WD 2012/ 058013PCT/ US2011/ 056197 NATURAL GAS ENG NE LUBRI CATI NG O L

COVPCSI TI ONS BACKGROUND OF THE | NVENTION 1. Technical Field [0001] The
present iwopentygoigenerally relates to a natural gas engcmaysbmbnsaati ng oil
conposition and a nethod for preventing or inhibiting exhaust val ve seat
recession in natural gas fueled internal conbustion engines. 2. Description
of the Related Art 100021Natural gas fuel ed engines are engines that use
natural gas as a fuel source. Lubricating oils with high resistance to

oxi dation, ni tNATURALGASY ENEINE yumcw@@mwmmsmﬁm erred for
Iubricating oils used in natural gas engines because of the conditions
related to thi S type of engl ne. [00031Natura| gas has a higher specific
heat coBAEK! ' Tt ENEEPINon fuels and therefore it will bum hotter
than |iquid hydrocarbon fuel s under typical conditions. In addition, since
it is al.rBatiyical Kjeld, natural gas does not cool the intake air by
evaporation as conpared to liquid hydrocarbon fuel droplets. Furthernore,
many naf00sl gas Theghredneinyemés gameratlyneleics hep naturdrgas eaging hudirchiingretlri ¢
conditions, where |ess excess air is available to dilute and cool

conbust ¢oaipogaieeand Asneshadefou pteyematglor ahhibisiag Exleusdvavigsenescepsivananetutal gher
conbustion gas tenperatures than engi nes burning |iquid hydrocarbon fuels.
| N nost gRdsEs] infabal cambgamnfengined engi nes are used continuously at 70 to
100% | oad, whereas an engine operating in vehicular service may only spend
50% of 2.t PedcripRomdf thel Relakedadt

[0002] Natural gas fueled engineé 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 hydrocarboﬁ 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 fucled 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 oil to a sustained high
temperature environment, the life of the lubricant is often limited by oil oxidation processes.

Also, since the rate of formation of oxides of nitrogen (NOx), increases exponentially with



[ 0004) This condition or running continuously near full |oad places severe
demands on the lubricant. For exanple, by subjecting the lubricating oil to
a sust ai &0 2bigissdienper ature environnent, the life of tRreTiusolilOa6ID71 S
often limted by oil oxidation processes. Al so, since the rate of formation
of oxides of nitrogen (NOx), increases exponentially with WO
2012/ 058013PCT/ US2011/ 056197 tenperature, natural gas fuel ed engi nes may
generate NO concentrations high enough to cause severe nitration of
| ubri caempgrawie, nalygoBEEHERd ARG WS S50BTHS HIOxi congedtippsh Bighasnousih o
keepi ng engi ne operati n& costs down and may be achieved by providing the
proper @ueRsverantrationpdiibricatinegfil- ash. 1 n addition, nininmi zi ng conbustion
chanmber deposits and spark plug fouling are considerations in setting the
ash coni®88al i n t Kéend wlYeswedr gopirelas alsg 1@PPrias Hoy kagping eagine| qpRiatiag coxy
detergents nust be caret-idly selected to mnimze piston deposits and ring
sti cki ndpwnl @80 ERYHevechgyad hyasrpwmdéeipgowmquahﬂndp Gompesiden abiash-t yn of
natural gas fuel ed engines. In general, exhaust valve recession is wear
whi ch osldlition, minimiring edryleusting chamhles derasits prd eneflaplag fpidinesare pensidsgations
pronounced form of valve wear in natural gas fuel ed engines. Wen the val ve
i S previersctogfthoashsemtint in freepeity. yLubiricaiag od aglhs éevelsgirg dmitsdgsméaergeddor
fuel econony and excessive em ssions. In order to correct excessive valve
wear, amostiberdefullysaliciodés ranimitepisigudéroyity aguingedickinkt hough natural gas
fuel ed engines typically use very hard corrosion-resistant material for the
val ve fH086land sedlveraraangessafcacie impogantetoetne eidelllioypf natwral rgagaduplede, it
does not conpletely elimnate val ve recession.

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 gaﬁ 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
incombustibles provide a small but critical degree of lubrication to the exhaust valve/seat
interface, thereby ensuring the durability of both cylinder heads and valves.

10008] Natural gas fueled enginés burn fuel that is introduced to the combustion
chamber in the gaseous phase. The combustion of natural gas fuel is often very complete,

with virtually no incombustible materials. This has a significant affect on the intake and
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100071There is a difference in the lubricating oil requirenents for natural
gas fuel ed engi nes and engines that are fueled by |liquid hydrocarbon fuels.
The conbuwwOi20re/068018i qui d hydr ocarbon fuel s such as di eselcTiused11o5dien
results in a small anpbunt of inconplete conbustion (e.g., exhaust
particulates). In a liquid hydrocarbon fuel ed engi ne, these inconbusti bl es
provide a small but critical degree of lubrication to the exhaust
val ve/ seat interface, thereby ensuring the durability of both cylinder
heads agydausalaises bex;weslmmsmaﬂueb%wpgMwa@rﬁgiﬂh@%hw Aropifas o% 394t toj ad
introduced to the conbustion chanber in the gaseous phase. The conbustion
of nat unaibrigagorf wehe pxhagsitvatvel(seatyniespgsl is raatipligss Weladmaging. ddereferertbest i bl e
materials. This has a significant affect on the intake and WO )
2012/ 0580d8RE T Us26/ihdesend And xilae istcoptip eskbihthe ask eontend aad jodhep gropertics
fuel -derived lubricant such as liquid droplets or soot to aid in
| ubri cag¢fitbmlubocating whdndlitstconsimmionaate to providedueri¢ant betwatuthglhotysave (st ed
engi ne. Therefore, the durability of the cylinder head and valve is
cont r ol drgddishyatingeeas Moo ditessh catle atohe typsrcop esdeiesae ghlve hrd bagbwicerawhig oi |
and its consunption rate to provide |ubricant between the hot val ve face
and it stonmbuchasls emly . leaido valvetdutiermharal subbrguemtonty et tyrsbinga T cwcoedhegshtcenval ve
and seat wear, while too nuch ash nay lead to valve guttering and
subsequsisd lval ve losy aifi cemprEssionmee hdaertatioanfrains sombastiono chaglser ofleposits.
conpression or detonation from conbustion chanber deposits. Consequently,
gas engCosseluentigdepss Engiopiboildeyrs Sypqudritly sperifly mowerssh astamgreet that thehieljavhave
| earned provides the optimm perfornance. Since nost gas is low in sulfur,
excess Rafed prayedesrtad bytimom peefodeshcco Sdcr mest gaskaldawiin yulfiegekaeenaghtis, and
ash levels are largely optim zed around the needs of the valves. There may
be excepincaily Hoonédiied té nddtesedkalihity eequotmegasardrash dndfsi dré lgedy ioptiméasd. The
use of catalysts is becom ng nore prevalent as a neans to neet stricter
en ssi ofirolfd) tHeateb@nst theival vies.rithephoa p e reaeptioonteethis inncasérewherbrsbeagdsnyg oi |
can prevent catalyst poisoning. 10009]U. S. Patent No. 3,798,163 ("the '163
pat ent " Jandfils ghosesed. Mht hueel of ontalysitis de¢dmigg onore nive\aldnt rg semkanssto magtve
recession in natural gas fueled internal combustion engines by naintaining
a | ubri g@tiengmBEoNMgulitioas.| Linitia@aphosghaiolis comgosi thedubromatinpeil eagpreeent
conponents of the internal conmbustion engine. The '163 patent further
di scl osegalyftghisbhimgl ubricating oil conposition contains (a) a nmajor anount
of an oil of lubricating viscosity, (b) at |east one al kaline earth netal
sul f onajgeebp an apwsunPatentf Noci E798,163 i(‘the OVLE3 t freertfdt disglenesy aofnetlva for
conposition, and (c) at |least one alkaline earth netal salt of a
condens aérit@Migy edldibivdg éxhaustnvatteksccessimnpial naauraingas( fueled ainteatadl @yndesticand
(iii) a substituted phenol, wherein the alkaline earth netal salt of the
condensafdign B Adinedining afuBs@Ning inmoant ¢ libticatifaf oit benpositpori omithsi ¢ngiriee
recession of the engine's exhaust valves into the engine cylinder head.
components of the internal combustion engine. The ‘163 patent further discloses that the

lubricating oil composition contains (a) a major amount of an oil of lubricating viscosity, (b)
at least one alkaline earth metal sulfonate in an amount sufficient to improve the detergency
of the composition, and (c) at least one alkaline earth metal salt of a condensation product of
(i) an alkylene polyamine, (ii) an aldehyde, and (iii) a substituted phenol, wherein the alkaline
earth metal salt of the condensation product is present in an amount sufficient to inhibit the

recession of the engine’s exhaust valves into the engine cylinder head.

U2



WD 2012/ 058013PCT/ US2011/ 056197 100101U.S. Patent No. 5,726,133 ("the '133
patent") discloses a | ow ash gas engine oil conprising a major anount of a
base oi | wb2bigsB@ati ng vi scosity and a minor anount sufPCiraiSeort/os&97
contribute a sulfated ash content of about 0.1 to 0.6% ash by ASTM D 874 of
an additive m xture conprising a mxture of detergents conprising at |east
one first alkali or alkaline earth netal salt or m xture thereof of |ow
Total Base Nunmber (TBN) of about 250 and | ess and at | east one second

al kal i 19P1WI kal i déSeBatert NetRl26E5t(“de ‘hdXkpueet”) hiselessk anlawi ash cas RN ower
than the first detergent. The '133 patent further discloses that the second
al kal i @ cahpadingre reziort moettadf shise @b ofvbrigating neeastsy and|d nimoreanaoufiBN
about half or less of the first detergent. The '133 patent al so discloses

t hat t heffiagrtyo tortniltat e fgedashrigniest of dbouah 1 &9 8.6% 33bi yah BYMcR 7 diohamt her
standard additives known to those skilled in the art, including anti-wear
addi t i vaegitsrechixage zomerising hi wpings piiateesgenti spaprisarg at, lepstemel first dkalawr ni ¢
anti oxi dants, netal deactivators, pour point depressants, antifoanm ng

agent s, alkaliohe \engl @sitdl ysalt nd exxiungtheweef sf 16b0 bl Ba8: NRatben(TBI) o6ats@6 287 2
("the '672 patent”) discloses a |ow ash |ubricant conposition containing
(a) a najddessandantcasfont sdwond alkah@r alikbling darthamadl seit wmmikard tagcoHhavdhg ant i um
overbased acidic material in an anmount to contribute 0.01 to 0.79 percent
sul f at etiBEdbwver(than the fingkeetgem. OFhes'0d3 paetfertivasiéd!caed dhattheatoend alkalior an
amount to contribute 0.01 to 0.79 percent sulfated ash; (d) about 0.1 to
about lalkalipercaghtmdiyl saizi qyhhixafre aleredfloyillelige @oUPNexboht halépedesploéniad first
antioxidant; (e) about 0.1 to about 6 percent by weight of at |east one

ar omat i det@geme Tt il X ipaand alsprBvlosksdhathhe felbnfromeial () erpne qikyart elget her
conprise at |east about 0.5 percent by weight of the conposition; and (f)
at | eastyp@bidyitoiaid qoledr ceamtiatdyaddétivghtknodn ao dhaspakidladtin tHdhert, ddimat it
further discloses that the conposition has a total sulfated ash content of
about Owdarpridnies stich abgitd dOhiBppepbasd, .dispdarR 1ghe0GIR0 &8 RGTLSROAIAMEG 197
100121U. S. Patent Application Publication No. 20070129263 ("the ' 263

appl i cafeah"deachivetdras sura poithr deatdsmgs,0hhtifoamps iaberon @odt aiscisitg {r@lex a

maj or anount of an oil of lubricating viscosity; (b) one or nore

l'i t hi umngedeas.Ni Ng detergents; (c) one or nore detergents other than a
l'ithiumcontaining detergent; (d) one or nore antioxidants; (e) one or nore
di spersmnts; and (fS) Parat Dib. 5B0E,6aR(Tthevesh2 pgant)sdistibeseal ow hdh lubbicancat i ng
oi |l conposition contains no nore than 0.1 wei ght percent of

| i t hi umdiaEisRioni aEtaldhe (gedtmajandmbontnef RibtikamgOoil 2(blvei ghitivpertmentn, or
phosphorus, and provided the lubricating oil conposition does not contain a
cal ci umieRRt@ dicit@saieicidig @dlterial ireatl ehetigaaicentaibiner0.@han0.29 percent sulfated

| it hi um contai ni ng detergent disclosed in the '263 application include | ow
and medidhni)venipassan e sediuaiedvertgedt sidic afaterial inoan @nshnredcamribuve Olfdsed
phenates, sul furized phenates, aromatic sul fonates, salicylates, sulfurized
sal i cyl atepeentVamntd hshe yddasal. i anatpuoddpbsentfbyaldiyhpitanallis/leretadehlgdes and
am nes. The '263 application further discloses that the |ubricating oil
conposi hindéred phessRfantiokidant] €gugtiong oclatablyal Ppesaiti kg weliexdfausieasafdner
treatnment in internal conbustion engines such as diesel engines, gasoline
engi nesapdtid ainideadntig@igaNgiotRizd thAQdMPYMIAOHYARD B I6gdhacioaneise at least

| ubricating oil conposition containing one or nore overbased al kaline earth
met al  dgfoRt gSNieSceANby ORRIhOBS harenpesitibasnd (fl dadast amiuald. Xedresng ®ptvecight

of a dispersant. The ‘672 patent further discloses that the composition has a total sulfated ash

content of about 0.1 percent to about 0.8 percent.



1001411t is desirable to devel op inproved natural gas engine |ubricating
oi |l conpositions which can prevent or inhibit exhaust valve recession in
nat ural owe 201eaiseasi nt ernal conbustion engines. WO PCT/US2011/056197
2012/ 058013PCT/ US2011/ 056197 SUMMARY OF THE | NVENTI ON [0015]1 n accordance
wi th one enbodi nrent of the present invention, a natural gas engine
| ubricating oil conposition is provided conprising (a) a najor anount of an
oil of lubricating viscosity, (b) one or nore phosphorus-containing
anti - weldP1Addi ti \Xg§; Pgtent Ampdicaromiybdicasion Ny 2ABT M 28vet Giwe dohpmichtien dar t h
met al -containing detergents; and (d) one or nore oil soluble neutral alkali
met al - cdisdlesen i higpritating gid aempositiert edntpining (Natmaial agasnteignwd oflwbricetiog ng oi |
conposition contains no nore than about 0.03 wei ght percent of phosphorus,
based ovistolity;t(b) ahe weingihe lishiumeontraning detergantse ()i mg ¢rubpiecdat¢ragntsyofher
conposi tion. 100161l n accordance wth a second enbodi nent of the present
i nventiban @ linbivoreeintaiEsg edrgérgent] UBY icvat dPmgnase | angionsionist i(eh ong @r avdreed
conprising (a) a major anmount of an oil of |ubricating viscosity, (b) one
or nor edigprospisorod {0 ent airmhorg Bt weanegentaddheréingbe Ilricating od rcomposition |
sol ubl e overbased al kaline earth netal -contai ning detergents; (d) one or
nor e oi torsahsiy orrethtn 811 wtighl percmpt af Hhom-admiingeditargenast ng apreohan or
nore ashl ess di spersants, and (f) one or nore antioxidants, wherein the
nat ur al 0. g2asweigigi pezcdnii phospatorusy and | proddpb shet ubnicating ail nmmsiioneddeh arwt about
0. 03 wei ght percent of phosphorus, based on the total weight of the natural
gas engtditaih ubkalciatn-cgrtaining cdengrgsitt | The dd@QERG| othec dendaniskium-¢dntaningi r d
enbodi ment of the present invention, there is provided a nmethod for
pr event dargrget distibdedt innghee XBESU applicatise isdade lee essli ordium vadasadametr s
fuel ed engine, the nethod conprising lubricating the engine with a natural
gas engifiergkntbrsuciatas nigwoihd cosjiasi dvethnsab phenasispgulfarized plgnotes.aamorticof an
oil of lubricating viscosity, (b) one or nore phosphorus-containi ng
ant i - weaulfoaddi,t iswieslatdsc) swfigized salicglas| os oMabhieh ovendeasathnalpkaductse odar t h
nmet al - cont ai ni ng detergents; and (d) one or nore oil soluble neutral alkali
met al - colyipheiiony sadtgtgenhd, amines.ei Thd H26happliatiogafirthegidieldsethatatieng oi |
conposition

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] WO 2010/009036 discloses a lubricating oil composition containing one or
more overbased alkaline earth metal detergents and one or more overbased alkali metal
detergents.

[0014] 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.



