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HYBRID CLAYS FOR OBTAINING NANOCOMPOSITES AND THE PREPARATION PROCESS OF THESE
CLAYS AND POLYOLEFIN / CLAY NANOCOMPOSITES

DESCRIPTION OF THE INVENTION

10 This invention relates to the preparation of new
hybrid or medified clays by using alternative organic
compounds or clay modifiers that allow an effective
increase of their interlayer spacing. The organic compounds
used as clay modifiers are monomers of itaconic acid (ITA)

15 or its derivative, monococtadecyl itaconate (MODIT). The
hybrid clays are clays intercalated with these wmonomers,
which are characterized by having functional groups with a
hydrophobic character, and thereby compatible with organic
compounds such as polyolefins. The hybrid clays obtained in

20 this invention can be isolated easily from their aqueous
suspensions with a controlled degree of purity, and also
their dispersion in polyclefins is facilitated to form
nanocomposites. This invention further refers to the
processes that make use of alternative raw materials to

25 obtain the hybrid clays or modified clays and to the
processes for obtaining polyolefin nanocomposites from
these hybrid clays.

Thue, the organic compounds or monomers used in this
invention make it possible to modify clays, that is to

30 obtain hybrid clays by intercalation of these monomers
followed by the dispersion of the hybrid clays in
polyolefin matrices by using a compatibilizer
(understanding by compatibilizer an organic compounds that
promotes the Joining of, for example, hybrid clays and

35 polyolefin matrices) to facilitate the formation of
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nanocomposites. The compatibilizer used in this invention
comprises a polyolefin grafted with the itaconic acid
monomer or its derivative, monooctadecyl itaconato, with a
certain degree of grafting between 0.4 - 1.8% by weight
that has been described by the authors of this invention
under a patent application parallel to the present
application under the title “Compatibilizers for producing
nanocomposites, microcomposites and polymer blends, and the
processes for obtaining them.” The present invention allows
polyoclefin nanocomposites to be obtained characterized by
an improved mechanical and thermal performance properties
with respect to polyolefin nanocomposites that uses clays
modified with amines and compatibilizers other than those
used irn this invention. The nanocomposites of this
invention may be used in all fields and in applicacions
that require these kinds of materials, such as the
automotive, electronics, packaging, textile and

construction, among others.

Field of invention

The clays used such as montmorillonite and hectorite
are clays of the laminar phyllosilicate type and they have
some structural characteristices similar to those of
minerals 1like talc and mica. The phyllosilicates have a
structure based on the stacking of planes of oxygen and
hydroxyl ions. The tetrahedral (510);' groups are joined,
sharing three of their four oxygens with other neighbors
forming layers of infinite extension and formula (81,05)°7,
which constitute the basic unit of the phyllosilicates. In
these clays, the tetrahedra are distributed forming
hexagons. The tetrahedral silicon may be partially replaced
by Al%" or Fe’’.

These tetrahedral layers are attached to other
octahedral ones of the gibbsite or brucite type in which
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some Al*" or Mg®* may be replaced by Fe’ or Fe’', and more
rarely by Li, Cr, Mn, Ni, Cu or Zn. The bonding plane
between the two layers is formed by the oxygens of the
tetrahedra that were not being shared with other
tetrahedra (apical oxygens) and by (OH)  groups from the
brucitic or gibbsitic layer, so that in that plane there is
an (OH)  left in the center of each hexagon formed by gix
apical oxygens. The remaining (OH)  are replaced by the
oxygens of the tetrahedra.

In some phyllosilicates {smectites, vermiculites and
micas, among others) the sheets are not electrically
neutral due to the replacement of some caticns by others
having .different charge. The charge balance is maintained
by "the presence in the interlaminar space, or the space
existing between two consecutive sheets, of cations (as in
the mica group, for example), hydrated cations (as in the
vermiculites and smectites), or hydroxyl groups coordinated
octahedrally, similar to the octahedral layers, as in the
chlorites. The unit formed by a sheet plus the interlaminar
layer is the structural unit. The  most freguernt
interlaminar cations belong to the alkali (Na and K) or
alkaline earth (Mg and Ca) groups.

Clay-containing polymers are widely used asg
alternatives or replacement materials for steel or other
metal products, especially in the aercspace and automotive
industries. These materials find uses in an increasing
number of other fields that include bridge components as
well as replacements for heavier steel pieces as in ship
conatruction. By extrusion and injection molding, a nylon
matrix, for example, has been reinforced successfully with
hybrid clays such as montmorillonite, bentonite or
hectorite. The dispersion of these hybrid clays in a
polymer matrix allows polymer/clay nanocomposites to be
obtained whose wmechanical, thermal, dimensional stability,

barrier, and other properties depend directly on the degree



Lo

5

20

30

35

WO 2008/043750

PCT/EP2007/060694

of clay dispersion in the polymer matrix. This is
attributed to the confinement of the polymeric matrix
chains between the countless clay sheets. Montmorillonite,
bentonite and hectorite are alsc clays that are made of
filat silicate sheets whose thickness is of the order of one
nanometer. These polymer/clay nanocomposites have important
commercial applications not only in the synthesis and
properties of the organic/incorganic nanostructures, as
mentioned before, but also in diverse areas such as
ultrathin polymer films.

