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Lubricant oil formulations generally contain viscosity index ("VI")

15 improving components derived from ethylene-alpha-olefin copolymers, which
modify the rheological behavior to increase the lubricant viscosity, and promote a
more constant viscosity over the range of temperatures over which the lubricant is
used in, for example, automotive engines. Higher ethylene-coﬁtent copolymers
efficiently promote oil thickening, shear stability and low temperature

20 viscometrics, while lower ethylene-content copolymers are added for the purpose
of lo;lvering the oil pour point. Typical viscosity index improvers can be
functionalized or non-functionalized olefin polymerization products. With
functionalization, polar groups are included to provide a dispersant effect for any
debris in the oil, such as that generated by engine wear. In a typical process, the

25 VI product is functionalized with maleic anhydride, and optionally is further
derivatized by reaction with an amine compound.

Blends of amorphous and semicrystalline ethylene propylene copolymers
are known for lubricant oil formulations. The combination of two such ethylene-
propylene copolymers allows for increased thickening efficiency, shear stability,

30 low temperature viscosity performance and pour point . See, e.g., U.S. Patent No.
5,391,617, and EP 0 638,611, the disclosures of which are incorporated herein by
reference for purposes of U.S. patent practice.
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15 which reduces the initial molecular weight. This conventional procedure suffers
from several disadvantages. Mastication is a batch process which can take many
hours. In addition, the presence of oxygen generates a safety hazard. Moreover,
the concentrate then may have to be shipped to the lubricant oil formulator, which
generates a long supply line and significant transport costs and so mitigates
20 against the use of blends of amorphous and semicrystalline ethylene propylene
copolymers.

In another procedure, the VI improver supplier blends the copolymer
components in an extruder, and in that process reduces the blend viscosity by
shearing to reduce the initial molecular weight. In both procedures, the medium

25 viscosity of the starting material (and more specifically the amorphous copolymer)
is necessary so that the composition does not "cold flow" during storage.

It would be desirable, but has not been heretofore possible, to more
directly produce a lubricant composition containing a VI improver in order to
reduce overall costs of the totality of steps needed, reduce shipping costs,

30 minimize safety hazards and reduce quality conmtrol problems. It would be
desirable especially to arrive at the target molecular weight without having to pass

through blending or masticating steps which have a molecular weight reducing
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15 3.1  Bimodal Polymer Composition

In one aspect, the present invention is directed to a polymerization process
for making a s;olid bimodal polymer composition, and to bimodal composition
obtainable by such process. The bimodal composition is directly produced,
without the need for the blending and/or shearing or masticating steps used for

20 separately polymerized, finished and dried copolymer components in, typically,
pellet form. Further, the bimodal composition can be provided as a solid
composition in pelletized, easily dissolved form, if desired.

As used herein, a composition is "bimodal" because it includes cohstituent
polymer fractions which have different molecular weights, different molecular

25 weight distributions, and/or different monomer compositional or sequence
distributions. The constituent fractions are predominantly produced in solution in
separate polymerization steps. The separately obtained dissolved polymer
fractions are combined before finishing, so that a bimodal composition emerges
from the subsequent, shared finishing process. The term "finishing” includes any

30 form of solvent removal and other processing steps which lead to the formation of
the polymer composition as a solid with the solvent substantially removed
(typically to a concentration of less then 0.1 wt %).
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15 second reactor is not appreciably different compared to the case wherein in

=

paralle] reaction the feed to both reactors contains no polymer. In other words, the
precise composition of the bimodal composition for purposes of the present
invention depends principally on the reactor conditions in the respective reactors.

In each of the reactors, the polymerization is preferably such as to generate

20 a random copolymer, that is to say as random by back-mixing in the reactor as the
catalysts selected permit the polymer to be. _

In a preferred embodiment, ethylene, an alpha-olefin comonomer and
optionally a polyene such as a diene are copolymerized, under solution phase
conditions and in the presence of a metallocene catalyst, to form a relatively low

25 ethylene content copolymer in a first reactor. The effluent from the first reactor is
directed into a second reactor, where ethylene, an alpha-olefin comonomer that
can be the same or different from the alpha-olefin used in the first reactor, and
optionally a polyene such as a diene that can be the same or different from the
polyene used in the first reactor, are copolymerized in the presence of a

30 metallocene catalyst to form a relatively high ethylene content copolymer, The
effluent from the second reactor is then subject to finishing to produce a solid,

bimodal composition.
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15 ethylene content copolymer in a first reactor, In a second reactor, further ethylene,
an alpha-olefin comonomer and optionally a polyene such as a diene are
copolymerized, under solution phase conditions and in the presence of a
metallocene catalyst, to form a relatively low ethylene content copolymer The
effluents from the first and second reactors are then combined prior to finishing to

20 produce a solid bimodal composition. In all of the above embodiments, each
polymerization is preferably carried out in a continuous stirred tank reactor to
provide random copolymer fractions. The polymer product subjected to finishing
is an intimate mixture of the relatively high and relatively low ethylene content
copolymers. This product is then finished to form the solid bimodal composition.

25 . Preferably, the solid bimodal composition is produced in a form having a
relatively high surface area, such as pellets. The term "pellets” as used herein
refers generically to the particles such as can be produced by finishing procedures
known in the art. By using sufficiently small pellets, the bimodal composition can
be dissolved in the simple process used for blending the components of an oil

30 formulation without, at an intermediate stage, having to be made into a
concentrate by mastication or having to pass through an extrusion/blending step.

Preferably, the solid bimodal polymer composition has a solubility in oil of
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3.2  Grafted Bimodal Polymer Composition

In another aspect, the present invention provides a process for making a

grafted polymer composition suitable for use as a viscosity index improver, the
composition being produced directly as a blend having the "correct" viscosity, i.e.,
a viscosity suitable for the intended use, without the need for additional blending
and shearing steps. The process is carried out as described in the process above,
with the additional step of grafting or functionalizing the polymer composition
with a desired functional group, preferably grafting with maleic anhydride to form
a grafted polymer composition with maleic anhydride functional groups.
Preferably, the grafted polymer composition has a maleic anhydride content of
from 0.1 to 5 mol %. Optionally, the grafted polymer composition can be further
derivatized by reaction with a derivatizing compound, the derivatizing compound
including at least one derivatizing group capable of reacting with the maleic
anhydride functional group of the grafted polymer composition. Preferably, the

derivatizing compound is an amine.
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emerging from the second reactor is an intimate blend of the high and low

ethylene content copolymers.

Polymerization is preferably homogeneous solution polymerization in

series reactors, using single site catalysts, such as metallocene catalysts. Single

15 - site catalysts used in homogeneous solution polymerization provide homogeneous
chain length and monomer distribution in the polymers they form. Preferably the
single site catalyst has ancillary ligands attached to a metal atom which remains
appended under the prevailing polymerization conditions to provide molecular
stability, a catalytically active site of constantly and enduring activity.

20 Metallocene catalysts are preferred. The ancillary ligand has a pi-ligand structure,
preferably a cyclopentadienyl ring. One or two such rings may be provided. The
cyclopentadienyl ring may have hetero-atoms replacing carbons in the ring.
Suitable metallocenes are described in detail below. Preferred catalysts are
cyclopentadienyl metallocene corﬁplexes which have two Cp ring systems for

25 ligands, or monocyclopentadienyl metallocene catalyst. The metallocene
complexes may be activated with an alumoxane, e.g., methylalumoxane (MAQ) or
a non-coordinating anion (NCA) described further below. Optionally, a scavenger

component such as a frialkyl aluminum scavenger may be added to the reactor
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15 reactors which is helpful for controlling polymer molecular weight and so

contributes to the bimodal composition. Comonomers and optional polyenes are
described in detail below. Reactor temperature is selected, depending upon the
effect of temperature on catalyst deactivation rate and polymer properties and/or
extent of monomer depletion.. For best monomer conversion, it is desirable to
20 operate at as high a temperature as possible using relatively concentrated polymer
solutions. Generally temperatures should not exceed the point at which the
concentration of catalyst in the second reactor is insufficient to make the desired
polymer component in the desired amount. Therefore, temperature will be
determined by the details of the catalyst system. In general, the first reactor
25 temperature can vary between 0-110°C with 10-90°C preferred and 20-70° C most
preferred. Second reactor temperatures will vary from 40-160° C with 50-140°C
preferred and 60-120°C most preferred. However, in the case of less stable
catalysts, catalyst can also be fed to the second reactor when the selected process
uses reactors in series. Optimal temperatures can best be achieved, particularly for
30 series operation with progressively increasing polymerization temperature, by

using bis cyclopentadienjzl catalyst systems containing hafnium as the transition
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15 the range of from 50 to 70 mole percent, with the remaining 30 to 50% mol

percent being at least one comonomer.

Suitable comonomers include propylene and o-olefins, such as Cy-Cyo
o-olefins and preferably propylene and C4-Cj; o-olefins. The a-olefin
comonomer can be linear or branched, and two or more comonomers can be used,

20 if desired. Thus, reference herein to "an alpha-olefin comonomer” inpludes one,
two, or more alpha-olefin comonomers. Examples of suitable comonomers
include propylene, linear C4-Cy2 o-olefins, and o-olefins having one or more
Cy-C; alkyl branches. Specific examples include propylene; 1-butene;
3-methyl-1-butene; 3,3-dimethyl-1-butene; 1-pentene; I-pentcne. with one or more

25 methyl, ethyl or propyl substituents; 1-hexene with one or more methyl, ethyl or
propyl substituents; 1-heptene wfth one or more methyl, ethyl or propyl
substituents; 1-octene with one or more methyl, ethyl or propyl substituents;
1-nonene with one or more methyl, ethyl or propyl substituents; ethyl, methy] or
dimethyl-substituted 1-decene, or 1-dodecene. Preferred comonomers include

30 propylene, 1-butene, 1-pentene, 3-methyl-1-butene, 1-hexene,
3-methyl-1-pentene, 4-methyl-1-pentene, 3,3-dimethyl-1-butene, 1-heptene,
1-hexene with a- methyl substituent on any of C3-Cs, 1-pentene with two methyl
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15 exemplary, and is not intended to be limiting. Particularly preferred comonomers

are propylene and 1-butene. The relatively low ethylene-content copolymer can

also contain ethylene with combinations of at least two of the monomers
mentioned above.

Optionally, the relatively low ethylene-content copolymer further includes

20 up to 5 mole percent of a polyene-derived unit. The term "copolymer" as used

herein is meant to include polymers having two, three or more different

monomers. The term "polyene" as used herein is meant to include monomers

having two or more unsaturations; i.e., dienes, trienes, etc. Polyenes particularly

useful as co-monomers are non-conjugated dienes, préferably are straight chain,

25 hydrocarbon di-olefins or cycloalkenyl-substituted alkenes, having about 6 to

about 15 carbon atoms, for example: (a) straight chain acyclic dienes, such as 1,4-

hexadiene and 1,6-octadiene; (b) branched chain acyclic dienes, such as 5-methyl-

1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; and 3,7-dimethyl-1,7-octadiene; (c)

single ring alicyclic dienes, such as 1,4-cyclohexadiene; 1,5-cyclo-octadiene and

30 1,7-cyclododecadiene; (d) multi-ring alicyclic fused and bridged ring dienes, such

as tetrahydroindene; norbornadiene; methyl-tetrahydroindene; dicyclopentadiene

(DCPD); bicyclo-(2.2.1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkeny! and
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15 The relatively low ethylene-content copolymer has from 50 to 70 mol %

ethylene-derived units and from 50 to 30 mol % comonomer-derived units,
including the optional 0 to 5 mol % polyene-derived units. Preferably, the
relatively low ethylene-content copolymer has an MFR of from 0.2 to 25 and a
molecular weight distribution My/M, of from 1.5 to 3.

20 If desired, hydrogen can be added to the reactor to control the molecular
weight of the relatively low ethylene-content copolymer.

The amount of the total polymer produced in the first reactor (“first

copolymer”), ie., the mtio of the mass of the first copolymer to the mass of the
copolymer composition, can be from 0.1 to 0.9, preferably from 0.3 t0 0.7.

25
4.1.2 Relatively High Ethylene-Content Copolymer
The relatively high ethylene-content copolymer is a copolymer of
ethylene, an alpha-olefin, and optionally a polyene such as a diene. This
copolymer in one embodiment is formed in the first reactor, and in another
30 embodiment is formed in the second reactor.

The term "high" or "relatively high" ethylene content as used herein means

a copolymer having an ethylene content greater than that of the low ethylene-



2-norbonene (ENB), and tetracyclo (A-11,12) 5,8 dodecene. Note that

t hroughout 10 this application the terns "pol yene", "non-conjugated di ene"
and "di engy ed interchangeably. It is preferred to | enes whi ch
do not le?&o%‘%z e formation of |ong chain branches. For fﬁf’&]g%%#“aﬂ use as
VI inprover non-or lowy branched polyner chains are preferred. O her

pol yenes that can be used include cyclkbpentadi ene and octatetra-ene; and 15
The relatively | ow ethyl ene-content copol ynmer has from50 to 70 nol %

et hyl ene-derived units and from50 to 30 nol % conononer-derived units,

i ncl udi ng t heonbgit icopallynier,t preferably gregter them J0dmolevisicemti t AlterRatidfedy,ahty, t he

relatively | ow ethyl ene-confent copol r has an MFR of fromO tq 25 and a
mol ecul ar ~ weStGHENS CRtEN,¢AN gﬁ gmt?«w'%e%%r’a ejpasceny oF gropfey @S@ezg F‘%‘g‘?

hydr ogen can : t r@ l1ght of the
relatively |%ﬁ€%@%ﬁgﬁg?§gﬁﬁﬁfﬁ§og§? E/%leérm&gﬂ?g %%E@%?PFL% %rt atqgol_ ymer
produced i n biecof imosd comandmers( " Buitable alphpolefineahil, palyanes ihtlede ahy of of t he
mass of the first capolyper {o the nass .of .the ¢ | ymer. copposition, can
e S 01 1950 dgsoreh AR, Iy cPREAIDN 3Vityths, low SBYPnY-ConiaSt BORABISS 1 g

Et hyl ene- Con dﬂ% fy_ - af | hi : - | ymer is
a copol yner %@Htpé yl g)rég,g la%iﬁgrr%%@oﬂngﬁ*hé' gﬁgo p‘??%ﬁgﬁeg@g po gllg%g?such as
a di ene. Thi & acapointrafrup to Hmeole perventetihe alphd-olefimdcanmoriongerfdan de theact or
and in another 30 epbodipent is for in the second reactor. The term

"hi gh" or "r ¥ Py Eitjerent ome@ﬁﬁlméﬁghtcemona@ewéﬁid Ffarr%ienl% gleng,

copol yner hayj , { hyl ene
V0 021 46251 PEIFLEPARYRE, 38 GOORANL Q8 LR e i Shmdbr irel i Y, Lo
70 mabe per ctrtdiend| if asethin thellyw dlipdenectobyllyare content can be greater than 74
Fammi hder of e BEHERgHche TeBvE Ao RRY 5 toers, CoRBIEE SR AB BT Of Sui ¢ abl
renpi nder of the g OLSui tabl e
al pha- ol ef | ot RPYY S0P moldcla YRight Hiskibulioh IR, B 1303P0ve 11
connection wth the Tow ethylene-content-copol yner,

If desired, hydrogen can be added to the reactor to control the molecular

weight of the relatively high ethylene-content copolymer.
15

4.1.3 Polymer Composition

Prior to finishing, the polymer composition'is an intimate blend of the '
relatively high and relatively low ethylene-content copolymers in the solvent used.
The solvent can be removed in a conventional process, such as by evaporation, to
20 form a solid polymer composition. The resulting solid bimodal polymer
compositions of the present invention have an ethylene content of from 70 to 85
mole percent, with the balance of 30 to 15 mole percent being at least one
comonomer, preferably propylene or 1-butene and from 0 to 5 mole percent of
polyene. The solid polymer composition has an MFR which is intermediate to the
25 MEFR of the low ethylene-content copolymer and the high ethylene copolymer, if
the copolymers have different MFRs. The solid polymer composition has an oil
solubility of at least 5% by weight, based on the total weight of polymer

composition and oil.

