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1 XREH

L1 3

MESHKEENYRBERESEIRT
HTERE . RAES-AS/EIDHZ A Schlenk
a8, e FE SRR AR, T ARAEEA
a2 XK EE A E. 7 &5 K8k (MAO),
Schering Co, HLE{H . B & R £ Ml if B /K #ER
ER 04 om 2 TG HEH. CaZr, FELHAHN
(Me, C(Cp}(Ind) ] Z:CL, , 4R 45 X ER [10] il & . 1L
#l CatZr, \CatZr, 1 CatZr, 5384

CatZe, = (7N Cp),zeCl,

CatZr, = ( £ NCp ), e,

CatZrD = ( >n=r/\cp)22rClz

1.2 ZHRS&

BAERMEREILBAND ARBEREAES
(KZ B 100 mL MR T B B 15 min,
FRSAH REIR KRGS RIHES . Em
S0mLHI K, FREAMEILZHEEREFHR
ERA,MAEEHSN MAO BHRE, A MA%KA
WTHERE B AN .30 min 5INARKL
MZERIERE . FUEIEMEEESH]T. 5
®.

1.3 BEFHRERIET

1.3.1 REVMKHy TR RZmulEm
Wls F R (M) R EE, @l (408 +
0K, TEZEERM.MA 0.05% ~0.1% N-F
RAoXENAN BRZHE M BAFE:[7]=(2
(7, - Inp, )% 7¢" M 9] = KM*(K = 6.77 x
10,0 =06 HEBA, Hb c EESYH
W (¢/10° mL) .

1.3.2 ERBEAE(GPC) RZERALER
136 CGPC fy ¥ i Waters150C GPC X 25 M € , LA
B_FEREN B RBELBEGE.

1.3.3 DSC WA R L H R A Perkin
Elmer DSC-7 E A HM B AMMITBESMME. N
303K E 423 K M HE A, B 283 K/min B #1833 %
AR, P 423K BR85S min, R EAHE 303K, H
Bl 283 K/min BB BCEER, MERIHBNESR
MBS ESEREXLERHIBLIENER
£ R 293.00 /g HEB .

1.3.4 H#EKRiEE RZHBH°CNMRFEH

Bruker Avance DMX500 ¥ 8% LR X B 22 , LR AL4R
CHEHFEEBRA,AAHRE B (HMDS)ERER .
BatiaE] 35, W08 E 120°C .
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153 HE ALK F o 9 55 — A L TR B B B G
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CatZr, = (7 "NCp )Y, 70,

CatZe, = ( 7 "NCp),ZrCl,

CatZr, = ( >—""Cp),ZrCl,

Table 1  Catalytic activities and viscosity-average molecular weights

(M) of different catalytic system of ethylene polymerization

Ty = 50T Tp =70C

Catalytic system A M, A M,
x107%  x10°* x107* x10°*

CatZr, /MAO
[ (CH,),C{Cp) (Ind} |ZcCl,

5.9 2. 6.10 0.97

CatZrg/MAO

1575 3135 3032 7.10
( NN Cpy

CatZrc /MAOQ
(et 10.66  31.07  22.52  11.10
CarZry/MAO

O Cphtech 12,43 31.24 2493 5.7

Polymerization condition: [ Al]/[ Zr] = 1000, [Zr] = 3 x 107* mol/L,
polymerization time: .5 h, 50 mL toluene, A: Activity gPE {mol Zr*

h} "', Ty : Polymerization temperature ; ethylene pressure:9.8 x 10* Pa
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17.26 x 10°, BA &M H[Zr] =1 x 107° mol/L,
[Al]/[Zr] = 3000, T, =50C, P, 5 =9.8 x 10'Pa).
Figt A& 1 ik af F 1, 3 F RN CatZr, , 70°CH
G KT soCH MESE, HHERHEER
AN F P FAEE R CatZr, | CatZr, 1 CatZrg, , 70°C B A9
HHH L SOCHMEERE . R, BE5R
BEHREZBMN FENHEREAERE.EERES
B SOCHEEE 70C, L7 CatZr, BIWE
ZHH M, M 2.031 x 10° TREBRA 0.967 x 10°;
4k CatZr, - CatZr, # CatZr, BBIHNEZHEM
M ETREI-6AL.
2.2 NESREMPLARLZERS

BE 4 % 4 & L Al CatZr, /CatZry , CatZr,/
CatZr, 1 CatZr,/CatZr, , EA MAO g Bh 4 1k 39 4 R
Rk R Z B BAITRARES, DA RER
P A0 7 0 B U H AR A R B X 2 AL 0
ARG FROEWNLE 2.k 3 &K 4.

