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CATALYST COMPOSITIONS AND METHODS OF MAKING AND USING SAME

CROSS REFERENCE TO RELATED APPLICATIONS
00061 ] The subject matter of the present apphication is related to U.S. Patent Application No.
13/753,294, filed concurrently herewith and entitied "Novel Polymer Compositions and Methods
of Making and Using Same,” which is hereby mncorporated herein by reference in s entirety for all
PUrposes,
BACKGROUND
[06082] The present disclosure generally relates to catalyst systems and polymer compositions.
Particularly, the present disclosure velates to novel catalyst compositions for the production of
multimodal polyraer resins,
FIELD
0003} Polyolefins are plastic materials useful for making a wide varicty of valued products
due to their combination of features such as stiffness, ductility, barrier properties, teruperature
resistance, optical propertics, availability, and low cost. In particular, polyethylene (PE) is one of
the largest volume polymers consumed in the world. It i3 a versatile polymer that offers high
performance relative to other polvmers and alternative materials such as glass or metal.

{0004] Multiraodal PE resins offer the potential for broad applicability as these resins can
couple desivable physical propertics and processing characteristics. There exists an ongoing need
for improved catalyst systerns for the production of polymeric compositions,

BRIEF SUMMARY
(3005} Disclosed herein is a catalyst composition comprising (i) a metal salt complex of an

wmine bis(phenol} compound characterized by Structure
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Structure 1

wherein O and N represent oxygen and nitrogen respectively; R comprises a halogen, a

hydrocarbyl group, or a substituted hydrocarbyl group; R? and R’ can cach independently be
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hydrogen, g halogen, a hydrocarbyl group, or a substituted hydrocarbyl group; and @ is a donor
group; and (ii) & metallocene complex.

[0806] Also disclosed herein is a8 method comprising contacting a catalyst composition with a
monomer under conditions suitable for the formation of a polymer whercin the catalyst
composition comprises a metal salt complex of an imine (bis) phenolate compound, a metaliocene
complex, a solid oxide, and an optional metal alkyl and wherein the metal salt complex of an imine

{(bis) phenolate compound comprises a compound having Structure X1V

Siructure X34V

where M I8 titaniwm, zivconium, or hafnium; Bt is optional; R compriscs a halogen, a
- ) .

hydrocarbyl group, or a substituted hydrocarbyl group; and R” comprises hydrogen, a halogen, a

hydrocarby! group, or a substituted hydrocarby! group.

BRIEF DESCRIPTION OF THE DRAWINGS

{00871 Figure 1 is a representative tensile stress-strain curve.
048] Figare 2 is a gel permeation chrowmatograph of the samples from the example.
{6089} Figure 3 is a plot of the dynamic melt viscosity as a function of frequency for the

samples from the example.
[0019] Figures 4 and 5 are plots of the short chain branching distribution for the samples from
the exarple.

DETAILED DESCRIPTION
[6011] Disclosed herein are novel catalyst and polymer compositions and methods of making
and using same. In an embodiment, the catalyst composition comprises a mixture of a metal-salt
complex of an imine phenol compound and at feast one metallocene-containing compound and is
designated herein as CATCOMP. CATCOMPs may be utilized in the production of multimodal
polymer compositions displaying both desirable performance and processing properties. These
aspects of this disclosure are further described herein.
18012} To define more clearly the terms used herein, the following definitions are provided.
Unless otherwise indicated, the following definitions are applicable to this disclosure. i a term is

used in this disclosure but is not specifically defined herein, the defimition from the TUPAC
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Compendium of Chemical Terminology, 27 Ed (1997) can be applicd, as long as that definition
does not conflict with any other disclosure or definition applied herein, or render indefinite or non-
enabled any claim to which that definition is applied. To the extent that any definition or usage
provided by any document incorporated herein by reference conflicts with the definition or usage
provided herein, the definition or usage provided herein controls.

{0913} Groups of elements of the table are indicated using the nambering scheme indicated in
the version of the periodic table of clements published 1n Chemical and Engineering News, 63(5),
27, 1985, in some instances 3 group of clements may be indicated using a conumon nare assigned
to the group; for example alkali earth metals (or alkali metals) for Group 1 clements, alkaline earth
metals {or alkaline metals) for Group 2 clements, transition roetals for Group 3-12 elements, and
halogens for Group 17 elements.

{0014} A chemical “group” is described according to how that group is formally derived from
a reference or “parent” compound, for example, by the number of hydrogen atorns formally
removed from the parent compound t0 generate the group, even if that group is not literally
synthesized in this manner. These groups can be utilized as substituents or coordinated or bonded
to metal atoms. By way of example, an “alkyl group” formally can be derived by removing one
hydrogen atom from an alkane, while an “alkylene group” formally can be derived by removing
two hydrogen atoms from an atkane. Moreover, a more general term can be used to encompass a
variety of groups that formally are derived by removing any number (“one or more”) hydrogen

atoms from a parent compound, which in this example can be described as an “alkane group,” and

9

s,

which encompasses an “alkyl group,” an “alkyiene group,” and materials have three or more
hydrogens atoms, as necessary for the situation, removed from the alkane. Throughout, the
disclosure that a substituent, ligand, or other chemical moiety may constitute a particular “group”
implies that the well-known rales of chemical structure and bonding are followed when that group
s employed as described.  When describing a group as being “derived by,” “derived from,”

b

“formed by,” or “formed from,” such terms are used in a formal sense and are not intended to
reflect any specific synthetic methods or procedure, unless specified otherwise or the context
requires otherwise.

[6015] The term “substituted” when used to describe & group, for example, when referring to a
substituted analog of a particalar group, is intended to describe any non-hydrogen moiety that
tormally replaces a bydrogen in that group, and is intended to be non-limiting. A group or groups
may also be referred to herein as “unsubstituted” ot by equivalent torms such as “non-substituted,”

which refers to the original group in which a non-hydrogen moicty does not replace a hydrogen
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within that group. “Substituted” is intended to be non-Hmiting and include norganic substituents
or organic substituents.

[0816] Unless otherwise specified, any carbon-containing group for which the number of
carbon atorns 18 not specitied can have, according to proper chewmeal practice, 1,2, 3,4,5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 carbon atoms,
or any range or combination of ranges between these values, For example, unless otherwise
specified, any carbon-containing group can have from 1 to 30 carbon atorus, from 1 to 25 carbon
atoms, from 1 to 20 carbon atoms, from 1 to 15 carbon atoms, from 1 to 10 carbon atoms, or from
I to 5 carbon atoms, and the Hike. Moreover, other identifiers or qualifying terms may be utiized
to indicate the presence or absence of a particular substituent, a particular regiochemistry and/or
stercochenustry, or the presence or absence of a branched underlying structure or backbone.

{00171 The term “organyl group” is used herein in accordance with the definition specified by
TUPAC: an organic substituent group, regardiess of functional type, having one frec valence at a
carbon atom. Similarly, an “organylene group” refers to an organic group, rogardless of functional
type, derived by removing two hydrogen atoms from an organic compound, either two hydrogen
atoms from one carbon atom or one hydrogen atom from cach of two different carbon atoms. An
“organic group” refers to a generalized group formed by removing one or more hydrogen atoms
trom carbon atoms of an organic compound. Thus, an “organyl group,” an “organylene group,”
and an “organic group” can contain organic functional group(s) and/or atom(s) other than carbon
and hydrogen, that is, an organic group can comprise functional groups and/or atoms in addition to
carbon and hydrogen. For instance, von-limiting examples of atormss other than carbon and
hydrogen include halogens, oxygen, nitrogen, phosphorus, and the like. Non-limiting examples of
functional groups nclude ethers, aldehydes, ketones, esters, sulfides, amines, phosphines, and so
forth. Tn one aspect, the hydrogen atom(s) removed to form the “organyl group,” “organylene
group,” or “organic group” may be attached 1o a carbon atom belonging to a functional group, for

example, an acyl group ((C(OR), 8 formyl group ((C(OMH), a carboxy group (-C{O)YOH), a

-

hydrocarboxycarbonyl group (-C{G)YOR), a cyano group (-C=N), a carbamoyl] group ((C(OINH,),
an  N-hydrocarbylcarbarooyl group ((C{OINHR), or N N-dihydrocarbylearbamoyl group (-
C{O)NR,), among other possibilities. In another aspect, the hydrogen atom(s) removed to form the
“organyl group,” “organylenc group,” or “organic group” may be attached to a carbon atom not
belonging to, and remote from, a functional group, for example, -CH.C(O)YCH;, -CHNR,, and the
like. An “organyl group,” “organvicene group,” or “organic group” may be aliphatic, nclusive of

being cyclic or acyclic, or may be aromatic. “Organyl groups,” “organylene groups,” and “organic



WO 2014/120548 PCT/US2014/012723

W

groups” also encompass heterostom-containing rings, beteroatom-containing ring  systoms,

b1

heteroaromatic rings, and hetercaromaltic ring systems. “Organyl groups,” “organyiene groups,”
and “organic groups” may be linear or branched unless otherwise specified. Finally, it 1s noted that
the “organy! group,” “organylene group,” or “organic group” definttions include “hydrocarbyi
group,” “hydrocarbylene group,” “hydrocarbon group,” respectively, and “alkyi group,” “alkyiene
group,” and “alkane group,” respectively, as members.

{0018} The term “alkane” whenever used in this gpecification and claims refers to a saturated
hydrocarbon compound. Other identifiers can be utilized to indicate the presence of particular
groups in the alkane (e.g. halogenated alkane indicates that the presence of one or more halogen
atoms replacing an equivalent murber of hyvdrogen atoms in the alkane). The term “alkoyl group” is
used herein i accordance with the definttion specified by TUPAC: a univalent group formed by
remnoving 3 hydrogen atom from an alkane. Similarly, an “alkylene group” refers to a group
formed by removing two hydrogen atoms from an alkane (either two hydrogen atorns from one
carbon atorn or one hydrogen atom from two different carboun atoms). An “alkane group” is a
general term that refers to a group formed by removing one or more hydrogen atoms {as necessary
for the particular group) from an alitane. An “alkyl group,” “alkylene group,” and “alkane group”
can be acyclic or cyclic groups, and/or may be hnear or branched unless otherwise specified.
Primary, secondary, and tertiary alkyl group are derived by removal of a hvdrogen atom from a
primary, secondary, tertiary carbon atom, respectively, of an alkane. The n-alkyl group may be
derived by removal of a hydrogen atom from a terminal carbon atom of a linear alkane. The
groups RCH; (R £ H), R;CH (R # H), and RsC (R # H) are prumary, secondary, and tertiary alkyl
groups, respectively.

10019] A “halide” has its usual meaning; therefore, examples of halides include fluoride,
chloride, bromide, and 1odide.

{0028] Within this disclosure the normal rules of organic nomenclature will provaill  For
instance, when referencing substituted compounds or groups, references to substitution patiorns arg
taken to indicate that the ndicated group(s) is (are) located at the indicated position and that ali
other von-indicated positions are hydrogen. For example, reference to a 4-substituted phenyl
group indicates that there 15 a non-hydrogen substituent located at the 4 position and hyvdrogens
focated at the 2, 3, §, and 6 positions. By way of another example, reference to a 3-subtituted
naphth-2-y1 indicates that there 15 a non-hydrogen substituent located at the 3 position and
hydrogens located at the 1, 4, 5, 6, 7, and ¥ positions. References o compounds or groups having

substitutions at positions in addition to the indicated position will be reference using comprising or
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some other alternative language. For example, a reference to a phenyl group comprising a
substituent at the 4 position refers to a group having a non-hydrogen atom at the 4 position and
hydrogen or any non-hydrogen group at the 2, 3, 5, and 6 positions.

0021} Embodiments disclosed herein the roay provide the roaterials lsted as suttable for
satisfying a particular featare of the embodiment delimited by the term “or” For example, a
particular feature of the subject matter may be disclosed as follows: Feature X canbe A, B, or C. Tt
is also contemplated that for cach feature the statement can also be phrased as a listing of
alternatives such that the statement “Feature X is A, alternatively B, or alternatively €7 15 also an
embodiment of the present disclosure whether or not the statement is explicitly recited.

{8022} In an embodiment, the CATCOMP comprises an imine phenol compound

characterized by Structure It

‘
IF NYQ Stracture

where G and N represent oxygen and nitrogen respectively and Q represents a donor group. One
or more of R, R% and R, may cach be the same or different and may be selected from the
embodiments described hercin. R can be g halogen, a hydrocarbyl group, or a substituted
hydrocarbyl group. In an embodiment, R is not hydrogen. R and R’ can each independently be
bhydrogen, a halogen, a hydrocarbyl group, or a substitited hydrocarbyl group.  These
substituents are described in more detail herein.

6023} Referring to Structure 1, generally, R, R* and R’ can each independently be a
hydrocarbyl group. In an embodiment, R, R” and R* can each independently be a € to Cag
hydrocarby! group; a C; to Cuo hvdrocarby! group; a Ci to Cys hydrocarbyl group; a € to Cie
fhydrocarby! group; or a Cy to Cs hydrocarby! group. In yet other embodiments, R, R and R’ ¢an
gach independently be a Cs io Uy aromatic group; a C; to U aromatic group: a C; to Cys
aromatic group; or a Cs to Cip aromatic group.

{B024] In an aspect, B, R% and R® can cach independently be a C; to Cyg alkyl group, a Cs 10 Cyp
cycloalkyl group, a Cs to Ty substituted cycloalky! group, a C; to Uy aliphatic heterocyclic group,
a O to Cyg substituted aliphatic heterocyclic group, a TUs to Cyo aryl group, a g to Cy substituted

aryl group, a Cr to Cag aralkyl group, a C7 to Cag substituted aralkyl group, a Cs 10 Ca heteroaryl
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group, or a Ca to Ca substituted heteroary! group. In an embodiment, R, R® and R’ can cach
independently be a C; to Cys allyl group, a 4 to Ty cycloalkyl group, a Cs o Cy substituted
cycloalkyl group, a Cs to Cyp aliphatic heterocyechic group, a2 s to Cx substituted aliphatic
heterocyclic group, a Cs to Oy aryl group, a Cs to Cye substituted aryl group, a Cy to Cyp aralkyil
group, a U7 to Oy substitated aralkyl group, a s to Gy heteroaryl group, or a Cs to Gy substituted
heteroaryl group. In other embodiments, R, R? and R can each independently be a O to Cyg alkyl
group, a Cy 10 Cys cycloalkyl group, a Cs to Cys substituted cycloalkyl group, a Cs to Cys aliphatic
heterocyclic group, a Cs to Cys substituted aliphatic heterocychic group, a Cs to Cys aryl group, a Cg
to Cys substituted aryl group, a C5 to Cys aralkyl group, a Cr to {5 substituted aralkyl group, 2 G5
to 15 heteroaryl group, or a Cs to Cys substituted heteroaryl group. Tn further embodiments, R, R?

and R’ can cach independently be C; to Cs alkyt group.

[8025]  In an embodiment, R, R* and R’ can each independently be a methy! group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group,
a nouyl group, a deeyl group, an undecyl group, a dodecyl group, a tridecyl group, a tetradecyl
group, & pentadecyl group, a hexadecyl group, a heptadecyl group, an octadecyl group, or a
nonadecyl group. In some embodiments, the alkyl groups which can be utilized as R, R” and R’
can each independently be substituted. Each substituent of a substituted alkyl group independently
can be a halogen or a hydrocarboxy group; alternatively, a halogen; or alternatively, a
hydrocarboxy group. Halogens and hydrocarboxy groups that can be utilized as substituents are
independently disclosed herein and can be utilized without limitation o further describe the

substituted alkyl group which can be utilized as R, R? and/or R

[6026] 1o an ersbodiment, R, R? and R’ can cach independently be a eyclobutyl group, a
substituted cyclobutyl group, a cyclopentyl group, a substituted cyclopentyl group, a cyclohexyl
group, a substituted cyclohexvi group, a cycloheptyl group, a substituted cycloheptyl group, a
eyclooctyl group, or a substituted cyclooctyl group. Tn some embodiments, R, R” and R” can cach
independently be a cyclopentyl group, a substituted cyclopentyl group, a cyelohexyl group, or a

substituted cyclohexyl group.

{30277  In an cmbodiment, cach substituent for a substituted cycloalkyl group {(general or
specific) that can be utilized as R, R and R’ can cach independently be # halogen, a hydrocarbyl
group, of a hydrocarboxy group. In some embodiments, each substituent for a substituted
cycloalkyl group {(general or specific) that can be utilized as R, R’ and R’ can each independently

be a halogen, an alkyl group, or an alkoxy groap. Halogens, hydrocarbyl groups, hydrocarboxy
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groups, alkyl group, and alkoxy groups that can be utilized as substitucots are independently
disclosed herein and can be utilized without limitation to further describe the substituents for a

substituted cycloalkyl group {general or specific) that can be utilized as R, R and/or R°.

{B028]  Inanaspect, R, ®% and R can cach ndependently have Structure 11

Structure I

wherein the undesignated valency (*) ropresents the point at which the substituent (i.e., R, R” or
RS) atiaches to the transition-metal salt complex of Structure 1. Generally, R RS R and
R”° independently can be hydrogen or a non-hydrogen substituent, and n can be an infeger from 1
to S

0029} In an embodiment wherein R, R® and R’ has Structure [, R*', R¥™, R*™, and R can

22¢

. py . . 21c
can be any non-hydrogen substituent disclosed herein; or alternatively, R,

be hydrogen and R
R™ and R”¢ can be hydrogen and R™ and R™ independently can be any non-hydrogen
substituent disclosed herein. In an embodiment, n can be an integer from 1 1o 4; or alternatively,
from 2 to 4. In other embodiments, n can be 2 or 3; alternatively, 2; or alternatively, 3.

[6030]  In an embodiment, R™, R, R™, R™, and R™° indeopendently can be hydrogen, 4
halogen, 8 hydrocarbyl group, or a hydrocarboxy group; alternatively, hydrogen, 2 halogen, or a

23

hydrocarbyl group. In some embodiments, R™, R, R™) R™, and R™ independently can be
hydrogen, a halogen, an alkyl group, or an alkoxy group. Halogens, hydrocarbyl groups,
hydrocarboxy groups, alkyl group, and alkoxy groups that can be utilized as substituents are
independently disclosed herein and can be utilized without limitation to further describe the R, R”

3 .
or R group having Structure 11

[6031] In an embodiment, R, R? and R’ can each independently be a phenyl group or a
substituted pheoyl group. In an crbodirment, the substituted phenyl group can be a 2-substituted
phenyl group, a 3-substituted pheny! group, a 4-substituted phenyl group, a 2.4-disubstituied
phenyl group, a 2.0-disubstituted phenyl group, 3 3,5-disubstituted phenyl group, or a8 24,6~

trisubstitated phenyl group.
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(60321 In an embodiment, cach substituent for a substituted phenyl group independently can
be a halogen, a hydrocarbyl group, or a hydrocarboxy group. In some embodiments, each
substituent for a substituted phenyl group independently can be a halogen, an alkyl group, or an
alkoxy group. Halogens, hvdrocarbyl groups, hydrocarboxy groups, alkyl groups, and alkoxy
groups that can be utilized as substituents are independently disclosed herein and can be utilized
without Hinitation to further describe the substituents for the substituted phenyl group.

633 In an aspect, R, R* and R° can each independently have Structure 1
D P \

R23 RZZ
4
7N\ ,
T )it Structure 11
R,Z?) RZE

wherein the undesignated valency (%) represents the point at which the substituent (e, R, R? or
R*) attaches to the transition-metal salt complex of Structure 1. Generally, R¥ R¥ R™ R* and
R™ independently can be hydrogen or a non-hydrogen substituent. In an embodiment wherein R,
R* or B has Structure L B, Y, R* R, and R*® can be hydrogen, R¥, R¥ R, and R*® can be
hydrogen and R™ can be a non-hydrogen substituent, R™, R™, R”, and R’ can be hydrogen and
R* can be a non-hydrogen substituent, R, R™, R”, and R* can be hydrogen and R™ can be a
non-hydrogen substituent, R”, R™, and R” can be hydrogen and R™ and R** can be non-hydrogen
substituents, R, R™, and R* can be hydrogen and R™ and R*® can be non-hydrogen substituents,
R¥, R™, and R® can be hydrogen and R™ and R” can be non-hydrogen substituents, or R® and
R” can be hydrogen and R™, R* and R™ can be non-hydrogen substituents. In some
embodiments wherein R, R? or R° has Structure i, RB, R,249 RZS, and R can be hydrogen and R*
can be a non-hydrogen substituent, R”, R”, R, and R™ can be hydrogen and R™ can be 2 non-
hydrogen substituent, R, R”, and R™ can be hydrogen and R™ and R* can be non-hydrogen
substituents, R™, R™, and R” can be hydrogen and R™ and R™ can be non-hydrogen substituents,
or RY and R® can be hydrogen and R, R™, and R* can be non-hydrogen substitucnts;
alternatively, R™, R, R%, and R® can be hydrogen and R can be 2 non-hydrogen substituent,
R¥, RY R*, and R® can be hydrogen and R™ can be a non-hydrogen substituent, R™, R”, and
R* can be hydrogen and R™ and R* can be non-hydrogen substituents, or R, R and R™ can be

fiydrogen and R* and R? can be non-hydrogen substituents; aliernatively, R*, R, R”, and R™®
yareg rog ;
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can be hydrogen and R™ can be a non-hydrogen substituent, or R™, R”, and R’ can be hydrogen
and R* and R” can be non-hydrogen substituents; aliernatively, R R¥ R® and R™ can be
hydrogen and R can be a non-hydrogen substituent, or R%, R¥) R”, and R can be hydrogen and
R™ can be a non-hydrogen substituent; alternatively, R™, R”, and R™ can be hydrogen and R*
and R™ can be non-hydrogen substituents, R”, R and R” can be hydrogen and R** and R’ can
be non-hydrogen substituents, or R™ and R™ can be hydrogen and R, R™, and R™ can be non-
hydrogen substituents; or alternatively, R™, R™, and R*® can be hydrogen and R™ and R** can be
non-hydrogen substituents, or R, R, and R™ can be hydrogen and R™ and R* can be non-
hydrogen substituenis. In other embodiments wherein R, R? or R’ has Stractare TIE, R¥, R¥, RY,
R”, and R* can be hydrogen; alternatively, R*, R™ R”, and R*® can be hydrogen and R” can be
a non-hydrogen substituent; alternatively, R™, R™, R”, and R™ can be hydrogen and R” can be a
non-hydrogen substituent; alternatively, R™, R, R™, and R” can be hydrogen and R** can be a
non-hydrogen substituent; alternatively, R, R”, and R™ can be hydrogen and R* and R™ can be
non-hydrogen substitucnts; alternatively, R™, R, and R” can be hydrogen and R™ and R™ can be
non-hydrogen substituents; alternatively, R”, R*, and R* can be hydrogen and R and R” and
can be non-hydrogen substituents; or alternatively, R* and R” can be hydrogen and R R™ and
R* can be non-hydrogen substituents.

