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Abstract—Homo- and co-polymerization of ethylene were carried out in both gas and slurry phases over
Mg(OEt),/THF/SiClL/TiCl,-AlEt; catalysts in the range of temperature 20-70C and pressure 2-10 psig. In
gas phase polymerization, maximum activity was measured at the Al/Ti mole ratio of 377, and reaction rate
dependence on AlEt; concentration could be explained with the Langmuir-Hinshelwood adsorption model.
Even though maximum activities were obtained at the same temperature, 60C in both gas and slurry phases,
overall activation energy was higher for the slurry phase(13 kcal/mol) than for the gas phase(4.7 kcal/mol)
polymerization. The molecular weight behavior has been examined by measuring intrinsic viscosity. The
molecular weight was increased as the ethylene pressure increased, and as the temperature and the concen-
tration of AlEt; and hydrogen decreased. Using two different comonomers(propylene and butene-1), the
copolymerization of ethylene was carried out. The intrinsic viscosity and the melt index were decreased
as comonomer concentration increased, and the maximum activity was observed when the concentration
of comonomer is about 20 mol%.
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Fig. 1. Polymerization apparatus.
OSC : Oxygen scavenger PC : Personal computer

column RE : Recorder
MSC: Molecular sieve  VG: Vacuum gauge
column RP : Rotary pump

PG :Pressure gauge TC : Temperature
MC : Mixing chamber controller
MFM : Mass flow meter AR: Atmosphere reactor
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Fig. 2. Gas phase polymerization rate profiles with differ-
ent monomer pressure.
Polymerization conditions: Temp.=50C, Al/Ti=
99.3, [Ti]=4.49X107% mol, [M] in psig: (a) 2,
(b) 4, (©) 6, (d) 8, (e) 10
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Fig. 3. Relation between R,4m» and monomer pressure
for gas phase polymerization.

Polymerization conditions are the same as in Fig.
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Table 1. Molecular weight with different monomer concen-
tration
Polymerization conditions: Temp.=50C, Al/Ti
=993, [Ti]=4.49X10"% mol
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Fig. 4. Gas phase polymerization rate profiles with differ-

ent AIEt; concentration.

Polymerization conditions: Temp.=50C, Al/Ti=

99.3, [Ti]=4.49X10"¢ mol, Al/Ti in mol/mol: (a)

794, (b) 99.3, (¢) 178.7, (d) 377, (e) 575.7, (f) 774.2
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Fig. 5. Relation between [AIEt;]VY/R, Y min
for gas phase polymerization.
Polymerization conditions are the same as in Fig.
4.
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Table 2. Molecular weight with different AlEt; concentra-
tion
Polymerization conditions: Temp.=50C, [M]=
6 psig, [Ti]=4.49X107¢ mol

/molo]ich

Al/Ti [nl/g) M,X10°°
7940 747 6.7
2 99.25 7.40 6.6
() 178.7 6.95 6.0
377.0 5.90 48
575.7 4.85 3.6
) ) ) ) . 7742 4.51 33
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Fig. 6. Relation between R, 4, and Al/Ti ratio for gas 80
phase polymerization.
Polymerization conditions are the same as in Fig. Tm
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Fig. 7. Gas phase polymerization rate profiles with differ-
ent temperature.
Polymerization conditions: [M]=6 psig, Al/Ti=
99.3, [Ti]=4.49X107% mol, Temp. in T: (a) 25,
(b) 40, (c) 50, (d) 60, (e) 70
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Fig. 8. Slurry polymerization rate profiles with different
temperature.
Polymerization conditions: [M]=6 psig, Al/Ti=
99.3, [Ti]=4.49X10"° mol, Temp. in T: (@) 20,
(b) 30, (c) 40, (d) 50, (e) 60
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Fig. 9. Relation between R,¢omn/[M] and 1/T for gas
phase polymerization.
Polymerization conditions: [M]1=6 psig, Al/Ti=
99.3, [Ti]=4.49X10"¢ mol
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Fig. 10. Relation between R, ¢ /[ M] and 1/T for slurry
phase polymerization.
Polymerization conditions: [M]=6 psig, Al/Ti=
99.3, [Ti]=4.49X10¢ mol.
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Table 3. Molecular weight with different temperature
Polymerization conditions: [M]=6 psig, Al/Ti=
99.3, [Ti]=4.49X10"¢ mol

Temp.(K) [nldy/e M, %105
343 4.85 36
333 7.30 6.5
323 7.40 6.6
313 1114 11.8
298 1958 26,5
50
50 4
£ F (©
= 4
I
o {b)
N
o
]
gzo (d) \\
& {e) \%
10 \\
0 ' + + + + +
0 10 20 30 40 50 60
Time (min)

