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Wi ght '“Cfeaarfﬁgdtrolé‘:’go%é” form £he corresponding polymer which is

substituted with succinic anhydrlde groups. Polyiso-
butylene has been widely used as the polymer of choice,
chiefly because it is readily available by cationic
polymerization from butene streams (e.g., using AlCl,
catalysts). Such polyisobutylenes generally contain
residual unsaturation in amounts of about one ethylenic
double bond per polymer chain, positioned along the chain.
The polyisobutylene polymers (PIB) employed in’

most conventional dispersants are based on a hydrocarbon
chain of a number average molecular weight (Hn) of
from about 900 to about 2500. PIB having a Mn of

A less than about 300 gives rather poor performance . results
when employed in dispersants because the molecular weight
is insufficient to keep'th’e dispersant molecule fully
solubilized in lubricating oils. On the other hand, high
molecular weight PIB (R, >3000) becomes so viscous
that conventional industrial practices are incapable of
handling this product in many operations. This problem
becomes much more severe as the PIB molecular weight .
increases to 5000 or 10,000.
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preparation of ashless nitrogen and ester dispersants.
U.S. Patent 4,234,435, for example, discloses
dispersants prepared from polyalkenes, H, of 1,300
to about 5,000. The polyalkene can comprise homopolymers
or interpolymers of C, to C;4 terminal olefins, of
which ethylene-propylene copolymers are said to be
examples, with spécific reference to a copolymer of 80%
ethylene and 20% propylene. ' _
However, ethylene-alpha-olefin copolymers of the
above molecular weights could be produced using
N Ziegler-Natta catalysts only in combination with H, as
| molecular weight control in order to terminate the growing
copolymer chains within this molecular weight range.
Without use of H, or other conventional, sd—célled "chain
stoppers", the copolymers produced with Ziegler-Natta
catalysts would tend to have molecular weights greatly in
excess of the above range. (Such higher copolymers, for
example, are widely employed in ungrafted form as viscosity
index improvers, and when grafted with nitrogen-containing
- groups, as described below, are conventionally employed as
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during the @gen@rably Tel) eyt 'V'@ﬂ:]%()' ¥i®h Ca" halide source, such as
organoaluminum halides and/or hydrogen halides. Such high
molecular weight EP and EPDM polymers find use as viscosity
index improvers. See, e.g., U.S. Patents 3,563,964;
3,697,429; 4,306,041; 4,540,753; 4,575,574; and 4,666,619.

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

U.s.. Patent 3,316,177 teaches ethylene copolymers
of at least 50,000, such as ethylene-propylene, or

— - ethylene-propylene-diene, which are heated to elevated
temperatures in the presence of oxygen so as to oxidize the
polymer and cause its reaction with maleic anhydride which
is present during the oxidation. The resulting polymer can
then be reacted with alkylene polyamines.

U.S. Patent 3,326,804 teaches reacting ethylene
copolymers with oxy'gen' or ozone, to form a hydroperoxidized
polymer, which is grafted with maleic anhydride followed by
reaction with polyalkylene polyamines. Preferred are

~ethylene-propylene copolymers, having M, from
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reaction w malgdic anhysyidee ang edhilensteone sthe diddon RANARBEs of
U.S. Patent 4,171,273 reacts an ethylene copolymer
(B, = 10,000 to 100,000) with maleic anhydride in

the presence of a free radical initiator and then with
mixtures of C, to C;, n-alcohol and amine such as

. N=aminopropylmorpholine or dimethylamino propyl amine to
form a V.I.-dispersant-pour depressant additive.

o U.S. Patent 4,517,104 relates to EP and EPDM
viscosity index improver-diepersant additives prepared from
EP polymer (#, = 5000 to 500,000), by maleic
anhydride grafting and reaction with polyamines.

_The following references include disclosures of
EP/EPDM polymers of Hn of 700/500,000, also

N\ prepared by conventional Ziegler catalysts.
U.S. Patent 4,089,794 teaches grafting the
ethylene copolymer (M, = 700 to 500,000) with

maleic anhydride using peroxide in a 1lubricating oil
solution, wherein the grafting is preferably carried out
under nitrogen, followed by reaction with polyamine.

U.S. Patent 4,137,185 teaches reacting C; to
C;o monocarboxylic acid anhydrides, and dicarboxylic
anhydrides, such as acetic anhydri_de, succinic anhydride,
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group together with a second amine having two or more

primary groups.

Related discldsures of maleic anhydride grafted,
aminated ethylene-propylene polymer viscosity
improver-dispersant additives useful in lubricating oil
compositions are contained in U;s. Patents 4,507,515;

' 4,557,847; 4,632,769; 4,693,838; and 4,707,285.

U.S. Patent 4,668,834 to Uniroyal Chemical

ne
i ng

discloses preparation (via certain metallocene and

alumoxane catalyst systems) and composition of
ethylene-alpha olefin copolymers and terpolymers having

vinylidene-type terminal'unsaturation,'which are disclosed -

to be useful as intermediates in epoxy-grafted
encapsulation compositions.

Japanese Published Patent Application 87-129,303A
of Mitsui Petrochemical relates to narrow molecular weight
distribution (M, ,/H, <2.5) ethylene
alpha-olefin copolymers containing 85-99 mol% ethylene,
which are disclosed to be used for dispersing agents,
modifiers or materials to produce toners. The copolymers
(having crystallinity of from 5-85%) are prepared in the
presence of a catalyst system comprising Zr compounds
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" relates to transition metal compound/alumoxane catalysts

for polymerizing alpha-olefins.

SUMMARY OF THE INVENTION
_ The present invention is directed to an
oil-soluble lubricating oil additive comprising ethylene
alpha-olefin interpolymers of 300 to 10,000 number average
molecular weight terminally substituted with mono- or
dicarboxylic acid producing moieties (preferably' acid or

anhydride moieties), wherein the ethylene alpha-olefin

polymer group is derived from a terminally unsaturated

ethylene alpha-olefin polymer wherein the terminal

unsaturation comprises ethenylidene unsaturation. The

_ monocarboxylic acid ‘and the dicarboxylic acid or anhydride

\— substituted polymers of this invention are useful per se as

additives to lubricating oils, and can also be reacted with

a nucleophilic reagent, such as amines, alcohols, amino

alcohols and metal compounds, to form derivative products

which are also useful lubrlcatlng oil addltlves, e.g., as
dispersants.

The materials of the invention are different from

the prior art because of their eff‘ectiveness and their

ability to provide enhanced lubricating oil dispersancy, as
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properties P8 m%cﬁm%ﬁﬂijYvé@ tYAbees o488l \haraihakter dafined)i of
the ethyl enfiotl Rfreatieaf lﬂhaﬁl ®BEBLE st lﬁh&ﬁb;bypmmdmgda@vaewdweﬂs C
acid producing noigties o% é nventi on .can tar ac‘lt Lzed b aI ues
(as herei nalt&F WA tHhed ’f%%?ggr%’é?gﬁ HHEF a 8ut ‘{ekll?é et ?
adyant ageousontadoingy thek.f yi ng Theopardserst tmwtéml:imlnrcaat prgduicies such
substituted polymers in a highly concentrated form as
substantially halogen free materials, thereby reducing the
corrositivity processing difficulties and environmental
concerns which are associated with halogen-containing
lubricating oil additives. '
| Further, dispersant materials can be prepared from
the substituted polymers of this invention to provide
lubricating o0il dispersant products having VR’ values of
not greater than about 4.1 and VR’/VR, ratios of less
than about 1.11 (as such values and ratios are hereinafter
defined). Surprisingly, the process of this invention
permits the preparation of highly concentrated,
~ ‘substantially halogen-free dispersants from high molecular
weight ethylene-alpha-olefin polymers (ﬁn >5000,
e.g., 5,500-10,000) of superior viscosity properties.
DETAILED DESCRIPTION OF THE INVENTION

PREPARATION OF ETHYLENE ALPHA-OLEFIN POLYMER
The polymers employed in this invention are

polymers of ethylene and at least one alpha-olefin having
the formula H2C=CHR:L wherein Rl is straight chain or
branched chain alkyl radical comprising 1 to 18 carbon
atoms and wherein the polymer contains a high degree of
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I nvention i ncI ude I'P%ene but ene xene- |,
4- et hyl pent T?etl, tridecene-I, tetradecen-1,
peqtadecene-1, hexademee -follaapt adenenend eehiesEN® £, H1We2Ge6 Epsrelr and
m Xxtures therepcfo); 1h this invention is preferably in the range of
between about 20 and about 80 percent, and more preferably
between about 30 and about 70 percent. When propylene
and/or butene-1 are employed as comonomer(s) with ethylene,
the ethylene content of such copolymers is most preferably
between about 45 and about 65 percent, although higher or
lower ethylene contents may be present.

The polymers employed in this invention generally
possess a number average molecular weight of from about 300
to about 10,000, preferably of from about 700 to about
5,000; most preferably of from about 1500 to about 3000.
The number average molecular weight for such polymers can
be determined by several known techniques. A convenient
method for such determination is by size exclusion
chromatography (also known as gel permeation chromatography
(GPC)) which additionally provides molecular weight
distribution information, see W. W. Yau, J.J. Kirkland
and D.D. Bly, "Modern Size Exclusion L'iquid
Chromatography", John Wiley and Sons, New York, 1979.

Consequently, such polymers generally possess an
intrinsic viscosity (as measured in tetralin at 135°C) of
between about 0.025 and about 0.6 dl/g, preferably of



m xt ur és of propyl ene and 1-butene, and the |like). Exenplary of such
pol ymer srfare et hyl ene- propyl ene copol ymers, ethyl ene-butene-1 copol yners
and the liké. Preferred polyners are copelymers of ethylene and propyl ene
and éthyl ene and butene-1. The nolar ethyl ene content of the polyners
enpl oyed i n heétweémyahoubn 0.95randr abeyti 0 15hedl Migemosthangferaldait o0

and about 8G,PEFEENtapSRE @Dé-;as PARd CABGhY 684 V§EAgabout 30 and about 70
percent. \Wen propyl ene and but ene-1 are .enpl oyed, as conononergﬁ%am

et hyl ene, the ethyl en'%h%oﬁ?émeﬁﬁ §EEP:°¥&SOI%‘§L§ sIBNRRt PR BYY

bet ween abouéxKin P daaBedredd dfer éeyétabl ihdtghshchhahat, lviveni grayteds
yners oyed in this invention generally

contents may, be present |
possess a nurbEY %’&%r%ﬁ%eﬂ%+%£ﬁ¥ 2FUGEPRA n$ Suf from about 300 to about
10, 000, preferably ofTheonpebymeir80 enpalmmdS :'()OOtmbst imreéntibhny ate

from about W%%a%u&ag%gglszgggr i} "PRAL A48 3 aeb&e%ai %ﬂ%é@rofuch

pol yners ca erm ne NOWN n| ques conveni ent
nmet hod for stBR deedymemt chains bp%ﬁ%x&wmaéhmbglémﬁ'atxﬁe

known o> oclwbleBaktoanc Y MO0 8RB LEPQOE Wi podyhérscyi iy dee

nol ecul ar WEI ht d| stribution informtion, Ki rk] and
and D.D. ‘tBS, formRie BOLY &L 15FFH:U d{ﬂﬁrdﬁﬁrm'{'ogrhﬁhycl Jofn
Wley and Sogs, Nemkq;rk 1§Z‘%f€mwnyenc y, teucbgpoainey § ,geamdl more

Possess o0 BEReRRIY R by 5 B oAb gt L et oLl Ditecn
about 0.5 dlwgenmst Bcéﬂerabpyesbmmae apoliym@78hait abo®he. ghaling.
The_pol ymer s; SHBERY &k | Enbhigl | QYRPY T YrRIPFT G180 Wary depending on the

' comonomer(s) selected for use in the polymerization. A
minor amount of the polymer chains can contain terminal
ethenyl unsaturation, i.e. POLY-CH=CH,, and a portion of
the polymers can contain internal monounsaturation, e.g.
POLY-CH=CH(T}), wherein Tl is as defined above.

The polymer employed in this invention comprises
polymer chains, at least about 30 percent of which possess
terminal ethenylidene unsaturation. Preferably at 1least
about 50 percent, more preferably at least about 60
percent, and most preferably at least about 75 percent
(e.g. 75-98%), of such polymer chains exhibit terminal
ethyenylidene unsaturation. The percentage of polymer
chains exhibiting terminal ethyenylidene unsaturation may
be determined by FTIR spectroscopic ana1y51s , “titration, or
cl3nMR.

The polymer and the composition employed in this
invention may be prepared as described in U.S. Patent
4,668,834, 'in European Patent Publications 128,046 and
129,368, and in co-pending Serial No. 728,111, filed April
29, 1985, and copending Serial No. 93,460, filed September
10, 1987, the disclosures of all of which are hereby
incorporated by reference in their entirety.
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her eby incorgﬂigﬁequgy éféle&peé%di%ﬂleiéefﬂééﬂéfs of a Group 4b metal
of the Periodic Table of the Elements (56th Edition of
Handbook of Chemistry and Physics, CRC Press [1975]) and
include mono, di and tricyclopentadienyls and their

derivatives of the transition metals. Particularly
desirable are the metallocene of a Group 4b metal such as
titanium, zirconium, and hafnium. The alumoxanes employed
in forming the reaction product with the metallocenes are.
themselves the reaction products of an aluminum trialkyl
with water. _

In general, at least one metallocene compound is
employed in the formation of the catalyst. As indicated,
supra, metallocene is a metal derivative of a
cyclopentadiene. The metallocenes usefully employed in
accordance with this invention contain at least one
cyclopentadiene ring. The metal is selected from the Group
4b preferably titanium, zirconium, and hafnium, and most
preferably hafnium and zirconium. - The cyclopentadienyl
ring can be unsubstituted or contain one or more
substituents (e.g., from 1 to 5 substituents) such as, for
example, a hydrocarbyl substituent (e.g., up to 5 C, to
Cs hydrocarbyl substituents) or other substituents, e.g.
such as, for example, a trialkyl silyl substituent. The
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are the net cene of Go met al such as IltanluaLe2|rcon|un1 and

haf ni um uﬂnYBﬁé? BHBPG?e&rPW flot® ity thel$ Acthehe pRBuher &FPR Phe
netallocenest@fs,tinmsqlﬂgsatﬁmbIeaﬁﬁmBerpfﬁducostof3an alun1nun1tr|alkyl

the formation of the LHalysit C 58 kd gk b (Sup i, mbttincane L& mtal
derivative of a cyclobbntadké €CgR’JheM@tet al | ocenes useful Iy enployed in
sccordance Whadla | QISR G308yt bBRRaIAYT TN 6
ang_haf ni umcmhomtaélénﬁlableychafl?f uk® atbezisansi om different and is -
cycl opent adi gpatogéAg oiaNa bhylRSEAEHY L Ut 1¥a 1C 084éh N a8N6 Ry TP &1kenyl,
aryl, alkylaryl, or arylalkyl radical containing from 1 to -
20 carbon atoms, a silicon containing hydrocarbyl radical,
or hydrocarbyl radicals wherein two carbon atoms are Joined
together to form a C,-Cg ring, R" is a C;-C,
alkylene radical, a dialkyl germanium or silicon, or a
alkyl phosphine or amine radical bridging two (CgR’y)
rings, Q is a hydrocarbyl radical such as aryl, alkyl,
alkenyl, alﬁylaryl, or aryl alkyl radical having from 1-20
carbon atoms, hydrocarboxy radical having from 1-20 carbon
atoms or halogen and can be the same or different from each
_ other, Q’ is an alkylidene radical having from 1 to about
7 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 is
as defined above. Exemplary hydrocarbyl radicals are
methyl, ethyl, propyl, butyl, amyl; isoamyl, hexyl,
isobutyl, heptyl, octyl, nonyl, decyl, cetyl, 2-ethylhexyl,
phenyl and the 1like. Exemplary silicon containing
hydrocarbyl radicals are trimethylsilyl, triethylsilyl and
triphenylsilyl. Exemplary halogen atoms include chlorine,
bromiﬁe, fluorine and iodine and of these halogen atoms,
chlorine is preferred. Exemplary hydrocarboxy radicals are
methoxy ethoxy, butoxy, amyloxy and the like. Exemplary of
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metallocenes such as bis(cyclopentadienyl)titanium methyl
chloride, bis(cyclopentadienyl) titanium ethyl chloride
bis(cyclopentadienyl)titanium phenyl chloride,
bis(cyclopentadienyl)zirconium hydrochloride,
bis(cyclopentadienyl)zirconium methyl chloride,
bis(cyclopentadienyl)zirconium ethyl chloride,
bis(cyclopentadienyl)zirconium phenyl chloride,
bis(cyclopentadienyl)titanium methyl bromide,
bis(cyclopentadienyl)titanium methyl iodidé,
bis(cyclopentadienyl)titanium ethyl bromide,
bis(cyclopentadienyl) titanium ethyl iodide,
bis(cyclopentadienyl)titanium phenyl bromide,
~/ bis(cyclopentadienyl)titanium phenyl iodide,
bis(cyclopentadienyl)zirconium methyl bromide,
bis (cyclopentadienyl)zirconium methyl iodide,
bis(cyclopentadienyi)zirconium ethyl bromide.
bis(cyclopentadienyl)zirconium ethyl iodide,
biS(cyclopentadienyl)zirconium phenyl bromide,
bis(cyclopentadienyl)zirconium phenyl iodide; the trialkyl
metallocenes such as cyclopentadienyltitanium trimethyl,
cyclopentadienyl zirconium triphenyl, and cyclopentadienyl
zirconium trineopentyl, cyclopentadienylzirconium



as defined above. Exenpl ary hydrocarbyl radicals are nethyl, ethyl,
propyl, - buty}, anyl, isoanyl, hexyl, isobutyl, heptyl, octyl, nonyl,
decyl, cetyl, 2-ethyl hexyl, phenyl and~t¥e-l i ke. Exenpl ary silicon

cont ai ni ng rQcarhyl .radi e [ A IJdyL,eliiethyl sid

tri phenyl si %?lqngﬁai% far fcfigls‘togéne%%@E&%J&s'uldﬁégcﬁg&rl%e,é%r%ébr%,qQ1 !
fluori ne anc yozllrepant b d hexs hdllvgehinat um, tbnieepentyilesrednd
Exenpl ary h pelevay | ﬂﬂﬁﬁ%r t hoxy, butoxy, anyloxy and the
l'i ke. Exenp?‘%?y % q%%%ﬁﬂ@l%ne ra:g_l-c_al,s i s met hylidene,

et hyl i dene and propylI}iRsfrative st Puti nenyddmitdng jexampteexfpilds 3ndt he
met al | ocenesyrepSLRNAb GEnled Nwhi dhalcali B« YusEal 1PCcIMSl6y6a asréi s

(cycl opent adi enyl ) titagi um di nethy bi s(cycl opent adi_en titaniu
G ohenyl | DO RIS LAPEDDS P LBR TS tikpnocatds! 'SHH as,
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bi s(cycl ope%%hf&?ﬁ%%&zg?ggnégég%?%%e%ggm# %?’rg%;gmoplgr{{gg?éné%)lde'
titanium dilkstpehtametlyyl epedopantadienyddontiknraipghz§iphenyl, the
bi s(cycl operg g gy ) anadi g dis@hiyyle a t @g’m%ch @ k¥lo pBh al1 @cenes such as
bi s(cycl ope tadlenyl)tltanlun1netq%# ch] ori de, bls(aﬁglqﬁgntadlenyl)
titani um et R4S ER¥ELOReNFRISRY bIeHtant wintH2 | 284 (FRT YR YeR h % | Hhis
bi s(cycl opentedigent ) suchniasn biysl(eykllopeittadienyl) Ti=CH,.Al(CH,) 3,
bi s(cycl openj adi enyl,) zir coni um tgfu noTrue, p
bi s(cycl open{ g@%ﬂéﬁﬁﬁ% cg!?ﬁ 1C¢1F¥02 fclolg(i CH3)CH,,
bits(cycl oper pdy &ni/F)@Hr g &H gt Hghenys udhsdri tayted bis (Cp) Ti(IV)
bi s(cycl operd glpyhak! t8REHM aBPIYYE (APdefl§1) titanium diphenyl or
dichloride, bis(methylcyclopentadienyl)titanium diphenyl or
dihalides; dialkyl, trialkyl, tetra-alkyl and penta-alkyl
cyclopentadienyl titanium compounds such as
bis(1,2-dimethylcyclopentadienyl)titanium diphenyl or
dichloride, bis(1,2-diethylcyclopentadienyl)titanium
diphenyl or dichloride and other dihalide complexes;
silicon, phosphine, amine or carbon bridged cyclopentadiene
complexes, such as dimethylsilyldicyclopentadienyl titanium
diphenyl or dichloride, methyl phosphine dicyclopentadienyl
titanium diphenyl or dichloride, methylenedicyclo-

pentadienyi titanium diphenyl or dichloride and other
complexes described by formulae II and III.

Illustrative but non-limiting examples of the
zirconocenes of Formula II and III which can be usefully
employed are, pentamethylcyclopentadienyl zirconium
trichloride, pentaethylcyclopentadienyl zirconium
trichloride, the alkyl substituted cyclopentadienes, such
as bis(ethylcyclopentadienyl)zirconium dimethyl,
bis(beta-phenylpropylcyclopentadienyl) zirconium dimethyl,
bis(methylcyclopentadienyl)zirconium dimethyl,
bis(n-butylcyclopentadienyl)zirconium dimethyl
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)zirconium riywalRk Qmaiﬁd laﬁ(pdfhaee;ntaﬂaerwiﬂanaemmwéiyé odi €ige

bi | d |

bi 2%23& 88? it Ié% B urk ﬂ%ﬁ% 'odgnkraﬂ‘?e“fﬂm and mRentyahel
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triphenyl, (Q@#Dw@ﬁZMerﬂﬂwmndanQHYheommﬁ&l 2-ddmethylcyclopenta-
| t ad |

of 1 Pand | (D AR e ey 1 BAQ AphKP andl AT {deT drld hyRAAHE oo

monocycl opeORPERFES @Ft MR eAbSVEH cR11ACONp RRGRRIRAS | BPENIERFRAT |

titaniumtr lmdadjede,c;a@nb ehitddieneopesnpliesasl sudmnagmdinethyls iyl -~
o s{pent arei gyl e it ol eyl Gy et DS SRR e on
derivatives difhaRiisie pagemd smebhasléme( ayityedapat tadipfiyler g ricenjum
L IR SN bR e ot g
dilgal i des; (ﬁ%\ik?lllYtlrlﬁuhy 1tt'-‘eft¢<%1 gyr}ppentagignylagempounds such as
bis(trimethylsilylcyclopentadienyl)zirconium dichloride and
dimethyl bis(1,3-di-trimethylsilylcyclopenta-
dienyl)zirconium dichloride and dimethyl and
bis(l,z,4-tri-trimethylsilylcyclopentadienyl)zirconium
dichloride and dimethyl. Carbenes represented by the
formulae szzr=CH2P(c6H5)2CH3, and derivatives
of these compounds such as Cp,ZrCH,CH(CH;)CH,.
Mixed cyclopentadienyl metallocene compounds such
as cyclopentadienyl (pentamethyl cyclopentadienyl)zirconium
dichloride, (1,3Qdi-trimethylsilylcyclopentadienyl)
(pentamethylcyclopentadienyl) zirconium dichloride, and
_ cyclopentadienyl(indenyl) zirconium dichloride can be
- employed. : |
' Most preferably, the polymers used in this
invention are substantially free of ethylene homopolymer.
Bis(cyclopentadienyl)hafnium dichloride,
bis(cyclopentadienyl)hafnium; dimethyl, bis(cyclo-
pentadienyl)vanadium dichloride and the like are
illustrative of other metallocenes.
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- | The alumoxane compounds useful in the polymeriza-—_
tion process may be cyclic or linear. Cyclic alumoxanes
may be represented by the general formula (R-A1-0), while
linear alumoxanes may be represented by the genera_l formula
R(R-Al-0)n’AlR,. In the general formula R is a C;-Cg
alkyl group such as, for example, methyl, ethyl, propyl,
butyl and pentyl, n is an integer of from 3 to 20, and n’
is an integer from 1 to about 20. Preferably, R is methyl
and n and n’ are 4-18. Generally, in the preparation of
alumoxanes from, for example, aluminum trimethyl and water,
a mixture of the linear and cyclic compoun_ds is obtained.

The alumoxane can be prepared in various ways.
Preferably, they are prepared by contacting water with a
solution of aluminum trialkyl, such as, for examples,
aluminum trimethyl, in a suitable organic solvent such as
toluene or an aliphatic hydrocarbon. For example, the
aluminum alkyl is treated with water in the form of a moist
solvent. In an alternative method, the aluminum alkyl such
as aluminum trimethyl can be desirably contacted with a
hydrated salt such as hydrated copper sulfate or ferrous
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cycTopentadlenyI conpounds such as 16 —
bls(LrlnethyIS|IyIcycIopentadlenyI)2|rconlun1d|chlor|de and di et hyl
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zirconiumd d o] n I | & COR i i de
zan be empl E&M“bb?i“??é‘if% mﬁ‘%ﬂ*‘ﬁo%???ﬁ’éeég SEprEMELY SBOBE I

subst ant i al PP1E eBLof ERFEPNENSHARBSS yEEF. & $ory?l Rrkesdiahy Rlvadsumm

di chl ori de, tkimethellopenthdi e@dlckiohni i8N e(idBhBEd, DY HKe/ CePolution of
pent adi enyl é&%ﬂadl umdichloride and the Iike are illustrative of other

net al | ocene *15 - Sone preferred netal |l ocenes are bis(cyclopenta-
di enyl ) zi rconi um di Ehtehyinplhi s¥atdbopeft aditmiy\h}nziinothun aiimhdasaahde,to
bi s(cycl opegppadizen i1t a C dien

zi rconi um di ch olrlg‘@t%lb %ﬁ%cyc oépfelﬁgcgla%%rf %{tc%l% hIu Py ly
bi s(n- but y| ep@Plsesd adiaéhybﬁzﬂnorﬁllﬁn giagigerr pfc;about 0.5:1 to about

di met hyl si | ylgdg 6% al Op%edlc@eglnzachsw WH&uth! 9 fleto about 100:1.
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di chl ori de abbu@:45516aﬁdt mbst— preferably 20:1 to 5:1.

The solvents used in the preparation of the
catalyst system are inert hydroca_rbons, in particular a
hydrocarbon that is inert with respect to the catalyst
systen. Such solvents are well known and include, for
example, isobutane, butane, pentane, hexane, heptane,
octane, cyclohexane, methylcyclohexane, toluene, xylene and
the like. .
Polymerization is generally conducted at

temperatures ranging between about 20° and about 300°C,
preferably between about 30° and about 200°C. Reaction-

L time is not critical and may vary from several hours or

- more to several minutes or less, depending upon factors

' such as reaction temperature, the monomers to be

copolymerized, and the like. One of ordinary skill in the
art may readily obtain the optimum reaction time for a
given set of reaction parameters by routine
experimentation.
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a m xture of | d i%cﬂ? fled The al unbxane can

be prepared™in Vvari ous vvays e‘#era Y, ey ‘are prepared by .contacting
water with a sol ut|oriiﬁft%lrurrprmhﬁmﬁaﬂ'Iiyﬂats-'uema§nflor orFdiesa bl num

trimethyl, 'dbé‘c%li'\ié‘@hérprg%mﬁh%m &S'%ta Q’& a{set,gl qenagorceﬁvahﬂwar
hydr ocar bon For exan‘gup he al um num reat \ﬁqlt h water, in the
t

form of a niieGhRiSuRs h &8 aFP@tﬂSFH)@ ?108° m@ré'tlzﬁ Qfm E82GF1Bch

as al um numped fRnhywidan ke ttepi rcsacbl mmoatnsdmdlw t Buchydsat metdadnoXkch
as hydrated ¢ ulfate or ferr

al unoxane |?$$€35Pid |ﬁs?R§°|?raé§ ceeB’F a h%r H?&ibgr r%ﬂsplfg%%?‘ fj{},gy tﬁ%h

neg hod conpmiedium ckeoi fprmimatee théupalynérizatiinm reaatign)in ther
exanpl e, ol DG ctM b $REE OHEn S Bk HeRolVeReBSBY Processes well known in
the art. Any excess reactants may be flashed off from the

polynmer. .
The polymerization may be conducted employing
‘1iquid monomer, such as liquid propylene, or mixtures of

liquid monomers (such as mixtures of liquid propylene and
l1-butene), as the reaction medium. Alternatively,
polymerization may be accomplished in the presence of a
hydrocarbon inert to the polymerization such as butane,
pentane, isopentane, hexane, isooctane, decane, toluene,
xylene, and the like.

In those situations wherein the molecular weight
of the polymer product that would be produced at a given
set of operating conditions is higher than desired, any of
the techniques known in the prior art for control of
molecular .weight, such as the use of hydrogen and/or
polymerization temperature contrel, may be used in the

process of this invention. If so desired, the
polymerization may be carried out in the presence of
hydrogen to lower the polymer molecular weight. Care

should be taken to assure that terminal ethenylidene
unsaturation is not reduced to less than about 30 percent
of the polymer chains.



by t_he‘general formula [err] The ratio of ferrous sulfate to al um num
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Crtalyer syciedace Bhl.pbimes MELUIN udion®, b B nitedanty. the | s
inert with reabeBerigationa: ikl besteonducisedhesploying alesselthamosn
d incl ude, [ AvD , t
and incl ude,wpg®) &raARdre | peR¢LFABIY Uiéf@ tB‘iﬂXa:PgHngﬁg? e%%?‘%z

oct ane, cycl ohexane, pethyl cycl ohexang, toluene, xy
Pol yeri zat iGP 4 sPIBRdr oN Fhigo MrAes o8 thesthylenes monefer) ¢harget tdout

20 and abouthe3 @8]yl zataidyy 2wiewen about [err] and about [err]
Reaction tine i s not ii'ni cal_.and .ma varé fromseveral hqQurs or nore to
e ctgﬁ

several minutes or |€esss Hef&t ¥d2PoPH & Rt YRerdzateipn in a
t enper at ur e paichmiiwper sfashiorppdiyeenteadt o tdelbielet @ief ofany),
ordi nary ski ' e adil t al ' act.lon ti.ne for
a given set éoéhir(gg?:% oﬁﬁga%{'gglgﬁﬁgg P%eoq;é(hb%?it(%gm%# _orﬁharg_edﬂa_
The cat al yst2REXPRRRakes Frathias hEpeith sudtshileabteadtors he Gare nowistatben

of ol ef instdkén! WHHL AU AndhdRAINES Hrd' asyY’ Gt ¢he' aPldctifes

pw@rl zat 't°§‘pi"‘c'ah§}e being passed through molecular sieves or other
drying means prior to their introduction into the reactor.
Subsequently, either the catalyst and then the cocatalyst,
or first the cocatalyst and then the catalyst are
introduced while agitating the reaction mixture, thereby
causing polymerization to commence. Alternatively, the
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 th_e reaction, unreacted monomer and solvent
are either flashed or distilled off, if necessary by
vacuum, and the low molecular weight copolymer withdrawn

: from the reactor. '

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



conpl-eted at a pressure of fromabout 10 to about 3,000 bar, and generally
at a pregsure;w thin the range from about 40 bar to about 2,000 bar, and
nost preferably, the pol yrreri zation W IT 1Be‘corrpl eted at a pressure within -
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but ane, pent ane, 1sopen I SOOC cane
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pol ymer produgd ERgbo GridRipd %eﬁiléinf‘lg' \(%nesetldbfat@aer&ﬁ'aa acent.

conditions is h| gher t an deS|red an tech nlques known in The prior

art for cont$¥FP BP ndFeR$) gand V\@thtat Least o onene preferabhlyr Rathangfor

pol yneri zat l981tdarrmijlhweaneorﬁ:acﬂhoﬁaya’aentesedﬁéw bfaartpr @Essaidd Mo
I nventi on. | f go d€5| red

ql rrerlzatlon carrl Ln the
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to less than ahqut FQNEEABA e PEakitt Pe'y”’éb Céa' nsmonocarboxyllc acid
wherein the carbon-carbon double bond is allyllc_ to the
carboxy group, i.e, of the structure
i o\\ '
-C=9-C- ; and (iv) derivatives of (iii) such as
C, to Cg alcohol derived mono- or di-esters of (iii).
Upon reaction with the polymer, the monounsaturation of the

monounsaturated carboxylic reactant becomes saturated.

Thus, for example, maleic anhydride becomes a polymer
substituted succinic anhydride, and acrylic acid becomes a
polymer substituted propionic acid.

: Typically, from about 0.7 to about 4.0 (e.g., 0.8

~ to 2.6), preferably from about 1.0 to about 2.0, and most
preferably from about 1.1 to about 1.7 moles of sa_id
monounsaturated carboxylic reactant are charged to the
reactor per mole of polymer charged.

Nbrmally, not all of the polymer reacts with the
monounsaturated carboxylic reactant and the reaction
mixture will contain unreacted polymer. The unreacted
polymer is typically not removed from the reaction mixture
(because such removal is difficult and would be
commercially infeasible) and the product mixture, stripped
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subsequently modified, i.e. increased or decreased by
techniques known in the art, such modifications do not
alter functionality as defined above. The terms
ethylene-alpha-olefin polymer substituted monocarboxylic
acid material and ethylene-alpha-olefin polymer substituted
dicarboxyiic acid material are intended to refer to the
product mixture whether it has undergone such modification
or not.

Accordingly, the functionality of the
ethylene~alpha-olefin polymer substituted mono- and
dicarboxylic acid material will be typically at least about
0.5, preferably at least about 0.8, and most preferably at
least about 0.9 and will vary typically from about 0.5 to

« about 2.8 (e.g., 0.6 to 2), preferably from about 0.8 to
about 1.4, and most preferably from about 0.9 to about 1.3.

- Exemplary of such monounsaturated carboxylic
reactants are fumaric acid, itaconic acid, maleic acidg,
maleic anhydride, chloromaleic acid, chloromaleic
anhydride, acrylic acid, methacrylic acid, crotonic acid,
cinnamic acid, and lower alkyi (e.g., C; to C, alkyl)
acid esters of the foregoing, e.g., methyl maleate, ethyl
fumarate, methyl fumarate, etc.
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- halogenated polymer. Processes of this general type are

taught in U.S. Patents 3,087,436; 3,172,892; 3,272,746 and

others. Alternatively, the polymer and the monounsaturated

carboxylic reactant are mixed and heated while adding

chlorine to the hot material. Processes of this type are

disclosed in U.S. Patents 3,215,707; 3,231,587; 3,912,764;

4,110,349; 4,234,435; and in U.K. 1,440,219. |

While chlorination normally helps increase the

reactivity of polyolefins with monounsaturated carboxylic

reactant, it is not necessary with the present polymers due

to their high terminal bond content and reactivity.