WO 2012/ 058013PCT/ US2011/ 056197 contains no nore than about 0.03 wei ght
percent of phosphorus, based on the total weight of the natural gas engine
| ubri cat iwgQ 20i20se@aposi ti on. (00181l n accordance w th aptowskéi1esdedi ment
of the present invention, there is provided a nethod for enhancing the life
of an exhaust valve in a natural gas fuel ed engi ne as evidenced by
protection or inhibition in exhaust valve seat recession in the natural gas
fuel ed engine, the nmethod conprising lubricating the natural gas fuel ed
engi ne SUMMARYaOHTHE BEEENREONe | ubricating oil conposition conprising (a)
a mgjor anount of an oil of lubricating viscosity, (b) one or nore
phospho[dssicont ai Ini aago@atde- withronacduhtiodiresyt of dhe presemsrinnottionpa Inagwdlugsse

over based al kaline earth netal -containing detergents; and (d) one or nore
oi | sol e hbtitaimp @l kahposiginals-povital comgrisies 6 gempr awlvenedharn bod afat ur al
gas engine lubricating oil conposition contains no nore than about 0.03

wei ght pericanis aicophopPhoteis; mbaspibspivriherttatial andivghat additivése (atneral gas
engine lubricating oil conposition. (0019)In accordance with a fifth
enbodi nenke 6if sblhBlcpivesandd alkalamrt dasth, méthieconsniog daternghist ahd Horenyi mere

| ubricating oil conposition conprising (a) a major anmount of an oil of

| ubr i cabil N@lwbIs GRsirdly alkeh) mensécaitainbgedab@smbomierdionhai miturgl gas i enginar
additives, (c) one or nore oil soluble ovcrbased al kaline earth

met al - cakisatitighgl eRhRisgRAt®ntadiitho fpreahtn asourdIts weibhismiredat ef pleaspharus,al kal i
met al - contai ni ng detergents, wherein the natural gas engine |ubricating oi
CONPOSi bihdeA of Y BiaNsreipBt SMHhE nhtllaD cadgineQuitavieg gittoppssitst. of phosphor us,
based on the total weight of the natural gas engine |ubricating oi

conposi §0028] for Id&cprapaswithfa preveahbsiment oMk Présemngineshimush naalrale seat
recession in a natural gas fueled engine is provided. 100201By | ubricating
a nat ur ghs @amellusi@tng bl R6MPbsiGONRYPSIViQRI @RErMWhY hmajod atisual ofgAsoibsiyi ne

| ubricating oil conposition conprising (a) a major anmount of an oil of

| ubri catiyi@athigSEasisity,. (bl Bhe 6NRORS piERpROrPNOGTEIRING SantioNdaniatlil Rige g E) enveaT
additives, (c) one or nore oi

more oil soluble overbased alkaline earth metal-containing detergents; (d) one or more oil
L

soluble neutral alkali metal-containing detergents; (€) one or more ashless dispersants, and (f)

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
natufal gas engine lubricating oil composition.

[0017] 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~comaining anti-wear additives, (¢) one or more oil soluble
overbased alkaline earth metal-containing detergents; and (d) one or more oil soluble neutral

alkali metal-containing detergents, wherein the natural gas engine lubricating oil composition
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WD 2012/ 058013PCT/ US2011/ 056197 sol ubl e overbased al kaline earth
met al - contai ning detergents; and (d) one or nore oil soluble neutral alkali
net al - corwaeiznimgsaet er gents, wherein the natural gas engrmastubns@at i ng oi l
conposition contains no nore than about 0.03 wei ght percent of phosphorus,
based on the total weight of the natural gas engine |ubricating oil
conposi tion, exhaust valve seat recession in the natural gas fuel ed engine
is prevented or inhibited. BRIEF DESCRI PTION OF THE DRAWNG [0021] Figure 1
i s a barongiraple roorpbar siput NO3 eveghu perevat] afephpsdossi bascdwenthe atad sveight of he
natural gas engine lubricating oil conposition of Exanple 1 versus the
nat ur al thgastuahgasmmgingbubreatingigil cdhpasitiposi ti ons of Conparative Exanples A
and B. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 100221To
facilit@u8]t he urderxstrdadiengitibfa fonethsanhoithentadft the rdessol osedtidrertkérn,is a
nunber of terns, abbreviations or other shorthand as used herein are
def i nedprbeblaiha mampdtfer enhaadityg theildé bHm edhassionivaama nawtal ges fusked engine as
understood to have the ordinary neaning used by a skilled artisan
cont enpaiidenegalisy wiotdetibher mliitiasin@rhafst vdlives sapmcesmniionhe dHQ3B3dhelad t i ons
[00241The term "al kali metal” as used herein refers to Goup | netals of
t he Peré¢mpilies thEakkod comprising lubricating the natural gas fueled 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, (c) one or more oil
soluble overbased alkaline earth metal-containing detergents; and (d) one or more oil soluble
neutral alkali metal-containing detergents, 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.
{0019] In accordance with a fifth embodiment of the present invention, the use of a
natural gas engine lubricating oil compésition comprising (a) a major amount of an oil of
lubricating viscosity, (b) one or more phosphorus-containing anti-wear additives, (c) one or
more 0il soluble overbased alkaline earth metal-containing detergents; and (d) one or more
oil soluble neutral alkali metal-containing detergents, 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, for the
purpose of preventing or inhibiting exhaust valve seat recession in a natural gas fueled engine
is provided.
[0020] By lubricating a natural gas fueled internal combustion 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, (c) one or more oil



[ 0025] The term "al kaline earth Metal" as used herein refers to Goup 2
netals of the Periodic Table. [0026] The term "carboxyl ate" neans an
al kal i ne wanote/ossilal salt of an al kyl - substituted hydr exyarseomtosel97

carboxylic acid. 100271The term "phenate” nmeans a salt of a phenol. WO
2012/ 058013PCT/ US2011/ 056197 (0028) The term "Base Nunmber"” or "BN' as used
herein refers to the anmbunt of base equivalent to mlligranms of KOH in one

gram of sanple. Thus, higher BN nunbers reflect nore_ al kaline products, and
t her ef ojodubde gyaskased alkpling santhipetalmpeniganing detereentsetndud) age AsmRreribgdeble est .
100291The present invention is directed to a natural gas engine |lubricating
oi | computit plkali coslelgoniaiging detesgenty, ovhesgiphe neturalngasi ¢ngame fubbcpting pihg
viscosity, (b) one or nore phosphorus-containing anti-wear additives, (c)
one or eampEsigion coplainsine wowr thas ebow| k@ Waghepereent radtphiosphwntsabasedpn the
detergents; and (d) one or nore oil soluble neutral alkali netal-containing
det er getotad, weiblatr ef the meturalt gasakbngjas lebriganes |oilb coopesimen, ofihagtnysded Seéasn
contains no nore than about 0.03 wei ght percent of phosphorus, based on the
t ot al wetcehiondf thehetundigas Alelajamgangs prevéntdst ¢rgalibitefd. oi | conposi ti on.

BRIEF DESCRIPTION OF THE DRAWING

[0021] Figure 1 is a bar graph comparing the exhaust valve recession wear rates for
the natural gas engine lubricating o0il composition of Example 1 versus the natural gas engine

lubricating oil compositions of Comparative Examples A and B.

DETAILED DESCRIPTION OF THE 'PREFERRE:D EMBODIMENTS

10022} 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 "alkali metal" as used herein refers to Group | metals of the Periodic
Table.

[0025] The term "alkaline earth metal” as used herein refers to Group 2 metals of the

Periodic Table.
[0026] The term “carboxylate" means an alkaline earth metal salt of an alkyl-
substituted hydroxyaromatic carboxylic acid.

10027] The term "phenate” means a salt of a phenol.
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100301l n one enbodi nent, the natural gas engine lubricating oil
conpositions according to the present invention contain fromabout 0,005 to
about 0. OBowv12/(8mB phosphorus, based on the total weiglrcTafs2ath@saat ur al
gas engine lubricating oil conposition. 10031.1 In one enbodi ment, a
natural gas engine lubricating oil conposition according to the present
invention will have a sulfated ash content of no nore than about 1.25 wt. %
as determ ned by ASTM D 874. In another enbodi ment, a natural gas_engine
| ubri catB0R8) oi | ~ cBieplesn {'Bage Mewberdion B o 2y wed deesde rrfetsny Sist depvohpf bPasgave a
sul fated ash content of no nore than about 1 wt. % as determ ned by ASTM D
874. | nequigidngito enibiguimeerft KOH naangreapm ghsamplgi nehusubigheraB N mgmbiers reflect
conposition according to the present invention will have a sul fated ash
cont ent mofc dlkdinegreductsaandhorefo®. aderaater Jkalinitde B wan ddtebpinaSTRmD ASIM | n
one enbodi nent, a natural gas engine lubricating oil conposition according
to the praggémdst.i nvention for use in natural gas fuel ed engines has a
sul fated ash content of about 0.1 wt. %to about 1.25 wt. % as determ ned
by ASTM@28[74. | nTiEnotdsent ewbadinrentirecdechde ur ahtugdsgas\dgine lubricating oil
2012/ 058013PCT/ US2011/ 056197 engi ne | ubricating oil conposition according
to the pomssitton cuentinim@)wirdjohaveing of e HidoE thbaishtirgovis@nity,db) eroutmore12 wt .
%to about 1.0 wt. % as determ ned by ASTM D 874. In anot her enbodi nent, a
nat ur al py@sph@Engtoreaihingrdntiatveargadditives,ofposé bi amracilosadibig overbased gdkadbent
invention will have a sulfated ash content of about 0.15 wt. %to about 0.3
W . % asartteireradcosdining ASdgesB87dd (Thend wbmarandi! ashibkdvanthglalisingtabct s as
a solid filmlubricant to protect the valve/seat interface in place of
nat ur al kyntsiamgrdetengenex hheein thambivedl @as engize pdeatardoconipesited cenginsaio
1003211 n anot her enbodi nent, a natural gas engine lubricating oil
conposi hicanthas abswdiomp weighhperpine € phosphatesttiasnl cotiteabns weghatf thelnaturagw
| evel s of sulfur, i.e., not exceeding 0.4 w. % based on the total weight
of the gadaenpale lgetcadngoiheohpdwii@at i ng oil conposition. [0033] The internal
conbustion engines to which the present invention is applicable may be
char act ¢063ppd as trhose epedahed, oy nhtueal, gdsuedgiok Bybrimatibgiral cgaposinons
i nclude internal conbustion engi nes. Exanples of such engi nes include four
cycl e eagiordisg andht heedenk énvention nenpire fienr atdoand @5 nenthout HEO03 ntter’aadl
conbustion engine is a stationary engine used in, for exanple, well-head
gas gat hasdphgrus,desqRr @stat angl weightal ternagasl gas pegina ibsieatirigoe sgonepostioni cal
power generation (including co-generation); and irrigation. 100341The oil
of | ubrijemsti ng Vi EC@sidnybokdirhentsendtirabgasahginallutgistiengil nempestidrcatdrigni |
conpositions of this invention, also referred to as a base oil, is
typi cal hytherpe&emtinventian Wajl davaasulfited &hgontearofamounte tharealicer 11250 FOasmt . %
preferably greater than about 70 wt. % nore preferably fromabout 80 to
about 9Ye&rntined Yy ARITMUB 87pr dhemabhky efbadimahioutnaBbal gasatngute @Briewting%éil based
on the total weight of the conposition. The expression "base oil" as used
herei n sbapbsitieh sedeisd ROdle tppesaprinventioaselldtaoe s suifated enbl cofiteasioncs ook s
which is a lubricant conmponent that is produced by a single manufacturer to
t he samehsmpeeuf | ©al VoasdetdriteRendasitMD §edinsaviice eatbordmmut.achatnei ‘gas
| ocation); that neets the sane manufacturer's specification;

engine lubricating oil composition according to the present invention will have a sulfated ash

content of mo 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



WO 2012/ 058013PCT/ US2011/ 056197 and that is identified by a unique fornula,
product identification nunber, or both. The base oil for use herein can be
any presewmOl2g12k3gmm or | at er-di scovered oil of | ubricat ipog/useeiaoséivy used
in forrmulating lubricating oil conpositions for any and all such
applications, e.g., engine oils, marine cylinder oils, functional fluids
such as hydraulic oils, gear oils, transmssion fluids, etc. Additionally,
the base oils for use herein can optionally contain viscosity index

i npr ovesnginedubyicatipg pif gempesidon gicarkingiortys atcsant ipvaatiompal by spiated asle g |

an et hyl ene-propyl ene copol yner or- a styrene-butadi ene copol yner; and the
li ke anebntankpliakost PH@rot 1018961 Asvio freassigtemiged by AREMP 87do ulnenothsdi | y
appreciate, the viscosity of the base oil is dependent upon the

appl i catierlimigcer htwrgl was tengingi lobuesting o campeasidomiapcdrding uoethsePepait wi | |
ordinarily range fromabout 2 to about 2000 centistokes (cSt) at 100

Cent i gr mdent{og) willGhaer al sulfatef ragh dogteat lof abpiet BA8ewboi Postouahyt Wet &tn “niaf| have
a kinematic viscosity range at 100C of about 2 cSt to about 30 cSt. In one
enmbodi néeierminddebybaSEMOPD 1854 udbd Iuteicentrpsivadvanipgeeusty ddtheswmsdld Mnskgsrany r ange
at 100C of about 5 cSt to about 20 cSt. |In one enbodi nent, the base oils
used hetoepmotast lthe lalve/seat kintedfaet it placs ad siatyraliyaegeurting 0b@isbfpagtisdast in7acSt to

about 15 cSt. The base oil will be selected or blended depending on the
desi r edhghckansm facled egneaddi tives in the finished oil to give the desired
grade of oil, e.g., a lubricating oil conposition having an SAE Vi scosity

G ade of008R)y OW 2B, ar®Me3Ocmbddiment, @wHB0ral @d¢ GDZINSWubBYwting, o \WoBossipn40,
5W50, 5w60, 10W 10W20, 10W30, 10W40, 10W50, 15W 15W 20, 15W 30,
15W 40, a@0rdift): @itle piesertiikentidd) 036diBasdatselydky lregls bEsulinufeactoneeetedisgng a
variety of different processes including, but not limted to, distillation,
sol vent Oreft i, based by dreagmhwpighceftbe ngprabpasgmgineilutridatng odsewpodilient i on, and
rerefining. Rerefined .stock shall be substantially free frommaterials
i nt r odugEd3f hr oughhavmmhad combusigpn agiteand mhidhahe porseprievéndios isigeplicible base
WO 2012/ 058013PCT/ US2011/ 056197 oil of the lubricating oil conpositions of
t his i nugptbeatharmgribel anthosmabparatkd on, sy nfuetketi ly, Inatirdl gt iand ibdede witdrnal
Sui t abl e hydrocarbon synthetic oils include, but are not limted to, oils
pr epar edofhibiivh Begipel Vet ofomclhEnghdsyinende dourfoydmenpimepond Herlikeatlnon of
1-olefins to provide polynmers such as pol yal phaolefin ar PAOoils, or from
hydr oc avheprefayied Ratoginpnaabe imenalushrbystaar dnginen A ckitidearg redging dsabion fgases
such as in a Fischer-Tropsch process. For exanple, a suitable base oil is
one t hakx&oppr welbhedd fds| gathdringanympressiory ahd atldr gras pépading seivideseele¢tiicalny,
| ube oil fraction of viscosity 20 ¢St or higher at 100C

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

10034] 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 is a lubricant
component that is produced by a single manufacturer to the same specifications (independent

of feed source or manufacturer's location); that meets the same manufacturer's specification;



100371The base oil may be derived fromnatural lubricating oils, synthetic
| ubricating oils or mxtures thereof. Suitable base oil includes base
st ocks obweineahsky3i soneri zati on of synthetic wax and slpathiseani/os@s7 wel | as
hydr ocr acked base stocks produced by hydrocracking (rather than sol vent
extracting) the aromatic and pol ar conponents of the crude. Suitable base
oils include those in all APl categories 1, Il, H, IV and V as defined in
APl Publication 1509, 161h Edition, Addendum |, Oct., 2009. G oup |V base
oi I s ar &ndghptiaigsmaBreby agniguadprmutp.pipdugt eakifigatios numben s baM.  bienk#e base
oils not included in Goup I, Il, H, or IV. Although Goup H U and IV
base oi pibfegruse persiresancie anyrpressatly kngwi ar |atppatitcpried phef dulaingpyiseosiny be
prepared by conbining one or nore of Goup 1, Il, 111, IV and V base stocks
or baseussi|is. fopulsdygdenightitgaotlr impeisitions der arde apd idlr sich| apliretipnBnggoi | s
such as, for exanple, liquid petroleumoils, solvent-treated or .
aci d- t r engined offb.n&vagine | epferaeilngfugictienabf fluide spelr 6t hydrauliongpht Beni ellsr
m xed paraffinic-naphthenic types, oils derived fromcoal or shale, animal
oi |'s, vegsmassion Buids qte. gidditangiscibid bope gils dersessrhentin sanrmpticaglly eantgin and
the I'ike. [0039] Useful synthetic lubricating oils include, but are not
| i mi t edvisesithyntescdmpoorersoielgs pohvmérid akglmpthactyliatesd olgfiocepddnersi ¢.8., sach as
pol ynmeri zed and interpolynerized olefins, e.g., polybutylenes,
pol ypr opiylemepropplenp poripmersaria styteagrdutadisot goporlymes phd th ke dnd mixtures
pol ybut yl enes, pol y(1-hexenes), poly(1l-octenes), poly(l -decenes), and the
| i ke anthereokt ures WO 2012/ 058013PCT/ US2011/ 056197 t hereof; al kyl benzenes
such as dodecyl benzenes, tetradecyl benzenes, di nonyl benzenes, di (2-
et hyl heidgB3} benzeAespe skilled inghé¢ at evoupsoleydiheappreiaeche ascdsitylod e ase oil
terphenyl s, al kyl ated pol yphenyls, and the |ike; alkylated di phenyl ethers
and al kyldapedent ypoenkd applicdticte Aaodinghe toevissaity véa basrmal by ssalmdeinovitl ogs
t hereof and the Ilike. '

ordinarily range from about 2 to about 2000 centistokes (cSt) at 100° Centigrade (C).

Generally, individually the base oils used herein will have a kinematic viscosity range at
100°C of about 2 ¢St to about 30 cSt. In one embodiment, the base oils used herein will have
a kinematic viscosity range at 100°C of about 5 ¢St to about 20 ¢St. In one embodiment, the
base oils used herein will have a kinematic viscosity range at 100°C of about 7 ¢St to about
15 ¢St. The base oil will be selected or blended dep’ending 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, 0W-50, 0W-60, SW, SW-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.

