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ABSTRA ZT: A kinetic study of ethylene polymerization over the multimetallic catalysts de-
veloped f or the production of high density polyethylene (HDPE) with broad molecular weight
distributi>n (MWD) has been carried out. Magnesium chloride and electron donor were
utilized fr the preparation of multimetallic catalysts with at least 2 components from TiCly,
VCls, an.. ZrCly. Selecting the catalysts composed of 1 : 1 complex of Ti and V (TV1l), Ti
and Zr ('7Z11), V and Zr (VZ11) which showed good performance in the previous study, the
effects o! type and concentration of cocatalyst, polymerization temperature, and the addition
of hydrog en or comonomer on the polymerization ratewere investigated. In addition the effect
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of suppc rting TV11 onto SiO; (TV11/Si0;) was studied. The highest rate of polymerization
was obt: ined when using AlEt; as a cocatalyst. The nascent morphology of PE showed much
differen: es by the type of cocatalyst, indicating that crystals were grown by different mecha-
nism. Waen using AlEt; as a catalyst the maximum activity was appeared at [ Al]/[Mt]=
70. Add tion of excess amount of AlEt; led to decline the activity as well as to change the
rate prcile. The variation of activity according to the concentration of AlEt; could be ex-
plained >y a Langmuir-Hinshelwood mechanism. All catalysts were thermally stable at the
tempera ure range between 30 and 80°C. Arrhenius plot of average rate showed 3 definite
sections representing linear lines of discontinuity. This result could be explained by the accel-
erated rreversible deactivation of active sites at higher temperatures. The apparent
activatic n energy recorded highest with TV11/Si0s, 11.4 keal/mol, and lowest with VZ11, 6.
8 kcal/n ol, at the range between 40 and 70°C. Adding hydrogen or 1-hexene (comonomer)
the rate was decreased and the rate profile was changed from acceleration type to decay
type. Tt 2 response to hydrogen was best for TV11 and worst for TV11/Si0O;. The MWD of
PE was very broad, 6.5 for TZ11, 14.8 for TV11 catalyst. The reactivity to the comonomer
was stur led by measuring the content of comonomer in copolymer by FTIR analysis. The re-
activity .o 1-hexene was best for TV11. In general catalyst characterized by broader MWD
showed setter reactivity to 1-hexene due to the severe heterogeneity of active sites.

Keyword . multimetallic catalyst, ethylene polymerization, kinetics, effect of comonomer, effect
of hydrogen.
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Table 1. The Composition of Multimetallic Catalysts

Introduced Measured
Catalyst Ti Zr \% i Zr V
(mmol) (mmol/g)
TZ11 20 20 - 0.32 0.28 -
ZV11 - 2.0 20 - 020 0.23
TB11 2.0 - 20 (030 - 0.26
TVIL/SiO; | 20 - 20026 - 0.21
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Fig. 1. The rate profile of ethylene polymerization cat-
alyzed over TV11 cocatalyzed with (a) AlEt; (b) Al
(i-Bu)s, and (¢) AlEt;Cl. Polymerization conditions :
T=80C, Pcona=3 atm, [AlJ/([Ti]+[V])=128.
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Fig. 2. SEM  microphotographs of  polyethylene
synthesized by TV1l catalyst cocatalyzed with (a)
AlEts, (b) Al(i-Bu)j, and (c¢) AlEt,Cl. Polymeriza-
tion conditions : T=80°C, Pcaua=3 atm, [Al)/([Ti]+
[V])=128.
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Fig. 3. The rate profile of ethylene polymerization cat-
alyzed over TVI1 catalyst cocatalyzed with AlEts.
Polymerization ' onditions : T =50 C, Pcoyq = 3 atm,
[Ti+V]=217x10"° mol; (a) [All/([Ti]+[V]D=
10, (b) 20, (¢) &), (d) 50, (e) 70, (f) 128, (g) 410.
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Fig. 4. Depender ze of the polymerization rate on the
concentration of AlEt;. Polymerization conditions are

the same as thos in Fig. 3.
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Fig. 6. The rate pr Sfile of ethylene polymerization cata-
lyzed over TVI1l catalyst cocatalyzed with AlEt,.
Polymerization cor ditions : [Al]l/[Ti+ V]=128, Pcas
=3atm, [Ti+V]:=217%10%mol ; (a) T=307T, (b}
40°C, (c) 50°C, (d; 60T, (e) 70T, (f) 80°C.
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Fig. 7. The rate profile of ethylene polymerization cata-
lyzed over TZ1l catalyst cocatalyzed with AlEts.
Polymerization conditions : [Al]/[Ti+Zr]=128, Pcs
=3atm, [Ti+Zr]=2.17x10%mol ; (a) T=30C, (b)
40°C, (c) 50°C, (d) 607, (e) 70C, (f) 80C.
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Fig. 8. The rate profile of ethylene polymerization cata-
lyzed over VZ1l catalyst cocatalyzed with AlEts.
Polymerization conditions : [Al]/[V+Zr]=128, Pcsny
=3atm, [V+2Zr]=2.17x10%mol ; (a) T=30%, (b)
407, (¢) 50, (d) 60°C,(e) 707, (f) 80TC.
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Fig. 9. The rate | rofile of ethylene polymerization cata-
lyzed over TV11, SiO, catalyst cocatalyzed with AlEt,.
Polymerization cc aditions : [Al]/[Ti+ V] =128, Pcous
=3atm, [Ti+V]=43x10%mol; (a) T=30%C, (b) 40
C, (¢) 507, (d) 0%, (e) 70°C, (f) 80<C.
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Table 2. Appareni Activation Energies in Ethylene
Polymerization by Various Catalysts

