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CATALYST COMPOSITIONS AND CATALYTIC PROCESSES

Backzround of the Inv;ﬁcion

This iavention is related to the field of catalyctic
compositions and c;calyt!.c procasses.

Vacious catalytic conpoﬁitions and catalytic processes are
kunown in the art. For example, thera ara saveral _catalytic compositions
and ‘several catalytic processes that can oligonerize ethylens igto a
higher molecular weight olefin. As another exanmple, tﬁere arae severdl
catalytic compositions and several catalytic processes that can
polymerize athyleane into a polymer. However, no one catalytic
composition or catalytic process can produca all the. products needed to
meet consumer denands. Therafore, research is coastantly Seing
conducted to find new and/or improved catalytic ceompositions and
catalytic processes.

Sunmrz‘ gf the Inventioan
It {s an objecc-of this fnvention to provide catalytic

compos itions.



Is {s another object of this invention to provide catalytic
processes. |
It is still.another object of this invention to pro;ide
catalytic compositions that are.useful for oligomerizing olefins.
It is still another ébject of this invention to provide
catalytic processes that are useful for oligomerizing olefins.
It is still another object of this invention to provide
catalytic compositions that are useful for polymerizing olefinms.
It is still another object of this invention to provide
catalytic proces#es that.;re useful for polymeri?ing olefins.
It is still another object of this inventioﬁ to provide
'catalytic compositions that are useful for oligomerizing,
co-oligomerizing, polymerizing, and/or copolymerizing, ethylene with
either itself or another olefin.
It is still another object of this invention to provide
catalytic processes that are useful for oligomerizing, co-oligomerizing,

polymerizing, and/or copolymerizing, ethylene with either itself or

another olefin.

In accordance with this invention catalytic compositions are
provided. These catdlytic compositions are produced by the process that
comﬁrises (or optionally consists essentially of, or consists of)
contacting an organonickel compound with a cyclicazacarbyl compound.
Optionally,.one or more catalytic promoters can be present in these

catalytic compositions. Additionally, one or more olefins can be .

contacted with one or -more of these catalytic compositions to form

oligomerization products and/or polymerization products.



These catalytic compositions can be produced without any
compound, reactant, element, step, parameter, or conditioﬁ not mentioned
herein.

These objects and other featurés, aspects, aﬁd advantages of
the invention will become.better understocd with reference te the
following description and claims.

Detailed Description of the Invention

The organonickel compounds useful ia this invention should
have the following characteristics. The nickel component of the
organonickel compound shogld be in the zero valence state or able to be

reduced to the zero valence state. The nickel in the organonickel

- compound is preferably bonded to the organic component of the

organonickel at the coordination sites.

Thé organic component of the organcnickel compound should have
some unsaturation in its qolecular structure. Preferably, it should
have from about 2 to about 5 carbon-carbon double bonds. However, it is
more preferred that the organic component have 3 or 4 carbon-carbon
double bonds. .The organic component of the organcnickel compound should
be either a hydrocarbyl or a heﬁerohydrocarhyl. That is, it should
either bé a hyarocqrbyl composed of hydrogeq and carbon, or it should be .
a hetarohydrocarbyl composed of hydrogen, carbon,_and heteroatpms.
However, when the organic component is a heterohydrocarbyl then it is
preferred that it contain no amine {-N(R?®),], phosphine.[-P(R‘)z},
arsine [-As(R®).;], or hydroxylamine [-NHOH}, groups in its molecular
structure. For the purposes of this specificatiocn each Rf is
independently selected from the group consisting of hydrogen and
hydrocarbyls. In any case; the hydrocarbyl, or heterochydrocarbyl should

have from 2 to About 30, and preferably from 2 to about 20 carbon atoms
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in its molecular structure. Suitable examples of orggnonickel cdmpounds
include, but are not limited to, cyclododecatriene nickel, triethylene
nickel, bis(l,5-cyclooctadiene) nickel, and mixtures of two or more said
organonickel compounds. Présently preferred is bis(l.S*cycloéctadlene)
nickel.

The cyclicazacarhfl compounds useful in this invention should
have the following characteristics. The cyclicazacarbyl compound can
either be monocyclic, thaﬁ.is having only one ring, or it can be
polycyclic, that is having more than one ring. If the cyclicazacarbyl
is a monocyclicazacarbyl, then at lgast one nitrogen should be present

in the ring structure with the rest of the ring posifions being taken by

carbon atoms. It is preferred that the cyclicazacarbyl compound have a

"proton donating capable group" attached to the ring structure. It is
preferred that tﬁis “proton donating capable group" be attached to the
ring as close as .possible to a nitrogen atom. Suitable examples of
"proton donating capable groups" are -R‘(OH)x. -R‘(COOH)X, -8‘(50H)x,
-R'(SOOH)_, -R'(SO,0H) ; wherein R' is a hydrocarbyl or
heterohydrocarbyl, preferably having from zero to abqut. 10, more
prefer&bly from zero to about 6 carbon atoms in its molecular structure;
and wherein x is an integer greater than zero, preferably from i to
about 21; provided that when R' is a heterohy&rocazbyl then it is
preferred that it contain no amine [-N(R%®),], phosphine [-N(R?),],
arsine [-As(R’),], or hydroxylamine [-NHOH] groups in its molecular
gtructure.

