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Abstract:

Polyethylene-nanocomposites with CaCO;-weight fractions from 0 to 15 wt.% were prepared by in-situ polymeriza-

tion with Me,Si(Ind),ZrCl,/MAO metallocene catalysts. A high activity especially in the presence of TIBA was observed. The
morphology was investigated by using raster electron microscopy (REM) showing that the CaCOs-nanoparticles are uniformly
distributed. The melting temperatures and the crystallization temperatures are not much influenced by increasing filler content.
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INTRODUCTION

A lot of research has focused on nanocomposites
during the past years. The nanocomposites are inter-
esting because they can exhibit novel properties.
Exceptionally strong materials could be synthesized
by the combination of a soft polymer matrix with
nanosized, rigid filler particles (Miilhaupt et al.,
2001). Nanoparticles dispersed in a polymer matrix
cause an increase of some physical properties of
polymers, such as a dramatically improved stiffness,
high gas barrier properties, significant flame retar-
dancy and better gloss (Zilg et al., 1998; Beyer, 2001;
Bharadwaj, 2001; Gorrasi et al., 2003; Andrews et al.,
2002; Kharchenko ef al., 2004).

The nanocomposites can be produced by solu-
tion blending (Andrews et al., 2002), the in-situ
synthesis of the nanofillers in the presence of the
polymer (Wei et al., 2004), melt-compounding and
in-situ polymerization.

The in-situ polymerisation approach should lead
to a better dispersion of nanoparticles in the polymer
matrix, because the active centers for the polymeri-

zation are linked directly to the surface of the particles.

Metallocene catalysts are predestinated for this pro-
cedure (Kaminsky, 1996; 2004; Scheirs and Kamin-
sky, 2000). They are soluble in hydrocarbons and can
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be adsorbed from a solution on the surface of the
nanoparticles. First the methylaluminoxane is ad-
sorbed and reacts partially with the OH-groups on the
surface. By the addition of the metallocene the active
center is formed. If ethene or propene is added the
particles are covered by films of polyolefins of dif-
ferent thickness, depending on the polymerization
time and other polymerization conditions. In the past
we have synthesised some polypropylene nanocom-
posites by in-situ polymerisation (Kaminsky and
Wiemann, 2003; 2006; Wiemann et al., 2005;
Kaminsky et al., 2006).

EXPERIMENTAL DETAILS

A suspension of the dried calcium carbonate
nanoparticles Socal P3 from Solvay chemicals GmbH
with an average diameter of 200 nm were sonicated in
an ultrasonic bath for 15 min by room temperature.
Methylaluminoxane (MAO) was added to the mixture
and the suspension was stirred at room temperature
for 24 h. Then the complete suspension was trans-
ferred under argon into the reactor.

All polymerizations were carried out in a biichi
glass reactor. The pressure of ethene was 3.5 bar. The
system was kept at a temperature of 60 °C, the normal
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volume was 200 ml of toluene, as a solvent. For the
reactions with triisobutylaluminium (TIBA), a
TIBA-solution was added first to the solvent, fol-
lowed by the nanoparticle/MAO-suspension in tolu-
ene. The solution was satured with ethene at 3.5 bar.
The polymerization was started by adding a toluene
solution of 5x10°* mol Me;Si(Ind),ZrCl,-catalyst.
Polymerizations with and without TIBA were typi-
cally quenched with ethanol. The polymers produced
in the presence of TIBA were stirred with a solution
with ethanol and sodium hydroxide overnight, the
polymers produced without TIBA were stirred with a
solution with ethanol over night. All polymers were
filtered, washed and dried under vacuum at 60 °C for
12 h.

ANALYTICAL TECHNIQUES

The melting temperatures and the crystallization
temperatures were measured by a differential scan-
ning calorimetry (DSC) with a DSC 821e from Met-
tler-Toledo. The DSC was calibrated with cyclopen-
tane (7,,=—93.9 °C), mercury (7,=—38.8 °C), gallium
(T,,=29.8 °C), indium (7,=156.6 °C) and zinc (7,=
419.5 °C). Samples of 4~8 mg were used for DSC
analysis. Melting temperatures were determined from
the second heating cycle at a heating rate of 20
°C/min. Crystallization temperatures were deter-
mined by DSC from the cooling curve after complete
melting at 200 °C for 5 min. The cooling rate was 10
°C/min.

The electron microscopy and the EDX-measure-
ments were coupled and performed on an LEO 1525.
The samples were coated with a several-nanometer
layer of gold from a sputtering machine.

