SYSTEM OIL FORMULATION FOR MARINE TWQ-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

SYYinEss W PORMERAGTRS IO MBS IBAR KRN GINGIIRES
INVENTION [0002] One type of marine diesel propulsion engine is

characterized as a slow speed, two-stroke engine which is frequently
referred to as a cross-head engine. In a cross-head . engine the firing.. .
1000 d P8 REFIRE ARITCECR B R CRE SRR R TP am?\a%%#!&h‘f&s for
the s@nBAlN@SYSiem, dil: [eepectiyplycAicnatnesysiemial ybreates e two-
crankcase of a cross- head marine diesel engine.and may, cool parts of
strokg TR TR SBRE R R ORISR O ST RHE BIGIONE <& BRgines,
the marine system oil also performs the functions of lubricating gears and
fuel pumps. Properties that are typically important for systems oils are
oxidative stability Bviéde &y (HePbldacd o  AndNd Halergency of the oil.
development of ever more sophisticated engines results in an

0003] The ( ]
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two-sGaddeniaeiENns deposifpratation i 4he aistensad s fiesuth a cross-head
requirements for marine system oils for twq- stroke engines become ever

enging e Liiigrindss Selmemy recEndyristed SApasaiptety dereligdriotl and

a malaYe Resn sevelpredyas. daserbiad dnspatesit applicatiomPuRitatliandd eross-
2007/0027043. The inventors have discovered that such detergent
head poniRcalich 8 1Ro AGrEaYrPRLBIHA S e AP #inas fshefipig the undercrown of

the paftodssubsiituteehbydxiaromalic easaosillic sagie ivhasaie & ieashser
.male% of alkyélnﬂlroups are C20 or greater, may.be used in marine s%/stem

lubrigiids AERER AT thi teBUAYL TAWE Sy St i R & SRipsERRb O systems oils

are oRRIAOKNAABEAIH, alislRagy thedellewingrarans ok @ddatian plahiisiviscosity
increase control and detergency than the currently available technology,
10003 e IR AR HUAPERTRbrGaHo RV BRIGHAF S FERAES BV dBEEFERRE

sensiteabnelagyl {0RR4liThaie &f eho iiberatsoverbaser detergerisengather
additives, for.use in. Iubric%ng oils, and the following documents pr%s%nt a

depopd foTBRHST 1 S RikoR i ARSHING 9657 FTHE BBy oF for two-

strokwBighniss ety #veorporatednpyreiatenetadisgridesditpreduchiorogate”

s el e b b orer e shalee st macl, ¢
200740RZ RSN Ol$e] G0RATdD SaRadéniohaed thaBs0dH dthe entirelyiotyhichida
cmnpqgee%/ (I)Qgﬁg s%rcﬁggﬁi (l)le at least one alkyl-substituted hydroxyaromatic carboxylic
acid wherein at least 50 mole% of alkyl groups are Cyy 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-containing detergent technology.

[0004]  There are numerous overbased detergents and other additives for use in
lubricating oils, and the following documents present a few:

[0005]  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 alkylhvdroxybenzoates or a mixture of one or more of

these with alkylphenols.



reference, describes an unsulfurized, single-ring carboxylate-containing

additive produced by neutralizing hydrocarbyl phenols using an. alkaline
earth base in the presence of a promoter, carboxylating the hydrocarbyl
phenates using carbon dioxide under carboxylation conditions sufficient
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I dditiv Ie oil- squbI overbased detergent
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s syn eSOt metiates. [0010] British Patent No. 786,167
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h dramq)gaccordln to the processes described in British Patent Nos.
Y and 738,359. The sodium alkylsalicylates described in
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The 'ﬁﬂﬁ%ﬁ%ﬁ}g \ég{d?%lgg e%?é%gide%t?rr(%n%toggu%Igﬁ(ylsalicylic 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 Application 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. |
-f0012]  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.



the form of a complex in which the base material is stabilized by more
than one surfactant. 2 [0013] European.Patent Application No. 1,728,849
describes a lubrication for a cylinder liner and crankcase in marine diesel
crosshead engine that comprises greater than or equal to 40 mass% of

[0013] oil Phluksicarneviagesitytiah Hast one detafaanihat daabtionton for a
dispersant, and at least one anfi-wear additive. [QOlA{ﬂﬁI?uro ean Patent
€
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or eq@AOINESs HaloppTRRSES Stlaatingian ddetitive, patiagentodetoniee: atraieshe
. total base number level to the |ybricating composition to modify
dmp@ﬁ%r‘?ﬁg AT isticat ‘%lﬁévéngine. The additive package having a
[00MdBcoghyrefcinl PamansdiSicetoprising [iolatsnevtal-iase dibiecioim for internal
lubricating composition. [0015] In general, the above references describ
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neutrafO8Sehdath faingudiesalengingSidMMARY OF THE INVENTION
016] In one aspect of the present jnvention, a marjne system oi
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additinedine esgineshhon@xaniplehavvee stiokeghrdssdieadrasing cigsehere marine
engines and methads/additives.foy using the marine system.oil -
SystebHBGER I Te LaHie! [OGET TSNS HaSCEPEY He Srada | ooy
suitabh@rtiiausy siensaihgtmpasiti oruik cpse vifledithat pasl awo-stroke cross-head
.ca:;goxglate.-containing detergent. [0018] In another aspect of the present
A RO 8 ifarine system oil composition is provided that has a
carboxylate-containing detergent, wherein the system oil composition has
a TBN in a range of between 3.5 and 20. [0019] In another aspect of the
present invention, 8RNI BSIOH SHEOMPOBNERN provided that has a

carboxylate-containing detergent wherein the detergent comprises a salt
[0016] ot 163 6P AePsAty LD BIERBHIRYRIFBR)aRGRIENE BRTSEXHccaBiRamtis:in

proviieleast1aBifaals %r afdaealol FrapBsRLE it AL ARIERAIRE: 3R REHSYRIGN.-
oil composition has a TBN in a \rpaé:ge of between 3.5 and 20. [0020] In

strokgneierieageptioniie prbauHeRvEIBRTR dRA ABTSgS eRH S e dif st
systel® oil composition in the same,

[6017]  In one aspect of the present invention, a marine system oil composition is
provided that has a carboxylate-containing detergent.

[0018]  In another aspect of the present invention, a marine system oil composition is
provided that has a carboxylate-containing detergent, wherein the system oil composition
has a TBN in a range of between 3.5 and 20.

[0018]  In another aspect of the present invention, a marine system oil composition is
provided that has a carboxylate-containing detergent wherein the detergent comprises a
salt of at least one alkyl-substituted hydroxyaromatic carboxylic acid wherein at least 50
mole % of the alkyl groups are Cyg or greater, and the system o1l composition has a TBN
in a range of between 3.5 and 20.

[0020] In another aspect of the present invention, a marine system oil composition is

provided that has a major amount of a base oil of lubricating viscosity, and a minor



provided that has a major amount of a base oil of lubricating viscosity, and
a minor 3 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. [0021] In another aspect of the

amoUpReseNtdrienins imaning Sysigmmolsemposiadniishpravigedf thaiveas 100
overbased salt of a carboxylate-containing detergent. [0022] In a er
and 0 B8 B R CTRRATGNT A b SySRaah SERFeSi ot a2
[002plovideddbaidhaspan: ovekbasedmeatatsabinoh araiiosdrie-cdrtainiogtion is
detergent. [0023] In anpther aspect of the present.invention, a marine
providG LT BB G e B AGB A eSS VR S Ctal saltof
[o02earbokylaiedeeniginingiakigrgeahrtindaativaul alsait ol stem oil composition is
carboxylate-containing.detergent. [0024] In another aspect of the present
PtV AT S o ST Bt B HAES et
[002331t of:acarhexylptetadniainiegedeisrgenbnwvheraimdhie sretaliisoarposition is

alkali th metal. [0025] | f th i tion,
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neutrahibicd £atbeosyldte-containingddetargent, wherein the metal is an

[oazﬁf’ka"%? earth metal.t[Ogﬁ%G] In another as 1ec;t of }_pne [:S)retsent i ventioni,uan s
arint? /4R BPRTD OSBRSS AP AR RS b RSP
providid/ s batitutectdiydioxfakomatiglaarntoxdiaiagidetsvberewlibeisafiofratal is

1lée?)ast one alk EIj—lgubstituted hydroxyaromatic carboxylic acid is not
ana 'é%g?ét%lﬂg 7] In another aspect of the present invention, a marine
10028y stem ailabenpesitionfishgperdeladithaithas amarbexsylstescahtaimipgsition is

e t, wherein the carbgxylate-containing detergentisa. .
PR LT 0 LN aE SR TOOHA gy wherea
the nasgactafdkel presat meaihtion, a marine system oil composition is
ovided that has a metal salt of a carboxylate-containing detergent, .. .

00 e Rer AL e o B Rt G A S agosicion i
providydthxyhsemsdlc @arblexylicracit whebeinuthe latdeastomeatic carboxylic acid,
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substitute ydroxXypenzoit acld, also rererred to as an
overlalbydhydroxybenzoic acid. [0029] In another aspect of the present

invention, a. marine ysFt m oil composition is provided %hat hasan .. .
100 AR O TR e el R R BV R (R ostion s
provigeeiphre 43y @adrbagling-atteastendealigdrsLvtitate thhydrbsypladmetigaining
deter%grrp?sxg/ lxll%&%@erbased carboxylate-containing detergent..
[6028] In another aspect of the present invention, a marine system oil composition is
provided that has a metal salt of a carboxylate-containing detergent, comprising at ieast
one metal salt of at least one alkyl-substituted hydroxyaromatic carboxylic acid, wherein
the at least one alkyl-substituted hydroxyaromatic carboxylic acid is at least one alkyl-
substituted hydroxybenzoic acid, also referred to as an alkylhydroxybenzoic acid.
[0029] In another aspect of the present invention, 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.
[0030] In another aspect of the present invention, a marine system oil composition is

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



detergent. [0030] In another aspect of the present invention, a marine
system oil composition is provided that has an overbased metal salt of a
carboxylate-containing detergent that is 4 prepared by overbasing a salt of
at least one alkyl-substituted hydroxyaromatic carboxylic acid detergent.
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provithaethtiohasamartoe dystennailcogosition | lsampmsmg ’zhe 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-substituted
hydroxyaromatic carboxylic acid are Cyg or greater, a base, and at least one overbasing
compound, to thereby provide an overbased salt of the at least one alkyl-substituted
hydroxyaromatic carboxylic acid.

