NATURAL GAS ENG NE LUBRI CATI NG O L COWPOSI TI ONS BACKGROUND OF THE | NVENTI ON
1. Technical Field [0001] The present invention generally relates to a
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or inhibiting exhaust valve seat recession in natural gas fuel ed internal
conbustion engines. 2. Description of the Related Art [0002] Natural gas
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BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The present invention generally relates to a natural gas engine lubricating
oil composition and a method for preventing or inhibiting exhaust valve seat recession in
natural gas fueled internal combustion engines.

2. Description of the Related Art

[0002] Natural gas fueled engines are engines that use natural gas as a fuel source.
Lubricating oils with high resistance to oxidation, nitration and viscosity increase are
generally preferred for lubricating oils used in natural gas engines because of the
conditions related to this type of engine.

[0003] Natural gas has a higher specific heat content than liquid hydrocarbon fuels
and therefore it will burn hotter than liquid hydrocarbon fuels under typical conditions. In
addition, since it is already a gas, natural gas does not cool the intake air by evaporation as
compared to liquid hydrocarbon fuel droplets. Furthermore, many natural gas fueled
engines are run either at or near stoichiometric conditions, where less excess air is
available to dilute and cool combustion gases. As a result, natural gas fueled engines
generate higher combustion gas temperatures than engines burning liquid hydrocarbon
fuels. In most cases, natural gas fueled engines are used continuously at 70 to 100% load,
whereas an engine operating in vehicular service may only spend 50% of its time at full
load.

[0004] This condition of running continuously near full load places severe

demands on the lubricant. For example, by subjecting the lubricating to a sustained high
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[0006] Valve wear resistance is important to the durability of natural gas fueled
engines. In general, exhaust valve recession is wear which occurs at the valve and valve
seat interface and is the most pronounced form of valve wear in natural gas fueled engines.
When the valve is prevented from seating properly, it can cause engine roughness, poor
fuel economy and excessive emissions. In order to correct excessive valve wear, a
cylinder head overhaul is usually required. Although natural gas fueled engines typically
use very hard corrosion-resistant material for the valve face and seat mating surface to give
extended cylinder head life, it does not completely eliminate valve recession.
[0007] There is a difference in the lubricating oil requirements for natural gas
fueled engines and engines that are fueled by liquid hydrocarbon fuels. The combustion of

liquid hydrocarbon fuels such as diesel fuel often results in a small amount of incomplete

combustion (e.g., exhaust particulates). In a liquid hydrocarbon fueled engine, these
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exhaust valves because there is no fuel-derived lubricant such as liquid droplets or soot to
aid in lubrication to the exhaust valve/seat interface in a natural gas fueled engine.
Therefore, the durability of the cylinder head and valve is controlled by the ash content
and other properties of the lubricating oil and its consumption rate to provide lubricant
between the hot valve face and its mating seat. Too little ash or the wrong type can
accelerate valve and seat wear, while too much ash may lead to valve guttering and
subsequent valve torching. Too much ash can also lead to loss of compression or
detonation from combustion chamber deposits. Consequently, gas engine builders
frequently specify a narrow ash range that they have learned provides the optimum
performance. Since most gas is low in sulfur, excess ash is generally not needed to
address alkalinity requirements, and ash levels are largely optimized around the needs of
the valves. There may be exceptions to this in cases where sour gas or landfill gas is used.
The use of catalysts is becoming more prevalent as a means to meet stricter emission
regulations. Limiting phosphorous content in the lubricating oil can prevent catalyst
poisoning.
[0009] U.S. Patent No. 3,798,163 (“the ‘163 patent”) discloses a method for

controlling or inhibiting exhaust valve recession in natural gas fueled internal combustion

engines by maintaining a lubricating amount of a lubricating oil composition on the engine
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recession in natural gas fueled internal combustion engines by naintaining
a | ubri caviipgerdsddint of a lubricating oil composition on the engine
conponents of the internal conmbustion engine. The '163 patent further
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of about 250 and less and at least one second alkali or alkaline earth metal salt or mixture
thereof which is more neutral than the first low TBN salt. The ‘133 patent further
discloses that the fully formulated gas engine oil can also typically contain other standard
additives known to those skilled in the art, including anti-wear additives such as zinc
dithiophosphates, dispersants, phenolic or aminic antioxidants, metal deactivators, pour
point depressants, antifoaming agents, and viscosity index improvers.
[0011] U.S. Patent No. 6,174,842 (“the ‘842 patent”) discloses a lubricating
composition containing (a) a major amount of lubricating oil, (b) an oil-soluble

molybdenum compound substantially free of reactive sulfur, (c) an oil-soluble diarylamine

and (d) an alkaline earth metal phenate. The ‘842 patent further discloses that the
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detergents other than a lithtum-containing detergent (d) one or more antioxidants (¢) one
or more dispersants and (f) one or more anti-wear agents, wherein the lubricating oil
composition contains no more than 0.1 weight percent of lithium-containing detergents
and no more than 0.12 weight percent phosphorus, and provided the lubricating oil
composition does not contain a calcium-containing detergent. The ‘263 application
further discloses that the lubricating oil composition is useful for reducing catalyst
poisoning in exhaust after treatment in internal combustion engines such as diesel engines,
gasoline engines and natural gas engines.

[0013] It is desirable to develop improved natural gas engine lubricating oil
compositions which can prevent or inhibit exhaust valve recession in natural gas fueled

internal combustion engines.

SUMMARY OF THE INVENTION

[0014] In accordance with one embodiment of the present invention, a natural gas
engine lubricating oil composition is provided comprising (a) a major amount of an oil of

lubricating viscosity, (b) one or more phosphorus-containing anti-wear additives, (c) one
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one or more ashless dispersants, (d) one or more alkaline earth metal salts of an alkyl-
substituted hydroxyaromatic carboxylic acid as the only detergent in the natural gas engine
lubricating oil composition, and (¢) one or more antioxidants, wherein the natural gas
engine lubricating oil composition contains no more than about 0.03 weight percent of
phosphorus, based on the total weight of the natural gas engine lubricating oil
composition.

[0016] In accordance with a third embodiment of the present invention, there is
provided a method for preventing or inhibiting exhaust valve seat recession in a natural
gas fueled engine, the method comprising lubricating the engine with a natural gas engine
lubricating oil composition comprising (a) a major amount of an oil of lubricating
viscosity, (b) one or more phosphorus-containing anti-wear additives, (¢) one or more
ashless dispersants, (d) one or more alkaline earth metal salts of an alkyl-substituted
hydroxyaromatic carboxylic acid, and (¢) one or more antioxidants, wherein the natural

gas engine lubricating oil composition contains no more than about 0.03 weight percent of
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[0018] In accordance with a fifth embodiment of the present invention, the use of a
natural gas engine lubricating oil composition comprising (a) a major amount of an oil of
lubricating viscosity, (b) one or more phosphorus-containing anti-wear additives, (c) one
or more ashless dispersants, (d) one or more alkaline earth metal salts of an alkyl-
substituted hydroxyaromatic carboxylic acid, and (e) one or more antioxidants, wherein
the natural gas engine lubricating oil composition contains no more than about 0.03 weight
percent of phosphorus, based on the total weight of the natural gas engine lubricating oil

composition, and further wherein the natural gas engine lubricating oil composition is
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[0020] In addition, the natural gas engine lubricating oil composition of the present
invention advantageously possesses improved or relatively comparable exhaust valve seat
recession properties in a natural gas fueled engine as compared to a corresponding natural
gas engine lubricating oil composition in which the one or more alkaline earth metal salts
of an alkyl-substituted hydroxyaromatic carboxylic acid in the natural gas engine
lubricating oil composition is replaced with an alkaline earth metal-containing phenate

detergent.



[0021]Figure 1 is a bar graph conparing the exhaust val ve recessi on wear
rates for the lubricating oil conposition of Exanple 1 versus the

| ubri cat iw@ 20it1268posi ti on of Conparative Exanple A DETAUSED1DESER PTI ON
OF THE PREFERRED EMBODI MENTS [0022] To facilitate the understanding of the
subj ect matter disclosed herein, a nunber of terns, abbreviations or other
shorthand as used herein are defined below. Any term abbreviation or
shorthand not defined is understood to have the ordinary neaning used by a
skilled q§§f ‘ Qu J he submi ssion of this application.
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m Tﬁggﬁ m Pagure 1 1s a bar graph comparing the exhaust valve recession wear rates

for the lubricating oil composition of Example 1 versus the lubricating oil composition of

Comparative Example A.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] 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.

[0023] Definitions

[0024] The term "alkaline earth metal” refers to calcium, barium, magnesium, and
strontium.

[0025] The term "alkali metal” refers to lithtum, sodium, potassium, rubidium, and
cesium.

[0026] The term "carboxylate" means an alkaline ecarth metal salts of an alkyl-

substituted hydroxyaromatic carboxylic acid.

[0027] The term "phenate” means a salt of a phenol.

[0028] The present invention is directed to a natural gas engine lubricating oil
composition containing (a) a major amount of an oil of lubricating viscosity, (b) one or
more phosphorus-containing anti-wear additives, (c) one or more ashless dispersants, (d)
one or more alkaline earth metal salts of an alkyl-substituted hydroxyaromatic carboxylic

acid, and (¢) one or more antioxidants, wherein the natural gas engine lubricating oil



[0025] The term "al kali netal" refers to lithium sodium potassium

rubi dium and cesium [0026] The term "carboxyl ate" neans an al kaline earth
nmet al salwe 20fr/@an70al Kyl - substituted hydroxyaromati c caPBoASRI1a/028962.

[ 0027] The term "phenate” neans a salt of a phenol. [0028] The present
invention is directed to a natural gas engine lubricating oil conposition
containing (a) a major anount of an oil of lubricating viscosity, (b) one
or nore phosphorus-containing anti-wear additives, (c) one or nore ashless

di sper sant ; n [ re alkalin (th al_.sal f

2l iyt - supebirelbn LRalS o 2 s Dl bl BT el TR R ST hSorBprBessd ondie
antioxidants, wherein the natural S.engine lubricating _oil cqnpgsition
cont ai ns G HEHBE PR NaBEEE HEnGeY tl%%?@@ﬂ@%%ﬂl%&ggﬁm% WhSEE Hicon ¢ he
total weight of the natural gas engine |ubricating oil conposition, and
further wherel gast tgineatubrigatingaeil epgpastion by pubstantghoiice ©brpy sillkdliometad-
substantially free of any al kali netal-containing detergents. The term
"subst antdoatalining detergents. ThederheYsabstastiwdlyl frdeé asnsker Istraiodhilbbereadergodd/ta r ace
anounts, typically below 0.001 wt. % based on the total weight of the

natural dasnesidy MRcé BRbLEE! ﬂy@ﬁa@% belo@NPOS1 titO%, bhdedadtytheQbtabhledihk of the

met al -containing detergents in the natural gas engine lubricating oil

conposi t 1Rz, gas engine lubricating oil composition, if any, of alkali metal-containing detergents
in the natural gas engine lubricating oil compositions.
[0029] In one embodiment, the natural gas engine lubricating oil compositions
according to the present invention contain from about 0.005 to about 0.03 wt. % of
phosphorus, based on the total weight of the natural gas engine lubricating oil
composition.
[0030] In one embodiment, a natural gas engine lubricating oil composition
according to the present invention will have a sulfated ash content of no more than about
1.25 wt. % as determined by ASTM D 874. In another embodiment, a natural gas engine
lubricating oil composition according to the present invention will have a sulfated ash
content of no more than about 1 wt. % as determined by ASTM D 874. In another
embodiment, a natural gas engine lubricating oil composition according to the present
invention will have a sulfated ash content of no more than about 0.3 wt. % as determined
by ASTM D 874. In one embodiment, a natural gas engine lubricating oil composition
according to the present invention for use in natural gas fueled engines has a sulfated ash
content of about 0.1 wt. % to about 1.25 wt. % as determined by ASTM D 874. In another
embodiment, a natural gas engine lubricating oil composition according to the present

invention will have a sulfated ash content of about 0.12 wt. % to about 1.0 wt. % as
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[0029] I n one enbodi nent, the natural gas engine |ubricating oi

conpositions according to the present invention contain fromabout 0.005 to
about 0. 080wn11/266 phosphorus, based on the total wei giRCTAfS201hM28%a82 ur a

gas engine lubricating oil composition. [0030]1n one enbodi ment, a natural
gas engine lubricating oil conposition according to the present invention
wi |l have a sulfated ash content of no nore than about 1.25 w. % as
determ ned by ASTM D 874. |In another enbodi nent, a natural gas engi ne

| ubricati il GO A4 a rdin o the present |nventi w1l have a
sul'f at od SRS HATRO T R340 LA RG] FRGH RN PRty ofETm B
874. |1 n anot her. enbodi nent, a natural gas epgine |upricating oi
conposi t i GAPRYEER dFFRTING 1P e Bresd dpven DR AY1 iV ora Sh g @Stk Pt edosis h
content of no nore than about 0.3 wt. %as determ ned by ASTM D 874. In one
enmbodi merft15 avtn &t e aiboyia8.3ewyi tead dpteiraiaed by ASITM d$ddi t Thh leluisentdpshg t o
the present invention for use in natural gas fueled engines has a sul fated
ash cont edvahgmbeytacts 4s atsolidfolubricanowd piot2& the .vabocasatdattefact nedline &STM D
874. I n anot her enbodi nent, a natural gas engine |ubricating oi

cConposi titﬁmr@l%ﬁ@dc@hﬂ% $EDab N PaRicRS @b hiMvenboPcWd dngfi@ve a sul fated ash
content of about 0.1Z2 wt. %to about 1.0 wt. % as geternlned by ASTM D

874. In er e i : , i ne: i cat i i "
comosi t 0011CT PEARAERE enfboihott A nIBRITAG ABial RPHEANL W Pcbposition,
content of ahout % to about O

0..15 w . . 3 ... % as determ edgg ASTM D 874.