30 42  Catalyst
The polymerizations in both the first and second reactors preferably take

place in the presence of a metallocene catalyst. The term “metallocene” and



wi th propyl ene and 1-butene being preferred. The optional polyene can be
present in an anount of up to 5 nole percent. The al pha-ol efin conononer
can be th r different fromthe al pha-ol efin conono or the

| ow et hyl g\%ﬁﬁﬁgﬁent copol ymer, and the optional diene caﬁg{éﬁ[’g‘iﬁ%é}t he sane
or different from to the diene, if used, in the | ow ethyl ene copol yner.
Preferably, the relatively high ethyl enticont ent copol yner has an MFR of
fromO0.2 to 25 and a nol ecul ar wei ght distribution MNM of from1l.5 to 3.

| f desired, hydrogen can be added to-the reactor to control the nolecul ar
wei ght of t hanetallegeng cptalyst precarsqy] anasedoharein; shallpbs ynderstoed to rafestdo| yner

Conposi tion ' LS . r LELOR LS . h:n te blend
of the 1ol srURlmbf ottty Attt RSN iR TDERPEAGRELT, CRABMAR C 7
the sol vent atdedit ond heneptlvparitadienylerivahbyed Xnamd 2€0\08 inke tidfrodddAcess,

such as by evaporation, to 20 forma solid polyner conposition. The .

resul ting sotonépipingdigand o% theeligands beiwgi worHnated to M ideseraspendingl on have
an eLhy) ene SR il lLa daebe He nIBSAL G ilolNEeDENEP Of 20
o 15"nol e percent belng at Teast one  conononer,” preferably propyl‘ene or

1- but ene andnefun@ht&nwgmés bl whaeadhatedobith Buitable .coldatal s giad Ral A¢ted
conposition has_an R which is internediate to the 25 MFR of the | ow

et hyl ene- conmeiatloesns satabest vhieh refers igengrall ty e peganepsiallitopomplex withea

copol yners ve di f 1] . e J.d [ 1CO 1] onehas—an oi

sol ubi ity 2?“%&“ ‘lr°é’f£f§%‘§‘é‘£% %{{}R@‘E é% ‘,"’%g‘g‘ks‘%'&pg‘%y’gﬁa&dt%‘}qg‘ﬁgﬁ § @ﬁ@t‘]%f Bl ymer
conposi ti on @s@lieédne cafhlyst Précuksdr Vs prefdrablp Anerdd) bz atrixfgeiof hillbckhe first
and second reactors preferably take | ace in the presence. of a netall ocene
catallyst. Theompauads pEeither thﬂb'OfM()ﬁ@”@S/ﬁﬁB@Sl PCT/ USOL/ 44343 -13

Lo compounds. postd SoREERHERETL(CH sHABREFH IR VR v R A BARHETT ' Ccpy
ligands, atligadst The €plgfnay fdrapesinddicnaomplex withdhe ir@addnKcarpBelfrger o or

one het eroat om ) . . . o
: to rotate (unbridged) or locked into a rigid configuration through a bridging group.

The Cp ring ligands can be like or unlike, unsubstituted, substituted, or a

15 derivative thereof such as a heterocyclic ring system which may be substituted,
and the substitutions can be fused to form other saturated or unsaturated rings
systems such &s tetrahydroindenyl, indenyl, or fluorenyl ring systems. These

cyclopentadienyl complexes have the general formula
20 (Cp'R'mR*H(CP’R%)MX,

wherein Cp' of ligand (Clelm)and Cp® of ligand (Cp*R?,) are the same or
different cyclopentadienyl rings R! and R? each is, independently, a halogen or a
hydrocarbyl, halocarbyl, hydrocarbyl-substituted organometalloid or halocarbyl-
25 substituted organometailoid group containing up to about 20 carbon atoms, m is 0
to 5, pis 0 to 5, and two R! and/or R? substituents on adjacent carbon atoms of the
cyclopentadienyl ring associated there with can be joined together to form a ring
containing from 4 to about 20 carbon atoms, Risa bridging group, n is the
number of atoms in the direct chain between the two ligands and is 0 to 8,
30 preferably 0 to 3, M is a transition metal having a valence of from 3 to 6,
preferably from group 4, 5, or 6 of the periodic table of the elements and is
preferably in its highest oxidation state, each X is a non-cyclopentadienyl ligand



containing ligand Y, the |igands being coordinated to Mand corresponding in
5 nunber to the val ence thereof. The netall ocene catal yst precursors are

general ly w hé conpl exes but when activated with a suitab cb- cat al yst
yield an ac?i%\h/ye 2§Hmst al | ocene catal yst which refers general &?Tﬁogﬁ‘?"”

organonetal lic conplex with a vacant coordination site that can coordi nate,
i nsert, and polynerize olefins. The netiakl ocene catal yst precursor is
preferably one of, or a mxture of nmetall ocene 10 conpounds of either or
both of the follow ng types: (1) Cycl opentadienyl (Cp) conpl exes which have

tyvothhri ng a?(dstisgg'ﬁdépenctl)edﬂ?rgariMQgeﬁha myﬂi(ogmggigddmgmca?mj\éhagi&mnpl ex ;
with the netal .and can be free to rotate_(unbridge r locked intq a rigi
confi gur at i o%Y@II?F@HﬂFF“é’S%WFedgi ng @?&?ﬂﬁm"tﬁﬁﬂ’g’ Cp ri%;l}'qci'a‘éﬁihﬁl'%@ﬁ“ﬁ@dl i ke or

unl i ke, unsu ' : ' ) }%aﬁi 1 A4V, p as a
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can be fused abeutRQrcarbohatoms atiseqia do the valened of Mimathus2ngs  systens such as
t et rag%/droi ndenyl, indenyl, or fluorenyl ring.systens, These

cycl ofent adi enyl £DrYpaoc¥slopsptadienyl coatplexss Vg oply eRECIRTIRE REHEITN 2R VX
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or a hydrocaebfyde thabtama(imbridgbd)don dedked | infou bstigidutedigurgionoteowgh ai d or
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o _ eido He BAGBRIE uent s
can e} of ned  RgauAc Bt or &Y uRARRE AGED budt B9 £ BRBRIGLET BB 2 bon

at omsig R3 i s sgstén iwhdcingag be spbstituted, dndeahe substirikiond cal bsrfusedtd foemditieect chai n
between the two ligands and is O to 8, 30 preferably 0, to 3, Mis a
transition métEfatedaor pgsafutatade Hisgs Systems uch tas igtrabydraindeny) jndeppln Gr oup 4,

5, or 6 of t i adi e < I IR its
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oxyhydr ocar byl , hal ocar byl hydr ocar byl - substitut ed organonetal | oid,
oxyhydr ocar bytself ifoan atop a coordination number of three from group VA or VIA of

15 the periodic table of the elements. These mono-cyclopentadienyl complexes have

the general formula
(Cp'R R (YR)MX,

20 wherein R' is, each independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted organometalloid or halocarbyl-substituted
organometalloid group containing up to about 20 carbon atoms, “m” is 0 to 5, and
two R! sul‘)stituents on adjacent carbon atoms of the cyclopentadienyl ring
associated there with can be joined together to form a ring containing from 4 to

25 about 20 carbon atoms, R is a bridging group, “n” is 0 to 3, M is a transition
metal having a valence of from 3 to 6, preferably from group 4, 5, or 6 of the
periodic table of the elements and is preferably in its highest oxidation state, Y is a
heteroatom containing group in which the heteroatom is an element with a
coordination number of three from Group VA or a coordination number of two

30 from group VIA preferably nitrogen, phosphorous, oxygen, or sulfur, Rlisa
radical selected from a group consisting of C; to Cjp hydrocarbon radicals,

substituted C; to Cz hydrocarbon radicals, wherein one or more hydrogen atoms



organonetal | oi d or hal ocar byl -substituted organonetal | oi d group contai ni ng
up to about 20 carbon atons, g is equal to the valence of Mmnus 2. 5 (2)

Monocycl owg}gﬁzgpyl conpl exes whi ch have only one Cp nng Eé%}r@méf“%%na
d can

| i gand. The rgand forns a hal f-sandwi ch conplex with t

be free to rotate (unbridged) or locked into a rigid configuration through a
bridgi ng group to a heteroatomcontai nfthy ligand. The Cp ring ligand can be
unsubstituted, substituted, or a derivative thereof such as a heterocyclic
ring 10 system which may be substituted, and the substitutions can be fused
to form ot helf reRlacss withn balogansalomy and whenngds tiyeq epprdingierangsunbridged
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of from 3 t cedual wrtht ealebte/off Manings Up 4, S5, or 6 of the -periodic table of
the elements and is preferably in its highest oxidation state, Y is a
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a radical sgBe4B8e0l 5/198101095208,1¢9N5|387j568; 3{1208670 SEAT, Tivig gl tsn
radicals, substituted ClL to C20 w%ocarbon radi cal s, wherein one or nore

hydrogen at ohB4%atPH24762897PE1PUSERT 2484:629; $RBH0U & 824 %IP0HHal ogen
atom and Wghs §3p% 610 §8oF RRIH R oRRTald By 18 hce herein for purposes of

15 U.S. patent practice,

Illustrative, but not limiting, examples of preferred biscyclopentadienyi
metallocenes of the type described in group 1 above for the invention are the
racemic isomers of: |

u-(CH),Si(indenyl);M(Cl),

20 p-(CHa),Si(indenyl),M(CHz),

u-(CHs);Si(tetrahydroindenyl),M(Cl)

u~(CHa)sSi(tetrahydroindenyl),M(CH;);

p-(CHjz),Si(indenyl);M{CH,CH3), and

H~(CgHs)2C(indenyl);M(CHj)y;

25 wherein M is chosen from a group consisting of Zr and Hf.

Examples of suitable unsymmetrical cyclopentadienyl mctalloceﬁes of the
type described in group 1 above for the invention are disclosed in U.S. Patent Nos.
4,892,851; 5,334,677; 5,416,228; and 5,449,651; and are described in publication
J. Am. Chem. Soc. 1988, 110, 6255, all of w];ich are incorporated by reference

30 herein for purposes of U.S. patent practice. |



there may be two R2 groups on Y each independently a radical selected froma
group consisting of Cl to C20 hydrocarbon radicals, substituted C1 to C20
hydr ocar b radical s, wherein one or nore hydrogen atons is .replaced with a
5 hal ogenqg?g?nﬂééﬁd each X is a non-cycl opent adi enyl |i gand’céfﬂiﬁgilé“ﬁ“

I ndependently, a hal ogen or a hydrocarbyl, oxyhydrocarbyl, hal ocarbyl,

hydr ocar byl - substituted organomnetall oi-d#6- oxyhydrocarbyl -substituted
organonetal | oid or hal ocarbyl - substituted organonetalloid group containing
up to about 20 carbon atons, "s" is equal to the valence of Mmnus 2. 10
Exanpl es of suit aBlugtrisivesybitopmnt Holitingy | exastpd¢s afepedfernéd t tnesytyrpetricaflescr i bed

in group | abovye for,.the invention e disclosed,i.n U S. Patent_Nos.

5, 324, 800; 5° %@e&gﬁﬂm@fgﬁ%ﬂ 9%16359fgg1f‘, @B%-;&e§r§’§6,186§9“8,b%9ﬁlﬁf tﬁ? 871, 705;
4,542,199, 4idRdiadke: 5,132,262, 5,391, 629; 5,243,001; 5,278, 264; 5,296, 434,
and 5, 304,614, all of which are incorporated by reference herein for
purposes of 15 UuSCsHadiCleyclppanthdiesyl)(flhdresyl)ef(R)se, but not |imiting,
exanpl es of preferred hiscycl opentadi enyl netallocenes of the type
descrbed in gr oup(CsHpvS- &Yl@élopﬁm@‘ilwﬁ)d)(ﬂuﬁfénYW(R)zacem' c isoners of:

- (CH3) 2Si (i ndenyl 0 .p- (,CH3)\2Si (i L) 2M CH3) 2

SE (C%%)Z élsi I( ? gte pgréi%ﬁﬂﬁ%%@éﬁ“ﬁﬁ@@%&g%%t ?/ghydz %?gnyg % ZVI\\/(h CH) 2 y

- i (i nden %ﬁj . - : erein

I s chosen fromzl zgl-r?(o p g‘é@’%ﬁﬁgd%?ﬁg?@&@ﬁﬁd@@%%ﬁ of suitable

unsymet ri cal cyg:pqggm)go@elw{hy[@bmp5@3@9@&{&9?&@#@@1&@@@9ri bed in group
. S. Pa S.

| above for the invention are disclosed in ent 4,892, 851;
5,334, 677; 5, 416, pAS:Hgs0(cyclopentadieny (R d-dimethytbuoredgdM(R)2 pod| i cation  J.
Am Chem Soc. 1988, 110, 6255, all of which are incQrporated by reference
30 hdfein for pur pdEES:6(cxglopentadieanb(2yf-dismathd MuouenydM{BX5 1 PCT/ USO1/ 44343

-16 wherein M is chosen form a group consisting of Zr and Hf, and R is chosen from a

group consisting of Cl and CH;.
Examples of suitable monocyclopentadienyl metallocenes of the type
described in group 2 above for the invention are disclosed in U.S. Patent Nos.

15 5,026,798; 5,057,475; 5,350,723; 5,264,405; 5,055,438 and are described in

publication WO 96/002244, all of which are incorporated by reference herein for
purposes of U.S. patent practice.

Illustrative, but not limiting, examples of preferred monocyclopentadienyl
metallocenes of the type described in group 2 above for the invention are:

20 n~(CHs),Si(cyclopentadienyl)(1-adamantylamido)M(R),
u-(CHs),Si(3-tertbutylcyclopentadienyl)(1-adamantylamido)M(R),
u-(CHz(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),
u—(CHg)zSi(tetramethylcyclopentadienyl)(l-adamantylamido)M(R)g
u-(CHaz),C(tetramethylcyclopentadienyl)(1-adamantylamido)M(R);

25 p-(CH3),Si(tetramethylcyclopentadienyl)(1-terfbutylamido)M(R),
p~-(CHa),Si(fluorenyl)(1-tertbutylamido)M(R),
p~(CHs),Si(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R), and
p-(CgHs)2C(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R),;

wherein M is selected from a group-consisting of Ti, Zr, and Hf and wherein R is

30 selected from Cl and CHs.



[Ilustrative, but not limting, exanples of preferred unsymetri cal
cycl opent adi enyl netal |l ocenes of the type described in group 1 above for the

i nvent i on va$ 8i4626C0H5) 2C( cycl opent adi enyl ) (fl uorenyl ) M R) 2
- (0BH5) 2C( 3- met hyl cycl opent adi enyl ) (f I uor enyl ) M R) 2 PCT/USon/44343

-(CH3) 2C( cycl opent adi enyl ) (fl uorenyl ) M R}]
- (C6HS5) 2C( cycl opent adi enyl ) (2- et hyl i ndé yl )M CH3) 2
tt-(C6H5) 2C( 3- et hyl cycl opent adi enyl ) (2- et hyl i ndenyl ) M Cl ) 2

s- (C6H5) 2C( cycl opent adi enyl )£ 2, 7-di .hyIfI ore MR) 2.and. 10

- (CH3) 2C( cycl open?ﬁ‘&ﬁ?ﬁ f#s(é‘("fgﬂ?%‘? %@%ﬁﬂm@y&sﬁows chosen
forma gr OUpPﬁjéE@ aédcﬂ% chrezﬁ #84hdde. wﬂﬁddl d§ GHRCEysten®Msdch 94 WRe
consisting of Cl and . Exanpl es of suitable nbnocycl opentadi enyl

met al | ocenesdescribbd in ﬁb@ 963080 These natglorhumomaon oomphmldsrwealsoon are
di sclosed in.U. S. Paten 15 5,026, 798 7 50, 7
5, 264, 405; 51%8?%%*8‘53% NS%‘E@ HPPW%%‘:‘b‘Pfﬁgu ZF Qfg‘ ﬁbleall of

whi ch sar e Ineaaﬁ%aa}@ﬂs@ymaﬁﬁweanfasm B #42 9@&&9%9%35&98 pat ent
pract| ce. Illustrative, but not limting, exanple$ of preferred

nonocycl opent adi enyl netall ocenes of the type described in group 2 above
for the invention zraﬁr-g &%@W
s- (CH3) 2Si (cycl opé di f | am do) M R) 2
- ((OHB) 2Si (3- t er t byl s "ARRbARIEME! dridn 2 BORN idaali b Rhihich cither
-(CH2(tetranet hyl cycl opent adi enyl ) ( I- adamant yI am do)
-(CH3) 2Si (t eﬂomohwmy‘lmatmmusadl Umgalt)c(mmdnmmyl mxamh\/mpﬁly weakly
-(CH3)2C(tetranet hyl I e 2,2
( 2Si (t ef?H gbﬁ’r“gﬁ(ﬁ"w ﬁﬁ@ﬂgﬁﬁq’%mﬁfpﬁm by

( CH3) 2SI (f1 4Qfeaiyl ﬁév}rstlﬁ!&é b‘@dihﬁdﬂbq@')mgrdmam anions are those which are
-(CH3) 2Si (tetranet hyl cycl opentadi enyl ) (1-cycl o%odecyl am do) M R) 2 and

: (CGHS) 2C( t enotardegiaded yto| nputalit ivdren| )l:(elimgldbo(fonmillcampm M@@rﬁpos&her ein M
L 210 R B e e b bR DL 1 *

so as to cause it to form a neutral four coordinate metallocene compound and a

15 neutral by-product from the anion. Noncoordinating anions useful in accordance
with this invention are those which are compatible, stabilize the metallocene
cation in the sense of balancing its ionic charge in a +1 state, yet retain sufficient
lability to permit displacement by an ethylenically or acetylenically unsaturated
monomer during polymerization. Additionally, the anions useful in this invention

20 wili be large or bulky in the sense of sufficient molecular size to largely inhibit or
prevent neutralization of the metallocene cation by Lewis bases other than the
polymerizable monomers that may be present in the polymerization process.
Typically the anion will have a molecular size of greater than or equal to about 4
angstroms. NCA's are preferred because of their ability to produce a target

25 molecular weight polymer at a higher temperature than tends to be the case with
other activation systems such as alumoxane.

