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unsatur a%’ &aﬁl e dispersants are prapared ﬁ'om ng chain hydrocarbon polymer by reacting the polymer with
malelc anhydride to form the comesponding polymer which is substituted with succinic anhydride groups.

5  Pdlyisobutylene has been widely used as the polymer of choice, chiefly because it Is readily avallable by cationlc
polymerization from butene streams (e.g., using AlCl, catalysts). Such polyisobutylenes generally contain resi-
dual unsaturation in amountsofabout one athylenic double bond per polymer chaln, positioned along the chain.

The polyisobutylene polymers (PIB) employed In most conventional dispersants are based on a hydrocar-
bon chain of a number average molecular weight (M,) of from about 900 to about 2500, PIB having a M,, of

10 less than about 300 gives rather poor performance results when employed in dispersants because the molecu-
lar weight is insufficient to keep the dispersant molecule fully solubllized in lubricating oils. On the other hand,
high molecular weight PIB (M, >3000) becomes so viscous that conventional industrial practices are incapable
of handling this product in many operations. This problem becomes much mors severe as the PIB molecular
weight increases to 5000 or 10,000.

15 Increased amounts of terminal ethylenic unsaturation in polyisobulylene (so-called “reactive
polyisobutylene") has been achieved by BF, catalyzed polymerization of iscbutylene. Exemplary of references
disclosing these polymers is U.S. Patent 4,152,499. However, such reactive polyisobutylene materials can st
contain substantial amounts of unsaturation elsewhere along the chain. Further, it is difficult to produce such
reactive polyisobutylene polymers at molecular weights of greater than about 2,000, and, even so, the reactive

20 polyisobutylenes themselves still suffer the above-noted viscosily increase disadvantages as molecular
weights are increased.

Other polymers, such as ethylene-propylene co-polymers and terpolymers containing non-conjugated
dienes, have been disclosed as suitable polymers for the preparation of ashiess nitrogen and ester dispersants.
U.8. Patent 4,234,435, for example, discloses dispersants prepared from polyalkenes, M, of 1, 300 to about

25  5,000. The polyalkene can comprise homopolymers or interpolymers of C; to Cqg terminal olefins, of which ethy-
lene-propylene copolymers are said to be examples, with specific reference to a copolymer of 80% ethylene
and 20% propylene.

However, ethylene-alpha-olefin copolymers of the above molecularweights could be produced using Zieg-
ler-Nafta catalysts only in combination with H; as molecular welght control in order to terminate the growing

30  copolymer chains within this molecular weight range. Without use of H, or other conventional, so-called "chain
stoppers", the copolymers produced with Ziegler-Naita catalysts would tend to have molecular welghts greatly
in excess of the above range. (Such higher copolymers, for example, are widely employed in ungrafted form
as viscosity index improvers, and when grafted with nitrogen-containing groups, as described below, are con-
ventionally employed as dispersant-viscosity index improver polymers.) The use of H, as a chain stopper has

35 the disadvantage of causing the saiuration of the olefinic double bond content of the copolymer. Thus, while
lower molecular weight copolymers were theoretically possible to prepare, their low unsaturation content (and
the accompanying low graft copolymer yields) would have made their further functionalization by a thermal
“ene” reaction, e.g., with dicarboxylic acid moieties in preparing dispersants, highly unsttractive.

U.S. Patent 4,668,834 to Uniroyal Chemical discloses preparation (via certain metallocene and alumoxane

40 catalystsystems)and composition of ethylene-alpha olefin copolymers and terpolymers having vinylidene-type
termninal unsaturation, which are disciosed to be usefu{ as intermediates in epoxy-grafted encapsulation compo-
sifions.

U.S. Patent 4,704,491 to Mitsui Petrochemical relates to liquid ethylene alpha-clefin random copolymers,
useful when hydrogenated as synthetic lubricant oil, characterized inter alia by having 10-85 mol.% ethylene

4  units, 15-80 mol.% aipha-olefin units, M, of from 300 to 10,000 and a M,/M, of not more than 2.5. The patent
&lso indicates that the liquid copolymer can be easlly modified since it has a double bond capable of reacting
with maleic anhydride, etc., at the molecular chain ends.

Japanese Published Patent Application 87-129,303A of Miisut Petrochemical relates to narrow maolecular
welight distibution ({M,/M, <2.5) ethylene alpha-clefin copolymers containing 85-99 mol% ethylene, which are

50 disclosed to be used for dispersing agents, modifiers or materials to produce toners. The copolymers (having
crystailinity of from 5-85%) are prepared in the presence of a catalyst system comprising Zr compotnds having
at least one cycloalkadienyl group and alumoxane.

European Patent 128,046 discloses (co)polyolefin reactor blends of polyethylene and ethylene higher al-
pha-clefin copolymers prepared by empioying described dual-mefa!locenelalumoxanq eabalystsystems P
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PCT Published Patent Application WO 88/01626 relates to transition metal compound/alumoxane catalysts
for polymerizing alpha-clefihs.

SUMMARY OF THE INVENTION

The present invention Is directed to an oil-soluble fuel and lubricating ol additive comprising ethyfene al-
pha-olefin interpciymers of 300 to 20,000 number average molecular weight terminally substituted with amines,
wherein the ethylene alpha-clefin polymer group is derived from a terminally unsaturated ethylene alpha-olefin
polymer wherein the terminal unsaturation comprises ethenylidene unsaturation. The amine-substituted polym-
ers of this invention are useful per se as additives to fuels and lubricating oils.

The materials of the invention are different from the prior art because of their effectiveness and thelr ability
to provide enhanced lubricating oil dispersancy, as exhibited by their enhanced sludge and varnish controt
properties. In fuels, the additives serve to minimize the degree of carburetor and intake valve fouling from
deposits. In addition, the additives of this invention possess superior viscometric properties.

The process of this invention permits the preparation of lubricating oil and fuel dispersant addltives which
are simultaneously characterized by a high active ingredient content {(usually atleast about 60 wt.%, up to about
85 wt.%) and by advantageous viscosity properties to permit the additives to be readily handled. In addition,
the amine-substituted ethylene alpha-olefin polymers of this invention can be characterized by VR values (as
hereinafier defined) of not greater than about 4.1, thereby providing advantageous viscosity modifying proper-
ties to the lubricating ofls contalning them. The present invention can produce such substituted polymers ina
more highly concentrated fonm than prior art materials, thereby reducing the possible processing difficulties
which are asssociated with less concentrated fuel and halogen-containing lubricating oil additives.

Further, dispersant materials can be prepared from the substituted polymers of this invention to provide
fuel and lubricating oil dispersant products having VR’ values of not greater than about 4.1 and VR'/VR, ratios
of less than about 1.11 (as such values and ratios are hereinafter defined). Surprisingly, the process of this
invention permits the preparation of highly concentrated dispersants from high molecular weight ethyiene-al-
pha-ciefin polymers (M, >5000, .g., 5,500-20,000) of superior viscosity properties.

In distillate fuels, the dispersant materials of this Invention can reduce the formation of intake valve deposits
in an intemal combusticn engine while minimizing valve sticking and crankcase oil thickening.

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 H,C=CHR! wherein R* is straight chain or branched chain alkyl radical comprising 1 to 18 carbon atoms
and wherein the polymer contains a high degree of terminal ethenylidene unsaﬁsraﬁon. Preferably R! in the
above formula is alkyl of from 1 to 8 carbon atoms, and move preferably is alkyl of from 1 to 2 carbon atoms.
Therefore, useful comonomers with ethylene in this Invention include propylene, 1-butene, hexene-1, octene-1,
4-methylpentene-1, decene-1, dodecene-1, tridecene-1, teiradecene-1, pentadecene-1, hexadecene-1, hep-
tadecene-1, octadecene-1, nonadecene-1 and mixtures thereof (e.g., mixtures of propylene and 1-butene, and
the like). _ '

Exemplary of such polymers are ethylene-propylene copolymers, ethylene-butene-4 copolymers and the
like. Preferved 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.
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enﬂy such polymers generally possess an lntrinsic viscosity (as measured in telralin at 135°C)
of batween about 0.025 and aboufU. 9 di/g, preferably of between about 0.05 and about 0.5 dl/g, most preferably
of between about 0.075 and about 0.4 dl/g.

15 The polymers employed in this invention preferably exhibit a degree of crystallinity such that, when grafted,
they are essentially amorphous.

The polymers employed in this invention are further characterized In that up to about 95% and more of the
polymer chains possess terminal ethenylidene-type unsaturation. Thus, one end of such polymers will ba of
the formula POLY-C(TY)=CH, wherein T Is C; to Cy, alkyl, preferably C, to Cg alkyl, and more preferably C,

20 o C; alkyl, (e.g., methyl or ethyl) and wherein POLY represents the polymer chain. The chain length of the T
alkyl group wiil vary depending on the comonomer({s) selected for use in the polymerization. A minor amount
of the polymer chains can contain terminal ethenyl unsaturation, i.e. POLY-CH=CH,, and a portion of the polym-
ers can contain intemal monounsaturation, e.g. POLY-CH=CH(T?), wherein T! is as defined above.

The polymer employed In this invention comprises polymer chains, at least about 30 percent of which pos-

25 sess terminal ethenylidene unsaturation. Preferably at least about 50 percent, more preferably at least about
€0 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 analysls, titration, or CSNMR.

The polymer and the composition employed in this invention may be prepared as described in U.S. Patent

30 4,668,834, in European Patent Publications 128,046,129,368, and 0260899,

The poiymers for use in the present invention can be prepared by polymerizing monormer mixtures com-
prising ethylene in combination with other monomers such as alpha-olefins having from 3 to 20 carbon atoms
(and preferably from 3-4 carbon atoms, L.e., propylene, butene-1, and mixtures thereof) in the presence of a
catalyst system comprising at least one metallocene (e.g., a cyciopentadienyl-transition metal compound).and

35 an alumoxane compound. The comonomer content can be contrelied through the selection of the metaliocene
catalyst component and by confrolling the partial pressure of the various monomers.

The catalysis employed in the production of the reactant polymers are organometallic coordination com-
pounds which are cyclopentadieny! 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 tricyclopen-

40 tadienyls and their derivatives of the transition metals. Particularly deskrable are the metaliocene 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 metaliocene compound is employed in the formation of the catalyst. As indicated,
supra, metaliocene is a metal derivative of a cyclopentadiene. The metallocenes usefully employed in accord-

45  ance with this invention contain at least one cyclopentadiene ring. The metal is selected from the Group 4b
preferably titanium, zirconium, and hafnium, and most preferably hafnium and 2irconium. The cyclopentadienyl
ring can be unsubstituted or contain one or more substiuents (e.g., from 1 to § substituents) such as, for
example, a hydrocarbyl substituent (e.g., up to 5 €, to Cg hydrocarbyl substituents) or other substituents, e.g.
such as, forexample, a trialkyi sityl substituent. The metallocene can contain one, two, or three cyclopentadienyl

5  rings ; however, two rings are preferred.

Useful metallocenes can be represented by the general formulas :

L (CrmMRX,
wherein Cp Is a cyclopentadienyl ring, M is a Group 4b transition metal, R is a hydrocarbyl group or hydrocar-
boxy group having from 1 to 20 carbon atoms, X is a halogen, and m is a whole number from1t0 3, nisa

55  whole numberfrom 0 to 3, and q is a whole number from 0 to 3.

i (CsR'YR"(CsR'WIMQs; and
n. R"(CsR'J,MQ’
wherein {C;R')) is 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 aryialkyl radical containing from 1 to
20 carbon atoms, a silicon containing hydrocarbyi radical, or hydrocarbyt radicals whereln two carbon atoms
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15 suchas bIs(cydopentadrenyl)mamum dimethyl, bis(cyclopentadienyl)titanium diphenyl,
bis{cyciopentadienyl)zirconium dimethyl,
bis(cyciopentadienyl)zirconium diphenyl,
bis{cyclopentadienyi}hafnium dimethyl and diphenyl,
bis{cyclopentadienyl)titanium di-neopentyl,

20  bis(cyclopentadienyl)zirconium di-nsopentyl,
bis(cyciopentadienyl)titanium dibenzyl,
bis{cyclopentadienyl)zirconium dibenzyl,
bis(cyclopentadienyljvanadium dimethyl ; the mono alkyl metallocenes such as bis(cyclopentadienyl)titantum
methyl chloride, bis(cyciopentadienyl)titanium ethyl chioride bis{cyclopentadienyl)titanium pheny! chiarids,

25  bis(cyclopentadienyl)zirconium hydrochloride,
bis(cyclopentadienyl)zirconium methyl chioride,
bis(cyclopentadienyl)zirconium ethyl chloride,
bis(cyclopentadienyl)zirconium phenyi chloride,
bis{cyciopentadienyl)titanium methyl bromide,

30  bis{cyclopentadienyl)itanium methy! iodide,
bis(cyclopentadienyl)titanium ethyl bromide,
bis{cyclopentadienyl) titanium ethyl iodide,
bis(cyclopentadienyi)titanium phenyl bromide, _
bis{cyclopentadienyi)titanium phenyl iodide,

35 bis{cyclopentadienyi)zirconium methyl bromide,
bis{cyclopentadienyl)zirconium methyl icdide,
bis{cyclopentadienyf)zirconium ethy! bromide.
bis(cyclopentadienyl)zirconium ethy} iodide,
bis{cyclopentadienyl)zirconium phenyl bromide,

40  bis(cyclopentadienyl)zirconium phenyl iodide ; the trialkyl metallocenes such as cyciopentadienyltitanium
rimethyl, cyclopentadienyl zirconium tripheny), and cyclopentadienyi zirconium trinecpenty), cyclopentadienyl-
zirconium trimethyl, cyciopentadienylhafnium triphenyl, cyclopentadienylhafnium trineopentyl, and cyclopen-
tadienylhafnium trimethyl.

lllustrative, but non-limiting examples of Il and JIf metallocenes which can be usefully empioyed are mono-

45  cyclopentadienyis titanocenes such as, pentamethylcyciopentadieny} titanium frichloride, pentaethyicyclopen-
tadienyl titanium trichloride, bis (pentamethyicyclopentadienyl) titanium diphenyl, the carbene represented by
the formula bis(cyclopentadienyijtitanium=CH, and derivatives of this reagent such as bis{cyclopen-
tadienyl)Ti=CHz.A{CHa)a, (Cp2TiCHz)z, CpaTICHCH{CH,)CH,, CpaTi-CHLCH.CH, ; substituted bis{Cp)Ti(V)
compounds such as bis(indenyl) titanium dipheny! or dichioride, bis(methylcyclopentadienyl)fitanium diphenyl

s6  ordihalides ; diaikyl, trialkyl, tetra-alkyl and penta-alkyi cyclopentadienyt titanium compounds such as bis(1,2-
dimethylcyclopentadienyljtitanium dipheny! or dichioride, bis(1,2-diethyicyclopentadienyl)titanium diphenyl or
dichioride and other dihalide compiexes ; silicon, phosphine, amine or carbon bridged cyciopentadiene com-
plexes, such as dimethylisilyldicyclopentadienyl titanium diphenyl or dichloride, methyi phosphine dicyclopen-
tadienyl titanium diphenyl or dichloride, methyienedicyclopentadienyl titanium diphenyl or dichioride and other

§5 complexes described by formulae Il and IIL

tllustrative but nondlimiting examples of the zirconocenes of Formula Il and 1l which can be usefully
emploved are, pentamethylcyclopentadienyl zirconium ftrichloride, pentaethyleyciopentadienyl zirconium
frichioride, the alkyl substituted cyclopentadienes, such ag bis{ethyicyclopentadienyl)zirconium dimethyl,
bis(beta-phenylpropylcyciopentadienyl) zirconium dimethyl, bis(methylcyclopentadienyf)zirconium dimethyl,
bis(n-butylcyclopentadienyl)zirconium dimethyl bis(cyciohexyimethylcyciopentadienyl)zirconium  dimethyl
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Mixed cyclopentadieny] -mféllocens compounds such as cyclopentadienyl (pentamethyl cyclopen-
tadienyl)zirconium dichloride, (1,3-di-rimethyisilylcyclopentadienyl) (pentamethylcyclopentadienyl) zirconium

75  dichloride, and cyclopentadienyl(indenyl) zirconium dichicride can be employed.

Most preferably, the polymers used in this invention are substantially free of ethylene homopolymer.

Bis{cyclopentadienylhafnium dichloride, bis(cyclopentadienylhafnium ; dimethyl, bis(cyclopen-
tadienyl)vanadium dichjoride and the like are filustrative of other metallocenes.

Some preferred metallocenes are bis(cyclopentadienyl)zirconium ; dimethyl, bis(cyclopentadienyi)zir-

20 conium dichioride; bis{cyclopentadienyititanium dichloride; bis{methylcyclopentadienyl) =zirconium
dichioride ; bis(methylcyclopentadienyititanium dichloride ; bis{n-butyicyclopentadienyl)zirconium dichloride ;
dimethyisilyldicyclopentadieny! zirconium dichloride ; bis{trimethylsilycyciopentadienyl)zirconium dichloride ;
and dimethyisilyldicyclopentadienyl fitanium dichloride ; bis{indenyl)zirconium dichloride ; bis (4,5.6,7-tet-
rahydroindenyl)zirconium dichloride ; the racemic and/or meso isomer of 1,2-ethylene-bridged bis(4,5,6,7-tet-

25 rahydroindenyl)zirconium dichloride; the racemic andior meso isomer of 1,1-dimethylsilyl-bridged
bis(4,5,6,7-tefrahydroindenyi)zirconium dichloride ; and the racemic and/or meso isomer of 1,1-dimethylsityl-
bridged bis{methyicyclopentadienyi)zirconium dichioride.

The alumoxane compounds useful in the polymerization process may be cyclic orlinear. Cyclic alumoxanes
may be represented by the general formula (R-Al-O), while linear alumoxanes may be represented by the gen-

30  eral formula R(R-AI-ON'AIR,. In the general formula R Is a C4-Cg alkyl group such as, for example, methyd,
ethyl, propyl, butyl and pentyl, nis an integer of from 30 20, and n is an integer from 1 to about 20, Preferably,
R is methyl and n and n’ are 4-18. Generally, in the preparation of alumoxanes from, for example, aluminum
trimethyl and water, a mixture of the linear and cyclic compounds is obtained.

The alumoxane can be prepared in various ways. Preferably, they are prepared by contacting water with

35  a solution of aluminum trialkyl, such as, for examples, 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
moist solvent In an altemative method, the aluminum alkyl such as aluminum trimethyl can be desirably con-
tacted with a hydrated salt such as hydrated copper sulfate or ferrous sulfate. Preferably, the alumoxane is
prepared in the presence of a hydrated ferrous suifate. The method comprises freating a dilute solution of alumi-

40 num trimethyl in, for example, toluene, with ferrous sulfate represented by the general formula FeSO,.7H;0.
The ratio of ferrous sulfate to aluminum trimethyi is desirably about 1 mole of ferrous sulfate for 6 to 7 moles
of aluminum trimethyl. The reaction is evidenced by the evolution of methane.

The mole ratio of aluminum in the alumoxane to total metal in the metaliocenes which can be usefully
employed can be in the range of about 0.5 :1 to gbout 1000 :1, and desirably about 1 :1 to about 100 :1. Pref-

45  erably, 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 in the preparation of the catalyst system are inert hydrocarbons, in particular a hydrocar-
bon that is inert with respect to the catalyst system. Such solvents are well known and include, for example,
isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene, xylene and
the like.

50 Polymerization is generally conducted at temperatures ranging between about 20° and about 300°C, pref-
erably between about 30° and about 200°C. Reaction time Is not critical and may vary from several hours or
more to several minutes or iess, depending upon factors such as reaction temperature, the monomers to be
copolymerized, and the like. One of ordinary skill in the ast may readily obtain the optimum reaction time for a
given set of reaction parameters by routine experimentation.

85 The catalyst systems described herein are suitable for the polymerization of clefins 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 mast pref
erably, the polymerization will be completed at a pressure within the range from about 50 bar to about 4,500
bar.

After polymerization and, optionally, deactivation of the catalyst {(e.g., by conventional techniques such as
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vl naonbrnarei{suchas mpdueas of lighip brapyishe éndr-butanlesntteoprctiopmediumpdienatively,
polymerization may be accomplished in the presence of a hydrocarbon inert to the polymerization such as
butane, pentanse, isopentane, hexane, iscoctane, decane, toluene, xylene, and the like.

In those situations wherein the molecular weight of ths poiymer product that would be produced at a given
set of operating conditions Is higher than desired, any of the fechniques known in the prior art for confrol of
molecular weight, such as the use of hydrogen and/or polymerization temperature control, may be used in the
process of this invention. If so desired, the polymerization may be carried out in the presence of hydrogen to
lower the polymer moleculdr weight. Care should be taken to assure that terminal ethenylidene unsaturation
Is not reduced to less than about 30 percent of the polymer chains.

Howevery, the polymers are preferably formed In the substantial absence of added H, gas, that is, the abs-
ence of H; gas added in amounts effective to substantially reduce the polymer molecular weight. More prefer-
ably, the polymerizations will be conducted empioying less than 5 wppm, and more preferably less than 1 wppm,
of added H, gas, based on the moles of the ethylene monomer charged to the polymerization zone.

When carmying out the polymerization in a batch-type fashion, the reaction diluent (if any), ethylene and
alpha-olefin comonomer(s) are charged at appropriate ratios to a suitable reactor. Care must be taken that all
Ingredients are dry, with the reactants typically being passed through molecular sleves 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 agitating the reaction mixture, thereby causing polymeri-
zation to commence. Altemnatively, 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 compistion
of the reaction, unreacted monoimer and solvent are either flashed or distilled off, If necessary by vacuurm, 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 areactor and withdrawing solvent, unreacted mono-
mer and polymer from the reactor so as to allow a residence time of ingredients long enough for forming polymer
of the desired molecular weight and separating the polymer from the reaction mixture.

Preparation of Halogenated Ethylene Alpha-olef:;n Polymer

The halogenated ethyiene alpha-olefin polymer can be prepared by contacting the polymer with halogen
(as shown In U.S. Patents 3,275,554 ; 3,438,757, 3,565,804 ; and 4,000,353, the disclosures of which are
hereby incorporated by reference in their entirety). The halogen group on the halogenated polymer is displaced
with the nitrogen-containing compound in the subsequent reaction therewith.

For example, an ethylene alpha-olefin, wherein the polymer has an average molecular weight within the
range of from 300 to about 20,000, is halogenated with either bromine or chlorine ; preferably the latter. The
halegen may be conveniently added as gaseous chioride, liguid bremine, or a hydrohalegen, e.g., HCI or HBr
gas.

The amount of halogen introeduced will depend on the particular hydrocarbon used, the desired amount of
amine to be introduced into the molecule, the particular alkylene amine used, and the halogen used. The amount
of halogen intraduced will generally be in the range from about 1 to 5 halogen atoms per molecule, depending
on the reactivity of the resulting halide. On a weight percent basis, the amount of halide will generally range
from about 1 to 25, more usually from about 1 to 10.

~ The halogenation step may be conducted in the temperature range of from about erdinasy amblent tem-
peratures to about 120°C. To aid in the halogenation step, the polymer may be dissolved in a suitable solvent,
such as carbon tetrachloride, in order to lower the viscosity of the polymer, although the use of such a soivent
is not necessary.

The time required for halogenation may be varied to some extent by the rate at which the halogen is infro-
duced. Ordinarily from about 2 to about 5 hours is a satisfactory halogenation period.

The reaction product mixture comprising the desired halogenated ethylene-alpha-olefin polymer (e.g.,
chlorinated ethylene-propylene polymer) will generally contain unreacted polymer, (that is, polymer which is
unsubstituted by halogen), in a concentration of less than about 40 wt. % (e.g., from 5 o 35 wt. %), more pref-
erably less than about 30 wt.% (e.g., from 10 {o 25 wt.%) and will be generally characterized by a VR value
("viscosity ratio” value) of not greater than about 4.1, usually not greater than about 4.0, preferably from about
2.0t0 3.9, and most preferably from about 3.0 to 3.8. As used here in, the term "VR value” is intended to mean
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by graft copolymerization with an unsaturated carboxylic acid or derivative
thereof (e.g., maleic anhydride). The ethyl ene al pha-ol efin copol yners
s (Merr] of 300 to 12,000) are obtai ned using #egler—catalysts (e.g., .
catal yst formed from sol uble V conpound and ah Té‘ﬁ@éﬂ’éﬁ'faﬂwﬁmmn conpound) ,
are grafted in the presence of afyaesésad cal LinitifPEACEIPCT Pybl i shed
Pat ent ﬁ;)p: i cation WD 88/ 01625 relates to transition netal
conpound/ al unbxane catal ysts for po- |ymerizing alpha-olefins. Attention is
di r ect ecuptigntdsiemiing wmengese'eﬂ $endi ng appl, i cations of the sanme priority
dat eéﬁ/EP - 3\6_440504 describes ol eagi voug £onposi tions conprising V.I.
i mpro¥ver addiflives conprisin ene/ A |
t er ni nal w@wﬁliﬁiﬁ%ﬁ“@ﬁgﬁ ¥ b HSiodd %a@sjn& reaction pfoAREhY¥ IR =6108%Hh NY
units ntistokes rmined by Method No. D445) and VISb Is the cold cranking simulator (CCS})
viscosity of the ene reaction product mixture at -20°C in units of poise (as determined by ASTM Method No.
D2602), wherein the measurements are made upon a 2 wt. % solution of the halogenated polymer reaction
10  product mixture in an ofl (herein termed the “"reference oil") comprising S150N (solvent 150 neutral) minerai
lubricating oit (Exxon Company U.S.A.), wherein the such reference ofl is characterized by an ASTM D445
kinematic viscosity of 5.2 ¢St (160°C) and an ASTM D2602 CCS viscosity of 19.2 poise (£ 0.4 poise) (at-20°C).
The "VR," value of the referenoce-olt will then be about 3.7 £ 0.1.
it will be understood that the ethylene alpha-olefin polymers of this invention which are charged to the
45  halogenation reaction zone can be charged alone or together with (e.g., in admixture with) other polyaikenes
derived from elkenes having from 1 to 20 carbon atoms (butene, pentene, octene, decene, dodecene, tet-
radodecene and the like) and homopalymers of C; to Cy, e.9., C2 10 G5, monoolefins, and copolymers of C,
to Cyp, €.g., C; to Cs, monoolefins, said additional polymer having a number average molecular weight of at
least about 900, and a molecular welght distribution of less than about 4.0, preferably less than about 3.0 {e.g,
20 from 1.2 to 2.8). Preferred such additional olefin polymers comprise a major molar amount of C, to Cyy, e.9.,
C, to C; moncolefin. Such oiefins include ethylene, propyiene, butylene, Isobutylene, pentene, octene-1,
styrene, etc. Exemplary of the additionally charged homopoiymers is polypropyiene, polyisobutylene, and po-
ly-n-butene the like as well as interpolymers of two or more of such olefins such as copolymers of : ethylene
and propylene (prepared by conventional methods other than as described above for the preferred ethylene
25 elpha-olefin copolymers employed in this invention, that is, ethylene-propylene copclymers which are substan-
tially saturated, wherein less than about 10 wt% of the polymer chains contain ethylenic unsaturation) ; butylene
and isobutylene ; propylene and iscbutylene ; etc. Other copolymers include those in which a minor molar
amount of the copolymer monomers, e.g., 1 to 10 mole %, is a C, to C;g non-conjugated diolefin, e.g., @
copolymer of isobutylene and butadiene : or a copolymer of ethylene, propyiene and 1,4-hexadiene ; etc. The
s0 additional such olefin polymers charged to the reaction will usually have number average molecular weights
of at least about 800, more generally within the range of about 1200 and about 5,000, more usually between
about 1500 and about4000. Particulardy useful such additional olefin polymers have number average molecular
weights within the range of about 1500 and about 3000 with approximately one double bond perchain. An espe-
cially useful additional such polymer Is polyisobutylene. Preferred are mixtures of such polylsobutylene with
25 ethylene-propylene copolymers wherein at least 30 wt% of the copolymer chains contain terminal ethenylidene
moenounsaturation as described above.
The number average molecular weight for such polymers can be determined by several known techniques.
A convenient method for such determination is by gel permeation chromatography (GPC) which additionally
provides molecular weight distribution information, see W. W. Yau, J. J. Kiridand and D. D. Bly, “Moderm Size
4« Exclusion Liquid Chromatography”, John Wiley and Sons, New York, 1979,

Preparation of Amine-substituted Polymer Products

While not wishing to bound therby, it is believed the halogenation of the ethylene alpha-olefin polymers

4  used in the present invention, because of their high concentration of polymer chains (up to 80% and more) hav-

ing terminal ethenylidene unsaturation, leads to halogented polymer chains wherein the halide group is also

substantially terminal (that is, wherein the halide group is attached to either the chain and carbon or to a pendant

carbon attached to the beta-carbon of the chain). This can be illustrated as follows, employing an ethylene-
propylene copolymer (EP) and chlorine for example :

CH,
| cl,
EP-CKZ C=CH2 ————l
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EP- A- 440505 descri bes high nol ecul ar weight (Merr] 20,000+ 500,000) V.I.

i nprover additives for ol eagi nous com positions conprising

‘et hyl ene/ al pha-ol efin copol ynmers having term nal vinylidene unsaturation
condensed with a hy- droxyaromatic conpound, an al dehyde and a nucl eophilic
reactant. EP-A-440506 describes a&dPpf0A88ARor ol eag gﬁ§$sé§§ﬁﬁﬁﬁﬁ¢EN”
conpri sing ethyl ene/ al pha-ol efin copol yners havi ng ELX@ngldere
unsaturation substituted.,yith a carboxylic acid. EP rbes
ol eagi nous conpositions ¢oataining | ow nol ecul ar wei ght (300 - 20, 000)

di sper sant com pri sing Ethylene/alpha-olefin copol ynmers having term nal

vi nyl i dene unsatugglégn.?gagqg§ed W th a hydroxyaromatic cg ound, an

al dehyde and a nucleop%i i c ¢eactant. According to the invention there is
provi ded an additive useful in oleaginous conpositions which conprises an
et hyl ene al pha-ol efin polynmer substituted with at | east one am ne conpound,
said pd yner conprisingnqpnoner units

EP~-CH=C-CH,Cl (ii)
15
CH,C1
|
EP-CH=C~CH,Cl (iii)

Halogenation is belleved to result in a mixture of products of which the Cl mono-terminally substituted polymer
is the majority. It Is believed form () is the major halogenated polymer preduct, and that form (ii) Is produced
in the product mixture in lesser concentrations. Form (iif), which is CI di-substituted illustrates a possible by-
25  product
Reaction of the halogenated polymer with an amine, e.g., ethylene diamine, will result in a mixture of pro-
ducts formed via EP-nitrogen bonds, and elimination of HCI, and can be illustrated as follows :

30 CHy
|
EP-CH,~C-CH,— [ NHC,H NH, ] (iv)
|
CH3
40
I
_ wherein (lv), (v) and (vi) are formed from halogenated products (i}, (ii) and (iii), respectively.
However, the above halogenated and aminated EP products are illustrative and are not the only forms
which can be envisioned. - )
50 The halogenated polymers prepared as described above, can be contacted with one or more amines to

form the novei dispersants of this invention, ,

Amine compounds useful for reaction with the halogenated polymer include mono- and (preferably)

polyamines, of about 2 to 80, preferably 2 to 40 (e.g. 3 to 20), total carbon atoms and about 1 to 12, preferably

3 to 12, and most preferably 3 to 9 nitrogen atoms in the molecule. These amines may be hydrocarbyl amines

55  ormay be hydrocarbyi amines including other groups, e.g, hydroxy groups, alkoxy groups, amide groups, nit-

riles, imidazoline groups, and the like. Hydroxy amines with 1 to 8 hydroxy groups, preferably 1 to 3 hydroxy

groups are particularly useful. Preferred amines are aliphatic saturated amines, including those of the general
formulas : -
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derived fromethylene and at | east one al pha-olefin of the formula
Herr]C=CHR[err] where R err] is an alkyl group of from1l to 15 carbon
- at ons, dﬁé%eﬁlaeiaﬁenaapmedool ymer has a nunber average. unl ecul.ar—weight of

from 300 §fi an average of at |east 30% bfiHEapEET O $BEERHai ns
contain t :' | i dene unsaturation and whefei n F&PHAGERi tivg is

characteri ze al ue of |ER9Me¥RA24 1 provided that said additive
does not conprlse an adduct of said polymer having a nunber average

nol ecul ar wei ght of from 300 to 10,000 substituted with nono- or

di carboxylic acid producing noietes. wt an am ne} EP-A-353935 di scl oses

an adduct of such mqk_)@ergnaaw.ﬁg(@izr)u erul ar wei ght of from
300 to 10,000 substitut ed with hpno- % 3' ﬁl d produci ng
moi eties with an anife. No clal?nls rrade h®rein t su adducts. The

I nvention is inclusive of a process for the preparation of an oil sol uble

di spersant m xture use{‘}g) as a fuel or (Vb)
10

wherein R, R, R” and R™ are independently selected from the group consisting of hydrogan ; C, to Co5 siraight
or branched chain alkyl radicals ; C, to C,; alkoxy C, to Cg atkylene radicais ; C, to C,, hydroxy amino alkylene
radicals ; and C to C,, alkylamino C, to C, alkylene radicals ; and wherein R™ can additionally comprise a moi-

15 ety of the formula :
———r(ca) -—NE}—H (VI)
L 2/
t!

]

wherein R’ is as defined above, and wherein r and ' can be the same or a different number of from 2 to §,
preferably 2to 4 ; and t and t’ can be the same or different and are numbers of from 0 to 10, preferably 2to 7,
25 and most preferably about 3 to 7, with the proviso that the sum of t and t’ is not greater than 15. To assure a
facile reaction, it is preferred that R, R’, R”, R, r, ¢', t and ' be selected in a manner sufficlent to provide the
compounds of Forrmulas Va and Vb with typically at least one primary or secondary amine group, preferably
at jeast two primary or secondary amine groups. This can be achieved by selecting at least one of said R, R’,
R” or R™ groups to be hydrogen or by lefting t in Formula Vb be at least one when R™ is H or when the VI
30  moiety possesses a secondaty amino group. The most preferred amine of the above formulas are represented
by Formula Vb and contain at least two primary amine groups and at least one, and preferably at least three,
secondary amine groups.
Non-limiting examples of suitable amine eompounds include : 1,2-diaminoethane ; 1,3-diaminopropane ;
1.,4-diamincbutane ; 1,6-diaminohexane ; polyethylene amines such as diethylene triamine ; triethylene tet-
35 ramine; tefraethylene pentamine; polypropylene amines such as 1,2-propylene diamine; di-(1,2-propy-
lene)triamine ; di-(1,3-propylene) triamine; N,N-dimethyi-1,3-di-aminopropane; N,N-di-(2-aminoethy)
ethylene diamine ; N,N-di(2-hydraxyethyl)-1,3-propyiene diamine ; 3-dodecyloxypropylamine ; N-dodecyl-1,3-
propane diamine; tris hydroxymethylaminomethane (THAM); dilsopropanol amine : diethano! amine;
triethanol amine ; mono-, di-, and tri-tallow amines ; amino morphoiines such as N-(3-aminopropyl)morpholine;
42 and mixtures thereof. _
Other useful amine compounds include : alicyclic diamines such as 1,4-di{aminomethyl) cyclohexane, and
heterocydlic nitrogen compounds such as imidazoiines, and N-aminoalkyl piperazines of the general formula

N

\._

1 o CH=Cl - )
H{NH-(CH;) o) N N CH,) -NH—-H
ctip-cuy

wherein p; and p, are the same or different and are each integers of from 1 fo 4, and ny, n, and ny are the same
or different and are each integers of from 1 to 3. Non-limiting examples of such amines inciude 2-pentadecyl
imidazoline ; N-(2-aminoethyl)piperazine ; etc.
Commercial mixtures of amine compounds may advantageously be used. For example, one process for
85 preparing akkylene amines involves the reaction of an alkyiene dihalide (such as ethylene dichloride or pro-
pyiene dichloride) with ammonia, which resuits in a complex mixture of alkylene amines wherein pairs of nit-
rogens are joined by alkylene groups, forming such compounds as diethyiene triamine, triethylenetetramine,
tefraethylenie pentamine and isomeric piperazines. Low cost poly(ethyleneamines} compounds averaging
about 5 to 7 nitrogen atoms per molecule are available commercially under frade names such as "Polyamine
H", "Polyamine 400°, "Dow Poiyamine E-100%, stc.

10
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" where n™ has a value of aboyt.1.to 40 with the provision that the sum of all the n™ values is from about 3 to

about 70 and praferably from about 6 to about 35, and Ré { s a polyvalent saturated hydrocarbon radical of up
to ten carbon atoms whereln the number of substituents on the R group is represented by the value of "a",
which is a number of from 3 to 6. The alkylene groups in either formula (Viil) or (IX) may be straight or branched
chains containing about 2 to 7, and preferably about 2 to 4 carbon atoms.

The polyoxyalkylene polyamines of formulas (VIIi) or (IX) above, preferably polyoxyalkyiene diamines and
polyoxyalkylene triamines, may have average molecular weights ranging from about 200 to about 4000 and
preferably from about 400 to about 2000. The preferred poliyoxyalkylene polyoxyalkylene polyamines inciude
the polyoxyethylene and polyexypropylene diamines and the polyoxypropylene triamines having average
molecularweights ranging from about 200 fo 2000. The polyoxyalkylene polyamines are commercially available
and may be obtained, for example, from the Jefferson Chemical Company, Inc. under the trade name “Jef-
famines D-230, D-400, D-1000, D-2000, T-403", efc.

A particularly useful class of amines are the polyamido and reiated amines disclosed in U.S. Patent
4,857,217 (the disclosure of which is hereby incorporated by reference in its entirety), which comprise reaction
products of a polyamine and an alpha, beta unsaturated compound of the formula :

Eor
RS -c=c-E-v (X)

wherein X is sulfur or oxygen, Y is -ORS, -SRS, or-NR(R9), and RS, R®, R7, R® and R? are the same or different
and are hydregen or substituted or unsubstituted hydrocarbyl. Any polyamine, whether aliphatic, cycloaliphatic,
aromatic, heterocyclic, efc., can be employed provided it is capable of adding across the acrylic double bond
and amidifying with for example the carbonyl group (-C{O}-) of the acrylate-type compound of formula X, or
with the thiocarbonyl group (-C(S)-) of the thicacrylate-type compound of formula X.

When RS, R?, R?, R8 or R? in Farmula X are hydrocarbyi, these groups can comprise alkyl, cycloalkyl, aryl,
alkaryl, aralkyl or heterocyclic, which can be substituted with groups which are substantiaily inert to any com-
ponent of the reaction mixture under conditions selected for preparation of the amido-amine. Such substituent
groups include hydroxy, halide {e.g., Cl, F1, i, Br), -SH and alkyithio. When one or more of R5 through R? are
alkyl, such alkyl groups can be siraight or branched chain, and will generally contain from 1 to 20, more usually
from 1 to 10, and preferably from 1 to 4, carbon atoms. Hlustrative of such alkyl groups are methy, ethyl, propyl,
butyl, pentyl, hexyl, heptlyl, octyl, nonyl, decyl, dedecyl, tridecyl, hexadecyl, octadecy! and the like. When one
or more of RS through R® are aryi, the aryl group will generally contain from 6 to 10 carbon atoms (e.g., phenyl,
naphthyl).

When one or more of RS through R® are alkaryl, the alkaryl group will generally contain from about 7 to 20
carbon atoms, and preferably from 7 to 12 carbon atoms. lllustrative of such alkary! groups are tolyl, m-ethyl-
phenyl, o-ethyltolyl, and m-hexyltolyl. When one or more of RS through R? are aralkyl, the aryl component gen-
erally consists of phenyi or (C4 to C,) alkyl-substituted phenol and the alkyt component generally contalins from
1 to 12 carbon atoms, and preferably from 1 to 6 carbon atoms. Examples of such aralkyl groups are benzyl,
o-ethylbenzyl, and 4-isobutylbenzyl. Whan one or more of R5 and R® are cycloalkyl, the cycloalkyl group will
generally contain from 3 to 12 carbon atoms, and preferably from 3 to 8 carbon atoms. Hlustrative of such cyc-
loalky] groups are cydlopropyl, cyclobutyl, cyciohexyl, cyciooctyl, and cyclododecyl. When one or more of RS
through R? are heterocydlic, the heterocyclic group generally consists of a compound having at least one ring
of 6 to 12 members in which on or more ring carbon atoms is replaced by cxygen or nitrogen. Examples of
such heterocyclic groups are furyl, pyranyl, pyridyl, piperidyl, dioxanyl, tetrahydrofuryl, pyrazinyl and 1,4-oxazi-
nyl.

The aipha, beta ethylenically unsaturated carboxylate compounds employed herein have the following for-
mula:

11
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noic acid, 2-propenoic acld, méihyl 2-propenoate, methyl 2-methyl 2—propenoate methyl 2-butenoate, ethyl 2-
hexenoate, isopropyl 2-decenoate, phenyl 2-pentenoate, tertiary butyl 2-propenoate, octadecyl 2-propenoate,

15  dodecyl 2-decenoate, cyclopropyl 2,3-dimethyl-2-butenoats, methyl 3-phenyl-2-propencate, and the like.
The aipha, beta ethylenicaily unsaturated carboxylate thioester compounds employed hereln have the fol-

lowing formula :
. R
i
RS- ¢ =c-0C-sR® (xID)

whersin RS, R, R7, and R® are the same or different and are hydrogen or substituted or unsubstituted hydrocar-
byl as defined above. Examples of such alpha, beta-ethylenically unsaturated carboxylate thicesters of formula
25  Xilare methylmercapto 2-butenoate, ethyimercapto 2-hexenoate, isopropylmercapto 2-decenoate, phenylimer-
capto 2-pentenoate, tertiary butylmercapto 2-propenoate, octadecylmercapto 2-propenoate, dodecyimercapto
2-decenoate, cyciopropyimercapto 2,3-dimethyl-2-butenoate, methyimercapto 3-phenyl-2-propencate, methyl-

mercapto 2-propenoate, methylmercapio 2-methyl-2-propencate, and the like.
The alpha, beta ethylenically unsaturated casboxyamide compounds employed herein have the folfowing

3 formula:

6 R7

RS- C=¢-C- 339(39) (XIII)

whereln RS, R8, R?, R8 and R? are the same or different and are hydrogen or substituted or unsubstituted hyd-
rocarbyl as defined above. Examples of aipha, beta-ethylenically unsaturated carboxyamides of formula Xl
are 2-butenamide, 2-hexenamide, 2-decenamide, 3-methyl-2-heptenamide, 3-methyl-2-butenamide, 3-phenyi-
2-propenamide, 3-cyclohexyl-2-butenamide, 2-methyl-2-butenamide, 2-propyl-2-propenamide, 2-isopropyl-2-

40 hexenamide, 2,3-dimethyl-2-butenamide, 3-cyciohexyl-2-methyi-2-pentenamide, N-methyl 2-butenamide,
N-methyl 2-butenamide, N,N-diethyl 2-hexenamide, N-isopropy! 2-decenamide, N-phenyl 2-pentenamide, N-
tertiary butyl 2-propenamide, N-octadecyl 2-propenamide, N-N-didedecyi 2-decenamide, N-cyclopropyi 2,3-di-
methyl-2-butenamide, N-methyl 3-phenyl-2-propenamide, 2-propenamide, 2-methyl-2-propenamide,
2-ethyi-2-propenamide and the like.

45 The alpha, beta ethylenically unsaturated thiocarboxylate compounds employed herein have the following
formuia :
§5 R’ " s
5 LA 8
50 R°-C=¢C ~C - OR (XIV)

wherein RS, R8, R7, R8 and R? are the same or different and are hydrogen or substituted or unsubstituted hyd-
rocarbyl as defined above. Examples of alpha, beta-ethylenically unsaturated thiccarboxylate compounds of
formula X1V are 2-butenthioic acid, 2-hexenthioic acld, 2-decenthioic acid, 3-methyl-2-heptenthioic acld, 3-me-

s5 thyl-1-butenthioic acid, 3-phenyi-2-propenthioic acid, 3-cyclohexyl-2-butenthioic acid, 2-methyl-2-butenthioic
acid, 2-propyl-2-propenthioic acid, 2-isopropyl-2-hexenthioic acid, 2,3-dimethyl-2-butenthioic acid, 3-cyc-
lohexyl-2-methyl-2-pententhioic acid, 2-propenthioic acid, methyl 2-propenthicate, methyl 2-methyl 2-propen-
thioate, methyl 2-butenthioate, ethyl 2-hexenthioate, isopropyi 2-decenthioate, phenyl 2-pententhioate, tertiary
butyi 2-propenthioate, octadecyl 2-propenthioate, dodecy! 2-decenthioate, cyciopropyl 2,3-dimethyl-2-buten-
thioate, methyl 3-phenyi-2-propenthioate, and the tike.
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- SR (XV)

10 wherein R5, R8, R7, and R8 are the same or different and are hydrogen or substituted or unsubstituted hydrocar-
byl as defined above. Examples of alpha, beta-ethylenically unsaturated dithioic aclds and acid esters of for-
mula XV are 2-butendithioic acld, 2-hexendithioic acid, 2-decendithloic acid, 3-methyl-2-heptendithioic acid,
3-methyl-2-butendithioic acid, 3-phenyl-2-propendithioic acid, 3-cyclohexyl-2-butendithioic acid, 2-methyl-2-
butendithiolc acid, 2-propyl-2-propendithioic acld, 2-isopropyl-2-hexendithioic acid, 2,3-dimethyl-2-butendi-

15 thiolc acid, 3-cyclohexyi-2-methyl-2-pentendithicic acld, 2-propendithiolc acid, methyl 2-propendithioats,
methyl 2-methyl 2-propendithioate, methyl 2-bufendithioate, ethyl 2-hexendithioate, isopropyl 2-decendi-
thioate, phenyl 2-pentendithioate, tertiary butyl 2-propendithioate, octadecyl 2-propendithicate, dodecyl 2-de-
cendithloate, cyclopropyl 2,3-dimethyl-2-butendithicate, methy! 3-phenyi-2-propendithioate, and the Jike.

The alpha, beta ethylenically unsaturated thiocarboxyamide compounds employed herein have the follow-

20 ingformula:

Py
R%=- c=¢c~C - NRB(R®)  (XVI)

wherein R5, RS, R7, R8 and R? are the same or different and are hydrogen or substituted or unsubstituted hyd-
rocarbyl as defined above. Examples of alpha, beta-athylenically unsaturated thiccarboxyamides of formula
XV are 2-hutenthicamide, 2-hexenthicamide, 2-decenthicamide, 3-methyl-2-heptenthioamide, 3-methyl-2-
butenthioamide, 3-phenyl-2-propenthicamide, 3-cyciohexyl-2-butenthioamide, 2-methyl-2-butenthioamide, 2-
30  propyl-2-propenthicamide, 2-isopropyl-2-hexenthioamide, 2,3-dimethyl-2-butenthicamide, 3-cyciohexyl-2-
methyl-2-pententhioamide, N-methyl 2-butenthioamide, N,N-diethyl 2-hexenthioamide, N-iscpropyl 2-decen-
thioamide, N-pheny} 2-pententhioamide, N-tertiary butyl 2-propenthioamide, N-octadecyl 2-propenthiocamide,
N-N-didodecyi 2-decenthioamide, N-cyclopropyl.2,3-dimethyl-2-butenthioamide, N-methyl 3-phenyl-2-propen-
thioamide, 2-propenthioamide, 2-methyi-2-propenthloamide, 2-ethyl-2-propenthioamide and the like.

35 Preferred compounds for reaction with the polyamines in accordance with this invention are lower alkyl
esters of acrylic and (lower alkyf) substituted acryiic acid. Hustrative of such preferred compounds are com-
pounds of the formuia :

R” o
40 } I 8
CHy = C ~ COR (XVII)

where R7 is hydrogen or a C; o C; alkyl group, such as methyl, and R® is hydrogen or a C, to C, alkyl group,
capabie of being remaved so as to form an amido group, for example, methyi, ethyl, propyl, isopropyl, bufyl,
45  sec-butyl, tert-butyl, aryl, hexyl, etc. In the preferred embodiments these compounds are acrylic and methacrylic
esters such as methyi or ethyi acrylate, methyi or ethyl methacrylate. When the selected alpha, beta-unsatu-
rated compound comprises a compound of formula X wherein X! is oxygen, the resulting reaction product with
the polyamine contains, at least one amido linkage (-C(O)N<) and such materials are herein termed “amido-
amines.” Similarly, when the sefected alpha, beta unsaturated compound of formula X comprises a compound
so  wherein X' is sulfur, the resulting reaction product with the polyamine contains thioamide linkage (-C{S)N<) and
these materials are herein termed “thioamido-amines. " For convenience, the following discussion is directed
to the preparation and use of amido-amines, although i wili be understood that such discussion Is also applic-

able o the thioamido-amines.
The type of amido-amine formed varies with reaction conditions. For example, a more linear amido-amine
&5 Is formed where substantially equimolar amounts of the unsaturated carboxylate and polyamine are reacted.
The presence of excesses of the ethylenically unsaturated reactant of formula X tends to yield an amido-amine
which is more cross-linked than that obtained where substantially equimolar amounts of reactants are
employed. Where for economic or other reasons a cross-inked amido-amine using excess amine is desired,
generally a molar excess of the ethylenically unsaturated reactant of about at least 10%, such as 10-300%, or
greater, for example, 25-200%, is employed. For more efficient cross-linking an excess of carboxylated material
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the greater the statistical probabiiity of cross-jinking since, for example, a tetraalkylenspentamine, such as tet-
raethylene pentamine

. H
{
NH, (CH,CH,N) 4H

s

has more labile hydrogens than ethylene diamine.
These amido-amine adducts so formed are characterized by both amido and amino groups. In their simplest
embodiments they may be represented by units of the following idealized formula (XVill)) :

RlO ri0 r10

1 |
-N'{A-N]—cuz—cn-c-

Ny

=0

wherein the R1%s, which may be the same or different, are hydrogen or a substituted group, such as a hyd-
rocarbon group, for example, alkyl, alkenyl, alkynyl, aryl, efc., and A Is a moiety of the polyamine which, for
example, may be aryl, cycloalkyl, alkyl, etc., and n, Is an integer such as 1-10 or greater.

The above simplified formula represents a linear amido-amine polymer. However, cross-inked polymers
may aiso be formed by employing certain conditions since the polymer has lablle hydrogens which can further
react with either the unsaturated moiety by adding across the double bond or by amidifying with a carboxylate
group.

Preferably, however, the amido-amines empldyed in this Invention are not cross-linked to any substantial
degres, and more preferably are substantially linear.

Preferably, the polyamine reactant contains at ieast one primary amine (and more preferably from 2 to 4
primary amines) group per molecule, and the polyamine and the unsaturated reactant of formula X are contac-
ted in an amount of from about 1 to 10, more preferably from about 2 to 6, and most preferably from about 3
to §, equivalents of primary amine in the polyamine reactant per male of the unsaturated reactant of formula
X

The reaction between the selected polyamine and acrylate-type compound is camied out at any suitable
temperature. Temperatures up to the decomposition points of reactants and products can be employed. in prac-
tice, one generally carries out the reaction by heating the reactants below 100°C, such as 80-90°C, for a suitable
period of time, such as a few hours. Where an acrylic-type ester is employed, the progress of the reaction can
be judged by the removal of the alcohol in forming the amide. During the early part of the reaction alcohol is
removed quite readily below 100°C in the case of low boiling alcchols such as methanol or ethano!. As the reac-
tion siows, the femperature is raised to push the polymerization to completion and the temperature may be
raised to 150°C toward the end of the reaction. Removal of alcohol is a convenient methoed of judging the pro-
gress and completion of the reaction which is generally continued untll no more alcohol Is evolved. Based on
removal of alcohol, the yields are generally stoichiometric. in more difficult reactions, yield of at least 95% are
generally obtained,

Similarly, it will be understood that the reaction of an ethylenically unsaturated carboxylate thioester of for-
mula Xl liberates the corresponding HSR® compound (e.g., HoS when R2 is hydrogen) as a by-product, and
the reaction of an ethylenically unsaturated carboxyamide of formula Xiit liberates the corresponding HNR3(R?)
compound (e.g., ammonia when R8 and R? are each hydrogen) as by-product.

