TRUNK PISTON ENGINE LUBRICATING OIL COMPOSITIONS BACKGROUND OF THE
INVENTION 1. Technical Field 100011The present invention generally relates to trunk piston engine
lubricating oil compositions. 2. Description of the Related Art 100021 Trunk piston engines operate
using various types and qualities of diesel fuels and heavy fuel oils. Heavy fuel oils typically contain
high concentrations1dt @bph&keh(ENdeNeially tHeHEQASSING DhhoSOPSRAP FiddtivvSof petroleum.
Asphaltenes are highly complex compounds believed to be composed of polyaromatic sheets
containing alkyl S|de chalns and are generally insoluble in lubricating oils. When heavy fuel oils and
conventiBAAI KUBRECHANE be sk different temperature regions of a trunk piston engine,
black sludge (such as asphaltene deposits or other deposits) and other asphaltene derived deposits
(such aslundmsterealt dégosits) tend to form. The formation of black sludge or deposits can adversely
affect the service interval and maintenance cost of the trunk piston engine. Therefore, an important
performadfeelaspect of trepe dahtricanty isrgsivual fuell dompatibilityp 5000818 adidylatesthayveifor many
years been found to be effective in reducing deposits in trunk piston engine oils, in particular deposits
due to aspimaket@ieposition from residual fuels. A trunk piston engine is generally a medium speed,
4-cycle engine |n WhICh the connectlng rod is attached directly to the piston. For many

years,com atiofldteR aked IArunk piston engine oils were derived from C14 to C1 olefins
[00041Recently it has been shown that salts of alkyl-substituted hydroxyaromatic carboxylic acids,
wherein @0R-st 90% dfrting alkidgeogpes a0 osiggeadonuetultirmimpravec sefedgentyuieltrunk

piston engine oils. For example, U.S. Patent Application Publication No,
and heavy fuel oils. Heavy fuel oils typically contain high concentrations of asphaltenes,

(Ve :.» Fe:ll

generally the heaviest and most polar fraction of petroleum. Asphaltenes are highly complex
compounds believed to be composed of polyaromatic sheets containing alkyl side chains, and
are generally insoluble in lubricating oils. When heavy fuel oils and conventional lubricant
oil compositions mix in different temperature regions of a trunk piston engine, black sludge
(such as asphaltene deposits or other deposits) and other asphaltene derived deposits (such as
undercrown deposits) tend to form. The formation of black sludge or deposits can adversely
affect the service interval and maintenance cost of the trunk piston engine. Therefore, an
important performance aspect of these lubricants is residual fuel compatibility.

[0003] Salicylates have for many years been found to be effective in reducing deposits
in trunk piston engine oils, in particular deposits due to asphaltene deposition from residual
fuels. A trunk piston engine is generally a medium speed, 4-cycle engine in which the
connecting rod is attached directly to the piston. For many years, commercial salicylates used
in trunk piston engine oils were derived from Cy4 to Cjg olefins.

[0004] Recently it has been shown that salts of alkyl-substituted hydroxyaromatic
carboxylic acids, wherein at least 90% of the alkyl groups are Cy or greater, result in improved

detergency in trunk piston engine oils. For example, U.S. Patent Application Publication No.



20090281009 which discloses a lubricating oil composition containing (a) a major amount of a Group |
base oil and/or a Group Il base oil; and (b) at least one detergent comprising a salt of an
alkyl-substituted hydroxybenzoic acid, wherein at least 90% of the alkyl groups are C20 or greater,
wherein the lubricating oil composition is a medium or high soap formulation. [00051U.S. Patent
ApplicatidfOPuRsitatibmMNch 2007302 2045 {¢ e 048 apphcdtion )wisciosg$A prasesaifoopieparing an
overbased alkaline earth metal alky]hydroxybenzoate wherein the alkyl moiety of the
alkylhydrogirhep2.bade ésl ariiiean dliphatid gactpihavidgfyam@bouhd 2dedertakhopraiogs, @lbranched
aliphatic group having from about 9 to 24 carbon atoms or a mixture of linear and branched aliphatic
groups. TherC4Byapplisation fuythek disalose sa¢hhtwheroverbasdoikatineheattlyinetabs are Co
alkylhydroxybenzoa e is useful as a lubricating oil additive in lubricating oil compositions for the
lubricatian efaxtechsaintcahcbmipbnieats gnoldindrapek matieaengines stbiphsofpr fexanipteyrhydraulic
systems, transmissions, two-stroke and four-stroke vehicular engines, trunk piston and two stroke
crosshed@9grine enginss PROG6YYE RatenPutpplicatioNd ablicatdroMb (‘204 0D06A98 weurhiah)
discloses a method of reducing asphaltene precipitation (black paint) in an engine by lubricating the
engine witkcbhabricating sil tompgsitiop eonopeding;donlivdohe yrad mixisiga(RY lapdodgfeturicating
viscosity in a major amount, and (B) a sal cylate detergent system in a minor amount comprising one
or more néwtcah ochovkrdased@lkdlihe daythydseial B hhyadrosar bylesubiituted salipytatasgwitimthe
proviso that the salicylate detergent system does not include an alkali metal sal icylate.

100071 Héretolares themuivas beensne recogridehapprieciation thaing Sainofboualkybsubstitbted
hydroxyaromatic carboxylic acid, wherein the alkyl moiety of the alkyl- substituted hydroxyaromatic
carboxylitauidwomprisescCH6!ztky | agrb bpsderiled fhatit aeups mdieenddB adalphaiotefingher
significantly and unexpectedly improves heavy fuel oil compatibility in a trunk piston engine lubricating
0il compdsitionesotitainihg avadjoredmokinliof aardil ofdtdrichtyhiyydiscosityzaatt oise wrefubdrasziac
dithiophosphates in an amount of about 0.02 to about 0.12 wt. % in terms of phosphorus content.
SUMMARYrOFitE BIINAMENTEON lubricating oil compositions for the lubrication of mechanical

components in land and marine engines such as, for example, hydraulic systems,
transmissions, two-stroke and four-stroke vehicular engines, trunk piston and two stroke
crosshead marine engines.

[0006] U.S. Patent Application Publication No. 20100062957 which discloses a
method of reducing asphaltene precipitation (black paint) in an engine by lubricating the
engine with a lubricating oil composition comprising, or made by admixing (A) an oil of
lubricating viscosity in a major amount; and (B) a salicylate detergent system in a minor
amount comprising one or more neutral or overbased alkaline earth metal Cy, hydrocarbyl
substituted salicylates; with the proviso that the salicylate detergent system does not include
an alkali metal salicylate.

[0007] Heretofore, there has been no recognition or appreciation that a salt of an
alkyl-substituted hydroxyaromatic carboxylic acid, wherein the alkyl moiety of the alkyl-
substituted hydroxyaromatic carboxylic acid comprises Co6+ alkyl groups derived from one or

more normal alpha olefins, significantly and unexpectedly improves heavy fuel oil



100081In accordance with one embodiment of the present invention, there is provided a trunk piston
engine lubricating oil composition comprising (a) a major amount of an oil of lubricating viscosity; (b)
one or more carboxylate-containing detergents comprising a salt of an alkyl-substituted
hydroxyaromatic carboxylic acid, wherein at least about 50 % of the alkyl moiety of the

alkyl-substityte d Hirg roxy arark gtistcaurd@utiducidacomprlsespastiatkybgraups: demugd fioruane or
more normal alpha olefins; and (c) one or more zinc dithiophosphates in an amount of about 0.02 to
about 0. 22 antoBwinltbrmstiogphesphgrasiconrtenin[G608]indibigstlasdatestn arsecondtenibbdiment of
the present invention, there is provided a niethod for reducing black sludge and deposit bnnation in a
trunk pistoi engimet €ohdprisitigifutericatidgblepiranis pistamtengine with a trunk piston engine
lubricating oil composition comprising (a) a major amount of an oil of lubricatingviscosity; (b) one or
more carboxylate-containing detergents comprising a salt of an alkyl-substituted hydroxyaromatie
carboxylic acid, wherein at least about 50 % of the alkyl moiety of the alkyl-substituted
hydroxyaidividia R¥rbdxylittadid/ cowipeides C26+ alkyl. groups derived from one or more normal alpha
olefins; and (Ic) one or more zinc dithiophosphates in an amount of about 0.02 to about 0.12 vt. % in
terms of [0R88phoriis sontelanct00id kimcagobrdancet withha thirseembuodinmenttoéthe presedtdnvention,
there is provided a method for operating a trunk piston engine comprising lubricating the trunk piston
engine Wit matvio pisgomedngine tulgricatingnpitcommpositionso@ripiisimga{a) anmajoreinmount of an oil of
lubricating viscosity; (b) one or more earboxylate-containing detergents comprising a salt of an

alkyl-suBstituteithydroryayo thatin c arborytic abiok yidiereintainieasd aboaen 50c0mpf iiegatkyhimofety of
the alkyl-substituted hydroxyaromatic carboxylic acid comprises C264. alkyl groups derived from one
or more mratall slpbri oiefinkyainok(crometor cadrexgine ditidiophesphatesehstanbamoiht’6f @bdwt 0.02 to
about 0.12 wt. 0/0 in terms of phosphorus content. 100111In accordance with a fourth embodiment of
the preselityinentiong fhkeusédfwhetivutatohy darbaxyratecomtaimiylg detdrgemts cosn@risindkalsalt of
an alkyl-substituted hydroxyaromatic carboxylic acid, wherein at least about 50 % of the alkyl moiety of
the alkylgsatstitdtads by dfoxyaromatic casboxybicradich gdwnprisés €261l alkyl gneups deoined:from one or
more normal alpha olefins as an additive in a trunk piston engine lubricating oil composition comprising
(a) a majbtharnbosrthefeaninihofdoioticatingpbisgogify dancitio)ofd drwnote rincuithiobhbsphiaies in an
amount of about 0.02 to about 0.12 wt. % in terms of phosphorus content for the purpose of reducing
black sluggécand deposit formation in a trunk piston engine is provided. 1001211t has been surprisingly
found that the use of one or more carboxylate- containing detergents comprising a salt of an
alkyl-sud8ffifted hydrdryarerndgitscaribxgliscond embodiment of the present invention, there is

provided a method for reducing black sludge and deposit formation in a trunk piston engine,
comprising lubricating the trunk piston engine with a trunk piston engine lubricating oil
composition comprising (a) a major amount of an oil of lubricating viscosity; (b) one or more
carboxylate-containing detergents comprising a salt of an alkyl-substituted hydroxyaromatic
carboxylic acid, wherein at least about 50 % of the alkyl moiety of the alkyl-substituted
hydroxyaromatic carboxylic acid comprises Cys. alkyl groups derived from one or more
normal alpha olefins; and (¢) one or more zinc dithiophosphates in an amount of about 0.02
to about 0.12 wt. % in terms of phosphorus content.

[0010] In accordance with a third embodiment of the present invention, there is
provided a method for operating a trunk piston engine comprising lubricating the trunk piston

engine with a trunk piston engine lubricating oil composition comprising (a) a major amount



acid, wherein at least about 50 "A of the alkyl moiety of the alkyl-substituted hydroxyaromatic
carboxylic acid comprises Cm+ alkyl groups derived from one or more normal alpha olefins, as an
additive in a trunk piston engine lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and one or more zinc dithiophosphates in an amount of about 0.02 to about 0.12
wt. % in ¢éravs oflpldsphoragicgntentpsignifibandyeand imexpectbdiyy tecrassasidepdsits ghsto
asphaltene deposition in trunk piston engine oils Thus, the addition of the one or more
carboxylatexposizining dete ryenlisylesabyunikegi stofrengirenlatiricating dikccamp osittonicamprising a
major amount of an oil of lubricating viscosity and one or more zinc dithiophosphates in an amount of
about 0.8%0tg okt O thevial¥ylimterenis of phosphdrussontedt ladirariageoasty iatprovés theheavy
fuel oil compatibility of the trunk piston engine lubricating oil composition. DETAILED DESCRIPTION
OF THEPREFERREDAHYBODIMENTS d10013dTodacilitatedhealnderstakding ofithe swbjeot matter
disclosed herein, a number of terms, abbreviations or other shorthand as used herein are defined
below. Anyriermcadivtheviatiophateshortdrancthoottdefinbdus GAdestdoaitdHave théondinamycaning used
by a skilled artisan contemporaneous with the submission of this application. [00141The tern major
amount"rheipdedusexeitenefers to a concentration of the oil of lubricating viscosity (also referred to as
basestock) within thetrunk piston engine lubricating oil composition of at least about 40 wt. /0 In one
embodinféht] the termltimajordmountthefefsittlacomedntration dicthechagestariiwithiretnectaf 1k
piston eng ne lubricating oil composition of at least about 50 wt. %. In another embodiment, the term
major amoeintt' refers terhconaemntrationiog thettrasettockiwitlsinghe talhlopistonlenginddtbricdting oil
composition of at least about 60 wt. %. In yet another embodiment, the term "major mount” refers to a
concenttatibarohtiebiasestbok ylithin ithevthgrkpist daash gt UistiGatirgtiodl eiylpusition of ahteast
about 70 wt. %. In still yet another embodiment, the term amount" refers to a concentration of the
basestoekkwithih st trdhiy dristyarengine dathisatingoid compositiding) 12Htibastupsoler 88 dvir®s. In
another embodiment, the term "major amount” refers to a concentration of the basestock within the
trunk piston engiredubriozting ik colefpositfoarotddisiy ke astabook 90 sin %ngine lubricating oil

composition comprising (a) a major amount of an oil of lubricating viscosity and (b) one or
more zinc dithiophosphates in an amount of about 0.02 to about 0.12 wt. % in terms of
phosphorus content for the purpose of reducing black sludge and deposit formation in a trunk
piston engine is provided.

10012} It has been surprisingly found that the use of one or more carboxylate-
containing detergents comprising a salt of an alkyl-substituted hydroxyaromatic carboxylic
acid, wherein at least about 50 % of the alkyl moiety of the alkyl-substituted
hydroxyaromatic carboxylic acid comprises Caer alkyl groups derived from one or more
normal alpha olefins, as an additive in a trunk piston engine lubricating oil composition
comprising a major amount of an oil of lubricating viscosity and one or more zinc
dithiophosphates in an amount of about 0.02 to about 0.12 wt. % in terms of phosphorus
content, significantly and unexpectedly decreases deposits due to asphaltene deposition in
trunk piston engine oils. Thus, the addition of the one or more carboxylate-containing

detergents to a trunk piston engine lubricating oil composition comprising a major amount of



100151The term "alkyl" refers to both straight- and branched-chain alkyl groups. 10016]The term
"phenate" means a metal salt of a phenol. 100171The term "alkylphenate" means a metal salt of an
alkylphenol. 10018]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
solubilityatodhe phemolali@@1:94cPhetend " aefers tocalksivmi hiycdxisehalso iknowamasusiakieablinte or
hydrated lime. 100201The term "metal" means alkali metals, alkaline earth metals, or mixtures thereof.
10021JThe2ierrabalkaling earth imetalisrefarsapbatoiucnzatiadvamagmesiyrimpnd strdetihgany
[0022]The term "alkali metal” refers to lithium, sodium, potassium, rubidium, and

fuel oil compatibility of the trunk piston engine lubricating oil composition.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] To facilitate the understanding of the subject matter disclosed herein, a
number of terms, abbreviations or other shorthand as used 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.

[0014] The term “major amount” as used herein refers to a concentration of the oil of
lubricating viscosity (also referred to as basestock) within the trunk piston engine lubricating
oil composition of at least about 40 wt. %. In one embodiment, the term “major amount”
refers to a concentration of the basestock within the trunk piston engine lubricating oil
composition of at least about 50 wt. %. In another embodiment, the term “major amount”
refers to a concentration of the basestock within the trunk piston engine lubricating oil
composition of at least about 60 wt. %. In yet another embodiment, the term “major amount”
refers to a concentration of the basestock within the trunk piston engine lubricating oil
composition of at least about 70 wt. %. In still yet another embodiment, the term “major
amount” refers to a concentration of the basestock within the trunk piston engine lubricating
oil composition of at least about 80 wt. %. In another embodiment, the term “major amount”
refers to a concentration of the basestock within the trunk piston engine lubricating oil

composition of or at least about 90 wt. %.

[0015] The term "alkyl" refers to both straight- and branched-chain alkyl groups.
10016] The term "phenate" means a metal salt of a phenol.
[0017] The term "alkylphenate" means a metal salt of an alkylphenol.



cesium. {0023][he term"metal base" refers to a metal hydroxide, metal oxide, metal alkoxides and the
like and mixtures thereof, wherein the metal is an alkaline earth metal or alkali metal. 100241 The term
"overbased" refers to a class of metal salts or complexes. These materials have also been referred to
as "basic", "superbased”, "hyperbased"”, "complexes"”, "metal complexes", "high-metal containing
salts”, antioth®] like. O erbassthprakivigiscand” metalssalib oot bavpiexes characterikedsbipsaimatal content
in excess of that which would be present according to the stoichiometry of the metal and the particular
acidic orgémieicompeancbneactatoniihtheubretalceglacarbokicacidiSbiable aveshasiogsmetals
include alkaline earth metals such as magnesium, calcium, barium, and strontium. Suitable overhasing
metals canpe providigd lfrpno the domesponding metal hydroxides, for example, calcium hydroxide and
magnesium hydroxide provide the source for the alkaline earth metals calcium and magnesium,
respectiv@fi Additionallow ecbasingcandie achiealeditny lthéraxiditiori sof anidia averhistdicenopounds
forample, carbon dioxide and boric acid. 100251The ten "Total Base Number" or "TBN" as used
herein rdfgdsatedhenamount of base equivalent to milligrams of KOH in 1 gram of sample. Thus, higher
TBN numbers reflect more alkaline products, and therefore a greater alkalinity reserve. The TBN of a
sample d8020¢ determired tbymASTMaD 28961 0radimfiother Bguilkalere ocetdurmel00264 Thetteem "trunk
piston engine oils" refers to oils used to lubricate both the crankcase and the cylinders of a trunk piston
engine. Tweaerm trunk piston" refers to the piston skin or trunk. The trunk piston transmits the thrust
caused by connecting-rod angularity to the side of the cylinder liner, in the same way as the crosshead
slipper tri@82diits the thrbstteonth&brolssheadiguidal Traficpistenlenginésauergerenalbunediod speed
(about 200 to about 2000 rpm) 4-stroke compression-ignition (diesel) engines. Accordingly, the trunk
piston ensgimgilubricating oil compositions, and trunk piston engine oils TEO) described here
(collectively "lubricating oil compositions”) can be used for lubricating any trunk piston engine or
compreskldzignited (dibsebrmdidhalemgite, suthsamdithstrokeottumk, gistassienginebodidssirake diesel
marine engine. 100271The present invention is directed to a trunk piston engine lubricating oll
compositienueentaining (a) a major amount of an oil of lubricating viscosity; (b) one or more
carboxylate-containing detergents comprising a salt of an alkyl-substituted hydroxyaromatic carboxylic
acid, whét8?3kast abolltsetid oftieeablkgbeiioietyrof theaalkylad ubgtituked: hydetly arodvatimeatboxylic
acid comprises C26, alkyl groups derived from one or more normal alpha olefins; and (c) one or more
zinc dithidhrosphates tire drkammslintisfuatrolite@:02 tohabouttbel@atal % in kaisefephtbspletrusrcontent
[00281The oil of lubricating viscosity for use in the lubricating oil compositions of this nventim also
referred atkal mdsake oil or basestock, is typically present in a major amount, e.g., an amount of
greater than 50 wt. %, or greater than about 70 wt. %, or from about 80 to about 99.5 wt. % or from
about 89882out 98 Whedehasaw ebabrl totafaneight oflass of metal salts or complexes. These

n "

materials have also been referred to as "basic", "superbased", "hyperbased", "complexes",
"metal complexes", "high-metal containing salts", and the like. Overbased products are metal
salts or complexes characterized by a metal content in excess of that which would be present
according to the stoichiometry of the metal and the particular acidic organic compound
reacted with the metal, e.g., a carboxylic acid. Suitable overbasing metals include alkaline
earth metals such as magnesium, calcium, barium, and strontium. Suitable overbasing metals
can be provided from the corresponding metal hydroxides, for example, calcium hydroxide
and magnesium hydroxide provide the source for the alkaline earth metals calcium and
magnesium, respectively. Additional overbasing can be achieved by the addition of acidic

overbasing compounds for example, carbon dioxide and boric acid.



