LUBRI CATI NG O L W TH ENHANCED PI STON CLEANLI NESS
CONTROL [0001] The present invention relates to

| ubricating oil conpositions. Mre specifically, the
present invention relates to |lubricating oi
conpositions that have reduced |evels of sulfated

ash, phosphorus and sul fur (low "SAPS'), yet provide

i mpr oLdBRICHATING OB WITThENPANACEINPESTAN CORANIINESS
engi nes. [0002] Environner@@NTRMEer ns have led to
continued efforts to reduce the emssions of carbon

nEooK de ( Clle proyst BRAAIRMN Rt tHTdbrRASY: &xb&gp&smn)s. More

from conpression-ignited (diesel-fueled) an
SQRE BN il s edARRILANAT LflsqEubd ! lgdm '
eﬁjgilnlgsgnTlﬁeg@g %ave atftglo E‘egn cu(ynt %ﬁ%@ %?n? rtgﬁ%g}%have
requce,th riicul ate, em ssions fr “ ” .
RIS BB 8% Rrotiur B Su Ry SRS, vet provide
engi nes.. To neet the contenporary em ssion standards
%r% PRt ResfosmaRGP 19MErIaY GHRRYSEEN CRFNG: nal
(ee[gui&i)]rrent manuf acturers (CEMs) have been applying
f8ilst gasEmfiroamentabegneems haveleil de sontBueh eésitsatogedugashe
after-treatnment devices include, but are not limted
tamissiomst @flcptbion noavoxict(€09, lanidécarbopaint] initttgeh @ xidedPi),) from
[ 0003] Catalytic converters typically contain one or

;rtr?g%@ssioﬂqgﬁm (@rbalelks) andhi%fksl?ﬁ&@g@mﬁlelfua&é) internal

r NH3 reduction catalys he catal ysts

SO ASELIEL e SRR bl O Py AR el

I num an

?ggilg‘s[é?ﬁg ffgry ?Q%ﬁ%%ﬁ%&i—}g%[ﬁ%@ 'lnﬂg%ﬁfa%%%ub{i‘?ﬁe@% XDBYZ! To meet the
aut onobi l es, ,to convert the toxic gases to nontoxic .
FReksEPoTay epdssionrstandards fon nagsengencars andothes vehiglegarigingl

be essential in bucking global warm ng trends and
campmenhganufhetnresn(GEMaeve dkerdaplyine exlaustiias after-treatment
catal ysts, however, can be poisoned and rendered |ess
elet/ieed. | Sieh ekhaudpgasudRl-B8smeasdéides $adliidep huex@Asiutiitddto,
certain elenments  or conpounds, especially phosphorus

GREPRIERyerRRDAR/ SRt iTRYe WAy Phosphorus conpounds
rra{);mge in¥eroduced r:}ﬁ{to th%ﬂghaust gas is the

A s ey BABRAE R e, s i By,

NOy storage catalysts, and/or NH; reduction catalysts. The catalysts contained therein

generally comprise a combination of catalytic metals such as platinum, and metal
oxides. Catalytic converters are installed in the exhaust systems, for example, the
exhaust pipes of automobiles, to convert the toxic gases to nontoxic gases. The use of
catalytic converters is thought to be essential in bucking global warming trends and
combating other environmental detriments. The catalysts, however, can be poisoned
and rendered less effective, if not useless, as a result of exposure to certain elements
or compounds, especially phosphorus compounds. Among the many ways

phosphorus compounds may be introduced into the exhaust gas is the degradation of
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oi | additives include zinc dialkyldithiophosphates and

the like. Zinc dialkyldithiophosphates are anong the

nost effective and conventionally used antioxidants

and antiwear agents, from both a perfornmance and
cost-effectiveness _standpoint, in |ubricating oi

c BhsBBep-6prtainyyg Inbrigatiag odraddisives cxapeplemof phesphemsdubricating
and antiwear agents, the phosphorus, sulfur and ash

t tiduddinvesooiclude zing diallyddidngphospineaand the like. tZiac

catal ysts and may shorten the service life of the

caiaBlydithéophosphaiek @feSamorzael GldsOstreeal@hnPésnvesitfonally used
susceptible to damage by sul fur and sul fur conpoun S

T hildRfiandha 'Aﬁﬁw%@'saﬁeﬁﬁﬁ 8bfh a! or egl‘f&ddnﬁ rl%fecthveness

degradatlons of ase o
SR LS %Latﬁ%ﬁ%&e Bl qeidams nd
oil. addltlve |ncI %%F lfmted to,

ey %ﬁﬁ“&suﬁ'ﬁdﬁﬁt Ortigy 3 thewindiaduse gt he sagipgreact

detergents [ 0004] Partlculate traps are usually

i ik ghel catplyses andenaxshwrisn theyssrden life of dhsi catalytic ¢anvetitasel

engi nes, to prevent the carbon black particles or very
fRﬂhlcﬁmncmmiyas ere spacrepﬁbllees danagdgy sulfar ahdsulfun e6@pbunds in the

(i.e., "diesel soot") frombeing released into the
Qﬁ‘hhﬁs@ 288 AhichAsE aftrddues Bothk 'dﬁgtﬁ%tﬂinﬁ of B@th%ﬁs bR @il used to
ot her elements of the environnent, diesel soot is a

ERPBL AR BhDOARR MRS AP ﬂ%@*é%?%d‘g’?a""ﬁ% of slir-

t t t rlcatln additive
pcﬁ?@?ﬂﬁ'fﬁ?%ﬁfbgg%@ﬁ‘ 5% Bilie s B s g Sionate
0005] To .insure._ a service I fe for the
Ei‘l“f{é’tﬂle?ﬁ%‘gétt%gﬁsuéf@(}@t@‘egeteﬁgﬁmss dlesi rable to identify

lubricating oil additives that exert a m ninmm
neeedli ve i faatiqulaiertrapyarh usielly desallefion thei exhewst sys@EMEspecially
often set various limts for maxinmum sul fur,

dh dmsétcmgfmes,an iifeﬂ'ént&ldé Ezﬁb@ﬂbl@&lh areivied st vy f nbe¥hdensate
service fill" and "first fill" Fubrlcants For

IABH ARG agMIBRRraiSAHlelkdr z'eghﬁleégl”sé/ot@ﬂ?ﬁ ﬁ{g ER4sed into the

|nternal conbustlon engi nes, S are

AR, RERTSpAE RcpdBronmen

sul f ash cont nts.at or_below 0.8 wt.% The

ﬁ%%?r’ﬁ%?md S ATFRAEDIASH LIS HGEeR Efﬁﬁ? JaPs HOPSYFercanshs Hlesked by

may differ, however, when

métallic ash, which is the degradation product of metal-containing lubricating oil
additives including common ash-producing detergent additives.

[0005] To insure a long service life for the after-treatment devices, it is
desirable to identify lubricating oil additives that exert a minimum negative impact on
such devices. To this end, OEMs often set various limits for maximum sulfur,
phosphorus, and/or sulfated ash levels for “new service fill” and “first fill” lubricants.

For instance, when used in light-duty passenger-car internal combustion engines, the

sulfur levels are typically required to be at or below 0.30 wt.%, the phosphorus levels
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the lubricating conpositions are used in heavy-duty

. internal conbustion engines. For exanple, the maxi num
sul fated ash level may be as high as 1.0 w.% in those
heavy- duty engi nes. Such lubricating oil conpositions
are also referred to as "l ow SAPS" (low sul fated ash
phios Hetevue. 08 36 %..anyl thapifategdtasi gordets eoorgstivw D 8nwt.%ooThe
gasoline engines, and/or light duty diesel engines,
amdxintuoms 8ARSShasphorhERld/on dutfated mils keivels mayi défed, however, when
| ubricant) oil conpositions for heavy duty diese

erhgili foatiVAEbApSsiti S lafe 1RY &1 hlOSMuBSInalhdl BRBUARA engines. For
st andardi zed to neasure the | evels 'of SAPS in any

PR et IR DSRS0 Y AR

diresel .engide, |l aw. SAPS specificati on nmust s, Lhte "
G ShgiRBY it 1 e R0 B Ebes FH P WP et s ™S aps
cl.eanl j ness and extent of piston ring sticking after

r &J‘h‘ﬁ iSWéﬂtag 5 Rcsrgems+uHBO dwcgbag el F@@POSIH?QS%PI gasoline
autonotive diesel engine for an extended tinme period,
csnelinesgangdlar dighbduty diegelpagines mnd dlowv SABST of TLIpBIE(low emission
Simlar specifications and testing standards of

vdiedeb tibsicantNgik oo pssiti@is fod lsavh dufyaliesd] énpimsh@%arious tests have
countries and regions, such as Japan, Canada, and the

Untich @6taSiisAb@ and SRRz P8 h&Gure iKe 1e9%s SAERPS in any particular

envi ronment al standards does not elimnate the ‘need

t v | [yuhr | AU ide

R R R G S e P e G
systens, .incluyding .valy Cc and rocker arns, all,_
Sl o] dicvet emgit 1 SABR sgClicafiy misk ey i roplicndisr “CEC L-
Further, engine oils nust provide sufficient o

d6 E198e sl vehichnmeasyrgsithepleandingssand extsahpf pistes riaggticking after
suppress the production of deposits, which are

proging b dkswagen aobdubstget desctamdctioncanghetive diesel engine for an
conmbusti bl es of hydrocarbon fuels and deterioration

afcteaided fimeQetiod, dyOR3lteAmtitbly essas ialoaue full POwere Smtler

preserve the integrity of catalytic converters has

| spekifiation§ ahtP @ s@g itﬁrﬁﬁrdé PSRGA ﬁriﬂﬁ@lﬁigs can ErlISO be goulﬂlg In other

osphorus-containing additives. 3

) we
f 2 ich are typical | t a | fonate
JopiFsERRE s Do & P Padf and e vBle oSt e
i ned eds to heu ize the oxidation-derived .
jﬁﬁ?@ and rﬁ%ﬁ‘ﬁ@&dhﬁ‘pﬁwﬁﬁé Fadrqugeniad siandards depsmepeliminate the
| ubricant. These detergents,
need to provide adequate lubricant performance. Automobile spark ignition and

diesel engines have valve train systems, including valves, cams and rocker arms, all of
which must be lubricated and protected from wear. Further, engine oils must provide
sufficient detergency so as to insure engine cleanliness and suppress the production of
deposits, which are products of non-combustibles and incomplete combustibles of
hydrocarbon fuels and deterioration of engine oils.

[0007] As discussed above, the need to preserve the integrity of catalytic

converters has led to the use of less phosphate and phosphorus-containing additives.
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however, contributes to the production of sulfated
ash. Indeed, the anount of ash permtted under nost
of the current environnmental standards can be exceeded
by far less netal sulfonate detergent than is
necessary to achi eve adequate detergency perfornance.
REdwevergthemse pedas¢rgenss, wiaclemgdypicalyenbtabiubignata detengtutseis
the | evel of ash produced, but it also reduces the
acfitch inevitabid berhing of dpestistainedhetdsao helnrdliea e oxidation-derived
conmposition, potentially |leading to acid corrosion of
t hedLnd sﬁl@pdﬁldgi)% SxriBfloPiERILes Rahd ﬁlbrlEQQO&hes-Ehﬁfe?éé?ﬁse

%

it woul d be advantageous to identify low S

! Wé\fféf‘tdoﬁﬂmu ko ﬁl%'ﬂ?&ﬁicﬂbﬁ) Qfssn{fﬂgedaagﬁl iﬂd\égc? tﬁ{%ﬁo&? of ash

dgster c eaner envi ronmnmen

cat aI onvert and particul at
%‘f}&%ﬁ g Al s et %fH?@mDSHPF%IF%‘%?E%%BP&%@E}%‘F by far

econony for. instance, reducing friction within an

elfei metal ?&Hﬁ? detergenhthan isyissessary tp@ehigwhisiegrils detergency
new approaches through which both the environnental
sheafodmenis. feducing therlgveleof detergenttoverbasieg dsiy caduch ¢he level of ash
satisfied. [0009] Various |ow SAPS additives and
| producedut Goiigpoiliides i ddaleeud@BAng icaleRity bf 8@ [@sricant
capabl e of providing piston cleanliness in internal

fHoRNpRaa
qum&pl o8l 11/a£1$$ead1rl§‘%5 Sﬁig%l %Shggn g’g‘@rﬁeﬁé&g Mstons and other
0/ 0052254) dlsclosed a | ow SAPS | ubri cant
onposi tion that provided good pi ston cleanliness in

D-11BT. LL56T9 test. The | ybricat] il
TogIc {§ orThst<Tor & weslhps whepaacdns e Weatiptlay SARY bifricating

of up to 0.3 wt.% .a phosphorus content of up to 0.08
vl W@S&@mﬁ ancbaiditives #mh petnenly fostas cleaner. cairommext byradlowing
contained less than 5 mmol es of salicylate soap per

khé¢ cajalysh cohvdrtens arclgtartivonlasé trapsotopedtctivady redAcepothamitg but also
application, U S. Patent Application 11/218, 647

(impkdvicsheHecdfoMy By, fP At208 FeARInGiREbR HeMirParferlo®¥. A need is

SAPS | ubricating oil conposition with S|mlar _
R e
TR PSR B8 BAE) I8 P35 iR 0 2
SURBE, 20 SRATR SRR Lake L fepkbone of foleculor
identified as capable of providing piston cleanliness in internal combustion engines.
For example, U.S. Patent Application 11/217,674 (published as U.S. 2006/0052254)
disclosed a low SAPS lubricant composition that provided good piston cleanliness in
an XUD-IIBTE (CEL-L-56-T-98) test. The lubricating oil composition of this
application had a sulfur content of up to 0.3 wt.%, a phosphorus content of up to 0.08
wt.%, a sulfated ash content of up to 0.80 wt.%, and contained less than 5 mmoles of
salicylate soap per kilogram of lubricating oil composition. A companion application,

U.S. Patent Application 11/218,647 (published as U.S. 2006/0058200) disclosed a
| 4



about 3000 Daltons; and (c) an oil-soluble or

oi | -di spersi ble source of boron to provide a w.%
ratio of nitrogen to boron of about 3:1 to about 5:1;
(d) an antioxidant; and (e) a zinc

di hydr ocar byl di t hi ophosphate. In U S. Patent

Almw BARS ilabrichfid@ &b cifpositiquinelth sineithr advadtages. That composition
2006/ 0068999), yet another | ow SAPS | ubricati ng oi

C SRR Hdek (A mEBIRObSAI ah bil of [iBRcHin B Ity;Qb) Alefk bne

of lubricating viscosity; (2) an overbased

3 Ml 3 r o

AR R 8 Rl SR LR 3185
provide a TBN of 5.3.to0 7.3.10 t f.i ni.shed

c%‘.%‘b?ﬂsf“bt aving § Rogyalkepy %bﬁckg%’%r}?WOIS?M%W%%‘P{loé gbout 500 to

di_ spersant, was said to_provide enhanced piston

nahaqut 3000 Pajtens) anddq) aspgibselubleios gilidigpertible sempmnel haremty

have al so been known to inpart certain other

deroiidg sl vet. % rapreetiiwegenfo bomuanfbeyt Jahtd atoet frdl (d) an antioxidant;
conbustion engine oil of this kind was reported to

r &tdae)a bing ditydihrbyhiidiophoiyhate TBN).S] Putddt BppRedtont] 1/226,793
Application 11/176, 424 (published as U. S.
2@9@11@@&4@@39.-206@@0&@@9?%{ a8l 8 APSULEALEHg 88 Romposition

content of not greater than 0.9 w.% and a phosphorus

C&ﬁhﬁﬁing Ig%j OQ?iln}otugt Sk dh M Ofgﬁlb ?ing ggg%'?ytg Qara!m ovgrbased

contal n ase’ o one or nore dete ecte

from phenat e .det er gent.s, licyl ate,det ent a
SN e ibDe Jutiating ol Aetereeniavinecs S Solagp S 300 presen
det ergents each, independently, had a TBN val ue of
fIRSHeIBM aBowd to preyida VBN ohAd tat7. wdbe figishedgompasftiophand (3)
or nore antioxidants selected fromthe group of

ahd ki € vwafvé 0ot hisssdigpatsanhenc|sa taprovidd eidaneed fidod ierits.
In anot her exanple, U S. Patent Application 11/288, 600

(peob0]i shed Iasy SWPS.IuRAALE oil cdmPasibhs HikE B8 Besh lndvaio
SAPS | ubricating oil conposition that provided

i . i ; n i . .
IRl B AR U SRR Yo o

di t Vack T . T
IR R A DR
ROl s Bublse T LSBTt
a mnor ampunt of an overbased magnesi um det er gent;
sntated pshecoriond pf motpneater shars0. 8 agi%,, ankd @phosphecud cantent from 0.04

wei ght nitrogen-containing di spersant derived from a
o Dylnet.%h athie rgmposititibesntained base oil; one or more detergents selected

from phenate detergents, salicylate detergents, and sulphonate detergents, wherein
said one or more detergents each, independently, had a TBN value of from 30 to 350
mg KOH/g; and at least 3.5 wt.% of one or more antioxidants selected from the group
of aminic antioxidants and phenolic antioxidants.

