Applied Polymer

SCIENCE

New Clay-Supported Ziegler-Natta Catalyst for Preparation of PE/Clay
Nanocomposites via In Situ Polymerization

Sadegh Abedi,* Majid Abdouss,* Mehdi Nekoomanesh-Haghighi,? Naser Sharifi-Sanjani®
1Department of Chemistry, Amirkabir University of Technology, Hafez Avenue, Tehran, Iran

2Faculty of Polymer Engineering, Iran Polymer and Petrochemical Research Institute, Pajouhesh Blvd, Karaj Highway, Tehran, Iran
SFaculty of Chemistry, University of Tehran, Enghelab Avenue, Tehran, Iran

Correspondence to: M. Abdouss (E-mail: phdabdouss44@aut.ac.ir)

ABSTRACT: Polyethylene/clay (PE/Clay) nanocomposites were prepared by the in situ polymerization of ethylene using the new Clay/
butyl octyl magnesium (BOM)/Chloroform/EtOH/TiCly/tri ethyl aluminum (TEA) catalyst system in heptane where BOM and TEA
were the support for the clay modification and cocatalyst, respectively. The influence of the modified clay using BOM on the catalyst
and polymerization was investigated. Also, the effect of temperature, pressure, hydrogen, and the molar ratios of TEA/Ti on the cata-
lyst yield and ethylene consumption (polymerization rate) were studied. It was found that the above clay-supported catalyst was an
efficient Ziegler—Natta type catalyst due to its suitable yield for the polymerization of ethylene toward the production of the PE/Clay

nanocomposites. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

Polyethylene (PE) is widely produced in the commercial scale
and has a lot of applications because it is the most easily
molded by many different processes and exhibits a wide variety
of useful physical and mechanical properties. These properties
of PE can be further improved by adding some inorganic agents
such as calcium carbonate, talc, carbon black, and so on.'™

Dramatic modification in the physical and mechanical proper-
ties of polymers can be performed by adding just a small frac-
tion of nanoparticles including clay, nanotube, and CaCOj; to a
polymer matrix. Totally, the nanocomposite technology offers
superior mechanical, thermal, and barrier properties which are
not achievable in the conventional polymer composites.*™

The synthesis of polymer/clay nanocomposites can be per-
formed by three methods containing melt processing, solution,
and in situ polymerization."**'® The melt processing of PE
with nanoparticles is often led to insufficient filler dispersion,
what leads to aggregation and intercalation, especially at high
filler contents which in turn decreases the mechanical proper-
ties. The solution method suffers from some drawbacks includ-
ing the low solubility of PE in the low boiling organic solvents.
Another problem of the both of the above methods is the
hydrophilic nature of most inorganic fillers and the hydropho-
bic nature of the PE. The diverseness results in weak interfacial
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adhesion between the filler and the PE matrix and low mechan-
ical properties. Therefore, fillers must be modified by surface
active agents. These disadvantages can be solved by in situ
polymerization.''? The comparison of the silicate dispersions
indicates that the in situ polymerization is more effective in
nanocomposite formation than the melt processing method.'>"?

Metallocene, Ziegler—Natta, and late transition metals catalysts
supported on the clay have been mostly used for the in situ
polymerization of ethylene."*™'” Metallocene catalysts need an
excessive amount of cocatalyst for activation which is the most
critical limitation for using metallocene catalysts in this aspect.
Ziegler—Natta catalysts supported on the clay for the prepara-
tion of PE/Clay nanocomposites suffer from some deficiencies
including low yield which is the basic main restriction for the
production of PE/Clay nanocomposites by in situ polymeriza-
tion, especially from the industrial perspective.'®'?

In this article, the new Clay/butyl octyl magnesium (BOM)/
Chloroform/EtOH/TiCl,/tri ethyl aluminum (TEA) catalyst
system was investigated for the ethylene polymerization toward
the preparation of PE/Clay nanocomposites. This catalyst exhib-
ited a reasonable yield in the ethylene polymerization which is
the most required situation in the clay-based type catalysts.
Also, the present article reports the effect of the amount of
BOM and polymerization conditions on the prepared catalysts
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Table I. Clay-BOM Supports, Catalysts, and Their Ti Content

Support and

catalyst No. 1 2 3 4 5
Clay:BOM(g) 15:0 15:2 15:4 15:8 15:12
Ti (wt %) 1.01 1.12 1.23 2.05 3.01

and polymerization behavior. Such results propose a promising
approach for producing PE/Clay nanocomposites via in situ po-
lymerization using Ziegler—Natta type catalysts.

