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STUDIES ON HOMOGENEOUS Cp,MClI,-Et,Al + R,SiCl
CATALYST SYSTEM FOR ETHYLENE POLYMERIZATION

V.K. Gupta, S. Satish and I.S. Bhardwaj
Research Centre, Indian Petrochemicals Corporation Ltd.,
PO: Petrochemicals, Vadodara 391 346, India
ABSTRACT
Homogeneous catalyst system, szMClz/Et3Al + Ry8iCl (cp = n5
= CgHg ; M = Ti, Zr; R=Me, Ph), polymerizes ethylene in tol-
uene medium. The activity of such catalyst systems are governed
by the factors like nature of metallocene dichloride, chlorosi-
lane, and polymerization parameters such as Al/M, Si/Al nmolar
ratios and tenperature. It is observed that zirconocene dichlo-
ride system shows higher polymerization efficiency as compared tc
titanium analogues. Furthermore, the use of trimethylchlorosilan:
in combination with triethylaluminum (TEAL) as cocatalyst yields

nore polymer in comparison to triphenylchlorosilane and TEAI

system.

INTRODUCTION
Heterogeneous Ziegler-Natta catalyst systems have been
extensively investigated for the olefin polymerization [1-3].
This has provided a foundation to evelve high performing commer-
cial catalyst for the production of polyolefins. In recent past,

however, metallocene based catalysts have attracted considerable
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attention [4,5] due to their unique capability of producing the
pol'mers of defined gstructure. It also offers possibility of
pol merizing a wide range of olefines including functional ones.
Met.llocene systems comprising of Cp,TiCl,/R,Al1C1 was the first
homogeneous combination found to be active for ethylene polynmer-
iza! ion [6-9]., The use of aluminoxanes as cocatalyst has signifi-
can'ly improved the performance of metallocene for ethylene
pol 'merization [10-14]1. Further enhancement in the efficiency was
ach eved by modifying the structure of metallocenes and alumi-
nox..nes [4,15]1. The polymerization parameters also played a
regilatory role in optimizing the productivity and controlling
the properties of polymers.However, the limitations with alumi-
nox.ines interms of requirement of larger quantities and ambiguous
chenical composition have led researcher to look for metallocene
sys ems which can either perform with lesser amount of aluminox-
ane i or without it.The present study examines the performance of
met . llocenes in combination with modified alkylaluminum as
cocatalyst for ethylene polymerization . The trialkyl aluminium
has ability to form adduct with -Cl , -OH, and -OR bonded com-
pounds [16]1.Such adducts can undergo ligand rearrangement lead-
ing to modification of alkylaluminum . The modified aluminium
compound  would, therefore, be expected to provide finer control
ove - reducing behaviour and alkylating nature of alkylaluminum.
EXPERIMENTAL

Mat.rials : Bis(cyclopentadienyl)titanium dichloride, Bis(cyclo-~
pen' adienyl)zirconium dichloride, triethylaluminum, trimethyl-
chlorosilane, and triphenylchlorosilane were used as received.
Toluene was used after drying over sodium wire. Ethylene (poly-
mer zation grade) was obtained from the commercial plant and used

as such,
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All experimental manipulations were carried out under wultra
high pure nitrogen atmosphere using Vacuum Atmosphere Model
HE-43-2 Dri Lab equipped with a model HE 491 Dri Train and
Schlenk techniques.

Ethylene Polymerization : Polymerization of ethylene was carried
out in a 500 ml glass reactor equipped with a magnetic stirrer.
Calculated amount of cocatalyst and R35iCl (R=Me,Fh) were nixed
in 20 ml toluene. This solution was added into 180 ml toluene
containing metallocene dichloride. Ethylene was continucusly
supplied to the reactor at selected temperature and 1 bar pres-
sure, The polymerization was carried for a fixed period of time
and at the end methanolic hydrochloride was added to terminate
the polymerization . The polymer thus obtained was dried in
vacuo.

RESULTS AND DISCUSSION

The performance of titanocene dichloride in conjunction with
TEAL as cocatalyst was examined for the ethylene polymerization.
Polymer formation was not observerd even after 2 hrs of the
reaction., However, zirconocene dichloride along with TEAL gave
polyethylene (45 g PE/mmol Zr). These results (8,9,17,18) indi-
cate that metallocene dichloride reacts with TEAL to generate un
alkylated species(Eq.l) The alkylated compound undergo coordi-
nation and propagation reactions with ethylene to give polyethyl-
ene(Eq.2). The active species on reduction generates an
inactive complex(Eg.3). The higher resistance of alkylated zir-
CpyMCl,y + 1/2 (EtjAl)y ——3 CpyMCI(Et).EtaAlCl (1)
szMCI(F‘.t)‘EtzAICl‘* nCoHy ——)szMCl(CZH4)nEt. EtzAlCl (2)
2Cp2 MCl(Et).EtzAICl —_— EtzAlCl.szMCl(CHZ)z MClez.EtzAlCl +

CoHg ——» CpyM(III) Complex + CHy = CHy (3)
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niun compound towards reduchion as compared to titanium analogue
may be the reason for polymer formation in zirconocene system.

