2011 1 ACTA POLYMERICA SINICA Jan. 2011
/
"
sk
( 310027)
- - (P(S—<0-AA)) /MgCL, TiCl,
(M4 ) (nBuCp),ZrCl, TiCl, / (n-BuCp) ,ZrCl, P(S-o-
AA) . P(S-co-AA) MMAO
/- (SEM) . (FTIR) .
(DSC) (GPC) .
40 min P(S-—co-AA) (nBuCp),
ZrCl, 40 min M-
2 h M4
/
/
Si0,Al,0,.MgCl, . 8-MgCl,  §-TiCl,
TiCl,
MgCl, MgCl, - 0
Ziegler-Natta TiCl, /(nBuCp),ZrCl,
. Si0, (
ZieglerNatta ) Ziegler-Natta
45
Roscoe
(C,HMe,),HfMe, . -
- MMAO
MMAO
MMAO TiCl,  (n-BuCp),ZrCl,
. Guo s
. (4= ) N N
/ _
TiCl,
. Zhang ’
N Ni
1
()
/ 1.1
( )
. (nBuCp),7ZrCl,
* 2010-01-06 20100341 ; ( 20776124) . ( 2007 AA030208)
2009QNA4028 HEE E-mail:wangjd@ zju. edu. cn

doiz10.3724/SP.J. 1105.2011.09491

81



82

2011

(J&K Chemical) ;
/MgCl, TiCl, )
; (TEA)
>97% Aldrich ;
(MMAO) 7 wt% Aldrich
1= > 98% Aldrich
4A 30; .
(THF) >99%
44 3

M- (

(Innovative Technology: PS—
400-5-SD) ; (Si0, X02485)
Grace Davison
200°C 4 h 600°C 4 h;
- (PSA) /
40: 60 M, =11300
MWD =1.31 T, =120C
90°C

24 h ;

4A .
10 .
1.2
250 mL
Schlenk
3 3
100 mL
MMAO 30 min
30 min
10 mL
323.15 K
1L Buchi AG

10 wt%

368 K 6 h

350 mL R
MMAO 1- 30 min

30 mL

20 mL 10 wt%

323.15 K

1.3
(nBuCp),ZrCl, /P(S<o-AA) /M4

10 Ti 0.61 wt% ;Zr
0.23 wt% ; (n-BuCp),ZrCl, /P (S—<co-AA) -

Si0, Zr 0.29 wt% .
FEI SIRION
(SEM) ;
(PE DSC)
433 K 10 K/min
323 K 10 K/min
433 K ;
(PL-GPC220) 12 4-
433 K
FTIR OMNIC
400 ~
4000 cm ™' 4 em™! 32
32
11
2
2.1
(nBuCp),ZxCl, /P (S—o-
AA) /M4 -
(nBuCp),Z:Cl,
(n-BuCp),ZrCl,
(n-BuCp),ZrCl,
(325 ~355 K)
335 K (7.5 %
10°g*PE/(mol*Zr+h)).
335 K Al/Zx
Al/Zr 450 (1.2
x10°g*PE/(mol*Zr*h)).
2.2
1 1-
(nBuCp),ZrCl, /P(S—<o-AA) /M4 ( n-

BuCp),ZrCl, /P (S-co-AA) -Si0, .
(nBuCp),ZrCl, /P (S—o-
AA) /M4 1-

MMAO M4



( 335 K Al/Ti 220. Table 1  Polymer properties versus polymerization time
) 6 Branch
0.8 MPa 5.69 x 10° g PE/(mol o Polymerization M, X, Tu g
. un . ) egree
‘Tl'h) time (min) x10~° (%) (K) (1000C) -!
1 10 1.41 5.1 38.57 403 15.3
(n-BuCp),ZtCL, /P (S<o-AA) /M4 2 20 140 53 38235 403 17.2
BuC 7:Cl M 3 40 1.36 5.3  40.99 404 19.6
(n-BuCp),ZrCl, 4 60 136 5.8 41.67 404 27.0
(nBuCp),ZrCl, M4 5 80 1.31 6.3 43.07 404 34.3
(n_ 6 120 1.15 6.3 42.59 393 33.1
Bucp) 7:rCl 1- Polymerization conditions: n(Al) /n(Zr) =450 T =335 K P =0.85
2 2
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Fig. 1  Dependence of (n-BuCP),ZrCl, /P (S-c0o-AA)-Si0,
and (n-BuCp),ZrCl, /P (S-—o-AA) /M catalyst activity on .
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Fig. 2 Morphology of the polyethylene obtained at different polymerization time
a) (nBuCp),ZrCl, /P(S—<0-AA) /M- ; b) 10 min; ¢) 20 min; d) 40 min; e) 60 min; f) 80 min; g) 120 min
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Fig. 3 Polymerization kinetics of (n-BuCp),ZrCl, /P(S-o-AA) /
M)

Polymerization conditions: ( n-BuCp),ZrCl, /P (S—~o-AA) /M4
0.18 g n(Al) /n(Zr) =450 120 min (n-heptane) =350 mL
0.85 MPa C(1-hexene) =0. 198 mol/L

2(6)

120 min
( zg) [ »

12
2.3.2
DSC 1
40 min
80 min
M4 (n-
BuCp),ZrCl,
40 min M4
/
13
DSC 4
1 1
393,15 K 398.15 K
40 min
60 min ( 4b).