Descriptions of ionic catalysts for coordination polymerization using
metallocene cations activated by non-coordinating anions appear in the early work
in EP-A-0 277 003, EP-A-0 277 004, W092/00333 and U.S. Patent Nos.

30 5,198,401 and 5,278,119. These references teach a preferred method of
preparation wherein metallocenes (bisCp and monoCp) are protonated by an

anionic precursors such that an alkyl/hydride group is abstracted from a transition



-17 Another class of organonetallic conplexes that are useful catalysts for
the process describe herein are those with diimdo |igand systens such as
t hose de | in WO 96/23010. These catal ytic polynerizati onpounds
are al so %ﬁlg%{r%g%lr ated herein by reference for purposes ofgﬁ@gm%‘éf’ nt
practice. Suitable 5 catalysts are also found in WO 00/ 105236, EP 842, 939,
and WO 96/ 13529. 4.2.1 Noncoordi natingl#®ni ons The term "noncoordi nating
ani on” (NCA) neans an anion which either does not coordinate to said
transition netal cation or which is only weakI%b 10 coordinated to said

D

cati on t her emgtal tveiaké it dpothugationiceand chatgelialascedbyp thedicpptaordidating anieteut r al
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the cation so as to cause it to forma neutral four coordinafe netall ocene

conpound andalso Igomaut See, BP-Hrlodde 637y df-And) 43 oHI3 muhddEr dateat iNgg ani ons

ful_i i L.h this i ' h which are tible,
St abi i 26 1 he Raoa e cations e oed eBhded GROE HARER 5 FrEPEM c cnar ge
in a +1 stat getalidbereCt bMpdtidd Clifdlide | Fbirbdeniurk O RRBhYIcabsRLACEHRAL by an

ethylenically or acetylenically unsaturated nbnoner during polynerization.
Addi t i onal | ytriathdsibiinoms cations) i Any hietal rovemetalloid capable bf formige ar bul ky

in the sense of .sufficient molecular size to Largel.y inhibit or r event
neut ral i zati SPISFALE ShBIRI UDRE. B ateritiibyS | S ate B oviier ton e

pol yneri zabl Br&%fb@rﬁarrﬁeﬂd@%ciﬂﬁymﬁf’ bBNRSE B} chitainbe iR Fhe/ HRioh 4 th®Beddh@CESS.
Typically the anion will have "a nbl ecul ar size of greater than or equal to

about104 angsttivates . conpausd.aSaiteblefmetrisdnilude; Us avef nothkinitedvo,| alempinuem, pr oduce
a target 25 ecul.ar _wei.ght poly, t a higher .t erature than ,tends to
be the case & hpﬁg{‘ rm‘gg&\}gﬁer oﬁ'ﬁ@&@ﬁ@ng@éﬁnﬁg‘?%m%ﬂ%t It'Iﬁgg‘izicl’ptions
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cations activated by non-coordinating ani ons appear in the ear in
EP- A-0 277 0@gionsRud [@e@irsoryGherein) 00 AIgBe 3B cumenty. B¢ iRgompatatedo bereB0ObE, 198, 401

and 5, 278, 119.f Thesg referen St eqc aoﬁ%eferred nmet hod of preparation
wher ei n net afEERTFSST PHPORSS an]ﬁ%}?)ta % protonated by an
15 An additional method of making the ionic catalysts uses ionizing anionic

pre-cursors which are initially neutral Lewis acids but form the cation and anion
upon ionizing reaction with the metallocene compounds, for example
tris(pentaflnorophenyl) boron acts to abstract an alkyl, hydride or silyl ligand to
yield a metallocene cation and stabilizing non-coordinating anion, see EP-A-0 427
20 697 and EP-A-0 520 732. Tonic catalysts for addition polymerization can also be
prepared by oxidation of the metal centers of transition metal compounds by
anionic precursors containing metallic oxidizing groups along with the anion
groups, see EP-A-0 495 375. The description of non-coordinating anions and
precursors thereto of these documents. are similarly incorporated herein by

25 reference for purposes of U.S. patent practice.
Examples of suitable activators capable of ionic cationization of the
metallocene compounds of the invention, and consequent stabilization with a

resulting noncoordinating anion include:
trialkyl-substituted ammonium salts such as:
30 triethylammonium tetraphenylborate,

tripropylammonium tetraphenylborate,



ani oni ¢ precursors such that an al kyl/hydride group is abstracted froma
transition WO 02/ 46251 PCT/ USO1/ 44343 -18 netal to nake it both cationic
and charg%&amg d by the non-coordinating anion. The use of ionizing

i oni ¢ conpoUNdS bt containing an active proton but capabl BCVESOUMRC ng
both the active netal |l ocene cation and a noncoordinating anion is also
known. See, EP-A-0 426 637, EP-A- 0 5731903 and U.S. Patent No. 5 5, 387, 568.
Reactive cations other than Bronsted acids capable of ionizing the

met al | ocene conpounds i nclude ferroceniumtriphenyl carboni um and
triethylsilylinium cat trifasbutydaynm@dien tetraphehglbbratey capable of formng a
coordi nation conplex which is resistant to degradation by water (or other

Bronsted or Lew s Aci dejmethylaivencnbad teirakisfirtalyestaien t he ani on of the second
10 activator conpound. Suitable netals include, but are not limted to,

alum num gold, plati trimethyldmnieminm ketrakf3fo-talpl)eoratef al | oi ds i ncl ude, but are
not limted to, boron, phosphorus, silicon and the |ike. The description of

non- coordi nati ng ani otributylampronium satuakis(peatafiuoraphetyioeatelocunment s are

i ncorporated herein by reference for purposes of U S. patent practice. 15
An addi tional method ofripregylagmichrm tetrakisgp-dimethyl phagd)borate,zi ng ani oni c
pre-cursors which are initially neutral Lewis acids but formthe cation and
ani on upon ionizing r&intylanmonivum tetakiveham-dimethgphenybborads, for exanpl e
tris(pentafl uorophenyl) boron acts to abstract an al kyl, hydride or silyl
ligand to yield a metaibutydememoniin ttrakisth-wrifhivrémethplphaniyooexse,di nat i ng
ani on, see EP-A-O 427 20 697 and EP-A-0 520 732. lonic catal ysts for
addi ti on pol yneri zat i ofrimtylamairaiune tetpksrantadlubsophenydiiorate, anfl t he net al
centers of transition netal conpounds by anionic precursors containing
metal lic oxidizing grotrf{a-tatydjagmonibmt thiwalds(pdolyl)gommteps, see EP- A-0 495 375.
The description of non-coordinating anions and precursors thereto of these
docurtent s. are si MNalidlyyliandonporsaltesichasei n by 25 reference for purposes
of U S. patent practice. Exanples of suitable activators capable of ionic
cationi zati on of the hgNalihethglagilingurpdetratis(odntafhveripbenyl)barate, and consequent
stabilization with a resulting noncoordinating anion include:
N,N-dimethylaniliniumtetrakis(heptafluoronaphthyl)borate,

N,N-dimethylanilinium tetrakis(perfluoro-4-biphenyl)borate,
N,N-dimethylanilinium tetraphenylborate,
15 N,N-diethylanilinium tetraphenylborate, and
N,N-2,4,6-pentamethylanilinjum tetraphenylborate;
dialkyl ammonium salts such as:

di-(isopropyl)amtmonium tetrakis(pentafluorophenyl)borate, and

dicyclohexylammonium tetraphenylborate; and
20 triaryl phosphonium salts such as:

triphenylphosphonium tetraphenylborate,
tri(methylphenyl)phosphonium tetraphenylborate, and
tri(dimethylphenyl)phosphonijum tetraphenylborate.

Further examples of suitable anionic precursors include those including a

25 stable carbonium ion, and a compatible non-coordinating anion. These include:

tropillium tetrakis(pentafluorophenyl)borate,
triphenylmethylium tetrakis(pentafluorophenyl)borate,
benzene (diazonium) tetrakis(pentaﬂuorophenyl)borate,
tropillium phenyltris(pentafluorophenyl)borate,



trial kyl -substituted ammoni um salts such as: 30 triethylamoni um

t et raphenyl borate, tripropyl amoniumtetraphenyl borate, WO 02/ 46251
PCT/ USOL/ 9 tri(n-butyl)amoni umtetraphenyl borate

trimethyl éﬁmérg’%?%%ﬁt etrakis(p-tolyl)borate, trimethyl armonFGi{US1/44343
tetrakis(o-tolyl)borate, tributylammoni um

t et raki s(pentafl uorophenyl )boraie, 5 tripropyl anmoni um

t etraki s(o, p-di net hyl phenyl )borate, tributylamoni um

tetraki s(m mdi met hyl phenyl ) borate, tributylammoni um

t et raki s(p-trifl ubinhenylmethyiingy phanyl-grispentafiiomphenyiasatelm

t et raki s(pent af | ugrophepyl ) bor and. . tr] (n-butyl ni um

t et r aki SE (F;- t ol yl )Egrngp%?cﬁ%rwrﬁi@egy E%S(pfma&]flm@@hg@éﬁ%é’uch as:
N, N-di met hyl ani | i &bﬁmﬁrﬁ&étﬂciﬁﬁ,egx-&fﬁaﬂﬁé@pm?nbbﬁ%,at e,

N, N- di met hyl ani | i ni unt et r aki s(hept af | uor onapht hyl) bor at e,

N, N- di et hyl ani | i trinhenyloethstlineg tetnakis(23,5,64etmafbiozopticpybberate, .

N, N- di_net hyl ani | i pi um t ef.r apheny] bor.at.e, N,_N-di | ani |i ni

Mot ragheny! bor at e izt CERBSTE) WERRb AR REDBRRE  r aphony! bor at e;
di al kyl anmmoni um gahilipurd 4k, 43 nifludRpheBYjobaREONI UM

tetraki s(pentafl uorophenyl)borate, and “dicycl ohexyl ammoni um
t et raphenyl bor at ebenzrde azomilan)yﬂetrﬁhs(§phimiﬁ1mreldiensl)bmtc, as:

tri phenyl phosphoni um,tetraphenyl e tri t hy] phenyl ) phosphoni um .
t et r aphenyl bor at eﬁ°§HWE%FwT¥é%§1%&HMF5¥%5§W é{‘?r um t et r aphenyl bor at e.
Further exanples ﬁ{phféﬂjrlhik%ﬁitﬂ‘@te%@kiéﬁ%,?%ﬂ&%ﬁhén@gbﬁﬁﬁnit@Se_ including a
25 stabl e carboniumion, arnd a conpati bl e non-coofdi nati ng ani on. These

i ncl ude: tropil | benrene(disdonimitetrakis(Gak ppifiopophsoybalominate,
tropillium tetrakis(1,2,2-trifluoroethenyl)borate,
triphenylmethylium tetrakis(1,2,2-trifluoroethenyl)borate,
benzene (diazonium) tetrakis(1,2,2-trifluoroethenyl)borate,
tropillium tetrakis(2,3,4,5-tetrafluorophenyl)borate,

15 triphenylmethylium tetrakis(2,3,4,5-tetrafluorophenyl)borate, and
benzene (diazonium) tetrakis(2,3,4,5-tetrafluorophenyl)borate.

4.2.2 Non-lonic Activators

Where the metal ligands include halide moieties, for example, (methyl-

20 phenyl) silylene (tetra-methyl-cyclopentadienyl) (fers-butyl-amido) zirconium
dichloride), which are not capable of ionizing abstraction under standard
conditions, they can be converted via known alkylation reactions with
organometallic compounds such as lithium or aluminum hydrides or alkyls,
alkylalumoxanes, Grignard reagents, etc. See EP-A-0 500 944, EP-A1-0 570 982

25 and EP-A1-0 612 768 for processes describing the reaction of alkyl aluminum
compounds with dihalide substituted metailocene compounds prior to or with the

addition of activating anionic compounds. For example, an aluminum alkyl
compound may be mixed with the metallocene prior to its introduction into the

reaction vessel. Since the alkyl aluminum is also suitable as a scavenger its use in

30 excess of that normally stoichiometrically required for alkylation of the
metallocene will permit its addition to the reaction solvent with the metallocene

compound. Normally alumoxane would not be added with the metallocene so as



tri phenyl met hylium tetraki s(pentafl uorophenyl)borate, benzene (diazonium
t et raki s(pent af | uorophenyl )borate, tropillium

phenyl tri uor ophenyl ) borate, WO 02/46251 PCT/ US01/ 44343 -20
triphenyl§&§ﬁ§$@%%1phenyl-(trispentafluorophenyl)borate, BERLISAH44343

(di azoni um phenyl-tris(pentafluorophengl)borate, tropillium
tetrakis(2,3,5,6-tetrafl uorophenyl)boratk; triphenyl nethylium
tetrakis(2, 3,5, 6-tetrafl uorophenyl)borate,,: 5 benzene (diazoni um

tetral ds(3,4,5-trifluorophenyl)borate, tropillium ) )

t et raki s( 3, 4t05v0id prematup etivAtiono Pak ean hroadded aliteetl ioieugyction vessel in

tetrakis(3,4,5-triflu rophlli
tetrakis(3, 4, F %érsle{#eu«%?f;tg%ﬁg%%%%%ﬁ%n}og?ers tR’rhlyb h%‘ﬂaﬁgrﬁgtq?w A1) i and
t et raki s( 3, 4alkylatihg hetBatRh ahyhdLdnesniadtadso fifilbesoaeasyigfiaretaon.um

tetrakis(3,4,5-trifluorophenyl)alumnate, . tropillium i
tetrakis(1, 2, 2-t r Knpweraleflalginoxaansaate, additiongHy fitelle 1oy qatatyst activators,

tetrakis(1, 2, 2:1 6 rat e nzenes. ( di. !

ot r aki o 1, orSbitiy B BREFHOARRER oS Ajde 8RR “Fheratumorane
tetrakis(2, Sgomporiet 8éfullQE OgHiaPst! ddtbBiatdretypioally I is PAL WligbRieriy | Alufinum
tetrakis(2, 3,4, -U'Eﬂgt ra;e: égg(g%r;e%l ?ggggrrgit g:;nn%?adﬁlgfﬁé;;? %aégnl um "
t et r aki s( 2, 3compungt ¥egrds e t & %S »| B aioyatior s ere
the nmetal ligands include halide noieties, for exanple, (nmethyl- 20 phenyl)

Les, fo (
silyl ene (tetampradngr RéBehbBntiBoe o ist & lincas goprnonaddoln iergedaialim
dichloride), which are npt_capahb] e of, i qni zi tractioon under standard
condi ti ons, "[‘IHE'?XE%%{‘ ug’oﬁv‘ér”t ) éﬂﬁgﬂﬁa&%ﬂg&g’t PWPISﬂaEFﬂB' setaﬂt h
organqnetal lic ¢ nds ch @as,l.ithium or. al um num hydrni.des kyl s,
o) Ry 8 brox ahieeyt BRPDREPeTYlgCRr of mmiiEReRo LI B Y ot Bestenabive 570 02
25 and EP- Al RG fikehyl @8d M9V isRE %@t&ﬁ,e@.,dﬁ@ﬁﬂhﬂh{&aﬁéﬂweﬁptmwﬁoﬁine%&yI _
al um num conpounds with dihalide substituted netallocene conpounds prior to
or with the bapupatedrbyofarigus praceiinrgs knowniin theoarp oioiexanke, axealnpireyn an
al um num al lek(yl may be treated with water dissolved in an inert organic solvent, or it may be
contacted with a hydrated salt, such as hydrated copper sulfate suspended in an
15 inert organic solvent, to yield an alumoxane. Generally, however prepared, the

reaction of an aluminum alkyl with a limited amount of water yields a mixture of

the linear and cyclic species of the alumoxane.

4.2.3 Catalyst Killer
20 Catalyst killer such as water may be added to the effluent of the reactor or

reactors, preferably at the last stage prior to finishing, so as to prevent additional,
difficult to control polymerization during finishing. It is possible that the catalyst
is effectively spent at the end of the polymerization; however, the more active bis-
cyclopentadienyl catalysts and NCA's have sufficient stability to remain active

25 even after the polymerization proper has ended. The amount of killer and the
manner of its addition are tailored to ensure that just enough is added to ensure a
complete kill. Excess killer may have to be removed by scavenger or other means
such as atomic sieves or other purification columns to ensure that killers are not
recycled and act as poisons in the polymerization process.