The transformation of active metallocene into inactive spe-
cies can be controlled by retarding the reducing capability of
trialkylseluminum. Thus, TEAL was mixed with chlorosilane before
reacting with metallocene dichloride. TEAL reacts with the
R,8i71 to generate Al, Si «1duct which may undergo ligand ex-
chan yje reaction to give chlorocalkylaluminum compound.

The polymerization of ethylene was carried out with CpoM
Cl,. £tqAl ¢+ Me3SiCl catalyst system. The results (Table 1) show
that metallocene in combination with TEAL and trimethylchlo-
rosilane as cocatalyst shows activity for ethylene polymeriza-
tion., Zirconocene system was, however, relatively more pro-
duct ive than the titanocene . Effect of polymerization parame-
ters on productivity was studied to optimize effeciency of cata-
lyst systems.
Effe >t of Temperature

The activity of CpyTiCl,/EtqAl + Me3SiCl was investigated
at lifferent temperatures. The results indicate (Figure 1) that
the tncrease of temperature from 10 to 25°C leads to 1increase in
actisity by approximately two fold. Further rise in temperature
lowe-rs the productivity. Comparison of the results between tita-
noceye  and  zirconocene indicate that zirconocene system shows
optiaum performance at 40°C whereas titanium system performs
optiilally at 25°C, It may be due to better stability of the
actise zirconium complex at relatively higher temperature.
Effei:t of Al/M molar ratio

The effect of Al/M molar ratio on the activity of
CpoM'l, /Et3Al - MeqySiCl (M=Ti,2r) was examined. The data (Figure

2) ndicate that the increase of Al/Ti ratio in CpyTiCl, system
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Table - 1 Performance of metallocene dichloride systems for
ethylene polymerization

Catalyst System Polymer yield?@
CpoTiClaFt,al nil
Cp:TiC]:"EtBAl*."le:;SiCl 157

CpaZrCl, Ef,Al 45

CpyZrCly EtyAl+Messicl 260
ot e

Polymerization conditions : Pcy=1 atm, toluene 200 ml, metallo-
cene dichloride = 100 ng, Al/M molar ratio = 15, Si/Al molar
ratio=1.5%, tenmperature 23°C. Time = 2h. M=Ti, 2Zr, Polymer Yield

in g PE‘mmol M.

6001

&~
(=4
(=]
1
Y
Y
7/
7

Polymer yield

gPE/mmol.M
‘o\
~

—» 20 ] 60
Temp. (°0)

Figure -1. Effect of temperature on polymer yield;
(8)  Cp,zrCly/EtsAl + Me3SiCl  system, Al/Zr=25;
(0)  Co,TiCly/EtzAl  +  MesSiCl  system, AL/Ti=15;
Other conditions similar to listed in Table 1.
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from 5 to 15 incr ases polymer yield by 32%. Further increase in
the 1atio from 15 to 100 reduces polymer formation. In contrast
to t tanium system, CpoZrCl,/EtjAl + Me3SiCl catalyst (Figure 2)
gave more polymer with the increase in Al/Zr ratio from 5 to
25. Further increase in the ratio reduces the polymer yield.
comp. rison of these systems revealed that productivity of zirco-
nium system is more at higher Al/M ratio as compared to analo-
gous titanium system.
Effect of Si/Al Molar Ratio

The concentration of Me3SiCl was varied to study the effect
of “i/Al ratio on the performance of mnetallocene dichloride
syst.m. The data (Figure 3) indicate that both metallocenes show
high:r formation of polymer upto Si/Al ratio of 1.5. Further
incrcase in the ratio viz. 2.0 reduces the polymer yield. A 42%
decrrase in the polymer yield is noted in titanium system while
zirconium  system shows only 18% reduction in the productivity.
The lata indicate that Si/Al ratio < 1.5 has activating effects
in “oth titanium and zirconium system while higher Si/Al ratio
‘1.5 retards the polymer formation.
Effest of the nature of chlorosilane and aging time

Effect of various chlorosilanes on the performance of

zirconocene dichloride system was examined. The results indicate
(Tab e 2) that the trimethylchlorosilane system shows higher
activity than triphenylchlorosilane under similar Si/Al molar
rati.-, The polymer yield varies in both the silane systems with
the sariation in Si/Al ratios. In case of trimethylchlorosilane,
polyter yield increases with the increase of Si/Al ratio from 0.5
to .5. Further increase in the ratio leads to decrease in the
polyner vyield. On the other hand, triphenylchlorosilane showed

30% ncrease in the polymer yield with the change of molar ratio
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Figure-2. Effect of Al/M molar ratios on Polymer
yield; (@) cpZZrCIZ/Et3Al + MeBSiCl system, Temp.
40°Cc;  (0) szTiClz/Et3A1 + Me;SiCl system, Temp.

