DI ESEL CYLI NDER LUBRI CANT O L COWPCSI TION [0001] The
present invention relates to |ubricant oi

conpositions suitable for use in two-stroke diese
engines. In particular, the present invention relates
to diesel cylinder lubricant oil conpositions. Mire
particularly, the lubricant oil conpositions of the
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in turn be preferably used to lubricate engines powered by fuels that contain

lower-than-conventional levels of sulfur. Furthermore, the present invention
is concerned with methods of providing enhanced protection against corrosive
wear, while preventing excessive deposit buildups, and providing lubrication
to the cylinders in 2-stroke diesel engines. The present invention also relates
to the methods of preparing such diesel cylinder lubricant oil compositions.
[0002] In the not so distant past, rapidly escalating energy costs,
particularly those incurred in distilling crude oil and liquid petroleum, became

‘burdensome to the users of transportation fuels, such as owners and operators



that are nore fuel efficient. D esel engines may
generally be classified as slow speed, nedi um speed,
or hi gh-speed engines, with the sl owspeed variety
bei ng used for the | argest, deep shaft marine vessels
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slow-speed diesel engines, but some may also operate on distillate fuels that
contain little or no residue. These engines can also be used for propulsion,
ancillary applications or both on deep-sea vessels. Slow- and medium-speed
diesel engines are also extensively used in power plant operations. The
lubricant oil compositions and methods of the present invention are applicable
to those operations as well.
[0003] A slow- or medium-speed diesel engine that operates on the 2-
stroke cycle is typically a direct-coupled and direct-reversing engine of

- crosshead construction, with a diaphragm and one or more stuffing boxes

separating the power cylinders from the crankcase to prevent combustion
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| ed persons skilled in the art to lubricate the
conbustion chanber and the crankcase with different
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persons skilled in the art have formulated diesel cylinder lubricant
compositions to include various overbased metallic detergents, which are
capable of neutralizing the sulfuric acid. For example, conventional marine
diesel cylinder lubricant compositions typically have a total base number
(“TBN”) of at least 70 (as determined using ASTM D2896). Those
conventional diesel cylinder lubricant compositions are referred to as “high
TBN oils” herein.
[0005] In recent years, legislations in various countries and regions of

- the world sought to reduce pollution from diesel engines of ships and other

industrial applications by including measures to reduce the amount of sulfur in
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Shi ps” has inposed stricter pollution regulations,
including limts on sulfur oxide. In sone geographic
areas, often called "SOx Em ssion Control Areas," or
- "SECAs," restrictions on sulfur in fuel are
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of stati onary diesel engines in the SECAs as well as
ship oWHRessd whibie dysathace. excl usi vel y or primarily in
those areas al so have the option to continue to use
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as it navigates to some other areas, be required to use diesel fuels having a

level of sulfur as high as 4.5%. Certain diesel cylinder lubricant oils have
been formulated specifically for the SECAs where the sulfur levels in diesel
fuels are below 1.5%. These lubricant oils are called “low TBN oils,” because
they typically have a TBN of at or below 40. Operators of stationary diesel
engines in the SECAs as well as ship owners who operate exclusively or
primarily in those areas also have the option to continue to use the
conventional high TBN oils (i.e., lubricant oils with a TBN of at or above 70),
but they must apply those oils at a slower feed rate to avoid producing

excessive hard deposits on the cylinders due to high thermal loads on
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operator of the diesel engines nonitor the cylinders
continuously and adjust the feed rate according to
the | evel s of deposits and wear he observes. This
reducti on and conti nued adjustnment of feed rate is
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environment will reduce corrosion so nuch that the
li ner $educienandrontmedtaginstraent of Feed mate isvsotssartydo lpodveint not
the lubricant oil. This over-reduction of corrosion
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Will inturn lead to wear and continued polishing of
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netal -to-netal contact is inevitable in a prolonge
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changi ng  engine conditions. [00071 Majority of the
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shi ps sm@ith ahd ynableaselold e MiaTcaael, Alis @er38uctiOih of corrosion
weeks if not nonths at a tine, therefore, nust carry
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corrosion. Thus, prudent users of diesel engines who operate exclusively or
primarily in the SECAs typically switch entirely to low TBN oils for their
lubrication needs rather than undertake the delicate task of continuously
adjusting the feed rate of high TBN oils in accordance with the changing
engine conditions.
[0007] Majority of the world’s deep sea fleet, however, is represented
by ships that operate only part time in the SECAs. These éhips typically travel
and/or operate at sea for weeks if not months at a time, therefore, must carry

lubricants onboard to replenish or replace used oils, so that their engines are

effectively lubricated and protected from the perils of harsh operating
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SECAs and at reduced feed rate in the SECAs, the
exacting requirenent of nonitoring the power
cylinders and adjusting the feed rate according to the
| evel s of hard deposits nmakes this approach
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|l ow TBN oil, so that a_ choice between those two Qils
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avai | abl e di esel fuels. [0008] In the long term al
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requiring lowsul fur diesel fuels. In the near future,

howev eappredrhp Underecestadr circapBtaté3rveher®utrg 160 Bl furdest Ofuels
carry both a | ow TBN and hi gh TBN cylinder [|ubricant
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nore preferred, approach nmay be to carry various

addi ti ] WX ole] I sp_that

br i coerdPRREE 1F adtuGSecting GERERM FpfiGact3 g g ovners or
the diesel fuel t ) nd, the itions. (e.qQ.., .

| evel SOPCﬁTat%i? cﬂ%glﬁj@ﬁﬁgl?q%%??‘lﬁhm Ogﬁa ﬁd%‘ng%Nﬁ'ﬂ’é’ so that a
present invention pertains to certain corrosive

wear - coivisedetvgenithese Awe oilpanchq made dependiegen the leeadieof sulfur

into oil concentrates and serve this purpose
conpetignib¢ gvailablo deselduelsi ves are conpatible with both
"high TBN and low TBN oils, thus can be bl ended into

the | uooo8jant oilhshd Rhg &, bl afckBSrcpidndOL the WolR WIHGARIY be
and the non- SECAs. [0009] Corrosive wear is a

- vel | - kegwnp IRREQRrdesd] RS8R 1 n@ﬁsfuturgzmoare%%ﬁ?%biﬁfowners or

[
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ooty i o P 0 e

in th rt typically. use frjction nodifiers, which are
kn Ovmeh[ﬂgncant XI?OH oard themr Vesseis. AnaI}ternatwe, or perhaps more preferred,

approach may be to carry various additives onboard ships as oil-concentrates
so that lubricants can be blended in situ according to both the diesel fuel types
and the conditions (e.g., levels of wear and deposits) of the cylinders. The
present invention pertains to certain corrosive wear-control surfactant
materials that can be made into oil concentrates and serve this purpose
competently. Those additives are compatible with both high TBN and low
TBN oils, thus can be blended into the lubricant oils for applications in both
the SECAs and the non-SECAs.

--[0009] Corrosive wear is a well-known problem in diesel engines.

This type of wear distinguishes from physical wear or scuffing caused by
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sinmply reduce the friction between surfaces that cone
into contact with each other during operation, thus
reduci ng wear to these surfaces. Specifically, as the
surfaces nove cl oser together, the lubricant is

squeez atireotiéoniet WEROvinE eibtal siafideNITH Bbzﬁbﬁ%@&fﬁﬁg or 1E‘)rltl‘;fé%ical wear,
“friction nodifier nolecules in the |[ubricant béco
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illustr teﬂ above, there is a limt to how much one

m ght 0?‘??6 LS Opqratiopgiius fedycime pear (o thesecarfacesi Specilieatly, as
though it m ght theoretically be possible to

neut r alth&BIrires meve deses tagethel, thealubricant oquedediontilegveen them.
conmbustion, because of concerns for hard deposits and

| oss ofDurimgtthis pkedssethedtiction sdifier meRuhlks indBé RMSant become
skilled in the art use certain other additives to

suppl eagsvirbedcsiid Bieisulaok8 AhereBV difhed FtRER] BS s@FacaY! 31'?5playing a
addi tives include various zinc- contalining conpounds.