[0011] In another example, U.S. Patent Application 11/288,600 (published as
U.S. 2006/0116300) disclosed a low SAPS lubricating oil composition that provided

improved lubricant performance, and especially antiwear properties, in compression-
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aver age nol ecul ar wei ght of no greater than 1100

Dal tons. [0012] It has now been found that reaction
products of polyisobutyl enes and nonounsaturated

acyl ati ng agents, when acconpani ed by at |east one

ashl ess dispersant, at |east one netal-containing
demsedydigse! cagingsapsordinmtoanyipgle B0 swietiner teet, Thatlova$APS

| east one antioxidant, significantly enhance piston
clubsindtingesiscongpukition comptisdda(1 i almajercinust o0m el I0BScating
The present invention therefore provides a | ow

SYikéRlted 278 hindrithoudb O8PEAEHS NSy WeRHhe (3] #Riidr aount of
conmposition, including an additive package or a

CHTGALCR! e LU0 ARG BBl T

agent. .The present invention .al rovi des .net hods of

R SR aos PR FGRTiSH PR RATogh IS LIEA Hhaber
[0013] A .reactign product of a poalyisobutyl ene and a
n%’ﬁ&gﬁélﬁ%liﬁ"g‘%‘éwlg}&é&fpaﬁfi@&ré@@n]tlOpéaﬂtym-cal ly prepared
fromits non-carboxyl ated pol yi sobutyl ene precursor.
F80Y2]s obut yit barssow BedBsfpumnd thatitesctidanuosuctsor polyisobutylenes and
pol yi sobutenes to persons skilled in the art. They

haveoumkstorabdenygting Bgdnte wheiccopiayled by Riast ondashiBgy
are nuch used in that capacity. In the |ubricant

adispeant, UElea HlE hie¥A-cbh@lnthg c%t&%eﬁ?é‘tq%aﬁif tibedPadififfve, and

as di spersants, viscosity Inprovers, ckeners, an

s ap B0 ERRCA b Bt S84SR rugghip el

Spei,ght, CHEM STRY & TE OGY OF PETROLEUM CHEM CAL
R ESBE Y ¥ §he PrSSer TVepRE thefalp e aFo iR SHlaiea ash, low
1999); and in section 4.1 of Inmmel, ULMANN S
mheshoopznd Ao wsulimiuks irnaconapsii 0T Reluding anadditivenackagg or a
GmbH & Co. KGaA, 6 2002). Useful PIBs generally

contaitnate; egnphisuhg sied atraacioh product affopuiyisotnfiylatoand one

et hyl ene doubl e bond per polyner chain, positioned

anynwhassurated raeymtg@% &deat. The fre@heidBhtion NVNR6STdes flthods of

Pl Bs are prepare roma pure isobutylene steamor a
RRinbiaRd aidngShib R it bil Bombokidod €act i ve
[ sclil%ut yl eneng;Stgl yrargﬂ#brfvag'?ﬁé {)1{13?%11%211@01{” nyl i dene ol efins.
parti,cul ar Pl Bs conprising termnal vinylidene
I o P on PPy PR o B ety R f p micuipseiea
pol yi.sobut y] enes 1(HR- Pl B(f%r b,¥ those skilled_ i.n
acylating agent is typically prepared from its non-carboxylated polyisobutylene

- precursor. Polyisobutylenes (PIBs) are also known as polyisobutenes to persons
skilled in the art. They have also been given the name “butyl rubber,” as they are
much used in that capacity. In the lubricant and/or fuel additive field, PIBs have
found wide use as dispersants, viscosity improvers, thickeners, and the like. The
common uses for PIBs have been summarized, for example, in section 3.3 (page 846)
of Speight, CHEMISTRY & TECHNOLOGY OF PETROLEUM CHEMICAL INDUSTRIES, v.76,
3d ed. (N.Y. Marcel Dekker, Inc., 1999); and in section 4.1 of Immel, ULMANN’S

ENCYCLOPEDIA OF INDUSTRIAL CHEMISTRY (Wiley-VCH Verlag GmbH & Co. KGaA,
) .




the art. Particularly preferably, a useful HR-PIB
woul d have a term nal vinylidene content of at |east
about 50% for exanple, at |east about 55% or at
| east about 65% or at |east about 70% or at | east
about 80% or nore preferably, at |east about 85%
Su¥R).HRs¢? B Bsaendrellp capaineekidict onwiurgtidroinwsarduatsof about one
art-recogni zed techni ques, such as, for exanple,
t fibglendl@sitld Bied pef pblyDer Bati€PosiNoged dhyliheéreidn@ihd chain.
4,605, 808. Relevant disclosures of these patents, to
et P Hovl ey s PIBOLrRBIL hrotfd frl RBbuichE bRAMIR S
and clal'nms heréin, are incorporate y reference.

avai e,..for

' -PI Bs_are . co rci.all abl e,. .
AR i e pEOERR b o i Baie
BASF(r)) .. [.001 React i on oducts,of PIBs and.
ﬁﬂﬂ%‘iﬁ[@%ﬂ?&l&f-eﬂ%?em’tcm%@ Pg%‘ewﬂﬁr&ts@%w Yipylidege olefins are
succi ni ¢ anhydri de derivatives, nanely, the o
piopirelsrrad o amdighly seactivecpol pinphdylenksd HRPPES XS by thoas/ekilled in
been used as precursors in manufacturing ashl ess

dhe peer BamicglarlFypasfalably, o hisefuldiR+MIB veaiid hevef oendinhhvibyiflene
Patent Nos. 5,827,806 and 6, 245,725, each di scl osi ng,

| it 6f dt Feast ARDUIBIYNEDr ekarBpiB) £ Q&I Sbub$3%0br 4 IdakBBr 65%,
contai ni ng ashl ess dispersants fromcertain PlBSAs,

RAlaY RLALERE 0317 gﬁesﬁ 'ags)ut gobe L ﬁﬁ)trgﬁe?& 1??4%21@3.‘3? dHut 85%.
: cohofs (e.g.,

pol yoxypropyl ére di am ne), and am no

tdi ol ami nonet hane)...[ 0015]. PI BSAs have, al so

ol T e e TR bt Qv afreec ke, B Rgpes, such
as _dispersants. For exanple, U S. Patent No.

569D XA leh Lase o eaaibed - PAHeS NP k52499 a0l 605,808,
conprising a polyal kyl ene succuni c di spersant sel ected
fRedevanhdisgesugs ofdhess ipstentsgtoghe extant theypdd petickyfliehwith the
succi ni c anhydride, preferably a PIBSA;, (2) a non-

lidciaages and tlafhghergingdge indtporged by idfereped. yadriam HREPIBs are
succi ni ¢ anhydride; and (3) mxtures of polyal kyl ene

oAbl 0RF exdifiple Mndbrihe 3288 NP oPGLISASPAL ™ (from
contai ning derivatives of the polyal kyl ene succinic

%ﬂpﬁg§idﬁ; and (5) nixtuLes of one or nore

pol'yalkyl ene succi ni c anhydri des and one or nore

O OSBRI BB SR L i
Iers‘[gf:%iratlly the succinic anhydride derivatives, namely, the polyisobutylene succcinic
anhydrides (PIBSAs), have been used as precursors in manufacturing ashless
dispersants. Examples of such use can be found in U.S. Patent Nos. 5,827,806 and
6,245,725, each disclosing, infer alia, the making of a preferred set of nitrogen-
containing ashless dispersants from certain PIBS As, polyethylene amines (e.g.,
tetracthylene pentamine, polyoxypropylene diamine), and aminoalcohols (e.g.,
triemethylolaminomethane).

[0015] PIBSAs have also been applied directly, i.e., without derivatization, as

dispersants. For example, U.S. Patent No. 6,632,781 disclosed using a dispersant
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enhanced water tol erance and | ubricant-oi

conpatibility for alkali netal borates. [0016] The
present invention provides a |ow sulfated ash, |ow
phosphorus and |ow sul fur |ubricant conposition,

i ncluding an additive package or a concentrate,
cowpniesionpriainglagadyalkyiener meomiodisparsmit stleaséd fromItB: gnodp

a nonounsaturated acylating agent. The |ubricant
aclstisistivg of: ghpopolvilkmen®fuct i dnhveanid, phefablyi HRIBSA; (2) a non-
superior piston cleanliness, but are also conpatible

f QiﬁroE&i/\bo%?f §n§ RBLVAREI2RR: po fh@kﬁéfesﬁl%micrb\‘lﬁ rid®and (3)

further provides nethods of ap and maki ng 't heseée
. 7
gfrﬁgﬁ;g%% Blf ﬁ@ialkﬁgﬁ@/éﬁgﬁ da(%?&n%érﬂ;’ E’\rﬁln%r%s (Tq]noll-n-[tpggen containing

c oSiti provi de. hi sto | eanl i ness
BT o el B BT gt FgBtres of o or more
conp05|t|ons operate at el evated tenperatures, but
wpelxalkylane seciaie anbydridssend ope or pRESHIORIERESD ¢apiriniag el s

of sulfur, and low levels of sulfated ash to the

i derivativds of polyligidne suenigjc aalydrilhe Tleat dispersént was said to impart
phosphorous in the lubricating oil conpositions of

t ditapdedSeiér tbRY:G10¢ hadlubFiCarit ol coslpabidity i alkali Qﬂtétél hbRkHtes.
0.09 wt.% and preferably at or bel ow about 0.08

Woota] and npreEpREGt ghkaﬁb;fﬂwﬁés Qravgwpow a“q%h QO@éJhg%ph%i'us and

and partlcul arly pre y at or
%
i e SR B iR FRE R weski avamesnire

Eon ;tgxsﬁwca eg%t %{e r%r&hga’lpo El‘? c? ouél@ow%loay&%wsgtnur%ted acylatlng
part| cul arI y 8 preferably at or below about 0.10 wt.

Tagent. ekhsilybradansadditivecmponitionpeiibe invigytiethprovide superior plston

| ubricating oil conpositions of the present invention
adleanlipgrsclaitlaye dso amzeiblsfonheuS APS applicatioft§. Thepresent invention
preferably at or bel ow about 1.00 w.% nore

Pufh& bl iderhet®bd P DPlyimLAdtmAki 8O théke (%mlﬁiéﬁfbnﬁ"m e

preferably at or bel ow about 0.50 wt.% and
particularly pref YabFOfHLEW %"“N 0.45 Wt . %
I n one enbodi nment (—trnverntTorm, the | evel

| f at f t.,0.50 t bout
Toaile 00 TR ethtiymtion i ibuaae oy campgtifpl B

0.8 wm.% [0018] Therefore, the present | ubricating
d}g?r‘ﬁég h{gh@lfgorhq;lgaql@p@ @@gma]&yg,w@en the machines housing those

compositions operate at elevated temperatures, but which introduce low levels of
phosphorous, low levels of sulfur, and low levels of sulfated ash to the internal
combustion engines. The levels of phosphorous in the lubricating oil compositions of
the present invention are typically at or below about 0.09 wt.%, and preferably at or
below about 0.08 wt.%, and more preferably at or below about 0.07 wt.%, and
particularly preferably at or below about 0.05 wt.%. The levels of sulfur produced by
the lubricating oil compositions of the present invention are typically at or below

about 0.30 wt.%, and preferably at or below about 0.20 wt.%, and particularly
8 |




froman environnental standpoint than the conventiona

i nternal conbustion engine lubricating oils that

cont ai n hi gher phosphorous, sulfur and sul fated ash.

The conpositions of the present invention facilitate

| onger service lives for the catalytic converters and

t prefepahly rcor telesv albap §,10whi %e Phredevels afsulhedasls proddced by the
pi ston cleanliness. [0019] In a first aspect, the
plubgeatingl cillongkitiogs 6f the prsPRShidnttn eRPpicslBSit od beRwOdbout
amount of a base oil of lubricating viscosity; one or

NPES wi 84, Hul BREablP B0 HeldW hBorf 1 SIEKN A ndre [Iﬁ'Efﬂ:rébly at or below
pi st on-cl eanl i ness- enhanci ng amount of at 1east one

r 86 .90 V\R.r”/f?,del\'fgrtx gl%%? %e?&%liéé%ﬁ%&% GbSut %% v@t.%, and particularly

nmonounsat ur at e ng erein-the

pol yi sobut yl.ene _has nunber average,.nol ecul ar wei ght .
Gl ARGy 5500 TS000 ool S ETOOEN G A1 b i cntion.
about 500 to about 4500 Daltons; wherein, based on the

118 lavelwd syifated gsh wHLEDS fipmjabave alput 859de rbows 60t Wiee, preferably

phosphorus content is no nore than about 0.09 w.%
tfhem abb¥aaboob®b démabaus 0r8own¥r e t han about 0.3 wt.% and
the sul fated ash content is no nore than about 1.6

W00#8] The rHagétbeNthRpReldaE lubficAAing@binpsshvhiydre iR radckiable
nmonounsat urat ed acyl ating agent nay be one '

[ﬁcﬁﬁR%ﬁ eRticchntdhtf isfah&ﬁoiftotﬁﬁy*hg c@%\%i@é]%%aﬁéoﬁ%@tio&ngine

R2 [Formul a A]" [ Fornu erein 'S

Bl Pt ERFors 8 ik L aRiiPREHu0 SHERISATRIGRL A e,

from ahout 0 to about 4500 . Dalton; and ,?2 itf) )
CRFBORPITHHRE PHFAY Tyealipn et lonere sqrvist fikesy h@ﬂemalytw
conposition of this aspect may optionally further
coRprrtestansiibe partigplets teapdi whileprovidingcthe dedired pistgmgleanliness.
antiwear agents; (2) friction nodifiers; (3)
d0019xi dantls a firdt)aspeat, rths preserit hibirieating 6il cqhpositivn congaives:
additives; (6) seal
. amajor amount of a base oil of lubricating viscosity;

one or more detergents;

one or more dispersants; and

a piston-cleanliness-enhancing amount of at least one reaction product of a
polyisobutylene and a monounsaturated acylating agent, wherein the polyisobutylene
has a number average molecular weight of about 200 to about 5000 Daltons,
preferably from about 500 to about 4500 Daltons; wherein, based on the total weight
of the lubricating composition, the phosphorus content is no more than about 0.09
wt.%; the sulfur content is no more than about 0.3 wt.%; and the sulfated ash content
is no more than about 1.6 wt.%.

The reaction product of a polyisobutylene and a monounsaturated acylating

agent may be one represented by either Formula A or Formula B:

9




fixes or seal pacifiers; (7) pour point depressants;
(8) viscosity index nodifiers; and (9)

mul ti functional additives. [0021] In a second aspect,
the invention provides an additive package
conmposition or a concentrate conprising at |east one
reactild f PI B and aki
acyl atin ge ‘an or gani c di
exanpl e, basé 0|I The additive package co
or concentrate of thiR aspect preferably furt
conprises various other additives desired in
| ubri cati ngFotthulagdjch as, for exanpl [Formeélal]ess

di spersants, netal -containing detergents, antiwear

addi tives, \@li@fblﬁ’quﬁﬂﬁjﬁlylsoBﬁiy@nle @Raild hfihBérSaverage molecular
corr05|on i nhibitors, anti-fdam additives, pour point

FEEBER 0t AR oA, RIS i AR o s 0
ventio r.ovi des ad of operatlng an interna
é@ ?@ﬁggﬁaF 0§¥ 1581 %Pone or nore exhaust

%Bs after-treatnment, devices,, which nethod conprises
B0lcat i nglhedpbricatige od cpmprsition phitiscaspegignay optionally further
conposition of the first aspect, or with an additive
paokeige onoopogictadditives Sf::iectcrbfnmenﬂﬁ atewerdr agérgs;q@rhivtion
aspect. 10 [0023] In a fourth aspect, the invention
phodified S(3a antiiduhts) {4)oeiesioh ikghibitors;UbY artidfdafOadditives; (6) seal
conposition of the first aspect or an additive package
9ixed of Q¢ BRGA&E; ) géurtlmt dﬁfegkqnesm Glscodit)QRdbx REdifieRSand
skilled in the ar stand ot her and further

ngﬁﬁ#ﬁhnmn gﬁ%_hﬁggg and features of the present

ereérice to the follow ng description.

LED SCRI PTI. ON OF THE | NVENTI 025] .. Vari ous
SF e MBACEH0Y SRR N BIP RO PAcaH S e b ow
way of non-limting illustrations. [0026] The
moer@@ﬁtlon AveARNICORtrae eympasng ableast an¢ regetein product of a PIB and a
conpositions as described above. The conpositions -
hasmeuasahob@t asylhtfing ageatinentorgdniadihent bedidyfoa bxeantple,. ke oil.
w.%in

The additive package composition or concentrate of this aspect preferably further

comprises various other additives desired in lubricating oil, such as, for example,
ashless dispersants, metal-containing detergents, antiwear additives, antioxidants,
friction modifiers, corrosion inhibitors, anti-foam additives, pour point depressants,
viscosity index improvers, and seal fixes or seal pacifiers.

[0022] In a third aspect, the invention provides a method of operating an
internal combustion engine provided with one or more exhaust gas after-treatment
devices, which method comprises lubricating said engine with a lubricating
composition of the first aspect, or with an additive package composition or a

concentrate of the second aspect.

