LUBRICATING OIL COMPOSITION AND METHOD FOR USE WITH
LOW SULFUR MARINE RESIDUAL FUEL FIELD OF THE INVENTION
10001] This invention relates to lubricating oil compositions and methods
for lubricating a trunk piston engine, and more specifically relates to
compositions and methods for lubricating trunk plston engines operating
on lowIsuBRRARMRGAIHRPHED BRERCGROUVEY 1600 2PBdéalise of
the complex demandsiorduunkpisipoRubncativmekcompositions in
lubricating all regions of trunk piston engines, much effort has been made

to develop lubricating oil compositions that perform well with conventional
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{0003} Some atiempts have been made, therefore, to produce a lubricating oil compasition

for use with fuels with specified sulfur content. For example, EP 1486556 is directed to a
methed for lubricating crosshead marine diesel engines that operates on a fuel having a
sulfur content of less than 1.3%, using a cylinder lubricant composition that comprises a
detergent complex. Moreover, EP 1790710 is directed 10 a method for operating a marine
engine by lubricating the engine with a single cylinder lubricant that comprises an
overbased metal detergent. Moreover, W(0/2006064138 is directed to a method for
gperating a marine four-stroke engine operating on fuels of varying sulfur content, which
comprises lubricating the engine with a lubricating oil composition that contains a
detergent.

|6006] A need still remains, however, for improved lubricating oil composition for use in

fow sulfur marine residual fuels that achieve optimum performance,



BRIEF SUMMARY OF THE INVENTION 10007] In one aspect, the
present invention relates to a trunk piston engine lubricating oil
composition, comprising a major amount of a Group | base oil and/or a
Group Il base oil; and at least one salt of an alkyl-substituted
hydroxybenzoic acid, wherein at least 90% of the alkyl groups are C20 or
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wherein at least 90% of the alkyl groups are C20 or greater. 10009] In
sogRathBIEASARLICTRE BY8Rent invention relates to a method for lubricating a
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invention relates to a method for minimizing deposit formation in a trunk
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Generally, ea%\ of these embodiments can be used in various and
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" embodiments unless otherwise stated herein.

DETAILED DESCRIPTION OF THE INVENTION

10612} To facilitate the understanding of the subject matter disciosed herein, a number of
terms, abbreviations or other shorthand as useci herein are defined below. Any term,
abbreviation or shorthand not defined is understood to have the ordinary meaning used by
a skilled artisan contemporaneous with the submission of this application.

[0013] “A major amount” of an oil of Jubricating viscosity refers 10 a concentration of the
oil within the lubricating oi! composition of at least about 40 wi.%. In some

embodiments, “a major amount” of an oil of lubricating viscosity refers to a concentration
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embodiments, "a major amount" of an oil of lubricating viscosity refers to a
concentration 2 of the oil within the lubricating oil composition of at least
about 50 wt.%, at least about 60 wt%, at least about 70 wt,%, at least
about 80 wt%, or at least about 90 wt.%. 100141 A "low sulfur” fuel refers
to a fuel having 1.5 wt.% or less of sulfur, such as fuels having 1.4 wt.%
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total weight of the fuel. 100151 A "high sulfur" f}uel refers to a fuel having
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19 or’less. 100181 In the following description, all numbers
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y 1 percent, 2 petcent, 5 pe r, spmetimes, 1Q to ercent.
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FRkt; fie disciagedarianyualsi Ber dailings withinthercangeisrspddificatiyn their
e(;liit%geltosed. In particular, the following numbers within the range are
spec%ically disclosed: R=RL+k*(RU-RL), wherein k is a variable ranging
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percent, 52 percent,..., 95 percent, 96 percent, 97 percent, 98 percent, 99

Pefe&nt, or 100 percent. Moreover, any numerical range defined by two R
Bonthénsiasidéefimed ivsheabovd isalsosspecifialljerein are approximate vaiues,

regardless whether the word “about™ or “approximate” is used in connection therewith.
They may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent.
Whenever a numerical range with a lower limit, RL, and an upper limit, R, is disciosed,
any number falling within the range is specifically disclosed. In particular, the following
numbers within the range are specificaily disclosed: R=RL+k*(RU-RL), whereink isa
variable ranging from 1 percent to 100 percent with a | percent increment, .e., kis |
percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 31 percent, 52 percent,...,
.95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any
numerical range defined by two R numbers as defined in the above is also specifically
disclosed.

{6019] The lubricating oil compositions, trunk piston engine lubricating oil compositions,
and trunk piston engine oils (TPEQ) described herein (collectively “lubricating oil

compositions”) can be used for lubricating any trunk piston engine, marine trunk piston -

-
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disclosed. 100191 The lubricating oil compositions, trunk piston engine
lubricating oil compositions, and trunk piston engine oils (TPEO)
described herein (collectively "lubricating oil compositions") can be used
for lubricating any trunk piston engine, marine trunk piston 3 engine, or
compression-ignited (diesel) marine engine, such as a 4-stroke trunk
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about 500% less black sludge. when mixed (such as in an engine) with a low sulfur marine
residual fuel, when compared to a lubricating oil composition having no detergent other
than a conventonal salicylate-based detergent. Reductions in black siudge formatien can
be measured in any suitable manner, preferably via a Black Sludge Deposit (BSD) Test
(such as is in the Test Methods).

1002%] In other aspects, some preferred lubricating oil compositions are viscosity-
stabilized trunk piston engine lubricating oil compositions. In a preferred embodiment,
the lubricating oif compositions have a‘illeast about 5%, at least about 10% less, at least
about 25%, at ieast about 50%, at least about 100%, at least about 200%, at least about

300%, or even at least about 300% less oxidation-based viscosity increase, when

compared to a lubricating oil composition having no detergent other than a conventional

4



(such as is in the Test Methods), 100211 In other aspects, some preferred
lubricating oil compositions are viscosity- stabilized trunk piston engine
lubricating oil compositions. In a preferred embodiment, the lubricating oil
compositions have at least about 5%, at least about 10% less, at least
about 25%, at least about 50%, at least about 100%, at least about 200%,
salanlaesbatsslic8U0%, 61 BodisariEEtEpBbR BT (883 6RFFAIBRIbased
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|62 2THERebiubticatinbroilesiipos o s tai h e ansE toralisasEehitse s

(TRN) dhatis; suilablefar 4sein i RIster GATBIRS.FRSEXAMDIBeIN
some embodiments, the lubricating. oil compositions have a TBN of at

(S f
A R S RRSIESEE AB6 G 18N AY [HaStS N 26, AtTRN SO 35 oAt
abeastahow30; Rtlerstabaut85ydleastabobti405 att kast aghouD5Q, st
even at least ahout 60. In other embodiments, the,lubricating oil.
e s el S dh SRR MR ess
ctamvabout BocledE tHass Bisoabyo, |83 ¢rrahabtenbel). a8 drarnbb g 5ess

uahlessuthan ahauiA.Jn eihessembadimensSythadubiicaling il 1n other

compositions have a TBN. in the range from about 12 to about 70, such
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viscosity that is suitable for use in a
by ASTM D2896.

10023} The lubricating oil composition can have any viscosity that is suitable for use in a
trunk pisten engine. In one preferred embodiment, the lubricating oil composition has a
viscosity of at least about 3, at least about 10, at least about {5, or at least about 20 ¢St at
100°C. In another embodiment, the lubricating oil composition has a viscosity of about
5.6 21,9 ¢St at 100°C, such as about 5.6 - 9.3, about 9.3 - 12,5, about 12.5~ 163, or
about 16.3 = 21.9 ¢St at 100°C. The viscosity of the hubricating oil composition can be
measured using any suitable method, such as the method of ASTM D2270,

[0024] The lubricaiing oil compositions disclosed herein can be prepared by any method
known to a person of ordinary skiil in the art for making lubricating oils. In some
embodiments, onée or more oils of lubricating viscosity can be blended or mixed with one

or more detergents. Optionaily, one or more other additives (such as one or more
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trunk piston engine. in one preferred embodiment, the lubricating oil
composition has a viscosity of at least about 5, at least about 10, at least
about 15, or at least about 20 cSt at 100C. In another embodiment, the
lubricating oil composition has a viscosity of about 5.6 - 21.9 ¢St at 100C,
such as about 5.6 9.3, about 9.3 -12.5, about 12.5 - 16.3, or about 16.3 -
Gi gk Q60E@tH00G iThi viscsity afdbe hubricating ol carvpeditdn Tandae or
measured using any suitable method, such.as the met of .
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compositions described herein. In one preferred embodiment, a method is provided for
operating a trunk piston engine, comprising fueling the trunk piston engine with a low
sulfur marine residual fuel, and fubricating the trunk piston engine with any of the
lubricating oil compositions described herein. In another embodiment, a method is
provided for increasing or enhancing the viscosity-stabilizing, black sludge-minimizing,
low deposit-forming, deposition-reducing, deposit-minimizing, oxidative thermal strain-
stabilizing, heat-stabilizing, detergency-stabilizing at eievated temperatures characteristics
or properties of a lubricating oii composition for use in a trunk piston engine. In another
preferred embodiment, a method is provided for reducing deposit (such as black siudge)
formation in a Trunk Piston engine operating on a jow sulfur marine residuai fuel,
comprising lubricating the engine with any of the Jubricating oil compositions described

herein. it is preferred, in some embodiments of these methods, for minimal, low, or no
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fuel, comprising lubricating the trunk piston engine with any of the
lubricating oil compositions described herein. In one preferred
embodiment, a method is provided for operating a trunk piston engine,
comprising fueling the trunk piston engine with a low sulfur marine
residual fuel, and lubricating the trunk piston engine with any of the
pilRrigatingQicamnesitions drscibed hergins iR AnRther SHROFIMEAL @ston
method'is provided for increasing.or enhancing the viscosity-stabilizing,
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iack shdas formation (s.0., asphaliens. ar.oficr depositon) i saids
engine or tru K piston engine (such as 5urlng USE of operation of the
ernyine UsiHgrRastoneBedta f iy ital vesitussl ofuicrslieh @stin diffepentirunk piston
JEMPELALILa SROIONS: (8:8nCR0HNS aaleties of the.Ristans,efathet £OQINGh.

regions) of the engine or trunk piston engine, such as a region having a

R8P EFATTE BFEBGTEEODE 67 1655 a0t 3860 ot fods, GO IEHE ot least
1058, ahout R40Ghar: lews, abeut 220300 lessahaut A00E, o less, abeut 6%,
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MRS ENgine A unK RisioR.phgine (such as during use or operation of the
engine or trunk piston engine using a low sulfur marine residual fuel (such
as in lower temperature regions of the engine or trunk piston engine) is
Jeguceddy atleastabeubib%matdadst about 10%, at least about 15%, at

535} 3024120%, 3t sast oyt 0%. & least ahout 4096 ateast about,
{ b Al IEast Abott 6095 At least about 70%. at [east abotit B0 oraven™
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Soap Content of Lubricatin_Oil Comnosition [00281 The Iubri‘catin? oi
COMRPoSHiBF AR HAVR SIS Bhaliis 'S ORI S 8 aPRtGs 2 Tow soap

content or a medium soap content. In another embodiment, the lubricating oil composition

comprises a low soap content. In another embodiment, the lubricating oil composition
comprises a mediam soap content. In et another embodiment, the lubricating o1l
composition comprises a high soap content,