Organically modified silicates or Thybrid clays
produced by a cation exchange reaction between the clay and
a gquaternary ammonium or alkylammonium salt are used for
the preparation of nanocomposites. The cations of the alkyl
group are intercalated between the natural clay layers,
giving rise to organophilic or hybrid clay. This
transformation makes the ¢lay more hydrophobic and more
eagily dispersible in nonpolar polymers such as

polyolefins.,

Background of the invention

The first scientific report of the use of hybrid clays
in the preparation of nanocomposites appeared in the US
patent 2,531,396. This patent, filed in 1947, describes the
use of organically modified bentonites to  provide
styuctural reinforcement to elastomers such as rubber,
polychloroprene and polyvinyl compounds. Several patents
granted in 1984, for example U.5. Patents 4,472,538;
4,739,007; 4,810,734; 4,889,885; and 5,091,462, use hybrid
clays Ffor plastics and describe the use of structural
commercial plastics, for example, to replace steeal
components in automobiles.

Patents not related to nancocomposites have also been

published describing hybrid clay compositions as
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technological additives that inciude the product of the
reaction of clay, the cuaternary ammonium compound and the
organic anions that are inserted in the clay, for example,
UU.8. Patent 4,412,018, which uses a large wvariety of
organic compounds, including carboxylic acids, that are
capable of reacting with the quaternary ammonium.

The manufacture of nanocomposites also includes the
mixture of hybrid clay with a powdered polymer, which 1is
compressed to obtain a pellet while ig heated at an
appropriate temperature. For example polyvestyrene has been
intercalated by mixing polystyrene with montmerillonite
modified with alkylammonium and heated in vacuum. The
temperature is chosen in such a way that it is highexr than
the glass transition temperature of polystyrene in order to
ensure the melting of the polymer.

U.S. patent 4,810,734 degcribes a different process
for producing a nanocomposite that involves a contact step
between a clay with a cation exchange capacity of 200
milliequivalents per 100 g with a swelling agent in a
dispersing medium, forming a complex that has the property
of swelling with the monomer (for example, an amino acid
for a polyamide, vinyl chloride fox vinyl polymers, among
others) and then the monomer in the mixture is polymerized.
The "swelling agent" used has an onium ion (for example,
the ammonium, triethylammonium, trimethylphosphonium or
dimethylsulfonium ions, among others) and a functional
group (for example, & viayl, carboxyl, hydroxyl, epoxy or
amino group, among others) capable of zreacting with the
polymer. U.S. Patent 4,889,885 describes a nanocomposite
that comprises at least one resin chosen from the wvinyl
pase polymer group, a thermostable resin and a rubber, and
iaminar bentonite uniformly dispersed in the resin. The
laminar silicate has a layer thickness of approximately 7

to 12 nm, and an interlaminar distance of at least 30 nm,

PCT/EP2007/060694
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where the resin is connected with a silicate sheet by means
of an intermediary.

There have aiso been geveral U.s. patent
applications, among them Nos. 4,690,868 and 4,798,766, in
which ammonium gas is used to modify smectic clays prior to
preparing the nanocomposite.

Many of the products described in the aforementioned
references cite thatr the products are easy to process and
isolate, but are difficult to disperse in a polymer matrix.

Hybrid clays wmanufactured by intercalation of the
quaternary ammonium salts are easy to isolate by filtering
and washing because the clay acquires a more hydrophobic
character. These materials, however, do not have good
compatibility with certain plastic materials.

U.S. patent No. 5,552,469 describes the use of hybrid
clay by intercalation in a water-soluble polymer, but there
are problems in separating the modified clay from the
aqueouos phase. Isolation of the clay wag possible from the
agqueous golution at 100 °C. This  process leaves
unintercalated polymer together with the intercalated clay,
and therefore its isolation is not possible. A mixture of
clay and monomer was subjected to polymerization forming a
nanocomposite in situ in which the clay is well dispersed
in: the polymer. Unfortunately, this technigue 1s a
polymerization process of very high cost and it also
produces contamination of the plant with clay.

Recent patents of invention (US5,993,769; EP0952187;
WO004482%; EP1055706; WOD166268; Ug52004087700;
WO2006058846) since 1999 have shown the interest in the
development of nanocomposites using hybrid clays or cilays
intercalated with various synthetic and commercial organic
compounds, and even some of natural origin, with the
purpose of trying to optimize the compatibilization with

polymer matrices in order to obtain nanocomposites.

PCT/EP2007/060694
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The present invention uses new organic intercalation
compounds not previously described either in the
aforementioned patents or in scientific publications, for
obtaining hybrid clays to be used in for the preparation
of nanocomposites and by using organic compounds, also
called compatibilizers, which are organic compounds that
facilitate the dispersion of hybrid clays in polymers, all
this by means of melt processes that are simple and
reproducible and lead to nanocomposites with improved

mechanical and thermal properties.

Summary of the invention

This present invention relates to hybrid clays or
modified clays obtained from the intercalation of the
itaconic acid monomer or its derivative, moncoctadecyl
itaconate in the clays. These hybrid clays are used for the
preparation of nanocomposites based on polyolefins. It also
relates to the processes for obtaining these hybrid clays
and processes for preparing nanocomposites of polyolefins
containing these hybrid clays. These polyolefin
nanocomposites use compatibilizers that consist of
polyolefins grafted with itaconic acid or monooctadecyl
itaconate with a controlled degree of grafting. These
nanocomposites are characterized by an improved mechanical
and thermal propertie with respect to that of
nanocomposites of polyolefins that uses hybrid clays and
compatibilizers different from those of this invention,
such as the hybrid clays obtained by intercalation of
amines, for example, octadecylamine and polyolefins grafted
with maleic anhydride (MAA) as compatibilizers. The
nanocomposites of this invention can be used in the
automotive, electronics, packaging, textiles and

construction, among others.

