LUBRI CATI NG O L W TH ENHANCED PI STON CLEANLI NESS
CONTRCOL [ 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, POBRPOATINGOIL WITHENHANCEDTTSroN @L%ﬂﬂﬁﬁss
i mproved | ubricant perforggeril, | Nternal. conbustion
engi nes. [0002] Envi ronnmental concerns have led to

h nued ts t.o r ce th m ssions of carbo
O e O BrenSa Bl Rk Bl S0k ootiRery. More
from canpression-igni.ted (diesel-fueled) and .
§%eé’5%<°-aﬁ§ﬁ?‘? BEFsen dvRniipe reldfes lodybricatiag qlicomprsitions that have
ig@ines. There have al so been continued efforts to
Fleecklevels obu fatad Asht rhosphioruy andssulfpodew “SAPS™), yet provide
conpression-ignited internal conbustion diese
anprores lubficantpetfomirace dmitempod campuitnsppes.st andar ds
for passenger cars and other vehicles, origina

Hpo2prent BV Redn] RbSccr iR 10BYRoRGARIFPBLY k@ duce the

exhaust gas after-treatnent devices. Such exhaust gas

O j j _ not_.Li /.
bl Sion) S ol AR BEERbab e AN 0T fom

talytigc.converters typically, contaip one. or

sl CuGP RSl S i o Gy et Sintermal
and/ or. NH3 reduction catalysts. The catal ysts
%ﬁ?"ﬂlﬂ% EnginRsy dibsregiaye alsp (bpen enpsinpedeiortsgatieduge ity pasticulate
catalytic nmetals such as platinum and netal oxides.
TAHPYE fremcompeassiondgrited integtahtombhstinn tHeselexbmust To meet the
systens, for exanple, the exhaust pipes of ,
utenmmivary eission SaMaTstot Peesdrpst @rﬂ&ﬁf&h&r&zeﬁﬁ:‘lﬁsoﬁ%nal
gases. The use of catalytic converters is thought o

RRiEsSE Hahafactuferd (@Emyhﬂe%léﬁ gfé@?%%ltlilfs? g%‘;aﬁ@flﬂ'eaunent

conbat i ng ot her environnenta
, ' d d d d |
S PAEUR g bR BLIENI0G REC p0P S B CiucTE.

cettain el enents or conpounds, especially phosphorus
%ﬁ%ﬁ&ﬁﬁ%ﬂ? 7§@ﬁék%ﬂﬁ§‘ $UAeSs phosphorus conpounds

be introduced into the exhaust gas is the
[% adat i drrt@ytic cqptyesers dymieal ynontaimemegpr radmeioxadation catalysts,
oi | additives. Exanpl es of phosphorus |ubricating oi
N{adstotage satalysth,Leohel/cr INTE; rdiladtionl cglialyaiso (e splatisescoaithed therein
the like. Zinc dialkyldithi ophosphates are anong the
genshll pEdBpride\ecoritin A RA\E BhiaBATR Inhfaly $6% At gﬁlsﬁletal

and antiwear agents, fromboth a performnce an

e PRk ATt RO el Ryl R Bt Blhole e

i r.agents, the phosphorus, sulfur and ash
B S EITES o ke TuRhR P eiinbs i nantavigises. The use of
%gialysts and may shorten the service life of the
CUEWAF GPTEETERYY Bhaughtto beesieptialgn bueking globel wareing trends and
suscepti bl e to damage by sul fur and sul fur conpounds
combating alherzoysironyuetahdeiuherds.eThatatdyiis ddweyert b be poisoned
degradations of both the base oil used-to blend the
andienderadicss affebtive] Fubt weltkeiab b RgsultWIckfette ®Bickrtain elements
addi tives. Exanples of sulfur-containing |ubricant

oﬂ&dm;ﬂﬁﬂ'ﬂﬁ,ieﬂﬁe%idll@%hﬁ%m&%ng{oﬁgﬁ’%%{ng% ey ?r];vgaryasl t ed

magnesi um sukfonate ‘and oth or su

r.ticul aps.are usual | .
DR DB Bl o) B TR G ol IRBSRBNT o) T degragion of

engi nes, to prevent the carbon black particles or

very fine condensate particles or aggl onerates

thereof (i.e., "diesel soot") from being rel eased

into the environnent Aside frompolluting air, water,
and ot her elenents of the environnment, diesel soot is

a recogni zed carci nogen. These traps, however, can be

bl ocked by netallic ash, which is the degradation




[0005] To insure a long service life for the
after-treatnent devices, it is desirable to identify
| ubricating oil additives that exert a m nimm
negative inmpact on such devices. To this end, OCEMs
often set various limts for maxi mum sul fur
siesEsoeontaame s drbrisgtingeid addiivies dixemples of phogphorus lubricating
service fill" and "first fill" lubricants. For
ionlstdditores inchele zirsatialkpldithpipheshhhtys pabte tifer Zomr
i nternal conbustion engines, the sulfur |levels are

tay Ak palthivph@phiteLele bt dag il mokt JPREOW Hd38nWntibhallsed
phosphorus | evel s at or below 0.08 w.9% and the

. | 0 .
s AR Sl B SRR IR Pl b el ¥entyepes
T oHL B RHE . BARS MRE BL g roars n

conbustion epgi nes, For exanp|e, the maxi mym sul f at ed
&%WFW&FH‘%&B@Q plosghions i and erhyheoinitadicrdate the engine react
heavy-duty engi nes. Such lubricating oil conpositions
arith tag setakysts end edrytshorien the sorvBARE: of thowatglyiticavederish,
phosphorus, sulfur) lubricating oil conpositions for
Fadodtionearhygiswes suseaptitde td daitigebytsyliol arielfangém@sunds in the
and "l ow SAPS" or "LEDL" (low em ssion diesel

eI CAR! Whith larCiRBSIHINNBe §QraddBBNY ohY (1 &%c{gbil used to

engi nes. Various tests have been established an

o N = |
BIGAR frfbh TEARH L Sbinihe 104 ER 81 AR08, Tolibigs of suifor-
in Europe, .a lubricant .reeti t he A gasol i ne .and
it e ot P ERBRs BEBEr e bt ioh Tt ) FuighSyiip uitonate
alia, the "CEC L-78-T-99" test, which neasures the
andaiher whiated on quidonasss degerepitst on ring sticking after
runni ng a Vol kswagen turbocharged direct injection
H00dhot i ve Paitieslate teaygianeusuely anstabled enthe dxhausesystam, @dpecially
cycling alternatively between idle and full power.
Bi ditdcengingg td preadnt ditscasingh Bleck pangcled eneay e dndensate
vari ed stringencies can also be found in other
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k igniti . di esel [ h I trai
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of which nust be |ubricated and protected from wear.
mgtallitegsh, whigh sethe idegradaisan podudt o€ mstal-couthiming lubricating oil
detergency so as to insure engine cleanliness and
sldippvesssclodieg pomowatasivpreiucthepletirict additieds. ar e

products of non-conbusti bles and i nconplete

pouspst i bl g ixgﬁréw%g GarRRNiE & the ARG -ARHREH AERLEOR is

of engine oils. [0007] As di scussed above, the need to

PHIBEYS -}]&gﬁgfggn%g%&fgg?ﬂg{gdﬁmw Lpg]ea&mﬁﬁﬁlhﬁ{ fSegFe impact on

led tot osphate a

h har us- cont ainj addi tives. 3.. .However, the use
BRRSEPE o G DR st Eoes imaSIPT S it
etergents, is often inevitable because of the .
phorie andep s faled asblevels for enewscrsier G aad - fest filld dpbricants.
aci ds and suspend pol ar oxidation residues in the
Fardnstermet whathesed inl Egkt-dian passemgemeweiniercd aombbsitoasengimes, the
the production of sulfated ash. indeed, the anpunt of
sutfor freeliatd ©gicdliy esquired to b attdidelow 0.80 Wt O6)\the PRIEphb@E levels
standards can be exceeded by far |less nmetal sulfonate
detergent than is necessary to achi eve adequate
det ergency performance. Reducing the |evels of
det ergent overbasing may reduce the | evel of ash
produced, but it also reduces the acid neutrali zing
capacity of the lubricant conposition, potentially
| eading to acid corrosion of the engine pistons and

e o o o~ W —



oi | conpositions and additives that not only foster

cl eaner environnment by allow ng the catal yst

converters and particulate traps to effectively

reduce pollutants, but also inprove fuel econony by,

for instance, reducing friction wthin an engine. A

e agbglew Uil ardihe spbiated avhprontantes opbelaaif).8 wt.%. The
appr oaches t hrough which both the environnental
suannancslfan ghosphoasginder kullfated ashi lovelswmeg diffarhdvaver, when
satisfied. [0009] Vari ous | ow SAPS additi ves and
IﬂbHJlilbﬁadiirlng@ﬂi?)@ﬁitibh@ﬂ‘é usavia Heeendulentkinal 88mBStion engines. For
capabl e of providing piston cleanliness in interna

SRR, A8 SRS IS i Ot i s ey
q

6 254). di scl d a | ow SAPS | ubri « o
aRRRLMRE R BRRCBR SridMiont BealbOHERR g ey Jo sAPS
XUD: | L-L-56-T-98) .t. . The lubrij ti il
213%%%%3 eM&ﬁl&%ﬁmhogusa Sy i;\{bpg;ﬁ%éﬂl fgor%éjﬂs%iﬂ%?é%n@m%@ﬁine

p

of up to 0.3 wt.% a phosphorus content of up to 0.08
whgiogs, andion light dutvadipset ongiaen awt “loy 4P @0 LDIY, (lew dmission
contained less than 5 Mol es of salicylate soap per
Kielseldnlanaof) olilulompoaitiong faribeaxgodpp dickél @Aginds. CURTGUSI tédls have
application, U S. Patent Application 11/218, 647
besidstablistikdamd diandardPREAO RREADOIcdb%S] AFLUPRin adyPhrticular

SAPS | ubricating oil conposition with simlar

AP RSPl SATRERCE b e Ac

| east one.nitrogenscoptaini ng.di spersant to provide,
kDBl BRT o ERERE ISR AP aeP IR R By o 2 e 1
agﬁp§%§ant gaving a pal yal kenyl backbone of nol ecul ar

ilght 165t Whishiaewes thegiesntingsond peprigHPistemeing stycking after
oi | -sol ubl e or oil-dispersible source of boron to
proiyigdeValkgwagenrtatboghaedilirecd ggertivo abtwmumive dicatlougine for an
3:1 to about 5:1; (d) an antioxidant; and (e) a zinc
ebtbydbdates pylod] Eyuliop Atisphatdy betvebh fle Hat Riltpower. Similar
Application 11/226, 793 (published as U. S.
%Qgﬁicgﬁ&ﬁgﬁﬁ)testﬁﬁgtstﬁﬂ&ﬂ? Bf varRy S%Pg\%néiepédn‘%?td lgala%fogﬂl in other

conposition conprising (1) a nmgjor anount

TS AROR, MRt Shht, e BRRIS M havi ng

B o' o Pl P9 R b AR 8t i e
conposi tion; and gf)_Z.S to 4 wt.%of an ashless

Bred e proyife adgawate libgicant psrleumnanse e Awtoeehilesipatkdggnition and
merits. 10010] Low SAPS | ubricating oil conpositions

tiascd engines lowe walvadmain $ystemrpaictudogy tabves, @iniseand rocker arms, all of
desirabl e properties. For exanple, an internal

whith wsist BOLBAGABE afd brodfctddrém Kiedfl Mathet @R@THeQMs hfust provide
retain high total base nunber (TBN) in U S.= Patent

BRSBTS Rt BHE SIORR RS Hhduppress theyproduction of
ent ;of not greater than, 0.9 wt.% and .

SRINTR oD S ReeBneE o BB m 1) i JpeSgpl i gombustibtes of

conpos, ti cont.ai ned .base oil; one or nore

%Véj?&a&&’i‘té&é and detegoratigprprrgiag dlsdet er gent s,

salicylate detergents, and sul phonate detergents,

WE8Ylei n safsldiseusset amyecthd etet iggmessrwedbhintegrity of catalytic

i ndependently, had a TBN value of from 30 to 350 ny

domegers Amdledto theast oBleSs plosphad amhgho3phdros-€ontaining additives.

anti oxi dants selected fromthe group of amnic

anti oxi dants and phenolic &ntioxidants. 100111l n

anot her exanple, U S. Patent Application 11/288, 600

(published as U. S. 2006/ 0116300) disclosed a | ow SAPS

| ubricating oil conposition that provided inproved

| ubri cant performance, and especially antiwear
properties, in conpression- ignited diesel engines



[ 0013] A reaction product of a polyisobutylene and a
nmonounsat urat ed acyl ating agent is typically prepared
fromits non-carboxyl ated pol yi sobutyl ene precursor.

Pol yi sobutyl enes (PIBs) are al so known as

pol yi sobutenes to persons skilled in the art. They
Hkowecvat, sloe dre e dgievgents, vbiakauretypinatly metal ishidondte detertgbmaty, is
are much used in that capacity. In the |ubricant

affidh dicvitbislk backalsd bivbe kiigthided MBS tdwdt@raligiihe owiddgonlderived
as di spersants, viscosity inprovers, thickeners, and

ab@s hh& ﬁlspgﬁ@p&m&‘atﬁ%&&ﬁs i HRSu bR bﬁ?e@e deter ents,
summari zed, for exanple, in section 3 3 pag é%
?%%%#R@%%%%J@?ﬁf@w Rl afrhogn%h

1999 in section 4.1 of | mel NN S 2002)

ep LR B fsh ok F|°W%ﬁpatfﬂn%§tlostfah s b g¥qegdrd by far
in anounts of about one et hyl ene doubl e bond per

fess el selenate dasersentitbereid naespaTe teaciorgdequatedefergency
Preferably, however, the PIBs are prepared froma
perferniaobuRedweme the bl sanf dateRzcint bveabasidg by salove the level of ash
resulting in a reactive isobutylene polynmer with

paydieéd bubvit Bl rétRees Bk atidnRutrdiigsecdpacity stthalubnkBs

conpri si ng terntnal V|nyI|dene olefins are often

E&thpaiBsh, bBteRBally e Sdhy ¢ EbYSsitPhdihS! .