{0034}  In an embodiment, the non-hydrogen substitucnts that can be utilized as R¥ RY R
R, and R? in the R, R® or R'group having Structure I independently can be a halogen, a
hydrocarbyl group, or a hydrocarboxy group; alternatively, a halogen or a hydrocarbyl group. In
some ernbodiments, the non-hydrogen substituents that can be utilized as R¥Z RY RM RY, and
1% in the R, R’ or R’ group having Structure 111 independently can be a halogen, an alkyl group, or
an alkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy groups, alkyl groups, and alkoxy
groups that can be vtilized as substituents are independently disclosed herein and can be utilized
without limitation to further describe the R, R? and/or R group having Structure 111

[0035]  In an aspect, R, R’ and R’ can each independently be a benzyl group, a substituted
benzy! group, a I-phenyleth-1-yl group, a substituted 1-phenyleth-1-vl, a 2-phenyleth-1-v1 group,
or a substituted 2-phenyleth-1-y1 group. In an erobodiment, R, R? and R can cach independently
be a benzyl group, or a substituted benzyl group; alternatively, a 1-phenyleth-1-yb group or a
substituted 1-phenyleth-1-vi; alternatively, a 2-phenyleth-1-y1 group or a substituted 2-phenyleth-
f-v1 group; or alternatively, a benzyl group, a {-phenyleth-T-yl group, or a 2-phenyleth-1-yi group.
In some embodiments, R, R? and R’ can cach independently be a benzyl group; alternatively, a

substituted benzyl group; alternatively, a I-phenyieth-1-yi group; aliernatively, a substituted -
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phenyieth-1-y1; alternatively, a 2-phenyleth-1-y1 group; or alternatively, a substituted 2-phenyleth-
I-y1 group.

[0036]  In an embodiment, cach substituent for a substituted benzyl group, a -phenyleth-1-vl
group, or a 2-phenyleth-1-y1 group {general or specific) that can be utilized as R, RY and/or R can
be a halogen, a hydrocarbyl group, or a hydrocarboxy group. In some cmbodiments, each
substituent for a substituted benzyl group, -phenyleth-1-v1 group, or a 2-phenyleth-1-y1 group
{general or specific) that can be wtilized as R, R® and/or R’ independently can be halogen, an alkyl
group, or an alkoxy group. Halogens, hvdrocarbyl groups, hydrocarboxy groups, alkyl groups, and
alkoxy groups that can be utilized as substituents are independently disclosed herein and can be
utilized without limitation to further describe the substituents for the substituted benzyl group, 1-
phenyleth-1-y1 group, or a 2-phenyleth-1-y1 group (goneral or specific) that can be utilized as R, R?
and/or R,

[0037]  To an aspect, R, R and R’ can each independently be a pyridinyl group, a substituted
pyridinyl group, a furyl group, a substituted furyl group, a thienyl group, or a substituted thienyl
group.

[6038]  In an embodiment, the pyridinyl (or substituted pyridinyl) R, R” and/or R’ can be a
pyridin-2-y1 group, a substituted pyridin-2-yi group, a pyndin-3-vl group, a substituted pyridin-3-vl
group, a pyridin-4-yi group, or a substituted pyridin-4-yl group; alternatively, a pyridin-2-y1 group,
a pyridin-3-vi group, or a pyridin-4-yi group. In some embodiments, the pyridiny! {or substituted
pyridinyl) R, R? and/or R’ group can be a pyridin-2-y1 group or a substituted pyridin-2-y1 group;
alternatively, a pyridin-3-yl group or a substituted pyridin-3-yl group; alternatively, a pyridin-4-yi
group or a substituted pyridin-4-vl group; alternatively, a pyridin-2-yl group; alternatively, a
substituted pyridin-2-yl group; alternatively, a pyridin-3-yl group; alternatively, a substituted
pyridin-3-yi group; alternatively, a pyridin-4-yl group; or aliernatively, a substituted pyndin-4-vi
group. In an embodiment, the substituted pyridinyt R, R? and/or R group can be a 2-substituted
pyridin-3-vi group, a 4-substitated pyridin-3-yl group, a S-substitsted pyridin-3-vi group, a 6~
substituted pyridin-3-ylt group, a 2,4-disubstituted pyridin-3-yi group, a 2,6-disubstituted pyridin-3-
vl group, or a 2,4,6-trisubstituted pyridin-3-yl group; alternatively, a 2-substituted pyridin-3-yi
group, g 4-substituted pyridin-3-y! group, or a 6-substituted pyridin-3-vl group; alternatively, a 2,4-
disubstituted pyridin-3-yl group or a 2.6-disubstituted pyridin-3-yl group; alternatively, a 2-
substituted pyridin-3-yl group; alternatively, a 4-substitated pyridin-3-v1 group; alternatively, a 5-

substituted pyridin-3-yl group; alternatively, a 6-substituted pyridin-3-yi group; alternatively, a 2,4-
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disubstituted pyridin-3-yl group; akternatively, a 2,6-disubstituted pyridin-3-yl group; or
alternatively, a 2 4, 6-trisubstituted pyridin-3-yi group.

[6038]  In an embodiment, the furyl (or substituted furyl) R, R? and/or R group can be a fur-2-
vl group, a substituted fur-2-yl group, a fur-3-yi group, or a substituted fur-3-yl group. In an
embodiment, the substituted furyl R, R? and/or R” group can be a 2-substituted fur-3-y1 group, a 4-
substituted far-3-y1 group, or a 2,4-disubstituted fur-3-yi group.

[0048]  To an embodiment, the thieny] (or substituted thicoyl) R, R® and/or RY group can be a
thien-2-yi group, a substituted thien-2-yi group, a thien-3-yl group, or a substituted thien-3-yi
group. In some embodiments, the thienyl (or substituted thienyl) R, R and/or R® group can be a
thien-2-y1 group or a substituted thien-2-y1 group. In an embodiment, the substituted thieny] R, R®
and/or R group can be a 2-substituted thien-3-yi group, a 4-substituted thien-3-y1 group, or a 2.4
disubstituted thien-3-y1 group.

[0041] 1o an embodiment, cach substituent for a substituted pyridinyl, furyl, or thienyl groups
{goneral or specific) that can be utilized as R, R? and/or R can cach independently be a halogen, a
hydrocarbyl group, or a hydrocarboxy group. In some embodiments, each substituent for a
substituted pyridinyl, furyl, and/or or thienyl group (general or specific) that can be utilized as R,
R? and R’ cach independently can be a halogen, an alleyl group, or an alkoxy group: alternatively, a
halogen or an alkyl group; altornatively, a halogen or an alkoxy group; alternatively, an alkyl group
or an alkoxy group; alternatively, a halogen; alternatively, an alkyl group; or alternatively, an
atkoxy group. Halogens, hydrocarbyl groups, hydrocarboxy groups, alkyl groups, and alkoxy
groups that can be utilized as substituenis are fudependently disclosed herein and can be utilized
without limitation to further describe the substituents for the substituted pyridinyl, furyl, and/or
thienyl groups (general or specific) that can be utilized as R, R and/or R*.

[6042]  In a non-limiting embodiment, R, R” and/or R’ can cach independently be a phenyl
group, a 2-alkyiphenyl group, a 3-alkylphenvyl group, a 4-alkviphenyl group, a 2,4-dialkylphenyl
group, a 2,6-dialkylphenyl group, a 3,S-dialkylphenyl group, or a 2.4 6-trialkylphenyl group:
alternatively, a 2-alkylpheny! group, a 4-alkylphenyl group, a 24-dialkyiphenyl group, a 2,6-
dialkylphenyl group, or a 2,4.6-trialkylphenyl group. Tn another non-limiting embodiment, R, R’
and R’ can cach independently be a phenyl group, a Z-alkoxyphenyl group, a 3-alkoxyphenyl
group, a 4-alkoxyphenyl group, or 3,5-diatkoxyphenyl group. In other non-limiting embodiments,
R, R? and R’ can cach independently be a phenyl group, a 2-halophenyl group, a 3-halophenyl
group, a 4-halophenyl group, a 2,6-dihalopheny! group, or a 3,5-dialkyipheny! group; alternatively,

a 2-halophenyl group, a 4- halophenyl group, or a 2,6-dihalophenyt group; alternatively, a 2-
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halophenyt group or a 4-halophenyl group; aliematively, a 3-halophenyl group or a 3,5-
dihalophenyl group; alternatively, a Z-halophenyl group; alternatively, a 3-halophenyl group;
alternatively, a 4-halophenyl group; alternatively, a 2,6-dihalophenyt group; or alternatively, a 3,5-
dihalophenyl group.  Halides, alkyl group substituents, and alkoxy group substitucnts are
independently described herein and can be utilized, without limitation, to further describe the
alkylphenyl, dialkylphenyl, tialkylphenvl, alkoxyphenyl, diatkoxyphenyl, halophenyl, or
dihalophenyl groups that can be utilized for R, R? and/or R, Generally, the halides, alkyl
substituents, or alkoxy substituents of a dialkyl, trialkyl phenyl, dialkoxyphenyl, or dihalophenyl!
groups can be the same; or alternatively, the halo, allyl substituents, or alkoxy substituents of
alkylphenyl, dialkyiphenyl, tralkylphenyl, dialkoxyphenyl, or dihalopheny! groups can be
different.

[BG43] In a nop-limiting embodiment, R, R? and R’ can each independently be a 2-
methylphenyl group, & 2Z-ethylphenyl group, a 2-isopropylphenyl group, a 2-tert-butyiphenyi
group, a 4-methylphenyl group, a 4-ethylphenyl group, a 4-sopropylphenyl group, or a 4-tert-
butylphenyl group; alternatively, a 2-methyiphenyl group, 8 Z-cthviphenyl group, a 2-
isopropyiphenyl group, or a8 2-tert-butylphenyl group; alternatively, a 4-methylphenyl group, a 4-
ethylphenyl group, a 4-isopropylphenyl group, or a 4-tert-batylphenyl group; alternatively, a 2-
methylphenyt group; alternatively, a Z-cthylphenyl group; aliernatively, a 2-isopropylphenyi
group; alternatively, a 2-tert-butviphenyl group; alterpatively, a 4-methylphenyl group;
alternatively, a8 4-ethyviphenyl group; alterpatively, a 4-isopropylphenyl group; or alternatively, a 4-
tert-butyIphenyl group. Tn another non-limiting embodiment, R, R” and R’ can cach independently
be a 2-methoxyphenyl group, a 2-ethoxyphenyl group, a 2-isopropoxyphenyl group, a 2-tert-
butoxyphenyl group, a 4-methoxyphenyl group, a 4-ethoxyphenyl group, a 4-isopropoxyphenyi
group, or a 4-tert-butoxyphenyl group; alternatively, a 2-methoxypheny! group, a 2-ethoxyphenyl
group, a Z2-isopropoxyphenyl group, or a 2-tort-butoxyphenyl group; alternatively, a 4-
methoxypheny! group, a 4-cthoxyphenyl group, a 4-isopropoxyphenyl group, or a 4-tert-
butoxyphenyl group; alterpatively, a 2-methoxyphenyl group; alternatively, a 2-cthoxyphenyl
group; alternatively, a 2-sopropoxyphenyl group; alternatively, a 2-tert-butoxyphenyl group;
alternatively, 2 4-methoxypheny! group; alternatively, a 4-cthoxyphenyl group; alternatively, a 4-
isopropoxyphenyl group; or alternatively, a 4-tert-butoxyphenyl group. In other non-limiting
embodiments, R, R* and R’ can each independently be a 2-fluoropheny! group, a 2-chiorophenyl
group, a4 3-thuorophenyl group, a 3-chlorophenyl group, a 4-flucrophenyl group, a 4-chlorophenyl

group, a 3,5-diftuorophenyl group, or a 3,5-dichlorophenyl group; alternatively, a 2-fluorophenyi
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group or a 2-chlorophenyl group; alternatively, g 3-tfluorophenyl group or a 3-chlorophenyl group;
alternatively, a 4-fluorophenyl group or a 4-chiorophenyl group; alternatively, a 3,5-difluorophenyt
group or a 3,5-dichlorophenyl group; altematively, a 3-fluoropheny! group, a 3-chlorophenyl
group, a 3,5-difluoropheny! group or a 3,5-dichlorophenyl group; alternatively, a 3-fluorophenyl
group or a 3,5-diffuoropheny! group; alternatively, a 2-fluorophenyl group; alternatively, a 2-
chlorophenyl groap; alternatively, a 3-fluorophenyl group; alternatively, a 3-chlorophenyt group;
alternatively, a 4-tluorophenyl group; altemnatively, a 4-chlorophenyl; alternatively, a 3,5-
difluorophenyl group; or alternatively, a 3,5-dichlorophenyl group.

[0844]  In an embodiment, Q is a donor group which can have Structure (I, (11} or (IV):

HeZo 2 H H
/E J N NN
N N X

4 - " Tend o< 7
R® Structure 11 R Structure T~ R* Structure IV

where N represents nitrogen, 7 can be oxygen or sulfur and R can be hydrogen, a halogen, a
hydrocarby! group, or a substituted hydrocarby! group. Generally R* can be any of the halogens,
hydrocarbyl groups, or substituted hydrocarbyl groups described herein {e.g., in the description
of groups suitable for use as R and/or RY).

[6045] In an embodiment, the CATCOMP comprises a metal salt complex, alternatively a
metal-salt complex of an imine bis(phenol} compound, alternatively a metal salt complex of an

imine bis(phenol) compouand which can have Structure V.

R
l SN D”M(Xo)a(x1 )b(xz)c
/ = NYQ Structure V
R, Ry

In Structure V, O and N represent oxygen and nitrogen respectively Q represents a donor group
which can have Structure (VI), (VID) or (VI
AN

~E TN . .. e
J N NN

R* Structare VI R Strycture VI 7 R* Structure VI
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and M is a Group 2 to Group 12 transition metal or lanthanide. Referring to Structure V, X” can
be a neutral ligand and have a value of G, 1, or 2; X' can be a monoanionic ligand, and b have a
value of 0, 1, 2, 3, or 4; and X* can be a dianionic I gand, and ¢ have 8 value of Qor .

[0046] fn an embodiment, R, RY, R, RY, and (3 of Structure V corresponds to R, RY RO RS,
and  of Structure I respectively such that the groups, features and aspects utilized to describe
RY R, RY, and @ of Structure may be ased to describe the corvesponding R, RY R RS and Q

of Structure V. One or more of R, R, R7, and r may cach be the same or different.

16047} Generally the metal atorn of the metal salt complex of the imine bis(phenol} compound
{c.g., M in Structure V) can be any meial atom. In an aspect, the metal atom of the metal salt can

be a transition metal or 8 lanthanide. In an ernbodiment, suitable metal salts can comprise, or
consist essentially of, a Group 3-12 transition metal; aliomatively, a Group 4-10 frangition metal;
alterpatively, a Group 6-9 transition metal; alterpatively, a Group 7-8 transition metal;
alternatively, a Group 4 transition metal; alternatively, a Group 5 transition metal alternatively, a
Group © trapsition metal; alternatively, a Group 7 transition metal; aliernatively, a Group §
transition metal; alternatively, a Group 9 transition metal; or alternatively, a Group 10 trapsition
metal.  In some embodiments, the metal salt can comprise titanium, zirconium, hafniom,
vanadium, niobiam, tantahum, chromium, molyvbdenum, tungsten, manganese, ron, cobalt, nickel,
palladium, platinum, copper, or zine, Alternatively M 15 a Group 4 transition metal, Alternatively,
M is titantum. Alternatively, M is zirconum. Alternatively, M is hafnium.

{0048} Generally, the metal atom of the metal can have any positive oxidation state available
o the roetal atom.  In an embodiment, the oxidation state of M s equal to (b + 2¢ + 2). In an
embodiment, the transition metal can have an oxidation state of from +2 to +6; alternatively, from
+2 1o +4; or alternatively, from +2 to +3. In some embodiments, the metal atom of the transition
metal salt, ML, can have an oxidation state of +1; altematively, +2; alternatively, +3; or
alternatively, +4. For example, the most common oxidation state for Ti, Zr, and Hf can be +4;
therefore, ¢ can be equal to zero and b can be equal to 2 {two monocanionic ligands), or b can be
equal to zero and ¢ can be equal to 1 {one dianionic Hgand). The most common oxidation state for
V and Ta can be +5; therefore, for instance, b can be equal to one (one monoanionic ligand) and ¢
can be equal to 1 (one dianionic ligand).

83049} Referring to Structure V, X’ can be a neutral ligand, and the integer a in Structure V
can be §, 1 or 2. In an aspect, suitable neutral ligands can include sigma-donor solvents that
contain an atom (or atoms) that can coordinate to the metal atom in Structure V. Examples of

suitable coordinating atoms include, but are not limited to, 8O, N, 5, and P, or combinations of
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these atoms. The neutral higand can be unsubstituted or can be substituted, Substituent groups
are independently described herein and can be utilized, without limitation to further describe a
neutral ligand which can be utilized as X" in Structure V. In some aspects, the neutral ligand can
be a Lewis base. When the integer a is equal to 2, it is contemplated that the two neutral ligands
can be the same or different and the descriptions set forth herein apply to each ligand
fndependently.

10638} Tn an aspect, X°, can be an ether, 2 thiccther, an arine, a vitrile, or a phosphine. In
another aspect, X*, can be an acyclic ether, a cyclic ether, an acyclic thioether, a cyclic thioether, a
nitrile, an acyclic amine, a cyclic amine, an acyclic phosphine, a cyclic phosphine, or combinations
thereof. Tn other aspects, X°, can be an acyclic ether or a cyclic ether; alternatively, an acyelic
thioether or a cyclic thioether; alternatively, an acyclic amine or a cyclic amineg; alternatively, an
acyclic phosphine or a cyclic phosphine; alternatively, an acyclic cther; alternatively, a cyclic
ether; alternatively, an acyclic thioether; alternatively, a cyclic thioether; alternatively, a nitrile;
alternatively, an acyclic arpine; alternatively, a cyclhic arnine; alternatively, an acyclic phosphing; or
alternatively, a cyclic phosphine. Further, X" can include any substituted analogs of any acyclic
gther, cyclic ether, acyclic thioether, cyclic thioether, nitrile, acyclic amine, cyclic amine, acyclic
phosphine, or cyclic phosphine, as disclosed hereiu.

0051} n an aspect, XU can be a nitile having the formula R™C=N, an cther having the
formula R™-O-R™, a thioether having the formula R™-S-R™ an amine having the formula
NRORMR™M WHR™MR™ or NHLR™, or a phosphine having the formula PRMR'IRM PHRIR'
or PHZRQQ; alternatively, a nitrile having the formula R,MCEN, an ether having the formula R¥9.0-
R, a thicother having the fornmla R™-8-R™ an amine having the formula NR®MR™MR™, or a
phosphine having the formula PROR™RMY; or alternatively, a nitrile having the formula RMC=N,

an ether having the formula R™-0-R™, a thicether having the formula R*-S-R°Y

5

an amine having
the formula NR®R™R™, or a phosphine having the formula PROR'RMS In an aspect, X can be
a nitrile having the formula R'C=N; alternatively, an ether having the formula R™-O-R™
alternatively, a thicether having the formula R™-S-R™ alternatively, an amine having the formula
NRURR™M WNHR™MR™, or NHR®™; aliernatively, a phosphine having the formula PR7R'RMY
PHR™MR™, or PH,R™; or alternatively, a phosphine having the formula PR™MR'R'

10052} In an aspect, R' of the nitrile having the formuia RMC=N, R™ and R of the ether
having formula R™-0-R™, R* and R™ of the thioether having the formula R*™-S-R™ R® R™ and
R¥ of the amine having the forouila NR™MR MR NHRR™ or NHLR™, and R™, R and RMYof
the phosphine having the formmula PR™R'RM PHR™MR™, or PH,R®, independently can be a C
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hydrocarbyl group: alternatively, a C; to Cs hydrocarbyl group; or aliernatively, a Cy to Cs
hydrocarby! group. Tt should also be noted that R™ and R™ of the ether having formula R-0O-R™
R™ and R™ of the thioether having the formula R*™-S-RY any two of R® RY and R™ of the
amine having the formula NRYR™R™ or NHRMR" and/or any two of R™ R'™ and R of the
phosphine having the formala PRMR'™RM or PHR™R'™ can be joined to form a ring containing
the cther oxygen atorn, the thioether sulfur atom, the amune nitrogen atom, or the phosphine
phosphorus atom to form a cyclic ether, thioether, amine, or phosphine, respectively, as described
herein in regards to cyclic ethers, thioethers, amines, and phosphines.

