
5 

10 

15 

20 

25 

30 

35 

50 
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NOVEL ETHYLENE ALPHA-OLEFIN POLYMER SUBSTITUTED AMINE DISPERSANT ADDITIVES 

This Invention relates to improved oD soluble dlsperaant additives useful in oleagtnous compositions, 
lncfudlng fuels and lubrlcating oil compositions, and to concentrates conlaining said additives. 

Ashless nitrogen and ester containing lubricating oil dlspersants have been widely used by the lndusby. 
TypicaUy, these dfspeisants are prepared from a long chain hydrocarbon polymer by reacting the polymer with 
matelc anhydride to form the corresponding polymer which is substituted with succlnlc anhydride groups. 
Polyisobufylene has been widely used as the polymer of choice, chiefly because it Is readily avaDable by cation le 
polymerization from butene streams (e.g •• using AICl3 catalysis). Such polyisobutylenes generaOy contain resi­
dual unsabJratlon In amountn>fabOutone ethylentcdouble bond per polymer chain, positioned along the chain. 

The polyisobutylene polymers (PIB) employed Jn most conventional dlspersanls are based on a hydrocar­
bon chain of a number average molecular weight (MJ of from about 900 to about 2500. PIB having a Mn of 
less than about300 gives rather poor performance results when employed In dispersants because the molecu­
lar weight is Insufficient to keep the dispersant molecule fURy solubDized in lubricating oils. On the other hand, 
high molecular weight PIB (Mn >3000) becomes so viscous that conventional lndusbial 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. 

rncreased amounts of tennJnal ethylenic unsaturatlon Jn polyisobutylene (so-called •reactive 
polyisobutylenei has been achieved by BF3 catalyzed polymerization of isobutylene. Exemplary of references 
disclosing these polymers is U.S. Patent 4, 152,499. However, such reactive polyisobutylene materials can sb11 
contain substantial amounts of unsaturation elsewhere along the chain. Further, it is difficult to produce such 
reactive pcJylsobutylene polymers at molecular weights of greater than about2,000, and, even so, the reactive 
polyisobutylenes themselves still suffer the abov&-noted viscosity Increase disadvantages as molecular 
weighls are Increased. 

Other polymers, such as ethylene-propylene co-polymers and terpolymers containing non-conjugated 
dienes, have been disclosed as sultabJe polymers for the preparation of ashless nitrogen and est• dispersants. 

U.S. Patent4,234,435, for example, disclosesdispersants prepared from polyalkenes, Ma of 1, 300 to about 
5,000. The polyalkene can comprise homopolymers or lnterpolymers of~ to ~8 tennlnal olefins, ofwhJch ethy­
len&-propylene copolymers are said to be exampl_es, with specific reference to a copolymer of 80% ethylene 
and 20% propylene. 

However, ethylene-alpha-olefin copolymers of the above molecularweights could be produced using Zieg­
Jer-Natfa catalysts only In combJnatfon with H2 as molecular weight conlro.l In order to tenninate the growing 
copolymer chalns within this molecular weight range. Without use of H2 or other conventional, so-called •chain 
stoppeis". the copolymers produced with Ziegler-Natfa catalysts would tend to have molecularweJghts greatly 
in excess of the above range. (Such higher copolymers, for example, are widely employed In ungrafted form 
as viscosJty Jndex improvers, and when grafted with nitrogen-containing groups, as described below, are con­
ventionaUy employed as dispersant-viscosity Index improver polymers.) The use of H2 as a chain stopper has 
lhe disadvantage of causing the sabJraUon of the olefinic double bond content of the copolymer. Thus, while 
lower molecular weight copolymers were theoretically possible to prepare, their low unsaturation centent (and 
the accompanying low graft copolymer yields) would have made their further functlonafization by a thermal 
•ene• reaction, e.g .. with dicarboxylic acid moieties In preparing dispersants, highly unattractive. 

U.S. Patent 4,668,834 to Uniroyal Chemical discloses preparation {via certain metallocene and aJumoxane 
catalyst systems) and composition of ethylene-alpha olefin copolymers and terpolymers having vlnylldene-type 
tenninal unsaturation, which are disclosed to be usef'uJ as lntennediates in epoxy-grafted encapsulation compo-
sitions. -

U.S. Patent 4,704,491 to Mitsui Petrochemical relates to liquid ethylene alpha-olefin random copolymers, 
useful when hydrogenated as synthetic lubricant on, characterized Inter alia by having 10-85 mol. % ethylene 
unlts, 15-90 mot.% alpha-olefin units, Mn of from 300to10,000 and a 'Mfiinofnotmore than 2.5. The patent 
also indicates that the liquid copolymer can be easily modified since It has a double bond capable of reacting 
with malelc anhydride, etc., at the molecular chain ends. 

Japanese Published Patent Application 87-129,303A of Mitsui Petrochemical relates to narrow molecular 
weight cffstrlbution (IMJMn <2.5) ethyfene alpha-olefin copolymers containing 85-99 mot% ethylene. which are 
cflSClosed to be used for dispersing agents, modifiers or materials to produce toners. The copolymers {having 
aystalllnltyoffrom 5-85%) are prepared in the presence of a catalyst system comprising Zr compounds having 
at least one cycloalkadienyl group and alumoxane. 

European Patent 128,046 discloses (co)polyolefin reactor blends of polyethylene and ethylene higher al­
pha-olefin copolymers prepared by employing described dual-metaUoce~~umoxan~.ca~yst~.; · 
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THIS SHEET HAS BERN 
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European Patent Publication 129,368 cfiscloses metallocene/alumoxane catalysts useful for the prepa­
ration of ethylene homopolymer and ethylene higher alpha-olefin copolymers. 

s European Patent Appflcatfon Publication 257,696A1 relates to a process for dlmerlzing afpha-olefins using 
a catalyst comprlslng certain metallocene/alumoxane systems. 

European Patent Publication 305,022-A1 to Mitsui Petrochemlcal relates to certain synthetic hydrocarbon 
lubricating oil compositions containing a load-withstanding additive and a liquid ethylene alpha-olefin random 
copolymer modrfied by graft copolymerizatlon with an unsaturated carboxyllc acid or derivative thereof (e.g., 

10 maleic anhydride). The ethylene alpha.olefin copolymers (Mi, of 300 to 12.000) are obtafned using Z"iegler catal­
ysts (e.g., catalyst fonned from soluble V compound and an organo aluminum compound), are grafted In the 
presence of a free radical Initiator. 

15 

PCT Published PatentAei>.IPtlon WO 88/01626 relates to transition metal compound/alumoxane catalysts 
for polymerizing alpha-olefins. 

SUMMARY OF THE INVENTION 

The present Invention ts dlrected to an oil-soluble fuel and lubricating oH additive comprising ethylene al­
pha-olefin interpolymers of300 to 20,000 number average molecular weight tenninally substituted with amines, 

20 wherein the ethylene alpha-olefin polymer group is deriVed from a terminally unsaturated ethylene alpha-olefin 
polymerwherein the terminal unsaturation comprises ethenylidene unsaturation. The amrne-substituted polym­
ers of this invention are useful per se as additives to fuels and lubricating offs. 

The materials of the Invention are different from the prior art because of thelr effectiveness and their abDlty 
to provide enhanced lubricating on dispersancy, as exhibited by their enhanced sludge and varnish control 

25 properties. In fuels, the additiVes serve to minimize the degree of carbUretor and Jntake valve fOUJing from 
deposits. In addition, the additives of this invention possess superior vlscomelric properties. 

The process of this invention permits the preparation of lubricating on and fUeJ dispersant additives which 
are simultaneously characterized bya high active lngredientcontent (usually at least about60wl %, up to about 
95 wt.%) and by advantageous viscosity properties to permit the additives to be readily handled. In addition, 

30 the amine-substituted ethylene alpha--olefin polymers of this invention can be characterized by VR values (as 
hereinafter defined) of not greater than about 4. 1, thereby providing advantageous vis.cosily modifying proper­
ties to the lubricating ofls containing them. The present invention can produce such substituted polymers In a 
more highly concentrated form than prior art m1terials, thereby reducing the possible processing difficulties 
which are asssoclated with less concentrated fuel and hal0gen-coirtalnlng lubricating oD additives. 

3S Further, dispersant materials can be prepared from the substituted polymers of this Invention to provide 
fuel and lubricating on dispersant products having VR' values of not greater than about4.1 and VR:NR, ratios 
of less than about 1.11 (as such values and ratios are hereinafter defined). Surprisi~y. the process of this 
Invention pennits the preparation of highly concentrated dispersants from high molecular weight ethylene-al­
pha-olefln polymers (Mn >5000, e.g., 5,500-20,000) of superior viscosity properties. 

40 In distillate fuels, the dispersant materials of this Invention can reduce the fonnation of intake valve deposirs 
In an Internal combustion engine while minimizing valve sticking and aankcase ol thickening. 

DETAILED DESCRIPTION OF THE INVENTION 

45 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 HPCHR1 wherein R1 is straight chain rirbranched chain alkyl radical comprising 1 to 18 carbon atoms 
and wherein the polymer contains a high degree of terminal ethenylidene unsaturation. Preferably R1 in the 

so above formula is alkyl of from 1 to 8 carbon atoms, arid more preferably is Slkyl 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, dodecem~ 1, tridecene-1, telradecene-1, penladecene-1, hexadecene-1, hep­
tadecene-1, octadecene-1, nonadecene-1 and mixtures thereof (e.g., mfxtures of propylene and 1-butene. and 
the like). . 

ss Exemplary of such polymeis are ethylene-propylene copolymers. elhylene-butene-1 copolymers and the 
like. Preferred polymers are copolymers of ethylene and propylene and ethylene and butene-1. 

The molar ethylene contentofthe polymers~ployed In this invention is preferably In the range of between 
about 20 and about 80 percent, and more preferably between about-30 and about 70 percent When propylene 
and/orbutene-1 are employed as comonomer(s)wlth ethylene, the ethylene content of such copolymers Is most 
preferably between about45 and about65 percent, although higher or lower ethylene contents may be present. 
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The polymers employed In this Invention generally possess a number average molecular weight of from 
about 300 to about 20,000 (e.g •• from 300 to 10,000), preferably from about 900 to 20,000 : more preferably 

s of from about 900to10,000 (e.g., from about 700 to about 15,000) ; from about 1500 to about 5,000. Polymers 
having a number average molecular weight within the range of from about 700 to 5,000 (e.g., 1500 to 3,000} 
are particularly useful In the present Invention. The number average molecular weight for such polymers can 
be determined by several known techniques. A convenient method for such detennlnatlon Js by size exclusion 
chromatography (also known as gel permeation chromatography (GPC)) which additionally, provides molecular 

10 weight distribution Information, see W. W. Yau, J.J. Kirkland and D.O. Bly, "Modem Size Exclusion Uquid 
Chromatography", John Wiley and Sons, New York, 1979. 

Consequently, such polymers generally possess an Intrinsic viscosity (as measured in telralin at135°C) 
of between about0.025 and alta0f1): 9 df/g, preferably of between aboutO.OSand about 0.5 dl/g, most preferably 
of between about 0.075 and about 0.4 dl/g. 

15 The polymers employed In this Invention preferably exhibit a degree of crystallinity such that. when grafted, 
lhey are essentially amorphous. 

The polymers employed Jn this Invention are further characterized ln that up to about 95% and more of the 
polymer chalns possess terminal ethenylidene-type unsaturation. Thus, one end of such polymers wm be of 
the fonnula POLY..C(T1)=CH;a wherein T1 Is C1 to C18 alkyl, preferably C1 to C8 aJkyl, and more preferably Ct 

20 to Cz aJkyl. (e.g., methyl or ethyl) and wherein POLY represents the polymer chain. The chain length of the T1 
alkyl group wi11 vary depending on the comonomer(s} selected for use in the polymerization. A minor amount 
of the polymer chains can contain tennlnal elhenyl unsaturatfon, I.e. POL Y-CH=CH2' and a portion of the polym­
ers can contain internal monounsaturation, e.g. POLY-CH=CH(T'}, wherein T1 is as defined above. 

The polymer employed In this invention comprises polymer chains, at least about 30 percent of which pos-
25 sess terminal ethenylidene unsaturation. Preferably at least about 50 percent, more preferably at least about 

60 percent. and most preferably at leastabout75 percent (e.g. 75-98%), of such polymer chains exhibittenninal 
ethyenylldene unsaturation. The percentage of polymer chains exhibiting terminal ethyenylfdene unsaturation 
may be detennined by FTIR spectroscopic analysts, tibation, or C13NMR. 

The polymer and the composition employed in this Invention may be prepared as described in U.S. Patent 
30 4,668,834, in European Patent PubJications 128,046, 129,368. and 0260999. 

The polymers for use Jn the present invention can be prepared by polymerizing monomer mixtures com­
prising ethylene In combination with other monomers such as alpha-oJefins having from 3 to 20 carbon atoms 
(and preferably from 3-4 carbon atoms. I.e., propY!ene, butene-1, and mixtures thereof) in the presence of a 
catalyst system comprising at least one metallocene (e.g., a cyclopentadienyl-transition metal compound) and 

ss an alumoxsne compound. The comonomer content can be controlled through the selection of the metallocene 
catalyst component and by conlroJling the partial pressure of the various monomers. 

The catalysts employed in the production of the reactant polymers are organometallic coordination com­
pounds which are cycJopentadienyl 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 bicyclopen-

40 tadtenyls and their derivatives of the transition metals. Particularly desirable are the melaUocene of a Group 
· 4b metal such as titanium, zirconium, and hafnium. The alumoxanes empJoyed In fonnlng the reaction product 
with the metallocenes are themselves the reaction products of an aluminum trialkyl with water. 

