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1. Technical Field
[0001] The present invention generally relates to a method for improving
fluorocarbon elastomer seal compatibility.

2. Description of the Related Art

[0002] Lubricating oil compositions used to lubricate internal combustion engines
and transmissions contain a major amount of a base oil of lubricating viscosity, or a
mixture of such oils, and one or more lubricating oil additives to improve the performance
characteristics of the oil. For example, lubricating oil additives are used to improve
detergency, to reduce engine wear, to provide stability against heat and oxidation, to
reduce oil consumption, to inhibit corrosion, to act as a dispersant, and to reduce friction
loss. Some additives provide multiple benefits such as, for example dispersant-viscosity
modifiers.

[0003] Among the most important additives are dispersants which, as their name
indicates, are used to provide engine cleanliness and to keep, for example, carbonate
residues, carboxylate residues, carbonyl residues, soot, etc., in suspension. The most
widely used dispersants today are products of the reaction of succinic anhydrides
substituted in alpha position by an alkyl chain of polyisobutylene (PIBSA) type with a
polyalkylene amine, optionally post-treated with a boron derivative, ethylene carbonate or

other post-treatment reagents known in the specialized literature.



i ndicates, are used to provide engine cleanliness and to keep, for exanple,
carbonat e resi dues, carboxyl ate residues, carbonyl residues, soot, etc., in
suspensi om0 20hie12p8t Wi del y used di spersants today are pcodiseais/oof3se he
reacti on of succinic anhydrides substituted in al pha position by an al kyl
chain of polyisobutylene (PIBSA) type with a pol yal kyl ene am ne, optionally
post-treated with a boron derivative, ethylene carbonate or other
post-treatment reagents known in the specialized |iterature. WD

2011/ 126639PCT/ US2011/ 027349 [ 0004] Anong t he pol yam nes used,

pol yal kyl ene-am nes are preferred, such as diethylene triam ne (DETA),

tri et hyl end000d} r am nemAgETA)poltastinca ety Ipehelkpent-aminae alcTHERRIred, peclt aet hyl ene
hexam ne (PEHA) and heavi er poly-al kyl ene-am nes (HPA). [0005] These

pol yal kyl edetlykinnesiamggc{DEI AR ttibtbylsue détrangnea iRy A ), desacshyibsit | pantaedndy al kyl
groups of polyisobutyl ene (PIBSA) type to produce, according to the nolar
rati o of t WEBRAY pmntacdgtpanhsxamimenBEHUG endihdavidesly-bikglestiamined (RS or

m xtures of nono- and bi ssuccini m des [0006] Such reacti on products,

optional | y [@Os] - t r ealless pgedikeylale amihaviead witnthz etiitiasihy driddsrsapggitutednt ent
of the order of 5 to 50, as neasured by the total base nunber or TBN,

expressed @ alkgl SbulcQH ppBisoBlitIhOfPIBBAPlyBe toftbElte ctadliag té e mdlg riiot ect
the netallic parts of an engine while in service fromcorrosion by acidic

conmponent s oPthie@ tAdtréddentt, ot D&M @R tHiPRcOhintifh® dr uhktueabf MEnPiahd B%- t he
fuel, while keeping the said oxi dat i on products dispersed in the

IubrlcatlngmghhnM@sprevent their aggloneration and their deposition onto
nmetal parts. [0007] D spersants of nono-succinin de or bis-succinimde type

are even npggpe] Such reaction products, optionally post-treated, generally have a non-zero
basic nitrogen content of the order of 5 to 50, as measured by the total base number or
TBN, expressed as mg of KOH per gram of sample, which enables them to protect the
metallic parts of an engine while in service from corrosion by acidic components
originating from the oxidation of the lubricating oil or the fuel, while keeping the said
oxidation products dispersed in the lubricating oil to prevent their agglomeration and their
deposition onto metal parts.
[0007] Dispersants of mono-succinimide or bis-succinimide type are even more
effective if their relative basic nitrogen content is high, i.e. in so far as the number of
nitrogen atoms of the polyamine is larger than the number of succinic anhydride groups
substituted by a polyisobutenyl group.
[0008] However, the higher the basic nitrogen content of these dispersants, the
more they favor the attack of the fluorocarbon elastomer seals used in modern engines,
because the basic nitrogen tends to react with the acidic hydrogen atoms of this type of
seal, and this attack results in the formation of cracks in the elastomer surface and the loss

of other physical properties sought in this type of material.
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[ 0008] However, the higher the basic nitrogen content of these dispersants,
the nore they favor the attack of the fluorocarbon el astonmer seals used in
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t he fluoroel astomer seal used in nodern engines, because the basic nitrogen
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this attack results in the formation of cracks in the elastomer surface and
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lubricating oil compositions containing a dispersant of mono-succinimide or bis-
succinimide type, post-treated or not, in combination with a borated glycerol ester, one
obtains a composition compatible with fluorocarbon elastomers

[0010] Accordingly, it would be desirable to develop Iubricating oil compositions

which exhibit improved fluorocarbon elastomer seal compatibility.

SUMMARY OF THE INVENTION

[0011] In accordance with one embodiment of the present invention, there is
provided a method for improving compatibility of a fluorocarbon clastomer seal with a
lubricating oil composition comprising (a) a major amount of a base oil of lubricating
viscosity; and (b) one or more dispersants containing one or more basic nitrogen atoms,
the method comprising adding to the lubricating oil composition an effective amount of
one or more fluorocarbon elastomer compatibility improving agents comprising one or

more oil-soluble titanium compounds.



[0011] I n accordance with one enbodi nent of the present invention, there is
provi ded a nethod for inproving conpatibility of a fluorocarbon el astoner
seal wthwea?2ubrseati ng oil conposition conprising (a) &CrajSesiiarBunt of a
base oil of lubricating viscosity; and (b) one or nore di spersants
contai ning one or nore basic nitrogen atons, the nethod conprising addi ng
to the lubricating oil conposition an effective anount of one or nore
fl uorocarbon el astoner conpatibility inproving agents conprising one or
nore oil-soluble titaniumconpounds. WD 2011/ 126639PCT/ US2011/ 027349
[0012] I n accordance with a second enbodi nent of the present invention,
there is pl@IR2Hed a Imertwdhnfowith ppeowni rgbodimestt ¢fthd presentinventiohutberedar bon
el astomer seal with a lubricating oil composition conprising (a) a ngjor
anmount of @rdvakéd aomtthad fdritmprovarlgi cegpetils bty siftay fluaemriob)elovenco scamit a
di spersants containing one or nore basic nitrogen atons, the nethod
conpri si ng haaidating dibcdriy@sitioh rcomatising) ()id mejonpmsuitiodra Basc eflf dtbricatiggount  of
one or nore fluorocarbon el astomer conpatibility inproving agents of the
gener al f owixubsity odndt (b ogenemale dipeRtdtacodRinidg Bde orfmoreRRsit nitrogen atoms,

the method comprising adding to the lubricating oil composition an effective amount of

one or more fluorocarbon elastomer compatibility improving agents of the general formula

of the general formula:

wherein R', R?, R? and R” are independently a hydrocarbyloxy-containing group.

[0013] In accordance with a third embodiment of the present invention, there is
provided a method for maintaining or improving compatibility of a fluorocarbon elastomer
seal with a lubricating oil composition in an internal combustion engine which comprises
operating the engine with a lubricating oil composition comprising (a) a major amount of a
base oil of lubricating viscosity; (b) one or more dispersants containing one or more basic
nitrogen atoms; and (c) an effective amount of one or more fluorocarbon elastomer
compatibility improving agents comprising one or more oil-soluble titanium compounds.
[0014] The method of the present invention advantageously improves
compatibility of a fluorocarbon elastomer seal with a lubricating oil composition
comprising (a) a major amount of a base oil of lubricating viscosity; and (b) one or more

dispersants containing one or more basic nitrogen atoms, by adding to the lubricating oil



R3 wherein Rl, R2, R3 and R4 are independently a hydrocarbyl oxy-contai ni ng
group. [0013]In accordance with a third enbodi nent of the present

i nvent i orwwot2hewe6d3s provi ded a met hod for maintai ni ng oPCITIYS2@VI0ORTH49
conpatibility of a fluorocarbon el astoner seal with a |ubricating oi
conposition in an internal conbustion engine which conprises operating the
engine with a lubricating oil conposition conprising (a) a major anount of
a base oil of lubricating viscosity; (b) one or nore di spersants containing
one or nore basic nitrogen atons; and (c) an effective anount of one or
nore fluorocarbon el astomer conpatibility inproving agents conprising one
or nore oi kempdsitipneant ¢ffetivaameorpdumdor @O piheborchatdmerf cerhmtipiligs ent

i nventi on advant ageously inproves conpatibility of a fluorocarbon el astomner
seal w th amprobingegnisngmpribing omp@sndre oifrsadobip fitagiungeopgpualsimaj or anmount of a
base oil of lubricating viscosity; and (b) one or nore di spersants

contai ning one or nore basic nitrogen atons, by adding to the |ubricating
oil conposition an effective amount of one or nore fluorocarbon el astoner
conpat i bi | IDBrAINPD@ASTURIROEN OF CHHPREFERR EIMEMBOIDMMENDS | - sol ubl e titani um
conpounds. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [0015] The
present i ny@nkj on i sTHd grechidvdnBion indtdded té @ mdtigarfor infigoaoipahpaiibilicyt Y

of a fluorocarbon elastomer seal with a lubricating oil composition comprising (a) a major
amount of a base oil of lubricating viscosity; and (b) one or more dispersants containing
one or more basic nitrogen atoms. In general, the method involves at least adding to the
lubricating oil composition an effective amount of one or more fluorocarbon elastomer
compatibility improving agents comprising one or more oil-soluble titanium compounds.

[0016] Generally, the one or more oil-soluble titanium compounds are represented

by the general formula:

wherein R', R?, R’ and R* are independently a hydrocarbyloxy-containing group.
Examples of such hydrocarbyloxy-containing groups include, but are not limited to, a C;
to Cyo alkoxy group, Cs to Cyg aryloxy group, C; to Cyg alkylaryloxy group, C; to Cyo
arylalkyloxy group, Cs to Cyg cycloalkyloxy group, C; to Cy cycloalkylalkyloxy group, C;
to Cyo alkylcycloalkyloxy group and the like and mixtures thereof. In one embodiment,
cach R', R>, R’ and R* is independently a C; to Cy alkoxy group, Cs to Cyg aryloxy group,
and a C; to Cg acyloxy group. In another embodiment, each R', R’ R’ and R* is

independently a C; to Cy alkoxy group or Cs to Cs alkoxy group. In another embodiment,



of a fluorocarbon elastonmer seal with a lubricating oil conposition
conprising (a) a major anount of a base oil of lubricating viscosity; and
(b) one owoOrmre26i3gper sant s cont ai ni ng one or nore basi eChitse@gmn73at ons. | n
general, the nethod involves at | east adding to the |ubricating oi
conposition an effective anmount of one or nore fluorocarbon el astoner
conpatibility inproving agents conprising one or nore oil-soluble titanium
conpounds. [0016] GCenerally, the one or nore oil-soluble titanium
conpounds are represented by the general fornmula: RL 1 R4- Ti- R2 1 R3
wherein R1, R2, R3 ang R4 are undependently a hydrocar byl oxy-cont ai ni ng
group. Examplees tod oERc MR hi drmalcRirdoy thexyme €nt@alniatigpxy gompr iCacd Gdelkohut ar e
not limted to, a Cl to C20 al koxy group, C6 to C20 aryloxy group, C7 to
C20 al ky! argydupxyn grashep emBFditmentCRleat thial dEWR' oKy RgrodiR; a1€8hd A0 to Co
cycl oal kyl oxy group, C7 to C20 cycl oal kyl al kyl oxy group, C7

alkoxy group or Cs to Cg alkoxy group. In one preferred embodiment, each of R', R?, R®

and R* are the same C; to Cao alkoxy group or Cs to Cg alkoxy group.

[0017] Representative examples of alkoxy groups for use herein include, by way

of example, an alkyl group as defined herein attached via oxygen linkage to the rest of the

molecule, i.c., of the general Formula —OR® wherein R’ is an alkyl, cycloalkyl,

cycloalkylalkyl, cycloalkenyl, aryl or an arylalkyl as defined herein, e.g., -OCH3, -OC,Hs,

or -OCgHs, and the like.