CORBESACh, licBitall ey 1f RIS boSAPH e ey bERES and other

g erably, a useful HR-PIB would have a term nal
|nyIidene content of at | east about 50% for

st about 55% or at out  65%
ﬁﬁ’% | east h%ﬂs £ i7yopldde aéﬁvamé%@tls atﬂfgg%v S Srigbecating
preferably, at |east about 85% Such HR-PlIBs can be
il spapedtiersand addigveothannetondy fster eleamy ahvieshment by allowing
techni ques, such as, for exanple, those described in
theSataPat emtveNas and pﬁﬂﬁu&%ﬁr&p&do 4{1efbeBO8duddgiodivaants, but also
di scl osures of these patents, to the extent they do

ro¢® Hidlicebnomt B)Ltﬂfi?mgiaﬁé‘é OSHCES fﬁBt‘i’orPtvﬁhﬂFan%gﬁﬂen A need is

are incorporated by reference. Certain HR-PlBs are

R L B T R N
B RRE Rl yandds G nE SRR R EA e oo be Bstcd.

derlvatlves nanmel y, the palyi sobutyl ene succcinic

D0AYNr | des Verpusdaw) SA%%@@EB‘@@DG ehyicast gmpositions Bayerpeen
manuf acturi ng ashl ess di spersants. Exanpl es of such
wsetiltehasivapide nlipiomidingpisatctmatlies in Hfd2d c8MBustival engines.
6, 245, 725, each disclosing, inter cilia, the making

Bér exafiiphs, &1.$. aehtae i ppficaidnr ageary; @@%@lﬁh&gaﬁs I9. 2666/0052254)
di spersants fromcertai n Pl BSAs, polyethyl ene am nes

&@clgsed 41%Wﬁ@§)ﬂbﬁ@§m9:%ﬂ%%£ﬂﬁﬁ thaPﬁllo\Gﬁf&i Ro8@BlsEREcleantiness in

di am ne and am noal coh

%gﬁ~ h
=%{een aplﬁyr: @éjl rec %9%)5'[ ﬁloll? QtB 8er(ﬁ0\6;m§t%)l @8 b Hus
di F . :
S Y Ll ST bS04 udar S AhophoRs otent o up o 0.08

conprising a polyalk Iene succuni ¢ _di sper sant

et asuldpted avh ontengpouiptoch i we 4, ngd eentaingd legs than 5 mmoles of
pol yal kyl ene succi ni ¢ anhydri de, preferably a PIB SA,
faiyylatersoap pértkilogenm obhibeicatinpgibemipoaitione Aoforhemion application,
pol yal kyl ene succi nt anhydride; and (3) m xtures of

V. Palekiy Applecativie ¢1/121 8,6aM Sbtﬁihtslﬁ’&lsas 1{.4) 20060058 260) fisclosed a
non- ni t rogen contalnlng erivatives of the

pol yal kyl ene succi ni c anhydiri de; and (5) mixtures of

one or nore polyal kyl ene succi ni c anhydri des and one

or nore non-nitrogen containing derivatives of

pol yal kyl ene succi ni ¢ anhydri des. That di spersant was
said to inpart enhanced water tol erance and

| ubricant-oil conpatibility for alkali metal borates.

P




SUMVARY OF THE | NVENTI ON [0017]1In first aspect, there
is provided a lubricant conposition suitable for use

in an internal conmbustion engine, which conprises an
adm xture of: (a)_a mmjor anount of an oil of

| ubricating viscosity; (b) one or nore ashl ess

dos ptSanbseatipg oilamenposition vathnené b lvabtagesi Mhat composition
detergents; and (d) a piston-cleanliness-enhancing

2oRptitedh) anaj@AStovANES ALGEbf RBriedRC Wedcoly: @) at least one
pol yi sobutyl ene and a nonounsat urated acyl ating

- 1 1 0

e B Y o o ey 3l LB B 75 s

| t-0ns.; erein id lubricant conposjtion,has .a
o et RS SpSRatisn! Hapiins of BPtatist wefkpy BEatbut 200 (0
p osg%géﬁggcontent of at or bel gw_ about 0.09 wt.%
abept PRt 284 () @B ileselutly orgil-gisperatblssostss it berog to
W . % based on the total weight of said |ubricating
gravideohyb % ratie ef nitfogen Kabharan af svAd taspewts; 1t(dpaeantoxidant;
provi ded a nmethod of inproving piston cleanliness in
and {eN aenmalihwivodnsbyldohopingphee. &)@, Petshodpplication 11/226,793
conprising: operating said internal conbustion engine

Whblisied LW, B NERBNRIEE999)] QM afbihbLIowAOAPS %&g‘ﬂiﬂgaéiﬁgomposiﬁon

ash lubricating oil conposition as disclose

A S mu o OO b ARAER] vt 2l vt
Ao OReP e b RE TR <« B o T gt T 500 prosenr

engipe with a lubricating oil conposition as .

Hh 2ich 88 amonelta praAds @ IBNDeh 73 forfhé to thedlemshedicempesitiprs and (3)
Erovides | ubricating oil conpositions that provide

Sdh 4pitdh of ae kededsidipssante spesdiditd provileenbdrecdrpshinnaerits.
housi ng those conpositions operate at el evated

[08apEr at ur Eéw SARS Wibriedtinghdil euuisRitloawhhevatsbah known to
phosphorous, |ow | evels of sulfur, and |ow | evels of

ThparadetdindsiRer Rsirdlfe pRIpEARE! F id an iﬁ@&%f%bu-gﬁ& engine

| evel s of phosphorous i'n the |ubricating oi

GBI s M RBP4
SRS B0F BB AR BALRE B hrgoatods

or bel ow about 0.05 wt.% The |evels of sulfur

Prstdael cotentiod noygicpica than @ DV Ve endd phespbemsis gpntepiefrom 0.04
present disclosure are typically at or bel ow about

10.BD wio. 94 heagran parsetforr cobtaynedtbass oilyeine wr adaeeitctBrgats selected
Ww.% and particularly preferably at or bel ow about
RQorhGhvhatdeletdRniseyil flaff debdrbdrtd, @Hd 38PheHRIMEE MY, Wikein

| ubricating oil conpositions of the present

PGB kB G il b PR B o s
L TR T o —

particul arly preferably at or bel ow about 0.45 wt. %
mﬁm@ﬂﬁfﬁﬁﬁﬁéﬁﬁﬁﬁFdﬁhﬂ¥’éaﬁmﬁﬁ@%ﬁ% the | evel of

sul fated ash will be from above about 0.50 to about

[00BY Wt . % Inpnether exAnyplé.rGH BitonteA pritivationD] B28$H6@bgublished as
0.8 W.% [0018] Therefore, the present |ubricating
BErpocs/01 16660 adisclosde 0@ ARDBricating oil composition that provided

improved lubricant performance, and especially antiwear properties, in compression-

5



froman environnental standpoint than the
conventional internal conbustion engine |ubricating
oils that contain higher phosphorous, sulfur and

sul fated ash. The conpositions of the present

di sclosure facilitate | onger service lives for the
catitedylidésel engmes nt@rding nala Mrekpditsceshattestt ThadowEARS
provi ding the desired piston cleanliness. [0019]1n a

fhubricati Q60 domipditiod Enprised €Nita MURE bMdlhtRG aBiok] of lubricating
conposition conprises: a major anount of a base oil

Qrfscbéiﬂfr t%%tﬂ]ﬂlgr &h@&ﬁ%fta%alcﬂﬁﬁ sélfcyfgt?é GetdSERE 88 minoP Aount of

nore di spersants and

adel ﬁl%oée%!}g&ﬁ Cén'agtogg?}i' 0t 8o agoiL a?gaségc, ¥ molecular

reac on pr pol yi's TERe A

nmonqunsat ur at ed ac ent,. wherejn the .
&ﬂl@# SHgcycanal %%3 %ﬁﬁ%ﬁ@? rivgddronya PRl draRe Aeugber
of about 200 to about 5000 Daltons, preferably from
apwage molycylar wpight osperear thend 10GRektetsn, based on
the total weight of the lubricating corrpositi on, the

pME2phor us lidennentbees foumdrtbatereadhian padainats of poisabutfenes and
the sul fur content is no nore than about 0.3 wt. %

angotuinangatbd adyesdinSdreQNMVBRT adcSmPENiBDBE af 1B oA SMless
1.6 wt.% The reaction product of a

e T T R
g’[ least 0{16 gntlomcf?‘anﬁ]s@nﬁ%a%y enhalnce piston cleanliness control in internal
combustton engines. The present invention therefore provides a low sulfated ash, low
phosphorus and low sulfer lubricant composition, including an additive package or a
concentrate, comprising such a reaction product of a polyisobutylene and a
monounsaturated acylating agent. The present invention also provides methods of
using and making such a lubricating oil composition.

[0013] A reaction product of a polyisobutylene and a monounsaturated
acylating agent is typically prepared from its non-carboxylated polyisobutylene
precursor. Polyisobutylenes (P1Bs) 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 fmmel, ULMANN’S

ENCYCLOPEDIA OF INDUSTRIAL CHEMISTRY (Wiley-VCH Verlag GmbH & Co. KGaA,
6



wherein Rl is a polyisobutyl ene chain of nunber

aver age nol ecul ar wei ght of about 200 to about 5000
Dal t ons, preferably from about 500 to about 4500

Dal tons; and R2 is a carboxyl - containing group.

[ 0020] The lubricating oil conposition of this

eftiddilimend Py ganetallyrraintayn fegiduhlamsatomion s amnents pf about one
nore additives selected from (1) antiwear agents;

etylehe idonblo bondpirfpotyaer dhdin, poditieneddapivhére Gingale chain.
osion inhibitors; (5) anti-foam additives; (6) sea

PrfeabR! hoRder ABE PIBEAS prdpflediRIh a I%?%%l%olﬂ@ﬁ&ﬁéﬁ@d}ﬁ Sra

3.

(8) viscosity index nodifiers; and
|

Bl iy R Billod b ¥ERave MGkl BoSERERn sgmical
PS5 PR PSR s SRPRD et e

mpnounsaturated acyl ating agent in an organic diluent
pliendcderradde agxhighlyarcagive gobitsobutpirnes ddRtH1Bs) " hachesgeskilled in
conposition or concentrate of this enbodi nent

theeitie (Rabliguldrly proferabdn musef2 $IRARIB wwslddidve a taddndlivigdidene
desired in lubricating oil, such as, for exanple,

astitie 9% adiesPAbS@H0%s, HESAMIQ At RhstiabgutdBLEog eNlkesst about 65%,
antiwear additives, antioxidants, friction nodifiers,

6P4NERT Mdul MeDLL AN&ast MYk 80928 RSAH Sk e %Pl-é:g?t%%ﬁ‘tt%%.

depressants, viscosity iIndex Inprovers, a&g S

%{%@e%}{?gpg g%l} léep gl%i %eg raééorhlgrlgt%% ]gl ril%l%as atrtljriecr:(gj n?znégqgc%%qr&es, such

es a oper n

nt.er nal conbusti on, engi rovided w ne_ or r
@ﬁ%ﬁ?ﬂl@f&ﬂgﬁ? Fscibed it Paenines f‘yﬂﬁﬁggﬁ ap 1703308,
conprises lubricating said engine with a Iubri_cat_ingl
Belgpod idisclosurss of tese patents.datlscixtent theysto naf eenfliet with the
addi ti ve package conposition or a concentrate of the
disdonstendnddilaims therei, B2 B bipoeatédhby telficremdao dlenmint IR {HBs are
di scl osure provides a nethod of preparing a

tohb ol iy aiible, FHNBQSIHE, @Rdafthé Hedd hdnid offFDBHOPRL™ (from

or an additive package or a concentrate of the second
gg%@@jnent. 100241Persons skilled in the art wll
un ergtand ot her and further objects, advantages, and

B ke BR3Pl s
c;rsll_)lgciéllll\)b/t]Enlf\:rg{lg}lnic 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, inter alia, the making of a preferred set of nitrogen-
containing ashless dispersants from certain PIBSAs, polyethylene amines (e.g.,
tetracthylene pentamine, polyoxypropylene diamine), and aminoalcohols (e.g.,
triemethylolaminomethane).

10015] 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
7



[ 0025] Various preferred features and enbodi nents are
descri bed bel ow by way of non-limting illustrations.

[ 0026] The present invention provides |ubricating oi
conpositions as described above. The conpositions
have a total sulfur content of at or bel ow about 0.30
winBBIrheampsisety @ Ripelylsahsugcunie disperpast selecdesbiipmphe group
W . % in sone other enbodi ments, and at or bel ow about
0 cdisisting 97 (1) & polyhakylcaorbadime ails/dridéy erefajably sRIRSAe () a non-
sul fur in the conmposition of the invention is often

t RRrdpas orthiAfileSdediRahitd 6T tREIFb I Al Plene ARcigrMBY@ide; and (3)

| ubricating oil conposition of the present Invention

iR S BRA RE sHiig Pgﬂa‘&‘a. [h 055 (PhEsRl U%S?‘.‘*e%??f%‘?%ﬁ?n' contaning
Ry h .
AP ke PRSP ey B SRS aal e ot more

bel ow about 0,08 wt.%.in sone other enbodi nents, at
oPolyalkylgneg Besistnipamy dijfcogndpng Of MoreRen-BINE S FRERIBING

and at or bel ow about 0.05 w. % in further

e fdtroditivene ol yabk sdsrersleinig anbipdrideat Thay didperseminpossaid tormpart
of the present invention contains about 0.07 wt. % of
pBspbaly wister todsatte@nd litgicht @l comapagibilitg fortalk@li metal borates.
conposition. [0028] The lubricating oil conpositions

~h tota §6h IR 1RE sulBSe '

UPOREE A B i BB BRI 10 s B 4% 1hRphorus and
t ypi odinents, ... I | qw 1.00 wt. %.in
SRS SRR TERID b, BBl ARV it s e gt

in yet ot hﬁr enbodi nent s, _at gr Bgel ow about 0. SOCEV\)Q.?,

i P otifeast enpisariagireduch pha BB grd pEopginspyptedraypting
Ww.%in further enbodi ments., An exenplary lubricating
otgent ooy bri¢anh additivheompastieoms of thedmrangan hepyide superior piston
sul fated ash content of about 0.6 wt.% based on the
~wdegiiines{ bttreee hlab compatible torpos iSAPSepplidemohi eThe present invention
exenpl ary lubricating oil conposition of the present

| A @BE hrofideamethods bl AiAndahd &@Bﬁ?@ﬁes@&oﬁ ifiord; 8
wt. % based on the weight of the [ubrican

conposition. Q| S’Wﬁf‘ﬁﬂ‘ Tﬁﬁ&ﬁ?ﬁﬁﬁﬁbﬁ{ 0029] The

| ow- SAPS | ubri catTmng ori_composrttrom of tfre present
[ %5 tion iIs P . . ] ... .
R) ﬂ 7 first aspect, there is provided a lubricant composition suitable for

use in an internal combustion engine, which comprises an admixture of: (a) a major
amount of an oil of lubricaﬁng viscosity; (b) one or more ashless dispersants; (c) one

| Or more metal-cont_aiﬁihg detergentsé and (d) a piston-cleanliness-enhancing amount
of at least one reaction rproduct of a polyisobutylene and a moﬁounsaturated acylating
agent, wherein the poniéobutylene has a number average molec;ular weight of about
200 to about 5000 Daltons; whefein said lubricant composition has a sulfur content of
at or below about 0.3 wt.%, a phosphorus content of at or below about 0.09 wt.%, and
a sulfated ash conteﬁt of at or below about 1.6 wt.%, based on the total weight of

said lubricating oil compaosition.



conpri sed of one or nore base oils, which are present

in a major anount (i.e., an anount greater than about

50 wt.%9. Cenerally, the base oil is present in an

anmount greater than about 60 wt.% or greater than

about 70 wt.% or greater than about 80 w.% of the

| MA72kt i ng ot pecopdpanert there s PrRevideisemsibod ofiimproving piston
content is typically less than about 1.00 wt.%

prlefidmekd n anestsritah eombaiztion ¢Ogi66 satd. Brethodcenpisie ropbia;mg said
| ess than about 0.40 wt.% and particularly

phedrefladmpbubsSerlghtnyiab e Ww PhdPhvlus HowlsQEFOIniN6w sulfated ash
| ow- SAPS | ubricating oil conposition nmay have a