The reaction time involved can vary widely depending on a wide variety of factors. For example, there is

a relationship between time and temperature. In general, lower temperature demands longer times. Usually,.

reaction times of from about 2 to 30 hours, such as 5 to 25 hours, and preferably 3 to 10 hours will be empioyed.

Although one can employ a solvent, the reaction can be run without the use of any solvent. In fact, where
a high degree of cross-linking Is desired, it is preferably to avoid the use of a solvent and most particularly to
avoid a polar solvent such as water. However, taking into consideration the effect of scivent on the reaction,
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i
Hzﬂ [ CHZC}!2M3§CKZCHZNRCH2CHZCNHCH2C:I~IZ [NHCH2CH2 ] 3“2

Preparation of the Dispersant

The halogenated ethylene alpha-olefin. polymer and amine compound (e.g., alkylens polyamine or polyal-
kyiene polyamine) may be brought together neat or in the presence of an inert soivent, particularly a hydrocar-
bon solvent. The inert hydrocarbon solvent may be aliphatic or aromatic. Also, aliphatic alcohols may be used
by themselves or in combination with another solvent, when capable of dissolving the reactants.

The reaction may be camied out at room temperature (20°C), butelevated temperatures are preferred. Ust-
ally, the temperature will be in the range of from about 100° to 225°C. Depending on the temperature of the
reaction, the particular halogen used, the mole ratios and the particular amine, as well as the reactant concen-
trations, the time may vary from 1 fo 24 hours, more usually from about 3 to 20 hours. Times greatly in excess
of 24 hours do not particularly enhance the yield and may lead to undesirable degradation. It is therefore pre-
ferred to limit the reaction time to fewer than 24 hours. _

The mole ratio of halogenated ethyiene alpha-olefin polymer to amine compound will generally be In the
range from about 0.2 to 10 moles of amine compound per mole of halogenated ethylene alpha-clefin polymer,
more usually 0.5 to 5 moles of amine compound per mole of halogenated ethylene gipha-olefin polymer. The
mole ratio will depend upon the amount of halogen present in the halogenated ethylene alpha-olefin polymer,
the particular halogen and the desired ratio of polymer to amine compound.

Small amounts of residual halogen in the final composition are not deleterious. Generally, the residual halo-
gen, as bound halogen, wili be In the range of 0 to 10 weight percent of the composition. Small amounts of
halogen may be present as the hydrohalide salt of the polymer substituted alkylene polyamines.

Since the ethylene alpha-clefin polymers used will have olefinic unsaturation, the amines may reactin a
way resulting in the efimination of hydrogen halide, introducing further aliphatic unsaturation into the polymer
radical. However, the olefinic unsaturation does not significantly affect the utility of the product, and when avail-
able, saturated allphatic halide may be used.

After the reaction has been carried out for a sufficient iength of time, the reaction mixture may be extracted
with a hydrocarbon medium to free the product from any low molecular weight amine salt which has formed.
The product may then be isolated by evaporation of the solvent. Further separation from unreacted polymer or
purification may be carried out as desired, e.g., chromatography.

An example of the reaction of an amido-amine reactant with a halogenated polymer s the reaction of chiori-
nated ethylene-propylene copalymer (EP-CI) with a polyamido-amine having two tenminal -NH, groups, which
can be illustrated as follows :

e —
P

cet Has Been Replaced

“THima
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R10 r10

| |

20 EP—-—N-[A-N]n4-ANH-[21]x-[22]yc(O) (CHp) QNHA-[A-N], -N—EP

| |

H H

+ 2 HC1

30 wherein x and y are each integers of fromn 0 to 10, EP represents an ethylene-propyiene copolymer group as
described above, Z' and Z2 are moieties of the formula :

0 g10
S
35 ~C(CHy) pNH~[A-N],, ~ANH-

wherein R19, A and n, are as defined above for Formula XVIll. Preferred are amido-amine reacfion products
of the above equation wherein R'? is H, and most preferably wherein x and y are each zero, and A Is (CH,)~
40  or {CHaHy)-

It will be understood that the amine reactant can comprise one or 2 mixture of any of the above described
amines, such as a mixture of an amido-amine and a polyalkylene polyamine. Preferably, the halogenated
polymer and amine will be contacted for a time and under conditions sufficient to react substantially all of the
primary nitrogens in the amine reactant The progress of this reaction can be followed by infrared analysis.

45 The dispersant-forming reaction can be conducted in a polar or non-polar solvent {e.g., xylene, toluene,
benzene and the like), and is preferably conducted in the presence of a mineral or synthetic lubricating oil.

Hydraxyamines which can be reacted with the aforesaid ethyiene alpha-olefin polymer substituted dicar-
boxylic acid material to form dispersants include 2-amino-1-butanol, 2-amino-2-methyl-1-propanol, p-(beta-
hydroxyethyl)-aniline, 2-amino-1-propanol, 3-amino-1-propanol, 2-amino-2-methyl-1,3-propane-diol, 2-amino-

60  2-ethyl-1,3-propanediol, N-(beta-hydroxypropyl}-N'-(beta-amino-ethyl}-piperazine, tris(hydroxymethyl)amino-
methane (also known as trismethyloiaminomethane) , 2-amino-1-butanol, ethanolamine, beta-(beta-hyd-
roxyethoxy)-ethylamine, and the like. Mixtures of these or similar amines can also be employed. The above
description of nucleophilic reactants suitable for reaction with the ethylene alpha-clefin polymer substituted
dicarboxylic acid or anhydride includes amines, alcohols, and compounds of mixed amine and hydroxy con-

s5 faining reactive functicnal groups, Le., amino-alcohols.

A preferred group of ashless dispersants are those derived from chicrinated ethyiene-propyiene copolymer
and reacted with polyethylene amines (referred to herein as "EPSA"), e.g., ethylene diamine, diethylene
friamine, triethylene tetramine, tefraethylene pentamine, pentaethyiene hexamine, polyoxyethyiene and
polyoxypropylene amines, e.g., polyoxypropyiene diamine, trismethyiolaminomethane and pentaerythritol, and
combinations thereof.
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Nor e pr ebtpokialaydegrmhetat & distesant mgeriarslyperspncertiation of 2 wt.% in the reference oll as defined

above for Formula IV. Preferably, the disperant materials of this invention are also characterized by a VRIVR,
ratio of notgreater than about 1.11, more preferably not greater than about 1.09, still more preferably from about
0.7 to 1.08 and most preferably from about 0.9 to 1.05, wherein VR, = 3.7 + 0.1 for the reference oil.

15 Another aspect of this Invention involves the post treatment of the nitrogen containing dispersant materials.
The process for post-treating said nitrogen containing dispersant materials is analogous to the post-reating
processes used with respect to derivatives of conventional ethylene copolymers of the prior art. Accordingly,
the same reaction conditions, ratio of reactants and the like can be used.

The nitrogen-containing dispersant materials of the instant invention as described above are post-treated

20 by contacting sald nitrogen-containing dispersant materials with one or more post-treating reagents selected
from the group consisting of boron oxide, boron oxide hydrate, beron halides, boron aclds, esters of boron acids,
carbon disuifide, sulfur, sulfur chiorides, alkenyl cyanides, aidehydes, ketones, urea, thio-urea, guanidine,
dicyanodiamide, hydrocarbyl phosphates, hydrocarbyl phosphites, hydrocarbyl thiophosphates, hydrocarbyl
thiophosphites, C; to Csp hydrocarbyl substituted succinic acids and anhydrides (e.g., succinic anhydride,

25 dodecyl succinic anhydride and the fike), maleic anhydride (or any of the above discussed monounsaturated
carboxylic reactants useful In forming the ethylene-alpha-olefin polymer-substituted mono- and dicarboxylic
acid materials employed in this invention), phosphorus sulfides, phosphorus oxides, phosphoric acid, hydrocar-
byl thiocyanates, hydrocarbyl isocyanates, hydrocarbyl isothiocyantes, epoxides, episulfides, fonmaidehyde or
formaldehyde-producing compounds plus phenols, and sulfur plus phenols.

30 For example, the nitrogen containing dispersants can be treated with a boron compound selected from the
class consisting of boron oxide, boron halides, boron acids and esters of boron acids in an amount to provide
from about 0.1 atomic proportion of boron for each mole of said nitrogen composition to about 20 atomic pro-
portions of boron for each atomic proportion of nilrogen of said nitrogen composition. Usefully the borated dis-
persants of the invention contain from about 0. 05 to 2.0 wt.%, e.g., 0.05 to 0.7 wt.% boron based on the total

35  weightofsaid borated nitrogen-containing dispersant compound. The boron, which appears to be in the product
as dehydrated boric acid polymers (primarily (HBOy)), Is believed to attach to the dispersant as amine saits,
e.g., the metaborate salt of sald amine dispersants.

Treating is readily carried out by adding from about 0.05t0 4, e.g. 1 to 3wt.% (based on the weight of said
nitrogen compound) of said boron compound, preferably boric acid which is most usually added as a sluny o

4 said nitrogen compound and heating with stiming at from about 135°C. to 190, e.g., 140-170°C., fer from 1 to
5 hours followed by nitrogen stripping at sald temperature ranges. Or, the boron treatment can be carried out
by adding boric acid to the hot reaction mixture of the dicarboxylic acid material and amine while removing water.

Since post-treating processes involving the use of these post-treating reagents is known insofar as appli-
cation to reaction products of amines and halogenated polymers, further descriptions of these processes herein

4 is unnecessary. In order to apply the prior art processes to the compositions of this invention, all that is neces-
sary is that reaction conditions, ratio of reactants, and the like as described in the prior art, be applied to the
nove! compositions of this invention. The following U.S. patents are expressly incorporated herein by reference
for their disclosure of post-treating processes and post-treating reagents applicable to the compositions of this
invention : U.S. Pat. Nos. 3,087,936 ; 3,200,107 ; 3,254,025 ; 3,256,185 ; 3,278,550 ; 3,281,428 ; 3,282,955 ;

s0 3,284,410 3,338,832, 3,344,069 ; 3,366,569 ; 3,373,111 ; 3,367,943 ; 3,390,088 ; 3,403,102 3,428,561 ;
3,470,008 ; 3,502,677 ; 3,513,093 ; 3,533,845 ; 3,541,012 3,639,242 3,708,522 ; 3,859,318 ; 3,865,813
3,470,098 ; 3,369,021 ; 3,184,411 ; 3,185,645 ; 8,245,908 ; 3,245,909 ; 3,245,910 ; 3,558,743 ; 3,573,205 ;
3,692,681 ; 3,749,695 ; 3,865,740 ; 3,954,639 ; 3,458,530 ; 3,390,086 ; 3,367,943 ; 3,185,704, 3,651,466 ;
3,415,750 ; 3,312,619 ; 3,280,034 ; 3,718,663 ; 3,652,616 ; 4,338,205 ; 4,428,849 ; 4,688,054 ; 4,839,070 ;

55 4,839,071 ;4,839,072 ; 4,839,073 ; UK. Pat. No. 1,085,903 ; U.K. Pat. No. 1,162,436.

The nitrogen containing dispersant materials of this invention can also be treated with polymerizable lac-
tones (such as epsilon-caprolactone) to form dispersant adducts having the moiety 4{C(0){(CH2):0)H, wherein
z is a number of from 4 to 8 (e.g., 5 to 7) and m has an average value of from about 0 to 100 {e.g., 0.2 to 20).
The dispersants of this invention can be post-treated with a Cs to C, lactone, e.g., epsilon-caprolactone, by
heating a mixture of the dispersant material and lactone in a reaction vessel in the absence of a solvent at a
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Is preferable to maintain the average degree of polymerization of the iactone monomer below about 100, with
a degree of polymerization og-theorder of from about 0.2 tc about 50 being preferred, and from about 0.2 to
about 20 being more preferred. For optimum dispersant performance, sequences of from about 1 to about &

75 lactone units in a row are preferred.

Catalysts useful in the promotion of the lactone-dispersant material reactions are seiected from the group
consisting of stannous ocianoate, stannous hexanoate, tetrabutyl titanate, a variety of organic based acid catal-
ysts and amine catalysts, as described on page 266, and forward, in 2 book chapter authored by R.D. Lundberg
and E. F. Cox, entitled "Kinetics and Mechanisms of Polymerization ; Ring Opening Polymerization®, edited by

20  Frischand Reegen, published by Marcel Dekker in 1969, wherein stannous octanoate is an especially preferred
catalyst. The catalyst is added to the reaction mixture at a concentration level of about 50 to about 10,000 parts
per weight of catalyst per one million parts of the total reaction mixture.

Exemplary of adducts formed by reaction of dispersant materiais if this invention and epsilon-caprolactone
are those adducts fllustrated by the following eguation :

o Ep—NK NH NH NH/[/N—-EP
| I_ (CHy) 5
34 H

25
EP— u/\/ N'/l/ Nﬁ/l/ N—EP
i I
“0 H H
[C(CHy) 5010
45
[ﬁ(mz)sqlnﬂ_
o

50  wherein m and EP are as defined above. The reactions of such lactones with dispersant materials containing
nitrogen or ester groups is more completely described in U.S. Patents 4,486,326 ; 4,820,432 ; 4,828,742 ;
4,851,524 ;4,866,135 ; 4,866,139 ; 4,866,140 ; 4,868,141 ; 4,866,142 ; and 4,866,187, the disclosure of each
of which is hereby incorporated by reference in its entirety.

Further aspects of the present invention reside in the formation of metal complexes of the novel! dispersant

§5 additives prepared in accordance with this invention. Suitable metal complexes may be formed in accordance
with known techniques of employing a reactive metal ion species during or after the formation of the present
dispersant materials. Complex forming metal reactants include the metal nitrates, thiccyanates, halides, car-
boxylates, phosphates, thio-phosphates, sulfates, and borates of fransition metals such as iron, cobalt, nickel,
copper, chromium, manganese, molybdenum, tungsten, ruthenium, palladium, platinum, cadmium, lead, silver,
mercury, antimony and the like. Prior art disciosures of these complexing reactions may be also found in U.S.

-18
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invention can be admixed, prior to, after or during being contacted with the selected amine(s), with (B) a con-
ventional halogenated poiyolefin derived from any of the polyolefins discussed above as being useful as a mixed

10 charge with the halogenated ethylene-alpha-olefin polymers in the fonmation of the halogenated ethylene-al-
pha-olefin polymers of this invention. The halogenated ethylene-alpha-clefin polymers of this invention and the
halogenated polyclefins will be generally admixed prior to contact with the selected amine(s), e.g., alkylene
polyamine. Such mixtures will generally employ a welght : weight ratio of halogenated ethylene-alpha-olefin
polymers of this invention t3 halogenated polyolefin from about 10 :90 to 90 :10, preferably from about 20 :80

15  to 80 220, and more preferably from about 40 :80 to 60 :40. Especially preferred are mixtures of halogenated
ethylene-propylene copolymers of this invention and halogenated polyisobutylene, halogenated poly-n-butens,
or mixtures thereof, having a number average molecular welght as described above for the above conventional
polyolefins, (e.g., 900 - 5,000). The resulting mixtures can then be contacted for reaction with the selected amine
as described above for formation of dispersant materials having improved viscosity properties, wherein the VR

20 of the resulting dispersant material is preferably less than the VR’ of the commesponding dispersant prepared
from the polyolefin-substituted mono- or dicarboxylic acid material alone. The resulting mixed dispersant mate-
rials can also be treated with any of the above-described post-treatment methods for incorporation of additional
functional groups thereon, such as boron, hydroxy, ester, epoxy, lactone, sulfur, metais and the like, as dis-
cussed above.

25 The dispersants of the present invention can be incorporated into a lubricating il (or a fuel) in any conve-
nient way. Thus, these mixtures can be added directly to the lubricating ofl (or fuei} by dispersing or dissolving
the same In the lubricating oii (or fuel) at the desired level of concentration of the dispersant. Such blending
into the additional lubricating oil {or fuel) can occur at room temperature or elevated temperatures. Altematively,
the dispersants can be blended with a suitable ofl-soluble soivent/diluent (such as benzene, xylene, toluene,

30 lubricating base oils and pefroleum distiifates, Including the various normally liquid fuels described in detail
below) to form a concentrate, and then blending the concentrate with a lubricating oll (or fuef) to obtain the final
formulation. Such dispersant concentrates will typically contain (on an active ingredient (A.l.) basis) from about
3 to about 45 wt.%, and preferably from about 10 fo about 35 wt.%, dispersant additive, and typically from about
30 to 90 wt.%, preferably from about 40 to 60 wt.%, base oil, based on the concentrate weight.

OLEAGINOUS COMPOSITIONS

The additive mixtures of the present invention possess very good dispersant properties as measured herein
in a wide variety of environments. Accordingly, the additive mixtures are used by incorporation and dissolution
40 into an oleaginous material such as fuels and lubricating oils. When the additive mixtures of this invention are
used in nommally liquid petroleum fuels such as middle distillates boiling frormn about 65° to 430°C, including
kerosene, diesel fuels, home heating fue! of, jet fuels, etc., a concentration of the additives in the fuel in the
range of typically from about 0.001 to about 0.5, and preferably 0.005 to about 0.15 weight percent, based on
the total weight of the composition, will usually be employed. The properties of such fuels are weil known as
45 Tiustrated, for example, by ASTM Specifications D #396-73 (Fuel Oils) and D #439-73 (Gasolines) available
from the American Society for Testing Materials ("ASTM"), 1916 Race Street, Philadelphia, Pennsylvania
19103,
The fuel compositions of this invention can contain, in addition to the products of this invention, other addi-
tives which are well known to those of skill in the art. These can inciude anti-knock agents such as tetraalkyl
50 lead compounds, lead scavengers such as haloatkanes, deposit preventers or modifiers such as triaryl phos-
phates, dyes, cetane improvers, anitoxidants such as 2,8-ditertiary-butyl~4-methyiphenol, rust inhibitors, bac-
teriostatic agents, gum inhibitors, metal deactivators, upper cylinder lubricants and the like.
The products of the present invention find thelr primary utility in lubricating ol compositions which employ
a base off in which the additives re dissolved or dispersed. Such base olls may be natural or synthatic. Base
55 oils suitable for use in preparing the lubricating oil compositions of the present invention inciude those con-
ventionally employed as crankcase lubricating ofis for spark-ignited and compression-ignited internal combus-
tion engines, such as automobile and truck .engines, marine and raliroad diesei engines, and the like.
Advantageous resuits are also achieved by employing the additive mixtures of the present Invention in base
oils conventionally employed in and/or adapted for use as power transmitting fluids, universal tractor fluids and
hydraulic fluids, heavy duty hydradiic fluids, power steering fluids and the like. Gear lubricants, Industial olis,
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10 In the preparation of lubricating oif 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 concentrates in hydrocarbon oil, e.g. mineral lubricating
oil, or other suitable solvent. Usually these concentrates may be diluted with 3 to 100, e.g., 5 to 40 parts by
welght of iubricating ofl, per pafb'iweightof the additive package, in forming finished lubricants, e.g. crankcase
motor oils. The purpose of concentrates, of course, is to make the handling of the various materials less difficult

15  and awkward as well as to facilitate solution or dispersion in the final blend. Thus, a dispersant would be usually
employed in the form of a 40 to 50 wt. % concentrate, for example, in a lubricating oil fraction.

The ashless dispersants of the present Invention will be generally used in admixture with a lube oll bases-
tock, comprising an oil of lubricating viscosity, including natural and synthetic lubricating oils and mixtures
thereof.

20 Natural ojls include animal oils and vegetable olls (e.g., castor, lard oif) liquid petroleum oils and hyd-
rorefined, solvent-treated or acid-treated mineral lubricating oils of the paraffinic, naphthenic and mixed para-
fiinic-naphthenic types. Oils of lubricating viscosity derived from coal or shale are also useful base olils.

Alkylene oxide polymers and interpolymers and derivatives thereof where the terminal hydroxyl groups
have been modified by esterification, stherification, etc., constitute another class of known syntheticlubricating

25 oils. These are exemplified by polyoxyalkylene polymers prepared by polymerization of ethylene oxide or pro-
pylene oxide, the alkyl and aryl ethers of these polyoxyalkylene polymers (e.g., methyl-poly isopropylene glycot
ether having an average molecular welght of 1000, diphenyl ether of pcly-ethylene glycol having a molecular
weight of 500-1000, diethyl ether of polypropylene glycol having a molecular weight of 1000-1500) ; and mono-
and polycarboxylic esters thereof, for example, the acetic acid esters, mixed C3-Cg fatty acid esters and Cys

30  Oxo acid diester of tetraethylene glycol.

Ancther suitable ¢lass of synthetic lubricating oils comprises the esters of dicarboxylic acids (e.g., phthalic
acid, succinic acid, alkyl succinic acids and alkenyl succinic acids, maleic acld, azelaic acid, suberic acid,
sebasic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl aicohol, hexyi alcohol, dedecyl alcohol, 2-ethyihexyl alcohol,

35 ethylene glycol, diethylene glycol monoether, propylene glycol). Specific exampies of these esters include
dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-hexyl fumarate, dioctyl sebacate, dliscoctyl azelate, diisodecyl
azelate, dicctyl 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-ethylhexancic acid.

40 Esters useful as synthefic olis aiso include those made from Cg to Cy; monocarboxyiic acids and polyols
and polyol ethers such as neppentyi glycal, trimethyloipropane, pentaerythritol, dipentaerythritol and tripen-
taerythritol.

Silicon-based oils such as the polyalkyi-, polyaryl-, polyalkoxy-, or polyaryloxysiloxane oils and silicate oils
comprise another useful class of syntheticlubricants ; they include tetraethyl silicate, tetraisopropyl silicate, tet-

45 ra-(2-ethythexyl)sliicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-{p-tert-butylphenyi)silicate, hexa-(4-me-
thyl-2-pentoxy)disiloxane, poly(methyl)siloxanes and poly(methylphenyl)slioxanes. Other synthetic lubricating
oifs include liquid esters of phosphorus-containing acids {e.g., tricresyl phosphate, trioctyl phosphate, diethyl
ester of decyiphosphonic acid) and polymeric tetfahydrofurans.

Unrefined, refined and rerefined oils can be used in the lubricants of the present invention. Unrefined oils

s0  arethose obtained directly from a natural or synthetic source without further purification treatment. Forexample,
a shale ol obtained directly from retorting operations, a petroleum oil cbtained directly from distillation or ester
oil obtained directly from an esterification process and used without further treatment would be an unrefined
oil. Refined oils are similar to the unrefined oils except they have been further treated in one or more purification
steps to improve one or more properties. Many such purification technigues, such as distillation, solvent ext-

55  raction, acid or base extraction, fiitration and percolation are known fto those skilled in the art. Rerefined olls
are obtained by processes similar fo those used to obtain refined oiis applied to refined ofis which have been
already used in service. Such rerefined oils are also known as reclaimed or reprocessed ofis and often are
additionally processed by techniques for removal of spent additives and oil breakdown products.

Metal containing rust inhibitors and/or detergents are frequently used with ashless dispersants. Such deter-
gents and rust inhibitors include the metal salts of sulphonic acids, alkyl phenois, sulphurized alkyl phenols,
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metal compound above that required for complete neuiralization of any suifonic acid present and thereafter
fomming a dispersed carbonate complex by reacting the excess metal with carbon dioxide to provide the desired
overbasing. The sulfonic acidg gre typically obtained by the sulfonation of alkyl substituted aromatic hydrocar-
bons such as those obtained from the fractionation of petroleum by distillation and/or extraction or by the alky-

15 lation of aromatic hydrocarbons as for example those obtained by alkylating benzene, tcluene, xyiene,
naphthalene, diphenyl and the halogen derivatives such as chlorobenzene, chiorotoiuene and
chioronaphthalene. The alkylation may be canied outin the presence of a catalyst with alkylating agents having
from about 3 to more than 30 carbon atoms. For example haloparaffins, olefins obtained by dehydrogenation
of paraffins, polyolefins produced from ethylene, propylene, etc. are all suitable. The afkaryl sulfonates usually

20  contain from about 9 to about 70 or more carbon atoms, preferably from about 16 to about 50 carbon atoms
per alkyl substituted aromatic molety.

The alkaline earth metal compounds which may be used in neutralizing these alkaryl suifonic acids to pro-
vide the sulfonates includes the cxides and hydroxides, alkoxides, carbonates, carboxyiate, sulfide, hydrosul-
fide, nitrate, borates and ethers of magnesium, calcium, and barium. Examples are calcium oxide, calclum

25  hydroxide, magnesium acetate and magnesium borate. As noted, the alkaline earth metal compound is used
in excess of that required to complete nsutralization of the alkaryl sulfonic acids. Generally, the amount ranges
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 preparations of basic alkaline earth metal alkaryl sulfonates are known, such as U.S. Patents

30 3,150,088 and 3,150,089 wherein overbasing is accomplished by hydrolysis of an alkoxide-carbonate complex
with the alkaryl sulfonate in a hydrocarbon solvent-diluent oil.

A preferred alkaline earth sulfonate additive is magnesium alkyl aromatic sulfonate having a fotal base num-
ber ranging from about 300 to about 400 with total.magnesium sulfonate content ranging from about25 to about
32 wt. %, based upon the total weight of the additive system dispersed in mineral lubricating ofl.

35 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 In reserve basicity of the polyvalent metal alkyl salicylates and naphthenates can be realized by utili-
zing alkaline earth metal, e.g. caicium, salts of mixtures of C4-C,e alkyl salicylates and phenates (see U.S.

40 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 con-
verted into highly basic salts by techniques generally known and used for such conversion. The reserve basicity
of these metal-containing rust inhibitors is usefully at TBN levels of between about 60 and 150. Included with
the useful polyvalent metal salicylate and naphthenats materials are the methylene and sulfur bridged materials

45  which are readily derived from alkyl substituted salicylic or naphthenic acids or mixtures of either or both with
alkyl substituted phenols. Basic sulfurized salicylates and a method for their preparation is shown in U.S. Patent
3,595,791. Such materials Include alkaline earth metal, particularly magnesium, calcium, strontium and barium
salts of aromatic acids having the general formula :

HOOC-ArR-Xy(ArR:0H)n 0O

s0  where Aris anaryl radical of 1 to 6 rings, R, 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 (-8-} or methylene (-CH_) bridge, y is a number from
0 t0 4 and n is 2 number from 0 io 4.

Preparation of the overbased methylene bridged salicylate-phenate salt is readily camwied out by conven-
tional techniques such as by alkylation of a pheno! followed by phenation, carboxylation, hydrolysis, methyiene

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

An overbased calcium salt of a methyiene bridged pheioi-salicylic acld of the general formula (XXI) :
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where x=10r2, n=0, 1 or 2; or a polymeric form of such a compound, where R is an alkyl radical, n and x
are each integers from 1 to 4, and the average number of carbon atoms in all of the R groups is at least about

25  9inorderto ensure adequate solubility in oil. The Individual R groups may each contain from 5 to 40, preferably
8 to 20, carbon atoms. The metal salt is prepared by reacting an alky! phenc! sulfide with a sufficient quantity
of meta! containing material to impart the desired alkalinity to the sulfurized metal phenate.

Regardiess of the manner in which they are prepared, the sulfurized alkyi phenols which are useful gen-
erally contain from about 2 to about 14% by weight, preferably about 4 to about 12 wt. % sulfur based on the

30  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 phenel and, If desired, to overbase the
product to a desired alkalinity by procedures well known in the art. Preferred is a process of neutralization utili-
zing a solution of metal in a glycol ether.

35 The neutral or nommal sulfurized metal phenates are those in which the ratio of metal to pheno! nucleus is
about 1 :2. The “overbased” or "basic” sulfurized metal phenates are sulfurized metal phenates wherein the
ratio of meta! to phenol is greater than that of stoichiometric, e.g. basic sulfurized metal dodecyi phenate has
a metal content up to and greater than 100% in excess of the metal present in the corresponding normal sui-
furized metal phenates wherein the excess metal is produced in oil-soluble or dispersible form (as by reaction

4  with CO,). The overbased sulfurized metal phenates desirably have a TBN value of atleast 150, e.g. from 200
fo 300.

Magnesium and calcium containing additives although beneficial in other respects can increase the ten-
dency of the lubricating oil to oxidize. This is especially true of the highly basic sulphonates.

According to a preferred embodiment the invention therefore provides a crankcase lubricating composition

45  also containing from 2 to 8000 parts per milifen of calcium or magnesium.

The magnesiunr and/or calcium is generalfly 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.

50 A particular advantage of the novel dispersants of the present invention is use with V.l improvers to form
multi-grade automobile engine lubricating ofls. Viscosity modifiers impart high and low temperature operability
to the lubricating oil and permit itto remain relatively viscous at elevated temperatures and also exhibit accept-
able viscosity or fluidity at low temperatures. Viscosity modifiers are generally high molecular weight hydrocar-
bon polymers including polyesters. The viscosity modifiers may also be derivatized to include other properties

s5  orfunctions, such as the addition of dispersancy properties. These oil soluble viscosity modifying polymers will
generally have number average molecular weights of from 102 to 108, preferably 10¢ to 10°, 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 mono-
mers of C; to Csy, 0.6. C; to C; olefins, including both aipha olefins and internal olefins, which may be straight
or branched, aliphatic, aromatic, alkyl-aromatic, cycloaliphatic, etc. Frequently they will be of ethylene with Cs
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The preferred hydronrboupolymers are ethylene copolymers containing from 15 to S0wL% ethylene, prof-

erably 30 to 80 wt.% of ethylene and 10 to 85 wt.%, preferably 20 to 70 wt.% of one or more Cs to Cas, preferably

15  Cjto Cys, more preferably Cs to Cs, alpha-olefins. While not essential, such copolymers preferably have a deg-
res of crystallinity of less than 25 wt.%, as determined by X-ray and differential scanning calorimetry. Copolym-
ers of ethylene and propylene are most preferred. Other alpha-olefins suitable in place of propylene to form
the copolymer, or to be used in combination with ethylene and propylene, to form a terpolymer, tetrapolymer,
etc., include 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decens, etc. ; also branched

20  chain alpha-olefins, such as 4-methyl-1-pentene, 4-methyl-1-hexene, 5-methyipentene-1, 4,4-dimethyi-1-pen-
tene, and 8-methylheptene-1, etc., and mixtures thereof.

Terpolymers, tetrapolymers, etc., of ethylene, said Cs 3 alpha-olefin, and a non-conjugated diolefin or mixt-
ures of such diolefins may 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 ethylene

25  and alpha-olefin present.

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

Examples of unsaturated esters that may be used include those of aliphatic saturated mono alcohols of at
least 1 carbon atem and preferably of from 42 to 20 carbon atoms, such as decyl acrylate, lauryl acrylate, stearyi

30  acrylate, eicosanyl acrylate, docosanyl acrylate, decyl methacryiate, diamyi fumarate, lauryl methacrylate, cetyl
methacrylate, stearyl methacrylate, and the fike and mixtures thereof. -

Other esters include the vinyl alcohol esters of C, to Cx, fatty or mono carboxylic acids, preferably saturated
such as viny! acatate, vinyl laurate, vinyl paimitate, viny! 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

35 dialkyl fumarates, can also be used.

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

] Such ester polymers may be grafted with, or the ester copolymerized with, polymerizable unsaturated nit-
rogen-containing monomers to impart dispersancy to the V.I. improvers. Examples of suitable unsaturated nit-
rogen-containing monomers include those containing 4 to 20 carbon atoms such as amino substituted olefins
as p-(beta-diethylaminosthyl)styrene ; basic nitrogen-containing heterocycles camying a polymerizable
ethylenically unsaturated substituent, e.g. the vinyl pyridines and the vinyl alkyl pyridines such as 2-vinyl-5-ethyl

4  pyridine, 2-methyl-5-vinyl pyridine, 2-vinyl-pyridine, 4-vinyl-pyridine, 3-vinyl-pyridine, 3-methyl-5-vinyl-pyridine,
4-methyl-2 -vinyl-pyridine, 4-ethyi-2-vinyl-pyridine and 2-butyi-1-5-vinyl-pyridine and the like.

N-vinyt lactams are also sultable, e.g., N-vinyl pyrrolidones or N-vinyl piperidones.

The vinyl pyrrolidones are preferred and ar_e exemplified by N-vinyl pyrrotidone, N-(1-methyivinyl) pyrroli-
done, N-vinyi-S5-methyl pyrrolidone, N-vinyl-3, 3-dimethylpyrrolidone, N-vinyl-5-ethyl pyrrolidone, etc.

s Dihydrocarbyl dithiophosphate metal salis are frequently used as anti-wear agents and aiso provide anti-
oxidant activity. The zinc salts are most commonly used in lubricating oil in amounts of 0.1 fo 10, preferably
0.2 to 2 wt.%, based upon the total weight of the lubricating oif composition. They may be prepared In accord-
ance with known techniques by first forming a dithiophosphoric acld, usually by reaction of an alcohol or &
phenol with P,Ss and then neutralizing the dithiophosphoric acid with a sultable zinc compound.

§5 Mixtures of alcohols may be used including mixtures of primary and secondary alicohols, secondary gen-
erally for imparting improved anti-wear properties, with primary giving improved thermal stability properties.
Mixtures of the two are particulary 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 dihydrocarby! dithiophosphates useful in the present invention are oil soluble salts of dihydrocarbyl
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bi s(cycl guRR serkmiales RZdnd ROG UM bRk Qltd 8 BarboRiafolns Yrhus, the radicals may, for
example, be ethyl, n-propyl, Fpropyl, n-butyl, t-butyl sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl, decyl, dodecyl,
15  octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl, methylcyclopentyl, propenyi, butenyl etc. In order to
cbtain oll solubliity, the total number of carbon atems (i.e., R and R’ in formula 23X} in the dithiophosphoric
‘acid will generally be about 5 or greater.
The antloxidants useful in this invention include oil soluble copper compounds. The copper may be blended
into the oll as any suitable oil soluble copper compound. By oil soluble we mean the compound is ofl soluble
20 under normal blending conditions in the oil or additive package. The copper compound may be In the cuprous
or cupric form. 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 cupr-
ous or cupric oxide may be reacted with one or two moles of the dithicphosphoric acid, respectively. Alterna-
fively the copper may be added as the copper salt of a synthetic or natural carboxylic acid. Examples include
25 Cyp to Oy fally acids such as stearic or palmitic, but unsaturated acids such as dleic or branched carboxylic
acids such as napthenic acids of molecular weight from 200 to 500 or synthetic carboxylic acids are preferred
because of the improved handling and solubllity properties of the resulting copper carboxylates. Also useful
are oil soluble copper dithiocarbamates of the general formula (RR’NCSS),Cu, wherenis1or2and Rand R’
are the same or different hydrocarbyl radicals containing from 1 to 18 and preferably 2 to 12 carbon atoms and
30  including radicals such as alkyl, alkenyl, aryl, aralkyl, alkaryl and cycioaliphatic radicals. Particularly preferred
as R and R’ groups are alkyi groups of 2 to 8 carbon atoms. Thus, the radicals may, for exampie, be ethyl,
n-propyl, i-propyl, n-butyi, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-heptyl, n-octyl, decyl, dodecyi, octadecyi,
2-ethylhexyi, phenyl, butylphenyl, cyciohexyt, meffiyicyclopentyl, propenyl, butenyl, etc. In order to obtain ol
solubilily, the total number of carbon atoms (i.e., R and R’} will generally be about 5 or greater. Copper sulpho-
35 nates, phenates, and acetylacetonates may also be used.

Exemplary of useful copper compounds are copper (Cu' and/or Cu') salts of alkenyl succinic acids or
anhydrides. The saits themselves may be basic, neutral or acidic. They may be formed by reacting (a) any of
the ashless dispersants discussed above, which have at least one free carboxylic acid (or anhydride) group
with (b) a reactive metal compound. Suitable acid (cr anhydride) reactive metal compounds include those such

45  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
isits divalentfonm, e.g., Cu*2, The preferred substrates are polyalkenyl succinic acids in which the alkeny! group
has a molecular weight greater than about 700. The alkeny! group desirably has a 'ﬁ,. from about 800 to 1400,

45  and up to 2500, with a M, of about 950 being most preferred. Especially preferred s polyisobutylene succinic
. acid (PIBSA). These materials may desirably be dissoived in a solvent, such as a mineral oll, 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 adeguate. It may be necessary, depending upon
the salt produced, not to allow the reaction to remain at a terperature above about 140°C for an extended period
50 of time, e.g., longer than 5 hours, or decomposition of the sait may occur.

The copper antioxidants (e.g., Cu-PIBSA, Cu-oleate, or mixtures thereof) will be generally employed in an
amount of from about 50-500 ppmn by weight of the metal, in the final lubricating composition.

The copper antioxidants used in this invention are inexpensive and are effective atlow concentrations and
therefore do not add substantially to the cost of the product. The results obtained are frequently better than

55 those obtained with previously used antioxidants, which are expensive and used in higher concentrations. In
the amounts employed, the copper compounds do not interfere with the performance of other components of
the lubricating composition, in 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 af of the need for supplementary antioxidants. Thus, for paricularly severe conditions itmay be desirable
fo include a supplementary, conventional antioxidant. However, the amounts of supplementary antioxidant
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amount of the copper antioxidant of from about 5 to 500 (more preferably 10 to 200, stifl more preferably 10 to
180, and most preferably 20 to 130 {e.g., 90 to 120)) part per millicn of added copper based on the weight of
the lubricating oil composition. Of courss, the preferred amount may depend amongst other factors on the qual-
ity of the basestock lubricating oil.

10 Corrosion Inhibitors, also known as anti-corrosive agents, reduce the degradation of the metallic parts con-
tacted by the lubricating oll composition. lilustrative of corrosion inhibitors are phosphosulfurized hydrocarbons
and the products obtained by reaction of a phosphosuifurized hydrocarbon with an alkaline earth metal oxide
or hydroxide, preferably in the  presence ofan alkyiated phenol or of an alkylphenol thicester, and also preferably
in the presence of carbon dioxide. Phosphosulfurized hydrocarbons are prepared by reacting a suitable hyd-

15  rocarbon such as a terpene, a heavy petroleum fraction of a C; to Cg olefin polymer such as polyisobutylene,
with from 5 o 30 welght 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. 1,869,324,

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

20 be evidenced by the products of oxidation such as sludge and vamish-like deposits on the metal surfaces and
by viscosity growth. Such oxidation inhibitors inciude alkaline earth metal salts of alkylphenoithioesters having
preferably Cs to Cy» alkyl side chains, calcium nonyipheno! sulfide, barium t-octyiphenyl sulfide, dioctyl-
phenylamine, phenylalphanaphthylamine, phosphosulfurized or sulfurized hydrocarbons, etc.

Friction modifiers serve to impart the proper friction characteristics to lubricating oif compositions such as

25  automatic transmission fluids.

Representative examples of suitable friction modifiers are found in U.S. Patent No. 3,933,659 which dis-
closes fatty acid esters and amides ; U.S. Patent No. 4,176,074 which describes molybdenum complexes of
polyisobuteny! succinic anhydride-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 phosphenic acid salts ; U.S. Patent

30 No. 3,778,375 which discloses reaction products of a phosphonate with an clearnide ; U.S. Patent No.
3,852,205 which discloses S-carboxy-alkyiene hydrocarbyl succinimide, S-carboxy-alkylene hydrocarbyl suc-
cinamic acid and mixtures thereof ; U.S. Patent No. 3,879,306 which discloses N-(hydroxyalkyl) alkenyi-suc-
cinamic acids or succinimides ; U.S. Patent No. 3,932,290 which discloses reaction products of di-(ower alkyi)
phosphites and epoxides ; and U.S. Patent No. 4,028,258 which discloses the alkylene oxide adduct of phos-

35  phosulfurized N-(hydroxyalkyl) alkenyl succinimides. The disclosures of the above references are herein incor-
porated by reference. The most preferred friction modifiers are glycerol mono and dioieates, and succinate
esters, or metal salts thereof, of hydrocarbyl substituted succinic acids or anhydndes and thiobls alkanols such
as described in U.S. Patent No. 4,344,853,

Pour point depressants lower the temperature at which the lubricating oil will fiow or can be poured. Such

40 depressants are well known. Typical of those additives which usefully optimize the low temperature fluidity of
the fluid are Cg-Csq dialkylfumarate vinyl acetate copolymers, polymethacrylates, and wax naphthalene.

Foam control can be provided by an antifoamant of the polysfloxane type, e.g. silicone oil and polydimethyi
siloxane.

Organic, oil-soluble oompounds useful as rust inhibitors in this invention comprise nonionic surfactants

45 such as polyoxyalkylene polyols and esters thereof, and anionic surfactants such as salts of alkyl sufonic acids.
Such anti-frust compounds are known and can be made by conventional means. Nonionic surfactants, useful
as anti-rust additives in the oleaginous compositions of this invention, usually owe their surfactant properties
to a number of weak stabilizing groups such as ether linkages. Nonionic anti-rust agents containing ether lin-
kages can be made by alkoxylating organic substrates containing active hydrogens with an excess of the lower

s0 alkylene oxides (such as ethylene and propylene oxides) until the desired number of alkoxy groups have been
placed in the molecule.

The preferred rust inhibitors are polyoxyalkylene polyols and derivatives thereof. This class of materials
are commercially available from various sources : Pluronic Polyols from Wyandotte Chemicals Corporation ;
Paolyglycol 112-2, a liquid triol derived from ethylene oxide and propylene oxide available from Dow Chemical

55  Co.; and Tergitol, dodecylphenyl or monophenyi polyethylene glycol ethers, and Ucon, polyalkylene giycols
and derivatives, both available from Unlon Carbide Corp. These are but a few of the commerctal products suit-
able as rust inhibitors in the improved composition of the present invention.

In addition to the polyols per se, the esters thereof obtained by reacting the polyols with various earboxyinc
acids are also sultable. Acids useful in preparing these esters are lauric acid, stearic acid, succinic acid, and
alkyl- or alkenyl-substituted succinic acids wherein the alkyl- or alkenyl group contains up to about twenty car-
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glkylene tefrols, etc., such as ethylene glycol, propylene giycol, glycerol, pentaerythritol, sorbitol, mannitol, and
the like. Arematic hydroxy compounds such as alkylated mono- and polyhydric phenols and naphthols can also
be used, e.g., heptylphenol, dodecylphend], etc.
Other suitable demulsifiers include the esters disclosed In U.S. Patents 3,098,827 and 2,674,619.
20 The liquid polyols avaltable from Wyandotte Chemical Co. under the name Pluronic Polycls and other simi-
lar polyols are particularly well suited as rust Inhibitors. These Pluronic Polyols correspond to the formuia :

HO- (CH,CH,0) , (CHCH,0) y (CH,CH,0) B (XXIV)
CH,

whereln x,y, and z are integers greater than 1 such that the -CH;CH,O- groups comprise from about 10% to

about 40% by welght of the total molecutar weight of the glycol, the average molecule weight of said glycol

being from about 1000 to about 5000. These products are prepared by first condensing propylene oxide with
30  propylene glycol to produce the hydrophobic base

HO (~CH-CH,-0) y~H o (xxV)
3

This condensation product is then treated with ethylene oxide to add hydrophylic portions to both ends of the
molecule. For best results, the ethylene oxide units should comprise from about 10 fo about 40% by weight of
the molecule. Those products wherein the molecular weight of the polyol is from about 2500 to 4500 and the
ethyiene oxide units comprise from about 10% te about 15% by weight of the molecule are particularly suitable.

40  The polyols having a molecular weight of about 4000 with about 10% atiributable to (CH;CH,0) units are par-
ficularly good. Also useful are alkoxylated fatly amines, amides, alcohols and the like, including such alkoxyl-
ated fatly acid derivatives freated with C, to C,g alkyl-substituted phenols (such as the mono- and di-heptyl,
octyl, nonyt, decyl, undecyl, dodecyl and tridecyi phenols), as described in U.S. Patent 3,849,501, which Is also
hereby incorporated by reference in its entirety.

45 These compositions of cur invention may also contain other additives such as thase previously described,
and other metal containing additives, for example, those containing barium and sodium.

The lubricating composition of the present invention may also include copper lead bearing corrosion inhibi-
tors. Typically such compounds are the thiadiazole polysuiphides 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

50 described in U.S. Patents 2,719,125 ; 2,719,126 ; and 3,087,932 ; especizally preferred is the compound 2,5
bis (t-octadithio)-1,3,4-thiadiazcle commercially available as Amoco 150. Other similar materials also suftable
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 polythic sulphenamides of thiadiazoles such as those described

85  in UK. Patent Specification 1,560,830. When these compounds are inciuded in the lubricating compaosition,
we prefer that they be present in an amount from 0.01 to 10, preferably 0.1 to 5.0 weight percent based on the
weight of the composition.

Some of these numerous additives can provide a muitiplicity 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 oil in
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preferred net clo ) zi rconi
bi s ( cy;:ol opentydl LpilohZ Moa@#idg di chl 0-g g1-4 0.01-12
Detergents 0.01-3 0.01-20
Corrosion Inhibitor 0.01~-1.5 .01~5
Ooxidation Inhibitor 0.01-1.5 .01-5
5 Dispersant 0.1-8 .1-20
Pour Point Depressant 0.01-1.5 .01-5
Anti-Foaming Agents 0.001-0.15 .001~3
20 Anti-Wear Agents 0.001-1.5 .001-5
Friction Modifiers 0.01-1.5 .01~5
Mineral Oil Base Balance Balance
25 When other additives are employed, it may be desirable, although not necessary, to prepare additive con-

centrates comprising concenfrated solutions or dispersions of the novel dispersants of this invention (in con-
centrate amounts hereinabove described), together with one or more of said other additives {(said concentrate
when constituting an additive mixture being referred to herein as an additive-package) whereby severel addi-
tives can be added simultaneously to the base ofl to form the lubricating oil composition. Dissolution of the addi-

30 tive concentrate Into the lubricating ol 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 dispersants of the present
invention can be added to small amounts of base ofl or other compatible solvents along with other desivable

a5 additives to form additive-packages containing active ingredients in collective amounts of typically from about
2.5 to about 50%, and preferably from about 15 to about 75%, and most preferably from about 25 to about 60%
by weight additives in the appropriate proportions with the remainder being base oll.

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

40 All of said weight percents expressed herein (unless ctherwise indicated) are based on active ingredient
(A.1.) content of the additive, and/or upon the total weight of any additive-package, or formulation which will be
the sum of the A.l. weight of each additive pius the weight of total ol or diluent

This invention will be further understood by reference to the following examples, wherein all parts are parts
by weight, unless otherwise noted and which include preferred embodiments of the invention. In the Examples,

45 wt% ethylene in the polymers is determined by FTIR (ASTM Methcd D3800). In the Examples, the "reference
oil* Is as defined above for Formula IV.

EXAMPLE 1 - Preparation of Ethylene-Propylene Copolymer.

50 A stirred 1500 cc steel autociave reaction vessel which Is equipped to perform continuous Ziegler polym-
erization reactions at pressures up 6 2500 bar and temperatures up to 300°C is used. The reaction system is
supplied with a thermocouple and pressure transducer to measure temperature and pressure continuously, and
with means to supply continucusly purified compressed ethylene and 1-propene. Equipment for continuously
introducing a measured flow of catalyst solution at high pressure and equipment for rapidly venting and guench-

55  ingthe reaction and for collecting the polymer product used in the reaction system. In this example, the polym-
erization is performed with a molar ratio of 1-propene to ethylene in the feed of 6.0 without the addition of a
solvent. 1-Propene and ethylene at this molar.ratio are continuously pumped Into the reactor at a mass fiow
rate of 40 kg/hour and at a reactor pressure of 1300 bar. The reactor contents are stirred continuously at a rate
of 1500 rpm. The temperature of the reactor is maintained at 175°C by pumping In a catalyst solution using a
continuous high pressure injection pump at a rate of 1.7 iiters/hour. The catalyst solution is prepared by mixing
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ride; bis(cyclopentadi enyl)titaniumdichloride; bis(nmethylcyclopentadienyl)

zi rconi llmsdheeﬂﬁaameﬁlm;pldmds( met hyl cycl openta- dienyl)titaniumdichloride;

 bi s(.n- but MY ; enyl ) zi rconi um di chl ori de; ‘

di met hyl s} tadi enyl zirconiumdichloride; |

bis(trinme ent adi enyplzisé se8AUM di chl ori dg; astHFFI‘ H{\s BEEN

di met hyl si |yl di cycl opent adi enyI ti tani um di chl o- ride; PLACED .
e%&o i um

3: ig: gd%@é azwconl umd |de gﬂ*ﬁf 7tta“9 dr0|n ﬁ‘:&i‘?%ﬂ
Ibszg‘rér 58 §d7: %ﬂ{ ?xelb% eoogof;%rﬁ‘r roc?uct asanumtgrgaveragemoeou pr meso
n

bis(4,5 65;9 rié lfa\/{ %‘fﬁgﬁ mg@,gﬁf" (;:;:r%\aﬁ'alyﬁeﬁey%%aé'r%a%wénd/ or
eSO i SONEer SI
bi s( et %ﬁy&l é’%éﬁ&n%?%)i&ub%%éd&@o gid,m} ori de. The al unbxane conpounds
usef |yl T thEe potymeTT ZatT om proCess May ue cyclic or linear. Cyclic
al unXx anemmyumﬁ@eﬁeeéwﬁﬂm % éxb.ﬁpsaﬁ &ba dsilg m&lsané RuPhnefahprocbaadi |
linear &k M@&%ﬁﬂﬁﬁmﬁ% R ptioR B BRABhRALLRY In 18 FeadRE Ahtaihédaf 15 by continuously
R(R- Al - Ghripiy 15488 litbrsmodr B d&iﬁwﬂ%&&foﬁl brepdréd By Inikirlg 166 g. 3f ﬁ(@aaﬂenﬁiaw Hircannlay |
group s Whioris wit 100 tite? ¥R 0% (1.4TRRY (A1) nﬁma&moweqauﬁ Corburdtin) add Bliters of toluene.
15  The yield of liquid ethylene-propene copclymer product is 2.9 kg/hour. The copolymer product has a number
average molecular weight of 895 and a composition of 44 mole % propene. The copolymer product is analyzed
by FTIR and 95% of the polymer chains are found to have terminal ethenylidene unsaturation.

EXAMPLE 3 - Preparation of Ethylene-Propylene Copolymer.

The ethylene-propene copolymer in this Example is prepared using the same equipment, procedure and
catalyst solution as in Example 1 with the exception that the temperature in the reactor is maintained at 200°C
by continuously pumping in 0.54 liters/hour. The yield of liquid ethylene-propene copolymer product is 4.7 kg-
fhour. The copolymer product has a number average molecular weight of 1040 and a composition of 40 mole

25 . % propene. The copolymer product is analyzed by FTIR and 84% of the polymer chains are found to have ter-
minal ethenylidene unsaturation.

EXAMPLE 4-6 - Halogenation.

30 In a serles of runs, the selected moles of the selected liquid EP copolymers are charged under dry N, at
atmospheric pressure fo a 500 ml. reactor equipped with a stirer and a themmocouple and heated by means
of an electric heating mantie. No added solvent or diluent for the reactants is employed. In each run, the reaction
mixture is heated to 80°C and Cl; Is bubbied through the liquid polymer at 60°C for the selected time while stir-
ring. Dry gaseous nitrogen is passed through the liquid to purge unreacted Cl; and HCI. The liquid product con-

35 taining the chierinated EP and unreacted EP is analyzed for chlorine.

The data thereby obtained are summarized in Table |.

Table I

Feed
Copolymer As

_ Prepared In Cl, Time c1-EP
45 Example EP Copolymer Example (é;g,]

a R, = 670 1 3 5.07
o 5 B, = 840 2 3.4 3.89
6 B, = 1040 3 4.7 3.16"

NOTES: EP - ethylene-prépyléne copolymer.

EXAMPLE 7-9 ; Preparation of Polyamine Dispersants.