PCT/EP2007/060694
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For a better understanding of the invention, the
fellowing terms have the meanings shown below:
1. Hybrid clays: c¢lays modified or intercalated
with organic compounds such as itaconic acid or its
derivative, monooctadecyl itaconate.
2. Compatibilizer: an organic compound that allows
two or more chemicals to be mixed without separation
into discrete phases, such as a nonpolar polymer and
polar micro- or nano-particles.
3. Polymeric nanocomposite: a material formed by
dispersion of nanometer-size particles in a
macroscopic component like a polymer matrix.
4, Mcnomer: an organic compound or basic molecular
unit that can be repeated to form a wmolecular
structure that containe that unit a finite number of
times.
5. Polymer: an organic compound that consists of
structural units that are repeated a defined times and
whose connection is through covalent chemical bonds.
6. Polydispersity: an indication of the degree of
variation or amplitude of a Gaussian curve that
represents the average molecular weights of a polymer.
7. Polyolefing: materials obtained by polymerization
of monomers such ag ethylene, propylene homopolymers
as well as copolymerization of these monomers with
alpha olefins.
8. Masterbatch: material formed by mixing a polymer
with high amount of an additive in particle form.
Thus, this material is can be used to prepare other
materials that contain lower concentration of the same
additive. That is, for example, a masterbatch of
polymer and clay particles for obtaining a polymer /
clay nanocomposite.,
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Detailed description of the invention

Specifically, this invention comprises hybrid clays
and the process for obtaining them, such as, for example,
clays of the smectic type intercalated with itaconic acid
(ITA) or its derivative, monooctadecyl itaconate (MODIT) .
These hybrid clays are characterized by having interlaminar
spacings of 1.9 nanometers for the intercalated clays
compared to 1.1 nanometer for the nonintercalated clays.
Moreover, these hybrid clays have a hydrophobic character
are less hydrophylic due £to the contribution of the
nonpolar groups of the ITA and/or MODIT intercalated in the
clay. Therefore, these hybrid clays have greater
interlaminar spacing and hydrophobic character than the
hybrid clays intercalated with an aliphatic amine such as
octadecylamine (ODB). The present invention also relates to
the use of these hybrid clays for making nanocomposites of
polyolefins, and it also describes the procedure process
for obtaining them.

The hybrid clays are produced by intercalation of the
monomers of this invention in smectic clays such as
montmorillenite, hectorite, etc., by mixing in solution at
room temperature, and the procedure for obtaining them is
deagcribed.

Purthermore, the invention describes a the procedure
for obtaining new nanocomposites based on polyolefins and
hybrid clays through the use of alternative raw materials
for their preparation, that is, both the raw materials for
obtaining hybrid clays as well as the compatibilizer (s)
used for preparing polyolefin-based nanocompdsitos these
nanocomposites. Specifically, it relates with to the
replacement of clay modified with an aliphatic amine such
as octadecylamine by a clay modified with the monomers of
rhis invention, i.e. ITA or its derivative, MODIT. In the
cagse of the compatibilizeres, it deals with the use of

organic compounds that comprise a polyolefin grafted with
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ITA or its derivative MODIT with different degrees of
grafting instead of a compatibilizer or organic compound
like such as a polyolefin, for example polypropylene (PP)
grafted with maleic anhydride (PP-g-MAA) . The
nanocomposites thus prepared are characterized by having
improved mechanical and thermal properties with resgpect to
the nanocomposites prepared by using clays modified with
different amines in addition to and a commercial
compatibilizers such as the a polyclefin grafted with
maleic anhydride MAA}.

The description of this invention considers:

1. Employing hybrid clays that comprises the use of
alternative organic compounds (i) and compatibilizers (ii)
to be applied to obtain in the preparation of polymeric
polyolefin/clay nanocomposites.

The organic compounds and compatibilizers considered
in thies invention include:

1)  itaconic acid monomer (ITA) or its derivative,
monooctadecyl itaconate (MODIT) to obtain modified or
hybrid clays characterized by having hydrophobic character
and increased interlaminar spacing.

The modified clays of the smectic type or the hybrid
clays intercalated with the ITA or MODIT monomers that are
developed in this invention correspond to hybrid clays that
are easy to isolate with a controlled degree of purity and
high compatibility to achieve a good dispersion in
polyolefins. Furthermore, the hybrid clays of this
invention have not been described either in the scientific
literature or in patents of invention. The hybrid clays
degcribed in the scientific literature and patents of
invention are those that have been modified mainly by the

use of different type of aliphatic or aromatic amines.
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ii) Compatibilizers based on polyolefins having a
polar character as a result of the incorporation (grafting)
of polar compounds such as ITA Or MODIT.

The compatibilizer is an organic compound based on a
polyolefin that contains polar carboxyl groups coming from
ITA or MODIT. Their production has been described by the
authore of thig invention in an application parallel to
this application under the title “Compatibilizers for
producing nanocomposites, microcomposites and polymer
blends, and the processes for obtaining them.”