Suitable examples of cyclicazacarbyl compounds useful in this

invention can be illustrated by the following structures:
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Structure 1B

wherein E! is carbon or nicrogeh. provided that at least one E! in at
least éne ring is nitrogen, and wherein at least one E? is selected from
the group consisting of -R‘(OH)x, -R'(COOH)x,'-R‘(SOH)x, ;R’(SOOH)x,
-R‘(S0,0H)x,
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wherein R!, x, E!, and E? are defined as above; the remaining E? groups,
if any, being selected from the group consi#ting of hydrpgen,
hydrocarbyls and heterohydrocarbyls having from 1 to 10 carbon atoms,
and wherein said heterchydrocarbyl has from l.to 10 heteroatonms,
providéd that when the remaining E? group is a heterohydrocarbyl then it

is preferred that it contain no amine {-N(R®),], phosphine [-P(R?®),],

arsine [-As(R?),], or hyd:okylam;ne [-NHOH] groups in its molecular

structure.
More specific examples of cyclicazacarbyl compounds useful in
this invention can be illustrated by the following structures:

Séructure 2A1: moqocyclic/monoaza/pentacarbyl compounds of the formula
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where E? is defined as E*, except E® is not Structure 1A or Structure
18. ' ' '

Structure 2A2: mopocyclic/monoaza/pentacarbyl compounds of the farmﬁla

Eb
E™ E*
E* N E*

where each E* is independently selected from the group consisting of
hydrogen, alkyl, or (-COOH). '

Structure 243: polycyclic/monocaza/pentacarbyl compounds of the formula:

EZ
EZ E?
E* N E?
where E? is defined as above. ¥

Structure 2B: monocyclic/monoaza/pentacarbyl oxide or
polycylic/monoaza/pentacarbyl oxide compounds of the formula
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where E* is defined as above.

Structure 2C: menocyclicldiaza/tetracarbyl or polycylic/diais/-
tetracarbyl compounds of the formula '

Structure 2C1 -
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Structure 2C2
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Structure 2C3
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E2 u/

where E? is defined as above.

Structure 2D: monocyclic/moncaza/tetracarbyl or polycyclic/monoaza/-
tetracarbyl compounds of the formula '
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where E? is defined as abova.

Structure 2E: (fused-dicyclic/monocaza/pentacarbyl) benzo compounds of
the formula

where E? is defined as above.

Structure 2F: dicyclic/diaza/dipentacarbyl compounds of the formula

g2 o E?
E2 : E? % O E?
E2 e o~ g2

where E* is defined as above.

In general terms structures 2Al, 2A2, 2A3, 2B, 2E, and 2F can
be described and defined as pyridine compounds. Additionally, struﬁture

2C1 can be described and defined as a pyrazine compound; structure 2C2

- can be described and defined as a pyrimidine compound; and structure 2C3

can be described and defined as a pyridazine compound. finally,_

~structure 2D can be described and defined as a pyrrole compound.
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Spécific exanples of cyclicazacarbyl compounds useful in

invention include, but are not limited to, the following:

(AA) Representatives of structures 2Al and/or 2A2 are
pyridine-2-carboxylic acid;

pyridine-3-carboxylic acid;

pyrid;na-a-carboxylic acid;
2,6-dihydroxypyridine-4-carboxylic acid;
2-hydroxypyridine-3-carboxylic acid;
4-hydroxypyridine-3-carboxylic acidg.
é-hydroxypytidine-3-chrboxy11c'aciH;_
3-hydroxy-5(hydrbxynethyl)-Z-meﬁhylpyridine-h-carboxylic acid;
.S-hyd;oxy-k(hydroxyuethyl)-6-methylpyridinef3-carboxylic acid;
pyridine-z,3-d1cag§oxy1ic'acid;
pyridine-2,4-dicarboxylic acid;
pyridine-2,5-dicarboxylic acid;
pyridine-2,6-dicarboxylic acid;
_pyridine-B,k-dicarboxylic acid;
pyridine-3,5-dicarboxylic acid;
S5-methoxy~6-methylpyridine-3,4-dicarboxylic acid;
6-methylpyridine-2,4~dicarboxylic acid;
-pyridine-2,3,4,5-tetracarboxylic acia;

- pyridine-2,3,4,6-tetracarboxylic acid;
pyridine-2,3,5,6-tetracarboxylic acid;
pyridine-2,3,5-tricarboxylic acid;
pyridine-2,3,5-tricarboxylic acid;
pyridi;e-z,4,S-tricarboxy11c acid;

pyridine-2,4,6~tricarboxylic aéid;

this
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pyridine-3,4,5-tricarboxylic acid;

- pyridine-2-sulfonic acid;

pyridine-3-sulfonic acid;
pytidine-#-sulfbnic acid;
2,6-dihydroxypyrid1ne-k-sh1fonic acid;
Z-hydroxypyridine-3-;ulfoﬁic acid;
4-hydroxypyridine-3-sulfonic acid;

6-hydroxypyridine-3—sulfoﬁic acid;

" 3-hydroxy-S(hydroxymethyl)~2-methylpyridine-4-sulfonic acid;

5-hydroxy-4(hydroxymethyl)-6-methylpyridine-3-sulfonic acid;
pyridine-2,3-disulfonic acid;
pyridine-2,4-disulfonic acid;

pyridine~2,5-disulfonic acid;

- pyridine-2,6-disulfonic acid;

pyridine~3,4-disulfonic acid;
pyridine-3,5-disulfonic acid;
S-nethoxy-é-meth§lpyridine-a,&-disulfonic acid;
s-methylpyridine-z,A-disulfonic acid;
py?idine-z,a;k,S-tetrasulfonic acid;
pyridine-2,3,4,6-tetrasulfonic acid;
pyridine-2,3,5,6-tetrasulfonic acid;
pyridine-z,3,4-trisulf6nic acid;
pyridine-2,3,5-trisulfonic acid;
pyridine-~2,4,5-trisulfonic acid;
pyridine~2,4,6-trisulfonic acid;
pyridine-B,4,S-trisulfonic'acid;

pyridiné-z-ethylsulfonic acid;
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pyridine-3-ethylsulfonic acid;

