WD 2008/ 021737 PCT/ US2007/ 075045 TITLE A Method of Lubricating an

I nternal Conbustion Engine FIELD OF | NVENTI ON The present invention
rel ates to vgonwishedspf lubricating an internal conbust pefuSR@HRY4s
with a power output of at |east 1600 kilowatts with a |ubricating
conposition conprising (a) an oil of lubricating viscosity and (b) at
|l east 0.5 wt % of a hydrocarbyl -substituted carboxylic acid or
anhydride thereof. The invention further provides a |ubricating
conposition suitable for the nethod. BACKGROUND OF THE | NVENTI ON

[ 00011 Lubricant conpositions are known to provide a lubricating oil
film between different conponents w thinLEn internal conbustion

engi ne. The lubricatin il filmis known to help provide protection
to inprove oxidative Aalﬁlﬂﬁpﬂé’tfﬁﬁg}lgﬁt%iql’ilpﬁpfnaclgqq@%”ﬁﬂ?%gﬁ%@ecorrosi ve
and adhesive wear. In addition f{he b eiipedaTREGPOSI tions hel p
inpart cleanliness to the engine. One of the Tmnportant features that
| ubri cants have thahehegssnt inyspbeedeliaty tthe mefphefi wbripaing an internal

| ubricating oi i "L s R =% i i, t I—@ﬁgv r

| ubricant to C%@H%@% glgglg%r%@gf ian%(srﬁN%e%tﬂnst% ﬁzdlt olixafStfl m fﬁ?ﬁvg t{r%‘eg@hh%s
to provide a bdiraateg chepeseom benmisitdhix) sencugfHubncaipgeattosty aod @ntal y

over a surface_b et. thick .,enou 0 .provi de continuous film.
Chat doos not TSBhd] v eVt S E Y SuBbENEE stuig PR atimhice
t enper at ur es. tdE42 ITKoml etionofurthebpicvadss a hibeikiiggScdmasoshRansuaehicesed
by enpl oyi ng a] w de variety of polyneric viscosity nodifiers and/or
bri ght stock. t §Wefic viscosity nodifiers include, for exanple,
pol ynet hacryl at es, pol yol efg aex@rbUuR® gF sehuiylerngsonl nt er nat i onal
Publication WO 99/ 64543, for exanple, discloses diesel cylinder oil
havi ng a vi sc6®HY i daéxicyrt wmposdions 95 ki ta proyide pisicatinperl bim
at | east 40 K 94 J aGont ai; 2 %
a liqud pol yroare 3‘?1£%%%F|§J\?#nﬁf8%&t€ﬁ@élggi%‘€ iftSudl Yokt forg Buthe, el
at 100 T. Howeverling pHclolsi isykmodi fd belp mpeidbglrotevieeh tooimproreasalative
i ston deposi evel s, . MO 2008/ 021737 PCT/ US2007/ 075045 0003} ,...
it Stock 1 URKRRF s 0 B bRl S B AP et £ Aaiton
the lubricant compositions help impart cleanliness to the engine. Onec of the

important features that [ubricants have that help in protecting the engine is the
Iubricating oil film “thickness,” i.e., viscosity. However, for a lubricant to
perform at an optimum level, the oil film thickness has to provide a balance
between being thin enough to spread efficiently over a surface but yet thick
enough to provide a continuous film that does not readily evaporate when
exposcd to engine operating temperatures.

[0002] Control of lubricant thickness has been achieved by employing a
wide variety of polymeric viscosity modifiers and/or bright stock. Polymeric
viscosity modifiers include, for example, polymethacrylates, polyolefins and
polyisobutylenes.  International Publication WO 99/64543, for example,
discloses diesel cylinder oil having a viscosity index of at least 95 and a total
base number of at least 40 mg KOH/g. The oil further contains 1 wt % to 20 wt
% of a liquid polyisobutylene having a viscosity from 1500 to 8000 mm?/s at
100 °C. However, viscosity modifiers are believed to increase piston deposit

levels.



typically obtained fromresidues of petroleumdistillation. Bright
stock has been utilized in many lubricants, particularly those

requi ring wHBydR057 SAE 50 (16.3 mR/s to 21.9 MR/ S) py¢rSasiiékas.
bright stock is believed to provide a Ilubricant with reduced

oxi dative or thermal stability. However, the availability of bright
stock is dimnishing, resulting in high volune uses such as those for
2-stroke or 4-stroke mari ne or stationary power engines requiring

alternative desired, vi sconetri .i.n . .
Cubr T cant o (B0 Rl sloBRE Ay Db AR ST SoRBRESLT BE ik giscosity
provi di ng an ty;nbﬂ[}na}nlamégrmamtﬂﬁgauwgf parmixh distilldfonc aBright stock has
COh‘pOSI ti on, especl.a Yy stroke or stroke mari ne or st ation
power engi nedERYEEFE B MRy HIHICAR S apaTigdatly dhese EAgRBRE S K A8 0K ELG

control of V'S%“(@ﬁ%%hq% 1t Q@@%ﬂﬁl@@j eiselRpas Bn@iﬁc‘swﬂlt' ?bERSed 18 GFRRIAP! e
oxi dative stability and a partial or conpi et e repl acenment for current

vi scosity nodilitieenswih rpdicghoxslpbekor GennameLGRY THRWINVENTE ONURDGIES)
I'n one embodifRnl I {6 VAR LIRS if nIB! B8 ushd RIKGRLAAG AP

;
i nt er nal corrbustl on engi ne E?ﬁ g I%\éwer out east
kil owatts, (Qes*tmiaesmrnzgqmlmpmrmg otr cstatheanynmcevmadngmbﬁqmrmg agtagiatiee a

| ub t t f I b
i'scostty andoRBpTalo PR ROEE G Vi BPeBS iMagEITT acia havi ng a

hydrocar byl goguy ofriat pﬂe@éiﬁtun?@ht}oﬁrsoaies|tBﬁ§)ﬁ‘ob3&n cfaploonligt emEntofnadn
anhydri de therﬁg [ 0006] In ﬁ enbodi nent the i nvention I‘OVI des a
met hod of | ulsP a%tmge%sm@z “gthr BKBDLF{BR MRS s FFRST 2 gt ﬁ%@ e or 4-

conpri sing supBky mink brt NLHdMELHBREr c£ORBUSLH0 Sﬂgfd?ﬁ‘diﬁl% |a'l:~'@t£ds€3@hé ng
conposition conprising (a) an oil of lubricating viscosity and (b)

at | east 0.5 DPigpetyofiroan ceekyli vigemetriayiargeriablpy derssir BYIUgHBIs- of
t least 10, 0
al |eas afle @atb é Sﬁﬁam?%stgﬁhgfe?n“ O E®iaPbr g@;ﬁg&%@ﬁgﬁn Or#t h&r &Rfent

[ 0007] In one e |nen ein provi
| ubricating azlsonraty medidices®l bright etonlal conbusti on engi ne conpri si ng

supplying to the internal %m AR e Er}ﬁﬁﬂ]%ﬁcatl ng

conposition conprising (a) scosity and (b)
at |east 0.5 [005% ofinameafribomyﬂdnmmmerh‘ﬁmlp‘ngviaes 2mARo2FSURRIERY an

Eg{)gﬁzg? Z)/rg]gt%gh ch%ﬂr %?q%(rjb gin WC}H‘P aogow%g’ clu%gusttofl gt’ le%t ?éOOl Eﬁlgxgatfgs?
comprising supplying to the internal combustion engine a lubricating
composition comprising (a) an oil of lubricating viscosity and (b) at [cast 0.5 wt
% of a carboxylic acid having a hydrocarbyl group of at least 10, or at least 30
carbon atoms or an anhydride thercof.

[0006] In onc ecmbodiment the invention provides a method of lubricating a
2-stroke internal combustion engine comprising supplying to the internal
combustion engine a lubricating composition comprising {(a) an oil of
lubricating viscosity and (b) at least 0.5 wt % of a carboxylic acid having a
hydrocarbyl group of at least 10, or at least 30 carbon atoms or an anhydride
thereof.

[0007] In one embodiment the invention provides a method of lubricating a
marine-diesel internal combustion engine comprising supplying to the internal
combustion engine a lubricating composition comprising (a) an oil of

lubricating viscosity and (b) at least 0.5 wt % of a carboxylic acid having a



t hereof. [0008] In one enbodi nent the invention provides a

| ubricating conposition conprising (a) an oil of lubricating

Vi scosity, wWdab2ihgast 0.5 Wt % of a carboxylic acid bamus@o7s045
hydr ocar byl group of at |east 10, or at |east 30 carbon atons or an
anhydride thereof, and (c) at least 5 wt % of an overbased

sul phonate detergent. [0009] In another enbodi nent the invention
provi des the use of a carboxylic acid having a hydrocarbyl group of
at | east 10, | K 0 ydr i t he . @S
an o 1t hi ckeniBpbTEBp A ARICRE 0 BT R oB oAbl Gl el
car boxyl i c actigranf. anhydri de thereof is present at least 0.5 w % of

the lubricati nposition, [.0010], I.n anot her

vent i onpr of0988 T RE ot B4 e eriBugitoe BEY B AN G d SRSy |
group of at |easpridifg (@ adtoil @ASbLBCatERE PRBosiH GOF aPllean ENRYAL] de a
t hereof as an oi thlckener for a 2-stroke marine diesel _cylinder

| ubri cating c6Hpesylicasid hines aihydiosarbyhetpgrafiat least . 6F ablisastdtl erebon
thereof is preggnt O@Tanaegrﬂigﬁnge hdeo 0 2 E)dje atl HRET Gali ng &OEEP%%'eFHaQJH

[ 0011] The carboxylic as definéd above may be witten as
least 0.5 w sWplpinage &dergotylic acid or an anhydride thereof, mhereln

t he carboxyli dr eef. h ydro roup. of

at | east abou@@gl carlgoar%ragétéo eln%gd%%?‘g %ED %%§@?#P$ 6@ YD'FH% AU

| NVENTI ON [ 00d@poxifie qeichaiitg b hyérnicabyl proopiodes lasnk, bodt hst 30 carbon

lubricating an internal sti n engi ne and | ubri.catin

composi 1 o atol et el G5 pBH: 5] ShLeREG Rt R dmposivon
"subst anti al | whifeaethefcardoRyfit e€ld ok anhRaR th@dbf istfiescitBSItAN VS Wh% of

guestion (e.g, the brjight staock or dispersant) nay be present fromO
W %to 1 wt edpOHGREnE GpmPesitiPhg conposition. [0014] In one

embodi ment t hgoqgf hog, efRlQys e&bb&';?d’én@a&'en%v%ﬁﬂ&?sgﬂo'v%s %H&atuséraé(f bae
substantial ly reduced (e.g., O0to less than 4 or

% conpared wharhoxdinvesrt hored « dydwsedy| exud ks Jragisi, or avlowst 0 opoan
lubricating compasi ti.0fk HHdé‘H}%&‘&E agfanbch% %kei%:ﬁoﬁh' b@trBQeen{%ﬁ’ﬂ?%é@f‘t
the |ubricating conposi Yi'on na e subs ree of
bri ght stock. cdinder Zﬁlﬁ&/aﬁﬁg7®?hp€€iﬁbhlsxﬂ®7d1ﬁ)%56)45rboxyhc acid or anhydride
thereof is present at least 0.5 wt % of the lubricating composition.
[0011]  The carboxylic acid as defined above may be written as “at least 0.5
wt % of a carboxylic acid or an anhydride thercof, wherein the carboxylic acid
or anhydride thereof has a hydrocarbyl group of at least about 10 carbon
atoms”,

DETAILED DESCRIPTION OF THE INVENTION

[0012]  The present invention provides a method of lubricating an internal
combustion engine and a lubricating composition as disclosed above.