A series of dispersant materials are prepared employing 250 g. of the CI-EP products prepared as in Exam-
ples 416 6.
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pentyl, nis an integer of from3 to 20, and n' is an |nteger froml to

about 20. Preferably, Ris nethyl and n and n' are 4- & Senet y—tft he
‘preparation of alunpbxanes from for exanple, alum num tﬁl‘ch'% H%%BE tier,
a mxture of the linear and cyclic conpounds is obtai hed AtEmxand can

be prepared in various ways. PrefBEra#ioygpsAhey are prepared by contacting
water with a solution of alumnumtrial kyl, such as, for exanples, alum num

trimethyl, lmeaawmﬁewm.@ssmu@a&a&%eaan&mzmm@nes1 bk rcnd PR C
hydr ocar baaeﬁomekﬁmwm,smﬂnmenwca 1d6Y4,0 tonddnsd Ao @id polyhdt skidtioR s alidedt he
form of aethyene diaminb widthe mixilredéIhealell & 1409TAInHSt N, Whilelstvelng o Boto @ hdiirs. THEsaldcley |
such as abmontofipaldium oxizie listhencddedinith eringtaduiraligethé HCItby-@rodiict, landiis thedl idkeddn s al t
such as hipdwglesdlarci®pancadditankii260 @i, dfitolfeed i adted $itH stisihgfor (5 eets dibdeythe frivinet for

al unoxaneedsgoffitetipar ed i n t he presence of a hydrated ferrous sulfate. The
met hod conpiTheresulting preduttisditeredind ariaigzed Jthe datatherely olsthinaderesumrharizerkn Taple Il below. f Or
exanpl®, toluene, with ferrous sulfate represented by the general formula
FeSO err].7H err]O The ratio of ferrous sulfate to alum numtrinethyl is

desirably Table II
15
Dispersant Analvsig
EDA Ca0o Non-volatile

Exawple # _(q)  _(q) . N W:t.$Cl Matter
20

7 210.4 39.3 1.21 1.27 50.2 wt.%

8 164.1 30.6 0.58 0.67 37.2 wt.$

8 145.4 27.1 0.47 0.66 38.6 wt.%

25

Notes: EDA = ethylene diamine.

30 EXAMPLE 10 ; Reduction of Intake Valve Deposits.

Two 100 hour test runs are made on a standard mileage accumulation dynometer using a 1987 BMW 325
automobile. In Test 1, an unisaded premium gasoline (93 RON) without any additives is tested. In Test2, a
biend of the same gasoline and 800 ppm by weight of the dispersant product of Example 7 is tested. In Test

35 3, a blend of the same gasoline and 800 ppm by weight of the dispersant product of Example 9 is tested. Fol-
lowing each test, the intake valves are weighed and the weight obtained compared to the weight of the valves
before the test. The difference is the total valve deposit weight. The results obtained is shown in Table Il below.

40 Table III
Average Deposit
—Test No. Diagpine, ppm Weight, nmg/valve
. .
1 .- 235
2 _ 800 171
3 - 800 71
50

The data in Table lil show that intake valve deposits are significantly reduced when the fuel contains the dis-
persant materials of this invention.
The principles, preferred embodiments, and modes of operation of the present invention have been des-
cribed in the foregoing specification. The invention which is intended to be protected herein, however, is not
§5  to be construed aslimited to the particular forms disclosed, since these are to be regarded as flustrative rather
than restrictive. Variations and changes may be made by those skilled in the art without departing from the spmt
of the invention.
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about 1 nole of ferrous sulfate for 6 to 7 noles of alum numtrinethyl. The

reaction j.o evide ed by the evolution of nethane. The nole ratio of
~al um num Ll s |z ﬁi
useful ly

to total nmetal in the netallocenes which can be
n the range of about 0.5:1 tnlseshauﬂaslaeﬂmeﬂlace«and
desirably about 1: 1 to about 10 ably, the nol
the range of 50:1 to about 5:1 a%"#ﬁgfzf%eferably 20: 1} !’ﬂ IH
solvents used in the preparation of the catal yst syste

:‘&o

i

hydrocar®etms, in particular a hydrocarbon that is inert with respect to the
catal yst system Such solvents are well known and include, for exanple,

i sobut ant, ApaddiiMpusefyn plgaginousremeasiions waish eamerises an effiene alp e RolvieE subst-

met hyl cycl ¥Rviha leastqng aige comppus.said pelyrpss é°"PPF"R'!9 mqnem dz@'ﬁi fmn ptiylene
general |y @wiplieestens alpha-plsf @P%@WE@Z‘?‘&H 41w @03 B about
300[ err] C, ¥pre b%'@ "e‘? H!!F’H'B‘Sﬂf’f F‘q &tion

time s no?? %ygg Bl gihsfyidensu dyherg Pal
sa dfie 18 characﬁeri ?w ue of essr%}l/

2. Theadditiveofclaim1 wherein said polymer has a number average molecular weight of from 700 to 20,000.

3. The additive of claim 2 wherein sald polymer has a number average molecular weight of from 900 and
15 15,000,

4. The additive of any of claims 1 to 3 wherein said polymer has a molar ethylene content of from 20 to 80
percent.

20 5. The additive of claim 4 wherein said polymer contains from 30 to 70 mole % ethyiene.

6. The additive of any of claims 1 to 5 wherein sald alpha-olefin is of the forraula H,C=CHT! wherein T1is an
alkyl group of from 1 fo 2 carbon atoms.

25 7. The additive of claim & wherein said polymer comprises an ethylene-propyiene copolymer.

8. An oif soluble dispersant mixture useful as a fuel or lubricating oil additive comprising an adduct of :

(a) an ethylene alipha-olefin polymer substituted with halide moieties, said polymer comprising monomer
units derived from ethylene and atleast one alpha-olefin of the formula H,C=CHT! wherein T1 is an alkyl

30 group of from 1 to 18 carbon atoms, and wherein said polymer has a number average molecular weight
of from 300 to 10,000 and an average of at least 30% of said polymer chains confain terminal
ethenyildene unsaturation and whereln said substituted polymer is characterized by a VR value of less
than about 4.1, and -
(b) atleast one amine, said dispersant having a VR’ vaiue of less than about 4.1.

9. The dispersant of claim 8 wherein the substituted polymer Is as defined in any of claims 2 to 7.

10. The dispersant of claim 8 or claim 9 wherein the substituted polymer is characterized by a VR'/VR; value
ratio of less than 1.11.

11. The dispersant of any of claims 8 to 10 wherein the amine contains from 2 to 60 carbon atoms and from 1
to 12 nitrogen atoms per molecule.

12. The dispersant of claim 11 wherein said amine comprises a polyalkylenepolyamine wherein said alkylene
45 group contzins 2 to 60 carbons and sald polyalkylenepolyamine contains from 2 to 9 nitrogen atoms per
molecule.

13. The dispersant of ciaim 12 wherein said amine comprises polyethylenepolyamine.

50 14, Thedispersant of claim 8 wherein said dispersant adduct is borated to provide from about 0.05 t0 2.0 weight
percent boron in said borated dispersant adduct.

15. A lubricating oil concenfrate conbmmg fmm about 20 to 60 wt. % of the dispersant of any of claims 8 fo
14.

16. The lubricating oil concentrate of claim 15 containing from 0.1 to 20 wt. % of the dispersant.

17. Alubricating oil concentrate containing from 1 to 80 wt. % of the substituted ethylene alpha-olefin polymer
of any of claims 1 fo 7.



m nut es~or { ess; dependifg upon factors such as reaction tenperature, the
nmonomer s 1ﬂumM,£LLmﬂ”m and the like. One of ordinary skill in the
fart may r optlnumreactlontlnefor a given set of
reaction parafe S -*6 - by routine experinentat|i oms sHEET cRASHEEST
systens descri bed here| n are sui ERbKE 508A2t he pol yngri zat REpLATEDOI ef i hs in
sol ution over a wide range of pressures. Preferably,~The polymerizatl on
wi |l Gg! nplluﬁ'f@ﬁﬂg a{wﬁce%%%sﬁglﬁngﬁhn% {OWR B rthe SiBstutbadipéte aphdlEiGinamerand
gener aIIy at a pressure wthint range from about 40 bar to about 2,000
bar, and 1§08 fellRbRfcBikichtbdtainikg FROMRWOY FBI5IWERKLdF 8 dispersant of any of claims 8 to 14.

20. A fuel composition containing from 0.005 to 0.15 wt.% of the dispersant.
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will be conpleted at a pressure within the range from about 50 bar to about
1,500 bar. After polynerization and, optionally, deactivation of the

catal yst (e.g., :by conventional techni gees—.such as_contacting the

pol ymeri zation reacti-on medi umwi th wa GRERMCEMERT%# such as net hanol ,
propanol, isopfopanol, etc., or coolinp mediumto term nate
t he polynerization reaction), the prodjuct 50} ?ﬂm ecaovered by
processes well known in the art. Any ecq S may @S FBEtedADBEEN
“fromthe polynmer. The pol ynerization " cenductedienp| oyi nREPLYCER]
nmononer, such as liquid propyl ene, or } 'xtures of |IC]UI d monomers (such as

m xtures of Ii qui d propyke9erapdutr bt

Alternatively, pol weEiEaiireh ERYNBCDasE0RB)
hydrocarbon inert 0 the pol ymeri zation SUC ., _pentane,

| sopent ane, hexane, isooctane, decane, toluene, xylene, and the like. In

t hose situations wherein the M&MMe pol ymer product that

woul d be produced aThdsgi inventlicdf relates to improved oil soluble '
dispersant additives useful in oleaginous compositions,

including fuels and lubricating oil compositions, and to
concentrates containing said additives.

BACKGROUND OF THE INVENTION

Ashless nitrogen and ester containing lubricating
cil dispersants have been widely used by the industry.
Typically, these dispersants are prepared from a long chain
hydrocarbon polymer by reacting the polymer with maleic
anhydride to form the corresponding polymer which is
substituted with succinic anhydride groups. Polyiso-
butylene has been widely used as the polymer of chm.ce,
chiefly because it is readily available by catlonlc
polymerlzatlon from butene streams (e.g., using AICl3
catalysts). Such polyisobutylenes generally contain
residual unsaturation in amounts of about one ethylenic
double bond per polymer chain, positioned along the chain.

The polyiscbutylene polymers (PIB) employed in
most conventional dispersants are based on a hydrocarbon
chain of a number average molecular weight (En) of
from about 900 to about 2500. PIB having a ®, of
less than about 300 gives rather poor performance results
when employed - in dispersants because the molecular weight
is insufficient to keep the dispersant molecule fully
solubilized in lubricating oils. on the other hand, high
molecular weight PIB (R, >3000) becomes so viscous
that conventional industrial practices are incapable of
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operating conditions is higher than desired, any of the techniques known in
the prior art for control of nolecul ar me|aht —soeh as the use of hydrogen

and/ or polymerization tenperatur t ryayHEEé’ sed in the process of
this invention. |If so desired, t eﬁgﬁtﬁgger.7af y be carrled out in the

presence of hydrogen to lower th )
taken to assure that term nal ethen |¥aeﬁéguh§§tt
| ess than about 30 percent of the} p

preferably forned in the substant{al absenge-of ad ed H2 gas, that is, the
absence of H2 gas added in anountp _effective~te~sttystantially reduce the
pol ymer nol ecul ar weight. Mre preferably, the polyner- izations wll be.
conduct ed emAroyl gl etsig hprodusppnin ananyoopepatfionabl y This torableémwppm
e oo oy adofas RASRT ML e TR L e Obibd CHEIERATT GRRGAR!
t he polyneriza P8R "zone en carrying ou ynmeri zation in

bat ch-type flaireasest e 5686t con 1@ PAent (i f any) et hyl ene and

al pha-ol efin Increased amounts of terminal ethylenic

unsaturation in polyisobutylene (so-called "reactive
polyisobutylene”) has been achieved 'by BF4 catalyzed
polymerization of isobutylene. Exemplary of references
' disclosing these polymers is U.S. Patent 4,152,499,
However, such reactive polyiscbutylene materials can still
contain substantial amounts of unsaturation elsewhere along
the chain. Further, it is difficult to produce such
reactive polyisobutylene polymers at molecular weights of
greater than about 2,000, and, even so, the reactive
polyisobutylenes themselves still suffer the above-noted
viscosity increase disadvantages as molecular weights are
increased.

Other polymers, such as ethylene-propyleﬂne
co-polymers and terpolymers containing non-conjugated
dienes, have been disclosed as suitable polymers for the
preparation of ashless nitrogen and -ester dispersants.

U.S. Patent 4,234,435, for example, discloses
dispersants prepared from polyalkenes, ﬁn of 1,300
to about 5,000. The polyalkene can comprise homopolymers
or interpolymers of C, to C;¢ terminal olefins, of
which ethylene-propylene copolymers are said to be
examples, with specific reference to a copolymer of 80%
ethylene and 20% propylene.

Howevér, ethylene-alpha~-olefin copolymers of the
above molecular weights could be produced using
Ziegler-Natta catalysts only in combination with H, as
molecular weight control in order to terminate the growing
copolymer chains within this molecular weight range.
Without use of Hy or other conventional, so-called "chain
stoppers", the copolymers produced with Ziegler-Natta
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conononer (s) are charged at appropriate ratios to a suitable reactor. Care

nmust be taken that all ingredients are dry, with the reactants typically
bei ng passed t hrough nol ecul ar sieves or other drylng means prior to their
i ntroduction into the reactor. Subse"“"nt1 * le catal yst and then
the cocatalyst, or first the cocatal §EPhA gﬁkﬁ dat al yst are

I ntroduced while agitating the react i u.xture th r-by~e

pol ymeri zation to conmence. Alternat vr 3

be prem xed in a solvent and then charge e re L As. [THAeY

bei ng fornmed, additional nononers may | auaed fo the eact or . Upon

conpl etion of the reaction, unreact ed mononer andhsoL ent are either

flashed or CAtadyStsd wsuld | tend EQshape LgtHes | gheablEcdPar

wei ght copehyeris Wi hdhawadovem tdigge eact(csruchhelguéﬂ naépaaymeﬁs raobe
conducted in_a ﬁontlnuous nner Sy si_myl t aneousl y ng the reacgtion
di | uent (i F*Efp Syeéfe PARYEAY I XY 55 &?5? § Y4SERELSY and

wi t hdr awi ngnﬁekve:nﬁprmmctaam nmmnegraﬂﬁe@oke;iltrar rfitoogiene-contetiaingo as
to all ow ageasidencs 4k Ofndd BEFLSM SrL OB8nGRLIBNL ALy 8RB DG ROLLT! Of

t he desire
dispersant-viscosity index improver polymers.) The use of

H, as a chain stopper has the disadvantage of causing the
saturation of the olefinic double bond content of the
copolymer. Thus, while lower molecular weight copolymers
were theoretically possible to prepare, their low
unsaturation content (and the accompanying low graft
copolymer yields) would have made their further
functionalization by a thermal "ene" reaction, e.g., with
dicarboxylic acid moieties in preparing dispersants, highly
unattractive. )

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

U.S. Patent 4,704,491 to Mitsui Petrochemical
relates to liquid ethylene alpha-olefin random copolymers,
useful when hydrogenated as synthetic lubricant oil,
characterized jinter alia by having 10-85 mol.% ethylene
units, 15-90 mol.%¥ alpha-olefin units, Hn of from
300 to 10,000 and a R, ,/#, of not more
than 2.5. The patent also indicates that the 1liquid
copolymer can be easily modified since it has a double bond
capable of reacting with maleic anhydride, etc., at the
molecular chain ends.

Japanese Published Patent Application 87-129,303A
of Mitsui Petrochemical relates to narrow molecular weight
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wei ght and separating the pol yner fromthe reaction m xture. Preparation of
Hal ogenat ed Et hyl ene Al pha- ol ef i —Potymer—The 11 enat ed et hyl ene

al pha-ol efin polyner can be prep rBHPWEMENFa%’ﬂE g t he pol yner wi th hal ogen
(as shown in U S. Patents 3,275, 854—3438757,B, $65, 804; and 4, 000, 353,

t he di scl osures of which are herebﬁ ?o FPRr99kdi by reference in their
entirety). The hal ogen group on tjhe ogenat ed pol - ]

t he nitrogen-containing conpound {in tne subsequent
exanpl e, an ethyl ene al pha-ol efin, wher "eitn "t he pol :
nmol ecul ar weight within the range of Trom 300 to about 20 000 IS

hal ogenat e | bram hl or| ref the latter. The -
hal ogen msg \tg!e&(t%gvgegf{erlltcfy a@?e ngase l]s hI Seﬁ' ﬁ&xlﬁ Lﬁd brom ne, or a
hydr ohal og@hphar-glefli® orpeBympass Thataiouimg oB5haBogmi% netoylliers, w | |

depend on igcRardde ukals Sk o5 AP S ethed Ne Jlesii 6l ¥ MUY QfeRlENE tO

modifiers or materials to produce toners. The copolymers

it h
For

(having crystallinity of from 5-85%) are prepared in the
presence of a catalyst system comprising Zr compounds
having at least 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.

Eurcpean Patent Applic;ation Publication 257,696 Al
relates to a process for dimerizing alpha-olefins using &
catalyst comprising certain metallocene/alumoxane systems.

European Patent Publication 305,022-A1 to Mitsui
Petrochemical relates to- certain synthetic hydrocarbon
lubricating oil compositions containing a load-withstanding
additive and a liquid ethylene alpha-olefin random
copolymer modified by graft copolymerization with an
unsaturated carboxylic acid or derivative thereof (e.g.,
maleic anhydride). The ethylene alpha-olefin copolymers
(Hn of 300 to 12,000) are obtained using Ziegler
catalysts (e.g., catalyst formed from soluble V compound
and an organo ‘aluminum compound), are grafted in the
presence of a free radical initiator.

PCT Published Patent Appllcatlon WO 88/01626
relates to transition metal compound/alumoxane catalysts
for polymerizing a;pha-olefms.
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be introduced into the nolecule, the particular alkyl
t he hal ogen used. The anount of hal
range fromabout 1 to 5 hal ogen ato
reactivity of the resulting halide.
of halide will generally range from gb uhglgt@

1 to 10. The hal ogenation step may b dint

REPLACEMENTUSHEETe

| ene am ne used, and

| generally be in the
pendi ng on the

ent basis, the anpunt

norje usual Iy from about

o

from about ordi nary anbi ent tenperatyr +o—about
hal ogenation step, the polynmer nay b¢ di $sol ved in a

e TR T

Spi t

as carbon tetrachloride, in order to e~ Vi SCo
al t hough the use of such a sm r
hal ogenati on nay be varied t

is introduced. Ordimaei | prfesmrabout n¥ émtakout i%s hd

Sity of t he pol ymer,
The tinme required for
e at which the hal ogen
ursecs edsato sfaact ory

hat ogenat | g R0 Afly TNELLEAGHP™: BEROUEE i X0 © LRV Nohlies 58] e

hal ogenat ed ené-al p a-ol -

ethylene alpha-olefin interpolymers of 300 to 20,000 number
average molecular weight terminally substituted with
amines, wherein the ethylene alpha-olefin polymer group is
derived from a terminally unsaturated ethylene alpha-olefin
polymer wherein the terminal urisaturation comprises
ethenylidene unsaturation. The amine-substituted polymers
of this invention are useful per se as additives to fuels
and lubricating oils.

The materials of the invention are different from
the prior art because of their effectiveness and their
ability to provide enhanced lubricating oil dispersancy, as
exhibited by their enhanced sludge and varnish control
properties. In fuels, the additives serve to minimize the
degree of carburetor and intake valve fouling from
deposits. In addition, the additives of this invention
possess superior viscometric properties.

The pfocess of this invention permits the
preparation of lubricating oil and fuel dispersant
additives which are simultaneously characterized by a high
active ingredient content (usually at least about 60 wt.%,
up to about 95 wt.%) and by advantageous viscosity
properties to permit the additives to be readily handled.
In addition, the amine-substituted ethylene alpha-olefin
polymers of this invention can be characterized by VR
values (as hereinafter defined) of not greater than about
4.1, thereby providing advantageous viscosity modifying
properties to the lubricating oils containing them. The
present invention can produce such substituted polymers in
a more highly concentrated form than prior art materials,
thereby reducing the possible processing difficulties which
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et hyl ene- propyl ene polyner) will generally contain unreacted pol yner,

i S,

"VR val ue"

pol ymer which is unsubstitu
| ess than about 40 w.% (e.qg.,
t han about 30 wm. % (e.g., fr

characterized by a VR value ("v|sg¢osi 0"
about 4.1 1 ( ia7fo Lﬁﬂggg

in a concentration
, hore preferably le

REPLACEMENSE %)

(that
of
SS

and will be generally
val ue) of not_ dreater_than

usual |y not greater than

, ﬁ: .0, lprief effally shl:gmmbcmiﬁl“é 0 to
3.9, and nost preferably from abolt—3—6—t0 378" u ed heRHerCEDhe t
is intended to mean quotient Gefer ni ne by XPT €ssi on (IV)

[err] wherein VISa is the ki nenat+e—visTosTty TRV) of the hal ogenat ed

pol ymer regetd o PLGWEL A U et TWLE TdSnlb A% 8L fuel ana

halogen-containing lubricating oil additives.

Further, dispersant materials can be prepared from
the substituted polymers of this invention to provide fuel
and lubricating oil dispersant products having VR' values
of not greater than about 4.1 and VR'/VR, ratios of less
than about 1.11 (as such values and ratios are hereinafter
defined). Surprisingly, the process of this inventioh
permits the preparation of highly concentrated dispersants
from high molecular weight ethylene-alpha-olefin polymers
(R, >5000, e.g., 5,500-20,000) of superior
viscosity properties.

In distillate fuels, the dispersant materials of
this invention can reduce the formation of intake valve
deposits in an internal combustion engine while minimizing
valve sticking and crankcase oil thickening.

AN

DETAILED DESCRIPTION OF THE INVENTION
Preparation of Ethylene Alpha-olefin Polymer
The pollymers employed in this invention are
polymers of ethylene and at least one alpha-olefin having
the formula Hzc=CHR1 wherein Rl is straight chain or
branched chain alkyl radical comprising 1 to 18 carbon
atoms and wherein the polymer contains a high degree of
terminal ethenylidene unsaturation. Preferably Rl 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 comonomers with ethylene in this
invention include propylene, 1l-butene, hexene-1, octene-1,
4-methylpentene-1, dec_éne—l, dodecene~1, tridecene-l,
tetradecene-1, pentadecene-l, hexadecene-l, heptadecene-1,
octadecene~1, nonadecene-1l and mixtures thereof (e.g.,
mixtures of propylene and l-butene, and the like).
-
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centi stokes (as determ ned by ASTM Met hod No. D445) and VISb is the cold
cranking sinulator (CCS) viscosity of the hal ogenated reaction product
m xture at -20[err]C in units of _poise (as detern ned by ASTM I\/Ethod No.

02602), wherein the neasurenents WLRQEMEN’P‘SHEFIQ
hal ogenat ed pol yner reaction profduct _mxiure in

reference oil") conprising S150N (ol ver'%l‘a%%% ut B8 in T o,
oi | (Exxon Conpany U. S. A ). wher al h 1 He 7 flerlence 0|I is characterl zed

by an ASTM 0445 ki nematic viscos|t-o0f=522=cSt(¢100C) and an ASTM D2602 CCS
viscosity of 19.2 poise ([err] O 4 poi se) (at -20[err]C) The "VR " val ue

of the reference oil will then b 1t will be
under st ood that th&EXMRYaEANe 2f pARCB é’fqld’mﬁ&sylﬁe?es %‘Fhif]rﬁ%e TRRRIM LB whi ch

are char gesbpelyheres! ogenﬂeae leﬁféﬂé)-nlz cszleymé)ps Claiqyednal anigar

t oget her \gﬁ%é eg%n 01? ad mxturegvlt S poI | kenes Cflerl‘%;pﬁglfrom

al kenes h RS PIFSE AhHHTeRe ﬁ)u‘ffe % & ®Nfecene,

dodecene, &rel retigdesenanehdutieaek-ilke) and -

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-l are employed as comonomer(s) with ethylene,
the ethylene cbntent 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 from about 300
to about 20,000 (e.g., from 300 to 10,000), preferably from
about 900 to 20,000; more preferably of from about 900 to
10,000 (e.g., from about 700 to about 15,000); from about’;
1500 to about 5,000. Polymers having a number average
molecular weight within the range of from about 700 to
5,000 (e.qg., 1500 to 3,000 are particularly useful in the
present invention. The number éverage molecular weight for
such polymers can be determined by several Xknown

techniques. A convenient method for such determination is
by size exclusion chromatography (also known as gel
permeation chromatography (GPC)) which additionally
provides molecular weight distribution information, see
W. W. Yau, J.J. Kirkland and D.D. Bly, "Modern Size
Exclusion Liquid Chromatography”, John Wiley and Sons, New
York, 1979.

Consequently, such polymers generally possess an
intrinsic viscosity (as measured in tetralin at 135°C) of
between about 0.025 and about 0.9 dl/g, preferably of
between about 0.05 and about 0.5 dl/g, most preferably of
between about 0.075 and about 0.4 dl/g.
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honopol ynmers of Cerr] to (Jerr], e.g., (Jerr] to (Jerr], nonool efins, and
copolynmers of Clerr] to (Jerr], e.g. __(err] to-Clerr}, nonool efins, said
addi ti onal pol ymer having a nunber ayeipgaCPMENT SHEETWei ght of at | east
about 900, and a nol ecul ar wei ght di $tr, ' ss| t han about 4.0,
preferably | ess than about 3.0 (e.qg. jfn .| Preferred such
additional olefin polyners conprise f unt of Clerr] to
Cerr], e.g., (Jerr] to (err] nonoolefi-n- | ircmg%;@ﬁw,\gr}ﬁm
propyl ene, butyl ene, isobutyl ene, pentened octene-1, yregne, eReriACED '
Exenpl ary of the additionally charge ' ol y="propytene;
pol yi sobutyl ene, and pol y-n-butene the |ike as wel] as interpolyners of two
or more of such ol effhes BRlGMErS @PHOYRE dibfthig K esntia By
(prepared hakiigiiMery | @8gte8BbROGSyEtALLihDER afcHeThathedmahof-d@ad, he
pre- ferred ethyl ene al pha- (il efin cogol é/hrrers enployed in this 1nvention,
that is, etHA%MFHEFREEIRIISpEPPFRREYRhi ch are substantial |y saturat ed,
wherein | ess than almng oWy feels térpladyedr ibaitsisoritmientei diy| atiec
unsaturati , yl.e nd_J.sobug vyl ' opyl e dsksohut.yl ene; C.
O her copoIO@)r%f\g:rgs)e'.i:lt n%?%%%)lsz:e‘fn{%\h?gﬁta%% Igéc/)‘;r WD?%IE g?r%ulr%k{aofnotr%e oeft
the polymer chains possess terminal ethenylidene-type

unsaturation. ~ Thus, one end of such polymers will be of
the formula POLY-C(T1)=CH2 wherein Tl is c, to
Cqg alkyl, preferably C, to Cg alkyl, and more
preferably C, to C, alkyl, (e.g., methyl or ethyl) and
wherein POLY represents the polymer chain. The chain
length of the rl alkyl group will vary depending on the
conononmer(s) selected for use in the polymerization. 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.q.
POLY-CH=CH(T1) , wWherein Tl is as defined above. "

The polymer employed in this invention comprises
polymer chains, at least about 30 percent of which possess
terminal ethenylidene umsaturation. 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
cl3mr.

The polymer and the composition employed in this
invention may be prepared as described in U.S. Patent
4,668,834, in European --Patent Publications 128,046 and
129,368, and in co-pending Serial No. 728,111, filed April
29, 1985, and copending Serial No. 93,460, filed September
10, 1987, the disclosures of all of which are hereby
incorporated by reference in their entirety.
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copol ymer nononers, e.g., 1to 10 nole % is a Cferr] to ([err]

non-conj ugated diolefin, e.g., a copol ut yl ene and but adi ene: or
a copol yner of ethylene, propyle qygnqcamﬂNhQ%EﬁTe e, etc. The additional
such ol efin polyners charged-to o sual Iy have nunber
average nol ecul ar wei ghts of at lledst abggg,@@? re generally within the
range of about 1200 and about 5,00, ¥d 1 et ween about 1500 and

about 4000. Particularly useful suc fin pg |'Mﬁ§fsaaé'1a¥1§§§gy

aver age nol ecul ar weights within {he rang% 'of about 1500{and &
wi th approxi mately one doubl e bond _per_cha+-r—ATEspeci al Ty usef u.

addi tional such pol ﬁ,mer S poI y| sobutylene. Preferred are m xtyres of such
pol yi sobut yl ene wit e‘r}é%e chorYRePEeRRBEeilAVENtioRsCa80 w %

of the copdle nprephaidts agntmnyixermzmlg ehdvestyed dmﬁ&twaeur&ﬁdpmatmqn as

descri bed a The nunber era nol e ar ht fo mers can
be determ ne&‘ﬁ}%‘&/em ﬁﬁg\%& gﬁﬁl qu‘ég.‘uzhA ovﬁegve%?%é}?gﬁét rg 2?loflssuch
det er ni nat iaokphs -ipl el ngerheytingn Eoonel oficaphy (TPG)onhiadteraidi(andnal |y
provides My Lfrerably 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 the selectioﬁ 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 coordination compounds
which are cyclopentadienyl 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 m'etals. Particularly
desirable are the metallotene 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 in the formation of the catalyst. As indicated,
supra, metallocene is a metal derivative of a
cyclopentadiene. The metallocenes usefully employed in
accordance with this invention contain at least one
cyclopentadiene ring. The metal is selected from the Group
4b preferably titanium, zirconium, and hafnium, and most
preferably hafnium and zirconium. The cyclopentadienyl
ring can be unsubstituted or contain one or more
substituents (e.g., from 1 to 5 substituents) such as, for
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ul ar weight distribution information, see W W Yau, J. J. Kirkland and D.
D. Bly, "Mddern Size Exclusion Liqui d Chro- mat ogr aphy”, John Wley and
Sons, New York, 1979. Preparatio He=st é}._lé.t ted Pol yner Products
VWhile not w Shl ng to bound there yREP\LAGEMENJI g‘g dithe hal ogenatlon of the

et hyl ene al pha-ol efin pol yners uslede+r . esemt {i nven
their high concentration of poly Eg 1371t ¢ 0% FNirns
term nal ethenylidene unsaturatioh, |l ds to halog natf_“legw

wherein the halide group is also
the halide group is attached to eilt her the chain

bon attached to the, bet Thi be_il] ustrated
e Tl | owsSXRRRFByi Ay BRIECROFENG. FLBRYA EHEMEopbi-Sitdr (EDRCardl Enl i ne for

exanpl e: Cg hydrocarbyl substituents) or other substituents, e.g.
such as, for example, a trialkyl silyl substituent. The
metallocene can contain one, two, or three cyclopentadienyl

carbon or to a pendant

rings; however, two rings are preferred.

Useful metallocenes can be represented by the
general formulas: .

I. (Cp)pMRpXg
wherein Cp is a cyclopentadienyl ring, M is a Group 4b
transition metal, R is 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.

II. (CsR'g)gR"g(C5R'})MQ3_ 4 and

III. R"g(CgR'y),MQ'
wherein (CgR';) is 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 wherein two carbon atoms are Joined
together to form a C4-Cg ring, R" is a C;-~-C,
alkylene radical, a dialkyl germanium or silicon, or a
alkyl phosphine or amine radical bridging two (CgR'y)
rings, Q is a hydrocarbyl radical such as aryl, alkyl,
alkenyl, 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 0 or.: 1, gis 0, 1 or 2, s is 0 when g
is 0, k is 4 when s is 1, and k is 5 when s is 0, and M is
as defined above. Exemplary hydrocarbyl radicals are
methyl, ethyl, propyl, butyl, amyl, isoamyl, hexyl,
isobutyl, heptyl, octyl, nonyl, decyl, cetyl, 2-ethylhexyl,
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[err] Halogenation is believed to result in a mxture of products of which
the d nono-termnally substituted.peLyne+—+s—rhe*wq ority. It is believed
form (i) is the najor hal ogenated DORERMCEMENHlﬁHEVTand that form(ii) is
produced in the product m xture in}l gsser—concentT ons. Form (iii), which
Is O di-substituted illustrates a pCSﬁL?|$% pubt. Reaction of the
hal ogenat ed pol yner with an am ne, {e. yl ene i WM NEGIYWHEET BALBEEN 1) a
m xture of products formed via EP-Rit —bonds, an{ e ininaﬁrpncmﬁ HCl ,
and can be illustrated as foll ows: [erF]i%hereln (|v yama Vi) are
formed from hal ogenated products (i9—¢trT)yand (111), respectively,

phenyl and the like. Exemplary silicon containing
hydrocarbyl radicals are trimethylsilyl, triethylsilyl and
triphenylsilyl. Exemplary halogen atoms include chlorine,
bromine, fluorine and iodine and of these halogen atoms,

chlorine is preferred. Exemplary hydrocarboxy radicals are
methoxy ethoxy, butoxy, amyloxy and the like. Exemplary of
the alkylideme radicals is methylidene, ethylidene and
propylidene.

Illustrative, but non-limiting examples of the
metallocenes represented by formula I are dialkyl
metallocenes such as bis(cyclopentadienyl)titanium
dimethyl, bis(cyclopentadienyl)titanium diphenyl,
bis(cyclopentadienyl)zirconium dimethyl,
bis(cyclopentadienyl)zirconium diphenyl,
bis(cyclopentadienyl)hafnipm dimethyl and diphenyl,
bis(cyclopentadienyl)titanium di-neopentyl,
bis(cyclopentadienyl)zirconium di-neopentyl’
bis(cyclopentadienyl)ytitanium dibenzyl,
bis(cyclopentadienyl)zirconium dibenzyl,
bis(cyclopentadienyl)vanadium dimethyl; the mono alkyl
metallocenes such as bis(cyclopentadienyl)titanium methyl
chloride, bis(cyclopentadienyl) titanium ethyl chloride
bis(cyclopentadienyl)titanium phenyl chloride,
bis(cyclopentadienyl)zirconium hydrochloride,
bis(cyclopentadienyl)zirconium methyl chloride,
bis(cyclopentadienyl)zirconium ethyl chloride,
bis(cyclopentadienyl)zirconium phenyl chloride,
bis(cyclopentadienyl)titanium methyl bromide,
bis(cyclopentadienyl)titanium methyl iodide,
bis(cyclopentadienyl)titanium ethyl bromide,
bis(cyclopentadienyl) titanium ethyl iodide,
bis(cyclopentadienyl)titanium phenyl bromide,’
bis(cyclopenﬁadienyl)titanium phenyl iodide,
bis(cyclopentadienyl)zirconium methyl bromide,

——
———
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However, the above hal ogenated and am nated EP products are illustrative

and are not the only forns mh|=h—eaﬁ—be—€nvr% d. The hal ogenat ed
pol yners prepared as descri bed dﬁﬁWACEMEﬂTB%‘ n

acted with one or nore
amnes to formthe novel dispefsagnts—of th S Tjnvention. Amine conpounds
useful for reaction with the hal cggn?t jke
(preferably) polyam nes, of abdut prefe
20), total carbon atonms and abqut—tto lz prefe
preferably 3 to 9 nitrogen atorps in the ﬁr@l ecul e

($42]

These am nes may be
hydr ocar byl am nes or nmay be hydrocarbyl” am nes i ncl udi ng ot her groups,
e. g. hydroxy groups, al koxy groups, am de groups, nitriles, |mdazoline:-
groups, anBitHé QY e o Pipdt BRE hRINES )\ K Ao NG BBhyREedEd Ydr odisd igf er abl y

1to3 hydqué’(GdellsoﬁhQ)@ardiE d@ll)yz ygaf oh. 1 Pmef erned 1anb Resy dlke .

i ph r mn h f th rIfrI
a w)a“c:gmUEﬁg%fopg%ta 1eny z%?%%ni&%ga§ $ 07@1%2’

bls(cyclopentadlenyl)zirconium phenyl bromide,
bis(cyclopentadienyl)zirconium phenyl iodide; the trialkyl
metallocenes such as cyclopentadienyltitanium trimethyl,
cyclopentadienyl =zirconium triphenyl, and cyclopentadienyl
zirconium trineopentyl, cyclopentadienylzirconium
trimethyl, cyclopentadienylhafnium triphenyl,
cyclopentadienylhafnium trineopentyl, and
cyclopentadienylhafnium trimethyl.
Illustrative, but non-limiting examples of II and
IIT metallocenes which can be usefully employed are
monocyclopentadienyls titanocenes such as,
pentamethylcyclopentadienyl titanium trichloride,
pentaethylcyclopentédienyl titanium trichloride,
bis(pentamethylcyclopentadienyl) titanium diphenyl, the
~carbene represented by the formula
bis(cyclopenta@ienyl)titanium=CH2 and derivatives of this
reagent such as bis(cyclopentadienyl)Ti=CH,.Al(CHy) 4,
(Cp,TiCH,) 5, CPp,TiCH,CH(CH5)CH,, '
szTi-CHZCHZCHZ; substituteq bis(Cp)Ti(IV)
compounds such as bis(indenyl) titanium diphenyl or
dichloride, bis(methylcyclopentadienyl)titanium diphenyl or
dihalides; dialkyl, trialkyl, tetra-alkyl and penta-alkyl
cyclopentadienyl titanium compounds such as
bis(1,2-dimethylcyclopentadienyl)titanium diphenyl or
dichloride, bis(1l,2-diethylcyclopentadienyl)titanium
diphenyl or dichloride and other dihalide complexes;
silicon, phosphine, amine:or carbon bridged cyclopentadiene
complexes, such as dimethylsilyldicyclopentadienyl titanium
diphenyl or dichloride, methyl phosphine dicyclopentadienyl
titanium diphenyl or dichloride, methyienedicyclo-
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-9- [err] t wherein R R, R" and R'' are independently selected fromthe
group consisting of hydrogen; ( gtrl—te—~g-err+t—stmiai ght or branched chain
al kyl radicals; Cerr] to (err] QWQEWM rﬂHEET) Cl err] al kyl ene radi cal s;
Cerr] to CJerr] hydroxy amno a ? and Cerr] to Cerr]
alkylamno Clerr] to (Jerr] al kylene ?$%Iﬁg‘) dif wherein. R '’ can
additionally conprise a noiety of thé r{] THIS SHEET HAS BEEN |
_ REPLACED
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pentadienyl titanium diphenyl or dichloride and other
complexes described by formulae II and III.

Illustrative but non-limiting examples of the
zirconocenes of Formula II and III which can be usefully
employed are, pentamethylcyclopentadienyl zirconium
trichloride, pentaethylcyclopentadienyl zirconium
trichloride, the alkyl substituted cyclopentadienes, such
as bis(ethylcyclopentadienyl)zirconium dimethyl,
bis(beta-phenylpropylcyclopentadienyl) zirconium dimethyl,
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(pentamethylcyclopentai
dienyl)zirconium dimethyl, bis(1l,2-dimethylcyclopenta-
dienyl)zirconium dimethyl and mono and dihalide and hydride
complexes of tllhe 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 compbunds such as
bis(trimethylsilylcyclopentadienyl)zirconium dichloride and
dimethyl bis(1l,3-di-trimethylsilylcyclopenta-
dienyl)zirconium dichloride and dimethyl and
bis(1,2,4~tri-trimethylsilylcyclopentadienyl)zirconium
dichloride and dimethyl. Carbenes represented by the
formulae Cp,Zr=CH,P(CgH5),CH;, and derivatives
of these compounds such as Cp,ZrCH,CH(CH;)CH,.

Mixed cyclopentadienyl metallocene compounds such
as cyclopentadienyl (pentamethyl cyclopentadienyl)zirconium
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wherein R
di fferent
sane or di

nost preferably about 3 to 7,
not greater than 15. To assurejalfacile

R, R R'

t he conpounds of Fornulas Va and Vo .with.-typieallly at | east one prinmary

I s as defined above, and wherein r and r' can be the sanme or

a

nunmber of from2 to 6, preferably 2-te44; and t and t' can be the

fferent and are nunbgr fACEMENTOSHRETLD, preferably 2 to 7, and
'ﬁ% e.provise that the swmoft _and t'

i's

" r.or'. t and t' bd selkdtk

agibnl it is rEfSSHERT HAgtBERY
ﬁéﬁﬁﬁg mnner suf flici enRERLACEDOVI d

secondary amine group, preferably at |2a%% Two prinmary or secondary am ne
groups. This can be achi eved by selecti-ng-at—teast one of said R R,

R'"' groups.t

when R "'

and cont ai

preferably

1, 4-di am -

e hydrogen or or.mul

3'qh BB ehe, R0 - ek  m ey S TR B G R AR R
By LERk A0 0L FRENCATIN® 910UBR A 8} ch9asi Alecadhe

three, ary ‘am ne groups.

Most preferably, the polymers used in this
invention are substantially free of ethylene homopolymer.

Bis({(@yclopentadienyl)hafnium dichloride,
bis(cyclopentadienyl)hafnium; dimethyl, bis(cyclo-
pentadienyl)vanadium dichloride and the 1like are
illustrative of other metallocenes.

Some preferred metallocenes are bis(cyclopenta-
diényl)zirconium; dimethyl, bis(cyclopentadienyl)zirconium
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 &ichloride; bis(4,5,6,7-tetra-
hydroindenyl)zirconium dichloride; the racemic and/or meso
isomer of 1,2-ethylene-bridged bis(4,5,6,7-~tetrahydro-
indenyl)zirconium dichioride: the racemic and/or meso
isomer of 1,l1-dimethylsilyl~bridged bis(4,5,6,7-tetrahydro-
indenyl)zirconium dichloride; and the racemic and/or meso
isomer of 1,l-dimethylsilyl-bridged bis(methylcyclopenta-
dienyl)zirconium dichloride.

The alumoxane compounds useful in the polymeriza-
tion process may be cyclic or linear. Cyclic alumoxanes
may be represented by the general formula (R-Al1-0), while
linear alumoxanes may be represented by the general formula
R(R-A1-0)n'AlR,. In the general formula R is a C;-Cg
alkyl group such as, for example, methyl, ethyl, propyl,
butyl and pentyl, n is . an integer of from 3 to 20, and n'
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nobut ane; 1, 6-di am nohexane; pol yet hyl ene am nes such as diethyl ene

triam ne; trlethylene tetram ne; tetrgeth : am ne; pol ypropyl ene
am nes such as 1, 2-propyl ene di am n?EPQAC - yI ene)triam ne;
i-(1, 3-propylene) tri- amne; N, I\- &m nopr opane

N, N-di - (2-am noet hyl ) et hyl ene di aln ﬁl#
ene di am ne; 3-dodecyl oxypropyl am fhe; N— ecyl - 1 3} propg

hydr oxynet hyl am nonet hane (THAM ; di -Li-sepropanol amine:
triethanol amne; nono-, di-, and tlri-ralPow ani nes;dam nG T !
as N (3-am nopropyl)rmrphol i ne; angd =S Thereof. Other useful am

d | ude, 4-d th I
yol ohexand® 21 HEREEE 45 (o TR (900eh OmobAEEEEHN! aokl FUEBS YRS,
and N-am naaldkyﬂ phdemdziams 18 he mxalllfyorrmﬂ atiea/l p)-ep{asatiomhelfel n
plerr] and ?Lﬁr f(]ana% f&F gzc%[ g.&rag, fer%}gihmmma@lﬁaenyansﬁaeL,atgfr,f rom1

to 4, and n[err areé t
a mixture of the linear and cyclic compounds is obtained.

The alumoxane can be prepared in various ways.
Preferably, they are prepared by contacting water with a
solution of &dfuminum trialkyl, such as, for examples,
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 coppe'r 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 represente’a
by the general formula FeS0,.7H,0. The ratio of
ferrous sulfate to aluminum trimethyl is desirably about 1
mole of ferrods sulfate for 6 to 7 moles of aluminum
trimethyl. The reaction is evidenced by the evolution of
methane.

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 in the preparation of the
catalyst system are ine'r’c hydrocarbons, in particular a
hydrocarbon that is inert with respect to the catalyst
systen. Such solvents are well known and include, for
example, isobutane, butane, pentane, hexane, heptane,
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different and are each integers of from1 to 3.
such am nes include 2-pentadecyl ;
etc. Commercial mxtures of amn
exanpl e, one process for preparin

an al kyl ene di halide (such as eth | ene duchlorlde)
with ammonia, which results in a f alkyl-ﬁguaﬁi
pairs of nitrogens are joined by =gie- EUR b
di ethyl ene triamne, triethyl enetetranrndé tetr | ene pentan1ne AT
| someric pipera- zines. Low cost p ‘y%erhyr“hean1nes) conpounds aver agi ng
about 5 to 7 nitrogen atons per nolecul e are available comrercially under
trade name9ctaBR,aSYCRehexange MethpdryshPrhexane: tobufneel y¥ArRe Bndoo",
etc. Usefuknamnres.al so include pol yoxyal kyl ene pol yam nes such as those of
the formula (VII1): [er

-limting exanples of
é-\-z am noet hyl ) pi per azi ne;
dyant ageously be used. For
nvol ves the reaction of

y]merlzatlon is generally conducted at
temperatures ranging between about 20° and about 300°C,
preferably between about 30° and about 200°C. Reaction
time 1is not critical and may vary from several hours or
more to several minutes or less, depending upon factors
such as reaction temperature, the monomers to be
copolymerized, and 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 polymeriza'tion 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, isopropanol, 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 polymerization may be conducted employing
liquid monomer, such as liquid propylene, or mixtures of
liquid monomers (such as mixtures of liquid propylene and
l1-butene), as the reaction mediumn. Alternatively,
polymerization may be. accomplished in the presence of a
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where m has a value of about 3 to 70 and preferably 10 to 35; and the

formula (IX): -10- [err] where n''' has a value of about 1 to 40 with
the provision that the sumof all ptrer 'd fromabout 3 to about
70 and preferably fromabout 6 to amﬁwg@tgﬁgﬁrr] is a pal yval ent

saturated hydrocarbon radical of up
of substituents on the R err] group i
which is a nunber of from3 to 6. The
(M) or (IX) may be straight or lbr

and

s1r'pFFE€BS(4337€ by the yalue of "a
al kyl ene upls i n e TABrSHERTTH
thai ns copt ai nijng abgyﬁ“ &h

hydrocarbon inert to the polymerization such as butane,
pentane, isopentane, hexane, iscoctane, decane, toluene,
xylene, and the like.

In those situations wherein the molecular weight
of the polymer product that would be produced at a given
set of operating conditions is higher than desired, any of
the technique’ known in the prior art for contrel of
molecular weight, such as the use of hydrogen and/or
polymerization temperature control, may be used in the
process of this invention. If so desired, the
polymerization may be carried out in the presence of
hydrogen to ‘lower the polymer molecular weight. Care
should be taken to assure that terminal ethenylidene
unsaturation is not reduced to less than about 30 percent
of the polymer chains. _

However, the polymers are preferably formed in the
substantial absence of added H, gas, that is, the absence
of H, gas added in amounts effective to substantially
reduce the polyxper molecular weight. More preferably, the
polymerizations will be -conducted employing less than 5
wppm, and more preferably less than 1 wppm, of added H,
gas, based on the moles of the ethylene monomer charged to
the polymerization zone.

When carrying ocut the pclymerization in a
batch-type fashion, the reaction diluent. (if any),
ethylene and alpha-olefin comonomer(s) are charged at
appropriate ratios to a suitable reactor. Care mnust 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 agitating the reaction mixture, thereby
causing polymerization to commence. Alternatively, the
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preferably about 2 to 4 carbon atons. The pol yoxyal kyl ene pol yam nes of
formulas (VII1) or (IX) above, preferably pol yoxyal kyl ene di am nes and
pol yoxy- al kyl ene triam nes, nmay \ I pEequl ar wei ghts rangi ng
from about 200 to about 4000 and D@Iﬁ;@ﬁ@?‘?rs T‘E out 400 to about 2000.
The preferred pol yoxyal kyl ene pol yafinées 1 ncl ude it he pol yoxyet hyl ene and
pol yoxypropyl ene di am nes and t he}pol gopq&&ﬁ)ﬁgﬂ ene ftri am nes--havi ng aver age
nmol ecul ar wei ghts rangi ng from abouty 200 to 2000 e pol yolialsky £

pol yam nes are commerci ally avail abl'e -ariB may be obf ai nedéifor ﬁ%
fromthe Jefferson Chem cal Conpany, Inc. under .t trade nane Jefadin ]
D- 230, 0-400, 0-1000, D-2000, T-403", etc. A particularly useful class of ~

ani nes ar C3RLYH yand dsosrEalyisst cirvinPRePTERI¥LEsc | A 193 vepdt eand
4,857,217 {hdre Ehsfd@suc8 eheMiddbdar.her gBY pblgREPONA ask ihg r &b 8f&fce in

its entiret whi ch conprise reaction products of _.a pol yam ne and an
al pha, bet%‘x‘%%géi’ﬁ? tébongﬂﬂﬁﬁﬁndm%\’ gﬁep?qcﬁ)jr%lﬁc? ene Predctor. Upon

completion of the reaction, unreacted monomer 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
polymer from the reactor so as to allow a residence time of
ingredients long enough for forming polymer of the desired
molecular weight and separating the polymer from the
reaction mixture.

Preparation of Halogenated Ethylene
Alpha-olefin Polymer

The halogenated ethylene alpha-olefin polymer can
be prepared by contactifig the polymer with halogen (as
shown in U.S. Patents 3,275,554; 3,438,757, 3,565,804; and
4,000,353, the disclosures of which are hereby incorporated
by reference in their entirety). The halogen group on the
halogenated polymer is displaced with the
nitrogen-containing compound in the subsequent reaction
therewith.

For example, an ethylene alpha-olefin, wherein the
polymer has an average molecular weight within the range of
from 300 to about 20,000, is halogenated with either
bromine or chlorine; preferably the 1latter. The halogen
may be conveniently' added as gaseous chloride, liquid

bromine, or a hydrohalogen, e.g., HCl or HBr gas.
..The amount of halogen introduced will depend on
the particular hydrocarbon used, the desired amount of
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[err] wherein X is sulfur or oxygen,

-NR[err](Rerr]), and Rerr], Rer ]
sanme or different and are hydrogen qZ:EPit_ABEM WU hc

hydr ocar byl . Any pol yam ne, whet hell 3 7yc o | i phag
het erocyclic, etc., can be enpl oye Er \Z d |ﬁ& 1 s| capabl
the acrylic double bond and am di f ing for le t

(-C(O-) of the acrylate-type conp UPd“Uf fornula X, \or mnthAthe
t hi ocar bonyl group (-C (S)-) of th

X. When R

Yis -ORerr -SR[err], or

unsubstltuted

thlo%%rylate 1
err], Rerr], Rerr], NewTﬂFQeH]lnmenaXam

hyd b h Kk | oal k I,
vl Kyl of P odp. T, SRRF ERBGRapd CRbaEhE UBET SRR o SpaliF AR ARE
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sel ected f
i ncl ude h
or nore of
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alpqﬁe Lot o%ghakww] aéP@Samn el panlal kyAers

strai ght ofeactivity of the resulting halide. On a weight percent

basis, the amount of halide will generally range from about
1 to 25, more usually from about 1 to 10.

The halogenation step may be conducted in the
temperature range of from about ordinary ambient
temperatures to about 120°C. To aid in the halogenation
step, the polymer may be dissolved in a suitable solvent,
such as carbon tetrachloride, in order to lower the
viscosity of the polymer, although the use of such a
solvent is not necessary.

The time required for halogenation may be varied
to some extent by.the rafg at which the halogen is
introduced. Ordinarily from about 2 to about 5 hours is a
satisfactory halogenation period.

The reaction product'mixture comprising the
desired halogenated ethylene-alpha-olefin polymer (e.qg.,
chlorinated ethylene-propylene polymer) will generally
contain unreacted polymer, (that is, polymer which is
unsubstituted by halogen), in a concentration of less than
about 40 wt.% (e.g., from 5 to 35 wt.%), more preferably
less than about 30 wt.% (e.g., from 10 to 25 wt.%) and will
be generally characterized by a VR value ("viscosity ratio”
value) of not greater than about 4.1, usually not greater
than about 4.0, preferably from about 2.0 to 3.9, and most
preferably from about 3.0 to 3.8. As used herein, the term
"VR value" is intended to mean quotient determlne by the
expression (IV)

VR' = VIS'b
VISt!a
wherein VISa is the kinematic viscosity (XV) of the
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br anched
1to 10,

al kyl groups are nethyl, ethyl, proB&PL“
octyl, nonyl, decyl, dodecyl, trld-c

When one

chain, and will generally contain
and preferably froml to

|, hexyl, heptyl,

o) tadecyl and the-like.