‘ Preferably, therefore, the polymer and the monounsaturated

[ carboxylic reactant are contaci:ed at elevated temperature

' to cause a thermal "ene" reaction to take place. Thermal

"ene" reactions have been heretofore described in U.S.

Patents 3,361,673 and 3,401,118, the disclosures of which

are hereby incorporated by reference in their entirety. It

has been surprisingly found that the terminally

ethylenically-unsaturated ethylene alpha-olefin polymers

used in this invention readily undergo such thermal "ene"

reactions under conditions in which the formation of



Normaliy,_ not all of the polyner reacts with the nonounsaturated carboxylic
reattant*~and the reaction mxture will contain unreacted pol yner. The
unreacted polynmer is typically not renovéd fromthe reaction mixture

(because sucgh y.emoval is difficuli and uld be commerciglly infeasible)
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the resul ti !ng}éprggzd%%t ﬁihx?ﬂrea.go"ﬁ}:t hd 8Ot h °anB§’rﬂ“&r 2ai%PPeack®f a
pol yner conpelvdispershibyr exfil lesg [thacucaboutt 4, e prfdraklybSPEs€Nthan
nmodi fied, iaBouktngreasgd o Ckeas yete o] . the.art, such
nodi fi cati oﬁsogg r§16t éaﬁt &r fr ﬁn?:'t' ?oﬁgl ?t')sl' ggggeg?%ggggggyegroﬁﬂ‘érzt erns
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comprising polymer molecules having a molecular weight of
less than about 300, as determined by high temperature gel
. premeation chromatography employing the corresponding
polymer calibration curve. Such preferred polymers have
been found to permit the preparation of ene reaction
products, particularly when employing maleic anhydride as
the unsaturated acid reactant, with substantially no
visibly observable sediment. In the event the polymer
produced as described above contains greater than about 5
wt: of such a low molecular weight polymer fraction, the.
polymer can be first treated by conventional means to
remove the low molecular weight fraction to the desired
level prior to initiating the ene reaction, and .preferably
prior to contacing the polYmer with the selected
unsaturated carboxylic reactant(s). For example, the
polymer can be heated preferably with inert gas (e.g.,
nitrogen) stripping, at elevated temperature under a
reduced pressure to volatilize the low molecular weight
pPolymer components which can then be removed from the heat
treatment vessel. The precise temperature, pressure and
time for such heat treatment can vary widely depending on
such factors as as the polymer number average molecular
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contain the@dgéi‘?ggxh@rﬁ)]cgr a%f"%mﬁgge&la?he nﬁﬁBﬁﬁ?gﬁ&'at c Pg’mrl ca'\4\é
reactant pemaongunsgturated| carhaxpliiporpastant okl ebe otontastgdneirl a
type are t awi¥harU-§o Fi?d@é‘i‘:ﬁrﬁg%léﬁ@bo% /Yo 8Feack £ %n@lé‘“%ﬁf&rs-

Alternativ_eé%/ﬁ' he pal yner _and nonounsat Ur at ed car ox¥ I C reacta are

t
mwed and hdfU4ahi FEORJ@PRtc R ok i Be 26 10ne andl Rueferably fmaseakeut of

this type anesl to 1:5, at an elevated temperature, generally from
about 120 to 260°C, preferably from about 160 to 240°C.
The reaction will be generally carried out, with stirring
for a time of from about 1 to 20 hours, preferably from
about 2 to 6 hours. The reaction is preferably conducted
in the substantial absence of 0, and water (to avoid
competing side reactions), and to this end can be conducted
in an atmosphere of dry 'Nz gas or other gas inert under
the reaction conditions. The reactants can be charged
separately or together as a mixture to the reaction zone,
and the reaction can be carried out continuously,
semi-contihuously or batchwise. Although not generally
necessary, the reaction can be carried out in the presence
of a liquid diluent or solvent, e.g., a hydrocarbon diluent
such as mineral 1lubricating o0il, toluene, xylene,
dichlorobenzene and the 1like. The polymer substituted
mono- or dicarboxylic acid material thus formed can be
recovered from the liquid reaction mixture, e.g., after
stripping the reaction mixture, if desired, with an inert
gas such as N, to remove unreacted unsaturated carboxylic
reactant.



di sckosed in U S. Patents 3,215, 707; 3,231,587; 3,912, 764; 4,110, 349;
4,2384,43%; and in U K 1,440,219. Wile chlorination nornally helps
increase the reactivity of polyolefins Wt monounsat ur at ed car boxylic

reactant, it is not necessar th the _present | rs.dye to thlSi . high
termnal bond content*Bfid rﬁ%‘c‘etwlL virﬁﬁcﬁrlé’f%rﬁ’lﬁtg‘?uié ergflétrt{:el,lr?het i
and the nonaivsat ina @d kasbobyden reactEni sstpgdont fooendat ta ehated a

t enperature . er lene” [ t I : ¢ gne”
onbti ons nabSERRELEILYCMHuCRI Cooh€RAY, Y SeiIhEnl AP, othS) Borid
3,401, 118, thr-preducts easofinpurities handbycanci9orrpPdayed r sftkhonrt in

their entiredineddidifs LEREriPUGPRG S| BIkYi FiedRdohlalphaldee deidpd@idy or
et hyl eni cal | y-unsat urat ed et hyl ene” al pha-ol efi,n polymers used in this
i nvention r &khey GRRYeRtigER ] hBFRUC n?urﬂ'efa’c‘??%’r%“ ukdep i M in

whi ch. L he fast) oaté oaddihtiv32t_o mémlatingr _dimseroﬂ))&s)rhfhézgﬁec?iate in
contributing.,to product ze, _ isggreatlh ni.mzed ar i al_t oget her.
The inprove%lPSW gﬁﬁ%ﬁtaq‘%%nre%&i %rbg'(?{?u’b ©hi Eﬁaélﬁ?‘x’s@pr ?Jéra‘bgg f%ﬁmed
usi ng a pol yubricatdny cbdishl yasetwi/l nder moyxiencoopietedsr sdesavibgda

nunber aver?%q:.ﬂ}l;fég r wei ght of from about 900 to 10, 000, nore
preferably fromabout 1?11'500 to 10,000, and nost preferably greater than

about 1800 to aboutThe, (eme xeackipny@reenst ymdmx¥axe timn farkhey,
preferably |agsrdded BPOBeidg Substdrtddllyl £fed. 6f Ehlborineertdty 1spm
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of\& pol ynerwdiditt | oprederabby Mbess| thzn aibdwe Ul e sphmvbygweigbt ecul ar

wei ght of The ene reaction product mixture comprising the
desired ethylene-alpha-olefin substituted mono- or
dicarboxylic acid material (e.g., ethylene-propylene
polymer-substituted succinic anhydride) formed by the
process of this invention will generally contain unreacted
polymer, (that is, polymer which is unsubstituted by' the
mono- or dicarboxylic acid moiety), in a concentration of
less than about 40 wt.% (e.g., from 5 to 35 wt.%), more
preferably less than about 30 wt.% (e.g from 10 to 25 wt.%)
and will be generally characterized by a VR value
("viscosity ratio" wvalue) of not greater than about 4.1,
usually not greater than about 4.0, preferably from about
2.0 to 3.9, and most preferably from about 3.0 to 3.8. As
used herein, the term "VR va_lue?i is intended to mean
quotient determined by the expressioh (IV):

' VR = VISb
VIisa

wherein VISa is the Kkinematic viscosity (KV) of the ene
reaction product mixture at 100°C in units of centistokes
(as determined by ASTM Method No. D445) and VISb is the.
cold cranking simulator (CCS) viscosity of the ene reaction
product mixture at -20°C in units of poiée (as determined
by ASTM Method No. D2602), w_here:i.n the measurements are




| ess-than about 300, as determ ned by high tenperature gel preneation
chremat ogr aphy enpl oyi ng the correspondi ng pol yner calibration curve.

Such preferred polymers have been found_tg pernmt the preparation of ene
reaction products, particularly when enploying mal eic anhydride as the
unsat ur at edmml@l upart aat ;2 wwitts ssbiutibohaldf bheviesidl yeabtépmalproduct
sedi nent . evgnt he Iy d My S
greater than gf)é&fe %S'lf uch Q@%B%Eﬁof‘g%ﬁ’fﬂgra \j\dgll§8 bﬁé’fé@&ﬁ‘éﬁ O&tf?:)ﬂ
t he. pol ynmecomprigdng rS15QN edsedetcdtﬁﬁbnn¢@ha¢1hemsleﬁ'@1r ckithiei gatel ngw

mol ecul ar dﬁht(ﬁif&ﬁ'éamban?hﬁ .gealned Jadiprené kachnirdfireitd heiene
reacti on, preferably prior to contf acin the po I¥ nmer wth the Z#ected

unsat ur at ed l@ar%ﬁ'ﬁ cterized by (an ASTM,D445, kinema e 2
heat ed pref &sapl yw\otsz | aaat agﬁsmmgnzsolzlt rcc:ml ns)1§édssm|3yng.f are e poiss )
t enperature r re ce sur ol atilize. jhe c ar welg t
pol ymer corrpé;"ﬁ ﬁ[ fl fﬂ n Bgo %rtdved&'lﬂ%m tvt 't'tea aﬁ)xga

vessel . The mﬁnem:e emiervaﬂulr e-hear dwes abouwind +7 e G.0k. such heat treat ment

can vary widely deperﬂh?gscq}.geggef act ?{éﬁé‘f?i‘é t fp lyéreg_n{mﬁ@@%davgﬁ@ge

nmol ecul ar -23- wei amourt oW 1D ar wel g t ractl on
to be rermvé’-@aer‘ﬁeoﬁarn?@ﬁpﬁtsm)ﬂﬁwéf%l%nﬁwaﬁﬁ cﬂﬁ%r the fiollowing

General | y, étrt r&ifé-%iﬂ&;ﬁrﬁnér ai)ﬁh@rﬁguwtieﬁtédaadcela&eswi%s)faxtdom
about 0. ) hergbyg g I me of fr maboué %%

(e.g., 2 to%uﬁdaw)lw#n Fifaenc(BRS AR &5 asjsertﬁe BERDET 1
pol ymer and copolgaerasabstitoatied sarctbnticr acdods acdred feucein e

andsunder cg}ﬁ{%étg:?mngﬁ%é)ves&ﬁugzo{ﬂé h:.en dfé“‘ﬁfee% egéy&e.ne al pha- 'oI efin

pol ymer sub
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di car boxyl ic acid material. General ly, the polynmer and nonounsat ur at ed
carboxyl’i«c reactant will be contacted in a polyner to unsaturated
carboxylic feactant nole ratio usually fromabout 1:1 to 1:10, and
preféerably fromabout 1:1 to 1:5, at an elevated tenperature, generally
from about 120 to [err] preferably fromabout 160 to [err] The reaction
wll be generally carried out, with stir(rélﬁr’]g for a tinme of fromabout 1 to
20 hours, preferably fromabout 2 to 6 h The reaction is preferably
conducted in the substantial absence of [err] and water (to avoid conpeting
si de reactions), g?j td @] § B Fcam Gl A& ed in an at nosphere of dry
N2 gas or ot her i nere qmd\ew #he ¥ gaetd on'covndi ti ons. The reactants
can be charged at e vi vovl vioget han vesiavivbiure to the reaction zone,
and the reaction can ‘be carried out continuously, sem -continuously or

bat chwi se. Al t hough not generally necessary, the reaction can be carried
out in the presence of a liquid diluent or solvent, e.g., a hydrocarbon

di luent such as mineral lubricating oil, ‘toluene, xylene, dichlorobenzene
and the liKke. The pol yner substituted nono- or dicarboxylic acid materi al
thus formed canjp® rlecovered fromthe liquid reaction mxture, e.g., after
~stripping the rg ijon maJ.g L f (:‘Ig‘s_]re.g wth an |nert gas such as [err]
to renove unrea ﬁ:d UNSat F & @ @ar I»-l-e-fea-et ant . 4- The "ene"

reaction productd gi

uP.e 2W0E S 53/ Dbt .n'éc? TR been 3uom| singly found
to have a substagfa

al Py efle &l tor® eh? 3P S¢di ment of gfther solid
t inesl A M beMepl Iy al Alwi t hout f 81§ eri ng,

céat'ri fuging, clarification, phase separation or ot hq_{-ﬂcgrg/entl onal product
purification treat rrents as,
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e.g.; an additive to IubriCating oils or as internmediate in the preparation
of derlv’atlve products for use in Iubrlcatlng oils, as wll be nore
conpl etely descri bed hereinafter. The ené’reaction product mixture is

further inproved by tietn?,%;ibft%lél 6&{-,\(3%E%q;gédcmtﬁbd'@etﬁﬁatelﬁieyferé})?y

havi ng a chl orine conten ess than out
| ess than afdRharPlafimyPadyears wfe %hbsrm nﬁrﬁur@arged
conprising Wy dae rs!!kylaﬂeﬁeféamﬁdﬂ egbheS Wi | bét Qih @fone or

di carboxylic acid natecr et hyl.en ropyl e mar supstituted
succi ni ¢ anfﬁ? fﬂ?'hﬁd (%nghe x&ﬁ‘ Fm‘é"{ihl/ ¥‘8Fi' WerYaenes | v
cont ai n unrmmﬂolgm al(ltém&w shaxpﬂagmaﬂraﬂm ah ts wGubarbbnt efkdiys t he
nono- i C i e n ent fol about
30w 56 (o gERENe; ¢ ilend® “hitent? BEAET hBALEENE, | SrAqHadRy

(e.g from 1@nd Ehen 1dkedndandl |h¢mopedyme s, oﬁarG;y:ttm Rxh byeagVR \,@é ue
("viscositygat 'CSE Vadlélﬁ)oé’ierpingr eahG{q { Rdp gk efslof's‘df;?' | £ 10k

greater than abo ‘8re erabl'y 'from about® 2. nost 10

preferably Fr(ﬁnabo‘az § t45 8. 8‘°n%1%§é85her%i’ﬁd t%d%tllﬁ’lna\lR pailyaer g
i nt ended tomwﬁmngtnﬂmbeﬂehebﬂ’a@%d médiﬂﬁxnﬁéﬁdﬁwnoﬁ ¥t 1dast about

o Sb ot 2, WAHE! T4 7 8y UG SHEShE, HiBERTEE RS kel s o5, SRS
Met hod No. BMS) Preféshbly thessoltham aakiowt sidma aKeng(C(ﬁ)onvi dc@sity of
L AT r T P SRR b Wi ghtsbedt UEn” e Aendfl 07
I, ma or molar amount of C, to Cy4, e.g. C, to Cg
monoolefin. Such olefins include ethylene, ptopylene,
butylene, isobutylene, pentene, octene-1, styrene, etc.
Exemplary of the additionally charged homopolymers is
polypropylene, polyisobutylene, and poly-n-butene the 1like
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 alpha-olefin copolymers employed in this
invention, that is, ethylene-propylene copolymers which are
substantially saturated, wherein less than about 10 wt% of_
the polymer chains contain ethylenic unsaturation):;
butylene and isobutylene; propylene and isobutylene; etc.
Other copolymers include those in which a minor molar
amount of the copoljrm_er monomers, e.g., 1 to 10 mole %, is
a ¢, to C;g3 non-conjugated diolefin, e.g., a copolYmer
of isobutylene and butadiene: or a copolymer of ethylene,
propylene and 1,4-hexadiene; etc. The additional such
olefin polymers charged to the alkylation reaction will
usually have number average molecular ﬁeights of at least
about 900, more generally within the range of about 1200
and about 5,000, more usually between about 1500 and about
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made-ubor) a 2 mt%solution of the ene reaction product m xture in an oil
(herein terned the "reference oil-") conprising S150N (solvent 150 neutral)
m neral lubricating oil (Exxon Conpany 4.28.4A.), wherein the such reference
oil 'is characterized by,an_ASTM D445 ki nematic viscosity of 5.2 cSt [err]
and an ASTM488802 CEaryicudariy disefpb sifhcaddibiengdi edefimtpglymers
;I'lhfa "VRr" valave Qfmrhlberrafv@iﬁl@@ef = xﬁbiedniaértbé&ghtfamhfn 7tl:Ieox}1m e of
ustrative, Q roved ene reactio r cts o S
i nventi on araé:’?"ﬂg ﬁcﬁqf‘gv\naﬁ"éi e?ﬁ??gpéopproopW' ’Sﬂr}‘g’r egt)b ‘i}?f‘ble
succi ni ¢ acikdsndngencoemadnanhkndr |eiqse¢EE$A)y asb)fltﬂneaadtieﬁe:rial such

S T My °fs PHETYEEEuaEIRnd | Pkl SNy dER-EEDRY such

under st ood m#mWM%ewatbh@mﬁenwmm otophilymensewhereisi ch
are chargedaito 188s8! a0 alten Jeeaghe oeof,e&?m@im éfafmr esﬁgahanec inal

t oget her wi .. 1N adm xture wth) "ot po ya kenes derive rom
al kenes hav#&%ﬂﬁgﬁ mohquUnSRratian @ROVeyct ene, decene,
dodecene, tetr adodecemae anthhbex i ke’)ez@”qh hﬁmmimfs ﬁli tr|£éP [sidd

Ferr to [ ePOLEES, < B aelRrmilid: A0 RIVEETY Brokd., ErghBiliss, =%
average nol sanvenienht méthod efior asuch 9@ teniimabiecul 45 visyglyel
di stributi o eindafSor EHrdRALgéathy P{EPES 2BhY che3aditaBndlY ptdidfed

from1l1l.2 to . . . . .
_ molecular weight distribution information, see W. W. Yau,

% J. J. Kirkland and D. D. Bly, "Modern Size Exclusion
Liquid Chromatography", John Wiley and Sons, New York,
1979.

PREPARATION OF NUCLEOPHILICALLY-SUBSTITUTED DERIVATIVE
PRODUCTS
The polymer substituted carboxylic

acids/anhydrides/esters of this invention, prepared as
described above, can be contacted with a nucleophilic

reactant, e.g., amines, alcohols, including polyols,
amino-alcohols, reactive metal compounds, etc. to form the
- novel dispersants of this invention.
Amine compounds useful as nucleophilic reactants
\_/ for reaction with the polymer substituted mono- or
dicarboxylic acid materials include mono- and (preferably)
polyamines, of about 2 to 60, preferably 2 to 40 (e.g. 3 to
20), total carbon atoms and about 1 to 12, preferably 3 to
12, and most preferably 3 to 9 nitrogen atoms in the
molecule. These amines may be hydrocarbyl amines or may be
hydrocarbyl amines including other groups, e.g, hydroxy
groups, alkoxy groups, amide groups, nitriles, imidazoline
groups, and the like. Hydroxy amines with 1 to 6 hydroxy
groups, preferably 1 to 3 hydroxy groups are particularly
useful. Preferred amines are aliphatic saturated amines,
including those of the general formulas:
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2.8)-. ~ Preferred such additional olefin polyners conprise a nmajor nolar
amount -of C2 to [err] e.g. C2 to C5 nonool efin. Such ol efins include
et hyl ene, propyl ene, butylene, isobutylene, pentene, octene-1, styrene, '
etc.” Exenplary of the additionally charged honopol yners is pol ypropyl ene,
pol yi sobutyl ene, and poly-n-butene the like as well as interpolyners of two
or nore of such olef ins such as copolxn?%g of : ethylene and propyl ene
(prepared by conventional methods other an as descri bed above for the
preferred ethyl ene al pha-olef in copolynmers enployed in this invention,

that is, ethylene-propyl ene copolynmers whichfare substantially saturated,
wherein | ess than abreg-gO, maﬁaqk-nhecngj¥ RECH3) & NARet hyl eni ¢
unsaturation); butyle and | sobut Y| ene? pr pygepﬁ and ijsojytyl ene; etc.

O her copol yners i ncl e those in ich a mwor nol ar t of the

copol ynmer nononers, e.g., 1 to 10 nole % is a C4 to [ert] non-conjugated
diolefin, e.g., a copolygyé | sobutyl ene and butadLene'v?f a copol yner of
et hyl ene, propyl ene and hexadi ene; etc. The additio such ol efin

pol yners charged to the al kylation reaction will usually have nunber

average nolgketréinW\Ri IRrS @ 'atad@@'t“a% He éﬁuaa@pﬁeééiédtéatbramt he
range of about 1200 and abqut. 000 nor e usuallc.\glzI tween ab %Hg and
di

about - Bhe gxppp %séiﬂn& | 9F u d¥dRogsRn ohas & | Pfrer s
have nunberbaaachgdl noheadu aalnghi-adWcthsw; tt: raog@ abnukyl aod

about 3000 with x| qat e cha|

usef ul addi&ﬁongﬁqgﬁghég%.y%q’g %g aty ne Mep%?égrogﬁ& Pes
okssuch polqilslﬁblueyxleenga\ﬁxmaéstfyl angl pﬁqpytenecggpdilkwrlsam\ﬁmloel ﬁzattbeast
30 wt % of the GPPELYERE CP géag%m ajfAd &L peli ntlRePYIdaIfNgdditionally

monounsat ur aPi on, as descr
comprise a m01ety of the formula:

—E— (CH,) r.—n}—n (VI)
| | l e

RI
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 of t
and t’ is not greater than 15. To assure a facile
. reaction, it is preferred that R, R’, R’’, R’’’, r, r!’, t
~ and t’ be selected in a manner sufficient to provide the
compounds of Formulas Va and Vb with typically at least one
primary or secondary amine group, preferably at least two
primary or secondary amine groups. This can be achieved by
selecting at least one of said R, R/, R" or R’’’ groups to
be hydrogen or by letting t in Formula Vb be at least one
when R"’ is H or when the VI moiety possesses a secondary
amino group. The most preferred amine of the above
formulas are represented by Formula Vb and contain at least
two primary amine groups and at least one, and preferably
at least three, sécondary amine groups.
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The nunber average nol ecul ar wei ght for such pol yners can be deternined by
several ‘known<techni ques. A convenient nethod for such determ nation is by
gel perneation chromatography (GPC) which additionally provides nol ecul ar
wei ght distribution information, see W W Yau, J. J. Kirkl and and D. D.
Bly, "Moddern Size Exclusion Liquid Chromapography”, John WIley and Sons,
New York, 1979. PREPARATI ON OF NUCLEOPHI LI CALLY- SUBSTI TUTED DERI VATI VE
PRODUCTS The pol yrer Nenpdimiting exanpdes coficisasi/takledr anisé e compountist hi s

invention, PHRPRLAE &S dQSCZ"J-E?LCEﬁQQaV&etWé‘?Qe Cﬁntﬁ-cheidafﬁ"l%?ropane,

nucl eophi | c react ang am nes, alc i nCludi n

am no- al cohdr 4™ M??E i canﬁaéﬁaymebexaps f(i?%!?ﬁ:h amines

di sper sant SSchli hias | QiR hplenit &er@ﬁnwﬂs tltsféﬁhyelseﬁ'é'd%ﬁiﬁe,

reactants f reac%:hl g} W th HJM mer supstitut nono- ,or di carhoxylic

acid materiafs 1hErdde ShoPe n(bgﬁfer% &?rBBIY Selnifles such ag go,

preferably 2,t2~prqpydesBet odi&)mimet;aldmar(tlo,rﬂapm;ahén@puflhlﬂbn62

preferably to¢ 2,28 er t t 1€
diloc12.3 E‘i‘d@§' ‘Etij%aﬁirpe b ko—q;{'m%tt%]drgdar b§ﬁ

nol ecul e. These arfine rocar am hes 6

am nes |nclﬁﬂllﬁb°BFI?é’ra'g¢éu&;Nedg- h%mmxyogrtéuﬁs) gtbpdeneobbaninede
groups, nitni Iles,dimziahq}a&%iaw@ﬁ ftr)d-ihes Lb@oﬁﬂb%X Qﬁﬁl‘qéh 1
to 6 hydrox ef er abl y to 3 drox roups are particu

useful . Pre eﬁP@fp%‘ﬁ’égpaP@Y%m?rc%a%?#X '&m%e%r°PH6‘Ieud¢h§mP-HGse of
t he gener al ttibsnhlydroxymeth?d aninemelthane f THAMY ¥ ]diisoprdpandl abtine:
Hg:ffpendenthxeq;q{gﬁgq_d bkdHe; triethanol amine; mono-, di-, and

tri-tallow amines; amino morpholines such as N-(3-amino-
propyl)morpholine; and mixtures thereof.

Other useful amine compounds include: alicyclic -
diamines such as ;,4-di(aminomethy1j cyclohexane, and
heterocyclic nitrogen compounds such as imidazolines, and
N-aminoalkyl piperazines of the general formula (VII):

CHy~CHy
HENH- (CHp) oy [——— N\ /N | (CHy)-NH + H
CHy=CH, P2

n, n, nj
wherein p,; and p, are the same or different and are
| each integers of from 1 to 4, and n;, n, and n5 are
s the same or different and are each integers of from 1 to
3. Non-limiting examples of such amines include
2-pentadecyl imidazoline; N-(2-aminoethyl) piperazine; etc.

Commercial mixtures of amine compounds may
advantageously be used. For example, one process for
preparing alkylene amines involves the reaction of an
alkylene dihalide (such as ethylene dichloride or propylene
dichloride)_ with ammonia, which results in a complex
mixture of alkylene amines wherein pairs of nitrogens are
joined by alkylene groups, forming such compounds as
diethylene triamine, triethylenetetramine, tetraethylene
pentamine and isomeric piperazines. Low cost



t he group consi sting of hydrogen; Cl to C25 straight or branched chain
alkyl rddicals; [err] to [err] alkoxy [err] to C6 alkylene radicals; C2 to
Cl12 hydroxy.am' no al kylene radicals; and Cl to Cl2 alkylamno C2 to C6
al kyl ene radicals; and wherein [err] can additionally conprise a noiety of
the formula: [err] R wherein R is as dékimed above, and wherein r and r'

b h £t m 2 2 4;
and ¢ and PO SefyheheRaitin el HemsrunaR] yetad sl caBeth Un, #1410,

preferably Ritrogemndtoms peef emambyuahaouara ta:va;.lrmbtlre t compeareiad 1yhat

the sum of 5384 ttra‘%s l&gﬁe%r Eﬁtc&l .éQa?Paiyamg.H .sur.epglsi%g%%%d‘;gﬁgt i on,
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by letting t in Fornmlg—%‘b—beam:yleﬁét—e-né ohgDkRlene RA,When the Vi
noi ety possesses a secondary am no group. The nost “pref er?ed am ne of the
above formul as are represented by Fornmula Vb and cont an at |east two
primary am Vbegeoupélaama avaluwespfordouwtnd ptef Foaland Jretssdblyr re, to

secondary agrsneagaotrﬁé fomulgo n-limting exanples of suitable anine
conpounds i ncl ude: di-am nget ne; 1, 3-diam noRrropane;

1, 4- di am nobut ane; akkybae o-abkyken i nes such as

di._ ethyl ene triam ne, tr| et hyl ene tet ram' ne; teptiaet hyl gne pentam ne;

p&*ypr opy! SRefl' AW9 %UCh £Svalue of about 1 to 40 with the provision
that the sum of all the n"’/ values is from about 3 to about
70 and preferably from about 6 to about 35, and RY is a
polyvalent saturated hydrocarbon radical of up to ten
carbon . atoms wherein the number of substituents on the R%
group is represented by the value of "a", which is a number
of from 3 to 6. The alkylene groups in either formula
(VII) or (IX) may be-straight or branched chains containing
about 2 to 7, and preferably about 2 to 4 carbon atoms.
The polyoxyalkylene polyamines of formulas (VII)
or (IX) above, preferably polyb‘xyalkylene diamines and.
o polyoxyalkylene triamines, may have average molecular
o weights ranging from about 200 to about 4000 and preferably
from about 400 to about 2000. The preferred pdlyoxyal—
kylene polyoxyalkylene polyamines include the polyoxy-
ethylene and polyoxypropylene diamines and the polyoxy-
propylene triamines having average molecular weights
ranging from about 200 to 2000. The polyoxyalkylene
polyamines are commercially available and may be obtained,
for example, from the Jefferson Chemical Company, Inc.-
under the trade name "Jeffamines D-230, D-400, D-1000,
D-2000, T-403", etc. |
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can be employed provided it is capable of adding across the
acrylic double bond and amidifying with for example the
carbonyl group (~C(0)-) of the acrylate-type compound of'
formula X, or with the thiocarbonyl group (- C(S) ) of the
thioacrylate-type compound of formula X.

When Rs,_Rs, R7, R® or R? in Formula X
are hydrocarbyl, these groups can comprise alkyl,
cycloalkyl, aryl, aikaryl,' aralkyl or heterocyclic, which
can be substituted with groups which are substantially
inert to any component of the reaction mixture under
conditions selected for preparation of the amido-amine.’
Such substituent groups include hydroxy, halide (e.g., C1,
F1, I, Br), =-SH and. alkylthio. When one or more of R>
through R? are alkyl, such alkyl groups can be straight
or branched chain, and will generally contain from 1 to 20,
more usually from 1 to 10, énd preferably from 1 to 4,
carbon atoms. Illustrative of éuch alkyl groups are
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, dodecyl, tridecyl, hexadecyl, octadecyl and
the 1like. When one or more of R through R? are aryl,
the aryl group will generally contain from 6 to 10 carbon
atoms (e.g., phenyl, naphthyl).
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] generally contain from 3 to 12 carbon atoms, and preferably

from 3 to 6 carbon atoms. Illustrative of such cycloalkyl

groups are cyclopropyl, cyclobutyl, cyclohexyl, cyclooctyl,

and cyclododecyl. When one or more of R> through R

are heterocyclic, the heterocyclic group generally consists

of a compound having at least one ring of 6 to 12 members

in which on or more ring carbon atoms is replaced by oxygen

or nitrogen. Examples of such heterocyclic groups are

furyl, pyranyl, pyridyl, piperidyl, dioxanyl,
tetrahydrofuryl, pyrazinyl and 1,4-oxazinyl.

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

R® R7
RS- & =€ - C - OR® (XI)
wherein R5, RG, R7, and Rg are the same or
different and are hydrogen or substituted or unsubstituted
hydrocarbyl as defined above. Examples of such alpha,
beta-ethylenically unsaturated carboxylate compounds of
formula XI are acrylic acid, methacrylic acid, the methyl,
ethyl, isopropyl, n-butyl, and isobutyl esters of acrylic
and methacrylic acids, 2-butenoic acid, 2-hexenoic- acid,
2-decenocic acid, 3-methyl-2-heptenoic acid,
3-methyl-2-butenoic acid, 3-phenyl-2-propenoic acid,
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R C=C-C - SR (XII)
wherein R5, R6, R7, and R® are the same or
different and are hydrogen or substituted or unsubstituted
-hydrocarbyl as defined above. Examples of such alpha,
beta-ethylenically unsaturated carboxylate thioesters of
formula XII are methylmercapto 2-butenoate, ethylmercapto
2-hexenoate, isopropylmercapto 2-decenocate, phenylmercapto
2-pentenocate, tertiary butylmercapto 2-propenoate,
octadecylmercapto 2-pro§enoate, dodecylmercapto
2-decenocate, cyclopropylmercapto 2,3-dimethyl-2-butencate,
‘, methylmercapto 3-phenyl-2-propencate, methylmercapto
L 2-propenocate, methylmercapto 2-methyl-2-propenocate, and the
 like. _

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

formula:
R OR
R%- c=c¢C - ¢ - NR&(R%)  (XIII)
wherein R5, RG; R7, R® and R? are the same or
different and are hydrogen or substituted or unsubstituted
hydrocarbyl as defined above. Examples of alpha,

beta-ethylenically unsaturated carboxyamides of formula



When-one or nore of [err] through [err] are alkaryl, the alkaryl group will
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thiocarboxylate compounds employed herein have the
following formula: '
6 7
R
i

R°-c=c-c¢c-0rR® (xIVv)
wherein R5, R6, R7, R® and R? are the same or
different and are hydrogen or substituted or unsubstituted
hydrdcarbyl as defined above. Examples of alpha,’
beta-ethylenically unsaturated thiocarboxylate compounds of
‘formula XIV are 2-butenthioic acid, 2-hexenthioic acid,
; 2-decenthioic acid, 3-methy1-2-heptenthioic acid,
e 3-methyl-2-butenthioic acid, 3-phenyl-2-propenthioic acid,
3-cyclohexyl-2-butenthioic acid, 2-methyl-2-butenthioic
acid, 2-propyl-2-propenthioic aciaqd,
2-isopropyl-2-hexenthioic acid, 2,3-dimethyl-2-butenthioic
acid, 3-cyclohexyl-2-methyl-2-pententhiocic acid,
2-propenthioic acid, methyl 2-propenthioate, methyl
2-methyl 2-propenthioate, methyl 2-butenthiocate, ethyl
2-hexenthioate, isopropyl 2-decenthioate, phenyl
2-pententhioate, tertiary butyl 2-propenthioate, octadecyl
2-propenthioate, dodecyl 2-decenthiocate, cyclopropyl
2,3-dimethyl-2-butenthioate, methyl
3-phenyl-2-propenthioate, and the like.
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- 34 - 3-cycl ohexyl - 2-but enoi ¢ acid, 2-nethyl-2-butenoic acid,

2- propyl« 2- propenoi ¢ acid, 2-isopropyl-2-hexenoic acid,

2, 3-di met hyl - 2-but enoi ¢ aci d, 3-cycl ohexyl-2-nethyl- 2-pentenoic acid,
2-propenoi ¢ acid, nethyl 2-propenoate, nmethyl 2-nethyl 2-propenoate, methyl
2-butenoate, ethyl 2-hexenoate, isopropyl 2-decenoate, phenyl 2-pentenoate,

tertiary butyl 2-propenoate octadecyl ~pbropenoat e, dodecyl 2- decenoate
cycl opropyl 2, 3-di mghly L R % @' thidyy the
i ke. The alpha beta et enlca y uns ?E&a?gé ?a%& o

ate |oester
conpounds @fiidyandthercif resterhLoBPPYRNAS) eBPHOYed %{'@(ﬁﬁl%BﬁL‘Pn therr]
and [err] re9owiiyy formlaar different and are hydrogen or substituted or
unsubstituted *hydrocarbyl as_gefiged above. Exanpl es of such al pha,
bet a- ethylenlcally unsaturate carnpoxyfl ate thioesters of fornula Xi| are
nmet hyl mer capto 2- but enoat ®® -tthy Er-c&pt-o0 saanexe(nnate | sopr opyl nercapt o

2-decenoat ¢, QY] AErRIVL0 gepeniemaal gy herpiEry DU VLIPLOARLG e oz o

2- propenoate, adecyT net capt o 2-"pr dpe dodecyl'nercapt o
cyclopropynmﬁﬁgngntzanQ areemw@rQQanqmoanb$tneuh9dnercammybstltuted

3-phenyl - ARIPALDy i‘EEJB" a aBBwnoatﬁxa'Fﬁi‘ééEm%faF%Ppha,

2- et hy| - ropenoate e The al heta et hyl enically
uns&nuate@%ﬁﬁt@ %ﬁﬁ§QQ%%$uM£§%ﬁ$FB§&§r@%EPﬁq%%eaF&9§oPP&m§ﬁ}d
fornul a: [@steﬁemmm ffey £ inwnd RAvararidie2saret@ndiffiei ol c ardle dide,

hydrogen or %P%ﬂﬂ i f%fg ac%gbsa-agéggdlth101c acid, 3?methy1-2-hep-
st tendithioic acid, 3-methyl-2-butendithioic acid,
3-phenyl-2-propendithioic acid, 3-cyclohexyl-2-buten-
dithioic acid, 2-methyl-2-butendithioic acid,
2-propyl=-2-propendithioic acid, 2-isopropyl-2-hexendithioic
acid, 2,3-dimethyl-2-butendithioic acid, 3-cyclo-
hexyl-2-methyl-2-pentendithioic acid, 2-propendithioic
acid, methyl 2-propendithioate, methyl 2-methyl 2-pro-
pendithioate, methyl 2-butendithioate, ethyl 2-hex-
endithioate, isopropyl 2-decendithioate, phenyl.
2-pentendithiocate, tertiary butyl 2-propendithioate,
octadecyl 2-propendithioate, dodecyl 2-decendithioate,
cyclopropyl 2,3-dimethyl-2-butendithioate, methyl"
3-phenyl~-2-propendithiocate, and the like.

