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10[ 0005] U.S. Patent Application Publication 2005/0209110, Roski et
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2550 wei ght percent of the total detergent substrate in the |ubricant
is a nononeric or oligomeric substrate conprising one or nore units
of al kyl - suhstdibisgd phenol which in turn conprises at beggk)dbBiosss
al kyl group of about 8 to about 14 carbon atons. [0010] The

technol ogy further provides a |ubricant suitable for lubricating a
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gas-to-liquid {04168} The technology further provides a lubricant suitable for lubricating &
30 cvlinder of a marine diesel engine, comprising an oil of lubricating viscosity and
a metal-containing detergent component, which defergent component comprises
a multipliciiy of detergent species, said lubricant having a total base number
{TBM) of at least 10 or 12 or 15 or 20 or 25; wherein 40 to 90 percent of the
TBN derived from the metal-containing detergent component is provided by one
35 or more calcinm detergenis; S to 40 percent of such TBN is provided by one or
more sodium detergents; and 3 to 45 percent of such TBN is provided by one or
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30synt hetic procedure as well as other gas-to-liquid oils. [0015]
Unrefined, refined and rerefined oils, either natural or synthetic
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10 stituent and that the total nunber of carbon atons in all Rl
groups is at least 7. Wen inis 1 or greater, one of the X groups
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phosphor us comppwadaon Refieeences, oval king: sushsd sdudartbs sar shft ed

Uus. P ‘ )
![ Ee | ubri 2;23? t hwn;ﬁg, the iu'* ‘5) Q%B%‘ngjﬁt u%@%@@tﬂﬁ}eg'?ﬁ?ﬁ%%@@&ﬁ@f %‘%Eﬁ'ﬂ a'l no

4 or 0.3 to 2 BeclBodogyd, decped Editon, [\f@ﬁ)e@} m%rateemelh%iﬁit?ﬁdw}m Wﬂw
addi tives may al 8q,.bfr pr @gg} |n the lubricants 10described herein,

i
especi al |y those a(idl tiy ave been used. i e diesel,
cyl i nder 14%bri P4AfE Loap W@%@n‘@%  RBFSE RRiRCAA T fii% “{a’?‘lg)q‘l’r"’étteé'l? “Calts

of a phosphor ugtakkek is anebidiag ae bibhectpoiadstcne geasidnt dioly 4lough
Formila. it is not required that any of the particular phenate subsirate be present, in
certain embodiments they may be desirable, in comparatively low amounts for
the deposit protection they may provide. Thus, their amounts may be 0 to less
30 than 50 percent of the total detergent substrate, or 1 to 50 percent, or ito 45
percent, or 5 to 43 percent, or 10 to 40, or 15 to 35, or 25 to 35 percent. In one
embodiment thess numbers apply o the particular phenate substrates described
below; in another they may apply to ali the phenate-based substrates. In one
embodiment, the amount of the suifonate detergent substrate may be equal to
100 % less the amount of the phenate substrates, and in another embodiment it
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The R8 and R9 groups are independently hydrocarbyl groups that are
typically 15free from acetylenic and usually also front ethylenic
unsat urati " re typically al kyl, cycloal kyl, ara

al karyl grgﬂ)pzeaﬁﬁig%%ve 3 to 20 carbon atons, such as 3 k@‘/?gﬂ)'{)m &
atons or up to 13 carbon atons, e.g., 3 to 12 carbon atons. The

al cohol which reacts to provi de the R8 and R9 groups can be a m xture
of a secondary al.cahol,and a primar fyre
200f 2-et hyl hérﬁ?érotedF“ SAReF @ab?gﬁﬁﬁ "Y%r 1‘%ac1rll%°§r‘:r?a"tr’|£véq%g§§?r€rlubf Sﬁ)ﬁf)
secondary al celwolbs gessht.as 2- propanoi and 4-net hyl-2-pentanol . Such

materials arerghben roelf %fﬂb%g rﬁ&wa&b%hﬂﬁl Qﬂr?h!&)@ Q!;z.tbl‘flh@ﬂéhﬁ&&hﬁtre&rﬁﬁ to
sinmply zinc d{ F% osp hat es.

i |
available to t*fhb?é’n%‘&"ﬁ’f Fagef hg’f‘?fé“ g.!i’rb't"'“’f)tf3 LP%FP@&&F‘” 1‘O o) PhuT f‘a}tl |tso% alips
amount of 4 he soedtiadtes ghéncdfwhactphdsphamysisat aidierst oas empkwploy about § to

25t or mul at ed 'a&@ﬁ[ l%a&mﬂ imﬁ’ﬂé ec&ere;t@ 1B éesa @eﬁlxt L 14 cﬁﬁﬁs@%m@y
weight, 0.5t , or 75 t 25 erc

wei ght . [ 00397018 o 4egiBi @afmdnaa%ﬁ»ﬁlafv@»eewbﬁ%m %isrfévl Eigheplsultice
i ncluded in thkepfresent aluyhi-eanistidSuch Jdintaubaltstel pabudevhisiscodicey
nodi fi ers, which i-nc | t n eSel 15 Yike
cyl i nder | ubrir84hts’ s¥é§ W C?ln“‘c‘I%gé e% g%g{}{ g}%oéﬁt”'%%ﬂﬁo& ?é%lulm finks
general | yldre @@kl}imb%wm?ésF‘|ﬂa#f§dim¢%(ﬁféﬂiﬁ%@dm&§“%%Pﬁ@hWﬁ%cﬁVﬁgn
WO 2010/ 005884f7¢:% é%ﬂ@@%@&&@@& b@mr&abw@mp@eﬂ&mﬂw Haertgin

nunber averag€ nol ecul ar bet we (
bet ween 50, Ogdr%ﬁ&,eméc 6%%}1% w7 %uﬁaf{?}fds 6%6? chcp'pr fhg &tYcture

copol yners of two or nore ¥ orrers af C20Ho C30, e.g. DI{ZZ to C8
ol efins, such as et hyll ene- py opyl ene {copokyners, hydrogenated styrene-

