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Abstract — The effect of internal donor(ID) in the heterogeneous Ziegler-Natta catalyst on the ethylene-1-butene copo-
lymerization and the molecular structure of the resulting copolymer was investigated. SiO,-supported TiCl, catalysts having
ID/Ti molar ratio of 0.5 were prepared with ethyaluminium dichloride, magnesium alkyl, 2-ethyl-1-hexanol and TiCl,.
Three different IDs were employed such as ethylbenzoate(EB), diisobuylphthalate(DIBP) and dioctylphthalate(DOP).
ID-added catalyst showed a larger fraction of Ti(+3) compared to that of no ID-added catalyst. The EB-added catalyst
showed the highest activity in copolymerization. Xylene soluble value decreased by more than 50 % with ID-added cat-
alysts compared to that of no ID-added catalyst. Crystaf analysis showed the chemical compositional distribution of PE
copolymer was improved in the case of DIBP-added catalyst significantly. It could be explained that the presence of ID
could make more even active sites and block the non-stereospecific active sites.
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Table 1. Chemical composition in wt% units of the catalysts
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Fig. 1. Distribution of Ti oxidation states in the prepared catalysts.

Catalyst lot. No ID EBB EBA DIBP DOP
ID/Ti molar ratio in feed 0.0 0.5 (before Ti) 0.5 (after Ti) 0.5 0.5

Ti 1.91 1.78 1.48 1.89 1.53

Al 2.58 2.53 1.93 2.24 2.05

Mg 1.96 1.88 1.62 1.70 1.72

Cl 12.42 11.28 8.84 11.73 9.89

Ti+2 0.17 0.06 0.13 0.20 0.14

Ti+3 0.86 1.28 0.85 1.30 0.98

Ti+4 0.89 0.44 0.50 0.39 0.41
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Table 2. Copolymerization results and properties of copolymers produced different catalyst systems”

Catalyst No ID EBB EBA DIBP DOP
1D/Ti ratio mol/mol 0.0 0.5 0.5 0.5 0.5
activity kg-PE/(g-cat h) 6.3 8.7 6.2 2.6 0.0
density kg/m? 923.6 924.7 925.8 924.9 -
comonomer content wt% 4.5 42 3.8 3.8 -
MFR5 g/10 min 2.5 1.0 0.82 0.62 -
MFR21 g/10 min 18.5 8.3 72 5.1 -
FRR21/5 7.3 8.2 8.7 8.3 -
T, °C 120.7 120.5 120.9 120.8 -
crystallinity % 40.4 435 44.0 44 -
BD kg/m? 383 322 330 360 -
XS wt% 34 1.3 0.7 1.1 -
A 3 L reactor, 1.8 L of isobutane, 1 h runs, P,= 3.2 bar, temp = 85 °C, TEAL as cocatalyst, Al/Ti = 20, 1-butene = 150 mL.
10 6
8 57
=
E 47
o 67 ) No ID
& <
i',, 23+
< 2]
z 4 x
S
3 27
<
27 E88 0 piep
1 —+
o
EBA
0
No ID DIBP ooP 0 ‘ ‘ ‘ '
Fig. 2. Change in the activity of copolymerization. 920 922 924 926 928 930
density (kg/m3)

oo

Sle] A A S I 0 w0l ek 2 4
oot o) PR O SRUE Aokl BEE T
PO WAL 5 Yk BUR FER 2AN D7} A &
whe] 5 FaAe) Sehol Astsiel 1 A FFHE TS
A 557} Aol e o 5 ek, MRS Lo ek 3 = Q= 1

2] 739 No ID2] 2,534 1 oJdlz Fashs, & wAlgo] S71

i—a

clak
\__L_E

& 5ol Fk o= Fulle] A 3 WAlE Y D7 EAek 73
- TN HoEs RojEr) 5ERE BF 120.5~121.0°C

QFolell Qlom o= T A o) EAK= A FEFol
120 °C TR E4t4A T2 545 Hof 511 itk

B3 FEHES ST REE R18H7] $15k0] xylene
soluble(XS)2} Crystaf 1295 AAI5151 0w 1 AF}E- Fig. 32} 4]
A Btk FE5TE T BARe] Aol 3 o EAlshe
BEnk vlAdgd o] 1EALE EA 5] ulitol ] F2-2] xylene £l
o HopA] kel Hrt. o]y F MRAES vl EAZAG 44
2 Qlato] 11220 7Nk Qo] aRARRIAF ko] Jid e
ARAF o™ lumptt chunk$} 22 37870 EAIE oF7] Al71A
Aok webA] XS gk o]88te] olelst F44 Al A Vs
A8 o BdE = Q= ZAE AR 4= Q). Fig. 300
A Hol o] ID7} EAISHA] = Fulje] Z-9-ofl n]to] EBB,
DIBP, EBA B YR XS 7k& HojFal glow ol Fuj U] ID

85138t

H45H8 M4= 20074 8

Fig. 3. Change in the xylene soluble of copolymers.
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Fig. 4. Crystaf curves of copolymers produced using different cata-
lysts.
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