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pol yneri.c viscosity index (V.1.) inprovers - dispersant additives for
petroleumoils, particularly lubricating oils whereby oil solutions,
particularly oil concentrates, of said additives are characterized by

m ni mal viscosity change over an extended period of tine. These additives
conprise a copolyner of ethylene with one or nore [err] al pha-olefins,
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polyamine having two or more primary amine groups, or

preformed salts, amides, imides, etc. formed by the
reaction of said carboxylic acid component with said
polyamine, and subsequently treated or reacted with a
viscosity stabilizing effective amount of at least one
Cy2 to about C,g hydrocarbyl substituted dicarboxylic
acid anhydride, preferably C;, to C;g hydrocarbyl
substituted succinic anhydride. The. invention also relates
to process for preparing the preceding products and their
use in oil compositions.
Description of the Prior Art

U. S. Patent No. 4,517,104, incorporated herein by
reference, discloses polymeric viscosity index (V.I.)
improver - dispersant additives for petroleum oils, parti-
cularly lubricating oils, comprising a copolymer of ethy-
lene with one or more C3 to Cyg alpha-olefins, prefer-
ably propylene, which have been grafted with acid moieties,
e.g. maleic anhydride, preferably using a free radical
initiator in a solvent, preferably 1lubricating oil, and
then reacted with a mixture of a carboxylic acid component,




pol.ymer  may be reacted with said acid conponent prereacted with said
polyam ne to formsalts, am des, imdes, etc. and then reacted with said
grafted ol efin pol yner. These reactd2ens can pernmit the incorporation of
varni sh inhibition and di spersancy into the ethyl ene copol yner while
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of varnish inhibition and dispersancy into the ethylene
copolymer while inhibiting cross-linking or gelling. |

While these additives are, very useful oil
compositions, particularly concentrates, thereof tend to
exhibit increased viscosity over an extended period of
time. Therefore, there exists a need for additives whose
oil solutions, particularly oil concentrates, exhibit less

N viscosity change over an extended period of time.

The source of the viscosity increase over an
extended period of time of oil solutions of these additives
appears to be, at least in part, due to the chain extension
of the polymer. Several solutions to this problem are
~described in the prior art. One solution is to use the
polyainine and then to react the remaining unreacted



or ,the sulfonic acids of U S. Pat. No. 4,144,181, These materials act as
pol yami ne group end-capping or inactivating agents to inhibit or limt
chain extension. That is to say, the T¥action product of the graft
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reacting a monocarboxylic acid anhydride, e.g., acetic
anhydride, with the polyamine yields an  acid byproduct,
e.g., acetic acid. This acid is deleterious to engine-
operation, causing corrosion, and generally needs to be
removed from the oil solution of the V.I. improver -
dispersant. Furthermore, the use of the unsubstituted or
lower hydrocarbyl substituted dicarboxylic acid anhydrides
of U. S. Patent No. 4,137,185 generally does not remedy,
and may sometimes even contribute to, the formation of haze
£ in o0il solutions of the imide grafted ethylene copolymer.
This is due to the fact that when using free radical
initiators with mineral oil as the gfafting medium a
proportion of the oil molecules in turn become grafted with
the ethylenically unsaturated moiety, e.g., maleic anhy-
dride, and upon subsequent reaction with the amine these
grafted oil particles tend to become insoluble and to form
haze. Upon the addition of the hydrocarbyl substituted
dicarboxylic acid anhydrides to this o0il solution to
inactivate the 'un:eacted primary amine groups' of the
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ei ther ‘'unsubstituted or | ower hydrocarbyl substituted they do not
facititate the solubilization of these insoluble grafted oil particles.
However, since the dicarboxylic acid aghydrides of -the instant invention
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applications to o0il solutions of the additives of this
invention.

It has been found that improved viscosity
stability over an extended period of time of oil solutions,
particularly oil concentrates, of the imide grafted ethy-
lene copolymers of this invention can be achieved while
remedying the problems of acid by-product formation and
hazing accompanying the utilization of the prior art amine
group end-capping or inactivating agents by utilizing a

- Cq9 to C;g hydrocarbyl substituted dicarboxylic acid
anhydride as the polyamine end-capping or chain extension
terminating agent. '
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The present invention is directed to oil soluble
additives, particularly viscosity index improver -
dispersant additives, for oleaginous materials whereby oil
solutions thereof, particularly oil concentrates, exhibit
improved viscosity stability over an extended period of
time.



di spersant additives of ethylene copol yners, such as copol yners of ethyl ene
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The present invention is also directed to a
process for improving the viscosity stability of an oil
solution, particularly an oil concentrate, comprising an.
oleaginous solvent and from 0.1 to 50 wt. %, based on the
total weight of said concentrate, of an imide grafted
ethylene/C5; - C,5 alpha-olefin copolymeric oil additive
comprising the step of post-treating or post-reacting said
solution with a viscosity stabilizing effective amount of a
Cy12 to about. C,g hydrocarbyl substituted dicarboxylic
acid anhydride. :
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DETAILED DESCRIPTION OF THE INVENTION

It has been discovered that post-reacting a Ci2
to about C;g hydrocarbyl substituted dicarboxylic acid
anhydride with the reaction products of an ethylene
copolymer grafted with ethylenically unsaturated carboxylic
acid moieties, preferably maleic anhydride moieties, which
is then reactied with a polyamine having two or more
primary amine groups and a carboxylic acid component,
preferably alkylene polyamine and alkenyl succinic



a -prodh‘ct \/\7nereby- oil solutions, parti cul arl y concentrates, thereof are
characterized by inproved viscosity stabilityover prol onged periods of
time. The reaction products of an ethyfene copolymer grafted with an
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about 500, O?@lieved that the viscosity stabilization involves the
conversion of the residual unreacted primary amino groups,
present in the reaction product of the ethylene copolymer
grafted with ethylenically unsaturated acid moieties and
then reacted with the polyamine and carboxylic acid
component, to imide groups thereby 'inactivating said amine
groups and limiting chain extension which occurs through
said groups.
' The reaction appears to involve imidation. of the
pendant unreacted primary amine groups by reaction with the
Ci2 to C,g4 hydrocarbyl substituted dicarboxylic acid
anhydride. This imidation of the unreacted primary amino
groups with the anhydride of the instant invention produces
an imide structure which limits the multi-functionalized
- copolymers propensity of solution chain extension thereby
inhibiting viscosity increase of oil solutions containing
the class of additives of the invention.
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Ethylene Copolymer

0il soluble ethylene copolymers used in the
invention generally will have a number-average molecular
weight (M,) of from about 5000 to about 500,000;



pref erabl y "about 10,000 to 250,000 and optimally from about 20,000 to

1G0,000. In general, polynmers useful as V.I. inprovers will be used.
These V.I. inprovers will generally h%e a narrow range of nol ecul ar
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tetrapol ynmeeletfted temperatures, thermal degradation, . fractional
preclpitation from solution, etc. may also be used to
obtain narrow ranges of desired molecular weights and to
break down higher molecular weight pelymer to different
molecular weight grades for V.I. use.

These polymers are prepared from ethylene and
ethylenically unsaturated hydrocarbons including cyclic,
alicyclic and acyclic, containing from 3 to 28 carbons,
e.g. 2 to 18 carbons. These ethylene copolymers may con-
tain from 15 to 90 wt. % ethylene, preferably 30 to 80 wt.
% of ethylene and 10 to 85 wt. %, preferably 20 to 70 wt.
% of one or more C3 to C,g, preferably C; to C,g
more preferably C; to Cg, alpha olefins. While not
essential, such copolymers preferably have a degree of
crystallinity of less than 25 wt. %, as determined by X-ray
diffraction 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 combination with ethylene
and propylene, to form a terpolymer, tetrapolymer, etc.,
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1- pent éne, 1-hexene, 1-heptene, |-octene, 1-nonene, 1-decene, etc.
branched chai n al pha-ol efins, such as 4-nethyl -1-pent ene,

4- et hyl - 1- hexene, 5-nethy|pentene|,_éé4-dinethyl-l-pentene, and
6- met hyl heptene-1, etc., and m xtures thereof. The term copol yner as used
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* cycl ohexane =Singlerin i C nes such  a
.4, 4' - di cycbepeeantay praferably chout ohe%@n;ﬂqu'en'bsmobe mrpenh.ng:ased
alicyclic Bﬂséﬂeaﬂetﬁi'ﬂﬂéﬁntlaﬁ Qtﬁ?&%n&UQBdaﬁl aloalaed! ?Wﬂﬁahtimﬂhy|
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that may be used as the third monomer in the terpolymer
- include:

: al so

a. Straight chain acyclic dienes such as:
1,4-hexadiene; 1,5-heptadiene; 1,6-octadiene.

b. Branched chain acyclic dienes such as:
5-methyl-1,4-hexadiene; 3,7-dimethyl 1,6-octadiene;
3,7-dimethyl 1,7-octadiene; and the mixed isomers of.
dihydro-myrcene and dihydro-cymene.

- C. Single ring alicyclic dienes such as:
lg 1,4-cyclohexadiene; 1,5-cyclooctadiene; 1,5-cyclo-
~  dodecadiene; 4-vinylcyclohexene; l-allyl-k-isopropylidene
cyclohexane; 3-allyl-cyclopentene; 4-allyl-cyclohexene and
l-isopropenyl-4-(4-butenyl) cyclohexane.

d. Multi-single ring alicyclic dienes such as:
4,4’-dicyclopentenyl and 4,4’-dicyclohexenyl dienes.

e. Multi-ring alicycl'ic fused and bridged ring
dienes such as: tetrahydroindene; methyl tetrahydroindene;
dicyclopentadiene; bicyclo (2.2.1) hepta-2,5-diene; alkyl,
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nor por nenes such as: thyI nor bor nene; 5-net hyl ene- 6-net hyl - 2nor bor nene;
5- met’hyl ene- 6, 6- di met hyl - 2- nor bor nene; 5-propenyl - 2- nor bor nene;
5-(3-cycl o- pentenyl) 2- norbornene angd-5cycl ohexyl i dene- 2- nor bor nene;

nor bor nadi ene; etc. Ethylenically Unsaturated Carboxylic Acid Materi al

These nateradfiendlch alkyll pdénd,( asyetbadkenyD hhﬁebbﬂlmﬁfpﬂh}ém
contain at | east one et hyI SnlL e bond and

I t f
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Mal h
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t o honopol yneri ze :P preci abl e ene co rto
give two caPBSRANYL h2raorhernenal anids Scyshexydd TReTHoINenes
t he generi cnbgbbrhadianel wherein RL and R2 are hydr ogen or a hal ogen.

Sui t abl e exanpl es additionally include chloro-mal eic anhydride, itaconic
anhydri de, or the correspondlng dlcarboxyllc aC|ds such as nmaleic acid or
fumari c aci Bthy o) ¢ p£idd0, 739 and U. S.