ot XMl Ui R St Ml P 00 L BRLOR Ry o
of at E&ggétag&)ioJc{]r{ellgéﬁéégg:ﬁSI tion includes a borated

ashl ess" di sper san “Rore overbased netal

conpou nd a zinc dialkyl dithiophosphate providing

0.02 t H’q’af'ﬁ 3w é‘%‘ﬁ‘?@f@te@@g@@@ﬂﬁfﬁﬁ adimif foeow Naeka bhg/might

i ncreasi ng the anount of zinc above about 230 ppm

unexpeticeassthe dBN of agives libvitap eilf evemahoughlhiemadht tieoietically be
y

ring and linear wear. U. S. Patent No. 4,948, 522

di scl opesdibiioimeatralizsdl of thd Ul acitl WasdueadBsring combustion,
conprising a borated di spersant and a pol ybut ene, and

opt i onigdchifsedf céhé&nﬁbﬁhﬂ&}lld@fﬁ%‘% gﬂ&‘ﬁ%ggﬁ&ﬁlﬂ%ﬁ% &osion. |A(§ a

over based netal detergent. ricants were sa

to h ' ! d _Liner. wear...per f or ngnce
VO and ElERERYAE i dn 0k B A SnR8ki G oppRfcn:

No. 6, 140,280 disclose succi ni m de, conpounds that
exhi bi PROSIVF SER O igF %o%%”h Hvesducladeyasious zine-

containing compounds. For example, U.S. Patent No. 4,842,755 disclosed a
marine diesel cylinder lubricant having a base number of at least 60. The
composition includes a borated ashless dispersant, one or more overbased
metal compounds and a zinc dialkyl dithiophosphate providing 0.02 to 0.23
wt.% (200 to 230 ppm) of zinc. Notably, increasing the amount of zinc above
about 230 ppm unexpectedly led to a loss of performance benefits in ring and
linear wear. U.S. Patent No. 4,948,522 disclosed marine diesel cylinder
lubricants comprising a borated dispersant and a polybutene, and optionally a
zine dialkyldithiophosphate and/or overbased metal detergent. Those

 lubricants were said to have improved ring wear and liner wear performance
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in diesel engines. It also disclosed that conventiona
anti-wear agents such as zinc dithiophosphates and

nol ybdenum di t hi ocar banat es, nay be used as co-

additives to boost resistance to corrosive wear.

[0011] ayl\ﬂgbod bty h ORRE Bbrr&iod. q\,"\.’STﬁ}geﬁt%. 630086l sStosed
the need for corrosive wear control becones nofe

acute. gy j | evels .in the fuels, .

The. parTatinitle Srifbnd PaCH I corBiEhTeeidBpblind Wi Sesistance
sul furi.c ;aci,d i.n the exhaust. At such | oqw TBN | evels,

the sul'f BT CaeiPes JF Aot SORH A poREBIOTA ErEresF asents Such as
typically(ﬁ t effectively neutralized. Certain

addi t | ¥ dibiaphossbales paslalybaerumndistiecroasnatess ma basad as co-
control in a low TBN environnent. For exanple, in

U. S. Paddifivestphops aesistance 0 etosD@3vdapubl i shed as US

2005/ 0153847 Al, on July 14, 2005), a narine diese

cyl i nd¢eo11yibr i caWith tedpegbprhan of By TBNAubiaal oikA8R need for
nunber of at least 30, preferably at |east 35 or

nore, GOMBNIVSWES c()ﬁl}ol%cﬁﬁes%oﬁ)é’a%te.a Byv@l biflthe low sulfur levels
| ubricating viscosity; (b) at least one detergent

pr epar t rfactants referably . . .
“phenat gijtg% gﬁ) éﬁé Slﬁef %a%g?ﬁeths? \llj&r??sgté?%eg rerpgil egEOSFi iﬁ:ﬁull%ﬂ‘é acid in
bor on- gont ai ni ng. di sper pr.ovi di at least 100,

ppm of ﬁﬁ&?‘ﬁ?ﬁ“' a‘gﬁsufggo"g\ts[%ﬁsﬁg ?lsﬁh% S‘Q?‘H’&-a@@rﬁfﬁﬁmﬁeﬁ guring
antiwear additive preferably a zinc dihydrocarbyl

di t hi off¥iBRYsHaR aredypioalli pay effoetivelshaautraioed. (jemtpin additives have
preferably at least 250 ppm of zinc. That |ubricant

conposbeendnuwbi® enbariced tarrguivanivele conpsldy e dow MBNe&tvieAment.
agai nst corrosive wear in the presence of 230 ppm of

zinc, Bockxamples il U.S PaRhONpSIR 2660 H0/9BROOPAbESHH A5 US
even at a low total base nunber, such as for exanple,

wh 1 ' [ Pat.ent

Aopl | oo aSI DAd s HIY b 208K wpRRE Rlesolzy Bos TS

A ; 006)., .di scl d I [ t oil

corpos; EaaRARvInY ashiaD e By gt et U pistarpsatfeast 35 o
cylinder liner protection, particularly in the areas

of t he™ELf PRSI abtEWhyoantasl ofdubrisating viseesity; (bhat least

conposi tion conprised
one detergent prepared from at least two surfactants, preferably phenate and

sulfonate surfactants; (c) at least one boron-containing dispersant providing at
least 100 ppm of boron; and (d) at least one zinc-containing antiwear additive
preferably a zinc dihydrocarbyl dithiophosphate providing more than 230
ppm, preferably at least 250 ppm, of zinc. That lubricant composition was
said to provide improved protection against corrosive wear in the presence of
230 ppm of zinc, and was said to provide good wear protection even at a low
total base number, such as for example, when used in a high sulfur
~-environment. U.S. Patent Application 11/265,838 (published as US

2006/0116298 Al on June 1, 2006), disclosed a lubricant oil composition that
8



(a) a major anmobunt of oil of |ubricating viscosity;
and (b) a m nor anobunt of an oil-soluble or

oi | - di spersi bl e nol ybdenum conpound, and had a TBN of
from20 to 100 and a viscosity at 100C in the range of
from?9 Sdin@Bered effE8ive byieicha S isiye!

t hat celﬁ?gi n surfactant rmt)éri al s%{&p&ﬂgﬁg)inhﬁrﬁ%ﬁe%wgl tge areas

| ubri cagfithcAi i = k i.esel .engine . ‘
eyl ndar RS e BARES biong 1y CfosR e Sl By B Wprised
oil to [LOS vie ar_.on those cyl]jnders.

Mor eove(rgj,’ g#ﬁ&frra& g%taoaogig%F%ch?g BFestyr45di(bla g amgunt of
not affect.lﬁdhkéﬁ t he ESN o,% the | ubricant oil

conposi 3 BrSolEe pral-Aispersiblayaelybdenypy eomneynd.rad dad aTBN of
provi de_ enhanced corrosive wear control w thout adding

to t he fesmefto H0 anderseositgat HOPG én thabarige afifroni 9 to 30 mm’s™.
maki ng them particularly suitable for use as

addi ti V8812]n | ow WBhhwei foend Sippissingigdhial tot@en &frBictant materials,
divergent in their nmechanisnms of action, although all

can be vaghegdidedonl a Sibriéating &l bdmpssitiohWof & .
surfactant-rel ated rratrerinz%s. [O%?L%]l 'Iliﬁi gg??iﬁ%‘f‘ﬁgfengme

offers WM BRI rollj rrosive .
vear DRy SRt FRan ol nE R B o6 RSN Somapive
drive ' vessel s erati in both I ow and high
sul ur Faer P8gs haterty M o bl capagiesicandolsrorropks wear i
I nvention ?ff%r Egrti cul ar advant agies i f an owner or

oper at 8Pt Afected pydbe IBNypfithe lubricat o1l wampesition. UBithenneore, these
addi tives onboard as oil concentrates, blending them

i nto | sWfackahmatsriels prowide ewhancedsasirtosivh evearaintrol Without adding

| ubrication needs. The finding of these materials

al | owstat the exteaniesflovpasihgin the hetcat BN RMeGhan ?iax'i‘i%ﬁrly
type of corrosive-wear Inhibitor that can be bl ended

into | ayabBNoPideSas abdiethes 15%@'%1@ oil &My 3k Ll&di%ﬁé?ar@&i\(rgrgent in

internmediate TBNs as a result of m xing vari

Pr Opor fe %R iglﬁy\’otﬂ%’ﬁ{)&: alelt;us)?gr}g @lp igzgﬂ@_e:rc%i\clggxiilgeﬁf_ structurally as

Furt her nore, ecause a

-------- - ----- - sone of these additives are equally
known 1*5E5PBLI% éur&‘éﬁ'ﬂ'%lﬁ‘i‘?é?}at?%- r oil