[0035] In another aspect of the present invention, 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 alkyl groups on the at least one alkyl-substituted

hydroxyaromatic carboxylic acid are Cyq 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



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

salt on@leVi@kihacily Dsabpsaedhembigashnaecaligiaubisidui@dyhercin the base
roxyayomatic carboxyljc acid are C20 or greater, and a base, is further
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alkyl-substituted hydroxyaromatic carboxylic acid and up to 50 mole % of
phenol, based on the total amount of detergent. [0037] In another
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Wit Ofaf excéss o atarbase and at 1east one acidic overbasing
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provi];oe%rtgg{ l})]ggl a%tg%srbe\{\égg el sait c?ft %lc% S(%{yﬁatc -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
an alkaline earth metal base.

[0040] In another aspect of the present invention, a marine system oil composition is
provided that has an overbased metal salt of a carboxylate-containing detergent that s
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 invention, a marine system oil composition is

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



an alkaline earth metal base. [0040] In another aspect of the present
invention, 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
comwiting anclacriexed atkafiacnatdl inagd aiichénideast one atidicubseitbasing
hyarRaiSrialin. e presence of ot Jeashon earhoxylc adid having from one to
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represented by the structure of Formula (1): Formula ﬁDerah'r)OH OO0

~OMOR Yy wheroain i) M independently represents an alkaline earth metal,

for example, magnesium, calcium, barium, and strontium; and ii) Rl and
R2 each indeﬁntlﬁ represents a linear and/or branched alkyl group,
C
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Ry
wherein

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

calcium, barium, and strontium; and

ii) Ry and R: each independently represents a linear and/or branched alkyl group,

wherein at least 50 mole % of the alkyl groups are Cyy or greater.
[0043] Inanother aspect of the present invention, a marine system oil composition is
provided that has an overbased alkaline earth metal salt of a carboxylate-containing
detergent, wherein the overbased alkaline earth metal salt of a carboxylate-containing
detergent comprises a compound or mixture of compounds represented by Formula (I)
wherein at least 50 mole % of the alkyl groups are Cyg or greater.
[0044] In another aspect of the present invention, a marine system oil composition is
provided that has a 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.



wherein at least 50 mole % of the alkyl groups are C20 or greater. [0043]

In another aspect of the present invention, a marine system oil

composition is provided that has an overbased alkaline earth metal salt of

a carboxylate-containing detergent, wherein the overbased alkaline earth
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gradbTaEginibe sysjant wikoomposition viscosity index is greater than 90.
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as éjc?ﬂfgl 46 [ﬁ@ Jii oA Hhar Sec ‘of the present invention, a marine

[06048]sterm aihaborpesitonfishpasdced ihaithas aearbexylatencahtainipgsition is

t, wherein th t il ition, flash point (closed is, .
R S el e A
pour MEANB ysteameil Toghposition is provided that has a

boxylate-containi t t, wherein th t il : ition... .
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providsetiiohaseartos dyetennoil dampastiont svipnewcsd thetdxasage-containing
car?t}asx%!ate-conta'nin&tﬁgt&r}g{?r%t, wherein the carboxylate-containing

detergfé ergen ?(sﬂ &' Sole ovarbasel meta ‘detergent. [0050] In another aspect
[0056] the Inresahtingpatiart, thermparinat Systativnilaconrpesitietris ofrovicdeditiat is
rovi 3 8‘[&‘1 q}/esrett)r? 8$d a(seg ln%e?’tl tl%faﬁ 5 rbgaé la}étel_é%o-n %’:lrilgprgndeég{%en}ﬁ wherein
p wﬁerelﬁ doverbased mefar8aitof & ca(r)ngy%f:e-con al%lng %efergen? iS
the othetaotd ovesbadedimetabodgtergentti0bd Hincagothierias palct ofctthesed metal
Ipre§ent invention, a marine system oil composition for
detergent.
[0051]  In another aspect of the present invention, 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.
10052]  In another aspect of the present invention, a marine system otl 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 carboxylate-
containing detergent, wherein the carboxylate-containing detergent has a TBN in the range
of between 100 and 450.
[0053]  In another aspect of the present invention, 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 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.



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
invention, a marine system oil additive package or concentrate for use in

[0053IMarARAKETkpH-COMPOSHABRHS RIeMited Camppuging derajap amaktoke
of a base oil of lubricating viscosity, and a minor amount of a carbox‘%lllate-

crosselg MM BB e WhEt eI YHE 4B A D R B At M (ST YBRP Y,

comptBiNdnR g saagRuaf Beiwaanclosr ansd b J0aSkIY anethenaspeeiqamt of a
the present invention, a marjne system oil addjtive package or
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minor amount of an overbased metal salt of a ca boxy}_late-containin
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ubricating viscasity, and a minor amount of.a carboxylate-containing

the syRlEg QEHOMARTLIAPAR S et 18@%?%‘2:%%&?0%?%?%3%%%% range of

[005BtweRMmBethangkgest [00hB i anoihesarpe el t thelpesentdive nitgivadion of
method of cooling an undercrown of a piston in the operating of a .
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that Isienuol-caMpasiim epRRisingotmpraor ameyst ahauase bt oil of

lubricating viscosity, and a minor amount of a]é:arbox late-containing .
lubrigalEe RRO e PR tHA'SY ABAY BCA SHBOSR h8 AT RIRBR RS e &g RS en
the dbRbgaR r&&@ﬂm_aﬂle[a@%ﬁ& kg ﬁﬂl&b:@‘m@m@l&tbﬁwﬁﬁﬁmahﬁ&eﬂmﬁn&t
least etho}%g %%\gl g lubrication of a crankcase in the operating of a

A FHRAE e T SR is provided that has a marine
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T L P
betwbyil foxyiatomaticaddihgxylictasciglubereitaintedsicbf:mole % of the alkyl

oups are C20 or greater [0057] In another aspect of the present .
10053 e 8 B RBE oF ISR RTGH OO o CLABIT P on
protaqarinef aysteineail cempoisitbarpbsiviog leHBNa THN iratige oafgbefibeandns .5
and ATE AR A09NG 3 GaRoxylate conIning, detergent.
[00591  In another aspect of the present invention, a method of improving viscosity
increase control of a marine system oil composition having a TBN in the range of between
3.5 and 20 by adding a carboxylate-containing detergent.
{0060] In another aspect of the present invention, a marine system oil composition that
provides superior performance in one or more of the areas of oxidation stability, viscosity
increase control or detergency than the currently available technology, especially when
compared to conventional salicylate-containing detergent technology is provided,
comprising a major amount of a base oil of lubricating viscosity, and a minor amount of a
carboxylate-containing detergent, wherein the system oil composition has a TBN in the
range of between 3.5 and 20.
[0061] In other embodiments, a method of operating a slow speed two-stroke cross-

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



[0058] In another aspect of the present invention, a method of improving
corrosion protection of a marine system oil composition having a TBN in
the range of between 3.5 and 20 by adding a.carboxylate-containing

detergent. [0059] In another aspect of the present invention, a method of

the alGAPENIRQIMREOSHKIlINCrenses RO nHatalacoarinasysiels: et eampasitiae
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east
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system oil composijtio ovides superiagr performance,in one or more of
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DETAILED DESCRIPTION OF THE INVENTION

[0064] The definitions that follow are intended to provide the meaning of the term as

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

Definitions

[0065]  The term "alkylphenol" 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 term “marine system oil” means a lubricating oil composition which
lubricates the crankcase of a slow speed, two-stroke cross-head marine diesel propulsion

engine and may cool parts of the engine, especially the undercrown of the pistons. Ina
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comprising a major amount of a base oil of lubricating viscosity, and a
minor amount of an overbased metal salt of a carboxylate-containing
detergent, wherein the system oil composition has a TBN in the range of
between 3.5 and 20, and wherein the detergent comprises at least one
cross@ﬂéﬁd%@ﬁi&tﬂ@fhj&dg%@m&tﬁam@x%ﬁsa@t& wibeireiadidpaatebOby a

ole% the alk ou re C20. or re ter. DETAILED DESCRIPTION
ey ing G L R TN (08 TRE LR A ToNSHE Bt T AR g0 ey
havepf@vwdezmb&memmmhmIt@mfa@twsﬁdﬁﬂ@ug kout the application

clu clal unI S ex stat rwise. Definjtions, [0
1008 R AT D53 R S5 eCi STk gl ot base
stocksubstmie@tﬁ“ ni¥there Hytahtﬂasmft&iﬁédh&ﬁﬂ@d suib stiteremis faska. sUffictant oil

ber of carbon. atoms to .im |l|t to the phenol. [0066] The

cmo g T B, Sl KRBSTECL 15 T i St TfdReE ol of
tubnhabﬂgafﬁe&ﬁir@ @Eﬂdkﬁmm&momm@ et yiwe-dtrokel rossaheas! hlbfinﬁing

ie ropulsion. en and C0o0 rts of t ine, es eC|a
ois. SRR oF i e T e B e A ose
haw@wdxth;eceranki:asleata&ubr|¢a&chsé@atmstudjym adyfindenioilaodsity at IOO °C

ari ess tiv marine system oil osition.ma
of oo S e AT S R R R BB Do by
at orteatm;\t'lﬁa?@g gilleagaided herein is defined as a base stock or blend of base

cIu of natur S nthetc unrefln d, refine drer

[006§£ Wéfbg 1(”elcoa”l m afFoI)l/}(/e ma)L/1 eeaglrﬁ?/ 0 gswltf 3a?r)?et91?osf?8 if50f peseed
oils, hmbma:tﬂsgtmm&lwtﬁmmmwﬂej nhilerehtifig, wistogitylersed ift@ucival or

osifions may be ed fr tural lubricating .0il nthe ic oils,
Shale %?% It?l’feosil fg;e% c%rgexéilrgﬁp e, suﬁasbllrtlaV a%(é oif s%%y?%c%/ de' Pno’se
paraﬂﬁiamnga@hﬂmsmy@bﬂteteaﬁ fibouatodocShat 00€d, isuchras@nkindmatic
com ﬁlégn%osny at 100 C of about 4 centistokes (cSt) to about 20 cSt. and/or a
our p0|nt below 20 C, preferably at or below 0 C, is desirable. [0068]

[OOGthuraHettnmatnhgemgsm’fay maide@ﬁtbimatnﬁdetm&gﬁtéiﬁe dilsfeample, an

d 0|Isl %astor 0”5{ and | etrolei,j PIlS m| ral oil and
orgam cludes at lea: fi glecuia non art
erlve rom coal or shale. s or use as ase

