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Abstract — Copolymerization of ethylene and c-olefin using rac-Et[Ind],ZrCl,/MAO catalyst embedded onto polysty-
rene was examined. The embedded catalyst was prepared by polymerizing a small amount of styrene with rac-
Et[Ind],ZrCl,. The catalytic activities of the embedded catalyst were higher than those of the homogeneous catalyst
regardless of comonomer type and the characteristic of the active sites of the embedded catalyst was not affected during
the embedding process. Based on the DSC and NMR analyses of the produced copolymers, it was thought that the
embedded catalyst had similar or slightly better comonomer incorporation ability. Furthermore, the copolymers pro-
duced by the embedded catalyst had higher bulk densities and better particle morphology than those by the homoge-

neous catalyst.
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Table 1. Results of ethylene/o-olefin copolymerization with respect to the styrene mole ratio

Catalyst type Comonomer Styrene/Zr mol ratio Bulk density (g/cc) Specific activity (Kg-p/mol Zr-bar)
Homogeneous - 0.28 1,700
| -Hexene 100 0.28 2,450
Embedded 200 0.30 2,490
400 0.29 1,890
Homogeneous - 0.28 1,920
|-Octene 100 0.28 2,300
Embedded 200 0.30 2,600
400 0.29 2,100

Styrene polymerization conditions: catalyst = 9.7x10~ mol/L, Al/Zr=1,000, T,=50, time=1 h

Copolymerization conditions: T,=70 °C, P, =15 psi, time=1 h
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Table 2. Results of ethylene/l1-hexene copolymerization with a variation of 1-hexene concentration
Catalyst type 1-hexene concentration (M)  Bulk density (g/cc) Specific activity (Kg-p/mol Zr-bar) T, (°C) Particle morphology
0.1 0.25 1,100 134.0
0.3 0.28 1,400 132.6
0.5 0.27 2,000 1339 Irregular particles
Homogeneous 0.6 0.28 2,060 126.0
0.7 0.28 2,100 128.4
0.8 n.d. 2,200 126.3 chunk
1.2 n.d. 2,300 124.1 chunk
0.1 0.26 1,800 133.8-
0.3 0.30 2,490 133.1
0.5 0.32 2,200 133.0 Regular particles
Embedded 0.6 0.32 2,230 127.7
0.7 0.32 2,390 127.0
0.8 0.34 2,410 126.6
1.2 n.d. 2,690 125.5 chunk
Copolymerization conditions: catalyst =9.7x10 mol/L , T,=70 °C, Pyypiene=15 psi, time=1 h
Table 3. Results of ethylene/l1-octene copolymerization with a variation of 1-octene concentration
Catalyst type 1-octene concentration (M) Bulk density (g/cc) Specific activity (Kg-p/mol Zrebar) T, (°C) Particle morphology
0.1 0.27 1,600 1334
0.3 0.28 1,650 1333
0.5 0.29 2,200 132.4 Iregular particles
Homogeneous 0.6 0.31 2,020 126.4
0.7 0.30 2,100 122.9
0.8 0.31 2,340 128.0
1.2 n.d. 2,710 127.0 Chunk
0.1 0.27 2,000 133.9
0.3 0.29 2,110 133.5
0.5 0.31 2,390 130.8 Regular particles
Embedded 0.6 0.30 2,500 127.6
0.7 0.31 2,630 124.6
0.8 0.32 2,890 127.6
1.2 n.d. 3,080 126.0 chunk
Copolymerization conditions: catalyst=9.7x10"° mol/L, T, =70 °C, Py 1en=15 psi, time=1 h
2,800 @ 3,200 o
5 2600+ o 3,000
< 2
s 2,400 5 2,800
£ 22001 T 2600
& a
& 2000 Q‘” 2,400
¥ ¥ .
& 1,800 & 2,200+
5 2
g 1,600 S 2,000-
Sé 1,400 % 1,800
WU @
& 12001 el | B P 8 Homogeneous il
1,000 . T . y . . 1,400 . . - : T :
0.0 0.2 0.4 0.6 0.8 1.0 12 14 0.0 0.2 0.4 0.6 0.8 1.0 12 14

Comonomer concentration (mol/Zr)

Comonomer concentration (mol/I)

Fig. 1. Specific activities of ethylene/a-olefin copolymerization with the embedded and homogeneous catalyst: (a) 1-hexene comonomer; (b) 1-octene
comonomer; catalyst=9.7><10'5 mol/L, Al/Zr = 1,000, polymerization time=1 h.
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Fig. 3. SEM images of ethylene/l1-hexene copolymer particles: with
embedded catalyst (a, c, e); with homogeneous catalyst (b, d, f).
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(b) 1-octene comonomer; catalyst=9.7x10"5 mol/L, Al/Zr=1,000, polymerization time=1 h.
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Fig. 4. SEM images of ethylene/l-octene copolymer particles: with
embedded catalyst (a, c); with homogeneous catalyst (b, d).
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