[0018] Representative examples of alkyl groups for use herein include, by way of

example, a straight or branched alkyl chain radical containing carbon and hydrogen atoms

of from 1 to about 20 carbon atoms and preferably from 1 to about § carbon atoms with or

without unsaturation, to the rest of the molecule, e.g., methyl, ethyl, n-propyl, isopropyl,

n-butyl, n-pentyl, etc., and the like.

[0019] Representative examples of cycloalkyl groups for use herein include, by

way of example, a substituted or unsubstituted non-aromatic mono or multicyclic ring

system of about 6 to about 20 carbon atoms such as, for example, cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, bridged cyclic groups or sprirobicyclic groups, e.g., spiro-(4, 4)-

non-2-yl and the like, optionally containing one or more heteroatoms, e.g., O and N, and

the like.

[0020] Representative examples of cycloalkylalkyl groups for use herein include,

by way of example, a substituted or unsubstituted cyclic ring-containing radical containing

from about 7 to about 20 carbon atoms directly attached to the alkyl group which are then



to C20 al kyl cycl oal kyl oxy group and the |ike and m xtures thereof In one
enbodi nent, each R1, R2, R3 and R4 is independently a Cl to C20 al koxy
group, CowbaoG2Re@pyl oxy group, and a Cl1 to C6 acyl oxy @coas20ii2sadt her
enbodi nent, each Rl, R2, R3 and R4 is independently a Cl to C20 al koxy
group or C3 to C8 al koxy group. In another enbodi nent, at |east two of R1,
R2, R3 and R4 are the sane C to C20 al koxy group or C3 to C8 al koxy group.
I n anot her enbodi nent, at |east three of Rl, R2, R3 and R4 are the sanme Cl
to C20 al koxy group or C3 to C8 al koxy group. In one preferred enbodi nent,
each of Rl, R2, R3 and R4 are the sane G to C20 al koxy group or C3 to C8
al koxy gr oaftachfd @17} Reqin esentratof Ve muampl @t amf cabdooftymghoulpgl growp thee her ei n
i ncl ude, by way of exanple, an alkyl group as defined herein attached via
oxygen | i nkaghks irothehgeategtofod stable stotftecu$ueh as. ér,exampleheydameryirthetidr mul a
-OR5, wherein R5 is an al kyl, cycloal kyl, cycloal kyl al kyl, cycl oal kenyl ,

aryl or ancaslyuatibiryl, agelaiﬁhtytbﬂdrl haed ehenhke wherein Gm—laychcom;@—ﬁan option@lB6HS5, and
the like. [0018] Representative exanpl es of al kyl groups for use herein

i ncl ude, byomaiy 08¢ oraxadhtesca@dnSfd.@j @hhd Nraddribniéteed al kyl chain radi ca
cont ai ni ng carbon and hydrogen atons of from1l to about 20 carbon atons and

preferably [@o2em 1 t RpaRbitatd cCREMPIBs at SHE olipshfod hsMdrdi® iclud SRt Wapbf on, to
the rest of the nolecule, e.g., nethyl, ethyl, n-propyl, isopropyl,

n-butyl, neReRYIY s suBlthuted anghstih@itdidk@ondAAE9L Be PO &eRhad fau@alee@afﬁnh@gs of
cycloalkyl groups for use herein include, by
from about 6 to about 20 carbon atoms such as, for example, phenyl, naphthyl,
tetrahydronapthyl, indenyl, biphenyl and the like, optionally containing one or more
heteroatoms, e.g., O and N, and the like.
[0022] Representative examples of arylalkyl groups for use herein include, by way
of example, a substituted or unsubstituted aryl group containing from about 7 to about 20
carbon atoms directly attached to the alkyl group which is then attached to the main
structure of the monomer at any carbon from the alkyl group that results in the creation of
a stable structure such as, e.g., -CH,CgHs, -CoHsCgHs and the like, wherein the aryl group
can optionally contain one or more heteroatoms, e.g., O and N, and the like.
[0023] In one embodiment, representative cxamples of suitable oil-soluble
titanium compounds represented by the structure of Formula I includes titanium (IV)
alkoxides such as titanium methoxide, titanium ethoxide, titanium propoxide, titanium
isopropoxide, titanium butoxide, titanium 2-ethylhexoxide, titanium isobutoxide, titanium
4-methyl-2-pentoxide, titanium hexoxide, titanium pentoxide, titanium isopentoxide,
titanium triethanolaminato-isopropoxide and the like and mixtures thereof.

[0024] The oil-soluble titanium compounds disclosed herein are commercially

available or can be readily prepared by appropriate synthesis techniques which will be



way of exanple, a substituted or unsubstituted non-aromatic nono or
multicyclic ring system of about 6 to about 20 carbon atons such as, for
exanpl e, wochapreyl , cycl obutyl, cyclopentyl, cycl ohexyCT/useéidges4cyclic
groups or sprirobicyclic groups, e.g., spiro-(4, 4)- non-2-y' and the liKke,
optionally containing one or nore heteroatons, e.g., 0 and N, and the |iKke.
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i ncl ude, by way of exanple, a substituted or unsubstituted cyclic
ring-containing radical containing fromabout 7 to about 20 carbon atons
directly attached to the al kyl group which are then attached to the main
struct ure eppardne tarthnpemoen ghillalny thragrbolm addicim.tthey abkyiistge owm tehigeratuesul ts i n
the creation of a stable structure such as, for exanple, cycl opropyl nethyl,
cycl obut yl et hydlid awwndiqopeddpghd@bdynd thapertitider donmpeyndvydreenanveleheymdy dsa i ng can
optionally contain one or nore heteroatons, e.g., 0 and N, and the |ike.

[ 0021] Repr éservaled wea xaiop f@m iofan apprbprigtcoivpssdhamt.use herei n i ncl ude, by way
of exanple, a substituted or unsubstituted nonoaromatic or polyaromatic
radi cal come@spi ng fEarratiboulic Gnioantalod uthe 26heC af hadre atflasrscashumh eAstpmEOr
exanpl e, phenyl, naphthyl, tetrahydronapthyl, indenyl, biphenyl and the

| i ke, opti es@pdtipilkp hbingge@ne .01 theume oheloas Giatifle tinGum cdnpndddNin and t he
| i ke. [0022] Representative exanpl es of arylal kyl groups for use herein

i ncl ude, bynewadri@fin€ ¥R athSositdn Sl Shiyt fb8 Aot 0WISYRBS LULE ds, BEILH oBIRUP
containing fromabout 7 to about 20 carbon atons directly attached to the

al kyl  gr oupyihiGdht o8 tht MeRicatdeafin@ehpbAtidd) en MBbtRerbdeiteh e t1Rfantdigt syaRoONEr  at
any carbon fromthe al kyl group that results in the creation of a stable

structure SHEHr ASre RrofbcarboElRSHBHR confpétiEeHRpARShot d38nt WiEvarMiRhLEAHduE he aryl
group can optionally contain one or nore heteroatonms, e.g., 0 and N, and

the Iike. [[0023hdR23n8. AMBRLI FBML tordI SRS SRhELLYESY BTRbAF0sRlonSUI t abl e

oi | -sol ubl e
[0026] The lubricating oil compositions can be prepared by admixing, by

conventional techniques, an appropriate amount of one or more fluorocarbon elastomer
compatibility improving agents with (a) a major amount of a base oil of Iubricating
viscosity; and (b) one or more dispersants containing one or more basic nitrogen atoms.
The selection of the particular base oil depends on the contemplated application of the
lubricant and the presence of other additives. The base oil of lubricating viscosity for use
in the lubricating oil compositions disclosed herein is typically present in a major amount,
¢.g., an amount of greater than 50 wt. %, preferably greater than about 70 wt. %, more
preferably from about 80 to about 99.5 wt. % and most preferably from about 85 to about
98 wt. %, based on the total weight of the composition. The expression “base o0il” as used
herein shall be understood to mean a base stock or blend of base stocks which is a
lubricant component that is produced by a single manufacturer to the same specifications

(independent of feed source or manufacturer's location); that meets the same



titani um conpounds represented by the structure of Fornmula | includes
titanium (1V) al koxi des such as titanium nethoxide, titani um ethoxide,
titani umwoapoxi2as? titani um i sopropoxide, titani um but @xirds2o1iozza um

2- et hyl hexoxi de, titaniumisobutoxide, titanium 4-nethyl-2-pentoxide,
titani um hexoxi de, titanium pentoxide, titaniumisopentoxide, titanium

tri et hanol am nat o-i1 sopropoxi de and the |i ke and m xtures thereof [0024] The
oi |l -solubl e titani um conpounds di scl osed herein are comrercially avail abl e
or can be readily prepared by appropriate synthesis techni ques which wll
be apparent to the person skilled in the art. In addition, they may exi st
at room t empenfatturces apcaficubn,dant that| isquledtifiadle bgndi wgquen farmelapagreducul ar
conmpound. Alternatively, they may also be provided in a solution formin an
appr opr i at édennifdeatios obnglgntor bp@025] General |y, the anmount of the one or nore
fl uorocarbon el astoner conpatibility inproving agents, i.e., the one or
nore oil-s@02B] e ti tHribam cbfopasmittsgin cin bdwenyl pudsentaltiong wildteralidrposed | on
will vary fromabout 0.01 to about 5 wt. % based on the total weight of

t he | ubri cabdendl & lubrixatip®sisddsity usekdrin dnratulkeing ewbbioatingasilt conipositiamdiontnyof t he
one or nore fluorocarbon elastomer conpatibility inproving agents will vary
from about afld 311 bwhapplitatidnsde. Bt endiae GRS adridncylligert @k afunsvn@ui@f sutihes

| ubricating oil conposition. [0026] The lubricating oil conpositions can be
prepared byy@ehilicodiRJgeaPdilsC RMMANIoN Midlds | R€ NAi i@ SITy, AR BRO 6P Adeiertipunt  of
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a maj or amuNbp@inafy RB@InOVkcRfty libtRki BipkdvRE, oS CRR thitic a@m(emac%eespr nor e
di spersants containing one or nore basic nitrogen atons. The selection of
the particyl@hicoasRnhds, depengs efﬁ?leﬁ@ﬁroﬁﬁ@ﬁeeg%%rggb@pm 's&l?etng—?ﬁta@ifené he

| ubricant and the presence of other additives. ase oi | ubricating

viscosity .00, 13§ ddd thdcel BiGal BBk ! compositions disclosed herein is
typically present’in a major anount, e.g., an anount of greater than 50 wt.
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herei n shal _ er st oo nmean ‘a base _ base stocks
whi ch is a,lubrieantcol %g%t frb ha&t{o'lf sz{ooago%?%B Rt f‘gﬁ?%’c‘ﬁ%&% urer to
t he same Speci fications {in pendent O eed source or nmnutacturer's
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kinematic viscosity range at 100°C of about 2 ¢St to about 30 cSt, preferably about 3 ¢St to
about 16 cSt, and most preferably about 4 ¢St to about 12 ¢St and will be selected or
blended depending on the desired end use and the additives in the finished oil to give the
desired grade of engine oil, e.g., a lubricating oil composition having an SAE Viscosity
Grade of OW, OW-20, 0W-30, 0OW-40, OW-50, 0OW-60, SW, 5W-20, SW-30, SW-40, SW-
50, SW-60, 10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-
40. Oils used as gear oils can have viscosities ranging from about 2 ¢St to about 2000 cSt
at 100°C.