The & ubr iHSafEds 4 Rifaye bSO ctuens HebaryaRrErlant ETh bt « he
val ve/seat interface in place of naturally occurring exhaust particles in a
hydr ocar B36eqding 8¢ &figi’neprefady|not axsetdies Oehiyddi“aeid, mar Rreferablygast
engine lubricating oil conposition according to the present invention
cont ai ns axeteating/e@Bywl. dw basedbs thf tasall Weight of die nahwel gscmegticrigbcaringtoil %
preferably not exceeding 0.5 w. % and nore preferably not exceeding 0.3
W . % baseagosifiohhe total weight of the natural gas engine |ubricating oi
conposi tion.

[0032] The internal combustion engines to which the present invention is

applicable may be characterized as those operated on, i.e., fueled by, natural gas and

include internal combustion engines. Examples of such engines include four cycle engines

and the like. In one preferred embodiment, the internal combustion engine is a stationary

engine used in, for example, well-head gas gathering, compression, and other gas pipeline

services; electrical power generation (including co-generation); and irrigation.

[0033] The oil of lubricating viscosity for use in a natural gas engine lubricating

oil compositions of this invention, also referred to as a base oil, is typically present in a

major amount, ¢.g., an amount greater than 50 wt. %, preferably greater than about 70 wt.

%, more preferably from about 80 to about 99.5 wt. % and most preferably from about 85

to about 98 wt. %, based on the total weight of the composition. The expression “base oil”

as used herein shall be understood to mean a base stock or blend of base stocks which 1s a

lubricant component that is produced by a single manufacturer to the same specifications
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[ 0032] The internal combustion engines to which the present invention is
appl i cabl e may be characteri zed as those operated on, i.e., fueled by,

nat ural ow® 2andi2s78l ude i nt ernal conbustion engi nes. Ex&Eplusg010/02896¢ h

engi nes include four cycle engines and the like. In one preferred

enbodi nent, the internal conbustion engine is a stationary engine used in,
for exanple, well-head gas gathering, conpression, and other gas pipeline
services; electrical power generation (including co-generation); and

i r r! gat i 3?}1 {8 %%g‘g t}e fgea! souer.GUborlrI %%1 Patgw\férsscqgc&% OK[ha%IS%lee{g %henaga [al gas

engi ne | |ng i | conp05|t|ons of Thi g i nVERTTon, “al $6°FPef e rdd to as
a base oil, is t caII resent. in a m amount an anount, greater
than 50 vpénufgoiBy apssificdt wp Preatdr Ui é%@ﬂﬁed;obw %g%f%mﬁﬁ%f BFod8FYy from
about 80 to about 99.5 wt. % and nost preferably from about 85 to about 98
W . % badeifisatierheumbgarar hash.gRhe basetehgfoas OBpYPN; cen be BRE PessprtBskic N Obase
oil" as used herein shall be understood to nean a base stock or bl end of
base st odisr-distateréds @l | efbriub@cuting onjsoosetyt usbdit ini sfopnaldticge dlubyicaingi rgl e
manuf acturer to the sane specifications (independent of feed source or

manuf act WodpositibAE &r &13) and Bﬂtsuﬂl?%bﬁldahﬁn§eﬁ? B?Wé I UmeFind csekt foilgat i on;
and that is identified by a unique fornula, product dentification nunber,

or both. Iﬂ&o%ﬁﬁufalka su‘;lf){l alfl Y G Saﬁrblﬁetréﬁ%n?sg&? ﬁﬂ\fd' yet@”%"mht%nally,

| at er - di scovered ol ubricating’ |scosity use or mul at

| ubri cati 0i | co ositipons. for an such a ati.ons

engi ne. oi'18 DA e ORI @eé?mof%ns DR Sonain Yokl oy é@p*ﬁ\yaﬁsa%r% .

oils, gear 0|Is transm ssion fluids, etc. Additionally, the base oils for
use her eielaasicodkylBsthacyylatencliinic sanobaney o hauuethWsroh®pgleng cgpolymer

pol ymeric al kyl met hacryl ates; ol efinic copolyners, e.g., an
ethylene4pmagyhghﬁnmﬁgmiqmebmmﬂ;aubmqHbm@xbmbadheﬁEKmdpolyner; and the like
and m xtures thereof [0034] As one skilled in the art would readily

appr eci at[@934]he vi s€osid §kilddd ke baseuid teallly dppreciaenthe Weosityhef the base
application. Accordingly, the viscosity of a base oil for use herein wll

ordi nari |y fs%%n(ié’n@rﬁb&?% al?plfcgtl@rpo%tcc&gg%lfecﬁé 'V?STCQJS%SOK Q%ﬁge &l félogse

Centigrade (C). CGenerally, individually the base oils used herein w |l have

a ki nemat e?el%( I\%ﬁlﬁ%&&@farﬁ?nﬁgéggr %oﬁt 2ano%h01%t 5&5 cgntﬁj? ég%}cﬁt 1 (5°n one

enbodi men ase ol Nerer’n Wi ave a I‘Remat cosity range
at 100C of about C abo 0.¢cS odi.nmen t he hase oils
(sed her QISR (v &eatRi oyl é@%@ﬁ%ﬁ‘ym? enidt}i& hgre aodtematiccst to
about 15 cSt. The base oil will be selected or blended dependi ng on the
desired enwosiseraageat HO q@diaboutelscSt o abrut 301456 hbonsi gmbadingertethe hasaieils r ed

grade of oil, e.g., a lubricating oil conposition having an SAE Vi scosity
G ade of 3w h@fﬁ‘nZ@i,ll I 30k In OV 1S Wt H CangOW 600°CNabbi 25t tBMb3E, 205084 40,
SW50, 5W60, 10W 10W20, 10W30, 10W40, 10W50, 15W 15W20, 15W 30,
15W 40, 30,0 @nisbdifent! kHeEbase oils used herein will have a kinematic viscosity range at
100°C of about 7 ¢St to about 15 c¢St. The base oil will be selected or blended depending
on the desired end use and the additives in the finished oil to give the desired grade of oil,
¢.g., a lubricating oil composition having an SAE Viscosity Grade of OW, 0W-20, 0W-30,
0W-40, OW-50, OW-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50, 5W-60, 10W, 10W-20,

10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30, 15W-40, 30, 40 and the like.
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WO 2011/ 126705PCT/ US2011/ 028969 [ 0035] Base stocks may be manufactured using
a variety of different processes including, but not limted to,

di stil | atworp1igiabxmwént refi ni ng, hydrogen processing, ol PgoSRI12m2890N,
esterification, and rerefining. Rerefined stock shall be substantially free
frommaterials introduced through manufacturing, contam nation, or previous
use. The base oil of the lubricating oil conpositions of this invention may
be any natural or synthetic |ubri cati ng base oil. Suitable hydrocar bon

synt het ' ;aﬁééds ' nCll%Jahsg stoc% o ebg % fama}re(g uglggza%lar% f%’if!fer? rﬁges Qe

pol ymer i n of yl'ene” or from

provi de pol yners such a yal pha efln or PAO o r fron1hydrocarbon
synt hesi SPPGREdUE s RYsi Iﬁ\gte al® OH %tehﬁ%% d&olyeiy fgfa}%e YR85 ROEHSAS in a
Fi scher Tropsch process. For exanple, a suitable base oil is one that

conpri sewligomerigationf exerjficatienandireeediningn: Rercfined stpek shall tief subpgntialiynfceoi |
fraction of viscosity 20 cSt or higher at 100C. [0036] The base oil may be
derived ffreammatualalinttadocéd diroupdh mahwactaning, hehitamihatiimi, oatpreviowsi uss. dFhe

m xtures thereof. Suitable base oil includes base stocks obtai ned by

| SONEer i Zaak®ilobf SeNtubeichttngVey thositREK oftkis ASevBInl ma§ By dhpahagkes: base
st ocks produced by hydrocracking (rather than solvent extracting) the

; ng‘étiﬁ SOl @‘%ﬁﬁtﬁeﬁﬁ%??%g&? B ilz‘@ fakfigroom s bklie A’t“? fcifuc, ou AR Hoe |
e pory S?p?elz f'néﬁ%a@yveeﬁa%@noqf|e§°yﬁ%oa é’“%ﬁhF p8l’>’%éeﬁus &0 6

not included _in G oup , 11, or 1V. Al though G aoup , 11l and IV base
oi |'s are lpplsfiay FOeerome H?bén‘?fﬁ sugli a8 polvlpkacdsiin ‘?Ih%é@ (Blai‘s@r B’Pms hyggcaghon
prepared by conbining one or nore of Goup I, IIl, IIl, IV and V base stocks

or base oiyhthesis \Wd@0OWEs 1GZ0BFAOT 820KId¢ 628 ga@oga@gaqmtm las n@taukia¢heoi | s
i nclude mneral lubricating oils such as, for exanple,
Tropsch process. For example, a suitable base oil is one that comprises little, if any, heavy
fraction; e.g., little, if any, lube oil fraction of viscosity 20 ¢St or higher at 100°C.
[0036] The base oil may be derived from natural lubricating oils, synthetic
lubricating oils or mixtures thereof. Suitable base oil includes base stocks obtained by
isomerization of synthetic wax and slack wax, as well as hydrocracked base stocks
produced by hydrocracking (rather than solvent extracting) the aromatic and polar
components of the crude. Suitable base oils include those in all API categories I, II, III, IV
and V as defined in API Publication 1509, 16t Edition, Addendum I, Oct., 2009. Group
IV base oils are polyalphaolefins (PAO). Group V base oils include all other base oils not
included in Group I, 11, III, or IV. Although Group II, III and IV base oils are preferred

for use in this invention, these base oils may be prepared by combining one or more of

Group L, II, IIT, IV and V base stocks or base oils.
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liquid petroleumoils, solvent-treated or acid-treated m neral |ubricating
oils of the paraffinic, naphthenic or m xed paraffinic-naphthenic types,

oi | s deriweaofwamosoal or shale, aninmal oils, vegetabl ePoOIrltGs2¢18/028969
rapeseed oils, castor oils and lard oil), and the like. [0038] Useful
synthetic lubricating oils include, but are not |limted to, hydrocarbon
oil s and hal o-substituted hydrocarbon oils such as pol ynerized and

i nterpolynerized olefins, e.g., polybutylenes, polypropyl enes,

propyl eneshsabut yl gne .gopol IS, | orin .ybut.yl ene
ol ot 1-nalbbe) Y parS e B ANELS mfle bR IRuRALNE SN GSRES P sramale
m xtures thereof;. alkylbenzenes such as dodecyl benzenes,. .. .

tetr adecw%{] PEHglsumy PH%nWZlB‘*éﬁ'i’é’ﬁ@ 01 iaelg:téqar%@ FERSFRh Tisisaine oils 29 thohe

| i ke; pol yphenyls such as bi phenyls, terphenyls, alkylated pol yphenyls, and
t he | i ke;pagitliyicanaphtbenin enynixed meradtisigchaphtiagnia ttepesd iOﬁhesi@Wecg dront gesl eind t he
derivative, anal ogs and honol ogs thereof and the |ike. [0039] O her useful
synt het i shhigbarimal oifsgvedetabld mitsl (age rafmstedasibs, cestorloilrhhedthrd 0il), end therikde by

pol ynerizing olefins of |less than 5 carbon atons such as ethyl ene,

propyl engoodsjt yl eneassefiils QP&%@&@, luBEBdtRBE oildNehdNidet UB@S drden&oflimildt heds of
preparing such polyner oils are well known to those skilled in the art.

0040] Addj Ly hefiL€ d i4s dacl ude | J.au
[ ] q{g}dkec%%lﬁﬁ%n”%% Ul ¢S Y Ho ol Fru R Elg&r%!'c&%@n ObilS Cs!uglfle%/é E)gig}fnﬁe%ﬁzgd pé?{hdy mers

of al pha ns having the proper vistosity. Espe synthetic

hydrocarbon oils are t hydr ogenated .| i quid, oligoners of t.o.C12 al pha
ol efi ns slﬂtc?FPOé‘é‘Perfzcﬁ’ﬁ 8E§%| é;g-’ll’og'g)c‘:‘g’#‘éleﬁ’r ipﬁla‘/rp?opgy EL pRopy RheliSobitytedt
2011/ 126705PCT/ US2011/ 028969 [ 0041] Anot her c] ass of useful synthetjc

| ubri cat iSRgolyMess i whlogialed melybagdensst poly(l-hexenes), poly(1-octeries), poly(1-

decenes), and the like and mixtures thereof; alkylbenzenes such as dodecylbenzenes,
tetradecylbenzenes, dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the like; polyphenyls
such as biphenyls, terphenyls, alkylated polyphenyls, and the like; alkylated diphenyl
cthers and alkylated diphenyl sulfides and the derivative, analogs and homologs thereof
and the like.