pyrldine-&-ethylsulfonic acid;
2,6-dihydroxypyridine-4~-ethylsulfonic acid;
2-hydroxypyridine-3-ethylsulfonic acid;
4-hydroxypyridine-3-ethylsulfonic acid;
6-hydroxypyridine-3-ethylsulfonic acid;
3-hydroxy-5(hydroxymethyl);2-methylpyridine-&-ethylsuifoni; acid;
5-hydroxy-4(hydroxymethyl)-6-methylpyridine-3-ethylsulfonic acid;
pyridine-2,3-diethylsulfonic acid;

pyridine-2,4-diethylsulfonic acid;

pyridine~2,5-d{ethylsulfonic acid;

pyridine-2,6-diethylsulfonic acid;

pyridine~3,4-diethylsulfonic acid;

pyridine-3,5-diethylsulfonic acid;.
S-methoxy-6~methylpyridine-3,4-diethylsulfonic acid;
6-methylpyridine-2,4~diethylsulfonic acid; |

pyridine-z,a,A,S-tatraethylsﬁlfonic acid;

pyridine-2,3,4,6-tetraethylsulfonic acid;

pyridine-2,3,5,6-tetraethylsulfonic acid;
pyridine-2,3,4-triethylsulfonic acid;
pyridine-2,3,5-triethylsulfonic acid;
pyridine-2,4,5~-triethylsulfonic acid;
pyridine-2,4,6-triethylsulfonic acid;
pyridine—3,A,S-triethylsulfonic acid;
(BB) Representatives of structure 2B are
pyridine-2-carboxylic Acid-l-oxide;
p}ridine-3-carboxy11c acid-1-oxide;

pyridine-4~-carboxylic acid-l-oxide;
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' 2,6-dihydroxypyridine-4-carboxylic acid-l-oxide:

. 2=-hydroxypyridine~3-carboxylic acid-1l-oxide;
4-hydroxypyridine~3-carboxylic acid-i-oxide;
6-hydroxypyr1din;-3—carboxy11c acid-1l-oxide;
3-hydroxj-5(hydroxymethy1)-2-methylpyridine-h-catbo¥y11c acid-1l-oxide;
S-hydroxy-4(hydroxymethyl)-6-methylpyridine-3~-carboxylic acid-1l-oxide;
pyridine-z,3-dicarboxylic.acid-l-oxide; ‘
pyridine-2,4-dicarboxylic acid-1-oxide;
pyri&iné-z,S-dicarboxylic acid-1-oxide;
pyriding-z,6-d1ca:boxy11c aci&-l-ogide;
pyridine-3,4-dicarboxylic aci&-l-oxide;
-pyridine-3,5-dicarboxylic acid-l-oxide;
S-methoxy-6-methylpyridine-3,4-dicarboxylic acid-1l-oxide;
6-methy1pyridine-2,A-dicarboxylic acid-l-oxide;
pyridine-2,3,4,5-tetracarboxylic acid-1-oxide;
pyridine-2,3,4,6-tetracarboxylic acid-1-oxide;
pyridine-2,3,5,6-tetracarboxylic acid-1-oxide;
pyridine-2,3,4-tricarboxylic acid-1-oxide;
pyridine-z,3,S-€ricarboxylic acidfl-oxide;
pyridine-2,4,5-tricarboxylic acid-l-oxide;
pyridine-z,4,6-tricarboxylié acid-l-oxidej
pyridine-3,4,5-tricarboxylic acid-1l-oxide

(CC) Representatives of structure 2C are
pyrazine-2-carboxylic acid;

pyr&zine-z,3-dicarboxylic acid;
pyraziﬁe-2,3.5.6-tetraca:boxy11c acid;
pyrimidineiz-carboxylic a;id;-

pyrimidine-z,k-dicarboxylic acid;
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pyrimidine-2,4;6-tricarboxylic acid;
pyrimidine42.h;5,6-tetracarboxylic acid;
pyridazine-3;carboxylic acid;.
pyridazine-3,6-dicarboxylic acid;

" pyridazine-4,5-dicarboxylic acid;
-pyridazine-3,4,5,6-tetracarboxylic acid;
(DD) Representatives of sﬁructufe 2D are
pyrrole-z-ﬁarboxylic acid;
pyrrole-S-carhoxﬁlic acid;
pyrfole-z,k-dicarboxylic acid;
pyrrole-z,s-dicarboxylic.acid;
pyrrole-2,3,4,5-tetracarboxylic acid;
(EE) Represéntatives of structure 2E are
quinoline-2-carboxylic acid; )
quinoline-3-carboiy11c acid;
quinoline-4-carboxylic acid;
quinoline-5-carboxylic acid;
quinoline-6-carboxylic acid;
quinoline-7-carboxylic acid;
"'quinoliné-s-carboxylic acid;
quinoline-2,3,4,5,6,7,8-heptacarboxylic acid;
(FF) A Representative of structure 2F i;
2,2'dipyridyl;

(GG) Representatives of structure 1A are
2,3'dipyridyl; “

2,4'dipyridyl;

4,4;d1pyridy1;_

2,2'dipyridyl ketone;
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(HH) Representatives of structure 2B are
benzopyrrole-Z-carBoxylic acid;
benzopyrro1e-3-§arboxylic.acid;

- benzopyrrole-2,4-dicarboxylic acid.

- Presently preferred compounds are:
pyridine-z-catboxyiic-acid;
pyridine-3-carboxylic acid;
pyridine-4-carboxylic acid;
.pyridina-z,3-dicarboxy11c acid;
pyridine-2,4-dicarboxylic acid;

. pyridine-2,5-dicarboxylic acid;
pjridine-z,6-d1carboxylic acid;
pyridine-3,4-dicarboxylic acid;
pyri@ine-3;S-dicarboxylic acid;
pyridine-2-ethylsulfonic acid;

- pyridine-2-carboxylic acid i;oxide;
2,2"'dipyridyl; -
pyrazine-z-carﬁoxylic acid;
pyrrole-2-carboxylic acid;

" quinoline-2-carboxylic acid;

and mixtures of two or more said cyclicazacarbyl compounds.

