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Abstract . The polymerization of propylene with MgClL/EHA/TiCl; system in hexane has been studied
in which MgCl, was dissolved in EHA and treated with TiCl,. In this catalyst system, the catalyst
obtained by adding the MgCl,-EHA-hexane solution to TiCl; showed the higher activity than that of
reverse addition order and the optimum condition was existed at [EHA] / [MgCl,] ratio of about 6.

With increasing the reaction temperature of MgCl: solution with TiCl,, the activity of catalyst was
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decreased and the isotactic index was increased for the catalyst system without Lewis base, while

the activity of catalyst and the isotactic index were increased for the presence of Lewis base. This

catalyst system showed the maximum activity at [Al] /[ Ti] ratio of about 40 and at the polymeriza-

tion temperature of 40C. With the Polymerization time, the polymerization rate decrecased but the

stereospecificity remained almost constant after a slight increase. The addition of Lewis base caused

the decrement of activity but increment of stereospecificity and the DIBP as an internal donor showed

the higher stereospecificity compared to EB with some external Lewis base.
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Table 1. Effects of Addition Order on Polymerization
Behaviors for MgCl,/EHA/TiCl,(mole ratio : 1/10/10)
Precatalyst Preparation

Catalyst . Ti Content Activity LL
Typ}; Notation (Wi %) (lg(_gi‘ll)g/) (Wt %)
A TiCly/MgCly/ 5.2 2.70 48

EHA®
B MgCl,/EHA/ 7.1 5.59 49
TiCLY

2 TiCl, was added to MgCl,-EHA solution.

» MgCl,-EHA solution was added to TiCl,.
Precatalyst preparation conditions : 20C, 2hr
polymerization conditions . medium, n-hexane 100
ml : room temperature(20C) : [Al]/[Ti]=40:
time, 1 hr ; [Ti]=0.3mmol/l ; propylene, 1 atm.
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Table 2. Effects of Diluent on Polymerization Beha-
viors for MgClL,/EHA/TiCl,(Mole Ratio: 1/10/10)
Precatalyst Preparation

Precatalyst ~ Washing  Ti Content ‘(A}:;“;g; LL
System Reagent® (wt%) ¢Tih) (wt%)
MgCL/EHA/ Hexane 7.1 5.59 49
TiCl
MgCL,/EHA/ Hexane, 94 0.90 52
TiCl (twice) Toluene®
MgCl/EHA/  Hexane 78 390 55
Hexane/TiCl,»
MgCl,/Hexane/ Hexane 4.1 436 49
EHA/TiCL™
MgCl/EHA/ Toluene 39 0.36 40
Toluene/TiCl

The same polymerization conditions as those in
Table 1.

MgCL-EHA solution was diluted with hexane and
reacted with TiCl,.

MgCl, was suspended in hexane and dissolved with
adding EHA, then reacted with TiCl,.

MgCL-EHA solution was diluted with toluene and
reacted with TiCl,

Reagent used for washing to remove the unreacted

al

b

8

d

TiCly in precatalyst preparation.
® Washing with hexane followed by toluene.
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Table 3. Effects of Co- Solvents on -Polymerization
Behaviors for MgClL,/EHA/TiClL,( Mole Ratio ; 1/3/10)
Precatalyst Preparation

Activity

EHA/co- Ti Content LI
Co-Solvent Solvent  (wt%) g‘{g‘;l})f;/ (wt%)
Hexane 3/82 9.6 3.79 67
Hexane 3/37™ 11.7 2.91 47
Toluene 3/10? 8.8 1,51 49
Toluene 3/3™ 6.1 0.09 —

2 MgCl,/EHA-co-solvent solution was diluted with
hexane(50ml) and reacted with TiCl,.

» MgClL/EHA-co-solvent solution was reacted with
TiCl,.
Precatalyst preparation conditions : 30T, 2 hr
Polymerization conditions : medium, n-hexane 100
ml ; temperature, 30C time, 30 min ; [Al] /[Til=
40 ; [Ti]=0.3mmol/1 ; propylene, 1 atm,
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Table 5. Effects of TiCly Treatment Temperature on
Polymerization Behaviors for MgCl,/EHA/TiCL-TEA
(I) and MgCl,/EHA/DIBP/TiCL-TEA/PTES(I)