EXPERIMENTAL

Materials

Ethylene (polymer grade), nitrogen (>99.99%), and heptane
(H,0O < 3ppm) were purchased from Linde (Munich/Germany),
Arkan gas (Tehran/Iran), and Pentane Chemistry Industries
(Esfahan/Iran). TiCl, and TEA were purchased from Fluka
(Buchs/Switzerland). Chloroform and ethanol (extra pure grade)
were purchased from Merck (Darmstadt/Germany). Butyl octyl
magnesium and clay were prepared from Chemtura (Darm-
stadt/Germany) and Crystal Clay (Pune/India), respectively.

Preparation of Support

The clay used in the synthesis of the Clay-BOM supports was
heated at 80°C in vacuo for 4 h.'® Heptane (250 mL) and 15 g
of clay were added to a 500 mL flat-bottom flask under N, and
vigorously mixed for 10 min. Then, the prescribed amount of
BOM was added to the flask during 15 min (Table I). The mix-
ture was heated to 60°C and further mixed for 10 h. The
obtained product was washed eight times and used as the sup-
port for the catalyst preparation.

Preparation of Catalyst

The preparation of the catalysts was carried out in a 1.0 L steel
jacket Buchi autoclave reactor equipped with a mechanical seal
stirrer. After running out of moisture and oxygen by nitrogen,
350 mL of heptane containing 15 g of the above support we
added and then mixed for 10 min. The temperature was
increased to 70°C and 2.2 mL of chloroform in 20 mL of hep-
tane was added dropwise to the mixture during 90 min and fur-
ther mixed at 75-78°C for 2 h. The temperature was increased
to 85°C and 0.16 mL of ethanol in 10 mL of heptane was
injected and mixed for 1 h. TiCl; (3 mL) in 10 mL of heptane
was introduced to the reactor over 25 min and further mixed at
94°C for 2 h. Finally, the produced catalyst was washed eight
times with heptane until no traces of titanium were detected in
the washing liquid.

Table II. BET Surface Area Analysis

Surface Pore volume  Average pore
Sample area (m?/g) (mL/g) diameter (A)
Support No. 1 8.7 0.041 93
Support No. 2 11.9 0.076 129.2
Catalyst No.1 196 0.091 76.4
Catalyst No. 2  25.1 0.096 926
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Figure 1. FTIR spectra of (a) clay (b) support No. 2 (c) catalyst No. 1
(d) catalyst no. 2. [Color figure can be viewed in the online issue, which
is available at wileyonlinelibrary.com.]

Polymerization

Polymerization was carried out in a 1.0 L steel jacket Buchi
autoclave reactor equipped with a mechanical seal stirrer in the
slurry phase.

After running out of moisture and oxygen by nitrogen, 500 mL
of heptane was added and then mixed for 10 min. The pre-
scribed amount of TEA was added to the reactor and then, the
reactor was warmed up to the required temperature. After injec-
tion of 100 mg of the catalyst, ethylene was supplied continu-
ously for 2 h. In the polymerization in which hydrogen was
used, hydrogen was injected before ethylene was supplied. The
ethylene consumption was measured by using MFC (Mass Flow
Controller) (Brooks, Holland).

After the polymerization, the untreated gases were slowly
released, and the polymer was then filtered and dried.

Characterization

The titanium content of the synthesized catalysts was measured
by the UV-visible method (at a wavelength of 410 nm) on Shi-
madzu, UV-1650 PC (Kyoto/Japan). IR spectra were carried out
by Bruker, Vertex 80 (Ettlingen/Germany) for studying the func-
tional groups on the clay, especially reacted with BOM. The sur-
face area, pore volume and pore radius of the clay, Clay-BOM
support, and catalyst were measured by using the BET (Brana-
uer Emmett Teller) method (NOVA2000 Quantachrome appara-
tus). The morphology of the clay, Clay-BOM support, and cata-
lyst was depicted using SEM (Scanning Electron Microscope)
(CamScan MV2300).

Catalyst yield was determined in terms of the produced PE (kg)
per the used titanium (mol) in the polymerization.