The compatibilizer is characterized by having variable
but controlled degrees of grafted ITA ox MODIT, that is,
the actual degreee of grafting that can be obtained
reproducibly. These compatibilizers can be used optimally
to prepare nanocomposites depending on the degree of
grafting of the compatibilizer and the cation exchange
capacity of the clay. The most widely used compatibilizers
are polyolefins modified with maleic anhydride, which have
a lower degree of grafting and therefore lower polarity
than the compatibilizers used in this invention.

it must also be pointed out that the compatibilizers
considered in this invention use itaconic acid, which has
the great advantage of being obtained from natural and
renewable resources such as, for example, by fermentation
of molasses, a by-product of sugar industry, while maleic
anhydride is a synthetic and not a natural product.

Finally, the use of ITA and MODIT as alternative
organic compounds like for preparing hybrid clays and
compatibilizers, together with the polyolefins, make it
possible to produce nanocomposites with improved thermal

and mechanical properties.

9. Procedure for obtaining these hybrid clays of this
invention and their wuse in processes for obtaining

polymeric polyolefin/clay nanoconmposites.
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Te obtain the hybrid clays or clays modified with ITA
or MODIT, an ion exchange reaction is used by means of a
procedure of intercalation in solution 1z used. The
intercalation process developed in this invention is a
simple process for modifying clays that uses technical
grade solvents and ITA ox MODIT as organic compounds. The
hybrid clay is obtained by mixing the unmodified clay
suspension with the ITA or MODIT solution with stirring,
then filtering, and drying to constant weight. The hybrid
clay produced has a hydrophobic character and is free from
impurities.

The hybrid clays obtained in this invention are used
in processes for obtaining nanocomposites of polyolefins
and clays by first preparing the so-called “masterbatch”,
that is, a mixture of hybrid clay and compatibilizer with a
given composition that corresponds to a ratio of 1/3 hybrid
clay/compatibilizer. The compatibilizer is a polyoclefin
grafted with ITA (PP-g-ITA} or MODIT (PP-g-MODIT), and it
is characterized by a given degree of grafting of ITA or
MODIT. The hybrid clay of this invention is characterized
by the increase of its hydrophobic character, which allows
a - good digpersicn in polyolefins for preparing
nanocomposites based on polyolefins and clays. Finally, the
process for preparing the nanocomposite comprises the melt
mixing of a given amount of the masterbatch and the
polyolefin by using a discontinuous mixer. The use of a
discontinuous mixer to carry out the melt mixing
corresponds to a simple procedure, in contrast with the
process that uses extruders specially designed for
preparing these kinds of nanecompogites.

Therefore the invention comprises the following
procedures:

» Hybrid clays oxr clays intercalated with ITA or MQDIT

(Procedure 1) .
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¢ Nanocomposites based on polyolefins and the hybrid

clays of the present this invention (Pracedure 2} .

Procedure 1

Obtaining hybrid clays or clays intercalated with ITA
or MODIT as alternative compounds of this invention like.
It comprises the following stages:

a) Obtaining a suspension of clays such as monmorillonite
(Mo} or natural hectorite (Hn} clay or bentonite or
saponite (8-10 g/1l) in a 1/1 v/v ethyl alcohol /water
mixture by mechanical stirring for 20-40 minutes at
20-30 °C (suspension 1) .

b) Dissolving 3.0 to 3.2 grams of the organic compound
ITA or MODIT of this invention in 1 liter of ethyl
alecohol at 40-70 °C and adjusting the pH to 2.8-3.2
with an inorganic acid such as hydrochloric acid
(selution 1).

c) Adding solution 1 to suspension 1 and mixing with
mechanical stirring during 1.5-3 hours at 25-70 °C
(sugpension 2).

d) Separting the solid content of sugpension 2 by
filtration at atmospheric pressure and 25-40 °C.

e) Drying the solid obtained in stage (d) during 10-15
hourg at 40-80 °C.

f) washing the solid obtained in stage (e} with a 1/1
ethyl alcohol/water mixture, and then drying at 60 °C
for 12 hours.

g) Grinding the dry solid obtained in stage (£} in a
laboratory mill to standard 325 mesh.
in stage (g} the Mo or Hn or bentonite or saponite

hybrid clay is obtained, which corresponds to the Mo or Hn
or Dbentonite or saponite clay with its layers more
separated due to the partial replacement of the
interlaminar cations of the Mo or Hn or bentonite or

saponite clay by intercalation of ITA or MODIT. This
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greater separation of the layers of the hwbrid clay has
been determined and confirmed by X-ray diffraction
analysis. Therefore, The clay is hybrid due to the
presence of the organic layer corresponding to the clay

modified by the organic compounds ITA or MODIT.

Procedure 2

Obtaining nanocomposites based on polyolefins and the
hybrid clays of this invention.

it comprises the following stages:

a) Obtaining the hybrid clay by organic modification of a
smectic type clays such as montmorillonite, bentonite,
hectorite, saponite, etc. by intercalation with ITA oxr
MODIT in an acid medium at pH 2.8-3.2.

b) Preparation of the masterbatch, which comprises mixing
the hybrid clay with compatibilizers PP-g-ITA or PP-g-
MODIT. This mixture, which contains a 1/3 w/w hybrid
clay/compatibilizer ratio takes place in a
discontinuous mixer at 75-90 rpm, 190-195 °C during
10-15 minutes in a stream of an inert gas such as
nitrogen.