Table 2  The influence of the molar ratioc of CatZr,/CatZrg and
polymerization temperature { 7'} on polymerization activity and viscosity-

average molecular weight

CatZr, /CatZry

Te 1:0 5:1 1:1 1:5 0:1
{ mol/mol)

0C  Axl0”? 510 6.53 11.87 12.7% 15.75
M, x10°* 2,01 1447 - 21.20 31.35

0T Ax107? 6.10 i4.66 19.12 27.90 30.32
M ox10°* 097 - 6.20 6.54 7.10

Polymerization condition: [Zr] = [Zr, ] + {Zrg] =3 x 10 *mol-dm~?,
S0mL toluene, [ Al1/[Zr] = 1000, A: activity gPE(mol Zr-h)}"7,
polymerization time : 0.5 h, ethylene pressure:9.8 x 10° Pa

Table 3  The influence of the molar ratio of CaZr,/CatZr; and
polymerization temperature { T'p} on polymerization activity and viscosity-

aversge molecular weight (M‘)

CatZr, /CatZr.

Te 1:0 5:1 1:1 1:5 0:1
( mol/mol }

50C Ax10°® 5.00 8.4 10.14 8.37 10.66
M,x107* 201 18.27 4.55 27.52 31.07

0C Ax10°° 6.10 13.02 17.22 19.45 22.52
M, x107* 097 67: 931 9.6 1i.10

Polymerization condition: [Zr] = [Zr, ] + [2Zrc] = 3 x 10 mol - dm ™7,
50 mL toluene, [ A1]/{Zr] = 1000, A: activity gPE (mol Zr-h) "',
polymerization time :0.5 h, ethylene pressure:9.8 x 10* Pa
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Table 4  The influence of the molar ratio of CatZr,/CatZry and
polymerization temperature ( Tp) on polymerization activity and viscosity-

average molecular weight ( M.,)

T {T) CatZr, /CatZry, { mol/mel ) Ax107> M, xI107*
70 1:0 6.10 0.97
70 5:1 13.27 4.09
0 1:10 24.35 6.14
70 001 24.93 5.67
50 1:0 5.09 z.01
50 1:1 6.21 -

50 1:5 11.12 18.59
50 0:1 12.43 31.74

Polymerization condition: [Zr] = [Zra 1 # {Zrp 1 =3 x 10 *mol - dm >,
S0ml toluene, [ A11/[Zr] = 1000, A: activity gPE (mol Zr - h) ',

polymerization time:0.5 h,ethylene pressure:%.8 x 10* Pa
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[, % ALK & CalZr,/CatZr, 1 CatZr,/CalZr,,
LA A B Y ML R EE R I 105 B, fiEfb
KR CatZr,/CatZr, BBIHIE LIBH M, I SOCHS
#21.20 x 10° T B3] 6.54 x 10°; T fEfL & K
CaZr,/CatZr, BEIMBR ZEH M, A S0CH &
27.52x 10" FEEH 9.60 x 10°, FREWE HH k. BT
R LEd M ERARERAES TRAK].
2.6 GPC #1 DSC i

DAL REAEAEREZERAGBAN
BZABHBIHRAHEE GPC #HTAH. MEB K
GPCEBHTES .

M S B GPC B BIE 7T LLE 3R X 5 BF 3R
EERELABIANRELEN > FESAGLE
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Fig.1 GPC curves of polyethylene produced by CatZr,,
CatZrp and CatZr, /CatZrp = 5:1
[A1]/[2Zc]) = 1000, T, = 70°C . [Zr] =3 x 107° mol/L

o CatZr,=1

10F 4 CatZre=1
< CatZr, :CatZre=5:1 ?
08}l J
T o6} WA
Z 04}
=
02t
00t o
L A1 Fi I 1 1 1 1 1 1
2.0 2.5 3.0 3.5 4.0 45 50 5.5 6.0 6.5 7.0
lg[M]

Fig. 3 GPC curves of polyethylene produced by CatZr, ,
CatZr; and CatZr,/CatZr, = 5:1,[ Al]/[Zr] = 1000, T, =
50C,[Zr] =3x 107 mol/L

BB EBE 70CH N 2.85,50CH N
3.9 B RS REANBINRIEN S
TEAMHEGER—& EEATHELER
KB EERLCRE - BRANREYNS T
EafiEasttEE 2. BEANRSPTRLE
BRSNS FES T Z0BEERXT
2. XFREMEMHHELERPREFBHE
BAE2-4 2 R—BHM Y ANXRERSH
EET—EAHBENDHEALERRSIER.

Mi1.E2 fE3 Z2FAFRRERELTAAR
THASZELBRBEAFBSINRZHEHRE GPC
EE. ANESEEREANELBINEZR

HaFERIMILEE, MALHBE®.
1.0
O CatZs,=1
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08 F
T% 06 hh
i;ioA L &\X
= i
02t N
0.0} XA"%M

1 1 1 1 1 1 1 1 L
20 25 3.0 35 40 45 50 55 60 65
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Fig.2 GPC curves of polyethylene produced by CatZr, and
CatZr, /CatZr, = 51
[A1)/[Zr] =1000. 7, = 70°C [ Zr] =3 x 107 mol/L