In general, at least one metallocene compound is employed in the formation of the catalyst As indicated, 
supra, metallocene is a metal derivative of a cyclopentadiene. The metaUocenes usefully employed In accord-

45 ance with this invention contain at least one cyclopentadiene ring. The metal is selected from the Group 4b 
preferably titanium, zircon tum, and hafnium, and most preferably hafnium and ztrconlum. The cyclopentadienyl 
ring can be unsubstituted or contain one or more substituents (e.g •• from 1 to 5 substltuents) such as, for 
example, a hydrocarbyl substituent (e.g •• up to 5 C1 to C5 hydrocarbyl substituents) or other substltuents. e.g. 
such as, for example, a bialkyl sDyl substituenl The metallocene can contain one, two, orthree cyctopentadlenyl 

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

I. (Cp)mMRJ(q 
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 ~n atoms, X is a halogen, and m Is a whole number from 1 to 3, n 1s a 

ss whole number from 0 to 3, and q is a whole number from Oto 3. 
II. (CsR.'iJ0R"a{CsR'JM°"11 and 

Ill. R" .(CoR'!chMQ' 
wherein (CsR'iJ Is a cyclopentadienyl or substituted cydopentadlenyl. 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 
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are Joined together to fonn a C4--Ca ring, R" Is a C1-C4 alkylene radical, a dlalkyl gennanlum or sfflcon, or a 
alkyl phosphine oramlne radical bridging two (C5R'iJ rings, Q is a hydrocarbyf radical such asaryl, alkyl, alkenyt, 

5 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 ordifferentfrom each other, Q' Is an alkylldene radical having from 1 
to about 20 carbon atoms, s Is 0 or 1, g is 0, 1 or 2, s is 0 when g is 0, k Is 4 when s is 1, and k Is 5 when s Is 
0, and M ts as defined above. Exemplary hydrocarbyl radicals are methyl. ethyl, propyf. butyl, amyl, lsoamyl, 
hexyl, lsobutyl, heptyf, octyl, nonyf, decyl, celyl, 2-ethylhexyl, phenyl and the lfke. Exemplarysfllcon containing 

10 hydrocarbyl radicals are lrimethylS11yl, biefhylsilyl and triphenylsilyl. Exemplary halogen atoms lndude chlorine, 
bromine, fluorine and iodine and of these halogen atoms, chlorine is preferred. Exemplary hydrocarboxy radi­
cals are methoxy ethoxy, butoxy, amyloxy and the llke. Exemplary of the alkylidene radlcels Is methyfidene, 
ethylldene and propylldene. 

lllustratNe, but non-limlltngeiamples of the metallocenes represented by formula I are dtalkyl metanocenes 
15 such as bls(cyclopentadfenyl)titanium dimethyl, bls(cyclopentadlenyl)titanlum diphenyl, 

bfs{ cyclopentadlenyl)zlrcontum dimethyl, 
bls(cydopentadlenyl)zlrconlum dlphenyl, 
bis(cyclopentadi&nyl)hafnium dimethyl and diphenyl, 
bis( cyclopentadlenyl)tltan!um dl-neopentyl, 

20 bis(cyclopentadienyl)zirconlum di-neopentyl, 
bls{cyclopentadienyl)titanium dibenzyl, 
bis{cyclopentadienyl}zirconlum dlbenzyl, 
bis(cyclopentadienyl)vanadium dimethyl ; the mono alkyl metallocenes such as bls(cydopenladlenyl)titanfum 
methyf chloride, bis(cydopentadienyl)titanium ethyl chloride bls(cycJopentadienyl)titanlum phenyl chloride, 

25 bls(cydopentadienyl)zirconlum hydrochloride, 
bls(cyclopentadfenyf}zlrconium methyl chloride, 
bis(cyclopentadienyl)zirconium ethyl chloride, . 
bis(cyclopenladienyl}zfrconium phenyl chloride, 
bls(cycfopentadienyl)titanlum methyl bromide, 

so bis(cyclopenladienyl)titanium methyl iodide, 
bis(cyclopentadienyl)titanlum ethyl bromide, 
bis(cyclopentadienyl} titanium ethyl iodide, 
bis( cyclopentadlenyl)titanlum phenyl bromide, 
bis(cyclopentadienyl)titanium phenyl iodide, 

35 bis(cyclopentadienyl)zirconium methyl bromide, 
bis(cyclopenladienyl)zlrconium methyl iodide, 
bis(cyclopentadienyl)zlrconium ethyl bromide. 
bis( cyclopentadienyl}zirconium ethyJ iodide, 
bis(cyclopentadienyl)zlrconlum phenyl bromide, . 

40 bls(cyclopentadienyl}zlrconlum phenyl iodide; the trialkyl metallocenes such as cyclopentadlenyltitanium 
trimethyl, cyclopentadienyl zirconium biphenyl, and cyclopentadienyl zirconium trineopen~. cydopentadienyl­
zirconlum bimethyl. cyclopentadienylhamium biphenyl. cyclopentadienythafnium bineopentyl, and cyclopen­
tadienylhafnium trimethyl. 

Illustrative, but non-limiting examples of ti and Ill metallocenes which can be usefully employed are mono-
45 cyclopentadienyls titanocenes such as, pentamethylcyclopentadlenyl titanium bichloride, pentaethylcyclopen­

tadienyl titanium trichloride, bis (pentamethylcydopentadienyl) titanium diphenyl, the carbene represented by 
the formula bis(cyclopentadienyl)titanium=CH2 and derivatives of this reagent such as bis(cyclopen­
tadienyl)Ti=C~.Al{CH,)a. (Cp2TICH:V2• Cp2 TiCH2CH(CH3)CH21 Cp2Ti-CH2CH2C~ ; substituted bls(Cp)TI(IV) 
compounds such as bis(indenyl) titanium dlphenyl or dichloride, bis(methytcyclopentadlenyl)titanium diphenyl 

so or dihalides ; dialkyl, bialkyl, tetra-alkyl and penta-alkyl cyclopentadienyl titanium compounds such as bls(1,2M 
dimethylcyclopentadienyl)tltanlum diphenyl or dichloride, bts(1,2-diethylcyclopentadienyl)titanium dlphenyl or 
dichloride and other dihaJide complexes ; silicon, phosphine, amine or carbon bridged cyclopentadiene com­
plexes, such as dimethylsilyldlcydopentadienyl titanium dlphenyl or dichloride, methyl phosphine dlcyc1open­
tadienyl titanium diphenyl or dichloride. methylenedicyc1opentadlenyl titanium diphenyl or dichloride and other 

55 complexes described by formulae II and Ill~ 
Illustrative but non-limiting examples of the zirconocenes of Formula ll and HI which can be usefully 

employed are, pentamethylcyclopentadienyl .. zirconium trichloride, pentaethylcyclopentadienyl zirconl~ 
1richloride, the alkyl substituted cyclopentadienes. such as bts(ethylcyclopenladienyl)zirconium dimethyl, 
bls(beta-phenylpropylcydopenladlenyl) zirconium dimethyl, bis(methylcyclopentadlenyl}zlrcontum dimethyl, 
bls(n-butylcyclopentadienyl)zirconium dimethyl bls(cyclohexylmethylcyclopentadienyl}zlrconlum dimethyl 

5 
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bis(n-octyl-cyclopentadlenyt)zirconium dimethyl, and haloalkyl and dlbydride, and dihalide complexes of the 
above ; dialkyl, trialkyl, tetra-alkyl, and penla-alkyt cyclopentadienes, such as bis(pentamethylcyclopen-

5 tadienyl)zirconium dlphenyl, bls(pentamethylcyclopentadienyl)zirconlum dimethyl, bis(1,2-dimethylcyclopen­
tadienyl)zlrconium dimethyl and mono and dihalide and hydride complexes of the above ; sDlcon, phosphorus, 
and carbon bridged cyclopentadiene complexes such as dlmethylsilyldlcyclopentadienyl zirconium dimethyl, 
methyl halide or dlhallde, and methylene dicyclopentadienyl zirconium dimethyl, methyl halide, or dlhallde. 
Mono, di and tri-silyl substituted cyclopentadienyl compounds such as bis (trimethylsDylcyclopentadlenyl)zlr-

10 conlum dichloride and dimethyl bls(1,3-di-lrimethylsHylcyclopentadlenyl)zfrconlum dtchloride and dimethyl and 
bls(1,2,4-tri-trlmethylsHylcyclopentadlenyJ)zirconium dichloride and dimethyl. Carbenes represented by the for­
mulae C~-CH:J'(C.H5)2CH3, and derivatives of these compounds such as C~H2CH(CHa)CH2. 

Mixed cyclopentadlenyl ...trmTiillocene compounds such as cyclopentadlenyl (pentamethyl cyclopen­
tadfenyl)zlrconium dichloride, (1,3-di-bimethylsilylcyclopentadlenyl) (pentamelhylcyclopentadlenyl) zirconium 

15 dichloride, and cyclopentadienyl(lndenyl) zirconium dichloride can be employed. 
Most preferably, the polymers used in this invention are substantiaDyfree of ethylene homopolymer. 
Bis( cydopentadlenyl)hafnJum dichloride, bis(cyclopentadlenyl)hafnlum ; dimethyl, bis( cycfopen-

tadienyl)vanadlum dichloride and the like are Illustrative of other melaUocenes. 
Some preferred metallocenes are bls(cyclopenladlenyl)zirconlum ; dimethyl, bis(cyclopentadienyf)zfr-

20 conlum dichloride ; bls(cyclopentadienyl)titanlum dichloride ; bis(methylcyclopentadienyl) zlrconium 
dichloride ; bls(methylcyclopentadJenyl)titanium dichloride ; bis(n-butylcyclopentadlenyl)zirconium dichloride ; 
dimethylsUyldfcyclopenladienyl zirconium dichloride ; bis(bimethylsilycyclopentadienyl)zlrconium dichloride ; 
and dimethylsilyldicyclopentadJenyl titanium dichloride; bis(lndenyl)zirconium dichloride; bis (4,5,6,7-tet­
rahydrolndenyl)zirconium dichloride; the racemlc and/ormeso isomer of 1,2-ethylene-bridged bis(4,5,6,7-tet-

25 rahydroindenyl)zirconium dichloride ; the racemlc and/or meso Isomer of 1, 1-dimethylsDyl-bridged 
bis(4,5,6,7-te1rahydroindenyl)zirconium dichloride; and the racemic and/or meso isomer of 1, 1-dimethyfsilyl­
bridged bls(methylcyclopentadlenyl)zirconium dichloride. 

Theatumoxane compounds useful in the polymerization process may be cyclic or linear. Cyclic alumoxanes 
may be represented by the general formula (R-Al-O)n whiJe linear alumoxanes may be represented by the gen-

so eraJ fonnula R(R-Al-O}n'AIR2- In the general formula R ls a C1-CS alkyl group such as, for example, methyl, 
ethyl, propyl, butyl and pentyl, n Js an integer of from 3 to 20, and n' is an Integer from 1 to about20. Preferably, 
R is methyl and n and n' are 4-18. Generally, In the preparation of alumoxanes from, for example, aluminum . 
trimethyl and water, a mixture of the linear and cyalc compounds is obtained; 

The alurnoxane can be prepared tn various ways. Preferably, they are prepared by contacting water wfth 
35 a solution of aluminum bialkyl, 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 fonn Of a 
moist solvent Jn an alternative method, the aluminum alkyl such as aluminum bimethyl 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 dDutesolution of alumt-

40 num trimethyl in, for example, toluene, with ferrous sulfate represented by the general formula FeS04-7Hz0. 
The ratio of ferrous sulfate to aluminum bimethyl ls desirably about 1 mole of ferrous sulfate for 6 to 7 moles 
of aluminum trimethyl. The reaction is evidenced by the evolution of methane. 

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

45 erably, the mole ratio will be In the range of 50 :1 to about 5 :1 and most preferably 20 :1 to 5 :1. 
The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a hydrocar­

bon that Is inert with respect to the catalyst system. Such solvents are wen known and Include, for example, 
isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene, xylene and 
the like. 

so Polymerization Is generally conducted at temperatures ranging between about20° and about300"C, pref-
erably belween about 300 and about 200°0. Reaction time Is not critical and may vary from several hours or 
more to several minutes or Jess, depending upon factors such as reaction temperature, the monomers to be 
copolymerized, and the like. One of ordinary skill In the art may readily obtain the optimum reaction time for a 
given set of reaction parameters by routine eXperimentatton. 

55 The catalyst systems described herein are suitable for the polymerization of oleflns ln solution over a wide 
range of pressures. Preferably, the polymerizatio11 will be completed at a pressure of from about 1 Oto about 
3,000 bar, and generally at a pressure within the range from about 40 bar to about 2,000 bar, and most pref­
erably, the polymerization W11l be completed at a pressure within the range from about 50 bar to about 1,500 
bar. 

After polymerization and, optionally, deactivation cf the catalyst (e.g .• by conventional techniques such as 
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contacting the polymerization reaction medium with water or an alcohol, such as methanol, propanol, lsop­
ropanol, etc., or cooling or flashing the medium to terminate the polymerization reaction), the product polymer 

s can be recovered by processes well known in the art Any excess reactants may be flashed off from the polymer. 
The polymerization may be conducted employing liquid monomer, such as liquid propylene, or mixtures of 

liquid monomers (such as mixtures of liquid propylene and 1-butene), as the reaction medium. Altematively, 
polymerization may be accomplished in the presence of a hydrocarbon Inert to the polymerization such as 
butane, pentane, isopentane, hexane, lsooctane, decane, toluene, xylene, and the like. 

10 In those situations wherein the molecular weight of the polymer product that would be produced at a given 
set of operating conditions rs 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 thts invention. If so ,.9~ired, the polymerization may be carried out In the presence of hydrogen to 
lower the polymer molea.ilir~welghl Care should be taken to assure that terminal ethenylidene unsaturation 

15 rs not reduced to less than about 30 percent of the polymer chains. 
However, the polymers are preferably fonned ln the substantial absence of added H2 gas, lhat Is, the abs­

ence of~ gas added In amounts effective to substantially reduce the polymer molecular weight More prefer­
ably, the polymerizatfons 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. 

20 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 reactants J¥pically being passed through molecular sieves or other drying means 
prior to their introduction Into the reactor. Subsequently, either the catalyst and then the cocatalyst, or first the 
cocatalyst and then the calalyst are Introduced whne agitating the reaction mixture, thereby causing polymeri-

25 zation to commence. Alternatively, the catalyst and cocatalyst may be premixed In a solvent and then charged 
to the reactor. As polymer is being formed, additional monomers may be added to the reactor. Upon completion 
of the reaction, unreacted monomer and solvent are either flashed or distnled off, If necessary by vacuum, and 
tile low molecular weight copolymer withdrawn from the reactor. 

The polymerization may be conducted rn a continuous manner by simultaneously feeding the reaction 
30 dHuent(if employed), monomers, catalyst and cocatalystto a reactor and withdrawing solvent. unreacted mono­

mer and polymerfrom the reactor so as to allow a residence time of Ingredients long enough for forming polymer 
of the desired molecular weight and separating the polymer from the reaction mixture. 

35 

-
Preparation of Halogenated Ethylene Alpha-olefin Polymer 

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

40 For example, an ethylene alpha-olefin, wheretn the polymer has an average molecularweightwithin the 
range of from 300 to about 20,000, Is halogenated with either bromine or chlorine; preferably the latter. The 
halogen may be convenienUy added as gaseous chloride, liquid bromine, or a hydrohalogen, e.g., HCI or HBr 
gas. 

The amount of halogen introduced wHI depend on the particular hydrocarbon used, the desired amount of 
45 amine to be Introduced into the molecule, the particularalkylene amine used, and the halogen used. The amount 

of halogen introduced will generally be in the range from about 1 to 5 halogen atoms per molecule, depending 
on the reactivity of the resulting halide. On a weight percent basis, the amount of halide wiU generally range 
from about 1 to 25, more usually from about 1 to 10. 

The halogenatlon step may be conducted in the temperature range of from about ordinary ambient tem-
50 peratures to about 120°C. To aid in the halogenatlon step. the polymer may be dissolved In a suitable solvent, 

such as carbon tetrachloride, In order to lower the viscosity of the polymer, although the use of such a solvent 
is not necessary. 