Copol ymer ¢ oget s “”’ff‘hgt‘*ﬁt@%%e%% il a[‘“éf%‘ér?ér@e@%éne# fisbAEnRAF o
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and aromati c, contalning , eni c unsatura
C4-C12 al phgreferred as 1t does not appear to homopolynerize

appreciable but grafts onto the ethylene copolymer to give
two carboxylic acid functionalities. Such preferred
materials have the generic formula

R1 . R

wherein R1 and R2 are hydrogen or a halogen. Suitable
examples additionaily include chloro-maleic anhydride,
itaconic anhydride, or the corresponding dicarboxylic
acids, such as maleic acid or fumaric acid or their
monoesters, etc.

As taught by U.S. 4,160,739 and U.S. 4,161,452
various unsaturated comonomers may be grafted on the olefin
copolymer together with the unsaturated acid component,
e.g. maleic anhydride. Such graft monomer systems may
comprise one or a mixture of comonomers different from the
unsaturated acid component and which contain only one
copolymerizable double bond.- and are copolymerizable with
said unsaturated acid component.



ol efins, for exanple hexene, nonene, dodecene, etc.; styrenes, for exanple
styrene, al pha-nethyl styrene, p-nethyl styrene, butyl styrene, etc.; and
vinyl nononers, for exanple vinyl acetgte, vinyl chloride, vinyl ketones-
such as nethyl and ethyl vinyl. ketone, and nitrogen containing vinyl
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containing funetio ou. ause craosslinkin elatio
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Specific useful copolymerizable comonomers include
the following: '

(A) Esters of saturated acids and unsaturated
alcohols wherein the saturated acids may be monobasic or
polybasic acids containing up to about 40 carbon atoms such
as the following: acetic, propionic, butyric, valeric,
caproic, stearic, oxalic, malonic, succinic, glutaric,
adipic, pimelic, suberic, azelaic, sebacic, phthalic,
isophthalic, terephthalic, hemimellitic_, trimellitic,
trimesic and the like, including mixtures. The unsaturated
alcohols may be monohydroxy or polyhydroxy alcohols and may
contain up to about 40 carbon atoms, such as the
following: allyl, methallyl, crotyl, l-chloroallyl,
2-chloroallyl, cinnamyl, vinyl, methyl vinyl, l-phenallyl,
butenyl, propargyl, l-cyclohexene-3-ol, oleyl, and the
like, including mixtures. :

(B) Esters of unsaturated monocarboxylic acids
containing up to about 12 carbon atoms such as acryliec,
methacrylic and crotonic acid, and an esterifying agent
containing up to .about 50 carbon atoms, selected from
saturated alcohols and alcohol epoxides. The saturated



dodecanol, cycl ohexanol, cycl opentanol, neopentyl alcohol, and benzyl

al ¢ohol ; and al cohol ethers such as the nono- nethyl or nonobutyl ethers of
et hyl ene or propyl ene glycol, and thesliike, including m xtures. The

al cohol epoxi des include fatty al cohol epOX|des gl ycidol, and various
derivati vesadFohpigl aay Pueferabdy ank Q#ﬁmﬁ?rﬁOa. whe40| crrbonnatodisng
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1:4 to 4:1, bl yPERRARD2 7t o E 9 We.ﬁﬁ? X3ROLr 1PRERRAYene
Copol yner Tdedgcahblng aycldireariol eneycippentanoli, t médmenty boallcohodgi d
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hydro- per odede‘.sratamleszcoﬂ:oaimymelneamkmes,er eplighlbeshydiial) hend the-
boi l i ng poi ﬂkﬂ e%@?u&l‘fﬂg @?Qﬂﬁr&go[ err] and whi ch deconpose thermally

within the gra ure range to provide said free radicals.
Representative of t h‘@@@ FPEE‘DF&QFEaIOﬂ rkhe graft acepakywerizabiet system?,
o di- methyhrbcusdawngm 2a Fabite OF thAsHtirhEbaP ey gﬁ‘oxﬁéﬂéf’ EE?BB%%O'

130) or its, hexane anal ogue, di-tertiar outz erOX| di cu
peroxi de. TH® iSATPRPHLT COBRONENY, QfoaRPUL |lsk| t8f dikmePResBEably
0.'665% and about 1%)tbdased by wégghvtal wei ght of the pol ymer sol ution, and

tenpera- tures of about 150 to 220[err]. -12- The ethylenically
unsaturated carboxylic acid materl al, preferably maleic anhydride, wll be
gener al | y Gr ing of the CO

The grafting of the ethylene copolymer with the
carboxylic acid material may be by any suitable method,
such as thermally by the "ene" reaction, using copolymers
containing unsaturation, such as ethylene-propylene-diene
polymers either chlorinated or unchlorinated, or more
preferably it is by free-radical induced grafting in sol-
vent, preferably in a mineral lubricating oil as solvent.

The radical grafting is preferably carried out
using free radical initiators such as peroxides, hydro-
peroxides, and azo compounds and preferably those which
have a boiling point greater than about 100°C. and which
decompose thermally within the grafting temperature range
to provide said free radicals. Representative of these
free-radical initiators are azobutyro-nitrile, 2,5-di-
methyl-hex-3-yne-2, 5 bis-tertiary-butyl peroxide (sold
as Lupersol 130) or its hexane analogue, di-tertiary butyl
peroxide and dicumyl peroxide. The initiator is Qenerally
used at a level of between about 0.005% and about 1%, based
on the total weight of the polymer solution, and tempera-
tures of about 150 to 220°C.



used in'an amount ranging from about 0.01%to about 10% preferably 0.1 to
2.0% based on weight of the initial total solution. The aforesaid
carboxylic acid naterial and free radi_Eg_I initiator are generally used in a
wei ght percent ratio range of 1.0:1 to 30:1, preferably 3.0:1 to 6:1. The

initiator graftl ng i srReef&En D(er?:?éé!l.i? %sh&u%ﬁélfrh Hmagf%%éfﬁh
| e the gra ft|
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peroxi de) 2 6xdws at 160[err]C and one hour at 170[err]C etc. In the
grafting process, us y Iy ti,on is heat ed.t -
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copol yner i g&afti 09r| enyicll ssually. ramyet |ﬁnmsaboupero.dtii to 12
ailgl tion of nougsSarprederab iy ¢roh dbdtit 3 %59td ' ABuPBP’ WYl Srdpdsl ON
T ably 0.5 to 3 hours. The graft reaction will be usually
carried out to at least approximately 4 times, preferably

at least about 6 times the half-life of the free-radical

initiator at the reaction temperature employed, e.g. with
2,5-dimethyl hex-3-yne-2, S-bis(t-butyl peroxide) 2 hours

at 160°C. and one hour at 170°C., etc. .

In the grafting process, usually the copolymer

solution is first heated to grafting temperature and

thereafter said unsaturated carboxylic acid material and

\v - initiator are added with agitation, although they could
have been added prior to heating. When the reaction is

complete, the excess acid material can be eliminated by an

inert gas purge, e.g. nitrogen sparging. Preferably the

carboxylic acid material that is added is kept below its

solubility limit in the polymer solution, e.g. below about

1l wt. %, preferably below 0.4 - wt. % or less, of free maleic

anhydride based on the total weight of polymer-solvent

solution, e.g. ethylene copolymérmineral lubricating oil
solution. Continuous or periodic addition of the
carboxylic acid material along with an appropriate portion



of initi‘ator, during the course of the reaction, can be utilized to
marntain the carboxylic acid belowits solubility limts, while still
obtaining the desired degree of total gnafting. In the initiator grafting
step the mal ei ¢ anhydri de or other carboxylic acid material used will be
grafted ont @bhotihithiatod,yméduring tthe scburse faff the rogaxtion, kany be

sol vents su el benzene e o~ <Ll [ t o]
Sligntly orabiided; B Bafad LR cartdvii® s THe LBt
exact split SSLuRiddthimiks. ehilessbill pbtadninge thesdegined rdegrre ner
and its readlf tdtal qraftgagd vity and type of oil, the concentration of
the polyner in the oil, and al so upon the mai ntenance of the carboxylic

acid material in solution during the course of the reaction and m nim zi ng
the presence of dispdmsedhéutinidi satlored gradting. stepnathiec malwl¢de.
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when react eBokymern ARG itR reactivitys | thel reagsivityeandd type Rf oil,
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the pr ejsencgh\%f a .hi.gh terger ature deconggsi(bzl ecper oxi de ,can e .
acconpl i she mRERRAnGe R f aFhecgrERAKY bACoAClfe Makgr ale ddt FQIF RN ar
wei ght) of turihygyltite coirséi f the reaction and minimizing the
presence of dispersed, but undissolved acid, 'é.g. the
maleic anhydride. The undissolved acid material appears
tohave an increased tendency to react to form oil insoluble
materials. as opposed to dissolved acid material. The split
between grafted oil and grafted polymer may be measured
empirically from the infrared analyses of the product
dialyzed into oil and polymer fractions.

The grafting is preferably carried out in a
mineral lubricating oil which need not be removed after the

- grafting step but can be used as the solvent in the
subsequent reaction of the graft polymer with the amine
material and as a solvent for the end product to form the
lubricating additive concentrate. The oil having attached,
grafted carboxyl groups, when reacted with the amine
material will also be converted to the corresponding
derivatives. '

The solution grafting step when carried out in the
presence of a high temperature decomposable peroxide can be
accomplished without substantial degradation of the chain
length (molecular weight) of the ethylene containing



-14- polymer. This can be an advantage as opposed to high tenperature

thermal reactions which depend on degradation to apparently formfree

radi cal reactive sites. Measure- nment=¥fF nol ecul ar wei ghts and
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al kyl ene{ O ah&yhAminesrr]| where m has a val ue of about 3 to 70 and
preferably 10 to 35; d el -15- where
n has a val ue of abou%ig ﬁ%&q‘féﬂﬁé ﬂ?}‘oﬁgk g{btﬁ éﬁﬁ?o?rd‘ﬂartyhe
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havi ng a vaJ ence of al kyl ene groups 1 n ei
(ii) may be §tF§?§FFdor branched chai ns containing about 2 to 7 and

preferably about 2 tpaftdandldr biyoprefeFRicamind heompbrnaae RV e
of formula Eé‘ilowing formulas:

i

N .
(A) alkylene polyamines

H—N—{;alkylene-N}H

I X
H H

wherein x is an integer of about 1 to 10, preferably about
2 to 7, and the alkylene radical is a straight or branched
chain alkylene radical hav1ng 2 to 7, preferably about 2 to.
4 carbon atoms:;

(B) polyoxyalkylene polyamines -

(i) NH, - alkylene-Eo-alkylene}-m— NH,

where m has a value of about 3 to 70 and preferably 10 to
35; and

(ii) R—E—alkylene—e O-alkylenejy NH% 1-6



above include nethyl ene anines, ethyl ene amnes, butylene am nes, propylene
am nes, pentylene am nes, hexylene am ngs, heptylene am nes, octylene
am nes, other polynmethylene anines, thé-<yclic and higher hom)l ogs of these

am nes such as the pjperazines, th no: al kyl Stl ut &d erazi nes,
etc. These¥BRFRed Fgﬁl l?devaf'b? anTTI’%“t °en§ 5}1 Ehg? Ryisten
triamne, tthathyhensunctofardlie, the opis eke ﬂram nboum @h&pt amarbyl‘l@no)ld
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may be used glbe obt ai ned by condensing two or nore of the

above- ment i oned 4l kyl ene ami nes in a known manner. The ethyl ene am nes
whi ch are particul ar Exampdes Qﬁé’-ltﬂas%lkmefﬁﬁlﬁiﬁhﬁﬁé ofh fogmula (A) .

