SYSTEM OIL FORMULATION FOR MARINE TWO-STROKE ENGINES [0001]The present application
relates to marine system oils and methods/additives for the same. In particular, the present application
relates to marine system oils for two-stroke, cross-head marine diesel engines, and methods/additives
for the same. BACKGROUND OF THE INVENTION [0002]One type of marine diesel propulsion
engine is charaSEHFEMA3IR SORNMPEAE TN ISHRB R SR TR RGN EMyINgT&rred to as a
cross-head engine. In a cross-head engine the firing cylinder and the crankcase are lubricated
separately by a cylinder oil and a marine system oil, respectively. A marine system oil lubricates the
crankcase ofpagtpssheagmaringtiesehetiginaandinay caalparsdohtfteandidieyaspecially the
undercrown of the PiStons, J&asro%ﬁ‘%%%&@%?g%%%é@?&&l&%é{%ﬁ eo%a'e%g @%@QJ [ the functions of

lubricating gears and Lpglnbumﬁs. roperti at are typically important for systems oils are oxidative
stability, visctsits ereha sonno L] theinfetard @Eioey tHarbie 6B 0B Fhiecdevelopment of ever more
sophisticated engines results in an increasing sensitivity to fuel contamination of the lubricating oil,
which can lead to undercrown deposit formation in the pistons. As a result, requirements for marine

system oils for two-stroke enginB4SEETHE AR RESEIER ¥AY demanding. Recently new

"carboxylateﬁ%g rgents have been developed, as described,in patent application pwblication U.S.
2007100210 e 1B T R B e T BBt o otioe a
overbased salvofraldensine ndighkil ubstiteinydifosyaroraticad arsowy e asasivheatein at least 50

mole% of alkybGEHPSHE SRUL Hreater.Masdasetki-narinasyiercpilsdanst that the resultant
marine system ojls provide . u%egr?ié)tgéperformance in at le (]Tt the folgwin areas of oxidation stability,

viscosity incfeSEEE YISt 8 oy RARTHE S S VPR oA R BIR TERRHSTSY Y. E&ecially when
compared tdeahuentiodiates aligiytatel containlngrdettigenttechnsiogyy [BO0Fereafe numerous

overbased dglergents mgﬁﬂi@l@g HVESIHMUFRIR B;Pﬂ@g&%ﬁﬂm%%@u@wing documents
present a few: [0005]U.S. Patent Publication No. 2007/0027043, the entirety of which is hereby

incorporated By EtBRTEE 6 Ses UL Re TP a1 SOV B ALS BRPARIRT ST by over-basing
alkaline eartirgneiadtaikyiitidraxyherizoates:or @mbtneind onepnoefamfdhese with alkylphenols,

(00001 = T8N Norf 8% M dbs Al el ORI R Sleht. G Al N eference, describes

an unsulfurized, single-ring cal%o_xylgate-cqntalnl_n __adcﬁtlve produced by neutra |Z|n5 hydrocarbyl

phenols usirigraiiefikanfe samiibagion ahdprbsisniie oF arpreniotec2dapusAaig the hydrocarbyl

phenates usiRg.cRIBRRSIMMISLREBLS AR ¥atoR caBtitinnssullicientiesonvest atdeast 20 mole%

of the staffin drocarbyl phenols to hydrocarbyl hydroxybenzoates, and separating,at least 10% of
W : B AT

the starting hy r%%ré%lff RENOIS from thé Torme pro%aé .IR?O Slen 5,777 describes

lubricating oilesmigititeds cobepriding cbrsl ik dtivsabed rthprirstainsiinatiofh arbhvatiendarboxylic hydroxy acids

containing cappexytie@sidsihaving ko 1930:<3MRAY AIAMSH detergent additives, which
comprise an overbased salt of at least one alkyl-substituted hydroxyaromatic carboxylic
acid wherein at least 30 mole% of alky! groups are Cyg or greater, may be used in marine
system oils, and that the resultant marine system oils provide superior performance in at
least the following areas of oxidation stability, viscosity increase control and detergency
than the currently available technology, especially when compared to conventional
salicylate-containming detergent technology.
[0004]  There are numerous overbased detergents and other additives for use in
lubricating oils, and the following documents present a few:
{0065] U.S. Patent Publication No. 2007/0027043, the entirety of which is hereby
incorporated by reference, describes the production of over-based detergents formed by
over-basing alkaline earth metal alkylhydroxybenzoates or a mixture of one or more of

these with alkyiphenois.



[0008]European Patent Application No. 1,154,012 describes lubricating compositions comprising an
oil, an anti-wear additive and a sole oil-soluble overbased detergent comprising an aromatic
carboxylate, such as a calcium salicylate substituted by a hydrocarbon remainder. [0009]British Patent
No. 1,146,9#30? cri lubricatin itions.comprising.. as lubricating ; ny, polyvalent metal
salts, in particu aef cal?:‘?i?r’n#%%%ﬂ?k?/igalfcyﬁgiéec? %rg%”(%?%}%g:%%x;%%@g}m%%%é# rably 14 to 18

carbon atomsfirense disptibrotpuFhiégireahielriipe rapared-rotainre c8HEspBIditgisodium salts, as

synthesis intgrpegiatass IRALRIBNIsh-Rateni-han {86116 La836EbRIRalentmetal salts of
oil-soluble organic acid% such as s If%nic hg%ﬁcarbons, na{g‘gthe icgcid% or alkylhydroxybenzoic

acids, in patiCHgEaRIRAISRE ARSI HARANY SN TST PR SFGPTS 18 92 S hon atoms. The
alkylsalicylicatidy ednrbepieparediram sodivveraakidsaliyliolebidstheserangg to the processes

described in SSRGS {34380 A28 AL sasium el saliyiates described

in these British patents are described as being useful as synthetic intermediates for the preparation of
alkaline-earfiFEiRg ey rpELPhRas Ger My IMIRiRESYSr lubricating oil. [0011]European Patent
Application M®d0¥]2291101Pdescrbessatwir stiekidarinsschead thatind-compiessignkignited system
lubrican, sugh.gs dieselenging systembrisant. Rblainsd iy admixing.a hass sieck and an
oil-soluble overbased metal detergent a& itive, i a minor amount, in the form of a complex.
[0012]Europeits Pateat ApplcsiBpN®ME 229,102: A lubricating oil composition comprises an

admixture coEgaTing Hi)RERTRLN: A paraRiosk of lublicatingviscomiiicibase-aihsand(B) a minor

amount of an oil-sqluble oyer-based m%tg}l.detegr;aen adﬂi%i%%én the. for é)f a cotmplex in which the
f

base materi&! & StatHized b%/nﬁa%ifg that one surractant. el‘l?’ﬁ?%apgganega%%%t Application No.
1,728,849 desoribesgeimnvationafbraleipinedr direrindrorditkbas shstiviaine diesel crosshead engine
that comprisg ef than.Qrequal to 40 mass% of an oil of lubricating viscosity, at least one
detergent, at least one dispersant, and at leas on_i%% ti-wear additive, [0014]European Patent

|

Application N9} 78 8 HelERings L tbratitss: R ESIBRROT e AL tat comprises
selecting anisistttisive: paekage to peovicesbsaesirephtotalabaseimumberiievsilighedisricating

compositiong.medly pedormance shaiRelariaties af e enainesd e addiyernagkage having a

viscosity of 2-1 comprising light neutral base oil to form a lubricating composition. [0015]In
general, theabS9@FORFEES Hesreaim e it Ajentd e amritatives for use in
lubricating ojteititat aremahtpaightNorigsa i the-ehndrons siherecmiatinecsystesi:bits are required. Thus,

el e TR ST M R 50 sl e cramicas
acids, in particular alkylsalicylic acids having an alkyl radical of up to 22 carbon atoms.
The alkylsalicylic acids can be prepared from sodium alkylsalicylic acids according to the
processes described in British Patent Nos. 734,598, 734,622 and 738,359, The sodium
alkylsalicylates described in these British patents are described as being useful as synthetic
intermediates for the preparation of alkaline-earth alkylsalicylates, and useful as additives
for lubricating oil.
[0011]  European Patent Apphication No. 1,229,101 describes a two-stroke cross-head
marine compression-ignited system lubricant, such as diesel engine system lubricant,
obtained by admixing a base stock and an oil-soluble overbased metal detergent additive,
in a minor amount, in the form of a complex. _
{0012} European Patent Application No. 1,229,102: A lubricating oil composition
comprises an admixture containing: {A) primarily a base stock of lubricating viscosity
(base oil); and (B) a minor amount of an oil-soluble over-based metal detergent additive in

the form of a complex in which the base material is stabilized by more than one surfactant.



SUMMARY OF THE DISCLOSURE [0016] In one aspect of the present discloSure;n Marine system oil
composition is provided for lubrication of mechanical components in marine engines, for example,
two-stroke, cross-head marine diesel engines and methods/additives for using the marine system oil
composition in the same. [0017] In one aspect of the present disclosure, a marine system oil

composition e ygvided il as A calhesialeconianing deleigentalahynanother aspect of the
mar

present disclosuré, a ne system oil composition is provided that has a carboxylate-containing
detergent, whsieder insspst e EIEEORBEEI GHEHAS R TR FPE ARG P BRRRREREETEAd 20. [0019] In
another aspegt.of.the presentdisplosuEamarpeisysiem-olkeanpasitionds gravwdeskthat has a
carboxylate-containing detergent wherein tgg dde'vtergent comprises a salt of at least one

alkyl-substit tEaRHr SRS &F SHB e A S At wherein at least 50 mole % of the alkyl groups are
Cu or greatefpand] theSsystem Biteobiapbsition Nas & TE4 sy e iobhetivedar 38mal 20. [00194] In

aone aspedg&%%&%%sn%% videdl.2 marine sysiem:ail, campasiien..compyising. al&-majer amount Of a

base oil of lubricating vis€osity; and b) a minor amount of a carboxylate-contRining, detergent
comprising tHEssalBTealTEd 3P S5 SIGATSE FRRRAEH I Ao R b TRE EEid pPapared by the
process comg{g%gemm@&agmma@igisdb;ﬁﬁyleastnnméﬁkyd)ﬁpﬁsmyt@ﬁthydroxyaromatic
carboxylic acid, wherein at Igast 5 bmole %Gggnt%%t%l)lﬁyl groups on the at least one alkyl- substitute,d
hydroxyarom’éfﬁ%r 5?8%)?%8 Cidare I@%‘%r gréjater; and ii) a base wherein the system oil composition
has a TEN inftfid Fangk gfiretlyentSeoefgnoes describe overbased detergents and other

additives for use in lubricating oils that are not taught for use in the environs where marine
system oiis are required. Thus, it is desirable to bave a marine system oil composition
suitable for use, for example, in the crankease of a slow-speed, two-stroke cross-head .

murine diesel engine.

SUMMARY OF THE DISCLOSURE

[0616] In one aspect of the present disclosure; a marine system oil composition is

provided for lubrication of mechanical components in marine engines, for example, two-
stroké, créss—hcad marine diesel engines and methods/additives for using the marine
system oil compesition in the same.
[0017] In one aspect of the present disclosure, a marine system oil composition is
provided that has a carboxylate-containing detergent.
[0018] In another aspect of the present disclosure, a marine system oil composition is
| provided that has a carboxylate-containing detergent, wherein the system oil composition
has 8 TBN in a range of between 2.5 and 20.
[0019] In another aspect of the present discﬂosure, a marine system oil composition is
provided that has a carboxylate-containing detergent wherein the deiergent comprises a
h salt of at least one alicyl-substitated hydroxyaromatic carboxylic acid wherein at least 30
mole % of the alky] groups are Cy or greater, and the system ofl composition has a TBN
in & range of between 3.5 and 20.
[0019a] In a one aspect, there is provided a marine system oil composition, comprising
2) amajor amount of 2 base oLl of lubricating viscosity; and |
b) aminor amount of a carboxylate-containing detergent comprising the salt of at
lezst one alkyl-substituted hydroxyaromatic carboxylic acid prepared by the

process comprising reacting & mixture contaiming:



[0019Db] In another aspect, there is provided a marine system oil additive concentrate, comprising
greater than 35wt.% of a carboxylate-containing detergent. [0020] In another aspect of the present
disclosure, a marine system oil composition is provided that has a major amount of a base oil of
lubricating viscosity, and a minor amount of a carboxylate-containing detergent having a TBN in the

~ range of between 100 and 450, and-the system oil composition has a TBN in a range of between 3.5
and 20. 100211 In another aspétiesttiraprbsénubistiostiteydonasnsmsyeiemaik RASIiaR IS,
provided that has an overbase%_s@ f:.,% caorﬁq%yg f%%?-%ﬁ%t]ammg detergent. [0022] In another aspect of

the present disclosure, a marine system oil CORPOSKOM TS proOiEe@Bnae Fhicatt sverbaged metal salt

of a carboxylate-containing detergentu{@D2g}rox parothet aspeehafiibapiasent disc SHEE gmarine

system oil composition is prg icéeéjathat has an overbased metal salt of a carboxylate-containing

detergent and a neutral salt of a ca'?%oxyl ate-containing detergent. [0024] In another aspect of the
present disclosure, a marin%ymﬁnﬂﬁlsgmm@ﬂﬂﬁmﬁﬁ&yﬂﬂ%@@W&%ﬁ@?ﬁﬂg@%&ﬂ;&cm 5
carboxylate-containing detergept, %herein the metal is an alkaline earth metal, [0025] In anot?fer

. o' 10, . : AR
aspect of the present disclosure; a arine system oil composition is provided that has an overbased
metal salt of a %ﬁﬁ%ﬁ late-c ntaining cliigtergent, wherein the metal is an alkaline earth metal. [0026] In
another aspect SRS TIBNEE LD M AFRY S IRPERE SHIER I A4S BiG faBEERiER PO B RASing

at least one alkyt-feibsiutethvhyd sy st catbasitithacidienhatein the salt of at least one
alkyl-substituted hydroxyaromatic carboxylic acid is not
[0020] In another aspect of the present disclosure, a marine system oil composition is

provided that has a major amount of & basel oil of iubricating viscosity, and 2 minor

3a



overbased. 100271 In another aspect of the present disclosure, a marine system oil composition is
provided that has a carboxylate-containing detergent, wherein the carboxylate-containing detergent is
a non-overbased carboxylate-containing detergent.. 100281 In another aspect of the present
disclosure, a marine system oil composition is provided that has a metal salt of a

carboxylate-containing detergent, comprising at least one meta) salt of at least one glkyl-substituted
hydroxyaromﬁﬁ&%?ﬁ%ﬁﬁ?@’%‘?&&'%ﬂw eé&%i‘@f’@ﬁél%ﬁﬁ‘&ﬁ%%fﬁ?ﬁ%ﬁ%ﬁﬁ%%@%maﬁc carboxylic

acid is at leasharetakky Hsudystiuted doydrakidenz it Bt alsogeiéhredsta &S anddlikylhydroxybenzoic
acid. [0029] 4faapiherasResk ol heiesealdisaiosute-a matas.sysiem o compasiionds provided
efbased metal sal

that has an overb t of a carboxylate-containing detergent that is prepared by overbasing
at least one atk§ideiobeithreantayEresspd et CBOISHC aRit e SrYERTT0030] In another aspect of
the present diggiosyrear Maripesy s gisemdosilisans pravidedsihathhas aoayeshased metal salt

of a carboxylate-containing detergent that is _prepared by overbasing a salt of at least one
alkyl-substitu?éa‘?%a c?ﬁw%‘ff’cgn(?ﬁ?%ggfytﬁ%é? P&p %%%g’r‘a‘ér%e[(ﬁﬁ%ﬁ“f%géiﬁ%)%waspect of the present
disclosure, alff@dhénsystérer @Hmﬁtﬁébﬁimﬂ@ﬁﬁﬁbwmimai masumsoYerhaieebmptaltaaitiof a
carboxylate-contaling. detergent that s prepared-hy Quethasing a:metalsalt of A o

carboxylate-containing detergent. [0032] In another aspect of the present disclosure, a marine system
oil compositidiFi§pralieleds ks 2 B8 At EShtaining detergent comprising the salt of at least

one alkyl-subsfii4e thhydihry aspecati€ thanexylicdasiibprep arediyethesteroedbsceppopitizing reacting a
e oo T o i el AR S o o 5
an alkaline earth metal,
[0025] In another aspect of the present disclosure, a marine system otl composition is
pro{rided that has an overbased metal salt of a carboxylate-containing detergent, wherein
the metal 15 an alkaline earth metal.
[0026] In another aspect of the present disclosure, a marine system oil composition is
provided that has & salt of at least one alkyl-substituted hydroxyaromatic carboxylic acid,
whesein the salt of at least one alkyl-substituted hydroxyaromatic carhoxylic acid is not
overbased.
[0027] In another aspect of the present disclosure, a marine system oil composition is
provided that has a carboxylate-coniaining detergent, wherein the carboxylate-containing
detergent is a non-overbased carboxylate-containing detergent..
[0028] In another aspect of the present disclosure, a marine system oil composition is
provided that has a metal salt of a carboxylate-containing detergent, comprising at least
one raetal salt of at least one alkyl-substituted hydroxyaromaﬁc carboxylic acid, wherein
the at least one alkyl-substituted hydroxyaromatic carboxylic acid is at least one alkyl-
substituted hydroxybenzoic acid, aiso referred to as an alkylhydroxybenzoic acid.
[0029] In another aspect of the present disclosure, a marine system oil composition is
provided that has an overbased metal salt of a carboxylate-containing detergent that is
prepared by overbasing at least one alkyl-substituted hydroxyaromatic carboxylic acid
detergent. 4 '
[0030] In another aspect of the present disclosure, a marine system oil composition is

provided that has an overbased metal salt of a carboxylate-containing detergent that is



hydroxyammatic carboxylic acid are C20 or greater, and a base. [0033] In another aspect of the
present disclosure, a marine system oil composition provided that has a carboxylate-containing
detergent comprising the salt of at least one alkyl-substituted hydroxyaromatic carboxylic acid
prepared by the process comprising reacting a mixture containing at least one alkyl-substituted -
hydroxyaromatic carboxylic acid, wherein at least,50 mole % of the alkyl groups.on. the at least one
alkyl-substittited’ ﬁ%&%%% i%gcy:%%%%/ é%&éﬁk %3%58%%@%%‘33%8??’%’59%8 g%%%ji‘é frther reacted
with at leastodeldsreehasing compound in the presence of a further base, to provide an overbased salt

of the at Ieiﬁgd)ﬁiﬁllI%Iéa&gl)sdg%%?qlpﬂwgyg&g@&_&ﬁ@@%ﬁ%@i@%@ lapRbIgsaspect of the

present disclosure, a marine system oil corg%osmon is provided that has a carboxylate-containing

detergent c@ﬁﬁﬁ%%%ﬁ@éﬁl‘fﬁ?ﬁ@ﬁ?@h 2l phA e GRS Arsrsatidiehboxylic acid
prepared bystBgxREISEsS6aMmprisingaleacting @arbixtise eanthinipdeadrieast one alkyl-substituted
hydroxyam@tﬂ@é];ﬁ‘{%’x?&%@? %?9&"&5?%8%%@éek%ﬂﬁ%égsm@!ea%&fﬂ@@;’é’t&ybgr@&ﬁ@&mﬂ}ﬁﬁt least one

alkyl-substi ydroxyaromatic carboxylic acid are Ca or greater, a base, and at least one
overbasing eorvigetitial e trerebyy [sovieliakins Vel 858 ¢ SRR Batdb 25 ebseSHIRgI-substituted

hydroxyaromalic.ceraxylic a6id-19936L lasnstheiaspeshet thedpresantdisslgsune, a marine system
oil composition is provided that has a arboxgl eicogtaini_n dste[ ent %%méarijsin .the salt of at least
one alkyl-suBatH BT Er R ARRE 4t Rt >§/E"r‘é‘§% & Bﬁ?ﬁ%ﬁé&‘%gafﬁfe“pr%cﬁfsgx omprising reacting a
mixture contaidingatieastantdation-SubSiinrbd! hyokoxyatnaatecarsekylicsatittuwherein at least 50
mole % of tr}ﬁr&ﬁ%&%ﬁ&%%&@o@ﬁi@&iﬁ?ﬁ%%%@' yl:sHbstituigd.hydrexyarornatic carboxylic acid are

a

020 or greater, an ase, IS fur]&h eacted with at Iglaest one oveqrb%sin%:fomfgounﬁ in the presence
of a further B¥581 {3 B AR QITAS SR BF The ArISHSPERS BRSEsUb SHIIRST HYE Sxyaromatic
carboxylic agigvisdaereindhedmaseane thefutherbagataiiftbante hase 40636pda another aspect of
the present djsclosure, a ine system oil.composition is provided that has an.oyerbased metal salt
of a carboxy%si@:%%ﬁ?gﬁ%@%&ﬂﬁéﬁiﬂgﬁaﬁﬁg %@%&F&%ﬂ%?}’?ﬁé%@a%ﬁ% "a Salt of at ledst one
alkyl-substiterauiiny/enm iy oontticieab eyl iena el tebygerddidpivaire ok rebaryéast one
alkyl-subsiityicg iydinRraamalic.Rioniie acidang 9,50 mole % at alkuabenal, based on the
cto

total amount of detergent. [0037] In another aspe the present disclosure F\% \r;lnrh?nr]ine system oil
a

] :
composition TEHEHIET Hh SRS SR AP A P TREET s AIC Gt H¥ath Shésed g detergent that is
prepared bylexethasingaideastonendlkytssplostitated hidtoxiaematicesboxytictactd with a molar
excess of a gl pase,and ALI83sLane Al QuerbasIag. malglighinoe presence of atleast one
ro e to

carboxylic acid having from on r carbon atoms, wherein the metal base is %nig(l)gailéne earth
metal base. [SB4B R TRABH S REHOLBE HTESHPE LT B METRETEHAE SYSTERLSIT composition is
provided thapRasanevembasedonesal-sal-ofiaccatheuyatenpisitainingatiettsgient thet is prepared by
overbasing a ?(a!t og’ a t&a%og{l)ate-cor;}gf?i%r} Og{eﬁg%%}eftr\évithcgén%%r excess of a Srin%;tal base and at
least one acf’élé[ Verbasing R € aving front one to

{VaArQI. TOCCES COT)
overbasing ma}t\grgé‘l in theé presence o afjfégst one garcboxy IC amé’ﬂ
four carbon aterisg whistein amsamismpbiass ssarkalkabpedeadhy MeErpasEC fsFexahiple calcium

hydroxide. [00391.inaRotheraspearh Ofdhedrasent-Adiss asure .2 fmarne Systamdaikegmposition is
provided that has an overbased metaliéalt of a carbogyl te-contﬁi?;n%deterg[ent that is prepared by
s

overbasing a4 FAETAREREEE SPERPBORASKR B htaifGed: FrtARitA S FrotAr 8XE8&L™6f a metal base and
at least one agifficuaiechasity matiiialinthbapré sinciief ailitessmerbdasbipxyliedacid having from one
to four carbquGaalrtoc}){ryng0 I\A\é%g(:% é?ﬁiﬁnaectﬁl. base is an alkaline earth metal base.