the composition. The-expression "base oil" as used herein shall be understood to mean a base stock
or blend of base stocks which is a lubricant component that is produced by a single manufacturer to
the same specifications (independent of feed source or manufacturer's location); that meets the same
manufacturer's specification: and that is identified by a unique formula, product identification number,
or both. THR ®lase oil foheserinei€inatdin e MunypnésentiEhOwNwGe dalterediscdvered tbit aflabricating
viscosity used in formulating trunk piston engine lubricating oil compositions. 100291In general, the oil
of lubricatirigsdsepsityléor usenifiitirensunk Ristbnnehgirenl wibrieating ollfoemipabitionB Wfthenpeesent
invention include those in API categories I, Il, Ill, IV and V as defined in APl Publication 1509, 14th
Edition, Adtiendurrel alebemberdl988.aAR Itiyridelin es grefive alkedsestockasea |UBricdit Soniponent
that may be manufactured using a variety of different processes. 100301Group | basestocks generally
refer to agretioleambdldeived ublicatirg base 18P havimgy a daturatestontentcofiess than 90 wt. A (as
determined by ASTM D 2007) and/or a total sulfur content of greater than 300 ppm (as determined by
ASTM DI|26X3], ASTM The 284 ASTIM D62 2ugidSTil D SER0andkhasd wisobsity tindexh(WHy of
greater than or equal to 80 and less than 120 (as determined by ASTM D 2270). 100311Group 11
basestocksnfeareraliyl tbferybralgstrdleunde pstohlgbgiteatingHeasenil travingistdotatesuifutccontent
equal to or less than 300 parts per million (ppm) (as determined by ASTM D 2622, ASTM D 4294,
ASTM Dpd927 skitSTMuDI120)ha satokaisstcontensequalito dirgseatarsthibib @G winéét{ag-determined
by ASTM D 2007), and a viscosity index (VI) of between 80 and 120 (as determined by ASTM D
2270). 180324 Grotlp it basestytindrrierallyhte atotahsylhsr tbontessiess thapeotrgsmlito 300
ppm (as determined by ASTM D 2622, ASTM D 4294, ASTM D 4927 or ASTM D 3120), a saturates
content digteatdriththe oregbeddqodavt. IAufEs reterminmad by §EM B R odduandpaadscbsity index
(V1) of greater than or equal to 120 (as determined by A STM D 2270). In one embodiment, the
basestodkis ta @roup AMagesiotisioka blempresston ignmore ditfelernGroap Ihbasdstgbkstin
general, Group Ill basestocks derived from petroleum oils are severely hydrotreated mineral oils.
Hydrotreatintg imyoivesngactihgpheairoger witnthesbasestookt tok tissted tmgemoveéshétdto@ioms from
the hydrocarbon, reduce olefins and aromatics to alkanes and cycloparaffins respectively, and in very
severe hahwthedtingsopenlgethabhthebic zing structorpssic ovsh) eyolicenaredaioandbiscatitkaney
("paraffins"). Many of the Group Il basestocks are available commercially, e.g., Chevron UCH
basestotkekypigbnyevighaser rasasssks)-Bhelt KAL) basestookzand ExkomMotikExksytngk
basestocks.

piston engine or 4-stroke diesel marine engine.

[0027] The present invention is directed to a trunk piston engine lubricating oil
composition containing (a) a major amount of an oil of lubricating viscosity; (b) one or more
carboxylate-containing detergents comprising a salt of an alkyl-substituted hydroxyaromatic
carboxylic acid, wherein at least about 50 % of the alkyl moiety of the alkyl-substituted
hydroxyaromatic carboxylic acid comprises Cas: alkyl groups derived from one or more
normal alpha olefins; and (c) one or more zinc dithiophosphates in an amount of about 0.02
to about 0.12 wt. % in terms of phosphorus content

[0028] The o1l of lubricating viscosity for use in the lubricating oil compositions of
this invention, also referred to as a base oil or basestock, is typically present in a major
amount, e.g., an amount of greater than 50 wt. %, or greater than about 70 wt. %, or from

about 80 to about 99.5 wt. % or from about 85 to about 98 wt. %, based on the total weight of



100331In one embodiment, a Group HI basestock for use herein is a fxscher-Tropsch de -ed base oil.
The te"Fiseher-Tropsch derived" means that the product, fraction, or feed originates from or s
produced at some stage by a Fische tropsch process. For example, a Fischer Tropsch base oil can be
produced from a process in which the feed is a waxy feed recovered from a Fischer-Tropsch
synthesishseenewitionS. TRatenirdpplicatiore Bilblicatiot NasiaG04IDHE0682 20050 07r208base
2005/0133407; 2005/0133409; 2005/0139513; 2005/0139514; 2005/0241990; 2005/0261145;
2005/026b460120@D036 bhder sROR6/QLMB7RLs lubricant component that is produced by a single
manufacturer to the same specifications (independent of feed source or manufacturer's
location); that meets the same manufacturer's specification; and that is identified by a unique
formula, product identification number, or both. The base oil for use herein can be any
presently known or later-discovered oil of lubricating viscosity used in formulating trunk
piston engine lubricating oil compositions.
[0029] In general, the oil of lubricating viscosity for use in the trunk piston engine
lubricating oil compositions of the present invention include those in API categories 1, II, 111,
IV and V as defined in API Publication 1509, 14th Edition, Addendum I, December 1998.
API guidelines define a basestock as a lubricant component that may be manufactured using a
variety of different processes.
[0030] Group I basestocks generally refer to a petroleum derived lubricating base oil
having a saturates content of less than 90 wt. % (as determined by ASTM D 2007) and/or a
total sulfur content of greater than 300 ppm (as determined by ASTM D 2622, ASTM D
4294, ASTM D 4927 or ASTM D 3120) and has a viscosity index (VI) of greater than or
equal to 80 and less than 120 (as determined by ASTM D 2270).
[0031] Group II basestocks generally refer to a petroleum derived lubricating base oil
having a total sulfur content equal to or less than 300 parts per million (ppm) (as determined
by ASTM D 2622, ASTM D 4294, ASTM D 4927 or ASTM D 3120), a saturates content
equal to or greater than 90 wt. % (as determined by ASTM D 2007), and a viscosity index
(VD) of between 80 and 120 (as determined by ASTM D 2270).
[0032] A Group III basestock generally has a total sulfur content less than or equal to

300 ppm (as determined by ASTM D 2622, ASTM D 4294, ASTM D 4927 or ASTM D

3120), a saturates content of greater than or equal to 90 wt. % (as determined by ASTM D



2006/0016724; 2006/0076267; 2006/013210; 2006/0201851; 2006/020185, and 2006/0289337; U.S.
Patent Nos. 7,018,525 and 7,083,713 and U.S. Application Serial Nos. 11/400570, 11/535165 and
11/613936, each of which are incorporated herein by reference. In general the process involves a
complete or partial hydroisomerization &waxing step, employing a dual-functional catalyst or a catalyst
that can 260 Bnzedparasfins tyaledtiv W) MY dreisonbaizationudéwakifg is dchieviedblyycartadling the
waxy feed with a hydroisomerization catalyst in an isomerization zone under hydroisomerizing
conditior?2.7000384 b résohbpdinopschsyntiregiskproddotsipdiil the sehtatkhedr bybieel-kh owm @rocesses such
as, for example, the commercial SASOC' Slurry Phase Fischer-Tropsch technology, the commercial
SHEL TigH iX4ictdieCDistil | Hieb8sasthelsis (8MBS)aRrocess | Driaydaheckonaomniociap EXOKON eikdvanced
Gas Conversion (AGC-21) process. Details of these processes and others are described in, for
examplegrW/@vA-0934ad 71 @ dArE920T 20isW O yAr0620 1198 5 ER-<A- (768950 hER ok e668342(Hd. S.
Patent Nos. 4,943,672, 5,059,299, 5,733,839, and RE39073 ; and U.S. Patent Application Publication
No. 200532276660 The tFigthketoTropsch $ynthesisprdduct banhgdmtaimbloydnedadsonks haviagdl to
about 100 carbon atoms or, in some cases, more than 100 carbon atoms, and typically includes
paraffinsjrofefinss andiibxryge natedyplophretsing 0§56t elyotinel iermbodiment, hivdrbasetiasestook is at
least one Group IV basestock, or polyalphaolefin (PAO). PAOs are typically made by the
oligomeripatiar dfclow rngletwicrweighnatphgeblefingnel gndlishablefass Gomtdimng atMasy @icarbon
atoms. In one embodiment, the alpha-olefins are alpha-olefins containing 10 carbon atoms. PAOs are
mixturestiof dinvers, tintersstetkantees astalabléthctenestact inixture dépending GPéh theassedsity of the
final basestock desired. PAOs are typically hydrogenated after oligom rizatim to remove any remaining

unsaturafiokorOY8644a rsestrnkodhednk HAE bbasestodisfandsixhemdotgarEesatsiehas estacknixture of

[0033] In one embodiment, a Group 11l basestock for use herein is a Fischer-Tropsch
derived base oil. The term "Fischer-Tropsch derived" means that the product, fraction, or
feed originates from or is produced at some stage by a Fischer-Tropsch process. For
example, a Fischer Tropsch base oil can be produced from a process in which the feed is a
waxy feed recovered from a Fischer-Tropsch synthesis, see, e.g., U.S. Patent Application
Publication ~ Nos.  2004/0159582;  2005/0077208; 2005/0133407; 2005/0133409;
2005/0139513; 2005/0139514; 2005/0241990; 2005/0261145; 2005/0261146; 2005/0261147,
2006/0016721; 2006/0016724; 2006/0076267; 2006/013210; 2006/0201851; 2006/02018S5,
and 2006/0289337; U.S. Patent Nos. 7,018,525 and 7,083,713 and U.S. Application Serial
Nos. 11/400570, 11/535165 and 11/613936, each of which are incorporated herein by
reference. In general, the process involves a complete or partial hydroisomerization
dewaxing step, employing a dual-functional catalyst or a catalyst that can isomerize paraffins
selectively. Hydroisomerization dewaxing is achieved by contacting the waxy feed with a
hydroisomerization catalyst in an isomerization zone under hydroisomerizing conditions.

[0034] Fischer-Tropsch synthesis products can be obtained by well-known processes

such as, for example, the commercial SASOL” Slurry Phase Fischer-Tropsch technology, the



two or more, three or more,or even four or more of the Group | through Group [V basestocks, having
different molecular weights and viscosities. The blend can be processed in any suitable manner to
create a basestock having suitable properties such as, for example, viscosity and TBN values, as
discussed hereinbelow, for use in a trunk piston engine. 100371The trunk piston engine lubricating oil
compositionsiofciab SHEddnt Midditidiswilladstyodntsin SAISpParalkybisbip stituteat fiydroxs@adbmatic
carboxylic acid wherein at least about 50 % of the alkyl moiety of the alkyl-subst tuted hydroxyaromatic
carboxyliXacNomrises € T salkyhgeoups (afived fopooss or rordsnofmiatsalphacotefinsarld one
embodiment, at least about 50 % of the alkyl moiety of the alkyl-substituted hydroxyaromatic
carboxylithecidaco rprisbs CR6i falkgkgnauips WeéPved I8l &: nikktlre- 29 Horbhal \sIpha- 6 Fefin® 3l one
embodiment, at least about 50 % of the alkyl moiety of the alkyl-substituted hydroxyaromatic
carhoxylid’asid ¢onpHsesFCAB B &28 kYl drataps derivedl 46m Bhe 00 A ndrmal . alighaaléfins. In
another embodiment, at least about 50 % of the alkyl nioiely oldie alkyl-substituted hydroxyaromatic
carboxylREagi/dompdises . C26:10 SR8 ialikyingPobpsadierividd. fe6ad @13t ake dhadintakalphepstéfins. The
alkyl groups of the salt of an alkyl-substituted hydroxyaromatic carboxylic acid may contain linear
groups, byatichsdgrdups;or @ntixuredsblimban ahaviranchedbgro Ui, (o088 lxtone @misodiment, at
least about 60 % (e.g., at least about 70 % at least about 75 A, at least about 80 %, at Least about 90
%, at leasisethou351%4) dPAtdehsnaitons 98ndo)yplthdyalkglugroups dbntaivketiwithia the genated
alkyl-substituted hydroxyaromatic carboxylic acid salt detergent arc C26+ alkyl groups derived from
one or moedunsh-nal alpha olefins. 100391In one embodiment, at least about 60 % (e.g., at least about
70 %, at least about 75 %, at least about 80 %, at least about 90 %, at least about 95 %, or at least
about 998%3f the alkiyl grothss cotedmednivithinbiretalicAtatibstittiedshydedyaup hatie gastbokylic acid
salt detergent are C26 to C28 alkyl groups derived from one or more normal alpha olefins. 100401In
one embudinigrinhaeiresBA@live kmpsidypic buitadsle balthofdi garbuiadace-cbhaimngedetergent that

may be useful in the present invention includes those represented by the structure of Formula OH R)x
weight alpha-olefins, e.g., alpha-olefins containing at least 6 carbon atoms. In one

embodiment, the alpha-olefins are alpha-olefins containing 10 carbon atoms. PAOs are
mixtures of dimers, trimers, tetramers, etc., with the exact mixture depending upon the
viscosity of the final basestock desired. PAOs are typically hydrogenated after
oligomerization to remove any remaining unsaturation.

[0036] In one embodiment, the basestock for use herein can be a blend or a mixture of
two or more, three or more, or even four or more of the Group I through Group IV
basestocks, having different molecular weights and viscosities. The blend can be processed
in any suitable manner to create a basestock having suitable properties such as, for example,
viscosity and TBN values, as discussed hereinbelow, for use in a trunk piston engine.

[0037] The trunk piston engine lubricating oil compositions of the present invention
will also contain a salt of an alkyl-substituted hydroxyaromatic carboxylic acid, wherein at
least about 50 % of the alkyl moiety of the alkyl-substituted hydroxyaromatic carboxylic acid
comprises Cyer alkyl groups derived from one or more normal alpha olefins. In one

embodiment, at least about 50 % of the alkyl moiety of the alkyl-substituted hydroxyaromatic
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(I) wherein M independently represents an alkaline earth metal or alkali metal; xis1 or2; nis 1 or 2
depending on the nature of M; each carboxylate group independently may be in the ortho, meta or
para position, or mixtures thereof, with respect to the hydroxyl group; and each R independently
represents a linear and/or branched C26- alkyl groups derived from one or more normal alpha olefins
and mayhéixthe artheomptaor Qaraapositionperdumixted dsotinereni withotespeciltol fhe lyeliaxy! group.
100411In another embodiment, a representative example of a suitable salt of a
carboxylateecontanbindjdetergentithst ataybe usEfubintiie dikgdembirvenitomhindiideésthosaited
represented by the structure of Formula IL [IOH 00 C 0 MO C (RI)

hydroxyaromatic carboxylic acid comprises Ca6 to Cog alkyl groups derived from one or more

normal alpha olefins. In another embodiment, at least about 50 % of the alkyl moiety of the

alkyl-substituted hydroxyaromatic carboxylic acid comprises Cas to Cag alkyl groups derived

from a mixture of normal alpha olefins. The alkyl groups of the salt of an alkyl-substituted

hydroxyaromatic carboxylic acid may contain linear groups, branched groups, or a mixture of

linear and branched groups.

[0038] In one embodiment, at least about 60 % (e.g., at least about 70 %, at least

about 75 %, at least about 80 %, at least about 90 %, at least about 95 %, or at least about 99

%) of the alkyl groups contained within the alkyl-substituted hydroxyaromatic carboxylic

acid salt detergent are Ca. alkyl groups derived from one or more normal alpha olefins.

[0039] In one embodiment, at least about 60 % (e.g., at least about 70 %, at least

about 75 %, at least about 80 %, at least about 90 %, at least about 95 %, or at least about 99

%) of the alkyl groups contained within the alkyl-substituted hydroxyaromatic carboxylic

acid salt detergent are Cy6 to Cag alkyl groups derived from one or more normal alpha olefins.