[0629] The “soap” conient of a lubricating oil composition refers to the concentration of
surfactant that is contributed to the formulation by one or more detergents within the
composition. A “low soap” formulation refers to a lubricating oil composition that
contains less than 150 mmol of surfactant per 1 kg of lubricating ol composition (f.e., <
150 mmol/kg of surfactant). A “medium soap” formulation refers to a lubricating oil
composition that contains between 150 mmel and 190 mmol of surfaciant per 1 kg of
lubricating oil composition (i.e., between 150 and 190 mmol/kg of surfactant). A “high

soap” formulation refers to a lubricating oil composition that contains greater than 190
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soap content, a medium soap content, or a high soap content. In one
embodiment, for example, the lubricating oil composition comprises a
medium soap content or a high soap content. In another embodiment, the
lubricating oil composition comprises a low soap content or a medium
soap content. In another embodiment, the lubricating oil composition
mEQMTiSes adevyEoap; oonientuinsDtheneshodinaent] $hentubiieating oil
composition comprises a medium soap content. In yet another
4 ?ment, the lubricating oil composition comprises a high soap
j060tent {029} SEHentgo ap!ycotiteerpof dd tisr ettty sl dempbsiionsighargre
2105, SPNCRIANON of . Suriasiant ihat s conttbuleds e A e daRNUIAARRY).
one or more detergents within'the composition. A "low soap" formulation
refers to a lubricating oil composition that contains less than 150 mmol of
oswfaciantpen l kgefdubricating oil composition (i.e., < 150 mmol/kg of
sgrfactant) A "medium soag'ﬁforr‘nulation,refers loa ngg}rii]c(%t}gan%gf
w@oﬁip%%h%%“@@ﬁ SRR SR TED RS T AR T80 MhSor of Sarattant
vpessitkguah hsbficatingod, conposition (crecdbarreehaf Sousrlingeiscosity as

smmolikg of surfagtant). A high, s0ap; fermsation:ksfessdoradubricating.oil

composition that contains greater than 190 7 mmol of surfactant per | kg
Csttabrieafifg %ﬁ-c&%‘p’%@%ﬁgﬁ? éﬂ@?’,@f‘i@?ﬁ?ﬁﬁ’f’oﬁﬁ&@P“%ﬁ??égﬁiﬁ?ﬁgi@é%@fcm
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thsbridatingraibcbmpositiertcan ¢brnpdse.any suitdblésil of |atdricapirvgbase oil,
JRSOSi RGN PRuIRl-EXAMBIe A% Y ARTARHVEAARG ORI or oo or

lubricating viscosity as defined by the American Petroleum Institute (API)
rRubhiestions DSVO R EHFIEEPEERIOH, "DIebE Y 1ot iEe VKIS hldend i
JierchangesbilinaGuidelinesforRassangen GandeioniRilsansitieseh as
Engine 'C)ils),dtt}?3 ontents of whigh are iqco\r{)orateg-hi[}?isqob err}el;ggeréce in1
fifeirettrel) inone ﬂéPé?e?%%’&f’éFnﬁoa’i’ﬁ?eH{, e oif SHULTEatnGR Scodify™ ~
lisaAdGrowsd obase: oiknarG rigp:dch batespiki Groegs K BasenoitpaoGrauptes,
H¥:base il adrouRY hase ail.ph R,combination o mixture therealo] he
oil, In this regard, can be any blend of two or more base oils havin
Qe ehb D EUTE e H S BRSBTS RHERETH S Blbel to T BcdbsBie
iR @y suitebleunanaes tasreaie abasael avingusuitable propeitiesase oils
such as ﬂﬁgﬂes?%%l:%/ and TBN values, discussed above) for use in a trunk

BrtBIFEAYIRE.- “Group 1,




Il and Il base oils are mineral oils, each with specific ranges of the
amount of saturates, sulfur content and viscosity index. Group IV base
oils are poiyalphaolefins (PAO). Group V base oils include all other base
oils not included in Group 1, 11, lll, or IV. The saturates levels, sulfur
levels and viscosity indices for Group 1. 11, Ill, IV and V base oils are
listed in Table | below. 8 Table 1. Group Saturates (As | Sulfur (As
Viscosity Index (As determined by determined by determined by ASTM D
Tads iR D 2007) AST M D 2270) 4294, ASTM D 4297 or ASTM D 3120) |
Ghess tham@besGasater thanibrGeeater tha bresgudbttesdatarates. }equal
to 0.03%ie@mmit¢dssy than HRErwirkdrbH Graktershesd By ASEYREN o
“equal Gia8EM R BPequaltdTBHIAXHD0% B80S TP Trdr8emnd Iess
than 120.  saturates. kiGreaterianor | ess th ﬁWW&ﬁ?ﬂ%mpr than
eqéal to lestiEb 0% to Q. @?%%&%9120{ Satareden py Petired as
polyalphaglefins. i (PAO) Al!e@lﬂe.b hase, stocks ot inchuded 2 Groums 1,
11 Il ilorPl 100321 In one preferred emboilment the base oil is a Group
| 11 base oil, or a blend of tw 3 ' more different Group 11 base oils. Irl
an@gher preferrati-embodiménts thenhaseoll | t}&:ﬁ@r@mpx bbageroit; or é

blend oagéoafm@crﬁ differeqy Grayn,|\base bils. Suiiable Group | bal

0|Is incl or example any light overhead cuts and heavier side cu
from a Vagw@ERsdistillation column, such as, %for example, any Light

Negiral, Medidmihiesral, airchQs than or equai | Greater than or equal to
: equal 1o 20% % to 0.03% suifur,

120,

saturaies.
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stocks not included

in Groups I, i1, TH
oriv

\
|
| |
|
j

10032] In one preferred embodiment, the base o1l is a Group Il base o1, or a blend of two
or more different Group 11 base oils. In another preferred embodiment, the base oil is a
Croup 1 base oil, or a blend of two or more different Group 1 base oils. Suitable Group
hase oils include, for example, any light overhead cuts and heavier side cuts from a
vacuum distillation column, such as, for example, any Light Neutral, Medium Neutral, and
Heavy Neutral base stocks. The peiréleum derived base o1l also may nclude residual
stocks or bortoms fractions, such as, for example, bright stock. Bright stock is a high
viscosity base oil which has been conventionally produced from residual stocks or bottoms
and has been highly refined and dewaxed. Bright stock can have a Kinematic viscosity
greater than about 180 ¢St a1 40°C, or even greater than about 250 ¢St at 40°C, or even
ranging from about 300 to about 1100 c3t at 40°C.



Heavy Neutral base stocks. The petroleum derived base oil also may
include residual stocks or bottoms fractions, such as, for example, bright
stock. Bright stock is a high viscosity base oil which has been
conventionally produced from residual stocks or bottoms and has been
highly refined and dewaxed. Bright stock can have a kinematic viscosity
%ﬂhan about 180 eSt at 40C, or even greater than about 250 cSt at

4 or even, ranging from about 500 to about 1100,¢cSt at 40C. 9 . |
P93 R R P TR 5 b EOSRG E5 SO layeh =

1suitghleengee morertsuchvas fhmocomaerds tiTeeetosmb e, aoy evexbfour or

A 5%%%%%%%%EH&“:@%?‘%H&@E’J@& RRRIGEOMRIBINr more

etergents. In one preferred embodiment, the one or more detergents
dstrTESTiSeC BV S etbea S5 ars LEBIIGIRY &l deirganls, SSGB S aper based

QyssbasedncalbexvataelabeantainingngpteIgent nakaeensRipation or
mixture thereof. An overbased detergent can be any. %ete &e.ntgc which
et BF fHecAuH amsdstswmer‘égﬁaiﬂsﬁ‘b%é LG A8 TRE™
adgified of a pasesauice (seictidaschme) and anacidichovdivasing an acidic
con; oungm(suc@m Scu%gba%n d'&xi%@@@?%l It is preferred, in some
ermbodinien s??or at'least 75% Fsuch as at least 80%, at least 85%, at
883110006 peiffems: I5TEOErAPMSASEY9RY 6f erstaikdA Grelps Eommaidets at

withigsshe deteroent (suaky asothealkiagroons af BeGAtbOX a8 AMAING thin
detergent, or of an alkyl-substituted hydroxybenzoic acid) to be C20 or

redeireshiciiuE E0E AU BUNTES CHHH CAH P TRIREY 5SS ! an
shmesershadiinentsx gideast 25% (stell asagleast 80 aatlgaSh, 85U AL Cao-

least 90%, at le 2%, or at least 99%) of the alkyl group taiped
i 8 St 1o B B e Pl S SR R R s
C26-@Rua0°8Ye Al GRE-T26)onthease’ Tl et kS UETP &R 289% Brefewghin the

AR ZIY0 O 1858r 1R%PIsIRSSsIOHQS 1SS V0L 85 Sr RFBVEN-EYD Okiith the

less) of the alkyl groups contained within the detergent to be C:o or_

GFERBASSSEH 48 CIB-B A5 CRBUEAY OF &b ©151C00) | IRt Prefehraidess.

enbedinient, the détergbnt comprisesiacsaltivfamatipbrgatbystitited;; or greater
droxybenzoic acid that is dexved from an alkyl- itute

%‘d‘:g axg?_égg, @ZEZG, & %%gﬁe% é(?@ﬁ? M 8 Mn‘%ﬂ%ﬁ%ggﬁgen , the dettirgem

FOXy ie acid’in which alkyl groups are the residue of norma
alpharistefins! coraiming atisascd bvsiedgigre atet therrmacaisiarorafngikyl-

(Q0R%h|msathesprafessadenodingnts, 4191 delRraent CRIMRKIERS @ normal alpha-

carboxylate salt, such as ,a salt (e.g., an overbased salt) of an
SR HEHAREY RYGSHaAZe1 SE7ADP VR ARPEREIRS earth salt (e.g., _
cajoRsnianmagneiicn kobatiabal.stbgtitetachhydronylenzoieox ylate salt, such as

a salt (e.g., an overbased salt) of an alkyl-substituted hydroxybenzoic acid, or even an
alkaline earth salt (e.g., calctum or magnesium) of an atkyi-substituted hydroxybenzoie
acid. In another preferred embodiment, the one or more detergents comprise an overbased
salt (such as an overbased alkaline earth metal salt) of' a mixture of alkyl-substituted
hydroxybenzoic acid and alkyl-substituted phenol. In another preferred embodiment, the
detergent comprises an overbased sait of an alkyl-substituted hydroxybenzoic acid and/or
an overbased salt of an atkyl-substituted phenol, in combination or mixture with a non-
overbased salt of one or more of: an alkyl-substituted hydroxybenzoic acid and an alkyl-
substituted phenol. In another preferred embodiment, the lubricating o1l composition
comprises one or more detergents comprising an overbased salt of an alkyl-substituted

hydroxybenzoic acid and no other overbased salts (other than the salt of the detergent).
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acid. In another preferred embodiment, the one or more detergents
comprise an overbased salt (such as an overbased alkaline earth metal
salt) of a mixture of alkyl-substituted hydroxybenzoic acid and
alkyl-substituted phenol. In another preferred embodiment, the detergent
comprises an overbased salt of an alkyl-substituted hydroxybenzoic acid
Tﬁaéé%géat,ﬁ%\fenba%%&pdb&rpé@ampﬁlf@yiﬁmw@a)mgtoifﬁ(@@m&gr{a:@qn gr
mixture with a non- gverbased salt of one or mqre of: a -substitute
oGO ISTLE 518 T S SPISHL L hahE MARGURF Bréferrec
refrbodiment; theubricating oil composition comprises one or more