[0035] In another aspect of the present disclosure, a marine system oil composition is
provided that has a carboxylate-containing detergent comprising the salt of at least one
alkyl-substituted hydroxyaromatic carboxylic acid prepared by the process comprising
reacting a mixture containing at least one alkyl-substituted hydroxyaromatic carboxylic

acid, wherein at least 50 mole %. of the alky! groups on the at least one alkyl-substituted
hydroxyaromatic carboxylic acid are Cyg or greater, and a base, is further reacted with at

least one overbasing compound in the presence of a further base, to provide an overbased



[0040] In another aspect of the present disclosure, a marine system oil composition is provided that
has an overbased metal salt of a carboxylate-containing detergent that is prepared by overbasing a
metal salt of a carboxylate-containing detergent with a molar excess of a metal base and at least one
acidic overbasing material in the presence of at least one carboxylic acid having from one to four
carbon atoms, wherein the metal base is calcium hydroxide. [0041] In another aspect of the present
disclosure, asgiatitie syktemmikiyirpbsitoadsyprovidedt diattats ariiovadowbedimétaiasalt of a

carboxyIate-%g@%%gr%%g%ggg%%e%m;ﬁmg an overbased alkaline earth metal salt of at least one
alkyl-substituted hydroxyaromatic carboxylic acid, wherein the alkaline earth metal is calcium or

magnesium dA8HdmpathroaRedrPiieaRTeRst éi‘?@%ﬂk?%%%ﬁ%ﬁ’ S SH) STORANE Carboxylic acid
comprise at lgasiie0:Hele:% o atky-gravpshrvng 2b.earhen atams otgiaateriihat are a linear or

branched alkyl or a mixture of linear and branched alkyl.groups). [0042] In another aspect of the
present disclBSarES Wé’?fﬁ@sg%?esﬁ%%l%o?ﬁsﬁggﬁ%w g%%\%ud%% %’? agéoé-}la%c\/%ar%gpéégalkaline earth

metal salt of avidatbogylate-comairing tbete kpshtnodbreinttiswedibésetaikalite earth metal salt of a

earboxylate-confaining detergent ispthe;praduchofieastingan Qverhasing.sampound with a salt of at
least one alkyl-substituted hydroxyaromatic carboxylic acid, wherein the salt of at least one

alkylhydroxy&f&i§atic carboxylic acid comprises a compound or mixture of compounds represented by
the structure [B0OBDr inulacthyr Berectls (He@rSHHt tHs@dvt: 14 maties sirsiFM dHdepRIEHR Fepresents
an alkaline earth.metal, for example, magnesi |Gium. harivm. andsstronfium, and i) R1 and R2
each indepeﬁa%vﬁ%pﬁ %%reasséﬁt%vé |?1§ee§1rr%grt$§/so&#g%n%ﬁe%ﬁ<yl group, wherein at least 50 mole % of the
allcyl groups ere020pcyrdatior J0Bas]dre aholrapissethpie BrEvRaBeIgsuAsiA marine system

oil compositiqpyis,pravdad-thar has-annverhasedalkaling @adhraaiabsaltohacarboxylate-containing
detergent, wherein the overbased ”f%%]ﬁ e%rth megl salt of carboggllate-conrginin detergent

comprises a EBHTPGUNEDFaHSRGE% BEGAEL T FPESRRH B crom

car atoms., e
Béifte y Formu afﬁlw erein at'least 50 Toole
% of the alkyhgtaips-arerGlrdingeatem§dDi4EIn another aspect of the present disclosure, a marine

system oil cogpagiion s pipyfed Inahbascmeial sallel 2 sathpolaiaisanianig deagen.

comprising an alkali meta f at least’'one alkyl-substituted hydroxyaromatic carboxylic acid,
wherein the atkaidasetar ResithioYE s6eA RO SRR Y oA ST R otREFSENERL Sf the present
disclosure, a pagsing systerm.gikcompositentispiavidenihaihneaearbioxylaidcontainifig detergent,
wherein the 83/ %eeta b%is!eca%g]g?gaigogng iasc%]zgit flz%%g:égl%n &8 1rnt ; %%rggénc& of at least one
carboxylic acid having from one to four carbon atoms, wherein the metal base is an
alkaline earth metal base, for example calcium hydroxide.
[0039] In another aspect of the present disclosure, a marine system oil composition is
provided that has an overbased metal saif of a carboxylate~containing detergent that is
prepared by overbasing & metal salt of a carboxylate-containing detergent with a molar
excess of a metal base and at least one acidic overbasing material in the presence of at .
least one carboxylic acid having from one to four carbon atoms, wherein the metal base is
an alkaline earth metal base.
[0040] In another aspect of the present disclosure, a marine system oil composition is
provided that has an overbased metal salt of a carboxylate-containing detergent that 1s
prenared by overbasing a me?ai salt of 2 carboxylate-containing detergent with a molar
excess of a metal base and at least one acidic overbasing material in the presence of at
least one carboxylic acid having from one to four carbon atoms, wherein the metal base is
calcium hydroxide.

[0041] In another aspect of the present disclosure, a marine system oil composition is

provided that hes an overbased metal salt of a carboxylate-containing detergent,



[0046] In another aspect of the present disclosure, a marine system oil composition is provided that
has a carboxylate-containing detergent wherein the system oil composition viscosity is less than 19
cSt at 100 C, less than 138 eSt at 40 C, and/or a SAE viscosity grade of less than or equal to 40.
[0047] In another aspect of the present disclosure, a marine system oil composition is provided that
has a carboxylate-containing detergent wherein the system oil composition flash point (closed cup) is

greater than 2ROICINEGOABI eFEHB AR BRlFR SFeE i hee k& NS the system oil
composition 1&%@@%@@%&%@@@&9%&%&%@ sletergentswheieinothe system oil

composition pour 0int |sI n-12 C. 004 ano r ct of the resen dlsclosure a marine
system oil coMipd ’ﬁ‘gha%f) %@cﬂhugf RAE 83&5’%[] Viatet osr?ltga%%ﬁagée?érg%nf) Wherein the
carboxylate-catairingdétergent i mtsﬁlewivéﬁt@égéd’lmsci@mgéﬁr#@@s@}qmsaﬁother aspect of
the present djsclosure, aJnaring sysiem gil.eompasitions provided thathassamoverbased metal salt

of a carboxylate- contammg detergent, wherein the overbased metal salt of a carboxylate-containing
detergent is #ieu8sle overbased metal detergent. [0051] In another aspect of the present disclosure, a
marine systepp4i] campabitionfert usehapesaatidiscdystemaoitaniopersitingeal sionpspitiea tao-stroke

cross-head maring diess].engng S RIMLR- 03k RIS A AR RIR-CaNIRINIpa detergent
detergent, wherein the overbased alkaiine earth metal salt of a carboxylate~-containing
detergent is the product of reacting an overbasing compound with a salt of at least one
alkyl-substitated hydroxyaromatic carboxylic acid, wherein the salt of at least one
alkylhydroxyaromatic carboxylic acid comprises a compound or mixture of compounds

represented by the structure of Formula (I):
Formuia (1)

OH OH

wherein

i) M independently represents an alkaline earth metal, for example, magnesium,

calcium, bariurm, and strontivm; and

ity Ry and R, exch independently represents & linear and/or branched alky! group,

wherein at least 30 mole % of the alkyl groups are Cyp or greater,
[0043] In another aspect of the present disclosure, a marine system oil composition is
provided that has an overbased alkaline earth metal salt of 2 carboxylate-containing
detergent, wherein the overbased alkaline earth metal salt of 2 carboxylate-containing -
detergent comprises a compound or mixture of compounds represented by Formula ()
wherzin at least 50 mole % of the alkyl groups are Cyp 01 greater.
{00441 In another aspect of the present disclosure, a marine system oil composition is
provided that has 2 metal salt of a carboxylate-containing detergent, comprising an alkali
metal salt of at least one alkyl-substituted hydroxyaromatic carboxylic acid, wherein the

alkali metal is lithium, sodium, or potassium.



100521 In another aspect of the present disclosure, a marine system oil additive package or
concentrate for use in a marine system oil composition is provided comprising a major amount of a
base oil of lubricating viscosity, and a minor amount of-a earboxylatecontaining detergent, wherein the
carboxylate-containing detergent has a TBN in the range of between 100 and 450. [0053] In another
aspect of the present disclosure, a marine system oil additive package or concentrate for use in a
marine systeHilgiFLompotitonsizcprolitie drespmpdiinly arraajoramie shttematharamspaiiobifcating
viscosity, ang.3iRarAneunkebanevermased netalsalth.otaisarbexytaieitentainitigdetergent,
wherein the overbased metal salt of t 8 carboxylate-containing detergent has a TBN in the range of
between 100" AR A589005EHH lBther aspect of the present disclosure, a method of operating a
two-stroke crif¥délelacnneihie sedcd he PRI st tat FESe AT SY<temPSAESMSosition

comprising a MAIRLAMOU et hase.oll AR oatng. MseRBil BDA IR AEUALAT a

carboxylate-containing detergent, Wherdig the system oil com osition has a TBN in the range of
between 3.5 #ePSty, f0erssan BiSirel Usifecesiire brestt aldodtier & Methdd%BiEooling an
undercrown ok pistRE: A6 eparading of a two-stroke cross-head marine diesel engine is provided

that has a mj&&%ﬁ%‘&%&%‘&oﬁfb@%m@ SRITRISIAG G MajQrARRERG Sk baseoaibotisbiicatira
am

viscosity, an or amount of a carboxylate-containing detergent, wherein the system oil
composition hasdshBiNt iretharhngdastisotaniag 57, 20e[0056] P EAVMHSIOBEPEELDS the present

disclosure, a mefhod qf Rroyidingluhricaion f¢ecrankcase in the operating of a two-stroke
o g e R e e ol orgon sepersno o

major amou ricating viscosity, and & Minor amo ylate-containing
detergent, wheeeitth@aleie rgenbedmprisasiain edst g, aikyldy toxyiromatiereandiionylic acid wherein
at least 50 male % of '[h? alléyl graups are 020 or greater [0056a] In another aspect, there is provided a
O .onftg £SS LHaN ? . . . .
method of prgw |Hg ubrication of a crankcase in a slow speed two-stroke cross-head marine diesel

engine, compPRA%Y Bty ansndife Wi e RElRmY &y A TR AN BEHBoSHEEREREIHY: a) a major
amount of a basei eflubticatingyiscosiy g byaminonarsaunt af modoxylaiempntaining
gettehrgent corggégzsggn itshgeSS% g 9}5 gggg& rt;{1 one dg%ﬁlél)éléggbstituted 'nydroxyammatic ,a,boajlic acid - prepared
g [6050] In another aspect of the present disclosure, a marine system oil composition 18

provided that has an overbased metal salt of a carboxylate-containing detergent, wherein

the overbased metal salt of a carboxylate-containing detergent is the sole overbased metal

detergent.

[6051] In another aspect of the present disclosure, a marine system oil composition for

use as a marine system oil in operating a slow speed two-stroke cross-head marine diesel

engine is provided that contains a carboxylate-containing detergent.

[0052] In another aspect of the present disclosure, a marine system oil additive package

or concentrate for use in a marine system oil composition is provided comprising 2 major

amountt of a base oi} of lubricating viscosity, and a minor amount of a carboxyiaie-

containing detergent, wherein the carboxylate-containing detergent has a TBN in the range

of between 100 and 45(.- _

[0053] In another aspect of the present disclosure, a marine system oil additive package

or concenirate for use in a marine system oil composition is provided comprising a major

amount of 2 base oil of lubricating viscosity, and a minor amount of an overbased metal

salt of a carboxylate-containing detergent, wherein the overbased metal salt of the

carboxylate-containing detergent has a TBN in the range of between 100 and 450.



process comprising reacting a mixture containing: i) at least one alkyl-substituted hydroxyaromatic
carboxylic acid, wherein at least 50 mole % of the alkyl groups on the at least one alkyl-substituted
hydroxyaroniatic carboxylic acid are 020 or greater; and a base wherein the system oil composition
has a TBN in the range of between 3.5 to 10. [0057] In another aspect of the present disclosure, a
method of improving oxidation contral and/or stagjlit of a marine system oil composition {i'.aving aTEN
_in the range thieiNeanSIBEHRSES Py BpiRya 5%85%%&@-%%%&#09%%@%&%@0% h another
aspect of the present disclosue; amethogofdmpaving caisision pretedtimmodszimarine system oil

composition having a TEN in the range, of between 3.5.and.20 by addli % arbaxylate-containing
detergent. 16@5’9?%%%??@?%3%%&9&%% ci)lfré}gglﬁp %@%&%ﬁsggmagigglo?%mpr_oving viscosity

increase congehefamarintraysienrpitcohmpositontsning laPBRsiAThbrange bFtBtween 3.5 and 20
by adding a c%rlgeo%(%%g%%;gg t@%@%detergent [0059a] In another aspect, there is provided a method of
making a matfn system oil composition, compri mglé)mlxm%tog%tgggf%)o& ount of a base oll

major a
of lubricating[OREISiByATRER PR AT ST RRSRYRD oSy ftE-contaming 1(ﬁlgt](aairlguenn “Compr

comprising the
salt of at leasiang alloylsubstiuied hyeioxrareraticieathoxylie disiel prepatedrbyidhé process
comprising retgg[tg;g aam%gusrj%tgz%ngﬁl IQolrrgx ;os'uicm comprising & major amount of a base oil of

jubricating viscosity, and & minor amount of a carboxylate-containing detergent, wherein

the system oil composition has a TBN in the range of between 3.5 and 20.
[6056] In another agpect of the present disclosure, 2 method of providing lubrication of

a crenkease in the operating of a two-stroke cross-head marine diesel engine is provided
that has & marine system ofl composition comprising a major amount of 2 base il of
lubricating viscosity, and & minor amount of & carboxylate-containing detergent, wherein
the detergent comprises at least one alicyl hydroxyaromatic carboxylic acid wherein at
least 50 mole % of the alky! groups are Cap or greater |
[0056a] In another aspect, there is provided a method of providing lubrication of a crankcase in
a slow speed two-stroke cross-head marine diesel engine, comprising operating the engine with
the marine system oil composition comprising:
z) 2 major amount of a base ol of Iubricating viscosity; and
b) aminor amount of a carboxylate-containing detergent comprising the salt of at
east one aikyi-subsﬁtuted hydroxyaromatic carboxylic acid prepared by the
process COmprising reacting 2 mixture containing: |
i) af le:ést one alkyl-substituted hydroxyaromatic carboxylic acid, wherein
at least 50 mole % of the alkyl groups on the at least one alkyi-
substitated hydroxyaromatic carboxylic acid are Cop or greater; and

i) abase
wherein the system ol composition has 2 TBN in the range of between 3.5

1o 10.



1) at least one alkyl-substituted hydroxyaroraatic carboxylic acid, wherein at least 50 mole % of the
alkyl oups on the at least one alkyl-substituted hydroxyaromatic carboxylic acid are C20 or treater; and
abase wherein the system oil composition has a TBN in the range of between 3.5 to 10. [0060] In
another aspect of the present disclosure, a marine system oil composition that provides superior

performance ,Qse gripre:oLae.ayeas ol axdaion siablibevscasibctease soigher deterg-acy
y

than the curr vailable technology, especially when compared to conventional
salicylate-corvinthgréUtetrdittetiokosly S5sisrovibleezponiiprsiegre mBfoY antountgst« base oil of

lubricating viscesity, and a-minofsamonns-afa carhexyiatecontaining detergent, wherein the system oil
composition T@S@ TEN in.the rang[e I?f bet\é\é%gnt ﬁigc?or},d %O.a O%%]é]én 9ther embodiments, a method of
oneradng a siOU EhEEERITSHBRE. Fods MESH MIAe dicsal Shg e COmmpRidas BrBviiRg superior
performance proaecanhaieot de-ared saofmddat baviighilyNiscesiiy dacriaseseongol and/or
det_ergency tha%@ ia%ycg%%ng)é 3@,}@%&9@ gg}&%&?igggﬁggeglgcially when compgred to lcc.)nventional
salicylatecontaining detergent technglogy, roviding a marine system oil containing. a
carboxylate-d@%ﬁﬁﬁ Er R0 %ﬁﬂ%%&‘@é?%lﬁ%‘& 8W§B§e%$elﬁﬁﬁgﬁ%&éc,oglﬁarine system
oil compositigR.£QBRASHI.A GatbaxXatecontainingidateraent hasa BN indherangef between 3.5
and 20, wherein the g%eﬁ{c?ent cogr%{)ris s at least one alkyl-substituted hydroxyaromatic carboxylic

acid Wherein%n5 I@’:iis% OIeF Fo° ?1’@5?&%08%538% ?téeréi’é"Or greater, and wherein said marine,
system oil ¢OfBBL IO PIRTASRESH ST ARSI R HPEAC LRAIORE BIRENSERLBR Sk dammesition,

stability, viwgﬁ@%ﬁg ehry-detergency than the currently available technology, especially
when compared to conventional salicylatecontaining detergent technology. 100631 In another aspect
jof the present disctysarezrmarinmsysteessiladbeipobiiemtgatprosikdesisliperior performance in one

‘or more of the e o gidplian siebDassasiie ieass conokendsiaigensy Gandneraurrentl
ay, ali

available technology, especially when compared to conventional s

) ( FEJ;:;/_Iate-_containin detergent
~ technology is providedgasormsrigid-suhsoi e olr araoBEEs Ge F&éﬁ@ﬂ@éﬁ%‘%}’% aminor
amount of an overbased m%t%éﬁ&%g %megﬂﬁgergent, wherein the system oil

composition has a TBRI A the ra ge ofbetween 35 and 20, and wherein the detergent comiprises at

least one alkyl-substituted) hyfexstarureakiyl caltsoyte dcidrwhsrem sid cash Go isaeids BhakEalky |
groups are C20 or greater. DEJAIL ED.DESCRIPTION QETHE INVENTION [R6diThe definfions that
t

follow are intended to provide the meaning of the term as'used throughout the application (including
claims) unless expressly statedhstheedispiroxyaromatic carboxylic acid are Cag or greater; and

i) abase

wherein the system oil composition has a TBN in the range of between 3.5
o 10.

[0060] In another aspect of the present disclosure, a marine system oil composition that
provides superjor performance in one or more of fhe areas of oxidation stebility, viscosity
increase control or detergency than the currently available technology, especially when
compared o conventional salicylate-containing detergent technology is provided,

comprising 2 major amount of a base oil of ubriceting viscosity, and a minor smount of 2
carboxylate-containing detergent, wherein the system ol composition has 2 TBN in the

range of between 3.5 and 20.