10




typi cal enbodi nents, at or bel ow about 0.20 wt.% in

sone ot her enbodi nents, and at or bel ow about 0. 10
wt.% in further enbodi nents. The maj or source of

sulfur in the conposition of the invention is often

t he base stocks and the additives. An exenplary

| [M823k at i ngingi fourh mprest, thesinveftionpeoyidessemethvd vEprepaing a
contai ns about 0.2 wt.%of sulfur, based on the total
wibgjbdtingfoiltdoenposition $if tHedirst dsPER 6 arl hdlitivddpicRadd d1Q @nbentrate
conpositions have a total phosphorus content of at or

bett (A RBAMEspee09 W . % i n typical embodinents, at or
bel ow about 0.08 wt.% in sone other enbodi nents, at

SR o el Bt 1 SO RN

ex lary lubricati oi | conpositiop of the present
B Ry e Rt Motiescar GYoRoRRRprse s diedefowins
-?t%éed .on the total weight of the conposition. [0028]
CIRHSN; cati ng oi | conpositions have a total sulfated
ash content of, as determ ned by the ASTM D- 874, at
or bel ow abBETAJLED DESGRIPTHON OX THEMOENEION, at
or bel ow about 1.00 wt. % in sone other enbodi nents, at

qoo2syl ow  Narbe phefBr&Dfcwburdddnt eydbdididhey are dbReAbe®BEISW by
at or bel ow about 0.50 wt. % in sonme ot her

| (8RO riting Musihtids, bel ow about 0.45 wt. % in
further enbodrnents. exenpl ary | ubricating oil

An

Siti h . Jnvention h sul f at .
T B AR OE v e B o i lesspibed
the luhricant co sitions. Another exenp|ary ]
pi it SRERAPIEIONS Bt (R FHIH cOREmpleet ghbelpiiabagt 30 wi.% in
has a sulfated ash content of about 0.8 wt.% based
drpictemberdigpants At erhelow Bbout §A0 widin some ether @nbodifents, and at
Lubricating Viscosity [0029] The | ow SAPS | ubricating
air belbongbost .10 w6 it fuethpr eslenlimemy.efhé majdr source opsulfie th the
of one or nore base oils, which are present in a major

aBBPositibh ofthe idfentiaiTen IREBsE ktobRPahdahe BddifPesMA PBxemplary
CGenerally, the base oil is present in an anpunt

%{ilﬁﬁ:taﬁfé% b @&n?‘ggr?@%gﬂh red@nt g%vegallt&?é}f%?lh? %\gbu?gﬁ%.‘%%f sulfur,

. ~great an about _
lé)%ﬁe{déoﬁﬁh{e@o‘%ql%&%l%lﬁﬁ oqscg)tgg)%rs]ftioghe base oil sul fur

[0027] The lubricating oil compositions have a total phosphorus content of at

or below about 0.09 wt.% in typical embodiments, at or below about 0.08 wt.% in
some other embodiments, at or below about 0.07 wt.% in yet other embodiments, and
‘at or below about 0.05 wt.% in further embodiments. An exemplary lubricating oil
- composition of the present invention contains about 0.07 wt.% of phosphorus, based -
on the total weight of the composition.
[0028] The lubricating oil compositions have a total sulfated ash content of, as
“determined by the ASTM D-874, at or below about 1.60 wt.% in typical

embodiments, at or below about 1.00 wt.% in some other embodiments, at or below
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than about 1.00 w.% preferably |ess than about 0.60
w.% nore preferably |less than about 0.40 wt.% and
particularly preferably | ess than about 0.30 wm. %

[0030] The | ow SAPS | ubricating oil conposition may

have a viscosity at 100C of up to about 16.3 mm?/s,

agtdut 080 re.%6 itbpd iotip embbdiateatst attortbeloabghsiut ¢.60 Ivt. %M édne other
(cSt), and in one enbodi nent of about 6 to about 13

NERbRlitEmS,)and B 6r by aBARD.4 3. 4G tiliikr RhdboB RAEARS | Ah ON
may have a hi gh-tenperature/ high-shear viscosity at

Loy i@@émgféfgofx@g@sﬁanofgqﬁ%ﬁ%#g@ AN PRRS Byt B
£ tnaﬁg%no%*ﬁﬁw%%%gq g Q{f@?rlgﬁ%?wgwfﬁ%sn‘?‘o%s

errbodl ment about 2.5 tq about 3.7 nmm2/s cht)L and in
ofreotherrexpmp! aéw@ancm oibgspposition of shegprsennt Brvstigiphias a sulfated
(cSt). [0031] The base oil used in the |ubricant

cashostent daboef0.8 e %, asadtdnathe meighb ef tha Intaicantdongioksitioa.
synthetic oil, or a mxture thereof, provided that the

sul fur content of soOillaf abgichtif®WViscosity exceed t he
above-indi cated sul fur concentration limt required to

Jdo2015t ai n FREWOIA BORBrichitd GREMhsRidn ATPHSIdnk ﬁﬂf%ntlon is

e natural oils that are suitable |ncI ude ani nal

_Iclﬁ)lrrﬁarﬁ{:]ur o o(}rlqig(lrg b%e 0% (V?Vh%h u@%ée% mo Jgnlajqr %uﬁ)

e na r ca |hg

0|Is uch a petrol Ivent treated

?areﬂeaﬁxaaa@ S?Q 7.y F‘i"eé b@ ﬁ&%ﬁs? Qi ¥ pregept in an amount
par affl ni c, ht heni ¢ or m xed paraffinic-naphthenic
e ha PipuEED Y-8 oF EEawice dn ADPUICHEWEYfapEgianibthan about 80
useful. [0032] Synthetic lubricating oils include
hwyicbroad ghedobricating ol wompasitiop.oTherbase nidsubfndlcontent is typically less
i nterpolynerized olefins (e.g., polybutyl enes,

RBAY4H0RPY.08 RES%, préfeRB)y REEthing Ut ¥]6BRe:. %OReteTefetably less than
etc.); poly(1l-hexenes), poly-(1l-octenes), poly(1-

ABEAER) w94 Snd B lt) BEESGEIES ?lﬁaén Aoty BeRESReES

(e.qg. ,lgodeé enes tefL enzenes,
eyt R e DTSSR il

_ Y, nyIs al kyl at ed di phenyl ethers
olﬁpﬁsgte Shi6. % 4 and Branesgibodpasnd of aboy g 9 HEOUt 183
l'i ke. cé%)nthe;lc Iubrlcatln oils also include oils
PR s fesd), Byd tn eneemborimert ef abus pge Abqud 3mom{/s (aiitd The low-
synthetic
SAPS lubricating oil composition may have a high-temperature/high-shear viscosity

at 150°C as measured by the procedure in ASTM D4683 of up to about 4 mm®/s (cSt),
and in one embodiment up to about 3.7 mm?/s (cSt), and in another embodiment about
2 to about 4 mm?/s (cSt), and in yet another embodiment about 2.5 to about 3.7 mm?%/s
(cSt), and in one further embodiment about 2.6 to aBout 3.5 mm?/s (cSt).

[0031] The base oil used in the lubricant compositions of the invention may be
a natural oil, a synthetic oil, or a mixture thereof, provided that the sulfur content of

such an oil does not exceed the above-indicated sulfur concentration limit required to
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procedure. [0033] Another class of known synthetic

| ubricating oils includes al kyl ene oxide polyners and

i nterpol yners and derivatives thereof where the

term nal hydroxyl groups have been nodified by a

process such as esterification or etherification.

Esustain e low SARSSlubyaiing eili compiopisions cTheoatural oils that are suitable
pol yoxyal kyl ene pol yners prepared by pol ynerization
oinchklhyhiemed odx antbvepetaplteaplsl(ege castords], lad dily. "Ehahdtythl oils may
and aryl ethers of polyoxyal kyl ene polyners (e.g.,

nEbditchide nyih&ar RbAR I 1s FhotCAl liidgdtrol iy bilgard solvent-treated
nol ecul ar wei ght of 1000 Dal tons or di phenyl ether of

PG é(:icﬁfr@éfé@fgz%ﬁog%ﬂ%iglﬂgagiﬁgﬁg.@@f tle Bygﬁng%g{ae%@%%g E()I)} ﬁfbéed

1000 to 150 mono-

esters.thereof. (e.g.,~.acet.ic.acid esters, m xed -.C8
B ERC R st Dok, QiR &g BOiacof b oy MY et
tetraethyl epe glycol). 13 [ 00341 Anot her sujtable
cf@%@ of ~ syPrHattcdubiigsting gl igluge |h§3ré>r2@rb% 8lpgicars of
di carboxylic acids (e.g., phthalic acid, succinic
ardlpmeritddyand duferpohinecrivedl alefian (b2 Relyyutyleaesc polypropylenes,
acids, maleic acid, azelaic acid, suberic acid,
smbpgene Bobudyleheiomolanas,ielk.); pabli( phexaes)dpollyH{halc@nes), poly(l-
acid dinmer, malonic acid, alkylnalonic acids, alkenyl
@RIcORYsS; et ahdflixthel PheReofad1k fb¥nRhesAle @O MU BenSenes,
butyl al cohol, hexyl al cohol, dodecyl al cohol,

étléﬁﬁcik\ébﬂg&éln%sﬁ lél?ﬁggfbenz%?lg% lélﬁﬁ%jﬂt%ki’&%%h)bgﬁk&%@?,?@é@ﬂ ?)olyphenyls

ycol” nonoe ropyl é pec

exanmpl.es of such esters .includes dibutyl adjpate,

i e g ire e IS s atb BOP e fro 407 1 gl Bistony! ethers

di octyl sebacate, dioctyl azelate, diisodecyl azelate, .
dAndths derpratives analogsamd deyrologsirraeefi and e dike oSypthetic lubricating
sebacate, the 2-ethyl hexyl diester of Ilinoleic acid
chilselso iacldde bids proparedely e kbhewn Fischedl topscheme-td-tiguid sgnthetic
nol e of sebacic acid wwth two noles of tetraethyl ene
Pry&dureand two nol es of 2-ethyl hexanoic acid and the

i ke. [0035] Esters useful as synthetic oils also

i0g33yde t hogeBdeast hPRAdwh %ﬁ’itfgﬂg LuBRIGEAER MY EEs a1k¥lene

aci ds and polyol's and polyol” esters such” as neopenty
S8 htapb BT LS AR TSR e i
hydroxyl groups have been modified by a process such as esterification or
etherification. Examples of these synthetic oils include 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 Daltons or diphenyl ether of poly-ethylene glycol
having a molecular weight of 1000 to 1500 Daltons); and mono- and polycarboxylic
esters thereof (e.g., acetic acid esters, mixed C;-Cg fatty acid esters, and C;3 Oxo acid

diester of tetracthylene glycol).
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[0036] The synthetic oil can also be a

pol y-al pha-olefin (PAO. Typically, the PAGCs are

derived from nononmers having from4 to 30, or from4

to 20, or from6 to 16 carbon atons. Exanpl es of

useful PAGCs include those derived from octene,

dd83#e, i xAnetber sultable ofass effrynthetic hitkieatingeberehesstersyof
have a viscosity fromabout 2 to about 15, or from
adicarbodylicachle e, pRthaliy adid,Givdhiowtiddalkgl subeinic a3idaiRd alkenyl
(cSt) at 100C. M xtures of mneral oil with one or

NRcEnRfactREMhRICAN, A% BODBid RIS atif ebasi¢ A3 Fimaric a01d
Unrefined, refined and rerefl ned oils, either natural

loé[%l Eﬁi? Q&Heﬁﬁ(flelg g?ig d_!}]ﬁ_s érr%gogga ﬁg{l) Zl&él%%loé}?paﬁgiébﬁﬁén% {rﬁiflomc
; & oS ﬁf‘!"-’i}'f’]lo & g i} RsBhoTohPcs leeiolidodei leohol,

_ roma natural or synthetic source without further
p%?ﬁhﬂh@&ufluaéﬂ@holmthﬁfkeaeb@ﬁl diqtistlencealyesl mongether, propylene

simlar-to the unrefined oils except they have been
fglycdhe rSpetifisaeupien oDnehestersineluges dibutgladipate, sti(@ pghylhexyl)
Many such purification techniques are known to those
Sebddated di-n-hedd fambras)@iocs sekemediisbdtylagtlaf) diisodecyl azelate,
secondary distillation, acid or base extraction,

fdl&&ﬁ%ﬁtmate REACH] HithQke, aeféoéﬁ Setla K€, thEe re%)l | @lebiSr of

are oils that have been used’in service but ar

%Hl%?e?cggcﬁ@ Ei}_nx t e[ndathg g(frﬁgl %h%t r f rx%Xd Eﬁfﬁ???ngdﬁ?n rggle o%%ebacm

ecause use

SO0 D 0 olas Y Brigniia® Blicol R bpyab et ey Pigganbic acid

that would renove the spent additives and breakdown

e dheckike. nust be taken. Such rerefined oils are also
known as reclaimed or reprocessed oils. Reaction

poedfct s ofEsterPuddfif aa spvithationsi Btalsodhe ddehpbamadgfirédgaistto Cyy
[0038] It has been found that the incorporation of

@esroRhibokARCAciddinR HER Rt ahd Polyod Sstis SR M8 P& Tty1aiIFol,
m)nounsat urated acyl ating agents into base oi I S

eS| rggﬁ}fﬂogﬁﬁe Eéﬁér%’@?%% (g#élﬁ% eﬂé)% in rnt e?ﬁgﬂ}ﬁ
I Sobut yreneaaiee himineas SPubalMRISTERAQ): Dmipy. te

of the present |nvent|on may be represented by either
FéY(Pars derivad frqm manpRess, hayne frajn 440 B} earom 4 1 20, or from 6 to

16 carbon atoms. Examples of useful PAOs include those derived from octene,
decene, mixtures thereof, and the like. These PAQOs may have a viscosity from about
2 to about 15, or from about 3 to about 12, or from about 4 to about 8 mm?/s {(cSt) at
100°C. Mixtures of mineral oil with one or more of the foregoing PAOs may be used.
[0037] Unrefined, refined and rerefined oils, either natural or synthetic (as
well as mixtures of two or more) of the types of oils disclosed above can be used in
the lubricating compositions of the present invention. Unrefined (or raw) oils are

those obtained directly from a natural or synthetic source without further purification
14




RRRt ~ RZR2 [Formula A] [Formula B] wherein R is

a pol yi sobutylene (PIB) chain; and R2 is a

car boxyl -contai ning group. This new approach all ows

for top tier engine performance with | ower than
conventional |evels of detergents and wear inhibitors.
livedtiO@9 Refihed Hils @t shpilantbd thoAméitiedroilb exdapt thel hage Been further
PIB chain. Suitable PIBs that many constitute the

CAGHtdY iBe BE nRRY pURl iR%itibA &kpd) Mﬁlg%uel‘ﬂ ficafi¥h fR8/iques are
wei ght of about” 200 to about 5000 | tons, preferably

P50 B PR B e
TR RO B B S BRTRP R B 2 s

aver age nol ecul ar wei ght of about 2300 Dal tons. [0040]
Thawe Rocropsetdn sRIVise Rukie sehisequsity rgated s thyt they may be re-applied
car boxyl -contai ning group derived froma

ninrsewvageh Beginise thecusdd ods elardsoalylays cantiid spetit eddibwsesydnidc

acid anhydride, anhydride-producing nmaterial, or
dsreakdaivintesduche irealditicnue ihe@lieiatddib refiyng sdedsUsteps thitorould
exanpl e, acids, anhydrides, or acid esters. Mre

SREYE ﬂfé%*aéﬁt’adﬁiﬁ%@s ﬁﬁitﬁéﬁl@o&nﬁ}g&duds'}ﬁhé{ g8 &%ﬁ. QhcH R Sined

selected Trom (1) nonounsaturated C4 to

[-Gar ' ' . rej e carboxyl groups
gdr@aa{/%’%ﬁlﬁow&er%?h}%%&;ﬁer gﬁg’ﬁésg‘%ﬂ ‘galci:k ént carbon atons),
and (b) at |east one, preferably both, of said

adj acent carbon atons are part of said

nono- unsaturation; (2) derivatives of (1) such as
anhydrides and/or Cl to Cl0 al cohol - derived
nonoesters or diesters of (1); (3) nmonounsaturated C3
t o C2OReaxtion Prbdugts ofa PABI& a Mbomsmisatiaatedd Aéylatines Agent
car bon-carbon doubl e bonds is conjugated with the

qeo3g)xyl gt Batrheeh féund that tRf inkbxPofakibh of trfin réactforFoducts of
and (4) derivatives of (3) such&gs Clto Go

S BRI AR E3lE vie o

ertaln’e ment s,

F .B can.al be derived . froma.m xture. o
BT I By Ry o5 s PR GRS R b i ipsrsipyineal
(1) .to.(4)..Such materials are al so terr{ed

combustion éngines. The reaction products of polyisobutylenes and monounsaturated

acylating agents of the present invention may be represented by either Formula A or

Formula B, as listed below:

PV g O
R2 RZ

[Formula A] [Formula B]
wherein R; is a polyisobutylene (PIB) chain; and R; is a carboxyl-containing
group. This new approach allows for top tier engine performance with lower than

conventional levels of detergents and wear inhibitors.
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"nmonounsat ur ated acyl ati ng agents” herein. Upon

reaction with the PI B backbone, the nonounsaturation

of each of the nonocarboxylic acids, dicarboxylic

acids, anhydrides, or derivatives thereof becones
saturated. Thus, for exanple, maleic anhydride

bi@03Nes backizoReofSidrstla Apedfostiomula B isa @ chale; Suitable PIBs
acrylic acid beconmes back-bone substituted propionic
ahtdnaryx@nptitatetheolten itig the hay PUBCARDIRN ¥ laintmbRr average weight of
reactants include fumaric acid, itaconic acid, maleic
Bbots 200Rtb @bGut00Y Palds, pr&waﬁry% §bGut 38b % about 4500 Daltons,

chl oromal ei ¢ anhydride, "acrylic acid, nethacrylic

el S BRIy P o TURHb fdfiaton PR 28 Rl
f the f i ng,. Ex I f. sui.t abl | kyl '
dupisAling AU RO Reh  f TRarestdmating ioonarabes B fst hgne

fumarate, and the like. A particularly preferred

rFseh AYSE5RA melecyar weighifehew3dPPRaligns.d- , or
anhydri de- produci ng material is maleic anhydride.

