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OLIGOMERISATION OF OLEFINIC COMPOUNDS WITH REDUCED
POLYMER FORMATION

TECHNICAL FIELD
10  This invention relates to the oligomerisation of olefinic compounds in the
presence of an activated oligomerisation catalyst and relates further to the

use of a non-metal oxygen containing additive in oligomerisation.

BACKGROUND OF THE INVENTION

15
A number of different oligomerisation technologies are known to produce a-
olefins. Some of these processes, including the Shell Higher Olefins
Process and Ziegler-type technologies, have been summarized in WO
04/056479 A1. The same document also discloses that the prior art (e.g.
20 WO 03/053891 and WO 02/04119) teaches that chromium based catalysts
containing heteroaromatic ligands with both phosphorus and nitrogen

heteroatoms, selectively catalyse the trimerisation of ethylene to 1-hexene.

Processes wherein fransition metals and heteroaromatic ligands are
25 combined to form catalysts for trimerisation, tetramerisation,

oligomerisation and polymerisation of olefinic compounds have also been

described in different patent applications such as WO 03/053890 A1; WO

03/053891; WO 04/056479 A1, WO 04/056477 A1; WO 04/056480 A1, WO

04/056478 A1, WO 05/123884 A2; WO 05/123633 A1 and US Pat No.
30 7,285,607.

The catalysts utilized in the abovementioned trimerisation, tetramerisation,
oligomerisation or polymerisation processes all include one or more

activators to activate the catalyst. Suitable activators include
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organoaluminium compounds, organoboron compounds, organic salts,
such as methyl lithium and methyl magnesium bromide, inorganic acids
and salts, such as tetrafluoroboric acid etherate, silver tetrafluoroborate,
sodium hexafluoroantimonate and the like.

A common catalyst activator used in combination with Cr based catalysts
for oligomerisation of olefinic compounds is alkylaluminoxane, particularly
methylaluminoxane (MAOQO). It is well known that MAO includes significant
quantities of alkylaluminium in the form of trimethylaluminium (TMA), and in
10  effect the catalyst activator is a combination of TMA and MAQO. The MAO
may also be replaced with modified MAO (MMAO), which may contain free
trialkylaluminium in the form of TMA and heavier trialkylaluminiums. The

use of organoboron compounds as catalyst activators is also known.

15  Activators containing aluminium compounds are costly to the effect that it
impacts significantly on process economics of olefin oligomerisation
technologies that utilize this class of activators. For this reason, it is
desirable to run commercial oligomerisation processes at low activator
concentrations. However, in the case where an aluminium-containing

20 compound was used as an activator for transition metal based
oligomerisation catalysts, it was found that at conditions of low starting
aluminium concentrations (e.g. <6 mmol/t), low reaction rates and high
levels of unwanted solid formation (polyethylene (PE) and waxes) resulted
when ethylene was oligomerised.

25
Reduction in the formation of polymers as a by-product in Cr-based
ethylene oligomerisation (both tri- and tetramerisation) processes remains
an ongoing challenge, as polymer fouling reduces plant run time and
necessitates shut-downs due to blockages. Furthermore, high catalyst

30  activity must accompany low polymer formation in order that good space-
time yields are obtained, and high catalyst productivity is required in order

to maintain acceptable economic performance.
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Generally speaking, the literature teaches towards the removal of
impurities, specifically oxygen, from the system before ethylene
polymerisation or oligomerisation catalysis is performed (see
US2010/0081777A1 and US2011/0282016A1 for example) as oxygen is

5 considered a poison (see M. P Daniels and S. J. Martin, J. Phys. Chem.
1991, 95, 3289-3293).

SUMMARY OF THE INVENTION
10
According to an aspect of the present invention, there is provided a process

for producing an oligomeric product by the oligomerisation of at least one
olefinic compound, the process including:

15 a) providing an activated oligomerisation catalyst by combining, in any
order,
i) a source of chromium;

iy a ligating compound of the formula
20 (R"m X" (Y) X2 (R?),

wherein X' and X are independently an atom selected from the

group consisting of nitrogen, phosphorus, and oxygen, or an

oxidised nitrogen or phosphorus atom where the valence of X'
25 and/or X*allows for such oxidation;

Y is a linking group between X' and X%

m and n are independently 1 or 2; and

R' and R? are independently hydrogen, a hydrocarbyl group, an

organoheteryl group, a heterohydrocarbyl group, a substituted
30 hydrocarbyl group or a substituted heterohydrocarbyl group, and

each R’ being the same or different when m>1, and each R? being

the same or different when n>1; and

i) a catalyst activator or combination of catalyst activators; and
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15

20

25

30

b) contacting at least one olefinic compound with the activated
oligomerisation catalyst in the presence of a non-metal oxygen
containing additive, which non-metal oxygen containing additive
may be introduced together with the activated catalyst, after
introduction of the activated catalyst but prior to introduction of the
olefinic compound, together with the olefinic compound, or after the
olefinic compound has contacted the activated catalyst, the non-
metal oxygen containing additive being present in an amount such
that the ratio of the molar amount of the non-metal oxygen
containing additive to the molar amount of chromium in the source
of chromium per 10° g/g Cr productivity is between 0.01 and 400.

According to a further aspect of the present invention there is provided a
process for activating an oligomerisation catalyst suitable for use in
producing an oligomeric product from at least one olefinic compound, the

process comprising combining, in any order,

iy a source of chromium;
i) a ligating compound of the formula

(R X" (Y) X2 (R®),

wherein X' and X? are independently an atom selected from the
group consisting of nitrogen, phosphorus, and oxygen, or an
oxidised nitrogen or phosphorus atom where the valence of X'
and/or X? allows for such oxidation;

Y is a linking group between X' and X,

m and n are independently 1 or 2; and

R' and R? are independently hydrogen, a hydrocarbyl group, an
organoheteryl group, a heterohydrocarbyl group, a substituted
hydrocarbyl group or a substituted heterohydrocarbyl group, and R’
being the same or different when m>1, and R? being the same or
different when n>1;
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iii) a catalyst activator or combination of catalyst activators; and

iv) a non-metal oxygen containing additive,

5 the non-metal oxygen containing additive being present in an
amount such that the ratio of the molar amount of the non-metal
oxygen containing additive to the molar amount of chromium per 10°
g/g Cr productivity in the source of chromium is between 0.01 and
400.

10
In some embodiments of the invention the non-metal oxygen containing
additive is present in an amount such that the ratio of the molar amount of
the non-metal oxygen containing additive to the molar amount of chromium
in the source of chromium per 10° g/g Cr productivity is between 0.01and
15 200, or 0.01 and 100, or between 0.1 and 50, or between 0.1 and 20, or
between 0.2 and 10.

in some embodiments of the invention, the process may inciude the use of
a solvent.

20
Some embodiments of the invention may utilise a zinc compound, which in
some embodiments is a diethy! zinc compound.

25 DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The invention relates to a process for oligomerisation of an olefinic
compound for producing an oligomeric product. The process is carried out
in the presence of an activated catalyst, a non-metal oxygen containing
30 additive and optionally a zinc compound. The oligomerisation catalyst is an
activated catalyst, which is provided by combining a source of chromium, a
ligating compound, and a catalyst activator or combination of catalyst

activators.
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In this specification, the following definitions apply:

The term “olefinic compound” denotes an olefin or any compound which
includes a carbon to carbon double bond and “olefinic moiety” has a

5  corresponding meaning;

A ‘“hydrocarbyl group” as per IUPAC is a univalent group formed by
removing one hydrogen atom from a hydrocarbon;

10 A “hydrocarbylene group” as per IUPAC is a divalent group formed by
removing two hydrogen atoms from a hydrocarbon the free valencies of
which are not engaged in a double bond;

A “heterohydrocarbyl group” is a univalent group formed by removing one
15  hydrogen atom from a carbon atom of a heterohydrocarbon, that is a
hydrocarbon compound which includes at least one hetero atom (that is,
not being H or C), and which group covalently bonds with one other moiety

through the resultant free valency on that carbon atom;

20 A ‘heterohydrocarbylene group” is a divalent group formed by removing two
hydrogen atoms from either one or two carbon atoms of an organic
molecule containing at least one heteroatom the free valencies of which are
not engaged in a double bond,

25  An “organoheteryl group” as per I[UPAC is a univalent group containing
carbon, which are thus organic but which have their free valence at an

atom other than carbon;

A “polar substituent” is a substituent with a permanent electric or induced

30 dipole moment; and

A “non-polar substituent” is a substituent without a permanent electric or

induced dipole moment.
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The oligomerisation catalyst of the present invention, in some
embodiments, is a trimerisation catalyst or a tetramerisation catalyst or

both, preferably a tetramerisation catalyst.

5 In some embodiments of the invention, the oligomerisation process for
producing an oligomeric product is a trimerisation process for producing a
trimeric product by the utilization of a trimerisation catalyst, in some
embodiments it is a tetramerisation process for producing a tetrameric
product by utilization of a tetramerisation catalyst; whilst in yet other

10  embodiments of the invention it is both.

The inventors of the present invention have surprisingly found that the
incorporation of a non-metal oxygen containing additive in the
oligomerisation process described above, within the ranges described
15  above, results in three benefits: i) an increase in catalyst activity (rate); ii)
an increase in catalyst productivity (lifetime); and iii) a reduction in solids
formation, that is, polymer and in particular polyethylene formation relative
to processes in which such non-metal oxygen containing additive is absent.
This is surprising as a person skilled in the art of ethylene oligomerisation is
20 taught that a general prerequisite is to exclude poisons, primarily
oxygen/air. Hence, it was surprising to find that when a very low level of
oxygen was added to the reaction the beneficial effects listed above were
observed. It was also found that the range over which such a positive
effect is observed is quite narrow. Too little oxygen and no benefit is
25 observed, too much oxygen and the poisoning effect of oxygen returns,
with activity and productivity being ameliorated, whilst polymer formation
increases again. Hence, there is a clear optimum range for addition of the
non-metal oxygen containing additive, where a maxima in the positive
effects exists.
30
Oligomerisation catalyst

Source of chromium (i):
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The source of chromium may be an inorganic salt, an organic salt, a

coordination compound or an organometallic complex.

In some embodiments of the invention the source of chromium is selected
5 from the group consisting of chromium trichloride tris-tetrahydrofuran
complex; (benzene)tricarbonyl chromium; chromium (Ill) octanoate;
chromium hexacarbonyl; chromium (Ill) acetylacetonate, chromium (Ill)
naphthenate, chromium (Ill) 2-ethylhexanoate, chromium (lll) acetate,
chromium (ll1) 2,2,6,6-tetramethylheptadionate, chromium (lll) chloride. In
10  some embodiments it is chromium (Ill) acetylacetonate or chromium (Ill) 2-

ethylhexanoate.
Ligating compound (ii).
15  The ligating compound of the invention is generally a compound of formula
(R)m X' (Y) X2 (R%),

In some embodiments, X' and X? are independently an atom selected from

20 the group consisting of nitrogen, phosphorus, and oxygen, or an oxidised
nitrogen or phosphorus atom where the valence of X' and/or X? allows for
such oxidation.

In some embodiments, X' and/or X? are independently a phosphorus atom

25  or an oxidised phosphorus atom. In some embodiments X' and X*are P
and N, respectively, whilst in other embodimentsX' and/or X*are the same,
and are both P.

Y is a linking group, as defined more fully below.

30
It will be appreciated that m and n are dependent on factors such as the
valence and oxidation state of X' and X2, bond formation of Y with X' and
X2 respectively, and bond formation of R' and R? with X' and X%
respectively. In some embodiments both m and n are independently 1 or 2.
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In some embodiments the ligating compound is a bidentate ligand.
In some embodiments the ligating compound is of the formula

R? RS

>X1 e

S
e AN

R6

wherein Y is as defined more fully below, X' and X* are independently
selected from the group consisting of nitrogen and phosphorus, and R® to
10 R® are each independently a hydrocarbyl group or a heterohydrocarby!

group.

In some embodiments X' and X? are the same. In some embodiments X'
and X? are phosphorus.
15
R® to R® may independently be selected from the group consisting of a non-
aromatic moiety, an aromatic moiety; and a heteroaromatic moiety. In
some embodiments each of R® to R® is an aromatic or heteroaromatic
moiety, in particular an aromatic moiety (including a substituted aromatic
20  moiety). The aromatic moiety (or substituted aromatic moiety) may

comprise phenyl or a substituted phenyl.

In some embodiments, one or more of R® to R® may be a substituted
hydrocarbyl group or a substituted heterohydrocarbyl group, of which at

25 least one substituent is bound to a hydrocarbyl group or a
heterohydrocarbyl group. In other embodiments, one or more of R® to R®
may be a hydrocarbyi group or a heterohydrocarbyl group.

In this specification, a substituent with reference to moieties bound to X'
30 and/or X? is a moiety (excluding H) that is bound to a linear structure or a
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cyclic structure bound to X' and/or X?, but the substituent does not form

part of the linear or cyclic structure.

The linear or cyclic structure may be selected from the group consisting of
5 alinear hydrocarbyl, a linear heterohydrocarbyl, a cyclic hydrocarbyl and a

cyclic heterohydrocarbyl group. Linear hydrocarbyl may include methyl,

ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, ethenyl,

propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,

ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl and
10 decynyl.

Linear heterohydrocarbyl may include methoxy, ethoxy, thiomethoxy,
thioethoxy, methylsilyl,  ethylsilyl, methylamino, methylphosphino,
methoxymethyl and thiomethoxymethyl. Cyclic hydrocarbyl may include

15 cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclononyl, cyclodecyl, cyclopentenyl, cyclohexenyl, cyclo-octenyl, phenyl,
cyclopentadienyl, naphthaleneyl, norbornyl, adamantyl, phenanthreneyl,
anthraceneyl, phenaleneyl, tetrahydronaphthaleneyl, decalinyl, indeny! and
tetrahydroindenyl. Cyclic heterohydrocarbyl may include tetrahydrofuranyl,

20 tetrahydrothiopheneyl, pyrrolideneyl, piperidineyl, pyrrolineyl, oxazolyl,
thiazolyl, furanyl, thiopheneyl, pyrazolinyl, pyrazolyl, imidazolyl,
benzofuranyl, coumaranyl and indolyl.

'R®to R® may also be selected from a group of metallocenes such as a
25  ferroceneyl, zirconoceneyl and titanoceneyl group.

In some embodiments R® to R® are aromatic moieties of which a ring atom
of the aromatic ring structure is bound to either X' or X2 and with a polar
substituent bound to a ring atom of the aromatic ring structure adjacent to
30 the ring atom bound to X' or X%, Any of R® to R® may independently be
ortho-substituted with a halogen selected from the group consisting of
fluorine, chlorine or bromine, such that none, one, two, three or four of R®to
R® are ortho-substituted with a halogen. In some embodiments the halogen
is fluorine. Alternatively, each of R® to R® may independently be ortho-
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substituted with either a halogen selected from the group consisting of
fluorine, chiorine or bromine or ortho-substituted with an alkyl group. In
some embodiments the halogen is fluorine and the alkyl is methyl or ethyl.
R® to R® may be selected such that any combination of no substitution,
5  ortho-substitution with halogen and ortho-substitution with alkyl are present.