[0013] This finding offers new possibilities for controlling corrosive
‘wear in 2-stroke diesel engines, especially those that drive seagoing vessels
operating in both low and high sulfur fuel regions. The surfactant materials of
the invention offer particular advantages if an owner or operator of a vessel
opts to take various lubricant additives onboard as oil concentrates, blending
them into lubricant oils that would suit the real-time lubrication needs. The
finding of these materials allows the owner/operator to carry on board a single
type of corrosive-wear inhibitor that can be blended into low TBN oils, high
TBN oils, and oils that have intermediate TBNs as a result of mixing various

proportions of low TBN oils and high TBN oils. Furthermore, because at least
9



concentrates can serve nultiple purposes, further
reduci ng the nunber of additives that nust be carried
onboard seagoi ng vessels. [0014] The present invention

t hus provides 2-stroke diesel cylinder |ubricant

conposi dohens eseRddistaagrd/dfualy Endin oSRbHBE BispiidRGLHBEL ol
materials that denonstrate enhanced protection

agal NSteof&dnfiaiel ¥ah Wedd mglﬁgg: Lﬁ%@%ﬁ Bhuktier §é?fug$\g ?llw ﬁﬁnl?]er of

used herein refers to c at are s bl'e unde

nor mal ' nditions jn the base stocks or in

an addiatd%%g%{gg%ggg .bg‘f’ eleg P 8’%%35 SCAEANPENETSH1 f ur t her

provi d thods for preparing these diesel cylinder

| ubric jﬁ?ﬂi OnMposi QFigelgﬁ’ave@gg’ﬁ thus peavides Zpioli@ dicsel cylinder
corrosive wear of power cylinders in 2-stroke diese

engi nesubrigBricompositiphecqmuisag varinueeil-selnblesorfactas materials that
nmet hods of bl ending an oil-concentrate of these

sur f actdampsstiate gihbocediprdlectivn againstof©siot b@hr. SThet talph Soil-
conmponents into diesel cylinder |ubricant

CONPOSisbiubleS as uskd ettt AflerS UL RAGCHACREPATHIE URAS oPmal
| ubricate and protect 2-stroke diesel engines from

Ccor r oSiplpdie 2bnditlMRRG bds 9bels dilin F‘gﬁ‘%‘ﬂﬁﬁg]ﬁ?g&g%d lth?:arptresent

the inclusion of one or nore surtac errals

certai - di esel cylinder |ubricant .. .
conpos Fl}‘%%t?}gsr{ P otV 8%1&3% ’F%thggﬁ ﬁ‘F PiFPgng ﬁ@sel digsel edinder
conposjtions to prqQtect the power cylinders from

cor r osWPECHH SPmPHfiansAndusigithgm Ippreyrns Aomsesier weat of power
regardl ess of whether the diesel engine at issue

bur ns &vlindges-in distrake Higsal gngines éViofenwdr, thielprdsentenyention provides
having a sulfur |evel of about 1.5%to about 4.5% or

a | ow mathiods ofidendingliresibleofideairateiof thebd siefactaf@Miz BBy with one or
sul fur level of at or below about 1.5%. One or nore

“surf aciapt othéf&,hﬁaﬂlél:&nﬁéneh&qn@f&é@{;@yﬁméﬁﬁﬁﬂi&ﬂt Ecﬁﬂ?c;%ﬂions,
[1nd ['u t1on

bl ended into a diesel cylinder i cant conposi

- before e il I hoard seagoj 0 ..
P ecopr i B URRBIhHANdrthos BRAEH BRIGH hEFBRA 2o diesel
oi | -concentr.ate, to.be bl ended
engines from ¢orrosive wear,

SUMMARY

[0015] It has been found that the inclusion of one or more surfactant
materials in certain 2-stroke diesel cylinder lubricant compositions improves
the ability of the lubricant compositioné to protect the power cylinders from
corrosive wear. This protection has been observed regardless of whether the
diesel engine at issue burns a high-sulfur heavy diesel fuel oil (i.e., having a
sulfur level of about 1.5% to about 4.5%) or a low-sulfur heavy diesel fuel oil
(i.e, having sulfur level of at or below about 1.5%). One or more surfactant
materials of the present invention can be blended into a diesel cylinder

lubricant composition before the composition is loaded onboard seagoing

10



in situ according to the real-tinme l[ubrication needs

and fuel types. [0016] The first aspect of the present

i nvention pertains to a corrosive- wear reducing

and/or inhibiting oil-soluble surfactant materi al

sui t ablvessts, bit maddsd by/eurtid] hbdn@SRlan ©YILdoAE&Hirate, to be blended
| ubricant oil conposition. The additive's abilify to
cont r ol 694 EQBEMRe WARE rdaB i@t e PR | §Bes BN

Nor isl?t affeé#@% by rt é Téﬁ&g%uéﬁ%%Féggiggk@B%%l
CoOnMpoSihé to i the inhibitor is a part. The .
di esel [(% i nder \Mljfu ﬁr%gﬁecg?ﬁtB%BWB%gilweﬂ onyperfasdo a corrosive-
aspect can he wused to. |ybricate. the cylinders of a

70t T OREPHIEBEPE B PrEnTHRE GTrAuHE S pciESelora Bigble as an
containing as low as | ess than about 1.5% and/or as

hi gh agddibgeto adissel eylindsylubticant PHeompdsition.eThef additive’s ability
aspect nmay also be in an oil concentrate form [0017]
The sectoozhtmd percdsiaf wednés ot elsaesuli ofitdgh TBN. Peurtiaitasfedtad by
a diesel cylinder lubricant conposition with inproved

COr I 0S itheeT BN tiedabridht ol E&ﬁ?dslﬁcﬁx_sto I the id}Ebidbr is a part. The
corrosive wear inhibitor of the first aspect. The

di esel dieﬁé’llciyﬂlqrfé'rl H&%ﬁcﬂmoggﬂg}gféﬁ :oﬁggpas%];cf‘ttcgri}% assegggtlubricate

can be used'to lubricate t rs<o Stro

di esel i-nes_bpr pi a urrently avail abl e diesel
fuel 5. UEGRUBTE R A2l st eheife bpdbiiy berTa dfrst s
provi des a method of making a diesel cylinder

| ubr i cSPRIIBEGFSIPW Pdlestihap Akoud d Sdmanddersisdigh asabong 45% of
aspect, the invention also provides a nethod of

bl endi #gfus dihesdiitiog lof thieaspeet maycdsut be inampdsiontatratef form.
the second aspect onboard a sea-going vessel using an

oi | - c[aght r at eThé seomdiishedtiof eheRadent MRERIdnGlert@ins (418 diesel
first aspect, the anount of which depending on the

St the
real - t bymRdbrbiiSat LORpARRISwRR %}Bﬁ{hﬁr@ﬁ@ gygreaggoﬁfeﬁ?f

of the particular cylinders to

0L Sl A0S P PR e s

level Scy?ifndgrrl%r?gatnit ggmlfnoosgtiotnho ﬂ’(lzig leui;prn]egtecra?l b%fusgd t%_lubricate the
cylinders of 2-stroke diesel engines bﬁrning any currently available diesel
fuels.
[0018] This invention, in its third aspect, provides a method of making
a diesel cylinder lubricant composition of the second aspect. In this aspect,
the invention also provides a method of blending a diesel cylinder lubricant
composition of the second aspect onboard a sea-going vessel using an oil-
concentrate of a corrosive-wear inhibitor of the first aspect, the amount of

which depending on the real-time lubrication needs and/or the extent of wear

of the particular cylinders to be lubricated.
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stroke di esel engine against corrosive wear by
applying a lubricant conposition of the second
aspect. [0020] Persons skilled in the art wll

under stand ot her and further objects, advantages, and

f eat ur e§00dB] t he pleitembrth BYRDY BN nRYTBIRIHERS
fol | owi ng descri ption. %%LED DESCRI P'P% ﬁ)éﬁe&ﬁ&"f

| NVENT! eRdvidistOul mé{ﬁfaifbedo;ﬂgﬁ%l ‘TéJegsdof \Bg(%éf{ogsfoxatﬂg cylinders of a 2-

enbodi nents are descri

non- 1| i ctan rials
[0022] m’i‘hek% g#ééée e%a‘%%} °8H°?‘¥? 3’1"%% % 2pP ‘%% ybrigt

