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Ethylene-bridged (4-Substituted Indenyl) (Fluorenyl) Zirconium Complexes:
Synthesis and Catalytic Behavior for a-Olefins Polymerization
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Abstract: Three new ethylene-bridged (4-substituted indenyl) (fluorenyl) zirconium complexes (2a—2c) were successfully synthesized.
They exhibited high isotactic selectivity, which increased with the decrease of polymerization temperature for the polymerization of propyl-
ene upon the activation of MAO (methylaluminoxane). Complex 2a with 2-methyl group on indenyl displayed the highest isotactic selectiv-
ity of 93.6 % at 0 °C. At 60 °C, complexes 2a—2c reached their optimum catalytic activity, and complex 2a displayed the highest activity of
7.80 x 10° g PP/(mol-Zr-h). Meanwhile, complexes 2a-2c were also studied for ethylene homopolymerization and linear polyethylenes with
broad molecular weight distributions were obtained. Complex 2c with 4-isopropyl substituent on indenyl showed high activity of 3.45 x 10°g
PE/(mol-Zr-h) even at a low Al/Zr molar ratio of 500.
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b FE R A P W e B AT R vk R AL 4
JE 456 W) HE AL T, 4k TR 05 26 DA SR AT v I3 i 55
FIZE DI — T 2 A A T A A 9 i 123,
1984 45, Ewenl 5% FI C,- o) Bk (K M 1 250 — ik 4%
W) rac-Et(Ind), TiCl, (¥ 20 1, 1) AL N 4% 2R &, 45 2
— 5T FL AR E (S RN A, I IR S A A
PIFPE S 25 B B Ve 2 M &R Bl R, K Co- X K
{175 4 B A AL T T S5 0 3 I A B8, i gy
B, ZERIR i & Jm 4 Wi 1 2, 4-07 51 N i
YR, TS 4 5 Wt — R ) W S Rk

)

— PR A AL . Kashiwa 257038 (12 5 2R
05 K I R FE A B 4 A 4% A ) rac-Me,Si[2-Me-
4-(1-Np)-Ind],ZrCl, F1 Resconi 2% P14 B iy 4 52 B AL
1 4% & % rac-Me,Si(2-Me-4-Ph-Ind),ZrCl, (1), 7F
MAO (H LB %0 k8 ) B AL AR T T AL I R, #E
45 21 B3 B [mmmm] > 99% ) 25 JILERE N 4. (R T
IR Com o TR (1) 75 485 J 285 5 W R it A 5 I 50 )L ~F-
AN R TE G TR 7 A AV T S R A T S L A SR
I AR B SIS A3 B ) G R I, ™ R 2R
B ) — Pk, Hoa 2 LA 43 46 07 307 DLy B B 25
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Scheme 1.  Complexes I-1V.
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Scheme 2. Complexes V-VIII.

Co- 0 TR 1) 75 48 &8 2% 5 W) AN A7 A5 N T e 45 14 1)
A7), DR EE Co- 5 R 4 8 48 5 W) B8 ) 5 G, i
PENE ML A5 R 2% 02 9 1 1993 4E, Giardello
o WRLR MR BB — B 0 — 045 25 4% 5 W) Me,Si-Cp'[(+)-
neomenthylCp]ZrCl, (111)/MAO fi#: {4 A 1 5 &, 15 51
37 RS S [mmmm] = 93% (1) %5 R N 4. 1T Miller
2 UST) Y A K A7 BH A 2 ) MR % 2 42 8 4% &
Me,C-[3-(2-Me-2-Ada)-Cp](Flu)ZrCl, (1V)/MAO 1k,
I SR A, 45 2 L Immmm] > 98% [ 25 JH 2 1A 945
AL T, B 1 B 2y 24 5 ) B RE AR AL TN I T BRI SR

75 3 % 0 7 K BN M, W Thomas 25 M 1 {Et-
1-(9-Flu)-2-[1-(2-Me-Ind)]}ZrCl, (Kl X, 2, V), ££ 70°C
AL T B A, 5B 47.19% (1SR T4, S AL
TP 4 3.0 x 107 g PP/(mol-Zr-h). i B 1% 215 5 45 4>
BT, AEE 5,607 5 | N HUAT 6 X6 7 0 25 R i
FENE 05 w0 A KL 1 {Et-1-(9-Flu)-2-(5,6-(CHy)s-2-
Me-1-Ind)}}ZrCl, (VI)/MAO™® HiI {Et-1-[5,6-(OCH,-
CH,0)-2-Me-1-Ind]-2-(9-Flu)}ZrCl, (V11)/MAO e j]
THEAC IR 58 &, FLAE IR 6% 4 i) oy 54% 1 53%,
L4 54V ALY T Thomas 25 B7VZE W 56 & 4 45 4
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JE 25 AW e ) 7-67 5] NBOREE S, 49 20 1) B 42
2 AW SiMe,{(9-FIu)[(2,4,7-Mes)Ind]}ZrCl,, F T fi
WNIE R A, 5 7-A0 R TR 2R S W AH L,
L TR A7 25 0 B P O B B . Heuer 25 LA B 5T
T EMURES 2 S RE TR RER S, S T
AN 36 bt KA BB IE i B 6 8 4 S, T
HEAAME R G, B A R m A s Pk, {0 A5 Rk 4
PEIB AN 27 B b ANy AR KR 1) 2R A4

