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ABSTRACT OF THE DISCLOSURE

The present invention is directed to a lubricating
oll composition exhibiting improved viscosity index
comprising 1lubricating o0il and a viscosity improving
effective amount of ethylene alpha-olefin polymer comprising
monomer units derived from ethylene and at least one.alpha-
olafin represented by the formula H%C = CHR! wherein R} is
an alkyl group of from 1 to 18 carbon atoms, and wherein
sald polymer has a number average molecular weight of from
above 20,000 to about 500,000, and an average of at least
about 30% of the polymer chains contain terminal ethylidene
unsaturation.
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This invention relates to oleaginous compositions,
including - 1lubricating oil compositions, fuel 0il

compositions, fuels, and the like containing ethylene alpha-
olefin viscosity index improver additives.

BACKGROUND OF THE INVENTION
Lubricating oil viscosity index improvers have
been widely used by the industry. Typically, these

viscosity index improvers comprise a long chain hydrocarbon
polymer. Ethylene-propylene copolymers and terpolymers have
been widely used as the polymers of choice.

High molecular weight ethylene-propylene polymers
and ethylene-propylene-dierie terpolymers, having viscosity
average molecular weights of from about 20,000 to 300, 000,
are +generally produced employlng Ziegler catalysts,
generally VCl, or VOCly with a halide source, such as
organoaluminum hal‘-ides and/or hydrogen halides. Such high
molecular welght EP and EPDM polymers find use as v1sc051ty
index improvers.  See, e. g., U.S. Patents 3,563,964;
3,697,429; 4,306,041; 4,540,753; 4,575,574; and 4,666,619.

The following diSclosures include disclosures of
EP/EPDM polymers of Mp of 700/500 000, also prepared by
conventlonal Zlagler catalysts. | |

In accordance w1th the instant invencion there are
provxded oleaglnous composg.tlons, partlcularly lubricating
oil compos:.tlons, - exhibiting J.mprov;ed viscosity index
contalnmg an addit;wa comprised of a particular type of
ethylane alphamolafm polymer. This ethylene alpha-olefin
oolymer has v1nylidenewtype termlnal unsaturation.



U.S. Patent 4,668,834 +to Uniroyal Chemical
discloses preparation (via certain metallocene and alumoxane
catalyst systems) and composition of ethylene-alpha olefin
copolymers and terpolymers having vinylidene-type terminal
unsaturation, which are disclosed <to be wuseful as
intermediates in epoxy-grafted encapsulation compositions.

Japanese Published Patent Application 87-129,303A
of Mitsui Petrochemical relates to narrow molecular weight
distribution (M,/M, <2.5) ethylene alpha-olefin copolymers
containing 85-99 mol% ethylene, which are disclosed to be
used for dispersing agents, modifiers or materials to
produce toners. The copolymers (having crystallinity of
from 5-85%) are prepared in the presence of a catalyst
system comprising 2r —compounds having at 1least one
cycloalkadienyl group and alumoxane.

European Patent 128,046 discloses (co)polyolefin
reactor blends of polyethylene and ethylene higher alpha-
olefin copolymers prepared by employing described dual-
metallocene/alumoxane catalyst systems.

European. Patent Publication 129,368 discloses

metallocene/alumoxane catalysts useful for the preparation’

of ethylene homopolymer and ethylene higher alpha-olefin
.copolymers."

European Patent Appllcatlon Publication 257,696 Al
relates to a process for dlmerlzlng alpha-—oleflns us:.ng a
catalyst comprlsxng certaln metallocene/alumoxane systems.

| PCT Publlshed Patent Applicatlon WO 88/01626
relates to transxtlon metal compound/alumoxane catalysts for
polymer121ng alpha-olefins.

TR
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SUMMARY OF THE INVENTION
The present invention is directed to oleaginous

compositions, including lubricating oil, fuel oil, fuel, and
the 1like, containing oil-soluble lubricating oil additives
comprising ethylene alpha-olefin interpolymers of from
greater than 20,000 to about 500,000 number average
molecular weight,. wherein the ethylene alpha-olefin polymer
i1s a terminally unsaturated ethylene alpha-olefin polymer

wherein the terminal wunsaturation comprises ethenvlidene
unsaturation.

These ethylene alpha-olefin polymers function as
viscosity index improvers and provide oleaginous
compositions, particularly lubricating oil compositions,
exhibiting improved viscosity index compared to oleaginous
compositions which do not contain these ethylene alpha-
olefin polymers.

DETAILED DESCRIPTION OF THE INVENTION
'PREPARATION OF ETHYLENE ALPHA-OLEFIN POLYMER

The polymers employed in this invention are
polymers of ethylene and at least one alpha-olefin having
the formula HZC=CHRl whérein rRL is straight chain or
branched chain alle radical comprising 1 to 18 carbon atoms
and wherein the polymer contains a high degree of terminal
‘ethenylidene unsaturation.- Preferably R! in the above
formula is alkyl of from 1 to 8 carbon atoms, and more
preferably is-alkyl'Of from 1 to 2 carbon atoms. Therefore,
useful 'COm_onomers with ethylene in this invention include
propylene, 1~butene,.hexene-1,.octene-l, 4-methylpentene~1,
decene~1,' "Vdodeceneel;' | tridecene~1, | tetradecene-1,
pentadeCeneel,  héxédécene-1, heptadecene-l, octadecene~1,
nonadeceneél and _fnixtures thereof (e.g., mixtures of
propylene and i-butené,'ahd the like).
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Exemplary of such polymers are ethylene-propylene
copolymers, ethylene-butene~l copolymers and the 1ike.
Preferred polymers are copolymers of ethylene and propylene
and ethylene and butene-1.

The molar ethylene content of the polymers
employed in this invention is preferably in the range of
between about 20 and about 80 percent, and more preferably
between about 30 and about 70 percent. When propylene and/or
butene~1 are employed as comonomer(s) with ethylene, the
ethylene content of such copolymers is most preferably
between about 45 and about 65 percent, although higher or
lower ethylene contents may be present.

The polymers employed in this invention generally
possess a number average molecular weight of at least
greater than 20,000, preferably.at least about 25,000, more
preferably at least about 30,000, and most preferably' at
- least about 35,000. Generally, the polymers should not
exceed a number average molecular we:l.qht of about 500,000,
preferably about 200,000, more preferably about 100,000, and
most preferably about 50,000. The number average molecular
weight for such polymers oan be determined by several known
techniqueS. A convenient method for such determination is
by *’size “ excluSion _ chromatography (also known as gel
permeatlon chromatography {(GPC)) which additionally provxdes
molecular welght dlstrlbutlon 1nformatlon, see W, W. Yau,
J.J. Kirkland and D.D. Bly, "Modern Size Exclusion Liquid
Chromatography", John.W1ley and Sons, ‘New York, 1979.

\ ‘-__The polymers' employed ~in this 1nventlon are
further charactern.zed in that up to about 95% and nmore of
‘the polymer chalns possess terminal ethenylidene-type
unsaturatlon.' Thus, one end of such polYmers will be of the
formula POLY-C(T1)~CH2 wherein Tl is ¢4 to C;g alkyl,
’pre‘ferably‘ Cq to 'Cg alkyl, and more preferably C; to Cy
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alkyl, (e.g., methyl or ethyl) and wherein POLY represents
the polymer chain. The chain length of the T1 alkyl group
will vary'depending on the comonomer(s) selected for use in
the pdlymerization. A minor amount of the polymer chains
can contain terminal ethenyl unsaturation, i.e. POLY-CH=CH,,

and a portion of the polymers can contain internal
monounsaturation, e.g. POLY-CH=CH(Tl), wherein ,Tl is as
defined above. . '

The polymer employed in this invention comprises
polymer chains, at least about 30 percent of which possess
terminal ethenylidene unsaturation. Preferably at least
about 50 percent, more preferably at least about 60 percent,
and most preferably at least about 75 percent (e.g. 75-98%),
of such polymer chains exhibit terminal ethyenylidene
unsaturation. The percentage of polymer chains exhibiting
terminal ethyenylidene unsaturation may be determined by
FTIR spectroscopic analysis, titration, or cl3NMR.

The polymer and the composition employed in this
invention may be prepared as described in U.S. Patent Nos.
4,752,597, and 4,871,705, in European Patent Publications

128,046 and 129,368, and 1in U.S. Patent No. 5,324,800 and
U.S. Patent No. 5,084,534.

The polymers for use in the present invention can
be prepared by polymerizing monomer mixtures comprising
ethylene in combination with ‘other monomers such as alpha-
olefins having from 3 to 20 carbon atoms (and preferably
from 3-4 carbon atoms, i.e., propylene, butene-1, and
mixtures thereof) in the presence of a catalyst system
comprising at least one metallocene (e.g., a
cyClopentadienyl-transition metal compound) and an alumoxane
compound. The comonomer content can be controlled through
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the selection of the metallocene catalyst component and by
controlling the partial pressure of the various monomers.

The catalysts employed in the production of +the
reactant polymers are organometallic coocrdination compounds
which are cyclopentadlenyl derivatives of a Group 4b metal
of the Periodic Table of the Elements (56th Edition of
Handbook of Chemistry and Physics, CRC Press [1975]) and
include mono, di and tricyclopentadienyls and their
derivatives of the transition metals. Particularly
desirable are the metallocene of a Group 4b metal such as
titanium, zirconium, and hafnium. The alumoxanes employed
in forming the reaction product with the metallocenes are

themselves the reaction products of an aluminum trialkyl
with water.

