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-1- A METHOD OF | MPROVI NG THE STABI LI TY OR COWATI BI LI TY OF A DETERGENT The
present invention relates to a nethod of inproving the stability of a 5
detergent in a lubricating oil conmposition, or a nethod of inproving the
conpatibility of a detergent with other additives in a |ubricating oi
conposition, such as friction nodifiers,,other detergents, netal rust

inhibitors, viscosity index i co r05|on |nh|b|tors OX|dat|on

i nhi bi tors ardMERITHOR OF IMRROVI ,Trp TABILITY, QR COMPATIRILLILY QFA o 3
met hod of i nproving t he conpatlblllt ]aggﬁﬁergent W th frlctlon 10

nodi fiers or other detergents presenL 1T a rupricating oil conposition.

Currently there is a drive in ternms of fuel econony for gasoline and diesel

engi nes which has resulted in increased |evels of organic friction nodifiers
being used in |J@@.p&ees@mrigvmtlpnéws&q%méﬁh§d Oﬁﬁnmpmﬂéh%ﬁt9blllt>h@frae are

compat i bi ki t yiele st J)ﬁpﬂﬁagfri:lg ctoﬁa‘?ﬂc])El‘hoﬁtdr%’}n 8 bt Slsodng ¢ ﬂﬁ}ere g%h% such

as overbased ca Um Su esen I nventl on

concer ned wi tofiaidetergemi wghbther edxn@@dsnblallmﬁr)cabﬁg vit eompddifiedt, isach asficfiorer s and
detergents in lubricating oil HFOSItIOHS The present invention is also
concerned wi fpdifis, mﬂmsldémgfmp abish phitHiorg yiseetiyandex IMprgvess casasion

e B s IR G i O HRTRLS Y6 HEPRHL08) Hlerighphionat es

and over base alci’um sa es ar e ‘gener use

lubricating %lhte§wm&1hbd©ﬂ&nﬂ@%n@@h@&ﬁﬁpéﬁbﬂﬁ%bfbtlétbfg\ént WwitAdtidtion t he present
invention is concerned with inproving the stability of 25 detergents in

| ubri cat ithg Sradifeesspoether dofesgentyprgsenbitdBCcsing il ¢psnpasiipant i nventi on,
there is provided a nethod of inproving the stability of a detergent in a
| ubricating oil conposition or a nethod of inproving the conpatibility of a

detergent with amuieily 8l iia\deive th &bl Bf eBédoR8mYifbr SRoLRAQISdiésedn; the
met hod i ncl udi ng the step of reacting the detergent wth a water- soluble a,

3- unsat ur at egngiaguigh heviepdisddn incpeasathisveln oprzanis frielian modifigrsieins usxeé

modi fied det fil ﬁ%ﬂgatlen)émﬂbcompolsmons ungortunately, there are compatibility issues between

15  the friction modifiers and detergents, such as overbased calcium sulphonates. The
present invention is therefore concerned with improving the compatibility between

friction modifiers and detergents in lubricating oil compositions.

The present invention is also concerned with the problem of improving the
20  compatibility between different types of detergents. For example, overbased calcium
sulphonates and overbased calcium salicylates are generally not used together in

lubricating oil compositions due to poor compatibility.

Finally, the present invention is concerned with improving the stability of

25  detergents in lubricating oil compositions.

In accordance with the present invention, there is provided a method of
improving the stability of a detergent in a lubricating oil composition or a method of
improving the compatibility of a detergent with another additive in a lubricating oil

30  composition; the method including the step of reacting the detergent with a water-

soluble o, B-unsaturated carbonyl compound.



conmpatibility with other additives found in lubricating oil conpositions.
The inventors have also found that the nodified detergent exhibits inproved
stability in lubricating oil conpositions. 5 The detergent is preferably an
over based oil soluble detergent conprising an alkali- or alkaline earth
met al hydrocar byl phenate, carboxylate or sul phonate. The detergent is
preferably a hybrid/ conpl ex detergent pr gared fromat |east 10 two of the
fol | owi ng surfac'flm'irlgent‘plﬁélﬁtﬁ foug@ﬂp:hﬁmrgo ﬁﬁ@detmﬁmblhl'@ mmpfayedr salicylic
acid. The m xtur ts .S ysua over ased with

car bon i oxi epep Ty, B o2 hadtes b ELP arne o KR AR IR Ui

hydr oxi de. Theerfléts BheAlso fawd Bt tteehEdiied détbBht dxRfbilkRYRpides @ﬁﬁihg%
detergents disclosed in EP 902 827B; the carboxyl ated detergent-di spersants

di scl osed i nuEiating®il cegppsitionse met al 15 phenat e/ st earates discl osed in EP

761 648; Sor t he detergents disclosed in EP 271 262 or EP 273 588. The
wat er - sol"ubl e a, p-unsaturated carbonyl conpound is preferably selected

from nal ei ¢ anhyglel diesr éxﬁwefesabwme&érﬁlfsed gilksﬁs&me@ergaigx% bHSing ah kyl

mal ei ¢ 20 anhydri de, cyc oal kyl mal ei ¢ anhydri de, acr acid and

met hacryl i ¢ alicilid or Tlkelinevartbmeatal hyidraeaghyl phematﬁatarbaxsdde oasllphedateeonpound i s
preferably mal ei c anhydride. Metal-containing or ash-form ng detergents
function as both detergents to reduce or renopve deposits and as acid

neutralizers o fidsfoidl B hofcfab1§ DAVERYCGAVE LithocBihrbbata 08, A9gs0S! on and

extendi ng engin ife rgents conprise a wWth a
| ong hydioophebiot tlteaﬁollowiﬁgsurfad:tamts hyedolc sutphiorsescid, crxehoetlyhs atit oofalegliaci di c
or gani ¢ conpound, The saﬂ%;tcl%\é contain a substantially stoic |orretr| C

amount  of taﬁ’él e anIXfye reQsyr bﬁrléuﬂsal}wowgrba@écwaﬂb% o diggldsal or

neutral salt s e as can
be nmeasur ed y e@%é&%&‘ﬂ[}%é@éﬁ)&&% prég{r; aﬁ;l%rgth?gr ch%géﬁl g%ﬁ?\%ﬂi F{EEIN et

base maybe iselectep ioat: ek Mbﬁdr®aqﬂ¢m@tﬁ)gerﬁsdlsaleﬁail InEMYIABRTE; ¢hegy. , an OXI de
or hydroxide) with an acidic, gas bon d|0X|deL% The resul ting

over based déﬁ@PﬁlélﬁEedéj@F?ﬁ%qné'ébSP?FéﬁﬁtF é!sPlfé‘?ﬂi léhﬁpelr fehd8ladhe metabut er | ayer of a
metal bage (feQite/5R5RR0ANE s GHP F61 GHE U BLHDISEE: ASHELISHED 271 262

or EP 273 588.

The water-soluble o, B-unsaturated carbonyl compound is preferably selected
from maleic anhydride, itaconic anhydride, citraconic anhydride, alkyl maleic
20  anhydride, cycloalkyl maleic anhydride, acrylic acid and methacrylic acid. The

water-soluble o, B-unsaturated carbonyl compound is preferably maleic anhydride.

Metal-containing or ash-forming detergents function as both detergents to

reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing

25  wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail. The polar head comprises a metal salt of an acidic
organic compound. The salts may contain a substantially stoichiometric amount of
the metal in which case they are usually described as normal or neutral salts, and
would typically have a total base number or TBN (as can be measured by ASTM

30 D2896) of from 0 to 80. 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



-3- may have a TBN of 150 or greater, and typically will have a TBN of from
250 to 450 or nore. Detergents that nmay be used include oil-soluble neutral
and overbased 5 sul phonates, phenates, sul phurized phenates,

t hi ophosphonat es, salicylates, and naphthenates and other oil-soluble
carboxylates of a metal, particularly the_alkali or alkaline earth netals,
e.g., barium sodium_potassium Iithiuni3éalciun1 and nmagnesi um The nost

conmonl y usedn#ehiayes Tl of 4 ¢ pugreatan andimicelly il way e b TBhegL fem RSB & $rlksent

in detergents used in a lubricant, and m xtures of calciumand/or 1o

. . I IN10TC,. . .
magnesi um w th"508i um Particul arl y conveni ent netal detergents are neutral
and overbased cal ci um sul phonates having a TBN of from 20 to 450, neutral

and overbased cal ci um phenates and sul phurized phenates having a TBN of
from50 to 450 &riergenfs that maybe oot belyde ovmglubls neniralrandaivetbasedsal i cyl at es

having a TBN of, from20 to 450  Conbi nations of detergents, whether

over based or _SH%’B??% > 8 ?rﬁgﬁshﬁu?pq%zﬁ@&eﬁlgk stgﬁ’ygg??‘ﬁﬂ%ﬁsgfagécy Pﬁ%ﬁf prepared
from sul phoningpiafiérthtesvint fhed bR-sbiiBlCaalh ok yidsaifAgetaldYartibelad Y kiRharat éron  of
al kyl substituted aromatic hydrocarbons Such as those obtained fromthe

fracti onat i onlkslinpeartiomeiats og., bgrivthesodivay,| ratdssimmofithavoneal¢ismhgmtt ocar bons. 20
Exanpl es i nclude those, obtained by al kyl ating benzene,, t ol uene, l.ene,

napht hal ene, m@ﬁ%@ﬁyﬁ%ﬁnqs %?Wmﬂﬁllydﬁg‘xmﬁglsl %89?'\%191 %It?éﬂa%s%lm,e}?% nzene,
chl orot ol Ue”?na?%th B@b&%&ﬂ%ﬁﬁt%kﬁ@ﬁwdﬁh% 18bHahBkh @ thitRYesRE c&lléfu'iﬂ sfyqut in

the presence of a catal yst al kyl ating agents, such as olefins, having
from aboudt 3 mnagnesure witlaspdilGn.cBarbowlarlatameniciihmetl Ketengents atqueotrat @l usual |y

contain from about .9 fo abaut 80 qr nor rbon. at ., preferably from
2bout 16 t o SHGEedsakRrBInPi s THEREA KON oL J05 20 (ha. bRt o moi ety
The oil sol ubl&gbhsdtiRARAR ﬁﬁerﬁfes%géﬁl}ﬂhurﬁéh?g?%ﬁst@s }?a‘%rir%osa TBX dF8rdaeyd tal | zed

with oxides, hydroxides, al koxi des, " carbo car boxyl ates, sul phi des,
hydr osul phi dd§0 an®@oeutial piat @srbdsed atagsesamd oetdleins: saficylates hating a TBNofanount  of

I i h . havi h [ TBN of the final
g‘rs E)guctc Ogﬁ? u?r?pﬁ; ZQJJCq 4&%,.6 ;%@éhg]%g%%ggé}grtg%&s} w}?eﬂ%ieersc;vrer(?)cajxsecf3 or n%utrgl oer bo!chr,]a

15 may be used.