The alpha, beta ethylenicélly unsaturated
thiocarboxyamide éompbunds employed herein have the
following formula: .

R R s
| RS- ¢ =t-8 - mB@rY  (xvi)
wherein R5, R®, R7, R® ana R? are the same or
different and are hydrogen or substituted or unsubstituted

hydrocarbyl as defined above. Examples of alpha,



hydroecarbyl as defined above. Exanpl es of al pha, beta-ethylenically
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and are hydnogifogyl Sghghidpe Reh Pbawiddst btq%ﬂaﬁylmrmeﬁif&[)ﬂﬂfgi,
above. Exanpl es of al pha, beta-ethyl enically uUnsaturated thiocarboxylate
conpounds of fdr L™@ ¥ %ﬁ’elz-%mgh{ﬁi%?@ BdigaBiQd€nt hioic acid,

2- decent hi oi3c- agicd, o Berey hH 2 2miectph ¢11i-h2 eipte Atieth t R-id R lde? bw-ané 8hgi X

aci d, 3-phenyl-2-pr ipic actkd,. 3-cvel ghexyl - 2. but ent.hi oi cid
> et hyl 2 BaPCOEEad © SbraebiiE 2oRRkenERiBhRTng, i Rogropyy
2-i sopr opyl 2>-des@enthiciamizie 4, N>phenyibt R4péntenthibanideaciNktertiary

3-cyel ohexyiadfipt Brlprs PeRtAIbanY de ACNLot #8885 ' pFopeiitn iBide,
- propent hi oat €, . net Ny
o N-N-didodecyl 2-decenthiocoamide, N-cyclopropyl
2,3-dimethyl-2-butenthioamide, N-methyl
3-phenyl-2-propenthioamide, 2-propenthiocamide,
2-methyl-2-propenthioamide, 2-ethyl-2-propenthioamide and
the like. ' |

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

R’ o
R P
CH, = C -~ COR (XVII)

where R’ is hydrogen or a C; to C, alkyl group, such
as methyl, and R® is hydrogen or a €, to ¢, alkyl
group, capable of being removed so as to form an amido
group, for example, methyl, ethyl, propyl, isopropyl,
butyl, sec-butyl, tert-butyl, aryl, hexyl, etc. In the
preferred embodiments these compounds are acrylic and
methacrylic esters such as methyl or ethyl acrylate, methyl
or ethyl methacrylate. When the selected alpha,
beta-unsaturated compound comprises a compound of formula X
wherein X’ is oxygen, the resulting reaction product with
the polyamine contains at least one amido linkage (-C(O)N<)
and such materials are herein termed "amido-amines."
Similarly, when the selected alpha, beta unsaturated



2-nethyl,2-propenthioate; net hyl 2-butenthioate, ethyl 2-hexenthioate,

i sopropyl* 2-décent hi oate, phenyl 2-pententhioate, tertiary butyl
2-propent hi oate, octadecyl 2-propenthioate, dodecyl 2-decenthioate,
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acid and acid ester conpounds enpl oyed hérein have the follow ng fornula:
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3-cycl ohexyfo2lpWing- ddiscmssiiomdisl dirested | to- bhecpueparationcand use

2- propy| -Z-BEOMﬂdmﬂﬁegpiQl@:ﬁoﬁ%ﬁprﬁoy&iﬁ hSée’IH{déiihéii[ #Ctflat guch
2, 3-di met hyl.; 2- but endi t,hi oi.c aci d, ,3-cycl o- hexyl-2-nethyl -2-pentendithioic
acid, 2- pr of&RERERAGAC 1§cPa?°rréPR}I1°2béPo§8n& Ehitbaraniferapingsyet hyl
2-pro- pendit hi oat e, Tihpé hyﬂyﬂebwifn@'zlﬁMG?g%iifﬁr\gf?gmﬁg; tvi%;t?iéahloﬁlléh
2 pr opondi t FEECES St e BA TEIRAR anal B Barex By | . DS ok HhBaTe,
cycl opr opyl apidodamdney lis2-fimymediivlieat sybstahyially equimolar amounts
3 pheny! - 2- grORGli hiLaghEatald ddibdyyiate end! RidyaRIkS APY! $AER)
unsat ur at ed_t hi ocar boxyam de conpoun enpl oye erern nave e

N\ The presence of excesses of the ethylenically unsaturated
reactant of formula X tends to yield an amido-amine which
is more cross-linked than that obtained where substantially
equimolar amounts of reactants are emp'loyed. Where for
economic or other reasons a cross-linked amido-amine using
excess amine is desired, generally a molar excess of the
ethylenically unsaturated reactant of about at 1least 10%,
such as 10-300%, or greater, for example, 25-200%, is
employed. For more efficient cross-linking an excess of
carboxylated material should preferably be used since a
cleaner reaction ensues. For example, a molar excess of
about 10-100% or greater' such as 10-50%, but preferably an
excess of 30-50%, of the carboxylated material. Larger
excess can be employed if desired.

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

| i
NH, (CH,CH,N) ,H



following formula: R6 R7 S [err] wherein [err] and R are the sane or

di ff erent and”are hydrogen or substituted or unsubstituted hydrocarbyl as
defi ned above. Exanpl es of al pha,. - 37 - beta-ethylenically

unsat ur at ed t hi ocar boxyami des of fornula XVI are 2-butent hi oani de,

2- hexent hi oam de, 2-decen- thioam de, 3-nethyl-2-heptenthioam de,

3-net hyl - 2-but en- thi oam de, 3-phenyl -2-propent hi oam de,

3-cycl ohexyl 2- buten- thioamde, 2- met-hﬁB -2- but ent hi oam de,

2- propyl - r gpent hi | so | - 2- hexent hi gam de, 2,

3- di met hyl - g ﬁul"@ﬁ?hgﬁgﬁiﬁehyéreﬁs n_sthylepe. digBinent hi oani de,

N- et hyl 2- but ent hi o%m els,e Nah tlldesha]m InexedduetsdesoN£68M @Y/ are
2-decent hi o am de N-t.ert i ary. butyl ,
2- pr opent hi gg‘ran %e t!#é{o]éca adeéy %B&%Phl%% geinR I\?'E#"ER)%I‘eclen their
2-decent hi ogimBdesk Srhashinants 2taem mmhybez -irpresentosdi by, unitet o

3- phenyl - 2- grapesl Nbea; d@aeailﬁéap Bmhg dgr1#)get hyl - 2- propent hi oani de,
2- et hyl - 2- pr opent hi oam de and t he erre con’pounds for reaction

wi th the pol yam nes in accordance with this invention are |ower alkyl

esters of acrylic and (lower alkyl) substituted acrylic acid. Illustrative
of such preferred conpoymgs are anpounds ﬁoth' formula: [err] where [err]
is hydrogen or a Cl to al k I|g oup, sucft as thyl, and R8 is hydrogen
or ae[rr] to[err] ealNyt gﬁg 9eapHQle QH beCng renoved so as to form an

am do

L wherein the R10: s, whlch may be the same or different,
are hydrogen or a substituted group, such as a hydrocarbon
group, for example, alkyl, alkenyl, alkynyl, aryl, etc.,
and A is a moiety of the polyamine which, for example, may
be aryl, cycloalkyl, alkyl, etc., and n, is an integer
such as 1-10 or greater.

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

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

Preferably, the polyamine reactant contains at
least one primary amine (and more preferably from 2 to 4
primary amines) ‘group per molecule,  and the polyamine and
the unsaturated reactant of formula X are- cdnté.cted in an
amount of from about 1 to 10, more preferably from about 2
to 6, and most preferably from about 3 to 5, equivalents of’
primary amine in the polyamine reactant per mole of the
unsaturated reactant of formula X.

The reaction between the selected polyamine and
acrylate-type compound is carried out at any suitable



A 3

group, for exanple, nethyl, ethyl, propyl, isopropyl, butyl, sec-butyl,

tert-butyl, aryl, hexyl, etc. In the preferred enbodi nents these
conpounds are acrylic and nmethacrylic esters such as nethyl or ethyl
acrylate, nmethyl or ethyl nethacrylate. When t he sel ected al pha,

bet a- unsat ur at ed conpound conprises a cqgpound of formula X wherein X is |
oxygen, the resulting reaction product wth the pol yam ne contains at | east
one ami do rtuam@g@t[tmer] afenperatimesr i @p stor cher deaompepgitiion points

"am do- am RES. reabtanes! ﬁndf\hﬁfo&l'iétﬁﬁﬁteﬁeabﬁiﬁoyhata Uﬁﬁatﬂi‘a%@fh

- 38- conmpound of formula X cohprises a conpound wherein I's syl fur, "t he
resul ti ng P&t FEREFHDRNL %q#?ﬁe%y§h%er66%% PIY oRRpHANg; rﬂ&ﬁg

(- A S)N<) mateﬁesM@Ibﬁl sawecbe@&ldhtaémb gdhc),anrde-e&n BRitabier
conveni ence, _t, f&g I ovm ng di scussi oneLs i rected the ra.tl n_and
use of ani & 8d‘r‘ﬁ%n t3%i #1 TB¥ ﬁB‘éFsm efﬁ‘af’ &IJS%UFB\@ %n is
al so appl i estlexrtdst hempb.loqmd,dotara npsogifésst 3qfe the amedmtdrdmecéanr rhed
varies wth r [ Nt [ nd

am-do-amn F‘é%? t%dtﬁ erg.,ghggggt é’r‘f‘t éaﬂ? equi rml ar ggn%?ﬁpg lt?l am:.de.
unsat ur at e®urdngoxthet eaxly ppaytiniofe %h% reagtéen Blcohakechse '-’Cﬁmcéiﬁﬁesses
of the ethyhgiiéaklendBpt ‘Hé%lt@tﬂ &W@nanftﬁé’rrﬂﬂsﬁe Xofendswt opdiehthgan

am do-am ne which_is nore cross-linked than that qbtai ned ere
subst ant i aBLFWRRE FoISHCR n@Fht Rebhanedc: Gkt £thanddmp| oAy, e\raartinn
econoni ¢ olslewegr mﬁaswmparﬂm isnkaised do- puishe the MHIPMAsizLticre S

desired, gener ar C f th a rate t ant
ok~about a?’ Qﬁ e%é#'gl_[%ﬁ/{rg Jg 68( %S?R‘é’%eg’{'%‘? bF or %%I g& Czjlé %
i's enpl oyedowar@orther endf foﬁl Bhe mnquu nBemavelcess aicebeoboig &t ed
materi al Swﬂv%rﬁrﬁterﬁéﬁﬂo&’eof‘sfﬂdéiﬂﬁetﬁe progress and completion of

the reaction which is generally continued until no more

alcohol is evolved. Based on removal of alcohol, the
yields are generally stoichiometric. In more difficult
reactions, yield of at least 95% are generally obtained.

Similarly, it will be understood that the reaction
of an ethylenically unsaturated carboxylate thioester of
formula XII liberates the corresponding HSR® compouna
(e.g., H,S when R® is hydrogen) as a by-product, and
the reaction of an ethylenically unsaturated carboxyamide

_ of formula XIII liberates the corresponding HNRS.(RQ)
Nt compound (e.g., ammonia when R® and R? are each
| hydrogen) as by-product. '

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

Although one can employ a solvent, the reaction
can be run without the use of any solvent. In fact, where
a high degree of cross-linking is desired, it is preferably
to avoid the use of a solvent and most particularly to



-

cl eamer reaction ensues. For exanple, a nolar excess of about 10-100% or
greater 'such as 10-50% but preferably an excess of 30-50% of the

carboxyl ated materi al . Larger excess can be enployed if desired. In
summary, wi thout considering other factors, equinolar anounts of reactants
tend to produce a nore |inear am do-am ne whereas excess of the formula Xl|
reactant tends to yield a nore cross-| i niédd-ani do- ani ne. It shoul d be noted

that the hi gRerid he BQin‘”EBQv(ﬁhte-sud}f' 48 sgd€&r | heppyBheYE Oftaamr{q)iﬁ(wps

on the nolecule), the greater the statistical probability of cross- I ng

since, for EeRfdderation (the k§fEacherfafiryendy@n akhecteastipnenahere
pent ami ne Had#i f6#2CHAY 4ditableé? sol@éntivican alpid eeﬁpﬂbﬂaaps YHéther

et hyl ene di amine.. These ani do-.am ne .adducts so fqQrned are characterized by

both ami do &FF¥HHET RRFFANIG, RIS o HARRC &Fisodi nents they may be
represented by unitsasd ahe évampliengofddtie zathifdo+ramaneX\dddnctser rdhe

wherein the : i | nt g
substituted ﬂ;ﬁ)‘fj%)foﬁﬂc a?%: %%ﬁng%‘régg %%€%££¥%§ eg?ﬁna%ewg#ﬁyﬁ'&tq{yla

al kenyl , al Bgtpacrylate qan beyid Iastyratedias fadilawse pol yani ne which, for
exanple, may be aryl, cycloal kyl, alkyl, etc., and n4 is an integer such as
1-10 or greater. The above sinplified formula represents a_|linear

am do-am ne polyner. - However, cross-I|inked p@ ymers nﬁ')xcﬁasq;'nbe formed by

enpl oyi ng cer HaNT CHOH,NHIRTHSCHL,NHN & O O~ C+OTH abi s whi ch
can further react with : _ ' _
" | !
HaN [ CH,CH,NH] 3 CH, CH,NHCH, CH, CNHCH, CH,, [NHCH, CH, ] 3NH,

Preparation of the Dispersant
The amine is readily reacted with the selected

material, e.g., the ethylene-propylene copolymer
substituted succinic anhydride, by reacting an oil solution
containing 5 to 95 wt.% of the polymer substituted mono- or
dicarboxylic acid material at about 100 to 250°C,
preferably 125 to 175°C, generally for 1 to 10, e.g., 2 to
6 hours until the desired amount of water is removed. The
heating is preferably carried out to favor formation of
imides or mixtures of imides and amides, rather than amides
and salts. _

Reaction ratios of polymer substituted mono- and
dicarboxylic acid material to equivalents of amine as well
as the other nﬁcleophilic reactants described herein can
vary considerably, depending on the reactants and type of
bonds formed. When the polymer comprises a polymer
substituted dicarboxylic écid material, containing
dicarboxylic acid producing moieties derived from any of
the above monounsaturated dicarboxylic acids, or anhydride
or ester derivatives thereof, generally from 0.05 to 1.0,
preferably from about 0.1 to 0.6, e.g., 0.2 to 0.4, moles
of dicarboxylic acid moiety content (e.g., grafted maleic



either the unsaturated noiety by adding across the doubl e bond or by

am-di fyirfig wi th a carboxyl ate group. Preferably, however, the am do-am nes
enployed in this invention are not cross-linked to any substantial degree,
and fore preferably are substantially linear. Preferably, the polyani ne
reactant contains at |east one prinmary agpne (and nore preferably from2 to
4 primary am nes) group per nol ecule, and the pol yam ne and the unsaturated
react ant of ahhydrvideXcontent)t ais edsed, apexaqiivdldrntonofibaucléophillc

nore prefer m gbqut 2 , a fer r about 3 to_5,
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‘Based on reabwat df.ml tehd ,mbbés of dicarboxylic acid moiety content

(e.g., grafted maleic anhydride content) is used per
equivalent of amido-amine reactant, e.g., amine.

When the polymer comprises a polymer substituted
monocarboxylic acid material, containing monocarboxylic
acid producing moieties derived from any of the above
monounsaturated monocarboxylic acids, or ester derivatives
thereof, generally from 0.05 to 1.0, preferably from about
0.1 to 0.6, e.g., 0.2 to 0.4, moles of monocarboxylic acid -
moiety content (e.g., grafted acrylic acid content) is
used, per equivalent of nucleophilic reactant, e.g., amine.-

. If an amido-amine, as above, is employed, generally from 1

~ to 5, preferably from about 1.5 to 3 moles of

- monocarboxylic acid moiety content (e.g., grafted acrylic
acid content) is used per equivaient of amido-amine
reactant, e.g., amine.

An example of the reaction of an amido-amine
reactant with a polymer mono- or dicarboxylic acid
producing reactant is the reaction of ethylene-propylene
copolymer substituted succinic anhydride (EPSA) with a
polyamido-amine having two terminal -NH, groups, which
can be illustratgd as follows:



- yields are generally stoichionetric. In nore difficult reactions, yield
of at | edst 95% are generally obtained. Sinilarly, it will be understood
that _the reaction of an ethylenically unsaturated carboxyl ate thioester of
formula Xl |liberates the corresponding [err] conpound (e.g., [err] when RS
i s hydrogen) as a by-product, and the reaction of an ethylenically '
unsat urated carboxyam de of fornula XIll |iberates the corresponding [err]
conpound (e.g.,- amonia when R and‘[‘é’rr‘] are each hydrogen) as

by- product. The reaction tine iryol ved can vary wi dely depending on a w de .
variety of factors. For exanplg, there is a relationship between tinme and
t enperat ure. I n gerﬁ?a'l-,—-mmg t enper at ure denmands | onger tines.

Usual |y, reactign times of fromgbout 2 tq.30 hours, such as 5 to 25 hours,
and preferably 3 to 10 hourp wi Jyl be enployed. Although one can enploy a

solvent, the reaction can be Wi t hout the use of any solvent. In fact,
where a high degree of cross-lilgking is desired, it is.preferably to avoid
the use of a solvent amgd nost particularly to - 41 - avojgl a polar

sol vent such as waterf. However, taking into considerati on Bhe effect of

sol vent on t hdaNed@&-Njg, -\m-e[z}e]gi-r[ ,]yarm)smnze)b“lmusqm Qan, be

enpl oyed, whet her organi4c or inorganic, “polar or non-polar. ™ &h exanpl e

of the am do-am ne adducts, the reactijon of tetraethyl ene pentaam ne (TEPA)
with nethyl methacrylate can be illustjrated as follows: [err] Preparation

of the Dispersant The amne is readily reacted wwth the selected material,

eQ;/;, t he et hyl ene- propyl ene copol yner

y. r10 \J r10 o

EP—T— | | [ EP

N-[A-N], -ANH-[21],-[22],C(0) (CH,) ,NHA-[A-N], -N
4 y 272 Mg '\

\ | - R

) o)

wherein x and y are each integers of from 0 to 10, EP
represents an ethylene-propylene copolymer.group as
described above, zl and 22 are moieties of the formula: '
W 0 _Flo
-C(CH2)2NH-[A-N]n4-ANH-

wherein Rlo, A and n, are as defeined above for Formula
XVIII. Preferred are amido-amine reaction products of the
above equation wherein R19? is H, and most preferably
wherein x and y are each zero, and A is -(CH,) 5~ or
'(CH3H7)'- :

It will be understood that the amine reactant can
comprise one or a mixture of any' of the above described
amines, such as a mixture of an amido-amine and a
polyalkylene polyamine. Preferably, the polymer
substituted mono- or dicarboxylic acid producing material
and amine will be contacted for a time and under conditions



substituted succinic anhydride, by reacting an oil solution containing 5 to
. 95wt . %°of tHe pol ymer substituted nono- or dicarboxylic acid material at
about 100 to [err] preferably 125 to [err] generally for 1 to 10, e.g., 2
to 6 hours until the desired anbunt of water is renoved. The heating is
preferably carried out to favor formatiqp of imdes or mxtures of imdes
and am des, rather than anmi des and salts. Reaction ratios of polyner

substi t ut eguibe i @Ft ditear bexwti Csabst a1 By &l EOWifvatRBt ppimawyne as
wel | as the.%t her nucl.eopghlﬁl c_reactants described herein can v
e i td* o

consi der abP'§ hedPLBE: FRACLARE 1 ypeift BSﬁg§es1sor€é)c§lfthis\/\hen

the pol ymeregotnia_o'nseapabpo!fpnowedbpyi ﬁnfgdr#dcanh&xgﬁbc acid material,
cont ai ni ng di car box* lC g6k eQEPQEQTB?gngetfé%S% ﬂvégnf Yol %r 8§Etrege

above nmonounsaturat ed di carboxylic ac or anhydri de or ‘este rrvatives
t her eof , gdheral PP¥apmer. OBonopeler wekwend| (et gom Hbiene®, 1toduens,

e.g., 0.2 panfefie rsryagstﬂé i@y hoxad CidcpdeFRirabY yC Wlrkiicted Jin ¢haft ed |

mal ei ¢ - 42 - anhydride content) is_used, Rerﬁggw yal ent, _of nucl eophilic
reactant, BTg§senggi RE a miperataRy 8YniBSticolybrdratdngaoddnt ani ne (having
two primary am no gredrs(mydroxgaetiatient amdhoninetigare P§THAM) eCear) bes
Formed by FERRTRE CREERI tha: “a3hereiR nosdiier  Hihafifited 8ol C'
add 1.6 nomsterfiajuds rfermnapiidese dmides o estier otypel additives. as

b & e {CRUBUROBT i, oS GF TG ki) S, Lamplasu st
N ogen eBAF#EPENtOXAZQiNG nFRBPORRAEN afhi d8SaFibed, afoxhR¥anpLé endifoyed,
general ly frem 4,902579B%elgnakl 876 ama 4,113, 639.

The ashless dispersants may also be esters derived
from the aforesaid ethylene alpha-olefin polymer
substituted mono- or dicarboxylic acid material and from
hydroxy compounds such as monohydric and polyhydric
alcohols or aromatic compounds such as phenols and
naphthols, etc. The polyhydric alcohols are the most
preferred hydroxy compound and preferably contain from 2 to
about 10 hydroxy radicals, for example, ethylene glycol,
diethylene glycol, triethylene glycol, tetraethylene
glycol, dipropylene glycol, and other alkylene glycols in
which the alkylene radical contains from 2 to about 8
carbon atoms. Other useful polyhydric alcohols include

- glycerol, mono-oleate of glycerol, monostearate of
glycerol, monomethyl ether of glycerol, pentaerythritol,
dipentaerythritol, and mixtures thereof.

The ester dispersant may also be derived from
unsaturated alcohols such as allyl alcohol, cinnamyl
alcohol, propargyl alcohol, l-cyclohexane-3-ol, and oleyl
alcohol. Still other classes of the alcohols capable of
yielding the esters of this invention comprise the
ether-alcohols and amino-alcohols including, for example,
the oxy-alkylene, oxy-arylene-, amino-alkylene-, and
amino-arylene-substituted alcohols havj.ng one or more



about 1.5 to 3 noles of dicarboxylic acid noiety content (e.g., grafted
mal.ei ¢ amhydride content) is used per equival ent of am do-am ne reactant,
e.g., amne. Wen the polynmer conprises a polymer substituted

nonotar boxyl-ic acid material, contai.ning nonocarboxylic acid producing

nmoi eties derived fromany of the above nonounsaturated nonocarboxylic
acids, or ester derivatives thereof, genasally fromO0.05 to 1.0, preferably

f r om about 1 . g. 3 4 lLes, D Xyl
noi ety cont gr’fgy .(ag‘l.']g}.?,feagdf t%#%%r%ﬁ‘gl%%? g?ggn?lgjﬁ ?D%%élte?% )gﬁggrc aeek&}u]%\?aq ent
of nucl eophiriaidd gake antThey g areanexempl i fied alyd Cell pgolye, alfarditod,

enpl oyed, ggneaganl#y, ﬁr'P-n%éttxoaﬁydf’fsw-a’élﬂiﬁé%fi’éhfe 1a3 & Bned! ean@f
nonocar boxylic acid noiety contéent (e.'g rafted acryli¢c acid content) is

used per eqfthgrsalcohols MAvAR R e*a%t.ﬁhg‘}te?-ép, °§£‘/‘ RekyAene, Fadicads t he
reaction of ian wHi¢lo- glen@aNgAGERNt rafitad RUNtENSOfPomON dt6 aabouY! isc
aci d produci gg_ rea%tctant Is the reaction of ethyl ene-propyl ene copol yner
subst i t ut ed S@TEOMAXMFydri de (EPSA) with a pol yani do-am ne having two
term nal -NH2 groups Thehiesterndbspersantr aagd s dibt+ésters of- sicdiriay r|

wherein x agdgcArg eé‘&{hié“é&@éés?f ifeom ﬁag%&ﬁ%f%sﬁ:%&’ﬁ?%t }n{’&; ic
et hyl ene- propy ene” copo }imer group’ as’ descfibed_above, [err] .an .errl] are
noi eti es of acidstioras| welle@s) partially cestenifhed npodyhydrigedigrhPdbove
for Formul agkVighenol £ 81 68q a8 dRa®Thge R td NFob PélUBES pHerid¥ic
above equatfon ronys Tadlehiss T MiXtdRet Bf €hd” dbove illustrated
! esters likewise are contemplated within the scope of this
invention. _

The ester dispersant may be prepared by one of
several known methods as illustrated for example in U.S.
Patent 3,381,022. The ester dispersant may also be
borated, similar to the nitrogen containing dispersants., as
described above. _

Hydroxyamine-s which can be reacted with the
aforesaid ethylene alpha-olefin polymer substituted
dicarboxylic acid material to form dispersants include
z-amino'-l-butanol, 2-amino-2-methyl-l-propanol,
p-(beta-hydroxyethyl)-aniline, 2-amino-l-propanol,’

L/' 3-amino~l-propanol, 2-amino-2-methyl-1l,3-propane-diol,
2-amino-2-ethyl-1l,3-propanediol, N-(beta-hydroxy-
-pfopyl) -N’-(beta-amino-ethyl)-piperazine, tris(hydroxy-
methyl) amino-methane (also known as trismethylol-
aminomethane) , 2-amino-l-butanol, ethanolamine,
beta-(beta-hydroxyethoxy)-ethylamine, and the 1like.
Mixtures of these or similar amines can also be employed.
The above description of nucleophilic reactants suitable
for reaction with the ethylene alpha-olefin polymer
substituted dicarboxylic acid or anhydride includes amines,
alcohols, and compounds of mixed amine. and hydroxy
containing reactive functional groups, i.e.,
amino-alcohols. '



wher ei n x and y are each zero, and Ais -(CH2)2- or [err] It will be
under st 0dd that the amine reactant can conprise one or a mxture of any of
t he above described am nes, such as a m xture of an am do-am ne and a

pol yal kyl ene pol yani ne. Preferably, the polymer substituted nono- or

di carboxylic acid producing nmaterial and amine will be contacted for a tine
and under conditions - 44 - sufficienfbtd react substantially all of the
primary mtrogens lanB@:t&Weanert%%t%}? reaé_f'fvé’rﬁﬂ{:ﬁ?sc%x blinds’ G AAN
can be foll grare gnal ysis. The dj spersant-form % reaction can
be conduct e io% Wdthothe s&ltJ'bYl%eP@'galphﬂ'e‘H%e i upadymer
benzene andsuhsth.lthe)ad afnsho-s ahaf Qiiﬁ&ﬁb t 88idN Mt AT N6 hid

' I t TrL dr oxy hyl ), am no, iret hane
(g can SEVEHELDR, 4 | EhReSdaditet, WAEL FRER SRRRPOAGE acid metaw o
to forman gadts an&Q‘l othestezthyypae&ddphaveieiint apngmmény Bukbstithtedd,

f I t o] S_as
descri bed. | fonec, ohf CHEMIG Y RAIS iEe¥I40k 08 ERTE)H88nEIon ane
ashl ess di sﬁ€P§&nt‘§1%ﬁ§y ¥ild Bermsmetalrsantad ﬁmnqmbemsesm.tlheislmﬂene

al pha- ol ef i d:.aple)f'ﬁahts Hié'iﬁlvfalth% BUMposit IS Podidéd asydra%e&hg'
from hydr ox nohydri.c and pol dj‘l c al cohol s

un h
aromatic coéﬁmgn&c&h B@ap %ggé'rhngc’r:ltéfﬂ?ﬁol §u¥: uted BeRQr ARA
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di t hyl
di et hy! éﬁeag%%g%ge?ﬁ%b% ‘ene TORFEAVE IEVEET FOBRUNHFy GHETHA pFOB, (B
glytol, and gmetlgnkyqfengughymmlexes are disclosed in U.S. Patent

3,306,908. Complex-forming metal reactants include the
nitrates, nitrites, halides, carboxylates, phosphates,
phosphites, sulfates, sulfites, carbonates, borates, and
oxides of cadmium as well as metals having atomic numbers
from 24 to 30 (including chromium, manganese, iron, cobalt,
nickel, copper and zinc). These metals are the so-called
transition or co-ordination metals, i.e., they are capable
of forming complexes by means of their secondary or
co-ordination valence. Specific examples of the
complex-forming metal compounds useful as the reactant in
this invention are cobaltous nitrate, cobaltous oxide,
~ cobaltic oxide, cobalt nitrite; cobaltic phosphate,
cobaltous chloride, cobaltic chloride, cobaltous carbonate,
chromous acetate, chromic acetate, chromic bromide,
chromous chloridé, chromic fluoride, chfomous oxide,
chromium dioxide, chromic oxide, chromic sulfite, chromous
sulfate heptahydrate, chromic sulfate, chromic formate,
chromic hexanoate, chromiunm oxychloride, chromic
phosphite, manganous acetate, manganous benzoate, manganous
carbonate, manganese dichloride, manganese trichloride,
manganous citrate, manganous formate,'manganous nitrate,
manganous oxalate, manganese monooxide, manganese dioxide,
manganese trioxide, manganese heptoxide, manganic
phosphate, manganous pyrophosphosate, manganic



whi ch the al kyl ene radical contains from2 to about 8 carbon atons. O her
useful pdol yhydric al cohols .include glycerol, nono-ol eate of glycerol,
nmonost ear at e’ of gl ycerol, nononethyl ether of glycerol, pentaerythritol,
di pentaerythritol, and m xtures thereof. The ester dispersant may al so be
derived fromunsaturated al cohols such as_allyl alcohol, cinnanyl alcohol,
pr opar gyl al cohol, I-cyclohexane-3-o|,'aﬂa ol eyl al cohol . Still other

classes of nataphbapplatelandidhiiudi ByHbPlodbR: €8] ChAnghnbliks VAU

conpri se the ether-al cohols and am no- ohol’s i ncl u ng, or. exanpl e, the
oxy- al kyl en@_,eré'i?y-saraﬁ%’%ﬁst%r afPEEig Pﬁ"ér?ét,eranﬁﬁ’é‘i’ﬁ%_- romade. s fifrnqus ed
al cohol s Pawmeﬁeﬁ&,merﬁic ﬁBrma_orers]&-,al féh:e:raﬁxsfirmfmtagbxl elﬁlérleus
am no-aryl ene, oxy-aryl ene radicals. gy are.exenplifie sql ve,
Cor b o1 NARERAERT RSTEHR SRS | FRTFEF ABLAR . afEREco yRhERasRh o <
having up t deatoiic 1501d@ates kfeerousdsudifite), wieatride tdyd=ak fitd cal
contains {1 aiicken0 iinihd, 2 A OFEcnlbFife! ShibksPChiRRbelsY ftker
di -esters of “succCini'c acli'ds ‘or ‘acrdic esters, I.e., partially €esteritied

succi ni ¢ acldsol@atell Bd gpledi aptearate i d PoedhyamiE ifieohstepsic
phenol s, i. proSsbWatdaViciprice Rt s Wupheaohictdnerary, radpsals.

M xt ures of _t he above |1Iustrated esters fikemﬁse are contenglated thin

" the scope ofPefFcate FHPEIC Formates, GRRBLE sFHUTRER/HCWPELGr AL WA tShe of
several knowupmridodxyshlotriderateaptid pedifitate) Wdpriat el ityAdltd)22.

Ihe SELr R Bl SRS BT, SLAL! HrckRdl)® 21AE°Wiomate,

o zinc dichromate, zinc iodide, zinc lactate, zinc nitrate,
zinc oxide, zinc stearate, zinc sulfite, cadmium benzoate,
cadmimum carbonate, cadmium butyrate, cadmium chloroactate,
cadmium, fumerate, cadmium nitrate, cadmium
di-hydrogenphosphate, cadmium sulfite, and cadmium oxide.
Hydrates'of the above compounds are especially convenient
for use in the process of this invention.

U.S. Patent 3,306,908 is expressly incorporated
herein by reference for its discussion of reactive metal
compouhds suitable for forming such complexes and its
disclosure of processes for preparing-the complexes.
Basically, those processes are applicable to the dispersant
derivative compositions of the ethylene-alpha-olefin
polymer substituted mono- and dicarboxylic acid materials
of this invention with the amines as described above by
substituting, or on an equivalent basis, the
ethylene-alpha-olefin polymer substituted mono- and
dicarboxylic acid materials of this invention with the high
molecular weight carboxylic acid acylating agents disclosed
in U.S. Patent 3,306,908. The ratio of equivalents of the
acylated amine thus produced and the complex-forming metal
reactant remains the same as disclosed in 3,306,908.