[0036] Base stocks may be manufactured using a variety of different processes
including, but not limited to, distillation, solvent refining, hydrogen processing,
oligomerization, esterification, and rerefining. Rerefined -stock shall be substantially free

from materials introduced through manufacturing, contamination, or previous use. The base
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[ 0040] O her useful synthetic lubricating oils include, but are not limted
to, oils made by polynerizing olefins of |ess than 5 carbon atons such as
et hyl ene,wpnomyisene, butyl enes, isobutene, pentene, andpairasoriessdiber eof
Met hods of preparing such polymer oils are well known to those skilled in
the art. [0041] Additi onal useful synthetic hydrocarbon oils include liquid
pol yners of al pha ol efins having the proper viscosity. Especially useful
synthetic hydrocarbon oils are the hydrogenated |iquid oligoners of C6 to
Cl2 al phih ob]ths ilubsicatingh ol scomfpgpitienuRpitias Nvegtier eyt b gay nafpg 4ol ArdicHer
class of useful synthetic lubricating oils includes, but is not limted to,
al kyl enbibosating basd gie Syitalile Bydropasherp swnyhiasic ils jinghedop bhyaremet ligigd derdibat i ves
thereof where the term nal hydroxyl groups have been nodified by, for
exanpl eprepytefidn gl polmerizasioneef ¢thrlgné on fromhékse pelynsrizationesie ldiisdd by
the oils prepared through pol ynerization of ethylene oxide or propyl ene

oxi de, piwidgl kolymensdsusheasypolpalpbrodefnf ot P qils! poxyean Kyidesrerhoo| spmihesis(e. g. ,
met hyl poly propyl ene glycol ether having an average nol ecul ar wei ght of

1, 000, dioptrbmssl usatghrarboofmerwixydetdmylhedwagh gesos suehvis iy a & isebereEngbsph me¢eght  of
500 to 1000, diethyl ether of polypropyl ene glycol having a nol ecul ar

wei ght &6r dxabpE, bouitatidBase @ilds pnothahormprisan ttisolfiroar iwaxy fiacties tar.dittiher eof
such as, for exanple, the acetic esters, mxed C3 to C8 fatty acid esters,
or the CGhipXobaci fadicasifeiscofitytdtaShet higharae 190°¢col . [ 00431Yet anot her cl ass
of useful synthetic lubricating oils include, but are not limted to, the
est ers @f03d] car boXlyed base adinthy bee. dpriveg fromalatwraldobrikatisg ods, siyatheldd bipriedtiogl
succinic WD 2012/ 058013PCT/ US2011/ 056197 aci ds, al kenyl succinic acids,
mal ei ¢ ails oy maaekaitereati Guitahlibbasewilbintlddessmbastocksadtitaiped byrisoineriagtics, ofadi pi ¢
acid, linoleic acid diner, malonic acids, alkyl malonic acids, alkenyl

mal oni ¢ spahdie, watand slask Wax gasweell &t hydofcrakebbok stocks grodudedibyl hydtcwolebing hexyl
al cohol, dodecyl al cohol, 2- ethyl hexyl al cohol, ethylene glycol,

di et hyl entheglhsacolvenneatdeang) fhe cpyhaiveargl ydal congamentSpdahé icondex aSptable of
these esters include dibutyl adipate, di(2-ethyl hexyl)sebacate, di-nhexyl

f ur nar abese disoedlyde thedeanatleyPldiaicgooct Iy I, H dVadre, V db idsihokelcinl ARIZdIbAt®ion

di octyl phthal ate, didecyl phthal ate, dieicosyl sebacate, the 2-ethyl hexyl
di est er 1669, l16Yi@d@ion, addghddinnie Oct.; 2009 GhpleRV bakaiils faor padgal pyaolefast(PAG).one
nol e of sebacic acid with two noles of tetraethylene glycol and two nol es
of 2- et lyble¥ansd eilsaaéciddasitothhebdst kods not included in Group 1, I1, I, or IV. Although

Group I, [l and TV base oils are preferred for use in this.invention, these base oils may be
prepared by combining one or more of Group 1, 11, I11, IV and V base stocks or base oils.
[0038] Useful natural oils include mineral lubricating oils such as, for example, liquid
petroleumn oils, solvent-treated or acid-treated mineral lhbl'icatixxg oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal oils,
vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the like.

[0039] Useful synthetic lubricating oils includ'e, but are not limited to, hydrocarbon
oils and halo-substituted hydrocarbon oil.s such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylenc-isobutylene copolymers, chlorinated

polybutylenes, poly(l-hexenes), poly(1-octenes), poly(1-decenes), and the like and mixtures



[ 0044] Esters useful as synthetic oils also include, but are not limted to,
t hose made from carboxylic acids having fromabout 5 to about 12 carbon
atonms wi twoabaissdis, e.g., nethanol. ethanol, etc., pol yalraisand/opsbyol
et hers such as neopentyl glycol, trinethylol propane, pentaerythritol,
di pentaerythritol, tripentacrythritol, and the |ike. [0045] Silicon-based
oil's such as, for exanple, polyalkyl-, polyaryl-, polyalkoxy- or
pol yaryl oxy- siloxane oils and silicate oils, conprise another useful class
of synt thetept allotidneertcs machods dodegpberizengs. @kramk!@n@fm Heranyibearands diQut are
not limted to, tetraethyl silicate, tetra-isopropyl silicate,
tetra- (chelhbvwlbbewtl)es,s ahd dlat diket eolyabe(rwalsnmchw& hl@gwy)l$|tblpbam3és alkylated
tetra-(ptert-butyl phenyl)silicate, hexyl-(4-nethyl-2-pentoxy)disil oxane,
pol y( mepdilyphesylsoxains ,likp;ozhlwla@tihiﬁblphelnﬁyhérs ehdrtkybred diptenyhesulfidgseandshe] | yet
ot her useful synthetic lubricating oils include, but are not limted to,
| i qui d éstvatige, ahalpgros@ionelsescosrecfianid tigg l1dei ds, e.g., tricresyl phosphate,
trioctyl phosphate, diethyl ester of decane phosphionic acid, etc.,
pol yner [0040kt r ahydthef usefin systhetid lnbri¢dting oilf 0@&@1}:1&1& atreuriont ilipaterd gy, calis Imqqlay be
derived fromunrefined, refined and rerefined oils, either natural,
synt het bg pollynﬁnxihgrodaﬁin@fof tlews tian Froarboiohtoarsysuch ag hﬂasbanprb;bwextey petythns:cl osed
WO 2012/ 058013PCT/ US2011/ 056197 her ei nabove. Unrefined oils are those
obt ai nethoBliteRs pkiytedd, and mir@tasriaéreol Mgthobedf preparimgsich otymercoklare sielll e, or
tar sands bitumen) without further purification or treatnment. Exanples of
unr ef i nggbwvai loshbseckilide jn thetartare not linmited to, a shale oil obtained
directly fromretorting operations, a petroleumoil obtained directly from
di still gotdop or aadéisibed weeful obittaitiodgdmdicardon bils frrchnie diques p@yntiscdtal i
process, each of which is then used without further treatnent. Refined oils
are si Moleihs havihpahdpropbt Nadoiyl sEspeciafly ustidy spateaidbpirotabdheils treetiieed in
one or nore purification steps to inprove one or nore properties. These
puri fi caydrogerdaahinjuid efiganerskofodnid @4 hipbe olfinslsitl a$,nfot lemaraple, ankdcdnecl ude,
for exanple, solvent extractions, secondary distillation, acid or base
extractiv@fer. fil.tration, percol ation, hydrotreating, dewaxing, etc.
Rerefined oils are obtained by treating used oils in processes simlar to
those usemd2} 0 obt Anbtheedlhssed usiflissynfhidad lubsicaingreld imilhdes Ane iaha dinkiredwn, as
recl ai med or reprocessed oils and often are additionally processed by
t echni qua§ledk R idegsbl frRers et ViRdmefol wp@E ineelshil yrhare sarainderdiativéar hateddwihere
products. 100471Lubricating oil base stocks derived fromthe
hydr oi s @ drZakdl ORyd@éxylagroliBy hale bebe wisdified ebyt, hir atamide, oestérificdnhi orat i on
with the aforesaid natural and/or synthetic base stocks. Such wax isonerate
oi | is pnRABERBNDYTIRE ofly dioesanmificaaty M difs praparedikhrougls polyhetizationaxfes or
m xtures thereof over a hydroi sonerization catal yst.

ethylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene

polymers (e.g., methyl poly propylene glycol ether having an average molecular weight of
1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500 to 1000,
diethyl ether of polypropylene glycol having a molecular weight of 1,000 to 1,500, etc.) or
mono- and polycarboxylic esters thereof such as, for example, the acetic esters, mixed C; to
Cy fatty acid esters, or the C,3 oxo acid diester of tetraethylene glycol.

[0043] Yet another class of useful synthetic lubricating oils include, but are not

limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic
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[ 0048] Nat ural waxes are typically the slack waxes recovered by the sol vent
dewaxi ng of mneral oils; synthetic waxes are typically the wax produced by
t he Fi schwobopseh3pr ocess. Exanpl es of useful oils of Ipalbniseatiiongy97
viscosity include HVI and Xl -I1VI basestocks, such isomerized wax base oils
and UCBO (Unconventional Base G ls) base oils. [00491 The natural gas

engi ne lubricating oil conpositions of the present invention wll also
contain one or nore phosphorus-containing anti-wear additives, wherein the
nat ur alacigasaleanyl meccinip efidat mplgicotdid, @aalpissicid. ciberimeaifnsebacic geide Mt about
0. 03 wei ght percent of phosphorus, based on the total weight of the

nat ur alacgasdipivgiaid linobei¢ eeitli digreni malewinpeisist plsyl malanicapgids, alkenyl malonic
phosphor us-cont ai ni ng anti-wear additives include, but are not limted to,
hydr ocachly) ctphweithhi tastysefcaica®!s cigal oyl alobel hicx dileahy), dederyhnlephg), 2-
phosphites, e.g., triaryl phosphites, and the |like; hydrocarbyl phosphates
such asthyilieayk ywlcopdlpspiybnesglyeny Hicdohdnai gliyend phoespirat epyeng. glygolii efey |
phosphat es, al kyl diaryl phosphates and the |ike and m xtures thereof. In
one eniSpdtifierdxamates | efaheset vverp Hod pdro dibsityd oxdimitar i i@ -ethylhexybaebagaldi di-ves are
used in the natural gas engine lubricating oil conposition.

100501 Repylefenirat,i diecyk achpkcats, dfisdoctyhlakgibtep dosphet! eazelates | diekdyl phthalatce not
limted to, tributyl phosphite, trihexyl phosphite, trioctyl phosphite,

tri decydidgehopmhilae, dididdsplusgbacphobhphi-etbylhexylodiesdr phos@hict idindnethahd i ke.
Represent ati ve exanpl es of aryl-containing phosphites include triaryl
phosphi doafplexuster dsrmiedi phenstingpimespbik to€ setiaciccaodd yith e pheleeobimtiatthelend ke.

[ 00511Representative exanples of trial kyl phosphates include, but are not

| m t edglyda] aikd tWauhyles phDemiyiieeandic adiexyd thphiksphat e, trioctyl phosphate,
tridecyl phosphate, trilauryl phosphate, trioleyl phosphate and the |iKke.
Repr esejpbad]i ve exampd esffasapyhexositsaalsi mgludhospheat es limitddudethobutmads e not
limted to, butyl diphenyl phosphate, dibutyl phenyl phosphate,

t - but yl pherytbosihedciyd haviog hoat @bowis(d ataut IR plaetmnl Jtophensti ajshivdphate,
tri(tbutyl phenyt) phosphate, triphenyl phosphate, and propyl ated tri phenyl
phosphagethaidethiil) bike pmudgblsriaxd yobw] tdieresiich 200Bapdntyloglecamadethelel , t he
one or nore phosphorus-containing anti-wear additives include a zinc

di al kyl glopdre Opnesphiadel, (ZrnidERthrpol, ripeytaadykhyritol yypbthamiéie.secondary al kyl
type). 100531lIn general, the one or nore phosphorus-containing anti-wear
addi ti vpassre Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or

polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
lubricating oils. Specific examples of these include, but are not limited to, tetracthyl silicate,
tetra-isopropy!l silicate, tetra-(2-ethylhexyl) silicate, tetra-(4-methyl-hexyl)silicate, tetra-(p-
tert-butylphenyl)silicate, hexyl-(4-metﬁyl«2-pentoxy)disiloxane, poly(methyl)siloxanes,
poly(methylphenyl)siloxanes, and the like. Still yet other useful synthetic lubricating oils
include. but are not limited to, liquid esters of phosphorous containing acids, e.g., tricresyl
phosphate, trioctyl phosphate, diethyl ester of decane phosphionic acid, etc., polymeric
tetrahydrofurans and the like.

[0046] 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
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collectively present in the natural gas engine lubricating oil conposition
in an anount ranging fromabout 0.15 to about 1.5 w. % based on the
total weiwbtomfosshie natural gas engine lubricating oil eoFEs301i086197

[ 00541The natural gas engine lubricating oil conpositions of the present
invention wll further include one or nore oil soluble overbased al kal i ne
earth netal -containing detergents (c); and one or nore oil sol uble neutral
al kali metal -containing detergents (d). Detergents generally conprise a

pol ar hbeaeinghiava. |dnrgfingddeibipredheset ahitainedailirdstly Heorp @l raturheadd synslrmpici sobreg  a
nmetal salt of an acid organic conpound. Nunerous oil sol uble overbased

al kal i née.gaonh shde, alr tay sandsibniumgneiteow durther pndfigition o tredsivenn dinanallesaifk al |
nmet al - contai ni ng detergents are readily conmercially avail abl e.
100551 Qume hasledils aichsle, bet v grobdisetedntat ershalksqil ableinsd niiteetly Hase retorting
honbgeneous Newt oni an systens characterized by a netal content in excess of
t hat whpednatiwos| dpdielguresié obtamed dirdéthgfrom disidlatiompcim emtetailolghinedhdirendiyal and
the particular acidic organic conpound reacted with the netal. The

over bas &dmrmat esterificaticar pogss pactedt Wiich ésithen ngedawitiait Girthemaicmmicat. Refygidcal |y
an inorganic acid or |ower carboxylic acid such as carbon dioxide) with a
m Xt ur eodoaersimilagtoathe anreafined eilgarcapt cloypawadeen durther egatedan anedirunore
conprising at |east one inert, organic solvent (such as mneral oil, .
napht hapurifidatiemetepx ytb ampjovienorieher proes erapert@s. aTkdsei pihificatdn techeiqoessareof a
met al base and a pronoter. The overbased salts of the oil soluble alkaline
eart h meh@ln eothogs of siglidettes genind ihdodd)fer Hangile) sobrhaextrariosy cessdaly net al
cation and are often ternmed basic, hyperbased or superbased salts. In
gener al distihaticheragidnot bgye éxreicabn,r Aluaddn, perusletbm) diydrstrdatngledevgndnige dthe
ratio of the total chem cal equivalents of the netal in the overbased salt
to t he Rbefinedbilesiobaliedttsy wéating@isetbdidd ini protdieessihtlanthithdsevwsed ¢ blstain -
expected to result in the reaction between the organic acid to be overbased
and t herdimsd oilh.| Bucleagtfineg diBtand alsokpownds aadtamdd g rém@otdssedkesivamdcdfemi cal
reactivity and WD 2012/ 058013PCT/ US2011/ 056197 stoichionetry of the two

r eact anai. addititshally rprécessingy teuhnigged dakctediltd rembreal et sgent atldioives andieiland,
in an overbased salt, the nmetal ratio is greater than one. 100561The one or
nor e oi breakddw groéwes. based al kal i ne earth netal - contai ni ng

[0047] Lubricating oil base stocks derived from the hydroisomerization of wax may
also be used, cither alone or in combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic
waxes or mixtures thereof over a hydroisomerization catalyst.

[0048] 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 oilé and UCBO (Unconventional Base Oils) base oils.
[0049] 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



detergent (c) enployed in the natural gas engine |ubricating oil

conposition of the present invention include, but are not limted to,

sul furi zestoan1unssuBf uri zed al kyl or al kenyl phenates, alPkyluseoiiabdenyl

aromatic sul fonates, borated sul fonates, sulfurized or unsul furized

car boxyl ates, sulfurized or unsulfurized netal salts of multi hydroxy al kyl

or al kenyl aromatic conpounds, al kyl or al kenyl hydroxy aromatic

sul fonates, sulfurized or unsul furized al kyl or al kenyl napht henates, netal

sal t s phosahdrandiasedaesi B¢ totebwaight af the refurelreaglergine dubrightienyll compesiaen.d, and

chem cal and physical m xtures thereof In one enbodinent, the one or nore

0i | soBuibibée mhespimsuseoaldiing nentewesth additiabs coslbdé.nbng adet eetgdimited( ¢9,

i ncl ude phenat es, carboxyl ates, sul fonates, phosphonates, thiophosphonates

and cohidrocarhyd hosphateesich 40 OHTRYIghoaphitab iand-coatairtingrphedphiem clip, iayyl

al kaline earth netal suitable for nmaking detergents such as phenate,

car boxyhapeijesamdl the llikgnadeocddtye phesphates Neh-ak itmalkylmiposplamgs! asl-aintauingabl e

al kaline earth nmetals include cal cium barium nagnesium or strontium and

t he | i kissphatepre., endrplphvephatesaalkyli diaty] phaaplcads and thalikdamihaliurestheabfi um

10058] One exanpl e of suitable one or nore overbased al kaline earth netal -

cont ai M oge clebatigent st ieng | tudephivadiotusaddnddining apuvtdar pddidbessat tusedin theenol s

(generally known as phenates) and are well known to those skilled in the

art. | natgehgisanginehebriphemodis cdmpositwdn. ch t hese phenates are forned can be

represented by Formula I: (R*),,-(Ar*)-(OH)", (1) wherein R* is an

al i phaf00s0hydr ocRefresentadse exangespofotiaklyl pleaphited isdudgbunsenst liaid ng nor e

t han about 400 aliphatic carbon atonms, a is an integer of fromone to four,

Ar* i strébupol phaspkind, atherwt iphosphde.ocasdygn phospheels uadecyp pghosgibeuttriladindar bon

atons, and mis an integer of from W) 2012/ 058013PCT/ US2011/ 056197 one to

f our wphdsphiie tpioteyl phodphte 48 dredlile. arRepsesetativatexdrhples dfsaghcauvsnimge of at

| east 8 aliphatic carbon atons provided by the R* groups for each acid

mol ecubkospritsciacintediaby ghosphiles shch RKRappraghphddplite, axiarepylpbosphitd rel dieomat i c

nucl ei represented by Ar* include the polyval ent aromatic radicals derived

from b#ékzene, napht hal ene, ant hracene, phenanthrcne, indene, fluorene,

bi phenyl, and the |like. Generally, the group represented by Ar* will be a

pol yvalj@si] nucl eRsprédeniavied ekampledenziaikg! phiosplagadit inalueddus iemoatingtedny,l enes

and napht hyl ene, e.g., nethyl phenyl enes, ethoxyphenyl enes, nitrophenyl enes,
tributyl phosphate, trihexyl phosphate, trioctyl phosphate, tridecyl phosphate, trilauryl

phosphate, trioleyl phosphate and the like. Representative examples of aryl-containing
phosphates include, but are not limited to, butyl diphenyl phosphate, dibutyl phenyl
phosphate, t-butylphenyl dipheny! phosphate, bis(t-butylphenyl) phenyl phosphate, tri(t-
butylphenyl) phosphate, triphenyl phosphate, and propylated triphenyl phosphate, and th'e
like and mixtures thereof.