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

55 The reaction product mixture comprfSjng the desired halogenated ethylene-alpha-olefin polymer {e.g., · 
chlorinated ethylene-propylene polymer) will generally contain unreacted polymer, (that is, polymer which is 
unsubstituted by halogen), in a concentration of less than about 40 wt. % (e.g., from 5 to 35 wt.%), more pref­
erably less than about 30 wt.% (e.g., from 10 to 25 wt.%} and will be generally characterized by a VR value 
("viscosity ratio• value) of not greater than about 4.1~ usually not greater than about 4.0, preferably from about 
2.0 to 3.9, and most preferably from about 3.0 to 3.8. As used here Jn, the term "VR value• is Intended to mean 
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quotient determine by the expression (IV) : 

THIS SHEET HAS BEEN 
REPL.ACED 

· VR'= VlS'b 
6 VlS'a 

wherein VISa rs the kinematic viscosity (KV) of the halogenated polymer reaction product mixture at 1 OD°C fn 

units of centistokes (as determined by ASTM Method No. 0445) and VlSb Is the cold cranking simulator (CCS) 

viscosity of the ene reaction product mixture at -20"C In units of poise (as determined by ASTh1 Method No. 

02602), wherein the measurements are made upon a 2 wt. % solution of the halogenated polymer reaction 

10 product mixture in an on (herein termed the •reference oilj comprising S150N (solvent 150 neutral) mineral 

lubricating oil (Exxon Company U.S.A.), wherein the such reference off ls characterized by an ASTh1 0445 

kinematic viscosity of 5.2 cSt (100oC) and an ASTM 02602 CCS viscosity of 19.2 poise (± 0.4 poise) (at-20°C). 

The 11\JRr•value of the refereqoe-oltwiH then be about3.7 ± 0.1. 
tt will be understood that the ethylene alpha-olefin polymers of this invention which are charged to the 

15 halogenatlon reaction zone can be charged alone or together with (e.g., in admixture with) other polyalkenes 

derived from alkenes having from 1 to 20 carbon atoms (butene, pentene, octane, decene, dodecene, tat­

radodecene and the like) and homopolymers of~ to C10, e.g., ~to Co. monoolefins, and copolymers of~ 

t.o C1o. e.g., ~to Cs. monooleflns, said additional polymer having a number average molecular weight of at 

least about 900, and a molecular weight disbibution of less than about 4.0, preferably Jess than about 3.0 (e.g, 

20 from 1.2 to 2.8). Preferred such additional olefin polymers comprise a major molar amount of C:i to C,0 , e.g., 

~ to C5 monooJefin. Such oleflns include ethylene. propylene, butylene, Tsobutylene, pentene, octene-1, 

styrene, etc. Exemplary of the additionally charged h.omopolymers ls polypropylene, polyisobutylene, and po­

ly-n-butene the like as well as interpolymers of two or more of such olefins such as copolymers of: ethylene 

and propylene (prepared by conventional methods other than as described above for the preferred ethylene 

25 alpha-olefin copolymers employed In this invention, that is, ethylene-propylene copolymers which are substan­

tiallysaturated, wherein less than about 10 wt% of the polymer chains contain ethylenlc unsaturatlon) ; butyfene 

and isobutylene ; propylene and lsobutyfene ; etc. Other copolymers include those in which a minor molar 

amount of the copolymer monomers, e.g., 1 t.o 1 O mole %, is a C4 to C18 non-conjugated diolefin, e.g., a 

copolymer of isobutylene and butadiene : or a copolymer of ethylene, propylene and 1,4-hexadiene ; etc. The 

30 additional such olefin polymers charged to the reaction will usually have number average molecular weights 

of at least about 900, more generally within the range of about 1200 and about 5,000, more usually between 

about 1500 and about4000. Particularly useful such additional olefin polymers have number average molecular 

weights within the range of about 1500 and about 3000 with approximately one double bond per chain. An espe­

cially useful additional such polymer ls polyisobutylene. Preferred are mixtures of such polylsobutylene with 

35 ethylene-propylene copolymers wherein at least30wt% of the copolymer chains contain terminal ethenylidene 

monounsaturation as described above. 
The number average molecularwelght for such polymers can be determined by s8'1eral known techniques. 

A convenient method for such determination is by gel penneation chromatography (GPC) which additionally 

provides molecularweightdlstnbution information, see W.W. Yau, J. J. KJrldandand D. 0. Bly, •Modern Size 

40 Exclusion Liquid Chromatography•, John Wiley and Son~. New York, 1979. 

Preparalion of Amine-substituted Polymer Products 

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

45 used in the present Invention, because of their high concentration of polymer chains (up to 90% and more) hav­

ing terminal ethenylidene unsaturation. leads to halogented polymer chains wherein !he halide group is also 

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

carbon attached to the beta-carbon of the chain}. This can be ntustrated as follows, employing an ethylene­

propylene copolymer (EP) and chlorine for example: 

55 
-----> 

·a 
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CH2Cl 

l 
EP-CH•C-CH2Cl 

THIS SHEET HAS BEEN 
REPLACED 

(i) 

(ii) 

(iii) 

Halogenatlon is believed to result In a mixture of products of which the Cl mono-termlnally substituted polymer 
is the majority. It ts believed form (I) is the major halogenated polymer product, and that form Qi) Is produced 
In the product mixture in lesser concentrations. Form (iii), which is Cl di-substituted Illustrates a possible by­
product 

Reaction of the halogenated polymer with an amine, e.g., ethylene diamine, will result In a mixture of pro­
ducts formed via EP-nitrogen bonds, and elimination of HCI, and can be illustrated as follows : 

CH2 

R 
EP-CH2-c-CH2-[NHC2H4NH2] 

EP-CH=C-CH2-[NHC2H4NH2] 

I 
CH3 

EP-CH•C-CH2-[NHC2H4NH2] 

I 
CH2~[NHC2H4NH2] 

(iv) 

(v) 

(vi) 

wherein (Iv), (v) and (vt") are fonned from halogenated products (i), (ii) and (iii), respectively. 
However, the above halogenated and amin""ated EP products are Rlus1rative and are not the only forms 

which can be envisioned. 
The halogenated polymera prepared as described above, can be contacted with one or more amines to 

form the novel dispersants of this rnvention. 
Amine compounds useful for reaction with the halogenated polymer include mono- and (preferably) 

polyamlnes, of about2 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 amlnes 
or may be hydrocarbyf amines Including other groups, e.g. hydroxy groups, alkoxy groups. amide groups, nit­
rifes, imidazoline groups, and the like. Hydroxy amines with 1 to 6 hydroxy groups. preferably 1 to 3 hydroxy 
groups are partlcularty useful. Preferred amines are aliphatic sah.lrated amines. Including those Of the general 
fonnulas: 

9 
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THIS SHEET HAS BEEN 
REPLACED 

t 
(Vb) 

wherein R, R', R" and R"' are lnd~fJndently selected from the group consisting of hydrogen ; C1 to ~straight 
or branched chain alkyl radicalS; C1 to C12 alkoxy ~to C8 alkylene radicals ; ~to C12 hydroxy amino alkylene 
radicals ; and c, to C,2 allcylamlno ~to C8 alkylene radicals ; and wherein R"' can additionally comprise a moi-

15 ety of the formula : 

20 

25 

30 

35 

50 

(VI) 

wherein R' is as defined above, and wherein r and r' can be the same or a different number of from 2 to 6, 

preferably 2 to 4 ; and t and t' can be the same or different and are numbers of from 0 to 10, preferably 2 to 7, 
and most preferably about 3 to 7, with the proviso that the sum oft and t' is not greater than 15. To assure a 
faCJle reaction, tt is preferred that R. R', Rn, R'", r, r', t and f 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 Jetting t in Formula Vb be at least one when R"' is H or when the VJ 
moiety possesses a secondary amino group. The most preferred amine of the above formulas are represented 
by Formula Vb and contain at least two primary amine groups and at least one, and preferably at feast three, 
secondary amine groups. 

Non-limiting examples of suitable amine compounds include: 1,2-diamlnoethane ; 1,3-diaminoprop&ne; 
1.4-dlaminobutane; 1,6-diaminohexane; polyethylene amines such as diethylene trlamine; trlethyfene tet­
ramine ; tetraethylene pentamine ; polypropylene amines such as 1,2-propylene diamine ; dl-(1,2-propy­
lene)trlamine; di-(1.3-propylene) biamine; N,N-dimethyl-1,3-di-aminopropane; N,N-di-(2-aminoethyl) 
ethylene diamine ; N,N-dJ(2-hydroxyethyl}-1,3-propylene dlamine ; 3-dodecyloxypropylamlne ; N-dodecyl-1,3-
propane dlamine ; trls hydroxymethylaminomethane (THAM) ; dilsopropanol amlne : diethanor amine ; 
trlethanol amine ; mono-, di-, and tri-tallow amines ; amino morpholines such as N-(3-aminopropyl)morpholine; 
and mixtures thereof. 

Other useful amine compounds include : alicycllc diamines such as 1,4-dl(aminomethyl) cyclohexane, and 
heterocycllc nitrogen compounds such as imidazolines, and N-aminoalkyl piperazines of the general formula 
(Vil): 

wherein p1 and P2 are the same or different and are each integers of from 1 to 4, and n1, "2 and ns are the same 

or different and are each integers of from 1 to 3. Non-limiting examples of such amines include 2-pentadecyl 
lmidazoline ; N-(2-amlnoethyl)piperazine ; e~ 

Commercial mixtures of amine compounds may advantageously be used. For example. one process for 
55 preparing alkylene amines Involves the reaction of an alkylene tllhalide (such as ethylene dichloride or pro­

pylene dichloride) with ammonia, which results in a complex mixture of alkylene amines wherein pairs of nit· 
rogens are joined by alkylene groups, fonning such compounds as diethylene triamine, trlethylenetetramine, 
tetraethylene pentamlne and isomeric ptperazlnes. Low cost poly(ethyleneamlnes) compounds averaging 
about 5 to 7 nitrogen atoms per molecule are available commercially under trade names such as •Potyamlne 
H•, •potyam1ne4009, "Dow Polyamine E-100", etc. 

-
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Useful amines also Include potyoxyalkylene polyamlnes 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) : 

a4--talkylen~-alkylenet---NH2 ) 

where n"' has a value of abo_.ut,1-to 40 with the provision that the sum of all the n"' values is from about 3 to 
about 70 and preferably frofn about 6 to about 35, and R" I s a polyvalent saturated hydrocarbon radical of up 
to ten carbon atoms wherein the number of substituents on the R' group is represented by the value of •a•, 
which Is a number of from 3 to 6. The alky{ene groups Jn either formula (VIII) or(IX) may be straight or branched 
chains containing about 2 to 7, and preferably about 2 to 4 carbon atoms. 

The polyoxyalkyfene polyamlnes of formulas (VIII) or (IX) above, preferably polyoxyalkylene diamines and 
polyoxyalkylene triamlnes, may have average molecular weights ranging from about 200 to about 4000 and 
preferably from about 400 to about 2000. The preferred pofyoxyalkylene polyoxyalkylene polyamines Include 
the polyoxyethylene and polyoxypropylene dlamines and the polyoxypropylene biamlnes having average 
molecularwefghfs ranging from about200 to 2000. The polyoxyalkylene polyamines are commercially avalable 
and may be obtained, for example, from the Jefferson Chemical Company, Inc. under the trade name •Jef­
famines D-230, D-400, D-1000, D-2000, T-403•, etc. 

A particularly useful class of amlnes are the polyamldo and related amines dlsc1osed in U.S. Patent 
4,857,217 (the disclosure of which is hereby incorporated by reference in its entirety), which comprise reaction 
producls of a polyamine and an alpha, beta unsaturated compound of the formula : 

R6 R7 X 

R5 - ~ = b - ~ - Y (X). 

wherein Xis sulfur or oxygen, Y is -ORB, -SR&, oc.-NRB(R9), and Rs, R6, R7, Ra and R9 are the same or different 
and are hydrogen or substituted or unsubstituted hydrocarbyl.Any p0lyamine, whether aliphatic, cycloaliphatic, 

35 aromatic. heterocyclic, etc., can be employed provided It Is capable of adding across the acrylic double bond 
and amidifying with for example the carbonyl group (-C(O}) of the acrylate-type compound of formula X. or 
with the thlocarbonyl group (-C(S)-) of the thioaaylate-type compound offomrula X. 

When R5, Rs, R7, Ra or R9 in Fonnula X are hydrocarbyf, these groups can comprise alkyl, cycloalkyl, aryl, 
alkaryl, aralkyl or heterocyclic, which can be substituted with groups which are substantially Inert to any corn-

'° ponent of the reaction mixture under conditions selected for preparation of the amldo-amine. Such substituent 
groups include hydroxy, halide (e.g., Cl, F1, f, Br), -SH and alkylthio. When one or more of RS through R9are 
alkyl, such alkyl groups can be straight or branched chain, and will generally contain from 1 to 20, more usually 
from 1 to 10, and preferably from 1 to 4, carbon atoms. Illustrative of such alkyl groups are methyl, ethyl, propyl, 
butyJ, pentyJ, hexyl, heptyJ, octyl, nonyl, decyi, dodecyl, tridecyl, hexadecyl, octadecyl and the like. When one 

4S or more of RS through RB are aryl, the aryl group will generally contain from 6 to 10 carbon atoms (e.g., phenyl, 
naphthyl). 

When one or more of RS through R9 are alkaryl, the alkaryl group will generally contaln from about 7 to 20 
carbon atoms, and preferably from 7 to 12 carbOn atoms. Illustrative of such alkaryl groups are tolyl, ~yf­
phenyl, o-ethyltolyl, and m-hexyltolyl. When one or more of RS through R9 are aralkyl, the aryl component gen-

50 erally consists of phenyl or (C1 to Ce) alkyl-substituted phenol and the alkyl component generally contains from 
1to12 carbon atoms, and preferably from 1to6 carbon atoms. Examples of such aralkyl groups are benzyl, 
o-ethylbenzyl, and 4-isobutylbenzyl. When one or more of RS and R9 are cycfoalkyl, the cydoaJkyl group wi11 
generaUy contain from 3to12 carbon atoms, and preferably from 3 to 6 carbon atoms. Ulustratlve of such cyo­
loalkyl groups are cydopropyl, cyclobutyl, cycJohexyJ, cyclooctyJ, and cyclododecyl. When one or more of R5 

ss through R9 are heterocycltc, the heterocyclic group generally consisls of a compound having at least one ring 
of 6 to 12 members fn which on or more ring carbon atoms is replaced by oxygen or nitrogen. Examples of 
such heterocyclic groups are furyl, pyranyl, pyridyl, piperidyl, dloxanyl, tetrahydrofuryl, pytaZinyl and 1,4-oxazi­
nyl. 