If two or more of R® to R® are aromatic moieties with a ring atom of the
aromatic ring structure bound to either X'or X, in some embodiments not
more than two of said aromatic moieties R%o0 R® have a substituent bound

10  to aring atom of the aromatic ring structure adjacent to the ring atom bound
to X' or X2

In one embodiment of the invention, R® to R® are the same or different and
each is a hydrocarbyl group, or a heterohydrocarbyl group which contains

15  no substituent or contains a non-polar substituent. In some embodiments
each of R® to R® does not include any polar substituent. In one
embodiment of the invention at least two of (but in particular all of R® to R®
are aromatic moieties with a ring atom of the aromatic ring structure bound
to X' or X?, and in some embodiments not more than two of said aromatic

20 moieties R® to R® have a non-polar substituent other than H bound to a ring
atom of the aromatic ring structure adjacent to the ring atom bound to X' or
X2,

In some embodiments none of the aromatic moieties R® to R® have a non-
25  polar substituent bound to a ring atom of the aromatic ring structure
adjacent to the ring atom bound to X' or X. In some embodiments all of

aromatic moieties R® to R® are non-substituted aromatic moieties.

Examples of suitable non-polar substituents include, but are not limited to,
30 methyl, ethyl, ethenyl, propyl, iso-propyl, cyclopropyl!, propenyi, propynyl,
butyl, sec-butyl, tertiary-butyl, cyclobutyl, buteny!, butynyl, pentyl, isopentyl,
neopentyl, cyclopentyl, pentenyl, pentynyl, hexyl, sec-hexyl, cyclohexyl, 2-
methylcyciohexyl, 2-ethylcyclohexyl, 2-isopropylcyclohexyl, cyclohexenyl,
hexenyl, hexynyl, octyl, cyclo-octyl, cyclo-octenyl, decyl, benzyl, phenyl,
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tolyl, xylyl, o-methylphenyl, o-ethylphenyl, o-isopropylphenyl, o-t-
butylphenyl, cumyl, mesityl, biphenyl, naphthyl, anthracenyl, and the like.

Any one of R® to R® may independently be linked to one or more of each
5 other, orto Y to form a cyclic structure.

R® and R* may be the same and R° and R® may be the same. R®to R® may
all be the same.

10 In other embodiments of the invention, R® to R® are the same or different
and each is a hydrocarby! group, or a heterohydrocarbyl group (in particular
an organyl group), provided that at least one of R® to R® contains a polar
substituent on a carbon atom, but not one of R® to R® contains a polar
substituent on a carbon atom of R® to R® adjacent to a carbon atom bound

15  to X' or X2 One or more or all of R®to R® may independently be selected
from the group consisting of a substituted non-aromatic moiety, a
substituted aromatic moiety; and a substituted heteroaromatic moiety. In
some embodiments each of R® to R® is a substituted aromatic or a
substituted heteroaromatic moiety, in particular a substituted aromatic

20 moiety. The substituted aromatic moiety may comprise a substituted
phenyl. In one embodiment of the invention at least two of (in particular all
of) R® to R® are aromatic with a ring atom of the aromatic ring structure
bound to X' or X2 but particularly not more than two of said aromatic
moieties R® to R® have a substituent bound to a ring atom of the aromatic

25  ring structure adjacent to the ring atom bound to X' or X2,

Any polar substituent on one or more of R®, R*, R® and R® may be electron

donating.

30  Suitable polar substituents may be a methoxy, ethoxy, isopropoxy, Cs-
Cyoalkoxy, phenoxy, methoxymethyl, methyithiomethyl, 1,3-oxazolyl,
methoxymethoxy, hydroxyl, amino, tosyl, methylsulfanyl, trimethylsiloxy,
dimethylamino, sulphate, nitro, halides or the like.
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In some embodiments of the invention, Y may be selected from the group
consisting of an organic linking group such as a hydrocarbylene,
substituted hydrocarbylene, heterohydrocarbylene and a substituted
heterohydrocarbylene; an inorganic linking group comprising either a
5 single- or two-atom linker spacer, and a group comprising methylene;
dimethylmethylene; ethyiene; ethene-1,2-diyl, propane-1,2-diyl, propane-
1,3-diyl; cyclopropane-1,1-diyl; cyclopropane-1,2-diyl; cyclobutane-1,2-diyl,
cyclopentane-1,2-diyl, cyclohexane-1,2-diyl, cyclohexane-1,1-diyl; 1,2-
phenylene; naphthalene-1,8-diyl; phenanthrene-9,10-diyl, phenanthrene-
10  4,5-diyl, 1,2-catecholate, 1,2-diarylhydrazine-1,2-diyl (-N(Ar)-N(Ar)-) where
Ar is an aryl group; 1,2-dialkylhydrazine-1,2-diyl (-N(Alk)-N(Alk)-) where Alk
is an alkyl group; -B(R")-, -Si(R"),-, -P(R")- and -N(R")- where R’ is a
hydrocarbyl (-C.Hzn1) or cyclic hydrocarbyl (-CiHzn.q) or heterocarbyl or
cyclic heterocarbyl or halogen. In some embodiments, Y may be -N(R")-
15 and R” may be selected from the group consisting of alkyl, substituted alkyl,
ary), substituted aryl, aryloxy, substituted aryloxy, halogen, alkoxycarbonyl,
alkoxy, aminocarbonyl, dialkylamino, silyl group or derivative thereof, and
aryl substituted with any of these substituents. In some embodiments R’
may be a hydrocarbyl or a heterohydrocarbyl or an organoheteryl group. R’
20  may be methyl, ethyl, propyl, isopropyl, cyclopropyl, allyl, butyl, tertiary-
butyl, sec-buty!, cyclobutyl, pentyl, isopentyl, 1,2-dimethylpropyi (3-methyl-
2-butyl), 1,2,2-trimethylpropyl (R/S-3,3-dimethyl-2-butyl), 1-(1-
methylcyclopropyl)-ethyl, neopentyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclo-octyl, decyl, cyclodecyl, 1,5-dimetylheptyl, 1-methylheptyl, 2-
25 naphthylethyl, 1-naphthylmethyl, adamantyimethyl, 1-adamantyl, 2-
adamantyl, 2-isopropylcyclohexyl, 2,6-dimethylcyciohexyl, cyclododecyl, 2-
methylcyclohexyl, 3-methylcyclohexyl, 4-methylcyclohexyl, 2-
ethylcyclohexyl, 2-isopropylcyclohexyl, 2,6-dimethyl-cyclohexyl, exo-2-
norbornanyl, isopinocamphenyl, dimethylamino, phthalimido, pyrrolyl,
30 trimethylsilyl, dimethyl-tertiary-butylsilyl, 3-trimethoxylsilane-propyl, indanyi,
cyclohexanemethyl,  2-methoxyphenyl, 3-methoxyphenyl, 4-
methoxyphenyl, 4-tertiary-butylphenyl, 4-nitrophenyl, (1,1'-bis(cyclohexyl)-
4, 4'-methylene), 1,6-hexylene, 1-naphthyl, 2-naphthyl, N-morpholine,
diphenylmethyl, 1,2-diphenyl-ethyl, phenylethyl, 2-methyiphenyl, 3-
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methylphenyl,  4-methylphenyl,  2,6-dimethyi-phenyl, or a 1,2,34-
tetrahydronaphthy!.

In some embodiments of the invention the ligating compound is of the
5 formula

AN ~

p——N-—FP

/ N

R¢ Re

with R® to R’ as defined above.

10
In some embodiments, each of R® to R® is an alkyl (in particular methyl,
ethyl or isopropyl) or aromatic (in particular phenyl or substituted phenyi).

The ligating compound may include a polymeric moiety to render the
15  reaction product of the source of chromium and the said ligating compound
to be soluble at higher temperatures and insoluble at lower temperatures
e.g. 25°C. This approach may enable the recovery of the complex from the
reaction mixture for re-use and has been used for another catalyst as
described by D.E. Bergbreiteret al., J. Am. Chem. Soc., 1987, 109, 177-
20  179. In a similar vein these chromium catalysts can also be immobilised by
binding the ligating compound to silica, silica gel, polysiloxane or alumina
backbone as, for example, demonstrated by C. Yuanyinet al., Chinese J.
React. Pol., 1992, 1(2), 152-159 for immobilising platinum complexes.

25 The ligating compound may include multiple ligating units or derivatives
thereof. Non-limiting examples of such ligands include dendrimeric ligands
as well as ligands where the individual ligating units are coupled either via
one or more of the R groups or via the linking group Y. More specific, but
not limiting, examples of such ligands may include 1,2-di-(N(P(phenyl),),)-

30 benzene, 1,4-di-(N(P(phenyl);).)-benzene, N(CH,CH,N(P(phenyl),)2)s, 1,4-
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15
di-(P(phenyl)N(methy!)P(phenyl),)-benzene, 1,2-di-(N(P(p-
methoxyphenyl);),)-benzene,  1,4-di-(N(P(p-methoxyphenyl),),)-benzene,
N(CHCH,N(P(p-methoxyphenyl),).)s and 1,4-di-(P(p-

methoxyphenyl)N(methyl)P(p-methoxyphenyl),)-benzene.

The ligating compounds may be prepared using procedures known to one
skilled in the art and procedures forming part of the state of the art.

The oligomerisation catalyst may be prepared in situ, that is in the reaction

10  mixture in which the oligomerisation reaction is to take place. Often the
oligomerisation catalyst will be prepared in situ. Alternatively the catalyst
may be pre-formed or partly pre-formed.

Activation
15
Activator (iii)

The catalyst activator may be a compound that generates an active catalyst
when the activator is Combined with the source of chromium and the

20  ligating compound.

These activators may be the same or similar to those found to be useful for

activating transition-metal-based olefin polymerisation catalysts, a review of

which is provided by Marks [Chem Rev. 2000, 100, 1391-1394]. Mixtures of
25  activators may also be used.

Suitable compounds include organoaluminum compounds, organoboron
compounds and inorganic acids and salts, such as tetrafluoroboric acid
etherate, silver tetrafluoroborate, sodium hexafluoroantimonate and the
30 like. Suitable organoaluminum compounds include compounds of the
formula AIR3;, where each R is independently C4-C;, alkyl, oxygen or halide,
and compounds such as LiAlH, and the like. Examples include
trimethylaluminum (TMA), triethylaluminum (TEA), tri-isobutylaluminium

(TIBA), tri-n-octylaluminium, methylaluminium dichloride, ethylaluminium
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dichloride, dimethylaluminium  chloride, diethylaluminium chloride,
ethylaluminiumsesquichloride, methylaluminiumsesquichloride, and
aluminoxanes. Aluminoxanes are well known in the art as typically
oligomeric compounds which can be prepared by the controlled addition of
5 water to an alkylaluminium compound, for example trimethyialuminium.
Such compounds can be linear, cyclic, cages or mixtures thereof.
Commercially available aluminoxanes are generally believed to be mixtures
of linear and cyclic compounds. The cyclic aluminoxanes can be
represented by the formula [R°AIO]; and the linear aluminoxanes by the
10 formula R*(R'°AIO), wherein s is a number from about 2 to 50, and wherein
R® R’ and R represent hydrocarbyl groups, particularly C; to Cg alkyl
groups, for example methyl, ethyl or butyl groups. Alkylaluminoxanes
especially methylaluminoxane (MAQ) are preferred in some embodiments.
(MAO is also referred to as methalumoxane and methylalumoxane in the
15 literature).

It will be recognized by those skilled in the art that commercially available
alkylaluminoxanes may contain a proportion of trialkylaluminium. For
instance, commercial MAO usually contains approximately 10 wt %

20 trimethylaluminium (TMA), and commercial “modified MAO" (or "MMAQ")
contains both TMA and TIBA. Quantities of alkylaluminoxane are generally
quoted herein on a molar basis of aluminium (and include such “free”
trialkylaluminium). The alkylaluminoxane and/or alkylaiuminium may be
added to the reaction media (i.e. ethylene and/or diluent and/or solvent)

25  prior to the addition of the catalyst or at the same time as the catalyst is
added. Such techniques are known in the art of oligomerisation and are
disclosed in more detail in for example, U.S. Pats. Nos. 5491,272;
5,750,817, 5,856,257, 5,910,619, and 5919996 as well as
W02008/146215 and WO2007/007272.

30
In the preparation of the catalyst systems used in the present invention, the
optimal quantity of activating compound to be employed is easily
determined by simple testing, for example, by the preparation of small test
samples which can be used to oligomerize small quantities of ethylene and
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thus to determine the activity of the produced catalyst. It is generally found
for alkylaluminium and aluminoxane based activators or co-activators that
the preferred quantity employed is 0.5 to 2000 moles of aluminium per mole
of chromium.

Examples of suitable organoboron activator compounds are boroxines,
NaBHj,, trimethylboron, triethylboron, triphenylboron,
dimethylphenylammoniumtetra(phenyl)borate, trityltetra(phenyl)borate,
dimethylphenylammoniumtetrakis(pentafluorophenyl)borate,
trityltetrakis(pentafluorophenyl)borate, tris(pentafluorophenyl) boron,
sodium tetrakisi(bis-3,5-trifluoromethyl)phenyliborate,
dimethylphenylammoniumtetrakis|(bis-3,5-trifluoromethyl)phenyilborate,
and trityltetrakis[(bis-3,5-trifluoromethyl)phenyllborate.

Those skilled in the art will recognise that boron-containing activators are

commonly used in combination with aluminium alkyl activators.

In some embodiments of the invention organoboron activators, as
described in WO2010/092554, include a cation and a non-coordinating
anion of the general formula

[(R)x L* - HI" [B(R")a]

wherein:
L* is an atom selected from the group consisting of N,
S and P;
the cation [(R), L* - H]" is a Bronsted acid:
X is aninteger 1, 2 or 3;
each R is the same or different and each is a ~H,
hydrocarbyl group or a heterohydrocarby! group;
provided that at least one R comprises at least 6
carbon atoms and provided further that the total
number of carbon atoms in (R), collectively is greater
than 12;
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R'" independently at each occurrence is selected
from the group consisting of hydride, dialkylamido,
halide, alkoxide, aryloxide, hydrocarbyl,
halosubstituted-hydrocarby! radicals, halosubstituted-
alkoxide, halosubstituted-aryloxide and a
halosubstituted aromatic moiety with at least one

halide substituent on the aromatic moiety.

lllustrative, but non-limiting examples of these organoboron activators
include methyldi(octadecyl)ammonium tetrakis(pentafluorophenyl) borate
and trioctylammoniumfetrakis(pentafluorophenyl) borate.

The source of chromium and the organoboron activator may be combined
in proportions to provide organoboron compound /chromium molar ratios
from about 0.1 to 50 organoboron to 1 chromium, or from about 0.8 to 20

organoboron to 1 chromium, or from 1 to 10 organoboron to 1 chromium.

Other preferred activators, as described in WO02007/039851, include a
cation and an anion component, and may be represented by the following

formula:

(L-H)™* (A%)

where L is a neutral Lewis base; H is hydrogen; (L-H)** is a Bronsted acid;
A% js a non-coordinating anion having the charge d; and d is an integer

from 1 to 3.

In these activator compounds, A® can be a fluorinated aluminate group.
Mustrative but non-limiting examples of the anion component A™ are
[AHOC(CF3)s}d]; [AOCsFs)o];,  [ANCeF402)af;  [AIF{OC(CF3)3}sf;
[ALF{OC(CF3)3}e]; and [Ta(OCsFs)q] -

The activator compound may optionally be a solid material, or be supported

on an insoluble solid material. For example, aluminoxanes such as MAO

PCT/IB2013/053693
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and borate activators may be supported on inorganic oxides such as
alumina, silica, MgCl, or the like.