[0081]  In other embodiments, a method of operating a siow speed two-siroke cross-

head marine dizsel engine, comprises providing superior performance in one or more of

9a



Definitions [0065]The tent "alkylphendl" means a phenol having one or more alkyl substituents,
wherein at least one of the alkyl substituents has a sufficient number of carbon atoms to impart oil
solubility to the phenol. [0066]The 'LEW "marine system oil" means a lubricating oil composition which
lubricates the crankcase of a slow speed, two-stoke cross-head marine diesel propulsion engine and
may cool parts of the engine, especially the undercrown of the pistons. In a, cross-head engine, the
firing cylindePaRiRHe wﬁa@%g‘&@&’ 10%Sri P R A ]ba;}l%’%cryﬁ(ﬁﬁéi’%}] Ly 1éamarine system oil,
respectively cérendyineiystamioibiogm pasitieiy ey kaveafetd examsiicad Bidnake range of between
3.5 and 20. (090 FTNg e hase ol asysed Aerpinis Aethed asiadbaseslgk or blend of base
stocks inclusive of Haturaf, synthetic, Unréfined, refined and rerefined stocks. The base oil employed
may be any efepwidE-verERer $E B Mubricating viscosity. The base oil of lubricating viscosity used in
such compofitepsImayhedsasieedfohe paturel disslicatingailsrisysetio olls;onpaiitioes thereof. For
example, suitable base oils may include.those having a Mscosity of at least about 4 £S5t at 100 C, such
as a kinemaﬁ%@ﬁgé’ﬁgify’zg% T %“bcfagﬁénﬁ?gl%g%ﬁ%ﬁo%%é ?::%%O oa rgi??ez% gét‘. and/or a pour point
below 20 C, Prefbeatiyilat dotdaduiv@Briissdbbirsiske J0UESRETURT FeaERG 8IS may include animal
oils, vegetable.gils (e 04 taneseed ioiks <eastey Ails apdiand.ailrat olgumyaiiesmireral oils, and oils

derived from coal or shale. Mineral oils for use as the base olil.in this invention include% for example,
paraffinic, napRieEnESRErBHSFET HAL R BIORFERK ﬁ%&‘é?ﬁﬁ“i’lﬁBF"rg%% BireShipbEitions. [0069]The
term "detergenti-is-an ibsalubie seifastantcsilgmasaforexahplésargorgatan dvid that includes at
least one relatively.low.mglecular weig taj jvel > dispersants) and a
polar head. Stitab &gg%%ce%%? ggr!%ké %%‘ﬂ ?:g\lr?%e@ géé%%gﬁsd%%g%gﬁ%%’ﬁ%based" detergents.
The moleculapwsigistdsterseohisrbpelagtail must be large enough to make the surfactant oil-soluble or
the resulting WeEyURNeitteslipecantthompatitldisvivsother mddvesstPypidatiynnesitiorilar weight
of the non-polar tail can be at |east 12Q Daltons q.e. %Q%Jt aggg; for )é%r%gtl) if”‘t Ivelgc%t %POUt 150
Daltons (i.e., FABA 1857 % PEAST ARG > 9% 53 8ﬁsofi.e“., abou %idé% or fess than about 560 Daltons
(C40). The taildsgeneraiyondaydzenarion, thndwemibevitieble srebraivehietrpcialiiighsre of linear and
branched. The tgl iy [arxample a dedyed aman islioiscampaundvayeh as an oligomer of

ethylene, propylene or butyl ene or a mixture of olefinic monomers, or can be derived.from another

source, sUChASIERAS B REOTHCATRh ] BRIKEITE ST ARE M TR T 58 olar portion
may be derived#081 anaramatic latiicatingoiitiasesteckesihevhotan treagsoithd surfactant may be,
for example, any polay moiet ey o e vila mtat B exaumpl, polag oietios may

|

|

include sulfofiie a¢ groups, for example~aryl sulfonic acid groups; hydroxyaromatic groups, for
example phengtierigeosigsat yarckdrorhuinaied BrHETe EarbR i s g AolipEberar akiihible
hydroxyaromagig, henzeiGracit-arednss asdgarmexce acid groups, which can be supplied from, for
example, a fatty acid, a naphthenic acid, or a petroleum oxidate. [0070]The terms "conventional
salicylate-containing detergent” and "salicylate- containing detergent” refer to an alkyl-substituted
hydroxyaromatic carboxylicgeiddeierosnt eemprisinoshersalt ofamatiypirsubstituted hydroxyaromatic
carboxylic acid, wherein at least 50 mole % of the alkyl groups are 01418 or less.

f0064]  The defiitions that follow are intended to provide the meaning of the term as

used throughout the application (including claims) unless expressty stated otherwise.

Definifions

[00685]  The term "alkylphenol" means a phenol having one or more alkyl substituents,
wherein at least one of the alkyl substituenis has a sufficient number of carbon atoms 10
impart oil solubility to the phenol.

F0066]  The term “marine system o0il” means & ubricating oil composition which
Tubricates the crankease of a slow spesd, two-stroke cross-head marine diesel propuision

engine and may cool parts of the engine, especially the undercrown of the pistons. Ina

10



[0071]The term "carboxylate-containing detergent" refers to an alkyl-substituted hydroxyaromatic
carboxylic acid detergent comprising the salt of an alkyl-substituted hydroxyaromatic carboxylic acid,
wherein at least 50 mole % of the allcyl groups are C20 or greater. Preferred alkyl-substituted
hydroxyarornatic carboxylic acids inclyde alkyl-substituted hydroxybenzoic acids, Salts of such
alkyl-substittit&t !Pﬁ?érﬁ rO ﬁ@%ﬁ}’gg‘g rllaélégf é"r%]?:k aﬁﬁ(@ﬁi%%é%ﬁ%%esg}ﬁ%%?% énzoic acids are
referred to aslalkyl«sLiostitutednhyrvroryaioreticticarb okylatiss articallof substitieadiaydroxybenzoates,
respectively, JOOZ1EQr example; thecarhoxyiaiescontaining getergent comprises the salt of at least

one alkyl-substituted hydroxyaromatic car%oxylic acid, wherein the deﬂrg]argent omprises at least one
alkyl-substitt e hy drbiEFEmEATE FhrBoWAEIAEE FHETERT A ficXSe 86 853}%%?%%S%Ikyl groups are
C20 or greaiekdonexsnpte;atrieasnéfdnolerdhnat, ledstd hinctefMrdatdelast BG steido, at least 90
mole %. al lggst 96, ol 4, 2195} 90 Il RLUERBH MR 2! RS 9Bamole %, o atleast 09

mole %, and even whete a ﬁe etergent comprises the saltof at least one alkyl-substituted
hydroxyaronyatie A rIbeRt IS inFRer AT ROTHATS B YL ST HHE s G Fe  AFE e greater. The alkyl
groups of theriat JaasiRnaalisihsubstitted DyEnoxyaraB) atic:BRrBax Wit acidi:éndy tortain linear
groups, branched groups, or.a mixture of linear apnd branched groups. The linea yl-groups, may be,
for example?%?’%xﬂ%ﬁ% gffﬁﬁég?gﬁy?%%&p(ﬁaeﬂ@eg’ ’f%??\]t S%ng%%éoﬂgﬁg%%agfd §2Cl§?C.22, C20-C24,
C20-C28, CoDaBB0 hewdttstoBaS8toatkgtiaichThistd e s trarauting belvedfof-erespte from normal alpha
olefins. [007 31 heitermeimetalssalof a carboxylate-containing detergent” refers to metal salts of the
above mentjgoned carboxylate-gontainilﬁg detergent, wherein the m lial may pe an alkdali metal or an
alkaline eart?MiBlal, fERHBIEAES & éﬂ%’é't%\‘%%ﬁ%‘?% & Srﬁfgﬁyeﬁ%eti § ﬁ?(giﬁihrélp&sﬁeergent or an
alkaline eartfilmetsbsails efdizdrbibxylateoontiningeeteryentd Siftddnlecadlkali mvetak or an alkaline
earth metal,can be provided,fram.thecopespandiog.rmatishhydiaxidesEaprxample, sodium

hydroxide and potassium hydroxide provide the source for the alkali metals sodium and potassium,
respectivelyPHATTE BB Ry ARsKIERsT SH LY RELURIR Bk L Bi6Hias tHe source for he alkaline
earth metalsgaleivtmand magnesium, respectively. [0074]The term noverbased" refers to a process

by which th%&ééﬂingrﬂé%%ﬁg%% e;ssgr%gpsgl 1'{91%@ é&l&gg‘ agt_‘gg@%@&%@é?tﬁining detergent

compositionis In excess 0 lometric amount required to neutralize the carboxylic acid.

Suitable ovensasinecihirllnthulernrs kacanneraartein bR eGeHE S REY RESPRE &llcium, barium, and
strontium. Syitableiovaasipgdelalseandss provided float thewswespargindometal hydroxides, for
example, calcium hygir%xige and.ma nesjum l}}(ﬂ{gﬁ% Ré%?e\{rir%re;tst g%url%gu[gl_r‘ggg a}llégline earth metals
calcium andeﬁﬁig& e st (‘,a‘rg%‘"‘bté tive fgﬂ%%ll fonal over asing can be achieved by%}ﬁe addition of acidic
overbasing tompeandstidmesxaipdlegcanbesh dioside thhehetienaeisolipsveibasedliistal salt of a
carboxyiate-gamtaining deisrosnt May-inaluderbasehaving an slevstas TBNeder example, those

having a TBN of greater than 100, for exam Ieﬁgetwe,en 00 and f450.'i[1t(l)ﬁg75 'Iihre "soap content" of a
marine systétr BiFeBmRPESHIbI R 8 he CORCERatioh 8?%&8&% A% gﬁsﬁ%ﬁ)ﬂ?ed to the
formulation bytdhwiterstieresbeiefgenisiwithibothe Abiuiosition. Fouekampldsa Gaitablstsoap content
for a ma”“es%vé%%mi'(égﬂm%%@m@e%&%w 4oLieDresenh vention: MayRegreater than 6

millimoles surfactant/kg system oil composition mmol/kg); for example greater than 7 mmol/kg;
greater than"BFRGTkGeS g et 10%iroIRY ooy Be AFSRER R Al8idGed by means of a
single detergemboandaimixitie efdetefgentsnd; oropxamplebtheeseapaceierdt shalgfhecachieved solely
with a metal, sall 918 camhexdgie-caniaing deteraenl aneulishiugialealkghascarboxylate-containing
detergent, or an overbased metal salt of a car oxylate-containing detergent, or mixtures thereof, or

with a mixtueesnal erastansaftvasn edipananes S80BraiFoREHsadeey refsr dediiryan

carboxylate-gopiaiping-Retaraentand-ethendeiprgrais f10Q éoltbadenay teptal Baseijumber” or "TBN"

refers to the level 1of aIkaT!ini _i§ an oil sample, which indicates the ilié}/oo ;lhe composition to
continue to ABUHAMLEUEHSERE ATE ik aéCordance with AS TM D2808. The test measures the
change in electridaidtmiustivigyoaadiehexpamitteralrenspirews grasppm DMy ¢l quivalent number of
milligrams of KOK! peederto newtialize b giamafa-praducthrideiaion, achigh A&MNsreflects strongly

overbased products and, as a result, a higher base reserve for neutralizing acids. The TBN of a
product can be determined by ASTM Standard No. D2896 or equivalent procedure.

il



MARINE SYSTEM OIL COMPOSITION [0077]The present invention provides marine system oil
compositions and methods for using said compositions in marine diesel engines, for example,
two-stroke cross-head marine diesel engines. In one aspect of the invention, a marine system oll

composition i prouided ihat comprises, aier amAUnLeLaLAsAOllakliealing, deosty, and a

minor amounfo?ag ate contalnl etergent e mari ystem oil composition may

have, for exbsriphelied TR ﬁﬁh@ﬁﬁﬁ@@ @ﬁ“ﬁé‘twééﬁi@lﬁhﬁm 0. forr EReiPisHE: fiXiféerange of between

3.5 and 18, figtyegen Jye @Ak dRefwesn ﬁléﬁﬂ@é&mﬂgﬁlg@@ﬁr@e@aﬁ@@smwn 3.5and 7, between
3.5 and 6, between 3.5 and 5, bﬁatween a% nd. 16 b%t een 4 and 12 en 4 and 10, between 4

and 8, betwé‘é‘ﬁaiflﬁ‘ﬁ(ﬁigwﬁﬁﬁhe% SRS ReEesYER bebafap 5 f’g between 5 and 13,
between 5 attt@eirstwaeiibeands8; DW%MIBWE@QM@D@QMQ@OW% 6 and 10,

between? a&%&én%&%{‘ﬁ@ﬁ@}é@ %@glgglkm &]ﬁ%@@lg basgqil of lubricating viscosity include Group

| or Group Il or a blend of Group | oils or Group Il oils or mixtures of Group | oils (inclusive of blends)

and Group KW incithg sy B?g%?&gﬂ‘ﬂw%fm%“@ﬁ%%ﬁ?ﬁ‘érffsfefﬁéﬁk?ﬁsaékéi IS BEDresent in an
amount of br¥dreen4thwic, Jéﬂbamjdﬁimt&&taﬁmnempplmgﬁﬂeaﬁmmm -abkeastdl5 wt.%, 50 wt.%, 55

wt.%, 60 wi, O{’t() 4,82 \a/]:]/t % ,%79 Wi, thgcvgt %, eig) nvg{ fé"vbcfﬁﬁa%%ﬁ{rlg&o% 0/é)ng\@elght percent refers
to weight per ent o ase ol relative to the tota welg tof the systeim oil com osmon) Base Oils

[0079]Suitalstestsatss dirsTmed dkthadetintaenbrosteydireandn gadadmiel MosPl Publication 1509.
14th Edltlonsﬁ&@ﬁﬁéim?dko%@@mb%ﬁ%&@' @ihi@cil @i&@viﬁ&ﬁtamm%m@foﬁwieharacterlstlcs for

e e B i iy - SR SRR S eIS T e RN AT R AO0T) Sulfuras

substituted hydroxyaromdtic carboxylates and alkyl-substituted hydroxybenzoates,
respectively.

[0072]  TFor example, the carboxylate-containing detergent comprises the salt of at least
one alkyl-substituted hydroxyaromatic carboxylic acid, wherein the detergent comprises at
least one alkyi-substituted hydroxvaromatic carboxylic acid wherein at least 50 mole % of
the alkyl groups are Cyq or greater, for example, at least 60 mole %, at least 70 mole %, at
least 80 mole %, at least 90 mole %, at least 95 mole %, at least 96 mole %, at least 97
mole %, at least 98 mole %, or at least 99 mole %, and even where all the detergent
comprises the salt of at least one alkyl-substituted hydroxyaromatic carboxylic acids,
wherein 100 mole % of the alkyl groups are Cayp or greater. The alkyl groups of the at least
one alkyl-substituted hydroxyaromatic carboxylic actds may contain linear groups,
branched groups, or a mixture of linear and branched groups. The linear alkyl groups,
may be, for example, a mixture of linear alkyl groups selected from the group consisting
of Cap-Ca, Cag-Caan Cog-Cag, Cop~Cag and/or Cyg-Cag alky!t and mixtures thereof, derived for
example from normal alpha olefins.

[0073]  The term “metal salt of a carboxylate-containing detergent” refers to metal salts
of the above mentioned carboxylate-containing detergent, wherein the metal may be an
alkali metal or an alkaline earth metal, for example, an alkali metal salt of a carboxylate-
containing detergent or an alkaline earth metal salt of a carboxylate-containing detergent.
Suitable alkali metal or an alkaline earth metals can be provided from the corresponding
metal hydroxides. For example, sodium hydroxide and potassium bydroxide provide the

source for the alkali metals sodium and potassium, respectively, while calcium hydroxide
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Viscosity Index (as determined by ASTM D 4294, ASTM D 4297 or ASTIV1 D 3120) Less than 90%
saturates. Greater than or equal to 0.03% sulfur. Greater than or equal to 80 and less than 120. H
Greater than or equal to 90% saturates. Less than or equal to 0.03% sulfur. Greater than or equal to

and magnesium hydroxide provide the source for the alkaline earth metals calcium and
magnesium, respectively.

[0074]  The tenn "overbased" refers to a process by which the resulting metal content
present in a metal salt of 2 carboxylate-containing detergent composition is in excess of
the stoichiometric amount required to neutralize the carboxylic acid. Suitable overbasing
metals include alkaline earth metals such as magnesium, calcium, barium, and strontium.
Suitable overbasing metals can be provided from the corresponding metal hydroxides, for
example, caleium hydroxide and magnesium hydroxide provide the source for the alkaline
earth metals calcium and magnesium, respectively. Additional overbasing can be
achieved by the addition of acidic overbasing compounds for example, carbon dioxide and
horic acid. An overbased metal salt of a carboxylate-containing detergent may mclude
those having an elevated TBN, for example, those having a TBN of greater than 100, for
example between 100 and 450.

[0075]  The “soap content” of a marine system oil composition refers to the
concentration of surfactant that is contributed to the formulation by one or more detergents
within the composition. For example, a suitable soap content for a marine system oil
composition in one aspect of the present invention may be greater than 6 millimoles
surfactant/kg system oil composition (mmol/kg); for example greater than 7 mmol/kg;
greater than 8 mmol/kg; 9 mmol/kg or 10 mmol/kg. The soap content may be achieved by
means of a single detergent, or by a mixture of detergents. For example, the soap content
may be achieved solely with a metal salt of a carboxylate-containing detergent, a neutral
metal salt of a carboxylate-containing detergent, or an overbased metal salt of a
carboxylate-containing detergent, or mixtures thereof, or with a mixture of a metal salt, a
neutral metal salt, or an overbased metal salt of a carboxylaie-containing detergent and
other detergents.

[0076]  The term "Total Base Number" or "TBN" refers to the level of alkalinity in an
oil sample, which indicates the ability of the composition to continue to neutralize
corrosive acids, in accordance with ASTM D2896. The test measures the change in
electrical conductivity, and the results are expressed as mgKOH/g (the equivalent number
of milligrams of KOH needed to neutralize 1 gram of a product). Therefore, a high TBN
reflects strongly overbased products and, as a result, a higher base reserve for neufralizing
acids. The TBN of a product can be determined by ASTM Standard Ne. D2896 or

equivalent procedure.
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80 and less than 120. IIl Greater than or equal to 90% saturates. Less than or equal to 0.03% sulfur.
Greateror equal to 120. IV Defined as ol alshaolefins (PAO) V All other base stocks not included in
Groups I, II, Il or IV

MARINE SYSTEM OIL COMPOSITION

[00771  The present invention provides marine system oil compositions and methods
for using said compositions in marine diesel engines, for example, two-stroke cross-head
marine diesel engines. In one aspect of the invention, a marine system oil composition is
provided that comprises a major amount of a base oil of lubricating viscoesity, and a minor
amount of a salt of a carboxylate-containing detergent. The marine system oil
compaosition may have, for example, a TBN in the range of between 3.5 and 20, for
example, in the range of between 3.5 and 18, between 3.5 and 14, between 3.5 and 10,
between 3.5 and 9, between 3.3 and 7, between 3.5 and 6, between 3.5 and 3, between 4
and 16, between 4 and 12, between 4 and 10, between 4 and 8, between 4 and 7, between 4
and 6, between 4 and 5, between 4.5 and 15, between 5 and 13, between 5 and 9, between
5 and 8, between 5 and 7, between 5.5 and 11, between 6 and 10, between 7 and 12, or
hetween 10 and 206.

J0078]  Suitable base oil of lubricating viscosity include Group [ or Group H or a blend
of Group I oils or Group II oils or mixtures of Group I oils (inclusive of blends) and
Group II oiis (inclusive of blends). In some embodiments the base oil may be present in
an amownt of between 40 wt.% and 97 wt.%, for example, at least 40 wt.%%, at least 45
wit. %, 50 wt.%, 55 wi%, 60 wt.%, 65 wt.%, 70 wi.%, 75 wt.%, 80 wt.%, 85 wt.%, or at
least 90 wt.% (weight percent refers to weight percent of the base oil relative to the total

weight of the system oil composition.)

Base Oils

[0078]  Suitable base oils include those in the API categories T and 1 as defined in API
Publication 1309, 14th Edition, Addendum [, December 1998 (Table [ provides a

summary of the characteristics for Groups -V base oils).

TABLE 1.
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[0080]Group | base oils can comprise light overhead cuts and heavier side cuts from a vacuum
distillation column and can also include, for example, Light Neutral, Medium Neutral, and Heavy
Neutral base stocks. The petroleum derived base 0|I also may |nclude residual stocks or bottoms
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treated in one or more purification steps to improve one or more properties. Suitable purification
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[0086]Reref eeu?rﬁlls

TALDS QRIAINEALD

(PRg. 38

CKS

oils i
petroieum

dgrpve%cbea?sg %‘ﬁ Sllgg I!}?'gytg)nc}ude

residual stocks or bottoms fractions, such as, for example, bright stock. Suitable Group I
base stocks may include, for example, ExxonMobil CORE® 100, ExxonMobil CORE®
150, ExxonMobil CORE® 600, and ExxonMobil CORE® 2500, base stocks.

[oos1t}

Suitable Group I base stocks may include, for example, Chevron 100R, 220R,

600R and 5R Group II base stocks, available from Chevron Products Co. (San Ramon,

CA).
[0082]

In one embodiment, the base oil can be a blend or mixture of twe or more,

three or more, or even four or more base stocks having different molecular weights and

viscosities, wherein the blend is processed in any suvitable manner to create a base oil

having suitable properties.

[0083]

Base stocks may be manufactured using a variety of different processes

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

oligomerization, esterification, and rerefining. Examples of suitable base oils may include

those derived from unrefined, refined, rerefined oils, or mixtures thereof.