[0052] In one embodiment, the one or more phosphorus-containing anti-wear
additives include a zinc dialkyldithiophosphate (Zn-DTP, primary alkyl type and secondary
alkyl type).

[0053] 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



i sopropyl phenyl enes, hydroxyphenyl enes, nercapt ophenyl enes,
N, Ndi et hyl am nophenyl enes, chl orophenyl enes, di propoxynapht hyl enes,
tri et hyl msiphoteydsenes, and simlar tri-, tetra-, pentavalemusaualosdior her eof,
and the |ike, 100591The R* groups in Forrmula | are usually purely
hydr ocar byl groups, including groups such as al kyl or al kenyl radicals.
However, the, R* groups nmay contain a small nunber of substituents such as
phenyl, cycloal kyl (e.g., cyclohexyl, cyclopentyl, etc.) and nonhydrocarbon
gr oups ragete fem rﬁbpldb?-lgrﬁ) eouthhp oVl &b,gbaseds i dho totir weight eff the)natyralngss
al koxy, |ower alkyl nercapto, oxo substituents (i.e., .=0), thio groups
(i.e., engi®) lubjipatimgoilpompgsiipaups such as -NH, -0-, -S-, and the like
provi ded the essentially hydrocarbon character of the R* group is retained.
The hyd®dhr bon ¢thanraoradgas sngine dubmsatifgoeil gompositensodf thhipsesenviamentom so
| ong as any non-carbon atons present in the R* groups do not account for
mor e t halh fapbert intDYPe ofnet e maye adil weliublet ofrbaskd alkalige crapth. meRbeotavmgpl es of
R* groups include, but are not |limted to, butyl, isobutyl, pentyl, octyl,
nonyl , deedeotyl (c); dodamglgr meter it soluple, nebtrahiléalo mestaltconthireng drigraentsy(d).
2- hexenyl , ecycl ohexyl octyl, 4-(p-chlorophenyl)-octyl,
2, 3, 5- Dretanpnksy dnemdly Icompriet hyplolds st with detg/hydrapivbsutagdt ivithehe goldeheaded from
pol ynmeri zed ol efins such as pol ychl oroprenes, polyethyl enes,
pol ypr epybesias a petal sabbfitay| aitk ergasichgdneprangs dyyinernes edpsilyble raverbased
chlorinated olefin WD 2012/058013PCT/ US2011/ 056197 pol ynmers, oxidi zed
et hyl entkapno pyttle mectad epolaymiey sictesgedtst drel bildselublei kawias e)kalihmegl-oonpaiingmay
cont ai n non- hydrocarbon substituents, for exanple, such diverse
subst i Wdeergeatsase leadibr coalrkaxip)ly heaikableal kyl nercapto, nitro, halo, alkyl or
al kenyl groups of less than 4 carbon atons, hydroxy, mnercapto, and the
i ke. [[0IF5L1A cofwverbhsedavais| @bl evechaasts nofterpihe nat esngle epliakg s bomagbmedusom
phenol s of Fornmula 11:

Newtonian systems characterized by a metal content in excess of that which would be present

according to the stoichiometry of the metal and the particular acidic organic compound
reacted with the metal: The overbased materials are prepared by reacting an acidic material
(typically an inorganic acid or lower carboxylic acid such as carbon dioxide) with a mixture
comprising an acidic organic compound, in a reaction medium comprising at least one inert,
organic solvent (such as mineral oil, naphtha, toluene, xylen.e) in the presence of a
stoichiometric excess of a metal base and a promoter. The overbased salts of the oil soluble
alkaline earth metal-containing detergents for use herein contain an excess of metal cation
and are often termed basic, hyperbased or superbased salts. In general, the terminology
"metal ratio" is used herein to designate the ratio of the total chemical equivalents of the
metal in the overbased salt to the chemical equivalents of the metal in the salt which would
be expected to result in the reaction between the organic acid to be overbased and the

basically reacting metal compound according to the known chemical reactivity and
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wherein a is an integer of 1-3, bis of 1 O 2, zis Oor 1, ROis a
substantially saturated hydrocarbon-based substituent having an average of
from abowwo201zess@bout 400 al i phatic carbon atons and RecCrasseliesiied from
the group consisting of |ower alkyl, |ower alkoxyl, nitro, and hal o groups.
[ 0062] Anot her cl ass of phenates for use herein are the basic (i.e.,
overbased, etc.) alkaline earth nmetal sulfurized phenates nade by
sul furizing a phenol as described hereinabove with a sulfiirizing agent
such astaiidmetry of thaltivarredesdnisleThusr insuhpingdd oo mehya rsouthf ingtal galie is one
Technlque§ for maki ng these sulfurized phenates are described in, for
exanpl endn 8 ofRabewt sdigshe ReBBALIO0Fogre@®e0BE) 7L and 3, 775, 321. 10063] Anot her
cl ass of phenates for use herein include those that are nade from phenol s
that hgoesepeen | iThkedhet lor qugle aill satidilngovgrimae! silehinascasth alckabicenteinfre g. |,
met hyl ene) bridge or a sulfide bridge. These are made by reacting single or
mul t 1 - rdefeggeph &) @ingployetiinahe eltycik gaOendost bibeisating ¢iheomppesiéorcef te paeseaci d or
basi c catal yst. Such |inked phenates as WD 2012/ 058013PCT/ US2011/ 056197

invention include, but are not limited to, sulfurized or unsulfurized alkyl or alkenyl phenates,

alkyl or alkenyl aromatic sulfonates, borated sulfonates, sulfurized or unsulfurized

carboxylates, sulfurized or unsulfurized metal salts of multi hydroxy alkyl or alkenyl

aromatic compounds, alkyl or alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized

alkyl or alkenyl naphthenates, metal salts of alkanoic acids, metal saits of an alkyl or alkenyl

multiacid, and chemical and physical mixtures thereof. In one embodiment, the one or more

oil soluble overbased alkaline earth metal-containing delergents (c) include phenates,

carboxylates, sﬁlfonates, phosphonates, thiophosphonates and combinations thereof.

[0057] The alkaline earth metal can be any alkaline earth metal suitable for making

detergents such as phenate, carboxylate, and sulfonate detergents. Non-limiting examples of

suitable alkaline earth metals include calcium, barium, magnesium, or strontium and the like.

In one embodiment, a suitable alkaline earth metal is calcium.

[0058] One example of suitable one or more overbased alkaline earth metal-

containing detergents include basic alkaline earth metal salts of phenols (generally known as

phenates) and are well known to those skilled in the art. In general, the phenols from which

these phenates are formed can be represented by Formula I:

(R*)o-(Ar*)-(OH)y, ¢y
-wherein R* is an aliphatic hydrocarbon-based group of at least 4 carbon atoms, and no more

than about 400 aliphatic carbon atoms, a is an integer of from one to four, Ar* is a polyvalent

aromatic hydrocarbon nucleus of up to about 14 carbon atoms, and m is an integer of {from
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wel |l as sulfurized phenates are described in detail in, for exanple, U S
Patent No. 3,350,038. Exanples of such linked phenates are set forth bel ow
i n For mulwe 20120s8013R*R* M - (rv) (V) wherein each RpCwa)s2008/056187 Same or
different and each independently have the aforestated meanings; M is
i ndependently an al kaline earth metal, z can range from1l to 3 depending on
the particular netal involved and Alk is a Cl to ¢4 al kal ene group.
100641Anot her exanpl e of suitable one or nore overbased al kaline earth
met al - @erto dowi wgh dbe erqyéset ai RElande arhesueh Kt ithrse ¢apn Averegal! galeesy Hf an
al kyl -substituted hydroxyaromatic carboxylic acid. Suitable hydroxyaromatic
conpourddiphatitctanten awnsmrovided byrshe Mfdgoxys fmdeaph lagidyripbryleacpissaniasd by
hydrocarbons having | to 4, and preferably 1 to 3, hydroxyl groups.
Sui t abl Rorimytir loxRepreseatative exampplonds therwdmate: plén atpresatedcohr® msbstedhnol |
hydr oqui none, pyrogallol, cresol, and the |like. The preferred
hydr ox sl pwent arocaatio oudidals slepeinfibm benzene, naphthalene, anthracene, phenanthrene,

indene, fluorene, biphenyl, and the like. Generally, the group represented by Ar* will be a

polyvalent nucleus derived from benzene or naphthalene such as phenylenes and

naphthylene, e.g., methylphenylenes, ethoxyphenylenes, nitrophenylenes,

isopropylphenylenes, hydroxyphenylenes, mercaptophenylenes, N,N-

diethylaminophenylenes, chlorophenylenes, dipropoxynaphthylenes, triethylnaphthylenes,

and similar tri-, tetra-, pentavalent nuclei thereof, and the like.

[0059] The R* groups in Formula I are usually purely hydrocarbyl groups, including

groups such as alkyl or alkenyl radicals. However, the R* groups may contain a small

number of substituents such as phenyl, cycloa'lky] (e.g.. cyclohexyl, cyclopentyl, etc.) and

nonhydrocarbon groups such as nitro, amino, halo (e.g., chloro, bromo, etc.), lower alkoxy,

lower alkyl mercapto, oxo substituents (i.e., .=O), thio groups (i.e., .=S), interrupting groups

such as -NH, -O-, -S-, and the like provided the essentially hydrocarbon character of the R*

group is retained. The hydrocarbon character is retained for purposes of this invention so

long as any non-carbon atoms present in the R* groups do not account for more than about

10% of the total weight of the R* groups.

{0060} Examples of R* groups include, but are not limited to, butyl, isobutyl, pentyl,

octyl, nonyl, dodecyl, docosyl, tetracontyl, 5-chlorohexyl, 4-ethoxypentyl, 2-hexenyl, e-

cyclohexyloctyl, 4-(p-chlorophenyl)-octyl, 2,3,5-trimethylheptyl, 2-ethyl-5-methyloctyl, and

substituents derived from polymerized olefins such as polychloroprenes, polyethylenes,

polypropylenes, polyisobutylenes, ethylene-propylene copolymers, chlorinated olefin
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WD 2012/ 058013PCT/ US2011/ 056197 100651The al kyl substituted noiety of the
al kaline earth netal salt of an al kyl- substituted hydroxyaronmatic

car boxyl iwoaoizbssm3deri ved from an al pha ol efin havi ng Pcomusaionse1dD to
about 80 carbon atons. The ol efins enpl oyed may be linear, isonerized

| i near, branched or partially branched linear. The olefin may be a m xture
of linear olefins, a mxture of isonerized |inear olefins, a mxture of
branched ol efins, a mxture of partially branched |inear or a m xture of
any of Rohwngrer @géized) cthy 5o66Tany aos corplyBrsmaAt the Hke-nibikayrise. dhe |groy@anr
olefins that may be used is a m xture of normal al pha olefins selected from
ol ef i nsm#wagenign Moprhydissarbon Bubssitepnisy for3gxap@ich GHchadiypsse saPbstifesintscas l@Wer n one
enbodi ment, the normal al pha olefins are isomerized using at | east one of a
sol i d ckdxyglemgr alkybingrsepto]{ moe.mle alleybphakenyirbswpsrehless thig 4 sribPRaY M e a
branched ol efinic propyl ene oligonmer or m xture thereof having from about
20 to dbduxysmersapiootndghohke. i . e., branched chain ol efins derived fromthe
pol ymeri zati on of propylene. The olefins may al so be substituted with other
functi oif861lgr oupsh comppndis akgithbisx glagy oliphenatesrdroxthosecmads drogr eherpls of

het eroatons, and the |like. In one enbodi nent, the branched ol efinic

propyl efemolalfonrer or m xtures thereof have from about 20 to about 60
carbon atons. In one enmbodi nent, the branched ol efinic propyl ene oligomner
or mixtures thereof have from about 20@®'®),about 40 carbon atons. 100681In
one enbodi nent, at |east about 75 % (e.g., at |east about 80 nol e% at
| east about 85 nol e% at %‘ast ahout nol e% at |east about 95 nol e% or
at | east about 99 nDIeWQ( fathe #l kyl droups contained within the alkaline
earth netal salt of an aIkyI-subgtL%gKgd hydr oxyar omati ¢ carboxylic acid
such as the al kyl groups of an alkalins earth netal salt of an

al kyl -substituted hydroxybenzoic acid d@?@rgent aglp a C20 or higher. In
anot her enbodi nent, the al kaline earth nmetal salt of an al kyl-substituted
hydr oxyahasmtd & an integer of 1-3, bisof lor 2, zis 0 or 1, R’ is a substantially saturated

hydrocarbon-based substituent having an average of from about 30 to about 400 aliphatic
carbon atoms and R'® is selected from the group consisﬁng of lower alkyl, lower alkoxyl,
nitro, and halo groups.

[0062] Another class of phenates for use herein are the basic (i.e., overbased, etc.)
alkaline earth metal sulfurized phenates made by sulfurizing a phenol as described
hereinabove with a sulfurizing agent such as sulfur, a sulfur halide, or sulfide or hydrosulfide
salt. Techniques for making these sulfurized phenates are described in, for example, U.S.
Patent Nos. 2,680,096; 3,036,971 and 3,775,321.

[0063] Another class of phenates for use herein include those that are made from
phenols that have been linked through a linking group such as an alkalene (e.g., methylene)
bridge or a sulfide bridge. These are made by reacting single or multi-ring phenols with

aldehydes or ketones in the presence of an acid or basic catalyst. Such linked phenates as
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carboxylic acid is an al kaline earth netal salt of an al kyl-substituted
hydr oxybenzoi c acid that is derived froman al kyl -substituted

hydr oxybewsanr2/@eild i n which the al kyl groups are the resirdiseoiafosaior nmal

al pha-ol efins containing at |east 75 nole% C20 or hi gher norna

al pha-ol efins. [00691l n anot her enbodi nent, at |east about 50 nole % (e.g
at | east about 60 nmole % at |east about 70 nole % at |east about 80 nole
% at |east about 85 nmole % at |east about 90 nole % at |east about 95
mol e % wisH agsulfusiged plagpeies agxleseriedogy derpil ith dorgxeyipley Lot Fatand hoad &0 t hi n
the alkaline earth netal salt of an al kyl-substituted hydroxyaromatic

car boxyExenples of swale Hinkes! phigpated &y setdeslupgdowfin armilkalliYe earth netal salt of
an al kyl -substituted hydroxybenzoic acid are about Cl4 to about C18.
100701The al kal i n&*earth netal s useful in makiRy the one or more alkaline
earth netal salts [
i ncl ude, but are
the like. In one nt, the al kal
100711The resul ti i ne earth net of an al kyl -substituted

hydr oxyar omati c carboxylic acid can be a ture of orthd@lidnd para isoners.
In one enbodi nent, the product will contain about 1 to 99% ortho isoner and
99 to 1% para isonmer. In another enbodi nent, the product will contain about
5to 70%ortho and 95 to 30% para i somer. 100721Anot her exanple of suitable
one or nore overb&sed al kaline earth netal - corkai ni ng detergents include

the al kaline earth saDts- pf, —a Qul f gyfd. The organic sul fur acids
are oil-soluble orpani c™gul fur acids s | fonic, sulfamc,
t hi osul fonic, sulfifni Lg, 14| sul furic, sulfurous and

t hi osul furi.c acid. 1y they are.slqlts al i phatic or aromatic
sul fonic acids. The fonic acids inclu e nmono- or g¥y- WO
2012/ 058013PCT/ US2011/ 056197 :

cium strontium barium and
metal compound is cal ci um

ted to, nagne

R*\ 0—M,—0 R*
NN
P S

M

wherein each R’;‘ may be the same or different and each independently have the aforestated
meanings; M, is independently an alkaline earth metal, z can range from 1 to 3 depending on
the particular metal involved and Alk is a C; to Cy alkalene group.

