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STUDIES ON HOMOGENEOUS Cp2MCI,-Et3AI + R,SiCI 
CATALYST SYSTEM FOR ETHYLENE POLYMERIZATION 

V . K .  Gupta, S.  S a t i s h  a n d  I . S .  B h a r d w a j  

R e s e a r c h  C e n t  r e ,  I n d i a n  P e t r o c h e m i c a l s  C o r p o r a t i o n  L t d . ,  

PO: P e t r o c h e m i c a l s ,  V a d o d a r a  391 316, I n d i a  

ABSTRACT 

Homogeneous c a t - a l y s t  s y s t e m ,  Cp2MC12/Et3A1 + R3SiC1 ( C p  = q 5  

= CgHg ; M = T i ,  Z r ;  R = M e ,  P h ) ,  p o l y m e r i z e s  e t h y l e n e  i n  t o l -  

u e n e  medium. The  a c t i v i t y  of s u c h  c a t a l y s t  s y s t e m s  a r e  g o v e r n e d  

h y  t h e  f a c t o r s  l i k e  n a t u r e  of m e t a l l o c e n e  d i c h l o r i d e ,  c h l o r o s i  - 

l a n e ,  and  p o l y m e r i z a t i o n  parameters s u c h  d s  A l ’ M ,  S i / A 1  m o l a r -  

r a t  i n s  a n d  t e n p e r a t - u r e .  I t  is  o b s e r v e d  t h a t  r i r c o n o c e n e  d i c h l o -  

r i de  s y s t e m  shows h i g h e r  p o l y m e r i z a t i o n  e f f i c i e n c y  a s  cornpared t i  

t i t a n i u m  a n a l o g u e s .  F u r t h e r m o r e ,  t h e  u s e  o f  trimtlthy1chlor~)sil~lii 

i n  c o m b i n a t i o n  K i t h  t r i e t h y l a l u m i n u m  ( T E A L )  a s  c o c a t a l y s t  y i e l d s  

n r - ,  re EKJ I ynie r i n compa r i so 11 t o  t r i p h e n  y 1 c h 1 I.) ro s i 1 a n e a rid TF A1 

s y s t e m .  

INTRODUCTION 

H e t e r o g e n e o u s  Z i e g l e r - N a t t a  c a t a l y s t  s y s t e m s  

c s t e n s i v e l y  i n v e s t i g a t e d  f o r  t h e  o l e f i n  p o l y m e r i z a  

h a v e  

ion I 

beer1 

- 3 1 .  

T h i s  hds p r o v i d e d  a f o u n d a t i o n  t o  e v o l v e  h i g h  p e r f o r m i n g  c o m n i e r -  

c.ial c a t a l y s t  f o r  t h e  p r o d u c t i o n  of p o l y o l e f i n s .  I n  r e c e n t  past, 

h u w e v e r ,  r n r t d l l u c e n e  b a s e d  c a t a l y s t s  h a v e  a t t r a c t e d  c u n s i d e r a h l r  
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550 GUFTA, SATISH, AND BHARDWAl 

att,.ntion [4,51 due to their unique capability of producing the 

pol\.mers of defined structure. It also offers possibility of 

pol'merizing a wide range of olefines including functional ones. 

Met,,l locene systems comprising of CpZTiCl*/R2AlC1 was the first 

homrlgeneous combination found to be active for ethylene polymer- 

izalion t6-91. The use of aluminoxanes as cocatalyst has signifi- 

cantly improved the performance of metallocene for ethylenn 

po1,merization [10-141. Further enhancement in the efficiency was 

dch eved by modifying the structure of metallocenes and alumi- 

nox.tnes 14,151. The polymerization parameters also played a 

reylilat,ory role in optimizing the product.ivity and controlling 

t h e  properties of polymers.However, the limitations with alumi- 

nox,~nes interms of requirement of larger quantities and ambiguous 

cheilical composition have led researcher to look for metallocene 

sys ems which can either perform with lesser amount of aluminox- 

anei or without it.The present study examines the performance of 

met 11 locenes in combination with modified alkylaluminum as 

o'oc ~talyst for ethylene polymerization . The trialkyl aluminium 

i.ty to form adduct with -C1  , -OH, and -OR bonded c o m -  

161.Such adducts can undergo ligand rearrangement lead- 

modif i.cation of alkylaluminum . Thr: modified a1umi.nium 

would, therefore, be expected t.o provide finer control 

nvcc. reduciny behaviour and alkylatiny nature of alkylaluminum. 

