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Description 

This invention relates to improved oil soluble dispersant additives useful in oleaginous compositions, In­
cluding lubricating oil compositions, and to concentrates containing said additives. 

Ashless nitrogen and ester containing lubricating oil dlspersants have been widely used by the Industry. 
Typically, these dlspersants are prepared from a long chain hydrocarbon polymer by reacting the polymer with 
malelc anhydride to form the corresponding polymer which is substituted with succlnlc anhydride groups. Poly­
isobutylene has been widely used as the polymer of choice, chiefly because It Is readily available by cationic 
polymerization from butene streams (e.g., using AICl3 catalysts). Such polyisobutylenes generally contain re­
sidual unsaturation· in amounts of about one ethylenic double bond per polymer chain, positioned along the 
chain. 

The polyisobutylene polymers (PIB) employed In most conventional dlspersants are based on a hydrocar­
bon chain of a number average molecular weight (Mn) of from about 900 to about 2500. PIB having a Mn of 
less than about 300 gives rather poor performance results when employed in dlspersants because the molec­
ular weight is insufficient to keep the dlspersanhnolecule fully solubllized In lubricating oils. On the other hand, 
high molecular weight PIB (Mn >3000) becomes so viscous that conventional industrial practices are Incapable 
of handling this product in many operations. This problem becomes much more severe as the PIB molecular 
weight Increases to 5000 or 10,000. 

Increased amounts of terminal ethylenlc unsaturation In polyisobutylene (so-called •reactive polyisobuty­
lene") has been achieved by BF3 catalyzed polymerization of isobutylene. Exemplary of references disclosing 
these polymers In U.S. Patent 4, 152,499. However, such reactive polyisobutylene materials can still contain 
substantial amounts of unsaturatlon 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 pcilyi­
sobutylenes themselves still suffer the above-noted viscosity increase disadvantages as molecular weights are 
increased. 

Other polymers, such as ethylene-propylene co-polymers and terpolymers containing non-conjugated 
dlenes, have bee11 disclosed as suitable polymers for the preparation of ashless nitrogen and ester dlspersants. 

U.S. Patent4,234,435, for example, discloses dispersants prepared from polyalkenes, Mn of 1,300 to about 
5,000. The polyalkene can comprise homopolymers or interpolymers of Ci to C18 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 molecular weights could be produced using Zie­
gler-Netta catalysts only In combination with H2 as molecular weight control in order to terminate the growing 
copolymer chains within this molecular weight range. Without use of H2 or other conventional, so-called •chain 
stoppers", the copolymers produced with Zlegler-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 con­
ventionally employed as dispersant-viscosity index improver polymers.) The use of H2 as a chain stopper has 
·the disadvantage of causing the saturation of the olefinlc double bond content of the copolymer. Thus, while 
lower molecular weight copolymers were theoretically possible to prepare, telr low unsaturatlon content (and 
the accompanying low graft copolymer yields) would have made their further functlonallzation by a thermal 
•ene" reaction, e.g., with dicarboxyllc acid moieties in preparing dispersants, highly unattractive. 

High molecular weight ethylene-propylene polymers and ethylene-propylene-dlene terpolymers, having 
viscosity average molecular weights of from about 20,000 to 300,000, are generally produced employing Ziegler 
catalysts, generally VCl4 or VOCl3 with a halide source, such as organoaluminium halides and/or hydrogen ha­
lides. Such high molecular weight EP and EPDM polymers find use as viscosity index improvers. See, e.g., 
U.S. Patents 3,563,964; 3,697,429; 4,306,041; 4,540,753; 4,575,574; and 4,666,619. 

The concept of derfvatizlng V.I. improving high molecular weight ethylene copolymers, with acid moieties 
such as maleic anhydride, followed by reaction with an amine, to form a V.1.-dlspersant oil additive is known 
in the art as Indicated by the following patents. 

U.S. Patent 3,316, 177 teaches ethylene copolymers of molecular weight at least 50,000, such as ethylene­
propylene, or ethylene-propylene-diene, which are heated to elevated temperatures In the presence of oxygen 
so as to oxidize the polymer and cause its reaction with maleic anhydride which is present during the oxidation. 
The resulting polymer can then be reacted with alkylene polyamines. 

U.S. Patent 3,328,804 teaches reacting ethylene copolymers with oxygen or ozone, to form a hydroper­
oxidized polymer, which is grafted with malelc anhydride followed by reaction with polyalkylene polyamines. 
Preferred are ethylene-propylene copolymers, having Mv from 100,000 to 500,000, prepared by Ziegler type 
catalysts. 
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U.S. Patent 4, 160, 739 teaches an ethylene copolymer (Mv = 10,000 to 200,000) which is grafted, using a 

free radical technique, with alternating maleic anhydride and a second polymerlzable monomer such as me­

thacryllc acid, which materials are reacted with an amine having a single primary, or a single secondary, amine 

group. 
U.S. Patent 4, 161,452 relates to graft copolymers wherein the backbone polymer is a polymeric hydrocar­

bon such as EP copolymer or EPDM (Mv = 10,000 to 200,000) and the grafted units are the residues of an 

addition copolymerizable monomer system comprising, e.g., malelc anhydride, and at least one other addition 

monomer. 
U.S. Patent 4,171,273 reacts an ethylene copolymer (Mv = 10,000 to 100,000) with malelc anhydride In 

the presence of a free radical initiator and then with mixtures of C4 to C12 n-alcohol and amine such as N-ami­

nopropylmorpholine or dimethylamlno propyl amine to form a V.1.-dispersant-pour depressant additive. 

U.S. Patent 4,517, 104 relates to EP and EPDM viscosity index improver-dispersant additives prepared 

from EP polymer (Mn = 5000 to 500,000), by maleic anhydride grafting and reaction with polyamlnes. 

The following references Include disclosures of EP/EPDM polymers of Mn of 700/500,000, also prepared 

by conventional Ziegler catalysis. 
U.S. Patent 4,089, 794 teaches grafting the ethylene copolymer (Mn = 700 to 500,000) with malelc anhydr­

ide using peroxide in a lubricating oil solution, wherein the grafting Is preferably carried out under nitrogen, 

followed by reaction with polyamine. 
U.S. Patent 4,137,185 teaches reacting C1 to~ monocarboxylic acid anhydrldes, and dlcarboxyllc an­

hydrides, such as acetic anhydride, succlnic anhydride, etc. with an ethylene copolymer (Mn = 700 to 500,000) 

reacted with malelc anhydride and a polyalkylene polyamlne to Inhibit cross linking and viscosity Increase due 

to further reaction of any primary amine groups which were Initially unreacted. 
U.S. Patent 4,144,181 is similar to 4,137,185 In that It teaches using a sulfonic acid to Inactivate the re­

maining primary amine groups when a maleic anhydride grafted ethylene-propylene copolymer (Mn = 700 to 

500,000) Is reacted with a polyamine. 
U.S. Patent 4,219,432 teaches malelc anhydride grafted ethylene copolymer (Mn= 700 to 500,000) reacted 

with a mixture of.an amine having only one primary group together with a second amine having two or more 

primary groups. 
Related disclosures ofmaleic anhydride grafted, aminated ethylene-propylene polymer viscosity Improver­

dispersant additives uaeful In lubricating oO compositions are contained in U.S. Patents 4,507,515; 4,557,847; 

4,632, 769; 4,693,838; and 4,707,285. 
u,s. Patent 4,668,834 to Uniroyal Chemical discloses preparation (via certain metallocene and alumoxane 

catalyst systems) and composition of ethylene-alpha olefin cop<>lyrriers and terpolymers having vinylidene-type 

terminal unsaturation, w.hich a" disclosed to be useful as intermediates In epoxy-grafted encapsulation com­

positions. 
Japanese Published Patent Application 87-129,303Aof Mitsui Petrochemical relates to narrow molecular 

weight distribution (MJMn <2.5) ethylene alpha-olefin copolymers containing 85-99 mol% ethylene, which are 

disclosed to be used for dispersing agents, modifiers or materials to produce toners. The copolymers (having 

crystalllnlty of from 5-85%) are prepared in the presence of a catalyst system comprising Zr compounds having 

at least one cycloalkadlenytgroup and alumoxane. 
European Patent 128,046 discloses (co)polyolefin reactor blends of polyethylene and ethylene higher al­

pha-olefin copolymers prepared by employing described dual-metallocene/alumoxane catalyst systems. 

European Patent P1,1blication 129,368 discloses metallocene/alumoxane catalysts useful for the prepara­

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

European Patent Application Publication 257,696A1 relates to a process for dimerlzlng alpha-olefins using 

a catalyst comprising certain metallocene/alumoxane systems.-
PCT Published Patent Application WO 88101626 relates to transition metal compound/alumoxane catalysts 

for polymerizing alpha .. olefins. 

SUMMARY OF THE INVENTION 

The present Invention is directed to an oil-soluble lubricating oil additive comprising ethylene alpha-olefin 

interpolymer8 of 300 to 10,000 number average molecular weight terminally substituted with mono- or dicar­

boxylic acid producing moieties (preferably acid or anhydride moieties), wherein the ethylene alpha-olefin poly­

mer group is derived from a terminally unsaturated ethylene alpha-olefin polymer wherein the terminal 

unsaturation comprises ethenylidene unsaturation. The monocarboxylic acid and the dicarboxyllc acid or an­

hydride substituted polYffiers of thiS Invention are useful per seas additives to lubricating oils, and can also be 

reacted with a nucleophllic reagent, such as amines, alcohols, amino alcohols and metal compounds, to form 
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derivative products which are also useful lubricating oil additives, e.g., as dlspersants. 

The materials ofthe invention are different from the prior art because of their effectiveness and their abnity 

to provide enhanced lubricating oil dlspersancy, as exhibited by their enhanced sludge and varnish control prop­

erties. 

\......; 10 

The process of this Invention permits the preparation of lubricating oll dispersant additives which are si­

multaneously 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 

ethylene alpha-olefin polymers substituted. by mono- and dl-carboxylic acid producing moieties of this Invention 

can be characterized by VR values (as hereinafter defined) of not greater than about 4.1, thereby providing 

advantageous visoosily modifying properties to the lubricating oils containing them. The present Invention can 

produce such substituted pOlymers in a hlghly concentrated form as substantially halogen free materials, there­

by reducing the corrositlvity processing difficulties and environmental concerns which are associated with ha­

logen-containing lubricating· oil additives. 
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Further, dispersant materials can be prepared from the substituted polymers of this Invention to provide 

lubricating oil dlsper8ant products having VR' values of not greater than about 4.1 and VR'NRr 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 substantially halogen-free dlspersants from high molecular 

weight ethylene-alpha~olefiri polymers (Mn >5000 e.g., 5,500-10,000) of superior viscosity properties. 

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 H2C=CHR1 wherein R1 is a straight chain or branched chain alkyl radical comprising 1to18 carbon 

atoms and wherein the· polymer contains a high degree of terminal ethenylldene unsaturation. Preferably R1 

in the above formula Is alkyl Of from 1 to 8 carbon atoms, and more preferabiy 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, trldecene-1, tetradecen-1, pentadecene-1, hexade-

cene-1, heptadecene-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-1 copolymers and the 

like. Preferred polymers are copolymers of ethylene and propylene and ethylene and butene-1. 

The molar ethylene content of the polymers employed in this invention Is preferably in the range of between 

20 and 80 percent, and more.pl'eferably between 30 and 70 percent When propylene and/or butene-1 are em­

ployed as comonomei'(s) with ethylene, the ethylene content of such copolymers Is most preferably between 

45 and 65 percent, althollgh 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 10,000, preferably C>f fiom about 700 to about 5,000; most preferably of from about 1500 to about 3000. 

The number average malecular weight for such polymers can be determined by several known techniques. A 

convenient method for such determination is by size exclusion chromatography (also known as gel permeation 

chromatography (GPC)) whlch 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. 
45 Consequently, such polymers generally possess an Intrinsic viscosity (as measured In tetralln at 135°C) 

of between about 0.025 and about 0.6 dl/g, preferably of between about 0.05 and about 0.5 dllg, most preferably 

of between about 0.075 and about 0.4 dl/g. 
The polymers employed in this invention preferably exhibit a degree of crystallinity such that, when grafted, 

they are essentially amorphous. 
so 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 unsaturatlon. Thus, one end of such polymers will be of 

the formula POLY-C(T1)=CH2 wherein T1 is C1 to C18 alkyl, preferably C1 to C8 alkyl, and more preferably C1 
to Ca alkyl, (e.g., methyl or e.thyl) and wherein POLY represents the polymer chain. The chain length of the T1 

alkyl group will vary depending on the comonomer(s) selected for use in the polymerization. A minor amount 

55 of the poiymerchalns can contain terminal ethenyl unsaturatlon, i.e. POLY-CH=CH2, and a portion ofthe poly­

mers can contain internal monounsaturation, e.g. POLY-CH=CH(T1), wherein T1 Is as defined above. 

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

sess terminal ethenylldene unsaturation. Preferably at least about 50 percent, more preferably at least about 
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60 percent, and most preferably at least about 75 percent (e.g. 75-98%), of such polymer chains exhibit terminal 

ethyenylidene unsaturatlon. The percentage of polymer chains exhibiting terminal ethyenylidene unsaturatlon 

may be determined by FTIR spectroscopic analysis, titration, or C13NMR. 

The polymer and the composition employed in this invention may be prepared as described in US-A-

4,668,834, EP-A-128,046and129,368, and EP-A-0260999. 

The polymers for use In the present invention can be prepared by polymerizing monomer mixtures com­

prising ethylene In combination with other monomers such as alpha-oleflns having up to 20 carbon atoms (and 

preferably 3-4 carbon atoms, i.e., propylene, butene-1, and mixtures thereof) In the presence of a catalyst sys­

tem comprising at least one metallocene (e.g., a cyclopentadlenyl-transition metal compound) and an alumox­

ane compound. The comonomer content can be controlled through the selection of the metallocene catalyst 

component and by contn>lllng the partial pressure of the various monomers. 

The catalysts employed· in the production ofthe reactant polymers are organometallic coordination com­

pounds which are cyclopentadlenyl derivatives of a Group 4b metal of the Periodic Table of the Elements (56th 

Edition of Handbook of Chemistry and Physics, CRC Press [1975]) and include mono, di and trlcyclopentadie­

nyls and their derivatives of the transition metals. Particularly desirable are the metallocene of a Group 4b metal 

such as titanium, zirconium, and hafnium. The alumoxanes employed in forming the reaction product with the 

metallocenes are themselves the reaction products of an aluminum trialkyl with water. 

In general, at least one metallocene compound is employed in the formation of the catalyst. As Indicated, 

supra, metallocene is Ii metal derivative of a cyclopentadlene. The metallocenes usefully employed In accor­

dance with this invention contain atleast one cyclopentadiene ring. The metal Is selected from the Group 4b 

preferably titanium, zirconium, and hafnium, and most preferably hafnium and zirconium. The cyclopentadlenyl 

ring can be unsubstituted or contain one or more substituents (e.g., from 1 to 5 substituents) such as, for ex­

ample, a hydrocarbyl substituent (e.g., up to 5 C1 to C5 hydrocarbyl substltuents) or other substltuents, e.g. 

such as, for example, a trlalkyl silyl substituent. The metallocene can contain one, two, or three cyclopentadienyl 

rings; however, two rings are preferred. 
Useful metallocenes can be represented by the general formulas: 

I; (CP)mMR,,Xq 
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 from 1 to 3, n is a 

whole number from 0 to 3, and q Is a whole number from 0 to 3. 
II. (C5R'k)gR"a(C5R'k)M(4 9 and 

Ill. R"8(CsR'k)2MO' 
wherein (C5R'iJ is a cyclopentadlenyl 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-Ce ring, R" is a C1-C4 alkylene radical, a dialkyl germanium or silicon, or a 

alkyl phosphine or amine radical bridging two (C5R'iJ 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 ari alkylidene radical having from 1 

to about 20 carbon atoms, sis 0or1, g is o, 1or2, sis 0 when g is 0, k Is 4 whens is 1, and k Is 5 whens 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, phenyl and the like. Exemplary silicon containing 

hydrocarbyl radicals are trlmethylsilyl, triethylsllyl and trlphenylsHyl. Exemplary halogen atoms Include chlorine, 

bromine, fluorine and iodine and of these halogen atoms, chlorine is preferred. Exemplary hydrocarboxy rad­

icals are methoxy ethoxy, butoxy, amyloxy and the like. Exemplary of the alkylidene radicals is methylidene, 

ethylldene and propylldene. 
Illustrative, but non-limiting examples of the metallocenes represented by formula I are dialkyl metallo­

cenes such as bis(cyclopentadlenyl)titanlum dimethyl, bis(cyclopentadienyl)tltanlum dlphenyl bis(cyclopenta­

dlenyl)zirconium dimethyl, bis(cyclopentadienyl)zirconlum diphenyl, b!s(cyclopentadienyl)hafnium dimethyl 

and diphenyl, bis(cyclopentadlenyl)titanium di-neopentyl, bls(cyclopentadienyl)zirconium di-neopentyl, bis(cy­

clopentadienyl)tltanlum dibenzyl, bls(cyclopentadlenyl)zlrconium dibenzyl, bis(cyclopentadlenyl)vanadium di­

methyl; the mono alkyl metallocenes such as bis(cyclopentadienyl)titanlum methyl chloride, bis(cy­

clopentadienyl) titanium ethyl chloride bis(cyclopentadienyl)tltanium phenyl chloride, bls(cyclopentadienyl)zlr­

conium hydrochloride, bls(cyclopentadienyl)zirconlum methyl chloride, bis(cyclopentadlenyl)zirconlum ethyl 

chloride, bis(cyclopentadienyl)zirconium phenyl chloride, bls(cyclopentadienyl)tltanium methyl bromide, bls(cy­

clopentadienyl)titanlum methyl Iodide, bls(cyclopentadlenyl)titanlum ethyl bromide, bis(cyclopentadlenyl)titani­

um ethyl iodide, bis(cyclopentadienyl)titanlum phenyl bromide, bis(cyclopentadlenyl)titanlum phenyl Iodide, 

bls(cyclopentadienyl)zlrconium methyl bromide, bis(cyclopentadienyl)zlrconium methyl Iodide, bls(cyclopenta-
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dlenyl)zirconium ethyl bromide. bls(cyclopentadienyl)zirconium ethyl iodide, bis(cyclopentadienyl)zlrconium 

phenyl bromide, bls(cyclopentadlenyl)zirconium phenyl iodide; the trlalkyl metallocenes such as cyclopenta­

dienyltltanium trlmethyl, cyclopentadlenyl zirconium triphenyl, and cyclopentadlenyl zirconium trineopentyl, cy­

clopentadienylzlrconium lrlmethyl, cyclopentadlenylhafnlum triphenyl, cyclopentadienylhafnlum trineopentyl, 

5 and cyclopentadienylhafnium trimethyl. 

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

cyclopentadienyls tltanocenes such as,· pentamethylcyclopentadienyl titanium trichloride, pentaethylcyclopen­

tadienyl titanium trlchlorlde, bis(pentamethylcyclopentadienyl) titanium diphenyl, the carbene represented by 

the formula bis(cyclopentadienYt)titanium=CH2 and derivatives of this reagent such as bls(cyclopentadle-

U 10 nyl)Tl=CH2.Al(CH3)3, (CP2TICH2)2. 
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substituted bis(Cp)Ti(IV) compounds such as bls(indenyl) titanium diphenyl or dichloride, bls(methylcyclopen­

tadienyl)titanlum diphenyl or dihalides; dialkyl, trlalkyl, tetra-alkyl and penta-alkyl cyclopentadienyl titanium 

compounds such as bls(1,2-dimethylcyclopentadlenyl)titanlum dlphenyl or dichloride, bis (1,2-dlethylcyclopen­

tadienyl)titanium diphenyl or dichloride and other dlhalide complexes; silicon, phosphine, amine or carbon 

bridged cyclopentadlene complexes, such as dimethylsilyldlcyclopentadlenyl titanium diphenyl or dichloride, 

methyl phosphine dlcyclopentadienyl titanium dlphenyl or dichloride, methylenedicyclopentadienyl titanium di­

phenyl or dichloride and other complexes described by formulae II and Ill. 

Illustrative b1,1t non-limiting examples of the zirconocenes of Formula II and Ill which can be usefully em­

.Ployed are pentamethylcyclopentadienyl zirconium trichloride, pentaethylcyclopentadienyl zirconium trlchlor­

ide, the alkyl substituted cyclopentadienes, such as bls(ethylcyclopentadlenyl)zlrconium dimethyl, bis(beta­

phenylpropylcyclopentadienyl) zirconium dimethyl, bis(methylcyclopentadlenyl)zlrconium dimethyl, bls(n-bu­

tylcyclopentadlenyl)zirconium dimethyl bis (cyclohexylmethylcyclopentadienyl)zlrconlum dimethyl bls(n-octyl­

cyclopentadlenyl)zlrconium dimethyl, and haloalkyl and dihydrlde, and dihallde complexes ofthe above; dlalkyl, 

lrialkyl, tetra-alkyl, and penta-alkyl cyclopentadlenes, such as bis(pentamethylcyclopentadlenyl)zlrconlum di­

phenyl, bis(pentamethylcyclopentadienyl)zirconlum dimethyl, bls(1,2-dimethylcyclopentadlenyl)zlrconium di­

methyl and mono and dihallde and hydride complexes of the above; silicon, phosphorus, and carbon bridged 

cyclopentadlene complexes such as dlmethylsilyldlcyclopentadlenyl zirconium dimethyl, methyl halide or dlha­

llde, and methylene dicyclopentadienyl zirconium dimethyl, methyl halide, or dlhalide. Mono, di and trl-silyl sub­

stituted cyclopentadlenyl compounds such as bis(trimethylsilylcyclopentadienyl)zlrconlum dichloride and 

dimethyl bis( 1,3-dl•trlmethylsilylcyclopentadienyl)zirconlum dichloride and dimethyl and bls(1,2,4-trl-trlmethyl­

silylcyclopentadlenyl)zlrconium dichloride and dimethyl. Carbenes represented by the formulae 

Cp2Zr=CH2P(C8H5)2CH3, and derivatives of these compounds such as 

cp2zrcH2CH(CH3)CH2 • 

45 Mixed cyclopentadienyl metallocene compounds such as cyclopentadienyl (pentamethyl cyclopentadie-

nyl)zlrconlum dichloride, (1,3-di-trimethylsllylcyclopentadienyl) (pentamethylcyclopentadlenyl) zirconium di­

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

MO$t preferably, the polymers used in this invention are substantially free of ethylene homopolymer. 

Bls(cyclopentadienyl)hafnium dichloride, bis(cyclopentadienyl)hafnium; dimethyl, bls(cyclopentadie-

so nyl)vanadlum dichloride and the like are illustrative of other metallocenes. 