Catalyst Temps rature range(C) Eap,;(kcal/mol)_

TV11 30-50 13.8
50-70 7.6
70-80 5.1
TZ11 30-50 16.4
50-80 9.8
VZ11 30-40 10.8
40-70 6.8
70-80 3.8
TV11/Si0O; 30-40 15.9
40-70 11.4
70-80 8.2

& 4 Ut 2 o] Arrhenius ER9] 7]€7)
ZRY 7 28] 848X E Table 20
k. TVIIZ RS gA3eR7}d 7P wx
TZ11&v]e} TV1 /SiO, Fulo] €43} ol A7} 4
HHoz & e 1HE ¢ 5 Ut

ool BoEk|9l A 2 QAT st
Ziegler-Natta 17} 2RjA o2 {483 Sol& 5
7] YA E Aoz de o851 e BAF
ZAAQ] Tz U §5A0] Folof F2 E
Eolt}. Ziegler-Natta £uj7} PR o) AL
ol gAMe 249 A& thalA] Rtk opet F
P&z nlXE 3] AT gL AT Y
HYich JeE 273 AMgEE Fulnit 1 o
o] A B3:]7] W&o FFe vA = F49
Aol B TR olFjE oHE B3 AAo
o, Wie 2 o we} HEEHe ez 3
HAo) @3l )}, §3] B AFA AR o
9% S0iE Aol Z7] 027 g $49
o) M g2A & RALT 943 & Urk wet
A, 1atm® 4§ FA =931 FHEEY
walel Bxiggol WslE doprgitt(Fig 11-Fig.
14). #4248 A7V A4 FEEEE ZE FiA
volFth, Z29ks| 74 SAstllA 6087t B
FREEE IEE 8 9 FEERY TaE
TV11(Fig. 11) > VZ11(Fig. 13) >TV1l / Si0,
(Fig. 14) > TZ1: (Fig. 12)&22 JEwth. o
o] ARo] & 1V11xg TVI1/SiOFujo] wR)=
F49] 4o A2 0 AL FrEE AFoln.

52

=
400 - , ;
a
=
Zl b
S a0)
a 200
%
i~
o
c
0 . 1
0 20 40 60
Time(min)

Fig. 11. The rate profile of ethylene homo- and
copolymerization catalyzed over TV1l catalyst
cocatalyzed with AlEt;. Polymerization conditions
([AlY/[Ti+V]=128, Pegys=3 atm, [Ti+V]=2.17x
105 mol ; (a) homopolymerization in the absence of
Hs, (b) copolymerization with 0.42 M of 1-hexene,

and (c¢) homopclymerization in the presence of 1 atm
of Hg.
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Fig. 12. The rate profile of ethylene homo- and
copolymerization catalyzed over TZ11 catalyst
cocatalyzed with AlEt;. Polymerization conditions :
[AI/[Ti+Zr]=128, Peggg=3 atm, [Ti+Zr]=2.17 %
10 mol ; (a) homopolymerization in the absence of
Hg, (b) copolymerization with 0.42M of 1-hexene,

and (¢) homopolymerization in the presence of 1atm
Of Hz.
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Fig. 13. The ra e profile of ethylene homo- and
copolymerizatior. catalyzed over VZ11 catalyst
cocatalyzed witl AlEt;. Polymerization conditions :
[A1)/[V+7Zr]= .28, Pcory=3atm, [V+Zr]=2.17x
10%mol ; (a) h mopolymerization in the absence of
Hs, (b) copolyr erization with 0.42M of 1-hexene,

and (¢) homopo ymerization in the presence of 1atm
of Hz.

T T T
200F
a
=
"1}
B [
o,
2 100} 1
=
0 il ) I
0 20 40 60

Time(rin)

Fig. 14. The ra:= profile of ethylene homo- and
copolymerization catalyzed over TV11/Si0; catalyst
cocatalyzed witk AlEt;. Polymerization conditions :
[All/[Ti+V]=:28, Peus=3 atm, [Ti+V]=4.3x 10

ol ; (a) homop lymerization in the absence of Hj,

(b) copolymeriz tion with 0.42M of 1-hexene, and
(¢) homopolymer .zation in the presence of 1 atm of Hp.
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Fig. 15. MWD cu: ves of polyethylene synthesized by
(a) and (b) TV1 , (c¢) and (d) TZ11, (e) and (f)
VZ11, (g) and (h TV11/SiO; catalyst. (b), (d), (f),

and (h) are obtair ed with samples polymerized in the
presence of 1 atm f Hp.

Table 3. Effect of H, Addition on Molecular Weight
of Polyethylene Sy athesized with Various Catalysts

Catalyst Pylatm M M MWD M°/MF

n W

TV11 0 92,100 1,361,700 14.8

1 15300 196,300 12.8 6.0
TZ11 0 85200 553800 6.5

1 25100 180,400 7.2 34
vz11 0 78100 655300 8.4

1 19,000 235900 124 41
TV11/Si0, 0 79,520 827,100 104

0 24100 233800 9.3 3.3
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Fig. 16. FTIR spe ctra of polyethylene films synthsized
by (a) TI10, (b) T'V11, (¢) TZ11, (d) VZ11, and (e)
TV11/Si0,.
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