(K Tk and G howe) Sorte Bethd ens ghaBfiod 1" k83 CFZ%CS““E%?V' i
York (1950) aminegqe ESWGE%arémB'r’Fpﬁr e(?WY NP AN 1BRS¢ hlAﬁ"Xlll%ﬂeéne
chloride wi hlmﬁfrms“u ahep‘ﬂy]seufsulatmsinles he gpetylcenen aminesjplekher

'm xture of di on S r u as
o1 per asi nes oL ERT RRRE, antfipt,) (6 Cyc STERES %ﬁ%ﬁoﬁgﬂﬁéé‘aée?% .
this i nvent thiese t aming® i sich has pthe i@ﬁméiaﬁﬁnesthﬂy
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P haor SoeNaPpLly ctrlenn Shaninag AReRbRLNOe” E)enR0 LAY LA
preferably teerastitel, 49Poppléh@uididifihe, dbcheptimetiyleneyoxtridmirene
tripropylene tetramine, tetraethylene _pentamine, trimethyl-
ene diamine, pentaethylene hexamine, di (trimethylene)
triamine, 2-hepty1-3-(z-aminopropyl) imidazoline,
4-methylimidazoline, 1,3-bis~(2-aminoethyl) imidazoline,
pyrimidine, 1-(2-aminopropyl) piperazine, 1,4-bis-(2-
aminoethyl) piperazine, N,N-dimethyaminopropyl amine,
N,N-dioctylethyl amine, N-octyl-N’-methylethylene diamine,
2-methyl-1-(2-aminobutyl) piperazine, etc. Other higher
homologs which may be used can be obtained by condensing
two or more of the above-mentioned alkylene amines in a
known manner.

The ethylene amines which are particularly useful
are described, for example, in the Encyclopedia of Chemical
Technology under the heading of "Ethylene Amines" (Kirk and
Othmer), Volume 5, pgs. 898-905; Interscience Publishers,
New York (1950). These compounds are prepared by the
reaction of an alkylene chloride with ammonia. This
results in the production of a complex mixture of alkylene
amines, including cyclic condensation products such as



pol yani nes i nclude the pol yoxyet hyl ene and pol yoxypropyl ene  di am nes and
t'he -pol yoxypropyl ene triam nes having average nol ecul ar wei ghts rangi ng
from about 200 to 2000. The pol yoxyaI_I{tFI_ene pol yam nes are commercially
avai |l abl e and nay be obtained, for exanple, fromthe Jefferson Chem cal
-Conmpany, |ngipdpdehinklt Al 182Hixeefés Mo?CStHegeOanbnd80 ndy | B80used
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reference. Pre-Reacted Amine - Acid Conponent The aforesaid .anine a aci d
conponent nuyBPEA e gé’ﬁ'ed}“\ﬁet"ﬁ gn@ ggrasﬁeiﬂﬁmﬁenéiﬁigﬁm&ﬂ%ﬁ;hgdp"t t he
D-400, D-1000, D-2000, T-403", etc.,

he id Component

The acid component includes: hydrocarbYl
substituted succinic anhydride or acid having 12 to 49
carbons, preferably 16 to 49 carbons in said hydrocarbyl
group; long chain monocarboxylic acid of the formula RCOOH
where R is a hydrocarbyl group of 50 to 400 carbons and
long chain hydrocarbyl substituted succinic anhydride or
acid having S0 to 400 carbons in said hydrocarbyl group
Said hydrocarbyl groups are essentially aliphatic and
include: alkenyl and alkyl groups. The longer chain acids
and anhydrides are preferred, particularly when the graft-
- ing reaction is carried out in lubricating oil because of
ability to impart 'dispersancy to reacted o0il molecules as
well as their greater solubilizing effect.

Primarily because of its ready availability and
low cost, the hydrocarbyl portion, e.g. alkenyl groups, of
the carboxylic acid or anhydride is preferably derived from
a polymer of a C, to Cg monoolefin, said polymer
generally having a molecular weight of about 140 to 6500,
e.g. 700 to about 5000, most preferably 700 to 3000




am ne through salt, imde, am de, amdine, ester, or other |inkages so that
a pri mary amne group of the polyamne is still available for reaction with
the acid noieties of the grafted pol yrrer A conveni ent source of these
prereacted materials are the well - knowd’tubricating oil disper sants
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havi ng about4,517% 0W0andr 632 ,7éhe Whicbhcane | ischsporated, lmreda'scbybed
above under pJhe. Acid Component™, preferably a succinic acid producing .

mat eri al sucﬁ‘n as al kenyl succinic anhydride, with an am ne or pol yani ne,
i ncludi ng those descri bed above under "The Am nes". Monocarboxylic acid

di spersants w&%&&&g\tﬁiﬁm Speci fication 983, 040.
Here, poly- amnes arg reacted wth the. high | ecul
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pol yol ef i n kinkages t$@ BbREnEr splb‘m#@’ r?mhMogreﬂPnOfe téle mlyanine cke or

pol yi sobut ylstna1 '&vi‘ﬁi&ﬂf@affeé reattion qsimteﬂe a&(iat hitil A3 e deb t h
an al pha betaf%%ﬁ‘tspo nonocar boxyl. c .aci d of m3 to 8 refera |y

3 to 4, carlfhR yBe"'acr yhi convenient S;L%‘rca?pﬂ pERLeACTS |d
i.e., 2-net mdterigimnoareacths wamu.ekncwammbﬁcatimdoﬁherﬂiﬂﬂéfmﬂst h

Doy e SRRl ol RS Akl RERERE, olBEC LBl e
pol yol ef i n duxtiien |m@mcpblmlefthe mmeiampmm“ de, etc. is well
known in the Usually, these dispersants are made by condensing
a hydrocarbyl substituted monocarboxylic acid or a
dicarboxylic acid, having about 50 to 400 carbons in the
hydrocarbyl substituent, as described above under "The Acid
Component", preferably a succinic acid producing material
such as alkenyl succinic anhydride, with an amine or
polyamine, including those described above under "The

Amines". '
Monocarboxylic acid dispersants have been des-
cribed in U.K. Patent Specification 983,040. Here, poly-
\‘_/ amines are reacted with the high_ molecular weight mono
carboxylic acid derived from a polyolefin, such as poly-
isobutylene, by oxidation with nitric acid or oxygen; or by
addition of halogen to the polyolefin followed by hydro-
lyzing and oxidation; etc. Another method is taught in
Belgian Patent 658,236, incorporated herein by reference
-where polyolefin, such as the polymers of C,; to (g4
monoolefin, e.g. polypropylene or polyisobutylene, is
halogenated, e.g. chlorinated, and then condensed with an
alpha, beta-unsaturated, monocarboxylic acid of from 3 to
8, preferably 3 to 4, carbon atoms, e.g. acrylic acid,



art, as ‘seen in U S. patent ‘3,272,746, incorporated herein by reference.
Most - preferred are the lubricating oil dispersants made by reaction of the
aforesaid "(A) al kyl ene pol yam nes" previgusly described, wth al kenyl
succini ¢ anhydride. Reaction, preferably amnation and/or imdation of the
car boxyl i c acapbnat-ﬁetnw-acmﬁal lacitpneiae.g sPLlmétpl I Acidend che
acid materi alc Lﬁﬁiﬁ% é)%* yig sobute %‘*‘ succi ni c cgh%{lrl de, d| ssol ved I n
sol vent such Es S & theR Jisaste thPelvamine. The
formati on of the di speﬁ'@amaﬁ:imnhlagﬁ W k¢ arbaxykief faari@d dispsiesag tf oy
about 0.5 to f gga t r tltol
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to 165[ err] Cpolydl@min Lamlmaméiapamgaﬁa% argxp! 05 vwahe' xfo aﬁi'
evol ved. T cally the.m.ner oil sol vent ust,ed so that
constitutes o'y 0ePGRE 4P t"ﬁg‘h%’f‘ ent.yp ﬁﬁ 28 4 dm}'a&ﬁ%th%?ﬁln

Reacti on of &Gyafmeferéniod.cne Copol ymer with Am ne and Acid Conponent The
grafted pol ymer, prefgf [ g r Wt bo 5 t0 30
W. % preferably 10 to 20%&%}%&? ér)r{é? E@énig&/"}gggi %é‘jc %{F%’ﬁ?’hts

m xture of afmade kW EeIetionpefiec hs aSpmsahdsérl(d)ptadm@cpmamm-
.acid, by admptiewie uaacz\mﬁéa SQii‘hﬂra@f ‘%ﬁﬁﬁﬁ at a

t enper at ure of from a&ﬁut 100 err 25 , prefera Tom 150
to 200[err]C., for fr 0. B %%P%’Hbu?@ eal Pyda{eé‘utmidptci@ramt

2 hours. ~ Thbe cartxyidat imgid smateftanbiy ﬁBélEthl yOdonie0 afsa\eprsémtf@éﬂ on

Cover vi scoor ooy 10 VIAES it 20147 pabdiYa, ﬁsﬁmm ppbuckayy
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utilization eil13 to which the other reactant is added. The formation
of the dispersants in high yield can be effected by adding
from about 0.5 to 3.3, preferably about 0.7 to 1.3, most
preferably about 1 to 1 molar proportions of the alkylene
polyamine per molar proportion of alkenyl succinic
anhydride to said solution and heating the mixture at
140°C. to 165°C or higher until the appropriate amount of
water of reaction is evolved. Typically the mineral oil
solvent is adjusted so that it constitutes 50% by weight of
the final acyl nitrogen ccinpound solution.