Co-activator

In some embodiments of the invention the co-activator is an
organoaluminium compound and/or an organoboron compound.
Alternatively it may be an organic salt such as methyl! lithium and/or methyl
magnesium bromide, or an inorganic acid or salt such as tetrafluoroboric

10 acid etherate, silver tetrafluoroborate, sodium hexafluoroantimonate, and
the like.

Examples of suitable organoboron compounds are boroxines,
triethylborane, tris(pentafluorophenyl)borane, tributylborane and the like.

15
Suitable organoaluminium compounds include compounds of the formula
AI(R'®); (R'? being the same or different), where each R'? is independently
an organyl group, a halogenated organyl group or a halide, with at least
one of R? being an organyl group or a halogenated organyl group.

20  Examples include trimethylaluminium (TMA), triethylaluminium (TEA), tri-
isobutylaluminium (TIBA), tri-n-octylaluminium, methylaluminium dichloride,
ethylaluminium dichloride, dimethylaiuminium chloride, diethylaluminium
chioride, aluminium isopropoxide, ethylaluminiumsesquichloride,
methylaluminiumsesquichloride, and aluminoxanes.

25
Aluminoxanes are well known in the art as typically oligomeric compounds
which can be prepared by the controlled addition of water to an
alkylaluminium compound, for example trimethylaluminium. Such
compounds can be linear, cyclic, cages or mixtures thereof. Mixtures of

30 different aluminoxanes may also be used in the process.

In an embodiment of the invention the co-activator may comprise a

compound of the formula
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M (R,

wherein M is selected from the group consisting of a group 3A atom, a
group 4A atom and a metal atom, including an alkali metal atom
5 and an alkaline earth metal atom;,
nis 1 or a larger integer; and
R'is an organic group, R being the same or different when n is
larger than 1.

10 In some embodiments M is selected from the group consisting of a group
3A atom, a group 4A atom, and a transition metal atom. In some
embodiments the R group is bound to a group 3A atom. In some
embodiments the group 3A atom is selected from the group consisting of Al
and B, in particular it is Al.

15
The organic group R may be an organyl group, and in some embodiments
it comprises a hydrocarbyl group, in some embodiments it comprises an

alkyl group, and in some embodiments methyl, ethyl or a larger alkyl group.

20 In one embodiment of the invention the co-activator comprises AR5
wherein R’ is an alkyl group.

The co-catalyst may be selected from the group consisting of
trimethylaluminium (TMA); triethylaluminium (TEA), tributylaluminium, tri-
25  isobutylaluminium (TIBA) and tri-n-octylaluminium.

It will be appreciated that TMA is relatively expensive and accordingly the
use thereof may be wished to be avoided. It has been found that by using
an activator as defined in the present invention in combination with a co-

30 activator as defined above (but excluding MAO) the use of TMA can be
avoided as a co-catalyst.

It is foreseen that a co-activator as defined hereinabove will usually be

used in combination with an activator as defined above.
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In use, where both an activator and a co-activator are used, the co-activator

may be added first and the activator may be added subsequently.

5 Zinc compound

An additive can be used in the form of a zinc-containing species. The
species can be any form of zinc or any zinc containing compound. The
zinc compound may undergo reaction in situ with the trialkylaluminium to

10  form a new zinc species in situ.

Specific examples of suitable zinc compounds include zinc, activated zinc,

zinc halides, zinc alkyls, zinc oxygenates (including zinc acetate,

acetylacetonates and carboxylates) and zinc porphyrin. In some
15  embodiments, the zinc compound is zinc dialkyl, in particular dimethyl zinc

or diethyl zinc.

The zinc compound is present in the reaction of the invention in an amount
such that the ratio of the molar amount of zinc in the zinc compound to the

20  molar amount of chromium in the source of chromium is between 1 and
10000, or between 10 and 1000, or between 50 and 450.

The zinc may be used as any concentration of stock solution and the
concentration in situ in the reactor should be between 0.0001 mmol/L and 1

25  mol/L, or between 0.001 mmol/l. and 0.1 mol/l., or between 0.01 mmoi/l.
and 0.01 mol/L.

The zinc compound may be added at any stage during the activation
process, in some embodiments it is added directly to the reactor. The zinc
30 may be used as a mixed stock solution with the trialkylaluminium, or with

any other component.

Non-metal oxygen containing additive
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The non-metal oxygen containing additive can be gaseous, liquid or solid.
It can be used in pure form, or added entrained in a gas or as a stock
solution or absorbed or adsorbed onto a solid, where it can be mixed with
other components of the catalyst system.

In some embodiments of the invention, the non-metal oxygen containing
additive can be selected from the group consisting of dioxygen (O,), ozone
(03), nitrous oxide (N,O), sulphur dioxide (SO,), epoxide (such as ethylene
oxide, propylene oxide, butylene oxide, or the epoxide of any olefin),

10  peroxides (such as H,O, or organic peroxides ROOH, where R is
hydrocarbyl or heterohydrocarbyl), amine oxides (such as pyridinium N-
oxide, TEMPO, R3NO) or mixtures thereof.

In some embodiments the non-metal oxygen containing additive can be
15  selected from the group consisting of dioxygen (O,), ozone (O;), nitrous
oxide (N,O) and sulphur dioxide (SO;), epoxide (such as ethylene oxide
and propylene oxide) or mixtures thereof. In some embodiments the non-
metal oxygen containing additive is nitrous oxide or dioxygen or mixtures
thereof. In some embodiments the non-metal oxygen containing additive is

20  dioxygen.

When the non-metal oxygen containing additive is a gas, it can be added
as a pure gas directly to the headspace of the reaction, directly into
reaction solution or with another reagent. It can be added as a mixture with
25 another inert gas, such as dinitrogen or argon or it can be added as a
mixture with an olefinic gas such as ethylene or propylene. This gas
mixture can be added directly to the headspace of the reaction, directly into
reaction solution or with another reagent. If the non-metal oxygen
containing additive is dioxygen it can be added as air, compressed or
30 uncompressed or mixed with another inert gas, such as dinitrogen or argon,

or mixed with an olefinic gas such as ethylene or propylene.

When the non-metal oxygen containing additive is gaseous and used as a

mixture with another gas, such a mixture may be prepared by any practical
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means that gives the composition required, including but not limited to: use
of pre-prepared gas mixtures; mixing of the additive gas and carrier gas via
flow-metering, combination of flows via capillary techniques or similar; or
passage of the carrier gas past a porous membrane with the additive gas

5  on the other side.

When the non-metal oxygen containing additive is gaseous and used as a
solution in a suitable liquid medium, for example the reaction solvent, such
a solution of the additive gas or additive gas as a mixture in another gas

10 may be prepared by any practical means that gives the composition
required, including but not limited to: sparging the liquid medium with the
additive gas or additive gas as a mixture in another gas; vacuum degassing
the liquid medium and back-filling with the additive gas or additive gas as a
mixture in another gas; or passage of the liquid medium past a porous

15 membrane with the additive gas or additive gas as a mixture in another gas
on the other side.

When the non-metal oxygen containing additive is gaseous or liquid and

added absorbed or adsorbed onto a solid carrier (for example molecular
20  sieves, alumina, silica), this may be prepared by any practical means,

including but not limited to: pressurisation of the solid with the gaseous or

liquid oxygen containing additive, with or without heating or cooling; or

activation of the solid under vacuum with or without heating or cooling,

sonication or irradiation, followed by exposure with or without elevated
25  pressure to the gaseous or liquid additive.

When the non-metal oxygen containing additive is liquid or solid and has
suitable vapour pressure such that it can be used as a mixture with a gas,
such a mixture can be prepared by any practical means, including but not
30 limited to: use of a pre-prepared mixture; passage of the gas over or
through the additive, which may or may not be heated, agitated, sonicated
or iradiated; passage of the gas past a porous membrane with the liquid or

solid non-metal oxygen containing additive on the other side.
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When the non-metal oxygen containing additive is liquid or solid and is
used as a solution in another liquid medium, for example the reaction
solvent, such a mixture may be prepared by any practical means commonly
employed for dissolution.

When the non-metal oxygen containing additive is liquid or solid and used
in pure form it can be added to the reaction to the headspace or liquid
phase via any practical means.

10 A mixture of oxygen containing additives may be used, where the non-
metal oxygen containing additives may be combined in any ratio, and
added simultaneously or subsequently, and may be added via the same or

different means.

15  The non-metal oxygen containing additive is present in the reaction of the
invention in an amount such that the ratio of the molar amount of the non-
metal oxygen containing additive to the molar amount of chromium in the
source of chromium per 10° g/g Cr productivity is between 0.01 and 400, or
between 0.01 and 200, or between 0.1 and 20, or between 0.2 and 10.

20
It has surprisingly been found that the range over which the additive works
is quite narrow, and that both above and below this range a detrimental
effect exists. Too little non-metal oxygen containing additive and no benefit
is observed, too much non-metal oxygen containing additive and the

25 poisoning effect of non-metal oxygen containing additive returns, with
activity and productivity being ameliorated, whilst polymer formation
increases again. Hence, there is a clear optimum range for addition of the
non-metal oxygen containing additive, where a maxima in the positive
effects exists.

30
Olefinic compound to be oligomerised
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The olefinic compound may comprise a single olefinic compound or a
mixture of olefinic compounds. In one embodiment of the invention it may

comprise a single olefin.

5 The olefin may include multiple carbon-carbon double bonds, but in some
embodiments it comprises a single carbon-carbon double bond. The olefin
may comprise an a-olefin with 2 to 30 carbon atoms, or 2 to 10 carbon
atoms. The olefinic compound may be selected from the group consisting
of ethylene, propene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,

10  1-nonene, 1-decene, 3-methyl-1-pentene, 3-methyl-1-pentene, 4-methyl-1-
pentene, styrene, p-methyl styrene, 1-dodecene or combinations thereof.
In some embodiments it comprises ethylene or propene, in particular
ethylene. The ethylene may be used to produce hexene and/or octene, in

particular 1-hexene and/or 1-octene.

15
Oligomerisation
The oligomerisation process may comprise a trimerisation process,
alternatively or additionally it may comprise a tetramerisation process.

20

The process may be oligomerisation of two or more different olefinic
compounds to produce an oligomer containing the reaction product of the
two or more different olefinic compounds. In some embodiments, however,
the oligomerisation (particularly trimerisation and/or tetramerisation)

25  comprises the oligomerisation of a single monomer olefinic compound.

In one embodiment of the invention the oligomerisation process is
oligomerisation of a single a-olefin to produce an oligomeric a-olefin.
Typically it comprises the trimerisation and/or tetramerisation of ethylene, in

30 paricularto1-hexene and/or 1-octene.

Oligomeric product
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The oligomeric product may be an olefin, or a compound including an
olefinic moiety. In some embodiments the oligomeric product includes an
olefin, in some embodiments an olefin containing a single carbon-carbon
double bond, and in some embodiments it includes an a-olefin. The olefin
5  product may include hexene, in particular 1-hexene, or it includes octene, in
particular 1-octene. In an embodiment of the invention the olefinic product
includes a mixture of hexene and octene, in particular a mixture of 1-

hexene and 1-octene.

10 In one embodiment of the invention the oligomerisation process is a
selective process to produce an oligomeric product containing more than
30% by mass of a single olefin product. The olefin product may be hexene,
in particular 1-hexene, or alternatively it may be octene, in particular 1-
octene.

15
In some embodiments the product contains at least 35% of the said olefin,
in particular a-olefin, but it may be more than 40%, 50%, or even 60% by

mass.

20  The olefinic product may be branched, but in particular it is non-branched.

Catalyst preparation

It is foreseen that i) the source of chromium and ii) the ligating compound

25 may first be reacted together and the resulting product may even be
isolated, before combining it with the catalyst activator iii) and optional zinc
compound. However, i), ii), iii) and the zinc compound may be combined in
any suitable order in the presence or absence of a solvent, but in particular
at least some, but more particularly all of i), ii) and iii) are first combined

30 and subsequently contacted with the olefinic compound to which the zinc
compound has already been added. The non-metal oxygen containing
additive may be introduced at any time during the catalyst preparation, and
in some embodiments is introduced after combining i), ii) and iii), and
optionally the zinc compound.
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The contacting of the olefinic compound with compounds i) to iii), the
optional zinc compound, and the non-metal oxygen containing additive
preferably takes place under conditions to allow oligomerisation of the

5  olefinic compound. These conditions are well known to a person skilled in
the art and include elevated temperatures and pressure. The
oligomerisation may be carried out at temperatures from 10°C to 250°C, or
from 15°C to 130°C, or from 40°C to 120°C. Oligomerisation may be carried
out at a tempera‘gure of at least 0°C, or at least 40°C, or at least 50°C. It

10 may be carried out at a pressure of at least 100 kPa, or at least 1000 kPa,
or at least 3000 kPa.

The preparation of the activated catalyst may be carried out in a liquid
medium, in some embodiments an inert liquid medium. The liquid medium
15 may be the same liquid medium wherein the oligomerisation with the

diluted catalyst is carried out.

The activated oligomerisation catalyst before dilution may be prepared in
the same container as the one in which the diluted activated
20  oligomerisation catalyst is contacted with the olefinic compound to be
oligomerised. In some embodiments the activated oligomerisation catalyst
before dilution is prepared in a separate container to the one in which the
oligomerisation catalyst is contacted with the olefinic compound to be

oligomerised.

25
The source of chromium and ligating compound may be combined to
provide any suitable molar ratio, in some embodiments a chromium to
ligand compound molar ratio from about 0.01 : 100 to 10 000 : 1, or from
about 0.1 : 1to 10:1.

30

The zinc can be used in any loading compared to the chromium, in some
embodiments between 1 and 10000, or between 10 and 1000, or between
50 and 450. The zinc can be used as any concentration of stock solution
and the concentration in situ in the reactor can be between 0.0001 mmol/L
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and 1 mol/L, or between 0.001 mmol/L and 0.1 mol/L, or between 0.01
mmol/L and 0.01 mol/L.

The zinc compound can be added at any stage during the activation
5  procedure, in some embodiments it is added directly to the reactor. The

zinc can be used as a mixed stock solution with the trialkylaluminium.

The non-metal oxygen containing additive can be used in any loading
compared to the chromium such that the ratio of the molar amount of the

10 non-metal oxygen containing additive to the molar amount of chromium in
the source of chromiumper 10° g/g Cr productivity is between 0.01 and 400,
or between 0.01 and 200, or between 0.01 and 100, or between 0.1 and 50,
or between 0.1 and 20, or between 0.2 and 10.

15 The non-metal oxygen containing additive can be added at any stage
during the reaction, and in some embodiments it is added directly to the
reactor continuously during reaction. The amount of non-metal oxygen
containing additive added can be varied during reaction. When gaseous,
the non-metal oxygen containing additive can be used as a gas mixture

20 with the olefinic compound if this is also a gas.

The process may also include combining one or more different sources of
chromium with one or more different ligating compounds.

25  The oligomerisation catalyst or its individual components, in accordance
with the invention, may also be immobilised by supporting it on a support
material, for example, silica, alumina, MgCl,, zirconia, artificial hectorite or
smectorite clays such as Laponite™ RD or mixtures thereof, or on a
polymer, for example polyethylene, polypropylene, polystyrene, or

30  poly(aminostyrene). The catalyst can be formed in situ in the presence of
the support material, or the support can be pre-impregnated or premixed,
simultaneously or sequentially, with one or more of the catalyst
components or the oligomerisation catalyst. In some cases, the support

material can also act as a component of the activator. This approach would
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also facilitate the recovery of the catalyst from the reaction mixture for
reuse.

