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Ethylene Polymerization over Multimetallic Catalysts :
(I) Effect of Catalyst Composition
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ABSTRACT: Highly active catalysts to synthesize the high-density polyethylene of broad mo-
lecular veight distribution (MWD) have been prepared. Catalysts were composed of magnesi-
um chlc ride, tetrahydrofuran (THF, electron donor) and at least two compounds from TiCly,

VCl;, a1 d ZrCly. In order to prepare the catalyst in a simple and reproducible way, precipita-
tion me hod was adopted. In this method, solid catalyst is separated from the solvate complex
contain ag electron donor and various metallic components. Slurry-phase polymerization was
carried »ut at 50°C and 3 atm over 12 catalysts prepared according to different compositions.
For th: catalyst prepared with TiCly/ZrCly/THF/MgCl, and TiCly/VCls/THF/MgCl,
maximt mum activities (177~295 kg PE/g-metal h) were recorded when Ti was the major
compon :nt. Catalyst system composed of VCls/ZrCly/THF/MgCl; without TiCls, which has
been us:d as the main component in conventional Ziegler-Natta catalyst, showed a typical
volcano plot showing high activity (224 kg PE/g-(V+7Zr)) when [V]/[Zr]=1. Thermal
propert; - of HDPE was investigated by DSC and MWD was estimated by GPC and/or melt
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flow ra io (MFR). MWD of HDPE synthesized by monometallic TiCly/THF/MgCl, catalyst
was 3.6 on the other hand, HDPE by multimetallic catalysts showed broad MWD, i.e. MWD
of HDFE by TiCly/ZrCly/THF/MgCl; ([Ti]/[Zr]=1/1) and VCls3/ZrCls/THF/MgCl, ([V]/
[Zr] = ./1) was 6.5 and 8.4, respectively. MWD of HDPE by TiCl,/VCly/THF/MgCl; ([Ti]/
[Zr]=1/1) catalyst was even broader (14.8). The formation of multimetallic complexes was
confirm :d by FTIR and X-ray diffraction analysis.

Keyworc s: multimetallic catalyst, ethylene polymerization, broad molecular weight distribution.
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Table 1. The Inti oduced® and Measured Composition
of Multimetallic atalysts

I atroduced Measured
Catalyst | Ti Zr A% Ti Zr A%
(mmol) (mmol/g)
TI10 4.0 - - 0.52 - -
TZ51 3.33 0.67 - 040 0.06 -
TZ11 20 20 - 0.32 0.28 -
TZ15 0.67 3.33 - 0.10 0.39 -
ZR10 - 4.0 - - 0.42 -
ZV51 - 3.33 0.67 - 0.48 0.08
ZV11 - 20 2.0 - 0.20 0.23
ZV15 - 0.67 3.33 - 0.07 0.39
TV51 3.33 - 0.67 | 0.42 - 0.12
TV11 2.0 - 2.0 | 0.30 - 0.26
TV15 0.67 - 3.33 | 0.09 - 0.49
VA10 - - 4.00 - - 0.58

*The amounts of 11gCl, and THF introduced are MgCl,=
12 mmol and THF = 10 mL.
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Table 2. Infrared Bands of Various Complexes

Compounds Diagnostic IR bands(em)-!

THF 1071 910
MgCly(THF), 1038 919 890

TiCl(THF), 994 953 920 828

ZrCl4(THF),

VCI3(THF); 1010 855
TI10 1025 918 871
TZ51 1026 918 870
TZ11 1024 918 871
TZ15 1026 918 870
ZR10
ZV51
ZV11 1031 917 879
ZV15
VA10
TV15 1028 919 870
TVI11 1027 918 873
TV51 1026 955 919 871
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Fig. 1. Powder X-ray diffraction patterns of (a)
MgClg, as receiv ad, (b) MeCly( THE )2, and (¢) TiCly
{THF 2.
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Fig. 2. Powder X-ray diffraction patterns of (a)
TI10, (b) TZ11, (o) ZV1L, and (d) TV1Ll.
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Fig. 3. Scanning e 2ctron microphotographs of (a) TZ11, (b)Y ZV11, and (c) TV11 with %100 magnification ; (d)
TZ11, (e) ZV11, a:d (f) TV11 with x 6000 magnification.