[0064] Another example of suitable one or more overbased alkaline earth metal-
containing detergents include the alkaline earth metal salts of an alkyl-substituted
hydroxyaromatic carboxylic acid. Suitable hydroxyaromatic compounds include
mononuclear monohydroxy and polyhydroxy aromatic hydrocarbons having 1 to 4, and
preferably 1 to 3, hydroxyl groups. Suitable hydroxyaromatic compounds include phenol,
catechol, resorcinol, hydroquinone, pyrogallol, cresol, and the like. The preferred

hydroxyaromatic compound is phenol.
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nucl ear aromatic or cycloaliphatic conpounds. The sulfonic acids may be
represented for the nost part by one of the following Fornulae VI or VII: R
| (SC3H) ,WoBp120iRN3T(SOBH)y(VI1) wherein T is an aronat PCTruseéieose1such as,
for exanple, benzene, toluene, xylene, naphthal ene, biphenyl, anthracene,
phenant hr ene, di phenyl ene oxi de, thianthrene, phenothioxine, diphenylene
sul fi de, phenothi azi ne, diphenyl oxide, diphenyl sulfide, diphenylam ne,
and the like, Rl _and R2 are each independently aliphatic groups, R
cont ai 1068t | easThalsdd substivuted oneia®onfs thet dlkalygnsasth mistal galtpfnamebns i n R2
and T is at least about 15, and r, x and y are each independently 1 or
gr eat esubsSpeai hydroxyaaerpitios cayboxylici ased isddergyed uipem dr dlplead ofeifio thayiter Gbmt um
saturated and unsaturated paraffin wax, and polyol efins, including
pol ymembaed 002 2B6utd0efartom atams.ailhé nigfihs emplyeditnay Detlmeah awvmeriogdlingarnor e
carbon atons. The groups T, RI and R2 in the above fornul ae can al so
cont ai mrathel of patigdnibcarched tigeari cThaibifint mentbs 4 mindeh of dncarcolefivs @
enuner at ed above, e.g., hydroxy, mercapto, hal ogen, nitro, am no, nitroso,
sul fi deyixdiresof fsotherizet Boeaf lodefawps anikpire »f bsangledeslalihy almixurg, ofaprdtiallye
subscripts r and y generally have an average val ue of about 1 to 4 per
nol eculbeancH0RRaQnen whxaws of inyeobp feregadfig.t he oi | - sol ubl e sul foni ¢ aci ds of
Forrmul ae VI and VII, include mahogany sul fonic acids; bright stock sulfonic
aci ds; [sedef oni c aconkserdsrdiment, fhe onxiuabof logbi sighind thaf macbé vsed ihawiixigrea
Saybolt viscosity fromabout 100 seconds at 100F to about 200 seconds at
210F; pehbomhatlpin sidfihe sélectat frds; olafbrschavaigdrgno hyound R te abxstt i30 whebdn sitdnisoni ¢
and pol ysul fonic acids of, e.g., benzene, naphthal ene, phenol, diphenyl
et her, peapbicbalkeneont aubddisent, tieploenyll dphargefitshiroshmeszed using at least one
al pha- chl or onapht hal ene, etc.; other substituted sulfonic acids such as
al kyl besfaeoied siuiduiheatalgai ds (where the al kyl group has at |east 8 carbons),
cetyl phenol nono-sul fide sulfonic acids, dicetyl thianthrenedisulfonic
aci ds, [0d2]2012/ 058t EH OB/ IBE6ESTs bt hdeanghdbolaheip lprédyydre wligomec -
acids, and al karyl sulfonic acids such as dodecyl benzene "bottons" sul fonic
aci ds. drtmixsurt Qhdreofundigs fromdatiduat20ftorabeue By catbohomoms,aicd. dbenciredr dtagd, it
is intended that the correspondi ng basic netal salts thereof are al so
under st@ethstderib&d fromusit rpatyeskrizhOéh dfl propglend. k Thy lolesink fngayi @s@be debstitwedaci ds
derived from for exanple, benzene, toluene, xylene and the |ike, which has
been al iyl ahedfuattidhappanys,eneh behydrory gronps,i cadiouyba ecit rigromgrss héteroawmsoduce
1, 2, 3, or nore branched-chain Cl2 substituents on the ring.
Dodecy| fpgneenikebdt baeembotinimit,pek | Yramihed wiefmiopropyieme aipghmer or mixtures
di - dodecyl benzenes, are avail able as by-products fromthe manufacture of
hous ehahétestetfe Jesth Sbodi 20 toaabgue 6d uatimnaddms.nénl ohe embabinydnat the rorigehed s
formed during manufacture of linear alkylsulfonates (LAS) are al so uiefu
i n nmekigghndiheradylaki dgomrr bh mivtuats therbaihaia Goalbbanaletdeben géntabosed in
this invention. 100751The production of sul fonates from detergent
manuf acdigthe byproducts is well known to those skilled in the art. See, for
exanple, the article "Sulfonates” in Kirk-OQhner "Encycl opedi a of Chem cal
Technol (098], SecandnEeinbodithentyal least @bop 75 n2Qd%t.¢s @gleagpiuibbiiss{baiolsdo, Jbhn
Wley & Sons, N. Y. (1969).

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 detergent are a Cyp or higher. In

another embodiment, the alkaline earth metal salt of an alkyl-substituted hydroxyaromatic



[ 0076] Ot her descriptions of basic sulfonate salts and nmethods for naking
them can be found in, for exanple, U S Patent Nos.: 2,174,110; 2,174, 506;
2,174, 508y020129B38@24; 2,197,800; 2,202,781; 2,212,786; PC2AB2B6056197
2,228,598; 2,223,676; 2,239,974;

carboxylic acid is an alkaline earth metal salt of an alkyl-substituted hydroxybenzoic acid that
is derived from an alkyl-substituted hydroxybenzoic acid in which the alkyl groups are the
residue of normal alpha-olefins containing at least 75 mole% Cso or higher normal alpha-
oleﬁps.

[0069] ~  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 lcast 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 Cy4 to about Cyg.

10070} The alkaline carth 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. -

[0071} The resulting alkaline earth metal salt of an alkyi-su’bstituted hydroxyaromatic
carboxylic acid can be a mixture of ortho and para isomers. In one eﬁbodiment, the product
will contain about 1 to 99% ortho isomer and 99 to 1% para isomer. In another embodiment,
the product will contain about 5 to 70% ;:mho and 95 to 30% para isomér.

[0072] Another example of suitable one or more overbased alkaline earth metal-
containing detergents include the alkaline earth metal salts of a sulfur acid. The organic
sulfur acids are oil-soluble organic sulfur acids such as sulfonic, sulfamic, thiosulfonic,
sulfinic, sulfenic, partial ester sulfuric, sulfurous and thiosulfuric acid. Generally they are

salts of aliphatic or aromatic sulfonic acids. The sulfonic acids include the mono- or poly-



2,263,312; 2,276,090; 2,276,097, 2,315,514; 2,319,121; 2,321, 022,
2,333,568; 2,333,788; 2,335,259; 2,337,552; 2,347,568,
WO 2012/058013 PCT/US2011/056197

nuclear aromatic or cycloaliphatic compounds. The sulfonic acids may be represented for the
most part by one of the fbllowing Formulae VI or VII:
R'(SOsH), (VD)
(RO T(SO;H), (Vi)

wherein T is an aromatic nucleus such as, for example, benzene, toluene, xylene,
naphthalene, biphényl, anthracene, phenanthrene, diphenylene oxide, thianthrene,
phenothioxine, diphenylene suifide, phenothiazine, diphenyl oxide, diphenyl sulfide,
diphenylamine, and the like; R'! and R? are cach independently aliphatic groups, R' contains
at least about 15 carbon atoms, the sum of the carbon atoms in R? and T is at least about 15,
and r, x and y are each independently 1 or greater. Specific examples of R! include groups
derived from petrolatum, saturated and u_nsaturated paraffin wax, and polyolefins, including
polymerized C»-Cq olefins containing from about 15 to about 7000 or more carbon atoms.
The groups T. R' and R? in the above formulae can also contain other inorganic or organic
substituents in addition to those enumerated above, e.g., hydroxy, mercapto, halogen, nitro,
amino, nitroso, sulfide, disulfide, etc. The subscript x is generally 1 to 3, and the subscripts r
and y generally have an average value of about 1 to 4 per molecule.

[0073] One class of examples of the oil-soluble sulfonic acids of Formulae VI and
V11, include mahogany sulfonic acids; bright stock sulfonic acids; sulfonic acids derived from
lubricating oil fractions having a Saybolt viscosity from about 100 seéonds at 100°F to about
200 seconds at 210°F; petrolatum sqlfonic acids; mono- and poly-wax substituted sulfonic
and polysulfonic acids of, e.g., benzene, naphthalene, phenol, diphenyl ether, naphthalene
disulfide, diphenylamine, thiophene, alpha-chloronaphthalene, etc.; other substituted sulfonic
acids such as alkylbenzene sulfonic acids (where the alkyl group has at least 8 carbons),

cetylphenol  mono-sulfide  sulfonic  acids, dicetyl thianthrenedisulfonic  acids,



2,366,027, 2,374,193, 2,383319; 3,312,618, 3,471, 403; 3, 488, 284,
3,595,790; and 3,798,012. Also included are aliphatic sulfonic acids such
as par af fwo 20ex0s8uBf oni ¢ aci ds, unsaturated paraffin warcsustanissiati ds,
hydr oxy-substituted paraffin wax sulfonic acids, hexapiopyl enesulfonic
acids, tetra-anylene sulfonic acids, polyisobutenesulfonic acids wherein
t he pol yi sobutene contains fromabout 20 to about 7000 WO
2012/ 058013PCT/ US2011/ 056197 or nore carbon atoms, chloro-substituted
par af f i dilaepbgariapbihytsulfenidsacid, tand- plkamd fiubfonigx acids faunh casadpdisylbenzene
cycl oali phatic sulfonic acids such as petrol eum naplithenesul fonic 'acids,
cet yl cythovpmist sulfosid doidsi dt Bab ds uniierstoyd e Fareezpl gilfohigriics enuimgsated, it is
bi s(di-isobutyl)cycl ohexyl sulfonic acids, nmono- or poly-wax substituted
cycl oheiydnded thenthe camrespondiag basic metal salts thereof are also understood to be illustrated.
[0074] The alkaryl sulfonic acids are acids derived from, for example, benzene,
toluene, xylene and the like, which has been alkylated with propylene tetramers or isobutene
trimers to introduce 1, 2, 3, or more branched-chain C;; substituents on the ring.
Dodecylbenzene bottoms, principally i‘nixturcs of mono- and di-dodecylbenzenes, are
available as by-products from the manufacture of houschold detergents. Similar products
obtained from alkylation bottoms formed during manufacture of linear alkylsulfonates (LAS)
are also useful in making the alkaline earth metal-containing sulfonate detergents used in this
invention.
10075] The production of sulfonates from detergent manufacture byproducts is well
known to those skilled in the art. See, for example, the article "Sulfonates” in Kirk-Othmer
"Encyclopedia of Chemical Technology", Second Edition, Vol. 19, pp. 291 et seq. published
by John Wiley & Sons, N.Y. (1969).
[0076] Other descriptions of basic sulfonate salts and methods for making them can
be found in, for example, U.S. Patent Nos.: 2,174,110; 2,174,506; 2,174,508; 2,193,824
2.197,800; 2,202,781; 2,212,786; 2,213,360; 2,228,598; 2,223,676; 2,239,974; 2,263.312;
2,276,090; 2,276,097; 2,315,514; 2,319,121; 2,321,022; 2,333,568; 2,333,788; 2,335,259,
2,337,552; 2,347,568; 2,366,027, 2,374,193; 2,383,319; 3,312,618; 3,471,403; 3,488,284
3,595,790; and 3,798,012. Also included are aliphatic sulfonic acids such as paraffin wax
sulfonic acids, unsaturated paraffin wax sulfonic acids, hydroxy-substituted paraffin wax

sulfonic  acids, hexapropylenesulfonic  acids, tetra-amylene  sulfonic  acids,

polyisobutenesulfonic acids wherein the polyisobutene contains from about 20 to about 7000



10077]Wth respect to the sulfonic acids or salts thereof described herein
and in the appended clains, it is intended herein to enploy the term
"pet r ol evwoidsR16 aci ds” or "petrol eum sul fonat es” t oprcommseoialose1sul f oni c
acids or the salts thereof derived from petroleum products. A particularly
val uabl e group of petrol eum sul fonic acids are the mahogany sul fonic acids
(so call ed because of their reddi sh-brown color) obtained as a by-product
fromthe manufacture of petroleumwhite oils by a sulfuric acid process.
10078] | ér thesi cation rieng\caldsarselbtidued pageHin Ny cjudfenig #ridseinitroragraflns wake
borated. [0079] The overbased al kaline earth netal -containing detergents for
use in senisacidsattcgexlahighate sulfonicomidsrigelops petopos ingplshenesillanieapdesent
i nvention may be | ow overbased, e.g., an overbased salt having a BN bel ow
about 5€etyltyrlepestyé otfdiigearids, timayBxrlohexylshlfonioasidsa disfdisiadbutyhsgyclobeXyl om
about 5 to about 50. In another enbodinent, the BN of a | ow overbased salt
may be $ulfomicasalst mofo-taw palyewax ®stituredyegtlohexylsméfonigrbdiaetent, t he BN of a
| ow overbased salt may be from about 15 to about 20. [0080] The overbased
al kal i n@08ar t h meWath-respetaiorthe gultietie agdnorssafity tharead descritied heretinipad ingths
engi ne lubricating oil conpositions of the present invention nmay be nedi um
over baseghendedgclaingsn ioseinasled heelit thamiply the Bhinh r'peirgewat ssitfonigaaeidsO aro
about 200. In one enbodinment, the BN of a medi um overbased sal't may be from
gr eat er "pemateubOsulfona@bdud cd 8 .alll sulfome acidbodiheealts theteof Bétinad feompeirelavm
over based salt may be from about 100 to about 200. In another enbodi nent,
t he BN gfodactsredi uparibadarhasaidatseal groupnpf petrbleom aiifontc 4di0s tace dizoutahdgmy WO
2012/ 058013PCT/ US2011/ 056197 [ 0081] The overbased al kaline earth
nmet al - cedlfohicdcidy (ke taled drtausé of thes eeddishtfrewnablorpbbtgiasd eng bp@rddubt fremt i ng
oi | conpositions of the present invention may be high overbased, e.g., an
over bas e salufachay bhigetd| i avbdv eil26)0a sdlfurioneidgnbads.ment, the BN of a high
overbased salt may be from about 250 to about 450.

[0078] If desired, the overbased detergent disclosed herein may also be borated.

[0079] The overbased alkaline earth metal-containing detergents 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 50. 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.

[0080] The overbased alkaline earth metal-containing detergents 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 greater than 50 to ébout 200. .In one embodiment,
the BN of a medium overbased salt may be from greater than 50 to about 180. 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 |10 to about

175.
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[ 0082] The natural gas engine lubricating oil conpositions according to the
present invention may contain nore than one of the foregoing overbased

al kal i ne wanotr/seiial - cont ai ni ng detergents, which may becalus20iomsdi8N salts,
all medium BN salts, all high BN salts as well as m xtures thereof.

[ 0083] General ly, the one or nore overbased al kaline earth netal - contai ni ng
detergents are present in the natural gas engine |ubricating oil
conposition in an anount ranging fromabout 0.5 to about 5.0 wt. % based
on t he [0881dl wei Jie cxerbased atkaline adrtiymsiabpgitaiaing dstcracats fog ued in thongial t i on.
I n anot her. enbodi ment, the one or nore overbased al kaline earth

met al - cganteging hipridatingrqbenmspasitonp pEthermresent inkentioatmayaie hjgk owerhsed. e.8..

| ubricating oil conposition in an anount ranging from about 0.5 to about
1.5 wt .an%vethaselsaltrhaving a BNadbove 2@t lroénet d¢nebadiainemtathe 38 o€ ndiigheotannsed at i ng
oi |l conposition. [0084] The one or nore oil soluble neutral alkali

met al - cahmayrtierfipnd ebert §ehtosabod) 48hpl oyed in the natural gas engi ne

| ubricating oil conposition of the present invention include, but are not
i mted0082] sul f dfhczethralr gasresiglne Unbieting loklydomposdibke agdorghg natlespresdnky | or
al kenyl aromatic sul fonates, borated sulfonates, sulfurized or unsulfurized
car boxyinadngion may fcantamechoor thansomd of ithe dompdiag watttasedofilkalihg icattly dnadady al kyl
or al kenyl aromatic conmpounds, al kyl or al kenyl hydroxy aromatic

sul f onadoaminisg téteigecaedviach umng bk falllowedN adlisydll oredmikBNdaltnaplHtigle Bt @ls net al
salts of al kanoic acids, netal salts of an al kyl or al kenyl nultiacid, and
chem cais vasicasphigairesthergofkt ures thereof. I n one enbodi nent, one or nore oil
sol ubl e neutral WO 2012/ 058013PCT/ US2011/ 056197 al kali met al - cont ai ni ng
det er gepp0s3)( d) i nGénsehdlyphieaadres,or Ccaroboxoveetaes] atkidlihe nedrds , mghlosplrdmag es,

t hi ophosphonat es and conbi nati ons thereof. [00851The al kali netal can be
any al kadtérgernd ate prabdnalih ehd osturahlgnngnglet dutgentise silclongesipbenatan, amount
carboxyl ate, and sul fonate detergents. Non-limting exanples of suitable

al kal i nmgiag Srobnadoude 5 ltd hbouy 50 WO Eh, basedpot ths gital nyeighi loif dicumturalnghseeginem | n
one enbodi nent, a suitable alkali netal includes sodiumand potassium In
anot her jubfgid BN tomposititnt ahl enahdradrmbodirhalt, ie @edorumore overbased alkaline

earth metal-containing detergents are present in the natural gas engine lubricating oil
composition in an amount ranging from about 0.5 to about 1.5 wt. %, based on the total
weight of the natural gas engine lubricating oil composition.

[0084] The one or more oil soluble neutral alkali metal-containing detergents (d)
employed in the natural gas engine lubricaling oil composition of the present invention
include, but are not limited to, sulfurized or unsulfurized alkyl or alkenyl phenates, alkyl or
alkenyl aromatic sulfonates, borated sulfonates, sulfurized or unsulfurized carboxylates,
sulfurized or unsulfurized metal salts of multi hydroxy alkyl or alkenyl aromatic compounds,
alkyl or alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl
naphthenates, metal salts of alkanoic acids, metal salts of an alkyl or alkenyl multiacid, and

chemical and physical mixtures thereof. In one embodiment, one or more oil soluble neutral



100861The neutral salts of the oil soluble alkali metal-containing
detergents for use herein contain an anount of netal cation just sufficient
t o neut r avD2e12ds801aci di ¢ groups present in the salt ani eql/ush@neasdt he
over based salts contain an excess of nmetal cation and are often terned
basi c, hyperbased or superbased salts. In a normal or neutral salt, the
netal ratio is one and, in an overbased salt, the netal ratio is greater

t han one. Exanples of the neutral salts of the oil soluble alkali

net al - celkelhi mot-caripwingendeferzents udd) hichidp PARNARS. asgrberylake phdiaaates,

car boxyl ates and sul fonates descri bed above with respect to the one or nore
oi | sol pivisehangtesphivebosphredt¢sradsambinatiprsdhergeint ai ni ng det ergents (c).