T el 3 2,4-f7 5 NG 4 BOPRIE 5, LA A0 I A
A IO 53 B AR A K. Thomas 25136 T 4%
% & Y {Et-1-(9-Flu)-2-[1-(2-Me-4-Ph-Ind)]}ZrCl,
(VI £E 20 °C flEfL NI 2R &, Bk 19 2 T o0
[mmmm] = 93.5% (1 %5 #5805, 15— Fp Rk 0 —
SR Tk 5 DOVAR R 448 ) 11 28 B0 Ll B, I 2 AT K e
ok Z BAT B i I A R B k. 2% 08 B A el 3 4-fr
I HUAR 0T 45 45 W () A Pk e s 30K, DRI, AR
LE R KT 3 EIER 4R AT R R HUAC BE 1) Cp- %
PRV £ M WG B 2 s 4 DR 24 5 0, FH T A0 TN 0 28
B, CLARAT i 7 AL R (10 45 2R TR A

1 LIEERS

11 ER &I

S K H bR HE Schlenk AR . 76 T8 1 Ar 4R
HEAT. BT DU . Tk A0 F 3 Tk 25 9 7710350 4 AR
WA, B2 T 240 5, 76 Ar RET R, S8 2] —OF
FE P ] 0 A i 56 0 SR AT . ST e &
CaH, T4 24 h &, 1 5 CaH, [ 7 $ /) I e 45 4 .
M4 SCHR[20~22] 4 B 7-(1-25 38)-2- F BL e, 7-(1-2%
HE) BMT7-S A kB MRS SCHR [23] 45 Bk 9-(2-9- &
5)-Zi. FA H S0 R T A A Ty
A H]. MAO /H 2R % - Witco GmbH (1.53 mol/L).
1.2 HEMMBAYIRRE

FAL B PRI AP 'H NMR R °C NMR i 1]
Bruker AVANCE-400 7 #% i 25 9 {3l %2 , LA CDCls,
CsD4Cly B CeDg 1 ¥ HIl, TMS by Wbk, &AW1 T 70
HE T (HRMS) 43 T £E HP 5989A 7 it 1% 4% I JEAT .
X H Alliance GPCV 2000 74 ¥ i i3 i% (1, 1% 1 (GPC)
I R A W oy 5 S LA AT, TR AH Dk AR 50K,
W52 R 135 °C. K345y F i (M) BLHAZE N %
A, T 135°C e, A X, LM ] =6.77 x
107M,%%7; RGP [n]=1.10x 107 M, >,

1.3 EIEBEK
131 1-(9-ZE)-2-{3-[2-BHE-7-1-FH)eh &£} 2
K (1a) RIA X

7F Ar F 4 2.02 g (7.88 mmol) 2- H JE-7-(1-25 3E)
i Ji1 £ 100 ml Schlenk Jifi v, i 30 ml THF %5 % )5 7
VKK A1, 3 I 4.4 ml (1.79 mol/L, 7.88 mmol) 1E
TR IE OB S AR = il R R 24 h VKK
AEIF N 1.96 g (7.18 mmol) 9-(2-1R- 2 3E)-%, =
EBEFE 5 F 3 mol/L $h R IR 1L &5 pH =1, 5 A 100
ml SHEEAE I =K, P UAH BE 22 v 2, F G KB 12
BT, 08, DB s R B, DA AT i 1 Dk 5 i 7
AT FEJZ AT, 13 5 R A4 2.05 g, 7 3% 63.7%. 'H
NMR (400 MHz, 25 °C, CDCls): §7.92 (d, J = 8.2 Hz,
1H, Ar-H),7.88(d,J=8.2 Hz, 1H, Ar-H),7.82(d, J=7.2
Hz, 2H, Ar-H), 7.68-7.61 (m, 3H, Ar-H), 7.57-7.49 (m,
2H, Ar-H), 7.46-7.37 (m, 7H, Ar-H), 7.18 (d, J = 7.5 Hz,
1H, Ar-H), 7.12 (d, J = 7.5 Hz, 1H, Ar-H), 4.17 (t, J = 4.8
Hz, 1H, 9-Flu-H), 2.92 (d, 2.4 = 22.8 Hz, 1H, 1-Ind-H),
2.86 (d, 2Jy.n = 22.8 Hz, 1H, 1-Ind-H), 2.48-2.42 (m, 2H,
CH,CH,Ind), 2.26-2.24 (m, 2H, CH,CH,Flu), 1.75 (s,
3H, CH3). *C NMR (100 MHz, 25 °C, CDCl,): 6 146.9,
146.5, 141.8, 141.4, 139.2, 138.9, 136.7, 135.8, 133.8,
133.6, 131.6, 128.2, 127.4, 127.0, 126.9, 126.4, 126.2,
125.7, 125.7, 125.5, 125.3, 124.1, 119.9 (Ar-C), 47.5
(9-Flu-CH), 42.0 (CH,CH,FIu), 31.0 (CH,CH,lInd),
20.5 (1-Ind-CH,), 13.6 (CH,).
1.3.2 1-(9-Z E)-2-{3-[7-(1-ZFH)FHE}Z K (1b)
BIE X