38 Polymer(Korea) Vol. 20, No. 1, January 1996



gEIE Sl A% AEedY (D 2P IF

300
=
S 200
+
£
g
~L
3]
a9y
Ty
X< 100k ]
I~y
(d)
(e)
(o] LSS T —
0 20 40 60

Time(min)

Fig. 4. The rate | rofile of ethylene polymerization cat-
alyzed over (a) 7110, (b) TZ51, (¢) TZ11, (d) TZ15,
and (e) ZR10 cea:alyst. Polymerization conditions . T
=50, Peoa=3 atm, [Al)/([Ti]+[Zr])=128.
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Fig. 5. Average plymerization rate (??,,, 6omin) Of eth-
ylene polymeriza:ion as a function of [Ti]/([Ti]+
[Zr]).
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Fig. 6. The rate profile of ethylene polymerization cat-
alyzed over (a) TI10, (b) TV51, (c¢) TV11, (d) TV15,
and (e) VAIQ catalyst. Polymerization conditions : T
=507, Peong=3 atm, [Al]/([Ti]+[V])=128.
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Fig. 8. The rate profile of ethylene polymerization cat-
alyzed over (a) VA0, (b) VZ51, (¢) VZ11, (d)
VZ15, and (e) ZR10 catalyst. Polymerization condi-
tions : T=50°C, Pcay=3atm, [Al)/([V]+[Zr])=
128.
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Fig. 9. Average polymerization rate (R,_ 60min) Of
ethylene polymerization as a function of [V]/([V]
+[Zr]).
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Fig. 10. Scannin ; electron microphotographs of poly-
ethylene synthes zed by (a) TZ11, (b) ZV11, and (c)
TV11 with X 2,510 magnification.
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Fig. 11. MWD cu ves of polyethylene synthesized by
(a) TI10, (b) TZl1, (c) ZV11, and (d) TV11 cata-
lyst.
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DSCE o]g3le] H3lqch. £§HS  1353TC
(ZR10)~1454°C(ZVI1)E AP A F oA A
Uehtes gtel Welelsled, AFseEE 110.2C
(TZ11)~116.8°C(ZV11)2] oA eldo).

4 £

B A7 4L 995ty oS g
(1) MgClLE THFe] £8i2171 & 712 FuilA
B (Eey =255, gy vhg, sludET X2

Table 3. Physical 2roperties of Polyethylene Synthesized by Multimetallic Catalysts

Catalyst | R, omn(kg/g-Mh) T, (C) 7C) AH,(J/g) Lie(g/min)  kie(g/min) MWD
TI10 241.0 141.5 113.8 120.4 0.08 2.14 3.62)
TZ51 202.0 142.8 112.4 120.6 0.08 2.78 5.8
TZ11 177.0 144.1 110.2 111.2 0.08 3.21 6.5%
TZ15 38.0 143.2 114.8 122.0 0.08 3.49 7.9
ZR10 3.8 135.3 112.2 107.4 0.09 3.28 6.2
ZR51 17.6 144.4 115.8 130.2 0.07 2.76 6.9
ZV11 223.6 145.4 116.8 136.2 0.07 3.48 8.4
ZV15 35.6 142.8 1154 128.6 0.08 3.32 74
VA10 20.4 136.2 114.2 115.9 0.09 4.96 10.6
TV15 295.0 143.9 115.0 123.2 0.08 4.95 12.2
TV1ii 286.0 137.1 114.0 122.7 0.09 7.18 14.82
TV51 60.0 142.2 116.3 139.4 0.08 5.49 13.8

®Meaured by GPC ( Mig. 11).
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