[0039] Other useful synthetic lubricating oils include, but are not limited to, oils
made by polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene,
butylenes, isobutene, pentene, and mixtures thereof. Methods of preparing such polymer
oils are well known to those skilled in the art.

[0040] Additional useful synthetic hydrocarbon oils include liquid polymers of
alpha olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are
the hydrogenated liquid oligomers of Cs to Cy, alpha olefins such as, for example, 1-

decene trimer.
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limted to, al kylene oxide polyners, i.e., honopolyners, interpolyners, and
derivatives thereof where the term nal hydroxyl groups have been nodified
by, for exerplig2em®sterification or etherification. Thes®C®HiuSg01a/028969
exenplified by the oils prepared through pol ynerization of ethyl ene oxide
or propyl ene oxide, the al kyl and phenyl ethers of these pol yoxyal kyl ene
polynmers (e.g., nethyl poly propyl ene glycol ether having an average

nmol ecul ar meight of 1,000, diphenyl ether of polyethylene egcoI having a
nnlecular ght of thyl er . of l,e havi ng
a nol ecul vIIel ght 2 Oq%roggss Ogblg H& et %Iﬁg‘alc lu%mg)t?n%ggg%ﬁl (cq:]eg’r %giéﬂ nOtest ers
t her eof suc| exa the acetic esters, .mi xed C3-C8 f y .acid
esters, Imltterijgtoci‘B‘YEﬁPS A ed%‘ﬁ’%@fseﬁ Cof OP@PPQ’&%PE%’O S anp g%ﬂ@}“ﬁ?t
another class of useful synthetic lubricating oils include, but are not
linmted tthereethavhses dhe tomminglc hydrexyll gtovasi e ebegn, moHifiedl by, & @xamspleci ni c
acid, al kyl succinic acids, alkenyl succinic acids, naleic acid, azelaic
aci d, sulmsteri€icatindor sthhaﬁdamioacimesé uﬂma'recemlﬂi,ﬁeddjypﬁhe oéksi;depalré:dldireigh acid
di mer, malonic acids, alkyl malonic acids, alkenyl malonic acids, etc.

with a V%fdlﬁhéhz@flo@loﬁ @ﬂh?leﬁe oRidg -or pbdiiyl/éneiﬂx%hﬁie, alld@antl pAbsA Reters M@&y |
al cohol , 2-et hyl hexyl cohol, ethylene glycol, dlethylene gl ycol

e JaSRC Bl 2N éy‘"’getéﬁ:@ @?oﬁ?&%phéegéql%ﬁ%%ﬁggt 423 Syl ude
i docyl ORI ivte?’géf & doBl uisnRCRESY pr &8s &yﬁwﬂ@%ﬁly@ o halatey,

acid dinmer, the conplex ester formed by reacting one nole of sebacjc acid
with two Weieofot00 Ki0Dadickyl sthsr gf pelyprogiene \gévcﬁbh@g%fa melgeuidn Weghinoh c
acid and the |ike. WO 2011/ 126705PCT/ US2011/ 028969 [ 0043] Esters useful as
synt het i cl,¥10-5560,swc.) ot immbe; abdipobicerbnsylid estérs glkreaf, suches efomredemple the
carboxylic acids having fromabout 5 to about 12 carbon atonms with

al cohol s,aceti@ estelderivasdol;-Cettivanadid esiees, or pid Yo! sSxcaneld pldsye| ofatiigstisylsiech as
neopentyl glycol, trinmethylol propane, pentaerythritol, dipentaerythritol,
trlpentaqﬂ%&@rltol and the |like. [0044]Silicon-based oils such as, for

exanpl e, ‘polyal kyl -, ponaryI , pol yal koxy- or pol yaryl oxy-sil oxane oils
d I I I f j ' [
o P! ERLBELRE AR A S O s IO i o

tSIe][ : 22_: gylll’{llqudlrtlgct eeﬁ@fsh?){ da Fﬁéﬁei&hg%%{dé:?lt%!gl pht aﬁeﬁlc acl succ 11210 %.E?l IE f(QIIJCClIHC

tetra-(p- atmedrst allggéy){ lsgpc%?lg laglfils lrlna(lzlg;[ceac{]de)a(lgellalg L':rlcgeglﬂ)%lﬂc %101%egetbgél)c/:)agllds Iﬁln?ai(rlacne
acid, adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic
acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-
hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
didecyl phthalate, dicicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the

complex ester formed by reacting one mole of sebacic acid with two moles of

tetracthylene glycol and two moles of 2-ethylhexanoic acid and the like.
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pol y(met hyl ) si | oxanes, pol y(nethyl phenyl)sil oxanes, and the like. Still vyet
ot her useful synthetic lubricating oils include, but are not limted to,
| i qui d eswensligfR2épmiosphor ous contai ning acids, e.g., triPCTASY11/0kRISPhat e,
trioctyl phosphate, diethyl ester of decane phosphionic acid, etc.,
pol ymeric tetrahydrofurans and the |Iike. [0045] The |ubricating oil may be
derived fromunrefined, refined and rerefined oils, either natural,
synthetic or mxtures of two or nore of any of these of the type disclosed
her ei nab Unrefished oi l [ e obtain inectly from.a,natural or
synthetigﬁggﬂrce (é%%#?u8%§1?S§W%F%§:%@;%%?lggH%%l%?@ﬁ%%%jﬁ%ﬁ?%gﬁﬁﬁ?%?ther
purificatio r treatnent., anpl es of unrefined Qils include, but are not
limited tBAdeTURLpOYYIC it ot §Pmeaé>9}lty5 £ AU &F S RG'EpeV 4R alsqnolsa
petrol eum oil obtained directly fromdistillation or an ester oil obtained
di rect |y #gormeihanest ethanole zt¢.opopiobt end, pelsieh ciersvsieh assnedpentylisdyicali t hout
further treatnment. Refined oils are simlar to the unrefined oils except
t hey havaribeéyldlprdpaae, feneatyelditoh) dgretaorytimitvk tnpeniaferytiaditoband thedsket o 1 nmpr ove
one or nore properties. These purification techniques are known to those of
skill inpbegart argllitdiChase oilé Qlicheaa it &ampRl, YERLIEKL palghiyPNpolyaReRPAar y
distillation, acid or base extraction, filtration, percolation,
hydr ot r eat.i 1 Mol j.n i . i i used
ol 151 1 i JabarBE N Bine SS apFRRLIGE, Rbbprel MRl DRt chl b S@ithR
rerefine i.ls are also own as regl.ai med or reprocessed.oils and often
e add: (HHETRG Bsoc el Eriten AT s o Pase8h o tPongudt 5y ClpuR
addi tives_and oil breakdown Froducts. [ 0046] Lubricating oil base stocks
derived fSlE#S HaranyenTepy stspics ttiadA-cdy gy Drsaljcasg, &dragd-metyl-heasybpidieats) one
or in conbination with the aforesaid natural and/or synthetic base stocks.
Such wax tetsofreteatutpipheiyd)spicatuced by t he hhdxdi(donshylzapédoxyofisnetaneal or
synt heti c waxes or m xtures thereof over a hydroisonerization catal yst.
[ 0047] Najoly(alcthydsitoxants poyheelylphchiigsi®kands, wak € lilec o8el dt bihet hecfsiol vent
dewaxi ng of mneral oils; synthetic waxes are typically the wax produced by
the Fi schenheOPIANRE 8S inSHATRSr@ob $i{ittd @1 higuRl edt&BrdrCiosMibrous
viscosity’include HVI and XHVI basestocks, such isonerized wax base oils
and UOBO Lingany anidional BRRgyOphabnfas il Spndk00A8] T0f, N3 A Hasen9i ne
co I p invention

| ubricating ol nposit’i ons resent

phosphionic acid, etc., polymeric tetrahydrofurans and the like.

[0045] The lubricating oil may be derived from unrefined, refined and rerefined
oils, either natural, synthetic or mixtures of two or more of any of these of the type
disclosed hereinabove. Unrefined oils are those obtained directly from a natural or
synthetic source (e.g., coal, shale, or tar sands bitumen) without further purification or
treatment. Examples of unrefined oils include, but are not limited to, a shale oil obtained
directly from retorting operations, a petroleum oil obtained directly from distillation or an
ester oil obtained directly from an esterification process, ecach of which is then used
without further treatment. Refined oils are similar to the unrefined oils except they have
been further treated in one or more purification steps to improve one or more properties.

These purification techniques are known to those of skill in the art and include, for
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will also contain one or nore phosphorus-containing anti-wear additives,
wherein the natural gas engine lubricating oil conposition contains no nore
t han abowoQoO3B126ms5ght per cent of phosphorus, based on Ph@/useealo2’sed ght of
the natural gas engine lubricating oil conposition. Suitable

phosphor us-cont ai ning anti -wear additives include, but are not limted to,
hydr ocar byl phosphites such as trial kyl phosphites aryl-containing
phosphites, e.g., triaryl phosphites, and the like; hydrocarbyl phosphates

such as trial kyl phos t ryl -contai.ni ng phosph S g .ar
phospia gegf“%gtr%ysr’?a?ta?%t BivspRirae i T PHee §%%5f'ﬁ_ welieden, E_féf%ﬁ’ '
one enbodi nent, east. phosphor ys- cont aini ng anti -wear additjves are
used in tn%cql@&toaf@rdr@%%at@ﬁ %X}%F‘i%%ﬁﬁfﬁle Ofls gisribiangd Ynireating used oify

[ 0049] Represent ati ve exanples of trial kyl phosphites include, but are not
|imted tib,proeastast spmilphies gieise aised g kbbay rgfined shist eSuahy fesrfingd phoxrptilioe,
tridecyl phosphite, trilauryl phosphite, trioleyl phosphite and the |ike.
Repr esentlabimes exdnpicd or ofpraregiedatistaad oftog aghuold plontiés piodedsediby tachaiyeés
phosphites such as triphenyl phosphite, tricresyl phosphite and the |ike.

[ 0050] RepfigsRAt@tdnySaespipRhEsdafvet hh@bik BleaRRSPPRUESs.] ncl ude, but are not
limted to, tributyl phosphate, trihexyl phosphate, trioctyl phosphate,

Repr csent el 6. oxars ey ¥ 1ACCSRORE Beritda RO e RN Ah ARt o S ot
e S Y e
tri(tbutyl phenyl) phosphate, triphenyl phosphate, and propylated triphenyl
phosphat SynHeEC Phes stogks. Awah axt ipraerateril sorrofnsd 1y the dydroasonsaation of t he
one or nore phosphorus-containing anti-wear additives includes a zinc
di al kyl dinahirelghosptheti @wfZs-oDTRxtupssitheregf aricky hydrppem@risgmortdtatyst.al kyl type).
[0047] Natural waxes are typically the slack waxes recovered by the solvent
dewaxing of mineral oils; synthetic waxes are typically the wax produced by the Fischer-
Tropsch process. Examples of useful oils of lubricating viscosity include HVI and XHVI
basestocks, such isomerized wax base oils and UCBO (Unconventional Base Oils) base
oils.
[0048] The natural gas engine lubricating oil compositions of the present invention
will also contain one or more phosphorus-containing anti-wear additives, wherein the
natural gas engine lubricating oil composition contains no more than about 0.03 weight
percent of phosphorus, based on the total weight of the natural gas engine lubricating oil
composition. Suitable phosphorus-containing anti-wear additives include, but are not
limited to, hydrocarbyl phosphites such as trialkyl phosphites aryl-containing phosphites,

e.g., triaryl phosphites, and the like; hydrocarbyl phosphates such as trialkyl phosphates,

aryl-containing phosphates, e.g., triaryl phosphates, alkyl diaryl phosphates and the like

17



[0052] I n general, the one or nore phosphorus-containing anti-wear additives
are collectively present in the natural gas engine |ubricating oi

conposi t WA 20n/1as70anount rangi ng from about 0. 25 to abo®CTAIS20M/0289%) based
on the total weight of the natural gas engine lubricating oil conposition.

