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Slurry polymerization of ethylene using (biscyclopentadienyl) zirconium dichloride
(Cp2ZrCly) supported on methylaluminoxane (MAO)/dimethyldichlorosilane (C1,Si(CH3),)-
treated silica and trimethylaluminum (TMA) as cocatalyst were investigated with variations
of polymerization parameters (AlqmayZr) mole ratios, catalyst concentrations, and
polymenization temperatures). Catalytic activities strongly depended on those parameters and
were highest at a mole ratio of AlvayZr mole ratio of 3,000 , 5x10° mol/L of catalyst
concentration, and 60°C of polymerization temperature. Types of silane compounds
including tetrachlorosilane (SiCls), methytrichlorosilane (Cl3SiCHj;), dimethyldichlorosilanc
(Cl1,Si1(CH3);), and trimethylchlorosilane (CISi(CHj3);) were also determined under such the
conditions mentioned above. The decrease in catalytic activities was observed with the
different types of silane compounds in an order of (SiCls)> (Cl3SiCH3)> (Cl,Si(CHs),)>
(C1;Si(CH3)3). The obtained polymers showed spherical morphology, having melting
temperature in the range of 131-134°C with narrowing molecular weight distribution of 1.4-
1.7. The copolymerization of ethylene/1-hexene was also studied using the catalytic system
as mentioned above. The SiCly and MAO were employed as support treatment. It was found
that the suitable conditions were 2500 of AlmyayZr mole ratio , 5x10” mol/L of catalyst
concentration, and 70°C of polymerization temperature.

From such the observations, three different types of metallocenc catalysts
[ethylenebisindeny]l zirconium dichloride; Et(Ind),ZrCl,, bisrormalbutylcyclcpentadienyl
zirconium dichloride; (n-BuCp),ZrCl;, biscyclopentadienyl zirconium dichloride; Cp,ZrCl,]
were employed for ethylene/l-hexene copolymerization. Following relative activities were
found: Et(Ind),ZrCl; > Cp.ZrCl; > (n-BuCp),ZrCl,. Surprisingly, the suitable conditions of
Et(Ind);ZrCl, catalysi were found as similar as thosc of Cp,ZrCl, catalyst. The
morphoiogies of copolymers obtained from those catalysts were similar to each other which
had a spherical shape like the modified supports used.

As consideration of preliminary results, the immobilization of Et(Ind),ZrCl, catalyst
on previouslv MAO/SiCls-treated silica and TMA as cocatalyst was selected for further
studies. To provide more details, the investigations of suitable conditions with the additional

of comonomer types were determined and compared. The 1-octene and 1-decene were used
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in this comparison. For copolymerization of ethylene and 1-octene, the highest activity were
- obtained when AlgvayZr mole ratio of 2000, catalyst concentration of 3.3x10” mol/L , and
polymerization temperature of 70°C were tested. In case of 1-decene used for
copolymerization, the similar results were obtained as found in ethylene/l-hexene
copolymerization. The catalytic activities using 1-hexene, l-octene, and 1-decene as
comonomer were 21814, 24716, and 19593 kg Polymer/mol Zr.h), respectively. Because the
amounts in moles of comonomers used were different, thus it could not be compared.
Additionally, the valuable studies between metallocene catalyst (Si0,/SiCly MAO-
Et(Ind]; ZrCl; + TMA) and commercial Ziegler-Natta Catalyst (MgCl,/TiCl¢/TEA) in terms
of catalytic activity and product properties were evaluated for homopolymerization and
copolymerization. The commercial Ziegler-Natta catalyst received from Bangkok
Polyethylene Company was used in this study. The Al/metal (Zr and Ti) ratio of metallocene
and commercial Ziegler-Natta catalyst was 2500 and 100 (proved by BPE company as the
highest activity) respectively. The metallocene catalyst showed 6-8 times higher catalytic
activities than the commercial Ziegler-Natta catalyst in both polvmerization systems. In the
both catalyst system,a-olefin polymerization will have higher rate of reaction. Because the
number of active sites present on metallocene catalysts is larger compared to that in Ziegler-
Natta catalyst. The insertion of a-olefin comonomer in the metallocene catalyst system is
higher than the Ziegler-Natta catalyst. Because the atomic radius of Zirconium is larger than
that of Titanium a resulting in less steric hindrance. Thus, polymers obtained from
metallocene catalyst will have the properties more similar to LDPE than Ziegler-Natta
catalyst. The high carbon atoms monomer can be approximately twice easier involved in the
polymerization in metallocene catalyst system than the Ziegler-Natta catalyst which the
insertion of high carbon aioms moncmer is hardly found. Because of the high carbon atoms
monomer insertion, polymer from metallocene catalyst will be more in the amorphous and
the melting peaks of the olefin crystal are suppressed. For molar mass analysis, it was found
that the molecular weight of the polymer from metallocene catalyst system will be 8-10
times lower than the polymer from Ziegler-Natta catalyst and the polydispersity of the
polymer from metallocene system will be narrower. Because Ziegler-Natta catalyst has
multiple sites of active centers leading to broader molecular weight distribution compared to

those in metallocene catalysts which has single site nature. Moreover, the molecular weight
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of the polymer were obtained from the metallocene catalyst is higher when the reaction
temperature decreased, but the low polymerizations temperature will cause the low activity.
- Because chain transfer reaction rate increases with rising the polymerization temperatures.
However, the polymer were obtained from the metallocene catalyst can be easily control the
molecular weight by adjusting the polymerization temperature in the wider range.
Fortunately, the activity of metallocene catalyst will be also lower at high temperature, so
the run away reaction is automatically controlled. From this research, it can be concluded
that the direction of commercially application of metallocene catalyst will be in the area of
supported catalyst in the slurry process with the same Ziegler-Natta instruments but with the
higher activity. When the amount of cocatalyst was considered, the metallocene catalyst was
still requiring 25 times larger amount of cocatalyst than the commercial Ziegler-Natta
catalyst. Because in metallocene system, the addition of a cocatalyst is needed in order (o
activate the catalyst and also prevent the coupling of reactive species resulted in catalyst
deactivation. The poiymer were obtzined from the metallocene catalyst will have lower

molecular weight which suit to produce VLDPE or ULDPE and elastomer than the polymer.