g{ﬁs&%ﬁgg?ngé%&%@?%@g&cﬁgm%ﬁ{ asedsalhobamaly '6%B§§i¥%§gomprisies a

Xybenzoicacid and no other overbased salts (other than the ‘salt of
cahmdemegEmpinio e date lE RO MPER regard, can comprise any suitable
conceniratiamobaniam{ et iaiganisoaniamnhassacitesvatihsiaecarboxyiate-

carboxylate salt (or salt of the alkyl-substjtuted hydro nzoic acid).
<qRO T I BT BYEREr QL SRR AE R e o ?%5) §ﬁ%8¥ﬁ§é§%6ﬁmp‘€
| GEMpEiSeR: canbaxyilat@ubtniaining datesgeritt i cemprises o(aytach are
Jb-sudanantunsuiiuized, not-carhanalg,pon-overbased,
cariioxylate- containing additive prepared, for example, according to the

methdd deseriseein Eicampit i s trerere ABPRESN PUBIRIaRIS NG

2O0AI0235686.the contets R Wiicsaredpcammies hesaiadun No.
Teference in their entlr‘eti%/' ang{é)r k) an over%}sedc qutm : {* entiret
AR RSy DB SR P PR o SRETAIRHS { AEEBPAN G O TS IRRgirety-

destribestdm Exdmie; txafrpis oPatenitlapplicadios Rublication Niurized or
2007/0027043, the .contents of which are i ' ferepce
AT ZEty, 0BTt et h o L A I T

aéfergentsuifeizge sulfsrizetret mmdumlia 2é dalkyhor aikehyl phetkates,
Alkuhor ﬁ@%@ﬂﬂé}g%ﬁyﬁa@aﬁ%@rw%mwfm@wmmz&q oF
sa

unsulfurized metal s of multi hydroxy alkyl or alkenyl arpmatic
CEEH Bk O ERAYIHYEIR TR SUIONAIES E\drufioil i of an
uRsUurizedy atkyttaridlkedyheaphthenates: cabtebsalts haikarivicacids,
nelsasgran Al aland pudiasis ant chervieatand phisiea)
ixtties thereof. Other non- imiting examples of suitable metal
seterpntohneRidesnbtal sl ey cphicherey ngiayldeeof. The metal can be

RRPERA @ﬁiﬁ%ié%?ﬁl&@ﬁ%@%@&%ﬁe?ﬁfé&ﬁw bimaticnsdhereghdhhe metalens.

can be any metal suitable for making suifonate, phenate, salicylate or
DRGSO BRI S RIG A A 9B P B ESHAB R T etaigs mnd

instuiiRaikaliimdtaismalkabingimetalskandetai is Ca, Mg, Ba, K, Na, Li or the like.
{0638] In some preferred embodiments, the lubricating oil composition contains no
detergent that does not contain a salt of an alkyl-substituted hydroxybenzoic acid. In other
preferred embodiments, the lubricating oil composition does not contain a sait of a
sulfonic acid. In other preferred embodiments, the lubricating oil composition does not
contain an aikylphenoi detergent not containing a salt of an alkyl-substituted
hydroxybenzoic acid. In other preferred embodiments, the lubricating oil composition
does not contain a salicylate-based detergent. In other preferred embodiments, the
detergent of the lubricating oil composition does not contain an alkyi phenate.

|0039] As discussed, the detergent can comprise any suitable associated surfactant or

detergent, such as any alkylphenol surfactant, any alkyl aromatic surfactant, and/or any



transition metals. In some embodiments, the metal is Ca, Mg, Ba, K, Na,
Li or the like. [0038] In some preferred embodiments, the lubricating oil
composition contains no detergent that does not contain a salt of an
alkyl-substituted hydroxybenzoic acid. in other preferred embodiments,
the lubricating oil composition does not contain a salt of a sulfonic acid. In

1etherpeeiemrad-amhetimentscths kbricating bi:cerapesitiendegscnold
contain ag{aik%:?hﬁ(n Idete{rgeuru.onqct aconts%g _‘%Q%na} salt of an

SUERGFE ST %yﬁ%@y R I preferred embodiments,

(othe | Ubricatihg o compositibhddogsmat contahna alieylate-ameds wt.'%,

fr%?g%gﬁr&;éy Qier prefered,embadiments, e s detaraai.af #8yv o, vased

ricating oil composition does not contain an alkyl phenate. 10039] As
onjibeirisbucta abterJetcalrE CHRPMBRSING suitable associated surfactant

or detergent, such as any alkylphenol surfactant, any alkyl aromatic

Dsurtactagt, (%%gjéor any |1 alkyl hydroxyaromatic surfactant, such as any

matic carboxylic acid surfactant and/or any alkyl aromatic
1(E4ifpilced clotiserfactérmMBR40h Genetadlyytimismoy st itiih € detorge nddgive
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wt.%, or from about 0.5 wt.% to about 20 wt.%, based on. the total weight
agfepiedisBieating] ol Toth PR SEsTSpR %At AORRER TGO I Threr kY-
shebrgaling.el campesitinnatay:aise compiiseiany:stitableidisparsant,
additive ("dispersant”) or mixture of multiple dispersants..In ong .
S e R R A R R R R
ndimdeﬂsahtmhaﬂ,@dmbmswhmamm@ﬂ:awb@u cCinvidmtsl @mmmmene,
Jderet, suehana nelyalidenc.sucainimide (preferably:pelvsobuiene.
succinimide). in another embodiment; the dispersant is an alkali metal or
Mahraeh AHes| FHIRVERTA RER M MR RTIHEDB GRS AR pE STHI P BERYRI At ture
@ékﬁﬁt rn@ét«,% Q@ﬁ&tﬂyefgjﬁwgi@ﬁgﬁfsakﬁﬁﬁﬁs%ém Jaeial-aoraterpelyaanide
.ashless dispersant, benzylamine, Mannich type dispersant, .
e ORE T it S e S VRS
phpestand ﬁt‘l?\@r, witéb%ﬂis@a@éﬁts“h@édweﬁ @ﬁéwﬁb_éédmmnmeé et
@Sn&!&%@%ﬁt@@%mmm L@Qggm, oy ?ﬂ'im;a'eﬁﬂlg%&h of

T
ringer, Chapter 3. pages 86-90 (1996); and Leslie R. Rudnick,

Wbiﬁbr@é‘éﬁﬁA@&Fﬁ%@?@ﬂ%ﬁﬁéﬁfﬁfﬁ%ﬁ %ﬁtﬂ{iﬁﬁﬁ%ﬁ?{“ NrevPeliked pareefiment,
1Rekkes Ghapianbs pages F37d 02002 bothofwhichheredineorporated
herein by reference in their entirety. In afevreg%rr,ed‘ mboc!iiment the .

HEpErSkri 1< S SRS o178 dervative tididor A Maothar - o o 2
eriybodimntsthie anhydride and a polyamine. In another embodiment, the dispersant is
a succinimide or denvative thereof which is obtained by reaction of a polybutenylsuccinic
anhydride and a polyamine, wherein the polybutenylisuccinic anhydnde is produced from
polybutene and maleic anhydride (such as by a thermal reaction method using neither
chlorine or a chlorine atom-containing compound). In another preferred embodiment, the
dispersant is a succinimide reaction product of the condensation reaction between
polyisobutenyl succinic anhydride (PIBSA) and one or more alkylene polyamines. The
PIRSA, in this embodiment, can be the thermal reaction product of high methylvinylidene
polyisobutene (P1B) and maleic anhydride. In another preferred embodiment, the
dispersant is a primarily bis-succinimide reaction product derived from P1B having a
number average molecular weight (Mn) of about 500-3000, such as about 600-2800, about
700-2700. about 800-2600, about 900-2500, about 1000-2400, about 1 100-2300, about
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dispersant is a succinimide or derivative thereof which is obtained by
reaction of a polybutenylsuccinic anhydride and a polyamine. In another
embodiment, the dispersant is a succinimide or derivative thereof which is
obtained by reaction of a polybutenylsuccinic anhydride and a polyamine,
wherein the polybutenylsuccinic anhydride is produced from poiybutene
12604208l efoah hiiHd e fsoicty ersdby s HRBPrE0Pe s tepieratidarad ripbaditret:
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embodiment, the dlspersant is a succinimide reac roduct of t
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PrEgBe, deriestsTaBOLAYS0AD PHE: [ERSh ABoHiF V8B i RUST RISGTTeS TP ogiment
1s|@Q&e@;b&ﬂyﬁﬁﬁﬁs&&é&ﬁﬁkﬁb@%%Qﬁnaéﬂ&aﬁbﬁbﬁaﬁoawozatrde*a&mab@ut

600, at Ie Ie ahout east about 2800, at least about 290
%é’?ét ' Zbou °36L€) . Fh one préfléirie%sgcrﬁ |r§n€en¥tn or%% G %emod(’%mem

tehi s st is agrmWIhmmwmea@ﬂ@ﬂvﬁr@@uaddﬁmeéW PIB,
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subsequently borated to achieve a boron concentration of about 0.1-3
“WP9BASuch as about 1-2 wt.%, such as 1.2 wt.%) in the succinimide. In

|eeuther @f&fﬁf@dféﬁﬁdmmﬂh&h&hﬁﬁﬁm&aﬂﬁﬂ&a provanihyde prepared by the
bis-succini actio u rlved rgm 300 n.P1B, w

r%ﬁé@%lﬁldg n g}r??)etﬂgﬁrp% Qﬁe& € rﬁbgaf&mgnt RER seauucemr%'i hl!’?"laa Spepda
mmbrHbyeceeporprmionbentation OF sbosr0ueBwWE % isachiag), atsderlps to 7

WiSueh a8 kA Yt Yandndhericciniigentn anatherrrgtened aikenyl or

embodlment the dlspersant IS a pnman%ﬁbls -succinimide reaction

PRSLRHSE TSRS BRSO VIS B SANhich SSSHNFRIEoM ROt DYehaag 2
|mbediment:is:sldospeuenty seasiadonits @byleteacasbondgn-2500, about

1200-2300, or even about 1400-2100. In some embodiments, the reaction between
polybutene and maleic anhydride for the preparation of polybutenyl succinic anhydride
can be performed by a chlorination process using chiorine. Accordingly, in some
embodiments, the resuiting polybutenyl succinic anhydride as well as a polybutenyl
succinimide produced from the polybutenyl succinic anhydride has a chlorine content in
the range of approximately 2,000 to 3,000 ppm (wt). In comirast, a thermal process using
no chlorine gives a polybutenyi succinic anhydnde and a polybuteny! succinimide having
a chiorine conient in a range of such as less than 20 ppm (wt). Therefore, a succinimide
derived from a succinic anhydride produced by the thermal process is preferred, in some

embadiments, due 10 the smaller chiorine content in the lubricating oil composition.