[ 00871CGenerally, the one or nore neutral alkali netal -containing detergents
are preHdW8s] i n t hEharlkalr mbtabean beragiyadkaliital saitaig faimakinmgrierentd puchrps an
anount ranging fromabout 0.5 wt. %to about 5.0 wt. % based on the total
wei ght plienatee carbxilate, gk selifiriatee détetgents.at Norgrlimiiting oxgopes obsuitabhe glkali
enbodi ment, the one or nore neutral alkali netal-containing detergents are
pr esent mictalg ngludatlishiam, gedivemn gotaesitmb ribiditinn gnd cesivonmplosene gnbadimant, anount
rangi ng fromabout 0,5 wt. %to about 2.0 wt. % based on the total weight
of the buitablecakalngnetil |indodgsogidiirorand \WOL:2§ 43/ 05881BRET¢SRUMER) BosLdable

[ 00881l n one enbodi ment, the one or nore oil soluble neutral alkali

nmet al - celkblanwriah¢ diuver.gents are present in an anmount sufficient to
contribute at | east about 30% of the total sulfated ash of the conposition.
[ 0089] Tio®86 Rt ur al Tigasecwenbsals dfithe odablubly akdli sembosntrinoipsdetergerth $or wont ai n
ot her conventional additives for inparting auxiliary functions to give a
fi ni shedemmtasnain gasmamgbhmetalibationgtst ngffioicht owpglieitbnadidic \guph ptdsese
additives are dispersed or dissolved. For exanple, the natural gas engine
| ubri cati thg salk hniomnplesédsithnsvarbased) ealisl condedanvgxchssaghheslscatios ped s@ifien
antioxi dants, rust inhibitors, dehazing agents, demulsifying agents, netal
deact i vairinad bagie rityperbsed atrisoperbasdil fsalex: Sin gpoermapor neutté palegbantesy] ratio is
antifoam ng agents, co-solvents, package conpatibilisers,

corr osi ofie kidiibiah @vsrbaskyess|t, dictmenieraip és guner dgendre. afkntfies of the nanigal

m xtures thereof A variety of the additives are known and comrercially
avai | abksits dihvs @ilabiliblé wiksli nadtaltdoaiainiagdbtogents foonpobierds), capae ey efiiicoyed
for the preparation of the natural gas engine lubricating oil conpositions
of the iphsrards] erbdnyldtdreandsudfonites delicriged piomedwitie scspd@00 Gl loee as mas il

di spersant conpounds enployed in the natural gas engine |ubricating oil
conposi kblablc@hetbhedpliatientarinvent-tamising dgerzenal(¢)y used to maintain in
suspensi on insoluble materials resulting from oxidation during use, thus
prevent i{ouP75| udgeGehaaity! tat i e andiope eentpil t dkalo meval-cdefpisng iderergamtsrateal
parts. Dispersants may al so function to reduce changes in lubricating oil
Vi SCOSI pyesy iprevwatiralngs thgnghbrithingfoill @mgesidoniram maotntpargingires abnuta

| ubricating oil. The dispersant enployed in the present invention nmay be
any sui oabive %ashhsms SO spes,tadd ar theitkluweghf ofnthé hapla gas hhgss ludrisgergsant s
for use in a natural gas engine lubricating oil conposition. An ashless

di sper safit caygnaitivhl vy Iic oaprdnsestimtmipiie sad wblmsorpohguet iatkahy cheat-aolyeming
backbone having functional groups that are capable of associating with
parti cl dsictg@nidearelipsgettSiatthe natural gas engine lubricating oil composition in an amount

ranging from about 0.5 wt. % to about 2.0 wt. %, based on the total weight of the lubricating

oil composition.



WO 2012/ 058013PCT/ US2011/ 056197 100911l n one enbodi ment, an ashl ess

di spersant is one or nore basic nitrogen- containing ashl ess di spersants.

Ni t r ogen-wonveya3golg basi ¢ ashl ess (netal -free) di spersamrcs/useontionsdiote to

t he base nunmber or BN (as can be neasured by ASTM D 2896) of a |ubricating

oil conposition to which they are added, w thout introducing additional

sul fated ash. Basic nitrogen-containing ashless dispersants useful in this

i nvention include hydrocarbyl succinimdes; hydrocarbyl succinam des; m xed

est er/ @#les of lhpde owhedigiens tisstnictonimade eiljgelh lﬁ@edcalaﬁxafrma%cpowlme&ctl ng a

hydr ocar byl - substituted succinic acylating agent stepwise or with a m xture

of al ciobsitams mesenes, amanoont suffidierdrid wontaibuisha|least Meowti3OPe ebH@eaht i on

products of hydrocarbyl -substituted phenols, formal dehyde and pol yam nes;

and ansubfetediastpefitbanespdsatianed by reacting hi gh mol ecul ar wei ght aliphatic or

alicyclic halides with am nes, such as pol yal kyl ene pol yam nes. M xtures of

such djodR¥Yr sant sihcamtakk gasengise hbrit80@2¢iRepmpssnerst mue abraggplads otdfer ashl ess

di spersants include, but are not limted to, am nes, alcohols, am des, or

est er @oivertionsli elditess &irtimphetigtaoxilihe foottiomsito baelkabimidedwiaturddrgad gngige gr oups.

An ashl ess dispersant of the present invention may be, for exanple,

sel ect mdri¢atiagodicomposititth i which shese sdditiw:s asdisperasite dissolapd. dBer, exiamipties, and

oxazol ines of |ong chain hydrocarbon substituted nono and di carboxylic

aci ds e nhinedl pagedpict jubesstinghiiboanfasitiphatray dertleaicd wath ohlesodigpakemita

hydr ocar bons, |ong chain aliphatic hydrocarbons having a pol yam ne attached

di r ect hntiokldan®ef ot iamditddedehating agehen) dahisifyipp adems, sndtalrdvedivaling egrbensi ng a

| ong chain substituted phenol with formal dehyde and pol yal kyl ene pol yan ne.

[ 0093) Grtibexirbilifiets| Spxair S poins depeess@ast amifopnipguagantnf coaolventy) ipackegyl at i ng

agents (acids, anhydrides, esters, etc.) conprising at |east about 34 and

prefer G&hpﬁtlathsbxeB(SJTrroalbﬁUhhlﬁﬁoxﬁﬁdybﬁ,rkx&éma’@reﬁsdrh apérits mgthe tikehad miixigres

conpounds (such as am nes), organi ¢ hydroxy conpounds (such as aliphatic

conpou@seot. Nal wghietyo taed) adiditvdscar& Rl vao hiyhyahmercidligatvail shle. oThesaraddiitve s

conpounds i ncl udi ng phenol s and napht hol s), and/or basic inorganic

mat er i af their MRS UE aMbOOUs PEadetinspldyred| foidhe iprapdesion afftltamturainghsesgimes .

100941Succi ni m de di spersants are a type of carboxylic dispersant. They are
lubricating oil compositions of the invention by the usual blending procedures. '

10090} The ashless dispersant compounds employed in the natural gas engine
lubricating oil composition of the present invention are generally used to maintain in
suspension insoluble materials resulting from oxidation during use, thus preventing sludge
ﬂécculation and precipitation or deposition on metal parts. Dispersants may also function to
reduce changes in lubricating oil viscosity by preventing the growth of large contaminant
particles in a lubricating oil. The dispersant employed in the present invention may be any
suitable ashless dispersant or mixture of multiple ashless dispersants for use in a natural gas
engine lubricating oil composition. An ashless dispersant generally comprises an oil soluble
polymeric hydrocarbon backbone having functional groups that are capable of associating

with particles to be dispersed.



produced by reacting hydrocarbyl-substituted succinic acylating agent wth
organi ¢ hydroxy conpounds, or with am nes conprising at |east one hydrogen
atom att awbedizss@3ni trogen atom or with a m xture of wPhe/Usyanoze97
conpounds and am nes. The term "succinic acylating agent” refers to a
hydr ocar bon-substituted succinic acid or a succinic acid-producing
conmpound, the latter enconpasses the acid itself. Such materials typically
i ncl ude hydrocarbyl -substituted succinic acids, anhydrides, esters
(incl udbblhal f dstosresombadiment! palexshlesOdBBIrsaY deioane corbmersd batie pelreasnt s have
a wide variety of chemcal structures. One class of succinic-based
di sper santagingyshbess rddgpecsrtat etlittpgententpiomgubasic pshlgss reril-fiee) dGpesanty 7N4
R2- NH1-- R2- N x**'? Hy-Q ,,c T_Ii HOO
contribute to the base number or BN (as can be measured by ASTM D 2896) of a lubricating
oil composition to which they are added, without introducing additional sulfated ash. Basic
nitrogen-containing ashless dispersants useful in this invention include hydrocarbyl
succinimides; hydrocarbyl succinamideé; mixed ester/amides of hydrocarbyl-substituted
succinic acids formed by reacting a hydrocarbyl-substituted succinic acylating agent stepwise
or with a mixture of alcohols and amines, and/or with amino alcohols; Mannich condensation
products of hydrocarbyl-substituted phenols, formaldehyde and polyamines; and amine
dispersants formed by reacting high molecular weight aliphatic or alicyclic halides with
amines, such as polyalkylene polyamines. Mixtures of such dispersants can also be used.
[0092] 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.
[0093] 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

compounds (such as aliphatic compounds including monohydric and polyhydric alcohols, or
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wherein each Rl is independently a hydrocarbyl group, such as a
pol yol efi n-derived group. Typically the hydrocarbyl group is an al kyl
group, suwb20r/E8@6l yi sobutyl group. Alternatively expressasotilossi® groups
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
(C2114) group. Exanples of succinimde dispersants include those descri bed
in, for exanple, U S. Patent Nos. 3,172,892, 4,234,435 and 6, 165, 235.
100961 Frmasis| seatneands inchusknavpheiels ped saplghelsl and/ogrhesigsinarganigempigaaisar e
typi cal ly honopol yners and intcrpol ymers of polynerizable olefin nmononers
of 2 t dhaisoeactivs peatub@ ncndsigidesnamigsuand gstrst 0 6 carbon atoms. The ani nes
which are reacted with the succinic W) 2012/ 058013PCT/ US2011/ 056197
acyl at il#94hgent s Sueridinidn tdpersanrtboxy|d dyrti op esastanylie ohgresiant. onThern atse
nonoam nes or pol yam nes. 100971Succi ni m de dispersants are referred to as
such sipnslecechiy raactimmhydro@ont sibstitited ogrsmid agyding dgant Wish foegamcoydrenyde
functionality, although the am de functionality nay be in the form of am ne
sal ts, campdesis, ormvithzalinesesnamising 4t lasst wng thydwgen home eftached pe epatregar
succi ni m de di spersant, one or nore succinic acid-produci ng conpounds and
one or atmm,er avithresixaure ofi dethydrexgaotmppiunklang amaiesr The teranBuadhic eptlatomeal |y in
the presence of a substantially inert organic liquid solvent/diluent. The
react i agedtenpferatteire hydrocardogreutistioned boutini8 0Lidiport @ suteinde @cidgosducingn
tenperature of the mxture or the product, which typically falls between
about 10Mpotsel, athe ulatt&0@Gconfshdsesi drabcidettsalf s Sumdh exaeriydd agpiodllyprisdedtur es
for ‘preparing the succinimde dispersants of the present invention include
t hose dgderabedsubstitufedsuak@apids, abhflridegtestats (Metdirg; HalPgs899),an8 halld:s666,
3,272,746, 4.234,435, 6,165,235 and 6, 440, 905. 100981Sui t abl e ashl ess
di sper 460t nay Susdnicibatadddiseniant ldive pewsliantasictywdli dienacad streetotdsorOmgr oduct s
of relatively high nolecular weight aliphatic halides and am nes,
pr ef er aldsy opaicyialckyadsahd sprodapamayels: repreagmpedasy thé feuaita:am ne di spersants
i ncl ude those described in, for exanple, U S. Patent Nos. 3,275, 554,
3,438, 757, 3,454,555 and 3, 568, 804.

/

/ N
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i © 4 H

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 (CyHHy) 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.

[0096] The polyalkenes from which the substituent groups are derived are typically
homopolymers and interpolymers of polymerizable olefin monomers of 2 to about 16 carbon

atoms, and usually 2 to 6 carbon atoms. The amines which are reacted with the succinic



[ 0099] Sui t abl e ashl ess di spersants may further include "Marm ch

di spersants,” which are reaction products of al kyl phenols in which the

al kyl growp2omnissiias at | east about 30 carbon atons wi t ircalusedydss 97
(especially formal dehyde) and am nes (especially polyal kyl ene pol yam nes).
Exanpl es of such di spersants include those described in, for exanple, U.S.
Patent Nos. 3,036,003, 3,586,629, 3,591,598 and 3, 980, 569. 100100. 1Sui t abl e
ashl ess dispersants may al so be post-treated ashl ess di spersants such as
post - t r ¥A1a8a8 sAEERS nionfims thee cayboxypigsisperwat FRMPOPHOE €88 MPRBIVINAY %Bor at e
or ethylene WO 2012/ 058013PCT/ US2011/ 056197 car bonate as disclosed in, for
exanpl epolyingnePat ent Nos. 4, 612,132 and 4, 746, 446; and the like as well as
ot her post-treatnent processes. The carbonate-treated al kenyl succinim de
is a polOPBlk ene stHseininide dbspeesenigene fefemedtn yhercanBrcehthoy mgrmallyotwrain ar

wei ght of about 450 to about 3000, preferably from about 900 to about 2500,
mor e pr eitregeblageetyt wntha Berm ofl gaide fencsipenlity. 28boughathe anpds fysconatinbimgy Peom
about 2000 to about 2400, as well as m xtures of these nol écul ar wei ghts.
Pr ef er abil the form pEapingpalts dnbges émsiazolipes anweH aseaixtur¢getherntli oaneparga

m xture of a pol ybutene succinic acid derivative, an unsaturated acidic

r eagent susoipohidrelispofsantn ong oamaratseetinie iadideprodusireen corapreiindp aodl ebg or metd a

pol yam ne, such as disclosed in U S. Patent No. 5,716,912, the contents of
whi ch amwinencae peattedndaypica hoyvataf ér esnceved.] GRLONABUIR abt eprasshtesy a

di spersants may al so be polyneric, which are interpolyners of

oi | - sol sidistantal hyginem wogemis ligwid sobsniddibeht. nEhehreacydratesperaturg|cad eange feerher and
hi gh ol ecul ar wei ght ol efins with nonomers containing polar substitutes.
Exanpl esbat §00C yuetd chedideqarmaitios temperatiee oficke ndatue idvedie i prodifcgr whixhnpl e,
U S. Patent Nos. 3,329, 658; 3,449,250 and 3, 666, 730. 1001021l n one

pr ef er r epiceitp ddisnbaveaf abduwe LIPS emtabow\NEC onAddinonsd Hietsls adid spxempkeatoff or
use in the lubricating oil conposition is a bis-succinimde derived froma
pol yi sobutehwyts fr prapahisy thegsuacinumide dispersarag ef el mesdnainwseiighincbide ahaat 700
to about 2300. The dispersant(s) for use in the lubricating oil

conposi tiésoribedofn, tihe eparaglent). $.NRaeriti Mos. & 2H02f 8124BJ6p6n 312 7pARG.NE2B443B (. ,
are nono- or bis-succinimdes). 1001031Cenerally, the one or nore ashl ess
di sper s&5165,23% endof,44E9MS5.i n t he natural gas

{0098] Suitable ashless dispersants may also include amine dispersants, which are
reaction products of relatively high moleéular weight aliphatic halides and amines, preferably
polyalkylene polyamines. Examples of such amine dispersants include those described in, for -
example, U.S. Patent Nos. 3,275,554, 3,438,757, 3,454,555 and 3,565,304.

[0099] Suitable ashless disperse;nts may further include "Mannich dispersants,” which
are reaction products of alkyl phenols in which the alkyl group contains at least about 30
carbon atoms with aldehydes (especially formaldehyde) and amines (especially polyalkylene
polyamines). Examples of such dispersants include those described in, for example, U.S.
Patent Nos. 3,036,003, 3,586,629, 3,591,598 and 3,980,569.

[00100] Suitable ashless dispersants may also be post-treated ashless dispersants such

as post-treated succinimides, e.g., post-treatment processes involving borate or ethylene



engi ne lubricating oil conposition in an anmount ranging fromabout 1 to
about 8 wt. % based on the total weight of the natural gas engi ne

| ubri cat iwg 2eidosgmaposi tion. In one enbodi nent, the onePpam/useria/oaabt ess

di spersants are present in the natural gas engine lubricating oi
conposition in an anount ranging fromabout 1.5 to about 6 wt. % based on
the total weight of the natural gas engine lubricating oil conposition.