(D



85

1 /
40 min
a
DSC ( 393K 398K
)
393 K 398 K Vi 0
DSC
M4
2 h
M4 /
DSC ;(2)
20 min DSC 393 K 398 K s . . . . . .
300 320 340 360 380 400 420 440 460
Temperature (K)
M4
;(3 40 min
M4 oL <
44—444 i
40 min M- < ,
80 min vV
40 min ;(4) O vIWY A
’ o0 B0 mippn &2
oW MO mir& 0090
N A,M'AM _oO
o MO mif oo
-~ 0’ -0
Fink 000 n:uj:g:ﬂjjj:ﬂj:lo min
D.D-EI’D:"D
) 394 395 396 397 398 399 400 401
Temperature (K
v 40 min M- peratire ()
1 Fig. 4 DSC curves of polymer obtained at different
polymerization times
M a) The second heating run of DSC measurement; b) The
M4 local magnification of a
;(5) 60 min DSC
404 K
404 K
DSC
10 K/min DSC 5 —0— 10 min
. —=0— 20 mi
20 min DSC A 40 i
—v— 60 min
40 min 376 380 384 388 392 396
Temperature (K)
40 mi M4 Fig. 5 Crystallized curves of polymer obtained at different
i polymerization times
M4
1
6
2.3.3 ( >10%)

GPC

(nBuCp),ZrCl, -



86 2011
pH TiCl,
1 - P (S—<o-
AA) (nBuCp),Z:Cl,. P (S-o-
AA) M4
P(S- P(S-—co-AA) MMAO
co-AA) ((n-
BuCp),ZrCl, /P(S-~co-AA) /M) /1-
" SEM.DSC. GPC.
P(S—<o-AA) MMAO
M4 (n-BuCp),ZrCl,
( MMAO AL/ Zr /1-
450 M4 40 min -
1.08 x10°%) MMAO
1 M4
40 min 2 h
40 min M4 .
SEM DSC (nBuCp),ZrCl, /P (S—co-AA) /M)
40 min M4
- (nBuCp),ZrCl,
40 min M4 TiCl,
P(S—<o-AA)
3 .
- /
REFERENCES

O X NN R W N =

—_
S

12
13
14
15

Diedrich B. Appl Polym Symp 1975 26:1 ~11

Barbé P C Cecchin G Noristi L. Adv Polym Sci 1986 81:1 ~81

Liu Dan( ) Zhu Fangming( ) Lin Shangan( ). Acta Polymerica Sinica(
Chien ] C W He D W.J Polym Sci Part A:Polym Chem 1991 29(11) 11585 ~ 1593

Collins S Kelly W M Holden D A. Macromolecules 1992 25(6) :1780 ~ 1785

Mteza S B Hsu C C Bacon D W.J Polym Sci Part A:Polym Chem 1996 34(9):1693 ~1702
Roscoe S B Fréchet ] M J Walzer J F Dias A J. Science 1998 280(5361) :270 ~273

Guo Y Zhang X Dong W.J Mol Catal A:Chem 2005 237(1=2) :45 ~49

Zhang D Jin G X. Appl Catal A 2004 262(1):13 ~18

) 2008 (12):1129 ~1134

Li Wei( ) Wu Jing ( ) Du Lijun ( ) Jiang Binbo ( ) Wang Jingdai ( ) Yang Yongrong ( )
Wu Wenqing( ).J Chem Ind Eng ( ) 2010 61(5):1127 ~1136
Chen Jiexun( ) Wang Jingdai( ) Yang Yangrong( ).J Chem Ind Eng( ) 2009 60(9) :2365 ~2371

Fink G Steinmetz B Zechlin J Przybyla C Tesche B. Chem Rev 2000 100(4) :1377 ~ 1390
Ye Z B Alsyourib H Zhu S P Lin Y S. Polymer 2003 44(4) :969 ~980

Pires G P Gil M P Rohrman J A Stedile F C Casagrande O L Santos ] H Z Sano T.J Appl Polym Sci 2006 99(5) :2002 ~ 2009
Hong S C Ban H T Kishi N Jin J Z Uozumi T Soga K. Macromol Chem Phys 1998 199(7) :1393 ~ 1397



EFFECT OF ORGANIC PART OF ORGANIC/INORGANIC HYBRID SUPPORT
IMMOBILIZED HYBRID CATALYST ON ETHYLENE POLYMERIZATION

LI Wei WU Jing JIANG Binbo WANG Jingdai YANG Yongrong
(State Key Laboratory of Chemical Engineering Department of Chemical and Biochemical Engineering

Zhejiang University Hangzhou 310027)

Abstract Organic/inorganic support made by poly (styrene—co-acrylic acid) P (S-o-AA) and SiO, was
prepared for immobilizing (n-BuCp),ZrCl, /M- hybrid catalyst. P(S-co-AA) was first coated on industrialized
M- catalyst (SiO, /MgCl,-TiCl,). The hybrid catalyst was achieved after immobilizing (r-BuCp),ZrCl, on the
P(S-co-AA) layer. The barrier property of P(S-co-AA) layer to cocatalyst MMAO was observed by ethylene
polymerization. The appearance of the lag phase in the kinetic curve during the first stage polymerization
implied that the exterior catalyst ((n-BuCp),ZrCl,) could be activated prior to the interior catalyst (M). In
addition the morphology short chain branch degree molecular weight molecular weight distribution and
crystalline property of polymers obtained at different polymerization times were investigated by scanning
electron microscopy (SEM) Fourier transform infrared spectroscopy (FTIR) gel permeation chromatography
(GPC) and differential scanning calorimetry ( DSC) respectively. The results showed that the polymer
properties had little variance in the initial polymerization stage. However two melting peaks gradually generated
when the polymerization was conducted for 40 min. Moreover the molecular weight molecular weight
distribution and short chain branch degree showed obvious changes after 40 min of polymerization time. All of
those obvious changes of the polymer properties indicated that M- catalyst was gradually activated by MMAO
after the polymerization were conducted for 40 min. The activated M- catalyst led to a decrease in the
molecular weight.

Keywords Hybrid catalyst Organic/inorganic support Ethylene polymerization Support fragment