¢) Obtaining the nanocomposite by diluting the
masterbatch in the polyolefin in the melt phase by
using the discontinuous mixer of stage (b} . The
resulting nanocomposite contains 1% - 5% by weight of
hybrid clay.

Stage (a) is carried out according to the method
deseribed above in procedure 1, and it is applicable to the
smectic clays uged in this invention.

Stage (b), preparation of the masterbatch, is carried
out in a discontinuous mixer in the molten phase at
temperatures of 190-185 °C, during 10-15 min and at a
mixing speed of 75-%0 rpm. The components of the
masterbatch are: the hybrid clay of this invention, that

ig, clay mwodified with ITA or MODIT; noncommercial
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compatibilizer PP-g-ITA or PP-g-MODIT; and antioxidants,
for example, betahydroxytoluene or Irganox 1010° and
irgafos 168  in a 1/1 ratio. The proportion by weight of
hybrid clay and compatibilizer in the masterbatch is 1/3
w/w. The proportion of antioxidant in the masterbatch can
be 0.02-0.03% by weight of the total mass of the
masterbatch.

Stage ({(c¢), obtaining the polymer polyolefin/clay
nanccomposites, comprises the suspension dispersion of the
masterbatch by dilution with in a polyolefin in the molten
phase in the discontinuous mixer under controlled
temperature, time and mixing gpeed (190-195 °C, 10-15 min,
75-90 rpw) in a stream of an inert gas such as nitrogen
whose function is to replace the oxidizing environment
(air) to avoid oxidation of the polyolefin. Nanocomposites
with a high degree of exfoliation of the clay, that is, a
gystem consisting of clay nanosheets with good dispersion
in the polymer matrix is obtained by this process. The
amount of the hybrid clay in the polyolefin matrix ig in
the range of 1-5% by total weight of the nanocomposite.
Furthermore, antioxidants were also used at 0.02-0.03% by
weight of the polyolefin in the formulation of the

nanccomposites.

Examples
The examples include the methodology for obtaining:

e Hybrid clays or clays intercalated with the ITA or
MODIT monomers of this invention (Example 1).

¢ Nanccomposites based on polyolefins and hybrid clays

of this invention (Example 2).

Example 1
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Methodology for obtaining hybrid clays or clays
intercalated with the monomers ITA or MODIT, of used in
this invention,

The c¢lays used are of the smectic type, such as

montmorillonite (Mo) and natural hectorite (Hn), supplied

N

by the Netherland Organisation for Applied Scientific
Research~-NTC of Holland (Table 1).

Table 1. Cation exchange capacity (CEC), interlaminar
distance (dge:) plane, elemental composition and empirical

10 formula of the clays used in this invention.

. Natural
Montmorillonite
Hectorite
Code Mo Hn
cEC
83 100
(meg/100g}
dgoy {1im) 1.21 1.13
810, (%) 54 .4 51.0
Al.0s (%) 18.2 1.7
Na,0 (%) 3.5 2.9
Li, 0 (%) < 0.1 0.9
Fe,0, (%) 3.5 0.6
Mgo (%) 2.0 21.3
cao {%) 0.4 1.8
K.0 (%) 0.2 0.4
. Mp 75 {Aly 16MTs as, L
Empirical Mg g2 (Al1 55, Mgy 22) . .
ip p) 81404, {0H);
formula 81,0, {OH),. nH.O
.NH,0

In this example the stages for obtaining hybrid
montmorillonite {Mo) by intercalation of ITA in an acid
medium are described; they comprise the cation exchange

15 reaction with the ITA monomer. For that purpose a
suspension of Mo in 1/1 v/v ethyl alcohol /water is was
prepared using by dispersing 5 grams of Mo in 500 ml of i/1
v/v ethyl alcohol/distilled water with stirring for 30
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minutes. Separately, 1.6 grams of ITA was dissolved in 500
ml of ethyl alcchol at 50 °C and the pH was adjusted to 3.0
with hydrochloric acid. Then the solution of ITA or MODIT
was added to the Mo suspension, again adjusting the pH to
3.0 and continuing the stirring for 2 hours at 50 °C. The
modified (hybrid) clay was then filtered, washed with a 1/1
v/v / ethyl alcohol water mixture and dried at 60 °C for 12
hours. The resulting hybrid Mo was grouanded in a laboratory
mill to 325 mesh.

The same procedure already described in example 1 is
valid for obtaining a hybrid Mo by intercalating the
organic compound MODIT. This procedure is also applied to
obtain the hybrid Hn or saponite or bentonite clay by
intercalating the organic compounds ITA or MODIT in these
clays. The hybrid clays are characterized by X-ray
diffraction analysis to verify the increase of their
interlaminar spacings as the result of intercalation with
ITA or MODIT monomer of this invention and were compared
with the spacings obtained by intercalation of clays with
octadecylamine (ODA) ( seeTable 2 and Figure 1).

Table 2 shows the interlaminar distance of the don
plane of unmodified Mo and Hn clays and modified by means
of the intercalation of ITA or MODIT.

Table 2. Interlaminar spacing (dge;) of modified and
unmodified clays.