30



conpound may be m xed with the nmetall ocene prior to its introduction into
the reaction vessel. Since the alkyl alumnumis also suitable as a
scavenger \W)%ZH Ii n 30 excess of that normally stoichionetricall %4 required
for alkylation of the metallocene will pernit its additi oRTFPH#MMBact i on
solvent with the netall ocene conpound. Normally al unoxane woul d not be
added with the netall ocene so as WO 02/-26251 PCT/ USOLl/ 44343 -21 to avoid
premature activation, but can be added directly to the reaction vessel in
t he presence of the polynerizabl e nononers when serving as both scavenger
and al kyl ati ng adfi4 aSoavengbmsnoxanes may also fulfill a scavengi ng
function. Known alkyl al unoxanes are additionally suitable Cfﬂt al yst

g
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procedur es kSaunirmpurities antbe hadverteatip limroduoed withi mynof tHekydlymeryzakient r eat ed

with water dissqQlved in an inert organic solvent, or it may be contacted
with a hydr af%‘&tl%th?f,nP%Fd’lﬁsva{?ﬂPﬁPéﬁlL}t Bithcs {58t TBPRAMAETeAnd CQBoRARFT iffedan 15

I nert organi WA : : I 0, .prepared,
the reacti o?in%?& ‘)aéﬁéaaa ant? ﬁud%%ﬁ;?? tl@mhgﬁwéﬁ%%b&ge%%o%ﬁh g’f&%}//aet%elrngﬁ?el ds a
m xturce of ebhen tlimémtionarsf catalitic astieity, gmridduldrhe whenno aeetsllocéne catidhat al yst
Killer 20 Catal yst_killer _ such as waa%ﬁr may be _added to the effluent of the
reactor or @%%’PHP%?““&@F%%T?@?C ¥StIS&§?mstﬁ'§é’ igpusties; oL Gatlyshig, so as
to prevent additi O LEfi t i ' 2]
R R L
of the pol ymPréferablypsteph arectaken befoee pruvisiac bf wechbinte theyehetipanteast] efoy |

catal ysts and NCA s have sufficient stabjlity to renpi.n actjve 25 even after
the pol ymeri EWHﬁWSBWCﬁLEWHW Wﬁfuilﬁﬁéﬁ%m&teﬁ Augs afifg of uring

15 the synthesis or preparation of the various components, but some minor amounts

of scavenging compound will still normally be required in the polymerization
process itself. Typir::ally the scavenging compound will be an organometallic
compound such as the Group-13 organometallic compounds of 5,153,157,
5,241,025, W0O-A-91/09882 and W0-A-94/03506, noted above, and that of WO-
20 A-93/14132. Exemplary compounds include triethyl aluminum, triethyl borane,
tri-isobutyl aluminum, isobutyl aluminumoxane, those having bulky substituents
covalently bound to the metal or metalloid center being preferred to minimize
adverse interaction with the active catalyst. When an alumoxane is used as
activator, additional scavenging compounds are not necessary. The amount of
25 scavenging agent to be used with metallocene cation-noncoordinating anion pairs
is minimized during polymerization reactions to that amount effective to enhance
activity .
The metallocene catalyst component and the activator may be fed to the
reactors either separately or premixed.
30 The catalyst systems especially desirable for polymerization give a
combination of high activity, good incorporation of the alpha-olefin and diene into
the chain, and polymer molecular weights high enough for elastomer applications



manner of its addition are tailored to ensure that just enough is added to
ensure a conplete kill. Excess killer may have to be renoved by scavenger
or ot her W&Eﬁ‘ 2§Pch as atom c sieves or other purification colums to
ensure thatCRi19%ts are not recycled and act as poisons i RCIMS01/44343

pol ymeri zati on process. 30 WD 02/46251 PCT/ USOLl/ 44343 -22- 4.2.4 Scavengers
Optionally, the process al so uses a scé%‘hgi ng. conpound. Al though trialkyl
alum numis the nost preferred scavenger to be used in the invention, other

scavengers may be used as set forth below. The term, "scavengi.gﬁaﬁ
conpounds” a¥ eroBgMIGRlyhatlachys) TERBIOT SRMBRAtISS. « Ktalyst; systems paEHEdledY i ncl ude
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pol yneri zati Q-ECHEES tetrathefyyepRhtadieR ] t | Fﬂﬂhﬁﬁﬁ@la‘mia&ﬂ SOhuEHy),, Map@ner and
conononer feed, and adversSel'y affect catalyst activity and stability. It
can result ip-(Qedg)eBikiyolppentadiongdiffinorny fHEHpn of catal ytic activity,
particularly when a netall ocene cation- noncoordi nating anion pair is the
catal §st system The polar inpurities, or catalyst poisons include water,
oxygen, oxygenateg3hydw&% ons, netal inpurities, etc. Preferably, steps
are taken before provi f such i.nto the reaction vessel, for exanple,
by chemi cal treat Itbgrie eniblimeitthepopandtcomposidon iy fitetomlital bygratiitg ng 15
the synthesis or preparation of the various conponents, but some m nor

anounts of beatheRplymecenmrsitens chemiqally modified by repctipn ity @ graftiog he

ol yneri zat i ' ARYA o] . C ' 111 be an
D oanonet i | 1acta BB ol heast Wi 68Lichal BEVBCALRREIPY FiRARAMOM | O
5,1530157, &apd¥lt. oI FarthefChémidal Ra&H, a/pd AV Aiz3déWISRBcribed iRdovabove, and
that of WO 20 A-93/14132. Exenpl ary conpounds include triethyl alum num
triethyl borane, The grafingeagtantisial leash onesehylegically unsahuratsd pathoxyhese
havi ng bul k ti : GO ; 0 t | _Qr talloid center
boi g pr et or PO &F SattEINS oo URYENS Spllf e bitdl A IRAE, o8, IR Bnidh O, VE
Wien an al uniixdacor theUuiked Sach réetantsainlude,bldi dré @oalined\iegienfliewitippunds are

not necessary. The anount of | L. . L . L. .
acrylic acid, methacrylic acid, maleic acid, fumaric acid, itaconic acid, citraconic

15 acid, mesaconic acid, maleic anhydride, 4-methyl-cyclohex-4-ene-1,2-

| dicarboxylic acid anhydride, bicyelo(2.2.2)oct-5-ene-2,3-dicarboxylic  acid

anhydride, 1,2,3,4,5,8,9,10-octahydronaphthalene-2,3-dicarboxylic acid

anhydride, 2-oxa-1,3-diketospiro(4.4)non-7-ene, bicyclo(2.2.1)hept-5-ene-2,3-

dicarboxylic acid anhydride, maleopimaric acid, tetrahydrophthalic anhydride,

20 norborn-5-ene-2,3-dicarboxylic acid anhydride, nadic anhydride, methylnadic

anhydride,  himic  aphydride,  methylhimic  anhydride, and  x-
methylbicyclo(2.2.1)hept-5-ene-2,3- dicarboxylic acid anhydride (XMNA).

Maleic anhydride is a preferred grafting reactant. As used herein, the term
"grafting” denotes covalent bonding of the grafting monomer to a polymer chain

25 of the polymeric composition.

The grafted polymeric composition may be prepared in solution, in a
fluidized bed reactor, or by melt grafting as desired. A particularly preferred
grafted composition may be conveniently prepared by melt blending the ungrafted
polymeric composition, in the substantial absence of a solvent, with a free radical

30 generating catalyst, such as a peroxide catalyst, in the presence of the grafting
monomer in an extruder reactor. Single screw but preferably twin screw extruder

reactors such as co-rotating intermeshing extruders or counter-rotating non-



25 scavenging agent to be used with netal |l ocene cati on-noncoordi nati ng ani on
pairs is mnim zed during polynerization reactions to that anount effective
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The grafting reaction is carried at a temperature selected to minimize or

15 avoid rapid vaporization or decomposition and consequent losses of the peroxide
catalyst and grafting monomer, and to have a residence time about 6 to 7 times the
half-life time of the peroxide catalyst. A temperature profile where the
temperature of the polymer melt increases gradually along the length of the
extrusion reactor up to a maximum in the grafting reaction zone of the reactor, and

20 then decreases toward the reactor output, is preferred. Temperature attenuation in
the latter sections of the extruder is desirable for product pelletizing purposes
when the grafted polymer has a low viscosity.

In order to optimize the consistency of feeding, the peroxide catalyst is
usually dissolved at an approximately 10% to 50% concentration by weight in a

25 mineral oil, whereas the polymer composition and the grafting reactant are fed
neat.

Specific examples of useful catalysts include: diacyl peroxides, such as
benzoyl peroxide; peroxyesters, such as tert-butylperoxybenzoate, tert-
butylperoxyacetate and OO-tert-butyl-O~(2-ethylhexyl)monoperoxycarbonate;

30 peroxyketals, such as n-butyl-4,4-di-(tert-butylperoxy)valerate; and dialkyl
peroxides, such as  1,1-bis(tert-butylperoxy)cyclohexane,  1,1-bis(tert-
butylperoxy)-3,3,5-trimethylcyclohexane, 2,2-bis(tert-butyfperoxy)butane, di-



met hyl bi cycl o(2.2. 1) hept-5-ene-2,3- dicarboxylic acid anhydride (XM\A).

Mal eic anhydride is a preferred grafting reactant. As used herein, the term
"grafting coval ent bonding of the grafting nonomer. to a pol yrmer
chain 25vg$6?ﬁ%§golyneric conposition. The grafted ponnePFIR§BH§%§¥tion
may be prepared in solution, in a fluidized bed reactor, or by nelt
grafting as desired. A particularly pref&rred grafted conposition may be
conveniently prepared by nelt blending the ungrafted polyneric conposition,
in the substantial absence of a solvent, with a free radical 30 generating
cat al yst, sucumylperxjie; oxi de cat destdutylcumylperopidesence of t hwa'disgfettr ng

extruder 1 oBRY GRS oRroRR IbgRERS. o it Pt BPRLs: RGTRELreodpp 2"
count er - r ot afj{ag. pWé@%’Sl £GT/ Q%ﬁrfeﬁ%ﬁé,&dﬁf&r%ﬁtﬁ&@ﬁ%?}ﬂ%ﬂyﬂt ruders,

and co-kneaders suc hose sol d by Buss, are especi al eferred. In
the case of Déalkyl \pesxidesohrvingi ddgher didesvagpasttienr dempératuresarardeusually f or ned
i n absence of ? roxide initiator, using the so-called "-ene" reaction 5
chem §try. THE ‘ﬂ'&'@f erred sequence of steps used for the grafting reaction
includes nelting the polyneri.c conposition, adding and di spersing the
grafting reactant, introducing the peroxide catalyst, and venting the

unr eact ed monomner 4dnd Byst-GraBithgDerivatizationi ng from t he per oxi de

deconposition. Alternatively, the grafting 10 reactant and.the eroadde can
be pre-dissolved i %ﬁ\f’érﬁ!’cuﬂﬁ‘@ﬂﬁ‘?ﬁaﬂlﬂ?fﬁr foEaRasdipn cap et@"ﬁ&’ﬁ’afelaﬁite
i ntroduced tg, %dﬁ&a&fdﬂl fona ARSI AQTus8d géreh{,) ai%ﬂ&ion%ﬂzeﬁﬁntﬁ%&m the

total weight of the polyneric conposition and grafting reactant,” and
prefdapoably istawhith isithemgealyt modified peimanily icsenhancd #slakilityato pampeipate ur e
selected to mninjze or 5 avoid rapid vaporization, or deconposition and
consequent | B5% e&yaqlq{goéglpmycglereagg}nm%w%éo&empﬁapm ththeg o .
have a resi dmﬁcﬁdﬁz@bggﬁ,&ﬁt o\% doh L €eribatdeg! Sl?mTef' Rits Ui PEr oxi de
catalyst. A tenperature profile ere the tenperature” of the polyner nelt

i ncreases gr finthet Irgactibood a fimctiemalized gfolymher, taking advantage of the chemical

reactivity of the grafted functional groups. The functionalized polymer can be

15 derivatized by reaction with at least one derivatizing compound to form a
derivatized polymer. The derivatizing compound contains at least one reactive
derivatizing group, the derivatizing group selected to be capable of reacting with
the functional groups of the functionalized polymers by, for example, nucleophilic
substitution, transesterification, salt formations, and the like. The derivatizing

20 compound preferably also contains at least one additional group suitable for
imparting desired properties to the derivatized polymer, e.g., polar groups. Thus,
such derivatizing compounds typically will contain one or more groups including
amine, hydroxy, ether, ester, amide, imide, thio, thioamido, oxazoline or salt
groups derived from reactive metal or reactive metal compounds.

25 In a particular ‘embodiment, the derivatized polymer composition can
include the reaction product of the functionalized polymer with a nucleophilic
reactant, such as amines, alcohols, amino-alcohols and mixtures thereof, to form
oil soluble salts, amides, imides, oxazolines, or esters of mono- and dicarboxylic
acids, esters or anhydrides.

30 The preferred properties sought to be imparted to the derivatized polymer
composition include viscosity modification (e.g., primarily viscosity modification

with attendant secondary dispersant properties).
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a, a' - Bi s(t erderivBUZInE Hibe S ?a/mm &RBpogitions (of _the (FeSSEY #ERECR DTBP) |

2, 5-di net hyl s hﬁéﬂﬂ

2, 5-di net hyl %l gaﬁg%é {a%é ut y plgﬁg)%#}exy egmoagd}'}kemefegegxty%ﬁgsmﬂgg? ng
hi gher deconeagicni ptodﬁ@mﬂﬁmhﬁm&ﬁzed polemies varhpysiticnsufehe pressht nﬂveﬂtmn
Post-G afti n%égerl vat i zatl on The grafted or functionalized poly

composi ti on afized wi Héxclqoehrélpé@pgene suﬁbraécmee soPewslsap. gf,mﬁ&geanm ity.

As used here HE‘.@; I !1%652? e cally
nodi fied pri r?%ﬁlﬁingt %ﬂﬁge&é&; 8 0 cﬂopar F@éhpa%h%l%sa\}m eir.g| vari ety
of chem cal p(ﬂﬁahu@laﬁd/bhammkginm;hmpmse be possible vvlth the
unfinctionalized ]&ol ymer, In contrast, a "derivatized poly resul ts from

further react i on Miorg spegHicallpRitrogead op sYsireOntAIRIRg VisgOsi ﬁ@@@@ igeludere

chem cal y t af; fugg&z!: u T n lized
pol ymer can @miléb%er ?ft/sét .gg‘é 151-ﬁg(fasétl on %ﬂﬁ %‘E‘Pl%g%f? gﬁe&geﬁa VS/'H{%?Zl ng
conpound to donipositiond@f ﬁleaﬁreﬁeadmpaiumiefuncﬁbﬁaliiedl withihenol @nd digacbarglic ont ai ns

at | east one reactiyve
acids or anhydride or ester derivatives thereof.

15 In one embodiment, the functionalized polymer composition is derivatized
with at least one amine compound. Preferred amine compounds include:

(A)(@) alkylene polyamines of the formula

H
AN
N—1—alkylene——N—7—H
/
: H
2 Ax
20 wherein X is an integer from 1 to 10, preferably from 2 to 7, and the alkylene

radical is a straight or branched chain alkylene radical having 2 to 7, preferably 2

to 4, carbon atoms; and

(if) polyamino alkeny! or alkyl succinimides of the formula
25



derivatizing group, the derivatizing group selected to be capabl e of
reacting mﬁth the functional groups of the functionalized polyners by, for
exanpl e, %ﬁ Rj!ic substitution, transesterification, salt formations

and the |ike. Tha derivatizing 20 conpound preferably al soPESHSAV#S43t | east
one additional group suitable for inparting desired properties to the
derivatized polyner, e.g., polar groupg?-Thus, such derivatizing conpounds
typically will contain one or nore groups including am ne, hydroxy, ether,
ester, amde, imde, thio, thioam do, oxazoline or salt groups derived from
reactive netal or reactive netal conmpounds. 25 In a particul ar enbodi nent,
the derivatized pol yner conposition can include the reaction product of the
functionalized polyner with acpucleophlllc reactant, such as am nes,

al cohol s, am no-al cohols and pi xtures theRgof, to form oil soluble salts,
am des, |n1des, oxazol i esters of no- and di carboxylic acids,
esters or anhydrides. 30 referrﬁd praoperties sought to be |nparted to
the derivatized polymer cpnpg itiorf g—vrsBDsrty Wodi fication (e.g.,
primarily viscosity nodificC on wth attendant secondary di spersant
properties). WD 02/46251 PCT/ yYS01/44343 -26 Multifunctional viscosity
nodi fi ers possess attendant digpersant properties when the polyner from
which they are derived is functionalized and derivatized wth groups which
contribute to dispersancy as described hereinafter. Various types of

mul tifuncti ovherein| xsaékemyl nndlukyl with fiormn] 0 tee30fbehebary atomsdBy isvaatallesileny t he
functionaliz .ons, of t inve 0 whi ch are
suitabl e for® %éslgolloygﬁ ﬁ&@?gt?noﬂ%we%ﬂil@ﬁﬁrel?gﬁ Ey]drpﬂygglﬂ ht ude
reaction spr cﬂq&tg&rqfoﬂ‘mrtgtmow uzigdmglgﬁﬂpr conpositions of the present
invention derivatized with nucleophilic reagents such as am ne conpounds,

e.g., nitrogen- dBnpalyoryajkelonppelsiaineseffhniforntfar oxy conmpounds such as
phenol s, alcohols, 10 polyethers and/or basic inorganic naterials. Mre
speC|f|caIIy, nitrogen- or ester-containing viscosity nodifiers include

oi | -solubl e salts, é_[alm' des, imdes, oxazolines,qyand ters of the polyner
conpositions of th resient invention, functiopali w th nono- and
di car boxyl i c(j) /N alkylene——0 alkylene N\

H H

10  where m is an integer from 3 to 70, preferably from 10 to 35, or

-
H
) /
(i) R~——alkylene—0 alkylene—~—N
no\,

- <36

where in each of the 3-6 substituents of R, n is an integer from 1 to 40, and the

sum of all the n's is from 3 to 70, preferably from 6 to 35, and R is a polyvalent

15  saturated hydrocarbon radical of up to ten carbon atoms having a valence of 3 to

6. The alkylene groups in either formula (i) or (ii) may be straight or branched
chains containing 2 to 7, preferably 2 to 4, carbon atoms.