[B0S3] In an aspect, R' of the nitrile having the formula RYMC=N, R™ and R™ of the cther
having formula R™-0-R*% R* and R of the thioether having the formufa R*-S-R™, R R’ and
R™ of the amine having the formula NRYR7R™ NHR™R™, or NH,R™, and R, R and RV of
the phosphine having the formuia PRMR'RM™Y PHROR™™ or PHRY, independently be any
hydrocarbyl group disclosed herein. The hydrocarbyl group can be, for instance, any alkyl group,
cycloalkyl group, arvl group, or aratky! group disclosed herein.

16054] In another aspect XO, in Structure V independenily can be a -Gy ether, a $-Cse
thioether, a Cp-Cyp nitrile, a ;-Csp amine, or a C-Cse phosphine; alternatively, a C-Cyp cther;
alternatively, a C)-Chg thioether; altematively, a $-Cy; nitrile; alternatively, a Ci-Cys amine; or
alternatively, a Ci-Ciz phosphine. In some aspects, cach neutral ligand independently can be a C»-
Cyp ether, a Cp-Cyp thioether, a Co-Cy nitnile, & C-Cyp aming, or a C-C 1 phosphine; alternatively, a
(Cy-Chg cther; alternatively, a Cp-Cyg thicether; abiernatively, a C)-Cy nitrile; alternatively, a C-Cy
aming; or alternatively, a C-Cg phosphine.

USRS Suitable ethers which can be utilized as X°, either alone or in combination, can include,
but are not limited to, dimethyl ether, diethyl ether, dipropyl ether, dibutyl ether, methyl ethyl
cther, roethyl propyl cther, roethyl buiyl ether, diphenyl ether, ditolyl ether, tetrahydrofuran, 2-
methyltetrahydrofuran, 2,5-dimethylietrahydrofuran, 2 3-dihydrofuran, 2,5-dihydrofuran, furan,
benzofuran, isobenzofuran, dibenzoturan, tetrahydropyran, 3,4-dihydro-2H-pyran, 3,6-dihydro-2H-
pyran, 2H-pyran, 4H-pyran, 13-dioxane, 14-dioxane, morpholine, and the lke, including
substituted derivatives thereof.

16056] Suitable thiocthers which can be utilized as X°, either alone or in combination, can
include, but are not Hmited to, dimethyl thioether, dicthyl thioether, dipropyl thioether, dibutyl

thioether, methyl ethyl thioether, roethyl propyl thicether, methyl butyl thicether, diphenyl
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thioether, ditolyl thioether, thiophene, benzothiophene, tetrahydrothiophene, thiane, and the like,
including substituted derivatives thereof.

HEU! Suitable nitriles which can be utilized as X° either alone or in combination, can
include, but are not limited 0, acetoniirile, propionitrile, butyronitrile, benzonitrile, 4-
methylbenzonitrile, and the like, including substituted derivatives thereof.

0S8} Suitable amines which can be wtilized as X", either alone or in combination, can
fuchude, but are not Hrotted to, methyl amine, ethyl amine, propyl amine, butyl amine, dimethyl
amine, diethyl amine, dipropyl amine, dibutyl amine, trimethyl amine, triethyl amine, tripropyl
amine, tributyl amine, aniline, diphenylamine, triphenvlamine, tolylamine, xylylamine,
ditolylamine, pyndine, quinoline, pyrrole, indole, Z-methylpyridine, 3-methylpyndine, 4-
methylpyridine, 2,5-dimethylpyrrole, 2,5-diethylpyrrole, 2.5-dipropyipyriole, 2,5-dibutyipyrrole,
2 4-dimethylpyrrole,  24-dicthylpyrrole, 2 4-dipropyipyrrole,  24-dibutylpyrrole,  3.4-
dimethylpyrrole, 3.4-dicthylpyrrole, 3,4-dipropylpyrrole, 3.4-dibutylpyrrole, 2-methylpyrrole, 2-
cthylpyrrole, 2-propyipyrrole, 2-butyipyrrole, 3-methyvlpyrrole, 3-ethylpyrrole, 3-propylpyrrole, 3-
butylpyrrole, 3-ethyl-2 4-dimethylpyrrole, 2,3,4,5-tetramethylpyrrole,  2,3,4,5-tetracthylpyrrole,
and the like, including substituted derivatives thereof  Suitabie amines can be primary amines,
secondary amines, or tertiary amines,

{BORG] Suitable phosphines which can be utilized as X°, cither alone or in corbination, can
include, but are pot limited to, wrimethyiphosphine, triethylphosphine, tripropylphosphine,
tributylphosphine, phenylphosphine, tolviphosphine, diphenviphosphine,  ditolyiphosphine,
friphenyiphosphine,  tritolylphosphine, methyldiphenylphosphine,  dimethylphenyliphosphine,
ethvidiphenyiphosphine, dicthylphenylphosphine, and the like, including substituted derivatives
thereof.

[8068] In an aspect, X" can be azetidine, oxetane, thictane, dioxetane, dithietane,
tetrabydropyrrole,  dibydropyrrole,  pyrrole,  indole,  woindole,  tetrahydroturan,  2-
methyltetrabydrofuran,  2.5-dimethyltetrahydrofuran,  dihydrofuran,  fuoran,  benzofuran,
isobenzoturan, tetrahydrothiophene, dihydrothiophene, thiophene, benzothiophene,
isobenzothiophene, wmidazolidine, pyrazole, imidazole, oxazolidine, oxazole, isoxazole,
thiazolidine, thiazole, isothiazole, benzothiazole, dioxolane, dithiolane, triazole, dithiazole,
piperidine, pyridine, dimethy] amine, diethyl amine, tetrahydropyran, dihydropyran, pyran, thiane,
piperazine, diazine, oxazine, thiazive, dithiane, dioxane, dioxin, triazine, triazinane, trioxane,
oxepin,  azepine,  thieptn,  diszepine,  worpholine,  quivoline, etrahydroquinone,

bicyclo{3.3.1 ftetrasiloxane, or acetonitrile; alternatively, azetidine, oxetane, thictane, dioxetane,
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dithietane, tetrahydropyrrole, tetrahydrofuran, 2-methylictrahydrofuran, 2,5-
dimethyltetrahydroturan, tetrahydrothiophene, imidazolidine, oxazolidine, oxazole, thiazolidine,
thiazole, dioxeclane, dithiolane, piperidine, tetrahydropyran, pyran, thiane, piperazine, oxazine,
thiazine, dithiane, dioxane, dioxin, triazinane, fricxane, azepine, thiepin, diazepine, morpholing,
1,2-thiazole, or bicyclo[3.3.1 tetrasiloxane; alternatively, tetrahydropyrrole, tetrahvdrofuran, 2-
methyletrahydrofuran, 2,5-dimethyltetrahydroturan, tetrahydrothiophene, oxazolidine,
thiazolidine, dioxolane, dithiolane, dithiazole, piperidine, tetrahydropyran, pyran, thiane,
piperazine, dithiane, dioxane, dioxin, trioxane, or morpholing; alternatively, tetrahydrofuran, 2-
methyltetrahydrofuran, 2 5-dimethyltetrahydrofuran, tetrahydrothiophene, dioxolane, dithiolane,
tetrabydropyran, pyran, thiane, dithiane, dioxane, dioxin, or irioxane; alternatively,
tetrahydrofuran, dioxolane, tetrahydropyran, dioxane, or trioxane; alternatively, pyrrole, furan,
pyrazole, tmidazole, oxazole, isoxazole, thiazele, isothiazole, trazole, pyridine, dimethyl amine,
diethyl amine, diazine, triazine, or quinoline; alternatively, pyrrole, furan, imidazole, oxazole,
thiazole, trigzole, pyridine, dimethy] amine, diethyl amine, diazine, or triazine; or alternatively,
furan, oxazole, thiazole, triazole, pyridine, diazine, or triazine. In some aspects, XY can be
azetiding; alternatively, oxetane:; alternatively, thictane; alternatively, dioxetane; alternatively,
dithictane; alternatively, tetrahydropyrrole; alternatively, dibydropyrrole, alternatively, pyrrole;
alternatively, mdole; alternatively, isoindole; alternatively, tetrahydrofuran; altemnatively, 2-
methyltetrahydroturan; alternatively, 2,5-dimethyltetrahydrofuran; alternatively, dihydropyrrole;
alternatively, furan; alternatively, benzofuran; alternatively, isobenzofuran; allernatively,
tetrahydrothiophene;  alternatively, dihvdrothiophene;  aliernatively, thiophene; alternatively,
benzothiophene; alternatively, isobenzothiophene; alternatively, imidazolidine; aliernatively,
pyrazole; alternatively, imidazole; alternatively, oxazolidine; alternatively, oxarzole; alternatively,
isoxazole; alternatively, thiazoliding; alternatively, thiszole; altermatively, benzothiazole;
alternatively, isothiazole; alternatively, dioxolane; aliernatively, dithiolane; aliernatively, triazole;
alterpatively, dithiazole; asliematively, piperidine; alternatively, pyridine; alternatively, dimethyl
amine; alternatively, dicthyl amine; alternatively, tetrahydropyran; alternatively, dibhydropyran;
alternatively, pyran; alternatively, thiane; alternatively, piperazing; aliomatively, diazine;
alternatively, oxazing; alternatively, thiazine; alternatively, dithiane; alternatively, dioxane;
alternatively, dioxin; aliernatively, triazine; alternatively, triazinane; alternatively, trioxane;
alternatively, oxepin; alternatively, azepine; altemnatively, thiepin, alternatively, diazepine;
alternatively, morpholine; alternatively, guinoling; alternatively, tetrahydroquinone; altermatively,

bicyclo{3.3.1 Jtetrasiloxane; or alterpatively, acetonitrile.
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18061} In another aspect, X° can be azetidine, tetrahydropyrrole, dihydropyrrole, pyrrole,
indole, isoindole, imidarolidine, pyrazole, imidazole, oxazolidine, oxazole, isoxazole, thiazolidine,
thiazole, isothiazole, triazole, beuzotriazole, dithiazole, piperidine, pyridine, dimsethyl amine,
dicthyl amine, piperazine, diazine, oxaziue, thiazine, friazine, azepine, diazepine, roorpholing,
quinoline, or tetrahydroisoquinoline. In another aspect, X° can be thietane, dithictane,
tetrahydrothiophene,  dibydrothiophene,  thiophene,  benzothiophene,  isobenzothiophene,
thiazohidine, thiazole, isothiazole, dithiclane, dithiazole, thiane, thiazine, dithiane, or thicpin. In
another aspect, X° can be tetrahydrofuran, furan, methyltetrabydrofuran, dihydrofuran,
tetrahvdropyran, 2,3-dihydropyran, 1,3-dioxane, 1,4-dioxane, morpholine, N-methylmorpholine,
acetonttrile, propionitrile, butyronitrile, benzonitrile, pyridine, ammoma, methyl amine, ethyl
amine, dunethyl amine, dicthyl anune, truncthyl amine, tricthyl amine, trimethylphosphing,
tricthylphosphine,  triphenylphosphine,  tri-n-butylphosphine, methyl isccyanide, n-butyi
isocyanide, phenyl isocyanide, SMe;, thiophene, or tetrabydrothiophene. In another aspect, X can
be tetrabydrofuran, rocthyitetrahydrofuran, tetrahydropyran, |4-dioxane, acctonitrile, pyridine,
dimethy! amine, dicthyl amine, ammonia, trimethyl amine, tricthyl amine, trimethylphosphine,
triethylphosphine,  triphenyiphosphine, SMe,, or  tetrahydrothiophene;  alternatively,
tetrahydroforan, methylietrahydrofiran, tetrahydropyran, or 1,4-dioxane; alternatively, ammonia,
trimethylamine, or iricthylamine; or alioratively, trimethylphosphine, tricthylphosphine, or
triphenylphosphine.  Yet, in another aspect, X% can be teteahydrofuran, acetonitrile, pyridine,
ammonia, dimethyl amine, diethyl amine, trimethyl amine, trimethylphosphine, or
friphenyiphosphine; alternatively, tetrahydrofuran, acctonitride, pyridine, dimethyl amine, dicthy!
aming, trimethy! amine, trimethyiphosphine, or triphenylphosphine; alternatively, tetrahydrofuran,
acetonitrile, dimethyl amine, diethyl amine, or pyridine; alternatively, tetrahydroforan;
alternatively, acetonttrile; alternatively, dimethyl amine; alternatively, diethyl amine; or
alternatively, pyridine.

0062 X' in Structure V can be a monoanionic ligand, and the integer b in Structure V can be
0, 1,2, 3, or 4 X' can be a hydrogen (hydride), a halide, a C; to Cis hydrocarbyl group, a
hydrocarbyloxide group, a hydrocarbylamino group, a hydrocarbylsilyl group, or a
hydrocarbylaminosilyl group. If'b is greater than 1, each x! group of Structure V, can be the same
or a different. In an embodiment, b is greater than 1 and each X' can independently be a hydrogen
(hydride), a halide, a C; to Uy hydrocarbyl group, a hydrocarbyloxide group, a hydrocarbylaming

group, a hydrocarbylsilyl group, or a hydrocarbylarinosityl group.
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{6063] In one aspect, X' can be hydrogen, a halide (e.g., F, CL Br, or 1), a Cy to Cyg
hydrocarbyl group, a hydrocarbyloxide group, a hydrocarbylamino group, a hydrocarbylsilyl
group, or a hydrocarbylaminosilyl group. In another aspect, X' can be hydrogen, a halide, a C; to
Ciz hydrocarbyl group, a hydrocarbyloxide group, a hydrocarbylamino group, a hydrocarbylsityl
group, or 3 hydrocarbylaminosilyl group.  In yet another aspect, X' can be hydrogen, a halide, a €
10 Cy hydrocarbyl group, a hydrocarbyloxide group, a hydrocarbylamino group, a bydrocarbylsilyl
group, or a bydrocarbylaminesilyl group. In still another aspect, X' can be hydrogen, a halide, a C,
to Cg hydrocarbyl group, a hydrocarbyloxide group, a hydrocarbylaming group, g hydrocarbylsilyl
group, or a hydrocarbylaminosilyl group.

[(3864] The hydrocarbyl group which can be X' in Structure V can be any ) to Cpg
hydrocarbyl group, any Oy to Cyp hydrocarbyl group, any C to Cyp hydrocarbyl group, or any C; to
Cg hydrocarbyl group disclosed herein. A hydrocarbyloxide group is used generically herein to
fnchude, for instance, alkoxy, arvioxy, and —(alkyl or aryD-O-{alkyl or aryl} groups, and these
groups can comprise up 1o about 18 carbon atoms (e.g., €y 10 Cys, Ty t0 Cyp, € 10 Cio, o Ty 0
hydrocarbyloxide groups). IHustrative and non-limiting examples of hydrocarbyvloxide groups can
include methoxy, ethoxy, propoxy, butoxy, phenoxy, substituted phenoxy, acetylacetonate (acac),
and the like. The term hydrocarbylamino group is used generically herein to refer collectively to,
for instance, alkylamino, aryvlamino, dialkviamino, diarylamino, and —(alkyl or aryl}-N-(alkvl or
aryl} groups, and the like. Unless otherwise specified, the hydrocarbylamino groups which can be
X! in Stracture V can comprise up to about 18 carbon atoms {e.g., Ty to Crg, T to T, Cito Cig, or
Cy to Cy hydrocarbylamino groups). The hydrocarbylsilyl group which can be X' in Structure V
can be any Cy to Cyg hydrocarbylsityl group, any Cy to Cy, hydrocarbylsilyl group, any Cy 1o Cyg
hydrocarbylsilyl group, or any Oy to ¢ hydrocarbylsilyl group, disclosed herein. A
hydrocarbylaminosilyl group is used herein to refer to groups containing at least one hydrocarbon
maiety, at least one nitrogen atom, and at least one silicon atom. ustrative and non-liraiting
examples of hydrocarbylaminosifyl groups which can be X' can include, but are not limited to —
MN{SiMez)y, —N(SiEt: b, and the like. Unless otherwise specified, the hydrocarbylamnosilyl groaps
which can be X' can comprise up to about 18 carbon atoms (e.g., Cy 10 Cis, Cy 10 Cpay Gy 10 Cuo, 01
Cy to Cyhydrocarbylaminosilyl groups).

USRS In accordance with an aspect of this disclosure, X' in Structure V can be a halide;
alternatively, a C; to Cyg hydrocarbyl group; alternatively, a C; to Cys hydrocarbyloxide group;
alternatively, a C, to Cis hydrocarbylanuino group: alternatively, a € to Cyg hydrocarbylsilyl

group; or alternatively, a C; to Ty hydrocarbylaminosilyl group. In accordance with another
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aspect, X! can be hydrogen; alternatively, F; alternatively, Cl; alternatively, Br; alternatively, [
alternatively, a C; to Uy hydrocarbyl group; alternatively, a C; to Cys hydrocarbyloxide group;
alternatively, a C; to Ciz hydrocarbylamino group; alternatively, a €y to Cig hydrocarbylsiiyl
group; or alternatively, a C; to Cis hydrocarbylaminosily! group. In accordance with yet another
aspect, or at least one X' can be hydrogen, a halide, methyl, phenyl, benzyl, an alkoxy, an aryloxy,
acetylacetonate, an alkylamino, a dialkylamino, a trihydrocarbylsilyl, or a hydrocarbylaminosilyl;
alternatively, bydrogen, a halide, methyl, phenyl, or benzyl; alternatively, an alkoxy, an aryloxy, or
acetylacetonate; alternatively, an alkylamino or g distkylamino; alternatively, 2 trihydrocarbylsilyl
or hydrocarbylaminosilyl; alterpatively, hydrogen or a halide; alternatively, methyl, phenyl,
benzyl, an alkoxy, au aryloxy, acetylacetonate, an alkylamino, or a dialkylamino; alternatively,
hydrogen; alternatively, a halide; alternatively, roethyl; alternatively, phenvl; aliernatively, benzyl;
alternatively, an alkoxy; alternatively, an aryloxy; alternatively, acetylacetonate; alternatively, an
atkylamino; alternatively, a dialkvlamino; alternatively, a trihydrocarbylsilyl; or alternatively, a
hydrocarbylaminosilyl. In these and other aspects, the alkoxy, arvioxy, alkylamivo, dialkylamine,
trihydrocarbylsilyi, and hydrocarbylaminosilyl canbe a Gy to Cig, 2 Ci 10 Cp, a Gy to Gy, or 2 Gy
to gz alkoxy, aryloxy, alkylamino, dialkylamino, trihydrocarbyisilyl, or hydrocarbylaminosilyl
[30685] X% in Structare V can be a dianionic ligand, and the integer ¢ in Structure V can be
cither O or 1. In one aspect, X7 can be =0, =NR*, or =CR™R*". Tn another aspect, X can be =0;
alternatively, X* can be =NR™: or alternatively, X* can be =CRR’". Independently, R™, R™,
and R*C can be hydrogen or any C; to Cis hydrocarbyl group disclosed herein; aliernatively,
hydrogen or any C; to Cy; hydrocarbyl group disclosed herein; alternatively, hydrogen or any C; o
Cyy hydrocarbyi group disclosed herein; or alternatively, hydrogen or any Cy to Cy hydrocarbyl
group disclosed herein. As an example, R*, R*®, and R*" can each independently be hiydrogen or
any C; 10 Cpp, Gy to G, or any Gy to Cp alkyl group disclosed herein,

{8067} I an embodiment, an imine (bis)phenol compound suitable for use 1o 2 CATCOMP

of the present disclosure comprises a compound having Structure X
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where the groups utifized to describe R, R?, and R’ of Structure | may be utilized to describe R,
R?, and R respectively of Structure IX.
[B068] In an embodiment, an imine bis{phenol) compound suitable for use in a CATCOMP

of the present disclosure coraprises a compound having Structure X

EBu H kf Ff Structure X
1 “L\\\\\[O O e 1
i
\\_’.'///. ~ N N S\,«' ]

where the groups utilized to describe R, and R’ of Structure 1 may be utilized to describe R and
R’ respectively of Structure X. In an embodiment of Structure X, R is a t-butyl group and R is
hydrogen. Alternatively R and R? are t-buty] groups, alternatively R is a methyl group and R” is
hydrogen, alternatively R and R” are c¢hloride, alternatively R is adamantyl and R’ is methyl,
alternatively R is methoxy and R” is hydrogen, or alternatively R and R are hydrogen.