A884Ndi ngl yThedRpofdfoemniadh amdot Famutr B duig tarbdxyd-cBhBimmggroup
a nonounsaturated acylating agent is a

ARty BbMtaImeRR afitRGlihhdd alibirBylie atidl &ShtboxyIR04d antheride,
reacti on product of a PIB and a nonounsat urat ed

w&&ideggg@&%@ mafbial B{fcéa{x%ﬁ%kt ';gé@xf? nShﬁ{}nﬁgﬁa%‘é}aygpgude,

prepare nown pr ocedur es. rexanpl e,
f. F la A F |la B b .
IPERAREF uy DRSS RN St AR BiCinFA. et rypterfls may

te rature that is predeterm ned according tg the .. .
daelldescpesis P%iFCtG\%Pfan ?Ifmorﬂuesaﬁpategl%g%?@ &cafgfaxyhc acids,
example, a PIB that has an average nol ecul ar wei ght
othezdin () thacuboall grmps argrvidiayl(f. e plocatdd an adjacentparban giogs),
of about 5F. A catalyst such as BF3 is often used to

add éinjce ldabsonepprefiestily bthpof saidaljdcent ¢xgbdrh@ome agtpagirof said
the catalyst is typically renoved, for exanple, by

exdroaaishtithtioh@) AabwHixed oflil § SiRh\4E @?fﬁiﬂrﬁeg‘ ohd/& St ol &6 dicohol-

wat er phase. |n another aspect of e polynmerization

%ﬁ‘?&ﬁﬁfm&e@f%r{w&ggesjtﬁgé gfé ggﬁg%ﬁ%ﬁl)ﬁ{samed 8? {ouéﬁ énonocarboxylic

materials suc I SOpropanort .

AR S iR bRl o HE dpr e nnBisdids iy tenierE Witbe syon
or purified fromthe PIB oligoners according to known
FERe bS, 1sof the shmcture; rCaledrt and () derixatfies gf (3% sich asehto Cio

alcohol-derived monoesters or diesters of (3). In certain embodiments, the R; of

Formula A and/or Formula B can also be derived from a mixture comprising any
proportions of 2 or more of materials (1) to (4). Such materials are also termed
“monounsaturated acylating agents™ herein. Upon reaction with the PIB backbone,
- the monounsaturation of each of the monocarboxylic acids, dicarboxylic acids,
| anhydrides, or derivatives thereof becomes saturated. Thus, for example, maleic
anhydride becomes backbone substituted succinic anhydride; acrylic acid becomes

back-bone substituted propionic acid. Exemplary monounsaturated carboxylic
16




drum and/ or using an extraction colum. Sone HR- Pl Bs

are also commercially available, for exanple, under

the trade nanme of GLI SSOPALTM (by BASF(r)). [0042]

Reaction products of such HR-PIBs and nonounsat urat ed

acyl ating agents can be prepared according to known
nised¢tents inchsle femariphad, iTrenis acidi maleic 4cid,amdigid mbldaride,
derivative of PIB (i.e., P113 SA) can be prepared in
asht@oahahieaci,idhloro@hllidmhd@edy; h@®Hc héld Un&hadtalie€adid NBstonic

6, 245, 724, 6,933, 351, 6, 156, 850, and others To the

_ e«i@ida '&Inn%ﬁl%‘ ad@, aﬁ@%»@cﬁnﬁlh it i didle Eﬁk?l st U Ore 4f, & 8k ?ﬁ deid esters

cl alns herein, the rel evant conte se paténts

ind RSSLAAL G SRLERALRRY a%?&sglg ?&ll&c%ém&hﬂ B, ethyl

Sl ng a ca erna

ocess |nthe lSO eels ctedvvlth
e e Bttt G Bl moaqe boric
presence of sulfonlc aC|d or one or nore other strong
i, digaibexylicqeids son anhpdiisterpredesingmgtetiel i gnabeipapleydride.
wWith a range of apparent succinic ratios. Such ratios
résscobdinglplj aiptegmtredaeatipaiprodubieof ad&IS arelch mppamsaitrated acylating
succinic ratios by nodifying reaction paraneters such

agpentfi9b poBXsdbplytenetshevihie aghyiride (PIBBA) t takes to
inject the sulfonic acid or one or nore strong acids

th t
01 1 iRl oL i ELBLA 5T S
AR B

about pr ef er abl et ween.  about o abo
P18 prepyreor BF Eprpulpy rOBRUIA D b ee%mad etiopic,
Vari ous PI BSA products can al so be obtained from
dehmegrizann prgelsr & ademheraBudihatis predetesmined acQudiwgny the
LLC. [0043] Suitably, the reaction products of PIBs
alesiradonoleadat weighiefdr eyH1Btdliggmen gBsrtexanple, b €T thes Bid an
in the lubricating oil conpositions of the present

iaﬂé&ﬁ?@ hdlechifr wa h@HPMRJht bR DAlSons ehih bE pegabrea at @fe%e@e&me of
substantially en anced p|ston cl eanl i ness

%blﬂtSaF nABéé?aﬁ%s‘f l'ft LS r?t 18] ?oftéh u%ﬁ% gcg‘}a,ngé)?;g .lﬂ)% M&ZPtlon.

engi nes

B A SR A R et
?};Jecpata??st td?seszoleggﬁl afc’ ﬁgrggs%rngds vs;atner %ﬁ;s%p eIn gggther aspect of the
polymerization process, the feed into the reactor may include materials such as
 hexanes and isopropanol. The unreacted residuals of reactive materials, including the
unreacted isobutylene monomers, are often removed or purified from the PIB
oligomers according to known methods, such as, for example, by flashing in a flash
drum and/or using an extraction column. Some HR-PIBs are also commercially
available, for example, under the trade name of GLISSOPAL™ (by BASF®).

[0042] Reaction products of such HR-PIBs and monounsaturated acylating

agents can be prepared according to known methods. For example, The succinic
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the JASO standards in Japan. Preferably, the anmount of
one or nore reaction products of PIBs and

nonounsat urated acyl ati ng agents is about 0.01 to
about 5.00 wt.% nore preferably, about 0.50 to about
4.00 wt. % particularly preferably, about 18 1.00
winh¥dtide @rb@tivé oPBIBAI e e REBRA pcan Belprepatad innge@tlince with
conposition of the present invention conprised about

2mEfRodd dde@hedan R 8 hetdeIse6 D44 s Bl 3cI3ai 61 F@R85® and others.

nunber average nol ecul ar wei ght of about 2300 Daltons.

%ﬁ{te St ﬁfe 4B %o E&%H{hst EQ%@JS?HXE %}&@{Elﬁ}éﬂg e Fe{l)eva.nt

ornlng eter en func I on rgen

renove de 0Sits s.acid eut e
ﬁ?&?ﬁlﬁﬁ’ tgsF dpisies Psworﬂ?%ﬂ*mﬂe#g%a PR Cac!’a 7 BIB S can be
and extending engine life Detergents general
IR BSIRE § EatalyZece dherial hon “SRY” Proessspseia ﬂﬂeaqulYISV\'ﬁ"tt}ﬁlene is
the polar head conprising a netal salt of an acid
oragied with ombeic achydTide acangdewited tempefaturp in the psasence of sulfonic
invention may contain one or nore detergents, which
adofd orosrRRdlr Imyors athes strangthe RIS PEids pdokyss iovpable o grariatbing PIBSAs
Overbased salts, or overbased materials, are single

phts 8 rang R QI RSARGR YicchfvtAiak 2 Bué’d’n%h@ﬁﬁm? B@ ﬁéﬁ%t@& k?@cﬂmmhe
a net al content in excess of that

: Pdegﬁﬁ%ap%%ﬁﬁ Suce rltaﬁoé Wm%ﬁg&ﬁlg 1ATH Bﬁﬁ‘poun deb?sdzﬁtag dfor

par reacte

isihole e TEnelh ot g ke @?ﬁ%ﬁﬁ? opsiacll & ooP RE Pke firong

aC|d or |ower carboxylic acid, preferably carbon

dickkiiefe thegeasion the eelgicanbpdrifer BiBrehaess mele aatio, apt Hrrestion
conmpound, in a reaction mediumconprising at | east one
ihodd time o Pgaonscskilbedl in ¢t ar{ woeld vmdenstand that thei dppamesipductiaic ratio
tol uene, xylene) in the presence of a stoichionetric

dx pesgalll intheeidle JTdsEvean dbautlr MARbent 2, [pedéfably Beéveen about
acidi c organi ¢ conpounds useful in naklng t he

| qV?fobagﬁﬁfjl 6%8&%&&&9[}%%&1{‘%&{ £SeRl g,béﬁqult I Pitious PIBSA

i ncl ude carboxy I c aclds oni Cc acl

d I
%‘f‘% e e R A
carboxylic acids or sulfonic acids with sulfonic or

R A

[0043] Suitably, the reaction products of PIBs and monounsaturated acylating
agents may be present in the lubricating oil compositions of the present invention in
an amount that is sufficient to provide substantially enhanced piston-cleanliness
and/or maintain such cleanliness in internal combustion engines. By “substantially
enhanced,” it is meant that the pistons are measurably cleaner when assessed against
standards of various countries and regions, such as the ACEA standards in Europe and |
the JASO standards in Japan. Preferably, the amount of one or more reaction

- products of PIBs and monounsaturated acylating agents is about 0.01 to about 5.00

wt.%, more preferably, about 0.50 to about 4.00 wt.%, particularly preferably, about
18




groups (such as hydrocarbyl -substituted

benzenesul foni ¢ acids), and hydrocarbyl - substituted
salicylic acids. 19 [0046] Carboxyl ate detergents,

e.g., salicylates, can be prepared by reacting an
aromatic carboxylic acid with an appropriate netal

chip et tesl bt wh§o. afin exémdplanr lubhigatingoildemphigtibn af therpresent
over based products may then be obtai ned by nethods

WRlvéntidet@Wpriséd dtvat 200 wtFhof 3 POBSA ] whdfBin@hy/ PIH chdi€has a
aromatic carboxylic acid can contain heteroatons,

SMGHbé’i‘%vélja%{ ﬁgféﬁulaﬂ@e%ﬁwieébou 5 RJ0ah@ARpY, the moi ety
y carbon -at ons.

contains o re preferably, the

' cont.ai AS. Si X, Or nore carbon atons, such as a
peleal Lol B.et % omat i ¢ carboxylic acid may
contain one or_ nore aronat] noi eti es, such a ne or
n@%‘ﬂbenzenMeW'ﬁ%‘g?me%Ed‘S]b‘&m&lﬂ%gﬁ’ﬁ%n% Bifilen baths getergents
al kyl ene bridges. Exanples of aromatic carboxylic
deiredice ot rapesigposiipland agadid seutradizers o fupt inhéhitors, thereby
derivatives thereof, such as hydrocarbyl substituted
sietnaiyg wearaamid domogion dwd exteddingsngifelifeo DetdPgategaemllyor
sul furizing, for exanple a hydrocarbyl -substituted
S %E b poRe hehd Wit 140 WardpRobR @SE vt thé Eéilaf Reddt®nipiising a

y

Salicylic acids are typically prepared

GRERPE o‘"f%#] Qgﬁ eon%(nli(gée%gﬂg_ d. ?ﬁe E&ﬁg@i&ﬁéiﬁﬁg Lsnt invention

process, n that case, sall I'c acl ds
are generally obtajned in g.diluent in adm xture with

T R Pag P Bie e oot s At SHE ety
prepared by using sulfonic acid_ in to sulfoniate

Avethased wolip. Pyebasedsalimor everhencd mateinks ate pngle shasgose
obtained fromthe fractionation of petroleumor those
divnaigenebul Nemteniky systanmchafacterigediby e nieyad contantioescess of that
Al karyl sul fonates usually contain fromabout 9 to

abigiul wBdlde predeat bRl @itheBtoichivgictivaliliye mbtabanddhe phrticular
16 to about 60 carbon atons per al kyl substituted

%fcﬁﬁ@&ﬂgﬁnimébﬁbﬁmlld 20484 wiRtRd meal.t "Ph@éve%h%@cphraﬁﬁﬁg are

sul furized phenols are prepared by reaction an

TABEE o e AR S o oo

RSy oL L e L L0y s
ro?'ga%tici: (r:]ogmgougg,e i?l%-l re;:n:.titog n?el'clllilimu rcogi)risz.iinz l;tl ll;gsrt one inert, organic

. solvent (such as mineral oil, naphtha, toluene, xylene) in the presence of a
stoichiometric excess of a metal base and a promoter.

[0045] The acidic organic compounds useful in making the overbased
compositions of the present invention include carboxylic acids, sulfonic acids,
phosphorus-containing acids, phenols or mixtures thereof. Preferably, the acidic
organic compounds are carboxylic acids or sulfonic acids with sulfonic or thiosulfonic

groups (such as hydrocarbyl-substituted benzenesulfonic acids), and hydrocarbyl-

substituted salicylic acids.
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cont ai ni ng conpound such as hydrogen sul fide, sulfur
nmonohal i de or sul fur dihalide, 20 to form products

that are m xtures of conmpounds in which 2 or nore

phenol s are bridged by sul fur-containing bridges.

[0049] The netal conpounds useful in meking the

o@e4djased Spdrbsxydite detgaiRftspl. by sdltylat@spcn Be mrepdredbpredceting an
nmet al compounds in the Periodic Table of the

&Rt Sarbhfic %i@%ﬂ@mﬂﬁﬁﬁ&ﬁla@é mEﬂFcéﬁf)tﬁlnd%ﬁ&PMldomde or

include Goup | a alkali"'nmetals (e.g., sodium
@gfggog&déi edulag}% (Werfa%éd iﬁgﬁ gctgzr?hea?tﬁéif%ér&b{ﬁﬁ&?ig%m%%ﬁs &=
ot assi h|un1a d co nor e sodi um.
B 8 o TERATOAR mORP| G BRuTaieRa e B s an
Group 2 netals of the netal base include the G oup 2a
d}ev@a?artmis,éaﬁlt #s pEpgpsandoxygen. piigheahly,fhe meifty: pemgins only
strontium barium as well as the G oup 2b netals such
agrhonratorns. MachpraferablRriked wmowity gontdies Gr oupoze carbal atomms ssuch
magnesi um cal cium barium or zinc, nore preferably
NBIRATdE MR ctd AlThE dfomdaRrrcaitoty ¢ 4did plagfcenabl ohetlngdry Bromatic
[ 0050] Exanpl es of the overbased detergents include,
tiﬁ&eﬁése si?flas Iohé'rbﬁ £idrd 26! FHH NS HQRLGTe SRhEGHIDia

phenat es, cal ciumsalicylates, calcium st earates and

rylgsﬁéf[e C RS IR T u%%'ssh({yﬁc ¥ and

Brica I'ng ol nve

be | w10ver ase Tot a se Nu
Sulfed dprtvEs gaereoc%héwlmmhwo Eﬂ %tgweab Fhoyid gt and
detergent may be from about 5 to about 50, or from
Alsguatives thegeodh Brrcesos fassulftizng Sorexanmle shydsecarbdeubstituted
- The overbased detergents suitable for use with the
Isaldryilicatidnaredinbsmad those siptedsmrthe amy Salidydin aniy are typically
alternatively be high overbased (i.e., TBN above about

1oaredByecafdlyRitiof Ul edamile, 3y~ tBY BloRRsSuhntl 8 pes@e) bf fRdnhoxides.
be from about 150 to about 450, or from about 200 to

3H bk caels a11g§c}1 CI u %%elrz?@ﬂ btdl &%ﬂ%dlﬁéﬂt 1n’%dmhxture 'I%ﬁj

I'ow- over bas etergent wt
of a ouﬁm§g m19 a hi gh-over based caIC|un1squur|zed
ﬁﬂ%?{ P P]ﬁ 2“TBN of about 260 are two exenpl ary

over based de ents .in th64 ubrlca

bsitio apa%%@n heduenred by Omﬁ?élci g iselienisg
oi | conpositions of the

alkyl-substituted aromatic hydrocarbons such as those obtained from the fractionation
of petroleum or those obtained from alkylation of aromatic hydrocarbons. 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.