[ 0053] The one or nore ashl ess di spersant conpounds (c) enployed in the
natural gas engine lubricating oil conposition of the present invention are
generally used to maintain in suspension insoluble materials resulting from
oxi dation _quri u h reventing, sl flaocc i.on_an recipitation
or deposttfidhBtetlBrsetodT o8 SRR e N RS ERILIfF M

di spersants. are basi¢, and contribute to.the base nunher or BN (as can be
measur ed ltwssmnew%ﬁ%ﬁe BFtuE! eRrednet BigeadnE O SRBWEFPBN to which they are
added, w thout introducing additional sulfated ash. The term "Base Nunber"”
or "BN' d804Med herRaprcscrtpiays cxasnlercofimg kvl podspbaeseinelyde.kalt érmt nqtdimited
mlligranms of KOH in one gram of sanple. Thus, higher BN nunbers reflect
nor e al kabj tmibupi qdosiitste, aitaxyhphiapbite teogykephamphiad, keleayl tphiospBite wadauryl

det erm ned using ASTM D 2896 test. An ashless dispersant generally

conpri sesphakpticl tﬁ&é&l%@s@ﬁ{eyam{ e hiydr ®Reprlanathackhedtesher hrg/_ﬂ}ci)ﬂtélﬁiﬂ nal
groups that are capable of associating with particles to be dispersed. Mny
t ypes of -dispe t i n.: 0054 jve
el oo TPERS (UREPEREN hoBi ek aROal MRy s M PRAP BSOS

al cohol s,, am des, or ester polar noieties attached to the pol ymer backbones
Vi a bridép%gkﬁroups. An ashl ess di spersant of the present invention may be,
for exanple, selected fromoil soluble salts, esters, am no-esters,. am des,
i mi des, dABYxazol iBrscssrtafivheraamisreiHyiatkst Ahosphates s hude s dreeeidinited

di carboxylic acids or their anhydrides; thiocarboxylate derivatives of |ong
chai n hydpoeidntydpsosphategtrdieaylnphaisplpitattiiecthlyphosplaatd dridedyh pheosphate pwllyapd ne
attached directly thereto; and Manni ch condensation products formed by
condensi nthospHae)aricledll phaphat iabhd it liphe Mdprastiithti§eo e xam eyl eryboontaining

pol yal kyl ene pol yam ne. [0055] Carboxylic dispersants are reaction products

of car boxyhlkshatQYn@fuliBIbAIERL Sot limited to, butyl diphenyl phosphate, dibutyl phenyl
phosphate, t-butylphenyl diphenyl phosphate, bis(t-butylphenyl) phenyl phosphate, tri(t-
butylphenyl) phosphate, triphenyl phosphate, and propylated triphenyl phosphate, and the
like and mixtures thereof.
[0051] In one embodiment, the one or more phosphorus-containing anti-wear
additives includes a zinc dialkyldithiophosphate (Zn-DTP, primary alkyl type & secondary
alkyl type).
[0052] In general, the one or more phosphorus-containing anti-wear additives are
collectively present in the natural gas engine lubricating oil composition in an amount
ranging from about 0.25 to about 1.5 wt. %, based on the total weight of the natural gas
engine lubricating oil composition.
[0053] The one or more ashless dispersant compounds (c) employed in the natural

gas engine lubricating oil composition of the present invention are generally used to
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(aci ds, anhydrides, esters, etc.) conprising at |east about 34 and
preferably at |east about 54 carbon atons with nitrogen contai ning
conpoundswQodhi2e®sam nes), organi ¢ hydroxy conpounds (#®athisasiiakgphat i c
conpounds i ncl udi ng nmonohydric and pol yhydric al cohols, or aromatic
conpounds i ncl udi ng phenol s and napht hol s), and/or basic inorganic

mat eri als. These reaction products include imdes, am des, and esters.

[ 0056] Succi ni m de di spersants are a type of carboxylic dispersant. They are

produced IR%n{a?nacfﬁ ! ?}%3321%1%1& ?1%%‘:1]9%1\/:6 {rﬁﬁltglﬁ%d:s] ;rggdc?lgn > Lff;o%!l no'x?dat?ig?( L(gutsrinrégus%g Ghd W th

organi ¢ hydroxy co rrsing a ne hy&?ogen
atom attached to a nitrogen atom or. with a mxture of the hydrox
conpounddPratd iR HEES IPRGIH i CREEP R ion R ARONHE A9Re™l PETer Sitfgen
hydr ocar bon- substituted succinic acid or a succinic_acid-producin
conpound,contigning pshégss émehpaelsdsporyiatsaee Hasie, safl fcoguibhtertatley bask sumppi eal | y
i ncl ude hydrocarbyl -substituted succinic acids, anhydrides, esters
(1 ncl udi N had dandstrecasiredibgt ABTNd2 2894)MI1)SuUathgiod-cbapesitidn spehganhe have
a wide variety of chem cal structures. One class of succinic-based
di sper sanks ad@®M, Reh6 @RLRSRRIRG daticnBEslRfAWSR: The term "Base Number" or "BN"
as used herein refers to the amount of base equivalent to milligrams of KOH in one gram
of sample. Thus, higher BN numbers reflect more alkaline products, and therefore a
greater alkalinity. BN was determined using ASTM D 2896 test. An ashless dispersant
generally comprises an oil soluble polymeric hydrocarbon backbone having functional
groups that are capable of associating with particles to be dispersed. Many types of
ashless dispersants are known in the art.
[0054] Representative examples of ashless dispersants include, but are not limited
to, amines, alcohols, amides, or ester polar moieties attached to the polymer backbones via
bridging groups. An ashless dispersant of the present invention may be, for example,
selected from oil soluble salts, esters, amino-esters, amides, imides, and oxazolines of long
chain hydrocarbon substituted mono and dicarboxylic acids or their anhydrides;
thiocarboxylate derivatives of long chain hydrocarbons, long chain aliphatic hydrocarbons
having a polyamine attached directly thereto; and Mannich condensation products formed
by condensing a long chain substituted phenol with formaldehyde and polyalkylene
polyamine.
[0055] Carboxylic dispersants are reaction products of carboxylic acylating 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), organic hydroxy
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R-COVCG- C R 1\ MR- NH_ R Nx 1 HC- C/1'061 HO

WO 2011/126705 PCT/US2011/028969

compounds (such as aliphatic compounds including monohydric and polyhydric alcohols,
or aromatic compounds including phenols and naphthols), and/or basic inorganic
materials. These reaction products include imides, amides, and esters.

[0056] 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.

[0057] Succinic-based dispersants have a wide variety of chemical structures. One

class of succinic-based dispersants may be represented by the formula:

0 Q H
R— (lj— c/ \c— (|:—R1
N\ i
| N—[—Rz—NH']— R*—N
H—(lj—C\ * \C— —H
H O/ LI

wherein each R' is independently a hydrocarbyl group, such as a polyolefin-derived group.
Typically the hydrocarbyl group is an alkyl group, such as a polyisobutyl group.
Alternatively expressed, the R' 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 (C;H4) group. Examples of succinimide dispersants include those described in,

for example, U.S. Patent Nos. 3,172,892, 4,234,435 and 6,165,235.
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H wherein each R is independently a hydrocarbyl group, such as a

pol yol efi n-derived group. Typically the hydrocarbyl group is an al kyl

group, swb208/1267961 yi sobutyl group. Alternatively expr@3a$2011/0289R gr oups

can contain about 40 to about 500 carbon atons, and these atons may be

present in aliphatic fornms. R2 is an al kyl ene group, comonly an et hyl ene

(C2H4) group. Exanpl es of succinimde dispersants include those described

in, for exanple, U S. Patent Nos. 3,172,892, 4,234,435 and 6, 165, 235. WO

2011/ 1262[965)@” USZOIJhle/ %é?%&%n%so%%%l Tvbﬁicf?%{h%%%%ﬁ%%m{ ! ?orﬂrp\é\hér%hdérri]\{eed are

substituen roups are rived are typicall'y nonopol yners and i nterpol yners

of polynerizable olefin nonopers of 2 to_.about 16 carbon atons, a g usual |y

2 166 caVHOHIAPBREPOYRE o BURAIE}TS P PPLRATEAb IS QIR REPTOmEE] Al & o

acyl ating agents to formthe carboxylic di spersant conposition can be

nmonoamni nedowl pearhempients, apdose]lsicie hicrbae aipnep eFlapmmeg wdighedrereastcdt o as

such since they nornmally contain nitrogen largely in the formof imde

f unct i onakitli yhe aictinGuglyldting aamntdeo ffome thcotwmbaxyyic agpetsani compsitfonr candie am ne

salts, am des, imdazolines as well as m xtures thereof To prepare a

succi ni MEehAhSREFPBlyan@Q. OF Nore succini ¢ aci d- produci ng conpounds and

one or nore amnes are heated and typically water is renoved, optionally in

the pres of a ] I eyl Lner i Mol i .- The
ﬁ[tﬁg%er a SYURE AR %1'1%&];35&? AN r%f&?e@ 6§:aL bEA s@nﬁjeghéclfﬁtﬁéxﬁhg W6 ftain

reaction ture can rang rom about up to t econposi tion

tenperature of the m xture or.th roduct ,.ch typically falls.between
bbout . TodtregdBEEh bt ToRu! i A denaly < iR B iRes fer b Bid aies t or
preparing the succinimde dispersants of the present invention include
t hose deg%’r inHeg form efopmipeasplipeamides, inpdazohnenas webl as7miggres therseh s,
3,272,746, 4,234,435, 6,165,235 and 6, 440, 905.

prepare a succinimide dispersant, one or more succinic acid-producing compounds and

one or more 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
procedures for preparing the succinimide dispersants of the present invention include those
described in, for example, U.S. Patent Nos. 3,172,892, 3,219,666, 3,272,746, 4,234,435,

6,165,235 and 6,440,905.
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WO 2011/ 126705PCT/ US2011/ 028969 [ 0060] Sui t abl e ashl ess di spersants may al so
i ncl ude am ne dispersants, which are reaction products of relatively high
nol ecul arwaelgh2éwsi phati ¢ hal i des and am nes, pref er ablPgTaskaalorssbene

pol yam nes. Exanpl es of such am ne di spersants include those described in,
for exanple, U S. Patent Nos. 3,275,554, 3,438,757, 3,454,555 and
3,565,804. [0061] Suitable ashl ess dispersants may further include "Mannich
di spersants,” which are reaction products of al kyl phenols in which the

| kyl [ - I - with al deh
al Kyl gr ﬁp@ﬂf]ont al &“;%téglg)aggiﬁg %?é’eﬁ&eag%?%gjgﬁ% Qtrﬁ?@c%pr;aﬁqll\émg fdksy?rsgrﬁs%vgﬁgh are

(especi a or mal eci a ene yamnes).

Exanpl es of such di spersants jncluyde those descrihed in, for exanple, U S
Pat ent NJS2ctignoRgdpg ,Ofsy%aé@,ebz }g%srfs%%}l gWeisght @B@%{Csh@!d%f o%%izrﬁ%me@am e

ashl ess dispersants may al so be post-treated ashl ess di spersants such as
post - t r editrelgrabisc polnliy gae poyagunespdetamplesaeingigh agripe dispersathinsludert§ossor at e
or ethylene carbonate as disclosed in, for exanple, U S. Patent Nos.

4,612, 132Aecacribed, i 6fodd&angriedl the Paket asoswed, 2755540t hdB8,post 3 M5eAD fremtd
processes. The carbonate-treated al kenyl succinimde is a pol ybutene

succi ni mysskaya ved from pol ybutenes having a nol ecul ar wei ght of about 450
to about 3000, preferably from about 900 to about 2500, nore preferably

v om abouhedid00 to ahauk 2AR% RGBS mAf FhAlRBhYuGE OARRH! 4igRnt,o: about

2400, as as mxtures of th ar wei ght era

prepared by reactin under, reactive cqonditions, a mxture of a p but ene
B eer e Slet el GdGin o ABa hafdn th it e Suf O sty RO
unsaturated acidic reagent and an ol efin, and a polyam ne, such as.
di scl osedibPht 39 Subemyptoms Wigh aklehydesd gspeciay fe@ml&hvée)o%ndmm@ﬁs gespecially
i ncorporated herein by reference.

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 3,980,569.

[0062] Suitable ashless dispersants may also be post-treated ashless dispersants
such as post-treated succinimides, ¢.g., post-treatment processes involving borate or
cthylene carbonate as disclosed in, for example, U.S. Patent Nos. 4,612,132 and
4,746,446, and the like as well as other post-treatment processes. The carbonate-treated
alkenyl succinimide is a polybutene succinimide derived from polybutenes having a
molecular weight of about 450 to about 3000, preferably from about 900 to about 2500,
more preferably from about 1300 to about 2400, and most preferably from about 2000 to
about 2400, as well as mixtures of these molecular weights. Preferably, it is prepared by
reacting, under reactive conditions, a mixture of a polybutene succinic acid derivative, an
unsaturated acidic reagent copolymer of an unsaturated acidic reagent and an olefin, and a
polyamine, such as disclosed in U.S. Patent No. 5,716,912, the contents of which are

incorporated herein by reference.
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WO 2011/ 126705PCT/ US2011/ 028969 [ 0063] Sui t abl e ashl ess di spersants may al so
be polyneric, which are interpolyners of oil-solubilizing nonomers such as

decyl netwaeoylab®s vinyl decyl ether and hi gh nol ecul aPCraisgéri/oes9ed i ns

Wi th nononers containing polar substitutes. Exanples of polyneric

di spersants include those described in, for exanple, U S. Patent Nos.

