 15
lm, into their primary size of less than 1 lm. This
reduction in clay size is important for some of the
composite’s properties, for example, those related to
its degradation processes, because it has been
reported that not only completely exfoliated systems
are able to change the properties of polymer matri-
ces.34–36 The latter will be evaluated in a coming
contribution.

With respect to the samples with both morpholo-
gies observed at the same time by either XRD or
TEM images, it is possible to understand this behav-
ior by means of the distribution of CEC values
within the clays. An isomorphic substitution14,26 is a
stochastic process, so it is possible to find galleries
within a clay with either higher or lower CEC values

than the experimental ones. Therefore, some gal-
leries will interact with a polymer and they can be
either exfoliated or intercalated; but others will not
be able to do so. These galleries can feel the normal
forces coming either from the layers that are interca-
lated or from the polymer molecules that surround
them, and in this way the galleries may collapse.
Moreover, it has been reported that the clay’s col-
lapse is due to the change in the interlayer structure
of the organic molecules from bi- to mono-layer
morphology,18 and it is, therefore, possible to think
that the normal forces on the collapsed layers can
catalyze this process.

CONCLUSIONS

Different types of compatibilizers and clays were
used for the preparation of polypropylene/clay
nanocomposites in which it was found that the clays
with the lowest CEC value and modified with ODA
presented a decrease in the interlayer distance asso-
ciated with the clay collapse. However, an important
intercalated state was seen in clays with the highest
CEC and organically modified with a set of quater-
nary ammonium salts. Moreover, depending on the
compatibilizer used, some samples presented both
the morphologies together. The decrease in the inter-
layer distance found in some samples is not

Figure 11 HR-TEM images of the PP/O-KSF composites compatibilized with PPgMA.

POLYPROPYLENE/CLAY NANOCOMPOSITES MORPHOLOGY 1285

Journal of Applied Polymer Science DOI 10.1002/app



associated with the degradation of organic molecules
from the clays, as seen from DRIFT and TGA.

On the other hand, high-resolution TEM con-
firmed that, depending on both the clay and the
compatibilizer used, several morphologies can be
obtained. Clays showing collapsed morphology by
XRD presented immiscible structures, but those
clays with intercalated states presented well dis-
persed multilayer stacks about 10 nm thick.

It is concluded that the OLS/compatibilizer sys-
tem as a whole affects the morphology of composites
better than the OLS by itself.

The supply of the polypropylenes by Petroquı́mica Cuyo
S.A. and Petroquim S.A. is gratefully acknowledged. We
express our thanks to Dr. F. Gracia and Dr. P. Araya for the
DRIFT measurements, and to Dr. W. Sierralta for the TEM
images and to the International Center for Young Scientists
(ICYS)/National Institute for Material Science (NIMS), Tsu-
kuba-Japan, for the HR-TEM images.
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