R 54659 1a K BLE) T, 4 2.06 g (8.52
mmol) 7-(1-253%) &5 4.9 ml (1.77 mol/L, 8.52 mmol)
IE T BB IE S R Y S, A 2.09 g (7.67
mmol) 9-(2-1R- £ HE)- 27, B F ik 4% f5 FH 3 mol/L #: 12
FRA % pH = 1, LA UG F A IR AT AL )= 47, BLAY
B A VB B AR, 75 1.55 g RS B, 7= % 46.6%. TH
NMR (400 MHz, 25 °C, CDCls): §7.94 (d, J = 8.2 Hz,
1H, Ar-H),7.91(d,J=8.6 Hz, 1H, Ar-H),7.84(d, J=7.4
Hz, 2H, Ar-H), 7.68-7.60 (m, 3H, Ar-H), 7.56 (d, J = 7.0
Hz, 1H, Ar-H), 7.54-7.37 (m, 8H, Ar-H), 7.33(d,J = 7.5
Hz, 1H, Ar-H), 7.23 (d, J = 7.5 Hz, 1H, Ar-H), 6.13 (s,
1H, 2-Ind-H), 4.21 (t, J = 5.0 Hz, 1H, 9-Flu-H), 3.05 (d,
)y = 23.4 Hz, 1H, 1-Ind-H), 3.01 (d, 2Jy.y = 23.4 Hz,
1H, 1-Ind-H), 2.58-2.53 (m, 2H, CH,CH,Ind),
2.45-2.43 (m, 2H, CH,CH,FIu). ®C NMR (100 MHz, 25
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°C, CDCly): 6 147.0, 145.3, 144.1, 143.7, 141.3, 139.0,
136.4, 133.7, 131.6, 128.2, 128.2, 127.6, 127.1, 126.9,
126.5, 126.4, 126.2, 126.1, 125.8, 125.7, 125.3, 124.3,
119.9, 119.6, 118.2 (Ar-C), 47.2 (9-Flu-CH), 37.3
(CH,CH,Flu), 31.1 (CH,CH,Ind), 23.4 (1-Ind-CH,).
133 1-9-HZ&E)-2-[3-(7-FAE) eh &] 2K (1c) &Y
A

R 55 1a BRI 5k, 78 2.13 g (13,5
mmol) 7- 5 N 3L i 5 7.6 ml (1.77 mol/L, 13.5 mmol)
IE TR IE O i = MY 5, FE N 3.06 g (11.2
mmol) 9-(2-¥R- £ HE)-%5, =l i+ 1d J5 A 3mol/L 5
MRIRAC A pH = 1, SR, F Ak I EAT A = 4, DU
R A 0 T, 19 3 R B4 2.15 9, 7 36 54.8%. 'H
NMR (400 MHz, 25 °C, CDCl5): 5 7.83 (d, J = 7.2 Hz,
2H, Flu-H), 7.61 (d, J = 7.6 Hz, 2H, Flu-H), 7.43 (t, J =
7.6 Hz, 2H, Flu-H), 7.37 (t, J = 7.2 Hz, 2H, Flu-H), 7.29
(t,J=7.8Hz, 1H, Ind-H), 7.15 (t, J=7.8 Hz, 1H, Ind-H),
7.12 (t, J = 7.4 Hz, 1H, Ind-H), 6.19 (s, 1H, 2-Ind-H),
4.17 (t,J = 4.8 Hz, 1H, 9-Flu-H), 3.29 (s, 2H, 1-Ind-H),
3.20-3.10 (m, 1H, CH(CHs),), 2.52-2.46 (m, 2H,
CH,CH,Ind), 2.40-2.36 (m, 2H, CH,CH,Flu), 1.32(d, J
= 6.9 Hz, 6H, CH(CHs),). **C NMR (100 MHz, 25 °C,
CDCl;): 6 147.0, 145.0, 144.6, 143.7, 141.6, 141.3,
127.2, 127.0, 126.9, 126.6, 124.3, 121.1, 119.9, 116.6
(Ar-C), 47.2 (9-Flu-CH), 36.2 (CH(CHs),), 31.2
(CH,CH,), 30.9 (CH,CH,), 23.5 (1-Ind-CH,), 23.0
(CH(CHa)y).
14 HEREBRESYINER
141 [EZE-1-9-HE)2-{1-[2-FE-4-(1-EE)
ENE} =& LE (22) IERK

