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Optimization of ligand structure in late transition-metal complexes immobilized into
clay mineral interlayer as highly active catalysts for ethylene oligomerization
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Heterogeneous ethylene-oligomerization catalysts were developed by immobilizing is
(imino)pyridineiron(111) and alfa-diiminenickel (11) complexes into interlayer of clay minerals such as flu
orotetrasilicic mica and montmorillonite interlayers. During the ethylene oligomerization, the clay miner
al-immobilized bis(imino)pyridineiron(l11) complexes showed extremely high activity and produced linear al
fa-olefins as useful raw materials of lubricants and surfactants with high selectivity. Meanwhile, on dec
reasing the steric hindrance of the ligand in heterogeneous alfa-diiminenickel complexes, the molecular we
ight of the products dramatically decreased. Moreover, | achieved the increase of the catalytic activity
by adding fluorine atoms on iminophenyl groups of the ligand.
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Fig.2 Ligand structure of L/Fe3*-mica
catalysts



Table 1 Ethylene oligomerization using L/Fe**-mica

catalysts.
Product Wi% | jnear a-olefins
Actd —M— b)
Catalysts sid cc,  Jwn K
UFed*-mica 1610 147 716 96.1 0.65
2/Fe3-mica 3970 16.1 59.0 92.3 0.64
3/Fe*-mica 1340 145 705 92.8 0.65
4/Fe*-mica 940 146 723 94.9 0.61
Conditions: 50°C, 0.1 MPa, Al/Fe (TIBA) = 2000.
a) Activity = g-product g-catt h-1.
b Schultz-Flory constant, K = [Cn+1] / [Cr].
o- Me 1/Fe3+-mica
TIBA
71.6 wt%
a 96.1%
a
o- Me m-
2/Fe3*-mica 1/Fe3+-mica
2
wax
phenyl
Schultz-Flory
Cs,
Ce
iminophenyl
Fe(l11)
Fe, Co
Ni Fe d

Acetyliminopyridineiron(l11)
bis(imino)pyridineiron(l11)

a

acetylimino-
pyridineiron(l11)

Fig.3

Fig.3 Ligand structure of acetyliminopyridine-
iron(111) catalysts.
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Table 2 Ethylene oligomerization using
acetyliminopyridineiron(l11) catalysts

_ Product wt% | inear a-olefins

Catalysts  Act.? Sid C,.C, | With K b
5/Fe¥*-mica 450 100 0 - -
6/Fe3*-mica 7800 11.3 845 97.4 0.61
7/Fe3*-mica 1970 135 765 96.2 0.57
8/Fe3*-mica 2700 184 65.9 97.1 0.61
6-FeCl 9 7170 23 931 98.9 0.51

6-FeCl 9 0 - - - -
Conditions: 60°C, 0.4 MPa, Al/Fe (TIBA) = 2000.
a) Activity = g-product g-cat! h-1.

b) Schultz-Flory constant, K = [Cn+1] / [Ch].

9 MAO, Al/Fe = 2000.

9 Act. = kg-product mol-Fe1 h-1.
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Fig.4 FT-IR spectra of (a) Fe3*-mica, (b)
ligand 6, (c) 6-FeClz complex, (d)
6/Fe3*-mica (560 pmol-6/g-Fe3*-mica), and
(e) 6/Fe3+-mica (200 pmol-6/g-Fe3+-Mica).
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Fig.5 Ligand structure of o-diimine-

nickel(IT) catalysts.

Table 3 Ethylene oligomerization using
o-diimine-nickel catalysts

Catdyss  Actd —1oOUWI%  Linear o-olefins

Solid C,-C,, [ wt%
9/Ni2*-mica 1800 100 0 -
10Niz~-mica 193 949 44 72.1
11UNi*-mica 188 879 6.2 74.4

12/Ni%*-mica 101 221 539 91.2

Conditions: 50°C, 0.7 MPa, Al/Fe (TEA) = 300.
a) Activity = g-product g-cat?! hl.
product = 95 wt% o Me
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Fig.6 Structure of F-substituted ligand in
a-diimine- nickel(II) catalysts.
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Table 4 Ethylene oligomerization using
F-substituted a-diiminenickel catalysts.

Product wt% Linear

a-olefins K9

Activator Act® ————
Solid CeCp o

Catalysts

13/Ni%*-mica TEA 248 39 590 976 0.56
13/Ni*-mica TIBA 208 49 63.6 9.5 057
14/Ni*-mica TEA 170 81 535 974 0.65
15/Ni*-mica  TEA 347 6.5 70.0 97.0 055
15/Ni%*-mica  TIBA 256 77 703 941 058
16/Ni%*-mica TEA 18 69 711 -~100 053

Conditions: 60°C, 0.7 MPa, Al/Fe = 300.
a) Activity = g-product g-cat! h'l.
b Schultz-Flory constant, K = [Cn+1] / [Cnl.
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Fig.7 XRD profiles of I/Ni2*-mica catalysts.

Niz-mica after drying at 200 °C (a) and treating it
with only CH3CN (b). Spectra (c-g) corresponds to the
catalysts prepared with Niz+-mica and ligand 16 (c),
12 (d), 13 (e), 14 (f), and 15 (g) in CHsCN.
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Fig.8 TG-DTA profiles of (a) 15/Ni2*-mica
catalyst and (b) Ni2*-mica treated
with only CH3CN.
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