EXPERIMENTAL 

M.bt.uirials : Dis(cyclopentadieny1)titanium dichloride, Bis(cyc1o- 

pen) ad ienyl) zirconium dichloride, t riethylaluminum, trimethyl- 

rhl, Irosi 1 ane, and triphenylchlorosilane were used as received. 

Tnliiene was used after drying over sodium wire. Ethylene (poly- 

mer' zation grade) was obtained from the commercial plant and used  

A S  iuch. 
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ETHYLENE POLYMERIZATION 55 1 

All experimental manipulations were carried out under ultra 

high pure nitrogen atmosphere using Vacuum Atmosphere Model 

HE-43-2 Dri Lab equipped with a model HE 491 Dri Train a n d  

Schlenk techniques. 

Ethylene Polymerization : Polymerization of ethylene was cdrried 

out in a 500 ml glass reactor equipped with a magnetic stirrer. 

Calculated amount of cocatalyst and R3SiC1 (R=Me,Fh) were r r ixed  

in 20 ml toluene. This solution was added into 180 ml toluene 

containing metallocene dichloride. Ethylene was continuously 

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 & 

m. 
RESULTS AND DISCUSSION 

The performance of titanocene dichloride in conjunction with 

TEAL as cocatalyst was examined for the et.hylene polymerization. 

Polymer formation was not observsrd even after 2 hrs of the 

reaction. However, zirconocene dichloride along with TEAL gave 

polyethylene (45 g PE/mmol Zr). These results [8,9,17,181 indi- 

cate that metallocene dichloride reacts with TEAL to generate . in 

alkylated species(Eq.1) The alkylated compound undergo coordi- 

nation and propagation reactions with ethylene to give polyethyl- 

ene(Eq.2). The active species on reduction generates $ ~ n  

inactive complex(Eq.3). The higher resistance of alkylated z i t - -  

Cp2MC12 + 11’2 (Et3A1)2 Cp2MCl(Et).Et?AlCl ( 1 )  

Cp2MCl(Et).Et2AlCl+ nC2H4 -Cp2MCl(C2H4).Et. EtzA1C1 ( 2 )  

2Cp2 MCl(Et).Et?AlCl + EtzAICl,CpzMCl(CH2)2 ?lClCP2,Et2AlCl + 

C2Hs CpzM(II1) Complex + CH2 = CH2 ( 3 )  
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552 GUPTA, SATISH, AND BHARDWAJ 

niun i-omp,crund towrds redurkion as (conpared to t.it.anium analogue 

may b e  the reasun f o r  polymer formation in zirconocene system. 

Thr. tr4nsft)rmdt i o n  of dct ive metallocene into inactive spe- 

cies cdn ~ J P  controlled by retarding the reducing capability of 

tridlkyILiluminiim. Thus, TEAL was mixed with rhlorosilane beforr 

red<. tiny with metallo~.~sne dichlnridc. TEAL reacts with the 

R?Si'l to generatc Al, Si <.-Iiluct which may undergo ligand ex- 

chan J P  reaction to give chloroalkylaluminum compound. 

The polynerization of ethylene was carried out. with Cp2M 

C12 Zt?;ll + Ele3SiC1 catalyst system. The results (Table 1) show 

that mtttal locrne in combination with TEAL and trimethylchlo- 

rosilanr ds cocatalyst ShOWS activity for ethylene polymeriza- 

tion. Zir-conor.ane system was, however, relatively more pro- 

duci ive than the titanocene . Effect of polymerization parame- 

trars on prciduc.Livity was studied to optimize effeciency of cata- 

lyst systems. 

Effe:t of Temperature 

The activity of Cp2TiC12/Et3Al + Me3SiCl was investigated 

at lifferent temperatures. The results indicate (Figure 1) that 

the tncrf:ase C J f  temperature from 10 to 25°C leads to increase in 

actirity by approximately two fold. Further rise in temperature 

l o w c . T s  the productivity. Comparison of the results between tita- 

noreir and zirconocene indicate that zirconocene system shows 

opti num perfurmance at 4 0 ' C  whereas t itanium system performs 

optiially at 25'C. It may be due to better stability of the 

actiw zirconium complex at. relatively higher temperature. 