# 1.30 g (2.90 mmol) 1a jil A 100 ml Schlenk
L FH 30 ml JG 7K Sk i J5 AR vKOK A v 20T, %
3.28 ml (1.77 mol/L, 5.80 mmol) it T &40 (1) iF C e %
W, =S . N 0.70 g (3.00 mmol) ZrCl,,
Ak S 5 P, T AT S O L R, U,
F 10 ml G 7K LK 3 PRI BEER J I 40 ml — S0 HT e
VAR, B0, FITAS 0 A —20 °C DKAR v i 8 46 b, i
B IR [ 4 0.192 g, 77 % 10.9%. 'H NMR (400
MHz, 25 °C, CDCls): §7.95 (d, J = 7.6 Hz, 1H, Ar-H),
7.91(d,J=8.6 Hz, 1H, Ar-H), 7.85-7.78 (m, 4H, Ar-H),
7.73-7.70 (m, 2H, Ar-H), 7.58-7.54 (m, 1H, Ar-H), 7.44
(d, J = 7.7 Hz, 1H, Ar-H), 7.41-7.33 (m, 4H, Ar-H),
7.26-7.20 (m, 2H, Ar-H), 7.16-7.12 (m, 2H, Ar-H), 5.84

(s, 1H, 3-Ind-H), 4.64-4.59 (m, 1H, CH,CH,), 4.20-4.11
(m, 2H, CH,CH,), 4.06-4.01 (m, 1H, CH,CH,), 2.15 (s,
3H, CH3). *C NMR (100 MHz, 25 °C, CDCls): 6 136.5,
135.8, 133.54 131.6, 131.5, 131.2, 128.34, 128.27,
128.1, 127.9, 127.3, 126.7, 125.8, 125.7, 125.5, 125.4,
125.3,125.07,125.06, 124.4,124.1,123.7,123.5,122.5,
122.4, 121.7, 121.1, 109.5, 103.4 (29/32-Ar-C), 29.9
(CH,CH,), 28.3 (CH,CH,), 15.2 (CHs). EI/HRMS:
[CasH26ClLZr ¥ 1H 51, 606.0459; s34, 606.0459.
142 [[FZE-1-(9-ZF)-2-{1-[4-(1-FH) e &}
Sk (2b) IS

e 5 % 59 2a B4 7 ¥, £E 1.00 g (2.30
mmol) 1b 5 2.60 ml (1.77 mol/L, 4.60 mmol) 1F | FE4H
1) IE CUBE 3 Y. 56 42 ), N 0.56 g (2.40 mmol)
ZrCly, S P 11k . i 385 1 SR B R, 7
—20 °C UKAH Hh i B 2, AT H RS 20 €5 il R [ 4 0.257
g, 77 % 17.9%. *H NMR (400 MHz, 25 °C, CDCls): &
7.94 (d, J = 8.4 Hz, 1H, Ar-H), 7.89 (d, J = 8.4 Hz, 1H,
Ar-H), 7.83(d, J=8.0 Hz, 1H, Ar-H), 7.79-7.75 (m, 4H,
Ar-H), 7.58 (d, J=7.2 Hz, 1H, Ar-H), 7.54 (t, = 7.6 Hz,
1H, Ar-H), 7.45-7.26 (m, 7H, Ar-H), 7.21-7.17 (m, 2H,
Ar-H), 6.16 (d, J = 3.2 Hz, 1H, 3-Ind-H), 5.92 (d, J = 3.2
Hz, 1H, 2-Ind-H), 4.40-4.33 (m, 1H, CH,CH,),
4.27-420 (m, 1H, CH,CH,), 4.13-4.06 (m, 1H,
CH,CH,), 4.00-3.93 (m, 1H, CH,CH,). *C NMR (100
MHz, 25°C, CDCl,): 6136.5,136.2,133.5,131.5,129.4,
128.8,128.6,128.3,128.03,127.95,127.7,127.3,126.7,
125.8,125.7,125.60, 125.56, 125.5, 125.4,125.3,125.1,
124.6, 123.7, 123.6, 123.4, 123.1, 122.5, 121.2, 121.0,
112.5, 109.2, 103.5 (32-Ar-C), 29.7 (CH,CH,), 29.4
(CH,CH,). EIHRMS: [CgsHoClZr]" i 5 i,
592.0302; 5 MIE, 592.0301.
143 [T ZE-1-9-Z&)-2-{1-[4-FRE) th &1}
—SLEE (2c) IS AL