The alpha, beta ethylenlcally unsaturated carboxylate compounds employed herefn have the following for­
mula: 

11 
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R6 R7 O 
I I h 

RS- C • C - C - OR8 (XI) 
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wherein R&, R6, R7. and Ra are the same or different and are hydrogen or substituted or unsubstituted hydrocar­

byl as defined above. Examples of such alpha, beta-ethylenlcally unsaturated carboxylate compounds of for­

mula XI are aciylic acid, methacryflc acid, the methyl, ethyl, lsopropyl, n-butyl, and lsobulyl esters of acrylic 

10 and methacrylic acids, 2-butenolc acid, 2-hexenoic acid, 2-decenolc acid, 3-methyl-2-heptenoic acid, 3-methy(-

2-butenolc acid, 3-phenyl-2-propenolc acid, 3-cyclohexyl-2-butenolc acid, 2-methyl-2-butenolc acid, 2-propyl-

2-propenoic acid, 2-isopropyl-2-hexenolc acid, 2,3-dimethyl-2-butenoic acid, 3-cyclohexyl-2-methyl-2-pente­

nolc acid, 2-propenoic acid, l'Mffiyf 2-propenoate. methyl 2-methyl 2-propenoate, methyl 2-butenoate, ethyl 2-

hexenoate, lsopropyl 2-decenoate, phenyl 2-pentenoate, tertiary butyl 2-propenoate, ocladecyl 2-propenoate, 

15 dodecyf 2-decenoate, cyclopropyl 2,3-dlmethyl-2-butenoate, methyl 3-phenyl-2-propenoate, and the like. 

20 

The alpha, beta ethylenicalfy unsaturated carboxylate thloester compounds employed herein have the fol­

lowlng formula : 

R6 R7 0 

I I '' 8 RS- C • C - C - SR CXII) 

wherein R5, R6, R7, and Ra are the same or different and are hydrogen or substituted or unsubstituted hydrocar­

byl as defined above. Examples of such alpha, beta-ethylenically unsarurated carboxylate thloesters of fonnula 

25 XII are methylmercapto 2-butenoate, ethylmercapto 2-hexenoate, isopropylmercapto2-decenoate, phenylmer­

capto 2-pentenoate, tertiary butylmercapto 2-propenoate, octadecylmercapto 2-propenoate, dodecylmercapto 

2-decenoate, cyclopropylmercapto 2,3-dimethyl-2-butenoate, methylmercapto 3-phenyl-2-propenoate, methyt­

mercapto 2-propenoate, methylmercapto 2-methyl-2-propenoate, and the like. 

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

30 fonnula: 

35 

(XIII) 

wherein R5, RB, R7, R8 and R9 are the same or different and are hydrogen or substituted or unsubstituted hyd­

rocarbyl as defined above. Examples of alpha, beta-ethylenlcally unsaturated carboxyamldes of formula XIII 
are 2-butenamlde,2-hexenamide, 2-decenamlde, 3-methyl-2-heptenamide, 3-methyl-2-butenamide, 3-phenyl-

2-propenamlde, 3-eyclohexyl-2-butenamide, 2-methyl-2-butenamide, 2-propyl-2-propenamide, 2-lsopropyl-2-

40 hexenamlde, 2.3-dtmethyl-2-butenamide, 3-cyclohexyl-2-methyl-2-pentenamide, N-methyt 2-butenamlde, 

N-methyl 2-butenamide, N,N-diethyl 2-hexenamide, N-isopropyl 2-decenamide, N-phenyl 2-pentenamkle. N­
tertiary butyl 2-propenamide, N-octadecyl 2-propenamide, N-N-didodecyt 2-decenamide, N-cydopropyl 2,3-di­

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

2-ethyl-2-propenamtde and the- like. 
45 The alpha, beta ethylenically unsaturated thiocarboxylate compounds employed herein have the following 

50 

fonnula: 

R6 R7 - S 
I I I\ 

R
5 - C = C - C - OR

8 (XIV) 

wherein R5, Rt, R7, R8 and R9 are the same or different and are hydrogen or substituted or unsubstituted hyd­

rocarbyl as defined above. Examples of alpha, beta-ethylenically unsaturated thiocarboxytate compounds of 

fonnula XIV are 2-butenthioic acid, 2-hexenttiiolc acid, 2-decenthioic acid, 3-methyl-2-heptenthioic acfd, 3-me-

os thyl-1-butenthioic acid, 3-phenyl-2-propenthiolc acid, 3-cydohexyl-2-butenthiolc acid, 2-methyl-2-butenthioic 

acid, 2-propyl-2-propenthloic acid, 2-isopropyl-2-hexenthioic acid, 2,3-dimethyl-2-butenthiolc acid, ~ 

lohexyl-2-methyf-2-pententhioic acid, 2-propenthioic acid. methyl 2-propenthioate, methyl 2-methyl 2-propen­

thloate, methyl 2-butenthioate, ethyl 2-hexenthioate, isopropyl 2-decenthloate, phenyl 2-pentenlhioate, tertiary 

butyl 2-propenthioate, octadecyl 2-propenthioate, dodecyl 2-decenthioate, cyclopropyl 2,3-dlmethyl-2-buten­

thioate, methyl 3-phenyl-2-propenthloate, and the flke. 

-12 
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The alpha, beta ethylenlcally unsaturated dithiolc actd and actd ester compounds employed hereJn have 
the following fonnula : 

R6 'ft7 S 

L '' R5- C = C - C - SR8 (XV) 

10 wherein RS, R8, R7, and R' are the same or different and are hydrogen or substituted or unsubstituted hydrocar­
byl as defined above. Examples of alpha, beta-ethylenlcally unsaturated dilhioic acids and acid esters of for­
mula XV are 2.t>utendithrotc acid, 2-hexendlthioic acid, 2--0ecendithlolc acid, 3-methyl-2-heptendithiolc acid, 
3-methyl-2-butendithlolc acid ..... a,,phenyl-2-propendithioic acid, 3-cyclohexyl-2-butendithlolc acid, 2-methyl-2-
butendithlolc acid, 2-propYf-2-propendlthiofc acid, 2-lsopropyl-2-hexendithioic acid, 2.3-dimethyl-2-butendi-

15 thlolc acid, 3-cyclohexyl-2-methyl-2-pentendithloic acid, 2-propendlthlolc acid, methyl 2-propendllhloate, 
methyl 2-methyl 2-propendlthloate, methyl 2-butendithtoate, ethyl 2-hexendlthioate, isopropyl 2--0ecendl­
thloate, phenyl 2-pentendithioate, tertiary butyl 2-propendlthioate, octadecyl 2-propendlthloate, dodecyl 2-de­
cendlthloate, cyclopropyl 2,3-dimethyl-2.t>utendlthloate, methyl 3-phenyl-2-propendlthloate, and the like. 

The alpha, beta ethylenlcally unsaturated thlocarboxyamlde compounds employed herein have the follow-
20 Ing formula : 

25 

R6 R7 S 

R5- b = ~ - ~ - NR8 (R9 ) (XVI) 

wherein R&, Rfl, R7, Ra and R9 are the same or different and are hydrogen or substituted or unsubstituted hyd­
rocarbyl as defined above. Examples of alpha, beta-ethylenicaUy unsaturated thiocarboxyamides of formula 
XVI are 2-butenthioamide, 2-hexenthioamide, 2-decenthioamide, 3-methyl-2-heptenthloamide, S-methyt-2-
butenthloamide, 3-phenyl-2-propenthloamfde, 3-cydohexyl-2-butenthfoamlde, 2-methyl-2-butenthioamide, 2-

30 propyl-2-propenthiOamide, 2-isopropyl-2-hexenthioamide, 2,3-dimethyl-2.t>utenthioamide, 3-cydohexyl-2-
rnethyl-2-pententhioamide, N-metbyl 2-butenthioamide, N,N-diethyl 2-hexenthfoamtde, N-lsopropyl 2-decen­
thloamlde, N-phenyl 2-pententhloamlde, N-tertiary butyl 2-propenthioamide, N-octadecyl 2-propenthloamlde, 
N-N-didodecyl 2-decenthioamlde, N-cyclopropyl.2,3-dlmethyl-2-butenthfoamlde, N-methyl 3-phenyl-2-propen­
thloamide, 2-propenthioamlde, 2-methyl-2-propenthloamlde, 2-ethyl-2-propenthioamlde and the like. 

35 Preferred compounds for reaction with the polyamlnes In accordance with this invention are lower alkyl 
esters of acrylic and Vower alkyl) substituted acrylic acid. Illustrative of such preferred compounds are com­
pounds of the formula : 

p_7 0 
, ,, 8 

CH2:C - COP. (XVII) 

where R7 ls hydrogen or a C1 to C4 alkyl group, such as methyl, and R8 ls hydrogen or a C1 to C4 alkyl group, 
capable of being removed so as to form an amido group, for example, methyl, ethyl. propyl. lsopropyl, butyl, 

45 sec-butyl, tert-butyl, aryl, hexyl. etc. Jn the preferred embodiments these compounds are acrylic and methacrylic 
esters such as methyl or ethyl acrylate, methyl or ethyl methacrylate. When the selected alpha, beta-unsalu­
rated compound comprises a compound of formulaX wherein x• is oxygen, the resulting reaction product with 
the polyamine contains, at least one amido llnk8ge (-C(O)N<) and such materials are herein termed •amido­
amines.• Similarly, when the selected alpha, beta unsaturated compound of formula X comprises a compound 

so wherein X' is sulfur, the resulting reaction product with the polyamine contains thioamide linkage (-C(S)N<} and 
these materials are herein tanned "thloamldo-amines. • For convenience, the following discussion is directed 
to the preparation and use of amido-amlnes, although lt wilt be understood that such discussion Is also applic­
able to the thfoamido-emines. 

The type of amido-amine fonned ~with reaction conditions. For example, a more linear arnldo-amlne 
55 is fanned where substantially equimofar amounts of the unsaturated carboxylate and poJyamine are reacted. 

The presence of excesses of the ethylenically unsaturated reactant offormulaX tends to yield an amldo-amine 
which Is more cross-linked than that obtained where substantially equimofar amounts of reactants are 
employed. Where for economic or other reasons a cross-linked amldo-amlne using excess amine is desired, 
generaffy a molar excess of the ethylenically unsaturated reactant of about at least 10%, such as 1o-300%, or 
greater, for example, 25-200%, is employed. For more efficient cross-linking an excess of carboxylated material 
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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 

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

llnearamldo-amine whereas excess of the fonnula XII reactant tends to yield a more cross-linked amldo-amine. 
It should be noted that the higher the polyamlne (I.e., In greater the number of amino groups on the molecule) 
the greater the statistical probabllily of cross-ltnklng since, for example, a tetraalkylenepentamine, such as tet-

10 raethylene pentamlne 

15 

20 

25 

has more labile hydrogens than ethylene diamine. 
These amido-amlne adducts so formed are characterized by both amldo and amino groups. In their simplest 

embodiments they may be represented by units of the following idealized fonnula (XVIII) : 

0 
1 l 
c -

wherein the R10's, which may be the same or different, are hydrogen or a substituted group, such as a hyd­
rocarbon group. for example, alkyl, alkenyt, alkynyl, aryl, etc., and A Is a moiety of the polyamine which, for 
example, may be aryl. cycloalkyf, alkyf, etc., and n4 ls an Integer such as 1-10 or greater. 

The above simplified formula represents a linear amide-amine polymer. However, ~Inked polymers 
·ao may also be formed by employing certain conditions since the polymer has labUe hydrogens which can further 

react with either the unsaturated moiety by adding across the double bond or by amldifylng 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. 

as Preferably, the potyamlne reactant contains at least one prli:nary amine (and more preferably from 2 to 4 
primary amines) group per molecule, and the polyamlne and the unsaturated reactant of formula X are contac­
ted In an amount of from about 1 to 10, more preferably from about 2 to 6, and most preferably from about 3 
to 5, equlvalenls of primary amine in the polyamine reactant per mole of the unsaturated reactant of formula 
x. 

40 The reaction between the selected polyamine and acrylate-type compound is carried out at any suitable 
temperature. i:emperatures up to the decomposition points of reactants and products can be employed. In prac­
tice, one generally carries out the reaction by heating the reactants below 1 OO"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 

45 removed quite readily below 1000C in the case of low boBing alcohols such as methanol or ethanol. As the reac­
tion slows. the temperature is raised to push the polymerization to completion and the temperature may be 
raised to 1500C 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 ls evolved. Based on 
removal of alcohol, the yields are generally stoichiometric. In more difficult reactions, yield of at least 95% are 

50 generally obtained. 
Similarly, It wi11 be understood that the reaction of an ethylenically unsaturated carboxylate thloester of for­

mula XII liberates the corresponding HSRB compound (e.g., ~ when RS is hydrogen) as a by-product, and 
the reaction of an ethylenlcally unsaturated carboxyamlde of formula XIII liberates the corresponding HNR8(R9) 
compound (e.g., ammonia when RB and R9 are each hydrogen) as by-product. 

55 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, tower temperature demands longer times. Usually,_ 
reaction times of from about2 to 30 hours, such as5 to 25 hours, and preferably 3to10 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-Unking Js desired, it Js preferably to avoid the use of a solvent and most particularly to 
avoid a polar solvent such as water. However, taking into consideration the effect of solvent on the reaction, 
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where desired, any suitable solvent can be employed, whether organic or Inorganic. polar or non-polar. 

As an example of the amldo-amine adducts, the reaction of tetraethylene pentaamlne (TEPA) with methyl 

5 methaaylate can be Illustrated as follows : 

10 

16 

Preparation of the Dispersant 

The halogenated ethylene alpha-olefin- polymer and amine compound (e.g., alkylene polyamlne or polyal­

kylene polyamlne) may be brought together neat or in the presence of an Inert solvent, particularly a hydrocar-

20 bon solvent. The inert hydrocarbon solvent may be aliphatic or aromatic. Also, aliphatic alcohols may be used 

by themselves or in combination with another solvent, when capable of dissolving the reactants. 

The reaction may be carried out at room temperature (20"C), but elevated temperatures are preferred. Usu­
ally, the temperature will be in the range of from about 100° to 225°C. Depending on the temperature of the 

reaction, the particular halogen used, the mole ratios and the particular amine, as well as the reactant concen-

25 trations, the time may vary from 1 to 24 hours, more usually from about 3 to 20 hours. Times greatly in excess 

of 24 hours do not particularly enhance the yield and may lead to undesirable degradation. It is therefore pre­

ferred to limit the reaction time to fewer than 24 hours. 
The mole ratio of halogenated ethylene alpha-olefin polymer to amine compound wm generally be In the 

range from about 0.2 to 10 moles of amine compound per mole of halogenated ethylene alpha-olefin polymer, 

so more usually 0.5 to 5 moles of amine compound per mole of halogenated ethylene alpha-olefin polymer. The 

mole ratio will depend upon the amount of halogen present in the halogenated ethylene alpha-olefin polymer, 

the particular halogen and the desired ratio of polymer to amine compound. 

Small amounts of residual halogen in the finaLcompositlon are not deleterious. GeneraUy, the residual halo­

gen, as bound halogen, will be In the range of 0 to 1 O weight percent of the composition. Sm~I amounts of 

35 halogen may be present as the hydrohalide salt of the polymer substituted alkylene polyamines. 