3069} In an embodiment, an imine phenol compound suitable for use in a CATCOMP of the

present disclosure comprises a compound having Stracture X1

\,,,,f X

Structure X1

where the groups utilized to describe R, RY, and R of Structure I may be utilized to describe R,
R’, and R’ respectively of Structure X1.
[8078] In an embodiment, an imine phenol compound suitable for use in a CATCOMP of the

present disclosure comprises a compound having Structure XL
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Ny Stracture X1

where the groups utilized to describe R and R? of Structure I may be utilized to describe R and
R’ respectively of Structure XIL Tn an embodiment of Structure XIL R and R* are methyl
groups, or alternatively R is methoxy and R is hydrogen.

{6071} In an embodiment, a2 metal salt complex of an imine (bis)phenol compound suitable

for use in 3 CATCOMP of the present disclosure comprises a compound having Structure XIH:

i X®
N X
5, 07RO Structure X111

3

E\//’" \/N\ /i%z\'l
R \‘{ -
R3

FA

where M is titanium, zirconium, or hafnium and R, R%, RY, X°, and X' are of the type described
group. Alternatively, M is hafiium and R is a t-butyl group; alternatively, M is zirconium and R
and R? are t-buty! groups, alternatively M is zirconium and R is a methyl group, alternatively M
is zirconium and R and R are chloride, or alternatively M is zirconium, R is adamantyl and R is
methyl,

{8072} In an embodiment, a metal salt complex of an imine bis(phenol) compound suitable
tor use in a CATCOMP of the present disclosure comprises a compound having Structure XIV:

) OFEt,
‘Bu C.\‘J,Ci R

Pt N

[

i
1

§ ! | ﬂ Structure XIV
N N DRy R
5

where the groups utilized to deseribe R and R of Structure [ may be utilized to describe R and
R” respectively of Structure XIV and B0 is optional.

LHIERY In an embodiment, 3 metal salt complex of an imine bis{phenol) compound suitable
for use in a CATCOMP of the present disclosure comprises a compound having Structure XV

where Et;O is optional:
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(6874} In an embodiment, a metal salt complex of an imine bis{phenol} compound suitable
for use m a CATCOMP of the present disclosure comprises a compound having any of

Structures XV, XVIL XVIL XIX, XX, or XXk
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{6075] In an embodiment, the metallocene-containing compound in the CATCOMP is an
unbridged metallocene, designated MTE-A, which, when utilized as an ethylene polymerization
catalyst. Herein, the term “metallocene” describes a compound comprising at least one 1y’ to 1-
cycloalkadienyl-type moiety, wherein 7 to 1 -cycloalkadienyl moieties  include
cyclopentadienyt ligands, indenyl Ligands, fluorenyl ligands, and the hike, mchuding partially
saturated or substituted derivatives or analogs of any of these. Possible substituents on these
ligands include hydrogen, therefore the description “substituted derivatives thereof” in this
disclosure comprises partially saturated ligands such as tetrabydroindenyl, tetrahydrofluorenyl,
octahydroflucrenyl, partially saturated indenyl, partially saturated tluorenyl, substituted partially
saturated indenyl, substituted partially saturated fluorenyl, and the like.

[8076] In an ewbodiment, MTE-A is a compound that may be characterized by one of

general formulas 1 or 2:

Y. Y\
A A/ \/\/ C C
Cp\M/x Cp\M/x : p\M/x
P ~
Formula 1 Formula 2

where cach X is independently F, Cl, Br, 1, methyl, benzyl, phenyl, H, BH,, a hydrocarbyloxide
group having up to 20 carbon atoms, 8 hydrocarbylamine group having up to 20 carbon atoms, a
tribydrocarbylsilyl group having up to 20 carbon atoms, OBR’; wherein R” may be an alkyl group
having up to 12 carbon atoras or an arvl group having up 1o 12 carbon atoms, and SOsR”, wherein
R’ may be an alky! group having up to 12 carbon atoms or an aryl group having up to 12 carbon
atoms; Y is a CR, or SiR, group where R is hydrogen or a hydrocarbyl group; CTp™, Cp®, Cp©, and
Cp® are cach independently a substituled or unsubstituted cyclopentadienyl group, indeny! group,
or floureny! group and where any substituent on Cp®, Cp”, Cp®, and Cp” can be H, a hydrocarby!
group having up to 18 carbon atoms or a hydrocarbylsilyl group having up to 18 carbon atoms.

{80771 In an embodiment, MTE-A is a dinuclear compound wherein cach metal moiety has
the same structural characteristic desceribed previcusly herein. In an embodiment, MTE-A s 8
nonbridged metallocene. Nonlimiting examples of compounds suitable for use in this disclosure

as MTE-A are represented by structores (1)-{i3}
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160781 Other nonlimiting examples of metallocene compounds that mway be suitably
employed as MTE-A in a CATCOMP of the type disclosed herein include
is(eyclopentadienyhhafhium dichloride; bis(n-butylcyclopentadienylbis(di-t-
butylamidojhafniumy bis(u-propylcyelopentadienylizirconium dichloride;
bis(pentamcthyicyclopentadienylzirconium dichloride; bis(1-propylindenyljzirconium

dichloride; or any combination thereof.
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16079 In an alternative embodiment, the CATCOMP comprises a bridged metallocene
compound hereinafter designated MTE-B. In an embodiment, MTE-B can be characterized by

one of general formulas 3or 4

A A C
E/Cp\M/x E/Cp\M/x e R x
NA R \X < M\
CpB \CpB X \CgD X

Formula 3 Formula 4

where M 1s T4, Zr or Hf; each X 15 independently F, Cl, Br, I, methyl, phenyl, benzyl, H, BHy, a
hydrocarbyloxide group having up to 20 carbon atoms, 4 hydrocarbylamino group having up 10 20
carbon atoms, s triltydrocarbylsilyl group having up to 20 carbon atoras, OBR’, wherein R’ may
be an alkyl group having up to 12 carbon atoms or an aryl group having up to 12 carbon atoms, or
SO:R” wherein R” may be an alkyl group having up to 12 carbon atoms or an aryl group having up
1o 12 carbon atoms; Y is a CRy, SiR,, or R,CCR, group which may be linear or cyclic and where R
is hydrogen or a hydrocarbyl group; Cp™, Cp®, Cp©, and Cp" are each independently a substituted
or unsubstituted cyclopentadienyl group, indenyl group, or flowrenyl group and where any
substituent on Cp”, Cp°, Cp©, and Cp” can be H, a hydrocarby! group having up to 18 carbon
atoms or a hydrocarbylsilyl group having up to 1¥ carbon atoms. E represents g bridging group
which may comprise {1} a cyclic or heterocyclic moiety having up to 18 carbon atoms, (i) a group
represented by the general formula B*R™™R™, wherein E* is €, 81, Ge, or B, and R™ and R™ are
fndependently H or a hydrocarbyl group having up to 18 carbon atoms, (1) a group represented by
the general formula —CRPRM—CR¥ R, wherein R™®, R R'", and R are independently H
or a hydrocarbyl group having up to 10 carbon atoms, or (iv) a group represented by the general

- ‘- - . [ . . T oay ; ; ey 3D 4D
formula SiRy-CRy where X is 8i or C and R is a hydrogen or hydrocarbyl group; or —SiR™PR*—

to 10 carbon atoms, and wherein at least one of R™, R, R* R¥ R 1 Y R R RY or
the substituent on Cp, Cpy, or Cpy, 15 {1) a terminal alkeny! group having op to 12 carbon atoms or
{(2) a dinuclear compound wherein each metal moiety has the same structural characteristic as
MTE-B. Nonlimiting examples of compounds suitable for use in this disclosure as MTE-B are

representad by structures (14)-(29):



WO 2014/120548 PCT/US2014/012723
29
t-Bu \»—\y By B’ %/ / “BY 807\ \,/\ > eBy (\,,JIG,\ ji’
Pho v N0l Ph.__~ - Me. > N X
< o zeC ~ G Pha v N
NG TN TN N P O
> >/ > SOV N TN
<@ ©) 2SO, o
fin pS e Al . = (.//
{4 (15) \_/\ (16) an; =
[~ \—/ /b~ R I.,-.—_ﬁ\ \/-\\~¢-\
By ;, J\)(} t-Bu /( AT /\ WK ~8u) t-8u/\,J’%¢L\/\t-Bu
A / Hf"ca A N Q:‘\ ~ - / g \\ el
. N.O\,N/ e - - Y \( _-Ci
Ph” > / i G Zi‘f = M FA i Zr.
L o N TN >\/ ~ci CrONS TN
A > / Ci 2 \/ P Ci
WA L TRy < 7\7 Y
a8 N S 20 24 a1 \\ii"i\
S - » {1 [y i \ei) T
o= T el .y
AN FN- o\
//”‘\Im\/ '\\‘\‘ pree® ,::\\;\\ /”"’\ /= *”\__(‘1}\
R, 7Y / g \ 7= \
t-Bu’/\\,/\\u\(/~ 2 By E-Bu/\, fi \)\‘\J ~ppy BB ’\\ - (S A f\t B (/ y»\/
Phe 7\ SX K J\v
o e Mewci” Y- Mol Ol Pl e C
PRS0 N Me™ N P N
(’Z’jﬁ b ‘7(\ .A'*ﬁ\ U p ./\ 103
: S~ (( ) L k @)
(22 \\”\ (23] (24) T 28y T e
(23)
L ase Nt
-Bu ;/\y%f ~{-Bu \,J>/‘L Y t-Su"&,\ )\ / ~t-Buy
e VIR o
7 L 21Ch TR Dz 0 ZiCl,
e i M S
B r \/t ~Bu t-BU\\/\ ‘\/ ),7_’\/,/&&1 E-Bu-~/ f(i?/'\\\\lxt-ﬁu
Ve, e - -—\”w, e, ) - wrd
(26) 273 (28)
J—
FTN P ST
| f B e .
Ao j\k:\ N -Bu \\L&_\\) / \\l
Bl 7\, -Ci Bt N2
Ph\,C/ Z'.Vr"\\ﬁ ! v \ \&/\K—Bu
~f v PrC )
@) > AR
& S /@< ci
(29} TSN

(0080

which may function as an activator-support.
can comprise a clay mineral, a pillared clay, an exfohated clay, an exfohated clay gelled into

another oxide matrix, a layered silicate mineral, a nouv-layered silicate

In an embodiment, the

aluminosilicate mineral, a non-layered aluminosilicate mineral, or any combination thereof,

10081 ]

the corresponding

functions as a catalyst activator as compared 1o the corresponding untreated sohd oxide.

Generally, chemically-treated solid oxides exhibit enhanced acidity as compared to
untreated sohid oxide compound. The chemically-treated solid oxide also

While

CATCOMP further comprises a chemically-treated solid oxide

Alternatively, the chemically-treated solid oxide

mineral, a layered
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the chemically-treated solid oxide activates the transition-metal salt complex in the absence of
co-catalysts, co-catalysts may alse be included in the catalyst composition. The activation
function of the activator-support is evident in the enhanced activity of catalyst composition as a
whole, as compared to a catalyst composition containing the corresponding untreated solid
oxide. However, it 18 believed that the chemically-treated solid oxide can function as an
activator, even in the absence of an organcaluminam compound, aluminoxanes, organoboron or
organchorate compounds, onizing ionic compounds, and the hike.

{0082] The chemically-treated solid oxide can comprise a solid oxide treated with an
electron-withdrawing anion. While not intending to be bound by the following statement, it is
behieved that treatment of the solid oxide with an electron-withdrawing component asgments or
enthances the acidity of the oxide. Thus, either the activator-support exhibits Lewis or Brouosted
acidity that is typically greater than the Lewis or Bronsted acid strength of the antreated solid
oxide, or the activator-support has a greater number of acid sites than the untreated sohid oxide,
or both. One method to gquantify the acidity of the chemically-treated and untreated solid oxide
materials is by comparing the polymerization activitics of the treated and untreated oxides under
acid catalyzed reactions.

[B0E3] Chemically-treated solid oxides of this disclosure are formed generally from an
norganic solid oxide that exhibits Lewis acidic or Bransted acidic behavior and has a relatively
high porosity. The solid oxide is chemically-treated with an electron-withdrawing component,
typically an electron-withdrawing anion, to form an activator-support.

60841 According to one aspect of the present disclosure, the solid oxide used to prepare the
chemically-treated solid oxide has a pore volume greater than about 0.1 cc/g. According to
another aspect of the present disclosure, the solid oxide has a pore volume greater than about (.5
ce/g. According to yet another aspect of the present disclosure, the solid oxide has a pore
volurne greater than about 1.0 cc/g.

[G085] In another aspect, the solid oxide has a surface arca of from about 100 m?/g to about
1000 m”/g. Tn yet another aspect, the solid oxide has a surface area of from about 200 m/g to
about 800 m’/g. In still another aspect of the present disclosure, the solid oxide has a surface
area of from about 250 m’/g to about 600 m’/g.

3086} The chemically-treated solid oxide can comprise a solid inorganic oxide comprising
oxygen and one or more clements selected from Group 2,3, 4, 5, 6,7, 8,9, 10, 11,12, 13, 14, or
15 of the periodic table, or comprising oxygen and ove or more elements selected from the

lanthanide or actinide clements (See: Hawley's Condensed Chemical Dictionary, 11th Ed., John
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Wiley & Sons, 1995; Cotton, F.A., Wilkinson, (5., Muriilo, C. A., and Bochmann, M., Advanced
Inorganic Chemistry, 6th Ed., Wiley-Interscience, 1999). For example, the inorganic oxide can
comprise oxygen and an element, or elements, selected from Al B, Be, By, Cd, Co, Cr, Cy, Fe,
(a, La, Mn, Mo, N1, Sb, 81, Su, Sr, Th, T4, V, W, P, Y, Zn, and Zr.
16087} Suitable examples of solid oxide materials or compounds that can be used (o form the
chemically-treated solid oxide include, but are not limited to, ALOs, B0s, Be(, BihGs, G40,
C()304, Cl’zO}, CuO, F(’)zO}, Gﬁg@g, I.:asz, anO;, I\/,{OO% VEO, 1)205, ‘Sb203 SlOg, 5!101, SFO,
ThOy, TiG., ViOs, WOs, Y05, Zn0, Zr(,, and the like, including mixed oxides thereof, and
combinations thereof. For example, the solid oxide can comprise silica, alumina, silica-alumina,
silica-coated alomina, aluminum phosphate, aluminophosphate, heteropolytungstate, titania,
zirconia, magnesia, boria, zine oxide, mixed oxides thereof, or any combination thereof.
16088} The solid oxide of this disclosure encompasses oxide materials such as alumina,
“mixed oxide” compounds thereof such as silica-ahimina, and combinations and mixtures
thereof. The muixed oxide compounds such as silica-alumina can be single or multiple chenucal
phases with more than one metal combined with oxygen to form s sohlid oxide
compound. FExamples of mixed oxides that can be used in the activator-support of the present
disclosure nclude, but are not lmited to, silica-aluming, silica-titama, silica-zircoma, zeolites,
various clay minerals, alwmina-titania, alununa-zirconia, zinc-aluminate, ahumina-boria, silica-
boria, aluminophosphate-silica, titania-zirconia, and the like. The solid oxide of this disclosure
also encompasses oxide materials such as silica-coated alumina, as described in U.S. Patent No.
7,884,163, the disclosure of which is incorporated herein by reference in its entirety.
6089 The electron-withdrawing component used to treat the solid oxide can be any
component that increases the Lewis or Bronsted acidity of the solid oxide upon treatment (as
compared to the solid oxide that is not treated with at least one electron-withdrawing
anion). According to one aspect of the present disclosure, the electron-withdrawing component
is an electron-withdrawing anion derived from a salt, an acid, or other compound, such as 2
volatile organic compound, that serves as a source or precursor for that anion. Examples of
clectron-withdrawing anjons include, but are not fimited to, sulfate, hisulfate, fluoride, chlonide,
bromide, iodide, fluorosulfate, thuorcborate, phosphate, flucrophosphate, trifluorcacetate, triflate,
fluorozirconate, fluorotitanate, phospho-tungstate, and the like, incloding mixtures and
combinations thereof. In addition, other ionic or non-ionic compounds that serve as sources for
these clectron-withdrawing anions also can be employed in the present disclosure, It is

contemplated that the electron-withdrawing anion can be, or can comprise, fluoride, chloride,
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bromide, phosphate, trifiate, bisulfate, or sulfate, and the like, or any combination thereof, in
some aspects of this disclosure. In other aspects, the electron-withdrawing anion can comprise
sulfate, bisulfate, fluoride, chloride, bromide, iodide, fluorosulfate, fluorcborate, phosphate,
fluorophosphate, wifluorcacetate, triflate, thuorozirconate, tluorctitanate, and the hike, or any
combination thereof.
{60901 Thus, for example, the activator-support {(e.g., chemically-treated solid oxide) used in
the catalyst compositions can be, or can comprise, fluorided alumina, chlorided alumina,
bromided alumina, sulfated alumina, fluorided silica-alumina, chlorided silica-alumina,
bromided silica-alumina, sulfated silica-alumina, fluorided silica-zirconia, chlonded silica-
zirgonia, bromided silica-zircoma, sulfated silica-zirconia, fluonided silica-titanya, fhuorided
silica-coated alununa, sulfated silica-coated alumina, phosphated silica-coated alumina, and the
like, or combinations thereof. In one aspect, the activator-support can be, or can comprise,
fluorided alumina, sulfated aluming, fluorided silica-ahumina, sulfated silica-alumina, fluorided
silica-coated aluroina, sulfated silica-coated alumina, phosphated silica-coated alumina, and the
tike, or any combination thereof. In another aspect, the activator-support comprises fluorided
alumina; alternatively, comprises chlorided alumina; alternatively, comprises sulfated alumina;
alternatively, comprises fluorided silica-alumina; aliernatively, comprises sulfated silica-
alumina; alteroatively, comprises fluorided silica-zivconia; alternatively, comprises chlorided
silica-zirconia; or alternatively, comprises fluorided silica-coated alumina.
{6091 ] When the electron-withdrawing component comprises a salt of an electron-
withdrawing anion, the counterion or cation of that salt can be selected from any cation that
allows the salt to revert or decompose back to the acid during calcining. Factors that dictate the
suitability of the particular salt to serve as a source for the electron-withdrawing anton include,
but are not himited to, the solubility of the salt in the desired solvent, the lack of adverse
reactivity of the cation, ion-pairing cffects between the cation and anion, hygroscopic propertics
imparted to the salt by the cation, and the like, and thermal stability of the anion. Examples of
suitable cations in the sakl of the electron-withdrawing anion include, but are not bBmited to,
ammonium, trialkyl ammonivm, tetraalky! ammonium, tetraalkyl phosphonium, H', [H(OEL )T,
and the like.
16092} Further, combinations of one or more different electron-withdrawing anions, in
varying proportions, can be used to tailor the specific acidity of the activator-support to the
destred level. Combinations of electron-withdrawing components can be contacted with the

oxide material simultancously or individually, and in any order that affords the desired
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chemically-treated solid oxide acidity. For example, one aspect of this disclosure is employing
two or more clectron-withdrawing anion source compounds in ftwo or more separate contacting
steps.

[8093) Thus, one example of such a process by which a chemically-treated solid oxide s
prepared is as follows: a selected solid oxide, or combination of solid oxides, is contacted with a
first electrou-withdrawing anion source compound to form a first mixture; this first mixture is
calcined and then coutacted with a second electron-withdrawing anion source corapound to form
a second mixture; the second mixture is then calcined to form a treated solid oxide. In such a
process, the first and second electron-withdrawing anion source compounds can be either the
same or different compouands.

18094] According to another aspect of the present disclosure, the chenucally-treated solid
oxide comprises a solid inorganic oxide material, 2 mixed oxide material, or a combination of
morganic oxide materials, that is chemically-treated with an electron-withdrawing component,
and optionally treated with a roetal source, including metal salts, metal ions, or other metal-
containing comapounds. Nonlimiting cxaraples of the metal or metal ion include zinc, nickel,
vanadium, titanium, silver, copper, gallivim, tin, tungsten, molybdenum, zirconium, and the like,
or combinations thereof. Examples of chemically-treated solid oxides that contain a metal or
metal ion inchude, but are not hmited 1o, chlorided zinc-wropregnated alumina, fhuorided titanium-
impregnated alumina, fluorided zinc-impregnated alumina, chlorided zinc-imprognated silica-
alumina, fluorided zinc-impregnated silica-alumina, solfated zinc-impregnated alumina,
chlorided zine aluminate, fluorided zine aluminate, sultated zing aluminate, silica-coated alumina
treated with hexafluorotitanic acid, silica-coated alumina treated with zine and then fluorided,
and the hike, or any combination thereof.