[0013]  As used herein the term “substantially free of, to free of” means that
the substance in question (e.g, the bright stock or dispersant) may be present
from 0 wt % to 1 wt % of the lubricating composition.

[0014] In one embodiment the method employs a lubricating composition
that may be substantially reduced (e.g., 0 to less than 15 wt %, or 0.1 to 10 wt
%) compared with conventional amounts (typically 15 to 40 wt % of a
[ubricating composition) in amount of bright stock. In one embodiment the

lubricating composition may be substantially free of, to free of bright stock.



[ 0015] In one enbodi nent nethod enploys a | ubricating conposition

that may be substantially reduced (e.g., O to less than 3w % or O
to 2 Wt Nwosmpaed W th conventional anounts (typi cabbyudbDoBomt %
of a lubricating conposition) in amunt of dispersant [0016] In one
enbodi mrent the nmethod enploys a |ubricating conposition that may
contain O to less than 15w % or 0.1 to 10 wt % of bright stock;

and O to less than 3w % or O to 2w %of a dispersant [0017] In

one enbodi ne t had enpl | ubr i t|n co sition t

oubstant a0 Ee " OF SEEREAg HEbRE S LR AR Sl R
Hydr ocar byl - Swdysbé sulbseshtiadly hodydet e AC O torleAnthyalr3i de %0611 8]to Thevt %)

| ubricant of the |qvent|on furt conpri ses _a. car oxyllc aci.d. or. an
anhydri de t hEPBBRIed\HEh epRvanfan aar%s{s? (tepigatly 2o Ay ar9ior [t HisFdos
has a hydr oGgght ?M},ltlgﬁpmﬁngﬁm%fdlgzlﬁganabout 10 carbon atons, or

m xtures thereo Hereinafter, this acid is sometinmes referred to
sinply as a HYh6bcarlbydne eubaciment e methpd epinleysat lubricating vampagtiohe
Oy Thfmdf ol BUOGARAY | o LGP O 7 100 o Brigh KR Ko
is attached to a e nono-carboxylic  group, there W

accordi ngly l@etolcasqctmm&)wt&”i omd tp 2 wiHé orﬁaldasmtqent If the hydr ocar byl
group contai nj 10 carbon ,atons .is attach

succi ni ¢ aci Ebd‘lt%ueremvﬁnle © bo(glbr}l%flt ?tﬁ (%) ioyéarbbmattm com?lomﬁon that
nol ecule. A 1@%@1@5%&31@@&%&@&% off trgh boighiotbdranat dsyRraant. |
normal |y have_a nol e ( of . b %Frylng dependi ng on
the presence S : etero groups, or

ot her substi tiperys, 'nfe 1amfeani @9&&] miraﬁloﬁ%aﬁ&yddncprﬁes g cOmborMy &I de

t hereof may be substi t ut ed by or derived froma polyolefin. The

pol yol efi n” ma} @éyérl%%wﬁ"wﬁ@reﬂwﬁoqaymhc a6id Phﬁ@ry@@ﬂyﬁéﬁﬂeoi‘m@ a
polyolefin my d%a%m%??%@s@dgﬁ TROIYIR 1 5 Fon TRARMRE SnEADEAA S 2
to 16, or car on atons. ten the' polynerisable
nonomer s corr;ﬂqr@eaﬁme this awd eisofompetopsd esferred stgbsmmhxe as a hydrocarbyl-
1- butene,iso d e I I e e
enmbodi nent t%el?sélgllig cgﬁb?gylgcc%gg or Q/eﬁrgaﬁﬁéée%t%ﬂglp arc?é Ii{ t%g%g(]drocgrb?rp
succi ni ¢ aci gratp adslhyﬁlmgdeo tdaﬂxoaoitom[s&@?a‘:ﬂachﬂi e Bnﬂphdmmcaﬂimeyhc
hydr ocar byl - substlguted ar bo ‘c aci d or (H_%dl‘ld t here If th
conprises a FOIYR dBHGt Vil ﬁ%coﬁ%g YnPe HcFHPBT AR ot it mofecy Lt the

hydrocarbyl group containing 10 carbon atoms is attached to, for instance,

succinic acid, there will accordingly be 14 carbon atoms in the molecule. A
hydrocarbyl group containing 10 carbon atoms will normally have a molecular
weight of about 141, varying depending on the presence of unsaturation, cyclic
structures, hetero groups, or other substituents, if any.

[0019] The carboxylic acid or anhydride thereof may be substituted by or
derived from a polyolefin. The polyolefin may be a homopolymer, copolymer,
or interpolymer. The polyolefin may be prepared from polymerisable
monomers containing 2 to 16, or 2 to 8, or 2 to 6 carbon atoms, Often the
polymerisable monomers comprise one or more of propylene, isobutene,
1-butene, isoprene, 1,3-butadiene, or mixtures thereof.

[0020] In onec embodiment the carboxylic acid or anhydride thereof
comprises a succinic acid or anhydride thereof.

j0021} In one embodiment the hydrocarbyl-substituted carboxylic acid or

anhydride thereof comprises a polyisobutylene succinic acid or anhydride



WD 2008/ 021737 PCT/ US2007/ 075045 thereof A nore detail ed description
of a suitable carboxylic acid or anhydride thereof is described in

WO 93/ 0312kyopa@e:33: |ine 10 to page 37, line 20. [ 0032k isthovibemsof
the synthesis routes commercially enployed to prepare the

hydr ocar byl - substituted carboxylic acid or anhydride thereof, there
may be a portion of unreacted hydrocarbyl group (typically
pol yi sobutyl ene) present. The anount of the unreacted hydrocar byl

group may as s, about %. _..or as | as w..%of th .
var bcar byt sbefet o B 4rBisd HrertiniPhoBs suifhyfFrietiatrbet Mpgnss,
The hydrocar byhelsaﬂzsﬂbémmeducwcbgmmu pagdinninniowdpageltnaeentl my
be present at 85t0 20 w tg% 010 wt %of the |ubricating
conposi tion. [B&2] Hppriexq tFr?@nia?ﬁﬂﬁde‘é%wm%“éﬁlﬂfGP’@&PYGQrth%(}iP%f%

acid or anhydrth@l@ydrbéﬁﬁﬂosfubstﬁuaedmkw@ﬁ@%MI &”ﬁlh?&&q&é meﬁeo@%@re%ay be
anhydride. [0025]" The hydrocarbyl group of the carboxylic acid

anhydri de t herefrtiongy lmngptf:mhy@r@@myé@ﬁotm(twmcam,poberlso@gtyﬂ@e?@@ese@tr

30 to 200, t r

of the hydr ocz}%b F&s?}ggﬁlﬁl? ute Cgegrwgclalbglq)%pdu dn %? aﬁ'ﬁ%‘ gé(&t e‘rgg%f

may have a nurmbes lcaw ey G ge Yof éremy&iroaaﬂn@yhubqbﬁuté&earbbmylﬂ;oadw@: aidryd686O

to 10, 000, or 750fto 5000, or 1500 to 3000. [0027] In one enbodi nent

t he hydrocar bylfl EﬁOUp of the hydrocarbyl- substituted carboxylic acid

or anhydride foe3gof myhh&ueartaynmemtamr agBoxyhl eeid! ar amtcgfmt: Okres80
to 1500. The acid or anh drl(?e n ch a EgS)roup rgay,

enbodi nent, b&3¥r BedHEseat 6@0 W% Broa 1t ® 18 Wk "9 of ﬂi‘ehéubmatmg
| ubri cating cggﬂgggl{lb@n [0028] In one enbodi nent the hydrocar byl

group of the hégrocar byl - substituted carboxylic acid or anhydride
thereof may hd¥®4h nupéqallivibe dgdrocadiveubstitutokicaroxplic geidarerniyredc

1500 to 5000, e, gk dhoishIIEeisdEciRciibor SHGHige Oroup may i n one

enbodi nment , be presen | ess to 5 w % of
the lubricati rﬁ@%d)rrpd‘"életh}cdmcamﬂ@rglanbf the0C2BPx il m@ oerahb}ddrir@nﬂhetehé

lubricating c ’L&Q?' LLe con‘%m%*l%rto%ﬂp r f %@hg]t. g@% 2018 9648198 Mrvon

sel ected from consistrng o
atoms.

[0026] The hydrocarbyl group of the hydrocarbyl-substituted carboxylic
acid or anhydride thereof may have a number average molecular weight of 450
to 20,000, or 550 to 10,000, or 750 to 5000, or 1500 to 3000.

[0027] In one embodiment the hydrocarbyl group of the hydrocarbyl-
substituted carboxylic acid or anhydride thereof may have number average
molecular weight of 450 to 1500. The acid or anhydride having such a group
may, in one embodiment, be present at 2 to 20 wt % or 4 to 10 wt % of the
lubricating composition.

[0028] In one embodiment the hydrocarbyl group of the hydrocarbyl-
substituted carboxylic acid or anhydride thereof may have a number average
molecular weight of greater than 1500 to 5000. The acid or anhydride having
such a group may, in one embodiment, be present at 0.5 to less than 10 wt % or
1 to 5 wt % of the lubricating composition.

Detergent

[0029]  In one embodiment the lubricating composition further comprises at

least one detergent selected from the group consisting of sulphonates,



5 WD 2008/ 021737 PCT/ U52007/ 075045 salicyl ates, salixarates,
phenates and hybrid detergent, such as sul phonate- phenate

conposi ti oRg.aofkABNa%E €-sal i cyl ate conpositions or phenaterhise@bdistis
conpositions. [0030] The total anount of detergent in the lubricating

conposition may be O w %to 50 w % or at least 5w %to 35 W %
or 6.5w %to 32w % or 9 w %to 30w % orl2 wt %to 28 wt %
of the lubricating conposition. [00311 I n one enbodi nent the

sul phonat e dSPBFYERE BH PRI ARGERR Foh AR LA EEBmBands. sulpionste-
represented byhehhre bonpatieons( PhekarbsEBMit| borbaieiny eackheRaterarhie a

hydr ocar byl group,. typically each hydrocarbyl group may contain 6 to
40, or 8 to IWIPPSHIONE.o 30 carbon atons; A may be independently a

cyclic or aCY[@bitﬂl di vid @Bl aB¥ARCSAERN R IAUR: ld\é'rﬂ@@t)(n%)@om ?E&Qﬁ bléc

val ence of a netal ion, an ammoniumion or m xtures tThereof; an
may be an i ntlegtbo of 500wt %, Br af lgrstexahid i@ 5, whbe, 2r 63, wid)s 18 32wt Gner 9

enbodi ment k 0 0 9 ) Lent M my be
hydr ogen and W%ﬁ?ggﬁ%yﬁ’é@%gﬁtﬁ gornz \e’vgé ﬁ%h@%&%n@?@ (?Igéés@?inén 20%
or less than [203]or Ihess eihbahmbfit tfe ddegavtambpalbeaanMVbembastd eslphtiree

bal ance of th tM entities being a netal or amoniumion. [0033] In
one enbodi merdtt' %% | and R may be a branched al kyl group with 6 to

40 carbon at qus32]l n TiesEphadiaedierdent@y the cbmpositiBh ihsluded tar@psunds
al kyl group with 6 to 40 carbon atons. [00341 Exanples of suitable

sul phoni ¢ acit@&eseaidNeths oMyt ng the overbased sul phonate
detergent include pol ypropene(l@g aneggiphoni c Qgi d, undecyl
benzene sul phoni ¢ aci d, . dodecyl "benzene sul phoni c "acid, tridec

|
benzene sul phfdr%in&émﬂ?»‘ ey g celiirodgeA @neuns i erdbyi Qﬁché‘}p’@mcﬁf@ﬁ{%wyl
benzene sul pfy f 'c8uin%&1)@1 'YL Y It PENZENS %&'iﬁ‘gﬁ'ﬂb‘&nﬁgb&sﬁ d ay be

m xtures there ne enbodi nent 't he sul phonic ac Inclu
tridecyl benzetwesddnplyoniaychcid, acyclt rdidgeyt hpdnozahen sgrbyphoN anacbe,

octadecyl benzane. sul ORI Coachdra) 4oLl ARl casxh :DEB7 4RGN BHORE Gn
aci d or mixt urePEhet E6FTH bR&%e o4l FEATCS ’

k may be an integer of 0 to 5, for example 0, 1, 2, 3, 4, 5. In onec embodiment k
may be 1, 2 or 3, or 1 or 2. In one embodiment M may be hydrogen and
typically present on less than 30%, or less than 20%, or less than 10% or less
than 5% of the available M entities, the balance of the M entities being a metal
O ammonium ion.