Sulphonates may be prepared from sulphonic acids which are typically obtained
by the sulphonation of alkyl substituted aromatic hydrocarbons such as those obtained
from the fractionation of petroleum or by the alkylation of aromatic hydrocarbons.

20  Examples include those obtained by alkylating benzene, toluene, xylene, naphthalene,
diphenyl or their halogen derivatives such as chlorobenzene, chlorotoluene and
chloronaphthalene. The alkylation may be carried out in the presence of a catalyst
with alkylating agents, such as olefins, having from about 3 to more than 70 carbon
atoms. The alkaryl sulphonates usually contain from about 9 to about 80 or more

25  carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl substituted

aromatic moiety.

The oil soluble sulphonates or alkaryl sulphonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylates, sulphides, hydrosulphides,
30 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 220 wt. % (preferably at least 125 wt. %) of that stoichiometrically required.



100 to 220 wt. % (preferably at least 125 w. % of that stoichionetrically
required. -4- Metal salts of phenols and sul phuri zed phenols are prepared by
reaction with an appropriate netal conpound such as an oxi de or hydroxide
and neutral or overbased products nmay be obtai ned by nethods well known in
the art. Sul phurized phenols nay be prepared by reacting a phenol wth

sul phur or a sul phur-contai ni ng corrpouna“‘S‘such as hydrogen sul phi de,

sul phur nonohal i ddetalrsaligiphphenolgiandisilgburized phemats piepaerarss bywiereionayigh an

| i xt f ds, i.n, which . phenol brj dged b
S0l phar  Sont APHERGE PG SRR R bRt Syde 3 PO AR el v le” o
be prepared ByodueRGhdyKE cHlaidél By RIFBHOUS weRkREWN lin theadl GuiHubiz@pRMBIsopr i at e

met al conpound such as an oxi de or ggdroxide and neutral or overbased
product s nay nsy beiprepanedibibieactitgropkenaketvith kelphur orjarsutphar-eentainifigeomponed i ¢

noi ety of _the gromatic carb li¢c.acid can.contai ter oatons, such as
nitrogen and® %ﬁ@rwgfgpg‘@%ﬁ@?%%PEEE]@%@M@QFWSJ}EW%’ tocfg%BFPdgftérrs;
nore pref er aRlnycH € gBRIrSlYmEQRedbNSordhotn@¢ inWhieh 03k BRRe ﬁﬁéh%?aré Bfidgkd exanpl e
benzene is a preferred noiety. The aromatic carboxylic acid may contain one
or nore ar onhyiselphwi @ntasng budgesas one or nore benzene rings, either fused
or connected via al kyl ene bridges. The carboxylic noiety may be attached
directly or indirectly to the aromatic noiety. Preferably the carboxylic
aci d group is atteGhegylal d&Ghbts e AafidIBes cah 8 SyaLRMRELE MOi ety,
such as a carbon atom gr? the 20 ?)’ee(r)\gz’er?ee%?tgg’.c %gg%g?egeyabl y,éthe aromatic
noi ety alléo ewmntaticrsrbaxglecamnd withrantapproatiatequaalronpouid aghas hy drweyr gr oup or

| ph t , Which b t hed di tly. i ndi tly. t
o Sl Phonat o g out el 30 v, LAl el O R SELLY 10,2
carboxylic ag g3 ,ar Erhé%drﬁéﬂc'xﬁ%i@@)acﬂ?}éwnﬁﬁc E%B%F}gfc' aéﬁldcag%%ht\éﬁ'lt ives thereof,

such as hydrocarbyl ‘substitute c acl erivatives thereof

Processes f ohetstolapins; sudhrag nittayen exd opygena Pheferabbatheytheistyehiainstondy sal i cylic
acid, are known to those skilled in the art. Salicylic acids are typically
prepared by EHPHOXPME: MGFE Prefsrably Hispgnaictyspntats SRoPHBOISCAIPONRAIPRG EdSs,  of

phenoxi des, eﬁﬂﬁbl{a E?ﬁez%gmé '{sﬁaaﬁ'gferr\éﬁ loid§ N ThehlovndRE ABbRY NS id QY BBk ' N 2

di luent, Tn admX
one or more aromatic moieties, such as one or more benzene rings, either fused or

connected via alkylene bridges. The carboxylic moiety may be attached directly or
indirectly to the aromatic moiety. Preferably the carboxylic acid group is attached
directly to a carbon atom on the aromatic moiety, such as a carbon atom on the

20  benzene ring. More preferably, the aromatic moiety also contains a second functional
group, such as a hydroxy group or a sulphonate group, which can be attached directly

or indirectly to a carbon atom on the aromatic moiety.

Preferred examples of aromatic carboxylic acids are salicylic acids and
25  sulphurized derivatives thereof, such as hydrocarbyl substituted salicylic acid and
derivatives thereof. Processes for sulphurizing, for example a hydrocarbyl-substituted
salicylic acid, are known to those skilled in the art. Salicylic acids are typically
prepared by carboxylation, for example, by the Kolbe-Schmitt process, of phenoxides,
and in that case, will generally be obtained, normally in a diluent, in admixture with

30  uncarboxylated phenol.

Preferred substituents in oil-soluble salicylic acids are alkyl substituents. In
alkyl-substituted salicylic acids, the alkyl groups advantageously contain 5 to 100,

preferably 9 to 30, especially 14 to 20, carbon atoms. Where there is more than one



30 uncar boxyl ated phenol. Preferred substituents in oil-soluble salicylic
acids are al kyl substituents. In alkyl-substituted salicylic acids, the
al kyl groups advant ageously contain 5 to 100, preferably 9 to 30,
especially 14 to 20, carbon atons. Where there is nore than one -5- al kyl
group, the average nunber of carbon atons.in all of the alkyl groups is
preferably at ast 9 to ensure ﬁde ua e'gfl solubility. Detergents useful

I
in the practia&%y?@foqphgxe&vg@gﬁpum T P pigmsingll of dhe i 8repps 1S det er gent s
formed wth mgxedparsifiast 8 esyst ihGh vl hgnat | east two of the
fol |l ow ng su??actaﬁ?s: pheno?, sé@?@§1?chacP§$)§ulphonic acid, carboxylic
acid or derivatives thereof The hybrid detergents are preferably:

phenat e/ sal i cyl ates, sul phonat e/ phenat es, sul phonat e/ salicylates or .

sul phonat es/ phend0@sBEHf P%ldflé%% Praglicepd 4RG RIBA! 10 BRUIGHIEAHRIE0 s Rnymdz0o
827B. The.m : : r : si ng carbon
di oxi de i r51 t%@é@é&iﬁ%&@%ﬁl@é@%?ﬁrﬁggp g%ﬁfg{sgﬁ%}}%]l}lg agttégéf%&t8 g)%ﬁeér ature of

| ess than 10@&lowinefserfadihnts: gherol] @aipgicdcid, sulphodib-abidCrardde/lic @aiitdron
preferably includes at |east one. heat-soaking stef. The reaction is
preferably caepvaiyes gereali Thehiybrididetergents areqirpfgeabide pPheraseealisylatasor gani c

hal i d i f f
or gani o hatt ot R S BB s B IARES: AR EDRARS SIS of Pom
The hybrid deesripedtfsr praipe,abEP 90a\827B. TBAn{irad surkasur §dtens ASTNIERRARHE6) of

at | east 250, preferably of at | east 300. The hybrid detergents nmay al so be
car boxy| df ed oyeibasegaitngtashva denideinghe presence iopedciufbhydsgdapprd oif pf Ep 1 452

581A; netal st tLer i iAo P 6 48: or
t he detergen?%gég&ﬁéggﬁ%%g%ﬁﬁﬁ%éﬁJgg%ﬁé%gg%%ggﬁggggegggq6afﬁeTg% 3gﬁg%t may
al so be a Sagidf@@b@iﬂﬁh@ésgﬁwast(c&}% Héhtsé‘daﬁialﬁ@tdpﬂ TWOread6d isréfekably caged ved
fromX XX 25111 Ar-L[-A-L]r,-Ar ere Ar is an aromatic nmoiety with

or without abulwikeutdhruseddiiydriaplcohols, inorganic halides or ammonium salt catalysts

so that the detergents are free from inorganic halides, ammonium salt catalysts or

15 groups derived therefrom. The hybrid detergents preferably have a TBN (as
measured by ASTM D2896) of at least 250, preferably of at least 300.

The hybrid detergents may also be carboxylated detergent-dispersants as
described, for example, in EP 1 452 581A; metal phenate/stearate detergents as
20  described in EP 761 648; or the detergents as described in EP 271 262 or EP 273 588.

The detergent may also be a saligenin detergent (as disclosed in WO

2001/074751) derived from

X X X
25 l I 1
Ar-L[~Ar—L], - Ar

where Ar is an aromatic moiety with or without at least one additional
substituent; L is a divalent linking group which may be the same or different in each
repeating unit; X is -OH, -COOH or sulphonic acid, or an ester or amide or salt
30  thereof; and n = 0-10. X may be a metal salt such as an alkali or alkaline earth metal
salt (e.g. calcium or magnesium salt). The aromatic moiety may include up to 3
substituents selected from hydrocarbyl, hetero-substituted hydrocarbyl, -NR'R? -OR!,
-CR'R*0OR?, -CHO, —~COOH or an amide or salt thereof, wherein R', R? and R are



i

substituent; L is a divalent |inking group which nmay be the sane or

different in each repeating unit; Xis -OH -COON or sul phonic acid, or an
ester or amde or salt 30 thereof; and n = 0-10. X maybe a netal salt such
as an alkali or alkaline earth netal salt (e.g. calciumor magnesiumsalt).
The aromatic noiety may include up to 3 substituents selected from

hydrocarbyl, hetero-substituted hydrocarfyl, -NR R2, -OR, -CR R2OR3, -CHO
-COON or an mdiamdemtbslaydrogelrlehmmarwi@r hétarol%lubsﬁﬁte&lr‘rdde&aﬂMz The

i ndependent | hydrogen hydr ocar b or ro-substituted hydrocarbyl. The
det er gent matge Ffée%tdpﬂhliﬁ' ‘%ﬁ%’é i’EW 5 ) l,}llFr%@rlélaﬂ 1litﬁgqr§%afr1lei‘5r‘it eger