oi | conpgsition i table for reduci ng and/ or

i nhi bi t ﬁ@poég’ror“d)ﬁ]i‘}?e%ﬁ\%@rasﬁ"ﬁ’tt he power cylinders of

2- stroke Slesel engi nes, conprising one or nore

cert ai nl089L sol ublassons skifled insthe arteniB mindérstand other and further
Speci fi cal ly, the oil-soluble surfactants of the

pr esentobj¢aty edvantages med mhreudfabe pesdnt dstion by reference to the
traditionally been associated with deposit control or
di sper sfatlowingllékcriptionnot known to contr ol

corrosi ve-wear. Mdreover, the surfactant materials of

the present 'nmm%ﬁi‘itélﬁzﬁﬁf‘l @ﬁ%ﬁg&ﬁg@g;lgg.
Seagm ng vessel s t

of a cyli n..oil

concent r a t hat %IOP%P’@? %3%}3’85 F‘W??Pg‘ﬁh’a'@%téﬁfﬁ degeried
the c k) or ane quur | evel s of the diese

fuel s, %F X PareY e Poaq’ Wﬂlgliﬂﬁ%qaﬁﬁns needs of the

2- stroke di esel engines, and the extent of wear on the
cylinddrs. SmufactrntMaterialshe surfactant nmaterials of
the present invention, when incorporated in a -

suf fi ci[@2] anountThe pte@er&uﬁd’tﬁﬁo@rell‘ét@‘to-ﬁahbﬁ&aht 8il c&nb@s‘ﬁ’lon
.TBN oil, can effectively reduce corr05| ve wear on

cyl i ndeisablf foR kil Andlop
t he sul fur Ievél S |E t he fnﬁjeblgé%% |ve ?%ﬁ{eg:lc’%?cﬁgndem

\?vgglr ’negg %-és ol$éj&ﬁ§ee£ gﬁ%ﬁ{sd q?}%}%ﬁl%g oﬁenol}ln?cl)r% certain ofl rsglsulbye
surfactant materials. Specifically, the oil-soluble surfactants of the present
invention are molecules that have traditionally been associated with deposit
cc_)ntrol or dispersancy, but are not known to control corrosive-wear.
Moreover, the surfactant materials of the present invention can be carried on
board seagoing vessels as an integral (i.e., blended) part of a marine cylinder
lubricant, or as an oil concentrate that is later blended in situ depending on the
contemporaneous sulfur levels of the diesel fuels, the particular [ubrication

needs of the 2-stroke diesel engines, and the extent of wear on the cylinders.

Furthermore, the surfactant materials of the present invention, when

incorporated in a sufficient amount into either a high TBN oil or a low TBN

oil, can effectively reduce corrosive wear on the cylinders of 2-stroke diesel

12



surfactant materials retain their traditional capacity
to provide dispersancy, therefore allowi ng their use
as nulti-functional additives. [0023] As used herein,
the term"surfactant material" refers to a nolecule

that hawginsdep@aleadf (RE SNARIdRE ANt HAaR 1kR dRlefshd Lipthes.
a surfactant. It also refers to a nolecule that is

derive ; ;1 ' ' t 250 . .
subst anti T ernele e Ak AELormeSiba oS o B gi-sqluble
to | os h urfactant. characteristics. As it is

under st(:g l(])}gacf%d-é MR T8 5%81(‘] tr?&lt'f’ﬂ@ capacity 1o povids dispagsancy,
is a terial that can reduce the surface tention of
wat er @r%é’rel llowingsheir ype agmyliifynctiopgbaddivent | east

20% or at |least 30% or at |east 40% when used in
even sh¥f2B] anpuAsased igoein] thatemr Sadacdat madriatirkefers to a
typically conprises a hydrophobic end and a

hydr opidlécalecthat. hatheurfag thhoplopbrities aticadfbealassifib@s b@Mctant. It
nol ecule is generally about 8 to about 20 carbon

at ons LR Geferthd & nRtucAnati® ddivedFR Such aasﬁﬁg@t&ﬁtgwhﬂﬁ i€not so

m xture of both. The sources from which the

hydr oDQﬂﬁ#agl%iﬁ X(glﬁa% ed 1}?&11 'ﬁ?é sgjﬁﬂlf:tg{ltﬁé%u%e%%g E)ci ll\clwgefjthe surfactant

i ncl ude, e, natur

petroleum fractions, .relativel hort.synthetic )
ol y et RdiSres. A5 s i yndirsiod HigReseiskiied g, @ surfactant s a
synthetic al cohols. [0025] While the hydrophobic end

of a steksat hatcapseduep the sirfece tsatierpefsvatendy atdepsi Hot orant least
art typically classify each surfactant based on its

hydr ophi%i @ at kedst 20Vher et lzast 30%i or atl lemss ¢8%%pfhen used in even small
surfactants: (1) anionic surfactants; (2) cationic

sur f acammirgs. (3) non-ionic surfactants; and (4)
zwitterionic surfactants. In an anionic surfactant,

e o OB AR O SR gt o

o Do Sy SRR S oo e

| o < B Rafts bS5 ThO 3D Shfhpatorns long, Tk end can be aliphatic
aromatic, or a mixture of both. The sources from which the hydrophobic end
of the molecule may be derived include, for example, natural fats and/or oils,
petroleum fractions, relatively short synthetic polymers, or relatively high
molecular weight synthetic alcohols.
[6025] While the hydrophobic end of a surfactant is important, persons
skilled in the art typically classify each surfactant based on its hydrophilic end.
There are four classes of surfactants: (1) anionic surfactants; (2) cationic
surfactants; (3) non-ionic surfactants; and (4) zwitterionic surfactants. In an

~anionic surfactant, the hydrophilic end comprises an anionic group. Anionic

hydrophophilic groups may be, for example, carboxylates, sulfates, sulfonates,

13



sulfate salts; sodiumlaureth sulfate, also known as

sodium |l auryl ether sulfate (SLES); al kyl benzene

sul fonate; and fatty acid salts. In a cationic

surfactant, the hydrophilic end conprises a cationic

group. a6aphesphsted Y AEQRITnlyCaribb B facBif rﬂgsﬁe,?{;]ﬂ&ample,
e

derived froma quaternary amoni um cati on "of

St 1 uct WhgumNRAecyMshiturl u@@é ?rg%{%gﬂﬁ} 7 (;LMU 'a%@a&é’ %§§ other alkyl

Exanpl es of cationic s cét

trimet i um brom de AB), .al so kno S
hexacie CHIERE DRSSt PR Tk o AP 28 tlm Toury! cther sulfate
al kyl tr] hyl a niumsalts; cetylpyridinium_

chlori &éﬁép ?’m‘p%ﬁ‘if@tﬁﬁéfsew%;ta@d fati acapadind Frea cqtiomim) surfactant,

benzal koni um chl ori de (BAC); and benzethoni um chloride
(BZT) . therhydrapdilic endrvompsisesfaationic gravpe Gatinnicdrydmphilic groups
hydrophilic group is typically associated with water

at t heaetrhest ofiryy derived dfond a Qedty@bR)Hdn@feniGnyadbn 6Nk Riructure
Non-ionic surfactants may be, for exanple, alkyl

pol y( eNRy! /Mt tRXR BkingdIK) L%rao Ql Egidiﬁ@%fjc%ﬁonﬁgtﬁ{f?/&&ts

octyl glucoside and decyl | tosi de; various

al coho d | cohol ;

var i ouisrﬁ}:uggg L8 %llerilva |\k}§§1{18{°ﬁr§€e (:Cgfﬁf%Jé a%PZ‘B%WéaS hexadecyl
fromfatt cids of coconut oils, .suc s cocanm d

Ve Bt GBI SR btk TS R BRI ey

also contain two qppositely charged groups on one or

mor e ofetHpHBRM shlodriPQhpalyethoxyiated tallpweamine (POEA);
surfactant is a zwitterionic surfactant. A

zwi t t ebénaalkenivor dhderide(BAG)! acibeazetheniemahbioridedBEY). In a non-
neutral when it is at the isoelectric point.

