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A New Catalyst for Ethylene Polymerization Composed of a
Metallocene Complex and a Reduction Product of Tungsten Disulfide

Satoru YAMADA

N,N-Dimethylanilium salt of tungsten disulfide anion has been developed as a novel promoter for metallocene-
based catalysts. The salt is composed of N,N-dimethylanilinium ion [PhMe,NH"] as cationic part and a
" topotactic” reduction product of tungsten disulfide [WS ] as anionic part, the latter arising from acquisition
of an electron by the neutral host lattice of tungsten disulfide without structural alteration. In the polymerization
of ethylene using bis(indenyl)zirconium dichloride (Ind,ZrCl,)/triethylaluminum (Et.Al) as catalyst, a noticeable
improvement of catalytic activity was observed by the addition of [PhMe,NH"] [WS]*. However, the addition of
an analogous molybdenum disulfide salt [PhMe,NH"],[MoS ]* led to a decrease in catalytic activity, where the
molybdenum salt was found to possess a smaller crystallite size than the corresponding tungsten salt. The
polyethylene resins obtained by using the new catalyst Ind,ZrCl/Et Al/[PhMe,NH"] [WS]* exhibited a narrow
polydispersity similar to those obtained by conventional metallocene-type catalysts. With the decrease in
crystallite size of [PhMe,NH"] [WS,]*, the zirconium loading on the precipitate from Ind,ZrClL/Et Al catalyst
activated by [PhMe,NH"],[WS,]*" was found to increase and the catalytic activity for ethylene polymerization to
decrease drastically,indicating that the decrease in crystallite size results in a significant increase of a zirconium

species inactive for ethylene polymerization.
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Schemel] O Scheme of formation of N, N-dimethylanilinium ion intercalated WS2. [0 a0 WSz,00 b{J lithium ion intercalated
WS, c0 hydrated lithium ion intercalated WS2,00 dO N, N-dimethylanilinium ion intercalated WS:

TableO O Intercalation of

PRl Me2NH"” to WSz and MoS:

No. MS2 Reduction conditions Hydration conditions lon exchange conditions
M 0 MS20 0 BuLiO Temp.  Time ONHsO Temp. Time 0OPRA MelN-HCIO Temp.  Time
Omol/I0 Omol/ID 000 OhrD Omol/ZIOD OO0 Ohrd O mol/10 ooo OhrO
TUNI1 W 0.3 1.6 105 18 13 -30 0.5 0.2 20 18
MONI1 Mo 0.1 0.2 20 18 13 -30 3.0 0.2 20 18

Solventsd hexanel reduction( [ water(] hydration and ion exchangell
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Tabled O X-Ray, BET and XPS data for PRl Me2NH" intercalated WSz and MoS:

No. XORey BET XPS
hkl 20 B Crystallite surface area Binding EnergyZ] eVO
O degreed  OradO EISII:IZED 0 m#/g0 Woasr/2 Mozds/2 Sapas2
TUNO1 001 8.62 0.49x10°2 285 7.18 319 O 161.6
100 31.90 0.80x10°2 180
WS:2 001 14.08 0.45x10°2 310 251 33.0 O 162.6
100 32.46 0.45x10 320
MON[D1 001 7.38 0.94x10°2 148 7.52 | 229.3 161.6
100 32.12 1.29x10" 112
MoS2 001 14.40 0.49x10°2 285 6.24 | 228.6 162.6
100 32.66 0.45x10 321
Crystallite sized 0.9\ 71 3 cos6 O
A 0 1.54050

B O linewidth at half-height.
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TableO O Preparations of PRl Me[2NH" intercalated WS

No. Reduction conditions Hydration conditions lon exchange conditions
0O ws:0 OBuLi  Temp. Time ONHsO Temp. Time [OPh Mel@N-HCIO Temp. Time
Omol/I0 Omol/ID 000 OhrD Omol/IOD OO0 Ohrd 0 mol/10 oood OhrO
TUNDO1 0.3 16 105 18 13 -30 0.5 0.2 20 18
TUNO2 0.3 1.6 105 18 13 -30 2 0.2 20 18
TUNO3 0.3 16 105 18 13 -30 3 0.2 20 18
TUND4 0.3 16 105 18 13 0 0.5 0.2 20 18

