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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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A AAEATE Sl 342 600 °CollA B3 A E] FH(Ineos)oll
ethylaluminium dichloride, 2-ethyl-1-hexanol®ll <51 butyloctyl magnesium,
TiCLE #Fel &2 Fsto] WhgAIZT Bk ApAgh Fufjo] Az
U2 el BarEold glu12). AR DyE 4 S
Falato] WAzl 01 EBE TiCl, HHS- A(EBB) = HES- &
(EBA)°I T3]3} w--A1Z ). DIBPSF DOP= TiCl, HEs- ol &
PAA WH-S eIt DS} Tio) BH|E 052 1gske] A
sioict. elldallz) 15610 53 3L a7 ollA] AAIEH]
or 1.8 LY o] eks gl ARSI W2 85°C, HE
U2 32 719ko & wAITh REEAIRES gl ARkiEE
7] FAZke] 200 0] FAS W) FENRS-S FRIICE 2Fvll=
heptane- &% ol 10 wt%-triethylaluminium(TEAL)S AHE-843 31
AT EH]E 20 190tk 4 500 mL AAF 1 bar2 A)-$-32
HESAIZE A4 oo & F9]3190tt. DSCE 5= AXs s
FT-IRE A 3-S S4FITH13]. Crystaf 141> CRYSTAF
model 200(PolymerChar S.A.)yS ARE3IITH14]. Sl S48

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

7} ] A F w2 IR} A AR el s A
%] mode”} blockydt W 0 & & E]= g4 0] TS v o
kS AL BIATEA] #2497 (non-stereospecificy2 QATF214]



Al 2R SRS

AR AT AT ke 2 oE AEE 4 3Uth6-9].
Fig. 4] Crystaf 4] daellA] QA 353TES] st rs
1o13bH No IDe] H]8F] EBBS} EBAS] Zuje] 7
3E7F oFgt Eat sl Wsksh= Rk, DIBP Fvili=
¢ TLS YRR Ve TEEES TSt Qi o]
2%k DIBP Fuj7} st st R s 7= ol F7H
7 As 5= 9ttt 3 WA DIBP7} EAeR= BdA 3=
7} 71 972 No IDel vlste] 7dst B3-S 7= o]
= DIBPZL B2 SRS Aty SdH o R ek
7]l B m&2o)7] ol F WA o
o] AxjoA] & S Q%o DIBPE o] AY3] fhash=s Ao
2 Ho} B3t AHE blockingdlo] B]@A 3} A7) g n
EABE A oE AYE

2 oHr e

o
rlr
ﬁ
&
[¢]

)
1o,
3|
(9]

)

4.4 E

B S FHS A 1D EAFT W EFo) mhe
Y} 1] FEHe) FYS Awngich D7 EAsE
A% T3S G AN O Sk 2 BT FE
Y2 EBB/E 7Kg 9hom] 1 919 D7} 2K S 2
o Rashe WIS BTk XS YRS D7 BASK: BE F
TS0} ID7) ks B9 B} 50% oF SSEo Crystaf 14 73}
DIBP7} A= o7} 7h #elet slelz g walch ol
D7} AT SIS Bk FAs TR g 719
o 202 mold] ATFAYS 2 BYIS WEAL} AT

270 335 blockingsh= 9 Wil 210w Aveh o= itk

e

I

. Ko, Y. S., Han, T. K., Sadatoshi, H. and Woo, S. 1., “Analysis of
Microstructure of Ethylene—1-Hexene Copolymer Prepared over
Thermally Pretreated MgCl,/THF/TiCl, Bimetallic Catalyst] J.
Polym. Chem., Part A: Polym. Chem., 36(2), 291-300(1998).

2.Ko, Y. S., Han, T. K., Park, J. W. and Woo, S. 1., “Copolymer-
ization of Ethylene—1-Hexene over a Thermally Pretreated MgCl,/
THF/TiCl, Bimetallic Catalyst,’ J. Polym. Chem., Part A: Polym.
Chem., 35(13), 2769-2776(1997).