[0040] In one embodiment, a representative example of a suitable salt of a

carboxylate-containing detergent that may be useful in the present invention includes those

represented by the structure of Formula I:
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wherein M independently represents an alkaline earth metal; each carboxylate group-independently
may be in the ortho, meta or para position, or mixtures thereof, with respect to the hydroxyl group;
each of R1 and R2 independently represents a linear andlor branched C26... alkyl groups derived from
one or more normal alpha olefins and may he in the ortho, meta or para position, or mixtures thereof,
with respect to the hydroxyl group, apd x and y are independently 1 or 2. 100421In one embodiment
the salt is a neutral or overhased salt of an @lklyl substitifed hydroxyaromat ¢ carboxylic acid and is an
alkaline earth salt (e.g., calcium or/magnesiyim ) of an alkyl-substituted hydroxyaromat e carboxylic
acid. In one embodiment, the salt s a neu r overpased salt of an alkyl-substituted hydroxyaromatic
carboxylic acid and is an alkali metal saft (e.g.,Spdidjm or potassium) of an alkyl-substituted

hydroxyaromatic carboxylic acid. 100431LSome ®of-ditable overbased salts of the foregoing
ic ackl include, fpor example, overbased metal salts having a

alkyl-substituted hydroxyaromatic|carb
TBN of greater than 100, for example b 100 and 650, between 100 and 450, or between 125
and 400. Suitable overbased salts\of foregoing alkyl-syibstituted hydroxyaromatic carboxylic acid
may include high overbased or midgle overhased deterggnts. For example, high overbased salts
include, for example, those having a\IBN of greater than 250, for example, between 250 and 450,
between 300 and 400, or between 325 and 375 and middle overbaébd salts include, for example,
those having a TBN between 100 and 250, for example, between 100 and 200, or between 125 and
175. 1008hareerocksssndsad taaprgkenth e s alkalizgheaky | meipsotuaba hyoroekyarerhaticcarbokylic
acid, wherein at least about 50 % of the alkyl moiety of the alkyl-substituted hydroxyaromatic
carhoxylie dcitrporpiises din-ralikyt Yrdlipsasbrivisborsintosscopmiteraodadalyalpha biefinghis not
particularly limited and may be any such process known in he art. The process generally starts with
the synti9&8is. aekeoalR§IasRAsstieel Rydrasepdbensaticadrbesadid woibeThidrean! iseoapeentptietied in any
convenient manner, but in one embodiment is accomplished by alkylation of a hydroxyaromatic

compoutd Instesrerd i pHepssapithaakinesfin dlombraneiof GhefintkebEioHBINGCC?E! Asrmainglpha
olefins, followed by carboxylation by means of e.g. the well known Kolbe-Schmitt reaction. in another
embodiniéHethesytehs islabasmpiismay by diteldbicatiihationest & hyparaxperdwiatiercarbosic acid,
preferably salicylic acid. Alkylation can be performed by any suitable means. In one preferred
embodini&HEos @ hgiFrRicAlsHA OB EBEted by ChevronPhillips Chemical Company under the

name Normal Alpha Olefin CM to C2k. [0045]Inone embodiment, the salt of an alkyl-substituted
hydroxya#§hdtic In another embodiment, a representative example of a suitable salt of a

carboxylate-containing detergent that may be useful in the present invention includes those

represented by the structure of Formula II:

OH OH

Xy i X

l 4 C—0—M—O0—C—i-

X
CUN (RY,
(1D
wherein M independently represents an alkaline earth metal; each carboxylate group
independently may be in the ortho, meta or para position, or mixtures thereof, with respect to

the hydroxyl group; each of R' and R* independently represents a linear and/or branched Ca.

alkyl groups derived from one or more normal alpha olefins and may be in the ortho, meta or
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carboxylic acid, wherein at least about 50 % of the alkyl moiety of the alkyl-substituted
hydroxyaromatic carboxylic acid comprise C26+ alkyl groups derived from one or more normal alpha
olefins, may be prepared by a process involving (a) reacting an alkyl-substituted hydroxyaromatic
compound, wherein at least about 50 % of the alkyl moiety of the alkyl-substituted hydroxyaromatic
compoupdregrgitieas Gi26ialladsgrberes terivieddspastone the rodeongtmab @iphadiefinsd suchas an
alkyl-substituted phenol (or alkylphenol), as described above with an alkali metal base to produce an
alkali metaleatodesitlystitted phenate; (b) carboxylating the alkali metal alkyl-substituted phenate
obtained in step (a) with carboxylating agent, for example, carbon dioxide, to produce an alkali metal
alkyl-sulystiizted hydrdxybeazeateidfe)cacidifiying: thesatkalenvetaloalkylesbipsiituteid lydaaxylierzoate
with an aqueous solution of an acid strong enough to produce an alkyl-substituted hydroxybenzoic ac
(d) neutralizitigthe atkdyb-substitatie dchytdnodybenizineddid mithlle elanekceds @f an alkaline earth
metal base, for example calcium hydroxide, and at least one solvent selected from the group
consistingaghesomatie hydebcdrbdnsrakphatic dydrocarborarmonioaleoiol$n and mixiadsmtinereof to
form an alkaline earth metal alkyl-substituted hydroxybenzoate; and (e) overbasing the alkaline earth
metal alkiyd-sullbstitutedthaidroxybdnzadtelfrofustdpy(dyubitita ad dladrexgessioftarcalkakpi earith metal
base (for example, the same metal base as in step (d) or any other an alkaline earth metal base, e.g.,
lime anchad east dhelacidid salefbasingdinatenaldiesgiycgrbOm didxideibstitioe dbyidracidr iniié
presence of the at least one alkaline earth metal carboxylic acid salt from step (d) and at least one
solvent setéotedifracndthe group consisting of aromatic hydrocarbons, aliphatic hydrocarbons
monoalcohols, and mixtures thereof. [00461Inone embodiment, the salt of an alkyl-substituted
hydroxy$0043dtie carbbrylic acichplehereruaiieasy atbastdEabioodfithefatkybmgielyybdtitetituted
alkyl-substituted hydroxyaromatic carboxylic acid comprises C26, alkyl groups derived from one or
more nohyiabajpihanciefinsrbeaybeaqprépacbdibyfar provesk imvehiag {aheedctiig aavabieykstBStituted
hydroxyaromatic compound, wherein at least about 50 % of the alkyl moiety of the alkyl-substituted
hydroxyafqmreatio: compdintcorapride dER6cal kKyligrod ps @erivedefrdlaome 66 thorebaoymal Blpha
olefins, such as an alkyl-substituted phenol (or alkylphenol), as described above, with an alkali metal
base to pnddd66. an%lkahlmetalralisgdsslistitotethphénmagej(b) dishexpatmygdhéalkalymetahtic
alkyl-substituted phcnate obtained in step (a) with carboxylating agent, for example, carbon dioxide, to
producecarbalkdlc meidlradly lxsiiostifutgd dwatbaxyibenzoatéle( oy adisshdndp theallalForetalample,
alkyl-substituted hydroxybenzoate with an aqueous solution of an acid strong enough to produce an
alkyl-sulbsgitutedtmsedxsddsnmcladid; f(d) neotpddizihg tha atkyk:subfituted drgdroxyliven 26i¢, atid with a
molar excess of an alkaline earth metal base, for example calcium hydroxide, and at least one solvent
selectedcfranpihebgroupncdifsistihg Of, omatic Hdaodatbons: hdiphaticydrodarbiors)dnontideohols,
and mixtures thereof to form an alkaline earth metal alkyl-substituted hydroxybenzoate; (e) mixing the
alkaline eathanedtsad ladkykudestitutedhptinakybe hzvaite ahB Hlkalinecedih mdtabBake frommptep (d) with
at least one carboxylic acid having from about one to four carbon atoms in the presence of a solvent
selectedbfriomethéfrond 2hsistingretardthatid hyblrocarbons, aliphatic hydrocarbons nonoalcohols,
and mixtures thereof to form a mixture of alkaline earth metal alkyl-substituted hydroxybenzoate and at
least on¢08Hdline earthhmetaicesy boxyllicoatiaksattieasalt(2f everiadinghitaatkalindreaytironetad
alkyl-substituted hydroxybenzoate from step (e) with a molar excess of an alkaline earth metal base
(for exanmlexlecsaerk mbtatbagielessinabtep ) Or anyiothdk dnnadketinefedithakptaibasejedme and
at least one acidic overbasing material (e.g., carbon dioxide and/or boric acid) in the presence of the at
least onéalialirewaaths matadcdrooxjticcaoigrssds fom stépl(eyand alcleast drersolvenirselested from
the group consisting of aromatic hydrocarbons, aliphatic hydrocarbons, monoalcohols, and mixtures
thereof. 1904 Lilplm othBnermbodipetis el sditofedmatkyiaubstityeditly groxysy dmatio carthexylic
acid, wherein the alkyl moiety of the alkyl-substituted hydroxyarotnatic carboxylic acid comprises C261
alkyl groups Hesipeetfsrgane by marte nofimtak alpttholefidshmaliesphepated hydios fatlondng steps:
100481A Formation of the Metal Base Alkylphenate 100491In the first step, alkyl-substituted
hydroxya#oimayBccarpolingdsaubh as atkylisheholstiry wrichragiie astrabo s 0ndensfamd edikylemroiety of
the alkyl-substitutcd hydroxyaromatic carboxylic acid comprises C26+ alkyl groups derived from one or
more nowriakalphhsbksfihy aleyhismaliz echydiog yancalkél eretaidvade ppréfatdblylinndle pidlsence of a
light solvent, such as toluene, xylene isomers, light alkylboenzene and the like, to form the metal base
alkylphedlaten in onsterlod diefant cthepsoinert tbniisrar bzipbtr oped ndtHollateed Ihyaswtiveryéatibodiment,
the solvent may also be a mono-alcohol such as 2-ethylinanol. In this case, the 2-ethylhexanol is
eliminated by distillation before carboxylanon. The objective with the solvent is to facilitate the
elimination of water. 100501 The alkali metal bases that can be used for carrying out this step include
the oxides or hydroxides of lithium, sodium or potdSsium. In one preferred embodiment, potassium
hydroxide is used. in another preferred embodiment, sodium hydroxide is used. 100511An objective of
this step is to have an alkyl-substituted phenate having less



than about 2000 ppm, or less than about 1000 ppm or less than about 500 ppm of water. In this
regard, the first step is carried out at a temperature high enough to eliminate water. In one
embodiment, the product is put under a slight vacuum in order to require a lower reaction temperature.
100521In one embodiment, xylene is used as a solvent and the reaction conducted at a temperature
betweentgbaiiah 804 and ahoutdbXaoundEnibeesitioadtpressime oflabauitfed Eiftotirabauti: 8 HPa.
100531The quantities of reagents used should preferably correspond to the following molar ratio
ranges: syetakbbaséatkyiphetisiddomyalkiiat 0. 5lldytatabowt 141 hadebpyaferakly frambabdus heid, to about
1:1 and a solventalkylphenol (xt:wt) from about 1:1 to about 0.3:1 and preferably from about 0.7:1 to
about 0.412fc08543BicQarbexylatiaik j0O5a] This eéerpexidatien stepis prafebablyneanductedoy
bubbling carbon dioxide (CO2) into the reaction medium originating from the preceding step and is
continuepkeliatitedt dedsidiienole % ofritenalatting alkyissishsatititectfhebkhas Pedlipsankeriadiito an
alkyl-substituted hydroxyaromatic carboxylic acid (measured as hydroxyaromatic carboxylic acid by
potentiofetrieadeterdeindkiomn fO8bGHA dripharibeiinigntpdtleast about 50 mole %, or about 75 mole
%, or about 85 mole A, of the starting alkyl-substituted phenol is converted to alkyl-substituted
hydroxyli#dadate usirlg carben didxiderang telependtusd beiwdknl abbstithkC lanit2Qacomader a
pressure within the range of from about atmospheric to 15 bar (15x105 Pa), preferably from 1 bar
(1x105 Raytoxylbanfbk1@hdPa) torlaaperibaubeivée abioutallandhd® kourst 100K hstesGasedof a
potassium salt, the temperature can range between about

hydroxyaromatic carboxylic acid comprises Cas: alkyl groups derived from one or more

normal alpha olefins, may be prepared by a process involving (a) reacting an alkyl-substituted

hydroxyaromatic compound, wherein at least about 50 % of the alkyl moiety of the alkyl-

substituted hydroxyaromatic compound comprises Cye. alkyl groups derived from one or

more normal alpha olefins, such as 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 a

carboxylating agent, for example, carbon dioxide, to produce an alkali metal alkyl-substituted

hydroxybenzoate; (c) acidifying the alkali metal alkyl-substituted hydroxybenzoate with an

aqueous solution of an acid strong enough to produce an alkyl-substituted hydroxybenzoic

acid; (d) neutralizing the alkyl-substituted hydroxybenzoic acid with a molar excess of an

alkaline earth metal base, for example calcium hydroxide, and at least one solvent selected

from the group consisting of aromatic hydrocarbons, aliphatic hydrocarbons; monoalcohols,

and mixtures thereof to form an alkaline earth metal alkyl-substituted hydroxybenzoate; and

(e) overbasing the alkaline earth metal alkyl-substituted hydroxybenzoate from step (d) with a

molar excess of an alkaline earth metal base (for example, the same metal base as in step (d)

or any other an alkaline earth metal base, e.g., lime and at least one acidic overbasing

material (e.g., carbon dioxide and/or boric acid) in the presence of the at least one alkaline
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125C to about 165C or between about 130C to about I55C, and the pressure is from about
atmospheric to 15 bar (15x105 Pa), or from about atmospheric to 4 bar (4x | 0 Pa). about 155C or
from about 120C to about 140C, and the pressure from about 1 bar to 20 bar (1x | 0' to 20x105 Pa), or
from about 3 bar to about 15 bar (3x103 to 15x105 Pa). 100591C. Acidification. [00601The objective of
this stepetstio racidifyathealkylhyidrexyienz caie alhetilutddain the solvantsdgive domalkytsubssituted
hydroxyaromatic carboxylic acid. As one skilled in the art will readily appreciate, any acid stronger than

the alkylesubistitutedt hydnotyaiomiaticudanboxtlichadid leairdebbize o dnpicaliy) ) ydro chlomicracid or
aqueous sulfuric acid is employed. 100611 The acidification is generally conducted with an I+
equivalethbexdess of acid versus potassium hydroxide of at least 5 171+ equivalent %, preferably 10
H+ equivalent % and more preferably 30 H+ equivalent %, to complete the acidification. 100621In one
embodin@htulfuric aeid iusedmbodeneral, the salfunt aciddikdiltddtwithdvatetrtaahouidbivolume %
to about 50 volume A. The quantity of sulc acid used versus hydroxybenzoate, on a per mole of
hydroxybertrogte basis, wwhironeebxadient i [@ast abeutliOyb2boiole; Oriaballty O Sbhsnaledr about
0.65 mole of sulfuric acid. 100631 The acidification reaction can be carried out under agitation or with
any suitalylé ompdngrsystenylabey tempatatorepiiees dheutibpinptenppedativaltdr®oCon @memore
embodiment, the temperature can range from about 50C to about 80C, over a period linked with the
efficiencyocofitile: ipliotg fFer exarbplecpdred oy stipredess actoil vingtih echarthe geyibshissfranedbout 15
minutes to about 300 minutes, or from about 60 minutes to about 180 minutes. When a static mixer is
utilized, biyérpesiachmraic keshoret, wherein at least about 50 % of the alkyl moiety of the alkyl-

substituted hydroxyaromatic compound comprises Cjs. alkyl groups derived from one or

more normal alpha olefins, such as 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 a

carboxylating agent, for example, carbon dioxide, to produce an alkali metal alkyl-substituted

hydroxybenzoate; (c) acidifying the alkali metal alkyl-substituted hydroxybenzoate with an

aqueous solution of an acid strong enough to produce an alkyl-substituted hydroxybenzoic

acid; (d) neutralizing the alkyl-substituted hydroxybenzoic acid with a molar excess of an

alkaline earth metal base, for example calcium hydroxide, and at least one solvent selected

from the group consisting of aromatic hydrocarbons, aliphatic hydrocarbons; monoalcohols,

and mixtures thereof to form an alkaline earth metal alkyl-substituted hydroxybenzoate; (e)

mixing the alkaline earth metal alkyl-substituted hydroxybenzoate and alkaline earth metal

base from step (d) with at least one carboxylic acid having from about one to four carbon

atoms in the presence of a solvent selected from the group consisting of aromatic

hydrocarbons, aliphatic hydrocarbons, monoalcohols, and mixtures thereof to form a mixture

of alkaline earth metal alkyl-substituted hydroxybenzoate and at least one alkaline earth metal

carboxylic acid salt; and (f) overbasing the alkaline earth metal alkyl-substituted
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100641At the end of this period time, the agitation is stopped in order to allow good phase separation.
After phase separation is complete, the organic phase is centrifugated to to decrease the level of
residual water andwater-soluble impurities such as sulfuric acid and potassium sulfate. The water
phase is treated as a waste material. 100651D. Neutralization 100661 The alkyl-substituted hydroxyaro
atic carbodrix doiddvetn Step Gtép Heltralized witharxakaliohetaladkdikealieetbanbtahdiabdbdse and at
least one solvent selected from the group consisting of aromatic hydrocarbons, aliphatic hydrocarbons
monoalcohoip] aritiesxne escthbhest to forsian(d)kali metathalkatindke firth eaetahalia) | ssostitated
hydroxylbenz e. 100671E. Contact with Carboxylic Acid [00681Optionally, the alkali metal or alkaline
earth métalealkyl s Ubstitonediividroxyibesingate @nd! dbiminedhionsiepcidecamiGoriiacteacwijhratieast one
carboxylic acid having from about one to four carbon atoms. 100691F. Overhasing [0070]Overbasing
of the alky¢ssubstitlited Hyldrokytiserikolte math be:cd<ideoylibycahyat éthodstepdwnabyl atgesson skilled
in the art to produce overbased alkylhydroxybenzoates, see, for example, the method disclosed in
U.S. Patent Applicdtieal®ubliciton Ne. 200700271043 the donrtemstof ilidlvardorcorpdipietdy
reference herein. [0071]Generally, the amount of the at least one detergent comprising a salt ol an

hydrocarbons, monoalcohols, and mixtures thereof.

[0047] In another embodiment, the salt of an alkyl-substituted hydroxyaromatic

carboxylic acid, wherein the alkyl moiety of the alkyl-substituted hydroxyaromatic

carboxylic acid comprises Cye. alkyl groups derived from one or more normal alpha olefins,

may be prepared by the following steps:

[0048] A. Formation of the Metal Base Alkylphenate

[0049] In the first step, alkyl-substituted hydroxyaromatic compounds such as

alkylphenols in which at least about 50 % of the alkyl moiety of the alkyl-substituted

hydroxyaromatic carboxylic acid comprises Ca. alkyl groups derived from one or more

normal alpha olefins are neutralized using an alkali metal base, preferably in the presence of a

light solvent, such as toluene, xylene isomers, light alkylbenzene and the like, to form the

metal base alkylphenate. In one embodiment, the solvent forms an azeotrope with water. In

another embodiment, the solvent may also be a mono-alcohol such as 2-ethylhexanol. In this

case, the 2-ethylhexanol is eliminated by distillation before carboxylation. The objective

with the solvent is to facilitate the elimination of water.

[0050] The alkali metal bases that can be used for carrying out this step include the

oxides or hydroxides of lithium, sodium or potassium. In one preferred embodiment,

potassium hydroxide is used. In another preferred embodiment, sodium hydroxide is used.

[0051] An objective of this step is to have an alkyl-substituted phenate having less

than about 2000 ppm, or less than about 1000 ppm or less than about 500 ppm of water. In
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alkyl-substituted hydroxyaromatic carboxylic acid, wherein the alkyl moiety of the alkyl-substituted
hydroxyaromatic carboxylic acid comprises C.75E alkyl groups derived from one or more normal alpha
olefins, present in the trunk piston engine lubricating oil compositions can range from about 0.3 wt. %
to about 15 wt %, based on the total weight of he trunk, piston engine lubricating oil composition.
[0072] Theirurtapisthn Engisepubricatiog cil cornpasiioas:af Highpresegi oventiamwilvalse chntain one
or more zinc dithiophosphates in an amount of about 0.02 to about 0.12 % in terms of phosphorus
content. dnoneterhibadimertpthéutuiskppisiodeet: wind t wbhaoating ofleompesitians loftherpiesent
invention will also contain one or more zinc dithiophosphatcs in an amount of about 0.02 to about 0.06
wt. A in termpsafyhosphorus content.. 100731The zinc dithiophosphates arc typically zinc
dihydrocarbyl dithiophosphates such as zinc &alkyl dithiophosphates, zinc diaryl difluophosphates,
zinc alkyjé@s2 jdithiophbsphatesbad dhmaixtusesnthareafdldye diblydnoeadoyledithiophaspldatasdaay be
prepared in accordance with known techniques by first forming a dihydrocarbyl dithiophosphorie acid
(DDPA), tasipatiytlboy teaetiag emeror Aidee afdaltolols580d, phelrolcontpaunpe witle BT Shandthen
neutralizing the formed DDPA with a compound of the zinc, such as an oxide, hydroxide or carbonate
of zinc. IHBamcbmibOdiH®ats, a DDPA may be made by reacting mixtures of primary and secondary
alcohols with P2S5. In other embodiments, two or more zinc dihydrocarbyl dithiophosphoric acids can
be prepdbihere th& hydrocariad gfocnson osel aleeldtipeljesadenaarys oot asabte fa hoving
hydrocarbyl groups on the others are entirely primary in character. 100741in some embodiments, oil
soluble zindadiediiyl cithisphesphatesathgipbenpitdduced droth dibtkydidithibghesppecicrabigsfrepresented
by Formula ITT: WONp/ OR" % HSS wherein each of R and R" is independently linear or branched
alkyl or larteart 6r%blancthedtsubstitdtedalieyit: dtkstrticnremtvadimeints, thiealkyl groatphiad. frdmmabout 3 to
about 30 carbon atoms or from about 3 to about 8 carbon atoms

preferably from about 0.7:1 to about 0.4:1.