[0029] Base stocks may be manufactured using a variety of different processes

including, but not limited to, distillation, solvent refining, hydrogen processing,



[0027] The base oil for use herein can be any presently known or
| at er-di scovered base oil of lubricating viscosity used in formulating
| ubri cat iwg@ 20il126@aposi ti ons for any and all such appli eafriusae,1/0273g? ,
engine oils, marine cylinder oils, functional fluids such as hydraulic
oils, gear oils, transmssion fluids, etc. Additionally, the base oils for
use herein can optionally contain viscosity index inprovers, e.g.,
pol ymeric al kyl met hacryl ates; ol efinic copolyners, e.g., an
et hyl ene- propyl ene copol yner or a styrene-butadi ene copol yner; and the |ike
and m xtures thereof [0028] As one skilled in the art would readily
appr eci at e oligdmecrizatgmosstenficafion, hed radmingi |IRgreindé pepldendl bgpobstantially free
application. Accordingly, the viscosity of a base oil for use herein wll
or di nari | y fivengetefislo mntaidoced] tBrongh ataowfact@@Q) cogmningtiak es pfes) ust THO
Centigrade (C). Generally, individually the base oils used as engine oils
w || have &adki oiemhtthe lwbrisaimgi dily coramgeioad of GIC ivfentdoutay becHly taurabout 30
cSt, preferably about 3 ¢St to about 16 cSt, and nost preferably about 4
cSt to abougntidicdfbricatinl BaskloilbeSwablediydebeaibob kanikteid dlie pashaticn gutodie tbe
desired end use and the additives in the finished oil to give the desired
grade of emgiitetdbils prépaled frén thePoiyeRtiAn OF bthgleniaSidni M6 pbigikAghtian oSAE
Viscosity G ade of OW OW20, OWM30, OWM40, OM50, OM60, 5W 5W20, 5W 30,
SW 40, 5WbQ, o1& 6@ rol@leo%@Wﬁ@lch &QWI?Qpha@Q‘ﬂM‘b@ P ATOVMsS O5 frarﬁ\ﬁ&drfb&%@rp

a

15W 30 or 15WI0. O|s used as gear oils can have viscosities ranging from

about 2 CSkyfiResRRRMedd@OBsifStarBbn MIAGxidd AP BIRE AlRGksh BRM H®ischer-

manuf actured using a variety of different processes including, but not

limted torgsst bbbl i @R exR1Y %@ﬁltd’b":’éﬂa@é @igls oﬂé’q{ap&%[br@éSQRﬁs?’f'a!ﬂg »heavy
ol i gonmerization, esterification, and rerefining. Rerefined stock shall be

subst anti al [ r urin
contanlnatﬁ%ﬁu%’ggp?@@ﬁ%%gxE%g%h%ﬁgﬁ%éggggﬁﬁyb?Etheﬂﬁuﬁr gngng o?l
conposi tio th hi spy| ”Ba?s@t% ¥e REHADY £ tHétffhla} ?%éﬁé&g{g%ﬁé Csy!nﬁ&Qﬁ cating

base oil. | e hy dr ocar ynthetic oils inc re - not |n1ted

to, oils prlﬁ,%gtg% Jifs qmnﬁﬁt%reg%léw&r 'Szugt%lg %Fé% 01fa nlai’{lldg nl?asg tofcl% 0&3‘[9}1%% N

polynerlzatlon ns to provide polymers suc efin or

o o o RGP N AR B SRS 55 3k ar'oa% Ogrtgagg spgoxi de

and hydrogen gases such as in a FIsc

sui tabl e bas ne that ses I|tt| fra t|on

oo 1 et PRt B%jTYaToﬁB‘&le% |<fa?l}r%c¢%ﬁola?mv?§% geﬁﬂ%&%%c 1 P a
100C. [0030] The bas eriv atu | ubri cat i ,
synthet i o PUBRIER -ﬁﬁle&mdg %Wﬁliﬁﬁ% 1§ Tnehide i lk%%%tes%&eé&&?%plh)c| udes
base stocks obtain by iso Zatlo synt h X and

vel | as hy&?fgéfraacdﬁﬁ duﬁs‘\é”é’ Horp} WQUE%%EWOW%BXH 9r§t P“H han
solvent extracting) the aromati c_and 80 ar _conponent s of the crud

Sui t abl e bA¥ &2 98 2ierohistbaqlpigsdPAR)-aProuap] basg pibyifipdsal) othgrbasq qils n01 V and V
as defined in APl Publication 1509, 14th Edition, Addendum |, Dec. 1998.
Group |V bassdsd insGrqug Toly Jhop ko Adthpysh Qmme}l Héa%fth Pass edle agsinreferret | ude

all other base oils not included in Gou , 11, or I'V. Although G oup
11, 111 andoruge pudes Bivenionr essrhapepitsepay g¢ pm@reql Ay cAmBInjng\QBR(F gipre phese

base oils may be prepared by conbining one or nore of Goup I, II, IIll, IV
and V base ®ewckY. b [HaskV driestocks or base oils.

[0031] Useful natural oils include mineral lubricating oils such as, for example,
liquid petroleum oils, solvent-treated or acid-treated mineral lubricating oils of the
paraffinic, naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or

shale, animal oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the like.
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[ 0031] Useful natural oils include mneral |ubricating oils such as, for
exanple, liquid petroleumoils, solvent-treated or acid-treated m neral

| ubri catiwg 20ill6add the paraffinic, naphthenic or m xedPCT/US2011/027349

par af fi ni c- napht henic types, oils derived fromcoal or shale, animl oils,
vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the
like. WD 2011/ 126639PCT/ US2011/ 027349 [ 0032] Useful synthetic lubricating
oils include, but are not limted to, hydrocarbon oils and hal o-substituted
hydr ocarbon oils such as polynerized and interpolynerized olefins, e.g.,
pol ybut yl enes, pol ypropyl enes, propyl ene-i sobutyl ene copol yners,

chl ori nat ed0033] ybut yUshds synlaity ( lubhexmgesils moluyq, 1 buic taenes) , lipotd (to-
decenes), and the like and m xtures thereof; al kyl benzenes such as

dodecyl benagdresarbdnetorla dandy hidenatesriesgd didrocaybdnendermsh as polymerized and

di (2- et hyl hexyl)-benzenes, and the like; pol yphenyls such as bi phenyls,

t er phenyl s intabilyhmatied pkliyphepyl slytanderch e pblypepyladeky Ipaipgttncispbenighe et her s
and al kyl ated di phenyl sulfides and the derivative, anal ogs and honol ogs

t her eof andopdigndré, kehldri@38] pbiheutylasef upolsy tickeies)c pollpli@ahedg @iy ($-
include, but are not limted to, oils nade by polynerizing olefins of |ess

than 5 car lesnédh 0kl S Clikeaghdemithred eherddf: 01Ny 1B&ERench W e @sdecyBObMARNE,
pent ene, and m xtures thereof Methods of preparing such polyner oils are

wel I known tdtRdddymsezck HinGe, 16dAzdnbe dap tethylHRQARbAGElick i an @le 1ks §folphsyM heti ¢

hydrocarbon oils include |liquid polymers of al pha ol efins having the proper
viscosity. sEsPRCHiBhdnylsUs@piehyls YNNGk %dg}fﬂén%,aa&p fheOlilkeS aﬁd’yﬁitédhﬁphen]yl
or

hydrogenated |iquid oligonmers of C6 to 2 al pha ol efins such as,
exampl e, lndRCRAGIK I Iiphenyl sulfides and the derivative, analogs and homologs thereof
and the like.
[0033] Other useful synthetic lubricating oils include, but are not limited to, oils
made by polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene,
butylenes, isobutene, pentene, and mixtures thereof. Methods of preparing such polymer
oils are well known to those skilled in the art.
[0034] Additional useful synthetic hydrocarbon oils include liquid polymers of
alpha olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are
the hydrogenated liquid oligomers of Cgs to Cyy alpha olefins such as, for example, 1-
decene trimer.
[0035] Another class of useful synthetic Iubricating oils include, but are not
limited to, alkylene oxide polymers, i.c., homopolymers, interpolymers, and derivatives
thereof where the terminal hydroxyl groups have been modified by, for example,
esterification or etherification. These oils are exemplified by the oils prepared through

polymerization of ethylene oxide or propylene oxide, the alkyl and phenyl ethers of these

polyoxyalkylene polymers (e.g., methyl poly propylene glycol ether having an average
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[ 0035] Anot her class of useful synthetic lubricating oils include, but are
not limted to, al kylene oxide polyners, i.e., honopolyners, interpolyners,
and deri WiDi2oBg12663¢r eof where the term nal hydroxyl gromp3/usave/obsen

nodi fied by, for exanple, esterification or etherification. These oils are
exenplified by the oils prepared through pol ynerization of ethyl ene oxide
or propyl ene oxide, the al kyl and phenyl ethers of these pol yoxyal kyl ene
polymers (e.g., nethyl poly propylene glycol ether having an average

nol ecul ar wei ght of 1,000, diphenyl ether of polyethylene glycol having a
nmol ecul ar wei ght of 500-1000, diethyl ether of polypropylene glycol having
a nol ecul amolgilghtwegght df 0@00.1diHéhyl ether PT polyetbylone glchl goivingaar bolegllac est er s
t hereof such as, for exanple, the acetic esters, mxed C3-C8 fatty acid
esters, or wchht Gl 0K adictydites tof polypropelienaglytn} hevieg glnydealular W@QB6pivet

anot her class of useful synthetic lubricating oils include, but are not
limted to,l,0004,581 @c.3 ooodo-carlomtychtbox@i dersethgreof pioh haal foe caampde, thaucci ni ¢
acid, al kyl succinic acids, alkenyl succinic acids, maleic acid, azelaic
aci d, subentaicagicth, nS:eddaCi-Cs Aty dieidf ddtEly, io€ tiacC d oxadtigi dics&g iod tettabthglesd ¢ aci d
di mer, malonic acids, alkyl malonic acids, alkenyl malonic acids, etc.,

w th a varigBficyl. of al cohols, e.g., butyl alcohol, hexyl alcohol, dodecyl

al cohol, 2-ethyl hexyl al cohol, ethylene glycol, diethylene glycol

nonoet her, [gu3gpy! eney&l pe@bs I8k Cof u§ﬁﬁpé)fnlt}%t1@>ﬁﬁﬁ’filéittﬁ@ &k ihhe®e besiemst i ncl ude
di but yl adlpate di (2- et hyl hexyl ) sebacat e, di-nhexyl funar at e, di octyl

sebacate, Gijig@as i es@?sedf@‘ic%rbogfélﬁcs&% QW., parliah@d, db@st Yéid Pt alRingo
di decyl pht hal ate, diei cosyl acate, the 2-ethylhexyl diester of |inoleic

aci d di ner ,.itihaneARLEMIE L& nfafé‘i%@h Qi/eldfl@@&@ 'sﬂgerfer&eldn‘gélbgm@gm@ ehagic acid
with two ol es of tetraethylene glycol and two noles of 2-ethyl hexanoic

acid and t Q&dlee%?lﬁﬁc adi@ QR 01k e@i %ls‘?ﬁa%mn‘g& (ﬁyﬂme&lél i@hdids, Qhé%r lgdide, - but

are not limti those ma ron1car xyl1¢c acids havr om about 5 to

about 12 C%lgﬁ %tcatv%ﬁ}; Eelf& 8’11 2893111815 e. él’eblg%ll al%%l‘%@%h Pc%fxé]a@é%llegfleﬂc%hol pol yol s

and pol yol ers 'such as neopentyl trineth

Fgggg‘]e rS?/T |h2 erﬂgjlhexgl ceo%f)f’igtﬁ%lteﬂg %g@dl dlétflggg% ré)?b%ﬁ }go %é&ﬁa‘eﬁ) W;P&n&ewa . ytllé

oy Ko B0 AL L IR gy P oS IEATS,

these 1 ncl 'Illexy’l fl?rhl’cgraterglocqolt seloachet 8115008y1 '}zglta eagnso}iecyl azelate, dioctyl phthalate,
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the
complex ester formed by reacting one mole of scbacic acid with two moles of
tetracthylene glycol and two moles of 2-ethylhexanoic acid and the like.
[0037] Esters useful as synthetic oils also include, but are not limited to, those
made from carboxylic acids having from about 5 to about 12 carbon atoms with alcohols,
e.g., methanol, ethanol, etc., polyols and polyol ethers such as necopentyl glycol,
trimethylol propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and the like.
[0038] Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy-

or polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic

lubricating oils. Specific examples of these include, but are not limited to, tetracthyl
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silicate, tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate,

tetra-(4-nmethyl-hexyl)silicate, tetra-(p-tert-butyl phenyl)s ilicate,

hexyl - (4-wethyl/r@s3pent oxy) di s il oxane, poly(nethyl)sil oramas2011/027349

pol y(nmet hyl phenyl )si | oxanes, and the like. Still yet other useful synthetic
| ubricating oils include, but are not Iimted to, liquid esters of

phosphorous containing acids, e.g., tricresyl phosphate, trioctyl
phosphat e, di ethyl ester of decane phosphionic acid, etc., polyneric
tetrahydrofurans and the like. [0039] The |ubricating oil may be derived
fromunrefined, refined and rerefined oils, either natural, synthetic or