of at |east | 4@Rds Rnldrod er{wrgwag@aarb% ﬂsﬁs’arusuaﬁ'ﬁwoge cORYinfi® foic

ni trogen- contalnln I's-not u ergght or ot her
additive to a Iubrl cating oil, or additive concentrate, in a diluent such
that only a portjion of the added wei ght represents an active |ngred| ent
(A1.). For exanfienot ﬂlﬁés%foeafd&é’fﬂet%@tBéo@dﬁ%@m‘f%@eﬁtlﬁ@ﬁcwgl‘?l aff equal

wei ght of dil &figﬁ\]El eg %4?11[%'11&? ﬁuén'f'?u %ﬁ&'o& oﬂn%n%?%f?e%dh %?%frge“t 10 To

provi de the nodi P9 ng, or as
det er gent i srepeleitean wétive 1ﬁgrwikﬁtr(A$IO)| tBaJrexanplé Sthe ﬂs&tguhamepl bé addsalnyl
conpound. Exanpl es of suitable water-soluble a, p-unsaturated carbonyl

conpounds i B @W%%F@Jaéb}’elﬂhéﬂﬁdlhwnymrwldéh C%ﬁleﬁlw “addiivey i Yp Iyl mal ei c
aci d, |taconag Cltd and 15 anydride, acrylic acid and anhydride, nethacrylic
acid and anhy P4 and citraconic acid and anhydride. Preferred

wat er - sojgubl e a, a-unsaturated carbonyl conpounds include maleic anhydride,
itaconic anhydride, acrylic acid and nethacrylic acid, nost preferably

mal ei ¢ anhydri deTo mVpiedhft nedified dgtszganb @ mpet alwg, mmshdemmng,ent is
reacted with,from about 5,.to abo refera f rom about to about 6,
more 20 pref &HIB I errdaie s lnk. B st dﬁca@bon Y5ORmPUIG 04 of the
e 0t 1P 1t HSAL WA SO D NaiRADR Lo ISR iR E! IPE of

det ergent. ction can e carrl atures of om about
30C to aboutmil@ﬁ@mcxmﬁfaeih?@hde Alk@handadyoleialk§Dmateic @di@dtac&ﬁ@@cldmﬁe preferably

from about 80C to about 120C, for

15  anydride, acrylic acid and anhydride, methacrylic acid and anhydride and citraconic
acid and anhydride. Preferred water-soluble o, f-unsaturated carbonyl compounds
include maleic anhydride, itaconic anhydride, acrylic acid and methacrylic acid, most
preferably maleic anhydride. To provide the desired properties, the detergent is
reacted with from about 0.5 to about 10, preferably from about 1 to about 6, more

20  preferably from about 2 to about 5 wt. %, e.g., 2 to 4 wt. %, of the water-soluble o, -
unsaturated carbonyl compound, based on the weight of detergent. The reaction can
be carried out at temperatures of from about 30°C to about 200°C, preferably from
about 60°C to about 150°C, more preferably from about 80°C to about 120°C, for
about 0.5 hours to about 8 hours. The reaction can be conducted neat, or using a

25  conventional solvent media, such as a mineral lubricating oil solvent so that the final
product is in a convenient lubricating oil solution that is entirely compatible with a
lubricating oil base stock and these generally include lubricating oils having a
kinematic viscosity (ASTM D-445) of from about 2 to about 40, preferably from

about 5 to 20 centistokes at 99°C. Particularly preferred solvent media include

30  primarily paraffinic mineral oils, such as Solvent Neutral 150 (SN150).

The friction modifiers include glyceryl monoesters of higher fatty acids, for

example, glyceryl mono-oleate; esters of long chain polycarboxylic acids with diols,



about 0.5 hours to about 8 hours. The reaction can be conducted neat, or
using a 25 conventional solvent nedia, such as a mneral lubricating oil
solvent so that the final product is in a convenient |ubricating oil
solution that is entirely conpatible with a lubricating oil base stock and
these generally include lubricating oils-having a kinematic viscosity (ASTM

Ot L Ohos RPeBBHE heltu AR 48 ofl GERAAR nckiPAbd BRQUEIS ok Doffl

centi stokes at Particu referred sol ven I'nt

primarily pacahpounids; andrditondylavdd fikylssubftitaed dOnveMiinde tlafbheskpd a(k§Ndthe0) . The
friction nodifiers include glyceryl nonoesters of higher fatty acids, for
exanmpl e, gl yaamHgs, faberansle shoxylassddpBow rminsapdetioxylatst tpldew siiey imineaci ds
with diols, -7- for exanple, the butane diol ester of a dinerized
unsaturated fatty acid; oxazoline conpounds; and al koxyl at ed

al kyl - subst i t ut edtiseRAoRAHGRHN AbdEAResmPrse @l-kyhble o-r;mkmmf or
exanpl e, ethoxylated tall ow am ne and et hoxyl ated tallow ether amne. 5

Ot her known $QMpuUnds Hech areaiosmebibgenuse figtiongendifi¢rs alse gravadenasitipkidantum

conpounds. Such organo-nol yb umirictiaon nodifiers als ovi d

it oxi dant - HELrhRAr ey YACRPUTE o oo BSR4 e PRlR LR B, as an
exanpl e of syhibl@blganselolldenan s, YRGS be aIRREGHRE $he difhedcarbamytede
ment i oned the dithiocarbanates, I t hi ophosphat es, dithi ophosphi nates,

xant hat es, t dithosphosphatessdithsephpspihiratss, xamthatdsghiokshatds)suplddesi atdithekkd, her eof .
Particul arl referred ar | enum di { hi ocar, hamat .

i ol kyl dlt b BEBRBis BBt IR preed i FRdar Fissrinmass

Addi tional | Ydiaﬂcbﬁitlﬁilbbb{&%ﬁﬂb'ﬂb IRk HRY IRy o Bmtdtes. Mol ybdenum conpound.

These conpounds™ w react wth a basic nitrogen conpound as neasured 15 by

ASTM test D-664 or D-2896 titration procedure and are typically hexaval ent.
e ar e o Rl SR e e S L YRRl pOL 251 U
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conpounds neyb&STM tekteD {664 mnDa2896 titration procedure and are typically hexavalent.
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCly, MoO,Br,, M0,03Clg, molybdenum trioxide or
similar acidic molybdenum compounds.
20
The molybdenum compounds may be of the formula
Mo(ROCS,)s and
Mo(RSCS;)4
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
25  and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon

atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the

dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds are trinuclear molybdenum
30  compounds, especially those of the formula Mo3S,L,Q, and rni)'ctures thereof wherein
the L are independently selected ligands having organo groups with a sufficient number
of carbon atoms to render the compound soluble or dispersible in the oil, n 1s from 1 to 4,
k varies from 4 through 7, Q is selected from the group of neutral electron donating

compounds such as water, amines, alcohols, phosphines, and ethers, and z ranges from 0



Mo( ROCS2) 4 and Mo(RSCS2)4 wherein Ris an organo group selected fromthe
group consisting of alkyl, aryl, aral kyl 25 and al koxyal kyl, generally of
from1l to 30 carbon atons, and preferably 2 to 12 carbon atons and nost
preferably alkyl of 2 to 12 carbon atons. Especially preferred are the

di al kyl di t hi ocar bamat es of nol ybdenum Angther group of organo-nol ybdenum
conpounds ar ri A C 0 S ciall hose of the
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atons to render the conmpound soluble or dispersible in the oil, nis from1l
to 4, k varidésatbop@amst hrough 7, Qis selected fromthe group of neutral
el ectron donating conpounds such as water, am nes, al cohols, phosphines,
and ethers, and z ranges fromO -8- to 5 and includes non-stoichionetric
val ues. At | east 12¢ ligehdlaré RiibsdhdehtdEelcchUusn g gBesENt anong all the

| i gands' organo groups, such as at least 25, at least 30, or at least 35
carbon atons. 5 The |igands are independently selected fromthe group of
-X-R1, XI\ R2, X2 R X1 WM Y 3 X2~ X\\ RL X2/ N\ 4, R2 and X\

/ p- Rt

—x—R 1,
X
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'—> —Y 3,
X2
X] RI
- >\ —N 4,
X5 R,

and

10
and mixtures thereof, wherein X, X, X, and Y are independently selected from the
group of oxygen and sulphur, and wherein Ry, Ry, and R are independently selected from
hydrogen and organo groups that may be the same or different. Preferably, the organo
groups are hydrocarbyl groups such as alkyl (e.g., in which the carbon atom attached to
15  the remainder of the ligand is primary or secondary), aryl, substituted aryl and ether
groups. More preferably, each ligand has the same hydrocarbyl group.



S

J\' 5, X2 \OR2 10 and m xtures thereof, wherein X, Xl, X2, and Y are

i ndependently selected fromthe group of oxygen and sul phur, and wherein
R1, R2, and R are independently selected from hydrogen and organo groups
that may be the sanme or different. Preferably, the organo groups are
hydrocarbyl groups such as alkyl (e.g., i which the carbon atomattached to
15 the renmai nder of the |igand is pri rrarf‘lor secondary), aryl substituted

aryl and ether dm GEFFS@“hWPéarb}’lefi@?Oé?ﬂafu gieant navingerBonctemadisectiy

hyd byl havi
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pr edomn nant | ywitm&tdnhee@ttbmloftms ehaftiaal Such subtthuemtilhelu@e)thteeottomﬁ this

i nvention. Such substituents include the following: 5 1. Hydrocar bon
substituents, that is, aliphatic (for exanple alkyl or alkenyl), alicyclic

(for exanple cycloal k: | phati c-
and ali cycl i C- s&bst Wd{o%grbg%{gtﬁl%ﬁﬁgﬁ%ﬁ%%t 1?%@51%'&% k}lﬁp%’?a&né% as vveﬁp(ea}g cyclic
subst i t uent s allielie(for exah®lé tyRibailky] GUTBlogkes 1) subetitgénta apneic-, RpHatioandl t he
ligand (that is, any two indicated substituents may together forman

alicyclic gr @h‘whc §®stztutsétﬁ®@natt0tnueltl midholblks, Bowel apeiclie sehstigents Waereins, t hose

containing n hydr C xt of thi venti on,
do not alter lf)?o ﬁg}ﬁ&'g& aﬁ?@?%%oﬁ%?ﬂ%ﬁta&@?@we&”%‘é értﬁifs)sategt uent .
Those skill eguusﬂm%ﬂenﬁ?ttog@mek fd&R) andBy@ic @foupyli t abl e groups (e.g., halo,
especially chloro and fluoro, amino, alkoxyl, 15 nercapto, alkyl nercapto,

nitro, niléroso, sul phoxy, etc.). 3. Hetero substltuents that is,
substituents whigh, edom nant | carbon in .character within the
context of this nve%%ﬁ”‘% r#% OEtSBI?V‘?EmS%{ KePatip AR0se CAVHBHENBsent in a
chain or ringy@bhgton &eussOMMEs eethe tomatt R thidhosfion 2 AdTRREROt | Y, the organo
gr oups of the | i gands™ have a suffici ent nunber of carbon

predominantly hydrocarbyl character of the substituent. Those skilled in the art will be

aware of suitable groups (e.g., halo, especially chloro and fluoro, amino, alkoxyl,

15 mercapto, alkylmercapto, nitro, nitroso, sulphoxy, etc.).