SConjugated di ene copolyne and{gd J . Afsmal |
anount of a nitrogen-containi nong i din the
pol ymer to provide nultl e functiona Vi scoBsity

nodi fication, pour p0|nt ég;;ggsancy . [QQ40] Anot her
addi tive mhlch may be pr; is an ANT

10enconpass phenolic antﬂ*m);l dant s, V\ﬁﬁh\h may corrp?il se a bu%zs
substituted phenol containing 2 or t-butyl groUps, especially
t-butyl groupswheFhie qaa;mvp@s]i‘ppm»nﬁyﬁh@gpmhéi 1W§fieﬁ?i§’é}“%d@é§ﬁxbﬁ‘@&9

by a hydr ?Tgar byl gf@‘!ﬁiéf}'&n@@rﬂﬁqpﬁ §3rp'1 -SQE DR e%"\@ﬁﬁé hz@r’rfatiﬂgﬁlg chftains
certain e OderE ara§05|t|0 |1 S OCCU

est er - cont ai ni ﬁJQRg‘r“@ébtWéWﬁ‘ gngdp 14 fé#ﬁneatg’ﬁ?f “a‘ﬁ%( |]d$< %153?’1 SFUY he
15formul a it \iGlrd2Q «C@R3SH/ linkage terminating in hiydrogen or & non-phenolic hydro-

carbyl group; and x 18 0 to [
10629] Other alkyl-phenol containing detergents, that is, detergents derived
20 from a substrate that may contain an alky! phenol component, may include
salixarate detergents and saligenin detergents, as described above. These
materials may be of interest because, like the sulfurized phenate detergents, they
may contain a certain amount of monomeric alkylpheno! subsirate, and if the
length of the atkyl group is within the indicaied ranges (e.g., 8 to 14 carbon
25 atoms), it may also be undesirable to have large amounts of these materials
present. Therefore, the amounts of the substrates of these defergents may
optionally be included within the relative and absolute amounts of phenate
detergents set forth herein.
[6036] The overall amounts of the complete detergents, including metal,
30 substrate, and carbonate, will of course vary with the amount and extent of
overbasing of the detergent. In certaln embodiments, however, the calcium
10



wherein R3 is a hydrocarbyl group such as an al kyl group contai ning,
e.g., | to 18 or 2 to 12 or 2 to 8 or 2 to 6 carbon atons; and

derail in UGB 6 5567105, 20 [0041) Anti oxi dant TR FRRPh,

aromati c am nes, such as an al kyl ated di phenyl am ne such as nonyl at ed
di phenyl am ne, i ncl udi ng a mxture of a di nonyl ated am ne and a

nono- nonyl at ed 00421 Antioxidants. al so.inclu fur
ol efi ns such ééﬁim Sde c&eqar@alc]o}néaélge ﬂ%&qra?ntlbyt\%m ?uig ‘L&Ehéﬁq or

material s genet.akd §.5havensuk 5itdd paakageshabisy. I‘ﬂ!ﬂﬁw‘?ﬁ the: *@G%tﬁf the
atoms, for in %Q\ncﬁbwt’i]ﬂ}ﬁ@ ?‘mra% ddreWenmaVBb Ok 3 MDEebtGaNvERh!, such

SU|fUI’I zed to formthe sulfurized grganl ¢ conpositions of "the present
i nvention i nclasdes bt 3,01 f 4P thPeaEHSY 3ifBst ers, ol efins and

pol yol efi ng rrqde‘qt;hm e8fzin bRbpERRSTs, dle IDbets Alagernaddettso Devad Lo

of met hods of fJ.NQg S e fakLPe 1 keynd
Ch s pat e Nt SRSy IGRIE AU %‘gég‘eg‘b%%ﬁ%‘f%m Shasnum
conpounds can wbight BREPR OREN AMYDBIKIRRIES AN ft“ﬁé%@"??ﬁ%“é‘ﬁ i g“&%lﬁ““
al so serve in ya# 'n@M§ QL harichengty ensprisuc b Ageatibyeatighigmddism The

f | ybd d sul fu t iing -
i | corn- 14 TS0 SUEREHCH DeITOG 0RO Sae T e GE Tk R 1 2

agent s andfantpoxidanteigly skdigwnsutignge daéﬁf"eﬂ\lon‘ﬂw 2853 gorrent by "*mg}*

i nstance, di stnQ§,ec§11jppgx;;r&@gé &ge@b.llt conposi tions containing a

nol ybdenum and sul f gntainin hg‘l"tl on pre qre Yiaéije) or use in
conbi ning a pof 317’25 5 ‘t‘ﬁ”"‘aﬁﬁ“ﬁ e&‘ir LU BTV % SRR ORR

0i | - sol ubl e basikfinniitdgepircowpahnue tfe:lébwithdiquisl frstidhaimosiin apw&ng
conpl ex and ( ngg‘%qt‘)?%tﬁa@g‘krt’ hﬁxc‘i%ﬂ%{ Fe%(zst"! }Bepi:;%{‘ 9@1310@'03%[* fédﬁie’i 5'015 8418

t he nol ybdenumi“and sul fu mposi t']. on. L’ffh 1]9 ; 3

anount s oflSant peyendiagit sT G yrpet Bfl‘lt%r}%cemfﬁ%b%‘d‘”&ﬁ RIS Hec“"" s
anti oxi dant an@otlﬁasmdwmwﬂmt ehbeg iveressasduhe inbustafathabunonal
amounts can be, 0 ap ke h)%@)()%f &l gﬁgfnc‘%ybﬁy\@%gm 1%%%&?%&&%1‘%}?&, l?e&ttaxgr