[0054] B. Carboxylation

[0055] This carboxylation step is preferably conducted by bubbling carbon dioxide
(CO») mto the reaction medium originating from the preceding step and is continued until at
least 50 mole % of the starting alkyl-substituted phenol has been converted to an alkyl-
substituted hydroxyaromatic carboxylic acid (measured as hydroxyaromatic carboxylic acid
by potentiometric determination).

[0056] In one embodiment, at least about 50 mole %, or about 75 mole %, or about 85
mole %, of the starting alkyl-substituted phenol is converted to alkyl-substituted
hydroxylbenzoate using carbon dioxide at a temperature between about 110°C and 200°C
under a pressure within the range of from about atmospheric to 15 bar (15x10° Pa), preferably
from 1 bar (1x10° Pa) to 5 bar (5x10° Pa), for a period between about 1 and 8 hours.

[0057} In the case of a potassium salt, the temperature can range between about
125°C to about 165°C or between about 130°C to about 155°C, and the pressure is from about

atmospheric to 15 bar (15x10° Pa), or from about atmospheric to 4 bar (4x10° Pa).
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100751The dialkyldithiophosphoric acids of formula | can be prepared by reacting alcohols R'OH and
R"OH with P,Sc where R' and R" are as defined above. In some embodiments, R' and R" are the
same. In other embodiments. R' and R" are different. In further embodiments, R'OH and R"OTI react
with P2S5 simultaneously. In still further embodiments, R'01-1 and R"OH react with P5S5 sequentially.
100761 N8 Es of hydiiakyl@ake/btempbundaimae atsepbatusedad hege bydrexylalkyl com@aunds
need not be monohydroxy alkyl compounds. In some embodiments, the dialkyldithiophosphorie acids
is prepakgaftafsraomof-din, dteutelta*Carchbthen potghyddoky alikyboenipauabisyor mixtures efrtwo or
more of the foregoing. In other embodiments, the zinc dialkyldithiophosphate derived from only primary
alkyl alcohol$iscdarived froniba Binglebptimasyratcetalt Irs fouthiex BiMbodixnEntSathat single primary
alcohol is 2-ethylltexanol. In certain embodiments, the zinc dialkyldithiophosphate derived from only
secondajyuadlyl alcohdals. Aritiifibeicmbodiments, that mixture of secondary alcohols is a mixture of 7-
butanol and 4-methy1-2-pentanol. 100771The phosphorus pentasulfide reactant used in the dialkyl
dithiophgepé@iric acid fdrenatijectistepfmay comiain certaip timalkyis nirongbenmeresaft RRIGE A4S 3,
P4S7, or RiSo. Compositions as such may also contain minor amounts of free sulfur. In certain
embodiments] thet pbaspharusipgrtabt fidel readtiantis subktantially fieacldl anysofR2&51 UB3, P4S7,
or P4S9. In certain embodiments, the phosphorus pentasullide reactant is substantially free of free
sulfur. 1078 Tl tremk] pisigneegénadybricdtingaibcompasitiahks bfubgipreseny daventiomedan be
prepared by any method known to a person of ordinary skill in the art for making trunk piston engine
lubricatingrbisyibexéndjredientsucainde addeddtiarydrddiland iridnyrmagneears Anfisidtalele risixing or
dispersing equipment may be used for blending, mixing or solubilizing the ingredients. The blending,
mixing oesplupdizing may be carried out with a blender, an agitator, a disperser, a mixer (e.g.,
planetary mixers and double planetary mixers), a homogenizer (c.a., a Gaulin homogenizer or Rannie
homogefiped)] a mill (8lg:,acadidichnuith, balbmilhldy sandimdd) witAray dthergmixihogoedispensingd
equipment known in the art. 100791 The trunk piston metric lubricl compositions of the present
inventiory@anshavesanyntdtyd loasd: nifrbéralt RNY-thatus sigitable foefasebin trOrtk-pisiorv leginés. In
general, a trunk piston engine lubricating oil composition of the present invention can have a TBN of at
least abautl tyrerpat feablyabo ii-12qwr adttedst abouhAbiothatdaddiaout 20, or at least about 25 In
one embodiment, a trunk piston engine lubricating oil composition of the present invention can have a
TBN of d866220 to aboub66. dmlanbthertembbdimeni astrustd. In general, the sulfuric acid is

diluted with water to about 5 volume % to about 50 volume %. The quantity of sulfuric acid
used versus hydroxybenzoate, on a per mole of hydroxybenzoate basis, is in one embodiment
at least about 0.525 mole, or about 0.55 mole or about 0.65 mole of sulfuric acid.

[0063] The acidification reaction can be carried out under agitation or with any
suitable mixing system at a temperature from about room temperature to 95°C. In one
embodiment, the temperature can range from about 50°C to about 80°C, over a period linked
with the efficiency of the mixing. For example, when a stirred reactor is utilized and the
period is from about 15 minutes to about 300 minutes, or from about 60 minutes to about 180
minutes. When a static mixer is utilized, the period may be shorter.

[0064] At the end of this period time, the agitation is stopped in order to allow good

phase separation. After phase separation is complete, the organic phase is centrifugated to to
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piston engine lubricating oil compo 30 to about 50. 100801 on of the present invention can have a
TBN of about can have any viscosity that is suitable for use in a trunk piston engine. Generally, a
trunk piston engine lubricating oil composition of the present invention can have a viscos ranging from
about 5 to about 25 centistokes (cSt) at 100C. In one embodiment, a trunk piston engine lubricating oil
compositietrakththpriesenb ihueition carchane amscosityrangmgitiemsakious L0lforabacid?éhdSt at
100C. The viscosity of the trunk piston engine lubricating oil composition can be measured by any
suitable peethddmesgliafS TMeDYAE: phasaéseradiodimant;athe tratakigiston engine lubricating oil
compositions of the present invention are monograde trunk piston engine lubricating oil compositions.
In anoth@itEsibodimend, thedrtiilzqiston engine lubricating oil compositions of the present invention
are SAE 30 or 40 monograde trunk piston engine lubricating oil compositions. The definitions of SAE
30 and 9AE66)0 used iftibisalhyertioniare éndrotheSAkRt intetnbtionad stantaficd300efevisedk2009-
01. 100811In one embodiment, the trunk piston engine lubricating oil compositions of the present
inventiomearthire des# thanadibo Ut talt o/ bl potyalk ytend succiithidécdst one sembadiatantdthe trunk
piston engine lubricating oil compositions of the present invention contain less than about 2 wt. A of a
polyisobtitenythsugainimidesibnigne feanbedimént]rthadsunk pisshntengydeok#pbicating niatoshpbsitions of
the present invention cont n less than about 2 wt. % of a polyalkenyl bissuecinimide. In one
embodimedt, thettrgnk thistart engifterdubiicatihgl oilncanipatitibns ofiie presgéntikykstiosticantain less
than about 2 wt. % of a polyisobutenyl bissucc mmide. [00821In one embodiment the trunk piston
engine lhydoatirigeait@ompositions of the present invention contain a viscosity index improver.

[0067] E. Contact with Carboxylic Acid

[0068] Optionally, the alkali metal or alkaline earth metal alkyl-substituted
hydroxylbenzoate and obtained in step D can contacted with at least one carboxylic acid
having from about one to four carbon atoms.

[0069] F. Overbasing

[0070] Overbasing of the alkyl-substituted hydroxylbenzoate may be carried out by
any method known by a person skilled in the art to produce overbased
alkylhydroxybenzoates, see, for example, the method disclosed in U.S. Patent Application
Publication No. 20070027043, the contents of which are incorporated by reference herein.
[0071] Generally, the amount of the at least one detergent comprising a salt of an
alkyl-substituted hydroxyaromatic carboxylic acid, wherein the alkyl moiety of the alkyl-
substituted hydroxyaromatic carboxylic acid comprises Cag. alkyl groups derived from one or
more normal alpha olefins, present in the trunk piston engine lubricating oil compositions can
range from about 0.3 wt. % to about 15 wt. %, based on the total weight of the trunk piston
engine lubricating oil composition.

[0072] The trunk piston engine lubricating oil compositions of the present invention

will also contain one or more zinc dithiophosphates in an amount of about 0.02 to about 0.12
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100831In one preferred embodiment, the trunk piston engine lubricating oil compositions of the
present invention reduce black sludge (or black sludge deposit) formation in an engine such as an
engine using a heavy fuel oil, e.g., an sphaltene- ing heavy fuel oil, by at least about 5%, preferably at
least about 10%, more preferably at least about 20% and most preferably at least about 30% when
comparegto’a tinrkspistarT gngighduticalingoil compasitiabeontaininthe majr praoeuntaar oil of
lubricating viscosity, a minor amount of a salt of an alkyl-substituted hydroxyaromatic carboxylic acid
wherein lifitgialisid gneile o aipihet alky | subhstipritediyeikaxyrio mallie tarkoxylia asid is-GRorto Lis alkyl
group" derived from one or more normal alpha olefins; and one or more zinc hydrocarbyl
dithiophdsphaiessithaiamaintobabout QRRit@ A0 BELAWE0% W tesms efrpliosphasipieantent.
10084)The trunk piston engine lubricating oil compositions of the present invention may also contain
conventigsatitunk piston engine lubricating oil composition additives that can impart or improve any
desirable property of the finished trunk piston engine lubricating oil composition in which these
additivegeresflispersetiher dissaivedpAsypralditive: kppival ity anekbnded eitinadysiiiiodpieaart may be
used in the trunk piston engine lubricating oil compositions disclosed herein. Some suitable additives
have beeincHeseribée:indiddinier éittabphdshemmistry-anrd daehinalagiophddpbecants;in2nadlkdition London,
Springer, (1996); and Leslie R. Rudnick, "Lubricant Additives: Chemistry and Applications,” New York,
Marcel DiedkkesHG03) e daild ofivhieh theednCoTperdiedhereaisy byiteferroghakarexampiecthectrunk
piston engine lubricating/ oil compositions can be blended with antioxidants, ashless dispersants,
anti-weaihagentsanustvifthihitorence biaziqg: abptsr debruisilyindiagénisroétaiiepbtivpliog egeaats,
friction modifiers, pour point depressants, antifoaming agents, co-solvents, package compatiblisers,
corrosiofBibiRAItospdfe hyextseting presstiracagefits e heniketandl rixhgkas thexeof A, Sariaty of the
additives are known and commercially available. These additives, or their analogous compounds, can
be empldyed fienthéi preparatiGnmoédh®Denk piston engipelubricatihg aincorspeasitionsnofottigdnvention
by the usual blending procedures. 100851In general, the concentration of each of the additives in the
lubricating dib:cdmpostibonwbief rised, mayrangafodimainout MOPAWRL D6 be abelet RO whcAngrom
about 0.01 wt. % to about 15 wt. %, or from about 0.1 wt. % to about 10 wt. %, based on the weight of
the lubricatingsilocdgmpesitiandathedathe fiathb BraotnP of; thim adikitieesbisdinehufricatiog mibre
composition may range from about 0.001 wt. % to about 30 wt. A, from about 0.01 wt % to about 25
wt. "A, orifrordilahibuot Gy wdith dphabphib20 wid Yeabdsepromtbeé tdtatonbighy dbthebubgicatingooil
composition. 100861 The lubricating oil composition disclosed herein can contain one or more
antioxidantsaraticarlseshivoe dirpievdnt dbeoxidation od ihe by s eroiphoy dntiottidantrknowinchy a
person of ordinary skill in the art may be used in the lubricating oil composition. Non-limiting examples
of suitabpeiantioxiddntadticlude amine-based antioxidants (e.g., alkyl diphenylarnines such as b n
nylated diphenylamme, bis-octylated diphenylaminc, and octylated/butylated diphenyl nine,
phenyl-ydtaigihthylan fe, atkyt orrmabgldighsubstituteld iphenyleu di@dpithygldmiple; ahylatcchpypbenyl en e
diamines, tetra methyl- diaminodiphenylarnine and the like), phenolic antioxidants (c.a..,
2-tert-butybplhead frdmnietiyl 2eaitesphutylphdn ol p 2 Hedd-bert-umyliaHénol,
2,6-di-tert-butyl-p-cresol, 2,6-ditert-butylphenol, 4,41-methylenebis-(2,6-di-tert-butylphenol),
4,4'-thiobis(6-di-tert-butyl-ocresol) and R©like), ur-based antioxidants (e.g.,
dilaury1-3,3'-thiodipropionate, sullurized phengfic antioxidants and the like), phosphorous-based
antioxidants (e.g., phosphites and the Iikﬁ /ﬁn%githiophosphate, oil-soluble copper compounds and
combinations thereof 100871In one embodiment, the trunk @idton clime lubricating oil compositions of

the
wherein each of R’ and R” is independently linear or branched alkyl or linear or branched

substituted alkyl. In some embodiments, the alkyl group has from about 3 to about 30 carbon
atoms or from about 3 to about 8 carbon atoms.
[0075] The dialkyldithiophosphoric acids of formula I can be prepared by reacting

alcohols R’OH and R”OH with P,Ss where R’ and R” are as defined above. In some
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present invention contain less than about | wt. ./O of an oxidation inhibitor.In one embodiment, the
trunk piston engine lubricating oil compositions of the present invention contain less than about 0.5 wt.
% of an oxidation inhibitor. 100881 The lubricating oil composition disclosed herein can contain one or
more ashless dispersant compounds to maintain in suspension insoluble materials resulting from
oxidatioandbwihgress, thusnpr&ventingskge flocotiatiomiamtl peacipRationl & depodifiorcon netal parts.
Dispersants may also function to reduce changes in lubricating oil viscosity by preventing the growth of
large cohtehtnanttpalitictes inRHeHubnidaRt O%hyrdispeyshnPiSiowmblyaagoerdpn dhosdihafyrgkitl in the
art may be used in the lubricating oil composition. An ashless dispersant generally comprises an oil
soluble pulyodencritydroCatlmod BACkDorre thauing:functionaligligups that are capable of associating with
particles to be dispersed. 100891In one embodiment, an ashless dispersant is one or more basic
nitrogenf08dntaining aShigssedispdrgamtsy INitkgtjensopmtaitingdyasisoashlessi(métalstrég)ddispérsants
contribute to the base number or TBN of a lubricating oil composition to which they are added, without
introducifigyadditipnahdulfateldrasheBasivhitiogen-démtainingoaskie ssrdisper sante disedoksn dinis
invention include hydrocarbyl succinimides, hydrocarbyl succinamides; mixed ester/amides of
hydrocadmiksidhgtinpecsshiosinicidsidspiopmed by reacting, alhy thiecatbyl-substibetesb srloainic acylatine
agent stepwise or with a mixture of alcohols and amines, and/or with amino alcohols; Mannich
condensaitigncpropuotd sofonydmeaek i sus tituteck p loé tiots{forgnalde hydet laard: pdlydimiaets; drd amine
dispersants formed by reacting high molecular weight aliphatic or alicyclic halides with ammcs, such
as polyatkydehdlpdiigminkssitixtutesvefl Suoh didpensanty elny bidcobelsisederiGROdRepsesdatative
examples of ashless dispersants include, but are not limited to, amines, alcohols, amides, or ester
polar moietiesyatischeld ththethotyeméodankbongsivanglidgimgagsoupshéln adhidsdidispersant may be,
for example, selected from oil soluble salts, esters, amino-esters, amides, imides, and oxazolines of
long chaierfaydrovarsomsubstitatechmndrdkahdi tHioahoegrbiic abtds at thein anfly dridesdinjocdkhibxylate
derivatives of long chain hydrocarbons, long chain aliphatic hydrocarbons having a polyamine
attached!direclly thefetdcarsdnbtahmiohtssothdemsatior prodestsdiinmelt dy tondensinguaidomig 2hain
substituted phenol with formaldehyde and polyalkylene polya ine. 100911Carboxylic dispersants are
reactionhpteciicts df caebodylipeanylating agents (acids anhydrides, esters, etc.) comprising at least
about 34 and preferably at least about 54 carbon atoms with nitrogen containing compounds (such as
amines)|¥gdnic hydrbky Rorspounsgqsashl hdealiphitic eomhpothedddbotudifgaplorphydiicaarid
polyhydric alcohols, or aromatic compounds including phenols and naphthols), and/or basic inorganic
material®rTagse wertivayprodits iashideinnidels cdmitesr andestefy.S100921 SuBcinmitiSo.
dispersants are a type of carboxylic dispersant. They are

Compositions as such may also contain minor amounts of free sulfur. In certain

embodiments, the phosphorus pentasulfide reactant is substantially free of any of P,S;, P4Ss,
P4S7, or P4Se. In certain embodiments, the phosphorus pentasulfide reactant is substantially
free of free sulfur.

[0078] The trunk piston engine lubricating oil compositions of the present invention
can be prepared by any method known to a person of ordinary skill in the art for making
trunk piston engine lubricating oils. The ingredients can be added in any order and in any
manner. Any suitable mixing or dispersing equipment may be used for blending, mixing or
solubilizing the ingredients. The blending, mixing or solubilizing may be carried out with a

blender, an agitator, a disperser, a mixer (e.g., planetary mixers and double planetary mixers),
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produced by reacting hydrocarbyl-substituted succinic acylating agent with organic hydroxy
compounds, or with amines comprising at least one hydrogen atom attached to a nitrogen atom, or
with mixture of the hydroxy compounds and amines. The term "suceinic acylating agent” refers to a
hydrocarbon-substituted succinic acid or a succinic acid-producing compound, the latter encompasses
the acid abelf@uohzen&teriadsCypicalyingaoiedrydrleaniyksulsiihited) suochic acids] lanhydtides,
esters (including hall esters) and halides. class of succinic-based dispersants may be represented by
the formbidt miRle:Ga0d BilPoeCany other mixing or dispersing equipment known in the art.

[0079] The trunk piston engine lubricating oil compositions of the present invention

can have any total base number (TBN) that is suitable for use in trunk piston engines. In

general, a trunk piston engine lubricating oil composition of the present invention can have a

TBN of at least about 10, or at least about 12, or at least about 15, or at least about 20, or at

least about 25. In one embodiment, a trunk piston engine lubricating oil composition of the

present invention can have a TBN of about 20 to about 60. In another embodiment, a trunk

piston engine lubricating oil composition of the present invention can have a TBN of about

30 to about 50.

[0080] The trunk piston engine lubricating oil compositions of the present invention

can have any viscosity that is suitable for use in a trunk piston engine. Generally, a trunk

piston engine lubricating oil composition of the present invention can have a viscosity

ranging from about 5 to about 25 centistokes (cSt) at 100°C. In one embodiment, a trunk

piston engine lubricating oil composition of the present invention can have a viscosity

ranging from about 10 to about 20 ¢St at 100°C. The viscosity of the trunk piston engine

lubricating oil composition can be measured by any suitable method, e.g., ASTM D445. In

one embodiment, the trunk piston engine lubricating oil compositions of the present invention

are monograde trunk piston engine lubricating oil compositions. In another embodiment, the

trunk piston engine lubricating oil compositions of the present invention are SAE 30 or 40

monograde trunk piston engine lubricating oil compositions. The definitions of SAE 30 and

SAE 40 used in this invention are given in the SAE International standard J300 revised 2009-

01.