Some preferred metallocenes are bls(cyclopentadlenyl)zirconium; dimethyl, bis(cyclopentadienyl zirconi­

um dichloride; bls(cyclopentadienyl)titanium dichloride; bis(methylcyclopentadienyl) zirconium dichloride 

bis(niethylcyclopentadienyl)titanium dichloride; bis(n-blitylcyclopentadienyl)zirconium dichloride; dimethylsi­

lyldicyclopentadienyl zirconium dichloride; bls(trlmethylsllycyclopentadienyl)zirconium dichloride; and dlme-

55 thylsilyldicyclopentadlenyl titanium dichloride; bls(lndenyl)zli'conium dichloride; bls(4,5,6, 7-telrahydroln­

denyl)zirconium dichloride; the racemic and/or meso Isomer of 1,2-ethylene-bridged bis(4,5,6,7-tetrahydroin­

denyl)zirconlum dichloride; the racemic and/or meso Isomer of 1,1-dimethylsilyl-brldged bis(4,5,6, 7-tetrahy­

drolndenyl)zirconlum dichloride; and the racemlc and/or meso isomer of 1, 1-dlmethylsllyl-bridged 
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bis(methylcyclopentadienyl)zlrconlum dichloride. 
The alumoxane c0mpounds useful in the polymerization process may be cyclic or linear. Cyclic alumoxanes · 

may berepresented by tl'!e general formula (R-Al-O)n while linear alumoxanes may be represented by the gen­
eral formula R(R-Al-O)n'AIR2~ In the general formula R Is a ~-C6 alkyl group such as, for example, methyl, 
ethyl, propyl, butyl and pentyl; i1 is an integer of from 3 to 20, and n' ls an integer from 1 to about 20. Preferably, 
R is methyl and n and n• ate 4-18. Generally, In the preparation of alumoxanes from, for example, aluminum 
lrimethyl and water, a mWure 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 aluminum triaik}'I, such as, for examples, aluminum bimethyl, 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 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 sulfate. The method comprises treating a dilute solution of alu­
minum trimethyl In, for-example, toluene, with ferrous sulfate represented by the general formula FeS04• 7H20. 
The ratio of ferrous sulfate to aluminum trimethyl is desirably about 1 mole of ferrous sulfate for 6 to 7 moles 
of aluminum trlmethyl. 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 em­
ployed can be in the range of about 0.5:1toabout1000:1, and desirably about 1:1toabout100:1. Preferably, 
the mole ratio will be In tl'Je ·range of 50:1 to about 5:1 and most preferably 20:1 to 5:1. 

The solvents useci in the preparation of the catalyst system are Inert hydrocarbons, in particular a hydro­
carbon 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. 

Polymerization Is generally conducted at temperatures ranging between about 20° and about 300°C, pre­
ferably between about 30° and about 200°C. Reaction time. is 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 
copolymerlzed, arid the like. One of ordinary skill In the art may readily obtain the optimum reaction thne for a 
given set of reaction paramet.s by routine experimentation. 

The catalyst systems described herein are suitable for the polymerization of oleflns in solution over a wide 
range of pressures. Preterably, the polymerization will be completed at a pressure offrom 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 prefer­
ably, the polymerization wm be. c0mpleted at a pressure within the range from about 50 bar to about 1,500 bar. 

After polymerization and_, optionally, deactivation ofthe catalyst (e.g., by conventional techniques such as 
contacting the polymerization reaction medium with water or an alcohol, such as methanol, propanol, isopro­
panol, 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 niay be conducted employing liquid monomer, such as liquid propylene, or mixtures of 
liquid monomers (such as mixtures of liquid propylene and 1-butene), as the reaction medium. Alternatively, 
polymerization may be accomplished in the presence of a hydrocarbon Inert to the polymerization such as bu­
tane, pentane, lsopentane, hexane, lsooctane, 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 techniques known in the prior art 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. 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 H2 gas, that is, the ab­
sence of H2 gas added in amounts effective to substantially reduce the polymer molecular weight. More pre­
ferably, the polymerizations will be.conducted employing less than 5 wppm, and more preferably less than 1 
wppm, of added H2 gas·, based on the moles of the ethylene monomer charged to the polymerization zone. 

When carrying 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 reaCl:ants typically being passed through molecular sieves or other drying means 
prior to their introduction i.nto the reactor. Subsequently, either the catalyst and then the cocatalyst, or first the 
cocatalyst and then the catllly8t are introduced while agitating the reaction mixture, thereby causing polymer­
ization to commence. AliernatiVely, the catalyst and cocatalyst may be premixed in a solvent and then charged 
to the reactor. As polymer Is being formed, additional monomers may be added to the reactor. Upon completion 
of the reaction, unreacted monomer and solvent are either flashed or distilled off, If necessary by vacuum, and 
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the low molecular weight copolymer withdrawn from the reactor. 

The polymerization may be conducted in a continuous manner by simultaneously feeding the reaction dDu- · 

ent (If employed), monomers, catalyst.and oocatalyst 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 

5 of the desired molecular weight and separating the polymer from the reaction mixture. 

PREPARATION OF ETHYLENE ALPHA-OLEFIN POLYMER SUBSTITUTED MONO- OR DICARBOXYLIC 

ACID MATERIAL 

\.....,;' 10 The ethylene alpha-olefin polymer substituted mono- or dicarboxylic acid material, i.e., acid, anhydride or 

''--"" 

0 

\._.,." 

acid ester of this Invention, includes the reaction product of ethylene alpha-olefin polymer with a monounsa­

turated carboxylic reactant eomprlsing at least one member selected from the group consisting of (I) monoun­

saturated C4 to C10 dicarboxylicacid wherein (a) the carboxyl groups are vlclnyl, (I.e. located on adjacent carbon 

atoms) and (b) at least one, preferably both, of said adjacent carbon atoms are part of said mono unsaturatlon; 

15 (ii) derivatives of (I) such as anhydrldes or C1 to Cs alcohol derived mono- or di-esters of (i); (Ill) monounsatu­

rated C3 to C10 monoearboxyllc acid wherein the carbon-carbon double bond is allylic to the carboxy group, 

i.e, of the structure 
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I '' -c=c-c-
' 

; 

and (Iv) C1 to Cs alcohol derived mono-esters of (iii). Upon reaction with the polymer, the monounsaturation of 

the monounsaturated carboxylic reactant becomes saturated. Thus, for example, malelc anhydride becomes 

a polymer substituted succinic anhydride, and acrylic acid becomes a polymer substituted proplonic acid. 

Typically, from about 0.7 to about 4.0 (e.g., 0.8 to 2.6), preferably from about 1.0 to about 2.0, and most 

preferably from a.bout 1.1toabout1.7 moles of said monounsaturated carboxyllc reactant are charged to the 

reactor per mole of polymer charged. 
Normally, not all of the polymer reacts with the monounsaturated carboxyllc reactant and the reaction mix­

ture will contain unreacted polymer. The unreacted polymer is typically not removed from the reaction mixture 

(because such removal Is difficult and would be commercially infeasible) and the product mixture, stripped of 

any monounsaturated carboxylic reactant is employed for further reaction with the amine or alcohol as descri­

bed hereinafter to m&ke the.dispersant. 
Characterization of the average number of moles of monounsaturated carboxyllc reactant which have re­

acted per mole of polymer charged to the reaction (whether it has undergone reaction or not) Is defined herein 

as functionality. Said functionality Is based upon (i) determination of the saponlficatlon number of the resulting 

product mixture using potassium hydroxide; and (Ii) the number average molecular weight of the polymer 

charged, using techniques well known in the art. Functionality is defined solely with reference to the resulting 

product mixture. Although the amount of said reacted polymer contained in the resulting product mixture can 

be subsequently modified, i.e. lncreas_ed or decreased by techniques known in the art, such modifications do 

not alter functionality as defined above. The terms ethylene-alpha-olefin polymer substituted monocarboxyllc 

acid material and ethylene-alpha-olefin polymer substituted dicarboxylic acid material are intended to refer to 

the product mixture whether it has undergone such modification or not. 

Accordingly, the functionality of the ethylene-alpha-olefin polymer substituted mono- and dicarboxylic acid 

material will be typically at least about 0.5, preferably at least about 0.8, and most preferably at least about 0.9 

and will vary typically from about 0.5 to about 2.8 (e.g., 0.6 to 2), preferably from about 0.8 to about 1.4, and 

most preferably from about 0.9 to about 1.3. 
Exemplary of such monounsaturated carboxylic reactants are fumaric acid, itaconlc acid, malelc acid, 

maleic anhydride, chloromalelc acid, chloromaleic anhydride, acrylic acid, methacrylic acid, crotonlc acid, cin­

namic acid, and lower alkyl (e.g., C1 to C4 alkyl) acid esters of the foregoing, e.g., methyl maleate, ethyl fumar­

ate, methyl fumarate, etc. 
The polymer can be reacted with the monounsaturated carboxylic reactant by a variety of methods. For 

example, the polymer can be first halogenated, chlorinated or brominated to about 1 to 8 wt. %, preferably 3 

to 7 wt % chlorine, or bromine, based on the weight of polymer, by passing the chlorine or bromine through 

the polymer at a temperature of 60 to 250°C, preferably 110 to 160°C, e.g. 120 to 140°C, for about 0.5 to 10, 

preferably 1 to 7 hours. The halogenated polymer may then be reacted with sufficient monounsaturated car­

boxylic reactant at 100 to 250°C, usually about 180" to 235°C, for about 0.5 to 10, e.g. 3 to 8 hours, so the 

product obtained will contain the desired number of moles of the monounsaturated carboxylic reactant per mole 
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of the halogenated polymer. Processes of this general type are taught In U.S. Patents 3,087,436; 3, 172,892; 
3,272, 746 and others. Alternatively, the polymer and the monounsaturated carboxylic reactant are mixed and 
heated while adding chlorine tO the hot material. Processes of this type are disclosed In U.S. Patents 3,215, 707; 
3,231,587; 3,912,764; 4,110,349; 4,234,435; and in GB 1,440,219. 

While chlorination normally helps·lncrease the reactivity of polyoleflns with monounsaturated carboxylic 
reactant, It is not necessary with the present polymers due to their high terminal bond content and reactivity. 
Preferably, therefore, the polymer and the monounsaturated carboxyllc reactant are contacted at elevated tem­
perature to cause a. thermal •ene• reaction tO take place. Thermal 0ene0 reactions have been heretofore de­
scribed In U.S. Patents 3,361,673 and 3,401, 118. It has been surprisingly found thatthe terminally ethylenically­
unsaturated ethylene alpha-Olefin polymers used in this invention readily undergo such thermal "ene• reactions 
under conditions In which the formation of sediment, or other by-products contributing to product haze, Is greatly 
minimized or avoided altogether. The Improved low sediment ene reaction product mixture Is preferably formed 
using a polymer (more preferably, ethylene-propylene copolymers} having a number average molecular weight 
of from about 900to10~000, more preferably from about 1500to10,000, and most preferably greater than about 
1800 to about 5,000, and a polydispersity of less than about 4, preferably less than about 3, e.g., from 1.1 to 
3.5, most preferably from 1.2 to 3. 

Preferably, the polymers used in this Invention contain less than 5 wt%, more preferably less than 2 wt%, 
and most preferably less than 1 wt% of a polymer fraction comprising polymer molecules having a molecular 
weight of less than about 300, as determined by high temperature gel premeatlon chromatography employing 
the corresponding polynier calibration curve. Such preferred polymers have been found to permit the· prepa­
ration of ene reaction products, particularly when employing maleic anhydride as the unsaturated acid reactant, 
with substantially no visibly observable sediment. In the event the polymer produced as described above con­
tains greater than about 5 wt% of $UCh a low molecular weight polymer fraction, the polymer can be first treated 
by conventional means to remove the low molecular weight fraction to the desired level prior to initiating the 
ene reaction, and preferably prior to contacting the polymer with the selected unsaturated carboxylic reac­
tant(s ). For example, the polymer can be heated preferably with Inert gas (e.g., nitrogen) stripping, at elevated 
temperature under a reduced pressure to volatilize the low molecular weight polymer components which can 
then be removed from the heat treatment vessel; The precise temperature, pressure and time for such heat 
treatment can vary widely depending on such factors as the polymer number average molecular weight, the 
amount of the low molecular weight fraction to be removed, the particular monomers employed and other fac­
tors. Generally, a temperature of from about 60 to 100°C and a pressure of from about 0.1 to 0.9 atmospheres 
and a time of from about 0.5 to 20 hours (e.g., 2 to 8 hours} will be sufficient. 

In this process, the setected polymer and monounsaturated carbox.Ylic reactant are contacted for a time 
and under conditions effective to form the desired ethylene alpha-olefin polymer substituted mono- or dlcar­
boxyllc acid material. Generally, the polymer and monounsaturated carboxyllc reactant will be contacted In a 
polymer to unsaturated carboxyllc reactant mole ratio usually from about 1 :1 to 1: 1 O, and preferably from about 
1 :1 to 1 :5, at an elevated temperature, generally from about 120 to 260°C, preferably from about 160 to 240°C. 
The reaction will be generally carried out, with stirring for a time of from about 1 to 20 hours, preferably from 
about 2 to 6 hours. The reaction ·is preferably conducted in the substantial absence of 0 2 and water (to avoid 
competing side reactions), and to this end can be conducted in an atmosphere of dry N2 gas or other gas inert 
under the reaction conditions. The reactants can be charged separately or together as a mixture to the reaction 
zone, and the reaction can be carried out continuously, semi-continuously or batchwise. Although not generally 
necessary, the reaction can be carried out in the presence of a liquid diluent or solvent, e.g., a hydrocarbon 
diluent such as mineral lubricating oil, toluene, xylene, dichlorobenzene and the like. The polymer substituted 
mono- or dlcarboxylic aCld material thus formed can be recovered from the liquid reaction mixture, e.g., after 
stripping the reaction mixture, if desired, with an inert gas such as N2 to remove unreacted unsaturated car­
boxylic reactant. 

The "ene" reaction product mixture .thereby obtained has been surprisingly found to have a substantially 
reduced content of sediment or other solid by-products as Impurities and can be employed, without filtering, 
centrifuging, clarification, phase separation or other conventional product purification treatments, as, e.g., an 
additive to lubricating oils or as intermediate In the preparation of derivative products for use In lubricating oils, 
as will be more completely described hereinafter. . 

The ene reaction product mixfure is further Improved by being substantially free of chlorine, that Is, by hav­
ing a chlorine content of Iese than about 25 ppm by weight, preferably less than 10 ppm by weight 

The ene reaction product mixture comprising the desired ethylene-alpha-olefin substituted mono- or di­
carboxylic acid material (e.g., ethylene-propylene polymer-substituted succinlc anhydride) formed by the proc­
ess of this inventlon·wilf generally contain unreacted polymer, (that ls, polymer which is unsubstituted by the 
mono- or dlcarboxylic acid moiety), In a concentration of less than about 40 wt% (e.g., from 5 to 35 wt.%), more 

9 



EP 0 353 935 B1 

preferably less than about 30 wt.% (e.g from 1 O to 25 wt.%) and will be generally characterized by a VR value 
("viscosity ratio" valu·e} Of not greater than 4.1, usually not greater than about 4.0, preferably from about 2.0 to 
3.9, and most preferably from about3.0 to 3.8. As used herein, the term "VR value" Is Intended to mean quotient 
determined by the e:xpression (IV}: 

5 VR = VISb 
· VIS a 

wherein VI Sa is the kil'.MNT1atic viscosity (KV) of the ene reaction product mixture at 1 OO"C in units of centistokes 
(as determined by ASTM MethOd No. 0445) and VI Sb 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. 02602), wherein the 

\._.;' 10 measurements are ·made upon a 2 wt% solution of the ene reaction product mixture In an on (herein termed 
the "reference oil") comprising S150N (solvent 150 neutral) mineral lubricating on {Exxon Company U.S.A.), 
wherein the reference.oil is characterized by an ASTM 0445 kinematic viscosity of 5.2 cSt (100°C) and an ASTM 
02602 CCS viscosity of 19;2 J)oise (± 0.4 poise) (at -20°C). The "VRr" value of the reference oll will then be 
about3.7 ±0.1. 

o· 

16 Illustrative, theretore, of the improved ene reaction products of this invention are the following ethylene-
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propylene copolymer-~b$tituted succlnic acids and succlnlc anhydrldes (EPSA), ethylene-butene-1 copoly­
mer-substituted succinic acids and succinic anhydrides (EBSA) summarized in Table A below: 
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TABLE A 

Ene 
Product 

Polymer 
uml 

Residual· 
Halide 
(WP'Qll) ·· 

Wt. 
\ ai 
ilL 

SA:Polym~r 
Mole Ratio 
l2J 

EPSA 
f;PSA 
EPSA 

·EPSA 
EPSA 

-BPSA 
EPSA 

EBSA 
EBSA 
EBSA 
EBSA 
EBSA 
EBSA 
EBSA 

NOTES: 

300-10,00~ 
JOC)""'.10~000 
700-5,000 
100-s, o·oo 
5 t 5.00-1~ I 000 
s,soo-10,000 
1,soo-10,000 

300-10,000 
300-10,000 
700-5,000 
700-5,000 
s,soo-10,000 
s,soo-10,000 
1,soo-10,000 

(1) Wt., active ingredient. 

~ 25 
!i .10 . 
::s. 25 
!i 10 
.:s. 25 
.:s. 10 
.:s. 10 

.:s. 25 

.:s. 10 

.:s. 25 

.:s. 10 

.:s. 25 
s. 10 
.:s. 25 

~ 60 
> 60 
a.60 
.2: 60 
.?. 60 
.2: 70 
70-90 

2. 60 
.?. 60 
2. 60 
.?. 60 
.?. 60 
.?. 70 
70-90 

2. 0.7:1 
.?. 1.0:1 
.?. 0.7:1 
,?. l.O:l 
~ 0.1:1 
~ 0.7:1 
2. 1.0:1 

.?. 0.7:1 
2. l.O:l 
.?. 0.7:1 
.?. 1.0:1 
.?. 0.7:1 
.?. 0.7:1 
2. 1.0:1 

(2)·SA=succinic anhydride: polymer=ethylene-propylene (EP) or 
ethylene butylene (EB) copolymer; moles of polymer in ratio based 
on the total of both the reacted and unreacted polymer: moles of 
"SA" based on the number of moles of succinic anhydride moieties 
per mole of ene reaction product. 

OI 

VR 
Value 

.:s. 4 .• 1 

.:s. 4.0 

.:s. 4.1 
.:s. 4 .o 
.:s. 4 .1 
.:s. 4 .o 
.:s. 4.1 

.:s. 4.1 
.:s. 4.0 
.:s. 4.1 
.:s. 4.0 
.:s. 4.1 
.s. 4.0 
.s. 4.0 
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It will be understood that the ethylene alpha-olefin polymers of this Invention which are charged to the al­
kylation reaction zone can be charged alone or together with (e.g., in admixture with) other polyalkenes derived 
from alkenes having from 2 to 20 carbon atoms (butene, pentene, octene, decene, dodecene, tetradodecene 
and the like) and homopolymers of~ to Cto. e.g., ~ to C5, monooleflns, and copolymers of~ to C10, e.g., 

5 C2 to C5, monooleflns, 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, froni 1.2 to 
2.8). Preferred such additional olefin polymers comprise a major molar amount of~ to C10. e.g. C2 to C5 mono­
olefin. Such olefins include ethylene, propylene, butylene, isobutylene, pentene, octene-1, styrene, etc. Ex­
emplary of the addltionally charged homopolymers are polypropylene, polyisobutylene, poly-n-butene and the 

10 like as well as lnterpolymers of two or more of such oleflns such as copolymers of: ethylene and propylene 
(prepared by conventional methods other than as described above for the preferred ethylene alpha-olefin co­
polymers employed in this invention, that Is, ethylene-propylene copolymers which are substantially saturated, 
wherein less than about 10 wt% of the polymer chains contain ethylenic unsaturatlon); butylene and lsobuty­
lene; propylene and lsobutylene; etc. Other copolymers include those in which a minor molar amount of the 

15 copolymer monomers, e.g., 1 to 10 mole%, Is a C4 to C18 non-conjugated diolefin, e.g., a copolymer of lsobu­
tyleile and butadlene; or a copolymer of ethylene, propylene and 1,4-hexadlene; etc. The additional such olefin 
polymers charged to the alkylation 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. Particularly useful such additional olefin polymers have number average molecular weights 
20 within the range of about 1500 and about 3000 with approximately one double bond per chain. An especially 

useful additional such polymer ls polyisobutylene. Preferred are mixtures of such polyisobutylene with ethylene­
propylene copolymers wherein at least 30 wt% of the copolymer chains contain terminal ethenylldene mono­
unsaturation as described above. 

The number average molecular weight for such polymers can be determined by several known techniques. 
25 · A convenient method for such determination is by gel permeation chromatography (GPC) which additionally 

provides molecular weight disbibution information, see W. W. Yau, J.J. Kirkland and D.D. Bly, "Modern Size 
Exclusion Liquid (;hromatography•, John Wiley and Sons, New York, 1979. 
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PREPARATION OF NUCLEOPHILICALLY-SUBSTITUTED DERIVATIVE PRODUCTS 

The polymer substituted carboxyllc aclds/anhydrides/esters of this invention, prepared as described above, 
can be contacted with a nucleophllic reactant, e.g., amines, alcohols, including polyols, amino-alcohols, reac­
tive metal compounds, etc. to form the novel dlspersants of this invention. 

Amine compounds useful as nucleophlllc reactants for reaction with the polymer substituted mono- or di­
carboxyllc acid materials include mono- and (preferably) polyamines, of about 2 to 60, preferably 2 to 40 (e.g. 
3 to 20), total carbon atoms and about·1to12, preferably 3 to 12, and.most preferably 3 to 9 nitrogen atoms 
in the molecule. These amines may be hydrocarbyl amines or may be hydrocarbyl amines including other 
groups, e.g, hydroxy groups, alkoxy groups, amide groups, nitrites, imldazollne groups, and the like. 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: 

R-N-R' and t I 

R" 

(Va) 

R-f-CCH2>rfv-<CH2>rtr-R 
R' R''' R' 

t 
(Vb) 

wherein R, R', R" and Rm are lndependentfy selected from the group consisting of hydrogen; C1 to C25 straight 
or branched chain alkyl radicals; C1 to C12 alkoxy C2 to C6 alkylene radicals; ~to C12 hydroxy amino alkylene 
radicals; and C1 to C12 alkylamino C2 to C6 alkylene radicals; and wherein Rm can additionally comprise a moiety 
of the formula: 
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(VI) 

R' 

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 O to 10, preferably 2 to 7, 
and most preferably about 3 to 7, with the proviso that the sum oft and r is not greater than 15. To assure a 

10 facile reaetion, it Is preferred that R, R', R", R'", r, r', 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 preferred amine of the above formulas are represented by For-

15 mula Vb and contain at least two primary amine groups and at least one, and preferably at least three, sec­
ondary amine groups. 

Non-limiting examples of suitable amine compounds include: 1,2-dlamlnoethane; 1,3-dlamlnopropane: 
1,4-dlaminobutane; 1,6-diaminohexane; polyethylene ~mines such as dlethylene trlamlne; trlethylene tetra­
mine; tetraethylene pentamine; polypropylene amines such as 1,2-propylene diamine; di-(1,2-propylene)tria-

.20 mine; di-(1,3-propylene) triamine ; N,N-dlmethyl-1,3-dlaminopropane; N,N-di-(2-amlnoethyl) ethylene 
diamine; N,N-di(2-hydroxyethyl}1,3-propylene diamlne; 3-dodecyloxypropylamlne; N-dodecyl-1,3-propane 
dlamlne; tris hydroxymethylaminomethane (THAM); dlisopropanol amine: dlethanol amine; triethanol amine; 
mono-, di-, and bi-tallow amines; amino morphollnes such as N;.(3-amlnopropyl)morphollne; and mixtures 
thereof. 

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

wherein p1 and p2 are the same or different and are each Integers of from 1 to 4, and nh n2 and n3 are the same 
or different and are each integers of from 1 to 3. Non-limiting examples of such amines Include 2-pentadecyl 
imidazollne; N-(2-aminoethyl) piperazine; etc. 

Commercial mixtures of amine compounds may advantageously be used. For example, one process for 
preparing alkylene amines involves the reaction of an alkylene dlhallde (such as ethylene dichloride or propy­
lene dichloride) with ammonia, which results In a complex mixture of alkylene amines wherein pairs of nitrogens 
are joined by alkylene groups, forming such compounds as diethylene triamine, triethylenetetramlne, tetraethy­
lene 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 nPolyamine H•, npofyamine 
400n, "Dow Polyamlne E-100", etc. 