e 5 % 59 2a B 7, {E 0.57 g (1.63
mmol) 1¢c 55 1.33 ml (2.45 mol/L, 3.26 mmol) 1F ] F&4f
(1) 1E CRe s i R N 58 42 5, N 0.391 g (1.68 mmol)
ZrCly, S P 11k . i 385 1 SR b R, 7
—20 °C UK AH Hh B 4 g, A 20 e 0RE R B 44 0.205
g, 77 % 24.7%. 'H NMR (400 MHz, 25 °C, CDCly): &
7.95(d, J = 8.4 Hz, 1H, Ind-H), 7.83 (d, J = 8.4 Hz, 2H,
Flu-H), 7.64-7.57 (m, 3H, Flu-H), 7.41 (m, 1H, Flu-H),
7.33 (m, 1H, Flu-H), 7.21 (m, 1H, Flu-H), 7.06 (d, J =
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8.4,7.2 Hz, 1H, Ind-H), 6.96 (d, J = 7.2 Hz, 1H, Ind-H),
6.37 (d,J=3.2Hz, 1H, 2-Ind-H), 6.17 (d, J = 3.2 Hz, 1H,
3-Ind-H), 4.42-4.37 (m, 1H, CH,CH,), 4.09-3.97 (m,
3H, CH,CH,), 3.02-2.95 (m, 1H, CH(CHj),), 1.23 (d, J
= 7.0 Hz, 3H, CH(CHs),), 1.16 (d, J = 7.0 Hz, 3H,
CH(CH,),). *C NMR (100 MHz, 25 °C, CDCly): ¢
145.4,129.3, 128.6, 128.6, 127.9, 127.0, 125.6, 125.5,
125.1, 125.0, 124.4 (2C), 124.1, 123.3, 122.9, 122.7,
121.4, 121.2, 119.2, 112.9, 106.491, 103.3 (22-Ar-C),
30.8 (CH(CHa),), 29.9 (CH,CH,), 29.6 (CH,CH,), 23.2
(CH(CHa),), 20.9 (CH(CHs),). EIHRMS: [CyrHas-
Cl,Zr]* 1 %1%, 508.0302; szili{ii, 508.0301.
15 BEEBERMN

YRR PR H— = (A 0 TSR G, i &
B RC K 1.25 wmol/ml (4 4k 75 3 45 .

SN A ZE AT i 00 16 P4 1) 100 ml s 28 gk
17, J61F 100°C N L2 - 30 min, 28 Ji5 ¥4 4 T 5 il
&, 7R IR SRR YR, MO I N R, TN A
T SARAE Z R, T BERE 15 min A 2 F85E . AR AN
MAO AL Lf (A R . MR P& a7, JF
R A N, S N — g I 0] 5, 2808 0 28 0 IR I
3% Eh IR - LTS 2R A N, B R 3 A) JE a E,
/b i CREPE G UTIE I, £ 60 °C LA HEAR T4 12
h 22 i 5, A 28 S il A AR, TE R

LN Hs 3R I N BE A ) ) Lot s TR 48
LR,

2 HRE5WE

21 BEYHERSRIE

V. B IR B 0 s 2% 5 W) 2a~2c (14 B i 4 AL
K3 3. % &4 "HNMR, *C NMR 1 HRMS 7
NG, THNMR 45 1R, 4- 5 IR BRI 48 5 1)

2%

Et,0

2¢ ANAEAE SR A, X 5 Thomas 251747 58 ) 2- 1 55
-4- R B A 1 4% B W) Et-1-(9-Flu)-2-[1-(2-Me-
4-Ph)Ind]ZrCl, [ 45 R R L. T AL 2% 5 W) 2a~2b 1
T 4-07 ZE B8 5 el 2R 2 (0] AR e A 52 BHL, i 7 A 28
PR I 2 S Ry A, PR b e i) A4 L 91 2 Oy 85:15.

