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AEERBERIR, MATRFELXE =LK
(Cp" TiCl;) 2.5 mmol FIXE 40 mL. 7E % i F i i
HERMABE = Z (9 mmol) FI X H (.
HHD)ER (7.5 mmol K 20 mL,60 min #
2 FHEE 75C, RN 2 h G IR, IR
ShEHESFEF THI+VETE BRFRATHE
SHTFEARARE AREHNCRBSRES
ST, SR WA E K Cpt Ti(0-GoH,-X), (X
=F,ClL,Br,1).

Cp~ Ti (0-CH,-F);: "H-NMR (CDCl,, &, 400
MHz), 2.15(S,15H,CH,}, 6.75~6.95(m,12H,C,H, };
TESW LB ME:C65.06% , H5.30, F10.97%;
FE{E.C 65.11%, H5.23%, F 11.04% ;i Ms:
mie =516(M, 36.99%), 517(M + 1 , 43.13%),406
{Cp" Ti(O-CH,-F), . 100%) Cp” Ti(0-CeH,-Cl),:'H-
NMR(CDCI, , 8,400 MHz), 2.15(S,15H,CH,), 6.75 ~
7.25(m, 12H,CH, ) ; TTE A H LR AH:C 59.25% , H
4.79, Cl 18.71%; HitfH:C 59.42%, H4.77%, Cl
18.83% ;i i& MS; 566 (M, 32.18%), 567( M + 1,
41.25%), 438(Cp " Ti(0-C.H,-Cl}, ,100%) .

Cp' Ti{0-C,H,-Br),: 'H-NMR(CDCL, &, 400
MHz), 2.15(S,15H,CH,), 6.55 ~ 7.35(m, 12H,
CH,):TLE . LR(E:C48.16% , H3.93, Br
3391%; MWip{d: C 48.07%, H 3.86%, Br
34.33% ; i MS: m/e = 699(M, 37.75%), 700
(M+ 1, 34.15%) ,527(Cp" Ti(0-CH,-Br),,
100%) .

Cp” Ti (0-C,H,-1),: 'H-NMR (CDCl,, &, 400
MHz),2.15(S, I5H, CH,), 6.55 ~ 7.50 (m, 12H,
CH);LEAF LR {H:C39.98% , H3.30, 1
44 80%; P it {H: C 40.01%, H 3.21%, I
45.36% ; i MS: m/e = 840(M,8.92% ), 841(M
+1,3.72%) , 220(0-C,H,-1,100%),527(Cp" Ti
{0-C,H,-1),, 100%)

1.3 X72HANEBEREBEYRIE

ETFERAH O M 100 mL HE R INARH
BT, SaEWHI K MAKHEXZE 0L, B
Frhiph ERENRAEE FHE RKMAHE
R =R TR (TIBA), P £ & € &k (MAO),
S minfS ARG EBENETEERER
R, 4831 — BeatE E i A MR- Z 8 (10% )% Ik,
RoAESERHEILITRE SR HBEKT %
EE OTCHETTRER.

IS R EEBER, RSB, &
135°C F 8 5] FFlEA 7] =1.38x10 M7 K
k4 F 8 M.; A PERKIN-ELMER DSC-7C 7R~
LAMB BT E R SR T g% DsC %, THE &
2 20 K/min. LA Mettler DL-37 7K {3 {{ 8 & % £ %
K & d R B 208 kIR - HPS890 <
HME UM ERZHERELRER .
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BT 76 4 R 1 b 0 B A iy R AR A T &
— BN E LB AREEATRE . ETRE
SR A EENAR, FEREK EXIHR M
EH, ML RERRE HOELR B (H
BANGEXE 10x10°°UT . £ 1 FIEEHEE
Ze R oA, AR A T R N 4y 1 0 R AR AR AR IR BR
Ky AR A BERR IS AP AR Z 0, xF B (B )
B R R AR W R MR R LR R
HIRHF(ERE @3~5mm), BRFERE UE
100 mL EEZHETMARKAEXRE, A
30 giE BB REABRETTHRER.

Table I Impurity content of styrene before and after purification

After purification{ x 10™°)

Before purification Activated  Activated Activated
_s Zeolite
(x10°°}) alumina alumina  alumina
(30 g}
(10 g) {(20g) (30g}
H, O 260 8 16 10 6
Phenylacetylene 60 60 16 12 7
Inhibitor 18 12 11 9 s

Purification condition: Mixed 12 h at room temperature;

Styrene = 100 mL

2.2 HAHGHEAEAANEZSEREARR
BER

BT -EYBMBERLHEEEREKESH .,V
# (B ] < 30 min) (9 520 B ERAR, H LR ITH
FEEYPRSRMNER L2 87,4 FEKE
LR E R AT B MAQ/Ti = 600 3f,50CEP A
BEHM R ER. E.), TTREFIA sPS B #
FEHAANGTEHHES BMEREAR, M S0C
B 90°C , AH R #) i 1L 35 HE 1 Ik 4 £ L X 3R
BRI AR BEHERE . M T Cp’ TiF, A
Cp' TiCl, ¥ i, f£ 70C AR EHIHITLH T
R X A BB Cp  Ti(0-CoH-X), B P&
dL RS MR T CERAHK RIS F B
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WEFER pr-p K ERFZERETHEHY
SONTRE reR(THEERL EHFRER,