[0084]

Unrefined oils are obtained directly from a natural source or synthetic source

{e.g., coal, shale, or tar sand bitumen) without further purification or treatment. Examples

of unrefined oils include shale cils obtained directly from a retorting operation, pefroleum

oils obtained directly from distillation, and/or an oils obtained directly from an

esterification process, each of which may then be used without further treatment.



those used to obtain the refined oils, Rerefmed oils are also known as reclaimed or reprocessed oils
and often are additionally processed by techniques for removal of spent additives and oil breakdown
products. [0087]Suitable base oil includes base stocks obtained by isomerization of synthetic wax and

slack wax, il)as hydrqocrackate base stocks proquced by hydrocracking (rather than solvent
extracting) tﬁg\%‘% m %3?%0&@?% B tg%?%ﬂeegé%sdeg fé)&zrﬁtpre@% %}gssgémé?ilge%}ay include those
derived fronx¢hrediydreisomerizatiratbmaopséitirepaicraorimesmisiprtion Withbibe aforesaid natural

and/or synthetie hase kUl WaxISmaralR allisRreguced tidha dydisemerization of natural or

synthetic waxes or mixtures thereof over a hyd’r_0|somerizat|on catalyst The b,ase:oil can be refined
paraffin typEBEEe FiRCEOR S TEIh TRERHEBaS B i S REENH 0 S HoBH BifSnd/or
non-hydrocarben ailseélsblieptingevdscosity. The base oil may also be a mixture of natural and

synthetic ol pRBEIRuahle: syoheric. el ids. dal Xamnle. vdrcaimaensypperic ols, synthetic

esters, silic ed oils ‘and halo-substituted hydrocarbon oils such as polymerized and
inter-polyméiiredssifrabiaikiipeinehels pomypiHedyiEs axplatdawiprempaieter alkylated diphenyl

sulfides, as yelasstheindanvatives: anaRguesndsameleguagithareefmang oiieres thereof having
the desired viscosity. éoﬁgglggl]esggétable igt)édrocarbon synthetic oils may include, for example, oils
IZatl

prepared fréii theH8ly Sh oF&tRyishe, polyalphaolefin or PALO oils, or oils prepared from
hydrocarbori®§@Thesimbieddsred isindethatsoronionbrigeddridshydrsgerngasedisten as in a Fisher

Tropsch progess, Synthetic IWbgoating,eils alzaincludealkylreexisiennolymersadnterpolymers,
copolymers and derivatives thereaf wherein the terminal hydroxyl groups have been fnodified by
esterificatiofEtHer R 81‘5".&%3%8*?@8?883@81%@%3@%%?3?% fittia poiRers of alpha
olefins havingtie pitopey vistasitiicd speeidljoustfubaimitehydtogerated ddguidabligomers of C6 to
C12 alpha oleflingsheh 231 decane dimet. Lkawise, Al PeIene s O aRel Hseasity, such as

didodecyl benzene, can be used. [0090]Suitable synthetic esters may include the esters of
monocarboxdlits AidahEy oAy e AFBERTAE BRSO R Heh U YRBRTC VRS BiREHEIEH T holyols. Typical
examples aredidodesybacipaten peataerithiitatdeitaca praafesdb2-athythexydsadipate,
dilaurylsebacate, and the like. Further exampl f suitahle mon k d polyol synthetic
ester )(;ils méil%l%ec i dhgtp%lé% raﬁgggsfrs m 5%': t% %??28 drﬁ%??ﬁ%@%l%%@é%é g&%{’&%@ﬁmﬂ p)t/t)lon)/ethers.
Tri-alkyl phospiietténg siegosits: stishbass gibseyesienkp Rfee el B Ephodpissitecind tri-iso-butyl
phosphate geedgo suilabie fonusecasbasrRils ComplexsaietsRiepamedirom mixtures of mono and

dicarboxylic acids.and mono angdi ydroxy, alkanais can also be used. Blends of mineral oils with
b T b L

Sificon:Based OIS e u?:lgfl?or example, the poiyakyl-,
polyaryl-, patyhikexyed enpoizandbxyesiokelnbosildafrsiiiceterolishOtoripmisétic lubricating oils

include 'iqUigi@%ﬁﬁeefepijg&gﬁ@éyéﬁf}%&@i&m&%@v@%m&ﬂge&%ta@bygra%%gﬁ@,e@@lyalphaolefins, and
the like. CARBOXYLATE-CONTAINING DET RG,EN&?#%)%& Some suitable overbased metal salts of
[ o

carboxylate REHRHY BRI S TR RS 108 [rdde #4Y include overbased alkaline earth
metal salts gb@ashoxHatebtontdiniadcetergentsiiis may include, for example, oils prepared

from the polymerization of ethylene, polyalphaoclefin or PAO oils, or oils prepared from
hydrocarbon synthesis procedures using carbon monoxide and hydrogen gases such asin a
Fisher Tropsch process. Synthetic lubricating oils also include alkylene oxide polymers,
interpolymers, copolymers and derivafives thereof wherein the terminal hydroxyl groups
have been modified by esterification, etherification, etc. Synthetic hydrocarbor oils may
include liquid polymers of alpha olefins having the proper viscosity. Especially useful are
the hydrogenated liquid oligomers of Cg to Cy7 aipha olefins such as 1-decene trimer.
Likewise, alkvl benzenes of proper viscosity, such as didodecyl benzene, can be used.
[0080]  Suitable synthetic esters may include the esters of monocarboxylic acids and

polycarboxvlic acids, as well as mono hydroxy alkanols and potyols. Typical examples are
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[0093]Some examples of suitable overbased metal salts of carboxylate-containing detergents that may
be useful in the present invention are those that comprise the salt of at least one alkyl-substituted
hydroxyaromatic carboxylic acid, wherein at least 50 mole % of the alkyl groups are C20 or greater, for
example, atée t 60 mole %, at least 65 mole %, at leas 7%1?0 e %, at least ZS mole %, at least 80
mole %, at | ’5%?%%%?éﬁ@’o?%}w@%%?%%ﬁ%ﬁ@/ﬁ?act)er’ f'?e%%]ly Xr%loalceé?%,e’ai East ?%{81e %, at least 97
mole %, at |least®8kmofadheratteast 98 mohb9emorollo@molelbano! 2héralikyl grabpsare C20 or greater.
The overbased metal Sall-alR FALRMAILCANRAINNGARIRIGENL May;alsp LOTRIisaat least 50 mole %

of the amount of detergent, relative to the total amount of detergent present, for example, at least 60

mole %, at [RHEPEEIRRDIE Fralky! BRRPREHHTR o stefeaistose msfar e 45P 8t Mole 9%, at least 85
mole %, at lgashRi-malerMisobatllprsih9gbanel el 9 satddasoOGme leooilit Iée_lsipgﬂc mole %, at least 98
mole 9%, at Ieast 3MAIPH.QL: 100 IpIa i ahdne.Amaunt aLelaagnl, iBiPlivg o ge total amount of

detergent prese‘n? e overbased metal salt of a carboxylate-containing detergent may also include,

for exampleaiessistan B riolecdo BiRypplenprsakallitvid eraets i saisotitt Bt detergent present, for
example lespthan 3xmeleldilesshian.2sinale-YhdessitpanizO.orale % plegs-than 10 mole %, or less
than 5 mole. 36, or example less than 2 mole % of allyl phenals.relafive 1o the fofal gmount of
carboxylate-}?:o af’ﬁ%g(’d fe Sren? And a)fﬁl)lﬁp%eno s present. | Af]éyome examﬁle of Suitable
overbased rivetadshduof atearbiplylatecsprieiningdetekgentsubmt wisseotisetssl in the present
invention mayinglwde.these.whengin the overbased metal salt of a carboxylate-containing detergent is
the product of reacting an overbasing compound with a salt of at least one alkyl-substituted
hydroxyarornatic carboxylic acid, wherein the salt of at least one alkylhydroxyaromatic carboxylic acid
is comprised of a compound or mixture of compounds represented by the structure of Formula (1):

Formula (1) @Rétwesan - Nrdependaniytemesass an alkaline earth metal, for example,
magnesium, calcium, barium, and strontium; ii) each carboxylate group independently may be in the

ortho, meta Bl083ia pdemiorishinpakestiariosalifit] radestiate-trayaLsRyIgrsip; and iii) R, and R2

each independgntlyrepresanisaninaaansipubranehed alkyharoun, mhgrein: at least 50 mole % of the
alkyl groups are C%O 0 %%reater. L0095 In one embodiment, the overbased metal salt of a

carboxylate-%liﬁ% 'ﬁd’ t?‘gpélgrﬁjtéeﬁg%l SComprise the product of reacting a compound or a mixture of
compounds [@}f#sentedby-tversis ol tueidé Fonmatd ftal et drealiéyb-grotasgnindependently

represented Qi Rl ANER2. v ineal- andiar Rranches-ald aravpsphiad 1888128 garbon atoms, for

example, between 20 to 40 carbon atoms or 20 to 30 carbon atoms, wherein the alkyl groups may be
selected frofifth & rotH SORERIg ST e eI SFE Y- "é’ﬁo‘:’@%@é&lﬁ@%@bnﬁ%/é’r C20-C36 alkyl
and mixturesfttierdbf [2086 lmrofie embedinfentxthelalky g Gps;ardepehaentfmeprdsented by R1

and R2, may,be degyed. for examplefram.an oligamenef 4 nermalalpha olefin.farsgxample ethylene,

propylene or butene. In another emp/od_iment, the alg< | groups maY cgontain a mixtureﬂ of linear groups,
a mixture of BRENEhBIPOIBEE BPS rhistdrasotamel: "Ar Brshthealgredpeafinitiie alkyl group may
be a mixturexoflineanallesgreups seleeted the alkyl groups are Cog or greater. The overbased

metal salt of a carboxylate-containing detergent may also comprise at least 50 mole % of
the amount of detergent, relative fo the fotal amount of detergent present, for example, at
least 60 mole %, at least 65 mole %. at least 70 mole %o, at least 75 mole %, at least 80
mole %, af least 85 mole %, at least 90 mole %, or at least 95 mole %, at least 96 mole %,
at least 97 mole %, at least 98 mole %, at least 99 mole %, or 100 mole % of the amount
of detergent, relative to the total amount of detergent present. The overbased metal salt of
a carboxylate-containing detergent may also include, for example, less than 50 mole %
alkyl phenols, relative to the total amount of detergent present, for example fess than 35

moie %, less than 25 mole %, less than 20 mole %, less than 10 mole %, or less than 5
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from the group consisting of C20-C22, C20-C24, C20-C28, Cm-C30 and/or C20-C36 alkyl and
mixtures thereof, derived for example from normal alpha olefins. These mixtures may include at least
80 mole %, for example, at least 85 mole %, 90 mole %, 93 mole %, 95 mole %, 97 mole %, 98 mole
%, 99 mole %, or 100 mole % of the type of alkyl groups discussed above. [0097]In another
embodimeni®ie 4 K Ginie sHdasen ity Pgﬁ}%@é’ﬁ?é‘ﬁfweﬁﬁ’%ﬁ‘?&lﬁ?it &WEIGte those prepared
by alpha oletuteuidatwvhiereinith e atkyd:g o pikyhdedads armsidure of alkyl groups, for example, wherein

the alkyl gro e derived from.the resi ye of:normal alpha- Igfi S C ining .at least 90 mole %
C20 or grea#éﬁﬁﬁm?% Sﬁg%%%ﬁg?gﬁcgasm{ﬁg%% m%ﬁﬁ%a%égg ?(j%y &%%@%%%ﬁﬂ%@igemical Company
under the na¥iegNBAtAMEIDra eseti 2 6rozst HRBITh aPN Blsi GlEmccPorapheby British Petroleum

under the namgetes2@-£:20 el QyvehedChimipiipdarinaname pad@PoCRectngZnor mixtures of
these cuts or ol(?)finsgfrom these com tni S, t%avtin ‘fr&nx_a 0%11[ 20&9%8 carbontatoms. [0098]Some
examples of Stitabie Gverbased metafl salfof & car %x§ a%-%:é)ﬁtt%m%gméé%orng%ﬁ%s for use in the marine
system oil comipositiosioftiseprésenlt irfiat s nsalkidieiddey fopraxample sgliedsased metal salt of a
carboxylate-GoRiaining delerasmis wherein the gRntGRuIBRLSeS AL leashepgralkyl-substituted
hydroxyaromatic carboxylic acid wherein the alkyl groups are C20 or greater, and at least 50 mole %
of the salt of AP &hst one alkyl-substituted hydroxyaromatic carboxylic acid is included as the
structure of Formula (1), for example, at least 55 mole %, at least B0widle %, at least 65 mole %, at
least 75 mole %, at least 80 mele %, at least 85 mole %, @t least 90 mole %, at least 92 mole %, at
least 94 mole %, at least 95 miole %, at least 96 mole %, at least 97 mole %, at least 98 mole %, at
least 99 mole %, or even whekeall of the all of the detergent.is represented by the structure of
Formula (I). [0099]In one e ¢ the-overbas alt of a carboxylate-containing
detergents may include th camprising mixtures of detesgents represented by the structure of
Formula (1), for example, a mixture of at least | or more deteRgents represented by the structure of
Formula (1),whkrerein the carboxylate groups of the mixture of detergents represented by the structure
of Formula (1) WM%@JS&Q@H@%%%@%Pﬁﬁiﬁ@&?@l@n&ﬂbf&?%ﬁﬁl@r%ﬁ@nl@é‘i%@,xw group, for
example, at least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 95% of the
carboxylate group&iF e T 6 HeIPgents represented by the structure of Formula (1) may be in
the para positiof, with cadpedhte gherhydepxydagtioupey [80108] Sdmerexamplespofisuitable overbased
metal salt of a carlap&L%g&g@g@jW%@g&t&gq{y&%%p gﬂ’r@{&ne system oil compositions of the

present invention may include, for example, overbased metal salt of a carboxylate-containing
detergents havitig & FEN o fFeREPTRGT RO PO BR At BEXpE Brincb e aid 4858 between 100 and
400, or betweerH2&end:34 50 amdevwil log eretallyhaye dess thary3awlume% crude sediment, for
example Ies? 2 yolumes ok less than 1 yolumeds cryde sediment, Suitable overbased metal salt
of a carboxylate- & Ude high o

te=
ontalnlngegletoerlé%eﬁlts may Inc igh over ased or middle overbased detergents.

For exampleisHitfissvBrssawietar SHteT 8 catoiaAsuresitdifing teterge ateneRlie, for example,

those having-iBh-obgreatanthan A50-tanLaampieibeineen 2e0pnd#pddbeiyween 300 and 400, or
between 325 and 3t7gbar%d W%I ener Il 1{'1]18.‘)1/1_6 I%%sr LQ%;Q %C\{a ume% crggéat Fe%si ecrgg_ g(%r example, less
than 2 volumads 6f fess than 1 Volimeds crade sedimeﬁ?; ahd middiE ovérbase me%af salt of a
carboxylate-gomminiryadetiesr dertsemdilidd Cforomaple otidde HasiryaaRBN bbtwaeihe 00 and 250, for
example, befween 100230200 QEbWasDIeS andikin and will generally- have tegs than 3

volume% crude sediment, for example, have Iessfthan 2 volume%, less than 1 volume% or less than
0.5 voIumeo/g-’é‘r?igeorsg‘%fﬁg%%Yé@ﬂ%‘i’]‘%ﬁ%ﬁ? embodiment, the present invention relates to a

process of pimjng ooy enfdasiddemetal Shjt gfcmmajﬂabpyislmﬁ@oma:mﬁng:@lbyéigam%pr ex_ample, the
process of preRaying AR OYETRASEHMEIA &?ﬁi&é&?@f@?&@éﬁéﬁ%@%ﬂ&&%ﬁ%@t’ comprises: a)

reacting an alkyl-substituted phenol (or alkylphenol), as described above, with an alkali metal base to
produce an SARHSEAPERAA-SUBLHEER %ﬁg?‘?éf&bﬁji%o%a‘ﬂfﬁbgfﬁépélﬁﬁﬁ AR Alkyl-substituted
phenate obtaieddn™ispadwith, a eathoxyiatinglagentifor @amplie: edtben digxide, to produce an
alkall metal gliyssybsiiiediudipybenzesie: &) acdindng haalelhmetal lghisubtituted
hydroxybenzoate with ah agueous so Ution of an acid strong enough o p odtice an a kyl-substituted
hydroxybenzoic acid; and d) neutralizing or overbasing the alkyl-substituted hydroxyaromatic
carboxylic acid. In a preferred embodiment overbasing is done by mixing the alkyl-substituted
hydroxyarontatic carboxylic acid obtained in step,¢) with at least one carboxylic acid having from about
one to four carbon atoms; e) neutralizing the mixture of alkyl-substituted hydroxyaromatic carboxylic
acid and the at least one carboxylic acid from step d) with a metal base (for example, an alkaline earth
metal base, such as calcium hydroxide) and at least one solvent selected from the group consisting of
aromatic hydrocarbons, aliphatic hydrocarbons, monoalcohols, and mixtures thereof, to font the metal
salt of the alkyl-substituted hydroxyaromatic carboxylic acid and at least one metal carboxylic acid
salt. The neutralized mixture is then overbased by introducing a molar excess of a metal base (for

example, the same metal base as in step e) or any other an alkaline earth metal base, e.g., lime) and
Aat laact nne acidie overbhacina material (e a carbon dinovide and/ar horie acid) in the nrecance nf the at



alkyl-substituted hydroxybenzoate with an aqueous solution of an acid strong enough to produce an
alkyl-substituted hydroxybenzoic acid; d) neutralizing the alkyl-substituted hydroxybenzoic acid with a
molar excess of an alkaline earth metal base, for example calcium hydroxide, and at least one solvent
selected from the group consisting of aromatic hydrocarbons, aliphatic y%g(é)c rEon ; monoalcohols,
and mixture??Hb‘i’?cﬁr?ﬁ%?ﬂﬁ1%?W%ﬂ§£ﬂ%§@aﬁﬁ”§?@t§?‘éﬁ%§ﬂ-%iﬁib%ﬁt%igjarh%;ﬁr )?é?éy 5¥ate; e) mixing the
alkaline earthimetaltatkadf sishistifUiechtuydsiexyle nzoatbaphd clifalinleaxtinivestea mage from step d) with
at least one gaboxyiGaqs VO fion. bR LARRRAi LA AIRMSIR i plesence of a solvent

selected from the group consisting of aromatic hydrocarbonos, aliphatic hydrocarbons, monoalcohols,
and mixture®eheted B Tbin A3mdere 87 AR e AMALE alkht-sE5SHEd RYEDxybenzoate and at

least one alkadingsepsthdetal carboxylic acid salt; and f) overbasing the alkaline earth metal
alkyl-substit ydroxybenzoate from ith & molar excess of an alkaline earth metal base (for
example, thgé éggﬁe m%t%lagjfég%géolﬁ%?]éﬂgg(ﬂ)?%%{vﬁog Jer gﬁ: %rfﬁ%u e ¢ art enrr?eﬁl%ése, e.g., lime) and
at least one Bsitiey dnadeadbivry presterihbiedghacaeb sudioxiecnéror o Beoupidyn the presence of the at

least one alkalingeariimeidlcarhexlicrcidsalkiemisiep-elaneasalventselected from the group
consisting of aromatic hydrocarb n{s#éaliphatic hg{t

_ (Lroc%rborrl{s,D noalcohols, an(?ilnfi tures thereof.
100104] In a5 & ABBAIAIEA BF (RS SHORHBHSE B GUNE of oV bEEBa oA S o o
carboxylate-cefitajming @eﬁexgm@e@bm@hﬂhwﬂa’ﬁime@y@t@ni @bm@d@&ea@mﬁses between 0.1
WL.% and 350 Xglalive: i, e tofalwaiahh gﬁﬁﬂ@%ﬁ%ﬁ@h%;ﬁ%ﬂ%@%&%ﬁ%@%ﬁ less than 35

wt.%, or for example, between 0.25 wt.% and 34 wt.%, between 0.5 wt.% and 33 wt.%, between 0.75
wt.% and 3285005 erneeR s B Al SEReondseiidarma SEN os Srd 36 WS Between 1.5 wt.%
and 29 wt.%hbetweet dofdiidho anck 28nwhies bhetiugéni yho28nd 27cwt 86 aetween 2.25 wt.% and
26 wt.%, be 2.5.wt.% and.25 wt.%.,.bet : 0 2 wt.% and 30
wt.%, 3 Wt.ogﬁé&r%}% \;Sv?l% ,eﬁaaﬁloeo %\%rlls 1%%) \?V?%%%%%W%%%Y%%{% %%%r%%%%%&a %ﬁggween 0.5 wt.%
and 20 wt% deetarstror vt 0o An 2D OTSE D e FEBR PSR 96 iR PONWEYER B E9E and 20 wt,%, 6
wt.% and 20;\tM0), shesinesit Qdewtdd anah LN 20 hahwmeas- Q4@ Y0 angd-h8 wideinl wt.% and 10
wt.%, betwsﬁin/g,l wt.% and.5 Wtfo{oé l{)etwel? _O.%?t.yv 0{? an 05 vvtgga 1((:;‘tw en b5333@/ .% and 5 wt.%,
between 1 .Go%t?{gegl\m‘f@/%flﬁét%veeeﬁ 87 Wt and 1 Whty.f), )ggfween 6.3'3 W)%go and 15 wt.%, 1 wt.%
and 15 wt.%wBewtrdbanbyl Broviesrd Oonerdgraid. 15dwt 196510 weln andBssalt 9btheetwt.% and 30 wt.%,