In general, at least one metallocene compound is
employed J.n the formatlon of the catalyst. As indicated,
supra, metallocene, is a metal  derivative of a
cyclopentadiene, The metallocenes usefully employed 1n
accordance with thls invention contain at 1least one
cyclopentadiene ring. The metal is selected from the Group
4b preferably titanium, zirconium, and hafnium, and most
preferably hafnium and 21rcon1um. ‘The cyclopentadlenyl ring
can be unsubstltuted or contain one or more substltuents
(e.g., from 1 to 5 substltuents) such as, for example, a
hydrocarbyl substltuent (e Jg., up to 5 Cq to Cg hydrocarbyl
substltuents) or other_ substltuents, e.g. such as, for
example, a trlalkyl 511y1 substltuent The metallocene can
- contain one, two, or three cyclopentadlenyl rings; however,
two rlngs are preferred

Useful metallocenes can be represented by the
general formulaso '

I. (Cp)mMRnxq
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wherein Cp 1is a cyclopentadienyl ring, M is a
Group 4b transition metal, R 1s a hydrocarbyl group or
hydrocarboxy group having from 1 to 20 carbon atoms, X is a
halogen, and m is a whole number from 1 to 3, n is a whole
number from 0 to 3, and g is a whole number from 0 to 3.

IT. (CsR'k) gR”s(CSR'k)MQ3_g and
III. R"S(CgR’y),MQ’

wherein (CgR’y) 1s a  cyclopentadienyl or
substituted cyclopentadienyl, each R’ is the same or
different and is hydrogen or a hydrocarbyl radical such as
alkyl, alkenyl, aryl, alkylaryl, or arylalkyl radical
containing from 1 to 20 carbon atoms, a silicon containing
hydrocarbyl radical, or hydrocarbyl radicals whereln two
carbon atoms are Joined together to fofm a C4~Cg ring, R" is
a Cy1-C4 alkylene radical; a dialkyl germanium or silicon, or
a alkyl phosphine or amine radical bridging two (CgR’y)
rings, Q 1s a hydrocarbyl radical such as aryl, alkyl,
alkenvyl, alkylaryl, or aryl alkyl radical having from 1-20
carbon atoms, hydrocarboxy radical having from 1-20 carbon
atoms or halogen and can be the same or different from each.
other, Q’ is an alkylidene radical having from 1 to about 20
carbon atoms, s is O or 1, g is 0, 1 or 2, € 1s 0 when ¢g is
0, k is 4 when s is 1, and k is 5 when s ié 0, and M is as
defined above. Exemplary hydrocarbyl radicals are methyl,
ethYl, ‘propyl,'.butyl, amyl, 1isoamyl, hexyl, 1isobutyl,
heptyl, octyl; nonyl, decy1;.cety1, 2-ethylhexyl, phenyl and
the like. EXemplary silicdn containing hydrocarbyl radicals
are - trimethy'lsilyl, tr'iethylsilyl - and triphenylsilyl.
Exemplary‘halogen'atOms.inCIude-chlorine, bromine, fluorine
and iodine and of these halogen atoms, chlorine 1is
préferred.  Exemplary hydrocarboxy radicals are methoxy
ethoxy, 'butoxy," a'myloxy and the like. Exemplary of the



alkylidene radicals is methylidene,

propylidene.

ethylidene and

Illustrative, but non~limiting examples of the

metallocenes represented by

formula I

are dialkyl

metallocenes such as bis(cyclopentadienyl)titanium dimethyl,

bis(cyclopentadienyl)titanium
bis(cyclopentadienyl)zirconium
bié(cyclopentadienyl)zirconium
bis(cyclopentadienyl)hafnium
bis(cyclopentadienyl)titanium
bis(cyclopentadienyl)zirconium
bis(cyclopentadienyl)titanium
bis(cyclopentadienyl)zirconium
bis(cyclopentadienyl)vanadium

diphenyl,
dimethvyl,
diphenyl,

dimethyl and diphenyl,

dimethyl; the

di-neopentyl,
di-necpentyl,
dibenzvl,
dibenzvyl,
mono alkyl

metallocenes such as bis(cyclopentadienyl)titanium methyl
chloride, bis(cyclopentadienyl) titanium ethyl chloride

bis(cyclopentadienyl)titanium
bis(cyclopentadienyl)zirconium
bis(cyclopentadienyl)zirconium
bis(cyclopentadienyl)zirconium
blis(cyclopentadienyl)zirconium
bis(cyclopentadienyl)titanium
bis(cyclbpentadienyl)titanium
bis(cyclopentadienyl)titanium

bis(cyclopentadienyl) = titanium

bis(cyclopentadienyl)titanium
bis(cyclopentadienyl)titanium

bis(cyclopentadianYl)zirconium'

bis (cyclopentadienyl) zirconium
bis(cyclopentadienyl)zirconium
bis(cyclopentadienyl)zirconium
bis(cYClopentadienyl)zirconium

phenyl chloride,
hydrochloride,

methyl chloride,
ethyl chloride,
phenyl chloride,
methyl bromide,
"~ methyl iodide,
ethyl bromide,

. ethyl iodide,
phenyl bromide,
phenyl iodide,
methyl bromide,
methyl iodide,
ethyl bromide.
ethyl iodide,
phenyl bromide,

bis'(cyc}.opentadienyl)zircqnium phenyl iodide; the trialkyl
metalloceneS‘ such as cyclopentadienyltitanium trimethyl,
cyclopentadieny_-l zirconium triphenyl, and cyclopentadienyl



zirconium trineopentyl, cyclopentadienylzirconium trimethyl,
cyclopentadienylhafnium triphenyl, cyclopentadienylhafnium
trineopentyl, and cyclopentadienylhafnium trimethyl,

Illustrative, but non-=limiting examples of II and
I1I metallocenes which can be usefully employed are

monocyclopentadienyls titanocenes such as,
pentamethylcyclopentadienyl titanium txichlbride,
pentaethylcyclopentadienyl titanium trichloride,
bis(pentamethylcyclopentadienyl) titanium diphenyl, the
carbene represented by the formula

bis(cyclopentadienyl)titanium=CH2 and derivatives of this
reagent such as bis(cyclopentadienyl) Ti=CH,.Al(CHj) 5,
(Cp,TiCH,5) 5, CpoT1CH,CH(CH,) CH,, Cp,Ti~-CHoCH,CHy;
substituted. bis(Cp)Ti(IV) compounds such as bis(indenyl)
titanium diphenyl or dichloride,
bls(methylcyclopentadlenyl)tltanlum dlphenyl or dihalides;
dialkyl, trialkyl, tetra-alkyl and penta-alkyl
cyclopéntadienyl titanium compounds such as Dbis(1,2-
dimethylcYclopentadienyl)titanium diphenyl or dichloride,
bis(l'2-diethylcyCIOpentadienYI)titanium - diphenyl or
dichloride and other dihalide complexes; 5111con, phosphine,
amine or carbon brldged cyclopen‘tadlene ‘complexes, such as

d;methylsllyldlcycl opentadienyl t itanium diphenyl or

dichloride, methyl phosphine diCyclopentadienyl titanium
diphenyl or dlchlorlde, methylenedlcyclopentadlenyl tltanlum
dlphanyl or dlchlorlde and other complexes descrlbed by
formulae II and III |

| Illustratlve but nonwllmltxng examples of the
zlrconocenes of Formula LI and III Wthh can be usefully

employed,g  are, - pentamethylcyclopentad1enyl zirconium
trichldfide,' ;pentaethylcyclopentadienyl zirconium
trlchlorlde, the alkyl substituted cyclopentadienes, such as
bis( ethylcyclopentadlenyl) zirconium dlmethyl bis(bata-

phenylpropylcyclopentadienyl) zirconium dimethyl,
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bis (methylcyclopentadienyl) zirconium dimethyl, bis(n-
butylcyclopentadienyl)zirconium dimethyl
bis (cyclohexylmethylcyclopentadienyl)zirconium dimethyl
bis(n-octyl-cyclopentadienyl)zirconium dimethyl, and

haloalkyl "and dihydride, and dihalide complexes of +the
above; dialkyl, trialkyl, tetra=-alkyl, and penta-alkyl
cyclopentadienes, such as bis(pentamethylcyclopenta-
dienyl) zirconium diphenyl, bis (pentamethylcyclopenta-
dienyl)zirconium dimethyl, bis(1l,2~dimethylcyclopenta-
dienyl)zirconium dimethyl and mono and dihalide and hydride
complexes of the above; silicon, phosphorus, and carbon
bridged cyclopentadiene complexes such as dimethylsilyl-
dicyclopentadienyl =zirconium dimethyl, methyl halide or
dihalide, and methylene  dicyclopentadienyl Zirconium
dimethyl, methyl halide, or dihalide. Mono, di and tri-
silyl substituted cyclopentadienyl compounds such as
bis(trimethylsilylcyclopentadienyl)zirconium dichloride and
dimethyl bis(1,3-di-trimethylsilylcyclopentadienyl)zirconium

dichloride and dimethyl and bis(1,2,4-tri~-
trimethylsilylcyclopentadienyl)zirconium dichloride and
dimethyl. Carbenes represented by the formulae

Cpy2r=CH4P(CgHg) ,CHy, and derivatives of these compounds
such as CpyZrCH,CH(CH,)CH,.