[0033]  In one embodiment k is 1 and R' may be a branched alkyl group with
6 to 40 carbon atoms. In one embodiment k may be 1 and R is a linear alkyl
group with 6 to 40 carbon atoms.

[0034] Examples of suitable sulphonic acids capable of forming the
overbased sulphonate detergent include polypropene benzene sulphonic acid,
undecyl benzene sulphonic acid, dodecyl benzene sulphonic acid, tridecyl
benzene sulphonic acid, tetradecyl benzene sulphonic acid, pentadecyl benzene
sulphonic acid, hexadecyl benzene sulphonic acid and mixtures thercof. In one
embodiment the sulphonic acid includes tridecyl benzene sulphonic acid,
tetradecyl benzene sulphonic acid, octadecyl benzene sulphonic acid,

tetracicosyl benzene sulphonic acid or mixtures thereof. In one embodiment of



6 WD 2008/ 021737 PCT/ US2007/ 075045 the invention the sul phonic acid
is a pol ypropene benzene sul phonic acid, where the pol ypropene

cont ai ns 18yd moge2168r bon atons. [0035] | n one enbodi nenpcRtisdi®rrsoss
i nvention the sul phonate conponents nay be cal ci um pol ypropene

benzenesul phonate and cal ci um nonoal kyl and di al kyl
benzenesul phonat es wherein the al kyl groups contain at |east 10 or 12
carbons, for exanple 11, 12, 13, 14, 15, 18, 24 or 30 carbon atons.

[ 0036] When is.a valence of . a.netal .ion, the netal my b . .
ronoval ent.  dieviralifer e oS oot Alpe PPt B R atlohopiceqeie
monoval ent, théershaboMprdpead tsiesnang & k@tirbeeb@imssuch as |ithium
sodi um or po um_and when . divalent, the t al i ncl udes an

al kal i ne eart W] o 1 G o Oﬁﬁﬁﬁégﬁl &%‘nV%HOEHEW‘HPM%@F‘i TP ISRy
embodi nent t hge gBkRIn PEYPH efi’é"b@izgﬁéshgﬁoﬁﬁé tahd caRhd mohPalRPEand dialkyl
enbodi nent the netal 1s calcium [0037] Wien A is cyclic hydrocarbon

group, suit abberzgnesufpdonsies whereipherning meowns dontdtablicesfdlias 1greouess,
such as napht iyl gip 1ol NAeBYILNE, 15 1RIBNY SE.uBh Gielsopent adi enyl ene
or mxtures thereof. 1n’one énboéinent conpri ses a benzene ring.
[ 0038] When Al0086hn &¢lyanl Mcisdi vatrertofhydent arhane gretdmayt lemoaotdent,
chain may bedkgegg%ﬁor branch§

d. |ph one enbodi.ment A be an
el o noap ey e ARG es o8RO W bebalttn B e
?etergent in Bmﬁn$§bdeMEﬁtmb@Bs&d?BBlﬁ&Mﬂmahxﬁ@ﬁﬁOFQﬂhﬁ%mnﬂﬁnatwhml
east 350, or at |east 400, or at_|east 425, or_ at |eas 450, or. at
| east 475. | ndlafﬁl{:’nterf%w%hi\f é U%ﬁ?e%a@éﬁn%ﬁﬁﬁhdﬂ%tewé& &} JESResils
a TBN of betwegaiud006r 328uR00In bRO4Rbodinfdt PRORRLA HB} B SN kiWidceRE0
TBN and its preparation are_ disclosed in U S Patent 5,6792,732. In

Exanmpl e 2 t hePétf. Iposponbngnt the megd is cad¢ikyl benzene sul phonate is
repared by r in alky: e f '
prep y ﬂ%ﬁg]m 8r % @l Yk C@Z&'ﬂ% H?drﬁyflrgg%nﬁﬁ%_ sﬁi{gﬂ&lﬂ %‘Sg%sg%cgude

(now known as W th OH) 2 and
met hanol and bhdnlylanag owi fise@ORicyklic i groabs oswdbparst edphithylehe indenylene,

o or et | onef RS £ RlpeBbalnE o B0 UL BNELFR S50 AHBLORRSF .,

Wtco Corp. (compridenawenanc@mgntura) as Petronate(r)O C 500. Anot her

method for pr FU%%H ng\?‘?lpen A is an acyclic divalent hydrocarbon group, the carbon chain
may be linear or branched. In one embodiment A may be an acyclic linear
hydrocarbon group.
[0039] The overbased sulphonate detergent in one embodiment has a TBN
(total base number) of at least 350, or at least 400, or at least 425, or at least
450, or at least 475. In onc emboediment the overbased sulphonate detergent
has a TBN of between 400 and 500,
[0040] A sulphonate detergent with 500 TBN and its preparation are
disclosed in U.S. Patent 5,792,732, In Example 2 thereof, a 500 TBN all-linear
alkylbenzene sulphonate is prepared by reacting an alkyl benzene sulphonate
from Witco Corp. (now known as Chemtura) with Ca(OH), and CaQ in n-
heptane and methanol and bubbling with CO,;. It is also reported in the
aforementioned patent (col. 5} that a 500 TBN overbased sulphonate containing
highly branched alkylbenzene sulphonate is available from Witco Corp. (now

known as Chemtura) as Petronate® C-500. Another method for preparing an



7 WD 2008/ 021737 PCT/ US2007/ 075045 overbased sul phonate detergent of
high netal ratio is disclosed in U S. Patent 6,444,625 (see, for

i nstance, w2337 bottonm). [0041] Optionally the | ubpi¢akiddforsoss
conposi tion further includes a phenate detergent. The phenate

detergent is known and includes neutral and overbased netal salts of
a sul phur-containing phenate, a non-sul phuri sed phenate or m xtures
thereof. Suitable netal salts are the sane as those described for the

sul phonat e det er.gent ate d ter ent
as & TEN 1 G0 o B detd R g e s magteris e TR SER
anot her enbodamrﬁzszl(@ed,@orZiﬁ&andeocolaﬂmtjwebﬁ@ﬁpodl ment 50 to 190 and in

anot her enbodi ment 70 t . I.n one, enbodi nent .t he sul phur
cont ai ni ng pHB¥te o%ﬁf&ngaﬁtthﬁdgb%c&ﬁem Gmppsion; Wrthahale%qlesewaal?%m

a TBN of 225 gpgednh @'ﬁ@ﬁnﬁ@ﬂat@ﬂ&@%eﬂ?ﬂtkngw and QBB cs Tha ndrPLRT §RMbasERY

al so be a hybrld (or conpl ex) detergent. [0044] |In one enbodi nent the
conpl ex/ hybr irgctaayelisechrt oule WasnaipinipEephanstes tie apasulpfurisadgshanate or

t | 3
phenat e- ot earar Qrgotisfior $ikRe taty Mok A0 Lun HG8Y A0 ANEL RAYES
588 B1. [0045pmhnmandmeqbod|nent t he conplex/hybrid may be an

based -salicyl ate det t t.h d i
e B R T R P R P
Al and EP 123n aﬂ&BezAi:mboc{lﬁh@%jO ton3 sner Eyhodhnghtr Ehbodioem 4X{NY4H; il

may be prepared b actin he presence o .he suspension and
aci di fyi ng oﬁé?‘i?&gieﬁg‘g Y 505@ pl?/{) and it ARP ergla BTG /048 & ande 0°

| east one al kyboRBen®!ihé %m%hmagmnt%mgll mgf&ohetergahtdﬁmﬁlermmlg@ in
al kyl phenol, sul phurised al eno ? and optionally al kyl

salicylic acﬁﬂOthE‘U@mﬁ]dlﬂeﬁ%TéH Qfé«?@éragémamﬁbel*@@lmd@pw@é%y hybri d

Do and an P praol e Bl e 4o e
di scl osed in[0@9ﬁ04éﬁ4an@rthXﬁmem ﬂmﬂk@mmhgﬂgﬁemamaW|®e E&awnﬂ@med
901 P Pt E BIATPL A By 8L, 3508y o bpng £
vessel . Then preparing overbased phenate-stearate detergents are disclosed in EP 271262 Bl
and EP273 588 B1.
[0045] In one embodiment the complex/hybrid may be an overbased
phenate-salicylate detergent.  Methods of preparing overbased phenate-
salicylate detergents are disclosed in EP 123 6791 A1 and EP 123 6792 Al.
[0046]  In one embodiment the complex/hybrid may be prepared by reacting,
in thc prescnce of the suspension and acidifying overbasing agent, alkyl
aromatic sulphonic acid and at least one alkyl phenol (such as, alkyl phenol,
aldehyde-coupled alkyl phenol, sulphurised alkyl phenol) and optionally alkyl
salicylic acid.
[0047] A hybrid detergent may be prepared by hybrid preparing an
overbased calcium detergent composed of a sulphonic acid and an alkyl phenol.
A hybrid detergent may be prepared as disclosed in W097046643 or by the
following preparative Example.
[0048]  Preparative Example 1: 540 g of toluene, 276 g of methanol and 290
g of the product of lime are mixed at ambient temperature in a vessel. Then

238 g of sulphurised alkyl phenol and 110 g of alkyl sulphonic acid (with



238 g of sul phurised al kyl phenol and 110 g of al kyl sul phonic acid
(wvith 8 WD 2008/ 021737 PCT/ US2007/ 075045 nol ecul ar wei ght of 683)

are charge@v@b@eggeit h 22 g of water and an addi ti onal pGRug@o@forsods
toluene at 40 C. After neutralization the vessel is cooled to 28 C

while 62 g of carbon dioxide is injected. The reaction tenperature is
increased to 60 C over a period of 1 hour, before cooling to 28 T.
254 g of |lime is added and a second carbonation step carried out,

whi | st heatin 0. 60 C. ov i.nu T r C f e ion
is cool ed and%fjliﬁcflgaﬁ:e‘ﬁ@g% I%g 628?’) Ln&tf r%h? ﬁdngl%{}gs‘gggi%%/%[ 854 T&rﬁfei& &

i nvention furtdddtionddShydeStoniche af 40 Ubr iAfalr nagralizzatos theyvesddhes cdledfo

| ubricating visgosit. y have a SAE.grade.of SAE 30, SAE 40, SAE 50,
o SAE 607 | A5 ookl BareEhtbie ST MBI at I gHeHAs SERIRE Toe
a SAE 50 oilinclapéCal 6y °@ oPbEa gQri@d bf Dadua vekdremBblify W 38081 0B4qf of

16.3 m2/s to 21.9 mR/s at 100 C. [0050] Such oils 1Include natural

and synt het i cligielis addsdjand@rseoens! qarbanating v cREER My, WA PeYERAPRI0On ¢

and hydrofi ni ﬁmfr%mmﬂ{eﬁf ﬁﬂ@gpcfu‘é{jbfgﬁﬁ r@Rfof & cdofdd AAGIRELE and

m xtures thereo [0051] Unretfine s are those obtained directly

from a nat ur aRilapf dybti¢esmeVisensityce general ly without (or with
little) furth rifdcation treatnment.,[0052] Refi.ned. qll. .
@fﬂggr fIlhe AreRflon RfifheD nc{hhclee%/ oﬁ 0% lul%rlcahng ]yhsr%{)%%tg/r a]ih% 01% of

simlar to th htefinéd OIS excep ave been reat ed
in one or normbpuitidd catistty Biepsvd ® SAMpade odISABBINDAE 4(pISeIL60, @S.