~
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100421 In another preferred embodiment, the dispersant is a succinimide
prepared by the reaction of a high molecular weight aikenyl- or
alkyl-substituted succinic anhydride and a polyalkylene polyamine having
4 to 10 nitrogen atoms (average value), preferably 5 to 7 nitrogen atoms
(average value) per mole. The alkenyl or alkyl group of the alkenyl or
[0aKd) sutitiinipke’condpotiedirnthib s dgardanhecherteneaeiidiei alkenyl- or

a;Qg'xegéﬁﬁk%ﬂ@vm@asqw@twga@mﬂgg melssylacneightehabeutic acid, an
900-3000, such as about 1000-2500, about 1200-23 00, or even about
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combination or mixture thereon and the dispersant. In one embodiment,
the Wpfacer e BF AIIGERTSIF LA B tHat e WinksamiPEmIthe PR Firge gspersant

GrauP:L basenall pi-thaikbsicatingeilisampesitianesuehias adifferentw.o,
Group Lbase ail, 8 SropR 1 base 81l 06 i 9%, about 0.3-0.8 wi %, 0.1-0.7 wt.%,
(0,2-0.7 wt.%, about 0.3-0.7 wt.%, about 0.4-0,7 wt.%, about 0.1-0.6 wi.%, about 0.2-0.4
wt. %, about .3-0.6 wt.%, about 0.4-0.6 wt.%, about 0.5-0.6 wt.%, about 0.1-0.5 wt.%,

about 0.2-0.5 wt.%, about §.1-0.4 wt.%, 0.2-0.4 wt.%, 0.3-0.6 wt.%, or even about $.3-0.5
wi.%%.

Tubricating Oil Additives

{6046] The lubricating oil composition optionally includes any suitable one or more

-+ additional modifiers and/or additives (hereinafier designated as “additives™) to impart or

improve any desirable property of the Jubricating oil composition. Scme suitable additives
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a mixture or combination thereof. In another embodiment, the process or
diluent oil is an oil that is the same as the base oil (e.g., Group | base oil)
of the lubricating oil composition. 100451 Preferably, the concentration of
the one or more dispersants within the lubricating oil composition on an
actives basis is less than about 1.0 wt,%, less than about 0.9 wt.%, less
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%, 0.1-0.7 wt.%, 0.2-0.7 wt.%, about 0.3-0.7 Wt.%, about 0.4-0.7 wt.%,
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ant|OX|dants antiwear agents, rust inhibitors, demulsifiers, friction
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nge rom about 0.001 wt.% to about 10 wt.%, from about 0.01 wt.% to

Sl AP BWIGH - GO &bé0t TRA Rt “@ﬁ@t@l%%dt@s«w of Bhiesarbmpe, metal
total weight ©f dhe dubricatings of cOMPOSHIRdTtheiothes, phosphate esters,

phosphite esters, amine salts of phosphoric acid esters or thiophosphoric acid esters,
reaction products of dicyciopentadiene and thiophosphoric acids and combinations
thereof. The amount of the anti-wear agent may vary from about 0.01 wt.% to about 5
wt. %, {rom about 0.05 wt.% to about 3 wt.%, or from about 0.1 wt.% 10 about 1 wi.%,
based on the 1otal weight of the lubricating oil composition. Some suitable anti-wear
agents have been described in Leslie R, Rudnick, “Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter 8, pages 223-238 (2003), which is
incorporated herein by reference.

[00438] In certain embodiments, the anti-wear agent is or comprises a dihydrocarbyl
dithiophosphate metal salt, such as zine diatkyi dithiophosphate compounds, zine diaryl
dithiophosphate, or a combination or mixture thereof. The metal of the dilydrocarbyl

dithiophosphate metal salt may be an alkali or alkaline earth metal. or aluminum, lead, i, -

15



total amount of the additives in the lubricating oil composition may range
from about 0,001 wt.% to about 20 wt.%, from about 0.01 wt.% to about
10 wt.%, or from about 0.1 wt.% to about 5 wt.%, based on the total
weight of the lubricating oil composition. 100471 In some embodiments,
the lubricating oil composition comprises an anti-wear agent, such as to
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fatty acids, boron compounds, phosphate esters, phosphite esters, amine
da%R o BWB%HC acid esters or thiophosphoric acid esters, reaction
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described in Le R. Rudnick, "Lubricant Additives: Chemlstry and
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(280 3houigi? ist.ncorporatedshereiniydeterenes: 048 bimeertRibating oil
embodlments the anti-wear agent is or comprises a dihydrocarbyl

8°tﬁ1|%psﬁosphate metal salt, such as zinc dialkyl dithiophosphate
teifipbimds; zinodiacyl. ditnbpirbsphategnorrd commbiratienngraiixtongsition

thereof, Tha mstabafithedibyssecaryl dithipphosahate, %%Rﬁ'é@ma% Beom

an alkali or alkaline earth metal, or aluminum, lead, tin, 15 molybdenum,
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abnmfa ffﬁvabmﬁ@eaaib@ﬁliamsammﬂaynbe linear or branched. (0049]
T@ﬁsﬁﬁ%%@%@a%@ygﬁQ@%bﬂ%'M%H%%@ Lsaldnsluging g,

zinc dla|k%édlthlo phosphate salts in the lubricating oﬁomposmon
isersaer He HIN PREGSBROTR QSIS R Y it pribs PhatER BB ARSHT Pesbpi@lcohols
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disclose hg{elnl from boutOO l‘jjabout 12wt° from a taout
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ornbodiments, a DDPA may be made by reactmg mixiures of primary and secondary
alcohols with P;Ss. Tn other embodiments, two or more dihydrocarbyl dithiophosphoric
acids can be prepared where the hydrocarbyl groups on one are entirely secondary in
character and the hydrocarbyl groups on the others are emirely primary in character. The
zinc salts can be prepare from the dihydrocarbyl dithiophospharic acids by reacting with a
zinic compound. In some embodiments, a basic or a neutral zinc compound is used. In
other embodiments, an oxide, hydroxide or carbonate of zinc is used.
[0052] In some embodiments, oil soluble zine dialky! dithiophosphates may be produced

from dialky! dithiophosphoric acids represented by formula (1)
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from about 0.02 wt.% to about 0.05 wt.% based on the total weight of the
lubricating oil composition. 100501 In one embodiment, the phosphorous
content of the lubricating oil composition herein is from about 0.01 to 0.08
wt%, such as from about 0.02 to about 0.07 wt. %, from about 0.02 to
about 0.06 wt.% or from about 0.02 to atgout 0.05 wt.% based on the total

weight of the lubricating oil cﬁnqix\)sn 7 In another embodiment. the
phosphorous content of the Iubncﬁg oil composition herein is from

about 0.05 to 0.12 wt% basedH% hevfotal weight of the lubricating oll
composition. 10051,1 The dihy rocarbyl a(II[Hrophosphate metal salt may
whigeRiepated Eﬁ/efﬂiSRfQEmmlg;@adﬂm’ydhmmﬁbwrdﬁﬂethi@sbhdr@amd ranched
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eneach of R and R4| |nde endentylln ra
Pai%w%r"ﬁ%éir Yo BraneRda si ﬁu? (? Oé%?ﬁehgrﬁ% m ngg I}ﬁgr _
calkytgreup, Haszfro mﬁcébtddutﬂsq@wamwwn@aﬂo@%mm@@mfdm%@bwmﬁ is

Ahout &9@@0&9@4%%3&@@@%%%%Q%%@Qh@ﬁph%%g id$:9fary
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ROl ihe R IR HAP RATHTEAE ABHREEN ABIGVE 1A Sof i WMBSRASHE R

ARdR4-arecihe sameain othes eshbediments: R3«and R deaveddiffeleyitakuhols.
in further embodiments, the mixture of secondary alcohols is a mixture of Z-butanol and 4-
methyl-2-pentancl.

19035 The phosphorus pentasuifide reactant used in the diatkyldithiophosphoric acid
formation step may contain certain amounts of one or more of Po8s, Pads, PaS5, or PySe.
Compositions as such may aiso contain miner amounts of free sulfur. In certain
embodiments. the phosphorus pentasuifide reactant is substantially free of any of P15s,
PuSa, Pyq, anu P.S¢. In certain embodiments, the phosphorus pentasulfide reactant is
substantially free of free suffur.

10956] In some embodiments, the suifated ash content of the lubricating oil composition is
less than about 5 Wwi.%, less than about 4 wt.%, less than about 3 wt.%, less than about 2
wi.%, or even less than about 1 wt.%, as measured according to ASTM D874

160571 In some embodiments, the lubricating oil composition comprises an antioxidant
additive, such as to reduce or prevent the oxidatioﬁ of the base oil. Any suitabie

antioxidant may be used in the lubricating oil composition. Non-timiting examples of



further embodiments, R30H and R40OH react with P285 simultaneously.
In still further embodiments, R30H and R40H react with P2S5
sequentially. 100541 Mixtures of hydroxyl alkyl compounds may also be
used. These hydroxyl alkyl compounds need not be monohydroxy alkyl
compounds. In some embodiments, the dialkyldithiophosphoric acids is
syEbRRB ORI M BIS O RIin:- DRsheRN At B et BoRfkyidie R aliprines,
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antigxidants e.i%,, alkyl |H§enyla'm|n,es,., phenyl-a- naphthylamine, alkyl or
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shadednes; dettamethyiedisehifddiphenylaniin ecah dntie ki) pptre aldhit substituted
ntiogxidants {e.g. %}é IIP tylphenol, 4-methyl 2,6-di-tert-butylphen
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like)-hethiyterithis 2 Bkal-subatbue phesronric acids or phosphenic acids; mono-,
&4thiohis(Guditarbiivecresob-and the Jikah s based Aatioxidanttng
e.g.,ﬁd|Iauryl-3,3'-trgod|prop|onate,, sulfurized phenoli¢ antioxidants and | .
teof. In some embodiments, the friction modifier is selected from the group consisting
of aliphatic amines, ethoxylated aliphatic amines, aliphatic carboxylic acid amides,
ethoxylated aliphatic ether amines, aliphatic carboxylic acids, glycerol esters, aliphatic
carboxylic ester-amides, fatty imidazclines, fatty tertiary amines, wherein the aliphatic or
fatty group contains more than about eight carbon aloms so as to render the compound
suitably oil sojuble. In other embodiments, the friction modifier comprises an aliphatic
substituted succinimide formed by reacting an aliphatic succinic acid or anhydride with
ammonia or a primary amine. The amount of the friction modifier may vary from about
0.01 wt.% 1o about 10 wt.%, from about 8.05 wi.% to about 5 wt.%, or from about 0.1
wi.% to about 3 wt.%, based on the total weight of the lubricating oil composition. Some

suitable friction modifiers have been described in Mortier et al., “Chemistry and

Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 1834187 -
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like), phosphorous-based antioxidants (e.g., phosphites and the like), zinc
dithiophosphate, oil-soluble copper compounds and combinations
thereof, The amount of the antioxidant may vary from about 0.01 wt.% to
about 10 wt.%, from about 0.05 wt.% to about 5 wt%, or from about 0.1
wt,% to about 3 wt.%, based on the total weight of the lubricating oil
(1e0fpositioniisBnfaidtitableubrtkxiddrts ez BB d et ApBECH P s S'RY
v RRA0IEK. " Bubricant Addilivas: £harmistny.and Anplicadansg. whlemarkork,
Marcel Dekker, Chapter 1, pages 1-28 (2003), which is incorporated
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(e.g., alkyl-naphthalene sulfonates, alkyl benzene sulfonates and the like), nonionic
alkoxviated alkylphenot resins, polymers of alkylene oxides (e.g., polyethylene oxide,
polypropylene oxide, block copolymers of ethylene oxide, propylene oxide and the like),
esters of oil soluble acids, polyoxyethylene sorbitan ester and combinations thereof. The
amount of the demuisifier may vary from about 0.01 wt.% to about 10 wt.%, from about
0.05 wt.% to about 5 wi.%, or from about 0.1 wt.% to about 3 wt.%, based on the total
weight of the lubricating oil composition. Some suitable demulsifiers have been described
in Mortier et al., “Chemistry and Technology of Lubricants,” 2nd Edition, Londen,
Springer, Chapter 6, pages 190-193 {1996), which is incorporated herein by reference.
10061} The lubricating oil composition disclosed herein can optionally comprise a foam

inhibitor or an anti-foam that can break up foams in oils. Any suitable foam inhibitor or
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point depressant that can lower the pour point of the lubricating oll
composition. Any suitable pour point depressant may be used in the
lubricating oil composition. Non- limiting examples of suitable pour point
depressants include polymethacrylates alkyl acrylate polymers, alkyl
methacrylate polymers. di(tetra-paraffin phenol)phthalate, condensates of
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Technology of Lubricants,” 2nd Edition, London, Spr |n er, Chapter 6,
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ﬁﬁmﬁoﬁmdmbmmgmmn@emm@sg}bseﬂ herein can optionally comnrise an
extreme pressure (EP) agent that can prevent siiding metal surfaces from seizing under
conditions of extreme pressure. Any suitable extreme pressure agent may be used in the
lubricating oil composition. Generally, the extreme pressure agent is a compound that can
combine chemically with a metai to form a surface fiim that prevents the welding of
asperities in opposing metal surfaces under high loads. Nan-limiting examples of suitable
extreme pressure agents include sulfurized animal or vegetable fats or oils, sulfurized
animal or vegetable fatty acid esters, fuily or partially esterified esters of trivalent or
pentavalent acids of phosphorus, sulfurized olefins, dihydrocarby! polysulfides, sulfurized
Diels-Alder adducts, suifurized dicyciopentadiene, suifurized or co-sulfurized mixtures of

fatty acid esters and monounsaturated olefins, co-sulfurized blends of fatty acid, fatty acid
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suitable anti-foams include silicone oils or polydimethylsiloxanes,
fluorosilicones, alkoxylated aliphatic acids, polyethers (e,g., polyethylene
glycols), branched polyvinyl ethers, alkyl acrylate polymers, alkyl
methacrylate polymers, polyalkoxyamines and combinations thereof. In
some embodiments, the anti-foam comprises glycerol monostearate,

epalyglysohpalinitaté;rattrialikylsnremnothdofihasphate] ariestéiof silfehatedes,
ricingleic acid, he tQ | salicylate | mo.

T B o b e

olveaste asbed)s ok livoahpurdids walys e dissunBiie, 9% op iRsATPhoric

2A0QUER 3t ntR BReULEWENEr DRSS AR n R 1O tRLMETONE O Mt of the

lubricating oil composition. Some suitable anti-foams have been
HESRRBETIN F&@fai%],‘v-éwaﬁ?@W%d&é&mawmabﬁe%ﬁ%?ﬁbw
vwisdlitionbduondart: SpringenhGhapten 6 pages98: 29.341906) (vehicki iseight
eeierated herein . Jefarance. 100921 Inelubrieating ol sompesition
dis€losed herein can optionally comprise a corrosion inhibitor that can
drechiss colrosioft. AngrititabletembsigRtiMHbIbY MY Bad deadiptigns.” New

Yyhricating; oikcrinrositiens Nes:limiting examplesafsvitable Garkesioss by
inhibitor include half esters or amides of dodecylsuccinic acid, phosphate
TeSteEPES: thiophosphates, alkyl imidazolines, sarcosines and combinations
(thes ofhd hedemtnsidtothe sidmosianirddibiteimmaly vaiynfidmaboite Bdst
.Wt.% to.about 5 wt.%, from about Q.05 wt.% to about 3 wt.%...0r from
e A A R S G hirem
iubricatingy dit erApoSiidvbrsaime slitabky sorosiomitinbing sempebeen
dascrbed imMertishehal o ChenistvAngrEeshralogy of L ubricAnisneid
Edition, London, Springer, Chapter 6, pages 193-196 (1996), which is
Yo rpBIatSt HBFEIT 6 Tereramt *1608ST FHE IBRIEktRT o OIS GSithon
hiselaseddhesainccaiioptionaliyegamprss amobxisee pressiy & (ER)agent
that, can prevent siding metal surfaces from, seizingunder condiions.of .
Bxtréie pressure. Any Suable extreme pressure agent may be used m
ttids fubyidakingg olkenrhposiiomGendrallynarrecesipariepréssure agent is a

LampiRdithad RN cROMBIEchAmIcRIY: WiHB, adneialda farm & Siiacad the

film'that prevents the welding of asperities in opposing metal surfaces
tiffletP RfGH PR B TRIBRIRTiIting RIS S LI SURABIE Sy & Preb RS 7anes
agRntsoinciudiaisulfurizocabinmad o egefaliledatsconoiisuliurizgibitor may

Qa’}\'y”f%'r{? LYSgsiaple falty, %%%ﬁ%t%,@f,“ﬁé{n%’ %B&Ef'@.‘b\é Seried 656 9L, or
trivalent or “pentavalent acids of phosphorus, sulfurized ole ins, =~
itycbosaby Mdhsuahdes suffurbzed Didis-Imideradduetsheitfurizeas oil
g&%g@gmadiene, sulfurized or co-sulfurized mixtures of

{6863} Other non-limiting examples of suitable rust inhibitors include nonionic
polyoxyethylene surface active agents such as polyoxyethylene lauryl ether,
polyoxvethylene higher aicohol ether, polyoxyethylene nonyl phenyl ether,
polyoxyethylene octyl phenyl ether, polyoxyethylene octyl siearyl ether, polyoxyethylene
oleyl ether, polyoxyethyiene sorbitol monostearate, polyoxyethylene sorbitol mone oleate,
and polyethylene giycol mono oleate. Further non-limiting examples of suitable rust

inhibitor include stearic acid and other fatty acids. dicarboxyvlic acids, metal soaps, fatty

acid amine salts, metal salts of heavy sulfonic acid, partial carboxylic acid ester of

polyhydric alcohol, and phosphoric ester.
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fatty acid esters and monounsaturated olefins, co-sulfurized blends of fatty
acid, fatty acid 20 ester and alpha-olefin, functionally-substituted
dihydrocarbyl polysulfides, thia-aldehydes, thia-ketones, epithio
compounds, sulfur-containing acetal derivatives, co-sulfurized blends of
terpene and acyclic olefins, and polysulfide olefin products, amine salts of

d@r{é%wl?@&%em@&@%mwmmﬁagen@mﬁmr@md@@m?mtwgs
thereo ount the extreme pres a rom out
“ﬁ‘@fv\?ﬁ%})ﬂfﬁ %@&ﬁ% o, O %%?‘5“8 o%;] mﬁ@gv{/‘t 95 n%?r from
a&dhﬁUéﬂﬂch%ﬂM@mwm%chmdﬁnmmtwgngﬁ themolybdenum
'6%5% afing,o o%ﬂmpaczé't&%&g%mm%gwsf@@ BIESREREERENRY .

described in Leslie R. Rudnick, "Lubricant Additives: Chemistry and
Appstication 570 NRsFm Vo AR INISTCRATROKR B A0S AN 3R D3 bsmim

C(%qggg d@ﬂmfﬁglncorporated herein by reference. 100641 The lubricating
oil composmon isclosed here*JiE .can o tlonal comprlse a rust |nh|b|tor

R4 bah SHRR RS COFesioh SPRSHSS r‘n%‘%ﬁ? ESESSTRAY S G B Fust
sibikitormiay iberused Bothenubiicatimgeoirgpierpd sitiorpidNasedisiitingex

&@%ﬂ;g@ Z%L#i?ﬂe?xanol}m }sdgg inglide gilsoluble monecarhoxylic.

uric acid, myrlstlc acid, palmitic acid,
@m@ea@@prﬁn@)r@nwwrm%@ﬁq%ﬂasaaeﬂ%éh@ﬁr@aew VEFAtQ AN 76> 2nd

tﬁ%m‘aﬂﬁ?ﬂ;@bf'f%f,eglryﬁﬁﬂ@%mlﬂﬁoa@gs (e.g., those produced from tall oil

acids, oleic acid, linol ca,md and tine Ilk%) alken Isuccinic aCIdSI al
PG the SR GV PO 7 AT 10/ Br HIGPS AT AYG g, ot & et

tetkaptopeyisuctinigacioy wmd@ehytsmcmm@mbdtphemdmeﬂyku ccinic
AcL0 onell gréﬁqgkmﬁ@%@&@%&mms isahaxyliciacids having a

ular w t in the range of 600 to 3000 daltons and combinations
mﬁeafohﬁﬁ@falﬁ@ﬁﬁﬁsof the rust inhibitor may vary from about 0.01 wt.%

&@0@? Ot d Qavi%es tfgmbaapwréwﬁ;yytb%’om@b@uh%m%ﬂ@ﬁvﬁ@m@b@we

1 wt.% to about 3 wit.%, ?1% n.the total Wel t of the Iubrlcatltggio d Tuent
86YﬁI¥d§ﬁ?R3ﬁhaIW§§f tier R G ERERPIE es 8F sUitaBI& g e &
inbibitor idedugteamoniadigs pblyoxyetityle fecsuifacet astive sgentd Suohtias

poql gxyg%ay:xgé@f L?a"(‘trygd%hge rgp O[W 9??%?'3?% e@?nmghc%@%?l@@oﬁmﬁmons

ne nonyl phenylether, polyoxyethylene octyl phenyl ether,

ﬁ@ﬂ&fm@mwﬁ’é BEti g SEPPIRER &F, PoR CRRRY e UdepAratfiariased ols,
QQW&UMJ%Q}§9r@j{%m@@@&@@%&mwyﬁtbbﬁ&ﬂ&mbﬂ@hmmmnnr:g

g%%?gwg%?/%%fg L%lf.eg oy %Cﬂm i%%%g Ie 1n 01{ﬂ2§srpggxg ni]lltc? ggendted alpha-
clefin oligomers), alkylated aromatic, polyaikylene oxides, aromatic ethers, and
carboxylate esters (especially diester oils) and combinations thereof. In some
embodiments, the diluent is a light hydrocarbon oil, both natural or synthetic. In some
embodiments, the diluent oil can have a viscosity from about 13 centistokes to about 35

centistokes at 40°C.
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inhibitor include stearic acid and other fatty acids. dicarboxylic acids,
metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid,
partial carboxylic acid ester of polyhydric alcohol, and phosphoric ester.
21 10066] In some embodiments, the lubricating oil composition
comprises at least a multifunctigpal i%

iye. Some non-limiting examples
of suitable multifunctional additives include sulfurized oxymolybdenum

|iThioTacalnatzsufmireduxnolyhoenurrorangprossHorsdit ioeee and
QOxymolybdenum manogivceride. @ymalyhdenum diethylate. amideen by

amine molybdenum complex compound, and sulfur containing.
wHOHBHRHTIVORBM ST EoMBBITAAC 1D0E7 FRSHRE aRBORTTIGHTS b follow
iduRbGaLing:0il composition comprises at least a viscosity index improver.
Some non-limiting examples of suitable viscosity index improvers include
polymethacrylate type polymers, ethylene propylene copolymers,
styrene-isoprene copolymers, hydéatetpityrene isoprene copolymers,