AmESXEETYARERELERNEEN

ATR NRFUH#H—LZH 4 HREKLESY#
R ELREERABKFRN " Ti(0-
CH,-1); < Cp" Ti{ 0-CyH,-Br), < Cp~ Ti{ 0-CH,-
€D, < Cp" Ti(0-CsH,-F), TTRER A Eh R T
BN F>Cl>Br> I, MRALEE N K R R, %t
ISP W BB R Al 3 2 B KF M A
R AR TRGEREPEZ B P EEES D
AR A IE A BE 1 RORY , T L BRO B 2 R A

Bl F < Cl<Br< I, & %A H R 7% 8K 48 4b 700 0% 1
EHHERZERUBAY BHEEEEX YHE
FEe M THHERRELANELBRGER
BRI TR - H IEBR RN FIIE Y 1 B
BOMAO P &H MA R BT EH BEFAS
BRI ERmER, 5 R FEEE. EHEEMF
T, E RN S RE sPs FRBEK XAl
REATHENRATERAERPLERE, G
K HREB B "EN TR BTSN
KB EHE .

Table 2 Styrene bulk polymerization using Cp " Ti(0-C¢H,-X); precursors activated with MAO*

Precursor T2{T)  Yield(g) R.E(x107°) s-PS*(%) T,(T) M (x10°%)
Cp” Ti{ 0-Co H, -F), 50 0.53 0.53 9.7 273 6.32
60 0.82 0.82 97.3 M 5.99
70 1.07 1.07 96.6 272 5.68
80 1.63 1.63 98.1 271 4.98
90 2.06 2.06 97.4 272 4.37
Cp® Til 0-Co H,-C1), 50 0.47 0.47 97.9 272 5.41
60 0.77 0.77 97.8 269 4.9
70 0.97 0.97 9.9 m2 4.66
80 1.51 1.51 97.1 271 4.1
%0 1.98 1.98 97.5 270 3.63
Cp” Ti{ 0-CyH, -Br), 50 0.43 0.43 97,7 270 5.63
60 0.74 0.74 9.3 M 5.22
70 0.92 0.92 9.6 272 4.83
80 1.41 1.41 98.3 269 4.32
90 1.86 1.86 98.1 271 3.94
Cp* Ti( 0-CoH, -1}, 50 0.35 0.35 97.3 269 5.84
60 0.53 0.53 97.3 m 5.43
70 0.80 0.80 95.9 269 4.82
80 1.13 113 97.1 271 4.09
%0 1.54 1.54 98.1 270 3.73

*Polymerization conditions: [Ti] = 100 pmel/L:[ MAO] / [Ti] = 600; Styrene volume = 10 mL; Polymerization time = 30 min

b T, . polymerization temperature
“R.E.( relative catalytic efficiency) = (g bulk PS )/{mol Ti- 30 min}
* 5-PS(% ) = [ (g of 2-butanone insoluble PS}/{ g of bulk PS) ] x 100

“M., molecular weight determined by intrinsic viscosity

23 ZRTEBXNXZHEARSHEE
ME3TTH, RSN AVUTI KAT =]
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Table 3 Effect of TIBA on styrene bulk polymerization®
Precursor MAOQ/T® TIBA/Ti® R.E.“(x107%) T,(C} PSS (%) M, (x107°)

Cp" Ti{0-CoHi-F)s 600 0 0.33 273 97.3 5.69
400 200 3.47 272 97.1 4,12

Cp" Ti(0-CoHa-Cl), 600 0 0.28 270 98.5 5.13
400 200 3.39 269 97.1 3.8

Cp" Ti(0-C4H,-Br) 600 ] 0.22 270 9.7 5.32
400 200 2.97 271 98.1 3.99

Cp~ Ti(0-CeH,-1); 600 o 0.19 270 97.5 5.19
400 200 2.38 269 97.2 4.01

*Polymerization conditions: [ Ti] = 100 pmol/L; Styrene volume = 10 ml.; Polymerization time = 1( min

*MAOQ/Ti, TIBA/Ti( molar ratio); T, = 60T
“R.E.{relative catalytic efficiency) = (g bulk polymer}/(mol Ti} 10 min