Solvents hexanel reduction O water(] hydration and ion exchangell

Table O X-ray and XPS data for PRl Me[2NH" intercalated WSz

No. XRD XPS
hkl 20 d B Crystallite  Binding energyZl eVO Surface atomic ratio
Odegreed 00O 0O radd I:ISIDzeD Woasr/2 Sozparz O1s Nis OwosoNOod
TUND1 001 8.62 10.25  0.49x10% 280 319 161.6 531.0 402.6 1.002.000.1004
100 31.90 0.80x102 180
TUND2 001 8.70 10.16  0.73x10% 190 319 161.6 531.0 4023 1.001.9000.1005
100 31.96 1.12x10°2 130
TUND3 001 8.66 10.20  0.73x10%? 190 315 161.3 531.0 4018 1.001.900.1005
100 32.18 1.26x10°2 120
TUND4 001 8.74 10.11  1.60x10%? 90 319 161.8 531.2 4025 1.001.900.100.6
100 32.38 1.29x10°2 110
WS: 001 14.08 6.28 0.45x102 310 33.0 162.6 531.6 O 1.00 2.000.000.3
100 32.46 0.45x10°2 320
dO interlayer spacingd O A /2sin6 O
A 0 1.540500 .

A dO @ PRI Me2NH" intercalated WS2[T] @ WS201
B O linewidth at half-height.
Crystallite sized 0.9A Z1 3 cos6 O
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Fig.O O The O/W surface atomic ratios in XPS as a
function of particle size in the direction
perpendiculard o , O O and parallell o , m [0
to the basal plane of Ph Mel2NH" intercalated
WSzoand pure WSo.

Table O Preparation and Zr/W ratio of the supported Ind2ZrCl2/AIEts catalysts on various PRl Me2NH" intercalated WS:

No. Reaction conditions Products
IndZrCls] 0 0 PR Me[2NH® (7] WS2[F AlEt: w Zr Zr/W
O p mold No. 0 mgQO 0 mmolO Owt.O O Owt.O O
ZTUN[C1 10.1 TUNC1 775 3 56.8 0.06 2.1x10°3
ZTUND?2 10.0 TUND?2 770 3 56.6 0.09 3.2x10%®
ZTUNL3 10.0 TUNO3 775 3 56.8 0.10 3.6x10%
ZTUNC4 10.1 TUNC4 790 3 57.1 0.11 3.9x10°3

Reaction conditionsO toluene, 100mlO temperature, 2000 O time,

18hr
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Fig.0 O The Zr/W ratios in elemental analysis of the
supported metallocene catalyst as a function
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TableO O Ethylene polymerizations with the Ind2ZrCl2/AlEts catalysts activated with PRl Me[2NH" intercalated WSz and MoS:

Run O PR Me[2NH" [ WS2[F

No. No. M z

Pe? Time Yield Activity Mnx10°*  Mw/Mn

Omgd PR MeGNHTI y molO O MPald O min0d O g0 O kgZl mmolZr-h[1J

1 0.0 0
2 WS2 w 0 75.0 0
3 TUNO1 W 017 785 48.7
4 TUNO1 W 017 315 19.6
5 TUNO1 W 017 751 46.6
6 TUNO1 W 017 1300 80.7

2.0 60 18 18 27 2.3
2.0 60 16 16
2.0 17 121 427 23 2.3
0.6 60 75 75
0.6 60 151 151
0.6 60 165 165

Polymerization conditions( toluene, 500ml0 Ind2ZrClz, 1.0y mold AlEts, 500u molC temperature, 800 .

2Ethylene pressure.
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TableO O Ethylene polymerizations with the Ind2ZrCl2/AlEts catalysts activated with various PR Me2NH" intercalated WS2

Run Ind2ZrClz 0 PR Me2NH" [ WS Activity
No. Crystallite sized 0 O
No. O p molO 001 100 OmgO O kgZl mmolZr-h1d O kgZ! @ PRI Me2NH" [ MS3°0h[M]
1 1.0 TUND1 280 180 75.1 151 2.0
2 1.0 TUNO?2 190 130 75.0 105 1.4
3 1.0 TUNO3 190 120 75.2 99 1.3
4 1.0 TUNC4 90 110 75.1 25 0.3
5 1.0 MONI1 148 112 75.0 25 0.3

Polymerization conditions( toluene, 500mIC AlEts, 500p moll ethylene, 0.6MPal] temperature, 80C O time, lhr.

Table O Ethylene polymerizations with the supported Ind2ZrCl/AIEts catalysts on various Phl MeZNH" intercalated WSz

Run Supported catalyst Activity
No. No. O mgQO ZrO p mold 0 kgZl mmolzidhd O kg?l @ supported catalystIh(T]
1 ZTUND1 75.1 0.49 230 15
2 ZTUND2 75.2 0.74 71 0.7
3 ZTUNIO3 75.2 0.82 55 0.6
4 ZTUND4 75.0 0.90 17 0.2

Polymerization conditions( toluene, 500mIC AlEts, 300p moll ethylene, 0.6MPal] temperature, 80C O time, lhr.
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