0.2 to 4 per ce?ﬁ‘ VERET onal al_ so
present, i ncl udp rg3ioerioirmitt e msasr sl ifOPlVéfi? Hmrm%h WP@F@%&EW%S

fatty esters; nplalnsdearsdy @Jgﬁffﬁ?a 1f étﬁi?drhﬁﬁhb\h 31&{ é?s,eﬁ i IJSI'mQE 265 WiR
additives, antl -wear, additivyes,

enbodi ment2%a r RGP HIBEESH :"§Ert‘:‘ﬁ53 é‘éﬂﬁ pr‘i‘f/ﬁm%‘x?/‘ %Sﬁug"“nﬂ Hﬁow‘tsﬁe?qdo‘igdbes
tartrate or citsdte vastdre may bbdoprels eiich manlvadhwoerondn prodnse The
percent by wel g@%eﬂf]i?\]-éaﬁrﬁt*? bgclﬁlcg t‘flzu*dﬁtr é%@% 'a)ﬁ%@a@ﬁ}i AR ARl f 8ekdeve
as one or I'wear “agents, friction nodifiers, antioxidants,
and agents f| nSM?MW%SG“%‘@&W%@H%l‘%&’f@@le“{ 0046] The role of a
corrosion inhi Roker Ti m ipine hesdeintthaptetedsamboontay dist ainigunfbges-
to provide _protective fi Qi 0 neutra 98 cimeril
Beanpl s Gt hege T HEgr bRRPbl Br RS ASEaBr e primeriy
al kenyl succi niw ahalwnoersmtaemsﬁ@%ﬁcdlasersqﬂifwdonqiﬁn@b%@bﬁa%% ApRless)

phenol at es, ba%iaﬁ;(}%&@b@é& $ARANREausk st ﬁi@écﬂﬂw&ﬂﬂ BITcOfRin el BT 1
Anti-foam agents used to re

ce. or prev f.or mat.i
foam i ncl ude silFISESHES nBFﬂ*ﬁgyg%“Cbﬁg & ngaéedt ﬁqs?a‘wb‘l as“dS{‘{) P?% ub%nﬁr?(l
addi ti onal ant itdwaae magrma@l, of anssear:&eﬂ;eswrthlaeﬁ:mm mﬂiam@oﬁt‘)’ @10 *559(1
Agents”, X Lt GRERG a&e&% 66 AAGASo
125- 162, b%'b48] ’Jm‘ B Nffen S0 DR Ge Rl A8 ?ovgqﬁ e o
tenmperature pr Gb@ﬁ@qb@%b%‘ﬂ dPPlah 5B LRSS Téhls“’ﬁ]ge éf’i‘?ﬁ
page 8 of LUbF}B}@@&ErkAQ@h&hlVG@pLCQYaﬁléé.s aB;graaaﬂmmzasﬁndm ubieniddyng
Smith (Lezius H ) , £s
of useful pour CB?ﬁ“ﬁﬂ‘e&iebp“g‘é?élﬁf%q’af“e‘mp%%/% ?DQ%%%%F Y ]qg%gsme%%mn
pol yacryl at es; tpoksigeryl ami des; condensati on products of hal opar af -
fin waxes and aromatic corrpounds; vi nyl carboxyl ate polyners; and
terpolyniers of dialkylfinnarates, vinyl esters of fatty acids and
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di spersants nmay al so be used to inpart an of a variety of benefici al
properties WD 2010/ 005884PCT/ US20091049664 such as deposit control,
oxi dation g@¢ifhoss@nd i nproved filterability. Some sucpc.gpgﬂ]];/&%ﬂ
materials are disclosed in greater detail in US patent publication
2006- 0217271, Septenber 28, 2006. [ 0050] Any one or nore of the
optional conmponents can be present or can be 5elimnated, if desired.
[0051] As used herein, the term ghydrocarbyl substituent” or
“hydrocarbyl group” is used in ifs ordinary sens L whi chks

wel | -known to those skilF in e art. Specifica i-t" refers to a
group having a carbon atom directly attached to the r

} mai nder of the
mol ecul e and havi ng predom nantly RydiRgétbBn—chRar act er. 10Exanpl es

of hydrocarbyl groups include._[0052] hydrocarbor substituents, that
is, aliphatic (e.g., alkyl or alkenyl), alicyclici{f(e.g., cycloal kyl,
cycl oal kenyl) substituents, and & omatic-, aliphafiic-, and
alicyclic-substituted aromatic stbst i tuents, as ve, 11 as cyclic
substituents wHerepsthithes indegendently #pete 874 SGEHEH G SYBYYrRh of
t hg nol ecugeh(gg@-@ m%\ﬁ@na@ﬁﬂ&_&%ﬂ;mté oE ggetshes bhagnahs bolg)spbG0m3]
substituted hydrocarbon suhstituents, that i subst it . s, Such
cont ai ni ng nor” BRFETF o ‘ir&b G AU PR B C#ﬁ R eggﬂ%%cx@%%f FRre™ Such
i nvention,5 do mdtcwts @e cohepiedomed i yeastidn of s boaniacebngfedtie

substituent (6yigh » pHRLRI{LINEE AR Varflt) OF Anids bEMRES Ihe RBAROMYes is
al koxy, nercapto,, al k%fl mer capt o,. ni,t ni troso, . 20and,sul f ox

x s Nty o M EO% . svy Trida e o i~ o A 5;\?
100541 he, t er ¢ 8HBEEFIHE MRS PR SEEWE PP U AP ML ,mmﬁﬁ’%’)e“"f? of
having a pr edemidendslydaydnas arbomicharbe e, a uriehec foondmsxit ‘ii@_icagem‘is
ovent ! an, COMhaRN ok %n{foﬁ P fRLRAN R & oRgb e irehakd} AEReL WSk

conposed of carbon~at ¢ and_enconpass sug ltuents. as pyri dﬂ/-l
furyl, thi®nyllinkages £ ae siroriyie crspey cap e lithe FUdRITESEEP Qe Bikypgen,
and nitrogen. gangengeakind@anea:d haniivesd by @heriabbycend:Imer 22 7ian
one, non-hydrocarhon substituen ill. b resents for._every.t on
oo i n the ebeasarey Syreeaits Yspasiiy HomRER g AP hr Y ' 6. SRR
non- hydr ocar boh?ubst dndentsEihardie TRy i'géabbyl group. [0055] it is
ggg\é\ﬂ ]E_hat | S]g)f{f@m}‘; %B@th@?&l%ét %%h{%@ss&%é%gﬁtM'%ﬁ Y tcrxflmlg@é@leutestaﬂs.