20, nore usually from
| lustrative of such

(0]

or nore of Rlerr] through ‘ ks H—wi ||
generally contain from®6 to 10 carho -, P en |, :'1gﬁ BERK
one or nore of R[err] through R[err} d a 3 L—Egllliik
generally contain fromabout 7 to 20 /5, and preferably from 7/t
12 carbon atons. Illustrative of su a karyl groups are tolyl,
m et hyl phenyl, o-ethyltolyl, and m hexyltolyl. \WWen one or nore of Rlerr]
t hr ough R[}farlégaﬁeteﬂalgiowymekha'ﬁqﬂlmonpnné\mctgmmtalrley atoniP8t € dm phenyl
or (CJerr]. to Cerg]) alkyl te n nt
general | y%’rﬁ%l r?str 2?8 )éto % &ie QFH?‘I‘%‘%% erab#gtgregfnwto 6
carbon at a4 SExam)tiestSbs uth aﬂaﬂ! kym]gi oGﬁ@@?@%eﬁéﬂulzﬁl@f hyG5énzy | |

and 4-iso
the cyclo
pr ef er abl

QHH fengyl o ViR @B YeddtiorOfplididcd aigdtlierat ane-cydmwal kyl ,
al group

ymlts of povxslel gsne[igltle ggg&albr}l{ fPr‘SOTerIEBMegh%g %r.b%%ﬂm and

wherein the measurements are made upon a 2 wt.% solution of
the halogenated polymer reaction product mixture in an oil
(herein termed the "reference oil") comprising S150N
(solvent 150 neutral) mineral lubricating oil (Exxon
Company U.S.A.), wherein the such reference oil is
characterized by an ASTM D445 kinematic viscosity of 5.2
cSt (100°C) and an ASTM D2602 CCS viscosity of 19.2 poise
(+ 0.4 poise) (at -20°C). The "VR,." value of the
reference oil will then be about 3.7 + 0.1.

It will be understood that the ethylene
alpha-olefin polymers of this invention which are charge’;l
to the halogenation reaction zone can be charged alone or
together with (e.g., in admixture with) other bolyalkene_s
derived from alkenes having from 1 to 20 carbon atoms
(butene, pentene, octene, decene, dodecene, tetradodecene
and the like) and homopolymers of C; to Ci45, e.9., Cy
to Cg, monoolefins, and copolymers of Cj to Cyg.
e.g., C, to Cg, monoolefins, said additional polymer
having a number average molecular weight of at least about
900, and a molecular weight distribution of less than about
4.0, preferably less than about 3.0 (e.g, from 1.2 to
2.8). Preferred such additional olefin polymers comprise a

major molar amount of C, to Cjy4, e.9., C, to Cg

. monoolefin. Such olefins include ethylene, propylene,
butylene, isobutylene, pentene, octene-1l, styrene, etc.

Exemplary of the additionally charged homopolymers is
polypropylene, polyisobutylene, and poly-n-butene the like
as well as interpolymers of two or more of such olefins
such as copolymers of: ' ethylene and propylene (prepared by
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from3 to 6 carbon atons. Illustrative of such cycl gal kyl groups are
cycl opropyl, cyclobutyl, cycl ohexyl, cycl ododecyl . Wen one

or nore of Rlerr] through Rlerr] ar-gﬁggﬁm«t- e heterocyclic group
generally consists of a com pound haylLng gast jone ring of 6 to 12
menbers in which on or nore ring catbg [ ced by oxygen or
nitrogen. Exanples of such heterocydgli uryl, pyrfany [

pi peridyl, dioxanyl, tetrahydrofuryl T and 1}4- oxazifn¥

al pha, beta ethylenlcally unsaturat pppounds | oy

have the following formula: [err] where R[err] R[err] z

T B SRRSO, SRS ST S

unsubstitute rocar by suc
bet a- et hyl eﬁﬁéarryduﬁ§aw&saeeal§anbek9famecemrbmm% emplemﬁl anxthase

acrylic acidveABEBACI ¥hhe 3@l dethl eﬂEL?i‘prféﬁé!' cop82PhepY¥! wnicRURYL, and

| sobutyl eStgg%agtlal lggtggated 3%2 eLg ?ggs tﬁ%&ngégggclo wt% of
the polymer chains contain ethylenic unsaturation);
butylene and iscbutylene; propylene and isobutylene; etc..
Other copolymers include those in which a minor molar
amount of the copolymer monomers, e.g., 1 to 10 mole %, is
a C4 to C,g non-conjugated diolefin, e.g., a copolymer
of isobutylene and butadiene: or a copolymer of ethylene,
propylene and 1q4—he§adiene: etc. The additional such
olefin polymers charged to the reaction will usually have
number average molecular weights of at least about 900,
more generally within the range of about 1200 and about
5,000, more usually between about 1500 and about 4000. .
'Particularry useful such additional olefin polymers have
number average molecular weights within the range of about
lsod?and about 3000 with approximately one double bond per
chai%. An especially useful additional such polymer is
polyisobutylehe. Preferred are mixtures of such
polyisobutylene with ethylene-propylene copolymers wherein
at least 30 wt% of the copolymer chains contain terminal
ethenylidene monounsaturation as described above.

The number average molecular weight for such

polymers can be determined by several known techniques. A
convenient method for such determination is by gel
permeation chromatography (GPC) which additionally provides
molecular weight distribution information, see W. W. Yau,
J. J. Kirkland and D. D. Bly, "Modern Size Exclusion Liquid
Chromatography", John Wiley and Sons, New York, 1979.

Preparation of Amine-substituted Polymer Products

While not wishing to bound therby, it is believed
the halogenation of the ethylene alpha-olefin polymers used
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acid, 2-hexenoic acid, 2-decenoic acid, 3-nethyl-2-heptenoicacid,
3-net hyl - 2- but enoi ¢ aci d, 3-phenyl -2- propen0|c aci
3-cycl ohexyl - 2-butenoi ¢ acid, 2-
2- propyl - 2- propenoi ¢ acid, 2-isopr
2, 3-di net hyl - 2- but enoi ¢ aC|d 3-cytl ghexy
2-propenoi ¢ acid, nethyl 2-propenogt ¢,
2- but enoat e, ethyl 2- hexenoat e,
tertiary -. 11 - butyl 2-propenoa
2-decenoat e, cycl opropyl 2, 3-di nmethyl -
nyl - 2- propenoat e, and the Ilke

in the present invention, because of their high

concentration of polymer chains (up to 90% and more) having
terminal ethenylidene unsaturation, leads to halogented
polymer chains wherein the halide group is also
substantially terminal (that is, wherein the halide group
is attached to either the chain and carbon or to a pendant'
carbon attached to the beta-carbon of the chain). This can
be illustrated as follows, employing an ethylene~propylene
copolymer (EP) and chlorine for example:

CHy
l Cl,
EP-CH,C=CH, —_

CH,

I ,

EP-CH,~C~CH,C1 (1)

CH,

EP-CH=C-CH,C1 (ii)

CH,C1

EP~-CH=C-CH,Cl (iii)

Halogenation is believed to result in a mixture of products
of which the c1’ mono-terminally substituted polymer is the
majority. It is believed form (i) is the major halocgenated
polymer product, and that form (ii) is produced in the
product mixture in lesser concentrations. Form (iii),
which is €1 di-substituted illustrates a possible
by-product.
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The al pha. beta ethylenically unsaturated carboxylate

enpl oyed herein have the follow ng for

Rlerr], and Rerr] are the sane or

substltuted or unsubstituted hydrocd
al pha, beta-ethylenically unsaturat e
are neth- ylnercapto 2-butenoate, et
i sopropyl nercapt o 2-decenoate, pheny
but yl mercapt o 2- propenoat e, octadecy
2-decenoat e, cycl opropylm ercapto 2
3- phenyl - 2- pr openoat e,

%"ngaﬁg .

[ Capi-e—2=peTite

ner@épto 2- prope

t hi oest er conpounds
ein Rerr], Rerr],
ydrogen or

ove. Exanples of such
esters of forrmula Xl

met hyl ner capt o _2- pr openoat e,

products formed via EP-nitrogen bonds,

2z di-pret-Ryt—=2=1TT

HCl, and can be illustrated as follows:

CH,

i

EP-CH=C-CH,—[NHC,H,NH, ]

CH,

EP—CH=C—CH2—[NHC2H4NH2]

wherein (iv),.(v)

products (i),
However,

and (vi)

(ii) and (iii), respectively.
the above halogenated and aminated EP

met hy Iner-

enoat e,

capt o
2-met hyl - 2- pr openoaR@ackiant RE [thee hategenpsed, PB&YHQEtH}FénﬁéaPW}ner

]tcmsat :JI‘ at e@ cql boxyeRyde ndMaqdwsisnepheyer keseilt haue 4 haib@lda Bg
or nul a

and elimination of

(iv)

(v)

(vi)

#

are formed from halogenated

products are illustrative and are not the only forms which

can be envisioned.

The halogenated polymers prepared as described

above,

novel dispersants of this invention.

can be contacted with one or more amines to form the

Amine compounds useful for reaction with the

halogenated polymer include mono-

polyamines, of about 2 to
20),
12,

molecule.

hydrocarbyl amings including other groups,

groups, alkoxy groups,

groups, and the like.

amide groups,

60,

total carbon atoms and about 1 to 12,
and most preferably 3 to 9 nitrogen atoms in the
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preferably 2 to 40 (e.g.

nitriles,

and. (preferably)

3 to
preferably 3 to

These amines may be hydrocarbyl amines or may be

e.g, hydroxy
imidazoline

Hydroxy amines with 1 to 6 hydroxy



[err] wherein Rlerr], Rerr], Rerr], Rerr] and R err] are the same or
stituted hydrocarbyl as

defi ned above. Exanpl es of al pha, beta
car boxyani des of formula Xl 11 are} REGLM exenani de, 2-decenani de,

3- et hyl - 2- hept enam de, 3-net hyl -
ﬁ@&d&ﬁ’ﬁ die
y -
b3

3-cy- cl ohexyl - 2-but enam de, 2-nethyl
2-i sopropyl - 2- hexenam de, 2, 3-di t 2- but enam (e,
3-cycl ohexyl - 2- et hyl - 2- pent enam de, thyl 2- but epam de,
2-butenam de, N, N-diethyl 2-hexenam de, N-is 2- decenam de, N- pheny#
2-pentenani de, N-tertiary butyl 2- propenam de, N-octadecyl 2-pro- penani de,
ﬁ N- dih d?)degyéuﬁs;liegeaﬁﬁ'rdbly N-l_Cédfd Ogr hwko&y?ngc;;ddiﬁiéﬁz yéréh- agﬁﬂaﬂidﬁly_ g

met hy - - 2-propena-. m de - propena . 2- et - 2- propenam de,
> othy! -2 WPoREk R e T RECD AIARNSE o AR e e,
unsat ur at exneliding thodatet chepgengsadnforypadiaser ei n have the fol | owi ng
formul a:

N

R-—bll‘-R' , and R—l;l-(CHz) r I;I—(CHZ)I- N-R
R'

R" Rt Rlll
t
(Va) (Vb)
wherein R, R', R'' and R''' are independently selected from

the group consisting of hydrogen; C; to C,5 straight or
branched chain alkyl radicals; C, to C;, alkoxy C, to
Ceg alkylene radicals; Cc, to C;, hydroxy amino
alkylene radicals; and ¢y to ¢y, alkylamino C, to
Cg alkylene radicals; and wherein R"' can additionally
comprise a moiety of the formula:

—E( CH,) .—N}——H (VI)
t'

15

wherein R' is as defined above, and wherein r and r' can be
the_ same or a different number of from 2 to 6, preferably 2
to 4; and t and t' can be the same or different and are
numbers of from 0 toc 10, preferably 2 to 7, ‘and most
preferably about 3 to 7, with the proviso that the sum of t
and t' is not greater than 15. To assure a facile
reaction, it is preferred that R, R', R'', R''!, r, ', t
and t' be seleqted in a manner sufficient to provide the
compounds of Formulas Va and Vb with typically at least one
primary or secondary amine group, preferably at least two
primary or secondary amine groups. This can be achieved by
selecting at least one of said R, R', R" or R''' groups to
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[err] wherein Rerr], Rerr], Rerr], and Rerr] are the sane or different
and are hydrogen or substituted or unsubstitut drocar byl as defined
above. Exanpl es of al pha, beta-e ' ¢4t Ur at ed t hi ocarboxyl ate
conpounds of formula XIV are 2-b taﬁﬂwﬁ§ 2{hexent hi oi ¢ aci d,
2-decent hioi ¢ aci d, 3-nethyl-2-hgpt gattr

3-cycl ohexyl - 2- et hyl - 2- pent ent hi thioic acid, nEthy
2-propent hi oate, methyl 2-nethyl ent hi oat e, nethyl 2-butenthioate,:
et hyl 2-heRenhkfsagen pxobyprigitting decént Fpeaeka FReRP ak peashtdnoat e,
tertiary bysyh Z#prgrent hbpal,Ren0&hadaay | nddthopuddials, a dadesndardy de-
cent hi oate, gyclopropyl 2,3-dinethyl-2-butenthioate, netoI

3- phenyl - 22 Brd¥en R e, anB% h‘é"g_r‘k&r LEJh@P NG o0 the above

et hyl eni cakbywasas usns etdptBsehtedChbyd ROfmaTa dviesiwed conmpaimdatelpasyed

herein havgwéh%rfi%lalrgwarQQne grou_ps and at least one, and preferably

at least three, secondary amine groups.

Non-limiting examples of suitable amine compounds
include: 1,2~diaminocethane; 1,3-diaminopropane;
1,4-diaminobutane; 1,6-diaminohexane; polyethylene amines
such as diethylene triamine; triethylene tetramine;
tetraethylene pentamine; polyproﬁylene amines such as
1,2-propylene diamine; di-(1,2-propylene)triamine;
di-(1,3-propylene) triamine; N,N-dimethyl-1,3-di-
aminopropane; N,N-di-(2-aminoethyl) ethylene diamine;
N,N-di(z-hydroxYethyl)-},3—propy1ene diamine;
3-dodecyloxypropylamine; N-dodecyl-1,3-propane diamine;
tris hydroxymethylaminomethane (THAM); diisopropanol amine?
diethanol amine; triethanol amine; mono-, di-, and
tri-tallow amines; amino morpholines such as N-(3-amino-
propyl)morpholine; and mixtures thereof.

Other useful amine compounds include: alicyclic
diamines such as 1,4-di(aminomethyl)  cyclohexane, and
heterocyclic nitrogen compounds such as imidazolines, and
N-aminoalkyl piperazines of the general formula (VII):

- /Cz'Iz‘CHz\ - 3
HNH-(CHy) 1y N N CH,) -NH-—H
| CH,~CH; P,
nl ny n3

wherein pp and p, are the same or different and are
each integers of from 1 to 4, and ny, Ny and n, are
‘the same or different and are each integers of from 1 to
3. Non-limiting examples of such amines include
2-pentadecyl imidazoline; N-(2-aminoethyl) piperazine; etc.
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formula: [err] wherein Rlerr], Rerr],
different and are hydrogen or sul

defined above. Exanples of al pha, REPEM‘EMWIT P
aci ds and. aC|d esters of formla Xy =b0-"t ehdi{t hi oi ¢ aci d,

2- hexen Rﬁ lacgdcendi t hi i
3-net hyl - c acid, 3-phkn
3- cycloh h|0|c aci d

2- propyl - 2- pr open- d|th| oi c acid, {2- IS%%I’ prl 2- hex
2, 3-dinmethyl -2-butendithiolic acid ohexyl - 2- met hyt=2—g
aci d, 2-propendithioic acid, nethyl 2- propend| t hi oat e, nethyl

y
2- pr opendi t hi oat e, JEhRKlr 2 DYt aRdictRia € o ©t Bl e h%wﬂbhhld%ﬁt ﬁ»ay
i sopropyl 2-decendithigate, pheny|l 2- pentendlthloate tertiary but
2- pr opendiddy 2RF_IBEREAYC YR D UKHER - perkP¥ hiSAP L §i0d 80 Er888§ﬁd|%1‘i oate,

CyC|Oprop)ﬂripa?rdhge'ta{mkyﬂeﬁut@ﬁlﬁé&odtrﬁ/oll‘mé:hylthe reaction of an
3-phenyl - algcr q,pe%rladlc{ﬁx axtd% (such as ethylene dichloride or propylene
dichloride) with ammonia, which results in a complex

R[err] and R[err] are the sane or
optituted hydrocarbyl as

|
@3 g propen |th|olg aci d,

mixture of alkylene amines wherein pairs of nitrogens are
joined by alkylene groups, forming such compounds as
diethylene triamine, triethylenetetramine, tetraethylene
pentamine and isomeric piperazines. Low cost
poly(ethyleneamines) compounds averaging about 5 to 7
nitrogen atoms per molecule are available commercially
under trade names such as "Polyamine H", "Poclyamine 400",
"Dow Polyamine E-100", etc.

Useful amines also include polyoxyalkylene
polyamines such as those of the formula (VIII):

5 NH, alkylene —(— O-alkylene 9——— NH, ,
m

where m has a value of about 3 to 70 and preferably 10 to
35; and the formula (IX):

R4__€alkylene——{?-alkylene}——NHz)

nll'

where n"' has a value of about 1 to 40 with the provision
that the sum of all the n"' values is from about 3 to about
70 and preferably from about 6 to about 35, and R? is a
polyvalent saturated hydrocarbon radical of up to ten
carbon atoms wherein the number of substituents on the R*
group is represented by the value of "a", which is a number
of from 3 to 6. The alkylene groups in either formula
(VIII) or (IX) may be_ straight or branched chains
containing about 2 to 7, and preferably about 2 to 4 carbon
atoms.

The polyoxyalkylene polyamines of formulas (VIII)
or (IX) above, preferably polyoxyalkylene diamines and
polyoxyalkylene triamines, may have average molecular
welghts ranging from about 200 to about 4000 and preferably



and the like. The al pha, beta ethylenically unsaturated thiocarboxyam de
conpounds enpl oyed herein have the follow ng for- mil a: - 12 - Jerr]
wherein R err], Rerr], Rerr], REF 'gHEERrie the same or different
and are hydrogen or substituted or ﬁé’&ggw Iy ydr ocar byl as defined

above. Exanpl es of al pha, beta-ethyl éni cal lél L{é‘?,atur ted t
of fornmula XVI are 2-buten-

- 27 -

a:_.

from about 400 to about 2000. The preferred polyoxyal-
kylene polyoxyalkylene polyamines include the polyoxy-
ethylene and polyoxypropylene diamines and the polyoxy-
propylene triamines having average molecular weights
ranging from about 200 to 2000. The polyoxyalkylene
polyamines are commercially available and may be obtained,
for example, from the Jefferson Chemical Company, Inc.
under the trade name "Jeffamines D-230, D-400, D-1000,
D-2000, T-403", etc.

A particularly useful class of amines are the
polyamido and related amines disclosed in U.S. Patent
4,857,217 (the disclosure of which is hereby incorporated
by reference in its entirety), which comprise reaction
products of a polyamine and an alpha, beta unsaturated
compound of the formula:

RS R7 x

RS -c=t-8_y (X) ’
wherein X is sulfur or oxygen, Y is -oRr8, —SRB, or
—NRS(RQ), and RS, R6, R7, R8 and R? are the
same or different and are hydrogen or substituted or
unsubstituted hydrocarbyl. | Any polyamine, whether
aliphatic, cycloaliphatic, aromatic, heterocyclic, etc.,

can be employed provided it is capable of adding across the
acrylic double bond and amidifying with for example the
carbonyl group (-C(0)-) of the acrylate-type compound of
formula X, or with the thiocarbonyl group (-C(S)-) of the
thioacrylate-type compound of formula X.

when R3, RS, R7, R® or R? in Formula X
are hydrocarbyl, fhese groups can comprise alkyl,
cycloalkyl, aryl, alkary].; aralkyl or heterocyclic, which
can be substituted with groups which are substantially
inert to any component of the reaction mixture under
conditions selected for preparation of the amido-amine.
Such substituent groups include hydroxy, halide (e.g., C1,
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t hi oam de, 2-hexent hi oam de, 2-decent hi oam de, 3-nethyl -2-hept ent hi oam de,
3-met hyl - 2- but ent hi oam de, 3-phe- nyl -2-propent hi oam de,

3-cycl ohexyl - 2- but ent hi oam de, 2-net e,

2-propyl - 2- propent hi oami de, 2-iso- pf REPLAGEM bani de,

2, 3-di nmet hyl - 2- but ent hi oam de, 3-cy¢l - pent ent hi oam de,
N- et hyl 2-but ent hi oam de, N, N-di et hyl , N sopropyl

2- decent hi oam de, N phenyl 2-pentent ki
2- prppent hi oam de, N-octadecyl 2-propernggiean de, N-di dodc
2- decent hi oam de, N-cycl opropyl 2, 3-di - 2- but ent h{ oam ‘de;
3- phenyl - 2- pr opent hi oam de, 2-propenttioamde, Z-net hyl - 2- propent hi oa v
i de, 2-eth¥l-,2-Tr oPeN} hi-&Hi aed ardkyhéhioke. Wnef eoned conpowredsoff OR>
reaction PRYY e ac iav.e o] wer
Kyl oot orpEgridh PAY SRRy S SR IS Tt BN CReatane

|l lustrati @& (S’tra;ﬁsrbhdpFéﬁéﬂr,e@@d@ééhdgaﬂé§é%ﬁuﬁl§§ﬁlﬂhérPBr kuka: 2Perr]

more usually from 1 to 10, and preferably from 1 to 4,

carbon atoms. Illustrative of such alkyl groups are
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, dodecyl, tridecyl, hexadecyl, octadecyl and
the 1like. When one or more of R thrdugh R? are aryl,
the aryl group will generally contain from 6 to 10 carbon
atoms (e.g., phenyl, naphthyl).

When one or more of R through R? are alkaryl,
the alkaryl group will generally contain from about 7 to 20
carbon atoms, and preferably from 7 to 12 carbon atoms.
Illustrative of such alkaryl groups are tolyl, m-ethyl-
phenyl, o-ethyltolyl, and m-hexyltolyl. When one or more
of RJ through R? are aralkyl, the aryl componen};
generally consists of phenyl or (C; to Cg) alkyl-sub-
stituted phenol and the alkyl component génerally contains
from 1 to 12 carbon atoms, and preferably from 1 to 6
carbon atoms. Examples of such aralkyl groups are benzyl,
o-ethylbenzyl, and 4-isobutylbenzyl. When one or more of
R> and R? are cycloalkyl, the cycloalkyl group will
generally contain from 3 to 12 carbon atoms, and preferably
from 3 to 6 carbon atoms. Illustrative of such cycloalkyl
groups are cyclopropyl, cyclobutyl, cyclohexyl, cyclooctyl,
and cyclododecyl. When one or more of R through R®
are heterocyclic, the heterocyclic group generally consists
of a compound having at least one ring of 6 to 12 members
in which on or more ring carbon atoms is replaced by oxygen
or nitrogen. Examples - of such heterocyclic groups are
furyl, pyranyl, pyridyl, piperidyl, dioxanyl,
tetrahydrofuryl, pyrazinyl and 1,4-oxazinyl.

The alpha, beta ethylenically unsaturated
carboxylate compounds -employed herein have the following
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where Rlerr] is hydrogen or a (ferr] to (Jerr] alkyl group, such as nethyl,
and R err] is hydrogen or_a (Jerr] to (Jerr] al kyl group, capable of being
removed so -as to form-an am do grouyp. for exasple—methyl, ethyl, propyl,

i sopropyl, uﬂﬁtc H@@emmlﬁkd tert- )URBPLACEMENT SHE}EWI etc. In the preferred

enbodi rrents S are acty yylic esters such as
nmet hyl or met hyI of] afe. Wen the selected
al pha, beta unsaturate conmpound cd
wherein X is oxygen, the resulting _
cont ai ns, at Ieast one am do |inkade (-C(O N<) and sm '

herein terged m do-am nes." Sim IaH—y—-—wheﬂ—t-h'e-saect ed al pha; )
sat ur at ed %% fd of formula X conprises a conpound wherein X is sul fur,
the resulting reaction pr odu®® wit'h Dhe pol yam ne contai ns thi oam de

l'i nkage (-C(S)N<) and th%sg t_e |al ar gg hereugnt ernmed "t hi oam do-am nes.
For con- venience, the follo scu35| on i ITected to the preparatlon
and use of¥ Bif 8& AR RS,/ alfiﬁnougﬁ |+ WA d bR UneF$ oddr €hat &AEh or

di scussi oraisradeit i | 828! Bylieohla O¥ CAHGtA¥edeor unsubstituted
hydrocarbyl as defined above. Examples of such alpha,-

beta-ethylenically unsaturated carboxylate compounds of
formula XI are acrylic acid, methacrylic acid, the methyl,
ethyl, isopropyl, n-butyl, and isobutyl esters of acrylic
and methacrylic acids, 2-butenoic acid, 2-hexenoic acid,
2-decencic acid, 3-methyl-2-heptenocic acid,
3-methyl-2-butenoic acid, 3-phenyl-2-propenoic acid,
3-cyclohexyl-2~-butenoic acid, 2-methyl-2-butenocic acid,
2-propyl-2-propenoic acid, 2-isopropyl-2-hexenoic acid,
é,3—dimethy1-2-butenoic acid, 3-cyclohexyl-2-methyl-
2-pentenocic acid, 2-propencic acid, methyl 2-propenoate,
methyl 2-methyl 2-propencate, methyl 2-butencate, ethyf
2-hexenocate, isopropyl 2-decencate, phenyl 2-pentenoate,
tertiary butyl 2-propenoate, octadecyl 2-propenoate,
dodecyl 2-decen6ate, cyclopropyl 2,3-dimethy1—2-butenoate,
methyl 3-phenyl-2-propencate, and the like.

The alpha, beta ethylenically unsaturated
carboxylate thioester compounds employed herein have the
following formula:

RS- & =¢C-C - srR® (XII)
wherein R5, R6, R7, and R® are the same or
different and are hydrogen or substituted or unsubstituted
hydrocarbyl as defined above. Examples of such alpha,
beta-ethylenically unsatﬁrated carboxylate thioesters of
formula XII are methylmercapto 2-butenocate, ethylmercapto
2-hexenoate, isopropylmercapto 2-decenoate, phenylmercapto
2-pentencate, t:ertiary butylmercapto 2-propenoate,
octadecylmercapto 2-propenoate, dodecylmercapto



The type of am do-amne formed varies with reaction conditions. For
exanple, a nore linear am do-amne is forned where substantially equi nol ar
amount s of the unsaturated carboxytete—ani. in« are reacted. The
presence of excesses of the ethyld Al it @d reactant of formula
Xtends to yield an am do-am ne whi -l}i nked than that

obt ai ned where substantially equi rdact ant s__are enpl oyed.
Where for econom c or other reasons ' ajm do- ;
amne is desired, generally a nola s of the ethyl enif

saturated reactant of about at | east 10% 10+ 300%

exanpl e, 25-200% is enployed. For Tmore efficient cross-linking an exces
of car boxy3zdedenaase al CERRPEPRY HIQFGAREP ba  Jsetneite 2 R eeRRAt e eact i on
ensues. Fofe 8XYTHErcBpT Ak -PHERF 10f2 aPPBHeHL A8 Gie Ghgahel cafb as
10-50% but préferably an excess of .30-50%, of. the carboxyl ated terial.
Lar ger excedF RENIELnreiyd ner pRbS &8 q?%ﬁﬁ%ﬁﬁg?PQRPF%8Ut Stferi ng
ot her factmile. equi nol ar amounts of reactants tend to produce a nore |inear
am - The alpha, beta ethylenically unsaturated
carboxyamide compounds employed herein have the following
formula: -
6 g7 q
! I
RS- ¢ =c - c - ¥rR3(R%)  (XIII)
wherein R5, RG, R7, R® ana R? are the same or
different and are hydrogen or substituted or unsubstituted
hydrocarbyl as defined above. Exémples of alpha,
beta-ethylenically unsaturated carboxyamides of formula
XIII are 2~butenamide, 2-hexenamide, 2-decenamide,
3—methyl-2-heptenamideh_3—methyl-2-butenamide,
3-phenyl-2-propenamide, 3-cyclohexyl-2-butenamide,
2-methyl-2-butenamide, 2-propyl-2-propenamidg;
2-isopropyl-2-hexenamide, 2,3-dimethyl-2-butenamide,
3-cyclohexyl-2-methyl-2-pentenamide, N-methyl 2-pbutenamide,
N-methyl 2-butenamide, N,N-diethyl 2-hexenamide,
N-isopropyl 2-decenamide, N-phenyl 2-pentenamide,
N-tértiary butyl 2-propenamide, N-octadecyl 2-propenanide,
N-N-didodecyl 2-decenamide, N-cyclopropyl
2,3~-dimethyl-2-butenamide, N-methyl 3-phenyl-2-propenamide,
2-propenamide, 2-methyl-2-propenamide,
2-ethyl-2-propenamide and the like.

The alpha, beta ethylenically unsaturated
thiocarboxylate compounds employed herein have the
following formula:

o5
RS-c=c-c-0rR? (xIv)
wherein Rs, Rs, R7, R® and R? are the same or
different and are hydrogen or substituted or unsubstituted

hydrocarbyl as defined above. Examples of alpha,
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do- am ne whereas excess of the fornula XlI reactant tends to yield a nore
cross-linked am do-amne. It should be noted that the higher the pol yam ne
(i.e., in greater the nunber of arffgU-yroups—on—tireinol ecule) the greater
the statistical probability of crdsBEPLAQEMENTSSIMERT, [for exanple, a
tetraal kyl enepent am ne, such as t gt rEetnyreme pen a*ine [err] has nore
| abi | e hydrogens than ethyl ene dlen1net7TpEqugp1 o{am ne adducts so formed
are characterized by both ami do and jam no groups. || & their s 2
bodi ments they may be represented jby unBus—or T f ol | owi nfjf i deaf:
formula (XVI11): [err] wherein thg Rerr]'s, which fmy be the
different, are hydrogen or a substituted group, SuC s a hydrocarbon
gr oup, forhﬁ&%ﬂﬂﬂ&YLﬂW&ﬂallxlM@ﬁ?#uraFR9nghl°&?yp°x§iéte gABPAUNds 5 offpi et y
of the pol yypmer dhixaly hee exayptéentARpibe #dd, 2-hexenthiocic acid,
2-decenthioic acid, 3-methyl-2-heptenthiocic acid,
3-methyl-2-butenthicic acid, 3-phenyl-2-propenthioic acid,
3-cyclohexyl-2-butenthiocic acid, 2-methyl-2-butenthioic
acid, 2-propyl-2-propenthioic acid,
2-isopropyl-2-hexenthioic acid, 2,3~dimethyl-2—butenthioi¢
acid, 3-cyclohexyl-2-methyl-2-pententhioic acid,
2~propenthioic acid, methyl 2-propenthiocate, methyl
2-methyl 2-propenthiocate, methyl 2-butenthiocate, ethyl
2-hexenthioate, isopropyl 2-decenthiocate, phenyl
2-pententhioate, tertiary butyl 2-propenthioate, octadecyl
2-propenthioate, dodecyl 2-decenthiocate, cyclopropyl
2,3-dimethyl-2-butenthioate, methyl
3-phenyl-2-propenthiocate, and the like. .

The alpha, beta ethylenically unsaturated dithioic
acid and acid ester compounds employed herein have thre
following formula:

'R5 R’ s

RS- & =c —C - sr® . (xv)

wherein R, RS, R7, and R® are the same or
different and are hydrogen or substituted or unsubstituted
hydrocarbyl as defined above. Examples of alpha,
beta-ethylenically unsaturated dithioic acids and acid
esters of formula XV are 2—bptenditﬁioic acid,
2-hexendithioic acid, 2-decendithiocic acid, 3-methyl-2-hep-
tendithicic acid, 3-methyl-2-butendithioic -acid,
3-phenyl-2-propendithioic acid, 3~cyclohexyl-2-buten-~
dithioic acid, z—me;nyl-z-butendithioié acid,
2-propyl~2-propendithioic - acid, 2-isopropyl-2-hexendithioic
acid, 2,3-dimethyl-2-butendithioic acid, 3-cyclo-
hexyl-2-methyl-2-pentendithiocic acid, 2-propendithioic
acid, methyl 2-propendithiocate, methyl 2-methyl 2-pro-
pendithicate, methyl 2-butendithiocate, ethyl 2-hex-

I
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cycloal kyl, alkyl, etc., and n[err] is an integer such as 1-10 or greater.
- 13 - The above sinplified formula represents a |linear am do-am ne
pol ymer. However, cross-linked polyners nmay-alse—Re forned by enpl oyi ng

certain condltlons since the polygﬁp ENWOSHaﬂh drogens whi ch can further
react with either the unsaturatef ng across the doubl e bond
or by amdifying with a carboxylhte gro farably, ho -

1t? $§§b§ﬁ@t -

am do-am nes enployed in this inye crloss- I|nk
substanti al degree, and nore prefetrahky3are—substantially

endithioate, isopropyl 2-decendithiocate, phenyl
2-pentendithicate, tertiary butyl 2-propendithioate,
octadecyl 2-propendithioate, dodecyl 2-decendithioate,
cyclopropyl 2,3-dimethyl-2-butendithiocate, methyl
3-phenyl-2-propendithioate, and the like.

The alpha, beta ethylenically unsaturated
thiocarboxyamide compounds employed herein have the
following formula:

R® R7 s
Ro-c=¢-8- Nr8(R%)  (xvI)
wherein Rs, RG, R7, R8 and R? are the same or
different and are hydrogen or substituted or unsubstituted
hydrocarbyl as defined above. Examples of alpha,
beta-ethylenically unsaturated thiocarboxyamides of formula
XVI are 2-butenthioamide, 2-hexenthicamide, 2-decen-~-
thioamide, 3-methyl-2-heptenthiocamide, 3-methyl—2—buten;
thioamide, 3-phenyl-2-propenthicamide, 3~cyclohexyl-2-buten-
thioamide, 2-methyl-2-butenthiocamide,
z-prdpyl-z-propenthioamide, 2-isopropyl-2-hexenthioamide,
2,3~-dimethyl-2-butenthioamide,
3-cyclohexyl-2-methyl-2~pententhioamide, N-methyl
2-butenthicamide, N,N-diethyl 2-hexenthiocamide, N-isopropyl
2-decenthiocamide, N-phenyl 2-pententhioamide, N-tertiary
butyl 2-propenthicamide, N-octadecyl 2-propenthioanmide,
N-N-didodecyl 2-decenthiocamide, N-cyclopropyl
;3-dimethyl~-2~butenthicamide, N-methyl
3-phenyl-2-propenthicamide, 2-propenthioamide,
2-methyl-2-propenthiocamide, 2-ethyl-2-propenthiocamide and
the like. '

Preferred coméounds for reaction with the
polyamines in accordance with this invention are lower
alkyl esters of acrylic and (lower alkyl) substituted
acrylic acid. Illustrative of such preferred compounds are

compounds of the formula:
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Preferably. the polyam ne reactant contains at |east one primary am ne (and
nore preferably from2 to 4 primary am nes) group per nolecule, and the

pol yam ne and the unsaturated reactant—et—tot uui&ﬁ, re contacted in an
anount of fromabout 1 to 10, nore pREP\eAGEMENTfs about 2 to 6, and nost
preferably fromabout 3 to 5, equiJal gats—of—primaly jam ne in the pol yam ne
reactant per nole of the unsaturated eg(?t ) ©¥e7f grul a_X. The reaction
bet ween the sel ected pol yan ne andafryl at'e-t'ype corpduno e |

atany suitable tenperature. Tenpera 0 t he decon
reactants and products can be enployed. In practice ne Lk
out the reaction by heating the reaétanmts—below 100[err]C, such a |
80-90[err]C, for a suitable period & tPne, such as a few hours. Were an
acrylic-type ester is enpl oyegs thelprofpgds of t hexyepction can be judged
by the rempval of the-alcohol 1# Torming the anmide. During the early part
of the red$B® & cohdl NEA¥e#dPeBurt €1 e | §a bW LOGFEHPY C SUFR he

case of | aysbaidtiglal cohal srRBuchs anywtbgeal o ef hgnol toAscf halkgact i on
sl ows, the tenBeratur%is r%J sbed.to gush tge .
group, capable o eing removed so as to form an amido

group, for example, methyl, ethyl, propyl, isopropyl,

butyl, sec-butyl, tert-butyl, aryl, hexyl, etc. In the
preferred embodiments these compounds are acrylic and
methacrylic esters such as methyl or ethyl acrylate, methyl
or ethyl methacrylate. When the selected alpha,
beta-unsaturated compound comprises a compound of formula X
wherein X' is oxygen, the resulting reaction product with
the peclyamine contains at least one amido linkage (~C(O)N<)
and such materials are herein termed "amido-amines."
Similarly, when the selected alpha, beta unsaturated
compound of formula X comprises a compound wherein X! 15};
sulfur, the resulting reaction product with the polyamine
contains thicamide linkage (~C(S)N<) and these materials
are herein termed "thioamido-amines." For convenience, the
following discussion is directed to the preparation and use
of amido-amines, although it will be understood that such
discussion is also applicable to the thioamido-amines.

The type of amido-amine formed varies with
reaction conditions. For example, a more linear
amido-amine is formed where substantially equimolar amounts
of the unsaturated carboxylate and polyamine are reacted.
The presence of excesses of the ethylenically unsaturated
reactant of formula X tends to yield an amido-amine which
is more cross-linked than that obtained where substantially
equimoclar amounts of rea.ctants are employed. Where for
economic or other reasons a cross-linked amido-amine using
excess amine is desired, generally a molar excess of the
ethylenically unsaturated reactant of about at least 10%,
such as 10-300%, or greater, for example, 25-200%, is
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pol ymeri zation to conpletion and the tenperature may be raised to 150C
toward the end of the reaction. Renpbval of alcohol is a convenient method
of judging the progress and conpletion of the re ~whi ch is generally
continued until no nore al cohol is evgkved  Bagad ngERa pval of al cohol,
the yields are generally st oi chi onet rijc REPHY cylt reac- tions,

thi oester of formula Xl |iberates the
(e.g., H2S when R err] is hydrogen) as{a Dby-product,
et hyl enically unsaturated carboxyam de {of formils | berates the
correspondénglbmerr]}{d?[ enote efficiedt ecxpss-dmmking waen eRcass] afhd
Rlerr] arecgapl ddanenha 8s . fuPr iicia ?fé@gﬁif{o%et'@eaméqln\é%d gan
vary w dely epe ng ona w dé vari et actors.” For ex there is a
reIatlonsthe%@?meéﬁaFFﬁ@naﬁ?%%%mera%QFeeﬂ%ﬂ&%ﬁmw%]moléﬂeﬁﬂﬁﬁmkr@fure

demands | oggeatt hoesootsdal hyeat8RClueh tddTBf0-Ofoy,f Wit preferably an
excess of 30-50%, of the carboxylated material. Larger

excess can be employed if desired.

In suﬁmary, without considering other factors,
equimolar amounts of reactants tend to produce a more
linear amido-amine whereas excess of the formula XII
reactant tends to yield a more cross-linked amido-amine.
It should be noted that the higher the polyamine (i.e., in
greater the number of amino groups on the molecule) the
greater the statistical probability of cross-linking since,
for example, a tetraalkylenepentamine, such as
tetraethylene pentamine

H
l
NH, (CH,CH,N) 4H

has more labile hydrogens than ethylene diamine.

These amido-amine adducts so formed are
characterized by both amido and amino groups. In their
siniplest embodiments they may be represented by units of
the following idealized formula (XVIII):

wherein the Rlo's, which may be the same or different,
are hydrogen or a substituted group, such as a hydrocarbon
group, for example, alkyl, alkenyl, alkynyl, aryl, etc.,
and A is a moiety of the polyamine which, for example, may
be aryl, cycloalkyl, alkyl, Ietc., and n4 is an integer
such as 1-10 or greater.
% ’ \\
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about 2 to 30 hours,
will

such as 5 to 25 hours,
be enpl oyed. Although one can enploy a sol vent,

and preferably 3 to 10 hours
the reaction can be

run without the use of any sol vent . degree of
cross-linking is desired, it is preferébRﬁPtAﬂENﬁﬁﬂdsﬂ se of a sol vent
and nost particularly to avoid a pol ar {sofwert—suctTas ter. However,
taking into consideration the effect off spl ﬁn?&gnﬂg‘he acti.Q wher e
desired, any suitable solvent can be enpl pyed, et her }orlgan

i norgani c, polar or non-polar. As an-exgBpre—of—the am dg-am ne a

the reaction -of tetraethyl ene pentaanin (TEPA) with nethyl met tractilAdsat
can be illustrated as follows: [err] bparetT O o1t he Di spersant The™=

hal ogenat ed et hyl effheal phavel @flmplpﬁllyderfwlann represpotsmda( dipear
al kyl ene pghyagLagifle POLYFh&Y! €N8jovever, cross-linked polymers may

also be formed by employing certain conditions since the
polymer has labile hydrogens which can further react with
either the unsaturated moiety by adding across the double
bond or by amidifying with a carboxylate group.

Preferably, however, the amido-amines employed in
this invention are not cross-linked to any substantial
degree, and more preferably are substantially linear.

Preferably, the polyamine reactant contains at
least one primary amine (and more preferably from 2 to 4
primary amines) group per molecule, and the polyamine and
the unsaturated reactant. of formula X are contacted in an
amount of from about 1 to 10, more preferably from about 2
to 6,

primary amine in the polyamine reactant per mole of the
’v

and most preferably from about 3 to 5, equivalents of
unsaturated reactant of formula X.

The reaction between the selected polyamine and
acrylate-type compound is carried out at any suitable
temperature. Temperatures up to the decomposition points
of reactants and products can be employed. In practice,
one generally carries out the reaction by heating the
such as 80-90°C,

Where an acrylic-type

reactants below 100°C, for a suitable

period of time, such as a few hours.
ester is employed, the progress of the reaction can be
judged by the removal of the alcohol in forming the amide.
During the early part of the reaction alcohol is removed
quite readily below 100°C in the case of low boiling
alcohols such as methanol or ethanol. As the reaction
slows, the temperature is. raised to push the polymerization
to completion and the temperature may be raised to 150°C
toward the end of the reaction. Removal of alcohol is a
convenient method of judging the progress and completion of

the reaction which is generally continued until no more
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pol yam ne) may be brought together neat or in the presence of an inert
sol vent, particularly a hydrocarbon solvent. The ine hydr ocar bon sol vent
may be allphatlc or aromatic. Al so, may be used by

t hensel ves or in com bination with en capabl e of

di ssolving the reactants. The reacti ut at room
tenperature (20[err]C), but elevatedite i
the tenperature will be in the range|of to 225
Dependi ng on the tenperature of the red&+om, the partiicul ar ™k ¢
the nole ratios and the particular an s—t-He react ant
concentrations, the time may vary fro ours, nore usually from

about 3 t Abeehelr ds Teved ipdat | ;54$F%x@é‘ssr8¥‘°2’$1hoﬁﬁs ad&ohet .

parti cul ary ye pR8aNGE t t;%rbézeé.ﬂﬁﬂd s@icheaﬂetelandesmamoa-ede@mﬂ@édm It
is therefore preferred’to limt the r i on ewer than_ 24 hours.

The ol e rRIGFIANHalYdFdhadd 3 H'?I?“E"ﬁegag5 pﬁﬁeogﬁf‘?ﬁab yARY21Redmi ne
conpound wi || generﬁlniiyl.ahe.y n ithevildAngse furaiemdtoadd OtRat otHé red@sicad am ne
conpound pg eegltxyt.l].%lnol%earlqt edur?stakyurean[:eec?l Qggbglc}e'iﬁgep%l&i”%stegmoef

usual ly 0.

formula XII 1liberates the correspondlng HSR® compound’
(e.g., H,S when R® is hydrogen) as a by-product, and
the reaction of an ethylenically unsaturated carboxyamide
of formula XIII liberates the corresponding HNR8(R9)
compound (e.g., ammonia when R8 and R? are each
hydrogen) as by-product.

The reaction time involved can vary widely
depending on a wide variety of factors. For example, there
is a relationship between time and temperature. In
general, lower temperature demands longer times. Usually,
reaction times of from about 2 to 30 hours, such as 5 to 25‘:
hours, and preferably 3 to 10 hours will be employed. '

Although one can employ a solvent, the reaction
can be run without the use of any solvent. In fact, where
a high degree of cross-linking is desired, it is preferably
to avoid the use of a solvent and most particularly to
avoid a polar solvent such as water. However, taking into
consideration the effect of solvent on the reaction, where
d'esired, any suitable solvent can be employed, whether
organic or inorganic, polar or non-polar.

As an example of the amido-amine adducts, the
reaction of tetraethylene pentaamine (TEPA) with methyl
methacrylate can be illustrated as follows:

Q ~ (CH;OH)

i
HzN[CHZCHZNH]3CH2CH2NH2 + CH2=CH‘-C—OCH3 7

o
il
H,N [ CH,,CH, NH]  CH, CH, NHCH,, CH, CNHCH, CH,, [ NHCH, CH, ] ;NH,
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5 nol es of am ne conpound per nole of hal ogenated et hyl ene al pha-ol efin
polynmer. The nole ratio will depend upon the anount of hal ogen present in
t he hal ogenat ed et hyl ene al pha-ol efin polynmer, the particul ar hal ogen and

the desired ratio of polynmer to am ne co : 4 - Small anounts
or residual halogen in the final co | OENENT SidkETdel et eri ous.
Cenerally, the residual hal ogen, as oger—wi | I| be in the range of

0 to 10 wei ght percent of the conposi
present as the hydrohalide salt of th
pol yam nes.

Preparation of the Dispersant
The halogenated ethylene alpha-olefin polymer and

amine compound (e.g., alkylene polyamine or polyalkylene
polyamine) may be brought together neat or in the presence
of an inert solwvent, particularly a hydrocarbon solvent.
The inert hydrocarbon solvent may be aliphatic or
aromatic. Also, aliphatic alcohols may be used by
themselves or in combination with another solvent, when
capable of dissolving the reactants.

The reaction may be carried out at room
temperature (20°C), but elevated temperatures are
preferred. Usually, the temperature will be in the range
of from about 100° to 225°C. Depending on the temperature
of the reaction, the particular halocgen used, the mole
ratigs and the particular amine; as well as the reactant;
concentrations, the time may vary from 1 to 24 hours, more
usuai;ly from about 3 to 20 hours. Times greatly in excess
of 24 hours do not particularly enhance the yield and may
lead to undesirable degrad;tion.' " It is therefore preferred
to limit the reaction time to fewer than 24 hours.

The mole ratio of halogenated ethylene
alpha-olefin polymer to amine compound will generally be in
the range from about 0.2 to 10 mples of amine compound per
mole of halogenated ethylene alpha-olefin polymer, more
usually 0.5 - to 5 moles of amine compound per mole of
halogenated ethylene alpha-olefin polymer. The mole ratio
will depend upon the amount of halogen present in the .
halogenated ethylene alpha-olefin polymer, the particular
halogen and the desired ratio of polymer to amine compound.

Small amounts of residual halogen in the final
composition are not deleterious. Generally, the ‘residual
halogen, as bound halogen, will be in the range of 0 to 10
weight percent of the composition. Small amounts of
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Since the ethylene al pha-olefin polymers used will have olefinic
unsaturation, the am nes nay react | in the elimnation of
hydr ogen hal i de, introducing furthe i %\ ration into the

pol yner radical. However, the ol efihi on dpes not significantly
affect the utility of the product, qmﬂbb e saturated aliphatic
d out for a
sufficient length of tine, the reactli oR— ext r agt ek

hydr ocarbon nediumto free the prod : F oA
salt which has forned. The product & Tsol at ed by evap
the solvent. Further separation from unreacted polyner or purifi cat | O ',
be carri echdhegan day rbe, Bresenthrasmtd aprigrohalddensalbf ofhetheeact i of

of an ani 4gs &eélﬁﬁﬁ:tl%ﬁtte\ﬁ" Taﬂk?lQﬁLzOBSE hegnegl ymer is the reaction of
chl ori nat ed et hyl ene propyl ene cagpol yner { EP- Clq)llvmth a pol yam do- am ne

havi ng two ter ni nalSings BRYigne R iehe 1 S ‘'used will

have olefinic unsaturation, the amines may react in a way

resulting in the elimination of hydrogen halide,
introducing further aliphatic unsaturation into the polymer
radical. However, the olefinic unsaturation does not
significantly affect the utility of the product, and when
available, saturated aliphatic halide may be used.

After the reaction has been carried out for a
sufficient length of time, the reaction mixture may be
extracted with a hydrocarbon medium to free the product
from any low molecular weight amine salt which has formed.
The product may then be isolated by evaporation of the
solvent. Further separation from unreacted polymer or
purification may be carri"ed out as desired, e.qg.,
chromatography. ’

An exanmple of the reaction of an amido-amine
reactant with a halogenated polymer is the reaction of
chlorinated ethylene-propylene copolymer (EP-Cl) with a
polyamido-amine having two terminal -NH, groups, which
can be illustrated as follows:

——

——
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as follows: [err] wherein x and y are each integers of fromO to 10, EP

represents an ethyl ene-propyl ene copol yner group as described above, Z[err]
and Z[err] are noieties of the fornula: [err Rlerr], A and n[err]
are as defined above for Formula XV am do- am ne reaction
nost preferably

wherein x and y are each zero, and A}i 4~
understood that the am ne reactant can |conpr EB
t he above described am nes, such as g-nggture
pol yal kyl ene pol yan ne. Preferably,
be contacted for a tinme and under congdition
substantially all of the primary nitrogens in the am ne

2 EpP-Cl +

r10 - g10
| |
HZN-[A—N]n4—ANH—[Zl]x-[Zz]YC(O)(CHz)zNHA-[A—N]n4NH2

r10 | r10

Ep———N-[A—N]n4-ANH-[zljx—[zzjyc(0)(caz)ZNHA—[A-N]n4-N;——EP
| =

H H

+ 2_HC1

wherein x and y are each integers of from 0 to 10, EP
represents an ethylene-propylene copolymer group as
described above, zl and z2 are moieties of the formula:

0 RlO

-C(CHz)zNH [a~ N]n -ANH-

wherein Rlo, A and n, are as defined above for Formula
XVIII. Preferred are amido-amine reaction products of the
above equation wherein rR1C s H, and most preferably'
wherein x and y are eaéh zero, and A is -(CHy) 5= or
~(CH3H,) -.

It will be understood that the amine reactant can
comprise one or a mixture of any of the above described
amines, such as a mixture of an amido-amine and a

) polyalkylene polyamine. Preferably, the halogenated
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reactant. The progress of this reaction can be followed by infrared
anal ysis. The di spersant-formng reaction_c cted in a polar or

non-pol ar solvent (e.g., xylene, tol eggp‘_pm‘:ﬂﬁmes&ﬁﬁ he like), and is
a

synthetic lubricating
oi | . Hydroxyam nes which can be reactled with Eg gg-;o egai d et
al pha-ol efin pol ymer substituted di calf bpxyfi & atgdrial tg
di spersants include 2-am no-1-butanol} PR-amno \ g
p- (bet a- hydr oxyet hyl ) -ani li ne, - 1549 2-ani no- 1 propanol
3- am no- 1- propanol , 2-am no- 2- net hyI . 3= propare—dtot;

2-am no- Zbgi%!ei dorogriirr:]gdlw?.!l.l be contacted for a2 time and under
conditions sufficient to react substantially all of the

primary nitrogens in the amine reactant. The progress of
this reaction can be followed by infrared analysis.

The dispersant-forming reaction can be conducted
in a polar or non-polar solvent (e.g., xylene, toluene,
benzene and the iike), and is preferably conducted in the
presence of a mineral or synthetic lubricating oil.

Hydroxyamines which can be reacted with the
aforesaid ethylene alpha-olefin polymer substituted
dicarboxylic acid material to form dispersants include
2-amino-l-butanol, 2-amino-2-methyl-l-propanol,
p-(beta-hydroxyethyl)-aniline, 2-amino-l-propanol,
3-—amq’.no-l-propanol, 2-amino-2-methyl-1l, 3-propane-diol,
2-amino-2-ethyl-1,3-propanediol, N-{beta-hydroxy-
propyl)~-N'-(beta-amino-ethyl )_;piperazine, tris (hydroxy-
methyl) amino-methane (also known as trismethylol-~
aminomethane) , 2-amino-l-butanocl, ethanolamine,
beta—(beta—hyd;oxyethoxy)-ethylamine, and the like.
Mixtures of these or similar amines can also be employed.
The above description of nucleophilic reactants suitable
for reaction with the ethylene alpha-~olefin polymer
substituted dicarboxylic acid or anhydride includes amines,
alcohols, and compounds of mixed amine and hydroxy
containing reactive functional groups, i.e.,
amino-alcohols.