[0048] Metal salts of phenols and sulfurized phenols are prepared by reaction
with an appropriate metal compound such as an oxide or hydroxide. Neutral or

- overbased products may be obtained by methods well known in the art. For example,
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,
20




21 present invention may conprise nore than one
over based detergents, which nay be all | ow TBN
detergents, all high-TBN detergents, or a mx of the
those two types. [0051] In the lubricant oi
cggPositions of the present invention, the amount of
oo prasistsdhal ateemiggure$ eff compjoupdemewhich Awy niee plvmots are
0.05 to about 16 mM or about 3 to about 15 mM or
alxddged dytsalfabcntitaididie hikigdsn an exenpl ary enbodi ment of
the present invention, about 4 nMof a | ow TBN

dpogggent PrESmeRPEmIRINEM Qi uan Iﬁi&ﬁlg thEY &BsLh 98 are

are present in the lubricating oil conposition. [0052]

S%én'éxaah?%ng 164 ?BL &ir(fu?) 2 ltng{z‘il j:éfﬁnéél%?g i@ (?Jehodlc T blg of the

conposftt esen fonalfso in

"ﬁ%ﬁ{g{'{l@y o {iggﬂggl?t Etaféuoiglpefxaﬁ o exagp%cgude Group 1a alkali metals

‘sulfonate/sallcylate
615 SRdives peteriamelithivim) asyvelk asCGroyn d buals puch as cpgpsri dhe

det ergents have been described, for exanple, in U S
Faroapt] mifels as peRr86H $odiﬁn2181assilm, I'ﬂhﬁﬁ&;nﬂ?:@ppaMore
6,429, 179. Rel evant discl osures of these patent

aprpetabdy scdligim aP goasihen] sid pagtidubelyeréRably SdyurflOTROGroup 2
conflict with the disclosures and clains herein, are

| AL RP IR AekabYask ﬁ{c%%riﬁeeemf%@fﬂa%@% RN RRPS(e go%ggnesmm

D spersants are generally used to maintain in

ox | Cgiﬁ‘pf %{%%t {11%? BJIIHH‘%) V?’%t h@ b?ouﬁ%ullngtar gsblch S inc or cadmium,

TS P eVERT NS

flo | ati g n rec:lpltatlon or dep si.tion on netal
péafFfEEa%l thF @‘QB 9&6‘% 33 PrsiTRREnS S HMe cale 8%‘1"%1%@?110» more
'ggersants are basic, and contribute to the TBN of a
Tipierablit magnesium eovalent pasticularly puefasably kelgivar.e added,

wi t hout introducing additional sulfated ash. An

d9050ss diSpermdasnt themerkdEsed daengpnts Sedudenbutidre satllinhited to
pol yneric hydrocarbon backbone having functiona

WaRiRs stlifidiated! €aldidRhbRated cﬁ@fmﬁ%aﬁb*lﬁ&s Vialdiurh fchiatds@ad
to be di spersed Many types of ashl ess dispersants

BN GPELREH ekt 8t usd WG At Bating oils of

ut are not , amnes
g‘gﬂ? sﬁ%gffm ?}5&85 t el ? @? govbwed' 5ﬁ§ ?zfg,t'fo%rﬁase urrgbrc]a? (TBN) below

-about 100). The TBN of such a low-overbased detergent may be from about 5 to
-about 50, or from about 10 to about 30, or from about 15 to about 20. The overbased
. ~detergents suitable for use with the lubricating oils of the present invention may
alternatively be high overbased (i.e., TBN above about 100). The TBN of such a
high-overbased detergent may be from about 150 to about 450, or from about 200 to

- about 350, or from about 250 to about 280. A low-overbased calcium sulfonate
detergent with a TBN of about 17, and a high-overbased calcium sulfurized phenate
with a TBN of about 260 are two exemplary overbased detergents in the lubricating

oil compositions of the present invention. The lubricating oil compositions of the
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groups. The ashl ess di spersant of the present

i nvention may be, for exanple, selected from oi

soluble salts, esters, am no-esters, amdes, imdes,

and oxazolines of long chain hydrocarbon substituted
nono and di carboxylic acids or their anhydrides;

t riesand iyentydraney denprwtmyreshaf odearvgrbakal detergents, which may be
hydr ocar bons, |long chain aliphatic hydrocarbons

hatViowg TBNoddiataents) alldiglaTBBdadérg s, oy atoiig o€t thededwo types.
Manni ch condensation products formed by condensing a

| [0'091 hai n ﬁl%ﬁéldbh%&ﬁ%ﬂ%ﬁgb%ltﬁém Bt the 9fe'§@ﬂt(il§¢&ﬁ€18n 3R amount
pol yal kyl ene pol yam ne Car boxylic

défstﬁé? %)\?&Bés%d d@trefggh@g ke a)g&egt:,] ﬁﬁg%‘e%gés?&t Y Bupshe 1€6ch)\4 or about

acy esters,
risi | east 34 pr east. 54
UL %ﬂ@& Siti4ip lédﬂi‘fl Iﬁlaﬁgexeaﬂ%ahﬂaeode@aewf the
as am nes), n|c h droxy ounds (such as
amrpﬁﬁamvenmara |&J§WnBBN£m¢ plus ahent 10 mM of a high-

pol yhydri c alcohols, or aromati c conpounds i ncl udi ng
phBNaletergant aregueschoinghe hubriddtong dibsintpositivor gani ¢
mat eri al s. These reaction products include indes,

- Joosys, an Cﬁﬁﬁbﬁrc&tergé*@@ﬁﬁlheauﬁﬁwﬁhg]oﬂe:oﬁipﬁﬂﬁbﬁs%ﬂtﬁe present
are a type of carboxylic dispersants. They are

Hh@élﬂﬁﬁ%lé&ﬁn&lﬁ@&'tHyBEdhé(éi&%lS@E 9‘#)}1 dg%“ﬁﬁ‘ ekdd n%l@ ﬂnl%ﬁ&t@)sé‘lﬁ&ylates,

acyl ating agent w’th orga roxy co

bieREReR e%°Srﬁﬁfosl?fs@ékacéﬁ%%%ﬁtﬁ%‘%@ﬁ%*?ﬁg%ﬁ(ﬁéf%%“fmlfiﬁ%e
T :

el degoabe e e drembat dongamplabOrS. Sai5Gt Nph6okf3.565,

succinic acid or a succi ni ¢ aci d- produci ng conpound,

tthe8 1, bt% 6/428178and $5819, 7He Reddvant disddosuregind theserpatenti al s

typically include hydrocarbyl -substituted succinic
aappHeatioan hydipateles to dstextent thely Wolnodtordglidtatith és idecku@n dnd
hal i des. [0057] Succi nic-based di spersants have a w de

\efhdirf thiérei], a%ﬂbr%@fateﬁtﬁy{&%féﬂé&% whi ch may be
represented by the fornula: 23 0 0 \\C-CH R

R snfdds glgge{'sant

[0053] Dispersants are generally used to maintain in suspension insoluble
materials resulting from oxidation during use, thus preventing sludge flocculation and
precipitation or deposition on metal parts. Nitrogen-containing ashless (metal-free)
dispersants are basic, and contribute to the TBN of a lubricating oil composition to
which they are added, without introducing additional sulfated ash. An ashless
dispersant generally comprises an oil soluble polymeric hydrocarbon backbone
having functional groups that are capable of associating with particles to be dispersed.
Many types of ashless dispersants are known in the art.

[0054] Typical dispersants include, but are not limited to, amines, alcohols,

amides, or ester polar moieties attached to the polymer backbones via bridging
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NN[R2-NH R2\ CH2 x -CH2 0 O wherein each Rl is

i ndependently a hydrocar byl group, such as a

pol yol ef i n-derived group. Typically the hydrocar byl

group is an al kyl group, such as a polyisobutyl

group. Alternatively expressed, the R groups can

cenoups. nl lershlesudisparsaab olithe HBGentdavdmtion atayre, foaesampleswlected
atons may be present in aliphatic forms. R2 is an

afriyl cdinsdlubde i, eseRsTaRhY-caersSirhies iv@ides2ind oxafddinps of long
Succi ni m de di spersants have been nore fully

damed hRBEcartbn fuBbH1BEA TR anl-dRartitAy AP beilOSr théir %ﬁﬁ‘ydi‘r%ﬂés
3,172,892 and 6, 165, 235. Rel evant "di scl osures of

t ﬁ?&%&%ﬁ%@&t cisenvat ts%? lo%tc%g(ijl 1%;%?&6&%%115‘ 34 ‘iq)ﬂ rl él&thaw: th

osur ES ereln,” are rrncor por dte

ce. Q058 The a es fromwhich the
o e gE dpe AR Dby PN ypantich
honD ol ymers and interpolyners of polynerizable aqlefin
gmbprozlufté for!p@d@aw@mﬁnﬁtn@rﬁdonmlwwmwe@heml@wth
carbon atons. The ami nes which are reacted with the
sfocmaldelyydeend aolyalkykge polyatndnd. or m t he car boxyl i ¢
di spersant conposition can be nonoam nes or

P3SN nes. "dHEth lic Sispedsaiten de r&bﬁ@@?@)&ﬁé& oPéfRboxylic acylating
referred to as such since they norm cont ai ns

gtEﬁ@QEJidé ahigRiided, %stgﬁeett:gr Lmhgwl%a{)% Ghé gﬂ%?&y,at least 54

hough t he "am dé unctlo ality"may be in
0 am.d .. m dazol
Jaf %%@m? ﬁ’é@gf"g%ﬁﬁtﬁ‘% %Onapoglaa%fsﬁ?fhfrso%m&. POpeeanihydroxy
one or suc iC aC|d- i ng conp unds a 0
A I BB g e A A A S
removed, optionally in th resence of a nornallz{ ]
| dlepbiols, emaromatie cempouds ynclusting phesplyand oaplithels) and/or basic
solvent/diluent. The reaction tenperature is generally
| inofghusic maangreal O f Thedd reabidait pBAGLtsincide tinkled emmndin and esers.
tenperature of the m xture or the product, which

tposejal |y falcbmihrt 1Rpbrsahotie é@ﬁ@o%@@ﬂums%@l%ts They are

Addi tional details and exanpleS of the procedures f

Hfr&'ﬂf&%& By réa!aﬁngc‘ Hf&h&ﬂrﬂ}l%b&hﬁt@ﬁ SRS a&rlaﬁrlé ggﬁlev%ﬁﬁ] Brganlc

hydroxy compounds, or with amines comprising at least one hydrogen atom attached
to a nitrogen atom, or with a mixture of the hydroxy compounds and amines. The
term "succinic acylating agent" refers to a hydrocarbon-substituted succinic acid or a
succinic acid-producing compound, the latter encompasses the acid itself. Such
materials typically include hydrocarbyl-substituted succinic acids, anhydrides, esters
(including half esters) and halides.

[0057] Succinic-based dispersants have a wide variety of chemical structures,

which may be represenied by the formula:
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i nventi on have been described in, for exanple, U S
Patent Nos. 3,172,892, 3,219,666, 3,272,746,

4,234, 435, 6, 440,905 and 6, 165, 235. Rel evant

-di scl osures of these patents, to the extend they do
not conflict with the disclosures herein, are

i ncorporated by reference. [0060] Suitaﬂge ashl ess
di spersants may al so i nglude am ne di sper —yphi ch
are reaction profuet rel |velx_h|gh Wole ular

wei ght aliphatic halldesx'“a'é 2pr eraply
pol yal kyl ene pol ya %\ Exanpl es ther eo{\g}@aﬂ«zbeen
described, for exanple}, in US. Patent S.

3,275,554, 3,438,757, 3, 454 555, 3,565,804, and the
i ke. Rel evant disclosures of these patents, to the

extend they do not conflict with the disclosures

heyein, are al.so ingorporated reference. [006 .
Sihsdicath Enfudensaaud SREocathy! puPrsich R e PAgQIEtin-derived
“Manni ch | disEersants " which are reaction products of
ARYP. prideadlysthe hw@mp@hyltaar@umswwa kyl stawp, sushiagppelyagobutyl

| east 30 carbon atonms with al dehydes (especially

f groum| Abbmpaeyelnexpressed,ibsR( goppe cal doptqimhbyait K teatmut 500
pol yam nes). These di spersants have been descri bed,

f @Fboaxadcms, end ithieséaOmshady ey %r%lﬂﬁlt incalPB6LORIMSs 3RS FantelPylene
3,591,598, 3,980,569, and t li ke. Rel evant

456, REMNRRIPAn Etﬂ?l%ﬁe @gﬁj‘%@g t Quéclﬁﬁ c?i?;]Ser;I, fYha98 been more

not conflict” wth’the ur es a erein,

?ﬁﬁ?f B%En\% it Ifonrce()){ feabesd f%YCII{ ﬁf er4 e435[ 993 ]892 and 6,165,235.

W eSS pérsants nay even’inctrude

et %E?va%s’e?ftﬁ%s%%gfﬁ%ﬁe e 3%21'32?@@@%

rea ents such as di mercapt ot hi azoI es, urea, thiourea,
a§ihetelitt, jagreincerpg efergeeones, car boxylic

aC|ds, hydr ocar bon- substi t ut ed succi ni ¢ anhydri des,

f0038]l e epkhei mdmlkdnes framowlnipl thedabstivaert lgeoups ke derived are

Post-treated di spersants have been 25 descri bed, for

oRlyEhonhdpolinTers Bad Bikdrpd9ersofPoBmbdikabR Adth R6fbmers of 2 to
?%66 730, 6pa?1%<,3| the i ke Rel evfgp%t di scl osures of

t]ﬁﬁ%ﬂ:ﬁia&cﬁﬂé Sind LSuiy® tﬁal 2 ntdfs. d?hé‘a% ?vﬁ cdnGle WatBd with

sures an ereln are

é%l,rgz gli%%ce aﬁlgé argggtgbe{}%#]il%car%?y@ l(Jll ¢ grglcmet c%zsnposﬁion can be
monoamines or polyamines.
[0059] Succinimide dispersants are referred to as such since they normally
contains nitrogen largely in the form of imide functionality, although the amide
functionality may be in the form of amine salts, amides, imidazolines as well as
mixtures thereof. To prepare a succinimide dispersant, one or more succinic acid-
producing compounds and one or more amines are heated and typically water is
removed, optionally in the presence of a normally liquid and substantially inert

organic liquid solvent/diluent. The reaction temperature is generally in the range of
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i nterpolynmers of oil-solubilizing nononmers such as

decyl nethacrylate, vinyl decyl ether and high

nol ecul ar wei ght ol efins with nononers cont ai ni ng

pol ar substitutes. Polyneric dispersants have been

descri bed, for exanple, in U S. Patent Nos.

ZBAOZEERp 13, tHed@ecB3blposiBoh Gmpedfurearfdhd téxthreloe the product, which
Rel evant di scl osures of these patents, to the extent

tt'?ﬁﬁéa@ﬁfdﬂ@%eﬁ&@ﬁ bt 100t Maddbotlt $60°0S W Rk RRAIGAR 78
her ei n, are simlarly incorporated by ref erence.

(RaTbles R WFA s e T S
SHELER D R o el TR SH D 3210
preferably non- pol c (e are nono-

D60 At a3, 64 GoRsma LS4 dlemt peslownes ofshese

suitably present in an anmobunt of about 0.5 to about
IButamtsafo the eptend drexisloynod benfticBwith the dadsbastire? hereit, agd inggrporated
exenplary lubricating oil conposition of the present

i byweferéree. conpri ses an et hyl ene-carbonate treated

bi ssucci ni m de di spersant derived froma PIBSA wherein

tioesd]! B chaiBabR%:isAle ['sant%\ﬁ@z[ ?o Qe Yhite d’i@}iegsl?ihts, which

of about 2300 Dal tons (Pl BSA 23 i n an anount “of
' aa?@t%acu&]gr enc%ts/ ‘IE):EI:] fj@%ﬁz&g%@%f e%ﬁ'lta{' arglgﬁ{ lll}ﬁ%%ﬁp Rat cfe!s M amines,

%{ aﬁ? antﬁalg}’ Ig(ﬂtuunt of abo%%%‘gﬁﬁeggﬁ%’ém?lhﬁ?fgrlbed for

derived, from anot her PIBSA wherein the PIB chain has a
rramele, idSafatenioNes 81245 50éi 3hi8. 617, A¥ed552.3b D0 T804 end the
(PIBSA 1300). Preferably, the lubricating oi

_ di:hﬁ:p Felavanmdisdegordasof theke patfeb,do tthddex@dnd thesadonot Onfist with the
.% 26 preferably from about 0.05 to about 0.25

vuisc%suﬂaamew lag 130 PEcEiperatdd by fefepdncabout  0.08 to
about 0.12 wt.% of total nitrogen from di spersant.

Gobr) Addi tSuYtﬁ?le[aElﬂgs@]dl @gf;s?h@m g@hgﬁqﬁgme “Mannich

conmpositions o e pre I nv optional ly
FRRaBSy SRR Bl aBRLG oY RRyLORER® A RO S eroup
%g}ltlaﬁl)éla??ggt%o car rogl%%clwn(l)sn W% rszb Lyti) es (esp\éclzlgl(f (;ntn%kfeﬁ)gdee) and
amines (especially polyalkylene polyamines). These dispersants have been described,
for example, in U.S. Patent Nos. 3,036,003, 3,586,629, 3,591,598, 3,980,569, and the
like. Relevant disclosures of these patents, to the extent they do not conflict with the
disclosures and claims herein, are likewise incorporated by reference.