e fingl fornul'ation, so tha e conponents ,of the fina v
formul ati oh medfihe g sy %’hf‘*“f“?%ﬁ? ?fﬁoé’e’mﬁﬁf“gﬁﬁé SPORRPHA T PRl bRt o
i nstance, net ahay bnscehal haeing beeapdeted genticivarcim lgdatcerttyd aoti bers
acidic or anionic sites.of. L el 85 o REREQIUGL S £.06 .

t her eby, i ncl u C’Ir‘l_tga%tdhae&fo’1‘}E)’cij(tﬁ:({g gfp]h g?n%%%‘goﬁ iégé%iggél_}ﬁﬂf\; ‘Eﬁé 'Co%géiofi on
of the presentsorit@dntiehmzipriaisst dewniged iugere duigil Hot & 2kuséSpl bl e
350f easy deg%@ﬁ@ji ,@;Eioﬁﬁﬁlﬁﬁéi Jgeiqg&ﬁa dﬁb%s@ii@@hﬁﬁﬂicﬁi‘aﬁﬁsi ameseasd materi-
reaction products.are | ncluded wthin the scope .ol the present, ..

| rvent + on20 ¢ heih el Fveay it St ot s e R b ST S s k!
enconpasses t hebsiinpdsilthanaprikplme o ypraniand ng stdsbydomsbrefmgalde-
descri bed hyde. Such materials may have the general siructure

OH

hGHyNH—(RQNH}x«RZNHCHZ
o
RiM
{including a variety of isomers and the like) and are described in more detail in

25 1.5, Patent 3,634,515,

§8036] Other dispersants inclode polymeric dispersant additives, which are

generaily hydrocarbon-based polymers which contain polar functionality to
12



above. EXAMPLES [0056] A series of formulations are prepared in an
EAE 5068(r)agf Idubrl cant base oil conprising a 72:28 wei ght m xture of

. SSO L1088 150N brightstock. Each fornulation . hed
cal cium sod‘?um and magnesi um det ergents (sul fonates a%g%%-si@%ﬁk&
al kyl phenol sulfide) in the anpunts indicated in the table below, in
wei ght percent. The ampunt of para- dodecyl phenol in each forrrul a-
tion, by analysis of the phenate cq I s also ri. .
wei ght p_erce_rltd”leﬁE%"tﬂ’?”F*B‘i‘ﬁﬁVé‘f‘i‘”FF 3 iFESrRd- to“’?"r" “Pafie i ’f(g jost-
test, which i nvatsesy phatingit hsy béstvazsvarrp*tf@ §ms.aARBOLAlSe PEhERE.Coker
apparatus and (eating L8:A20madheIsample, ksushk aabaddagainsts dumtal

plate for 15 seconds and en Tor seco he..spl ashi ng and
baki ng cycl e i®i »cf@ﬁt‘vb ﬁﬂ%‘ébﬂf’"é?ﬁ'aﬁﬁ‘é%f#‘rﬁlfcéffyc anly ”u]r%? R, “qgé?fpf% ¥
cooled to KOOFB&@:”B&L&NM@ @ndsHobghaupuntpohiddeRodrdset dfteilion qpﬁe

15nmetal plate is welg d. .Res 5 k€58 ed in the table in terns
of deposit f or HECFEN™ Ph iﬁﬁ?é% ?at gﬁ The Wyher visual rpating
nunbers are bdtéER. "r}cblsame'nn ofglispersant *:qusgga.ﬁﬁee‘u,‘j_mccgt may hsti §

percent by weight, for instance, 0.2 to 4 er 0.3 to 2 or §.4 10 1 percent.
16038] Other conventional additives may also be present in the lubricanis
1

e

) described herain, especially those additives that have been used in marine diesel
cylinder jubricants. Among known lubricant additives are metal salts of a

phosphorus acid, lncluding metal compounds represented by the formula

/xto

" N\ \\

pP—8—-Zn
RQO/ /
2

The R® and R” groups are independently hydrocarbyl groups that are typically

IS free from acetylenic and usnally also from ethylenic unsaturation. They are
typically alkyl, eycioalkyl, aralkyl or alkaryl group and have 3 to 20 carbon
atoms, such as 3 to 16 carbon atoms or up to 13 carbon atoms, e.g., Jin 12
carbon atoms. The alcohol which reacts to provide the R® and R® groups can be
a mixture of a secondary alcohol and a primary alcohol, for instance, a mixture

20  of 2-ethylhexanol and Z-propanci or, aitemaﬁvely, a mixture of secondary
aleohols such as 2-propano! and 4-methyl-2-pentanol. Such materials are often
referred to as zine distkyldithiophosphates or ‘Hmplv zinc dithiophosphates.
They are well known and readily available to those skiiled in the art of lubricant
formulation. The amount of the metal salt of 2 phosphorus acid in a complete