3, 329, 658; 3,449,250 and 3,666, 730. [0064]1n a preferred enbodi nent of the

present invention, an ashl ess dispersant for use in the natural gas engine

| ubri cati 996 N CO@?‘%MGI Oaréhfegs anlg%ersa%lfmc' 0 mafi qo a?oqg\e]élrl??i W ich, are
Igrit

polylsobJ | group havi ng f avera ectl about 700
to about 2300. The di spe nt s) for use in he | ubricating

conposi t i BHEPBYMETAL %1é§m1%1%8}9??18ﬁ“a%h pY el ARACRY ﬁe’p‘ap%%ﬁm:etb%f 9.,
are nono- or bis- SUCC|n|n1des) [0065] GCenerally, the one or nore ashless
di sper saring haghemplceglenweight @hénhmthrrmnog@gs eqiainiag|pokat iselatitwes. offiyamples
conposition in an anmount ranging fromabout 1 to about 8 wt. % based on

t he t ot alofwmslgintriofdisfeesan@t inchide gthescedgscnided by ifeatxangplej U.S.oRmosti Noen. | n
one enbodi nent, the one or nore ashl ess dispersants are present in the

nat ural e B4b kY L@ j6BE,799 ! conposition in an anmount ranging from
about 1.5 to about 6 wt. % based on the total weight of the natural gas

engl ne | L[?ﬁ&gat i ng IPkyPI%pé?%gsérﬁﬂo(anaer[t%qﬁl E%erﬁrﬁﬁvé}{tloﬁnﬁf aﬁh&@ldlﬁ%rs%ﬁ‘{ th

net al f an titute

for use in the natural gas engine lubricating oil composition is a bis-succinimide derived
from a polyisobutenyl group having a number average molecular weight of about 700 to
about 2300. The dispersant(s) for use in the lubricating oil compositions of the present
invention are preferably non-polymeric (e g., are mono- or bis-succinimides).

[0065] Generally, the one or more ashless dispersants are present in the natural gas
engine lubricating oil composition in an amount ranging from about 1 to about 8 wt. %,
based on the total weight of the natural gas engine lubricating oil composition. In one
embodiment, the one or more ashless dispersants are present in the natural gas engine
lubricating oil composition in an amount ranging from about 1.5 to about 6 wt. %, based
on the total weight of the natural gas engine lubricating oil composition.

[0066] The one or more alkaline earth metal salts of an alkyl-substituted
hydroxyaromatic carboxylic acid (d) employed in the natural gas engine lubricating oil
composition of the present invention function both as a detergent to reduce or remove
deposits and as an acid neutralizer or rust inhibitor, thereby reducing wear and corrosion
and extending engine life. Detergents generally comprise a polar head with long
hydrophobic tail, with the polar head comprising a metal salt of an acid organic

compound.
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hydr oxyar omati ¢ carboxylic acid (d) enployed in the natural gas engine

| ubricating oil conposition of the present invention function both as a

det er gentwbaorigido®é or renove deposits and as an aci d n@0TAske12m28969 r ust

i nhi bitor, thereby reduci ng wear and corrosion and extendi ng engine life.
Detergents generally conprise a polar head wth | ong hydrophobic tail, with
the polar head conprising a netal salt of an acid organic conpound. WO
2011/ 126705PCT/ US2011/ 028969 [ 0067] Sui t abl e hydr oxyaromati ¢ conpounds

ol ude TRgeA|C! e AR R RO B G S BSALRS

having 1 and prefe oxyl “groups.

hydr oxyar omat i ¢ conpounds .i ncl ude phepol., catechol, resorcinol,

hydr oqui ridh enolﬁwiaa% fpmati Agdgearbhpni e 1Rk a*i*ﬁ@rifg@g r # &gy 3. hydroxyl

hydr oxyar omati ¢ _conpound i s phenol. [0068] The al kyl substituted noiety of
t he al kalgraepseayuitablee thafiroxsprometic agprapauyids wolvde | phismel patelthoky ssereaitalc
carboxylic acid is derived froman al pha olefin having fromabout 10 to
about 80 hydrdzmmoat opysogallod wisef,iand tkarpkayka praferioé hydioeparpmiato vempaed

| i near, branched or partially branched linear. The olefin may be a m xture
of Iineaﬁs?h@ﬁﬁns, a mxture of isonerized linear olefins, a mxture of
branched ol efins, a mxture of partially branched |linear or a m xture of

any of t I‘[ﬁ()(gﬁr €goi Nghe ilgﬂ?@bgﬁu%ﬁemgggpgf RN kaltdd€e X hMaf saf of Eﬁ'%ﬂ{yl-

ol efins that may be use

substituted hydroxyaromatic carboxylic acid is derived from an alpha olefin having from
about 10 to about 80 carbon atoms. The olefins employed may be linear, isomerized
linear, branched or partially branched linear. The olefin may be a mixture of linear
olefins, a mixture of isomerized linear olefins, a mixture of branched olefins, a mixture of
partially branched linear or a mixture of any of the foregoing.

[0069] In one embodiment, the mixture of linear olefins that may be used is a
mixture of normal alpha olefins selected from olefins having from about 12 to about 30
carbon atoms per molecule. In one embodiment, the normal alpha olefins are isomerized
using at least one of a solid or liquid catalyst.

[0070] In another embodiment, the olefins are a branched olefinic propylene
oligomer or mixture thereof having from about 20 to about 80 carbon atoms, i.e., branched
chain olefins derived from the polymerization of propylene. The olefins may also be
substituted with other functional groups, such as hydroxy groups, carboxylic acid groups,
heteroatoms, and the like. In one embodiment, the branched olefinic propylene oligomer
or mixtures thereof have from about 20 to about 60 carbon atoms. In one embodiment, the
branched olefinic propylene oligomer or mixtures thereof have from about 20 to about 40

carbon atoms.
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m xture of normal al pha olefins selected fromolefins having from about 12
to about 30 carbon atons per nolecule. In one enbodi nent, the nornmal al pha
ol efins awe0saneT05zed using at | east one of a solid or PCIrgiseel 1028969 yst .
[0070] I n anot her enbodi nent, the olefins are a branched ol efinic propyl ene
ol igoner or mxture thereof having fromabout 20 to about 80 carbon atons,
i.e., branched chain olefins derived fromthe polynerization of propyl ene.
The ol efins may al so be substituted with other functional groups, such as

vdroxy gy, carpomilg a@e%t G BSpICEERRYOIE: . BTkt Dl bl Gy one

enmbodi ne branc nlc prop Pene ' ures NePeof
have from about, 20 to rbo ato n d t, th
branched B51EF tﬁ‘?%lt&édﬁafénét ‘Faisb'ﬁ') @Brmﬂlﬁ%w%é?s ﬁw@g Thelg - PF & ﬁf%fout 20

to about 40 carbon atons. WO 2011/126705PCT/US2011/ 028969 [0071] 1 n one
enbodi merfbouta?9 mekedh) efivbatalkyd grvips wopiaingd  within theaalkaliisotsrthgoetabiadoaf au

| east about 85 npole% at |east about 90 nol e% at |east about 95 nol e% or
at | east adlbdutbdButod hedpoxpdrothtc adrkykylgraupsuchontthd alkdl wiotps of dheakallideal | ne
earth netal salt of an al kyl-substituted hydroxyaronmatic carboxylic acid

such as tdapthahdtMl salloPUR UG -sabstiltkhydiEx@RhEdc BB alctct@dnk aRfa @L) or higher.
al kyl -substituted hydroxybenzoic acid detergent are a C20 or higher. In

anot her qbogdment ergﬁ&ﬁ?l@h&akﬂenealﬁﬁn%h ?ﬁﬁahe‘fﬁl tal@f ofNal ﬁorég ﬁ{u&é&t ed

hydroxyaronatlc carboxylirc acid 1s an alkaline earth netal

al kyl - tituted hydr nzoic.acid.t derive
2 k1 - sunSeredeEr e SRER A8 it aﬂﬁaﬁnw B g ﬁ%&b%ubmt%dhe
re5|due of normal al pha-ol efins,  contai ni at | east 75 nol e% C20 or. hi gher
nor mal al YHERXIPEF70is aClFGb%’tZ]SI deriygetirap wi-srbsiitutegy hydsgrstbenpigicloinnm| e %
(e.g., at l|least about 60

which the alkyl groups are the residue of normal alpha-olefins containing at least 75

mole% Cy or higher normal alpha-olefins.

[0072] In another embodiment, at least about 50 mole % (e.g., at least about 60
mole %, at least about 70 mole %, at least about 80 mole %, at least about 85 mole %, at
least about 90 mole %, at least about 95 mole %, or at least about 99 mole %) of the alkyl
groups contained within the alkaline earth metal salt of an alkyl-substituted
hydroxyaromatic carboxylic acid such as the alkyl groups of an alkaline earth metal salt of
an alkyl-substituted hydroxybenzoic acid are about C,4 to about Cjs.

[0073] The alkaline earth metals useful in making the one or more alkaline earth
metal salts of an alkyl-substituted hydroxyaromatic carboxylic acid include, but are not
limited to, magnesium, calcium, strontium, barium and the like. In one embodiment, the

alkaline earth metal compound is calcium.
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nole % at |east about 70 nole % at |east about 80 nole % at |east about
85 nole % at |east about 90 nole % at |east about 95 nole % or at |east
about 99 wol2e19e6F t he al kyl groups contai ned wthin tR€TAISR@ILioERIcEart h
nmetal salt of an al kyl -substituted hydroxyaromatic carboxylic acid such as
t he al kyl groups of an alkaline earth netal salt of an al kyl -substituted
hydr oxybenzoi ¢ acid are about Cl4 to about C18. [0073] The al kaline earth
nmetal s useful in making the one or nore alkaline earth netal salts of an

al kyl - suljgfy fut ed Dy oxyarQratygycar bowy! iige el  ngd ude. Ryl (8ot

limted to, gnesium calcram strontTum barium an n-one
enbodi nent, the al kaline earth nmetal conpound is calcium WD

2011/ 126 FodETRIOSE 1990 e aftsiowf Pt PEEIG Phgﬂﬁp R RAE2 dSPeRS- kBt O1C sal t
of an al kyl -substituted hydroxyaromatic carboxylic acid will be a m xture

of ort ho cahpdgasm, theareduct Wil eontaie gbedi ItnP9%:t ¢réhopiserae endydp | to ddmpaian
about 1 to 99% o ortho isonmer and 99 to 1% para isoner. |In another

enbodi mensgmérhdn pnoitiactmbddimento ticaprmdad owitl contam At 6rtd 6% amthPind 26 0%
para isonmer. [0075] The al kaline earth netal salts of an al kyl-substituted
hydr oxyar3p¥apiré isomer.
[0075] The alkaline earth metal salts of an alkyl-substituted hydroxyaromatic
carboxylic acid can be overbased or neutral. Generally, an overbased alkaline earth metal
salt of an alkyl-substituted hydroxyaromatic carboxylic acid is one in which the BN of the
alkaline earth metal salts of an alkyl-substituted hydroxyaromatic carboxylic acid has been
increased by a process such as the addition of a base source (e.g., lime) and an acidic
overbasing compound (e.g., carbon dioxide).
[0076] Overbased salts suitable for use in the natural gas engine lubricating oil
compositions of the present invention may be low overbased, e.g., an overbased salt
having a BN below about 100. In one embodiment, the BN of a low overbased salt may
be from about 5 to about 50. In another embodiment, the BN of a low overbased salt may
be from about 10 to about 30. In yet another embodiment, the BN of a low overbased salt
may be from about 15 to about 20.
[0077] Overbased detergents suitable for use in the natural gas engine lubricating
oil compositions of the present invention may be medium overbased, e.g., an overbased
salt having a BN from about 100 to about 250. In one embodiment, the BN of a medium

overbased salt may be from about 100 to about 200. In another embodiment, the BN of a

medium overbased salt may be from about 125 to about 175.
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carboxylic acid can be overbased or neutral. Generally, an overbased

al kaline earth netal salt of an al kyl-substituted hydroxyaromatic

car boxyl iwoaeild2s®sone in which the BN of the al kal i ne @amtus2omioagscsal ts of
an al kyl -substituted hydroxyaromatic carboxylic acid has been increased by
a process such as the addition of a base source (e.g., line) and an acidic
over basi ng conpound (e.g., carbon dioxide). [0076] Overbased salts suitable
for use in the natural gas engine lubricating oil conpositions of the

present i tion e J ver ba e Qe verbased salt -having a BN
bei ow abdl Moo OBl Sbls ARl sindfs USRI ZIE AR LR D
from about. 5 to about 50. In another enbadiment, the BN of a | Qqw over based
salt may PeCTPRATIORS G thpicsenl poysntian mawﬁ?ey@gﬂgwﬁﬂﬂw Efb i FrEFRaseq ¥t BN of
a | ow overbased salt may be from about 15 to about 20. &0077]Cwerbased

det er genthavigj a BY| abovopbais @50 n In pac gabodigieng dlee BNgfrpehighlowprbasodrglt anay
conpositions of the present invention may be nedi um overbased, e.g., an
over baseedadrh abat 260 taaldht #§@m about 100 to about 250. In one enbodi nent,
the BN of a nmedi um overbased salt nmay be from about 100 to about 200. In

anot her qobpyi ment , THRHBN ©F ¢ iﬁ@diwmwazlge{sib@&ﬁpbs&ﬁinkaWdih td tepraput 125
to about 175. WO 2011/1267&%PC§%U82011/0 8969 [0078]Cwerbasgd de?%rgents

sl t bl € RobaSndodiin RAELGR, GRS ERGLOPLDHARHLDB0N 10GOIRASILI AN of

t he present invention na ove over t havi ng
a BN above abo 250. , enbodi.ment, the of a high overbased salt
oy be { PoSHUB0Y <ot Bty SMhegl ey RielH

[0080] Generally, the one or more alkaline earth metal salts of an alkyl-substituted
hydroxyaromatic carboxylic acid are present in the natural gas engine lubricating oil
composition in an amount ranging from about 0.5 to about 2.5 wt. %, based on the total
weight of the natural gas engine lubricating oil composition. In another embodiment, the
one or more alkaline earth metal salts of an alkyl-substituted hydroxyaromatic carboxylic
acid are present in the natural gas engine lubricating oil composition in an amount ranging
from about 1.0 to about 2.0 wt. %, based on the total weight of the natural gas engine
lubricating oil composition.