\Y; f 3 m2/s, and in
olrlllgﬁg%‘g%dQ 1?r$e0r?%& ggoglt?g H?J Cfog%(gpéa}g%a%&& 3 er/ S (cSt)

CRE7B The FORPEABEN et bR iy sl R il Pl Ry intornl

have a .hi gh- tenperatur / hi gh- shear VISCOSIty at 150C
ARG e%g%?pw@e g wstigas afternTopnes deficespwhish method
about 4 m2/s (cSt and in one enbodi nent up to

atyouprisgs ubnpadting at r)g,inqa\miﬂh p iutaivetingeeil evrbpaebitierds disclosed

- about 2 to about 4 m2/s (cSt), and in yet another
elbaidateiet about 2.5 to about 3 7 m2/s (cSt), and in

one further enbodi nent about 2.6 to about 3.5 Mm®/s
(@1)c] [ 003ticThesdaarcBidre 'ﬁ:ﬁﬁﬁdésﬁuﬁﬁ&hﬁé‘ Bit 'cGIﬂPBsmons that

COﬁpOSItIOﬂS of the invention may be a natura

[ [0V

EHRVAE i Sl efRle Tl Rl VR e mBURKL Y onBHass
above i ndi cat ed fur concentration,_li
OGS Ae o bl SRR cR o g i miroducd ow fevels of
conpositions. The natural oils that are suitable
i phepRirpaotsn lavalevelsiod sef, snddewabyds of fubfated agh to the éttemal
oil, lard oil). The natural oils may al so include '
momshuaﬂioﬂ eriginesaflihadevelsl of phogghoasuslin diel Idbxﬁmﬁng b# wompositions of
.oils and solvent-treated or acid-treated m nera

|t phes@it dR@loRilcSar®fypidally RESBd bR iaBout MEBAEN A Seferably at or
m xed paraffinic- naphthenlc types. O ls derived from

EJW ot 0s S 2 nC Qﬁgﬁ‘ﬁf gibi Ca?ﬁ%%ioay oueh | bg ng%, and

|cat|ng oi on ol S Suc

%r%%fﬂf PR %ﬁ”%trﬁ’re ERbL oS éyﬁ‘&ﬁiev%@%awr@ﬁgdwd by

copol ynmers, .etc. £1 hexenes) g octenes

: 6]65']3 chatggdghcégl}posgpéls ok Ry g;ﬁ:s}@phqhé@()q%?.r@ ypically at o clow

al kyl benzenes (e.g., dodecyl benzenes,

tabontdiEt yi.bepneé pe@,ﬂrabliymb aybdewabned).20 wt.%, and particularly
i - (2-ethyl hexyl)benzenes, etc.); polyphenyls (e.g.,
bi phenyl s, terphenyls, alkylated pol yphenyls, etc.);

al kyl ated di phenyl ethers and the derivatives,

anal ogs and honol ogs thereof, and the like. Synthetic

lubricating oils also-include oils prepared by a

known Fi scher-Tropsch gas-to-liquid synthetic

procedure. [0033] Anot her class of known synthetic

| ubricating oils includes allcyl ene

8a



oxi de polyners and interpolyners and derivatives

t hereof where the term nal hydroxyl groups have been

nodi fied by a process such as esterification or

et herification. Exanples of these synthetic oils "

I poiferdid v pobytetyalakydt@nk) woloy nBhislepele pasdthtdalyash produced by the
pol yneri zation of ethylene oxide or propyl ene oxide,

andntcnagaélkadm}ﬁﬁﬁmg iéif th%tﬁB&sEﬁt (ﬁ§cl&%|ré/£%)é)t’ﬁiﬂ,‘a\ﬂyed@ 8r below about -

po ymers (e.g., methyl-polyiso-propyl ene glycol ether

e?.r%]g S,&g,a ﬂm Fe%ij ﬁlé( a\f\%f Qngi W%E 1}[010&) Q@l’/ot %‘T‘? giefef%tﬁii gp(yll below

I"ene g yco havi ng a no

“‘iiq%é@@mﬁ?%e%&«é?%‘r’af%&%?si@elg,w BP0 apa prticutarly

esters, mxed C3-C8 fatty acid esters, and Cl3 Oxo
apicérehle gt erbalgw pbaut é)éiSrn/fi %ndn gng embydimepog3hg pisernhehe level
suitabl e class of synthetic lubricating oils are the

esf et fatedfasidivtlhbb eyl itovaebas 0(56). tg aboyght flhavi. %, amifcdably from
succinic acid, alkyl succinic acids and al kenyl

Sﬂﬁﬁkﬁb&napgﬁﬁmomﬂbgw&9@CId azel ai c acid, suberic
acid sebasic acid, fumaric acid, adipic acid

Lﬂ‘ﬁgk]e' C aCTgffrglio >lthe ﬁ@ééﬂpgﬁfle&ir%wco%ﬂ& txroﬁé %'n]?ore desirable

al ken onic acl variety o

g ee?ﬁiiilﬁﬁaz@mgi@ e el onRL RO 5pHBUREN engine

diethylene ycol pmonoet her, propylene gl ycol ).

SpkEF#tng Oéiﬁglifﬁpe%tawfhlghﬁe phespharous; syl epeksulfatsdagh. The
adi pate, di(2-ethyl hexyl) sebacate, di-n-hexyl
f eomgprositions df thetpy¢sestebsaesues fadillitﬁobmgyri scavied hves, for the catalytic
di i sodecyl azel ate, dioctyl phthal ate, didecyl
phiinkattat end theatthsidte Gaisacaile prdviving thetdeyikdiepistbn cleanliness.
diester of linoleic acid dinmer, and the conpl ex ester

fPo®d by rﬁaacﬁﬂsf‘&ng&ﬁm@ﬁ’i! ﬁlecﬁres%ﬁplﬂﬁhé’at Agiod erfplasﬁﬁ‘)ﬁ’ comprises:
nol es of tetraethyl ene glycol an two noles of

2-ethy nol. 2].Esters
usefulJl g¥§§%&ﬁnt&%ﬁ%$€gﬂoFﬁm %Gh&%% se made from
C5 to Cl2. nono ar boxylic acids and pol yol s and pol yol
est er STEREAMAS W@Eﬁ@%t -glycol , trimethyl ol propane,
pentaerythritol, dipentaerythritol and
tripeﬁﬁ@éﬁ?ﬁﬁ@ﬂﬁﬁﬁﬁmﬁgG@é]The synthetic oil can al so

be a poly-al pha-olefin (PAQ. Typically, the PAGCs are
der i vedpiftoorricmhnesereshdrairigregnduntd of 4t 1tt 30 reactidnrppodudt of a
to 20, or from6 to 16 carbon atons. Exanples of

isdbubBARe 4ndG MeRoUnk R tedRIc148ds hEGR) WEdrEiR®he polyisobutylene
ecene, mxtures thereof, and the |ITike. These F'p

'}BX al %elaa%ﬁ’ %ﬁ:é{uly \g&bm%ogt AP 8 Qﬂ(l,fﬁt 5660 ngtons

rom about 3. to out or from about to a

?ir@iﬁabév e abhl SRED-Ray bl eﬁﬂ?"@&%'séd 3 I veigh

[OOB?HLMrefined refined and rerefmed oils, either

i lybrieating\cammesition, the phesphoms camtertis B mre thap abgut 0.09
more) of the types of oils disclosed above can be

weidd; the stlfier donlent ato mgredbarpadwiot 0.5rvet.%60f anditbe pulégaivsh content
invention. Unrefined (or raw) oils are those obtained

di heaiorythahi @bt In@tvib@l or synthetic source without
further purification treatnent. Refined oils are

Si m | ayfiret:QackiBe gﬁﬁfu%f bEFbIgisbBurFRAERd 4 BBYolRYErR&ERylating
further treated in one or nore purification st eps

i e e

secondary distillation, acid or base extraction,
filtration, percolation, and the like. Rerefined oils
are oils that have been us€d in service but are
subsequently treated so that they may be re-applied
in service. Because the used oils al nost al ways
contain spent additives and breakdown products, in
addition to the standard oil refining steps, steps



pol yi sobutyl enes and nonounsat urated acyl ati ng agents
into base oils provides | ow SAPS [ubricating oils

~that have the desired levels of piston cleanliness in
i nternal conbustion engines. The reaction products of

pol yi s e nounsat u e ' agents
of the p eny’ N\ nvefpti on may be r es ed by either
Forrmula A or Forrmul & B, as listed bel ow [Eormul a

Al [Formul a B] Rywherein RL is a polyisobktyl ene

(PIB) chain; and R2 is a carboxyl-containing group.
Thi s new appfFeact al |l ows for top tiefFcemgiaie]
performance with | ower than conventional |evels of

‘detergents amereeRY i zﬂhﬂﬁb&lﬁ'ﬁﬁene dh@R3Hn kb eRved ¢ molecular

Fornula A and/or Formula Bis a PIB chain. Suitabl

t wapee} S0P GaBSh At didf. T B R B 30D -
E Et 500 RDaIton% referably fromabout 500 to

3ur™a PRI BN Oxygﬁ?qtf"l&lillg P8P-preferably from
about 1000 to about 3500 Daltons. An exenplary
| 920 at i ngThe lubsispiinesqil ¢ompasttiontod this eeb&ﬁmem/@m ppfipnally
i ncorporates a PIB that has a nunber average
mbirtheut@nprveiogh or oforaididitived 3doctBh fibon §1) apn@8448] aBeetsR2) friction
of Formula A and/or Fornmula Bis a

Calolfeyd; (X)amtiakidamts; @) GeHosictEhhbR6rsf (59 i@ foam additives; (6) seal
nonocarboxyllc aci d, dlcarboxyllc aci d, dlcarboxyllc

a ]
a8kl AL T bl BpRE r‘?'g‘:?%*ﬂnsg?ﬁ%}ﬁm nd
cid 1hydri des, or aC|d esters. Mire

g@ ‘#E%QE? ?gﬁ?ﬁ terials may include one or nore
t ed fron1 1 ounsaturated C4 to
ﬁ’@iﬁooxw i o %Pa(cal)éd Gﬂg‘é}l’é‘r‘v‘ﬁt ths)dlwf@u@aftr%séw angddlifiys package

are vicinyl (L e., located on adjacent carbon atons),
agfangagitioator lagaBeenimts, coppaismgab lepstivar mgactipn paiddet of a PIB and a
adj acent carbon atons are part of said 7
nmnseuiRS@tatkdadcytiting @2¢ntdie in wghni¢ ddluaft ligh)d, SiteRa@sle, base oil.
anhydri des and/or Cl1 to Cl10 al cohol -derived

nﬂq@zﬁﬁﬁtﬁfespagkagg' c%ﬁfpfé‘uﬁlﬁoﬁ’ br Ednkentta3 omf%ﬁhﬁ&ﬁ&ﬁ&m%ly
to C20 nmonocarboxyl'ic acids wherein each of th

?ﬁrﬁg&ﬂ'ﬂ}ﬁg Io ,epg@cgﬁ¥ést e§19 %ﬂ%rﬁ%lﬁﬁ I)%éh%'as for

oxyl “group, 1.Eé€. ure:

rivatives of u s Cl to Cl10
a?"@ﬁi&’c% %ﬁ?ﬁf’@éﬁ@%ﬁa&e&?éﬂnﬁeﬂw SeBERtsomipisys ditives,
certain enbodi nents, the R2 of Fornmula A and/or
RttionIdants, leshommediiises, gerpsjietinhityiors anti-aagy additives, pour point
conprising any proportions of 2 or nore of materials
( depressangs] yisc@utyhinded ierpravess, ané s@l Socst @rsodgacifiers.
"nmonounsat urat ed acyl ati ng agents” herein. Upon

rieazi]i on wimhh thire eRbBdiask Hend@sclbdiee PRI s alddtiRldfJperating
of each of the nDnocarboxyllc aci ds, dicarboxylic

O O e
b b b ti d
SRR A BB SN SPB ho

aci d. ar ounsat urat ed carboxylic
ccmposmon nPthe fy st emnbodlment or with an addatweypackage composition or a

concentrate of the secondembodiment,

10



reactants include fumaric acid, itaconic acid, maleic

acid, mal eic anhydride, chloronmaleic acid,

chl oronal ei ¢ anhydride, acrylic acid, methacrylic

acid, crotonic acid, cinnamc acid, and | ower and
intermedi ate al kyl (e.g., Cl to CGo alkyl) acid )
edl0Z?k of t Rea fardgerbagimentaths disslosare previdas agmethry pf preparing
acid esters include nethyl maleate, ethyl funarate,
metlidyicafingrenl adreposiimeh ofthe Firdt embadipmnt orcanl agiditive package or a
preferred nonocarboxylic acid-, dicarboxylic acid-,
otcorahtyste bferepeadidcinttgpdimér i al is mal ei ¢ anhydri de.
Accordingly, a preferred reaction product of a PIB

a “nonou e [ ot
R S e i Ry
reaction product of Pl B _and nmopRounsat ur at ed .

S0 el R e O0r B eSe B Ao P TRIGER S B B onowing
prepared by known procedures. For exanple, an HRPIB
pAECUPYR of Formula A and/or Formula B can be

prepared by a cationic polynerization process, at a

t enper at ur e DERAL HeREP KON OB EE
desired nol ecul ar weight for the PIB oligoner. For
epargll e, a Phioushatfehad fenray andgebatinh eas h@rdevgitglibelow by
of about 2300 Daltons can be prepared at a

t eBEPer AdliRiRfg iBbaHkions. A catalyst such as BF3 is
of ten used to advance the pol ynerization. Follow ng

Aaeact o bkl S DL LB

hot distilled water ase. | n anqt her aspect .of e
s e RGeS peve s By RBSF betosbdfaou
include materials such as hexanes_and i sopropanol .