Examples of alkylene polyamines of formula (A) above include:

methylene amines; ethylene amines; butylene amines; propylene amines;



acids or anhydride or ester derivatives thereof. 15 In one enbodi nent, the
functionalized pol ynmer conposition is derivatized wth at | east one am ne
conpound. d am ne conpounds include: (A) (i) alkylene pol yam nes of

t he fornuﬁgaﬁéﬁﬁﬁfalkylene- i H HHXx 20 wherein x is anpﬁﬁﬁ@ Mrom1 to
10, preferably from2 to 7, and the alkylene radical is a straight or
branched chai n al kyl ene radi cal having-28to 7, preferably 2 to 4, carbon
atons; and (ii) polyam no al kenyl or al kyl succinimdes of the formula 25

WO 02/ 46251 PCT/USQOL/ 44343 -27 O R I N- (R2- Na R2 - Wwherein Ris
al kenyl or apdfiyyleitd athihdsp hetfletied addibss Acpglenat iibes; Rktylena Amindsy bare of 2
to 10 carbon atons, R3 is hydrogen, |ower alkyl or |ower hydroxyalkyl, a is

5 an i nt eger Palymgihylans apgnesy qad wyelic apdhighprhemglogugs efithesekgmingd yam nes

"nt eger 1 onts Hipemphied BHBI-EE® dibddhds, S SpERET BhbBief
al kyl ene - - NntludeSethylege alidine aaietilerehtiamife, ibthylens &liAmigk, fopylens an

integer from1 to 40, and the o . )
5  diamine, di(heptamethylene)triamine, tripropylene tetramine, fteiracthylene

pentamine, trimethylene . diamine, pentaethylene hexamine,
di(trimethylene)triamine,  2-heptyl-3-(2-aminopropyl)imidazoline, 4-methyl-
imidazoline, 1,3-bis-(2-aminoethyl)imidazoline, pyrimidine, 1-(2-aminopropyl)-
piperazine, 1,4-bis-(2-aminoethyl)piperazine, N,N-dimethyaminopropyl amine,

10 N,N-dioctylethyl amine, N-octyl-N'-methylethylene diamine, 2-methyl-1-(2-
aminobutyl) piperazine, etc. Other higher homologues which may be used can be
obtained by condensing two or more of the above-mentioned alkylene amines, and
such pr;)cesses are well-known in the art.

The ethylene amines which are particularly useful are described, for

15 example, in The Encyclopedia of Chemical Technology under the heading of
"Ethylene Amines", (Kirk and Othmer), Volume 5, pp. 898-905, Interscience
Publishers, New York (1950). These compounds can be prepared by the reaction
of an alkylene chloride with ammonia to form a complex mixture of alkylene

- amines, including cyclic condensation products such as piperazines. While such

20  mixtures of amines may be used for purposes of this invention, the pure alkylene
amines may also be used. _

The polyoxyalkylene polyamines of formula (B) above, preferably
polyoxyalkylene diamines and polyoxyalkylene triamines, may have average
molecular weights ranging from 200 to 4000, and preferably from 400 to 2000.

25  Preferred polyoxyalkylene polyamines include polyoxyethylene and
polyoxypropylene diamines, and polyoxypropylene triamines, having average
molecular weights ranging from 200 to 2000. Polyoxyalkylene polyamines are
commercially available and may be obtained, for example, from the Jefferson
Chemical Company, Inc. under the trade name Jeffamine® D-230, D-400, D-

30 1000, D-2000, T-403, etc.

The reactive compounds which can be used to react with the

functionalized polymer composition will, of course, depend on the nature of the



sumof all the n's is from3 to 70, preferably from6 to 35 and Ris a
pol yval ent 15 saturated hydrocarbon radical of up to ten carbon atons havi ng

a val ence 6. The al kyl ene groups in either formula _i_/lu)§ or (ii) may
be strai gt@gr;}“%?lanched chains containing 2 to 7, pref er aBFYUSO¥Y348B  car bon

atons. Exanpl es of al kyl ene pol yam nes of fornula (A) above include:

net hyl ene am nes; ethyl ene am nes; buty®ene am nes; propyl ene am nes; WO
02/ 46251 PCT/ USOL/ 44343 -28 pentyl ene am nes; hexyl ene am nes; heptyl ene
am nes; octylene am nes; other polynethylene am nes; and cyclic and hi gher
honol ogues gfaftedefimctional ecommunt. Bsthel pme afl the prefertedograftkdy |fnstiogali t ut ed
pi perazi nes, etc. Specific, exanples .include: ethylene diamne, diethylene
triam ne, trcp@pﬁw%r%al@@@pamfg thse fhat Biilk reactadyantageously with anhydride

di (hept anet I ap Lpr e, ' et talﬂ}ﬂ] n

pent am ne, %ﬁr@ﬁ%@tﬁ{eﬁg %ﬁ?ﬁgﬁkﬁe@%‘en a%%%?%n%eﬂﬁlggg%ﬁhé?& &10f _

di (tri met hyltesse) aminesiare preferhait Primary( 2mings aepmopy préfeireth bedaueof thenet hyl -
i m dazol i ne, 1,3-bis-(2-am noethyl)imdazoline, pyrimndine,

b
1- ( 2- ami Aoprselity of thegapide praducts farmpgds Most prsfestsdiang primape amdties,RNH:,

N, N- di met hygm r ' Wclo | I ne,
N- oct IyI -N ym e@gﬁ gﬁ)@bgﬁgﬁeﬂn@ioﬁgﬁﬁéﬁﬁﬁt#§deégﬁdﬁggll}? W?l ppl)‘(l)%uec;n'azi ne,
etc. O her Mighagh haichl pedestsweortiinneyo Hendtivaait®a) the intlé afunaibnblity

condensing two or. nore_of the above-nentjoned gll Kyl ene_am nes, and such
processes arfermgd by resetipn phtherprimary aming isgelapively dnertiand sexygs aha stable

particul arl y; ' . | cl opedi a of
Chem cal Teg}?#goﬁ%gw %@?ﬁ%ioﬁg%ilﬁg{eo% %u@?ﬁ@ﬁgﬁ@ol%eﬂ%@k@% rk and
Q hner) ,10Vol ure Funpionabiti8s 304, al’enﬁéstr&l@léefhceinclﬁsibhii&hﬂfesrroﬂﬁw thedugh( 1950) .

These conpounds .can be prepared bﬁwhhe reaction _of an al kylene chloride
wi th ammoni dnelesion im the cBngliour of theupemary amiag, FH:4 il edépend @nytheng cyclic

condensat | o BiARS! o Wi Y AyBRIA3, TRp0d! 1% 628 BLtiricRgnal om res

may be used purposes I nventr on, .purea Hnes may
al so be usediscokity potifies Yl kytieqtihgrsl, weigidegdredahatithe RUERup B tdefary

g\r/:]; gg:bl y ﬁ&gggn%lgrh%ea&ng%]c%gnﬁw. pol yoxyal kyl ene triam nes, may have

15 Examples of useful primary amines, RNHj3, in which the R group contains
tertiary amine functionality include: N,N-dimethylethylenediamine; N,N-
diethylethylenediamine; N,N-dimethyl-1,3-propanediamine; N,N-diethyl-1,3~
propanediamine; 4-aminomorpholine; 4- (aminométhyl)pyridine; 4. (2-
aminoethyl)morpholine; and 4~ (3-aminopropyl)morpholine.

20 Examples of useful primary amines, RNH,, in which the R group contains
secondary —amine functionality include: N-methylethylenediamine; N-
ethylethylenediamine; N-phenylethylenediamine; N-methyl-1,3-propanediamine;
N-phenyl-1,2-phenylenediamine; N-phenyl-1,4-phenylenediamine; 1-(2-
aminoethyl)piperazine; and 4-(aminomethyl)piperidine.

25 Examples of useful primary amines, RNH3, in which the R group contains
alcohol functionality include: ethanolamine; 2-amino-1-propanol; 3-amino-1-
propanol; 2-amino-1-butanol; and 2-aminobenzyl alcohol

Preferred reactive compounds for reaction with grafted maleic anhydride
in the practice of this invention are 4-(3-aminopropyl)morpholine and 1-(2-

30  aminoethyl)piperazine.

Still other amines useful in the practice of this invention include amino-

aromatic polyamine compounds such as:



nol ecul ar wei ghts ranging from 200 to 4000, and preferably from 400 to 2000.
25 Preferred pol yoxyal kyl ene pol yam nes i ncl ude pol yoxyet hyl ene and

pol yoxypr i am nes, and pol yoxypropyl ene triam nes, havi ng average
nnleculargﬁgpg §Prang|ng from 200 to 2000. PolyoxyalkylengC 9@ﬂ?ﬁbs are
commercially avail abl e and nay be obtained, for exanple, fromthe Jefferson
Chem cal Conpany, Inc. under the trade-ﬁane Jeffam ne(r) D-230, D400, D 30
1000, D- 2000, T-403, etc. The reactive compounds which can be used to react
with the functionalized polynmer conposition will, of course, depend on the
nature of the WO @p/ 4G3%tylpheuylénediatditebdf theBngohf t ed functional conpound.
In the case of the preferred grafted functional conpound, maleic anhydride,
those that will react advantageously with anhydride functionality are
appropriate, including alcohols, t |oalcohols and am nes. O these, am nes
are preferred. Primary am nes are eth2because of the 5 stability
of the imde products forned. Most|prefg (e primary amnes, RNH2, in
whi ch the R group cont ai RS—fACtoNz i are desired in the fina
product. Al though such products cont ai ngtionalities, the imde
functionality formed by reaction of the var ¥ anine is relatively inert
and serves as a stable |inkage between the functionality in the R group and

t he pol yner Hope. SNk 2 e iR usion in
t he product tThroug 1&#}%{%&?% llé)n%gélﬁ grou 1of1\%fl%ga§k{(lr§t§br§{r%h%&e]84 RNH2,
wi |l depgnd sofaighlt €haily 1oc@4,i 20Kyf alkeidl] Ellltoic)h?aﬂ[l@@mlkaryﬁ hyﬂhﬁ@dﬂ@l ofor use

as a multifunctional viscosity modifier for |ubricating oil, is desired
that the R neiopalkyl t he @’Dll]hsary Rini ne Bont aidHserti afiy Qﬂzb ]‘mhﬂizs onality.

15 Exanpl es u e RNH2, . i.n Whl h t nt ai ns
Fortrary e R OB AR oA TR el B Rt BRSSO

di et hyl et hylquuaﬁydl@gemoumgmg alkedlyD RBRK aﬁlm,,ormw ethyl - 1, 3-
propanedi am ne; am nonor phol i ne; am nonet hyl ) pyri di ne; A- (2-

ami noet hyl ) mor phoﬂbD ne; NMpheny(l@edmuwr e fomwelshol i ne. 20 Exanpl es of
usef ul plrl mary am nes, RNH2, in which the R group contains

wherein R', R? and R? are each independently hydrogen or a linear or branched

hydrocarbon radical containing from 1 to 10 carbon atoms that may be alkyl,

alkenyl, alkoxyl, alkaryl, aralkyl, hydroxyalkyl, or aminoalkyl;
15 (¢)  anaminocarbazole of the formula:

O

H

wherein R and R' are each independently hydrogen or an alkyl, alkenyl, or
alkoxyl radical having from 1 to 14 carbon atoms;
20



secondary ami ne functionality include: N nethylethyl enedi am ne; N
et hyl et hyl enedi am ne; N-phenyl et hyl enedi am ne; N-nethyl -1, 3- propanedi am ne;
N-phenyl - iv@aphigby! enedi am ne; N-phenyl -1, 4- phenyl enedl am ne; 1-(2-

am noet hyl') pi pefazi ne; and 4-(ani nonet hyl) pi peri di ne. Wﬁ%‘é"“é‘f:‘ usef ul
primary am nes, RNH2, in which the R group contains aI cohol functionality
i ncl ude: et hanol am ne; 2-ainino-I|-propanel; 3-am no-|- propanol;

2-am no-1| -butanol ; and 2-am nobenzyl al cohol Preferred reactive conpounds
for reaction with grafted maleic anhydride in the practice of this

i nvention are 4- ((3) amaﬂ%‘iﬂ@h‘xﬂbl&'@fﬂiﬁoﬁﬁﬁaﬁnd 1- (2 30

am noet hyl ) pi perazine. Still other am nes useful in the practice of this

i nvention include am no- aromatic pol yam ne compounds such as: WO 02/ 46251
PCT/ USO / 44343 -30 (a) N—arylphenylenedlanlnes of the formula: H R2
R-Ar- | > R3 wherein Ar is arongie hydrogen, NH-aryl, NH aral kyl,
or a branched or 5 straight cha al kyl , al kenyl, alkoxyl,

aral kyl, al karyl, hydroxyal kyR—o : group; RZ is NH2, - (NH(CH2) f
), r-NH2, -CH2-(CH2),. NH2, or -a where n and m are independently
froml to 10; and R3 is hydroge 4 al kyl, al kenyl, al koxyl,
aral kyl, or alkaryl; (b) N-aryfmdenyl enedi am nes of the fornula: 10 N NH2
R R2 ~ R3 wherein R, R2 and R3 are each independently hydrogen or a linear

or branched arb n r adi cal ainn om | car bon at oms t hat
may b al ky[MHelin RampyarogeR 5k 5t alkif Rt v he R 1 torfd EbEHAET,
am noal kgl ; 15 (C(&) an ﬁ@nﬂﬁ@@ﬁ%%&e%tﬁé’&%mﬁﬁl@“' a:

0
R NH
Q /
N
H,N H

wherein R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms;

10 (f) an aminoindazole of the formula:

R NH
NH

Hg

(g) an aminomercaptotriazole of the formula:

SH_< /k

15



NH2 R N wherein R and R are each independently hydrogen or an al kyl,

al kenyl, or al koxyl radical having from1l to 14 carbon atons; 20 WD

02/ 46251 %/0# y44343 -31 (d) an am noindole of the formula: R N H2N H
wherein R'1s hydrogen or an al kyl radical having from | toP$EUSSYH3# at ons;
5 (e) an am no-indazolinone of the formula: O R - N HZN H wherein Ris
hydrogen or an al kyl radical having fresm-l to 14 carbon atons; 10 (f) an
am noi ndazol e of the formula: RNH ~N4 Hz (g) an am nonercaptotri azol e of
the formula: H N SH--(\ IN N NH2 15 WO 02/46251 PCTI USO1/ 44343 -32

(h) an aminoperimidine represented by the formula:

NH,

HN NH

wherein R is hydrogen or an alkyl or alkoxyl radical having from 1 to 14 carbon
5  atoms.

Particularly = preferred  N-arylphenylenediamines are the N-
phenylphenylenediamines, for example, N-phenyl-1,4-phenylenediamine, N-
phenyl-1,3-phenylenediamine, N-phenyl-1,2-phenylenediamine, N-naphthyl-
phenylenediamine, ~N-phenyl-naphthalenediamine and  N'-aminopropyl-N-

10  phenylphenylene- diamine.

Other useful amines include: aminothiazoles selected from the group

consisting of aminothiazole, aminobenzothiazole, aminobenzothiadiazole and

aminoalkylthiazole; and aminopyrroles of the formula:

{ DA
R1//\N)
H

15
wherein R is a divalent alkylene radical having 2-6 carbon atoms and R' is
hydrogen or an alkyl radical having from 1 to 14 carbon atoms.
Still other useful amines include: phenothiazine and phenothiazine

derjvatives, particularly 10-aminopropylphenothiazine, amino-3-



(3) an ami noperimdine represented by the formula: NH2 66 HN NH aR
wherein R is hydrogen or an al kyl or al koxyl radical having from1l1l to 14
carbon 5 Rs2sPart icularly preferred N aryl phenyl enedi angénes are the N-
phenyl phenyl enedi am nes, for exanple, N phenyl-1,4-phenyl eh Wﬁ‘”’f“ﬂ

phenyl - 1, 3- phenyl enedi am' ne, . N- phenyl -1, 2- phenyl enedi am ne, N-napht hyI
phenyl enedi am ne, N- phenyl - napht hal eneddami ne and N -am nopropyl-N- | o
phenyl phenyl ene- di am ne. O her useful am nes include: am nothiazol es
selected fromthe group consisting of am nothiazol e, am nobenzothi azol e,
am nobenzot prcmjrilauinbphmﬂﬁazémnoangmhimi-mpj}'leZ-n@hﬂl)deyr rapfles M- t he

formul a: NHZ Rm@ﬁﬁ H 15 erein sadlv t al kyl ene radi cal

havi ng 2-6 AZBYRO e‘%ﬂ“‘ﬂ? @'gtbﬁgg}er%} radi cal having from
| to 14 carbon atonms. Still other useful am nes |ncI ude. phenot hi azi ne and
phenot hi azine derivatives, particularly 10-am nopropyl phenot hi azi ne,

am no-3 WD 02/46251 PCT/USQOL/ 44343 -33 gropyl am nophenot hi azi ne,

N- am no- propyl - 2- napht hyl am ne and N- am| nopr opyl di phenyl am ne; and am nes

of the general formnula: Xr Ar.-- %—FEIZ—! IaNH2

Ar‘

5  wherein Ar and Ar' are linked together to form a heterocyclic structure with the
nitrogen to which they are attached; R is a hydrogen atom, a Cy-Cyz linear or
branched alkyl radical or an aromatic radical; X is a hydrogen atom, halogen, OH
or NH; group; a is an integers from 0 to 5; b is an integer from 0 to 6; and the sum
a+bisatleast 1.