[0081] In one embodiment, the trunk piston engine lubricating oil compositions of the

present invention contain less than about 2 wt. % of a polyalkylene succinimide. In one
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NH-1-2 R2-N x CV o

embodiment, the trunk piston engine lubricating oil compositions of the present invention
contain less than about 2 wt. % of a polyisobutenyl succinimide. In one embodiment, the
trunk piston engine lubricating oil compositions of the present invention contain less than
about 2 wt. % of a polyalkenyl bissuccinimide. In one embodiment, the trunk piston engine
lubricating oil compositions of the present invention contain less than about 2 wt. % of a
polyisobutenyl bissuccinimide.

[0082] In one embodiment, the trunk piston engine lubricating oil compositions of the
present invention contain a viscosity index improver.

[0083] In one preferred embodiment, the trunk piston engine lubricating oil
compositions of the present invention reduce black sludge (or black sludge deposit) formation
in an engine such as an engine using a heavy fuel oil, e.g., an asphaltene-containing heavy
fuel oil, by at least about 5%, preferably at least about 10%, more preferably at least about
20% and most preferably at least about 30% when compared to a trunk piston engine
lubricating oil composition containing a major amount of an oil of lubricating viscosity, a
minor amount of a salt of an alkyl-substituted hydroxyaromatic carboxylic acid , wherein the
alkyl moiety of the alkyl-substituted hydroxyaromatic carboxylic acid is Cyy to Cyg alkyl
groups derived from one or more normal alpha olefins; and one or more zinc hydrocarbyl
dithiophosphates in an amount of about 0.02 to about 0.12 wt. % in terms of phosphorus
content.

[0084] The trunk piston engine lubricating oil compositions of the present invention
may also contain conventional trunk piston engine lubricating oil composition additives that
can impart or improve any desirable property of the finished trunk piston engine lubricating
oil composition in which these additives are dispersed or dissolved. Any additive known to a
person of ordinary skill in the art may be used in the trunk piston engine lubricating oil

compositions disclosed herein. Some suitable additives have been described in Mortier et al.,



-H ,C \O 11 0 wherein each Rl is independently a hydrocarbyl-group, such as a polyolefin-derived
group. Typically the hvdrocarbyl group is an alkyl group, such as a polyisobutyl group. Alternatively
expressed, the RI groups can contain about 40 to about 500 carbon atoms, and these atoms may be
present in aliphatic forms, R is an alkylene group, commonly an ethylene (C2H4) group. Examples of
succinimidé«ispeysands Trchidedipse dadatikedsih, Tod exdimpie, [WkloRatenines. 8,292)8%4d
4,234,435 and 6,165,235. 100941 The polyalkenes from which the substituent groups are derived are
typically Leslie R. Rudnick, "Lubricant Additives: Chemistry and Applications," New York, Marcel

Dekker (2003), both of which are incorporated herein by reference. For example, the trunk

piston engine lubricating oil compositions can be blended with antioxidants, ashless

dispersants, anti-wear agents, rust inhibitors, dehazing agents, demulsifying agents, metal

deactivating agents, friction modifiers, pour point depressants, antifoaming agents, co-

solvents, package compatibilisers, corrosion-inhibitors, dyes, extreme pressure agents and the

like and mixtures thereof. A variety of the additives are known and commercially available.

These additives, or their analogous compounds, can be employed for the preparation of the

trunk piston engine lubricating oil compositions of the invention by the usual blending

procedures.

[0085] In general, the concentration of each of the additives in the lubricating oil

composition, when used, may range from about 0.001 wt. % to about 20 wt. %, from about

0.01 wt. % to about 15 wt. %, or from about 0.1 wt. % to about 10 wt. %, based on the total

weight of the lubricating oil composition. Further, the total amount of the additives in the

lubricating oil composition may range from about 0.001 wt. % to about 30 wt. %, from about

0.01 wt. % to about 25 wt. %, or from about 0.1 wt. % to about 20 wt. %, based on the total

weight of the lubricating oil composition.

[0086] The lubricating oil composition disclosed herein can contain one or more

antioxidants that can reduce or prevent the oxidation of the base oil. Any antioxidant known

by a person of ordinary skill in the art may be used in the lubricating oil composition. Non-

limiting examples of suitable antioxidants include amine-based antioxidants (e.g., alkyl

diphenylamines such as bis-nonylated diphenylamine, bis-octylated diphenylamine, and

octylated/butylated diphenylamine, phenyl-a-naphthylamine, alkyl or arylalkyl substituted

phenyl-a-naphthylamine, alkylated p-phenylene diamines, tetramethyl-
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homopolymers and interpolymers of polymenzable olefin monomers of 2 to about-16 carbon atoms,
and usually 2 to 6 carbon atoms. acylating agents to form the carboxylic polyainines. [00951 The
amines which are reacted with the succinic dispersant composition can be monoamines Or nitrogen
largely in the form of imide functionality, although the amidc functionality may be in the form of amine
salts, amidespiigbzolinesras well d& niktyreshihrereof aniprepare desgiccinimideudifgersaint,done or
more succm ¢ acid-producing compounds and one or more amines are heated and typically water is
removednepytdaiiindghéprgsence oladsubstentibllyy inkehorgandiediguid salvieptétikednt 2Jthdireaction
temperature can range from about 80C up to the decomposition temperature of the mixture or the
product, terhicittidicatl; fallg'betnedmabiou X002 ¢a-hboupBORO, Additidne idetallsand exdmples of
procedures for preparing the suceinimide dispersants of the present invention include those described
in, for exansple atl ShdPldtentshlids;-8:47@ B892 x812419,666, 8iRT2yT-463' 4]234285] 646552 B dud
6,440,905. [0096]Suitable ashless dispersants may also include amine dispersants, which are reaction
productbérelatineti hidinmatet thar weight @aliploatics Halide suanck atnires:;,. prefeoabiyt golalkilkene
polyamines. Examples of such amine dispersants include those described in, for example, U.S. Patent
Nos. 3,2[1&554n SUBB BT 3148 4chEE hrbde 3465 80:mpounds and combinations thereof.

[0087] In one embodiment, the trunk piston engine lubricating oil compositions of the

present invention contain less than about 1 wt. % of an oxidation inhibitor. In one

embodiment, the trunk piston engine lubricating oil compositions of the present invention

contain less than about 0.5 wt. % of an oxidation inhibitor.

[0088] The lubricating oil composition disclosed herein can contain one or more

ashless dispersant compounds to maintain in suspension insoluble materials resulting from

oxidation during use, thus preventing sludge flocculation and precipitation or deposition on

metal parts. Dispersants may also function to reduce changes in lubricating oil viscosity by

preventing the growth of large contaminant particles in the lubricant. Any dispersant known

by a person of ordinary skill in the art may be used in the lubricating oil composition. An

ashless dispersant generally comprises an oil soluble polymeric hydrocarbon backbone

having functional groups that are capable of associating with particles to be dispersed.

[0089] In one embodiment, an ashless dispersant is one or more basic nitrogen-

containing ashless dispersants. Nitrogen-containing basic ashless (metal-free) dispersants

contribute to the base number or TBN of a lubricating oil composition to which they are

added, without introducing additional sulfated ash. Basic nitrogen-containing ashless

dispersants useful in this invention include hydrocarbyl succinimides; hydrocarbyl

succinamides; mixed ester/amides of hydrocarbyl-substituted succinic acids formed by

reacting a hydrocarbyl-substituted succinic acylating agent stepwise or with a mixture of
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[0097]Suitable ashless dispersants may further include "Mannich dispersant," are reaction proelucts of
alkyl phenols in which the alkyl group contains at least about 30 carbon atoms with aldehydes
(especially formaldehyde) and amines (especially polyalkylene polyamines) Examples of such
dispersants include those described in for example, U.S. Patent Nos. 3,036,003, 3,586,629, 3,591,598
and 3,980xb60ls[CoL8[Suitableaasiiess tispensantsmdylalsd/lherpdst-trediedashlepsodisgersdnts such
as post-treated succinimides, e.g., post-treatment processes involving borate or ethylene carbonate as
discloseblyidr,oonrexiasnpiefiies. Paderis NdsndaBIERAR? andl 4046)4465; anddthanlilke adispelisastother
post-treatment processes. The carbonate-treated alkenyl succinimide is a polybutene succinimide
derived fromeddhybustenieg hagling dendiecutaghweightaofabalicdbidbabbutv3aiDanpneferably firom about
900 to about 2500, more preferably from about 1300 to about 2400, and most preferably from about
2000 to pblyatk406; @ wellas mMikixressaffthedednplesular aveightshPueddrably, it is prepared by
reacting, under reactive conditions, a mixture of a polybutene succinic acid derivative, an unsaturated
acidic redi$@ft copoly apfrereninsaturadeth Bsidicasbagye nti aredsamt Olefilvdanbua pelyaniinatslch as
disclosed in U.S. Patent No. 5,716,912, the contents of which are incorporated herein by reference.
100991 Suitable dshleds, dispdesantsayiay pidar beeligmetiechedich ahe ipodypely iratisboheslssolubilizing
monomers such as decyl methacrylate, vinyl decyl ether and high molecular weight olefins with
monomernsdsongagningpolan seistisutesdEsamples iof, Jotyenenipldispérsadtérimeladethdse s@scribed in,
for example, U.S. Patent Nos, 3,329,658; 3,449,250 and 3,666,730. 1001001 The lubricating oil
composititer disolosedstareinnvanscomiaizs ameddaitionat detdriyergt dihier biydrothebdetenentsted the
invention. Any compound or a mixture of compounds that can reduce or slow the build up of deposits
can be usedcasnd detergentliNeadinitingeaxamptisios;stitabiemetalddeergantenolubimguthuized or
unsulfurized alkyl or alkenyl ph:enates, alkyl or alkenyl aromatic sulfonates, borated sulfonates,
sulfurizellydragashyifisi Zed gn ebal s adtspbnu hiyHyehaky e kiikomgl ke myd Ixpomatic tarhpd uddsc édky| or
alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl naphthenates, metal
salts of ahkartoiczadidéamuatalcoalisrsharmapkytioetalkenyddrivitiacidsmmechémicahamdsphysicaldnixtures
thereof. Other non-limiting examples of suitable metal detergents include metal sulfonates, salicylatcs,
phosphaeted, whtlinthospidnate srahebbeihyilnati poéythersnf The metal can be any metal suitable for
making sulfonate, salicylate or phosphonate detergents. Non-hinting examples of suitable metals
include &0 metals, Alidline heetadpaasmhtsaasitionchietapsodngomt emogtimertslatiremetaltis Ca,
Mg, Ba, K, Na, Li or the like. 1001011In some embodiments, the amount of the detergent is from about
0.001 wta%dro aibbulr ZEswesssFeon) adontieuas avticosttababbdt 20dveref;rebfrorinl edsowbort W, % to
about 15 wt. %, based on the total weight of the lubricating oil composition. Some suitable detergents
have bee#riascribad intonigrogeal. coBhemigtigoany Metshelodgyasf twbrisanty,g@nd Egitiony London,
Springer, Chapter 3, pages 75-85 (1996); and Leslie R. Rudnick, "Lubricant Additives: Chemistry and
ApplicatismspoNuly (koek, avlatgdiaDe kkerp GhgptechidiagesoneBydse (2008)ybuthiofalviichlarer
incorporated herein by reference.

aromatic compounds including phenols and naphthols), and/or basic inorganic materials.

These reaction products include imides, amides, and esters.

[0092] Succinimide dispersants are a type of carboxylic dispersant. They are
produced by reacting hydrocarbyl-substituted succinic acylating agent with organic hydroxy
compounds, or with amines comprising at least one hydrogen atom attached to a nitrogen
atom, or with a mixture of the hydroxy compounds and amines. The term "succinic acylating
agent" refers to a hydrocarbon-substituted succinic acid or a succinic acid-producing
compound, the latter encompasses the acid itself. Such materials typically include

hydrocarbyl-substituted succinic acids, anhydrides, esters (including half esters) and halides.
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1001021The lubricating oil composition disclosed herein can contain one or more friction modifiers that -
can lower the friction between moving parts. Any friction modifier known by a person of ordinary skill in
the art may be used in the lubricating oil composition. Non-limiting examples of suitable.on modifiers
include fatty carboxylic acids; derivatives (e.g., alcohol, esters, borated esters amides, metal salts and
the like) B0RRly carbodyliciaciehamahdisdissantiribalky/lasuldtitviedtphdspghonic dcids anpisosphenic
acids; derivatives (e.g., esters, amides, metal salts and the like) of mono-, di- or r -alkyl substituted
phosphoriesacitisiociphobpirdriics poitis ymomobe diepoe seratkybgubstituttadamines; mono- or di-alkyl
substituted amides and combinations thereof. In some embodiments examples of friction modifiers
include, but are not limited to Ikbxylatedofatty amines; borateq)fatty epaxides fatty phosphites, fatty
epoxides, fatty amines, boqatebl alkoxyfated fatty amines, metahgsalts of fatty acids, fatty acid amides,
glycerol esters, borated gﬁ/Eé” @@Q; and fatty imidazolines disciosedih U.S. Patent No.
6,372,696, the contents of whi¢ch are in ateq py-+referenge herein; friction odifiers obta cd from a
reaction product of a C4 tg C75,-0ra€6 to C24, or a €6 to CZQ,Cfa_tty_ c_@gster and a
nitrogen-containing compoundlselect&i from the group consisghg of ajpmonia, and an alkanolamine
and the like and mixtures therddf. The &Mmount of the friction odifier y 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. e/o to about 3 wt. %,
based o e iAtBAURIgNLOh G BRI 0N LamBOSIHAN, A Mg@@éﬁ%ﬁ%ﬂ@%g@@e been
described in Mortier et al., "Chemistry and Technology of Lubricants,” 2nd Edition,London, Springer,
Chapter 6, ages 133 17190 andlresie & Rk clybreant Adgy

e | %%i?d%%@iﬁt%’r !
Applications,” New York; Marcel'Dekker, Chapters 6 an pages 171-222 (2003), both of which are

ncororAlRGNAIEI DX [FIRtEn TR HOOLAAT e \DHIEANS Al SRMPABIRT ASEIREH BT gan contain

one or more anti- wear agents other than the one or more zinc dithiophosphates that can reduce

friction and exeesRNENYaN - NaR-imiiing sxanlss-Qf switaRle aniiwrpakagents inglidemetal (e.9.,
Pb, Sb, Mo and the like) salts of dithiophosphates, metal (e.g., Zn, Pb, Sb; Mo and the like) salts of

dithioeathpmatesCetRL(e:: £2RPih ALR IR KR) sRlieoL IR Aell RALOA.CHMRRUATR:

phosphate esters, phosphite esters, amine salts of phosphoric acid esters or thiophosphoric acid

esters, rg%g& p{pgy%%eg{ gigé{%lggg[’ggg’igpg Q’qgggirq@gg%hgg; acids and combinations thereof'.

The amount of the anti-wear agent may vary from about 0.01 {vt. % to about 5 wt. A, from about 0.05

wt. % to @iy} 3 Wt. %per fram, ARRUL AVt RAntRRRONL A A ased o dhe etalavsight gf the

lubricating oil composition. Some suitable anti-wear agents have been described in LeSlie R. Rudnick,

"Lubrica gy CORTSAN ARRIGRIONS: NAI Vit MBRGElIeKen Chapier B paass

223-258 (200 ) which is in_corporated herein by refe_rence. 1001041The lubricating oil composition
disclosed higteincansaaniain gne ar-Reradeam iIthibiars.Q anieppaasnisdnakrand ke foams

in oils. Any foam inhibitor or anti-foam agents known by a person of ordinary skill in the art may be
used in the fubyicating ek GomRasitien-Nandinitag rxamplesasiiab e doanm inkibiars rsapti-foam
agents include silicone oils or polydimethylsiloxanes, fluorosilieones, alkoxylated aliphatic acids,
polyethe6§]§)%1ginp§qIyethylene glycols), branched polyvinyl ethers, alkyl acrylate polymers, alkyl
methaerylate polymers, polyalkoxyammes and combinations thereof. In some embodiments, the foam

inhibitorgygy)ti-foam ggents GaPRssEs AR ranasiaarates RANGINGORIMIALSHR trialkyh

monothiophosphate, an ester of sulfonated ricinoleic acid, benzoylacetone, methyl salicylate, glycerol

monoolegig, RhAeRIPldigleatsm! beipmRULef tha fRam MiBRArR AnARl-fOAN AARRISI@LHYary from
about 0.001 wt. % to about 5 wt. A, from about 0.01 wt. % to about 3 wt. (1/4i, or from about 0.02 wt. 'A

to abouti} yk %288 Qthihe fatal wiaiaht of dhs uiricaling @ik compeaitan. comersuiabie: foam

inhibitors or anti-foam agents have been described in Monier et al., "Chemistry and Technology of
'—UbV!Ca%e"ci%MiEQ'Hf%ge}s‘éﬂé%es&r}%?&&B&H@%@ic@ﬁ%ﬁx_@iﬁ -LOR SRR hichd Soingosporated
herein by reference. [001051The lubricating oil composition disclosed herein can contain one or more
POUr  amines are heated and typically water is removed, optionally in the presence of a
substantially inert organic liquid solvent/diluent. The reaction temperature can range from

about 80°C up to the decomposition temperature of the mixture or the product, which