3. Hetero substituents, that is, substituents which, while predominantly
hydrocarbon in character within the context of this invention, contain atoms other than
carbon present in a chain or ring otherwise composed of carbon atoms.

20

Importantly, the organo groups of the ligands have a sufficient number of carbon
atoms to render the compound soluble or dispersible in the oil. For example, the number
of carbon atoms in each group will generally range between about 1 to about 100,
preferably from about 1 to about 30, and more preferably between about 4 to about 20.

25  Preferred ligands include dialkyldithiophosphate, alkylxanthate, and
dialkyldithiocarbamate, and of these dialkyldithiocarbamate is more preferred. Organic
ligands containing two or more of the above functionalities are also capable of serving as
ligands and binding to one or more of the cores. Those skilled in the art will realize that
formation of the compounds requires selection of ligands having the appropriate charge

30 to balance the core’s charge.

Compounds having the formula Mo;S,L,Q; have cationic cores surrounded by

anionic ligands and are represented by structures such as



atons to render the conmpound soluble or dispersible in the oil. For exanple,
t he nunber of carbon atons in each group will generally range between about
1 to about 100, preferably fromabout 1 to about 30, and nore preferably
bet ween about 4 to about 20. 25 Preferred |igands include

di al kyl di t hi ophosphat e, al kyl xant hate, and di al kyl di t hi ocarbamate, and of

t hese di al kyl di t hi ocarbamate i s nore preéf 18rr ed. Organic |igands contai ni ng
two or nore of the above functl onaI ities are al so capabl e of serving as
| i gands and binding to one or Those skilled in the art

havi ng the appropri ate charge nce tife core's charge. Conpounds

having the formul a Mb3SkL" Qz have tio s surrounded by ani oni C

Ilgands and are represented by struy t as _10- S W--'"10 ---"WIS M

SAO 6 and S M >11 7, and hdM@ net cha s of +4. Consequently, in
N

will realize that formation of th conp nds r qurres sel ection of |igands
bal
:&

order to solubilize these cores the t charge anong all the |igands
must be -4. Four nonoani onic |igands ferred. Wthout wi shing to be
bound by any theory, it is believed that tmo or frore trinuclear cores may
be bound or interconnected by neans of one or nore |igands and the |igands
may be nul ti 8nhtate. This includes the case of a nultidentate |igand having

mul tiple connections to a single core. is believed that oxygen and/or
sel enium may be 10 substituted for_sul n the core(s). G| -soluble or

di spersible trinuclear nolybdenum be prepared by reacting in
the appropriate |iquid(s)/solvent( e um source such as
(NI'T4)2Mo3S13n(H2O), where n varie nd 2 and incl udes

non- st oi chi onetric

7,
and have net charges of +4. Consequently, in order to solubilize these cores the total
5  charge among all the ligands must be -4. Four monoanionic ligands are preferred.
Without wishing to be bound by any theory, it is believed that two or more trinuclear
cores may be bound or interconnected by means of one or more ligands and the ligands
may be multidentate. This includes the case of a multidentate ligand having multiple
connections to a single core. It is believed that oxygen and/or selenium may be

10 substituted for sulphur in the core(s).

Oil-soluble or dispersible trinuclear molybdenum compounds can be prepared by
reacting in the appropriate liquid(s)/solvent(s) a molybdenum source such as
(NH4),Mo3S13'n(H,0), where n varies between 0 and 2 and includes non-stoichiometric

15 values, with a suitable ligand source such as a tetralkylthiuram disulphide. Other oil-
soluble or dispersible trinuclear molybdenum compounds can be formed during a
reaction in the appropriate solvent(s) of a molybdenum source such as of
(NH4),MosS;3'n(H,0), a ligand source such as tetralkylthiuram disulphide,
dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulphur abstracting agent such

20  cyanide ions, sulphite ions, or substituted phosphines. Altematively, a trinuclear
molybdenum-sulphur halide salt such as [M'},[M03S7A¢], where M' is a counter ion, and
A is a halogen such as Cl, Br, or I, may be reacted with a ligand source such as a

dialkyldithiocarbamate or dialkyldithiophosphate in the appropriate liquid(s)/solvent(s)



15 values, with a suitable |ligand source such as a tetral kyl thi uram

di sul phide. QG her oil- soluble or dispersible trinuclear nolybdenum
conpounds can be formed during a reaction in the appropriate solvent(s) of
a nol ybdenum source such as of (NH4)2Md3S13n(H20), a |ligand source such as
tetral kyl t hi uram di sul phi de, dial kyl di thjocarbamate, or

di al kyl di t hi 1€ : ZHJ&]H ' .de

i ons, sul phi ?cgﬁ?%%g?ﬁlgspl@u g?jll s?ﬁulltsg) p g@%&;ﬁﬁg@a@%@%@ ?I?tagw%gg&%gﬁ?%gcl ear
nmol ybdenum s Ubpiisolvhatl malebes friexanalb, agsedubloy ighin3S7A6), where M is a counter
ion, and A is a halogen such as C, Br, or I, may be reacted with a |igand
source such as a dial kyldithiocarbamate or dial kyl di t hi ophosphate in the

appropriate i qu%dé&ﬂr#o%ﬂh'g%ms&ﬁﬁ)%}& dik riiBirli%‘{ @@yl% liﬁfﬁ%}ng@g:l\f}rt% nfihBRer sibl e

trinucl ear nol ybdenum conpound. e appropria I qui ent may be, for
exanpl e, aquebesbar atomgamtie.lighnd’e vpRuodraipel At kabtili tbial yarbon stosehsulBi | ity
may be influenced by the nunmber 5 of carbon atoms in the |igand s organo
groups. At | bapresent amengjall the hgand Hasganossiownsd Preferabhe therltgandsongcashoseme
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conpound  sokasltible o@disgersibey inithd RibtiBatingeolipbsitieat i ng conposition. 10 The
terms "oil-soluble” or "dispersible" used herein do not necessarily indicate
that the conpounds or additives are soluble, dissolvable, mscible, or

capabl e ? bei NYhe HEREY ﬁ-goliuglet’ hF“CHiS ersiﬂg'l al led%reoe? rgi N3 es:ggz? SndifaEaN,
y are, for st of ubte s fiaByng I olre

however, 'that they a mstance, sol'u 'spers in oil

to an extent thavfheicenBlinds®radeitived € ksluble NdissotaB e ifiqshle | ot chpddl€HMi LN MENt
in which the oil is enpl o%igd. Mor eover, the 15 additional incorporation of

ot her addi t i suspendgy imtheoibarailipropordensp dhasd dmmedn, ioyhwesr, thakthey srepfora
particul ar additive,, 1f desired. T nol ybdenu 0 und is pref.erably an
or gano- ol ybﬁlé%ﬂ?ﬁ’ S%W%ﬁafa'bfyl\;ﬁ?;%{;@? o 9%20 ?R)‘f’{rﬁﬁé}%e@g%ﬁfﬁ&ﬁf% preferably
sel ect ed fr offitdnided effedipn &2 oRSAHREHt HOwafchahd®il Vs@ﬁ?]&%@_cﬂ'l\%ﬂe@@é{ fhemat e
(MoDTC), nol ybdenum dithi ophosphate, nol ybdenum dithi ophosphi nat e,
mol ybdenifm xadshithertag incorporafisten ather hddtteastmat aso paimytidesrponation phhigherand
m xt ures thelreolf. l\/bsIL[. o .

evels of a particular additive, if desired.

The molybdenum compound is preferably an organo-molybdenum compound.
Moreover, the molybdenum compound is preferably selected from the group
20  consisting of a molybdenum dithiocarbamate (MoDTC), molybdenum
dithiophosphate, molybdenum dithiophosphinate, molybdenum xanthate,
molybdenum thioxanthate, molybdenum sulphide and mixtures thereof. Most
preferably, the molybdenum compound is present as molybdenum dithiocarbamate.
The molybdenum compound may also be a trinuclear molybdenum compound.
25
The lubricating oils in the lubricating oil compositions may range in viscosity
from light distillate mineral oils to heavy lubricating oils such as gasoline engine oils,
mineral lubricating oils and heavy duty diesel oils. Generally, the viscosity of the oil
ranges from about 2 mm?sec (centistokes) to about 40 mm?sec, especially from

30  about 4 mm?*/sec to about 20 mm?/sec, as measured at 100°C.

Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil);

liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of
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preferably, the nol ybdenum conpound is present as nol ybdenum

di t hi ocarbamate. The nol ybdenum conpound may al so be a trinucl ear

nmol ybdenum conpound. 25 The lubricating oils in the lubricating oil
conpositions may range in viscosity fromlight distillate mneral oils to
heavy lubricating oils such as gasoline_gngine oils, mneral |ubricating

oils and hea i L [V VI SCQSLLY, .0l:l  ranges
from about 2W%ﬂ%#%§€9f§%%#?%@% ggﬁﬁggﬁg%gﬁPchgﬁﬁ%%iégg?éé%%%%%@ﬁ??ﬁwgon130
about 4 mz/ s6eodity EBREd fr3th dPALbSHale D seBRIWecfuPbasd Q1. Natural oils

i nclude animal oils and vegetable oils (e.g., castor oil, lard oil); liquid
petroleumoils and hydrorefined, solvent-treated or acid-treated m neral
oils of -12- the 1 RLG..: napht.heni nd._m xed paraffinic-naphthenic
Cypes. Gil's of T SOEL By PRRB R AR el R B b EHRE "l so serve

as usef ul s basgddcarbon SHéeBE Golyrierizediddatetdlgmbigddudenmyeeocar bon oils and

hal o-substituted 5 hydrocarbon oils such as polynerized an
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-1 | | ar i nat
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al kyl benzene%e.gf BodbcylbeRaEs kARAES Mhrerlc8! diRsIBAVIHRENEeMES, di nonyl benzenes,
di (2- ethyl hexyl)benzenes); pol yphenyls (e.g.,” biphenyls, terphenyls,

al kyl at ed 10 ethylhgpyidranzenes); antyphekid Gtediphiephsnierpheniisr dkdatdd al kyl at ed

di phenyl sul phi des and derivative, anal ogs ,and.homl ogs .t hereof . kyl ene

oxi de pol! rreBgfyBﬁ?:]m?S%’taélrd&ngﬁSﬁa glpiﬁwelﬁg}eﬁgfé‘fjia@@gg?ﬂawgg‘?yl\%%;’ © t er mi nal
hydroxyl gr oypgy iRy enlRed aiPRbhbegs st erification, etherification, etc.,
15 constitute another class of known synthetic lubricating oils. These are

exenplified by polyoxyal kyl ene pol yners prepared by pol ynerization of

et hyl ene oxi de or, propyl ene .oxide, and the alkyl and.aryl ethers of

pol yoxyal kyl ene ﬁ&&}‘ﬁ@r%ﬂ eeP(&YrPerﬁ@PﬂWt_@rpBGFWSs%{dpq%‘ﬁﬁ'i%eﬁéhedP‘i/thé‘g?ereeﬁ‘ﬁer
having a nol geutal hy&bgﬂtgrg;ps%%@b% HRRENYY e SRR cRRAtagShXlene gl ycol

havi ng a nol ecul ar Wwei 1000 to 1500); and nono- and 20 polycarboxylic
esters t her eodnstifute aretlarplass of kmvacsmiletiabiblicetsngoits. Thexeare €3eraplifiat hyy

polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene

oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-

polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether

of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and
20  polycarboxylic esters thereof, for example, the acetic acid esters, mixed Cs-Cs fatty

acid esters and C;3 Oxo acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
25  succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene
glycol). Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl)
30  sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of
linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic

acid with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.