Mixed cyclopentadie'nyl metallocene compounds such
as cyclopentadlenyl (pentamethyl cyCIOpentadlenyl)zu'conlum
dichloride, (1,3-di~trimethylsilylcyclopentadienyl)
(pentamethylcyclopentadienyl) zirconium dichloride, and
cyclopentadienyl(ihdenyl) zirconium dichloride can be
employed.

| ‘Most preferably,' the polymers used in this
ihvention are substantially free of ethylene homopolymer.

Bis(cyclopentadienyl)hafnium dichloride,
bis(cyclopentadienyl)hafnium; dimethyl, bis(cyclo-
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pentadienyl)vanadium dichloride and the like are
‘illustrative of other metallocenes.

Some preferred metallocenes are bis(cyclopenta~
dlenyl)21rcon1um. dimethyl, bls(cyclopentadlenyl)21rcon1um

dichloride; bis(cyclopentadienyl)titanium dichloride;
bis (methylcyclopentadienyl) Zirconium dichloride;
bis(methylcyclopentadienyl)titanium dichloride; bis(n-
butylcyclopentadienyl)zirconium dichloride;
dimethylsilyldicyclopentadienyl zirconium dichloride;
bis (trimethylsilycyclopentadienyl)zirconium dichloride ; and
dimethylsilyldicyclopentadienyl titanium dichloride;
bis(indenyl) zirconium dichloride:; bis(4,5,6,7~tetra-

hydroindenyl) zirconium dichloride; the racenic and/or meso
isomer of 1,2~ethylene~bridged bis(4,5,6,7-tetrahydro~'
indenyl) zirconium dichloride; the racemic and/or meso isomer
of 1,1-dimethylsilyl-bridged bis(4,5,6,7-tetrahydro-
indenyl) zirconium dichloride; and the racemic and/or meso
isomer of 1,1~ dlmethy151lyl-br1dged bls(methylcyclopenta~
dlenyl)Zchonlum dlchlorlde.

The alumoxane compounds useful in the polymeriza-
tion process may be cyclic or linear. Cyclic alumoxanes may
be represented by the general.fermula (R-Al--O)n while linear
alumoxanes may be'represented by the general formula R(R-Al-
O)n’AlR,. In the general formula R is a Cy-Cg alkyl group
such as, for example, methyl ethyl, propyl, butyl and
pentyl 'n is an 1nteger of from 3 to 20, and n’ is an
1nteqer from 1 to about 20. Preferably, R 1is methyl and n
and n’ are 4- 18..  Generally, in the preparation of
alumoxanes from,'for example, aluminum trimethyl and water,
a_mlxture of the linear and cyclic compounds is obtained.

The alumoxane can be prepared in various ways.
Preferably, they are prepar_ed by contacting water with a
solution of aluminum trialkyl, such as, for examples,



2034715

aluminum trimethyl, in a suitable organic solvent such as
toluene or an aliphatic hydrocarbon. For example, the
aluminum alkyl is treated with water in the form of a moist
solvent. In an alternative method, the aluminum alkyl such
as aluminum trimethyl can be desirably contacted with a
hydrated salt such as hydrated copper sulfate or ferrous
sulfate. Preferably, the alumoxane is prepared in the
presence of a hydrated ferrous sulfate. The method
comprises treating a dilute solution of aluminum trimethyl
in, for example, toluene, with ferrous sulfate represented
by the general formula FeS0,4.7H50. The ratio of ferrous
sulfate to aluminum trimethyl is desirably about 1 mole of
ferrous sulfate for 6 to 7 moles of aluminum trimethyl. The

The mole ratio of aluminum in the alumoxane to
total metal in the metallocenes which can be usefully
- employed can be in the range of about 0.5:1 to about 1000:1,
and desirably about 1:1 to about 100:1. Preferably, the
mole ratio will be in the range of 50:1 to about 5:1 and
most preferably 20:1 to 5:1.

The solvents used 1in the preparation of the
catalyst system are inert hydrocarbons, in particular a
hydrocarbon that is 1nert with respect to the catalyst
system. Such solvents are well known and 1include, for
example,,-lsobutane,  butane, pentane, .hexane, heptane,
octane, cyclohexane; methylcyclohexane, toluene; Xylene and
the 1ike, - ' '

Polymerlzatlon is generally conducted at
temperatures ranglng between about 20° and about 300° C,
preferably between about 30° and about 200°C., Reaction time
is not ch.t:Lcal ancl may vary from several hours or more to
several minutes or less, depending upon factors such as
reactlon temperature, the monomers to be copolymerized, and



2@ A716

- 13 -

the like. One of ordinary skill in the art may readily
obtain the optimum reaction time for a given set of reaction
parameters by routine experimentation.,

The catalyst systems described herein are suitable
for the polymerization of olefins in solution over a wide
range of pressures. Preferably, the polymerization will be
completed at a pressure of from about 10 to about 3,000 bar,
and generally at a pressure within the range from about 40
bar to about 2,000 bar, and most preferably, the
polymerization will be completed at a pressure within the
range from about 50 bar to about 1,500 bar.

After poclymerization and, optionally,
deactivation of the <catalyst (e.g., by conventional
techniques such as contacting the polymerization reaction
medium with water or an alcohol, such as methanol, propanol,
is'opropan_ol-, etc., or cooling or flashing the medium to
terminate the polymerization reaction), the product polymer
can be recovered by processes well known in the art. Any
excess reactants may be flashed off from the polymer.

The polymerlzatlon may be conducted employing
liquid monomer, such as lquJ.d propylene, or mixtures of

ligquid monomers (such as mixtures of liquid propylene and 1-
butene), as the | reactlon .‘medium. Alternatively;
polymerlzatlon may be accompllshed in the presence of a
hydrocarbon 1nert to the polymerlzatlon such as butane,
pentane, 190pentane,._hexane,' isooctane, decane, toluene,
Xylene, and the like..

- In those SLtuatJ.ons whereln the molecular weight
of the polymer product that would be produced at a given set
of operatn.ng conditions is higher than desired, any of the

'techm.ques known in the prior art for control of molecular
welght.
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When carrying out the polymerization in a batch-type
fashion, the reaction diluent (if any), ethylene and alpha-
olefin comonomer(s) are Ccharged at appropriate ratios to a
suitable reactor. Care must be taken that all ingredients
are dry, with the reactants typically being passed through
molecular sieves or other drying means prior to their
introduction into the reactor. Subsequently, either the
catalyst and then the cocatalyst, or first the cocatalyst
and then the catalyst are introduced while agitat:ing the
reaction mixture, thereby <causing polymerization to
commence. Alternatively, the catalyst and cocatalyst may be
premixed in a solvent and then charged to the reactor. As
polymer is being formed, additional monomers may be added to
the reactor. Upon completion of the reaction, unreacted
nonomer and solvent are either flashed or distilled off, if
necessary by vacuum, and the low molecular weight copolymer
withdrawn from the reactor.

The polymerization may be conducted in a
~continuous manner by simultaneously feeding the reaction
diluent (if employed), monomers, catalyst and cocatalyst to
a reactor and withdrawing solvent, unreacted monomer and
polymér from the reactor so as to allow a residence time of
ingredients long enough for forming polymer of the desired
molecular weight and séparating the polymer from the
reaction mixture,

- The viscosity index improver or modifier additives
of ‘the present invention can be incorporated into an
oleaq:.nous compos:.tlon, particularly a lubricating oil, in
any convenient way. Thus, these additives can be added
dlrectly to the o0il by dispersing or dissolving the same 1in
the 011 at the desired level of concentrations of the
additive. Such blendmg into the additional lube oil can
occur at room temperature or elevated temperatures.
Alternatlvely, the additives can be blended with a suitable
oil-soluble solvent and base oil to form a concentrate, and
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then blending the concentrate with a lubricating oil
basestock to obtain the final formulation.

The lubricating oil basestdck for the viscosity
index improver additive typically is adapted to perform a
selected function by the incorporation of additional
additives therein to form lubricating oil compositions
(i.e., formulations). Such concentrates will typically
contain (on an active ingredient (A.I.) basis) from about 5
to about 60 wt.%, preferably from about 10 to about 60, and
more preferably from about 20 to about 50 wt.%, of the
viscosity index improver additive of the instant invention,
and typically from about 40 to 95 wt.% , preferably from
about 40 to about 90 wt.%, and more preferably from about
50 to 80 wt.% base oil, based on the concentrate weight.

LUBRICATING COMPOSITIONS
The viscosity index improver additives of the

present 1invention ©possess very good viscosity index
improving properties as measured herein in a wide variéty of
environments. ' Ac‘cqfdingly, the additive mixtures are used
by incorporation and dissolution into an oleaginous material
such as lubricatihgﬂqils.

The viscosity index improﬁer additives of the
present invention find their primary. utlllty in lubricating
oil compos:i.tlons Wthh employ a base oil in which the
additlves.are'dlssolved or dispersed. Such base oils may be
natural orxr synthetic;- Base o0ils suiltable for use in
preparing the 'lubridating 0il compositions of the present
1nvent10n lnclude those conventlonally employed as crankcase
lubrlcatlng oils for spark-lgnlted and compression~ignited
1nterna1 combusta.on ‘engines, such as automobile and truck
engines, marine and railroad diesel engines, and the 1like.
Advantageous | results are also achieved by enmploying the
addltlves " of the present invention in Dbase oils
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conventionally employed in and/or adapted for use as power
fransmitting fluids, universal tractor fluids and hydraulic
fluids, heavy duty hydraulic fluids, power steering fluids
and the 1like. 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.