The invention will now be described, by way of exampie only, with

5 reference to the following non-limiting examples:
EXAMPLES

In each of the examples, one of the following representative reaction
10  procedures was used, as will be evident from what follows.

Representative procedure for oligomerisation reaction using borate or
aluminate activator and trialkylaluminium co-activator under batch
conditions:

15
A 300 mL or 1.2L stainless steel reactor was heated to 120°C under
vacuum for 30 minutes, cooled to 60°C and back-filled with Ar. The reactor
was charged with solvent and if being used, charged with zinc compound.

20 Separately, TEA then activator salt(as stock solutions) were added
sequentially to a stirred solution of chromium source and
bis(diarylphosphanyl)amine ligand. The activation solution was added to
the reactor and the reactor was pressurized to 50 bar with a gas mixture
comprising ethylene containing the non-metal oxygen containing additive.

25 The reaction pressure was kept constant through addition of ethylene
monitored via a flow-meter. After cessation of ethylene uptake, the gas
supply was closed and the reactor cooled to 0°C. Excess ethylene was
bled and the reactor contents treated sequentially with 1000 yL of nonane
(GC internal standard), MeOH and 10% HCI (aq). A sample of the organic

30 phase was taken for GC-FID analysis. Any solid formed was collected,
washed repeatedly with 10% HC! (aq.) and EtOH, dried overnight and
weighed.
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Representative procedure for oligomerisation reaction using modified

methylaluminoxane activator under batch conditions:

A 300 mL or 1.2L stainless steel reactor was heated to 120°C under
5  vacuum for 30 minutes, cooled to 60°C and back-filled with Ar. The reactor
was charged with solvent and if being used, charged with zinc compound.

Separately, modified methylaluminoxane(as a stock solution) was added to
a stirred solution of chromium source and bis(diarylphosphanyl)amine

10 ligand. The activation solution was added to the reactor and the reactor
was pressurized to 50 bar with a gas mixture comprising ethylene
containing the non-metal oxygen containing additive. The reaction
pressure was kept constant through addition of ethylene/additive monitored
via a flow-meter. After cessation of ethylene uptake, the gas supply was

15  closed and the reactor cooled to 0°C. Excess ethylene was bled and the
reactor contents treated sequentially with 1000 pL of nonane (GC internal
standard), MeOH and 10% HCI (ag). A sample of the organic phase was
taken for GC-FID analysis. Any solid formed was collected, washed
repeatedly with 10% HCI (aqg.) and EtOH, dried overnight and weighed.

20
Representative procedure for oligomerisation reaction under

continuous operation conditions:

A 5 or 300 L reactor system was initially started-up using a batch procedure
25 analogous to that described above. Thereafter, the reactor was operated
continuously via constant addition of activated catalyst solution and
ethylene/additive feed. A continuous drain of the reactor was employed to

ensure a stable fluid leve! within.

30 Example 1

Table 1 shows that when the triethylaluminium-tetrakis(perfluoro-tert-
butoxy)aluminate oligomerisation catalyst is used, as the ratio of molar

equivalents of non-metal oxygen containing additive (oxygen) to chromium
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per 10° g/g Cr productivity (hereafter referred to as the “non-metal oxygen
containing additive ratio” or “ratio”) increases from 0.37 to 0.95 there is a
ten-fold drop in polymer formation from 1.0 to 0.1 w%. As the ratio
increases further from 0.95 the amount of polymer formed increases, but
5  comparatively slowly, reaching 0.3 wt.% at an non-metal oxygen containing
additive ratio of 6.72. This highlights an optimum in the non-metal oxygen
containing additive ratio for polymer formation, which it is desirable to have
minimized. Regarding activity, which it is desirable to maximize, this
increases with non-metal oxygen containing additive ratio up to a maximum
10  (see entry T1-3, non-metal oxygen containing additive ratio 2.86), before

decreasing again.

Example 2

15  Table 2 highlights the same trends as Table 1 but at lower catalyst loading,
the optimum performance in terms of both polymer formation and activity
being at an non-metal oxygen containing additive ratio of 0.90 (entry T2-2).

Example 3
20

Table 3 shows data for the triethylaluminium -
tetrakis(perfluorophenyl)borate catalyst, and was obtained from catalysis in
a larger vessel that also allowed assessment of catalyst lifetime
(productivity). The non-metal oxygen containing additive ratio is increased
25 from 0.2 to 3.1, with a maximum in activity occurring between 0.6 and 2.8,
and a minimum in polymer at 0.8. The maximum in catalyst lifetime occurs
between non-metal oxygen containing additive ratios of 0.8 and 1.3.

Example 4
30

Table 4 shows optimization of the non-metal oxygen containing additive
dosing as the chromium catalyst loading is lowered in a reactor of constant
size. Entry T4-1 shows a 1.25 umol run for comparison; for this run the
productivity of 6M g/g Cr represents filing the autoclave. When the
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chromium catalyst loading is lowered to 0.5 ymol but the same level of
oxygen dosed (0.33 ppm), the non-metal oxygen containing additive ratio is
consequently increased, and activity drops and the catalyst fails to fill the
autoclave (entry T4-2). By adjusting the oxygen dosing such that the non-
5 metal oxygen containing additive ratio is decreased accordingly, activity
and productivity are restored (T4-3), and further polymer formation is
lowered. Entry T4-4 represents finer tuning of the non-metal oxygen
containing additive ratio and benefits activity further. Entries T4-5 and T4-6
show another lowering of the chromium concentration and, comparing the
10  two, the non-metal oxygen containing additive ratio is clearly more
optimized in T4-5, as the activity and productivity are higher. A similar
trend is observed for T4-7 and T4-8, the slightly higher non-metal oxygen
containing additive ratio in T4-7 giving higher activity and productivity with
lower polymer.
15

Example 5

Table 5 shows data for a bis(phosphanyl)amine ligand with ortho-alkyl-
substituted phenyl rings at phosphorus. As the non-metal oxygen

20  containing additive ratio is increased, activity and productivity increase,
whilst polymer levels drop.

Example 6

25 Table 6 shows data for the methylaluminoxane catalyst system and
ilustrates that here also, an optimum non-metal oxygen containing additive
ratio exists for productivity, activity and polymer, and that this ratio is very
similar to that required for the triethylaluminium -
tetrakis(perfluorophenyl)borate and triethylaluminium-tetrakis(perfluoro-tert-

30  butoxy)aluminate catalysts. From an initial non-metal oxygen containing
additive ratio of 0.4, a marked improvement occurs when this is increased

to arange of 1.1 10 4.2, in all respects.
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Example 7

Table 7 shows data for a different variant of the triethylaluminium -
tetrakis(perfluorophenyl)borate  catalyst, namely  trioctylammonium

5 tetrakis(perfluorophenyl)borate, and again reveals that the same trends
hold true. Activity and productivity show maxima at a non-metal oxygen
containing additive ratio of 1.2 — 1.3, whilst polymer, after showing a sharp
drop (2.0 wt.% to 0.5 wt.%) when the non-metal oxygen containing additive
ratio initially increases from 0.4 to 0.9, then shows a gradual decrease then

10 increase, with a minima at an non-metal oxygen containing additive ratio of
3.2.

Example 8

15 Table 8 shows more data for the triethylaluminium -
tetrakis(perfluorophenyl)borate and again shows a clear maximum in
performance at an non-metal oxygen containing additive ratio of 1.1 — 1.2.
Above or below this range activity and productivity both decrease, whilst
polymer formation increases.

20

Example 9

Table 9 illustrates addition of the non-metal oxygen containing additive, in
this case oxygen, using the same catalyét system as used in Example 8,
25 directly to the reactor headspace as a pure component. As can be seen, a
clear maximum again exists in terms of productivity and activity, whilst a

minimum in polymer formation occurs at the same point.

‘Example 10
30

Table 10 illustrates addition of the non-metal oxygen containing additive, in
this case nitrous oxide, using the same catalyst system as Example 8. It
highlights that a clear maximum in terms of productivity and activity exists

where the non-metal oxygen containing additive ratio is between 0.20 -
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0.30, whilst polymer formation appears to steadily decrease as the non-

metal oxygen containing additive ratio increases.

Example 11

Table 11 shows data for catalysis with dioxygen as the non-metal oxygen

containing additive using a bis(phosphanyl)amine ligand with a cycloalkyl

substituent at nitrogen. As the non-metal oxygen containing additive ratio

is increased, activity increases then decreases, hence displaying a clear
10  optimal maxima, whilst polymer leveis drop.

Example 12

Table 12 shows data for catalysis with dioxygen as the non-metal oxygen
15  containing additive using a bis(phosphanyl)amine ligand with an aryl
substituent at nitrogen. As the non-metal oxygen containing additive ratio
is increased, activity and productivity increase then decrease, hence

displaying a clear optimal maxima, whilst polymer levels drop.

20 Example 13

Table 13 shows data for catalysis with dioxygen as the non-metal oxygen
containing additive using a bis(phosphanyljamine ligand with polar groups
(specifically fluoro-substitution) at the ortho-position of the phenyl rings at
25 phosphorus. As the non-metal oxygen containing additive ratio is
increased, activity and productivity increase then decrease, hence

displaying a clear optimal maxima, whilst polymer levels drop.

Example 14
30

Table 14 shows data for catalysis with dioxygen as the non-metal oxygen
containing additive using a bis(phosphanyl)amine ligand with an alkenyl
substituent at nitrogen. As the non-metal oxygen containing additive ratio

is increased, activity and productivity increase then decrease, hence
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displaying a clear optimal maxima, whilst polymer levels drop then rise

again, also showing a clear optimum.

Example 15

Table 15 shows data for cataiysis with dioxygen as the non-metal oxygen
containing additive using a bis(phosphanyl)amine ligand with an ether
substituent at nitrogen. As the non-metal oxygen containing additive ratio
is increased, activity and productivity increase then decrease, hence
10  displaying a clear optimal maxima, whilst polymer levels drop then rise

again, also showing a clear optimum.

Example 16

15  Table 16 shows data for catalysis with dioxygen as the non-metal oxygen
containing additive using a N,N-di(phosphanyl)hydrazine ligand. As the
non-metal oxygen containing additive ratio is increased, activity and
productivity increase then decrease, hence displaying a clear optimal
maxima, whilst polymer levels drop.

20

Example 17

Table 17 shows data for catalysis with dioxygen as the non-metal oxygen
containing additive using a bis(phosphanyl)amine ligand with polar groups

25  (specifically methoxy-substitution) at the ortho-position of the phenyl rings
at phosphorus. As the non-metal oxygen containing additive ratio is
increased, activity and productivity increase then decrease, hence
displaying a clear optimal maxima, whilst polymer levels stay constant
initially, then increase once the maxima in activity has been passed.

30

Example 18

Table 18 shows data for catalysis with dioxygen as the non-metal oxygen
containing additive using a P-N-P-N-H framework (as described in WO
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2009/006979, WO 2009/068157, Eur. J. Inorg. Chem. 2010, 1167-1171
and Chem. Eur. J. 2011, 17, 6935 - 6938), specifically
(diphenylphosphanyl)(phenyl(isopropylamino)phosphanyl)(isopropyl)amine
in combination with tetraoctylammonium chloride and triethylaluminium. As
5  the non-metal oxygen containing additive ratio is increased, activity and
productivity increase to a maximum at a non-metal oxygen containing
additive ratio of 36.2 then decrease. The polymer formation stays fairly
constant until a non-metal oxygen containing additive ratio of 36.2 where it
increases slightly, however once this point is passed the polymer formation
10  increases further to 3.0 wt% at 398.9.

Example 19

Table 19 shows data for catalysis with dioxygen as the non-metal oxygen

15 containing additive using a P-N-P-N-H framework (as described in WO
2009/006979, WO 2009/068157, Eur. J. Inorg. Chem. 2010, 1167—-1171
and Chem. Eur. J. 2011, 17, 6935 - 6938), specifically
(diphenylphosphanyl)(phenyl(isopropylamino)phosphanyl)(isopropyl)amine,
but rather than activation as in Example 18, activated instead in

20 combination with triethylaluminium and di(octadecyl)methylammonium
tetrakis(perfluorophenyl)borate. ~ As the non-metal oxygen containing
additive ratio increases the activity and productivity again increase then
decrease, whilst the polymer formation decreases then increases,
demonstrating a clear optimum value.

25

Example 20

Table 20 shows data for the use of sulfur dioxide (SO,) as the non-metal
oxygen containing additive. It is observed that as the level of sulfur dioxide
30 is steadily increased the activity and productivity reach a peak, then
decrease, whilst polymer appears to generally decrease steadily in amount.
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Example 21

Table 21 shows data for catalysis with dioxygen as the non-metal oxygen

containing additive using a P-N-C=N ligand framework (as described in WO
5 2011/082192 A1 and ACS Catal., 2012, 2, 2452-2455), specifically 1-(2,6-

dimethylphenyl)-2-((4-methylphenyl)methylene)-3-(diphenylphosphanyl)-

1, 3-diaza-1-propene as a complex with chromium trichloride. The same

trends are observed as with the other examples herein, namely that activity

and productivity increase to a maximum then decrease again, whilst
10  polymer decreases to a minimum then increases again, as the non-metal

oxygen containing additive ratio steadily increases.

Example 22

15  Table 22 shows data from continuous mode operation of a chromium
catalyst where the non-metal oxygen containing additive ratio is gradually
decreased from 44.6 to 5.1. As can be seen a concomitant increase in

activity and productivity occurs.

20 Examples 23 and 24

Tables 23 and 24 show continuous mode operation of a chromium catalyst

under similar conditions to that of Example 11, but with a lower non-metal

oxygen containing additive ratio (around 2.1 to 2.2), which gives better
25  activity and productivity.

Example 25

30 Table 25 shows continuous mode operation of a chromium catalyst where
the oxygen containing additive ratios started at zero, then increased
stepwise to 0.2, 0.3 and 1.5, each time giving a stepwise improvement in

activity and productivity.



WO 2013/168103 PCT/IB2013/053693
38

Examples 26 and 27

Table 26 shows a similar run to that of Example 25, but with a stepwise

increase starting from zero to 1.0, 2.6 and 4.2, As can be seen the maxima

5 in terms of activity and productivity occurs at an non-metal oxygen

containing additive ratio of 1.0, highlighting with Table 14 an optimum range

of about 1.0 to 1.5 under these conditions. Table 27 also shows continuous

mode operation data for a chromium catalyst and serves to further highlight

the sensitivity of activity and productivity to the non-metal oxygen

10  containing additive ratio, these parameters changing consistently in
response to changes in the non-metal oxygen containing additive ratio.

These examples (1 to 27) illustrate the benefits of a non-metal oxygen
containing additive upon catalysis when the non-metal oxygen containing

15  additive is oxygen or nitrous oxide or sulfur dioxide.