TheO wii’e dctyaigak arbaeslimpats ot of belewiabeutihiewi.& ig some other

i ncludi ng the 'unreacted i sobutyl ene nononers, are
ofhlerlimentsyad apor pelowfabedt 3. 1Owt.the BtiRrehibgdimemss. The major
accordi ng to known nethods, such as, for exanple, by

f domsdd dTGulfi i@ thd @SHodisR GEY B eMBinNPoAth @Y HEACHO®RS and the
colum. Sone HR-PIBs are also comrercially avail abl e,

fﬁdit%@.%%xeﬂ%@ﬁ hﬁ)ﬁgaﬁl{gggﬁcd?ﬁﬁ@%tﬁﬁ ogfﬂ' Q%ﬁkwlggtg% contains

BASFe). [0042] Reaction products of such HR-PIBs

at.yrated.acyl atin ts. can..be prepared
OB R B o R 8l B R e ERRE SR i i
anhydride derivative of PIB (ji.e., PIBSA) can be
plP{%%?&r ed in B?%WSQIWO%@%%@/%&@ Plsghorys eputent of at
Pat ent Nos. 6, 245,724, 6,933, 351, 6, 156, 850, and
otrthetogy abiaet D108 vt ém typidad ymbodimsntscgof below akioth0.08evt.% in
di scl osures and clains herein, the relevant contents
ohntehle cpiodintcigneor uow pbsatoedy byvorie fyer @ieembodiments, and
Specifically, a PIBSA can be prepared using a
CAbAbNERAboREH IR b BY furtBBCemBYIRAERS , AWRRERHAN Bricating oil
pol yi sobutyl ene is reacted with mal ei c anhydri'de at
Wnfpotiidh o tﬁefp@?s%ﬁ%{n\}% idn'bok E%ls%gﬁte(p&ﬂ?zﬁ% éf;ﬁhfogﬁeﬂo?us, based
acid or one or nore other. strong acid. i s process

i s capahl e .of produci ng. PIBSAs with a range of }

réﬁﬂé?gﬁ?‘@ﬂé@ﬁﬁﬁﬁa?%W?’gwnSuch rati os may be adj usted
to attain the desired apparent succinic ratios b
P8t yi ng riéwdubrigatipg P&rﬁéﬁ’é’ﬁ@tig%&hﬂ&&mtﬁbﬂl@i@éﬁg gontent of, as
the length of time it takes to inject the sulfonic
dleicdmored bryehoASidt ©-814, engr tedivd sbout fl @Ot orie agtiaat |
the mal ei ¢ anhydride: PIB charge nole ratio, and the
le@oUintéhtd) @t 6 BoldWe abfiarismnet. 8k lsb@d other tRBo@hdenWOR & below
understand that the apparent succinic ratio is
preferably in the range of lbetween about 1 and about
2, preferably between about 1.2 to about 1.6, nore
preferably between about 1.3 and about 1.4. Various
Pl BSA products can al so be obtained fromcommerci a
vendors such as Chevron Oronite Conpany LLC
[0043] Sui tably, the reaction products of PIBs and




Met al - Cont ai ni ng Detergents [0044] Met al - cont ai ni ng

or ash-form ng detergents function both as detergents

to reduce or renove deposits and as acid neutralizers

or rust inhibitors, thereby reduci ng wear and

corrosion and extending engine life. Detergents

gboar(ed( wt.Lanpet stberemibddmeits.zad onbelbw abogt h§e mwephibiome other
tail, with the polar head conprising a netal salt of

@badinikney, @aDhiCor RISt 0 H3avORMP AFiHel Sb&dinici. An
present 1 nvention may contaln one or nore det er gents,

\éﬁérﬁ@?ﬂg?’g?%gggLﬁ;lilgcoﬁﬁjo%ﬁion%@%eepg@s%ﬁ{ ﬂl'Vlﬂ%ﬁgr Yl‘gi% gf@ﬁg?[gd ash

saltI c alt's, or overbased na
' Newt qni { .-
R e R T A

ggiﬁ% mouug bj present according tq the stoichionetry
ofheE CFRMRRYdRRrisaBe SHcompPepiEpn g theinsesspigaKgiion has a sulfated
conmpound reacted with the nmetal. The overbased

At eanitet of ahrout Bi8epiatoebassq on sz weight efithabibdicantvamppsitibn.
(typically an inorganic acid or |ower carboxylic

aci d, preferably cadibef Dulwitsling Vistdsitg mi xture

conprising an acidic organic conpound, in a reaction

{ﬁﬂ:!bﬁ M CONPhé RviAG AMS BASHING ¥ doRfobitioR bY eI fre A ME&ition is
SucC a, I n

as mneral oil, napht tol'uene, xyl ene)
e . _ L.
LSRR ot b A LA r ey P, a

co und efyl i 1.\ng. t he over based conposi.tions
gropat i ahoy! o PR P $5§559} S PEEHD a0 amount
sul foni c acids, phosphorus-containing acids, phenols
greatsr ﬂ\aa@é%uttﬁl‘?éwe%f olrgreatar tap pbout {8 v Sp.dircrenterdhacabout 80
coqpounds are carboxylic acids or sulfonic acids wth
wiP4 ofrthe lubricatingosili dropdsitigr. olipshaés aid kulfig content is typically less
hydr ocar byl - substi tut ed benzenesul foni c acids), and

thipd abedr gl wias pielferhllg 1663 thaydboat @60 68.%, more preferably less than
[ 0046] Car boxyl ate detergents, e.g., salicylates, can

BuP 0203434, I JafRSHdrOprRitratly REBIHaR ab D316, aci d

with an appropriate netal conpound s as an oxi de

{0 ) A B N TS RS PSR
AR5t St 5 BN B b i b 3

Preferably, the noiety contains only carbon atoms.

wBY & (pPRrandan pye emhedimsnbelaboshe & ahous | ks /nebe. The low-
carbon atons, such as a benzene noiety. The aromatic
BAPS bubyichongail dompysit@ntnay haanehigh-termpeatardiighishear viscosity
noi eti es, such as one or nore benzene rings, fused or

At VhSRcsHARIas! @ prdRdade ki ASTRM DYabg9 8 up EXastal £ s (cSt),
aromati c carboxylic acids include salicylic acids and

&l ih Wb éﬁgoﬂﬁ{e:ny o jfovﬁ)%ut[ Q.ergﬁﬁ 5 &c?Sli!f Ianc?@\/:{eﬂéﬁieg &b &.ment about

substituted sall I ¢ aci errva ereo

ogesses for [furizi or ex I 5
PURSRES B P sB, it i B e Ao oy 2 Snatpu 7 mss
&g se skilled in the art. Salicylic acids are

ﬁi Ty wnﬁsgﬁs&r sebpgiment pbpy 2t tp ghoutide} mexAntsBB; Dby
t he Kol be-Schm tt process, of phenoxides. In that
W83H, sal i Byd base ailivded irthe bbmicarti compotitiannelihe mvantion may be
di luent in adm xture with uncarboxyl ated phenol .

4 iddra] Gillof synebices oil o hmixprienberest, Paovided figat Shd fubfak Eontent of
acid in to sulfoniate al kyl -substituted aromatic

Ju¥H 6P 6RO Sot SHER dARe ARRRSnARARA E\ﬁﬁnfcﬁﬂé'@nﬁﬁgon limit required to

fractionati on of petroleumor those obtalined from

al kyl ati on of aromati c hyd2ocar bons. Al karyl

sul fonates usually contain fromabout 9 to about 80
or nore carbon atons, preferably fromabout 16 to
about 60 carbon atonms per al kyl substituted aromatic
noi ety. [0048] Metal salts of phenols and sul furized
phenol s are prepared by reaction with an appropriate



to formproducts that are m xtures of conpounds in
which 2 or nore phenols are bridged by
sul fur-containing bridges. [00491The netal conpounds
useful in naking the overbased salts are generally

Goup 1 or Goup_.2 netal conpounds in the
P@ttﬁladh% orapfBS dybricaingpid sempesitionse The satyral oils that gregpuitable
the netal conpound include Goup la alkali netals
(eclade angmali ailnand oeagahlanils (4. £ héastor odslawkoil). dhe@abugd oils may
I b netals such as copper. The Goup 1 netals are
pisefiecladd mireediluwbrcatind asSsucias lighidi perroRash (RRPEA KSolvent-treated
nore preferably sodiumor potassium and particularly

Bk 8fi8tRRtH nSiadiat MbrilificFiRWT the pPRIGnR, ﬁ%plﬂlteumilﬁtxed

base include the Group 2a al kaline eafth netals

gsra mc@@ﬂﬁéﬁ%%? qk U0 e%tftoqﬁtcba%t st%ﬁ“ Ufztso R NE! |

S SUC as zinc or ca

rably th 2 net S are neS|u IC|um
l!)@ﬁzim or SQ’P'EIEUC %ﬁéat%?l igglpde Pﬁ% SR rSuc
cal ci um part|cularly preferably cal ci um
poosBTIZRG AN Bicrpglympazesdebrsed. .debdugdenes. noharopidenes,
but are not Iimted to cal cium sulfonates, calcium
pirekne ssoboglariewnpalainiersy bat)epolydahaicnes). gtobat Bbeisnacoly(1-
m xtures thereof Overbased detergents suitable for

desnied)f dictdnd chithiréCibibleof aliylisen@éndh I(k@g pa&&RPbenzenes,
i nvention may be | ow overbased (i.e., Total Base

h‘}tﬁh&! llge-ﬁgé\ll)est@h iﬁéﬁg%esl&o% etﬂ_}hﬁe @Neﬁgen 9{?: )agolﬂ}t)henyls

Iom#overbased detergent nay from about

e, R R e P e

h the | ubricat | s of the present invention
ﬁ!aiyﬂlﬁﬂeémaf?? aly g“ﬁ“%"@%ﬂ'&%f‘é’ i theglike Sythebig fubricating
about 100). The TBN of such a hi gh-overbased
aids alsqyinstudawils prepayed hystinemmBisches Tainsoh 2a50-liawid $ynsiatic
about 200 to about 350, or from about 250 to about
B&®0edudel ow over based cal ci um sul fonate detergent with
a TBN of about 17, and a hi gh-overbased cal ci um

foe3BLr i zed Apb@ieAtIassWiikhodn EPMhefic &Bﬁb‘éﬁn%@@ls @ﬁ(ﬁude‘é@lkylene

exenpl ary overbased detergents in the |ubricating orl

Péﬂgfr!e?snaﬁld. tefédb‘nfggérg 2h8 'iielllt}a[\fﬁ@%thg&of mgre the terminal

ng oi sitrons o prese

j nvent.i on S e than one overb
fa%ct'fg@a&m Hag ggg ¥ P PRSP b eRr g en 05, |

gh- TBN deter ents, or m x of the those two types
?tbesfiqatlﬁnt ﬁéamglsﬁ pEthese Fcynﬂl%ls pEs dcfuds pelyoryalielene polymers
present invention, the amount of the overbased
prepard by tp(’b')neriizaticm efstimtleneneidder rErbpylenddoxide, tand diealtyl and
16 mM or about 3 to about 15 nM or about 4 to about
drgl edvers loff palyo £yedinéRs polRRbR k. 8 Rietiof- pbh@sopﬁﬁﬁ?lﬁﬁe glycol ether

i nvention, about 4 mM of a | ow TBN det ergent plus

Pl RRIGHeE TR a‘éﬂ“] B8 IR e

ositio
AP ERIR el of [ 6300yl RS- oR2 BoBarbonyic
det er,gen such as,. for ex enat sallc |.at es,
ST BRERL g hotrtio coidlsSlors Are Cich By gieiosiers, 2ha T, ko acid
sul f onat es/ phenat es/ sal i cyl ates, and the i ke. Hybri d
devterrofdefragtiylens dheeol). descri bed, for exanple, in U.S.
Pat ent Nos. 6, 153,565, 6,281,179, 6,429,178, and
6,429, 179. Rel evant discl osures of these patent
applications and patents, to the extent they do not
conflict with the disclosdPes and clains herein, are
i ncorporated by reference. Ashless D spersants
[ 0053] Di spersants are generally used to maintain in
suspensi on insoluble materials resulting from
oxi dation during use, thus preventing sl udge
floccul ation and precipitation or deposition on netal



[ 0054] Typi cal dispersants include, but are not
limted to, am nes, alcohols, am des, or ester polar

noi eties attached to the pol yner backbones via

bri dgi ng groups. The ashless di spersant of the

present invention ma for exanple, selected from
&‘?034%o| ubl ednogher sui @lﬂ$§ of gimthetickibaealinganls desthe esters of

i m des, and oxazolines of |ong chain hydrocarbon
d'tdaﬂ:tdxylid: eddsreng, @Enbhlidi acal, baocylic acidcilkid soccihibatids and alkenyl
anhydri des; thiocarboxylate derivatives of |ong chain

biyia€ a£ibg Msalei A0, SR¥1iOadl] Bk ScidebREAIRD rﬁmanc acid,
haV|ng a polyanlne attached directly thereto; and

{
R L i i R SR onic
01d gliﬁ %nl:?etg Pt&l%%]égf Fe O%ﬁ qug)li) %Xgﬁ@&b |d|0gecyl alcohol,
t|n ents (.acids, anhydrides, esters, etc.)
2%‘}@1 ol %B)él?n%alyaﬂd lﬁ?jv@kélﬁ &hicp! monocther; pogpylene
car bon atonB Wi th nitrogen containing conpounds (such
alycali Spevific exagamlecoftppdh esters dardes dilmityl adpateadi(2-cthylhexyl)
al i phati c compounds i ncl udi ng nonohydric and
peblaydty,dtiinshadyt Oinmdrate, divctal sebad:te ddissqroy pgddatendiisedédyl azelate,
phenols and napht hol s), and/or basic inorganic

| pRihSlate] ARIBEYIRAGIAO Wi QEQGY Sdbacdt Ghd SRty Bdiester of
es, and esters. [0056]Su00|n|n1de di spersants are

Ein&%ﬂeacf?lf dlﬁl% é¥lJ1é lec‘)pg {*{ﬁft‘d %shI%Xcti”H orBrn%ig o gebacn:

y reacti ng I‘OC& Succl

i kil 8 ﬁ%%@%‘hﬁ et é‘lpf%%l% roxﬁﬂﬁmr%éeﬁﬂﬁl@sﬁﬁm acid

attached to arutrogen atom or with a mxture of the
©conpounds and ami nes. The term "succinic

acyl ating agent” refers to a hydrocarbon-substituted

K988) ni ¢ abitdrsoselal sugymiheitic odls alto pnadatiecthosy adedoomd;s to Cj,

the latter enconpasses the acid itself. Such

mehedaria):1it Ypids ahd poliyols labd folywHéstaa blashl as Sbscnky 1%&5&1
succini c acids, anhydrides, esters (including haI

e R e UL Sy
Rﬁ?,é]e presepfe %m?lyetlcrb?l cfaﬁ ra[%' ’a polf)(/)-glpgil-'o%n[ (B%(ﬂ‘ Typlcally, the

PAOQOs are derived from monomers having from 4 to 30, or from 4 to 20, or from 6 to
16 carbon atoms. Examples of useful PAOs include those derived from octene,
decene, mixtures thereof, and the like. These PAOs 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
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CH2-5-CH2 00 wherein each Rl is independently a

hydr ocar byl group, such as a pol yol efin-derived

group. Typically the hydrocarbyl group is an al kyl

group, such as a polyisobutyl group. Alternatively
expressed, the Rl groups can contain about 40 to

afeatmenb OReltmadbmls aa¢ sinslar-anthe uhefmed bilsrexaepythbe have been further
present in aliphatic forms. R2 is an al kyl ene group,

GRARD M Yneddt by ifiRatiSeldtds. BIaay BuchSMGFication #8hniques are
di spersants have been nore fully described in, for

AR Sthokd %ﬂl%ecﬁé ?#lggﬁh aﬁ’sgﬁf%nfle%értaﬁtz()% ggco%g%rtygﬂg'{llgﬁon,

6, 165, 235. Rel evant osures o seé pate

extend. the ot conflict with the di sclqgsures .