t t e Copolymer wi
c com e

The grafted polymer, preferably in solution
generally equal to about 5 to 30 wt. %, preferably 10 to 20
wt. % polymer, can be readily reacted with a mixture of
amine and acid componehts, or with said pre-reacted amine
and acid, by admixture together with said grafted polymer
and heating at a temperature of from about 100°C. to
250°C., preferably from 150 to 200°C., _for from about 0.1
to 10 hours, usually about 0.1 to about 2 hours. The



hi gher concentration of grafted ethylene copolyner in the reaction mixture.
Rermoval of water assures conpletion of the imdation reaction. Reacti on
rati os can vary consi- derably, depending uppn the reactants, anounts of
excess, type of bonds forned, etc. Generally fromabout 1 to 2, pr ef erably

about 1 nol e pfasdhd bisprﬁf@fdré‘ﬁl € ca¥td Ot 1 tis® favBEe! gk
1.5 to 3, rms‘{lbi)éeferabl% about Ie eaglw val ent of said aci onen
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is prefer abI wikkdgiver avlewelr tviseousitydodi. Qﬂ'fé)otﬁilcelaﬁl &1mlu¥é/ than
cont ent r i Cy t ternative
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prlmarllylmdes of am ges are forned ual
di spersant i SFRRGHALRr Bi¥EUreanpuRemeYaliaf oV%%ﬁboi?FPé’e&mQPmﬁii%ﬁl% 23

tBe grig t ggomﬁqn&ma&ﬁoﬁxm@?mm aﬁsﬁ‘ﬁlﬂéﬁn%]ttﬁ%%y'@iﬁ YARY YHBﬁsQ-f-
about i |cen|ng icie of about 2.
averagi ng 4 rra%lgélﬂci%\'nhggpleggkgpod& 'be q"é{"%d ARREAGS rﬂfélegxcﬁﬁﬁut
4 nol es of arﬁYEewah hqndqarfqugrm anGeabnail.ly fidors abbowut kanyto 2,
succi ni ¢ anhyg Mé} efa b d o)
The [err] Hydr ocarb ug%l?‘?ﬁt %dagxga‘rabfg &JB(}&W ng{ﬂfh %‘8‘20% ance
with the instlantoif veﬁ’?ﬁ?ﬁr Y Ahautatl E@oaucﬂoéﬁs@ﬁquMM'@tezl S
subsequent | y Mebet @yuisrayas - bfeaé@mwfabhdafd%: MO0Yle ' 2, molex?Ont

i car

The parti cul *{%‘%pa?bo {8 BB | mole; oL Xy" i ePmaPneBE ne
present inveris oprefietablyt used, Cpart cmwbs)ubeJ&élydlrat&bHyldicarboxylic
acid moiety content, e.gq. grafted maleic anhydride

content. Alternatively, if pre-reacted amine and acid

component is used, such as a dispersant, sufficient dis-

persant is used to give about 1 to 2 primary amine groups

per dicarboxylic acid moiety in the grafted polymer, depend-

ing on whether primarily imides or amides are formed.

Usually 1 to 2 moles of said dispersant is used per molar

amount of said dicarboxylic acid moieties in the grafted

polymer. For example, with an ethylene-propylene copolymer

~ of about 40,000 (M,), i.e. a thickening efficiency of

\_/ about 2.1, and averaging 4 maleic anhydride groups per
molecule, and making imides, about 4 moles of amine with

two primary groups and about 4 moles of alkenyl succinic

anhydride would preferably be used per mole of grafted

copolymer.

Dicarbo ic _Acid An ride .

In accordance with the 1nstant invention the
1midization product described hereinafore is subsequently
reacted or post-treated with a Ci2 to about C,g,



substituted dicarboxylic acid anhydride. ‘The anhydride used in the
present I nvention may be represented by the general fornmula RX wherein Ris
a hydrocar byl group contalnlng a total of292 to about 18, preferably 12 to
16, nore preferabl carbons which are

io 14, and nos pref::}_E glly
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al kyl groupsdia-mlrbarxxb]aiet reec: Hdbt aﬂtwdrmdebrancmmi parfficuRars typal lecmy |

t t t
The Bnhyar | o B1EATHORY 130 adddf Aiydiiide 9504 118" LREFILRT #B NG pied
10, preferabllyl"@ft%i@nrrrmmdp@éﬁéi abey a & H, tehdaheyt p‘r—'géemrpqarbyl
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nore preferaglendrad 4foxmhihastRYr efleerndlin Rcdishoa dHydvocarBydf egaidup Z

anhydri de ) adPRERIBifY a eothy HE 32 R {6, GhopeFobIY 4R,
carbon |inkagore pﬂaﬁﬁﬂajﬂmllz toi d4aniand i mestoprefarsbldy e a&nhmt%/pes

and met hods &a&chheazre péQQHﬁ{:iQﬂlg a1 ladmowrhat%wa Sp0Yridathizhted,
di car boxylic aC| an lé%f?es can be Hé t'he reaction of the Cl2 to

‘about C18 al pRY Txenyl.ang: akieh FEAUPS) oA GAR bRy araight
anhydri de, echairfubepebpafphled.ati Whén- 32386.2n ialdcempl algabuier tn fwy

menti oned hePEETARITER | ERRE” ot Pleelpie (inSRERRaE el Rlie b d qofked ®
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acid anhydri ggua11¥f conteddr 4 &4 86, ObréPePABY{ 1080’ 8,0 e preferably

4 to 6, and most preferably 4, carbon atoms and will define

a dicarboxylic acid anhydride. The X radical may be.

represented by the formula

H
\/
0= ¢c—3z—C =0

N, 7

wherein Zz is selected from alkylene and alkenylen radicals
containing from 2 to 8, preferably 2 to 6, more preferably
2 to 4, and most preferably 2 carbon atoms. Preferably 2
is a alkenylene radical. The most preferred X radical is
the succinic anhydride radical, i.e.,

H

|
H Cc
0= d

o

\o—n-—
I

No

The X radical is linked to the R group by a carbon linkage.



there will generall y be no significant inprovenent in viscosity stability.
Thus, patents or literature disclosing ttﬁ use of acids thenselves with
am nes are not relevant to the present invéntion. Furthernore, the use of

an acid itself, particular noc OX MWl i nocar boxyl.i c

aci d anhydri de, result% %ﬁ&ﬁo { 'ﬁ?ycgﬁfé%lﬁagﬁrb?g%uef Fheciphayve
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general ly i nEﬁEeEbﬂ-ﬁsanaﬁﬂgch'ﬂﬂyihae?i%St?fv elhe grafted ethylene

copol ynmer/oil solution turn, requi res an additi onal
haze-treating step ded@ iBmeRtigned chepgsinafore iti3is 1griticale tee thie
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haze-treati ngnbydride. - 22T £ Tran aavidt iristtded hpdr coer bphyduiide tis edised
di carboxyl i ctgairé a@f!!i” én&2dl ‘13? Bemﬁ&' 75%%1# c¥h§coﬂn§¥'o§}e%%¢ﬁz' 13

ef fective anoynt. %/ cosl t I'lizing | Ve anbu
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sol ution of dbScIiGSingt Ith%d tf§é1Y6§”Sc§390|thEﬁ:"s%:1\r'ese w:LtEl'Phﬂ?iﬁeQraf'@t Hot
the increase over an extended erlo of tine an_ ol

sol uti on, pa?%?% iﬁ § r&ﬂ%&m’r‘ﬁf@ B t ERGReYBOre, hfhenuse of
polymers. an acid ltself, particularly a monocarboxylic acid, or a
monocarboxylic acid 'anhydride, results in the formation of
an acid by-product which is deleterious to the end use of
the oleaginous composition containing the V.I. improver -
- dispersant of the present invehticn, e.g., causes cor-
‘rosion. _ '

If the dicarboxylic acid anhydride contains no
hydrocarbyl substituent groﬁps, e.g., succinic anhydride,
or if it contains a hydrocarbyl substituent group of less
than 12 carbon atoms its effectiveness in solubilizing the
insoluble grafted oil particles, produced during the free
radical grafting in an oil medium of -the ethylene copol-
ymer, is adversely affected. Thus, such dicarboxylic acid
anhydrides are generally ineffective in reducing the haze
of the grafted ethylene copolymer/oil solution. This, in
turn, requires an additional haze-treating step described
in U. s. Patent No. 4,137,185. The use of the C,, to
C;g hydrocarbyl substituted dicarboxylic acid anhydrides
of the instant invention is effective in solubilizing the
grafted oil particles, thereby reducing haze and generally
eliminating the need for a haze-treating step.

o



Generalty this amount is fromabout 0.5 - 2.5, preferably 1 - 1.5 noles of
[efr] to about [err] hydrocarbyl substituted di carboxylic acid anhydride
per nole of unreacted primary am no grouodP2of the ethylene copol ymer grafted
with an ethylenically - unsaturated carboxylic acid material and thereafter
reacted with the pol yzhene acoontati kf att Heasty dwwo erinkey Y ambs tgrtowpedand
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acid and then reacting copol y | east one %ol yam ne and
car boxylic aexﬂeﬁéﬁéoﬁéﬁtmdaﬁcf ttHime mlefan el cepbuyien, i parkégularly an

subsequent | Yoiﬁ.acéeﬂé&ni:&'ﬁﬁtt@d W £ N e [gQFaHEtb‘a [eﬁ:ﬂymﬁreoCﬁmeers.
substituted |carb i% hci&am d anh dride in end p| n or chain ex en5| on
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preferred. etﬂy%@ﬁrcépl uld YuEQHEL?.EEeBhec&:%&Pﬂ: hbils wPOSF A1 Y and
useful to ut| lize % 3 excess, 1.e., about 1 30, mgre usuall about
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for example, a nitrog@ﬂebhﬁgli%t'extension termination ‘or end-capping of
the grafted ethylene copolymer which was preferentially
prepared in a mineral oil solution can be conducted by
subsequently injecting the C,, to about C,;g hydrocarbyl
substituted dicarboxylic acid anhydrid= of the present
invention directly into the reaction system used to prepare
said grafted ethylene copolymer, or it can be a separate
non-integrated reaction step. In any event, the grafted
ethylene copolymer is first produced by preparing the graft
copolymer of ethylene and ethylenically unsaturated
carboxylic acid and then reacting this graft copolymer with
at least one polyamine and carboxylic acid component, and
this preformed copolymer is then subsequently reacted or
treated with the C;, to C;g hydrocarbyl substituted
dicarboxylic acid anhydride in a end-capping or chain
extension limiting step. A sufficient amount of the
hydrocarbyl substituted dicarboxylic acid anhydride is
introduced into the heated solution containing the imide
grafted ethylene copolymer and the reaction carried on for
a period of about 0.25 to 8 hours at a temperature ranging