These lubricating oil formulations
conventionally contain several different types of additives
that will supply the characteristics that are required 1in
the formulations. Among these types of additives may be
included viscosity index improvers other than those of the
instant invention, antioxidants, corrosion inhibitors,
detergents, dispersants, pour point depressants, antiwear
agents, friction modifiers, and ashless dispersants (e.g.,
polyisobutenyl  succinimides) and borated derivatives
thereotf), etc.

In the preparation of lubricating oil formulations
it is common practice to introduce the additives in the form
of 10 to 80 wt. %, e.g., 20 to 80 wt. % active ingredient
cbncentrates in hydrocarbon o0il, e.g. mineral lubricating
cil, or other suitable solvent. Usually these concentrates
may be diluted with 3 to 100, e.g., 5 to 40 parts by weight
of lubricating oil, per part by weight of the additive
package, in forming finished 1lubricants, e.g. crankcase
motor oils. The p,u'r'p‘ose of concentrates, of course,s is to
make._thé ,handling":of theé various materials less difficult
and awkward as well as to facilitate solution or dispersion
in the final blend. Thus, a viscosity index improver would
be -ustzally,' emp'loyed" in the form of a 40 to 50 wt. %
concenttate, for example, in a lubricating oil fraction.

_ ~ The viscosity index improver of the present
invention will be generally used in admixture with a lube
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oil basestock, comprising an oil of lubricating vigcosity,
including natural and synthetic lubricating oils and
mixtures thereof.

Natural oils include animal oils and vegetable
oils (e.g., castor, lard oil) liquid petroleum o0ils and
hydrorefined, solvent~-treated or acid-~treated mineral
- lubricating oils of the paraffinic, naphthenic and mixed
paraffinic-naphthenic types. 0ils of lubricating viscosity
derived from coal or shale are also useful base oils.

Alkylene oxide polymers and interpolymers and
derivatives thereof where the terminal hydroxyl groups have
been modified by esterification, 'etherification, etc.,
constitute another class of known synthetic lubricating -
oils. These are exemplified by polyoxyalkylene polymers
prepared by polymerization of ethylene oxide or propylene
oxide, the alkyl and aryl ethers of these polyoxyalkylene
polymers (e.g., methyl-poly iSopropylene glycol ether having
an average molecular weight of 1000, diphenyl ether of poly-
ethylene glycol "having a molecular weight of 500-1000,
diethyl ether of polypropylene glycol having a molecular
welight of 1000~ 1500) ; and mono-~ and pelycarboxyllc, esters
thereof for example, ._ the acetic acid esters, mixed C3~Cg
fatty acid esters and 013 Oxo acid diester of tetraethylene
glycol.

Another sultable class of synthetlc 1ubrlcat1ng
oils 'comprlses thel esters of dlcarboxyllc acids (e.q.,
phthalic ac1d succ1nlc, acid,. alkyl succinic acids and
alkenyl succ:.nlc a01ds, maleic’ acid, azelaic acid, suberic
acid, SebaSlC a01d fumarlc aCld adlplc acid, linoleic acid
dlmer, malomc ac:Ld, alkylmalonic acids, alkenyl malonic
ac1ds) w:Lth a va;rlety' of ‘alcohols (e.g., butyl alcohel,
“hexyl a'lcohol., d‘odecy-l ~alcohol, 2~ethylhexyl alcohol,
ethylene glycol, diethylene glycol monoether, propylene
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glycel). Specific examples of these esters include dibutyl
adipate, di(2-ethylhexyl)sebacate, di-n-hexyl fumarate,
dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate,
the 2-ethylhexyl diester of linoleic acid dimer, and the
complex ester formed by reacting one mole of sebacic acid
with two moles of tetraethylene glycol and two moles of 2-
ethylhexanoic acid.

Esters useful as synthetic oils also include those
made from Cg to C;, monocarboxylic acids and polyols and
polyol ethers such as neopentyl glycol, trimethylolpropane,
pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based o0ils such as the polyalkyl-,
polyaryl-, polyalkoxy-, or polyaryloxysiloxane oils and
silicate oils comprise another useful class of synthetic
lubricants; they include tetraethyl silicate, tetraisopropyl
silicate, tetra-(2-ethylhexyl)silicate, tetra-(4~methyl-2-
ethylhexyl)silicate, tetra~ (p-tertbutylphenyl)silicate,
hexa=-(4-methyl-2-pentoxy)disiloxane, poly(methyl)siloxanes
and poly(methylphenyl)siloxanesw Other synthetic
lubricating oils include 1liquid esters of phosphorus-
containing acids (e.g., tricresyl phosphate, trioctyl'
phosphate, diethyl ester of decylphosphonic acid) and
polymeric tetrahydrofurans.

~Unrefined, refined and rerefined oils can be ‘used
in the lubricants'of the present invention. Unrefined oils
-are those obtained_ directly from a natural or synthetic
source without further purification treatment. For example,
a shale o1l obta;ined directly from retorting operations, a
petroleum oil :obtai}ned directly from distillation or ester
oil obtained directly from an esterification process and
- used 'withbut- further treatment would be an unrefined oil.
Refined oils are similar to the unrefined oils except they
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have been further treated in one or more purification steps
to improve one or more properties. Many such purification
techniques, such as distillation, solvent extraction, acid
or base extraction, filtration and percolation are known to
those skilled in the art. Rerefined oils are obtained by
processes similar to those used to obtain refined oils
applied to refined oils which have been already used in
service. Such rerefined oils are also known as reclaimed or
reprocessed o0ils and often are additionally proceséed by

techniques for removal of spent additives and oil breakdown
products.

Metal containing rust inhibitors and/or detergents
are frequently used with viscosity index modifiers. Such
detergents and rust inhibitors include the metal salts of
sulphonic acids, alkyl phenols, sulphurized alkyl phenols,
alkyl salicylates, naphthenates, and other oil soluble mono-
and di-carboxylic acids. Usually these metal containing
rust inhibitors and detergents are used in lubricating oil
in amounts of about 0.01 to 10, e.g. 0.1 to 5 wt. %, based
on the weight of the total lubricating composition. Marine
diesel lubricating oils typically employ such metal-
containing rust inhibitors and detergents in amounts of up
to about 20 wt.%. |

Highly basic alkaline earth metal sulfonates are
frequently used as detergents. They are usually produced 3%
heating a mixture comprising an oil-soluble sulfonate or
alkaryl sulfonic acid, with 'an excess of alkaline earth
metal  compound = above that required for complete
neutralization- of any sulfonic acid present and thereafter
‘formihé,a dispersed carbonate complex by reacting the excess
metal with carbon dioxide to provide the desired overbasing.
The_sulfonic acids-aré typically obtained by the sulfonation
of alkyl, substituﬁed aromatic hydrocarbons such as those
obtained'from the fractionation of petroleum by distillation
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and/or extraction or by the alkylation of aromatic
hydrocarbons as for example those obtained by alkylating
benzene, toluene, xylene, naphthalene, diphenyl and the
halogen derivatives such as chlorobenzene, chlorotoluene and
chloronaphthalene. The alkylation may be carried out in the
presence of a catalyst with alkylating agents having from
about 3 to more than 30 carbon atons. For example
haloparaffins, olefins obtained by dehydrogenation of
paraffins, polyolefins produced from ethylene, propylene,
etc. are all suitable. The alkaryl sulfonates usually
contain from about 9 to about 70 or more carbon atoms,

preferably from about 16 to about 50 carbon atoms per alkyl
substituted aromatic moiety.

GAS
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The alkaline earth metal compounds which may be

used in neutralizing these alkaryl sulfonic acids to provide
the sulfonates includes the oxides and hydroxides,
alkoxides, carbonates, carboxylate, sulfide, hydrosulfide,
nitrate, borates and ethers of magnesium, calcium, and
barium. -EXampl_és are calcium oxide, calcium hydroxide,
magnesium acetate and magnesium borate. As noted, the
alkaline earth metal compound is used in excess of that
required' to complete neutralization of the alkaryl sulfonic
“acids. Generally, the amount rangés from about 100 to 220%,
~although it ‘is preferred to use at least 125%., of the
stoichiometric amount of metal required for complete
neutralization. - ‘

Various other preparatlons of basic alkaline earth
metal alkaryl sulfonates are known, such as U.S. Patents
3,150,088 and 3,150, 089 whereln overbasung 1s accomplished
by hydrolyszs of an al}coxide-carbonate complex with the
alkaryl sulfonate in a hydrocarbon solvent-diluent oil.