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

NH2--- alkylene ---t 0-alkylene)-- NH2 
m 

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

R4-(-alkylene-fo-alkylenej--NH~ 
n"' a 
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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 R4 is a polyvalent saturated hydrocarbon radical of up 

to ten carbon atoms wherein the number of substltuents on the R4 group is represented by the value of "a", 

which is a number of from 3 to 6. The alkylene groups in either formula (VII) or (IX) may be straight or branched 

chains containing about 2 to 7, and preferably about 2 to 4 carbon atoms. 

G 10 

The polyoxyalkylene polyamines of formulas (VII) or (IX) above, preferably polyoxyalkylene dlamines 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 polyoxyalkylene polyoxyalkylene polyamines include 

the polyoxyethylene and polyoxypropylene dlamines and the polyoxypropylene trlamlnes having average mo­

lecular 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 "Jeffa­

mines D-230, D-400, D-1000; D-2000, T-403", etc. 
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A particularly useful class of amines are the polyamido and related amines disclosed In co-pending Serial 

No. 126,405, filed November 30, 1987, which comprise reaction products of a polyamine and an alpha, beta 

unsaturated compound of the formula: 

R6 R7 X 
I I P 

RS - c • c - C - Y (X) 

wherein Xis sulfur or oxygen, Y is-ORB, -SRB, or-NRB(Rll), and R&, Rs, R7, R8 and R9 are the same or different 

and are hydrogen or substituted or unsubstituted hydrocarbyl. Any polyamine, whether aliphatic, cycloaliphatlc, 

aromatic, heterocyclic; etc., can be employed provided it is capable of adding across the acrylic double bond 

and amldifying 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 thioacrylate-type compound of formula X. 
When R&, RB, RT, RB or R9 In Formula X are hydrocarbyl, these groups can comprise alkyl, cycloalkyl, aryl, 

alkaryl, aralkyl or heteroeycllc, which can be substituted with groups which are substantially inert to any com­
ponent of the reaction mixture under conditions selected for preparation of the amido-amlne. Such substltuent 

groups include hydroxy, hallde.(e.g., Cl, Fl, I, Br), -SH and alkylthlo. When one or more of R6 through R9 are 

alkyl; such alkyl grouj>s can be straight 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. Illustrative of such alkyl groups are methyl, ethyl, propyl, 

butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, trldecyl, hexadecyl, octadecyl and the like. When one 

or more of R& through R9 are aryl, the aryl group will generally contain from 6 to 1 O carbon atoms (e.g., phenyl, 

naphthyl). 
When one or more of R& through R9 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 R6 through R9 are aralkyl, the aryl component gen­

erally consists of phenyl or (C1 tO Ce) alkyl-substituted phenol and the alkyl component generally 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 R9 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 cy­

cloalkyl groups are cyclopropyl, cyclobutyl, cyclohexyl, cyclooctyl, and cyclododecyl. When one or more of R6 

through R9 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, piperldyl, dioxanyl, tetrahydrofuryl, pyrazlnyl and 1,4-oxa­

zinyl. 
The alpha, beta ethylenically unsaturated carboxylate compounds employed herein have the following for­

mula: 

f
6 r1 

w 
R5- C • C - C - OR8 (XI) 

55 wherein R&, RB, R7, and RB are the same or different and are hydrogen or substituted or unsubstituted hydro­

carbyl as defined above. Examples of sueh alpha, beta-ethylenically unsaturated carboxylate compounds of 

formula XI are acrylic acid, methacrylic acid, the methyl, ethyl, isopropyl, Ii-butyl, and lsobutyl esters of acrylic 

and methacrylic acids, 2-butenoic acid, 2-hexenoic acid, 2-decenoic acid, 3-methyl-2-heptenoic acid, 3-methyl-
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2-butenoic acid, 3-phenyl-2-propenoic acid, 3-cyclohexyl-2-butenolc acid, 2-methyl-2-butenoic acid, 2-propyl-

2-propenoic acid, 2-isopf()pyl-2~hexenoic acid, 2,3-dimethyl-2-butenolc acid, 3-cyclohexyl-2-methyl-2-pente- · 

noic acid, 2-propenoic acid; methyl 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, 

5 dodecyl 2-decenoate, cyclopropyf 2,3-dimethyl-2-butenoate, methyl 3-phenyl-2-propenoate, and the like. 

The alpha, beta ethylenically unsaturated carboxylate thioester compounds employed herein have the fol­

lowing formula: 

10 (XII) 
• .. :· 

wherein Rs, Re, R7, and Rs·al'.EI the same or different and are hydrogen or substituted or unsubstituted hydro­

carbyl as defined above; E?<amples of such alpha, beta-ethylenically unsaturated carboxylate thloesters of for-

15 mule XII are methylmercap'°' 2-butenoate, ethylmercapto 2-hexenoate, lsopropylmercapto 2-decenoate, phe­

nylmercapto 2-pentenoate, tertiary butylmercapto 2-propenoate, octadecylmercapto 2-propenoate, dodecyl­

mercapto 2-decenoate, cyck>propylmercapto 2,3-dlmethyl-2-butenoate, methylmercapto 3-phenyl-2-prope­

noate, methylmercapto·2~propenoate, methylmercapto 2-methyl-2-propenoate, and the like. 

The alpha, beta ethylenically unsaturated carboxyamlde compounds employed herein have the following 

20 formula: · 

25 

(XIII) 

wherein R5, Re, R7, RS and Rll are ~e same or different and are hydrogen or substituted or unsubstituted hy­

drocarbyl as defined above. Examples of alpha, beta-ethylenlcally unsaturated carboxyamides of formula XIII 

are 2-butenamlde, 2-hexenamlde, 2-decenamlde, 3-methyl-2-heptenamlde, 3-methyl-2-butenamlde, 3-phe­

nyl-2-propenamide, 3-cyclohexyl-2-butenamide, 2-methyl-2-butenamlde, 2-propyl-2-propenamide, 2-lsopro-

30 pyl-2-hexenamide, 2,3-dimethyl-2-butenamide, 3-cyclohexyl-2-methyl-2-pentenamlde, N-methyl 2-butena­

mide, N-methyl 2-butenamide; N,N-diethyl 2-hexenamide, N-lsopropyl 2-decenamide, N-phenyl 2-pentena­

mlde, N-tertlary butyl·2-propenamide, N-octadecyl 2-propenamide, N-N-dldodecyl 2-decenamide, N-cyclopro­

pyl 2,3-dimethyl-2-butenamide, N-methyl 3-phenyl-2-propenamide, 2-propenamide, 2-methyl-2-propenamide, 

2-ethyl-2-propenamide and the like. 
35 The alpha, beta ethyleniCally unsaturated thiocarboxylate compounds employed herein have the following 

40 

formula: 

(XIV) 

wherein Rs, Re, R7, Ra and R& are the same or different and are hydrogen or substituted or unsubstituted hy­

drocarbyl as defined above. Examples of alpha, beta-ethylenically unsaturated thlocarboxylate compounds of 

formula XIV are 2-butenthioic acid, 2-hexenthiolc acid, 2-decenthioic acid, 3-methyl-2-heptenthioic acid, 3-me-

45 thyl-2-butenthioic acid,.~pheriyl-2-propenthioic acid, 3-cyclohexyl-2-butenthloic acid, 2-methyl-2-butenthioic 

acid, 2-propyl-2-propenthioic acid, 2-isopropyl-2-hexenthioic acid, 2,3-dimethyl-2-butenthioic acid, 3-cyclo­

hexyl-2-methyl-2-pententhioic acid, 2-propenthlolc acid, methyl 2-propenthioate, methyl 2-methyl 2-propen­

thioate, methyl 2-butenthloate, ethyl 2-· hexenthioate, isopropyl 2-decenthioate, phenyl 2-pententhloate, terti­

ary butyl 2-propenthloate, octadecyl 2-propenthloate, dodecyl 2-decenthioate, cyclopropyl 2,3-dimethyl-2-bu-

so tenthioate, methyl 3-phenyt~2-propenthloate, and the like. 

55 

The alpha, beta ethylenically unsattirated dithlolc acid and acid ester compounds employed herein have 

the following formula: · 

f' " • C - C - SR8 (XV) 

wherein R5, RS, R7, and RS are the same or different and are hydrogen or substituted or unsubstituted hydro-

15 
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carbyl as defined above. Examples of alpha, beta-ethylenically unsaturated dithloic acids and acid esters of 

formula~ are 2-butendlthlolc acid, 2-hexendlthioic acid, 2-decendithiolc acid, 3-methyl-2-heptendlthioic acid, 

3-methyl-2-butendithioic acid,. 3-phenyl-2-propendlthiolc acid, 3-cyclohexyl-2-butendithlolc acid, 2-methyl-2-

butendlthioic acid, 2-propyl-2-propendithiolc acid, 2-lsopropyl-2-hexendlthloic acid, 2,3-dlmethyl-2-butendi-

5 thioic acid, 3-cyclohexyl-2-methyl-2-pentendlthloic acid, 2-propendithiolc acid, methyl 2-propendithloate, me­

thyl 2-methyl 2-propendlthioate, methyl 2-butendlthioate, ethyl 2-hexendithloate, lsopropyl 2-decendlthloate, 

phenyl 2-pentendlthloate, tertiary butyl 2-propendithioate, octadecyl 2-propendlthloate, dodecyl 2-decendi­

thioate, cyclopropyl 2,3-dlmethyl-2-butendlthloate, methyl 3-phenyl-2-propendithioate, and the like. 

The alpha, beta ethylenlcally unsaturated thiocarbo.xyamlde compounds employed herein have the follow-

\._) 10 ing formula: · 

15 

R6 R7 S 

R5- t • t - ~ - NR8 (R9 ) (XVI) 

wherein Rs, R', R7, Ra and R9 are the same or different and are hydrogen or substituted or unsubstituted hy­

drocarbyl as defined above. Examples of alpha, beta-ethylenlcally unsaturated thiocarboxyamides of formula 

~I are 2-butenthioam.lde, 2-hexenthioamlde, 2-decenthloamide, 3-methyl-2-heptenthloamlde, 3-methyl-2-bu-

20 tenthioamide, 3-phenyl-2-propenthloamide, 3-cyclohexyl-2-butenthloamide, 2-methyl-2-butenthioamide, 2-

.__.,. propyl-2-propenthloamide, 2-lsopropyl-2-hexenthioamide, 2,3-dlmethyl-2-butenthloamlde, 3-cyclohexyl-2-

methyl-2-pententhloamlde, N-methyl 2-butenthioamlde, N,N-diethyl 2-hexenthloamide, N-lsopropyl 2-decen­

thioamlde, N-phenyl 2-pententhioamide, N-tertlary butyl 2-propenthloamlde, N-octadecyl 2-propenthloamlde, 

N-N-didodecyl 2-decenthloamide, N-cyclopropyl 2,3-dimethyl-2-butenthloamide, N-methyl 3-phenyl-2-propen-

0 

25 thioamlde, 2-propenthloamide, 2-methyl-2-propenthioamide, 2-ethyl-2-propenthioamide and the like. 
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Preferred compounds for reaction with the polyamines in accordance with this invention are lower alkyl 

esters of acrylic and (lower alkyl) s1,.1bstltuted acrylic acid. Illustrative of such preferred compounds are com­

pounds of the formula: 

R7 O 

CH2 = b - ~OR8 (XVII) 

where R7 is hydrogen or a C1 to C4 alkyl group, such as methyl, and RB Is hydrogen or a C1 to C4 alkyl group, 

capable of being removed so as to form an amide group, for example, methyl, ethyl, propyl, lsopropyl, butyl, 

sec-butyl, tert-butyl, aryl, hex}il, etc. In the preferred embodiments these compounds are acrylic and metha­

crylic 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 polyamine contains at least one amldo linkage (-C(O)N<) and such materials are herein termed "amido­

amlnes." Similarly, when the selected alpha, beta unsaturated compound of formula X comprises a compound 

wherein X' is sulfur, the resulting reaction product with the polyamlne contains thioamide linkage (-C(S)N<) and 

these materials are herein termed "thioamldo-amlnes." For convenience, the following discussion is directed 

to the preparation and use of amldo-amlnes, although It will be understood that such discussion is also appli­

cable to the thioamldo-amlnes. 
The type of amldo-amlne formed varies with reaction conditions. For example, a more linear amide-amine 

is formed where substantially equimolar amounts of the unsaturated carboxylate and polyamine are reacted. 

The presence of excesses of the ethylenlcally unsaturated reactant of formula X tends to yield an amide-amine 

which is more cross-linked than that obtained where substantially equlmolar amounts of reactants are em-

50 ployed. Where for economic or other reasons a cross.;llnked amide-amine using excess amine Is desired, gen­

erally a molar excess of the ethylenlcally 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 

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 

55 be employed If desired. 
In summary, without considering other factors, equimolar amounts of reactants tend to produce a more lin­

ear amide-amine whereas excess of the formula XII reactant tends to yield a more cross-linked amldo-amlne. 

It should be noted that the higher the polyamine (I.e., in greater the number of amino groups on the molecule) 

16 
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the greater the statistical probability of cross-linking since, for example, a tetraalkylenepentamine, such as tet­
ra ethylene pentamine 

has more labile hydrogens than ethylene dlamine. 
10 These amido-ainine adduets so formed are characterized by both amido and amino groups. In their sim-
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plest embodiments they may be represented by units of the following idealized formula (XVIII): 

RlO 0 
I II 

- CH - C -

wherein the R1°•s, whif;:h may be the same or different, are hydrogen or a substituted group, such as a hydro­

carbon group, for example, alkyl, alkenyl, alkynyl, aryl, etc., and A is a moiety of the polyamine which, for ex­

ample, may be aryl, cycloalkyl, alkyl, etc., and n4 is an integer such as 1-10 or greater. 
The above simplified formula represents a linear amldo-amlne polymer. However, 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 amldifying 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 polyainlne 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 con­

tacted in an amount of from about 1 to 10, more preferably from about 2 to 6, and most preferably from about 

3 to 5, equivalents of primary amine in the polyamine reactant per mole of the 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 prac­

tice, one generally carriesoutthe 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 bolling alcohols such as methanol or ethanol. As the re­
action 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 pro­

gress and completion of the reaction which is generally continued until 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 thloester of for­

mula XII liberates the corresponding HSRB compound (e.g., H2S when RB ls hydrogen) as a by-product, and 

the reaction of an ethylen1C$lly unsaturated carboxyamide of formula XIII liberates the corresponding HNR8(R9) 

compound (e.g., ammonia when RB and R9 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 about2 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 preferable 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 oil the reaction, 

where desired, 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 pentaamlne (TEPA) with methyl 

methacrylate can be Dlustrated as follows: 

17 
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Preparation of the Dispersant 

The amine Is reacjilyreacted with the selected material, e.g., the ethylene-propylene copolymer substituted 

succinic anhydride, by reacting an oil solution containing 5 to 95 wt.% of the polymer substituted mono- or di­

carboxyllc acid material at about 100 to250°C, preferably 125 to 175°C, generally for 1 to 10, e.g., 2 to 6 hours 

until the desired amount of water is removed. The heating is preferably carried out to favor formation of imides 

or mixtures of imides and amides, rather than amides and salts. 
Reaction ratios of polymer substituted mono- and dlcarboxylic acid material to equivalents of amine as well 

as the other nucleoph!llc reactants described herein can vary considerably, depending on the reactants and 

type of bonds formed. When the polymer comprises a polymer substituted dlcarboxyllc acid material, containing 

dlcarboxylic acid producing moieties derived from any of the above monounsaturated dlcarboxyllc acids, or an­

hydride or ester deriVatives thereof, generally from 0.05 to 1.0, preferably from about 0.1 to 0.6, e.g., 0.2 to 
0.4, moles of dlcarboxyllc acid moiety content (e.g., grafted malelc anhydride content) is used, per equivalent 

of nucleophillc reactant, e,g~. amine. For example, about 0.8 mole of a pentamlne (having two primary amino 

groups and 5 equivalents Qt.nitrogen per molecule) is preferably used to convert into a mixture of amides and 

imides, the product form&d by reacting one mole of polymer with sufficient maleic anhydride to add 1.6 moles 

of succinlc anhydride groups per mole of polymer, i.e., preferably the pentamlne is used iil an amount sufficient 

to provide about 0.4 mole (that is 1.61(0.8 x 5) mole) of succinic anhydride moiety per nitrogen equivalent of 

the amine. If an amldo-amine, 8$ above, ls employed, generally from 1 to 5, preferably from about 1.5 to 3 moles 

of dicarboxylic acid moietycontent.(e.g., grafted maleic anhydride content) is used per equivalent of amldo­

amine reactant, e.g., ainine. 
When the polymer comprises a polymer substituted monocarboxylic acid material, containing monocarbox­

ylic acid producing moieties derived from any of the above monounsaturated monocarboxylic acids, or ester 

derivatives thereof, generallyJrom 0.05 to 1.0, preferably from about 0.1 to 0.6, e.g., 0.2 to 0.4, moles of mono­

carboxyllc acid moiety:oontent (e.g., grafted acrylic acid content) is used, per equivalent of nucleophlllc reac­

tant, e.g., amine. If an •mido-~mlne, as above, is employed, generally from 1 to 5, preferably from about 1.5 

to 3 moles of monocarboxylic acid moiety content (e.g., grafted acrylic acid content) Is used per equivalent of 

arnido-arnine reactant, e.g., $mine. 
An example of the reaction of an amido-amine reactant with a polymer mono- ordicarboxylic acid producing 

reactant 1$ the reaction of ethylene-propylene copolymer substituted succinic anhydride (EPSA) with a polya­
mldo-amine having tWo terminal :..NH2 groups, which can be illustrated as follows: 
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· .. · .. 

wherein x and y are each iritegers of from 0 to 10, EP represents an ethylene-propylene copolymer group as 

described above, z1 and'.z2 are mOietlea of the formula: 

. .. . 

wherein R1o, Aand n4.ai'e as.defelned.above for Formula XVIII. Preferred are amido-amine reaction products 

of the above equation wherelii. R10 Is H, and most preferably wherein x and y are each zero, and A is -(CH2)a-

or -(CH3H7)-. . . •· · .. · · 
It will be understood ttiat the· amine reactant can comprise one or a mixture of any of the above described 

amines, such as a mbdUi"EI Of an amido-ainlne and a polyalkylene polyamlne. Preferably, the polymer substituted 

mono- or dlcarboxyllc acid pr0duclng inaterlal and amine will be contacted for a time and under conditions suf­

ficient to react substantlaily all of the primary nitrogens In the amine reactant. The progress of this reaction 

can be followed by Infrared. analysis. . 
The dispersant-forming reaction Ca.n be conducted In a polar or non-polar solvent (e.g., xylene, toluene, 

benzene and the like), and is·pret$f:9bly conducted in the presence of a mineral or synthetic lubricating oil. 

Trls(hydroxymethyl) amino ITi~thane (THAM) can be reacted with the aforesaid polymer substituted acid 

material to form amides, imides or ester type additives as taught by GB 984,4()9, or to form oxazoline com­

pounds and borated <>Xazollne ·c0mpounds as described, for example, in U.S. 4,102,798; 4,116,876 and 

4,113,639. 
The ashless dispersants may also be esters derived from the aforesaid ethylene alpha-olefin polymer sub­

stituted mono- or dlcarboxylic acid material and from hydroxy compounds such as monohydric and polyhydric 

alcohols or aromatic compounds such as ·phenols and naphthols, etc. The polyhydric alcohols are the most 

preferred hydroxy oompound and preferably contain from 2 to about 10 hydroxy radicals, for example, ethylene 

glycol, dlethylene glycc>I, triethylene g!ycol, tetraethylene glycol, dlpropylene glycol, and other alkylene glycols 

in which the alkylene radical contains· from 2 to about 8 carbon atoms. Other useful polyhydrlc alcohols include 

glycerol, mono-oleate Of glycerol; monostearate of glycerol, monomethyl ether of glycerol, pentaerythritol, dl-

pentaerythritol, and mixtures thereOf. · . 
The ester dispersant may also be derived from unsaturated alcohols such as allyl alcohol, clrinamyl alcohol, 
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propargyl alcohol, 1-cyclohexane-3-ol, and oleyl alcohol. Still other classes of the alcohols capable of yieldlng 

the esters of this invention comprise the ether-alcohols and amino-alcohols including, for example, the oxy­

alkylene, oxy-arylene-, amincralkylene-, and amino-arylene-substituted alcohols having one or more oxy-al­

kylene, amino-alkylene or amlno-arylene oxy-arylene radicals. They are exemplified by Cellosolve, Carbltol, 

N,N,N',N'-tetrahydroxy-trimethylene di-amine, and ether-alcohols having up to about 150 oxy-alkylene radicals 

in which the alkylene radical contains from· 1 to about 8 carbon atoms. 
The ester dispersant may be di-esters of succlnic acids or acidic esters, i.e., partially esterifled succlnic 

acids; as well as partially esterifled polyhydric alcohols or phenols, i.e., esters having free alcohols or phenolic 

hydroxyl radicals. Mixtures of the above illustrated esters likewise are contemplated within the scope of this 

invention. 
The ester dispersant may be prepared by one of several known methods as illustrated for example In U.S. 

Patent 3,381,022. The ester dispersant may also be borated, similar to the nitrogen containing dispersants, as 

described above. 
Hydroxyamlnes which can be reacted with the aforesaid ethylene alpha-olefin polymer substituted dlcar­

boxylic acid material to form dispersants Include 2-amlno-1-butanol, 2-amlno-2-methyl-1-propanol, p-(beta-hy­

droxyethyl)-anUine, 2-amlno-1-propanol, 3-amino-1-propanol, 2-amino-2-methyl-1,3-propane-dlol, 2-ai:nlno-2-

ethyl-1,3-propanediol, N-(beta-hydroxypropyl)-N'-(beta-amlno-ethyl)-piperazlne, ti'ls(hydroxymethyl) amino­

methane (also known as trismethylolaminomethane), 2-amino-1-butanol, ethanolamine, beta-(beta­

hydroxyethoxy)-ethylamine, and the like. Mixtures of these or similar amines can also be employed. The above 

description of nucleophillc reactants suitable for reaction with the ethylene alpha-olefin polymer substituted dl­

carboxyllc acid or anhydride includes amines, alcohols, and compounds of mixed amine and hydroxy containing 

reactive functional groups, i.e., amino-alcohols; 
Reactive metals or reactive metal compounds useful for reaction with the ethylene-alpha-olefin polymer 

substituted mono- and dlcarboxylic acid materials of this Invention are those which will forth carboxyllc acid 

metal salts with the ethylene-alpha-olefin polymer substituted mono- and dlcarboxyllc acid materials of this In­

vention and those which will form metal-containing complexes with such dispersant derivative compositions 

produced by reacting the ethylene-alpha-olefin polymer substituted mono- and dicarboxylic acid materials with 

amines and/or alcohols as discussed above. Reactive metal compounds useful for the formation of such com­

plexes are disclosed in U.S. Patent 3,306,908. Complex-forming metal reactants include the nitrates, nitrites, 

halides, carboxylates, phosphates, phosphites, sulfates, sulfltes, carbonates, borates, and oxides of cadmium 

as well as metals having atomic numbers from 24 to 30 (including chromium, manganese, Iron, cobalt, nickel, 

copper and zinc). These metals are the so-called transition or co-ordination metals, I.e., they are capable of 

forming complexes by means of their secondary or co-ordination valence. Specific examples of the complex­

forming metal compounds useful as the reactant In this Invention are cobaltous nitrate, cobaltous oxide, oobaltic 

oxide, cobalt nitrite, cobaltic phosphate, oobaltous chloride, cobaltic chloride, cobaltous carbonate, chromous 

acetate, chromic acetate, chromic bromide, chromous chloride, chromic fluoride, chromous oxide, chromium 

dioxide, chromic oxide, chromic sulfite, chromous sulfate heptahydrate, chromic sulfate, chromic formate, 

chromic hexanoate, chromium oxychlorlde, chromic phosphite, manganous acetate, manganous benzoate, 

manganous carbonate, manganese dichloride, manganese trichloride, manganous citrate, manganoos for­

mate, manganous nitrate, manganous oxalate, manganese monooxide, manganese dioxide, manganese tri­

oxide, manganese heptoxide, manganic phosphate, manganous pyrophosphosate, manganic metaphosphate, 

manganous hypophosphite, manganous valerate, ferrous acetate, ferric benzoate, ferrous bromide, ferrous 

carbonate, ferric formate, ferrous lactate, ferrous nitrate, ferrous oxide, ferric oxide, ferric hypophosphlte, ferric 

sulfate, ferrous sulfite, ferric hydrosulfite, nickel dibromide, nickel dichloride, nickel nitrate, nickel dloleate, nick­

el stearate, nickel sulfite, cupric propionate, cupric acetate, cupric metaborate, cupric benzoate, cupric formate, 

cupric laurate, cupric nitrite, C\lprlc oxychloride, cupric palmitate, cupric salicylate, zinc benzoate, zinc borate, 

zinc bromide, zinc chromate, zinc dichromate, zinc Iodide, zinc lactate, zinc nitrate, zinc oxide, zinc stearate, 

zinc sulfite, cadmium benzoate, cadmimum carbonate, cadmium butyrate, cadmium chloroactate, cadmium, 

fumerate, cadmium nitrate, cadmium di-hydrogenphosphate, cadmium sulfite, and cadmium oxide. Hydrates 

of the above compounds are especially convenient for use in the process of this Invention. 