25 formulated fubricant, if present, may be 0.1 to 4 percent by weight, 6.5t0 2
percent by weight, or .75 to 1.25 percent by weight.
{08391 Other lubricant additive components may also be included in the present
lubricante. Such materials include viscosity modifiers, which may be inchided,

although many marine diesel oylinder lubricants do not include them. Viscosity

tsd
[ow]

modifiers generally are polymeric materials characterized as being hydrocarbon-

i3



Ca al kyl phenol sulfide, TBN 145 (incl 27%oil) 5 2 22 Ca

sul f onat e,

HE

]
<o

400 TEN (Mel 42%oil) 15.4 16.4 12.4 8.3 en 12.210.3
10. 611 % TN foi@emsa 100 100 76.1 c.

PCT/US2009/049664

hased polvimers generally having mumber average molecular weights between
25,000 apd 500,000, s.g., between 50,000 and 200,000, They may include
homopolymers and copolyiners of two or more monomers of C2 to €30, e.g., C2
to (8 olefins, such as ethyvlene-propylene copolymers, hydrogenated styrene-
conjugated diene copolymers, and polymethacrylates (PMA). A small amount of
a nitrogen-containing monomer may be incorporated in the polymer to provide
multipie functionality including viscosity modification, pour point depressancy
and dispersancy.

[06467 Ancther additive which may be present is an antioxidant. Antioxidants
encompess phenolic antioxidants, which may comprise a butyl substituted
shenol containing 2 or 3 t-butyl groups, especially t-butyl groups. The para
nosition of the phenol may also be occupied by a hydrocarbyl group or a group
bridging two aromatic rings. In certain embodiments the para position 18 ocou-

picd by an ester-containing group, such as, for example, an antioxidant of the

formula
t-atkyl
N
f! )
/ AN ?
HO | /\-m CH,CH,COR?
\\\// 4
.J'/
t-alky?

‘herein R® is a hydrocarbyl group such as an alkyl group containing, e.g.. 1 to
1Sor2to 12 or 2 to 8 or 2 to 6 carbon atoms; and t-alkyl can be t-butyl. Such
antioxidants are described in greater detail in U.S. Patent 6,559,105,

[6041] Antioxidants also include aromatic amines, such as an alkylated di-
phenylamine such as nonylated diphenylamine, including a mixture of a di-
nonylated amine and a mono-nonylated amine.

(30421 Antioxidants also include sulfurized olefins such as mono-, or disulfides
or mixtures thereof. These materials generally have sulfide linkages having 1 to
10 suifur atoms, for instance, 1 to 4, or 1 or 2. Materials which can be sulfurized
to form the sulfurized organic compositions of the present invention include
oils, fatty acids and esters, olefins and polyolefins made thereof, terpenes, or
Diels-Alder adducts. Details of methods of preparing some such sulfurized
materials eats be found in U.8. Pai. Nos. 3,471,404 and 4,161,659,

10043] Molybdenum compounds can also serve as antioxidants, and these
materials can also serve in various other functions, such as antiwear agenis. The

nse of molybdenum and sulfur containing compositions in lubricating oil com-
14
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posifions as antiwear agents and antioxidants is known. U.S. Pai. Ne. 4,285,822,
for instance, discloses lubricating oil compositions containing & molybdenum
and sulfur containing composition prepared by {1} combining a polar solvent, an
acidic molybdenum compound and an oil-soluble basic nitrogen compound to
form a molybdenum-containing complex and (2) contacting the complex with
carbon disulfide to form the molybdenum and sulfur containing composition.
10044] Typical amounts of antioxidants will, of course, depend on the specific
antioxidant and its individual effectiveness, bt iliustrative total avnounts can be
0.01 to 5 percent by weight or (.15 to 4.5 percent or 0.2 to 4 percent.
[00453] Other conventional components may also be present, including pour point
depressants; friction modifiers such as fatty esters; metal deactivators; rust
inhibitors, high pressure additives, anii-wear additives, and antifoam agents. in
one ambodiment a rast inhibitor such as & hydroxy-containing ether or a tartrate
or citrate ester may be present in an amount of 0.02 to 2 percent by weight.
Tartaric acid derivatives may also be effective as one or more of antiwear agents,
friction modifiers, antioxidants, and agents for improved seal performance.
100461 The role of a corfesion ishibiter is to preferentiatly adsorb onto metal
surfaces to provide protective film, or to neutralize corrosive acids. Examples

£ these include, but are not limited to ethoxylates, alkenyl succinic half ester
acids, zine dithiophosphates, metal phenolates, basic metal sulfonates, fatty
acids aund amines,
{6047] Anti-foam agents used to reduce or prevent the formation of stable foam
include silicones or organic poiymers. Bxamples of these and additional anti-
foam compositions are described in "Foam Control Agents”, by Henry T. Kerner
{Noves Data Corporation, 1976}, pages 125-162.
[6048] Pour point depressants are used to improve the low temperature proper-
Hes of oil-based compositions. See, for example, page 8 of "Lubricant Addi-
tives® by C.V, Smalheer and R. Kennedy Smith (Lezius Hiles Co. publishers,
Cleveland, Ohio, 1967). Examples of useful pour point depressants are polyms-
thacrylates; polyacrylates; polyacrylamides; condensation products of haloparaf-
fin waxes and aromatic compounds; vinyl carboxylate poiymers; and terpoly-
mers of dialkylfumarates, vinyl esters of fatty acids and alkyl viayl ethers. Pour
point depressants are described in U.S. Patents including 3,230,715,
130491 Titanium compounds incleding soluble titanfum-containing materials
such as titanium isopropoxide, ethyhexyl! titanate, and titanium-containing

dispersants may also be used fo impart an of a varicty of beneficial properties
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such as deposit control, oxidation control, and improved filterability. Some
such titanium materials are disclosed in greater detail in US patent publication
2006-0217271, September 28, 2006.

{0056} Any one or more of the optional components can be present or can be
eliminated, if desired.