The molar ratio of cyclicazacarbyl combound to nickel should
be in the range of about 0.001 to about 100,000. It is preferred
however that thé molar ratio be from abouﬁ 0.01 to about 10,000; it {is
most preferred however that the moclar ratio be from 0.1 to 1;000.

The organcnickel compound and the cyclicazacarbyl compound can
be contaﬁted in any m&nner known in the art. For example, the -

organonickel compound and the cyclicazacarﬁyl compound could be added to
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stirred tank reactor where they could be heatead and intimataly contacted
togather.

Optionally, a catalytic promoter cﬁn be present in the
catalytic composition. Suitable examples of catalytic promoters
include, but are not limited to, silica, silica-titania, clay, aluﬁina,
fluoridated alumina, silicated alumina, aluminum phosphate, gnd mixtures
of two or more of these catalytic promoters. These caéalytic promoters
can greatly affect the results of any catalytic process using them.

In one embodiment the catalytic promoter is a clay compound.
General classes of.clay-conpound§ useful in this invention are Aluminum

silicates, magnesium silicates, 'or aluminum-magnesium silicates.

Examples of suitable clay compounds useful in this invention include,

but are not limited to:
(1) attapulgite, an alﬁminun-nagnesium silicate,
(2) bentonite, an aluminua silicate.
(3) halloysite, an aluminum silicate.
(4) hectorite, a magnesium silicate.
(5) kaolinite, an aluminum silicate.
(6) montmorililonite, an aluminum silicate.
. (7i pyrophylite, an aluminum silicate.
(8) sepiolite, a magnesium silicate.
(9) talc, a magnesfum silicate.
(10) vermiculite, an aluminum-~magnesium silicate.
Particularly preferred catalytic prémoters are the magnesium
silicates and aluminum silicates. Host preferred is bentoaite asd
sepioiite. |
It is preferred that the clay compound be conditioned prior to

use. This conditioning coemprises subjecting the clay cohponnd'to a



- 17 -

conditioning temperature in the range of from abbgt 200° to about 800°C,
" preferably about 300° to about 700°C, and most preferably 400° to 600°C.
The clay compound should be subjeﬁted.to this conditioning temperature
for a period-of about 5 minutes to about 50 hours, preferably about 30
minutes to about 25 hours, and most preferably 1 hour to 10 hours.

In. another embodiment the catalytic promoter is a silicated
alumina gel. Tﬁe silicated alumina gel is prepared by mixing an
acidified slurry of boehmite of alumihum oxlide hydroxide, AlO(OH), Qith
a silicate solution followed by.thé addition of a base suitable for
inducing the formation of a silicated alumina gel comﬁrising silica;
The silicated alumina gel is recovered and is utilized as a catalytic
promoter.

" The acidified slurry of boehmite can be prepared by mixing
with a suitablg solvent, by any suitaﬁle means known in the art, a
boehmite material that is'reducéd in size to form a suitably sized fine
ﬁowder for forming a slurry. It is generally desirable that the solvent
used in.pteparing the acidified slurry of boehmite be water and that the
amount of étarting boehmite material be present in the Slurry in an
amount in the range of from about 10 grams boehmite to about 200 grams
boehmite per 1000 grams water. However, it is possible, if the
conditions warrant, for the weight ratio of boehmite to water im the
boehmite slurry to exceed 200 grams boehm;te per 1000 gramé water. A
preferred range for the amount of boehmite in the aqueous slurry i{s from
about 25 grams boehmite to about 150 grams boehmite per iOOO,grams
water; but, the most preferred weight ratio of boehmite to water Iin the -
boehmite slurry is in the range of from 50 grams boehmite to 100 grams

boehmite per 1000 grams water.
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The boehmite material {s dispersed in- the solvent by-addfng an
acid or acidifying agent to acidify the slurry gnd to form the acidified
slurry of boehmite. Any acid can be utflized to form the acidified
slurry of boehmite that suitably gives a slurry with the aesired
properties. It is preferred, however, that the acid be selected from
the group consisting of nitric acid, sulfuric acid, hydrochloric acid,:
acetic acid and mixtures of two or more thereof. The most preferred
acid for use as an acidifying agent is nitric acid (HNO;). The amount
of acid employed in acidifying the mixture of boehmite and solvent can
be any amount suitable for and effective in dispersing the boehmite in
the solution and can range from about 1 gram concentrated acid to about
50 3r§ns concentrated acid per 1000 grams of solvent.

Upon the preparation of the acidified slurry of boehmite, a
silicate solution is added to the slurry and mixed sufficiently to
provide a homoéeneous mixﬁure. The.silicate solution used in formiag
~ the homogeneous mixture is preferably a solution of sodium silicate and
water. The sodium silicate solution is prepared by acidifying a dilute
aquecus mixture of sodium silicate with any suitable acid that will
cause a solution, but not a gel, to be formed. The aqueocus mixture of
sodium silicate will generally comprise from about 1 gram sodium
silicate to about 80 gr;ms sodium silicate per 100 grams water.
Preferably, the aqueous mixture of sodium silicate will have from about
10 g?ams sodiunm si;icate to about 70 grams sodium silicate per 100 grams
watar; but, most preferably, the weight ra;io of scdium silicate per
water in the aqueous mixture of scdium silicate is from 20 to 60. It is
prgferred that the agent used to acidify the aqueous.mixture of sodium
silicate to form the silicate solution be an acid selected from the

group consisting of nitric acid, sulfuric aci&, hydrochloric acid,
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acetic acid and mixtures of two or more thereaf: The mqst preferred
acidifying agent or acid, however, is nitric acid (HNO,). The amount of
acid employed in acidifying the aqueous mixture of sodium silicate can
be any suitable amount necessary to form the solutfon; but, preferably,
it is an amount such_as to g;ve a solution having a pH in the range of
from about l_to.about 3. Host preferably, the amount of acid utilized
will be that amount necessﬁry to provide a silicate solution pH of from
1.5 to 2.0.