Clay Mo Hn

dpox  (mm) dgor (mm)
Unmodified 1.2 1.1
Modified with ITA 1.5 1.5
Modified with MODIT 1.7 1.8

Figure 1 shows the X-ray diffraction patterns of
unmodified Mo (1) and modified Mo by intercalation of ITA
{2) or MODIT (3).
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Figqure 1 also shows the decrease of the diffraction
angle 26 at the maximum relative diffraction intensity when
the Mo clay is modified by intercalation of ITA or MODIT

with respect to the unmodified (nonintercalated) Mo. The
smaller 26 wvalue corresponding to the maximum relative
diffraction intensity reflects the larger interlaminar
distance or spacing in the hybrid clay due to the
intercalated ITA or MODIT monomer.

Example 2

Methodology for obtaining nanocomposites based on
polyolefins and hybrid clays of this invention.

The polyolefin/ hybrid clay nanocomposite of this
invention comprises the following raw materials: 1)
polyolefin; i) hybrid c¢lay corresponding to clay
intercalated with either ITA or MODIT monomers; iii)
compatibilizer such as PP-g-ITA or PP-g-MODIT; and iv)
antioxidants.

(1) The commercial polyoclefins used were Ziegler-Natta
polypropylene (PP}
designated as PP 2ZN340, PP ZN 250 and PP ZN150 respectively
with melt flow (MFI) of 3, 13 26. The

properties of PP samples used are shown in Table 3.

homopolymers from Petrogquim S. A.

indexes and

Table 3. Melt flow index (MFI), average wmolecular
welights (Mw and Mny, polydispersity index (Pd), tensile
modulus (E), tensile strength {oy), deformation at break
te) of the Ziegler Natta (ZN) PP samples.

M Pd E Ty €

PP MFI e

: (Kg./mol) | (Mw/Mn) (MPa) {MPa) (%)

N 340 3 340 3.9 1090 430 | 30 %1 250
ZN 250 13 250 3.4 1080 +40 30 x2| 100
N 150 | 26 150 4.4 1092 +45 | 32 2 20
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(11} Clays: smectic type such as montmorillonite (Mo)
and natural  Thectorite (Hn) , supplied by Netherland
Organisation for Applied Scientific Regearch-NTO of
Holland ( see Table 1).

{(iii) Compatibilizer: PP 2ZN250 with MFI = 13 grafted
with ITA with controlled degree of grafting between 0.7%
and 1.8% by weight of ITA, or grafted with MODIT with
controlled degree of grafting between 0.5 and 1.5% by
weight of MODIT, developed by the authors of this invention
according to a patent application already submitted undexr
the title “Compatibilizers for producing nanocomposites,
microcomposites and polymer blends, and the processes for
obtaining them” (see Table 4}.

Table 4. Properties of compatibilizers used in this
invention, prepared by grafting of PP ZN250 with itaconic
acid (pP-g-ITA) or with monooctadecyl itaconate (PP-g-
MODIT) with different degrees of grafting.

Code Weight percentage Code Weight percentage
of arafted ITA of grafted MODIT
PP-g-ITA 0.7 PP-g- 0.5
6.7 MODITy.5
PP-g-ITA 1.0 PP-g- 1.6
1.0 MODIT; o
PE-g-ITA 1.8 PP-g- 1.4
1B MODITy 4
(iv) Antioxidant: Beta-hydroxytoluene (BHT), Irganox

1010° and/or Irgafos 168  in a 2/1 ratio.

This example describes the stages for obtaining the
preparation of polypropylene (PP ZN340) nanocomposite of
containing 1.0% by weight of hybrid montmorillonite (Mo) by
using a masterbatch prepared from mixing of hybrid Mo and
noncommercial compatibilizer PP-g-AIT: ¢ having 1% by weight
of grafted ITA with an hybrid Mo/PP-g-ITA ratio of 1/3 and

for a total mass of 35 grams.
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a) Obtaining the hybrid Mo by the methodology
described in example 1.

b) Preparation of the masterbatch, which comprises
mixing 9.25 grams of the hybrid Mo obtained in stage (a),
27.7 grams of compatibilizer PP-g-AIT) o having 1% by weight
of grafted ITA and 0.02 grams of BHT and 0.02 grams of
Irganox 1010% as antioxidants. This mixture is carried out
in a discontinuous mixer at 80 rpm, 190 °C and 10 win in a
stream of inert gas, for example nitrogen.

¢) Preparation of Obtaining the nanocomposite: it
comprises the mixing of 1.48 grams of masterbatch which is
a wmixture of Mo and compatibilizer PP-g-AIT;, with an
Mo/PP-g-AIT, , ratio of 1/3 prepared in stage (b), 35.6
grams of polypropylene PP ZN340, and 0.02 grams of BHT and
0.02 grams of Irganox 1010" as antioxidants. This mixture
is made in a discontinuous mixer at 190 °C, 80 rpm and 10
min in a setream of nitrogen as inert gas like, whose
function is to displace the oxidizing air environment from
the mixing chamber and to prevent the oxidation of the
polypropylene. The nanocomposite prepared in this way
contains 1% by weight of hybrid Mo in the polymer matrix.

The same procedure described in example 2 is valid for
nanccomposites obtained using hybrid clays other than Mo
intercalated with ITA monomer, like Mo intercalated with
MODIT monomer as well as Hn intercalated with ITA and Hn
intercalated with MODIT, and with different PP samples such
as PP ZN250 and or PP ZN150, together with PP-g-MODIT as
compatibilizer which containg either 0.5%, 1.0% or 1.2% by
weight of grafted MODIT.