10 wt.% and 2. W H0sWik Yo anel 20 Wh Ui AR WS aindal R WEoudd: i A amek@R W%, 15 wt.% and
25 wt.%, or between 15 wt.% and 35 wt.%, relative io th%(jtotag vg/?it%

2 t of the system oil composition.
100105] i 2T BB SeT e e TSR P A T SR Ny

car xﬁiﬁsatte-é%n?aiﬁing detergent may

be an overbaset76atolaryt, salbot 40 milky Phydtexy &fomktis carlboxYhicradid-praparetl for example,
according to the gethad descrbed in Example. of U SR akent Ruplisalianohe,2097/0027043, the

contents of which are ing:orporated hereLn by reference in their entirety. [00106] In another

embodimentieashig ey stelirsil RS osite Rl es b it el dowetifable detergent, for
example, twe:pferaard Hhessnidnaref Pafouls on.more suitable detergents. For example, the suitable
detergent may,ganprize x%”é{ﬁ%“'ee‘?f%’, HRAES arpe%tﬁilea?gaﬂfo?é? gg%gﬁ%%&@}%g“g detergents

discussed above, a neutral metal sal’of a car oxylate-containing rgent, or a combination or
mixture therdekrertiemadianivde GO SemeREIIDDTOTFP Lol Ers BNt EreHAS 1 Stspend insoluble
contaminantg:ig. By icating ofl, thesebykeapingsviagascontacting doedatcating oil clean.
Dispersants may alg %u,n tiotg t red]ulge Chf:ln es %nflub iix%%tziﬂ% )({)i& Q{éscggityolﬁh@r:{gyg&gng the growth of
large contan’{ﬁ%ﬁfxb HICIES i & urﬁr?CaffrTPg}“uo?l.%Og 6§] ispersar?’ts m%y, or example, contain at least
one high numibistaseatagemoiediatiweightny dfdearhon’gmapbarfedpstibre pdldicgidap: and at least
one linking grouRt0 GRNARSLINE PRIRFRNENGROIRE BHaURS, Risharsantaasestypically metal-free,
generally containin‘%}%gly carbon, hydrog%gn, nitro en,gnd_%@/g%ﬁ, and someti tE containing boron.
[00109] The fiigh’Alinfb &R Farags SR n&F %é‘?gﬁ? RYO RS BRI S IRe didBersant is generally a
polyolefin, suthtas afdelyethdene-groud bathokefintcopdomerisitinas bnirthyksme-propylene
copolymer, %&%g_u@&eﬂggg{@@ﬁ&é)ég&gg;gigggﬁtene polymer. In another embodiment, the
hydrocarbon group may be a polyisobutene polymer, for example, a polyisobutene polymer containing
a high proportion of methylvinylidene olefin groups, such as at least 70 mole % methylvinylidene
polyisobutene, or at least at least 80 mole % methylvinylidene. Such materials are commercially
available from e.g. BASF as Glissopal(r) polyisobutene. [00110] The number average molecular
weight of the hydrocarbon group is at least 500, preferably at least 700 Daltons. The number average
molecular weight for a hydrocarbon group is less than about 5000 Daltons, preferably less than 3000.
Ranges for the molecular weight can be between 500 and 5000, such as about 600-2800, about
700-2700, about 800-2600, about 900-2500, about 1000-2400, about 1100-2300, about 1200-2200,
about 1300-2100, or even about 1400-2000. In another embodiment, the hydrocarbon group may
include a high methylvinylidene polyisobutene with a molecular weight of between 1000 and 2500.

[00111] The polar group is generally a polar low molecular weight compound that is attracted to the
crirface nf 2 contaminant narticle Common nolar Aarorine are aminece and alecohnle eacneaciallvy



[00115] In one embodiment of the present invention, the dispersant may include a succinimide or a
derivative thereof.-In another embodiment, the dispersant may include a succinimide or derivative
thereof which is obtained by reaction of a polybutenyisuccinic anhydride and a polyamine. In yet
another embodiment, the dispersant ma inclu%e a succjnimid (%/%‘g)erivative thereof which is obtained
by reaction B %Iy@ﬁ@%%ﬁ‘@&ﬁﬂ?é‘ﬁ U S BRE LTS5 E%Rﬁ%, SFSAEHE B8R BBtenylsuccinic
anhydride isigeasiaedrfiennpolyhurtensy stad nialeicpasitiyaridehispckeais fygaitherayal reaction method
using neithg, ghir 'f%?e’i%ﬁ,e?Ql%%eﬁ%%?9#?3%%&%@%%%@&9%&@&}&9Qébﬂ%%mbOd'ment of

the present invention, the dispersant may include a succinimide reaction product of the condensation

reaction bethasrisewisobidAM Sucsmiearmyhiad (PrsSaPadsae Yot dilene polyamines.
The PIBSA piavhis emhadimenhdcan genthaitheineatsenationgadictotibighimethidvinylidene
polyisobutene. (aRlangmaleic anhuride Ja1 1L anothel empediniil e dispgipant s a
primarily bls-suc%mlmlée reaction product derived from PIB having a number average molecular
weight (Mn)reffiziiseitt 5063006 stRaiE st 500 2RO 0T ABBUL Fo oL POB I a5 81EB00-2600, about

900-2500, ahQu:1000:2400s abaubdho0:- 230063bQit 12001 22005 ahew:-4380:44Q0ar even about
1400- 2000, [00118% In another embodiment, the di?,%gé?nt may. primarily bis-suceinimide
e

include
reaction proBfUCEHEHIRSH ol BIERAVIRGS M5t & 5585 65073 ’Ié%fs "4 8%‘6 800, at least about
1000, at leasttaboul 100 440 |basteabd0t 12208} Gpldasrabait 13007 atdeasilhbuatala00, at least about
1500, at leagt ahout;1 600, Al least aRout 400, allsastabo 1300, plilgast abu 4800, at least about

2000, at least about 2100, at least about 2200, at least about 2300, at least about 2400, at least about
2500, at leababBHT 2606 sRSEE ABOHSHH0) SPIEST AR PE GG RISARE A6BE Y00, at least about
3000_. [OOllQ&t&gaﬂe_iﬁmbadhnemmﬁM, mm@agmfmsfmm r_lr@aynisldcﬂ&@iéca epﬂn_wlﬁily I_oissuccinimide

reaction progcl.deriyed,iam S000.MD, RIZ.ADieE sueanipide il ANRTRLAmRgaiment is subsequently

borated to achieve a boron concentration of about 0.1-3 wt.% (such as about 1-2 wt.%, such as 1.2
Wt.%) in the sbeariraiaes Jetmon] for sretme: Brpiarient 1 BrpelSatiah by SHRGdR A primarily
bis-succinimidesreagtionpreduct:dervaehiram 1300 Mn PIB, which succinimide in another embodiment
is subsequept % rated to achieve a boron concentration of abouyt 0.1-3 wt.% (rsuc,h s about 1-2
wt.%, such ibé% ﬂmtﬁﬂi?}%ﬂ%ﬁfee%&%‘é‘%ﬁ?ﬁ{atg? n egﬁ%%ig?nglr%rbrggﬁ?%%ﬁf Pﬁ‘é°%ﬁ%8e‘?se At n ay include a
primarily bisssweeibimitiestelzetion prodast derivetirnneBooM T & tsaic e gepindle in another

S_mbodimenb@éﬁHQﬁ%ﬂH@&&%é&ﬁﬁﬁfM%@@M%@%ﬁ@m@ﬁa&g I%@lg%}alﬁ&ﬁ@gﬂafraﬁmbogimﬁ(nt, tre
ispersant may include a succinimide prepare the reaction. igh molecular weight alkenyl- or
alkyl-substit RES AL 2R aHES a@‘sﬁﬂ?ﬁ%}%ﬁ#&pﬁi‘}%ﬁﬁﬁﬁ%‘?ﬁgﬁ’ﬁ “ﬂt{’omi@ﬁ?ﬂﬁogen atoms
(average value}i pseferablyBeaanzihitiogenl atbyhsy{averad ehealte ppermoléatTaghaldinlyl or alkyl group

of the alkeny} gr;alkyl. SUSGININILE.CAMARLAG 10 4| ag%aarq ERRe:Aerived frm a polybutene having
a number average molecular weight of about 900-3000, such as about 1000-2500, about 1200-2300,

or even abof¥HD- 2100, dis e BinbKarreHia! e eloticHBEREEN B bsHEAE%RN maleic
anhydride forcthgvpreparationetpalybutetylsieddipicoartrydide wain doexperforsoddidaycd chlorination
process using chlorine, Accordingly. in some er iments, theresiiting; polybytenyl succinie
anhydride agg wel _ggoggp%'l()}}ﬁg]té) Iggﬁg%ﬁ%%a%r%%gg}%ed frélr%%the polybllj;ényl g)fjccinic anhydride has
a chlorine canvaRtizneTs PapibEse AsprbxinmdtaRr OB eS0T PH A R heEkhttast, a thermal
process usingengrehigiiegiaies apeliptamd-siceinisanhydide.aagueepolybutenyl succinimide
having a chloripe content in g range of such as less than 30 ppm.(wt). Therefore, a succinimide
derived fronﬁ ‘é%%xgéfﬁ agﬁﬁ%?%%%b%ﬁ]u%éﬁrgéf é%ﬁé r‘ﬁ%lﬁ‘?(%gg{s(%n%cﬁ%%éﬁ% dll(r? some
embodimentispahusiorthboshtatiér Bhiorneeetwat shodvealibne shingisiteorhgbsition. [00122] In another

embodiment, fhe:dispersaRt Y60 MRKse & madified.alamd- e allkv-succininide which is
after-treated with a comEound selecteii fromia oric %:id, a alcohol, an C%!ad&r;yde, a ketone, an
alkylphenol, & S/ eapbBHE A& BRI AS LA LR AT AN SRt A ™8 uccinamide, a succinate
ester, a suctinateidstendanics; pentdesytheitolep fionaie-galipytateising thefvpost-treated analogs or the
ke, or comhinaons.Qt isures-eeel. Rreferabie: madifiedskerininuides arphorated akenylor

alkyl-suceinimides, such as alkenyl- or alkyi-succinimides which are after-treated with boric acid or a
boron-contalRf#) BHrADGEALY T ENGtHET RYRSIIERE LHY RSP S 2R CRO A S E RERI- or alkyl-
succinimide that has not been after- or post-treated. [00123] Other dispersants which may be
employed in the presently claimed invention, inclygle but are not limited to, esters of polyalcohols and
polyisobutenyl succinic anhydride, phenate-salicylates and their post treated analogs, alkali metal or
mixed alkali metal, alkaline earth metal borates, dispersions of hydrated alkali metal borates,
dispersions of alkaline-earth metal borates, polyamide ashless dispersants and the like or mixtures of
such dispersants. [00124] The dispersant additive ("dispersant”) can be in any suitable form In one
embodiment, the dispersant is mixed or blended in the marine system oil composition in the form of a
concentrate comprising any suitable process or diluent oil (such as any Group | oil, Group Il oil, or

combination or mixture thereof) and the dispersant. In one embodiment, the process or diluent oil is an
nil that ic diffarant from the hace nil (e a  Croilin | bace nill of the marine ovetem nil compnocitinn <rich



WEAR INHIBITORS [00127] Some additives function to provide many functionaltnes simultaneously.
In another embodiment, the wear inhibitors that may be useful in the marine system oil composition of
the present invention may include zinc aryl and alkyl dithiophosphates (ZnDTP), which can.

simultaneously provide antiwear, extreme, pressure, and oxidation inhibition. For example, the wear
inhibitor ma@agf{?’é?ﬁl%lﬁ?&jrﬁkpJﬁ?&?@“&ﬁ%ﬁddf“ﬁ‘g’é%gﬁ%?v&ﬂ%?f e Bmﬁ%%%&%ﬁ’g%r such as a primary
alkyl zinc dithigphosphats. b TOX4DAN TS [80E28)Abtsoxidastyredueesthta¢emdency of oils to
deteriorate ypon@xAARYIEIGQLYIEN ANY Biel: thisdleteriaralansifYidanad by the formation of

sludge and varnish like deposits, an increase in viscosity of the oil, and by an increase in corrosion or

wear. Examfieebfigniiosdantotharindy be Rrsersiihe fhiame s aeah Bibesipdsition of an
embodimentof the presenhinyentien iaekiderpheneldype {phamalicfaxdation inhibitors, such as
2,6-di-tert-bytylphenol, 4. 4'-met ne-his(2 6-gi-£c()t-l8 tyl en )..24,4:-0is(2,6- di-tert-butylphenol),
4,4'-bis(2-m@ﬁi}l%ﬁ%‘?%ﬁ&?ﬁ%ﬁeﬂﬁf ,gq-nrgﬁei?ﬁyférﬁe})bétélﬁ)ﬁqrgtﬁ%‘%%s-t?eﬁtg-ﬁUtyl henol),
4,4'-buty|idé&@mgls-mam%bpﬁm%ﬁbmw%ﬂ@ﬁmwm@v@mﬁ@@a@ﬁa{)@ﬁi@wpheno|),
2,2'-methylengshis{4=nstbyliGonenyliehepabpssds isebubiidenalisid:edinethyehenol),

2,2'-methylene-bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-methylphenol
2,6-di-tert-bﬁ%ﬂ&bé‘?ﬁg}lﬁﬁg%s&f%d% Hﬁﬁﬁg - r?ﬁtﬁ?ﬁ%tﬂ%sﬁé?,r%?gfx&fz?élré}%?rﬁné?ﬁg/lamino-p-cresol,
2,6-di-tert-4<{k;Natirssthsdatrirsenethylfphetroidg4hs s bis(@ stk sitedmbngphenol), 2,2'-thiobis(4-

methy1-6-tegisoutyinhenol) Dis(3unsthviadydioxy:g-texmhQ; tutyihensybsswiicenang
bls(3,5-d|-tert-butyl-4-gﬁ%rh%>%benzyl). Diphenylamine type oxidation jnhibitors include, but are not

limited to, afkyAtEFal M SHET PR Rap REYMAES Aa SR 5Ipha-naphthylamine.

SuIfur-c_:ontaﬂm@mmmmﬁhmmmmmmmﬁidé@m poingsulficdesomethicdithiocarbamate
(09, 2nc diieeraIale) A SR ALAISRShiE YD IREATRATRIR Phosphorus compounds

especially the alkyl phosphites, sulfur-phosphorus compounds, and copper compounds may also be

used as antW@%N%FWEWﬁCINMIBi%ﬁ@W?@ﬂbﬂﬁfﬁ%é‘} bryardrPEuRRWN08ar of moving

metallic parts iR cenaitons:of: continttusand mederateipadssExapyies-efantimaear inhibitors that

may be useful in the marin Ste il composition of, an embodiment of the present invention include
phosphatescﬁﬁ%”t{ﬁlgp C(})s‘f%)[}%a%‘f}'l3 aﬁyedgs(gﬁsc 'e{}r}éyl i baset(& Y 31198]%

es an O%? %gl’ amates, esters, and m Yba(]:]lenum complexes.
Especially prfeiredaahtiveea besnipduidslarerthedienife phodptratese RUST RIFBITORS (ANTI RUST
AGENTS) [QQ36]Faptsity bhibitars sorraat a0l dhne0uasian-of ferqusmetals. Examples of rust

inhibitors that may be useful in the marine system oil co sition of an emhodiment of the present
invention inéﬁ?&lggéﬁ‘j}ﬂ%n%%fglf)%%%é?ﬁ@Iﬁ?@r&?f%@%ﬂ%@@éggﬁt{é{%{&c Stalt:sugp%’g?yoxyethytene lauryl
ether, polyokyétiwtenettighebatgohetidtherapelyossetityiénehosnyt phénsitatel) polyoxyethylene octyl
pheny! ether, palyxyeibylenesaetd alean siharalvexysiliens Qley.ethendpelv@syethylene sorbitot

monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate; and (b)

miscellaneolfEbAEMEsthiBRmMEL St aY Weariedtitp PRt e disaii¥xylic acids, metal
soaps, fatty acishamine ssaltsnenetaksalta ef-hequy sylfonicaciiyjartiaticarbaXylie, acid ester of
polyhydric ajganiol, pdRloseherle solet. REWLLSIRIER S0t 3t Remyisiters arampte the

separation of oif from water whic may comé into contact with the oil through contamination. Examples
of demulsifidhé reieraages asisnst antres i aAThRe skt sH dErPRpBEM AT B8P ¥RRbodiment of the
present inveptioninshse asdiionpiogicsof-alikiphenolapchetyens: axitdespaiyaxyethylene alkyl
ether, and p%ggg(g{g{}ggﬁeggdsarbitan £Sster EXTREME PRESSURE AGENTS (EP AGENTS) [00132]

mixures thereot, : . . o .
Extreme pressure agents reduce wear of moving metallic parts in conditions of high loads. Examples

of extreme JREAFE dgentththamimaipsatideftioerihel mepiiasysisThsicdonsFosHion ®f an embodiment
oy A R s taiate, o naptha
secondary alkyl, and aryl type), diphenyl sylfide, methyl trichlorostearate, chlarinated naphthalene,
fiuoroalkylp(?ﬁg?‘élﬁ’gﬁ% &4 eacf%‘Sﬁ%?ﬁ%Y%f@#h%‘h%ﬁ‘%é‘b&S}r%5?t‘i%ff§/°§ it ég%]lﬁ?%%%hates,
dithiophosphétgssumiseffuhdrae: phosphatiesing the alkali metal alkyl-substituted phenate

obtained in step a) with an acidic overbasing material, for example, carbon dioxide, to

produce an alkali metal alkyl-substituted hydroxybenzoate; ¢} acidifying the alkali metal

21



LOW MELTING POINT ORGANIC FRICTION MODIFIERS [00133] Friction modifiers with melting
points less than 30C may also be employed in this invention. Examples of low melting point organic
friction modifiers that may be useful in the marine system oil composition of an embodiment of the
present invention include certain fatty alcohols, fatty acids, fatty acid partial esters, fatty acid amides,
Elkylamines RS HE LR THE AR BB AR R GRS TBHL 67 e bR TG Tl Hiction modifiers
include the motakorgarisitsiditinimidifiers'suchiascslf)irnzechoxymibb/druisiditkibcarbamate,
sulturized oxymolyBdenuim. organQ rlhigshioRdipaiesaxymalyhaeain mongglyceride,

oxymolybdenum diethylate amide, amine molybdenum complex compound, and sulfur containing

molybdenurfSPpRLTes i athi. [eetspe rubrrasri e frieaorhn sgRse it a s Batiged. VISCOSITY
INDEX IMPR@MERS1QQEBKH:Y isabsiyHneex improvess, are usedrte ineeenseishe atiscosity index of

ubricating olfp, iereby educing e viscosihydeciense. of an ll wilh eieasing, (emperature.
Yy in uhat ay)%/e usefuli ﬁlwe n%arlne system 0|fncomp05|t|on of an

Examples of ViSCos) ex improvers t
embodiments¥tiebpiiesehtyiventioninel toafolm etiaspglakbapplyimetsp diyidre istgpylene
copolymers ostyEapexERrIaN 8-50R0MMarsuhysH aleesturepe derirene.Gepehiners, and polyisobutylene
are all used as viscosit é?dex 4}m rovers. Ptartic arflgﬂ%r.efer%?d v'scos?ifh}/ |!}ngex improvers are the
polymethaefIStE'p llﬁ% ORISR ST SRR IR ORI S 8T 8P fhe so-called dispersant
viscosity indexlinprover syorrsycalst . pedrsedirROiYR P O INFRDEPRESSANIAIB{60185] Pour point

depressants owefithe,{SMREIANIE AL WAShwAres RIGCHRAte. M o hricating ailgithus extending

the temperature range in which the lubricating oil can operate before oil flow is impeded. Examples of
pour point d&pfealiathd thaerairsdha aiinm B marhe ey S e SipusiER ¥ an embodiment of
the present faventiprinciudenpalymethylimethating ates resté belefior eepopymerssespecially ethylene

iyl acetats copoluners aocolhers EOAL INHIRITORS (094301 Foomnhjpgrsork o acoelerate

the release of gas entrained in"a lubricant during operation. Examplés of foam inhibitors that may be
useful in thePRSATHECSStrRRAITHRIBb oA BB aMHENt BICtARD FB denPigatRidn include alkyl

methacrylate.pelysnarshand giss ety siloxane PONORIS sAEDALBEAGT Y ATOR &1Q0137] Metal
deactivators.hinder corrosion (gf metal surfag?’egTi,' ang chelfxtgfﬁrtri]g%al ions,in solution in lubricating oils,
aly e

thereby reduc(irrlilg' Sxidation Cause “af/‘{}trﬁ%t%a Aic eftect of éifgf%%?nl%xamples of metal

deactivatorsapzratnelobeandafiitinesiberselrine system oil composition of an embodiment of the present

invention ingluskesalicylideme: RrepeRadiaming . tHazela dativatives melcaniehenzothiazoles,
thiadiazole derivarit)i(\éfs, and mercaptobenzimidazoles. OTHER METAL DETERGENTS [00138]

Examples of SHREP ST TRtEFGE AE-TRAY RISy BeL MR T RE A Ahd LyRIEM 8it ¥BRASBsition of an
embodimenbeafittie presebit indéntiorVinelude sutherizadvorightsdherizedrakaykompdikdmyl phenates, alkyl
or alkenyl af@?&%ﬁ&ﬁi‘é!“%m’ %i%?%ﬁ%@ﬁﬁﬁe, between 0.25 wt.% and 34 wt.%, between