typically falls between about 100°C to about 300°C. Additional details and examples of
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point depressants that can lower the pour point of the lubricating oil composition. Any pour point
depressant known by a person of ordinary skill in the art 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 phenopplithalate, condensates of
tetra-parnaffice piven diprcprigensgtés cliacthmidate shpasaffinofvitie napititalensnano cehidinabieses thereof
In some embodiments, the pour point depressant comprises an ethylene-vinyl acetate copolymer, a
condensétecobethlanin&ted pangttin Biftl gheaol, Yoly 3lkyl2s8pzng Droteédika, ZTRe 4ol éfithe pour
point depressant may vary from about 0.01 wt. % to about 10 wt. %, from about 0.05 wt. to about 5 wt.
‘A, or froml&abaitGddvit 440,96 about 3 wt. 1',4), based on the total weight of the lubricating oil
composition. Some suitable pour point depressants have been described in Mortier et al., "Chemistry
and Techfiépy of Lubridahts, 4shhehE ditiparsiuondomy SpringeipGhapter 6ippgesni8 7 186h(1:896); and
Leslie R. Rudnick, "Lubricant Additives: Chemistry and Applications,"” New York, Marcel Dekker,
Chapterti¢tpayps828:354-¢R008)y bath wiolekidarareifitorporatedhhgteirmby refeksn pec 2001061 The
lubricating oil composition disclosed herein can contain one or more demulsifiers that can promote
oil-watemsépakatior ipolybnicatnghoikimphap ositishsithateatis expose thtduwdatboar dtearhediny Gemulsifier
known by a person of ordinary skill in the art may be used in the lubricating oil composition.
Non-limitingrexantpeFefestitable ddmalsiiersinobide’ diibAitd sudat et §84g., alkyl-naphthalene
sulfonates, alkyl benzene sullbnates and the like), nonionic alkoxylated alkyl phenol resins, polymers
of alkyleH¥®%ides (e.dhnpahyetslesredospidesapolypropyidre oxidds iMekmopelisprssios thwiehe oxide,
propylene oxide and the like), esters of oil soluble acids, polyoxyethylene sorbitan ester and
combinatisns thieesopr Jhesamoahtydf thendbsmulsifieshnmby whryl feommabouta hnwka%t thaiodi® 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 weigdrbofi thietubricdtinid diy dontpasitioly Sorme idaitaite dehmuisitere s bgan gedcyibed in
Mortier et al., "Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6,
pages 1901498i(1£9D6); winigheis dh cughorasper frateimblndefdresc e 4@0LA7HT Her | ehnicgting ib.
composition disclosed herein can contain one or more corrosion inhibitors that can reduce corrosion.
Any corrBsior NbibitdBkudin3y8a.pePsdrd ot Shfinad/3ski0inthe art may be used in the lubricating oil
composition Non-limiting examples of suitable corrosion inhibitor include half esters or amides of
dodecyld0698hic acid, phitdphatblestatspthiophosphiatss, Ekydridazd indds sadcgsinestardch
combinations thereof. The amount of the corrosion inhibitor may vary from about 0.01 wt. % to about 5
wt. %, frampaisouretod scastoidbout.8. whdk; ratroaniaboueSstswin el tongbburatavbrAs thased on the
total weight of the lubricating oil composition. Some u table corrosion inhibitors have been described in
Mortier eeghon@hemibnsiaad Tedhnekgyrdé.LUbriddaitnt o Bditidn 32omdbd, 73pridger@népter 6,
pages 193-196 (1996), which is incorporated herein by reference. [00108]The lubricating oil
compositibh afisetssdoHaehegarceomaimoressemdres extema prassetaliEPY lagentsithsiedan prevent
sliding metal surfaces from seizing under conditions of extreme pressure. Any extreme pressure agent
known biodypersehsotordinaly &kily ¢d thenanahydylorcaded irethenielorickting whtofmbositidh) Generally,
the extreme pressure agent is a compound that can combine chemically with a metal to form a surface
film that Previeptd therwisiably dfoaspértie80h vppbeing Mbtainsuefaceisnahtefrhighrloads! 6ridimiting
examples of suitable extreme pressure agents include sulfurized animal or vegetable fats or oils,
sulfurizetbanirddP O rarsyesber ity bt @stebouiuINOOr tpahial2 E¥ierified  besars dhiteivalethcsy
pentavalent acids of phosphorus, sulfurized olefins, dihydrocarbyl polysulfides, sulfurized D els-Alder
adducts nelfavize dvdigfifopeliteldiehly, siifisripeapoiedobsulferizog mirtlsre scof fiakty caridiestersaand
monounsaturated olefins cosulfurized blends or fatty acid, fatty acid ester and alpha-oletin,
functionaliyxsubstitatee diniaiosabpipolyd utides) tiaalgekyidesic thigiftstorresne pithid soampdunds,
sulfur-containing acetal derivatives, co-sulfurized blends of terpene and acyclic olefins, and polysultide
olefin préduesstamiitbasidis sfaghoispibiic deitheststs polriophospibrie disidasstbrs Btk Batabinations
thereof The amount of the extreme pressure agent may vary from about 0.01 wt. A to about 5 wt. %,
from abd¥R-0.08 W.13 tecaiootants wi. \whidr dromesperated beres by atfotsmeant. %, based on the total
weight of the lubricating oil composition. Some suitable extreme pressure agents have been described
in Leslielf0%Rlidnick, "buistidarishlgsiitidiepestvmintny alpel Ipplibations, Wesk YorigWadshDekker,
Chapter 8, pages 223- 258 (2003) which is incorporated herein by reference. [00109]The lubricating oil
compositibrotiselssdirereirreamesntaithone deenbraetfmantibitonrsihtdsanlirtiltsit thadcdrigsion of
ferrous metal surfaces. Any rust inhibitor known by a person of ordinary skill in the art may be used in
the lubricating oil composition. Non-limiting examples of suitable rust inhibitors include nonionic
polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether,
polyoxyethylene nonylphenyl ether, polyoxyethyle@& octylphenyl ether, polyoxyethylene octyl stearyl
ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol

monooleate, and polyethylene glycol monooleate; stearic acid and other ratty acids; dicarboxylic acids;
meaetal enanc: fattyvy acid amine calte: metal ealte af heaawvy crillanie arcid: nartial carbovvlie acid eactar nf



thereof. The amaunt of the rust inhibitor may vary from about 0.01 wt. "A 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 composition. [00110]The lubricating oil composition disclosed herein can contain one or
more multifinict onal additives.Non-limiting examples of suitable multifunctional additives include
sulfurizeshaxynialybdeghtmodtitiie carbamatepaulfurizedt oximaoydde nuits drngasnophosphpraditiimate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum complex
compoupd]yangisudfidpaenia nindudwotitbstke dasar dorah pte X @ompowind . (09 1RAjHheNoricatag o
composition disclosed herein can contain one or more metal deacuvators.Non-limiting examples of
suitable netalXd6acti/atess,ifikclude disalicylidene propylenediamine, triazole derivatives, thiadiazole
derivatives, and mercaptobenzimidazoles. [001121If desired, the lubricant additives may be provided
as an ad®tildpackagéler cdncentrgteiin whiphsineradditivesdtetacorparatedaintea sdbigtandially inert,
normally liquid organic diluent such as, for example, mineral oil, naphtha, benzene. toluene or xylene
to form aktadaitivetencintraie: Thesecooncenthataswsitiatly contgindropoabbdutr209miatabout80% by
weight of such diluent. Typically, a neutral oil having a viscosity of about 4 to about 8,5 cSt at 100C
and prefevafplyuadouba toaboiucé aStlatv 100 Guill heaiskg@sttherdiuentdhoaghksynthetidoils, as well
as other organic liquids which are compatible with the additives and finished lubricating oil can also be
used. THeraddgive peglkage will thtpicatiytdodtasngene ok ndy ssofftheadnousadditizes refeytedrto
above,in the desired amounts and ratios to facilitate direct combination with the requisite amount of the
oil oflubrdating vkeasity. 2001131 Thertplink piston endimateshrisating cilifonpositiohfsoi¢ieqpresent
invention may be suitable for use in a 4-stroke trunk piston engine having an engine speed of about
200 to about!2;00&dratatid ns peominute-frpin)xe. glkaboutalGDyd adooutt ik, GO ypmmdnchEkprake
horse-power (BHP) per cylinder of about 50 to about 5,000, preferably about 100 to about 3,000 and

most prefieatyly fhomraboutiddate alolib2080 Endimes:dsed farmaukiliarg poalkygemeratibemy!
applications or in land-based power generation applications are also suitable.
naphthenates, metal salts of alkanoic acids, metal salts of an alkyl or alkenyl multiacid, and

chemical and physical mixtures thereof. Other non-limiting examples of suitable metal
detergents include metal sulfonates, salicylates, phosphonates, thiophosphonates and
combinations thereof. The metal can be any metal suitable for making sulfonate, salicylate or
phosphonate detergents. Non-limiting examples of suitable metals include alkali metals,
alkaline metals and transition metals. In some embodiments, the metal is Ca, Mg, Ba, K, Na,
Li or the like.

[00101] In some embodiments, the amount of the detergent is from about 0.001 wt. %
to about 25 wt. %, from about 0.05 wt. % to about 20 wt. %, or from about 0.1 wt. % to about
15 wt. %, based on the total weight of the lubricating oil composition. Some suitable
detergents have been described in Mortier et al., "Chemistry and Technology of Lubricants,"”
2nd Edition, London, Springer, Chapter 3, pages 75-85 (1996); and Leslie R. Rudnick,
"Lubricant Additives: Chemistry and Applications," New York, Marcel Dekker, Chapter 4,

pages 113-136 (2003), both of which are incorporated herein by reference.
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1001141the following non-limiting examples are illustrative of the present invention. COMPARATIVE
EXAMPLE A [001151Preparation of 150 TBN Calcium C20 to C8 alkyl-substituted hydro x yben zoate.
1001161Step A) - Formation of the Alkali Metal Base Alkylphenate. 1001171An alkyphenol (1500 g),
prepared from linear C20-008 olefin containing C20 at 35%, C22 at 30% C21 at 16% C26 at 10% and
C,8 at 6990tz femind@hbédingiCikih and G0y el saveragedoslecttat weight @il elmeobestigiated by
gas chromatography ((IC) and high-performance liquid chromatography (HPLC) was charged together
with xylefre(60hg)did &5 %hsolutioln et pdiagsittiohypdraxide eQhy mwate (43Figlaneadifieon
antifoam agent (0.2 g) in a 3 neck round bottom flask equipped with a Dean-Stark distillation
apparatusichhetyixtuwrswas hedited,atkiB5C tt reduesdpressiie (@50 mouday tar Gohqussiguting which
xylene and water were continuously distilled with xylene recycled back to the flask. [001181Step B) -
Carboxyetionirjodd 9d<knepteactdr containinfithiemalkabdifetal akyiphenate/inciyterglfroradstiep A) was
allowed to cool and the mixture was left overnight under nitrogen. The next day, the reactorwas heated
to 140C éndvpressuiized slitth@O& @t baraant ¢n@infainedeundenihaskscomdlittansitby 4hdatrs. At the
end of this period, the content of the reactor was allowed to cool down to recover the potassium alkyl
hydroxyberizoatiéciraoidie nexniexd; the potalsilrusdkyhteyidpbryplenzoatedd 20 hysphsnitracddeed in a
round bottom flask followed by xylenc (722 g) and the mixture was heated to 80C. A 10 % solution of
sulfuric akidv@063 @) avassiatspaduckd, stoudy sahdengtitrigkandfthe mixtdireowas dikld aibG.fed 30
minutes. The mixture was then transferred to a separating funnel and allowed to settle for 2 hours.
After sepduaipborithectdp dapepgorntain rgdt) enalkyl ydrexybehzoicuasidure kylane syasorecaveied, The
alkylhydroxybenzoic acid had an acidity measured by potentiometry of 41.8 mgKOH/g and a xylene
content ofi58%uli0D12018tedeCrnOverbasmgns thereof. In some embodiments examples of

friction modifiers include, but are not limited to, alkoxylated fatty amines; borated fatty
epoxides; fatty phosphites, fatty epoxides, fatty amines, borated alkoxylated fatty amines,
metal salts of fatty acids, fatty acid amides, glycerol esters, borated glycerol esters; and fatty
imidazolines as disclosed in U.S. Patent No. 6,372,696, the contents of which are
incorporated by reference herein; friction modifiers obtained from a reaction product of a Cy
to Cys, or a Cg to Cag, or a Cq to Cy, fatty acid ester and a nitrogen-containing compound
selected from the group consisting of ammonia, and an alkanolamine and the like and
mixtures thereof. The amount of the friction modifier 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 composition. Some suitable friction
modifiers have been described in Mortier et al., "Chemistry and Technology of Lubricants,"
2nd Edition, London, Springer, Chapter 6, pages 183-187 (1996); and Leslie R. Rudnick,
"Lubricant Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapters 6
and 7, pages 171-222 (2003), both of which are incorporated herein by reference.

[00103] The lubricating o1l composition disclosed herein can contain one or more anti-

wear agents other than the one or more zinc dithiophosphates that can reduce friction and
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1001211A slurry of 127.8 g of slaked lime jn 153.3 g of methanol and 336.3 of xylene was prepared
and introduced into a reactor. Then, 1663.3 g (1.24 eq) of the alkylhydroxybenzoic acid of step B) was
loaded into the reactor and the temperature kept at 40C. Once the alkylhydroxybenzo e acid was
added, 12 g of a (50/50) mixture of acetic and formic acid was introduced leading to a slight

temperatue isickeasarto M3 liAdie coolimg ldowhsia30IE 0OR {27 a2 gy wiaslinttodece ddrz thehyeactor
slowly while the temperature increased from 30 to 40C. The reaction yielded a calcium

alkylhydg&ixyWenzeiatie: dik enbasac fuitihcapbiosphasrh anete . (091 221 Bte S ) M Preadigidl ilien salts
Centrifugation, and Final Distillation. [001231The mixture contained within the reactor was taken to a
temperatdrel ofiib28Garhhissproeedure. gemavedimeihanal, watelilandsalporitomaak the dglemerdext base
oil (204.2 g) was added to the mixture. The mixture was then centrifuged in a lab centrifuge to remove
unreacteshtipeuadd gthepsolidssteinalhh dbyeh imixtsre swasmheated atol7 pEoupidetvaculirs{ds mibar) to
remove any remaining xylene and to obtain an oil concentrate of an overbased calcium
alkyl-substitpbedphydio xy oz oater cetésg b doctkairidg: ScBipwritathcta antthayihgspiRN ohikR. 7.
COMPARATIVE EXAMPLE. B hydroxybenzoate. 1001251Step A) - Formation of the Alkali Metal
Base Alkyiphendtmafi60d 26idm. alkyp henoh( 1800 nprepareddnomdinearyGiloib-28tdldiin wontaining
C20 at 35%, C,, at 30% C24 at 16% C26 at 10% and C25 at 6%, the reminder being C18 and C30, of
average Tholeduar weight, dfoth) stgim 0l Estiméted bydGiCG and kiR Gravastehargédviogetiberbwith xylene
(750 g), a 45% solution of KOH in water (435 g) and a silicon antifoam agent (0.2 g) in a 3 neck round
bottom flask eYuipped withle Deah+Simtk distiiationrappagatilscdihpomiixiure Svascheatsd atdB5C at
reduced pressure (450 mmHg) For 6 hours during which xylene and water were continuously distilled
with xylemearegeriaschbackdentldesttadkd 100k21t ReRBhicCatbokyikatiom J00Hb281Theneactamdontaining
the alkali metal alkylphenate in xylene from step A)

Applications," New York, Marcel Dekker, Chapter 8, pages 223-258 (2003), which is

incorporated herein by reference.

[00104] The lubricating oil composition disclosed herein can contain one or more foam

inhibitors or anti-foam agents that can break up foams in oils. Any foam inhibitor or anti-

foam agents known by a person of ordinary skill in the art may be used in the lubricating oil

composition. Non-limiting examples of suitable foam inhibitors or anti-foam agents 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 foam inhibitors or anti-foam agents comprises glycerol monostearate, polyglycol

palmitate, a trialkyl monothiophosphate, an ester of sulfonated ricinoleic acid,

benzoylacetone, methyl salicylate, glycerol monooleate, or glycerol dioleate. The amount of

the foam inhibitors or anti-foam agents may vary from about 0.001 wt. % to about 5 wt. %,

from about 0.01 wt. % to about 3 wt. %, or from about 0.02 wt. % to about 1 wt. %, based on

the total weight of the lubricating oil composition. Some suitable foam inhibitors or anti-

foam agents have been described in Mortier et al., "Chemistry and Technology of
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- was allowed to cool and the mixture was [ell overnight under nitrogen. The next day, the reactor was
heated to 140C and pressurized with CO, at 3 bar and maintained under these conditions for 4 hours.
At the end of this period, the content of the reactor was allowed to cool down to recover the potassium
alkyl hydroxybenzoate in xylene. Next, the potassium alkyl hydroxybenzoate (1200 g) was introduced
in a rouricubaiterms flaskdollaived, byondene (FRRe), aaddhernixtpigeyashasted to9B0CwAIlR % solution
of sulfuric acid (1069 a) was introduced slowly under stirring and the mixture was held at 70C for 30
minutes.iddewepmixitd e svas therefepngterred to a separating funnel and allowed to settle for 2 hours.
After separation, the top layer containing the alkylhydroxybenzoie acid in xylene was recovered. The
alkylhydiesybenzoic atle hatstiamiagiditycorapssitra ldys potedtiameiry-af 4h@imgildligaragaixylene
content of 58%. 1001291Step C) - Overbasing. 1001301A slurry of 314.9 a of slaked lime in 207.7 2

of methgnohadehbh3sabtofikylene waspieppsead mnak infroduced iato @ stacionokham 1386%%3u1.03 eq)
of the alkylhydroxybenzo c acid of step B) was loaded into the reactor and the temperature was held at

40C. Onpeitineaplicsaydinibebzaipacichvsdsatioes, skailighé ar(d0isMenixidite dfeaodtitangkformic
acid was introduced leading to a slight temperature increase to 43C. After cooling down to 38C. CO2

(105.5 gyivasinpredticed inNbe-taattog sowlypidile thedembheratuie pireagdestfsom38 ichQe. Next,
another slurry of 59.9 g of slaked lime in 39.6 g of methanol and 335.7 g of xylene was prepared and
introducedlintetherdactoralkiyé readtae wab,/then, clidisd el alitie rd0a6e gpofyG R Wihile: theptemfarature
increased up from 50C. to 60C. The reaction yielded a calcium alkylhydroxybenzoate overbased with
calcium phebohpiehdl 001 3dd&tentR) o Rredigtitation phieintiiugatias, and fRindl Distiledipar HOa1321The
mixture contained within the reactor was taken to a temperature of 128C. This procedure removed
methanobitaterpatict laneartid nwf bhexiylanaeNekt,la hase ait{ddiméry), waspadededito depraidnire. 'the
mixture was then centrifuged in a lab centrifuge to remove unreacted lime and other solids. Finally, the
mixture waspheatedrathiy0@antsl wweuuanddiminibar) to condevieaany ffeimatiingaypans fincatel obtain
an oil concentrate of an overbased calcium alkyl-substituted hydroxybenzoate detergent containing
12.16 wiplinGla @arigatiay DseyieAtooftB4 01&. EDRAMRLI 30602 3l Ppeparddjonseia Ak VN fioto C28
calcium alkyl-substituted hydroxybenzoate. 1001341Step A) - Formation of the Alkali Metal Base
Alkylphestatet. (0D 85.1%An @bdyphditol{1300om pleparéd from % linedn @ 26+@ 2% norfrahalwaiolefin

0.1 wt. % to about 3 wt. %, based on the total weight of the lubricating oil composition.

Some suitable pour point depressants have been described in Mortier et al., "Chemistry and

Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 187-189 (1996);

and Leslie R. Rudnick, "Lubricant Additives: Chemistry and Applications,” New York,

Marcel Dekker, Chapter 11, pages 329-354 (2003), both of which are incorporated herein by

reference.