m xt ures ofilicate tera-iseprepyd filigaty, tetfa-Rhdinaheafl) sihieate,ypre-dimahyddedyldiceicnabove.
Unrefined oils are those obtained directly froma natural or synthetic
source (e. getra-(poat-butglpbdng])sibeatd,ar sands bi t baxghid-methplalipentaxyidigloxane,
purification or treatnent. Exanples of unrefined oils include, but are not
limted topog(shilylgilatane pbl{mahlylphanglbdiloyares, camnd rtked bkd | Bgjll gpesthdriah] a
petrol eum oil obtained directly fromdistillation or an ester oil obtained
directly frpihaio lesdating bit@tichile phces ot Gmitbd of, liwfaid bstérs of paosptisieds Wi t hout
further treatnent. Refined oils are simlar to the unrefined oils except
they have he@finingrdchel ekl aat@diphogheeOtriddBl GhPiphatt| GidthyDBst&t eP8echfe | NProve
one or nore properties. These purification techniques are known to those of

skill in thgosphioni@REid] AE! piianerfcQbt@y@aRIfs 280YERE. extractions, secondary
distillation, acid or base extraction, filtration, percolation,

hydropreatqmggldemaxnﬁgum@%gn Bﬁ&&&Hﬁﬂﬂxﬁhi%@ﬁﬂﬁu&ﬂk@'ﬁﬁﬁx@%uﬁ&ﬁﬁh&ﬁg used
oils in processes simlar to %hose used to obtain refined oils. Such

rerefined %ni%mﬁ&enﬁﬁﬁpskﬂﬁ%ﬂ(ﬁﬁnﬁ%ﬁ&@bﬁﬁQ)9?nbﬁ969§§§§?@m§5bﬁﬂéﬂ?p@fte”
are additionally processed by techniques directed to renoval of spent

addi tives andQl! ﬁ&%ﬁ%@@%rﬂé%ﬁ%ﬁ ?rE QQé%Q]&Ht‘Qﬁe%dC%égﬁﬂ R a bﬁaﬁﬁﬁFBPCks

derived fromt roi someri zation of wax may al so be used, elt al one

or in Conblsﬂﬁﬂétfe%oﬂ\fcyaeéhgoaqf LS %@ a?rb"f‘th %f?ﬁout?ﬁ?ﬁltepgﬁﬁt? Ras g st ocks.

Such wax isonerate ol prioduce e hy |soner|zat| natural or

syntheti c MO Elhn Fﬁnrgﬂﬁd%ﬂ% neHdE, B « IXGIOPLSALPY) 7 8l de‘-"@y 8@%]1%&/ St

[0041]hbtura maxes a e typl waxes recoVere e sol vent
dewaxing o rd.lltle;cc‘glng%: re?orllré%osp a{tlltﬁge%ip(%%o exn? S011 OTZ)%P’LGX 1rec lfYon% Ql%tll S B a?nduced by

t he Fische roc brica rons al so
contain ONGst& 01?1)0%%1n%|ds rect?y Yom an esterification process, each of which is then used

without further treatment. 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.
These purification techniques are known to those of skill in the art and include, for
example, solvent extractions, secondary distillation, acid or base extraction, filtration,
percolation, hydrotreating, dewaxing, etc. Rerefined oils are obtained by treating used oils
in processes similar to those used to obtain refined oils. Such rerefined oils are also
known as reclaimed or reprocessed oils and often are additionally processed by techniques
directed to removal of spent additives and oil breakdown products.

[0040] Lubricating oil base stocks derived from the hydroisomerization of wax

may also be used, either alone or in combination with the aforesaid natural and/or

13



cont ai ning one or nore basic nitrogen atons. The basic nitrogen conpound
for use herein nmust contain basic nitrogen as neasured, for exanple, by
ASTM D664w0Des11/12663D2896. The basi c nitrogen conpounds arPe€Tash@awes4d rom t he
group consi sting of succinimdes, polysuccinimnmdes, carboxylic acid am des,
hydr ocar byl nonoam nes, hydrocarbon pol yam nes, Manni ch bases,
phosphor am des, thiophosphoram des, phosphonam des, dispersant viscosity

i ndex inprovers, and m xtures thereof These basi c nitrogen-containing
conpounds are described bel ow (keeping in mnd the reservation that each
must have at | east one basic nitrogen). Any of the nitrogen-containing
conposi t i ongntigiy boee yoks.- Snehawediswinttate @l ig.produordoby e hgddeisbmedzatar bbnat e,
usi ng procedures well known in the art so |long as the conpositions continue
t 0 cont ai nnbtasi or synthedgerkes pOOKBrIbernafne ey dpodopsuegionicattlyets t hat can be
used to prepare the dispersants described herein are disclosed in numerous
ref erences [@04d] ar e Wedthrakmawey am typiealbyr the Cakt abxes fracudrane ityathet yopveat of
succinimdes and the related nmaterials enconpassed by the termof art

"succi ni m dewasatigoft gt oilsh sydtietic Rakes dNO8/pic3ilyl the w3 DrodhcRIS; 66 Gisciand
3,272,746, the disclosures of which are incorporated by reference herein.
The term " qugstipdtde” is understood in the art to include many of the

am de, imde, and am di ne species which nmay al so be formed. The predoni nant

product hoyemer is arkUrehieitin dfl cafisbsiidhs alserdonhaas oReen nggalipkhkintaccept ed
as neaning the product of a reaction of an al kenyl substituted succinic

acid or anhydsihe ot bimére Bhdi& RS RmCAHhA| THe bEsi€ AL mpBLRS BF 1R herein
succi ni m des, because of their commercial availability, are those

succi ni m degPESRAL 86kid hRBkd AYAEQGREDPN: RMEAENMCASTRY BE6LRst WBIRIN t he
hydr ocar byl group contains from about 24 to about 350 carbon atons, and an

{hl ) P ¢ ; ; - ) b
ot hyl ene arhebesis et B ERGLRNERAE (ifh R ARGIAIYGASOGE A NARA, DY

t etraet hyl ‘m.ne e i n i ni..m . de ar ed
froma pglﬁ?gggﬁggﬁy &sﬁ%%?%ﬁg %Hﬂ?%@?%g %ghéﬁngq@§kggﬁggoﬁy&%§§3%gfbon

thereor 0B e VEARCRAR AR RbRh S MGG RMIRT, Mo dho e o

cooligoner%.of a Qxdrogar% | .succinic @cid or nQ%priﬂg aqg.alpo
1rﬂoersant COSIﬁ/. 1nJdex III]IpI'OVeI'S, an xtures CI o: ese¢ ,basic mitrogen- PR
secondary amnthe contalfing at Teast” one tértiary arino nitrogen im addition

to two or nore secondary, am no gr . di.nar.i | v i S _conposition_.has
bet wean about et EGomaas St preab o o SR SRR ibimtnd, M oS RR it e
[ 0045] Car boxyljc acid am de. conpositjons,. are also suitable startin
mat eri al s R BV ARERh N P IcSIER b oA B SRRy GHEY
Exanpl es of such conmpounds are thqgse disclosed.in U S Pat. No. 3,405, 064,
the di sol oSBPEHRIEhIER G %%%f%y 5 FBIRIC B PrPesdptes ek knopypghe
di spersants are ordinarily prepared by reacting a carboxylic acid or
anhydri de 6ftS@lngps the SPRRTSItions oigUuLo cPRIARDBIFOSA® t 0 about 350 aliphatic
carbon atons in the principal aliphatic chain and, if desired, having
suffici ent [(Y¥abant a]p e 38d gelytissinigidesethgpn Phisedd Riepare theidispe®inthl e wi t h
an am ne or a hydrocarbyl polyam ne, such as an ethylene anmne, to give a
nmono or poldgssabisohsrrin carg disalogadi Henunpyr @k aefeegcesr adt 4 seelldiogdsingpe gér ed from
(1) a carboxylic acid of the formula R COOH, where R is Cl2 to C20 al kyl
or a mi xt uiCertan fedamenrtel Wpewi afuecip@ides sebiie eelgted emtdbials\yeneampgesed biyihanhi ch
t he pol yi sobutenyl group contains fromabout 72 to about 128 carbon atons
and (2) antemhyf erte"sapdimeydedspectedht yint YiSethay| Noe 1,612:3081 362101666, and
tetraet hyl ene pentam ne or m xtures thereof

3,272,746, the disclosures of which are incorporated by reference herein. The term

"succinimide" is understood in the art to include many of the amide, imide, and amidine

species which may also be formed. The predominant product however is a succinimide
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[ 0046] Anot her cl ass of conpounds which are useful in this invention is

hydr ocar byl nobnoam nes and hydrocar byl pol yam nes, preferably of the type
di scl osedwOreoli/i3663Pat . No. 3,574,576, the di scl osure of Pamiusko11927349

i ncorporated by reference herein. The hydrocarbyl group, which is
preferably alkyl, or olefinic having one or two sites of unsaturation,
usual ly contains fromabout 9 to about 350, preferably fromabout 20 to
about 200 carbon atoms. |In one enbodi ment, a hydrocarbyl polyam ne can be
one derived, e.g., by reacting polyisobutenyl chloride and a pol yal kyl ene
pol yam ne, such as an ethylene amne, e.g., ethylene diamne, diethylene
triam ne, tedthaetdyl lendcgeptmmllyaccadtedaayi mesmingythpippaiuazoine reatti@- pf apyl ene
di am ne, 1, 2-propyl enedi ani ne, and the |ike. [0047] Anot her cl ass of
conpounds ukkefiydl subgrtutsdippdeyiin geidasi anhpidideogeh a sittoen-dutainich chmpeund.
conpositions. These conpositions are prepared froma phenol or C9 to C200
al kyl phenolPrefaredadudahiydés, suabic a$ thodr scomnlntediylde atabilitpr ara tidsb yaeinpn@eur sor
such as paraf or mal dehyde, and an am ne conpound. The am ne may be a nono or
pol yam ne argaicy fioeed hahoqaasi tucong ahedrpicepadreid the bydraarbgl kyhgoomsns such as
met hyl am ne or an ethyl ene am ne, such as, diethylene triamne, or

tetraet hyl e g0t MtdghoutBsh saionl dtdids, atden RINRAE aein¥BiLd bthllch@BYmides

sul furized and preferably is dodecyl phenol or a Cgo to C100 al kyl phenol .

Typi cal Mapginghespasdls Whirehrican bhecthget dRndidy, StidtRMent trRmid, eridhsehosed in
U.S. Patent NOs. 3,368,972; 3,539, 663; 3,649,229; and 4, 157, 309, "t he

di scl osur eset@fninhi 0 t@fr&tﬂ%@ﬁ%ﬂ[ﬁhﬁ‘@ by b %ﬁqﬁ&ﬁﬁeﬂﬂe&ﬁ‘é RuccldimideLatent No.
3,539, 663 dlscloses Manni ch bases prepared by reacting an al kyl phenol

having at Ip&askd %mcﬁ?c@ﬁgbb%{eﬁﬂssucd?ﬁlg hefyahhy 0f5a@0ﬁt07039 Q&R BOLEOAFEW t h

fornaldehyde and an Kyl ene pol yam ne "HN(ANH) . H where A is a saturated

di val ent aljyle hliaRaEhalo ficiy ge@e%mia o?hf?%re§ﬁlgre'af' s 1-10 and where

t he condensatlon pr yl ene pol yam ne may be further reacted

with urea B' our €gy, |; déh iy o ¢ eltr §§c%ﬂﬁﬂeﬁ @rp%e%o‘fﬁﬁ%rﬁé@rotf' 4'9

materi al s reparing rlcatlng oi Itives can often

signi ficant L al

t echni ques %D%n lgxgg%pc%%%%QB %e%ﬂfa%@ﬂp%%ﬁ:?g%ﬁmFggﬂ%Fﬁggf%%# @ ass of
COITpOSl t I On Sefalr'lmn 1’11¥I'0 aalaldl?lﬁ l;[Oh WOdI S 8IreSS%n0t aary gr ul S. 6I'Cf1 nvent I on
is the phosp or an des a hos onanldes Sucha ose ai'gel oSl

Pat ent Nos.,.3, 909, 430 an t he di scl asures of ~whi

oo por at SH° BPRAER bR t%@&? a?%”%ﬂ%%%de BEOPD Py il Bvr%%gr cd by
formng a hor us . c und havj . east ne bond. The

oreparod. TORSEcam %ar€%§3? i AYS ERBSHNER e P@'? PG Tyl 107
hydrocarbyl diol in the ce of a nmonoam ne or reactin hor us
oxychl or i d&RF{TH BC diPe {3 SRRl St SHY PG rFexaamfs ﬁvﬁ%wﬂ&ﬁ] 3ol

am ne. Thi ophosphoram des can be prepared by reacting. an unsaturated

hydr ocar bof s Hsdessd ik Ent &rhniNegS f“? b dischsyrg 0588\9{? isgseeby inGegogatedy bon
atons, such as_ pol yet hyl ene, poly |sobut¥Iene pol ypropyl ene, ethyl ene,