0.5 wt.% and 33 wt.%, between 0.75 wt.% and 32 wi.%, between I wt.% and 31 wt.%,

between 1.25 wt.% and 30 wt.%, between 1.5 wt.% and 29 wt.%, between [.75 wt.% and

28 wt.%, between 2 wt.% and 27 wt. %, between 2.25 wt.% and 26 wt.%, between 2.5

wt.% and 25 wt.%, between 0.25 wt.% and 25 wt.%, between 2 wt.% and 30 wt.%, 3 wt.%

and 25 wt.%, 4 wt.% and 25 wi.%, between 0.1 wit.% and 20 wt.%, between (.5 wt.% and

20 wt.%, between 1 wi.% and 20 wt.%, between 2.5 wt.% and 20 wt.%, 5 wt.% and 20

wt.%, 6 wt.% and 20 wt.%, between 0.1 wt.% and 10 wi.%, between 0.46 wt,% and 10

wt.%, 1 wt.% and 10 wt.%, between 0.1 wt.% and 5 wt.%, between 0.25 wi.% and 5 wt.%,

between (.5 wt.% and 5 wt.%, between 1 wt.% and 5 wt.%, between 0.1 wt.% and 15

wt.%, between 0.5 wi% and 15 wt.%, 1 wt.% and 15 wt.%, 5 wt.% and 15 wt.%, 10 wt.%

and 15 wt.%, 10 wt.% and 35 wt.%, 10 wt.% and 30 wit.%, 10 wt.% and 25 wt.%, 10 wi.%



sulfurized or unsulfurized metal salts of multi-hydroxy alkyl or alkenyl aromatic compounds, alkyl or
alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl or-alkeny-Inaphthenates, metal
salts of alkanoic acids, metal salts of an alkyl or alkenyl multi-acid, and chemical and physical mixtures
thereof Other metal detergents that may be used in t?gz mg/rirﬁ S ggem iélco positions of the present
invention inGRIE Tor exAntBie AetaMedfromatas® pibards s ié@ll t8° shdeskdRates,
thiophosphdratesndiidwcotnininatien$:thandof 1T the wietalcden bEtanysmetall soitgbkétifor making
sulfonate, p  SAIGYIRIS: OhRARSRACHRAG ARISLAGWS: lon srample.the metalls an alkali metal,

alkaline metal and/or a transition metal. [n other embodiments, the metal is Ca, Mg, Ba, K, Na, Li or
the like. [00890TarEmBY SRR MEMARTRICE Franhz sJisteribresmpyistamesicadtitionally comprise
a carboxylatg-pantaining depergrnirdiiacair thaidetergantconipases a ofllthskrfactant unsulfurized,
non-carbonated, non-qve rboxylate-containing additive prepar r example, according to
the method%‘g'gfccrai 1%%%8 @%@%@ﬁ & e&%ﬁt \K%B |(§1§%g}nolgjﬁﬁ%gﬁ§r% leé’v ﬁ%g%rg (%35686, the
contents of whiekr sraricorporated herein by reference in their entirety. [00140] In another
embodimentstiiegnaningsystemibisamppsitionis fae of detprganhthal doasnetaentain an
overbased metal salt ,ofi carbox%liz,te-cont i-nir"ﬁ; deter%egf{ In another'%mbodiment, the marine
system oil cBb BT RS SFThATAFEERR B BaliifBHie HER T irotier Embadiment, the only
alkylphenol sétérgdnty presehitinxtepmahineissstalvicaicobmpositivrsa tiidsecalkylphenols that are
introduced %&ﬁ&eﬁfﬁla%\éﬁr&aé&%m@mm&%&g@5&9 Alercaniainingdeteraant. In another

r

embodiment, the marine s¥stem oil composition is free of salicylate-containing detergents. In another
embodimenf#ié B R SHPOPHHE 1EHIENG ATSFREOH MohsRBLHIBRR H S & i enates. Marine

System Oil Properties [00141] The marine system oil composition of the present invention may have
one or moreé);lth 1%11}0,\/@ ropeyties: (a) a viscosity less than 19 cSt at 100 C, for example, in the
range of betwtegﬁ% -f%ebcé%/f%ﬁg%ngsc‘sn 11-12 cSt; 9-14 cSt, 8-15 cSt, or in the range of between
10-15 cSt; (BH YAE $idspsmpnyiapdion fefinpd by SARISLnEAHIE00 dBILHRESr equal to 40, for
example, in fhemneepafhaineandladthdeiwesin 2040, acLquakierda:s (eyeaMtscosity of less than
138 cSt at 40 C,.for ex le, in the range of between.100-135 ¢St, 90-115 cSt..or in the range of

een 1 - £
between 95-%6@%%%? fe ué% v%‘%%%ﬁ ﬁrﬁlldq(g)?%afnéroe&a‘fésrc ?ﬁg‘g‘ayn%rpéavﬁg?l{ig gﬁ,gfgﬁeigmaﬁ%, greater than 90,
greater thancoBaoingréateiidiaain 200 {@)insflash point (closed cup) greater than 220 C, for example, in

the range ofibetween220:23Rmey, Rtbekangesiheivesn ZR0n2Bambtd) aaeur point of less than -10
"C, for exampl(-i-g, less than -12 C, -13 C, -14 C, - 15C, -16 'V, -17 C, or.less thg}n -18 C; (g) a TBN in the

range of betVeEsH 35 S ST 8 r AR i {ﬁaétr%lﬁ%gpé) '8t Beties 4 E5R 3 8 5% veen 3.5 and 14,
between 3.5cang &0;cbetweany8is antindnpéinaenps. Pand #pbetwewir8!3 mefd 6idetween 3.5 and 5,
between 4 18- between 4 12.bef 4204 10, hetween 4.arg8hetween 4 and 7, between
4 and 6, be?\%glen iband 5, b%ﬁ/v[e}gcn 4%%?1% 1 ,nbetw%en 5 ar%é%fs; between 5 and 9, between 5 and 8,
between 5 A HERBEH 5.5 and 11, between 6 and 10, between 7 and 12, or in the range of
betweer_l _10 Hndad); and (hyrensohpreoatentngreatén thepht hndlinotes surastaim/kg system oll
compositiongmmalika). fer.examale areatsrdban Taoanle: & mmelke::R mmalig.or 10 mimollkg.

Marine Systerﬁ) [ tive or Concentrate [00142] Inh ariother embodiment of the invention, a marine

system oil cEpBsIHcThYBroRAeRSHCRY Saeiica ARYTTEHRMBH-RIGROR BRMERSe or additive

concentrate GOMRISIAG:meVaHbasRsLmetasalb el tosarbexata-copiaibingdatergent, as described

above, and, tx ically, a base. oil as.de cr@bed &E)F%Ye WL,‘? or vgig@qutraddrittiignnafl additives. The marine
i ntra

Y b I a Opo ¢
system oil af fl\}gr’pfgf: )éagm %f"l’ %8%‘. Ve once & would 36mp sé apgreater wt.% of the overbased

metal salt ofecthaiboxiite clsftaimngsdewrgeiteasn typraly préssmiidamarine system oil
composition,far;example,grepier tharsh Whibrbases amiedetabwaightehiheconcentrate

composition, for exam}ple between 40 w%sﬁr]q ‘Wt.%o be}we%n 50 wt.% and 80 wt.%, or between
60 wt.% and BTG4 AL ERHE STTate: hBERR SR RR S Base oil, and optionally other

componentsiC@tiin dlmarimbesystenr oibtoniposiicn davidy &orBhvinetheprang ot bdtween 3.5 and
20, for example. in,the [aRgseiheween 3 n.and 18-ReIWeRR 2oagdd: belwesniy and 10,

between 3.5 and 9, between 3.5 and 7, between 3.5 and 6, between 3.5 and 5, between 4 and 16,
between 4 £toup is less than about 5000 Daltons, preferably less than 3000. Ranges for the
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and 12, between 4 and 10, between 4 and 8, between 4 and 7, between 4 and 6, between 4 and 5,
between 4.5 and 15, between 5 and 13, between 5 and 9, between 5 and 8, between 5 and 7,
between 5.5 and 11, between 6 and 10, between 7 and 12, or in the range of between 10 and 20.
Sample Preparation of an Overbased Metal Salt of a Carboxylate-Containing Detergent Having a. TBN
of 350 [00 A3 FHIEHARTp N ERREBH ot i 1. PakeHEPUBOAN NEUS 908706027043, the
entirety of wiich: sobereby:inconooraied msrefecernces Abbarmationoof thevAlkal-Metal Base
Alkylphenate; [0 ] Iphenols (10, red from mixtures of linear normal alpha olefins
(o008 A e B B B e s placedt i =
reactor and B@atetaoBid eveshpEtibdrstdanmviied g 2o gustemlagiesticoolution at 45%
KOH (2.325ynele)andQu2 @ wa defoamer called Rhodorsil 47V300 (commercialized by Rhodia) were
added. The was then heated further to 145 C over a period of 2 hours while gradually
decreasing rﬁeg ﬁ%ﬁssfﬁg ﬂﬂgﬁﬁ %?ﬁflpogﬁﬁgﬁg %r%gét‘ﬁé% ﬁ@’féeﬁ%étw gﬁi‘éﬁ?%p -Dluﬁ?i%N ‘P3) to 800 mbar
absolute (8x&G4cRaje Wnderatrest conditions, neflux. begms e wasavmimaimgdefom8 hours. During
this period, apRiRximatehniy, %mewa{@5%&%@?9%%@%&%@3@%&%%&%@e reactor

containing the al,kaii metal alkylphenate from step A) was allowed to cool to 140 C. The reactor was
then pressuffZdaHHAEO PR A BIEPLAR B DY) (assoirl pisdylres LramimeinédUnder these
conditions farodhaines it tHadien diofibis:petive] a2 tvasoiatiatedotpodltovinthenegactor to reach

atmospheric. ' 8 as.ncorparated 1 n.Ihe alkali metal alkyl
hydroxybenzugg%gsc gt&%%%ﬁ%ﬁ%%\%{b%%%ﬁﬁggﬁ(ali me’téﬁ&il %ﬁ;l y%o?%%ﬁngegﬁg%ate from step B) was

reacted withPIYO s ar d5 dxe S8 161 POTREs edHEIabnIRIA B sUMIIEEE%to convert it to an
alkylhydroxyhenzeicacid as foll s 00 hdAlAdabdureaint40 g of sulfuric acid at 98% and 1257 g of

water in ord tain 1397 g of a solution of sulfuric.acid diluted, at 10% was placed in a 6 liter
reactor and?éég?%g tagqgog@( &%&é?uggﬂgfilg%agy 35 %%%ﬁw%%’ §ﬁ%%q§3£8?<%e§ﬁ’f(§)§1é from step B) and
xylcne (150Gemwerébdodiovebengeriod dh 30t e diptahdadsisteRinphass separation. The
reactor was hegtedie.aAnd fpainiained-at6Qt: i8Rk fanddaswith,cantinked agilgtion at 250 rpm.

At the end of this period, agitation was stopped, but the reactor was maintained at 60 C to 65 C for 2
hours to alloWHHEsARES AHEHYY S, Upon phase separation, the lower aqueous phase which
contains waféfahd] porassisnmshifatewas:sidcartite didfihe syploarorganjoyivase entaining the

alkylhydroxyhenzoig.aidand dene weiacalgelan ionihe fallowing sleps the-conceairation of

alkylhydroxybenzoic acid was determined as an equivalent number of mg of KOH/g, also known as the
Total Acid NUABEFCFIANY, 458 SEoatr T RS PRPIEwa IDF et afis SREH=[08348] The upper organic
phase (3045:g)wentairhigsthiepatadh wdebxy be agoiesaitip-fram ste pompthavingiBedyA .. of 35 mg
KOH/g) was | aged under agi aﬂtiog i.';onall reactor,over a 10, 'nigilt(gLBg-riLotﬁlﬂ]' ela %I rry of methanol
(573 9g), Iimea%y?.ésuéfi%ﬁ' cg(eyc[/gé%ie.e %3?5“5) v&gﬁtrodﬁ%eg}? %ugf'&g tehe e%thleF%c regcﬁc’)n, temperature
increased fréMYABBEHEPOSEHHIPBIS: Once the slurry was added, the reactor was heated to 40 C over a

period of 30 gronutgs anshaumixiurehiaric.agidsthdibR g)aceticinpicidd:od muwasadded and
allowed to react with the con s.in the reactor. After a period 0%5 minutes, the reactor was cooled to
B0 e aver & D e R B S o b
cooled to 304G RIFoBeg) ivpassivrradliceddmetieciedutotcare fovideatdioss1. 37 g/minate over a

period of 15 iguigs, hanhid:8, SR WAS infeduasshalhdaviginhd H2a4minuie over a period of
105 minutes. A slurry of methanal %09% , lime (1%9 ‘ang xylengﬁélé}?\gg was added, Then additional
CO2 (128.4 YFWHE SR ETRE 560 OF TS i ITE S AP B HERP PR B 16 3G MIERE T he reaction
yielded an oie¥based: alkalierasrthantctatialidpipy dif bxiybenzoated Thaipercentage of crude sediment
1.2 volume% wias.deteipired,aldhis sien JoHowing 406 ASTMRZ 243 melBo dditives:

Chemistry and Applications,” New York, Marcel Dekier, Chapter 3, pages 137-170
(2003), both of which are incorporated herein by reference in their entirety.
[00115] In one embodiment of the present invention, the dispersant may include a

succinimide or a derivative thereof. In another embodiment, the dispersant may include 2
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F) Predistillatiom Centrifugation, and Final Distillation: [00150] The mixture contained within the reactor
was taken in stages to a temperature between 65 C to 128 'C over a period of 110 minutes. This
procedure removed methanol, water and a portion of the xylene. Once 128 C was reached, diluent oll
(775 g) was added. Crude sediment was_then measured. The amount of crude sediment in the

overbased SHESHHEEaPISHEHN & RSTRY MBS TS AL B WAL HRIOM 82 0 ITIHESAf00151] The

reaction mixtnitedvitRseentisfugetido keypoue beudaiseidimenthanikphaandistilédlai?04 C for 10 minutes

under vacuum at.50.mbar absolute 5(%)%19 P r[g’ggm Ve g&%{% 'ni Xy %Jﬁ-gield the
overbased asﬁfgﬁlﬁréng%?ﬁ?%é%ﬁrgfk;%@drOxgrbél énzoéte hgvir?g a TB?I]\%)%‘ g%o. Ig:?XAMléLES [00152] The

following exaysiddeans gRAYFEIB T E BRI FEN SiteAMVER BT Aduer &R Nstrate the

advantages jheraghelkis Madersiaoghthatior £xamples.are-given Ayway:.eidliusiation and are not
intended to Iilni\it.the specification or the claims that foéléow in any manner. [00153] To demonstrate the

superior per?&r?ﬁ%?]%o o GéljFﬁﬁif?rrFécs‘)fs élrlﬁl%‘ﬂméngr%uﬁio itions of the present invention, the compositions
which contalfi#iélelbasediarerkbsaneof of Swrbrosibiecsivmiting thetergjorts Wovdecompared to

marine systep 0il.cADRRSILIOpR SARGINIPGRVEIRRsRcLmetalRalleh daalisyiatsycontaining detergents.
The oil compositions were evaluated using the Blg%k Slu%&e %E‘E)OSI%%?%T%L' MAO 62 Dispersion
Test, the DiftiHRGANSEETR G AHIH 8B TSR St FR U nd e TiodiRéY Institute of

Petroleum 48:8diR:48) Eest. {e0i&4]T hectaliomwixigec ofhpdnealsyiverdidsedify i wsamples described
below: BAS@@@G%%Q&J&[Q&I(@] ExxonMobil CORE(r) GOON: Group I-based lubricating oil was
ExxonMobil CORE(r) 600N basestock, available from ExxonMobil (Irving, TX). [00156] ExxortMobil
CORE(r) 1581 8iouls 1opheeembrsivsth ol wasiicivesii BB st fugagistk, available from
ExxonMobil govdirgdciXyd @WERBASEL PIRERGENISOMERBAGED WARBOXY SAFE-CONTAINING

DETERGENTS (03571 Cotbenyise 150 an olrapdiye cansenirae ot ayariaggd caloum

aIkthydroxybentoa etergent having a comprising a calcium salt of an
alkyl-substith86e-FAdreRgIs A 281¢ 386 ickbwvih & Pdih AHE cbraigent watlderried Fporh ¥ Gilkyl-substituted
hydroxyaromggic carboxylic acid wherein at least 90 mole % of the alkyl groups are C20 or greater and
the detergerg

5§ ins a?o t%Bg% ti%tC ; pre %ra(;_g acc%rcq& _;o mme me rilggwg%ﬁ%‘ggq in Example 3
of US Paten Eﬁ%ﬁaﬁbﬁ gﬁ%h(% | %W&’%@ﬁ&} 137 the engtlrgtrf/ Stwhich is hereby incorporated
by referencesaction product derived from PIB having a Mn of at least about 600, at least about 800, at

least about 1000, at least about 1100, at least about 1200, at least about 1300, at least about

1400, at least about 1300, at least about 1600, at least about 1700, at least about 1800, at

least about 1900, at least about 2000, at least about 2100, at least about 2200, at least about

2300, at least about 2400, at least about 2500, at least about 2600, at least about 2700, at

least about 2800, at least about 2900, at least about 3000,

f00118] In onc embodiment, for example, the dispersant may inciude a primarily bis-

succinimide reaction product derived from 1000 Mn PIB, which succinimide in another

embodiment is subsequently borated to achieve a boron concentration of about 0.1-3 wt.%

(such as about 1-2 wt.%, such as 1.2 wt.%) in the succinimide.

[00120] In another embodiment, the dispersant may include a primarily bis-succinimide

reaction product derived from 1300 Mn PIB, which succinimide in another embodiment is

subsequently barated to achieve a boron concentration of about 0.1-3 wt.% (such as about

1-2 wt.%, such as 1.2 wt.%) in the succinimide. In another embodiment, the dispersant

may include & primarily bis-succinimide reaction product derived from 2500 Mn PIB,

which succinimide in another embodiment is subsequently reacted with ethylene

carbonate.
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[00158] Carboxylate 350: An oil additive concentrate of an overbased calcium alkylhydroxybenzoate
detergent having a TBN of 350, comprising a calcium salt of an alkyl-substituted hydroxybenzoic acid,
wherein the detergent was derived from an alkyl-substituted hydroxyaromatic carboxylic acid wherein

tl t 90 le.% o C20 t the deter. t t bout 12.5 wt.%
Cat preparcl SEEbhaig TOUFL T G e AR T R TS L U PSR RSB Publicator
No. 2007/0027@48idthel ehtgietyocbiomllaromglheﬁaaylrmaﬂgdratbdzbgeﬁeﬁmme@n@dﬂﬁﬁ BASED
SALICYLATE, %? %%IEB@%%&Q@%&%@B&Mﬁ@é&%@&ﬁ@%@éﬁ@%@vwIable low

molecular Wel? oll additive ¢oncentrate of an overbased calcium salt of a salicylate-containing

detergent hiVing B/ BILRE BmpRSIRG e icidhs dhrost o el &9 afitinateniErein the
detergent wasydenbadnitomanpalil-sibstitged, hydiodybeny biaracid wihesairhgrieater than 95 mole %

of the alkyl royps are C4 Cilglrmd t1h,q 2 { O%t r9eh§ (ﬁg&@l@g&bﬁ%@ W56 %O[QQgUQO] Salicylate 280:A

(=
commercially avall ‘E)Ile ow molecular weight, oil additive concentrate o an overbased calcium salt of

a salicylate- b@%mg’@éﬁéré@% Wiy @T@N%%@Oéﬁﬁ?ﬁﬁsm@ TEUIS BRVEAR of a C14-C18

salicylate, M@W&k&ﬁ@%@ﬁ@tﬁ@ﬁtﬂ@@ﬁd@@%@ dremanaiadosphstivted hydraxylasazoie acid wherein
greater than 9 % CLthe l% s are C14-C18 and the d te%;ent contains about 10 wt, %
AR

Ca. ANTI-WEA g SISLFIBl%a il adi‘acf(\)/e concentrate of a primary ZnDTP
derived from@ﬁ@ﬁeamohﬁﬂlssll[l@@a6QW@FR@i®ih@ddm@@a€m¢é@ﬁt¥a‘é§@ﬂmbndary ZnDTP

derived fror g, oA a6k GAAs0BAI0OLGRE ZARTR o Al adlive genaantate of primary
alCo

ZnDTP derived from a mixtyre of C4 an hals, [&164] Znﬁ% (1# Oil additive concentrate of
primary ZnDHSHEroEPROTIEn e 08 AIPY BREr ER ShGH O FEAT R LSRR de dispersant
derived fromd GaeitY\tipalphviehcantskieA/DETAINGOMPRQSKHONS $&cihij@iod BSJiTavo sample
marine system, o CIRORPIRNETE RIEPARA AP A erhasert deleiggisy.The components

and amounts for preparing the sample marine system oll compositions are set forth in Table 2: Marine

System Oil EBHFSEMdHEUICERE PRINGIdHESAEEh I SRAIBHE W LB TS8R OH/g and the
Finished oil afise@sityoswas:maintainat-atlidrih2 eStat h0R-Cubegaidiessoinphittmoverbascd detergent

was used o SRS R EXANBLES L SANR COMPARATIMEIANEPAES &-C 100167
The test resq he samp?e marine syétem composition along with the S eC| ic overbased

detergent usEetavacihismislsaphicdntemietripsikyy ot these s YL FBAHIN Table 3; Test

Results for Matine 2ystem@ikGamRositidngphenol, a eyclic carbonate (e.g., ethylene
carbonate), an organic acid, a succinamide, a succinate ester, a succinate ester-amide,
pentaerythritol, phenate-salicylate and their post-treated analogs or the like, or
combinations or mixtures thereof. Preferable modified succinimides are borated alkenyl-
or alkyl-succinimides, such as alkenyl- or alkyl-succinimides which are after-treated with
boric acid or a boron-containing compound. In ancther embodiment, the dispersant
comprises alkenyl- or alkyl- succinimide that has not been after- or post-treated.
[00123] Other dispersants which may be emnployed in the presently claimed invention,
inchude but are not limited to, esters of polyalcohols and polyiscbuteny! succinic
anhvdride, phenate-salicylates and their post treated analogs, alkali metal or mixed alkali
metal, alkaline earth metal borates, dispersions of hydrated alkali metal borates,
dispersions of alkaline-earth metal borates, polyamide ashless dispersants and the like or
mixtures of such dispersants.
[00124] The dispersant additive {“dispersant”™) can be in any suitable form. Inone
embodiment, the dispersant is mixed or blended in the marine system oil composition in

the form of a concentrate comprising any suitable process or diluent oil (such as any
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TABLE 2. MARINE SYSTEM OIL COMPOSITIONS Marine System Oill Composition | (Wwt.%) Marine
System Oil Composition( t.%) Group | BASE OIL ExxonMobil CORE(r) 600N 83 - 92 3.5-12.0 83 =92
3.5-12.0 o

Group 1 oil, Group II oil, or combination or mixture thereof) and the dispersant. In one
embodiment, the process or diluent oit is an oil that is different from the base oil {e.g..
Group I base oil) of the marine sysiem oil composition, such as a different Group [ base
oil, a Group II base oil, or a mixture or combination thereof. In another embodiment, the
process or diluent oil is an oil that is the same as the base oil (e.g., Group I base oil} of the
marine system oil composition.