A preferred group of ashless dispersants are those
derived from chlorinated ethylene-propylene copolymer and
reacted with polyethylené amines (referred to herein as
"EPSA"), e.g., ethylene diamine, diethylene triamine,
triethylene tetramine, tetraethylene pentamine,
pentaethylene hexamine, polyoxyethylene and
polyoxypropylene amines, e.g., polyoxypropylene diamine,
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t a- hydr oxypropyl )- N - (bet a- am no-et hyl ) pi perazi ne,
tri s(hydroxynet hyl)am no-net hane (al so known as trisnethyl -
ol am nonet hane), 2-am no- 1-butanol, ethanol am ne,

bet a- (bet a- hydr oxyet hoxy) - et hyl am ne, andetite |¢;§&w\/§ﬁ s of these or

simlar amnes can al so be enployed. The nlo egphilic
reactants suitable for reaction wth the |ene al pha- dl €ffi n" Po¥HRRRY
substituted dicarboxylic acid or anhydridg iinqludE M8nds, | e BEHA@[deLLN

conpounds of mi xed anine and hydroxy cont 'r_LE%_L_egg_uif_rfunctlonal grod
I.e., amno-al cohols. A preferred group off aShl ess di spersapts are those
derived fromchlorinated ethyl ene-propyl ede copol yner__and acted with -
pol yet hyl etneia:n'éehy,l €1@minblid eha e ardAdE, pdret Apbgnehtiitat peand
triethyl eng Irann etrrea% hyl ene pen- tam ne, pentaethylene, hexani ne,
pol yoxyet hy ene aanof'rﬁaﬁ"ol 5% 8 6pyl ene am nes, e.g., polyoxypropylene

diam ne, tris- netiBHel é%n&m&@emamrpaﬂtsaepﬁt Heh il inyegtdonbiaw i ons

thereof . Thfe A=ARS Aiay Rk i3let Qﬂ‘i tived bid AF Aot Rjﬁé@éé@'eﬁan

characterized by a“VR val ue not (reater than about 4.
about” 4.1, preferably not greater than about 4.0, e.qg.,

from about 2.5 to 4.0, and most preferably from about 3.5
to 3.9. As used herein, the term "VR' value" is intended
to refer to the quotient obtained by the expression (XIX):
VR' = VIS'b
VisS'a

wherein VIS'a is the kinematic viscosity (ASTM Method D445)
of the dispersant material at 100°C in units of
centistokes, and VIS'b is the cold cranking simulator (CCS)
viscosity (ASTM Method D2602) at -20°C in units of poise,
as determined at a dispersant material polymer
concentration of 2 wt.% in the reference oil as definec;
above for Formula IV. Preferably, the disperant materials
of this invention are also characterized by a VR'/VR,
ratio of not greater than about 1.11, more preférably not
greater than about 1.09, still more preferably from about
0.7 to 1.08 énd most preferably from about 0.2 to 1.05,
wherein VR, = 3.7 + 0.1 for the reference oil.

Another aspect of this invention involves the post
treatment of the nitrogen containing dispersant materials.
The process for post-treating said nitrogen containing

dispersant materials is analogous to the post-treating
processes used with respect to derivatives of conventional
ethylene copol)'rmers of the prior art. Accordingly, the
same reaction conditions,  ratio of reactants and the like
can be used.

' The nitrogen-containing dispersant materials of
the instant invention as described above are pdst-treated
by contacting said nitrogen-containing dispersant materials
with one or more post-treating reagehts selected from the
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2.5to 4.0, and
the term"VR val ue"
expression (Xl X):

preferably not greater than about 4.0, e.g., from abo

nost preferably fromabout 3.5 to 3.

is intended to refer to the quotient ORE%A%MEH %@cﬁ

[err] wherein VIS a is the kinematic {vi

di spersant material at 100C in units jof Cﬁz

cranking sinulator (CCS) viscosity ( thod D260') ‘at

units of poise, as determned at a di mat eri al lpol

concentration of 2 w.%in the referegce2orl as_defined above

|V. Preferably, the disperant materials~ofthi'S Invention are al so

characterized by a VR/VR, ratio of not greater than about 1.11, nore

pr ef er abl ygreupgrenséstingnofbbaron. @xideyi borapr expief bydbayes r barabout

0- 710 1. OBaachabsl b ebar aRY dld OMedhidlis O.oF { BokoflS adbgke! Lo sh] =

3.7 0.1 f$ he réference oi . Another as pect. of this invention involves

the post tf&ghkdrdSf FHéfr‘t‘lrtrroﬁéllrfé’c?ntﬁPﬁPﬁd%%pe?%&ﬁPYHﬁt@YP&P-@ESThe
aldehydes, ketones, urea, thio-urea, guanidine,
dicyanodiamide, hydrocarbyl phosphates, hydrocarbyl
phosphites, hydrocarbyl thiophosphates, hydrocarbyl
thiophosphites, C; to C;5 hydrocarbyl substituted
succinic acids and anhydrides (e.g., succinic anhydride,
dodecyl succinic anhydride and the 1like), maleic anhydride
(or any of the above discussed monounsaturated carboxylic
reactants useful in forming the ethylene-alpha-oclefin
polymer-substituted mono- and dicarboxylic acid materials
employed in this invention), phosphorus sulfides,
phosphorus oxides, phosphoric acid, hydroccarbyl
thiocyanates, hydrocarbyl isocyanates, hydrocarbyl
isothiocyantes, epoxides, episulfides, formaldehyde or

. H

formaldehyde-producing compounds plus phenols, and sulfur
plus phenols.

For example, the nitrogen containing dispersants
can be treated with a Doron compound selected from the
class consisting of boron oxide, boron halides, boron acids
and esters of boron acids in an amount to provide fronm
about 0.1 atomic proportion of boron for each mole of said
nitrogen composition to about 20 atomic proportions of
boron for each atomic proportion of nitrogen of saiad
nitrogen composition. Usefully the borated dispersants of
the invention contain from about 0.05 to 2.0 wt.%, e.qg.,
0.05 to 0.7 wt.% boron based on the total weight of said
borated nitrogen-containing dispersant compound. The
boron, which appears to.be in the product as dehydrated
boric acid polymers (primarily (HBO,)3), is believed to

attach to the dispersant as amine salts, e.g., the
metaborate salt of said amine dispersants.
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process for post-treating said nitrogen containing dispersant materials is
anal ogous to the post-treating processes_u ' espect to derivatives
of conventional ethyl ene copol yne ' dgmgwﬁ%ﬂﬂﬁ} . Accordingly, the sane
reaction conditions, ratio of nka can be used. The

ni t rogen-cont ai ni ng di spersant mat I nvention as

descri bed above are post-treated b nitrogen '
di spersant materials with one or eagent s
t he group consisting of boron oxid ate, bor
boron acids, esters of boron acids, e, sulfur, su
chl ori des, al kenyl cyani des, al dehydes, ketones, urea, thio-urea,

O 15 Cheyeio e nah s oessbp gl gt sag o,
phosphi tes rocar i ophosphat es ocar by i osphites, err
to Jerr] W’bcﬁrﬁ?l ¥'§ul§’-' 'igt’utlegt%u%c?‘%i‘% a{g’ia§§dar?d‘ gt f g. |
succi ni ¢ asdidir nderodedeepmpsund) nio€ alividribdadsrancoigmnd kejre fetails, anhy-

dride (or . Of F S e n rated c i,C reacfants:

O e (o A0t o8 RO dosBBEel AT SRS LE £ URIR) ' TN
nitrogen compound and heating with stirring at from about
135°C. to 190, e.g., 140-170°C., for from 1 to 5 hours

followed by nitrogen stripping at said temperature ranges.
Or, the boron treatment can be carried out by adding boric
acid to the hot reaction mixture of the dicarboxylic acid
material and amine while removing water.

Since post-treating processes involving the use of
these post-treating reagents is known insofar as
application to reaction products of amines and halogenated
further descriptions of these processes herein is
In order to apply the prior art processes to
all that is necessary
is that reaction conditions, and the
like as described in the prior art, be applied to the novel
The following U.S. patents

pelymers,
unnecessary.
the compositions of this invention,
ratio of reactants,

compositions of this invention.
are expressly incorporate‘;:l herein by reference for their
disclosure of post-~treating processes and post-treating
reagents applicable to the compositions of this invention:
U.S. Pat. Nos. 3,087,936; 3,200,107; 3,254,025; 3,256,185;

3,278,550;
3,344,069;
3,403,102;

3,533,945;

3,865,813;
3,245,908;
3,692,681;
3,390,086;
3,312,619;
4,428,849;

3,281,428;
3,366,569;
3,428,561;
3,541,012;
3,470,098;
3,245,909;
3,749,695;
3,367,943;
3,280,034;

4,686,054;

3,282,955;
3,373,111;
3,470,098;
3,639,242;
3,369,021;
3,245,910;
3,865,740;
3,185,704,
3,718,663;
4,839,070;
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3,284,410;
3,367,943;
3,502,677;
3,708,522;
3,184,411;
3,558,743;
3,954,639;
3,551,466;
3,652,616;
4,839,071;

3,338,832,
3,390,086;
3,513,093;
3,859,318;
3,185,645; .
3,573,205;
3,458,530;
3,415,750;
4,338,205;
4,839,072;



pol ymer - substi tuted ngno- and di carboxylic acid materials enployed in this
I nvention), phosphorus sulfides, phosphorus oxides, phosphoric acid,

hydr ocar byl thiocyanates, hydrocarbyl i
| sot hi ocyant es, epoxi des, epi- sulfi

f or mal dehyde- pr oduci ng conpounds plu d—sq1 flur
exanpl e, the nitrogen containing disp r.antsaﬁﬁg dn7 tirepte
conpound sel ected fromthe class consisti Agl oron_px| de,

boron acids and esters of boron acids =

0.1 atom c proportion of boron for eaqgh mol e of sald n rogen conp05|“

to about 20 atom c proportions of boro prQ ort|§C :

ni trogen bf 83 dOri1 f oferK corfsi t iNehe e‘?%@l’?oc%e t%‘rléte F spdiant s of

t he |nven1;p@20@mgaJn fromO0.05 to 2.0 w. % e. g , 0.05to 0.7 wt. % boron

based on the total ht, of said bqrated nitr en co | Sper- sant

conpound. The boro'Ir"F1 N AR aFOY S R f‘r‘ré SFSSHE ars]Ce dr a2%d boric

acid pol yoeis (jprvemtion (d8( erdrslo [ Ber |Yxeatseelw Evkd pad ¢ attabbe t he

(1 Sher san» ol Nfedfh' Ss ki1 dltafEodlReahe) A Phrdhdsflkitne
adducts having the moiety -[C(0) (CH,),O0]pH, wherein z

is a number of from 4 to 8 (e.g., 5 to 7) and m has an
average value of from about 0 to 100 (e.g., 0.2 to 20).
The dispersants of this invention can be post-treated with
a Cg to Cg lactone, e.qg., epsilon-caprolactone, by
heating a mixture of the dispersant material and lactone in
a reaction vessel in the absence of a solvent at a
temperature of about 50°C to about 200°C, more preferably
from about 75°C to about 180°C, and most preferably from
about 90°C to about 160°C, for a sufficient period of time
to effect reaction. Optionally, a solvent for the lactone,
dispersant material and/or the resulting adduct mnay be
employed to control viscosity and/or the reaction rates.

In one preferred embodiment, the Cg to C4
lactone, e.g., epsilon-caprolactone, is reacted with a
dispersant material in a 1:1 mole ratio of lactone to
dispersant material. 1In practice, the ration of lactone to
dispersant material may vary considerably as a means of
contreolling the length of the sequence of the lactone units
in the adduct. For example, the mole ratio of the lactone
to the dispersant material may vary from about 10:1 to
about 0.1:1, more preferably from about 5:1 to about 0.2:1,
and most preferably from about 2:1 to about 0.4:1. It is
preferable to maintain the average degree of polymerization
of the lactone monomer beiow about 100, with a degree of
polymerization on the order of from about 0.2 to about 50
being preferred, and from about 0.2 to about 20 being more
preferred. For 6ptimum dispersant performance, sequences

———————
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Treating Is readily carried out by adding fromabout 0.05 to 4, e.g. 1 to 3

. % (based on the weight of said nitrogen conpound) of said boron
conpound preferably boric acid which i |y added as a slurry to
sai d nitrogen conpound and heati about 135[err]C
to 190, e.g., 140-170[err]C., for otGr s| f ol | JoRgg By _ni trogen

stripping at said tenperature ranges. O gxncn1tre;tnenﬁ%ﬁaﬁ
carried out by adding boric acid i '_ m Xt U '
di carboxylic acid material and amin I ng{wat er.

post-treating processes involving:

|5 known idisOkpbuasaBaRL! opt k8 b GG St 1AMo@ re

t
hal ogenat e po yners er descriptions of these processes herein is
unnecessamife fig¥redder to apply the prior art processes to the conpositions

of this invention, caahl_a&@aétlss HEEESSAr Vi hS tat gsﬁa&id@moqpnuﬂﬂl thens,
rati o of reactant and the |ike gs_described in gﬁ art be applled
eHRred s |

to the nov@c 3§FPFEﬁ§n5f“ﬂ%@?lPﬁvéﬁFF5ﬁ°n?h@rFoﬁ dént s
di scl ose ppasiup reatd kg imgo GefS setsa el sp ooxt et rioadtel, N g5 tramage shamida?c&bl eto
the Conpmyéﬁggiutyl titanate, a variety of organic based acid’

catalysts and ~3fiine catalysts, as described on page 266,

ost-treating reager

and forward, in a book chapter authored by R.D. Lundberg
and E. F. Cox, entitled "Kinetics and Mechanisms of
Polymerization: Ring Opening Polymerization", edited by
Frisch and Reegen, published by Marcel Dekker in 1969,
wherein stannous octanoate is an especially preferred
catalyst. The catalyst is added to the reaction mixture at
a concentration level of about 50 to about 10,000 parts per
weight of catalyst per one million parts of the total
reaction mixture.

Exemplary of adducts formed by reaction of
dispersant materials if this invention and epsilon-
caprolactone are those adducts illustrated by the following
equation:

P—N | NH | NE NH/l/N—EP
l | (CHy) 5
H H
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of this invention: U S. Pat. Nos. 3,087,936; 3,200, 107; 3, 254, 025;

3, 256, 185; 3,278,550; 3,281,428; 3,282,955 3,284,410; 3,338,832,
3, 344, 069; 3,366,569; 3,373,111; 3, 367,943: 3.390 086.—3, 403, 102;
3,428,561; 3,470,098; 3,502,677, 3,513, R%?@Q? gngm' 541, 012; 3, 639;
242; 3,708,522; 3,859,318; 3,865, 813; Q8" 21: 3,184, 411;
3,185, 645; 3,245,908; 3, 245,909; 3,244, 10 3 EBaB§§3 . 573, 205:

3,692, 681; 3,749,695, 3,865, 740; 3, 954, 73FLEs . 390, 086

3,367, 943; 3,185, 704, 3,551, 466; 3,41545 -

3,718, 663; 3,652,616; 4,338,205, 4,428 849; 4, 686, 054:

4,839, 071; 4,839,072; 4,839,073; U K Pat__No. 8

1, 162, 436.
EP—N N//Ax//u’ NH
I
H H

[C(CHp) 5015H

[E(CHz) 50 ] pf
0

wherein m and EP are as defined above. The reactions of
such lactones with dispersant materials containing nitrogen
or ester groups is more completely described in U.S.
Patents 4,486,326; 4,820,432; 4,828,742; 4,851,524;
4,866,135; 4,866,139; 4,866,140; 4,866,141; 4,866,142; and
4,866,187, the disclosure of each of which is hereby
-incorporated by reference in its entirety. r

Further aspects of the present invention reside in
the formation of metal complexes of the novel dispersant
additives prepéred in accordance with:  this invention.
Suitable metal complexes may be formed in accordance with
known techniques of employing a reactive metal ion species
during or after the formation of the present dispersant
materials. Complex forming metal reactants include the
metal nitrates, thiocyanates, halides, carboxylates,
phosphates, thio-phosphates, sulfates, and borates of
transition metals such as iron, cobalt, nickel, copper,
chromium, manganese, molybdenum, tungsten, rutheniun,
palladium, platinum, cadmium, lead, silver, mercury,
antimony and the 1like. Prior art disclosures of these
complexing reactions may be also found in U.S. Patents
3,306,908 and Re. 26,433, the disclosures of which are
hereby incorporated by reference in their entirety.
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The nitrogen containing dispersant materials of thts invention can also be
treated with polynerizable | actones (such as epsi -caprol actone) to form
di spersant adducts havi ng the noi eg ﬂEEﬂ)[err]C»[err]H, wher ei n
z is a nunber of from4 to 8 (e.g. has an average val ue of

fromabout O to 100 (e.g., 0.2 to ant s of thig~Qgvention

can be post-treated with a (Jerr] /
epsi | on-caprol actone, by heating aimixture of | $per sant £
| actone in a reaction vessel in th
of about 50[err]C to about 200[err]iC, nore
to about 180[err]C, and nost prefer rom about 90[err] C to about ’
160[err] C, for a s&hf RPEPEEELSoPHf there tincaRaratedad?ztntpt agnal Iy,

a sol vent a1 e kactene, Hrws sepbnButes i @hiand/mentienl,esdnd i Rgeadduct
may be en‘%lo ed to con rol wvi sco%%%/ an?:{h]or t he reaceéi'on rat es. tIn one
preferred batrERt e RhE CRBPPR HiPRE o MUY oREGRECES jconstitute a

epsi | on- cZpreheet aspectsofetniedinwért fordi spersant material in a 1:1 nole

ratio of 1actone tQ IboNeLagnl TLELLE of Ul dethe (HGRBLLA, Obnlb?ct ONe

to di spersant matertal nma
(A) halogenated ethylene-alpha-olefin polymers of this

-
U

s

from about 75[erT

invention can be admixed, prior to, after or during being
contacted with the selected amine(s), with (B). a
conventional halogenated polyolefin derived from any of the
polyolefins discussed above as being useful as a mixed
charge with the halogenated ethylene-alpha-olefin polymers
in the formation of the halogenated ethylene-alpha-clefin
polymers of this invention. The halogenated
ethylene-alpha-olefin polymers of this invention and the
halogenated polyolefins will be generally admixed prior to
contact with the selected amine(s), e.g., alkylene
polyamine. Such mixtures will generally employ aF
weight:weight ratio of halogenated ethyler{e—alpha—olefin
polymers of this invention to halogenated polyolefin from
about 10:90 to 90:10, preferably from about 20:80 to 80:20,
and more preferably from about 40:60 to 60:40. Especially
preferred are mixtures of halogenated ethylene-propylene
copolymers of this invention and halogenated
polyisobutylene, halogenated poly-n-butene, or mixtures
thereof, having a number average molecular weight as
described above for the above conventional polyolefins,
(e.g., 900 - 5,000). The resulting mixtures can then be
contacted for reaction with the selected amine as described
above for formation of dispersant materials having improved
viscosity properties, wherein the VR' of the resulting
dispersant material is preferably less than the VR' of the
corresponding dispersant prepared from the
polyolefin-substituted mono~ or dicarboxylic acid material
alone. The resulting mixed dispersant materials can also
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considerably as a nmeans of controlling the |l ength of the sequence of the
| actone units in the adduct. For exanple,.ilhe nole rat+e of the | actone
tot he di spersant material nmayvary fro REPMCEWN]T SHEETOLt 0.1:1, nore

preferably fromabout 5:1 to about 0.2 1 nost—p+ef grabl y from about

2:1 to about 0.4:1. It is preferable tjo pma {9 avgrage degree of
wzgggtﬁgo

pol yneri zation of the | actone nononer pe With a-ree of
pol ynmeri zation on the order of from abpu +eo—abotttt 40 beiy
and fromabout 0.2 to about 20 being nmbH¥& preferred. For! opt kg
performance, sequences of from about 1. i—g-a-beﬂ-t——Hat‘t-m*e units Faq
are preferred. Catalysts useful in the prom)tlon tg_ge Iactone di spet
material r&%ctFEpRted ewithe@Wd ¥ oAREHEPEY &’fslp

oct anoat e, m?etta;la:aQUSfcﬂeXaﬁeatrgorheibﬁbuifyIaddiiatmiaal &umatuehalofgmﬁ@%ni c

based acid at aI sts and am n cataly ed ag 266, and
forward, iy ' cﬁé‘pﬁqb aZut %’F%ﬂ’b?‘y&rﬁ%wnd%%?)g an ‘.ala(foq'}gne'
entitled " Iﬂ:uddulrcsmgﬂdlb’bahdn_thﬂslmkePoaym$M$@_h alng Openi ng

Pol yneri zation”, ediphed §YsPel-8GRtandReeRen prRelhitSNEention can be

incorporated into a lubricating oil (or a fuel) in any

convenient way. Thus, these mixtures can be added directly
to the lubricating oil (or fuel) by dispersing or
dissolving the same in the lubricating oil (or fuel) at the
desired level of concentration of the dispersant. Such
blending into the additional lubricating oil (or fuel) can
occur at room temperature or elevated temperatures.
Alternatively, the dispersants can be blended with a
suitable oil-soluble -solvent/diluent (such as benzene,
xylene, toluene, lubricating base o0ils and petroleun
distillates, including the various normally liquid fuels
described in detail below) to form a concentrate, and thgn
blending the concentrate with a lubricating oil (or fuel)
to obtain the final formulation. Such dispersant
concentrates will typ—.ically contain (on an active
ingredient (A.I.) basis) .from about 3 to about 45 wt.%, and
preferably from about 10 to about 35 wt.%, dispersant
additive, and typically from about 30 to 90 wt.%,
preferably from about 40 to 60 wt.3%, base o0il, based on the
concentrate weight.

OLEAGINOUS COMPOSITIONS

The additive mixtures of the present invention
possess very good dispersant properties as measured herein
'in a wide variety of environments. -Accordingly, the
additive mixtures are used by incorporation and dissolution
into an oleaginous material such as fuels and lubricating

R
e —

eet Has Been Replaced

T



by Marcel Dekker in 1969, wherein stannous octanoate is an especially
preferred catalyst. The catalyst is on mxture at a
concentration | evel of about 50 to a OREPmﬁMﬁNTpSHE% per wei ght of
catal yst per one mllion parts of thg tetat—reactiommixture. Exenplary of
adducts formed by reaction of disperspn "r?t?EiBaﬁg']i his invention and
epsi | on-caprol act one are those adduct I I ed by "
equation: [err] wherein mand EP are ps-defined—above. {The r¢
such lactones with di spersant nateriars4gontaining nitriogen 0
is nore conpletely described in U S. Patents 47286, 326; 4, 820, 4327~
4,828, 742; 4,851,524; 4,866,135; 4,866,139; 4, 866 140; 4, 866 141,

4. 866, 142: OARG -4, 8@6181!87th¢uﬁﬁﬁéﬁllé(§pé@t>§'—‘mestI‘Féfpil'-éé-éntlri‘rﬁ/@i‘ﬂtqrbnar%m de

in the for galigon; gt S 1 TP MeNES Ob el e rekb BPessant addht syes
distillates boiling from about 65° to 430°C, including

— —~+
>
()
—
2

kerosene, diesel fuels, home heating fuel oil, jet fuels,
etc., a concentration of the additives in the fuel in the
range of typically from about 0.001 to about 0.5, and
preferably 0.005 to about 0.15 weight percent, based on the
total weight of the composition, will usually be employed.
The properties of such fuels are well known as illustrated,
for example, by ASTM Specifications D #396-73 (Fuel Oils)
and D #439~73. (Gasolines) available from the American
Society for Testing Materials ("ASTM"), 1916 Race Street,
Philadelphia, Pennsylvania 19103.

The fuel compositions of this invention can
contain, in addition to the products of this invention,
other additives which are well known to those of skill in
the art. These can include anti-knock agents such afls
tetraalkyl lead compounds, lead scavengers such as
haloalkanes, deposit preventers or modifiers such as
triaryl phosphates, dyes-'-, cetane improvers, anitoxidants
such as 2,6-ditertiary-butyl-4-methylphenol, rust
inhibitors, bacteriostatic agents, gum inhibitors, metal
deactivators, upper cylinder lubricants and the like.

The products of the present invention find their
primary utility in lubricating oil compositions which
employ a base o0il in which the additives re dissolved or
dispersed. Such base o0ils may be natural or synthetic.
Base o0ils suitable for use in preparing the 1ﬁbricating oil
compositions of the present invention include those
conventiocnally employed as crankcase lubricating oils for
spark-ignited and compression-ignited internal combustion
engines, such as automobile and truck engines, marine and
railroad diesel engines, and the like. Advantageous
results are also achieved by employing the additive
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prepared in accordance with this invention. Suitable netal
formed in accordance with known tech- niques of enploying a reactive netal

i on species during or after the formatlﬁg @gc psﬁggh di sper sant
materials. Com plex formng netal regc ﬁ WAl udn he nmetal nitrates,

t hi ocyanates, halides, carboxyl ates, ogkphat es é@? phos- ~phat es,

conpl exes may be

sul fates, and borates of transition nefa s7u<EIEBa an,| cqba

copper, chrom um nanganese, nolybde-_ 5ol AR tunsten,%
pal I adium platinum cadmium |ead, si nercury, ant
Prior art disclo- sures of these conpl

U S. Patenjsx% 326 £0& and ke BeeSent invention in base oils

conventlonally employed in and/or adapted for use as power

transmitting 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 incorboration therein of the additive mixtures of
the present invéﬁtion.

These lubricating oil formulations conventionally
contain several different types of additives that will
supply the characteristics that are required in the
formulations. Among these types of additives are included
viscosity index improvers, antioxidants, corrosion
inhibitors, detergents, dispersants, pour point
depressants, antiwear agents, _friction modifiers, and other
ashless dispersant (e.g., polfisobutenyl succinimides) and
borated derivatives thereof), etc. k

In the preparation of lubricating o0il 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 concentrates in hydrocarbon oil, e.g. mineral
lubricating oil, or other suitable solvent. Usually these
concentrates may be diluted with 3 to 100, e.g., 5 to 40
parts by weight of lubricating 0il, per part by weight of
the additive package, in forming finished lubricants, e.qg.
crankcase motor oils. The purpose of concentrates, of
course, is to make the handling of the various materials
less Qifficult and awkward as well as to facilitate
solution or dispersion in the final blend. Thus, a
dispersant would be usuall’y employed in the form of a 40 to
50 wt. % concentrate, for example, in a jubricating oil

fraction.

______________________._._
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The processes of these patents, as applied to the coppositions of this

I nvention, and the post-treated co i 4 ¢duced constitute a
further aspect of this invention. ﬁgmmﬁrwﬁ?uﬂe of the present

i nvention, the (A) hal ogenated et hyl ne al pha-ol efinipol yners of this

i nvention can be admi xed, prior to, EEBU‘Q bgi ng contacted with the
sel ected amne(s), with (B) a convent tebd pol yol ¢ oL ved
fromany of the polyol efins discussled- avae as bei ng juseful g
charge with the hal ogenated ethyl enle-al pha-olefin pollymers in
of the hal ogenated et hyl ene-al pha-olefin polyners of this invention.
hal ogenat ed et hyI enenal mlelsef idlsqﬁngmﬂﬁs o6ft tihe |ipwesdntoniandntihen - :
hal ogenat e erf n engrally r tq c ct_ wth the
sel ected agn Iliq( ? ée.%, JkyYen% pCF(;I gg’m Erggg%esné)? Elrlega vmgp}’%gen ally
enpl oy a \A)eagmst\mlght Cpmmajfng‘\alaoge@alecﬁfet Ayabaricad ng - yistpaipyl ymers
of this Iny%tllmlhqhaﬁsqma&fdaaal yé’irﬁi:h@tflrd)nlﬁgg"itca&rﬁ#) 62190: g
preferably from about 20:80 to 80:20,” and nore preferabl rom about 40: 60
to 60: 40. EéﬁEEFﬁFI?h%F%‘?%Hed are m xtures

Natural oils' include animal oils and vegetable

oils (e.g., castor, lard oil) liquid petroleum oils 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
cils. These are exempllfled by polyoxyalkylene polymers
prepared by polymerization of ethylene oxide or propylerie
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 wéight of 1000-1500); and mono- and
polycarboxylic esters thereof, for example, the acetic acid
esters, mixed C;~Cg fatty acid esters and C;3 Oxo
acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating
oils comprises the esters of dicarboxylic acids (e.q.,
phthalic acid, succinic acid, alkyl succinic acids and
alkenyl succinic acids, m_éleic acid, azelaic acid, suberic
acid, sebasic acid, fumaric acid, adipic acid, 1linoleic
acid dimer, malonic acid, alkylmalonic acids, alkenyl
malonic acids) with a variety of alcohcls (e.g., butyl
alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl
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of hal ogenat ed et hyl ene-propyl ene copolynmers of this invention and

hal ogenat ed pol yi sobutyl ene, hal ogenated po- |y-n-butene, or mxtures

t hereof , having a nunber average nol ecul ar _wei g S ri bed above for
t he above conven- tional polyolefins, ( The resultlng
m xtures can then be contacted for reag
descri bed above for formation of disperisant na
vi scosity properties, wherein the VR he7r
is preferably less than the VR of the
fromthe polyolefin alone. The resulting
al so be treaiednhwilt,h afiydknichegahewve- dessothodep L Neidn setHees for
i ncor poration of addltlﬁnal functional 9roups t eon :$U§E as boron,
hydroxy, esPEPPYd ¥6PdMe, s@RSFiTHE: &% $he eS8s W ¥ ¥sed
above. The dns:aemdantém:futhé paéspratta nvmdmﬁembbexuddrmbabad:e nto a

| ubricati ngq9i ‘%ﬁﬁ es can

be added dl?gcélﬁg*%? Eﬂﬁ%}gkg ?Mﬁ§Q% @i (%uer) QH%?%é 5|%gé%é&g

di ssol vi ng @hésggﬁgqung;ate, dioctyl p thalate, 1decyl phthalate,
dieicosyl sebacate, the 2-ethylhexyl diester of 1linoleic

i) '

acid dimer, ahd 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 Ciz monocarboxylic acids and polyols
and polyol ethers such as neopentyl glycol,
trimethylolpropane, pentaerythritocl, dipentaerythritol and
tripentaerythritol.

Silicon-based oils 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-ethyihexyl)silicate, tetra-(p-tert-
butylphenyl)silicate, hexa-(4-methyl-2-pentoxy)disiloxane,
poly(methyl)siloxanes and poly(methylphenyl)siloxanes.
Other synthetic lubricating oils include liquid esters of
phosphorus-containing acids (e.g., tricresyl phosphate,
trioctyl phosphate, diethyl ester of decylphosphonic ac1d)
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 o0il obtained directly from retorting
operations, a petroleum o0il obtained directly from
distillation or ester oil obtained directly from an
esterification process. and used without further treatment
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| ubricating oil (or fuel) at the desired |level of concentration of the

di spersant. Such blending into the adgftl g Eytrs’l.mi ng oil (or fuel) can
occur at roomtenperature or el evated t%ﬁ’w M ternatively, the

di spersants can be blended with a suita - sol a 50l vent / di | uent
(such as benzene, xylene, toluene, lu rlcaﬁvnﬁEBéﬂ 5 ang etrol eum
distillates, including the various nor
detail below) to forma concentrate, ( '
with a lubricating oil (or fuel) to o rrulatlEPSHE.
di spersant concentrates wll typically contain (on an active ingreo

(A.1.) basiwoufd o8 lad Qe ttndd &i L. fli@fﬁ‘.r‘r'_édt Qsﬁ Wrebs A3 ¥ SR

fromabout 3 to 45 w.% e.g. from10 t Wt . | spersant additive, and

typically f%?ﬁ%iﬂtﬁﬁ i s £XRERY | t)aeqbrlwa ahﬁeyn f%rﬁf%olrtrw% igp ane, 9
base oil, bmsednopet fpuﬁ@@i&fﬁt&b@x wek@hs EOoEAGh NPT LOMS! BONRoHhe
addi tive m%}g?nﬁtgf t he esent venti,o cp SSess vem}/ ood di sper sant
properties Hs heasured he @|nr¥|ﬁu5 purification lques, 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
oils and often are additionally processed by techniques for
removal of spent additives and cil breakdown products.

Metal contaihing rust inhibitors and/or detergents
are frequently used with ashless dispersants. 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. Highly basic, that is
overbased metal salts which are frequently used as
detergents appear particiilarly prone to interaction with
the ashless dispersant. 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
by heating a mixture comprising an oil-~socluble 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
forming a dispersed carbonate complex by reacting the
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wi de variety of environments. Accordingly, the additive m xtures are used
by i ncorporation and di ssol ution intg- ' mat eri al such as
REPIACEMENT: Stithle

fuels and lubricating oils. Wen th of this invention
are used in normally |iquid petrol eym fuels—stetrasimiddl e d Il ates
boiling fromabout 65 to 430[err]C, §ng | k s¢n [

heating fuel oil, jet fuels, etc., ajc nggn?gzgt?gﬁ
fuel in the range of typically from pbogt—6-661TT0 abagut 0.5, amo
preferably 0.005 to about 0.15 weight p 4ce'nt, based on the total welrgk
the conposition, will usually be enpleyed—The properti es of such fuels are

wel I known LLLu d,, .for e.:hy: ASTM Specifi cat ians : 73
(Fuel Ol s)ég%%é%) _ylétS%gSw(l&glso gl&ﬁ%}é}% g&g%ﬂé% eMof P%‘%{ cgéA%grgi c%né# oe(% ety
for TestinPWAsiae (" ABFMSulLpiie Raekdst avet LyPhrradEl ghtained by
Pennsyl vani the 94@8ford¥ei drebs CATRYS! dudat iFutkll Srdhedild Ry S HBY A N, 1N

addition to the products of this_invention, other additives which are well
known to t oS skiPrei ArEasnadt frefedbec £Factdionas 1on: iofk R LM s
such as tetbhyadkytil eathi ionpAaNEs, e@a@ction 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 atoms.
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. *

The alkaline earth metal compounds which may be
used in neutralizing these alkaryl sulfonic acids to
provide the suifonates includes the oxides and hydroxides,
alkoxides, carbonates, carboxylate, sulfide, hydrosulfide,
nitrate, borates and ethers of magnesium, calcium, and
barium. Examples 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 ranges 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 preparations of basic alkaline earth
metal alkaryl sulfonates are known, such as U.S. Patents
3,150,088 and 3,150,089 wherein overbasing is accomplished
by hydrolysis of an alkoxide-carbonate complex with the
alkaryl sulfonate in a hydrocarbon solvent-diluent oil.
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scavengers such as hal oal kanes, deposit preventers or nodifiers such as
triaryl phosphates, dyes, cetane i nprevwess—anrOX] S such as
2,6-ditertiary-butyl -4-met hyl phenol , rﬂiPLAGWMEﬂTtsﬁgﬁpEacteriostatic
agents, guminhibitors, netal de- act , lji nder | ubricants and
the like. The products of the present i v?gt 199?\0' tkeir ut| lity
in lubricating oil conpositions which{e y a base diljin
additives re dissolved or dispersed. gu fase oI 1 s may} be na
synthetic. Base oils suitable for usejin preparing the_ ] ubricati
conpositions of the present invention4nctrod€ Those conventional ly eng
as crankcase | ubri cat iy feirred§ o1 6B ke | aartad ANF Rt esdd Diivgniked
i nternal conmbustion engin such,k,gs aut go agd truck eﬁﬁ%{ﬁa mari ne
and Hmlrogaaﬁﬁﬁﬁﬁmeﬁlﬁﬁg aﬁﬁﬂaﬁﬁgl?Hg ORRfht 33EHET Pes aP858 so
achi eved byumbptoyangﬂmqrﬁrmmdaboue 1300t tre@sabbuthd OPr esictlt theentgen in
base oils ti I I | / t r,&lS
Cransm t 11 ASoHl GOl tonkyg, Sepcane, daiiday AAGE %*?a T EoF FRPAS YAeavy
duty hydrautkcﬁﬂthaﬁﬁdrmmmm theetiotglf |Mgight of t e additive SYStem
dispersed in mineral lubricating oil.

Neutral metal sulfonates are frequently used as
rust inhibitors. Polyvalent metal alkyl salicylate and
naphthenate materials are Xknown additives -for lubricating
0il compositions to improve their high temperature
performance and tc counteract deposition of carbonaceous
matter on pistons (U.S. Patent 2,744,069). An increase in
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—Cyg
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 coculd then be converted into highly basic
salts by techniques generally known and used for such
conversion. The reserve basicity of these metal-containing
rust inhibitors is usefully at TBN levels of between about
60 and 150. Included with the useful polyvalent. metal
salicylate and naphthenate materials are the methylene and
sulfur bridged materials which are rea&ily derived from
alkyl substituted salicylic or naphthenic acids or mixtures
of either. or both with alkyl substituted phenols. Basic
sulfurized salicylates and a method for their preparation
is shown in U.S. Patent 3-, 595,791. Such materials include
alkaline earth metal, particularly magnesium, calciunm,
strontium and barium salts of aromatic acids having the
general formula:

HOOC—ArRl—Xy (ArRl OH)n {(XX)
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and the like. Gear |ubricants, |ndu1tREaUMﬁﬁﬁ@“ %h', gi | s and ot her
lubricating oil conpositions can al sfo bere rom tthq i ncorporation
therein of the additive m xtures of {h Q \B%v nti on. These

| ubricating oil formulations convent O‘al-i containiseveral different types
of additives that will supply the chéaraete
formul ati ons. Anong these types of additives are_ipcluded |
i m -18 - provers, antioxidants, d gsEON | nhibitors, ¢
di spersants, pour point depressants antlmear agent s, frlctron ot
and ot her ashl ess di spersant (e.g., polyisobutenyl succinimdes) and
bor at ed dewheatd VR® tiwer eaaf )arydf cradical of 1 to 6 rings, R; 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, Yy is a number
from 0 to 4 and n is a number from 0 to 4.

Preparation of the overbased methylene bridged
salicylate-phefiate 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):

¥
HOOC 15; L_ CH,
R4
C12H3s C12H25
w1th a TBN of 60 to 150 is highly useful in this invention.
The sulfurized metal phenates can be considered

the "metal salt of a phenal sulfide" which thus refers to a
metal salt whether neutral or basic, of a compound typified
by the general formula (XXII):

R R
, N\
OH OH OH
' n

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 integers 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 adequate solubility in oil. The individual R
groups may each contain from 5 to 40, preferably 8 to 20,
-
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In the preparation of lubricating oil fornulations it—s conmon practice to
i ntroduce the additives in the formo@ B@Epﬁmﬂt&yg% e.g., 20 to 80 wt. %
active ingredient concentrates in hyd |L n —L0.1 mneral lubricating
oil, or other suitable solvent. Usually]|these cor;@ﬁntrat es may be diluted
with 3 to 100, e.g., 5 to 40 parts by |dh? part
by wei ght of the additive package, in g.
crankcase notor oils. The purpose of qo ntrat es, of ur ses~d
the handling of the various materials y .r-eu-l-t———aﬂg awkwar d ,
to facilitate solution or dispersionlntheflnal bl end. Thus, '
woul d be us e ed i h J@é)’ ate, f0
exanpl e, |n£§ét+&brig€% g ﬁéflrggé?jl:g%g&%he Séllf) %ﬁs \é/org%rr%%gag %El
present mv%Ht}f]oannPlbé;U@-éﬁéﬁalwyﬂuSéd ﬁqfféd?h%ﬂmr@l%ﬁlﬁht}a pibaedial

basest ock, EOMBH ISP it ilaloftd UbigHad | ik \dSHsdd Yal kd i niciyn G Aty al
and synt het| c I ubr| catin t% oi I s and m xtures thereof. Natural oils include

ani mal oi | S loipy n(aé:eg , castor, lard oil) liquid petroleum:
oils and hydroreflnetbgssahless of the manner in which they are

prepared, the sulfurized alkyl phenols which are useful

generally contain 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 phenatés
are those in which the ratio of metal to phencl 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.g. basic sulfurized metal dodecyl phenate has a metal
content up to and greater than 100% in excess of the metal
present in the corresponding normal sulfurized metal
phenates wherein the excess metal is produced 1in
oil-soluble or dispersible form (as by reaction with
Co,) . The overbased sulfurized metal phenates desirably
have a TBN value of at least 150, e.g. from 200 to 300.

Magnesium and calcium containing additives
although beneficial in other respects can increase the
tendency of the lubricating oil to oxidize. This is
especially true of the highly basic sulphonates.
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vent-treated or acid-treated mneral lubricating oils of the paraffinic,
napht heni ¢ and m xed par af fi ni c- napht hen ey | ubricating
viscosity derived fromcoal or shale are %@Rgéﬁﬁ Sgggfe oi | s. Al kyl ene
oxi de polyners and interpolyners and der|vatives thereof ere the term nal
hydroxyl groups have been nodified by es{eli it etinelifi pa

| ubricatj . &C

constitute another class of known synthefi oi || s.
exenplified by pol yoxyal kyl ene pol ynmers 4§y epared by poly i z&

et hyl ene oxi de or propyl ene oxide, the alkyl and ary| et s of 71
pol yoxyal kyl ene polyners (e.g., methyl-poly isopropylene glycol

having an average miR@idhgvetdha 9fre9sQQQeddleaB@aﬂneathedheof 1@@éxytﬁsxhyl ene 4

gl ycol havi | ecul ar ght of 500- 1000 di et hyl ether of I pr o-
oyl ene ofycHfe TR, BE RSy ARRERS of LA (RPN AP

pol ycar boxyttmmtaestmcﬁ fien epf tof czromapai:&s pée ad21 i onacifd m]lcanm dg xed
Cerr]- C[erl{l%I acid esters and C13 Oxo acid diester of tetraethyl ene
gl ycol . iU abl e cl ass of synthetic lubricating oils conprises the
esters of dicar boxyl'ﬂh@ avdghesium. angfiehakatcivhdis 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 cal'cium or
magnesium. Basic magnesium and calcium sulphonates are
preferred. '

A particular advantage of the novel dispersants of
the present invention is use with V.I improvers to form
multi-grade automobile engine lubricating oils. 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 temperatures.
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 soluble viscosity
modifying polymers will generally have number average
molecular weights of fronm 103 to 106, preferably 104
to 10%, e.g., 20,000 to 250,000, as determined by gel
permeation chromatography or osmometry.

Examples of suitable hydrocarbon polymers include
homopolymers and copolyme_rs of two or more monomers of Cy
to C;4, e.g. C,; to Cg olefins, including both alpha
olefins and internal olefins, which may be straight or
branched, aliphatic, aromatic, ‘alkyl-aromatic,
cycloaliphatic, etc. Frequently they will be of ethylene
with C; to C;, olefins, particularly preferred being

; ——
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succinic acid, alkyl succinic acids and _al kenyl..suc imc acids, maleic
acid, azelaic acid, suberic acid. seb SREP BENIENT METC acid, adipic acid,
linoleic acid dinmer, malonic acid, al al kenyl mal oni c

acids) with a variety of alcohols (e. y, hoI hexyl al cohol,
dodecyl al cohol, 2-ethyl hexyl al cohol, ta'}éh3?3$8 , dlethylene egcoI
f

nonoet her, propyl ene glycol). Specifi
di butyl adipate, di(2-ethylhexyl)sebadqatgy di-
sebacate, diisoctyl azelate, diisodec . -
pht hal at e, di ei cosyl sebacate, the 2-ethyl hexyl diester of
dimer, and the eopBioxesst & f@dﬂﬁt&x{y éﬁ‘@cbkaﬁyQaﬁemﬂ ters e?a \
with two nol es of tetrget hyl ene g i;g S§g)two m)les?Sgoén et h hexan0|c
aci d. Ester%aﬁsg"f%l ugeds it aRt i3S oPPLY. Yl eB8sSeh Gm &%y ]
to(qerr]rmmpomymaybcnﬁm amﬁpnbgﬁéramnpbhwﬁlefmﬂ§ Satadtsic
neopent yl thyI I N n t entaerythritol
and tr|pen1?é1 %ﬁr%’w& %B %%:eg’e %lgl é;%ﬁeyxé]ﬂé he p(ﬂIO 31 r% &
pol yaryl -, perpaloRgrs omfpcﬂiyyary:m,ysel .akane with armoprblnmt amd/fcsr
CONPrisS€  putadiene and hydrogenated derivatives thereof. The

n- hexyl

I|noI

polymer may be degraded in molecular weight, for example by
mastication, extrusion, oxidation or thermal degradation,
and it may be oxidized and contain oxygen. Also included
are derivatized polymers suéh as post-grafted 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.3” of ethylene and 10 to 85 wt.%,
preferably 20 to 70 wt.% of one or more .C5 to Cyg,
preferably C; to C, g, more preferably C; to Cg,
alpha-olefins. While not essential, such copolymers
preferably have a degree 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-olefins suitable in place of
propylene to form the copolymer, or to be used in combin-
ation with ethylene and propylene, to form a terpolymer,
tetrapolymer, etc., inclu;ie l-butene, 1l-pentene, 1l-hexene,
l-heptene, 1-octene, 1l-nonene, l-decene, etc.; also
branched chain alpha-olefins, such as 4-methyl-l-pentene,
4-methyl-l1l-hexene, S5-methylpentene-1,
4,4-dimethyl-1-pentene, and 6-methylheptene-1l, etc., and
mixtures thereof. e

, Bl e e s -
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anot her useful class of synthetic lubricants; they include tetraethyl
silicate, tetraisopropyl silicate, tetra-(2- ethylhexyl) silicate,

tetra- (4-methyl -2-ethyl hexyt)silicat rert=tut yl phenyl ) silicate,
hexa- (4- net hyl - 2- pent oxy) di si | oxane, T)§HEHX nes ang
pol y( met hyl phenyl ) si | oxanes. O her synt 5
| iquid esters of phos- phorus-containi 9I fEB(1992.
trioctyl phosphate, diethyl ester of {de phosphoni ¢ pely
tetrahydrofurans. Unrefined, refinedfa 13§ can be used T™H
| ubricants of the present invention. |Unrefined oils ard4 those obtained
directly froma natyral or nt he Wi ho rurther f tion
treatment. For exa qx%pof;y ﬁéﬁé OEI%EB%BB?QI fed 'di E‘égtl ‘??orﬁo‘irﬂetlo%ﬁng
oper at i onssaid pekLoh e @iphial-odiefabnednsl racnpy- FPBWE?EF?’I COleE 18 Bst er

oi | obtaingd difactly %{tgm i) unrﬁié fﬁﬁﬁtdﬂ% YD G ANArNES eghoMrith g

further treat nent woul I ned oil Refi ned oi s ar |mIa
the unrefiFee penscaxiigRtac )i prElnIenakle ranNEes %?‘F@‘“br
purificatigh sbens1é OpdFPERNE PPELOFadDF efidxbout 1 to about 7 mole

percent, based on the total amount of ethylene and

alpha-olefin present. .

The polyester V. I. improvers are generally
polymers of esters of ethylenically unsaturated C; 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, doccsanyl acrylate, decyﬁ
.methac.rylate, diamyl fumarate, lauryl methacrylate, cetyl
methacrylate, stearyl methacrylate, and the like and
mixtures thereof. :

Other esters include the vinyl alcohol esters of
¢, to C,, fatty or .mono carboxylic acids, preferably
saturated such as vinyl acetate, vinyl laurate, vinyl
paln{itate, vinyl stearate, vinyl oleate, and the like and
mixtures thereof. Copolymers of vinyl alcohol esters with
unsaturated acid esters such as the copolymer of wvinyl
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 C, - C,q5 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
alcohols and amines -are known, e.g., see U.S. Patent
3,702,300.
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erties. Many such purification techniques, such as distillation, solvent
extraction, acid or base extraction, filtration and percolation are known
to those skilled in the art. Rerefine ' b ' by processes
simlar to those used to obtain refindd ﬁgmﬁg&'ﬁ ﬂEﬁg?refi ned oils which
have been already used in service. Sudh ferefined oil$ are al sg known as
reclaimed or reprocessed oils and often arb?aﬁﬁﬁfﬂﬁ%all) proce

techni ques for renoval of spent additijveb _and oil breakdown pyod
containing rust inhibitors and/or deteygents are frequently uSeeh WA
ashl ess dispersants. Such detergents apd_rust..inhibitors incl ude t ‘
salts of sul phonic acids, alkyl phenols, sulphurized al kyl phenols, alky
sal i cyl ates, napht heweh eestand motlyaensi | nay| B8 crafited awithi - car boixg| i c
aci ds. H ghby dasie pd I¢helrs AVET RASEH , MBS A4 yadld Sz ¥Bh e ah%afﬁﬁ%@@ély

used as detergents a ear particul arI%/ prong to interaction wth

ashl ess di BpEFQIRRTCORAINING HBSRORRYE| tQontBRH hgdtGRETFARFYI (& stla‘hd
det er gent svarie. usadprovebEi.cat iBxampll eish affoush § tab laboun Ha Bhirtax- 48, e.9.
0.1 to 5w

1tr%gen—conta1n1nq monomers include those containing 4 to
20 carbon atoms such as amino substituted olefins as
p-(beta-diethylaminoethyl)styrene:,basic nitrogen-con-
taining heterocjcles 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-vinyl-
pyridine, 3-vinyl-pyridine, 3-methyl-5-vinyl-pyridine,
4-methyl-2-vinyl-pyridine, 4-ethyl-2-vinyl-pyridine and
2-butyl-1-5-vinyl-pyridine and the like.

N-vinyl lactams are also suitable, e.g., N-vinyl
pyrrolidones or N-vinyl piperidones.

The vinyl pyrrolidones are preferred and are
exemplified by N~-vinyl pyrrolidone, N-{(l-methylvinyl)
pyrrolidone, N-vinyl-5-methyl pyrrolidone, N-vinyl-3,
3-dimethylpyrrolidone, N-vinyl-5-ethyl pyrrolidone, etc.

Dihydrocarbyl dithiophosphate metal salts are
frequently used as anti-wear agents and also provide
antioxidant activity. The zinc salts are most commonly
used in lubricating oil in -amounts of 0.1 to 10, preferably
0.2 to 2 wt.3%, based upon the total weight. of the
lubricating oil composition. They may be prepared in
accordance with known techniques by first forming a
dithiophosphorié acid, usually by reaction of an alcohol or
a phenol with P,Sg and then neutralizing the
dithiophosphoric acid with a suitable zinc compound.

Mixtures of alcohols may be used including
mixtures of priqary and secondary alcohols, secondary
generally for imparting improved anti-wear properties, with
primary giving improved thermal stability properties.
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based on the weight of the total |ubricating conposition. Mrine diesel
| ubricating oils typically enpl oy sugh-ﬂt%a+reeﬁv—%a+ﬁ4ng rust inhibitors
and detergents in amounts of up to aloREPLAGENMENT, SHEEFh

earth netal sul fonates are frequentlyjuget—=as—detergents. Theyare usual ly
producedby heating a m xture conpri sijng Ot bl ef sul f

sulfonic acid, with an excess of al kéﬁ E‘rz FWﬁQQTJ
required for conplete neutralizationjof—any—sutfomT atid
thereafter forning a di spersed carbonat®2cdnpl ex by rehcting the &x

| ijne netal] gonpo

ybasi c al kal i ne

rat al kar vyl
qate-aL_al kary

metal with carbon dioxide to provide The desTTed o0VErBasi ng. The sulfonic

acids are

. icall bt ai_ned h h | f ' f.alk bsti d -
aronatic h§a¥%§g% gﬁgysﬁ%%aéggtﬁﬁ%%tB%f§$ﬁ%ggfigﬁgf%gu?ra¥b’Sgeggknge

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 zZinc dihydrocarbyl dithiophosphates useful in
the present invention are oil soluble salts of dihy-
drocarbyl esters of dithiophosphoric acids and may be
represented by the following formula:

S
RO !% S —l Zn (XXIXI)

OR! __' 2
wherein R and R' may be the same or different hydrocarbyl
radicals containing from 1 to 18, preferably 2 to 12 carbon
atoms and including radicals s-uch 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;-propyi, i-propyl, n-butyl, i-butyl, sec-butyl,
amyl, n-hexyl, i-hexyl, n-octyl, decyl, dodecyl, octadecyl,
2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, propenyl, butenyl etc. In order to
obtain o0il solubility, the total number of carbon atoms
(i.e., R and R' in formula XXIII) in the dithiophosphoric
acid will generally be about 5 or greater.