(relatn»eéjntmm anntpeledfm mxgamim;sbamdfﬁ I;mﬁ,an hphnlh éinﬂm&ﬂhegmﬂ‘s fhat
exam%rl% Octtndl %ar‘uﬁ/e Iatel[lélbgrécdtlnlg %I\lfel(”:b e%gsd ?rgents The molecular weight of
the non-polar tail must be large enough to make the surfactant oil-soluble or the resulting
detergent oil-soluble and compatible with other additives. Typically the molecular weight
of the non-polar tail can be at least 120 Daltons (i.e., about Cy); for example at least about
150 Daltons (i.e., about Ci2); at least about 220 Daltons (i.e., about Cyg); or less than about
560 Daltons (C40). The tail is generally a hydrocarbon, and can be linear or branched or a
mixture of linear and branched. The tail may, for example, be derived from an olefinic
compound, such as an oligomer of ethylene, propylene or butylene or a mixture of olefinic
monomers, or can be derived from another source, such as olefins dertved from the
thermal cracking of wax. Alternatively, the non-polar portion may be derived from an
aromatic lubricating oil basestock. The polar head of the surfactant may be, for example,
any polar moiety which forms a salt with a metal. For example, polar moieties may

include sulfonic acid groups, for example aryl sulfonic acid groups; hydroxyaromatic

groups, for example phenolic groups; hydroxyaromatic aromatic carboxylic acid groups,
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[0069] The term "detergent" is an oil-soluble surfactant, such as, for
example, an organic acid that includes at least one relatively low
molecular weight non-polar tail (relatively low compared to dispersants)
and a polar head. Suitable detergents, for example, can be "neutral”
for edaiarigdntdratynverhasedidetendd pisuphamialedulay weighkit @bupse which can

olar tajl must b Iar enou htom ke the surfactan Isolub
be s TRt B 1 A B S e
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e hydroXy roma ‘Henzoic a groups, and car oxy caC|
subsgnoap &yddoichrcanaiie csuppiddtfsomd fﬁkﬁxalbﬁtﬁﬂ,nacfémhasgd;eazoates,
%hlthenlc acid, or a petroleum oxidate. [0070] The terms "conventional
I"SSpGC " " "
sa |cy¥ate -containing detergent” and "salicylate- containing detergent” refer
[007@ an Eb«y@&tﬂqsmuiﬁcbWymmmmmrémgmcmgnwsghﬂsah of at least
h t of an alk tituted h yarome arbo lic .
one Qe R oA T S s
Jeast [@®7$]<Whmbstmt&m}bdxmmnmlmm@)agkergedtwwms 20 lamst 50 mole % of

k I-substitut droxyargmati rb ic esgent ¢ [ o
the o B S P SR S PR AP R v,
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stltute roxy en20|c aCIdS alts (5 Suc ubstitut
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wher%({1d1§)ir$ RfereAfe %%g Exy%?)‘é gplitted. %Qé%yaﬁfg‘aﬁ‘ﬂﬁ UABYRIRS at least

and a substltuted enzoates spective
one alkyl- subsututed hydroxyaromatic carboxylic acids 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 Cag-Cap. Cap-Caa, Cog-Cag, Cao~Cio and/or Ca-Cyg alkyl 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 hydroxide provide the

source for the alkali metals sodium and potassium, respectively, while calcium hydroxide
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[0072] For example, the carboxylate-containing detergent comprises the

salt of at least one alkyl-substituted hydroxyaromatic carboxylic acid,

wherein the detergent comprises at least one alkyl-substituted

hydroxyaromatic carboxylic acid wherein at least 50 mole % of the alkyl
and Igaguﬂsmdqﬁ&@megpeat'&fe foe sxanmiplor ticleHsi 60 vacle 9etds ledsiiOand
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An over etal a carboXylate-containing detergent may
carbépiglatiecontaining detergem or mixtures thereof, or with a mixture of a metal salt, a

r?nﬂum

neutral metal salt, or an overbased metal salt of a carboxylate-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 neutralizing
acids. The TBN of a product can be determined by ASTM Standard No. D2896 or

equivalent procedure.
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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
M A RIKINSH S TENVpO Bt OO FRr@XEMPIa, a suitable soap content for a marine

system oil composition in one aspect of the present invention may be
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betw@&??d%ﬁgg@ for neutralizing acids. The TBN of a product can be
determined by ASTM Standard No. D2896 or equivalent procedure. 13

[007RIARINEtSISTENM il DDMROS MIHONIDOTTdhE oraskr amtidr a blend
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positions in marine diesel engines, for example, two-stroke
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example, in the range of betwe 5and 18, between 3.5 and 1
weigheterrgiEmmdl tompetiesn 3.5 and 9, between 3.5 and 7, between 3.5
and 6, between 3.5 and 5, between 4

Base Oils

[0079]  Suitable base oils include those in the API categories | and I as defined in AP]
Publication 1509, 14th Edition, Addendum [, December 1998. (Table I provides a

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

TABLE 1.
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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 between

-+10:ahd 20.{Q 07 Swtable_b iscoskiisislitdddeaup |
G or G - -' > | oils ofamideteiasiab&haup
98 (int usnmmlenmn IASTviED

emb ' - ' ay 8 pres n amR@Ttaf RSTden 3R0)

wt.% and Déswithi%e, $orexam ptereatdeaetrﬂcﬁ i, at asted Shat SoeHihl to

Wt.9, 55 wt.86u60.1.%, 65 Wt.% FOIWE 3075 WE.06, BO widVkes85hat. 4E007

3 leastSeMmidh Oretgiat pelCEBty eleisieyvRIgnt peentoiitas basuallo
felative toghe; tetiak-yeeight of the systanautiteompositkmahBass Qils 120.

| 007PlsitabirahaseQilg tacludedhnse dndpeaABI catpgerieshhang dduaso

fined ingyPy sRublieation 1509, { dthEditien Addendum | Degcember

1908, (Tablelpreyigdes a summary of the characteristics for Groups I-V

T¥ase Qbs)aipARIEAs dMaBgturates Sulfur Viscosity Index Group (as
determing @ py(assdetssined by (as determined py ASTM D 2007) ASTM

Y 227ANMA #2840 HSTM ) 4297 or ASTM D 3120) | Less than 90%
Greater thanprgqual/Greater than or equal to saturates. to 0.03% sulfur.
80 and Tess than 120. 11 Greater than or equal to Less than or equal to
Greater than or equal to 90% saturates. 0.03% sulfur. 80 and less than

[0088D0. | Fumldrtiai vrduepnis pelightharrBicad Gai e daeaetsige guts from

a vacBaHAIGi RO% Saturate s A3 Yss Ul fude? God ¥xlRRiINEd At Neutral, Medium

polyalphaolefins (PAQ) All other base stocks V not included in Groups l,
Neutyply Kgavy Neutral base stocks. The petroleum derived base oil also may include

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

[0081]  Suitable Group H base stocks may include, for example, Chevron 100R, 220R,
600R and SR Group I base stocks, available from Chevron Products Co. (San Ramon,
CA).

[0082] In one embodiment, the base oil can be a blend or mixture of two 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 suitable 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 thercof.

[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 oils obtained directly from a retorting operation, petroleum
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.

15



[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 oil also may include residual stocks or

[GOSBpttomsﬁmGt@mmwﬂmm torexamylasbogbstepk (iGuitaitedaitual c been
se stocks maég%lude for exam le, ExxonMobil CORE(r
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pu.rxfﬁ@i&li(é):l&ﬁ@@edl&ﬁ&z&&ﬂkﬁ}lHﬂﬁ&lhﬁiﬂbﬁkﬂa&g}m@'dfdlmlsgodks/ma)g
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knovene einhodimeninthe base oil can be a blend or mlxture of two or more,
r more, or,even four.or.m base .stocks haying different molecular
1008 R LS R TS Brah R BB A PSSR 9
thosdﬂ@émﬁrdbt&ﬁeaiexafbmieoﬂﬂ mmwmﬁbla@mﬁemem{a@%dlﬁa&ei or
stock gs anufac%é aﬁf avarle(i ofdll%%rent 0Cesses L of ;
TePTORFERN ﬁ?‘l fffhﬁf%& ' it fr?CS%ﬁv ty rSHATHE RV oGy Val of spen
add:twmmgbr@digﬂm@qﬂﬁﬂﬁmestenflcatlon and rerefining. Examples of
itable .b e0|Ism |nc tho ved from unrefined,. refi .
10087 NGRS i SR PAES To0a IVER N RS A sy et
wax shreddykfrony, ammtasﬂqmmmwlaﬂmncsm@tmo@@d meﬂyéhaim,cbmgr
men) withaut f urLflcat r treatment. Ex

d bit ther
ot ST TR S B AL oSty RO R A ramples
of ba@speﬂatlﬁmy pﬁﬁmlemiﬁnsotismmmem direlcfiyrineomdistiladionf aradl(mﬁalar@ilsne or

. obtaine fr m an est r|f| ati roc ac o
i o S B RSSO T IOBUI S PRt e A S e
oil isqmodﬁnaﬁlmlﬁememmatmim&dl eifnhavd beemtiretitethieonemixmorethereof
r|f cation ste to im r more properties. Swt urificatio
S R S L S
reﬁns@heqﬁtleeﬁrabuwoﬂgldynﬂi&asém&maatm filtsatiolyrana-hertotatibon a[ﬂ&)tbf
which are kno tobtho skllleq in the art. {008611 R{are |ne O”Ehtmtaé/m?s

ubrlcab{a%“acg We ng t€ed 0| &’ progggsré%xslllrﬁl(ér 8 thode used to 6btain
[0088ie refinaebbilsyRieratiodd inilsdrealsadmplenhaseaibioneyghetic oils,

synufSPrasessedls and ofion are odcitonal piasessed b gl for
remova dfs ent a tlves an brea own uct

polymerized and mter—polymenzed oleﬁns, alkylbenzenes, polyphenyls, alkylated
diphenyl ethers, alkylated diphenyl sulfides, as well as their derivatives, analogues and
homologues thereof, and mixtures thereof having the desired viscosity.