Since the ethylene alpha-olefin polymers used will have olefinic unsaturatlon, the amines may react In a 

way resulting In the elimination of hydrogen halide, inlroducing further aliphatic unsaturation into the polymer 

radical. However, the olefinlc unsaturation does notsfgnilicantly affect the utility of the product. and when avail­

able, saturated aliphatic halide may be used. 
40 After the reaction has been carried out for a sufficient length of time, the reaction mixture may be extracted 

with a hydrocarbon medium to free the product from any low molecular weight amine salt which has formed. 

The product may then be isolated by evaporation of the solvent Further separation from unreacted polymer or 

purification may be carried out as desired, e.g., chromatography. 
An example of the reaction of an amido-amine reactant with a halogenated polymer is the reaction of chlori­

'5 nated ethylene-propylene copolymer (EP-CI) with a polyamido-amine having two tenninal -NH2 groups, which 

can be illustrated as follows : 

50 

55 iiiililiU 
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H2N-[A-kJn
4

-ANH-[Z1 Jx-[Z2]yC(O) (CH2 ) 2NHA-[A-kJn
4

NH2 

R10 

I 

H 

--­... 

+ 2 ff Cl 

H 

wherein x and y are each integers of 1Tom 0 to 10, EP represents an ethylene-propylene copolymer group as 
described above, z1 and Z2 are moieties of the formula : 

wherein R1o, A and "4 are as defined above for Formula XVIII. Preferred are amido-amtne reaction products 
of the above equation wherein Rto is H, and most preferably wherein x and y are each zero, and A is -(CH2)r 
or-(C~H7)-. 

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

The dispersant-fanning reaction can be conducted in a polar or non-polar solvent (e.g., xylene, toluene, 
benzene and the like), and Is preferably conducted In the presence of a mineral or synthetic lubricating on. 

Hydroxyamines which can be reacted with the aforesaid ethylene alpha-olefin polymer substituted dfcar­
boxylic acid material to fonn dfspersants include 2-amino-1-butanol, 2-amino-2-rnethyl-1-propanor, p-(beta­
hydroxyethyf)-anillne, 2-amino-1-propanol, 3-amino-1-propanol, 2-arnino-2-methyl-1,3-propane-diol, 2-arnlno-
2-ethyl-1,3-propanediol, N-(beta-hydroxypropy1)-N'-(befa-amino-ethyl)-ptperazine, trls(hydroxymethyl)amino­
methane (also known as trismethyloiamlnomethane) , 2-arnlno-1-butanol, ethanolamlne, beta-(beta-hyd­
roxyethoxy)-ethylamine, and the like. Mixtures of these or simHar amines can also be employed. The above 
description of nucleophilic reactants suitable for reaction with the ethylene alpha-olefin polymer substihrted 
cficarboxylic acid or anhydride includes amines, alcohols, and compounds of mixed amine and hydroxy con­
taining reactive functional groups, Le., amino-alcohols. 

A preferred group of ash less dlspersants are those derived from chlorinated ethylene-propylene copolymer 
and reacted with polyethylene amines (referred to herein as •ePSA"), e.g., ethylene diamine, dlethyfene 
triamlne, biethylene tetramine, tetraethylene pentamine, pentaethylene hexamlne, polyoxyethylene and 
polyoxypropylene amines, e.g., polyoxypropylene dJamine, bismethylolaminomethane and pentaerythritol, and 
combinations thereof. 
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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., from about 2.5 to 4.0, and most preferably from about 

5 3.5 to 3.9. As used here In, the term "VR' value• is Intended to refer to the quotient obtained by the expression 

(XIX): 
VR'= VIS'b 

VIS'a 
wherein VIS'a ls the kinematic viscosity (ASTM Method 0445) of the dispersant material at 1000C In units of 

10 centlstokes, and VIS'b is the cold cranking simulator (CCS) viscosity (ASTM Method 02602) at-2D°C In units 

of polse, as determined at a dispersant material polymer concentration of 2 wt.% In the reference oil as defined 

above for Fonnula IV. Preferably, the dlsperant materials of thls invention are also characterized by a VR'NR,. 

ratio of not greater than about J.j1, more preferably not greater than about 1.09, still more preferably from about 

0.7 tn 1.08 and most preferBbly from about 0.9 to 1.05, wherein VR, = 3.7 ± 0.1 for the reference oil. 

1s Another aspect of this Invention Involves the post treabnent of the nitrogen containing dispersant materials. 

The process for post-treating said nitrogen containing dispersant materials Is analogous to the post-treating 

processes used with respect to derivatives of conventlonar ethylene copolymers of the prior art. Accordingly, 

the same reaction conditions, ratio of reactants and the like can be used. 

The nitrogen-containing dispersant materials of the lnstant Invention as described above are post-treated 

20 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 actds, esters of boron acids, 

carbon disulfide, sulfur, sulfur chlorides, alkenyl cyanides, aldehydes, ketones, urea, thi<HJrea, guanidine, 

dicyanodiamide, hydrocarbyl phosphates, hydrocarbyl phosphites, hydrocarbyl thiophosphates, hydrocarbyl 

thlophosphites, Ci to C.SO hydrocarbyi substituted succinic acids and anhydrides (e.g., succinic anhydride, 

25 dodecyl succinic anhydride and the like), maleic anhydride (or any of the above discussed monounsaturated 

carboxyltc reactants useful In fanning the ethyfene-alpha-<>lefin polymer-substituted mono- and dicarboxyltc 

acid materials employed in this invention), phosphorus sulfides, phosphorus oxides, phosphoric acid, hydrocar­

byl thiocyanates, hydrocarbyl isocyanates, hydrocarbyl fsothiocyantes, epoxides, eplsulfldes, formaldehyde or 

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

30 For example, the nitrogen containing dispersants can be treated with a boron compound selected from the 

class consisting of boron oxide, boron halides, boron acids and esters of boron acids In an amount to provide 

from about 0.1 atomic proportion of boron for each mole of sard nitrogen composltlon to about 20 atomic pro­
portions of boron for each atomic proportion of nUrogen of said nitrogen composition. Usefully the borated dls­

persants of the Invention contain from about 0. 05 to ~-0 wt.%, e.g., 0.05 to 0. 7 wt.% boron based on the total 

35 weight of said borated nitrogen-containing dispersant compound. The boron, which appears to be In the product 

as dehydrated boric acid polymers (primarily (HB0?)3}, Is believed to attach to the dispersant as amine salts, 

e.g., the metaborate salt of said amine dispersants. 
Treating is readily carried out by adding from about 0.05 to 4, e.g. 1 to 3 wt% (based on the weight of sald 

nitrogen compound) of said boron compound, preferably boric acid which is most usuany added as a slurry to 

"" said nitrogen compound and heating with stlning·atfrom aboUt 135°C. to 190, e.g., 1~17D°C., for from 1 to 

5 hours foHowed by nitrogen stripping at said temperature ranges. Or, the boron treabnent can be carried out 

by adding boric acid to the hotreactlon mixtureofthedicarboxylic acid material and amine white removing water. 

Since post-treating processes involving the use of these post-treating reagents is known insofar as appli­

cation to reaction products of amines and halogenated polymers. further descriptions of these processes herein 

45 is unnecessary. In order to apply the prior art processes to the compositions of this invention, all that is neces­

sary is that reaction conditions, ratio of reactants, and the like as described in the prior art, be applied to the 

novel compositions of this invention. The following U.S. patents are expressly incorporated herein by reference 

for their disclosure of post-treating processes and post-treating reagents applicable to the compositions of this 

invention: U.S. Pat Nos. 3,087,936; 3,200,1o7; 3,254,025; 3,256,185; 3,278,550; 3,281,428; 3,282,955; 

50 3,284.410; 3,338,832, 3,344,069; 3,366,569; 3,373,111; 3,367,943; 3,390,086; 3,403,102; 3,428,561; 

3,470,098; 3,502,6n; 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; 3,558,743; 3,573,205; 

3,692,681; 3,749,695; 3,865,740; 3,954,639; 3,458,530; 3,390,086; 3,367,943; 3,185,704-, 3,551,466; 

3,415,750; 3,312,619; 3,280,034; 3,718,~3; 3,652,616; 4,338,205; 4,428,849; 4,686,054; 4,839,070; 

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

The nitrogen containing dispersant materials of this Invention can also be treated with polymerizable lac­

tnnes (such as epsilon-caprolactone) to form <fispersant adducts having the moiety-[C(O)(CH2lz0),jf, wherein 

z is a number of from 4 to 8 (e.g., 5 to 7) and m has an average value of from about 0 to 100 (e.g., 0.2 to 20). 

The dispersants of this invention can be post-treated with a Cs to Cg lactone, e.g., epsllon-caprolactone, by 

heating a mixture of the dispersant material and lactone tn a reaction vessel in the absence of a solvent at a 
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temperature of about 5C°C to about 200°C, more preferably from about 75°C to about 180"C, and most pref­
erably from about 9C°C to about 160°C, for a sufficient period of lime to effect reaction. Optionally, a solvent 

5 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 ~ lactone, e.g., epsilon-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 
material may vary considerably as a means of controlling the length of the sequence of the lactone unfts In the 

10 adduct. For example. the mole ratio of the lactone to the dispersant material may vary from about 10 :1 to about 
0.1 :1, more preferably from about 5 :1 to about 0.2 :1, and most preferably from about 2 :1 to about 0.4 :1. It 
Is preferable to maintain the average degree of polymerization of the lactone monomer below about 100, with 
a degree of polymerizatlon og-ttte·order of from about 0.2 to about 50 being preferred, and from about 0.2 to 
about 20 being more preferred. For optimum dispersant performance, sequences of from about 1 to about 5 

15 lactone units in a raN are preferred. 
catalysts useful tn the promotion of the factone-dispersant material reactions are selected from the group 

consisting of stannous octanoate, stannous hexanoate, tetrabutyf titanate, a variety of organic based acid catal­
ysts and amine catalysts, as described on page 266, and forward, in a book chapter authored by R.D. Lundberg 
and E. F. Cox, entitled "Kinetics and Mechanisms of Polymerization : Ring Opentng Polymerization•, edited by 

20 Frisch and Reegen, published by Marcel Dekker in 1969, wherein stannous octanoate Is an especially preferred 
catalyst The catalyst is added to the reaction mixture at a concenbation level of about 50toabout10,000 parts 
per weight of catalyst per one mnlion parts of the total reaction mixture. 

25 

30 

35 

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

0 

EF-fl/HtNHtNHi7~EP lll"' 
m (CH2)) + ? 

H H 

H B 

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

Further aspects of the present invention reside in the formation of metal complexes of the novel dispersant 
ss additives prepared in accordance with this invention. Suitable metal complexes may be formed In accordance 

with known techniques of employing a reactive metal ion species during or after the fonnation of the present 
dispersant materials. Complex fOrmlng metal reactants include the metal nitrates, thiocyanates, halides, car­
boxylales, phosphates, thlo-phosphates. sulfates, and borates of bansition metals such as Iron, cobalt, nickel, 
copper, chromium, manganese, molybdenum, tungsten, ruthenium, palladium, platinum, ca~mium, lead, sUver, 
mercury, antimony and the like. Prior art disclosures of these complexing reactions may be also found in U.S. 

-18 
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Patents 3,306,908 and Re. 26,433, the disclosures of which are hereby incorporated by reference in their 
entirety. 

5 The processes of these Incorporated patents. as applied to the compositions of this Invention, and the post-
treated compositions thus produced constitute a further aspect of this invention. 

As a further feature of the present ln\rentlon, the (A) halogenated ethylene-alpha-olefin polymers of this 
Invention can be admixed, prior to, after or during being contacted with the selected amine(s). with (B) a con­

ventional halogenated polyolefln derived from any of the polyoleflns discussed above as being useful as a mixed 

10 charge with the halogenated ethylene-alpNH>!eftn polymers in the fonnatlon of the halogenated ethylene-al­

pha-olefin polymers of this Invention. The halogenated ethylene-alpha-olefin polymers of th ls invention and the 

halogenated polyoleflns wDl be generally admixed prior to contact with the selected amlne(s), e.g •• alkylene 
polyamine. Such mixtures wl!!..Q.@nerally employ a weight : weight ratio of halogenated ethylene-alpha-olefin 

polymers of this invention td halogenated polyoleftn from about 1 O :90 to 90 :10, preferably from about 20 :80 
15 to 80 :20, and more preferably from about 40 :60 to 60 :40. Especlally preferred are mixtures of halogenated 

ethylene-propylene copolymers of this Invention and halogenated polyisobutylene, halogenated poly-n-butene, 

or mixtures thereof, having a number average molecutarwelght as described above for the above conven6onal 
polyolefins, (e.g •• 900-5,000). The resulting mixtures can then be contacted for reacHon with the selected amine 

as desaibed above for formation of dispersant materials having fmproved viscosity properties. wherein the VR' 
20 of the resulting dispersant material is preferably less than the VR' of the corresponding dispersant prepared 

from the polyolefm-substituted mono- or dicarboxytlc acid material alone. The resulting mixed dispersant mate­

rials can also be treated with any of the above-described post-treatment methods for incorporation of addl6onat 

functional groups thereon, such as boron, hydroxy, ester. epoxy, lactone, sulfur, metals and the like, as dis­
cussed above. 

2s The dispersants of the present invention can be Incorporated into a lubricating oil (or a fuel) in any conve-

nient way. Thus, these mixtures can be added directly to the lubrlcatlng oD (or fuel) by dispersing or dissolving 

the same in the lubricating oil {or fuel) at the desired level of concentration of the dispersanl Such blending 

Into the additional lubrica6ng on (or fuel) can occur at room temperature or elevated temperatures. Altematlvely. 

the dlspersants can be blended with a suitable oil-soluble solvent/diluent {such as benzene, xylene, toluene, 

30 lubricating base oDs and pelroleum distillates, Including the various normally liquid fuels described In detail 
below) to form a concentrate, and then blending the concentrate with a lubrica6ng oil (or fuel) to obtain the final 

fonnulation. Such dispersant concentrates will typically contain {on an active ingredient (A.I.) basis) from about 
3 to about 45 wt%, and preferablyfrom about 10.to about35 wt%, dispersant additive, and typically from about 
30 to 90 wl %, preferably from about 40 to 60 wt%. base oil, based on the concentrate weighl 

35 

OLEAGINOUS COMPOSITIONS 

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

in a wide variety of environments. Accordingly, the additive mixtures are used by Incorporation and dissolution 

40 Into an oleaginous material such as fuels and lubricating oDs. When the additive mixtures of this lnven6on are 

used In normally liquid petroleum fuels such as middle disb'llates boiling from about SS° to 430"C. including 
kerosene, diesel fuefs, home heating fuel oil, jet fuels. etc., a concentration of the additives in the fuel in the 
range of typically from about 0.001 to about 0.5, and preferably 0.005 to about 0.15 weight percent, based on 

the total weight of the composition, wiD usually be employed. The properties of such fuels are well known as 

46 illustrated, for example, by ASTM Specifications D #396-73 (Fuel ODs) and D #439-73 (Gasolines) avaRable 

from the American Society for Testing Materials (•ASTM"), 1916 Race Street, Philadelphia, Pennsylvania 
19103. 