[0081] The one or more antioxidant compounds (¢) employed in the natural gas
engine lubricating oil composition of the present invention reduce the tendency of base
stocks to deteriorate in service, which deterioration can be evidenced by the products of
oxidation such as sludge and varnish-like deposits on the metal surfaces and by viscosity
growth. Such oxidation inhibitors include hindered phenols, ashless oil soluble phenates
and sulfurized phenates, diphenylamines, alkyl-substituted phenyl and naphthylamines and

the like and mixtures thereof. Diphenyamine-type oxidation inhibitors include, but are not

27



[ 0079] The natural gas engine lubricating oil conpositions according to the
present invention may contain nore than one overbased salt, which may be
all | ow BMoaltte70al | medi um BN salts, all high BN sal t SCRAS$2011502896%€S

t hereof [0080] Generally, the one or nore alkaline earth nmetal salts of an
al kyl - substituted hydroxyaromati c carboxylic acid are present in the
natural gas engine lubricating oil conposition in an anount ranging from
about 0.5 to about 2.5 wt. % based on the total weight of the natural gas
engi ne | ybhricating ail ition. In_another di nment he, 0 [ nore
ol el ne DA a4l s ek eine | ARERLRE b BRR Yoot o S M-

car boxylic ﬁﬁig.are present in the natural gas engine |lubricating oi
conposi t iAW ™A anount ranging from about 1.0 to about 2.0 wt. % based
on the total weight of the natural gas engine |ubricating oil conposition.
[0081] Thd00%H or ndnengsrbodingastancatipsidaaiscomouadprroysediciamn eaebheraeal gas
engi ne lubricating oil conposition of the present invention reduce the

t endency mérelhasiersit geksls hovide tler goneat éorinnlaser vi ce, whi ch deterioration can
be evi denced by the products of oxidation such as sludge and varnish-1ike
deposits on the netal surfaces and by viscosity,growh. Such oxidation

i nhi bitors include hindered phenols, ashless oﬁ? sol ubl e phenates and

sul furized phenates, diphenyl am nes, al kyl-subsf{ituted phenyl and
napht hyl am nes an he | A '%ture§}ihereo Di ph8nyani e-type
oxidation inhibitors inclue but are not 2limted to, “al kyl at ed

di phenyl am ne, phenyl-g(ﬁaphthylanine, and al kyl at ed- anapht hyl m ne.
[0082] I n one enbodi ment, an anti oxi dant conpound for use herein can be one
or

wherein R is a C; to Cso hydrocarbyl group including by way of example, a substituted or
unsubstituted alkyl group, substituted or unsubstituted cycloalkyl group, substituted or
unsubstituted aryl group, substituted or unsubstituted heterocyclic group and the like. A
representative example of a hindered phenol is 3,5-di-t-butyl 4-hydroxy phenol
propionate. The hindered phenol, 3,5-di-t-butyl 4-hydroxy phenol propionate may be
available commercially from, for example, Ciba Specialty Chemicals (Terrytown, NY) as
IRGANOX L135®, Crompton Corporation (Middlebury, CT) as Naugard® PS-48. In one
embodiment, a hindered phenol is a liquid hindered phenol.

[0083] Generally, the one or more antioxidant compounds are present in the
natural gas engine lubricating oil composition in an amount ranging from about 0.1 to
about 5 wt. %, based on the total weight of the natural gas engine lubricating oil
composition. In one embodiment, the one or more antioxidant compounds are present in
the natural gas engine lubricating oil composition in an amount ranging from about 0.2 to
about 4 wt. %, based on the total weight of the natural gas engine lubricating oil

composition.
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nore hi ndered phenols having the general fornula: wherein Ris a Cl to
C30 hydrocarbyl group including by way of exanple, a substituted or
unsubst i twDed11al2kypb group, substituted or unsubstitut edPEyalSe@liogdoeyr oup,
substituted or unsubstituted aryl group, substituted or unsubstituted
heterocyclic group and the like. A representative exanple of a hindered
phenol is 3,5-di-t-butyl 4-hydroxy phenol propionate. The hi ndered phenol,
3,5-di-t-butyl 4-hydroxy phenol propionate may be avail able comercially

f f I i b T
REARET i i R R ogs%{arf&agnﬁg%n
enbodi ment, a hlndqugz heno iBIS a li Uld hi nder.ed he aIIy

the one_ dith Ror@nKSTER BAPTSL BHPBTRL %ﬂdén%o?re@é?ﬂflg f l‘i’?ét"ﬂa‘ai lengi ne
| ubricating oil conposition in an anobunt ran (P fron1about 0.1-to about 5
W . % bduldcasing vieotitt alhewdidgives ory ke beatreltlendegdas acapeandratou by diseuspady oi |
conposition. In one enbodi nent, the one or nore antioxi dant conpounds are
present iherdihiglowat wrthb agp&pﬁmt@inae‘od tobfaicdadte dipnding efoanpdsichiigncompasiticanount
ranging fromabout 0.2 to about 4 wt. % based on the total weight of the
natural gRst.@le AR dddhed cotdetatin oCATMRR! ITHR. additive package is blended with

the base oil using a concentration at which they are both soluble in the oil and compatible

with other additives in the desired finished lubricating oil. Compatibility in this instance

generally means that the present compounds as well as being oil soluble in the applicable

treat rate also do not cause other additives to precipitate under normal conditions. Suitable

oil solubility/compatibility ranges for a given compound of lubricating oil formulation can

be determined by those having ordinary skill in the art using routine solubility testing

procedures. For example, precipitation from a formulated lubricating oil composition at

ambient conditions (about 20°C to 25°C) can be measured by cither actual precipitation

from the oil composition or the formulation of a "cloudy" solution which evidences

formation of insoluble wax particles.

[0085] In one embodiment, the natural gas engine lubricating oil compositions

described herein can be substantially free of any alkaline ecarth metal salts of a

condensation product of an alkylene polyamine, an aldehyde and a substituted phenol. In

one embodiment, the lubricating oil compositions are also substantially free of any

molybdenum-containing compounds. The alkylene polyamines of the condensation

product can the following structure NH,[R(R)-NH],H wherein R is an alkylene radical

containing from about 2 about 6 carbon atoms, and » is an integer from 1 to about 10.

Typical alkylene polyamines include dicthylenetriamine, triethylenetetramine,
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WO 2011/ 126705PCT/ US2011/ 028969 [ 0084] The natural gas engine |ubricating
oil conpositions of the present invention can be conveniently prepared by
si nply blwoadongi2erosm xi ng the additives with the oil of PCuhS2@a2sg9
viscosity. The additives may al so be prebl ended as a concentrate, as

di scussed hereinbelow, in the appropriate ratios to facilitate bl endi ng of
a lubricating conposition containing the desired concentration of
additives. The additive package is blended with the base oil using a
concentratio whi.ch. t he r e..hot ol,uhl e .in th i n ihle with
otner adartiedneS e BovRe SRt A BBl MBS 1%
this instance generally neans that the present conpoupds as wel s bei ng
oi | sol uptch ﬁglﬂtﬁ’é‘ ﬁqueamaﬁowf%aﬁr%?%@ n&l%’%‘ﬁe?r’%- @gﬁégbsé}flﬁ P@?ﬁ‘d’ﬂti ves
to precipitate under normal conditions. Suitable oil '

sol ubi | i tay¢ eenglarlptsd Imanphydugplenplsrhaying atdenst enpallsbigiopp (of bwifictnt Fged |
formul ati on can be determ ned by those having ordinary skill in the art

usi ng roubiimpagailialhbitity toethiti cogdgrsetedproelscts FoR cpexsamaties afkyé phpadlatircon
froma fornulated lubricating oil conposition at anbient conditions (about

20C t 0 25hdscCRANwWRRhNBEUER hrBYp SbAtRIRE fAsHh WBbutPl 861 ABbhirbd QArtoh offbihbear |
conposition or the formulation of a "cloudy" solution which evidences

f or Bt i 0 gl AL UPHS iMEXRoRIIER S8 abbAOBOL By ONERE RAATIERL cxlhficnAt ur a

gas engi ricating conposi tions scri be erein can b

substantial lLy.free  of | kal [ ng earth al .salts o condensati o

o oducr armiphaiely GRSt RL PRatcne kol itk Selb aRe ol L SRS . 1 n
one enbodi nent, the lubricating oil conpositions are also substantially
free of dWgnelsWhddklaice phenalnindthebikpounds. The al kyl ene pol yani nes of the
condensati on product can the follow ng structure NH2[R(R)-NH] FI wherein R
is an al HP084le r adiloainccortodiméngtht metwral kgas ten@ina thahricaBng ail lvompasiboms ofand n
is an integer from1 to about 10. Typical al kyl ene pol yam nes i ncl ude

di et hyl enké¢ preasnit igvention etilhydreniatsalfudrsdrisobutdtieddifireat pebitgizha s lansnt he

| i ke. The al dehydes are generally aliphatic al dehydes which contain from

one to ahguho GAIRAR (R S8 BELn PR ERUPRssul 8o W RSfeLEHE B PNERAL Sveaf /1 T he
al kyl at ed “"nonohydri ¢ phenols having at | east one al kyl group of “sufficient

| ength taq.i I il -.sol ubilit nden i 0N .

Repr esentit] BRSE Py AR N o B0 ARRER S A2 RSB somprise & ns
from aboyt 4 to. about 24 carbon atons, and preferably those havi from
bbout 6 g PR ibeh Hlofs Toiich VAL af ST ANl CHTRAHPRS ghanale

di anyl phenol, octyl phenol, nonyl phenol, p-ter-octyl phenol, a m xture of
phenol s, ggiPeikted] iatoethepieiol uaa®vides anj ik solublgsameusd dhad ip sifcatyr in t he
natural gas engine lubricating oil conpositions of the present invention
wi | | contmmovidegl éxtreneepressiob (ER)] progectiBul f Sulfirexdd iisdlnttlgdeefoe uss iknawainby
those skilled in the art to be an extreme pressure agent, effective in
prevent i ngnbuaherit§loMihginPERDE Wi BONMUE ORETBNIEeSIfG fRSzddEadbukydbrds GatH an.
Sul furized isobutyl ene conprises a |long chain hydrocarbon that is reacted

wth a V%MB&%%(§prgﬁ?R?TPV%ﬂQﬂahhﬁEhﬁk%ﬁincorporated into the chain. This

provi des an ol l soluble conpound that is effective in providing extrene

pressure protection. | furized isobutyl ene for use in certain,.

brbodt medPl7 "t i S te B AT Rl S0eMsuBFd: ol SPriiGhs Fqmis

i sobutyl enes such _as Mbjlad C 100 and R T. Vanderbilt VagLu%e B.
invention will contain trom about 0.01 wt. % to about 0.5 wt. % sulfurized isobutylene. In
another embodiment, the natural gas engine lubricating oil compositions of this invention
will contain from about 0.02 wt. % to about 0.45 wt. % sulfurized isobutylene.