“Hydr-oxyam nes which can be reacted with the aforesaid ethyl ene al pha-ol efin
pol-ymer “subst’ituted dicarboxylic acid material to form di spersants include
2-ani no- 1-butanol, 2-am no-2-methyl - 1- propanol ,

p- (bet a- hydr oxyet hyI )-aniline, 2-am no-1-propanol, 3-amn no-1-propanol,

2-am no- 2- et hyl - 1, 3- propane-di ol , 2-apijg=-2-ethyl -1, 3- propanedi ol ,

N- (bet a- hydr oxy- propyl )-N - (beta am no- et hyl) - pi perazine, tri s(hydroxy-
met hyl ) ami no- et hale S(.alRed ssuevPatsent i 264 3y | dischqsesnmelttaﬂs) useful

2-am no-1- E}H a& e raextfﬁgotﬁ%‘ﬂ?s tfeéé’m( el a- Wﬁéﬁ@ﬁ@ﬁg)%&ﬂw&}% The

and the [|i ese or ‘siml'ar am nes”can
above descfiqnPe® bt inreephi Ither catitnlenaraipba fotefdnt iP(Shlmﬁh'-‘ t he
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i ncl udes am nes Cco ana co unds, o ne an I‘OX
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Reacti ve rratrel :pmpamm:,t |am:dminig cwrpthﬂQSpatehul, fronr edkhaildn metialst,he

et hyl ene- a r d no

mat gl‘l al s %Itiqfanljsﬁ% n&%%nﬁ %ﬂsét ch é:ngﬂﬁ%gt %Fit)iox%+i’%1§ g" rret al
salts wt hmnkedt-hylmplegmaoﬁt af raapbiyeremetabs cempoundnsuitaile for

di carboxyl ygeAChA rEAF b3S é’é ’ﬁins yaat ' %&ngt hegareide W llodifmn

met al - cont al ni ng conpl exes. w PR e teh | Spérsant . derivative conposi i,ons
produced bFAERCHAHKE + &SI cRethAAL S} o592 HRy RIORYIDAER Ut EAAHMTD-

and di car bpeHt¥late] nedeinnl phéhbxidie)espotdseivin Coxdde AS pbtayisaed
above Riryeél ve . taI co, oun.ds usef ug for, the f° rmation of fﬁfﬂ
oAbl exes IEI?§8‘ Red BACBSS 1Y ST 9@&%‘08 aﬁﬁtb'l’@x B9 atrﬁa't al

react ants podassiyhe pentylate, potassium phenoxide, lithium oxide,
lithium hydroxide, 1lithium carbonate, 1lithium pentylate,
calcium oxide, calcium hydroxide, calcium carbonate,
calcium methylate, calcium ethylate, calcium propylate,
calcium chloride, calcium fluoride, calcium pentylate, -
calcium phenoxide, calcium nitrate, barium oxide, barium
hydroxide, barium caronate, barium chloride, barium
fluoride, barium methylate, barium propylate, barium
pentylate, barium nitrate, magnesium oxide, magnesium
hydroxide, magnesium carbonate, magnesium ethylate,
.-magnesium propylate, magnesium chloride, magnesium bromide, .
barium, iodide, magnesium phenoxide, zinc oxide, zinc
e hydroxide, zinc carbonate, zinc methylate, zinc propylate,
zinc pentyiate, zinc chloride, zinc fluorigie, zinc nitrate
trihydrate, cadmium oxide, cadmium hydroxide, cadmium
carbonate, cadmium methylate, cadmium propylate, cadmium
chloride, cadmium bromide', cadmium fluoride, lead oxide,
lead hydroxide, lead carbonate, lead ethylate, 1lead
pentylate, lead chloride, lead fluoride lead iodide, 1lead
nitrate, nickel oxide, nickel hydroxide, nickel carbonate,
nickel chloride, nickel bromide, nickel fluoride, nickel
methylate, nickel pentylate, nickel nitrate hexahydrate,
cobalt oxide, cobalt hydroxide, cobaltous bromide,



nitrates, nitrites, halides, carboxyl ates, phosphates, phosphites,
sut-fates’, sulfites, carbonates, borates, and oxides of cadmi umas well as
nmetal s having atom c nunbers from24 to 30 (including chrom um nanganese,
i ron, cobalt, nickel, copper and zinc). These netals are the so-called
transition or co-ordination netals, i.g.49 they are capable of formng
conpl exes by neans of their secondary or co-ordination val ence. Specific
exanpl es ofcalieel tousl exhloriiey nebblaldnnbudnydsamef wiokssl tbusr aaitrate i n

this invent It nit €. I OX%d I
cobalt nit r#%ﬁgaggﬁt i’'c 8E§S ha{l‘flg oﬁlgﬂéﬁl &? co Hrl c%%ﬁb¥ de,
cobal t ous deklpstrative oﬁﬁustlaeéﬁat‘éseﬁﬁiorﬁft ‘ébéﬁat’é“’%ﬂﬁkﬂﬁ capdorithe,

chronous chirffdfiior Mt ftd e Qﬂanﬁfﬁﬁ&w?as)&ﬂﬁté&"ﬁnéﬁ&lm oXi de
chrom c oxide, chronqic_sulfite, chrono sulfate he ta drate, chro
Ysse, f33; o= KRESS,

sulfate, chromc fo ¢18HPE E%a o’x‘%ﬂFBPF
chrom ¢ phassteire, byarmuaacae:efare,1mngascmesheezmﬁ ereaengaaou\setal

-%‘LSQE?EE liptthds g:&i&;i n‘ie%eiﬁf‘z'gﬁ@ai; tém AR u“ﬁ@%%ﬁéﬁ fﬁé“ >
nmonooxi de, oampeuRds 0 Prmasnaebe aff | saLte., n‘ak@@msel 8230 ¢ g
mangani ¢ phgsPheb&ch eaIa&USu éBQQEéﬂEO%%t ethémﬁﬂéééﬁt invehtion, it

met aphosphat e, nEngano hypophosphi t e, nmanganous val erate, ferrous -
acetate, . fi§rpal Ueﬁﬁ%ﬁ#a%r tousSuhski thte 1 theo athylensralphazeletin

formate, feqidgHfer agubkeithieedo o4 raha, dﬂdmideacfiar mtexisrs
ferric hyp%g__hlte fe;}glc sufatga1 errou:'fﬁ qultie rrig h%drosghflte
nivekel di br 15 EP@F ORI % 98P Y2 ENT JVE: Shtc
ni ckel stedvigk, moldmilanl Wetightc yarmoxylic oaey2atingr iagawwes abf, theric
met abor at &, UL patent. |
U.S. Patent 3,271,310 discloses the preparation of
metal salt of high molecular weight carboxylic acid
acylating agents, in particular alkenyl succinic acids.
The metal salts disclosed therein are acid salts, neutral
salts, and basic salts. Among the illustrative reactive
metal compounds used to prepare the acidic, neutral and
basic salts of the high molecular weight carboxylic acids
disclosed in 3,271,310 are lithium oxide, lithium
hydroxide, lithium carbonate, lithium pentylate, sodium
oxide, sodium hydroxide, sodium carbonate, sodium

el methylate, sodium propylatr, sodium phenoxide, potassium -
oxide, potassium hydroxide, potassium carbonate, potassium
methylate, silver oxide, silver carbonate, magnesium oxide,
magnesium hydroxide, magnesium carbonate, magnesium
ethylate, magnesium propylate, magnesium phenoxide, calcium
oxide, calcium hydroxide, calcium carbonate, calcium
methylate, calcium'propylate, calcium pentylate, zinc
oxide;, zinc hydroxide, zinc carbonate, zinc propylate,
strontium oxide, strontium hydroxide, cadmium oxide,
- cadmium hydroxide, cadmium carbona_té, cadmium ethylate,
barium oxide, barium hydroxide, barium hydrate, barium
carbonate, barium ethylate. barium pentylate, aluminum



benzoate, cupric formate, cupric laurate, cupric nitrite, cupric

oxychl oride; "cupric palmtate, cupric salicylate, zinc benzoate, zinc
borate, zirnc brom de, zinc chromate, zinc dichromate, zinc iodide, zinc-
| act'ate, zinc nitrate, zinc oxide, zinc stearate, zinc sulfite, cadm um
benzoat e, cadnm num carbonate, cadm um-bdOyrate, cadnm um chl oroact at e,

dm f te, dm i trat ] di z hyd h hat.e, drg
SUl 1o, aESRRamaNRORE Phomiate, feRd coRha0L “18REORRAEeRIBe s Jaadh |
conveni ent chabamaten tlhia pxidss sint hetylate i cobaltS. oxiie cncobalds, 908
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di scl osur e98idgr oduistkad hydrexifde; ngndhaicked saxbonrke caThe preseat

processes ahQeARRbnCal ;d® tHCpEi eppsIaABrede ds/ alini &P MBOSthé OigeObtt he

et hyl ene-al pha-o]J efin po r substituted, nono- and- di carboxylic acid
Tt o oo RS AoV RSERT \OIPOIRAS FDEV AT PEEREAtato MErSLY o

substitutidglusterate ¢he Vvaletalbasonpouredset hheladé@harDtAfiim phleymer
substi t ut eg ggﬂ?_-ioﬁnd di carboxylic acid materials of this invention with

t he high nolecular Wei ght carboxylic acid acylating agents disclosed in
U.S. Patent 3,306, 908S. TRateamti 03oR74quH A 4Bt expresslycingorpoxated t hus
produced a 5 ' - egqei a :

i scl osed 19S5 BB srerdidt (ot gs AERE1 ABhpEPaE, B1RE1S TR dve
netal s use™®@ tidlpr RARMME GRS f EREt hE AFMARInt SRALE | OL

conposi ti oaenfl he -4 Dphene ReEliar 0pfliymee YERbstbehitled efoly0- andd

disear boxyl i,¢. acid tertals,of this_Lnvenii .and, am nes as descrjbed

ner of nabovBSCREPEIVEAR, Sefe "BrEBiieds dthollify VIVRRSLoRapenvelf oe

al kali netaldustrative processes for preparing salts of these
materials. As will be apparent, the processes of 3,271,310
are applicable to the polymer substituted materials of this
invention merely by substituting on an equivalent weight
basis, the ethylene-alpha-olefin polymer substituted mono-
and dicarboxylic acid materials of this invention for the
high molecular weight carboxylic acids of the patent.

From the foregoing description, it is apparent
that the ethylene-alpha-olefin polymer substituted mono-
and dicarboxylic acid materials of this invention can be’
reacted with any individual amine, alcohol, reactive metal,

L reactive metal compound or any combination of two or more
of any of these; that is, for example, one or more amines,
one Or more alcohols, one of more reactive metals or
reactive metal compounds, or a mixture of any of these.
The mixture can be a mnixture of two or more amines, a
mixture of two or more alcohols, a mixture of two or more
metals or reactive metal compounds, or a mixture of two or
more components selected from amines and alcohols, from
amines and reactive metals or reactive metal compounds,
from alcohols and reactive metals compounds, or one Oor more
components from each of the amines, alcohols, and reactive
metal or reactive metal compounds. Furthermore, the



al kal i ng earth netals, zinc, cadm um | ead, cobalt and nickel. Exanples
ofs a redctivé netal conmpound suitable for use herein are sodi um oxi de,

sodi um hydr oxi de, sodi um carbonate, sodi um nethyl ate, sodi um propyl ate,
sodl um pentyl ate, sodi um phenoxi de, potassi um oxi de, potasi um hydroxi de,
pot assi um car bonate, potassium net hyl afé,l 'pot assi um pentyl ate, pot assi um

h | de, hyd rb | ithi
Do e at P} R4 fna o et Bty hbUATHERAR Bol) b
net hyl at e; daana:rbmmhybatax;ldalmammbpylcafetlnas ciimviernt bohdesanalks um
fluoride, gh“”%zg%rﬂ Ye@lE: afdl gbdm pQgB@ﬂ&’fs Ca}&%&%‘l%t rﬁ&%ﬁl@a“ um

oxi de, barl um I oxi barium caronafe arium chl ori barium [ udride,
bari um net FpRstd Vebz!’fq (FORBAUNGAS , LRF | EM“B@h‘?ﬁI §pgre§§r,, &% desanibed
magnesi um @piof, EARAAHBIREAOX{ ElshoutREEIRE] )M 62T Qé&ﬁéﬁt:LHMlgeihU@ny
ethyl ate, . ne5| um pc&%yl ate, negnesi um chloride, nagnesi um broni de
barium i o8F enoxi de, zinc oxide, zinc hydroxide, zinc

car bonat e, zi nc rret Iu;ak-akid.anmrwtm@p;Bﬁ,BQnim egprﬁéaly Jﬂdn'pﬂﬂaﬂd:dje,

cadn um caPBERAP. Byoasedrente, Yot o 1te ALK e, “BERLER NS Y
cadm um br madz;lMdr‘hlmn elthyl ere - abnbamqulnemlmevmsi&Stemted
car bonat e, gl ehing age calrW: {léyl ﬁﬁ@%rrfgigr |°(}e téf%d fﬂd&?{ﬁﬂﬁ-\ | ead

i odide, lead nitrate, ni cke oxl de, nic car bonat e,
ni ckel chl Ur%tdb ammsa b?bﬁ?’él%lsm aeactmveorm%al nlaaﬁ‘elrﬂ%‘t:ﬁwﬁt é"etrﬁ]ckel

pentyl ate, cospeunaE At & hexiiwenses aqbathe@@ fe s eghamt fadnaxi dad
c&ebal t ous br.om

nitrate hef&tﬂ‘dngé‘e°EFﬁy: Cohgilét Fsl g’gﬁﬁg&%‘ééa&g‘g %@%C%?‘ae.l Hous

processes of that patent to this invention is to
substitute, on an eguivalent weight basis, the

ethylene-alpha-olefin polymer substituted mono- and
dicarboxylic acid materials of this invention for the high
.molecular weight carboxylic acid acylating agents disclosed
in that cCanadian patent. carboxylic acid derivatives of
this invention prepared utilizing the processes disclosed
in the Canadian patent constitute a preferred class of
carboxylic acids or carboxylic acid derivative
compositions. The following Patents are also incorporated
herein by reference, being counterparts of the incorporated
L) Canadian patent, for the same reasons given for
incorporating the Canadian patent: 3,836,469; 3,836,470;
3,836,471; 3,838,050; 3,838,052; 3,879,308; 3,957,854;
3,957,855, The Canadian patent and the U.S. patents are
also incorporated herein to illustrate that the amount of
polyoxyalkylene alcohol demulsifier utilized in preparing
dispersant/detergents from the ethylene-alpha-olefin
polymer substituted mono- and dicarboxylic acid materials
of this invention is normally quite small on an egquivalent
basis. _
' It is also pointed out that, among the more
preferred carboxylic derivative compositions of this



Il lustrative of those useful in this invention and the invention is not to
be.consrkdercd as limted to such. U S. Reissue 26,433 is expressly

i ncorporated herein by reference for its disclosure of reactive netal
conpounds useful herein and processes for utilizing these conpounds in the
formati on of salts. Again in applyi ng ﬁhe—teachings of this patent to the
present invention, IS onlﬁ necessary to_substi e the

et hyl ene- al ﬁﬁgetﬂte’f‘?’f‘l B318 nthoss s PrepadedoAES Qﬁc&Pbo?W Canadjan
materi al s opattesti nvRat i @oree spordingal BNS. \A@ghénbasmsdfmppmchtgbn

pat ont. 3, 271 SRR G LR ARSYRC I WILE O CpendP i TRYF RS herled o
wei ght car bdephilsifdies das ebeelg axymt\ted in Ipamtm avord&enal prefenried
acids. The E‘itaaéssa&fséélfﬂo %heéf@fgv%rtei@ﬁ' dcéﬁbbéaﬁl%ﬂ aloﬁa*:%ﬁ’s and

basic salts Anong t he ive reactive net oun used
prepare t helaMQn*E:IOnelﬁl?%tl taﬁd m@%amc&ﬂmhepm%%| e@m%hemlght

carboxylic pehdeylisE! Qeddntn caridxyil{e aaeildl taeyraing e agenics wa the
hydr oxi de, L|ithipym carbgnate, I,ithium pentylate, sodium o odi um

hydroxi de, CeRIIARAERE, Wikdi oReePhy BRES ?B&Pﬁﬁ'pr%ﬂ?‘?‘é? S/ s&R%um
phenoxi de, pelartsive el pamEeIndshal odiselosetlasthereimr Idefm;ng

t i o
Pagnest um AL HE: tias Ehel Qe i I pfToRer Wihttithrea
propyl at e, mgnesuami MMIMI a¢idn materiatsal efuthhisd noxea&lo@alammm

Car bo”at €, lb?r OXI By'@ﬁeaﬁ%ﬁhﬂ%&bﬁ@"@éfghfabﬁb'i@ PERd Y| Fuitner)C

Zi nc zinc carbonate, zinc propylate, stront!um oxide,
st r ont| um h¥thadki H@e CRAAY ORYSLKYd eng, Al cRRPY d AsINd s 1 fisy i TeRCEARbN At

-cadmumethy,inau:edbarlumOX|de bari um hydroxi de, barium hydrate., barium

carbonate, barium et Iﬂxl gdltloal‘{,l UEP %enti‘a% ‘ta&%g 1?56 is expressly
incorporated herein by reference for its disclosure of
processes useful in preparing products from the
ethylene-alpha-olefin polymer substituted mono- and
dicarboxylic acid materials of this invention and
polyoxyalkylene polyamines as described hereinbefore.
Substitution of the ethylene-alpha-olefin polymer’
substituted mono- and dicarboxylic acid materials of this
‘invention for the high molecular weight carboxylic acid
acylating agents disclosed in 3,806,456 on an equivalent

e weight basis produces compounds of similar utility further
characterized by the desired viscosity index improving
properties discussed hereinbefore.

U.S. Patent 3,576,743 is also incorporated herein
by reference for its disclosure of a process for preparing
carboxylic derivative compositions from both polyhydric
alcohols and amine; in particular, hydroxy-substituted
Primary amines. Again, substitution of the
ethylene-alpha-olefin polymer substituted mono- and
dicarboxylic acid materials of this invention on an
equivalent weight basis for the high molecular carboxylic
acid acylating agents disclosed in 3,576,743 provides



- 50 -- oxide, alumnum propylate, |ead oxide, |ead hydroxide, |ead
carbonate, tin oxide, tin butylate, cobalt oxide, cobalt hydroxide, cobalt
carbonate, cobalt pentylate, nickel oxide, nickel hydroxide, and nickel '
carbonate. The present invention is not tgQ be considered as |imted to the
use of the above netal conpounds; they aré Presented nerely to illustrate

the netal cegppuéstitsdathwinly Nehiee deenté@n didperfant)ackerdedtl i s
expressly incorpor, tﬁd.hereu; g¥“{eference for its disclosure of suitagble
feactive metQRPOSHTLRRE (14 1 SA8 Y- dal { LUBF oM RFPHREG ShasdFraY

pol ymer subdiseuseddoono- and dicarboxylic acid materials of this invention
as well as illustratjve pr s fo r i Bg S h kalss.
As will be apparent,hf’%é pﬁgggggesgbgzé,'% 32% f?@%%% agﬁgoﬁiﬁ'ﬁlg&i

pol ymer subbereimedbyntreference tﬁ!la'ls itsedisglosurs yofy pracasses | fgron
an eqU'Va'gﬁiepgkﬂﬂﬁ.Bi§b§’éé%% aﬂﬂ%ﬁﬁhﬂﬂ??qkfié& EB$¥?EﬁeEHE$Eh&HEEd
nono- and di carboxyric acid materials of this invention for the hi

mol ecul ar vBPFRVeshr B&ep | ethylenesralphapgdefiin Fper%nwm%hguted
descri pti onmohb- SaA@P3 RtHrbdigil id1caiay i1 sfeftniPolinFehtion,
substituted frono., an qéﬁarbo ylic aC|d.n€£er|aIs oi this |nv§nt|on can be
reacted wi t i&ny21 58RO R0 al a&ﬁi nehes RRAGFIVRe e T3S (ROBPOUPES.(FIR al
conpound orpaeparedbibyat follodingwother processesadisdldseteint Ba63R23 5100r
exanpl e, on 4 ' wone Qr r : _ react j

metal s or réggi ggb‘rerse g}:ﬁgﬁ'ﬁ%’ungg, %}r? }ﬂﬁ?g?éa& pg%fiaéf thggéga'Th*e:ﬁg

m xt ure canebdyl eneakpbRtawbefinppelamers subgbtdtntest mapanr abde

al sohol s, agWbykBbRyPict Wil WH¥Er {Wlldl 6 ObhiBaGnvehtTon £SHONERENASgh! A
m xture of t or nore conponents selected from am nes and al cohols, from
molecular weight carboxylic acid acylating agents of the
' patent. The carboxylic acid derivative compositions thus
produced also represent a preferred aspect of this
invention. _

Finally, U.S. Patents 3,755,169:; 3,804,763;
3,868,330; and 3,948,800 are expressly incorporated herein
by reference for their disclosure of how  to prepare
carboxylic acid derivative compositions. By following the
teachings of these patents and substituting the
ethylene-alpha-olefin polymer substituted mono- and -
dicarboxylic acid materials of this invention for the high
molecular weight carboxylic acylating agents of the
patents, a wide range of carboxylic derivative compbsitions
within the scope of the present invention can be prepared.

Incorporation of so many patents is done for the
sake of brevity and because, it is felt, that the
procedures necessary to prepére the carboxylic derivative
compositions from the ethylene~alpha-olefin polymer
substituted mono- and dicarboxylic acid materials and the
amines, alcohols, and reactive metals and reactive metal
compounds, as well as mixtures thereof, is well within the
skill of the art, such that a detailed description herein
is not necessary.



am nes and reactive netals or reactive netal conpounds, from al cohols and
- reactive-~nmetals conpounds, or one or nore conponents from each of the

am nes, al cohols, and reactive nmetal or reactive netal conpounds.

Furt hernore, the et hyl ene- al pha-ol efin pol ynmer substituted nono- and
di carboxyl ic acid materl als of this inver®ion can be reacted with the
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acyl ating agents disclosed in that Canadian

xylic a
derivatives S SPRES2RFentPAP IRaBAPBY 1RYPL Fﬁg ?hé’?ﬂ%‘b §i§rﬂl g I o%b in
the Canadi anepRytenesPrdpylefed Popdbiymed csapstdftwredowitls atiatsinic
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Canadi an pate.ng, ,f pentaerythritsbps (Even fpolynxyajkyldeney poty@uine; an
PN 58y o RS O lips e ) 4 v Tind
. polyamlne, e.g. polyethylene diamine an tetraethylene
pentamine using about 0.3 to about 2 moles each of (B) and
(D) and about 0.3 to about 2 moles of (C) per mole of (A) '
as described in U.S. Patent 3,804,763. Another preferred
dispersant combination involves the combination of (A)
ethylene-propylene copolymer succinic anhydride with (B) a
polyalkylene polyamine, e.g.. tetraethylene pentamine, and
(C) a polyhydric alcohol or polyhydroxy-substituted
aliphatic primary amine, e.g., pentaerythritol or
trismethylolaminomethane as described in U.S. Patent
3,632,511.
\..; 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 3.5
to 3.9. As used herein, the term "VR’ value" is intended
to refer to the quotlent obtained by the expression (XIX):
VR’ = VIS’b
VIS’a .
wherein VIS’a is the kinematic viscosity (ASTM Method D445)
of the dispersant material at 100°C in units of
centistokes, and VIS’b is the cold cranking simulator (CCS)
viscosity (ASTM Method D2602) at -20°C in units of poise,




al so-incorporated herein to illustrate that the amunt of pol yoxyal kyl ene
al tohol +demil'sifier utilized in preparing dispersant/detergents fromthe

et hyl ene- al pha-ol efin pol ymer substituted nono- and di carboxylic acid
materials of this invention is normally quite small on an equival ent basis.
It is also pointed out that, anong the~ € preferred carboxylic derivative
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md+-ecul ar WU e R | pfodbddhs used with respect to derivatives of
conventional ethylene copolymers of the prior art.
Accordingly, the same reaction conditions, ratio of
reactants and the like can be used.

_ The nitrogen-containing dispersant materials of
the instant invention as described above are post-treated
by contacting said nitrogen-containing dispersant materials
with one or more post-treating reagents selected from the
group consisting of boron oxide, boron oxide hydrate, boron
halides, boron acids, esters of boron acids, carbon
disulfide, sulfur, sulfur chlorides, alkenyl cyanides,
aldehydes, ketones, urea, thio-urea, guanidine,

L dicyanodiamide, hydrocarbyl phosphates, hydrocarbyl
' ‘phosphites, hydrocarbyl thiophosphates, hydrocarbyl
thiophosphites, ¢, to C5, hydrocarbyl substituted
succinic acids and anhydrides (e.g., succinic anhydride,
dodecyl succinic anhydride and the like), maleic anhydride
(or any of the above discussed nionounsaturated carboxylic
reactants useful in forming the ethylene-alpha-olefin
polymer-substituted mono- and dicarboxylic acid materials
employed in this invention), phosphorus sulfides,
Phosphorus oxides, phosphoric acid, hydrocarbyl
thiocyanates, hydrocarbyl isocyanates, hydrocarbyl
isothiocyantes, epoxides, episulfides, formaldehyde or



acyl ating agents disclosed in 3,806,456 on an equival ent wei ght basis
produces*conpdbunds of simlar utility further characterized by the desired
viscosity index inproving properties discussed hereinbefore. U S. Patent
3,576,743 is al so incorporated herein by reference for its disclosure of a
process for preparing carboxylic derlvatﬁﬁe-conp05|t|ons from both

POl YO B S0P Ak B " ERFRAR B RS ™

subst i t ut ed Pisif- Phenalisar boRhei cams dpuatetrgatlng u‘reage'nbsenaren usedn
equi val ent ygirghttRes kﬁs%‘é?&fa?ﬁ: mmfﬂﬁubggpﬁﬁéa QC 'c%nuﬁbcix'la%ﬁq?g

agents disclaosed in 3,57 provi des 03| I ons havi ng

desired di sP&r sBAtyaBinegeand: pPLEPIFons Heweyex, vwhen rbheyidignensant: i es
al ready di saateedalls SzrePadeﬁiv&i 68201 Po1yED" %iﬁ'i Ythé‘ﬁoiBor @&%ﬁ h§fes N

by reference_for_ its disglosure, o rocesses for arln
d ar z¢

o
est er - net al 2¥5 (28tqS FRE ROSHE agmsrﬁegevsg REEMS ally selected
et hyl ene- al [flmm)l thien gnbgapercenbismutgadotforborend d&tdébOWdai'@naQJ)ﬁde

| | , | d
LCIER W TR RS et
substituti n§@ldFtn SR e‘ml des, bphbgpm%tmlénkeaj pphoslpé:fqms

pol yner subghdildelscd epeRa ‘de%nda%kicéyl CI d materials of this invention
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5, 169; glggé c%%ismtlng of boron oxide, boron halides, boron acids
and esters of boron acids in an amount to provide from
about 0.1 atomic proportion of boron for each mole of said
nitrogen composition to about 20 atomic proportions of
boron for each atomic proportion of nitrogen of said
nitrogen composition. Usefully the borated dispersa.nts of
the invention contain from about 0.05 to 2.0 wt. %, e.q.
0.05 to 0.7 wt. % boron based on the total weight of said
borated nitrogen-containing dispersant compound. The
boron, which appears to be in the product as dehydrated
boric aciad polymers (primarily (HBO,)3), is believed to
attach to the dispersant as amine salts, e.g., the

o 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
said nitrogen compound) of said boron compound, preferably
boric acid which is most usually added as a slurry to said
nitrogen compound and heating with stirring at from about
135°C. to 190, e.g. 140-170°C., for from 1 to 5 hours
followed by nitrogen stripping at said temperature ranges.
Or, the boron treatment can be carried out by adding boric
acid to the hot reaction mixture of the dicarboxylic acid
material and amine while removiné water.



3,868}330; and 3,948,800 are expressly incorporated herein by reference for
their di*scl osure of how to prepare carboxylic acid derivative conpositions.
By follow ng the teachings of these patents and substituting the
et hyl ene- al pha-ol ef in polyner substituted nono- and di carboxylic acid
materials of this invention for the hi gh5hel ecul ar wei ght carboxylic
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pent aet hyl eneadieanats neandoltinxykike| ase destipded ximr thel prdcamiansts, beg.
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of this invention: U.S. Pat. Nos. 3,087,936; 3,200,107;

3,254,025;
3,284,410;
3,367,943;
3,533,945;
3,865,813;
3,245,908;
3,749,695;
3,367,943;

3,256,185;
3,338,832,
3,403,102;
3,541,012;
3,470,098;
3,245,909;
3,865,740;
3,185,704,

3,278,550;

3,344,069;
3,428,561;
3,639,242;
3,369,021;
3,245,910;
3,954,639;
3,551,466;

3,281,428;
3,366,569;
3,502,677;
3,708,522;
3,184,411;
3,573,205;
3,458,530;
3,415,750;

3,282,955;
3,373,111;
3,513,093;
3,859,318;
3,185,645;
3,692,681;
3,390,086;
3,312,619;

3,280,034; 3,718,663; 3,652,616; UK Pat. No. 1,085,903; UK
Pat. No. 1,162,436; U.S. Pat. No. 3,558,743,

The nitrogen and/or ester containing dispersant
materials of this invention can also be treated with
polymerizable lactones (such as epsilon~caprolactone) to
form dispersant adducts having the moiety
-[Cc(0) (CH,) ,0],H, wherein z is a number of from 4 to
8 (e.g., 5 to 7) and m has an average value of from about 0
to 100 (e.g., 0.2 to 20). The dispersants of this
invention can be post-treated with a Cg to Cg lactone,
e.g., epsilon-caprolactone, by heating a mixture of the
dispersant material and lactone in a reaction vessel in the
absence of a solvent at a temperature of about 50°C to
about 200°C, more preferably from about 75°C to about



pol yam ne, e.g. polyethylene diamne and tetraethylene pentam ne using

about 0.3 to-about 2 noles each of (B) and (D) and about 0.3 to about 2

nmol es of (C) per nole of (A) as described in U S. Patent 3,804, 763. Another

prefeérred dispersant conbination involves the conbination of (A)

et hyl ene- propyl ene copol yner succini c anlBgdri de with (B) a pol yal kyl ene
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i nvention invol ves tﬁe
to the dlspersant 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
polymerization on the order of from about 0.2 to about 50
being preferred, and from about 0.2 to about 20 being more
preferred. For optimum dispersant performance, sequences
of from about 1 to about 5 lactone units in a row are
preferred.
Catalysts useful in the promotion of the’
lactone-dispersant material reactions are selected from the
N group consisting of stannous octanoate,' stannous hexanoate,
tetrabutyl titanate, a variety of organic based acid
catalysts 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 Opening Polymerization", edited by
Frisch and Reegen, published by Marcel Dekker in 1969,
wherein stannous octancate is an especially preferred
catalyst. The catalyst is added to the reaction mixture at
a concentration level of about 50 to about 10,000 parts per
We:'_lght of catalyst per one million parts of the total
reaction mixture.



treatment of the nitrogen or ester containing dispersant materials. The
process for pPost-treating said nitrogen or ester containing di spersant
materials i s anal ogous to the post-treating processes used with respect to
deri'vati ves of conventional ethylene copolyners of the prior art. _
Accordingly, the same.reaction condition8? —ratio of reactants and the |ike
can be used. The nit = i Qien i a ri . LOst apt
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t hi ophosphites, [err] to [err] hydrocarbyl substitutegssuccinic aci ds and
anhydrides (e.g.Q succinic anhydri deQ dodecyl succinic hydri de and the
like), malgie ahhydride,(or any of tRe abowg discussgd nmo

carboxylic r S e ul/i m e et hyl ene- &l pha-
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i nvention), phogphorus sul fides, p ozp orus oxi des, phosphoric
hydr ocar byl thi dcyanates, hydrocarbyl" isocyanates, hydrocar
i sot hi ocyant es, %poxides,.episulfidé%, f or mal dehyde or 56 -

f or mal dehyde- pr oduci ng conpounds plus phenol s, . and sul fur plus phenols.

sanme post-treating reagents are used with the dispersant materials

prepared from a conbi nati on of pol yam nes and pol yol s. However, when the
di sper sant o o
EP\[j/'/\/ N{\/tz\:]/ i}
o o

[C(CHp) 501 M
0

[C(CH,) 50]H

wherein m and EP are as defined above. The reactions of

N - such lactones with dispersant materials containing nitrogen
or ester groups is more completely described in copending
applications Serial Numbers 916,108; 916,217; 916,218;
916,287; 916,303; 916,113; and 916,114, all filed on
October 7, 1986; and co-pending Serial Number 178,099 filed
on April 6, 1988; 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
additives prepared in accordance with this invention.
Suitable metal complexes may be formed in accordance with
known techniques of employing a reactive metal ion species
during or after the formation of the present dispersant



materials are derived frompolyols, and that is, when they are esters, the
post-treating reagents are usually selected fromthe group consisting of
boron oxi de, boron oxide hydrate, boron halides, boron acids., esters of
boron acids, sulfur, sulfur chlorides, phosphorus sulfi.des, phosphorus

oxi des, epoxi des, and episul fides. For “e®&mpl e, the nitrogen contai ning
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further aspect of this invention.
As a further feature of the present invention, the
(A) ethlyene-alpha-olefin polymer substituted mono-and
di-carboxylic acid materials of this invention can be
admixed, prior to, after or during being contacted with the
selected nucleophillic reagant, with (B) a conventional
polyolefin-substituted mono- or dicarboxylic acid material
derived from any of the polyolefins discussed above as
being useful as a mixed charge with the ethenylenically
unsaturated ethylene-alpha-olefin polymers in the formation’
_ of the ethlyene-alpha-olefin polymer substituted mono-and
o di-carboxylic acid materials of this invention. The
ethlyene-alpha~olefin polymer substituted mono-and
di-carboxylic acid materials of this invention and the
_polyolefin-substituted mono- or dicarboxylic acid material
will be generall admixed prior to contact with the selected
seleqted nucleophilic reagant, e.g., alkylene polyamine.
Such mixtures will generally employ a weight:weight ratio
of ethlyene-alpha-olefin polymer substituted mono-and
di-carboxylic acid materials of this invention to
polyolefin-substituted mono- or dicarboxylic acid material
from about 10:90 to 90:10, preferably from about 20:80 to
80:20, and more preferably from about 40:60 to 60:40.