RO of KRS i PR G i @b bt afadoef s &% oils tha
ol yal kenes, from which the substituent groups are .
BaYS besa U S&Bﬂ%%ﬁﬁﬁ%ﬂ?ﬁ%‘ﬁ%lﬁé%m%w t ey By bere-applied
of polynerizable olefin nononers of 2 to 16 carbon

i sorgice. aBeragsaidicugeoil palmosian ays contais spehadditivasasd
which are reacted with the succinic acyl ating agents
brakdown ploductaribadgition tailepemdandtoicrefiningistdpe,stepa thdi@vould
nonoam nes or pol yam nes [ 0059] Succi ni rni de

einSPRIBAsHeht AdBti VA R0 LEMAKHOWVAProten ndis0DBE1akBEY Such rerefined
normal Iy contains nitrogen largely in the form of

i ' | i I -am de functionality
Dl S5l UMb ik R dBiRT T
i mdazolines as well as m xtures thereof. To prepare

a succi nimde dispersant, one or nobre succinic

aci d- produci ng conpounds and one or nore amines are
heated and typically water is renoved, optionally in

the presence of a normally liquid and substantially

i nert Reacfioni Bradugts of sBIB &4 Mhromasaturated Acybaingohgent
tenperature is generally in the range of about 80C

[0938p t he Héaobpasiouhdihat SRTRCEDMEEOIDES deh@infeXdtiohréducts of
the product, which typically falls between about 100C
?ﬂ?is@gﬂ%n&ﬂﬁl@ m&Hntd @Rl Aelathd Soddi nﬁ?(@ddig bfs pRfvides low

e procedures for preparing the succlnimn

' - ent . i i en.have been . .
SABR Mnaghif: Sl PRl TAERirp USRS BB in meerna
3 1ng892'~3’2 , 666,. 3, 27 ,7@&, 4,234,435, 6,440, 905
Gigbustiopgnging. I reqrlion PRt ed i ldsobpivienes andsmoppnsaturated
to the extend they do not conflict with the
Hykting gends ohdedirepeniipgentipagnaoheteptesenjed by eithenEermula A or
[ 0060] Sui t abl e ashl ess di spersants may al so i ncl ude
Bormida Bi sylestshimtlew: whi ch are reacti on products of
rel atively high nolecular weight aliphatic halides

and am nesR;~pr ra pot yal kyl eneRpgl n
Exanpl es the f ve en descri bed, r nple, in
U S. Patent “Nos: “3, 275,654, 3,438, 757, 3,454,555
3,565, 804, and the |ike. ®el evant disclosures of ™g,

t hese patents, to the extend they do not conflict

with the disclpsdh@g Aterein, are al so i ngypelASEd by
ref erence. [Og%?]Suiggble ashl ess disperggats nﬁ5

furt h@ﬁeriefﬁcﬁ;l"ig% plbmmiuﬁnene (P1B) 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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di spersants,” which are reaction products of alkyl

phenols in which the al kyl group contains at |east 30
carbon atons with al dehydes (especially fornmal dehyde)

and am nes (especially polyal kyl ene pol yam nes).

These di spersants have been described, for exanple,

90391 S PatldaRiNb6EorBule6usle; FEMEE6B 620PIBI501., S@gble PIBs
3,980,569, and the like. Relevant disclosures of

thee senp abestitse thechahiemex beaty PIBaythsihaneh ne@béd dvetage weight of
with the disclosures and clains herein, are |ikew se
hPGANPO iRLIRMt BYO0 BARSRNER ferhkl) Gl du ?d)(?m%%hﬁmo Daltons,

di spersants may even include post-treated

ghﬁ%oxy??}egferaw if&n %B %bé‘ 'tcp%ﬂjouPXS 6(?3%1%1@9 tAHl exemplary

er san
ents .such as tothlaz | es, urea,
i“%%%?%?@ﬁfrf?w Uonaﬁ%m%é@ e %@cowgr%%@ﬁ%ﬁatehas a
aci ds, hydrocarbon-substituted succinic anhydrides,

AP aéfe@gsmca@%ﬂarméﬁ of 8hey8 4384 Dakens he 11 ke.

Post -treated di spersants have been descri bed, for

00461 e, | AheRSof Parnewla ANusl/orFog@0ladb B, a @rosg]-26@aining group
3,666, 730, and the like. Relevant disclosures of

tidrewed fivah @ MdhocabokfiR ®id, divarbokelic séd nitarb&ifliciaéid anhydride,
with the disclosures and clains herein, are further

hilyAFBE A REInE ndi&h Al &%ﬁvaﬁ%%r&ﬁ‘ t ﬁ@h%@céﬁh@ ﬁl%y include,

dlspersants may be polyneric, which are interpolynhers

Rk eg l%ogtclll&y i %ﬁeﬁ%ﬁ’g{iﬁegﬁg?s“ q\ﬁor% gcei‘ﬁé/allf%/ such meluenals may

yiate dec er "an Fecul

E’ﬁ{}@ﬁh topg %ngorw&;%t?@go e C%@Iﬁé gh E(géﬁ’ dicarboxylic acids,

descrlbed for exanple, in U.S. Pat ent Nos.

wheron (@hihe carbexyl srgpps Be gBEY $ie. lapried preadipgeat carbon atoms),
Rel evant di scl osures of these patents, to the extent
aiey) dideasd bne pnéferabty ith o ftshid adjasehtasrhonstandare pait i said
herein, are simlarly incorporated by reference.

h@ﬁ@ﬁhémanmg XEYqrad vésWiT(1 rlch B9 astividrig &N RARIrta, ap cq alcohol-
the present invention, a bissuccininmde treated wt

&l %0@@&9 %P g §te¥¥6(§f (e ?%) I?él’l(%lﬂlg% d Ifgde@f‘to ng monocarboxylic

di spersant. |spersan present

ef er abl
écngsev%érg ﬂg?éhsﬂlgtgll € Grbon e bon Fﬁﬁ@g%?ﬂcis ig ggﬂugg%téd i the carboxyl
di spersant_is suitabl resent in an anount of abo
@?Bﬁt’tﬁ’" Aboibe Srueiuss - é( & B &t dacis) glerpiiyes of @) ﬁ'epha?é&;tto Cio
7.0 wt.% An exenplakﬁ lubricating oil conposition of
alerhobdedeasdkmprnestets arliestarpof Gds Ineerithghbortiments ibo & of
treated bi ssuccinim de di spersant derived froma
RirBEM Mapd/er Fotrinda B Gncisi e dedived fiotnbeixtaNbaPRIsing any
mol ecul ar wei ght of about 2300 Daltons (PIBSA 2300)
prﬁ?&ﬁoﬂi@ftmér 1RbredTterPalS(Wto 14). A0OR Rferialibirt £138 teifhed

conposition of the present ‘invention conprises a

% oluﬁgatlgrlat%ﬁ%gflaﬁﬁ%%%ﬁgs? hbo L ea&gre%pt%ﬁt W‘Rh 916 @aci(bone,

I nati on I SSUcCci nim

erlved f r BSA whe e| t he P haln h
‘ﬂ o PG < b b ot m st it BOHOR ads.
Daltons (PIBSA 1300) . Preferably, t he Iubrlcatlng oi

Webardsst Pioleriyativasitadeolfhespmenstiragdo Thus ferrsampte, gsileic

w.% preferably fromabout 0.05 to about 0.25 wt. %
gohydiidabegoings packbenapibytitutadauadinigtanBy diBlet acrabioatid Bedanes
w. % of total nitrogen from di spersant.
back-bone substituted propionic acid. Exemplary monounsaturated carboxylic
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O her Additives [0066] The |ubricating oi
conpositions of the present invention may optionally
conprise various other additives, including, but not
limted to, antiwear agents, friction nodifiers,
antioxidants, corrosion inhibitors, viscosity index
repstaoisandudaivenasicasid, deelini¢ 3ad, mdmewnidy makégarthydride,
| ubricate internal conbustion engines. Antiwear
Aglentmsaleif @0IA7 ¢ Mbtvythl cic antiydridd) 4daylapleok phalieryiitagld, crotonic
salts are frequently used as antiwear and anti oxi dant
aga/\difinandib QciBim] 10WRY aREinddimalifaid dlk)ﬂge@.', kahé 0¢, ARV Beid esters
netal, or alum num |ead, tin, nolybdenum manganese,

i . CO _ % | ts:
BE & %}ieggl&al o gQ?(%pFIBF sifitabfe Eﬁﬁ%.alﬁld?ers?erg ABALY ?ﬁe{hyé gba&?ate, ethyl

common ubrircating oil in amounts o

.1 to about .10 . % . preferably.about 0.2 to abour 2..
R REBNT ot adta B B mgticdBRtsimmetefrad PreBbftha e
oi.l. conposition. They nmay be prepared_.in accordance
a51¢dh dﬁﬁ%ﬂ’fﬂ(“é%ﬁ‘i’ 84 é@ygy)c/lﬁplr ucg)%rrﬁ@tﬁ@al 4s maleic anhydride.

di hydrocar byl dithi ophosphoric acid (DDPA), usually
Bycordimely, e preferrethesaciiomproduciiof e OB and aanqieunsakuradied hcylating
P2S5 and then neutralizing the formed DDPA with a

agenc iscopgipisstehty Eay suexaigdrdyddde{RIBSaphosphori c aci d

may be made by reacting m xtures of primary and

fpeaepdary gheRReksn proth& oFatFIEehY a ttoubinated acylating agent
di t hi ophosphoric acids can be prepared where the

. I o} |

N BERLV I BB B8, OO pRPGAHS 1G0Hh pIaBRE PN ApIL, an k-

entirel ri [ har act.er. .To make .t he zi nc
BIE precupgr aicrav i fadPr Epmits B <ab e Srrmarddy aeaenic
used hut_ the oxides, hydroxi des and carbonates are
PRIECHEALON PEvRsHH o tenmergraiedhat is predrtermiagd aecerdingta the
contain an excess of zinc due to the use of an excess
desireth mobaslar veight fadhp Bl dligomerh & on examplk] B3 hat has an
reaction. produced from dial kykyl di t hi ophosphoric

actde mdleduld welphdfabodtd30R Dalibhecdyist gr¥pdre@btatemperature of
conmpounds from whi ch the dial kyl di t hi ophosphori c

Aohfl§rar g casr%%\gs%g? Q%BF%%’J ﬁﬁé&fbta%%&%%ﬁé @?{é{eﬁ?ﬁo&

the formula ereln R or
Lyt ] Ky ref erabl. ranched .or )

- FRib it oriYtn RBRGES Moty FHO36E 68 srpmols By gractng

re preferably, Ror., R |s a branched or
%ﬁ@%@éﬁ%ﬁ?@ﬁ%%h% %@?%Wﬁfﬁr Bhasg B @nothes Asnsebofthe
[ 0069] M xtures of hydroxyl alkyl conpounds may al so
Rsdymergtion pecressh fur fosd/ intatheggactarongsomakide matdiatiouchas
nonohydr oxy al kyl conpounds. The
Ieixahdsyandiidoprayahok phteninteatiddssidwals dfvesctbe nxtefds, é6kluding the
fromnono-, di-, tri-, tetra-, and other pol yhydroxy

WHrkattedGSTHH BEESm o6 m S Xdrbl bASH AfmdWeR o puftREEReh thdPIB
foregoing. Preferably, the zinc _

%}g%bﬁga{@ggﬁgr@m%tlﬁeﬂg@ gl?(ﬁ’l EIS,r 24 ¥l Y ﬂ%{}%g in a flash

i's derived froma’sing pTPLa

cg’lg.gloﬁnh ﬁgl ﬂ'r Hgi%g%g {e% g%‘dézpl é:?)ﬁ%prgsll’ §<%|Hg Hg{-h@r%e g]'sg (c)gxglnel'cslally
di al kyl di t hi ophosphate derived from only secondar
aypighle. forranic, upderthe gadgname gt GHS&QR%LB‘? (bsf&ééﬁ%@}-y

al cohols is a m xture of 2-butanol and
[804&t hy| - Reehompoiducts of such HR-PIBs and monounsaturated acylating

agents can be prepared according to known methods. For example, The succinic
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[ 0070] The phosphorus pentasul fide reactant used in

t he di al kyl di t hi ophosphoric acid formation step may
contain mnor amounts of any one or nore of P2S3,

P4S3, P4S2, or P4S9. Conpositions as such may al so
contain mnor anmounts of free sulfur. [0071] Al t hough
ahleydridedengtivegpf FIB (ConPIBBIA )i vcan be pfepalvd ipneseddnce with

i nvention are capabl e of providing excellent antiwear
pesthcls eaeded i UME Pateas 06 &, D5, AADEOE S 381 6, 2360850, and others.
di al kyl di t hi ophosphat e provi di ng greater anmounts of

Hﬁ‘%ﬁ@@ﬁ&%sthe)l &tﬁnatraahﬂl\e@qmn%é QLOBARE £l ctleﬁﬁls'h@ g‘?ttﬁevl%levant

ubrlcatlng oi | conp05|t|ons are partlcu ar app

P Iatlons def

p otgl% of @13? a(%e are m%o&por? ot rref ﬁeélﬁe ‘a ﬁ(ﬁlﬂéjg& %A can be
Ther ef or e, Iubrlc tlng conposi tions of the
B‘r’eé’é@ﬂt“sﬁnﬁ\i‘é%ﬂqlﬁ? fll]né)rl BASS' PFPRERS, XBTRIN Hiegglyipobygylene is
of hosphorus, nore preferably from about 0.03 to

vgﬂnnglemmw@mdepﬁ@gﬁmﬁ@g temperatagsipl the presence of sulfonic
Iubrlcat|ng oil conposition of the present invention
eddpr bsesr mbrutthdrktongitidi Abisdiraddsy Isciapdble phmeptdng PIBSAs
Viscosity Index Mdifiers [0072] The viscosity index
Qfithta@nasfpphiefksucsinid ¥efiea SSikh rtios MBF B &Bust@¥to attain the

|ncorPorat|ng therein certain polymeric materials
S R AAID b O i b S v

f
Rl ThEIRIER a3 Rapl PR iyt SofarpheR Foprons

ah ut 5 000 to &Pout 250, 000, Ppreferabl from about
agdyaip ths reastnss the mepleje gnhyeside: B chaigs Brdje ratignanghib feaction
20,000 to 150,000 Daltons. These viscosity nodifiers

beld tiopg: | Remseing yklﬂied dr thie tatdvauild indprsthnd thgt the apparentsuccinic ratio
such as, for exanple, maleic anhydride, and the
'grpaéfbmﬂlymtthdf ranpe ofibetbect it ¢ dndabdut 2f pref@xtlPleveen about
am nes, am des, nitrogen-containing heterocyclic

COMDABRAT. Qb SRIGEBLY QL THEM 113 hsD&du@ D@l Various PIBSA
viscosity nodifiers (dlspersant viscosity nodifiers).

e -
B8G3L EAPATBL B¢ Y28 BER! LBlch GOIRAS LI Q0T lroh Rfonite
thacg%L te copolyners whi ch may or may not be

ge ? mal ei ¢ anhydri de. The copol ynmers nay be

enpl oyed at an anpunt from about 0.1 to about 10 wt.%
Wﬂﬁh e | ubbuisably, tep wRetiqadTpduits ¢/JBs apd moppwpsaturated acylating
Modifiers
agents may be present in the lubricating oil compositions of the present invention in

;4

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



[0074] Lubricating oil conpositions of the present

i nvention further conprise a sul fur-containing

nol ybdenum conpound. Certai n sul fur-containing

or ganonol ybdenum conpounds are known to function as
friction nodifiers in lubricating oil conpositions,

WHIO! wet. 6l tg 8- 50rwitv¥od i Argesentpilary il daivatiagn dil aompowraen of thel ptesent
to a lubricating oil conposition. Exanples of such
Givlention cdrhgrised adoo- 100 whtlesiUnPIBIMN eilidasn tHedBOthain has a

di t hi ocar bamat es, dit hi ophosphat es,

diBEORRASE Mdlad R weigRtdTabes, 2300 DaxsR, hat es,

sul fides, "and the |i ke, and m xtures thereof

MOt QdinsQ Mk Se di-spersi'bl e trinucl ear

ﬁéﬁ%b&é%unr%vnp&%ﬁ@é can be prepared by reacting in
ppropriate |iquid(s)/splvent(s) a | ybdenu