100511 As used herein, the term "hydrocarbyl substituent” or *hydrocarbyl
group® is used in its ordinary sense, which is well-known to those skilled in the
art. Specifically, it refers to a group having a carboen atom directly attached to
the remainder of the molecuie and baving predominantly hydrocarbon character.
Examples of hydrocarbyl groups include:

[3052] hydrocarbon substituents, that is, aliphatic {e.g., alleyl or alkenyi},
alicychie {e.g., cyeloalkyl, cycloatkenyl) substituents, and aromatic-, aliphatic~,
and slicyclic-substituted aromatic substitoents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecunle {e.g., two
substifuents together form & ringh

[3053] substituted hydrocarbon substituents, that is, substituents containing
pon-hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent (e.g,, halo {especially
chlore and fluore), hydroxy, alkoxy, mercapto, alkylmercapte, nitro, nitroso,
and sulfoxyy;

[0054] hetero substituents, that is, substituents which, while having a predomi-
nantly hydrocarbon character, in the context of this invention, contain other than
carbon in a ring or chain otherwise composed of carbon aloms and encompass
substituents as pyridyl, furyl, thienyl and imidazolyl. Heteroatoms include
sulfur, oxygen, and nitrogen. In general, no more than two, preferably no more
than one, non-hydrocarbon substituent will be present for every ten carbon
atoms in the hydrocarbyl group; typically, there will be no non-hydrocarbon
substituents in the hvdroecarbyl group.

[0055] 1t is known that some of the materials described above may interact in
the final formulation, so that the components of the final formuiation may be
different from those that are initially added. For instance, metal ions {0f, .8, a
detergent) can migrate io other acidic or anionic sites of other molecules. The
products formed thereby, including the products formed upon employing the
composition of the present invention in its intended use, may not be susceptible
of easy description. Nevertheless, all such modifications and reaction products

are included within the scope of the present invention; the present invention
P ]
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encompasses the composition prepared by admixing the components descrined
above.
EXAMPLES
(30561 A series of formulations are prepared in an SAE 50 grade lubricant base
3 oil comprising a 72:28 weight mixture of Esse 600 N oil and 150 N brightsteck,
Sach formulation also contained calcium, sodium, and magnesium detergents
(sulfonates and C-12 alkylphenol sulfide) in the amonnts indicated in the table
below, in weight percent. The amount of para-dedecylphenol in each formula-
tion, by analysis of the phenate component, is also reported in weight percent.
10 Each formulation is subjected to the Panel Coker test, which involves placing
the test sample in & 250 mL Panel Coker apparatus and heating {0 325°C. The
sample is splashed against a metal plate for 15 seconds and then baked for 45
seconds. The splashing and beking cycle is continued for approximately 3 houts.
The sample is cooled to room temperature and the amount of deposits left on the
15 metal plate is weighed. Results are presented in the iable in ferms of deposit

formation in mg and visual rating. The higher visual rating mumbers are betier,

HOE A 3 4 5% o 7 8 9
Exampie
Ca alkylphenol |35 Z P 2 2 2 2 1 0
suifide, TBN 145
{incl 27% o1l)
Ca sulfonate, 1541164 1124 (83 1139 1221031061 14

400 TBN (nel
42% oil)

o TBM from Ca | 100 1100 | 761 [352.2(852 |75.3[63.8|63.6]64.0
Na sulfonate, H 2 0.5 2 2 2 2
448 TBN {incl

31 % oil)

%, TBN from Na | 0 O 6.5 130133 13113130131 113.0
Mg suifonate, 3 5 2 2 4 4 4

4030 TBN (ncl

42% oil)

% TBN from Mg ; 0 3 174 13470116 |11.61232123.2123.1
% Phenol 54 131 30 2% |30 30 131 17 10

Substrate®
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* A comparative example
10637}

simply reduced from 5% to 2% {(oil-containing basis), accompanied by an

a. as % of total detergent subsirates

The results show that when the amount of calcium alkylphenol suifide is

increase in the amount of caleinm sulfonate (comparative examples § and 2}, the
amount of deposits produced significantly worsens. Addition of 1% or more
sodivm sulfonate (oil comamnm} along with magnesium snifonate detergent
significantly improves the level of deposit formation and/or the visual rating.
(08581 Fach of the documents referred to above is incorporated herein by
reference. The mention of any document is not an admission thai such document
qualifies as priov art or constitutes the general knowledge of the skilled person

.

in any jurisdiction. Except in the Examples, or where otherwise explicitly
indicated, all numerical guantities in this description specifying amounts of
materials, reaction conditions, molecular weights, aumber of carbon atoms, and
the like, are to be undersioed as modified by the word "sbout.” Unless other-
wise indicated, sach chemical or composition referred to herein should be
interpreted as being a cowmercial grade material which may contain the iso-
mers, by-products, derivatives, and other such materials which are normally
anderstood to be present in the commercial grade. However, the amount of each
chemical component is presented exclusive of any solvent or diluent oil, which
may be customarily present in the commercial material, vnless otherwise indi-
cated. It ia 1o be understood that the upper and fower amount, range, and ratio

limits set forth herein may be independently combined. Similarly, the ranges

and amounts for each element of the invention can be used together with ranges
or amounts for any of the other elements. As used herein, the expression "con-
sisting essentially of” permiis the inclusion of substances that do not materially

affect the basic and novel characteristics of the composition under consideration.
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sodi um sul fbnate (oil containing) along with nagnesium sultanate
detergent significantly inproves the |evel of deposit formation
and/or the visual rating. [0058] Each of the docunents referred to
above is incorporated herein by reference. The nention of any
docunent is not an adm ssion that such docunent 10qualifies as prior
art or constitutes the general know edge of the skilled person in any
jurisdiction. Except in the Exanples, or where otherwi se explicitly
i ndi cat ed, al WwHunedhiegrd iguantities in this description specifying
anounts of materials, reaction conditions, nolecular weights, nunber
of car bon atons, and Alnmtihdckb,t l@reating beylimdbe of b ooinasliessbefgied chyn-
the word "abopyt smgg_ﬁpqﬁﬁ Q8 B4k cgfﬁag gqgmn&!n@ﬂmqu a%@tahba%%mn%e} | (N)