1- hexene, Py 3cfREnesdi Bires dRespis i epdmanlyrennad by fsasing mecarbonylia 3 pi ke,
wi t h phosphorus pentasul fide and a nitrogen-contai ning conpound as_defi ned
above, par eplidride piesten therged iharingat legst klgquaﬂ%lm abaut BORYPIHHE garaPhatompin gn

al kyl eneam ne, such as ethylene di am ne, diethylenetriam ne,

triethyl endicaringiprhiphatist qhaatdng) é rdé?@@ﬁ,tlalmnlgesuf wedt peméannalklehatl[: @049} Anot her
cl ass of nitrogen-containing conpositions useful in preparing the

di sper sant serdapthoyededute ¢ihfgublawvatht dnorminael adydroctrbylspelpalihedudi sper sant
viscosity index inprovers (VI inprovers). These VI inprovers are comonly
prepar ed bythiylenc bmmaabignicragmono or polycarboxylic acid amide. Preferred are those amides

prepared from (1) a carboxylic acid of the formula R'COOH, where R’ is C;; to Cyg alkyl

or a mixture of this acid with a polyisobutenyl carboxylic acid in which the polyisobutenyl
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a hydrocarbon polymer, especially a polymnmer derived from ethyl ene and/ or
propyl ene, optionally containing additional units derived fromone or nore
co- nonomew® 28ucthe@8 al i cyclic or aliphatic ol efins or dirclrafSeeis/o27Bhe
functionalization may be carried out by a variety of processes which
introduce a reactive site or sites which usually has at |east one oxygen
atomon the polyner. The polyner is then contacted with a

ni t rogen-containing source to introduce nitrogen-containing functional
groups on the polymer backbone. Conmonly used nitrogen sources include any
basi c nitrogen conpound especially those nitrogen-containing conpounds and
conposi t i ogsudemorinydtbnnebait V2 torabbet i2%dcatbdar ggen agd2)cas ctylenakbiyleene

am nes, such as ethyl ene am nes, al kyl am nes, and Manni ch bases. [0050]

I n one prefgrriely erthgtthaentmine e tdraghydemi gentegér oc onpoentdsrcbdbr use in nmaki ng
t he di spersants are succinimdes, carboxylic acid am des, and Mannich
bases. I n dgbher praeieliaedasnmbddonpoinds t wkiclhast cusoful riogeis ¢orpiannds f or
use in nmaking the dispersants are succini m des havi ng an average nol ecul ar
wei ght of abautartydGbnoimiaboatid hl;30arby1 ppbatiine? 30efeadly ofithd typedisdidrved @of Such
succi nim des can be post treated wth boron or ethyl ene carbonate as known
in the art.U.$.00bNGeBes atd, Yhe didt®osadd Athichfis Inderpoaed®f rélfegccicsr SRNtS in
the lubricating oil conposition will vary from about 0.05 to about 15 wt.
% based omydbeurbydt@bup/BitGEH isOprefchdly WIRKI, GALJIFHIOhhviOBROSI tivORited Bf anot her
enbodi nent, the amount of the one or nore dispersants will vary from about

0.1 to abouhsa@irMon %uahf%@ﬁaiﬁ@ floReatodt alio WBbAM500hrcthd1y) HBRl ARLI DT 1P |
conposi tion. [0052] The Tubricating oil conmpositions may al so contain other

convent | ongho 80 &b Ao oRUSHLANRS, § HarbEPR hh9E AUk BATY dbiRgl 1 NS to
give a finished lubricating oil conposition in iCh these additives are

di sper sed %%,Wﬁ&w&dp%lggsbﬁégmhmé fd laugﬂygg}nh@gg@y%nﬁemﬁﬁi &! ans can

be bl ended ant | 0X nts, detergents su etergents, rust

i nhi bi t or S1eth?|ﬁg%§rlrloﬂ%i ?ggl@gh?lieng%mlﬂlﬁé fd}{ét nggﬁgﬁli%e, @E&e%yl%lggbﬁéhtia}ﬁﬁ{ei A9

agents, fric antiwear agent pour’ pol nt essant s,

Cor oot on. [ ARCETY BireR B Y PR PeaRREHAI EPTRARADIAMAERR e e ang

corrosion-in reme pressu gents

m xtures t f Avariety.of the additiyv re known .and commer.cially
ovai | abr e, THIEE aqaRid R, of KhaBhiidh kG B Sl oNa S SETEE Rl byec
for the prﬁﬁara catin osi.t.i ons .of 'the invention by

X ion of th@ Iu?ﬁi .oilrcor S
the usual STORBT by spopedives thoG T B EERBRRA ROl i, "Dut
are not i r;ﬂkg/ﬁ)ﬂergo(ﬁ’ anagidgflygde:[ %gc%s as ?o'rgfaldehyde or formaldehyde precursor such as
paraformaldehyde, and an amine compound. The amine may be a mono or polyamine and
typical compositions are prepared from an alkylamine, such as methylamine or an ethylene
amine, such as, diethylene triamine, or tetracthylene pentamine, and the like. The
phenolic material may be sulfurized and preferably is dodecylphenol or a Cgy to Cigg
alkylphenol. Typical Mannich bases which can be used in this invention are disclosed in
U.S. Patent Nos. 3,368,972; 3,539,663; 3,649,229; and 4,157,309, the disclosures of which
are incorporated by reference herein. U.S. Patent No. 3,539,663 discloses Mannich bases

prepared by reacting an alkylphenol having at least 50 carbon atoms, preferably 50 to 200

carbon atoms with formaldehyde and an alkylene polyamine HN(ANH),H where A is a
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di phenyl am ne, phenyl - al pha-napt hyl -am ne, N, N-di (al kyl phenyl) am nes; and
al kyl at ed phenyl ene-di am nes; phenolics such as, for exanple, BHT,

sterical Iwohrondesesd al kyl phenols such as 2, 6-di -t ert - beCylysh@noki349
2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4- (2-octyl-3-propanoic)
phenol ; and m xtures thereof [0054] Representative exanpl es of netal
detergents include sul phonates, al kyl phenates, sulfurized al kyl phenates,
car boxyl ates, salicyl ates, phosphonates, and phosphi nates. Comer ci al
products are generally referred to as neutral or overbased. Overbased netal
detergents are generally produced by carbonating a m xture of hydrocarbons,
det er gent adiugfedfdovaleak alirpll lerdresabbonf 2 tat icabomhbtyk phénad |-16 anbohyicdhe et c. ,
nmet al oxi de or hydroxi des (for exanple cal cium oxide or cal ci um hydroxi de)
and pronot eosleswaobn asodust! @hwjd meylhenpblyamde watyelve. fuFtber exctepweth frerr or
prepari ng an overbased cal cium sul fonate, in carbonation, the cal ci um oxi de
or hydr oxi deoureacTis unlityhofttinse ymarioh baseadsmomtinh @xtedds fod pfepanngdalbriviatiimg
carbonate. The sulfonic acid is neutralized with an excess of CaO or

Ca(OH) 2, t oilf@dhived ears uftdnobabgni Nt R Oihibr d26 G39P&Tih PFRO MohDi2H I4E using

[ 0055] Met al -cont ai ning or ash-form ng detergents function as both

det er gent s cbi@vchi@shdCeciiqueSiFaneo ddePnsbd HtoxRelc@spodigioal neutral i zers or rust

i nhibitors, thereby reducing wear and corrosi on and extending engine life.

Det er gent s [@RBET al | YALHREP Clas€ofRoRPbsidionnRaf] Mk bRp@ingaRAdit)eeha e BRBioGed ai | .
The pol ar head conprises a netal salt of an acidic organic conpound. The

salts may @@ﬂﬁsainaerﬁioﬁw@ﬁkq;ﬁbggabﬂami&g @h& PhRPRInhintde@NRENLs Bbsd GBI 1 n
whi ch case they are usually described as nornmal or neutral salts, and would

typically hayepagnt Qi3 RRSB0HIB6S 257, HRNIEAS SR bR dTRAS B oRied TV
D2896) of fromO to about 80. A [arge amount of a netal base nmay bée

, . b e .
I'ncorpora ‘?&elgﬁcer fAEH! ng’h@@écgoﬁ?po-@gfofﬂ nE9MBO YDk dggs -foﬁﬂnéjxa' EE s?fliorus

hydroxi de) wth an acidic gas (e , carbon dioxi ere ng

based - ' | i - f
met Al base (e e FRRPERER PR e T AERL ARt R e e o
TBN of ab - pcald y.wil |l T - bout
1o o 2D o bR RRET gy AR BN B TRl R0
oi | - sol ubl e _neut rﬁ%s and overhlPoa}sdgdw%laf gnat es , Rhenates, .sul furized

0 S n

phenates, (HroOphOSPROAAL 68 CeBl Y hfeS ERe hapht fenat 62 4hd ' har

oi | -sol ubl e carboxyl.ates_ of .a tal, particularly.the al kali or alkaline
oar t h et al &t s, TTReh iR SPAL BT O GRS A LR
magnesi um . The npst commonly used.netal s.are cal ci um and nesi u whi ch
g bot h b GPeBcoFRoUB o GRS TE 4B A t b Lot SHECTA SRt B of

cal ci um and/ or gnesiumw th sodium Particul arl nveni ent. net al
det ergents a%lr@l%gﬂilqn&l pﬁlﬁﬂOwg?lﬁasié)@’pé%yéﬁnﬁrme@ﬁ{ef%ng‘?‘@?nﬁaggﬂﬁx ®of from
about 20 to about 450, neutral and overbased cal ci um phenates and
sul f uri zed 'RENSIR s HRstYd PRERR D fandr B WiFout it Phephays renipstidhdndeut r al
and over based magnesium or cal ci um salicyl ates havi n% a TBN of from about
20 to aboutitWsen-CoyHlns eAMRAEd aF defisedpbyapirarticylidy peplkpvinsedibddigmingeut r al
or both, maH( be used. WD 2011/126639PCT/ US2011/ 027349

alky

Ipolyamine, or an alkylencamine, such as ethylene diamine, diethylenetriamine,
triethylenetetramine, tetracthylenepentamine, and the like.
[0049] Another class of nitrogen-containing compositions useful in preparing the
dispersants employed in this invention includes the so-called dispersant viscosity index
improvers (VI improvers). These VI improvers are commonly prepared by functionalizing

a hydrocarbon polymer, especially a polymer derived from ethylene and/or propylene,
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[ 0057] I n one enbodi ment, the detergent can be one or nore alkali or

al kaline earth netal salts of an al kyl-substituted hydroxyaronmatic

car boxyl iwoaeidi26d3ai t abl e hydr oxyaronati ¢ conmpounds i nclpadaSaeinontsed ear
nmonohydr oxy and pol yhydroxy aromati c hydrocarbons having 1 to 4, and
preferably 1 to 3, hydroxyl groups. Suitable hydroxyaromatic conpounds

i ncl ude phenol, catechol, resorcinol, hydroquinone, pyrogallol, cresol, and
the like. The preferred hydroxyaronmatic conpound is phenol. [0058] The

al kyl substituted noiety of the alkali or alkaline earth netal salt of an
al kyl - substituted hydroxyaromatic carboxylic acid is derived froman al pha
ol ef i n haviopngonkHppethowg alfitoel abhds deB@dciarmhoene at onse cTwnoinef isneh enpl oyed
may be linear, isonerized |inear, branched or partially branched |inear.
The ol ef i nahwyliber alipimatd oleBnsodr diolpier THeenat®nalgatmanxmay be odrrieds ourdryi z ed

| inear olefins, a mxture of branched olefins, a mxture of partially
branched | ivagay obproeessas xthichenodduany rattitehsite foo sieg ethig. ushAR3B} blcannene

enbodi ment, the m xture of linear olefins that nay be used is a m xture of
nor mal al phayghetdinnsn sel @timed. fThopohef isnkeheontdegd fwitina aipogdin-bataiingbout 30
carbon atons per nolecule. In one enbodi nent, the normal al pha olefins are
i soneri zed so\gtd€ attrdde@s hitepeh-&fntamnis® findtional | dréjips conC eeapoipher bLRGEE! N

anot her enbodi nent, the olefins are a branched ol efinic propyl ene ol igoner

or m Xt ur e doRfieRef uRAvitRgek QMR AIRId2Ry thasia Rt eBBorERuRO BsREQIKE thobo €. ,

branched chain olefins derived fromthe polynerization of propylene. The

ol efi ns MRS chRaifiHO ShinpMin@d add LomAsNRAs TIbREDIORGEIN IR Eed RlHEBeRS
hydr oxy groups, carboxylic acid groups, heteroatons, and the like. In one

enmbodi ment 108 2R ARGHR AR ST dultl & JHYIRY LB s QI AREs, Ahd MiaXlithl BRed her eof
have from about 20 to about 60 carbon atons. |In one enbodi nent, the

branched ol@fhni ¢ prap, { . JoX r r bout 20
to about 4 @%grbon g@&%%ﬁﬂ Sg%%%@ﬁ&%ﬁ%hégk&%?%éﬁ?§£§t&?%ggﬁﬁgﬁgggyyg nol e%