Mechanical, thermal and crystallographics properties
of the nanocomposites
The tests carried out to verify the mechanical and

thermal properties of PP nanocomposites as well as the
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existence of exfoliated or intercalated state of the clays

were the following:

10

°

rensile tests according to the ASTM Standard Method D
638, (B) in
megapascals {oy) in

to determine the Young's tensile modulus
(MPa) ,
(MPa)
(Table 5 - 10} .

Thermal tests by thermogravimetric analysis that make
the

and the tensile strength

megapascals and elongation at breakage

it possible to obtain thermal decomposition

temperature measured as the temperature corresponding
to a 50% weight loss, coded as “Ts¢” and referred Lo
(Table 11).

¥X-ray diffraction analysis to verify gualitatively the

as thermal stability

exfoliation or

13 (Figure 1).

Table 5.

intercalation state of of the clays

limit tensile strength (oy),

Elastic modulus Tensile modulus

(E),

and elongation at breakage

elastic

(e

) of nanocomposites containing 1% of hybrid clays obtaines
20 by modification of Mo or Hn with ITA or MODIT, 3% by weight

of PP-g-ITA, » as compatibilizer and PPs with different melt

indexes as matrix.

PP Hn~ITA Mo-ITA
E (MPa) | o, (MPa) | e (%) | E (MPa) | oy (MPa) | € (%)
ZN 340 1334+34 37+1 2542 1326422 36x1 5243
ZN 150 1407435 3741 10+1 1529432 36+2 G+2
Hn-MODIT Mo -MODIT
E (Mpa) | o, (MPa) | & (%) |E (Mpa) | oy (MPa) | & (%)
ZN 340 1495434 39+1 115+8 | 151i1+21 38+1 22C0+1
2
ZN 150 | 1604+33 37+1 12+1 | 1589437 40+1 1141
Table 6. Elastic Tensile modulus (E}, elastic limit

25 tensile strength

(oy),

and elongation at breakage (¢

of

nanocomposites containing 1% by weight of natural hectorite
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[ ]
[

modified with ODA (Hn-ODA), 3% by weight of either PP-g-
ITRe v or PP-g-AMA; ¢ as compatibilizer and polypropylene PP
ZN340 as mabrix.

Hn-ODA
Compatibilizer E o E
(MPa) (MPa) (%)
PP-g-IThg 15856 39 i5
PP-g-AMAy ¢ 1425 35 14
Table 7. Tensile modulus (E), tensile strength (o)), and

elongation at break ({(e) of nanocomposites containing 1% by
weight of montmorillenite modified with ODA {Mo-ODA), 3% by
weight of either PP-g-ITA or PP-g-MA and polypropylene ZN
340 as matrix.

Mo-0ODA
Compatibilizer E g €
(MPa) (MPa) (%)
PP-g-ITAg. 1497 34 15
PP-g-MAg ¢ 1387 36 15

Table 8. Tensile modulus (E), tensile strength (oy),
and elongation at break (& ) of nanocomposites containing
1% by weight of hybrid clay, Mo or Hn, modified with ITA or
MODIT, 3% by weight of PP-g-ITA; o as compatibilizer and
polypropylens with different melt flow indexes as matrix.

PP Hn-ITA Mo-1TA
E (MPa) oy g (%) | E (MPa) Oy g (%)
(MPa) (MPa)
ZN 340 | 1532439 40+1 150420 | 1458436 37+1 85+4
ZN 150 | 1650+45 4041 1041 1622&27 3741 10+1
Hn-MODIT Mo-MODIT
E (Mpa) Ty e (%) |E (Mpa) Oy e (%)
(MPa) (MPa)
ZN 340 | 1556425 3741 7044 1606433 3841 9345
150 1582421 3911 10+2 1610436 39+1 10+1
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Table 9.
and elongation at break

Tensile modulus
{e)
1% by weight of hybrid clay,

(E),

PCT/EP2007/060694

tensile strength

(g}r) '

of nanocomposites containing

Mo or Hn,

modified with ITA

or MODIT, 3% by weight of PP-g-ITA; 5 as compatibilizer and

polypropylenes with different melt flow indexes as matrix.

PP Hn-~-ITA Mo~ITA
E (MPa) | o, (MPa) | & (%) |E (MPa) Oy e (%)
(MPa)
ZN 340 1448423 371 80+5 1484432 38x+1 60410
ZN 150 §{ 1655+45b 3842 12+1 1655423 4141 9+1
Hn-MODIT Mo~MODIT
E (Mpa) | o, (MPa) e (%) |E (Mpa) Oy e (%)
(MPa)
ZN 340 | 1383x23 36+1 S50+5 1478+32 4141 11249
ZN 15G | 1589426 7%l 7+l 1748423 4041 9+2
Table 10. Tensile modulus (E), tensile strength (oy),

and elongation at break (g) of nanocomposites containing 1%

by weight of hybrid clay,

Mo or Hn,

modified with ITA or

MODIT, 3% by weight of PP-g-MAge as compatibilizer and
polypropylenes with different melt flow indexes as matrix.
PP Hn-~ITA Mo~ITA
E (MPa) | o, (MPa) | & (%) E (MPa) oy g (%)
(MPa)
ZN 340 | 1289442 37141 23+1 1365432 354+1 1242
ZN 150 | 1552+39 36+1 T+ 155419 41s1 941
Hn-MODIT Mo~-MODIT
E (Mpa) | o, (MPa) | € (%) | E (Mpa) Oy e (%)
(MPa)
AN 340 | 1390422 3641 10545 | 1389+23 3641 8514
ZN 150 | 1475+25 38+1 B+ 1441 +34 3641 842
The mechanical properties of the nanocomposites of

polyolefins and hybrid clays of this invention show:
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o Greater rigidity (B} (5 to 10% increase) and higher
tensile strength (oy) (5 to 15% increase} for the
nanocomposites of polyolefins and hybrid clays
intercalated with ITA or MODIT and which use PP-g-ITA
compatibilizer than the similar nanocomposites that
use PP-g-MA as compatibilizer. This is valid for the
nanocomposites with 1% by weight of hybrid clays and
the PPz used in this invention.