Zwi t t efohferiufactant! fhaabanbsic Bpdrobklic ERIupSXBPRkRy ade8fdlwith
bet ai ne; dodecyl dinethylam ne oxide; cocam dopropyl

bet ai NRatePRILLRES nﬁ@% cg{ g@ﬁ)@ﬁﬁ%ﬁ%&i gﬂagﬁ.sNBH-%% en

type, surfactant S 1h water

preseng. g ceptrati | gher t a certajn
thres %%&aﬁtﬁ nfa‘%l) Si épog I0ETR s%‘“‘grPé’ Eyfﬁtﬁﬁt}ﬂ? B’b'ﬁﬂ= st‘yhnds
of the llecules line up on the outside of the
cl ust el?-ofl%“é‘if’islﬁ*ﬁ% spefsasetd gluapide and decyhipaltesies: vetoes gty
of the nolecules point inward. If the
alcohols, such as cetyl alcohol and oley] alcohol; various cocamide derivatives

tﬁat can be prepared from fatty acids of coconut oils, such as cocamide MEA,
cocamide DEA, and cocamide TEA. A surfactant may also contain two
oppositely charged groups on one or more of hydrophilic ends. In that case,
the surfactant is a zwitterionic surfactant. A zwitterionic surfactant molecule
is electrically neutral when it is at the isoelectric point. Zwitterionic
surfactants may be, for example, dodecyl betaine; dodecy! dimethylamine
oxide; cocamidopropyl betaine; and coco ampho glycinate. Regardless the

- type, surfactant molecules form clusters in water when present in a

concentration higher than a certain threshold. In those clusters, the
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surfactant nol ecules are present in an oil, then a
reverse cluster may form wth the hydrophobic ends
of the nol ecul es pointing outward towards the oil and
t he hydrophilic ends pointing inward. These clusters

are calhyephilic@hdLsf the ﬁfé@bcﬁfé@l&n@ﬁ#ﬁoﬁ YR Gadideoff tHé BR8er, facing
when the concentration of the surfactants reaches a

t : : |
ot e U P o 0
th | f the t in tion ma
h as eS g rﬁ AT AC éh‘ogac ! eé ager I%S%PEW %%nﬁ rF{?éseo‘gi‘slé‘Frd’éfm rm,
T o R ATt vt e

the present invention are generally not overbased or
onl y vandsthehydephilic eodepiingaginwaide THekE diisterssid ¢adlotl enicelles,
surfactant nolecule is typically at or bel ow about

50, " sueind thsy bedl tppicalbofokma@d whe Sie@badenitafisOof tad Sufacintso
about 17. As conventionally defined, the degree of

over bagdabigesiascelthin thiebBiRAd. QhchofticéRdIgN & nl&fcaHQ@“d}ﬁfc?f micelle

base per equivalent of the acid substrate
base nggREhtratiog™ TBN, of a given nolecule reflects its
ability to neutrallze acids. Typically, a nolecule is

a1 ow 938 BZ&S%@%‘%E&@W&%@W@? alibo Begeih vention may

bel ow bou 60. A hi over based nol ecul e has a TBN

of abo aragleH8tiqs;o Heta%eafﬁo Wnlibodetergonts rypi¢atlyaned as
exenpl ary enbodi nent of the present invention, a

sul fo n@ﬂ(él‘@a ¢ dicsed aylineer hrbrlaanttoﬂathmyeiaﬂmutfactant materials of
characterized as a detergent is added to a diese

cyl i ndike prastutiioesntionble AGRANS hbi @@rﬂa@e@éﬂiﬂlﬂ@e@@ﬁ@ﬁﬁﬁd
corrosive wear control, but the TBN of the 1 ubricant

Oi | i Sowfad®d.i Tie PB f
ot o bR e dgrdgﬁgslmt&@ﬁw%aﬁf Ricky 2 QBRI at o elow

et of GERTS AT ST oot 1 MG SR Al Bepoy 1 40

the conventionally defined, the degree of overbasing is the number of equivalents
of the metal base per equivalent of the acid substrate. The total base number,
or TBN, of a given molecule reflects its ability to neutralize acids. Typically,
a molecule is said to be non-overbased when it has a TBN of about 0. A low
overbased molecule has a TBN of above 0 but below about 60. A highly
overbased molecule has a TBN of about 60 to as high as about 500.
[6027] In an exemplary embodiment of the present invention, a
sulfonate surfactant material that may also be characterized as a detergent is
added to a diesel cylinder lubricant oil composition to provide enhanced

~-corrosive wear control, but the TBN of the lubricant oil is primarily provided

for by a pair of other highly overbased, detergents. In that embodiment, then,
15



| ubricant oil conposition, while the surfactant of the
present invention provides the enhanced corrosive
wear control. Typically, a surfactant nmaterial of the
present invention contributes |ess than about 10%

S nore @i RFRBInYg in RUSth AR REAHLs A acil ' i
about 2% of tr?g TBN to %é?e Iﬁ;I ubrsi tgg??lgéleg?iﬁﬁlﬂmgamy to the
CONPOSH b ¢ N . _

ot her - R R PRl ARIAHE Hhiberdo BERE oS o
i nvention. have charact.eristics of dis sant s.
nccor PRI Yo b RESRE W enoRntly Thafler suticspnt
dual ca acjai]y s a dispersant and a corrosive-wear

i nhi bi FBeT} tﬁ@p{ﬁsgg@pveaypxp FruTbYteRlesscthan akput 10%, more
conposition to which it is a part. In that case, the
sur f acpreferablus less than dfout 5%, prlessthan aboueite, ofithe IBN to the
generally netal - free and thus does not |ead to ash

f or mat lubnicating @iblebinipositioh@o phivhdanisia@rtor reduci ng
corrosive wear on the power cylinders, that surfactant

mat eri fjo28] SO SEENAR oftRr SHBBRNUIGRASHASIiAE of the present
precursors of deposits in oil. That surfactant

! orl. T f
depost Fefibh BATRERNAR0RAUE P isPhERH, RRudel. i surtectan

pol ar speciges into mcelles;. assogiatin i th ]

Col | of SRFETLTRY Sirde I GRbegRy SRS B rTsite wear
aggregating and falling out of solution; suspending

aggr egihihitop i the dteﬁ%lyﬁ}’g@@r fdricaef gikcomnesitiohito which it is a part.

| ubricant; nodifying soot particles to prevent

aggr eghtthafrease thd suviactamgnateal of thef mreseht imventfoads génerally metal-
energy of the polar species to prevent their adherence

to nefred artitthfisdd®s nol RARR ash fetnREieh. BYAdIMRY tolpeehG@Nér

oil conposition of the present invention conprises

one Orreidifts SMHES ARt AL oﬁﬂleeﬁd'v@ér 2 eijs? izt Elﬁ%%aglgﬁl;é?erial also

The one or nore surfactant nate¥|a|s are su

present. in.the | upri t ol co i ti.on i a nt
Durt s clests? b Spritderb Bl Hroenmry P eRRhS duotlap e gfectint
16 to inhi.hit or reduce the corrosive wear. The term

"i nhi ghitedal aygsnseendLlepgsits or precursors of deposits by, for example,

including the undesirable polar species into micelles; associating with
colloidal particles, thereby preventing them from aggregating and falling out
of solution; suspending aggregates after they are formed in the bulk lubricant;
modifying soot particles to prevent aggregation; or lowering the
surface/interfacial energy of the polar species to prevent their adherence to
metal surfaces.

[0029] A diesel cylinder Iubricant oil composition of the present
invention comprises one or more surfactant materials as described above. The
-one or more surfactant materials are suitably present in the lubricant oil

composition in an amount sufficient to offer substantially improved capacity
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herein, refers to a reduction in corrosive wear that

is nmeasurable in a properly designed bench or engine
test mmcking the conditions under which a 2- stroke

di esel engine typically operate. An exanple of such an
engi ne tocishibit®r rddbee BoLoRssiVgENRE THE &rm “BshibieSCrlREY as used
in various recent U S. patent applications,

i ncl udi Rgeinf @fer&danBlitiokimcorR |sGAld
10/ 481, 486~ (publ i shed 1zﬁn’s’u‘é‘“ 2 %@%"‘f@g’%&qﬁw‘%@bﬁ“ a properly

2'8782‘3‘a soiged Bt on ot bidnipt BTG e S0 R R yhish 0 2

W% P cl asures f these applications, to the
ext ent THPEG ’5?% GP%‘P%W ¥ OPFIRE- Aspeiaaplenfguelbamengine test is

and to the extenL they do not conflict-with the
di scl o BelneaHpgine Apfwasiispaibed imyasioun casentdy St paderisy
reference. An exanple of an art- accepted bench test

i s t he applientions, Pachuding faesxaBipbes KI.SEPakmd Applicates Soi b@ds1,486
for exanple, on page 393 of the FUELS AND LUBRI CANTS

MNDB%J[JIISEWM/OMER-[I(E@JOX%%M% an\9.S. Patent
‘TESTING (Totten ed. ASTM International,