.g., at | %: - al: - . ol : t 90
i 05 o raage ApliferdR I Shnfhad Al ROy B Y RN L PR LTk
as¢ about at T east Jy“of
21yt~ supst BTGy tE) QebIfafh e b ARk Ponfh (LS el B EINET s

of an alkaljine earth netal..salt.of an alkyl-substi.tuted h benzoi c acid
det or gont - SPERTEEY s BTt b B R Pl RHR b Tl Rt PGP

| kal i I f. kyl = subst i ed. hyd i.C .
car boxy! | ¢ A o FROkaS) dodinBPeCinkot SRt Rl BRIl i

al kyl - substi t ut ed dr oxybenzojc acid that is derived from an
al kyl - subs PFﬂP&ﬁmﬂ%ﬂ%%@%ﬁ@ﬁ%%?Emgdv %% whi ch the alkyl groups are the

resi due of normal al pha-olefins containing at |east 75 | e% C20 or. hi gher
normal al p|{| 34| ef i n S_genera?ly, the amount orf ?he one %r more gispersants ir?gle%ut())ricatcl)ng oil g

composition will vary from about 0.05 to about 15 wt. %, based on the total weight of the
lubricating oil composition. In another embodiment, the amount of the one or more
dispersants will vary from about 0.1 to about 9 wt. %, based on the total weight of the
lubricating oil composition.

[0052] The lubricating oil compositions may also contain other conventional
lubricating oil additives for imparting auxiliary functions to give a finished lubricating oil
composition in which these additives are dispersed or dissolved. For example, the

lubricating oil compositions can be blended with antioxidants, detergents such as metal
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[ 0062] I n anot her enbodi nent, at |east about 50 nole % (e.g., at |east about
60 nole % at |east about 70 nole % at |east about 80 nole % at | east
about 85 wol2e19426@b | east about 90 nole % at | east abowCTAS20M0I0273% or at

| east about 99 nole % of the al kyl groups contained within the alkali or

al kaline earth netal salt of an al kyl -substituted hydroxyaromatic
carboxylic acid such as the al kyl groups of an alkali or alkaline earth
nmetal salt of an al kyl -substituted hydroxybenzoic acid are about Cl4 to
about Cl18. [0063] The resulting alkali or alkaline earth netal salt of an

al kyl - substituted hydroxyaromatic carboxylic acid will be a m xture of
ortho and detementsomst snhibitprondehesnigd dizengint dentulsely meodieots, wickdl dactivaiimg about 1
to 99% ortho isomer and 99 to 1% para i soner. In another enbodi nent, the
product w lagento friiceiom melddiats, tinear7ate ronopamdlefissshmts, 30 fbopming agsasrep. WO
2011/ 126639PCT/ US2011/ 027349 [ 0064] The al kali or al kaline earth netal salts
of an al kylkelserns padkagecbnipadbitixyg conedioncinbiditroxdyles, exaahdpesnrcgcmeaitd al  or
over based. Cenerally, an overbased al kali or alkaline earth netal salt of
an al kyl - siesliket aidedixhyehr thargaf ONBiaricty Cartho ¥ydifives acd khdws aidecontmattialh t he BN
of the alkali or alkaline earth netal salts of an al kyl -substituted

hydr oxyar oagdilableC aTRQX diliGivas iodl tias algedud Benmpamaed dy R ahrgersisfosush as the
addition of a base source (e.g., linme) and an acidic overbasi ng conpound
(e.g., carbapadiieXoftk. ubQAER] Meohpsadosalft Be MBMnie bPWOYREDRSRE: €. 0. ,
an overbased salt having a BN bel ow about 100. In one enbodi nent, the BN of
a | ow over bagesir§al t may be fromabout 5 to about 50. In another

enbodi ment, the BN of a | ow overbased salt may be from about 10 to about

30. In yet |gyaaf her enhatiaa®RtntiokiBnBMcRide Bouk QW BV BRRAPEJasidlctypRYe e from
about 15 to about 20.

diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and alkylated
phenylene-diamines; phenolics such as, for example, BHT, sterically hindered alkyl
phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-
(2-octyl-3-propanoic) phenol; and mixtures thereof.

[0054] Representative examples of metal detergents include sulphonates,
alkylphenates, sulfurized alkyl phenates, carboxylates, salicylates, phosphonates, and
phosphinates. Commercial products are generally referred to as neutral or overbased.
Overbased metal detergents are generally produced by carbonating a mixture of
hydrocarbons, detergent acid, for example: sulfonic acid, alkylphenol, carboxylate etc.,
metal oxide or hydroxides (for example calcium oxide or calcium hydroxide) and
promoters such as xylene, methanol and water. For example, for preparing an overbased
calcium sulfonate, in carbonation, the calcium oxide or hydroxide reacts with the gascous
carbon dioxide to form calcium carbonate. The sulfonic acid is neutralized with an excess

of CaO or Ca(OH),, to form the sulfonate.
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[ 0066] Over based detergents may be nedi um over based, e.g., an overbased salt
havi ng a BN from about 100 to about 250. In one enbodi nent, the BN of a
medi um owsokasledessal t nay be from about 100 to about 20@CTIUS2GINOL138Y

enbodi ment, the BN of a nmedi um overbased salt may be from about 125 to
about 175. [0067] Overbased detergents may be high overbased, e.g., an

over based salt having a BN above about 250. In one enbodi nent, the BN of a
hi gh overbased salt nay be from about 250 to about 450. [0068] Sul f onat es
may be prepared fromsulfonic acids which are typically obtained by the
sul fonation of al kyl substituted aromatic hydrocarbons such as those
obt ai ned f {HI$6t he f ridctei-aom&tinionoondshfetnring detengonts iynctidreasapdily dettigomts of
aromati ¢ hydrocarbons. Exanpl es included those obtai ned by al kyl ati ng
benzene, t odduener renydvenlepositaphd habhadecutdilipbre ny Irusdrinkibieiry, thatlygeducing
derivatives. The alkylation may be carried out in the presence of a

cat al yst wiwtchr aldkcygtradiomapdagendisg biggmeanife f Dotergate gtnclly@onprie 4 frdar hé@l car bon
atons. The al karyl sul fonates usually contain fromabout 9 to about 80 or
nor e car borvithtaolobg hylrgihebiahiiy Thopolalhead cdbprises amott sfiofaarbdic @agans per

al kyl substituted aromatic noiety. [0069] The oil sol uble sul fonates or

al karyl sulb@piad aThdsaltimyay@nagui k@dsiadedlyvwitdibhioxétde smohitdifand 8Rel in
al koxi des, carbonates, carboxylate, sulfides, hydrosulfides, nitrates,

bor at es an@h@hhaicsthf ark DB tdkcribeling naARdE nQfral®ltalang GIRAURSICAlS haosen
having regard to the desired TBN of the final product but typically ranges

from about 1081 da& AR 02BON Ms: calfbé Ric&huflialy ASTA D28 tof ABALY t0kBSutWh. %9 of

that stoichionetrically required.
A large amount of a metal base may be incorporated by reacting excess metal compound

(e.g., an oxide or hydroxide) with an acidic gas (e.g., carbon dioxide). The resulting
overbased detergent comprises neutralized detergent as the outer layer of a metal base
(e.g., carbonate) micelle. Such overbased detergents may have a TBN of about 150 or
greater, and typically will have a TBN of from about 250 to about 450 or more.

[0056] Detergents that may be used include oil-soluble neutral and overbased
sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates
and other oil-soluble carboxylates of a metal, particularly the alkali or alkaline earth
metals, e.g., barium, sodium, potassium, lithium, calcium, and magnesium. The most
commonly used metals are calcium and magnesium, which may both be present in
detergents used in a lubricant, and mixtures of calcium and/or magnesium with sodium.
Particularly convenient metal detergents are neutral and overbased calcium sulfonates
having TBN of from about 20 to about 450, neutral and overbased calcium phenates and
sulfurized phenates having TBN of from about 50 to about 450 and neutral and overbased
magnesium or calcium salicylates having a TBN of from about 20 to about 450.

Combinations of detergents, whether overbased or neutral or both, may be used.
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[ 0070] Metal salts of phenols and sul furized phenols are prepared by
reaction with an appropriate netal conpound such as an oxi de or hydroxide
and neut raD 20r/R9@Pbased products nay be obtai ned by nerhods2ewloR73known in
the art. Sulfurized phenols may be prepared by reacting a phenol wth

sul fur or a sulfur containing conpound such as hydrogen sul fide, sulfur
nonohal i de or sul fur dihalide, to form products which are generally

m xtures of conpounds in which 2 or nore phenols are bridged by sul fur
contai ning bridges. [0071] Exanpl es of rust inhibitors include, but are not
limted to, nonionic polyoxyal kyl ene agents, e.g., polyoxyethylene |auryl
et her, pol Y67kt hyl elneonki aytbedineint dho Heterigbra rean pol opo oy endry latkak onafpliphenyl

et her, pol yoxyet hyl ene octyl phenyl ether, polyoxyethyl ene octyl stearyl

et her, pol yoxy eidnf|she oflapyhlk@tdabstitutgb lhy deyet dnydtenerlsouy ¢ tacld. mSnoadear at e,
pol yoxyet hyl ene sorbitol nonool eate, and pol yet hyl ene gl ycol nonool eate;

st eari ¢ acihgdraxghrabdier cbapdwdacindsde dnaanindecy | moncgildsy et pblyhpdaps; fatty
acid amne salts; nmetal salts of heavy sulfonic acid; partial carboxylic
aci d est er amfmagohytyerbans dlaciafal to 4, phd prii@ible 1as t3e hgdroXyd asups.c Isaitable al kenyl
succinic acids; partial esters thereof and nitrogen-containing derivatives
t hereof ; sSYpdbLfaremaick @bmbsunds ORRiuas, pkongl, , civedhal, syl naphbhahare

sul fonates; and the like and m xtures thereof [0072] Exanpl es of friction

nodi fiers Ipf,a@gmdﬁ,cré@uﬁ aiftf tBe MRS, Thé pefepdd hdrodlakieyik ab@buhatst pheddl nes;
borated fatty epoxides; fatty phosphites, fatty epoxides, fatty am nes,

borat ed al kgusg| at ed fiRtdny aMBsHREd ABERIof BR! diG1iQfr afi@lifyeadiflSal shiabt s aci d
am des, glycerol esters, borated glycerol esters; and fatty im dazolines as

di scl osed lafky Mk uBstitf@l %9&0%9&011@&‘[1% %gvb@%fhc dclieis AOM@ N Of 2P SBARR&ving

i ncorporated by reference ‘herein; friction nodifiers obtained froma

reaction p'ﬁ%ﬁf%toutoﬂco 18 a%ht%@ chrboh 2(1}9 Lol erahky, dnsaemﬁﬁo ogé%%e AR i RRkized

preferably a atty aci ester cont ai ni ng conpound

sel ect ed frﬂéQrt E‘Fan ere gﬁ[&gg%ﬁ 'aolefﬁlnﬂla?%eai kanglap fig,Aand the

i ke and nlxtures antiwear agents i‘nel U e, but

are not %e}gﬁ dsprﬁ %u%é &CISOCHIG? zgc%/ ‘h 'a} g'l' ﬁ@shgﬁgﬁg}el ot b?a'ﬂghe%i' le(ﬁns abmlxglre of

dlaryldlthlo deser n-an arti orn et al.
entitled "Rel nsh etmee t r.uct ure and Effectlveness of Sone