Si nce posx treating processes involving the use of these post-treating
reagent s'i's krfiown insofar as application to reaction products of high
nol ecul ar wei ght carboxylic acid acylating agents of the prior art and
am nés and/or al cohols, further descri ptl(ins of these processes herein is
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3 426,501, 3BT 998 Eqse dor st phive) shiviSional; pofpletins,

3,708,522 ®B.869, 3290 3 8650993 3, The, gFsu lsnsm mzztuse§84=a411then be

3,185,645, 3 24Ba0d 3 245, %Q&acéa%‘S 819 3&1523 s’@ﬁec@e&wn@éieophnc
3, 749, 695; 3, 865, 740 3, 954, 390, 086;

3,185, 704, Fepdanbsas if?%gbeé :?1'%6&9 %rz§eres% °3‘7?§ &?Persant
3,652, 616; Uatéatiald. hdvify. DhprovkdPaiscdeity, i:&ﬁpé%:l.eH Swliattel-ri\bthe

Shia i mvent Vh o ERECrRRY)Pingo pShrrR bR, Bty Rc 12 Hra R s
epsi | on- caprtdimt‘dmz)VR() odr mhejlWMndeUdn.spenaanhgprelpGred)lﬁtqm
[err] - wheraifleZ 51801 Qﬁbéggg%é& ﬁ&.g:-g or 2%3&:2}? 11839k

aver age val ue of “fr.om about “aﬂ | Spersants
of this mvé‘?ﬁ‘-‘r%aéanabenﬁost _Theateguhtings IEE‘QQ) FéﬁPFrFéBFoﬂ'@t%ﬁga s

epsi | on- caprgd ACtNgo yehaakéat e Mosith caply tHe e e latie JabEEIrAband
actone In 3dECtLLOIRHE! mebridlfs MR CEnord SR EDh U ® dRIPELSIAY ©
functlonal groups thereon, such as boron, hydroxy, ester,
epoxy, lactone, sulfur, metals and the like, as discussed
above. ' -
The dispersants ‘of the present invention can be
incorporated into a lubricating oil in any convenient way.
Thus, these mixtures can be added directly to the oil by
dispersing or dissolving the same in the oil at the desired
level of concentrations of the dispersant and detergent,
Y, respectively. Such blending into the additional 1lube oil
| can occur at room temperature or elevated temperatures.
Alternatively, the dispersants can be blended with a
suitable oil-soluble solvent and base o0il to form a
concentrate, and then blending the concentrate with a
lubricating oil basestock to obtain the final formulation.
_ The lubricating oil basestock for the dispersant
typically is adapted to peffom a selected function by the
incorporation of additional additives therein to form
lubricating oil compositions (i.e., 'formulations). Such
dispersant concentrates will typically contain (on an
active ingredient (A.I.) basis) from about 20 to about 60



about “[err] nore preferably fromabout [err] to about - 58 - [err] and
nmogt preferably fromabout [err] to about [err] for a sufficient period of
time to effect reaction. Optionally, a solvent for the |actone, dispersant
mat eri al and/or the resulting adduct may 2be enpl oyed to control viscosity
and/or the reaction rates. In one preferred enbodiment, the [err] to [err] .
| act one, ewg;.,%,epainld)npeém’e(ﬁaﬁﬂpnfrdw abaditcd4of tﬁoaaﬁmrwt wm:at%e,ri al

raton of PamskealydgEl 81k - fufr VRIS TR ) el ool By W
of control Mitng,t rdfexpblyffrom sbqutnd® o t6@ whclpnbasei Ds.ll.n h&agd
adduct.. FOol, X3l ondeit desll}![ef(?q?h% of the lactone to the di spersant

material may vary froma to about 0.1:1, nore preferably from
about 5:1 to about 0.2:1, andk¥® gRiiOp L BaVBout 2: 1 to about

0.4:1. It is prefenad eaaalriﬁan&ﬁé\ﬁ:@aer@getﬁagrgﬁe@éneolwwdﬁ%ﬁ on
of the | actone nononer bel o&/ gbout 100, with a de g rrerl zati,on on
{4 rne

the order BPSEESH afttd €°9% % REIRPTY Ffiom%ﬂ 0.2
to about za:behngwﬂmlee vacfietyedof drwvipphmembsli spacaetdﬁﬂg‘lqrnamfe

sequences f fal, t | agt W ed.
Cat al ysts (u&se %&‘%IF%S%)?PO;%% d ﬁg ?‘B%P%%&%F%%é'r ?é‘(&t ‘ﬁ erlua:L i
reactions am:oS@lrecqlaag‘ms mtgm;m saeh as rigxh;fm@ttammmlwt anoat e,

stannous hexanoat e, mtzféra%t»ﬂwétmaé&r@svaﬁ Cthedl pREsaRt C AL R
catal ysts ar1d anmi ne, cat al %/za as descr| bed oana and forvvard |n a
book chapt &insutHeeEs B¥i Wididdyy dmoleb a%b&? eidi Qompositians s

ahd’ Mechanwhienofenpaloyes i Base 0611 RiAJwhRER GHePaluieiveat iren'disublvash by
or dispersed. Such base oils may be natural or synthetic.
- Base oils suitable for use in preparing the lubricating oil
compositions of the presenf invention include those

conventionally employed as crankcase lubricating oils for
spark-ignited and compression-ignited internal combustion
engines, such as automobile and truck engines, marine and
railroad diesel engines, and the 1like. 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 tractor fluids and hydraulic

\__"J- fluids, heavy duty hydraulic fluids, power steering fluids
and the like. Gear lubricants, industrial oils, pump oils
and other lubricating oil compositions can also benefit
from the incorporation therein of the add:.t:.ve mixtures of
the present invention.

These lubricating oil formulations conventionally
contain several different types of additives that will
supply the characteristics that are required in the
formulations. Among these types of additives are included
viscosity index improvers, antioxidants, corrosion
inhibitors, detérgehts, dispersants, pour point
depressants, antiwear agents, friction modifiers, and other



Fri seh ang Reegen, published by Marcel Dekker in 1969, wherein stannous
octanoate’ is -4n especially preferred catalyst. The catalyst is added to the
reaction m xture at a concentration |evel of about 50 to about 10,000 parts
per wei ght of catalyst per one mllion parts of the total reaction m xture.
- 59 - Exenplary of adducts forned by rea&iron  of dispersant nmaterials if
this invention and epsilon- caprolactone are those adducts jl)ustrated hy

the fol |l owi RERIRRS | GASPREFANEWNE I v nPRAYIEPbYEENYL RUSGHIHRAARS) anfe
reactions ofpsrigted ddéPDEsStivéd EhepPesspNteti@l eri al s containing nitrogen or
ester groups is nore ¢o etely described J opendi.ng a i gations, Seri al
Nunbers 916, 108; 916,%%@18?%?8?5‘%18?2@# qé’%é%ﬁ?%“&iﬁ%ﬁ%ﬂ‘d%&%?ﬁ«
all filed onifctiZhecommohdffrachice otpenintrodace althsunadditiees94r i the on
April 6, 1988, kNG ¢l 90l Oy & @f WgACNLOf ghich 150 herebyol ner Par alef by
reference in 1Y en i rety.” Further "aspécts f’the present invention reside
in the forneingnedientt acongeptaasesof in hhydrpsardomepihnt eaddi thiperal

prepared in ﬁ%ﬁé@@fﬁng'otﬂki,t hos beﬁ.@&t Qi tapid abbevaRtal UxIEIIRXCeEnaBy be

formed in accordance with known tec¢hni ques ,of enploying a reactive netal

i on speci es CRRFAREEALEF BAY: HRe f SLARLLSN WOith iR FPeddMt, dPsBersant™® 40 60

- materi al s.par€®npyewdight Nngf Nneubricatdhgntcil Ncperiepabt Mt areight abes,

thi ocyanat esthgalaidgel%iv%arpbaocwalgaet,esin forming finished lubricants, e.g.
crankcase motor oils. The purpose of concentrates, of

\ course, is to make the handling of the various materials

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

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

Natural oils include animal oils and vegetable

. oils (e.g., castor, lard oil) liquid petroleum oils and

~ hydrorefined, solvent-treated or acid-treated mineral
lubricating oils of the paraffinic, naphthenic and mixed
paraffinic-naphthenic types. 0ils of lubricating viscosity
derived from coal or shale are also useful base oils.

Alkylene oxide polymers and interpolymers and
derivatives thereof where the terminal hydroxyl groups have
been modified by esterification', etherification, etc.,
constitute another class of known synthetic lubricating
oils. These are exemplified by polyoxyalkylene polymers
prepared by polymerization of ethylene oxide or propylene
oxide, the alkyl and aryl ethers of these polyoxy'alkylene
polymefs (e.g., methyl-poly isopropylene glycol ' ether



phosphat es, thio-phosphates, sulfates, and borates of transition netals
such as iron, cobalt, nickel, copper, chrom um nanganese, nolybdenum
tungsten, ruthenium palladium platinum cadmum |ead, silver,

mercury, antinony and the |ike. Prior ?ﬁt di scl osures of these conpl exing
reactions may be also found in U S. Patert's™ 3,306,908 and Re. 26,433, the

di scl osuresha¥ringi @l | dCRL PP Y ogef Cesd 4 r
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adm xed, prpolycarbakyticoestiersngherieof,c fumadxanplié h the acetitecdcid

nucl eophi | |} ant . s\ c j opals po ef n-sulstituted nono-
phi || 66 d&2gaNtn tidd - rsvé’éﬁ{?%’ B8l LOLLYELL yaoﬁgfieﬁ

or dicarboxylic aci'd maferia m any of e po 33di¢¥Bssed

above as be?@dd diestensof heksaethylenevglycehe et henyl enical ly

unsaturated et hyl eneagbihaxo! 8hiikaile Melads) be ittt i) Phvti8ating
et hl yene- al Q?ﬁol efin ﬁol ynmer _ substituted nono-and“di -carlboxy | C acl él

materials o i CORREAEES,. theTiRsSEeRpy k- AifgpxbeRyiicpacids (e.q.,
sulbst:t]lcjf[ edphthaldd diciayr bsuysldimiaﬁi)ddifﬁ_,erha_ 10fsﬁbd::§1|17i6}/f%ll”&ii;i§\ and tlhle
ol yol efi n- u - or. di carboxylic acgid_mater,ial_wj e genera

gdmyxed pri%jrﬂgél;cl)ﬂiorr?{E %g{m \Iflm%t hat{%‘gs’se?ﬁg?%ﬁ Egﬁéct&? °ed$‘f‘r’r+1 cSPRERAS:
ed., al kyl@anaédpol gahasdc Sachdsi xfumasiei lAcigenecadipjcemuia, alinoleic
WeTght : vl ik 1At & Pl U Hh Y8R RB3a0) Al RyAdiaA B 1SR d U O 1Py 31 d
di - carboxylic_acid materials of this |rﬁv_ent|8n 0 pof yol et e substT Tt ed
mono- or diRalBBAA i 2c4dsd nWith 2 f"rﬂi?i%t"ﬁ)butofloagw @180:(80 g-pr ebutydl y

from about 2Dc@dhdD,8CiéRy1arl dERE1Pr edeaabyY T4PSbABAU 20e8Ry1h &SRy #0.
alcohol, ethylene glycol, diethylene glycol monoether,
propylene glycol). Specific examples of these esters
include dibutyl adipate, di(2-ethylhexyl)sebacate,
di-n-hexyl fumarate, dioctyl sebacate, diisodctyl azelate,
diisodecyl azelate, dioctyl phthalate, didecyl phthalate,
dieicosyl sebacate, the 2-ethylhexyl diester of linoleic-
acid dimer, and the complex ester formed by reacting one
mole of sebacic acid with two moles of tetraethylene glycol
and two moles of 2-ethylhexanoic acid.

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

Silicon-based o0ils such as the polyalkyl~-,
polyaryl-, polyalkoxy-, or polyaryloxysiloxane oils and
silicate oils comprise another useful class of synthetic
lubricants; they include tetraethyl silicate,
tetraisopfopyl silicate, tetra-(z-ethylhexyl)silicate,
tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-
butylphenyl)silicate, hexa-(4-methyl-2-pentoxy)disiloxane,



- 6% - Especially preferred are m xtures of ethyl ene-propyl ene

copol ynef-subisti tuted succinic anhydride materials of this invention and

pol ybutyl -substituted succinic anhydride (derived from pol yi sobutyl ene,

pol y-n-but ene, or m xtures thereof, having a nunber average nol ecul ar

wei ght as descri bed above for the above @dmventional polyolefins, e.g., 900

- 5,000 xtures can . then b cted f reaction with
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material s cgﬁdabégxﬂgriéeaéggaﬁya{aogﬁyaﬁg t he above-descri bed
post-treat ment nethods I ncor oratlo addi t i on& °]_Ei’nctlonal groups
Q-JH{) e

t hereon, such as borgﬁreﬁ}ﬁﬁ Xy xyerefing § fGAn Bt ¥pedangd

the |ike, asndtheua&mtm Jfletﬁesmesahts jafveritign.csamie f iwedt belscan
be incorporated rLca

i xt ur oo ofEBe taRe A BaLRe, Hatee’ BRtn 3 Rk Uk EUM PRt IFn
sanme in thesource wmicthosity edfumerofpuumﬁmﬂ:aaumnstvaamntsperEam

and dot or ocBkamAeCh! Vohu1e SHEN MENGhOR i oLl bRONALEbERENG! |

can occur at m t'enperat ure or el evat erature fernativel
di sper sant s°E£r¥§)E19F'é1deG \APFF\'-raP%EPF‘thélol Pbé?@h‘bﬁé s@i¥aath¥d %EQE oi |

to forma ceaeaflaaeiend dheedtepdigpit %ﬁ&ﬂﬁ%@t 'aipeditlly agkhi | adli g
oN- basestock to,

‘Q_tantheflnal for Iat Eg g tlngt0|l
basestock | BFEeRLEAPRbAPRARTASRRR ARG (uBerh ot EhovE Joistider o tPertuen
functi on bywbhkd be an unrefined oil. Refined oils are similar to the
unrefined oils except they have been further treated in one
or more purification steps to improve one or more
properties. Many such purification techniques, such as
distillation, soivent extraction, acid or base extraction,
- filtration and percolation are known to those skilled in
the art. Rerefined 'oils are obtained by processes similar
to those used to obtain refined oils applied to refined
oils which have been already used in service. Such
rerefined oils are also known as reclaimed or reprocessed
oils and often are additionally processed by techniques for

o removal of spent additives and oil breakdown products.
Metal contaihing rust inhibitors and/or detergents
are frequently used with ashless dispersants. Such
- ‘detergents and rust inhibitors include the metal salts of
sulphonic acids, alkyl phenols, sulphurized alkyl phenols,
alkyl salicylates, naphthenates, -and other oil soluble
mono- and di-carboxylic acids. Highly basic, that is
overbased metal ,sélts which are freguently used as
detergents appear particularly prone to interaction with
the ashless dispersant. Usually these metal containing
rust inhibitors and detergents are used in lubricating oil
in amounts of about 0.01 to 10, e.g. 0.1 to 5 wt. %, based



|ncorporat|on of addltlonal additives therein to formlubricating oil

corposi ti-ons “(i.e., formulations). Such di spersant concentrates wl |
typically contain (on an active ingredient (A l.) basis) fromabout 20 to
about 60 - 62 - wt.% and preferably from about 40 to about 50 wt. %

di spersant additive, and typically from &Bout 40 to 80 wt. % preferabl y
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convent | onaby ¥l OWeh fonfé ABEARSS 40K | S | 8L S o PR kod Ol

conpre55|on [ nlted i nt erna mbudti on engi nes, such as autono
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| ubricating ol Ssitions can al so ben
the sulfonation of alkyl substituted aromatic hydrocarbons

such as those obtained from the fractionation of petroleum
by distillation and/or extraction or by the alkylation of
aromatic hydrocarbons as for exé.mple those obtained by
alkylating benzene, toluene, xylene, naphthalene, diphenyl
and the halogen derivatives such as chlorobenzene,
chlorotoluene and chloronaphthalene. The alkylation may be
carried out in the presence of a catalyst with alkylating
agents having from about 3 to more than 30 carbon atoms.
For example haloparaffins, olefins obtained by
dehydrogenation of paraffins, polyolefins produced from.
I\ - ethylene, propylene, etc. are all suitable. The alkaryl
' sulfonates usually contain from about 9 to about 70 or more
~carbon atoms, preferably from about 16 to abdut 50 carbon
atoms per alkyl substituted aromatic moiety. |
The alkaline earth metal compounds which may be
used in neutralizing these alkaryl sulfonic acids to
provide the sulfonates includes the oxides and hydroxides, .
alkoxides, carbonates, carboxYlate, sulfide, hydrosulfide,
nitrate, borates and ethers of magnesium, calcium, and
_bariul_n. Examples are calcium oxide, calcium hydroxide,
magnesium acetate and magnesium borate. As noted, the
alkaline earth metal compound is used in excess of that



fromthe sincorporation therein of the addi tive mixtures of the present

i nvention. Thése lubricating oil formulations conventional [ y contain
several different types of additives that will supply the characteristics
that” are required in the fornulations. Ampng these types of additives are
I ncl uded viscosity index inprovers, anti B4idants, corrosion inhibitors,

det ergent s. p dh3RERS RES colfiethOllutlaP SRR of NERUCRLXARES Spafibral on

nodi fiers, spersant iTg I'SO u enyl
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addltlvesmth_eformo 10 t to, 80 o

i ngredi ent S&HIFRAIMAE Fﬁchyﬁpe%booﬂfoﬂ?eg%l r?ﬁ‘ﬁéFEFl IG‘BFl c%‘?lmgeﬁﬁl
or other sunkabralish¥déoh. Usual |y these concentrat es rray be dituted W|th 3

to 100, , Dto 4

ch)l ght 01? '?he add?u%%&@%a%"w (ﬁprﬁ Li%’lrr{nslc:# %Q}b” Cgﬁ&?ﬁ ag}éth
crankcase nsetaloidldkarylThsubfopates oAreo m,at such ofiscdliSse, Petentsake
the handling 950t B8sVAHLUS, 186 S686! ﬁhbfﬁind'J\fé:‘iﬂrdstlr@‘dlé"‘#‘ﬁﬁbﬂp@&sﬁw as

to facilitafé sofution or dIS efsion in the final
di spersant R¥ulY8ECcdySs y°@rrp?%y&i’$9?‘3&%“ﬁﬁl?ﬁllﬁt% gompaexo withoth

concentr at eal}!cﬁ gXgiRifenakte 4anl ubhya&bbaebenl sianeehteauﬁbﬁtaaﬁlless
dispersants of Do PAeseileL el ot P Ao bRl RET dd Pl Ui
I ncl udi ng naagnes um mymt iar dmet i c atsuilgf ohatearkaving uaestd:t&]: eblase
~ number ranging from about 300 to about 400 with the mag-
nesium sulfonate content ranging from about 25 to about 32
wt. %, based upon the total weight of the additive system
dispersed in mineral lubricating oil. _

Neutral metal sulfonates are frequently used as
rust inhibitors. Polyvalent metal alkyl salicylate and
naphthenate materials are Xknown additives for  lubricating
0oil compositions to improve their high temperature
performance and to. counteract deposition of carbonaceous -
matter on pistons (U.S. Patent 2,744,069). "An increase in
reserve basicity of the polyvalent metal alkyl salicylates
and naphthenates can be realized by utilizing alkaline

\’ earth metal, e.g. calcium, salts of mixtures of Cg=Cy¢
alkyl' salicylates and phenates (see U.S. Patent 2,744,069)
or polyvalent metal salts of alkyll salicyclic acids, said
acids obtained from the alkylation of phenols followed by
phenation, carboxylation and hydrolysis (U.S. Patent
3,704,315) which could then be converted into highly basic
salts by techniques generally known and used for such
conversion. The reserve basicity of these metal-containing
rust inhibitors is usefully at TBN levels of between about
60 and 150. 1Included with the useful polyvalent metal
salicylate and naphthenate materials are the methylene and
sulfur bridged ‘materials which are readily derived from’



Nat ur al oiI's include animal oils and vegetable oils (e.g., castor, lard
oil) 1iqguid pet roleumoils and hydrorefined, solvent-treated or
acid-treated mineral lubricating oils of t he paraf finic, naphthenic and

- m xéd paraffinic-naphthenic types. Ols of lubricating viscosity derived
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Anot her suitable class o ricating oils nprises the esters
of di car bofnexe adixisige. 891. apnlhanad;lm defsdcckai c§ atingsal 1By dscaAmic
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Preparation qf the overbased methylene bridged
salicylate-phenate salt is readily carried out by con-
ventional techniques such as by alkylation of a phenol
followed by phenation, carboxylation, hydrolysis, methylene
bridging a coupling agent such as an alkylene dihalide
followed by salt formation concurrent with carbonation. Aan
overbased calcium salt of a methylene bridged

phenol-salicylic acid of the general formula (XXI):

o OH
1-4
g C12Hs5 CyoHos

with a TBN of 60 to 150 is highly useful in this invention.

The sulfurized metal phenates can be considered
the "metal salt of a phencl sulfide" which thus refers to a
metal salt whether neutral or basic, of a compound typified
by the general formula (XXII)




i ncl ude di butyl adipate, di(2-ethylhexyl)sebacate, di-n-hexyl funarate,

di octyl sebacdte, diisooctyl azelate, diisodecyl azelate, dioctyl

pht hal ate, di decyl ‘phthal ate, dieicosyl sebacate, the 2-ethyl hexyl diester
of linoleic acid diner, and the conplex ester formed by reacting one nole
of sebacic acid with two noles of tetraet®ytrene gl ycol and two nol es of

2- et hyl hexangi c{,d_ Estgrs,useful niheti.c il Q- 0GI U 0
made from C@ﬁ*é(;réél nDrElfocggngyﬁ;c a?ls'g?a%g pdl y(gxll- sga éig’é‘le%F gf%léltr]séguch
as neopent ylsugh/ca| comporpdhy WhiexieoRinks pontaddiylt radigal di peanders/taret ol
and tripent &t iht&yers Fr&@N1083€4,0hhd e AAerddfe RRINMMKYSE ‘carbon

pol yaryl -, pol yal kpxy= orogol yaryl oxysil oxane oi]ls and silicate olls
conpri se an@®¥ERsS y3Rf allciofsthe yBEREPEC 15yt cheast abpaf 9 nk yerder
tetraethyl 0! ietriifret atleguater cgwiumii‘tggt €n oil. The individual R

tetra-(2-ethyl hexyl)sjli ,_tetra- (4- .- 2- et hyl hexyl ) sjli cate, |
Lotra (bt edRouRN \hke SPRRC THReA h FEGR. Br thordiA  BERERFARYY dBoitih,2he,
- 6t5h-t_pol ly(ca;_tbgl:_)atbmglane_si‘hedmedda}( nea Iy | ﬁbergtépa’ﬁed(abgsrdadta'{ng_ an
syn etic [ e..ls ul + S s -

a)c/i ds (e.qg. Lgaikrf%r gg;!/fiegh}é%%%@ Fk':tgctgl gﬁkgééﬁ%?“e:? ﬁl eE Ey&es%?grﬂ%?éfg
decyl phosph&Antaining smtesighetec impa hﬁglﬁoﬁ%s@trr d gkl indty (k9 i the

and reref i negh0tdSi Fd theeais hdnatidle | ubricants of the present invention.
Unrefined oils are those obtained directly froma natural ,or. synthetic

source without furthdfeBaRGIREE AL (EAENgRNNe 1N, Which They axe)
Ob\t.gi ned di rmcéparedgm theorsubhguefcedt ialleyl aphehblsewhich alkriedi wedful

divectly fr%rq.éi%illllft E8Ht%rines%%m°‘alb&i¥ a'bne‘go dhﬁgﬁrtl yllIi Og&ameight,
preferably about 4 to about 12 wt. % sulfur based on the
weight of sulfurized alkyl phenol. |
The sulfurized alkyl phenol may be converted by
reaction with a metal containing material including oxides,
hydroxides and complexes in an amount sufficient to
neutralize said phenol and, if desired, to overbase the
product to a desired alkalinity by procedures well known in
the art. Preferred is a process of 'neut.ralization'
utilizing a solution of metal in a glycol ether.
The neutral or normal sulfurized metal phenates
are those in which the ratio of metal to phenol nucleus is
" about 1:2. The "overbased" or "basic" sulfurized metal
phenates are sulfurized metal phenates wherein the ratio of
metal to phenol is greater than that of stoichiometric,
e.g. basic sulfurized metal dodecyl phenate has a metal
content up to and greater than 100% in excess of the metal
present in the corresponding normal sulfurized metal
Phenates wherein the excess metal is produced in
oil-soluble or dispersible form (as by reaction with
COo,) . 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



esterification process and used w thout further treatnent would be an
unrefined'oil.” Refined oils are sinmlar to the unrefined oils except they
have been further treated in-one or nore purification steps to inprove one
or nore properties. Many such purlflcat) on techni ques, such as
distillation, sol vent extraction, acid or %ase extracti on, filtration and

per col ati onerraddieyn d© bhase) bkl it iy LR ko Rog £8iBed O lfnpEcie

obt ai ned by processes simlar to those_used to obtain refined oils applied
to refined GEPECARIAN Fane fothe hdgh)y,bagic, sudphonates.g ch rerefined

oil's are al so known asdordimg b 04 mm&%aechmdcﬁm othen isvention
additionallx__ pr .o essed %t chnl ues for ent addl d oi |

br eakdown p Fﬁf‘]ﬁ%?e HPS?’FS&%“ n&PSlPOEé‘t éiroé‘erﬁ %re
frequently wadta\m'mlmgasfll'mszmtspesmmartsswr ok ek igamt ef agdlednm or

I nhibitors %]EJI?% ultgpe metal salts of sul phonic acids, alkyl phenols,

sul phuri zed a €nol s, al kyl salicyl ates, napht! henat es, and ot her oi |
sol ubl e nono- and d| The bepgnesiumi and/orcghiciwnsis genarallyonnesentd

metal sal ts aghiydk 8 Cof F aadeRhLY dé‘i:@i‘g%%t%etsii&? nas ﬁﬁ&eéhlpﬁbh'a‘t@safdﬂﬁ

rone to interaction th the_ashl er san ese
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typically e ors And®Ge erg s 1n
amount s of mgmeabumt- 20 Bntsn% mlagmgﬁlbmslandl mhqwnxeasuhphenates are
suMonat es Prefidra@ient |y used as detergents. They are usual ly produced

by heating a m xture corrprl sing an oil-sol uble sul fonate ar,
A particular advantage of the novel dispersants of

the present invention is use with V.I improvers to form
multi-grade automobile engine lubricating oils. Viscosity
modifiers impart high and low temperature operability to
the lubricating oil and permit it to remain relatively
viscous at elevated temperatures and also exhibit
acceptable viscosity or fluidity at low temperatures.
Viscosity modifiers are generally high molecular weight
hydrocarbon polymers including polyesters. The viscosity
modifiers may also be derivatized to include other.
properties or functions, such as the addition of
\/ dispersancy properties. These oil soluble viscosity
modifying' polymers will generally have number'average
molecular weights of from 103 to 106, preferably 104
to 10%, e.g., 20,000 to 250,000, as determined by gel
permeation chromatography or osmometry. |
Examplés of suitable hydrocarbon polymers include’
homopolymers and copolymers of two or more monomers of C,
to C34, e.g. C, to Cg olefins, including both alpha
"olefins and internal olefins, which may be straight or
branched, aliphatic, aromatic, alkyl-aromatic,
cycloaliphatic, etc. Frequently they will be of ethylene



al karyl sulfonic acid, with an excess of alkaline earth nmetal conpound
above’ t vat requir ed for conpl ete neutralization of any sulfonic acid
present and thereafter form ng a di spersed carbonate conpl ex by reacting
the excess netal with carbon dioxide to grovi de the desired overbasing.
The sul fonic acids are typically obtaine b'y t he sul fonation of alkyl

substi t ut edwgggmab dré)car %tfliﬁﬁét ?%a&'@?. % ﬁéf@f‘l‘&ﬁe be ing

fractionation of eu %g n an 1'on or
al kyl ati on thea SE’Rﬂ-iYE'eIWdr aekbydene fand eREﬁEYbeFﬁose Qithex npalypers

al kyl ati ng denzare, uTstJeaﬁcH(}’hQn%oI‘f\DBbM%nésPthBﬁoﬁ\ﬂ%éies hghggen

derivatives_such as_chl or(%be zene, gto uene and chl ar.onapht hal ene. The

al kyl ati on STBP U REFS eB*outsi rPPﬂe agfpléaceﬂ eEdns; ¢ REAKYLSt i ng
agent s havipgliparopmtene 3 thydmogehlaa:mdmpoa.lylmursataﬁa dopo 1Rt €and

hal ff | fii .

ol yoreri nsCarpdiyhePs, 88 BeRsindy WA oGl Sle POARY L [Butagiene 1y,
al karyl sul #Maﬂ‘é@r@maltpdc Jai\nanm asberegft-o aPBoet ppdymernmay ckebon
atons, pr ef&é@iaédeér € 7] m@c&fafow@iﬁﬁtt SOegpar Qﬁgmﬁie r%eﬁaé‘kkéhr%ﬁn fay

substltut ed aromatic noie The al kal'i né earth netal ound
be used in FEEFRELPD: anPﬁé§é°ﬁl % )ﬁh%ﬂ!qjon‘ilﬁg’éé‘?ﬂ%l?ﬁr pABdi d& tmay be

sul f onat es oxitdized aha eontadnamskyRped.oxixkso i\hdm}’déhfsaréadé?ﬂﬁéﬁized

magnes; um RS B3 dfgnﬁ%ﬁ“”'de TR ELE Bt LIy EsT PR THY:

gg;ﬁxing?alahgnégmmeemeammhgmmam?bmeamomeﬁs suthd as hmahékel i ne

conpl ete neut |za€|*(')'ir?lg¥i ‘lﬁg"ﬁ fgﬁlsgtggl a'%h a{ﬁner a&? ’tﬁ’é

anount ranggglqgomeageutaqogl{kalene polyanune or hydroxy amlne, e.g.
see U.S. Patent Nos. 4,089,794; 4,160,739; 4,137,185; or
copolymers of ethylene and propylene reacted or grafted
with nitrogen compounds such as shown in U.S. Patent Nos.
4,068,056; 4,068,058; 4,146,489 and 4,149, 984.

The preferred hydrocarbon polymers are ethylene
copolymers containing from 15 to 90 wt. % ethylene,
preferably 30 to 80 wt. % of ethylene and 10 to 85 wt. 51;,~
preferably 20 to 70 wt. % of one or more C3 to C,g,
preferably C5; to Ci1gr more preferably C; to Cg,
alpha-olefins. While not essential, such copolymers

W preferably have a degree of crystallinity of less than 25
wt. .%,L as determined by X-ray and differential scanning
calorimetry. Copolymers of ethylene and propylene are most
preferred. Other alpha-olefins suitable in place of
propylene to form the copolymer, or to be used in combin-
ation with ethylene and propylene, to form a terpolymer,
tet;rapolymer, etc., include 1-butene, 1l1l-pentene, 1l-hexene,
l-heptene, 1éoctene, l-nonene, i-decene, etc.; also
branched chain alpha-olefins, such as 4-methyl-l-pentene,
4-methyl-l-hexene, 5-methylpentene-1,
4,4-diniethy1-1-pentene, and 6-methylheptene-1, etc., and
mixtures thereof.



220% “al though it is preferred to use at |east 125% of the stoichionetric
amdunt of netal required for conplete neutralization. Various other
preparations of basic alkaline earth netal alkaryl sulfonates are known,
such as U.S. Pat ents 3, 150,088 and 3, 150, 089 wherein overbasing is
acconpl i shed by hydrolysis of an al koxrd@ car bonat e corrpl ex with the

al karyl sulfonate i Rp éé‘ﬁgg:%?@ontﬁ(ﬁlr S;B%Lilgnt fef

al kal i ne earth sul fona m al’k arbma I C su
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based upon the total weight of the additive sxstem di spersed in mnera

| ubri cati ndh® |n°rr«ré<eerﬂmgm°b| diolefin: gengraliv-¥apgesy fram akoyt 9.5
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on pi st ons alph@-dlafin Pre8ent69). An increase in reserve basicity of the
pol yval ent netal al ke saééfgle%t@érar‘p fapht Iﬁ{p}g@eq:ag Qg.ere res%%lb%/%rr]

utilizing alkaline earth cium m xt

al kyl sali G&ﬂla}(’égrﬁnoc’%héﬁt%és(ﬁe gts:ilpmmlky?zun\%g)lr@ﬁ%l Faal Eat
netal saltopf mdned sald casbafbaﬁydsc Sa%ia@cgdénotwl neenhe tib_e and
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alts by t estten ques generally known and used for such converS| on The
e el e b e PSR BB e GREREEAORA gl PERGES Ay B hdda™t
pol yval ent ingalayideathegeatet an&lphphﬁnerﬁ@mgi wmbpoaral adhwl®t bfl aale and
sul fur bri deakeTei echgbenValtoh ¥ Prkdpariyf | d£0ef6@M2 to 20 carbon
' atoms, such as decyl acrylate, 1lauryl acrylate, stearyl'
acrylate, eicosanyl acrylate, docosanyl acrylate, decyl
methacrylate, diamyl fumarate, lauryl methacrylate, cetyl
methacrylate, stearyl methacrylaté, and the 1like and
mixtures thereof.
~ Other esters include the vinyl alcohol esters of -
C, to C,, fatty or mono carboxylic acids, preferably
saturated such as vinyl acetate, vinyl laurate, vinyl
palmitate, wvinyl stearate, vinyl oleate, and the like and
o mixtures thereof. Copolymers of vinyl alcohol esters with
unsaturated acid esters such as the copolymer of wvinyl
acetate with dialkyl fumarates, can also be used.

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



- 68-- al kyl substituted salicylic or naphthenic acids or m xtures of

ei tther or "both with al kyl substituted phenol s. Basic sul furized
salicylates and a nethod for their preparation is shown in U S.. Patent
3,595,791. Such materials include alkaline earth nmetal, particularly
magnesi um cal cium strontium and barium&arts of aromatic acids having the
general fornula: [err

wh Ar i : |cal of, 1t
6 rings, [err] is an %H?&IeﬁFﬁﬁppﬁmgsf ?Lﬁ?&ﬁ&’{ﬁs %tr‘]?%[% {’,’Sgbgﬁ°£ome, .
preferably Ister30copdiymetrdmedoptitihl,| ypolynetizabhdes wnsatiurmated-)
th | i + s | f 4 : .
0 to 4 PropiGiitsoiftaiiils Aollyiash & udpele’ dlkbradny (L8 oihe
salt is readt¥-car ARRFrOY¥L LS - conExa@mRl6Ral ofeFRifadsl eudinaatyrated
al kyl ati on ofitrdferntontdiigy R¥nehepst ivdluael nodet EeAtainihg! ¥si o

ret ylene br) 493110 gocoupling Sl suehogs o alihete, dlbel e foll ored
a met hyl ene fof (bedrh pldedhyldninbethydi)syrehe ;gdnesit froi tmbgepdgn- OH
S: I 1[ ﬁ; |r ]ze\clnlvI ne %@eﬁé%ggoégﬁigg Ig %ﬁg& ggbﬁ § - ts'ﬁiel%réel{}'aﬁt Jﬂslz"i L%é%ﬂ%%%ﬁ
sul fi de" whiunsaturated esybstifueptal &g+ thet winyleupynidinmesaand thea
compound tYyRi{APY WAKkPE FRRI@Inke BhEn(O88 | b-vhiRyhl5-ethyl pyridine,
' 2-methyl-5-vinyl pyridine, 2-vinyl-pyridine, 4-vinyl-
w pyridine, 3-vinyl-pyridine, 3-methyl-5-vinyl-pyridine,
4-methyl-2-vinyl~-pyridine, 4-ethyl-2-vinyl-pyridine and
2-butyl-1-5-vinyl-pyridine and the like.