[0062] Suitable ashless dispersants may even include post-treated dispersants,
which are obtained by reacting carboxylic, amine or Mannich dispersants with
reagents such as dimercaptothiazoles, urea, thiourea, carbon disulfide, aldehydes,
ketones, carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitrile

epoxides, boron compounds and the like. Post-treated dispersants have been
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i mprovers, and other additives conmonly used to

| ubricate internal conbustion engines. Antiwear

Agents [00671 Di hydrocarbyl dithiophosphate netal

salts are frequently used as antiwear and anti oxi dant

agents. The netal may be an alkali or alkaline earth
setibed, for cxhmpieniny]. S| Baidpt Wom 3,328)69 B3 50y86G6,788.eand the

ni ckel or copper. The zinc salts are the nost

CliltayoRdiyvans ddclosurb L thes tpategtspid the BxidATHEY o 86t calfidt with the

0.1 to about 10 wt.% preferably about 0.2 to about 2

V\ﬁls&%s&é‘ssﬁﬁ RN hEReh, %ﬁﬁhh&ﬁh%}goﬁfedtﬂﬁefek@{cb cating

composi tion. They may be prepared”in accordance

Lo A 5 o Atk

cti.on of .0 nore al cohol .or
SRIFRGEReRa ol aﬁOi’%%n& RengFTSte ﬁg%Ffwf fengins decy!
conpound For_ exanp a dlthlophosphorlc acid may be
neiBer ang highumelepylar Wﬁlﬁbmle’én%wtb FloRamgTSanatasBRGplal spbstitutes.
al cohols. Alternatively, nultiple dithi ophosphoric
ailpwmenadishaspiteipe ddemiiasc ebdd) forrexdmpbea oy lS. HatenidSoon
one are entirely secondary in character and the

hg, 82 D658, BY49S0LUNE6ATE(, BRd tHehikeS Ralevafitisdldubes RIF tHEBE Yatents,
in character. To make the zinc salt, any basic or

NBWhe Slte G &P U CRHh theRBsdiRarks ?HH clalifis %ggﬁ% similarly

hydrOX| des and carbonates are nost often enp

IL.tiyes frequently contain an excess of
2| nc %tbg ?ﬂeéenﬁ%e of an excess of the basic zinc

B und in the neutraf?*)zatj on reactl on %7 [ 0068]. The

?I 064l eq' dpianespupler FeateeAllapropion ok sghieteakinygfion, a
be produced from dial kykyl dit hi ophosphorl c acids of
thssupgpimitetreded with etpileneRarbonath yeis assd asdhk gahless dispersant.
compounds from whi ch the dial kyl di t hi ophosphoric aci ds
aFle dispersant(s) of the present invention are preferably non-polymeric (e.g., are

mono- or bissuccinimides).
[0065] The ashless dispersant is suitably present in an amount of about 0.5 to
about 10.0 wt.%, preferably about 3.0 to about 7.0 wt.%. An exemplary lubricating
oil composition of the present invention comprises an ethylene-carbonate treated
bissuccinimide dispersant derivéd from a PIBSA wherein the PIB chain has a number
average molecular weight of about 2300 Daltons (PIBSA 2300) in an amount of about
6.5 wt.%. Another lubricating oil composition of the present invention comprises a

- similar dispersant in an amount of about 6.0 wt.%, in combination with another
borated bissuccinimide derived from another PIBSA wherein the PIB chain has a
number average molecular weight of about 1300 Daltons (PIBSA 1300). Preferably,

the lubricating oil composition comprises from about 0.01 to about 0.35 wt.%,
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derived can be represented generically by the formula
ROH or R OH, wherein Ror R is alkyl or substituted
al kyl, preferably branched or non-branched al kyl
containing 3 to 30 carbon atons. More preferably, R
is a branched or non-branched al kyl contai ni ng
31)116&@311?5 fropoaboat GAS o A6 0125 Wit pasdcuddriygrdfeonbly framkabiout
conmpounds may al so be used. These hydroxyl alkyl
cQ.0P cuaatsit 042 dvtrio of tueal mivnadey dromx dispérkarlt. conpounds. The
di al kyl di t hi ophosphoric acids may thus be prepared
f Ot MEARves di -, tri-, tetra-, and other pol yhydroxy
al' kyl conmpounds, or nmixtures of two or nore of the

L e T ‘aﬁ%ﬁﬁ%&lﬁﬁeé%% 9F he pregent fnvention may,

d d
K e M R N lgm‘%eci“tm antivwear
et hyl hexanol . Preferably, the zinc

cregnisy iTishion modHEsEy RERRX IS, FEROTiPD rhdhtops. viseedidadsx

al kyl al cohols. Preferably, that m xture of secondary
almpatieirs ahd othenadditives cominanhused o lubgicake internal combustion
4- et hyl - 2-pentanol . [0070] The phosphor us
pegiresul fi de reactant used in the

di al kyl di t hi ophosphoric acid formation step may

CARNERER qugeﬁ@r anounts of any one or nore of P2S3,

or P4S9. Conpositions as such may al so

SATEF . ™ oI SRS L e L%O&édém@ﬁ} Gé%ﬂ%@

conp ons O

Ffjél:t/entl 0 a{ S’ﬁl glgﬁllftg i,ﬁ%&lral din i eg@( nti
S H@%&g 1,

dlalkyldlthlophosphate provi di ng greater anDunts of
pHESpRBRTs ead Hin, meprbdorem, pargaaeseanickelor copreri Abemp valts are
| ubricating oil conpositions are particul ar apparent
ithe mostwoBARS1Y osadLih dgbrmatngwbil ehambyntsief dbout 0.0 o albtmtéO wt%,
phosphorus | evels of no greater than about 0.08 wt.

Biﬁ%ﬁlfbgf ghout 0L rtd) giRut NGVt basedBssl the eRst \&flglithﬁ‘ 1 lﬁ‘éﬁéﬁtmg oil
i nventi on cont ai ns | ess than about 0.08 wt. % of

I
SISO B P Rt o
ﬁ#@g%dﬂ%@r carbyli] Sltﬁllop osp orllcnélc? E]bﬁﬁA? nRaﬂy eysregc ion of one or

more alcohol or a phenol with P,S5 and then neutralizing the formed DDPA with a
zinc compound. For example, a dithiophosphoric acid may be made by reacting
mixtures of primary and secondary alcohols. Alternatively, multiple dithiophosphoric
acids can be prepared where the hydrocarbyl groups on one are entirely secondary in
character and the hydrocarbyl groups on the others are entirely primary in character,
T(_) make the zinc salt, any basic or neutral zinc compound could be used but the
oxides, hydroxides and carbonates are most often employed. Commercial additives
frequently éontain an excess of zinc due to the use of an excess of the basic zinc

compound in the neutralization reaction.
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di al kyl di t hi ophosphate. Viscosity Index Mdifiers
[0072] The viscosity index of the base stock is

i ncreased, or inproved, by incorporating therein
certain polymeric materials that function as viscosity
nodifiers (VM or viscosity index inprovers (VIIl).
défieslal | y, D preferied oftesobibiatise disbifyldithésphosplwmtassnayybe
nodi fiers are those having nunber average nol ecul ar
webdided f{odiatiykiidithiophtsplibrid adl@oft the &latiwla: 250, 000,
preferably from about 15,000 to about 200, 000, nore
preferably from about_ 20, OOG to 150,000 Daltons. These
viscosity nodifiers K ionally be grafted with
grafting materials such a for exanple, maleic
anhydride, and the graf ed Mt erial can be reacted
with, for exanple aniﬂ% , an1des nltrogen-

nt al o IRST Son OC s q ylaltﬁj ﬁ)osbhonc acids Are
§ P{ \ ”(’;F? 43

i spersant - VISCOSIty nDdlflers) [0073 ! )
(fgwrﬂi Wgepreserieshgsmeriealyky e forpailapR &%ﬁlﬁr@ﬁ Ror
enpl Of/ vari ous polyal kyl methacryl ate copol YIers,
whi is lkyher swbstituted adiyl.meefgrabit rdnchgg onabmbtanahﬂ@/zdkylctentalmng
The copol yners may be enpl oyed at an amount from about

@ tb 30t carabeitimd OMote preferatiineR buRT is@adiranibed bt non-branched alkyl
conmposition. 29 Friction Mdifiers [0074] Lubricating

%ohtaﬁﬁﬁ@%dﬁb%§n9{mﬂshe present invention further
conprise a sulfur-containing nolybdenum conpound.

T80 nown AHEE R BIPL0R o, e SN B 80 OHIKE
AT kP toRinguadO R 2t b ety Ay Tkl e Poauidy i |

conposi tion npl es of such oil sol uble
nEﬂéﬂlwepWﬁmrmﬁ%dﬁmmmg be preppugd drom menes di-baheteds, and

di t hi ophosphat es, dithi ophosphi nates, xant hates,

tothen palyhipdiozg all@htdmptamds,am aniktuecs| df kwo oambraoithe faregoing.

thereof. [0075] G| -soluble or dispersible trinuclear

PabfzhB BN UiP AR gieNky isth %{ﬂateﬁfeﬁﬁéi Bomtvaly pagbiydkyiRlcohols
the appropriate |1 quid(s)/solvent(s) a nolybdenum

§O84 R4 T80 a single primary alcohol. Preferably, that single primary alcohol is 2-
ethylhexanol. Preferably, the zinc dialkyldithiophosphate derived from only
secondary alkyl alcohols. Preferably, that mixture of secondary alcohols is a mixture
of 2-butanol and 4-methyl-2-pentanol.

[0070] | The phosphorus pentasulfide reactant used in the
dialkyldithiophosphoric acid formation step may contain minor amounts of any one or
.more of P»S3, P4S3, P4S7, or P4Se. Compositions as such may also contain minor
amounts of free sulfur.

[0071] Although the lubricating oil compositions of the present invention are

capable of providing excellent antiwear performance in the presence of amounts of
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as (NH4) 2Mb3S13n(H20), where n varies between 0 and 2
and i ncludes non- stoichionmetric values, with a

suitabl e ligand source such as a tetral kylt hi uram

di sul fide. OQther oil-soluble or dispersible trinuclear

nol ybdenum conpounds can be fornmed during a reaction

i zin¢ Hiellebithipphosplatsproviding gyatof anountd gipdesphoresy thegmproved
such as of (NH4)2Md3S13.n(H20, a ligand source such
aperfeeinanddof thdinveinedubridating @il compositions are particular apparent in
di al kyl di t hi ocarbai nate, or dial kyl dithi ophosphat e,

amv A BY Kt AREE HAR B? d&@8Nbn, IHCOph APhENAHVER of 8P Breater
sulfite ions, or subsfituted phosphlnes

A‘J’%ﬂ? 5‘2%% R ‘V""f%%“v"c’%‘%y‘ﬁ@ﬁ“m '0*'1%?1?’%%%%%% g P

S al,o S be
Bl IR (OS5 EhbheSPhprs, Fore Deferably from
di al kyl di t hi ocar bamat e or di al kyl di t hi ophosphate_ in
t #@uhéﬁ?a spaboatt 8.07p v h af Bbqsgmv& nf\p §xemplaryolubieating oil
oi | -sol ubl e or dispersible trinuclear nolybdenum
comprmgiion of ke EpEnbipvertion doimpuised ahouy €ht nidyitee, f or
exanpl e, aqueous or organic. [0076] The terns
" fiblkyRigthigphesphate. " di spersi bl e" used herein do not
necessarily indicate that the conpounds or additives

avgcgsq)tlyqj%&Mgﬂg}%fy vable, mscible, or capable of
bei ng suspended rn the oil in all proportions These

d@fﬁ%l o or aﬁ COs%qhﬁlde)E ng 6%915 tgclﬁ 1s?ncreas 'ﬁ%Proved by

sperS| e 1 n ol 0 an éX

sufficient to exert their, inten ect in,the
SRRTPOAHRR thergin Gerfaimpelymegr m@%@%@%ﬁwﬂwr‘fmw modifiers
the additional incorporation of other additives may

V) previsrosity tdlox opravers kVE). Geagally, pobwedric mygterials useful as
particular additive, if desired. [0077] An exenplary

| vifmokitamodifiers dre tlasp bsvihg aambér avhmgp nedeniar iweightd (Mn) of from
enpl oys a nol ybdenum succi ni m de conplex as friction

raddi:f 3,800 toQ@bolii eSO, 0001 pféi’érhlfl? frofd 4bouP 1P,060 td Hdut 200000, more
nol ybdenum corrpl ex may constitute from about 0.15 to

S 2 SISO o
R Xeﬁ%ﬁ%fmﬁgﬁaﬁ%%ﬁ%%ﬁﬁ 5 B eGmp  pleRpyarice

[ ncI ude hi ndered phenol s
the grafted material can be reacted with, for example, amines, amides, nitrogen-

containing heterocyclic compounds or alcohol, to form multifunctional viscosity
modifiers (dispersant-viscosity modifiers).

[0073] Exemplary lubricating oil compositions of the present invention
employ various polyalkyl methacrylate copolymers, which may or may not be grafted
by maleic anhydride. The copolymers may be employed at an amount from about 0.1

to about 10 wt.% of the lubricating oil composition.
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al kaline earth nmetal salts of al kyl phenolthioesters

having preferably C5 to C12 al kyl side chains,

cal ci um nonyl phenol sul fide, oil soluble phenates and

sul furized phenates, phosphosul furized or sulfurized

hydr ocar bons or esters, phosphorous esters, netal

t hiooarMeadifites, oil sol ubl e copper conpounds as

described in, for exanple, U S. Patent No. 4,867, 890.
[@078] Ar ongiitirivating 61 Sopitiehsalf thee@edent WRe@lcdRith@ comprise
groups attached directly to the nitrogen constitute

apQhRfleofbfs Ably ngﬁﬁgi&?ﬁ%% U deftaly s%%ﬁ@&ﬂtﬁin%ﬁggﬂgi&[

ant | oxi dancy.” Typi cal ubl'e aromatic am

Sl AR RTR A i A bt o

atons. The amnes nmy, contain nore than two aro I c .
fOBRRISItioRR Y cﬁ%mrewﬁm@gtla%@m&rapgﬁnﬂ%%mdetaﬁ%gﬁ@?ycatmg
one or nore substituents selected from for exanple,
atikgampasitiane dixgpaples of puanail sodble esepno-mofybdepwy campawnds
hydr oxy, and nitro groups. [0080] Lubricating oil

doolpds dithiocsbamates; dithidphesphates, hlithtophqephimtes, Xantterxts] on
preferably contain fromabout 0.05 to about 5.00 wt.%

NBioRaih8kS salFldés, fah@ McAlRUANd Bixtlred thetdfabout 3. 00
wt.% and particularly preferably fromabout 0.20 to

ggtgﬁ‘}x 0. 80 oisofifbRlor %Ek?gﬁiﬂlé: Hﬂ{ﬁ%ﬂe%ggr%g%%@gjz%}%ﬁO%nﬁse can be

idant, or a co nat 1 on ereo
t ot al i ght.of. the |ubricatin il,..¢c ositi,on. An
Rty Pttt b spraene LRy SRCER Hokpu dpproe such
i nvention conprises about 0.40 wt. % of an_anti oxi dant
t-'ﬂﬁé%\lm)zéﬂqagnﬁiz@ pNests nyaripebetwEe fand 2 lfalfi non-
| ubricating oil conposition of the present invention
citerphipmeticaiabies, WitlB@ syitabde lifand sdunce mydh agiageicallyylthinmam
as an antioxidant. [0081] Additional additives may be
| disudfigo r @thedoil-sbiablelve dizpempibie trinatisaraholybéenuinnomeiniounds can be
to satisfy the particular performance requirenents

FoRfed dlrffd Me&&i&nqwmée)%grﬁr%p%ﬁ@ JoBRht (9T al RolyBd@fRPdource, such

conmbusti on engi nes. es of such other additives
A RS TR S B LR PO A e,

Bl PtatRlocabardite, & Al RS R opRs hate, i a1 ASsa S g agent such

as cyanide ions, sulfite ions, or substituted phosphines. Alternatively, a trinuclear

molybdenum-sulfur halide salt such as [M']2[MO3S7A¢], 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) to form an oil-soluble or dispersible trinuclear molybdenum
compound. The appropriate liquid/solvent may be, for example, aqueous or organic.
[0076] The terms "oil-soluble" or "dispersible" used herein do not necessarily
indicate that the compounds or additives are soluble, dissolvable, miscible, or capable

of being suspended in the oil in all proportions. These do mean, however, that they
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pol yoxyet hyl ene surface active agent. Nonionic

pol yoxyet hyl ene surface active agents include, but

are not limted to, polyoxyethylene |auryl ether,

pol yoxyet hyl ene hi gher al cohol ether, polyoxyethylene
nonyl phenyl ether, polyoxyethylene octylphenyl ether,
patey fox yrestdmgt, snkbleodrystabéy diaparbibetineil to po kytontysaffiviém neexert
ol eyl ether, polyoxyethylene sorbitol nonostearate,

pehelrdtRidA ROEINS S EiviRhmERNB-vHigleHR 0ildB 8mployed. Moreover, the
pol yet hyl ene gl ycol nonooleate. Rust inhibitors or

addiSHal BRbPIrABE Bl SHIR Y ﬁ}a@fm i i
whi éh iancl u@gf for exarrp‘i]e}l]1 ste rglﬂg(} cl c}qgﬁ%ﬁ%{aﬁé}dmgher

f I.ds. | carbo ic acids, nmetal soaps, fatty
a%i‘lédgg?nghgl%g%]f?%,&%ef g?/deglé?(?s of heavy sulfonic acid,
partial carboxylic acid.ester of polyhydric al cohols,.

a 8I7zﬁosph eXeraplapdlu %&ﬁtmé?élrfﬁmé’f)?%% BF the presqpt 1gyention
conposi tion of the present invention conprises a o
cemnelpying melybgeriine seepinimideoneg)lexudictiotinodifier.sOf the lubricating
typically include al kyl nethacryl ate pol yners and
deihesrhgdsitiin, iheondy jpdenymerosnplé&xany tatsyitte fromsibbinoh 35 af about
the present invention contain 32 silicon-based foam

| O\B5 Wit b pSeferabBRIH B0t HW BGbbHWASREYW . 5 to about 40
ppm preferably fromabout 8 to about 35 ppm nore

PARESLE@Rky from about 10 to about 25 ppm based on
the é al wei ght of the conposition. [0084] Seal fixes

lso t .seal..swel|ling agents or seal .
Jofrdh o . ORESHcTRbibEP B AT BE Rndeny agyminera
addi tive conpositions to insure proper. el astomer
<Qul5 Agieriomis B eeviset Suel puidanen isbipRiorsineludeingerad phenols,
| eakages. Seal swell agents may be, for exanple,
cilkaling lcarth metad salisrofnbiarIphaholpfiedsters haingprefeatily Cs to Ci, alkyl
hydr ocarbon esters such as di-2-ethyl hexyl pht hal at e,
reideathalins odal Guminbhylphérpih siilfide, alilcoidlsplenates asd qulfideey |
al cohol, triphosphite ester in conbination with a

HihehAeR bRGPHbsubitSdd SriufitriPREIkocafitfhs Gt asters, phosphorous esters,

et hyl hexyl sebacate. [0085] Sorre of the above-nentione
AP EEREARE I Coibet { e dese o B e
s Faimd Bhe7™hai 1 ves are wel| known.