U.S. Patent 3,306,908 is expressly Incorporated herein by reference for its discussion of reactive metal 

compounds suitable for forming such complexes and Its disclosure of processes for preparing the complexes. 

Basically, those processes are applicable to the dispersant derivative compositions of the ethylene-alpha-olefin 

polymer substituted mono- and dlcarboxylic acid materials of this invention with the amines as described above 

by substituting, or on an equivalent basis, the ethylene-alpha-olefin polymer substituted mono- and dicarboxylic 

acid materials of this invention with the high molecular weight carboxylic acid acylating agents disclosed In U.S. 

Patent 3,306,908. The ratio of equivalents of the acylated amine thus produced and the complex-forming metal 

reactant remains the same as disclosed In US-A 3,306,908. 
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U.S. Reissue Patent 26,433 discloses metals useful in preparing salts from the dispersant derivative com­

positions of the ethylene-alpha-olefin polymer substituted mono- and dicarboxyllc acid materials of this lnven- · 

tion and amines as described herelnabove. Metal salts are prepared, accor,ctlng to this patent, from alkali metals, 

alkaline earth metals,. zinc, cadrnium, lead, cobalt and nickel. Examples Of a reactive metal compound suitable 

5 for use herein are sodium <>Xlde, sodium hydroxide, sodium carbonate, sodium methylate, sodium propylate, 

sodium pentylate, sodium phenoxide, potassium oxide, potaslum hydroxide, potassium carbonate, potassium 

methylate, potassium pentylate, potassium phenoxide, lithium oxide, lithium hydroxide, lithium carbonate, li­

thium pentylate, calcium Oxide, calcium hydroxide, calcium carbonate, calcium methylate, calcium ethylate, cal­

cium ptopylate, calcium. chloride, calcium fluoride, calcium pentylate, calcium phenoxide, calcium nitrate, 

10 barium oxide, barium hydroxide, barium carbonate, barium chloride, barium fluoride, barium methylate, barium 

propylate, barium pentylate; barium nitrate, magnesium oxide, magnesium hydroxide, magnesium carbonate, 

magnesium ethylate, magnesium propylate, magnesium chloride, magnesium bromide, barium, Iodide, mag­

nesium phenoxlde, zinc oxide, zinc hydroxide, zinc cafbonate, zinc methylate, zinc propylate, zinc pentylate, 

zinc chloride, zinc fluoride, zinc nitrate trihydrate, cadmium oxide, cadmium hydroxide, cadmium carbonate, 

15 cadmium methylate, cadmium propylate, cadmium chloride, cadmium bromide, cadmium fluoride, lead oxide, 

lead hydroxide, lead carbonate, lead ethylate, lead pentylate, lead chloride, lead fluoride lead Iodide, lead ni­

trate, nickel oxide, nick.el hydroxide, nickel carbonate, nickel chloride, nickel bromide, nickel fluoride, nickel me­

thylate, nickel pentylate, nickel nitrate hexahydrate, cobalt oxide, cobalt hydroxide, cobaltous bromide, 

cobaltous chloride, ct>Qalt butylate, cobaltous nitrate hexahydrate, etc. The above metal compounds are merely 

20 illustrative of those useful in this Invention and the Invention Is not to be considered as limited to such. 
U.S. Reissue 26,433 ls ·expressly incorporated herein by reference for Its disclosure of reactive metal com­

pounds useful herein and prqcesses for utilizing these compounds In the formation of salts. Again, In applying 

the teachings of this patent to the present Invention, It Is only necessary to substitute the ethylene-alpha-olefin 

polymer substituted mQno- and dlcarboxylic acid materials of this invention on an equivalent weight basis for 

25 the high molecular weight carboxylic acylatlng agents of the reissue patent. 
U.S. Patent 3,271,31 o discloses the preparation of metal salt of high molecular weight carboxyllc acid acy­

latlng agents, in particular alkenyl succinic acids. The metal salts disclosed therein are acid salts, neutral salts, 

and basic salts. Among the iHustratiVe reactive metal compounds used to prepare the acidic, neutral and basic 

salts of the high molecular weightcarboxylic acids disclosed In US-A-3,271,310 are lithium oxide, lithium hy-

30 droxlde, lithium carbonate, lithium pentylate, sodium oxide, sodium hydroxide, sodium carbonate, sodium me­

. thylate, sodium propylatr, sodium phenoxlde, potassium oxide, potassium hydroxide, potassium carbonate, 

potassium methylate; sliver OXide; silver carbonate, magnesium oxide, magnesium hydroxide, magnesium car­

bonate, magnesium ethylate, magnesium propylate, magnesium phenoxlde, calcium oxide, calcium hydroxide, 

calcium carbonate, calcium methylate, calcium propylate, calcium pentYlate, zinc oxide, zinc hydroxide, zinc 

35 carboilate, zinc propylate, strontium oxide, strontium hydroxide, cadmium oxide, cadmium hydroxide, cadmium 

carbonate, cadmium ethylate, barium oxide, barium hydroxide, barium hydrate, barium carbonate, barium ethy­

late, barium pentylate, aluminum oxide, aluminum propylate, lead oxide, lead hydroxide, lead carbonate, tin 

oxide, tin butylate, cobalt o~dde, cobalt hydroxide, cobalt carbonate, cobalt pentylate, nickel oxide, nickel hy­

droxide, and nickel carbonate. The present invention is not to be considered as limited to the use of the above 
40 metal compounds; they are presented merely to Illustrate the metal compounds included within the Invention. 

U.S; Patent 3,271,310 Is expressly incorporated herein by reference for its disclosure of suitable reactive 

metal compounds for. forming salts of the ethylene-alpha-olefin polymer substituted mono- and dlcarboxylic 

acid materials of this Invention as well as illustrative processes for preparing salts of these materials. As will 

be apparent, the processes of US-A-3.~71,310 are applicable to the polymer substituted materials of this in-

45 vention merely by substituting on an equivalent weight basis, the ethylene-alpha-olefin polymer substituted 

monoand dlcarboxylic acid materials of this invention for the high molecular weight carboxyllc acids of the pa­

tent. 
From the foregoing description, it· is apparent that the ethylene-alpha-olefin polymer substituted monoand 

dlcarboxyllc acid materials of this invention can be reacted with any Individual amine, alcohol, reactive metal, 

so reactive metal compound or any combination of lw9 or more of any of these; that is, for example, one or more 

amines, one or more alcohols, one or more· reactive metals or reactive metal compounds, or a mixture of any 

of these. The mixture can be a mixture· of two or more amines, a mixture of two or more alcohols, a mixture of 

two or more metals or reactive metal compounds, or a mixture of tWo or more components selected from amines 

and alcohols, from amines and reactive metals or reactive metal compounds, from alcohols and reactive metals 

55 compounds, or one orinorecomponents from each of the amines, alcohols, and reactive metal or reactive metal 

compounds. Furthermo~"the ethylene-alpha-olefin polymer substituted mono- and dicarboxylic acid materials 
of this Invention can be reacted with the amines, alcohols, reactive metals, reactive metal compounds, or mix­

tures thereof, as described above, simultaneously (concurrently) or sequentially In any order of reaction. 
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Canadian Patent 966,397 is expressly incorporated herein by reference for Its disclosure of procedures 

for reacting the ethylene-alpha-olefin polymer substituted mono- and dicarboxylic acid materials of this inven­

tion with amines, alcohols, reactive. metal and reactive metal compounds, or mixtures of these, sequentially 

and simultaneously. All that is required. to apply the processes of that patent to this Invention is to substitute, 

5 on an equivalent weight baais, the ethylene-alpha-olefin polymer substituted mono- and dicarboxyllc acid ma­
terials of this Invention for the h1gh molecular weight carboxylic acid acylating agents disclosed in that Canadian 

patent Carboxylic acid derivatives of this Invention prepared utllizing the processes disclosed in the Canadian 

patent constitute a preferred claS& of carboxyllc acids or carboxylic acid derivative compositions. The following 

Patents are counterparts of the ltic0rp0rated Canadian patent, for the same reasons given for Incorporating 
10 the Canadian patent: 3,836,469;· 3,83SA70; 3,836,471; 3,838,050; 3,838,052; 3,879,308; 3,957,854; 

3;957,855. The Canadian patent and the U.S. patents illustrate that the amount of polyoxyalkylene alcohol de­

mulsifier utilized in preparing disp8rSaritldetergents from the ethylene-alpha-olefin polymer substituted mono­

and dicarboxylic acid materials of this invention is normally quite small on an equivalent basis. 
It Is also pointed out .that, amorig the more preferred carboxylic derivative compositions of this invention 

15 are those prepared according to the canadlan patent and corresponding U.S. patent and application identified 

above in which the polyoxyalkylerie alcohol demulslfler has been omitted. In other words, a preferred class of 

carboxylic derivative compositions· of this Invention are the various reaction products of the high molecular 

weight carboxylic acid acylating agents of the Canadian patent with one or more amines, alcohols, and reactive 

metal compounds as disclosed· therein differing only in that the ethylene-alpha-olefin polymer substituted 

20 mono- and dlcarboxyllc acid materiais of this invention are substituted on an equivalent weight basis and, fur­

ther, that the polyoxyalkylene alcohordemulslfier reactant is omitted. 
In addition, U.S. Patent 3,806A-56 discloses processes useful in preparing products from the ethylene-al­

. pha-olefin polymer substitut8c:J mono- and dlcarboxyllc acid materials of this Invention and polyoxyalkylene 

polyamines as described herelnbefote. Substitution of the ethylene-alpha-olefin polymer substituted mono-

25 and dlcarboxylic acid materials of this invention for the high molecular weight carboxylic acid acylating agents 

disclosed in 3,806,456 on an equivalent weight basis produces compounds of similar utility further character­

ized by the desired viscO&lty lridex Improving properties discussed hereinbefore. 
U.S. Patent 3,576, 743 disclases a process for preparing carboxylic derivative compositions from both poly­

hydric alcohols and amine; In particular, hydroxy-substituted primary amines. Again, substitution of the ethy-

30 lane-alpha-olefin polymer substituted mono- and dicarboxyllc acid materials of this invention on an equivalent 

weight basis for the high molecular carboxylic acid acylating agents disclosed In 3,576, 743 provides composi­

tions having th~ desired dlspersani:/detergent compositions and the V.I. Improving properties already dis­

cussed. 
U.S. Patent 3,632,510 discloses processes for preparing mixed ester-metal salts. Mixed ester-metal salts 

35 derived from ethylene-alpha-olefin polymer substituted mono- and dlcarboxylic acid materials of this invention, 

the alcohols, and the reactive metal compounds can be prepared by following the processes disclosed in 

3,632,510 but substituting, on an equivalent weight basis, the ethylene-alpha-olefin polymer substituted mono­

and dlcarboxyllc acid materials of this invention for the high molecular weight carboxyllc acid acylatlng agents 

of the patent. The carboxylic acid derivative compositions thus produced also represent a preferred aspect of 
40 this Invention. 

Finally, U.S. Patents 3,755, 169; 3,804,763; 3,868,330; and 3,948,800 disclose how to prepare carboxylic 

acid derivative compositions; By following the teachings of these patents and su bstitullng the ethylene-alpha­

olefln polymer substituted mono- and dicarboxylic acid materials of this Invention for the high molecular weight 

carboxylic acylating agents of the patents, a wide range of carboxylic derivative compositions within the scope 

45 of the present invention can be prepared. 
Incorporation of so many patents Is done for the sake of brevity and because, it is felt, that the procedures 

necessary to prepare the carboxylic derivative compositions from the ethylene-alpha-olefin polymer substituted 

mono- and dicarboxylic acid materials and the amines, alcohols, and reactive metals and reactive metal com­

pounds, as well as mixtures thereof, is well within the skill of the art, such that a detaHed description herein is 

50 not necessary. 
A preferred group of ashless dlspersants are those derived from ethylene-propylene copolymer substituted 

with succinic anhydride groups and reacted with polyethylene amines (referred to herein as "EPSA"), e.g., tet­

raethylene pentamhie, pentaethylene hexamine, polyoxyethylene and polyoxypropylene amines, e.g., polyox­

ypropylene diamlne, trlsmethylolaminomethane and pentaerythritol, and combinations thereof. One 

55 particularly preferred dispersant combination involves a combination of (A) ethylene-propylene copolymer sub­

stituted with succinlc anhydride groups and reacted with (B) a hydroxy compound, e.g., pentaerythritol, (C) a 

polyoxyalkylene polyamlne, e.g., polyoxypropylene dlamine, and (D) a polyalkylene polyamlne, e.g. polyethy­

lene diamine and tetraethylene pentamine using about 0.3 to about 2 moles each of (B) and (0) and about 0.3 
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to about 2 moles of (C) per mole of (A) as described in U.S. Patent 3,804,763. Another preferred dispersant 
combination involves the combination of (A) ethylene-propylene copolymer succinlc anhydride with (B) a poly­
alkylene polyamine, e.g •• tetraethylene pentamine, and (C) a polyhydric alcohol or polyhydroxy-substituted ali­
phatic primary amine, e.g., pentaerythritol or trismethylolaminomethane as described In U.S. Patent 3,632,511. 

s The dispersant materials of this Invention are preferably characterized by a VR' value of not greater than 
about 4.1, preferably not greater than about 4.0, e.g., froin about2.5 to 4.0, and most preferably ftom 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 
w VI~ 

wherein VIS'a is the kinematic viscosity (ASTM Method 0445) of the dispersant material at 100°C in units of 
centistokes, and VIS'b is the cold cranking simulator (CCS) viscosity (ASTM Method 02602) at -20°C in units 
of poise, as determined at a dispersant material polymer concentration of 2 wt.% in the reference oil as defined 
above for Formula IV. Preferably, the disperant materials of this invention are also characterized by a VR'NRr 

15 ratio of not greater than about 1.11, more preferably not greater than about 1.09, still more preferably from about 
0.7to1.08 and most preferably from about 0.9to1.05, wherein VRr= 3.7 ± 0.1 for the reference oil. 

Another aspect of this invention involves the post treatment of the nitrogen or ester containing dispersant 
materials. The process for post-treating said nitrogen or ester containing dispersant materials is analogous to 
the post-treating pro~ses used with respect to derivatives of conventional ethylene copolymers of the prior 

20 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 

by contacting said nitrogen-containing dispersant materials with one or more post-treating reagents selected 
from the group consisting of boron oxide, boron oxide hydrate, boron halides, boron acids, esters of boron acids, 
carbon disulfide, sulfur, sulfur chlorides, alkenyl cyanides, aldehydes, ketones, urea, thio-urea, guanidine, di-

25 cyanodlamide, hydrocarbyl phosphates, hydrocarbyl phosphites, hydrocarbyl thiophosphates, hydrocarbyl 
thiophosphites, C1 to C30 hydroearbyl substituted succinic acids and anhydrldes (e.g., succinic anhydride, do­
decyl succlnlc anhydride and the like), maleic anhydride (or any of the above discussed monounsaturated car­
boxyllc reactants useful in forming the ethylene-alpha-olefin polymer-substituted mono- and dicarboxyllc acid 
materials employed in this in\tention), phosphorus sulfides, phosphorus oxides, phosphoric acid, hydrocarbyl 

30 thlocyanates, hydrocarbyl isocyanates, hydrocarbyl isothiocyantes, epoxides, episulfldes, formaldehyde or for­
maldehyde-producing compounds plus phenols, and sulfur plus phenols. The same post-treating reagents are 
used with the dispersant materials prepared from a combination of polyamlnes and polyols. However, when 
the dispersant materials are derived from polyols, and that is, when they are esters, the post-treating reagents 
are usuaHy seleCted from the group consisting of boron oxide, boron .oxide hydrate, boron halides, boron acids, 

as esters of boron acids, sulfur, sulfur chlorides, phosphorus sulfides, phosphorus oxides, epoxldes, and episul­
fldes. 

For example, the nitrogen containing dlspersants can be treated with a boron compound selected ftom the 
class consisting of boron oxide, boron halides~ boron acids and esters of boron acids In an amount to provide 
ftom 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 nitrogen 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 O. 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 (HBQV3), is believed to attach to the dispersant as amine salts, 
e.g., the metaborate salt of said amine dispersants. 

45 Treating Is readily carried out by adding li'om 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 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 

50 water. 
Since post-treating processes involving the use of these post-treating reagents are known Insofar as ap­

plication to reaction products of high molecular weight carboxylfc acid acylating agents of the prior art and 
amines and/or alcohols, 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 conditions, ratio 

55 of reactants, and the like as described in the prior art, be applied to the novel compositions of this Invention. 
The following patents disclose past-treating processes and post.,treating reagents applicable to the composi­
tions 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; 3,403,102; 3,428,561; 
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3,502,677; 3,513,093; 3,533,945; 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; 3,245,908; 3,245,909; 3,245,910; 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; 3,652,616; UK ~at. No. 1,085,903; UK Pat. No. 1,162,436; U.S. Pat. No. 3,558,743. 

The nitrogen and/or ester containing dispersant materials of this invention can also be treated with poly­

merlzable lactones (such as epsilon-caprolactone) to form dispersant adducts having the moiety -

[C(O)(CH2)zOJmH, wherein z Is a number of from 4 to 8 (e.g., 5 to 7) and m has an average value offrom about 

Oto 100 (e.g., 0.2 to 20) • The dlspei'sants of this Invention can be post-treated with a Cs to Ct 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 temperature of about 50°C to about 200°C, more preferably from about 75°C to about 

1800C, 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 may be employed to control 

viscosity and/or the reaction rates. 
In one preferred embodiment, the Cs to Ct lactone, e.g., epsllon-caprolactone, is reacted with a dispersant 

material In a 1:1 mole ratio of lactone to dispersant material. In practice, the ration of lactone to dispersant ma­

terial may vary considerably as a means of controlling 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 2:1toabout0.4:1. It is 

preferable to maintain the average degree of polymerization of the lactone monomer below about 100, with a 

degree of polymeriiation on the order of from about 0.2 to about 50 being preferred, and from about0.2 to about 

20 being more preferred. For optimum dispersant performance, sequences of from about 1 to about 5 lactone 

units in a row are preferred. 
Catalysts useful In the promotion of the lactone-dlspersant material reactions are selected from the group 

consisting of stannous octanoate, stannous hexanoate, tetrabutyl titanate, a variety of organic based acid cat­

alysts and amine catalysts, as d8$cribed on page 266, and forward, in a book chapter authored by R.D. Lund­

berg and E. F. Cox, entitled •Kinetics and M$chanlsms ofPolymerizatjon: Ring Opening Polymerization•, edited 

by Frisch and Reegen, published by Mal'Cel Dekker In 1969, wherein stannous octanoate is an especially pre­

ferred 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 o.ne mHlion parts of the total reaction mixture. 

Exemplary of adducts formed by reaction of dispersant materials if this invention and epsllon-caprolactone 

are those adducts illustrated by the following equation: 

0 . . •. 0 

EP~··· \ EP 

i. ·~w-
0 0 

. . 

_ lg(CHi) 5-o) 11H 

24 

+ • 

0 
II 

0 



. '\_.) 

0 

EP 0 353 935 B1 

wherein m and EP are as defined .above. The reactions of such lactones with dispersant materials containing 

nitrogen or ester groups are mere completely described in GB-A-219731, GB-A-2201678, GB-A-2211849, EP-

-~ A-0263702, EP-A-0263703,' EP:.A-0263704, and EP-A-0263706; and co-pending European Application No. 

0336664. 
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Further aspects of the present invention reside in the formation of metal complexes of the novel dispersant 

additives prepared in aceorda~ce Ylith 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. Compl~x forming .metal reactants Include the metal nitrates; thiocyanates, halides, car­

boxylates, phosphates, thio-phosp~ates_. sulfates, and borates of transition metals such as Iron, cobalt, nickel, 

copper, chromium, manganese, molybdenum, tungsten, ruthenium, palladium, platinum, cadmium, lead, silver, 

mercury, antimony and tl:le like. ·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 en­

tirety. 
The processes of th9$e ln~rporate~ patents, as applied to the compositions of this invention, and the post­

treated compositions thus produced;constltute a further aspect of this invention. 
As a further feature of-th_e present invention, the (A) ethylene-alpha-olefin polymer substituted mono-and 

di-carboxylic acid materi,als of ,this invention can be admixed, prior to, after or during being contacted with the 

selected nucleophillcreagant;with(B) a conventional polyolefin-substituted mono- or dlcarboxylic acid material 

derived from any of th~ polyoleflnsdiscussed above as being useful as a m_ixed charge with the ethenylenlcally 

unsaturated ethylene-alpha-olefin .polymers In the formation of the ethylene-alpha-olefin polymer substituted 

mono-and di-carboxylic acid materials of this invention. The ethylene -alpha-olefin polymer substituted mono­

and di-carboxylic acid. materials of this invention and the polyolefln-substltuted mono- or dicarboxytic acid ma­

terial will be generally adrrlixed 'prior to contact with the selected selected nucleophilic reagant, e.g., alkylene 

polyamine. Such mixtures Will generally employ a weight:weight ratio of ethylene-alpha-olefin polymer substi­

tuted mono-and di-carbOxyllc acid. materia!S of this Invention to polyolefln-substltuted mono- or dicarboxylic 

acid material from 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 ethylene-propylene copolymer-substituted succlnic anhydride mate­

rials of this Invention arid polyb~tyl-substltuted succinlc anhydride (derived fi'om polyisobutylene, poly-n­

butene, or mixtures thereof; having a' number average molecular weight as described above for the above con­

ventional polyoleflns; e.g.; 900 -·5iOO(l). ·The resulting mixtures can then be contacted for reaction with these­

lected nucleophllc reagent ~s (jncribed above for formation of dispersant materials having improved viscosity 

properties, wherein the VR' of th·e .resulting dispersant material Is preferably less than the VR' of the corre­

sponding dispersant prepao:td from the polyolefln-substltuted mono- or dlcarboxyllc acid material alone. The 

resulting mixed dispersant materials can also be treated with any of the above-described post-treatment meth­

ods for Incorporation Of additional functional groups thereon, such as boron, hydroxy, ester, epoxy, lactone, sul­

fur, metals and the like, as.discussed abovtt. 
The dispersants of the present inv~ntlon can be incorporated into a lubricating oil In any convenient way. 