These examples (1 to 27) illustrate the benefits of a non-metal oxygen
containing additive upon catalysis with a range of PNP ligands, specifically
bis(diphenylphosphanyl)(1-methylbutyl)amine, bis(diphenylphosphany!)(1-

20 methylheptyl)amine, bis(diphenylphosphanyl)(1,2-dimethylheptyl)amine,
bis(diphenylphosphanyl)(1,2-dimethylpropyl)amine, bis(di(2-ethyl-
phenyl)phosphanyl)(dodecyl)amine,
bis(diphenylphosphanyl)(cyclohexyl)amine,
bis(diphenylphosphanyl)(phenyl)amine, bis(diphenylphosphanyi)(3-

25  isopropoxypropyl)amine, bis(diphenylphosphanyl)(3,7-dimethyl-2,6-
octadienyl)amine,  bis(di{ortho-methoxyphenyl}phosphanyl)(methyl)amine
and (di{ortho-
fluorophenyl}phosphanyl)(diphenylphosphanyl)(isopropyl)amine. These
ligands demonstrate a number of permutations of this ligand skeleton,

30 specifically, n-alkyl, branched alkyl, cyclic alkyl, aryl, unsaturated
hydrocarbyl (alkenyl) and ether groups at nitrogen, along with aromatic,
alkyl substituted aromatic and polar substituted aromatic groups at
phosphorus.
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These examples (1 to 27) illustrate the benefits of a non-metal oxygen
containing additive upon catalysis with a range of non-PNP ligands,
specifically a hydrazine based ligand framework (P-N-N-P), a P-N-P-N-H
framework (as described in WO 2009/006979, WQ 2009/068157, Eur. J.

5 Inorg. Chem. 2010, 1167-1171 and Chem. Eur. J. 2011, 17, 6935 — 6938)
and a P-N-C=N framework (as described in WO 2011/082192 A1 and ACS
Catal., 2012, 2, 2452-2455).

These examples (1 to 27) illustrate the benefits of a non-metal oxygen
10  containing additive upon catalysis with a range of activator packages,
specifically triethylaluminium — trity! tetrakis(perfluoro-tert-butoxy)aluminate,
triethylaluminium - dioctadecylmethylammonium
tetrakis(perfluorophenyl)borate, triethylaluminium - trioctylammonium
tetrakis(perfluorophenyl)borate, modified methylaluminoxane-3A and

15  modified methylaluminoxane-20.

These examples (1 to 27) illustrate the benefits of a non-metal oxygen

containing additive upon catalysis with a range of solvents, specifically

cyclohexane, methylicyclohexane, chlorobenzene and 2,2,4-
20  trimethylpentane.

These examples (1 to 27) illustrate the benefits of a non-metal oxygen
containing additive upon catalysis under either batch or continuous
operation conditions, from 150 mL up to 300 L volume reactor vessels.

25
These examples (1 to 27) illustrate the benefits of a non-metal oxygen
containing additive upon catalysis with a range of chromium sources,
specifically chromium(lil)acetylacetonate, chromium(lll)-2-ethylhexanoate
and tris(2,2,6,6-tetramethyl-3,5-heptanedionato)chromium(ill).

30

These examples (1 to 27) illustrate the benefits of a non-metal oxygen
containing additive upon catalysis both with and without hydrogen (H,)

present.
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These examples (1 to 27) illustrate the benefits of a non-metal oxygen
containing additive upon catalysis both with and without dialkyl zinc

present.



PCT/IB2013/053693

WO 2013/168103

41

€0

€0

(A

0

10

o'l

{%m}  {%m}  {%m}
v—-cro

ad

Vi

8’1

0¢

L¢

€¢

9¢

+m_.O

88

€8

g8

98

8'8

1A

(G'66)
G'Z9
(v'66)
#'69
(¥'66)
099
(¥'66)
9'v9
(v'66)
1’99
(5°66)
6°G9
{o%m}
(®2-1)
)

(9°G8)
69z
(0'e8)
9'€e
('z8)
122
(129
gee
(Z'18)
612
(1¢€8)
L'€C
ALY
(®0-1)
o)

8r0'9SPh L
GPG'68EC
qee'Tie’e
006'6.€'t
z8LTrL'e
GlETY.

{uno6/6}
Aoy

"9ABJO0INE W 00E |OUd TW 0L 0,09 ‘dudyle Jeq 05
131y be 051 [*(;ng,0)IvI[Ofud] be Z'I sutwe(fingiAyiew- | )(JAueydsoydiAusydip)sig bs g'| f(oeoE)1D suonipuod [elsusg

L61°80€
916'v0L
180°€0L
Z81'99.
oLe'ees
GZy'16S

{106/6}
Annnonpoud

8zl €Y'
6¢t TL'9
gyl zee
G0l 98¢
0¥l G6°0
8Ly I€0
{uwa} | (poid ,01)
awly (10 jow)
uxy (%0 low)

8001 0's
Gie G¢

Gl G¢
Syt S¢
Sv0 G¢
vl 0 G¢

oL

Gt

il

€1l

-ll

{wdd}  {lown} Anua

CHEINER K g} 19D

‘weal)s pas) susjAyld sy ul paulenus

uabAxolp jo uonippe — usbouu Je snusgns || paysueiq e yum puebly dNd e pue sjeuiwnie(Axoing-ps}-olonipad)snies)s)

—wniuwnejAyiely Buisn sAeled e ypm sisAlejes uonesuswens) uonessdo yoleq uodn usbAxolp jo 10843

‘L s1qeL



PCT/IB2013/053693

WO 2013/168103

42

"SAB[D0INE W O0E -I0Ud TW 0L ‘0,09 ‘eudyls leq 0§ F3IY

ba og1 ‘[*(,ng,ONVIDfud] ba z'I ‘suiwe(fideyiAypw-|)(jAueydsoydifuaydip)sig be z°) ‘#(oeoeing)in SuoNIPUOD [BISUSD

S0 sz ¥l Amwwmv
€0 627 88 Amummv
0 vz B Am..wmv
(oo} oo o) O
EXTR I A

(818
122
(918)
GZe
(zc8)
L'€2

{%m}
(°o-1)
°

296'c/9'v  8G/'161°) ¢l v9'¢C Syl ST/ R Sl
1€6°'2/9'  G8g‘9vv'L 801 06°0 S0 G’V ¢cL
6LS26¥'0 961°.0¥V') €0l 120 €eo Gc'l 12l
uw} | (poid ,01) {wdd}
uobB)  poppy U (Poid {jowrf)
fanpy  Awmonporg SWiL plotow) - susge T A

uxy  (“OJow) uréo

‘weal)s pasy) susjAyie sy} ul paurenua

uabBAxolp jo uonippe — usboniu Je wansgns |AMje payouelq e yym puebl] JNd B pue sjeulwunje(Axong-paj-oionjuad)snyes)s)]

—winuiwngeiAyieuy Buisn isAjeles e yum sisAjeles uogesuswens} uonelsdo yojeq uodn usbBAxolp jo ey

‘¢ SigeL



PCT/IB2013/053693

43

(G08)

‘Bz ‘euexayoho qw 0oz ‘D,09 ‘eusyle teq 0g &3V bs 0zZp
TELo)aliHNaWE(eHB D) ba 'L ‘sulwe(ifidaylAyiew-|)(Aueydsoydifusydip)siq be z'| #(oBoBZNg)1) SUOHIPUOD |elsuss)

WO 2013/168103

. : . (z66) O ot S . . . _
z1 ez s oo o2 oeell0g's s65'€6TT  SOb L'e szl  STL g€l
. . (1'66)  (2'08) o - . ‘ . )
80 T 1T g0 (oY BOEUTE'9 06LTGYE 6L 9z 2zl szl el
) ) ) (z'66) (1'08) s crat . ) ) )
PO 6L zOL oo Gos  VELZ90'9 0IE'9BSS SO el 950 Szl o€l
. : : (z'66) (9'18) oot oo ¢ : . : )
€0 1z zoL oo ore)9IGUETY vIoTV'S el 80 Ge0  SzTL  Gel
o0 £z por 8 008  coceoco peozre'y 608 90 920 STl b€l
269 ez
;0 1z e (€88 98D, eing gerzige Lge 0 910 Szl g€l
6'99 10z
. : . (c66)  (8°08) A et . . . )
60 LT 66 oo 0% ovo'zl's ooL'z90't bk €0 010 Szl zel
. ) ) (z'66) (L'61) S (et ) ) ) )
LT €T 8L g Gor  BLUS6RY TLL09E'L 812 20 900 SzTL L€l
0 0, uiw ol wdd
o) o) foam) o DR ey popey L Poid 0L dwdd) g, gy
g g woig o) (1) Aoy Awaponporg Sl L0 foul) - suaus 19 3
3 8 59 " " uxqy  Corow)  weo

‘weals pasy ausjAyle ay; ul
pauienua usbAxolp jo uonippe — uabolyiu Je Jusnyiisgns |Aye payouelq e yim puebi] dJNd B pue ajeloq(jAusydoionipad)snes)

—wnuiwnjejAylely Buisn jsAeied e yim sisAieled uoijesuswiel}s] uoijelado yojeq uodn usbAxoip jo ps8y3 ¢ s|qel



PCT/IB2013/053693

WO 2013/168103

44

{Oud 40 pesjsu auejuadifylsuiL -2’z TW 002 . "AE0INE 7271 ‘IOUd TW 00T ‘D09 ‘Suduis JBq 0§ 13l ba Ozy

Tr(420)gllHNaWE(2EHE D)) ba ¢/ ‘sulwe(ifideylAyiaw- | )(Aueydsoydifusydip)sig ba z'| %(oeoE?Ng)I3 SUOIIPUOD [BJaUSD)

G0

10

(A

Ay

o

AV

¥0

90

{%m}
3d

[

vl

Vi

8l

Ll

9l

9t

0¢

+m«U

€q

L9

AV

86

L0l

68

12

v'6

{oom}  {%Im}
L0 «O

(c'66)
0L
(¢'66)
z0L
(€'66)
1’69
(z'66)
Z'.9
(166)
#'G9
(66)
9'99
(5°66)
€79
(r'66)
G99

{%m}
(®0-1)
83

(z'18)
11z
(508)
602
(¥"08)
602
(¥'08)
G0C
(1'18)
612
(219
1'2¢
(0¢8)
€ee
(€08)
€1z

{%m}
®*2-1)
°9

000'688

6.0°865 L

0S8°'0¥9'L

Z51'60L'e

GE0'609'y

L6Z'68Y'E

L¥6'09€C

G/S'VIT'S

{unob/6}
Aunnoy

Zre'eel'e
86%'LS6'01
91999001
¥9G'€GG'G1
LEG'PPE'TL
816°G9L'vL
169'0199

z62' YS9

{106/6}

Anonpoid

145%

(237

89¢

evy

191

14°14

891

Gl

{utu}
aw|

uxy

120

190

cl0

vE0

€50

124"

€l

LL0

,(poid

J0l)

(1D Jow)
(¢0 1ow)

710

910

810

810

cco

cco

€e0

€eo

{wdd}
susyje
ul °Q

GL'0 8L
SL0  eLPL
20 9L

€0 «SPl
190 b tl
S0 evl
G0 cvL
CTA N S A
%M& Anug

“J9 10 syunowe BuifieA yim saipnis awinayl 1sAjele weans pasy ausjAyle aul ul

pauienus usbBAxolp jo uonippe — usboujiu Je Juanjiisans |Aye psyouelq e yum puebi| dNd & pue sjeloq(jAusydolonipsd)snies)a)

—wnuwniejAyle) Buisn jsAleles e ypm sisAjejes uonesuswes} uonessdo yojeq uodn usbAxop jo 1osyd]

‘v 9lqel



PCT/IB2013/053693

WO 2013/168103

W,

"9AE|00INE JWQQE ‘auexayoloho qwg/. D,09 ‘Busyle Jeq 0§ “1guz bs pg
TrEL20)gllHNanC(He )] be 2 suiwe(iAospop)(iAueydsoyd(jAusyd-jAue-z)ip)sig be gL S(H3-ZMD SUOHIPUOD |BIBUSS)

) ) . (z'66) (z'66) 14 . ) . ) 5
G0l L0 vl 81 678 Jgosz GEL88S  8LL  €9e €58 STL €6l

. X . (z'66) (c66) € . i . ) )
8l 90 vl ey zeg  gssgr T9BLLS  lTL gEl Gl'e SZL TSl

. : . (0°66) (z66) S , . . . )
Z61 60 L0 o bes  poezz L8HYSS  Svl 0's 90’k  SZL  1GL

(poud

9 dd
ot {opmd fopwy oW D W uoppy Lt 01 fwadh g, g "
39 N noy (07 (O HOBB} g BWlL,eueuls T 3
o) °D Auagoy uxy (I0jow) wizo

(0 1ow)

‘weals psay susjAyie ay) ul pautenue uabAxoip jo uonippe — uabouiu Je Jusnisgns (JAye-u) |Aje sesul e pue
snioydsoyd je sbuu JAusyd sy uo sjusniisgns-oypo tejod-uou ypm puebij JNd e pue 1sAjeles sjeloq(jAusydosonjuad)sness)

—wnuiwnelfyieyy Buisn jsAjeles e yum sisAjeies uonesuswens) uopessdo yojeq uodn uabAxoip jo pau3 G sjqel



PCT/IB2013/053693

WO 2013/168103

46

"aAB|DoINE WG ‘suejuadiAulownl-4'Z g JW 001 D,09 ‘susyle leq G ‘ye-suexoulwnjejAylow
psyipow bs 08y ‘suiwe(jiAdosdiAyiawip-z' L ) (JAueydsoydiAusydip)sig ba gy £(oeoR)ID 'SUOIJIPUOD  |BIBUSD)

) . : (66 (029) o . ) . ) )
€0 60 88 629 oz CSr¥OvL  6l8.0L 6T Ty S¥'L ¢ L9l
. ) ) (5'66) (9/8) - _ ) ) ) _
S0 60 00l 19 0z 9EVSYTL 20Ty 9g z S¥0 G6Z 991
. : . (G'66) (0°28) ot . . . . )
0 60 L6 >'Z0 oz ‘OL'L8€'L 18E'6GL €€ A S¥0 ST 69l
: . . (5'66) (1'98) - : . . . i
L0 0l 96 Leo . eop LIE99TL  8eE'lLL L€ Al S¥0 §T V9l
) . . (s'66) (1'98) O e . . . . )
L0 0l z0l) 629 6ye E9TLIGE'L  oETeeL  SE L) S¥0 ST €9l
. . . (566) (€'98) . , . . . )
0} L) '8 969 ooz ¥96L9  EEL'60S ¥ G0 §L'0 ST c9al
. . . (566) (+'98) » _ : . . )
Ll 0l G'8 609 sz VSY'SLS  eev'eeL Ll 70 GL0 S¢ 19l
-(poud "
9, 9 Uil W
ot ot et o DO oy posey B O B o
+Gl y1-0t . 3
ad 2 2 5 5 Aunpoy Ayaonpoid "o (gtow) weg 0
(¢O low)

‘wealns pae) ausjAyie ayy ui paulenus usbAxolp jo uonippe — uabouyu e uanysgns |Axje payosueliq e yum puebl| dNd

e pue suexouiwnejfylew Buisn jsAjeles e yum sishjejes uonesuswensl uonesado ysjeq uodn usbAxolp jo 10843 9 8jqey



PCT/IB2013/053693

WO 2013/168103

47

80

70

co

€0

¥0

S0

0¢

{oom} {opm}  {o%m}
vTOFQ

dd

60

L0

90

90

L0

L0

80

+mvo

6v

Sy

101

901

0L

0ol

'L

"SABJOOINE ] 7'} ‘suexayojohojAyiswi Jw 00Z 0,09 ‘Busyle teq 0 ‘@3uz ba poL ‘f1g)v be
ocy ‘PEL°2)gqlHNG20] be z7L  reunwe(fidayihyiswip-z L )(1AueydsoydiAuaydip)sig be z'| ‘&(H3-Z)1D suonpuod jelsus)

(v'66)
9'Zs
(€'66)
YAV
(9'66)
LS
(9'66)
L'€S
(G°66)
L'€S
(G'66)
9GS
(9'66)
165
{o%m}
(®2-1)
83