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

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

Dihydrocarbyl dithiophosphate metal salts are
frequently used as anti-wear agents and also provide
antioxidant activity. The zinc salts are most commonly"

| used in lubricating oil in amounts of 0.1 to 10, preferably

" 0.2 to 2 wt. %, based upon the total weight of the
lubricating o0il composition. They may be prepared in
accordance with known techniques by first forming a
dithiophosphoric acid, usually by reaction of an alcohol or
a phenol with P,S5 and then neutralizing the
dithiophosphoric acid with a suitable zinc compound.

Mixtures of alcohols may be used including
mixtures of primary and secondary alcohols, secondary
generally for impérting improved anti-wear properties, with
primary giving improved thermal stability pfoperties.'
Mixtures of the two are particularly useful. In general,
any basic or neutral zinc compound' could be used but the



- 69 - wRere x =1 or 2, n=20, 1or 2; or a polyneric formof such a
cohpound, where Ris an al kyI radical, n and x are each integers from1l to
4, and the average nunber of carbon atons in all of the R groups is at

| east about 9 in order“to ensure adequatg, sol ubility in oil. The

I ndi vi dual R groups nmay each contain from5 to 40, preferably 8 to 20,
carbon atongxideddg Meyarostideks aﬂwpafaadodwateactaﬁe aﬁb@tksdeﬁwphy
sulfide with a.suffi C|enJ6 guantlt ?ﬁ:{‘#e cont nng terla tolr'rg
the desi rec®BRNAY SRty (SORRETEHAY, VEP " RePEn el e arsadn, BR .
manner in waxcasshef azingrdper &, um of| faur iexczkess k9k [Hhendbdasidi eliner e

usef ul gene&gﬁh%guﬁgnwﬁl g&g epg izgﬁign ?ﬁ&&t%l{o by weight, preferably

about 4 to a ase ht of sulfurized al Kyl

phenol . - The sul furi z‘@bealmwc pﬂbmrmrbﬁlcéﬁﬁbrlmowham.wml hin

net al tCOH]E ?tﬂ'eng?ﬂ‘?tﬁﬂﬁl i'rilwrk'@'iaﬂ @Q}'}éje%:llhygbiﬁ]'yi? QE@(}@[‘BE‘?)@%&Q an
amount sufficient to neutralize sa en i esijre Q0 over base
e pr oduct SFBCATRIS) | SFLAS! BF 19 I6R IPRRASRPEE e SCKABWARY BAY aPE.
Preferred | seprpsented by thet followingnformhilacng a solution of nmetal in a
glycol ether. The ngutral or gormal sulfwrized netal phenates are those in
which the ratio of jretal to pfpenol nucleps is about 1:2. The "overbased"
of "basic" sul furizeBOmetat—pRematesS Bnzed net §KXpBEdat es wherein

the ratio of netal o phenol t') rgreater yhag that of stoichionetric, e.g.

basi c sulfurl zed t al dodgcy phenat e "has a netal , content u§ to and
greater tha¥hetein R BARAsR oMmahdecthe sapesAr | different BYgsRgarhyl

norimal sul fﬁaazedlwbantalieﬁa;t;e&wﬁeuelﬁb t1ee, ﬁ@ﬁr&ﬂﬁl 21 ﬁopmduﬁﬁohn
oi | -sol ubl e_gr _di Sng sible_form ga reac I on WHS 1[ ;{( over ased
sul furi zed REPRF BREnAPSIUGiDg, 4 §°ﬁ esHC BREVEf ¥ of @ epg .
from 200 toaB8lkyl, alkaryl and cycloaliphatic radicals. Partlcularly
preferred as R and R’ groups are alkyl groups of 2 to 8

carbon atoms. Thus, the radicals may, for example, be
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl,
amyl, n-hexyl, i-hexyl, n-octyl, decyl, dodecyl, octadecyl,
2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, propenyl, butenyl etc. In order to
obtain o0il solubility, the total number of carbon atoms
(i.e., R and R’ in formula XXIII) in the dithiophosphoric
acid will generally be about 5 or greater.
\ The antioxidants useful in this invention include
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 o0il soluble under
normal blending conditions in the o0il or additive package.
The copper compound may be in the cuprous or cupric form.
The copper may be in the form of the copper dihydrocarbyl
thio- or dithio-phosphates wherein copper may be
substituted for zinc in the compounds and reactions
described above although one mole of cuprous or cupric
oxide may be feacted with one or two moles of the
dithiophosphoric acid, respectively. Alternatively the



Magrresi um and_cal ci um cont ai ni ng addi ti ves al t hough beneficial in other
resSpect s’ can increase the - 70 - tendency of the lubricating oil to

oxi di ze. This is especially true of the highly basic sul phonates.
According to a preferred enbodi nent the invention therefore provides a
crankcase |l ubricating conposition also-dhtaining from2 to 8000 parts per
mllion of calciumor magnesjum The magnesi'um and/or calciumis generally

present as BSPPEroMap bRaadfad asnthes RIPRAY { AalEyOfhMaf¥RthREic or
phenat es, owatUdEr wmylh&e%é\ia.t he Ex@ipgds Ol eltude n%rbgswmc;?g

cal ci um sul nat es Preferably he QI|S co I n f.,rom50
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such as alkyl, alkenyl, aryl, aralkyl, alkaryl and
cycloaliphatic radicals. Particularly preferred as R and R’
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the
radicals may, for example, be ethyl, n-propyl, i-propyl,
n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl,
n-heptyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl,
phenyl, butylphenyl, cyclohexyl, methylcyciopentyl,
propenyl, butenyl, etc. In order to obtain oil solubility,
the total number of carbon atoms (i.e., R and R’) will
generally be about 5 or greater. Copper sulphonates,
phenates, and acetylacetonates may also be used. '
o Exemplary of useful copper compounds are copper
~ (CuI and/or CuII) salts of alkényl succinic acids or
anhydrides. The salts themselves may be basic, neutral or
acidic. They may be formed by reacting (a) any of the
materials discussed above in the Ashless Dispersant
section, which have at least one free carboxylic acid (or
anhydride) group with (b) a 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.
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Exan'pl.es «of syitable hydrocarbon polynmers include honopol yners and

copol yners of two or nore nononers of C2 to [err] e.g. [err] to [err]

ol efins, including both alpha olefins and internal ol efins, which nay be
strai ght or branched, aliphatic, arorrat_i% _al kyl -aromatic, cycloaliphatic,
etc. Frequently they will be of ethylene - 71 - with C3 to C30 ol efins,

&a[]t i cul i’irl y prefer[)Eﬂahp;ljés bEe tHep Qhetrel Esairst o)l msanﬁrlx%ﬂﬁi(bﬁnare

er polyngrs Rn_obe Jsed,sucn, a oylout.ene 0 oLyners._a

copol yior 5 5 ER1Ee0 of SR AERRACSRYH SR N RO IRE KRR e i nd R er
hydr ogenat edefieryedr £cnasc ChoiBIBSA) ,ananderqo| gatts off sppiyiecbutgnyli t h-
| soprene an : adl.eRe a at der.k l\4e étr%re es

pol yrer my%géﬁgg%agggai'n no %%%%i Sgte g%g}é%tg?gn%f e by nﬁ%?%%?l 3%,
extrusi on, &ked&ivedent  fermal ihradeyi on, aFhHei iPrafenred xsubstrases
contai n oxygga. P‘Ul?%ﬂﬁ&iﬂdeéuééfnﬂér la¢dlisZ eth PEhYBR! Thel CA RénPP s hraupf t ed

I nt er pol yne of e I1y| ene- propyl.ene wth r[aH; actiyve m)nog%r such a I C
T

) mal
anhydri de WREh2n#PH5E fetght, grepthy (Ehap ARYHol 7 amnficalkenyly,
al kyl ene pogysupmedeshydbdy ddsica eftg. fSeenl Sboket esto Noto 410890 794;

gt a1 ted i tRPE{ PBockoohpatdeaiih & Mmot | REOUY ' BBY, BERRE 8B
4,068, 056; preferved; 4 Esr®cizdlzhdprefenred/. ofh&hosef driskpdyabovar don
pol ymers ar gnel hyb 888 or0PSh Y B Sp&PLBh AR ”giér%léﬁé&lﬁﬂd’&ne sueeinylene,
preferably 30.to 80 wt. % of ethylene and 10 to 85 wt. % preferably 20 to
70 wt. % 8Flgnd BFBSMre CThese dratepiater mayy desirabdys bepddsgedivedan| y
to C8, aiphaaok@flivient, ¥lthe AWt acsfigidradl | oityClardPRkYERES [ eit@eabl y
have a degrgle:_egfenccré/ Sto%l llamt}glté);' ls%slsuéfgg 2(50r_ slu'rry) of the metal
bearing material. Heating may take place between 70° and
about 200°C. Temperatures of 110° to 140°C are entirely
adeguate. It may be necessary, depending upon the salt
produced, not to allow the reaction to remain at a
temperature above about 140°C for an extended period of
time, e.g., longer than 5 hours, or decomposition of the
salt may occur. '

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

w 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 fregquently better than
those obtained with previously used antioxidants, which are
expensive and used in higher concentrations. . In the
amounts employed, the copper compounds do not interfere
with the performance of other components of the lubricatin_g

- composition, in many instances, completely satisfactory
results are obtained when the copper compound is the sole

antioxidant in addition to the 2ZDDP. The copper compounds
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w. % as: determ ned by X-ray and differential scanning calorinetry.

Copol yrer s - of’ ‘et hyl ene and propyl ene are nost preferred. O her

al pha-ol efins suitable in place of propylene to formthe copolyner, or to
be used in conbin- ation with ethylene and propylene, to forma terpolyner,
tetrapol ynmer, etc., include 1-butene, 1=p@ntene, 1-hexene, 1-heptene,

1- oct 1- - al h ha-.alef Lns,
LLootene | engic e k14588 b Sheracd Sl U8 ALET Rl 107
4, 4- di met hylsuppienientary aantfoxkdantaept Fteasd, €or. pamqulmlmessemeof.
- 12 - Ter p%mfioﬁset i@pﬁhigngez d:l%f:l'al?fg 'E&h)f.h‘éﬂﬁdesﬂ dsw.iﬁﬁ.’[émenta

al pha-olefin a non-conj In or mxtures such diole ns
may al so be ¢@B¥emybonadunandiiexd dant eonj M%ﬂeﬁlrolﬁﬁen gaeunEey o

ranges fromaggiiederptdsy 29n€?6£1@&>ﬁ§eﬂé m-eaeaieal nialQ] ahattldsd ocnénut
7 nol e percent based on the tot armu of et e}Pe and al pha ol ef |

present. Théhsanaynk xequired REAer CHpoRR ters of
et hyl eni cal |y unsat urwhaciéeraniyt Oefxermbdvandmlouarbowfl ¢t el dsoppdr as

nmet hacrylic a acr aci ds L ¢ d id,
etc. Exanpl &ntg} QP r a8 QSﬂ% ’r'éff%'a g&&e nclﬁ'hgg ﬁ%o@s;g‘rd off
al i phatic sammmmmmo atcoaobgn&femnﬂ-altedstthatcm effentiie pﬁW@n‘é%I y
of from 12 to, 20,65 800nea! %5 r%%*hé‘sséif‘&yiuﬁér ¥t %oﬂp%&i)ﬂicﬁp i@t €an

stearyl acrylate, el cosany acryl ate, docpsan acryl at e,
met hacr y| at QB OTf |Bhe acOPPeX 3Rt IRXIAARY | Qtf , ’E%‘Pylabr‘?é‘t%%aérfl%t%oo
stearyl net hegoyeatre fofably I1|oket@ndom,xtszt£mthm:eofpreferably 10 to

180, and most preferably 20 to 130 (e.g., 90 to 120)) part

- per million of added copper based on the weight of the
lubricating oil composition. Of course, the preferred
amount may depend amongst other factors on the quallty of
the basestock lubricating oil.

Corrosion inhibitors, also known as anti-corrosive
agents, reduce the degradation of the metallic parts
contacted by the lubricating oil composition. Illustrative
of corrosion inhibitors are phosphosulfurized hydrocarbons
and the products obtained by reaction of a phosphosul-
furized hydrocarbon with an alkaline earth metal oxide or
hydroxide, preferably in the presence of an alkylated

N~ phenol or of an alkylphenol thioester, and also preferably
| in the presence of carbon dioxide. Phosphosulfurized
hydrocarbons are /g;\tepared by reacting a suitable
hydrocarbon such as a terpene, a heavy petroleum fraction
of a C, 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 of 65°
to 315°C. " Neutralization of the phosphosulfurized
hydrocarbon may be effected in the manner taught in U.S.

Patent No. 1,969,324.

Oxidation inhibitors reduce the tendency of
mineral oils to deteriorate in service which deterioration
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Ot her estiers j.nclude the vinyl alcohol esters of C to C22 fatty or nono
car'boxyl'ic acids, preferably saturated such as vinyl acetate, vinyl

| aurate, vinyl paI mtate, vinyl stearate, vinyl oleate, and the |Iike and

m xtures thereof. Copolyners of vinyl az ohol esters with unsaturated acid
esters such as the copolyner of vinyl acétfate with dialkyl funmarates, can

al so be Use@anThBeesé@iéeHE)édbebﬁ?g%é( Mokt b St b':!ld&tﬂl‘izfn Ug§ehUd ed

nononers such as ol efins t npl es of xl\ aI| hati c or
aromatic ol #ARAISeaND| AERighzkike a€‘88°§§f-§r °“oré7tfe Pr§ﬁ§&ﬁuraa&¢3d
acid or anhwldﬁsﬁdéwdgg‘bm.ﬁrl ;s@?ﬁl mzdaﬂi@# Fismﬂgﬂtoﬁﬁpcﬂrww&?e of
styrenevmt eic a i de_esterifie t h, al coho nd_api nes.are
o o g, 18R e TR RERET Sans® ot &hiP BRRRTERTSRERRRS HEIng 1
g_rafte_d Wi tpr@femﬂabéat eC g o quri,z@nmyt]h spiﬂyrrechzaiaﬁs,uncaljcamm

o L ro020- CORG PLith FRUATERL 4 AR hadl SRR RAUCY £4A JEnY T - sud FRERVST S

Exanpl es of sul nsat urat'ed ni't rogen-contai nrn rs i nc e t'hose

cont ai ni ng 4 % 8 YR ban ¥l ismen avmﬁmlﬁahanmh&wﬂmm&ne '

p- (bet a- di ephvsphozaaitiizedy 2N gultaticed hiydddeat®ons!,aigtidly heterocycles
carrying a polyneri z%bl £ el hgl eni cal lérunsat ur at ed subst | tue thae . the

vinyl pyridines and BdiSREVEUHP admPax hy | ePhpper
pyri di ne, Zmdlyieﬁ \ohad-apyerdlsltelcsZ o NRubmicatiing d&ili rempasitibne,

aethyl- o Ve ae ARy SR B el Y e ke

vinyl lactans are aesmrgsletm'elvg gexemphels pefr uibabl eor fRigtign

piperidonespodifiers are found in U.S. Patent No. 3,933,659 which

discloses fétty acid esters and amides; U.S. Patent No.

4,176,074 which describes molybdenum complexes of polyiso-

butenyl succinic anhydride-amino alkanols; U.S. Patent No.

4,105,571 which discloses glycerol esters of dimerized

fatty acids; U.S. Patent No. 3,779,928 which discloses

alkane phosphonic acid salts; U.S. Patent No. 3,778,375

which discloses reaction products of a phosphonate with an

oleamide; U.S. Patent No. 3,852,205 which discloses

S~-carboxy-alkylene hydrocarbyl succinimide, S-carboxy-

alkylene hydrocarbyl succinamic acid and mixtures thereof:;-

U.S. Patent No. 3,879,306 which discloses N-(hydroxy-

N’ alkyl) alkenyl-succinamic acids or succinimides; U.S.

Patent No. 3,932,290 which discloses reaction products of

‘di-(lower alkyl) phosphites and epoxides; and U.S. Patent

- No. 4,028,258 which discloses the alkylene oxide adduct of

Phosphosulfurized N-(hydroxyalkyl) alkenyl succinimides.

The disclosures of the above references are herein

incorporated by reference. The most preferred friction

modifiers are glycerol mono and dioleates, and succinate

esters, or metal salts thereof, of hydrocarbyl substituted

succinic acids or anhydrides and thiobis alkanols such as
described in U.S. Patent No. 4,344,853.



The vi nyI pyrrolidones are preferred and are exenplified by N-vinyl

pyfrrol i done N- (1- et hyl vi nyl) pyrrolidone, N-vinyl-5-nmethyl pyrrolidone,
N-vinyl -3, 3-dinethyl pyrrolidone, N-vinyl-5-ethyl pyrrol i done, etc.

Di hydr ocar byl dithi ophosphate netal saltggare frequently used as anti-wear
agents and al so provide antioxidant activity. The zinc salts are nost
comonly used in | ubPost | pgiat depar_santsoflmértdthbo températltrg @2 to

2 o poCRIERURNE R PO 3§ N1y CBAANRe byt IR0 I,

They may be prepared in accor ce W ues b rst formng a
di t hi ophospﬁ@rplt,eml!tsus‘%MI Yeﬁ} riReMMon oTYm:P%\l c@lfoltlmsa pidgdidivigs h

[err] and t hadcheWidei1tly Gt inikd N hpepheshperatdry Elulatbiyt 3 dnd no

COI’TpOUI’]d M xt ur,es of al ¢ohadl s my e used i ncl g m xt,ures o r| mary

and secondafyl BidhAxe s€eomfarg Q’ehérla’FY}ﬁ'ﬁF‘al% B i Kd 0 ¥pr Oqggtate
anti - wear pb&pﬁ&ymei's WlpUlf hywtmrcrygla\ﬂe&g amwa&dﬁalpwml] eneqbi | i Ity
properties xtures_of the two.are u ner a

basic or neutral zin& SM%‘%}DU‘?%‘?% g’%&%‘&%dt %’S; én-£75g§°8§??8§s,°ry
hydroxi des &he @olysilesanectypsi, gererasiyicapeoywdd. andopedydiziethyl
additives f%g B%Hey contain an excess of zinc due to use.of an excess of

the basic zinc conpound in the neutralization reaction. The zinc
di hydrocarbyl dithi oP¥SPhéfes ebbraplublicccompainds niafieh A% sust

sol ubl e sal igndbididks ﬂioﬁﬁiEW:LnQ‘%tn%&%rpfc :his:@hﬁsameme &!z&‘aéﬁ%ﬁﬁiy
be represented by the fgl | ow formul a: err re| R angIl rr?
sredtes

same or di f Pt afy PBLEPHYR %’é?sp&}

2 To 12 carlamionic surfactants such as salts of alkyl sulfonic ac:.ds.
Such anti-rust co‘m-pouhds 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 sfabilizing groups such as ether linkages.
Nonionic anti-rust agents containing ether linkages can be
made by alkoxylating organic substrates containing active
hydrogens with an excess of the lower alkylene oxides (such
as ethylene and propylene oxides) until the desired number
of alkoxy groups have been placed in the molecule.

The preferred rust inhibitors are polyoxyalkylene
~ polyols and derivatives thereof. This class of materials
are commercially available from various sources: Pluronic
Polyols from Wyandotte Chemicals Corporation; Polyglycol
112-2, a liguid triol derived from ethyllene oxide and
propylene oxide available from Dow Chemical Co.; and
Tergitol, dodecylphenyl or monophenyl polyethylene glycol
ethers, and Ucon, polyalkylene glycols and derivatives,
both available from Union Carbide Corp. These are but a few
- of the commercial products suitable as rust inhibitors in
the improved composition of the present invention.



at ons and +including radicals such as alkyl, alkenyl, aryl, aralkyl, alkaryl
and*cycloaliphatic radicals. Particularly preferred as R and R groups are

al kyl groups:of 2 to 8 carbon atons. Thus, the radicals may, for exanple,
be efhyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, anyl, n-hexyl,

I - hexyl, n-octyl, decyl, dodecyl, octadedp + 2-ethyl hexyl, phenyl,

but yl phenyl, cycl ohexyl, nethylcycl opentyl, - propenyl, butenyl etc. I n
order to. obtain oil I3vl agdittion t ke tthel elsofpelir g8y athes qgters R

and R in feyaido XX IdddaifeldNd '%M?h_@!ﬁ& po1dois | WA Palidifs
about 5 or greater. _The antioxi dants usefu nthis mvengion I ncl ude oi |
sol ubl e copﬁérbeﬁ&}rﬁjs?°1dﬁ1ea58pp%1sﬂays‘5i5tﬁpéﬁded ARAS haggfuls iy
sui tabl e oi lprepabifgCapeseC @RS dive Olllawdl¢iblaz b, Mesdied e Cagi|Nd
is oil soluble under norgal l%l‘ind gg gondltlg swg'_%ﬁ% QL# r.additive
package. ThEYESHHEE cB3FpBund ya% In 9% 2 %?% ghp Fge?oﬁﬂccﬂﬂ}c
copper nay beidst whemeimoftheheatkpbeordialkenydar gyouphicontarins up to

di t hi o- phos er, be substituted for zinc in the
conpounds a%g’%ﬁlgétﬁag{nt? S:eascrl beaa a%o’ve al t hough one nol e of cuprous or

cupric oxide may be Thet&referrsd ®olYVels a¥ef PRIePared dmhobdinsk c

acid, respegjdiMphérs. A THRA! | ¥ehydrdky-substd tute@ PesmpPBiUnas Fedesh
t he copper salt” of, a synthetic or natural c¢arboxylic .acid. Exanpl es
i ncl ude [er r(WheFeid (1" 28 1y tRi §s &, Rs18; EhE (?e(ﬁlaad’(ﬂ tid, - or

unsat ur at ed poliytsydeich #kcolial £ plielshpchapghthobpxgkice ) adisdremotiedswith
PS¢ Sl SEE" o Al OBy SB R s T PR KR ©
properti es dherhereactedi witdomthyleneorxidecdo providef al hydraophylic
sol ubl e portion resulting in a molecule having both hydrophobic and
hydrophylic portions. The relative sizes of these portions
can be adjusted by regulating the ratio of reactants, time
of reaction, etc., as is obvious to those skilled in the
art. Thus it is within the skill of the art to prepare
polyols whose molecules are characterized by hydrophobic
and hydrophylic moieties which are present in a ratio
rendering rust inhibitors suitable for use in any lubricant
composition regardless of differences in the base oils and
the presence of other additives. _

If more oil-solubility is needed in a given
lubricating composition, the hydrophobic portion can be
increased and/or the hydrophylic portion decreased. If
greater oil-in-water emulsion bfeaking ability is required,
the hydrophylic and/or hydrophobic portions can be adjusted
to accomplish this. )

Compounds illustrative of R-(OH)n include alkylene
polyols such as the alkylene glycols, alkylene triols,
alkylené tetrols, etc., such as ethylene glycol, propylene
glycol, glycerol, pentaéerythritol, sorbitol, mannitol, and
the like. Aromatic hydroxy compounds such as alkylated
mono- and polyhydric phenols and naphthols can also be
used, e.g., heptylphenol, dodecylphenol, etc.
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copper dithigcarbamates of the general fornula [err] where nis 1 or 2
ant R and R are the sane or different hydrocarbyl radicals containing from
1 to 18 and preferably 2 to 12 carbon atons and including radicals such as
al kyl, al kenyl, aryl, aral kyl, alkaryl and cycloaliphatic radicals.

Particularly preferred as R and R group8lare al kyl groups of 2 to 8 carbon

oo . U1 T0beRl M ity £ R PELSHY sn B e R

decyl doded;isploseddényu 82 Pakenltex 31, 09882V ﬁnﬂuﬂyﬁﬁneﬁw cycI ohexyl ,

met h Ic cl opentyl e I n
sol u%l I |>lt Yy, IOt heyt ot a ’P?& ;%1 g'c%mawél).iﬂs%lea(r}?%h + dotte
general | y bEhemiRalk -grB&f’@rr theopprpes B bpmm Néﬂ-&t eand ;@her

acetyl a[cetoaeltneﬁ}a&y poiydis :Jtaede Ezslefaloafmﬁ usfévi eamaéd dceh@gmés: are
copper [err err alts a c aeids or an ri

The salts t Eﬁs‘g? L bﬁ‘ﬁ?ﬁ CSEHEGE} &p Lié' ﬂay

by reacti ngf(:a')maay of the rraterl al s di scussed above in the Ashl ess

Di spersant sects0 h I e r xylic acid (or

anhydri de) groiuig &C{-l‘g@:%% ) q}:"ga \)ﬁ%\&hﬁgﬂgg ﬁpﬁgdg‘g&%ui table acid (or
anhydri de) reactive netal coﬁﬂgunds I ncl ude those such as cupric or cuprous

hydr oxi des, wﬁék@g_i ,@éﬁt aaﬁa pogg%e?m sal%ﬁs fhahasi CseRPthat

car bonat e. es of this invention are Cu

salts of poM%oEﬂFgmﬁFﬂs&’m rﬁE%H’n?dr‘FE@R’ﬁéF@ n&mem rabeutqlof a&o
- PI BSA), abdu€u £0% t byOfweidjitl SebUithiey | tSLET ﬂb@.e&ﬁﬂ.dr wd Bfiet abley tHdhe

serected mepal 210! O%SS h¥verhge’ wal 681 d OWlighed or [8hth oI PSoP" Hery
from about 1000 to about 5000. These products are prepared
by first condensing propylene oxide with propylene glycol
to produce the hydrophobic base

HO(-?H—CHsz)y-H (XXV)
CHj
This condensation product is then treated with ethylene
oxide to add hydrophylic portions to both ends.of the
molecule. For best results, the ethylene oxide units
should comprise from about 10 to about 40% by weight of the
molecule. Those products wherein the molecular weight of
the polyol is from about 2500 to 4500 and the ethylene
" oxide units comprise from about 10% to about 15% by weight

of the molecule are particularly suitable. The polyols
having a molecular weight of about 4000 with about 10%
attributable to (CH,CH,0) units are particularly good.
Also useful are alkoxylated fatty amines, amides, alcohols
and the 1like, including such alkoxylated fatty acid
derivatives treated with Cg to C;¢ alkyl-substituted
phenols (such as the mono- and di-heptyl, octyl, nonyl,
decyl, undecyl, dodecyl and tridecyl phenols), as described
in U.s. Ppatent 3,849 501, which is also hereby incorporated
by reference in its entirety.



ar e "pol yal kenyl succinic acids in which the al kenyl group has a nol ecul ar
weirght greater than about 700. The al kenyl group desirably has a [err]

from about 900 to 1400, and up to 2500, with a Rn of about 950 bei ng nost
preferred. Especially preferred, of thqose |isted above in the section on
Di spersants, is polyisobutylene succini®¢ acid (PlIBSA). Théese materials

TRy desi rably oo o FRLER] LEuboBLislne SUEN Gir 2 (HVEHEL ol Imagnh1iEg! o
in the presence of a water soludtion (or slurry)y of the netal beafing
material . CoR@RIMPHRST (akdipivee sucheas [tiage previIALY degcribed,
Tenper at ur egn@f dtfiéd mether IdorftLiitid ' AaNid498E9t efort t efBMPIR, NCERSSEr Y,
. dependi ng UW' sal.t produced, é]ﬁ?{ to allow the reaction to remain at a
t enper at ur %&aﬁpw]a‘? SH Wt ended period of tine, e.g., |onger
than 5 hours, or decriyposlubaniottiiveg saidmposidctan. dfie thepgsresent
ant i oxi dant . -P| B - , Xt ) M

general ly e%‘p .%rﬁgabf‘%% aggﬁﬁ%‘%ﬁ?%% 8%@8?‘20*%8‘8 %%%Eg&%m%#%o%fo? he
metal, in tinhibikorsubr iTynricailsbnpucht icomponndsc opper the: i tixiadiazoleed
i n this i NN BN fadd1CEBRBALNENG Erinf 5T RRCI8Y CcabbbAWaAAREEN £RELLNS
and therefore 'do not add substantially to the cost_of the prodyct. The

resul ts obtI8TRLIYeS | 8Rde RILYIRKS cFheKSRLs h RELEANERG cBaferiadsc\AB S| v
used anti oxtMéentderiWiathives eygens| 3¢ sthiadli aPoleghesuchncest tHidHes.

[0, the ey geSoNed ! iF SOPRELERBRUNCY £ 15| nbocl Mkt
st ances, To0PVe082y sespeicdalay prefierredr eisbthenarbmpmund he,Soppks
cOTpound | 54 6ceabs cAtb) oF, 428 ehBadilbbi 8" domdic ARy aTAT16HHR as
. Amoco 150. Other similar materials also suitable are
described in U.S. Patents 3,821,236; 3,904,537; 4,097,387;
4,107,059; 4,136,043; 4,188,299; and 4,193,882,

Other suitable additives are the thio and polythio
sulphenamides of thiadiazoles such as those described in
-U.K. Patent Specification 1,560,830. When these compounds
are included in the lubricating composition, we prefer that
they be present in an amount from 0.01 to 10, preferably
0.1 to 5.0 weight percent based on the weight of the
composition.

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

inhibitor. This approach is well known and need not be

further elaborated herein.

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



can be utiilized to replace part or all of the need for supplenentary
antyiroxi dants. Thus, for particularly severe conditions it nmay be desirable
to include a supplenentary, conventional antioxidant. However, the
anounts of supplenmentary antioxidant required are snmall, far less than the
anount required in the absence of the comzer conpound. Wiile any effective
anount of the copper antioxidant can be incorporated into the lubricating
oil conposition, it is contenplated tit.sUITeffective aouts. be

sufficient to %}%ﬂ&qﬁ%ﬁglube oil ¢ o with an a f the
copper anti gXidant, oI apout 5 t%preferabl%w, still
nore pref er dBSFORIHY MORLLE8X] nost pref@ably 20 to 130 (®QR=120 to 120))

part per m Ijdt@rgdntagided copper basegy gydze weight of the dbgdcating oil
conposi tion. O .coursr%éi tlﬂgﬂgref erred amount may depend anpbngst ot her
factors on (9RFRRRAGN IR asest 08¢ 94t ating oil. Cor¥st on

i nhi bitors, catistatdonvImsikbitior corrosio@ge8 s, reduce the ghegg adati on of
the netal |i gy tacted by the |ypricating oil conpositiaq

[Ilustrati vgno et(ﬁdrarq{(gé;i on inhibitors a el %ﬁosphosul furized 'H’y' car bons and

t he product Pous Raigt PBepressandn of . Mosptosul - furized JoakScarbon with

an al kal i ne agasillPrdiRiidlg %gﬁ:ﬁ)r hydr qXigtR-cPragf erably in thgpresence of
f "an al kyl phenol thioester, and also preterably in

an al kyl at ed Ig:rr}..enol" or o
the presenc®Bf-MaadoAIENES de. Phospfof@¥#-iSed hydrocar bl -%r e

prepared by mdtiiol) Modifiiledd € hydrogardaan . 3uch as a terpepg-s heavy
petr.ol eum fractio 42 C2 to C6 ol efin _polyner such as paql yi sobutyl ene,
Wi from5 W%%%P%cent of aaﬁ}laﬂ%’e of phosphor Ba¥ace /2 to 15

hours, at a tenperature-in the range of [err] to [err] Neutralization of
U'S. PPatent No. 1. op3i¥f’ EEhAR" AR BivEel CFES SARLOFREN eRbertgYope "
desirable, although not necessary, to prepare additive
concentrates comprising concentrated solutions or disper-
sions of the novel dispersants of this invention (in
concentrate amounts hereinabove described), together with
one or more of said other additives (said concentrate when
constituting an additive mixture being referred to herein
as an additive-package) whereby several additives can be
added simultaneously to the base o0il to form the
lubricating o0il composition. Dissolution of the additive’
concentrate into the lubricating oil may be facilitated by
solvents and by mixing accompanied with mild heating, but
this is not essential. The concentrate or additive-package
will typically be formulated to contain the additives in
proper amounts to provide the desired concentration in the
final formulation when the aaditive-package is combined
with a predetermined amount of base lubricant. Thus, the

dispersants of the present invention can be added to small
amounts of base o0il or other compatible solvents along with
other desirable additives to form additive-packages
containing active ingredients in collective amounts of
typically from about 2.5 to about 90%, and preferably from
about 15 to about 75%, and most preferably from about 25 to



mneral oils t.o deteriorate in service which deterioration - 78 - can be
eviddencéd by the products of oxidation such as sludge and varnish-1like
deposits on the netal surfaces and by viscosity grow h. Such oxi dati on
inhibitors include alkaline earth netal salts of al kyl phenol thioesters
having preferably C5 to Cl12 al kyl side ~c¥faimns, cal cium nonyl phenol sul fide,

bari um t - oghybaheng g éu:%d%’eg%y'mawﬁ%@e 1fiepKen! BRAARgL egi ne

phosphosul furized or  su rize rocarbons, etc. Friction lers serve
to inpart tERORAWGHEINS Wikh &he;mﬁwa:mde%th%@q dPassrokhiing oil

conposi tions such asnaéltfﬂﬁawfb&ammtasn@n ﬁéyléﬁppw@prx-.??raﬁ?/&aweepl es
of suitable fricti %ngdlflers a,refoundln ent 3,933,659 which

di scl oses H tYtacitd Vst the 2dditivespackage 'F%&telht Rﬁ remaigider; heip
descri bes mzlsé)ctﬁrmun conpl exes of polyiso- butenyl succinic anhydride- am no

al kanols; U S. Pate 105 71\/\/;1 h di c'I | roI esters. o

di nmeri zed fatty aci géﬁ'o %é fa?%ﬁ I § I ,§E§§\%rﬁ gﬁy@ sés%zﬁsﬁ%%%
phosphoni ¢ @uikessh| othetwise Panéiacatled) 3ares asedidr act ive otrgredienton
products of g, f)hgsgﬁwﬁééﬁt""‘ f ! Sg@ﬂﬁ & Sand J6¢ £ m’i?c’ﬂ? thed, §§@af05

whi ch di scl oses ar boxy- aI | ene hydrocar yf suc S-car boxy-
al kyl ene hyRiaht hpE ANE| ﬂ tivernagkags; xQF cformeiationywhich pgilht

No. 3, 87%@%%!%%@'1&5@%%%%1@% akkydach| ¥aayti¢eC plumri ghaci ds
or succini mdg CR{gtPa JF\)IO 3 9f2 90 whi ch di scl oses reaction
products of %I’rﬁﬁ' %ﬁ'i]g Wt g epoxides; and U.S. Patent No.
4,028, 258 whi ch di scThiss 1hvea1t<§(bana¢bk1d¢>eadctuc:ttlrér p morjEwstbddr i ked

NThydr oxyaldyd delkepy! cAU° Ty DSy gl 8! SHESSIA' al1e ALE are

ref erences ‘are
parts by weight, unless otherwise noted and which include

preferred embodiments of the invention. In the Examples,
SA:PIB and SA:EP-polymer ratios are based upon the total
PIB and EP-polymer, respectively, charged to the reactor as
starting material, i.e., both the PIB and EP-polymer which
‘reacts and the PIB and EP-polymer which remains unreacted.
In the Examples, wt.% ethylene in the polymers was
determined by FTIR (ASTM Method D3900). In the Examples,
the "reference 0il" was as defined above for Formula IV.