Thus, these mixtures can beaddiad d!r&ctly to the oil by dispersing or dissolving the same In the oil at the desired 

level of concentrations of ttie. disper8ant and detergent, respectively. Such blending Into the additional lube oil 

can occur at room temperature·or elevated temperatures. Alternatively, the dispersants can be blended with a 

suitable oil-soluble solvent-and base oil to form a concentrate, and then blending the concentrate with a lubri­

cating oil basestock to obtain.the final formulation. 
The lubricating oil basestock f()r the dispersant typically is adapted to perform a selected function by the 

incorporation of additiOnal additives ti:ierein to form lubricating oil compositions (I.e., formulations). Such dis­

persant concentrates win typically .contain (on an active ingredient (A.I.) basis) from about 20 to about 60 wt.%, 

and preferably from about 40. to about 50 Wt.%, dispersant additive, and typically from about 40 to 80 wt.%, 
preferably from about 40 .. to 60 wi:. %~ ti&Se oil, based on the concentrate weight. 

60 LUBRICATING COMPOSITIONS. , 

The additive mixtures of the present invention possess very good dispersant properties as measured here­

in in a wide variety of environmen~~ Accordingly, the additive mixtures are used by incorporation and dissolution 

into an oleaginous material sych ~s lubricating oils. 
66 The additive mixtures of the present invention find their primary utility In lubricating oil compositions which 

employ a base oil in which the-adcUtives· are dissolved or dispersed. Such base ons may be natural or synthetic. 

Base oils suitable for use· ii) preparing .the lubricating oil compositions of the present Invention Include those 

conventionally employ8d-aS crankcase lubricating oils for spark-ignited and compression-ignited internal com-
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bustion engines, such as automobile and truck engines, marine and railroad diesel engines, and the like. Ad­

vantageous results are also achieved by employing the additive mixtures of the present inventlOn in base ons · 

conventionally employed in and/or adapted for use as power transmitting fluids, universal tractor fluids and hy­

draulic fluids, heavy duty hydraulic fluids, power steering fluids and the iike. Gear lubricants, Industrial oils, 

pump oils and other lubricating on compositions can also benefit from the incorporation therein of the additive 

mixtures of the present invention. 
These lubricating on 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 lmprovers, antioxidants, corrosion inhibitors, detergents, dlspersants, pour point depressants, antiwear 

agents, friction modifiers, and other ashless dispersant (e.g., polyisobutenyl succinimtdes and borated deriv­

atives thereof), etc. 
In the preparation of lubricating oil formulations it Is common practice to introduce the additives in the form 

of 1 Oto 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 oil, per part by weight of 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 

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 disp~rsan1s of the present invention will be generally used in admixture with a lube oil base­

stock, comprising an oil·of lubricating viscosity, Including natural and synthetic lubricating ons and mixtures 

thereof. 
Natural oils include animal oils and vegetable oils (e.g., castor, lard oil) liquid petroleum oils and hydrore­

flned, solvent-treated or acid-treated mineral lubricating oils of the paraffinlc, naphthenic and mixed parafflnic­

naphthenlc types. Olis of lubricating viscosity derived from coal or shale are also useful base oils. 

Alkylene oxide polymers and lnterpolymers and derivatives thereof where the terminal hydroxyl groups 

have been modified by esterlfication, etherificatlon, etc., constitute another class of known synthetic lubricating 

oils. These are e~emplified 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 lsopropylene glycol 

ether having an average molecular weight of 1000, dlphenyl ether of poly-ethylene glycol having a molecular 

weight of 500-1000, diethyl ether of polypropylene glycol having a molecular weight of 1000-1500) ; and moilo-

and polycarboxyllc esters thereof, for example, the acetic acid esters, mixed C:rCa fatty acid esters and C13 

Oxo acid diester of tetraethylene glycol. 
Another suitable class of synthetic lubricating oils comprises the esters of dlcarboxyllc acids (e.g., phthalic 

acid, succlnlc acid, alkyl succlnic acids and alkenyl succinic acids, malelc acid, azelalc acid, suberlc acid, se­

basic acid, fumarlc aCld, adlplcacid, llnoleic acid dimer, malonic acid, alkylmalonlc acids, alkenyl malonic acids) 

with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohoi, 2-ethylhexyl alcohol, ethylene gly­

col, dlethylene glycol monoether, propylene glycol). Specific examples of these esters include dlbutyl adlpate, 

di(2-ethylhexyl)sebacate, di-n-hexyl fumarate, dloctyl sebacate, diisooctyl azelate, dilsodecyl azelate, dloctyl 

phthalate, dldecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl dlester ofllnoleic acid dimer, and the complex 

ester formed by reacting one mole of sebacic acid with two moles of tetraethylene glycol and two moles of 2-

ethylhexanoic acid. 
Esters useful as synthetic oils also include those made from C5 to C12 monocarboxyllc acids and polyols 

and polyol ethers such as neopentyl glycol, trlmethylolpropane, pentaerythritol, dipentaerythritol and trlpen­

taerythritol. 
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 sDlcate, tetraisopropyl silicate, tet­

ra-(2-ethylhexyl)silicate, tetra-{4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butylphenyl)sillcate, hexa-(4-

methyl-2-pentoxy)dlsiloxane, poly(methyl)siloxanes and poly(methylphenyl)slloxanes. Other synthetic lubricat­

ing oils include liquid esters of phosphorus-containing acids (e.g., tricresyl phosphate, trloctyl phosphate, die­

thyl ester of decyl phosphonic acid) and polymeric tetrahydrofurans. 
Unrefined, refined and rereflned 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 exam­

ple, a shale oil obtained directly from retorting operations, a petroleum oil obtained dlrectiy from distillation or 

ester oil obtained directiy from an esterification process and used without further treatment would be an unre­

fined 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 techniques, such as distillation, 

solvent extraction, acid or base extraction, filtration and percolation are known to those skilled In the art. Re­

refined oils are obtained by processes similar to those used to obtain refined oils applied to refined oils which 
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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 oil breakdown products. 

Metal containing rust Inhibitors and/or detergents are frequently used with ashless dispersants. Such de­

tergents and rust inhibitors include the metal salts of sulphonic acids, alkyl phenols, sulphurized alkyl phenols, 

alkyl salicylates, naphthenate~; and other oil soluble mono- and dl-carboxyllc acids. Highly basic, that is over­

based metal salts which are frequently used as detergents appear particularly prone to interaction with the ash­

less 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 wl %. · 
Highly basic alkaline earth metal sulfonates are frequently used as detergents. They are usually produced 

by heating a mixture .comprising an on-soluble sulfonate oralkaryl 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 excess metal with carbon dioxide to provide the desired 

overbasing. The sulfonlc acids are typically obtained by the sulfonation of alkyl substituted aromatic hydrocar­

bons such as those obtained fiom the fractionation of petroleum by distillation and/or extraction or by the al­

kylation of aromatic hydrocarbons as for example those obtained by alkylating benzene, toluene, xylene, 

naphthalene, diphenyl and the halogen derivatives such as chlorobenzene, chlorotoluene and chloronaphtha­

lene. The alkylation ~y 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 eUtYtene, 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 sub­

stituted aromatic moiety~ 
The alkaline earth metal compounds which may be used in neutralizing these alkaryl sulfonic acids to pro­

vide the sulfonates includes the oxides and hydroxides, alkoxides, carbonates, carboxylate, sulfide, hydrosul­

fide, 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 require!d 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. 
A preferred alkaline ·earth sulfonate additive Is magnesium alkyl aromatic sulfonate having a total base 

number ranging from about 300 to about 400 with the magnesium sulfonate content ranging from about 25 to 

about 32 wt. %, based· uponthe:total. weight of the additive system dispersed in mineral lubricating oil. 

Neutral metal sulfonatee· are hquently used as rust Inhibitors. Polyvalent metal alkyl salicylate and naph­

thenate materials are known· additives for lubricating oil compositions to improve their high temperature per­

formance and to counteract deposition of carbonaceous matter on pistons (U.S. Patent 2, 744,069). An Increase 

In reserve baslcity of th~,polyvalent metal alkyl salicylates and naphthenates can be realized by utilizing alkaline 

earth metal, e.g. calcium, salt$ Of mixtu(es of CrCae alkyl salicylates and phenates (see U.S. Patent 2, 744,069) 

or polyvalent metal salts of alkyl sallcyclic acids, said acids obtained from the alkylation of phenols followed 

by phenation, carboxylation and hydrolysis (U.S. Patent 3,704,315) which could then be converted Into highly 

basic salts by techniques generally known and used for such conversion. The reserve basicity of these metal­

containing rust inhibitors is usefully at TBN levels of between about 60 and 150. Included with the useful poly­

valent 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 sub­

stituted phenols. BaSic sulfurized sallcylates and a method for their preparation are shown in U.S. Patent 

3,595, 791. Such mate..,als include alkaline earth metal, particularly magnesium, calcium, strontium and barium 

salts of aromatic acids having th& general formula: 
HOOC-ArR1-Xy(ArR10H)n (XX) 

where Ar is an aryl radical of 1 to 6 rings, R1 is an alkyl group having from about 8 to 50 carbon atoms, preferably 

12 to 30 carbon atoms (optimally about 12), Xis a sulfur(-S-) or methylene (-CHT) bridge, y is a number from 

o to 4 and n is a number ftom o to 4. 
Preparation of the overbased methylene bridged sallcylate-phenate salt is readily carried out by conven­

tional techniques such as by. alkylatlon of a phenol followed by phenatlon, carboxylatlon, 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 (XX.I): 
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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 

10 a metal salt whether neutral or basic, of a compound typified by the general formula (XXll): 

16 

25 

30 

35 

~ ¥ 

@Lsx--+-' 
OH ' bH 

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 solublllty 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 alkyl phenol sulfide with a sufficient quantity 

of metal containing material to Impart the desired alkalinity to the sulfurized metal phenate. 

Regardless of the manner in which they are prepared, the sulfurized alkyl phenols which are useful gen­

erally 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 comple~es 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 util­

izing a solution of metar In a. glycol ether. 
The neutral or norin~I sulfurized metal phenates are those in which the ratio of metal to phenol nucleus is 

about 1:2. The "overbased• or•baslcn sulfurized metal phenates are sulfurized metal phenates wherein the ratio 

of metal to phenol ls greaterthan thatofstolchiometric, e.g. basicsulfurlzed 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 whereil'I the· excess metal is produced In oil-soluble or dispersible form (as by reaction with 

C02). The overbased sulfurized metal phenates desirably have a TBN value of at least 150, e.g. from 200 to 

300. 
40 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 

also containing from 2 to 8()00 .Parts per million of calcium or magnesium. 
The magnesium andior calcium is generally present as basic or neutral detergents such as the sulphonates 

46 and phenates, our pr8ferred 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. 
A particular advantage of the novel dispersants of the present invention is use with V.I lmprovers to form 

multi-grade automobll~ engi!te lubricating oils. Viscosity modifiers impart high and low temperature operability 

so to the lubricating oil and permit it to remain relatively viscous at elevated temperatures and also exhibit accept­

able viscosity or fluidity atlow temperatures. Viscosity modifiers are generally high molecular weight hydro­

carbon polymers including polyesters. The viscosity modifiers may also be derlvatized to Include other 

properties or functiOns~ s~h ~ the addition of dispersancy properties. These oil soluble viscosity modifying 

polymers will generally. have number average molecular weights of from 103 to 108, preferably 1 Q4 to 108, e.g., 

66 20,000 to 250,000, as de~~mined by gel permeation chromatography or osmometry. 
Examples of suitable h)'.drooarbon polymers include homopolymers and copolymers of two or more mono­

mers of C2 to C30, e.g. C2 to C8 olefins, including both alpha olefins and Internal olefins, which may be straight 

or branched, aliphatic, aromatic, alkyl-aromatic, cycloallphatic, etc. Frequently they will be of ethylene with C3 
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to C30 oleflns, particularly preferred being the copolymers of ethylene and propylene. Other polymers can be 
used such as polylsobutylenes, homopolymers and copolymers of Ca and higher alpha oleflns, atactlc poly­
propylene, hydrogenated polyinets and copolymers and terpolymers Of styrene, e.g. with lsoprene and/or bu­
tadlene and hydrogenated derivatives thereof. The polymer may be degraded in molecular weight, for example 

5 by mastication, extrusion, oxidation or thermal degradation, and It may be oxidized and contain oxygen. Also 
included are derivatlzed polymers such 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 
polyamlne or hydroxy amine, e.g. see U.S. Patent Nos. 4,089,794; 4, 160,739; 4, 137, 185; or copolymers of ethy­
lene and propylene reacted or grafted with nitrogen compounds such as shown in U.S. Patent Nos. 4,068,056; 

10 4,068,058; 4, 146,489 and 4, 149,984. 
The preferred hydrocarbon polymers are ethylene copolymers containing from 15 to 90 wt. % ethylene, 

preferably 30 to 80 wt. % of ethylene and 10 to 85 wt. %, preferably 20 to 70 wt. % of one or more C3 to Ca. 
preferably C3 to C18, more preferably~ to Ca. alpha-olefins. While not essential, such copolymers preferably 
have a degree of crystallinlty of less than 25 wt. %, as determined by X-ray and differential scanning calori-

15 metry. Copolymers of ethylene and propylene are most preferred. Other alpha-oleflns suitable in place of pro­
pylene 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-decene, etc.; also 
branched chain alpha-olefins, such as 4-methyl-1-pentene, 4-methyl.:1-hexene, 5-methylpentene-1, 4,4-dime­
thyl-1-pentene, and 6-_methylheptene-1, etc., and mixtures thereof. 

20 Terpolymers, tetrapolymers, etc., of ethylene, said~ alpha-olefin, and a non-conjugated diolefin or mix-
tures of such dioleflns 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 and alpha-olefin present. 

The polyester V.I. lmprovers are generally polymers of esters of ethylenically unsaturated C3 to C8 mono-
25 and dicarboxylic acids such as methacrylic and acrylic acids, maleic acid, malelc anhydride, fumarlc acid, etc. 

Examples of unsaturated esters that may be used include those of aliphatic saturated mono alcohols of at 
least1 carbon atom and preferably of from 12 to 20 carbon atoms, such as decyl acrylate, lauryl acrylate, stear­
yl acrylate, eicosanyl acrylate, docosanyl acrylate, decyl methacrylate, diamyl fumarate, lauryl methacrylate, 
cetyl methacrylate, stearyl methacrylate, and the like and mixtures thereof. 

30 Other esters include the vinyl alcohol esters of C2 to C22 fatty or mono carboxylic acids, preferably saturated 
such as vinyl acetate, vinyl laurate, vinyl palmltate, vinyl stearate, vinyl oleate, and the like and mixtures thereof. 
Copolymers of vinyl alcohol esters with unsaturated acid esters such as the copolymer of vinyl acetate with 
dlalkyl 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 
35 of~ - C:zo aliphatic or aromatic olefin per mole of unsaturated ester, or per mole of unsaturated acid or anhydride 

followed by esteriflcatlon. For example, copolymers of styrene with malelc 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, polymerlzable unsaturated ni­
trogen-containing monomers to impart dlspersancy to the V.I. improvers. Examples of suitable unsaturated ni-

40 trogen-contalning monomers include those containing 4 to 20 carbon atoms such as amino substituted oleflns 
as p-(beta-dlethylamlnoethyl) styrene; basic nitrogen-containing heterocycles carrying a polymerlzable ethy­
lenically 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-vlnyl-pyridine, 4-vinyl-pyridlne, 3-vinyl-pyrldine, 3-methyl-5-vinyl-pyrl­
dlne, 4-methyl-2-vlnyl-pyrldlne, 4-ethyl-2-vinyl-pyridlne and 2-butyl-1-5-vlnyl-pyrldlne and the like. 

46 N-vinyl lactams are also suitable, e.g. N-vinyl pyrrolidones or N-vlnyl plperldones. 
The vinyl pyrrolidones are preferred and are exemplified by N-vlnyl pyrrolidone, N-(1-methylvlnyl) pyrro­

lidone, N-vlnyl-5-methyl pyrrolldone, N-vinyl-3, 3-dlmethylpyrrolidone, N".vlnyl-5-ethyl pyrrolldone, etc. 
Dihydrocarbyl dithiophosphate metal salts are frequently used as anti-wear agents and also provide anti­

oxidant activity. The zinc salts are most commonly used In lubricating oil in amounts of 0.1 to 10, preferably 
so 0.2 to 2 wt. %, based upon the total weight of the lubricating oil composition. They may be prepared In accor­

dance with known techniques by first forming a dlthlophosphoric acid, usually by reaction of an alcohol or a 
phenol with P~6 and then neutralizing the dithiophosphoric acid with a suitable zinc compound. 

Mixtures of alcohols may be used including mixtures of primary and secondary alcohols, secondary gen­
erally for imparting Improved anti-wear properties, with primary giving improved thermal stabllity properties. 

55 Mixtures of the two are particularly useful. In general, any basic ·or neutral zinc compound could be used but 
the oxides, hydroxides and carbonates are most generally employed. Commercial additives frequently contain 
an excess of zinc due to use of an excess of the basic zinc compound in the neutralization reaction. 

29 



\. ... ) 

0 

5 

EP 0 353 935 B1 

The zinc dihydrocarbyl dlthiophosphates useful in the present Invention are oil soluble salts ofdlhydrocarbyl 

esters of dlthiophosphoric acids and may be represented by the following formula: 

[Ro---,--. s_J__
2 

zn 
OR' J-;- (XXIII) 

10 wherein Rand R' may be the same or different hydrocarbyl radicals containing from 1to18, preferably 2 to 

12 carbon atoms and lnCtudiilg radicals such as alkyl, alkenyl, aryl, aralkyl, alkaryl and cycloallphatic radicals. 

Particularly preferred as Rand R' groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for 

example, be ethyl, n-pl'Opyl, i.;propyl, n-bufyl, I-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl, decyl, dodecyl, 

octadecyl, 2-ethylhexyl; phenyl, butylplienyl, cyclohexyl, methylcyclopentyl, propenyl, butenyl etc. In order to 

15 obtain oil solubility, the totai number of carbon atoms (i.e., Rand R' In formula XX.Ill) In the dlthlophosphoric 

acid will generally be about 5 or greater. 
The antioxidants useful In this Invention include oil soluble copper compounds. The copper 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 conditlon15 in the oil or additive package. The copper compound may be in the cuprous 

20 or cupric form. The copper m~y.be in the form of the copper dlhydrocarbyl thio- or dithio-phosphates wherein 

copper may be substituted for zinc in the compounds anci reactions described above although one mole of cu­

prous or cupric oxide may be reacted with one or two moles of the dithiophosphoric acid, respectively. Alter­

natively the copper may be added as the copper salt of a synthetic or natural carboxylic acid. Examples include 

C10 to C18 fatty acids such as steaflc or palmltic, but unsaturated acids such as oleic or branched carboxylic 

25 acids such as napthenlc .acids of m(>leqular Weight from 200 to 500 or synthetic carboxylic acids are preferred 

because of the improved handling and Solubility properties of the resulting copper carboxylates. Also useful 

are oil soluble copper dithiC>Cafbamates of the general formula (RR'NCSS)nCu, where n is 1 or 2 and R and R' 

are the same or different hycirocarbYI radieals containing from 1 to 18 and preferably 2 to 12 carbon atoms and 

Including radicals such as alkYJ, 211k8nyl, aryl, aralkyl, alkaryl and cycloaliphatic radicals. Particularly preferred 

30 as R and R' groups are alkyl gl'()ups of 2 to 8 carbon atoms. Thus, the radicals may, for example, be ethyl, n­

propyl, 1-propyl, n-butyl, I-butyl, sec-butyl, amyl, n-hexyl, 1-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 sul­

phonates, phenates, and ac8tYl~cst.onates may also be used. 
35 Exemplary of useful c0ppero0inpounds are copper (Cu• and/or Cu") salts of alkenyl succinlc acids or an-

hydrides. The salts themselve$ may be. basic, neutral or acidic. They may be formed by reacting (a) any of the 

materials discussed above in the Ashless DISpersant section, which have at least one free carboxylic acid (or 

anhydride) group with {b)a readive metal compound. Suitable acid (or anhydride) reactive metal compounds 

include those such as cupric.or cuprous hydroxides, oxides, acetates, borates, and carbonates or basic copper 
40 carbonate. · · . . , · 

Examples of the metal salts of.this iriVention are Cu salts of polyisobutenyl succinlc anhydride (hereinafter 

referred to as Cu-Pl BSA), and Cu salts of polylsobutenyl succinic acid. Preferably, the selected metal employed 

is its divalent form, e.g., CU+2.fhe preferred substrates are polyalkenyl succinlc acids in which the alkenyl group 

has a molecular weight greatf)r than about 700. The alkenyl group desirably has a Mn from about 900 to 1400, 

45 and up to 2500, with a Mn Of about ~50 being most preferred. Especially preferred, of those listed above in the 

section on Dispersant&, is polyisobutylene sLiccinic acid (PIBSA). These materials may desirably be dissolved 

in a solvent, such as a mineral oil, and heated in the presence of a water solution (or slurry) of the metal bearing 

material. Heating may take pl~ce betWeen .10° 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 tem-
50 perature above about 140~Cforairextended period of time, e.g., longer than 5 hours, or decomposition of the 

salt may occur. . . 
The copper antloxidants.(e;g;~ 9U-PIBSA, Cu-oleate, or mixtures thereof) will be generally employed in an 

amount of from about S0:-500 ppin,_by weight of the metal, in the final lubricating composition. 
The copper antioxidants ~sed in this invention are inexpensive and are effective at low concentratlO'ns and 

55 therefore do not add substa~tialiy t9 tile cost of the product The results obtained are frequently better than 

those obtained with prevjOusly used antioxidants, which are expensive and used in higher concentrations. In 

the amounts employed, ttie SlOPPt;ir: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 
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compound is the sole antiOxidant in addition to the ZDDP. The copper compounds can be utilized to replace 

part or all of the need fOr SUJ.ipiemeritary antioxidants. Thus, for particularly severe conditions it may be desir­

able to include a supplementary, conv$ntional antioxidant. However, the amounts of supplementary antioxidant 

required are small, far le$s 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 composi­

tion, it is contemplated that sllch effective amounts be sufficient to provide said lube oil composition with an 

amount of the copper antimddant of from about 5 to 500 (more preferably 10 to 200, stm more preferably 10 to 

180, and most preferably 20tO 130 (e.g., 90 to·120)) part per million of added copper based in the weight of 

the lubricating oil coinp()sltlori. Of course, the preferred amount may depend amongst other factors on the qual­

ity of the basestock lubi-icati.ng on. .· 
CorrosionJnhlbitors, also known as anti-corrosive agents, reduce the degradation of the metallic parts con­

tacted by the lubricating oil c0mj>ositlon. Illustrative of corrosion inhibitors are phosphosulfurized hydrocarbons 

and the products obtained· by reaction ofa phosphosulfurlzed hydrocarbon with an alkaline earth metal oxide 

or hydroxide, preferably in the· presence of an alkylated phenol or of an alkyl phenol thioester, and also preferably 

In the presence of carbon dioxid~; 'Phosphosulfurlzed hydrocarbons are prepared by reacting a suitable hydro­

carbon such as a terpene, a heaVY petroleum fi'actlon of a C2 to C8 olefin polymer such as polyisobutylene, 

with from 5 to 30 weight percenfofa sulfide of phosphorus for 1/2to15 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. 1,989,324~ · . .. 
Oxidation inhlbltori r~dli~ the tendency of mineral oils to deteriorate In service which deterioration can 

be evidenced by the prodiJCtS Of oxidation such as sludge and varnish-like deposits on the metal surfaces and 

by viscosity growth. SuCh oxidation inhibitors Include alkaline earth metal salts of alkylphenolthioesters having 

preferably C6 to C12 alkyl side cha!ns; calcium nonylphenol sulfide, barium t.:octylphenyl sulfide, dioctylpheny­

lamine, phenylalphanaphthyiamine, phosphosulfurlzed or sulfurlzed hydrocarbons, etc. 

