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wt% ) ,MC-20( PSA/SLC-S =20 wt% ).

1E LR 20 A3 BEAE AL, i A 50 mL IE
BEkEA 0.3 ¢ TiCl, ,60°C R+, 30 min, Ji 100 mL
IEBEREVE 3 K ,60°C B4 55 F T2 A i

3l 15 205 A AL AR U8 A R PSA (1)
it SLC-S fEAR 7 ot it 1) U AR, Bl A5 1 2 A
AL #1043 50 %9 HC-5 ( PSA/SLC-S = 5 wi% ) ,
HC-20( PSA/SLC-S =20 wt% ).
1.3 ZBEBREIEN

W1 LRGN EREG S sy E&ik,
THEZ 88°C , FREL— & & M HEfL ), 4 AL/Ti =
120 ( BEJR H) A Bl AL 57 TEA, 45 44 30 min, Ff
TR 38— B AR, FELRE A O
3.5 h AT R A R, B B R 7 Bl AR 9 x
10° Pa. J B 5 5% , il 4 S0 28152 5 L0577 .
1.4 Sh5RIE

Ti & H7E UNICO UV-2102PC 8 4 af 0L 4%
T I SR SR A g s fi Ak Y
YR AR JORE AR o3 AT AR e B R SCAL AR A
MASTERSIZER 2000 74 38 'k B A b 2847 0 %€ 5
FE JE S B AR i R 2 A1 6 56 A e i 14X
#/A ] NICOTCT 4 e HL 21 AR 6 1A 1 245 1
T, HIRERE SR KBr FE H 5 4 Ak 750 ) SO0 T 25 78
a5 2% FEI 23 7] SIRION #4437 % 548 1 455 (SEM)
A AR 2 LA R A R L
m Ay i (M) K4y F 8534 (MWD) 7 36 [
Waters /7] 14 Alliance GPC2000 B %E iR 15 15 (0 13
(GPC) A Lz , IR B 150°C (K e R
Frkf =GR R i 1.0 mL/min;; 8 24
AR B8 5 ( MFL) 75 & K] Ceast 2 &) 6932
RUA RIS EAY I , IR 190°C.

2 #R5itie

2.1 #ZELEMMIRARE

2.1.1 LIAMERZEME Si0, PSA K Si0,/PSA
e AR B L A an i 1 . S T I I b A
PR LT AN ) W 7 B T FAE i 2R 1 2R
HEARF. SCRRARAE , 3448 om ™" Ab J2 A A B i
F—OH {9725 il 35 Zh W% e ig 2850 F12920 em ™' b
SEME ARt —CH, 9 i 47 Iz 20 W ISc e, 1448 Al
1492 em ~'AMEFEIR [ C = C 4R Eh14&,700
757 em ™' b R IR RE 45 4R shie, 1105 F1 472
em " b RIR AR Si—O0—Si [ {45 Bk 5 s
AR I X SR AE I 7 Si0,/PSA H A
PR R I 21 A5 SR R B A e AR b S
AR, RTS8 I 7 i He - B v i 25 52 Ak 7 L
AT

2.1.2 Ride BoRIAR A B R AR SLC-S fifk.



8 1 JEARIREE K5 E 454 Ziegler-Natta & S EALFI M HI 45 L 2GRS 983

80

PSA

60 -

Si0,/PSA 2100

2850 1448
2920 1105 477
40 3448

Si0,
20

4000 3000 2000 1000
Wavenumber (cm_l)

Transmittance (%)

Fig. 1 FTIR spectra of SiO,, PSA and SiO,/PSA core-

shell support
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Fig. 2 Particle size distributions of different catalysts
a) SLC-S catalyst; b) HC-5 catalyst; ¢) HC-20 catalyst
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Fig. 3 SEM images of different catalysts
a) SLC-S catalyst; b) MC-20 catalyst; ¢) HC-20 catalyst
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Table 1 Gas phase ethylene polymerization results of different catalysts

Ti Py, Catalyst activity i s MFI* Bulk density
Catalyst M, x10 M, x10 7> MWD
(wt% ) x 10 75 (Pa) x10 7> (g-mol ' -h~") (g-(10min) 1) (grem™)