[0088] The natural gas engine lubricating oil compositions may also contain other

conventional additives for imparting auxiliary functions to give a finished natural gas
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[ 0087] General |y, the natural gas engine lubricating oil conpositions of
this invention will contain fromabout 0.01 wt. %to about 0.5 wt. %

sul furi zedoi2eababsene. |1 n anot her enbodi nent, the nat uPal/Usasl10e896Ne

| ubricating oil conpositions of this invention will contain from about 0.02
w. %to about 0.45 wt. % sulfurized isobutyl ene. [0088] The natural gas
engi ne lubricating oil conpositions may al so contain other conventi onal
additives for inparting auxiliary functions to give a finished natural gas
engi ne | ue%r{ c3ubid g Ioil %8&18?%1&'11 Nvhil )Mé'sec Qd(fitri]Vee%%r a&jigéetrlse\éeoé dsELvEY SRS sed
or di ssol V&d. E%r ex%nple, € na ura? gas engine lTubricating ol

conposi tions y. be blended with rust. inhibitors, dehazjng agents

denul si fﬁxﬁ’@lp[}gél%ﬁ atugge g 68%18%5‘1‘1'?7%9@ 1Rg OHfRROSTIOPS Q}4Y0 ﬁ{%}gq({] 3t rugour
poi nt depressants, antifoam ng agents, co-solvents, package o

conpat i biihhibgess, d@bﬁrm@gia@ﬁmﬁ,n%ﬁmﬂkﬂfmg ageass, mstel alvectpieing agentagdrietionand
the like and m xtures thereof. A variety of the additives are known and
comer ci ahddifiensai lpatdd e poihhesiep@ddintsi veatifoamitdeiape@nal ogealseregnpeatkas, can
be enpl oyed for the preparation of the natural gas engine |ubricating oi
conposi t i RhHafbilikdts, tEYENSH-PRitN6rd, hBrells batend QREkiNG RIAGeaRd €8e like and

[ 0089] Exanpl es of rust inhibitors include, but are not limted to, nonionic

pol yoxyal ts, ) her 0 yl ene
P gher Al Ao o o L o e
octyl phenyl,. et her, pol yoxyet hyl ene octyl stearyl ether, polyoxyethylene

ol eyl "ot MERITE Gobl: FHERL ComBreaR: om byl RECms GRsHPHReAL 1
sorbitol nonool eate, and pol yethyl ene gl ycol nonool eate; stearic acid and
ot her f atauralcgassengine BbpsxENg il gompesitipy af theohyyentiqnaby yheepypl Hsndingsal t s;
metal salts of heavy sulfonic acid; partial carboxylic acid ester of

pol yhydr ippoeddomhol ; phosphoric esters; (short-chain) al kenyl succinic
acids; partial esters thereof and nitrogen-containing derivatives thereof;
synt heti qoag¥ar yl s faaipddsesf r@stginhibiwkalindudeonyltnaphidialisited sto] fmonmhs; and

the |ike and m xtures thereof.
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 thereof.
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WO 2011/ 126705PCT/ US2011/ 028969 [ 0090] Exanpl es of friction nodifiers
include, but are not limted to, al koxylated fatty am nes; borated fatty
epoxi des;wPantyi2ptedsphi t es, fatty epoxides, fatty am nePCThSeEALRICI

al koxyl ated fatty am nes, netal salts of fatty acids, fatty acid am des,
gl ycerol esters, borated glycerol esters; and fatty im dazolines as
disclosed in U S. Patent No. 6,372,696, the contents of which are

i ncorporated by reference herein; friction nodifiers obtained froma

reaction [gﬁgﬂum of %mﬁeashof &Zé@)n ro%iﬁaerr@ Pnlc dld%, lg:uat a;[rg ngg ﬁll’nitg$ go,rzra,ﬂ?&xylated

pr ef er abl C6 to y acid ester” and & nitrogen-contai’ni ng- conpound
sel ected fromthe group.consisting of ampni a, and an alkanol am ne and t he
li ke and TAt%ERIES: tt%@?@&ttymeélﬁf' a%P%%eSaﬁwfea%@ﬁ@ fafettpiacy. heraltde, but
are not limted to, polyners of alkyl methacrylate; polyners of

di net hy| silkaxylaied Sty ammes.i ketah setsnpk faityescidh dpip facidoporpxalipirels cd¢rsa pour
poi nt depressant include, but are not limted to, polynethacryl ates, alkyl
acryl at e hpodtydrelyscrobbdtyls; et faag riplidatzelinps|ag nigscisedlin UK. rPatqnaNat 61372,696,
phenol ) pht hal ate, condensates of tetra-paraffin phenol, condensates of a

chl ori natigé comemtk fdfnwivch Rrd aRbigdadted 8y abfbr&REMHRR; RltSioh MESBRErs |dbtRNAR]
enbodi nent, a pour point depressant conprises an ethyl ene-vinyl acetate

copoL Ve SARASFRRSPUL L 0 oy 30 g ndughmpeyrpabil o
depresant TRty B SRS ekt SaRthe A0y ol WO o
consisting of ammonia, and an alkanolamine and the like and mixtures thereof.
[0091] Examples of antifoaming agents include, but are not limited to, polymers of
alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.
[0092] Examples of a pour point depressant include, but are not limited to,
polymethacrylates, alkyl acrylate polymers, alkyl methacrylate polymers, di(tetra-paraffin
phenol)phthalate, condensates of tetra-paraffin phenol, condensates of a chlorinated
paraffin with naphthalene and combinations thereof. In one embodiment, a pour point
depressant comprises an ethylene-vinyl acetate copolymer, a condensate of chlorinated
paraffin and phenol, polyalkyl styrene and the like and combinations thereof. The amount
of the pour point depressant may vary from about 0.01 wt. % to about 10 wt. %.
[0093] Examples of a demulsifier include, but are not limited to, anionic
surfactants (e.g., alkyl-naphthalene sulfonates, alkyl benzene sulfonates and the like),
nonionic alkoxylated alkylphenol resins, polymers of alkylene oxides (e.g., polyethylene

oxide, polypropylene oxide, block copolymers of ethylene oxide, propylene oxide and the

like), esters of oil soluble acids, polyoxyethylene sorbitan ester and the like and
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surfactants (e.g., alkyl-naphthal ene sul fonates, al kyl benzene sul fonates
and the |ike), nonionic al koxyl ated al kyl phenol resins, polyners of

al kyl ene wWRi2088126®5g. , pol yet hyl ene oxi de, pol ypropyl en@CoAisAe,1/02896% k
copol ynmers of ethyl ene oxide, propylene oxide and the |ike), esters of oil
sol ubl e aci ds, pol yoxyethylene sorbitan ester and the |i ke and conbi nati ons
t hereof The anount of the denmulsifier nmay vary fromabout 0.01 wt. %to
about 10 wt. % [0094] Exanpl es of a corrosion inhibitor include, but are
not |im tcﬁ%btnﬁaﬁoﬂﬁh{ere%%t The amouf QRS 8&%&%?%&% ¥ o ﬁ301%°%°%at €
esters, thiophosphates, alkyl 1'm dazolrnes, sarcosifhes an e |l'iké and
conbi nati gns 1thertg/of The anpunt of the corrosion inhibitor may vary from
about 0. oWt 10 %t about 5 wt. % [ 0095] Exanpl es of an extreme pressure
agent include, but are not |limted to, sulfurized animal or vegetable fats
or oils, [8094luri zedExamphes ofgreoyiogenanhibitdranelpde butlatggioe Haited ¢, hplfgsters
partially esterified esters of trivalent or pentaval ent acids of

phosphor ug,ansidés off dadedylotie@iniaaciddphysphate astey, tinoplysphdtes]atkyl smidavoliresd

Di el s- Al der adducts, sulfurized dicycl opentadi ene, sulfurized or

co- sul f urdaZzR6inBl ¥dhesikefant adotbimgiols BRIQTS THRAMRAPYNERL dbrRkRE iPhiBftbNS,
co-sul furized blends of fatty acid, fatty acid ester and al pha-ol efin,

functi on%g{,&g}?}t i 56&1‘?6.0‘1‘@1)’9&8%26 ¥ wPo} ysul fides, thia-aldehydes,

t hi a- ket on I 0 conmpounds, sulfur-containing acetal derivatives,
co-sul furi bl en of .terpene and acyclic ol efins n ol ysyl fi olefin
roduct s 088lne. oo pelnehbghRsArEe dvauisse@nt e, paBe o imied oo
esters and the |ike and conbi nati ons thereof. The anount of the extrene
pressur e S#lfrecdaymylaryeeptapie spfs of 0os.oulfitizedonimal g5 yigectablgattygeid oBgs] Each
of the foregoing additives, when used, is used at a functionally effective
anount t dullypapdrtitlhecstiediodadtepy dgoralemoripentaivdcntbids o phosphidrus,, sufforized
exanple, if an additive is a friction nodifier, a functionally effective

anmount ofoléfitiss fdiliyelkdcarbyodiollysatfidsul chlheizad dpiplsnildeuf hidice)t dulfutingar t
the desired friction nodifying characteristics to the |ubricant. Generally,

the conceptycijedfdRhe eagiiu@led 18S 8o RGHAIMEix RGN JS ey TRANOES S Omdabout
0.001%to about 20% by wei ght, and in one enbodi mrent about 0.01%to about
monounsaturated olefins, co-sulfurized blends of fatty acid, fatty acid ester and alpha-
olefin, functionally-substituted dihydrocarbyl polysulfides, thia-aldehydes, thia-ketones,
epithio compounds, sulfur-containing acetal derivatives, co-sulfurized blends of terpene
and acyclic olefins, and polysulfide olefin products, amine salts of phosphoric acid esters
or thiophosphoric acid esters and the like and combinations thereof. The amount of the
extreme pressure agent may vary from about 0.01 wt. % to about 5 wt. %.
[0096] Each of the foregoing additives, when used, is used at a functionally
effective amount to impart the desired properties to the lubricant. Thus, for example, if an
additive is a friction modifier, a functionally effective amount of this friction modifier
would be an amount sufficient to impart the desired friction modifying characteristics to

the lubricant. Generally, the concentration of each of these additives, when used, ranges

from about 0.001% to about 20% by weight, and in one embodiment about 0.01% to about
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10% by wei ght based on the total weight of the natural gas engine

| ubricating oil conposition. [0097]1f desired, the |ubricating oi

addi ti vesworyiibeesovi ded as an additive package or con®€mtusarig/opssenhi ch
the additives are incorporated into a substantially inert, normally liquid
organi c diluent such as, for exanple, mneral oil, naphtha, benzene,

tol uene or xylene to forman additive concentrate. These concentrates
usually contain from about 20%to about 80% by wei ght of such dil uent.
Typi cal | y,noa neutr il, havin Vi Si of ut 4 abqu .5 ¢St at
1666 and” 9788y sl a0 8 eBu v SERC Y Y B Sa v 1lyellag o

di luent, though synthetic oils, as well as other organic |iquids which are
conpatibﬁ@nﬂpgﬁoPhe additives and finished lubricating oil can al so be
used. The additive package will typically contain the additives, referred
to above,[00¥]t he dd€idesiaedaribetubyicater ot ddslétives mase beinravidediap et additive
conbination with the requisite anount of base oil. [0098] The foll ow ng
non- | i m tpankpgexanmphestiateeini Whigh tthabddigvasfart iecopsoested intd nveabstamimally inert,
EXAMPLE 1 [0099] A natural gas engine lubricating oil conposition was forned
cont ai ni NMprhallBIiqMtd ofeadfc Billin$-sSblE Gl NifdH S@nfper mitRehlf 610 MdhiR0 decibhe,

pol yi sobut enyl succinic

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 cSt 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 the additives, referred to above, in the desired

amounts and ratios to facilitate direct combination with the requisite amount of base oil.

[0098] The following non-limiting examples are illustrative of the present
invention.

EXAMPLE 1
[0099] A natural gas engine lubricating oil composition was formed containing

1.135 wt. % of a bis-succinimide (derived from a 1300 MW polyisobutenyl succinic
anhydride (PIBSA)) and a mixture of heavy polyamine and dicthylenetriamine, 1.865 wt.
% of a bis-succinimide (derived from a 950 MW polyisobutenyl succinic anhydride
(PIBSA)) and a mixture of heavy polyamine and diethylenetriamine, 1.26 wt. % of a
calcium carboxylate which is the calcium salt of an alkyl-substituted hydroxybenzoic acid

(150 BN), 1.25 wt. % of a hindered phenol antioxidant, 0.14 wt. % of a sulfurized
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anhydride (PIBSA)) and a m xture of heavy pol yam ne and di et hyl enetri am ne,
1.865 wt. % of a bis-succinimde (derived froma 950 MW pol yi sobut enyl

succi ni ¢ wWolkydrizé®s( Pl BSA)) and a mi xture of heavy pol y2erAS2@Ens28969

di et hyl enetriamne, 1.26 wt. % of a cal cium carboxylate which is the
calciumsalt of an al kyl -substituted hydroxybenzoic acid (150 BN), 1.25 wt.
% of a hindered phenol antioxidant, 0.14 w. % of a sulfurized isobutyl ene,
0. 05 copper deactivator, 0.19 wt. %of a primary zinc alkyl

di t hi ophosphat Q2 .. Yofoam iRphipbite ngd .t he bal apc i N oup 1|1
base oi l lgcﬁ)ﬂf%'f%ﬁ $r9§ Cr?\g%%rrdaéiaag\g‘éoréggibr% ' |/{;JB$? glél |a§?'gZ10|CI%H( gr‘%ﬁ@s"???%‘ﬁgﬁ’ad a
sul fated ash cqontent. of .0.25 wt. % as determ ned by ASTM D 874 and a
phosphor &Sﬁ%t/é%qar%p%@o_r@i angythe h%émce being a Group ﬂ base 01§.

[00100] The natural gas engine lubricating oil composition had a sulfated ash

content of 0.25 wt. % as determined by ASTM D 874 and a phosphorus content of 0.014

wt. %.