10 All the reactions described in this section can be performed either in the
melt or in solution in lubricating oils. When performed in the melt, the two
consecutive reactions (i.e., the grafting and the post-grafting derivatization) can be
accomplished in a two-stage or one-stage process. For economical reasons, the
one-stage process is preferred. This has been described in U.S. Patent No.

15 5,552,096, the disclosure of which is incorporated herein by reference for
purposes of U.S. patent practice.

4.5 Other Functionalization

Functionalization of the polymer composition to give a derivatized

20 polymer in a single stage process can also involve processes other than those
described above. For example, vinylnitrogen monomers can be directly grafted

(see EP 0 429 565 B1, page 6). As an additional example, ‘;ql_'polymers of the
composition of the invention can also be functionalized through the use of Schiff
bases (see EP4,448,974, column 3). One skilled in the art will readily recognize

25  other types of functionalization suitable for use with the compositions of the

present invention.



Ae R5 wherein Ar and Ar' are |inked together to forma heterocyclic
structure with the nitrogen to which they are attached; Ris a hydrogen
atom a Ow&a'ﬁ 2Hwar or branched al kyl radical or an aronatic radical; X
is a hydrogen atdm hal ogen, OH or NH2 group; a is an int BEHUSO¥44d43 0 to 5:
bis an integer fromO to 6; and the sum a + b is at least 1. 10 Al the
reactions described in this section ca34be perfornmed either in the nelt or
in solution in lubricating oils. Wen perforned in the nelt, the two
consecutive reactions (i.e., the grafting and the post-grafting
derivatization) ddahn biubmantrﬁninmmaadné n a two- stage or one-stage process.
For econom cal reasons, preferred, This _has been
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conposi tion or the gﬂafted and derj vati zed pol ymer conposition has a
sol ubility iGenewglly, Byis amopptistiromy 040k tO#%mtdédeqatfgnst@d\mod)ecb(e ghids

compost {1 on sy k51888 NGl 81 BoRBGGH), wibt SheftBade ARG RN O | or @

hydr ocar bon depen
0.01%, 0. 1% or 1%, and alternative upper limits of 15% or 10%, in other

embodiments. Ranges of VI improver concentration from any of the recited lower
15 limits to any of the recited upper limits are within the scope of the present
invention, and one skilled in the art can readily determine the appropriate
concentration range based upon the ultimate solution properties.
Base oils suitable for use in preparing the lubricating compositions of the
present invention include those conventionally employed as crankcase lubricating
20  oils for spark-ignited and compression-ignited internal combustion engines, such
as automobile and truck engines, marine and railroad diesel engir}es, and the like.
Advantageous results are also achieved by employing the VI improver
compositions of the present invention in base oils conventionally employed in
and/or adapted for use as power transmitting fluids such as automatic transmission
25  fluids, tractor fluids, universal tractor fluids and hydraulic fluids, heavy duty
hydraulic ﬂuids, power steering fluids and the like. Gear lubricants, industrial oils,
pump oils and other lubricating oil compositions can also benefit from the
incorporation therein of the additives of the present invention.
The lubricating oils to which the products of this invention can be added
30 include not only hydrocarbon oils derived from petroleum, but also include
synthetic lubricating oils such as esters of dibasic acids; complex esters made by

esterification of monobasic acids, polyglycols, dibasic acids and alcohols;



whet her the desired product is a finished product or an additive
concentrate. The anopunt of the VI inprover is an anount which is effective
to i nprov ify 10 the viscosity index of the base oil, i.e., a

Vi scosi ty&ioqrr%f“g%gng effective amount. Generally, this andfifU¥/4#3m 0. 001
to 20 wt % for a finished product (e.g., a fully forrmulated |ubricating oil
conposition), with alternative |ower [4i3-ts of 0.01% 0.1%or 1% and
alternative upper limts of 15% or 10% in other enbodi nents. Ranges of VI

i nprover concentration fromany of the recited lower 15 limts to any of the
recited uppeguolyolefin silsaet. Whiihi the tdnpeope cohpodidony eSthetpresenymnéntion, and one
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oils derived frompetroleum bhut_ also include, synthetic lubricating oils
such as est éngogdams,pether vissputy-inderimpiovess; dispersants, Bgrrosien dahibifsat i on of
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of the present i ierisiopninhibiyorbe alsoi kiiwry aé rumeicqaeroaivedagdtits) ehidentlici ¢ base
oils such as, al kyl esters of _ dicarboxylic¢ acids, polyglycols and al cohol s;

pol yal pha- oldegradation,ef fhe metadlic pags lepniagied hynls: lubrgatiiec o compesifien.
phosphorjisc g dsiive YrdilosoA nHifofs akt ﬁhosa_llxbesul\fﬁrized hydrocarbons and the
products obtained by reaction of a phosphosulfurized hydrocarbon with an
alkaline earth metal oxide or hydroxide, preferably in the presence of an alkylated
phenol or of an alkylphenol thiocester, and also preferably in the presence of

carbon dioxide. Phosphosulfurized hydrocarbons are prepared by reacting a
20  suitable hydrocarbon such as a terpene, a heavy petroleum fraction of a C; to Cg

olefin polymer such as polyisobutylene, with from 5 to 30 wt. % of a sulfide of

phosphorus for 1/2 to 15 hours, at a temperature in the range of 66 to 316°C.

Neutralization of the phosphosulfurized hydrocarbon may be effected in the

manner taught in U.S. Patent No. 1,969,324, the disclosure of which is
25  incorporated herein by reference for purposes of U.S. patent practice.

Oxidation inhibitors, or antioxidants, reduce the tendency of mineral oils
to deteriorate in service, as evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include alkaline earth metal salts of alkylphenolthioesters

30  having Cs to Cj2 alkyl side chains, e.g., calcium nonylphenate sulfide, barium
octylpbenate sulfide, dioctylphenylamine, phenylalphanaphthylamine, phospho-
sulfurized or sulfurized hydrocarbons, etc.



5 conpositions of the present invention can also be utilized in a
conceniirate form such as froml w %to 49 wt. %in oil, e.g., mnera

| ubri cati #L for ease of handling, and nay be prepared in this f orm by
carrying g‘q%&'t & reaction of the invention in oil as prevPol/APQ/44EScri bed.
The above oil conpositions may optionally contain other conventional 10
additives, such as, for exanple, pour {P®i-nt depressants, antiwear agents,
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sul furi zed hydr,ocar bon etc. WO 02/46251 PCT/ USQOL/ 44343 -36 O her
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15  NthydroxyalkyDalkenyl-succinamic acids or succinimides; U.S. Patent No.
3,932,290 which discloses reaction products of di- (lower alkyl) phosphites and
epoxides; and U.S. Patent No. 4,028,258 which discloses the alkylene oxide
adduct of - phosphosulfurized N-(hydroxyalkyl) alkenyl succinimides. The
disclosures of these references are incorporated by reference herein for purposes

20 of U.S. Patent practice. Preferred friction modifiers are succinate esters, or metal
salts thereof, of hydrocarbyl substituted succinic acids or anhydrides and thiobis-
alkanols such as described in U.S. Patent No. 4,344,853,

Dispersants maintain oil insolubles, resulting from oxidation during use, in
suspension in the fluid, thus preventing sludge flocculation and precipitation or

25  deposition on metal parts. Suitable dispersants include high molecular weight N-
substituted alkenyl succinimides, the reaction product of oil-soluble
polyisobutylene succinic anhydride with ethylene amines such as tetraethylene
pentamine and borated salts thereof. High molecular weight esters (resulting from
the esterification of olefin substituted succinic acids with mono or polyhydric

30  aliphatic alcohols) or Mannich bases from high molecular weight alkylated
phenols (resulting from the condensation of a high molecular weight



oi | -sol ubl e copper conpounds, such as described in U S. Patent No.
5,068,047, the disclosure of which is incorporated herein for purposes of

U.S. pateRiopsaski ce. Friction nodifiers serve to inpart the proper friction
characteristics to 5 lubricating oil conpositions such aspﬁaﬁ’éﬂﬁ‘l“?@

transm ssion fluids. Representative exanples of suitable friction nodifiers
are found in U S. Patent No. 3,933,659;37which discloses fatty acid esters
and am des; U.S. Patent No. 4,176,074 which describes nol ybdenum conpl exes
of polyi sobutenyl succinic anhydride-am no alkanols; U S. Patent No.
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metal sales, such as highly basic alkaline earth metal sulfonates (especially Ca and

Mg salts) are frequently used as detergents.

Compositions when containing these conventional additives are typically

blended into the base oil in amounts which are effective to provide their normal
20  attendant function. Thus, typical formulations can include, in amounts by weight,

a VI improver of the present invention (0.01-12%); a corrosion inhibitor (0.01-

5%); an oxidation inhibitor (0.01-5%); a dispersant (0.1-20%); a pour point

depressant (0.01-5%); an anti-foaming agent (0.001-3%); an anti-wear agent

(0.001-5%); a friction modifier (0.01-5%); a detergent/rust inhibitor (0.01-10%);
25 and an oil base.

When other additives are used, it may be desirable, although not necessary,
to prepare additive concentrates comprising concentrated solutions or dispersions
of the viscosity index improver (in concentrate amounts hereinabove described),
together with one or more of the other additives, such a concentrate denoted an

30 "additive package," whereby several additives can be added simultaneously to the
base oil to form a lubricating oil composition. Dissolution of the additive

concentrate into the lubricating oil may be facilitated by solvents and by mixing



-37 al kyl substituted phenol, an al kyl ene pol yam ne and an al dehyde such as
formal dehyde) are al so useful as dispersants. Pour point depressants,

ot herw se | ube oil flow inprovers, lower the te re,.at which
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t he ot her addltlves such a concentrate denoted an 30 "additive package

wher eby sever al a4d,91| t Iﬁﬁﬁd&%%&%&%qﬁp simul taneously to the

15 Conventional blending methods are described in U.S. Patent No.
4,464,493, the disclosure of which is incorporated hercin by reference for
purposes of U.S. patent practice. This conventional process requires passing the
polymer through an extruder at elevated temperature for degradation of the
polymer and circulating hot oil across the die face of the extruder while reducing

20  the degraded polymer to particle size upon issuance from the extruder and into the
hot oil. The pelletized, solid polymer compositions of the present invention, as
described above, can be added by blending directly with the base oil so as give
directly viscosity for the VI improver, so that the complex multi-step process of
the prior art is not needed. The solid polymer composition can be dissolved in the

25  base oil without the need for additional shearing and degradation processes.

The polymer compositions will be soluble at room temperature in lube oils
at up to 10 percent concentration in order to prepare a viscosity modifier
concentrate. Such concentrate, including eventually an additional additive package
including the typical additives used in lube oil application as described above, is

30  generally further diluted to the final concentration (usually around 1%) by multi-

- grade fube oil producers. In this case, the concentrate will be a pourable

homogeneous solid free solution.



base oil to forma lubricating oil conmposition. Dissolution of the additive
concentrate into the lubricating oil may be facilitated by solvents and by
m Xi ng WO/ PCTI USO1/ 44343 -38 acconpanied with mld heatin but
this is ng%géf@%ﬁ ial. The additive-package will typi callﬁcﬁ@sﬁ’d‘fﬁ% ated to
contain the viscosity index inprover and optional additional additives in
proper anounts to provide the desired edhcentration in the final

formul ati on when the additive-package is conbined with a predeterm ned 5
amount of base lubricant. Thus, the products of the present invention can be
added to small afiwupbdlynet doaspesitiohs preferablgr have rep etidablseability viadd:s (S8Ipng wi t h
other desirable additives to form additive-packages containing active

i ngredi ent s (dstermmed @egarding i IR7) of Brmal0t9 50 om 2.5 to 90% preferably
from5 to 75% and still nore preferably from8 to 50% by wei ght additives
in the appropriate 10 proportions with the remai nder being base oil. The
final fornul&ti onBXAMPIUBS typically about 10 wt. % of the additive- package
with the remainder  bejng base oil. 4.7 Blending with Base G| 15

Conventi onal bl endtkesialeand Metheds described in U S. Patent No. 4, 464, 493,
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i nprover, so_ that the conplex nulti-step process of the prior art is not
needed. The EQﬂﬁcénSpol ymer conposition can be dissolved in the 25 base oil
wi t hout the need i i3 gﬁﬁﬁ ' . e The
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to 10 percenéompusitionk.; Alétallodene eatdBiststa@e Ri®Pa ke polyricios alphs-glEfits veey
concentrate. Such concentrate, including eventually an additional additive
package regioselectively, so that alpha-olefins are mainly incorporated in a 1,2 manner

at up

15  during polymerization, while there is almost no 2,1 incorporation. The presence or
absence of regio-irregularities or regio-inversions can be evidenced by the use of
13C NMR as described by Randall in Polymer Sequence Determination : >C NMR
Methods (Academic Press, 1977).

Methylene carbons located along the backbone of an ethylene alpha-olefin

20  copolymer chain are identified by a pair of Greek letters, indicating the Jocation of
the nearest methine carbons in either direction. The Greek letter o indicates that a
methine carbon is directly bonded to the methylene carbon of interest. The Greek

letters B, y and 8 indicate that a methine carbon is 2, 3 or 4 carbons removed,
respectively, from the carbon of interest. Since neighboring carbon contribution

25 to chemical shifts seldom exceeds four carbon away from each other, a methine
carbon four or more carbons from the methylene carbon of interest is indicated by

a &. This principle is applied below to describe following sequences:



including the typical additives used in |ube oil application as descri bed
above, is 30 generally further diluted to the final concentration (usually
around 19 i- grade |ube oil producers. In this case, the concentrate
will be é“%@ﬁ?ﬁ%#% homogeneous solid free sol ution. WO 02P4E¥591/44343

PCT/ USOL/ 44343 -39 The pol ymer conpositions preferably have a shear
stability index (SSI) (determ ned accertli ng to ASTM D97) of from 10 to 50.
5. EXAMPLES 5 Materials and Methods Fourier Transformed Infrared (FTIIt)
spectroscopy according to ASTM D3900 was used to determ ne the polyner
conposition, specifically ethylene content. The polynmers were conpressed at
a tenperature of 165C into thin films fromwhich infrared spectra were
taken, using a Nicolet Avatar O Fourier to Transform Infrared Spectroneter
at 2 cm 1 resol utionx~Wwith_ afi aﬁéqulap;ah of 100 scans. Carbon-13 NWVR (13C
NMR) was al so used to chdtacterize tf® 'pol ymer conpositions. Metallocene
catal ysts are known to pqglynerize al pha-olefins very regioselectively, so

t hat al pha-ol efins are inly incorporated in a 1,2 manner 15 during

pol ymeri zation, while thé&re is alnost® no 2,1 incorporation. The presence or
absence of regio-irregularities or regio-ignversions can be evidenced by the
use of 13C NMWR as described by Randall in Polynmer Sequence Determ nation :
13C NVR Met hods (Academi c Prgss, 1977). t hyl ene carbons | ocated al ong the
backbone of an ethyl ene agggaemlefln 20 _egpol ymer chain are identified by a
pair of Greek letter®x indrcati ngthe LoCatiom of the nearest nethine
carbons in either dlrecP on. The C?é§E letter a indicates that a nethine
carbon is directly bonde{l to the net Y1 ene carbon of interest. The G eek
letters (3, y and 8 indiCate that a nmethine carbon is 2, 3 or 4 carbons
renoved, respectively, Tromthe carbon of interest. Since neighboring
carbon contribution 25 to chewical shifts sel dom exceeds four carbon away
from each other, a nethine n four orcHio e carbons from the nethyl ene
carbon of interest P§\|ndv6/tedh\y ~
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A sequence identified as off corresponds to 2 propylene units successively
5 incorporated in 1,2 and 2,1 whereas a sequence identified as By corresponds to a
P-E-P sequence where one propylene unit is incorporated in a 2,1 manner. The
polymer was dissolved at 125°C in a 80/20 mixture of 1,2,4 trichlorobenzene and

deuterobenzene to a concentration of 20 volume %. A high resolution (125.7



a S This principle is applied below to describe follow ng sequences: WO
02/ 46251 PCT/USO /44343 -40- as CHCHz CH | I RRR ap |l CHz CH CH CH2

| ap R a , CHCH2 ay CHpp RRR aSpy | CHz \ CH CH2
CH2 | py ngé?ﬁ‘%@*yy as CH2 CHz CHz CHCH2 CH2 CHI P P ’%_é'lﬂ“%“équence

identified as a5 corresponds to 2 prop;ﬁllene units successively

MHz) NMR was used. The NMR was run in a full decoupling mode with a pulse
time of 2 seconds and a 48 seconds delay between pulses with a total of 1024
pulses. Spectrum characterization and analysis was performed according to
Randall.