A preferred alkalxne earth sulfonate additive is
magnesium ‘alkyl aromatic sulfonate having a total base

haah
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number ranging from about 300 to about 400 with the mag-
nesium sulfonate content ranging from about 25 to about 32
wt. %, based upon the total weight of the additive systemn
dispersed in mineral lubricating oil. |

Neutral metal sulfonates are frequently used as
rust inhibitors. Polyvalent metal alkyl salicylate and
naphthenate materials are known additives for lubricating
oil compositions to improve their high temperature
performance and to counteract deposition of carbonaceous
matter on pistons (U.S. Patent 2,744,069). An increase 1in
reserve basicity of the polyvalent metal alkyl salicylates
and naphthenates can be realized by utilizing alkaline earth
metal, e.g. calcium, salts of mixtures of Cg-C,, alkyl
salicylates and phenates (see U.S. Patent 2,744,069) or
polyvalent metal salts of alkyl salicyclic acids, said acids
obtained from the alkylation of phenols followed by
'phenation; 'carboxylation and hydrolySis (U.S. Patent
3,704,315) which could then be converted into highly basic
salts by techniques generally known and used for such
'conversion. The reserve basicity of these metal-containing
rust 1nh1b1tors 1S usefully at TBN levels of between about
60 and 150., Incl_.uded with the useful polyvalent metal
sallcylate- and na'phthenate materials are the methylene and
'sul.fur' .bridged.' matarial's which are ‘readily derived from
'alkyl'substitdted~3alicylic or naphthenic acids or mixtures

of either or both with alkyl substituted phenols. Basic

sulfurlzed sallcylates and a method for the1r preparatlon is

shown :m U. S. ‘Patent 3, 595, 791. Such materlals include
alkallne earth metal partlcularly magnesium, calcium,

,strontlum and barlum salts of aromatic acids havmg the
general formula.

' HOOC-ArR;-Xy (ArR, 0H) n (XX)
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where Ar is an aryl radical of 1 to 6 rings, Ry is an alkyl
group having from about 8 to 50 carbon atoms, Preferably 12
to 30 carbon atoms (optimally about 12), X is a sulfur (-S-)

or methylene (-CH,-) bridge, vy 18 a number from 0 to 4 and n
is a number from 0 to 4.

Preparation of the overbased methylene bridged
salicylate~-phenate salt is readily carried out by con-
ventional techniques such as by alkylation of a phenol
followed by phenation, carboxylation, hydrolysis, methylene

bridging a coupling agent such as an alkylene dihalide
followed by salt formation concurrent with carbonation. An

overbased calcium salt of a methylene bridged phenol-
salicylic acid of the general formula (XXI):

0] -

Ci12Hos Ci2Hos

with a TBN of 60 to 150 is highly useful in this invention.
' The sulfurized metal phenates can be considered
the "metal salt of a phenol sulfide" which thus refers to a
metal salt whether neutral or basic, of a compound typified
by the geheral formula (XXII): |

where x = 1 or 2, n:= 0, 1 or 2; or a polymeric form of such
a compound, where R is an alkyl radical, n and x are each
ihtegers from 1 to 4, and the average number of carbon atoms
in all of the R groups is at least about 9 in order to
ensure'adéquate'solubility in oil. The individual R groups
may each contain from 5 to 40, preferably 8 to 20, carbon
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atoms., The metal salt is prepared by reacting an alkyl
phenol sulfide with a sufficient quantity of metal
containing material to impart the desired alkalinity to the
~sulfurized metal phenate.

Regardless of the manner in which they are
prepared, the sulfurized alkyl phenols which are useful
generally contaip from about 2 to about 14% by weight,
preferably about 4 to about 12 wt. % sulfur based on the
weight of sulfurized alkyl phenol.

The sulfurized alkyl phenol may be converted by
reaction with a metal containing material including oxides,
hydroxides and complexes in an amount sufficient to
neutralize said phenol and, if desired, to overbase the
product to a desired alkalinity by procedures well known in
the art. Preferred is a process of neutralization utilizing
a solution of metal in a glycol ether.

The neutral or normal sulfurized metal phenates
are those in which the ratio of metal to phenol nucleus is
about 1:2. The "overbased" or "basic" sulfurized metal
phenates are sulfurized metal phenates wherein the ratio of
metal to phenol is greater than that of stoichiometric, e.gq.
basic sulfurized' metal  dodecyl phenate has a metal content
up.to.and'greatet than 100% 1n excess of the metal present
in the corresponding normal sulfurized metal phenates
wherein the excess metal is produced in oil-soluble or
disperSible 'fdr'm_ (a_s by reaction with CO,). The overbased
sulfurized metal phenates desirably have a TBN value of at
least 150, e.g. from 200 to 300. |

'1  -Maéhesium ‘and calcium containing additives
althdugh,‘benefidial in other respects can increase the
tendéhcyv;Of the lubricating oil to oxidize. This 1is

espeéially true of the highly basic sulphonates.
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According to a preferred embodiment the invention
therefore provides a crankcase lubricating composition also

containing from 2 to 8000 parts per million of calcium or
magnesium.

The magnesium and/or calcium is generally present
as basic or neutral detergents such as the sulphonates and
phenates, our preferred additives are the neutral or basic
magnesium or calcium sulphonates. Preferably the oils
contain from 500 to 5000 parts per million of calcium or

magnesium. Basic magnesium and calcium sulphonates are
preferred.

The viscosity index improvers of the instant
invention may be used in conjuntion with other conventional
well-known V.I improvers. Viscosity modifiers impart high
'and low temperature operability to the lubricating oil and
permit it to remain relatively viscous at elevated
temperatures and also exhibit acceptable viscosity or
fluidity at low tempera’tures. Viscosity modifiers are
generally high molecular weight hydrocarbon polymers
including polyesters. The viscosity modifiers may also be
derivatized to include other properties or functions, such
as the addition of dispersancy properties. These oil
s’oluble viscosity .modifying polymers will generally have
number average molecular weights of from 10° to 105,
preferably 10% to 108, e.g., 20,000 to 250,000, as
determined by'gel permeation chromatography:or'oSmometry.

'Examples Of suitable hydrocarbon polymers include
homopolymers and copolymers of two or more monomers of C, to
Cig, ©.9. Co to C8 oleflns,,lncludlng both alpha olefins and
1nternal _oleflns,, which may be straight or branched,
'aliph.atici, aromatiC, alkylwaromatic, cycloaliphatic, etc.
Frequently they will be of ethylene with C45 to Cjyg olefins,
partlcularly preferred belng the copolymers of ethylene and
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propylene. Other polymers can be used such as
polyisobutylenes, homopolymers and copolymers of Cg and
higher alpha olefins, atactic polypropylene, hydrogenated
polymers and copolymers and terpolymers of styrene, e.q.
w:i:th isoprene and/or butadiene and hydrogenated derivatives
thereof. The polymer may be degraded in molecular welght,
for example by mastication, extrusion, oxidation or thermal
degradation, and it may be oxidized and contain oxygen.
Also included are derivatized polymers such as post-cjrafted
interpolymers of ethylene-propylene with an active monomer
such as maleic anhydride which may be further reacted with
an alcohol, or amine, e.g. an alkylene polyamine or hydroxy
amine, e.g. see U.S. Patent Nos. 4,089,794; 4,160,739;
4,137,185; or copolymers of ethylene and propylene reacted

or grafted with nitrogen compounds such as shown in U.S.
Patent Nos. 4,068,056; 4,068,058; 4,146,489 and 4,149,984.

The preferred hydrocarbon polymers are ethylene
copolymers containing from 15 to 90 wt. ¥ ethylene,
preferably 30 to 80 wt. % of ethylene and 10 to 85 wt. %,
preferably 20 to 70 wt. % of one or more Cq to C,g,
preferably C; to C,g, more preferably C; to Cg, alpha-
olefins. While not essential, such copolymers preferably
have a dégree of crystallinity of less than 25 wt. %, as

- determined by X-ray and differential scanning calorimetry.

-Copolymers of ethylene and propylene are most preferred.
Other alpha-oleflns sultable in place of propylene to form
the 'copolyme’r, or to be used in combination with ethylene
and propylené;, to form a' terpolymer, tetrapolymer, etc.,
include'l-butehe,ll@pentene,,l-hexene, l-heptene, 1l-octene,
1-nonene, 1-decene, etc.; also branched chain alpha-olefins,
such as 4-methy1 l-pentene, 4-methyl-l1l-hexene, 5=
methylpentene~1, 4,4~dimethyl-l-pentene, and 6 -
methylheptene~1, etc., and mixtures thereof.
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Terpolymers, tetrapolymers, etc., of ethylene,
said C3.pg alpha-olefin, and a non-conjugated diolefin or
mixtures of such diolefins méy also be used. The amount of
the non-conjugated diolefin generally ranges from about 0.5
to 20 mole percent, preferably from about 1 to about 7 mole

percent, based on the total amount of ethylenz and alpha-
olefin present.

The polyester V.I. improvers are (generally
polymers of esters of ethylenically unsaturated Cq, to Cg
mono- and dicarboxylic acids such as methacrylic and acrylic
acids, maleic acid, maleic anhydride, fumaric acid, etc.

Examples of unsaturated esters that may be used
include those of aliphatic saturated mono alcohols of at

least 1 carbon atom and preferably of from 12 to 20 carbon
atoms, such as decyl acrylate, lauryl acrylate, stearyl
acrylate, eicosanyl acrylate, docosanyl acrylate, decyl
methacrylate, diamyl fumarate, lauryl methacrylate, cetyl

methacrylate, stearyl methacrylate, and the 1like and
mixtures thereof.

Other esters include the vinyl alcohol esters of.
Cy to Cy5 fatty or mono carboxylic acids, preferably
saturated such as vinyl acetate, vinyl laurate, vinyl
palmitate, vinyl stearate, vinyl oleate, and the like and
mixtures thereof. Copolymers of vinyl alcohol esters with
unsaturated acid esters such as -the copolymer of vinyl
acetate with dialkyl fumarates, can also be used.