The fuel compositions of this invention can centaln, in addition to the products of this Invention, other addi­

tives which are well known to those of skill In tfie art. These can include anti-knock agents such as tetraalkyl 

50 lead compounds, lead scavengers such as haloalkanes, deposit preventers or modifiers such as triaryl phos­

phates, dyes, cetane lmprovers, anitoxldants such as 2,6-diter6ary-butyl-4-methylpheno1, rust Inhibitors, bae> 

teriostatic agents, gum Inhibitors, metal deactivators, upper cylinder lubricants and the like. 
The products of the present Invention find their primary utility In lubricating oD compositions which employ 

a base oif In which the additives re dissolved or dispersed. Such base oils may be natunat or $ynthetlc. Base 
55 oils suitable for use in preparing the lubric8ting on compositions of the present invention include those con­

ventionally employed as crankcase lubricating oils for spark-ignited and compression-ignited Internal combus­

tion engines, such as automobHe and truck -engines, marine and railroad diesel engines, and the like. 

Advantageous results are also achieved by employing the additive mixtures of the present Invention In base 
oils conventionally employed in and/or adapted for use as power transmitting fluids. universal tractorfluids and 
hydraulic fluids, heavy duty hydraulic fluids. power steering fluids and the like. Gear lubricants, lndusbial oils, 
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pump oils and other lubricating oil compositions can also benefit from the Incorporation therein of the additive 
mixtures of the present invention. 

5 These lubricating oil fonnulations 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, dispersants, pour point depressants, antiwear 
agents, friction mocflfiers, and other ashtess dispersant (e.g., polyisobutenyl succinimldes) and borated deri­
vatives thereof), etc. 

10 In the preparation of lubricating oil formulations It Is common practice ID Introduce the additives In the form 
of 10 to BO wt.%, e.g., 20 to 80 wt.% active ingredient concentrates in hydrocarbon on, e.g. mineral lubricating 
on, or other suitable solvenl Usually these concentrates may be diluted with 3 to 1 oo. e.g., 5 to 40 parts by 
weight of lubricating on, per parfcyWeight of the additive package, In fonnlng finished lubricants, e.g. crankcase 
motor oHs. The purpose of concentrates, of course, Is to make the handling of the various materials less difficult 

15 and awkward as well as to facilitate solution or dispersion In the final blend. Thus, a d'ispersant would be usually 
employed in the fonn of a 40 to 50 wt. % concentrate, for example, In a lubricating oil 1i"action. 

The ashtess dispersants of the present rnventlon will be generally used In admixture wllh a lube oil bases­
tock, comprising an oil of lubricating viscosity, Including na1ural and synthetic lubricating ons and mixtures 
thereof. 

20 Natural oils include animal ans and vegetable oils (e.g., castor, lard oD) liquid petroleum oils and hyd-
rorefined, solvent-treated or acid-treated mineral lubricating ans of the paraffinlc, naphthenlc and mixed para­
ffinic-naphthenic types. Oils of lubricating viscosity derived from coal or shale are also useful base 0t1s. 

Alkylene oxide polymers and interpolymers and derivatives thereof where the terminal hydroxyf groups 
have been modified by esterif'ication, etheritication, etc., constitute another class ofknown synthetic lubricating 

25 oils. These are exemplified by polyoxyalkylene polymers prepared by polymerization of ethylene oxide or pro­
pylene oxide, the alkyl and aryl ethers of these polyoxyalkylene polymers (e.g., methy1-poly isopropylene glycol 
ether having an average molecular weight of 1000, dlphenyl ether of poly-ethylene glycol having a molecular 
weightof500-1000, diethyl ether of polypropylene glycol having a molecutarweightof 1000-1500); and mono­
and polycarboxylic esters thereof, for e~mple, the acetic acid esters, mlxed ~Ca fatty acid esters and C13 

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

acid, succinic acid, alkyl succlnic acids and alke_nyl succinic acids, maleic acid, azelaic acid, suberic acid, 
sebasic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkylmalonlc acids, alkenyl malonic 
acids) with a variety of alcohols (e.g., butyl alcohol. hexyl alcohol, dodecyl alcohol. 2-ethylhexyf alcohol, 

35 ethylene glycol, cfiethytene glycol monoether, propylene glycol). Specific examples of these esters include 
dibutyl adipate, di(2-ethylhexyl)sebacate. di-n-hexyl fumarate, dioctyl sebacate. dlisooctyl azerate, drisodecyl 
azelate. dioctyl phthalate. dldecyl phthalate, dieicosyl sebacate. the 2-ethylhexyl dlester of linoleic acid dimer, 
and the complex ester formed by reacting one mote of sebaclc add with two moles of tetraethylene glycol and 
two moles of 2-ethylhexanofc acid. 

40 Esters useful as synthetic oils also Include those made from C6 to Ci2 monocarboxyllc acids and polyols 
and polyol ethers such as neopenlyl glycol. trimethylotpropane. pentaerythritol, dipentaerythritol and tripen­
taerythritol. 

SDlcon-based oils such as the polyalkyl-. polyaryl-, polyalkoxy-, or polyaryloxysiloxane oils and sflicate oils 
comprise another useful class of synthetic lubricants ; they indude tetraethyt sDicate, tetraisopropyl silicate, tet-

"5 ra-{2-ethylhexyl)sllicate, tetra-{4-methyl-2-ethylhexyl)silicate, tetra-{p-tert-butylphenyl)silicate, hexa-(4-me­
thyl-2-pentoxy)dlsBoxane, poly(methyl)siloxanes and pofy(methylphenyl)slloxanes. Other synthetic lubricating 
oils include liquid esters of phosphorus-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl 
ester of decylphosphonrc acid) and polymeric tetfahydrofi.lrans. 

Unrefined, refined and rerefined oils can be used in the lubricants of the present invention. Unrefined oils 
so are those obtained dtrectlyffom a natural or synthetic source withoutfurther purification treatment For example, 

a shale on obtained dlrecdy from retorting operations, a petroleum oil obtained direcUy from distillation or ester 
oi obtained drrectry from an esterificatlon process and used without further treatment would be an unrefined 
oD. Refined oils are similar to the unrefined oils except they have been further treated ln one or more puriftcation 
steps to improve one or more properties. Many such purification techniques, such as distDlation, solvent ext-

55 raction, acid or base extraction, filtration and percolation are known ID those skf11ed in the art. Rerefined oils 
are obtained by processes similar to those used to obtain refined ans applied to refined oils which have been 
already used In service. Such rerefined oils are also known as reclaimed or reprocessed oils and often are 
additionally processed by techniques for removal of spent additives and on breakdown products. 

Metal containing rust inhibitors and/or detergents are frequently used with ashless dispersants. Such deter­
gents and rust lnhlbltors include the metal salts of sulphonic acids. alkyl phenols, sulphurlzed alkyl phenols, 
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alkyl sallcylates, naphthenates, and other oil soluble mono- and dt-carboxylic acids. Highly basic, that Is over­
based metal salts which are frequently used as detergents appear particularly prone to Interaction with the ash-

s 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 ln amounts of up 
to about 20 wt.%. 

Highly basic alkaline earth metal sulfonates are frequently used as detergents. They are usually produced 
10 by heating a mixture comprising an oll-soluble sulfonate or alkaryl sulfonlc acid, with an excess of alkaline earth 

metal compound above that required for complete neufralization of any sulfonlc acid present and thereafter 
fonning a dispersed carbonate complex by reacting the excess metal with carbon dioxide to provide the desired 
overbaslng. The sulfonlc acl~11f8 typically obtained by the sulfonatlon of alkyl substituted aromatic hydrocar­
bons such as those obtalnea from the fractionation of petroleum by distillation and/or extraction or by the alky-

1s lation of aromatic hydrocarbons as for example those obtained by alkylatlng benzene, toluene. xylene, 
naphthalene, diphenyl and the halogen derivatives such as chlorobenzene. chlorotoluene and 
chloronaphthalene. The alkylatlon may be carried out in the presence of a catalyst with alkylating agents having 
from about 3 to more than 30 carbon atoms. For example haloparafflns, oletins obtained by dehydrogenation 
of paraffins, polyolefms produced from ethylene, propylene, etc. are aU suitable. The alkaryl sulfonates usually 

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

The alkaline earth metal compounds which may be used In neutralizing these alkaryl sulfonlc acids to pro­
vide the sulfonates includes the oxides and hydroxides, alkoxides, carbonates, carboxyiate, sulfide, hydrosul­
flde, nitrate, borates and ethers of magnesium, calcium, and barium. Examples are calcium oxide. calcium 

25 hydroxide, magnesium acetate and magnesium borate. As noted, the alkaline earth metal compound Is used 

in excess of that required to complete neutralization of the alkaryl sulfonicacids. Generally, the amount ranges 
fi'om about 100 to 220%. although It is preferred to use at least 125%, of the stoichiometric amount of metal 
required for complete neutralization. 

Various other preparations of basic alkaline earth metal alkaryl sulfonates are known. such as U.S. Patents 
30 3, 150,088 and 3, 150,089 wherein overbaslng Is accomplished by hydrolysis of an alkoxlde-carbonate complex 

with the afkaryl sulfonate in a hydrocarbon solvent-diluent oiJ. 
A preferred alkaline earth sulfonate additive is magnesium alkyl aromatlcsulfonate having a total base num­

ber ranging from about 300 to about400 with total.magnesium sulfonate content ranging from about25 to about 
32 wt %, based upon the total weight of the additive system dispetsed In mineral lubricating oil. 

35 Neutral metal sulfonatest are frequently used as rust inhlbitois. Polyvalent metal alkyl sallcylate and 
naphthenate materials are known additives for lubricating oil compositions to improve their high temperature 
performance and to counteract deposition of carbonaceous matter on pistons (U.S. Patent 2,744,069). An 
increase In reserve basicity of the polyvalent metal alkyl sallcylates and naphthenates can be realized by utiU­
zing alkaline earth metal. e.g. calcium, sails of mixtures of Ca-Ca alkyl salicylates and phenates (see U.S. 

40 Patent 2,744,069) or polyvalent metal salts of alkyl salicyclic acids, said acids obtained from the alkylation of 
phenols followed by phenation, carboxylat1on and hydrolysis (U.S. Patent3,704,315) which could then be con­
verted into highly basic salts by techniques generally known and used for such conversion. The reserve baslcity 
of these metal-containing rust inhibitors ts usefully at TBN levels of between about 60 and 150. Included with 
the useful polyvalent metal salicylate and naphthenate materials are the methylene and sulfur bridged materials 

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

HOOC-ArR1-Xy{ArR10H)n (XX) 
50 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 (-CHr) bridge, y is a number from 
0 to 4 and n is a number from 0 to 4. 

Preparation of the overbased methylene bridged salicylate-phenate salt Is readily carried out by conven­
tional techniques such as by alkylatlon of a phenol followed by phenation, carboxylatlon, hydrolysis, methylene 

ss bridging a coupling agent such as an alkylene dlhalide followed by salt fonnation concurrent with carbonation. 
An overbased calcium salt of a methylene bridged phenol-salicylic acid of the general formula (XXI) ; 
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10 with a TBN of 60 to 150 Is highly useful In this Invention. 

15 

20 

The sulfurized metal phenates can be considered the •metal salt of a phenol sulfide• which thus refers to 
a metal salt whether neutral or basic, of a compound typified by the general formula {XXSI) : 

n 

where x = 1 or 2, n = 0, 1 or 2 ; or a polymeric fonn of such a compound, where R is an alkyl radical, n and x 
are each integers fi'om 1 to 4, and the average number of carbon atoms In all of the R groups Is at least about 

25 9 in order to ensure adequate solubility in oil. The Individual R groups may each contain from 5 to 40, preferably 
8 to 20, carbon atoms. The metal salt is prepared by reacting an 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 

30 weight of sulfurtzed alkyl phenol. 
The sulfurized alkyl phenol may be converted by reaction with a metal containing material Including oxides, 

hydroxides and complexes in an amount sufficient to neutralize said phenol and, ff desired, to overbase the 
product to a desired alkallntty by procedures well known In the art. Preferred is a process of neutralization ub1i­
zing a solution of metal in a glycol ether. 

35 The neutral or normal sulfurized metal phenates are those in which the ratio of metal to phenol nucleus is 
about 1 :2. The •overbased• or ~ask:" sulfurized metal phenafes are sulfurfzed metal phenates wherein the 
ratio of metal to phenol is greater than that of stoichiometric, e.g. basic sulfurized metal dodecyl phenate has 
a metal content up to and greater than 100% in excess of the metal present in the corresponding nonnal sul­
furized metal phenates wherein the excess metal Is produced In oil-soluble or dispersible fonn (as by reaction 

.(() with COz). The overbased sulfurized metal phenates desirably have a TBN value of at least 150, e.g. from 200 
to 300. 

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

According to a preferred embodiment the invention therefore provides a crankcase lubricating composition 
45 also containing 1i"om 2 to 8000 parts per rnDlfon of calcium or magnesium. 

The magnesium and/or calcium is generally present as basic or neutral detergents such as thesulphonates 
and phenates, our preferred additives 8re the neulral or basic magnesium or calcium sulphonates. Preferably 
the ons contain from 500 to 5000 parts per million of calcium or magnesium. Basic magnesium and calcium 
sulphonates are preferred. 

50 A partlcular advantage of the novel dispersanls of the present invention Is use with V.l lmprovers to fonn 
multi-grade automobne engine lubricating oUs. V1Scoslly modifiers Impart high and low temperature operabDiff 
to the lubricating oil and penntt it to remain relativelyvtscous at elevated temperatures and also exhibit accept­
able viscosity or fluidity at low temperatures. VISCOSity modifiers are generally high molecular weight hydrocar­
bon polymers including polyesters. The visc:oSlly modifiers may also be derivatized to include other properties 

55 or functions, such as the addition of dispersancy properties. These on soluble viscosity modifying polymers wm 
generaUy have number average molecular weights of from 103 to 108, preferably 10' to 108, e.g., 20,000 lo 
250,000, as determined by gel penneation chromatography or osmometry. 

Examples of suitable hydrocarbon polymers include homopolymers and copolymers of lwo or more mono­
mers of Cz to ~ e.g. ~to Ca olefins, including both alpha olefins and internal olefins, which may be straight 
or branched, aliphatic, aromatic, alkyl-aromatic, cycloatiphatic, etc. Frequently they wUI be of ethylene with ~ 

-22 



.. 
This Sheet Has Been Replaced 

11111111 f IHll IIIUll JHI 
EP 0 440 508 A2 

··-··············· .. 

THIS SHEET HAS BEEN 
REPLACED 

to C30 olefins, particularly preferred being the copolymers of ethylene and propylene. Other polymers can be 
used such as polyisobutyfenes, homopolymers and copolymers of Co and higher alpha olefins, atactic polyp-

s ropylene, hydrogenated polymers and copolymers and terpolymers of styrene, e.g •• with lsoprene and/or 
butadiene and hydrogenated derivatives thereof. The polymer may be degraded rn molecular weight, for 

example by mastication, extrusion, oxidation or thermal degradation, and it may be oxidized and contain 
oxygen. Also Included are derfvatlzed polymers such as post-grafted lnterpolymers of ethylene-propylene with 
an active monomer such as maleic anhydride which may be further reacted with an alcohol. or amine, e.g. an 

10 alkylene polyamlne or hydroxy amine, e.g. see U.S. Patent Nos. 4,089,794; 4,160,739; 4,137,185; or 
copolymers of ethylene and propylene reacted or grafted with nitrogen compounds such as shown in U.S. 