acid esters and C13 Oxo acid diester of tetraethylene glycol. Another
suitable class of synthetic lubricating oils conprises the esters of

di carboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids
and al kenyl 25 succinic acids, maleic acid, azelaic acid, suberic acid,
sebasic acid, frmaric acid, adipic acid, éinoleic acid dimer, malonic acid,
al kyl mal oni ¢ acids, al keny I mal oni¢c acids) with a varlet of al cohol s
(e.g., butyl al C@H@FSHS}@@WSE%%W(HIISa&@d@é‘ﬂetapﬁﬁdﬁ@ﬂe o Gsttp{Hihexyl al cohol ,
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sebacate, di {ﬂmbmyboﬂprf)pm[pdrﬁaerﬁhﬁtbﬂ Mipeneaghti®] ] iripep@tiythragiel at e,
di i sodecyl azelate, dioctyl phthal ate, didecyl phthal ate, dieicosyl
sebacate, the 2-ethyl hexyl diester of Ilinoleic acid dinmer, and the conpl ex
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silicate, tetraisopro icate, tetra-(2- ethylhexyl)silicate,
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silicate, hex nmet hyl - 2-eth exyl dIS e, net h anes and
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l'iquid ester gstgfof dBY R&ﬁh&%a@i@ﬁ&rﬁi;B‘tllﬁﬁeﬁ&!e%h}(&oﬁranstr'Cresy| phosphat e,
trioctyl phosphate, et ester of decyl phosphonic acid) and polymeric

tetrahydrofurans. Unrefi ned refined and re-refined oils can be used in
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operations; petroleumoil obtained directly fromdistillation; or ester oil
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directly from retorting operations; petroleum oil obtained directly from distillation; or

ester oil obtained directly from an esterification and used without further treatment

would be an unrefined oil. Refined oils are similar to unrefined oils except that the oil

20 is further treated in one or more purification steps to improve one or more properties.

Many such purification techniques, such as distillation, solvent extraction, acid or

base extraction, filtration and percolation are known to those skilled in the art. Re-

refined oils are obtained by processes similar to those used to provide refined oils but

begin with oil that has already been used in service. Such re-refined oils are also

25  known as reclaimed or reprocessed oils and are often subjected to additionally

processing using techniques for removing spent additives and oil breakdown products.

The oil of lubricating viscosity may comprise a Group I, Group II, Group III,
Group IV or Group V base stocks or base oil blends of the aforementioned base
30  stocks. Preferably, the oil of lubricating viscosity is a Group III, Group IV or Group
V base stock, or a mixture thereof provided that the volatility of the oil or oil blend, as
measured by the NOACK test (ASTM D5880), is less than or equal to 13.5%,

preferably less than or equal to 12%, more preferably less than or equal to 10%, most



woul d be an unrefined oil. Refined oils are simlar to unrefined oils except
that the oil 20 is further treated in one or nore purification steps to

i nprove one or nore properties. Many such purification techniques, such as
distillation, solvent extraction, acid or base extraction, filtration and
percol ation are known to those skilled in the art. Re- refined oils are

obt ai ned by processes sinilar to those udéd to provide refined oils but
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are also 25 known as reclainmed or reprocessed oils and are often subjected
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and oil breakdown products. The oil of lubricating viscosity nmay conprise a
Goup I, Goup Il, Goup Ill, Goup IV or Goup V base stocks or base oil
bl ends of the af Grefimgions doreble bass 8to8ks atddeks oilFinahisrim@ntion hieghesdmeis

oup V base stock, or a

lubricating viscaosity is a Goup IIl, Goup IV or )

m xture tﬁeréllﬂ‘seg‘? gLy gﬁ&’ﬂ“ﬁ“&é”\?iﬂ“&%hﬁlﬁ? (&P?}Pighﬁﬁqlorbr&tﬁ“?e Gilend, as
nmeasured by tk G %15’8 i e 13. 5%
preferably Ig“gcgent ﬁgﬁ%)tr:@églﬁa@%%@ A;’Qarrdl)urs'{e&grlﬂg?ersgjt}?j%n%%tégt aer?hglr equal to
10% nost - 1&ditjpmeDetandiiey 1026 Addeadunei, Begsadbet D9V Saddputdicuiisc asedoyizendex
(VI) of at least 120, preferably at |east 125, nost preferably from about
130 to 140. BPa¥isthcks ah©lows: t he base stocks and base oils in this invention

are the sane as ag(g}%gls[eoaﬁéjﬁg&s'cgn{at}ﬁlg%% I§(?Per %%h%ggp alnﬁﬁjfrig%é# S ) efr?i;:/)l )

publ i cation "Engi Icensing a catl Ste

Servi ces 1pepar t merB,pefortr sudsiiir ind thietd Ascosibe eb greated Ban oAdghed1 doiB0 dnd
Decenber 1998. Said publication categorizes base stocks as follows: a)

Group | base stodsthapdgauping diestestimgiharls speqibedin laidt es and/ or greater

cqual to 80 and °f Sear Rt RE ol B et BE T kO e A

E-1. b) Goup || 1d3asRnst eqles tcOOB 9i:ﬂaexgrsa%halraﬂdhane@rvi@qﬁgl inex Sateer cent
saturates and |less than or equal to 0.03 percent sul phur and have a

vi scosity index Hrearequal imdhanstlegsthan 13Guse thadest sstodp gpecifid indiablg t he
test net tﬂgds spe%i_lf ied in Table 15 E-1.
c) Group III base stocks contain greater than or equal to 90 percent saturates and
less than or equal to 0.03 percent sulphur and have a viscosity index greater
than or equal to 120 using the test methods specified in Table E-1.
d) Group IV base stocks are polyalphaolefins (PAO).

20 e) Group V base stocks include all other base stocks not included in Group I, II,

I, or I'V.

Analytical Methods for Base Stock
Property Test Method
Saturates ASTM D 2007

Viscosity Index | ASTM D 2270
Sulphur ASTM D 2622

ASTM D 4294

ASTM D 4927

ASTM D 3120

25 The modified detergent of the present invention can be incorporated into the

lubricating oil in any convenient way. Thus, the detergent of the invention can be



| s e

c) Goup Il base stocks contain greater than or equal to 90 percent
saturates and less than or equal to 0.03 percent sul phur and have a
viscosity index greater than or equal to 120 using the test nethods
specified in Table E-1. d) Goup |V base stocks are pol yal phaol efins (PAO).
20 e) G oup V base stocks include all other base stocks not included in
Goup I, I, 111, or IV. Analytical MtHéds for Base Stock Property Test
Met hod  Sat uragi&@pdifsefl t@th%QQ%_/)Wi h%b’r disebNnMhENafe 31 1 oi S tROWsir&STM D
2622 ASTM D 4294 ASTM D 492 STM D 3120 25 The nodified detergent of the
present i nvedeicbpl camgeneations oS yrdrtdensiing mtaothe thebricting 0i¢ aan eagupiatiropm any

conveni ent . Thus, the tergent of the invention n 15- added
directly to"?%gpe&%n Veé?vsagegrt?i" ga%fesdi‘tﬁlgﬂdﬁlmvﬁ ’_Ehﬁén%(g d?%eréﬁ%ts Bfiﬁ‘eat_ t he
desired | evehvedfiof OarENntBHhRA Snto BUCRbAE LRG0 onPoSitioR By bidddingaké ng oi | can
occur at room tenperature or elevated tenperatures. Alternatively, the

modi fi ed det erqglefndsdaidrgentevith nswtableonl-wdwblpeolvent apdbasedil tatform me | ubri cati ng
oi | conposition by blending the 5 . nodified detergent with.a suitaple

oi | - sol ubl e §8’|“i?8ﬁ?teaﬂrb}‘d hEThenTing 5 gpsmitze Wi e dirieals oL ReFRER 0l endi ng
the concentr ab@inVhk Findl JorRtlafigh| SEcHUdncBASRILPINKyHiLall o (dnte Letivdl

formul ati on. Such concentrates wll typically contain (on an active

i ngredi ent ( Angrediersddils) Hasiofrombahout 10 ta aboabdbitwt.36 antl pesferably fpmehleruwaBly from
about 20 to, ahou 0 .%. of the inventive . detergent, and i, cal from

about 40 to é‘ba?&u%%} Wi%,p}fq&%lpgﬂ}tp’.eﬂftfﬁge%@ﬂfl tgﬁcat“gf%“\%ﬁ(?‘%&%‘gg@%%, based
on the CQ6ce'ﬁ¥€f@r‘é§ly"fF‘drﬁ|§Bo%-§b% '7@f‘llt.f’/t,%séj&‘iﬂa%r%xﬁpefcox‘id%ﬁtrﬁé . I nvention

may be neutral or oOverbased. Preferably, the nodified detergents of the
invention are overbased to provide a TBN

The modified detergents of the present invention may be neutral or overbased.
Preferably, the modified detergents of the invention are overbased to provide a TBN
of from about 70 to 500, preferably from about 100 to 400, more preferably from

15  about 150 to about 400, e.g., 250 to 350.