;Q@Mg?%gﬂ?&%y apch dispersant yRe, Miscosiyindex mpIovarsndiRE8 dRating
some embodiments, the Iubrlcatlnig oil composition comprises at least a
apheea PEEEHENT BT SSBRAE hisrimsifiTece e iprabcsiatfelpiaeAla aining trunk

Aeastivatsipehide, disalisptidenasniepyleprdicsnioe: DigosielHetydives;
thiadiazole derivatives, and mercaptobenzi mi d azo | es. 100691 The
%ﬁ'ﬁ#\ﬁigé"ﬂ%@%fg%e%ﬁﬁg%iﬁecmug?/‘ be in the form of an additive concentrate
jpaving Mare dhte DhistaddiineciT heradditives conebntrate iy conegrisizpup

fullabls st sHebandudrosarbamalok sullable viseosi sk ©
iluent can be selected from the group consisting of natural oils ge.g.,

o Gished HiKest airaded S6mBMhatond IAErSETS 8 0vHaNBh fhthg
ex@mplas ofthe sninerahoitwdngludesparaffisabaged eilapositions contained a

naphthenic-based oils, ic-based oils cambinations thereof..
SOBHARAG AT of he Ly RE bACE B Pt Solichr
(ilsifesSPECiaky hydrogemated «l phizer Glefimbligohiér8); alk§lae & aronvkid!

g@&%@&;@@ deR ALUDALS: SiRSIS: % aRTAQXVIAte BRterS (pSPegially

iester oils) and combinations thereof. In some embodiments, the diluent
it gl FOBISE P BT S BB FRA LT B SYMIREHE Cliy §BRRIOR Group 1l base
embodiments tbe dilerinaiteanbale @aiscosiiy, () ahdubiidor amount of
%ietgttelrs }3?(5(%2&/%&?86% %gﬁ] %? gggnf%}o%%%ﬁgﬁi 2500 basestock to achieve the

desired final viscosity.

{0073] Each of the 24 lubricating oil compositions also contained: (i) either 0.60 wt.% or
0 wi.% (on an actives basis) of a dispersant additive (specifically, a primanily bis-
suceinimide reaction product of polyisobutenyl succinic anhydride and a mixture of
polyatkylene polyamines approximating letraethylene pentamine, where the
polyisobutenyl succinic anhydride was derived from 1000 number average molecular
weight (My) PIB); and (it} 0.63 wt.% of an oil concentrate of a primary zinc
dialkyldithiophosphate. Each of the lubricating oil compositions had a phosphorus content
of 0.047 wt.%, and a Zn content of 0.052 wt.%.

[0674] Additionally, each of the 24 lubricating oil compositions contained either a

~ carboxylate detergent or a salicylate detergent, and was fornrulated as either a low soap

lubricating oil composition, a medium soap lubricating oil composition, or a high soap

lubricating oil composition.

23



EXAMPLES 100701 The following examples are given as particular
embodiments of the invention and to demonstrate the advantages
thereof. It is understood that the examples are given by way of illustration
and are not intended to limit the specification or the claims that follow in
any manner. Example 1 100711 The efficacy of 12 carboxylate ‘
|0BETE A BRI dOFUR RS S G AE SRS STME MBI SO EIRGHS was
co%%aaﬁti%% &{éx&kgﬁi%i_?%xfelfeﬂa?_@miexlww@t?fg%ﬁgﬁxadgmm?&nﬁ%tpn
engine lubricating ojl compasitions using. a. udge Deposit o
e S HBs AT 5 e PG, SLH et B R
Clubricatingcil TBMpOBiiopstestedwelie GratphéihsedeariGrdupExample | of

ubkhased luptigating ollcamnesitions, a9d centaipad A mixure.afbase

Gits"blended to achieve a finished viscosity grade of SAE 40, i.e., a final
af%ﬁtéb@értwﬁ%@FP&*@‘S@@%@G@}%%%“T@%\%@H@.hTH%f%G R Rbied
oikRricatipg il sOmRASHioNs: ceniaiRg thas Mmaja amaunrakkoxeniMeaih
;CORE\(%G,,OO asestock %Yaisllable from ExxonMobil Irg{i}n%;?;rﬁp an%(a
20RiHBP aMGUnt 6F i EXKON Sﬁﬁ%ﬁéﬁ TEBPEXXSViobI” CORER
#2500, basestockstiiaghieve theode sived firdl viscusitykThe Group

) d_lubricating ol i ined A maior, N

O B R S A AT D hons
cCop{SalrRHEIBTE, CA)FAAdR Mihen apselint o e EERRasR a1 -o verbased,

cg}%%gt)fjcégtglrn%XM@JS@QBE&Q%@QC@@@Q%@QM ieYaif@aving a

desiréed final viscosity. 10073] Each of the 24 lubricating oil co itions
THSbEOAtAiREEALT SiFEF 6% W P ORI L ﬁ“a%%‘gﬁ(@eeé%ﬁif’%ff%é

Afippesgsantadditives (8pagificabyyelprifmardyeisssucdmmmidé rbadtiorybenzoate

qoduct of pol g?%ewmg%m%%%ﬁ SRR OLccording to the
polyaikylene polyarmines approximating tetraethylene péntamine, where

T IRy RO R, RIES (o) Bt A00: ALibBr 57-0
ey %@&@%@@&éf '@f;W@M%W%}B{E‘)?ﬁﬁ@?}&@&%g‘étraVE@zftﬁﬂx:él 2.5 wt-% Ca
Coﬁncentrate [j ary zinc ( 1a 1ithio OST ale, =a (Q the | .
A o RO e T S S PR o US
oz Conita D 0520M Y3007 EeActditiortally, deaoticof thehe s hubroating
allcompesiions.anianed ether o, carbniae drieraentora saieinte

rgent, and was formulated as either a Iow soap lubricating oil
werapbsition, a medium soap lubricating oil composition, or a high soap

18077} The high soap carboxylate detergent-containing lubricating o1l compositions
comprised a mixture of® (i) 71.9 wt.% of an unsulfurized, non-carbonated, non-overbased,
carboxylate-containing, phenoi-distitied detergent containing 5.00 wi-% Ca and having a
TBN of 140 prepared according to the method described in Example 1 of US Patent
Application 2004/0235686; and (i) 28.1 wt.% TBN of an overbased calcium
alkylhydroxybenzoate detergent containing 12.5 wi-% Ca and having a TBN of 330
prepared according to the method described in Example 1 of US Patent Application
2007/0027043, The treat rate of this detergent in the high soap carboxylate formuiations
was 20.02 wt.%, resulting in a total soap content of 290 mmol/ke.

{0078} The low soap salicylate detergent-containing lubricating oil compositions
comprised a mixture of (i) 19.3 wt.% of a low molecular weight, medium CO;-overbased,
primarily mono-alkylated hydroxybenzoate salicylate detergent having a nominal TBN of

170, having alkyl groups that are greater than 95% C4-Cyg , and containing 6.0 wi-% Ca;
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lubricating oil composition. 23 100751 in particular, the low soap
carboxylate detergent-containing lubricating oil compositions comprised a
mixture of (i) 26.8 wt.% of an unsulfurized, non-carbonated,
non-overbased, carboxylate-containing, phenol -distilled detergent
containing 5.00 wt-% Ca and having a TBN_of 140, prepared accordlng to
anghd@ hi8th o deSEABRY ‘F?‘E%?ﬁﬁfﬁcl“bfh‘géyﬁa?érﬂvﬁfﬁbﬁ fomearily mono-
%@Q%Q%&%Bﬁ:msh@)@ﬁﬂmﬁ%xgﬁmmemm;ﬁalmﬂmofzao having
ylh dro enzoate dete ontaining 12.5 wt- fV C
akIy&IE( Ppre Tg‘ﬁ‘é%'qaﬁg&%?’f tCC‘E‘OIE‘LtP?é Tethod ggécrlb‘}é%%n xampﬁJ STt
mwsmaseiﬁzmmmmﬁlozowmmﬂws e tetiany aites oF tﬁﬁs@é’%erge@mﬁl ina

tc,{g}esé%vﬁg%p@ﬂ?g)m{g{g; 'mulations was 13.44 wt.%, resulting in a total
soap content of 140 mmol/ g 10076] The medium soap carboxylate

(0B E2E rHrsrRER I SIAD ToHH 3t A ReEb RSP GETh L S AR QA SRRSO
co(xep%é&i WWR@f'@ﬂfl(Jiwa|Mt2%d)fﬁ@ﬁhﬁﬂaﬁbm@§6d/e[gm-ﬁ\éeﬁh}asﬁdg overbased,
car ate-c in ol-distilled detergent co talnln 5.00 wt
Sty sttt e A G R ey
' Example Hby USoPatent aﬁthmn&mm@ﬁﬂ/@za%%ax(@):qrs@%wg%%m% Ca;

SVErPased calcivm; awmq;@mw %@1@@@{%@%@&5%&9&@&% =%

Ca and having a TBN of 150, prepared according to the_method
aleistetBUTAE REATAE F%JW@@QE@WF%E%NH@%ﬁ%@?‘/@@é‘%ﬁ%goaﬁﬂv ;]
alRV1Qroubehat ar enarbraseeh oaleium- ajk&wlh&dwbe@zmm ee®IgeN treat
contajning 12.5 wt- 0/ Ca and havm a TEN of 350 ar ccqrdl

0 MR G TERIAORE Tf U BB p R i e
xQ@@?dDQ&%M@‘I@ﬁheitiéémM this detergent in the medium soap

&H] ylatg formylat sgeétme;lg%r?%m&ﬁ{m@%ﬂmgﬂa}w@m%a&gntent
of 170

mrnol/kg. 10077] The high soap carboxylate detergent-containing

cww&ﬁmn%iﬁﬁé%. ﬁ&tcéﬁfﬁr.@éﬁnaoméa?é%ﬁ*ﬁw 1y t-8 -G gipased,
pHH&Hl‘UE{Z&@ nep-catheuaiedcnenovaibasedicearbonaig-eontaifiNgEN of
?Q nol- dISIS e]d detergﬂent %O?é%@ Q% % aan h%\{m X Q\PE“NIQ;C
ﬁgﬁa d &eording {6 the method” escrl"éed%ha@xa fe i &
aRatent 7Apptitatidn zeonmaass@@mda(gi)izgi@m%b‘&m @flamnly mono-

alaium,alkylh 59?%? vl Gl ey 7
dﬂcéélﬁé%%%ﬁg\ﬁné% a T§N of 350 p %%g%ﬂgcc%%mg%ggﬁeqmﬁm@%e%ﬁ%%d

%*Eﬁwﬁﬂéhﬁb?fe@%@ﬁm%ﬁpﬁc tioh ROTTIOOTTORS | T HE-tioat ratee preat rate

Jhﬂﬁﬂ@&@ﬁg&ﬂt1mtﬂaezﬂgigﬁb§@m@aﬁmwiﬂﬁﬂzfmﬁmW&IWSA;MS/DZQ:QZHN@-%),a

Segiling o 2 ptph aR,cqpient of 200 mmoifko

{0081} The results of the BSD tests for each of the 24 trunk piston engine lubricating oil
compositions are set forth in Table 2. Weight percent of dispersant in Tables 2, 3, and 4

are of the active dispersant relative to the total weight of the trunk piston engine

lubricating oil composition.
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100781 The low soap salicylate detergent-containing lubricating olil
compositions comprised a mixture of (i) 19.3 wt.% of a low molecular
weight, medium C02-overbased, primarily mono-alkylated
hydroxybenzoate salicylate detergent having a nominal TBN of 170,
having alkyl groups that are greater than 95% C 14-C s, and containing
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10082] As is evident from the results illustrated in Table 2, the trunk piston engine

lubricating oil compositions containing a carboxylate-containing detergent exhibited a

surprisingly

less black sludge formation in low sulfur marine residual fueis than the

lubricating oil compositions containing a conventional salicylate-based detergent.
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25 Table 2: BSD TEST RESULTS FOR LOW, MEDIUM, AND HIGH