conposi tion r Ferr Rer ei n e Inter being a
commerci al gr 8@ Igast 874 WhichA i RSP R FCA AR Otlwé hﬂ%ﬂtlﬁwsmmy and 2

by- pr oducss, ﬂﬁfzﬂ%ahﬂauﬁlsg dasgeat haipauath) wiaiteddia@lsntwohpanaiteonpiied 4 y
under st ood tomtﬁ 11ﬁlrces% {el enpg eCIergmar cial grade. However, the anount
of each chem ca r’rff 19 seht ed excl usi ve of any sol vent or

di luent oil, whi ch Vﬁ‘@}iﬂbé%ﬂ@ﬁ}mﬁﬂl 9f the dBShderivedtiem dormretabcantaining
material, unl @étgro@hh&ﬁﬁpos@nﬂ HPreatadby bie dSmbR R&iAdRIS QR stibaty t he

upper and | ower a atlo I|mts et fort?ﬂ her ej

b6’ § ndopendentrg tanshiEHENGS Rrassd Sy pireon i o Eimd Shstnb sy bR n
el ement dib t hpercenteriisidnTB AN Ipeowidaitbit ogedihreorevinddnesiamgésgergentanount s

for any of the ot h%fhe?élg%r&l& Sﬁezuﬁﬁﬂmﬁ‘&{t%%%e tbta@dseéporeﬁmbqaateq@@he

25si sting essentij al aEp;_grm s the 1 nclusion of substances ?
not material |l P a*FF‘éfdﬁ splfenaradstereapicFuRBvAe 20t Ssh dea ity gight R?Fcet“hé {ne
conposi tion ut’tdﬁrdeﬁ@@@itd@ﬁiﬁfiatm the WhaicahiSis @lradimoetbricsir oligomeric slbstite
met hod for lu a f )
conpri si n% Su%ﬁrpﬁuém gngOlC])ﬁa r\ﬂ',ei{s 0 all%d qﬁﬁi{pﬁ&teg fis éﬁ%’l gletj[ubl;[ C(im us
nunber ( TBN) @?afd?&ﬂtéa%ﬁlkzbgmﬂ/ﬁloéﬁiPdﬁPF‘ﬁ@ﬁt“%&rﬁﬁﬁses an oil of

| ubricating viscosidper@i@aid rﬁﬁﬁteadlefeq)eﬁah@m@:e&atvﬁm@n uigGIPIonERh ,
whi ch det er gent rises. a.mult.iplici et er gent

[oXo)
speci es; Olt%‘}gggfﬂsqéop pgbngﬂxrog bﬁ/tw%l\g ‘ﬁana%ﬁ derived fromthe
metal -contai ni ng def eftﬂa%&g%@%?i?ﬁﬁﬂtl @m%‘%}{é g E’M}Sﬂﬂﬁecp% hefBl §ubstrate

cal cium detergents; such TBN"Is provided by one or
nore sodi um dé”tE@rﬁ@‘i?%‘m%ﬁ‘&f@etslfbbsﬁli"j‘telOper cent of such TBN is pr ovi ded
by one or, nmore magne umdt t

wei ght pe‘ipcent of t Sf g@?%@&&&wgﬂﬁlg tpﬁ?ﬁyﬁ)ﬁe?ﬂ su'fe%r ug%t te 15
sul fonat e det e?rpg@nntesllipbshd: sgrectaed | ess than 50 wei ght percent of the
total detergent subsgjfyate inf[the pybricant|is q%ﬁmnorrerl c or

ol i goneric substratg conpri si s of

al kyl - substit it ed P enoI V\@g‘g 15es | east one

al kyl group of in said marine
di esel engine is d{wi th |IC]UId f uel ntains at |east 2
parts per mllio . e nethod of claim
1 wherein the al yhstitut | subft ate/' an al kyl phenol
sul fide substraté&; 3.\gthe net hod of clatm erein the

al kyI phenol sul f( d)e’ substratg 4 representied by the structure OHOH
R2)", wherein each y is i ndependently 1 to 8; each R2 is

[ ndependent | y waiarednh kadh ygisaugepeadahlyw ioss;ieadeReé dedtepdénttyoaralkyl group;

provi ded that efh \Lﬁ?‘ﬁﬁieﬁé}ﬁeﬁ‘tﬁfﬁ% B,Cplro'vﬂigdcflgﬂta@le'aﬁ one aromatic ring contains

235 an R? substituent containing 8 to 14 carbon atoms; each T is independently

hydrogen or an (S)y linkage terminating in hydrogen or a non-phenolic hydro-

carbyl group; and x is 0 to 10.
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25an R2 substituent containing 8 to 14 carbon atons; each T is

i ndependently hydrogen or an (S)y linkage term nating in hydrogen or
a non-phenolic hydrocarbyl group; and x is 0 to 10. 4. The

nmet hod of any one of claims 1 to 3 wherein the al kyl -substituted
phenol - cont ai ni ng substrate conprises about 1 to 45 percent by wei ght
of the total detergent substrate in the |ubricant. 5. The met hod
of any one of clains 1 to 4 wherein the sulfonate detergent 5
substrate is reprefenmethodyf RRY Ta¢ 808k)ms 1 o MsdeeimthE -llsylaubstithied
nucl eus; R2 i shafd-abidhald &bgﬁQQQomﬁaﬁgés égfﬁpptt(?‘hflﬁe ﬁﬁt%ﬁ_@bﬂg% t @lthe

| east 15 carbon atoms and a i s of “any
one of cl ai ns'ofdl dét%c%éilléﬁtﬁt%lé‘ltbﬁf”wlé?mo of My to Na in the

| ubricant is O. 1., 107. The Iho e cl ai.ns to
6 wher ein the | obr TSRECRRbAL el Bk bicrs wdFigHt TeehLiars ariessn
over based Scal @%hﬁﬂ‘ﬁt@uii fapnesceted dydt g’éﬁSOaﬁﬁH vdeseit Han a2ydioeidts; R” is
percent of a gehgfeRirday(RY+e cgﬁﬁﬂﬁ%{ fofal OF a0eh GQREY, %nsalt'gﬁg Vﬁ[ﬂ%ls

conpri si ng one or rirDre units of the al kyl - substltute pheno Ichin
turn conprised & l'east one alkyl group of 8 to 14 carbon atons. 158.