[00128] The concentration of the one or more dispersants within the marine system oil
compeosition (or concentrate) of the present invention may be at least about 1.0 wt.%,
relative to the total weight of the system oil composition, such as at least 1.25 wt.%, at
least 1.5 wt.%, at least 1.75 wt.%, at least 2.0 wi.%, or even at Jeast 2.5 wt.%. The
concentration of the one or more dispersants within the marine system oil additive
composition on an actives basis is at least about 10 wt.%, more preferably at least 12.5
wt.%, at least 15 wi.%, at least 17.5 wt.%, at least 20 wt.%, or even at least 25 wt.%.
[00128] The following additive components are examples of components that may be
included in the marine system oil composition (or concentrate) of the present invention.
These examples of additives may be present in any suitable amount to achieve the desired
function, for example, additives may be present in the marine system oil composition (or
concentrate) of the present invention in an amount of from 0.1 to 20 wt.%, relative to the
total weight of the system oil composition, such as greater than 0.5 wt.%, 1 wt.%, 1.5
wi.%, 2 wt.%, or greater than 3 wt. %.

WEAR INHIBITORS

[08427] Some additives function to provide many functionalities simultaneously. In
another embodiment, the wear inhibitors that may be useful in the marine system oil
composition of the present invention may include zinc aryl and alkyl dithiophosphates
(ZnDTP), which can simultaneously provide antiwear, extreme pressure, and oxidation
inhibition. For example, the wear mhibitor may be an alkaryl, primary alkyl, or &

secondary alkyl zinc dithiophosphate, such as a primary alkyl zinc dithiophosphate.

ANTI-OXIDANTS

[00128] Anti oxidants reduce the tendency of oils to deteriorate upon exposure to
oxygen and heat. This deterioration is evidenced by the formation of siudge and varnish
like deposits, an increase in viscosity of the oil, and by an increase in corrosion or wear.

- Examples of anti-oxidants that may be nseful in the marine system oil composition of an
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ExxonMobil CORE(r) 150N OVERBASED DETERGENTS (See Table 3) (See Table 3) Anti-Wear
Agent Zn DTP (a) 0.25 Zn DTP (b 0.18

embodiment of the present invention include phencl type {phenolic) oxidation inhibitors,
such as 2,6-di-tert-butylphenol, 4,4'-methyiene-bis(2,6-di-tert-butylphenol), 4,4'-bis(2,6-
di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-butylphenol}, 2,2-methylene-bis(4-methyl-6-
tert-butylphenol), 4,4-butylidene-bis(3-methyl-6-tert-butyiphenol), 4,4"-isopropylidene-
bis(2,6-di-tert-butylphenol), 2,2"-methylene-bis(4-methyl-6-nonylphenot), 2,2'-
isobutylidens-bis(4,6-dimethylphenol), 2.2'-methylene-bis(4-methyl-6-cyclohexyliphenol),
2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4-dimethyl-6-tert-
butyl-phenol, 2,6-di-tert-1-dimethylamino-p-cresol, 2,6-di-tert-4-(N,N'-
dimethylaminomethylphenol), 4,4 -thiobis(2-methyl-6-tert-butylphenol), 2,2 -thiobis(4-
methyl-6-tert-butyipheno!), bis(3-methyl-4-hydroxy-5-tert-10-butylbenzyl)-sulfide, and
bis(3,5-di-tert-butyl-4-hydroxybenzyl). Diphenylamine type oxidation inhibitors include,
but are not Hmited to, alkylated diphenyiamine, phenyl-alpha-naphthylamine, and
alkylated-alpha-naphthylamine. Sulfur-containing oxidation inhibitors include ashless
sulfides and polysulfides, metal dithiocarbamate (e.g., zinc dithiocarbamate), and 15~
methylenebis-(dibutyldithiocarbamate). Phosphorus compounds especially the alkyl
phosphites, sulfur-phosphorus compounds, and copper compounds may also be used as

antioxidants.

ANTI WEAR INHIBITORS

[00129] Anti-wear agents reduce wear of moving meialiic parts in conditions of
continuous and moderate loads. Examples of anti-wear inhibitors that may be useful in the
marine system oil composition of an embodiment of the present invention include
phosphates and thiophosphates and salts thereof, carbamates, esters, and molybdenum

complexes. Especially preferred antiwear compounds are the amine phosphates.

RUST INHIBITORS (ANTI RUST AGENTS) _
I00130] Rust inhibitors correct against the corrosion of ferrous metals. Exampleé of
rust inhibitors that may be useful in the marine system oil composition of an embodiment
of the present invention include (a) Nonionic polyoxyethylene surface active agents such
as polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
10y ;ﬂhenyl ether, polyoxyethylene octyl phenyl ether, polyoxysthylene octyl stearyl
ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate,
polyoxyethylene sorbitol monooleate, and polyethylene glycol monooéeate; and (b)

miscellaneous other compounds such as stearic acid and other fatty acids, dicarboxylic
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ZnDTP (c) 0.07 ZnDTP (d) 0.08 Anti-Oxidant (alkylated diphenylamine) 0.11 Anti-Oxidant
(2,6-di-tert-butyl phenol) 0.25 Demulsifier/Rust Inhibitor

acids, metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial

carboxylic acid ester of polyhydric alcokol, and phosphoric ester.

BEMULSIFIERS

F00131] Demulsifiers promote the separation of oil from water which may come into
contact with the oil through contamination. Exampies of demulsifiers that may be useful
in the marine system oil composition of an embodiment of the present invention include
addition product of alkyiphenol and ethylene oxide, poiyoxyethylene alkyl ether, and

polyoxyethylene sorbitan ester.

EXTREME PRESSURE AGENTS (EP AGENTS)

[60132] Extreme pressure agents reduce wear of moving metallic parts in conditions of
high loads. Examples of extreme pressure agents that may be useful in the marine system
oil composition of an embodiment of the present invention inciude sulfurized olefins, zinc
dialky 1 dithiophosphate (primary alkyl, secondary alkyl, and ary! type), diphenyl sulfide,
methyl trichloroste;xra‘ze, chlorinated naphthalene, fluoroalkylpolysiloxane, lead
naphthenate, neutralized or partially neutralized phosphates, dithiophosphates, and sulfur
free phosphates.

LOW MELTING POINT ORGANIC FRICTION MODIFIERS

[00133] Friction modifiers with melting points less than 30 °C may also be employed in
this invention. Examples of low melting point organic friction modifiers that may be
useful in the marine system oil compaosition of an embodiment of the present invention
include certain fatty alcohols, fatty acids, fatty acid partial esters, fatty acid amides,
alkylamines, alkyl amine alkoxylates, and borated versions of the preceding. Other
friction modifiers include the metatlorganic friction modifiers such as sulfurized
oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithicate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide, amine moiybdenum
complex compound, and sulfur containing molybdenurs complex compound. Copper-

containing friction modifiers may also be used.

VISCOSITY INDEX IMPROVERS
[00134] Viscosity index improvers are used to increase the viscosity index of

lubricating oils, thereby reducing the viscosity decrease of an oil with increasing
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temperature. Examples of viscosity index improvers that may be useful in the marine
system oil composition of an embodiment of the present invention include
polymethacrylate polymers, ethylene propylene copolymers, styrene isoprene copolymers,
hydrated styrene isoprene copolymers, and polyisobutylene are all used as viscosity index
improvers. Particularly preferred viscosity index improvers are the polymethacrylate
polymers. Nitrogen- and oxygen-functionalized polymers, the so-called dispersant

viscosity index improvers, may also be used.

POUR POINT DEPRESSANTS

[00135] Pour point depressants Jower the temperature at which waxes precipitate out of
lubricating oils, thus extending the temperature range in which the lubricating oil can
opesate before oil flow is impeded. Examples of pour point depressants that may be useful
in the marine system oil composition of an embodiment of the present invention include
polymethyl methacrylates, ester-olefin copolymers especially ethylene vinyl acetate

copolymers, and others

FOAM INHIBITORS

[00136] Foam inhibitors work to accelerate the release of gas entrained in a lubricant
during operation, Examples of foam inhibitors that may be useful in the marine system oil
composition of an embodiment of the present invention include atkyl methacrylate

polymers and dimethylsiloxane polymers.

METAL DEACTIVATORS

[00437] Metal deactivators hinder corrosion of metal surfaces, and chelate metal ions in
solution in lubricating oils, thereby reducing oxidation caused by the catalytic effect of the
metal ion. Examples of metal deactivators that may be useful in the marine system oil
composition of an embodiment of the present invention include salicylidene
propylenediamine, triazole derivatives, mercapiobenzothiazoles, thiadiazole derivatives,

and mercaptobenzimidazoles.

OTHER METAL DETERGENTS
[06138] Examples of other metal detergents that may be useful in the marine system oil
composition of an embodiment of the present invention include sulfurized or unsulfurized

allcyl or alkeny] phenates, alky! or alkenyl aromatic sulfonates, calcium sulfonates,
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sulfurized or unsuifurized metal salts of multi-hydroxy alkyl or alkenyl aromatic
compounds, alkyl or alkeny! hydroxy aromatic sulfonates, sulfurized or unsulfurized atkyl
or alkenyl naphthenates, metal salts of alkanoic acids, metal salts of an alkyl or atkenyl
multi-acid, and chemical and physical mixtures thereof. Other metal detergents that may
be used in the marine sysiem oil compositions of the present invention inchude, for
example, metal sulfonates, phenates, salicylates, phosphonates, thiophosphonates and
combinations thereof, The metal can be any metal suitable for making sulfonate, phenate,
salicylate or phosphonate detergents, for example, the metal is an alkali metal, alkaline
metal and/or a transition metal, In other embodiments, the metal is Ca, Mg, Ba, K, Na, Li
or the like.

{00138] In another embodiment, the marine system oil composition may additionally
comprise a carboxvlate-containing deiergent, wherein the detergent comprises a muiti-
surfactant unsulfurized, non-carbonated, non-overbased, carboxylate-containing additive
prepared, for example, according to the method described in Example 1 of U.S. Patent
Application Publication No. 2004/0235686, the contents of which are incorporated herein
by reference in their entirety.

[06140] In another embodiment, the marine system oil composition is free of detergent
that does not contain an overbased metal salt of a carboxylate-containing detergent. In
another embodiment, the marine system oil composition ig free of metal salts of a satonic
acid. In another embodiment, the onty alkylphenol detergents present in the marine
system oil composition are those alkylphenols that are introduced as part of the overbased
metal salt of a carboxylate-containing detergent. In another embodiment, the marine
system oil composition is free of salicylate-containing detergents. In another embodiment,

the detergent of the marine system oil composition is free of alkyl phenates.

Marine System OQil Properties

100141} The marine system oil composition of the present invention may have one or
more of the following properties:
{a} aviscosity less than 19 ¢St at 160 °C, for example, in the range of between 10-18
eSt, 10-13 ¢S4, 11-12 ¢8%; 614 ¢8t, 8-15 ¢St, or in the range of between 10-15
Sty
{b) a SAE viscosity grade as defined by SAE standard J300 of less than or equal to

40, for example, in the range of between 30-40, between 20-40, or equal to 30;
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(c) aviscosity of less than 138 ¢St at 40 °C, for example, in the range of between
100-135 ¢8t, 90-115 ¢St, or in the range of between 95-103 ¢S¢;

(dy aviscosity index of greater than or equal to 90, for example, greater than 90,
greater than 95, or greater than 100,

() aflash point (closed cup) greater than 220 °C, for example, in the range of
between 220-230 °C or in the range of between 220-235 °C;

(f) =2 pour point of less than -10 °C, for example, less than -12 °C, -13 °C, -14 °C, -
13 °C, -16 °C, -17 °C, or less than -18 °C;

(g) aTBN in the range of between 3.5 and 20, for example, in the range of between
3.5 and 18, between 3.5 and 14, between 3.5 and 10, between 3.5 and 9, between
3.5 and 7, between 3.5 and 6, between 3.5 and 5, between 4 and 16, between 4
and 12, between 4 and 10, between 4 and §, between 4 and 7, between 4 and 6,
hetween 4 and 5, between 4.5 and 15, between 5 and 13, between 5 and 9,
hetween 5 and 8, between 5 and 7, between 5.5 and 11, between 6 and 10,
between 7 and 12, or in the range of between 10 and 20; and

(h) asoap content greater than 6 millimoles surfactant/kg system oil composition
{mmol/kg); for example greater than 7 mmol/kg; & mmol/kg; 9 mmol/kg or 10

mmol/kg,

Marine System Oil Additive or Concenirate

[00142] In another embodiment of the invention, a marine system oil composition is
provided by adding a marine system oil additive package or additive concentrate
comprising an overbased metal salt of a carboxylate-containing detergent, as described
above, and, typically, a base oil as described above, with or without additional addifives.
The marine system oil additive package or additive concentrate would comprise a greater
wit.% of the overbased metal salt of a carboxylate-containing detergent than typically
present in a marine system oil composition, for example greater than 35 wt.%, based on
the total weight of the concentrate composition, for example between 40 wt.% and 90
wi.%, between 30 wt.% and 80 wi.%, or between 60 wt.% and 75 wi.%. The concentrate
can then be mixed in with & base oil, and optionally other components, t¢ form a marine
system oil composition having a TBN in the range of between 3.5 and 20, for example, in
the range of between 3.5 and 18, between 3.5 and 14, between 3.5 and 10, between 3.5 and

9, between 3.5 and 7, between 3.5 and 6, between 3.5 and 5, between 4 and 16, between 4
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and 12, between 4 and 10, between 4 and §, between 4 and 7, between 4 and 6, between 4
and 5, between 4.5 and 15, between 5 and 13, between 5 and 9, between 5 and 8, between
5 and 7, between 5.5 and 11, between 6 and 10, between 7 and 12, or in the range of
between 10 and 24).

Sample Preparation of an Overbased Meral Salt of a Carboxylate-Containing Detergent
Having a TBN of 350
(00143} This example is excerpted from U.S. Patent Publication No. US 2007/0027043,

the entirety of which is hereby incorporated by reference.

A) Formation of the Alkali Metal Base Alkylphenate:

[00144] Alkyiphenols {1000 g) prepared from mixtures of linear normal alpha olefins
(Co4-Cog alpha olefins from Chevron Phillips Chemical Company), xylene {500 g) was
placed in a reactor and heated to 60 °C over a period of 15 minutes then 290 g of an
aqueous solution at 45% KOH (2.325 mole) and 0.2 g of a defoamer called Rhodorsil
47V300 (commercialized by Rhodia) were added. The reactor was then heated further to
145 °C over a period of 2 hours while gradually decreasing the pressure from atmospheric
pressure {1013 mbar absolute -1x1 0° Pa) to 800 mbar absolute (8}:104 Pa). Under these
conditions, reflux begins and was maintained for 3 hours. During this period,

approximately 179 mL of water was removed.

B} Carboxylation:

[00145] The reactor containing the alkali metal alkylphenate from step A) was allowed
to cool to 140 °C. The reactor was then pressurized with CO; at 4 bar (4x10° Pa) (absolute
pressure) and maintained under these conditions for 4 hours. At the end of this period, COz
was vacated io allow the reactor to reach atmospheric pressure. At this step, 82 g of CO;

was incorporated fo form the alkali metal alkyl hydroxybenzoate.

C) Acidification:

[001461 The alkali metal alkylhydroxybenzoate from step B) was reacted with a 20
molar % excess of a 10% aqueous solution of sulfuric acid o convert it {o an
alkylhydroxybenzoic acid as follows.

[00147] A mixture of 140 g of sulfuric acid at 98% and 1257 g of water in order to

obtain 1397 g of a solution of sulfuric acid diluted at 10% was placed in a 6 fiter reactor
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and heated to 50 °C under agitation at 250 rpm; the alkyhydroxybenzoate from step B) and
xylene (1500 g) were loaded over a period of 30 minutes. Xylene assisted in phase
separation. The reactor was heated to and maintained at 60 °C to 65 °C for 2 hours with
continued agitation at 230 rpm. At the end of this period, agitation was étOpped, but the
reactor was maintained at 60 °C 1o 65 °C for 2 hours to allow the phase separation to
occur. Upon phase separation, the lower aqueons phase which contains water and
potassium sulfate was decanted. The upper organic phase containing the
alkylhydroxybenzoic acid and xylene were collected for the following step. The
concentration of alkylhydroxybenzoic acid was determined as an equivalent number of mg

of KOH/g, also known as the Total Acid Number (T.A.N.), as described in ASTM D664.

D) Neutralization:

[00148] The upper organic phase (3045 ¢) containing the alkylhydroxybenzoic acid
from step C) (having a T.AN. of 35 mg KOH/g) was loaded under agitation into a reactor
over a 10 minute period. Then a slurry of methanol {573 g), fime (573 g) and xylene (735
g) was introduced. Due to the exothermic reaction, temperature increased from about 20
°C 10 28 °C. Once the sturry was added, the reactor was heated to 40 °C over a period of
30 minutes and a mixture of formic acid (14.65 g):acetic acid (14.65 g) was added and
aliowed to react with the contents in the reactor. After a period of 5 minutes, the reactor

was cooled to 30 °C over a period of 30 minutes.

E) Overbasing:

[00948] Once the temperature of the reactor had cooled to 30 °C, CO; (70.3 gj was
introduced into the reactor at a flow rate of 1.37 g/minute over a period of 15 minutes then
171 g of CO; was introduced at a flow rate of 1.62 g/minute over a period of 105 minutes.
A sharry of methanol (109 g), lime (109 g) and xylene (145 g) was added. Then additional
CO; (128.4 g) was added over a period of 79 minutes at a flow rate of 1.62 g/minute. The
reaction yielded an overbased alkaline earth metal alkylhydroxybenzoate. The percentage
of crude sediment 1.2 volume®% was determined at this step following the ASTM D2273

method.
F) Predistiliation, Centrifugation, and Final Distillation:

[00150] The mixture contained within the reactor was taken in stages to a temperatare

hetween 65 °C 1o 128 °C over a period of 110 minutes. This procedure removed methanol,
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water and a portion of the xylene. Once 128 °C was reached, diluent oil (775 g) was
added. Crude sediment was then measured. The amount of crude sediment in the
overbased atkaline earth metal alkylhydroxybenzoate was very low (1.2 volume%).
[00154] The reaction mixture was centrifuged to remove crude sediment and then
distilled at 204 °C for 10 minutes under vacuum at 50 mbar absolute (50x10° Pa) to
remove the remaining xylene to yield the overbased aikaline earth metal
alkvlhvdroxybenzoate having a TBN of 350.

EXAMPLES

[80152] The following examples are given as particular embodiments of the invenﬁon
and to demonstrate the advantages thereof. It is understood that the examples are given by
way of #Hlustration and are not intended to limit the specification or the claims that follow
in any manner.