(8'26)
£y
€1y
gl¢
(r'16)
0'GE
(9'16)
6'1E
(z'16)
£ve
(6°086)
G'ee
(6'68)
1'ze
{%m}
(®o-1)
)

€9/°'991L

G1.'8SC
120'8Lls’L
L6¥'vSe'e
908°LELC
£8€°08¢L

9/2°L1\8

{unob/6}
Ayingoy

6SE°08€E

v.6'CLE
GEILEEE
9L9°cer'y
0LG'81lG's
€LE 128V
8.6'906°L

{106/6}
Ayanonpoud

LEL
€L
cel
€l
GG1
Ole

)48

{us}
st uxy

€'GS

6'vE
[A>
€l
¢l
60
¥0

.(poid 01)
(10 Jow)
(20 1ow)

€6

4

€1

90

S0

v0

710

{wdd}
susy}e
urcQ

Gc'l

A

7/ 8

sc't

St

Gc'l

Gc't

{lowr}

10

YAVN N

9/1

S-/1

Vi1

€1

cll

b-21

Aiyug

‘wealsls psa) augjhye

8y} ul psuienus usbAxolp jo uonpppe — wniuoWWEA}O0} SI UOIED wnjuowwe 8y} aisym 3jelog(lAusydoioniped)sniess)

—wnuiwnelfyleny Buisn jsAejes e yum sisAejes uonesuswens) uonesado yojeq uodn uabAxoip o 10845

L ®lqef



PCT/IB2013/053693

WO 2013/168103

48

"anejpolne 1 '} ‘suexayophojhyisw Jw 00z D,09 ‘Busyle Jeq 0§ {3uz be gol ©13lv ba ogy
PESD)GHNaWE(LEHB )] ba 21 ‘sutwe(jfidauiAursunp-z' L) (IAueydsoydifusudip)sig bs z°1 E(H3-2)1D Suonipuod |elsusg

(5'66) (6°LB)

vo 90 eor o0 'Ol sog061'e ee6'606Y £6 61 60 STl el
€0 10 Tl Awmmv Aw..wmv 985'8¥0'y  GPG'009'G €9 z1 50 sz1 g8l
€0 .0 SOl Am..mmv Aw,..wmv \S6'PIZ'Y  989'SES'S 8. bl 50 szl z8l
90 80 b0l Am..mmv Aw.mmv JSL'00L'E  82Z'665'S  60L 0l 0 szl 18l
it {ogm (ogmd SO LB a0y pope)  quwy 0200 B oy
Id P9 Yo Aunppy  Apaponpold  ewiluxy 19

o) °0 (¢0 |ow) ut g
‘weals pas} ausjAyld sy} ul
pauienua uabAxolp jo uonippe — usbouju je Juansans jAye payoueliq e yum puebli JNd e pue sjeloq(jAusydolon|uad)snies)s)

—wnuuneilyeuy duisn 1sAjeled e yum sisfjeles uonesuswens) uonelado yojeg uodn usbAxolp jo pay3 8 m_nm 1



PCT/IB2013/053693

WO 2013/168103

49

'SABIOOINE W QG ‘JOUd TW 00} ‘D,09 ‘dudyie

Jeq 0g ‘B3I ba 051 [P ud)allotudl] be 'z ‘suiwe(jAdoidost)(jAueydsoydiAusydip)siq baz | F(oeoE)I) SUOHIPUOD [BisUSS)
(L'66) (¥'s6)

evt  og % oo geaus 2£9'262 90LL o€ S v6L
90 88 Amuwmv Amummv LP'168'y  LES'S6 8'g 50 sz £6l
€0 56 Aw”mmv Amummv SOT'YLE'Y  L1E'T96 9'e 50 ¢z 76l
ZoL 09 Awmmv Aw”mmv 6LL°ZLy 8/¥'55C 0 0 sz 16l

o ogmy D LA o) qossy RO gy gowny
ECEEE 5 Rungoy - Awponpoud 5oy uomppRPO 1D

"abulifs eiA sdoedspeay 10joeal 3y} Oul
pajosful sem seb uabAxo aing "soedspesy Jojoeas o} seb usbAxolp aind jo uonippe — 1sAjeles sjeloq(jAusydotonipad)snies;s)

—wniuwneiAyieny sy} yum  sisAigeo  uonesuswesiol  uofessdo  yojeq uodn  usbBAxolp  jo  108y3] ‘6 Sigel



PCT/IB2013/053693

WO 2013/168103

w,

900

80°0

710

9c'o

20

ceo

¢S 0

oLl

{%m}  {%m}
+.m vo

3d

€0

o'l

o't

7l

Vi

o't

60

0l

96
L0l
9¢l
8Vl
6°¢l
ot
L01
G0l

ALY

vTOwQ

‘aAgjpoINe T Z°L suexayophojAylow Jw 00z 0,09 ‘Busys Jeq 06 ‘©3uz ba ool ©)3)v bs oz
FES°0)gllHNaWE (4 D)1 ba 7'} ‘suiwe(fidayifyieunp-z' | )(1AueydsoydiAueydip)sig b z'| €(H3-2)1D :SUORIPUOD [BIBUSL)

(0'66)
L'Zy
(¢'66)
LY
(¥'66)
vy
(¥'66)
S
(G'66)
€15
(G'66)
£'GS
(¢'66)
1'SG
(¢66)
G'9G
{%m}
(32-1)
83

(9'v6)
L'y
(Zve)
'GP
(6'26)
8'/¢
(r'ze)
£9¢
('L6)
zes
(6°06)
G'ZE
(8°06)
G'ZE
(v'08)
L'LE
ALY
(°*0-1)
°0

€G2'90L
goz'ole’L
2eLIP0T
G6¥°L18'C
LeV'6LT'E
0r0'€s9'e
€06°0¥8'€
L18'¥EGC

{unob/6}
Aoy

Log'6LL
¥20'ces’t
996°0LLC
L06'82L'S
202'zs8'9
VGL2LL9
/88°010°9
120'661'9

{106/6}
Ayanonpold

19
0L
08
ccl
Gci
001
¥6

yA4%

{utw}
awi] uxy

Sov
6'LL
104
8¢¢
.60
v o
0€0
€20

,-(poid ;01)
,-(40 Jow)
(O®N low)

06'vC

086

8v'v

(A"

190

gco

A

91’0

{fwdd}
ausyje
ur O°N

Sc't
G2t
T
Gc'L
Gc't
Gc't
Gc't
Gc't

{lowr?}
10

8
0LL

L
OlL

9
-0lL

G
-0lL

14
OtL

€
01l

4
011

L
011

Aug

"Wealls pasy) aus|Aule ayi ul pauienua (QN) SpIXo snouju jo uolippe — 1sAjeles ajesoq(jAusydoioniuad)sniens)

—winiuiwinjejAyiaul syl yim sisAjejed uonesuawiel)d) uoneiado yojeq uodn (OZN) SpIX0 snosjiu jo 1ayg 0L elael



PCT/IB2013/053693

WO 2013/168103

-
w,

‘anepoIne 1 2'1 ‘suexayoplojAyiew Jw 0oz Moocw ‘suayle teq g Zigquz ba gpl ‘f1g)vy ba
oz [P(54°0)gllHNBINE(LeHE D)) be Z'L  suiwe(jAxayojoha)(Aueydsoydifusydip)sig be | E(H3-2)1D :SUONIPUOD |BlsuSY)

o g ()
3d 5120 W Ao 29 o

A@va L ] t

00 ol0'8ry 058G Ss1

pmwmv 869'C8'S  £98'66/'Z o

(029 s o

ooy EV6'USEL  €9L'/STE Zhl

[+)

M\%m upobB}  D6/B} {unu)
o Aumpy Auaponpoid  swil uxy

. . €
/e e sz L5
bz z80 sz1 ©

1
. . . !
0 vo szh )
{poid ,01) {wdd}
"o ow)  susyp ﬁw& Aiug

(0 1ow) ui o

"weal)s pasy ausjAyle ayy ul psuleljua

uabAxoip jo uonippe — uabosju je jusnyisqns JAMeoPAo e yim puebl) dNd € pue jsAiees ajesoq(jAusydosonyad)snyed;s)

—wniuiwnejAyialy Buisn 1sAleled B yum sisAjejed uofjesuswes}s) uofessdo yojeq uodn usbBAxoip jo 10ay3

‘L1 slqel



PCT/IB2013/053693

WO 2013/168103

w,

"anejooINe 7 7| ‘suexayojphojyiow qw 00z (0,09 ‘dusys teq 6 {3quz be 001 H3IY
bs ozv [FC420)allHNaWA(“HE )] ba z'L  ‘suiwe(lAuayd)(iAueydsoydifusydip)sig bs z'| ‘S(H3-2)1D suonlIpuod [RISUSD

0 0z ¥ Am”mmv Am”mmv /8V'086  ZBE'ELS €65 0's9 re sTL
6L ¥z 68 Amummv Awﬂwwv 9v9'008'L  /GL'16L'T 92zl o 7 sz -NNF |
60L 1z 89 Amum% m“wmv 200'voy  €8/'8/8'L  9Tbe 90 Po o sk o)
o}ty fogm OM O o) pop)  quup  PoidOW) AT oy
ad oy g Aunpoy  Awagonporg  swiluxy ¢

@pw) w0

&) o)
‘weal)s pasy) susjAyle sy ui
paueljua uabAxolp jo uonippe — uaboiyu e wansqans jAue ue yum puebl] dNd & pue 1sAjeleo sjeloq(jAuaydotonipad)snes)s)

—wniuiwinjelAyiayy Buisn 1sAje1ed B yum sisjeleo uollesuswiens} uonelado yojeq uodn usBAxolp jo 0aig 2l 9|qel



PCT/IB2013/053693

WO 2013/168103

w,

"dAE[O0NE ] 77| ‘suexayojohojAylsil Jw 00z ‘0,09 ‘susyls Jeq G Fguz bs 0oL 131v be oz ["(*4°0)allHNaNE(“HE D)]
ba z'} ‘sunue(jAdoidosi)(jAueydsoydjAuaydip)(jAueydsoyd{jAusydoiony-oyriohip) ba z'| ‘E(H3-2)ID :SUOHIPUOD |BISUSD)

) i i (e°66)

0L L€ v 089

) i i (z'66)

Al 0'S €8 g9

) ) ) (¥'66)

6y 8% Ll cgo

0,

{opm} {opm}  {opm} Mwmsm

mn_ +m_,o V«-OPO mo

(0'26) _ oo . . . e
90z 0.6 22y #9118 1 992 1°0¢ rAVA TN S cLl
(806) s s . ) ) Z
671 0Er 092L¢ 910098 ¢ 1$174 €c /80 S TARS “e1l
(5°18) . . . . . . L
1’61 069 ¢¥8 8¢6 GlE ¢ Gol 0 L0 Gt <1l
M 0By oB/B) PO 01 {wddy g,
¢o-1) Aunoy  Alaonpold  swij uxy (10 jow) - suaule 1n SE!
) o o : (0 Iow) ur o

‘wiesals)s pasy) ausjiyle

8y} ul paujesus uabAxoip jo uonippe — 1sAjeles ajesoq(jAusydolonipad)snieljs) —wnuiwnielAyieu) pue sbuu jAusyd painyisans

-oypo yum puebly dNd e Buisn isfjeies e yim sisAjeles uoljesuswiens) uonelado yojeq uodn uabAxolp jo 108y gl sjqey



PCT/IB2013/053693

WO 2013/168103

"2ABIOOINE 7 Z°| ‘suexayopAojAuyiaw Jw 00Z (0,09 ‘Busyle 1eq Gy Z1quz ba 0oL f13lv be 0zy ["(S4°0)allHNaNE(LEHE D))

be 71 ‘suiwie(jAuaipe}oo-9-z-1Ayjaup- 2 ‘¢)(jAueydsoydifusydip)sig ba 77} S(HI-21D 'SUOIIIPUOD  |BIBUSD)

90 194 Z9 (996)  (L'8Y) 819'90¢ 220°06. yA4" 9 G'. Gc'L &
6°€9 Gg'ee -vil

-+ ) : : (c96) (59%) (] Coea . Z
‘. 0 L'y 9'8 179 977 98€'G0L¢ 680L¥9¢C 1T/ A bl

) : i (z9e) (2sp) . (et : |
1'G 09 V'L 779 c'7z 896189 Blv9ce¢ STt il

gy o et e M hoee)  LoBe) H(poid ;01) flowrl}
3d iy vi0ig o-1) (01 Auaoy  Auaizonpoud ble) 3
mU wo Ll i

"Wweal)s pasy) susjAyls ayj ul pauienus
usbAxoip jo uonippe — usbBoiyu je Juansgns |Ausye ue yum puebii dNd B pue 1sAejes sjesoq(jAusydolonipad)snieso)

—wniuiwnejAyiawy Buisn isAleles B yum sisAjeled uonesuswiels} uonessdo yojeq uodn usBAxolp jo o843 p| S|qel



PCT/IB2013/053693

WO 2013/168103

W,
w,

"aABJO0INE ] 7' ‘suexayopAojAyisw Jw 00z ‘D,09 ‘Busyle teq gy Y3uz bs ol #3Iv be 0z [P(E4°0)gllHNaNE(“HE )]

ba ¢ ‘suie(jAdoirdAxodoidosi-¢)(Aueydsoydifusydip)sig  bs  Z') S(HI-24D 'SUOIIPUOD  jelBuas)

c0 e gy WL O¥) g0 iguee S SOl gg szl _°
€69 9'le -GiLL

) ) ) (Lze)  (L'19) o s ) ) . Z
20 €¢ g8 ccg soz VBVPISL 1BLU8YT z8 v'e 8,0 STV g,

) i ) (696) (26Y) : o et ) ) ) I
£e 'S 1’8 69 zoz O90S8 IZFYIET €91 G0 yLo STL o

dd
amd ooy om0 DO yuoner woper ey B2da0l TR powny
3d 0 "D fynoy  Ayaonpoid  awij uxy y

opow) wigp O

mo wo
‘weals pasy ausjhyle
ay} ul paulenus usbAxolp jo uonippe — uabouu e Wwansans Jayje ue yum puebi dNd e pue ajeloq(jAusydolonjpad)sniel)s)

—wniuiwneliyiew; Buisn jsAeles e ypm sisAjeled uonesuswens) uonessdo yojeq uodn usbAxolp jo joau3 (Gl SIqEL



PCT/IB2013/053693

WO 2013/168103

w,

"aABpoINe T Z°L ‘suexayopiojAysw qw 002
‘0,09 ‘susye Jeq G F3uz ba ool H13Iv ba ozv [F(E4°0)gllHNOWE(“EHED)] ba 2L ‘suizeapAy(jAueydsoydifusydip)

- N-1fyuadost- N-(|Aueydsoyd|Auaydip)-N-|Ayow-N ba zl F(H3-210 ‘suonIpuod [e1auan

oL . . (1'66) (c£96) . . ) ) ) €
90 t¢ 0ze Jeg 8906l evo'lel (% 1'E61 68 STl g,

: . . (r'e6) (996) . . ) ) . 14
L'l 90 €v >l ggg OLEBYS  0L6'EV9 L. €9 Lo st gy

) . ) (ze6) (996) . . ) ) . L
96C 8¢ Ly 508 POV 4 11 020'2ey 8¢l '’ PO STV g

0 U 0l wdd
com g g 00 O woser vose - GRp) LS goun
ad 2 2 i . WARY  Auagonpold awi uxy 5 jow) g 0

‘weans

paa) susjAyie sy} ul paulenua usbAxolp jo uonippe — puebl| dyd Yiomawel auizeipAy e pue sjeloq(jAusydolonipad)spiesto]