COMPARATIVE EXAMPLE A

[00101] A natural gas engine lubricating oil composition was formed containing
1.135 wt. % of a bis-succinimide (derived from a 1300 MW polyisobutenyl succinic
anhydride (PIBSA)) and a mixture of heavy polyamine and dicthylenetriamine, 1.865 wt.
% of a bis-succinimide (derived from a 950 MW polyisobutenyl succinic anhydride
(PIBSA)) and a mixture of heavy polyamine and diethylenetriamine, 1.52 wt. % of a
sulfurized calcium phenate (114 BN), 1.25 wt. % of a hindered phenol antioxidant, 0.14
wt. % of a sulfurized isobutylene, 0.05 copper deactivator, 0.19 wt. % of a primary zinc
alkyl dithiophosphate, 0.02 wt. % foam inhibitor and the balance being a Group 1l base
oil.

[00102] The natural gas engine lubricating oil composition had a sulfated ash

content of 0.25 wt. % as determined by ASTM D 874 and a phosphorus content of 0.014

wt. %.
[00103] Testing
[00104] A 6-cylinder Waukesha F11 GSID engine was instrumented in order to

obtain dynamic voltage measurements from 12 valves — 6 intake and 6 exhaust valves.

The tests were run for 400 hours on the lubricating oil compositions of Example 1 and
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COVPARATI VE EXAMPLE A [00101] A natural gas engine |ubricating oi
ion was fornmed containing 1.135 w. % of a bis-succinimde (derived

conposi t
froma 1
heavy po
(derived
m Xt ure

sul furiz
antioxid
deacti va
f oam i nhi
nat ur al

of 0.25

w. % |

M0 2Mu/petogi sobut enyl succi ni ¢ anhydri de (Pl BSAPLTASA013/0289%2 ur e of
| yam ne and di ethyl enetriam ne, 1.865 wt. % of a bi s-succinimde
froma 950 MW pol yi sobut enyl succinic anhydride (PIBSA)) and a

of heavy pol yam ne and di ethylenetriamne, 1.52 wt. % of a
ed calciun1phenate (114 BN) 1.25 wt. % of a hindered phenol

f@)%mpagatiV§: V\i(arng eOA glds Hl \Eelra% eedvalllvg bgé%ém | tv%ea? rgn.ses n 011 W6r26 Wt

of a rlnar |ophos

| bj 1 %ﬁ?ﬂaw ?16 ggs'%a%ngﬁe} gg&;ﬂ)&?fgq o Q#AaFPa o es(?‘lﬁl“:l %eé{ 00%354*1%&“ ent

%

mﬁ % as determ ned by ASTM D 874 and a phosphorus content of 0 014

003 Més PPng0Jbawa] AT mykinnue valngukesshianpvaar ras| dlosvegi bie

instrunmented in order to obtain dynam c voltage neasurenents fron112 valves

- 6 inta

koei garedl cGuipmbatusinufadtwes(OEM) is 0.0020 inches/1000 hours. As shown in Figure
1, the lubricating oil composition of Example 1 containing a calcium carboxylate detergent
showed significantly improved valve recession (-0.00019 inches) over the lubricating oil
composition of Comparative Example A containing a calcium phenate detergent (0.00065
inches). This represents a difference of 0.00084 inches per 1000 hours. A difference of at
least 0.000416 is considered to be significantly different at 95% confidence. Accordingly,
the use of a carboxylate detergent resulted in slight valve growth; hence the reason for a

negative valve recession wear rate.

[00105] It will be understood that various modifications may be made to the
embodiments disclosed herein. Therefore the above description should not be construed
as limiting, but merely as exemplifications of 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. Morcover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.
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The tests were run for 400 hours on the lubricating oil conpositions of
Exanpl e 1 and Conparative Exanple A and the average val ve recessi on wear
rates of w0 20il/126m5e cal cul ated by a linear fit based omCThs201a9289890- hour s
of data fromeach test and reported on a wear rate per 1000 hours. The
maxi mum val ve recession wear rate allowed by the original equipnent

manuf acturer (CEM is 0.0020 inches/ 1000 hours. As shown in Figure 1, the

| ubricating oil conposition of Exanple 1 containing a cal cium carboxyl ate
det er gent Qﬁﬁﬂ ik@pﬁi'ﬁgntly i nproved val ve recession (-0.00019 inches)
over the -conposition of Conparative Exanple A containing a

cal ci um phenat e eter ent 65 1 nches ; This represents a dlfference of
0. 00084 i nches! p/g & 126 18??%&@ Qsitiogtco &é@%@%@lm amgunt
considered to be significantly different at 95% confidence. Accordingly,
the use off an ©dr bbXyhricatng etiswogient (by eengl pedndrp Fiospivrus eonfdnigEoMthwveence
the reason for a negative valve recession wear rate. [00105]It wll be
under st oadditivas, (vasricoarsnerodililesatispersantspid) bec oacherd dkilhve certh aditatesaltsof

di scl osed herein. Therefore the above description should not be construed

as |im tiadalkAtdubSRiRH Y é/ﬁfox@él%ﬁ’ﬁhltlbfdaﬂﬂ)&yﬁélﬁcﬁf alf efemeest moRogitioRALSts, FOr
exanpl e, the functlons scribed above and inplenented as the best node for

oper at i ng)vﬁé?&nq hal cg%’ %fng%lﬁ'{c% Jl 011'(! hﬂ%&ﬁl@ | 8hta |rﬁoﬁ§§ ﬁﬁhyabog her

arrangement s an e |np ose s in the art

wi t hout rtin fron1t SC nd f t hi ention. Nbreover,
those. skit L eldi® ppisell o Shosphaiy AEoeh Bh i othotr R o S et iRt foeries scope
and spirit of the clains appended hereto. . WHAT IS CLAI MED | S: . A
nat ural duRiEHge mal P%P?Sétéﬁ’ rigd ofurthelorhersin fhsnnateish €rs icAging dybricafing d)rﬂ
anount of an oil of lubricating viscosity, (b) one or nore

phosphor usmpositian m suhstamtidlyvferofady iatkial esstal{aontapmeg detergonts. ashl ess

di spersants, (d) one or nore alkaline earth nmetal salts of an

al kyl - substituted hydroxyaromati c carboxylic acid, and (e) one or nore
anti oxi dants, wherein the natural gas engine |ubricating oil conposition

contains no nof erﬁé‘ﬁdiuﬁpgé&ten%&%tﬂ%aﬁﬁg oR&oRHRLI1i8h 0P TRSRND MR rciR@REShON the
total weight of the natura gas engine |l ubricating oil conp03|t|on and

further Vg@ roelrle B% ;ché 1g§?mt?-r\}%|€ ?ddlﬁ'\persla?eagélé@ dpf[crgmctﬁggpo%p coﬁﬂstlﬁsg2 The

subst anti al contai nin

o more %ééﬁﬂgqﬂa@yiﬁﬁs & agamepeiLaRo B ook By e e o

group consi sting of a hydrocarbyl phosphite, a hydrocarbyl phosphate and
m xtures thereof

3. The natural gas engine lubricating oil composition according to Claim 1 or
Claim 2, wherein the one or more phosphorus-containing anti-wear additives comprises a

primary zinc alkyldithiophosphate.

4. The natural gas engine lubricating oil composition according to Claims 1-3,

wherein the one or more ashless dispersants comprise a bissuccinimide.

5. The natural gas engine lubricating oil composition according to Claims 1-4,

wherein the one or more alkaline earth metal salts of an alkyl-substituted hydroxyaromatic
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3. The natural gas engine lubricating oil conposition according to Caiml
or Claim2, wherein the one or nore phosphorus-containing anti-wear

addi ti veswoanmwize®s a prinmary zinc al kyl di t hi ophosphat e PCT/US2011/02896% he
natural gas engine lubricating oil conposition according to Cains 1-3,
wherein the one or nore ashl ess di spersants conprise a bissuccini mde.

5. The natural gas engine lubricating oil conposition according to C ains
1-4, wherein the one or nore alkaline earth netal salts of an

al kyl - substi t ut.ed hydr oxyar ti anpaxyl i.c.aci (4 se._en [..mor

21 kol 1 ne autopie ey R G AaR DR L B AT R Ea b

6. The nﬁéﬁral as.en%ine | ubricating oil conposition according to O ains
1-4, wherBFPWREBHAY more al kaline earth metal salts of an

al kyl - substituted hydroxyaromati c carboxylic acid conprise one or nore
over based al kaline earth netal salts of an al kyl-substituted

hydr oxyar omati ¢ car boxylic acid. 7. The natural gas engine

| ubri cati ng oid. Thomasirili gn agoeridbricating <l admpositich, asbetieg o Chamanie4.or
nore al kaline earth netal salts of an al kyl -substituted hydroxyaromatic

car boxy! i\he&ih dh CONPEr B AlkaHh6 battl Sdtal sOfs oFAn Al katsuRaéd k&6 aromatic
hydr oxyar omati ¢ car boxylic acid. 8. The natural gas engine

| ubri cat id&ﬁoo‘%hhc 39%%?%&&9 Bn@for GhteMBylrbadflE hikhfind BEf ekl WikS BF b Qficy RN

al kyl -substitute yaromatic carboxylic acid Is present I n the“natural
gas enginebIEQri%q%jng oi | .conposi.tian in an anount of about 0.05 to about
2.5 wt. oubyHulsd hydroxparomgtic farRaxyliciaCie t he natural gas engine Iubricating
oi | conposition. 9. The natural gas engine |ubricating oi
conposition according to Clainms 1-8, wherein the one or nore anti oxi dants
conprise a hindered phenol conpound.

7. The natural gas engine lubricating oil composition according to Claims 1-4,

wherein the one or more alkaline earth metal salts of an alkyl-substituted hydroxyaromatic
carboxylic acid comprise a calcium salt of an alkyl-substituted hydroxyaromatic

carboxylic acid.

8. The natural gas engine lubricating oil composition of Claim 7, wherein the
calcium salt of an alkyl-substituted hydroxyaromatic carboxylic acid is present in the
natural gas engine lubricating oil composition in an amount of about 0.05 to about 2.5 wt.

%, based on the total weight of the natural gas engine lubricating oil composition.

9. The natural gas engine lubricating oil composition according to Claims 1-8,
wherein the one or more antioxidants comprise a hindered phenol compound.

10. The natural gas engine lubricating oil composition according to Claims 1-9,
having a sulfated ash content of about 0.15 to about 0.3 wt. % as determined by ASTM D

874.
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10. The natural gas engine lubricating oil conposition according to C ains
1-9, having a sulfated ash content of about 0.15 to about 0.3 w. % as

det er m newORY11ASTNED 874. 11. The natural gas engi n@Ciriiseéiemesongy oi |
conposition of Claim1l, conprising: about 0.25 to about 1.5 wt. % of the
one or nore phosphorus-containing anti-wear additives, about 1 wt. %to

about 8 wt. % of the one or nore ashl ess dispersants, about 0.5 wt. %
to about 2.5 wt. % of the one or nore alkaline earth netal salts of an
al kyl - substi tuted hydroxyaromatic carboxylic acid, and about 0.1 wt.

%to about 5 wt. %of the one or nore antioxidants, based on the total

wei ght of the nat s engi.ne | ubri cat. Slt 12.
The nat ur al ég é'ﬁ@ LH&PF 2ine Y rl&?@“&%hﬁ’%@@%ﬁ@ﬁ %‘Fbli PSS ELAI s
1-11, further conpri si n sul furized isobutyl ene. 13. The natural gas
engi ne | ubri cabpig).8 o ghwbésﬁwi &mohtheomdion gare ppwhagus-confabried anti-iealone or
nore al kaline earth netal salts of an al kyl -substituted hydroxyaronmatic

car boxyl iaddacis as the only detergent in the natural gas engine |ubricating
oi | conposition. 14. A method for preventing or inhibiting exhaust

val ve seat rec®ssi PRt.I% tdabbak Bhal %0FIhd sie) @Gn@RBAkKISss didpRrsaréhod conpri sing
| ubricating the natural gas fueled engine with a natural gas engine

I ubri cating O'a!boﬁto(ﬂ? %! (t/ol B8hbBGCPS q}t.n% c;thg%ﬁé BBmdiclatkaline carth metal salts of
an alkyl-substituted hydroxyaromatic carboxylic acid, and
about 0.1 wt. % to about 5 wt. % of the one or more antioxidants, based on the

total weight of the natural gas engine lubricating oil composition.

12. The natural gas engine lubricating oil composition according to Claims 1-11,

further comprising sulfurized isobutylene.

13. The natural gas engine lubricating oil composition according to Claim 1,
wherein the one or more alkaline earth metal salts of an alkyl-substituted hydroxyaromatic

carboxylic acid as the only detergent in the natural gas engine lubricating oil composition.
14. A method for preventing or inhibiting exhaust valve seat recession in a natural

gas fueled engine, the method comprising lubricating the natural gas fueled engine with a

natural gas engine lubricating oil composition according to Claims 1-13.
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15. The use of a natural gas engine lubricating oil conposition as defined
in Cains 1-13 for the purpose of preventing or inhibiting exhaust val ve
seat recesoi20n/i2p704 natural gas fuel ed engi ne PCT/US2011/028969

15. The use of a natural gas engine lubricating oil composition as defined in
Claims 1-13 for the purpose of preventing or inhibiting exhaust valve seat recession in a

natural gas fueled engine
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