[0089]  Suitable hydrocarbon synthetic oils may include, for example, oils prepared
from the polymerization of ethylene, polyalphaolefin 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,
interpotymers, copolymers and derivatives thereof wherein the terminal hydroxyl groups
have been modified by esterification, etherification, etc. Synthetic hydrocarbon oils may
include liquid polymers of alpha olefins having the proper viscosity. Especially useful are
the hydrogenated Hquid oligomers of Cg to C.lz alpha olefins such as 1-decene trimer.
Likewise, alkyl benzenes of proper viscosity, such as didodecyl benzene, can be used.
[0020]  Suitable synthetic esters may include the esters of monocarboxylic acids and

polycarboxylic acids, as well as mono hydroxy alkanols and polyols. Typical examples are
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[0087] Suitable base oil includes base stocks obtained by isomerization of
synthetic wax and slack wax, as well as hydrocrackate base stocks
produced by hydrocracking (rather than solvent extracting) the aromatic
and polar components of the crude. Examples of base oils may include

didodbode:dierive gdnorar thie-hyldkaiscaperizatitire aftivd ke efthel glanditnryiscbacate,
bi h th d I h l..S
o o S A s R b

esterwﬂi(ﬁﬁipﬁﬂﬁlxﬁeréﬁ)th@i&dlé fomarc wmglm&aaaoﬂieaawﬁnalwlba&eand
il refined paraffin type b eor eflned na henic base oil
poly e T bEuUOS B TGO Py B BT o
phospintosity iihsobasel @hasa&aadmdaﬂsa poiitibie fofr maagabmgyntﬁeﬂ@mjs.
0088 Suitable synthetic.oils incl for e ple, hydrocarbon thetic
esterg RS, EH BT A T o L CH T A s e
alkamils auctisashpodydabized asfthiivierapoliaetiz echdledi mo;lalml Ialmzrmoés

lyp al lated di ers, alkylated If|d as well
S et e S S e R S
poiyatﬂr:erseof di:apmitgatlsre)dpsnﬁeda’mreodsm;ad[@ﬂ)ﬁ@ﬂesmtatﬂnﬂeydpodmmmbymmgmﬂs
|nclud repared fr m the polym tion of

mdug ?Mﬂeneesrg% GI,", fﬁ%rﬁ&% %r ogiiéj oh SFeC&p i %y%%roca’rbon
poiyaﬁphihhﬁisq)mmieﬂimrEEwsrng carbon monoxide and hydrogen gases such

as in a Fisher Tropsch process. Synthetic lubricating oils also include

alkylene oxide polymers, interpolymers, copolymers and derivatives

thereof wherein the terminal hydroxyl groups have been modified by

CARESEealion. ebaFisateNEISESHestinhydrocarbon oils may include

liquid polymers of alpha olefins having the proper viscosity. Especially
[009asefularge tierdhid r@@ﬂ@d@ﬂdiara’ltkﬂﬁg omars@fyGhetodntanaiphiziotgtns

ﬁ‘zuchhgs 1-decene trimer. lee e, alk%1 s of proper ISCOSI
wsefil o BRSBTS, B e SE 0000 86 AP S RlRalE Deters
carbdmlmmhidaxﬁh@e&lergemgnonocarboxyl|c acids and polycarboxylrc acids,
as mono oIs ono es are 16

000 SRR D S R S EEr TS BHEDER Safatine
detergdintg r&ieeﬂaag:a:te u@ﬂﬂ th eﬂﬂqﬁeEar;rthareeﬁam@ﬂesmée mtatd@rrpﬁ pothydatbof at

alka dgpo nthetic ester. oils include those ma e fr (o}
st B RO SR AT, SIS Qo SRsen PSRy 10 ol Yo
ofth@bjmsn)@aia;eeter (Oil&ﬁl.gibaﬁs tho&e:mela,rﬂﬁﬂedsbyarmoio %ybtpbmsrﬁﬁa:te)le %,

tri-i hate gy 0 su, bIe for use as base of Is Co

ot e L TG e IR O IAG G A B e et st 0
molearadodli{tyldmb(% mole %, at least 96 mole %, at least 97 mole %, at least 98 mole %,
at least 99 mole %, or 100 mole % of the alkyl groups are Cyg or greater. The overbased
metal salt of a carboxylate-containing detergent may also comprise at least 50 mole % of
the amount of detergent, relative to the total amount of detergent present, for example, at
least 60 mole %, at least 65 mole %, at least 70 mole %, at least 75 mole %, at least 80
mole %, at 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 less than 35

mole %, less than 25 mole %, less than 20 mole %, less than 10 mole %, or less than 5
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alkanols can also be used. Blends of mineral oils with synthetic oils are
also useful. [0091] Suitable silicon-based oils include, for example, the
polyakyl-, polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils and silicate
oils. Other synthetic lubricating oils include liquid esters of

molePROSRNKHSTONIRINIAY AGidse POBIMBNE HaHANYOFEBIANS the total amount of
polyalphaolefins, and the like. CARBOXYLATE-CONTAINING

carbxERERRENT806635 80/ aliitaPhs Ve ISt metal salts of
[009@arboxyiatecaanigiiRg detergantsriisefuhindhapraseniriveniien sagdining

include overbased alkaline earth metal salts of carboxylate-containin

detergghts @0 DR SP L BIAR B ARTPTAL BT SHIb RV ULe B se AP Emte

over@RORRISLOfAIRIBo dalRcgRMS AL MaAyrbenvsef rdiecprgseatting an
invention are those_ that comprise the salt of at_least one alkyl-substituted

overing Gy MBANRAC AL BoRIAIR ALIGTRBFEt B RS BE BI85 G o dicy
carb@IPEPsAIEVE2EDI BEealebifariexampaliilieartO-raletfocableasidrid is
mole %, at least 70 mole %, at least 75 mole %, at least 80 mole %, at
compEEq BE G BT SUE HORR PG [ERSFEBFAGIE U STIGASES
Fornfiller®o, at least 97 mole %, at least 98 mole %, at least 99 mole %, or
100 mole % of the alkyl groups are C20 or greater. Thgo%{l r ased metal
salt of a carboxylate-containing detergent may also comprise at least 50
mole % of the &mount of detergent, relative t¢'the total amount of
nt, for example, at leagt 60 mole %, at least 65 mole %, at
Ieﬁtst 75 mole %, a} ’sf’:' ole %, at least 85 mole
104 -or atleast-3b-mole ast 96 mole %, at least
98 mole %, at least 1‘\‘- olg%0, or 100 mole % of the
amount of detefgant, relative to the total amoung.of detergent present.
wheréipe overbased metal salt of a carboxyl.ate-containing detergent may also
.include, for example, less than 50 mole % alk)t/l phenols, relative to the
ot AMieRACEF R ERyEI AR A FoE SR EMBIE R s LT AR Cridte 5 HSes

than 2umalerVih, l8ss shantRémole %, less than 10 mole %, or less than
'i3117 mole %, for example less than 2 mole % of alkyl. phenols, relative to
1

SO PO D B R PB R R B AN G R G SRS P ik PR IS Hom-
presenij@eddrameexamples of uitalle operhagedduetal salt of a

.carboxylate-containing detergents that may be useful in the present

R oA MR PR BTG EPouLe Tt S Eroup

viankaxyldtaseontaiblagdeteigantyisdhepreduct ohirgaciing an overbasing
100987 PP D L O A st oS Ay P st eg Dy pxyaramate,,

detergents may comprise the product of reacting a compound or a mixture of compounds

represented by the structure of Formula (1), wherein the alkyl groups, independently
represented by Ry and R;, may be linear and/or branched alkyl groups of at least 20 carbon
atoms, for example, between 20 to 40 carbon atoms or 20 to 30 carbon atoms, wherein the
alkyl groups may be selected from the group consisting of Cap-Caz, Cap-Cas, Cag-Cag, Cop-
Cso and/or Coap~Csg alkyl and mixtures thereof.

[0096] In one embodiment, the alkyl groups, independently represented by Ry and R,
may be derived, for example, from an oligomer of a normal alpha olefin, for example
ethylene,'propylene or butene. In another embodiment, the alkyl groups may contain a
mixture of linear groups, a mixture of branched groups, or a mixture of linear and

branched groups. Thus, the alkyl group may be a mixture of linear alky! groups selected

18



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) OHOHO O 11
11 J C-O-M-0-0O Rr Rz wherein i) M independently represents an

fromalkalingigastiigieiab for, example. magnesiwng calgivmd Batyc antkyl and
strontium; ii) each carboxylate group independentl ay{be in the ortho,

m
mix iyt ASFeRh ACHSERIGH, XA TR TRT HRIFRRR R Qldisct I8 SIRe Y dERy ey
includtomPeandiihfe andiR 2:eashdngependsniyepresenisia Jnearnand/or, 95
branched alkyl group, wherein at least 50 mole % of the alkyl groups are
molecloe) GrEatbrTT00EH) T SRR eI B b AL R Eap s
disciGasBexykate-containing detergents may comprise the product of reacting a
mpound or a mixture of compounds represented by the structure of
[008 mﬁ)&faﬂaﬁ%@ﬁspél?ﬁffna%w@%s%rmwgpm%sﬁwﬁ%r&ga%f‘élae&m% and
R,, ndiRBudo e hepispacand/aphranehadalkylieaupshelatyeashs aaropaa

. atoms, for example, between 2Q to 40 carbon atoms or 20 to 30_carbon
xR A EFaHPth feaﬁmﬁau TR e 5&@&@%%&@3&%% e

. 1esid0eRIIBIRG0 BRI Tedth3Rtkinihe GPR2H) £30- %30 ARd/A(e2&36! alpha-
erfl S Thes hereel 00el g enboders he sk grouge
Norrf QM I1aR0D QN €508 NG hadp m&%ﬁ@r@g@a@mey ethiyienestroleum under
i SRR LRSS, I ol erbpdment e sl st o
thesduuiLse At fineabanthchranahedigrdueshdhus thealkyligritiparbay berms.
ons S Sl o Sl e e OB
deterfuntures dhenedfe demiedictaxaihplensosnioasnatialphaalefinentibaseay
incl%f%%@%g;ggg Bnga }Lg%sé g&%trg?Lec%)bggggég@%%iﬁgllge3&?%@?5@5?? \lgherein
the detergent comprises at least one alkyl-substituted hydroxyaromatic carboxylic acid
wherein the alkyl groups are Cyp or greater, and at least 50 mole % of the salt of the at
least one alkyl-substituted hydroxyaromatic carboxylic acid 1s included as the structure of
Formula (I}, for example, at least 55 mole %, at least 60 mole %, at least 65 mole %, at
least 75 mole %, at least 80 mole %, at least 85 mole %, at least 90 mole %, at least 92
mole %, at least 94 mole %, at least 95 mole %, at least 96 mole %, at least 97 mole %, at
least 98 mole %, at least 99 mole %, or even where all of the all of the detergent is
represented by the structure of Formula ().