Purification hni ques are known in the t. and i.nclude sql ve
extract; on. sSabriiar . HeQTT IRFGr e 4 oF 5P 608 WEPEETgpe & SAE 50
filtration, pgilcotgida®R a BAE $0M6illHak e kihOQR3] vReosigf bMesl3 ahh¥s a5 21.9
al so known as reclained or reprocessed oils, and are obtained by

processes si MPufs #d0PREse used to obtain refined oils and often are

additionally Rfo@ﬁfsS‘SQciWoiFse%BT'&d}:U%ﬁm@&lr 8d edmiiR it €GB abil OficrfRENFrom
additives and oil breakdown products. [0054] Natural oils useful In

maki ng the i nehpéreekihgbhydegangtipmcinddbydinfimahingoirefingd gefiapd endirgs
(e.g., cast Orre?i?n'edo}l@'éﬁid g{ii&ﬁesqﬂ{;g{fal | ubricating oils such as
S -

liquid petroleumoil's an ol'ven reated or acid-treated mneral
| ubri cati ng of00§1] of Unhefingdroalsfaraihose nbphict elivicctlpfrom xegtural or synthetic

paraffinic- nagowrgeegén%ratlgrp\%%ho%??orovivftﬁ little) further purification treatment.

[0052]  Refined oils are similar to the unrefined oils except they have been
further treated in one or more purification steps to improve one or more
properties. Purification techniques are known in the art and include solvent
extraction, secondary distillation, acid or base extraction, filtration, percolation
and the like.

[0053]  Re-refined oils are also known as reclaimed or reprocessed oils, and
are obtained by processes similar to those used to obtain refined oils and often
are additionally processed by techniques directed to removal of spent additives
and oil breakdown products.

[0054]  Natural oils useful in making the inventive [ubricants include animal
oils, vegetable oils {e.g., castor oil, lard oil), mineral lubricating oils such as
liquid petroleum oils and solvent-treated or acid-treated mineral lubricating oils
of the paraffinic, naphthenic or mixed paraffinic-naphthenic types and oils

derived from coal or shale or mixtures thereof.



derived fromcoal or shale or m xtures thereof. 9 WO 2008/ 021737
PCT/ US2007/ 075045 [0055] Synthetic lubricating oils are useful and

i ncl ude hygpaeaichosy oils such as pol yneri sed and i nt eppgipyietised
olefins (e.g., polybutylenes, polypropylenes, propyl eneisobutyl ene

copol yners); poly(1l-hexenes), poly(1l- octenes), poly(1l-decenes), and
m xtures thereof; alkyl-benzenes (e.g. dodecyl benzenes,
tetradecylbenzenes dinonylbenzenes i-(2- ethylhexyl) benzenes);

pol yphenyl S.( I b% hl'?ert%l I%Brl&ﬁk laltl lsc’ u 1‘?1%\'?& %[hpcﬁ J‘S{Q{ﬂ, %Riels

al kyl at ed d| ers an d|p es and’
derivati ves, suama&mgﬁalﬁnméa:dmhd)gmtédperya&frased Gﬁeﬁhmraﬁg I heylgoftylenes,

[ 0056] Clher th ic lubri atln | s inc]ude but not limted
to Iiquid R}?eﬂﬁﬁogb%’ Ise‘@wkflﬁ.%(’%{e}e&@ pe1g Fegiriegy e (T-
phosphat e, ”dc%%é’)' p@h@mb@hes) apgld t hax@rat hhkrs! edikplvdeaane (c.g.
phosphoni ¢ aci d) and polyneric tet rahydr ofurans. Synthetic oils

may

be produced bipdrdbanapncyy oﬁé@ﬁeﬂ‘ﬂél&'@??@ﬁs dinpaylbgracans. | irpthyéhexyl)-
hydr oi somer i C y o S
of |ubricati ﬁ%%%i‘g%)ogﬁ t ;r{é g@ggﬁ??n{e&? E%éytgaégﬁl %t%%%gﬁ%hﬁglb
Anerican Pet raflit}éund Idnélbnylwtﬂeeré Am )ﬂkBm@ @hmmﬁse@bt@mge@md deriyatives,
Qui del i nes. &n Obnq 8 Ohere% §Xtargvﬁr follows G oup |

(sul phur conten CELY % w8 dPo 80 Spsaturates Vi scosity
i ndex 80-120)[003&] OUrDtIhhr éwhqumuhubnoammgrrms iHOLLA3 but a%noandanEOtovﬁqL&ﬁ

saturates, Vi scosHy x_80- 12 G o é[l ndill %sul hu nt ent. <0 03
o o e eV s Bh e Re Cog b 194 pkopter Vripgp
pol yal phaol efphﬂe‘iph@FéAQﬁh)the anelh@ esg o G@dalne qﬁb@;ﬂﬁmwﬁcmﬁc&n@d@ﬁymbﬁc

Goups I, I, I'Ll, or 1V)., The oi|l of |ubricating_viscaosity conprises

an APl G oupetrahydyosumns.| Sywthefifoily may by BUsturs DIGF PV Tepichgprptions

m xt ures ther I
Goup 1. Go &E@thﬁvp}caqutrﬁgy B@ﬁy&blso@&gi%&@ﬁh%? gﬁ](%) s¥h ﬁfﬂ?g%rﬁ?ﬁi?rgzgaxég

Al ternativel 088 oiQiloel lubbeiite vinepsityimaoalse ﬂpeldgﬁmct e speaiiERl introup
, G , f f
|, Goup Il ?rl['c‘%hlﬂ’%tr Qhdm G stﬂh%%t g&ﬁzs}l%{}%r@ﬁ IntergﬁathaS})Plgté' @Efﬁ%ﬂﬁ&.

Additives [0 rirca I'on t1on ntal ns at
| east one ot Hée ﬁxrmebafsoronﬂagroepsaddlas|fv1éowsTy(FnoupIII(yuiph& @intear >0.03 wt %,
per formance ad

anti oxi dant's,? ath égséﬁggtege%g@él@f e%wm)gﬁégdpsﬁ%@?@‘ﬁ%%m&t

agents, ext regmmmms%uraadagmtu& v eatratdanividcheits indlanBd-g2b); eGoup 111
(sulphur content <0.03 wt %, and >90 wt % saturates, viscosity index >120);
Group 1V (all polyalphaolefins (PAOs)); and Group V (all others not included
in Groups 1, I1, 111, or IV). The oil of lubricating viscosity comprises an API
Group 1, Group II, Group III, Group IV, Group V oil and mixtures thereof.
Often the oil of lubricating viscosity is an API Group I, Group II, Group III,
Group IV oil and mixtures thereof.  Alternatively the oil of lubricating
viscosity is often an API Group I, Group II, Group 111 oil or mixtures thereof.
Other Performance Additives
[0058]  The lubricating composition optionally contains at [east one other
performance additive. Typically the other performance additives include metal
deactivators, dispersant, antioxidants, antiwear agents, corrosion inhibitors,
antiscuffing agents, extreme pressure agents, foam inhibitors, demulsifiers,

friction modifiers, viscosity modifiers, pour point depressants and mixtures

10



friction nodifiers, viscosity nodifiers, pour point depressants and
m xtures 10 WD 2008/ 021737 PCT[ US2007/ 075045 thereof. Typically,

fully-formy@abRgodiricating oil will contain one or nopereénetdIass
performance additives. Dispersants [0059] Dispersants are often

known as ashl ers-type di spersants because, prior to mxing in a
| ubricating oil conposition, they do not contain ash- formng netals
and they do not normally contribute any ash form ng netals when

i sper sant's. - BPEndy AE P Sl By U3 PP bE AT g pBs ar more of
rel atively hi ghs¢epdresitlaate adifi @Rt hydrocarbon chain. Typical ashless

di spersants in¢lude N-substituted |ong chain al kenyl succinim des.
Exanpl es of N2SEERSuted | ong chain al kenyl succi nimides incl ude

pol yi sobutyl epﬁs@pccmémgﬁts%&hQM%Wﬁwa%r AYCess T L ANb AL NS 11384 usef
t he pol yi sobutyl ene substituent in the range 350 to 5000, or 500 to
3000. Succi ni hilefe telingpEesine slubricatingepil qormypartiani drevade it sontssedsh-
for instance i - : , add, 43 :

Succi nimde 2 ERRFLbnd aheiCad de Rorpily” Bihurt it Ppping mevals
pol yam ne, typheahlideddo aplobtiydne tahy helyeamcenBjper{a®B6 0] shlass oyye dispersants
enbodi nent the invention,.further, conprises,at |east. on di sper.sant
derived from Pl @?%%"BTR%‘?PeWe asPrlgs n%pdgt%%hf% tﬂu%‘él?tl‘é%%r}é{éi moleular
rm: ecul gr vvlei gbight fhy&r_h:&glﬂb_aigg;ﬁai315ogh§icﬁozgﬁlels@rdis%@@aﬂit@ iﬁ&g%)e_ Nlastituted )
pol yi sobutyl ene  succi ni e may, be used alone or in conbination wt
ot her disper s[oj?l‘?ﬁsc.ia’[“(?é]@’llr}n ?%%‘h@“@ﬁ‘b@d_ﬁ%% of Nesqbﬁ\}fé%ﬁdi lsAs F@P? ﬁgﬁenyl
conprises at L @asimRRe ir@!l&erp%?l&qlﬁ%lbﬁ@%uﬁ:éiﬁﬁiﬁ@' WSO RHWeB NBverage
succi nic anhydride, an am ne and zinc oxide to forma

pol yi'sobut yI emelesulas iwsight 96 tboaplyisebuiviane subgtituaidn theorapizs G50ty 59AE.

succinimde c t | NG or_ | I j
0062] Anot hed! o1 aae 40, S P fRle Al aee U g b BRI A0,
di spersant s afee inblenseeaciiSoRapnodudlB98f oralUSy Patpie AGB4,436 t hSalctemydte s
(especially f&).r mal deh

bat yam nes) . SHRBSHHOTS QYaaRL bt adies RaRarR B Y EasnSaShspihon

atonms. [0063]pdibétidiiapamsaNt s may al so be post-treated by

conventi onal [rB%tGQ]OdSIIP %ne embodiment the invention further comprises at least one
dispersant derived from polyisobutylene succinimide with number average
molecular weight in the range 350 to 5000, or 500 to 3000. The polyisobutylene
succinimide may be used alone or in combination with other dispersants.
[0061] In one embodiment the invention further comprises at least one
dispersant derived from polyisobutylene succinic anhydride, an amine and zinc
oxide to form a polyisobutylene succinimide complex with zinc. The
polyisobutylene succinimide complex with zinc may be used alone or in
combination,
[0062]  Another class of ashless dispersant is Mannich bases. Mannich
dispersants are the reaction products of alkyl phenols with aldehydes
(especially formaldehyde) and amines (especially polyalkylene polyamines).
The alkyl group typically contains at least 30 carbon atoms.
[0063]  The dispersants may also be post-treated by conventional methods by

a reaction with any of a variety of agents. Among these are boron, urea,

thiourea, dimercaptothiadiazoles, carbon disulphide, aldehydes, ketones,

11



a reaction wth any of a variety of agents. Anong these are boron,
urea, thiourea, dinercaptothiadi azoles, carbon disul phide,

al dehydes,wkeh@Ress; 11 WO 2008/ 021737 PCT/ US2007/ 075041/ uSahhe%yisi C
aci ds, hydrocarbon-substituted succinic anhydrides, maleic
anhydride, nitriles, epoxides, and phosphorus conpounds. [00641 The
di spersant may be present fromO w %to 5w % or Ow %to 3 w
% or Ow % o2wt % or 0. 1wt % o2wmt % Anti oxi dants [00651 Anti oxi dant

conmpounds are known and. include for exanple, sulphurised.olefins,
Ky ated i RSP A ALY £ GETESBor-HOSB  SEHUREnyIaRHES: OB
di pheny! am neahgdrids hittilesl dpoeians,ant padsphbhderpdundhenol s, nol ybdenum

conmpounds (such as nol ybdenum dithi ocarbamates), or mxtures
t hereof . Ant il8%4ant Theghisaisasman e peesaaidaom Ooke’odp St “oe o ihat fooh.