WIBAEE® s Lo M coniali ko3 inrtie deihess Rl o Bl as detergents

between 0 and 2 and i ncl udes nonstoi chionetric

{rredace ongpmpvedengsitamidas qeihraptgbizare ar Bigciphipitogs, thereby

tetral kyl thiuram di sul fide. Qher oil-soluble or

thidupiag sydaf end ecdrmsddresnd extdndbgeemgine ddepDatetsntsegenbrily

formed during a reaction in the appropriate

sehptst 4 Solardfead with iphg BndiapBebic &6, wit e gflartead comprising a

(N1-14)2MD3S13. n(H20), a ligand source such as

heftall Q1K s ' odlfd. i |l iR i

or dial kyl d.ﬁ?%@sﬁ%?%‘ﬁ?? gﬁd aﬁ%@%&%{g%’? zﬂtas,tﬂé}g%:%E ﬁ’é’em"n

SR S AR R i P s B s

ernati v rrnuct ear

nol ybdenym sul fur halide salt such as [M 2] MD3S7A6],
BT, Urectised St Grov e R nals at SF B as
a, Br, or_ I, muy be reacted with a |igand source

Borapeansous Newlontap syblemis sbarpgraneaddyor metal content in excess of that
di al kyl di t hi ophosphate in the appropriate

whophi vdfid] bs pregsentta¢sjrding t6 drenst@ivhiomietrg of thelmactalrand the particular
di spersi ble trinuclear nol ybdenum conpound. The

BRPIc VBEAnS @ rhpotinl HReI MR (HXBNRIE  THeQve@43dMh ierials are
aqueous or organic [0076] The terns "oil -sol ubl e" or

o di [ . ' 3 c - indjcate

FRg TR B RSAARah LR gaah, RSSRSRAYE Lt bPid

conpoun Itve ofu

di ssol,vabl 1 sci bl  capabl,e of bei ng suspended,.
BRI iy Sin o iiB Sre S iRt R el
however, that they .are, for instance, soluble or .
Qrgapicwompeih & A réaction gredivmycomprsiagaitleast png wpdrguyc
exert their intended effect in the environment in
sty (suick apiminersl whphphibal tolMoree syiens) in e prdstince ofval

i ncorporation of other additives may al so permt
stoehiopaitad ¢xuessodf g Ebask audh provhoter. parti cul ar
additive, if desired. [0077] An exenplary |ubricating

piolsonposihi AdRlord e RISRAls LAMANE nRRingQHPbAMBaRd
nol ybdenum succi ni ni de conplex as friction nodifier.

Sk LA TR PO R AR
. % . 0. 28 .4 L% .
PSR SRR ot B e L

anti oxi dants reduce the tendency of m neral ) ) )
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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oils to deteriorate in service. Such oxidation

i nhi bitors include hindered phenols, alkaline earth

netal salts of al kyl phenolthioesters having

preferably C5 to Cl12 al kyl side chains, calcium

nonyl phenol sulfide, oil soluble phenates and

$@046dir i zed GaHenatats detplyosphog usatigylates deanrbepuéfanad yedacting an
hydr ocarbons or esters, phosphorous esters, netal
biunetiercbfimRyBSacio iwithsol apblopriaRnpen] cRifRHa dactas an oxide or
described in, for exanple, U S. Patent No. 4,867, 890.
h9&6%iaer Néﬁtrhlcor%ﬂﬁ%mgﬂﬂ'l@s Aby HRAHe JoMBndd %{@Eﬂhﬁds well

groups attached directly to the n|trogen con

cl.as entL

?gr aﬁ{l o#dgrlllgy Oq’%%@g%% éaljl %ﬁl & “ar 8)5%1% ?fﬁmn Ogtam

v ast .two arqQmatic attached directl
et npind R iAo g G e TR STRDl (s BB ebacasims oy
atons. The am nes nay contain nore than two aromatic
gbeatomsh More preferabls thegaoighyecontains six abmpre w@rlan dsgms, such
one or nore substituents selected from for exanple,
ad 4 bgrizenemoletial Kiyd aroalakioxsrbomylid apid/maw cynitainamy loamon@aromatic
hydroxy, and nitro groups. [0080] Lubricating oi
£RIRS, sULIP Ao brafi R IHEARKE ritk, Tuddddr RURSRIRE chmeeRt v
preferably contain fromabout 0.05 to about 5.00

M.\ﬂ(yféhe BR4 O&SP 'E?(Bﬁl'bﬁsgl afdh?dﬁ‘c%gﬂ)%f( 1idackds hPad 9%{05%0 08ds and

o an partlcula y preferab from about

henol i.c nt|o
e et e oo B RENE el FH el Byse G tifhond
otaI ht the br| Lng oi | coprposition.

@ ﬁBlV%ﬁ'bgrle%oérE%?Sﬁ byl tﬁgogqrtheﬁp tsfﬂéoc&rfé@éﬁtsmuted
i nvention conprises about 0.40 wt.% of an anti oxi dant
sahigyli¢ acidijarcnasvptecthyseeskiling. in Areoarh eSalisyeptids gre typically
| ubricating oil conposition of the present invention
prepped be sarhboylatiéh, For edanfifle by shedK olbeydchaliitp peieydsast ptenoxides.
as an antioxi dant. [0081] Additional additives may be

InNB&Y dAsy, dhIRF Tik AL bRExeneRN9 Dbiaiasn Aldih&a th B¥ERRRvith
to satlsfy the particul ar performance requirenents

@&ﬁg& ? ﬁmﬁﬁllom18APS applications in internal
conmbustion englnes Exanples of such other additives
ude, r rust hi bi t or antj -foam

WREA'S" ar SCEERRRS be PP Y vBinepiTani SoydipdoT et
|nh|b|tor Qr anticorrosion agents may be a nonionic

bYlyakstitied peneaticpdsecarhons sy asdbone. obmmﬁdoﬁrwra the fractionation
pol yoxyet hyl ene surface active agents include, but
efiretnun énthosedbtanedivdmaligydationl of| mmmfa:iﬁlwdr@taﬁem. Alkaryl
pol yoxyet hyl ene hi gher al cohol ether, polyoxyethyl ene
sudfoyhtphradiidlly ebliein, fraan layonyabhybarss sahote RhoOH latoRds) BFeferably
pol yoxyet hyl ene octyl stearyl ether, polyoxyethylene

2biRYbo&1BE5 abHR! ORI EE B elsaqnt;g gﬁgéuugg@ ADRERE A dety.

polyoxyethylene sorbitol noho-
et hyl e | e bitors
RIS orY g a%iﬁsn%fgﬁgm% Loy T O 7 b by reaction
i ch include, r exanp stearlc acjd, and ot her
‘F’V\glt 1§ apRIpRfLate ate PB’E‘S'?WIFJCS‘%E AY8n Oxige 8 hxdgpide. Napirgl or
acid amne salts, netal salts of heavy sul fonic acid,
qygrtased produdiomyy b obtsinpdestraetheds well kgan incthe oot example,
and phosphoric esters. An exenplary |ubricating oi
snttopiesi phienols aifiayt Beeprpparsd by rdaostend plaenot edghrsulfasora sulfur-
calcium stearate salt. [0083] Foaminhibitors
doypiiiag bympaigldusieh a kydrogei afdey hahie nhsokiRdSorditur dlhahde
di met hyl silicone polynmers. Exenplary conpositions of
the present invention confflin



silicon-based foaminhibitors in anounts rangi ng from
about 5 to about 40 ppm preferably fromabout 8 to
about 35 ppm nore preferably fromabout 10 to about
25 ppm based on the total weight of the conposition.
0084] Seal fixes are also termed seal swelling agents
fogaigrodiicsy thpiegrs mixiess ofcempprnds e Fichyker mare phenols are
| ubricant or additive conmpositions to insure proper
bhdgedoresul Bieabipingbidgsevent premat ure seal
failures and | eakages. Seal swell agents nmay be, for
¢00I9p| e, OiThe sl Rbpotiadsiisafi th making Bat dverba8éd salts are
aromati ¢ hydrocarbon esters such as
BhreRalB Y GR%Y Imt@%hab%iletgq B8] ollm&y ih$he'Pdribadd TRIEbT fhe

al cohdl s"such as tridecyl alco tri phosphite ester

N N R TR T
Iy SR R@%&?&é@% 2 i s RRPrbliSieRE Sigh g ¢opper. The

additive may act as a dispersant as well as an

Expwmt mstils #hipkifeebly spise petassiimy Hiivre pad cepter.theres
are well known. [0086] When | ubricating conpositions
pftrably sodiemoor pobaseiuof, abdpartibaagdy preferhblgsedium. The Group 2
additives, each additive is typically blended into

heelbeSie Betal biscAificlAl®HRGloba a alabhesarthgetaRdl b, ¥ignesium,
to provide its desired function. It may be desirable,

@Al&inﬁf_;' Qﬁlorﬁﬁltm, %%ﬁﬁfﬁ{) Lalven k9 tH GRYh 93 glfkt@alg Eudi:Zine or cadmium.

additrve concentrates conprising a Ives

n es netimes being referred to as additive
DI S PRLAVES n b FO RS o . oré
si nul taneously to the oil to form¢the |ubricating oi
E@%@@W%ﬁ?%ﬁ@rﬁﬂﬁ&m@aﬁ%ﬁﬂym orakly iy from
about 5 to about 30 wt.% preferably about 5 to about
P9S0L . o5 t Yparmples 9f Gis@yerbagedidgteagants inglvdevt bugarsfnot Henited to
concentrate, the remmi nder being the oil of
taldinmoad fongley icslcnmi plenale’ ecalcnpeakicifes; aflclven fibaagednd
in any order and can be bl ended as conbi nati ons of

FOAMRE eitkdof, RRRALINIdtedoBNS Blita® 0F Le WEh IHE LB ating oils of

understood by reference to the foll ow ng exanpl es,

B0 0 B PRI 5 TR SRS o
Jout Il&&)d 'Ithg ]JBII\II of gurc ta ogvhoeve%agéc’c? Efgteljgg%erhqg); l?enfrom 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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without Iimting it. Wiile the present invention has
been described with reference to specific

enbodi ments, this application is intended to

enconpass those various changes and substitutions

that may be nmade by those skilled in the art w thout
PEFERYINYRILDR GRAY deEPsisE mare thag oze operbafed dasrgaptre miiédh may be
clainms. Exanple 1. [0089]G 1| A was prepared and

nd doed BN detpigenitsnalt highrl BN ek & rgamts, beaden of/the ohgsi $¥v0 fypes.
ring sticking according to the Vol kswagen

Teosapc har gedl il lubi@sihnt o cEMPORBRRE NIFSHERS irkBhtdH, AxSmount
engi ne test (CEL-L-78-T-99), which is part of the

AFERR 0@61%;3% Jét&?%r%t&ﬂ,rl??&%ﬂt%ﬁf ge Q%utt 6%55‘3891&3?%‘%1‘4’ or about

Aut onobi | e Manu ers Association i n

St u ta. simil ate repeated cycl es of .
RS RedBaaifiet b Tt Bu a5 of Fadartedimgu et te
1.9 liter, inline, four-cylinder turbocharged direct .
PrESeRtanyRtianabaet 4 v of éi%w-% AstergegpplreRouhhQ mM of a high-
nount ed on an engi ne dynanoneter stand. A 54-hour,
2 Bhhdedergeniraoe prgsems in fetlubyeitiog ol sompesiti®® ni nut es of
40C oil sunp at idle and 150 m nutes of 145C oil sunp
§10521 | poBeitat]d d&Brgepifortas lataictiiggloid vbmpésitisistor the present
interimoil top-ups. After the procedure, the pistons

WeRtisrPAlSSlink Ride CRYIRRM RASodiAC AR s, d8PS&hiple, phenat&hdlicylates,
for groove carbon filling The piston rings were

GBI ol AR MR e
OB A S SRRl S P 15555

di stinct and surprising_inprovenent over Conparative
028 1 47964 He) RS 43 70 Relewe dieloserenfibesmggicnt
sticking test. [0091]G | A A lubricating oil
apnhisaidonsiand pastspiodhe exenicthapdo sotmpnillvd withthSdiselosidres and
of a polyi sobutyl ene succinic anhydri de derived from
clained dr&iapait yoeRsratbd by Rgfeentbéinber aver age nol ecul ar

wei ght of about 2300 Dal tons, an ethyl ene

ASKB&BESertdfat ed bi ssucci ni m de di spersant, a
[ ow overbased cal ci um sul fonate detergent, an

ased ' r ted cal.ci um phenat e
RO E G h NP SR TS BB o B AL B ThBiuote
succinim de, di - C8-di phenyl am_ne anti oxi dant, _a i
Bpferialae B &P IaHAR HEBE Usea s PRYERIRE udapriineculgtion and
rust inhibitor, and mneral oil base stocks. Gl A
Praeipdatian dradepasitiemore gietad perts f Nitsgon-contziging asbdess (metal-free)
ni trogen content of about 0.092 wt.% sulfur content
difpaiamist ar® bA83 antl cHftridott tp ieesPRNrof% [olerivadng oid fcomposition o
0.071 wm.% [0092] Conparative Exanple G| B: the
WHIcAYheA dr@ B, Fithot iNaSARHHY ddentoadl @XGRA%GsA.hAh aGhlkssB
does not contain PIBSA 2300.” G| B had a sul fated ash

F9Ba5 ey AL ool b iyl goRgE iRl RghegfvabiRAL

0% ofrAt:ii_qsnag %&sg Eha? zflre%aggb}e (\% és%cie-ll‘-na}l%l “(?itlil' f)a-g‘ﬁgltes ‘E(y l?eeaispersed.

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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Components Ol A G| B PIBSA 2300 Bi ssuccinimde

di spersant Low TBN cal cium sul fonate Cal cium Stearate

Hi gh- TBN sul furized & carbonated cal ci um phenate Zi nc

di al kyl di t hi ophosphate Ml y succini m de

Di - C8-di phenyl am ne Silicon-based foaminhibitor

Erdvps e dbe peilgayelispBishatanritthapriesant 50whiich Bapdatfosexhmigle, selected
from oil soluble salts, esters, amino-esters, amides, imides, and oxazolines of long
chain hydrocarbon substituted mono and dicarboxylic acids or their anhydrides;
thiocarboxylate derivatives of long chain hydrocarbons, long chain aliphatic
hydrocarbons having a polyamine attached directly thereto; and Mannich
condensation products formed by condensing a long chain substituted phenol with
formaldehyde and polyalkylene polyamine.