[ 001041The one or nore anti oxi dant conpounds enpl oyed in the natural gas

engi ne farberiatsaas discleser isofapssrmplsn Uot Rarat ploss bl 24l 3 ard HotbAdauen thee
tendency of base stocks to deteriorate in service, which deterioration can
be evi dbkewdvilyas diecrposidinetnensiprenessat Thncabenntayeaedalenyhsercimidestal i ke
deposits on the netal surfaces and by viscosity growth. Such oxidation
i nhi bi t polsbuters sudeinimirdel derextdfham oblybutgnds| hagng s molsetlahvelghhelrbpust A
sul furized phenates, diphenylam nes, alkyl-substituted phenyl and
napht hy hlsovic 3660, gmefertahly frokeaband90fl tot ahows 25Memeast prafejphlynyentiabeut {308 to
oxi dation inhibitors include, but are not limted to, alkylated
di pheny hlaouit 3¢90, phd:mpkt- prefeegbit frpmeabionte3008riel abdut PHAG.ed-veel esphihyrbnefribese
1001051l n one enbodi nent, an anti oxi dant conpound for use herein can be one
or nor enhiader exkigiendrsfelably.nly it eeppesie bal rehasingu luaderH@active 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.
[00101] Suitable ashless dispersants may also be polymeric, which are interpolymers
of oil-solubilizing monomers such as decyl methacrylate, vinyl decyl ether and high
molecular weight olefins with monomers containing polar substitutes. Examples of
" polymeric dispersants include those described in, for example, U.S. Patent Nos. 3,329,658;
3,449,250 and 3,666,730.
[00102] In one preferred embodiment of the present invention, an ashless dispersant
for use in the 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).
[00103] 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

33



CH2- CH, 0 QOR wherein Ris a C to C30 hydrocarbyl group including
by way of exanple, a substituted or unsubstituted al kyl group, substituted
or unsubswotwixdsaycl oal kyl group, substituted or unsubgcirtusted/ossiy? group,
substituted or unsubstituted heterocyclic group and the |ike. A
representative exanple 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
propi onate nay be avail able commercially from for exanple, Ci ba Specialty
Cheni cefmepsifenriy apamounyyngiag frramioxt 1.3 35abant §ript Yn G portkg togn weight
(M ddl ebury, CT) as Naugare PS-48. |In one enbodi ment, a hindered phenol is
a | i qupthqpatdet geb qaigmedibricating oil composition,
[00104] 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 limited to,
alkylated diphenylamine, phenyl-a-naphthylamine, and alkylated-«-naphthylmine.

[00105] In one embodiment, an antioxidant compound for use herein can be one or

more hindered phenols having the general formula:

N
HO )/\’ (O)—cH, CH;——C —— 0 R

wherein R is a C; to Cyy hydrocarbyl gro'up 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-bqtyl 4-hydroxy phenol propionate.
The hindered phenol, 3,5-di-t-butyl 4-hydroxy phenol propionate may be available
commeréially 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.



WD 2012/ 058013PCT/ US2011/ 056197 1001061Cenerally, the one or nore

anti oxi dant conpounds are present in the natural gas engine |lubricating oil
conposi t iwo 20re/@801anount rangi ng from about 0.1 to aboutrCh/usRo1186561bASEed on
the total weight of the natural gas engine lubricating oil conposition. In
one enbodi nent, the one or nore antioxidant conpounds are present in the
natural gas engine lubricating oil conposition in an anount ranging from
about 0.2 to about 4 wt. % based on the total wejght of the natural gas
engi nelOPUN i cat iGepersilly. BERIS IR anEOYIT? TERRAPIISATS Preseritintht PRV s
include, but are not |limted to, nonionic polyoxyal kyl cne agents, e.g.,

pol yoxgpechgine hbricaling,dil eanositiopon o RyEHHRRHRE APEHbOuE)-¢& dhabous S ey %.

pol yoxyet hyl ene nonyl phenyl ether, polyoxyethylene octyl phenyl ether,

pol yoxBesechphdhe tetek weight ohrthd naturadrgas pokipexyending mil cgmpgsjtias: hép one

pol yoxyet hyl ene sorbitol nonostearate, polyoxyethylene sorbitol nobnool eate,
and potnyidirperdntheging ool mere motpxident; cogtpenpdscara ereseatnid the mewurdl gap gnging ds;

di carboxylic acids; nmetal soaps; fatty acid amne salts; nmetal salts of
heavy kibti¢ating ilarongosipan in st amanigorying frami aboukp.@rio gboyat whyr basedipeohol ;
phosphoric esters; (short-chain) alkenyl succinic acids; partial esters

t her eothe amal wiightof dre-raontlagan engjnelbibriatingwelscontpesidiof; synt heti c

al karyl sul fonates, e.g., netal dinonyl naphthal ene sul fonates; and the like
and m OIS t hdbenfpl¢sO®L083EXampiters okludei bt oare noeti fimited tacherdenicput
are not limted to, al koxylated fatty am nes; borated fatty epoxides; fatty
phosphpdlgsxyafkyteny agpox i ciespolfaxstejhydenenawy! bbemtpely oaykbyighahadierf alcoholam nes,
netal salts of fatty acids, fatty acid am des, glycerol esters, borated

gl ycer aherestmigixyethglehat tnyonylphdayglol ethes apolgisecthydend i nctylpBenyPat evier, No.

6, 372,696, the contents of which are incorporated by reference herein;
fricti pslyosydityleae ocolbtseiand cettiar,opolgoxyetyldne roley adhest polfrosyetidylens rbitol
preferably a C6 to C24, and nost preferably a C6 to C20, fatty acid ester
and a miohosgene,cooiy@iyaihylgne copowhdngebietecdnd moiyetiybengr gygol copsdodedtqrg of
amoni a, and an’ al kanol am ne and the |ike and m xtures thereof W)

2012/ 058 L3RG /S 2o0et /{06 26ids;| 04rbetHicarrpise snetdfl sanps; ffotyiaply ameatsslty;ncl ude,
but are not limted to, polymers of al kyl nethacrylate; polyners of

di met hylesi |satoé eady tshiforlié keidanphrd] x¢aboxslit leideester of polyhydric alcohol;

phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thereof and nitrogen-
containing derivatives thereof; synthetic alkarylsuifonates, e.g., metal dinonylnaphthalene
sulfonates; and the like and mixtures thereof.

[00108] Examples of friction modifiers include, but’ are not limited to, alkoxylated
fatty amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated
alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides, glycerol esters, borated
glycerol esters; and fatly imidazolines as disclosed in U.S. Patent No. 6,372,696, the contents
of which are incorporated by reference herein; [riction modificrs obtained from a reaction
product of a C4 to Cys, preferably a Cg to Caq, and most preferably a Cg to Cao, fatty acid ester
;nd a nitrogen-containing compound selected from the group consisting of ammonia, and an

atkanolamine and the like and mixtures thereof.
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1001101Exanpl es of a pour point depressant include, but are not limted to,
pol ynet hacryl ates, al kyl acrylate polyners, al kyl nethacryl ate pol yners,

di (tetra-wanafddissiphenol ) pht hal at e, condensat es of tetracparsadifiiossiphenol ,
condensates of a chlorinated paraffin wi th naphthal ene and conbi nati ons
thereof. I n one enbodi nent, a pour point depressant conprises an

et hyl ene-vinyl acetate copolyner, a condensate of chlorinated paraffin and
phenol , QWaI kyl _ st iene, and the like and conbinations thereof. The anount
of the 8 poi ntEXaERIes &L Antigsming agspts ekidaduiiare noulimited 96, trolyabosiof 10 W .
% [0013”%){]Exg}%l s of a denulsifier include, but are not limted to,

ani oni 'SUMERAELE Robympers obdimathylsilisanp and e lkgland mixwess thdrkofl  benzene

sul fon ?’@ﬁ@?nd the Iike), nonionic alkoxylated al kyl phenol resins, polyners
of al ka oxi déZamgley. of goppur ppintndepsssans, insbidyprbupydre neotokimited tol ock
copol yners of ethyl ene oxide, propylene oxide and the |ike), esters of oil
sol ubl ePohenggecrylaes ki appylatsepalpmbist akkyk sretiacatiate tivdyrhérkedigteda-pamttimat i ons
t hereof The anount of the denulsifier may vary fromabout 0.01 wt. %to
about IRFeQglPhdhalatg, sondeprateapiplea-pefaffin planobsoodenisabs bf & ohlorinsbdigeraftiut  ar e
not limted to, half esters or am des of dodecyl succinic acid, phosphate
est er s, Vith n#ithsdge sand scomfiingsions thedentol nnes, erslandimsintn @ spoan ghotr elepiekanand
conbi nations thereof. The anount of the corrosion inhibitor may vary from
about FomPrigRs. amgthylepgrginy! @caigt copdbynfepOd tahdensmp| af schidriraedepira e any €SSur e
agent include, but are not limted to, sulfurized animal or vegetable fats
or oi | $heagh plyaledcstyrpngrand dre legatdatirebifiaiony teeaf. eSheeamourdtWl the @bur
partially esterified esters of trivalent or pentaval ent acids of

phos phdotd depyessarfmayedrofref about @0 hyt e caatiopt 1@etI%sul fi des, sul furi zecl

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

co- sul fil#413bd ni Kramplss of afdgmulsifaariiocledst bnsaramot liMied to, anionic surfactants

2012/ 058013PCT/ US2011/ 056197 nonounsaturated ol efins, co-sulfitrized bl ends
of fat t{§8acslliyl-faghihglenci thlfonates, aligl dleptrme obwfdnatesf mmttthonilkd)y roubmid t ut ed
di hydrocar byl pol ysul fidcs, thia-al dehydes, thia-ketones, epithio
conpouritkexylgigrt kylpbemohimsing  pddgtats drikyink veddes ¢e.gul folyetineehebbriads of
terpene and acyclic olefins, and polysulfide olefin products, am ne salts
of phogplariryleaeiodidss block copolyhieopbbstbiion oxie] gropgieas xadedaddehel likeg, and
conbi nati ons thereof. The anpunt of the extrene pressure agent may vary
from al§gers @ ol solublecacids, pblyoxydshylene Sérbitan ester and the like and combinations

thereof. The amount of the demulsifier may vary from about 0.01 wt. % to about 10 wt. %.
[00112] Examples of a corrosion inhibitor include, but are not limited to, half esters or
amides of dodecylsuccinic acid, phosphate esters, thiophosphates, alkyl imidazolines,
sarcosines and the like and combinations'thereof. The amount of the corrosion inhibitor may
vary from about 0.01 wt. % to about 0.5 wi. %.

[00113) Examples of an extreme pressure agent include, but are not limited to,
sulfurized animal or vegetable fats or oils, sulfurized animal or vegetable fatty acid esters,
fully or partially esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized
olefins, dihydrocarbyl polysulfides, sulfurized Diels-Alder adducts,  sulfurized

dicyclopentadiene, sulfurized or co-sulfurized mixtures of fatty acid esters and



[ 001141Each of the foregoing additives, when used, is used at a
functionally effective amount to inpart the desired properties to the
| ubri cantwoOBhiesssdier exanple, if an additive is a frictipomusedifosap] a
functionally effective anount of this friction nodifier would be an anount
sufficient to inpart the desired friction nodifying characteristics to the
| ubricant. Cenerally, the concentration of each of these addi ti ves, when
used, ranges from about 0.001%to about 20% by wei ght, and in one
enbodi nmeenoustseurate. dafins so-swdirized dendy ofiEitiyHCidy AukRcish estereand Giplia-olefight  of
the natural gas engine lubricating oil conposition. 1001151]f de5|red t he
| ubr i cafunaigorsily-saleidiruteds eihyrageaey! ppaysudiedesadhiarnldrharies, vibieperiqugge cpithio
concentrate in which the additives are incorporated into a substantially
inert, pempainfy shifergoptanigaacdaldderivatitessercsipligized blend ahisrrene pné @exglicoi | ;
napht ha benzene, toluene or xylene to forman additive concentrate. These
concent plfies &lsrUandlx/SUIfmt slefinf opdugtso LlAMinOsals abophosplivrichircideiegiers off such
diluent. Typically, a neutral oil having a viscosity of about 4 to about
8.5 cSt thaephoethOria addssiefscandshe likehandt combinatigho theregf.c She amourd @€t ¢xitrepie used
as the diluent, though synthetic oils, as well as other organic |iquids
whi ch apessongzni tohe vagy titom hleoua 8 @il titvigo aheltfSiwil. 8ed | ubricating oil can
al so be used. The additive package will typically contain the additives;
r ef er r e{DOt1d4]abov eEachroftthe fatemingpaiditines,wisenawsdd ria tupaksattaofuhetidnally gffectdier ect
conbination with the requisite anount of base oil. WO
2012/ 0580b3RET ini8320the LeH6d Profdetixs 16 fitHebnraturHiusgles exemgplecf hubdditetispg oi |
conpositions of the present invention can be conveniently prepared by
si npl y Klieiodi mgdifier, m fimgondily efficitive \eamuni ©hi thisefrgiibn ghodifibr woalkd bg an
viscosity. The additives may. also be ,preblended as a concentrate, as
di scussesiotnar eiffivaboue,imparttthe dapmldimlctlat enad#flyingschamacfeaisiits toathe lnbg e .ng of
a natural gas engine |ubricating conmposition containing the desired

concent Gahéralhy,othe asbdidntnagen ofheachddi theseceagrht kengevhies nedn dagesiftom tabeutbase
oil using.a concentration at which they are both soluble in the oil and
conpat i Bl081% tohatouih26%abld imteighgsaridnint tre elebodiment abrius e % ubrbawt 143§ i |
Conmpatibility in this instance generally nmeans that the present conpounds
as wel | watghbbasadonite tswal whigbt ofitht h@uappdsi engimeduliricatibg pidcempdswordo not cause
other additives to precipitate under normal conditions. Suitable oil
sol ubi | ijeopaspnpat ifkiekirddy thed nigéntihgpil addjiivesrmgoppronided bs hrubddiget packagsi |
formul ati on can be determ ned by those having ordinary skill in the art
usi ng r edkbmensat ubiwhith tHeestditigs pro dedtpoeged oo aexdispheallypimed] pptradliyon
froma fornmulated lubricating oil conposition at anbient conditions (about
20C t o 2QGuld cgmiddilvmasuwhed, foy egarhpiermmetaliall; paphdiap béradengnolugmnort xyders |
conposition or the formulation of a "cloudy" solution which evidences
f or mat i enfovih anrdditine cenceaxatpalhese|coscen{r®d tstiblin comeindndo dbae 20% tolebontat ur al
gas engine lubricating oil conpositions described herein can be
subst an8dw bywéipkefahctadijueat. KByricatly candutraheil Ahvisgh tvcadityaofaboadeh®atboon
product of an al kyl ene pol yam ne, an al dehyde and a substituted phenol. In
one enb@di ¢Bnt 1 0e°Meandybrefebly alpuoitlo ebopdsiStiabN§0°4r wilhbs oscsludssthadilnait] y
free of any nol ybdenum cont ai ni ng conpounds. The al kyl ene pol yam nes of the
condens &iidugh spithaidatils canvdlhes dtivdrlooganingliilidsielhioh erelddAiaipleNFlh the whiditieen R i s
an al kyl ene radi cal containing fromabout 2 about 6 carbon atons, and n is
an i nt eged fihisbed lubticatiap @iltcat @Glso Bepisadl Tiad ddgliterepapkdgganillnggicaliycéanten the
di ethylenetriam ne, triethylenetetrarnine, tetraethyl enepentam ne and the
| i ke. Thedidhveeyfdes tanboge hethaldeyirall danpluatsi andahiieshy daslinte ditect corbbinatidir om
one to about 3 carbon atons per

with the requisite amount of base oil.
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WD 2012/ 058013PCT/ US2011/ 056197 nol ecul e. The substituted phenols are the
al kyl at ed nonohydri c phenols having at |east one al kyl group of sufficient
| engt h t oworepewassa@Bl| - sol ubility to the condensati on pro®aTius2011/056197
Representative al kyl phenols are those in which the al kyl group contains
from about 4 to about 24 carbon atons, and preferably those having from
about 8 to about 24 carbon atons, such as, for exanple, n-anyl phenol,
di anyl phenol, octyl phenol, nonyl phenol, p-ter-octyl Phenol , a mxture of
phenol 00148k al kyharetrfies sneing dubrigsing Pl ecompopitiony PhtwraeSRHBYERT | t he
natural gas engine Jubricating. oi|l conpositions of the present invention
wil | coab eroatitmentiy Zegrared byt sinaleblensing oF imixipe; e sdedijivenavithsthg it py
those skilled in the art to be an extreme pressure agent, effective in
pr eventlibrigalimvispopityi ghhepadditiigs anayralsa bh pishiegded aha saneratinte} abdiseusssdon.
Sul furized isobutyl ene conprises a | ong chain hydrocarbon that is reacted
wi t h a heeginaboee. suife@propRps aains to hilitnedlsndiwrgfornatwdl gaseaginpduteiealing Thi s
provides an oil soluble conpound that is effective in providing extrene
pr essurempepjiopcopteingothe disired copeantrpdgbgf ydditives. orThgsedditivec pagkage is
enbodi ments of this invention may include one or nore of sulfurized
i sobut ylended withiche hasebisinga eoncgutrativs aRwitch tay gesriith solyklg|ip e adBand
[00119) General |y, the natural gas engine lubricating oil conpositions of
this i rresweiilda wiihl otheradiditivas iy dndgitagt figsted Iwpricating gilaeumpagibdityin thig
sul furized isobutylene. In another enbodinent, the natural gas engine
| ubri canr;twgecﬁener@ﬁyrmhs itet ghe frraspitscantposnds 8h Walll 45 baing aillnsalyldeniadlut 0. 02
w. %to about 0.45 wt. % sul furized isobutyl ene. 1001201The fol | ow ng
non- | i rapplicaylecxeatrpite slsade not tavse pier gddidfestit progindigtsrundenvental oendifOUANPLE
1001211A natural gas engine lubricating oil conposition was forned
cont ai ruigble. aB5salmbilingasinpatibility gamask nfam @egi¢ererdopuxpuhd vl dutrBeongwil
pol yi sobut enyl succini ¢ anhydride (P1BSA)) and a mi xture of heavy pol yan ne
and di ebtmydleret cimnbe néetermig@lsbwtthosy bving lordinary cikall in dbe (afenpipgdrophism a 950
MW pol yi sobut enyl succinic anhydride (PIBSA)) and a mi xture of heavy
pol yam sebibdiiyl tetiog pydcedetes.i & rrampe.gBreqipitatignofromre Srewbdgsethbsigatingr ¢iked
cal ci um phenate (114 BN), 1.07 w. % of a neutral sodium sul fonate; 1.25
W . % oforpokitindet enibisht nariditiomsi(ekdud 26TC 1@ 234 )wian 9% wbasarasiuby aither egtual
i sobutyl ene, 0.05 copper deactivator, 0.19 wt. %of a primary zinc alkyl
di t hi oprespitive, frém phen of cémpesitiorhpbitheo foramithtioheotbal "sleedy bebimtgon vdridup H
base oil. '

evidences formation of insoluble wax particles.