The chain extension limting or end-capping process step,is preferentially
conducted on a grafted ethyl ene copol yneric mneral oil solution wherein

t he excess poly(primary amne), e.g., alkylene polyanine, is reduced to a
| evel of |ess than about 0.05, opti mally T%%s than about 0.02, weight
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or hydro- caPEfGﬁsFuell'Qie'peﬂHPH§ tookewIh é\'°¥ﬁ|euﬁ'§a¥-6¥ma|ﬁ?qtr ntsked 10,
products or pddftievet CaNgenié bigist oﬂ%amaseldym.-buhrrb !atsﬁBsQiitnted
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wi thin the rynderoanaipertoagmospherew £ax @ﬂtampé.et.otaalnidmm thlankekhe
| ub ting oils to I 5 4 a
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synthetic | uBFOGAS$gSteR é&cmaefem%i%nm lﬂﬁ?‘%UEEPés oBor®l Q)t-'aefﬁaﬂr s
nmade by est eeﬁnmnen&:dﬁoﬂ?ﬁéb&% Cmaae&fal pa&mlysmhacﬂi b@hler et denand

| cohol | vol ef I Th dnit t ft,
pol yer s of ERESAR BN wuﬁ Rel 5% conddviens. PoLveRLAg: I8 om
about 5 wt %egucedalhwta S5Deviel ﬂms‘seria‘tdry abdout 26.05, %ptlimaa.u.ly ogs
mperal | ubr¢gahl Bofk! 0.68) weioht pR2iEnt! AR (RealtddiPhglinid) CPAT &

i nathis form by carrylng ‘out t realtion of i'nvention I'n
previously discussed. ATH@%V@wntcoﬁpsm 9. s By toptibvt| §,cpnefier-

other convenab®palo.afli tbVes SiEh &S NSASedObA! the weight of the total
composition, of the oil-soluble nitrogen-containing graft
ethylene copolymers produced in accordance with this
invention can be incorporated into a major .amount of an
oleaginous material, such as a lubficating oil or hydro-
carbon fuel, depending upon whether one is forming finished
products or additive concentrates. When used in 1lubri-
cating oil compositions, e.g. automotive or diesel
crankcase lubricating o0il, the endcapped nitrogen-
contain'inq grafted copolymer concentrations are usually
within the range of about 0.01 to 10 wt %, of the total
o composition. The lubricating oils to which the products of
this invention can be added include not only hydrocarbon
0il derived from petroleum, but also include synthetic
lubricating oils such as esters of dibasic acids; complex
esters made by esterifications of monobasic acids,
polyglycols, dibasic acids and alcohols; polyolefin oilé,
etc. _ o
The endcapped nitrogen-containing graft polymers
of the invention may be utilized in a concentrate form,
e.g., from about 5 wt % up to about 50 wt. %, preferably 7
to 25 wt. %, in oil, e.g., mineral 1lubricating oil, for



depressants, antiwear agents, antioxidants, other viscosity-index

| nprovers, dispersants, corrosion inhibitors, anti-foam ng agents,
detergents, rust inhibitors, friction noeltd4 ers, and the like. Corrosion
inhibitors, also known as anti-corrosive agents reduce the degradation of

H]f metal | Ea&?téfccﬁﬁﬂﬁlsﬁﬁb% adha Imdyi e p edorrmsm#w form by .
ustrative of corros ibitors.are rocaspons. an
t he productgaﬁ'l’ftyaﬁ%d%ﬁ: tﬁ&lsﬂ Sii§%h§? @g M‘%'ééiﬁ)?dr Ear%’bﬁ W h
an al kal i neprevibustyalliscugsedr. hydroxi de, preferably in the presence of

an al kyl ated phenol o 0T R, c€| g#ﬁpgg bsti?lﬁ‘?ét maggt%ﬁglﬁ yeicdritldh |

the presence of carbodn %Xt osp uri ze carbons”are prepared
by reactingokhert a@P@ﬁ?Br*ob'aF‘@o'h AR ifives s3eh 2ARcaBPURt RO LK

fraction of gagrelsts &t of |51n|gq_vygarr SdgerEshol &htcitb&!ld@‘tﬂ:sw téthexn 5
to 30 wt %.,0f a sylfid f horusfor 1/2, to_15
t enper at ur eVir® $ RS + L ¥g: Bﬁ%?go&t BEF Y Ifbut %Peésaﬁ{kg&trraFofan?ﬁﬁ°&

t he phosphoiuﬂﬁﬂblizledrhyﬂr matli@-nfnmbngefagem:b; n détergumt staughist n
U. S. Patent J.m‘:l.b%tggr X %ﬂ,lr:@i?oahlb?qﬁg%bl tagllas +he' 19.5?& oxi dants, reduce-

the tendency 0 eriorare in service which deterloratlon
can be evidenced by €orrpsignctinhdbidansat idkseuknown 3apydRtimeerrosive

varni sh-1i kggdapesi,t sragude thed! dégrhdadsion ak b!hbl Sﬁa&htujgi ophlits
Such oxi dation. inhihitors.inc) ude, al kKal i ne,earth me sal t
al kyl phenol FRPEASEEAS by, Ehey IHRrisa) ‘}9[9}?] cpgpes iQF"I{yI %%’@%Wse
e. g@ ; Fa|hg lnum rmfnn&d&]ﬁieml iﬁuibiﬂerﬁ?aﬁw nphosphbsh!:ﬂgt.;za?f |hly;drocoarbons
S:ﬂ fu?/l ged ﬁ ?ocgr!bg B@%g&'{'é’@g g%ﬁﬁ]efﬁoxﬁdgﬁggn iéjnhi‘%l tiogg o°f a
ant i oxi dant phasphglsuimumzsdu asinacarhampvith en -alktabire ceprsh metal
conpounds. gxjde or hydroxide, preferably in the presence of an
alkylated phenol or of an alkylphenol thioester, and also
preferably in the presence of carbon dioxide.
Phosphosulfurized hydrocarbons are prepared by reacting a
suitable hydrocarbon such as a terpene, a heavy petroleum
fraction of a C, to Cg olefin polymer such as
polyisobutylene, with from 5 to 30 wt. % of a sulfide of
phosphorus for 1/2 to 15 hours, at a temperature in the
range of about 66 to about 316. C. Neutralization of. the
phosphosul furized hydrocarbon may be effected in the manner
U taught in U.S. Patent No. 1,969,324.

Oxidation inhibitors, or antioxidants, reduce the
tendency of mineral oils "to deteriorate in service which
deterioration can be evidenced by the products of oxidation
such as sludge and varnish-like deposits on the metal
surfaces, and by viscosity growth. Such oxidation
inhibitors include alkaline earth metal salts of
alkylphenolthioesters having preferably Cg to Cy5 alkyl
side chains, e.g., calcium nonylphenol sulfide, barium
toctylphenyl sulfide, dioctylphenylamine,
phenylalphanaphthylamine, phospho-sulfurized or sulfurized
hydrocarbons, etc.



The copper nmay be bl ended into the oil as any suitable oil soluble copper
corpound. By oil soluble it is neant that the conpound is oil sol uble
under nornal bl ending conditions in the okbsor additive package. The
copper conpound may be in the cuprous or cupric form The copper may be in

the formof the coppebtﬁb&yds@r&é@yént hhAib3tottst W0- RHe3BRANEAES useful
Alternatlvelg kgco be added, asth Co %ﬁ’r salt of aq%qnthe c or
natural car bdRy| FR1gc| ven Ofp| GRERFige 0 18, JE°PREF) “ds,
such as steatrhe ocopplen tmayadhel, blendedsaintat dheacois amhany duantmh]re

branched car g)igd ’ daogég?,hgg w&gnl ¢ 8¢ 3107 < GPLBEY! e wgggmesanqi
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copper carbo SG yiS Obr- 9@ l@@ecggggk { hi opreb of
t he general Fé&\%ﬁ%oﬁé N in a1t ik d and R a?gﬁ

{n Bi" ere n is @T’n
sane or dlffSPEHP“FWdPGé’ar | 1R a8P@aCUPEONSA N BT gorm. | g The, Fopper
preferably th Yo &ﬁrblﬂ'ihatfem ofid thec | cobper r aihydrocarbylasthisyl or

al kenyl , ar | k Iy ati ¢ r Parti_c I
et orr ed asakeli-Rhogpladsl,  “RERerRaPiuptys: e Yories nay, e AL ¥
Thus, the radscatlserrmpper saiftplef e mgthcplocpyn;turplopgarboxylic
n- but I, i-§ t'iﬁi@' t

'decyl Y dodecyl ' oct a?'g’galPHiZ et gmg&’?ﬁ' utqupﬁ%a%rﬁp é&?o Q/d
met hyl cycl opBfigs, ‘%ﬁ:}{n?ﬁ °¢§'tc:l’a "‘H'ﬂi%r Butsunsaturate

sol ubility, hbedhotsa.icmuaheromwabborbﬁmdI carboﬁymé Rgidd | buch as

gt ol DonBbehbnlcOracl 0" S pIRRSH o3RI ol IR el 200, ta,
copper Cul afdfer cqul systhetiof carbexyl icuaginds, aarespreferired),i decausa
sal ts themseLyes @Y i RErBo8aC ndtiilir} 2ha sol%%'ilit_y properties of the
resulting copper carboxylates. Also useful are oil-soluble
copper dithiocarbamates of the general formula (RR,NCSS)nCu
(where n is 1 or 2 and R and R, are the same or different
hydrocarbyl radicals containing from 1 to 18, and
preferably 2 to 12, carbon atoms, and including radicals
such as alkyl, alkenyl, aryl, aralkyl, alkaryl and
cycloaliphatic radicals. Particularly preferred as R and
R, groups are alkyl groups of from 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,
methylcyclopentyl, propenyl, butenyl, etc. In order to
obtain o0il solubility, the total number of carbon atoms
(i.e., R and R,) will generally be about 5 or greater.
Copper sulphonates, phenates, and acetylacetonates may also

be used. _

Exemplary 'of useful copper compounds are copper
Cul and/or Cull salts of alkenyl succinic acids or
~anhydrides. The salts themselves may be basic, neutral ‘or



acidic. - They may be forned by reacting (a) polyal kyl ene succi ni nm des
(haV| ng pol yner groups of M of 700 to 5,000) derived from

pol yal kyl ene- pol yam nes, whi ch have at | east one free carboxylic acid
group, with (b) a reactive netal conpound. Sui tabl e rective netal

conmpounds | ngl__l%lggct. hosghayc BHprf&"rde cyprwdu@ggoxwlfzs po@.&'ad.‘kiﬁlene
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e.g., longer than 5 or econposi tion of e sal y occur The
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polyisobutylene succinic anhydride or acid. These
materials may desirably be dissolved in a solvent, such as
a mineral o0il, and heated in the presence of a water
solution (or slurry) of the metal bearing material.
Heating may take place between 70. and about ZOO,C.
Temperatures of 110.C to 140.C are ' entirely adequate. It
may be 'necessary, depending upon the salt produced, not to
allow the reaction to remain at a temperature above about
140.C for an extended period of time, e.g., longer than 5
o hours, or decomposition of the salt may occur.

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

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

Representative examples of suitable friction
modifiers are found in U.S. Patent No. 3,933,659 which



-27- discloses fatty acid esters and ami des; U.S. Patent No. 4,176,074
whi'ch descri bes nol ybdenum conpl exes of pol yi sobutyenyl succinic

anhydri de-anino al kanol's; U.S. Patent No. #4705, 571 which discloses

gl ycerol esters of dimerized fatty acids; U S. Patent No. 3,779,928 which
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. o . i e
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herein incorporated by reference. The most preferred
friction modifiers are 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. N

Dispersants maintain oil insolubles, resulting
from oxidation during use, in suspension in the fluid thus
preventing sludge flocculation and precipitation or

- deposition on metal parts. Suitablg dispersants include
high molecular weight alkyl succinimides, the reaction
‘product of oil-soluble polyisobutylene succinic anhydride
with ethylene amines such as tetraethylene pentamine and
borated salts thereof.