Th t hod of the | ubri t
Tpr i 56s. 0. a%y emQE(hoﬁ an 8léen§tod o ovepgﬁlsegrb g’e’iﬁ %ﬂ%ﬁnsﬁlhﬁﬂﬁ%ﬁé

conprises 0.3 to
detergent; antd @eiuhlwﬁ{’stls%i@@ Ipercent of an overbased magnesi um

sulfonat det er n@?ﬁ The net had, of an% one of clains 1 to 8
wherei n tfle | ubri cHft MEGRPOE amSone ploclaimsel ek ivhpipingie duiricaar eqmpises
al kyl phenat e {létteBdentighdpdroent Of pebeaibhseldyaluhigRtifedd€ Hetorgs i {iRINaise

detergent, It If te deter.gent d
15 10 3 per cont 2By vl ope ek ddhucEadh HIYBLn SR L BTG RL g B,

met hod of anydFée BIMBIENSHHNE Ot GO yinsrodithe alkul- mhﬁhi%&almhenalswmctl@m aun

base nunber oforafrideeaskead@ne alkyl group ofB to & apBIshAEmef any one of
claine 1 to 9 wherein the lubricant has a total 25base nunber of at

| east 40.15 18, Pod mbihbd afitnsoid efidleinfsor tol Uyheeat ihadutaicayt tomigiseof
a marine di esgh (09 NEig he o BF B9 o8l bRl seawhp%fog%'£%r¥élﬁ08ﬂf¥to

and a netal - %Eta”]q % er gent corr%)onen t'ergefit conponent
conpri ses a PR tc)?“b?f %i’e‘?"él“&@ n@ﬁé‘%ﬁ”&@ sul{gpage ﬁ@fﬁl‘rgleéfant haV| ng
a total base nu Q rein.50 to 90 percent
ot The TBN der i doa e BePdT plt ar EoeAR ) HErEbY R gt B e
provi ded by oh& %PGW@YCWIQIIW@@méﬂl@ém@ate&fqt@gfhﬂ, Her t@percedt byuch
TBN i s ppovi deeighyc008mOulfBRAE dSRAFAM Idﬂ%t’ﬁﬁé}@aﬁ%y vth ol Qinttsul Eféent

oherein at | cbegt BB Lo Jakeht Bopeidi %?%ﬁ%é?}téwgﬁﬁééwghate
wei ght percent 57 TeatrbPaBE G SERh: TAFS R SRRy mEBRORS a
MONONeri ¢ or WSFQBWPFH% o derst 3Gt e corrprl sing one or nore units of
Skl aroup of S iembad BhADAp AL IR ok Pher e et hisdiier!
conpri se§5variaadcunmas1 of atdsul 40.0f interaction with a

vanadi um-containing fuel within an engine. 13. The lubricant of claim
12 havi ng a t ot &% biguicapnmeablsffontubrigasne Baylinder of a marine diesel engine,

comprising an oil of lubricating viscosity and a metal-containing detergent
component, which detergent component comprises a multiplicity of detergent
species, said lubricant having a total base number (TBN) of at least 25;

30 wherein 50 to 90 percent of the TBN derived from the metal-containing
detergent component is provided by one or more calcium detergents; 5 to 40
percent of such TBN is provided by one or more sodium detergents; and 5 to 45
percent of such TBN is provided by one or more magnesium detergents; and
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14. The lubricant of claim 12 having a total base nunber of at | east
40. 1015. The nethod of any one of clainms Ito 11 wherein 55 to 80
percent of the TBN derived fromthe netal -containing detergent
conmponent is provided by one or nore cal ciumdetergents; 6 to 15
percent of such TBN is provided by one or nore sodium detergents; and
10 to 35 percent of such TBNis provided by one or nore magnesi um

det ts. 1516, The .l ub claine 12 to 14 wherein
52 £0250 per cory e detRLAF Bient er 3R siify Btard BréRp fibsirarerig che Too-
det er gent conjsenentsulifenate dstbigent dmpstorie and layp thendal wiighn mhetear geiks; 6
to 15 per Cemtotgf %&&%Ql}tTﬁ%tizﬁe Hf@l\é'lﬁi&pcag?;ls%rlﬁm%mm& %9}3 %We subsuate

erce SuUc rovi
gg? Zr ?TSSLZSI Gﬂinﬁgflélpé’élﬁtoép 02(@11111‘[3 of alkyl-substituted phenol which in furn compus-

5 es at least one alkyl group of 8 to 14 carbon atoms; wherein the lubricant further
comprises vanadium as a result of interaction with a vanadium-containing fuel

within an engine.
13. The lubricant of claim 12 having a total base number of at least 30,
14. The lubricant of claim 12 having a total base number of at least 40,

10 15. The method of any one of claims 1 to 11 wherein 55 to 80 percent of the
TBN derived from the metal-containing detergent component is provided by one
or more calcium detergents; 6 to 15 percent of such TBN is provided by one or
more sodium detergents; and 10 to 35 percent of such TBN is provided by one
or more magnesium detergents.

15 16. The lubricant of any one of claims 12 to 14 wherein 55 to 80 percent of
the TBN derived from the metal-containing detergent component is provided by
one or more calcium detergents; 6 to 15 percent of such TBN is provided by one
or more sodium detergents; and 10 to 35 percent of such TBN is provided by
oen or more magnesium detergents.

21