Friction modifiers serve ta Impart the proper friction characteristics to lubricating on compositions such as 

automatic transmission fluids. · · 
Representative examples of sl.Jitabie 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 

polylsobutenyt succlnic 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 phosphonlc acid salts;· U.S. Patent 

No. 3, 778,375 which discl~ses reaction products of a phosphonatewith an oleamide; U.S. Patent No. 3,852,205 

which discloses S-carboxy..;alkyJen~·hydrocarbyl succinimide, S-carboxy-alkylene hydrocarbyl succinamic acid 

and mixtures thereof; u.s: Patent No •. 3,879,306 which discloses N-(hydroxyalkyl) alkenyl-succlnamlc acids or 

succlnimldes; U.S. Pateri.t. No. 3,932;2QO which discloses reaction products of di-(lower alkyl) phosphltes and 

epoxldes; and U.S. Patent No. 4;028,258 which discloses the· alkylene oxide adduct of phosphosulfurized N­

(hydroxyalkyl) alkenyl suceinimides~ The disclosures of the above references are herein incorporated by ref-

erenee. The most preferred' friCtlon modifiers are glycerol mono and dioleates, and succlnate esters, or metal 

salts thereof, of hydrocarbyl substituted.succinlc acids or anhydrides and thlobls alkanols such as described 

in U.S. Patent No. 4,344;853. . .· 
Pour point depre&Sants lower the temperature at which the lubricating oll wHI flow or can be poured. Such . 

depressants are well kriown/J'ypicai of thOse additives which usefully optimize the low temperature fluidity of 

the fluid are Ca-C18 dlalkylfurriarate vinyl a(:efate copolymers, polymethacrylates, and wax naphthalene. 

Foam control can be provided by an antlfoamant of the polysiloxane type, e.g. silicone on and polydlmethyl 

slloxane. · 
45 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 oleagi.nous 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 link-

so ages can be made by alkoxYtating organic substrates containing active hydrogens 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 molecule. 
The preferred rust inhibitors are polyoxyalkylene polyols and derivatives thereof. This class of materials 

are commercially avaHable.frorri 0various sources: Pluronic Polyols from Wyandotte Chemicals Corporation; 

55 Polyglycol 112-2, a liquid trial denved from ethylene oxide and propylene oxide available from Dow Chemical 

Co.; and Tergitol, dodeCytpheriyl 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 comp0sition Of the present invention. 
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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 !auric acid, stearic acid, succtnlc acid, and 

alkyl- or alkenyl-substltuted succinlc acids wherein the alkyl-or alkenyl group contains up to about twenty car­

bon atoms. 
s The preferred polyols are prepared as block polymers. Thus, a hydroxy-substituted compound, R-(OH)n 

(wherein n is 1 to 6, and R is the residue of a mono- or polyhydric alcohol, phenol, naphthol, etc.) Is reacted 

with 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 hydrophyllc portions. The relative sizes 

of these portions can be adjusted by regulating the ratio of reactants, time of reaction, etc., as is obvious to 

10 those skilled In the art. Thus it is within the skUI 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. 

If more oil-solubility is needed in a given lubricating composition, the hydrophobic portion can be increased 

and/or the hydrophylic portion decreased. If greater oil-in-water emulsion breaking ability is required, the hy-

15 drophyllc and/or hydrophobic portions can be adjusted to accomplish this. 
Compounds illustrative of R-(OH)n include alkylene polyols such as the alkylene glycols, alkylene trlols, 

alkylene tetrols, etc., such as ethylene glycol, propylene glycol, glycerol, pentaerythrltol, sorbltol, mannitol, and 

the like. Aromatic hydroxy compounds such as alkylated mono- and polyhydric phenols and naphthols can also 

be used, e.g., heplylphenol; dodecylphenol, etc. 
20 Other suitable demulslfiers include the esters disclosed in U.S. Patents 3,098,827 and 2,674,619. 

25 

The liquid polyols avaUable from Wyandotte Chemical Co. under the name Pluronlc Polyols and other sim­

ilar polyols are particularly well suited as rust inhibitors. These Pluronlc Polyols correspond to the formula: 

HO-(CH2CH20>x<fHCH20)y(CH2CH20)zH (XXIV) 

CH3 

wherein x,y, and z are integers greater than 1 such that the -CH2CH20- 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 

30 being from about 1000 to about 5000. These products are prepared by first condensing propylene oxide with 

propylene glycol to produce the hydrophobic base 

35 

HO(-fH-CH2-0)y-H 

CH3 

(XXV) 

This condensation product is then treated with ethylene oxide to add hydrophyllc portions to both ends of the 

molecule. For best results, the ethylene oxide units should comprise from about 10 to about 40% by weight of 

\..,..../ the molecule. Those products wherein the molecular weight of the polyol is from about 2500 to 4500 and the 

40 ethylene oxide units comprise from about 10% to about 15% by weight of the molecule are particularly suitable. 
The polyols having a molecular weight of about 4000 with about 10% attributable to (CH2CH20) units are par­

ticularly good. Also useful are alkoxylated fatty amines, amides, alcohols and the like, Including such alkoxy­

lated fatty acid derivatives treated with ~ to C18 alkyl-substituted phenols (such as the mono- and dl-heptyl, 

octyl, nonyl, decyl, undecyl, dodecyl and tridecyl phenols), as described In U.S. Patent 3,849,501, which Is also 

45 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, those containing barium and sodium. 
The lubricating composition of the present invention may also include copper lead bearing corrosion in­

hibitors. Typically such compounds are the thiadiazole polysulphides containing from 5 to 50 carbon atoms, 

so their derivatives and polymers thereof. Preferred materials are the derivatives of 1,3,4-thiadlazoles 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-octadlthio)-1,3,4-thiadiazole commercially available as Amoco 150. Other similar materials also suit­

able 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. 
55 Other suitable additives are the thio and polythio sulphenamides of thiadiazoles such as those described 

in GB Patent Specification 1,~60,830. When these compounds are included in the lubricating composition, we 

prefer that they be present in an amount from 0.01 to 10, preferably 0.1to5.0 weight percent based on the 
weight of the composition. 
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Some of these numerous additives can provide a multiplicity of effects, e.g. a dispersant-oxidation Inhibitor. 
This approach is well known and. need not be further elaborated herein. 

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

Wt.t A.I. Wt.-t A.I. 
~gnmg11ti'2DI CEz::1fa;c1.:1dl (ll:S21s:ll 

Viscosity Modifi.er .01-4 0.01-12 
Detergents 0.01-3 0.01-20 
Corrosion Inhibitor 0.01-1.s .01-s 
oxidation Inhibitor 0.01-1.s .01-s 
Dispersant 0.1-8 .1-20 
Pour Point Depressant 0.01-1.s .01-s 
Anti-Foaming Aqents 0.001-0.15 .001-3 
Anti-Wear Agents 0.001-1.5 .001-s 
Friction Modifiers 0.01-1.s .01-s 
Mineral Oil Base Balance Balance 

When other additives are employed, it may be desirable, although not necessary, to prepare additive con­
centrates comprising. concentrated solutions or dispersions. of the novel dispersants of this invention (in con­
centrate amounts heretnabove 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 several addi­
tives can be added simultaneously to the base oil to form the lubricating oil composition. Dissolution of the ad­
ditive concentrate into the lubricating oil may be facilitated by solvents and by mixing accompanied with mild 
heating, but this Is not essential. The concentrate or additive-package will typically be formulated to contain 
the additives in proper amounts to provide the desired concentration In the final formulation when the additive­
package Is combined with a_ predetermined amount of base lubricant. Thus, the dlspersants of the present in­
vention can be added to small amounts of base oil or other compatible solvents along with other desirable ad­
ditives 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 1 O wt. % of the additive-package with the remainder be­
ing base oil. 

All of said weight pe~nts 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 plus the weight of total oil or diluent 

This invention will be further understood by reference to the following examples, wherein all parts are parts 
by weight, unless otherwise noted and which include preferred em~diments of the invention. In the Examples, 
SA:PIB and SA:EP-polymer ratios are based upon the total PIB and EP-polymer, respectively, charged to the 
reactor as starting material, i.e., both the PIB and EP-polymer which reacts and the PIB and EP-polymer which 
remains unreacted. In the Examples, Wt.% ethylene in the polymers was determined by FTIR (ASTM Method 
03900). In the Examples, the "reference or was as defined above for Formula IV. 

EXAMPLE 1 - Preparation of.Ethylene-Propylene Copolymer. 

A 1 liter Zipperclave reaQt(ir (Autoclave Engineers) equipped with a water jacket for temperature control, 
with a septum inlet for syringe Injection of catalyst, and with a supply of purified nitrogen, liquid propylene, and 

ss ethylene was used used· in. these polymerizations. The reactor was cleaned with hot toluene and then was 
purged well with dry nitrogen at 100°C. The reactor was cooled to 25°C and 10.0 cc of a 4.0 wt% toluene solution 
of methylalumoxane was injected along with 100 cc of distilled toluene at O psig under nitrogen. Liquid propylene 
monomer (200 cc) was added from a calibrated burette at 25°C. The reactor contents were stlrrred and heated 
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to 115°C at which point the.reactor pressure was 375 psig. 1.00 cc of a toluene solution of bis(n-butylcyclo­

pentadienyl) zirconium dichloride. (1.oo mg) w&S injected and ethylene at a pressure of 405 psig was imme­

diately supplied. Ethyl~ne wasfe(f:on pressure demand in order to keep the system pressure at 405 psig. The 

rate of ethylene flow was reOOrded oontinuausly during the course of the polymerization. The reaction was con-

5 tinued for 15 minutes after which the reaction was stopped by rapidly depressurlng and cooling the reactor to 

25°C. The polymer productwas collected and the toluene solvent was evaporated In an air stream. The polymer 

weight was determined tO be 103.1 gms, and the polymer was analyzed by size-exclusion chromatography and 

found to contain 68 wt% ethylene ·and to have a number average molecular weight of 1100, a weight average 

molecular weight of 5400 ·and a p0lyclispersity of 4.9. The polymer product was found to contain 2.5 wppm Zr 

10 and 1.75 wppm c1.· 

15 

20 

EXAMPLE 2 - Preparation of Eth~ene-~pylene Copolymer. 

The polymerization was-performed as in Example 1 except that the reactor temperature was maintained 

at 100°C and 1.00 mg of dimeth)'lisilyl~icyclopentadlenyl zirconium dichloride was used as catalyst instead of 

bls(n-butylcyclopentadienYt) zirconium dichloride. The reactor pressure was maintained at 380 psig by a regu­

lated ethylene supply. l"he yi~id of the copolymer was 111.2 gms and the polymer was determined to contain 

the ethylene content lndicatedJri Table I and to have a number average molecular weight of 1390, a weight 

average molecular ~ig~t of 4030· a~d polydlsperslty of 2.9. The polymer product was found to contain 2.0 

wppm Zr and 1.5 wppm Cl. 
--', .. 

EXAMPLE 3 - Preparation of Ethylene-Propylene Copolymer. 
. . . . . . . . ' . . . 

· .• :· .= 

The polymerization was performed as In Example 2 except that the reactor temperature was maintained 

25 at 90°C and 270 cc of liquid propylene was charged. The reactor pressure was maintained by a regulated ethy­

lene supply. The yield Of the «>i>otyrrier was 16.3 gms and the polymer was determined to contain the ethylene 

content indicated in Table I and' to.have a number average molecular weight of 1750, a weight average molecular 

weight of 4960 and polydisperalty of 2.8. The polymer product was found to contain 16 wppm Zr and 10 wppm 

Cl. 

EXAMPLE 4 - Preparatj(>nd Ethyl~ne-Propylene Copolymer. 

The polymerization was perforined as in Example 3 except that the reactor temperature was maintained 

at 80°C. The reactor pre~ure was maintained at 365 psig by a regulated ethylene supply for 1 hour. The yield 

35 of the copolymer was 234 gms and the· polymer was determined to have a number average molecular weight 

of 2710, a weight average moleeular weight of 7980 and polydispersity of 2.9. The polymer product was found 

to contain the ethylene content indicated in Table I and to contain 1.0 wppm Zr and 0.7 wppm Cl. 

45 

EXAMPLE 5 - Preparation Qf Etllyle~e Butene-1 Copolymer. 

The polymerization was perlormed.as in Example 3 except that 270 cc of liquid butene-1 was charged in­

stead of the propylene. The reaCU:!r pr.eSsl.ire was maintained at 167 psig by a regulated ethylene supply. The 

yield of the copolymer was _1.76.6 gins and the polymer was determined to have a number average molecular 

weight of 860, a weightaverage molecular weight of 271 O and polydispersity of 3.1. The polymer product was 

found to contain 1.5 wppm Zr and· 1.1 wppm Cl. 

EXAMPLES 6-10 - Preparation of Ethylene-Propylene Copolymer Substituted Succlnlc Anhydride (EPSA) 

In a series of runs, the ~leeted moles of the EP copolymers prepared as above and pulverized maleic 

so anhydride are charged.under dry N2.at atmospheric pressure to a 100 ml. pressure reactor equipped with a 

stirrer and a thermocouple and ~sated by means of an electric heating mantle. No added solvent or diluent for 

the reactants is employed. Rather the reaction is conducted in the melt In each run, the reaction mixture is 

heated to 70°C and the reactor is ge!itJy purged with dry Ni by bubbling through the liquid reaction mass for 

15 minutes. The purging is then ceased and the reactor temperature is raised to 220°C and kept at that tem-

55 perature under autogenous pr$8sure for 4 hours while stirring. The liquid reaction mixture is then cooled to 

about 60°C, and transferred to a glass beaker. Dry gaseous nitrogen ls passed through the liquid to strip off 

unreacted maleic anhydride. at about-140°C until no trace of maleic anhydride is detected with IR. The llquid 

product containing the EPSAand unreacted EP Is analyzed for succlnic anhydride by the following titration tech-
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nique: a 2 g. sample of the !)91ymer is dissolved in a solvent comprising 80 ml of THF, 6 ml of pyridine and 0.3 

ml of water and titrate<! with. a rTiethruiol solution of tetrabutyl ammonium hydroxide using thymol blue to a color 

end point. The acidity is CE1lcul*1~~ 1r0mthe milliliters of base solution used. The product is also observed to 

determine the presence of ·~ny .. ~ediment 
5 In Example 11, th~ pfCXiedure Qf ~ample 6 is repeated except that the polymer was charged comprised 
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a 50:50 wtwt mixture of.the ethylene-propylene copolymer prepared as in Example 4 (Mn= 2710), and ttie poly­

isobutylene polymer whic~ is.empl9yed ·in Comparative Example 13 (Mn= 1300). The data thereby obtained 

are the mole ratio of polyrn~r.and maleic anhydride charged, and the data thereby obtained are summarized 
in Table I. · · 
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Table I 

[eeg 
Copolyaer As Mol. Ratio Titration of Succinic Acid in the 
Prepared In of EP to MA 12:iA (o~ EPlEll-aA) E[odyct. Mgglg[1• 

Examole E1>_~0.lV111er ExamDle Charaed _ - Theor_._ Found I conv. (3) Sediment(4) 

6 R = 1100 &R wt.I c2"" 
1 1/1.2 0.91 o. 73 80.l moderate 

7 R = 1390 
5g wt.t c2= 

2 1/1.2 0.72 0.65 89.3 moderate 

8 A· .. 1750 
sB wt.t c2= 

3 1/1.2 0.57 0.43 75.4 none 

9 R = 2110 
sR wt.t c2= 

4 1/1.2 0.37 0.31 83.8 none 

10 R • 2110 
sR wt.t c2= 

4 1/3.2 0.37 0.56 150 slight 

11 ( 1) 4(EP) (2) 0.6 0.52 86.7 some 
Comp.13 (PIB) 

NOTES: EP - ethylene-propylene copolymer: PIB=polyisobutylene: MA = maleic anhydride. 
(1) EP Rn = 2710, 55 wt.\ c2=: PIB Ro = 1200. 
(2) (EP + PIB)/MA m 1.0:1.2 mole ratio charCJed. 
(3) Based on (theoretical - found) meq/gm SA. 
(4) Low amounts of sediment not quantified. 
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COMPARATIVE EXAMPLES 12-14 

To determine the degree of sediment formed in maleic anhydride reactions with conventional polyisobu­

tylene polymers and conventional ethylene-propylene copolymers, the above procedure is repeated in a series 

5 of runs. The polyisobutylene polymer employed in Comparative Example 12 comprises Parapol 1300 polymer 

(Exxon Chemical Americas), and the polyisobutylene polymer employed In Comparative Example 13 comprises 

reactive polyisobutylene (ultraVls30; BP Chemicals), having about 0.58 mole of terminal double bonds per mole 

of' polymer (as determined by NMR) and a molecular weight distribution of about 3.0 (based on GPC). The ethy­

lene-propylene copolymer of Comparative Example 14 (42 wt% ethylene, 58 wt% propylene; Mn= 1060; Mw 
10 = 1903) is prepared by conventional Ziegler Netta catalysis of ethylene and propylene using a catalyst system 

comprising VOCl3 and aluminum sesquichloride, with H2 as molecular weight control. The data thereby obtained 

are summarized in Table·u. 
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Table I:( 

Feed 
. ·... . . MoL Rati~ Tit~ation of succinic .Acid in the· PI·BsA, 

Compai;ativ~ . . . . . .. - of ~IB o.r EP ·. ···cor:.gPSiu Rea9t:lon· Prpdugt HiXtiUl:f!& Heq/gram 
E>tample · · _:P,olYJ!!er <Mil) ·to MA ., Theor. · FoUQd \ Cooy·Lfl) §e<aimeot(2)". 

12 PIB: (lJOO) 1/1.2 0.11 0.34 44.2 heavy(2) 

lJ PIB (1200) 1/1.2 0.83 0.47 56.4 heavy(2) 

14 EP (1060) 1/1.2 0.94 0.15 16.0 none 

Notes: EP - ethylene-propylene copolymer; PIB • polyisobutylene1 MA •maleic anhydride. 

( 1) Calculated as in Table I.· 

(2) Sediment (1.24 wt.t and o.J6 wt.t based on PIB charged) found in Exa•ples 12 
and ll, respectively, as hexane insoluble solids on react-ion vessel bottom. 
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The above results illustrate the surprisingly reduced sediment formation and high conversions achieved 
in the thermal "enen reaction of maleic anhydride and the ethylene-propylene copolymers in accordance with · 
the process of this invention in i;Xamples 6-1 O, as compared to conventional polyisobutylene polymers (Com­
parative Examples 12-13) a!'l~c0nve,atl0nal.ethylene-propylene copolymers (Comparative Example 14). 

. . ., ' 

EXAMPLES 15-20; COMPARATJVE EXAMPLES 21-22 - Preparation of Polyamine Dispersants 

A series of dispersant materials are prepared employing the EPSA products prepared as in Examples 9 
and 10, the mixed ·(EPJPIB)SA pl"oCJuct of Example 11, the PIBSA product of Comparative Example 14, and 

10 various blends of the above· PlB$Aand EPSA products. 
The succinlc acid anhydride substituted polymers are dissolved in an equal amount by weight of a mineral 

oil, S150N. To the polymer.sOtutlQn is add8d a mixture of polyethylene polyamines having the average com­
position corresponding to teti'.aethyl~uie pentamine and containing about 32.6 wt % N (PAM) and the mixture 
is heated to 140°C under nitrogen .while stirring for about 2 to 4 hours. In each run, the molar ratio of total poly-

15 mer to polyamlne in terms of succinic acid equivalents to PAM charged is 2 to 1. 
Viscosities of the resultlngciispersant solutions are determined. Results of the viscometric studies are sum-

marized in Table Ill below. · · · 
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ditional additive, which blank Is normalized to a rating of 10. The less new sludge precipitated In the presence 

of the additive, the lower the SIB ~alue and the more effective is the additive as a sludge dispersant. In other 

words, if the additive gives half as much precipitated sludge as the blank, then it would be rated 5.0 since the 

blank will be normalized to 10. 
5 ·The VIB test is used to determined varnish inhibition. Here, the test sample consists of 1 O grams of lubri-

cating oil containing a small amount of the additive being .tested. The test oil to which the additive Is admixed 

is of the same type as used In the above-described SIB test. The ten gram sample Is heat soaked overnight 

at about 140"C and thereafter centrifuged to remove the sludge. The supernatant fluid of the sample is sub­

jected to heat cycling from about 150°C to room temperature over a period of 3.5 hours at a frequency of about 

10 2 cycles per minute. During the heating phase, gas which was a mixture of about 0. 7 volume percents~. 1.4 

volume percent NO and balance air is bubbled through the test sample. During the cooling phase, water vapor 

Is bubbled through the test sample. At the end of the test period, which testing cycle can be repeated as nec­

essary to determine the inhibiting effect of any additive, the wall surfaces of the test flask in which the sample 

is contained are visually evaluated as to the varnish Inhibition. The amount of varnish imposed on the walls is 

15 rated to values of from 1 to 11 with the higher number being the greater amount of varnish, in comparison with 

a blank with no additive that was rated 11. 
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10.00 grams of SIB test oil are·mixed with 0.05 grams of the products of the Examples as described In 

Table II and tested In the aforedescribed SIB and VIB tests. 

The test results ar:e summarized below In Table V, 
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TABLE V 

Examnl~- wt i A1I1 §lD. mg VIB rating KV I ioo·c,DDD2/ s ccs. -2o·c p 
(cs). 

28 28.J 7. 54 2.J 6.47 

Control A (1) 0 10.0 10.0 5.19 

Control B (2) 45 4.74 4 6.22 

control c (J) 32 5.43 7 5.89 

Notes: 

(1) Blank S150N oil, no dispersant. 

(2) Polyisobutylene succiniaide prepared from 2250 Rn PIB~ 

(J) Polyisobutylene succinimide prepared from 1300 Rn PIB. 
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EXAMPLES 29 - 34 

The procedure of Example 28 is repeated in a series of runs to prepare additional dispersant product sol­

utions. The results thereby obtained, and the EPSA's employed, are summarized in Table VI. 
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Table VI 

SA-Poly-
EPSA Product mer/PAM KV1oo·c ccs 

Example as Prepared EP Mole Wt.% SIB VIB (cSt) -20°c -No. in Ex. No. Hn Ratio Cl> t!1.ll 1.m9.l. Rating mmz ts p 

29 6 1100 1.6 1.25 J.08 J 6.84 23.79 

30 7 1390 1.6 1.22 1.79 4-5 6.09 24.23 

31 8 1750 1.6 0.83 4.36 4 6.60 24.30 

32 9 2710 1.6 0.59 5.64 3 6.89 24.23 

33 8 1750 2.0 0.75 - - 6.62 23.63 

34 10 2710 2.0 o.ee - - 7.44 23.14 

S150N Oil - - - - 10 11 5.19 19. 2 . 

Notes: (1) Mole ratio of polymer (calculated in terms of mole of contained 

succinic acid/anhydride groups) per mole of polyamine charged. 