25°C; other conditions similar to listed in Table - 1.
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Figure-3. Effect of Si/Al molar ratios on polymer
yield; (®8) CpoZrCl,/EtzAl + Me;SiCl system, Temp.
40°c, Al/Zr=25; (0) szTiCIZ/EtBAl + Me;SiCl system,
Temp. 25°C, Al/Ti=15; othsr conditions similar
to listed in Table-1.
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Table - 2 Influence of the nature of triorganochlorosilane in
ethylene polymerization with CpyZrCl,y/Etjal + R3SicCl system®.

Si/al Me3SiCl Ph3SiCl

molar ratio Polymer Yield Polymer Yield

0.5 109 72

1.0 354 264

1.5 500 345

2.0 401 370

2 polymerization conditions Pcy=1 atm, toluene 200 ml, Cp,yZrCl,

= 100 mg, Al/M molar ratio = 25, temperature 40°C, Time 2h,Poly-

mer yreld in g PE/mmol Zr.
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Figure-4. Effect of aging time between Et3Al and
Me35101 on polymer yield; catalyst system CpZZrclz/

ttjAl + Me3SiCl, Al/Zr=25, Temp. 40°C, other condi-

tions similar to listed in Table-1.
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from 1.0 tu 1.5 while further increase in the ratio from 1.5 to
2.0 lead to only 7% increase.

The effect of aging time between the reaction of TEAL and
trimethylchlorosilane on the efficiency of zirconocene dichloride
was investigated. The results indicate (Figure 4) that the pro-
ductivity of the catalyst system improves by approximately two
fold with the increase of aging time upto 40 minutes. Further
increase in the time lowers the polymer yield.

ACKNOWLEDGEMENTS

The authors acknowledge the experimental assistance rendered
by Mr. A.N. Baria.

REFERENCES

1} P. Galli and J.C. Haylock, Makromol. Chem., Macromol. Symp.,

63, 19 (1992).
[2] T. Simonazzi, G. Cecchin, and S. Mazzullo, Prog. Polym.
Sci., 16, 303 (1991).

{3] V.K. Gupta, S. Satish, and I.S. Bhardwaj, J. Macromol. Sci.-

Pure Appl. Chem., A31, 451 (1994).
[4] V.K. Gupta, S. Satish, and I.S. Bhardwaj, J. Macromol. Sci.-

Rev. Macromol. Chem. Phys., €34, 439 (1994).

{51 R.F. Jordan, Adv. Organomet. Chem., 32, 325 (1991).

[6] D.S. Breslow and N.R. Newburg, J. Am. Chem. Soc., 79, 5072

(1957).

[7) G. Natta, P. Pino, G. Mazzanti, and V. Giannini, J. Am.
Chem. Soc., 79, 2975 (1957).

{81 J.C. W. Chien, J. Am. Chem. Soc., 81, 86 (1959).

[9]1 H. Sinn and W. Kaminsky, Adv. Organomet. Chem., 18, 99

(1980) .
[10] W. Kaminsky, M. Miri, H. Sinn, and R. Woldt, Makromol. Chem.

Rapid Commun., 4, 417 (1983).



15:50 24 January 2011

Downl oaded At:

558

{111

[12]

[131

[14]

[15]

[161

{171

[18]

GUPTA, SATISH, AND BHARDWA]J

W. Kaminsky, in Transition Metal Catalyzed Polymerizations,

(R.P. Quirk Ed.) Harwood Acad. Publ., New York 1983, p 225.

W. Kaminsky, K. Kulper, and S. Niedoba, Makromol. Chen.

Makromol. Symp., 3, 377 (1986).

J.A. Ewen, J. Am. Chem. Soc., 106, 6355 (1984).

J.A. Ewen, in Catalytic Polymerization of Olefins, (T. Keii
and K. Soga, Eds.) Kodahsha Ltd., Tokyo 1986, p 271.

U. 2Zucchini, T. Dall'Occo, and L. Resconi, Ind. J. Tech.,
31, 247 (1993).

Organoaluninum compounds, T. Mole and E.A. Jeffery, Elsevier
Publishing Co. Amsterdam 1972, p 382.

H. Sinn, and E. Kolk, J. Organomet. Chem., 6, 373(1966).

W. Kaminsky, H.-J. Vollmer, E. Heins, and H. Sinn, Makromol.

Chem, 175, 443(1574)