[00106] The lubricating oil composition disclosed herein can contain one or more
demulsifiers that can promote oil-water separation in lubricating oil compositions that are
exposed to water or steam. Any demulsifier known by a person of ordinary skill in the art
may be used in the lubricating oil composition. Non-limiting examples of suitable
demulsifiers include anionic surfactants (e.g., alkyl-naphthalene sulfonates, alkyl benzene
sulfonates and the like), nonionic alkoxylated alkyl phenol resins, polymers of alkylene

oxides (e.g., polyethylene oxide, polypropylene oxide, block copolymers of ethylene oxide,
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containing predominantly C26 at 58% and C28 at 36%, the reminder being C24 and C30, of average
molecular weight of 480 g/mol estimated by GC and MR was charged together with xylene (750 g), a
45% solution of 1(011 in water (367 g) and 0.2 g of silicon antifoam agent in a 3 neck round bottom
flask equipped with a Dean-Stark distillation apparatus. The mixture was heated at 13.5sC at reduce
pressureifdplammiigiefand thourkedusing swifichl xylehé: aritiwatelyarg abplinacoshytgistified avith xylene
recycled back to the flask. 1001361Step B) - Carboxylation. 1001371The reactor containing the alkali
metal alkyiphenateinthgteot fiim stepuA) washaltewedstt coaband:thadmmixtalvewvadlefvoveinight under
nitrogen. The next day, the reactor was heated to 140C and pressurized with CO2 at 3 bar and
maintairesewindenthéseficonditiondfos 4hdars: AtcineSend of, thisiperiotloth®.contett af theueactor as
allowed to cool down to recover the potassium alkyl hydroxybenzoate in xylene. Next, the potassium
alkyl hydroxybemzeate (1200 gpwhssatgbdudethin aiboieadottdmciagiofaiiowedSaynxylengafi22 g) and
the mixture was heated to 80C. A 10 % solution of sulfuric acid (1069 g) was introduced slowly under
stirring akdhthe nestunewwabdeelddes @@ donBONRirie seT hd. midtiemasay thev trindfermed to af
separating funnel and allowed to settle for 2 hours. After separation, the top layer containing the
alkylhydrarylenzoic 2acididixgleneavdsmeSpueped,. Therdtkyfhyplrgxyb@0zthé dditbhadvaimccidity
measured by potentiometry of 36.2 mgKOH/g and a xylene content of 55.1%. 1001381Step C) -
OverbasimyriQ@i3tickesiurpyrofet@ic8 g of slaked lime in 153.3 g of methanol and 336.3 of xylene was
prepared and introduced into a reactor. Then, 1920.6 g (1.24 eq) of the alkylhydroxybenzoic of step B)
was load@@liiith the reHotolubndatinectent penaprs tkeptdatAGE€d Onoarthaalkyhityodroxybenzoeracid was
added, 12 g of a (50/50) mixture of acetic and formic acid was introduced leading to a slight
temperatureinereabb ton 3Tt Afte ragboking downnto A0C ¢ @ORi¢A 1rdih) twashimtno by ceperstheofeactor
slowly while the temperature increased from 30 to 40C. The reaction yielded a calcium
alkylhydeosaylaen Abalie iovérb ase dnaithbealeietn icarboiabei 04 0] StepriDpsifredishldarlat)iting
Centrifugation, and Final Distillation. [001 41jThe mixture contained within the reactor was taken to a
temperatupenpfet 28(§@table corrosion inhibitor include half esters or amides of dodecylsuccinic acid,

phosphate esters, thiophosphates, alkyl imidazolines, sarcosines and combinations thereof.
The amount of the corrosion inhibitor may vary from about 0.01 wt. % to about 5 wt. %, from
about 0.05 wt. % to about 3 wt. %, or from about 0.1 wt. % to about 1 wt. %, based on the
total weight of the lubricating oil composition. Some suitable corrosion inhibitors have been
described in Mortier et al., "Chemistry and Technology of Lubricants," 2nd Edition, London,
Springer, Chapter 6, pages 193-196 (1996), which is incorporated herein by reference.

[00108] The lubricating oil composition disclosed herein can contain one or more
extreme pressure (EP) agents that can prevent sliding metal surfaces from seizing under
conditions of extreme pressure. Any extreme pressure agent known by a person of ordinary
skill in the art may be used in the lubricating oil composition. Generally, the extreme
pressure agent is a compound that can combine chemically with a metal to form a surface
film that prevents the welding of asperities in opposing metal surfaces under high loads.
Non-limiting examples of suitable extreme pressure agents include sulfurized animal or

vegetable fats or oils, sulfurized animal or vegetable fatty acid esters, fully or partially

(U8
LI



This procedure removed methanol, water and a portion of the xylene. Next, a base oil (204.2 g) was
added to the mixture The mixture was then centrifuged in a lab centrifuge to remove unreacted lime
and other solids. Finally, the mixture was heated at 170C under vacuum (15 mbar) to remove any
remaining xylene and to obtain an oil concentrate of an overbased calcium alkyl-substituted
hydroxybsierdett detengerii dontaimings. 4wy ke Ba andshavinghaspBitusf 1881BriESIAMPRLES2
1001421Preparation of 350 TBN C26 to C28 calcium alkyl-substituted hydroxybenzoate. [00143]Step
A) - Formhdidroofithg Alkbls Wiedas Bagéualiedpheniatd {00 bddiars.akypherd dis0dq)kpreiared from a
linear C26-C28 normal alpha olefin containing predominantly C26 at 58% and C28 at 36%, the
remindeswéinged 2 ancsT80; slaveragesmdldetianweighteot 480 gimolestinrated ble G, amd HPLC
was charged together with xylene (750 g), a 45% solution of KOH in water (367 g) and 0.2 g of silicon
antilbanselgentdd dBmisckirdaity boidorfrfiaskcal)sippedwith phpedefiStatk distiaiosubpparatls. The
mixture was heated at 135C at reduce pressure (450 mmHg) for 6 hours during which xylene and
water ardicpinieadusly phstildddeith thlenddrboycied Backetotive. flagki{B0 145 Hepm) - Galfivoxylation.
[00146]The reactor containing the alkali metal alkylphenate in xylene from step A) was allowed to cool
and the peixtirengasciiftl odemightasnder nitfagesd Thendexeidasrire readtorewdds helstiedstoa0C and
pressurized with CO2 at 3 bar and maintained under these conditions for 4 hours. At the end of this
period, thelxontatst ofclie rradistswasalfowdd tof coldbwncta¢atoveriher pbiasknsphatiylacid
hydroxybenzoate in xylene. Next, the potassium alkyl hydroxybenzoate in xyle (1200 2) was
introducegidriterzd roemdibeiiwrm fastofollbhvedryuxyleheh (7eareing i asramisgant was Yaatdbm 80'C. A
10 % solution of sulfuric 'd (1069 g) was introduced slowly under stirring and the mixture was held at
70C for doomiiAttesvIT HetomikiereSwels thelnomaalsdairéd 10va Separdivng Jovinéb ardiaiioweoutd)settle for 2
hours. After separation, the top layer containing the alkylhydroxybenzoic acid in xylene was recovered.
The alkyitiyapdryenitdicvdcith Naaseshaacibityatibasughd dythotehtioatiegyodf QBIRIREI01-Bgmend a
xylene content of* 55.1%. [00147]Step C) - Neutralization and Overbasmg.

suitable extreme pressure agents have been described in Leslie R. Rudnick, "Lubricant

Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 8, pages 223-
258 (2003), which is incorporated herein by reference.

[00109] The lubricating o1l composition disclosed herein can contain one or more rust
inhibitors that can inhibit the corrosion of ferrous metal surfaces. Any rust inhibitor known
by a person of ordinary skill in the art may be used in the lubricating oil composition. Non-
limiting examples of suitable rust inhibitors include nonionic polyoxyalkylene agents, e.g.,
polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
nonylphenyl ether, polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene
sorbitol monooleate, and polyethylene glycol monooleate; 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; phosphoric esters; (short-chain) alkenyl
succinic acids; partial esters thereof and nitrogen-containing derivatives thereof; synthetic

alkarylsulfonates, e.g., metal dinonylnaphthalene sulfonates; and the like and mixtures
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[00148]A slurry of 314.9 g of slaked lime-in 2073 g of methanol and 533.5 of xylene was prepared and
introduced into a reactor. Then 1604.9 g (1.03 eq) of the alkyl-substituted hydroxybenzo c acid of step
B) was loaded into the reactor and the temperature was held at 40C for 15 minutes. Once the
alkylhydroxybenzoic acid was added, 16.1 g of a (50/50) mixture of acetic and formic acid was
introducelekteaflinthtoamslight farperatuteinorease tard 3onAdterncoaling dgwntebd8Cl R 14,05.5 2)
was introduced in the reactor slowly while the temperature increased from 38 to 50C. Next, another
slurry of 588 ghofislakedviinie in 36t eftnmstharedand 33507 gvof Xylendwas preparédedchn
introduced into the reactor. The reactor was then charged with 70.6 a of CO2 while the temperature
increasetheipiadmcEE ¢6 16O Gibetigaoctianyiptdada calcium carbonate-overbased alkyl-substituted
hydroxybenzoate. 1001491Step D) - Predistillation, Centrifugation, and Final Distillation. 100150]The
mixture ¢oftadjed withlh¢hribeactorpwas takepptxaiedipdsatdréoth?284 Thisapioceduse removed
methanol, water and a portion of the xylene. Next, a base oil (347.4 g) was added to the mixture. The
mixture wadtihertoertrifadidynsa la¥@ehtrifiige toxtenpdae afnkedctéd inétidncothal salidisivEsnally, the
mixture was heated at 170C under vacuum (15 mbar) to remove any remaining xylene and to obtain
an oil coneémndeate sofl funi e rbasechebloienualkyldtibstidbechdydroxylferizedte deterghiideantaining
12.9 wt. % Ca and having a TBN of 361.2. EXAMPLES 3 AND 4 AND COMPARATIVE EXAMPLES C
AND D 189d5dihbyphkipisthiveregine pits lybderprepanedaiting tide, overhasbd dalaiumdabidilyl sibstituted
hydroxybenzoate detergent concentrates of Examples 1 and 2 and Comparative Examples A and B.
The trunkmpidtoaremgineobilsiofilbamplgs:3cang duaidaGd rmuptuative dxiamplels GilandDeoanthined the
following components and amounts as set forth in Table 1. In each Example, secondary alkyl ZnDTP
was addedhtpcaciieve a final oil concentration of about 0.05 wt. % in terms of phosphorus content.
TABLE 1

[00111] The lubricating oil composition disclosed herein can contain one or more

metal deactivators.  Non-limiting examples of suitable metal deactivators include
disalicylidene propylenediamine, triazole derivatives, thiadiazole derivatives, and
mercaptobenzimidazoles.

[00112} If desired, the lubricant additives may be provided as an additive package or
concentrate in which the additives are incorporated into a substantially inert, normally liquid
organic diluent such as, for example, mineral oil, naphtha, benzene, toluene or xylene to form
an additive concentrate. These concentrates usually contain from about 20% to about 80% by
weight of such diluent. Typically, a neutral oil having a viscosity of about 4 to about 8.5 ¢St
at 100°C and preferably about 4 to about 6 ¢St at 100°C will be used as the diluent, though
synthetic oils, as well as other organic liquids which are compatible with the additives and
finished lubricating oil can also be used. The additive package will typically contain one or
more of the various additives, referred to above, in the desired amounts and ratios to facilitate
direct combination with the requisite amount of the oil of lubricating viscosity.

[00113] The trunk piston engine lubricating oil compositions of the present invention

may be suitable for use in a 4-stroke trunk piston engine having an engine speed of about 200



Comp Ex. C 1Ex. i Comp. Ex. D IEx. 4  Non-detergent components ExxonMobil Core 600 N Group.
1 base oil 76,56.76.59 76.78
to about 2,000 rotations per minute (rpm), e.g., about 400 to about 1,000 rpm, and a brake
horse-power (BHP) per cylinder of about 50 to about 5,000, preferably about 100 to about
3,000 and most preferably from about 100 to about 2,000. Engines used for auxiliary power

generation applications or in land-based power generation applications are also suitable.

[00114] The following non-limiting examples are illustrative of the present invention.
COMPARATIVE EXAMPLE A

[00115] Preparation of 150 TBN Calcium Cy to Cys alkyl-substituted

hydroxybenzoate.

[00116] Step A) - Formation of the Alkali Metal Base Alkylphenate.

[00117] An alkyphenol (1500 g), prepared from linear C,¢-Cag olefin containing Cy at

35%, Caz at 30% Cy4 at 16% Cy at 10% and Cag at 6%, the reminder being C;g and Csg, of
average molecular weight of 405 g/mol estimated by gas chromatography (GC) and high-
performance liquid chromatography (HPLC) was charged together with xylene (750 g), a
45% solution of potassium hydroxide (KOH) in water (435 g) and a silicon antifoam agent
(0.2 g) in a 3 neck round bottom flask equipped with a Dean-Stark distillation apparatus. The
mixture was heated at 135°C at reduced pressure (450 mmHg) for 6 hours during which
xylene and water were continuously distilled with xylene recycled back to the flask.

[00118] Step B) - Carboxylation.

[00119] The reactor containing the alkali metal alkylphenate in xylene from step A)
was allowed to cool and the mixture was left overnight under nitrogen. The next day, the
reactor was heated to 140°C and pressurized with CO; at 3 bar and maintained under these
conditions for 4 hours. At the end of this period, the content of the reactor was allowed to
cool down to recover the potassium alkyl hydroxybenzoate in xylene. Next, the potassium

alkyl hydroxybenzoate (1200 g) was introduced in a round bottom flask followed by xylene
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76.79 ExxonMobil Core 2500 BS Group | base oil 10.8511.63 16.17 16.38 Oil concentrate of
secondary zinc dialkyl dithiophosphate 0.670.67 0.67 0.67 Silicone foam agent concentrate 0.040.04
0.04 0.04
(722 g) and the mixture was heated to 80°C. A 10 % solution of sulfuric acid (1069 g) was
introduced slowly under stirring and the mixture was held at 70°C for 30 minutes. The
mixture was then transferred to a separating funnel and allowed to settle for 2 hours. After
separation, the top layer containing the alkylhydroxybenzoic acid in xylene was recovered.
The alkylhydroxybenzoic acid had an acidity measured by potentiometry of 41.8 mgKOH/g
and a xylene content of 58%.
[00120] Step C) - Overbasing.
[00121] A slurry of 127.8 g of slaked lime in 153.3 g of methanol and 336.3 of xylene
was prepared and introduced into a reactor. Then, 1663.3 g (1.24 eq) of the
alkylhydroxybenzoic acid of step B) was loaded into the reactor and the temperature kept at
40°C. Once the alkylhydroxybenzoic acid was added, 12 g of a (50/50) mixture of acetic and
formic acid was introduced leading to a slight temperature increase to 43°C. After cooling
down to 30°C, CO, (27.2 g) was introduced in the reactor slowly while the temperature
increased from 30 to 40°C. The reaction yielded a calcium alkylhydroxybenzoate overbased
with calcium carbonate.
100122] Step D) - Predistillation, Centrifugation, and Final Distillation.
[00123] The mixture contained within the reactor was taken to a temperature of 128°C.
This procedure removed methanol, water and a portion of the xylene. Next, a base oil (204.2
g) was added to the mixture. The mixture was then centrifuged in a lab centrifuge to remove
unreacted lime and other solids. Finally, the mixture was heated at 170°C under vacuum (15
mbar) to remove any remaining xylene and to obtain an oil concentrate of an overbased
calcium alkyl-substituted hydroxybenzoate detergent containing 5.81 wt. % Ca and having a

TBN of 162.7.

COMPARATIVE EXAMPLE B
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Detergent components 350 TBN Ca alkyl-substituted hydroxybenzoate detergent concentrate of
Comp. Ex. B 11.88 -, -

[00124] Preparation of 350 TBN Calcium Cy to Cys alkyl-substituted
hydroxybenzoate.

[00125] Step A) - Formation of the Alkali Metal Base Alkylphenate.

[00126] An alkyphenol (1500 g), prepared from linear Cy-Cag olefin containing Cy at

35%, Cyy at 30% Cyy at 16% Cys at 10% and Cyg at 6%, the reminder being Cjs and Cs, of
average molecular weight of 405 g/mol estimated by GC and HPLC was charged together
with xylene (750 g), a 45% solution of KOH in water (435 g) and a silicon antifoam agent
(0.2 g) in a 3 neck round bottom flask equipped with a Dean-Stark distillation apparatus. The
mixture was heated at 135°C at reduced pressure (450 mmHg) for 6 hours during which
xylene and water were continuously distilled with xylene recycled back to the flask.

[00127] Step B) - Carboxylation.

[00128] The reactor containing the alkali metal alkylphenate in xylene from step A)
was allowed to cool and the mixture was left overnight under nitrogen. The next day, the
reactor was heated to 140°C and pressurized with CO; at 3 bar and maintained under these
conditions for 4 hours. At the end of this period, the content of the reactor was allowed to
cool down to recover the potassium alkyl hydroxybenzoate in xylene. Next, the potassium
alkyl hydroxybenzoate (1200 g) was introduced in a round bottom flask followed by xylene
(722 g) and the mixture was heated to 80°C. A 10 % solution of sulfuric acid (1069 g) was
introduced slowly under stirring and the mixture was held at 70°C for 30 minutes. The
mixture was then transferred to a separating funnel and allowed to settle for 2 hours. After
separation, the top layer containing the alkylhydroxybenzoic acid in xylene was recovered.
The alkylhydroxybenzoic acid had an acidity measured by potentiometry of 41.8 mgKOH/g
and a xylene content of 58%.

[00129] Step C) - Overbasing.
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350 TBN Ca alkyl-substituted hydroxybenzoate detergent concentrate of Ex. 2 11.07 150-TBN Ca

alkyl-substituted i hydroxybenzoate detergent | concentrate of Comp. ExX. A. 16.3411i1
[00130] A slurry of 314.9 g of slaked lime in 207.7 g of methanol and 533.5 of xylene
was prepared and introduced into a reactor. Then 13899 g (1.03 eq) of the
alkylhydroxybenzoic acid of step B) was loaded into the reactor and the temperature was held
at 40°C. Once the alkylhydroxybenzoic acid was added, 16.1 g of a (50/50) mixture of acetic
and formic acid was introduced leading to a slight temperature increase to 43°C. After
cooling down to 38°C, CO, (105.5 g) was introduced in the reactor slowly while the
temperature increased from 38 to 50°C. Next, another slurry of 59.9 g of slaked lime in 39.6
g of methanol and 335.7 g of xylene was prepared and introduced into the reactor. The
reactor was then charged with 70.6 g of CO; while the temperature increased up from 50°C to

60°C. The reaction yielded a calcium alkylhydroxybenzoate overbased with calcium

carbonate.
[00131] Step D) - Predistillation, Centrifugation, and Final Distillation.
[00132] The mixture contained within the reactor was taken to a temperature of 128°C.

This procedure removed methanol, water and a portion of the xylene. Next, a base oil (347.4
g) was added to the mixture. The mixture was then centrifuged in a lab centrifuge to remove
unreacted lime and other solids. Finally, the mixture was heated at 170°C under vacuum (15
mbar) to remove any remaining xylene and to obtain an oil concentrate of an overbased

calcium alkyl-substituted hydroxybenzoate detergent containing 12.16 wt. % Ca and having a

TBN of 340.5.
EXAMPLE 1
[00133] Preparation of a 150 TBN Cy to Cy calcium alkyl-substituted
hydroxybenzoate.
[00134] Step A) - Formation of the Alkali Metal Base Alkylphenate.
[00135] An alkyphenol (1500 g), prepared from a linear Cy4-Cys normal alpha olefin

containing predominantly Cas at 58% and Cys at 36%, the reminder being C,4 and Csg, of
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| 150 TBN Ca alkyl-substituted [ hydroxybenzoate detergent concentrate of Ex. 1 6.12

mgKOH/g 40.740.1 10.5 10.5

average molecular weight of 480 g/mol estimated by GC and HPLC was charged together
with xylene (750 g), a 45% solution of KOH in water (367 g) and 0.2 g of silicon antifoam
agent in a 3 neck round bottom flask equipped with a Dean-Stark distillation apparatus. The
mixture was heated at 135°C at reduce pressure (450 mmHg) for 6 hours during which xylene
and water are continuously distilled with xylene recycled back to the flask.

[00136] Step B) - Carboxylation.