(2) Estimated wt. \ N in the dispersant material product solutions. 
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EXAMPLE35 

The procedure of Example 6 is repeated except that 1 mole of ethylene-butene-1 copolymer (Mn = 860) 
prepared as in Example 5 is employed Instead Of the ethylene-propylene copolymer. The ethylene butene co­

s polymer-substituted succinlc anhydride (EBSA) product thereby obtained is found to contain about 76 wt % 
active ingredient EBSA and less than about 1 wppm of chlorine and to have a VR ratio of 3.9 (KV at 100°C = 
5.77 mm2/S (cSt); CCS at-20°C = 22.63 poise). 

EXAMPLES 36 - 39 
0 10 

0 

In a separate series of runs, additional dispersants are prepared by employing the EPSA products of Ex­
amples 6, 7, 8 and 9 and the EBSA products of Example 35. 

An amido amine ("AA•) is prepared by reacting tetraethylene pentamlne (TEPA) with methyl acrylate at a 
1.5:1 TEPA:methyl acrylate molar ratio, to form a product mixture containing 29.3 wt% total N, 6.1 wt.% primary 

15 N, and about 25 wt.% unreacted TEPA. 
A mixture of 10 parts by weight of the EPSA (or EBSA) product formed in the Indicated Example and 10 

parts of S150N mineral oil are heated to 150°C under N2• Then the desired amount of amldo-amine prepared 
as above are added dropwlse while stirring and light nitrogen sparglng. The mixture is nitrogen Sb'lpped at 
150°C for 3 hours and then filtered. The dispersant product solution is found to have the nitrogen content and 

20 kinematic viscosity reported in Table VII. 
Each dispersant product solution is then tested as described In Examples 29 - 34 In the SIB and VIB tests. 

The results thereby obtained are also set forth in Table VII. 
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Table VI! 

Examole No •.. ~ 1.§_ 37 38 39 !JL_ 

EPSA as in Ex. 6 7 8 9 

EP Mn 1100 1390 1750 2710 

EBSA as in Ex. - - - - 35 

EB An - - - - 860 

Dis121cs1nt U l 

SA/AA (2) 1.2 1.2 1.2 1.2 1. 2 m .,, 
Wt. i N (J) 1.66 1.41 0.98 0.70 1.28 0 

w 

~ 
en 

Wt., AI 42 45 4J.4 35.5 w - fO w en 
SIB, mg 2.7 1.13 J.18 4.51 0.8 m .... 
VIB rating 3 3-4 4 4 4-5 

KV, 100°c, mma/s (cSt) 6. 76 6.08 6.60 6.92 6.12 

ccs, -20°c, p 22.49 23.06 23.62 23.95 24.00 

VR', p/ mm2 /S (cSt) J.J 3.8 3.6 3.5 J.9 

VR' /VRr( 4 ) 0.89 1.03 0.97 0.95 1.05 

NOTES: 
(1) Dispersant product admixed with equal weight of S150N oil. 
(2) Mole ratio of EPSA (or EBSA), calculated as moles of SA (succinic 

anhydride) per equivalent of primary amine. 
(3) Estimated N content of dispersant product. 
( 4 ) VRr ::: 3 • 7 
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The principles, preferred embodiments, and modes of operation of the present Invention have been de­
scribed 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. 

5 

Cl alms 

1. A lubricating oil additive which comprises an ethylene/alpha-olefin interpolymer substituted with at least 
10 one of (C3 to C10 monourisaturated monocarboxylic acid) producing moieties and (C4 to C10 monounsa­

turated dicarboxylic acid) producing moieties, said polymer comprising monomer units derived from ethy­
lene and at least one alpha-olefin of the formula H2C=CHR1 wherein R1 is an alkyl group of from 1 to 18 
carbon atoms, and wherein said polymer has a number average molecular weight of from 300 to 10,000 

15 

2. 

20 3. 

and an average of at least 30% of said polymer chains contain terminal ethenylldene unsaturatlon and 
wherein said additive Is characterized by a VR value of less than 4.1. 

The lubricating oil additive of claim 1 wherein said polymer has a number average molecular weight of 
between 700 and 5,000. 

'\.._../ . 

The lubricating oil additive of claim 2 wherein said number average molecular weight is between 1500 and 
3000. 

0 

4. 

25 5. 

6. 

30 7. 

8. 

The lubricating oil additive of any of claims 1 to 3 wherein said polymer has a molar ethylene content of 
between 20 and 80 percent. 

The lubricating oil additive of claim 4 wherein said polymer has a molar ethylene content of between 45 
and 65 percent. 

The lubricating oil additive of any of claims 1 to 5 wherein said VR value Is not greater than 4.0. 

The lubricating oil additive of claim 6 wherein said VR value 1.s from 2.5 to 4.0. 

The lubricating oil additive of any of claims 1 to 7 wherein said monounsaturated carboxyllc acid producing 
moiety is derived from at least one monounsaturated carboxylic reactant selected from the group consist­
ing of (i) monounsaturated C4 to C10 dicarboxyllc acids wherein (a) the carboxyl groups are attached to 

35 adjacent carbon atoms and (b) at least one of said adjacent carbon atoms Is part of said mono- unsatur­
ation; (ii) anhydride or C1 to C6 alcohol derived mono- or di-ester derivatives of (i); (ill) monounsaturated 
C3 to C10 monocarboxylic acids wherein the carbon-carbon double bond is allylic to the carboxy group; 
and (iv) C1 to C6 alcohol derived mono-ester derivatives of (iii). 

\._.,.: 40 9. The lubricating oil additive of claim 8 wherein said monounsaturated carboxyllc reactant comprises at least 
one of fumaric acid, ltaconlc acid, malelc acid, malelc anhydride, chloromalelc acid, chloromalelc anhydr­
ide, acrylic acid, methacryllc acid, crotonic acid, clnnamic acid, and lower alkyl acid esters of the foregoing 
acids. 

45 
10. The lubricating oil additive of any of claims 1 to 9 wherein said polymer comprises an ethylene-propylene 

copolymer. 

11. The lubricating oil additive of any of claims 1 to 10 wherein said monounsaturated carboxyllc reactant com­
prises maleic anhydride. 

50 12. The lubricating oil additive of any of claims 1 to 11 wherein said polymer is substantially halogen free. 

13. The lubricating oil additive of any of claims 1 to 11 wherein said substituted polymer contains less than 
about 10 ppm by weight of chlorine. 

55 14. The lubricating oil additive of any of claims 1 to 13 wherein said substituted polymer has a functionality of 
at least about 0.8. 

15. The lubricating oil additive of any of claims 1 to 14 wherein said lubricating oil additive contains less than 
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The principles, preferred embodiments, and modes of operation of the present invention have been de­
scribed 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 Hlustrative rather 
than restrictive. 

Claims 

1. A lubricating oil additive which comprises an ethylene/alpha-olefin interpolymer substituted with at least 
10 one of (~ to C10 monounsaturated monocarboxylic acid) producing moieties and (C4 to C10 monounsa­

turated dicarboxylic acid} producing moieties, said polymer comprising monomer uni~ derived from ethy­
lene and at least one alpha-olefin of the formula H2C=CHR1 wherein R1 is an alkyl group of from 1 to 18 
carbon atoms, and wherein said polymer has a number average molecular weight of from 300 to 10,000 

15 

2. 

and an average of at least 30% of said polymer chains contain terminal ethenylidene unsaturation and 
wherein said additive is characterized by a VR value of less than 4.1. 

The lubricating oil additive of claim 1 wherein said polymer has a number average molecular weight of 
between 700 and 5,000. 

_,.020 3. The lubricating oiJ additive of claim 2 wherein said number average molecular weight is between 1500 and 
3000. 

·-..... 

4. 

25 5. 

6. 

30 7. 

8. 

The lubricating oil additive of any of claims 1 to 3 wherein said polymer has a molar ethylene content of 
between 20 and 80 percent 

The ·lubricating oil additive of claim 4 wherein said polymer has a molar ethylene content of between 45 
and 65 percent. 

The lubricating oil additive of any of claims 1 to 5 wh.ereln said VR value is not greater than 4.0. 

The lubricating oil additive of claim 6 wherein said VR value is from 2.5 to 4.0. · 

The lubricating on additive of any of claims 1 to 7 wherein said monounsaturated carboxylic acid producing 
moiety is derived from at least one monounsaturated carboxylic reactant selected from the group consist­
ing of (i) monounsaturated C4 to C10 dicarboxylic acids wherein (a) the carboxyl groups ~re attached to 

35 adjacent carbon atoms and (b) at least one of said adjacent carbon atoms is part of said mono- unsatur­
ation; (ii) anhydride or C1 to C5 alcohol derived mono- or di-ester derivatives of (i); (iii) monounsaturated 
C3 to C10 monocarboxyllc acids wherein the carbon-carbon double bond is allylic to the carboxy group; 
and (iv) C1 to C6 alcohol derived mono-ester derivatives of (iii). 

45 

9. The lubricating oil additive of claim 8 wherein said monounsaturated carboxylic reactant comprises at least 
one offumaric acid, itaconic acid, maleic acid, malelc anhydride, chloromaleic acid, chloromaleic anhydr­
ide, acrylic acid, methacrylic acid, crotonic acid, cinnamic acid, and lower alkyl acid esters of the foregoing 
acids. 

1 O. The lubricating oil additive of any of claims 1 to 9 wherein said polymer comprises an ethylene-propylene 
copolymer. 

11. 'The lubricating oil additive of any of claims 1 to 10 wherein said monounsaturated carboxylic reactant com­
prises maleic anhydride. 

so 12. The lubricating oil additive of any of claims 1 to 11 wherein said polymer is substantially halogen free. 

13. The lubricating oil additive of any of claims 1to11 wherein said substituted polymer contains less than 
about 10 ppm by weight of chlorine. 

55 14. The lubricating oil additive of any of claims 1 to 13 wherein said substituted polymer has a functionality of 
at least about 0.8. 

15. The lubricating oil additive of any of claims 1 to 14 wherein said lubricating oil additive contains less than 
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40 wt% of said ethylene/alpha-olefin polymer unsubstituted by said acid producing moieties. 

16 • A process for producing a lubricating oil additive which comprises contacting: 

(a} an ethylene/alpha-olefin interpolymer comprising monomer units derived from ethylene and at least 

one alpha-olefin of the formula H2C=CHR1 wherein R1 is an alkyl group of from 1 to 18 carbon atoms, 

said polymer having a number average molecular weight of between 300 and 10,000 and wherein an 

average of at least 30% of said polymer chains contain terminal ethenylidene unsaturatlon; with 

(b} at least one monounsaturated carboxylic reactant selected from the group consisting of (I) mono-

unsaturated C4 to C10 dicarboxylic acids wherein (a} the carboxyl groups are attached to adjacent carbon 

atoms and (b) at least one of said adjacent carbon atoms is part of said monounsaturatlon; (ii) anhydride 

or C1 to Cs alcohol derived mono- or di-ester derivatives of (i); (iii) monounsaturated C3 to C10 mono-

carboxylic acids wherein the carbon-carbon double bond is allylic to the carboxy group; and (iv) C1 to 
Cs alcohol derived monoderlvatives of (iii} under conditions and for a time sufficient to form a product 

mixture containing an ethylene alpha-olefin polymer substituted with said carboxylic acid moieties, 

wherein said product mixture is characterized by a VR value of not greater than 4.1 and by a functionality 

of at least 0.5. 

17. The process according to claim 16 wherein said polymer (a) contains less than 5 wt% of a low molecular 

weight polymer fraction comprising chains of said polymer having a molecular weight of less than 300. 

18. The process according to claim 17 wherein said polymer (a} contains less than 2 wt% of said low molecular 

weight polymer fraction. 

19. The process according to claim 16 wherein said contacting Is conducted ata temperature of from 120 to 
260°C. 

20. The process according to any one of claims 16 to 19 wherein said product mixture is substantially halogen 

free. 

21. The process according to any of claims 16 to 20 wherein said alpha-olefin comprises propylene. 

22. The process according to any of claims 16 to 21 wherein said monounsaturated carboxylic reactant com-

prises at least one of fumarlc acid, itaconic acid, maleic acid, maleic anhydride, chloromaleic acid, chlor-

omaleic anhydride, acrylic acid, methacrylic acid, crotonic acid, cinnamic acid, and lower alkyl acid esters 

of the foregoing acids. 

23. The process according to any of claims 16 to 22 wherein said polymer Is characterized by a polydlsperslty 

of from 1.1 to 3.5. 

24. The process according to claim 23, wherein the polydispersity is from 1.2 to 3.0 . 

25. The process according to any of claims 16 to 24 wherein said low sediment mixture contains less than 40 

wt% of said ethylene/alpha-olefin polymer unsubstituted by said carboxylic acid moieties. 

26. The process according to claim 25 wherein said substituted ethylene/alpha-olefin polymer has a function-

allty of from 0.5 to 2.8. 

27. The process according to any of claims 16 to 26 wherein said ethylene/alpha-olefin polymer Is contacted 

with said monounsaturated carboxyllc reactant in the presence of a polyolefln, In a weight:welght ratio of 

said ethylene/alpha-olefin polymer to said polyolefin of from 10:90 to 90:10, said polyolefln having a num-

ber average molecular weight of from 900 to 5,000 and a molecular weight distribution of less than 4.0. 

28. An oil soluble dispersant mixture useful as a lubricating oil additive comprising an adduct of: 

(a} an ethylene/alpha-olefin interpolymer substifuted with monounsaturated mono- or dlcarboxyllc acid 

producing moieties, said polymer comprising monomer units derived from ethylene and at least one al­

pha-olefin of the formula H2C=CHR1 wherein R1 is an alkyl group of from 1 to 18 carbon atoms, and 

55 wherein said polymer has a number average molecular weight of from 700 to 10,000 and an average 

of at least 30% of said polymer chains contain terminal ethenylidene unsaturation and wherein said sub'." 

stituted polymer is characterized by a VR value of less than 4.1, said acid producing moieties being 

derived from at least one monounsaturated carboxylic reactant selected from the group consisting of 
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EP 0 353 935 81 ·· 1~Ill~1111~ 11~1111!11/ If II 
(i) mono-unsaturated C4 to C10 dicarboxylic acids wherein (a) the carboxyl groups are attached to ad­

jacent carbon atoms and (b) at least one, preferably both, of said adjacent carbon atoms is part of said 

monounsaturation; (II) anhydride or C1 to C6 alcohol derived mono- or di-ester derivatives of (i); (Ill) 

monounsaturated Cs to C10 monocarboxyllc acids wherein the carbon-carbon double bond is allyllc to 

the carboxy group; and (iv) C1 to C6 alcohol derived mono-ester derivative of (iii) and 

(b) at least one nucleophlllc reagent selected from the group consisting of amines, alcohols, metal re­

actants and mixtures thereof, said dispersant having a VR' value of less than 4.1. 

The dispersant adduct according to claim 28 wherein said acid producing moieties comprise succinic an­

hydride, succlnic acid or propionic acid. 

The dispersant adduct according to claim 28 or claim 29 wherein the lubricating oil dispersant Is charac­

terized by a VR'NRr value ratio of less than 1.11. 

The dispersant adduct according to any of claims 28 to 30 wherein the nucleophllic reagent comprises an 

amine containing from 2 to 60 carbon atoms and from 1to12 nitrogen atoms per molecule. 

The dispersant adduct according to claim 31 wherein said amine comprises polyethylenepolyamlne. 

The dispersant adduct according to any of claims 28 to 30 wherein said nucleophllic reagent comprises 

an amido-amine or a thioamldo-amine characterized by being a reaction product of at least a polyamlne 

and an alpha, beta-unsaturated compound of the formula: 

R3 x 
I II 

= c c - y 

wherein X Is sulfur or oxygen, Y is -OR4, -SR4, or-NR4 (R&), and R1, R2, Rs, R4 and R& are the same or 

different and are hydrogen or substituted or unsubstituted hydrocarbyl. 

34. The dispersant adduct according to claim 33, wherein said polyamine contains from 2 to 60 carbon atoms 

and from 1 to 12 nitrogen atoms per molecule. 

35. The dispersant according to claim 33, wherein said polyamine comprises polyalkylenepolyamine wherein 

35 said alkylene groups each contain 2 to 6 carbons and said polyalkylenepolyamine contains 5 to 9 nitrogen 

atoms per molecule, and s.ald alpha, beta-unsaturated compound comprises at least one member selected 

from the group consisting of methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, methyl metha­

crylate, ethyl methacrylate, propyl methacrylate, and butyl methacrylate. 

40 
36 • 

37. 

45 38. 

39. 

50 40. 

41. 

42. 

55 

43. 

The dispersant according to claim 35 wherein from 1 to 5 moles of said acid producing moieties per primary 

nitrogen equivalent of said amido-amlne are present in said reaction mixture. 

The dispersant adduct according to any of claims 28 to 36 wherein said dispersant adduct Is borated to 
provide from 0.05 to 2.0 wt% boron In said borated dispersant adduct 

The dispersant adduct according to any of claims 28 to 37 wherein the lubricating oil dispersant is char­

acterized by a VR' value of from 2.5 to 4.0. 

The dispersant adduct according to any of claims 28 to 38 wherein said alpha-olefin Is propylene. 

A lubricating oil concentrate containing from 20 to 60 wt% of the dispersant of any of claims 28 to 39. 

A lubricating oil composition containing from 0.1 to 20 wto/o of the dispersant of any of claims 28 to 39. 

A lubricating oil concentrate containing from 1 to 80 wt% of the substituted ethylene/alpha-olefin polymer 

of any of claims 1 to 15. 

A lubricating oil composition containing from 5 to 70 wt% of the substituted ethylene/alpha-olefin polymer 

of any of claims 1 to 15. · 
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Patentanspriiche 

'• 1. Schmiel'Oladditiv, das ein Ethylen/a.-Olefin-lnterpolymer umfal!.t, das mit mindestens einem von monoun-

\....._,; 

'-._.,· 

0 

\.......,; 

gesittigte CrC,0-Monocarbonsaure produzierenden Resten und monoungesittigte C4-C1o-Dicarbonsiu-

s re produzierenden Resten substituiert ist, wobei das Polymer Monomereinheiten umfal!.t, die slch von 

Ethylen und mindestens einem a-Olefin mit der Formel H2C=CHR1 ableiten, in der R1 eine Alkylgruppe 

mlt 1 bis 18 Kohlenstoffatomen ist, das Polymer ein durchschnittliches zahlenmiBlges Molekulargewicht 

von 300 bis 10 000 aufweist und im Durchschnitt mindestens 30 % der Polymerketten endstindig 

10 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

ethenylldenisch ungesittlgt sind, und bei dem das Additiv durch einen VR-Wert von weniger als 4, 1 ge-
kennzeichnet isl · 

Schmlel'Oladditiv nach Anspruch 1, bel dem das Polymer ein durchschnlttllches zahlenmiBiges Moleku­
largewlcht von 700 bis 5 000 aufweist. 

Schmiel'Oladdltiv nach Anspruch 2, bel der das durchschnittliche zahlenmiBlge Molekulargewicht 1500 

bis 3000 betragt 

Schmler0ladditiv nach einem der Anspruche 1 bis 3, bel dem das Polymer elnen molaren Ethylengehalt 

von 20 bis 80 % aufweist. 

Schmier61additiv nach Anspruch 4, bel dem das Polymer elnen molaren Ethylengehalt von 45 bis 65 % 

aufwelst 

Schmlertiladdltiv nach einem der Anspruche 1 bis 5, bei dem derVR-Wert nlcht gr0Ber als 4,0 1st. 

Schmieroladditlv nach Anspruch 6, bei dem der VR-Wert 2,5 bis 4,0 betrigt. 

Schmiel'Oladditiv nach elnem der Anspruche 1 bis 7, bei dem sich der monoungesittlgte Carbonsiure pro­

duzlerende R99t von mindestens einem monoungesittigten, carboxyllschen Reaktanten ausgewihlt aus 

der Gruppe bestehend aus (I) monoungesittigten C4-C1o-Dicarbonsiuren, bei denen (a) die Carboxyl­

gruppen an benachbarte Kohlenstoffatomen gebunden sind und (b) mlndestens elnes dleser benachbar­

ten Kohlenstoffatome Teil der Monoungesittlgtheit ist, (ii) sich von Anhydrid oder C1-Cs-Alkohol ablelten-
den Mono- oder Diesterderivaten von (I), (iii) monoungesittigten CrC1o-Monocarbonsiuren, bel denen 

die Kohlenstoff.,Kohlenstoff-Doppelbindung zu der Carboxygruppe allyllsch 1st, und (Iv) slch von C1-Cs­

Alkohol ableitenden Monoesterderivaten von (iii) ableitet. 

9. Schmiel'Oladdltiv nach Anspruch 8, bei dem der monoungesittlgte, carboxylische Reaktant mlndestens 

eine der Verbindungen Fumarsiure, ltaconsiure, Maleinsiure, Malelnsiureanhydrid, Chlormalelnsiure, 

Chlormalelnsiureanhydrid, Acrylsiure, Methacrylsiure, Crotonsiure, Zlmtsiure oder elnen niederen Al­

kylester der zuvor genannten Siuren umfallt. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Schmiertiladdltlv nach einem der AnsprOche 1 bis 9, bel dem das Polymer ein Ethylen/Propylen-Copoly­

mer umfal!.t 

Schmlel'Oladditiv nach elnem de_r Anspruche 1 bis 10, bel dem der monoungesittlgte, carboxylische Re­

aktant Malelnsiureanhydrld umfaBt. 

Schmieroladdltlv nach einem der Anspruche 1bis11, bei dem das Polymer im wesenUichen halogenfrel 
ist. 

Schmlel'Oladditiv nach einem der Anspri.iche 1bis11, bel dem das substltuierte Polymerweniger als 10 

ppm, bezogen auf das Gewicht, an Chlor enthilt. 

Schmlel'Oladditiv nach elnem der Anspruche 1 bis 13, bei dem das substltulerte Polymer eine Funktiona­

litit von mindestens 0,8 aufwelst 

SchmieroladditiV nach einem der Anspruche 1 bis 14, das wenlger als 40 Gew.-% des nicht mlt Siure pro­

duzlerenden Resten substltuierten Ethylen/a.-Olefin-Polymers aufwelst 

Verfahren zur Herstellung elnes Schmiel'Oladdltivs, bei dem: 

51 



6 

EP 0 353 935 B1 11111111111111 1111111111111111 
* C L M s * 

(a) ein Ethylen/a.-Olefln-lnterpolymer, das Monomereinheiten urnfaf!.t, die sich von Ethylen und mlnde­

stens einem a.-Olefin mit der Formal H2C=CHR1 ableiten, In der R1 eine Alkylgruppe mlt 1 bis 18 Koh­

lenstoffatomen ist, wobel das Polymereln durchschnittliches zahlenmiBiges Molekulargewichtvon 300 

bis 1 O 000 aufwelst und Im Durchschnitt mlndestens 30 % der Polymerketten endstindig 

ethenylldenisch ungesittigt sind, mit 

\.....,; 10 

(b) mindestens elnem monoungesittigten, carboxyllschen Reaktanten ausgewihlt aus der Gruppe be­

stehend aus (i) monoungesittigten Cs-C10-Dicarbonsiui'en, bel denen (a) die Carboxylgruppen an be­

nachbarte Kohlenstoffatomen gebunden sind und (b) mindestens eines dieser benachbarten Kohlen­

stoffatome Tell der Monoungesittigtheit ist, (ii) sich von Anhydrid oderC1-C6-Alkohol ableltenden Mono­

oder Dlesterderivaten von (i), (ill) monoungesittigten Cs-C1o-Monocarbonsiuren, bei denen die Koh­

lenstoff-Kohlenstoff-Doppelbindung zu der Carboxygruppe allylisch ist, und (iv) sich von C1-C6-Alkohol 

ableitenden Monoderlvaten von. (iiQ unter ausrelchenden Bedingungen und ausrelchend lange kontak­

tiert warden, um elne Produktmischung zu bilden, die ein Ethylen/a.Olefin-Polymer enthilt, das mlt den 

Carbonsiureresten substitulert ist, wobei die Produktmischung durch elnen VR-Wert von nlcht gr0Ber 

als 4, 1 und eine Funktionalitit von mlndestens 0,5 gekennzelchnet 1st. 