Any suitable method known in the art can be used to suitably
mix the acidifiéd slurry of boehmite and the silicate solution to form a
homogenized nixture or mixture. The mixing or blending time can range
upwar&ly to 60 minutes, but it is generally less than 60 minutes.
Preferably, the mixing time will be in the range of from about 2 uinutés
to about 30 Qinutes. Upon the preparation of the homogenized mixture, a
base compound is added to the mixture which is suitable for inducing the
formation of a gel material comprising silicated alumina. Examples of
base compounds suitable for inducing the formation of the gel include,
but are not limited to, alkali metal hydroxides, ammonium hydroxidé,
aﬁmonia, and urea. Ammonium hydroxide is the preferred base compound.

The gel or silicated alumina gel is recovered by .any suitable
means known in the art such as, for example, filtration, and thereafter
washed to remove sodium ions and other surface 1mpurities' or
contaminants. The washed silicaﬁed alumina gel is then dried go remove
water by any suitable means known in the art. Spray drying methods are
émong the suitable drying methods that can be used to dry the washed
gel. Exampies of such suitable spray drying ;ethods and apparatuses are

listed and described in Perry's Chemical Engineers’' Handbook, Sixﬁh
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Edition, Edited by D. W. Greén (McGraw-H{ll, 1934) a€ pp. 20-54 through
20-58. | |

Generally, the catalytic promoter contains silica in an amount
up to. about 75 welight petcenﬁ of the total weight of the sillicated
-alunina gel and perhaps greater than 75 weight percent depending upon
the type and physical properties of alumina used in the prepa#ation of
. the silicaﬁed alumina. However, the preferred amount of silica
contained in the silicated alumina gel sﬁbstrate is in the range of from
asout 10 weight percent to about 75 weight percent of the silicated
alumina gel. Host_prefergbly, the amount of silica contained in the
silicated alumina gel substrate can range from about 15 weight percent
to about 66 weight percent.

The silicated alumina gel prepared by the. method described
herein-typically will have pore sizes in the range of about 300-800
Angstroms, pore quumes in the range of about 0.4 to 1.25 cc/gram and
'surface areas in the range of about 200 to 350 m*/gram. The value
representing "pore volume", as referred to herein, is determineﬁ by the
method of mefcury intrusion porosimetry as described by the ASTM method
D46284-88 entitled "Standard Test Method for Det;rmining'Pore Volume
Distribution of Catalysts by Mercury Intrusion Porosimetry". The values
provided herein for sﬁrface area are determined by the ASTM Hethod
D3663-84 entitlgd "Standard Test Method for Surface Area of Catalysts".

Further suitable examples of catalytic p:omoﬁers (which are
sometimes referred to as catalyst supports) can be found in u.é. Patents’
3,887,494; 3,900,457; 4,081,407; 4,119,569;-‘4,151,122; 4,177,162;
4,294,724; 4,296,061; 4,345,055; 4,364,839; 4,364,841; 4,364,842;

4,364,854; 4,364,855; 4,392,990; 4,397,765; 4,402,864; 4,405,501;
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4,735,931; 4,981,831; and 5,073,911; the entire discrosures.df'which are
hereby incorporated by refefence.

Generally, the amount of catalytic promoter to use, based on a
weight ratio to nickel, is from about 0.001 to about 100,000. However,
it is preferred that a weight ratio of about 0.0l to about 10,000 be
used; and it is most pfeferted that a weight ratio of catalytic promoter
to nickel be from 0.1 to 1,000.

The catalytic composition (which can optionally include a
catalytic promoter) can be used to oligomerize (including dimerize),
co-oligomerize (including codimegize), polymerize, and copoiymerize
olefins. For the purposes of this specification these processes can be
described and defined as processes where the catalytic compositions of
this invention react with olefins. The reaction, in general, is
conducted by contacting the catalytic composition with at least one
olefin.

Generally oligomers, including cc-oligomers have a mglecular
weight less than 1,000, Polymers and copolymers on the other hand can
have weight average molecular wéights up to the millions.

The olefins useful in this invention are those that have from
2 to about 20 carbon atoms in their molecular strﬁcture and from 1 to
about 19 carbon-carbon double bonds in their molecular sﬁructure.
SuithIe examples include, but are not limited to, ethylene, propylene,
l-butene, 1,3-butadiene, 3-methyl-1-butene, l-pentene,
3-methyl-l-pentene, 4-methyl-l-pentene, 1-hexene, 3-ethyl-1l-hexene,
l-octene, l-decene, and nlxtufes of two or more said olefins. Presently
preferred olefins are mono-1l-olefins and most preferred is ethylgne.-_

Tﬁe catalytic précess can be carried out in any manner known

in the art. For example, the reaction temperatures can be in the range
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of about 0°C to about 300°C. Preferably-the reaction temperature 1is
between about 10°C and about 200°C and most preferably it i{s in the
range of 20°C to 160°C inclusive. Additionally, for example, the
reaction pressure can be in the range of about 10 psig to about 10;000
psig. Preferably it is in the range of about 50 to about 1,000 psig and
most preferably it is in the range of 100 to 600 psig. Additionally,
for example, the reaction time can be in the range of about 1 minute to
about 100 hours. Preferabiy it is in the range of about 5 minutes to
about 50 hours and nost preferably it is in the range of 1 to 10 hours.