The modified detergent can be used in conventional amounts. To provide
sufficient detergency and rust inhibiting characteristics, the fully formulated
lubricating oil composition should contain from about 0.1 to about 15 wt. %,

20  preferably from about 0.3 to about 8 wt. %, most preferably from about 0.5 to about 5
wt. %, e.g., 1 to 3 wt. % (based on A.L.) of detergent. Detergency and rust inhibiting
properties can be provided solely by use of the modified detergent of the present
invention. Alternatively, a combination of a modified detergent, and an additional

amount of an unmodified detergent can be used.

25
The modified detergent is preferably present in the lubricating oil composition
in an amount providing from about 0.01 to about 1, preferably from about 0.02 to
about 0.5, more preferably from about 0.03 to about 0.3, e.g., 0.05 to 0.2 moles of
detergent a, B-unsaturated carbonyl moiety per mole of dispersant nitrogen.
30

Examples of other additives found in lubricating oil compositions are metal rust

inhibitors, viscosity index improvers, corrosion inhibitors, oxidation inhibitors, anti-



of fromabout 70 to 500, preferably from about 100 to 400, nore preferably
from 15 about 150 to about 400, e.g., 250 to 350. The nodified detergent can
be used in conventional anobunts. To provide sufficient detergency and rust

i nhibiting characteristics, the fully forrmulated |ubricating oi

conposi tion should contain fromabout 0.1 to about 15 w. % 20 preferably
fromabout 0.3 to about 8 wt. % nost préferably fromabout 0.5 to about 5
Ww. % e.g., fdaniing 3gents, afiti-eassgntrand.pbu) paiifit déptessamentSonkeire dgensyd and r ust

i nhibiting roperties can be provided solely by use of the nodified
det er gent of rBW@iéﬂpw-invention. Alternatively, a conbination of a
nodi fi ed detergent, and an additional anount of an unnodified detergent can
be used. 25 The nodified detergent is preferably present in the lubricating
oi | conposi tion Dilydascagsyd dithioplia¥phate Ag:tdl sale @b Getudhtld listdavdidittead and
preferably fromabout 0.02 to about 0.5, nore preferably fromabout 0.03 to
about 0.3 eagfloxidggnpagants. OChe meiplagayppe angalkaly @feﬁ%galﬁl,e earth fiedalt radire@UBar bony|
noi ety per i n i 3 f itives found
in | ubricat iwir)?lé&otﬁ’ n@éﬁ@%{sﬂ?@i fatldrd? %Fglogfgﬁﬁ?ﬁqp?ﬁﬁfﬁftsgﬂ}%%\‘/‘?"ggosi ty index

i nprovers, cestheshPrused i labiictiag ol iflghbais o ki 1@psefembly 0.2 tdb wiogM ng
agents, anti-wear agents and Eour poi nt depressants. Sone are discussed in
further det ab?sepapemthetptal eighefishe lubricatingghleoprmsisione Ty swlytbs paepared

frequently used ant iwear an 5 antioxidant. agepts, The nmetal nmay be an
al kel or” ol RrRRaBR P R A EergBadR it B G Frme g Y benuny
nmanganesey Niighkiephadphdriieel (DDPR), ibilyHH resctidh @ f BBE br meATATESHoY oti$FlknbD

| ubricating oils in anmounts of 0.1 to referably 0.2 to 2 wt. % based

upon the t ot withkePgpnd then newéralizing ﬁlwafpn%gi_’ BBPAcwﬁbégimiC@mpomchvfay be
G by ocar byP T h I CBSERG R e By, s bt Plef3ads one or
nor e al cohol sebndhrphieeRdls. Mtbiaftehp it pleligRiopasiphatit 2¢iagcdts: prepdyedl DDPA
with a zinc conpound. For
where the hydrocarbyl groups on one are entirely secondary in character and the
15 hydrocarbyl groups on the others are entirely primary in character. To make the zinc
salt, any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an
excess of zinc due to the use of an excess of the basic zinc compound in the
neutralization reaction.
20
The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of
dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:
— S
RO
N
P—3S Zn
/

| R'O 42

25  wherein R and R’ may be the same or different hydrocarbyl radicals containing from
1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,

be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, 1-hexyl, n-octyl,



exanpl e, a dithiophosphoric acid may be made by reacting m xtures of primry
and secondary al cohols. Alternatively, multiple dithiophosphoric acids can
be prepared where the hydrocarbyl groups on one are entirely secondary in
character and the 15 hydrocarbyl groups on the others are entirely primry
in character. To make the zinc salt, any basic or neutral zinc conpound
coul d be used but the oxides, hydroxidesldnd carbonates are nost generally

enpl oyed. COTHBWICd(ﬁiecﬂdélétﬁde\é S 2f kIS AR, |pHeI§3}fI’rH yIph@Ryl, c§¥leR&S/10f zinc due to

the use of an excess of asi ¢ zinc cogﬁg In the neutralization
reaction. Zﬁlerhﬁécﬁmlﬁfeém,euomnﬁb batenyld rlo ozden ya Oluammlkﬁ@hdnlqﬁbfafﬂieéotalr e oil

soluble salts o drocar byl dithiQ a

represented BY™ ﬁrgff 3%[ orgs e41’%& 2 P]§qﬁ%%%ﬁ&?9 %h cﬁéj‘@ﬁgg‘?‘grﬂﬂé’reei n R
and R may bebshis &agi@at&r mbfzir@r(ﬁwdrmﬁqanllayhogpﬁ@tb e ﬁle%f&te%bﬂipﬁge from 1
to 18, preferabl to 12, carbon atons "and including radicals such as

al kyl , aIkenyuwcydkykhﬂmnwbamnvs Th¢m@&yﬁuandh@wcmEbbp@hmuhdymaﬁhbwhsl
Particularly f d as R and .R re,al k r 8 carbon
toms. Thus, “RiEFhiEERRY Raposiighs slismpRentohdus el Rt gt olded ooyt
n-butyl, i- b‘dB(Yllt’O 284t W%Yéferaﬁl?’ﬂrom @b&ﬁ)@@} to abg‘l?t)@’ 1o WF%’CMGre refé]erIQeCyl
dodecyl, octadecyl, 2-et hexyl , phenyl, butyl phenyl, cycloh 8
met hyl cycl opﬁretghosptmrmpda\;dl of thctlebndatmg nil oomiposm«m wiit bé lesothkn abﬁunbl(]& ty, the
total nunber of carbo in the dithi ophosphoric acid
wi Il general - BeSUCBRd PHSQEWtépéé?@FmIQ$§ fic di hydr ocar byl
di t hi ophggphate can therefore conprise 5 zi nc di al kyl dithi ophosphates. The
present invention nay be particularly useful when used with |ubricant
conposi ti ons contxidatiog igdhisisph or argiok elapts sedufce firedmmdenoydf Mir@Paltods t@bout 0. 12
w. % f bly f 1 % f I
v pre eagten raterlg r?er%ll:)c%utOx?da?%etdgteggr%%ton gan l())e ggldencoed {ybslud erl% tﬁr ably,
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of
15 alkylphenolthioesters having preferably Cs to C;; alkyl side chains, alkylphenol

sulphides, oil soluble phenates and sulphurized phenates, phosphosulphurized or

sulphurized hydrocarbons or esters, phosphorous esters, metal thiocarbamates, oil

soluble copper compounds as described in U.S. Patent No. 4,867,890, and

molybdenum-containing compounds.

20
Aromatic amines having at least two aromatic groups attached directly to the

nitrogen constitute another class of compounds that is frequently used for

antioxidancy. They are preferably used in only small amounts, i.e., up to 0.4 wt. %,

or more preferably avoided altogether other than such amount as may result as an

25  impurity from another component of the composition.

Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine nitrogen contain from 6 to 16 carbon atoms. The
amines may contain more than two aromatic groups. Compounds having a total of at

30 least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group (e.g., an oxygen or sulphur atom, or a -CO-, -SO,- or
alkylene group) and two are directly attached to one amine nitrogen also considered
aromatic amines having at least two aromatic groups attached directly to the nitrogen.

The aromatic rings are typically substituted by one or more substituents selected from



t he phosphorous I evel of the lubricating oil conposition will be |ess than
about 0.08 w. % such as fromabout 0.05 to about 0.08 wt. % 10 Oxidation
i nhibitors or antioxidants reduce the tendency of mneral oils to
deteriorate in service. Oxidative deterioration can be evidenced by sl udge
in the lubricant, varnish-like deposits on the netal surfaces, and by

vi scosity growth. Such oxidation inhibi-tl8rs include hindered phenol s,

al kal i ne ear tatkyiptyaloakal, tatkoal, dploay kgl beyiahino, bedbey, antaitrongroppsefBreabl y C5
to C12 al kyl side &ggins, al kyl phenol . sul phides, oil sol uble phenates and
sul phurized FREHEL ,Yﬁﬁ%%&é&%ﬁm%&w es E%XP%%}H?*’EEHVWBF’BE%WBH% or

esters, phos : : 1.hi i
e ALAUCRG itk
mol ybdenum camgredientng conmpounds. 20 Aronmtic amines having at |east two

aromatic groups attached directly to the nitrogen constitute another class
of conpounds that is frequently used for antioxidancy. They are preferably

used in only Sml}iepﬁe{gﬁgaﬁ\% exlclmgle’s O?Qui{agleovié'co\éﬁn%)rlnc@glseg{ %@éﬁéﬁ%g@%ﬁb ly

avoi ded al t oget her than such anount as I'mpurity

f rom anot her copsip@egRif ctifyldnb@nd prapeent, palymdilifdroiates onkthaalylabl @palyeierd,i C
am nes having at |east two aromatjic groups  attached directly to one am ne
nitrogen contapymessefgnupsafyated disgrpoxyberacid Thé a vinyil permporngd, bempalymetfor e

than two aro ' I : in t of t hree
aromatic gr ot@géﬂyfer?g\ﬁ??g%y{l%@?’%§a§@gﬁ c})lglglgogﬁfrﬁetg({1 F?ﬂ?@ﬁ% %gggét%\%‘é/l ent bond
or by an i@t oigopfeng) Bytend/Butgdiend And Ky HRAe/ButadichpHdiwelll e partiglly CO-, - S02- or
al kyl ene group) and two are directly attached to one am ne nitrogen al so
consi dered Av&raenateddianpslyiesrs afbwediprenad ifepenrs: omat i ¢ gr oups at t ached
directly to the nitrogen. The aromatic rings are typically substituted by
one or nore substituents selected from-18- al kyl, cycloal kyl, al koxy,

aryl oxy, acyl, a@awiadsitpinddy dappoyer @ssbradhnt fdcOsUSh asThgiscA@pidexof any such
oi |l -solubl e aromati c am nes having at |east two aronmatic groups
improver and as a dispersant. Examples of viscosity index improver dispersants
15  include reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono -or dicarboxylic acid in which the hydrocarbyl substituent comprises
a chain of sufficient length to impart viscosity index improving properties to the
compounds. In general, the viscosity index improver dispersant may be, for example,
a polymer of a C4 to Cy4 unsaturated ester of vinyl alcohol or a C; to C;¢ unsaturated
20  mono-carboxylic acid or a Cy4 to Cyq di-carboxylic acid with an unsaturated nitrogen-
containing monomer having 4 to 20 carbon atoms; a polymer of a C, to Cy olefin
with an unsaturated C; to C;o mono- or di-carboxylic acid neutralised with an amine,
hydroxyamine or an alcohol; or a polymer of ethylene with a Cs to Cy olefin further
reacted either by grafting a C, to C, unsaturated nitrogen-containing monomer
25  thereon or by grafting an unsaturated acid onto the polymer backbone and then

reacting carboxylic acid groups of the grafted acid with an amine, hydroxy amine or

alcohol.