\..._,,· 

0 

\.......,; 

16 

20 

26 

30 

35 

40 

45 

17. Verfahren nach Anspruch 16, bel dem das Polymer (a) weniger als 5 Gew.-% einer Polymerfraktion mlt 

niedrlgem Molekulargewlcht enthilt, die Retten des Polymers mlt einem Molekulargewicht von weniger 

als 300 urnfaBt. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

Verfahren nach Anspruch 17, bei dem das Polymer(a) wenlger als 2 Gew.-% der Polymerfraktlon mit nied­

rigem Molekulargewlcht enthilt. · 

Verfahren nach Anspruch 16, bei dem der Kontakt bel einer Temperatur von 120 bis 260"C durchgefiihrt 

wird. · 

Verfahren nach elnem der Anspriiche 16bis19, bel dem d!e Produktmischung Im wesendichen halogenfrel 

Isl 

Verfahren nach einem der Anspruche 16 bis 20, bel dem das a.-Olefln Propylen urnfaBt. 

Verfahren nach einem der Anspruche 16 bis 21, bel dem der monoungesittlgte, carboxyllsche Reaktant 

mlndestens eine der Verbindung Fumarsiure, ltaconsiure, Malelnsiure, Maleinsiureanhydrid, 

Chlormaleinsiure, Chlormaleinsiureanhydrid, Acrylsiure, Methacrylsiure, Crotonsiure, Zlmtsiure oder 

einen nlederen Alkylsiureester der zuvor genannten Siuren umfaBt. 

Verfahren nach elnem der Anspruche 16 bis 22, bei dem das Polymer durch elne Polydispersltit von 1, 1 

bis 3,5 gekennzeichnet isl 

Verfahren nach Anspruch 23, bei dem die Polydlspersitit 1,2 bis 3,0 betrigt. 

Verfahren nach elnem der Anspruche 16 bis 24, bei dem die wenig Sediment bHdende Mlschung wenlger 

als 40 Gew.-% des mlt den Csrbonsiureresten substituierten Ethylen/a.-Olefln-Polymers enthilt. 

Verfahren nach Anspruch 25, bei der das substitulerte Ethylen/a.-Olefin-Polymer elne Funktionalltit von 

o,5 bis 2,8 aufwelst. 

Verfahren nach einem der Anspruche 16 bis 26, bel dem das Ethylen/a.-Olefin-Polymer mit dem mono­

ungesittigten, carboxylischen Reaktanten in Gegenwart eines Polyolefins In einem Gewicht:Gewicht­

Verhiltnis des Ethylen/a.-Olefin-Polymers zu dem Polyolefin von 10:90 bis 90:1 O kontaktiert wlrd, wobei 

das Polyolefln ein durchschnittliches zahlenmiBiges Molekulargewlcht von 900 bis 5 000 und eine Mo-

60 lekulargewichtsverteilung kleiner als 4,0 aufwelst 

28. Ollosliche Dlspergiermlttelmischung, die als Schmier61additiv brauchbar ist und ein Addukt von: 

(a) elnem Ethylen/a.-Olefln-lnterpolymer, das mlt monoungesittlgte Mono- oder Dicarbonsiure produ­

zlerenden Resten substltuiert 1st, wobei das Polymer Monomereinhelten umfaBt, die slch von Ethylen 

65 und mindestens einem a.-Olefin mit der Formel H2C=CHR1 ableiten, in der R1 eine Alkylgruppe mlt 1 

bis 18 Kohlenstoffatomen ist, das Polymer eln durchschnif;tliches zahlenmiBiges Molekulargewichtvon 

700 bis 1 O 000 aufwelst, im Durchschnltt mlndestens 30 % der Polymerketten endstindig 

ethenylldenisch ungesittigt slnd, das substituierte Polymer durch einen VR-Wert von klelner als 4, 1 
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gekennzeichnet ist, die Siure produzierenden Reste sich von mindestens einem monoungesittlgten, 

carboxylischen Reaktanten ausgewihlt aus der Gruppe bestehend aus (I) monoungesittigten C4-C1cr 

Dicarbonsiuren, bei denen (a) die Carboxylgruppen an benachbarte Kohlenstoffatomen gebunden 

sind und (b) mlndestens eines, vorzugswelse belde der benachbarten Kohlenstoffatome Tell der Mo-

5 noungesittigtheit sind, (Ii) sich vonAnhydrid oder C1-C .. Alkohol ableitenden Mono- oder Diesterderl­

vaten von (I), (Iii) monoungesittigten CrC10-Monocarbonsiuren, bei denen die Kohlenstoff-Kohlen­

stoff-Doppelblndung zu der Carboxygruppe allylisch ist, und (Iv) sich von CrC1>Alkohol ableitenden 

Monoesterderlvaten von (iii) ablelten und 

10 

29. 

15 
30. 

31. 

20 

32. 

33. 

25 

30 

(b) mlndestens einem nukleophilen Reagenz ausgewihlt aus der Gruppe bestehend aus Arninen, Al­

koholen, Metallreaktanten und Mischungen derselben umfaBt, wobei das Dispergiermittel einen VR'­

Wert von klelner 4, 1 aufweist. 

Dlsperglermltteladdukt nach Anspruch 28, bei dem die Siure produzlerenden Reste Bernstelnsiurean­

hydrld, Bernsteinsiure oder Propionsiure umfassen. 

Dispergiermltteladdukt nach Anspruch 28 oder Anspruch 29, bei dem das Schmier0ldispergiermittel durch 

ein VR'NRr"Wert-Verhiltnis von kleiner als 1, 11 gekennzelchnet 1st. 

Dispergiermitteladdukt nach einem der Anspruche 28 bis 30, bei dem das nukleophile Reagenz ein Amin 

mit 2 bis 60 Kohlenstoffatomen und 1 bis 12 Stickstoffatomen pro MolekOI umfaBt. 

Dispergiermitteladdukt nach Anspruch 31, bei dem das Amin Polyethylenpolyamin umfaBt. 

Dispergiermltteladdukt nach einem der Anspruche 28 bis 30, bei dem das nukleophile Reagenz eln Arnl­

doamin oder eln Thioamldoamin umfaBt, das dadurch gekennzeichnet ist, daP.. es eln Reaktlonsprodukt 

von mlndestens einem Polyamin und einer a,p..ungesittigten Verbindung mit der Formel: 

R
2 R3 X 

I I I 

R
1 

- C = C - C -Y 

ist, in der X Schwefel oder Sauerstoff ist, Y-OR4, -SR4 oder-NR4 (R&) 1st, Rt, R2, R3, R4 und R& glelch 

oder verschieden und Wasserstoff, substltuierter oder unsubstltuierter Kohlenwasserstoff sind. 

35. 34. Dispergiermltteladdukt nach Anspruch 33, bei dem das Polyamin 2 bis 60 Kohlenstoffatome und 1 bis 12 

Stickstoffatome pro Molekill enthilt. 

35. Dlspergiermltteladdukt nach Anspruch 33, bei dem das Polyamin Polyalkylenpolyamin umfaBt, bei dem 

die Alkylengruppen jeweils 2 bis 6 Kohlenstoffatome elithalten, das Polyalkylenpolyamin 5 bis 9 Stick-

\.,....,; 40 stoffatome pro Molekill enthalt, die a,p..ungesittlgte Verbindung mlndestens eine Verblndung ausgewihlt 

aus der Gruppe bestehend aus Methylacrylat, Ethylacrylat, Propylacrylat, Butylacrylat, Methylmethacry­

lat, Ethylmethacrylat, Propylmethacrylat und Butylmethacrylat umfaBt. · 

36. Dlspergiermlttel nach Anspruch 35, bei dem in der Reaktionsmlschung 1 bis 5 Mol der Siure produzie-

45 renden Reste pro primiirem Stickstoffiquivalent des Arnidoamins vorhanden sind. 

50 

37. Dispergiermitteladdukt nach einem der Anspriiche 28 bis 36, das borlert 1st, um in dem borlerten Disper­

glermitteladdukt 0,05 bis 2,0 Gew.-% Bor zu liefern. 

38. Dispergiermitteladdukt nach einem der Anspruche 28 bis 37, bei dem das Schmiel'Oldispergiermittel durch 

einen VR'-Wert von 2,5 bis 4,0 gekennzeichnet ist. 

39. Disperglermitteladdukt nach elnem der Ansprilche 28 bis 38, bei dem das a-Olefin Propylen ist. 

40. Schmiel'Olkonzentrat, das 20 bis 60 Gew.-% des Dispergiermittels gemiiB einem der Anspruche 28 bis 39 

55 enthalt. 

41. Schmieralzusammensetzung, die 0, 1 bis 20 Gew.-% des Dlsperglermittels gemiB elnem der Ansprilche 

28 bis 39 enthilt. 
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42. Schmier0lkonzentrat, das 1 bis 80 Gew.-% des substitulerten Ethylen/u-Olefin-Polymers gemiP.. einem 
der Anspruche 1 bis 15 enthilt. 

43. Schmie..Olzusammensetzung, die 5 bis 70 Gew.-% des substituierten Ethylen/a.-Olefin-Polymers gemAP.. 
einem der Anspruche 1 bis 15 enthAlt 

Revendlcatlons 

v 10 1. Additif pour holle lubrlfiante, qui comprend un interpolymere ethylene-alpha-olMine substitue avec au 

\.._.,· 

u 

moins une sorta de groupements comprenant des groupements producteurs d'aclde monocarboxylique 
mono-insature en C3 ii C10 et des groupements producteurs d'acide dicarboxylique mono-insature en C4 

ii C10, ledit polymere comprenant des motifs monomeriques d6rives d'ethylene et d'au moins une alpha­
olefine de formule H2C=CHR' dans laquelle R1 est un groupe alkyle ayant 1ii18 atomes de carbone et 

15 led it polymere a une moyenne m.1merique du poids moleeulaire de 300 ii 1 O 000 et une moyenne d'au 
molns 30 % desdltes chaTnes polymeriques contient une non-saturation ethenylidenique termlnale et !edit 
addltlf est caracterise par une valeur RV lnferieure ii 4, 1. 

20 

25 

30 

35 

45 

50 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Additif pour huile lubrlfiante suivant la revendication 1, dans lequel le polymt\re a une moyenne numerlque 
du poids moleculaire comprise entre 700 et 5000. 

Addltlf pour huile lubrifiante suivant la revendicatlon 2, dans lequel la moyenne numerique du poids mo­
leculaire se situe entre 1500 et 3000. 

Additif pour huile lubrifiante suivant l'une quelconque des revendlcations 1 ii 3, dans lequel le polymere 
a une teneur en ethylene molaire compdse entre 20 et 80 %. 

Additif pour huile lubrifiante suivant la revendicatlon 4, dans lequel le polymere a une teneur molalre en 
ethylene comprise entre 45 et 65 %. 

Additif pour huDe lubriflante suivant l'une quelconque des revendicatlons 1 ii 5, dans lequel ladite valeur 
RV ne depasse pas 4,0. 

Additlf pour hulle lubrlfiante suivant la revendicatlon 6, dans lequel ladlte valeur RV va de 2,5 ii 4,0. 

Addltif pour hulle lubrlflante sulvant l'une quelconque des revendicatlons 1 ii 7, dans lequel le groupement 
producteur d'acide carboxylique mono-insature est derive d'au molns un corps reactlonnel carboxyllque 
mono-insature choisi dans le groupe comprenant (i) des acides dicarboxyliques mono-lnsatures en C4 ii 
C10 dans lesquels (a) les groupes carboxyle sont attaches a des atomes adjacents de carbone et (b) l'un 
au molns desdits atomes adjacents de carbone appartlent a ladlte mono-insaturation ; (ii) des anhydrides 
ou des monoesters ou diesters derives d'alcools en C1 a C6 de (i) ; (iii) des acides monocarboxyllques en 
C3 a C10 mono-insatures dont la double liaison carbone-a-carbone est allyllque par rapport au groupe car­
boxy; et (iv) des monoesters de (iii) derives d'alcools en C1 a C6• 

9. Additif pour huile lubrlfiante suivant la revendication 8, dans lequel le corps reactionnel carboxylique 
mono-insature comprend au moins un compose choisi entre l'acide fumarlque, l'aclde itaconlque, l'acide 
maleique, !'anhydride maleique, l'acide chloromaleique, !'anhydride chloromalelque, l'acide acryilque, 
l'acide methacrylique, l'acide crotonique, l'acide cinnamique et des esters alkyllques inf6rieurs de ces acl­
des. 

10. Additif pour huile lubrlfiante suivant l'une quelconque des revendications 1 a 9, dans lequel ledlt polymere 
comprend un copolymere ethylene-prQpylene. 

11. Addltlf pour hulle lubrifiante suivant l'une quelconque des revendications 1 a 10, dans lequel ledlt corps 
reactionnel carboxylique mono-lnsature comprend !'anhydride maleique. 

55 12. Additif pour huile lubrlfiante suivant l'une quelconque des revendicatlons 1 ii 11, dans lequel le polymere 
est principalement depourw d'halogene. 

13. Additif pour hulle lubrifiante suivant rune quelconque des revendicatlons 1 a 11, dans lequel le polymere 
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substitue contient moins de 10 ppm en poids de chlore. 

" 14. Additif pour huile lubrlfiante suivant l'une quelconque des revendicatlons 1 a 13, dans lequel le polymere 

\._..-· 

\,.,_.,· 

u 

v 

6 

10 

15 

20 

25 

30 

35 

4() 

45 

50 

substitue a une fonctlonnalite d'au moins 0,8. 

15. Additlf pour huile lubrifiante sulvant l'une quelconque des revendications 1 a 14, dans lequel ledlt additlf 

contient moins de 40 % en poids dudit polymere ethylene/alpha-olefine non substitue par lesdlts groupe­

ments produisant un acide. 

16. Procede de pl'()duction d'un additif pour huile lubrifiante, qui conslste a faire entrer en contact : 

17. 

18. 

19. 

20. 

21. 

22. 

(a) un interpolymere ethylene/alpha-olefine comprenant des motifs monomeres derives d'ethylene et 
d'au moins une alpha-olefine de formule H2C=CHR1 dans laquelle R1 est un groupe alkyle ayant 1 a 
18 atomes de carbone, ledit polymere ayant une moyenne numerlque du poids moleculalre comprise 
entre 300 et 1O000 et une moyenne d'au mains 30 % desdites chaines de polymere contient une non­

saturation ethenylidenique termlnale ; avec 
(b) au moins un corps reactionnel carboxyllque mono-lnsature choisi dans le groupe comprenant (I) des 

acides dlcarboxyiiques en C4 a C10 mono-insatures dans lesquels (a) les groupes carboxyle sont atta­

ches a des atQrries adjacents de carbone et (b) l'un au mains desdlts atomes adjacents de carbone falt 

partie de ladlte mono-insaturation ; (ii) des anhydrides ou des monoesters ou diesters derives d'alcools 

en C1 a C5 de (Q ; (iiij des acides monocarboxyliques en C3 a C10 mono-insatures dans lesquels la dou­
ble liaison carbone-a-carbone est allylique par rapport au groupe carboxy; et (iv) des monoderives d'al­

cools en C1 a C5 de (iii) dans d~s conditions et pendant une duree suffisante pour former un melange 

de prodults contenant un polymere d'ethylene et d'alpha-olefine substltue avec lesdltes portions d'acl­

des carboxyllques, ledit melange de produits etant caracterise par une valeur RV ne depassant pas 
4, 1 et par une fonctionnallte au moins egale a 0,5. 

Procede suivant la revendication 16, dans lequel le polymete (a) contient moins de 5 % en poids d'une 
fraction de polymere de bas poids moleculaire, dont des chaines ont un poids moleculaire inferieur a 300. 

Procede sulvant la revendication 17, dans lequel le polymere (a) contient moins de 2 % en poids de ladite 

fraction de polymere de bas poids moleculaire. 

Procede sulvant la revendication 16, dans lequel la mise en contact est effectuee a une temperature de 

120 a260°C. 

Procede suivant rune quelconque des revendicatlons 16 a 19, dans lequel le melange de produits est prin­

cipalement depourvu d'halogene. 

Procede suivant l'une quelconque des revendlcatlons 16 a 20, dans lequel l'alpha-olefine comprend du 
propylene. 

Proc6de suivant l'une quelconque des revendications 16 a 21,· dans lequel le corps reactlonnel carboxy­

lique mono-insature eomprend au moins l'un des acldes tels que l'acidefumarique, l'acide ltaconique, l'acl­
de malelque, l'anhydiide malelque, l'acide chloromalelque, I' anhydride chloromalelque, l'acide acrylique, 

l'aclde mllthacrylique, l'aclde crotonique, l'acide cinnamlque et des esters alkyliques lnf6rleurs des acldes 

indiques ci-dessus. 

23. Procede suivant rune quelconque des revendications 16 a 22, dans lequel ledlt polymere est caracterlse 

par une polydispersite de 1, 1 a 3,5. 

24. Procede sulvant la revendication 23, dans lequel la polydispersite a une valeur de 1,2 a 3,0. 

25. Procede suivant l'une quelconque des revendications 16 a 24, ·dans lequel le melange a faible teneur en 
sediment contient moins de 40 % en polds dudlt polymere 6thylene/alpha-o16fine non substltue par. les­
dites portions d'acides carboxyliques. 

66 26. Procede sulvant la revendication 25, dans lequel le polymere ethylene/alpha-olefine substitue a une fonc-

tionnalite de 0,5 a 2,8. 

27. Procede suivant rune quelconque des revendications 16 a 26, dans lequel le polymere ethylene/alpha-
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olefine est mis en contact avec led it corps reactionnel carboxylique mono-insature en presence d'une po­
lyolefine dans un rapport en poids:poids dudit polymere ethylene/alpha-olefine a ladlte polyoletlne de · 

10:90 a 90:10, la polyolefine ayant une moyenne numerique du poids moleculaire de 900 a 5000 et une 

distribution de poids molectilaire interleure a 4,0. 

28. Melange dispersant soluble dens l'huile, utile comme additif pour hulle lubriflante, comprenant un prodult 

d'addition : 
(a) d;un interpolymere ethyiene/alpha-oletine substitue avec des portions produisant des acldes mo­
nocarboxyliques ou dicarboxyliques mono-insatures, ledit polymere comprenant des motifs monome­
rlques derives d'ethylene et d'au moins une alpha-olMine de formula H2C=CHR1 dans laquelle R1 est 

un groupe alkyle de 1 a 18 atomes de carbone, et ledit polymere a une moyenne numerique du poids 

moleculaire de 700 • 10 000 et une moyenne d'au moins 30 % desdites chatnes polymerlques contient 

une non-saturation ethenylidenique terminale et le polymere substitue est caracterise par une valeur 

RV interieure a 4, 1, lesdites portions produlsant un acide etant derlvees d'au moins un corps reactionnel 

carboxyllque mono-lnsature choisi dans le groupe comprenant (i) des acides dicarboxyllques en C4 a 
C10 mono-insawres dens lesquels (a) les groupes carboxyle sont attaches a des atomes adjacents de 

carbone et (b) l'un au mains desdits atomes adjacents de carbone et de preference les deux font partie 

de ladite mono-insaturation ; (ii) des anhydrides ou des monoesters ou dlesters derives d'alcools en 

C1 a C6 de (i) ; (iii) des acides monocarboxyllques en Ca a C10 mono-lnsatures dont la double liaison 

carbone-a-carbone est allylique par rapport au groupe carboxy ; et (iv) un monoester derive d'alcool 
en C1 a C6 de (iii) et · 
(b) d'au moins un reactif nucleophile choisi dens le groupe comprenant des amines, des alcools, des 

corps reactionnels metalllques et leurs melanges, ledit dispersant ayant une valeur RV' inferleure a 4, 1. 

29. Produit d'addition dispersant suivant la revendlcation 28, dans lequel les fragments produlsant des acldes 

comprennent !'anhydride succinique, l'acide succinique ou l'aclde propionique. 

30. Produit d'addition dispersant suivant la revendicatlon 28 ou la revendication 29, dens lequel le dispersant 

pour huile lubrifiante est caracterise par un rapport RV'/RVr inferieur a 1, 11. 

31. Produit d'addition dispersant suivant l'une quelconque des revendlcations 28 a 30, dans lequel le reactlf 

nucleophile comprend une amine contenant 2 a 60 atomes de carbone et 1 a 12 atomes d'azote par mo­

lecule. 

32. 

33. 

Produit d'addltion dispersant suivant la revendication 31, dans lequel ladite amine comprend une poly&­

thylenepolyamine. 

Produit d'addltion dispersant suivant l'une quelconque des revendications 28 a 30, dans lequel le reactif 
nucleophile comprend une amido-amine ou une thioamido-amlne caracterisee par le fait qu'elle est un pro­

duit de reaction d'au moins une polyamine et d'un compose a non-saturation alpha, bAta de formula : 

R2 

1 al - c 
x 
II 

- c - y 

dens laquelle X est le soufre ou l'oxygene, Yest un groupe-OR4, -SR4, ou-NR4 (R6) et R1, R2, R3, R4 et 

R& sont identlques ou dlfterents et representent l'hydrogene ou des groupes hydrocarbyle substitues ou 

non substitues. 

34. Prodult d'addltion dispersant suivant la revendication 33, dans lequel ladlte polyamlne contient 2 a 60 ato­

mes de carbone et 1 a 12 atomes d'azote par molecule. 

35. Dispersant suivant la revendlcatlon 33, dans lequel la polyamlne comprend une polyalkylene-polyamine 

dont les groupes alkylene contlennent chacun 2 a 6 atomes de carbone et la polyalkylene-polyamine 

contient 5 a 9 atomes d'azote par molecule, et ledit compose a non-saturation alpha, bAta comprend au 

mains un representant du groupe constitue de !'acrylate de methyle, de !'acrylate d'ethyle, de !'acrylate 

de propyle, de I' acrylate de butyle, du methacrylate de methyle, du methacrylate d'ethyle, du methacrylate 

de propyle et du methacrylate de butyle. 
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Dispersant suivant la revendication 35, dans lequel le mlllange raactlonnel contient 1 a 5 moles desdltes 
portions produisant des acides par equivalent d'azote primaire de ladite amido-amine. 

Produit d'addltlon dispersant suivant rune quelconque des revendlcations 28 a 36, dans lequel le prodult 
d'addltion dispersant est combine au bore de maniere que ce produit renferme 0,05 a 2,0 % en polds de 
bore. 

Prodult d'addltlon dispersant suivant l'une quelconque des revendlcatlons 28 a 37, dans lequel le disper­
sant pour hulle lubrifiante est caracterise par une valeur RV' de 2,5 a 4,0. 

Produit d'addition dispersant suivant rune quelconque des revendlcatlons 28 a 38, dans lequel l'alpha­
olMine est le propylene. 

Concentre pour huile lubrifiante, contenant 20 a 60 % en poids du dispersant sulvant l'une quelconque 
des revendicatlons 28 a 39. 

Composition pour huile lubrlfiante, contenant 0, 1 a 20 % en poids du dispersant suivant l'une quelconque 
·des revendlcations 28 a 39. 

Concentre pour huile lubrlfiante, contenant 1 a 80 % en poids du polymere ethylene/alpha-oletlne subs­
tltue suivant l'une quelconque des revendications 1 ii 15. 

Composition pour hulle lubrifiante, contenant 5 a 70 % eri poids du polymere ethylene/alpha-oletine subs­
titull suivant l'une quelconque des revendications 1 a 15. 
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