5 Maleic anhydride (MA) content was measured by FTIR. The peak height
of the anhydride absorption band at 1790 cm™ and of the acid absorption band
(from anhydride hydrolysis in air) at 1712 cm” was compared with a band at
4328 cm™ serving as internal standard. The total percentage of maleic anhydride
(%MA) was then calculated by the formula:

10 %MA = a+ k(A0 + A1712)/Asazs,
where "a" and "k" are constants determined by internal calibration with internal
standards and having values 0.09 and 0.19, respectively.
The imide (generated after reaction of maleic anhydride with N-
aminopropyl morpholine (NAPM)) content was measured by comparing the peak
15  height of the imide absorption band at 1705 em™ with a band at 4328 cm™ serving
as an internal standard, and is reported as an imid ratio. The imid ratio can be
correlated to a functionality content expressed in mmol per gram of polymer.
MFR (Melt Flow Rate) of the polymers was measured according to ASTM
D1238 at 230°C, with a 2.16 kg load.
20 Kinematic viscosity was measured at 100°C according to ASTM D445,
Thickening Efficiency (TE) was determined according to {XSTM D445.
High temperature high shear (HTHS) viscosity was measured at 150°C
according to ASTM D5481.
Cold cranking simulator (CCS) tests were performed at -20°C according to
25 ASTM D5293.
Mini rotary viscometer (MRV) tests were performed at -30°C according to
ASTM D4684,
Pour point was determined according to ASTM D97.
Shear stability index (SSI) was determined according to ASTM D3945,
30 Dimensional stability is assessed by leaving 20 grams of pellets in a

cylindrical glassware under a weight of 580 grams in an air oven at 50°C for 7



5 incorporated in 1,2 and 2,1 whereas a sequence identified as ay
corresponds to a P-E-P sequence where one propylene unit is incorporated in
a 2,1 man pol ymer was di ssolved at 125C in a 80/ | xture of 1,2,4
trichloroggﬁ%%ﬁgﬁand deut er obenzene to a concentration o?ggﬁhégﬁﬁﬁ@ % A
hi gh resolution (125.7 WD 02/ 46251 PCT/ USOLl/ 44343 -41 MHz) NWVR was used.
The NVR was run in a full decoupling fle with a pulse time of 2 seconds
and a 48 seconds del ay between pulses with a total of 1024 pul ses. Spectrum
characterization_and angl ysi s was perforned accorging to Randall. -5 Mleic
anhydri de (W&Ys. cLhg eafe Q%a@llﬁfe@%agséamsgmm(mea%e glorags; Yahilityp s thea
anhydri de a ' . ol | ] on band
(from anhydrglag{éER ‘%/g}?g? ?@?’é@ﬁ&g‘?g‘i ﬁéﬁesg%{?%g%&lﬂlg\gg@ g@%{)agé)ée@é I%Ht h a band at
4328 cm -1 serving as internal standard. The total percentage of naleic
anhydride (%) was then calculated by the fornula: 10 %A = a + k(A 1790 +
A 1712)/ A4328, wiamplesk and "k" are constants deternined by internal

calibration with I r %Hﬁ]h ' I infoCet 9,
respectiélel y. Thé p%@g@?@g@é@;ﬁggdﬂ% er é@%é%??otﬁ%olf maa(él C gr%y%ﬂ&de W th
N- am nopr opaacton® icpimdctedein| BARY) ) Thenéflatntwiemress first drehytor; ogopddining t he peak

I's height of the imde absorption band at 1705 cm1 with a_ band at 4328 cm'
serving as RALYIRE sirAduced: tatean dnd gupreacted appnomss. 34@s Hgd; with additignalThe i d

ratio can b rela f.HnCE 4 Lt . I4N | per
gram of pol ;ﬁljr(r)é]?g{ek’/éﬁ %%&F‘%&?%%@a%%%gahkt%oéﬁggﬁ&%%]rlg%\%?aﬁn@gggi ed accordi ng
to ASTM Dl1#38ti@t ofA80 (otalpolymer cbrdfoskipnl add. in 26k fidsnfipior 604 BLagighy, was

nmeasured at 100C according to ASTM D445. . Thickening Efficiency (TE) was
det er ni Aed Fhe pplymegizatirnwaspavirmed inpojution: Mpiag hexane asiagelveRkar ( HTHS)

Similator (ocs) LR B retllE nAlFER LA e SRR e ERbERERNE 200
90°C, an overall pressure of 20 bar and ethylene and propylene feed rates of 1.3
kg/hr and 2 kg/r, respectively.  As catalyst, N,N-dimethylanilinium
tetrakis(pentafiuorophenyl)boron was used to activate [cyclopentadienyl(2,7-di-t-
15 butylfluorenyl}di-p-tricthylsilanephenylmethane] hafnium dimethyl. In the

process, hydrogen addition and temperature control were used to achieve the
desired MFR. The catalyst, activatéd externally to the reactor, was added as
needed in amounts effective to maintain the target polymerization temperature.

In the second reactor, polymerization was performed with the same overall

20 pressure and catalyst feed rate, but with ethylene and propylene feed rates of 4.9
kg/hr and 1.8 kg/hr, respectively, and at a temperature of 130°C.

The mixed copolymer solution emerging from the second reactor was
killed and then devolatilized using conventionally known devolatilization methods
such as flashing or liquid phase separation, first by removing the bulk of the

25  hexane to provide a concentrated solution, and then by stripping the remainder of
the solvent in anhydrous conditions using a LIST devolatilizer or a twin screw
develoatilizing extruder so as to end up with a molten polymer composition
containing less than 0.5 wt % of solvent and other volatiles. The molten polymer
composition was advanced by a screw to a pelletizer from which the polymer

30  composition pellets are submerged in water and cooled until solid.



Mni rotary visconeter (MRV) tests were perforned at -30C according to ASTM
D4684. Pour point was determ ned according to ASTM D97. Shear stability

i ndex (st Eﬁ& gllet erm ned according to ASTM D3945. 30 Dinepsional stability
i s assessed B Peaving 20 grams of pellets in a cylindricBY VIPMIE e under
a weight of 580 grans in an air oven at, 50C for 7 WD 02/46251 PCTI USO /44343
-42 days. The ease of pellet de-aggl onePat i on (nmeasure of storage stability)
is then evaluated by neasuring the force necessary to break the

aggl oner at ed pel | gts. Exarrpl e 1 5 A polyner conposition was synthesized in
two conti nuous - tank reactors connected in series.. The effl uent

fromthe first re C I 4 HEREzeR" ) eact ed
nonomer, was fed,ﬁﬁo @%d%!@gﬁfgﬁgwan%%mr?mtaﬁg&ggg% r%gag‘%%?q\’/\%{e}{re t he
pol yner i zat iconcemtimtiomsdridniemgerafive weke motliftxd asfdesdribet] dtudherfinrgfornce posi ti on
made in the fi Eﬂst reactor 30% by weight. 10 The pol ynerizati on was

per f or med i ey tion, using hexane as a solvent. In the first reactor,

pol ymeri zati on V\/(:\ls][1 ehhQ . at r : I essure
of 20 baf% and et hy egne a%ﬁ%%%pf e%%%ggﬁ#aﬁgfsﬂpg?ﬁ%% ﬁ@g%&gngmgf kg/ hr,
respecti vel \Exadwplesal add/3 are mepditell meT4bj¢ anilhithed Tiable, the polymer produced in

t et raki s(pent af) uorophenyl ) bor on vlas usgd tho a{:ti vat e )

[ cycl opent ade Ayt Esacioy s denpfed "Polymer A", the polymer produced in the second

butyl fluore I +P, { ot i ep ] ks i hyl n the
process, hygﬁ)%%nlsa |0%%%0*r?déﬁgélﬁgnb%?d;ﬁ§§a?g{r%frcgﬁﬁ&gpgﬂqucgggﬁflggggm eve the
desired MFRpofhrers A ahy B is deidtstht'EntabRolynied| by "FP".t Mherchardicteristivinsf added as
needed in anpbunts effective to maintain the tarciggt d%gl yneri zation

13|

t enper atldr e Polymena andcths d'inal Rolpper were, determine ol mepsussmer ofia h t he

sanme overall t gl , | and

pr opyl ene fg%g%%at{ag?%? ﬁﬁt'h g%klg‘?r?? %%gr%%ggﬁéﬁ?ra re?%é%&%?%@g& ZE% at a

t enper at ur e chratetiflicsTutymer® dvetodetbynmined by baitulatioreaefotiows. from t he second
reactor was Kkilled and then devolatili nggfrUSitﬂg conventional Iy known

devol ati | i zati on HstHEROT Folimerdd 15 qajcuiat fallowving squatioBpar at i on, first

by renoving the bul k of the

S Y
MFR [WRJ []WFRJ

15
where MFRpp is the MFR of the final polymer, MFR, is the MFR of Polymer A,
MFRj is the (calculated) MFR of Polymer B, and a is the fraction (by weight) of
the total polymer produced in the first reactor; i.e,
Q= M,
M FP
20

where M, is the mass of Polymer A and Mgp is the mass of the final polymer.
The value of o is from 0.1 to 0.9 . When the measured values of MFRrp, MFR 4
and o are used in the above equaﬁon, MFRp can be calculated.

The ethylene content of the polymer produced in the second reactor is

25  calculated according to the following equation:

Etp = afit , +(1-a)Et,
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SAPR ®, TESpeCiTVel %] The characterisiggs rolymer B were

by cal Cul ati on as_flollows. The MFR of Polyner B is cal cul ated

IMBRiANG/ Homat)*on: MFRFP _~12.3~ RA~4 ~] YI | ' | ~Bl0.6a 15 vvhe{e MFRFF

' j pof —Polymer A NERB is the

)ﬁiﬁﬁ @18 Ter B, | and a i ¢the fractfjon (by wke$ght) of |the

t%F'?lwtioedin ttefrrst—Tegggor, Te | a=Wt re MA is
0 §mer A and M ils the mass of the final polyneér. The Val ue of

BtAt@vi@sp . When the neasur4g8l2val ues of M-RFF, 508RA

EiB (wt %) 73.9 772

a 0.30 0.45

Mw/Mn 1.9 2

Force to deagglomerate 95N not measured

10

¥7230°C, 2.16 kg

Example 3

The polymer compositions of Examples 1 and 2, and Paratone™ 8900

which is commercially available viscosity improver using traditional Ziegler-Natta

catalyzed polymers, were analyzed by >C NMR as described above. The results

are shown in Table 2, as percentages of each sequence length (number of

methylene units) having the indicated sequence type.

Table 2
Seq. Length Seq. Type Example 1 Example 2 P.8900*
1 a-o. 18.1 227 16.3
2 o- 0.4 0.7 11.4
3 B 27.4 28.5 17.8
4 B-y 0.5 0.2 5.6
5 =Y 14.8 17.0 11.3
6 or more 75 38.9 30.9 376

* Paratone™ 8900



and a are used in the above equation, MFRB can be cal cul ated. The ethyl ene
content of the polynmer produced in the second reactor is 25 calculated
accordin foll owi ng equation: EtFP =aEtA + (1 - a) 46251
PCT/ USOIIQ%E@A{%E%}M where EtFF is the ethyl ene content of ﬁ%cﬁ.é(\{%ail%‘ﬁupol ymer,
EtA is the ethylene content of Pol yrreQSE_ﬁ\, and Eta is the cal cul ated

et hyl ene content of Pol ynmer B. Table 1 anple | Exanple 2 MRFF (g/10
mn)* 6.1 6.0 MRA (g/10 min)* 12.1 10.6 MRB (g/10 min)* 4.5 3.8 EtFP

W 19 2 °For R oSl st BpdBiol afeigcL d aid Po60 g5 4 {2

Exanpl e 3 Thfi FB??Yﬁﬁﬂl)r@éiiéP@écEi&h&H@§ reépebwdIpl esAd theddaa anrsv,PpoBhrReTM 8900
which is comrercially avail abl e vi scosi t¥ | mprover using traditional

Zi egl er - Nat ¢ampasiicnsy ok thep prepentr ipventione (Byemplesed #3d 23 CoRIAR yeryddewr i bed

Fongth (nunbapdt OF ke RLToT AR RabE, JRPLE thus ABCRELH AIRIERC Tp o mauenCe
Tabl e 2 SedeorebytHs IEI00 sk, PRl eodventofallebRbRnEDQAAd vichreakia8. 1 22. 7

16.3 2 a-00.4 0.7 11.4 o
conventional Ziegler-Natta ethylene-propylene copolymers, contains significant

amounts of regio-inversion.

Example 4
10 The polymer composition from Example 1 was dissolved in STS ENJ102

oil available form ExxonMobil at a 1.5 wt % concentration, to resemble
commercially used lubricant formulations. The solution thickening efficiency
(TE) and shear stability index (SSI) were measured and compared to a similar
solution of Paratone™ 8900 which is commercially available viscosity improver
15 which is made by separate solution and devolatilization of different ethylene-
propylene copolymer fractions followed by blending and viscbreaking in a twin

screw extruder. Results are given in Table 3.

Table 3
Example 1 P8900
Thickening Efficiency 1.93 _1.98
Shear Stability Index (%) 18 21
20 The ethylene-propylene copolymer components can be recovered from the

formulation by precipitating them using a non-solvent such as acetone.

Example 5
11.3 % of the polymer composition of Example 1 was dissolved in a SAE

25  10W40 base oil containing 14.8% of a detergent inhibitor package, 0.3% of a pour
point depressant, 58% of Chevron 100 and 42% of Chevron 220 oils available
from Chevron. Properties of the finished oils are reported in Table 4 and
compared to a finished oil containing Paratone™ 8900, which is a typical



3 a-(3 27.4 28.517.8 4 a-7 0.50.25.6 5 7-7 14.8 17.0 11.3 6 or nore
7-6 38.9 30.9 37.6 * ParatoneTM 8900 WD 02/ 46251 PCT/ US01/ 44343 -45 The
average sgiip | ength for Exanples 1, 2 and P8900 was 6.9, 6,0 and 6.7
nmet hyl ene seq?}(eé%sées, respectively. As the data show, pol yn%(FT/U%%Hﬂ%ﬁitions
of the present invention (Exanples 1 and 2) contain very low anounts of a-P
and Ry sequences, and are thus alnost Tree of regio-inversion. In 5
contrast, the P8900 sanpl e, prepared conventionally by blending and

vi sebr eaki n convent. onal Zi eglers Natta et.hyl ene-propyl ene copol yners,
contains si g?fflfnfe&% vm%’r?ﬁﬂﬁ?%ﬁ%?r' rl’rgb‘l %ﬁﬁ@t‘?éirﬁs?ﬁl@sa%pécai ci’b‘Pe’f‘hétepol ymer
conposi ti onag fANbeXREPbE cdmmecisli 16 anefbrinklator® afdiddlRe on ¥hd schuilityadtl € form
ExxonMbbi|l at a 1.5 w % concentration, to resenble conmercially used

| ubri cant f &eraspalymems. The sol ution thickening efficiency (TE) and shear
stability index (SSI) were nmeasured and conpared to a simlar solution of
Par at oneTM 8900 which is commercially avail able viscosity inprover 15 which
is made by separate solution and devopggld4i zati on of different ethyl ene-
propyl ene copolyner fractions followed by blending and viscbreaking in a
twin screw extruder. Results|are gilxamplel Tabl e |3. Peaddbne™ 80Q@nplle 1 P8900

Thi ckening Efficiency ] 93 1 48 Shear. St ahi Lity Und 0 Eo The
et hyl ene- pr opfiaemeaticopscosisratqonrponentld-28an be rdcover e§4f1r30m t he

formul ati on bgoﬁg(f:?cis%t ating tthem usi ng a non-sol|lvent such as acetone.
Exanple 5 1143 "% OF the pol ymer conposition of E{anple 1 was dissglved in a

SAE CCS at -20°C (Cp) 3250 3180
MRY at -30°C (Cp) 17300 21515
HTHS (Cp) 4.04 4.02
Pour Point (°C) -30 -30
5

These data demonstrate that polymer compositions of the present invention
can be processed into lubricant formulations having properties similar to those of
formulations made from corriponents prepared by more complex and more
expensive multi-step methods, .