I ncorporated by reference. The nost preferred friction nodifiers are
glycerof morfo and di ol eates, and succinate esters, or netal salts thereof,
of hydrocarbyl substituted succinic acids or anhydrides and thiobis

al kanol s such as described in U S. Patent No. 4, 344, 853. - 79 - Pour
poi nt depressants | ower the tenperatueasat which the lubricating oil wll
fl ow or can be poured Such depressants are wel | known Typ| cal of those
addi tives : P dene ‘

are [err] di aI kylfumagatf V.‘L glelac%t E Qéx;rgrsreggﬁ/ ”r]rg ?Eﬁﬁavénd
wax napht hal ene.. Foam control can ov an antl

pol ysi | oxaneERgidears) §qqm50|wl%dap&%’?reﬂﬁﬂ‘e§l |£9€an§eme?—gaﬁuge
oi | -sol ubl e genR¥bs withul aassépEtnmi %betorfornstylri&uqavqrﬁjé&tr&ﬂpbfse
noni oni ¢ surfagt such, as | yoxyal kyl ene. p ol.s _gnd esters thereof,
and ani oni ¢ §ﬁﬁ?i¥?§nt ?rsducﬂlgg & §p8¥yaﬁ<"y PB%FFbﬁac hpgeny  ffiquid
anti-rust coppopyllene;e ambvethylienan waes nadedby.tsmh\/ént these Nnpallymeri-
Noni ont ¢, SUEBEBRLS. | MRClactisilids Wl UE S £0FLEHETEhA" Khen

conposi tions ention usua err sur properties to
a nunber of vaakpurged iwely gnbnpgrs'um'moqgmeatl LARAGes. mneonresctor

anti-rust acgales A 86 oiSeE birkages B mde byoalbokyli

or ganl Cc substrates containi ng .act ive rogen an excess of the OV\BI’

al kyl ene oxi ae&u(ciaeh ofs %W%mqﬁ o‘memeﬁtaés)ﬂm With 389 c&y
nunber of al Mxydﬂéﬁum&elaawomeeme)l aeecb psige umiaCUthrElgenpr ef gigadd

S B! YR &b B0 AT Erls" & o dbrated” ©
Pl uroni c burette at 25°C. The reactor contents were stirrred and
heated to 115°C at which point the reactor pressure was 375
psig. 1.00 cc of a toluene solution of bis(n-butylcyclo-
penfadienyl) zirconium dichloride (1.00 mg) was injected
and ethylene at a preséure of 405 psig was immediately
supplied. Ethylene was fed' on pressure demand in order to
keep the system pressure at 405 ps_ig; The rate of ethylene
flow was recorded 'continuously during the course of the
polymerization. The reaction was continued for 15 mninutes
after which the reaction was stopped by rapidly depres-
suring and cooling the reactor to 25°C. The polymer
product was collected and the toluene solvent was
o evaporated in an air stream. The polymer weight was
determined to be 103.1 gms, and the polymer was analyzed
by size-exclusion chromatography and found to contain 68
wt¥ ethylene and to have a number average molecular weight
of 1100, a weight average molecular weight of 5400 and a
polydispersity of 4.9. The polymer product was found to

contain 2.5 wppm Zr and 1.75 wppm Cl.

EXAMPIE 2 - Preparation of Ethylene-Propvlene Copolymer.

The polymerization was performed as in Example 1
except that the reactor temperature was maintained at 100°C
and 1.00 mg of dimethylsilyldicyclopentadienyl zirconium



Pol on s firom Wandotte Chem cal s Corporation; Polyglycol 112-2, a liquid
t ri-ol derl ved from et hyl ene oxi de and propyl ene oxi de avail abl e from Dow
Chem cal” Co.; and Tergitol, dodecyl phenyl or nonophenyl polyethyl ene
glycol ethers, and Ucon, poI yal kyl ene glggals and derivatives, both

avai labl e from Uni on Carbl de Corp. These are but a few of the commerci al

~ products Sudtla@heo&sirdlét wrm-,bl tyedndke braoecafsqr §Qm39.5ﬁ Eiwaad e
present invention, n addjtion.to ?llldﬁ% é E se, the esters
t her eof obt%%ﬁé&W#%EYFHQW%}?BY@w ‘Ehr98 aFBLRYRAL  aci &B€ar e
al so sui tabgeactoﬁppiaswg?ulwas; xﬁﬁlzﬁtﬁ)ﬁdimﬂdt aﬁsesest;ﬁfg P aiyégnl;atpd
stearic aci succinic_acid, a - Or en stitute cginic

aci ds wher e?ﬁh¥#%nﬁl EVPPf&P’-m E@?ﬁ/l Yb%i)ﬁpogo?f{h OQPf)l)&)erab%ﬁ %@gn?ygﬁr bon
atons. The pnéf ethed gmlymér aras pmminedblmkcpntgmr sthe &hkhyleae

hydr o sub d Ng t | e
rgm dﬁg o1l‘J ?iéirlr%ﬁ%? in :lﬁh r| c cg (()\iheélﬁ%n h%z‘iéhtaﬁ ﬁ% et c. ?vb%ab'&
reacted wi t#\°b¢6\3§@§n&’eé§¥l§e ofo lfi?r% R W%I%%‘Dﬁob?ﬁr%i% emoleppiapa¥eightt hen
reacted wi tafehbsbeaeado diqrdl%ﬁ@z@it@e or hy & ophphé Cp@l)ﬁléﬁ Tﬁi'eaubtl _ Rasi N a
nmol ecul e ha |n both h ﬁhgblc and h droghi ECQBO”I e relative

gdl

sizes of th g‘é AoFPi 6R e°aUP8§t§ PRgClhe ratio of

react ant s, tine of reactlon etc., as S ObVIOUS tothose skilled in the

art. Thus i ] OE}S {ﬁ gse

nol ecul es af whi ch

%g/ present in a rat Ther @mmmzamton nﬂaS| mrsfo;metdabas fior Epcample ay
f

| cant CQQEEE gagrtrelﬁ?édi-ééét% tehperabars was! fitafiASCimid Sadndolke

presence of

and 270 cc of liquid propylene was charged. The reactor
pressure was maintained by a regulated ethylene supply.
The yield of the copolymer was 16.3 gms and the polymer was
determined to contain the ethylene content indicated in
Table I and to have a number average molecular weight of
1750, a weight average molecular weight of 4960 and
polydispersity of 2.8. The polymer product was found to
contain 16 wppm Zr and 10 wppm Cl.

XAMPLE 4 - Preparation o t ene-Pro ene Copolymer.
The polymerization was performed as in Example 3
-/ except that the reactor temperature was maintained at 80°C.
The reactor pressure was maintained at 365 psig by a
regulated ethylene supply for 1 hour. The ‘yield of the
copolymer was 234 gms and the polymer was determined to
have a number average molecular weight of 2710, a weight
average molecular weight of 7980 and polydispersity of
2.9. The polymer product was found to contain the ethylene
content indicated in Table I and to t_:ontain 1.0 wppm Zr and
‘0.7 wppm Cl.



If nore gil-splubility is needed in a given Iubricating conposition, the
hydr ophobi c ‘portion can be increased and/or the hydrophylic portion
decreased I[f greater oil-in-water emul sion breaking ability is required,
t he "hydr ophyl i ¢ and/ or hydr ophobi c portlénps can be adjusted to acconpli sh
this. Conpounds illustrative of R (OH)n ncl ude al kyI ene poI yol s such as

t he al kyl eretaNBIE 2 R

et hyl ene gl ycol, I ene cero taer thrl toI or bi.t

cthyl ene ol yeol, POl og ghret Tk S, pRERREEN. e L Sh! SRARLE 3o
and pol yhycbxa:neptlehhat 270 nephoffollsiqed dbsbehe-liswds ehprgdipipspeadol ,
dodecyl phe , C. - s er I | f S e,
cotors O shs SHel PToRY el L, M5 pRRELED Bresiind) uih® nliiedtndd Cat

pol yol s avat§abpeigr b Wm]taet@eﬁtme@ SWpBLY - t h&hea ®kigddrof the
Pol yol s antegidBrmer "ivha" 1P 0! gmatr ﬁnaarttﬁé:%é‘:[*ﬁei:“e%ss Yt miihdd/Sto

I nhi bitors. THese Pl uronic Polyols correspopd %he formula; Jerr]

(XXI'V) CH3 Wake & MYBRer AYerage MoleQRiax ¥eidhtrot n8F0. 3 ¥aighht the
[err] groupsvepagei smiéem&ouwei@%ﬁ OoZb027160% Mg WRilgidi spleridicyt Obel

I I i ght t f I
bei ng-f rom Sobut 1080 Hed mea EEaint s of bBa B, SohE e, s fbpm o c;
condensi ng qnd)p'yllar@mm@e- Wi t h propyl ene glycol to produce the hydrophob| c
base [err] gplpreddgDsg! LoBrREAFAt: onS cIﬂ“%ﬁif&I&-%%ﬁﬂéﬁ@%&ﬁSlymer

Substituted Succinic Anhydride (EPSA)

In a series of runs, the selected moles of the EP

—/
copolymers prepared as above and pulverized maleic
anhydride are charged under dry N, at atmospheric
pressure to a 100 ml. pressure reactor equipped with a
stirrer and a thermocouple and heated by means of an
electric heating mantle. No added solvent or diluent for
the reactants is employed. Rather the reaction is
conducted in the melt. In each run, the reaction mixture
is heated to 70°C and the reactor is gently purged with dry.
N, by bubbling through the liquid reaction mass for 15
minutes. The purging is then ceased and the reactor
temperature is raised to 220°C and kept at that temperature

\—’ under autogenous pressure for 4 hours while stirring. The
liquid reaction mixture is then cooled to about 60°C, and
transferred to a glass beaker. Dry gaseous nitrogen' is
passed through the liquid to strip off unreacted maleic
anhydride at about 140°C until no trace of maleic anhydride
is detected with 1IR. The liquid product containing the
EPSA and unreacted EP is analyzed for succinic anhydride by
the following titration technique: a 2 g. sample of the
polymer is dissolved in a solvent comprising 80 ml of THF,
6 ml of pyridine and 0.3 ml of water and titrated with a
methanol solution of tetrabutyl ammonium hydroxide using
thymel blue to a color end point. The acidity is



oxi de to«add Jhydrophylic portions to both ends of the nolecule. For best
results,” the et hyl ene oxide units should conprise fromabout 10 to about
40% by wei ght of the nolecul e. Those products wherein the nol ecul ar

wei ght of the polyol is from about 250Q § §> 4500 and the ethyl ene oxide
units conprise fromabout 10%to about 15% by wei ght of the nolecule are

particul arl gasghlakea. froiha:uéolwﬂlslrmm &f NPa£€ Usalubebinisell.abaie
4000 with aboué 1%%.attr but agl e tod[ %ﬂr its.are, particul ar I%/ ggod. Al so
® k

useful are BFRBRGFart&d 3 sf‘f’y FPHESS sterping  the, RFesRNg any

i ncl udi ng ssef@imkekbxyl ated fatty acid deri vat| ves treated with [er’r] to Cl16
al kyl - substituted phegol as.th n -heptyl o]
decyl, undecyl, dodegﬁ éaﬁéﬁ#(rilgde?&l’ e%lg%o% @@Qdﬂ sc‘?‘l%beE éﬁr&%gs é]ng%gent
3,849, 501, WAPeAted eﬁmﬁmér that| rﬁitﬁpppAmrbwasaf chamgedi rcomprisedr ety .

- 82 - Thesgo¢@mOogth W NSmPktA¥e | BYCEREN dBHy FARE-I1 8PV dnét %gnoﬁ el Ves
such as those €Erew ously describhed, and ot her ‘netal cont al ning addi fi ves,

for exanpl eP GHBEF E6ht &ithi At b XARBAL sl MnTHR 12HEPJat i mnd the
conposi ti Onpaﬁ.ytlhﬁbmiﬁﬂzéhel rpcﬂynl & ﬁmicnl Sis i Eﬁb!é?eﬂop.’?ﬁr doe@éd raedvieng
corrosion | ors plca ch c ou a i.adi azo

pol ysul phi d g‘@ S A3 ng nom 5%8880 ca&gg é;?q'o%srtﬁf V fhrine e?rz?nd
pol ynmer s t htheofmoler gfadrice b frpaiymes and makeiler anhydrideotharged, and
1, 3, 4-t hi adikggo S t C e Pat.e 19, 125;

2 710,126, he §§8§7EB§§QEXSBQ§|55HF§ %?gf g}ﬂ}“@ 1§e9h§;‘cg§%§n 25 bis
(t-octadithio)-1, 3, 4-thiadi azole commercially avail able as Anbco 150.

O her simlar materials al so suitable are described in U S. Patents
3,821, 236; 3,904, 537; 4,097, 387;



4,107, 059; 4, 136,043; 4,188,299; and 4, 193,882. Other suitable additives
are* the *thio and pol ythi o sul phenani des of thiadiazol es such as those
described in U K Patent Specification 1,560,830. Wen these conpounds are
included in the lubricating conposition, we prefer that they be present in
an amount fromO0.01 to 10, preferably, O to 5.0 weight percent based on
the wei ght of the c@mposition. Sone of"t% sSe nunerous additives can provide
a multiplicity of. S €@ a di spersant-oxidation inhibitor. This
approach is well keioy ne not be furthew el aborated herein.

a
tai :Ejng tdnese gonvegt i or‘%l adglitivessare typically

“Conposi tions when =
bl ended i nto the2ogks oi lLgin agount§ ef f§ctivg to Hrovi d their normal
attendant functi ®n® 9 ReReser@ati v ef fRcti V@ ano@nts ofd such additives

. i, . . . . .
(as the respectiwe jactive ingredients) in the fully form:ﬁated oil are

illustrated as fo!lows: - 83 - W.%AI. W. BA . Conposi tions
(Preferred) B 82 (Broad) Viscosity Mdifier S01-4

0.01-12 Detergen 0.01-3 - 0.01-20 Corr osi on

I nhi bitor -1. « + .04-5 %<_i datson | nl:glbi tor

0.01-1.5 .05 Digsperaant m 0 0 0~-8

.1-20 Pour Poi nt.Sgheessdht 0.f01-1.% - © .@®-5 Anti-Foaning
Agent s 0. - 0. 15 .001-3 Anti-Wear Agents

0.001-1:5 - .00ml-5 If‘gictiogn I\/brgifieés ' 0.01-1.5

.01-5 Mneral Ol @ade =~ v Barancen 0 v Bal ®&hce \Wen ot her

id mysbe o o
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desrrable al.t hough not necessary, to prepare additive concentrates :
conpri sing concentrated solutions or disper- sions of the novel dispersants
~of this invention (in concentrate anounts herei nabove descri bed), together
with one or nore of said other additivego(said concentrate when -
constituting an addltlve n1xture being referred to herein as an

addi t i ve- p QOMPARA TV - dddi ti ves can be added simul taneously to

the base oil to for g hﬁelﬂéﬁﬁd I%glé)l ke i&t;l gg aC| ?13.] u&bgﬂggf _{rpe

addi tive concentrate Into t ricating’oi tate
sol vents amR Bye #ici l@ﬁdb@tﬁ)hﬂl%d%@l?%l@ﬁeavmﬁh e nyventd Chmal

essential . plda $ANEY Bt § Ple AYi g Y- PACKIVE Walrd gt y@bq@krlé/nftelboﬁ gul ated
to contain dﬂ‘ i\‘ddl t_|ves |[i gilrerorﬂer a unts to rowgte:]the desir
concent r at €Y h e RTARY - PREWF PR &d8PavR- BX u?% is
conbi ned wirepeatededat ea nsacdesrrmﬁwtrmis basmbubbilg&sbbuﬂyllanet polymer

di t d

o TP ot enbly PLRS Wl bR Ve’ A PE 330 om0, | pRTRHBYS Bodaoc
form addi t ppdypmkannCheninglammqaajr,eth theen podiytisobuky eneint s
of typi cal &% dﬁﬂ@zabe&h fogg Ho%oxﬁﬂa@:a%&¢é)rﬁ§:§h§ﬂé’ iﬁo%aﬂg 1s]e'55t0

about 75% nost fer rom a bout
wei ght addl’-’ﬁ%E ivie ¢ R@lé’drﬁ%'t‘ﬁiignﬁr ofpBRETENsVHEBR it nBPy é?h?ﬁdﬁlaltfél ng

base oil. ﬁngwabdlm rwleslﬁasenar tephdialy@ooblley bohae! pkt wWoldoef the
addl;é'mvi CRRRoRel e Retarnlass dbr i e agmafecilel, Wt ve
gr edi ent disit ¥ idomtdmdnofofheabddit i \Be, 0 apbdasmedponnt EPCIt al V\E'ﬂght of
any addi t1 WA RIS r Py I eHdUEGho PPndP! 6% Udnparative Example 14 (42
wt % ethylene, 58 wt % propylene; M, = 1060; M, = 1903)
is prepared by conventional Ziegler Natta catalysis of
ethylene and propylene using a catalyst system comprising
VOCl, and aluminum sesquichloride, with H, as molecular
weight control. The data thereby obtained are summarized
in Table II. '




be the sumof the A l. weight of each additive plus the weight of total oil

or “di luent. This invention will be furt Qeg understood by reference to the
foll gwi ng exanpl es, wherein all parts are Jpa'rts by wei ght, unl ess ot herw se
noted and which include preferred enbodi ments of the ignvention. In the

Exanpl es, SA:PIB and SA: EP-pol yner ratios are based ySon the total PIB and
EP- pol yner, respectiyely, charged to the re@ctor asesdarting material,

i.e., both the PIB a§jd EP-pol ymer which reasts and tuhﬁ Pl B and EP- pol yner
whi ch remai ns unreadgied. I n the Exanpl es, V\G.%et hyI&g,e in the polymers was
determ ned by FTI _TM Met hod D3900). In Ehe Exami:@s, the "reference
oil" was as defin bpve For FeNﬂmIaIV. £ - 85 - MPLE 1 - Preparation
of Et hyl ene-Propyl poﬁymar.vA 1 liter 2 pper cl é/g react or (Autoclave
Engi neers) equi pp"édn th &‘wat@‘ j agket faB tenperg yre control, with a
septuminlet for sfrihmhe i § ectifpn off catal $st, and"ngt h a supply of
purified nitrogen,®| id gtopykene, faand et @yl ene pused used in these
pol ymeri- zations.g¥e reactor was cleaned With hot ﬁl uene and t hen was
purged well with d?‘fuitrogen at [err] Thelreactor s cooled to [err] and
10.0 cc of a 4.0 VBl uene sol ution of rreghyl al unpxane was injected al ong
with 100 cc of di sﬁi d toluene at 0 psig under nitgégen. Liquid

propyl ene nmononer cc) was added from agcal i bratwg burette at [err]
The reactor- conten re Sirrfed afd heatf§d to 11%5oat which point the
reactor pressure VBA3y5 pP 0. § 1.0§ cc ofga tol uedgdsol ution of
bigﬁ,n- butyl cycl o- 8 tadi enyl) zirconium dighl ori dea( 8 00.ng) was injected
and et hyl ene at a %r ssure of 405 psig was ,grmedi at ¥ suppl i ed. Et hyl ene
nd<i n opder P o ~al
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keep the: system pressure at 405 psig. The rate of ethylene flow was
recorded continuously during the course of the polynerization. The
reaction was continued for 15 mnutes after which the reaction was stopped
by rapidly depres- suring and cooling t Leactor to [err] The pol yner .
product was collected and the toluene solvent was evaporated in an air
stream The pol ymnwiﬁbvw&ﬁﬁhtm ni?]iltlstltatHBthegnSurp&d.di’mgly

I f t
B8 o6 et nyT e Featneht “T8kBREIPR B S A e 4 0a8 00T
we: ght averths rhi‘la'mnrahr “eneght r;ﬁatﬂzlbonarmf ampdieidi samhydridef amd).theTEE
ol ymer prqgug ryggg | m BHAVP
I12) -yPrepgr atrox of %t %95%8% l@oﬁa@(%m&’f?ﬂ £ %&ééﬂewrefnz%tron was
per for med RFIILEKAP| h}se%d\é’]ﬁm%ir% Je'heE?‘éEE%BF tséﬂﬂﬁer @tﬁjr@%red to
mai nt ai ned ddnv&ritiomdm éewlaebﬁt;yﬁeﬁet Pl ymeysdi @suipazert ﬁﬁa eB¥amples

zi rconi um t al i ns

bi s(n- butyIJc%/cI"l§3enFé’cﬂce e’\é\??'el?ﬁr(iun?gpg Cgropy%;ﬁé:er eﬁ??&lm%gi’ure
was mnai nt ai (rm:dnparaﬂﬂﬁv@sm:mﬂsyla X4&pul ated et hyI ene supply. The yield of

t he copolyner was 111.2 gns and the polymer was determ ned to contain the
et hyl ene content |nd| cat ed in TabI e I and to have a nunber average
nol ecul ar ' ; AMP .

pol ydi sper szé%iﬁige%glg%;m&lger pr oduct was found to cont ain 2.0 vvppm Zr
and 1.5 wppm reparati on of Ethyl ene:Propyl ene Copoly
The pol ynerization vhs S8ikes n@d adippeneant c MR tSL Ll St iAx¥et W?E%EFGr
t eTfper at ur cemSFoybndit €heceErsa [Productsl prepagedfl ds qmdmaﬁplben@ waad

charged. T " RRLO MG Stis/ #E8) SK' Braaled e el e! 99, °'dhd *Bfesa
product of Comparative Example 14, and various blends of
the above PIBSA and EPSA products.
The succinic acid anhydride substituted polymers
are dissolved in an equal amount by weight of a mineral
oil, S150N. To the polymer solution is added a misture of

polyethylene polyamines having the average composition
corresponding to tetraethylene pentamine and containing.
about 32.6 wt $ N (PAM) and the mixture is heated to 140°C
under nitrogen while stirring for about 2 to 4 hours. 1In
each run, the molar ratio of total polymer to polyamine in
" terms of succinic acid equivalents to PAM charged is 2 to
1.
Viscosities of the resulting dispersant solutions
are determined. Results of the viscometric studies are
summarized in Table III below.



The yiel d,of ihe copolynmer was 16.3 gns and the pol yner was determned to
contain ‘the ethylene content indicated in Table | and to have a nunber
average nol ecul ar wei ght of 1750, a weigly .average nol ecul ar wei ght of 4960
and pol ydi spersity of 2.8. The pol yner product was found to contain 16
wppm Zr pney10 wppm C . EXAMPLE 4 - Preparation of Ethylene-Propyl ene

Copol ynef . heqpogynerizauion was ﬁerfornedaas in Bxanple 3 except that the
reactor }eigerdtufe was nélntai nedtat [err}? The reaBtor prssure was

mai nt ai npd*at 365™si g by A regul aled et hyFene supgly for 91 hou?. The
yi el d of|the copolymer was 234 gns and the pol yner was determ ned to have a
nunber ayerggge nol ecul ar wei ght of 2710, a wei ght average nol ecul ar wei ght
of 7980.9hnd pol ydi spersity of 2.9. The pol yner product was found to contain
the ethigl e§® cHnt@t indi Gted in able | d to cqPtain B0 wdm zr and
0.7 wpp v - Q87 - EXAMPLE 5 - sPreparatjon of hyl ene: But gne- 1

Copol yrm@« he‘gpokvvyrreri zatewon was gerformeﬁ as in anpl e a8 exgpept that 270
cc of | ggui d butene-1 was charged instead of the propylene. The reactor
pressur@eag nmaintained at 167 psig by a regul ated ethyl ene supply. The
yield of Pt hg¢ copol yner was 176.6 gns and the pol yner was determ ned to have
a nunber{@vérage wol ecul amwei ght af 860, & wei ght @aver age nol esul @r .wei ght
of 2710 #pgydfﬁspersitﬁof 3.1.2 The pofymer protiuct wds fouhd &
contai n FPwpm & and 1.9 wppm A. EXAVPEES 6-10 ¢ Prepdtati &h of &

Et hyl ene- Propyl ene Copol ynmer Substituted Succinic Anhydride (EPSA)gIEI a
sQéLes of . ryns, the selected noles of the EP copol yners prepared a® @bove
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anhydrr de arg charged under dry [err] at atnospheric pressure to a 100 m .
pressure reactor equipped with a stirrer and a thernocouple and heated by
nmeans of an electric heating mantle. No added solvent or diluent for the
reactants is enployed. Rather the reaggion is conducted in the nelt. In
each run, the reaction mxture is heate to [err] and the reactor is gently
purged w t EXAMPIRS |2 78 D2 MBI reaction mass for

m nut es. The purgr ng_i.s i hen ceas tor te erature |s i sed
to 220C and kept at 2 hgteﬁ’eﬁﬁer%furi %%,é% S%ﬁ&d‘g%r r PHQPa 5 urs
while sti rreimmloymegl |uueddrmersanm mnoducst téehutduinsl madeboas G,

and transf Qﬁgg 0 ni ough
the i qui d%% unrea Fétlv?grb g ﬁi atntlaong{éut‘ﬁ[éeyror%fee%rl}tég
trace of nEEASAY; y@rﬁ @@W@@ﬁ@ct@'ﬂﬁiﬂkl belme liquid product
cont ai ni ng the EPSA and unreacted EP Mzed for succinic anhydride by
the following titration technique: a g. sanple_of the polyner is
.di ssolved in a solvent conprising 80 m : .3 m
of water and titrated vvr_@_r@_m_ sol qumwfctetrabluqs ammoni um
hydr oxi de ' t hynol to a end pgj.nt e aai dit
- cal cul atgﬁﬁf}rﬁthe I |ters%‘%oase-srﬁg§n-on use&iﬂé—#odugn—'rs
al so observe@s o det er Exd& he prefence of éadyd sedi nent .24.8Exanpl*. 88, the
procedure of Exanpl Q:o@npi SFd.9eateggexcept that the polymer was charged
conprised a 50 50 wt: m xture of the ethyl ene-propyl ene copol yner
_p\rpared as 26 n Examﬁ”é154 [er0 = 2710¥6+82nd the p@A%ri2fbbut ylIRS6

ynmer. which is emdongRdd.2iConpayeat i ve Exanple 13 [err] = 1300). The

data therel&\‘/J tza,l nec%mapr%x 21 — 6.20 24.65 4.0

- Reference 0il 0 5.19 19.20 3.70

The lower VR’ values signify a better viscometric balance
that is desirable for dispersant to have. Results show
that the viscometric behavior of PIB-based dispersants can
be improved, as indicated by lower VR’ values ' by‘means of
blending with the EP-copolymer based dispersants of this
invention and also by making polyamine dispersants from a
mix of PIBSA and EPSA dispersant intermediates. Moreover,-
the above results indicate that the VR’ values for the

-~ dispersant product solutions of Examples 25 =26, unlike the
comparative dispersant of Comparative Example 27, are lower
than the VR, value for the reference oil itself.

EXAMPLE 28 : .
Ethylene-propylene copolymer (M, = 1100)

Prepared as in Example 1 is reacted thermally with maleic
anhydride as in Example 6 to give an EPSA product
(%AI.54.5) which is diluted with an equal amount of S150N
to give a 50 wt.% polymer solution. To 25 g of the
solution, 0.75 g of the PAM (wt% N = 32.6) is added
dropwise while stirring and light N, sparging at 140°C



the nol e atip of pol yrrer and mal ei ¢ anhydri de charged and the data

t hér eby ‘obt ai ned are sunmarized in Table I. -89- 94 O

Srl- V - - 90 - COVPARATI VE EXAMPLES 12-14 To determine the degree of
seditrent formed in mal eic anhydride reactions with conventi onal

pol yi sobutyl ene polyners and conventi gnal et hyl ene- pr opyl ene copol yners,

t he above p egur r | Ry f Y. | gpe
pol ymer enp i3 %ul}ﬁo‘h srrpgrgg?'1 P@gdaéﬂmﬁf{ﬁ‘g&%@nﬁ??@? l-ége ﬂg{ i‘goga%%l yner
( Exxon Cherriléél' Canericas), and the polyisobutyl ene polyrrer enpl oyed in

Conpar ati ve Exanple cr&e:omsxsﬁﬁm@Cbbm@Mfﬂﬁﬁbtﬂyl eher Utkstder kbxBP

Cher o2l o) - <R A Lot (B She LA, Pabe s oHovRRBL BRI o
3.0 (based0 QvlﬁPlehe vios tebyl)enaspdepsnlmbedcbpdbyrrer of Conpar at |9ve Exarrpl e
éfeégrze\éw b;) ggnzeﬁ??onal |eg %%ggsggbglr{/dsﬁn;d o%%ifée:]e aﬁé prop)ﬁ ene
using a cate@ y@mrtﬁ)npt¢sbﬂg a[mreifcahheatumes@mﬁmswsassmcm thei th
[err] as WDEQE#EEE 1\‘@' ﬁBﬁeE‘OBtfr ubricaking2bi1! Besph¥sahtahnad taves.
summari zed in
The medlum chosen for the SIB test is a used
crankcase mineral 1lubricating oil composition having an
original viscosity of about 325 SUS at 38°C that had been
-\/, used in a taxicab that is driven generally for short trips
only, thereby causing a buildup of a high concentration of
sludge precursors. The oil that is used contains only a
refined base mineral lubricating oil, a viscosity index
improver, a pour point depressant and zinc dialkyl-
dithiophosphate anti-wear additive. The o0il contains no
sludge dispersant. a quantity of such used oil is acquired
by draining and refilling the taxicab crankcase at 1000 -
2000 mile intervals.

The SIB test is conducted in the following
manner: the aforesaid used crankcase o0il, which is milky
brown in color, is freed of sludge by centrifuging for one
hour at about 39,000 gravities (gs.). The resulting clear

N~ bright red supernatant oil is then decanted from the
insoluble sludge particles thereby separated out. However,
the supernatant oil still contaihs oil-soluble sludge
precursors which on heating under the conditions employed
by this test will tend to form additional oil-insoluble
deposits of sludge. The sludge inhibiting properties of
the additives being tested are determined by adding to
portions of the supernatant used oil, a small amount, such
as 0.5, 1 or 2 weight percent, of the particular additive
being tested. Ten grams of each blend being tested are
placed in a stainless steel centrifuge tube and are heated
at 135°C for 16 hours in the presence of air. Following



0 [err] 92 - The above results illustrate the surprisingly reduced
sedi ment’ formatlon and hi gh conversions achieved in the thermal "ene"
reacti on of mal ei c anhydride and the ethyl ene-propyl ene copolyners in
accordance with the process of this inweggion in Exanpl es 6-10, as conpared
to conventional polyisobutylene polynmers (Conparative Exanples 12-13) and
convent i onakhet hyeating; o@lleermme)pcb;nminipgort;im apiile Hedngl taeSﬂ?d is

EXAVPLES 150801 oBOBARATLG, FXANELERIda 2B0r RURE 2300 Sl Ve

Di spersants series of ials are prep are oyl n
EPSA pr oductSmpeEpinze ar |4‘PQB&’arﬁﬂ Q0% gHmd 1BNYt ﬂepﬁF%Ba eEPmMB dge

product of ExARP| eokh i1He tHESAdYSPUarOf separattdd VEomMmehe 14i1amny
vari ous bl eads of, { he ove Pl BSA and EPSA gé'i(‘)‘ﬁ 3:&1 The s c nlc a d

anhydri de sH6SANYARY FBe RyRerpataptQije ee‘qu%?rﬁ Nht
of a m ner akhei |slidg®Ndepostits peithie25sahlit iodh heptaned ta nrmhuve &1l

| yet hyl h
Doty aet hyl cnSimafing "LE0 e End CEGSa€ P WE° HhPERERT RHRIBIAAS
mxture i s Wbet aeight cof | thadpewniso: slvdde: that rhag beenafogmed tin 4
hours. In g 'i:lérhtth‘iﬂminiilrigféiné’f L ahewmeao B! e iy | kHe&r B

of succinic acid. equivalents o, PAM.ch arged I'S . Viscosities of the

resul ting dir%% angd ywedehing ddt-er niThey. reﬁ?@s‘éﬁt SIEY Fﬁ@°’&F§éon’eﬁ ric
studi es areadbuBti 268 ipréakbdtdtedelsiiidge in comparison with the

precipitated sludge of a blank not containing any
additional additive, which blank is normalized to a rating
of 10. The less new sludge precipitated in the presence of
 the additive, the lower the SIB value and the more
effective is the additive as a sludge dispersant. 1In other
words, if the additive gives half as much precipitated
sludge as the blank, then it would ‘be rated 5.0 since the
blank will be normalized to 10. '
The VIB test is used to determine varnish
inhibition. Here, the test sample consists of 10 grams of
lubricating oil containing a small amount of the additive
being tested. The test o0il to which the additive is
admixed is of the -same type as used in the above-described
o SIB test. The ten gram sample is heat soaked overnight at
about 140°C and thereafter centrifuged to remove the
sludge. The supernatant fluid of the sample is subjected
to heat cycling from about 150°C to room temperature over a
period of 3.5 hours at a frequency of about 2 cycles per
minute. During the heating phase, gas which was a mixture
of about 0.7 volume percent 805, 1.4 volume percent NO
and balance air is bubbled through the test sample. During
the cooling phase, water vapor is bubbled through the test
sample. At the end of the test period, which testing cycle
can be repeated as necessary to determine the inhibiting
effect of any additive, the wall surfaces of the test flesk

N



- 93 - [err] . - 94 - EXAWPLES 25-26; COVPARATI VE EXAMPLE 27 A series of
di-spersant bl ends are prepared enpl oying the di spersant product sol utions
made as in Exanple 15 and Conparative Exanple 21, and the visconetrics
nmeasured, as summarized in Table 1V bel _Table IV Visconetrics Blend of
Di sp. KV [err] CCS Exanpl e D sp. - - W cSt

[err] MR vﬁﬁch the E&m%ie 51s &Qnta:med Gagd 8vi.sual1y24=2vf¥iuat:ed H$d

gg g gito %ecgﬁip"né§h ipn. The amourg -pf varnish,imppsed 3.56

-- orefetienwal sl 1sO rated $ol%alues of 1¥rdd 1 to3110vwikm |1§H€r

I f o]
d speY'Zaﬁfﬂléfﬁ%eM@é el RS ot o < Bmeils e ZorRishy i
Pl B- based diompariscrs vuam taeh]:aprlt)\md;h aw iadfliduirvel that oees pétedadlies, by
means of bl endi ng wiyth dweﬂfgﬂgom YE®R gifpg%a% bggﬁ i v&,pti on

and al so by naki ng pol yam I spersants froma
di sper sant GG r%%h"ék%spr%‘ﬂ‘é%%ePf the Exavplessas: desenibede ltmeﬁahl% VR

val ues for fthard %mwtlmruw@fﬁ@désma sreEHEVED tedts Unl i ke the

conparative dispers tlve Exanpl e 27 re | ower th the VRr
val ue for the refer%%ﬁ?l S BXAS ized below in Table V.