[ 00661 The hipder ady phengls @{l%i’ axpdapte,qf belx gont ai ns a secondary
butyl and/or a tertiary butyl ‘group as a sterically hindering group.

The phenol grimtjpxidagtsof ten further substituted with a hydrocarbyl
group and/ Orﬁec{%g' dg}ﬁﬂﬂ)x At Peo &u‘ﬁ'[dg'galteo.k%o‘% 09{?&1 %%R{Lﬁ%t e Q:E{QIHBI@,
ui no cl'ude

Exanpl es of bl e hindered p antioxidants 1n

2, 6-di -tcrt - Bulphbpbeinol glefrspct hiklyla2¢b- didipharianbney | ptigmoilly  di-nonyl

4-ethyl-2,6-dj-tert-butyl nal ,, 4-propyl -2, 6-di-tert-but enol or
4- but zl -2 6- dmh_epg pl_ubeunpggﬁeﬁl&l{en%l?mugg d1-octyfj dlp%enylamu}é:l),prhmgereg

4- dodecyl - 2, Gheholt,ehblybidihDbenpdundk s\ @ReseibIQBidRAL dithibearbimsesedr
phenol antioxidant is an_ester and may include, e.g., IrganoxTM L-
135 from G bdVxpreprtbeget aj 1Y EERE | PAMRINGS Bavt gm gsed” alone or in
est er - cont ai RLRGinafibRder ed phenol antioxi dant chem stry is found in
US Patent 6,559,105. [00671 Suitable exanples of nolybdenum

di t hi ocar bamrdf@&Slwhi s higesé phgseldantipxading wtten xdogtims b rictadery butyl

525TM ana. nor ok FufnaR) SuyReels W8 sy AT BHER. Sthlflltitou
Sakur a- LubﬁTM S0 OurtlSr 6bstanidd Svifi0@ Hydormatsd hro DeakboKeo ydgig gfoumnd
m xtures there

s el VSRl s SR BV SESRLIG I bene

et hyl ene- pr opytietigaae padlyiae 2%-dipettyh sphutmibe s . mdydrngenatredutylphenol,
4-ethyl-2,6-di-tert-butylphenol, 4-propyl-2,6-di-tert-butylphenol or 4-butyl-2,6-
di-tert-butylphenol, or 4-dodecyl-2,6-di-tert-butylphenol. In one embodiment
the hindered phenol antioxidant is an ester and may include, ¢.g., Irganox™ L-
135 from Ciba. A more detailed description of suitable ester-containing
hindered phenol antioxidant chemistry is found in US Patent 6,559,105.
[0067]  Suitable examples of molybdenum dithiocarbamates which may be
used as an antioxidant include commercial materials sold under the trade names
such as Molyvan 822™ and Molyvan™ A from R. T. Vanderbilt Co., Ltd., and
Adeka Sakura-Lube™ S§-100, S-165 and S-600 from Asahi Denka Kogyo K. K

and mixtures thereof.

Viscosity Modifiers

[0068]  Viscosity modifiers include hydrogenated copolymers of styrene and
butadiene, ethylene-propylene copolymers, polyisobutenes, hydrogenated
styrene-isoprene polymers, hydrogenated isoprene polymers,

polymethacrylates, polyacrylates, polyalkyl styrenes, hydrogenated alkenyl aryl
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styrene-i soprene pol yners, hydrogenated i soprene pol yners,

pol ynmet hacryl ates, pol yacryl ates, polyal kyl styrenes, hydrogenated

al kenyl ar wo 26b202¥372008/ 021737 PCT/ US2007/ 075045 conj pgptedotiens
copol ynmers, polyolefins, esters of maleic anhydride-styrene

copol ynmers. Antiwear Agents [0069] The | ubricant conposition
optionally further conprises at |east one antiwear agent (other than
the various other conmponents nentioned herein that may also inpart

some antiwar functlo lity The ant agent esen
" anges | ncrudrTga el B Sopall G Rl in W TEhalSe R R seigthe o
to 8 wt % of téwiymbsi cating conposition. Exanples of suitable

ant i wear agegts i ncl ude a boron-containing conpound such as borate
esters or bor we s, phosphate esters, sul phurised ol efins,

sul phur - cont ajgusop agnkagsricnt 'corn}ﬁ@ﬁt‘io:@@ﬂﬁ&ﬂa‘ﬂ?sfuﬁh@r Eﬂiﬁ%{ses at least one
di hydrocar byl di t hi ophosphates (such as zinc dial kyl di thi ophosphat es

or nol ybdenunfiiata et (ihsp Hssghatasgus othe ererasgnisresntionedherichgthat
conmpounds, su t | e

t hi oear bamat egﬂygﬁd& bi EQ%SQ%E%& %hﬁ@?%?@lh ) di sﬁﬁ%agga .ent[ 8](51%1]’
The borate espﬁ$®ﬁdnrmmﬁaﬁ@haﬁmpﬁmh§QMB95be9@ubsﬂanrﬂéhbﬂOUMé%sadEwt
except the bog pho Least one,. u at_i.s not
cteritiod. fht B o 8L et Rl o Py B pled ol b R ool g
used to refer agamse[dchﬁre b@bﬁineconwhmg @mﬁbﬂﬁﬁts&ctma@@hﬁdte ctees bohbatae:
esters or borate al cohols may hav la B X
der i vat i ve t heeeRts-qeBiag Fcrs 25 3?3 "iﬁrépﬁfawmg shénti-
hydrogen or awBydr Qi agd oy@sauMmy@aich%ywhwh@smte% t(QuA0, asOrzide
to 20 carbon _atons on each R. Wien R is hydro

bor on- cont ai nfidlylddipdesehates a bor at emalY@éﬁ%lm V\héﬁlﬂR' ldhf@ohlyépbﬁ@ﬁ
the Dboron- Con{lﬁédﬁ B at SQEMROHAL bémfoﬁ(ag a&&gaa{scfﬂmlarbam%‘ egers' ﬁlkﬁz%%‘k%

hydr ocar byl , t or on- cont ali conpound I's a borate ester 1]
The borate es ccarplqthtymeﬂprr@mr mﬁ ly-(§ adyldidue daobarfl) dlsbhnﬁluhscorrpound

and at | east Bﬁﬁ %' %%rgtgleg%gs gr bo fale. %Ec%)ﬁglsclggy %ﬁsmnma[ éj Ié'n'?e

conpounds, ohy Fin conpoun ol's"an Tures thered
The al cohol s bmwtmﬂmixﬂﬁhﬁﬂbh@.EEGQH&BSpném&mwdyﬂ9ﬂﬂ@¢@h0$$@0bmhﬁ§her
ne .t hat

glr goggl Zdj ac eE}E %tﬁ}:egég\{llaeisdghé‘&% e twcfﬁtﬁ%te ester is used tgyrglge X e1tk9cr %opa?e
ester or borate alcohol. The borate esters or borate alcohols may have a formula
B(OR’)z or be a derivative thercof containing a >B-0O-B< group, wherein R’
may be hydrogen or a hydrocarbyl group, typically containing 1 to 40, or 1 to
20 carbon atoms on each R’. When R’ is hydrogen, the boron-containing
compound is a borate alcohol. When R’ is hydrogen, the boron-containing
compound is a borate alcohol. When R’ is hydrocarbyl, the boron-containing
compound is a borate ester.
[0071]  The borate ester may be prepared by the reaction of a boron compound
and at least one compound selected from epoxy compounds, halohydrin compounds,
epihalohydrin compounds, alcohols and mixtures thereof. The alcohols include
dihydric alcohols, trihydric alcohols or higher alcohols, with the proviso for one
embodiment that hydroxyl groups are on adjacent carbon atoms i.e. vicinal.
[0072]  The borate ester may be prepared by blending the boron compound and

the epoxy compounds or alcohols described above and heating them at a

suitable temperature, such as at 80°C to 250°C, 90°C to 240°C, or 100°C to
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[0072] The borate ester nay be prepared by bl ending the boron
conpound and the epoxy conpounds or al cohols described above and

heat i ng t hg.ads@1735Ui t abl e tenperature, such as at 80@chszZp9655020C
to 240C, or 100C to 13 WD 2008/021737 PCT/ US2007/075045 230C, unti l

the desired reaction has occurred. The nolar ratio of the boron
conpounds to the epoxy conpounds is typically 4:1 to 1:4, or 1:1 to
1:3, or 1:2. An inert liquid nay be used in performng the reaction.

The liquid be, faqr, instance,.to]luene, xylene, chlaorobepzene
G et hyl tor msons wit he PR her Oy, Rl TSRS fee
and is distildoathooiids Wuhié agxyhenpeasdd i@Bypiclykal itd&:4f eageand 9:31ay 112
used to catal yze the reacti on. %0073] Bar on conpoun%g iuitable fo
preparing t he byiest MEE fry Gersed de Pefyr g theoisactdy i sUPEbmay beriom

the o 0UD CONBEideGoREnR0EFIEndCkiflolobBiAHE! AhneHREGRRNiGe ARk dmiHEICE.
drthoboric acid, H3B03, and tetraboric acid, H2B407), boric oxide,
boron trioxi dberapld Weiey|is bppigelés formmgsl Bot ds alisdiedr offgipriagshepeaction.
prepared fro - ON_ i v/ i ment suitable borate
ester conpoug%ggﬁﬁgT%%%ﬁfgg P%gg?ﬂ%ﬁ%ggﬁ%?hfgggﬁ%gf borate, tripentyl
borate, trihd®§13]borRdren comphapis \sitidde dorepreparingcthy | bordse restee jnclude nbay |

borate and tri decyl. borat.e, 75].,. The dithi ocar bapmat e- contai.ni.n
conmpounds mayvaﬁlgu%tf% i 8%16 tf/é %?%ctpfa nggrogp cﬁofjﬁlgt&garogg?%Fea%gi‘I&n%?ﬁrsi%lt
wi th an unsatmdtaiett &dPEBOY, orfieboridi 4cid, 0B QAL ecteadtial 4vid)JI1,B,07),
conpounds may al so.be prepared, by sinultaneous| reacti ng an am ne,
carbon di sul f}wfﬂaec’%%d opor ot aﬁia@éﬁ’ﬁ%m Tig harals |e§/t,elg petso be
reaction ocCWispaddd Boh RS Rdig of 25 C to 125 C. US Patents
4,758,362 and 4,997,969 describe dithiocarbanmate conpounds and

methods of meRPHY  thewe erbodilentruitieborate ester campeunsisarsnds rivariay
be sul phuri sed L0 {847y ﬂ&aﬁé)%ip&ﬁh%%éﬁﬁﬂgﬁ{l %Ha@e,'tﬂﬁ%ﬂiglebo%tgp%!o%ﬂﬁ’

but yl ene, isobutyl ene; penténe, fexane, ene, ‘octane, nonene,
decene, undedwersds, tdoded éneite ambieslgbyl toritdecene, tetradecene,

pent adecene, hpxadecpie.y,nepLadecene., aghadecens. ockadacencie.s vy

nonodecene, ene Oor m xtures théreo € enbo
hexadecene, rhepihgdedéhpcabematesedar @it addcanenestumadocangned. The

s thereaf. and their di tri msrdsD and Ittetra rs

ei cosene or .tﬁtur ; C[ rsb
are especi al Fil, {REaF0GMal ¢nigiging compounds may also be prepared by simultancously

reacting an amine, carbon disulphide and an unsaturated compound. Generally,
the reaction occurs at a temperature of 25 °C to 125 °C. US Patents 4,758,362
and 4,997,969 describe dithiocarbamate compounds and methods of making
them.