22 ABRERRLE

£ MAO [ AR T, 45 & W) 2a~2c¢ # e LA
A ey T PR A DA B S A B S R R A SR
¥, 4 Al/Zr = 4000, 0.3 MPa P45, 30 °C Jx N I, 4% 45
Yio2c M 4k i PE B s, & 3] 433 x 10° g
PP/(mol-Zr-h). ifij Thomas 258 (1) 2- F i -4- 2K 3
AR 4% &9 VIILAE 20°C, Al/Zr = 4000 FAEALIA
I 545 PE 2 2.50 x 10° g PP/(mol-Zr-h).

LR BUA B PR T D 3, SR A
PESE T v I BEAIG, 76 0.3 MPa IR % P 5 . X 4% & )
2a fl1 2b 1M &, 9 Ik 7 249 0.3~0.6 MPa I, Js b i7% P
AN K, LI AN 4845 1) 1) A AL T A 30, BT AE B

; p=0.1MPa o
=40 VZ7p=0.3 MPa
g f 77 C_1p=0.6MPa
2 3L ] 77
= I
o -
> |
.?3 20 5
:; L
= 10f
£ L
ol & 4 § gd A1
2a 2b 2c
Complexes

1 AHEEAMAGREEENZNE
Fig. 1. Influence of propylene pressure on activity of polymerization.
Conditions: [Zr] = 50 pmol/L, Al/Zr = 4000, toluene 25 ml, 30 °C, 30
min.

_—

Et,0

CH,
1a,2aR'= CHy, R2= 1b,2bR'= H, R2= lc, 2cR = H, R¥=—
CH,

B3 ®EY 2a~2c WEMIRL

Scheme 3. Synthetic route of complexes 2a-2c.
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*x1

®AEY) 2a~2c/MAO KR BUBA KBRS

Table 1 The polymerization of propylene with 2a-2c/MAO catalyst systems

*

Activity My,

Run Catalyst Alzr Ppropylene/ (MP2) Tel°C (10° gPPImolzZrh) (10° g/mol) My/M,”
1 2a 4000 0.1 30 0.414 1.07 2.09
2 2a 4000 0.6 30 3.17 1.41 2.26
3 2a 4000 0.6 90 2.38 0.40 2.39
4 2a 8000 0.6 0 0.773 2.27 3.17
5 2a 8000 0.6 30 5.45 1.37 2.36
6 2a 12000 0.6 30 7.81 1.49 2.27
7 2b 4000 0.1 30 0.512 0.64 1.95
8 2b 4000 0.6 30 3.16 1.04 2.00
9 2b 4000 0.6 0 0.030 — —

10 2b 8000 0.6 0 0.866 — —
1 2c 4000 0.3 30 433 1.10 2.47
12 2c 4000 0.3 60 3.96 0.47 2.82

Conditions: toluene 25 ml, [Zr] 50 umol/L, 0.5 h. "Determined by GPC.

IR 2 5| N R SR AR 0 70 2 S e AN KL T B EA 4-
Py e R B IR 2% 5 W) 2¢, TR s g ) 58 4 3 1k
fR 5L MR K, 7E 0.1 B 0.6 MPa IR 4 44, 70 3 12k 41 b 35
fICT 0.3 MPa I (11, B A% 258 &3 B2 T 42 60 °C, 4% 5 4)
2 {152 4¥ 0.3 MPa Fk Jy I (13 4 5 sy, I B 3 1 58
Wi AN 411 30 °C I 1) K. 3 RO P R 52 1) Jir DALk A A ik
— A

Thomas 25712 22 738 F 6t 2- F ik -4- 2K FE AR
Ef (1) 45 5 W) VN AR DA A4 58 5 0 1k 1R 5 i, B3 70
°C I 135 P 5 T 20 °C. [l 2 O R A il 0 4% B )
2a~2c A IEPE R E ), v LU i, 75 30~90 °C I, 1X
AN G YA B AL A SR G R, HY
7t 60 °C I 5% w5, Horfr 4% 54 2a 15 60 °C I3 P ik

= L ——2a
= 0L —a—2b
N C —o—2c
o L
£ C
x 01
[a L
o C
g 20t
2 C
2 10f
|5} L
< 0
[ I I I I I I
30 40 50 60 70 80 90
Temperature (°C)
B2 BREEREMNABERSEENZIG
Fig. 2. Influence of polymerization temperature on activity of po-

lymerization. Conditions: [Zr] = 50 umol/L, Al/Zr = 4000, toluene 25
ml, propylene 0.6 MPa, 30 min.