Patent Nos. 4,068,058 ; 4,088,058 ; 4, 148,489 and 4.149,984. 
The preferred hydrocarbop.polymers are ethylene copolymers containing from 15 to 90 wl % ethylene, pref­

erably 30 to 80 wt% of ethyle~a and 10 to 85 wl %. preferably 20 to 70 wl % of one or more Ca to Ca. preferably 

15 Ca to Cta. more preferably Ca to Ca. alpha-oleflns. While not essential, such copolymers preferably have a deg­
ree of crystalllnlty of less than 25 wt.%. as detennined by X-ray and differential scanning calorimetry. Copolym­
ers of ethylene and propylene are most preferred. Other alpha-olefins suitable In place of propylene to form 
the copolymer, or to be used in combination with ethylene and propy!ene, to fonn a terpolyrner, tetrapolymer, 
etc., Include 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, etc.; also branched 

20 chain alpha-olefins, such as 4-methyl-1-pentene, 4-methyl-1-hexene, 5-methylpentene-1, 4,4--0imethyl-1-pen­

tene, and 6-methylhaptene-1, etc., and mixtures thereof. 
T erpolymers, tetra polymers, etc., of ethylene, said <4-2a alpha-olefin, and a non-conjugated diolefin or mixt­

ures of such diolefins may atso be used. The ameuntof the non-conjugated diolefin generally ranges from about 
0.5 to 20 mole percent, preferably from about 1 to about7 mole percent, based on the total amount of ethylene 

25 and alpha-olefin present 
The polyester V.I. lmprovers are generally polymers of esters of ethylenically unsaturated C3 to Ca mono­

and dlcarboxylic acids such as methacrylic and acrylic acids, maleic acid, mSJelc anhydride, fUmanc acid, etc. 
Examples of unsaturated esters that may be used include those of aliphatic saturated mono alcohols of at 

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

methacrylate, stearyl methacrylate, and the like and mixtures thereof. 
Other esters Include the vinyl alcohol esters of Cz to C22 fatty or mono carboxylic acids, preferably saturated 

such as vinyl acetate, vinyl Jaurate, vinyl palmitate, vinyl stearate, vinyl oleate, and the like and mixtures thereof. 
Copolymers of vinyl alcohol esters with unsaturated acid eSters such as the copolymer of vinyl acetate with 

35 dialkyl fumarates, can also be used. 
The esters may be copolymerlzed with still other unsaturated monomers such as olefins, e.g. 0.2 to 5 moles 

of Cz-Ca aliphatic or aromatic olefin per mole of unsaturated ester. or per mole of unsaturated acld or anhydride 
followed by esterification. For example, copolymers of styrene with maleic anhydride esterified with alcohols 
and amines are known, e.g., see U.S. Patent 3,702,300 • 

.w Such ester polymers may be grafted with, or the ester copolymerized with, polymarizable unsaturated nit-
rogen-containing monomers to Impart dispersancy to the V.I. tmprovers. Examples of suitable unsaturated nit­
rogen-containing monomers include those containing 4 to 20 carbon atoms such as amino substituted oleflns 
as p-(befa-diethylaminoethyl)styrene ; basic nitrogen-containing heterocycles carrying a polymerizable 

ethylenically unsaturated substituent, e.g. the vinyl pyridines and the vinyl alkyl pyrld!nes such as 2-vlnyl-5-elhyJ 

45 pyridine, 2-methyl-~vinyl pyridine, 2-vinyl-pyridine. 4-vinyl-pyridine, 3-vinyl-pyridine, 3-methyl-5-vinyl-pyridine, 
4-methyl-2-vinyl-pyridine, 4-ethyl-2-vinyl-pyridine and 2-butyl-1-~vinyl-pyridine and the like. 

N-vlnyl lactams are also suitable, e.g., N-vinyl pyrrolidones or N-vinyl piperidones. 
The vinyl pyrrolidones are preferred and are exemplified by N-vinyl pyrrolidone, N-(1-rnethylvinyl) pyrroH­

done, N-vinyl-5-methyl pyrrolidone, N-vinyl-3, 3-dtmethylpyrrolidone, N-vinyl-5-ethyl pyrrolidone, etc. 
so 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 
0.2 to 2 wl %, based upon the total weight of the lubricating on composition. They may be prepared Jn accord­
ance with known techniques by first fonnfng a dithlopflosphoric acid, usually by reaction of an alcohol or a 
phenol with Pz:Ss and then neutralizing the _dithiophosphoric acid with a suitable zinc compound. 

55 Mixtures of alcohols may be used Including mixtures of primary and secondary alcohols, secondmy gen-
erally for Imparting Improved anti-wear properties, with primary giving Improved thermal stability properties. 

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

The zinc dihydrocarbyl dithiophosphates useful in the present lnventlon are oil soluble salts of dlhydrocarbyf 
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esters of dllhlophosphoric acids and may be represented by the following fonnula : 

[ Ro --- ~ __c__ s _J__zn 
OR' J 2 

(XXIII) 

wherein Rand R' may be the same or different hydrocarbyl radicals containing from 1 to 18, preferably 2 to 12 
carbon atoms and Including radicals such as alkyl, alkenyl, aryl, aralkyl, alkaryl and cyctoaliphatlc radicals. ParM 
tlculariy preferred as R and Qt.-groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for 
exampJe, be ethyl, n-propyl, ~propyl, n-butyl, 1--bulyl, sec-butyl, amyl, n-hexyl, i-hexyl, n--octyf. decyl, dodecyt, 

15 octadecyt, 2--ethylhexyl, phenyl, butyl phenyl, cydohexyl, melhylcyclopenlyl, propenyl, butenyl etc. In order to 
obtain otl solubDity, the total number of carbon atoms (I.e., R and R' in formula XXlll) in the dithlophosphorlc 
-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 

2D under normal blending conditions in the oil or additive package. The copper compound may be ln the cuprous 
or cupric form. The copper may be In the fonn of the copper dihydrocarbyl thl~ or dlthi~hosphates wherein 
copper may be substituted forzinc in the compounds and reactions described above although one mole of cuprM 
ous or cupric oxide may be reacted with one or two moles of the dithiophosphoric acid, respectively. Altern• 
lively the copper may be added as the copper salt of a synthetic or natural carboxyllc acid. Examples include 

25 C10 to Cta fatty acids such as stearic or palmitlc, but unsaturated acids such as oleic or branched carboxylic 
acids such as napthenic acids of molecular weight fi'om 200 to 500 or synthetic carboxylic acids are preferred 
because of the Improved handling and solubDity properties of the resulting copper carboxylates. Also useful 
are oil soluble copper dithlocarbamates of the general fonnula (RR'NCSS)nCu, where n Is 1 or 2 and Rand R' 
are the same or different hydrocarbyt radicals containing from 1 to 18 and preferably 2 to 12 carbon atoms and 

30 including radicals such as alkyl. alkenyl, aryl, aratkyl, alkaryl and cydoaliphatic radicals. Particularly preferred 
as R and R' groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example, be ethyl, 
n--propyl, i-propyl, n-bulyl, ~ulyl, seo-bulyl, amyl, n-hexyl, i-hexyl. nMhepty{, n--octyl, decyl, dodecyl, octadecyl, 
2-ethylhexyt, phenyl, bulylphenyl, cyclohexyl, metnylcyclopenlyl, propenyl, butenyf, etc. In order to obtain oD 
solubility, the total number of carbon atoms {i.e., Rand R') wm generally be about5 or greater. Copper sulph~ 

35 nates, phenates, and acelylacetonates may also be used. 
Exemplary of usefUI copper compounds are copper (Cu• and/or Cu'? salts of alkenyl succinic acids or 

anhydrides. The sails themselves may be basic, neutral or acidic. They may be fanned by reacting (a) any of 
the ashless dispersants discussed above, which have at least one free carboxylic actd (or anhydride) group 
with (b) a reactive metal compound. Suitable acid (or anhydride) reactive metal compounds include those such "° as cupric or cuprous hydroxides, oxides, acetates, borates, and carbonates or basic copper carbonate. 

Examples of the metal salts of this invention are Cu salts of polylsobutenyl succinlc anhydride {hereinafter 
referred to as Cu-PIBSA), and Cu salts of polyfsobutenyl succinic acid. Preferably, the selected metal employed 
is ils divalentfonn, e.g., eu•2. The preferred substrates are polyalkenyl succinic acids in which the alkenyl group 
has a molecular weight greater than about 700. The alkenyf group deslrably has a Mn from about 900 to 1400, 

4S and up to 2500, with a Mn of about 950 being most preferred. Especially preferred rs polyisobutylene sllccinic 
. 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 sluny) of the metal bearing material. Heating may take place between 700 
and about2000C. Temperatures of1100 to 140"C-are entirely adequate. It may be necessary, depending upon 
the salt produced, nottoallowthereactlon to remain ata temperature above about 140"C for an extended period 

so of time, e.g., longer than 5 hours, or decompositiOn of the salt may occur. 
The copper antioxidants (e.g., Cu-Pl~ C~eate, or mixtures thereof) will be generally empJoyed In an 

amount of from about 50-500 ppm by weight of the metal, In the final lubricating composition. 
The copper antioxidants used In this invention are inexpensive and are effective at low concentrations and 

therefore do not add substantially to the cost of the product The results obtained are fi'equently better than 
55 those obtained with previously used antioxidants, which are expensive and used In higher concentrations. ln 

the amounts employed, the copper compounds ~ not interfere with the performance of other components of 
lhe lubricating composition, in many instances, completely satisfactory results are obtained when the copper 
compound is the sole antioxidant In addition to the ZDDP. The copper compounds can be ub1ized to replace 
part orall of the nffd for supplementary antioxidants. Thus, for particularly severe conditions it may be desirable 
to lndude a supplementary, conventional antioxidant However, the amounts of supplementary antioxldant 
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required are small, far less than the amount required in the absence of the copper compound. 

While any effective amount of the copper antioxidant can be Incorporated into the lubricating oil compo-

s sition, it is contemplated that such effective amounts be sufficient to provide said lube oD composition with an 

amount of the copper antioxidant of from about 5 to 500 (more preferably 1 O to 200, stiO more preferably 1 o to 
180, and most preferably 20 to 130 {e.g., 90 to 120)) part per milHon of added copper based on the weight of 

the lubricating oil composition. Of course, the preferred amount may depend amongst otherfactors on the qual­

ify of the basestock lubricating oil. 
10 Corrosion Inhibitors, also known as anti-corrosive agents, reduce the degradation of the metallic parts con-

tacted by the lubricating oD oomposition. Illustrative of corrosion inhibitors are phosphosulfurlzed hydrocarbons 

and the products obtained by reaction of a phosphosulfurized hydrocarbon with an alkaline earth metal oxide 

or hydroxide, preferably In the,.e~ence of an alkylated phenol or of an alkylphenol thioester, and also preferably 

In the presence of carbon dioxide. Phosphosulfurized hydrocarbons are prepared by reacting a suitable hyd-

15 rocarbon such as a terpene, a heavy petroleum fraction of a Ca to Ce olefin polymer such as polyisobutylene, 

with from 5 to 30 weight percent of a sulfide of phosphorus for 1/2 to 15 hours, at a temperature in the range 

of65° to 315"C. Neutralization of the phosphosulfurized hydrocarbon may be effected ln the manner taught In 
U.S. Patent No. 1,969,324. 

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

20 be evidenced by the products of oxidation such as sludge and varnish-like deposits on the metal surfaces and 

by viscosity growth. Such oxidation Inhibitors include alkaline earth metal salls of alkylphenolthloesters having 

preferably Cs to Cs2 alkyl side chains, calcium nonylphenol sulfide, barium t-octylphenyl sulfide, di~ 

phenylamine, phenylalphanaphthylamine, phosphosulfurized or sulfurized hydrocarbons, etc. 

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

25 automatic transmission fluids. 
Representative examples of suitable friction modifiers are found in U.S. Patent No. 3,933,659 which dis­

closes fatty acid es~ and amides; U.S. Patent No. 4, 176,074 which describes molybdenum complexes of 

polyisobutenyl succinic anhydride-amino alkanols: U.S. Patent No. 4, 105,571 which discloses glycerol esters 

of dimerized fatty acids ; U.S. Patent No. 3,n9,928 which discloses alkane phosphonlc acid salts; U.S. Patent 

30 No. 3,778,375 which discloses reaction products of a phosphonate with an oleamide ; U.S. Patent No. 

3,852,205 which discloses S-carboxy-alkylene hydrocarbyl succinimide, S-carboxy-alkylene hydmcarbyl suo­
cinamic acid and mixb.lres thereof: U.S. Patent No. 3,879,306 which discloses N-(hydroxyalkyl) alkenyl-suc­

cinamrc acids or succlnimides ; U.S. Patent No. ~932,290 which discloses reaction products of di-(lower alkyl) 

phosphltes and epoxldes : and U.S. Patent No. 4,028,258 which dlScloses the alkylene oxide adduct of phos-

36 phosulfurized N-{hydroxyalkyl} alkenyl succlnimldes. The disclosures ofthe above references are herein incor­
porated by reference. The most preferred friction modifiers are glycerol mono and dioleates, and succinate 

esters, or metal sails thereof, of hydrocarbyl substituted succinic acids or anhydrfdes and thlobts alkanols such 

as described In U.S. Patent No. 4,344,853. 
Pour point depressants lower the temperature at which the lubricating oil will flow or can be poured. Such 

40 depressants are well known. Typical of those additives which usefully optimize the low temperab.lre fluidity of 

the fluid are Cs-C1a dialkylfurnarate vinyl acetate copolymers, polymethacrylales, and wax naphthalene. 

Foam control can be provided by an antifoamant of the potysUoxane type. e.g. silicone oil and polydimethyl 

siloxane. 
Organic, oil-soluble compounds useful as rust inhibitors in this invention comprise nonionic sulfactants 

45 such as polyoxyalkylene polyols and esters thereof, and anionic surfactants such as sails of alkyl sulfonic acids. 