Further examples of cata}ytic processes are found in U.S.
Patents 2,825,721; 3,152,872; 3,172,737; 3,203,766; 3,226,205;
.3,242,150; 3,248,179; 3,374,,211; 3,534,006; 3,620,981; 3,637,636;
3,644,564; 3,647,915; 3,661,803; 3,686,159; 3,725,306; 3,872,029;
3,904,550; 3,922,322; 3,923,692; 3,925,253; 3,957,448; 3,971,768;
3,998,955; 4,003,712; -4,011,382; 4,024,202; 4,121,029; 4,129,701;
4,134,856; 4,233,184; 4,255,542; 4,302,566; 4,364,842; 4,364,854;
4,364,855; 4,482,640; 4,487,847; 4,628,138; 4;698,403; 4,716,205;
4,720,472; 4,721,696; 5,758,330; and 4,786,714.

| Examples

These examples are provided to further assiﬁt a person skilled
in the art with understanding this invention. The particular reactants,
conditions, and the like, are intended to be generally illusttatiie of
this invention and are not meant to be construed a; unduly }initing the
reasonable.scope of this invention.

In gach run in Table-S, bis(l,s-ciclooctadiene) nickel was
contacted with the indicated cyclicazacarbyl compound. ' Soma of thesa
catalytic compositions had a catalytic promoter present. Each of these

catalytic compositions was contacted with ethylens to form reaction
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products. These reactions were conducted in aB&u:.u.l.é l{ter stafmless
stael, stirred tank reactor.

Toluene (350 aL) and a catalytic promoter, if used, were added
to the reactor first. These components were then brieflj stirred after
the tank was purged with ethylene. Subsequent to this stirring the
'bis(l,S-cyclooc;adiene) nickel and the\cyclicazacarbyl compound were
added to fhe reactor. The chemicals in the reactor were then stirred
for about 15 minutes. Ethylene was then pressured into the reactor.
The_ethylene pressure was then maintained at a nearly constant pressure.
The reactions were then terminated by venting the excesé ethylene. Any
resulting sélid ﬁatarial was then ;eparated and recovered. In gegeral,
some of the recovered solid was washed in toluene and/or methanol and
then driéd and weight.. Thereafter some of the characteristics of some:
of the sélid materials were determined.

The results are presented in Table S.



Number

Run

Ni(COD),'

0.41
0.16
0.40
0.10
0.10
0.11
0.21
0.19
0.3

0.09
0.15
0.19
0.15

cAC?
AYL/0.18
Al1/0,07
Al1/0.18
A1/0.05
A1/0,05
A2/0.04
A3/0.13
A4/0.96
A5/0.06

A6/0.06

A7/0.10
A8/0.11
A9/0.07

B1/1.42
B2/1.54
B3/1.96
B4/2.19
B4/2.86
B4/2.00
B5/2.11
B5/2.18
B5/2.17
B4/2.18
B4/2.37
B4/2.18

TABLE-S

RT*
22.9-34.3
22.4-36.5
22.1-29.5
20.9-77.6
23.7-83.2
22.0-55.6
20.6-82.4

. 22.3-49.1

20.7-39.5
24.3-55.7
22.4-79.1
20.5-39.3
23.0-70.0

RP*
495
500
500
400-490
480-495
495
490
495
490
475-490
475-505
490
475-495

RT¢ .
186.7
111.8
149.7
60.1
60.0
100.0
89.3

119.8

100, 2
66.5
96.4
118.2
74.3

EU’
135
1692
167
16048
27555
4877
3171
2951
12802
7531
1399
8039

137
1486

130 .

1266
3700
257
455
365
128
221
82
150

1583

Helt Index

4.7
1.6
0.003
88
115
33
9

-
- e omam
-
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the amount in grams of bis(l,5-cyclooctadiene) mickel

the type of cyclicazacarbyl compound used and the amount used.

The number is the amount of CAC used in grams. The letter is the type

of CAC used.

Al:
A2:
AS:
A4
AS:
A6:
A7:
A8:
A9:

3This is

picolinic acid also known as pyridine-2-carboxylic acid
pyrrola-2-carboxylic acid |
quinoline-z-carboxylic.acid

pyridine-z-carboxylié'acid 1-oxide
pyridine-4-carboxylic acid

pyridine-z,S-dic&rbdxylig acid
pyridine-2-ethanesulfonic acid

2,2'-dipyridyl .

pyrazine-2-carboxylic acid

the type of'catalytic'promoter used and the amount used. The

number is the amount of catalytic promoter used. The letter iS~thé

type of catalytic promoter used as indicated as follows.

Bl:

B2:

33:

B4:

A commercially available silica that had been activated at
600?0

A commercially available alumina activated at 700°C

A commercially available alumina that was subsequently
fluoridated at 600°C then activated at §00%

Ao available alumina-phosphate activated at 700°C and having a

P/Al molar ratio of about 0.2.

BS:

Ag available alumina-phosphate activated at 800°C and having a

P/Al molar ratio of about 0.4.

“This is
5This 1is

‘This is

the reaction temperature in °C.
the approximate reaction pressure or pressure rﬁnge in psig. ’

ths feaetion time in minutes.
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.’This is the ethylene uptake in grams of -ethylene used per gram of
nickel per hour.

'This-is tha productivity for producing pﬁlymér in grams of polymer per
gram of nickel per hour. ' |

*As measured iniaccordanée with ASTM-D-1238 using a 2.16 Kg weight and a
éemperature of 190°C.

The above results clearly indicate the broad spectrum of
compounds useful in tﬁis invention. Additionally, the fesults clearly
indicate the broad range of polymers that can be produced. Furthermore,
the resu1t§ clearly indicate that Fhe ethylene uptake (col. EB) has a
broad range of useful results.