4.40 x 10° g PP/ (mol-Zr-h), 3% W% 2 41 4% 45 W) 1) B
SE PR . {HAE 0°C e NI, B #E ALIZr = 4000, [ 4%
G 20 3T T DB GYLLAL, HAR WA 45 P
B AU T, T LS A U R L E M ) R K. gkt
14 Al/Zr EE 42 8000, 0°C I 2% &) 2a, 2b #R g LA R
SRR R A (R ).

Pl 3k i IVl 55 68 SR G W 4 F = (R s .\ LA
B, B R AR TR, RN I A = R,
7t 30~90 °C If 2 A 45 1) Kl 33 43 1 & 24 380~12500
g/mol. ix 55 % %4 Ziegler-Natta i 4k 71 1 fig — 2. X J&
b T it 2R G B T v, e A 11 R A B 2 T, A
M FEEREW o T EREP fEMFE AT, =A%
B )R A S M R L T R 2 1 B RN

12000 |- —o2a
r —e—2b
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9000 - 2

M, (g/mol)
2
8
T

3000 |-
0k
1 n 1 n 1 n 1 n 1 n 1 n 1
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Temperature (°C)
B3 BEREMREAKSFENFEIN
Fig. 3. Influence of polymerization temperature on PP molecular

weight. Polymerization conditions: [Zr] = 50 umol/L, Al/Zr = 4000,
toluene 25 ml, propylene 0.6 MPa, 30 min.
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. L HFE WP BR-(4- AR B (7)) 5 B 45 S ) & ) A LA oI 8 2R & S 663

2a>2b > 2c, Kk u] LA Ky, 75 B 35 2-47 5] N 3 0]
B T BT AT BT . Thomas 2174
TE IR 28 6590 VITIIMAO A4 5 48 10 15 31 2R TN 435 1) 23 1
i, BAR/N TR B 2-07 R IR 1 48 5 ) VIMAO 14
U TS R NS 0, (LK T 48 &) 2a BTG S N4
(1. 3X = AL A WD DA AE T8 A-47 B 5 BUAR
FEANT], FAL BN R V (4-H) < VI (4-CgHy)
< 2a (4-CyoHy), RIAZ BEL B /N, FiT 73 30 T I 14 43 1 1
K. PR TT BLIA R 2 5 48 45 WA A TR 0 3R 45 BT 15 3
BN 5y 5 455 W R O AR 1R 2 ) A7 BELAT K.
14 S LA A AT B IR 1) 53 1 R4y
TR, AT LUE B, AZr H R AR B A )

2a THEAK TA A SR R0 P R W AR, ALK T 45 2 D O
()73 13 S e A B RS AN K. TR, SR 23 1 1
W58 2R 5 IS A R S g PR 1S T B b A, 2 AR
JEE R B 45 58 DI 23 1 1 SE UK, (EN H oy 1 gy
Ay (1.95~3.17) I sE AN K, 3X 5 Hog M Ie-(2,4- iUAR
i)~ 477 it <o 4% 5 W P A5 0 2R DA R R 0 03 A A
I, 776 K2 8O B Tk B & W) o 1 &0 A
[y 1,

w4k, T AR G 1 °C NMR B b 21.84
[mmmm], 21.52 [mmmr], 21.04 [mmrr]F1 19.69 [mrmr]
pPM &b #4066 (10 B 43 TR SR A 2 28 T s 1) 5 0 R ), 8
R 2.

Fz 2 ®EW 2a~2(/IMAO KRELRGREEEREEN
Table 2 The isotactic selectivity of polypropylene with 2a-2c/MAO catalyst systems

Catalyst Al/Zr Ppropytene/ (MPa) Te/°C [mmmm]/% [mmmr]/% [mmrr]/% [mrrm]/%
2a 8000 0.6 0 93.6 2.7 2.7 1.0

2a 4000 0.6 30 92.7 24 4.9 0

2a 4000 0.6 60 81.3 7.6 8.5 2.6

2a 4000 0.6 90 61.1 155 18.4 5.0

2b 4000 0.6 30 80.4 75 8.6 35

2c 4000 0.3" 30 70.9 12.5 13.1 3.5

Polymerization conditions: toluene 25 ml, [Zr] 50 umol/L, 0.5 h.

“The amount of the PP sample obtained under the same conditions was not enough for **C NMR measurement, and thus the sample obtained at 0.3

MPa was used.