Et hyf ene-ipropyl ene copolynmer [err] = 1100) prepared as in Exanple 1 is
reatted thermally with nmal eic anhydride as in Exanple 6 to give an EPSA
product (%Al.54.5) which is diluted with an equal anpbunt of S150N to give a
50 wt. % pol yner sol ution. To 25 g of -tbg solution, O0.75 g of the PAM
(W% N = 32.6) is added dropwise while stirring and |ight N2 sparging at
[err] - 95 - for 2 hour g)ll‘@we bgnitrogen stripping for an hour at
[err The resulting conposgrion i's then tested for sludge inhibition (via
the SIB test) and varni sh”l nfil biTioff (Wa the VIB test), as descri bed

bel ow. The SIB test has been found, after a |arge nunber of evaluations, to
be an excellent test for sessing the dispersing power of |ubricating oi

di spersant additives. Theojredi'um chosen for the SIB test is a used '
crankcase mineral |ubricablng oil conposition having an original viscosity
of about 325 SUS at [err]$th@g HRd ee§used in a taxicab that is driven
general ly for short trips pnly, ghegeb¥$causing a buildup of a high
concentration of sludge pmpcew saRS. & e oil that is used contains.only a

refined base mneral lubrgfpating oil, a viscosity index inprover, a pour’
poi nt depressant and zinc dial kyl - dithi ophosphate anti-wear additive.
The oil contains no sludgg, di spersant. A quantity of such used oil is
acquired by draining and ppfilling the taxicab crankcase at 1000 - 2000
mle intervals. The SIB tekst is conducted in the foll ow ng manner: t he
af oresai d used crankcase 8|, which is milky brown in coJor, is freed of

shudge by centrifuging fog| ofe IRurQat goabout 39, 000 @r aﬁ' ties (gs.). The
resulting clear s . ' [V ¥

L
o e ] o n

TABLE V
VIB rating KV, 1 R _CSD
2.3
0.
4
7

SIB, m
7.54
10.0
4.74
-4

A.T1
28.3

wt
Polyisocbutylene succinimide prepared from 2250 Mn
Polyisobutylene succinimide prepared from 1300 Mn

0
45
32
Blank S150N oil, no dispersant.

Control B (2)
Control C (3)
Notes:

(1)

(2)
(3)

_ Example.
28
Control A (1)



bright red sypernatant oil is then decanted fromthe insoluble sludge
particl es thereby separated out. However, the supernatant oil stil

contains oil-sol uble sludge precursors whi ch on heati ng under the
conditions enployed by this test will tend to formadditional oil-insoluble
deposits of sludge. The sl udge inhi btt99ng properties of the additives

bei ng test#ieg%#tﬁm nﬁd by adding to portions of the supernatant used
oil, a sm s 0.5, 1 or 2 weight percent, of the particular
additive bei ng t est &he pnm:@dum At cZxanplad 2fi A§ t{vepedtad phaced in
a stainl esgerpes @t &hwetbutpréﬁgrar %dlﬁ::ﬁﬁhﬂ hssb]erE%'clﬁpP&ﬁét' n

the presence of air. Fol | owi n t he,  heati he tube cont al ni ng
the oil beiSFYHAnst i s THRY| Eﬁsgﬁﬁst @F’E?é?ifrPPﬁ@éBe or aof!ﬂ)thSO EPSAtRs at
room t enperexiployesi, aYwisulthd¥izey®d. ir\Bablaporisis of new sludge that form
inthis step are separated fromthe oil by decanting the supernatant oil
and then carefully washing the sludge deposits with 25 ml of heptane to
renove all remaining oil fromthe sludge and further centrifuging. The

wei ght of the new solid sludge that has been forned in the test, in
mlligranms, is determ ned by drying the residue and weighing it. The
results are reported as anount of precipitated sludge in conparison with
the precipitated sludge of a blank not containing any additional additive,
whi ch blank is normalized to a rating of 10. The |ess new sl udge
precipitated in the presence of the additive, the | ower the SIB val ue and
the nore effective is the additive as a sludge dispersant. In other words,
|?‘/t he additive gives half as nmuch precipitated sludge as the blank, then
it would be rated 5.0 since the blank will be normalized to 10.



The VIB tiest is used to determine varnish inhibition. Here, the test

sanpl e consists of 10 grans of lubricating oil containing a small anount of
the additivé being tested. The test oil to which the additive is adm xed
is of the sanme type as used in the above-described SIB test. The ten gram
sanpl e is heat soaked overnight at about [err] and thereafter centrifuged
to renove the sludge. The supernatant fluid of the sanple is subjected to
heat cycling fromabout [err] to roomtenperature over a period of 3.5
hours at a frequency of about 2 cycles. Qgé mnute. During the heating
phase, gas which was a m xture of about 0.7 volume percent [err] 1.4 vol une
percent NO and bal ance air is «jubbl ed through the &est sanple. During the
cool i ng phase, water vapor is aubﬂl e(ftl‘f?.ouéh the Tesf: sanple. At the end
of the test period, which testing®y® e ®an™e ?epBat 8d as necessary to
determ ne the inhibiting effect of any additive, the wall surfaces of the
test flask - 97 - in which the sanple is contained are viguall

eval uated as to the varni skyd’nHi bt i gﬁ o TRe @oulit af varnBsh iéposed on
the walls is rated to val ugsQof| fpomgd tQ 1% wigh fheghi ghergr@inbfr being
the greater anmount of varni sﬂ', I ncomparason wit h & bHank vviEFH no¥addi ti ve
that was rated 11. 10.00 grans of SIB test oil are mxed w't .505 grans of
the products of the Exanpl esd’ad dgscisi bed i g Tabl esl | gand teBt®d §n the
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- 99 - EXAWPLES 29 - 34 The procedure of Exanple 28 is repeated in a series
of’rruns*to prepare additional dispersant product solutions. The results

t hereby obtained, and the EPSA s enpl oyed, are summarized in Table VI. -
100°- [err] Z - 101 - EXAMPLE 35 The, procedure of Exanple 6 is repeated
except that 1 nole of ethylene- butene-'ll-(gloﬁol ynmer [err] = 860) prepared as

I n Exanpl e mepgﬁ(pﬁgyed I nstead of the ethyl ene-propyl ene copol yner. The
et hyl ene butene copo émar-subst i tuted succinic_aphydri de ( EBSA) gr oduct

thereby obtained i s FBEnBYPGeEYrLaOf FHAMPLS Gul1d, ﬁ%P?@Eé?nﬁ?‘EG Enthessa
and | ess thanmaleutof etpylehesbutenesiarncopolymer MYR= @B60) opreparelV at -

[s:[);]r a;e5527isg§tib? Crcﬁﬁ‘gaf m&gﬁﬁ [ §n§%%?s%§b§§3?t%gﬁg%? gpgge%ldggogqnpl%& an

t he EPSA pretilxykene-pmoplydete Gopodiyinérand fithee Eedhylenet bulfene

Exanpl e 35'¢€‘B°§%%B§t§"t%'édi %ﬁ:ﬁ%@iéd al}ﬁ'xy‘&flf_&iang(EBSA) product
thereby obtained is found to contain about 76 wt % active
ingredient EBSA and less than about 1 wppm of chlorine and
to have a VR ratio of 3.9. (KV at 100°C = 5.77 cSt; CCS at
-20°C = 22.63 poise).

EXAMPILES 36 -~ 39

In a separate series of runs, additional
dispersants are prepared by employing the EPSA products of
Examples 6, 7, 8 and 9 and the EBSA products of Example
35. ' '

An amido amine ("AA") is prepared by reacting
tetraethylene pentamine (TEPA) with methyl acrylate at a
1.5:1 TEPA:methyl acrylate molar ratio, to form a product
mixture containing 29.3 wt.% total N, 6.1 wt.% primary. N,
and about 25 wt.% unreacted TEPA. '

A mixture of 10 parts by weight of the EPSA (or
EBSA) product formed in the indicated Example and 10 parts
of S150N mineral oil are heated to 150°C under N,. Then
N the desired amount of amido-amine prepared as above are
added dropwise while stirring and light nitrogen sparging.
The mixture is nitrogen stripped at 150°C for 3 hours and
then filtered. The dispersant product solution is found to
have the nitrogen content and kinematic viscosity reported
in Table VII.

| Each dispersant product solution is then tested as
described in Examples 29 =~ 34 in the SIB and VIB tests.
The results thereby obtained are also set forth in Table
VII.
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t et raet hyl ene. pentani ne (TEPA) with nethyl acrylate at a 1.5:1 TEPA: net hyl
acrylate nolar ratio, to forma product nixture containing 29.3 w.%total
N, 6.1 wt.%primary. N, and about 25 wt.% unreacted TEPA. A m xture of 10
part’s by weight of the EPSA (or EBSA) product forned in the indicated
Exanmpl e and 10 parts of S150N mineral oil are heated to [err] under N2.
Then the desired anmpbunt of am do-am ne prepared as above are added dropw se
while stirring and |Iight nitrogen sparging. The m xture is nitrogen
stripped at [err] for 3 hours and then fig2l tered. The di spersant product
solution is found to have the nitrogen content and kinematic viscosity
reported in Table VII. Each dispersant product solutjon is then tested as
described injExanples 29 - 34 in trgg: SIB %’nd Y BNteQ.ts.mThg results thereby
obt ai ned areLaI SO set%orgh in Tabl% wvil. % T 102 <«[err] « - 103 - The
principles, Yoreferted entdi nenfs, And nofes Bf Bpefhti®Bn 6f the Bresent

i nvention have been described in the foregoing specification. THe
invention which is intended to be protected herein, however, is ngt to be
construed as limted to the particular fornms disclosed, since these are to
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- 104 - GLAIMS: 1. A lubricating ‘oil ,additive which conprises an ethyl ene
al pha-olefin polymer substituted with at | east one of [err] to [err]
nonounsat ur at ed nonocar boxyli c acid produci ng noieties and C4 to [err]
nonounsat ur at ed di carboxylic acid producging noieties, said polyner

conpri sing nononer units derived from'etlﬂ§l'éne and at |east one

al pha-olefin of the fl?trémmgi*ih%ﬁbhe}éherﬁi:éféﬁfé& lehmbda idefitls ,0r 8HA HoddsPm 1
to 18 carbon _atons, and rein said ogynlgkry has a rkmber aver age noJ.ecul ar
wei ght of f PEmSRRERLIOR B FeoBrenBnty LOySNEIOToMaye | baeh MRsFTReA of
sai g pghymeﬁnchﬁhes mnégb_ant;er%pwif/ﬁtdne{wm d}«can'lahemsmm' "gﬁn alzﬂchha'rei n
said additi i ractegize vial ue, an about ,4.1. 2.
The | ubri cag'?‘ﬁfslb#?&a}(ﬁ tF’ e g?"’éﬁ%*‘r%@‘ ’é?ﬁ?h é‘%ﬁ%"&%ﬂynﬁ? et a%ﬂu%{fer
aver age nol eomistruedgtas ofl ilmditvedn tabothe 7partidudidaout £6r980 dikcloskd,

| ubricatin et ddidd e ai #helr i r r
wei ght is gg’?\%/ggnd%‘b_éoéuét/ 3@%0%@’?3%% : féé] %ﬁeg?’ggrg?gé%?ﬁg g.lgﬁ:h%?fjdie‘ﬁgvrg of
clai m 1 wheres¥rigtdvisol yn¥arpatignspand shangsre BaK: &a madecb¥edhagput

20 and abougk8Q1per GaNtthé. art Thethewt | Gépartifg! £edfll thee spfirGhaicl khe
wherein said &ol TE has a nol ar et hyl ene content of between about 45 and
about 65 pe|'1'51 tion. 105 - 6. The lubricating oil additive of claimb



wher.ein said_VR value is less thah 4.0. 7. The lubricating oil additive
of--.cl ai m 1 wherein said rnonounsaturated carboxylic acid producing noiety is
derived fromat |east one nonounsaturated carboxyli from
ther group consisting of (i) nonounsaturated C4 to [err] dicarboxylic acids
wherein (a) the carboxyl groups are attached to adj ac hll mllﬂu"mml,and
(b) at |east one of said adjacent carbon atons are pa

“unsaturation; (ii) anhydride or [err] to [err] al cohol derlved *mofio-

di - ester derlvatlves of (i); (iii) rmnOLl@Eaturated C3 to [err]

nmonocar boxyl i ¢ aci ds wherein the carbon rbon double bond is allylic to

t he carboxy group; and (iv) of (iii) Cl to [err] .al cohol derived nmono- or
di -esters derivatives of (iii). 8. The lubricating oil additive of claim
7 wherein §Ta4~@5hnnounsatur ated carboxylic reactant. conprises at |east one -

nmenber sel ected froT th Qﬂpieﬁﬁ §t ioﬁa qdc{ :{:gwéch l?félg Fé‘}’é’?gﬁﬁg a id,

mal ei ¢ aci d, mal ei ¢ anhy ei ¢ ac or oima ydri'de,

acrylic acle&hymﬁa@rlsuhac%fdn cPQitmﬁlt sibstitutednvithcat, lensti oner

al kyl aci dogsters efot Orn?&ﬁb'iﬁxQﬁ'%ra%eaheinbﬂlﬁdﬁfbb%y?ib agldiig ve
of any of clalm? 1,to 8 ereln sai d Olq\.met;e ngrlses an
dbrrtat

et hyl ene- pPFRRUFLBGpoRPPetigs a ng oRPRARRERFMTAtEi m 8
wher ei n saucicﬁmabmlubat edienrb&uduemqacmrﬂeeﬂéarl sgaidl plymer

ol ymer 1+ CORBEAR AR HERamEY, L ¢ 8 EVAa VEggn SeBlfbnenaRATLY ?%{%dsig oi
d tive obns aarhﬂmamnéreafhnsamﬂ stitvet i fatmulpol l}gﬁFCHz&l awherginn®5 ty
at _ is an alkyl group of from 1 to 18 carbon atoms, and wherein '
said polymer has a number average molecular weight of from
about 300 to 10,000 and an average of at least about 30% of
said polymer chains contain terminal ethenylidéne
unsaturation and wherein said additive is characterized by
a VR value of less than about 4.1.

2. The lubricating oil additive of claim 1
wherein said polymer has a number average molecular weight
of between about 700 and about 5,000.

3. The lubricating oil additive of claim 2
o/ wherein said number average molecular weight is between
about 1500 and 3000.

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

5. The lubricating oil additive of claim 1
wherein said polymer has a molar ethylene content of
between about 45 and about 65 percent.



| east abqut 0,8. 13. The | ubricati ng oil "additive of claim 12 wherein
sai'd VR value is fromabout 2.5 to 4.0., 14. The |u

of claim 13 wherein said substituted pol yner contains | e
ppm by wei ght of chlorine. 15. The lubricating oil addi ! m m ,w
wherein said lubricating oil additive contains |ess than abou

sai d ethyl ene al pha-ol efin polyner unsubs®PPBured by said acid produci ng

noi eties. 16. A | ow sedi nent process for produ0| ng a | ubricating oil
addi tive which conprises contac an eth ha- oI efi n_pal yner
conpri si ng nononer unfts d é“#ﬁé#@%ﬁ“‘éné’ 1I ¥e¢ &fe cl 1ain 5

al pha- ol ef i nwhéréha saiduVr {ralu]a ikeless Eﬁans4ao.al kyl group of from1l to
18 carbon atons, said polyner having a nurber average nol ecul ar wei ght of
bet ween about 300 and 10, 000 and wherein an average of at |east about 30%
of said polyner chai nZ -conflhie flatior hela ok hgnyad i Headditsiver afi ogladint hl( b)

at | east onewﬁgm%aggrlg eflondtl dfafﬂ&“é’é"fb&ﬁgiﬁtcedaéﬁa ?Pﬁgﬁ&?ﬂﬁ

consi sti ng of (I nonounsat ur at e oxXyl1 C acCl er el

err I car
(a) the car bBReHY o é’r%rhi’ﬁzi’chga"’c"b ad i@l@tsﬁ:aPBGn penAEngatyrated
| east one of caﬁbdxftﬂih.acaféadtﬁirhpnséleﬁﬁedr Erion (t1d g&bd MyHEiEt it ben;

(1i1) anhydrigde or _[err] to oh c{ierl ved est der| vatives
of (i); (i |? é‘aﬂ%? % a%:?‘?o errﬁ ntégﬁar%gﬁﬁlilﬁoﬁx & WS ﬁg
t he carbon- cuhbnemou(d)e bhed caxrkxiyl i groups are la@ttachefe twar bdjacgnbup;

gnd \(/13;/? vgfs &?k%?’f‘[ %rterf %af® hyoRY HA&livedndPRt Aidaffdééft carbon

e\/ atons are part of said mono unsaturation; (ii) anhydride or
C, to Cgz alcohol derived mono- or di-ester derivatives
of (i); (iii) wmonounsaturated C3; to C,, monocarboxylic
acids wherein the carbon-carbon double bond is allylic to
the carboxy group; and (iv) of (iii) C; to Cgz alcohol
derived mono- or di-esters derivatives of (iii).

8. The lubricating oil additive of claim 7
wherein said monounsaturated carboxylic reactant comprises
at least one member selected from the group consisting of
fumaric aéid, itaconic acid, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic acid,

Ly methacrylic acid, crotonic acid, cinnamic acid, and lower
alkyl acid esters of the foregoing acids.

9. The lubricating oil additive of any of claims
1 to 8 wherein said polymer comprises an ethylene-propylene
copolymer.

10. The lubricating oil additive of claim 8
wherein said monounsaturated carboxyl:.c reactant comprises
maleic anhydride.

11. The lubricating oil additive of claim 1
wherein said polymer is substantially halogen free.



condi-tions angd for a tine sufficient to forma | ow sedi nent product nixture
cortcai niyng an et hyl ene al pha-ol efin pol ymer substitut ed—wth-sai-d
carboxylic acid noieties, wherein said product m xture: i racterlzed by
-a VR"val ue of not greater than about 4.1 and by a functiaﬂmi ﬂﬂ
about 0.7. 17. The process according tol§éa|n116 wher ei

contains |ess than about 5 wt% of a | ow ndl ecul ar wei ght polyner fractlon
conpri sing chains of said polynmer having a nol ecul ar wei ght of |ess than

about 300, 18. = The PsocesenaCCpupigaldnd AbTl adlizkal S8k d Aik™ o (2)

cont ai ns Iess t hap about 2 wt%o sal | ecul-ar wel

fraction. 197heregip ﬁ?b@e%‘b&ftlé'—l“&ieﬁa ﬂ?lxmrelh\a%a?d B&ﬁ’?’é@ﬂﬁﬁ(}th of at
conduct ed atleag€ngisswt upsgpof from about 120 to 260C. 20. The process
according to claim 16 wherein said product m xture is substantially hal ogen
free. 21. The process of any one of clains 16 to 20 wherein said

al pha-ol efin conpri sek3 pr opfheneluBficatiimg poddesaddi tivai nofi6 clladmei 12

sard monouNSHetate s KA fud SR Afln CBIL 9F55 Ao | £391 one nenber

sel ected fromthe group COI’ISIS Ing of Tumaric acl d, |?acon|c acid, maleic
acid, mal eic anhydride, chloromaleic acid, chloromaleic anhydride, acrylic

acid, met hacryllc aci gy, cr ogpgal Clﬁﬁtica%'ﬂ%”bglacéddi%ﬂ@é Wer Akl f§id

esters of th Oi aci rocess of claiml6 -
Wherein sai YT HE, SPUc BHbRG ihyted BLuRgE| FATERINS ( JoBF EROM LHRRRt 1. 2

to 3.0. 24. 10 Tem sy owebght ob6f cdlwl o Pe Wherei n sai d Iow
v . . _

15. = The lubricating oil additive of claim 1
wherein said 1lubricating oil additive contains less than
about 40 wt% of said ethylene alpha-olefin polymer
unsubstituted by said acid producing moieties.

16. A low sediment process for producing a
lubricating oil additive which comprises contacting:

(a) an ethylene alpha-olefin polymer comprising
monomer units derived from ethylene and at least one
alpha-olefin of the formula Hzc=CHR1 wherein Rl is an
alkyl group of from 1 to 18 carbon atdms, said polymer
having a number average molecular weight of between about
300 and 10,000 and wherein an average of at least about 30%
of said polymer. chains contain terminal ethenylidene
unsaturation; with |

(b) at least one monounsaturated carboxylic.
reactant selected from the group consisting of (i)
monounsaturated C, to C,, dicarboxylic acids wherein
(a) the carboxyl groups are attached to adjacent carbon
atoms and (b) at least one of said adjacent carbon atoms
are part of said monounsaturation; (ii) anhydride or c,
to Cg alcohol derived mono- or di-ester derivatives of
(i)7 (iii) monounsaturated C; to C;, monocarboxylic
acids wherein the carbon-carbon double bond is allylic to
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sedient . ni xture contai ns less than about 40 wt % of said et hyl ene

al.pha- okefin polyner unsubstituted by said carboxyllc acid nnletles

The process of claim 24 wherein said substituted ethyl ene aI a ol efl n

pol yiter has a functionality of fromabout 0.5 to 2.8. 2 '¢ m”m ’
claim 16 wherein said ethyl ene al pha-olefin polyner is id -
monounsat ur at ed carboxylic reactant in THPbresence of a po yol1 ef" if y Tn a
wei ght : wei ght ratio of said ethyl ene al pha-olefin polynmer to said

pol yol efin of from about 10:90 to 90;10Q,, said plefin ving a nu

aver age nol SREaCARRIRY HTYBM ARt (do t8f é)%’(’)"’an&’lah*r&)l gsul%\]rc‘%‘?ght
di stributi omdetiveds mbno-abnmt dd.-&-:seérs /&enﬂratdi\ndd eofli spkl$pntumded ur e

sel il 2 2 SeRlERAE0aRh | cBHIM NG AICISAREAR AU £irof Hedlnen

et hyl ene al yrrer su Fonounsat urated mono-

di car boxyl i cpmdwpipmm'eung pontainingsand efdiylene adphad-wlefimmedynenits
derived f rO@@BQﬁE%ﬁ%éﬁ‘dwﬁftﬂ eaa&aoreafbe%%efa&@f mbﬁ‘étﬁ@%”“'ﬁuéf‘éiﬁ
wherein [err; ]s an a rou rom to 18 carbon_at ons, adnd wherein
said polymr?ﬂaiarﬂﬁﬁrmgﬁ%‘g&e charagteRized By 2 YR yadwe mfb net

10, 000 and a;r@attaéﬁgehaﬁ albdutnsy . abana WoHf canctionayiey ofaiats Texg#i n
term nal %’%‘ﬁ &%e unsaturation and wherein said additive is

characterize val ue of |ess than about - 109 - 4.1, said acid
produci ng noi eti es being deri ved fromat |east one rmnounsatur at ed

carboxylic reactant ect e@l 6@_3 gr %%fu‘%it lg-_Bg {1{\) 15 "} ere:r.n

nmonounsaturated C4 to er I’J’Qie oxy I C acCl rern car
grotps are @#aidnpalymexdj@encontabbs desss tmn(syoat a&@* ofE, a

molecular weight polymer fraction comprising chains of said
polymer having a molecular weight of less than about 300.

18. The process according to claim 17 . wherein
said polymer (a) contains less than about 2 wt% of said low
molecular weight polymer fraction.

19. The process of claim 16 wherein said
contacting is conducted at a temperature of from about 120
to 260°C.

20. The process according to claim 16 wherein
said product mixture is substantially halogen free.

21. The process of any one of claims 16 to 20
whereln said alpha~-olefin compr:l.ses propylene.

22. The process of claim 16 wherein said
monounsaturated carboxylic reactant comprises at least one
member selected from the group consisting of fumaric acid,
itaconic acid, maleic acid, maleic anhydride, chloromaleic
acid, chloromaleic anhydride, acrylic acid, methacrylic
acid, crotonic acid, cinnamic acid, and lower alkyl acid
esters of the foregoing acids.



preferfably bgth, of sai d adj acent " car bon at ons_are part of said
nmohounsat uration; (ii) anhydride or Cl1 to C5 al cohol ' -

di -ester derivatives of (i); (iii) nmonounsaturated [err
monocar boxyl i ¢ aci ds wherein the carbon-carbon doubl e J]MJMIMIMMHIO
t he carboxy group; and (iv) of (iii) [e_rr]] 8tq_CS al cohol = der1 vedn = or
di -esters derivatives of (iii) and (b) at 9825t one nucl eophilic reagent
selected fromthe group consisting of am nes, alcohols, netal reactants and
m xtures thereof, said dispersant having a VR "val ue of |ess than about
4.1. 28. The dispersant adduct accordi ng to claim27 wherein said acid
d

produci ng noi eti es c@dri sEheupreaessanafdeiladm 36cvhereincisaisr pelapieshi c

acid. 29. Hhe chap&Eeerizedingt AOBELHASpéLs LR %Z%Wr?ééhﬁhi-z to

| ubricating oil dispersant i1s Characterized by a VR /VRr value ratio of

|l ess than attfte 1.11. 30. The di spersant adduct according to clains 29 or

39 wherein the nucl eophilic reagent conprises an amne containing from2 to

60 carbon atonms and fyom 1 to 12_nitrogen_ata er lecule. 31...The

di spersant adduct acczz)“(r)‘d'i ng 1o éf?f'%?ﬁo V\ﬂgl‘ eélirs?i@hi 6@@? e?‘é‘np??%%s ow

pol yet hyl ensesiimenthenigture Teonaiper dess sthiant aboutr dihgrt o¥cbfi maid

wherein sai ¢ ‘aerr?’é‘mal"riﬁﬂ Clo gl r r QM f; % ut

0.05to 2.0 vﬂlgﬁ't per cen gor.g'né_lfgﬂsg*ﬁq ora?egl\ﬂdgggfesrﬁsiar%ﬁt% dlﬁ. s:?g@

The di sper s&RTRRIHIdC AU BHPRI®SS ai m 27 . wherein the lubricating oil

di spersant is characterized by a VR value of fromabout 2.5 to 4.0. 34.

Th\ejdlspersant addUCtng an*h%nep%foccelsalsrrs <2:7f claim 24 wherein said
substituted ethylene alpha-olefin polymer has a

functionality of from about 0.5 to 2.8.

26. The process of claim 16 wherein said ethylene
alpha-olefin polymer is contacted with said monounsaturated
carboxylic reactant in the presence of a polyolefin, in a
weight:weight ratio of said ethylene alpha-olefin polymer
to said polyolefin of from about 10:90 to 90:10, said
polyolefin having a number average molecular weight of from
about 900 to 5,000 and a molecular weight distribution of
less than about 4.0.

27. An oil soluble dispersant mixture useful as a
lubricating oil additive comprising an adduct of:
| (a) an ethylene alpha-olefin polymer substituted
with monounsaturated mono- or dicarboxylic acid producing
moieties, said polymer comprising monomer units derived
from ethylene and at least one alpha-olefin of the formula
HZC=CHR1 wherein Rl is an alkyl group of from 1 to 18
carbon atoms, and wherein said polymer has a number average
molecular weight of from about 700 to 10,000 and an average
of at least about 30% of said polymer chains contain
terminal ethenylidene unsaturation and wherein said
additive is characterized by a VR value of less than about



€

or 3=3 whereip said al pha olefin is propylene. -35. The di spersant adduct
- of.cl ai m 27 wherein said nucl eophilic reagent conprises—an am do-am ne or a

t hi oam do- am ne characterized by being a reaction produ l “m m i“l
pol yam ne and an al pha, beta-unsaturated conmpound of th 1““ |r“ﬂ m
wherein X is sulfur or oxygen, Y is [err] or -NR4(R5),* afid [efr]®a d

[err] are the sane or different and a'ré-or?yd'rogen or substituted or
unsubsti t ut ed hydrocar byl . 36. The dispersant adduect according to claim

35, vvherelns yan ne .cont ai from2 tq 60 carbon atqns and from.1 to
15" ni tr ogen Sitbirs BRAd nBPac BES4IE1AG Retdid &2 £SIR0T TR Er e Ay
claim a exyl pcopgachant3se | an
I 36, wHeasith one dnoheursatwra tedoc@rb 1pcopgachant3selécted fremsant
according tqyda S d
pol yal kyl en h(% 2@0%} \A}%/B?'el%'né‘:sal ﬁ%y?&%%?‘ggggrseaa a%e7 a4 2590 0
car bons and @awbexy&nw aadds| y‘&h@ﬁei@onfagnsﬂ?t Sarbexylo @rour® naneer
nol ecul e, andtsdhedl A&, aafaaeﬂaswwxﬁdaesﬂaoam CQBPF Ia?ceswéste%ﬂe one

mb I f
othy! acryl REBTarARlyY Bathy :08 spity RAiBRRE catheth,ACoRs atey PEE. Of hy)
nmet hacryl at ®a pdopmb methsaturaticangd i j) rehhgdnddee.oB9. cil'ha:o Cs
di sper sant %&%@1”%&&4&"&:?«? ‘“erg%ﬂeéﬂgg;genﬁ,@a?m@!seégm(& 3 fﬁﬁ@.‘ Var e

produci ng noireties per prinary nitrogen equl sard
present in SEnPursaturatedt Gge. ta0.Cyp | momoszarboxylicconcids r sherein

.containing i 8R¥Horcd Pué HoubkeP bbhE disSPE1BFIic Ofto’! B8 Carboxy
N group; and (iv) of (iii) C; to Cg alcohol derived mono-
or di-esters derivatives of (iii) and
(b) at least one nucleophilic reagent selected
from the group consisting of amines, alcohols, metal
reactants and mixtures thereof, said dispersant having a
VR’ value of less than about 4.1.

28. The dispersant adduct according to claim 27
wherein said acid producing moieties comprise succinic
anhydride, succinic acid or propionic acid.

29. The dispersant adduct according to claim 28
W wherein the lubricating oil dispersant is characterized by
a VR’/VR,. value ratio of less than about 1.11.

30. The dispersant adduct according to claims 29
or 39 wherein the nucleophilic reagent comprises an amine
containing from 2 to 60 carbon atoms and from 1 to 12
nitrogen atoms per molecule.

31. The dispersant adduct according to claim 30 -
wherein said amine comprises polyethylenepolyamine.

32. The dispersant adduct according to claim 27
whe_rein said dispersant adduct is borated to provide from
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41. A"l ubricat i ng oil éorrposi tion containi'ng from about 0.

0 ; of
t he: di spersant of claim27. 42. A lubricating oil conc ¢ el =
fromabout 1 to 80 w. % of the substituted ethyl ene afm’mﬂmm!":mmmer
of ¢laim1. 43. A lubricating oil conposition containing f¢om amo to

70 wt. %of the substituted ethylene al R% ol efin polymer of claiml.

about 0.05 to 2.0 weight percent boron in said borated
‘dispersant adduct.

33. The dispersant adduct according to claim 27
wherein the lubricating oil dispersant is characterized by
a VR’ value of from about 2.5 to 4.0.

34. The dispersant adduct of any one of claims 27
or 33 wherein said alpha-olefin is propylene.

- 35. The dispersant adduct of claim 27 wherein
' said nucleophilic reagent comprises an amido-amine or a
thioamido-amine characterized by being a reaction product
of at least a polyamine and an alpha; beta-unsaturated
compound of the formula:
R? R x
1 { i ]
R*=C=C=-C=~-Y
wherein X is sulfur or oxygen, Y is -oR4, —SR4, or
-NR4(R%), anda R, R2, R3, R? and R® are the
same or different and are hydrogen or substituted or
unsubstituted hydrocarbyl. '

36. The dispersant adduct according to claim 35,
wherein said polyamine contains from 2 to 60 carbon atoms
and from 1 to 12 nitrogen atoms per molecule.

37. The dispersant adduct according to claim 36,
wherein said alpha-olefin comprises propylene.

38. The dispersant according to claim 35, wherein
- said polyamine comprises polyalkylenepolyamine wherein said
alkylene groups each contain 2 to 6 carbons and said
polyalkylenepolyamine contains 5 to 9 nitrogen atoms per
molecule, and said aipha, beta-unsaturated compound
comprises at 1éas£ one member selected from the group
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consisting of methyl acrylate, ethyl acrylate, propyi
acrylate, butyl acrylate, methyl methacrylate, ethyl
methacrylate, propyl methacrylate, and butyl methacrylate.

39. The dispersant according to claim 38 wherein
about 1 to 5 moles of said acid producing moieties per
primary nitrogen equivalent of said amido-amine are present
in said reaction:mixture.

. 40. A lubricating oil concentrate containing from
about 20 to 60 wt. % of the dispersant of claim 27. '

41. A lubricating oil composition containing from
about 0.1 to 20 wt. % of the dispersant of claim 27.

42. A lubricating oil concentrate containing from
about 1 to 80 wt. % of the substituted ethylene
alpha-olefin polymer of claim 1.

43. A lubricating oil composition containing from
about 5 to 70 wt. % of the substituted ethylene
alpha-olefin polymer of claim 1.