—wniuunjejAyiely Buisn jsAjejes e yim sisAeled uopesuswel sy uopesado yojeq uodn usbAxolp jo pay3 9L o|gel



PCT/IB2013/053693

WO 2013/168103

w,

"aAB|OOINE T Z'| ‘suexayojohojAysw Jw 00z ‘0,09 ‘Busyle Jeq Gy 0z-suexoujwniejAyiaw

payipow be zggy ‘sunwe(lAyiew)(jfueydsoyd{jfuaydAxoyisw-oypohip)sig ba 7|

80 00 99 G%va
¥0 00 86 Aw%%v
¥0 00 §9 a%m@
o} (oo} {%m) thm
EFT I T

(9°66)
8'08
(2'66)
L8
(£°66)
9'¥8
{%m}
(®*0-1)
)

12271681
BEEBLLL
169'9€E’E

{urDb/6}
Aunoy

69L°68€C
v88°¢LY'e
299'vey'¢C

{106/6}
Ayaonpold

Ll
x4

4%

{unu}
awi| uxy

9'6¢
0t
¥0

-(poid ,01)
,-(10 Jow)
(¢O 1ow)

EHI3-210

SUORIPUOD [elsusn)

4]

€e0

710

{wdd}
ausy)e

urco

Gzl

Gc'L

SC'h

{lowrf}

10

€
-LL

[
-l

b
WANE

fug

‘wealis pasy) susjAyle ayy ui pautesus uabAxolp jo uonippe — 1sAjejes-00 QYN pue sbuu |Ausyd psinyisgns

-oypo ypm puebl| dNd e Buisn isAjejes e yum sisfjeles uonesuswiens] uofessdo yojeq uodn usbAxoip jo 10843 /| 8lqel



PCT/IB2013/053693

WO 2013/168103

W,

"SABIQOINE ] ') ‘9USZUSGOIONYO W 00T ‘D2S Busye Jeq ge Al b Gz NIONINT(4HED)]
be ¢ ‘suiwe(jAdoidosi)(jAueydsoyd(ouiwelfdoidost)jAusyd)(jAueydsoydjfusydip) bs g/ | E(0eoE)I) SUOHIPUOD [BISUSS

og 00 19 Awo_mv Awmmv 199'LL  P09'SL oL S O T
g0 00 6% a.No.ws Amuwmv L19'0L  928'ss €. zoe co o )
0 00 0% Amw..rob Amwwmv €696 7lL'89 zl 0z z6 oL _g,
¥0 00 TS sm..wmv m”wmv Oy 0.9'TS L L' 060 o _G,
¥0 00 LG :m..r%v m”mmv 86S'cy  [2T'LS 1L 50 plI'o o) -mw L

famd tomd om0 OV qguoney  poe) gy BRSOV I oy
34 %0 "Woo 5 59 Aoy Ayaionpold  swill uxy fo ow) o o)

‘wealns pas} susjhyle ayy ul pauelus usBAXoIp Jo uolPpe — WNuWN(EjAYaL] pue SAlIPPE Spljey wniuowwe pue ‘(8E69

—~GEB9 ‘ZL ‘WOT T Un3 "weyd pue L/LL—-/9L1 ‘0L0T ‘way)d Bioul ' un3 ‘151890/6002 OM ‘6.6900/600Z OM Ul pEQLIOSap
se) pueb (HINdINd & Buisn 1sAejea e yum sisAjeleo uonesuswens) uonesado yojeq uodn usbBAxolp jo o8y gl d|gel



PCT/IB2013/053693

WO 2013/168103

"aAB|oINE T g°L ‘suexsyopAojAyiew Jw 002 D,09 ‘Busule Jeq Gy ‘Aguz ba 0oL B131v be 0zy [(64°D)gllHNaING(LEHED)]

ba z'1 ‘suiue(jAdoidosi)(jAueydsoyd(ouiwejAdosdost)jAusyd)(AueydsoydjAusydip) bs z'|

2 2 7o o G
ve 90 C¢ Amummv
o) (o {ogmd ooy
id 5y vioig o

(8'L6)
0Ly
(0'z6)
s 4
(1'Z6)
1’2y
{o%pmn}
(°2-1)
)

S(H3-21D

,(poid ,01)
Ayanonpoud

'SUONIPUOD [BlauSS)

€
-6l1L

¢
-6l1

3
6l1

fug

"‘weans pasy} ausjhyle ay) ul pauenus usbAxolp jo uonippe — ajesoq(jAusydosonipad)sness) —wniuiwniejAyisLg

pue pueby (H)NdNd & Buisn isfjejes e yum sisAjejes uoljesuswen)s) uonesado ydsjeq uodn usbAxolp Jo 10833 61 9|qeL



PCT/IB2013/053693
60

WO 2013/168103

"aAeoINe 7 27| ‘suexayojoAdjAuyiswl W 007 10,09 ‘Busyie Jeq 0§ Z3uz be ool “131v be ozy
TEP0)gllHNaW (D)) ba 2L ‘euiwe(jfidsyiAusw-|)(jAueydsoydjAusydip)sig ba z'} ‘§(H3-z)JD SuOIpUOD |eIBUSD)

9L 61 TP Awm% Am”wwv 957'72  1ZL'S6E v. y18 1’6 STl ),
€z €T 0% m“m% Aw..mmv 0Z5'0vE  £9.°€8L gel 9.z Sv  STL g,
'L 9L gL Amuwmv Amumwv 996'618  ¥/8'78L'C p0Z 9 0z STL o,
sz 91 68 Am”mmv Awummv 9/Z'ISP'L G182V m 91’1 oL szl -omﬁ
8z 91  ¥8 m”m% Amum% 95E'608'L  9ZL'TSS'Y 602 18°0 S0 Szl -omﬁ
62 91 ¥ Awummv Amummv 9SY'LI6  PPT'ZOLY €5z 0 0 sTL
R o B S s S T B Lo T R T B e (o (T R

34 Sty violg Aingoy  AjAIDNPOId  Bwill uxy 19

o) ) (fos low) u NS

‘weals pasy susjAyie auy ul psurenus (20S) spixolp Jnydins jo uonippe —~ 1sAjejed sjeloq(jAusydolon|uad)sne)a)

—wnuiwniejlAyiauy ayy yim sisAjejes uonesuswens) uonessdo yojeq uodn ((0Q) spixolp Jnydins jo 198y 07 SIqEL



PCT/IB2013/053693

WO 2013/168103

61

"©ABOOINE W 0GZ ‘euexayopAojAyiew Jw g9 D,09 °HJeq | susyje ieq

0§ ‘Og-suexoulwnjelfyisw payipow ba 008 #1DIO({EHO-*aN-9' ZIN=[{"H®D-3IN-}-*HDIO-{HIN-d°Ud) :suonpuod |ejsuso

661 €0 9l Am”wmv
z9 o0 gl Amﬂmmv

§€9  ¥O Ll Amﬂwmv

{om} {96} {o%m) mwsp,w
dd Wl vi0lg A

(2°66)
L'99
(¥'26)
G'G9
(8'86)
£'€9
{%m}
(°o-1)
°0

ZEB'SPT  9SS'LEL 4 L'€T l'e STl wN N

¥86'L6C  €19'6¥l o€ 14> CTA VT wN N

1v8'99 Z8L'sy Ly s ¥i'0 ST -mm n
{poid ;01) {wdd}

{ypoB/B}  1Ob/B} {uw} "Gojow)  ausyp fowrf} 15

fyanoy  Ayanonpord sl uxy 1D

(fO low) o

‘wealls paa)

ausjfyle ay} ul pautenus usbAXoIp Jo uolppe — (S5¥Z-ZSre 2 ‘20T ‘181D SOV PUB LY Z61280/1 102 OM Ul paquosap Se)
spomauwiel) puebij N=D-N-d & Buisn jsAjejes e yum sisAjejes uonesusuwiens) uoijesado yajeq uodn usbAxoip jo 108y3 [LZ 9jgel



[3d #+0 0D (3D-1)8D (°0-1)90] 50
‘20 'cL (S'66)1°9G ‘(8 16) 9°9¢ uni Joj Aynnosies sbeleny "eaejooINe 16 1D ,09 susyle Jeq op Y3uz be pol F131v ba 008
TrEa20)gllHNaWE(£He8 D)) be g7 ‘sulwe(ifydeyifyrswip-z‘ | )(IAueydsoydihusydip)sig ba g} €(H3-Z)JD :SuoHIpuod |eIauas)

PCT/IB2013/053693

62

1'G 9/L'Lel'y  999'0St'C 0S92 6'G 00S
L9 198'8eL'L  ev¥8'lelL'L 069¢ 99 08y
g9 16E08L°L  8/£'66L°L 089¢ 09 09y
G'6 62H'LIEC 98€8L2'T 0S9¢ L9 0} 4%
£8 2L5'856°tL LGL'P20'C 059¢ 69 0cvy
69 G2s'z9'c  8Li'vie'e 0G9¢ ¢l 0,0)74
001 I¥2'999°'L vLE'6BS L 0G9¢ G'g 08¢
8yl $06'6L9°L  9ZL'O¥PE'L 000¢ 8. 09¢
L'el £86°669 615166 006¢ /.'8 ore
oel €C6'98L°L  zoil'see’l 008¢ L'LL 0ce
.6 LE6'ELY'L 1BEBLY'L 00.L2 €01 0o¢
9¢l 9G0'vy29'L  €£28'09F'L 009¢ 96 08¢

199 4 4 Le9'L/E L obZeeT’t 00s¢ 70l 09¢
g8l GeS'/91'L  ZBE'OPO'L 00G¢ Gl 074
88l 61.'Ge0’L 160°2.6 00S¢ 072l 0ce
£6C 90/'8G7 961168 00S¢ 091 00c¢
1'6¢C 6/.2'878 £88'G68 0062 08l 081
l'6¢ £08'GG69 198'0/9 00G¢ 08l 091

A 9'vv v 6. ¥0L 1G8'669 momw Ao.wmv ovl

\pold ;01 i w
Fveo _%Ev AM\%N\ B} A _Mww mw: SWN|OA pinbly  suayld M:rr_‘_&
0 jow) HAIOY JIAIONPO.d 101089y wzo ik

WO 2013/168103

"weals pasy suajAule ay) ul pautenus usbAxolp jo uonippe — 1sAjeled sjelod(jAuaydosonipad)snie;a)

—wnuiwnjelfyisyy 8y yum  sisAjeles  uonesusulesjs} uonessdo snonunuod uodn usBAxolp Jo a3 Zz el1qel



PCT/IB2013/053693

63

6l Lo¥'920'C ¥81°0G6°L 00S2 0¢ Lzl
L'¢ 6£9'C9.'L I WA 0052 61 2oL
8l £88°'098°L €6G'cTL'L 0052 Ll 089
Gy $£6°'182'C 199'€90°C 00S¢ S 099
G¢e £96°'Ce8°L y1£'€8G°L 00S2Z e o9
AL 820°'ceo’L A TANE 00¢¢ oL 029
6 6% '68¢ L1915 00sc 8’1 009
e 092°1G69 8y'2G.L 00S¢ 61 086G
9¢ $G9°L0L L 166°0.2°L 00s¢C 0c 096
0C 81L€Cy'L 289°'697'1L 00S¢ Gl ovS
¥'e 8v5'g8L L 8€/°765°L 0062 Le 02s
8l cov'Leo’l L10'GES L 00S¢ 9l 00S
7l GL6'/EL°C 719'6£0'C 0052 Gl 08y
9l oro'ole’e 60¥'c98°1L 0062 G'L 09¥
L2 ,08'82S'L GEZ'GL9'L 002 Gl (0] 7474
6l G68'0GS'L 616'619°'L 00S¢ 9l ozy
el £22'69.°L 8/8'09.°1 0052 9l 8]0) 4
6l Gee'ollL'e 006°120°C 0052 o 08¢
zt 889°/80°C v€.'168°L 0052 0¢ 09¢
8l 1€9°162°C 022'650'2 00G2 61 ove
6l L00'6G6'} 160°9€L°L 0052 6L 0zg
€e ce6'vL9L PLE'IGL L 0052 9l 00¢
0l z78¢CiyL Lov'eer'L 000¢ A’ 08¢
0¢ 18t'816'1 28£'9¢9°1L 0052 Gl 09¢
12 965°18¢2°!L £2G5/6¢°L 000¢ 6l (0] 74
G¢C 682°c€SC’) 66£'28¢’L 00s2 1'e 0ze
81 PrS'erel 0806611 0052 1A’ 00¢
A GeC v LEL'GP0°L £20'020°L womw Aﬂa v 08}
(poid 01 Jw w
oww)  BEODE o BOOR ownon aueye LM
0 jouw) JAIOY }AIRONpold pinbyj Jo10ESY U1 20 L

WO 2013/168103

‘weal)s pasy) ausjAyle syl ui pautesjus uabAxolp jo uonippe — jsAjejes ajesoq(jAusydosonipad)sniel)s)

—wniuwnejlAyeily syl yim sisAfeleds  uopesiowel}s}] uofelsdo  snonufuod uodn usbAxoip jo 1oaydg ‘€ 9|qel



PCT/IB2013/053693

‘[3d D 0D (3D-1)8D (30-1)901 v°0
‘1°0 '6'8 (§'66)9'%G ‘(2'26) 2°9¢ uni 1o} Ayanosies sbelsay “sagpoIne 16 D,09 ‘susyle Jeq oF ‘Z3uz ba ool f131v be 05s
TrEL2o)alHNaWE(“He D)l be Z'L  suiwe(ifidayiAyiswip-z* L) (JAueydsoydiAusydip)sig ba z'| ‘&(H3-2)1D SUOHIPUOD |BISUSS

WO 2013/168103

64

2e LL¥'809°1L ¥6.'G09'L - L'l  obeieny
ge $€9'€92'C 161'226'L 00SZ 1T 4 745)
8l GG/'/89°L y12'seL’L 00S¢ z'l 126
v'e csr'sel’lL ISY'TLL) 00s¢ 8l 106
€l 990°689°1L 9Lv'/69°1 0052 L'L 188
A veY'ers'L 0SZ'c6¥'L 0052 Gl 198
8l z6lL'soe’L 180°€L9'L 00S¢ L'l 18
Al 629'09Z'L 82T'SSS L 00S¢ bl 128
9l €zo'lee’l 865'€69°L 00S¢ ol 108
Ll 1ST6LY'L 68E'LEV'L 0052 vl 18L
9l 296°GS6'L G8e'1/8'L 00S¢ ol 19.
L'l G89'262'C vE6'v66'L 00S¢ 8l 872
PO OB o) to6/6) fg - fwdd)
(10 ow) Aoy A)Alonpoly SWINIoA Sustd S 1
(¢0 1ow) o o pinbi| jojoeRy U ¢O .