The antioxidants useful in this invention include
0il soluble copper compounds. The copper may be blended
into the o0il as any suitable o0il soluble copper compound.
By o0il soluble we mean ﬁhe compound is o0il soluble under
normal blending conditions in the oil or additive package.
The copper compound may be in the cuprous or cupric form.
The copper may be in the form of the copper dihydrocarbyl
thio- or dithio~phosphates wherein copper may be
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tionation of petroleumby distillation and/or extraction or by the

al kyl ati on of aromatic hydrocarbons as fo et hose obtai ned by
al kyl ati ng benzene, toluene, xyl eper—Trapil di phenyl and the hal ogen
derivatives such as chl oroben- zehREPLA nd chl or onapht hat ene.

The al kyl ation may be carried out presenc acat al |
al kyl ating agents having from aboyt {3 ytp WEBéQQha
exanpl e hal oparaffins, olefins obtjaiilned by de gén- atig
pol yol efi ns produced from et hyl end -
al karyl sul fonates usually cont ai )
atons, preferably fromabout 16 to~about 50 carbon atons per al kyl

y
subst it ut sk bidritedoifay. ziwRc alidnl the cEPEROYEIST APFpotRAStRANEN may

be used i%é&%ﬁi@éaﬂa}%we%qtal Wl opd TRGLE @@ dsugouy ovkdeuphac
sul fonates 1 ncludes the oxides an h{drom des, al koxi des, . car b%c?a%%s,
car boxyl atX18@| Mg, B dFEAFERde, VAN 22BE HRF at'ehCamP LERerdf ofhe
magnesi umg iGi o piid s PR idy | agidbxarpspectioedyl.ci umlterdativalygi tme

hydr OXIde’cor{)%%r}esnlnayym ggetaadtdeed as the copper salt of a synthetic or

ar o=

natural carboxylic acid. Examples include C;5 to Cyg
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 because of the
improved handling and solubility properties of the
resulting copper carboxylates. Alsc 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 radicalf
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 ,examplé, be ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl,
n-heptyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl,
phenyl, butylphenyl, cyclohexyl, methylcyclopentyl,
propenyl, butenyl, etc. In order to obtain oil 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.

Exempléry 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
ashless dispersants discussed above, which have at least
one free carboxylic acid (or anhydride) group with (b) a
reactive metal compound. Suitable acid (or anhydride)

——————
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gt al conpound is used

and magnesi um borate. As noted, the-
of the al karyl

I n excess of that required to conplg

sul fonic acids. Generally, the anouft apbout 100 to 220%
although it is preferred to use at N 11 thejstoi chionetric anmount
of metal required for conplete neut 1a| | zatlon § oth rations
of basic alkaline earth netal alkar ; dnown, BUE SHEET HJASBL[‘N
Patents 3, 150, 088 and 3, 150, 089 vvherl n overhasi-hg=S acco

hydrol ysis of an al koxi de-carbonate &ompiex with the al kary

hydrocarbon sol vent-diluent oil. A preferred alkaline earth sulfonate
additive is magnesium al kyl aromatic sulfonate having a total base nunber
rangi ng f repaebie Bebalo compoundi0 imclndet fhosegsasihunas ulduprdice aont ent

rangi ng frompanus #3,d Pohdd s 32 cthé% ba§@@t‘é0c9é‘st heoégtaa%eé’ve' %md of the

addi tive sg/stem di spérsed in mneral lubricating oil. Neutra
sul f onat es“%r °‘Pq’te°rﬁ1é-}ﬁ RRrSiSe FoRPeXUSATPRRRBRt or s. Pol yval ent netal al kyl
salicylate and naplE:@ipale’s of the metal salts of this invention are '

Cu salts of polyisobutenyl succinic anhydride (hereinafter
referred to as Cu-PIBSA), and Cu salts of polyiscbutenyl
succinic acid. ©pPreferably, the selected metal employed is
its divalent form, e.q., cut?, The preferred substrates
are polyalkenyl succinic acids in which the alkenyl group
has a molecular weight greater than about 700. The alkenyl
group desirably has a R, from about 900 to 1400,
and up to 2500, with a Mn of about 950 being most
preferred. Especially preferred is polyisocbutylene
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 th?
metal bearing material. Heating may take place between 70°
and about 200°C. Temperatures of 110° to 140°C are
entirely adequate. 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 copper antioxidants (e.g., Cu-PIBSA,
Cu-oleate, or mixtures thereof) will be generally employed
in an amount of from about 50-500 ppm by weight of the
metal, in the final lubricating 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
product. The results obtained are frequently better than
those obtained with previously used antioxidants, which are

———

—— e

3 This Sheet Has Been R

LT



materials are known additives for lubricating oil conpositions to inprove
their high tenperature perfornmance and. io-setfte
carbonaceous matter on pistons (U S ﬁgﬁmﬁ;ﬂ\fﬁm
reserve basicity of the polyval ent t

can be realized by utilizing alkali ea,{ thgBt\ggj . g
m xtures of CJerr]-Cferr] al kyl salilcy] atés’and phenaties (see U. S. Patent

2,744,069) or polyvalent netal salts|o rcyclli c agiffs shewTHRE BEEN
obtained fromthe al kyl ati on of phenp /_pllenat fon, REPLACED
car boxyl ati on and hydrolysis (U S. P& ; , 315) whi ch
converted into highly basic salts by, techni ques generally known and used
for such CORRENSLYE FRE 28F vdThaligPey o?°'c‘ﬁ@8§rﬁ§t"zﬁn-%‘ont i e ust
i nhi bi t or ansuwsefl Wipl afed BNty ebsppérbeioupaundsowto 6Aoandintt-fdrec| uded
wi th the yseful .polyval ent. netal. sal, cyl ate and .nap nat.e .mat eri.al s are
t he net hyl‘"?élﬁcé1 aﬂge s%?‘?‘%ﬁmfﬁﬂc&gec’of réf%erllya(faésm%ﬂe&&arogg &Z.‘aedi]ﬁﬂ/brcfeq'alm from
al kyl substomnpesdtsiahicyin cmamynaphsttemaesci dompietreX v ursest icffagittdrgr or -
both with I [ e : Si ' lb gy e d a
mot hod 1 oF ¥IAISS prapardrFenl ChRpS. CHES | opiids’ Edlrtf! LEYARSSAYY
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 1lubricating oil
composition, it is contemplated that such effective amounts
be sufficient to provide said lube oil composition with an
amount of the copper antioxidant of from about 5 to 506
(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 adcied copper based on the weight of the
lubricating o0il 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. TIllustrative
of corrosion inhibitors are phosphosulfurized hydrocarbons
and the produdts obtained by reaction of a phosphosul-
furized hydrocarbon with an alkaline earth metal oxide or
hydroxide, preferably in the presence of an alkylated
phenol or of an alkylphenol thioester, and also preferably
in the presence of carbon dioxide. Phosphosulfurized
hydrocarbons are prepared by reacting a suitable
hydrocarbon such as a -terpene, a heavy petroleum fraction
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U S. Patent 3,595,791. Such materials include al kaline earth netal,
particul arly magnesium calcium strontiumand bariumsalts of aromatic
acids having the general fornula: [err]
Ar is an aryl radical of 1 to 6 ri %
about 8 to 50 carbon atons, prefer
about 12), X is a sulfur (-S) or hyl e [
nunber fromO to 4 and n is a nunber fr\o?n%éagz.
over based net hyl ene bridged salicyliat
by conventional tech- niques such gs by al kylation ofy a pignal ; -
phenation, carboxylation, hydrolysils ,ﬂEL@HﬂaﬂrTﬁngin? a coupling agent
such as arPfl 1&y| €pe % h&lgi delebinorel ¥Rresalguehr A | BALY

car bonat i opi ti\nrFR¥Rr Hasgdsalei Yt Spktcht dofehhyliepeadr b£l0glosphorus

henol -sal jcylic_acid _of the general formula, (XXlI),:
P Jfo:.y 1}2 %o 15 hours, at a temperature )1n 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
by viscosity growth. Such oxidation inhibitors include
alkaline earth metal salté of alkylphenolthicesters having
preferably Cg to C;, alkyl side chains, calcium
nonylphenol sulfide, barium t-octylphenyl sulfide,
dioctylphenylamine, phqulalphanaphthylamine,
phosphosulfurized or sulfurized hydrocarbons, etc.

Friction modifiers serve to impart the prope;’r
friction characteristics to lubricating oil 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 anhydride-~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 reaction products of a phosphonate with an
oleamide; U.S. Patent No. 3,852,205 which discloses
S-carboxy-alkylene hydr.c;carbyl succinimide, S-carboxy-
alkylene hydrocarbyl succinamic acid and mixtures thereof;
U.S. Patent No. 3,879,306 which discloses N-(hydroxyalkyl)
alkeny'l-succinamic. acids or succinimides; U.S. Patent No.
3,932,290 which discloses reaction products of di-(lower
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TBN of 60 to 150 is
bhenat es can be
h fhus refers to a
pified by the general

oH
hi ghly useful in this invention. The SRﬁﬁlAcEMENT
considered the "netal salt of a phen

metal salt whether neutral or basic, jof g GO g?t
formula (XXI1): - 20 - [err] mher i gequ
polymeric formof such a conpound,
each

alkyl) phosphites and epoxides; and U.S. Patent No.
4,028,258 which discloses the alkylerie oxide adduct of
phosphosulfurized N-(hydroxyalkyl) alkenyl succinimides.
The disclosures of the above references are herein
incorporated by reference. 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 loﬁer the temperature at
which 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-C;g dialkylfumarate vinyl acetate
copolymers, polymethacrylates, and wax naphthalene.

Foam control can be provided by an antifoamant of
the polysiloxane type, e.g. silicone o0il and polydimethyi
~ siloxane.

Organic, oil-soluble compounds useful as rust
inhibitors in this invention comprise nonionic surfactants
such as polyoxyalkylene polyols and esters thereof, and
anionic surfactants such as salts of alkyl sulfonic acids.
Such anti-rust compounds are known and can be made by
conventional means. Nonionic surfactants, useful as
anti-rust additives in the oleaginous compositions of this
invention, usually owe their surfactant properties to a
number of weak stabilizing groups such as ether linkages.
Nonionic anti-rust agents containing ether linkages can be
made by alkoxylating organic substrates containing active
hydrogens with an excess o-f the lower alkylene oxides (such
-as ethylene and propylene oxides) until the desired number
of alkoxy groups have been placed in the molecule.
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integers from1l to 4, and the average nunber of carbon atons in all of the
R groups is at |east about 9 in order to ensure ad ate solubility in oil.
The individual R groups may each co preferably 8 to 20,
carbon atons. The netal salt is pre qﬂﬁﬁAﬁﬁW an al kyl phenol
sulfide with a sufficient quantity material to inpart
Regardl ess of the
pheaal ; mhlch are

manner in which they are prepared,
useful generally contain from about
about 4 to about 12 wt. % sul fur baskd on the wej REF
phenol . The sul furized al kyl phenol may—be Converted by o A
met al cont ai ni ng meher igite feaxtadli ﬁﬁsﬁXll(ﬁhﬂ.blhkﬁﬂBO)&ra opslymdyanrmllm@es in
an anmount s ffICIent tQ_neut allze ai eng L_f _de t0 .overbase
the product U]t%olg R aréT’E VAPt }%ﬁf ﬁgced'jﬁl?g FePESKkY m?tﬁ ¢St
Preferred ame acgmmmnfy neviaibabkat foonuivakipiag spugglest:i onPhirarefal in a
Polyols from Wyandotte Chemicals Corporation; Polyglycol '

112-2, a 1liquid triol derived from ethylene oxide and
propylene oxide available from Dow Chemical Co.; and
Tergitol, dodecylphenyl or monophenyl polyethylene glycol
ethers, and Ucon, polyalkylene glycols and derivatives,
both available from Union Carbide Corp. These are but a
few of the commercial products suitable as rust inhibitors
in the improved composition of the present invention.

In addition to the polyols per se, the esters
thereof obtained by reacting the polyols with various
carboxylic acids are also suitable. Acids useful in
preparing these esters are lauric acid, stearic aciq,
succinic acid, and alkyl- or alkenyl-substituted succinig
acids wherein the alkyl- or alkenyl group contains up to
about twenty carbon atoms.

The preferred polyols are prepared as block
polymers. Thus, a hydrgxy—substituted ‘compound, R—.(OH)n
(wherein n .is 1 to 6, and R is the residue of a mono- or
polyhydric alcochol, phenol, naphthol, etc.) is reacted with
propylene oxide to form a hydrophobic base. This base is
then reacted with ethylene oxide to provide a hydrophylic
portion resulting in a molecule having both hydrophobic and
hydrophylic portions. The relative sizes of these portions
can be adjusted 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
polyols whose molecules -are characterized by hydrophobic
and hydrophylic moieties which are present in a ratio
rendering rust inhibitors suitable for use in any lubricant
composition regardless of differences in the base oils and
the presence of other additives.
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gl ycol ether. The neutral or nornal
which the ratio of netal to pheno
"basic" sul furized nmetal phenates
ratio of nmetal to phenol is greaté
sul furized netal dodecyl phenate

eEME apout} 1: 2. The "overbased" or

are pt al phenates wherein the
ar thaﬂefgt 5t &i chi ometric, e.g. basic
as\ a\ gntl up to ] reater than

100% i n excess of the netal presen orr espondi ng hdHESHEH! T Rz
met al phenates wherein the excess ed-4 n oi _-sol mbm%
di spersible form (as by reaction w et The overbased 3

nmetal phenates desirably have a TBN value of at |east 150, e.g. from 200 to

300. Magnesium and cal ci um cont ai ni addi,tives_al_tho benef icial in
ot her respects can };ﬁcrméh%% t tér?(r}éqfﬁ Si'd‘ft % hdS) d‘oeﬁ% § ofl F’Xi di ze.
This is espebrakhy ingiecomhpblsd thi gpn) ytbmsl by piiodoiat eport\n:onr diang be® a

preferred empodiner g ;Hséipqvetfhs&ow&%gwi%cpwﬁ'@f&a&‘er&r&a%ae%% If

| ubricating composition
greater oil-in-water emulsion breaking ability is required,

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

Compoiinds 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 liquid polyolshavailable from Wyandottje
Chemical Co. under the name Pluronic Polyocls and other
similar polyols are particularly well suited as rust
inhibitors. These Pluronic Polyols correspond to the
formula: | -

HO- (CH,CH,0) x(clzacnzo) y (CH;CHZ0) H (XXIV)
CHq4
wherein x,y, and z are integers greater than 1 such that
the —CH,CH,0— groups comprise 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 condensing propylene oxide with propylene glycol
to produce the hydrophobic base

HO (~CH-CH,—0) Y-H_' (XXV)

Hjy
This condensation product is then treated with ethylene
oxide to add hydrophylic portions to both ends of the
molecule. For best .results, the ethylene oxide units
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cont ai ni ng
magnesi um
detergents
are the ne

Basi ¢ nagn
advant age
| mprovers
nodi fiers

oi | and peigidhyiat r‘i@%‘ ol abby

from2 to 8000 parts per mllion of calciumor magnesium The

and/or calciumis generally presentﬁw,c;;slc or neutral
such as the sul phonat es_anek

esi um and cal ci um sul phohate
of the novel dispersants}|of
to formnulti-grade auto
I mpart high and | ow tenp

s . Al
_i DI esen nyent k& S e
+4+€ ENgi ne Iubrﬁcatlng 0|Is

preferred additives
utral orbasic nagne3|un1oggpkﬁx N 'sul phonat es. Preferably the
oils contain from 500 to 5000 partis pe i ' i g

‘y

g . : r%%ﬂ;%iyyﬂgﬂu+rty to the lubricating
' by 1 2 C t euat a es-and
al so exhibit acceptabl e VISCOSIty or PU|§|§§8g? 4§&/¥g %glgﬁgfgg.EHE

Vi scosity
pol ymers i

modiecudes ar BhgepePiPRYchS gWhesedaultdre e grulanirveighbnot
! dp aquaql yest efrom TASont S€88bt YedWgbbberahd ®ihél 2@hbeene.

derivatized t.

of dispers
wi || gener

alf ythavenwﬁmd:elea\meag_@am:anldﬂry weugbaslef 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, alcochols
and the like, including such alkoxylated fatty acid
derivatives treated with Cg to Cjg 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, which is also hereby incorporated
by reference in its entirety.

These compositions _of our invention may also
contain other additives such as those previously described,
and other metal containing additives, for example, thode
containing barium and sodium.

The lubricating composition of the present
invention may also include copper -lead bearing corrosion
inhibitors. Typically such compounds are the thiadiazole
polysulphides containihg from 5 to 50 carbon atoms, their
derivatives and polymers thereof. Preferred materials are
the derivatives of 1,3,4-thiadiazocles such as those
described in U.S. Patents 2,719,125; 2,719,126; and
3,087,932; especially preferred is the compound 2,5 bis
(t-octadithio)-1,3,4~-thiadiazole commercially available as
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
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], e.g., 20,000 to

from10[err] to 10[err], preferably 10[err] to 10
hy or osnonetry.
pol ymers and

250, 000, as determ ned by gel perne
aw@tﬁ%
, e.9g. (err] to

Exanpl es of suitable hydrocarbon p I?@ptﬁﬁ

copolynmers of two or nore nononers

Cerr] olefins, including both al ph Ief &t t ey nal

may be straight or branched, aliphati omat i Kk I-arommsmﬁggr

cycl oal i phatic, etc. Frequently the w#++’ € of ethyl ] ReY

Clerr] olefins, partic- ularly pref t;gg;EEng,Lhe-eeﬁoly ET s Of ethylene

and propylene. Qher polyners can be Such as pol yi sobutyl enes,

honnpolyners and copol yners,of Clerr] and_higher alpha olefins, atactic-

pol ypropyl BR2Y REdmRIGSeRte diPorPremoumty £60m pdr Phet® aHer t BFREETRRIY of

styrene, eogi, tymtb 0SOope EgRtaNsd ce Yt A £a@ @i Bldr ogepghed afertivat i ves

t her eof . TQ é y 1 nay be degraded in nol ecul ar weight, for exanple by

masti cati on, XTT UST oxi dation or thermal degradation, and it may be

oxi di zed and cont a|SPMygEh these i mehedodsaraddittives i zed potomisgtes such as

post-graf ted1 kLRI LY effects, e.g. a dispersant-oxidation
inhibitor. This .approach is well known and need not be
further elaborated herein.

Conmpositions 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:

Wt.% A.I. Wwt.% A.I.
Compositions (Preferred) (Broad)
Viscosity Modifier 0.01~4 0.01-12 r
Detergents 0.01-3 0.01-20
Corrosion Inhibitor 0.01~1.5 .01-5
Oxidation Inhibitor 0.01-1.5 ' .01-5
Dispersant 0.1-8 .1-20
Pour Point Depressant 0.01-1.5 .01-5
Anti-Foaming Agents 0.001-0.15 .001-3
Anti-Wear Agents 0.001~-1.5 .001-5
Friction Modifiers 0.01-1.5 : .01-5
Mineral 0il Base Balance Balance

When other additives are employed, it may be
desirable, although not .necessary, to prepare additive
concentrates comprising concentrated solutions or disper-
sions of the novel dispersants of this invention (in
concentrate amounts hereinabove described), together with
one or more of said other additives (said concentrate when

constituting an additive mixture being referred to herein

This Sheet Has Been Replaced

T




of ethyl ene-propylene with an active nononer such as mal ei ¢ anhydri de which

may be further reacted with an al cohol, or an1nem,
pol yam ne or hydroxy am ne, e.g. see Pt
4,137,185; or copol yners of ethyle@EPgNEEmi

n|trogen

4,146, 489 and 4, 149, 984. The pref & oI y THIS SHEER Hgﬁé‘ﬁEN
copol ymers containing from15 to 40 T hy pr ef e

of ethylene and 10 to 85 wt.% prdfeea
Cerr] to (Jerr], preferably (errj

Cerr],

a degree

- 9. an al kyl ene

conpounds such as shown P

4,089, 794; 4,160, 739;

M . % of one or nore
‘preferably Clerr] to

RO Wi g, S gerdurures sy L

% as determ ned by X-ray and

di ffer entleﬁds%%nrﬁh’gud-aﬁﬁf\lerﬁs‘éﬁyly csol YRer sb%Feet‘Plir en%°an%°’f) ofyt@ne are
nost pref efagdic4E ey a&@h%&t{ﬁfél'ﬁ.&w tabhesbnuﬁioﬁedff tHopykaneive form

t
he copolyner, or to be ugegh l%%nbln%

concentrate int rica 1ng 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
dispersants of the present invention can be added to small
amounts of base oil 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 60% 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.

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 sum of the A.I. weight of each additive pius 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.etherwise noted and which include
preferred embodiments of the invention. In the Examples,
wt.% ethylene in the polymers is determined by FTIR (ASTM
Method D3900). In the Examples, the "reference oil" is as

defined above for Formula IV.
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-21- with ethylene and propylene, to forma terpolyner, tetrapolyner, etc

i nclude 1-butane, 1-pentone, 1-hexane, 1 heplerer=%- oct ene, 1-nonene,
1-decene, etc.; also branched chagra gl!‘P’SHﬁET such as
4- et hyl - 1- pent ene, 4-net hyl - 1- he é’&\'n@

5- et hyl pent ene- 1, 4, 4-di net hyl - 1- pe
m xtures thereof. Terpolyners, tetr
C err] al pha-ol efin, and -a non-cony
diolefins may al so be used. The anpufit %

t yI heptepe-1, etc

. Yof et|hyinsSeEEE 4iAg BEEN
dr mi ¥t ur esSREALACERN

7t he non-copjugated diolefin

general ly ranges from about 0.5 to}|20 nole.pereent, preferably from about 1
to about 7 jmle perce L bas d on_t1g oia - apount, of ec_tc; QRS ANnd
al pha- ol ef3¥rdsen 28I U ES HPT-OVE v~ pol yrmer s

of esters of ethyl enlmlﬁryedjnsmmrateét@pér ra]utpgl@tler rr]eamn@n Mrpsel
which is equipped to perform continuous Ziegler
polymerization reactions at pressures up to 2500 bar and
temperatures up to 300° C is used. The reaction system is
supplied with a thermocouple and pressure transducer to
measure temperature and pressure continuously, and with
means to supply continuously purified compressed ethylene
and 1l-propene. Equipment for continuously introducing a
measured flow of -catalyst solution at high pressure and
equipment for rapidly venting and quenching the reaction
and for collecting the polymer product used in the reaction
systemn. In this example, the polymerization is performed
with a molar ratio of 1l-propene to ethylene in the feed of
6.0 without the addition of a solvent. 1-Propene and
ethylene at this molar ratio are continuously pumped into
the reactor at a mass flow rate of 40 kg/hour and at 'a
reactor pressure of 1300 bar. The reactor contents are
stirred continuocusly at a rate of 1500 rpm. The
temperature of the reactor is maintained at 175°C by
pumping in a catalyst solution using a continuous high
pressure injection pump at a rate of 1.7 liters/hour. The
catalyst solution is prepared by mixing 2.035 grams of
racemic dimethylsilyl bridged 3,3'-bis(methylcycloe-
pentadienyl) zirconium dichloride with 2.0 liters of 10
wt.% (1.4 molar in Al) methylalumoxane (Ethyl Corporation)
and 8 liters of toluene. The yield of liquid
ethylene-propene copolymer product is 3 kg/hour. The
copolymer product has a number average molecular weight of
670 and a composition of 43 mole % propene. The copolymer
product is analyzed by FTIR and about 84% of the polymer
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5, maleic acid,

Fated esters that
tcohol s of at | east
) ch as decyl

di carboxylic acids such as nethacryli
mal ei ¢ anhydride, fumaric acid, etc.
may be used include those of aliphati atura&gg ggrpo
1 carbon atom and preferably of from 12 t o\ 20
acrylate, lauryl acrylate, stearyl acr IELew

acryl ate, decyl nethacrylate, dianyl fumarate,
nmet hacryl ate, stearyl nethacrylate, a |
O her esters include the vinyl alcohol esters of C2 to C22 fatty or
carboxylic acids, preferably saturated such as vinyl acetate, vinyl
| aur ate, vighla Jpalsm agte, ﬁ/q:nyidsttearatzeyewhylrmiaatle eé;ﬁdentyel idlenand
m xtures theteof {ORy ymers of vinyl al cohol esters with unsaturated acid
esters such as fﬁe copol ymer of vinyl acetate with dial kyl fumarates, can
al so be used. The esters nmay be copol ynerized with still other unsaturated

nmononers s l2fl Tregartt i@n? olfO ERhRkBa-BEobl,86RE Copol
The ethylene-propene copolymer in this Example is

aahr i

| auryl

prepared using the same equipment and procedure ‘as in
Example 1 with the exception that the temperature in the
reactor is maintained at 175°C by continuously pumping in
1.8 liters/hour of a catalyst solution prepared by mixing
198 g. of bis(cyclopentadienyl) zirconium dichloride with
1.0 liter of 10 wt.% (1.4 molar in Al) methylalumoxane
(Ethyl Corporation) and 8 liters of toluene. The yield of
liquid ethylene-propene copolymer product is 2.9 kg/hour.
The copolymer product has a number average molecular weight
of 895 and a composition of 44 mole % propene. The
copolymer product is analyz—éd by FTIR and 95% of the
polymer chains are found to have terminal ethenylidene
unsaturation.

EXAMPLE 3 - Preparation of- Ethyvlene-Propylene Copolymer.

The ethylene-propene copolymer in this Example is
prepared using the same equipment,. procedure and catalyst
solution as in Example 1 with the exception that the
temperature in the reactor is maintained at 200°C by
continuously pumping in 0.54 liters/hour. The yield of
liquid ethylene-propene copolymer product is 4.7 kg/hour.
The copolymer product has a number average molecular weight
of 1040 and a composition of 40 mole % propene. The
copolymer product is analyzed by FTIR and 84% of the
polymer chains are found to have terminal ethenylidene
unsaturation.
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- Cerr] aliphatic or aromatic ol efin per nole of unsaturated ester, or per
nol e of unsaturated acid or anhydride follao rification. For
exanpl e, copolynmers of styrene w thTy sterified with

al cohol s and am nes are known, , 702, 300. Such ester
pol ymers may be grafted wth,

Caﬁ’h‘(}; ‘; )

such as am no substituted ol efins as \p-(b y aninoethyl)
basi c nitrogen- contalnlng heterocycles carrying a polynerizable
et hyl eni calEXAMP e.g. the vinyl pyridines and the

vinyl alkyl pyri di ngs, syc a}gs vafay'miset he PYEhdlbea Frddvhe 5 erieny!

pyridine, 2-vinyl-pyri Vi n di ne, 3-viny lB‘}/r
3- met hyl - 5Sﬂl|¢y=|te§yr1ucmw«51 aPrrétJnylm'er%l ﬁyﬁ ﬁmr@i der ' dry N; at
4- et hyl - 2- withWspRbktidi reihre bed yh- 500l ml .- Pysickor egdipped! wkeh a

stirrer and a thermocouple and heated by means of an
electric heating mantle. No added solvent or diluent for
the reactants is employed. In each run, the reaction
mixture is heated to 60°C and Cl, is bubbled through the
liquid polymer at 60°C for the selected time while
stirring. Dry gaseous nitrogen is passed through the
liquid to purge unreacted Cl, and HCI. The liquid
product containing the chlorinated EP and unreacted EP is
" analyzed for chlorine.
The data thereby obtained are summarized in

Table I.
’.
Table I
Feed
Copolymer'As :
Prepared In Cl, Time Cl-EP
Example EP Copolymer Example {(Hrs.) (Wt.% Cl)
4 R, = 670 1 3 5.07
5 R, = 840 2 3.4 3.89
6 R, = 1040 3 4.7 3.16

NOTES: EP - ethylene-propylene copolymer.

EXAMPLES 7-9: Preparation of Polyamine Dispersants.

A series of dispersant materials are prepared
employing 250 g. of the Cl-EP products prepared as in
Examples 4 to 6.
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N-vinyl lactans are also suitable, e.g., Nvinyl pyrrolidones or N-vinyl
pi peri dones. The vinyl pyrrolidones are pref )d are exenplified by
N-vi nyl pyrrolidone, N-(1 -nethyl rggr gl GHERe} N-vi- nyl-5-nmethyl
pyrrolidone, N vinyl-3,3-dinethyl B nyl - 5-et hyl pyrrolidone,
etc. D hydrocarbyl dithiophosphate i used as
anti-wear agents and al so provi de §
most commonly used in |ubricating
0.2 to 2 w.% based upon the total 3
conposition. They may be prepared ijn accor =it known t echni quest
first formng a dithi ophos horic ac usual Iy by reaction of an_al cohol or
a phenol with P[errThg ef}TERNBOLYRAr fedFRalisFalvedelli 2P 0BROEPHERNE aci d

with a sui faaal ecrzaﬂgeaormm@ﬁld Xbmaﬁ'ﬁeef t ca)hqldsw@é/r bQoulﬁladbdfaﬂﬁéﬂ#d' ng

m xt ures of prinar econ cohol s, ;secondary, neral ly for

i nparting &}eod}/aﬁgf“sj% ?rBP’&&?ﬂt |‘é§g{1 S ToF B har £ ’g?*'/’f‘ﬁﬁe fBr AR

t her mal stabu.ltle@ fihopecdndmnsdt Xt Urles tiiet polymer solution is added
ethylene diamine and the mixture is heated to 140°C under

Bi-of the | ubricating

N, while stirring for 3 to 4 hours. The selected amount
of calcium oxide is then added with stirring to neutralize
the HCl1 by-product, and is then filtered. In Exanmples 8
and 9, an additional 250 ml. of toluene is added with
stirring for 0.5 hour to dilute the product for ease of
filtration.

The resulting product is filtered and analyzed.
The data thereby obtained are summarized in Table II below.

Table IT
Dispersant Analysis
- EDA cao Non-volatile
Example # (q9) (q) T WE.% N Wt.% C1 Matter
7 210.4 39.3 1.21 1.27 50.2 wt.$%
8 l164.1 30.6 0.58 0.67 37.2 wt.%
9 145.4 27.1 0.47 0.66 38.6 wt.%

Notes: EDA = ethylene diamine.

EXAMPLE 10; Reduction of Intake Valve Deposits.
Two 100 hour test runs are made on a standard

mileage accumulation dynometer using a 1987 BMW 325
automobile. In Test 1, an unleaded premium gasoline (93
RON) without any additives is tested. In Test 2, a blend
of the same gasoline and 800 ppm by weight of the
dispersant product of Example 7 is tested. In Test 3, a
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are particularly useful. In general, any basic or neutral zinc conpound
coul d be used but the oxides, hydrOX|de ﬂ nates are nost generally
enpl oyed. Conmercial additives f ﬁﬁ“ ;gwmﬁbdﬁée n excess of zinc due to
use of an ‘excess of the basic zi hcPs ' eyneutralization reaction.
The zi nc di hydrocarbyl dithiopho phates [ S
oil soluble salts of dihydrocarbyl estér gi@fﬂg

be represented by the follow ng f rhul@”wL erein R ame-Kf
the sane or different hydrocar byl ra&?d@ls contaln)ng from1l to
preferably 2 to 12 carbon atons and |QgLudrng"Fad|cals such as aIkyI
al kenyl , aryl, aralk |, al karyl and”cycloal hati c radicals. PartlcularIy

preferred hiend apf§ Kheygrsams SRECARRS| aibLR0 oPPB &Y gWelghbnofi dhe Thus,
the radi caiss arfﬁ)rpﬂiﬁiiﬂﬁ & f bmeﬁ@yé gn4igr (tlé‘,s"tedl -pmalowzmdméadh

l)é?;égl:yl *ep but%}ﬁ] e&:ég e)hé:lyxe/s beéélrv?ngHeA] é ytkie decf’ght o déacflnéd

compared to the weight of the valves before the test. The

difference is the total valve deposit weight. The results
obtained is shown in Table III below.

Table IIT
Average Deposit
Test No. Diamine, ppm Weight, mg/valve
- 235
800 171
800 71

The data in Table III show that intake valve deposits aie
significantly reduced when the fuel contains the dispersant
materials of this invention.

The principles, preferred embodiments, and modes
of operatlon of the present invention have been described
in the foregoing ‘specification. The invention which is
intended to be protected herein, however, is not to be
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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phenyl , cycl ohexyl, nethyl cycl opentyl, propenyl, butenyl etc In order to
obtain oil solublllty the total nunber of car nm (i.e., Rand R in

for m-a—0d-1) in the dithi ophosphgste=atl | dupggneral |y be about 5 or
gr eat ts useful in REFIAUE WMté’H |§cl ude oil soluble
o TR 7 A e

i

Intastlhetoil as any sui tabl e
solubke COpPYPErs ound. By o JOLYe
squbIe under nornal bl endi ng condi
The copper conpound may be in the ctprF or cupric fprnt
in the formof the copper dihydrocafbyl thio- -t 0- phospha E'S

copper nmaywhg sggs&tg#ﬁﬁg §or zinc ¥’ e conpounds and reactions descrrbed
above althoug one no of cuprous or cupric oxide may be reacted

1. An additive useful in oleaginous compositions
which comprises an ethylene alpha-olefin polymer
substituted with at least one amine compound, said polymer
comprising monomér units derived from ethylene and at least
one alpha-olefin of the formula H2C=CHT_1 wherein 7!
is an alkyl group of from 1 to 18 carbon atoms, and wherein
said polymer has a number average molecular weight of from
about 300 to 20,000 and an average of at least about 30% of
said polymer chains contain terminal ethenylidene
unsaturation and wherein said additive is characterized by
a VR value of less than about 4.1.

2. The additive of claim 1 wherein said polymer
has a number average molecular weight of between about 700
and about 20,000. i’

3. The additive of claim 2 wherein said number
average molecular weight is between about 1500 and 10,000.

4. The additive of claim 1 wherein said polymer
has a molar ethylene_content of between about 20 and about
80 percent.

5. The additive of claim 1 wherein said polymer
has a molar ethylene content of between about 45 and about
65 percent.

6. The additive of claim 5 wherein said VR value
is less than 4.0.
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- 22 - with one or two noles of the dlthlophosphorlc acid, respectively.
Alternatively the copper may be added as the.c salt of a synthetic or
nat ural carboxylic acid. Exanpl es ipckude,, '
as stearic or pmlﬁtic buI unsat“fqgaﬁ-

carboxyT| aptheni ag
500 or symn m Lmﬁ 0 c acids &
handl i ng sy properties\of

Al so useful are oi|l sol ubl e copper

hydr ocar byl radlcals containing from 0 18 and preferably 2 to 12 carbon
atons and including radicals such as alkyl, alkenyl, aryl, aralkyl, alkaryl
and cycl oal i phatic Vadi cElis. additivel afl pnyr eHferqlainss "é?ldSRWhQF‘Gaﬁs are

al kyl gfougalaf é1flel c8h ?ﬂsééogﬁ ethifend s i ToptiLyneel, exanpl e,
be ethyl, n-pro y |-prop n-butyl, 7 -butyl, sec-butyl, anyl n- hexyl
i - hexyl, n-heptyl "n- octyl, decyl, dodecyl, octadecyl 2- et hyl -

8. An additive useful in oleaginous compositions

which comprises an ethylene alpha-olefin polymer
substituted with ét least one amine, said polymer
comprising monomer units derived from ethylene and at least
one alpha-oclefin of the formula H2C=CHT1 wherein T1
is an alkyl group of from 1 to 2 carbon atoms, and wherein
said polymer has a number average molecular weight of from
about 700 to 20,000 and an average of at least about 60% of
said polymer chains contain terminal ethenylidene
unsaturation and wherein said additive is characterized by
a VR value of less than about 4.1.

9. The additive of claim 8 wherein said polymér
conéains from about 30 to 70 mole % ethylene.

10. The additivé of claim' 9 wherein said polymer
contains from about 45 to 65 mole % ethylene.

11. The additive of claim 9 wherein said polymer
comprises an ethylene-propylene copolymer.

12. The additive of claim 11 wherein said polymer
has a number average molecular weight of from about 900 and
about 15,000.

13. The additive of claim 12 wherein said polymer
has a number average molecular weight of from about 900 and
about 15,000.
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hexyl, phenyl, butyl phenyl, cycl oheg§Tsea; pent yl , propenyl,
but enyl , etc. In order to obtain oi}{ % ' otal nunber of carbon
atons (i.e., Rand R) wll generallly ‘gg‘br g leat er . Copper
sul phr G‘I‘Ia't"ES“‘—p'ITE'ﬂ'a‘t‘EfS_ and acety- |age ohat

o oo ML BRI AR OB e o conoel Yeubeert e cr i

neutral® of acidic® They may be fornmed: by reaetifg (a)
di spersants di scussed above, which h'ea@t | east one f
(or anhydride) group with (b) a reactive netal conpound. Suita

anhydri de) reactive netal conpounds include those such as cupric or cuprous
hydr oxi des, oxi des,14acetme611bgbaﬁ1e§e @lsbardaitn ai Beturre bﬁ@émI:Qﬁp&r

car bonat e. of. t he net al |ts.are Cu salts of enyl
succi ni ¢ anty gn‘p‘ﬁg‘s mn’:ﬁ‘%ﬂllr @?8&?—&&3 8°’5§rh31?’?8%$\)g‘5§1 Cﬁé‘sal ts of
pol yi sobut enyI succﬁan) c azaci dthtefier albha-thefip| geilgtheret shbshptwyedtl i s
its dival epief o8 ife gmoigéigé,r lsaia polymer comprising monomer units '

derived from ethylene and at least one alpha-olefin of the

formula Hzc=CHTl~ wherein T! is an alkyl group of from
1 to 18 carbon atoms, and wherein said polymer has a number
average molecular weight of from about 300 to 10,000 and an
average of at least about 30% of said polymer chains
contain terminal ethenylidene unsaturation and wherein
said additive is characterized by a VR value of less than
about 4.1, and '

(b) at least one amine, said dispersant having a
VR' value of less than about 4.1.

15. The dispersant adduct according to claim 14
wherein the lubricating oil dispersant is characterized by
a VR'/VR, value ratio of less than about 1.11l.

16. The dispersant adduct according to claim 14
wherein the amine contains from 2 to 60 carbon atoms and
from 1 to 12 nitrogen atoms per molecule.

17. The dispersant adduct according to claim 16
wherein said amine comprises a polyalkylenepolyamine
wherein said alkylene group contains 2 to 60 carbons and
said polyalkylenepolyamine contains from 2 to about 9
nitrogen atoms per molecule.

18. The dispersant adduct according to claim 17
wherein said amine comprises polyethylenepolyamine.

19. The dispersant adduct according to claim 14
wherein said dispersant adduct is borated to provide from
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The preferred substrates are pol yal kenyl Gl T_.agi ds in which the
al kenyl group has a nol ecul ar wei ght geeafe daf-abput 700. The al kenyl
group de5|[gpL¥_has~a~k4err] fromg Y . tand up to 2500, with a

m\ng nost pree il preferred is
polyls \ c acid (PIBSA Lol B Nprys-e :
di s- a sel vent, such as a\m\n i+"and Regt edlsi rEsSeRce

of a mater solution (or slurry) of t\helwmetal N-=ratk 'aIREMﬁ@%b 3’
t ake pl ace between 70 and about 200] % TewpeTatures of 110[erT
140[err] C are entirely adequate. |t Npy-tE necessary, dependi ng upon the
salt produced, not to allow the reaction to remain at a tenperature above
about 140@R&AAYC PePSantexterewedghtodpefcenthreboroy. ,in osgéd therat®dhours,
or decorrp(asilstdeg.gam._ LRgusglt may occur. The copper antioxidants (e.g.,

Cu- PIBSA, Cu-oleate, or mxtures thereof) will be generally enployed in an
anount of from about 50-500 ppm by weight of the netal, in the final

| ubricating conposgbi on ThEN@ ieHHIeantN dd@uctaRIES alﬂ@e(brien dfhidLd meentd on are

| mexpensi Vg, 339 ALoSh' 8515 S Bhal Y EORCED! L ALL OIS, SN0 therefore

21. A lubricating oil concentrate containing from
about 20 to 60 wt. % of the dispersant of claim 14.

22. A lubricating oil composition containing from
about 0.1 to 20 wt. % of the dispersant of claim 14.

23. A lubricating oil concentrate containing from
about 1 to 80 wt. % of the substituted ethylene
alpha-olefin polymer of claim 1.

»

24. A lubricating oil composition containing from
about 5 to 70 wt. % of the substituted ethylene
alpha-olefin polymer of claim 1.

25. A fuel composition containing from about
0.001 to 0.5 wt.% of the dispersant of claim 14.

26. A fuel composition containing from about
0.005 to about 0.15 wt.3% of the dispersant of claim 14.

—_—
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do not add substantl ally to the coft of the product. The results obtained
are frequently better than thoseﬂggtw.f E i ously used

anti oxi dants, which are expensiy °H hgr concentrations. In the
anount s enpl oyed, the copper cofploupds do not interlfere h_the
performance of other conponents of the7 §88 1987i fg jcomp STHIS 8REET QAT GR
i nstarices, conpletely satisfactorly fesults are olitgi nedjwhen mgA@ﬁpp
conpound is the sole antioxidant, i n addztion to thg ZDDP. The

copper conpounds can be utilized '_ replace_part nuﬂll of the need for
suppl enentary antioxidants. Thus, for particularly severe conditions it may
be desirable to incl uc}mwrsmmimn mmeommmm POBYMBRt i oxi dant. However,
the ambunts of SSURSTEIMUTED \AM iSEPAE EUIVE® spBRi¥93far | ess than
the anmount required in the absence of the copper compound. Wi le any
effective anmount of the coggg,i, i t ggicorporated into the
lubricating oil conpositio - such effective anpunts
be sufficient to provide sai d | ube oil conposition with an anount of the
copper The present invention is directed to an

oil~soluble 1lubricating oil additive comprising at 1least
one terminally unsaturated ethylene alpha-olefin polymer of
300 to 20,000_.number average molecular weight terminally
substituted with amine compounds, which are also useful
additives to oleaginous compositions, e.g., as fuel and
lubricating oil dispersants.

\
\
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&nti oxi dant of from about 5 to 500 (more preferably 10 to 200,

still

nor e

preferably 10 to 180, and nost preferably 20 to 130 (e.g., 90 to 120)) part

perm | lion of added copperbased on the wei ght of the | ybrHeatim ?I
NIENT SHEET

conposition. O course, the preferred anount may depen

factors on the quality of the basestogk_l ubricating oill. f€orTosToN

I nhibitors, also known as anti-corrosive agents, reduc thez gegEadﬁ%

t he net al I|c parts cont askRENRY At A~ bﬁd@ﬁh%{.ﬁ{ﬂﬂ!@iﬂsﬂ ition.

of

Il lustrative of corrosiominmi Ml&rﬁl IO RPAT g UT ! zed—hydr ocar bons gnd

phosttrtuori zeJd hydrocarbon_w tH

t he prodtéctﬁ fLhtai ned by react

an al kal i'ne earth nmetal oxide or hydroxide, preferably The presence of
an al kyl at etis plariR@kiatey to BibrodB cirtbil)el dRF¥REA hddlifbs GBBLiEleagi@ittotdcsmnHhalfdagadd y i n
t he presemn@rdafing cibdobmisitics, @xd icl@nceftaesphaisiny shivaddpes hydr ocar bons are prepared
by react i ngsessaticgaiaheestayminaomy i dsating tifspasniahavereewidely usedtve e gyt isiealym
fract i on thefe dispeBRuy arq prepeysfoaTaiqng eifaie fidiecatkeh patvEner by (peHingiRe UP 9 WG gINEiHEe Wit h

ut o

The polyiscbutylena polymers (PIB) employed in most conventional dispersants are based on a hydrocarbon chain
of a number average molscular weight (M ) of from about S00 to about 2500. PIB having a M , of lass than about 300
gives rather poor performance results when employed in dispersants because the molecular weight is insufficient to

keep the disparsant molecule fully solubilized in lubricating oils. On the other hand, high molecular weight PIB (Mg
>3000) becomes so viscous that conventional industrial practices are incapable of handling this product in many oper-
aticns. This problem becomes much more severe as the PIB molecular weight increases to 5000 or 10,000.

Increased amounts of terminal ethytenic unsaturation in polyisobutylene (so-called *reactive polyisobutylene®) has
been achieved by BF, catalyzed polymerization of isobutylene. Exemplary of references disclosing these polymers is
U.S. Patent 4,152,499, However, such reactive polyisobutylene materials can still contain substantial amounts of un-
saturation elsewhere along the chain. Further, it is difficult to produce such reactive polyisobutylens polymers at molec-
ular weights of greater than about 2,000, and, aven so, the reactive polyisobutylenes themselvas still suffer the
above-noted viscosity increase disadvantages as molecular weights are increased.

Other polymers, such as sthylene-propylene co-polymers and terpolymers containing non-conjugated dienes, have
been disclosed as suitable polymers for the preparation of ashless nitrogen and ester dispersants.

U.S. Patent 4,234,435, for example, discloses dispersants prepared from polyalkenes, M , of 1, 300 to about 5,000.
The polyalkene can comprise homopolymers or interpolymers of C, to C;¢ terminal clefins, of which ethylene-propylene
copolymers are said to be examplas, with specific referenca to a copolymer of 80% ethylene and 20% propylene.

Howasver, ethylene-alpha-olefin copolymers of the above molecular weights could be produced using Ziegler-Natta
catalysts cnly in combination with M, as molecular weight control in order to terminate the growing copolymer chains
within this molecular weight range. Without use of Hy or other conventional, so-called “chain stoppers®, the copolymers
produced with Ziegler-Natta catalysts would tend to have molecular weights greatly in excess of the above range. (Such
higher copolymers, for example, are widely employed in ungrafted form as viscosity index improvers, and when grafted
with nitrogen-containing groups, as described below, are conventionally employed as dispersant-viscosity index improv-
er polymers.) The use of H, as a chain stopper has the disadvantage of causing the saturation of the olefinic double
bond content of the copolymer. Thus, while lower molecular weight copolymers were theoratically possible to prepars,
their low unsaturation content (and the accompanying low graft copolymer yields) would have mads their further func-
tionalization by athermal "ene* reaction, e.g., with dicarboxylic acid moieties in preparing dispersants, highly unattractive.

U.S. Patent 4,668,834 to Uniroyal Chemical discloses preparation {via certain metallocene and alumoxane catalyst
systemns) and composition of ethylene-alpha olefin copolymers and terpolymers having vinylidene-type terminal unsatu-
raticn, which are disclosed to be useful as intermediates in epoxy-grafted encapsulation compositions. '

U.S. Patent 4,704,491 to Mitsui Petrochemical relates to liquid ethylene alpha-olefin random copolymers, useful
when hydrogenated as synthetic lubricant oil, characterized inter alia by having 10-85 mol.% ethylene units, 15-90
mol.% alpha-olefin units, M , of from 300 to 10,000 and a M /M , of not more than 2.5. The patent also indicates that
the liquid copolymer can be easily modified since it has a double bond capable of reacting with maleic anhydride, etc.,
at the molecular chain ends,

Japanese Published Patent Application 87-129,303A of Mitsui Pstrochemical relates to narrow molecular waight
distribution (M /M , <2.5) ethylene alpha-olefin copolymers containing 85-89 moi% ethylens, which are disclosed to be
used for dispersing agents, modifiers or materials to producs toners. The copolymers (having crystallinity of from 5-85%)
are prepared in the presence of a catalyst system comprising Zr.compounds having at least 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-metallocens/alumoxane catalyst systems.

European Patent Publication 129,368 discloses metallocene/alumoxana catalysts ussetul tor the praeparation of eth-
ylane homopolymer and ethylene higher alpha-olefin copolymers. )

European Patent Application Publication 257,696 At relates to a process for dimerizing alpha-olefins using a catalyst
comprising cartain metallocene/alumoxane systems.

European Patent Publication 305,022-A1 to Mitsui Petrochemical relates to certain synthetic hydrocarbon lubricating
oil compositions containing a load-withstanding additive and a liquid ethylene alpha-olefin random copolymer modified
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may be effected in the manner taught in U S. Patent =i G593 24

Oxi dat ifon i nhi bitors reduce the tendency of nineral oi|l BEPIACEMEAT SHEkTe
service which deterioration can be evidenced by the pr{o ' i on
such as sludge and varnish-1ike deposits on the netal {surfproegppn499y '
viscosity growth. Such oxidation inhibitors include allkaline earth nefal
salts of al kyl phenol t hi oet hers havi rg2preferably Cerr]] toCferr] al Kyl
si de chains, cal cium nonyl phenol sulfide, bariumt-octlyl phenyl sulfide,

di oct Y! pBEI’}%La%RQﬁz ughﬁp lu%la rganc%B hﬁ%l@&!o%m q livamgrgé moﬁl bi¢ A.’ngZ‘ﬁ)GThQ Eihv'ene
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friction v‘%@é&uﬂa@ b&lah ShAnG Studuun deifoldefihcs Bbited inline GRBIIESH § frdd RMBicS WEdloras aut omati c
transm ssi qarblnnesraieRepdiesRV@dsio s @xEP @ siuca meaaitbtmitriceiuhoxBrotaaysts frogh f | er s
are foungmedinghidsa-cbat.ent No. 3, 933, 659 which discloses fatty
“ Attanticn is diractad !o the fcllowing co-gending applicaticns of the sarme priority date:

£3-A-440504 describes cleagnaus compesitions comprising V.. improver acditives comprising sthylens/alpha-cle-
fin cogeiymers having terminal vinylidene unsaturaticn.
£2-A-140505 describas high mclecular waight (M, 20,000+ - 500,C00) V... impraver additives lor cleagincus com-
positicns cemensing athylene/aigha-clefin copclymers having terminal vinylidene unsaturaticn condensed with a hy-
droxyarematic ccmpgeund, an aldenyds and a nuclacghilic reactant.
£2-A-4.L05C6 desctibes additives for cleagincus compasiticns camprising glhylene/aipha-clefin cepelymers having
terminal vinylidene unsaturaticn sutstituted with a carbexylic acid.
£3.A-440307 describes oleaginous cemggsitions cantaining low mclecular weight (300 - 20,800) cispersant com-
prising sthylene/alpha-clefin ccoclymers having terminal vinylidene unsaluration cendensed with a hydroxyarematic
comgeund, an sidenyde and a nuclecphilic reactant.

Accerding to the invention there is previded an additive useful in oleaginous cempesitions which comgprises an
gthylene algha-clefin pclymer substitutad with at least cne amine ccmpound, said pelymer comprising mencmar units
derivec from athylene and at least cne alpha-clefin of the formuia H,C=CHR' where R' is an alkyl group of frem 1 10
15 carben atems, and wherein said golymer has a number average molecular weight of from 300 to 20.000 and an
average of at least 30% of said galymer chains conlain terminal ethanylidens unsaturaticn and wherein said acditive is
charactarized By a VA value of less than 4.1, provided that said additive does nat camgrise an adduct of said polymer
having a numter average malecular weight of from 3C0 to 10,00 substituted with meno- or dicartoxylic acid greducing
mcielies. with an amine.

£2-A-353635 discloses an adduct of such gclymers having a number average mclecular weight of from 3C0 to
10,CC0 subsututed with mane- or cicarboxylic acid producing meieties with an amine. No claim is mace herein to such
jacdcucts.

The inventicn is inclusive of a precess for the preparaticn of an il soiuble dispersant mixtura useful as a fuel or
lutricating cil additive comprising forming an adduct ci:

n

{a) an sthylene alpha-olefin polymer sutstituted with halide moieties, said polymer comprising manomar units
derived from ethylene and at least cne algha-ciefin of the fermula HZC=CHH‘ whare R! is an alky! group of trom 1
ic 18 carzon atoms, and wherein said polymer has a number average molacular weight of frem 300 to 20,000 and
an average of at least 30% of said polymer chains contain termir.al ethenylidens unsaturation and wherein said
acditive is characterized By a VR value cf less than 4.1, and

I5) at least cne afmine, said dispersant having a VR' value of less than 4.1, provided that said additive does not
comprise an adduct of said polymer having a number average molecular weight cf from 300 o 10,000 substituted
with meno- ar dicarboxylic acid preducing meieties, with an amine.