[0098] In one embodiment, the overbased metal salt of a carboxylate-containing
detergents may include those comprising mixtures of detergents represented by the
structure of Formula (I), for example, a mixture of at least 1 or more detergents
represented by the structure of Formula (1), wherein the carboxylate groups of the mixture
of detergents represented by the structure of Formula (I) may be predominately in the para
position, with respect to the hydroxyl 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 groups of the
mixture of detergents represented by the structure of Formula (I) may be in the para

position, with respect to the hydroxyl group.



mole %, 97 mole %, 98 mole %, 99 mole %, or 100 mole % of the type of
alkyl groups discussed above. [0097] In another embodiment, the alkyl
groups, independently represented by Ri and R2, may include those
prepared by alpha olefin cuts, wherein the alkyl groups may be a mixture
[00100pIkgbate upanfocLxpmpitlvhentusddenatkykgraifscarsogtetived droanthg

residye of normal alpha-olefins containing at least 90 mole % C20 o
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bets G L Ao g DGR b B R R i et g egeneraly
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t
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deterjeast Dblndelddbe alrgdst B6snbie Y%y alREGAWcanE)Y0qat 182598 malde,
%, at |leas mole %, or nw all of all of detergent is

S W bRy B bt ke R a8 R,

voluravlrbaskdedetensaibobacaibokylatesahtadingdetéigesisimay mdwde®s or

ess £ hosogsc\g(l%'l\‘;)nr);g%%rry xturgs of getergents represented by the structure of

£ SCAMCht, ‘
ormiula or exam|d°1e, a mixture of at least 1 or more detergents

[00104jre$entedhby dthdsiineturatef frosanulay¢htivheréirethe earbossdatepreparing
oo S S S SRS SRS IeA b o S B s
prepdtingrydoorshgedupe fdrsekarfiplesrab igdat 50%a i heabit GQYht atofepssSF0 8,
e
metalrbthetP aradpasitionkabitm ced pdc toubei et phdngrap. EOHO0100) Shmalkali
metaPXATIRIES QL UIaRIE Queingned Mmeieh 3t aha CarRRVIRE SomaInig
example, carbon dioxide, to produce an alkali metal alkyl-substituted hydroxybenzoate; ¢)
acidifying the alkali metal alkyl-substituted hydroxybenzoate with an aqueous solution of
an acid strong enough to produce an alkyl-substituted hydroxybenzoic acid; and d)
neutralizing or overbasing the alkyl-substituted hydroxyaromatic carboxylic acid. Ina
preferred embodiment overbasing is done by mixing the alkyl-substituted
hydroxyaromatic 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 form the

metal salt of the alkyl-substituted hydroxyaromatic carboxylic acid and at least one metal
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detergents for use in the marine system oil compositions of the present
invention may include, for example, overbased metal salt of a
carboxylate-containing detergents having a TBN of greater than 100, for
example between 100 and 450, between 100 and 400, or between 125
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lime) and at least one amdlc overbasing material (e.g., carbon dioxide and/or boric acid) in
the presence of the at least one metal carboxylic acid salt from step e) and a solvent
selected from the group consisting of aromatic hydrocarbons, aliphatic hydrocarbons,
monoalcohols, and mixtures thereof,

[00103] In another embodiment, the process of preparing an overbased metal salt of a
carboxylate-containing detergent, comprises: a) reacting an alkyl-substituted phenol (or
alkylphenol), as described above, with an alkali metal base to produce an alkali metal
alkyl-substituted phenate; b) carboxylating 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; c) acidifying the alkali metal
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metal salt of the alkyl-substituted hydroxyaromatic carboxylic acid and at
least one metal 20 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
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0.5 wt.% and 33 wt.%, between 0.75 wt.% and 32 wt.%, between 1 wt.% and 31 wt.%,
between 1.25 wt.% and 30 wit.%, between 1.5 wt.% and 29 wt.%, between 1.75 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 wt.%, between 0.1 wi.% and 20 wt.%, between 0.5 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 wt.%, between 0.46 wt.% and 10
wt. %, 1 wt.% and 10 wt.%, between 0.1 wt.% and 5 wt.%, between 0.25 wt.% and 5 wt.%,
between 0.5 wt.% and 5 wt.%, between 1 wt.% and 5 wt.%, between 0.1 wt.% and 15
wt.%, between 0.5 wt.% and 15 wt.%, I wt.% and 15 wt.%, 5 wt.% and 15 wt.%, 10 wt.%

and 15 wt.%, 10 wt.% and 35 wt.%, 10 wt.% and 30 wt.%, 10 wt.% and 25 wt.%, 10 wt.%
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alkylphenol), as described above, with an alkali metal base to produce an
alkali metal alkyl-substituted phenate; b) carboxylating the alkali metal
alkyl-substituted phenate obtained in step a) with an acidic overbasing
material, for example, carbon dioxide, to produce an alkali metal
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[00108] The high number-average molecular weight hydrocarbon group in the
dispersant is generally a polyolefin, such as a polyethylene group, an olefin copolymer
such as an ethylene-propylene copolymer, a polybutene polymer, or a polyisobutene
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® 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 1is less than about 5000 Daltons, preferably less than 3000. Ranges for the



20 wt.%, between 1 wt.% and 20 wt.%, between 2.5 wt.% and 20 wit.%, 5
wt.% and 20 wt.%, 6 wt.% and 20 wt.%, between 0.1 wt.% and 10 wt.%,
between 0.46 wt.% and 10 wt.%, | wt.% and 10 wt.%, between 0.1 wt.%
and 5wt.%, between 0.25 wt.% and 5 wt.%, between 0.5 wt.% and 5
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tal-free IIy containin ‘%carbon hydrogen, nitrogen an
100 NS EofAMIRG ST foORUGT I s of e
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St R R R
includelyisohidend spersant, such as an ashless dispersant that comprises an alkenyl- or
alkyl-succinimide or a derivative thereof, such as a polyalkylene succinimide {preferably,
polyisobutene succinimide).
[00114] In another embodiment of the present invention, the dispersant may include an
alkali metal or mixed alkali metal, alkaline earth metal borate, dispersion of hydrated
alkali metal borate, dispersion of alkaline-earth metal borate, polyamide ashless
dispersant, benzylamine, Mannich type dispersant, phosphorus-containing dispersant, or
combination or mixture thereof. These and other suitable dispersants have been described
in Morier et al., “Chemistry and Technology of Lubricants,” 2nd Edition, London,
Springer, Chapter 3, pages 86-90 (1996); and Leslie R. Rudnick, “Lubricant Additives:
Chemistry and Applications,” New York, Marcel Dekker, 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 a
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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 %
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2000Iinking groups may include succinimide, succinate ester, and phenolic
groups. Commonly the linking group is first attached to the hydrocarbon
[001d8Jupl @043} Bispeisams thatingybaused indhelmapii@syistéin-oitcinimide
composition aof tl%e re inventiop, may be any sui dispersant or,
et RSt T GRS R UG T8 & GOV A o cooud 800, a
least abvino diroent: dfdktenpoese hdinue tionaithet dBp@rsalietisnayoun dRile aricast about
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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.

[00119] In one embodiment, for example, the dispersant may include 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 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. In another embodiment, the dispersant
may include a primarily bis-succinimide reaction product derived from 2300 Mn PIB,
which succinimide in another embodiment is subsequently reacted with ethylene

carbonate.
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[00114] In another embodiment of the present invention, the dispersant
may include an alkali metal or mixed alkali metal, alkaline earth metal
borate, dispersion of hydrated alkali metal borate, dispersion of
alkaline-earth metal borate, polyamide ashless dispersant, benzylamine,
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or alkyl-succinimides, such as alkenyl- or alkyl-succinimides which are after-treated with
boric acid or a boron-containing compound. In another embodiment, the dispersant
comprises alkenyl- or alkyl- succinimide that has not been after- or post-treated.
[00123] Other dispersants which may be employed in the presently claimed invention,
inchude 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
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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. [00119] In one embodiment, for example, the
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embodiments, due to the smaller chlorine content in the lubricating oil
WEX&W%W EQ 122] In another embodiment, the dispersant may

comprise a modified alkenyl- or
[00127] 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 simultancously provide antiwear, extreme pressure, and oxidation
inhibition. For example, the wear inhibitor may be an alkaryl, primary alkyl, or a

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 sludge 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 useful in the marine system oil composition of an
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alkyl-succinimide which is after-treated with a compound selected from a
boric acid, an alcohol, an aldehyde, a ketone, an alkylphenol, a cyclic
carbonate (e.g., ethylene carbonate), an organic acid, a succinamide, a
succinate ester, a succinate ester-amide, pentaerythritol,
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antiomdairie system oil composition (or concentrate) of the present invention
may be at least about 1.0 wt.%, relative to the total weight of the system

ANTOIVCEMROBLIGTR BHORES at least 1.25 wt.%, at least 1.5 wt.%, at least
1.75 wt.%, at least 2.0 wt.%, or even at least 2.5 wt.%. The concentratlon

[001281he Spi-Betn SRS RISISERS NS Witk TR EE s is RaE b fonskitians of
contifRIRABIIHHARAR %ﬁ%eﬁ)%gﬁé?(ﬁtiﬁﬁ\%@é?(ﬂﬁéﬁdw HatmakerRreferally the

at least 12.5 wt.%, at least 1 %, at least 17.5 wt.%, at least 20 wt. %0,

maring TR TeEANPSSHo0: | DaBBP TS IRIIG & isaeivR eBligpdnelideare
phosFHARNIES GLSMPRMNEAETNILIMAYPET, carbamates, esters, and molybdenum

complexes. Especially preferred antiwear compounds are the amine phosphates.

RUST INHIBITORS (ANTI RUST AGENTS)

[00130] Rust inhibitors correct against the corrosion of ferrous metals. Examples 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
nonyl phenyl ether, polyoxyethylene octyl phenyl ether, polyoxyethylene octyl stearyl
ether, polvoxyethylene oleyl ether, polvoxyethylene sorbitol monostearate,
polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;. and (b)

miscellaneous other compounds such as stearic acid and other fatty acids, dicarboxylic
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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
acidsthecpresent jifventioid irancanicuntendifsahs 6fhta30swidbicratativertodhe

total weight of the system oil cqmpaosition, such.as greater than 0.5 wt.%,
carboxyficqact .%St%t‘?gé?%x?\‘/ﬁd}]o‘,coarlcé’%éoatea}“fm%bép%lv?T’f%‘?%\‘?EAR INHIBITORS

[00127] Some additives function to provide many functionalities

DE%%%%&SW. In another embodiment, the wear inhibitors that may be
marine system oil composition of the present invention may

1001 BjudeczindsHiytamdatky| tHithipphosphates {@nDF Ry which cay come into
simultapeou royide antiwear, extreme pressure, and oxidation
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. dithiophosphate. . ANTI-OXIDANTS [00128] Anti oxi ntsrg h
SRl SR s s Ml SRS
poly@gtatipkatiosvibiawidstreced by the formation of sludge 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 useful in the
EXTREME BIESISSUGNC o usitisniif a=INarfbodiment of the present
inyention include phenol type (phenolic) exidation inhibitors ch as... -
00 R o o et s 3 8 e A R SH 0 itions of
high hddbiER6p ks tef thmeyip reesl)rcadehis (Rametyybhbuteis-butitpmerniol system
. 2.2'-methylene-bis(4-methyl-65 tert-butyiphengl), . " :
o e oA (SO e ot e s, sl fuzed alefins, zne
dialkipié(@ictphespbaitylphiert) alk 2t-swetidlenesbis(sndethylpabriipienbilfide,
2,2' isqbutylidene-bis(4.6-dimethylphenol ; .
meth G S DRSS pcrosfipotysilosanc,fead
naphthé&ratietertutnatytett mraitnyiphhe nolit2)é=ci-tdrespbaybst-dthidphestdiates, and sulfur
4-dimethyl-6-tert- butyl-phenol, 2,6-di-tert-I-dimethylamino-p-cresol,
free @8%1'1_%%._4_(““\'._ dimethylaminomethylphenol),
4,4'-thiobis(2-methyl-6-tert-butylphenol), 2,2'-thiobis(4-