The esters may be copolymerized with still other
unsaturated monomers such as olefins, e.g. 0.2 to.5 moles of
Co - Cop aliphatic or aromatic olefin per mole of
unsaturated ester, or per mole of unsaturated acid or
anhydride followed by esterification. For example,
copolymers of styrene with maleic anhydride esterified with
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alcohols and amines are known, e.g., see U.S. Patent
3,702,300,

Such ester polymers may be grafted with, or the
ester copolynmerized with, polymerizable unsaturated
nitrogen-containing monomers to impart dispersancy to the
V.I. improvers. . Examples of suitable unsaturated nitrogen-
containing monomers include those containing 4 to 20 carbon
atoms such as amino substituted olefins as p-(beta-
diethylaminoethyl)styrene; basic nitrogen-containing
heterocycles carrying a polymerizable ethylenically
unsaturated substituent, e.g. the vinyl pyridines and the
vinyl alkyl pyridines' such as 2-vinyl-5-ethyl pyridine, 2-
methyl~-5-vinyl pyridine, 2-vinyl-pyridine, 4-vinylpyridine,
3-vinyl-pyridine,  3-methyl- 5~V1ny1~pyr1d1ne, 4-methyl=2-
vinyl-pyridine, *ethyl 2-v1nyl-pyr1d1ne and 2~-butyl-1-5-
V1nyl-pyr1d1ne and the like.

N-v:.nyl lactams are also suitable, e.g. N-vinyl
pyrrolldones or N-V1nyl plperldones.

, The V1nyl pyrrolldones are preferred and are
exempllfled 'by " N-vinyl pyrrolldone; N-( 1-methylv1nyl) .
pyrrolldone, N—v1ny1 S-methyl pyrrolidone, N-v1ny1 3, 3-
dlmethylpyrrolldone, N~v1ny1 «-5-ethyl pyrrolldone, etc.

Dlhydrocarbyl dithiophosphatej metal salts are
frequently used antl-wear agents and also provxde
antioxldant act1v1ty The zinc salts are most commonly used
in lubrlcatlng 011 :m amounts of 0.1 to 10, preferably 0.2
to 2 wt. %, based upon the total welght of the lubricating
oil compos:.t:n.on. They may be prepared in accordance with
known technlques by flrst forming a dithiophosphoric acid,
.usually by reactlon of an alcohol or a phenol with P,;Sg and
then neutrallzlng the dithiophosphorxc acid with a suitable
-zlnc compound. |
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Mixtures of alcohols may be used including
mixtures of primary and secondary alcochols, secondary
generally for imparting improved anti-wear properties, with
Primary giving improved thermal stability properties.
Mixtures of the two are particularly useful. In general, any
basic or neutral zinc compound could be used but the oxides,
hydroxides and carbonates are most generally employed.
Commercial additives frequently contain an excess of zinc
due to use of an excess of the basic zinc compound in the
neutralization reaction.

The zinc dihydrocarbyl dithiophosphates useful in
the present invention are oil soluble salts of dihydrocarbyl
esters of dithiophosphoric acids and may be represented by
the following formula:

S

RO——— PG Zn  (XXIII)

OR’
2

wherein R and R’ may be the same or different hydrocarbyl
radicals contalnlnq from 1 to 18, preferably 2 to 12 carbon.
atoms and 1nclud1ng radlcals such as alkyl, alkenyl, aryl,
aralkyl, alkaryl and cycloaliphatic radicals. Particularly
preferred as R _and R? groups are alkyl groups of 2 to 8
carbon ‘atoms. Thus, the “rafdica,ls may, for example, be
ethYl, .n-propyl;  iépropy1, n-butyl, i-butyl, sec-butyl,
amyl,'h~héXyl, i~hexyl; n-octyl, decyl, dodecyl, octadecyl,
2%ethylhe2y1, _" phenyl, butylphenyly_ ' cyclohexyl,
,methleyclopentyl,  propenyl, 'butenyl etc. In order to
obtain Oi‘l 'SOI'ubil'ity_;'_ the total number of carbon atoms
(i.e., R arid 'R' :l.n | formula' XXIII) in the dithiophosphoric
ac1d will generally be about 5 or greater.

~ The antloxldants useful in this invention include
oil soluble copper compounds. The copper may be blended
’ into the 0oil as any suitable oil soluble copper compound.
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By 0il soluble we mean the compound is oil soluble under
normal blending conditions in the oil or additive package.
The copper compound may be in the cuprous or cupric forn.
The copper may be in the form of the copper dihydrocarbyl
thio- or dithio-phosphates wherein copper may be substituted
for zinc in the compounds and reactions described above
although one mole of cuprous or cupric oxide may be reacted
with one or two moles of +the dithiophosphoric acid,
respectively. Alternatively the copper may be added as the
copper salt of a synthetic or natural carboxylic acid.
Examples include C,45 to C;g fatty acids such as stearic or
palmitic, but unsaturated acids such as oleic or branched
carboxylic acids such as napthenic acids of molecular weight
from 200 to 500 or synthetic carboxylic acids are preferred

ety
v
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because of the improved handling and solubility properties .

of the resulting copper carboxylates. Also useful are oil
soluble COpper dithiocarbamates of the general formula
(RR’NCSS),Cu, where n is 1 or 2 and R and R’ are the same or
different hydrocarbyl radicals containing from 1 to 18 and
preferably 2 to 12 carbon atoms and including radicals such
as alkyl, alkenyl, aryl, aralkyl, alkaryl and cycloaliphatic
radicals. Particularly preferred as R and R’ groups are
alkyl groups of 2 to 8 carbon atoms. Thus, the radicals
may, for example, be ethyl, n-propyl, i-propyl, n=-butyl, i-
butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-heptyl, n-octyl,
decyl, dodecy]l, octadecyl, 2~ethylhexvl, phenvl,
butylphenyl, cyclohexyl, methylcyclopentyl, propenyl,
butenyl, etc. In order to obtain o0il solubility, the total
number of carbon atoms (i.e., R and R’) will generally be
about 5 or 'greater. . Copper sulphonates, phenates, and
acetylacetonates may also be used.

| Exemplary of useful copper compounds are copper
(CuI  and/or CuII) salts of alkenyl succinic acids or
anhYdrides. The salts themselves may be basic, neutral or
acidic. - They may be formed by reacting (a) any of the

W
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materials discussed above in the Ashless Dispersant section,
which have at least one free carboxylic acid (or anhydride)
group with (b) a reactive metal compound. Suitable acid (or
anhydride) reactive metal compounds include those such as

cupric or cuprous hydroxides, oxides, acetates, borates, and
carbonates or basic copper carbonate.

Examples of the metal salts of this invention are
Cu salts of polyisobutenyl succinic anhydride (hereinafter
referred to as Cu-PIBSA), and Cu salts of polyisobutenyl
succinic acid. Preferably, the selected metal employed is
its divalent form, e.g., cut?., The preferred substrates are
polyalkenyl succinic acids in which the alkenyl group has a
molecular weight greater than about 700. The alkenvyl group
desirably has a M, from about 900 to 1400, and up to 2500,
with a M, of about 950 being most preferred. Especially
preferred, of those listed above 1in the section on
Dispersants, is polyisobutylene succinic acid (PIBSA).
These materials may desirably be dissolved in a solvent,
such as a mineral oil, and heated in the presence of a water
- solution (or slurry) of the metal bearing material. Heating
may take place between 70~ and about 200°C. Temperatures of
110° to 140°C are entirely edequate. It may be necessary,
depending upon the salt produced, not to allow the reaction
to-remain at a temperature above about 140°C for an extended
period.of.time, e.g., longer than 5 hours, or decomposition
of the salt may.occur;

The. cepper ‘antioxidants (e.g., Cu-PIBSA, Cu-
oleate, or mixtures therecf)‘ will be generally employed in
an amount of frem.abOut'So—Soo ppm by weight of the metal,
in the final 1ﬁbficatinq composition.

The copper.antioxidants used in this invention are
inexpensive and are effective at low concentrations and
therefore do not add substantially to the cost of the
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product. The results obtained are frequently better than
‘those obtained with previously used antioxidants, which are
expensive and used in higher concentrations. In the amounts
employaed, the copper compounds do not interfere with the
performance of other components of the lubricating
composition, 1in many instances, completely satisfactory
results are obtained when the copper compound is the sole
antioxidant in addition to the ZDDP. The copper compounds
can be utilized to replace part or all of the need for
supplementary antioxidants. Thus, for particularly severe
conditions it may be desirable to include a supplementary,
conventional antioxidant. However, the amounts  of
supplementary antioxidant required are small, far less than
the amount required in the absence of the copper compound.

While any effective amount of the copper
antioxidant can be incorporated into the lubricating oil
composition, it is contemplated that such effective amounts
be sufficient to provide said lube o0il composition with an
amount of the copper antioxidant of from about 5 to 500
(more preferably 10 to 200, still more preferably 10 to 180,
and most preferably 20 to 130 (e.g., 90 to 120)) part’ per
- million of added copper based on the weight of the
lubricating oil composition. Of course, the preferred
amount may depend amongst other factors on the quality of
the basestock lubricating oil.