[0076] Examples of suitable olefins that may be sulphurised to form an the
sulphurised olefin include propylene, butylene, isobutylene, pentene, hexane,
heptene, octane, nonene, decene, undecene, dodecene, undecyl, tridecene,
tetradecene, pentadecene, hexadecene, heptadecene, octadecene, octadecenene,
nonodecene, eicosene or mixtures thereof. In one embodiment, hexadecene,
heptadecene, octadecene, octadecenene, nonodecene, eicosene or mixtures
thereof and their dimers, trimers and tetramers are especially useful olefins.
Alternatively, the olefin may be a Diels-Alder adduct of a diene such as
1,3-butadiene and an unsaturated ester, such as, butylacrylate.

[0077]  Another class of sulphurised olefin includes fatty acids and their

esters. The fatty acids are often obtained from vegetable oil or animal oil and
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Alternatively, the olefin my be a D el s-Al der adduct of a diene such
as 1, 3-butadi ene and an unsaturated ester, such as, butylacryl ate.

[0077] AnowhesooghAass of sul phurised ol efin includes fatpyrachssang
their esters. The fatty acids are often obtained fromvegetable oil

or animal oil and 14 WD 2008/021737 PCT/ US2007/ 075045 typically
contain 4 to 22 carbon atons. Exanples of suitable fatty acids and
their esters include triglycerides, oleic acid, linoleic acid,

pal mtol eic agid ar ixtyres thereof. Often, the fatty, acids are
Pt o ned 1+ oulleal ol 43 AESPheonRt ‘PRIl of Sl fe S actian
cottonseed oi theirsestdrh oveiidesBRAya@tideQroléit Xcld, émoldictedf palnlitvl€oacid or
enbodi nent fatty acids a{]d/qofr ester. are.m

xed with olefins, [0078]. 1n
an al ternati ve" RFS diFhsh : !LFé" é'%‘hlfa_ég’_sa%i %ia%*eawaé’ﬁgngt‘o?lv\lm%ﬂﬂnﬁjl !"1’
al so be descrphgd: 88, &ybedChil OfdtiFREHHI AT, buifywdescad TR aakfIrePihefeof.
pol yol and an_ aliphatic carboxylic acid, often an acid containing 12

to 24 carbon ht@wscmbadiment fefieagiohaukesstafarampedyoth elslinan al i phatic
car boxyl i c acf(fé7r8£ ' En&zlf'gltcf,rﬁétme Skt e%sM‘feEJ‘arﬁiu?e‘éPE%&‘{‘ﬁ&thhlma
y be p the as gent

the |ike, which resent I n ess ant| wear m xture
i nclude 5 to @5¢ bedejcnibed her faatmdnpdifics) My boa ndocger @D paly85sndom

20 to 80 wei ght rcent of. sai i xture.. The aliphatic ar boxyl.ic

2ci ds. (espect SITHOE Giestls iRl Mottt drLfufionly T R E30ERY ap e
t hoseI aci dsf t@ﬁb%a}id ilyloﬁmteﬁigﬂiartg)l}lﬂ:ﬁ d&h@ ;B‘hii@hati&cdr@o)%gic%td)i%ﬂnala@fﬂhél
Exanpl es of carboxylic acids include dodecanoic acid, stearic acid,
lauric acid, YeRdRPEireagiya sgoserod %ﬂv&. laﬂf%d’?@fh%mgwr?ﬁﬁeﬁ tghe

diol's, triol sashadd adli&ef0loSniintHufi idB@He BUBTDST or &f othdl eRBRkentH 0 to
groups. Pol yhg{gln c al cohol's i nclude ethylene glycols, includin di -,

tri- and tetr#otdyPeie 81 pedlsto §t sisighérmeresny ebissid minpigdi hhe @fiphatic
tri- and {eliapbamel &N ALUEANS: o BXGH Qe 1RULRNSHER ForP BRI |
sorbitol; arabitol’; mannitol; sucrose; fructose; glucose;

cycl ohexane dihobe a@ds typidallyl contmmdng pério &drort Hr ot Wl sgrbometoudi rEgxadiples
and tripentae hritol . ten, t.he, polyol is i.et hyl | yeal .
triethylene g %%:ag ?’}ygﬁcy%jg}soﬁflug%rdlglgf%a%,&cpaé;n%’zf’g?a? Chér/c’lugg?u of ‘ymg’ behenic
di pent aer yt hradidiland[o®Q8@¢idThe conmercially avai |l abl e nonoester known
as "glycerol wﬁﬁ ool eate’” |s

wei ght of the m caPlyolsple gl '%gg'icﬁ?, %ﬁ%@gg‘ﬁg&ﬁgp&%g\%ﬁ‘wg%?f 5

percent gl ycefigbhoticObBatBupRMlyhydric alcohols include ethylene glycols, including
di-, tri- and tctracthylene glycols; propylene glycols, including di-, tri- and
tetrapropylene glycols, glycerol; butane diol; hexane diol; sorbitol; arabitol;
mannitol; sucrose; fructose; glucose; cyclohexane diol; erythritol; and
pentacrythritols, including di- and tripentaerythritol. Often the polyol is
diethylene glycol, triethylene glycol, glycerol, sorbitol, pentaerythritol or
dipentaerythritol.
[0080] The commercially available monoester known as “glycerol
monooleate” is believed to include 60 + 5 percent by weight of the chemical
species glycerol monooleate, along with 35 + 5 percent glycerol dioleate, and
less than 5 percent trioleate and oleic acid. The amounts of the monoesters,
described above, are calculated based on the actual, corrected, amount of polyol

monoester present in any such mixture.
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| ess than 5 percent trioleate and oleic acid. The ampbunts of the
nonoesters, described above, are cal cul ated based on the actual,
corrected, watpanbi78 pol yol nonoester present in any $u¢Risiiorbuse.
15 WO 2008/ 021737 PCT/ U52007/ 075045 Extrene Pressure Agents [0081]
Extreme Pressure (EP) agents that are soluble in the oil include

sul phur- and chl orosul phur-cont ai ni ng EP agents, chlorinated

hydr ocarbon EP agents and phosphorus EP agents. Exanples of such EP

agents inclu chkprlnat d wa organi ¢ sul phi des and pol ysul phi des
such as dib§§%§¥§4éﬁiﬁﬁF§%——%ls (chl or obenzyl ) disul phide, dibutyl

t et rasul phi dggogigul phtrdnse draxiBY{EPsiRntsOfhaplagd Golabledin $idl pnumbls]ea
al kyl phenol , sulphurlsed di pent ene, suhﬁpurlsed t er pene,

sul phuri sed BUBhEC-Adeth %feaﬂ&eh%r-con%%g s%%ﬂ#@é@aw&ygwﬂmﬁ

such as the rgagki g Bﬁ&%ﬁsﬁsoﬁpp&@ﬁehorﬁa@mﬁ@ BPISQ& vmt QgEME pﬁ%@lhu@e
or nethyl ol eate; phosphorus esters such as 'th hydr ocar bon and

tri hydrocar b(ﬂhlqﬁhﬂ@mhl teg;  eorgaricdi E)Idpbﬂldeqoho%’ﬁhl tpelysdiphéipﬁ yl such  as

phosphi te, #yegkﬁggéwhfcpebom éh%ﬁoegg%y gtggsln Rhog Rl 9{( Spirasulnbide,

di pentyl pheny t ear
and pol ypr op;sh@hensndbstethy&teed:r qfh@lnml aq)&,o&piphuré;,ed rmk)dphetﬂai omﬂptbarmdi es

such as zinc dioct Id|th ocar.bamat e bar.i,um hept .Iph
Shine it GPaRE  SHARERE AoRRos it | SUPHTaE” HiRrRn S
exanpl e, the papipt@ssiphiriell HyldeodaiRat is0th ps @Uedac®dn Broduct of phosphorus

di al kyl di t hi ophoaz:horl c acid with propyl ene oxi de; and m xtures
t her eof . [00@2&’ h@’r‘thpé’rrf’?}‘rﬁr?ﬁn% mefhyl plpate; hepPhpsus GrieEs el as the

i nhibitors ingl arﬁclhoa%f%l Q&%ﬁfdc%@n'ﬁﬁopﬁqﬁﬁgr@gh%ﬂﬁtﬂg:h%q%féte%xheptyl
Application USO5/0 3 8 led on Qct ober At ee and
Boyer as naw@ém&:mfént%%@johewlt phasnhite, nsetyirhsayle phesnhdienshp¢nayphenyl

products of gﬁ’ta | yl!nd%&'ﬁ%h'a%@ t%chﬁtegfyl%ﬂg %t'qu%?ﬁgﬁﬁopﬁ]&gsﬁb&ﬁﬁtgd

such as ol ei ani ne n on enbo Corrosi on
i nhi bitors i pbkudeplidsphiB8y rtabirak (thz))carbmmuss ench rahlztmct dl’OCtyTtﬁlﬁH@;mbdrmté r)

corr o100 | 1 R el BT " IBROLACEs S BRE MEL bt
nore detail iadida, inuhodugt fcbrmhiyicg thic t hnﬂﬁ@rsmlﬂ\bf tHcl Beddlidh FprOdi2 oCﬂVB,
AR 02 e N ST ML TN
Demandi ng Appbagxdt | Qer performance additives such as corrosion inhibitors include
those described in paragraphs 5 to 8 of US Application US05/038319 (filed on
October 25, 2004 McAtee and Boyer as named inventors), octylamine
octanoate, condensation products of dodecenyl succinic acid or anhydride and a
fatty acid such as oleic acid with a polyamine. In one embodiment the
corrosion inhibitors include the Synalox® corrosion inhibitor. The Synalox®
corrosion inhibitor i1s typically a homopolymer or copolymer of propylene
oxide. The Synalox® corrosion inhibitor is described in more detail in a
product brochure with Form No. 118-01453-0702 AMS, published by The Dow
Chemical Company. The product brochure is entitled “SYNALOX Lubricants,
High-Performance Polyglycols for Demanding Applications.”
[0083]  Metal deactivators including derivatives of benzotriazoles (typically
tolyltriazole), dimercaptothiadiazole derivatives, 1,2,4-triazoles,
benzimidazoles, 2-alkyldithiobenzimidazoles, or 2-alkyldithiobenzothiazoles;

foam inhibitors including copolymers of ethyl acrylate and 2-ethylhexylacrylate
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[ 0083] Metal deactivators including derivatives of benzotriazoles
(typically tolyltriazole), dinmercaptothiadi azole derivatives,

1,2, 4-tri aza g%s/021keNzi m dazol es, 2-all cyl dithi obenzi m gagod88107605
2- al kyl di t hi obenzot hi azol es; foam i nhibitors including copol yners of
ethyl acrylate and 2-ethyl hexyl acrylate 16 WO 2008/ 021737