10

Example 6

The polymer composition from Example 2 was grafted as follows. The
polymer composition was fed to a twin screw extruder at a 7 kg/hr feed rate with
1.65 wt % of Crystalman™ maleic anhydride (available from Siber Hegner raw

15  materials Ltd, Zurich, CH) and 0.05 % of a 10% by weight solution of Luperox™
130 (available from Pennwalt Corporation) in Marcol™ oil (a white mineral oil
from ExxonMobil). The extruder temperature was set at 180°, 190°, 210° and
210°C over 4 zones, respectively, with the die at 180°C and a screw speed of 210
rpm. The grafting level was determined by FTIR and corresponds to 1.2 wt %

20 maleic anhydride; the grafted polymer had an MFR (230°C, 2.16kg) of 11
g/10min. The maleic qnhydxide-grafted polymer composition was recovered after
under-water pelletization and drying, and fed to a twin screw extruder at a 7kg/hr
feed rate with 4.2 % of NAPM (N-aminopropyl morpholine). The extruder



25 10W0 base oil containing 14.8% of a detergent inhibitor package, 0.3% of
a pour point depressant, 58% of Chevron 100 and 42% of Chevron 220 oils
avai | abl ewcf;&(;‘{ghghevron. Properties of the finished oils ar&_ reported in
Tabl e 4 and conpared to a finished oil containing ParatontTVP8YHE4nhich is
a typical WO 02/46251 PCT/ USOLl/ 44343 -46 commercial viscosity nodifier.
This formul ati on resenbl es a typical cddcentrate as may be used by
comercial lubricant forrmulators and relies on the solubility of the
copolynmers. Table 4 Exanple 1 ParatoneTM 8900 Kinematic Viscosity at 14.25
14.13 100Ctgmmrrptugcwagset 2B CAP032350° andd S0RR\wver 4- Boes,(1eppectivep0 21515

710 50 BB il g o L

| ubri cant f QFRI(230°0)2. I6RY) 601 1P§/20 &k afS a8 imiide d4itid 6f 7.5 06Rredpondlry ta1l at i ons
made from conponents prepared by nore conplex and nore expensive nulti-step

net hods. 10 fexciiepalitydeveil ef BdRymmel/'g ofpddymer on from Exanpl e 2 was grafted as
foll ows. -The polyner conposition was fed to a twin screw extruder at a 7
kg/ hr fedd rate with 1.65 wt % of Crystal manTM nal ei ¢ anhydri de (avail abl e
from Si ber HegnerE;{g%ﬁlé$ materials Ltd, Zurich, CH) and 0.05 % of a 10% by
wei ght solution ¢ uperoxTM 130 (avail able from Pennwalt Corporation) in

Marcol TM oi | (a wifhiet polinee cempesition of dixamplcod Nwes Blafled radederivaidzed as
TR 2C U 0 ST e i AR B e ARBR TR 1Y
feed rate with 2.8 % of Crystalman™ maleic anhydride and 0.12 % of a 10% by
10 weight solution of Luperox™ 130 in Marcol™ oil. The extruder temperature was
set at 180°, 190°, 210° and 210°C over 4 zones, respectively, with the die at
180°C and a screw speed of 210 rpm. The grafting level achieved was 2.2 wt %
maleic anhydride and the MFR (230°C, 2.16kg) was 2.8 g/10min. The maleic
anhydride-grafted polymer composition was recovered after under-water
15 pelletization and drying, and fed to a twin screw extruder at a 7kg/hr feed rate
with 8 % of NAPM (N-aminopropyl morpholine). The extruder temperature was
set at 180°, 190°, 230° and 190°C over 4 zones, respectively, with the die at
180°C and the screw speed at 130 rpm. The final polymer had an MFR (230°C,
2.16kg) of 8 g/10 min and an imide ratio of 14, corresponding to a functionality
20 level of 0.22 mmol/g of polymer. This example shows that using a low molecular
weight series reactor backbone allows an increase in the functionality 1eve1 by
90%.

Example 8§
25 The chemically modified polymer compositions of Examples 6 and 7 were

dissolved in ENJ102 oil at a 1.5 wt % concentration. The resulting solution
thickening efficiency and shear stability index were measured and compared to a
similar solution of Paratone™ 8950, a commercially available DOCP (dispersant
olefin copolymer) (ExxonMobil). The results are given in Table 5.

30



rpm The grafting | evel was determ ned by FTIR and corresponds to 1.2 wt %
20 mal ei ¢ anhydride; the grafted polyner had an MFR (230C, 2.16kg) of 11
g/ 1 0m n. i ¢ anhydride-grafted pol ymer conposition ver ed
after un\gte}?’-zwasgr pell etization and drying, and fed to apmg@@%éa
extruder at a 7kg/hr feed rate with 4,2 % of NAPM ( N-am nopr opyl

nor phol i ne). The extruder WO 02/ 46251 PCT/ US01/ 44343 -47 tenperature was
set at 1800, 190, 230 and 190C over 4 zones, respectively, wth the die at
180C and the screw speed at 140 rpm ;&I@g final polynmer had an MR (230C,
2.16kg) of 11 g/10 mn and an imde ;l' |(§ of 7.5, corresponding to a
functional ity Tever of "0. 12 o] BafiplefP Y Bianiplé7 aNPP&ratond MeRg30QT | TEr
conposi tion [of Exanple 2 was grafted and|derivatized as follows.| The

pol ymer conpoBhitkeningBidi@eyt 0 @ tve.f sciew ex43uder| at a2/g/hr | feed rate
with 2.8 %af_CQystalmanTM mmlefc anhydriide and Q. 12 %of _a 10%hy 10 wei ght
sol ution of |L¥hser Stability dadex{*®ar col ¥M oi . Thd9ext r uder .t edlper at uire was set
at 1800, 190—216—and—2+oC—oever4—Zones—+espectivety—wn je at 180C
and a screw speed of 210 rpm The grafting | evel achieved was 2.2 Wt %

el i . anhydr | deTRgath o VRS furk Seonste 2o g dbmpbiiofial i ¢
anhydri de-grafted pol yner conposition was recovered after under-water 15

pel | eti zat i efnthenpresenyi inyentiond cdre et processed inte dubricant tfornidations bavikgy/ hr f eed

rate with 8 % af NARPM ((N-am nopro orphaline). The extruder tenperature
was set atPr @?f,aeﬁé’é?lﬁfst@ e &@Wﬁ@?@%ﬁe@&r@%’&eﬁ &SPt B t he die
at 180G a'lﬁofe"t%n&ﬂéﬁﬂh@ﬂ%ﬁ?e@bpﬁ@@mhﬁﬁteﬂ- hRidgeal pol ymer had an MFR (230C,
2.16kg) of 8 g/10 mn and an imde ratio of 14, corresponding to a

functionality 20 level of 0.22 mml/g of polymer. This exanple shows that
using a | ow nol ecul ar i ght serj react or .backbone, al.l o an inhcrease in
the Tunctional ity | evall dgsimssciied hesit die Y Hcoborgied by PIBaITPT oo

pol ymer  corgpfkikdieisnsin WHieHBh@Sinforpétdticn WePmitted and to the extent they are

not inconsistent with this specification. All documents to which priority is

10 claimed are fully incorporated by reference for all jurisdictions in which such
incorporation is permitted. Although dependent claims have single dependencies
in accordance with U.S. practice, each of the features in any of the dependent
claims can be combined with each of the features of one or more of the other
dependent claims dependent upon the same independent claim or claims.

15



di ssolved in ENJIO2 oil at a 1.5 w % concentration. The resulting solution
t hi ckening efficiency and shear stability index were neasured and conpared
to a simlar solution of ParatoneTM 8950, a commercially avail abl e DOCP
(dispersant ol efin copol yner) (ExxonMpjgl). The results are given in Table
5. 30 WO 02/46251 PCT/ USCOL/ 44343 -48 Table 5 Exanple 6 Exanple 7 Paratoném
8950 Thickening Efficiency 2.5 2.43 2.5 Shear Stability Index (%9 19 19 .21
The data of Exanples 6-8 further denonstrate that pol yner conpositions of
the preserftLAIM®ntion can be processed into |ubricant fornulations having
properties simlar to those of formulati ons nade from conponents prepared by
s nore conplex and nore expensive multi-step nmethods. Al docunents cited
herei n ar€l.f ul |Apiocesripomaking alyplid @blyirencemparitiorglthe procéss domptisiag: i n whi ch
such incorporation is permtited and to the extent they are not inﬁonsi st ent
with this speci® catrpplymgrizingsdiiensaad pcomrnemeprqrapqnept sunprising Aileast ar e

fully incorporated r L UL S Qi Gl }
i ncorporation is pe%letﬁ@ﬁﬁiaﬁ%%ﬁg@e%%#ggﬁ%b g%llétl thévt\g{uﬁﬁg)ﬁggﬁﬁns

dependenci es i n acamdeesud@ion gHasd tdaditimaahd oethe peessbna@foftahmethadene es in any
of the dependent clains can_be conbi ned vvlthqejach of the features of one or

more of the other galbr e first sagtor andwrareren §6ﬁ°¥5ﬁ§d§8%m1%@6é-ﬁﬂent
claimor claims. 15 inﬁ%écogd%low;ﬂners%r?& 8%1?&{&&3%'5\!5@90&1 rEchltbld pol ymer
rsing:” (a) copo y

conposition, the process conp ymeri1 zing et ene and a

cononomer conponent respEptivedy itpsohiitidnaa produee @ copslgmer mbahechet from t he group
consisting of C3 to C20 al pha olefins wunder sol ution phase conditions and
in the presencdbbf ryipgahg enpohuner spikpis to foym agofd pelymes semppsition i n a

second reactor; and &ﬁ)&&h_ﬂi ng the first

) the first and second copolymers have different mole percents of ethylene-
derived units, with one copolymer having a lower ethylene content and the
other copolymer having a higher ethylene content;

(ii))  the copolymer having a lower ethylene-content comprises from 50 to 70
mol % ethylene-derived units and has an MFR of from 0.2 to 25;

(iii)  the copolymer having a higher ethylene content has greater than 74 mol %
ethylene-derived units and an MFR of from 0.2 to 25; and

(iv)  the solid polymer composition has a solubility in oil of at least 5 % by

weight and a content of ethylene-derived units of from 70 to 85 mol%.

2. A process according to claim 1 in which the copolymer having a higher ethylene

content has greater than 78 mol % ethylene-derived units.

3. A process according to claim 1 or claim 2 in which each of the first copolymer and

the second copolymer has a molecular weight ratio Mw/M,, of from 1.5 to 3.

4, A process according to any of the preceding claims 1-3 in which the first

comonomer component comprises propylene.

5. A process according to any of the preceding claims 1-4 in which the first and/or

second copolymer component further comprise a diene monomer.



and second copol yners produced in the first and second reactor respectively
in solution to produce a copolyner m xture; and (b) drying the copol yner

m xture to forma solid polynmer conposition, wherein: (i) the first and
second copol yners have different nole pgpcents of ethylene- derived units,
wi th one copol yner having a | ower ethylene content and the other copol yner
havi ng a hi gher ethylene content; (ii) the copolyner having a | ower

et hyl ene-content conprises.from50.to0 70 .nol . % ethyl ene-derived units and
s an WERSof 4 BIRRGRSAEGring ©ahy of InkSced it 1t NEch B HRENOER | ane
content has gr eatdystd iAahe fitht IRl scon®ldAviorNRe BRASAM MM Sriflkdn MR of from
0.2 to 25; and (iV) the solid polyner conposition has a solubility in oil of
at least 5 % by weight and a content of ethylene-derived units of from 70
to 85 nmol 9 2. rocess according.to clai,m1 in which {he copol yner having
Lot gher ehhyi chEROETREARIELS gy DL DTToRATE FARi S o4t BT draaial b i £ <.
3. A process a%ﬁ{lﬁtéﬁiﬂ thOfifsh @hdkeboRd réab@&srargawvav@a'm RAEDr &Eal{liﬂ-e first
copolymer and the second copol yner has a nol ecul ar “'weli ght ratio Mv M of
from1.5 to 3. chordinggedamies. according to any of the preceding clains 1-3 in
which the first conononmer conponent conprises propylene. 5. A process
according to any of the preceding clains 1-4 in which the first and/or
second copgpl ymex coaponestd; ther i pene Fexrh

process agséor di‘sﬁg to any&ggﬁ%eﬁg%g{gﬁﬁdga&ggﬁlﬂgﬁ?%%H&Ei%l}?réﬁéhe%mﬁ

nmet al | ocene catmhgtot adithe sdvond reastor arecbontinmng stirad tamk yeat@s lvithdpe dirdaf ni um
conpl exes. 7. A process according to any of the preceding clains 1-6 in

Whi ch the. met al TebRiarATangsd gpspeerRr qfiihe reonq regetonpndl reeeiyig the slthusnicoldhe
activated by a ﬁ%ﬁ&ﬁ&o. akl y- coordi nated anion. 8. A process according to
any of the preceding clains 1-7 in which wherein the first reactor and the
second reactor are continuous stirred tank reactors with the first reactor

arranged upstream of the second_react or _aﬂ% receiving the effluent of the
first r eac?-or A process according to claim 8 in which the lower ethylene content copolymer is

polymerized in the first reactor or in the second reactor.

10. A process according to claim 8 or claim 9 in which from 30 to 70 % by weight of

the polymer composition is produced in the first reactor.

11. A process according to any of the preceding claims 1-10 further comprising adding
hydrogen to the first reactor, the second reactor, or both, in an amount sufficient to

reduce the molecular weight of the polymer formed therein.

12. A process of grafting a polymer mixture obtainable in a process according to any of
the preceding claims 1-11 which process comprises grafting the mixture with
maleic anhydride to form a grafted polymer composition having a maleic acid

content of from 0.1 to 5 mol % based on the total polymer weight.

13. A process according to claim 12 further comprising derivatizing the grafted
polymer composition by reaction with a derivatizing compound, the derivatizing
compound comprising at least one derivatizing group capable of reacting with the

maleic acid functional group of the grafted polymer composition.



9. A process according to claim8 in which the | ower ethylene content
copolyner is polynerized in the first reactor or in the second reactor. 10.
A process according to claim8 or claim9 in which from30 to 70 % by wei ght
of the polyner conposition is producedsijn the first reactor. 11. A process
according to any of the preceding clains 1-10 further conprising addi ng
hydrogen to the first reactor, the second reactor, or both, in an anount

sufficient, to uce, t he | ecul ar. .wei ght, of e pol.ymer formed therein.
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accordi ng to ansnositiol dbRiRASEINE prdRbFecdrdidg 16hinG df e 8&irpAIRbdsSIe s
grafting the mxture with nmaleic anhydride to forma grafted polyner
conposi tion havidag a naleic acid content of from0.1 to 5 nmol % based on
the total polymer weight. 13. A process according to claim12 further
conprising derivatizing the grafted polynmer conposition by reaction with a
derivati ziygy coApessesk fok Pﬁ)ddeihg‘ﬂ&ﬁdcbbiﬁ@nd@ﬁﬁmwﬁgQ@H@béiﬁbﬂ,@h@brdc@ﬁst one
derivatizing group capable of reacting with the nmaleic acid functional
group of the gr@MPEYINEs|l yner conposition. -51- 14. A lube oil fornulation
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(a) copolynerizing ethylene and a first conmonomer conponent conprising at
| east one nonomer sedleldnsaender splutionephpso conditinnsiand imthegrreseaea of agpetalpgsing

ol efins under solutig hase-condi fion nd iR the presence.of a tal | ocene
catalyst inafirst RLETE BT PGklrah orfr vt Sobr SRR g T ocPal il
copol ymer; (b) @recditeefing R Fflhdrd @4 sdcOnd ré€RP MelsdrRGH DI the first @édey; Wi th the

first reactor; (c) copolynerizing ethylene and a second conpbnoner conponent
conprising at G%asthm@rrmmﬁﬁtgﬁm ishgornoges GpMpoRet SeMAHSIBE C3 to

cEP
C20 al pha ol efins upgder. sol ution phas ndj,ti ons and. j.n t resenge of a
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catalyst in a second reactor to form a second copolymer mixed with the first
copolymer in solution in which one of the first and second copolymers
comprises from 50 to 70 mol % ethylene-derived units and has an MFR of
from 0.2 to 25, and the other of the first and second copolymers comprises
greater than 74 mol % ethylene-derived units and has an MFR of from 0.2
to 25;
(d)  drying the copolymer mixture to form a solid polymer composition; and
{(e) grafting the polymer composition with maleic anhydride to form a grafted
polymer composition having a maleic acid content of from 0.1 to 5 mol %,
wherein the grafted polymer composition has a solubility in oil of at least 5 % by
weight, a content of ethylene-derived units of from 70 to 85 mol %, and wherein
the process is carried out without additional blending, shearing or masticating

steps.

16. A process according to claim 15 further comprising derivatizing the grafted
polymer composition by reaction with a derivatizing compound, the derivatizing
compound comprising at least one derivatizing group capable of reacting with the

maleic acid functional group of the grafted polymer composition.



conprises from50 to 70 nol % et hyl ene-derived units and has an MFR of from
0.2 to 25, and the other of the first and second copol yners conpri ses
greater than 74 nol % ethyl ene-derived units and has an MFR of from0.2 to
25; (d) drying the copolyner m xture tasporma solid polymer conposition;

and (e) grafting the polynmer conposition with maleic anhydride to forma
grafted polyner conposition having a maleic acid content of fromO0.1 to 5
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mol % and Wnerlmpfovmgwemﬂpmaﬁﬁobtan&afmm@iy@ﬂblavms h@tﬂl@,ddltlonal bl endi ng,
shearing or nmasticating steps. 16. A process according to claim 15 further
conprising derivatizing the grafted polynmer conposition by reaction with a
derivati zi ng conpound, the derivatizing conpound conprising at |east one
derivati zing group capable of reacting with the maleic acid functional
group of the grafted pol ynmer conposition. -52- 17. A lube oil fornulation
conprising a mxture of a base oil and the viscosity index inproving
conposition obtained fromany of clainms 15 to 16.