[B095] Any method of impregnating the solid oxide material with a metal can be used. The
method by which the oxide 15 contacted with a metal source, typically a salt or metal-containing
compound, can include, but is not limited to, gelling, co-gelling, irapregnation of one compound
onte another, and the like. 1f desired, the metal-containing compound is added to or impregnated
into the solid oxide in solution form, and subsequently converted into the supported metal upon
caicining. Accordingly, the solid inorganic oxide can further comprise a metal selected from
zing, titanium, nickel, vanadium, silver, copper, gallium, tin, tungsien, molybdenum, and the
like, or combinations of these metals. For example, zine is often used to impregnate the solid

oxide because it can provide improved catalyst activity at a low cost.
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6006} The solid oxide can be treated with metal salts or metal-containing corapounds
before, after, or at the same time that the solid oxide is treated with the clectron-withdrawing
anion. Following any contacting method, the contacted mixture of solid compound, electron-
withdrawing anion, and the metal ion is typically calcined. Alternatively, a solid oxide material,
an clectron-withdrawing anion source, and the metal salt or metal-containing compound are
contacted and calcined simultancously.
{60971 Various processes are used 1o form the chemically-treated solid oxide useful in the
present disclosure. The chemically-treated solid oxide can comprise the contact product of one
or more solid oxides with one or more electron-withdrawing anion sources. It is not required
that the solid oxide be calcined prior to contacting the electron-withdrawing anion source. The
contact product typically is calcined either during or after the solid oxide is contacted with the
electron-withdrawing anion source. The solid oxide can be calcined or uncalcined. Various
processes o prepare solid oxide activator-sapports that can be employed in this disclosure have
been reported. For example, such methods are described in U.S. Patent Nos. 6,107,230;
6,165,929; 6,294,494; 6,300.271; 6,316,553; 6,355,594; 6,376415; 6,388,017, 6,391.816;
6,395,606, 6,524,987, 6,548,441; 6,548,442; 6,576,583; 6,613,712; 6,632,894; 6,667,274; and
6,750,302; the disclosures of which are incorporated herein by reference in their entirety.
{8098} According to one aspect of the present disclosure, the sohid oxide material is
chemically-treated by contacting it with an electron-withdrawing component, typically an
electron-withdrawing anion source. Further, the solid oxide material optionally is chemically
freated with a metal jon, and then calcined to form a metal-containing or metal-impregnated
chemically-treated solid oxide. According to another aspect of the present disclosure, the solid
oxide material and electron-withdrawing anion source are contacted and calcined
simultancously.
[8099] The method by which the oxide is contacted with the electron-withdrawing
compounent, typically a salt or an acid of an clectron-withdrawing anion, can include, but is not
limited to, gelling, co-gelling, impregnation of one compound onto another, and the like. Thus,
following any contacting method, the contacted mixture of the solid oxide, clectron-withdrawing
anion, and optional metal ion, is calcined.
[30160] The solid oxide activator-support {i.e., chemically-treated solid oxide)} thus can be
produced by a process comprising:

1) contacting a solid oxide (or solid oxides) with an clectron-withdrawing anion

source compound {or compounds) to form a first mixture; and
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2} calcining the first mixture to form the solid oxide activator-support.

[8G10%]  According to another aspect of the present disclosure, the solid oxide activator-
support {chemically-treated sohid oxide) is produced by a process comprising:

b contacting a solid oxide (or solid oxides) with a first electron-withdrawing
anion sowrce compound to form a first mixture;

2} calcining the first mixture to produce a calcined first mixture;

3 contacting the calcined first vuxtare with a second electron-withdrawing
anion source compound to form a second mixture; and

43 calcining the second mixture to form the solid oxide activator-support.
[B0182]  According to yet another aspect of the present disclosure, the chemically-treated solid
oxide 18 produced or forraed by contacting the solid oxide with the electron-withdrawing anion
source compound, where the solid oxide compound is calcined before, during, or after contacting
the electron-withdrawing anion source, and where there s a substantial absence of aluminoxanes,
organchoron or organchorate cornpounds, and onizing ionic coropounds,
[60163] Calcining of the treated solid oxide generally is conducted in an ambient atmosphere,
typically in a dry ambient atmosphere, at a temperature from about 200°C to about 900°C, and
tor a time of about | minute to about 100 hours. Calcining can be conducted at a temperature of
from about 300°C to about 800°C, or aliernatively, at a teroperature of from about 400°C 1o
about 700°C. Calcining can be conducted for about 30 minutes to about 50 hours, or for about 1
hour to about 15 hours. Thus, for example, calcining can be carried out for about 1 to about 10
hours at a toraperature of from about 350°C to sbout 550°C. Any suitable arsbient atmosphere
can be employed during calcining. Generally, calcining is conducted in an oxidizing
atmosphere, such as air. Alternatively, an inert atmosphere, such as nifrogen oOr argon, or a
reducing atmosphere, such as hydrogen or carbon monoxide, can be used.
[B0104]  According to one aspect of the preseut disclosure, the solid oxide material is treated
with g source of halide ion, sulfate ion, or 3 combination of anions, optionally treated with a
metal ion, and then calcined to provide the chemically-treated solid oxide in the form of a
particulate solid. For cxarople, the solid oxide material can be treated with a source of sulfate
{(termed a “sulfating agent”), a source of chloride ion (termed 2 “chloriding agent™), a source of
fluoride ion {termed a “fluoriding agent™), or a combination thereof, and calcined to provide the
solid oxide activator. Usetul acidic activator-supports inclode, but are not limited to, bromided
alumina, chlonided alumina, fluorided alunina, sulfated alununa, bromided silica-alumina,

chlorided silica-alumina, fluorided silica-alumina, sulfated silica-alumina, bromided silica-
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zirconia, chlorided silica-zirconia, fluorided silica-zirconia, sulfated silica-zirconia, fluorided
silica-titania, alumina treated with hexafloorotitanic acid, silica-coated alimina treated with
hexafluorotitanic acid, sthica-alumina treated with hexafluorozirconic acid, silica-alumina treated
with trifluoroacetic acid, flvonided boria-aluming, silica treated with tetraflucroboric acid,
alumina treated with tetrafluoroboric acid, alumina treated with hexafluorophosphoric acid, 2
pillared clay, such as a pillared montmorilonite, optionally treated with fluonide, chlonide, or
sulfate; phosphated alumina or other aluminophosphates optionally treated with sulfate, fluoride,
or chioride; or any combination of the above. Further, any of these activator-supports optionally
can be treated with a metal 1on.

[B0105]  The chemically-treated sohid oxide can comprise a fluorided solid oxide n the form
of a particulate solid. The fluorided solid oxide can be formed by contacting a solid oxide with a
fluoriding agent. The fluoride ion can be added to the oxide by forming a shurry of the oxide in a
suitable solvent such as alcohol or water including, but not himited to, the one to three carbon
alcohols because of their volatility and low surface tension. Examples of suitable fluoriding
agents inchude, but are not limited to, hydrofluoric acid (HF), ammonium fluoride (NH4F),
ammonium  bifluoride (WH HF;), ammoniom tetrafluoroborate (NH4BF,), ammonium
silicofhuoride (hexafluorosilicate) ((NH4»SiFg), ammonium hexathiorophosphate (NH4PFg),
hexaftuorotitanic acid  (HoTiFg),  ammonium  hexafluorotitanic acid  (NHipTiFs),
hexafluorozirconic  acid (HZrFg), APy, NHuAIF:, analogs thereof, and combinations
thereof. Trflic acid and ammonium triflate also can be employed. For example, ammonium
bifluoride (NHHF,) can be used as the fluoriding agent, due to its case of use and availability,
[60166] It desired, the solid oxide is treated with a fluoriding agent during the calcining
step. Any fluoriding agent capable of thoroughly contacting the solid oxide during the calcining
step can be wsed. For example, in addition to those fluoriding agents described previcusly,
volatile organic fluoriding agents can be used. Examples of volatile organic fluoriding agents
useful in this aspect of the disclosure include, but are not Hmited to, freons, perfluorchexane,
perfluorobenzene, fluoromethane, trifluorocthanol, and the like, and combinations
thereof, Caleining temperatures generally roust be high enough to decorapose the compound and
release fluoride. Gaseous hydrogen thuoride (HF) or fluorine (Fy) itself also can be used with the
solid oxide if fluorided while calcining. Silicon tetrafluoride (SiF,) and compounds containing
tetrafluoroborate (BF47) also can be employved. One convenient method of contacting the solid
oxide with the fluoriding agent is to vaporize a fluoriding agent ioto 2 gas stream used to fluidize

the solid oxide during calcination.
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(601671 Sinularly, in another aspect of this disclosure, the chemically-treated solid oxide
comprises a chlorided solid oxide in the form of a particulate solid. The chlorided solid oxide is
tormed by contacting a solid oxide with a chloriding agent. The chiloride ion can be added to the
oxide by formung a shurry of the oxide in a suitable solvent. The solid oxide can be treated with a
chioriding agent during the calcining step. Any chloriding agent capable of serving as 3 source
of chloride and thoroughly contacting the oxide during the calcining step can be used, such as
SiCly, SiMe;Cl, TiCl, BCL, and the hike, including mixtures thereof, Volatile organic
chloriding agents can be used. Examples of suitable volatile organic chloriding agents inchude,
but are not lmited fo, certain freomns, perchlorobenzene, chloromethane, dichloromethang,
chloroform, carbon  tetrachloride, trichloroethancl, and the like, or any combination
thercof. Gasecous hydrogen chloride or chlorine itself also can be used with the sohd oxide
during calcining. One convenient method of contacting the oxide with the chloriding agent is to
vaporize a chloriding agent into a gas stream used to fhudize the solid oxide duning calcination,
[60108] The amount of fluoride or chloride ion present before caleining the solid oxide
generally is from about | to about 50% by weight, where the weight percent is based on the
weight of the solid oxide, for example, silica-alumina, before calcining. According to another
aspect of this disclosure, the amount of fluoride or chloride ion present before calcining the solid
oxide is from about 1 to about 25% by weight, and according to another aspect of this disclosure,
from about 2 to about 20% by weight. According to yet another aspect of this disclosure, the
amount of fluoride or chloride ion present before calcining the solid oxide is from about 4 to
about 10% by weight. Once impregnated with halide, the halided oxide can be dried by any
suitable method including, but not limited to, suction filtration followed by evaporation, drving
under vacuum, spray drying, and the like, although it is also possible to initiate the calcining step
vmmediately without drying the tmapregnated solid oxide.

[B0109]  The silica-alumina used to prepare the treated silica-alurmnina typically has a pore
volume greater than about 0.5 cc/g. According to one aspect of the present disclosure, the pore
volume is greater than about 0.8 cc/g, and according to another aspect of the present disclosure,
greater than about 1.0 co/g. Further, the silica-alumina geoerally has a surface arca greater than
about 100 m’/g. According to another aspect of this disclosure, the surface area is greater than
about 250 m’/g. Yet, in another aspect, the surface area is greater than about 350 m/g.

[B0118]  The silica-alumina utilized in the present disclosure typically has an alumina content
from about § to asbout 95% by weight. According to one aspect of this disclosure, the alumina

content of the silica-alumina is from about 5 to about 50%. or from about 8% to about 30%,
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alumina by weight. In another aspect, high alumina content silica-alumina compounds can
employed, in which the alumina content of these silica-alumina compounds typically ranges
from about 60% to about 90%, or from about 65% to about 80%, alumina by weight. According
to vet another aspect of this disclosure, the solid oxide coraponent comprises alumnina without
silica, and according to another aspect of this disclosure, the solid oxide component comprises
silica without ahumina.

(60111  The sulfated solid oxide comprises sulfate and a solid oxide component, such as
aluming or silica-alumina, in the form of a particulate solid. Optionally, the sulfated oxide is
treated forther with a wmetal ion such that the calcined sulfated oxide comprises a
metal. According to one aspect of the present disclosure, the sulfated solid oxide comprises
sulfate and alumina. To some instances, the sulfated alumina s formed by a process wherein the
alumina is treated with a sulfate sowrce, for example, sulfuric acid or a sulfate salt such as
ammontum sulfate, This process s generally performed by forming a shury of the alumina ina
suitable solvent, such as alcohol or water, in which the desired concentration of the sulfating
agent has been added. Swuitable organic solvents inchude, but are not limited to, the one to three
carbon alcohols becaunse of their volatility and fow surface tension.

[B0112]  According to one aspect of this disclosure, the amount of sulfate ion present before
calcining is from about 0.5 to about 100 parts by weight sulfate 1on to about 100 parts by weight
solid oxide. According to another aspect of this disclosure, the amount of sulfate ion present
before calcining is from about 1 to about 50 parts by weight sulfate ion to about 100 parts by
weight solid oxide, and according to still another aspect of this disclosure, from about 5 o about
30 parts by weight sulfate ion to about 100 parts by weight solid oxide. These weight ratios are
based on the weight of the solid oxide before calcining. OUnce impregnated with sulfate, the
sulfated oxide can be dried by any suitable method inchuding, but not Bmited to, suction filtration
tollowed by evaporation, drving under vacuum, spray drying, and the like, although it 15 also
possible to initiate the calcining step immediately.

[80813] According to another aspect of the present disclosure, the activator-support used in
preparing the catalyst compositions of this disclosure comprises an wn-cxchangeable activator-
support, including but not Hmited to silicate and aluminogsilicate comapounds or minerals, either
with fayered or non-layered structures, and combinations thereof. In another aspect of this
disclosure, ion-exchangeable, layered aluminosilicates such as pillared clays are used as
activator-supports. When the acidic activator-support comprises an ion-exchangeable activator-

suppott, it can optionally be treated with at least one electron-withdrawing anion such as those
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disclosed herein, though typically the ion-exchangeable activator-support is not treated with an
electron-withdrawing anion.
[B0114]  According to another aspect of the present disclosure, the activator-support of this
disclosure comuprises clay minerals having exchangesble cations and layers capable of
expanding. Typical clay mineral activator-supports include, but are not limited to, ion-
exchangeable, layered aluminosilicates such as pillared clays. Although the term “support” is
used, it s not meant 10 be counstrued as an fnert coraponent of the catalyst composition, but rather
is to be considered an active part of the catalyst composition, because of its intimate association
with the transition-metal salt complex component.
[B01158]  According to another aspect of the present disclosure, the clay materials of this
disclosure cucompass materials cither in their natural state or that have been treated with various
ions by wetting, ion exchange, or pillaring. Typically, the clay material activator-support of this
disclosure comprises clays that have been ion exchanged with large cations, mcluding
polyouclear, highly charged metal complex cations. However, the clay material activator-
supports of this disclosure also encompass clays that have been ion exchanged with simple salts,
including, but not limited to, salts of ANIH), Fe(ll), Fe(ill), and Zn(Il} with ligands such as
halide, acetate, suifate, nitrate, or nitrite.
[B0116]  According to another aspect of the present disclosure, the activator-support comprises
a pillared clay. The term “pillared clay” 5 used to refer to clay materials that have been ion
exchanged with large, typically polynuclear, highly charged metal complex cations. Examples
of such ions include, but arc not Hrmited to, Keggin ions which can have charges such as 7,
various polyoxometallates, and other large ions. Thus, the term pillaring refers to a simple
exchange reaction in which the exchangeable cations of a clay material are replaced with large,
highly charged ions, such as Keggin ions. These polymeric cations are then immobilized within
the interlayers of the clay and when calcined are converted to metal oxide “pillars,” eftectively
supporting the clay layers as column-like structures. Thus, once the clay is dried and calcined 1o
produce the supporting pillars between clay layers, the expanded lattice structure is maintained
and the porosity is enhanced. The resulting pores can vary in shape and size as a function of the
pillaring material and the parent clay material used. Exarples of pillaring and pillared clays are
found in: T.J. Pinnavaia, Science 22¢ (4595), 365-371 (1983); LM. Thomas, Intercalation
Chemistry, (S. Whittington and A. Jacobson, eds.) Ch. 3, pp. 55-99, Academic Press, Inc.,
(1972, U.S. Patent Nos., 4,452,910; 5,376,611, and 4,060,4R80; the disclosures of which are

incorporated herein by reference in their entirety.
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[60317)  The pillaring process utilizes clay minerals having cxchangeable cations and layors
capable of expanding. Any pillared clay that can enhance the polymerization of olefins in the
catalyst composition of the present disclosure can be used. Therefore, suitable clay minerals for
pillaring inchude, but are not limited 1o, allophanes; smectites, both dioctabedral (Al) and tri-
octahedral (Mg) and derivatives thereof such as montmorillonites (bentonites), nontronifes,
hectorites, or laponites; halloysites; vermiculites; micas; fluoromicas; chlorites; mixed-layer
clays; the fibrous clays including but not imited to sepiolites, attapuigites, and palygorskites; a
serpentine clay; illite; laponite; saponite; and any combination thereof In one aspect, the
pillared clay activator-support comprises bentonite or montmorillonite. The principal component
of bentonite is montmorillonite.

[B01¥8]  The pillared clay can be pretreated if desired. For example, a pillared bentonite is
pretreaied by drying at about 300°C under an inert atmosphere, typically dry nitrogen, for about
3 hours, betore being added to the polymerization reactor, Although an exemplary pretreatment
is described hercin, it should be understood that the preheating can be carried out at many other
termperatures and times, including any combination of temperature and tirne steps, all of which
are encompassed by this disclosure,

[B0119] The activator-support used to prepare the catalyst compositions of the present
disclosure can be combined with other inorganic support materials, including, but not limited to,
zeolites, inorganic oxides, phosphated inorganic oxides, and the like. In onc aspect, typical
support materials that are used include, but are not limited o, silica, silica-alumina, alumina,
fitanta, zirconia, magnesia, boria, thoria, alonunophosphate, alurinum phosphate, silica-titania,
coprecipitated silica/titania, mixtures thercof, or any combination thereof. In an embodiment, the
activator-support comprises a sulfated solid oxide activator support {SSA).

[B0128] The process of making these activator-supports may include precipitation, co-
precipitation, trupregnation, gelation, pore-gelation, calcining (at up to 900°C), spray-drying,
flash-drying, rotary drying and calcining, milling, sicving, and similar operations.

[80i28] In an embodiment, the CATCOMP optionally comprises a metal altkyl or a metalloid
atkyl which may function as a cocatalyst. Generally, the metal alky! compound which can be
utilized in the catalyst system of this disclosure can be any heteroleptic or homoleptic metal alloy!
compound. In an embodiment, the metal allyl can comprise, consist essentially of, or consist of,
a non-halide metal alkyl, a metal alky] halide, or any combination thereof; alternatively, a non-

halide metal alkyl; or alternatively, a metal alkyl halide,
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(601221  In an cmbodiment, the metal of the metal alkyl can comprise, consist essentially of, or
consist of, a group 1, 2, 11, 12, 13, or 14 meial; or alternatively, a group 13 or 14 metal; or
alternatively, a group 13 metal. In some embodiments, the metal of the metal allyl (nou-halide
metal alkyl or metal alkyl halide) can be lithiure, sodwm, potassium, rubidium, cesium,
beryiiium, magnestum, calcium, strontium, barium, zinc, cadmium, boron, aluminum, or tin;
alernatively, hithium, sodium, potassium, magnesium, calcium, zine, boron, aluminam, or tin;
alternatively, lithiurg, sodwum, or potassiuny alternatively, maguoesium, calcium; alternatively,
tithium; alternatively, sodinm; alternatively, potassium; alternatively, magnesium; alternatively,
caicium; aliernatively, zinc; alernatively, boron; alternatively, aluminum; or alternatively, tin.
In some embodiments, the wmetal alkyl (non-hahde metal alkyl or metal alkyl halide) can
comprise, consist essentially of, or consist of, a hithium alkyl, a sodium alkyl, a magnesivm alkyl,
a boron alkyl, a zinc alkyl, or an aluminum alkyl. In some embodiments, the metal alkyl {(non-
halide metal alky] or metal alkyl halide) can comprise, consist essentially of, or consist of, an
atuminum alkyl.

(601231  In an embodiment, the aluminum alkyl can be a trialkylalominum, an alkylaluminum
halide, an alkylaluminum alkoxide, an aluminoxane, or any combination thereof. In some
embodiments, the aluminom alkyl can be a trialkyialuminum, an alkylaluminom hahide, an
aluminoxane, or any coroshination thercof; or alternatively, a trialkylaluminum, an alominoxane,
or any combination thereof. In other embodiments, the alumimum alkyl can be a
trialkylaluminum; alternatively, an alkylaluminum halide; alterpatively, an alkylaluminum
atkoxide; or alternatively, an aluminoxane.

[60124] In a non-limiting embodiment, the aluminoxane can have a repeating unit

characterized by the Formula It

”"{é‘i’g\i“()"}'

/v Formulal
R’

wherein R’ is a linear or branched alkyl group. Alkyl groups for metal alkyls have been
independently described herein and can be utilized without limitation to further describe the
aluminoxanes having Formula I Generally, n of Foromla 1 is greater than 1; or alternatively,
greater than 2. In an embodiment, n can range from 2 to 15; or alternatively, range from 3 to 10
In an aspect, each halide of any wmetal alkyl halide disclosed herein can independently be

fluoride, chloride, bromide, or iodide; alternatively, chloride, bromude, or iodide. In an
k o 2 5



WO 2014/120548 PCT/US2014/012723

42

embodiment, cach halide of any metal alkyl halide disclosed herein can be fluoride; alternatively,
chloride; alternatively, bromide; or alternatively, todide.