In particular, Runs 1-5, and 9-11 {1lustrate cyclicazaca'rbyl
compounds having general formulas 241, 2A2, or 2A3 can be used in this
invention. Runs 8, 13, 6, 7'., and 1; {llustrate cjclicazacarbyl'
compounds having general formuias 2B, 2C, 2D, 2E,. and 2F respecfively,
can be used in this invention. Furthermore, Runs 2-13 illustrate the
different catalytic promoters that can be used in this invention. These
runs als’_c.: illustrate .the different polymer compositions that can be
produced. For example, compare the melt index of Run five to the ﬁelt
index of Run three. Additionally, columns EU and P indicate fhat'other
ethylene products are being formed such as dimers,.trimers and

oligomers.
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A catalytic composition obtainable by contacting an organonickel
compound, wherein the nickel is in the zero valence state or able

to be reduced to the zero valence state and the orgamic component

is unsaturated, with a cycloazacarbyl compound.

The catalytic composition of claim 1 wherein said cycloazacarbyl
compound is selected from structures IA and IB

E! .
l E? : E?
E \
\ E \E:'._____—-E‘/
E! |- |
‘ : AN O N
EZ/ \ El/ B* E? . E! e’
L L,
(1a) _ ' . (1IB)

wherein E! is carbon or nitrogen, provided that at least one E! in
at least one ring is nitrogen; and wherein at least one EZ is select
ed from -R{OH), -R{COOH),, -R}(SOH), -R{(SOOH),,
-R}(SO,0H),,

PI:S - E E*

£t A

oK - \o/\ﬁ,

E

L

AN

his Sheet Has Been Reilaced :
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wherein Rl is hydrocarbyl or hetérbhydrocarbyl and wherein x is an

. integer greater than zero, the remaining E* groups being selected

from hydrocarbyl and heterchydrocarbyl.

The catalytic composition of any of the preceding claims, wherein
said organic componént has from two to five carbom-carbon double
bonds; in particular wherein said organic component has from three
to four carbon-carbon double bonds. |

The catalytic | composition. of any of the preceding ‘claims, wherein
said organonickel compound is selected from cyclododecatriene
nickel, triethylene nickel, bis(1,5-cyclooctadiene) nickel, and mixtures
of two or more of said organonickel compounds; in particular
wherein said organonickel compound is bis(1,5-cyclooctadiene)nickel.

The catalytic composition of claim 1 or 2, wherein said
cycloazacarbyl ébmpound is selected from pyridine compounds,
pyrazine compounds, pyrimidine compounds, pyridazine compounds,
pyrrole compounds, and mixtures of two or more of said
cycloazacarbyl compounds. - |

The catalytic composition of claim 5, wherein said cycloazacarbyl
compound is selected from pyridine-Z-carboleic acid, pyridine-3-
carboxylic acid, pyridine-4-carboxylic acid, pyridine-2,3-dicarboxylic
acid, pyridine-24-dicarboxylic acid, pyridine-2,5-dicarboxylic " acid,
pyridine-2,6-dicarboxylic acid, pyridine-3,4-dicarboxylic acid, pyridine-
3,5-dicarboxylic acid, pyridine-2-ethylsulfonic acid, pyridine-2-carboxylic
acid 1l-oxide, pyrazine-2-carboxylic acid, pyrrole-2-carboxylic acid,
quinoline;Z-carboxylic acid, 2,2'dipyridyl, and mixtures of two or more

“hiili’iiﬁ Wi~
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of said cycloazacarbyl compounds; in particular wherein said -

cycloazacarbyl compound is pyridine-2-carboxylic acid.

The cataiytic_ composition of any of the preceding claims additionally
comprising a catalytic promoter.

The catalytic composition of claim 7 wherein said catalytic promoter
is selected from silica, silica-titania, clay, alumina, fluoridated alumi-
na, silicated alumina, aluminum phosphate, and mixtures of wo or
more said catalytic promoters.

A catalytic composition according to claim 7 wherein said catalytic
promoter is a clay compound selected from aluminum silicates,
magnesium silicates, aluminum-magnesium silicates, and mixtures of
two or more said clay compounds; in particular wherein said catalyt-
ic promoter is a clay compound selected from attapulgite, bentonite,
halloysite, hectorite, kaolinite, montmorillonite, pyrophylite, sepiolite,
tq.lc, vermiculite, and mixtures of two or more of said clay com-
pounds.

The catalytic composition of claim 7, wherein said catalytic promoter
is selected from sepiolite, bentonite and aluminum phosphate.

The use of the catalytic composition as defined in any of claims .1
to 10 for the oligomerization, including dimerization, or polymeriza-
tion of olefins.

The use of claim 11, wherein said olefin is selected from one or
more of ethylene, propylene, 1-butene, 1,3-butadiené, 3-methyl-1-

butene, 1-pentene, 3-methyl-1-pentene, 4-methyl-1-pentene, 1-hexene,

Sheet Has Been Repl
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3-ethyl-1-hexene, l-octene and 1-decene; in particular wherein said
olefin is ethylene.

The catalyst composition of any of claims 1, 2, 5 or 6, wherein said
cycloazacarbyl compound .is not selected from pyridine-2-carboxylic
acid, pyridine-3-carboxylic acid, pyridine-4-carboxylic acid, pyridine-2,4-
dicarboxylic acid, pyridine-2,5-dicarboxylic acid, pyridine-2,4,6-tricarbox-
ylic acid, and mixtures thereof.

The catalytic composition of any of claims 1, 2, S or 6, wherein

said cycloazacarbyl compound is not a compound of the formula

R
100
R R

N

wherein each R is independently selécted from hydrogen and

-COOH, provided that at least one R is -COOH.