PCT/ US2007/ 075045 and optionally vinyl acetate; denulsifiers

i ncluding trialkyl phosphates pol yet hyl ene glycols, polyethylene
oxi des, pol ypr.opyl Xi des and et hyl ene.  oxi ro e e
ool ymer s” - pouPpump iy 68 ApdetE hFRGuhHE B BT RO AR
anhydri de- st ypepehyjeat gmbﬁapﬁlybt&yﬁm;ﬁ olaﬁiey,alﬁﬂy;brapﬂsml)bmdes and (ethylene
pol yacryl am des. E 3?% Frl n nodi fiers, |nclud|n acid
derivatives s@EfleaL e&xide eE‘i EPETS; dRBY PARS depressan Si ?ﬂc e, of
condensati on ﬁlﬁ@@ﬂ@ﬁh@dﬂﬁe—@@"r&ﬁxwlyﬁleﬁﬁb@%te@ﬁiglyacrylates or polyacrylam1des
ponaIIcerne(& am nes and am ne salts of allcylphosphoric acids,
fatty al kyl t0A8¢] at Esictiommoglifigrr yncludipg faihy @ei deratatiyesPugy as amines,
tartram des I u I C n
rodl 1 or s may AT o e spacd (mldheblifss, VALIERMonRIRAL, bF S0l
conpounds andaml ecbllynlétylenrmedanm argli arlnkyzl &:hlttsmfogih}z)@phaﬂlesp amds fatty
nol ybdenum di § t er of

and an al i pha%kﬂgp%ztr%%@ t:%& alé«: n?lMﬁest’ %ét e #kP’ i mlr%nr}l ‘ot yf Hga(
been descri beh thbdmeicast aﬁﬁpcmicﬁharﬂmtmm rﬁdiﬁlfl\ﬂﬁaﬁa)agedﬂbﬁ()ompalsﬂdﬂ&&'i‘alsa|
Appl i cation [00g5] The et hod agg Iubrlcatl co os tjon of t f

i nvention may*jé  &bi t% rWﬁ? @¥ro%§mﬁwn ke °15{o8y ngpolybdenum

combusti on en@i’alk%dnh %pﬂhb@}ﬂ{altéé t 8lybdesich Oliﬂhﬁeﬂbﬁhﬁaﬁ@,y SAeflgwa- Sl ofe
cross-head engi ne. The power output of the engi ne may be at

| east 2000 Ki meme% O%Ia palyol] andsan3plgdiakir | GRRaxysic wid a(ﬁlh@a%et frctem
kilowatts. [ OIQQZI]ﬁeIMV%'b%EI{ 9&%“59& S5 RRlas %M§§dt§’9r E‘Fgﬁeﬁ? aé]ab( )be a

mar i ne di esel eng|ne or a stationary power engine. [0088] one
enbodi ment  t hindestifehappiEsatibe mar i ne- di esel internal conbustlon

engi ne is a ZI'SO%?ﬁ keT Q%é% d [5199 %gllnéaﬁng c%m%rg@?%l n@ﬁn%het ﬁ%ezﬁlo%t ebf
engi ne enpl oy e Iu rlca 0Sitio cyl rider “TiNer
WO 2008/ 0217 3suitealE/ deZZ}ﬁt7d1&751045trokc internal combustmn engines. Typically the
2-stroke engine may be a 2-stroke cross-head engine.
[0086] The power output of the engine may be at least 2000 kilowatts, or at
least 3000 kilowatts, or at least 4700 kilowatts,
[0087] The 2-stroke internal combustion engine may be a marine diesel
engine or a stationary power engine.
[0088] In one embodiment the engine may be marine-diesel internal
combustion engine is a 2-stroke engine.

[0089] In one embodiment the 2-stroke engine employs the lubricating

composition in a cylinder liner.
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EXAMPLES Marine Di esel Cylinder Lubricants: Invention and Reference
Lubricating G 1 Conpositions [0090] Lubricating oil conpositions are
prepared agoSHiEnB{ssed in Table 1 below The amounts egbrsubdhenrase,
phenat e and di spersant quoted include the normal anounts of dil uent
oil associated with additives. Typically the sul phonate, phenate and
di spersant contain about 40 wt % of diluent oil. [0091] Reference oi
conposition | (RF1) is a lubricant containing bright stock (150 BS)
and dispersaqé%%gﬁéiéﬁnce oil conpositions 2 (RF2) and 3 (RF3)
cont ai n polyi e as a thickener, no bright stock. The

| ubricating Midine DL Cliigfg odbricagtsi nmeﬁtmorand Rdf&t) ceaDabZeatih €)1
cont ai n pol yi sobuty| ene succinic anhydride, no dispersant and no
bright stock CORMSHIONSpr| RFE2 RF3 LCL LC2 Fornul ati on Conponents wt
% For nul at ed 09’9 ' nﬂfmﬁicﬁtlﬁg\lﬁ 111? sibnsl DR G réReddvh Dddhmha ﬂﬁE@/ if TBiS81
19.4 19.5 19.4 1 onate 10.6 10.6 10.6 10.6 10.6 255
TBN phenat e 18lov.13he amguats k. selpb@nfeemf@p@tﬁsa@ﬁtd@eosagt @ucaed include the

Pol yi sobut yl rLOXI . 950-

Pol yi sobut yl g{r%e % %El %ts fZCH%re g§ |0?;%§0¥1age,%25‘é3112gg68wg gyglcgl% the
Pon|sobutyl@n@hsmu&uﬂmnmamh¢dmpd@muemnméddkmbﬁﬁﬁuﬂyoﬁdhumybéne with
Wh of appr oxi |y 1,000 00 0.5 0 i sobut Iene CCI
Anhydr fde derlJOHd T ASTiars Pty eRe Wik DU oo B ren
2,200-2, 300 Gtdk0(1602BS) aixb oM. basereide &Y cSn‘@BmﬁoH@ZG(RH)&nHGsS

ES ;? o i' :Sg,sts e F{;hgg)gﬁosngglg Soé)}laﬁgcgml%élgrtﬂo%g gl?éﬁngre Snto b]flgg? Qt%lck Cerfm lubricating

oil compositions of the invention 1 (LC1) and 2 (LC2) contain polyisobutylene

succinic anhydride, no dispersant and no bright stock.
Table 1

RF1 RF2 REF3 LCl LC2
Formulation Components wt %

Formulated to Kinematic Viscosity
at 100°C (ASTM D445) mm®/s 19.8 19.4 19.5 19.4 19.5

400 TBN sulphonate 10.6 10.6 10.6 10.6 10.6
255 TBN phenate 10.6 10.6 10.6 10.6 10.6
Dispersant 2 0 0 0 0
Polyisobutylene with Mn of
approximately 950-1,000 0 9.5 0 0 0
Polyisobutylene with Mn of
approximately 2,200-2,300 0 0 5.2 0 0

Polyisobutylene succinic anhydride
derived from Polyisobutylene with

Mn of approximately 950-1,000 0 0 0 5 0
Polyisobutylene succinic anhydride
derived from Polyisobutylene with

Mn of approximately 2,200-2,300 0 0 0 0 2.3
Esso 600N base oil 57.8 69.3 73.6 73.8 76.5
Esso 150BS bright stock 19 0 0 0 0

[0092]  Test 1 Panel Coker: Approximately 233g of sample is placed in a

250 ml Panel Coker apparatus and heated to 325°C. The sample is splashed
against a metal plate for 15 seconds and then baked for 45 seconds. The

splashing and baking cycle is continued for approximately 3 hours. The sample
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250 m Panel Coker apparatus and heated to 325C. The sanple is

spl ashed against a netal plate for 15 seconds and then baked for 45
seconds. Then2@pbasiyi ng and baking cycle is continued f@rT/us2007/075045
approximately 3 hours. The sanple 18 WD 2008/ 021737

PCTI US2007/ 075045 is cooled to roomtenperature and the anmount of
deposits left on the netal plate is weighed. In addition the
deposits are anal ysed using inmage analysis techniques. The image
anal ysi s techpi i i
neavy depos > G450 BFRGARAR SEAE abRlP ot doPpdfjen Bu A QHLGFRR
results are sfsowmghedTaﬂheadﬁmc[rﬂml%lieifmts &eHamaljramkieusﬂ@amagéearmMe‘s
and | ubricati tlons an e air are fed at c ntr I

ot es chr oughtEhaRe sy Pige Andjysis SeBEise wir wlibe Sathartyt Praglh-4 ¢
are brought tpgefakias h‘éh@y deIte00) 1Q00hdRs ihE Botdtatery slmmep@@ﬁsedrﬁeo
the bottomof the capillary tube. As the oil is netered into the

gl ass tee, th@mﬁm%mﬁﬁéﬁgnﬁbTﬂH@20|l and carries it up through the
vertical glasgoogppi fkary Hobgpuhi ﬁha RESSES mr AR AR %bﬁ@&srm&%l Jm)ﬁ
heated and tenperature controllTed al um num bl ock. The ed oil

air mxture theuscenit e fed g aonolledpntes threnghgh é{xs@te@fgyrw@%ugims r@@@ﬂlary
col | ecting bef'ﬁlﬁgr L oiilhgn&))ﬁlrd&%eﬁ]pg%ﬁt Eo Ethhle%ga a Lél?% teteht%at 18
gl ass capillary tubes are renoved ea |ng en

flushed with bqnﬂnecteértd»cnme bottoare it thndapiibedtuber Asaﬂxqu&k isametecar mom the
deposits, wusin ef er ence. and rds, A,rating scale f 0 to 100 is
used and eval HATlC [ 1f P e CERer S PE DR Zeruy eldss

i ndi cating heaa\pyuﬁgapmse tvshaamqma&e thidughCal ieRgtrAllQrheddyand tdrhgerature
deposits. The res are shown in Table 2. Table 2 RF1 RF2 RF3 LC1
LC2 Test 1: a%l)w@z@océm Besheaged Qi pnd s dpixiure thancrita feany e
Rating 49 51 1@% §t2h831asd e8%il14r 1'11[’839%01%@11 é?ieﬁk%%ﬁgz dbdfed Bi18 ABtestl®
WO 2008/ 021737 PCT/ US2007/ 753 0094] erall the data 1ndicates

t hat | ubri cat ¢¢@31@@¢mdb¢ glagh cmﬂwu tgbﬁtﬁgaratrempé%s%fm@l Hedeagaoblogk then
hydr ocar byl - Q&%Ht\wﬁ? %EB%@M ls'oﬁloegfgég%%te@qu L & Ea%{m dTBYsifRe

nore suitable the engine di s eréin-and capa
pr oduci ng using reference standards A rating scale from 0 to 100 is used and evaluated

using standard image analysis techniques, 0 indicating heavy deposits and 100

indicating no or very little deposits. The results are shown in Table 2.

Table 2

RF1 RF2 RE3 LCl1 LC2

Test 1: Deposit (img) 229 244 238 94 161
Test 1: Image Analysis Rating | 49 51 63 62 635
Test 2: Image Analysis Rating | 16 6 14 8 18
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at | east one of fewer deposits and having cl eaner ratings than
| ubricating conpositions that contain bright stock or

pol yi sobutywhepgeistkeners, and optionally dispersant pciRQ2h}07A8s
used herein, the term "hydrocarbyl substituent™ or "hydrocar byl

group” is used in its ordinary sense, which is well-known to those
skilled in the art. Specifically, it refers to a group having a
carbon atomdirectly attached to the remai nder of the nol ecule and

I LR T L i
(e.g., alkyl léx{st aJSKxetr%lo)f a hyatdceygzﬂ-lsﬁbs(tlmtgd catbw’.}}lm&dckyd)r ar@lydm@taihk&by”l )
substituents, ﬁ%aronatl | i phatl C- { {ngl ﬁgl i C-substi tut ed
aromatic subdidt PefPL suk Ft ngRg figelg ef“tlt’,lé't SaPaPfEP R dy¢iRe
ring is corrplaette@btt&Heogﬂtte@aoaQﬁfsup%tumut%ctelaﬁerrrf&t Eb”tﬁar( @utﬁtc,atmgv\o
substituents together forma rin stituted hydrocarbon

subst i t uent s,cotpasitipss t%ﬂbgtnttieegttghtcétﬁﬁlacm pelyisabwyisyar bedkepgn and
groups whi ch, kiBnd1 text of this invention, do not alter the
pr edom nant | fphlyrc'i ?Igegn nature of the substituent (e.g., halo
(especial ly [8683ro famdqf’—fdl hroein) thehy:dnd&hydmaarm}(yubsmé'pmro"hydrocarbyl

al kyl mer capt o, _ni.t.r o and sulpho
substituents gr?lH)atls Qsed’ m 1 cirglinaré,rn%egs%w C%‘I.h 14 elt g(nchwr} to t%%ge &killed in the

pr edom nant | wrﬂtysbe@cfa:ranpm efarsaotaegroup hating aGﬂfﬁoﬁ)ﬁtomfdtﬁehﬂﬁ attached to

i nvention, tain .ot her.than rbon i ring or, chai r'wi
composed of B pisHEtsheor et 0% Gt SFTIal BEBRUEN e gGce

ni trogen, and;h@;rae@m&mmbﬁthlyﬁmml goupPicludyl , furyl, thi enyl and
i mdazolyl. In general, ng nore than two, preferabl no nore than

one, non- hydr ocar Kdrvéirsethon sibsiwers. Bet pr. edwhety & Bevery) aretkenyl),
car bon at o oy RS EREANII o AIANRL HXBLGRN, shISESLLyigane.