[B0125]  In an aspect, the alkyl group of any metal alkyl disclosed herein (non-halide metal
alkyl or metal alky! halide) can cach independently be a C; to Uy alkyl group; alternatively, a €
to C10 allkeyl group; or alternatively, a Cy to Ce atkyl group. In an embodiment, the alkyl group(s)
can cachindependently be a methyl group, an ethyl group, a propyl group, a batyl group, a pentyl
group, a hexyl group, a heptyl group, or an octyl group; alternatively, a methy! group, a cthyl
group, a butyl group, a hexy! group, or an octyl group. In some embodiments, the alkyvl group
can cach independently be a methyl group, an ethyl group, an n-propyl group, an n-butyl group,
an iso-butyl group, an n-hexyl group, or an n-octyl group; alternatively, a methyl group, an ethyl
group, an u-butyl group, or an iso-butyl group; alternatively, a methyl group; alternatively, an
ethyi group; alternatively, an n-propyl group; alternatively, an n-butyl group; alternatively, an
iso-butyl group; alternatively, an n-hexyl group; or alternatively, an n-octyl group.

[60126] In ap aspect, the alkoxide group of any metal alkyl alkoxide disclosed herein can each
independently be a Cy to Uy alkoxy group; alternatively, a Cy to Cy alkoxy group; or
alternatively, a ; to Cys alkoxy group. In an embodiment, each atkoxide group of any metal
alkyl alkoxide disclosed herein can each independently be a methoxy group, an ethoxy group, a
PrOpoOKy group, & butoxy group, a pentoxy group, a hexoxy group, a heptoxy group, or an octoxy
group; alternatively, a methoxy group, a ethoxy group, a butoxy group, a hexoxy group, or an
octoxy group. In some embodiments, each alkoxide group of any metal alkyl alkoxide disclosed
herein can cach mdependently be a methoxy group, an ¢thoxy group, an n-propoxy group, 4an o-
butoxy group, an iso-butoxy group, an n-hexoxy group, or an n-octoxy group; alternatively, a
methoxy group, an ethoxy group, an n-butoxy group, or an iso-butoxy group; alternatively, a
methoxy group: alternatively, an ethoxy group; alternatively, an n-propoxy group; alternatively,
an n-butoxy group; alteroatively, an iso-butoxy group; alternatively, an n-hexoxy group: or
alternatively, an n-oCtoxy group.

[80827] In a non-limiting embodiment, usefal metal alkyls can inchude methyl lithium, n-butyl
hthivm, sce-butyl  lithiurn, tert-butyl Uthwurn, dicthyl magnesium,  di-u-butvlmeagnesiom,
ethyimagnesium chioride, n-butylmagnesium chloride, and dicthy! zinc.

[30128] In a non-limiting embodiment, useful trialkylaluminum compounds can inchude
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylatominoem, tribexylaluminum,
trioctylaluminurg, or moixtures thereof,  In soroe son-limiting embodiments, triatkylaluminum

compounds can include trimethylaluminum, tricthyvlaluminum, tripropylaluminum, trin-



WO 2014/120548 PCT/US2014/012723

43

butylaluminum, tri-isobutylaluminum, trihexylaluminum, tri-n-octylaluminum, or mixtures
thereof;  alternatively,  triethylaluminum,  tri-n-butylaluminem,  iri-isobutylahuminum,
trihexvialuminum, tri-n-octylaluminam, or mixtures thereot; alternatively, triethylahuminom, tri-
n-butylaluminurg, tribexylalurninum, tri-n-octylaluminum, or mixtures thercof. In other non-
limiting embodiments, useful trialkylaluminum compounds can include trimethylalominom;
alternatively, tricthylaluminum;  alternatively, tripropylalumimimn;  aliernatively,  tri-n-
butylalumununy  alternatively,  tri-isobutylalumimum;  aliernatively,  trihexylaluminumy  or
alternatively, tri-n-octylaluminum.

361297 In a non-limiting embodiment, useful alkylalumimum halides can inchude
diethylataminom chloride, diethylalumimim bromide, ethylalursinum dichloride, ethylaluminum
sesquichloride, and roixtures thereof. To some non-limiting erobodinents, useful alkylalominum
halides can include diethyvialuminum chioride, ethylaluminum dichloride, ethylaluminum
sesquichloride, and mixtures thereof. In other non-limiting embodiments, useful alkylashimimim
halides can include diethylaluminum  chloride; alternatively, dicthylaluminum  bromade;
alternatively, ethylaluminum dichloride; or alternatively, ethylaluminum sesquichloride.

[6G138] In a non-limiting embodiment, useful aluminoxanes can include methylahiminoxane
(MAQG), cthylaluminoxane, modified methylaluminoxane (MMAQO), n-propylalominoxane,
iso-propylalurainoxane, v-butylaluminoxane, sec-butylalununoxane, iso-butylalominoxane,
t-butyl  aluminoxane, 1-pentylaluminoxane, Z-pentvialuminoxane, 3-pentylaluminoxane,
iso-pentylaluminoxane, neopentylaluminoxane, or mixtures thereof, In some non-limiting
embodiments, useful alumunoxanes can  include methylaluminoxane (MAQ), modified
methylalominoxane (MMAQ), isobutyl aluminoxane, t-butyl aluminoxane, or mixtures thereof,
In other non-limiting embodiments, useful aluminoxanes can inchude methylahmminoxane
(MAQG); alternatively, ethylahiminoxane; alternatively, modified methylalominoxane (MMAQO);
alternatively, o-propvlaluminoxane; altornatively,  iso-propylaluminoxane;  aliematively,
n-butylalominoxane; aklternatively, sec-butylaluminoxane; alterpatively, iso-butylaluminoxane;
alternatively, t-butyl aluminoxane; alterpatively, I-pentylaluminoxane; alternatively,
Z2-pentylaluminoxane; alicrnatively, 3-pentylaluminoxane; alternatively, iso-pentylaluminoxane;
or alternatively, neopentylaluminoxane.

[60131] In an embodiment, the metal alky! comprises comprise an organoboron compound or
an organoborate compound.  Organcboron or organoborate compounds include neutral boron
corapounds, borate salts, and the like, or combinations thereof. For example, thuoroorgano boron

compounds and fluoroorgano borate compounds are conternplated.
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{00132}  Any fluoroorgano boron or fluorcorgano borate compound can be utilized with the
present disclosure. Examples of fluoroorgans borate compounds that can be used in the present
disclosure include, but are not timited to, fluorinated aryl borates such as N N-dimethylanilinium
tetrakas(pentafluorophenyhborate, triphenylearbenium tetrakis(pentafluorophenybiborate, hthium
tetrakis(pentafluorophenyiborate, N, N-dimethylanilinium tetrakis{3,S-bis{trifluoro-
methyhphenyljborate, triphenyicarbennum tetrakis[3,S-bis(irnifhuioromethyDphenyllborate, and the
like, or mixtures thereof. Examples of thuoroorgano boron compounds that can be used n the
present  disclosure include, but are not hmited o, tris{pentafluorophenyhboron, trisf3,5-
bis(trifluoromethyDphenyiiboron, and the like, or mixtures thereof. Although not intending to be
bound by the following theory, these examples of flaoroorgano borate and flaoroorgano boron
corapounds, and related compounds, are thought to form “weakly-coordinating” anjons when
combined with organometal compounds, as disclosed in ULS. Patent No. 5,919,943, the disclosure
of which is incorporated herein by reference in s entirety, Applicants also contemplate the use of
diboron, or bis-boron, compounds or other bifunctional compounds containing two or more boron
atoms in the chemical structure, such as disclosed in J. Am. Chem. Soc., 2005, 127, pp. 14756~
14768, the content of which is incorporated herein by reference in its entirety.

[00133]  In one aspect, the weight ratio of the treated solid oxide component to the CATCOMP
{e.g., imine phenol compound and MTE-A or imine-phenol compound and MTE-B) may be from
about 10,000:1 to about 10:1. In another aspect, the weight ratio of the treated sohid oxide
component to the CATCOMP may be from about 50600:1 to about 10:1, an in yet another aspect,
from about 2000:1 to 50:1. These weight ratios are based on the combined weights of cocatalyst
{e.g., organocaluminum, treated oxide) and CATCOMP used to prepare the catalyst composition,
regardless of the order of contacting the catalyst components. In an embodiment, the metal sait
complex of an tmuine phenol compound and the metallocene complex are present n the
CATCOMP in a ratio of from about 100:1 to about 1:100 based on the total weight of the
CATCOMP, ahiernatively from about 20:1 to about 1:20, or alternatively from about 10:1 to
about 1:10.

[60134] In an cmbodiment, CATCOMPs of the type disclosed herein display a catalytic
activity in a polymerization reaction ranging from about | g PE/g cat = h to about 1,000,000 kg
PE/g cat « h, alternatively from about 1 kg PE/g cat « h to about 100,000 kg PE/g cat « h, or
alternatively from about 10 kg PE/g cat « b to about 10,000 kg PE/g cat « b, Catalyst system
activity is defined as grams of a product produced per graro of the transition metal salt complex

utilized in the catalyst system over the first 30 minutes of a reaction beginning from the time
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when the complete catalyst system is contacted with the olefin. Catalyst system activity can be
stated in terms of various products of an olefin oligomerization or polymerization.

[B0135]  In an embodiment, a catalyst system of the type disclosed herein is used to prepare a
polyraer by any olefin polymerization method, using various types of polymerization reactors,
As used herein, “polymerization reactor” includes any reactor capable of polymerizing olefin
monomers to produce homepolymers and/or copolymers. Homopolymers and/or copolymers
produced in the reactor may be referred to as resin and/or polymers.  The various types of
reactors include, but are not limited 1o those that may be referred to as batch, slurry, gas-phase,
sofution, high pressure, tubular, autoclave, or other reactor and/or reactors. (as phase reactors
may comprise tluidized bed reactors or staged horizontal reactors. Slurry reactors may comprise
vertical and/or horizontal loops. High pressure reactors may comprise autoclave and/or tubular
reactors. Reactor types may inchide batch and/or continuous processes. Continuous processes
may use intermittent and/or continuous product discharge or transfer. Processes may also
mnchude partial or full direct recyele of un-reacted monormer, un-reacted cornonomier, catalyst
and/or co-catalysts, diluents, and/or other materials of the polymerization process.
Polymerization reactor systems of the present disclosure may comprise one type of reactor in a
system or multiple reactors of the same or different type, operated in any suitable configuration.
Production of polymers in multiple reactors may inchude several stages in at least two separate
polymerization reactors interconnocted by a transfer system making it possible to transfer the
polymers resulting from the first polymerization reactor into the second reactor. Alternatively,
polymerization in multiple reactors may include the transfer, cither manual or automatic, of
polymer from one reactor to subsequent reactor or reactors for additional polymerization.
Alternatively, multi-stage or multi-step polymerization may take place in a single reactor,
wherein the conditions are changed such that a different polymerization reaction takes place.
[B0136] The desired polymerization conditions in one of the reactors may be the same as or
different from the operating conditions of any other reactors involved i the overall process of
producing the polymer of the present disclosure. Muktiple reactor systems may inchide any
combination including, but not hmited to multiple loop reactors, roultiple gas phase reactors, a
combination of loop and gas phase reactors, multipic high pressure reactors or a combination of
high pressure with loop and/or gas reactors. The multiple reactors may be operated in series or
in parallel. In an embodiment, any arrangement and/or any combination of reactors may be

eraploved to produce the polymer of the present disclosure,
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(801371 According to one embodiment, the polymerization reactor system may corprise at
feast one loop shury reactor. Such reactors may comprise vertical or horizontal loops.
Monomer, dilnent, catalyst system, and optionally any comonomer may be continuously fedto a
loop slurry reactor, where polymerization occurs,  Generally, continuous processes may
comprise the continuous introduction of a monomer, a catalyst, and/or a diluent into 2
polymerization reactor and the continnous removal from this reactor of a suspension comprising
polymer particles and the diluent. Reactor offluent may be flashed to remove the lquids that
comprise the dituent from the solid polymer, monomer and/or comonomer. Various technologies
may be used for this separation step including but not limited to, flashing that may include any
combination of heat addition and pressuve reduction; separation by cyclonic action in either a
cvelone or hydrocyclone; separation by ceotrifugation; or other appropriate method of
separation,

[60138] Typical slurry polymerization processes {also known as particle-form processes) are
disclosed m U.S. Patent Nos. 3,248,179, 4,501,885, 5,565,175, 5,575,979, 6,239,235, 6,262,191
and 6,833,415, for example; cach of which are herein incorporated by reference in their entirety.
[30139] Suitable diluents used in slurry polymerization include, but are not limited to, the
monomer being polymerized and hydrocarbons that are liguids under reaction conditions.
Examples of suitable diuents include, but are not limited to, hydrocarbons such as propane,
cvelohexane, isobutane, n-butane, n-pentane, isopentane, neopentane, and n-hexane. Some loop
polymerization reactions can occur under bulk conditions where no diluent is used. An example
is polymerization of propylene monomer as disclosed in US. Patent Nos. 5,455,314, which
incorporated by reference herein in its entirety.

[30140] According to yet another embodiment, the polymerization reactor may comprise at
feast one gas phase reactor. Such systerns may employ a continuous recycle stream coutaining
one of more monomers continyously cycled through a fluidized bed n the presence of the
catalyst under polymerization conditions. A recycle stream may be withdrawn from the fluidized
bed and recycled back into the reactor. Simultancously, polymer product may be withdrawn
frora the reactor and new or fresh monorer may be added to replace the polymerized monomer.
Such gas phase reactors may comprise a process for multi-step gas-phase polymerization of
olefins, in which olefins are polymerized in the gaseous phase in at least two independent gas-
phase polymerization zones while feeding a catalyst-containing polymer formed i a first

polyraerization zone to a second polymerization zone. One type of gas phase reactor s disclosed
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in U.S. Patent Nos. 4,588,790, 5,352,749, and 5,436,304, cach of which is incorporated by
reference in ifs entirety herein,

[B0141]  According to still another embodiment, 8 high pressure polymerization reactor may
comprise a tubular reactor or an autoclave reactor. Tubular reactors may have several zones
where fresh monomer, initiators, or catalysts are added. Monomer may be entrained in an inert
gaseous stream and infroduced at one zone of the reactor. Inifiators, catalysts, and/or catalyst
components may be entrained in a gaseous stream and introduced at another zone of the reactor.
The gas streams may be intermixed for polymerization. Heat and pressure may be employed
appropriately to obtain optimal polymerization reaction conditions.

[80142]  According to vet another embodiment, the polymerization reactor may comprise a
solution polymerization reactor wherein the monomer 15 contacted with the catalyst composition
by suitable stirring or other means. A carrigr comprising an organic diuent or excess monomer
may be employved. I desired, the monomer may be brought in the vapor phase into contact with
the catalytic reaction product, in the presence or absence of liquid reaterial. The polvmerization
zone is maintained at temperatures and pressures that will result in the formation of a solution of
the polymer in a reaction medivm. Agifation may be employed to obtain better temperature
control and to maintain uniform polymerization mixtures throughout the polymerization zone.
Adeguate means are utilized for dissipating the exothernue heat of polymerization.

[803143] Polymerization reactors suitable for the present disclosure may further comprise any
combination of at least one raw material feed system, at least one feed system for catalyst or
catalyst components, and/or at least one polymer recovery system.  Suitable reactor systems for
the present invention may further comprise systems for feedstock purification, catalyst storage
and preparation, extrusion, reactor cooling, polymer recovery, fractionation, recycle, storage,
toadout, laboratory analysis, and process control,

[80144] Conditions that are controlled for polymerization efficiency and to provide polyroer
properties include, but are not limited to tomperature, pressure, type and quantity of catalyst or
co-catalyst, and the concentrations of various reactants. Polymerization temperature can affect
catalyst productivity, polymer molecular weight and molecular weight distribution.  Suitable
polymerization temperatures may be any temperature below the de-polymerization temperature,
according to the Gibbs Free Energy Equation. Typically, this includes from about 60°C to about
280°C, for exarople, and/or from asbout 70°C 1o about 110°C, depending upon the type of

polymerization reactor and/or polyroerization process.
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{363145]  Suitable pressures will also vary according to the reactor and polymerization process.
The pressure for hiquid phase polymerization in 3 loop reactor is typically less than 1000 psig.
Pressure for gas phase polymerization s usunally at about 200 — 500 psig. High pressure
polyracrization o tubular or autoclave reactors is generally run at about 20,000 1o 75,000 psig.
Polymerization reactors ¢an also be operated in a supercritical region occwrring at generally
higher temperatures and pressures. Operation above the critical point of a pressure/temperature
diagram (supercritical phase) may offer advantages.

[60146] The concentration of various reactants can be condrolied to produce polymers with
certain physical and mechanical propertics. The proposed end-use product that will be formed
by the polymer and the method of forming that product may be varied to determine the desired
final product propertics.  Mechanical propertics inchude, but are not liotted to tonsile strength,
flexural modulus, impact resistance, creep, stress relaxation and hardness tests.  Physical
properties include, but are not Hmited to density, wolecular weight, molecolar weight
distribution, melting  tomperature, glass transition tomperature, temperature melt  of
crystallization, density, stereoregularity, crack growth, short chain branching, long chain
branching and rheological measurements.

[B0147]  The concentrations of monomer, co-monomer, hydrogen, co-catalyst, modifiers, and
clectron donors are generally tmportant in producing specific polymer properties.  Comonorer
may be used to control product density. Hydrogen may be used to control product molecular
weight. Co-catalysts may be used to allcylate, scavenge poisons and/or conirol molecular weight.
The concentration of poisons may be muumized, as poisons may impact the reactions and/or
otherwise affect polymer product properties.  Modifiers may bhe used to control product
propertics and electron donors may affect stereoregularity.

[B0148] In an cmbodiment, the CATCOMP comprises an imine phenol compound
characterized by Structure XV, a metallocene comopound characterized by Structure 15 or
Structure 18, a sulfated solid oxide of the type disclosed herein and an alkylaluminum conplex
of the type disclosed herein.

(60149 The CATCOMP can be contacted with 4 monomer {e.g., cthylene and optional
comonomer) under conditions suitable for the formation of a polymer (c.g., polyethylene). In an
embodiment, & monomer (e.g., cthylene) is polymerized using the methodologies disclosed
herein to produce a polymer. The polymer may comprise & homopolymer, a copolymer, or
combinations thereof. In an erobodument, the polymer is a copolymier coraprising ethylene and

one or more comonomers such as, for example, alpha olefins. Examples of suitable comonomers
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include, but are not Hmited to, unsaturated hydrocarbons having from 3 to 20 carbon atoms such
as propylene, 1-buteng, 1-pentene, I-hexene, 3-methyl-1-butene, 4-methyl-1-pentene, 1-heptene,
I-octene, 1-nonene, 1-decene, and mixtures thereof. In an embodiment, the comonomer is -
hexene. In an embodiment, the commoner ray be present in the polymer 1o av amount of equal
to or less than about 0.5 mol%, alternatively less than about 8.4 mol%, alternatively less than
about 0.3 mol.% or alternatively less than about 0.2 mol.%. In an ersbodiment, the polymer is a
homopolyroer. It is to be understood that an inconsequential amount of comonomer may be
present in the polymers disclosed herein and the polymer still be considered a homopolymer.
Herein an inconsequential amount of a comonomer refers to an amount that does not
substantively affect the properties of the polymer disclosed herein.

[B0ISG]  The polymer may include other additives. Examples of additives jnchude, but are not
limited to, antistatic agents, colorants, stabilizers, nucleators, surface modifiers, pigments, ship
agents, antiblocks, tackafiers, polymer processing aids, and combinations thereof.  Such
additives may be used singularly or in cornbination and reay be included i the polymer before,
during, or after preparation of the polymer as described herein. Such additives may be added via
any suitable technique, for example during an extrusion or compounding step such as during
pelletization or subsequent processing into an end use article.

[B0ISY]  Inoan crbodiment, a polymer of the type described herein 5 a two-component system
comprising a first component designated Component A and a second component designated
Component B. The polymer may be a reactor-blend that is result of the use a catalyst system of
the type disclosed herein {i.c., an imiuve(bis) phenol compound, a metallocene) where the
polymer is formed by polymerization of @ monomer {(¢.g., olefin} in the presence of the catalyst
system and a metal alkyl, all of the type disclosed hercin. In an embodiment, Component A and
Component B possess an overlapping molecular weight distribution profile such that the MWD
profile of Component B is encorapassed by the MWD profile of Coraponent A, Component A
may have a polymer architecture that is characterized by a broad MWD, high-density and is
substantially lincar. Component B may have a polymer architecture that is characterized by a
narrow MWD and increased branching when compared to Component A, Fach of these
characteristics are described in more detail later herein.  Component A may be present in an
amount that constitutes from about 1 weight percent {(wt.%) to about 99 wt.% based on the total
weight of the polymer, alternatively from about 10 wt.% to about 90 wi.% or alternatively from
about 20 wt.% 1o about 80 wi.%. In an embodiment, greater than about 90%, 91, 92, 83, 04, 95,

96, 97, 98, or 99% of the remainder of the polymer comprises Component B.