\’U‘ﬁ% RS PO IR ANIC FRICTION MODIFIERS
LO bis E‘)ffnﬁltﬁeﬁ -?Bﬁ'y roxy- -tert-lO-butj(/iEenzylg‘i]suﬁlldFe, and _
[001613] 3, Britittentshodylid:hydtospidme phy i persriihmainh edypeyortigdioemployed in
this ii}rlvrc]allrlqllt 1S ﬁ%&!ﬁ%‘?&ﬁ tﬁf“ﬁﬁﬁn&%ﬂ? t&%ﬁ&fﬁ'@@ %%&MSM@%E G may be
phenyl-alpha-naphthylamine, and alkylated-alpha-naphthylamine.
usefiS uifthecoatainmgtoxdationipiibiitor o ind sdbedimess 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
fiiction modifiers include the metallorganic friction modifiers such as sulfurized
oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithioate,
oxymolybdenum monogiyceride, oxymolybdenum diethylate amide, amine molybdenum

complex compound, and sulfur containing molybdenum 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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sulfides and polysulfides, metal dithiocarbamate (e.qg., zinc
dithiocarbamate),.and 15- methylenebis-(dibutyldithiocarbamate).
Phosphorus compounds especially the alkyl phosphites,
sulfur-phosphorus compounds, and copper compounds may also be used
tempasit@etidiidainies AN MMEA R EHIBPFORS {BQIRYY Batisefdhimadentsirine
reduce wear. of maving metallic parts,in conditions of. continugus and
sy L e S S L SRR R R ool i he

polymmahineydystpaivailegrahekitio propaieencbpdiprent of tthenprespreninvemtigmers,

include phosphates and thiophosphates and salts thereof, carbamates,.
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POYIERals! >®empzlq‘éls SF et INRIBItOFS fhat y be Useful in the marne

viscosystenriesilmpmpasitioayoflsmbembatiment of the present invention include
(a) Nonionic polyoxyethylene surface active agents such as

polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether,

POUBBOMAHYEINRESSH/NBIvenyl ether, polyoxyethylene octyl phenyl ether,
oxyethylene,oetyl stearyl ether, polyoxyethylene oleyl ether, . ...
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ont water which may come into act t

copobontamandtivimerExamples of demulsifiers that may be useful in the marine
system oil composition of an embodiment of the present invention include
addition product of alkylphenol and ethylene oxide, polyoxyethylene alkyl

FOAMEXHERI TioRBxyethylene sorbitan ester. EXTREME PRESSURE

ENTS (ER. AGENTS) [00 : r
i e
duringrepstatéoag Emanthis widkpie indebilars thet mabile systenn it comipesitigam oil

com AL TPAAMERLOLIRE R ERGALILYEMNCRIBE AR SY IS H G AT NC

polymers and dimethylsiloxane polymers.

METAL DEACTIVATORS

[060137] Metal deactivators hinder corrosion of metal surfaces, and chelate metai 1ons in
solufion 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
propyienediamine, triazole derivatives, mercaptobenzothiazoles, thiadiazole derivatives,

and mercaptobenzimidazoles.

OTHER METAL DETERGENTS
[00138] 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

alky! or alkenyl phenates, alkyl or alkenyl aromatic sulfonates, calcium sulfonates,
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dialky 1 dithiophosphate (primary alkyl, secondary alkyl, and aryl type),
diphenyl sulfide, methyl trichlorostearate, chlorinated naphthalene,
fluoroalkylpolysiloxane, lead naphthenate, neutralized or partially
neutralized phosphates, dithiophosphates, and sulfur free phosphates.
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system oil composition are those aikylphenols that are 1ntroduced 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 systemn oil composition is free of alkyl phenates.

Marine System Oil Properties

[00141] 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 100 °C, for example, in the range of between 10-18
cSt, 10-13 ¢St, 11-12 ¢St; 9-14 ¢St, 8-15 ¢St, or in the range of between 10-15
cSt:

(b) a SAF 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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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 alkyl
(enethadsylatey pOkNeisAIBE divnathyisihxXanepalpiocts IMERAL of between

oA Sl IR o e A RAEBEREIS SIE: therey
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sulfurized or unsulfurize ‘phenates, alkyl or alkenyl
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carbox ??{( -containing detergent, wherein the detergent comprises a
multi- actant unsulfurized, non-carbonated, non-overbased,
carboxylate containing additive prepared, for example, according to the
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[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 additives.
The marine system o1l additive package or additive concentrate would comprise a greater
wt.% 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
wt.%, between 50 wt.% and 80 wt.%, or between 60 wt.% and 75 wt.%. The concentrate
can then be mixed in with a base oil, and optionally other components, to 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



Application Publication No. 2004/0235686, the contents of which are
incorporated herein by reference in their entirety. [00140] In another
embodiment, the marine system oil composition is free of detergent that
does not contain an overbased metal salt of a carboxylate-containing
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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, CO;
was vacated to allow the reactor to reach atmospheric pressure. At this step, 82 g of CO»

was incorporated to form the alkali metal alkyl hydroxybenzoate.

C) Acidification:

[00146] The alkali metal alkylhydroxybenzoate from step B) was reacted with a 20
molar % excess of a 10% aqueous solution of sulfuric acid to convert it to 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 liter reactor



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; and (h) a
soap content greater than 6 millimoles surfactant/kg system oil
composition (mmol/kg); for example greater than 7 mrnol/kg; 8 mmol/Kkg;
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Overbased.Metal Salt of a Carboxylate-Cqntaining. Detergent. Having a.,
) v R B 43 e b S Ty € gL A et 20
°C toPLibliCationdNbe B&3007Y0027048¢ theentvethafterhick (s’ heredya period of
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was %%g{a@(lgcoaé&%n&%%) (g%!iecgu(?fn%% %a%%/gs placed in a reactor and heated

over a perio en 290 g of an

E) Overbasing:

[00149] Once the temperature of the reactor had cooled to 30 °C, CO; (70.3 g) 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 slurry of methanol (109 g), lime (109 ¢) 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) Predistillation, 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,
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aqueous solution at 45% KOH (2.325 mole) and 0.2 g of a defoamer
called Rhodorsil 47300 (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
wateegbiusertlshQF Ra)iadse00nban 2bsolwes(RatB4dPalubnadelr (HEse) was

onditions, reflux begins and wa intained for. 3 hours,.During this
addeq e SRS Ao L 0T SRR R CRE S BB on:
overi@Qi4faive caabtarcednihiviing theyvalialsmetadalicylplhendle frorumstép) A)
wed to coaql to 140 C. The.reactor was then pressurized wjth CO2
R GRS b e e VS
distilzenditionsdaiod Fomisuls thelendhohihisipetiathC Q2o lvas Sache i 4pto
allow the reactor to reach atmospheric pressure. At this step, 82 g of CO2
remo b (S GHOIEHEE o IR e FCIAT SRy B B e, &
alkylhwidification Q046 Therikali Fsétal alkylhydroxybenzoate from step B)
was reacted with a 20 molar % excess of a 10% aqueous solution of
sulfuric acid to convert it to an alkylhydroxybenzoic acid as follows.

[00147] A mixture of 140 g of wﬁﬁfﬁﬁ t 98% and 1257 g of water in
order to obtain 1397 g of a solution of sulfuric acid diluted at 10% was

roo1Bacedin aRJiigrdagtesi33.and\nealed 49 Al Luies Agialion®E 2R8ntion
rpm; the alkyhydroxybenzoate from step B) and xgél;ene (1500 Eg) were

and tpydpraenstaicalserbasrsn hmmerés IndylerEmicnsddntihsirasaReparagsisn by
way JNBURRRIBH WA healRdR.Ard MARRINRL LB G &p Gdel2nhouss Withw

~ continued agitation at 250 rpm. At the end of this period, agitation was
n anytygped; but the reactor was maintained at 60 C to 65 C for 2 hours to

[0018H9W HNRIRARSRIERPHAURR:IR QLW HHRRE PPARG SRR 3HiaRyBg lower

aqueous phase which contains water and potassium sulfate was
compgstirred! thReisspYBYSarRE phaseBaRtdinmy TR LARBFS ERESIE metal
salt RAUERNGNURNEMER: P UREIRL BT Thefelawinesiematie sseraeptration

of alkylhydroxybenzoic acid was determined as an equivalent number of

compAHtgRIROPIANENE 6 YerBIRAE T srHal AsliNidsestpiaing eigrgents. The

oil cAIBHRBASINAS TMIRESHusR) NeubRizatian 2 {00448k e BPAREOIANCE?
~ phase (3045 gga_contalrjln the alkylhydroxybenzaoic acid . from s}ﬁ%? C)
Disperinfralhe, %f&fgstﬁér@ew@) Qriguded bRt Cagitation Tty 4nd the

Modi@&fiaktitute of Petroleum 48 (MIP-48) Test.

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

BASE OILS

GROUPI:

[00155] ExxenMobil CORE® 600N: Group I-based lubricating oil was ExxonMobil
CORE® 600N basestock, available from ExxonMobil (Irving, TX).

[00156] ExxonMobil CORE® 150N: Group I-based lubricating oil was ExxonMobil
CORE" 150N basestock, available from ExxonMobil (Irving, TX).

