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Abstract : This study was conducted to analyze and characterize the properties of polyethylene wax
polymerized and polymerized using various metallocene catalysts based on Indene and Cyclopentadien,
which are different from Ziegler—Natta catalysts used in polyethylene polymerizatio n. The
polymerization of polyethylene wax was carried out under various conditions by adjusting the
polymerization temperature and the ratio of hydrogen gas used as a chain transfer agent and ethylene
gas to metallocene catalysts containing ligands of different structures. The molecular weight and
molecular weight distribution, The catalyst yields were compared and analyzed. As a result, the
structure of a metallocene catalyst suitable for having a low molecular weight and a narrow molecular
weight distribution was proposed and the ideal polyethylene wax could be polymerized.

Keywords - Ziegler—Natta catalyst, Metallocene catalyst, Indene Ligand, Cyclopentadien Ligand,
Polyethylene Wax
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Fig. 1. Reaction scheme of polyethylene.
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Fig. 2. Metallocene catalysts used in polymerization of the polyethylene wax.

Table 1. Molecular name of Metallocene catalysts

Entry Molecular Name MW (g/mol)
1 EBI Rac-Ethylenebis(1-indenyl)zirconium dichloride 418
2 DMSMPI  (Dimethylsilylene)bis(2-methyl-4-phenylindenyl)zirconium dichloride 629
3 DMSMNI (Dimethylsilylene)bis(2—methyl-4-naphytylindenyl)zirconium dichloride 700
4 nBuCp Bis(n—butylcyclopentadienyl)zirconium dichloride 405
5 MBuCp Bis(1-Butyl-3-methylcyclopentadienyl)zirconium dichloride 433
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Table 2. Results of Ethylene Polymerization by Differnt Catalysts

Cocatalyst H, Temp MFCP(mL/min) GPC*
En Catalyst ——— S —————PWD° CY! T, Tc — — —
Y v type* mL (%) (C) Ethylene H, " M, My M, PDI
1 0 70 - - 195 9800 - - 41490 173510 426290 4.2
2 0.1 70 2000 2 58 2900 1342 118.1 37680 165790 467820 4.4
3 0.2 70 2000 4 12 600 132.1 116.5 21430 98578 124560 4.6
EBI TEA 3
4 1 70 2000 20 3.8 200 130.4 1185 5460 25450 65150 4.7
5 0 80 - - 192 9600 - - 30340 138920 347810 4.6
6 0 85 - - 264 13200 - - 25830 123330 315860 4.8
7 0 70 - - 234 11700 1319 1173 98730 453370 1069400 4.6
8 0.1 70 2000 2 107 5400 131.7  116.7 99040 332240 674800 3.4
9 0.2 70 2000 4 70 3500 1314 1172 32220 89420 199110 2.8
DMSMPI  TEA 3
10 1 70 2000 20 21 1100 132.1 118.0 6470 19590 41510 3
11 0 80 - - 228 11400 1314 116.2 96340 401975 897063 4.7
12 0 85 - - 251 12550 131.8  117.2 83254 384692 854602 4.3
13 0 70 - - 6 300 - - 395700 1033540 2016650 2.6
14 0.1 70 2000 2 - - - - - - - -
15 0.2 70 2000 4 - - - - - - - -
DMSMNI  TEA 3
16 1 70 2000 20 - - - - - - - -
17 0 80 - - 7 400 - - 301430 745500 1418610 2.5
18 0 85 - - 8 400 - - 237620 694545 1485180 2.9
19 0 70 - - 273 13700 133.8  114.5 73380 236900 459510 3.2
20 0.1 70 2000 2 33 1700 132.8 1138 31250 88820 177070 2.8
21 0.2 70 2000 4 20 1000 133.6 1143 15480 48020 125990 3.1
nBuCp  TEA 3
22 1 70 2000 20 - - - - - - - -
23 0 80 - - 283 14200 134.1 115 68330 193370 371230 2.8
24 0 85 - - 220 11000 134 115.8 56880 171570 332650 3
25 0 70 - - 134 6700 1334 1154 73320 322380 736780 4.4
26 0.1 70 2000 2 32 1600 133.7 117 25600 80000 174030 3.3
27 0.2 70 2000 4 7 400 1322 1189 14720 46430 99220 3.2
MBuCp  TEA 3
28 1 70 2000 20 - - - - - - - -
29 0 80 - - 102 5100 134.1 115.5 77320 255470 535250 3.3
30 0 85 - - 104 5200 1334 1158 74370 231580 478100 3.1

*TEA(Tri Ethyl Aluminium) "Mass Flow Controller ‘PE Powder “Catalyst Yield(PE g/Catalyst g)
Gel Permeation Chromatography ‘Poly Dispersity Index

5 16000 1200000 6

§ o0 — 1000000 LN 5

B 1200 - _ \ —_

E 10000 g HEbeD ‘t-_‘_‘ #

2= 8000 %, 600000 - 3 —

g = =

e — — s

5 400000 — £ 2

© 4000 E

=

% 2000 200000 £ 2

>

s 0 - = 0 0 -

5 70 80 85 70 80 85 70 80 85

) Temperature(T) Temperature(C) Temperature(TC)
a

===EBI| =e=DMSMP| =e=DMSMNI =-EBI| =e=DMSMP| =e=DMSMNI =-EB| =e=DMSMPI =e=DMSMNI
=e=nBuCp =e=MBuCp =e=nBuCp =e=MBuCp =e=nBuCp =e=MBuCp

Fig. 3. Effect of polymerization temperature on catalyst yield molecular weight and
polydispersity index.
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