[0079] Aromatic amines having at least two aromatic groups attached directly
to the nitrogen constitute another class of compounds that is frequently used for
antioxidancy. 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. The aromatic rings are often
substituted by one or more substituents selected from, for example, alkyl, cycloalkyl,
alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.

[0080] Lubricating oil compositions in accordance with the present invention

preferably contain from about 0.05 to about 5.00 wt.%, more preferably from about
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[ 0086] When |l ubricating conpositions contain one or

nore of the above- nentioned additives, each additive

is typically blended into the base oil in an anpunt

that enables the additive to provide its desired

function. It may be desirable, although not

e@dent atwiu 3.00 wirtepadeadivelaly prefembhdiomiabeut 0.20 to about 0.80
concentrates conprising additives (concentrates

see offphendlRi avgokidb@ irathid MtRgidddof h vémpRaKageleof, based on
wher eby several additives can be added sinultaneously

téﬁe tt&ﬁ @éléhtto‘f thORBLAR o&{%h%ﬁ’sfuﬂ %1' exe gfﬁ?fﬁibhbé)cg'lg oil

final COﬁpOSItIOﬂ rom abo to a

3(80n¥i§os on of 'Eh%f %s%glt %ﬁgg agogxtu onﬁ%g\e&a% o? 56 s %o o?an antioxidant that

pi cal y ADOW
the remai nder bei ng, the o
s f-f?n Hé}ﬁﬁyl r@iﬂf?ﬁ@ﬂ@&%‘&h@?ﬂi&&&@%ﬁl@% Rt present

in any order and can_be bl ended as conbi nati ons of
coHgvaseBpripaeRent OrB) wi.tnokndinery! Wiphenyaming astpamantioxidant.
understood by reference to the follow ng exanples,

WiiD8H are nAddditionddedditines mayr belinasrpbrangd iato the cmhpd)sitions of the
scope. 33 EXAMPLES [0088] The follow ng exanples are

AheMitidado Eaﬁlsf)J thel ?ﬁl‘tﬁﬁ@r b&forBlaQSERuirdHaRS hRBciatell WHdUbw
I|mt|ng it. e the present invention has been

S a%ﬂ {éaﬂ%ﬂsl}n Eﬁéﬁgﬁ’q’% g{i)%n é‘%’%\énf !B%aﬁgtég E{R:'Htoﬁher additives

lcation Is I nten conpass

RGOS Bor FARRR Fosl RS Gtz sk ey ﬂ? ?éﬁ% P

splr t and scope of the appended clains. Exanple 1:

S0l A was prepared and tested for piston
cleanllness and tendency to piston ring sticking
d88%di ng tRust ndibiter ke antizerrosion bgariemge tie Dhotiesic, a
Eur opean passenger car di esel engine test

(oBloxkethi@leiie Sface whiivetngest. MNadiordt pblyexysisAer® surface active
speci fication pronul gated by the European Autonobile

2 amE aftudeChs aﬁéﬁ&qmﬁwdqa polyoxdB@dtend BiusyllBRE, Moyl lene

to sinmul ate repeated cycles of “hi gh-speed operatl on

il

ér? tn%zlve eq'l peoiyoxye %f ene o tVY\éteary} etﬂgr, p{)ﬁ?fg)r(])tfe?hylene oe}eyl ether,

polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-oleate, and
polyethylene glycol monooleate. Rust inhibitors or anticorrosion agents may also be
other compounds, which include, for example, 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 alcohols, and phosphoric esters. An
exemplary lubricating oil composition of the present invention comprises a calcium
stearate salt.

[0083] Foam inhibitors typically include alkyl methacrylate polymers and

dimethy] silicone polymers. Exemplary compositions of the present invention contain .
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dynanonet er stand. A 54-hour, 2-phased procedure that
cycles between 30 mnutes of 40C oil sunp at idle and
150 mi nutes of 145C oil sunp at full power (4150 rpn
was carried out without interimoil top-ups. After the
procedure, the pistons were rated for carbon and

- | slbcprebasdé s inhjbitass ineintouhGrranggiog frercabohoh td abolut Appm,
The piston rings were evaluated for ring sticking.

Thefdpatsy GancARAnE tdssait 37 Bpil MPreSprefekdblg it WGt 100 about 25
engine tests were also carried out wth Conparative

E%Iﬁﬂo 90p3]a§eodql)ﬂ tHe 1ot Rei gﬁlsé{itflécoﬁﬁ(?slt wven in Table 1.

A shows di stinct and surpri si ng
t
ofRB8E T ot RaecBERRO Rt sedtiloe ipe et of Yobaleitg. They
A A.lub t it d
CHR PP PR BOUL D OLS O B SO ipTS BOGEYF erfper elastomer

succinic anhydr| de derived from a polyisobutylene 34
heeplingy and pravbetPrematueassahisilaws pad lopkdgght Sel swblbagemzoay be,
Dal tons, an ethylene carbonate-treated bissuccinin de
diios pzealmﬁqtqil-a)lﬁbiwsamhaaﬁﬂhaml ot aromati¢ hipdratabon esters such as
detergent, an overbased sul furized and carbonat ed

CcﬁLZCétblmh@beEl@thﬁateanﬁﬂdﬁﬂ oild wAthHIREAE PMbohols such as tridecyl alcohol,
di t hi ophosphate, a noly succinimde, a

RE% ﬂit@@&&%h%ﬂﬁ%ﬁm@ﬂ%@& r@amcarb%n i-édbgﬁtﬂbegﬂﬁ@ﬁjol aR18i-2-

tor an et ene po a I‘U

m ase st ocks. A had a sulfated ash
6@@ ylsgkacggom 0.78 wt. % nitrogen content of about

8 % _sul f content of about 0.183 wt. and

dﬂ g{]hor us Sereneldhe abaveapentioned additivgs cgp P{Q)’@fb?z} multiplicity of
Conparative Exanple QI B: the fornmulation of Ol A

- vidEsclutbiup tartesamplex e sipgletadditiveinayBctizresdisparsanb ag wethas an

PI BSA 2300. G|l B had a sulfated ash content of about
Gxidtioh ihibirort Thgsmalifiiretibna faddifioes ard vR8Znotvn%o

sul fur content of 0.183 w.% and phosphorus content

0851071 wiwhen l-[ﬁﬁl:ﬁmg coﬁﬁy%hubﬁ{@@ontmg: ér mb¥e of WBhbove-
rrponents al AG PI'BSA 2300 1.50 wt. % None

mentioned additives, each additive is typically blended into the base oil in an amount
that enables the additive to provide its desired function. It may be desirable, although
not essential, to prepare one or more additive concentrates comprising additives
(concentrates sometimes being referred to as additive packages) whereby several
additives can be added simultaneously to the il to form the lubricating oil
composition. The final composition may employ from about 5 to about 30 wt.%,
preferably about 5 to about 25 wt.%, typically about 10 to about 20 wt.% of the
concentrate, the remainder being the oil of lubricating viscosity. The components can
be blended in any order and can be blended as combinations of components.

[0087) This invention will be further understood by reference to the following

examples, which are not to be considered as limitative of its scope.
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Bi ssucci ni m de di spersant 6.50 w.% 6.50 wt.% Low TBN
cal ciumsul fonate 4 MM 4 nM Cal cium Stearate 35 nM 35
rum Hi gh-TBN sul furized & carbonated cal ci um phenat e
10 mm 10 mm Zi nc di al kyl di t hi ophosphate 11.5 mM 11.5
nmv Moly succinimde 0.37 wt.%0.37 w.%

Di - C8-di phenyl am ne 0.40 WXAMPIES wt. % Silicon-based
foam inhibitor 25 ppm 25 ppm Ethyl ene pol yner 0.84

W0088]0. 82 WIh&bollbivingesxtandpids 20 prbvidied ¥ Mugttatethedpresent invention
Length of test 54 hours 54 hours P-MERAVG Gl-3&L1&2

itRofut 1Rk iREY: 2 W6 Brelbht iMRAkBE hEXHdh GRIrERE] %‘ithgfe@ﬁce to
AVRSt k (8R-4P) ASF (0-10) 0.62 0.93 MRStk (1Rg)

pdile é’b%f%ﬁ?e“%sﬁﬁ%@‘% ﬁ% ﬁ’lﬂ%@&‘%@{lﬁoﬁ%@hﬁﬁ an 2@?
>=
g e ot e s B PR A
according to the ACEA standards B4 and B5 are |isted
~ iYeparimg fromm thevipil and peape pf the apppndedxlaimgs ACEA B4
limts ACEAB5 limts
Example 1:

[0089] Oil A was prepared and tested for piston cleanliness and tendency to
piston ring sticking according to the Volkswagen Turbocharged DI test, a European
passenger car diesel engine test (CEL-1-78-T-99), which is part of the ACEA B
specification promulgated by the European Automobile Manufacturers Association in
2004. This test was used to simulate repeated cycles of high-speed operation
followed by idling. A Volkswagen 1.9 liter, inline, four-cylinder turbocharged direct
injection automotive diesel engine (VW TDi) was mounted on an engine
dynamometer stand. A 54-hour, 2-phased procedure that cycles between 30 minutes
of 40°C oil sump at idle and 150 minutes of 145°C oil sump at full power (4150 rpm)
was carried out without interim oil top-ups. After the procedure, the pistons were
rated for carbon and lacquer deposits, as well for groove carbon filling. The piston
rings were evaluated for ring sticking. The piston cleanliness and ring sticking of VW
TDi engine tests were also carried out with Comparative Example Oil B. The results
are given in Table 1.

[0090] Oil A shows a distinct and surprising improvement over Comparative
Oil B in the VW TDi piston cleanliness and ring sticking test.

[6091] Oil A: A lubricating oil composition was prepared comprising about

1.50 wt.% of a polyisobutylene succinic anhydride derived from a polyisobutylene
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P- MER Avg 63 (> RL206 - 3) 66 (? RL206) # Rngs w ASF ?
2.5<1.2<1.2 Gvs. 1stRStk, MX. ASF <2.5.<2.5
Gvs. 2nd Rstk, MX. ASF < 0.0 < 0.0 Exanple 2 [0093]
Ol C was prepared and tested for piston cleanliness
and tendency to piston ring sticking according to the
\levikp\uageibel avdraghmopedlabDiveighsdf abesc? 3 (ddoaltoaboneethyltre
Pi ston cleanliness and ring sticking of VWTD engine

t(ﬁ?ﬁo‘haﬁéﬁf&t&'ﬂ' BiSucEAtite dispetbant 4 lowCoOrdRdsad balgufXsulhate
D. The results are given in Table 3. The results

V}%li& n es S St g‘%}d&ﬁﬂ%i%% \5]%\{8%:%[ egg: tg Ri}{“i 6)§'ZH{CSt on
V . .
v%@gﬁ?ca&}}] %&EWNE A g}% yﬁ%g@c%f{a guar %r ¢,§théeny?amme

i nprovenent over Conpar ati ve in the VW

diowidant asiliconrbased dpam miybjtas M’fiﬂ@nﬁt plymer, e@@%}nl@inror and
C. Alubricating oil conposition was prepared

coimgral il hgseativanks. O Hbadwe sobfased @hwutﬁnh@fgabant@ﬁw wdi&o, nitrogen
derivative of polyisobutylene having a nunber average
neheatbabowed. bl wats, atidutcodnbof sboued.h§3d enks, and phosphorus
‘carbonat e-treated bi ssuccinim de dispersant that is a

Mokickt & Hbuome7 ot vy ed from PI BSA 2300 and anot her
derived from PI BSA 1300 (i.e., the polyisobutyl ene

%E &' 1300 ﬁ%%&f%fa;ﬂ@%???’é?%%@’?‘éﬁ%éﬁéPgm‘%ﬁ?"fgﬁ‘s?hcated
B B A S

zi nc di hydrocarbyl dithiophosphat e,

shewt i hive e, njrogen poenial ahey 0. (?%mﬂb(ot 841fur SORtPRIE G Bp wt. %,
i mprover, a di-C8-di phenyl am ne anti oxi dant, a
salintiiphosphbasednthnmﬁ(}.@ﬂ’ii\bt.‘t/oor, and ni ner al oi | base
stocks. Q1 C had a sulfated ash content of about

Ordiide Y4 . % Tust fy@geVWDDIENt of SHIDIBWE0113 Wt .

sulfur content of about 0.213 wt % and nhncnhnrnc

| Componentint of 0.074 wt. % 36 [00961QibAparalive BikBple
PIBSAZ0 D:  The formul ation of G|l wagtdupl | darced
Bissuccinimide dispersant 6.50 wt.% 650 wt%
Low-TBN caicium sulfonate 4 mM 4 mM
Calcium Stearate 35 mM 35 mM
High-TBN sulfurized & carbonated calcium phenate 10 mM 10 mM
Zinc dialkyldithiophosphate 11.5 mM 1.5 mM
Moly succinimide 0.37 wit.% 037 wt%
Di-Cs-diphenylamine 040 wt.% 040  wt%
Silicon-based foam inhibitor 25 ppm 25 pptn
Ethylene polymer 0.84 wt.% 0.82  wt%
Diluent Qil 0.71 wt.% 0.71 wt%
Length of test 54 hours 54 hours
P-MER AVG:G1-3&L1&2 63 57
PCInRL206Avg 66 66
VW Lmt-PCLN Combnd AV 67 67
AvRStk (8R-4P) ASF (0-10) 0.62 0.93
MxRStk (1Rg) ASF (0-10) 2.5 5
Grvs. 1st RStk, AV, ASF 1.25 1.88
Grvs, 1st RStk, MX, ASF 2.5 5
Grvs. 2nd RStk, MX, ASF 0 0
# of Rings with ASF >=2.5 2 3
Scoring (*) Pass ACEA B4 or | Fail ACEA B4 & BS

BS5

e The pass/fail score according to the ACEA standards B4 and B5 are listed in the
following Table 1.1:
Table 1.1
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except that G| F did not contain PIBSA 2300. Ol D
has a sulfated ash content of about 0.59 wt.%
nitrogen content of about 0.113 w.% sul fur content
of 0.213 wt.% and phosphorus content of 0.074 wm.%
Table 3: Test: VWMDI2 SAE: OM0 Conponents Gl CQl D
Pl BSA 2300 2. 00 wtA@¥EMNOB4 linBissJUOCEAIBS Hmiki sger sant
deMERedag f r om Pl BSA3Z380206 - B0 W] .6¥a-6RI06 W . %
' icpLBide difs sant deri \ rom Pl BSA 1300 1.80
\%l@%ﬁ&g(ﬁ)_g}s % Lo%—ﬁil'BN cal ci urn%giu fonate 7.5|{mMM 7.5
RS- Lt BRIk BN A f(U¥ 32 ed and carl5dat ed cal ci urh phenat e
Gy 2miMstk /MBS, A |l<@md 2Zi nc dijadgyl di t hi ophogphat e
mx 12.0 MM 12.0 MM Ml y succilnim de 0.30 w. % 0. 30
wt. % D nonyl diphenylamne 0.30 wt.%0.30 wt.%
Silicon-based foaminhibitor 10 ppm 10 ppm Tri borate

viEgihesizdat i on inhibitor 0.20 w.% 0.20 w. %
Viscosity inprover polymer 5.80 wt.% 7.0 wt.% Diluent

Mg 75 R Eb o b AR G
DR FESheeing e p [ Rt D gefiata
v o lepes’ Ssheis i kinhfor i TRl JEM tests e oo

carried out with Comparative Example Oil D. The results are given in Table 3. The

results were scored against the more stringent Japanese piston cleanliness standards
{(JASO C2 test standards), wherein the P-MER AVG has a minimum value of 65.
[0094] Oil C shows a distinct and surprising improvement over Comparative
Oil D in the VW TDi piston cleanliness and ring sticking test.