PCT/IB2013/053693

WO 2013/168103

w,

vl
g1
ot
8l
8¢
L'e
v
G
2z
S
el
9}
Gl
0e
1
02
L€
L'l
Gl
Gl
LT
A’
9l
1
2¢C
0z

(poid ,01)

(10 jows)

(0 1ow)

868'¥08'C
eYLTLLT
0€.'€98'¢
GSC'0/8'¢
€16°66.°C
160°GS6'C
ZE6'€86'C
G88'vG.L'E
996'6.8°¢
R ARAS
9/2'G8¥'C
860'c€9'C
LLY'¥90'y
GOv'8€8'v
9/5'0€9'v
(A2 KAZ RS
L10°€€9'E
€95'818'E
9G¥'0LG'e
LLG'¥S8C
685'GLY'C
bve'L18'C
819861
cLL'ISL'E
#58'965 ¢
189'v0.°C

{ynob/6}
Aoy

060'%¥92°C
128°1€L°C
¥8G'Gr.L'C
€E6'LVLC
812189
€€5'8CL'C
8LE'1BL'C
191'896'¢C
98Y'158°C
€90'9€5C
960'v¥ez'e
G0C'885'C
Go/L'ehL’e
9e6'6LL'E
z8c/sr'e
¥¥9'90C'E
L06°L60'E
90€'6£T'€
801°1€6'C
€90°'885°¢C
0LL'e€TC
0€P'98G°C
189°0€L°C
lge'srL'c
920'8er'C
9£9'89¢€'C

{106/6}
Auanonpold

0052
0052
0062
0052
0052
0052
0052
0052
0052
0002
0002
0052
00SZ
0052
0052
0052
0052
0052
0052
0052
0052
0052
0052
0062
0052
0052
{w}

SUINJOA
pinby

JOJOEDY

QO TNNAN
Rl i l adl o e

™
-

{wdd}
susy}e
ui ¢o

—wnuwnejlAyayy syl yim  sisAjeles  uoljesuswes}d] uoflersdo shonunjuod uodn usBAxoip jo P8yl

1472
¥69
¥/9
¥S9
122"
¥19
y6S
V.S
%))
yES
145"
£y
cly
[4°1%
A% 74
[A%%
6
clE
¢se
(A%
(A%
c8c
[AsT4
ove
0cc
00¢

{unw}
awiL

‘wead)s pas} ausiiyie ay} ul paulenus uabAxoip jo uoilippe — 1sAjeles sjeloq(jAusydoionipad)snes)

‘¥¢ Slgel



PCT/IB2013/053693

WO 2013/168103

66

1C
0¢
L'L
0¢
'’
ov
Z'l
o€
8L
8l
¥'G
€T
el
1’
0¢
6l
€T
Ll
ol
-(Poid ,01)
(O Jow)

L0L°€26°C
zGeL's9r'e
992'10€C
G19'89€°C
LYS'LYE'T
6£8°22L'E
vLL'GhY'E
IGLriz'e
¥20°'96¥'C
121°169°C
061°228°C
¥8Y'C6EC
9g6°LEL'L
6€8'65SL
oLL'egt’e
Gee'9z'e
6.L°0G€C
916'68C'C
GG6'G.SC

{uno6/6}
Ainpoy

‘[3d 50 70D '(50-1)8D ‘(°0-1)°0] ¥ 0

819°€99'C
182'v05'C
996'25€C
v€C'85E'C
9/2'98¢e'C
GyZ's00°e
geg'eel’e
£96'850°C
181'9/5°C
XA AL N
/85'8€9°C
8¥8'/2€C
980°/98°t
69G°2€8°L
956'660'C
00€°LLv'C
10L°062°C
062'89¢'C
LIE06V'C

{106/6}
Ayanonpoud

0052
0052
0052
0052
00SZ
0052
00.2
00.2
0052
00s2
0052
0052
0052
00SZ
0052
0052
0052
0052
{qu}

SWwinjoA
pinbi

Jojoesy

[Aré
64
1t
0¢
¥l
e
G'i
6¢
0¢
0¢
19
61
0ot
07¢
v'e
0¢
fAré
61
0¢
Jwdd}
ausyle
ur ZQ

‘20 'v'8 (5'66)E°ES (£2Z6) 1L'8E uni Joj AjAnosjes ebelaay “eAeppOINE 716G D09 ‘eusye teq oy ‘Aguz be ool #31v be 065
[r(5420)gllHNaWE(£He D) ba z71L  ‘sutwe(fideyiAyiswip-z* | )(IAueydsoydiAusydip)sig be | ‘#(H3-g)1D Suoiipuod [elauss

abeiany

.01
yGol
el
G104
v66
v.6
Y56
1258
1459
768
V.8
¥S8
yE8
145
6.
Vil
Sl
el

{unw}
aun|



PCT/IB2013/053693

WO 2013/168103

67

payipow bes o6l ‘eulwe(iAdoidifyiewip-z ) (AueydsoydiAuaydip)sig bs Z'|

¥/8'20L'S
109027
A2 WA4N 2
GeS'vLL'E

{un06/6}
Ainnoy

[3d #5000 '(,0-1)%0 '(°0-1)%0l 2-1L
‘€0 ‘0L (66<).9 (58)2g uni Jof Aanosies abeisny [9sSeA 700 ‘0,09 °H Jeq L0 ‘susyle Jeq 9¢ Qg-suexouluwiniejfyiew

‘t(oeoe)1n 'SUOIIPUOD  |eJaURD)
GCS'v6.'9 St GGL—-¢€'lE
L¥0'169°G €0 6'0€ —~G'9¢
GE8'86Y'S [ 8'¢Cc—6G8L
TL9°101L°S 00 y8L—¢€l

0l
ey +PRdOD gy
Aynonpoad ,ANO low) awij uny

“WeaJjs paay ausjAyle ay) ul pauienjus uabAxoip jo uonippe

— 1sAE}ED SuexouwNeAYISW Byl yIMm SISAE]ed uonesuswel)d) uofelado snonupuod uodn uabAXolp Jo 108y3  GZ S|qel



PCT/IB2013/053693

WO 2013/168103

68

8v8'685'¥
000°LLE Y
8.S'6CL'y
091'962°¢

{unob/6}
Ainnoy

payipow be opslL  suiwe(Adoidifyrewip-g'|)(1Aueydsoydifuaydip)sig bs  z')

[34 50 700 (B0-1)80 (*0-1)°0l z-t
‘0 ‘0l ‘(66<)29 ‘(g8)zz uni 10) AlIAOS|es abelany |9SS8A T 00 D.,09 ‘PHdIeq L0 ‘susyle teq 9f ‘0Z-suexouiwnjeiiyiawl

‘t(oeoR)D 'SUOHIPUOD  [BIBU3D)
169'666'G [ 4 S —-¥'61
128'€GL'S 9¢ £6L—-901
96€'621'9 o'l SoL-G¥
066°86E 'V 00 yv—-¢id

o]
oppy VPR gy
Ayanonpou b awi} un
JIAONPOLd 0O jow) 11 uny

‘weans pasy susjAyle ayy ul pautenus usbAxolp jo uonppe

— 1sAje1es suexoununjelAyisw oyl yim sisfjejed uonesuswes}s) uoesado snonuuod uodn usbBAxolp o P8yI 97 sigel



PCT/IB2013/053693

69

paijipow bs Q061 ‘suiue(jAdosdiAyisunp-z* 1 Y(jAueydsoydiiuaydip)sig bs gy ‘t(oeoe)1n ‘SUOIPUCY  [BIBUSD)
¥1G°196'C v.E'96LY G0 6'1L—G6¢S
Leg'isz'e 669'L8Y'Y €0 Vs — Ly
1G€°16L°C 68€'€00'Y 00 9vvr—civ
¥19'68C'¢ 0Sl'66V'v 10 A dal V1S
v/0'€L0'Y zeT'LOL'S €0 gle—cee
0CL' VLY 605CeL'Y ¢0 L'€E—20¢
999'c9G'v 616CEL'S €0 L'oe—-19¢
688'000°% GYC'SeY'y €0 09c—-18L
GGE'E86'E 028'LLL'y [A0) 0'8L—1L'GL
poBiB)  {ioppy POV )
funoy Ayaionpold _NNO jow) aulll uny

[3d #5t0 0D (30-1)8D (*0-L)%Dl Z-1
‘e'0 ‘0l ‘(66<)29 ‘(58)ge uni 1o} AjAOses abeisAy |9sSoA T 00E (D.09 PHJeq L0 ‘Busyle Jeq 9p ‘pg-suexouiwniejlAyisw

WO 2013/168103

‘weal)s paasy susjAyla ayy ui pauienua usbAxoip jo uonippe

— 1sAjeen suexoulunelAyiow sy} yum sishjeles uonesuswes) uofessdo snonunuos uodn usbAxoip jo Pay3 :/zZ elgel



10

15

20

25

30

35

WO 2013/168103 PCT/IB2013/053693

CLAIMS

70

1. A process for producing an oligomeric product by oligomerisation of at least

one olefinic compound, the process including:

a)

providing an activated oligomerisation catalyst by combining, in any
order,
i) a source of chromium;

i)  aligating compound of the formula
(R")m X" (Y) X2 (R?),

wherein X' and X? are independently an atom selected from the group
consisting of nitrogen, phosphorus, and oxygen or an oxidised nitrogen or
phosphorus atom where the valence of X' and/or X? allows for such
oxidation;

Y is a linking group between X' and X*

m and n are independently 0, 1 or a larger integer; and

R'" and R? are independently hydrogen, a hydrocarbyl group, an
organoheteryl group, a heterohydrocarbyl group, a substituted
hydrocarbyl group, or a substituted heterohydrocarbyl group, and R'
being the same or different when m>1, and R? being the same or different
when n>1; and

iy  a catalyst activator or combination of catalyst activators; and

contacting at least one olefinic compound with the activated
oligomerisation catalyst in the presence of a non-metal oxygen containing
additive, which non-metal oxygen containing additive may be introduced
together with the activated catalyst, after introduction of the activated
catalyst but prior to introduction of the olefinic compound, together with
the olefinic compound, or after the olefinic compound has contacted the
activated catalyst, the non-metal oxygen containing additive being
present in an amount such that the ratio of the molar amount of the non-
metal oxygen containing additive to the molar amount of chromiumper
10° g/g Cr productivity in the source of chromium is between 0.01 and
400.
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A process for activating an oligomerisation catalyst suitable for use in the
production of an oligomeric product from at least one olefinic compound, the

process comprising combining, in any order,

) a source of chromium;

ii) a ligating compound of the formula
(RN)m X' (Y) X2 (R?),

wherein X' and X* are independently an atom selected from the group
consisting of nitrogen, phosphorus, and oxygen, or an oxidised nitrogen or
phosphorus atom where the valence of X' and/or X?allows for such oxidation;

Y is a linking group between X' and X

m and n are independently 0, 1 or a larger integer; and

R' and R? are independently hydrogen, a hydrocarbyl group, an organoheteryl
group, a heterohydrocarbyl! group, a substituted hydrocarbyl, or a substituted
heterohydrocarbyl, and R' being the same or different when m>1, and R? being

the same or different when n>1;
iy  a catalyst activator or combination of catalyst activators;
iv)  anon-metal oxygen containing additive,

the non-metal oxygen containing additive being present in an amount such that
the ratio of the molar amount of the non-metal oxygen containing additive to the
molar amount of chromium per 10° g/g Cr productivity in the source of
chromium is between 0.01 and 400.

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is present in an amount such that the ratio of the molar amount of the
non-metal oxygen containing additive to the molar amount of chromium per 10°
g/g Cr productivity in the source of chromium is between 0.1 and 200.

The process of claim 1 or claim 2, wherein the non-metal oxygen containing

additive is present in an amount such that the ratio of the molar amount of the
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non-metal oxygen containing additive to the molar amount of chromium per 10°
g/g Cr productivity in the source of chromium is between 0.1 and 100.

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is present in an amount such that the ratio of the molar amount of the
non-metal oxygen containing additive to the molar amount of chromium per 10°

g/g Cr productivity in the source of chromium is between 0.1 and 20.

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is present in an amount such that the ratio of the molar amount of the
non-metal oxygen containing additive to the molar amount of chromium per 10°
a/g Cr productivity in the source of chromium is between 0.2 and 10.

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is selected from the group consisting of dioxygen (O,), ozone (Oj),
nitrous oxide (N,O), sulphur dioxide (SO,), epoxide including ethylene oxide,
propylene oxide, butylene oxide, or the epoxide of any olefin, peroxides (such
as H,O, or organic peroxides ROOH, where R is a hydrocarbyl or
heterohydrocarbyl) and amine oxides including pyridinium N-oxide, TEMPO,
RsNO or mixtures thereof.

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is a gas and selected from the group consisting of dioxygen (O,),
ozone (Oj;), nitrous oxide (N,O), sulphur dioxide (SQ,), ethylene oxide and
propylene oxide or mixtures thereof.

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is dioxygen (O,) or nitrous oxide (N,O) or mixtures thereof.

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is dioxygen (oxygen).

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is added together with the olefinic compound when contacting the
activated catalyst.
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The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is added after the olefinic compound has contacted the activated
catalyst,

The process of claim 1 or claim 2, wherein the non-metal oxygen containing
additive is added to the activated catalyst prior to the olefinic compound

contacting the activated the catalyst.
The process of claim 1 or claim 2, which includes the use of a solvent.
The process of claim 1 or claim 2, which includes the use of a zinc compound.

The process of claim 1 or claim 2, wherein the oligomerisation catalyst is a
trimerisation catalyst, a tetramerisation catalyst, or both.

The process of claim 1 or claim 2, wherein X' and X? are independently a
phosphorus atom or an oxidised phosphorus atom.

The process of claim 1 or claim 2, wherein the ligating compound is of the
formula

R? R?

v

pd
e N

Re6

wherein Y is a linking group between X' and X? X' and X? are independently
nitrogen or phosphorus, and R® to R® are each independently a hydrocarbyl
group, a heterohydrocarbyl group, a substituted hydrocarbyl group or a
substituted heterohydrocarbyl group.

The process of claim 1, 2 or 18, wherein Y is selected from the group
consisting of an organic linking group comprising a hydrocarbylene, substituted
hydrocarbylene, heterohydrocarbylene or a substituted heterohydrocarbylene:
an inorganic linking group comprising either a single- or two-atom linker spacer;
and a group comprising methylene; dimethylmethylene; ethylene; ethene-1,2-
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diyl; propane-1,2-diyl, propane-1,3-diyl; cyclopropane-1,1-diyl; cyclopropane-
1,2-diyl;  cyclobutane-1,2-diyl, cyclopentane-1,2-diyl, cyclohexane-1,2-diyl,
cyclohexane-1,1-diyl; 1,2-phenylene; naphthalene-1,8-diyl; phenanthrene-9,10-
diyl, phenanthrene-4,5-diyl, 1,2-catecholate, 1,2-diarylhydrazine-1,2-diyl (-
5 N(Ar)-N(Ar)-) where Ar is an aryl group; 1,2-dialkylhydrazine-1,2-diyl (-N(AIk)-
N(Alk)-) where Alk is an alkyl group; -B(R")-, -Si(R"),-, -P(R")- and -N(R)-
where R” is, a hydrocarbyl, substituted hydrocarbyl, heterocarbyl, substituted

heterocarbyl or halogen.
10 20. The process of claim 18, wherein the ligating compound is of the formula

R7

N
R4/ \RG

wherein R® to R’ are each independently a hydrocarbyl group, a
15 heterohydrocarbyl group, a substituted hydrocarbyl group or a substituted
heterohydrocarbyl group.

21.  The process of claim 20, wherein each of R® to R® is an alkyl selected from the
group consisting of methyl, ethyl and isopropy! or an aromatic selected from the
20 group consisting of phenyl and substituted phenyl.

22. The process of claim 1 or claim 2, wherein the activator is selected from the
group consisting of organoboron compounds, aluminoxanes including modified
aluminoxanes, aluminium alkyls, other metal or main group alkyl or aryl

25 compounds, ionizing activators which are neutral or ionic, Lewis acids, reducing
acids, oxidising agents and combinations thereof.
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