ConshohggiieRion™y 2083003 huthRhd éls%’sbﬁé(%%ls%h!p’ Atl ﬁ)g Tuly 14,

i nproved” as used herein refers rovermnen

are at St 5% or,.even

T0% as?b@%np%?%%w?& ﬂ?ﬁa%esvsarﬂ <BEo PSR Gt Smpbo the
contalgig%a ant materijal. [0030]
Advant Bt Ehghe e Bibioghe Rup thsydoost bl idh fheidisclosures
of the gresent i nvention may be present in the diese
“cyl i ndérd flaises hesein, a¢ incornorgsedsby iedereiice. @m exampid ofah art-

about 2 wt.%to about 25 wt.% Preferably, however,

t he onecaptertberchstast fiathe Falcx M PaY dndl Eee B IO RIBHARS @sﬂ&esbxnbed
.the diesel cylinder lubricant oil in an anount of

about  forwkabipleCopape 392 Qf e FOE: Q@é}%{iﬁ
15 w.% In gn ex%%% | ary enbodﬁﬁéﬁ?hgﬁkmﬁgf%%esen

e Aol BSOS SUERNED hen e o

IC?/ ng?ﬁlgeri}%ro gkeﬂ gpg%llﬁgeé(en 155& )éb(lﬂ) fe te(i?%ns sElgsta%ZtgHy
improved” as used herein refers to improvements that are at least 2%, or at
least 5%, or even at least 10%, as compared to the results generated by a
sampie containing no such surfactant material.
[0030] Advantageously, the one or more surfactant materials of the
present invention may be present in the diesel cylinder Iubricant oil
composition in an amount of about 2 wt.% to about 25 wt.%. Preferably,
however, the one or more surfactant materials may be present in the diesel
cylinder lubricant oil in an amount of about 4 wt.% to about 20 wt.%, or about

5% to about 15 wt.%. In an exemplary embodiment of the present invention,

the surfactant material employed to inhibit or reduce corrosive wear in a diesel
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present in an anmount of about 7 w.% based on the
total weight of the lubricating oil conposition. In
anot her exenpl ary enbodi nent of the present

i nvention, the surfactant material enployed is a

| ow- oV gyinRRebiBAMNSI 18 a FERurebf @RWIE, s Lifdeat 3G MiBhol isomers

sul fonate, present 1 n an anount %@ about 8 vvt.!’o ase
th l: j | LA i ' [ .

o e phbn Yo bl TLHOH! B AR e g

B b R

i ncluding, .for exanple, cross-head engines or trunk
pi st onERRfiqTe the serfactprigpaterial cmplayed isvalpwsenerbased (hawings TBN
animal, a vegetable or a mneral oil. The lubricating
oi | mayf dheut hBrealséuna syléunats, present dean amckmt obabona B iwids, based
oil such as, for exanple, a naphthenic-base,

-par af f omile-tolabeeighosf the kbgclipgoiliompoditibgr nati vel y the
| ubricating oil may be a synthetic |ubricating oil

Sui tabpe SyOﬁlhﬁtﬂlﬂ)riddﬁh};W:fdb g 0i | include, for
exanple, synthetic estér lubricating oils, which oils

i ncl udgyod - | .adi di.- |
| ncl udpodiest et rakelofRflae WoodR LR Em Uil QShHE for me

ool shitgiene! Scee fers) Safpseinglidierier cxtidh crops-head engine

mneral oil is enployed in this capacity. 50032]

Anot hefr temkistent engimasi dae ilyhyicatingsoibuay awitablyf g an animal, a
purposes of this invention is hydrocracked oils,

wher e Yegetablefar nimigerat it.e$he fubritdimp dilrreakfirtiorie a pdilecum-
m ddl e- and heavy-distillate fractions in the presence

of hyddepiged Libkichtimgbil HRABS 1o &abnph) @ nAPItBERE Base, paraffinic-
pressures. Hydrocarcked oils typically have kinematic

Vi scosy =100 foofr ; : :
{05 by it 06l ARk 1 RCABAT L Gk
from 11

[ 0033] Ui bl 'Sﬁ%ébdﬁgﬁ}qﬁ%%lu%&ﬁqgégl B&Pﬁ‘%’&rlg)gﬁéalfgples

skill es()j/n‘éhgti(t: Qs%er trltt>ricta?ing oils, which oils include diesters such as di-octyl
adipate, di-octyl sebactate and tri-decyl adipate; or polymeric hydrocarbon
lubricating oils such as liquid polyisobutyene and poly alpha olefins. Often, a
mineral oil is employed in this capacity.
[0032] Another class of lubricating oils suitable for purposes of this
invention is hydrocracked oils, where the refining process further breaks down
the middle- and heavy-distillate fractions in the presence of hydrogen at high
temperature and moderate pressures. Hydrocarcked oils typically have
kinematic viscosity at 100°C of from 2 to 40, for example, from 3 to 15 mm’ ™

landa viscosity index in the range of from 100 to 110, for example, from 105

to 108.
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refer to base oils that are sol vent-extracted,

de- asphalted products from vacuum resi duum They
general ly have a kinematic viscosity at 100C of from
28 to 36 mmRs 1, and are typically used in proportion

of | es$0033pn 50, Thé teh ‘Beigh8RHekt RABedHy pdFRIR skﬂled in the art to
preferably less than 35 vvt % based on }t)he t ot al

- wei ght gt tgl'b%sé grth?t@a}é Qﬂvé?lllt Yacted hﬁé taéa)%gltedbﬂoducts ?()m

exenpl ary |ese i nder npositiron o

th t d ESSOIM Cor e

e R UG TP RPRRSTS S Ao bl o
35 wt . tur t h. anot her,

non- br {1 2 B8 %%Ese‘aammaé (OB v reBEior o esidben S0

| ubricant conposition of the present invention
i ncl udauchas dess Hrangfomate zarﬁfembljolelss than BHiwt26 desedopn the total
viscosity. By "a major anmount" it is meant that the

di esel weight oitibe libuieatimgosil campgstiint iAaexefipldrpbleyel cylinder
i ncludes at | east about 40 wt.% preferably at | east

abo ut BBrivdnt YomphRfieh & BE Bradtt Ym%hhd)r?@tﬁfl pride@uh bE@@OTM Core

.% and parti cul arIy preferably, at east

\awbofe 2)%ase (BB il ﬁ%‘h ‘?ﬁﬁ{"&gﬂ%‘iaﬁ? %lﬁ’ §g%%%g%art ofa

cylindet | ubrl can 0| I 3. Q/er based Met al
Det er gBATE® [% Bep gory; ’é‘gﬁ toglﬁb?sﬁgllcyl i nder | ubri cant
of the @resent nvention may further conprise one or

more olfPflased mEhedicssberingentubricons compositereef therpresint

detergent nol ecule typically conprises a surfactant
part aidergiomdnelhidespandjor Theurs of fmcil afitubpeatingofiscobiey. By “a
over based netal conpound preferably contains at | east

one hymsjor ambyrt” Grioteantithit thx@Bg Bylirdisr RbSibRS thhp&dition
on an aromatic ring. An exanple of substituted

ar omat dugtably 'iﬁblhc?es at rélélﬁ%butg;fo%% néljaﬁ %Ieast about 50 wt. %,
“hydrocarbyl " as used herein nea

car bor o araeRbl Tibal b6 % g?fé e?er%’@wéeast

nmol ecul. e v a_ carbon. a but does not exclude t he
pres erﬂlj’g %#Oaw{%,e P{' an o1l 0% lu'g]ncatlng v?scosrry as described above, based on

the total weight of the diesel cylinder lubricant oil composition.