[0095] Oil C: A lubricating oil composition was prepared comprising about
2.00 wt.% of a succinic anhydride derivative of polyisobutylene having a number
average molecular weight of about 2300, an ethylene carbonate-treated
bissuccinimide dispersant that is a mixture of one derived from PIBSA 2300 and
another derived from PIBSA 1300 (i.e., the polyisobutylene precursor had a number
average molecular weight of about 1300 Daltons), a low-overbased calcium sulfonate
detergent, an overbased sulfurized and carbonated calcium phenate, a mixture of
primary and secondary zinc dihydrocarbyl dithiophosphate, a moly succinimide, a
triborate wear inhibitor, a viscosity improver, a di-Cg-diphenylamine antioxidant, a
silicon-based foam inhibitor, and mineral oil base stocks. Oil C had a sulfated ash
content of about 0.59 wt.%, nitrogen content of about 0.113 wt.%, sulfur content of

about 0.213 wt.%, and phosphorus content of 0.074 wt.%.
_ ' 36



JASO C2 x* The pass/fail scores were given according

to the JASO piston cleanliness standard C2 37 WHAT | S
CLAIMED IS: 1. A lubricant conposition suitable for

use in an internal conbustion engine, which conprises

an adm xture of: (a) a major anmount of an oil of

| piBBélcat i ngCemparatid Fxamplb OibeThs fomnaktias bf ©8SC was duplicated
di spersants; (c) one or nore netal -containing

delcepaBMGil FadndttbonRirPPEIS2 R0e anil Des S-salfied asiéntent of
anount of at |east one reaction product of a

Vﬁdo‘ﬁt 699%%,‘9&&?@&% it yf‘fg&nﬂaﬁﬁg Y ek, Ahoh gt éﬂ?@fﬁv wt.%,

erern S a nuriber aver ag

00 to about 5000 DaI tons
\Aﬂgfp oﬁpa}?é'ilsdcq%u Pi%‘ﬁ?‘?@% osition has a sul fur
content of at or below about 0.3 wt.% a phosphorus
content of at or bel ow about 0.09 wt.% and a
sul fated ash content of at or bel ow about 1.6 w.%
based on the total weight of said lubricating oil
conposition. 2. The lubricant conposition of claiml1,
wherein the reaction product of a polyisobutyl ene and
a nonounsaturated acyl ating agent is represented by
either of the formulas: R R \ RZ Rz [Formula A]
[Formula B] wherein RL is a polyisobutylene chain with

er awv I@g,@“pﬂ) ul ar of about 200 to
a};oquESOOO %a tons gzﬁd |s gwégr boxyl - cont ai ni ng

drCatpponents Qil C 0il D
PIBSA 2300 200 wt% None
Bissuccinimide dispersant derived from PIBSA 2300 6.00 wt% 6.00 wi.%
Bissuccinimide dispersant derived from PIBSA 1300 i.80 wt% 1.80 wt%
Low-TBN calcium sulfonate 7.5 mM 7.5 mM
High-TBN sulfurized and carbonated calcium phenate | 17.5 mM 175 mM
1° and 2° Zinc dialkyldithiophosphate mix 120 mM 120 mM
Moly succinimide 030 wt% 030 wt%
Dinonyl diphenylamine 030 wt% 030 wt%
Silicon-based foam inhibitor 10 ppm 10 ppm
Triborate wear/oxidation inhibitor 020 wt% 020 wt%
Viscosity improver polymer 5.80  wt% 7.0 wt.%
Dihient Oil 0.71  wt.% 071 wt%
Length of test 54 hours 54 hours
P-MER AVG:G1-3&L1&2 73 65
PCInRL148Avg 62 62
PCInRL206Avg 65 65

VW Lmt-PCLN Combnd AV 60 66

AvRStk (§R-4P} ASF (0-10) 0 0

Grvs, 1st RStk, MX, ASF 0 0

Grvs. 2nd RStk, MX, ASF 0 0

# of Rings with ASF >=2.5 0 0

Scoring (**) Pass JASQ C2 Borderline pass

JASO C2

** The pass/fail scores were given according to the JASO piston cleanliness standard

C2
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38 3. The conposition of claiml1l or claim2, further
conprising one or nore additives selected from
antiwear agents, friction nodifiers, antioxidants,
corrosion inhibitors, viscosity index inprovers,
anti-foam ng agents, seal fixes, pour point
dNHATISTEAIMED I8:her nmul ti-functional additives. 4.
The conposition of any one of the preceding cl ai s,

wher ei A 1icatddnositRRbRiBle Rir vsd i AOMRSS] tbABudtPndngine,
or bel ow about 0.2 w.% based on the total weight o

sai [t : T conposition of claimd4,
V\ﬁléfrég%gfﬁpﬂgéssdgl u#’a}:%enc{fgnt of the conposition is at
or bel abaut 0.1 . 9%.. b d on the total weight of
sai d @gﬁﬁ%@%%ﬂ@@?aﬁl@gﬁfﬁaﬁt%w ‘any one of
the preceding clains, wherein the phosphorus content
of t he(bd oapBEMOTEAshless dispessants| ow about 0. 08 wt. %
based on the total weight of said conposition. 7. The
conposich iove onmord metal-Gontaihmgeletergdnts; phdbsphor us cont ent
of the conposition is at or bel ow about 0.07 wt.%
based @papireor-cltalinesigibndhg amainl ofaneasioht @actiéh pibéuct of
conposition of claim?7, wherein the phosphorus content

Oefpélyﬁoblﬁ?@ﬂ@ﬁdéﬁ’lﬁn&ﬁlsﬂnﬁd RS\ RN DAL PhdeinM - % the
based on the total weight of Said conposition. 9. The

*SATPEOUA B B, A PR AR BIEPSIL I U i g s

i/élt or below about 1.0 w.% based on the total
?&% of said conposition. 10. The conposition of
claim9, wherein the sulfated ash content of the
conposyharein said Jubriganh cosposibenthay. 8 sptfunicopigse@l i or below
the total weight of said conposition. 39

about 0.3 wt.%, a phosphorus content of at or below about 0.09 wt.%, and

a sulfated ash content of at or below about 1.6 wt.%, based on the total weight of

said lubricating oil composition.

2. The lubricant composition of claim 1, wherein the reaction product of a
polyisobutylene and a monounsaturated acylating agent is represented by )

either of the formulas:

R; Ry

[Formula A] [Formula B]
wherein R is a polyisobutylene chain with a number average molecular

‘weight of about 200 to about 5000 Daltons; and Ry is a carboxyl-containing

group.
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11. The conposition of claim 10, wherein the sulfated

ash content of the conposition is at or bel ow about

0.5 wm.% based on the total weight of said

conposition. 12. The conposition of claim 11, wherein

the sulfated ash content of the conposition is at or

b2l ow ‘&l gomPosiGomtof dlaibndedr olairhhy fuothed cowaputihg afne or more
said conposition. 13. The conposition of any one of

t fiRlitpres selelitedfio A hifbweadMags s, Tritthe: modABs, aftioxtdagtsat corrosion

| east one reaction product of a PIB and a

. - at. i t O O ;
OSSR, BN oo OBl pour o

I ' ositian. . .14. conposition of claim
1%%%%?%%&?%1. 3 tb-ﬁ.tncg?na(l ﬁ‘ié}gf’esl' east one reaction
product, of a PLB and a nonoupsaturated acyl ati ng agent
"4 AbDist COMBOS P b Ay 40 og; Prsse £ idifse WRFGR the sulfur
wei ght of the lubricant conposition. 15. The .

& pf the rcoptpogitigh s atar blesy dont P Bevidaphased on thetjetahweight of

| east one reaction product of a PIB and a
nonounmat eemgiosidioacyl ati ng agent is about 1.0 to about
2.5 m.% based on the total weight of the |ubricant

CRMPOSTH OdbmpRitiohN&fCAAAS| 4] ORh&EinaNhe RGBT ddh€ent of the
preceding clains, wherein the PIBin the at |[|east one
reacti G : :
oyl ot gRaBaF ol bk BoB1 3T LRRG) e Rafveightof,  said
ocf abo.;tLt 500 to about 4500 Daltons. 17. The
C8HB)8§]iIPP'on of claim 16, wherein the PIB has a nunber

f about_ 1000 to about 3500

ger a% nol ecul ar wei ght g ) L
| t onke cpgIPoTHEN 96 RAY N Pbhedrreeadinenslaims, Whered tetrhgsphorus
PI B has a nunber average nol ecul ar wei ght of about _
Z30@nDal the reompasition is atrar hetawp alsiut i0d}8 wt.%oc basechonthe total weight
wherein the PIB has a nunber average
of said composition.
7. The composition of claim 6, wherein the phosphorus content of the
composition is at or below about 0.07 wt.%, based on the total weight of
said composition.
8. The composition of claim 7, wherein the phosphorus content of the
composition is at or below about 0.05 wt.%, based on the total weight of
said composition.
9. The composition of any one of the preceding claims, wherein the sulfated ash
content of the composition is at or below about 1.0 wt.%, based on the total weight of
said composition.
10.  The composition of claim 9, wherein the sulfated ash content of the

composition is at or below about 0.8 wt.%, based on the total weight of  said

composition.
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nol ecul ar wei ght of about 1300 Dal tons. 20. The
conposition of any one of the preceding clains,

wherein the PIB in the at |east one reaction product

of a PIB and a nonounsaturated acylating agent is a

highly reactive PIB. 21. The conposition of any one of

thg pr &be diompositian nef cleiror 0,0 whierein rtbecwhe&tuasht edntent of the
acyl ating agent is derived froman anhydride or an

anhydr eagpositiondsiei srhbeldi e5du .5 Wi, Bdded e thixastal Wvelthobf  said
claim 21, wherein the nonounsaturated acylating agent

| Gorfigsitord from mal ei c anhydride. 23. The conposition

of any one of the preceding clains, wherein the one or

5% 5 SRRV NP TP L S of e
LA Ko PRI A

derived fromone or nore PIBSAs. 25. The conposition
OFICFURRASHION. wher ei n t he ashl ess di spersant is a

bi ssuci nimde derived froma PIBSA wherein the PIB

chii n Hasscampnsither ofsangr @geofitht @oackding okémghtvherkinathe wimount of
2300 Daltons. 26. The conposition of claim 24, wherein

tthe aaidabeste Whaer modiictioF a9PIl &S intindeasandelel Wedafii®fent is
a mxture of a first PIBSA wherein the PIB chain has a

nunberahoal 81080& AR CHH Al seihad &f i
Dal tongtc,,0 and a second Pl BSA er(g{ nﬁét)gdéslPla’% C g?nth%alllébncant

a nunb rage nol ecul ar wei ght of about 1300
Dal tonc%ﬁﬁ.gﬁﬁlﬁ'e conposition of claim24, wherein the

I SSUGGI ni m de .i.s present jn amunt of abqut 0.5

436 L PeaBRBPOSHOLoRam By, WhinG BitpBBPEROAL dhe Gt afepst one

3, wherein the antiwear agent is a netal ]

di car Bgacion hpsHelis phae ePIBD oandThe mapeposalurpted adfylaingi mgent is

28, wherein the netal dicarbyldithiophosphate is
about 0.5 to about 4.0 wt.%, based on the total weight of the lubricant
composition.

15.  The composition of claim 14, wherein the amount of the at least one
reaction product of a PIB and a monounsaturated acylating agent is
about 1.0 to about 2.5 wt.%, based on the total weight of the lubricant
composition.

16.  The composition of any one of the preceding claims, wherein the PIB in the at
least one reaction product of a PIB and a monounsaturated acylating agent has
a number average molecular weight of about 500 to about 4500 Daltons.

17. The composition of claim 16, wherein the PIB has a number average

molecular weight of about 1000 to about 3500 Daltons.

18.  The composition of claim 17, wherein the PIB has a number average

molecular weight of about 2300 Daltons.
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zi nc di al kyl t hi ophosphate. 30. The conposition of

claim?29, wherein the anount of zinc

di al kyl t hi ophosphat e present contributes from about

0.03 to about 0.075 wt.% of phosphorus to the

conposition. 31. The conposition of any one of the
ptecedlly composition wfeckeim {hewhsisireshe RIBspay santmber average
contributes about 0.08 to about 0.12 w.% of nitrogen

t o t hemoleoygaswetightof abdit 1300 aioARosi ti on of any one of

the preceding clainms, wherein the netal - containing

dzg. er gpwd cdn@@itmquiaﬁgbﬁéf Bf R $PLeIRL UARB whe3din tHOPIB in the at
conmposition of claim32, wheréin the cal cium overbased

det er gefi ohs reaﬁ&éx?ﬁr‘gﬁ o 91'131}3. ?’%i rtf&ﬂo%&i Jt%%hﬁaﬁylating agent is a

cal ci um phenates, clumsalicylates, calcCi

st ear at. an Lxtures thereof. 34. The conposition -
of ana’lglﬂgr 91875‘}; 3 to 33, wherein the anti oxi dant

is a I phenyl am ne. 35. The canposition of claim34,
vier ei Thet emthoptieRy Ph e ns i edentpredcding slfdms, Ovipsein the
wt.%to about 5.00 w.% based on the total weight of
tthenoupspiatsidt aeylating6agefihds cleripak ifitono rnodinhydsidowe anf anhydride-
claims 3 to 35, wherein the friction nodifier is a

mebduettemedaicci ni m de conpl ex. 37. The conposition of
cl aim 36, wherein the nol ybdenum succi ni m de conpl ex

2. Pr egRNcomBodhor B Rlaidl 2fi I APREDAYtheD rloholiRsRBAl  acylati
0.55 wt. %Obggedoon the total werlght eo#ﬂ(ﬁ?e S acylating

Conposaigéﬁt?gd%;ﬁz’?ed\%fdmg&ﬁei(?%gﬂ@ﬁhé.i on of any one of

cl ai ns er I'SCosity index nodifier
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cleanliness in an internal conbustion engine, said

FRAtElorenEing ferregntsdppiesant irpasathennt of abowt 0.05debbetilomM.

engine with a | ow phosphorus, |ow sul fur

- 24, The composition of any one of the preceding claims, wherein the ashless
dispersant is a bissuccinimide derived from one or more PIBSAs.

25.  The composition of claim 24, wherein the ashless dispersant is a bissucinimide
derived from a PIBSA wherein the PIB chain has a number average molecular
weight of about 2300 Daltons.

26.  The composition of claim 24, wherein the ashless dispersant is a bissucinimde
derived from a mixture of a first PIBSA wherein the PIB chain has a number
average molecular weight of about 2300 Daltons, and a second PIBSA
wherein the PIB chain has a number average molecular weight of about 1300
Daltons.

27.  The composition of claim 24, wherein the bissuccinimide is present in an

amount of about 0.5 wt.% to about 10 wt.%.
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and | ow sul fated ash lubricating oil conposition as

clainmed in an preceding claim 40. A nethod of

operating an internal combustion engi ne provided with
exhaust gas after-treatnment devices, which nethod
conprises lubricating said engine wth a lubricating

0£%. cohbostompeditigoc of dilaign t adpmie thé aithwess dgenb i88a metal
41. The net hod according to claim40, wherein said

i nt er ndicarbghiittiziphoesphatengi ne is selected from (1) a

light duty diesel-fueled internal conbustion engine;

(2. a Mm@vnipebiviof 0F<liml 28! wrbrbintRE MadtalCABRYPHItRBphosphate is
engi ne; and (3) a gasoline-fueled internal conbustion

engi ne,; é&ialk%ﬁio%ﬁﬁbﬂgteaccordi ng to claim40, wherein

sai d exhaust gas arter-treat nent devi ces are one or

gg(i.gl %ﬁ%c%gﬁgéﬁgtifgoff L, amq arﬁé,cul;vﬁgr%int ' i es %Hl%unt of zinc
dialkylthiophosphate present contributes from about 0.03 to about 0.075 wt.%
of phosphorus to the composition.

31.  The composition of any one of the preceding claims, wherein the ashless

dis_persant contributes about 0.08 to about 0.12 wt.% of nitrogen to the composition.

32. The composition of any one of the preceding claims, wherein the metal-
containing detergent is a calcium overbased detergent.

33. The composition of claim 32, wherein the calcium overbased detergent is
selected from: calcium sulfonates, calcium phenates, calcium salicylafes,
calcium stearates, and mixtures thereof.

34, The composition of any one of claims 3 to 33, wherein the antioxidant is a

diphenylamine.

35.  The composition of claim 34, wherein the diphenylamine is present from
about 0.05 wt.% to about 5.00 wt.%, based on the total weight of the
composition.

36.  The composition of any one of claims 3 to 35, wherein the friction modifier is

a molybdenum succinimide complex.

37.  The composition of claim 36, wherein the molybdenum succinimide complex

is present in an amount of from about 0.15 to about 0.55 wt.%, based on the

total weight of the composition.
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38.

The composition of any one of claims 3 to 37, wherein the viscosity index

modifier is an ethylene polymer or a polyalkyl methacrylate copolymer.

39.

40.

41.

42,

A method of improving piston cleanliness in an internal combustion
engine, said method comprising:

operating said internal combustion engine with a low phosphorus, low sulfur
and low sulfated ash lubricating oil composition as claimed in an preceding
claim.

A method of operating an internal combustion engine provided with exhaust
gas after-treatment devices, which method comprises lubricating said engine
with a lubricating o0il composition according to anyone of claims 1 to 38.

The method according to claim 40, wherein said internal combustion
engine is selected from: (1) a light dufy diesel-fueled internal
combustion engine; (2) a heavy duty diesel-fueled internal combustion
engine; and (3) a gasoline-fueled internal combustion engine.

The method according to claim 40, wherein said exhaust gas after-treatment
devices are one or more devices selected from particulate traps and catalytic

converters.
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