{0055] ~ "Carboxylic dispersants" are reaction products of carboxylic acylating
agents (acids, anhydrides, esters, etc.) comprising at least 34 and preferably at least 54
carbon atoms with nitrogen containing compounds (such as amines), organic hydroxy
compounds (such as aliphatic compounds including monohydric and polyhydric
alcohols, or aromatic compounds including phenols and naphthols), and/or basic
inorganic materials. These reaction products include imides, amides, and esters.
[0056] Succinimide dispersants are a type of carboxylic dispersants. They are
produced by reacting hydrocarbyl-substituted succinic acylating agent with organic
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 represented by the formula:

23



35rnM 10mMM 11. 5mM 0. 37wt . % 0. 40wt . % 25ppm 0. 84wt . %
0. 71wt . % None 6. 50wt . % 4nmM 35rii M 10mM

A\
R g /0 >C—CH—R1
>N—[Rz —NH] —R, —N
CHy—c, C—CH.
\ Jo

wherein each R, is independently a hydrocarbyl group, such as a polyolefin-derived
group. Typically the hydrocarbyl group is an alkyl group, such as a polyisobutyl
group. Alternatively expressed, the R; groups can contain about 40 to about 500
carbon atoms, and these atoms may be present in aliphatic forms. R; is an alkylene
group, commonly an ethylene (C2Hy) group. Succinimide dispersants have been more
fully described in, for example, U.S. Patent Nos. 4,234,435, 3,172,892 and 6,165,235.
Relevant disclosures of these patents, to the extend they do not conflict with the
disclosures herein, are incorporated by reference.

[0058] The polyalkenes from which the substituent groups are derived are
typically homopolymers and interpolymers of polymerizable olefin monomers of 2 to
16 carbon atoms, and usually 2 to 6 carbon atoms. The amines which are reacted with
the succinic acylating agents to form the carboxylic dispersant composition 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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11.5mM 0. 37wt . % 0. 40wt . % 25ppm 0. 82wt . % 0. 71wt . %

Length of test P-MER AVG Gl-3&L1&2 PCl nRL206Avg VW

Lnt - PCLN Conmbnd AV AvVRStk (8R-4P) ASF (0-10) MRStk

(IRg) ASF (0-10) Gvs. 1st RStic, AV, ASF Gvs, 1st

RStic, MX, ASF Gvs. 2nd RStic, MX, ASF # of R ngs

wbaout 88%Fup tpths dsddropessti@BtedPerature of the mixture or the product, which

typically falls between about 100°C and about 300°C. Additional details and
examples of the procedures for preparing the succinimide dispersants of the present
invention have been described in, for example, U.S. Patent Nos. 3,172,892, 3,219,666,
3,272,746, 4,234,435, 6,440-,905 and 6,165,235. Relevant disclosures of these
patents, to the extend they do not conflict with the disclosures herein, are incorporated
by reference.

[0060] Suitable ashless dispersants may also include amine dispersants, which
are reaction products of relatively high molecular weight aliphatic halides and amines,
preferably polyalkylene polyamines. Examples thereof have been described, for
example, in U.S. Patent Nos. 3,275,554, 3,438,757, 3,454,555, 3,565,804, and the .
like. Relevant disclosures of these patents, to the extend they do not conflict with the
disclosures herein, are also incorporated by reference.

[0061] Suitable ashless dispersants may further include “Mannich
dispersants,” which are reaction products of alkyl phenols in which the alkyl group
contains at least 30 carbon atoms with aldehydes (especially formaldehyde) 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, thiourca, carbon disulfide, aldehydes,
ketones, carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitrile

epoxides, boron compounds and the like. Post-treated dispersants have been

25
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described, for example, in U.S. Patent Nos. 3,329,658, 3,449,250, 3,666,730, and the
like. Relevant disclosures of these patents, to the extent they do not conflict with the
disclosures and claims herein, are further incorporated by reference.

[0063] Suitable ashless dispersants may be polymeric, which are
interpolymers of oil-solubilizing monomers such as decyl methacrylate, vinyl decyl
ether and high molecular weight olefins with monomers containing polar substitutes.
Polymeric dispersants have been described, for example, in U.S. Patent Nos.
3,329,658, 3,449,250, 3,666,730, and the like. Relevant disclosures of these patents,
to the extent they do not conflict with the disclosures and claims herein, are similarly
incorporated by reference.

[0064] In an exemplary lubricating oil composition of the present invention, a
bissuccinimide treated with ethylene carbonate was used as the ashless dispersant.
The 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 derived 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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5 0 3 Scoring (*) Pass ACEA B4 or B5 Fail ACEA B4 &
B5 The pass/fail score according to the ACEA
standards B4 and B5 are listed in the follow ng Tabl e
1.1: Table 1.1 ACEA B4 |imts ACEAB5 limts

preferably from about 0.05 to about 0.25 wt.%, particularly preferably from about
0.08 to about 0.12 wt.% of total nitrogen from dispersant.

Other Additives

[0066] The lubricating oil compositions of the present invention may
optionally comprise various other additives, including, but not limited to, antiwear
agents, friction modifiers, antioxidants, corrosion inhibitors, viscosity index

improvers, and other additives commonly used to Iubricate internal combustion

engines.
Antiwear Agents
[0067] Dihydrocarbyl dithiophosphate metal salts are frequently used as

antiwear and antioxidant agents. The metal may be an alkali or alkaline earth metal,
or aluminum, lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are
the most commonly used in lubricating oil in amounts of about 0.1 to about 10 wt.%,
preferably about 0.2 to about 2 wt.%, based upon the total weight of the lubricating oil
composition. They may be prepared in accordance with known techniques by first
forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually by reaction of one or
more alcohol or a phenol with P,Ss 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.
To 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 éontajn an excess of zinc due to the use of an excess of the basic zinc

compound in the neutralization reaction.
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P- MER Avg 63RL206 - 3) 66 (?: RL206) # Rngs w ASF >
2.5<1.2<1.2 Gvs. 1st RStk, MX. ASF 52.5 52.5
Gvs. 2nd Rstk, MX. ASF < 0.0 < 0.0

[0068] The preferred oil-soluble zinc dialkyldithiophosphates may be
produced from dialkykyldithiophosphoric acids of the formula:
RO 3
~/
~

SH
OR'

The hydroxyl alkyl compounds from which the dialkyldithiophosphoric acids are
derived can be represented generically by the formula ROH or R’OH, wherein R or
R’ is alkyl or substituted alkyl, preferably branched or non-branched alkyl containing
3 to 30 carbon atoms. More preferably, R or R is a branched or non-branched alkyl
containing 3 to 8 carbon atoms.

[0069] Mixtures of hydroxyl alkyl compounds may also be used. These
hydroxyl alkyl compounds need not be monohydroxy alkyl compounds. The
dialkyldithiophosphoric acids may thus be prepared from mono-, di-, tri-, tetra-, and
other polyhydroxy alkyl compounds, or mixtures of two or more of the foregoing.
Preferably, the zinc dialkyldithiophosphate derived from only primary alkyl alcohols
is derived from 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 P2S3, P4Ss, P4S, or P4Sy. Compositions as such may also contain minor
amounts of free sulfur.

[0071] Although the lubricating o0il compositions of the present invention are

capable of providing excellent antiwear performance in the presence of amounts of
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Exanple 2 [0093]G 1 C was prepared and tested for

pi ston cleanliness and tendency to piston ring

sticking according to the Vol kswagen Turbocharged DI

test described above. The Piston cleanliness and ring
sticking of VWTD engine tests were al so carried out
winclidkyigibiaphesphate pagiidingicreatyr ateuntsed phespharus, Y viaproved
in Table 3. The results were scored agai nst the nore
striomgewt of theanese vp hifrieatind @dodmpesitors aanetaticldar(app&@nt in
C2 test standards), wherein the P-MER AVG has a

W ISAPS f¥ahmatiohs Which [ 084 dn, e MVEpRd el 18VdIn6t n@@féater

surprising inprovement over Conpar ati ve Gl Dinth
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nmber average nol ecul ar wei ht of about 2300, an
ébwﬁe%em@w%%ew r’fe%*&r@eﬂth%%d%ft eemniay dutyjssting ail
that is a mxture of one derived from PI BSA 2300 and
apopewiionef the preséntdny B AomPOEs(abow. 1 1.5 md zinc
pol yi sobutyl ene precursor had a nunber average
dizlleddittasphoeplgié. of about 1300 Dal tons), a
| ow- over based cal ci um sul fonate detergent, an

NabbiasRdes Mddiidrged and carbonat ed cal ci um phenat e,
a mxture of primary and secondary zinc di hydrocar byl

) IWEL ophos %anﬁcoﬁtg)‘ﬁ%qhé& éﬁﬁg .bge@to%ﬁ s ﬁlc;e%gézlo E)Pfﬂ?pr%&f by

itor, VI SCO

S e NI R

sul fated ash content of about 0.59 wt. % ni trogen _
EOND onvisepsiiadex impragrsk VE). Generally. pomere mstteribouneful as
0.213 wm.% and phosphorus content of 0.074 wt.%

[ 30&bly Qoo feratire/bofxavpien@nber Bveripemblcnial weights (Mn) of from
Ol C was duplicated except that Ol F did not

aldiit 31000k BS#ut 230000, PreicRbatom Hohf B,60) B:BoGATODOD, more
of about 0.59 wt. % nitrogen content of about 0.113

gf effabl lﬂJn%bcﬁR % %b t@fIS(pﬂ(?OlﬁaMns%Th@M iR Hfaﬁttfers can
ontent of 0.0 % Tab Test: VWD 2SAE: OWB0
Sf%%ﬂ? RE %ra%ed v%th grafting materials such as, for example, maleic anhydride,
and 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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Q1 D PIBSA 2300 Bissuccinimde dispersant derived
from Pl BSA 2300 Bi ssucci ni m de di spersant derived
from PI BSA 1300 Low TBN cal ci um sul fonat e Hi gh- TBN
sul furiz' ed and carbonated cal ci um phenate 10 and 2

Zi nc di al kyl di t hi ophosphate m x Mly succini m de
Wnyl am ne Silicon-based foam i nhi bitor
Tri borate wear/oxidation inhibitor Viscosity inprover

W%m\sﬂr Di Lubritatidgl oi PeddipisitBins o OBwlprddedt. i ttioNofiir et Womprise
a sillﬁlr—containjng molybdenum compound. Certain sulfur-containing organo-
molybdenum compounds are known to function as friction modifiers in lubricating oil
compositions, while also providing antioxidant and antiwear credits to a lubricating
oil composition. Examples of such oil soluble organo-molybdenum compounds
include dithiocarbamates, dithiophosphates, dithiophosphinates, xanthates,
thioxanthates, sulfides, and the like, and mixtures thereof.

[0075] Oil-soluble or dispersible trinuclear molybdenum compounds can be
prepared by reacting in the appropriate liquid(s)/solvent(s) a molybdenum source such
as (NH4)xMosS 3n(H»>O), where n varies between 0 and 2 and includes non-
stoichiometric values, with a suitable ligand source such as a tetralkylthiuram
disulfide. Other oil-soluble or dispersible trinuclear molybdenum compounds can be
formed during a reaction in the appropriate solvent(s) of a molybdenum source, such
as of (NH4):Mo3813.n(H»0), a ligand source such as tetralkylthiuram disulfide,
dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur-abstracting agent such
as cyanide ions, sulfite ions, or substituted phosphines. Alternatively, a trinuclear
molybdenum-sulfur halide salt such as [M'],[MOsS;A¢], 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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12. 0i nM 0. 30wt . % 0. 30wt . % 10ppm 0. 20wt . % 5. 80wt . %
0. 71wt . % None 6.00wt. % 1. 80wt . % 7.5nmM 17. 5nM 12. 0i nM

are, for instance, soluble or stably dispersible in 0il to an extent sufficient to exert
their intended effect in the environment in which the oil is employed. Moreover, the
additional incorporation of other additives may also permit incorporation of higher
levels of a particular additive, if desired.

[0077] An exemplary lubricating oil composition of the present invention
employs a molybdenum succinimide complex as friction modifier. Of the lubricating
oil composition, the molybdenum complex may constitute from about 0.15 to about
.55 wt.%, preferably from about 0.28 to about 0.45 wt.% .

Antioxidants

[0078] Oxidation inhibitors or antioxidants reduce the tendency of mineral
oils to deteriorate in service. Such oxidation inhibitors include hindered phenols,
alkaline earth metal salts of alkylphenolthioesters having preferably Cs to Cy; alkyl
side chains, calcium nonylphenol sulfide, oil soluble phénates and sulfurized
phenates, phosphosulfurized or sulfurized hydrocarbons or esters, phosphorous esters,
metal thiocarbamates, oil soluble copper compounds as described in, for example,
U.S. Patent No. 4,867,890

[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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0.30wm . % 0. 30w . % 10ppm 0. 20w . % 7. Owt . % 0. 71wt . %
Length of test P-MER AVG Gl-3&L1&2 PCl nRL148Avg

PCl 11 RL206Avg VW Lnt - PCLN Conbnd AV AVRSt k (8R-4P)
ASF (0-10) Gvs, 1st RStk, MX, ASF Gvs. 2nd RStk,

MX, ASF # of Rings with ASF >=2.5
0.10 to about 3.00 wt.%, and particularly preferably from about 0.20 to about 0.80

wt.% of phenolic antioxidant, aminic antioxidant, or a combination thereof, based on
the total weight of the lubricating oil composition. An exemplary lubricating oil
composition of the present invention comprises about 0.40 wt.% of an antioxidant that
is di-Cg-diphenylamine. Another exemplary lubricating oil composition of the present
invention comprises about 0.30 wt.% of a dinonyl diphenylamine as an antioxidant.
[0081] Additional additives may be incorporated into the compositions of the
invention to satisfy the particular performance requirements associated with low
SAPS applications in internal combustion engines. Examples of such other additives
include, for example, rust inhibitors, anti-foaming agents, and seal fixes or seal
pacifiers.

[0082] Rust inhibitor or anticorrosion agents may be a nonionic
polyoxyethylene surface active agent. Nonionic polyoxyethylene surface active
agents include, but are not limited to, polyoxyethylene lauryl ether, polyoxyethylene
higher alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene
octylphenyl ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl 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

dimethyl silicone polymers. Exemplary compositions of the present invention contain
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silicon-based foam inhibitors in amounts ranging from about 5 to about 40 ppm,
preferably from about 8 to about 35 ppm, more preferably from about 10 to about 25
ppm, based on the total weight of the composition.

[0084] Seal fixes are also termed seal swelling agents or seal pacifiers. They
are often employed in lubricant or additive compositions to insure proper elastomer
sealing, and prevent premature seal failures and leakages. Seal swell agents may be,
for example, oil-soluble, saturated, aliphatic, or aromatic hydrocarbon esters such as
di-2-ethylhexylphthalate, mineral oils with aliphatic alcohols such as tridecyl alcohol,
triphosphite ester in combination with a hydrocarbonyl-substituted phenol, and di-2-
ethylhexylsebacate.

[0085] Some of the above-mentioned additives can provide a multiplicity of
cffects; thus for example, a single additive may act as a dispersant as well as an
oxidation inhibitor. These multifunctional additives are well known.

[0086] When lubricating compositions contain one or more of the above-
mentioned additives, each additive is typically blended into the base oil in an amount
that enables the additive to provide its desired function. It may be desirable, although
not essential, to prepare oné or more additive concentrates comprising additives
(concentrates sometimes being referred to as additive packages) whereby several
additives can be added simultaneously to the oil 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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0O 0 0 Scoring (**) Pass JASO C2 Borderline pass JASO
C2 ** The pass/fail scores were given according to
the JASO piston cleanliness standard C2 WHAT IS
CLAIMED I'S: 1.A lubricant conposition suitable for
use in an internal conbustion engine, which conprises

an adm xture of: (BXAMPRESr anount of an oil
of lubricating viscosity;
[0088] The following examples are provided to illustrate the present invention

without limiting it. While the present invention has been described with reference to
specific embodiments, this application is intended to encompass those various
changes and substitutions that may be made by those skilled in the art without
departing from the spirit and scope of the appended claims.