WO 2014/120548 PCT/US2014/012723

50

[3031521  In an cmbodiment, Component A is characterized by a density of from about (.94
g/ce o about .98 g/ce, alternatively from about 0.95 g/cc to about 8.980 g/ce, or alternatively
from about $.955 g/ce to about $.980 g/ce as determined in accordance with ASTM D-1505.
Component B may be characterized by a density of from about 0.86 g/ec to about 0.98 g/ee,
alternatively from about 8.47 g/ce to about 0.97 g/ce, or alternatively from about (.88 g/ec to
about (.96 g/ce as determined in accordance with ASTM D-1505.

[86133]  In an embodiment, a polymer of the type described herein 1s muitimodal. Herein, the
"modality” of a polymer refers to the form of its molecular weight distribution curve, ie. the
appearance of the graph of the polymer weight fraction as a function of its molecualar weight.
The pelymer weight fraction refers to the weight fraction of molecules of a given size. A
polymer having a molecular weight distribution curve showing a single peak may be referred to
as a ynimodal polymer, a polymer having curve showing two distinct peaks may be referred to as
bimodal polymer, a polymer having a curve showing three distinct peaks may be referred to as
frimodal polymer, a polymer having a carve showing two or more peaks may be referred to as
multimodal, etc. Polymer modality may be determined using any suitable methodology such as
those described in the examples sections herein.

[B0154]  In an embodiment, a polymer of the type described herein may have a weight average
molecular weight (M) for Component A ranging from about 530 kg/mol to about 1000 kg/mol,
alternatively from about 100 kg/mol to about 750 kg/mol or alternatively from about 200 kg/mol
10 about 500 kg/mol while component B may have a M, ranging from about 20 kg/mol to about
2000 kg/mol, alternatively from about 50 kg/mol 1o about 1500 kg/rool or altematively from
about 100 kg/mol to about 1000 kg/mol. The My, for the polymer composition as 3 whole may
range from about 50 kg/meol to about 1000 kg/mol, alternatively from about 75 kg/mol to about
750 kg/mol, alternatively from about 100 kg/mol to about 500 kg/mol. The weight average
molecular weight describes the molecular weight distribution of a polyroer and is calculated

according to Equation 1:
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where Njis the number of molecules of molecular weight M.
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(601558  The M, for the polymer composition as a whole may range from about 1 kg/mol o
about 100 kg/mol, alternatively from about § kg/mol to about 50 kg/mol, alternatively from
about 10 kg/mol to about 30 kg/mol. The nomber average molecular weight is the common
average of the molecular weights of the individual polymers and roay be caleulated according to

Equation 2:

LN, @

where Njis the number of molecules of molecular weight M,

[60156] A polymer of the type disclosed herein may be characterized by a peak molecular
weight (M) of from about 10 kg/mol to about 1000 kg/mol, alternatively from about 50 kg/mol
to about 500 kg/mol, or alternatively from about 50 kg/mol to about 400 kg/mol. The M, refers
to the molecular weight of the highest and is a mode of the MWD,

(80157 In an embodiment, a polymer of the type described herein may be characterized by a
MWD for Component A of greater than about 20, alternatively greater than about 25, or
alternatively greater than about 30 while Component B may be characterized by a MWD of less
than about 20, alternatively less than about 15, alternatively less than about 10, or alternatively
fess than about 5. A polymer of the type described herein, as a whole, may be characterized by a
MWD of from about 3 to about 100, alternatively from about 6 to about 75, or alternatively from
about 10 to about 58, The MWD is the ratio of the My, to the number average molecular weight
{(My), which is also referred to as the polydispersity index (PDI) or more simply as
polydispersity.

(681581 A polymer of the type described herein way be further charactenized by a ratio of z-
average molecular weight (M) to My (M / My 3 of from about 1.5 to about 20, alicrnatively
frorma about 2 to about 15 or alternatively from about 3 to about 10. The z-average molecular

weight is a higher order molecular weight average which is calculated according to Equation 3:
YR VE
X NM,

M =t -
2 NM” )

where N; s the amount of substance of species 1 and M; is the molecular weight of species 1. The

ratio of M,/M,, is another indication of the breadth of the MW of a polymer.
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(601591  In an embodiment, a polymer of the type described herein may have a high load melt
index, HLMI, in a range from about 0.01 ¢/10 min.to about 1000 g/10 min., alternatively from
about 0.1 ¢/10 min. to abouwt 100 /10 min., or aliernatively from about | ¢/10 min. to about 20
/10 min. The high load melt index (HLMI} refers to the rate a polymer which can be forced
through an extrusion rheometer orifice of 0.0824 inch diameter when subjected to a force of
21,600 grams at 190 °C in accordance with ASTM I 1238,

{00168} In an cmbodiment, a polymer of the type disclosed herein has a Carrcau Yasuda ‘2
parameter, CY -a, in the range of from about .05 to about 0.8, alternatively from about .1 to about
(1.5, or alternatively from about 0.15 to about (.4, The Carreau Yasuda ‘2’ parameter (CY-a) is
defined as the rheological breath parameter. Rheological breadth refers to the breadth of the
transition region between Newtondan and power-law type shear rate for a polymer or the frequency
dependence of the viscosity of the polymer. The rheological breadth is a function of the relaxation
fime distribution of a polymer resin, which in turn is a fimction of the resin molecular structure or
architecture. The CY-a parameter may be obtained by assuning the Cox-Merz rule and calculated
by fitting flow curves generated in lincar-viscoclastic dynamic oscillatory frequency sweep

experiments with a modified Carreau-Yasuda (CY) model, which is represented by Equation (4):

B=E, [1+ (t,7f r (@)

where

£ = vigcosity (Pas)

¥ = shear rate (1/s)

« = rvheological breadth parameter

T, = relaxation time {s) [describes the location in time of the transition region]

E, = zero shear viscosity (Pars) [defines the Newtonian plateau]

n =power law constant {defines the final slope of the high shear rate region]
{00161} To faciitate model fitting, the power law constant » is held at a constant value.
Details of the significance and interpretation of the CY maodel and derived parameters may be
found i C. A, Hicher and H. H. Chiang, Raeol dcta, 28, 321 {(1989); C.A. Hicber and HH.
Chiang, Polvm. Eng. Sci., 32, 931 (1992); and R. B. Bird, R. €. Armstrong and O. Hasseger,
Dvnamics of Polvmeric Liguids, Volume 1, Fluid Mechanics, 2nd Edition, John Wiley & Sons

(1987}, cach of which s incorporated by reference herein in its entirety,



WO 2014/120548 PCT/US2014/012723

|94
2

(60162 In an cmbodiment, a polymer of the type described herein may have a zero-shear
viscosity (1o} of from about 1E+Q3 Pa-s to about 1E+10 Pa-s, alternatively from about 1E+0(4
Pa-s to about 1E+09 Pa-s, or aliernatively from about 1E+0S Pa-s to about 1E+0¥ Pa-s.

[36163] In an embodiment, a polymer of the type disclosed herein is further characterized by a
reverse comonomer branching distribution or reverse short-chain branching distribution (SCBD)
resulting 1o short-chain branching (SCB) that occurs primarily in Comaponent B of the polymer.
Herein, the SCBD refers to nurnber of SCB per 1000 carbon atoms at cach MW across the MWD
profile of a polymer.

[68164] In an embodiment, a polymer of the type disclosed herein is characterized by a short-
chain branching content of from about 0.1 to about 20 short chain branches per 1000 total carbon
atoms, alternatively from about (.5 to about 15, or alternatively from about 1 to about 10, In
another embodiment, a polymer of the type disclosed herein is characterized by the SCB present
in Component B in an amount that constitutes from about 75 % to about 100% based on the
number of short-chain branches per 1000 carbon atoms, alternatively from about 80 % to about
100% based on the number of short-chain branches per 1000 carbon atoms, alternatively from
about 90% to about 100% based on the number of short-chain branches per 1000 carbon atoms.
[60165] In an cmbodiment, a polymer of the type disclosed herein 15 a reactor blend of
polymers prepared by contacting an imine {bis)phenol compound, a metallocene compound and
a metal alkyl, all of the type disclosed herein, with a monomer under conditions suitable for the
for formation of a polvmer. In an cmbodiment, the monomer is cthylene.  Alternatively the
polymer formed comprises ethyiene and 1-hexene. In an embodiment, the polymer has a
polydispersity index of greater than about 15 and a short-chain branching distribution maximum
that occurs between a weight average molecular weight of about 30 kDa and 1000 kDa. In ap
embodiment, the polymer has a level of short-chain branching ranging frora about 8.1 to about
26t short chain branches per 1000 total carbon atoms, alternatively from about 0.5 to about 15 or
alternatively from about 1 to about 10,

[B0166]  Polymers of the type disclosed herein may be characterized by a short chain
branching distribution that is described by a Pearson VI Amp curve fit wherein the value of the
short chain branching distribution slope from the short chain branching distribution maximum at
a log of the weight average molecular weight less than about the maxirmum log weight average
molecular weight is less than about -0.005. The Pearson Amp Curve Fit 18 based on the Pearson
VII model which contains four adjustable paramecters a, p, g, and v0 which correspond (o

amplitude, line width, shape factor and band center respectively. As g > | the band reduces to a
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Lorenzian distribution and as g approaches 50 g more or less Gaussian distribution is obtained.
Thus, the Pearson VII curve-fitting procedure approximates a mixed Lorentzian-Gaussian model
for band shape.

[80167]  Polymers of the type disclosed herein roay be tormed into articles of manufacture or
end-use articles using techniques known in the art such as extrusion, blow molding, injection
molding, fiber spinning, thermoforming, and casting. Polymers of the type disclosed herein may
display an tmproved processability.

{00168} In an embodiment, the polymer comprises PE which may be fabricated into a pipe by
extrusion.  Extrusion refers to a method of making 8 polymeric pipe comprising extruding the
polymer or copolymer in a molten state through a die to cool and form the polymeric pipe.
Heremafter the disclosure will refer to PE pipe although other polymeric articles are also
contemplated.

[0016%]  Pipe extrusion in the simplest terms is performed by conveying solid polymer pellets
through the action of a rotating screw followed by the compaction and melting of the pellets
through the application of heat and shear forces; the homogenous polymer melt is then conveyed o
the die to form the ultimately desired profile. For the fabrication of pipes the extrudate (melt
exiting the die}, which is annular in shape, is then formed and cooled through a series of vacuum
and water cooling tanks. There are mumerous kinds of feedstocks in pipe extrusion. The polyraer
feedstock can either be a pre-pigmented polyethylenc resin or it can be a mixture of patural
polyethyiene and color concentrate (referred to as “Salt and Pepper blends™). In North America,
the roost common feedstock for pipe exirusion is “Salt and Pepper blends”. In Hurope and other
areas of the world, the most common feedstock for pipe extrusion is pre-pigmented polyethylene
resin.  Feedstock is rigidly controlied to obtain the proper finished product (pipe) and ultimate
consumer specifications. In one “salt and pepper blend” embodimnent, the color concentrate is a
polyethylene carrier resin loaded with up to 40 weight percent carbou black particles; this
concentrate is introduced to maintain approximately 2.5 weight percent carbon black concentration
in the final pipe.

[00178]  The feedstock is then fed into an extruder. The most convnon extruder system for pipe
production is a single-screw extruder. The purpose of the extruder is to melt, homogenize and
convey the polyethylene pellets. Extrusion temperatures typically range from 170 °C to 260 °C
depending upon the extruder screw design and flow properties of the polyethylene.

{06171} The molien polymer is then passed through an annular die to shape the melt. The

molten polymer, in the form of an annalus, is then vsually forced through a shaping or forming
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tank while simuitancously being cooled from the outside using a water spray. While the pipe
diameter 18 a direct consequence of the die and sizing sleeve dimensions, the pipe wall thickness
depends on the die gap and also the draw-down speed employed.

[B0172] MNext, the pipe is cooled and solidified in the desired dimensions.  Cooling is
accomplished by the use of several water tanks where the outside pipe is either submerged in water
or water is sprayed on the pipe exterior. The pipe 15 cooled from the outside surface to the inside
surface, The joterior wall and inside surfaces of the pipe can stay hot for a long period of time, as
polyethylene is a poor conductor of heat. Finally, the pipe is printed and either coiled or cut to
fength.

(00173}  In an embodiment, the PE pipes of this disclosure display enhanced mechanical
propertics such as resistance to slow crack growth, decreased tensile vatural draw ratio (NDR),
resistance to rapid crack propagation and strength sufficient to warrant the designation PE100. The
designation PE100 refers to a pressare rating wherein the pipe bas a minimam required strength
value (50 year extrapolated value at 20 °C; 97.5 lower prediction limit) equal to or greater than
10.0 MPa. Such pipes may display the propertics described below either singularly or i
combination. The specific methods for determination of these properties are described in more
detail herein.

[00174] A majority of the field failures 1o pressure pipe applications are attributable to slow
crack growth (SCG). This has led to the development of many lab-scale tests, such as the
Pennsylvania Edge-Notch Tensile Test (PENT; ASTM F1473), to predict the resistance to SCG of
various polyethylenes. Tn the PENT test, a notched polyethylene specimen is subjected to creep by
the application of g constant tensife load at 80 °C. The applied load is such that the initial stress is
3.8 MPa. The time to fatlure is recorded and reported. A longer failure time correlates with a
greater resistance to SCG.  Generally speaking, increasing the resin density lowers the PENT
faiture imes. The PE pipe of the type disclosed herein may display PENT failure times of greater
than about 800 hours (h) to about 2000 hours, aliernatively greater than about 1500 h, or
alternatively greater than about 2000 h.

{00175}  Since the majority of field failures in pressure pipe (gas transport) applications are
attributable 1o a brittle fracture mode referred to as SCG, the registance to SCG of pressure pipe is
often evaluated. One method of evaluating the SCG resistance s by determining the tensile nataral
draw ratio (tensile NDR) of the resin. There 15 some evidence that the tensile NDR 18 divectly
related to the SCG resistance of HDPE such that the lower the tensile NDR the higher the

resistance to SCG. A description of the correlation of SCG to tensile NDR may be found in: E.
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Laurent, Comprehensive Evaluation of the Long-Term Mechanical Froperties of PEIOG Resin
Meeting the Requiremenis of Modern Installation Technigues, Plastic Pipes X1 Proceedings of the
International Conference, Woodhead Publishing Limited (2001); and in an article by L. Hubert, et
al published in 2002 in the Journal of Applied Polymer Scicnce Volume 84 page 2308 each of
which is incorporated herein by reference herein in its entirety.

(001761 The tensile NDR is determined by performing standard tensile stress-strain experiments
on doghone specimens at a deformation rate of ST mmv/min in accordance with ASTM D638,
Referring to Figure 1, a reprosemtative stress-strain curve is shown where the tensile strain is
plotied as percent strain and the stress s expressed as force or load (in Ibf).  Inflection points 20,
40, 50 and 60 mark points at which transformations i matenal behavior ocour,  Initially, at
conditions of low strain a linear region 10 is observed. o this linear region 10 the material
experiences a stress {F) directly proportional to the applied strain (u) and the material behavior can
be approximated by Hooke’s law (equation §) with the constant of proportionality being the elastic
or Young’'s modulus denoted Y:

=Yy (5)

[00177F  Also, in the linear region 10, the deformation behavior is approximately elastic, 1.¢. the
material strain returns to zero when the applied load is removed. The siress at the point where the
material’s behavior changes from elastic to plastic 15 known as the vield stress.  Application of a
load beyond the vield point 20, results in permanent (or plastic) material deformation. Generally,
the vield point 2 in polyethylene is evident as a maximum in the load-strain traces as shown in
Figare 1. Beyond the vield point, as the specimen is stretched continuously, the matenal outside
the neck region i the dogboune speciraen is drawn into the neck; the load does not change very
much during this necking and drawing process. This necking/drawing process continues until the
specimen encounters “strain-hardening” or point 50 in Figure 1. The onset of strain-hardening
simoply means that any further deformation of the specimen requires considerably more energy
moput. This is evident in a substantial and dramatic ncrease in the load in Figure 1. To other
words, the onset of strain hardening 5¢ marks a period 90 when more stress is required to achieve a
given strain than scen in the previous region of the curve. The percent strain at the onset of strain-
hardening 18 defined as the tensile NDR. The continued application of load to the material will

eventually result in the material’s fracture at the break stress and strain point 60
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{00178}  Some polymers do not exhibit the distinct strain-hardening behavior shown in Figure 1.
Therefore, in order to define a tensiie NDR, the following criterion needs to be satisfied first: the
tensile stress at break is at least 10 % higher than that of the tensile vield stress (ow> 1.10%0y).
[06179] In an embodiment, articles (e.g., pipe) prepared from polymers of the type disclosed
herein have a tensile NDR ranging from about 540% to about 600%, alternatively less than about
of 600 % alternatively less than about S50 % or less than about 540 %.
[00186]  Polymers prepared from CATCOMPs of the type disclosed hercin may contain some
user and/or process desired SCBD. The SCBD of the polymers may be adjusted by adjusting the
composition of the CATCOMBP to provide a SCBD that muay be targeted to lic within one or more
defined molecular weight ranges of the polyrer composition,

EXAMPLE
(00181}  The present disclosure is further Hlustrated by the following example, which s not to be
construed m any way as iraposing lmitations upon the scope thereof. On the contrary, i 18 10 be
clearly understood that resort can be had to various other aspects, embodiments, modifications, and
equivalents thereof which, after reading the description herein, can suggest themselves to one of
ordinary skill in the art without departing from the spirit of the preseut invention or the scope of the
appended clairas,
{00182} The data and descriptions provided in the following example are given to show
particular aspects and embodiments of the subject matter disclosed, and to demonstrate a nursber
of the practices and advantages thercof. The exarple is given as 4 more detailed deronstration of
some of the aspects and embodiments described herein and 18 not intended to limit the disclosure or
claims in any manner.
(001831 CATCOMPs of the type disclosed herein were utilized in the polymerization of
cthylene. Specifically a CATCOMP comprising the umine bis{phenolate) compound designated
Structure XV in Table 1, and a metaliocene compound of either Structure 15 or Structure 18 was
utilized to produce nine polyethylene samples, designated Samples S1-89. Each sample was
prepared from a nuxture comprising 1 g of S-SSA, 0.6 md of TIBA and a select arnount of 1-
hexene which was subjected to 450 psi of ethylene monomer and allowed to polymerize at 100 °C

for 45 min.
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{00184}  Various propertics of the polymer sample are also presented in Table 1. A conparative
sample was polymerized in the presence of the imine bis{phenolate) compound represented by
Stracture XV is designated Cl. The data in table 1 demonstrates that by tuning the catalyst
corapostiion and reactor conditions polymer samples having various properties were produced.
The catalyst combination, amount of I-hexene, and hydrogen allowed access to a range of HLMIs.
Generally, the HEMI of the polymer samples increased with increasing hydrogen feed for a given
combination allowing access to a range of HLMIs, Also generally, the density of the polymer
samples decreased with increasing 1-hexene addition. GPC curves for samples S3 and 89 are
presented in Figure 1. The CATCOMPs used to prepared samples S3 and 59 contained the
compounds represented by Structures 18 and 15 respectively as the metallocene component.
Notably sample 83 displayed a broader MWD, contained a lower M, and a more substantial
HMW tail. The rheology of polymers of the type disclosed herein was investigated by monitoring
the dynamic melt viscosity as a function of frequency. These results are presented in Figure 2 for
saraples 83 and S9. These results are compared to polymers prepared using a dual metallocene
system, sample C2, or a chromium catalyst, sample C3. The polymers of the present disclosure are
highly shear thinning, similar to chromium sample C3, suggesting the materials will display related
processability when compared to chromium systems and display a mwarked improvement in
processability when compared to systems prepared utihzing a dual moetallocene catalyst,
Chromium samople C3 is the commercial benchmark resin in melt strength, and in light of the
similarities in the rheology to S3 and 59, should mean the polymers of the present disclosure
should display comparable melt strength.

[00185] The SCBD of polymers of the type disclosed herein, specifically samples 53 and 516,
were determined by GPC and the results are presented in Figures 4 and 5 respectively. The resuits
demonstrate that the batyl branches are located within Component B. The tensile NDR for various
polymer samples of the type disclosed berein was determoined and are presented in Table 2. As
shown in Table 2, the inclusion of the short-chain branches by the inclusion of the compounds
represented by Structures 15 and 1R led to a significant reduction in the NDR (9%) and increased
slow crack growth resistance. For exarople, Cl which was prepared jn the absence of the
compounds represented by Structures 15 or 18 had an NDR of 747. The inclusion of compounds
represented by Structures 1S or 18 in the polymerization both reduced the density and NDR of the
polymer.

{00186}  Comparisons of the polymers of the type disclosed herein (i.c., prepared using

CATCOMPS) to polymers prepared with chromium catalysts C3 and C4 are contained in Table 3.
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The data illustrates improved SCG resistance for polymers of the type disclosed herein, .., S2
and S12, for a similar density as given by the reduced NDR.
[B0187]  The wmproved SCG resistance by NDR measurement is demonstrated by the PENT

testing i Table 4. At the saroe density, 85 vastly outperforms C3 in PENT.