T, S

1 L i 1 1 1 1

40 35 30 25 20 15 10
g

Fig.4 The > C-NMR spectim of polyethylene produced by
CatZr,/CatZry = 5:1,[A1]/[Zr] = 1000, T, = 70C,[Zr] = 3
x 10°% mal/L,
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BE4 ﬂg CatZre, /Catdr, = 5:1 fit {18 flj HE Table 5 GPC data of polyethylene obtained from different catalytic
#HEHC-NMR 5 AF B ZEH" C-NMR 3 E system _

HAE¥XA(CH), BWEES L¥ I BE §=29.9 No (i:ﬁ::) (QC") M.ox107* M, x 107 M.IM,
b, M FRMNEETERTIFEZHENES.E 1 CaiZry = 1 70 0.7  0.28 2.85
A7 6 R"Y B HEEE B S a8 E e # 2 E“‘;L"C‘ ] 0 3.18 1.05 4.95
o 3 Catr,:CatZr, =5:1 70 4.78 0.63 7.63
RRSVRAA G I%E‘Jiﬂ’.%lﬁl LE 4 CatZr,:CatZr; =5:1 70 6.48 0.84 7.71
HixsAREeBEARMNSEINEZEN 5 CaiZr, =1 50 1.42 0.3 3.99
DLIANRAFEIHMN AN rESTHHER 6 Catlrc=1 00 W17 3.04 4.80
7 CatZr,:CatZre =5:1 50 21.30 1.18 18.11

BRI .

Polymerization condition: [ Al1/[Zr] = 1000,[Zr] =3 % 10~ mol/L

Table 6  Assignment of " C-NMR resonance signals

No 1 2 3 4 5 6 7 8 9 10
Assignment CH C, Cy, Cy {CH;), Cp C Ca, G, o
Literature data 39.68 34.09 32.16 30.40 29.99 27.30 26.79 2.79 14.07 11.19

Table 7 The DSC results of polyethylene obtained from CatZr,/CatZrg .
CatZr, /CatZr; 1 CatZr,/CatZry catalytic system

Catalysts T.(C) ARGy ey

(%)
CatZr, 113.45 136.85 46.71
CatZry 133.76 188.07 64.19
CatZr, : CatZry = 5: 1 133.28 173.17 59.10
CatZr, 113.45 136.85 46.71
CatZy 134.15 i82.14 62.16
CatZr, : CatZre = 5:1 133.56 174.05 59.40
CatZr, 113.45  136.85 46.71
CatZry 133.35 174.03 59.40
CatZr, : Catdirp = 115 133.14 168.25 57.42

T,=50C, [AI/[Z] = 1000, [Zc] = [Zry ) + [Zeg ] = [Zr, ] + [ Zrc ]
=[Zr ] + (Zrp ] = 3% 1073 mol/T.

A DSC A BTIB R F=Pab 47 1 507, K 7 FI L
T3INRASHLERBIANRZENE R LF
RIEHEERE .

M 7T LA FIA CaZr, BRKRZBHE
HMMEO86.45K), MIEHFKELABINES
WA — T B Y IE 48 (405 ~ 408 K ) . B
& CaZr, WINA , EBRZHBHE S HLIEBK M
BRI ELEMES A PR MESRE
WA AT TR

il EHERBEIAYREREE £5HERTEM
BRE ST REALTR)
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ETHYLENE POLYMERIZATION CATALYZED BY USING
TWO-COMPONENT METALLOCENE CATALYSTS

YUAN Youling', WANG Li*, |[FENG Linxian : , SHEN Jian'

(" Center of Research on Surfuce and Interface Chemistry and Engineering Technology . Nanjing University . Nanjing 210083)
(? Department of Polymer Science and Enginecering , Zhejiang University, Hangrhou  310027)

Abstract  Polyethylene with broad molecular weight distribution can be obtained by using catalytic systems

consisting of two or more catalyst components. An asymmeirically bridged metallocene compound [(CH;),C(5-

C,H,) (9-CyHy) 1ZrCl, and different unbridged metallocene compounds { /NN Cp ), 7ZrCh, L ( /\/\Cp ), ZrCl,

and ( >=/\Cp)12r(]l2 were used o constilute three catalytic systems cocatalyzed with MAQ for ethylene
polymerization. Polyethylene with short chain branch and broad molecular weight distribution was obtained . By
changing the molar ratio of two-component metallocene catalysts and polymerization temperature, the activity of the
ethylene polymerization and the molecular weight and molecular weight distribution of the resultant polyethylene were
investigated . The molecular weight and molecular weight distribution of polyethylene were determined by viscometry
and GPC. The melt point and crystallinity of polyethylene samples were determined by DSC. The results showed that
the molar ratio and polymerization temperature had important effect on the activity and molecular weight. The results
indicated that it was possible to tailor molecular weight and molecular weight distribution by changing the molar ratio
of the two-component metallocene catalysts and polymerization temperature in ethylene polymerization with two-
component metallocene catalyst systems.

Key words Two-component metallocene catalysis, Ethylene polymerization, Short chain branch, Broad molecular

weight distribution