OVERBASED DETERGENTS

OVERBASED CARBOXYLATE-CONTAINING DETERGENTS

[00157] Carboxylate 156: An oil additive concentrate of an overbased calcium
alkythydroxybenzoate defergent having a TBN of 150, comprising a calcium salt of an
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over a 10 minute period. Then a slurry of methanol (573 g), lime (573 g)

. and xylene (735 g) was introduced. Due to the exothermic reaction,
temperature increased from about 20 C to 28 C. Once the slurry was
added, the reactor was heated to 40 C over a period of 30 minutes and a

alkylmisttiteted fordeas asidAdi4. ﬁﬁ(b)rzréméim &(ﬁiaﬂéﬂeﬂr@ﬁm&ma&ﬂvhﬂbﬂmdn allkyl-
0 react wi h the con tents.in the reactqr. drier)r dfc% alk

subs%%%%@%’@%ac W lsmxé/o 8856 %1 Gvér aeaperlo Minu es
grou@uwmgmx{émr@ﬂd@hméeﬁhegtamﬂmmgamuhémam&ﬁ ﬁadptremeﬁito 30

accor% n%nu%hﬂ):gt dwcﬁegcglrg[r d Int})e?e 8%%) t} flo gu% catro

e over a period o B minutes then was "ntrodaced
2007808 Te, mteenﬁﬂa@bQMhmhtes heetba penqo:buﬁ&eﬁ)ﬁymaﬁutﬁs;e A slurry of

[001 th%ﬁarlia gﬁg%ﬁ 091 gbgggfe)gcl)%ggngré?%) R a%ase ca]cr m

itiona Was a OVEer a perio 79 Hinutes At a flow
alkylhgt&@&heﬁz@mﬁdm%eﬁhhwm(fmweiﬁéﬁi@anmmﬂsa@cakalme;ﬂarthan

tal a benzoate, Th erc tage of crude dlm tl
R G S e
sub sti%:)t@déﬂzrdatd}qmmnmmwmfhgmym aaddfvﬁmainmstdbatléﬂ mf@mwﬂme ahixdure
ont ed Wlthln the 8i)ggiﬁrcté)rwas aken |ns rature
cte

groups are e@ﬁ%rsg}@%rl ént Co taﬁ? i1 ared

OVEr aperio minuté hrs guire
accmthnga\betﬁern&ﬂhmiai;fssﬂbmmr&mtmlpdrnﬁhJ%fPtdttem)A@rphc@mmd’ﬂBBo@ﬁon No.

2007/83/GA° hﬁﬁ_ﬁq”uﬁ]t 13 g (:71;5 921&:1‘81? ?rgz% dﬁrtgar:‘]rre% Sr%geli:n gat was then

measuré oun o crude sedimen e over asedealkalrne earth
metal alkylhydroxybenzoate was very low (1.2 volume%). [00151] The

ent and then
OVEEQ ﬁi%%i% muﬁéﬁsd under vaié%:j:# %‘:@éﬁgm absolute
[001 MXMII@ﬂpte Iﬁéﬂm ové mnmma:uiﬂrygixyibﬂm@tmemmh@@mwb@édoﬁ
alkaline tal_al benz ate ha T 0
i B B B e e AlE Lo S B Bl e terocnt
havmgmﬁ"(ﬂiﬁmé ntglot thepimsieptioral@nch teld eﬁmﬁm@r@ iﬁ@&k&t@mag@sn the

ceter A e R Bl
95 malwyimeihenlfydEE8iF andinofistratd thedstprgrior cpvertfmmdmé 6fthes Ca.
[Oﬂﬁg?ﬂrin§a§%§ftﬁ% Qg@: A commercially available, low molecular weight, oil
additive concentrate of an overbased calcium salt of a salicylate-containing detergent
having a TBN of 280, comprising a calcium salt of a Cy4-C,g 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

[00161] ZnDTP (a): Oil additive concentrate of a primary ZnDTP derived from C4/Cs
alcohols.

[00162] ZnDTP (b): Oil additive concentrate of secondary ZnD1?P derived from a
mixture of C; and Cg alcohols.

[00163] ZnDTP (c): Oil additive concentrate of primary ZnDTP derived from a
mixture of C4 and Csg alcohols.

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

hexanol.
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compositions of the present invention, 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
Dlsﬁgéerﬁgn Test, the Differential Scanning Calorimetry (DSC) Oxidation
Aé\ the Modified Institute of Petroleum 48 (MIP-48) Test. [00154]
[00188F fol bivisgecoriipriselitpanaie dsed:thitbe XHDIIBS segbtiead driow:
HPAmows GROUP I: [00155] ExxonMobil CORE(r) 600N: Group I-based
icating oil was ExxonMobil CORE(r) 600N basestock, available from
ExxonMob|I (Irvmg, TX). [00156] ExxonMobil CORE(r)150N: Group
ased.u iIng.oil was ExxonMobil CORE(r) 150N basestock,
: ~HofrrExxonMobil (Irving, TX). OVERBASED DETERGENTS
[001 66] ER%SEB@A%@M&&E&E%&&NM@ WEd RGN ﬁStl[xO&lﬁﬁk
Over tﬁj(i(%late ]ISOTﬁnC%l a%cljllgl)klg CO({I gglr(l)ggigesﬁ%]; ap OV%’F}b g ga%? 6 mar'me
a?k %y%enzoate &ne?ergent aving'a ot 15d! c%mpr ]
systegaldlwrngaitofoan a%sﬁtl@lﬁskulnsmhted H}&dr@@/ﬁemmcihb@bmmmemnshéfhe
er ent was derlved from an alk bst omati . .
e e s e e S R
was Igeeamntﬁfm tHeldetBrgendeGatatnsrd osibb\8hivt SocCaspieioanadnt was used
for t acco,{rdln tthe method described in Example 3 of US Patent Application
hﬁu%sl n2007/0027043 the entirety of which is hereby
mcorporated by reference [00158] Carboxylate 350: An oil additive
| yhenzoate detergent
: NFOT3 ' MM i k&e alkyl-substituted
[001 B?Ei roiﬁbéeﬂmamdmchf\ﬂhmnpiherﬂetmgmemmi dernredifram, atvagkylith the
ubstitut tic box I|c aC|d rei at Ie t90 mole % of
SRR e U R e e P
are swﬁéﬁlﬁa Wp&eﬂeﬂdﬁntdta@do%améhﬁ%@tﬁbm@mﬁ&ample 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, oll




additive concentrate of an overbased calcium salt of a
salicylate-containing detergent having a TBN of 170, comprising a
calcium salt of a Cu4-Ci8 salicylate, wherein the detergent was derived
from an alkyl-substituted hydroxybenzoic acid wherein greater than 95
TABDBle Yovaithentikgh@vEps o CIINTRE ST ¢heSietergent contains about
6 wt. % Ca. [00160] Salicylate 280: A commercially available, low
molecular weight, oil addijve vriieenEpeef @i ovprbages cakidtonsaiiof
a salicylate-containing det rgﬁnﬁ aiting & (NGO P80 epmRIsH Y dwt. %)
‘calcium saltjorg ] e dktergent was derived
from an alk -su@@tﬂ%d h droxybeggmgzamd whe e|n greatgsg thg@ 95

M&E\@Hﬁn &ﬁ?@@%ﬂtﬁip |mary ZnDTP derlved frm C4/C5 alcohols
[00162] znOTP @9REXadditive coAcenttété of secéndary ZhDTPZXerived
from a_mixtfire of @4Nand €6 alcohols. [00163] ZnDTP (c): Oil additive
concentrate of primary ZnTP derived from a mixture of C4 and C8
aIcoh@I%’;E[BMEnDTP (¢1): Oil additive concentrdte of prlma ZnDTP
derivpgtirpmc2eatnd  hexaol. 36 PASPHIESRNT [do165](Ree Tabie 3)

bis-succinimide dispersantderived from 1000MW golybutene and

HPA/DETA .ll' ) ANST&TT[00166] TWo Sgmplée marlbw%system
oil composit} ns \I\IPI’P prepared with varying Qverljased dptpmpnfq The

Aafneegnty anﬂmfﬁbﬂﬂts jor preparifig She samplg marine system oil

cop@sitionk a forth |0 Table 2;Jyigrine Systejn Oif Compositions.
The TBN o %ﬁ?{ﬂ nositions \Wwa l_.lfn-l_
Finished oil Jis@o®®P (ias aintained #611-12 cSt|

which overbased detergent was used for the test do mposmon
EXAMRUESXI®MND CON
Kégmtgt@i ﬂﬁ@@aﬁﬂmﬁﬂhrlr

these&ﬁmﬂ'ﬂﬂs 025
(2,6-di-tert-butyl phenol) h '
Demulsifier/Rust Inhibitor 0.05 0.05

Dispersant 0.08 -

Foam Inhibitor

(dimethylsiloxane polymers) 0.003 -

PROPERTIES OF MARINE SYSTEM OIL COMPOSITIONS

TBN (mg KOH/g)
(ASTM D2896)

Viscosity

(cSt at 100 °C) t-12 H-12
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are set forth in Table 3: Test Results for Marine System Oil Compositions.
37 TABLE 2: MARINE SYSTEM OIL COMPOSITIONS Marine System Oil
Marine System Oil Composition | (wt.%) Composition Il (wt.%)
ExxonMobil CORE(r) 83 - 92 83 - 92 Group | 600N BASE OIL
ExxonMobil CORE(r) 3.5-12.0 3.5-12.0 150N OVERBASED
DETERGENTS (See Table 3) (See Table 3) ZnDTP (a) -- 0.25 Anti-Wear

ZnDT P-{8)-0-3+8——prgert-ZrbDFP-(e)8-0-fZrBH-te)-8-68—Anti-Oxidant
I - -
0.11 -} (alg Iaﬁeglr\,{‘ henylamine) Anti-Oxidant{0.25 (2,6-di-tert-butyl
- -
phend| 2 @sgflgr/thst IEhibitgr 0.05 0.0%: Dispérsant Q04 -- Foam
e I EE _
Inhibitor G403 & EiniéthyISil hefs) PROPERTIES| OF MARINE
SYS COMPROSIFHO KO g)y-B-5--(ASTM D2896)
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BLACK SLUDGE DEPOSIT (BSD) TEST

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

[0C169] A sample of a marine system oil 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 a metal test strip, which 1s controlled at test temperature (200
°C) for a period of fime (12 hours). The test oil-fuel mixture 1s recycled into the sample
vessel. After the test, the test strip is cooled 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.