RESULTS AND DISCUSSION

The clay was reacted to the different amounts of BOM to mod-
ify the clay toward achieving suitable supports for the prepara-
tion of the clay-based Ziegler—Natta catalysts for the ethylene

Table III. Yield of Produced Catalysts®

Catalyst No. 1 2 3 4 5

Yield 952 12174 2346.1 2209.3 2206.3
(kgPE/molTi)

@Polymerization conditions: PC, = 8 bar, Time = 2 h, PH, = 0, TEA/Ti =
20, Temp. =70°C.
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Figure 2. Polymerization rate of prepared catalysts. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]

polymerization (Table I). The table shows that the content of Ti
loaded on the catalysts rose with increasing the amount of
BOM treated with the clay.

Table IT shows the BET surface area of the supports (No. 1 and
2) and catalysts (No. 1 and 2). With regard to the table, the sur-
face area of the clay enhanced under the reaction of the clay
with BOM and also the catalyst preparation. Totally, an increase
in the surface can lead to improvement in the behavior of the
Ziegler—Natta type catalysts in the olefins polymerization."’

Fourier transform infrared (FTIR) spectroscopy was used for
studying the changes in the functional groups of the clay due to
the reaction between the clay and BOM. Figure 1 illustrates the
FTIR spectra of the clay, Clay-BOM support, and catalysts No.
1 and 2. As observed in Figure 1(a), the clay showed the
absorption bands at 3632 and 1046 cm ™", which can be contrib-
uted to N—C and N—H groups of the alkyl ammonium used
for the clay modification. In addition, the alkyl group showed
the absorption bands at 2924 and 2851 cm™' corresponding to
C—H. Compared to Figure 1(b), the intensity of the absorption
bands, especially at 3632 cm ™', remarkably decreased. This indi-

Table IV. Effect of Polymerization Conditions on Catalyst Yield

Al . Ti# 10 20 30 40 50

Yield (kgPE/ 826.1 1217.4 11739 10435 8696
molTi)

Temperature 50 60 70 80 90
(CP

Yield (kgPE/ 10435 17304 12174 9565 7826
molTi)

P (bar)® 2 4 6 8 10

Yield (kgPE/ 3478 6522 869.0 12174 14348
molTi)

@Polymerization conditions: catalyst No. = 2, PCo= 8 bar, Time= 2 h,
PH>= 0, Temp. = 70°C.

®Polymerization conditions: catalyst No. = 2, PCo = 8 bar, Time = 2 h,
PH, = O, TEA/Ti = 20.

°Polymerization conditions: catalyst No. = 2, Temp. (°C) = 70, Time = 2
h, PH> = 0, TEA/Ti = 20.
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Figure 3. Dependence of polymerization rate on Al/Ti ratio. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

cates that a large portion of alkyl ammonium in the clay was
removed by BOM. According to Figure 1(c), the untreated clay
also lost its alky ammonium during the titanation (catalyst
preparation). In addition, catalyst No. 2 contained some alkyl
ammonium [Figure 1(d)].

According to Table III, the yield of the catalysts increased with
increasing the Clay/BOM ratio, rising from 95.2 kgPE/molTi in
catalyst No. 1 to 2206.3 kgPE/molTi in catalyst No.5. This effect
can be related to the increase of the amount of BOM and Ti
loaded on the Clay-BOM support in which the Clay-BOM com-
ponent acts as a suitable support in the preparation of the cata-
lyst. Therefore, BOM offers the most loading sites and conse-
quently, the titanium catalyst is avoided directly anchoring on
the clay surface. In addition, as the presence of the nitrogen
groups on the clay surface acts as poison for the Ziegler—Natta
type catalysts, the removal of such groups through the clay
treatment by using BOM reduces their adverse effects on
the catalyst behavior. The obtained results indicate that the
Clay-BOM-supported catalysts enjoyed an acceptable yield in
the ethylene polymerization.

Figure 2 exhibits the polymerization rate of ethylene using the
prepared catalysts. As expected, the polymerization rate of the
catalysts rose by increasing their yield. Like the yield of catalyst
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Figure 4. Effect of temperature on rate profile. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 5. Influence of ethylene pressure on rate profile. [Color figure
can be viewed in the online issue, which is available at wileyonline
library.com.]

No. 1, this catalyst showed the least polymerization rate; con-
versely, catalyst No. 5 had the highest yield. Although catalysts
No. 1 and 2 showed low yield, they enjoyed a smooth polymer-
ization rate; whereas, catalysts No. 3, 4, and 5 showed a rapid
drop in their rate during the polymerization. However, the po-
lymerization rate reached almost a stable state after about 1 h
of the polymerization.