Effetit of Al/M molar ratio 

The effect of AI/M molar ratio on the activity of 

Cp~M~'12.'Et~Al * Me3SiC1 fM=Ti,Zr) was examined. The data (Figure 

7) ndirate that the increase of Al/Ti ratio in Cp2TiC12 system 
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ETHYLENE POLYMERIZATION 553 

I 6 00 

Temp. (OC) 

Figure - 1 .  E f f e c t  o f  t e m p e r a t u r e  on p o l y m e r  y i e l d ;  

( 0 )  CP2ZrC12 /E t3A1  + Me3S iC1  s y s t e m ,  A l / Z r = 2 5 ;  

(0) C D 2 T i C 1 2 / E t 3 A l  + M e j S i C l  s y s t e m ,  A l / T i = 1 5 ;  
O t h e r  c o n d i t i o n s  similar t o  listed in T a b l e  1 .  
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554 GUFTA, SATISH, AND BHARDWAJ 

front 5 to 15 incr Ases polymer yield by 32%. Further increase in 

the iatio from 15 to 100 reduces polymer formation. In contrast 

t:l., t t.anium system, Cp2ZrC12/Et3Al + Me3SiC1 catalyst (Figure 2) 

gave more polymer with the increase in A1/Zr ratio from 5 to 

2 5 .  Further increase in the ratio reduces the polymer yield. 

Cnmp. rIson of these systems revealed that productivity of zirco- 

nium system is more at higher A1:M ratio as compared to analo- 

g u u s  titanium system. 

E€fwst of Si/AI Molar Ratio 

The concentration of Me3SiC1 was varied to study the effect 

of <;i/Al rdtio on the performance of metallocene dichloride 

syst>m. The data (Figure 3) indi-cate that both metallocenes show 

1lighr.r formation of polymer upto SiI.41 ratio of 1.5. Further 

iri(.r(.ase i n  the i-at.io viz. 2 . 0  reduces the polymer yield. A 42% 

~ l e c r - . a s e  in the polymer yield is noted in titanium system while 

7 i r ~ ~ ~ n i u m  system shows only 18% reduction in the productivity. 

The la ta  indicate that Si,’Al ratio I 1.5 has activating effects 

in , l o t h  titanium and zirconium system while higher Si/Al ratio 

,1.5 retards the polymer formation. 

Effe8:t of the nature of chlorosilane and aging time 

Effect of various chlorosilanes on the performance of 

z i r i . o s n o c e r i e  dichloride system was examined. The results indicate 

(Tall e 2 )  that the trimethylchlorosilane system shows higher 

a(.t i. i t y  than triphenylchlorosilane under similar Si/Al molar 

rati,.. The polymer yield varies in both the silane systems with 

the %;*riation in Si’A1 ratios. In case of trimethylchlorosilane, 

pulyt ler  yield increases with the increase of SiI.41 ratio from 0.5 

t o  .5. Further increase in the ratio leads to decrease in the 

polyiler yield. On the other hand, triphenylchlorosilane showed 

309; nrreasp in the polymer yield with the change of molar ratio 
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6 0 0 1  

555 

8 ”  

AI/M molar ratio 

F igu re -2 .  E f f e c t  o f  A l / M  m o l a r  r a t i o s  on Po lymer  
y i e l d ;  (I) Cp2ZrC12/Et3Al + Me3SiC1 system, Temp. 
40OC; (0) Cp2TiC12/Et3A l  + Me3SiC1 system, Temp. 

25012; o t h e r  c o n d i t i o n s  s i m i l a r  t o  l i s t e d  i n  T a b l e  - 1. 

600 L 

+ 0.5 1 .o 1.5 2.0 
Si/Al molar ratio 

F igu re -3 .  E f f e c t  o f  S i / A l  m o l a r  r a t i o s  on po lymer  
y i e l d ;  (I) Cp2ZrC12/Et3A l  + Me3SiC1 system, Temp. 
40OC, A l / Z r = 2 5 ;  ( 0 )  Cp2TiC12/Et3A l  + Me3SiC1 system, 
Temp. 25OC, A l /T i=15 ;  o t h 2 r  c o n d i t i o n s  s i m i l a r  

t o  l i s t e d  i n  Tab le -1 .  
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0.5 

1.0 

1.5 

2.0 

109 

354 

500 

401 

7 2  

264 

345 

370 

6 0 0 t  

+ 20 GO 60 
Aging t ime (min.1 

Figure-4. E f f e c t  o f  a g i n g  t i m e  between E t 3 A 1  and 
ble3SiC1 on polymer y i e l d ;  c a t a l y s t  system C p 2 Z r C 1 2 /  
t t  A 1  t Me3SiC1, Al /Zr=25,  Temp. 4OoC, o t h e r  condi -  

l i o n s  s i m i l a r  t o  l i s t e d  i n  Table-1.  
3 
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ETHYLENE POLYMERIZATION 557 

from 1.0 t,i 1.5 while further increase in the ratio from 1.5 to 

2.0 ledd to only 72, increase. 

The effect of aging time between the reaction of TEAL and 

trimethylchlorosilane on the efficiency of zirconocene dichloridr 

was investigated. The results indicate (Figure 4) that the pru- 

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. 
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