SOAP LUBRICATING OIL COMPOSITIONS CONTAINING
CARBOXYLATE AND SALICYLATE DETERGENTS COMP SOAR
DETERGENT BASE DISBERS'T BSD TEST RESULTS { " OIL (wt.lo). mg
deposit aeg Increase in mg_ with high S deposit Deposit Relative to
residual with low Carboxylate with fuel S residual Low S fuel fuel
Carboxylate Groa 1 ---32 --- 2 S "‘?{.'a{e } Group 1 --- 77 11 +9 (relative

to Comp # 1) 3 Carboxylate Group % 8 6 -- 4 i o0 Salicylate Group 1
@831 She28 @28 Gl pdiatives iz Coifpi#B S ChrpkyIateGrot T12RBIgidor

l X i late
Sl S BB e o ) s e

) &@ﬂj‘éi%’t%l@% ole 6‘%é>§|a}t&%?68ﬁg$“be%“éh$éei‘
,ﬁ@gl,@aye toCom#9) i111G 0.6 232 Salicylate Group 1 0.6 60 21 +19 ~ f
re tIV OEP?I&N %gﬁe aiesr*gqu Iat gx;] p’é“trunk p}s%onlén%%lfl:qxtantgating

tive to Com
oil composmons are set forth in Table 3.



35 Carboy date Group 11 0.6 53 45 -- 16 Salicylate Group 11 0.6 84 127
-82 { (relative to Comp #15) 17 Carboxyiate Group | 1 | 1S Salicyiate {
Group 1 --- 4 2 (relative to Comp #17) 19 Carboxyiate Group 1 0.6i1 -
20 Salicylate 1Group 1 0.6 28 3 2 (relative to Comp # 19) L2~ Carboxylate
Group 11 --- ! 2 2 Salicylate Group 11 --- 142 16 +14 (relative to Cam #21)

Carbox Iate Grou 11 0.6 4 3 Salic Iate Group 11 O 6 85 62 +59 relatlve to
Coth L T e e NELE
the trunk p.s%ﬁ%%%‘é%%a%ﬁ §f&6%¥%§g&§) ﬁ
cooarboxylare-CORTARFNGctctgeht eXIBBRas & 4SS DR @.. LTS
sludpe formation in low sulfftatinetréstiual fdef%s‘tPF&ﬁ the 4 g% ”“_
composition$ containing g converitional _‘salicylaté“%%eed Meteréhé’r‘ﬁwf late:
—Exampte2 100835 e tearEs of Stability aganstggdation-based ...
¥iSCosity increaseaiwas evalgiated for eaCh of the 24strunkpiston engme
lubricating oil compasitions evaluated in Example | using ai¥esdifieef to Comp #1)
ihstitute of PetrbdBaiian (NPl test-&s describdd in the test methods
[0084) The resultd &fthe WA tests f&¢ each of the*24 thupk, Rpiston? :g Comn 43
engt 1e§ubr| USiemeij ey p%blb)l are-setfortrimfgbte 3727 Ic?u{e -3 B
MIP-4&TEST RESULTS FORILUIl. OIL COMPS. CONTAINING |
GARBAXYLATE«AND SALIGYEATE- DETERGENTS COMP SOARS%
DETERGENT BASE.DISRERS'T.MIR-48 TEST RESUL -ré O pREAY 9g-0mp 1)
Viscdsity % IhcréHse ﬁ’élaﬁvﬁéﬁﬁ’ b6 % }
8 Salicylate Group K 14% 3%
3 {as compared Yo Comp #7)
o Carboxylate Group | 19% e
T Salicylate Group | - 1% 18%
{as compared to Comp §#9)
14 Carpoxyviate | Group} 0.6 Ea) -—-
12 B Salicyiate Group | 0.6 23% 14%
2 (as compared to Comp #11}
13 = Carboxyiate Group - 8% s
= 11
14 B Salicylate Group - | 19% 11%
= § ! (as compared to Comp #13)
is Carboxyiate Group 0.6 14% e
Lo
16 Salicyiate | Group 0.6 8% 4%
i {as compared to Comyp #15)
1% Carboxylate Group | - 1 7% : -
18 Salicylate Group | 21% 4%
! {as compared to Comp #17)
19 Carboxyiate | Group | 3.6 13% -
24 Salicylate | Group i 0.6 2% P
3 {as compared to Comp #19)
2% R Carboxylate Group - 19% e
< i
2 oal Salicylate Group 6% 7%
1 {as compared to Comp #21)
23 Carboxylate Group 0.6 6% —
il
14 Saiicylate Group 0.6 24% 3%
1§ {as compared to Comp #23)

[0085] As is evident from the results illustrated in Table 2

, the trunk piston engine

lubricating oil compositions containing a carboxylale-containing detergent exhibited




increase the Carboxylate | | Carboxylate Group -- 16% --- 2 Saiicyiate
Group |1 1 46% 30% | (as compared to Como # 1) Carboxylate 1 Group
0.6 9% 4 Salicylate Group 1 0.6 33% 24% (as compared to Comp 91) 05
v; Carboxylate Group -- 9%~~--- 31 6 Salicylate Group --- 34% 25% TI

(as compared to Comp #), Carboxylate Group 0.6 6% I1 8 Salicylate
SESPOEHY6OEHSH T HUH Y (RS SRHSE TTBOMPF %Y SEEBNAE Efoup
138996l SalieylnteiGriotip<olidied 8%olastompasic nsComurda) dgtbrgents.
Carboxviate Group t 's 0.6 9% 12 m Salicylate Group 1 0.6 23% 14% | (as
compared to Comp # 11) 13 Carboxylate Group ! --- 8% -- 11 14
Saiicyiate Group --- 9% 11% 1!.Ex4tw@ls Eompared to Comp #13) ]g

{&@r Oﬁéaégo%@éml@,@zéﬁp/&afurlz GEert ey RaUQYIAS QrRvR L1 8k Ak

Ti ( (as compared to Com #15) |, Carboxylate Group t -- ( 17% -- 18
@é%ﬁré&%‘@%’ﬁai“?%-@mpﬂ%f@&§ %%Ia?éa F&wﬁd #3798 2 Komatsu Hot

Tube (“KHT™ test as described in the test methods.

10087} The results of the KHT tests for each of the 24 trunk piston engine lubricating oil
compositions, are set forth in Table 4. As described in the test methods, the test resuits are
presented in the form of numerals between “07 and “10”, wherein the value “0” was
assigned to glass tubes that appeared black with deposits following the KHT test; the value
“10” was assigned 10 glass wubes that appeared clear from deposits foliowing the KHT test;
and the term “blocked” was assigned t¢ glass tubes that appeared blocked with deposits

following the KHT test



19 Carboxylate Group 1 0,6 13% -- 20 Salicylate Group i 0.6 22% 9% (as
compared to Comp 419) 21 (i Carboxylate | Group --- 19% -- c Il 22
Salicylate Group --- 36% 17% 1 11 (as compared to Com #21) 23

Carboxylate ' Group 0.6 16% -- u | 24. Salicylate Group 0.6 24% 8% 11

(as compared to Comp #23) 100851 As is evident from the results

illustrated in Table 2, the trunk piston engine lubricating oil compositions

containing @ HBoRRTeREM AR EER tbige D BxRIDMMER & SINPAIMIH
better stabilify syainstrdddationNihSad. USCoBENBIEEER BN Hd the
lubricating oil composition that contained a conventional

CGM'%iaIic‘%ﬂ’ét@'—cbrﬁ@%@@?erg%EExamﬁ%@fi@dBﬂ_lh%%f&é%W gH-TS
temperature detergency was BYaludted Tr ®ach|ofBr&*2% tr@?zﬂfﬁon @330°C
; € ‘.gine bt aii&&&@mym; U@ﬁt;h’ﬂ'lb t:vaiuo:t_t_cu' i|.| :.)\d.l %Bic i Lll?illu.,si 45
s Komatsu Hot TElE G KH T ) HEsL g described imithe st metigs e 008 7 diced
5 1hedgesults of togukFd.tesis dareach of the 24 trunk piston engine 4.5
3 lubgcating ail _cesmpasitions,@seset forthan Table 4. As descrilegkdn the blocked
3 testgnethods, theseskiresyltSare ipresented in the fofm of numeéerals blocked
6 _between "0’ anﬁaif}iﬁﬂiﬂwhpr&?r’?‘fh% value r{)‘g was aqqﬁ"g'jﬁpd n@%?‘iﬁn hpqziocfﬁi
7 oL SERRXE desi¥iRd tdlowidd the KHT thet: the valge t1Qn dlocke
- lpt appeared bEEk i dopbtite idlowinig the HHT bet: tho-value 40t o0
—;-was assignec-e i obes il wppeared cloar from deposits fiwing
T aTe y agé{iéﬂﬁéc“” g}wbﬁCL VYGD__gbblgl cu lkd‘yldbb lLblﬂi‘c'EeHl L bocked
11 appeared blpTREFEWIROEPOSIS, fOMOWNG HEe KHT e5E29 Tabig 4 KICT tiocked
171 t:%‘ RESU al <LUB. Gy PSsE€ONTAINING COMBeided blocked
12 C4 I%BOXYLﬂTTEa-rb&NEeSALIG}MipAT -- DEFERGENTS.€OIVI SQAP biocked
i4 DETERGENT BASE®ISPERSHY IS KHA TEST RESULIS QL oopkeh) blocked
15 @3@(: @320@3@933@6 Group 1 3.6 4.5 4.5 blocked
16 Salicylale Group 1l 0.6 4.5 blocked Blocked
17 Carboxylate | Group i e 6.5 6.5 5
i 18 Salicylate b Group i - 5.5 5.5 blocked
) o [ Carboxylate Group | 0.6 7.5 7 6.5
20 A Salicylate Group || 0.6 5,5 il blocked
21 = Carboxviate Group I | - 7.5 5 4.5
) s Salicylate Group | - 4,3 blocked blocked
=3 Carboxylate Group 11 0.6 ! 7.5 8.5 4.5
14 Salicylate Group 11 0.6 i 4.5 blocked blocked

10688} As is evident from the resuits illustrated in Table 4, the trunk piston engine

lubricating oil compositions containing a carboxylate-containing detergent exhibited

surprisingly better detergency properties at elevated temperatures (as is reflected by their

higher assigned values) than did the lubricating oil composition that contained 4

conventional salicylate-containing detergent, particularly at the higher temperatures of
320°C and 330°C.