Pour point depressants, otherwise known as lube
oil flow improvers, lower the temperature at which the
fluid will flow or can be poured. Such additives are well
known. Typically of those additives which usefully
optimize the low temperature fluidity of the fluid are
Cg-C,g dialkylfumarate vinyl acetate copolymers,



-28- pol ynet hacryl ates, and wax napht hal ene. Foam control can be provided
by rtan antifoamant of the polysil oxane type, e.g., silicone oil and

pol ydi net hyl sil oxane. Anti-wear agents, as their nanme-inplies, reduce wear
of netal parts. Represent atives of conve@8+onal antiwear agents are zinc
di al kyl di t hi ophosphate and zinc diaryldithi osphate. Detergents and metal
rust i nhi bi t polymsthacrylates; aands|wax oﬁaﬁbﬁbﬁéﬁﬂe-am Boam;qantysienths,

| f d aldy t
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sol ubl e nmono- jc ac basjc. (viz, overbased)
metal sal es, Sr &1 %l?‘%l&%}wﬁg‘%&?{% if?;ﬂ‘ B® f onat es
(especially Ca and My mtlsyaama agemtsnt | ¥s uthe ixs nlanergcm]si.es, reduce

Representati ve X eri t
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t hese numer oygy ?"d}flj ﬁ @éowdearmltlpllmty of effects, e.g., a

di sper sant - oxi datlon 1 n E‘It ggioach ISH\{,\E#% ﬁnovvn anql rgedtﬁot
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“Reprosentati vALEr caReBol bt bkll " RliTasteiocRipntlfhiotes. ana otner
foll ows: Addieilesoluble mono- and d\i-%aboxylic acidsy . qtgieth-Y(Bﬂﬁ&G)

(Preferred) Vigggsi r s highly baB8ic’affanaseon
| nhi bi tor téf? %¥ %@gg&h? metal saloels_,l%é&?l dat i ogn thh itor
0.'%94-5 earth metals sulfonates (especially Ca g salts) are

frequently used as detergents. Representative examples of
such materials, and their methods of preparation, are found
'in co-pending Serial No. 754,001, filed July 11, 1985, the
dlsclosure of which is hereby incorporated by reference.

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 here:l.n.

Compositions when contaxning these conventional
additives are typically blended into the base oil in
amounts which are effective to provide their normal
attendant function. Representative effective amounts of

such additives are illustrated as follows:

Additive | W .d. | Wt. % a.i.
(Broad) (Preferred)

Viscosity Modifier .01-12 .01-4

Corrosion Inhibitor 0.01-5 | .01-1.5

Oxidation Inhibitor 0.01-5 .01-1.5



_29- Additive W.%a.i. W. %a.i. (Broad)

(Preferred) D spersant ' 0.1-20 0. 1-8 Pour Poi nt
Depr essant 0.01-5 . 01- 2% Ant i - Foam ng Agents .
0.001-3 .001-0.15 Anti-War Agents 0.001-5

.001-1.5 Frpgdij®ivebdifiers 0.0lwe.3% a.i .OJWEL.% ? j

Det ergents/Rust Inhibitors .01-10 01-3 Mnera ase
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desirabl e, al though not necessary, to prepare additive concentrates conpri.

sing concenpjdhadsagieut i ons or di spersiogs 1Qf ot he di spersa . il
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said other additives (said concentrate when constituting an additive

m xture bei pguke PbihteDepredsant N as anoeadd-is vepackage) wheyehy, ssever al
additives can be added sinultaneously to the base oil to formthe '

| ubricating oil conposition. D ssolution of the additive concentrate into
the | ubri caAntd-Fohming Bgeh#si | it ated bp.901wdnts and by m g01-0.15
acconpanied with mld heating, but this is not essential. The concentrate
or additive-package will typically be fornulated to contain the dispersant
addi ti ve an®nsiriWeax Agentsi onal additi v@s003d=5roper anpunts a0d-ir.d/i de t he
desired concentration in the final fornulation when the additive-package is
conbi ned vvii_.,h ay redgt Er? ned anount of base lubricant. Thus, the
_products of FFAE BPBS RALEISLR: i on can be%18458 to smal | anou®r oS base oi |
-30- or other conpatible solvents along with other desirable additives to

f orm addi ti taLnlk ive ingredients in collegtive amunts

of typical I98?'?%%528%2?8%25ibgiggggg%0% '§ﬂ‘€ﬁ§r eferably frdf‘ﬂcla'l?out 5to

about 75% and nost preferably fromabout 8 to about 50% by wei ght.
Mineral 0il Base Balance Balance

When other additives are employed, it may be
desirable, although' not necessary, to prepare additive
concentrates compri sing concentrated solutions or
dispersions of the dispersant (in concentrate amounts
hereinabove described), together with one or more of said
other additives (said concentrate when constituting an
additive mixture being re ferred to here in as an
additivepackage) whereby several additives can be added

- - simultaneously to the base oil to form the lubricating oil
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 dispersant additive
and optional additional additives in proper amounts to
provide the desired concentration in the final formulation
when the additive-package is combined with a predetermined
amount of base lubricant. Thus, the products of the.
present invention can be added to small amounts of base oil



additives in the appropriate proportions with the remail nder bei ng base oil.
The final fornulations may enploy typically about 10 w. % of the

addi ti ve- package wi th the renai nder beinggbase oil. Al of said weight
percents expressed herein are based on active ingredient (a.i.) content of
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As mentioned hereinafore, the C;, to about C;g
hydrocarbyl substituted dicarboxylic acid anhydride
end-capped imide grafted ethylene copolymers of the present
invention are particularly useful as fuel and lubricating
oil additives.

The end-capped imide grafted ethylene copolymers
of this invention find their primary utility, however, in
lubricating oil compositions, which employ a base o0il in
which these copolymers are dissolved or dispersed.

Thus, base oils suitable for use in preparing the

\v lubricating compositions of the present 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
additives of the present invention in base oils
conventionally employed in and/or adapted for use as power
transmitting fluids such as automatic transmission fluids,
tractor fluids, universal tractor fluids and hydraulic



present ‘invention. Thus, the additives of the present invention nay be
suitably incorporated into synthetic base oils such. as al kyl esters of
di carboxylic acids, polyglycols and algphols; ponaIpha ol ef i ns,
pol ybut enes, al kyl benzenes, organic esters of phosphoric acids
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are sol ubl e or stabl I'spersible in oll nt suf Icilent to rt
their int eR@estitakly| AnFﬁé'PQF@tﬁénrMﬁ"l gynchekiendbage oilspusheas
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Somoal 11 oARnvazich, AHB fions 3é§<-an‘?ﬂ~%/%° rin T Piacusts she. 3t
enbodi nent s fana vxbarﬂ:ahellé ml&emt JDyowei gitte usitxisly dispersible
materials. O©Oil-soluble, dissolvable, or stably dispersible
as that terminology is used herein does not necessarily
indicate that the materials are soluble, dissolvable,
miscible, or capable of being suspended in oil in all
proportions. It does mean, however, that the additives,
for instance, are soluble or stably dispersible in oil to
an extent sufficient to exert their intended effect in the
environment in which the oil is employed. Moreover, the
additional incorporation of other additives may also permit
incorporation of higher levels of a particul_ar copolymer

- hereof, if desired. _
Accordingly, while any effective amount, i.e.,
dispersant or viscosity index improving - dispersant

effective amount, of the additives of the present invention
can be incorporated into the fully formulated lubricating
oil composition, it is contemplated that such effective
amount be sufficient to provide said lube o0il composition
with an amount of the additive of typically from about 0.01
to about 10, preferably 0.1 to 6.0, and more preferably
from 0.25 to 3.0 wt. %, based on the weight of saiad
composition.



otherwise indicated, further illustrate the present invention. The
followng two Exanples illustrate imde grafted ethyl ene-propyl ene
copolyners falling outside the scope of the instant invention. They are
presented for conparative purposes onry.'3zE><Al\/PLE 1 This exanple illustrates

the preparation of aphQN-£5¥93RAGY | Exdhplied | cdnichy | BReTRde P Yrate
copol yner. A reactor vessel _is cﬁglrged alfl[h 44,702 poupds of ,a 20 wtr.ref":/lo oi |

sol ution of eRpadinents. Andywheredn ) r P Qi 3% g P¥hoYRight yunlgss
et hyl ene andtnwrwise Winddpaerd snEurtiemvinld wsfratd ntheOPresSentent
100 neutral ﬁ%@?ﬁﬁ'o oil). The solution is heated, with stirring, to
350[err] F LjI |Pr"ogen sparge. Four-hundred fifty pounds of nmaleic
anhydride is then chThgedfiokloving cfmar Exanplemdéd lnstradsenipideket

over a 45 nj ri L @Htﬁ@fso b h Ten
m nut es af tng?utsf?:a%fi %Qﬂ?%%ahapgﬁgyg}ﬂéﬁédri e charge gggag&;&dgé%?ég#?e;;tzary

butyl peroxPEOPS ff rtdhe ; ARBEAPT nYentione i THYY HBXE PERIENHE ¢
reactor vessehmparativat puehoses oallons per mnute, followed by 360 pounds
S1IO0ON oil flush. This reaction mxture is heated at 350[err] F for 0.5-
hour . The by-product and unreacted mal ei ¢ anhydri de are sparged off with
nitrogen at 350[err] F for 90 m nut esEXBMPLEQ]Y -33- the last 30 m nutes

of sparging 6,352 po 0 IS0 I a?%' Vi

[err] of 950 and an Xg%\%)l s%ﬁgﬁ%ia??‘gﬁ'%’?%?gl%‘a e acﬁd’gﬁt?gat h‘gﬁ a
reaction ni RPArenAcRPRRE ipidesgradteds eshyienexpsPpyLiene, COPRAYRers pounds
of diethylene trianm pereaetoiorgssbdD ibechazgedr wHith? 44) P02f pduhdgaldfons

pec i nute- R0 of, BRLS SRR SB XA Rehiigaatontein i BhdiHe

350[err] F éontaimingd alfowwd dMihuwes. % Eihylene and about 57 wt. %
propylene, and having a T.E. in S100N (Solvent 100 neutral
mineral oil). The solution is heated, with stirring, to
350° F under nitrogen sparge. Four-hundred fifty pounds of
maleic anhydride is then charged into the reactor vessel
under a nitrogen blanket over a 45 minute period, followed
'by a 360 pounds of S200N oil flush. Ten minutes after
starting the maleic anhydride charge 90 pounds of
ditertiary butyl peroxide as a free radical initiator begin
to be charged into the reactor vessel at a rate of 1.5
gallons per minute, followed by 360 pounds S100N oil