Such anti-rust compounds are known and can be made by conventional means. Nonionic surfactants, useful 

as anti-rust additives in the oleaginous compositions of this invention, usually owe their surfactant properties 

to a number of weak stabilizing groups such as ether linkages. Nonionic anti-rust agents containing ether lin­
kages can be made by alkoxylating organic subStrates containing active hydrogens with an excess of the lower 

so alky(ene 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 potyols and derivatives thereof. This class of materials 

are commercially avaPable from various sources : Pluronlc Polyols from Wyandotte Chemicals Corporation ; 

Polyglycol 112-2, a liquid triol derived from ethylene oxide and propylene oxide avaRable from Dow Chemical 

55 Co. ; and Tergito1, dodecylphenyl or monophenyl polyethylene glycol ethers, and Ucon, polyalkylene glycols 

and derivatives, both available from Unlon Carbide Corp. These are but a few of the commercial products suit-

able as rust inhibitors In the rmproved composition of the present Invention. _ 

In addition to the polyols ~the esters thereof obtained by reacting the polyols with various c::arboxylic 

acids are also suitable. Acids useful in preparing these esters are Jauric acid, stearic acid, succlnlc acid, and 

alkyl- or alkenyl-subsbluted succinfc acids wherein the alkyl-or alkenyl group contains up to about twenty car-

25 
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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 
hydrophyllcportion resulting In a molecule having both hydrophobic and hydrophylic portions. The relative sizes 
of these portions can be adjusted by regulating the ratio of reactants, time of reaction, etc., as Is obvious to 
those skB!ed In th"e art Thus It Is within the skUI of the art to prepare polyols whose molecules are characterized 
by hydrophobic and hydrophyltc moieties which are present in a ratio rendering rust Inhibitors suitable for use 
In any lubricant composition regardless of differences in the base offs and the presence of other additives. 

If more oD-solubUJty is needed In a given lubricating composition, the hydrophobic portion can be increased 
and/or the hydrophylrc portlorldeCreased. If greater oB-in-water emulsion breaking abRlty Is required, the 
hydrophylic and/or hydrophobic portions can be adjusted to accomplish this. 

Compounds lllustratlve of R-(OH)n include alkylene polyols such as the alkylene glycols, alkylene trlols, 
alkylene teb'ols. etc., such as ethylene glycol, propylene glycol, glycerol, pentaerythritol, sorbltol, mannltof, and 
the like. Aromatic hydroxy compounds such as alkylated mono- and polyhydric phenols and naphthols can also 
be used, e.g., heptylphenol, dodecylphenol, etc. 

Other suitable demulsifrers Include the esters disclosed In U.S. Patents 3,098,827 and 2,674,619. 
The liquid polyols available from Wyandotte Chemical Co. under the name Pluronic Polyols and othersimi­

lar polyols are particularly well suited as rust Inhibitors. These Pluronic Polyols correspond to the formula : 

HO-{CH2CH20>x<rHCH20)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 welght of said glycol 
being from about 1000 to about 5000. These products are prepared by first condensing propylene oxide with 
propylene glycol to produce the hydrophobic base 

(XXV) 

This condensatton product is then treated with ethylene oxide to add hydrophylJc 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 polyot is from about 2500 to 4500 and the 
ethylene oxide unils comprise from about 10% to about 15% by weight of the molecule are particularly suitable. 

40 The polyols having a molecular weight of about 4000 with about 10% attributable to (C~H20) units are par­
ticularly good. Also useful are alkoxylated fatty amines, amides, alcohols and the like, including such alkoxyl­
ated fatty acid derivatives treated with Cg to C16 alkyl-substituted phenols (such as the mono- and di-heptyl, 
octyl, nonyl. decyl, undecyl, dodecyl andtridecyl phenols), as described In U.S. Patent3,849,501, which ls also 
hereby Incorporated by reference in its entirety. 

4S 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 inhibi­
tors. Typically such compounds are the thiadiazole polysulphides contatnlng from 5 to 50 carbon atoms, their 
derivatives and polymers thereof. Preferred materials are the derivatives of 1,3,4-thladiazo!es such as those 

so described in U.S. Patents 2,719,125; 2,719,126; and 3,087,932; especiaUy preferred fs the compound 2,5 
bis (t-octadithio)-1,3,4-thiadiazcle commercially avaHable as Amoco 150. Other simDar materials also suitable 
are descn"bed in U.S. Patents 3,821,236; 3,904,537; 4,097.387; 4, 107,059 ; 4, 136,043; 4, 188,299; and 
4,193,882. 

Other suitable adcfitives are the thio and j:>olythio sulphenamldes of thiadlazoles such as those described 
ss in U.K. Patent Specification 1,560,830. When these compounds are included in the lubricating composition, 

we prefer that they be present in an amount fiom _0.01 to 10, preferably 0.1 to 5.0 weight percent based on the 
weight of the composition. 

Some of these numerous additives can provide a multiplicity of effects, e.g. a dispersant-oxidation inhibitor. 
This approach is wen known and need not be further elaborated herein. 

Compositions when containing these conventional additives are typically blended ink> the base on Jn 

·2s 
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amounts effective to provide their normal attendant function. Representative effective amounts of such addJ­

tives (as the respective active Ingredients) ln the fully formulated oil are lllusbated as follows : 

Wt.t A.I. Wt.t A.I. 
Composition::; CPreferredl CBroad) 

Viscosity Modifier 0.01-4 0.01-12 

Oetarqents 0.01-3 0.01-20 

Corrosion Inhibitor 0.01-1.s .01-s 

oxidation Inhibltor 0.01-1.s .01-s 

Dispersant 0.1-s .1-20 

Pour Point Depressant 0.01-1.5 .01-s 

Anti-Foaminq Aqents 0.001-0.15 .001-3 

Anti-Wear Aqents 0.001-1.s .001-s 

Friction Modifiers 0.01-1.s .01-5 

Mineral Oil Base Balance Balance 

2s 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 amounls herelnabove 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 oD to form the lubricating oil composition. Dissolution of the addl-

30 tive concentrate Into the lubricating oU may be facUitated by solvents and by mixlng accompanied with mild 

heating, but this Is not essential. The concentrate or additive-package wDI typically be fonnulated to contain 

the additives In proper amounts to provide the desired concentration in the final formulation when the additive­

package is combined with a predetennined antount of base tubricanl Thus. the dlspersants of the present 

invention can be added to small amounts of base on or other compatible s01vents along with other desirable 

35 additives to form additive-packages containing active Ingredients In collective amounts oftypicallyfrorn 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 otr. 

The final formulations may employ typically about 10 wt. o/o of the additive-package with the remainder being 

base oil. 
40 All of said weight percents expressed herein (unless otherwise Indicated) are based on active ingredient 

(A.I.) content of the additive, and/or upon the total weight of any additive-package, orfonnulation 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 embodiments of the invention. Jn the Examples, 

45 wt% ethylene in the polymers is determined by FTIR {ASTM Method 03900). In the Examples, the •reference 

on- Is as defined above for Formula IV. 

EXAMPLE 1 - Preparation of Ethylene-Propy!erie Copolymer. 

so A stirred 1500 cc steel autoclave reaction vessel which Is equipped to perform continuous Ziegler polym-

erization reactions at pressures up to 2500 bar and temperatures up to 300oC is used. The reaction system rs 
supplied with a thermocouple and pressure transducer to measure temperature and pressure continuously, and 

with means to supply continuously purified compressed ethylene and 1-propene. Equipment for continuously 

introducing a measured flow of catalyst solution at high pressure and equipment for rapidly venting and quench-

55 ing the reaction and for collecting the polymer product used in the reaction system. In this example, the polym­

erization is performed with a molar ratio of 1-propene to ethylene In the feed of 6.0 without the addition of a 

solvent 1-Propene and ethylene at this molar .. ratio are continuously pumped Into the reactor ai a mass flow 
rate of 40 kg/hour and at a reactor pressure of 1300 bar. The reactor contents are stirred continuously at a rate 

of 1500 rpm. The temperature of the. reactor is maintained at 175°C by pumping In a catalyst solution using a 

continuous high pressure injection pump at a rate of1 .7 liters/hour. The catalyst solution Is prepared by mixing 

27 
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2.035 grams of racemic dimethylsilyl bridged 3,3'-bis(methylcydopentadienyt) zirconium dichloride with 2.0 
liters of 1 O wt% (1.4 molar In Al) methylalumaxane (Ethyl Corporation) and 8 liters of toluene. The yield of liquid 

5 ethylene-propane copolymer product Is 3 k9/hour. The copoJymer product has a number average molecular 
weight of 670 and a composition of 43 mole % propane. The copolymer product is analyzed by FTIR and about 
84% of the polymer chains are found to have terminal ethenylidene unsaturatlon. 

10 

EXAMPLE 2 - Preparation of Ethylene-Propylene Copolymer. 

The ethylene-propane copolymer In this Example is prepared using the same equipment and procedure 
as in Example 1 with the exception that the temperature In the reactor Is maintained at 175°C by continuously 
pumping In 1.8 ltters/hourof aeattiiyst solution prepared by mixing 198 g. of bis{cyclopentadienyl) zirconium 
dichloride with 1.0 liter of 10 wt% (1.4 molar In Al) methylalumoxane (Ethyl Corporation) and 8 llters of toluene. 

15 The yield of liquid ethylene-propane copolymer product is 2.9 kg/hour. The copolymer product has a number 
average molecular weight of 895 and a composition of 44 mole% propene. The copolymer product is analyzed 
by FTIR and 95% of the polymer chains are found to have terminal ethenyfidene unsaturation. 

20 

EXAMPLE 3 - Preparation of Ethylene-Propylene Copolymer. 

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

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

EXAMPLE 4-6 - Halogenation. 

30 In a series of runs, the selected mores of the selected liquid EP copolymers are charged under dry Nz at 
atmospheric pressure to a 500 mt. reactor equipped with a stirrer and a thermocouple and heated by means 
of an erectric heating mantle. No added solvent ordHuentfor the reactants is employed. In each run, the reaction 
mixture Is heated to 60°C and Cl2 Is bubbled throug"h the liquid polymer at 60°C for the selected lime whUe stir­
ring. Dry gaseous nitrogen Is passed through the liquid to purge unreacted Cl2 and HCI. The liquid product con-

35 taining the chlorinated EP and unreacted EP Is analyzed for chlorine. 

50 

55 

The data thereby obtained are summarized in Table I. 

Example EP Copoiymer 

4 Rn=- 670 

5 Rn -840 

6 Rn -1040 

Table I 

Feed 

Copolymer As 
Prepared In 

Example 

- 1 

2 

3 

c19 Time 
C rs. l 

3 

3.4 

4.7 

NOTES: EP - ethylene-propylene copolymer. 

EXAMPLE 7-9; Preparation of Polyamine Dispemnts. 

Cl-EP 
cwt.t c11 

5.07 

3.89 

3.16. 

A series of dispersant materials are prepared employing 250 g. of the Cl-EP products prepared as In Exam­
ples 4to6. 
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The Cl-EP polymers are dissolved in 250 cc toluene and charged under Na blanket to a 1 literround-bottom 
reaction flask provided with stirrer, thermometer and chilled H20 condenser. To the polymer solution is added 

s ethylene dlamine and the mixture ls heated to 140"C under Na while stirring for 3 to 4 hours. The selected 
amount of calcium oxide is then added with stirring to neutralize the HCI by-product, and is then filtered. In 
Examples 8 and 9, an additional 250 ml. of toluene Is added with stirring for 0.5 hour to dBute the product for 
ease of filtration. 

The resulting product is filtered and analyzed. The data thereby obtained are summarized In Table II below. 
10 

fable II 
...... ~ .. -

15 

Dispersant Analysis 
EDA cao Non-volatile 

Exsgm12l• I {g) {g) Wt1l H Wt1l ~l HA.tt•z: 
20 

7 210.4 39.3 1.21 1.27 50.2 wt.t 

8 164.l 30.6 0.58 0.67 37.2 wt.t 

9 145.4 27.1 0.47 0.66 38.6 wt.t 
25 

Notes: EDA = ethylene diamine. 

30 EXAMPLE 10; Reduction of Intake Valve Deposits. 

Two 100 hour test runs are made on a standard mileage accumulation dynometerusing a 1987 BMW 325 
automobile. In Test 1, an unleaded premium gasoline (93 RON) without any additives is tested. In Test 2, a 
blend of the same gasoline and 800 ppm by weight of the dispersant product of Example 7 is tested. In Test 

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

45 

SD 

Test No. 

1 

2 

3 

Table III 

Diamine. ppm 

800 

800 

Averaqe Deposit 
Weight. ma/valve 

235 

171 

71 

The data in Table lit show that intake valve deposits are significantly reduced when the fuel contains the dis­
persant materials of this Invention. 

The principles, preferred embodiments, and modes of operation of the present Invention have been des­
cribed in the foregoing specif"rcation. The invention which is intended to be protected herein, however, Is not 

55 to be construed as limited to the particularfonns cflSClosed, since these are to be regarded as ftlustrative rather 
than resbictive. Variations and changes may be made by those skilled in the art without departing from the spirit 
of the Invention. 

29 
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s 1. An additive useful in oleaginous compositions which comprises an ethylene alpha-olefin polymer substi­
tuted with at least one amine compound, said polymer comprising monomer units derived fi"om ethylene 
and at least one alpha-olefin of the formula HiC=CHT1 wherein T' Is an alkyl group of from 1 to 18 carbon 
atoms, and wherein sakl polymer has a number average molecular weight of from 300 to 20,000 and an 
average of at least 30% of said polymer chains contain terminal ethenylldene unsaturation and wherein 

10 said additive is characterized by a VR vaJue of less than 4.1. 

2. The additive of claim 1 wherein said polymer has a number average molecularweightoffrom 700 to 20,000. ,,,.,.., .... .,. 
3. The additive of dalm 2 wherein said polymer has a number average molecular weight of from 900 and 

15 15,000. 

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

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

6. The additive of any of claims 1 to 5 wherein said alpha-olefin is of the formula H2C=CHT1 wherein T1 is an 
alkyl group of from 1 to 2 carbon atoms. 

25 7. The additive of claim 6 wherein said polymer comprises an ethylene-propylene copolymer. 

8. An oil soluble dispersant mixture useful as a fuel or lubricating on additive comprising an adduct of: 
(a) an ethylene alpha-olefin polymer substituted with halide moieties, said polymer comprising monomer 
units derived from ethylene and at least one alpha-olefin of the formula ~C=CHT1 wherein T1 is an alkyl 

so group of from 1 to 18 carbon atoms, and wherein said polymer has a number average molecular weight 
of from 300 to 10.000 and an average of at least 30% of said polymer chains contain tenninal 
ethenylldene unsaturation and wherein said substituted polymer Is characterized by a VRvalue of less 
than about 4.1. and -

35 

(b) at least one amine, said di$persant having a VR' value of less than about 4.1. 

9. The dispersant of claim 8 wherein the substituted polymer is as defined In any of clajms 2 to 7. 

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

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

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

molecule. 

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

so 14. The dispersant of claim 8 wherein said dispersant adduct is borated to provide from about0.05 to2.0 weight 

55 

percent boron in said borated dispersant adduct. 

15. A lubricating oil concentrate containing from about 20 to 60 wt. % of the dispersant of any of claims 8 to 
1~ . 

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

17. A lubricating oil concentrate containing from 1 to 80 wt.% of the substituted ethylene alpha-olefin polymer 
of any of clafms 1 to 7. 
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18. A lubricating oil concentrate containing from 5 to 70 wt % of the substituted ethylene alpha-olefin polymer. 

s 19. A fuel composition containing from 0.001 to 0.5 wt.% of the dispersant of any of clalms 8 to 14. 

20. A fuel composition containing from 0.005 to 0.15 wt.% of the dispersant 
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