Table 2
Sample MNo. | Pensity {g/cc) | NDR (%)
Ci 0.966 747.0
S1 0.950 543.8
S2 $.952 $37.2
83 $.953 531.8
S84 0.955 517.4
35 0.94¥ 504.0
S6 0.953 580.7
S7 $.950 S8
58 0.951 5587
59 0.949 518.5
S10 0.946 464.5
St 0.945 479.7
512 0.941 4477
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Table 3

Saraple No. | Density {(g/ce) | NDR (9%)

C3 $.947 591

S5 {.948 S04

C4 0.938 507

512 0.941 448
Table 4

Sarople No. | Density {g/ce) | NDR (%) | PENT 3.2 MPa

)
C3 0.947 591 IR8
S5 0.94¢4 504 >2000

[B0188] The results demonstrate the placement of SCB within the HMW end of the broad
distribution provides polymers with superb SCG resistance as indicated by the NDR and PENT
values. Comonomer incorporation with polymers prepared using the CATCOMPs of this
disclosure displayed improved properties such as low NDR values across a range of densities.
[B0188]  The following enumerated embodiments are provided as non-Hmiting examples.
[B0196] A first embodiment, which is a catalyst composition comprising:

(1) a metal salt complex of an imine bis{phenol} compound characterized by Structure L.

Structure |

wherein:
(O and N represent oxygen and nitrogen respectively;

R comprises a halogen, a hydrocarbyl group, ot a substituted hydrocarbyl group;
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R* and R’ can cach independently be hydrogen, a halogen, a hydrocarbyl group, or a
substituted hydrocarbyl group; and
Q is a donor group; and
(i1} a metallocene complex
{30198} A second embodiment, which is the composition of the first embodiment wherein the
metal salt complex of an imine (bis) phenolate compound comprises a compound having Structare

XIV:

tBu Cl ; R

Structure XIV

where M i3 a Group 3 to Group 12 transition metal or lanthanide, EbO is optional; and

R and R” can cach independently be hydrogen, a halogen, a hydrocarbyl group, or a
substituted hydrocarbyl group.
{30193} A third embodiment, which is the composition of the first embodiment wherein the

metal salt complex of an imine bis{phenol) compound comprises a compound having structure X

Structure X

where EtO is optional,
{00194} A fourth embodiment, which is the composition of any of the first to third embodiments
wherein the metallocene compound 18 represented by a compound having general Formula | or

Formula 2:
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A /Y\/\/Y\ C
C A n C
W AN Ny
P 7N
CpB x CpB X CpD/ \x
Formula 1 Formula 2

where cach X is independently F, Cl, Br, 1, methyl, benzyl, phenyl, H, BH,, a hydrocarbyloxide
group having up to 20 carbon atoms, 8 hydrocarbylamino group having up to 20 carbon atoms, a
trilydrocarbylsilyl group having up to 20 carbon atoms, OBR’; wherein R may be an alkyl group
having up to 12 carbon atoms or an arvl group having up to 12 carbon atoms, and SGsR”, wherein
R’ may be an alky! group having up to 12 carbon atoms or an aryl group having up to 12 carbon

<. B

atoms; Y is a CR, or SiR; group where R is hydrogen or a hydrocarbyl group; Cp®, Cp®, Cp©, and
Cp® are cach independently a substituled or unsubstituted cyclopentadienyl group, indeny! group,
or floureny! group and where any substituent on Cp®, Cp®, Cp©, and Cp” can be H, 4 hydrocarby!
group having up to 18 carbon atoms or a hydrocarbylsilyl group having up to 18 carbon atoms.

[00195] A fifth embodiment, which is the composition of any of the first to third embodiments

wherein the metaliocene compound comprises at least one of the compounds of Structures 1-13:
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Formula 4:

A sixth embodiment, which is the composition of any of the first to third embodiments

wherein the metallocene compound 18 represented by a compound having general Formula 3 or
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A A C
RC x AN xR X

E\ ,M\x ~ - \X E M:
Cp cpb Nepp X
Formula 3 Formula 4

where M is Ti, Zr or Hf, cach X 18 independently ¥, Cl, Br, I, methyl, phenvi, benzyl, H, BH,, &
hydrocarbyloxide group having up to 20 carbon atoms, a hydrocarbylaming group having up to 20
carbon atoms, a trihydrocarbylsilyl groop having up to 20 carbon atorss, OBR’; wherein R* may
be an alkyl group having up to 12 carbon atoms or an aryl group having up to 12 carbon atoms, or
SO:R” wherein R” may be an alloyl group having up to 12 carbon atoms or an aryl group having up
to 12 carbon atoms; Y is a CR,, SiR;, or R;CCR, group which may be hinear or cyclic and where R
is hydrogen or a hiydrocarbyl group; Cp™, Cp®, Cp®, and Cp” are cach independently a substituted
or unsubstituted cyclopentadieny! group, indeny!l group, or flourenyl group and where any
substituent on Cp®, Cp®, Cp©, and Cp® can be H, a hydrocarby! group having up to I8 carbon
atoms or a hydrocarbylsilyl group having up 1o 18 carboun atoms. E represents a bridging group
which may conyrise (1) a cyclic or heterocyclic moiety having up to 18 carbon atoms, (i) 8 group
represented by the general formula E*R'RY, wherein E* is C or Si and R™ and R™ are
fndependently H or a hydrocarbyl group having up to 18 carbon atoms, (111} a group represented by
the general forraula —CRIPRP—CRR* —, wherein R™®, R*, R, and R™ are independently H
or a hvdrocarbyl group having up to 10 carbon atoms, or (iv) a group represented by the gencral

2

formmla —SIRPRP SRR wherein RY, R¥™) R, and R are independently H or a
hydrocarby! group baving up to 10 carbon atoms, and wherein at Teast one of R™, R™®, R* R,
R RH R RP R RY or the substituent on Cp, Cpy, or Cpy, s (1) 2 terminal alkenyl group
having up to 12 carbon atoms or (2) a dinuclear compound wherein each metal moiety has the
sarne structaral characteristic,

{00197} A scventh ombodiment, which 5 the composttion of any of the fist to third
embodiments wherein the metallocene compound conprises at least one of the compounds of

Structures 14-29:
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[00198]  An cighth embodiment, which is the composition of any of the preceding embodiments
wherein the metal salt complex of an imine phenel compound and the metallocene complex are

present 10 an amount of from about 100:1 to about 1:100 based on the total weight of the catalyst

composition.
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{00199} A ninth embodiment, which is the composition of any of the preceding embodiments,
further comprising a metal alkyl compound.

[B02068] A tenth embodiment, which is the composition of the ninth embodiment, wherein the
metal alkyl compound coraprises an organocaluminum compound, an aluminoxane compound, and
organoboron or organoborate compound, an ionizing ionic compound, or combinations thereof.
(002817 An eleventh embodiment, which is the composition of any of the preceding
embodiments, further coroprising an activator-support coraprising a sohd oxide treated with an
electron-withdrawing anion.

[00202] A twelfth embodiment, which is the composition of the cleventh embodiment wherein
the solid oxide comprises silica, alumina, silica-shumina, silica-coated aluming, sluminum
phosphate, aluminophosphate, heteropolytungstate, titania, zirconia, magnesia, boria, zine oxide, a
mixed oxide thereof, or combinations thereof; and the eclectron-withdrawing anion comprises
sulfate, bisalfate, fhuonde, chlonde, bromide, iodide, fhuiorosulfate, fluoroborate, phosphate,
fluorophosphate, trifluoroacetate, triflate, fluorozirconate, fluorotitanate, phospho-tungstate, or
combinations thereof,

{00203} A thirteenth embodiment, which is the composition of the ninth embodiment whergin
the metal alkylt comprises triallylatuminum, an alkylaluminum halide, an alkylahmminum alkoxide,
an aluminoxane, or combinations thereof,

[00204] A fourteenth embodiment, which is the composition of the ninth embodiment wherein
the metal alkyl comprises methyl lithivm, n-butyl lithium, sec-butyl lithiom, tert-butyl lithium,
dicthyl magnesium,  di-n-butyvlmagnesivm,  cthylmagnesium  chlonide, n-butylmagnesiur
chloride, diethyl  zinc, {rimcthylalumimum, tricthyleluminum,  tripropylalumioum,
tributylaluminum,  tribexylahminum,  trioctylaluminom,  diethylaluminum  chloride,
dicthylalominam  browide, ethylalominom  dichloride,  ethylahmminmum  sesquichloride,
methylaluminoxane (MAQ), cthylaluminoxane, modified methylalumsinoxane (MMAQ),
n-propvialuminoxane, iso-propylaluminoxane, n-butylaluminoxane, sec-butylaluminoxane,
iso-butylalominoxane, t-butyl asluminoxane, I-pentylaluminoxane, 2-pentylaluminoxane,
3-pentylaluminoxane, iso-pentylaluminoxane, neopentylaluminoxane, borates, or combinations
thereof.

[306285] A fifteenth embodiment, which is a polymerization process comprising: contacting
the catalyst composition of claim 9 with an olefin monomer and optionally an olefin comonomer

under conditions suitable for the forraation of 4 polymer; and recovering the polymer.
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{00286} A sixteenth embodiment, which is a polymerization process comprising contacting a
catalyst composition with a monomer under conditions suitable for the formation of a polymer and
recovering the polymer, wherein the catalyst composition comprises a metal salt cornplex of an
tmine (bis) phenolate compound, a metaliocene complex, a solid oxide, and an optional metal alkyl
and wherein the metal salt complex of an imine (bis) phenolate compound comprises a compound

having Structure XIV

Structure X1V

where M is titapium, zirconivm, or hafnium;

Et;0 1s optional;

R compriscs a halogen, a hydrocarbyl group, or a substituted hydrocarbyl group; and

R’ comprises hydrogen, a halogen, a hydrocarby! group, or a substituted hydrocarbyl
group.
02071 A seventeenth ervbodiment, which is the process of the sixteenth embodiment wherein

the metallocene compound comprises at least one of the corapounds of Structures 1-13:
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{00208}  An cighteenth embodiment, which is the process of the sixteenth embodiment whergin

the metaliocene compound comprises at least one of the compounds of Structures 14-29:
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(02081 A nincteenth embodiment, which 18 the process of the sixteenth, seventeenth, or
cighteenth ervhbodiment wherein the ratio of the metal salt complex of an ioune (his) phenolate
compound to metallocene complex is from about 100:1 to about 1:100.

[00216] A twenticth embodiment, which is the process of the sixteenth, seventeenth, eighicenth,

or ningteenth embodiment whercin the monomer comprises cthylene and the polymer comprises
polyethylene.



WO 2014/120548 PCT/US2014/012723

71

{00211}  While cmbodiments of the disclosure have been shown and described, modifications
thereof can be made by one skilled in the art without departing from the spirit and teachings of the
disclosure. The embodiments described herein are exemplary only, and are not intended to be
limiting. Many variations and modifications of the disclosure disclosed herein are possible and are
within the scope of the disclosure. Where mumerical ranges or limitations are expressly stated,
such express ranges or limitations should be understood to nclude iterative ranges or limitations of
like magnitude falling within the expressly stated ranges or Houtations {¢.g., from about 1 to about
10 inchades, 2, 3, 4, etc.; greater than 0,10 inchudes .11, 0.12, (.13, etc.). For example, whenever
a numerical range with a lower limit, Ri, and an upper limit, Ru, is disclosed, any number falling
within the range s specifically disclosed. To particular, the following numbers within the range are
specifically disclosed: R=RMHk*(Ru-Rl), whercin k 18 a variable ranging from 1 percent to 100
percent with a 1 percent increment, i.e., k is  percent, 2 percent, 3 percent, 4 percent, 5 percent, ...,
50 percent, S1 percent, 52 percent, ..., 95 percent, 96 percent, 97 percent, 98 percent, 99 percent,
or 100 percent. Moreover, any numerical range defined by two R numbers as defined in the above
is also specifically disclosed. Use of the term "optionally” with respect to any element of a claim is
intended to mean that the subject element is required, or alternatively, is not required. Both
alternatives are intended to be within the scope of the claim. Use of broader terms such as
coroprises, inchudes, having, ete. should be understood to provide support for narvower terms such
as consisting of, consisting essentially of, comprised substantially of, cte.

(002127  Accordingly, the scope of protection is not limited by the description set out above but
is only limited by the clairas which follow, that scope including all equivalents of the subject
matter of the claims. Each and every claim is incorporated into the specification as an embodiment
of the present disclosure. Thus, the claims are a further description and are an addition to the
embodiments of the present disclosure. The discussion of a reference herein is not an admission
that it 15 prior art to the present disclosure, especially any refercnce that may have a publication
date after the priority date of this application. The disclosures of all patents, patent applications,
and publications cited herein are hereby incorporated by reference, to the extent that they provide

excroplary, procedural, or other details supplementary 1o those set forth herein.
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CLAIMS

1. A catalyst composition comprising:
(1) a metal salt complex prepared from an imine phenol compound characterized by Structure

I:

Structure I
wherein:
O and N represent oxygen and nitrogen respectively;
R is a halogen, a hydrocarbyl group, or a substituted hydrocarbyl group;
R? and R® are each independently hydrogen, a halogen, a hydrocarbyl group, or a
substituted hydrocarbyl group; and
Q is a donor group; and

(i1) a metallocene complex.

2. The composition of claim 1 wherein the metal salt complex prepared from an imine
phenol compound has Structure XIV:
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Structure XIV
where M is a Group 3 to Group 12 transition metal or lanthanide, Et,0 is optional; and
R and R? are each independently hydrogen, a halogen, a hydrocarbyl group, or a
substituted hydrocarbyl group.

3. The composition of claim 1 wherein the metal salt complex prepared from an imine phenol

compound has structure X:
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where Et,0 is optional.

4. The composition of claim 1 wherein the metallocene compound is represented by a

compound having general Formula 1 or Formula 2:

Formula 2

where each X is independently F, CI, Br, I, methyl, benzyl, phenyl, H, BH4, a
hydrocarbyloxide group having up to 20 carbon atoms, a hydrocarbylamino group having up
to 20 carbon atoms, a trihydrocarbylsilyl group having up to 20 carbon atoms, OBR'; wherein
R' may be an alkyl group having up to 12 carbon atoms or an aryl group having up to 12
carbon atoms, and SO3;R", wherein R" is an alkyl group having up to 12 carbon atoms or an
aryl group having up to 12 carbon atoms; Y is a CR; or SiR; group where R is hydrogen or a
hydrocarbyl group; Cp?, Cp®, CpS, and Cp” are each independently a substituted or
unsubstituted cyclopentadienyl group, indenyl group, or flourenyl group and where any
substituent on Cp?, Cp®, Cp©, and Cp”is H, a hydrocarbyl group having up to 18 carbon
atoms or a hydrocarbylsilyl group having up to 18 carbon atoms.

5. The composition of claim 1 wherein the metallocene compound comprises at least one of

the compounds of Structures 1-13:
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6. The composition of claim 1 wherein the metallocene compound is represented by a

compound having general Formula 3 or Formula 4:
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where M is Ti, Zr or Hf; each X is independently F, CL Br, I, methyl, phenyl, benzyl, H,
BH,, a hydrocarbyloxide group having up to 20 carbon atoms, a hydrocarbylamino group
having up to 20 carbon atoms, a trihydrocarbylsilyl group having up to 20 carbon atoms,
OBR'; wherein R' is an alkyl group having up to 12 carbon atoms or an aryl group having up
to 12 carbon atoms, or SO;R" wherein R" is an alkyl group having up to 12 carbon atoms or
an aryl group having up to 12 carbon atoms; Y is a CR,, SiR,, or R,CCR; group which may
be linear or cyclic and where R is hydrogen or a hydrocarbyl group; Cp”, Cp®, Cp®, and
Cp” are each independently a substituted or unsubstituted cyclopentadienyl group, indenyl
group, or flourenyl group and where any substituent Cp?, Cp®, CpS, and Cp”is a H, a
hydrocarbyl group having up to 18 carbon atoms or a hydrocarbylsilyl group having up to 18
carbon atoms. E represents a bridging group comprising (i) a cyclic or heterocyclic moiety
having up to 18 carbon atoms, (ii) a group represented by the general formula E*R**R**,
wherein E* is C or Si, and R** and R* are independently H or a hydrocarbyl group having up
to 18 carbon atoms, (iii) a group represented by the general formula —CR**R*—CR*“R*“—
, wherein R*?, R*?, R, and R*“ are independently H or a hydrocarbyl group having up to 10
carbon atoms, or (iv) a group represented by the general formula —SiR*PR*P— SiR*R*—
wherein R*®, R*P, R*, and R*" are independently H or a hydrocarbyl group having up to 10
carbon atoms, and wherein at least one of R3A, R’ B, R4A, R4B, R, R4C, R3D, R4D, R3E, R4E, or
the substituent on Cp, Cp;, or Cpa, is (1) a terminal alkenyl group having up to 12 carbon
atoms or (2) a dinuclear compound wherein each metal moiety has the same structural

characteristic.

7. The composition of claim 1 wherein the metallocene compound comprises at least one of

the compounds of Structures 14-29:
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8. The composition of claim 1 wherein the metal salt complex prepared from an imine phenol

compound and the metallocene complex are present in an amount of from about 100:1 to

about 1:100 based on the total weight of the catalyst composition.

9. The composition of claim 1 further comprising a metal alkyl compound.
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10. The composition of claim 9, wherein the metal alkyl compound comprises an
organoaluminum compound, an aluminoxane compound, and organoboron or organoborate

compound, an ionizing ionic compound, or combinations thereof.

11. The composition of claim 1, further comprising an activator-support comprising a solid

oxide treated with an electron-withdrawing anion.

12. The composition of claim 11 wherein the solid oxide comprises silica, alumina, silica-
alumina, silica-coated alumina, aluminum phosphate, aluminophosphate, heteropolytungstate,
titania, zirconia, magnesia, boria, zinc oxide, a mixed oxide thereof, or combinations thereof;
and the electron-withdrawing anion comprises sulfate, bisulfate, fluoride, chloride, bromide,
iodide, fluorosulfate, fluoroborate, phosphate, fluorophosphate, trifluoroacetate, triflate,

fluorozirconate, fluorotitanate, phospho-tungstate, or combinations thereof.

13. The composition of claim 9 wherein the metal alkyl comprises trialkylaluminum, an

alkylaluminum halide, an alkylaluminum alkoxide, an aluminoxane, or combinations thereof.

14. The composition of claim 9 wherein the metal alkyl comprises methyl lithium, n-butyl
lithium, sec-butyl lithium, tert-butyl lithium, diethyl magnesium, di-n-butylmagnesium,
ethylmagnesium chloride, n-butylmagnesium chloride, diethyl zinc, trimethylaluminum,
triethylaluminum, tripropylaluminum, tributylaluminum, trihexylaluminum,
trioctylaluminum, diethylaluminum chloride, diethylaluminum bromide, ethylaluminum
dichloride, ethylaluminum sesquichloride, methylaluminoxane (MAO), ethylaluminoxane,
modified methylaluminoxane (MMAO), n-propylaluminoxane, iso-propylaluminoxane, n-
butylaluminoxane, sec-butylaluminoxane, iso-butylaluminoxane, t-butyl aluminoxane, I-
pentylaluminoxane, 2-pentylaluminoxane, 3-pentylaluminoxane, iso-pentylaluminoxane,

neopentylaluminoxane, borates, or combinations thereof.

15. A polymerization process comprising:
contacting the catalyst composition of claim 9 with an olefin monomer and optionally
an olefin comonomer under conditions suitable for the formation of a polymer; and

recovering the polymer.
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16. A polymerization process comprising contacting a catalyst composition with a monomer
under conditions suitable for the formation of a polymer and recovering the polymer, wherein
the catalyst composition comprises a metal salt complex prepared from an imine bis(phenol)
compound, a metallocene complex, a solid oxide, and an optional metal alkyl and wherein the

metal salt complex prepared from an imine (bis)phenol compound has Structure XIV:
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Structure XIV

where M is titanium, zirconium, or hafnium;
Et,0 is optional;
R comprises a halogen, a hydrocarbyl group, or a substituted hydrocarbyl group; and
R? comprises hydrogen, a halogen, a hydrocarbyl group, or a substituted hydrocarbyl

group.

17. The process of claim 16 wherein the metallocene compound comprises at least one of the

compounds of Structures 1-13:
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18. The process of claim 16 wherein the metallocene compound comprises at least one of the

compounds of Structures 14-29:



i
Iy 2 (\ \‘WCI (:) gn\t
[
. T U%@ =

- tﬁu '—Bll"/?‘} B __g({i)_
Fh

Me, |

ru're"s“h ~ F'h:S

{24 "“\ﬁ 250 7 e

l'r’-“ [ = - ~ !
= 1T D}Lﬂ_ II""'E-E!l.l @L‘f\‘ﬂ 1-Bu"‘i\__@_1.____ *~t-Bu
ET-L\::}\ ZrilL JTJI; iy "'aﬁ{_ﬂh“ 2l

ofF 0
- g{ B RS
e By tBue Y C‘ t-Bu t-Bu-- —~t-Bu
b, <-..u.= e, ](_ \?’_ 1‘=u=-. » ?
{20) (27 (28}

Zr—y

— y
1-Bui A i
Ph
Fh“%§hfl P W t-Bu

1
. ﬂ‘*%-’“u,fhd_@,

19. The process of claim 16 wherein the ratio of the metal salt complex prepared from an

imine (bis)phenol compound to metallocene complex is from about 100:1 to about 1:100.

20. The process of claim 16 wherein the monomer comprises ethylene and the polymer

comprises polyethylene.