Pour point depressants, otherwise known as lube oil flow improvers (LOFI),

30  lower the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cg to C;5 dialkyl fumarate/vinyl acetate
copolymers, and polymethacrylates. Foam control can be provided by an antifoamant

of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.



attached directly to one am ne nitrogen should preferably not exceed 0.4 wt.
% active ingredient. 5 Representative exanples of suitable viscosity

nodi fiers are polyisobutylene, copolynmers of ethylene and propyl ene,

pol ynmet hacryl ates, nethacryl ate copol yners, copol yners of an unsaturated
di carboxylic acid and a vinyl conpound, interpolynmers of styrene and
acrylic esters, and partially hydrogenatél-copol yners of styrene/ 10

i soprene, styrene/butadi ene, and isoprene/butadi ene, as well as the
partially hydrogenated honopol ynmers of  butadi ene and i soprene. A viscosity
i ndex i nprover diSpErcd A aboyersangpaedysidiives can pipkide ginpyltiphdisiof efigpisiover and
as a di sper Sl foFSAIRIES shlo1 ARARY iy AAIEX ol BREMN i AhiSRRRSARY ik

i ncl ude react’ion prodacts of° am nes, tor exanpté pol'yamnes, wth'a
hydrocar byl sphehdt vt kilone andmheed fatbedyhdr@lad6iated Hersthi ch the hydrocar byl
substituent conprises a chain of sufficient length to inpart viscosity

i ndex inpPoving properties to the conpounds. In general, the viscosity

i ndex i nprover d ersant. .mpy .be,.. for, exanple,, .a | yner..of a.C4 to C24
unsatur ated. est ot BE RORA0h MEnedfds mt o€ MR @ B B A Flaus P

NDNO- car boXy ImaGntaigh the@tabditdf tHe Viddositl oftBE BRXY! TRuf aittbuphtpdlardipsat ur at ed
ni trogen- contai ni ng nononer havi ng to 20 carbon atons; a polyner of a C2

to C20 ol ef i gontgjning additiyes aghievatasaitasy ow Cisoostyrin theopre dilendlingosiaggl it kasaci d
neutralised with.an am.n hydr oxyam ne _or an .al cohol; or ol ymer of

et hyl ene i t hed S HaEsome TPt dforcie L ige st e 367 uPhr {i g a o4 to
C20 unsatyr abeflodpel ?9@&1@: GAQHi 3 e3 WHICHTRB @ FBEt v In EORIGIRRY Miis AYcodit R frichdage an
unsaturated acid onto the polymer backbone and then reacting carboxylic

aci d groups ofclude¢hgyloag chaln yirpcabons Bnctionahzsd tymdacion vith meneror al cohol .

Pour point depressants, . otherw se known as |ube oil flow inproyers (LCFI),
30 | ower  t he IFEORIN AR ARYAEes YRIgH 2 Leolam Fre prepapian of B At an e
poured. Suchgispadidid ¥afrahedRldisdiqyedn. Typical of those additives that

i nprove the |l ow tenperature fluidity of the fluid are C3 to C 3 dial kyl
fumarate/ vinyl acetate copolyners, and pol ynethacryl ates. Foam control can

be provi ded by ap.anti foamant .. ) )
P 15 y thentlubnca{H%g compositions contain one or more of the above-mentioned

additives, each additive is typically blended into the base oil in an amount that enables
the additive to provide its desired function. Representative effective amounts of such
additives, when used in crankcase lubricants, are listed below. All the values listed

are stated as mass percent active ingredient.

20

ADDITIVE MASS % MASS %
(Broad) (Preferred)

Metal Detergents 0.1-15 0.2-9
Corrosion Inhibitor 0-5 0-1.5
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Antioxidant 0-5 0.01-2
Pour Point Depressant 0.01-5 0.01-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-1.5
Viscosity Modifier 0.01-10 0.25-3
Basestock Balance Balance




of the polysiloxane type, for exanple, silicone oil or polydinethyl

sil oxane. - 19 Sone of the above-nentioned additives can provide a
multiplicity of effects; thus for exanple, a single additive my act as a
di spersant-oxidation inhibitor. This approach is well known and need not be
further elaborated herein, 5 In the present invention it may be necessary to
i nclude an additive which maintains thejpgtability of the viscosity of the
bl end. Thus, alt ojyan e i Nj 1l achi a suitably
ow vi scosity T n FRe aer B Sek oA Rt hDg AL RBBEMNE 2 oms
conposi t i onscompssitéae(oilrof\litsmasng yisvdsen phisailedditives)boillirealogneser that 1 yds.
Additives which are effective in controlling this viscosity increase

i ncl ude the PYHES BRI BROLA PEIFLIY IR PEFAP#H@d by reaction with mono- or
di carboxylic acids or anhydrides which are used in the preparation of the
ashl ess dispersants as herei nbefore disclosed. 15 Wen |ubricating

conposi tioHns conitandy Wdesirtiblepdlhongh hdieshoyigtopepdre oeclor racdi dddites, each
additive is typically blended into the base oil in an anmount that enables
the additi veCqusepFaies epanprisingrdditives (opaentiagns somepmes bringfsiveeddprgct i ve

f . it . e : q
betow ALl ¢ RETvAEIAgeFRnethy e nl dadiflv LA KBRS SRLIGRBNY 1P ot ST O

20 ADDI Tl VE {#X5tm thdVidbScing(oBrathositidhef erred) Metal Detergents 0.1 - 15
0.2 - 9 Corrosion Inhibitor 0-5 0- 1.5 Mtal D h drocarb | Dithio hos hate
0.1 -6 0.1 -4 Antioxidant 0-5 0.01 -2 Pour Point Depressant 0.01 - 5 0.01

-1.5 Ang)d- f50an1 n?héa‘gl?ﬁtcogfp&igm? %y'em%’l&}'f_’ froélﬁptglﬁqﬁ&ts a)o, p'?‘&%liam S gents 0 -

1.0 O -
mass %, typically 10 to 15 mass % of the concentrate, the remainder being oil of

lubricating viscosity.

This invention will be further understood by reference to the following
15  examples, wherein all parts are parts by weight of total components, unless otherwise

noted and which include preferred embodiments of the invention.



Friction Modifier 0-5 0- 1.5 Viscosity Modifier 0.01 - 10 0.25 - 3

Basest ock Bal ance Bal ance -20- Preferably, the Noack volatility of the fully
formul ated lubricating oil composition (oil of lubricating viscosity plus
all additives) will be no greater than 12, such as no greater than 10,
preferably no greater than S. 5 It may be desirable, although not essential,
to prepare one or nore additive concentrdt-es conprising additives
(concentrat eSEXANEHIIBRES being referred to as additive packages) whereby
several additives can be added simultaneously to the oil to formthe

| ubricating oil conposition. 10 The final conposition may enploy from5 to
25 mass % pr y 5to 18 nass % typically 10 to 15 nass % of the
concentrat e, %i nder being oil of lubricating viscosity. This
invention will be further understood by reference to the follow ng 15
exanpl es, wherein all parts are parts by weight of total conponents, unless
ot herwi se s nd‘ﬂ@l@ata%avwga&,eﬁ dPWtﬁeugé’V?S? ereppied gsiagiiliotening wethofe i nventi on.
-21- EXAMPLES Exanple 1 5 Ml eated overbased detergents were prepared using
the foll owi ng nmethod: 2500 grans of a detergent (see the |list of detergents
in the table in B6a0ptansdfa d@@d’r@elﬁg@é@@lis&@f@et&g&t‘é@n{Hett%le it Bdmplecked
round bottom flask and heated to 80-85C with stirring under a nitrogen

bl anket . Therv¢ ceargediiz® yfepbitenffowreieekes raung betiate flagk aBbheatodrte 8@1&5\/@ y added

to the hot sol.uti.on. The rate of ,additi.Qn_ o i ¢ _anhydr.i de S

cont rol led by i HhelAter o FosoRiet olbeEhenaes Rt PHsE B ence ¢ ne
mal ei ¢ arﬂdydr(S%?m@?@élb@v%d%&tcﬁtfhglﬂbﬁsio%tioth“hE%tébfQduiﬂb%b%ﬁlemh§&%%ed at
80-85C for one hour with stirring under a nitrogen bl anket. The product was

t hen cool ed tWas conehladdniphe amawet odriekneiop peasiueet] during the reaction. Once the

maleic anhydride addition was complete, the reaction mixture was soaked at 80-85°C
for one hour with stirring under a nitrogen blanket. The product was then cooled to
room temperature and collected.

15

Example 2

Overbased maleated detergents were tested for their compatibility with friction
modifiers. All examples were blended so that they had equivalent TBNs. The

20 examples were stored at 60°C for 12 weeks and they were observed at weekly
intervals. The ‘Time to Fail’ shows the number of weeks after which instability was

exhibited by evidence of haze and/or sediment.