3. Overbased Metal Detergents

[0035] The diesel engine cylinder lubricant of the present invention
may further comprise one or more overbased metal detergents. An overbased
metal detergent molecule typically comprises a surfactant part and a metal
part. The surfactant part of the overbased metal compound preferably contains
at least one hydrocarbyl group, for example, as a substituent on an aromatic
ring. An example of substituted aromatic ring is a phenol group. The term
“hydrocarbyl” as used herein means that the group concerned is primarily

composed of hydrogen and carbon atoms and is bonded to the remainder of
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atons or groups in a proportion insufficient to
detract fromthe substantially hydrocarbon
characteristics of the group. Advantageously, the one
or nore hydrocarbyl groups in the surfactant part of

t he metisd moRt&le RN cadbor a{i&np&ﬁ%rﬁ not 'eﬁé’lﬁ&g ﬂh@ Bréésfce of other
al i phatic groups, preferably alkyl or alkylene groups,

especi aldnys orﬁ(ﬁ%ﬂs ifh gf%%nﬁjghhmp&@éﬁ th ettt FroR&nd | LisBhtially

or branched t ot carbon atons I n

hydr oc [ rfactant, part o

sui t abfﬁgg%o{\i/rg?[gas e%Ct?{és%lgff Oétg? &r%en ;Adlvgmgﬁeof‘%lﬁsqle one or more
sufflc:hent t art. the desired oil- solubility to

the def¥HgesH Bqu thsysurfgriantnagy of the metal d%ﬁéﬁﬁtoéthe present
salts, fron1mh|ch exenplary overbased neta

det er gé@HeBtie are gliphntie geovpsi profsrabloaikptey atieidnegroupayespecially
non- sul furized or sulfurized, but are preferably

sul f ur alkgbgrofips, tihioh mazhia ther v lineph@tohhichad. ThetNanfber of
i ncl udes phenols that contain nore than one hydroxyl

group ¢&bén atomlsky hﬁ & S&jﬁﬁﬁ‘ﬁr&) ps@h tHe BB PARIF S shifHeS

(e.g., alkyl napht or “phenol s that "have been

modi fi 6drbYsed PrFs'Eg] ﬁ@ﬂergeﬁﬁl%ta't %Qs?t ui%f:?éﬂt Fohifngﬁa&%e desired oil-

nodi fi ed phenol's ude,

al kyl e henol. s Nhnnlch base condensed
phenolgﬁmghhqggﬁﬁﬁ%ﬁgﬂ“type phenyl s produced by a
reactlﬁ@ gf a phenol  and an al dehyde under basic

condi t [%93€]  pr ef Bhengls andies thsirephenste saltsgEpmwdich exemulary

formula: OHb | "~~ Ry wherein R represents a

hydr ocexdshdsedymstab detageyts of freggesehsinterttondnayWeeive, igay e non-
greater than 1, the hydrocarbyl groups may be the sane

or di ffubfueined orXIARRT buf drc pREbrabloshifusRd, ?Hﬁﬁéﬂﬂhé@&m
forms, sulfurized hydrocarbyl phenols may be

repr es‘fi:lhkﬁﬂ” By uded et Meliles phenols that contain more than one hydroxyl
group (e.g., alkyl catechols) or fused aromatic rings (e.g., alkyl naphthols); or
phenols that have been modified by chemical reactions. Such chemically
modified phenols may include, for example, alkylene-bridged phenols;
Mannich base condensed phenols; and saligenin-type phenyls produced by a

reaction of a phenol and an aldehyde under basic conditions. Preferred

phenols may be derived from the formula:

OH

S

L\
Ry

wherein R represents a hydrocarbyl group and y represents 1 to 4. Where yis

greater than 1, the hyd;ocarbyl groups may be the same or different.
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OH OH RY Ry wherein x is generally froml to 4. In

sone cases, nore than two phenol nolecules may be

| inked by Sx bridges. In both the formul ae above, the

hydr ocar byl groups represented by R are advant ageously

al kyl qoesms, Whilg theirBRukaRhBica f&%slgﬁﬁlrﬁé@ﬁﬁ{rt@%.ryyl
e

5 to 40, especially 9 to 12, carbon atons

aver agepBAHTb ipgdl | of the R group
bei ng ?h Ieag%ygén&ﬁ&gagdﬁyto ensu?e adequat e
solubility in oil. Preferreggal kyl ;,groups are nonyl
(tripropyl ene) groups. Hydrocarbyl {substituted phenols
are often also referred._ti0 " phenol s. " [0038]
Met hods of sul furizing Phénols S6rt_phemate are known to
those skilled in the art. SpecificCally, a sulfurizing

agent, ] (Sx bri dgi n ro

shoul d%kegﬁs%y ée\%g g%%)mi(plgas4 gglns)gpa?l G55 WB%tﬁaq ﬁ%am?ﬂ?l

4. Accordi th eaction e ndu ted with

el emenfec Sfﬁgfli/?ry b&ﬁ“& qfﬁ @mga%/?e:iéb th the Oé‘F’E]ﬁ‘éﬁP'&Ye the
sul fur is used t he sul furl zation reaction nmay take

pl ace hydrpearby rgéowsmreﬁﬁtqddny R anvppduaniagesudip akgbigratips, which
from50 to 250, preferably above 100C. [If a sulfur

hal i demiag cqsteingS toH@O0spriefenatily atto 66 espmidlfyOntortay cdrbdeeatoms,

pl ace after the alkyl phenol is treated at from-10

t o 120withrles Sieadpe Yuabev s Gffen atdhemall Takd R QRSupefng at least 9
typically conducted in the presence of a suitable

e kil R T e

subst antially inert uen suc

0i | repver , .el e sul

used aLiPe @4/1%3{}@??%&51 IR b usfie S&Es?frf%l@ referred
to use a b%@l talyst such as sodlun121 hydr oxi de;

or an 'E_‘:’r Fa preferably a heterocyclic am ne

such as m)rphol [ ne [0039] As indicated above, the

term "[983%lo] " asMgtheds izing phembds or phenate are known to those

skilled in the art. Specifically, a sulfurizing agent, which introduces the -(Sx)-
bridging group, should be used, wherein x is generally from 1 to about 4.
Accordingly the reaction may be conducted with elemental sulfur or a halide
thereof. If elemental sulfur is used, the sulfurization reaction may také place
after the alkyl phenol compound is heated at from 50 to 250, preferably above
100°C. If a sulfur halide is used, the sul furization reaction may take place
after the alkyl phenol is treated at from -10 to 120, preferably above 60°C.
These reactions are typically conducted in the presence of a suitable diluent,
which may advantageously comprise a substantially inert organic diluent such
as a mineral oil or an alkane. Moreover, where elemental sulfur is used as the

 sulfurizing agent, it may be desirable to use a basic catalyst such as sodium
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phenol s that have been nodified by chem cal reaction
with, for exanple, an al dehyde, and Manni ch

base- condensed phenol s. Al dehydes with which phenols
may be nodified include, for exanple, formal dehyde,

pr opi onghgRiitder anckohut Xﬁﬁeggﬂgfe‘ii@oly 4 Fl@te cgél z{ngﬂ such as

al dehyde is fbrnaldehyde. I ous” al dehyde-nodifre

phenol scribed in, for exanple, U S. Patent
No. 5,3%%?®gg§'the di scl osures of which, to the extent

they arn | evant, t.o.. al dehyde: nodification of phenqg

and to [@{’? ext enlAStlﬂ%lﬁatE‘ggl?? £ e i "eheng 't 45 Lts%gefem includes
di scl os re? and clains herein, are incorporated by

refer erﬁ’g@?" MaAHhavR beesmodifisd b eharicgreastios vaihefor example, an
prepared by the reaction of a phenol, an al dehyde and

an ani ellehydeaapl Mength basctcablensddpirinols. Bddehydenwiain saith
phenol s are described in, for exanple, GB-A-2 121

432, 't phermblssnhpbeimedifiell indeh forleRarhfle, fofxiiaeydehey are
rel evant to Manni ch-base-condensed phenols, and to the

ext ent prdph@MIdeRy Rind ABrhIliGy W ' I

cl ai rrsp{}({le)r ein, H%Ire [ ncgfrrpor tedﬁ%ﬁ%g?éé?@h% 1??10&?19%8@(16‘

gener akj, .. ] further jnclude substinmen

ot her Itvﬁgé&eatl@%g gQ rr%%eorﬁl@g RGOl Al les bga i“Bjar ?’iﬁ‘ﬁ%&)ﬁ% Patent

substi fuent, ot ..detract Lgnificantly fromthe

sur f acﬁéng’ﬁ%?’g%e Elf‘? @%C?qur?g"@l‘éhﬁﬂ the exigniihreareselovant i

substituents include nmethoxy groups and hal ogen atons.

[ 004012ldehvdgmeditieation 9& nhenohand talthoexsent gheyatoendt comflict with the

salicylic acids. Salicylic acids used in accordance

wi t h t discloswesnidaining etei, arrincupdratetl bgdeforence. Mannich base-

sul furized, and may be chemically nodified and/or

cont ai gondehthet iph@dls ars 'ﬁ%ﬁteﬂ%ﬁﬁ@reﬁéﬁﬂl h (ﬁ?lkphreﬁél, £X AT yRie and
n al Kyl -

t hose di scussed above for phenol s.

