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rac-Et (Ind ), ZrCl, , rac-Me,$i{Ind),ZcCl, W) B
F Aldrich 2% #; MAOQ % Albemare %% ®] 7 f;
B(C,F, ), ' E T Boulder 24 &) ; Ti(OBu), ME Tt
I 28, BAS. RUAREe 72X,
SRR
1.2 #EH{CH,)Si(Ind), ZCl, HI& A

BRI B4R (C,H, ) (Ind), Si 3.16 g(10 mmol) , M
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A: rac-Et(Ind) , ZxCl,

B: Me;Si{Ind};ZeCl,  €:(CH, ) Si{Ind), ZrCl,  D:(CH, ), Si(2-Me-Ind), ZrCl,

Scheme 1

B,BT -71BCHKRT P, H ZClL, 2.33 g(10
mmo)IMA R B, HRAAINZE, SEWH S
h, DB 2 h, WO L, HRETRAER
AEE E_EPIRPERELEHB I rac-
(C,H, )(Ind), ZrCl, #1480 mg, A MW 0 .7
20.2% . 'H-NMR (300 MHz CDC},):6=7.1~7.8
(m,8H,Ar),6.93 (d,2H,3HInd),6.14 (d,2H,1H
Ind), 2.13 (s, 6H, 2-Me), 1.20 (s, 6H, Me-Si), MS
(EI) m/z 476(M" ).
1.3 M (C,H,)Si[2-Me(Ind} ), Z:Cl, AR

250 mL = O MRMEZE, 1A 3.52 g(10 mmol)
BLIE(C H,)Si[2-Me(Ind) ], #0100 mL H 2K, 3K B
T #m 2.03 mol/L B BuLi 4% ¥ 10.2 mL, 2218
AEZR MAEF 20 FEZ2B B TRAEG
F_gEmiE. mA 150 mL B X, F - 8CHKR
BT ,MA 2.50 g ZrCL (10 mmol ), 18 T HE# 3
A, EBRUIE, Bl THER, SIBAAEE .
AZEPRESRABEANANHERZ=Y Y
120 mg.' H-NMR (300 MHz CDCl,):8 =7.32 ~ 7.55
(m,8H,Ar),7.10 (d,2H,3-H Ind),6.75 (d,2H,1-
H Ind),2.16 {s,6H,2-Me),1.75 ~ 2.02 (m, 8H,
C,H, ), i MS(EI) m/z 502(M* ) ; TLE /47 . 38
¥ C57.37%, H5.18%, M4 C 55.61% ,H
5.06% .
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B, RMEEHR 0.1 wio% BIBRL 2 B4R L R RE,
RePasmnsk KTk

1.5 &#
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Perkin Elmer 2> 7] [f] DSC-7A # 0 {X L M & ; B
4" C-NMR #£ Unity 200 MHz 8 SR iR {Y I
Wi, .
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Fig. 1 The relnﬁo;lship between predimerization time and
ploymerization activity in the dual functional catalytic system
Condition: AL’Ti = 10 B/Zr = 3.3 toluene: 100 mL; AL’Zr = 000;
temperature : 50 C ; reaction time ; 30 min

Copolymerization catalysts: a) rac-Et ( Ind ), ZtCl; b) rac-Me,-
S5i(Ind); ZeCly s ¢) rae-(CH, ), Si{Ind), ZeCly; d) rac-(CH, ), Si(2-
Me-Ind ), ZcCl,

Dimerization ca.l.nl}'s‘t:[“(on Bu),]
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Fig. 2 The influence of dimerization catalyst and polymerization ratio
on the copolymerization activity in the dual functional catalytic system
Conditions ; dimerization catalyst: [Ti(OnBu),1; AUTi = 10; B/Zr=
3.3; wluene: 100 mL; Al/Zr = 1000; temperature; 50, reaction
time: 30 min; predimerization time: 5 min

Copolymerization catalysts; )} rac-Et (Ind },ZrCl;; b ) rac-Me,-
Si(Ind); ZrCl; 5¢) rac-{ CH; ),8i{Ind ), ZrCly ; d) rac-{ CH, ), Si(2-
Me( Ind); ZxCl,

wn (=]
T

Copolymerization activity
(x10°gPE/molZs-h)
E -

activity and
reaction temperature

Conditions : dimerization catalyst: [Ti{OnBu),]; AUTi=30; B/Zr=
3.3; toluene: 100 ml; Al/Zr = 10003 Tu'Zr = 5; reaction time: 30
min; predimerizalion time: 5 min