MIE 1 a4 AT BEAR HE b 800 R
AR, i sk 3F TIBA/Ti BEZR I, 3 TIBA/TI EEM O
5] 300 B, AEALIE R S RIS I, AR B OR . B SR
K TIBA R4 B (th 3R B i B MR (K R 4 MAO [t
B, EEXFETHE . B MAOM—PEEER
Biiskh.0 B FHRELS AR KB, WA
S T ERE PO R RE 4 BRI
BUE S EEARNENHARSYH ST
BRG AHEBHA=RTHEEFA BLBEEX
NERFHRE Cp' Ti(0-CH,-F), > Cp” Ti(0-C4H,-
(1), > Cp" Ti(0-GeH,-Br), > Cp” Ti(0-CH,-D);.
M TBA REZHBEKBENERBA . HE
TIBA WA, BXZ 5 FR TR, mEIMLEM
BERAEFAT, RA=RTEEXNMAIE
W) 7,0 ] AU A FREE

7.6
72k
oy
X 68
= - X=F
6.4+ —o— X=Cl
’ —4— X=DBr
- X=1
6.0 L i L L
0 200 400 600

TIBA/Ti {molar ratio}

Fig. 1 Dependence of relative catalytic efficiency(R.E.}on
TIBA with Cp” Ti{ O-Ph-X}; catalyst for the polymerization of
styrene within 10 min
Polymerization cendition: [Ti] = 100 pmel/L; styrene volume
= 10 mL;: total AI{ MAO + TIBA)/Ti = 800( molar ratio} ; time
=10 min; T, = 60C

2.4 AMBGLEYELREHNFE
KT#H—H T BEERRLEYRIE LT
B, ZET 1 h NEREEMPRZBRAMLRSE

550, M 2 8RR M 3 14 I 4R . £ MAO/TIBA/
Ti = 400/200/1 (BE /R bE ) , Bk ¥R FE 7 66.7 pumol/L,
S B AR 60CH, B 30 min BEERTAE K,
FEEBTE. 4 TESHEN XZR5F#T
LERMEREFITHAMME RaEERLX,
BG5St Tk s L0 K, PR E R Y BUR X
HTE UEREHPLESHERR, BEEEK
18,4 Fh % Ak A AL R B IE HE TR U L 5 A A A
W, P Cp Ti(O-CH,-I), EREFEHHE
flEF Hofh 3 FhAEALHA
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Fig. 2 Kinetics curves of styrene polymerization catalyzed by
Cp " Ti{0-CoH,-X), /MAO/TIBA

MAO/TIBA/Ti = 400/200/1 (molar ratio) ; [Ti] = 66.7 pmol/
L; styrene = 10 mL; tolune =20 mL; T, = 60T

LR fir 5 X, A 3K UK 11 O 8 AL 1 B 0 R R
RN Cp TI(0-CH,-X), BTHEL&H
HEASH, ERAREMNEASHE, BERSRE
FEEEsm, oo CHeRELHER. RFELB
WAL, YEhEE PRI =R TEHALETF
EEERE, EREAFREH - AR LA R
KEF i 10450 - . TR REEREERFRE
44 MEAAEARIMEBEEKRE R Cp" Ti(0-CH,-
F), > Cp’ Ti{0-CH,-Cl); > Cp” Ti(0-C4H,-Br), >
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Cp  Ti(O-CH,-D), R ANTFERE AEEH EVFEAN K 270C , W HEKXT 9%6% , 3 FRIE
I, i B AT % 6 MAO/TE Ho R 5, 48 0 ] 40 58 5x10° ~6x10°, BA7 TN AT .
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NEW HIGHLY ACTIVE CATALYSTS Cp” Ti(0-C4H,-X); FOR
BULK SYNDIOSPECIFIC POLYMERIZATION OF STYRENE

SHEN Zhigang'?, ZHOU Wenle', ZHU Fangming’, LIN Shangan’

(' Shanghai Research Institute of Petrochemical Technology , Shanghai 201208}
(® Institute of Polymer Science , Zhongshan University, Guangzhou 510275)

Abstract  Four kinds of ancillary ligands -0-C,H,-X [ X(p) = F,Cl, Br,I] were introduced in the design of novel
monotitanocene catalysts, Cp "™ Ti ( 0-C¢H,-X)}; . All of the new catalysts show high activity for styrene syndictactic
polymerization . The catalytic activity of the four monotitanocene increased in the order: Cp* Ti{ O-C,H,-1}, < Cp~ -
Ti-(0-CgH,-Br); < Cp” Ti(0-CgH,-Cl), < Cp” Ti(Q-C4H,-F), . The addition of triisobutylaluminium(TIBA) to the
catalyst system caused a dramatic increase of s-PS yield . At 90°C, MAO/TIBA/Ti = 400/200/1 ( molar ratio) , the
catalytic efficiency of Cp" Ti( O-C4H,-F); is up to 3.46 x 10° g polymer/mol - Ti+ 10 min. The polymerization activity
of Cp” Ti(0-CgH,-X); at MAO/TIBA/Ti = 400/200/1{ molar ratio) is about 10 times higher than that at MAO/Ti =
600( in the absence of TIBA) . The catalytic efficiency of the catalyst and the molecular weight were affected by
catalyst composition, monomer concentration and polymerization temperature. The kinetics of styrene syndiotactic
polymerization in toluene was also studied.

Key words Ligand, Monotitanocene, Styrene syndiotactic polymerization