[00137] The reactor containing the alkali metal alkylphenate in xylene from step A)
was allowed to cool and the mixture was left overnight under nitrogen. The next day, the
reactor was heated to 140°C and pressurized with CO; at 3 bar and maintained under these
conditions for 4 hours. At the end of this period, the content of the reactor was allowed to
cool down to recover the potassium alkyl hydroxybenzoate in xylene. Next, the potassium
alkyl hydroxybenzoate (1200 g) was introduced in a round bottom flask followed by xylene
(722 ¢) and the mixture was heated to 80°C. A 10 % solution of sulfuric acid (1069 g) was
introduced slowly under stirring and the mixture was held at 70°C for 30 minutes. The
mixture was then transferred to a separating funnel and allowed to settle for 2 hours. After
separation, the top layer containing the alkylhydroxybenzoic acid in xylene was recovered.
The alkylhydroxybenzoic acid had an acidity measured by potentiometry of 36.2 mgKOH/g
and a xylene content of 55.1%.

[00138] Step C) - Overbasing.

[00139] A slurry of 127.8 g of slaked lime in 153.3 g of methanol and 336.3 of xylene
was prepared and introduced into a reactor. Then, 1920.6 g (1.24 eq) of the
alkylhydroxybenzoic of step B) was loaded into the reactor and the temperature kept at 40°C.
Once the alkylhydroxybenzoic acid was added, 12 g of a (50/50) mixture of acetic and formic
acid was introduced leading to a slight temperature increase to 43°C. After cooling down to

30°C, CO, (27.2 g) was introduced in the reactor slowly while the temperature increased
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- Viscosity at 100 C, cSt Viscosity at 40 T., cSt Comp. Ex. C 14.3 138 3 Comp. Ex. D 14.2 141 Ex. 4
14.7, 147
from 30 to 40°C. The reaction yielded a calcium alkylhydroxybenzoate overbased with
calcium carbonate.
[00140] Step D) - Predistillation, Centrifugation, and Final Distillation.
[00141] The mixture contained within the reactor was taken to a temperature of 128°C.
This procedure removed methanol, water and a portion of the xylene. Next, a base oil (204.2
g) was added to the mixture. The mixture was then centrifuged in a lab centrifuge to remove
unreacted lime and other solids. Finally, the mixture was heated at 170°C under vacuum (15
mbar) to remove any remaining xylene and to obtain an oil concentrate of an overbased
calcium alkyl-substituted hydroxybenzoate detergent containing 5.84 wt. % Ca and having a

TBN of 163.5.

EXAMPLE 2
[00142] Preparation of 350 TBN Cy to Cyg calcium alkyl-substituted hydroxybenzoate.
[00143] Step A) - Formation of the Alkali Metal Base Alkylphenate.
[00144] An alkyphenol (1500 g), prepared from a linear Cic-Cyg normal alpha olefin

containing predominantly Cys at 58% and C,g at 36%, the reminder being Cy4 and Csg, of
average molecular weight of 480 g/mol estimated by GC and HPLC was charged together
with xylene (750 g), a 45% solution of KOH in water (367 g) and 0.2 g of silicon antifoam
agent in a 3 neck round bottom flask equipped with a Dean-Stark distillation apparatus. The
mixture was heated at 135°C at reduce pressure (450 mmHg) for 6 hours during which xylene
and water are continuously distilled with xylene recycled back to the flask.

[00145] Step B) - Carboxylation.

[00146] The reactor containing the alkali metal alkylphenate in xylene from step A)
was allowed to cool and the mixture was left overnight under nitrogen. The next day, the

reactor was heated to 140°C and pressurized with CO, at 3 bar and maintained under these
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14.6 142 -Viscosity index 102 101 98 99' SAE viscosity grade SAE 40 SAE 40

conditions for 4 hours. At the end of this period, the content of the reactor was allowed to
cool down to recover the potassium alkyl hydroxybenzoate in xylene. Next, the potassium
alkyl hydroxybenzoate in xylene (1200 g) was introduced mnto a round bottom flask followed
by xylene (722 g) and the mixture was heated to 80°C. A 10 % solution of sulfuric acid
(1069 g) was introduced slowly under stirring and the mixture was held at 70°C for 30
minutes. The mixture was then transferred to a separating funnel and allowed to settle for 2
hours. After separation, the top layer containing the alkylhydroxybenzoic acid in xylene was
recovered. The alkylhydroxybenzoic acid had an acidity measured by potentiometry of 36.2
mgKOH/g and a xylene content of 55.1%.

[00147] Step C) — Neutralization and Overbasing.

[00148] A slurry of 314.9 g of slaked lime in 207.7 g of methanol and 533.5 of xylene
was prepared and introduced into a reactor. Then 1604.9 g (1.03 eq) of the alkyl-substituted
hydroxybenzoic acid of step B) was loaded into the reactor and the temperature was held at
40°C for 15 minutes. Once the alkylhydroxybenzoic acid was added, 16.1 g of a (50/50)
mixture of acetic and formic acid was introduced leading to a slight temperature increase to
43°C. After cooling down to 38°C, CO, (105.5 g) was introduced in the reactor slowly while
the temperature increased from 38 to S0°C. Next, another slurry of 59.9 g of slaked lime in
39.6 g of methanol and 335.7 g of xylene was prepared and introduced into the reactor. The

reactor was then charged with 70.6 g of CO, while the temperature increased up from 50°C to

60°C. The reaction yielded a calcium carbonate-overbased alkyl-substituted
hydroxybenzoate.

[00149] Step D) - Predistillation, Centrifugation, and Final Distillation.

[00150] The mixture contained within the reactor was taken to a temperature of 128°C.

This procedure removed methanol, water and a portion of the xylene. Next, a base oil (347.4

g) was added to the mixture. The mixture was then centrifuged in a lab centrifuge to remove
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SAE40 SAE401 BSD, mg deposits Low fuel oil concentration

unreacted lime and other solids. Finally, the mixture was heated at 170°C under vacuum (15
mbar) to remove any remaining xylene and to obtain an oil concentrate of an overbased
calcium alkyl-substituted hydroxybenzoate detergent containing 12.9 wt. % Ca and having a
TBN of 361.2.
EXAMPLES 3 AND 4 AND COMPARATIVE EXAMPLES C AND D

[00151] Trunk piston engine oils were prepared using the overbased calcium alkyl-
substituted hydroxybenzoate detergent concentrates of Examples 1 and 2 and Comparative
Examples A and B. The trunk piston engine oils of Examples 3 and 4 and Comparative
Examples C and D contained the following components and amounts as set forth in Table 1.
In each Example, secondary alkyl ZnDTP was added to achieve a final oil concentration of

about 0.05 wt. % in terms of phosphorus content.

TABLE 1

Comp. Ex.C | Ex.3 | Comp. Ex.D Ex. 4

Non-detergent components

ExxonMobil Core 600 N 76.56 76.59 76.78 76.79
Group I base oil

ExxonMobil Core 2500 BS 10.85 11.63 16.17 16.38
Group I base oil

Oil concentrate of secondary zinc 0.67 0.67 0.67 0.67
dialkyl dithiophosphate

Silicone foam agent concentrate 0.04 0.04 0.04 0.04

Detergent components

350 TBN Ca alkyl-substituted
hydroxybenzoate detergent 11.88 - - -
concentrate of Comp. Ex. B
350 TBN Ca alkyl-substituted
hydroxybenzoate detergent - 11.07 - -
concentrate of Ex. 2

150 TBN Ca alkyl-substituted
hydroxybenzoate detergent - - 6.34 -
concentrate of Comp. Ex. A
150 TBN Ca alkyl-substituted
hydroxybenzoate detergent - - - 6.12
concentrate of Ex. |

TBN, mgKOH/g 40.7 40.1 10.5 10.5
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17.0 12.4 12.4 7.5 High fuel oil concentration 70.9 20.6 52.2 16.8 1001521Residual fuel compatibility
was evaluated by means of the black sludge deposit test as described below. 1001531Black Sludge

Deposit (BSD) Test

Comp.Ex.C | Ex.3 | Comp.Ex.D Ex. 4
Viscosity at 100 °C, ¢St 14.3 14.6 14.2 14.7
Viscosity at 40 °C, ¢St 138 142 141 147
Viscosity index 102 101 98 99
SAE viscosity grade SAE 40 SAE SAE 40 SAE 40

40

BSD, mg deposits
Low fuel oil concentration 17.0 12.4 12.4 7.5
High fuel oil concentration 70.9 20.6 52.2 16.8

[00152]

Residual fuel compatibility was evaluated by means of the black sludge

deposit test as described below.
[00153] Black Sludge Deposit (BSD) Test
[00154] This test is used to evaluate the ability of a trunk piston engine oil to cope with
unstable-unburned asphaltenes in 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.

[00155] A sample of test oil was mixed with heavy fuel oil to form a test mixture.
Each test mixture was pumped over a heated metal test strip, which is controlled at test
temperature, for a specified period of time. After cooling and washing, the metal test strips
were dried and weighted. The weight of each steel test strip was determined, and the weight
of the deposit remaining on the steel test strip was measured and recorded as the change in
weight of the steel test strip.

[00156] Tests were performed separately on each trunk piston engine oil using both a
low and high concentration of added heavy fuel oil. As the data in Table | show, the addition
of at least one detergent comprising a salt of an alkyl-substituted hydroxyaromatic carboxylic
acid according to the present invention to the trunk piston engine oil significantly improves

the residual fuel compatibility in all cases for both low and high residual fuel concentration.

For example, the trunk piston engine oil of Example 3 containing a 350 TBN Ca alkyl-

44



-1001541This test is used to evaluate the ability of a.trunk piston engine oil to cope with
unstable-unburned asphaltenes in the residual Mel 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. 1001551A sample of test oil was mixed with heavy fuel oil to Rum a test mixture. Each test
mixture wastpurepagddveyadeaied meaial tesistripe tedgiott istconinaled kiylesbietmpéndieidk for a
specified period of time. After cooling and washing, the metal test strips were dried and weighted. The
weight ofubachistédliéststripmas detdoniiedaadd th€ weiglhttofdhné depasit ffemainingkandhd steel
test strip was measured and recorded as the change in weight of the steel test strip. 1001561 Tests
were perfonmechiphparately exhdachl trignkipistdy emdnepeusidly bothda powt dndhhigbnconoethtration of
added heavy fuel oil. As the data in Table 1 show, the addition of at least one detergent comprising a
salt of amatkypistirstitgied by drioKyarpmaiic: daxbooti € asidtaccogding iBiNeCarebatsinveantion to the
trunk piston engine oil significantly improves the residual fuel compatibility in all cases for both low and
high residuibfiyel contentretionliecrekdaplesthebruai pistatkehginewilodftkxathple@sontaiding a
350 TBN Ca alkyl- substituted hydroxyaromatic carboxylic acid detergent wherein the alkyl moiety of
the alkyhsdbstitatechdiyd roxyarpheatic CarbOxylic Geichisl C26 ted(Z2@namdhdennve dffromma nixfure of
normal alpha olefins exhibited significantly and unexpectedly less deposit forrnation than the trunk
piston engifesoil.of CdMmpearakipesixample ChcHmgidiep350 MiNaGdtatky Hsu bstifu@etdrydrggaromatic
carboxylic acid detergent wherein the alkyl moiety of the alkyl-substituted hydroxyaromatic carboxylic
acid is GR0abH3 28 pind denitaa froml S0iRINre odlkphmai salpial dledins yreon 206 anadeposits dersus
70.9 mg deposits. In addition, the trunk piston engine oil of Example 4 containing a 150 TBN Ca
alkyl-substitcgeat hwiinexyahorbitid carsoxyliclzcidigetergeitwhdnairmtyamaikytinoebpof tlteacid
alkyl-substituted hydroxyaromatic carboxylic acid is C26 to C28 and derived from a mixture of normal
alpha ole&fifiss aldo:exhibitedvsid hificaatlyi andeurfexpectkdliyhe sécdepositdermtiod tham flvertriynk piston
engine oil of Comparative Example D containing 150 TBN Ca alkyl-substituted hydroxyaromatie
carboxyhodcidedptstgdnt efre depoiie fatiyhnooighanftheetalkiglsubstitertethéydl oxy Sonramat sarboxylic
acid is C20 to C28 and derived from a mixture of normal alpha olefin i.e., 16.8 mg deposits versus 52.2
mg depdsiEnpBO1H Thiwitihe UhdeiRidbd thatkerolstrmodifidativnsyaraynbecmadeotaythe acid
embodiments disclosed herein. Therefore the above description should not be construed as limiting,
but merelstag@xenglifications lofl prefetyect ehsbdbjienist FEaddxampleathefunctidnsgiEscribéd above
and implemented as the best mode for operating the present invention are for illustration purposes
only. Othef artartgemehdsrard! iiethedsinase loé ivmpiehrdpited loyithose .skillk dhin deeosits withost
departing from the scope and spirit of this invention. Moreover, those skilled in the art will envision
other mdédificagalepevithin the scope and spirit of the claims appended hereto. WHAT IS CLAIMED IS:
1. A trunk piston engine lubricating oil composition comprising (a) a major amount of an oil of
lubricatid@&ebsity; () ond obenordaarbokythte-containing detegems cumphsingalsatootizn
alkyl-substituted hydroxyaromatic carboxylic acid, wherein at least about 50 % of the alkyl moiety of
the alkylesulisstitutoth lysiioxydrorratic ddreigictheisboomgeisep@aSiikid guups dedtreddram one or
more normal alpha olefins; and (c) one or more zinc dithiophosphates in an amount of about 0.02 to
about 0.limisn s tenvsbf phospmpli§ cortentol preferred embodiments.  For example, the

functions described above and implemented as the best mode for operating the present
invention are for illustration purposes only. Other arrangements and methods may be
implemented by those skilled in the art without departing from the scope and spirit of this
invention. Moreover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.
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2. The trunk piston engine lubricating oil composition according to Claim 1, having a total base number
of at least about 10. 3. The trunk piston engine lubricating oil composition according to Claim 1,
having a total base number of from about 20 to about 60. 4. The trunk piston engine lubricating oll
composition according to any one of Claims 1-3, wherein at least about 50% of the alkyl moiety of the
alkyl-substifutéd Hydraxiardnmatic carboxylic acid comprises C to C25 alkyl groups derived from one or
more normal alpha olefins. 5. The trunk piston engine lubricating oil composition according to any
one of Claims 1-3,Avhergipatdeastealmo lith®%bing ihe alkyavioietycohtpesalkylasubsiijaiedmount
hydroxyaromatic carboxylic acid comprises C76+ alkyl groups derived from one or more normal alpha
olefins. of anb.oThefrimk pisiop enginatybriating: odrcomnposiiobbagtocdingtimarny doegfe@aims 1-3,
wherein at least about 95% of the alkyl moiety of the alkyl-substituted hydroxyaromatie carboxylic acid
comprises@iatsiagkyl glowps:dlelivdesfronitared by dnarganarmad alphaglbéinsid, whérdiheatrlraktpiston
engine lubricating oil composition according to any one of Claims 1-6, wherein the one or more
carboxylatercafiaining deterigehtscempoiSehantudrbdsedualdalindreayrtihometal sathoxyl# Bheltrunk
piston engine lubricating oil composition according to Claim 7, wherein the overbased alkaline earth
metal satbigamsey€rpastid Latour daltved fr@nTdre tvumkopistonnerigihyehdudili Gatingndil(coprmposition
according to any one of Claims 1-8 wherein the composition contains no detergent that does not
contain ansadt ainandalkyipbobsiitdte dnhydrexyearonodtiboarBody i adidut 0.120vTRe trunkrpistofi engine
lubricating oil composition according to any one of Claims 1-9, further comprising less than about 2 wt.
% of a pphaliybemecsucainimide. l. The trunk piston engine lubricating oil composition according
to any one o Claims 1-10, further comprising less than about 1 wt. % of an oxidation inhibitor. 12.
The trunk piston engine lubricating oil composition according to any one of Claims 1-11, wherein the
one or more zinc dithiophosphates are present in an amount of about 0.02 to about 0.06 wt. % in
terms of phospRoriisecoméniiston engine lubricating oil composition according to Claim 1, having a

total base number of at least about 10.

3. The trunk piston engine lubricating oil composition according to Claim 1, having a

total base number of from about 20 to about 60.

4. The trunk piston engine lubricating oil composition according to any one of
Claims 1-3, wherein at least about 50% of the alkyl moiety of the alkyl-substituted
hydroxyaromatic carboxylic acid comprises Cys to Cag alkyl groups derived from one or more

normal alpha olefins.

5. The trunk piston engine lubricating oil composition according to any one of
Claims 1-3, wherein at least about 90% of the alkyl moiety of the alkyl-substituted
hydroxyaromatic carboxylic acid comprises Cas: alkyl groups derived from one or more

normal alpha olefins.
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13. The trunk piston engine lubricating oil composition according to any one of Claims 1-12, further
comprising one or ore trunk piston engine lubricating oil composition additives selected from the group
consisting of an ashless dispersant other than a polyalkylene succint deanti-wear agent other than a
zinc d thiophosphate, rust inhibitor, dehazing agent, demulsifying agent, metal deactivating agent,
friction modifiero pohpainintiepressastg matifobritinghageintc consaiitant, packdige conpatibiiser
corrosion-inhibitor, dye, extreme pressure agent and mixtures thereof 14. A method for reducing
black sludénand depesitrthinmat drasn atiounkopistont etgingkthemethod camprising-tubkicatiag the
trunk piston engine with a trunk piston engine lubricating oil composition according to any one of
Claims Ih¥8roxyaibridse ofddnyhk pisiorcenginedubricadifglojroapipasitiaa gecording @ anyrone of
Claims 1-13 for reducing black sludge and deposit formation in a trunk piston engine.

normal alpha olefins.

7. The trunk piston engine lubricating oil composition according to any one of
Claims 1-6, wherein the one or more carboxylate-containing detergents comprise an

overbased alkaline earth metal salt.

8. The trunk piston engine lubricating oil composition according to Claim 7, wherein

the overbased alkaline earth metal salt is an overbased calcium salt.

9. The trunk piston engine lubricating oil composition according to any one of
Claims 1-8, wherein the composition contains no detergent that does not contain a salt of an

alkyl-substituted hydroxyaromatic carboxylic acid.

10. The trunk piston engine lubricating oil composition according to any one of

Claims 1-9, further comprising less than about 2 wt. % of a polyalkylene succinimide.

11. The trunk piston engine lubricating oil composition according to any one of

Claims 1-10, further comprising less than about 1 wt. % of an oxidation inhibitor.

12. The trunk piston engine lubricating oil composition according to any one of

Claims 1-11, wherein the one or more zinc dithiophosphates are present in an amount of

about 0.02 to about 0.06 wt. % in terms of phosphorus content.
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13. The trunk piston engine lubricating oil composition according to any one of
Claims 1-12, further comprising one or more trunk piston engine lubricating oil composition
additives selected from the group consisting of an ashless dispersant other than a
polyalkylene succinimide, anti-wear agent other than a zinc dithiophosphate, rust inhibitor,
dehazing agent, demulsifying agent, metal deactivating agent, friction modifier, pour point
depressant, antifoaming agent, co-solvent, package compatibiliser, corrosion-inhibitor, dye,

extreme pressure agent and mixtures thereof.
14. A method for reducing black sludge and deposit formation in a trunk piston
engine, the method comprising lubricating the trunk piston engine with a trunk piston engine

lubricating oil composition according to any one of Claims 1-13.

15. Use of a trunk piston engine lubricating oil composition according to any one of

Claims 1-13 for reducing black sludge and deposit formation in a trunk piston engine.
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