Example 1:

[0089] 0Oil 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
1Di engine tests were also carried out with Comparative Example Oil B. The results
are given in Table 1.

[00990] 01l A shows a distinct and surprising improvement over Comparative
0il B in the VW TDi piston cleanliness and ring sticking test.

[0091] 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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(b) one or nore ashless dispersants; (c) one or nore
nmet al - cont ai ni ng detergents; and (d) a

pi st on-cl eanl i ness- enhanci ng anount of at | east one
reacti on product of a polyisobutylene and a

nonounsat urated acyl ati ng agent, whereinthe

heting s moutbyt aveeadeanolaculamde phianfaibagie? 300 Rtioh s ranweiyidie
of about 200 to about 5000 Daltons; wherein said

batBbh-Gateated BROSdidiMdd\@Spcsahtl laf 1br- HRF¥a8&H calfiudlsubnate
bel ow about 0.3 wt.% a phosphorus content of

ShoEnb P8I0y B e

content of at or out

bRt B PithnonBlo POt & CTRBbe Ahvine
PO B4 ot oA 9 SmsycbTer, Ry fahibitor, and

ei ther of the fornul as: HFornuIa Al [Formul a B]
mineral oil base stocks. Oil A had a sulfated ash content of about 0.78 wt.%, nitrogen

content of about 0.092 wt.%, sulfur content of about 0.183 wt.%, and phosphorus
content of about 0.071 wt.%.
[0092] Comparative Example Oil B: the formulation of Oil A was duplicated
except that Oil B does not contain PIBSA 2300. Oil B had a sulfated ash content of
about 0.78 wt.%, nitrogen content of about 0.092 wt.%, sulfur content of 0.183 wt.%,

and phosphorus content of 0.071 wt.%.

Table 1: Test type: VWTDI2 SAE: 5W30
Components Qil A Oil B
PIBSA 2300 1.50 wt.% None
Bissuccinimide dispersant 6.50 wt.% 6.50 wt.%
Low-TBN calcium sulfonate 4 mM 4 mM
Calcium Stearate 35 mM 35 mM
High-TBN sulfurized & carbonated calcium phenate 10 mM 10 mM
Zinc dialkyldithiophosphate 115 mM 11,5 mM
Moly succinimide 0.37 wt.% 037 wt%
Di-Cy-diphenylamine 040 wt.% 040  wt%
Silicon-based foam inhibitor 25 Ppm 25 ppm
Ethylene polymer 0.84 wt.% 0.82  wt%
Diluent Oil 0.71 wt.% 0.71 wt.%
Length of test 54 hours 54 hours
P-MER AVG:G1-3&1L.1&2 63 57
PCioRL206Avg 66 66
VW Lmt-PCLN Combad AV 67 67
AvVRStk (8R-4P) ASF (0-10) 0.62 0.93
MxRStk (1Rg} ASF (0-10) 2.5 5
Grvs. 1st RS8tk, 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 & B35

B5

e The pass/fail score according to the ACEA standards B4 and B5 are listed in the

following Table 1.1:
Table 1.1




wherein Rl is a polyisobutylene chain with a nunber
aver agenol ecul ar wei ght of about 200 to about 5000
Dal tons; and R2 is acarboxyl-containing group. 3.
The conposition of claim1l or claim2, further
conprising one or nore additives selected from

antiwear agents, |ACKABlinitsi | A€1BA Badimisxi dant s,

E-ofHROSigoN | nhi bi { 63 & RIZ0&EGE0S] t Y64 @AREK0G) Npr over s,
aphdswWead g agents, seal fixes.;pour point
depressants, and|other nulti-fpunctional additjives. 4.
e 1E&Ho¥rt £8h oF2any one of {hRé& preceding clains,
ahenred Rstd, Mes. a8k f Ul ooont ent of theoconposition|is at
or _bel ow about 0J2 wt.% based|on the total weight of

sai d conposition. 5. The conposition of claim 4,
wherein the sul fur content of the conposition is at
Bkamelaa about 0.1 wt.% based on the total weight of
sald conposition. 6. The conposition of any one of

g)dfwgﬁreec edpRd R h%are%ﬁ& el fagpiggﬁ%@émﬂéss GAD teo%lﬁgncy to

conposition rs at or belo out 0.08 w. %
based. on.the total. weight sai d sition. 7. Th
BB bR p ot iy QP lep I ARk P ool deslhBed
content of the conposition i r. be] ow about
&9 e Jastomdeanligst s gebicking i@ﬁ%fT gngine tests were also
conposi tion. 8. The conposition of claim7, wherein
tdracphdspiioompetiive Hxamplet@igD. 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.
10094] Oil C shows a distinct and surprising improvement over Comparative
Qil 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-Cs-diphenylamine antioxidant, a
silicon-based foam inhibitor, and mineral oil base stocks. Qil 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.%.
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conposition is at or bel ow about 0.05 wt.% based on

the total weightof said conposition. 9. The

conmposition of any one of the preceding clains,

wherein the sulfated ash content of the conposition

Is at or below about 1.0 w.% based on the total

W09t of SEinthacativedddahipbnOilIR. TheHermdapesoff O whs duplicated
claim9, wherein the sulfated ash content of the

CREPOFiat DAT Hid vt cOritaiR PIBRAIIZO0! (3 B hwk a YaiLRASAM Dhtent of
the total weight of said conmposition. 11. The

GOORPSid \g'?%t, ﬁfétro%leﬁk&h&&:of%@&t@.ﬂ3t@@éxzjf4g€lvﬁlgg1§8?§go§213 wt.%,

cont ent onposition is at or

w . % based on the tofal i ght of said conposition.
fﬁqpﬁfﬁgﬁ%@ﬁﬁ?@%ﬁoﬁw‘ O#Vgﬁ‘%’?m 11, wherein the sul fated
ash content of the conposition is at or bel ow
about 0.45 wt.% based on the total weightof said
conposition. 13. The conposition of any one of the
precedi ng cl ains, wherein the anmobunt of the at | east
one reaction product of a PIB and a nonounsat ur at ed

acyl ating agent is about 0.01 to about 5.0 wt. %
based on the total weight of the |ubricant

Table 3: Test: VWTDI2 SAE: 0W30
Components Oil C Qil D
PIBSA 2300 200 wt% None
Bissuccinimide dispersant derived from PIBSA 2300 6.00 wt% 600 wi%
Bissuccinimide dispersant derived from PIBSA 1300 1.80 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 0.30 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.%
Diluent Qil 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 66 66
AVRStk (8R-4P) ASF (0-10) 0 0
Grvs, Ist RStk, MX, ASF 0 0
Grvs. 2nd RStk, MX, ASF 0 0
# of Rings with ASF >=2.5 0 0
Scoring (**) Pass JASO C2 Borderline pass

JASO C2

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

C2

37



conposition. 14. The conposition of claim 13, wherein
the anobunt of the at |east one reaction product of a
PI B and a nonounsaturated acyl ati ng agent is about
0.5 to about 4.0 w.% based on the total weight of
the lubricant conposition. 15. The conposition of

c s C Ifhe ampbunt of the at |east one
reacti on product of a PIB and a nonounsat ur at ed

atyl at Arlgbmgenhtomposifxeruitable fomuss o et ir@erbalwiontiustixas eagine,
on the total weight of the |ubricant conposition. 16.
Thaich@op@siséd MadafixauRyofone of the preceding clains,
wherein the PIB in the at |east one reaction product

of @ Plaf adilfofrlBRAWIAAbH DR hiflcAi Alidfyagent has a
number aver ge nol ecul ar wei ght of- about” 500 to about

4500 . ﬁg%bF%ﬁeﬁiﬂ%SS%Q%getglon of claim 16,

mherel r’aver age nol ecul ar

f about 1000 to about. 3500 Daltons. 18. The
conposﬁ 0B OHFOET BEt-FoaRme AIHEFHS 2B B has a nunber
average nol ecul ar wei ght of about 2300 Daltons. @ 19.
The cdepapisteppleailinessaenhandang amepel of af lvastpmreagton product of

. nhunber average
a polyisobutylene and a monounsaturated acylating agenf, wherein the

polyisobutylene has a number average molecular weight of about 200 to about 5000
Daltons;
wherein said lubricant composition has a sulfur content of at or below
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 ;:he total weight of
said [ubricating oil comp()sitiOﬁ.
2. The lubricant composition of claim 1, wherein the reaction product of a

polyisobutylene and a monounsaturated acylatingragent is represented by

either of the formulas:
Ry Ry
[Formula A} [Formula B]
wherein R, is a polyisobutylene chain with é number average molecular

weight of about 200 to about 5000 Daltons; and Ry isa carboxyl-containing

group.
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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 nonounsat urated acyl ati ng agent is a

ghly eactive PIB. .21. The conp s tion of any one
“the %f EEBRPHEOR 94 ™ gk &l bEATREPER§ or more

acyl ating agent is derived froman anh dri de or

am%iymeﬁd egiedbom: Artivear agenis. frigthon mn@ﬁé@m&mdfﬁﬁ oforrosion
claim 21, wherein the nonounsaturated acyl ati ng agent
ii&hﬂﬂbi’syeisicdsitp hndenl imipeovard) yoki-fotening 2@ntsTheeal fixes, pour point
conmposi tion of any one of the preceding clains,

Wipr@bdhtd, BRd SiRer AMRmRSR alldiGeey, ai ni ng det ergents
I s present in an anmount of about 0.05 to about 16 mM

szl- Thﬁle\‘f\g gc%u%xﬂ a&i/e 8Penot réc@@in@rﬁﬁlgﬁ' Réherein the sulfur

ai ms Int Iess dISp rsant

imde deri ve 0 . .
SRR B oo b 8 drelps” i B bR PR Btal weight of
d| spersant is a bissucinim de derived froma PlIBSA
wher ei 14 998 MOFBOBNai n has a nunber average nol ecul ar

wei ght of about 2300 Dal tons.
5. The composition of claim 4, wherein the sulfur content of the

composition is at or below about 0.1 wt.%, based on the total weight of  said

composition.

6. The composition of any one of the preceding claims, wherein the phosphorus

content of the composition is at or below about 0.08 wi.%, based on the total weight
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

saiq 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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26. The conposition of claim 24, wherein the ashless
di spersant is a bissucininde derived froma m xture
of a first PIBSA wherein the PIB chain has a nunber
aver age nol ecul ar wei ght of about 2300 Daltons, and a

second..Pl BSA wherein.the PLB chain has a, nunber

T GRS BRI GHEmof U ST 305 UG Eh sntent of the
The conposition of claim24, wherein the . .
bi ssuctIMRPQFitHE if 3t girhskanabqul Oanwhire bised o thipietyl weight of  said
Ww.%to about 10 wt.% 28. The conposition of claim
ompsitminn t he anti wear agent is a netal

di car byl di t hi ophosphate. 29. The conposition of claim

2B. WhEkeidonpbsitioBt & chiraan by ndictdii apbomfh@l eadhS cantt® of the
di al kyl t hi ophosphate. 30. The conposition of claim

29, WhensidlitlonGs AR WRfovPibok OQSW%KWAS&JIBIQ%QW%%HE of

present contributes from about 0.03 to about

vgtaido/go% Ogﬂl%%phor us to the conposition. 31. The
COﬁ'pOSiI{I on of any one of the preceding clains,

v@er ein the ashl ess. di spersant contributes about 0.08

tl3- abolft® EPmRESHHoroRl AN gRf Arerefing MR PETehthe amount of
32. The conposition of any one of the preceding ) .
dhaphieastpner repetionhrrodeat Hf acBIR andhp mgeongunwatgeled acylating agent is
cal ci um over based detergent. 33. The conposition of

cl ai mabaut 0ifér @i abdunes.@ aktchol rbasade oib abe dotale veighentf the lubricant
selected from cal cium sul fonates, cal cium phenates,

cal ci wnfpakitiey! at es, cal cium stearates, and m xtures
thereof "34. The conposition of any one of clains 3

gl : 33, ‘555}55‘511%‘15}? 0‘%”#1@1@? 'a%n{gﬂéé{}ﬁ éﬁrge Qﬁ%ﬂ%ﬂe AMNE- at least one

The conposition o Int

G T AR M TGN ST
‘Conpo%iI:)E)IthOB:S 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 ageﬁt 1s
aboutr 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 SOO 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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36. The conposition of any one of clainms 3 to 35,
wherein the friction nodifier is a nol ybdenum

succi ni m de conpl ex. 37. The conposition of claim 36,
mherein the nolybdenuntsuccininide conplex is present

mount of fro out t o apout 0 55
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nDdlfler is an et hyl ene | ymer or a pol yal kyl
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SHl.d rHichthpositipn iof afg one pethatpragdmgicthimat velierein the PIB in the at
conmbustion engine with a | ow phosphorus, |ow sul fur

and | qass dhd Rh&sbrasBdhtiriagani g a%&ndﬁﬁﬁﬂ?ﬂ%teﬂ'a@ﬂlaﬁﬁ agent is a
claimed in any one of clainms Ito 38. 40. A nethod o

oper at conbustion engine provided with
exhau 1{§ﬂ£ Hkger treat ment devi ces, which net hod

npr i eslubrl at|n sai d_engine with Iublc .
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38 41 The net hod according to, claim40, V\herel n
JBONPURFATEPISE | Ay lbBE s39cah e niTiMed ilioms @pcanbydrifs o an ayhydride-
a light duty diesel-fueled internal conmbustion
gnopuseng ih@prial. heavy duty di esel -fuel ed internal
conbustion engine; and (3) a gasoline-fuel ed internal

CorbusTtheoBo@peHitien o2 claliie 2Tt hhdeiac 0Rr dhdi@ub@t@hii Macylating
40, wherein said exhaust gas after-treatnent devices

are ongeMis Mved#oW abRissiatad fromparticul ate

traps and catalytic convertérs.

23.  The composition of any one of the preceding cleims, wherein the one or more

metal—containittg detergents is present in an amount of about 0.05 to about 16 mM.

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
avérage molecular weight of about 2300 Daitons, 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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28.  The composition of claim 3, wherein the antiwear agent is a metal
dicarbyldithiophosphate.

29. The composition of claim 28, whereﬁ the metal dicarbyldithiophosphate is
zmc dialkylthiophosphate.

30. The composition of claim 29, wherein the amount 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

diépersant conuiﬁutes about (.08 to about 0.12 wt.% of nitrogen to the composition.

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

33.  The composition of claim 32, wherein the calcium overbased detergent is
selected from: ca.l(_:ium sulfonates, calcium phenates, calcium salicylates,
calcium stearates, and mixtures thereof.

34; The composition of any one of claﬁns 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 rﬁolybdenum succinimide complex.

37.  The composition of claim 36, wherein the molybdenum succinimide complex
is present in an amount of from about 0. 1‘5 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 methed of improving piston cleanliness in an internal combustion
engine,-said method comprising:

operating said internal combustion engine with a low p‘hosphorus, low sulfur
and low sulfated ash lubricating oil composition as claimed in any one of
claims 1 to 38.

A method of operating an internal combustion engine provided with exhaust
gas aﬁer—treatment devices, which method comprises lubricating said engine
w1th a lubricating oil composition according to any one of claims 1 ‘_tq 38.

The method according to claim 40, wherein said internal combustion
engine is selected from: (1) a light duty 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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