e The rigidity or tensile modulus (E) and tensile
strength (o,) of the nanocomposites of poelyolefins and
claye are determined by the melt flow index of the PP
and the percentage of grafting of the ITA or MODIT in
the PP-g-ITA or PP-g-MODIT compatibilizer.

According to these results it can be established that
the hybrid clays of this invention are alternative and
competitive raw materials for obtaining nanocompogites with
improved mechanical properties for applications in the

automotive, aviation, construction and packaging industry.

Table 11. Thermal stability of nanocomposites obtained
by using different compatibilizers, 1% by weight of
montmorillonite modified with MODIT (M-MODI) and PP ZN 150

as matrix.

Matrix Compatibilizer Teo {°C)
PP-g-Aly. v 450
PP-g-Al: o 452
PP-g-AIl; g 491
PP ZN PP-g-BMg. ¢ 392
150 PP-g~-MODIg 389
PP-g-~MODI, 4 385
Without 386
compatibilizex

According to the thermal tests of the nanocomposites

obtained using hybrid clays montmorillonite modified with
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MODIT (Mo-MODIT), PP ZN150 as matrix and compatibilizers
PP-g-ITAX, PP-g-MODITx or PP-AM with different percentage
of grafted ITA, MODIT or AM on PP, it can be established
that:

- Higher termal stability (Tsp) than the similar
nanccomposites without compatibilizer.

- Increased thermal stability (Tsp) for nanocomposites
with compatibilizar in following oxder:

pP-g-AMAX € PP-g-MODITx £ PP-g-ITAX

- Increasing of thermal stability {Tgy) with higher
percentage of grafted ITA or MODIT on the PP matrix

According to these results it can be established that
the hybrid clays of this invention and using PP-g-AIT o PP-
Gg-MODIT compatibilizantes are alternative and competitive
raw materials for obtaining nanocomposites with improved
thermal properties £or applications in the automotive,

aviation, construction and packaging industry.

X-Ray Diffraction analysis

According to the X-ray diffraction analysis of the
hybrid clays clays intercalated with ITA or MODIT of this
invention, it can be stated that:

e The smectic clays used in this invention can be
modified (intercalated) with ITA oxr MODRIT as
alternative organic compounds.

e The interlaminar distance of the hybrid clays lies
within the nanometer range, and that interlaminax
distance is greater (42 to 64% increase) than that of
the clay without intercalation.

e The hybrid clays of this invention are alternative
nanoparticles based on smectic clays, such as c¢lays
modified (intercalated) with octadecylamine which is a

commertially available amine.
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Claims

1. A hybrid clay for obtaining nanccomposites useful
in the automotive, aviation, construction and packaging
industry, etc., CHARACTERIZED because it comprises clay of
the smectic type intercalated with the itaconic acid (ITA)

monomer or its derivative, moncoctadecyl itaconate (MODIT) .

2. A hybrid clay according to claim 1, CHARACTERIZED
because the smectic clay is of the laminar phyllosilicate
type which refers to montworillonite, hectorite, bhentonite

or saponite.

3. A hybrid clay according to claim 1 CHARACTERIZED

because its interlayer spacing is 1.7-1.9 nanometers.

4. A process for obtaining the hybrid clay according
to claims 1 to 3, CHARACTERIZED because it compriseg the
intercalation of monomers such as itaconic acid or its
derivative monooctadecyl itaconate in the smectic type clay
according to the following stages:

a) Obtaining a suspension of clay chosen among Mo,
Hn, bentonite or saponite (8-10 g/l) in a 1/1 v/v
mixture of ethyl alcchol/water by mechanical
stirring for 20-40 minutes at 20-30 e
(suspension 1) .

b) Dissolving 3.0 to 3.2 grams of the organic
compound ITA or MODIT in 1 liter of ethyl alcohol
at 40-70 °C and adjusting to pH 2.8-3.2 with an
inorganic acid such as hydrochloric acid
(solution 1).

c) Adding sclution 1 to suspension 1, and mixing by
mechanical stirring during 1.5 to 3 hours at 25—
70 °C {(suspension 2}.
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d) Separating the solid content of suspension 2 by

filtration under atmospheric pressure and at 25~

4Q °C.
e} Drying the solid obtained in stage (d} for 10-15
5 hours at 40-80 °C.

f) Washing the solid obtained in stage (e) with a
1/1 v/v ethyl alcohol/water mixture, then drying
at 60 °C for 12 hours,.
g) Grinding the dry solid obtained in stage (f) in a
10 laboratory mill to 325 mesh.

5. Use of the hybrid clay of claims 1-3 CHARACTERIZED
becauge it serves to obtain nanocomposites by mixing with

polyolefins in the molten state.
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