Fig. 11. Gas phase polymerization rate profiles with differ-
ent hydrogen concentration.
Polymerization conditions: [M]=6 psig, Al/Ti=
99.3, [Ti]=4.49X107% mol, Temp.=50C, [H,]
in mmol/l: (a) 0.0, (b) 14, (o) 2.86, (d) 5.7, (e)
8.0.
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Table 4. Intrinsic viscosity and melt index with different
hydrogen concentration
Polymerization conditions: Temp.=50C, Al/Ti
=99.3, Total pressure=6 psig, [Ti]=4.49X10"°

mol
[H,J(mmol/) [nl(dl/g) M,x10°5 MiI(g/10 min)
0.04 2.40 13 0.335
0.08 2.16 11 0.422
0.16 1.70 0.81 1.095
0.25 148 0.66 2.790
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Fig. 12. Gas phase polymerization rate profiles with differ-
ent propylene concentration.
Polymerization conditions: [M]=6 psig, Al/Ti=
99.3, [Til=4.49X 107% mol, Temp.=50T, [C;H¢]
in mol/mol: (a) 0.0, (b) 10, {c) 20, (d) 30, (e) 50
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Fig. 13. Gas phase polymerization rate profiles with differ-
ent butene-1 concentration.
Polymerization conditions: [M]=6 psig, Al/Ti=
99.3, [Ti]=4.49% 10" mol, Temp.= 50T , [C,H,]
in mol/mol: (a) 0.0, (b) 10, (c) 20, (d) 30, (e) 50
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Table 5. Property of copolymer with different propylene
concentration
Polymerization conditions: Temp.=50C, Al/Ti
=993, Total pressure=6 psig, [ Ti]=4.49X10°¢

mol
Propylene(mol%) [nldl/g) MI(g/10 min)
10 5.96 0.031
20 311 0.138
30 2.26 0.785
50 1.72 2.900

Table 6. Property of copolymer with different butene-1
concentration
Polymerization conditions: Temp.=50C, Al/Ti
=09.3, Total pressure =6 psig, [Ti] =4.49X 10

mol
Butene-1(mol%) [nldi/g) MI(g/10 min)
’ 10 416 0.034

20 3.37 0.402

30 2.14 6.280

50 2.02 9.900

3-5. of|&l2ll SE#

Fig. 129} 130 & ez} =2 del, o &z} Rel-
13e] 25 $234¢ HodFa ok 71atell e
FTebekd F=rl 20 mol% o3t e FHERT) F
7hsht 2 o) el A ol SR vhgSEt 3t
Zsle, Hal-13e] FFANME v IS 2
&z 9lck. Kim 5[26]¢] MgCl/THF/TiCl, ZulA|
A4 oledelz} 1. abate] FFgel A A& Ao}
Absleh. ol FF§A 7L e el FAES gl &
njo] S G FHERE T
Y, 25 gedel @8 A% st AubAA 2
=)o} elwte] absiAlels} 37} Mok 2717} weld
ZgEr g 7AaA7)E ez Az 2 27AE
FTEY whgo] HUFF uks B} 84 FrF Ao
sl A8z W FhgFe] del A gl edot A A
AHeg & Eelddale Fapsd] FdakAr)
At sl w44 A dode] FrlEa vl A A A
£ fse AAYAY A9 Bod ¥ el
T FAdo) ddF5 ¢ A E ) Erha Bukatov[27]
7} A998tz 9ir}. ¥ Shangan[28]S Td 3 &
o wrolx FEE oyl g4 Frb Fokekvg
AgsE A7t F7sh7] fel 338 #Ade] vy
3 #A R Foia AWgch

FA4Y 25 EY 2HHEe) §§25F Table 59

HWAHAK KONGHAK Vol. 32, No. 6, December, 1994



800 CEERE R
6ol ebeh 22AL We) FRale) gepel Fbe
4% DHYEE Fashn £EATE Sk o]
o ol e dol TFHES) Wopo) 2/HESE
M A4 dolo] welxlr] Welch. EY TR
ol F7HUFE LHAERe] AolAE AL FU
A7k 28R RAEE BAA 7)) HEL R A
& olo.

4.4 B

2 ool A} Mg(OEt),/THF/SiCl/TiCl; &=}& o]
43l 714 2 Sl A oA 8 o 35

uhe-& |7t AnE aokstd ohgt 3k

(1) H4AFPEEE Fele S 1312 vl# 3}
et

(2) AVTiZN]7} 37744 714 $& 4% ey
oo, AlEt;9} whekA| 7} Zof dAAdel sl B F
2}u}-2-5H= Langmuir-Hinshelwood mechanismel 2] 3)
L4 re] H3E 49 & ek

(3) 714 34 &= TN A3 A=
7}7} 4.7 kcal/mol, 13 kcal/mol 2 &2ig] FillAd o
=4t

(4) 2EALe] F-Apke AYTIER], w227t 371
goll apz} Fasta, ded Frt S7bgel et 3
7}atd ot

(5) Z2galy) Hel-14 ]84 714 FFENA
ek 7} 11’11 20 mol%7HA| = oflddle) g F
gy o & AL Holvt 2 o]l @A
122742

AEB7|2

A :aluminum alkyl
C* :number of active sites
K. :equilibrium constant of aluminum alkyl adsorp-
tion

Ky :equilibrium constant of hydrogen adsorption
Ky :equilibrium constant of ethylene adsorption
K, :propagation rate constant

: monomer
. :the weight average molecular weight of polymer
R, :polymerization rate
R, 60mi: : the average polymerization rate for 60 min
n  :intrinsic viscosity
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