Carboxyiate Group 1 6.5 4,5 4.5 2 Salicylate Group I t -- 4.5 blocked
blocked 3 Carboxylate , Group 1 0.6 4.5 4.5 4.5 4 ~ Salicylate Group? 0.6
6.5 blocked blocked 5 Carboxylate Group 11 --- 6.5 3.5 blocked 6
Salicylate Group 1l 6,5 blocked blocked 7 t Carboxylate Group it 0.6 4.5
3.5 blocked at Salicylate Group 1l 0.6 4.5 blocked blocked g Carboxyiate
| Group 1 --- 6.56.514.5. 10 Salicylate Group 1 -- 6.5 blocked blocked 1l

a Carboxyiate Group 1 0.6 6.5 @gspl@%% 12 Salicylate Group 1 0.6 6.5
blocked blocked 13 Carboxyiate Group 11 j --- 4.5 4.5 blocked 14

BiakcylndePeupsit (B35 Icked blocked 'TJ 15 Carboxyiate Group it 0.6

&t Bhlagkaded of 4 Qi alioniale Crappskbve 4 Splackgdlieakethdfiow

Carboxylate Gro p | --- 6.5 late Grou |-5-8.555 blocked
SHGERASERy TSR 8&.&%”8 gl9’§g‘é’§“ﬂgby§’§ icyiate roupt BE5 g0 et

Hilogked TaE |dSankbuyiatin Groipl (e Bbad5 2 2 BmitgEld Grodp 4 the
4.5 blocked b QY. h 44 ¢St an
Rt ?ﬁgg%&g A%?@Ioék!z blggégg%%)‘és%?y;@? forathe s

aﬂgeaﬁmmmﬁﬁaféd‘ TS R oA apie TR ﬁ@ﬁﬁﬁ*éﬁé el IUbrieaRipRF ot
«;89{8950@5'%@32%?@ mggaﬁd%ﬁﬁgiﬁdﬁiﬁjﬁq)m@WW@I@QQ%BI@@Q&%&S}@M

surprisingly_ better de rgency p at elevated temperatures (a
o R AP RO AT T LS et g SOU of
mmp@slt\rmadh@t @ontaided 42 chnuenticndksadicyladst cORtaini: a carbon

Jetergent, parieulagly atihe, Dipher SemRaEatras o1 Mpdf Ad 30 oint of
98.0°C.

[0690] Each test mixture above was pumped over a heated steel test plate for a period of
time. After cooling and washing, the test plates were dried and 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.

Modified Institute of Petroleum 48 (MIP 48) Test

16091} Two samples of lubricating oil composition were heated for a period of time,
Nitrogen was passed through one of the 1est samples while air was passed through the
other sample. The two samples were then cooled. and the viscosities of the samples were
determined. The oxidation-based viscosity increase for each lubricating oil composition
was calculated by subtracting the kinematic viscesity at 100°C for the nitrogen-blown
sarnple from the kinematic viscosity at 100°C for the air-blown sample, and dividing the

subtraction product by the kinematic viscosity at 100°C for the nitrogen blown sample.



30 Test Methods Black Sludge Deposit (BSD) Test (0089) Two samples

of a lubricating oil composition were separately mixed with a low sulfur

marine residual fuel and with a high sulfur marine residual fuel, to form

two test mixtures. The low sulfur marine residual fuel had a sulfur content

of 0.97 wt.% and the following properties: a viscosity @ 50C of 371 cSt; a
Kﬂ'sﬁﬂssitﬁ@ T BRBP A ¢6t; an asphaltenes content of 5.15 wt%; a

M /ﬁoﬁl fesidug r%@k%s]rt?’@%@s\% 2ea 3heahof (crRRRMSHOR A AR Bass tbe

J

and a flas 0|nt of 122.5C. The high sulfur marine resjdual fuel
R e e %%Woﬁ%%ﬁ%?ﬁé%‘h&%%@@‘d
ARRAGHS 1h42uI&t s Pariskosgiky @D&QQ&:@éxﬁﬁmﬁg m}asphalmdemnher@ass
of 7.4]1 wt%;, a carbon r(?snduee contengof 15 vg g gl q( d 10=clean).
WL UREBH BT 42 78 Mifky; BRd & fiEsHpol %of”@ 100961 E4ch test
*nnxtwenabmé Wwas! wm@edam/@mh@tféd@eeﬂ et @ﬂa@édﬁaﬂa [reriselfis
Kre1 e@fégn‘&%ug@ -and washing, the test plates were dried and weighed.
IS manner, the weight of the deposit remaining on the test plates was
measured and recorded as the change in weight of the test plate.
Medified siittecat peirciemnr s diRAR)Testd 0091l Jand samplesitein
,Iubricatl‘ﬁ%pll com 05|t|omvxs/er% Qgg%egsfgra erl mguat1 me... Ni atlro en wa
IBSUBRH SR Brie-of the teal samples While air was passed through the
atfendample. smef'twﬂ}smMéwme'th@mmdl@dmndomermbyﬁé@we
B samplasvers.daieioes.Hhe.oudatian-baseryisaasitidgiease for

ach'lubricating oil composition was calculated by subtracting t the
RipdifiratieVRSE0SITF HEI DO R IR GER BN S 3 prE foRaTing from the
kinemalicyisoosiyai-t00G fonthe air-blown sample, and dividing the
subtraction product by the kinematic viscosity at 100C for the nitrogen
blown sample. 31 Komatsu Hot Tube (K11T) Test 100921 A lubricating oil
composition is passed through a temperature-controlled glass tube for a
period of time by employing a suitable air flow. The glass tube is then
cooled and washed, and the color of any lacquer deposition remaining on
the inner surface of the glass tube is determined using a color merit rating
ranging from O to 10 (O=black and 10=clean). in cases in which the glass
tubes are completely blocked with deposits, the test result is




recorded as "blocked". 100931 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.
10094 1 [t withbeiapparent to one of ordinary skill in the an that many
changes and  modification can be made,to the disclosures presented

hérein witHUaBBA AP BRI SRS ¥ ope of the appended claims.
32 Whatis claimegis ahoAnlultioating dbcemipasitions Comprising: ailaand
major amount of a Group | base oil and/or a Gr?up I b@xs? oil; and b. at

least on ‘detelaéé??tg%g Sﬁg:lr en§ AR %If%; Substitted

hydsstxylzenzoic acid, wherein at least 90% of the alkyl groups are Czo or

g in the icatl il itign. & jum or. high soap
e T ey b S b i2aaing of
c@ragesition has a Total Base Number (TBN) of at least 20. 3. The

com DQSWH&-Q% W&}%&Iﬁ@%ipé‘é‘ﬁﬁﬁkﬁ@pﬁ@ N HRa! @ﬂﬁ@ﬁ_ sE&N posit_ion
comprises one or more dispersant additives. 4. The composition of claim
3, wherdiAE8Rposition comprises about 0.3-0.7 wt.% of the one or
more dispersant additives, relative to the total weight of the composition.

5., The camposition of any one of claims 3 to 4, wherein one or mare of the
Rpera e TBL Co e TR e S S g re
cdimipbBitiorNehary OrieMofdhetpeescfing claims, wherein the at least one
detergent comprises an overbased salt. 7. The composition of claim 6,
wherein the at least one detergent further comprises a non-overbased

salt of oRECFOMBRSIERNAM HKPILE I S rsscdyadapedsieadls and an
a'l%ﬁ@&ﬁﬁ%&ﬂgm%@ehe%rmﬁec&@gﬁps%hﬁk%a&m.one of the preceding

claims, wherein the composition

4. The composition of claim 3, wherein the composition comprises about
(.3-0.7 wt.% of the one or more dispersant additives, relative to the total

weight of the composition.

5. The composition of any one of claims 3 to 4, wherein one or more of the

dispersant additives comprises a polyalkylene succinimide.

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

one detergent comprises an overbased salt.

7. The composition of claim 6, wherein the at least one detergent further
comprises a non-overbased salt of one or more of: an alkyl-substituted

hydroxybenzoic acid and an alkyl-substituted phenol.

8. The composition of any one of the preceding claims, wherein the composition

does not contain a salicylate-based detergent.

9. The composition of any one of the preceding claims, wherein the composition
contains no detergent that does not contain & salt of an alkyl-substituted

~y
22



does not contain a salicylate-based detergent. 9. The composition of any
one of the preceding claims, wherein the composition contains no
detergent that does not contain a salt of an alkyl-substituted 33
hydroxybenzoic acid. 10. The composition of any one of the preceding
clajaex VaaEsin 48 composition does not contain a salt of a sulfonic acid
or an alkylphenol detergent not containing a salt of an alkyl-substituted
hydroxybenzoic acid. 11. A method for operating a trunk piston engine,
comprising: (a) fueling the engine with a low sulfur marine residual fuel,

angl (0) pr i&§~§ X ﬁ@&%{‘f‘g}%%%t%@ﬁ@@&iﬁg cﬁ%ﬁ%‘%ﬁ%%%&@%@ﬂ&

at feast one rgent comprising a salt of an"a

hyldesrgberiaic el ohgretamantehet 909k obike Ao P B RmE L
JERIS arl 21T NGB HNRE %&@%bé&dﬁhgﬁ[n the lubricating oil
(0)

composition has a TBN of at least 20. 13. The method of any one of
claims 11 to 12, wherein the lubricating oil composition comprises a major

antount afrastieitl Seiegiadfnom tnekgssum eoisistingmimm&Group | base oil
and a Group 11 base oil. 14. The.method of any one ,of claims | 1to 13,
evherein GleNEIHO R BT O RSN (Hap T AL Bheist more
dispersabt adiditives. ths cigiecmeétiodubficidim dd covhigraivonengrriviogerof
the dispersant additives comprises a palyalkylene succinimide. 16. Th
et T e S e LA
covhprses! amovwhaddatsalityll Zrotine anethodmdrelaim 16, wherein the at

least one detergent further comprises a non-overbased salt of one or
more of: an alkyl-substituted hydroxybenzoic acid and an alkyl-substituted
pHénol. T8¢ metsthetdeiiubricamgatheikpiattn el ghianepdrting arf BN
loyy sulfy: sparine residual fuel comprising: 34 lubricating the trunk piston
engine with a lubricating oil composition comprising at least one
detergent comprising a salt of an alkyl-substituted hydroxybenzoic acid,

13. The method of any one of claims 11 to 12, wherein the lubricating oil

composition comprises a major amount of an oil selected from the group

consisting of a Group 1 base oil and a Group 11 base oiL.

14. The method of any one of claims 11 to 13, wherein the lubricating oil

composttion further comprises one or more dispersant additives.

15. The method of claim 14, wherein one or more of the dispersant

additives comprises a polyalkylene succinimide.

16. The method of any one of claims 11 to 15, wherein the at least one detergent

comprises an overbased salt.

17. The method of claim 16, wherein the at least one detergent further
comprises a non-overbased salt of one or more of an alkyl-substituted

hydroxybenzoic acid and an alkyi-substituted phenol.

18, A method for lubricating a trunk piston engine operating on a low sulfur
marine residual fuel comprising:

34



wherein at least 90% of the alkyl groups are C20 or greater. 19. The
method of claim 18, wherein said lubricating oil composition has a TBN of
5 at | east 20. 20. The method of any one of claims 18 to 19, wherein the

lubricating oil composition further comprises one or more dispersant

additives. 35 . . . o i L
tfubr?caﬁng the trunk piston engine with a lubricating ol composition comprising

at least one detergent comprising a salt of an alkyl-substituted hyvdroxybenzoic acid,

wherein at least 90% of the alkyl groups are Cy or greater.

19. The method of claim 18, wherein said lubricating oil composition has 2 TBN of

at ieast 20.

20.  The method of any one of claims 18 to 19, wherein the lubricating oil

composttion further comprises one or more dispersant additives,

2
i