" flush. This reaction mixture is heated at 350° F for 0.5
hour. The by-product and unreacted maleic anhydride are
sparged off with nitrogen at 350° F for 90 minutes. During



reaction mxture is then diluted with an anount of -S| OON m neral oil
sufficient to reduce the viscosity of said reaction mxture to about 950
centistokes at 100[err] T The kinematic viscosity (K V.) in centistokes of
this diluted reaction m xture i s nmeasuret- at 100[err] C, both initially

d aft 6 k t,6 80[.e
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solutli on ar a I alns vVerage
al kyl benzeﬁ@ gﬁfon?ﬁa &Sﬁ nﬁ a'-'%‘iﬁb(’&‘p gé%ag%‘#’r@%’@&lﬁ?ﬁve‘f‘ tht(??
about 510. Hemtinggodf t:ttiss reaction mixture iis czontimwed aforSoher hpu
for 0.5 hou 0 S. r t

100[err] C an?g?l #1 %rom%%%$e§§ gkbagktgk%%eéc |c wgégge? Off
100 C., ofwihhs wi&mqem 3k 0360f & |fap| at ineriod def 60 minutes, aI rnyzeand
after storaggaéelof WESKEur 69 ﬁen 8&iﬂuteandnmp[eﬁrhm6unﬁ eéée@tmw Y,

dth f
Rl |1 THSPRERL 31l AnkRic] ek 1 EYl npaune. the N inEPE o RE CoBd mor
of the instreactbonnmizturéxedPabolitThse centibtokesuatr a0es Che
preparati on of ‘& dodgggny Mkl fl o HBLILYS GRVFPIR | BeA1 KBS or

etMy| ene- propyl ene
this diluted reaction mixture is measured, at 100° C, both

initially and after storage for 6 weeks at 60° C., 80° C.
and 100° C., respectively. The results are set forth in
Tables I - III.

EXAMPLE 2 ,

This example illustrates the preparation of a
sulfonic acid endcapped imide grafted ethylene-propylene
copolymer. A reactor vessel is charged with 690 grams of '
an imide grafted ethylene-propylene copolymer oil solution
prepared substantially in accordance with the procedure of
Example 1. The solution is heated to 150° C. under a

. nitrogen blanket. To this heated solution are added 9.39
grams (1.36 wt. %, 0.0184 mole) of a C,, average alkyl
benzene sulfonic acid having a number average molecular
weight of about 510. Heating of this reaction mixture is
continued at 150° C. for 0.5 hour. The oil solution of the
resultant product is cooled to 100° C. and discharged from
the reactor.

The kinematic viscosity, at 100° C., of this
reaction product oil solution is determined initially and
after storage for 6 weeks at 60° C., 80° C., and 100° C.,
respectively, and the results are set forth in Tables I -
III. )



A reactor vessel is charged with 722 grans of an i ni de grafted

ethyl ene- propyl ene copol yner oil solution prepared substantially in
accordance with the procedure of Exanple-3k- The solution is heated to
[err]. under a nitrogen sparge. To this heated solution are added 4. 69
grams (0.65 wt. % 0.7l 6 full wihgdaiearplle sillusitratdsy dandcendespped

period of 5 ¢ et r |

M xture at §rHeRl S brp e cobByaad Vet TERFLARE,
At the end qun Qnryiod the oil solution of the reaction product is
cooled to 100[err] C. and discharged fromthe reactor. The kinematic
viscosity of this reaction product oil aol éﬁ : on is determned, at 100[err]
C., initially and after storage for 6 60[err] C., 80[err] C, and

100[err] C., respect i'meig exahpbe riklhstratessetheorpheparadtioss lof all.

73 97 qodecany” gpgklndt Sfiyarille endcapped 1&1&34%1-3:%3”\,,

i *0 «thyletspropylene Capélxymer- VI "4 0p

i_' ff( SO?A H . A reactor vessel Ais cﬁ@r%g&_zgth 722 grams of an
O U imide grafted ethylene-p,;qpxlgne Eepelymer oil solution
qt>| TXw M Ojreparéd substantially in accordance witR ¢he procedure of
ﬁ'ﬂl BOﬁ/FmWD Example 1. The solution is %gageé‘a tocgsg'qrc.oundero a

.CM. nitrogen sparge. To this heated solution are added 4.69
s grams (0.65 wt. %, 0.0176 mole) of dodecenyl succinic
anhydride over a period of 5 minutes under a nitrogen
blanket. Heating of this reaction mixture at 150° C. is
continued for 0.5 hour under a nitrogen blanket. At the
end of this period the oil solution of the reaction product
is cooled to 100° C. and discharged from the reactor.
The kinematic viscosity of this reaction product
oil solution is determined, at 100° C., initially and after
storage for 6 weeks at 60° ., 80° C., and 100* C.,
respectively, and the results are set forth in Tables I -
II1I.
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an ethyl €nically unsaturated carboxylic acid material having 1 to 2
carboxylic -acid groups or anhydride group, (b) at |east one pol yam ne
selected fromthe group consisting of poly (al kyl ene am nes) and -

pol y(oxyal kyl ene ami nes) having at | eaST two primary am ne groups, and (c)
at | east one carboxylic acid selected fromlong chain nonocarboxylic acids
of the fornmula RCOOH wherein R is a hydrocarbyl group of about 50 to 400
carbons, and | ong chain hydrocarbyl substituted succinic anhydride or acid
havi ng about 50 to 400 carbons in said hydrocarbyl, and (ii) a viscosity
stabilizing effective anount of at |east one [err] to about [err]

hydr ocar byl substituted dicarboxylic acid anhydride 2. The conposition of
claim1 wherein (c) is a long chain hydrocarbyl substituted succinic
anhydride or acid having about |50 to 400 carbons in said hydrocarbyl. 3.
The conposition of cl aiomiZ wherlei n said dsong chai n hydrocarbyl substituted
succi ni ¢ anhydri de or 3&@ ﬁs ol y@o&t@nyl succi ni ¢ anhydride. 4. The
conposition of claim 1 sai ¢35 (@& Lonprises a copol ymer consisting
essentially of about 3 tQ E? % et hyl ele and about 20 to 70 wt. %’
propyl ene and S * has a nunber average nol ecul ar melght
in the range of about 10, 000 to 250,000, grafted with nmal ei ¢ anhydride. 5.
The conposition of claim1l wherein said hydrocarbyl of (ii) is an aliphatic

hydrocarbyl. 6. The conp05|t| of claim5 wherein said Cl2
233
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to about 'C16 hydrocarbyl substituted dicarboxyli c acid anuﬁlrl de (ii) is a

[err] to about Cl6 hydrocarbyl substituted succinic anhy ﬂmlﬂ"lnﬂﬁ”“"

conposition of claim$5 wherein said hyggocarbyl of (ii)
- 14 carbon ator@ ﬁ The conposition of claim7 wherein said €12t o" [err]"
hydr ocar byl &R Ut ed di car boxylic acid anhydride is [err] hydrocarbyl

substituted succinic q_nhyqscqa?lf 51 ositidh ¥R tdé)rhrﬁe CI Gl ddAiehgrein said

hydrocarbyl of (ii,). contairn on at ors. onposi tion of claim
9 wherein saFG’WﬁW Feackien BEAGEty Qs boxylic acid anhydride is
Cl12 hydrocar byl substitut ectis,uccwlfeaaﬂjwi{l duEh o oil. corrp05| tion

conprising a major proportion of 0il sel eq ed ricating oil. and fuel
oi | and about 0.01 to 50 wt. % of{®ne 3} 1© "@’T&)rﬂ%gﬁt q“tﬂ PAYRER 1.
12. An oil conposition according dcmpxiizaﬁngl]fm @dbaut 49 o ightwing Hi |

conposi ti on containing about 0.0} Yoo [ é ‘Hﬁl
conposition. 13. An oil corrp05| t | on acco |nﬁdg; to 1% 1 %{D] %é oafn at

addi ti ve concentrate conprising d%%@%tt%ﬂjw@rlM1%ﬁin' and about

5to 50 wt. %of said oil solubl %ﬁm dliyiier }ﬁvﬁ,gor@qmgxoravmgyl ng
the viscosity stability of an oil ve co.n %a corrprlsmgqq? maj or
proportion of oil selected from/l iR ¥ om 5 to
.50 wt. % based on the total wei @HcmtofS,OOOMb 500 cbamramhtqm!ﬂ:edafwﬂ:h

S P Sor hre ey ene. b depIRrEUIL P AR LAY ©
W % et hyl ene and about 10 to 8@cid Mteﬁrmiewmé- [t 13 carboxylic
acid groups or anhydride group,
(b) at least one polyamine selected
from the group consisting of poly
(alkylene amines) and poly(oxyalkylene
amines) havihg at least two primary
amine groups, and
(c) at least one carboxylic acid
selected from long chain monocarboxylic
acids of the formula RCOOH wherein R is
a hydrocarbyl group of about 50 to 400
carbons, and long chain hydrocarbyl
substituted succinic anhydride or acid
\ having about 50 to 400 carbons in said
hydrocarbyl, and
(ii) a viscosity stabilizing effective
amount of at least one C,, to about C;¢4
hydrocarbyl substituted dicarboxylic acid
_.anhydride

2. The composition of claim 1 wherein (c) is a
long chain hydrocarbyl substituted succinic anhydride or -
acid having about 50 to 400 carbons in said hydrocarbyl.

3. The composition of claim 2 wherein said long
chain hydrocarbyl substituted succinic anhydride or acid is
polyisobutenyl succinic anhydride.

4. The compositioﬁ of claim 1 wherein said (a)
comprises a copolymer consisting essentially of about 30 to
An.wt. % ethvliene and about 20 to 70 wt. % propylene and




to C28‘a1pha:olefin, sai d copol ynmer having a nunber average nol ecul ar
wei'ght within a range of about 5,000 to 500,000 and grafted with an
ethyl enically unsaturated carboxylic_fgid material having 1 to 2 carboxylic

acid groups or anhydride group, (b) at |east one polyam m _
t he group consisting of poly(al kyl ene anmi nes) and pol y(ou If ﬂﬂlﬂmnllﬂm)
having at |east two primary am ne groups, and (c) at |east ohe ‘taMpoRyl fc
acid selected fromlong chain nonocarboxylic acids of the fornmul a RCOOH

wherein R is a hydrocarbyl group of about 50 to 400 carbons, and |ong chain
hydrocar byl bassaihumnbersaverage mokhgcular weightdinathegranget ofoabeuioo

carbons in Sfbdoaadﬁﬁ%ayboo,Sfﬂé[;ﬁafﬁegeﬁftﬁoaméienanwersaep of reacting
sai d concentrate with a viscoSiTy stability i oving effective_amunt of
o) of slei IR,8351

at | east one Cl2 to aPout TRE6CPTRPSLS But HREFRLRLBRITI ¢ aci d
anhydri de. lRyddbeapppress eiiyl tsnandayiphatiicshydrécarbgla | ong chain
hydr ocar byl substituted syccinic anbhydride_or | d Lng.ab 5Q to 400
carbons in said hydroRarby?® ﬁ%@P°§h§13P085321§$5C?2?ﬁ$§§1§@§#%?negaid
hydrocar byl sobaboutit €ggshydrocarhyhysubsbtitutedi dicarpoxylichacidy | -

I ni h ' Tessy T I g1 14 ' id t
Sbout | Cl6 nySPRRAFLaR (1) 6 RO GIS EoPRROUF, B pRERERELER S, (7 1O

r tituted-di cark | nhydride is a
hydr ocar byl “substituted suceinie aphydride. 40- said concentrate, of a

grafted ethyl ene copoyynesrhe ebmpositibicogoapaini Bgwheeeinasaian products

o an OhiaBOtiPhi1 °bBY(S1F ESRERYNE' rEQHP15°kBI1L QULBBR A ehsLO 9O
— 8. The composition of claim 7 wherein said C,,
to C,, hydrocarbyl substituted dicarboxylic acid
anhydride is C,, to C;, hydrocarbyl substituted
succinic anhydride. -
9. The composition of claim 7 wherein said
hydrocarbyl of (ii) contains 12 carbon atoms.