non- hydrocarbon i tuent s | Y)rocar byl "group. Ciw
known t hat scng aélfcyclnesubatlwqdah@mélsosw peitenibotse weHyasi et a%réastltumts he

f | f I 1 £ 1 ng
mmy be di 1 vt (PO s o ipaRIRRGRH Spcthen Pitih I L MIROAE (2P,
formed t herebwyp suBﬂltMﬁtstQ&h@Qﬂ)?ﬂ?a @) US2007/ 075045 i ncluding the

products o e R SRR S SROG bRl SRS
non-hydrocarbon groups WhICh in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent {e.g., halo (especially
chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso,
and sulphoxy);

(iii) hetero substitucnts, that is, substituents which, while having a
predominantly hydrocarbon character, in the context of this invention, contain
other than carbon in a ring or chain otherwise composed of carbon atoms.
Heteroatoms include sulphur, oxygen, nitrogen, and encompass substituents as
pyridyl, furyl, thienyl and imidazolyl. In general, no more than two, preferably
no more than one, non-hydrocarbon substituent will be present for every ten
carbon atoms in the hydrocarbyl group; typically, there will be no non-
hydrocarbon substituents in the hydrocarbyl group.

[0096] It is known that some of the materials described above may interact
in the final formulation, so that the components of the final formulation may be

different from those that are initially added. The products formed thereby,
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description. Nevertheless, all such nodifications and reaction
products are included within the scope of the present invention; the
present in nconpasses | ubricant conposition pr

admi xi ng tﬁ@p%%%%%ﬁﬁnts descri bed above. [00971 Each Iﬁﬂﬂﬁﬁanm¥w4a
docunents referred to above is incorporated herein by reference.
Except in the Exanples, or where otherw se explicitly indicated, all
nunerical quantities in this description specifying amounts of
materials, reac- tion conditiaons, nolecular weights, nunber of carbon
atoms, and t hecludkig therrodiets darmiddency swaloas rlf«‘médccmwﬁ@nmfr the
"about.” Unle h ishd h .45 al,. 0 i Ll
referred to h%?g?% gﬁ%ﬁﬁglbg Fﬁ?&%&??%ggga e?kg L% s gfék 8$gde
mat eri al whi ctesprptioonthvarthélessi abnsich, mb@lflpﬁfmfﬁucarsi read@ml \pamdwtssare
and ot her suc r r r oRl [ SLo ._present
in the corrmer%ll‘C E‘Sr‘*ﬁdlﬁ 5\1-)‘2 &Qgr & ﬂl% rmuﬁr/%t ﬂlofggeoancht%ghéer(rgnse%glmeen%on
conponent is @rcemaised Iemdammoomlmfsmanypmphménmy aidmkihp et eirhponshisch
may be custo %%1 resent in the conmmercial material, unless

ot herw se |n is to be understood that the upper and | ower

amount, r ange[ooam]d r Eﬁdlpof th¥ dceutRhts fe@rdd ReRIVE zmobﬁ)rated herein b
i ndependent ly combined. Simlarly, the ranges and amounts for eact)'u(

el enent of t W& PRAENERSAP! it fhenxanandes: 0 GicFropthaiine pamiseldy grdicasgroaht s
for any of thgather q@rﬁi@%@tﬁ thik QQ&@%&M' hﬁlmhﬁgﬁﬂlg 0@%43%1%%90—

explained in relation to its preferr
under st ood t Na:tn vaditows, mol¢cilpcarizbis numchreaffcavhomatorms@omealpima@rm

to those ski ll.]) e?st JE 80 e%nb d' B t’ﬁ)%u?'pe Ll ess her Vise indi ated
ers I

Therefore, it e un I'nventi on Scl 88 &Y HeFsi n
is intended ¢aoh ccbmarca}soncdfnmmmtfamfarmdstoa&rehmlshowm ﬁahllmtetmetcéta@pemgf
t he appended cl ai

| ubricating a t%nﬁ?lgkgrﬁdﬁt@?%HFF(‘,”MQWOHO"&W& 156\??7‘? e]f’ydbr\%‘r“:t&

out put of at deeaativés§A@d kith@waichS mate@idRy i dhgagUidinal foudderdibal to be
i nternal conbustion engine a | ubricating conposition COI?)I’I si ng

an oi | of | UBF{SRALR g \FOSEREFiRY eais- ( Blowgver.ethgtampount \ @t oacst ch-fmwal
carboxyl i ¢ acighhefs p%slamelcq@mm@rmfny s\A/B%h{ebP dﬂa@n QA A hﬁ%%' d

or anhydride thereof has a hydrocarbyl group of | east 10 car
atons. 2. ThecusenHsldy resentaiiha comemerdisl mwen@lanxbbﬁgzpﬁhervaéqr thdagated. Tt

anhydri de is to be understood that the upper and lower amount, range, and ratio limits set

forth herein may be independently combined. Similarly, the ranges and
amounts for each element of the invention may be used together with ranges or
amounts for any of the other clements.

[0098] While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will
become apparent to those skilled in the art upon reading the specification.
Therefore, it is to be understood that the invention disclosed herein is intended

to cover such modifications as fall within the scope of the appended claims.
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thereof is present at 0.5 to 20 wt %or 1 to 10 wt % of the

| ubricating conposition. 3. The nethod of claim1l or 2 wherein the
hydr ocar byl group of the carboxylic acid or anhydride thereof has
nunber average nol ecul ar wei ght of 450 to 20,000, or 550 to 10, 000,
or 750 to Whebis drinmeslge: t o 3000. 4. The nethod of any one of clainms 1

to 3 wherein the hyd I : ) ' ' .
anhydri de theregf ha‘éqﬁgﬁﬁgérOfal\g{élgg%en(gr%lttgguﬁ?%lri(gq\%e:r%ﬂt&%&E%Hteggme
1500, and wher=eipowicheugartbekyt iesadi6do diloandnd cotherisher eafpliiag to the
present at. 2 to 20 wt % or 4 to 10 wt % of the Iubricatin? )
conposi ti ofifersal GHBPUEOROMENC YD EFRIING CRNBPTHECR CoBIPSISHHet® 4 PHeT
hydr ocar b : : rpexyd i i 0 ri f
i R R A M
wher ei n t hehgdriboxkicofacitedran thanbyrtivkgléc tdeet eof anlsydpides trerect hiks &

to less than 10 wt. % or to 5 % of the |lubricating conposition.
6. The m%@ﬁowbg@(’%@%ﬁ?I%E?tamﬁa%oP@tcg?s'Merei n the carboxylic

acid or anhydrige thgiegletiod & Balyi1SRRMEH BRE-BHREEE W oS YR dHde
acid or anhydride. 7. The nethod of any one of clains 1 to 6

wher ei n t HBeicaBris cpreseng atcBrfpésiad ovt Maoroltto I@swt (%haet 18 Wnbgating

0.1 to 10 wt %c%f bright stock. 8. The nethod of any one of clains |
CaInl OShIO

to 7, whereitt enl‘ubricating conposition contains O to less than 3

w % or O to Z.w % matdidsqredisiant .or® whbeinreidipgirotaraply of the
clainms | to 8, wherein the lubricatin conposition contains 0 to 15
W % of arfaEbyYhisatcihgemnhydpde theepbhppguabenaycigae rgleeylar meightief
9, wherei g Ao, SR50% 169BBOSH H40PId ot BesGPPsdes at | east
one detergent sefected fromthe group consisting of  sul phonat es,
salicyl ates, sal.ixarBieescthpldeniesondybrciadmsal tc§lvehaein?2theghelhataebyl

itions, hyhrid phenate-stearate. iti d hybrid

A N A C D T O

a carboxyly &.rCchds 98 t@@S@(ﬂ%@r\bﬁ&eiﬁ fher %Qbo%?li@ aBRIr &4 ﬁihyﬁfid@@ﬂ&%’e@f 8
P d

repl acenent tor bright stock or viscosity nbdifiers in"a two-stroke

i nternal quedsasel Heo 2Agitrie, w4 v B0 poiepf thetlpbticaingatompasatsen. 1600

Kilowatts, vvher5e_ in t’ﬂl% r%%{h%%ngl sitr?y gr(fé ((j)f Haids qygor Sd\a%letrgl%r &%fhy%gca%byl
group of the carboxylic acid or anhydride thereof has number average molecular
weight of greater than 1500 to 5000, and wherein the carboxylic acid or
anhydride thereof is present at 0.5 to less than 10 wt % or 1 to 5 wt % of the
lubricating composition.

6. The method of any one of claims 1 to 5, wherein the carboxylic
acid or anhydride thereof is a polyisobutylene-substituted succinic acid or
anhydride.

7. The method of any one of claims 1 to 6, wherein the lubricating
composition has 0 to less than 15 wt %, or 0.1 to 10 wt % of bright stock.

8. The method of any one of claims 1 to 7, wherein the lubricating
composition contains 0 to less than 3 wt %, or 0 to 2 wt % of a dispersant.

9. The method of any one of claims 1 to 8, wherein the lubricating
composition contains O to 15 wt % of an antiwear agent.

10.  The method of any one of claims 1 to 9, wherein the lubricating
composition further comprises at least one detergent selected from the group

consisting of sulphonates, salicylates, salixarates, phenates, hybrid salicylate-
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hydr ocar byl group of at |east 10 carbon atonms. 12. The use of claim
11, wherein the hydrocarbyl group of the carboxylic acid or
anhydri de thereof has nunber average nol ecul ar weight of 450 to
1500, and wherein the carboxylic acid or anhydride thereof is present
at 2 to Dloenate ogorppodtions, 1 Biyrid vopdentiiesttaipiei catinegiteospowidt ilomridla,

The use o§ l§wa?_%%%na¥@g§rgh&iﬁ&%‘ hydr ocar byl group of the carboxylic
rideTthereo

acid or anh as nunber average nol ecul ar wei ght of

greater than 1500 tTh&Q8ef antkavh@seind bfa carddaxit iaéidast eh @ihydride
anhydride thereof is present at 0.5 to less than 10 wt %or 1 to 5

wt % of tHET9odbRS caPril ForpBeielf oiplagamenhdondaieht ek Greviseosity

4, L R e st gy o o |
least 1600 kilowatts, wherein the carboxylic acid or anhydride thereof has a
hydrocarbyl group of at least 10 carbon atoms.

12.  The use of claim 11, wherein the hydrocarbyl group of the
carboxylic acid or anhydride thereof has number average molecular weight of
450 to 1500, and wherein the carboxylic acid or anhydride thereof is present at 2
to 20 wt %, or 4 to 10 wt % of the lubricating composition.

13.  The use of claim 11, wherein the hydrocarbyl group of the
carboxylic acid or anhydride thereof has number average molecular weight of
greater than 1500 to 5000, and wherein the carboxylic acid or anhydride thereof
1s present at 0.5 to less than 10 wt % or 1 to 5 wt % of the lubricating
composition.

14.  The use of any one of claims 11 to 13, wherein the carboxylic acid

or anhydride thereof is a polyisobutylene-substituted succinic acid or anhydride.
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