The catalytic composition of any of claims 1, 2, 5 or 6, wherein
said cycloazé.carbyl corhpound is selected from pyrazine compounds,
pyrimidine compounds, pyridazine compounds, pyrrole compounds,
and mixtures of two or more of said cycloazacarbyl compounds.

The catalytic composition of any of claims 1, 2, 5 or 6, wherein
said cycloazacarbyl compound is selected from pyridine-2-ethylsulfoaic
acid, pyridine-z;carboxylic acid 1l-oxide, pyrazine-2-carboxylic acid,
pyrrole-2-carboxylic acid, quinoline-2-carboxylic acid, 2,2dipyridyl, and
mixtures of two- or more of said cycloazacarbyl compounds.

R
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" ABSTRACT

CATALYST COMPOSITIONS AND CATALYTIC PROCESSES

Catalytic compositions and catalytic processes are provided.
The catalytic compositions are produced by the process that comprises
contacting an organonickel compound with a cyclicazacarbyl compound.
Optionally, one or more catalytic promoters can be present in the
catalytic compositions. ~Additionally, one or more o;efins can be
contacted with one or more of these catalytic ébmpositions to form

oligomerization products and/or polymerization products.
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1. A catalytic composition obtainable by contacting an organonickel

compound, wherein the nickel is in the zero valence state or able to be reduced to the
zero valence state and the organic component is unsaturated, with a cycloazacarbyl
compound, wherein said cycloazacarbyl compound is selected from structures

1A and 1B

. R s
f‘ E: £t E
B2 .__Ili .

{Ia) (IB)

wherein E! is carbon nitrogen, provided that at least one E' in at least one ring is _
nitrogen; and wherein at least one 1_32 is selected from -R'(OH),, -R'(COOH),, -
RI(SOH):(’ 'Rl(SOOH)x: ’RI(SOZOH)x:

e A i, N
FfOL . = AOA

wherein R' is hydrocarbyl or heterohydrocarbyl, wherein x is an integer greater than
zero, the remaining E* groups being selected from hydrogen, hydrocarbyl and

heterohydrocarbyl having from 1 to 10 carbon atoms, and wherein said
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heterohydrocarbyl has from 1 to 10 heteroatoms, wherein said cycloazacarbyl

v

compound is not a compound of the formula

R

R : R

» R
N

~ wherein each R is independently selected from hydrogen, an alkyl group and -COOH.
2. The catalytic composition of claim 1, wherein said organic component
has from two to five carbon-carbon double bonds; in particular wherein said organic
comi:on_ent has from three to four carbon-carbon double bonds. )
3. : The catalytic composition of any of the preceding claims wherein. said
organonickel compound is selected from cyclododecatriene nickel, triethylene nickel,
" bis(1,5-cyclooctadiene) nickel, and mixtures of two or more of said organonickel
compounds. _
4, The catalytic composition of claim 3, wherein said organonickel
compound is bis(1,5-cyclooctadiene) nickel. '
5. The catalytic composition of claim 1, wherein said cycloazacarbyl
.compound is selected from pyridine compounds, pyrazine compounds, pyrimidine
compounds, pyridazine compounds, pyrrole compounds, and mixtures of two or more
of said cycloazacarbyl compounds.
6. The catalytic composition of any of the preceding claims, wherein said

cycloazacarbyl compound is selected from the following structures

R g T e
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wherein at least one E? is selected from -R'(OH),, -R'(COOH),, -R(SOH),,
-R'(SOOH),, -R'(SO,0H),, R' and the remaining B? groups being defined as in claim 1.
7. The catalytic composition of any of the preceding claims additionally
comprising a catalytic promoter.

8. ‘The catalytic composition of claim 7, wherein said catalytic promoter is
selected from silica, silica-titania, clay, alumina, fluoridated alumina, silicated alumina,
aluminum phosphate, and mixtures of two or more said catalytic promoters.

9. - A catalytic composition according to claim 7, wherein said catalytic
promoter is a clay compound selected from aluminum silicates, magnesium silicates,
aluminum-magnesium silicates, and mixtures of two or more said clay compounds.

10 - A catalytic composition according to claim 9, wherein said catalytic-
promoter is a clay compound selected from attapulgite, bentonite, halloysite, hectorite,

kaolinite, montmorillonite, pyrophyllite, sepiolite, talc, vermiculite, and mixtures of two

_ or more of said clay compounds.

11 The catalytic composition of claim 7, wherein said catalytic promoter is
selected from sepiolite, bentonite and aluminum phosphate.

12. The use of the catalytic composition as defined in any of claims 1 to 11
for the oligomerization, including dimerization, or polymerization of olefins.

13. . The use of claim 12, wherein said olefin is selected from one or more of
ethylene, propylene, 1-butene, 1-3-butadiene; 3-methyl-1-butene, 1-pentene, 3-methyl-1-
pentene, 4-methyl-1-pentene, 1-hexene, 3-ethyl-1-hexene, l-octeﬁe and 1-decene.

14. The use of claim 13, wherein said olefin is ethylene.

15. The catalytic composition of any one of claims 1 to 5, wherein said

cycloazacarbyl compound is selected from pyrazine compounds, pyrimidine compounds,
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pyridazine compounds, pyrrole compounds, and mixtures of two or more of said
cycloazacarbyl compounds.

16. The catalytic composition of ariy one of claims 1 to 5, wherein said
cycloazacarbyl compounds is selected from pyridine-2-ethylsulfonic acid, pyridine-2-
carboxylic acid 1-oxide, pyrazine-2-carboxylic acid, pyrrole-2-carboxylic acid.
quinoline-2-carboxylic acid, 2,2’dipyridyl, and mixtures of two or more of said
cycloazacarbyl compounds.