Copalymerization calalysis: a) rac-Et { Ind ), ZrCl,; b) rac-Me,-
Si(ind)},ZrCly ; ¢) rac-{ CH; )(Si (Ind ), ZrCly 5 d ) rac-{ CH, },Si € 2-
Me(Ind), ZrCl,
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MEFTTUED, ERAEE TN RELH

HERE K BEYHBEREREARTR. Y
“HREAR S LB AN ERIL Y 30 8RS
WILFREBEEHTABSEE N S5C.

FRARBIERATER N AL H LS R~
BEARZELEY MATLES R TR £
# BHRNTRAERTH R/ RELNN
BERER, TETMUBH+EHHREARLHH
B, aexPa AR, EdXF A UARER
HiE 4 0.95~0.891 glew’ , HPBREFEE £
TREEERZHEE.

M E 4 A6 BAYH C-NMR 27 7]
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Table 1 Polymerization date using B{CsF; }; as cocatalyst in the dual functional catalytic system

R Ti(OR), Al{iBu), Zr  B(GF)» T, & A M, )¢ Ta das
(pmol)  (mmol)  (pmel)  (pmel) (%) (min) (x10°) (x10*) (%) (€Y {gem®)
Al 0 0 3 10 50 0 4.1 1.2 71.8 132.5  0.9%
A2 30 1 3 16 50 5 4.6 19.2 - - 0.923
A3 30 1 3 10 50 5 5.9 14.6 48.3 - 1103 0918
Ad 30 1 3 10 50 5 7.4 9.3 37.2 103.9  0.910
A5 60 2 3 10 50 5 3.1 3.64  35.4 104.2  0.906
A6 %0 3 3 10 50 5 1.8 5.91 5.3 7.5 0.891
B1 30 1 3 10 50 5 1.6 823  50.1 3.6 0911
B2 30 1 3 10 55 5 1.8 14.3 69.7 124.0  0.917
] 30 1 3 10 40 5 1.5 19.5 51.9 125.6  0.926
D1 30 1 3 10 30 5 0.6 12.2 66.5 128.1  0.933

fo: predimerization time; A :activity(gPE/mol Zr-h){ caleuiaicd from the resction time at 0.5 h) ; M, : molecule weight; X : cryatallinity ;

T.: melting point; ds : density; T, : temperature

Fig. 4 "C-NMR spectra of copolymer A6 obtained from
dual functional catalytic system

EE BARKMBERTEN11.7%,1-THH
BB KAN 1L, BETHEORBRESH, ERAT
SHOL AR THET.

AEFRESBNBEAKRELRIEILE
E, R AL SR SRR AR
SRFHBAERBNEE, FBRXRDHEE
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PREPARATION OF LLDPE USING A DUAL FUNCTIONAL CATALYTIC
SYSTEM OF Ti(OBu),-METALLOCENE/B( C¢F; ),-AlEt;

LIU Zhongyang, YANG Ling, TAN Zhijun, HE Dawei, HU Youliang
( State Key Laboratory of Engineering Plasties, Cener for Molecular Science , Institute of Chemistry , Chinese Academy of Sciences, Beiiing  100080)
WU Chunhong
{ Research Instizute of Yanshan Petrochemical Co. Iid.. Bejing 102500)

Abstract  Polymeriztion of linear low density polyethylene (LLDPE) using a dual functional catalytic system
containing different kinds of Metallocene /AlEt,/B{C¢F;); as copolymerization catalysts and Ti(On-Bu),/AlEL, as
the ethylene dimerization catalyst was studied . Using the single cocatalyst AlEt, in the catalytic system, it is easy to
overcome the shortcoming of interference between two catalytic metals in a single reactor. Among the four zirconocene
systems used , the most active dual functional catalytic system is [ Ti{On-Bu),/AlEt,/Et(Ind), ZrClL,/B(CF;), 1, its
activity reaches 7.5 x 10° gPE/molZr-h.The density of obtained LLDPE is 0.89 gfcm’ and 1-butene insertion rate
11.7 mol % .

Key words LLDPE, Dual functional catalytic system, Zirconocene