According to Table IV, the maximum yield of the catalyst was
observed at the molar ratio TEA/Ti of 20-30. It means that the
TEA/Ti ratio of 20-30 was required for obtaining the maximum
activation of the catalyst, but further amounts of the cocatalyst
had an adverse effect on the catalyst. Like the catalyst yield, the
highest polymerization rate was obtained at the ratio TEA/Ti of
20-30 (Figure 3). The reduction of the catalyst activity and rate
in the presence of the high concentration of the cocatalyst can
be attributed to the overall reduction of active sites.*’

As Table IV shows, the yield of the catalyst gave a maximum at
60-70°C and then decreased with increasing temperature. That
result might be ascribed to an irreversible destruction of active
sites at the higher temperature in the polymerization condi-
tion.?*? The influence of the temperature on the polymeriza-
tion rate is shown in Figure 4. Similar to the catalyst yield, the
highest rate was obtained at 60—-70°C. With regard to the figure,
the catalyst showed a gentle polymerization rate at the range of
50-90°C, which is a usual range for the Ziegler—Natta type
polymerization.

According to Table IV, the catalyst yield was roughly propor-
tional to the monomer pressure, rising from 347.8 kgPE/molTi
at 2 bars to 1434.8 kgPE/molTi at 10 bars. This can be contrib-

Table V. Effect of Hydrogen on Catalyst Yield®

Hs (bar) 0 1 2 3 4

Yield (kgPE/ 1217.4 7391 521.7 3478 13043
molTi)

@Polymerization conditions: catalyst No. = 2, Temp. (°C) = 70, Time =
2 h, PCy = 8 bar, TEA/Ti = 20.
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Figure 6. Effect of hydrogen on rate profile. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

uted to the increase of the monomer concentration in the poly-
merization system at higher pressures.

Figure 5 illustrates the polymerization rate at various pressures.
As expected, the rate of the polymerization enhanced by
increasing the ethylene pressure. The profiles of the polymeriza-
tion rate were smoother in lower pressures because of the
reduction of the catalyst activity in these pressures.

Hydrogen is used as a chain transfer agent for controlling mo-
lecular weight in the Ziegler—Natta type polymerization.”>™>> Ta-
ble V exhibits the effect of hydrogen on the yield of catalyst
No.2. According to the table, the yield of the catalyst showed a
decrease in the presence of hydrogen, reducing from 1217.4
kgPE/molTi in the absence of hydrogen to 130.4 kgPE/molTi in
the presence of 4 bar of hydrogen. The main reason for such a
decline in the catalyst yield was the reduction of the partial pres-
sure of the monomer in the polymerization system by increasing
the amount of hydrogen. Furthermore, the slow addition of the
monomer to the catalyst-hydrogen bond formed in the step of
the chain transfer to hydrogen causes an adverse effect on the
catalyst yield.?® Accordingly, hydrogen also had a negative effect
on the polymerization rate, so that the polymerization rate fell
from about 150 mL/min in the absence of hydrogen to about 29
mL/min in the presence of 4 bar of hydrogen (Figure 6).

It has been found that the shape of the support outshines the
catalyst shape. On the other hand, both yield and texture of the
catalyst affect the polymer morphology, and the catalysts are
also known to replicate their morphology into the polymer par-
ticles. In other words, the catalyst particle acts as a template for
growth of the polymer particle.”~**

The morphology of the supports and catalysts was elucidated by
SEM (Figure 7). According to the figure, the clay, supported
Clay-BOM, and catalyst did not have a regular shape.

CONCLUSIONS

The Clay/BOM/Chloroform/EtOH/TiCl,/TEA catalyst system
showed a high yield in the ethylene polymerization. The clay
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Figure 7. SEM micrographs of (a) clay, (b) support No. 2 (c) catalyst No. 1 (d) catalyst No. 2.

lost a lot of its alkyl ammonium groups under the reaction to
BOM. Meanwhile, with increasing the amount of the reacted
BOM to the clay, the loaded Ti on the catalysts and surface area
of the catalysts were enhanced which led to an enhancement in
the catalyst yield as well as polymerization rate. The studies on
the polymerization conditions showed that the optimum yield
and polymerization rate of the catalyst were obtained at around
60-70°C, a pressure of more than 6 bar, and a 20-30 molar
ratio of TEA/Ti; whereas, the addition of hydrogen decreased
the catalyst yield and polymerization rate. SEM studies showed
that the clay, Clay-BOM support, and catalyst did not have an
identified geometric shape. On the whole, the above catalyst
system was an efficient clay-supported Ziegler—Natta type cata-
lyst to prepare PE/Clay nanocomposites through in situ
polymerization.
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