The matarials cf the invention are cifferant from the pricr art because of their effectivenass and their ability to provide
enhanced lutricating oil dispersancy, as exhibited by their enhanced sludge and varnish centrol properties. In fuels, the
additives sarve to minimize the degree of carbureter and intake vaive foufing from deposits. In adciticn, the additives of
this inventicn pcssess sugerior viscometric propenties.

The precess af this invention pemmits the preparaticn of lubricating oil and fuel dispersant additives which are si-
multaneousiy characterized by a high active ingreciant content (usually at least about 60 wt.%, up to about 95 wt.%)
and oy acvantageous viscosity prepertis to permit the additives to be readily handled. In addition, the amine-substituted
ethylene alpha-clefin polymers cf this inventicn can te characterized by VA valuas (as harsinafter defined) of notgreatar
than abeut 4.1, theredy providing advantageous viscesity meditying propertias to the lubricating cils cantaining them.
The prasentinvention can produce such substituted galymers in a mara highly concentrated form than prior art materials,
therzoy reducing the possible processing difficultias which are asssociated with less concentrated fusl and halogan-con-
taning lubricating ail additives,

Funher, dispersant matarials can be grepared from the substituted polymaers of this invention to provide fusl and
lutricating oil dispersant products having VR’ values of not greater than about 4.1 and VR'/VA, ratios of less than about
1.11 (as such values and ratios are hareinafter defined). Surprisingly, the process of this invantion permils the preparation
of highly concentrated disparsanis from high molecular weight ethylene-alpha-olefin palymers (M, >5000, eg.
5.5C0-20,CCQ) of superior viscosily propertias.

- In distillate tueis, the dispersant matarials of this invention can reduce the formation of intake valve deposits in an
internal combustion angine while minimizing valve sticking and crankcasa ail thickening,
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The polymers employed in this invention are polymers of ethylenae and at least ona alpha-olefin having the forrmula
HZC=CHH‘ wherein R! is straight chain or branched chain alkyl radical comprising 1 to 18 carbon atoms and wherein
the polymer ccnitains a high degree of terminal ethenylidene unsaturation. Preferably R! in the above formula is alkyl
of from 1 to 8 carben atoms, and more preterably is alkyl of from 1 to 2 carbon atoms. Therefore, useful comenomers
with sthylene in this invention include propylene, 1-butens, hexene-1, octene-1, 4-methylpentene-1, decene-1, do-
decene-1, tridacane-1, tatradecene-1, pentadecene-1, hexadecene-1, heptacecene-1, octadecsne-1, nonacecens-1
and mixtures thereof (e.g., mixtures of propylene and 1-butens, and the like).

Exemplary of such polymers are ethylene-propylene copolymers, ethylene-butene-1 copolymers and the like. Pre-
tferred polymers are copolymers of ethylene and propylene and ethylene and butene-1.

The melar sthylene content of the polymers employed in this invention is preferably in the range of between about
20 and about 80 percent, and more preferably betwesn 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 from 300 to
20,000 (e.g., frem 3C0 to 10,000), preferably from 700 to 20,000; more preferably of from 800 to 10,000 {e.g., from 700
to 15,000), e.g. from SO0 to 15,000. Polymers having a number average molecular weight within the range of from 700
to 5,000 {e.g., 1EC0 to 3,000) are particularly usefui in the present invention. The number average molecular weight for
such polymers can be determined by several known techniques. A convenient method for such determination is by size
exclusion chromategraphy (also known as gel parmeation chrematography (GPC)) which additionally provides melecular
weight distribution information, see W, W. Yau, J.J. Kirkland and D.D. Bly, *Mcdem Size Exclusion Liquid Chrematog-
raphy”, John Wiley and Sons, New York, 1979.

Censequently, such polymers generally possess an intrinsic viscosity (as measured in tetralin at 135°C) of between
about 0.025 and about 0.9 dl/g, preferably cf between about 0.05 and about 0.5 di/g, most preferably of between about
0.075 and about 0.4 dI/g.

The polymers employed in this invention preferably exhibit a degree of crystallinity such that, when grafted, they
are essentially amorphous. Most preferably, the polymers used in this invention are substantially free of ethylene
homopolymer,

The polymers employed in this invention are further characterized in that up to about 85% and more of the polymer
chains possess terminal ethenylidene-type unsaturation. Thus, one end of such polymers will be of the fermula POLY-C
(R\)=CH, wherein R1 is C, to C,g alky!, preferably C, to Cg alkyl, and more praferably C, to C, alkyl, (e.g., methy! or
ethyl) and wherein POLY represents the polymer chain. The chain length of the R! alky! group will vary depending on
the comonemer(s) selected for use in the polymerization. A minor amount of the polymer chains can contain terminal
ethenyl unsaturation, L.e. POLY-CH=CH,, and a portion of the polymers can contain internal monounsaturation, e.g.
POLY-CH=CH(R), wherein R! is as defined above.

The polyrmmployed 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 unsatu-
ration. The percentage of polymer chains exhibiting terminal ethyenylidens unsaturation may be determined by FTIR
spactroscopic analysis, titration, or C1INMR,

The polymer and thé composition employed in this invention may be prepared as describad in U.S. Patent 4,668,834,
in European Patent Publications 128,046, 129,368, and 0260999.

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, l.e., propylene, butene-1, and mixtures thereof) in the presencas of a catalyst system comprising
at least one metallocene (e.g., a cyclopentadienyl-transition metal compound) and an aluroxane compound. The
comonomer content can be controlied through the selection of the metallocene catalyst component and by controlling
the partial pressure of the various monomears.

The catalysts employed in the production of the reactant polymers are organometallic coordination compounds _~..
which are cyclopentadienyl derivatives of a Group 4b metal of the Periodic Table of the Elements (56th Edition of Hand-
book of Chemistry and Physics, CRC Press [1975]) and include mono, di and tricyclopentadienyls and their derivatives
of the lransition metals. Particularly desirable are the metallocene of a Group 4b maetal such as titanium, zirconium, and
hafnium. The alumoxanes employed in forming the reaction product with the metallocenas ara themselves the raaction
products of an aluminum trialkyl with water.

In general, at least one mataliocene compound is employed in the formation of the catalysl. As indicated, supra,
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wherein (CsR,) is a cyclopentadienyl or substituted cyclcpentadienyl, each R’ is the same or different and is hydrogen
or a hydrocarbyl racical such as alkyl, alkenyl, aryl, alkylaryl, or arylalkyl radical containing from 1 to 20 carbon atomns,
a silicon containing hycdrocarbyl radical, or hydrocarbyl radicals wherein two carbon atoms are Joined logether to form
aCy-Cqring, A" is a C,-C4 alkylene radical, a dialkyl germanium or silicon, or a alky! phosphine or amine radical bridging
two (CgR’y) rings, Q is a hydrocarbyl radicat such as aryl, aikyl, alkenyl, alkylaryl, or aryl alkyl radical having from 1-20
carbon atoms, hydrocarboxy radical having from 1-20 carben atems or halegen and can be the same or different from
each other, Q’ is an alkylidene radical having from 1 to akout 20 carbon atemns, sis0c¢r1,gis 0, 10r2,sisOwheng
isO, kis4whensis 1,and k is 5 when s is 0, and M is as defined above. Exemplary hydrocarbyl radicals are methyi,
sthyl, propyl, butyl, amyl, isoamyl, hexyl, iscbutyl, heptyl, ectyl, nenyl, decyl, cetyl, 2-ethylhexyl, bis(cyclopentadienyl)
zircenium methyl iedide, bis(cyclcpentadienyl)zircenium ethyl bromide, bis(cyclopentadienyl)zirconium ethyl icdide, bis
(cyclepentadienyl)zircenium phenyl bromide, bis(cyclopentadienylizirconium phenyl iodide; the trialky! metallccenes
such as cyclopentadienyltitanium trimethyl, cyclopentadienyi zirconium triphenyl, and cyclopentadieny! zirconium trine-
openty!, cyclepentadienyizirconium trimethyl, cyclcpentadienylhafnium triphenyl, cyclcpentadienylhafnium trineopentyl,
and cyclopentadienylhafnium trimethyl.

lltustrative, but non-limiting examples of if and lll metallccenes which can be usefully employed are monceyclopen-
tadienyls titanocenes such as, pentamethylcyclopentadieny titanium trichloride, pentaethylcycicpentadienyl titanjum
trichloride, bis(pentamethylcyclopentadienyl) titanium diphenyl, the carbene represented by the formula bis(cyclopen-
tadienyNtitanium=CH, and derivatives of this reagent such as bis{cyclopentadieny!) Ti=CH,.Al(CHg)g, (CpaTiCHy)a

CP,TLiCH,CH(CH;)CHg,

substituted bis(Cp)TKIV) compounds such as bis(indenyl) titanium diphenyl or dichloride, bis (methylcyclopentadieny! )
titanium diphenyl or dihalices; dialkyl, trialkyl, tetra-alkyl and penta-alkyl cyclopentadienyl titanium compounds such as
bis(1,2-dimethylcyclopentadienyljtitanium diphenyl or dichloride, bis(1,2-diethylcyclopentadienylititanium diphenyl or
dichloride and other dihalide complexes; silicon, phosphine, amine or carbon bridged cyclopentadiena complexss, such
as dimethylsilyidicyclopentadienyititanium dipheny! or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl
or dichloride, methylenedicyclophenyl and the like. Exemplary silicon containing hydrocarbyl radicals are trimethylsilyl,
triethylsilyl and triphenylsilyl. Exemplary halogen atoms include chlorine, bromine, fluorine and iodine and of these hal-
ogen atoms, chlorine is preferred. Exemplary hydrocarboxy radicals are methoxy sthoxy, butoxy, amyloxy and the like.
Exemplary of the alkylidene radicals is methylidene, ethylidene and propylidenae.

llustrative, but non-limiting examples of the metallocenes represented by formula | are dialkyl metallocenes such
as bis(cyclopentadienyfititanium dimethyl|, bis(cyclopentadienyl)titanium diphenyl, bis(cyclopentadianyl)zirconium dime-
thyl, bis(cyclopentadienyl)zirconium diphenyl, bis(cyclopentadienyl)hafnium dimethy! and diphenyl, bis{cyclopentadi-
enyl)litanium di-nsopentyl, bis(cyclopentadianyl)zirconium di-neopentyl, bis(cyclopentadienyltitanium dibenzyl, bis(cy-
clopentadienyl)zirconium dibenzyl, bis(cyclopentadienylvanadium dimethyl; the mono alkyl metallocenss such as bis
{cyclopentadienyltitanium methyl chloride, bis(cyclopentadienyl) titanium ethyl chloride bis(cyclopentadienyl)titanium
{pheny! chloride, bis(cyclopentadienyl)zirconium hydrochloride, bis(cyclopentadienyl)zirconium methyl chloride, bis(cy-
clopenladienyl)zirconium ethy! chloride, bis(cyclopentadienyl)zirconium pheny! chloride, bis(cyclopantadienyljtitanium
methy!l bremide, bis{cyclopantadienyltitanium melhyl iodide, bis(cyclopentadienyljtitanium ethy!l bromide, bis(cyclopen-
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Si tion OfonkM  imdihg R Methl1E)¥i&IAkbdRAY!)zirconium dimethyl, bis(n-butylcyclopentadienyl)zirconium dimethy! bis
{cyclchexylmethylcyclcpentadienyfzirconium dimathy! bis(n-octyl-cyclopentadienyl)zirconium dimethyl, and haloalkyl
and dihydride, and dihalide complexes of the above; dialkyl, triatkyl, tetra-alkyl, and penta-alkyl cyclcpentadienes, such
as bis(pentamethylcyglopentadienyl)zirconium diphenyl, bis(pentamethylcyclopantadienyl)zirconium dimethyl, bis
{1.2-dimethylcyclcpentadieny!)zirconium dimethy! and mono and dihalide and hydride complexes of the above; silicon,
phosphorus, and carbon bridged cyclopentadiene complexes such as dimethylsilyldicyclopentadieny! zirconium dime-
thyl, methyi haiide or dihalide, and methylene dicyclopentadieny! 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-trimethylsilylcyclopentacienyl)zirconium dichleride and dimethyl and bis(1,2,4-tri-trimethylsilyl-
cyclopentadienyl)zircenium dichioride and dimethyl. Carbenes represented by the formutae Cp,Zr=CH,P(CgHs)aCHj,

and derivatives of these ccmpounds such as

[ ¥ [ 1

Mixed cyclopentadienyl metallocene compounds such as cyclopentadienyl (pentamethyt cyclopentadieny!)zirconi-
ura dichloride, (1,3-di-trimethylsilylcyclopentadienyl) (pentamethylcyclopentadienyi) ziccenium dichloride, and cyclopen-

tadienyl(indenyl) zirccnium dichloride can be employed.

Bis(cyclopentadienyl)hafnium dichlcride, bis(cyclopentadienyl)hafnium dimethyl, bis{cyclopentadienyl)vanadium

dichleride and the like ara illustrative of other metallocenes.

Scme preferred metallocenes are bis(cyclopentadienyl)zirconium dimethyl, bis(cyclopentadienyl)zirconium dichio-
ride; bis(cyclopentadieny!)titanium dichloride; bis(methylcyclcpentadienyl) zirconium dichloride; bis{methylcyclopenta-
dienyl)titanium dichloride; bis(n-butylcyclopentadienyl)zirconium dichioride; dimethylsilyldicyclopentadieny! zirconium
dichloride; bis(trimethylsilycyclcpentadienyl)zirconium dichloride; and dimethylsilyldicyclopentadieny! titanium dichio-
ride; bis(indenyl)zirconium dichlorids; bis {4,5,6,7-tetrahydroindenyl)zirconium dichloride; the racemic and/or meso iso-
mer of 1,2-ethylene-bridged bis(4,5,6,7-tetrahy'droindenyl)zirconium dichloride; the racemic and/or mesc isomer of
1,1-dimsthylsilyl-bridged bis(4,5,6,7-tetrahydroindenyl}zirconium dichloride; and the racemic and/or meso isomer of

1,1-dimethylsilyl-bridged bis{methylcyclopentadienyl)zirconium dichloride.

The alumoxane compounds useful in the polymerization process may be cyclic or linear. Cyclic alumoxanes may
be represented by the general formula {R-Al-O), while finear alumoxanes may be represented by the general formula
R{R-Al-O)n’"AiR,. In the general formula R is a C4-Cg atkyl group such as, for example, methyl, ethyl, propy!, butyl and
pentyl, n is an integer of from 3 to 20, and n’ is an integer from 1 to about 20. Preferably, R is methyl and n and n” are
4-18, Generally, in the preparation of alumoxanes from, for example, aluminum trimethyl and water, a mixture of the

linear and cyclic compounds is obtained.

The alumoxane can be prepared in various ways. Preferably, they are prepared by contacting water with & solutlon
of aluminum trialkyl, such as, for examples, aluminum trimethyl, in a suitable organic solvent such as toluene or an
aliphatic hydrocarbon. For examnple, the aluminum alkyl is treated with water in the form of a moist solvent. In an alter-
native 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 trimethyi in, for example, toluene, with ferrous
sulfate represented by the general formuta FeSO,.7H,0. 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 reaction is evidenced by the evolution of

methane.

The mole ratio of aluminum in the alumoxane to total metal in the metallocenes which can be ussfully 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 in the preparation of the catalyst system are inert hydrocarbons, in particular a hydrocarbon that
is inert with respect to the catalyst system. Such solvents are wall known and include, for example, isobutane, butane,
pentane, hexane, heptane, octane, cyclohexane, methyleyclchexans, toluene, xylene and the like.

Polymerization is generally conducted at tempsratures ranging between about 20° and about 300°C, preferably
belween about 30° and about 200°C. Reaclion time is nol critical and may vary from several hours or more to several
minutes or less, depending upon factors such as reaction temperature, the monomers to be copolymerized, and the
like. One of ordinary skilt in the art may readily cbtain the optimum reaction time for a given set of reaction parameters

of
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mor'omers (such as mixtures of liquid prepylene and 1-butene), as the reaction medium. Alternatively, polymerization
may be acccmplished in the presence of a hydrocarbon inert to the pelymerization such as butane, pentane, isopentane,
hexane, iscoclane, decane, toluene, xylens, and the like.

In those situaticns wherein the molecular weight of the polymer preduct that would be produced at a given set of
operating cenditions is higher than desired, any of the techniques known in the prior ant for control of molecular weight,
such as the use of hydrogen and/or polymerization temperature control, may be used in the process of this invention,
I so desired, the polymerization may be carried out in the presence of hydrogen to lower the polymer molecular weight,
Care should be taken to assure that terminal ethenylidene unsaturation is not reduced to less than about 30 percent of
the polymer chains. - .

However, the polymers are preferably lormed in the substantiat absence of added H, gas, that is, the absence of
H, gas added in amounts effactive to substantially reduce the polymer molecular weight. More preferably, the polymer-
izations will be conducted employing less than 5 wppm, and more praferably less than 1 wppm, of added H, gas, based
on the moles of the sthylene monomer charged to the polymerization zone.

When carrying out the polymerization in a batch-type tashion, the reaction diluent {if any), ethylene and alpha-olefin
comenomer(s) are charged at appropriate ratics to a suitable reactor. Cara must be taken that all ingredients are dry,
with the reactants typically being passed through molecular sieves or other drying means pror to their introduction into
the reactor. Subsequently, either the catalyst and then the cocatalyst, or first the cocatalyst and then the catalyst are
intreduced while agitating the reaction mixtura, thereby causing polymerization to commence. Altematively, the catalyst
and cocatalyst may be premixed in a sclvent and then charged to the reactor. As polymer is being formed, additional
monomers may be added to the reactor. Upon completion of the reacticn, unreacted monomer and solvent are either
flashed or distilled off, if necessary by vacuum, and the low molecular weight copolymer withdrawn from the reactor.

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

Preparation of Halogenated Ethytene Alpha-olefin Polymer

The halogenated ethylene alpha-clefin polymer can be prepared by contacting the polymer with halogen (as shown
in U.S, Patents 3,275,554; 3,438,757, 3,565,804; and 4,000,353, the disclosures of which are hereby incorporated by
reference in their entirety). The halogen group on the halogenated polymer is displaced with the nitrcgen-containing
compound in the subsequent reaction therewith.

For example, an ethylene alpha-olefin, wherein the polymer has an average molecular weight within the range of
from 300 to about 20,000, is halogenated with either bromine or chlorine; preferably the latter. The halogen may be
conveniently added as gaseous chlorine, liquid bromine, or a hydrohalogen, e.g., HCl or HBr gas.

The amount of halogen introduced will depend on the particular hydrocarbon used, the desired amount of amine to
be introduced into the molecule, the particular alkylene amine used, and the halogen used. The amount of halogen
intreduced will generally be in the range from about 1 to 5 halogen atoms per molacule, depending on the reactivity of
the resulting halide. On a weight percent basis, the amount! of halide will generally range from about 1 to 25, more usually
from about 1 1o 10,

The halogenation step may be conducted in the temperature range of from about ordinary ambient temperatures
to about 120°C. To aid in the halogenation step, the polymer may be dissolved in a suitable solvent, such as carbon
tetrachloride, in order o lower the viscosity of the polymer, although the use of such a solvent is not necessary.

Thé time required for halogenation may be varied to some extent by the rate at which the halogen is introduced.
Ordinarily from about 2 to about 5 hours Is a satistactory halogenation period.

The reaction product mixture comprising the desired halogenated ethylene-alpha-olefin polymer (e.g., chlorinated
athylene-propylena polymer) will generally contain unreacted polymar, (that is, polymer which is unsubstituted by halo-
gen), in a concentration of less than about 40 wt.% (e.q., from 5 to 35 wt.%), more preferably less than about 30 wt.%
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whersin VISa is the kinematic viscosity {(KV) of the halogenated polymer reaction product mixture at 100°C in units of
centistokes (as determined by ASTM Method No. D445) and VISb is the cold cranking simulator (CCS) viscosity of the
halcgenaled reaction product mixture at -20°C in units of poise (as determined by ASTM Method No. D2602), wherein
the measurements are made upcn a 2 wt. % solution of the halcgenated polymer reaction product mixture in an oil
(herein termed the “relerence oil") comprising S150N (solvent 150 neutral) mineral lubricating oil (Exxon Company
U.S.A.). wherein the such reference oil is characterized by an ASTM D445 kinematic viscosity of 5.2 ¢St (100°C) and
an ASTM D2602 CCS viscosity of 19.2 poise (+ 0.4 poise) (at -20°C). The *VR," value of the reference oil will then be
abcut 3.7+ 0.1,

1t will be understocd that the ethylene alpha-olefin polymers of this invention which are charged to the halogenation
reacticn zone can be charged alone or together with {a.g., in admixture with) other polyalkenes derived from alkenes
having from 1 to 20 carbon atoms (butene, pentene, octene, decene, dodecene, tetradcdecens and the like) and
homopolymers of Cy to Cy¢, €.G.. C3 to Cs, monoolefins, and copolymers of C, to Cyq, 8.g., C; to Cg, monaolefins, said

additional polymer having a number average molecular weight of at least about 900, and a molecular weight distribution
of less than about 4.0, preferably less than about 3.0 (e.g, from 1.2 to 2.8). Preferred such additional olefin polymers
comprise a major molar amount of C, to Cqq. 6.9., C, to Cg monoolefin. Such olefins include ethylene, propylens,
butylene, iscbutylane, pentene, octene-1, styrene, etc. Exemplary of the additicnally charged homopolymers is poly-
propylene, polyiscbutylene, and poly-n-butene the like as well as interpolymers of two or more of such clefins such as
cepolymers of: ethylene and propylene {prepared by ccnventional methods other than as described above for the pre-
ferred ethylene alpha-olefin copolymers employed in this invention, that is, ethylene-propylena copolymers which are
substantially saturated, wherein lass than about 10 wt% of the polymer chains contain ethylenic unsaturation); butylens
and isobutylene; prepylene and isobutylene; etc. Other cepolymers inciude those in which a minor molar amount of the
copclymer monomers, e.g., 1 to 10 mole %, is a C, to C, g non-cenjugated diolefin, e.g., a copolymer of isobutylene and
butadiene: or a copolymer of ethylene, propylene and 1,4-hexadiene; etc. The additional such olefin polymers charged
to the reaction will usually have number average molecular weights of at least about 800, more generally within the
range of about 12C0 and about 5,000, more usually between about 1500 and about 4000. Particularly useful such
additional olefin polymers have number average molecular weights within the range of about 1500 and about 3000 with
approximately one double bond per chain. An especially useful additional such polymer is polyisobutylene. Preferred
are mixtures of such polyisobutylene with ethylene-propylene copolymers wherein at least 30 wt% of the copolymer
chains contain terminal ethenylidene mecnounsaturation as described above.

The number average molecular weight for such polymers can be determined by several known techniques. A con-
venient method for such determination is by gel permeation chromatography (GPC) which additionally provides molec-
ular weight distributicn information, see W. W. Yau, J. J. Kirkland and D. D. Bly, "Modern Size Exclusion Liquid Chro-
matography”, John Wiley and Sons, New York, 1979.

Preparation of Amine-substituted Polymer Products

While not wishing to bound thereby, it is believed the halogenation of the ethylene alpha-olefin polymers used in
the present invention, because of their high concentration of polymer chains (up to 90% and more) having terminal
ethenylidene unsaturation, leads to halogenated polymer chains wherein the halide group is also substantially terminal
(that is, wherein the halide group is attached to either the chain end carbon or to a pendant carbon attached to the
beta-carbon of the chain). This can be illustrated as follows, employing an ethylene-propylene copolymer (EF) and
chlorine for example:
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CH,4
| c1,
EP-CH,C=CH,

CH,

EP-CH,~C-CH,C1 (1)

CH,4

EP-CH=C-CH,C1 (ii)

CH,Cl

EP-C_K-,C-CHZCI . (iii)
Halogenation is believed to result in a mixturs of products of which the Cl mono-terminally substituted polymer is the
majority. It is believed form (i) is the major halogenated polymer product, and that torm (i) is produced in the product
mixture in lesser concentrations. Form (iii), which is Ci di-substituted illustrates a possible by-product.
Reaction of the halogenated polymer with an amine, e.g., ethylena diamine, will result in a mixture of products

tormed via EP-nitrogen bonds, and elimination of HCl, and can be illustrated as follows: A
CH,
. i
EP-CH=C-CH,—[NHC H NH, } (v)
I
CHa
EP-CH=C-CH,~(NHC,H, NH, ] (vi)
I

whaerein (iv), (v) and (vi) are formed from halogenated products (i), (i) and (iii), respectively.

Howaever, the above halogenated and aminated EP products ars illustrative and are not the only forms which can
be envisioned.

The halogenated polymers prepared as described above, can be contacted with one or more amines to form the
novel dispersants of this invention.

Amine compounds useful for reaction with the halogenated polymer include mono- and (preferably) polyamines, of
about 2 to 60, preferably 2 to 40 (e.g. 3 to 20), total carbon atoms and about 1 to 12, preferably 3 to 12, and most
preferably 3 to 9 nitrogen atoms in the moleculs. Thase amines may be hydrocarbyl amines or may be hydrocarbyl
amines including othet groups, e.g. hydroxy groups, alkoxy groups, amids groups, nitriles, imidazoline groups, and the
tike. Hydroxy amines with 1 to 6 hydroxy groups, preferably 1 to 3 hydroxy groups are particularly useful. Preferred
amines are aliphatic saturated amines, including those of the general formulas;

S
er
to

5000.
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(Va) (Vb)

wherein R, R, R” and A" ara independently selected from the group consisting of hydrogen; C, to Cyg straight or
pranched chain alky! radicals; C, to Cy5 alkoxy C, to Cg alkylenae radicals; Cp to Cq2 hydroxy amino alkylene radicals;
and C, to C,, alkylamino C, to Cg alkylene radicals; and wherein R™ can additionally comprise & moiety of the formula:

—E( CH,) p .—u};'—a (VI)

wherein R’ is as defined atove, and wherein r and ¢ can be the same or a different number of from 2 to 6, preferably 2
to 4; and t and t’ can be the same or different and are numbers of from 0 to 10, preferably 2 to 7, and most preferably
about 3 to 7, with the proviso that the sum of t and t" is not greater than 15. To assure a facile reaction, it is preferred
that R, R, R”, R, r, 7, t and t’ be selected in a manner sufficient to provide the compounds of Formulas Va and Vb
with typically at least one primary or secondary amine group, preferably at least two primary or secondary amine groups.
This can be achieved by selecting at least one of said R, R’, R” or R*” groups to be hydrogen or by letting t in Formula
Vb be at least one when R is H or when the VI moiety possesses a secondary amino group. The most praferred amine
of the above formulas are represented by Formula Vb and contain at least two primary amine groups and at least one,
and preferably at least three, secondary amine groups.

Non-limiting examples of suitable amine compounds include: 1,2-diamincethans; 1,3-diaminopropane; 1,4-diami-
nobutane; 1,6-diaminohexane; polyethylene amines such as diethylene triamine; triethylene tetramine; tetrasthylene
pentarnine; polypropylene amines such as 1,2-propylene diamine; di-(1 ,2-propylene)triamine; di-{1,3-propylene) tri-
amine; N,N-dimethyl-1,3-di-amincpropane; N,N-di-(2-amincethyf) athylene diamine; N,N-di(2-hydroxyethyl)-1 ,3-propyl-
ene diamine; 3-dodecyloxypropylamine; N-dodecyl-1,3-propane diamine; tris hydroxymethylaminomethane (THAM), di-
isopropanol amine: diethanol amine; triethanol amine; mono-, di-, and tri-tallow amines; amino morpholines such as N-
(3-aminopropyl)morpholine; and mixtures thereof.

Other useful amine compounds include: alicyclic diamines such as 1,4-di(aminomethyl) cyclohexane, and hetero-
eyclic nitrogen compounds such as imidazolines, and N-aminoalky! piperazines of the general formula (VII):

_CHy=CHy - :
K NH-(CHZ)pl N\ , N HCHZ)-N!-F}—H '
n2 n3

ny
wheresin p, and p, are the same or different and are each integers of from 1 to 4, and ny, n; and ng are the same or
different and are each integers of from 1 to 3. Non-limiting examples of such amines include 2-pentadecyl imidazoline;
N-(2-aminoethyl)piperazine; etc.

Commaercial mixtures of amine compounds may advantagsously be used. For example, one process for preparing
alkylene amines involves the reaction of an alkylene dihalide (such as sthylene dichloride or propylsne dichloride) with
ammonia, which results in a complex mixture of alkylene amines whersin pairs of nitrogens are joined by alkylene groups,
forming such compounds as disthylena triamine, triethylenetetramine, tetraethylens pentamine and isomeric pipera-
zines. Low cost poly(ethyleneamines) compounds averaging about 5 to 7 nitrogen atoms per molecule are available
commercially under trade names stich as *Polyamine H", "Polyamine 400, "Dow Polyamine E-100", stc.

Useful amines also include polyoxyalkylene polyamines such as those of the formula (VII1);

alkylene ——é O-alkylene }— NH,
m

where m has a value of about 3 to 70 and preferably 10 to 35; and the formula (IX).

NH,
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The polyoxyalkylene polyamines of formulas (VIII) or (IX) above, preferably polyoxyalkylene diaminas and polyoxy-
alkylene triamines, may have average molecular weights ranging from about 200 to about 4000 and praferably from
about 400 to about 2000. The prefsrred polyoxyalkylens polyamines include the polyoxyethylene and polyoxypropylens
diamines and the polyoxypropylene triamiines having averags molecular weights ranging from about 2C0 to 2C00. The
polyoxyalkylene polyamines are commercially available and may be obtained, for axample, from the Jefferson Chemical
Comgany, Inc. under the trade name “Jeffamines D-230, 0-400, D-1000, D-2000, T-403", etc.

A particularly usetul class of amines are the polyamido and related amines disclosed in U.S. Patent 4,857,217 (the
disclosure of which is hereby incorporated by reterence in its entirety), which comprise reaction praducts of a polyamine
and an alpha, beta unsaturated ccrmpound of the formula:

| prs—are—tihe

RS ®7 %
RS -cac-b-y (X)

wherein X is sulfur or axygen, Y is -OR8, -SR8, or -NR8(R9), and RS, RE, R?, A8 and R? are the same or different and
are hydrogen or substituted or unsubstituted hydrocarbyl. Any polyamine, whether aliphatic, cycloaliphatic, aromatic,
heterocyclic, etc., can be employed provided it is capable of adding across the acrylic deuble bond and amidifying with
for example the carbonyl group (-C(Q)-) of the acrylate-type compound of formula X, or with the thiocarbonyl group {-C
(S)-) of the thicacrylate-type compound of formula X.

When RS, R8, A7, A8 or R? in Formula X are hydrocarbyl, these groups can comprise alkyl, cycicalkyl, aryl, alkaryl,
aralkyl or heterocyclic, which can be substituted with groups which are substantially inertto any component of the reaction
mixture under conditions selected for preparation of the amido-amine. Such substituent groups include hydroxy, halide
(e.g., Cl, Fi, 1, Br), -SH and alkyithio. When one or more of RS through R9 are alkyl, such alkyl groups can be straight or
branched chain, and will generally contain from 1 to 20, more usually from 1 to 10, and prelerably from 1 to 4, carbon
atems. lllustrative of such alkyl groups are methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dedecyl,
tridecyl, hexadecyl, octadecyl and the like. When ons or mare of RS through R are aryl, the aryl group will generally
contain frem 6 to 10 carbon atoms (e.g., phenyl, naphthyt).

When one or more of RS through R? are alkaryl, the alkaryl group will generally contain from about 7 to 20 carbon
atoms, and preferably from 7 to 12 carbon atems. lllustrative of such alkaryl groups are tolyl, m-ethyiphenyl, o-ethyltolyt,
and r-hexyltolyl. When one or more of RS through R are aralkyl, the aryl component generally consists of phenyl or
{C to Cg) alkyl-substituted phenol and the alky! component generally contains from 1 to 12 carbon atoms, and preferably
from 1 to 6 carbon atoms. Examples of such aralky! groups are benzyl, o-ethylbenzyl, and 4-isobutylbenzyl. When one
or more of RS and R? are cycioalkyl, the cycloalkyl group will generally contain from 3 to 12 carbon atorns, and preferably
from 3 to & carbon atoms. Illustrative of such cycloalkyl groups are cyclopropyt, cyclobutyl, cyclohexyl, cyclooctyl, and
cyclododecyl. When one or more of RS through R® are heterocyclic, the heterocyclic group generally consists of a com-
pound having at least one ring of 6 to 12 members in which on or more ring carben atoms is replaced by oxygen or
nitrogen. Examples of such heterocyclic groups are {uryl, pyranyl, pyridyl, piperidyl, dioxanyl, tetrahydroturyl, pyrazinyl
and 1,4-oxazinyl.

The aipha, beta ethylenically unsaturated carboxylate compounds employed herein have the following formula;

RS R7 0
RS- C = & - & - oS . (XI)
wherein RS, RS, A7, and R8 are the same or different and are hydrogen or substituted or unsubstituted hydrocarbyl as
defined above. Examples of such alpha, beta-ethylenically unsaturated carboxylate compounds of tormula X! are acrylic
acid, methacrylic acid, the methyl, athyl, isopropyl, n-butyl, and isobutyl esters of acrylic and methacrylic acids, 2-butenoic
acid, 2-hexenoic acid, 2-decenoic acid, 3-methy!-2-heptenoic acid, 3-methyl-2-butenoic acid, 3-phenyl-2-propencic acid,
3-cyclohexyl-2-butenocic acid, 2-methyl-2-butencic acid, 2-propyl-2-propencic acid, 2- -isopropyf-2-hexenocic acid,
2,3-dimethyl-2-butencic acid, 3-cyclohaxyl-2-mathyl-2-pentencic acid, 2-propenoic acid, methyl 2-propenoate, msthyl
2-methyl 2-propencats, methyl 2-butencate, ethyl 2-hexenoate, isopropyl 2-decencate, phenyl 2-pentencats, temary
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RS- & =c - C - sR® (xID)

wherein RS, R8, R, and R8 are the same or dilferent and are hydrogen or substituted or unsubstituted hydrecarbyl as
defined above. Examples of such alpha, beta-athylenically unsaturated carboxylate thioesters of formula Xl are meth-
yimercapto 2-butenoate, ethylmercaplo 2-hexenoats, isopropyimercapto 2-decencale, phenylmarcaplo 2-pentencate,
tertiary butylmercapto 2-propencate, octadecylmercapto 2-propencats, dodecylmercapto 2-decancate, cyclopropylm-
arcapto 2,3-dimethyl-2-butencate, methylmercapto 3-phenyl-2-prepencate, methyimarcapto 2-propencate, methylmar-
capto 2-methyl-2-propencate, and the like.

The alpha, beta ethylenically unsaturated carboxyamide compounds employed herein have the following formula:

] R7 R

5 : 8,p9 :

R"= C = C = C - NR¥(RY) {XXII)
wherein RS, RS, R7, A% and RE are the same or different and are hydrogen or substituted or unsubstituted hydrocarbyl
as dafined above. Examples of alpha, beta-ethylenically unsaturated carboxyamides of formula Xiit are 2-butenamide,
2-hexenamids, 2-decenamide, 3-methyl-2-heptenamide, 3-methyl-2-butenamide, 3-phenyl-2-propenamide, 3-¢cy-
clohexyl-2-butenamide, 2-methyl-2-butenamide, 2-propyl-2-propenamide, 2-isopropyl-2-hexenamide, 2,3-dime-
thyl-2-butenamide, 3-cyciohexyl-2-methyi-2-pentenamide, N-methyl 2-butenamide, N-methy! 2-butenamids, N.N-diethy!
2-hexenamide, N-iscpropyl 2-decenamide, N-phenyl 2-pentenamide, N-tertiary butyl 2-propenamids, N-octadecyl 2-pro-
penamide, N-N-didodscyl 2-cecenamide, N-cyclopropyl 2.3-dimethyl-2-butenamide, N-mathyl 3-phenyl-2-propena-

mide, 2-propenamide, 2-methyi-2-propenamide, 2-ethyl-2-propenamide and the lika.
The alpha, beta ethylenically unsaturated thiocarbaxylate compounds employed herein have the following formuia:

FS R’ s
5 i ) 8
R« C = C - ¢ - OR (XIV)

wherein A5, RS, R7, and R8 ars the same or different and are hydrogen or substituted or unsubstituted hydrocarbyl as
defined above. Examples of alpha, beta-ethylenically unsaturated thiocarboxylate compounds of formula XIV are
2-butenthioic acid, 2-hexenthioic acid, 2-decenthioic acid, 3-mathyl-2-heptenthioic acid, 3-methyl-2-butenthiaic acid,
3-phenyl-2-prapenthioic acid, 3-cyclohexyl-2-butenthioic acid, 2-methyl-2-butenthioic acid, 2-propyi-2-propenthioic acid,
2-isopropyl-2-hexenthicic acid, 2,3-dimethyl-2-butenthioic acid, 3-cyclohexyl-2-mathyl-2-pententhioic acid, 2-propen-
thioic acid, methyl 2-propenthioate, methyl 2-methyl 2-propenthicats, methyl 2-butenthioats, ethyl 2-hexenthioats, iso-
propyl 2-decenthioate, pheny! 2-pententhioate, tertiary butyl 2-propenthicate, cctadecyl 2-propenthicate, dodacyl 2:de-
centhioate, cyclopropyl 2,3-dimethyl-2-butenthioate, methyl 3-phenyl-2-properithioats, and the liks.
\ Tll'ae alpha, beta sthylenically unsaturated dithioic acid and acid ester compounds employed herein have the following
ormulia:

r$ p7 s

I
RS- &=c-c-srR® (xv)

wherein RS, RS, R?, and R® ara the sama or different and are hydrogen or substituted or unsubstituted hydroéarby! as
dafined abave. Examples of alpha, bela-ethylenically unsaturated dithioic acids and acid asters of formula XV ara 2-bu-
tendithioic acid, 2-hexendithioic acid, 2-decendithioic acid, 3-methy!-2-heptendithioic acid, 3-méthy!l-2-bltendithiclc acid,
3-phenyl-2-propendithiolc acid, 3-cyclohexyl-2-butendithiolc acid, 2-mathyl-2-butendithiclc acid, 2-propyl-2-propen-
dithiaic acid, 2-Isopropyl-2-hexendithiolc acid, 2,9-dimethyl-2-butendithiolc acid, 3-cyclohexyl-2-methyl-2-pentendithiolc
acid, 2-propendithioic acid, methyl 2-propandithioate, methyl 2-methy! 2-propendithioate, mathy! 2-butendithioate; ethyl
2-hexandilhloate, sopropy! 2-decendithloats, phenyl 2-pentendithioats, {ortiary butyl 2-propéndithioale, ové.t'édé?:'yﬁ?ﬁ?o-
pezd::hi:::le. dodecy! 2-dacendithioate, cyclopropyl 2,3-dimethyl-2-butendithicate, methy! 3-phenyl-2-propendithicate,
and the like. Py repropandiinios
l The alpha, beta ethylenically unsaturated thiocarboxyamide compounds employed herein have the foliowing for- .
mua: . L . T e L ; n_;::. {. B
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wherein RS, R, R?, A% and R9 are the same or dilferent and are hydrogen or subslitu'led or unsubstituted hydrocarbyl
as defined abova. Examples of alpha, beta-ethylenically unsaturated thiocarboxyamides of formula )‘(Vl a.re 2-buten-
thioamide, 2-hexenthicamide, 2-decenthicamids, 3-methy!-2-heptenthiogmidg. a-methyl-z-butenthlogrmd_e. S-p‘he-
nyl-2-propenthioamide, 3-cyclohexyl-2-butenthicamide, 2-mathyl-2-butenthioamide, 2-propyl-z-prqpentplcamlde, 2-iso-
propyl-2~hexenthioamide. 2,3-dimethyl-2-butenthicamide, a-cyclohexyI-Z-methyl-2-penlenth|oam§de, _ N-methyl
2.putenthicamide, N,N-diethyl 2-hexenthicamide, N-iscpropyl 2-decenthioamide, N-pheny! 2-p'entef.1thnoam|de. N-terti-
ary butyl 2-prcpenthicamidse, N-cctadecyl 2-propenthicamide, N-N-didedecyl 2od9centhloam|de. N-cyclo;?ropyl
2 3-dimethy!-2-butenthicamide, N-methyl 3-phenyl-2-propenthioamide, 2-propenthioamide, 2-methyl-2-propenthicam-
ide, 2-ethyl-2-propentf}ioamide and the like.
Preferred compounds for reaction with the polyamines in accordance with this invention are lower alkyl esters of
acrylic and {lower alkyl) substituted acrylic acid. lilustrative of such preferred compounds are compounds of the formula:

Y8
CHy = C - COR® (XVII)

where R7 is hydrogen or a C, to C, alkyl group, such as methyl, and A8 is hydrogen or a C, to G, alky! group, capable

of being removed so as to form an amido group, for example, methyl, sthyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, -

aryl, hexyl, etc. In the preferred embodiments these compounds are acrylic and methacrylic esters such as methyl or
ethyl acrylate, methyl or ethyl methacrylate. When the selected alpha, beta-unsaturated compound cemprises a com-
pound cf formula X wherein X’ is oxygen, the resulting reaction product with the polyamine contains, at least one amico
linkage (-C{O)N<) and such materials are herein termed *amido-amines." Similarly, when the selected alpha, beta un-
saturated comgpound of formula X comprises a compound wherein X’ is sulfur, the resulting reaction product with the
polyarnine contains thioamide linkage (-C(S)N<) and these materials are herein termed “thioamido-amines. * For con-
venience, the following discussion is directed to the preparation and use of amido-amines, although it will be unde rstood
that such discussion is also applicable to the thioamido-amines.

The type of amido-amine formed varies with reaction conditions. For example, a more linear amido-amine is formed
where substantially equimolar amounts of the unsaturated carboxylate and polyamine are reacted. The presence of
excesses of the ethylenically unsaturated reactant of formula X tends to yield an amido-armine which is more cross-linked
than that obtained where substantially equimclar amounts of reactants are employed. Whers for economic or other
reasons a cross-linked amido-amine using excess amine is desired, generally a molar excess of the ethylenically un-
saturated reactant of about at least 10%, such as 10-300%, or greater, for example, 25-200%, is employed. For more
efficient cross-linking an excess of carboxylated material should preferably be used since a cleaner reaction ensues.
For example, a molar excess of about 10-100% or greater such as 10-50%, but preferably an excess of 30-50%, of the
carboxylated material. Larger excess can be employed if desired.

In summary, without considering other factors, equimolar amounts of reactants tend to produce a more linear ami-
do-amine whereas excess of the formula XII reactant tends to yield a more cross-linked amido-amine. It should be noted
that the higher the polyamine (i.e., in greater the number of amino groups on the molecule) the greater the statistical
protability of cress-linking since, for example, a tetraalkylenepentamine, such as tetrasthylene pentamine

H
{
NH, (CH,CH,N) (H
has more labile hydrogens than ethylene diamine.

These amido-amine adducts so formed are characterized by both amido and amino groups. In their simplest em-
bodiments they may be represented by units of the following idealized formula (XVIII):

1‘210r_ 5‘210 510 ﬂ
- N { A-N-4-cH, -CH -C -
[ ng
wherein the R!%'s, which may be the same or dilferent, are hydrogen or a substituted group, such as a hydracarbon

group, for example, alkyl, alkenyl, alkynyl, ary!, etc., and A is a moiety of the polyamine which, for example, may be aryl,
cycloalkyl, alkyl, etc., and nq is an integer such as 1-10 or greater.
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The rea etween the selected polyam ine and acrylate-lype compound is carried out at any suitable tempesrature.
Temperatures up to the decompositicn points of reactants and products can be employed. In practics, one generally
carries out the reaction by heating the reactants below 100°C, such as 80-90°C, for a suitable period of lime, such as
a few hours. Where an acrylic-type ester is employed, the progress of the reacticn can be judged by the removal of the
alcchol in forming the amide. During the early part cf the reaction alcohol is removed quite readily below 100°C in the
case of low boiling alcohols such as methanocl or ethancl. As the reaction slows, the temperature is raised to push the
polymerization to completion and the temperature may be raised to 150°C toward the end of the reaction. Removal of
alcohol is a convenient methed of judging the progress and completicn of the reaction which is generally continued until
no more alcohol is evolved, Based on removal of alcohol, the yields are generally stoichiometric. In mors difficult reac-
tions, yield of at least 95% are generally obtained.

Similarly, it will be understood that the reaction of an ethylenically unsaturated carboxylate thioester of formula Xil
liberates the corresponding HSR® compound (e.9., HzS when RE is hydrogen) as a by-product, and the reaction of an
sthylenically unsaturated carboxyamide of formula XIl liberates the corresponding HNR8(R8) cempound (e.g., ammonia
when R® and R? are each hydrogen) as by-product.

The reacticn time involved can vary widely depending cn a wide variety of factors. For axample, there is a relationship
between time and temperaturs, In general, lower temperature demands longer times. Usually, reacticn times of from
about 2 to 30 hours, such as 5 to 25 hours, and preferably 3 to 10 hours will be employed.

Although cne can employ a solvent, the reaction can be run without the use of any solvent. In fact, where a high
degree of cross-linking is desired, it is preterably to avoid the use of a solvent and most particularly to avoid a polar
solvent such as water. However, taking into consideration the effect of solvent on the reaction, where desired, any
suitable solvent can be employed, whether organic or inorganic, polar or non-polar.

As an examgple of the amido-amine adducts, the reaction of tetraethylene pentaamine (TEPA) with methy! methacr-
ylate can be illustrated as follows:

. 1

0
il
HZN [ CHZCHZN'H} 3CH2CH2NHC320H2CNHCH2CH2 [NHCHZCHZ ] 3NH2

Preparation of the Dispersant

The halogenated sthylene alpha-olefin polymer and amine compound (e.g., alkylene polyamine or polyalkylene
polyamine) may be brought tegether neat or in the presence of an inert solvent, particularly a hydrocarbon solvent. The
inert hydrocarbon solvent may be aliphatic or aromalic. Also, aliphatic alcohols may be used by themselves or in com-
bination with another solvent, when capable of dissolving the reactants.

The reaction may be carried out at room temperature (20°C), but slevated temperatures are preferred. Usually, the
temperature will be in the range of from about 100° to 225°C. Depending on the tempaerature of the reaction, the particular
halogen used, the mole ratios and the particular amine, as well as the reactant concentrations, the time may vary from
1 to 24 hours, more usually from about 3 to 20 hours, Times greatly in excess of 24 hours do not particularly enhance
the yield and may Jead to undesirable degradation. It is therefore praferred to limit the reaction time to fewar than 24 hours.

The mole ratio of halogenated ethylene alpha-olefin polymer to amine compound will generally be in the range from
about 0.2 lo 10 moles of amine compound per mole of halogenated sthylene alpha-olefin polymsr, more usually 0.5 to
5 moles of amine compound per mols of halogenated ethylene alpha-olefin polymer. The mole ratic will depend upon
the amount of halogen present in the haloganated slhylene alpha-olefin polymer, the paricular halogen and the desired
ratio of polymer to amine compound.
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pound halogen, will be in the range of O to 10 waight percent of the compaosition. Small amounts of halogen may ba
present as the hydrchalide salt of the polymer substituted alkylene polyamines.

Since the sthylene alpha-olefin polymers used will have olefinic unsaturation, the amines may react in a way rasulting
in the elimination of hydrogen halide, introducing lurther aliphatic unsaturation into the polymer radical. Howaver, the
olefinic unsaturation doss not significantly affect the utility of the product, and when available, saturated aliphatic halide
may be used.

After the reacticn has been carried out for a sufficient length of time, the reaction mixture may be extracted with a
hydrecarton medium to {ree the product from any low molecular weight amine salt which has formed, The product may
then be isolated by evaporation of the solvent. Further separation from unreacted polymer or purification may be carried
out as desired, e.g., chromatography.

An example of the reaction of an amido-amine reactant with a halogenated polymaer is the reaction of chlorinated
ethylene-propylene ccpolymer (EP-CH) with a polyamide-amine having two terminal -NH, groups, which can be illustrated
as follows:

2 EP-Cl +

R10 R10

: .
HaN=[A-N]p -ANH-[2%],~(2? C(O)(Cﬂz)zNHA-[A-k]n4NHz

ly

r10 r10
EP———N-[A-N]n4-ANH-[21]x-[ZZJYC(O)(CHZ)ZNHA-[A-N]n4-N———EP
| |
H H
+ 2 HCl

wherein x and y are each integers of from 0 to 10, EP represents an ethylene-propylene copolymer group as described
above, Z'! and Z2 are moieties of the formula:

O RIO

-C(CHz)zNH-[A-N]n ~ANH~

wherein R0, A and n, are as defined above for Formula XVIII. Preferred are amido-amine reaction preducts of the
above equation wherein R19 is H, and most prefarably wherein x and y are each zero, and A is S +(CHa)y-.

It will be understood that the amine reactant can comprise ona or a mixture of any of the above described amines,
such as a mixture of an amido-amine and a polyalkylene polyamine. Praferably, the halogenated polymer and amine
will be contacted for a time and under conditions sufficient to react substantially all of the primary nitrogens in the amine
reactant. The progress of this reaction can be followed by infrared analysis.

The dispersant-forming reaction can be conducted in a polar or non-polar solvent (8.g., xylens, toluene, benzene
and the like}, and is preferably conducted in the prasence of a mineral or synthetic fubricating oil.

Hydroxyamines which can ba reacted with the aforesaid ethylane alpha-olefin polymer substituted dicarboxylic acid
material to form dispersants include 2-amino-t-butanol, 2-amino-2-methyl-1-propanol, p-(beta-hydroxyethyl)-aniline,
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The dispersant materials of this inventicn are preferably characterized by a VR' value of not greater than about 4.1,
preferably not greater than about 4.0, e.g., from atout 2.5 to 4.0, and maost preferably from about 3.5 to 3.9, As used
herein, the term "VR' value* is intended to refer to the quotient cbtained by the expression (XIX):

. _VIS'b
VR'= Visa
wherein VIS'a is the kinematic viscosity (ASTM Method D445) of the dispersant material at 100°C in units of centistokes,
and VIS'h is the cold cranking simulator (CCS) viscosity (ASTM Methcd D2602) at -20°C in units of poise, as determined
al a dispersant material polymer concentration of 2 wt.% in the reference oil as defined above for Formula V. Preferably,
the disperant materials of this invention are also characterized by a VR'/VR, ratio of not greater than about 1.11, more
preferably not grealer than about 1.08, still more preferably from about 0.7 to 1.08 and most preferably from about 0.9
to 1.05, wherein VR, = 3.7 £ 0.1 for the reference ail.

Another aspect of this inventicn involves the post treatment of the nitrogen containing dispersant materials. The
process for post-treating said nitrogen containing dispersant materials is analogous to the post-treating processes used
with respect to derivatives of conventicnal ethylene copolymers of the prior art, Accordingly, the same reaction conditions,
ratio of reactants and the like can be used.

The nitrogen-centaining dispersant materials of the instant invention as described above are post-treated by con-
tacting said nitregen-containing dispersant materials with one or more post-treating reagents selected from the group
consisting of beron oxide, boron oxida hydrate, boron halides, boren acids, esters of boron acids, carbon disulfide, sulfur,
sulfur chiorides, alkenyl cyanides, aldehydes, ketones, urea, thio-urea, guanidine, dicyanodiamide, hydrocarby! phos-
phates, hydrecarbyl phosphites, hydrocarbyl thiophosphates, hydrocarby! thiophosphites, C, to Cyq hydrocarbyl sub-
stituted succinic acids and anhydrides (e.g., succinic anhydride, dodecyl succinic anhydride and the like), maleic anhy-
dride {or any of the above discussed monounsaturated carboxylic reactants useful in forming the ethylene-alpha-olefin
polymer-substituted mqno- and dicarboxylic acid materials employed in this invention), phosphorus sulfides, phosphorus
oxides, phosphoric acid, hydrocarbyl thiccyanates, hydrocarbyl isocyanates, hydrocarbyl iscthiocyantes, epexides, epi-
sulfides, formaldehyde or formaldehyds-producing compounds plus phencls, and sulfur plus phenols.

