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Abstract: Two types of silica gel supported metallocene catalysts, catl and cat2, with different Al and Zr
mass fractions, were prepared using polymethylaluminoxane (MAO) and bis(n-butylcyclopentadienyl)
zirconium dichloride as metal sources, and activated silica gel as carrier, and characterized by FTIR, laser
particle size analyzer, inductively coupled plasma emission spectroscopy (ICP-OES) for analyses on
chemical composition and particle size distribution. The effects of polymerization temperature and time on
the catalytic performance of catl and cat2 for ethylene slurry polymerization and the viscosity-average
relative molecular mass (M,) of polyethylene were analyzed, while the entanglement degree of polyethylene
was characterized by DSC and rheological analysis. The results showed that catl had an Al and Zr mass
fraction of 21.26% and 0.70%, while cat2 had 7.37% and 0.20%, respectively. Catalysts catl and cat2
exhibited significant differences in the catalytic kinetics for ethylene polymerization. At polymerization
temperatures of 70 and 60 °C, the catalytic activity of catl and cat2 for ethylene polymerization reached
9200 and 5140 gpp/g..,, respectively. The M, of polyethylene was 3.20x10° and 3.70x10°, respectively.
Catalyst catl showed relatively stable catalytic activity for ethylene, long catalyst life (8 h), and overall
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high activity. The low M, polyethylene prepared by cat2 exhibited significant entanglement removal

properties. Meanwhile, the entanglement degree of the polyethylene increased with the increase of M,.

Key words: metallocene catalysts; polyethylene; slurry polymerization; viscosity-average relative

molecular mass; entanglement degree
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Schematic diagram of ethylene slurry polymerization

device
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Table 1 Particle size data for catl and cat2
#4EH  Dio/um  Dsy/um  Dey/um  PDI  D(4,3)/um
catl 7.93 32.50 63.11 1.70 34.78
cat2 7.40 34.05 71.42 1.88 37.48
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Fig. 2 Particle size distribution curves of catl and cat2
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Fig. 3 FTIR spectra of activated silicone, catl and cat2
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Table 2 Metal elemental mass fraction in catl and cat2

JBi e 53 K%
HEALF
Al Zr
catl 21.26 0.70
cat2 7.37 0.20

M2 A IEH, catl H Al Zr B9 =050
AR 21.26%. 0.70%, TH5H45 n(Al) : n(Zr)=102 : 1;
cat2 1 Al, Zr IR E I 7.37% . 0.20%,
n(Al) : n(Zr)=124 : 1,
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Table 3 Results of catl and cat2 catalyzing ethylene polymerization
at different polymerization temperatures

RA MR/ Py TP, R ]

EfE R C W gretge)  Tenel(Eaty Y
catl 50 296 5920 740 4.54
catl 60 342 6840 855 3.64
catl 70 460 9200 1150 3.20
catl 80 415 8300 1038 1.97
cat2 50 226 4520 2260 4.72
cat2 60 257 5140 2570 3.70
cat2 70 172 3440 1720 2.70
cat2 80 104 2080 1040 2.41

e RN AMER 1.2 L IEPERE AR & 50 mg. L4
77 1.0 MPa, TIBA 3 mmol. catl (cat2) B&WEJy8h (2h) .

M 3 AT, catl BYMEALIEPERGE R AR
s RS R RN RAIRE 50 CHTY
FHHE PRSI (5920 gre/ge) 3 RERE
F+Z2 60 °CHY, HAELIHMT R Z 6840 gpp/gea; 4k
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Table 4 Results of catl and cat2 catalyzing ethylene
polymerization at different polymerization time

AL BAME/M PEREg EM(gee/ga)  MJXx10°
catl 2 75 1500 331
catl 4 173 3460 3.60
catl 6 268 5360 3.44
catl 8 342 6840 3.64
cat2 1 180 3600 3.27
cat2 2 257 5140 3.70
cat2 3 282 5640 3.43
cat2 4 300 6000 3.60

o VAN 1.2 LIEPike . b FI & 50 mg, ZW)E
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Table 5 Performance comparison of catalysts catalyzing ethylene polymerization before and after loading

it ZHESI/MPa B4 B[] /min PR /g 15 P /kgpe/[( molz,-Pash)] M,/x10° PDI
("BuCp),ZrCl," 0.5 10 20 0.120 6.29 2.1
catl? 1.0 480 342 0.011 3.64 2.8
cat2? 1.0 120 257 0.117 3.70 2.5

DA FAH(BuCP)ZrCL WAL ZIHHIMB A N &R 1.2 L B2E, REEE 60 °C. f#ELFIHE 2 umol. BT MAO.
n(Alyuao) © n(Zr)=5000 : 1; @1.2 L IEJEEE . LI 50 mg. £ 7 1.0 MPa, TIBA 3 mmol. catl (cat2 ) AREK 8h(2h) .
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— cat2
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Fig. 4 GPC chart of resin prepared by catalytic ethylene
polymerization before and after catalyst loading
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Fig. 5 Kinetic curves of catl -catalyzing ethylene

polymerization at different temperaure
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Fig. 6 Kinetic curves of cat2 catalyzing ethylene polymerization
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Fig. 7 Change curves of storage modulus of polyethylene
prepared by catl (a) and cat2 (b) with angular
frequency
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Fig. 8 DSC annealing variable temperature program diagram
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(200) Table 6 Proportion of low-temperature melting peak area
(019 M=3.20x10° in DSC curves of polyethylene with different M,
catl prepared by catl and cat2
110 _
o Wl a0 IR B L%
200 = 5
(010) )\ (200)  A£,=3.70x10 cat] 4.54 20.0
cat2
catl 3.64 35.8
1'0 2'0 3|0 46 50 catl 3.20 72.2
20/C) catl 1.97 98.5
K9 GBS NS R ORI WAXD 1755 5] cat2 4.72 84.8
Fig. 9 WAXD diffraction pattern of polyethylene after cat2 3.70 95.7
annealing and crystallization
cat2 2.70 97.6
cat2 2.41 100.0
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