[00171] The fresh sample consists of a mixture of a majority of fresh marine system oil,
heavy fuel oil, and carbon black. The aged sampie consists of a mixture of fresh marine
system oil and heavy fuel oil which 1s aged by heating at elevated temperature under
oxidizing conditions. Carbon black is added to the aged samiple after the aging step.
[00172] Both 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. After development, the drops form a small, dark
circular shudge area surrounded by a light oil area. 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 different

treatments.
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GGU Oa"a'vVOyO'y WN..(~Om Ny.DvNaOV M~JH ~(O
OOUUU 39 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
MODREETRI2 ANSERTT BOdEPE] BfOLBRACHHS (0/HRUES) d@ﬁiﬁits on a test strip,

[004 ?%Japm}”ni%ﬁ?x'dauvr% tt er?c%l stra%n sta%&tg;rgz{%ztl'ilﬁs XL %e? o4 %aseg VlSCOSlt

ricant Sample ©of a marine system oil composition was mi k&
increm&lmﬁls@hmﬁcam(ﬂmtteﬁt mrmre&ﬂﬂnﬂrﬁzélﬁaﬁfmnm%stzmmmaé)ﬂﬂn@ both

m i ed duri est as a fllmo e a etal test
pacts G R bR St g Ty W el e
test, zﬁﬂtﬁ)gmurs):aﬁeel thm@hmhbmdtu@m@eyfoiem htoarthersamplealiessaling the

After the test stri ole an Pﬁe she d ied. Th est
o0 D N R Al e RO 10 S T he e
samptmmngenmd)hmbah@Iﬁt@ms@mtma)%t}r@shaqﬂememjéctwihedchﬁthN

tofth teSt Iate PHAL'EENE Ié)lePE SION TE(?I 017(91i
t 01l cause are dete nd

dep] R at VISCOS] mcxi ase oxz 10&
est eva U I Yy O marine syste eep aspna enlc

correated foat%ﬁmmahsffne(te”m“hlswhsb@meﬁdaydwsm inthensispesion ofioile

and.black m tter on f|| er r, Di ions, are measured on. bot
syt o LN AR AL PR B R ¢ for
the nmgamfa]mtemaari@ibcfm@ﬂﬂd]ﬁh@tﬁasmsamm&@@r?ﬁs&sr(blﬁaambiumof a

samp?"aiadté{n‘?f fres&&%@&a RO udt? liifl%'n%{ 1 AN GRIRON DR Fiine

samp on5|s a mixture o res marine
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. Heat flow to and from test oil in a sample cup is
compared to a reference cup during the test. The Oxidation Onset Temperature is the
temperature at which the oxidation of the test oil starts. The Oxidation Induction Time is
the time at which the oxidation of the test oil starts. The oxidation reaction results in an
exothermic reaction which is clearly shown by the heat flow. The Oxidation Induction

Time is calculated to evaluate the thin film oxidation stability of the test oil.

[00175] All publications and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated by
reference.

f00176] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. It is intended that the following claims define the scope
of the invention and that methods and structures within the scope of these claims and their

equivalents be covered thereby.
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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] Both fresh and aged oil
samples are then subjected to three different heat treatments, both with

What fdileaytwater addition, making a total of six different treatments. A

L.

()

drop of treated sample is then placed on a piece of filter paper and

devgleprdinem i@]ﬂ;@bg{p@sﬁ%ﬂ,&hg@%iﬁ@er development, the drops form
a small, dark circular slydge area surrounded by a Iiggr;;[ oil area. The
o

dianfete?t 431 ThaBaueh <h ige OHrebl BrsaiRa ST BR d e ratio of the

oil. siydgegiametRimcsiculatedx flae testesiisiare gepeiegas X he salt of at
which is the sum of the ratjo of qil:sludge diameters from the six different

treatmel & A MEBIEHEH ST e PE PR e RBPRUNF 481 (NiTerazsyl by the

TEST [QRd43k thispastpeastirestha.dearesefistability against
oxidation-based viscosity jncrease.of the lubricant. The testhcﬁ:]ons,ists,ofa

thermal and arfOXRFAVE Fent BUOFRETOMRY GNP e e xigacid, wherein
samples are haategfan anpesadugikimekyh dhaithienmat parkal the: 4Bst-

nitrogen is passed through a heated oil sample for 24 hours and in parallel
during the oxidSRVE P& BHIRE YER IS HROEE CtﬁFé‘E@’F?;We%{tg%?%}ﬁr? and

sample for 24 heEs. The two samples were then cooled, and the
viscosities of the samples were determined. The BN depletion and
viscosity increase of the test oil caused by oxidation are determined and

COresigthfosyiierhsitraahgtdaiom bechxidatjarmbase thyisqosityhinerease dae

each marine system oil composition was calculated by subtracting the
A Rbhy SR SR SRR BV SR RO e
kinemaéa viseosittiaisAQ0conipoting airdipucsample fanblaibiging the
subtractipn product by the kinematic viscosit 2Q0 C for the, nitrogen .
O TIPS AR A SRR (S ES T
[e8bo4)Thisi@st is used to evaluate thin film oxidation stability of test oils,
in accordance with ASTM D-6186. Heat flow to and from test oil in a
sample cup is compared to a reference cup during the test. The Oxidation

Ohsahditmepesaioreiiscthepdeiipe rdleidmtl Wivielrdhe laxidation dlithertestitains:
oil starets. The Oxid%tion Induction Time is the time at which the oxidation

of th%t '8%?‘&?%'[%1?? PPHEESKEREOR Feaction results in an exothermic
reaptiondehichvisrblgad ydhofivtheby theshaat dlawl-siietBxiddiatrdrdirotignic

Time is ?alculgted to evaluate the thin film oxidation stability of the test oil.
carpoxyilc acia.

The marine system oil composition of claim 2, wherein the base and the further base

are the same.

The marine system oil composition of claim I, wherein the system oil composition

has a TBN in the range of between 3.5 to 20.

The marine system o1l composition of claim 1, wherein the base oil comprises a group

I and/or group I base oil.
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10.

il

12.

13.

14.

15.

16.

[00175] All publications and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if
each individual publication or patent application was specifically and
individually indicated to be incorporated by reference. [00176] While
preferiache Rkpdingrisghiispresamninveniiasihaiecheeryshiewmmantng
described. herein, it will be obvious to those skilled.in the art that such
eHISBRARhETRECSFEL BRI By e Bt B Ay 1 hte b A e
falleratingictaimm define the scope of the invention and that methods and
structures within the scope of these claims and their equivalents be
covered thereby. 41 What is claimed is: 1. A marine system oil
cOmpuomitiorsy siom prisingpajitomajoiamounwbefeinbs eabibbihieibiricatirmge alkyl-
ViSQHY: ARG MIRGE AR RE asRIbRxYIRtGHontaining detergent
comprising the salt of at least one alkyl-substituted hydroxyaromatic
carboxylic acid prepared by the process comprising reacting a mixture

CoRdainping & atieaatenpaadrsshstimtedhudaxyr eimais aarkexylising
acid, wherein at least 50 mole % of the alkyl groups on the at least one

A b S AR PR B R FOBRMN & ERICEE"E 20 or greater; and

i) a base. 2. The marine system oil composition of claim 1, wherein the
saltof iheatsast ane, lloksubsiiied hydioxyarpmialis carhigalp acid

is further reacted with: at least one overbasing compound n the presence
ofixalforrslaerrhases ad prpNide idnsovertiab eeb saltiofl thalwtidmsroneacid.
alkyl-substituted hydroxyaromatic carboxylic acid. 3. The marine system

oil composition of claim 1, wherein the mixture further contains: at least

ohls BVEHIASTSEBaH setrastPpriviteah SeBEsbE SHletr tHenRositon has a

apg kvl stittad nyslraxyarematic carboxylic acid. 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
thdsysien gikeenypasitipnsition of claim 1, wherein the carboxylate-containing

detergent has a TBN in the range of between 100 to 450.
The marine system oil composition of claim 1, wherein the base is a metal base.

The marine system oil composition of claim 13, wherein the metal is an alkaline carth

metal.

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

calcium.

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

overbasing compound is carbon dioxide.



17.

18.

19.

20.

21.

22.

23.

has a TBN in the range of between 3.5 to 20. 6. The marine system oil
composition of claim 1, wherein the base oil comprises a group | and/or
group Il base oil. 42 7. The marine system oil composition of claim 1,
wherein the carboxylate-containing detergent is present in amount of less
thawe by siefathie donthestatal wRighiof, thacRIEEM REOBRASHIRbes
The marine system oil composition of claim 1, wherein the salt of the at
IEASBR YK SEbstituted hydroxyaromatic carboxylic acid is not
overbased. 9. The marine system oil composition of claim 1, wherein the
carboxylate-containing detergent is a non-overbased .
czbmﬁafa%mﬁfﬁ@oa@@ﬁ&%. ‘o Pe Pt tE L BB TicE S fUSitBh
chwelab¥ide whatein 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
COhéankigreatetdhos |G snmekidnlad cliie maknersystiem il cranesdiensk
claim 1, wherein the carboxylate-containing detergent has a TBN.in the
A SR RO A A P R A Sy BT ColBeRidB St
claipdsivinerein 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 claim 14, wherein the alkaline earth
Metahiariealoimn 0l ddigpnatine syem Dibcaapositici e 2afased salt
claim 3, wherein t t least one .overbasing compaund js carbon dioxide.
20 T R Gy G IR I S O R 8 i i0F
haseteoadptisagcaalaitin fydpoxidenl8. The marine system oil
composition of claim 17, wherein the source of calcium hydroxide is lime.
19. The marine system oil composition of claim 1, wherein the salt of the
dr'heashonesatonh silbsied thydsdxydromatiegaithoxylic acid is the sole
dete{)ge{};[elgx}gr%agi%rgn 81%'{3'81?1&(1 comprises carbon dioxide; and

11) the base comprises calcium hydroxide;
to provide an overbased calcium salt of the at least one alkyl-substituted

hydroxyaromatic carboxylic acid.

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 salt of the at least one alkyl-substituted

hydroxyaromatic carboxylic acid.

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

carboxylate-containing detergent.

44



24.

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
CAMRALAE SRR taslendiovidecARlcdbtNease cRRRHeeSEaIGI W ss-
hydroxide; to provide an overbased calcium salt of the at least one
lmpdngdisdehorroey SPREDEARIRTIE ReEramerkihiimeraystymem
oficempasiion of slaim B, 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
alkyhsubatipieskihy drayyao MG CHRDVPE ATk, 2SmPriAl M S esPeiler:
additive concentrate, comprising. greater than 35 wt.% of a
carbBkyTHICE ARMAL A StBRSE Ai 2hIBA SR IRERSASHEr80ling lubrication
of a praBkaage i Vr SRLEELIWARLQKRGIasS I AeAR MakRBriRSahe salt of at

engine, comprising qperating the engine with the marine system oill

composifith Srchi Tubseh dvS brmEIaHE ek &yidanreared by the

composgiersse@RRHE NI MbsNth g athekire abatmaes; amount of a base oil
of Iubricatigé; vis%)sity; and b{ a minor amouynt of a carhoxylate-containin

detergent compriShi e LhifloRrtBLE? BY T RRprenplncrERpxylic acid, Wherein

hydroxyaromati¢ieasbsxyhislagidopipared Bycie qf seess|campiising1-
reacting a mixture containing; i) at least one alkyl-substituted
hydroxyaromafiteSHFBIR Ry A Rh- 5P a3 be 561 haie 9% oF @ik Rnd
groups on tig abieast one alkyl- substituted hydroxyaromatic carboxylic
acid are C20 or greater; and ii) a base. 45