= Catalyst Ti Content Temp.® 1(\]:;\{;;)}'/ LI
System (wt%) (o ¢-Tih) (Wt %)
Table 4. Effects of MgCL,/EHA Mole Ratio on Poly- I 10.1 30 5.44 52
merization Behaviors for MgCl,/EHA/Hexane/TiCl, 11.3 50 2.51 56
Precatalyst Preparation” 8.5 30 0.20 78
MgClL,/EHA/  Ti Content Activity ILL II 6.7 50 0.21 85
Hexane/TiCl, (wt%)  (kg-PP/g-Tih) (wt%) 6.2 80 0.29 90
1/ 1/37/10 7.9 1.16 34 @ Reaction temperature of MgCl-EHA solution and
1/ 3/37/10 11.9 2.56 41 TiCL.
1/ 6/37/10 8.6 6.92 50 Precatalyst preparation conditions : 30C, 2 hr
1/10/37/10 7.8 3.90 55 MgCl,/EHA/DIBP/TiCl, (mole ratio : 1/6/0.13/10)

2 The same conditons as those in Table 1.
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Table 6. Effects of TiCly Treatment Times on Poly-
merization Behaviors for MgClL/EHA/DIBP/TiCL-
TEA/PTES

Catalyst Ti Content Temp.®  TiCl, ?ﬁ;“gg/ LL
System  (wt%) (C) Treatment ¢Tih) (Wt%)
Ay 8.5 30 once 0.20 78
A, 9.6 30 twice 0,27 87
B; 6.2 80 once 0.29 e 0]
B, 7.9 80 twice 0.40 95

2 Reaction temperature-of MgCl,-EHA solution and
TiCl,.
The same polymerization and precatalyst prepara-
tion conditions as those in Table 5.
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Fig. 1. Kinetic curves of propylene polymerizatin for
different Al compounds with TiCly/MgCl,-EHA-
Hexane (mole ratio; 10/1-6-37) at 40C, 4kg/cm?,
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and TEA at the safne conditions as those in Table 1.
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Table 7. Effect of Lewis Base Additives on Polymeri-
zation Behaviors for MgCl,/EHA/TiCl;( Mole Ratio ;
1/6/10) Precatalyst

Activity

Internal Ti External LI
(kg-PP/ o
LB Content LB ¢-Ti.h.atm) (wt% )
None 6.36 51
EB 1.18 76
N .4
one > DIBP  0.12 77
PTES 0.48 77
None 4,22 57
EB 0.55 88
EB .
5.0 DIBP 0.17 87
PTES 0.32 83
None 0,34 71
EB 0.16 91
DIBP .
9.6 DIBP 0.09 87
PTES 0.13 90

Precatalyst preparation conditions : A addition order
(MgCL-EHA/TiCl,) temperature : [IntLB]/
[MgCl,]=1/2.

Polymerization conditions :

s room

propylene, 1 atm ; room

temperature(20C) : medium, n-hexane 100ml ; time,

1 hr s [Al]/[Ti]=40: [Ti]=0.5mmol/1 ; [Ext.LB]
/ [Al]1=1/10.
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same conditions as those in Table 1: (O A) EB,
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Rate, g-pp/hr

Polymerization time(min)

Fig. 7. Kinetic curves of propylene polymerization for
Lewis Base addition with TiCl/MgCl,-EHA-Hexane
(mole ratio ; 10/1-6-37) and TEA at the same condi-
tions as those in Fig. 2 : (a) no internal LB, no exter-
nal LB, (b) no internal LB, [Ext.PTES]/[Al]=1/10,
(c) [Int.DIBP]/[MgClJ=1/2, no external LB, (d)
[Int.DIBP] / [MgCl,1=1/2, [Ext.PTES]/[Al]=1/10.
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