ACTIVITY

Fig.1 shows the activity of the in-situ polym-
erization with CaCOs-nanoparticles as fillers. The
polymerization activity decreases with increasing
wt% of the filler from 0 till 5 wt%. The activities
stand constant for runs with 5~15 wt% of calcium
carbonate filler by 200000 kg polymer/(mol
cat.-h-mol,,,/L) without TIBA. The polymers pro-
duced with TIBA have higher activity than those
without TIBA. 600000 kg PE/(mol Zr-hmoly,/L)

can be reached, which is more than the half of the
ethene polymerization without nanocomposites with
[Me,Si(Ind);]ZrCl,/MAO. The TIBA eliminates con-
taminations and also builds a complex with the
oxygen of the calcium carbonate. So the calcium
carbonate cannot deactivate the catalyst so fast.
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Fig.1 Activity of PE/CaCO;-polymers with and with-
out TIBA

MORPHOLOGY

Figs.2 and 3 show that the nanoparticles were
encased of polyethylene. The nanoparticles are uni-
formly distributed. The nanoparticles were connected
of the PE-filaments. No agglomeration of the
CaCOs-nanoparticles can be seen.

Fig.2 Nanocomposite with 8.60 wt% calcium carbonate
prepared with TIBA as a scavenger

EDX

With EDX it was possible to investigate the
presence of CaCOj; in the polymer. EDX was used to
confirm the presence of all elements in the nano-
composites.
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Fig.3 Nanocomposite with 9.85 wt% CaCO; prepared
without TIBA

Figs.4 and 5 show EDX-spectra. The first
EDX-spectrum shows a nanocomposite produced in
the presence of TIBA and the second one in the ab-
sence of TIBA.

The EDX-spectrum in Fig.4 shows carbon,
oxygen, aluminium, sodium and calcium. The nano-
composites, produced with TIBA, and which were
stirred with sodium hydroxide and ethanol, after the
quenching with ethanol to eliminate the aluminium of

the TIBA, have sodium and aluminium in the polymer.

The polymer, produced without TIBA, and stirred
only in ethanol has after the quenching only small
amounts of aluminium from the MAO in the polymer
(Fig.5).
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Fig.4 Nanocomposite with 8.60 wt% calcium carbonate
and TIBA
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Fig.5 Nanocomposite with 9.85 wt% calcium carbonate
and without TIBA

MELTING POINTS

For the characterization of the polymers the DSC
was used to investigate the crystallization behaviour
of the polymers. Fig.6 shows the melting points of the
nanocomposites. The melting points of the nano-
composites vary between 133 °C and 142 °C. The
variation of the melting points depends on heteroge-
nous distribution of the calcium carbonate and on the
variation of the molecular weight of the polyethylene.
By higher filler contents (over 3%) the melting points
for runs without TIBA are lower than the homo
polyethene.
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Fig.6 Melting points of PE/CaCOj;-polymers with and
without TIBA

CRYSTALLINITY

The crystallinity is calculated consider to 100%
crystal material (PE: 290 J/mol). Fig.7 shows that the
crystallinity of the nanocomposites is between 30%
and 60%. The higher amount of the calcium carbonate
in polymer causes lower crystallinity of the polymer.
Perhaps the chains are shorter with more filler.

60
- M Calcium carbonate
- without TIBA
L J
9 50 - ® Calcium carbonate
g with TIBA
£ 401, .
g ° . .. © o® -
8 30 -
20
0 5 10 15 20
Filler (wt%)

Fig.7 Crystallinity of PE/CaCO;-polymers with and
without TIBA
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The polymers prepared with TIBA have a higher
crystallinity than those without TIBA, because of the
use of TIBA as a scavenger. The values decrease
slightly from 57% to 30% with increasing amounts of
CaCOs. The homopolymer shows a value for the
crystallinity of 60%. In contrast to this the crystallin-
ity is nearly constant for composite materials pre-
pared without TIBA.

CONCLUSION

Nanocomposites of polyethene and CaCOs-
nanoparticle were prepared by in-situ polymerization
with metallocene/MAO catalysts. The nanocompo-
sites can be produced in the presence and absence of
TIBA. The activity decreases first with increasing

wt% of the filler to be constant by higher filler content.

The activities of the polymers with 5~15 wt% of cal-
cium carbonate are similar. The polymers produced
with TIBA have higher activity than those without
TIBA.

The REM investigation shows that the nanopar-
ticles were wrapped up with polyethene. All particles
were surrounded by the polymer. No agglomeration
can be seen. This is the advantage and difference to
the preparation by melt compounding. The melting
points of the nanocomposites are between 133 °C and
142 °C. The crystallinity is between 30% and 60%
and for small amounts of filler similar to polyethylene
without nanoparticles.
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