For example, the nitrogen containing dispersants can be treated with a boron compound selected from the class
consisting of boron oxide, boron halides, boron acids and esters of boron acids in an amount to provide from about 0.1
atomic preportion cf boron for each mole of said nitrogen composition to about 20 atomic proportions of boron for each
atomic proporticn of nitrogen of said nitrogen composition. Usefully the borated dispersants of the invention contain
from 0,05 to 2.0 wt.%, e.g., 0.05 to 0.7 wt.% boron based on the total weight of said borated nitrogen-containing disper-
sant compound. The boron, which appears to be in the product as dehydrated boric acid polymers (primarily (HBO,)3),
is believed to attach to the dispersant as amine salts, e.g., the metaborate salt of said amine dispersants.

Trealing is readily carried out by adding from about 0.05 to 4, e.g. 1 to 3 wt.% (based on the weight of said nitrogen
compound) of said boron compound, preferably boric acid which is most usually added as a slurry to said nitrogen
compound and heating with stirring at from about 135°C. to 190, e.g., 140-170°C,, for from 1 to § hours followed by
nitrogen stripping at said temperature ranges. Or, the boron treatment can be carried out by adding boric acid to the hot
reaction mixture of the dicarboxylic acid material and amine whils removing water.

Since post-treating processes involving the use of these post-treating reagents is known insofar as application to
reaction preducts of amines and halogenated polymers, further descriptions of these processes herein is unnecessary.
In order to apply the prior art processes to the compositions of this invention, all that is necessary is that reaction con-
ditions, ratio of reactants, and the like as described in the prior art, be applied lo the novel compositions of this invention.
The following U.S. patents disclose post-treating procasses and post-treating reagents applicable to the compositions
of this invention: U.S. Pat, Nos. 3,087,936; 3,200,107; 3,254,025; 3,256,185; 3,278,550; 3,281,428; 3,282,955,
3,284,410, 3,338,832, 3,344,069; 3,366,569; 3,373,111; 3,367,943; 3,390,086; 3,403,102; 3,428,561; 3,470,098;
3,502,677; 3,513,093; 3,533,945, 3.541,012; 3,639,242, 3,708,522; J,859,318; 3,865,813; 3,470,098, 3,369,021;
3,184,411, 3,185,645; 3,245,908; 3,245,909; 3,245,910; 3,558,743; 3,573,205, 3,692,681; 3,749,695, 3,865,740;
3,954,639; 3,458,530; 3,390,086; 3,367,943; 3,185,704, 3,551,466; 3,415,750; 3,312,619, 3,280,034; 3,718,663;
3,652.618; 4,338,205; 4,428.849; 4,686,054; 4,839,070; 4,839,071; 4,839,072; 4,839,073; U.K. Pat. No, 1,085,903,
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pericd of time to effact reaction. Opticnally, a solvent lor the lactonse, dispsrsant material anc/or the resulling adduct
may be employed to control viscosity and/or the reaction rates.

In one preferred embodiment, the Cg to Cq lactone, a.g., epsilon-caprolactons, is reacted with a dispersant material
in a 1:1 mole ratio of lactone to dispersant material. In practics, the ratio of lactcne to dispersant material may vary
censiderably as a means of controlling the length of the sequence of the lactona units in the adduct, For example, the
mcle ratio of the laclcne to the dispersant material may vary from about 10:1 to about 0.1:1, more preterably from about
5:1to about 0.2:1, and most preferably from about 2:1 to about 0.4:1. It is preferable to maintain the average degree of
polymerization of the factone monomer below about 100, with a degree of polymerization cn the order of from atout 0.2
to about 50 being preferred, and from about 0.2 to about 20 being more preferred. For optimum dispersant performancs,
sequences of from about 1 to about 5 factoné units in a row are preferred.

Calalysts useful in the promotion of the lactone-dispersant material reactions are selected from the group consisting
of stannous cctancate, stanncus hexancate, tetrabutyl titanate, a variety of organic based acid catalysts and amine
catalysts, as described con page 2686, and forward, in a book chapter authored by R.D. Lundberg and E. F. Cox, entitled
“Kinetics and Mechanisms of Polymerization: Aing Opening Polymerization®, edited by Frisch and Reegen, published
by Marcel Dekker in 1969, wherein stannous octancate is an especially preferred catalyst. The catalyst is added 1o the
reaction mixture at a concentration level of about 50 to about 10,000 parts per weight of catalyst per cne million parts
of the total reaction mixture.

Exemplary of adducts formed by reaction of dispersant materials if this invention and epsilon-caprolactone are those
adducts illustrated by the following equation:

(o]

ll\

0
P—N | NH | NH NH/I/N——EP +m —_>
I | (CH,) g
H H
Ep— N/\/ N'/‘}/ mﬁ/ N—EP
| | I
' H

[€(CHy) 501 pH

Eg(crzz)smmu

wherein m and EP are as defined above. The reactions of such lactones with dispersant materials containing nitrogen
or ester groups is more completely described in U.S. Patents 4,486,326; 4,820,432; 4,828,742; 4,851,524; 4,866,135;
4,866,139; 4,866,140; 4,866,141; 4,866,142; and 4,866,187,

Further aspects of the present invention reside in the formation of metal complexes of the novel dispersant additives
prepared in accordance with this invention, Suitable metal complexes may be formed in accordance with known tech-
niques of employing a reactive metal jon species during or after the formation of the present dispersant materials. Com-
plex forming melal reactants include the metal nitrates, thiocyanates, halides, carboxylates, phosphates, thio-phos-
phates, sullates, and borates of transition metals such as iron, cobalt, nickel, copper, chromium, manganese, molybde-
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can be admixed, prior to, alter orduring being ccntacted with the selected amine(s), with (B) a conventicnal halogenated
polyolefin derived from any of the poiyolefins discussed abova as being uselul as a mixed charge with the halogenated
ethylene-alpha-olefin polymers in the formation of the halogenated athylene-alpha-ciafin polymars of this invention. The
halogenated ethylene-aipha-olefin polymers of this inventicn and the halogenated polyclefins wilt be generally admixed
prior to corlact with the selected amine(s), a.¢.. alkylene polyamine. Such mixtures will generally employ a weight:weight
ratio of halogenated ethylene-alpha-olefin polymers of this invention to halogenated polyolefin from about 10:9016 80: 10,
praferably from about 20:80 to 80:20, and mere preferably from about 40:60 to 60:40. Especially preferred are mixtures
of halogenated ethylene-propylene copolymers of this invention and halogenated polyisobutylene, halogenated po-
ly-n-butene, or mixtures thereof, having a number average molecular weight as described above for the above conven-
tional polyolefins, (e.g., 900 - 5,0C0). The resulting mixtures can then be contacted far reaction with the selected amine
as described above for formation of dispersant materials having improved viscosity properties, wherein the VR' of the
resulting dispersant material is preferably less than the VR' of the corresponding dispersant prepared from the polyolefin
alone. The resulting mixed dispersant materials can also be treated with any of the above-described post-treatment
metheds for incorporation of additional functional groups thereon, such as beron, hydroxy, ester, epoxy, lactone, sulfur,
metals and the like, as discussed above.

The dispersants of the present invention can be incorporated into a lubricating ofl {or a fuel) in any convenient way.
Thus, these mixtures can be added directly to the Iubricating oil {or fuel) by dispersing or dissolving the same in the
lubricating oil (or fuel) at the desired level of concentration of the dispersant. Such blending into the acditicnal lubricating
oil (or fued) can occur at rcom temperatura or elevated temperatures, Alternatively, the dispersants can be blended with
a suitable oil-scluble solvent/diluent (such as benzene, xylene, toluene, lubricating base cils and petroleum distillates,
including the various normally liquid fuels described in detail below) to form a concentrate, and then blending the con-
centrate with a lubricating cil (or fuel) to obtain the final formulation. Such dispersant concentrates will typically contain
(on an active ingredient (A.l.) basis) from 1 to 80 wt.%, e.g. from 5 to 70 wt.%, and preferably from about 3 to 45 W1.%,
e.g. from 10 to 35 wt.% dispersant acditive, and typically from about 30 to 90 wt.%, preferably from about 40 to 60 wt. %,
base oil, based on the concentrate weight.

OLEAGINOUS COMPOSITIONS

The additive mixtures of the present invention possess very gocd dispersant properties as measured hereln in a
wide variety of environments. Accordingly, the additive mixtures are used by incorporation and dissolution into an oleag-
inous materfal such as fuels and lubricating oils. When the additive mixtures of this invention are used In normally liquid
petroleumn fuels such as middle distillates boiling from about 65° to 430°C, including kercsene, diesel fuels, home heating
fuel oil, jet fuels, etc., a concentration of the additives in the fuel in the range of typically from about 0.001 to about 0.5,
and preferably 0.005 to about 0.15 weight percent, based on the total weight of the composition, will usually be employed.
The properties of such fuels are well known as illustrated, for example, by ASTM Specifications D #396-73 (Fuel Qils)
and D #439-73 (Gasoclines) available from the American Socisty for Testing Materials ("ASTM"), 1916 Race Strest,
Philadelphia, Pennsylvania 19103.

The fuel compositions of this invention can contain, in acdition to the products of this invention, other additives which
are well known to those of skill in the art. These can include anti-knock agents such as tetraalkyl lead compounds, lead
scavengers such as haloalkanes, deposit preventers or modifiers such as triary! phosphates, dyes, cetans improvers,
anitoxidants such as 2,6-ditertiary-butyl-4-mathylphenol, rust inhibitors, bacteriostatic agents, gum inhibitors, metal de-
activators, upper cylinder lubricants and the like.

The products of the present invention find their primary utility in lubricating oil compositions which employ a base
oil in which the additives re dissolved or dispersed. Such base oils may be natural or synthetic. Base oils suitable for
use in preparing the lubricating oil compositions of the prasent invention include those conventionally employed as
crankcase lubricating oils for spark-ignited and compression-ignited internal combustion engines, such as automnobile
and truck engines, marine and railroad diesel engines, and the like. Advantageous results are also achieved by employ-
ing the additive mixtures of the present invention in base oils conventionally employed in and/or adapted for use as
power transmitling fluids, universal tractor fluids and hydraulic fluids, heavy duty hydraulic fluids, power steering fluids
and the like. Gear lubricants, industrial oils, pump olls and other lubricating oil compositions can also benafit from the
incorporation therein of the additive mixtures of the present invenlion,

These lubricating oil formulations conventionally contain several different types of addilivas that will supply the
characlerislics that are required in the formulations. Among these types of addilives are included viscosily index im-
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concentrate, for exampla, in a lubricating oil fracticn,

The ashless disgarsants of the prasent inventicn will be generally used in admixtura with a lube oit basestock,
comprising an il of lubricating viscasity, including natural and synthetic lubricating cils and mixturas thereol.

Natural offs include animai oifs and vegetabie cils (e.g.. castor, lard oif) fiquid petroleum cils and hydrerefined, sol-
vent-ireated or acid-ireated mineral lubricating oils of the paralfinic, naghthenic and mixed paraffinic-naphthenic types.
Oils of lubricating viscosity derivad from coal or shale ara also uselul base cils.

Alkylene oxide peclymers and interpolymers and derivatives therecf whare the terminal hydroxyl groups have been
medified by esterification, etherification, elc.. constitute.another class of known synthetic lubricating cils. These are
exemplified by gelyoxyalkylens polymers prepared by polymerization of ethylene oxide or prepylene oxide, the alkyl and
aryl ethers of ihese poiyoxyalkylene polymers {e.g., methyl-poly iscprepylene glycel ether having an averaga melecular
weight of 1000, diphenyl ether of paly-ethylene glycel having a mclecular weight of 500-10C0, diethyt ether of palypro-
pytene glyccl having a molecular weight of 100C-1500); and manc- and pclycarkoxylic esters therec!, for example, the
acetic acid esters, mixed C,-Cy fatty acid esters and C, 5 Oxo acid diester of tetraethylena glycol,

Ancther suitabie class of synthetic lubricating cils ccmprisas the esters of dicarboxylic acids (a.g., phthalic acid,
succinic acid, alkyl succinic acids and alkenyt succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric
acid, adipic acid, lincleic acid dimer, malenic acid, alkylmalonic acids, alkeny! malenic acids) with a variety of alcohols
(e.G.. butyl aleahel, hexyl alcohol, dedecyl alcohal, 2-ethylhexyl alcohal, ethylene glycol, disthylens glycol menoether,
prepylens glyesl). Specific axamgles of these esters include dibutyl adipats, di(2-ethylhaxyl)sebacats, di-n-hexyl tuma-
rate, dicctyl sebacate, diiscoctyl azalate, diiscdecyt azelate, dicctyl phthalate, didecy! phthalats, dieiccsyl sebacate, the
2-ethylhexyl diester ¢f linoleic acid dimer, and the complex ester fcrmed by reacting ona mole of sebacic acid with two
mcles cf tetraethylene glycol and two moles of 2-sthylhexanoic acid.

Esters uselul as synthatic cils also include those made from Cgq to C,, monccarboxylic acids and golyols and poiyol
ethers such as neopentyl glycol, trimethylolprepane, pentaerythritel, dipentaerythritol and tripentaerythritol,

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxysilcxane oils and sificate oils comprise
ancther uselul ¢class of synthetic lubricants; they include tetraethyl silicate, tetraiscpropyl silicate, tetra-(2-ethylhexyl)
silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butylphenylisilicate, hexa-(4-methyl-2-pentoxy)disiloxane,
poly(methyl)siioxanes and poly{methylphenyl)siloxanes. Other synthetic lubricating oils incluce liquid esters of phos-
phorus-containing acids (e.g., tricresyl phosphate, tricctyl phosphate, diethyl ester of decylphosphenic acid) and poly-
meric telrahydrofurans.

Unrefined, refined and rerefined cils can be used in the lubricants of the present inventicn. Unrafined oils ara those
obtained directly from a natural or synthetic source without further purification treatment. For example, a shale oil ob-
tained directly from retcrting operations, a petroleum cil obtained directly from distillation or ester oil cbtained directly
from an esterificaticn grecess and used without further treatment would ba an unrefined oil. Refined oils are similar to
the unrefined cils except they have been lurthér treated in cne or mora purification steps la improve one or more, prop-
erties. Many such purification techniques, such as distillation, solvent extraction, acid or base extraction, filtration and
percalation are known to those skilled in the art. Rerefined oils are obtained by processes similar to those used to cbtain
refined cils applied to refined oils which have been already used in service. Such rerefined oils are also known as
reclaimed or reprecessed oils and often are additionally processed by techniques for removal of spent additives and ail
breakdown products.

Metal containing rust inhibilors and/or delergents ara frequently used with ashless dispersants, Such detergents
and rust inhibitors include the metal salls of sulphonic acids, alkyl phenols, suiphurized atkyl phenols, aikyl salicylates,
naghthenates, and other oil scluble mono- and di-carboxylic acids, Highly basic, that is overbased metal salts which are
frequently used as delergents appear particularly prone to interaction with the ashless dispersant. Usually these metal
containing rust inhibitors and detergents are used in lubricaling oil in amounts of about 0.01 to 10, e.g. 0.1 to 5 wt. %,
based on the weight of the lolal lubricating compasition. Marine diesel lubricating ails lypically employ such metal-con-
laining rust inhibilors*and datergents in amounts of up to about 20 wt.%

Highly basic alkalina earth metal sulfonates ara [requently used as detargenis. They are usually produced by heating
a mixlure carmprising an ofl-soluble sulfonata or alkaryl sultonic acid, with an excoss of alkaline sarth metal compound
abova that required lor complota neutealization ol any sullonic acid prasent and theraaltec forming a disparsad carbonate
complax by reacling lhe excoess molal with carbon dioxide to provide the dasired overbasing. The sulfonic acids are
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ypically obtainad by the sulfonation of alkyl substituted aromatic hydrocarbons such as thasa obtained from the frac-

tionation of petroleum by distillation and/or extraction or by the alkylalicn of aromatic hydrocarbons as lor example those
obtained by afkylating benzene, toluene, xylene, naphthalens, diphenyl and the halogen darivatives such as chloroben-
zane, chlorotoluena and chloronaphthalena. The alkylation may be carried outin the presenca of acatalyst with alkylating
agents naving from about 3 to more than 30 carbon atoms. For example haloparaffins, olefins obtained by dehydrogen-
ation of paralfins, polyolefins preduced from ethylene, propylena, etc. are all suitable. The alkaryl suifonates usually
centain from about 9 to about 70 or mora carben atoms, praferably from about 18 to about 50 carben atoms per alky!
substituted aromatic moiety.

The alkaline earth metal compounds which may be used in neutralizing these alkaryl sulfcnic acids to provide the
sultcrates includes the oxides and hydroxides, alkoxides, carbenates, carboxylate, sulfide, hydrosulfide, nitrate, borates
and ethers of magnesium, calcium, and barium. Examples are calcium oxide, calcium hydroxide, magnesium acetale
and magnesium borate. As noted, the alkaline earth metal compound is used in excess of that required to complete
neutralizaticn of the alkary! sulfonic acids. Generally, the amount ranges from atout 100 to 220%, although it is prelerred
to use at least 125%, of the stoichiometric amount of metal required for complete neutralization.

Various other preparations of basic alkaline earth metal alkaryl sulfonates are known, such as U.S. Patents
3,150,086 and 3,150,089 wherein overbasing is accomplished by hydrolysis of an alkoxide-carbonate complex with the
alkaryl sulfenate in a hydrecarbon soivent-diluent ail,

A preferred alkaline earth sulfonate additive is magnesium alky! aromatic sulfonate having a tolal base number
ranging frem about 300 to about 400 with total magnesium sulfonate content ranging from about 25 to about 32 wt. %,
based upon the total weight of the additive system 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 impreve their high temperature performance and to
counteract deposition of carbonaceous matter on pistens (U.S. Patent 2,744,069). An increase in reserve basicity of
the polyvalent metal alky! salicylates and naphthenates can be realized by utilizing alkaline earth metal, e.g. calcium,
salts of mixtures cf Cg-Cog alkyl salicylates and phenates (see U.S. Patent 2,744,069) or polyvalent metal salts of alky!
salicyclic acids, said acids cbtained from the alkylation of phenols followed by phenation, carboxylaticn 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 conversicn. The reserve basicity of these metal-containing rust inhibitors is usefully at TBN levels of between
about 60 and 150. Included with the useful polyvalent metal salicylate and naphthenate materials are the methylene
and sulfur bridged materials which are readily derived from alkyl substituted salicylic or naphthenic acids or mixtures of
either or both with alkyl substituted phenols. Basic sulfurized salicylates and a method for their preparation is shown in
U.S. Patent 3,595,791. Such materials include alkaline earth metal, particularly magnesium, calcium, strontium and
barium salts of aromatic acids having the general formula:

HOOC-AfR, -Xy(ArR, OH)n (XX)

where Ar is an aryl raclicat of 1 to 8 rings, R, is an alkyl group having from about 8 to 50 carbon atomns, preferably 12
to 30 carbon atoms (optimally about 12}, X is a sulfur (-S-) or methylene (-CH,-) bridge, y is a number from 0 to 4 and
n is a number from O to 4,

Preparation of the overbased methylene bridged salicylate-phenate salt is readily carried out by conventional tech-
niques 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):

Q.H l——- OH '
HOOC ) CH Ei)
7@ L 2 (? ] 1-a

Cy2Hzs S PLOT

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 general formula (XXIIY:

of
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wherex=10r2,n=0, 1 or 2; or a polymeric form of such a compound, where R is an alkyl radical, n and x are each
integers from 1 to 4, and the average number of carbon atoms in all of the A groups is at least about § in order to ensure
adequate solubility in oil. The individual R groups may each contain from 5 to 40, praferably 8 to 20, carbon atoms. The
metal sait is preparsd 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 alky! phenols which are useful generally contain
from about 2 to about 14% by weight, preferably about 4 to about 12 wt. % sulfur based on the weight of sulfurized alky!
phenol,

The sulfurized alkyi phenol may be converted by reaction with a metal containing matedal including oxides, hydrox-
ides and complexes in an amount sufficient to neutralize said phanol and, if desired, to cverbase the product to a desired
alkalinity by procedures well known in the arn. 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 ratic of metal to
phenol is greater than that of stoichiometric, 8.g. basic sulfurized metal dodecy! phenate has a metal content up to and
greater than 1C0% in excess of the metal present in the corresponding normal sulfurized metal phenates wherein the
excess metal is preduced in cil-soluble or dispersible form (as by reaction with CO,). The overbased sulfurized metal
phenates desirably have a TBN value of at least 150, e.g, from 200 to 300.

Magnesium and calcium containing additives although beneficial in other respects can increase the tendency of the
lubricating oil to oxidize. This is especially true of the highly basic sulphonates.

According to a preferred embodiment the invention therefore provides a crankcase Jubricating composition also
centaining from 2 to 8000 parts per million of calcium or magnesium.

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

A particular advantage of the novel dispersants of the present invention is use with V.I improvers to form multi-grade
autornobile engine lubricating cils. Viscosity modifiers impart high and low temperature opsrability to the lubricating oil
and permit it to remain relatively viscous at elevated temperaturaes and also exhibit acceptable viscosity ot fluidity at fow
temperatures. Viscosity modifiers are generally high molecular weight hydrocarbon polymers including polyesters. The
viscosity medifiers may also be derivatized to include other properties or functions, such as the acdition of dispsersancy
properties. These oil soluble viscosity medifying polymers will generally have number average molecular weights of
from 103 to 108, preferably 10 to 106, 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
Cap to Cyq, 8.9. C, to Cy olefins, including both alpha olefins and internal olefins, which may be straight or branched,
aliphatic, aromatic, alkyl-aromatic, cycloaliphatic, etc. Frequently they will be of ethylane with C4 to C4q olefins, partic-
ularly prefarred being the copolymers of ethylene and propylene. Other polymers can be used such as polyisobutylenes,
homopolymers and copolymers of Cg and higher alpha olefins, atactic polypropylens, hydrogenated polymers and co-
polymers and terpolymers of styrene, e.g., with isoprene and/or butadiene and hydrogenated derivatives thereof. The
polymer may be degraded in molecular weight, 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-grafted interpolymers
of elhylene-propylens with an active monomoer such as maleic anhydride which may be further reacted with an alcohol,
or amine, e.9. an alkylena 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 sthylens copolymers containing from 15 to 90 wt, % ethylens, preferably
30 to B0 wt.% of ethylene and 10 ta 85 wt.%, preferably 20 to 70 wt.% of one or more Cy to Cypg, preferably Cy 1o Cyg,
more preferably C, to Cg, alpha-olefins. While not essential, such copolymers preferably have a degree of crystallinity
ofless than 25 wt.%, as determined by X-ray and differential scanning calorimetry. Copolymers of ethylene and propylene
are most preferred. Other alpha-olefins suitable in place of propylena to form the copolymer, or to be used in combination
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The polyestei V.. improvers are generally polymers of esters of sthylenically unsaturated Cq4 to Cq mono- and
dicartoxylic acids such as methacrylic and acrylic acids, malsic acid, maleic anhydride, lumaric acid, etc.

Examples of unsaturated estsrs that may be used include those of aliphatic saturated mono alcohols of at least 1
carbon atom and preferably of from 12 to 20 carben atomns, such as decyl acrylate, lauryl acrylate, stearyl acrylate,
eicosanyl acrylate, docosanyl acrylate, decy! mathacryfate, diamy! fumarate, lauryl methacrylate, cetyl methacrylate,
stearyl methacrylate, and the like and mixtures thereol.

Other esters include the viny! alcohol esters of C, to Cp, fatty or mono carboxylic acids, preferably saturated such
as vinyl acetate, vinyllaurate, vinyt paimitate, vinyl stearate, viny! oleats, and the fike and mixtures thereof, Copolymers
of vinyl alcohol esters with unsaturated acid esters such as the copolymer of vinyl acetate with diaikyl fumarates, can
also be used.

The esters may be copolymerized with still other unsaturated monomers such as clefins, e.g. 0.2 to 5 moles of Cy
- Cy 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 alcohcls and amines are
known, e.g., see U.S, Patent 3,702,300.

Such ester polymers may be grafted with, or the ester copolymerized with, polymerizable unsaturated nitrogen-con-
taining moncmers to impart dispersancy to the V.I. improvers. Examples of suitatle unsaturated nitrogen-containing
moncmers 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
vinyt pyridines and the vinyl alky! pyridines such as 2-vinyl-5-ethy! pyridine, 2-methyl-5-viny! pyridine, 2-vinyl-pyridine,
4-vinyl-pyridine, 3-vinyl-pyricine, 3-methyl-5-vinyl-pyridine, 4-methyl-2 -vinyl-pyridine, 4-ethyl-2-vinyl-pyridine and
2-butyl-5-vinyl-pyridine and the like.

N-viny! lactams are also suitable, e.g.. N-vinyl pyrrolidones or N-vinyl piperidones.

The vinyl pyrrolidones are preferred and are exemplified by N-vinyl pyrrolidone, N-(1 -methylvinyl) pyrrolidone, N-vi-
nyl-5-methyl pyrrelidone, N-vinyl-3, 3-dimathylpyrrolidone, N-vinyl-5-ethy! pyrrolidons, etc.

Dihydrocarbyl dithiophosphate metal salts are frequently used as anti-wear agents and also provide antioxidant
activity. The zinc salts are most commonly used in lubricating oil in amounts of 0.1 to 10, preferably 0.2t0 2 wl.%, based
ugon the total weight of the lubricating oil composition. They may be prepared in accordance with known techniques by
first forming a dithiophospharic acid, usually by reaction of an alcohol or a phenol with P;Sg and then neutralizing the
dithiophasphoric acid with a suitable zinc compound.

Mixtures of alcohols may be used including mixtures of primary and secondary alcohols, 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
carbonales 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 dihydrocarby! dithiophosphates useful in the present invention are oil soluble salts of dihydrocarby! esters
of dithiophosphoric acids and may be represented by the following formula:

S
i
RO ll’ S -Zn (XXIII)

OR! . 2
wherein R and R’ may be the same or different hydrocarbyl radicals containing from 1 to 18, preferably 2 to 12 carbon
atoms and inciuding radicals such as alky!, alkenyl, aryl, aralkyl, alkary! and cycloaliphatic radicals. Particularly preferred
as R and R’ groups are alkyl groups of 2 to B 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-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butyl-
phenyl, cyclohexyl, methyicyclopentyl, propenyl, butenyl etc. In order to obtain il solubility, the total number of carbon
atoms (i.e., A and R’ in formula XX!!I) in the dithiophosphoric acid will generally be about 5 or greater.

The antioxidants useful in this invention include off soluble copper compounds. The coppser may be blended into
the oil as any suitable oil soluble copper compound. By oil 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 form. The
copper may be in the form of the copper dihydrocarbyl thio- or dilhio-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

perc
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wilh cne or two molas of tha dithiophesphoric acid, respectively. Altarnatively the copper may be added as the lc_opper
salt of a synthelic or natural carboxylic acid. Examples include C,q to C, g fatly acids such as stearic or palmitic, but
ynsaturated acids such as cleic or branched carboxylic acids such as napthenic acids of molecular waight from 200 to
500 or synthetic carboxylic acids are preferred because of the improvad handling and solubility properties cf the resulting
copper carboxylates. Also uselul are oil soluble copper dithiocarbamates of the general formula (RR'NCSS),Cu, whers
nis 1or2and R and R’ are the same or diffarent hydrocarbyl radicals centaining from 1 to 18 and praferably 2 to 12
carbon aloms and including radicals such as alkyl, alkenyl, ary!, aralkyl, alkaryl and cycloaliphatic radicals. Particularly
prererred as R and R’ groups are alky! groups cf 2 to 8 carbon atoms. Thus, the radicals may, for axample, be ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-heptyl, n-octyl, decyl, dodecyl, cctadecyl, 2-ethyl-
hexyl, phenyl, butylphenyl, cyclohexyl, methylcycicpentyl, propenyl, butenyl, etc. in order to cbtain oil solubility, the total
number of carbon atems (i.e., R and ") will generally be about 5 or greater. Copper sulphanates, phenates, and acely-
lacetcnates may also Be used.

Exemplary of useful copper ccmpounds are copper (Cul anc/or Cu'ly 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 ashless dispersants
discussed above, which have at least one free carboxylic acid (or anhydride) group with (b) a reactive metal ccmpound.
Suitable acid (or anhydride) reactive metal compounds include those such as cupric or cuprous hydroxides, oxides,
acetates, borates, and carbonates or basic copper carbenate.

Examples of the metal salts are Cu salls of polyiscbutenyl succinic anhydride (hersinaftar referred to as Cu-PIBSA),
and Cu salts of pelyiscbutenyl succinic acid. Preferably, the selected metal employed is its divalent form, e.g., Cu*2,
The preferred substrates are polyalkenyl succinic acids in which the alkenyl group has a molecular weight greater than
about 700. The atkeny! group desirably has a M , from about §C0 to 1400, and up to 2500, with a M o Of about 950 being
mest preferred. Especially preferred is polyisobutylene succinic acid (PIBSA). These materials may desirably be dis-
solved in a solvent, such as a mineral oil, and heated in the presence of a water sclution (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 adequate.
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 pericd of time, e.g., lenger than 5 hours, or decompositicn of the salt may oceur.

The copper antioxidants (e.g., Cu-PIBSA, Cu-oleate, or mixtures thereof) will be generally empioyed in an amount
of from about 50-5C0 ppm by weight of the metal, in the final lubricating 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 product. The results cbtained are frequently better than those obtained with
previously used anlioxicants, which are expensive and used in higher concentrations. In the amounts employed, the
copper compounds do not interfere with the performance of other compenents of the lubricating compesition, in rmany
instances, completely satisfactory results are cbtained when the copper compound is the sole antioxidant in addition to
the ZDDP. The copper ccmpounds 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 oil 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
t0 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 oit.

Corrosion inhibitors, also known as anti-corrosive agents, reduce the degradation of the metallic parts contacted -

by the lubricating ofl composition. lllustrative of corrasion inhibitors are phosphosulfurized hydrocarbons and the products
cbtained by reaction of a phosphosulfurized hydrocarbon with an alkaline earth metal oxide or hydroxide, preferably in
the presence of an alkylated phenal or of an alkylphenol thicester, and also preferably in the presence of carbon dioxide,
Phosphosulfurized hydrocarbons are prepared by reacting a suitable hydrecarbon such as a terpene, a heavy petroleurn
fracticn of a C, to Cg olefin polymer such as polyisobutylens, with trom 5 to 30 weight percent of a suifide of phosphorus
for 1/2to 15 hours, at a temperalure in the range of 65° to 315°C. Neutralization of the phosphosulfurized hydrocarbon
may be effacted 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 detarioration can be evidenced
by the products of oxidation such as sludge and varnish-like deposits on the metal surfaces and by viscosily growth,
Such oxidation inhibitors include alkaline earth metal salts of alkylphenoithiosthers having praferably Cg 1o C,, alkyl
side chains, calcium nonylphenol sulfide, barium t-actylphenyl sulfide, dioclylphenylamine, phenylalphanaphthylamine,
phosphosulfurized or sulturized hydrocarbons, elc.

Friction modifiers serve lo impart the proper Iriction characteristics to lubricating oil compositions such as automatic
transmission fluids.

Reprasenlative examplas of suitable friction modifiers are found in U.S. Patent No. 3,933,658 which discloses latty
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acid esters and amides; U.S. Patent No. 4,176,074 which dgscri_bes molybdenum complexes_of pt_JIyiscbulenyl‘ schinic
anhydride-amino alkancls; U.S. Patent No. 4.105,571.wh1<‘:h disclosas glycarol esters of dlmer{zed ’!auy acids; U‘.S.
patent No. 3,779,928 which discloses alkane phosphonic acid salts; U.S. Paten.t No. 3,778,375 which discloses reaction
products of a phosphonate with an cleamide: U.S. Patent No. 3,852,205 which discloses S-carboxy-alkylene hydrocarpyl
succinimide, S-carboxy-aikylens hydrecarby! succinamic acid and mixtures thereof, U.S. Patent Ng. 3.879.306 which
discloses N-(hydroxyalkyl) alkenyl-succinamic acids or succinimides; U.S. Patent No. 3.932.?90 which disclcses reac-
ticn products of di-(lowgr alkyl) phesphites and epoxides; and U.S. Patent No. 4,028,258 WhIC.h discloses the alkylene
oxide adduct of phosphosulfurized N-{hydroxyalkyl) alkenyl succinimides. The most preferred friction medifiers are glyc-
arol mono and dicleates, and succinate esters, or matal salts thereot, of hydrecarby! substituted succinic acids or an-
hydrides and thiobis alkanots such as described in U.S. Patent No. 4,344,853,

Pour peint depressants lower tha temperature at which the {ubricating oil will flow or can be poured. Such depres-
sants are well known. Typical of those additives which usefully optimize the low temperature fiuidity of the fluid are
Cq-C1g dialkylfumarate vinyl acetate copolymers, polymethacrylates, and wax naphthalene.

Foam control can be grovided by an antifoamant of the polysiloxane typs, e.qg. silicona cil and polydimethyl siloxane.

Organic, oil-soluble comgounds useful as rust inhibitors in this inventicn comprise nonicnic surfactants such as
polyoxyalkylene polyolg and esters thereof, and anionic surfactants such as salts of alkyl sulfonic acids. Such antj-rust
compounds are known and can be made by cenventional means. Nonionic surfactants, useful as anti-rust additives in
the cleaginous comgositions of this inveation, usually owe their surfactant properties to a number of weak stabilizing
groups such as ether linkages. Nonicnic anti-rust agents containing ether linkages can be made by alkoxylating organic
substrates containing active hydrcgens with an excess of the lower alkylene oxides (such as ethylene and propylene
oxides) until the desired number of alkoxy groups have been placed in the mclecule.

The preferrec rust inhibitors are polyoxyalkylene polyols and derivatives thereof. This class of materials are ccm-
mercially available from various sources: Pluronic Polyols from Wyandotte Chemicals Corporation; Polyglycol 112-2, a
liquid triol derived from ethylene oxide and propylene oxide available from Dow Chemical Co.; and Tergitol, dodacyil-
phenyl or mocnophenyl polyethylene glycol ethers, and Ucon, polyalkylene glycols and derivatives, both available from
Unicn Carbide Corp. These are but a few of the commercial preducts suitable as rust inhibitors in the improved compo-
sition of the present inventicn. _

In addition to the polyols per se, the esters thereof obtained by reacting the polycls with various carboxylic acids
are also suitable. Acids useful in preparing these esters are lauric acid, stearic acid, succinic acid, and alkyl- or alke-
nyl-substituted succinic acids wharein the alkyl- or alkenyl group contains up to about twenty carbon atoms.

The preferred polygls are prepared as block polymers. Thus, a hydroxy-substituted compound, R-(OH)n (wherein
nis 11686, and A is the residue of a mono- or polyhydric alcchol, phenal, naphthol, etc.) is reacted with propylene oxide
to form a hydrophcbic base. This base is then reacted with ethylene oxide to provide a hydrophylic portion resulting in
a molecule having both hydrephobic and hydrophylic portions. The relative sizes of these portions can be adjusted 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 polyols whose molecules are characterized by hydrophobic and hydrophylic moieties which are
present in a ratio rendering rust inhibitors suitable for use in any lubricant composition regardless of differences in the
base cils and the presence of other additives.

If more cil-solubility is needed in a given lubricating composition, the hydrophobic portion can be increased and/or
the hydrephylic portion decreased. if greater oil-in-water emulsion breaking ability is required, the hydrophylic and/or
hydrophebic portions can be adjusted to accomplish this.

Compounds fllustrative 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 compeunds such as alkylated mono- and polyhydric phenois and naphthols can also be used, e.g., heptylphenal,
dodecylphenol, etc.

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

The liquid polyols available from Wyandotte Chemical Co. under the name Plurenic Polyols and other simifar polyols
are particularly well suited as rust inhibitors. These Pluronic Polyols correspond to the tormula;

HO= (CH,CH,0)  (CHCHZ0)  (CH,CH,0) ,H (XXIV)
CH,

wherein x.y, and z ara integers greater than 1 such that the -CH,CH,0O- groups comprise from about 10% to about 40%
by weight of lhe total molecular waight of the glycol, the average molecule weight of said glycol being from about 1000
to about 5000. These products are prepared by first condensing propylene oxide with propylene glycol to produce the
hydrophobic base
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For best results. the ethylene oxide units should ccmprise from akbout 10 to about 40% by weight of the molacule. Those
procucts wherein the molecular waight of the polyei is from about 2500 to 4500 and the sthylene oxide units comprise
{rom aboul 10% to about 15% by waight of the molecule are particularly suitable. The polyols having a molecular weight
of abcut 40C0 with about 10% attributable to (CH,CH,O) units are particularly good. Also useful are alkoxylated [atty
amines, amides, alcchels and the like, including such alkoxylated fatty acid derivatives treated with Cq to C, ¢ alkyl-sub-
stituted ghenols (such as the meno- and di-heptyl, octyl, ncnyl, decyi, undecyl, dedecyl and tridecyl ghencis), as de-
geribed in U.S. Patent 3,849,501, ,

Thesa compoasitions of our invention may also contain other additives such as those previously described, and other
metal containing additives, for example, those containing barium and sodium.

The lubricating compasition of the present invention may also include copper lead bearing cerrosion inhibitors.
Typically such compounds ars the thiadiazcle polysulphides containing from 5 to 50 carbon atoms, their derivatives and
polymers thereol, Preferred materials are the derivatives of 1,3,4-thiadiazoles such as those dascribed in U.S. Patents
2,719,125 2,719,126; and 3,087,932; especially prefarred is the compound 2,5 bis (t-octadithio)-1,3,4-thiadlazole com-
mercially available as‘Amcce 150. Other similar matedgls also suitable are described in U.S. Patents 3,821,236;
3,504,537, 4,097,367; 4,107,059; 4,136,043; 4,188,299; and 4,193,862

Other suitable additives are the thio and polythio sulphenamides cf thiadiazoles such as those described in U.K.
Patent Specification 1,580,830. When these compounds are included in the lubricating composition, we prefer that they
be present in an amount from 0.01 to 10, preferably 0.1 to 5.0 weight percent based on the waight of the composition.

Scme of these nugrerous additives can provide a multiplicity of effacts, e.g. a dispersant-oxidation inhibitor. This
approach is well known and need nct te further elaborated hersin. :

Cempasitions when containing these conventional additives are typically blended into the base oil in amounts ef-
fective o provide their normal attendant function. Representative effective amounts of such accitives (as the respectiva
active ingredients) in the fully formulated qil are illustrated as follows:

Compositicns Wt.% A.l {Preferred) | Wt.% A.L {Broad)
Viscosity Modifier 0.01-4 0.01-12
Detergents 0.01-3 0.01-20
Corrosion Inhibitor 0.01-1.5 01-8
Oxidation Inhibiter 0.01-1.§ .01-5
Dispersant 0.1-8 .1-20
Pour Point Depressant 0.01-1.5 .01-5
Anti-Foaming Agents 0.001-0.15 .001-3
Anti-Wear Agents 0.001-1.5 .C01-§
Friction Modifiers 0.01-1.5 01-5
Mineral Oil Base Balance Balance

When other additives are employed, it may be desirable, although not necessary, o prepars additive concentrates
comgrising concentrated solutions or dispersions of the novel dispersants of this invention (in concentrate amounts
hereinabove described), together with ane or mare of said other additives (said concentrate when constituting an additive
mixture being referred to herein as an additive-package) whereby several additives can be added simultaneously to the
base cil to form the lubyricating oil compoasition. Dissolution of the additive concentrate into the lubricating oil may be
(acilitated by solvents and by mixing accompanied with mild heating, but this is not essential. The concentrate or addi-
tive-package will typically be formulated to cantain the additives in proper amounts to provide the desired concentration
in the final formulation when the additive-package is combined with a predatermined amount of base lubricart. Thus,
the dispersants of the present invention can be added to small amounts of basa oil 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 prelerably from about 25 to about
60% by weigh! additives in the appropriate proportions with the remainder being base oil.

Tha final formulations may employ lypically about 10 wt, % of the additive-package with the remainder being base oil.

All of said weight parcants exprassed herein (unless otherwise indicatad) are based on active ingradient (A.L) con-
tent of the additive, and/or upon the lotal weight of any additive-package, or formulation which will be the sum of the
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EXAMPLE 1 - Pracaration of Ethviena-Prooviena Cooolymar.

A stirrad 1500 cc steel autcclave reacticn vessel which is aquipped to perform centinuous Ziegler golymarizaticn
raacticns at pressures up to 2500 bar and temperaturas ug to 3C0°C is usad. The reaction system is suppliad with a
- tharmecouple and prassure transcucer o measura temperature and pressura continucusly, and with means to supply
continucusly purified comprassed ethylene and 1-propene. Equipment far centinuously introducing a measured flow of
cataiyst scluticn at high pressure and eguipmaent for ragicly venting and quenching the reaction and lor coilecting tha
polymer precuct used in the reacticn system. In this example, the polymarizaticn is performed with a molar ratio of
1-prepene to athylene in the feed of 6.0 without tha addition cf a sclvent. 1-Prepens and athylene at this molar ratic are
centinucusly pumped into the reactor at a mass flow rate of 40 kg/hour and at a reactor grassure of 13CQ bar. The reactor
eentents are stirred centinuously ata rate of 1SCO rpm. The temperatura of the reactor is maintained at 175°C by pumping
in a catalyst sclution using a centinuous high pressure injection pump at a rate of 1.7 liters/hour. The catalyst sclution
is prapared by mixing 2.035 grams of racamic dimethylsilyl bridged 3,3’-bis(methylcyclopentadienyl) Zircenium dichlcride
with 2.0 liters of 10 wi.% (1.4 molar in Al) methylalumoxane (Ethyl Corporation) and 8 liters of toluene. Tha yield of liquid
athylene-pregena cepolymer preduct is 3 kg/hour. The copolymer preduct has a number average melecular waight of
870 and a comgositicn of 43 mole % propena. The copelymar preduct is analyzed by FTIR and about 84% of the polymer
chains ars found to have terminal ethenylidena unsaturaticn.

EXAMPLE 2 - Pracaration of Ethviens-Proayisne Cgogalymer.

The ethylene-propene copalymer in this Example is prepared using the same equipment and grocedure as in Ex-
amgle 1 with the exception that the ternperatura in the reactor is maintained at 175°C by continuausly pumping in 1.8
liters/hour of a catalyst sclution prapared by mixing 198 g. of bis(cyclopentadienyt) zircenium dichioride with 1.0 liter of
10wt.% (1.4 malarin Al) methylalumoxane (Ethyl Corporation) and 8 liters of toluene. The yieki of liquid ethylene-propene
copolymer preduct is 2.9 kg/hour. The copolymer preduct has a number avecage molecular weight of 895 and a com-
positicn of 44 male % propene, The copalymer praduct is analyzed by FTIA and §5% of the polymer chains are fcund
to have terminal ethenyfidene unsaturation,

EXAMPLE 3 . Pracaration of Ethylenae-Prooviene Cooolymaer.

Tha ethylene-propens copolymaer in this Example is prepared using the same equipment, procedure and catalyst
soluticn as in Example 1 with the excaption that the temparalurs in the reactor is maintained at 200°C by continuously
pumping in Q.54 fiters/hour, The yield of liquid ethylene-propene copolymer product is 4.7 kg/haur. The copolymer preduct
has a number average molecular waight of 1040 and a composition of 40 moie % propens. The copalymer product is
analyzed by FTIA and 84% of the palymer chains are found to have terminal ethenylidene unsaturaticn.

EXAMPLE 4.5 - Halogenation.

Ina saries of runs, the selacted moles of the selacted liquid EP capolymers are charged under dry N, at atmospheric
Aressura o a S00 mi. reactor equipped with a stirrer and a thermacouple and heatad by means of an alactric heating
mantls. No added salvent ar diluant lor the reactants is employed. In @ach run, the reaction mixtura is heated lo 60°C
and Cl, is bubbled through the liquid polymer at 60°C lor the selected time while stirring. Ory gaseous nitragen is passed
through the liquid to purge unreacted Cl, and HCI. The liquid praduct containing the chlarinated EF and unreacled EP
is analyzad for chlorina.

Tha data theraby obtained are summarized in Tabla .
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Copolymar As

Prepared In Cl, Time Cl-EP
Example EP Copolvmer _ Example  _ (frs.)  (Wwe.$ cly

4 R, = 670 1 3 5.07
5 B, = 840 2 3.4 3.89
6 R, = 1040 3 4.7 3.16

NOTES: EP - ethylene-propylene copolymer.

EXAMPLE 7-9: Preparation of Polyamine Dispersants.

A series of dispersant materials are prepared employing 250 g. of tha CI-EP products prepared as in Examples 410 6.

The CI-EP polymers are dissolved in 250 cc toluene and charged undar N, bianketto a 1 liter round-bottom reaction
flask provided with stirrer, thermometer and chilled H,0 condenser. To the palymer solution is added ethylene diamine
and the mixture is heated to 140°C under N, while stirring for 3 to 4 hours. The selected amount of caicium oxide is
then added with stirring to neutralize the HC| by-product, and is then filtered. In Examples 8 and 9, an additional 250
m. of toluene is added with stirring for 0.5 hour to dilute the product for eass of filtration.

The resulting product is filtered and analyzed. The data thereby obtained are summarized in Table Il below.

Table II
Dispersant Analysis
EDA cao Non-volatile
Example # _(g) = _(q) WE.3 N WE.%3 Cl Matter
7 210.4 39.3 1.21 1.27 50.2 wt.t
8 164.1 30.6 0.58 0.67 37.2 wt.%
9 145.4 27.1 0.47 0.66 38.6 wt.%

Notes: EDA = ethylene diamine.

EXAMPLE 10; Reduction of Intake Vaive Deposits.

Two 100 hour test runs are made on a standard mileage accumulation dynometer using a 1987 BMW 325 automo-
bile. In Test 1, an unleaded premium gasoline (93 RON) without any additives is tested. In Test 2, a blend of the sams
gasoline and 800 ppm by weight of the dispersant product of Example 7 is tested. In Test 3, a blend of the same gasoline
and 800 ppm by weighit of the disparsant product of Example 9 is tested. Following each tsst, the intake valves are

weighed and the weight obtained compared to the waight of the valves belore the test.

deposit weight. The results obtained is shown in Table lll below.

The differencs Is the total valve



wherein.said substituted polynmer is characterized by a VR value of |ess
than about 4.1, and (b) at |east one amne, said dispersant haying a VR
val ue of less than about 4.1, provided that said additiv Ol

an adduct of said polynmer having a nunber average nol ecul agggg%&@?gp&%ﬁ
300 to 10,000 substituted wth nono- or dicarboxylic acid p odu0|n%
moi eties, with an amine. 14. The process of claim 13 havijng| thg 88 i 1998na

features defined in any of clains 2 to 122715, A |ubricat}i ng oil
concentrate containing from1l to 80 w. 9% of the substituyted ethylene
al pha-ol efin polynmer of any of clainms 1 to 12. 16. A lubrjicating oil

concentrate according to claim15 containing from5 to 70 wt. % of the
substituted ethyl ene al pha-ole- fin polymer of any of clains 1 to 12.

Tatla it

Tast No. | Owamine, pem | Avarage Oagosit Waight, mg/valve

1 = 23s
2 8ca 171
3 800 71

The cata in Tahla Il show that intaka valve depcsils are significantly raduced when tha fuel contains the disparsant
matarials of this inventica.



had

47. A lubricating oil conposition containing fromO0.01 to 20 wt % of the
substituted ethylene al pha-olefin of any of clains 1 to 12. 1. A fuel

conposition

containing from0.001 to 0.5 w % of the substituted

et hyl eneal pha-ol efin of any of clains 1 to 12. 19. A fdeb)Eggwm SHEET

according to claim 18 containing fromO0.005 to 0.15 w.
‘et hylene—atpha—el-ef.i n.
i A 22 SEP 1999

substi t ut ed

[

T

Claims

1.

10.

An acditive usaful in cleaginous cemgositicns which comprisas an ethylenae aigha-olefin polymer substituted with
at least cne amine campound, said polymer comprising mencmar units darived fram athylene and at least cne
alpha-olefin cf the farmula H,C=CHR" wherein R' is an alky! group of from 1 to 18 carben atcms, and wharein said
polymer has a numbar average malecular weight of from 300 to 20,0C0 and an average of at lgast 30% of said
pclymar chains contain tarminal athenyfidane unsaturaticn and wherain said additive is charactarized by a VR' vaiua
cf less than 4.1; provided that said additive dces not cemprisa an adduct of said polymar having a number average
mc!ecufar waight of frem 300 to 10,C00 substituted with mene- or dicarkexylic acid producing meiaties, with an
amine.

The acditive of claim 1 whaerain said pelymer has a aumber averaga melecular weight of from 700 to 20,0C0.

The additive of claim 2 wherein said gclymar has a number average molecular weight of from 500 and 15,0CQ.
The additive cf any of claims 1 to 3 wherein said polymer has a melar athylene cantent of from 20 to 80 parcant.
The acditive of claim 4 wherein said polymer cantains from 30 to 70 mole % athylene.

The adiditive of any of claims 1 to § wherein said aipha-clefin is of the formula H,C=CHRA' wherein R! is an alkyl -
greup of frem 1 to 2 carten atoms. ) .

The additive of claim 8 whersin said polymer comprises an ethylene-propylena capolymat.

;l'he cisparsant of any of claims 1 1o 7, wherain the substituted poiymaer is charactarized by 2 VRYVR, value ratio of
ess than 1.11. o : i

Tfm dispersant of any of claims 1 to § wherein the amine contains from 2 to 60 carbon atoms and from 1 to 12
fitrogen atoms par molecula. .

Thae disparsant of claim 9 wherein said amine comprises a polyalkyienepolyaminé wherain said polyalkylanap-

. clyamine contains {ram 2 to 9 nitragen atoms per malecule.

11

12,

13.

The dispersant of claim 10 wharein said amine comprises polyethylenepciyamina,

The dispersant of any of claims 1 to 11 wherein said dispersant adduct is borated lo provida fram 0.05 ta 2.0 waight |
percent boron in said barated disperant adduct,

A Pchess for the praparation of an oil soluble disparsant mixture usalul as a fuel or lubricating oil additive comprising
forming an adduct of:

() an ethylena alpha-olafin palymar substituted with halide moiatias, said palymer camprising monomer units
derived from athylene and al least one aipha-clefin of the lormula HaC=CHR' wharain R! I3 an alkyl group of
from 1 ta 18 carbon atoms, and whaerain said polymer has a numbar average malecular waight of from 300 (o
20,000 and an average of at least 30% of said polymar chains contain tamminal ethenylidens unsaturation and



REPLACEMENT SHEET
"2- 9 2 SEP 1999

A

wharain said substituted palymer is characterized by a VR value of less than about 4.1, and
(b} at least ana amine, said dispersant haying a VR’ value of less than atout 4. 1, grovided that said acdgitive
does not comprise an adduct of said polymar having a numbar avarage molecular waight of frem 200 1o 10,800

substituted with meno- ar dicarboxylic acid preducing moietias. with an amine.
. 14. The prceass of claim 13 having the additional featuras defined in any cf claims 210 12,
15. A lubricating cil cencentrate containing lrom 1 to 80 wt, % of the substituted athylena alpha-olafin polymer of any

of claims 1 to 12

18. Alubricating oil cancentrate accerding to claim 15 containing from S to 70 wt. % of tha substituted ethylane alpha-ole-
fin palymay, of any of claims 1 to 12,

17. Alubricating oil compasition centaining frem 0.01 to 20 wt. % of the substituted ethylene alpha-clafin of any of claims
11012

18. A fuslcempositicn containing irom0.001 t0 0.5 wt. % cf the substituted ethylene alpha-clafin of any of claims 1 ta 1 2,

19, A fuel cemgasiticn according ta claim 18 centaining from 0.005 ©©0. 15 wt. % of the substituted ethylena alpha-clefin,
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ETHYLENE ALPHA-OLEFIN POLYMER SUBSTITUTED AMINE

DISPERSANT ADDITIVES

ABSTRACT

The present invention is directed to an oil-soluble lubricating oil additive
comprising at least one terminally unsaturated ethylene alpha-olefin polymer of 300
to 20,000 number average molecular weight terminally substituted with amine
compounds, which are also useful additives to oleaginous compositions, e.g., as fuel

and lubricating oil dispersants.