Corrosion inhibitors, also known as anti-corrosive
agents, reduce the degradation of the metallic parts
contacted by the lubricating oil composition. Illustrative
- of corrosion inhibitors are phosphosulfurized 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 thibester, and also preferably 1in the presence
of ca.rbcn dioxide. Phosphosulfurized hydrocarbons are
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prepared by reacting a suitable hydrocarbon such as a
terpene, a heavy petroleum fraction of a C, to Cg olefin
polymer such as polyisobutyléne , with from 5 to 30 weight
percent of a sulfide of phosphorus for 1/2 to 15 hours, at a
temperature in the range of 65° to 315°C. Neutralization of
the phosphosulfurized hydrocarbon may be effected in <the
manner taught in U.S. Patent No. 1,969,324.

Oxidation inhibitors reduce the tendency of
mineral oils to deteriorate in service which deterioration

can be evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces and Dby
viscosity growth. Such oxidation inhibitors include
alkaline earth metal salts of alkylphenolthioesters having
preferably Cs to C;, alkyl side chains, calcium nonylphenol
sulfide, barium t-octylphenyl sulfide, dioctylphenylamine,
phenylalphanaphthylamine, phosphosulfurized or sulfurized
hydrocarbons, etc. |

Friction modifiers serve to impart the proper
friction characteristics to 1lubricating o0il compositions
such as automatic transmission fluids.

Representative examples of suitable friction
modifiers are found in U.S. Patent No. 3,933,659 which
discloses fatty acid esters and amides; U.S. Patent No.
4,176,074 which describes molybdenum complexes of polyiso-
butenyl succinic arx_hydride-'amino alkanols; U.S. Patent No.
4,105,571 which discloses glycerol esters of dimerized fatty
acids; U.S. 'Patent' No. 3,779,928 which discloses alkane
phosphonic aCid salts; U.S. Patent No. 3,778,375 which
discloses reactioh prOduCts of a phosphonate with an
oleamide; U.S. Patent No. 3,852,205 which discloses s-
ciarb;oxy-'alkylene' hydrocarbyl succinimide, S-carboxyalkylene
hydrécatbyl- succinamic acid and mixtures thereof; U.S.
Patent No. 3,879,306 which discloses N-(hydroxyalkyl)



CA 02034716 2001-06-05

w I3 -

alkenyl-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
phosphosul furized N-(hydroxyalkyl) alkenyl succinimides.
The most preferred friction modifiers are glycerol mono

and dioleates, and 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,

Pour point depressants lower the temperature at
Wthh the lubricating oil will flow Or can be poured. Such
depressants are well known. Typical of those additives
which usefully optimize the low temperature fluidity of the
fluid are Cg-Cy1g dialkylfumarate vinyl acetate copolymers,
polymethacrylates, and wax naphthalene.

Foam control can be prov1ded by an antifoamant of

the polysiloxane type, e.g. silicone o0il and polydimethyl
siloxane. '

Organic, oil-soluble compounds useful as rust
inhibitors in this lnvention comprise nonionic surfactants
such as polyoxyalkylene polyols and esters thereof, and

Such anti-rust compounds are known and can be made by
conventional means. Nonionic surfactants, useful as anti-
rust additives in the oleaginous compoSitibns of this
invention, usually owe their surfactant properties to a
number of weak stablllzlng groups such as ether linkages.
Nonionic antl-rust agents contalnlng ether linkages can be
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The preferred rust inhibitors are Polyoxyalkylene
Polyols and derivatives thereof. This class of materjals
are commercially available from varjious sources:
Polyols from Wyandotte Chemicals Corporation; Polyglycol
112-2, a liquid triol derived from ethylene oxide and
propylene oxide available from Dow Chemical CO;' and
'I'ergit:olT,.M dodecylphenyl or monophenyl polyethylene glycol
ethers, and Ucon, polyalkylene glycols and derivatives, both

In addition to the Polyols per se, the esters
thereof obtained by reaeting the polyols with various
carboxylic acids are also suitable. Acids wuseful 1in
Preparing these esters are lauric acid, stearic acid,
succinic acid, and alkyl- or alkenyl-substituted succinic

The preferred polyols are prepared as block
polymers., Thus, a hydroxy-substituted compound, R-(OH)n
(wherein n is 1 to 6, and R is the residue of a mono- or
polyhydric alcohol, phenol, naphthol, etc.) is reacted with

portion resulting in a molecule having both hydrophobic and
hydrophylic portions. The relative sizes of these portions
can ba 'ﬁadjusted by regulating the ratio of reactants, time
of reaction, etc., as is obvious to those skilled in the
art. Thus it is within the skill of the art to prepare
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rust inhibitors suitable for wuse in any lubricant
composition regardless of differences in the base oils and
the presence of other additives.

If more oll-solubility 1is needed in a given
lubricating composition, the hydrophobic portion can be
increased and/or the hydrophylic portion decreased. If
greater oil-in-water emulsion breaking ability is required,

the hydrophylic and/or hydrophobic portions can be adjusted
to accomplish this.

Compounds illustrative of R-(OH)n include alkylene
polyols such as the alkylene glycols, alkylene triols,
alkylene tetrols, etc., such as ethylene glycol, propylene
glycol, glycerol, pentaerythritol, sorbitol, mannitol, and -
the like. Aromatic hydroxy compounds such as alkylated mono-
and polyhydric phenols and naphthols can also be used, e.g.,
heptylphenol, dodecylphenol, etc.

Other suitable demulsifiers include the esters
disclosed in U.S. Patents 3,098,827 and 2,674,619.

The 1liquid polyols available from Wyandotte
Chemical Co. under the name Pluronic Polyols and other
similar ‘polyols are particularly well suited as rust
inhibitors. These Pluronic Polyols correspond to the
formula:

HO- (CH,CH,0) i (CHCH,0) y (CH,CH,0) ,H  (XXIV)

~ CHj
wherein x,y, and z are integers greater than 1 such that the
CH2CH20—¥ groups' compr'ise from about 10% to about 40% by
weight of the total molecular weight of the glycol, the
average molecule weight of said glycol being from about 1000
to about 5000. These products are prepared by first
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condensing propylene oxide with propylene glycol to produce -
the hydrophobic base '

HO (-CH-CH,-0) ,~H (XXV)

This condensation product is then treated with ethylene -

oxide to add hydrOphyllc portions to both ends of the
molecule. For best results, the ethylene oxide units should

comprise from about 10 to about 40% by weight of the
molecule. Those products wherein the molecular weight of
the polyol is from about 2500 to 4500 and the ethylene oxide
units comprise from about 10% to about 15% by weight of the
molecule are partlcularly suitable. The polyols having a
molecular weight of about 4000 with about 10% attributable
to (CH,CH,0) units are particularly good. Also useful are
alkoxylated fatty amines, amides, alcohols and the like,
including such alkoxylated fatty acid derivatives treated
with Cq to Ci16 alkyl-substituted phenols (such as the mono-
and di-heptyl, octyl, nonyl, decyl, undecyl, dodecyl and
tridecyl phenols), as described in U.S. Patent 3,849,501.

These compositions of our invention may also
contain other additives such as those previously described,

and other metal containing additives, for example, those
containing barium and sodiun.

The 1lubricating composition of the present
invention may also include copper lead bearing corrosion
inhibitors. Typically such compounds are the thiadiazole
polysulphides containing from 5 to 50 carbon atoms, their
derivatives and polymers thereof. Preferred materials are
the derivatives of 1,3,4-thiadiazoles such as those
described in U.S. Patents 2,719,125; 2,719,126; and
- 3,087,932; especially prefefred is the compound 2,5 bis (t-

octadithio) -1,3,4-thiadiazole comzﬁercially- - avallable as
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Amoco 150, Other similar materials also suitable are
described in U.S. Patents 3,821,236; 3,904,537; 4,097,387;
4,107,059; 4,136,043; 4,188,299; and 4,193,882.

Other suitable additives are the thio and polythio
sulphenamides of thiadiazoles such as those described in

U.K. Patent Specification 1,560,830. When these compounds
are included in the lubricating composition, we prefer that
they be present in an amount from 0. Ol to 10, preferably 0.1

to 5.0 weight percent based on the weight of the
composition.

Dispersants maintain oil insolubles, resulting
from oxidation during use, in suspension in the fluid thus
preventing slude glocculation and precipitation or
deposition on metal parts. Suitable dispersants include
high molecular weight alkyl succinimides, the reaction
product of oil-olsuble polyisobutylene succinic anhydride

borated salts thereof.

The ashless dispersants include the polyalkenyl or
borated polyalkenyl succinimide where the alkenyl groups 13-
derived from a C3 - C4 olefin, especially polyisobutenyl
having a number averagé molecular weight of about 700 to
5,000. Other well known dlspersants include the oil soluble
polyol esters of hydrocarbon substituted succinic anhydrlde
€.g9., polyisobutenyl succinic anhydrlde, and the oil soluble
oxazoline and lactone oxazoline dispersants derived from
hydrocarbon substituted succinic  anhydride and di-
substituted . amino alcohols. Lubricating oils typically
contain about 0.5 to 5 wt.$% cf ashless dispersant.
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particularly ashless dispersants, to form multigrade
automobile engine lubricating oils.

Some of these numerous additives can provide a
multiplicity of effects, e.g. a dispersant-oxidation

inhibitor. This approach is well known and need not be
further elaborated herein.