3. Perin, S. G. M,, Severn, J. R., Koning, C. E. and Chadwick, J. C.,
“Unusual Effect of Diethyle Zinc and Triisobutylaluminium in
Ethylene/1-Hexene Copolymerisation using MgCl,-Supported
Ziegler-Natta Catalyst) Macromol. Chem. Phys., 207(1), 50-56
(2006).

4. Chu, K.-J., Soares, J. B. P, Penlidis, A. and Thm, S.-K., “The

W

10.

11.

12.

13.

14.

15.

16.

A} 8 ANEEe A re] v e 413

Influence of the Ti+3 species on the Microstructure of Etheylene/
1-hexene Copolymers,” Macromol. Chem. Phys., 200(6), 1298-1305
(1999).

.Kong, J., Fan, X., Xie, Y. and Qiao, W., “Study on Molecular

Chain Heterogeneity of Linear Low-Density Polyethylene by Cross-
Fractionation of Temperature Rising Elution Fractionation and
Successive Self-Nucleation/Annealing Thermal Fractionation) J.
Appl. Polym. Sci., 94(3), 1710-1715(2004).

Kakugo, M., Miyatake, T. and Mizunuma, K., “Chemical Com-
position Distribution of Ethylene-1-Hexene Copolymer Prepared
with TiCl;-Al(C,H;),Cl Catalyst; Macromolecules, 24(7), 1469-
1472(1991).

. Kakugo, M., Miyatake, T., Mizunuma, K. and Kawai, Y., “Characteristics

of Ethylene-Propylene and Propylene-1-Butene copolymeriza-
tion over TiCly 1/3AICl;-Al(C,Hs),CLY Macromolecules, 21(8),
2309-2313(1988).

Soga, K., Uozumi, T. and Park, J. R., “Effect of Catalyst
Isospecificity on Olefin Copolymerization, Makromol. Chem.,
191(12), 2853-2864(1990).

Soga, K., Shiono, T. and Doi, Y., “Effect of Ethyl Benzoate on
the Copolymerization of Ethylene with Higher a-Olefins over
TiCl,/MgCl, Catalytic Systems. Polym. Bull., 10(3-4), 168-174
(1983).

Ko, Y. S., “Study on the Effect of EADC/Ti Molar Ratio on Eth-
ylene-1-Butene Copolymerization Using Heterogeneous Poly-
merization Catalysts System Catalysis today, submitted(2007).
Kissin, Y. V., Maribella, F. M. and Meverden, C. C., “Multi-Cen-
ter Nature of Heterogeneous Ziegler-Natta Catalysts: TREF Con-
firmation}’ J. Polym. Sci., Part A: Polym. Chem., 43(19), 4351-
4362(2005).

Thomas, G, Johanssen, S., Pesonen, K., Waldvogel, P. and Lind-
gren, D., “Decrease in Activity caused by Hydrogen in Ziegler-Natta
Ethene Polymerization) Eur. Polym. J., 38(1), 121-132(2002).
Nowlin, T. E., Kissin, Y. V. and Wagner, K. P., “High Activity
Ziegler-Natta Catalysts for the Preparation of Ethylene Copolymers,
J. Polym. Sci. Part A.: Polym. Chem., 26(3), 755-764(1988).
Soares, J. B. P., Monrabal, B., Nieto, J. and Blanco, J., “Crystal-
lization Analysis Fractionation (CRYSTAF) of Poly(ethylene-co-
1-octene) made with Single-Site-type Catalysts: A Mathematical
Model for the Dependence of Composition Distribution on Molecu-
lar Weight Macromol. Chem. Phys., 199(9), 1917-1926(1998).
Chien, J. C. W., Weber, S. and Hu, Y., “Magnesium Chloride
Supported High-mileage Catalysts for Olefin Polymerization. I.
Chemical Composition and Oxidation States of Titanium, J. Polym.
Sci., Polym. Chem. Ed., 20(8), 2019-2032(1982).

Korean Chem. Eng. Res., Vol. 45, No. 4, August, 2007