SLC-S 1.75 2 8.15 2.7 1.6 6.0 85 0.33
HC-5 1.94 0 4.87 5.4 4.5 8.3 — 0.23
HC-5 1.94 1 7.84 3.3 2.1 6.5 6.5 0.32
HC-5 1.94 2 6.79 1.4 1.2 8.1 76 0.35
HC-5 1.94 4 0.97 1.0 0.8 8.1 240 0.26
HC-20 2.07 0 9.33 5.9 6.8 11.5 — 0.22
HC-20 2.07 1 10. 92 4.7 4.2 8.9 2.8 0.16
HC-20 2.07 2 20.71 3.4 2.8 8.3 9 0.25
HC-20 2.07 4 1.79 2.1 1.7 8.3 23 0.16

Polymerization conditions:P =9 x 10° Pa, T=88°C ,Al/Ti =120;

*MFT of polyethylene from ethylene polymerization without hydrogen was too small to be determined.
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Fig. 4 Kinetic curves of ethylene polymerization
Polymerization conditions;: P = 9 X 10° Pa,

Py, = 2x10° Pa, T = 88°C,Al/Ti =120
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F e Bl 30, (A5 = v i 4 R LA
G Th e, N M, F0 M, 8. SEE A KR,
HC-20 fifb 5 /9 MFL {E /T HC-5 b3, H &
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AN, (3 5 AR GT. 1T HC-20 42 4 M Ak ) 78
BA BB, 553 S B FMEIL TR i R,
FHEALFRRL T T R 25 PR BN T e e, fof 452
JILER A R 1) R T BUR %, i e 2%
JEIY T .
2.2.2 AREEMNBE RN KR IGHEREN R
My AR RN ARG RV R
PERERYSE MR AN 1 oK. fh & nl %1, HC-5 I HC-

20 AT A 2R A 196 T il S o 1 38 n 2 = B
ARSI S N R, R T — R AT
DI RIZE SR R AT 9 A
SRR AR 7R H A R R 52 0. X HC-S i
e, B R FIAF] 1 x10° Pa BHEME L FIR K
{H, 0% F HC-20 Mk, A A% s F 2 x
10° Pa i 6k 3 e KA.

M 1 IR F LI H, HC-5 F1 HC-20 fiE {5
A AR 5 9 Mn FI Mw 2B &0 5 38
/N, MFT B S0 338 ok, X & i T
Bl U B IS , B AL RGN 5 T 3R 207
() MWD AE b AN, 33X T BB 2t T 407 & 6
PTG K B 7 T HP O B R S M A /N0
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AR HHE 2% B A — 2 R, B &R
FrR AR AL I TR R A B SRR A Y
PR BB UR G4 19 RS R 236 1 S5 v, AT S
ARG HFM T REYHEEE N ES.
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ETHYLENE POLYMERIZATION WITH CORE-SHELL
ZIEGLER-NATTA HYBRID CATALYSTS

FAN Lina, DU Lijun, HUANG Haibo, ZHANG Letian, JIANG Binbo,
WANG Jingdai, YANG Yongrong

( State Key Laboratory of Chemical Engineering, Department of Chemical and Biochemical Engineering ,
Zhejiang University, Hangzhou 310027)

Abstract  Poly ( styrene-co-acrylic acid) ( PSA)/MgCl, complex was coated on TiCl; catalyst ( SLC-S
catalyst) supported on Si0, using sol-gel method, and the Ziegler-Natta hybrid catalysts were prepared. The
resulting catalysts were characterized by a series of techniques,namely Fourier transform infrared spectroscopy
(FTIR) , laser scattering particle analyzer and scanning electronic microscopy (SEM). It was found that the
hybrid catalysts had a core-shell structure and the thicknesses of membrane of HC-5 (PSA/SLC-S =5 wi% )
catalyst and HC-20 (PSA/SLC-S =20 wt% ) catalyst were 1.5 and 3 pm,respectively. Three different kinds
of catalysts were used for gas phase ethylene polymerization. The effects of thickness of the membrane in hybrid
catalysts on the activity and the profile of the polymerization kinetic curves of the catalysts were investigated.
The results indicated that the HC-20 catalyst had a good ethylene polymerization activity and its kinetic curve
was stable with an inductive period, while HC-5 catalyst demonstrated a fast decay during polymerization and
its activity and kinetic curve both resembled the traditional TiCl, catalyst. Besides, the properties of the
polyethylene made by hybrid catalysts under different hydrogen contents were obtained. It is obvious that the
thickness of membranes could affect the hydrogen response of the hybrid catalysts and the molecular weight
distribution of the resultant polyethylene.

Keywords Hybrid catalyst, Core-shell structure, Ethylene polymerization, Polymerization kinetics, Broad

molecular weight distribution