Compositions when containing these conventional
additives are typically blended into the base o0il in amounts
effective to provide their normal attendant function.
Representative effective amounts of such additives (as the
respective active ingredients) in the fully formulated oil
are illustrated as follows:

| Wwt.% A.I. We.% A. L.
Compositions (Preferred) (Broad)
ViScosity'Modifier .01-4 0.01-12

Detergents 0.01~3 ' 0.01-20
Corrosion Inhibitor 0.01-1.5 .01-5
0x1dat10n Inhibitor 0.01-1.5 | .01-5

‘ Dlspersant - 0.1-8 .1-20
Pour Point Depressant 0.01- 1.5 -~ ,01-5
'AntléFoemlng.Agents_  0.001-0.15 ~ .001-3
Anti-Wear Agents - 0.001-1.5 .001~5
Friotion'MOdifiers . 0.01-1.5 ' ' +01=5

Mineral 011 Base - Balance | Balance
o When otherf additives..are' employed, 1t may be
"de31rable, although " not necessary, to prepare additive
concentrates comprlslng concentrated solutlons or dilsper-
sions of the v15c031ty index lmprovers of this invention (in
| concentrate amounts herelnabove described), together with
one or more of sald other additives (said concentrate when
‘constitutlng an additlve mixture being referred to herein as
an addltlvewpackage) whereby several additives can be added

. _simultaneously to the base oil to form the lubricating oil

'-composn.tion. pissolution of the additive concentrate into
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the lubricating oil may be facilitated by solvents and by
mixing accompanied with mild heating, but this is not
essential. The concentrate or additive-package will
typically be formulated to contain the additives in proper
amounts to provide the desired concentration in the final
formulation when the additive-package is combined with a
predetermined amount of base lubricant. Thus, the viscosity
index improvers of the present invention can be added to
small amounts of base 0il or other compatible solvents along
with other desirable additives to form additive-packages
containing active ingredients in collective amounts of
typically from about 2.5 to about 90%, and preferably from
about 15 to about 75%, and most preferably from about 25 to

about 603% by weight additives in the appropriate proportions
with the remainder being base oil.

The final formulations may employ typically about
10 wt. % of the additive-package with the remainder being
base oil.

The oleaginous compositions, particularly
lubricating oil compositions, of the instant invention
contain a viscosity index improving effective amount of the
ethylene alpha-olefin polymers of the instant invention. By
viscosity index improving effective amount is an amount
effective to improve the viscosity index of an oleaginous
composition compared to an oleaginous composition which does
not cOnt_ain viscosity index improver additive. Generally,
this amount is from about 0.01 to about 20 wt. %, preferably
from about 0.1 to about 12 wt. %, and more preferably from
about 0.25 to about 6 wt. %, based upon the total weight of
the~oléaginous.compoéition.

'All of said weight percents expressed herein
(unless otherwise indicated) are based on active ingredient

(A.I.) content of the additive, and/or upon the total weight
of any additive-package, or formulation which will be the
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sum of the A.I. weight of each additive plus the weight of
total oil or diluent.

This invention will be further understood by
reference to the following examples, wherein all parts are
parts by weight, unless otherwise noted.

EXAMPLE 1 -~ PREPARATION OF ETHYLENE~PROPYLENE COPOLYMER

A clean, dry autoclave is flushed with propylene
and a 4 ml. solution of methylalumoxane in toluene is added
by syringe. The autoclave is then charged with 500 ml. of
liquid propylene and brought to 50°C for reaction. The
pressure in the autoclave is then increased by 150 psi by
addition of ethylene. One-half mg. of zirconocene (bis (n-
butyl tetrahydroindenyl)zirconium dichloride) dissolved in 3
ml. of toluene 1i1s injected into the autoclave. Ethylene is

supplied to maintain the initial total pressure in the
‘autoclave. Reaction time is 30 minutes. The monomers are
flashed off, and the temperature is brought to 25°C. The
polymer product, which has a number average molecular weight
in the range of about 209,000, 1is recovered from the
autoclave and is dried in a vacuum oven at 50°C overnight.

EXAMPLE-z

An SAE 10W40 formulation crankcase motor oil
composition is prepared by dissolving sufficient copolymer
which .is prepared .substantia1ly in accordance with the
procedure of Example 1 in mineral oil to provide a
compositibn containing 1.3 wt. % (active ingredient) of said
copolymer,' The oil also contains 4.3 wt. % of a detergent
inhibitor package of conventional additives.

, " The principles, preferred _embodiments, and modes
of operation of the present invention have been described in
the ffdregoing' specification. The invention which 1is
i’htended"'_'to be protected herein, however, 1is not to be
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construed as limited to the particular forms disclosed,
since these are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by those
skilled in the art without departing from the spirit of the
invention.
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- THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An cleaginous composition comprising
oleaginous material and a viscosity modifying effective

-t

amount of ethylene alpha-olefin polymer comprising monomer
units derived from ethylene and at least one alpha-~-olefin
represented by the formula H,C = CHR1 wherein Rl is an alkyl

- group of from 1 to 18 carbon atoms, and wherein said polymer

has a number average molecular weight of from above 20,000
to about 500,000, and an average of at least about 30% of
the polymer chains contain termlnal ethenylldene unsaturatlon

2. The composition of ciaim 1 wherein said
polymer has a number average molecular welght of from about
25,000 to about 200,000.

3. The composition of claim 2 wherein said
polymer has a number average molecular weight of from about
30,000 to about 100, 000.

4. The composition of claim 1 wherein said
polymer has a molar ethylene content of between about 20 and
about 80 percent.

5. The composition of claim 4 wherein said
polymer has a molar ethylene content of between about 45 and
about 65 percent.

6. The composition of any of claims 1 to 5§
wherein said polymer comprises an ethylene-propylene
copolymer. -

7. The composition of claim 1 which contains
from about 0.01 to about 20 weight percent of said polymer.

'8. The composition of claim 7 wherein said
Oleaginous material comprises lubricating oil.
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9. The composition of claim 7 which contains
from about 0.1 to about 12 welght percent of said polymer.

~ 10. The composition of claim 9 wherein said
Oleaginous material comprises lubricating oil.

l1l. An oleaginous composition comprising
Oleaginous material, and a viscosity modifying effective

group of from 1 to 18 carbon atoms, and wherein said polymer
has a number average molecular weight of from above 20,000
to about 500,000, and an average of at least about 60% of

the polymer chains contain terminal ethenylidene
unsaturation. | '

12. The composition of claim 11 wherein said

polYmer has a number average molecular weight of from about
25,000 to about 200, 000.

13. The composition of clainm 12 wherein said
polymer has a number average molecular weight of from about
30,000 to about 100, 000.

14. The compositiCn of clain 11 wherein said
polymer contains from about 30 to 70 mole % ethylene.

15. The composition of claim 14 wherein said
polymer contains from about 45 to 65 mole % ethylene.

‘ 16. The composition of any of claims 11 to 15§
wherein said polymer comprises an ethylene-propylene
copolymer. ' '

17. The composition of claim 11 which contains
from about 0.01 to about 20 weight percent of said polymer.
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18.- The composition of claim 17 wherein said
oleaginous material comprises lubricating oil.

19. The composition of claim 17 which contains
from about 0.1 to about 12 weight percent of said polymer.

20. The composition of claim 19 wherein said
oleaginous material comprises lubricating oil.

21. An oil additive concentrate composition
comprising mineral oil diluent and from about 5 to about 60
weight percent of ethylene alpha-olefin polymer comprising
mpnomef_unitS‘derived from ethylene and at least one alpha-
olefin represented by the formula H,C = cHRl wherein Rl is
an alkyl group of from 1 to 18 carbon atoms, and wherein
said polymer has a number average molecular weight £from
greater than‘zo 000 to about 500,000, and an average of at
least about 30% of the polymer chains contain terminal
ethenylldene unsaturation. |

22. The comp051t10n of claim 21 whereln said
polymer has a number average molecular weight of from about
25,000 to about 200,000. '

| 23. The compos:.tlon of claim 22 wherein said
polymer has a number average molecular welght of from about
30, 000 to about 100 000. N

L 24. The compoeltlon of claim 21 which contains
from about 10 to ebout 60 welqht percent of said polymer.

25'.. The composition of claim 21 wherein said
'.polymer has a molar ethylene content of between about 20 and

.-about_SO percent.,
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26, The composit.ion of claim 25 wherein said .

polyner hag a molar ethylene content of between about 45
and about 65 percent.

27. The composgsition of any of claimg 21-26
wherein said polymer comprises ethylene-propylene copolymer.

28. An o1l additive concentrate composition
comprising mineral oil diluent and from about 5 to about 60

walght percent of ethylene alpha-olefin polymer comprising

monomer units derived from ethylene and at least one alpha-

olefin represented by the formula H,C = cHR} wherein R! is

an alkyl group of from 1 to 18 carbon atoms, and wherein

said polymer has a number average molecular weight from
greater than 20,000 to about 500,000, and an average of at
least about 60% of the polymer chains contain terminal
ethenylidene unsaturation.

29. The composition of c¢laim 28 wherein said
- polymer has a number average molecular weight of from about
25,000 to about 200,000,

30. The compositidn of claim 29 wherein said
polymer has a number average molecular weight of from about
30,000 to about 100,000. '

31. ,'I'he composition of claim 28 which contains
from about 20 to about 50 weight percent of said polymer.

32. The 'composition of claim 28 wherein said
polymer has a molar ethylene content of between about 20 and
about 80 percent.

33. The composition of claim 32 wherein said

polymer has a molar ethylene content of between about 45 and
65.parcent. |
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34, The composition of any of claims 28 to 33
wherein said polymer comprises ethylene~propylene copolymer.
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