Metal lic DPa %@X mnc Efmﬂo %E@ %%sp a#%%g?%gtxfferent Lubrlcated

bechan S EPESr 10 L LSBT LR R BN 982 e o

e ST AR b AR afito e
carbon atoms per molecule. In one embodiment, the normal alpha olefins are isomerized
using at least one of a solid or liquid catalyst.
[0060] In another embodiment, the olefins are a branched olefinic propylene
oligomer or mixture thereof having from about 20 to about 80 carbon atoms, i.e., branched
chain olefins derived from the polymerization of propylene. The olefins may also be
substituted with other functional groups, such as hydroxy groups, carboxylic acid groups,
heteroatoms, and the like. In one embodiment, the branched olefinic propylene oligomer

or mixtures thereof have from about 20 to about 60 carbon atoms. In one embodiment, the
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[ 0074] Exanpl es of antifoam ng agents include, but are not limted to,

pol ynmers of al kyl nethacryl ate; polyners of dinethylsilicone and the Iike
and m xt we=otihies@of [ 0075] Each of the foregoi ng additi wyes/USesian21ised, s
used at a functionally effective amount to inpart the desired properties to
the lubricant. Thus, for exanple, if an additive is a friction nodifier, a
functionally effective amount of this friction nodifier would be an anopunt
sufficient to inpart the desired friction nodifying characteristics to the
| ubricant. Generally, the concentration of each of these additives, when
used, ranges from about 0.001%to about 20% by wei ght, based on the total
wei ght of tbhechedbldimat progyloicloligongpraginikores thencod haveeind dbove 29 fo atvst 40
concentration of each of these additives ranges from about 0.01%to about
10% by wei ginbon gamed on the total weight of the lubricating oi

conposition. [0076] The final application of the lubricating oi

conposi ti of@e6df t hi snionyembaédimentpay 1dast, abbtr7 Sexaetpl(eg., atheaseabbme’Oaydle¥der

| ubricants in crosshead di esel engines, crankcase lubricants in an internal
conbust i on ael@it nBowrgsrableysn adlesd gbsie 0ancetonat leisk @boubetnh@deot breatlleddt i cat i ng
oil conposition is fluid or solid will ordinarily depend on whether a

t hi ckeni ng aB@R VY mok?Prof SR MAlkyl diopLCadhtaindtl kBN thQalRQEGaBalinCat endaD kyitir ea
acetates, lithiumstearate and the like. [0077]1n anot her enbodi ment of the

i nvention, of Bf aRYesdktitIRE Qlyﬁﬂoﬂ?ir&ﬁ@[cb&ﬂocﬁtl@& h@deichcRnBakikii biohys b ovi ng
agents may be provided as an additive package or concentrate in which the

one or nor gikhliMQaRR AP Bal€d s TR Eys@IRAhl BbkyHelzoid RPNt HeerRBRALS,, 8F ©
incorporated into a substantially inert, normally liquid organic diluent

such as, f@feneXamplagothf BRERm&It! the"ARN BA alBERZ SRS bRl UANSr QR 2Mh1ene to
forman additive concentrate. These concentrates usually contain from about

20% 08O, A% B Dl coPE DA MR YRk Skl pabif kB by DaVi ng

a viscosity of about to about 85 cSt at 1 pre y about 4 to

about 6 CSat JORG bl BEUBEL A8id Nl URRLcq LAGHIM SYRSBEI 0] | 5. s

wel | as other organic qui are conpatible wt tives and

finished | g&géri{jto%%teh%gc Qi iﬁ:%}ﬂicﬁ'tﬁé’ fafr%gl glg)ﬁﬁgsbarIQE ﬂe‘é’ﬂhé iagﬁ?r%? 5@9?—0 kb al so

typically I'none or nore o _ us other additives, referred to
above’ In thn aiglens ot l%agst 9?{%% e%/osga%ghilgﬁ%rln%rsm&l(a)llp]ila?—%lelﬁlng. ate direct conbination
with the requisité amount of bdse Ol .

[0062] In another embodiment, at least about 50 mole % (e.g., at least about 60

mole %, at least about 70 mole %, at least about 80 mole %, at least about 85 mole %, at

least about 90 mole %, at least about 95 mole %, or at least about 99 mole %) of the alkyl

groups contained within the alkali or alkaline carth metal salt of an alkyl-substituted

hydroxyaromatic carboxylic acid such as the alkyl groups of an alkali or alkaline earth

metal salt of an alkyl-substituted hydroxybenzoic acid are about Cy4 to about Cjs.

[0063] The resulting alkali or alkaline earth metal salt of an alkyl-substituted

hydroxyaromatic carboxylic acid will be a mixture of ortho and para isomers. In one

embodiment, the product will contain about 1 to 99% ortho isomer and 99 to 1% para

isomer. In another embodiment, the product will contain about 5 to 70% ortho and 95 to

30% para isomer.
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[0078] The following non-limting exanples are illustrative of the present

I nvention. COMPARATI VE EXAMPLE A [0079] A baseline |ubricating oi

conposi t iwo 2emg12pe3epar ed by bl endi ng toget her the fol |l orCagiScanporients to
obtain a SAE 15W40 viscosity grade fornulation: [0080](a) 4 . %of a
bor at ed bi ssucci nim de prepared froma polyi sobutenyl (PIB) succinic
anhydri de (the PIB having an average nol ecul ar wei ght of 1300) with a heavy
pol yam ne; [0081](b) 2 wt. % of an ethyl ene carbonate post-treated

bi ssucci ni m de prepared froma PIB succinic anhydride (the PIB having an

aver age nol ecul ar wei ght of 2300) with a heavy pol yam ne;
[0064] The alkali or alkaline earth metal salts of an alkyl-substituted

hydroxyaromatic carboxylic acid can be neutral or overbased. Generally, an overbased
alkali or alkaline earth metal salt of an alkyl-substituted hydroxyaromatic carboxylic acid
is one in which the BN of the alkali or alkaline earth metal salts of an alkyl-substituted
hydroxyaromatic carboxylic acid has been increased by a process such as the addition of a
base source (e.g., lime) and an acidic overbasing compound (e.g., carbon dioxide).

[0065] Overbased salts may be low overbased, e.g., an overbased salt having a BN
below about 100. In one embodiment, the BN of a low overbased salt may be from about
5 to about 50. In another embodiment, the BN of a low overbased salt may be from about
10 to about 30. In yet another embodiment, the BN of a low overbased salt may be from
about 15 to about 20.

[0066] Overbased detergents may be medium overbased, e.g., an overbased salt
having a BN from about 100 to about 250. In one embodiment, the BN of a medium
overbased salt may be from about 100 to about 200. In another embodiment, the BN of a
medium overbased salt may be from about 125 to about 175.

[0067] Overbased detergents may be high overbased, e.g., an overbased salt
having a BN above about 250. In one embodiment, the BN of a high overbased salt may
be from about 250 to about 450.

[0068] Sulfonates may be prepared from sulfonic acids which are typically
obtained by the sulfonation of alkyl substituted aromatic hydrocarbons such as those
obtained from the fractionation of petroleum or by the alkylation of aromatic
hydrocarbons. Examples included those obtained by alkylating benzene, toluene, xylene,

naphthalene, diphenyl or their halogen derivatives. The alkylation may be carried out in
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[0082] (c) 3 wm. % of a polysuccinimde dispersant derived from Pl BSA,

N- phenyl phenyl enedi am ne and a pol yet herdi am ne having an aver age

nol ecul arwaenghi2zéas® 900 to 1000; [0083](d) sul furized caCziusaoipioeTsas e
detergent; [0084](e) zinc dialkyldithi ophosphate; [0085](f) borated

sul fonate detergent; [0086](g) magnesi um sul fonate detergent; [0087](h)
cal cium sul fonate detergent; [0088](i) a nolybdenum succi ni m de conpl ex;
[0089] (j) one or nore oxidation inhibitors; [0090] (k) foaminhibitor;

the presence of a catalyst with alkylating agents having from about 3 to more than 70
carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or more
carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl substituted
aromatic moiety.

[0069] The oil soluble sulfonates or alkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides, nitrates,
borates and ethers of the metal. The amount of metal compound is chosen having regard
to the desired TBN of the final product but typically ranges from about 100 to about 220
wt. % (preferably at least about 125 wt. %) of that stoichiometrically required.

[0070] Metal salts of phenols and sulfurized phenols are prepared by reaction with
an appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may be
prepared by reacting a phenol with sulfur or a sulfur containing compound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are
generally mixtures of compounds in which 2 or more phenols are bridged by sulfur
containing bridges.

[0071] Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ecther,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;
stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts;

metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric alcohol;
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[0091] (1) viscosity index inprover; and [0092](m the bal ance being a
m xture of Goup Il base oils. EXAMPLE 1 [0093]A lubricating oil
conposi t iwo 2ems12pe3epar ed by adding 1 wei ght % of titani BeT(USYU)11i083py opoxi de
(avai |l abl e from DuPont as Tyzor(r) TPT) to the baseline lubricating oil
conposition of Conparative Exanple A [0094] Eval uati on of Fl uorocarbon
El astoner Seal Conpatibility [0095] The |ubricating oil conpositions of
Conparative Exanple A and Exanple 1 were tested for conpatibility with
fl uorocarbon el astoner seals in a Vol kswagen (VW bench test (PV 3344) by
suspending a fluorocarbon test piece (AK 6) in an oil-based sol ution heated
t o 150C f ophdspBorkroastess; (shhet-chran) dkdnghsucainicheidgeagehtstarpthareel ahlangegenpoi nt s
har dness change (PH), the percent tensile strength change (TS) and the
per cent el oogahingrlegvringeth¢etf) spfthetiaekagdupfbtesns g meawlidiednylfdpbthrlesul t s ar e
summari zed in Table 1. TABLE 1
sulfonates; and the like and mixtures thereof.
[0072] Examples of friction modifiers include, but are not limited to, alkoxylated
fatty amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated
alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides, glycerol esters,
borated glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372,696,
the contents of which are incorporated by reference herein; friction modifiers obtained
from a reaction product of a C4 to Cys, preferably a Ce to Co4, and most preferably a Cs to
Cyo, fatty acid ester and a nitrogen-containing compound selected from the group
consisting of ammonia, and an alkanolamine and the like and mixtures thereof.
[0073] Examples of antiwear agents include, but are not limited to, zinc
dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those described in an article
by Born et al. entitled "Relationship between Chemical Structure and Effectiveness of
Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different Lubricated
Mechanisms", appearing in Lubrication Science 4-2 January 1992, see for example pages
97-100; aryl phosphates and phosphites, sulfur-containing esters, phosphosulfur
compounds, metal or ash-free dithiocarbamates, xanthates, alkyl sulfides and the like and
mixtures thereof.
[0074] Examples of antifoaming agents include, but are not limited to, polymers of
alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.

[0075] Each of the foregoing additives, when used, is used at a functionally

effective amount to impart the desired properties to the lubricant. Thus, for example, if an
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Exanple 1 Conp. Ex. A Passing Limt Vol. Change 0.11 0.29 < 0.5 (%

WO 2011/126639 PCT/US2011/027349

additive is a friction modifier, a functionally effective amount of this friction modifier
would be an amount sufficient to impart the desired friction modifying characteristics to
the lubricant. Generally, the concentration of each of these additives, when used, ranges
from about 0.001% to about 20% by weight, based on the total weight of the lubricating
oil composition. In one embodiment, the concentration of each of these additives ranges
from about 0.01% to about 10% by weight, based on the total weight of the lubricating oil
composition.

[0076] The final application of the lubricating oil compositions of this invention
may be, for example, in marine cylinder lubricants in crosshead diesel engines, crankcase
lubricants in an internal combustion engine or railroad engines and the like. Whether the
lubricating oil composition is fluid or solid will ordinarily depend on whether a thickening
agent is present. Typical thickening agents include polyurea acetates, lithium stearate and
the like.