Comp.
Example
1

Example
2

Comp.
Example
3

Example

Comp.
Example
5

Example

300 TBN sulphonate
detergent

17.78

Maleated 300 TBN

sulphonate detergent

17.78

410 TBN sulphonate/
phenate complex

detergent

12.60

Maleated 410 TBN

12.60




15 Exanpl e 2 Overbased nual eated detergents were tested for their
conpatibility with friction nodifiers. Al exanples were bl ended so that

t hey had equival ent TBNs. The 20 exanples were stored at 60C for 12 weeks
and they were observed at weekly intervals. The "Tinme to Fail' shows the
nunber of weeks after which instability was exhibited by evidence of haze
and/ or sedi nent. Conp. Exanple Conp. Exa@ple Conp. Exanple Exanple 2
Exanpl e 4 ExaupHoRatb/phehaid 5| 300 TBN sul phdnate 1I7.78 detérgent [Maleat¢d 300
TBN 17.78 sul phonat e detergent 410 TBN sul phonatje/ 12.6Q0 phenate conpl ex
detergent  MEPERIE%RUFIAZD TBN 12. 60 | 22- sullphonat €/ phenate conpl éx det ef gent
350 TBN 14. V950 ppiyphonat €/ sali cyl at e/ phernate conplex dertgpggny val eat ed

350 TBN 14. Y0 sul phonate/salicylate/ phenate conpl ex detergent
sulphonate/salicylate/

phenate complex
detergent
Maleated 350 TBN 14.70

sulphonate/salicylate/

phenate complex

detergent
Dispersant 35.56 35.56 35.56 35.56 35.56 35.56
ZDDP anti-wear 7.11 7.11 7.11 7.11 7.11 7.11
agent
Friction Modifier- 1.67 1.67 1.67 1.67 1.67 1.67
ethoxylated tallow
amine (‘ET2’)
Friction Modifier- 3.34 3.34 3.34 3.34 3.34 3.34
glycerol mono-oleate
(‘GMO’)
Aminic anti-oxidant 7.78 7.78 7.78 7.78 7.78 7.78
Phenolic anti-oxidant 8.89 8.89 8.89 8.89 8.89 8.89
Anti-foam agent 0.01 0.01 0.01 0.01 0.01 0.01
Base oil 17.86 17.86 23.04 23.04 20.94 20.94
Time to Fail 3 8 1 More than 1 More
(in weeks) 12 weeks than 12
weeks
Comparative Example 8 Example 9
Example 7
Polyisobutenyl 2.30 2.30 2.30
succinic anhydride
Overborated 4.13 4.13 4.13
dispersant
Thermal dispersant 48.47 48.47 48.47
171 TBN salicylate 21.93
detergent




D spersant 35.56 35.56 35.56 35.56 35.56 35.56 ZDDP anti-wear 7.11 7.11

7.11 7.11 7.11 7.11 agent Friction Modifier-
et hoxyl ated tallow amne ('ET2') Friction Modifier- 3.34 3.34 3.34 3.34 3.34

ol nono-oleate (' GVO)
7.78 7.78 Phenolic anti-oxidant 8.89 8.89 8.89 8.89 8.89 8.89 Anti-foam
agent 0.01 0.01 0.01 0.01 0.01 0.01 Bas@&3eil

3.34 glycer

1.67 1.67 1.67 1.67 1.67 1.67

Amnic anti-oxidant 7.78 7.78 7.78 7.78

17.86 17.86 23.04 23.04 20.94

20.94 Tinme| Malekad[l7BTBN1 More than 1 Mre (in2wegks) 1P weekd 93han 12
230 suce) pLCUNRJBFEED Oler borated 4. 13 W 13 4.13 di Shersant Ther mi
di spersant 485 #BN4Bic4lated8. 47 17143BN salilcyl at e4 1. 93 dpt er geaps - 23-
Mal eated 17l TBN 21.93 21.93 salicylate detergent 65 TBN salicylate 4
4.23 4. 23 | detergent

ZDDP 7.30 7.30 7.30

Aminic anti-oxidant 3.83 3.83 3.83

Anti-foam 0.02 0.02 0.02

Base oil 4.73 4.73 473

Friction Modifier- 3.00 3.00

glycerol mono-oleate

(‘GMO’)

Friction Modifier- 3.00

tallow acid ester of

triethanol amine

(‘TEEMA’)

Time to Fail 1 5 8

(in weeks)

As shown above, improved compatibility of detergents with friction modifiers is

achieved by reacting the detergents with a water-soluble o, B-unsaturated carbonyl

compound.

5

In the specific Examples, the amounts given are total components and not active

ingredient.

Maleated detergents were also tested for their compatibility with other detergents:

10

Comparative Example 11 Comparative Example 13
Example 10 Example 12

300 TBN 25 25

calcium

sulphonate

detergent

Maleated 300 25 25

TBN calcium ’

30

23



detergent zZDDP 7.30 7.30 7.30 Amnic anti-oxidant 3.83 3.83 3.83 Anti-foam
4.73 4.73 4.73 Friction Modifier-

0.02 0.02 0.02 Base oi
nono- ol eat e
am ne

gl ycer ol
triethanol

(' TEEMA')

("GVO) Friction Mdifier- 3.00
Time to Fai
i nproved conpatibility of detergents with friction nodifiers is

158

3.00 3.00

tall ow acid ester

of

(in weeks) As shown above,

reacting the detergents with a water-soldble a, R unsaturated carbonyl

achi eved by

nent s
eir

tive

conpound. 5] kulpidagespec| fic Exanpl es, the anounts given are total conp
and not active ingredient. Ml eated detergentg were al so tiested for t
conpati bi | i { §<%68¢H ot hef detergents; 10 Conparlati ve Exanplle 11 Conpar
Exanpl e 13 |[Exappke 10 anphe 12 300 TBHs 25 25 cal ci um sul phonate
detergent Ml eated 300[ 25 25

calcium

salicylate

detergent

Maleated 171 25 25

TBN calcium

salicylate

detergent

Base oil 50 50 50 50

Time to fail 3 More than 12 2 More than 12

(in weeks) weeks weeks

As shown in the Table above, improved compatibility between a sulphonate detergent

and a salicylate detergent is achieved by reacting the sulphonate detergent rather than

the salicylate detergent with the water-soluble o, 3-unsaturated carbonyl compound

(see comparative example 12 and example 13).



TBN cal ci um - 24- sul phonate detergent 171 TBN 25 25 calciumsalicylate
detergent Maleated 171 25 25 TBN calcium salicylate detergent Base oil
50 50 50 50 Tinme to fail 3 More than 12 2 More than 12 (in weeks) weeks
weeks As shown in the Tabl e above, inproved conpatibility between a

sul phonate detergent and a salicylate dejergent is achieved by reacting the
sul phonate d t rather than the salicylate detergent with the
wat er - sol ubl m‘gpunsaturat ed carbonyl conpound 5 (see conparative exanpl e
12 and exanple 13). -25- CLAIMS: 1. A nethod of inproving the stability of a
detergent, or of inproving the conpatibility of a detergent w th another
additive in a lublricat mglodidfimprqymg' thi:enabililt)hefa det¢rigent, omofdinprovgng the st ep of
reacting the dete ubl unsat urated carbony
conmpound. 2. Waﬁf&o(bﬂc‘ieé‘?rﬁgﬁ Wi "Eﬂo W@L‘ﬁtlmgae]iuhnfﬁ’é‘gd’élt“éﬁnﬁ’é’ﬁ{tlops ?15n

over based oi |, | I 0, ne earth

net al hydrocareby 1%2%1‘2#%@5@@%&%3@%{%dggr%ﬁ%ﬁrgd[ﬁg&%?r %)(131?%:1)%( X7 hybri d

det er gent of uasapitedicarboaqr dodpduatie, salicylate and/ or sul phonate.

2. The method claimed in claim 1, wherein the detergent is an overbased oil
soluble detergent comprising an alkali- or alkaline earth metal hydrocarbyl phenate,
carboxylate, sulphonate, or complex/hybrid detergent of a phenate, carboxylate,

salicylate and/or sulphonate.

3. The method claimed in claims 1 or 2, wherein the water-soluble o, 8-
unsaturated carbonyl compound is selected from maleic anhydride, itaconic
anhydride,citraconic anhydride, alkyl maleic anhydride, cycloalkyl maleic anhydride,

acrylic acid and methacrylic acid.

4,  The method claimed in claim 3, wherein the water-soluble o, 3-

unsaturated carbonyl compound is maleic anhydride.

5. The method claimed in any one of the preceding claims, wherein said
detergent is reacted with from about 0.5 to about 10 wt.%, preferably from about 1 to
about 5 wt. %, of water-soluble o, $-unsaturated carbonyl compound, based on the

weight of detergent.

6.  The method claimed in any one of claims 2-5, wherein said alkaline earth

metal is selected from calcium and magnesium.

7. The method as claimed in any one of the preceding claims, wherein the
method improves the compatibility of a sulphonate detergent with a salicylate
detergent by reacting the sulphonate detergent with the water-soluble a, B-unsaturated

carbonyl compound.



i

3. The method claimed in clainms 1 or 2, wherein the water-soluble a, (3-
unsat urated carbonyl conpound is selected from nal ei c anhydride, itaconic
anhydri de, ci traconi ¢ anhydride, al kyl nal eic anhydride, cycloal kyl mal eic
anhydride, acrylic acid and nmethacrylic acid. 4. The nethod clained in
claim3, wherein the water-soluble a, (3- unsaturated carbonyl conpound is
mel ei ¢ anhydride. 5. The method clai med-i26-any one of the preceding cl ai ns,
wherein said detger ggi niethd BRI AfheWin bhyf 61fér8f c&h&% él@m?sb%&eilrpthw
preferably fromabout 1 to about 5 w. "% of water-soluble a, P—unsaturated
car bonyl conpeaiiad intpaeesd thfncctnhr@'ﬂbvlﬁygﬁthedﬁtewmwgbmtﬁicmn Midifiestthod cl ai med
in any one of..clains n sai.d alkaline earth tal s | ect ed
from cal ci umiEREHBHIOe: brsterapy heins ReerEhtd’ Eparabironaeing oo Giothe
preceding cl 3h4E ol@‘&@ﬂb@k 1&4&%5\0@3%@5 bR ANE Sorh fume e MmiadxyRitdd diiy1of a

sul phonat e det ergent with a salicylaté detergent by reacting the sul phonat e
det er gent wi tshbstihgedwaoro-asmashdiemanes and akkst ethatandnes; andowfbdemnpound. - 26-
8. The method as clained in any one of the preceding clainms, wherein the

met hod i rrpro&%@l’?‘ﬁéi%corrpati bility of the detergent with a friction nodifier;
the friction nodifier preferably being selected from glycerol nonoesters;
esters of long chain polycarboxylic acids with diols; oxazoline conpounds;
al koxyl at ed al kyl9: slssbf & wiaed-soub e @fi-aesitursted 0arb syl aothpatukd/do igiphere am nes;

and nol ybdenum corrpounds 9. Use of a water-soluble a, p-unsaturated
car bonyl conpsustability of ggeisigent enie lgméﬂﬁellistcynmﬁtlblh@éwéhQ@fﬁbercﬂddttb(elllﬁrbr ove its

conpatibilit itive in a lubricating oil conposition. 10.
The use as c e?lnr(r:%%‘ &%@wﬂgg wherein the additive is a friction nodifier

or anot her detergent.

10. The use as claimed in claim 9, wherein the additive is a friction modifier

or another detergent.