[00153] To demonstrate the superior performance of the marine system oil
compoesitions of the present inveniion, the compositions which contained overbased metal
salt of a carboxylate-containing detergents were compared to marine system oil
compositions containing overbased metal salt of a salicylate-containing detergents. The
oil compositions were evaluated using the Black Sludge Deposit (BSD) Test, MAO 62
Dispersion Test, the Differential Scanning Calorimetry (DSC) Oxidation Test, and the
Modified Instinige of Petroleum 48 (MIP-48) Test,

[00154] The following components were used in the examples described below:

BASE OILS

GROUP It

[00155] ExxonMobil CORE® 606N: Group I-based lubricating oil was ExxonMobil
CORE® 600N basestock, ava‘i}‘abie from ExxonMobil (Irving, T20).

100156] EsxonMobil CORE® 150N: Group I-based lubricating oil was ExxonMobil
CORE® 130N basestock, available from ExxonMobil (Irving, TX}.

OVERBASED DETERGENTS
OVERBASED CARBOXVYLATE-CONTAINING DETERGENTS
[00157} Carboxylate 150: An oil additive concentrate of an overbased calcium

atkylhydroxybenzoate detergent having a TBN of 150, comprising a calcium salt of an
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alkyl-substituted hydroxybenzoic acid, wherein the detergent was derived from an alkyl-
substituted hydroxyaromatic carboxylic acid wherein at least 90 mole % of the alkyl
groups are Cag or greater and the detergent contains about 5.35 wt.% Ca; prepared
according to the method described in Exampie 3 of US Patent Application Publication No.
2007/0027043, the entirety of which is hereby incorporated by reference.

[00158] Carboxylate 350: An oil additive concentrate of an overbased calcium
alkylhydroxybenzoate detergent having a TBN of 350, comprising & calcium sait of an
alkyl-substituted hydroxybenzoic acid, wherein the detergent was derived from an alkyl-
substituted hydroxyaromatic carboxylic acid wherein at least 90 mole % of the alkyl
groups are Cyg or greater and the detergent contains about 12.5 wit.% Ca; prepared
according to the method described in Example 1 of US Patent Application Publication No.
2007/0027043, the entirety of which is hereby incorporated by reference.

OVERBASED SALICYLATE-CONTAINING DETERGENTS

[00159] Salicylate 170: A commercially available, low molecular weight, oil
additive concentrate of an overbased calcium salt of a salicylate-containing detergent
having a TBN of 170, comprising a calcium salt of a Cy4-Cig salicylate, wherein the
detergent was derived from an alkyl-substituted hydroxybenzoic acid wherein greater than
93 mole % of the alkyl groups are C14-C)g and the detergent contains about 6 wt. % Ca.
[00160] Salicylate 286 A commercially available, iow molecular weight, oi
additive concentrate of an overbased calcium salt of a salicylate-containing detergent
having 2 TBN of 280, comprising & caicium salt of a Cys-Cyg salicylate, wherein the
detergent was derived from an alkyl-substituted hydroxybenzoic acid wherein greater than

95 mole % of the alkyl groups are C14-Cig and the detergent contains about 10 wt. % Ca.

 ANTI-WEAR ZnDTP AGENTS

[60161] ZnDTP (a): Oil additive concentrate of a primary ZnDTFP derived from Ca/Cs
alcohols.

[00162] ZnDTP (b): Oil additive concentrate of secondary ZaDTP derived from &
mixture of C4 and Cy alcohols.

[00163] ZnDTP (¢): Oil additive concentrate of primary ZnDTP derived from a
mixture of C, and Cq alcohols.

[00164] ZnDTP (d): Oil additive concentrate of primary ZnDTP derived from 2-ethyl

hexanol.
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DISPERSANT
[00165] A bis-succinimide dispersant derived from 1000MW polybutene and
HPA/DETA.

COMPOSITIONS T & I

001681 Two sample marine system oil compositions were prepared with varyin
P prep ying

Overbased detergents. The components and amounts for preparing the sample marine
system oil compositions are set forth in Table 2: Marine System Oil Compositions. The
TBN of these compositions was maintained at 5 mg KOH/g and the Finished oil viscosity
was maintained at 11-12 ¢8t at 100 °C regardless of which overbased detergent was used

for the test composition.

EXAMPLES 1.3 AND COMPARATIVE EXAMPLES A-C

[00187] The test results of the sample marine system oil compositions, along with the

specific overbased detergent used and the soap content (mmol/kg) of these compositions

are set forth in Table 3: Test Results for Marine System il Compositions.
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TABLE 2: MARINE SYSTEM OIL COMPOSITIONS

Marine System Gl Marine System Oil
Composition I {(wt.%) | Compeosition II (wi.%)
ExxonMobil
CORE® 83-92 83-92
Group I 00N
BASE Off, | ExxonMobil
CORE® 35-12.0 3.5-12.0
150N
OVERBASED
DETERGENTS (See Table 3} {See Tabie 3)
ZoDTP (a2 - 0.25
Agent ZnDTP (¢) 0.07 -
InDTP (d) 0.08 —
Anti-Oxidant 011 “
(alkylated diphenylamine) ‘
Anti-Oxidant _ 0.5
{2,6-di-tert-butyl phenol) :
Demulsifier/Rust Inhibitor 0.03 0.03
Dispersant 0.08 -
Foam Inhibiter 0.003 3

(dimethylsiloxane polymers)

PROPERTIES OF MARINE SYSTEM OIL COMPOSITIONS

TBN (mg KOH/g)
(ASTM D2896)

Viseosity

(¢St at 100 °C) H-12 H-12
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EXAMPLES Comparative A11(1(la;C..)C][...)

TEST METHODS

BLACK SLUDGE DEPOSIT (BSD) TEST

[00168] This test is used to evaluate the ability of marine lubricants to cope with
instable — unburned asphalienes in the residual fuel oil. The test measures the fendency of
lubricants to cause deposits on a test strip, by applying oxidative thermal strain on'a
mixture of heavy fuel oil and lubricant.

[068168] A sample of a marine system oi! composition was mixed with a specific
amount of marine residual fuel to form test mixtures. The test mixture is pumped during
the test as a thin film over 2 metal test strip, which is controlied at test temperature (200
°C) for a period of time (12 hours). The test oil-fuel mixture is recycled into the sample
vessel. After the test, the test strip is cocled and then washed and dried. The test plates
are then weighed. In this manner, the weight of the deposit remaining on the test plates

was measured and recorded as the change in weight of the test plate.

ASPHALTENE DISPERSION TEST _
[00170] This test evaluates the ability of marine system oils to keep asphaltenic and
carbonaceous materials dispersed by measuring the dispersion of oil and black matter on
filter paper. Dispersions are measured on both fresh and aged oils, with different
treatment heating conditions and with and without water addition.

[060171] The fresh sample consists of a mixtere of a majority of fresh marine system oil,
heavy fuel oil, and carbon black. The aged sample consists of a mixture of fresh marine
system oil and heavy fuel oil which is aged by heating at elevated temperature under
oxidizing conditions. Carbon black is added to the aged sample after the aging step.
[00172] DBoth fresh and aged oil samples are then subjected to three different heat
treatments, both with and without water addition, making a total of six different
treatments. A drop of treated sample is then placed on a piece of filter paper and
developed in an incubator for 48 hours, Afier development, the drops form a small, dark
circular studge area surrounded by a light oil area. The diameters of the oil and siudge
areas are measured and the ratio of the oil:sludge diameters calculated. The test results are
reported as 6X, which is the sum of the ratio of oil:siudge diameters from the six different

treatments,
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TEST METHODS BLACK SLUDGE DEPOSIT (BSD) TEST [00168] This test is used to evaluate the
ability of marine-lubricants to cope with instable - unburned asphaltenes in the residual fuel oil. The
test measures the tendency of lubricants to cause deposits on a test strip, by applying oxidative

thennal Str%&ﬁﬁ%\,ﬁgg?ﬁvd Lﬁ%’f"ﬂ@ﬂﬂ qg%%%%%{?a%ﬁ A sample of a marine system oil

composition was mixed a specitic amount of marine re al fuel to form test mixtures. The test
mixture is plAPHEY ddhisdethartesiressihe drierdiel bl Asaiarescatop; bAmstHTseBhtrolled at test

temperaturg,(20Q. ¢ Ao Rariothetdimerdldsheursinihedashailiuehnpuraisisgeyeled into the

sample vessel. After the test, the test strip is copled and,then washed and dried. The test plates are
then weighdd™ P gl‘%@ W&ﬁﬁé??ttﬁén%%ﬁgaﬁ?%ﬁ dgfcé%%ggf (rieornfélfilrlf?hg?noterbf%tﬁeeIPewé{tp|oa]rafltoef}s%E Was measured
and recordeesasitheahapgecihtiveightdbthe téstapiatelonSPal TENERISPERSIORETEST [00170]
This test evaluates the abilityof marine.sysieanols to.keemaspbRlieNe anghcarhopaceous materials

dispersed by measuring the dispersion of oil ana black matter on filter papeé. —ﬁ?ﬁ sions are
iti

measured GHBAH HESEEhEPAGELBN LW IHE Shitt SHTRER RE ARG ROR d with and without
water additiospi6eH it videesfre shvieata pleleansisiscafadrixtuidatfaamdipeityioffragh marine system oil,
heavy fuel %'ﬁ%éﬁg%ﬁ%%ﬂt}gé@a <135 aged Sample GARPIRIS AL mbdiregligshmarine system oil and

heavy fuel oil which is aged by heating at elevated temperature under oxidizing conditions. Carbon
black is addwele feagaPsamste diarard ByiRbraspe [bo Hiropaitnitesivan dUycddil samples are
then subjectedriadhree)differentibeahtreatmentaidatbowithere witheuhwateladdition, making a total
of six different treatments,.A dro treated sample_is then placed on a piece ff(ljlli% paper and
developed iﬁmgﬁle?h%%%Cgfé?@&%ﬁ%gﬁ%%ar%%%&ﬁé?%aelv% o%?rg{él}letr,n élgv ?8%32 oar%%g s(?nah, ark circular sludge
area surrounidedehplavigbareiarea. The diameters of the oil and sludge areas are measured and the
ratio of the oil:sludge diameters calculated. The test results are reported as 6X, which is the sum of the
ratio of oil:sludge diameters from the six differe IFIED INSTITUTE OF
PETROLEJM}%@WM&%1S€§¥W§%§@§%§§%@ ﬁﬂ‘ég egree of stability against
oxidation-bd8edi™ il casitytinCraasé tofethbritbicantmThelagst sehiistsided tHarmal and an oxidative

part. During both parts 6f iy e desi-armples Aedisaied fonaReripd effime. In the thermal part

of the test, nitrogen is passed through a heated oil sample for 24 hours and in parallel during the

oxidative paitiBPiie RerHrR HSs By T BigFh NBRaEUGHEESTR FEPBFaEE/S Pehe two samples
were then C&@{@&aﬁf@th&iﬂsﬂm}ﬁewﬁ;ﬁbﬁmmk%swe Tet€nningd. RhelN Teplétion and viscosity
inorease of (he Lol aard by.eKdBHaN AleRiENYRg] And cariealadiRLie dngimal effect. The

oxidation-bas{;édt?/lscosny increase for each marine system oil composition was calculated by
subtracting retherBinERElgR EGiHR at ooty e HRhsgeieBlois SEpIeTBAYtHE kinematic viscosity
at 200 'C forrthe ricddownsampinarckdividing sreiaubtraction praduettbi.the kinematic viscosity at
200 C for the nitrogen blown sample. DIFFERENTIAL SCANNING CALORIMETER (DSC) TEST
[00174] This test is used to evaluate thin film oxidation stability of test oils, in accordance with ASTM
D-6186. He&#91biklto AR dvpbemtiest ifl iprss annbikee) Reebmpareditbsacreieténeareup during the test.

The Oxidatign Qnset femperatue-iadbe wmpsraturaakwhich the axidefianeiihiedest oil starts. The
Oxidation Induction Time is the tim_%a Which§$$i§ﬁ<i ation oféhe test oil staréﬁ The oxidation reaction

results in arPEXBARISRE B XEISRATHRAN TSN REHTE RSP REP O S¥idation Induction
Time is calculatet¢o evaluate the thin film oxidation stability of the test oil. [00175] All publications and

patent appliggdipns meationed.in.this,speriication.arehersindpcarporaisdyseiergnce to the same

extent as if éach individual publication or patent application was specifically and individually indicated
to be incorpé?sa‘t’éli‘?‘ﬂ)i?efé‘l’éﬁéﬁ%.W?‘B‘]SWﬁ%ﬁ%’%ﬁ%ﬁ%ﬁ?ﬁ%ﬁﬁ%ﬁsﬁ@m@ﬁ%%@ﬁt invention have
been shownpangideserihedhaeaipldonill beiohuinds thathbséBkited dxthe dfiithétesoghe embodiments
are provided YNRYH TR Al i inisdsA A (loniap,planis deling dhe scope of he
invention and that methods and structures within the scope of these claims and their equivalents be
covered therabiyzisyhae i esaifiderssy1.A marine system oil composition, comprising:

41



a) a major amount of a base oil of lubricating viscosity; and b) a minor amount of a
carboxylate-containing detergent comprising the salt of at least one alkyl-substituted hydroxyaromatic
carboxylic acid prepared by the process comprising reacting a mixture containing: i) at least one
alkyl-substituted hydroxyaromatic carboxylic acid, wherein at least 50 mole % of the alkyl groups on
the at least one alkyl-substituted hydroxyaromatic carboxylic acid are C20 or greater; and ii) a base
wherein W@%té‘ﬁ‘&ﬁ%b‘mposition has a TBN in the range of between 3.5 to 10. 2.The marine system

oil composition of claim 1, wherein the salt of the at least one alkyl-substituted hydroxyaromatic
carboxylic acid {5 RFRESHEER VHPREAsIEQ: ERRRSIRRBasing compound in the presence of a further

base; to provide anpvehgsedsaliobineraieast onsalkahsuhstisied fuiroxyaromatic carboxylic

acid. 3.The marine system oil composition of clajm 1, wherein the mixture further contains: at leasttone

overbasing compoRhd? TRREHHEE S AT S SRR 5l arR SRESIB fhgealt of at

hydroxyaromatic carbagicAcitli 1 Eassmariaesysiemrehaeanpasiioniefeldipiepanaergindhe base
and the further base are the same. S.The marine system oil composition of claim 1, wherein the
system oil compositioR1F4858 TBNPTF e FARGREGTBEHHECFPBIBHE E: 6. The marine system oil

composition of claim 1, whergindhe baseneil CanRHses R/arekParomatic carboxylic acid, wherein
at least 50 mole % of the alkyl groups on the at least one alkyl-
substituted hydroxyaromatic carboxylic acid are Cyg or greater; and
il}) abase
wherein the system oil composition has a TBN in the range of between 3.5

to 10.

2. The marine system oil composition of claim I, wherein the salt of the at least one
alkyl-substituted hydroxyaromatic carboxylic acid is further reacted with:
at least one overbasing compound in the presence of a further base;
to provide an overbased salt of the at least one alkyl-substituted hydroxyaromatic

carboxylic acid.

3. The marine system oil composition of claim 1, wherein the mixture further contains:
at leastione overbasing compound;
to provide an overbased salt of the at least one alkyl-substituted hydroxyaromatic

czirboxylic acad.

4. The marine system oil composition of claim 2, wherein the base and the further base
are the same.
5. The marine system oil composition of claim 1, wherein the system oil composition

has 2 TBN in the range of between 3.5 to 7.

6. The marine system oil composition of claim 1, wherein the base oil comprises a group

I and/or group II base oil.
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| and/or group Il base oil. 7.The marine system oil composition of claim 1, wherein the
carboxylate-containing detergent is present in amount of less than 35 wt.%, relative to the total weight
of the system oil composition. The marine system oil composition of claim 1., wherein the salt Of e at
least one alkyl-substituted hydroxyaromatic carboxylic acid is not overbased. The marine system oil
composition of claim 1, wherein the carboxylate-containing detergent is a non-overbased
carboxylate-containing detergent. 10. The marine system oil composition of claim 1, wherein the

alkyl-substituteghhydroxyaramatic E@ﬁ%&éi&?&f@z&ﬁxﬁ‘@,%aﬂ%éi%QJ%QEQwQQWC acid. 11. The

marine system oil composition of claim™1, wherein the system oil composition has a soap content
greater than 6 ripsEeRt 1P PFETTARREUS StelssoikEDApUsifoTt BT et iie iWhbrelighe! the
carboxylate-containing,deterdentias a TBN in the range of between 100 to 450. 13. The marine
system oil composition of claim 1, wherein the base is a metal base. 14. The marine system oil
composition of claim 13, wherein the metal is an alkaline earth metal. 15. The marine system oil
composition of glainmideivbarginihealkadinecarthnelakissale skt fthemasine:sysiem oil
composition of cglg’im 2 og cl%i_m 3, wherein the at.least one over as%]é; compound is carbon dioxide.

17. The marine YSHEHES TSRS SHEH G PEIATY 2 RS IRPHINETBEEE comprises calcium hydroxide.

18.The marine system oil composition of claim 17, wherein the source of calcium
9. The marine system o0il composition of claim 1, wherein the carboxylate-containing

detergent is a non-overbased carboxylate-containing detergent.

10. The marine system oil composition of claim 1, wherein the alkyl-substituted

hydroxyaromatic carboxylic acid is an alkyl-substituted hydroxybenzoic acid.

11. The marine system oil composition of claim 1, wherein the system oil composition has a

soap content greater than 6 mmol/kg.

12, The marine system oil composition of claim 1, wherein the carboxylate-containing

detergent has a TBN in the range of between 100 to 450.

13. The marine system oil composition of claim 1, wherein the base is a metal base.

14. The marine system oil composition of claim 13, wherein the metal is an alkaline earth
metal.

15. The marine systern oil composition of claim 14, wherein the alkaline earth metal is
calcium.

16. The marine system oil composition of claim 2 or clatrm 3, wherein the at least one

overbasing compound is carbon dioxide.

17. The marine system oil composition of claim 2, wherein the further base comprises

calcium hydroxide.
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hydroxide is lime. 19.The marine system oil composition of claim 1, wherein the salt of the at least one
alkyl-substituted hydroxyaromatic carboxylic acid is the sole detergent in the composition. 20.The
marine system oil composition of claim 2 or claim 3, wherein the overbased salt of the at least one
alkyl-substituted hydroxyaromatic carboxylic acid is the sole overbased detergent in the composition.
21.The marine system oil composition of claim 2, wherein: i) the overbasing compound comprises
carbon didkide; Bheltiytine Hissencorhprispestasiwncioy dxXidehescpride Ereoverpasad calcium salt of
the at least one%ﬁy&ﬁagi i}%eeq hydroxyaromatic carboxylic acid. 22.The marine system oll
composition of claim 3, wherein: i) the base comprises calcium hydroxide; and ii) the least one
overbasing compound comprises carbon dioxide; to provide an overbased calcium salt of the at least

one alkyligubstied IUdLORLoNAe saRai Aeldh2 3. A ARSI IS Tl dldllive pneentrate,

comprising greater than t.% of a oxylate-containing detergent. 24.A method of providing
lubrication of a eiirkessgimtedsipdrepaeomwicsrdke rhossihsdanalintediesal éntline, comprising
operating the en%)i&gm\)/g{'mﬁhe marine system oil composition of claim 1. 25.A method of making a
marine system oil compaosition, comprising mixing together:

20. The marine system oil composition of claim 2 or claim 3, wherein the overbased salt
of the at least one alkyl-substituted hydroxyaromatic carboxylic acid is the sole

overbased detergent in the composition.

21.  The marine system oil composition of claim 2, wherein:
1) the overbasing compound comprises carbon dioxide; and
i) the base comprises calcium hydroxide; '
to provide an overbased calcium salt of the at least one alkyl-substituted

hydroxyaromatic carboxylic acid.

22.  The marine system oil composition of claim 3, wherein:
i) the base comprises calcium hydroxide; and
il} the least one overbasing compound comprises carbon dioxide;
to provide an overbased calcium salf of the at least one aikyl-substituted

hydroxyaromatic carboxylic acid.

23. A marine system oil additive concentrate, comprising greater than 35 wt.% of a

carboxylate-containing detergent.
24. A method of providing lubrication of a crankcase in a slow speed two-stroke cross-
head marine diesel engine, comprising operating the engine with the marine system

o1l composition of claim 1.

25. A method of making a marine system o1l composition, comprising mixing together:

a} amajor amount of a base oil of lubricating viscosity; and
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a) a major amount of a base oil of lubricating viscosity; and b) a minor amount of a
carboxylate-containing detergent comprising the salt of at least one alkyl-substituted hydroxyaromatic
carboxylic acid prepared by the process comprising reacting a mixture containing; i) at least one
alkyl-substituted hydroxyaromatic carboxylic acid, wherein at least 50 mole % of the alkyl groups on

the at least one alkyl suhsiytadddioyaiamalic cahinui AR AR 10 A aseater: addae base

wherein the system ©0il composition has a TBN in the range of between 3
least one alkyl-substituted hydroxyaromatic carboxylic acid prepared by the

process comprising reacting a mixture containing;

1) at least one alkyl-substituted hydroxyaromatic carboxylic acid, wherein
at least 50 mole % of the alkyl groups on the at least one alkyl-
substituted hydroxyaromatic carboxylic acid are Cq or greater; and

i) abase

wherein the system oil composition has a TBN in the range of between 3.5

to 10.
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