10. The composition of claim 9 wherein said C,,
hydrocarbyl substituted dicarboxylic acid anhydride is
C,, hydrocarbyl substituted succinic anhydride.

11. An oil composition comprising a major
proportion of oil selected from lubricating oil and fuel
0il and about 0.01 to 50 wt. % of the oil soluble
composition of claim 1.

12. An oil composition according to claim 11 which
is a lubricating oil composition containing about 0.01 to
15 wt. % of said oil soluble composition.

13. An oil composition according to claim 11 which
is an additive concentrate comprising a major amount of
lubricating oil and about 5 to 50 wt. % of said oil soluble
‘composition. _

14. A process for improving the viscosity
stability of an oil additive concentrate comprising a major
proportion of oil selected from lubricating oil and fuel
oil and from 5 to 50 wt. %, based on the total weights of




and about 10 fo 85 wt. %of one or nore [err] to [err] ha- ol efin, said
copolyner havi ng a nunber average nol ecul ar weight within a range o

5,000 to 500,000 and grafted with an eg&ylenlcally unsaiu

acid material having 1 to 2 carboxylic acid groups or m LL'@E

at | east one pol yam ne selected fromthe group consisting of pol als

am nes) and pol y(oxyal kyl ene am nes) having at |east two primry an1ne
groups, and (c) at |east one carboxylic acid selected fromlong chain
monocar boxylic, aci ds of the formula RCOOH wherein R is a hydrocarbyl group

of about 50 S¥idiRPNGAMEFAte aRf |3 Erafked ekhrlrng serelmeric el succinic
anhydri de Ol’adﬂ:itﬂu}'e;i\fdﬁptﬂmjﬁ g Sthéd fréu&);m{ ﬂé‘t§&tﬂ hydLocar byl , s?i d
process conpri sing e ste reac rate w a viscosity
stability inproving effecte icé%iﬁbiée éhiihpfe§9?°i¥F%5out [err]
hydr ocar byl substituted dlw;hmgdng fwom| abdukiriGicto 150 wlhet petitgbenef

claim14 wherein.said (c) %‘8{?0 40 gycu@cai tyf %s&i_tﬁg@g uccinic

anhydride or acid having a out carbons | N sal hydrocar 16.

The process of claim 15 w? Gag ﬁwhaw b)ﬁaifhb@ﬂpq

anhydride or acid is pol y@qﬁuﬁ@yla e wiﬁi{lﬁ,péocess
of claim 14 wherein said Cl2 to drocar ut ed

di carboxylic acid anhydri de@H9e af’ﬁy%?%%a %’ﬁl %Lﬁ%tfqu/‘bt ﬁﬁ‘il?ﬁ%fted
anhydri de. * C L witiMan éthylénidhl )hansainassted carboxyilic

wherei n sai d hydrocarbyl sybsi ﬁﬁ%#c}%ﬂ&gafwgri d@afﬁo;@yifé rdei@ [err]

hydrocarbyl substituted succrnic
groups or anhydrlde group,

(b) at least one polyamine selected from the
group consisting of poly(alkylene amines) and
poly(oxyalkylene amines) having at least two
primary amine groups, and
(c) at least one carboxylic acid selected
from long chain monocarboxylic acids of the
formula RCOOH wherein R is a hydrocarbyl
group of about 50 to 400 carbons, and long
chain hydrocarbyl substituted succinic
anhydride or acid having about 50 to 400
carbons in said hydrocarbyl,
said process comprising the step of reacting said
concentrate with a viscosity stability improving effective
amount of at least one C;, to about C,g hydrocarbyl
substituted dicarboxylic acid anhydride.

15. The process of claim 14 wherein said (c) is a
long chain hydrocarbyl substituted succinic anhydride or
acid having about 50 to 400 carbons in said hydrocarbyl.

16. The process of claim 15 wherein said
hydrocarbyl substituted succinic anhydride or acid is
polyisobutenyl succinic anhydride.

' 17. . The process of claim 14 wherein said clz to
about C,¢ hydrocarbyl substituted dicarboxylic acid
anhydride is a hydrocarbyl substituted succinic anhydride.



19. The process of claim 18 wherein said hydrocar byl substituted succinic
anhydride is a C12 hydrocarbyl substituted succinic anhydrr

process of claim 14 wherein the anount _g§_said Cl2 to a ocarbyl
substituted.dicarboxylic acid anhydride is an excess of Q’
based on the unreacted primary am ne concentration in sar o .
The process of claim 14 wherein a reaction m xture of said concentrate and

said Cl2 to about [err] hydr ocar byl substituted di carboxylic acid anhydride

i's mai ntained gt t enperature of about rr] to 250[err]C for a period of
tinme from ab&?tldo"??qeé‘té'%r§ ?Zgrﬁf'{ﬁq efhivkane \GoRlymeriag Q4 i zed

grafted et hyladitd tiweoloomprisieiglthas mci::lorfﬁ(iﬁrddwtsarcmal erbe a ﬁrfcess
conprising: (i) formng a rgacti_Qn nro n_oil_solubl e et hyl ene
copol ymer conprising from a‘%@ut a%soﬁ.g. %tﬁt‘ﬁ ghﬁ';ﬁ 10 to 85
w. %of at |east one [errconpyisigic:finem ahqllt:drsolmrao byl rig ethyjnéms
average nol ecul ar wei ght ofy gid[)%'ﬂo%@‘ito ép%% tWR.5Q0, o@%@%:? ﬁ{zttee vm th an

ethylenically unsaturated ¢ oxyllc aC| mat erial. havin caﬁboxyllc
aci d groups or anhydride git€uS2s BLPha1defilnsaid éi?ﬂﬁﬂ wing r om
the group consisting of pO'aV(tﬂﬂBArela&e%@q%E%ﬁolmm X\@f@lﬁ‘! K4lt3IG @M nes)
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with an ethylenically unsaturated carboxylic
acid material having 1 to 2 carboxylic acid
N _ groups or anhydride group,
(b) at least one polyamine selected from the
group consisting of poly(alkylene amines) and
" poly(oxyalkylene amines) having at least two
primary amine groups, and
(c) at least one carboxylic acid selected
from long chain monocarboxylic acids of the
formula RCOOH wherein R is a hydrocarbyl
group of about 50 to 400 carbons, and long
chain hydrocarbyl substituted succinic
‘anhydride or acid having about 50 to 400
carbons in said hydrocarbyl,
said process comprising the step of reacting said
concentrate with a viscosity stability improving effective
amount of at least one C,, to about C,¢ hydrocarbyl
substituted dicarboxylic acid anhydride.

15. . The process of claim 14 wherein said (c) is a
long chain hydrocarbyl substituted succinic anhydride or
acid having about 50 to 400 carbons in said hydrocarbyl.

16. The process of claim 15 wherein said
hydrocarbyl substituted succinic anhydride or acid is
polyisobutenyl succinic anhydride.

17. The process of claim 14 wherein said C;, to
about C,¢ hydrocarbyl substituted dicarboxylic acid
anhydride is a hydrocarbyl substituted succinic anhydride.
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21. The process of claim 14 wherein a reaction
mixture of said concentrate and said Cy, to about Cy¢
hydrocarbyl substituted dicarboxylic acid anhydride is
maintained at a temperature of about 50°C to 250°C for a
perlod of time from about 0.25 to 8 hours.

22. An oil soluble viscosity stabilized grafted
ethylene copolymer useful as an oil additive prepared by a
process comprising:

| (i) forming a reaction product of
(a) an oil soluble ethylene copolymer
comprising from about 15 to 90 wt. %
ethylene and about 10 to 85 wt. % of at
least one C; to C,g alpha-olefin,
said copolymer having a number average
molecular weight of from about 5,000 to
500,000 and grafted with an
ethylenically unsaturated carboxylic
acid material having 1 to 2 carboxylic
acid groups or anhydride group,
(b) at least one polyamine selected
from the group consisting of
poly(alkylene amines) and
poly(oxyalkylene amines) having at least
' two primar& amine groups, and
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(c) at least one carboxylic acid
selected from long chain monocarboxylic
acids of the formula RCOOH wherein R is
a hydrocarbyl group of about 50 to 400
carbons, and long chain hydrocarbyl
substituted succinic anhydride or acid -
" having about 50 to 400 carbons in said
hydrocarbyl, and
(ii) subsequently reacting said reaction
product (i) with an amount of at least one
Cy5 to about C,¢ hydrocarbyl substituted
diéarboxylic acid anhydride effective to
improve the viscosity stability of said
reaction product (i).

23. The copolymer of claim 22 wherein (c¢) is a
long chain hydrocarbyl substituted succinic anhydride or
acid having about 50 to 400 carbons in said hydrocarbyl.

24.  The copolymer of claim 23 wherein said long
chain hydrocarbyl substituted succinic anhydride or acid is
polyisobutenyl succinic anhydride. _

25. The copolymer of claim 22 wherein said
hydrocarbyl of (ii) is an aliphatic hydrocarbyl.

26. The copolymer of claim_25 ﬁherein said €4,
to about C;¢ hydrocarbyl substituted dicarboxylic acid
anhydride is hydrocarbyl substituted succinic anhydride.

27. The copolymer of claim 25 wherein said
hydrocarbyl is a Cy, to C,, hydrocarbyl.

28. The copolymer of claim 27 wherein said Cqo
 to.C;, hydrocarbyl substituted dicarboxylic acid
anhydride is a Cy, to C;, hydrocarbyl substituted
succinic anhydride.

29. The copolymer of claim 25 wherein said
hydrocarbyl is a C,4 hydrocarbyl.

30. The copolymer of claim 29 wherein said Ci2
hydrocarbyl substituted dicarboxylic acid anhydride is a
- €2 hydrocarbyl substituted succinic anhydride.