[0077] In another embodiment of the invention, the one or more fluorocarbon
clastomer compatibility improving agents may be provided as an additive package or
concentrate in which the one or more fluorocarbon elastomer compatibility improving
agents are incorporated into a substantially inert, normally liquid organic diluent such as,
for example, mineral oil, naphtha, benzene, toluene or xylene to form an additive
concentrate. These concentrates usually contain from about 20% to about 80% by weight
of such diluent. Typically a neutral oil having a viscosity of about 4 to about 8.5 ¢St at
100°C and preferably about 4 to about 6 ¢St at 100°C will be used as the diluent, though
synthetic oils, as well as other organic liquids which are compatible with the additives and

finished lubricating oil can also be used. The additive package will also typically contain
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PH Change 2 4 < 5 TS Change (% -42.4 -54.3 >-50

WO 2011/126639 PCT/US2011/027349

one or more of the various other additives, referred to above, in the desired amounts and
ratios to facilitate direct combination with the requisite amount of base oil.
[0078] The following non-limiting examples are illustrative of the present

invention.
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EL Change (% -30.0 -36.7 > -55 WO 2011/126639PCT/ US2011/ 027349 [ 0096] The
results denonstrate that the lubricating oil conposition of Exanple 1
provi ded wopouaviees3p| uor ocar bon el ast omer seal conpati bi PCTYUSRO114R1349
categories and passed each of the seal tests. These results indicate that
by adding titanium (1V) isopropoxide to a lubricating oil conposition
contai ning one or nore dispersants containing one or nore basic nitrogen
atons, the fluorocarbon el astoner seal is protected from other conponents
in the baseline lubricating oil conposition (Conp. Ex. A). [0097]1t will be
understood that various nodifications may be made to the enbodi nents
di scl osed herein. Therefore t¢{eMABBNITEBEXANIRLIOA shoul d not be construed
as limting, but nerely as exenplifications of preferred enbodi ments. For
exanpl e, t@07®Lnct i ohdagdse hibbeadingbdvenmpnsitiompheprepiret bablehtheg esthenode f or
operating the present invention are for illustration purposes only. O her
ar r angenentis fahavingtdocscmeayo dbein apAENSM-eQlvibyosithgade oknulhteah: i n t he art
wi t hout departing fromthe scope and spirit of this invention. Moreover,
t hose skil [@$0] n t hgapatwiwd bf ermetasddosissatditimideogicparabiromns polyisbbuteniyhe scope
and spirit of the clains appended hereto.

(PIB) succinic anhydride (the PIB having an average molecular weight of 1300) with a

heavy polyamine;

[0081] (b) 2 wt. % of an ethylene carbonate post-treated bissuccinimide prepared
from a PIB succinic anhydride (the PIB having an average molecular weight of 2300) with
a heavy polyamine;

[0082] (c) 3 wt. % of a polysuccinimide dispersant derived from PIBSA, N-phenyl

phenylenediamine and a polyetherdiamine having an average molecular weight of 900 to

1000;

[0083] (d) sulfurized calcium phenate detergent;
[0084] (e) zinc dialkyldithiophosphate;

[0085] (f) borated sulfonate detergent;

[0086] (g) magnesium sulfonate detergent;
[0087] (h) calcium sulfonate detergent;

[0088] (1) a molybdenum succinimide complex;
[0089] (j) one or more oxidation inhibitors;
[0090] (k) foam inhibitor;

[0091] (1) viscosity index improver; and

[0092] (m) the balance being a mixture of Group II base oils.
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VWHAT IS CLAI MED | S: 1. A nethod for inproving conpatibility of a

fl uorocarbon el astoner seal with a |ubricating oil conposition conprising
(a) a majwo 2ameed39of a base oil of |ubricating viscosi PgI/tsad1b)349ne or
nore di spersants containing one or nore basic nitrogen atons, the nethod
conprising adding to the lubricating oil conposition an effective anount of
one or nore fluorocarbon el astoner conpatibility inproving agents
conprising one or nore oil-soluble titanium conmpounds. 2. The net hod
according to Caim1, wherein the base oil of lubricating viscosity is
selected fromthe group consisting of a Goup | base oil, Goup Il base
oil, Goup Ill base oil, Goup |V B@&MBLE,]l G oup V base oil, and m xtures
t her eof 3. The method according to Claim1l or Claim2, wherein the
one or nor ¢0M93Eper sahtlsbraratngs ell ehgpdsifioromat hpeepgreduly eddisg It waightoto af

succi nim de, carboxylic acid am de, hydrocarbyl nonoam ne, hydrocar byl

pol yam ne, chnmlQhﬂbaqamxphms@hmmawl&em,DhP@mhmsﬁhmﬁ%ﬁPmﬁuamm baseline
phosphoram de, thiazole, triazole, a copolynmer which contain a carboxylate
ester w thlwieattiy oiltbmpadiint ifQvalpapal @FxdmpheAj ons, a borate post-treated
succi nim de, an ethyl ene carbonate post-treated succinimde, and m xtures

t her eof [0094] 4. ThevanRtifiosk AesEedeionE1dsnidr tdTE onpdtibider ei n the one or
nore dispersants is an al kenyl succini m de. 5. The net hod

accordi ng 49§ ai m 4rhehigdcRiify i EordpdsRINd ofS d;bdmﬂ%@&amgeax Rl Fiaaput enyl
succi nim de or a polyisobutenyl bis-succinim The net hod

accordi ng tQyded akieE fd- c%mp%lﬂﬁt?'vﬂtht MR rQAMoR 18P fer Qa'ais -8 @@ abdnt @WHM
conpounds are represented by the general formla:
bench test (PV 3344) by suspending a fluorocarbon test piece (AK 6) in an oil-based
solution heated to 150°C for 168 hours. The variation in the percent volume change,

points hardness change (PH), the percent tensile strength change (TS) and the percent

clongation change (EL) of each sample was measured. The results are summarized in

Table 1.
TABLE 1
Example 1 Comp. Ex. A Passing Limit

Vol. Change 0.11 0.29 <0.5

(%)

PH Change 2 4 <5

TS Change (%) -42.4 -54.3 >-50

EL Change (%) -30.0 -36.7 > -55
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1 RA- Ti- R 1 R3 wherein Rl, R2, R3 and R4 are independently a

hydr ocar byl oxy- cont ai ni ng group. 7. The nethod according to Caimé6
wherei n esiohloR1126/32, R3 and R4 is independently a Cl toPCXZOWSaIHOXIB4Yr OUp.
8. The method according to Claim®6, wherein at least two of Rl, R2, R3 and
R4 of the oil-soluble titanium conpound are the sanme Cl to C20 al koxy

group. 9. The nethod according to Claim®6, wherein at |east three of
Rl1, R2, R3 and R4 of the oil-soluble titanium conpound are the sanme Cl to
C20 al koxy group. 10. The method according to Cl aim6, wherein each

of RI, R2, R3 and R4 of the oil-soluble titaniumconpound is the sane Cl to
C20 al koxy [¢96Lip. The results demonstrate that the lubricating oil composition of Example 1

provided improved fluorocarbon elastomer seal compatibility in all categories and passed
cach of the seal tests. These results indicate that by adding titanium (I'V) isopropoxide to a
lubricating oil composition containing one or more dispersants containing one or more
basic nitrogen atoms, the fluorocarbon elastomer seal is protected from other components

in the baseline lubricating oil composition (Comp. Ex. A).

[0097] It will be understood that various modifications may be made to the
embodiments disclosed herein. Therefore the above description should not be construed
as limiting, but merely as exemplifications of preferred embodiments. For example, the
functions described above and implemented as the best mode for operating the present
invention are for illustration purposes only. Other arrangements and methods may be
implemented by those skilled in the art without departing from the scope and spirit of this
invention. Moreover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.
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11. The method according to Claim1, wherein the one or nore oil-soluble
titani um conpounds are selected fromthe group consisting of titanium (I1V)
i sopr opoxwoepirizé@ni um (1V) n-propoxi de, titanium (1V) 2Pcetusgéthexsud de and

m xt ures t her eof 12. The method according to Cains 1-11, wherein
the lubricating oil conposition conprises: about 0.05 to about 15 wt. % of
the one or nore dispersants; and about 0.01 to about 5 wt. % of the
one or nore fluorocarbon el astomer conpatibility inproving agents, based on
the total weight of the lubricating oil conposition. 13. The met hod
according to Cainms 1-12, wherein the lubricating oil conposition further
conpri ses MBAGAS GbASMEIS; cati ng oil additives selected fromthe group

consi sting of an antioxidant, detergent, rust inhibitor, dehazing agent,
derul si fyi ng agént metbbvdfordepoting abmpgibage pf 2 flupiocirbenelawandrisedl ,withre | wear
agent, pour point depressant, antifoam ng agent, co-solvent, package
conpat i bi | ihgeicatingosil oeh@nition ltbhptiong (4 yemajex tmetd qireelsseod ddebricatignd

m xt ures thereof 14. The method according to Clains 1-13, wherein

t he | ubri catstédtyOirdd @D BMOSH hb@MidpSrsantC E@MKEIAS end tibmbaiakio Gittigen @AROSI ti oN
for an internal conbustion engine. 15. The use of one or nore

0i | - sol ubl enet iétAsd EEMERMBUIARE tb Bhedlubtidtih€ 81l icBBp&YithonCANGRSIitd Ho@OBPr | Si ng
(a) a major amobunt of a base oil of lubricating viscosity; and (b) one or

nor e di spens@b sosdAh@bohe Qe JTRIPEHIIRS | ifpFivideOLRhks RbAPHEsind Bfic bhe
pur pose of maintaining or inproving conpatibility of a fluorocarbon

el astomer sgad oiMkdIibIE REniuRGLKpBid®g oi | conposition in an internal
conmbusti on engi ne.
2. The method according to Claim 1, wherein the base oil of lubricating viscosity
is selected from the group consisting of a Group I base oil, Group II base oil, Group III

base oil, Group IV base oil, Group V base oil, and mixtures thereof.

3. The method according to Claim 1 or Claim 2, wherein the one or more
dispersants are selected from the group consisting of a succinimide, carboxylic acid amide,
hydrocarbyl monoamine, hydrocarbyl polyamine, Mannich base, phosphonamide,
thiophosphonamide and phosphoramide, thiazole, triazole, a copolymer which contain a
carboxylate ester with one or more additional polar functions, a borate post-treated

succinimide, an ethylene carbonate post-treated succinimide, and mixtures thereof.

4. The method according to Claims 1-3, wherein the one or more dispersants is an

alkenyl succinimide.
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5. The method according to Claim 4, wherein the alkenyl succinimide is a

polyisobutenyl succinimide or a polyisobutenyl bis-succinimide.

6. The method according to Claims 1-5, wherein the one or more oil-soluble

titanium compounds are represented by the general formula:

wherein R', R R® and R* are independently a hydrocarbyloxy-containing group.

7. The method according to Claim 6, wherein each R', R%,, R* and R* is

independently a C; to Cy alkoxy group.

8. The method according to Claim 6, wherein at least two of R', R? R* and R* of

the oil-soluble titanium compound are the same C; to Cyg alkoxy group.

9. The method according to Claim 6, wherein at least three of R', R%, R® and R* of

the oil-soluble titanium compound are the same C; to Cyg alkoxy group.

10. The method according to Claim 6, wherein each of R', R% R and R? of the

oil-soluble titanium compound is the same C; to Cyg alkoxy group.
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11. The method according to Claim 1, wherein the one or more oil-soluble
titanium compounds are selected from the group consisting of titanium (IV) isopropoxide,

titanium (IV) n-propoxide, titanium (IV) 2-ethylhexoxide and mixtures thereof.

12. The method according to Claims 1-11, wherein the lubricating oil composition
comprises:

about 0.05 to about 15 wt. % of the one or more dispersants; and

about 0.01 to about 5 wt. % of the one or more fluorocarbon elastomer
compatibility improving agents, based on the total weight of the lubricating oil

composition.

13. The method according to Claims 1-12, wherein the lubricating oil composition
further comprises one or more lubricating oil additives selected from the group consisting
of an antioxidant, detergent, rust inhibitor, dehazing agent, demulsifying agent, metal
deactivating agent, friction modifier, antiwear agent, pour point depressant, antifoaming
agent, co-solvent, package compatibiliser, corrosion-inhibitor, dye, extreme pressure

agent, and mixtures thereof.

14. The method according to Claims 1-13, wherein the lubricating oil composition

is a crankcase lubricating oil composition for an internal combustion engine.
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15. The use of one or more oil-soluble titanium compounds in a lubricating oil
composition comprising (a) a major amount of a base oil of lubricating viscosity; and (b)
one or more dispersants containing one or more basic nitrogen atoms, for the purpose of
maintaining or improving compatibility of a fluorocarbon elastomer seal with the

lubricating oil composition in an internal combustion engine.
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