I LLF Y, el 2-f7 AR 25 5 ) 2a LG i 2-
P A AR ) 4% A5 4 2o FLAT S 4 1) 45 0 I8 B 1
Thomas %5 P71 F [l Wi 2 JE MR 6 1 4,7- — Dk
iS4 A 2,4,7- = T L B 0 B 4% W A Ak T A
RA SN, R BLHT A I A SR PR (1 A5 0 [mmimm]
h5.0%, 1M1 i & 211k 86.0%, X 5 A 30 45 FL2 4L
T DN Ry ) R A A TR 0 2R T I 5 R 2R T
B A B DA s B A A 1 P AR A A A
N Je 8 KA B R AR IRE, W AT R 1) P A A, A
AT AT — BARECAL A TR 4 k. X245 59) 2a
T, AL 30 °C 15 A2 90 °C, A HILE M 92.7%
W E A 61.1%. 1X 1] RE 2 T 2R A i B ) MG e AT
FFPAN SRR 2 B PR A X 32 2 el AN T g B PP 4% R
FERRAR; D5 J7 I, 4% 5 W) 2a DR 25 2k e e ™ 28 9 e
S KL A, T AT BELAEE K 11 Jr ) A (0 35 2 R ) 2 4 B
25, BEA T, W AN SRR ) R AR R A2 B n
A DAV BEL S5 ) A (0 3 e 386, 2 32 2R TN 4 55 R
J¥ B, Thomas 2 MR J [F] 28 70 4% &5 1) W 2 3

W11 2- F G -4- R i B 4 B DAL TG 2R A, 24
L BE I 20 T 28 70 °C B, 2R P4 06 45 R0 5 X A 93.5% [
F| 7 89.0%. X AR FE U W] T 4554 2a fiE A A 4 2R
Tk AR P S A A ) AN [ S

AT DL Y, 2 DLE 407k ZE 3L IR I 4 5 )
2b Sy A RTINS I8 B R AL T el 4- 4 Ok S TR L
R4 A1) 2c. 3X AT BE 5 G A rh R R OAS ) B 1)
25 )7 BEL AT oK.
23 ZHBERMNER

K IEWFIT T 44 W) 2a~2cIMAO 1k R 1L £
WA V. 4 R, AR R BT m ik &
W BB OGPk WS AE AZr EE R 500 441 R, 2% &
Wy 2¢ £ 90 °C INJ3 45 % v 1) 28 £ 3 1k, % 3.45 x 10° g
PE/(mol-Zr-h), i T [A #E 2 A T Cp,ZrCl,/MAO 14 %
M5 2.51 x 10° g PE/(mol-Zr-h).

45 AlZr LEXT & 25 5 DAL &0 3R 6 IR
TR RE M. AT LG Y B AZe L, 455 )
2a~2c A TS PE G 0. 2 AUZr L 200 B, 25659
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Fig. 4. Influence of Al/Zr on PE activity. Polymerization conditions: Fig. 5. Influence of polymerization temperature on PE activity. Po-

[Zr] 50 umol/L, ethylene 1.0 MPa, toluene 25 ml, 30 °C, 30 min.

2a 1 2¢ MMEA TG MR B v, Jerb DA 2¢ de e, 1K 2.13 %
0°gPE/(mol-Zr-h).
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I 1 75 50 °C I d5 (R AR AL £ 0 28 A AR 20 °C
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TR A, S I RS SN R A SR, e 2%
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R30SV AR A oy B A ]
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(124 74 2¢ T A9 3 L0655y 1 B 43 A1 9835 13.4. 36 W]

lymerization conditions:
ethylene 1.0 MPa, 30 min.

[Zr] 50 umol/L, Al/Zr = 500, toluene 25 ml,
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Fig. 6. Influence of polymerization temperature on molecular weight
of PE. Polymerization conditions: [Zr] 50 pmol/L, Al/Zr = 500, tolu-
ene 25 ml, ethylene 1.0 MPa, 30 min.

CLA Y, BB SR Al BT s, P 2R L0 70 1 R REAR,

Gy TSR P HTIX SR A DK PC NMR 45 R
R, T 2R LI 00 JoSCREM B ME 2R L0
3 g

AL ) A Co- B £ HE B 15 - (4- AR

R3 HBEY 2a~2c/MAO KR REN ZHREFIF GPC iR
Table 3 GPC data of polyethylene with 2a-2c/MAO catalyst systems

Run Catalyst Tel°C Activity (10° g PE/(mol-Zr-h)) Mw/(10* g/mol) Mw/M2
1 2a 30 214 17.9/0.078 2.29/1.38"
2 2b 30 3.04 9.53 451
3 2c 30 3.01 15.1 134
4 2c 90 3.45 12.1 5.05

Conditions: toluene 25 ml, [Zr] 25 umol/L, ethylene 1.0 MPa, Al/Zr = 500, 0.5 h.

*Determined by GPC. "The GPC trace has double distributions.
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