[00117] In one embodiment, the natural gas engine lubricating oil compositions
described herein can be substantially free of any alkaline earth 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 polyamincs_ of the condensation product can the following
structure NHz[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
diethylenetriamine, triethylenétetramine, tetraethylenepentamine and the like. The aldehydes

-

are generally aliphatic aldehydes which contain {from one to about 3 carbon atoms per



100122] The natural gas engine lubricating oil conposition had a sulfated
ash content of 0.26 w. % as determ ned by ASTM D 874 and a phosphorus
content obVoQo2lnssas. % COVPARATI VE EXAVPLE A [00123] A matrarsad11@asIengi ne
| ubricating oil conposition was forned containing 1.135 wt. % of a

bi s-succinimde (derived froma 1300 MW pol yi sobut enyl succi ni c anhydri de
(PIBSA)) and a m xture of heavy pol yam ne and di et hyl enetriam ne, 1.865 w.
% of a bi ssuccini m de gderl ved froma 950 MWV pol yi sobut enyl succinic

anhydr i melegybe.BEhy pubskiiied pherels e BF alfeiargd @SP?}SYh’f'ﬁ@hsWdS H2dRH 9 EAEOPE ani ne,
2.76 wt. % of a neutral sodiumsulfonate; 1.25 wt. -% of a hindered phenol
ant i oxi dlkit grogp 19f mfﬁcmmbﬁer&sﬂsdpfmnazteeﬂws@'@bﬁwﬂen@e eengsnEg piy giroducts.
deactivator, 0.18 wt. %of a prinmary zinc al kyl dithiophosphate, 5 ppm of

f oam i nﬁ¢n§¢$bﬁatla¢1§1kb’héh@éﬁsaﬁééh‘b‘@l inghickotbsuplkyl e194B copiains rom 1EpRYtTH O
natural gas engine lubricating oil conposition had a sulfated ash content
of 0. 26abgut 24/sarboniatomsnindarrefsyabhsthosOhaiag fam dophdiphruy 34 carea@tongts 0. 014
w. % WD 2012/ 058013PCT/ US2011/ 056197 COVPARATI VE EXAMPLE B [00125]1A

nat ur al sughss.cfogienamplebr-pamat phapobidiarenirnol, tachth pPherelf eenyb dhersit Bitaijosty! 1. 135

phenol, a mixture of phenols, wax alkylated phenols and the like,

f001.18,| In one embodiment, the natural gas engine lubricating oil compositions of the
present invention will contain sulfurized isobutylene. Sulfurized isobutylene is known by
those skilled in the art td be an extreme pressure agent, effective in preventing wear in high
pressure environments such as gear lubrication. Sulfurized isobutylene comprises a long '
chain hydrocarbon that is reacted with a various sulfur compounds that are incorporated into
the chain. This provides an oil soluble compound that is effective in providing extreme
pressure (EP) protection. Sulfurized isobutylene for use in certain embodiments of this
invention may include one or more of sulfurized isobutylenes such as Mobilad C-100 and R.
T. Vanderbilt Vanlube SB.

[00119] Generally, the natural gas .engine lubricating oil compositions of this invention
will contain from 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 isobutylenec.

[00120] The following non-limiting examples are illustrative of the present invention.
EXAMPLE |
[00121] 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
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wt. %of a bis-succinimde (derived froma 1300 MWV pol yi sobut enyl succinic
anhydri de (P1BSA)) and a m xture of heavy pol yam ne and di et hyl enetri am ne,
1. 865 wt .wen2of2/@sdadssucci ni m de (derived froma 950 MW palrgissabosany |
succinic anhydride (PIBSA)) and a m xture of heavy pol yam ne and
di et hyl enetriamne, 1.50 wt. % of an overbased sul furized cal ci um phenate
(114 BN), 1.25 wt. % of a hindered phenol antioxidant, 0.14 wt. %of a
sul furized i sobutyl ene, 0.05 copper deactivator, 0.18 w. % of a primary
zi nc al(RIASAD) end sprissphaf beavy podyamsine poddicthitgnsiraaringnddehwt yalodmckisbhei ng a
Goup Il base oil. [00126) The natural %as engi ne |ubricating oil
conposistecarimiged (dgrized framed BHNMIS mobrsobyteny. SEcipic aghydsdedPBISAManadisy ASTM
D 874 and a phosphorus content of 0.014 wt. % 100127)Testing 100128]A
6- cyl i maigrurapafikesyh pofiemigsim digdiyhraciiamine, §i85uwe b of an rpverbdsad sufugirdai n
dynam c vol tage neasurenents from 12 valves - 6 intake and 6 exhaust
val ves.calthen paenate WelideBNON103rwd @ ¢foumsutorl sodiinm stiiferdte; ghds evigivhef a
| ubricating oil conpositions of Exanple and Conparative Exanples A and B
and t heirdemdgdendlaintiexidated $4 ot Werdre sulfuazedofotarylend, OWdraeppel deadtatatd, by a
linear fit based on the |ast 300-hours of data fromeach test and reported
on a wdhl® wateopeprit@Ozihoalks! ditthephwapiatal i ppal eEformciebibitonandethr brlanes
al l oned by the original equipnent nmanufacturer (CEM is 0.0020 inches/ 1000
hours. basmgsh@rempillnbase gilire 1, the natural gas engine lubricating oil
conposition of Exanple 1 containing an overbased sul furized cal ci um phenate
det er gdf9122hd nedhe ahtusad gasiangnt fubniaatergsd bemdpaspianniedd v ailliacdr sbassicon
(0.00011 inches) over the natural gas engine lubricating oil conposition of
Conpar atfiogé vix #ngsldetefmioed baiAf Ty a8 Heartdraghhospidirumeantdnt oh@ 0 &4 det%er gent
(-0.00152 inches) and significantly inproved val ve recession over the
natural gas engine lubricating oil conposition of Conparative Exanple B
cont ai ni ng an overbased sul furized cal cium phenate - detergent (0.00065
inches). 10012911t w |l be COBMPARLSOYE BRAMRIE dus nodi ficati ons may be
made to the enbodi nents di scl osed herein. Therefore the above description
shoul d [A0123pe comshatuabgaseniging ltboigtinguil compediyorawae foempd icbnteiminigoh §3 of
preferred enbodi nents. For exanple, the functions described above and
i mpl ement &4 ol bikeudsasmideoderivat fropen dBDOM Wheolyisebantyli sweanici @mhydride f or
illustration purposes only. O her arrangenents and net hods may be
i npl engRIESA D ynd Bosxuskiof healyi polydminanhd Widihdetetrdiapac.t 1.865 ft.ovh dfleebiscope
and spirit of this invention. Mreover, those skilled in the art wll
envi si oncaihingde pdedived d@im arsSOWMWI pltiftbusnppsucaimic sphydride (PIB$)) cindi ars
appended hereto.

mixture of heavy polyamine and diethylenetriamine, 2.76 wt. % of a neutral sodium

sulfonate; 1.25 wt. % of a hindered phenol antioxidant, 0.14 wt. % of a sulfurized
isobutylene, 0.05 copper deact;vator, 0.18 Wi. % of a primary zinc alkyl dithiophosphate, 5
ppm of foam inhibitor and the balance being a Group II base oil.

[00124] The natural gas engine lubricating oil composition had a sulfated ash content

of 0.26 wt. % as determined by ASTM D 874 and a phosphorus content of 0.014 wt. %.
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WL1IAT IS CLAIMED | S: 1. A natural gas engine lubricating oil
conposition conprising (a) a major anmount of an oil of lubricating

Vi scosi t ywo(2b)2/s8m@30r nore phosphorus-cont ai ni ng anti - - weanusaddioséves, (c)
one or nore oil soluble overbased al kaline earth netal -containing
detergents; and (d) one or nore oil soluble neutral alkalinetal-containing
detergents, wherein the natural gas engine lubricating oil conposition
contains no nore than about 0.03 weight percent of phosphorus, based on the
total wei ght of the natur aIC%Mé’%Tlg’@lﬁng%'a@Bng oi | conposition.

2. The natural gas engine lubricating oil conposition according to Caiml,
wher ei M09R8] one ¢r natwiabgasrvgisadvbricatiog phicpinpgsien waskamed dentpinigs! -hie

sel ected fromthe group consisting of a hydroca,, bgl phosphite, a

hydr ocartbyb ophosphedcinimidt (dexved om adBPBOMW polyisobgenyithrarceintcuardiy dides

engi ne lubricating oil conposition according to Claiml, wherein the one or
nmor e phBEPOY usd eonixiiraiofi eauyt polymaine add ididtydenetaaming.sb86awri cof a bis-

al kyl di t hi ophosphat e. 4. The natural gas engine lubricating oil
conposisucommade Gdedived) fitom @ 20Nk W -B]yisdbateay h sudeinialailaidride (BEBIAW) rredad  of
the one or nore oil soluble overbased al kaline earth metal -containing

det er genixsure n€ herdg podtaminerand diethylemsiriamine, 1.50 wt.B% ofle qvathasel sulfasizedhgi ne

| ubricating oil conposition according to Clainms 1-4, wherein the one or

nmor e oidalchioh phétmatoyiddbRNEdl .23 kal Ynef &ditdaredepteholcanioaidannd. dewerigerits have
a base nunber (BN) of fromgreater than 50 to about 200. 6. The

nat ur al suffaszeen ggohatylenbr 094&t coppeni decactomapos it iorwtadé oofiliangritnoryClzaicnelkyl 4,
wherein the one or nore oil soluble overbased al kaline earth

met al - cdithigphnsphgted® ppngdifidam imhibétoaaiNhe balananbeaiigpa Gr@fdl beseaidout 450.

7, The natural gas engine lubricating oil conposition according to O ains
1-6, wheoei6) t he Theeanralngas enging lewicatihgeoib vempesech badkakulfredeasht dontent

nmet al - cont ai ni ng detergents conprise one or nore oil sol uble overbased

al kal i nef 0 wih Yt detersiiied yof S BV 1B R4 indsaupistsphartiechrignd 062 a4 evteltoi
carboxylic acid, one or nore oil soluble overbased al kaline earth netal
phenates, one€ or nore oil sol uble overbased al kaline earth netal sulfonates
or m xtures thereof 8. The natural gas engine lubricating oil
conposi onvjaccoristgp to Clainms 1-7, wherein the alkali netal of the one or
nore oil soluble neutral alkali netal-containing detergents include sodium
and pot@esis)m A 6-cylifider Waukesitaulf | GHHY eregigs wes Ingfynineattd imgorded togdmgaosi ti on
according to Clainms 1-8, wherein the one or nore oil soluble neutral alkali
met al - combhRidslggd aicangentsts onpi 2 selvene GHintakerandod bxtwobubllesnéllterats al kal i
metal salts of an al kyl -substituted hydroxyaromatic carboxylic acid, one or
nor e oi wergalinlfdret00aistirsadn ek loaturalngat ahgipd dutaiceting oih eorapositiors adibBxasplaibl e
neutral alkali metal sulfonates or m xtures thereof 10. The nat ural
gas engarieChiiparahat Exegnied AcaipBsintli the aearage dalng récessthravenrlratashafi @i oilt he
one or nore oil soluble overbased al kaline earth netal -containing

det er gewt:s caletipted$8 adinear fit based on the last 300-hours of data from each test and reported

on a wear rate per 1000 hours. The maximum valve recession wear rate allowed by the
original equipment manufacturer (OEM) is 0.0020 inches/1000 hours. As shown in Figure 1,
the natural gas engine lubricating oil composition of Example | containing an overbased
'sulftlrized calcium phenate detergent and neutral sodium sulfonate showed optimal valve
recession (0.00011 inches) over the natural gas engine lubricating oil composition of

Comparative Example A containing a neutral sodium sulfonate detergent (-0.00152 inches)
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cal cium phenate and the one or nore oil soluble neutral alkali

net al - cont ai ni ng detergents conpri se a sodi um sul fonat e. 11. The
nat ural owe 2ergiss@3l ubricating oil conposition accordi ngCrasghaiosadi- 10,
CoMm about 0.15 to about 1.5 wt. % of the one or nore

phosphor us-contai ni ng anti--wear additives, about 0.5 wt. (Y,l) to
about E5 wt. % of the one or nore oil soluble overbased al kaline earth

nmet al - cont ai ni ng detergents, and about 0.5 wt. %to about 2.0 wt. %
of theaodheignificmtle igiproved| wilve recestiomlovat Rlad inatwedl agascengivg Mibngateg eilgent s,
based on the total weight of the natural gas engine |ubricating oil
conposicbinpesition of CompdriveTiranmpde Braahtagasg amgvarbased bulifwated rglcoint phowaposi ti on
according to Clainms 1-11, wherein the natural gas engine lubricating oil
conposideierpent (Gra0bes incbey)r i Sses one or nore natural gas engine |ubricating
oil conposition additives selected fromthe group consisting of an ashl ess
di sper $@0129] ant i oxmdidnbe undektobd hihbi tvaripus&imacdi figatiagenhay denmlade f wi g agent ,
nmet al deactivating agent, friction nodifier, pour point depressant, a

ti f eamenpodigents, disdossd heir., Thaefoag thecabopa tiedsribiise shoutdnotolsd eomsirmddd & t or, d

-e extrem pressure agent and m xtures thereof. 13. The natural gas
engi ne limibiig, Couti mgredi las caxeprpiifitdtions adcpefbried ¢mbddimems. 1F32 exavhpleeite t he
one or nore ashi ess di spersants conprises a bissuccinimde 14. The

nat ur alfugtisne dgdciibed WbsveC atd MPpleiden@dNg30tiet b3 nawie ofod i dpgratiag Ghaipissede 13,

havi ng a sul fated ash content of about 0.1.5 to about 0.3 wt. "A as

det er minedtidy arAfIMiRdsBattbn purposes only. Other arrangements and methods may be
implemented by those skilled in the art without departing from the scope and spirit of this

invention. Moreover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.



15. . A nethod for preventing or inhibiting exhaust val ve seat recession

a nat ur al

gas fuel edoentosgotai th a nat ural

in

gas fuel ed engine, the nethod conprising lubricating the natural

according to Cains 1-14.

WHAT IS CLAIMED IS:

1. 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 oil sohible overbased alkaline earth metal-containing detergents; and (d) one or
more oif soluble neutral alkal metal-containming detergents, wherein the natural gas engine
ubricating oil composition contains no more than about 0.03 weight percent of phosphorus,

based on the total weight of the natural eas engine lubricating oil composition.
£ g £

2. The natural gas engine lubricating oil composition according to Claim 1, wherein
the one or more phosphorus-containing anti-wear additives are selected from the group

consisting of a hydrocarbyl phosphite, a hydrocarbyl phosphate and muxtures thereof
g \7 ) ) 3

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

alkyldithiophosphate.

4. The natoral gas engine lubricating oif composition according to Claims 1-3,
wherein the alkaline earth metal of the one or more o1l soluble overbased alkaline earth

metal-containing detergents inchude calcium or magnesium.

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

wherein the one or more oil soluble overbased alkaline carth metal-containing detergents

have a base number (BN} of from greater than 50 to about 200,
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6. The natural gas engine lubricating oil composition according to Claims 1-4,

wherein the one or more oil soluble overbased alkaline carth metal-containing dotergents

have a BN of {rom about 250 to about 450.

7. The natural gas engme lubricating oil composition according to Claims 1-6,
wherein the one or more oil soluble overbased alkaline carth metal-containing dotergents
comprise one or more oil soluble overbased alkahine earth metal salis of an alkyl-sabstituted
hydroxyaromatic carboxylic acid, one or more oil soluble overbased alkahline carth metal
phenates, one or more oil soluble overbased alkaline carth metal sulfonates or mixtures
thereot.

8. The natural gas engine lubricating oil composition according to Claims 1-7,
wherein the alkali metal of the one or more oil soluble neutral alkali metal-containing

detergents include sodium and potassium.

9. The vatural gas econgine lubricating oil composition according to Claims 1-§,
wherein the ene or more oil soluble neutral alkahi metal-containing detergents comprise one
or more oil scluble neutral alkah metal salts of an alkyl-sobstituted hydroxyaromatic
carboxylic acid, one or more oif soluble neutral alkah metal phenates, one or more oil soluble

neutral atkali metal sulfonates or mixtures thereof.

13, The natural gas engine lubricating o1l composition according to Claim §, wherein

the one or more oil soluble overbased alkaline earth metal-containing detergents comprise a
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calcium phenate and the one or more oil soluble neutral alkali metal-containing detergents

comprise a sodiuvm sulfonate.

11, The natural gas engine labricating ol composition according to Clanms 1-10,
comprising:

about $.15 to about 1.5 wit. % of the one or more phosphorus-containing anti-wear
additives,

about 0.5 wi. % to about 1.5 wt. % of the one or more o1l soluble overbased alkahine
carth metal-containing detergents, and

about 1.5 wi. % to about 2.0 wi. % of the one or more oil soluble neutral alkali metai-
contamning detergents, based on the total weight of the natural gas engine lubricating oil

composition.

12. The natural gas engine hubricating oil composition according to Claims 1-11,
wherein the natural gas engine lubricating otl composition further comprises one or more
natural gas engine fubricating o1l composition additives selected from the group consisting of
an ashless dispersani, antioxidant, rust inhibitor, dehazing agent, demulsifying agent, metal
deactivating agent, friction modificr, pour point depressant, antifoaming agent, co-solvent,
package compatibiliser, corrosion-inhibitor, dye, extreme pressure agent and mixturces
thereof.

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

b

wherein the one or more ashless dispersants comprises a bissuccinimide.
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14. The natural gas engine lubricating o1l composition according to Claims 1-13,
having a sulfated ash content of about 0.15 to about 0.3 wt. % as determined by ASTM D

874.

15, A method for preventing or inhibiting exhaust valve seat recession in a natural

gas tucled engine, the method comprising hubricating the natural gas fucled engine with a

natural gas engine lubricating oil composition according to Claims 1-14.
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