ZES’ZH%%’E%;T%*‘%‘% 4 5 AR MRS o MR BT hpncs
i ek el A 283 B 7T 4R datich.go the

sul furize g@hydro arbyl -substituted salicylic acid.
Sal i ¢yt By g igleyantigiMannich-basesemdsnsasiphenels, and to the extent

car boxyl ati on, bﬁ' . )
they do not conflict with the disclosures and claims herein, are incorporated by

reference. In general, the phenols may further include substituents other than
those mentioned above, provided that such substituents do not detract
significantly from the surfactant properties of the phenols. Examples of such
substituents include methoxy groups and halogen atoms.
[0040] Suitable detergents may also originate from salicylic acids.
Salicylic acids used in accordance with the invention may be non-sulfurized or
sulfurized, and may be chemically modified and/or contain additional

~ substituents such as, for example, those discussed above for phenols. In alkyl-

substituted salicylic acids, the alkyl groups advantageously contain 5 to 100,
| 22 . |



the Kol be-Schm tt process, of phenoxides, and in that
i nstance, are generally obtained in adm xture with
uncar boxyl at ed phenol. [0041] O her suitable
detergents may originate fromsulfonic acids, which

are tygy ' ] ' -
hyvdr oo ?}r%s%a'bls&u%gﬂ Efpg(cjl@ﬂy zlg Ed‘e %llﬂ g{u{bgﬂ afllns. Processes similar to

al kyl - tq aromat i.c ;hydrocarbons, for ex l e, .
fhose pFaleelret @l o R RERETTERREH « bllie G Bl Bygined
distillation d/oy. extraction, or by the al kyl ation

of *ar o iU SEUFESIS ois TASHE BaPaTBhPY. hehahoxylation, by
include those obtained by al kylating benzene,

t ol uenédhe kglbeshmiihpieetsal efipbendsiideiseamglin that irtstemte, are generally
hal ogen derivatives, such as, for exanple,

chl or olobtareden admhinoe otithl unemoxydsted phaiobnapht hal ene.

Al kyl ation of aromatic hydrocarbons nay be carried

out i n[00Md] pr eseaker QhitablE byt mik bR gRbie @ sinic acids,
agents having from3 to nore than 100 carbon atons,

such aghidiCre Wﬁg gbtan%h (B? %[lﬁ&{a,lrtlgﬁ of h)?(#rlgénaiggﬁéstﬁg&lttutg&y

be obtai ned by de rogenation of para

ol yol ef ] C S,.polyners .o t hy| ene ropyl ene,

Dot o EapeBiitly SHSPo BR i) 020 hu oMb orarmbtls e
typical]y.contain from7 to 100 or npore carbon atons.
T% gy B{’%Péa gfﬁrryﬂle SRetgTRtion phpetrlqus BodisiHation and/os extraction,
carbon atons per al kyl- substituted aromatic noiety,
dependPily b atkytation of swnfatio hy duocarhonsh Spitable suldhiiahdiddlinclude
These suitable sulfonic acids are neutralized to

provi dthosaibltitained b alkylating berpefs eslGeres x kAL ahptahRéhe, biphenyl
optionally in the presence of hydrocarbon solvents

and/ or oicthéid Biog & detivaBves\ich a@sfonloéx%ﬁﬂ)?@ efilofMinzene
[ Su GE

vi scosity control agents. 0042 oni ¢ acids from
- whi ch $hs, I £t resent invention

nmay der}Pvg{mn%%ef %r er‘fg&%@a%g & 4 ?tmg‘lﬂl}%qwaglcj’é'fi{f%arbons
and al kenyl 23 sul f.onic acids._.In such conpounds the
al kyl ‘BP%E%"%{HE‘?BW 1 (e Fiengs %ﬁ?pcawjlﬁtt“&ﬁ!%}? #ineagsnty having
to 100 advantageouslg 12 to 80, especially 16 to 60,

car borfrOIgthﬁgl_lore than 100 carbon atoms, such as, for example, haloparaffins;

olefins that may be obtained by dehydrogenation of paraffins; and polyolefins
such as polymers of ethylene, propylene, butene and the like. These alkylaryl
sulphonic acids typically contain from 7 to 100 or more carbon atom:s. They
preferably contain from 16 to 80, or 12 to 40, carbon atoms per alkyl-
substituted aromatic moiety, depending on the source from which they are
obtained. These suitable sulfonic acids are neutralized to provide sulfonates,
which process is effectuated optionally in the presence of hydrocarbon
solvents and/or diluent oils, as well as promoters and viscosity control agents.
—[0042] Sulfonic acids from which the metal detergents of the present

invention may derive may further include alkyl sulfonic acids and alkenyl
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10043] Yet another type of suitable netal detergents
may be derived from carboxylic acids, which typically
i ncl ude nmono- and/or dicarboxylic acids. Preferred
nonocar boxyl i c acids are those containing I to 30,

especi adulfpnictclds. flflsucﬁ%f)fﬁ@ﬂuﬁﬂsQl‘i@sa1ky@%%'iﬁ]cziﬁ'lgl/cﬁ‘falken¥li group

nonocar boxyl i ¢ acids are iso-octanoicC , Stea

id : o PR 1Hot i .' ' j d.
e At T B I 1 o, caon

nixturet&L Cg acid isoners as sold by Exxon Chem cals
under the¥rade name CEKANO CTM Ot her suitabl e

car boxyllgh@aci ds are those with tertiary substitutions

at the Y& bon XGnether tyes ebuialle matal deterizentsimay reodesived
than 2 carbon atons separating the carboxylic groups.

Fur t herfromicerhpxadieyacids, whichl sypically indnde mbwn addor diearboxylic
exanple, 36 to 100, <carbon atons are al so suitable.

Unsat uraatdsd Peeferbaboyibiatasbok ditc &ids 20tHo0O&dtMniB 1 to 30, especially
sul furized. Just as salicylic acids are not classifled

as phergf ﬁ?&&b&ﬁﬁbﬁs.f@{aﬁ{ﬁ&s&mbéﬁb&gﬁicg%@ gféci&-géstat?oic

hydroxyl group on the aromatic ring, sall I C aci

are no e : 0 i aci.d tergent

al t ho u;aﬁfdf %25;‘ co h‘?glle?l@%&&?élr%&% ;?Fﬁd@ng 58]3@% 10534%1]‘ example of a
Exanpl es. f1 ot hﬁr det e‘iggn s that may be used in

accor dANCE"C W PHAMN L9 an be S mbtwg @& Cs Aed ispmesyasrigld by
conmpounds, and derivatives thereof: naphthenic acids,
especi &FEYN KEpnicalsinderdbe adecrmeCRK AN QIHE o Othep seitable

al kyl groups; dial kyl phosphoni ¢ aci ds;

di al kykcathbxylhaspisan thoscwills teridard substitutions at the a-carbon atom and
di al kyl di t hi ophosphoric acids; high nolecul ar wei ght,

B L

option S [ al i.ne _earth t al drocarb

phenat gé&¥§4ﬁ%iﬁaé¥ ’ cﬁ%té@{y 13 %"‘ﬁ%&‘ﬂtﬁi%‘f gﬁe}mc’gr QW@Q %10 100,

aci ds suEh %g stearic acjd, for exanples as described

in EP- %990 aioms areglsp sable) Lnsatusaied fashoxylieacidscan optionally be

EP- A-750_659. _The disclosures in these patents, to

the extWfirizehelpstrs sgliestlisiagids ara ivs chassified avphenol detergents herein
despite the presence of a hydroxyl group on the aromatic ring, salicylic acids
are not regarded as carboxylic acid detergents although they contain a
carboxylic group.
[0044] Examples of other detergents that may be used in accordance
with the invention include the following compounds, and derivatives thereof:
naphthenic acids, especially naphthenic acids containing one or more alkyl
groups; dialkylphosphonic acids; dialkylthiophosphonic acids; and
dialkyldithiophosphoric acids; high molecular weight, and preferably

-—ethoxylated, alcohols; dithiocarbamic acids; and thiophosphines. Examples

also include optionally sulfurized alkaline earth metal hydrocarbyl phenates
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and optionally sul furized hydrocarbyl phenates, and to
the extent they do not <conflict with the disclosures
and clainms herein, are incorporated by reference.

[ 0045] The detergents di scussed above are suitably

over bagigd haWdbezh md¥efidiShyt Qurbylit %ihgﬁlﬁh e setid M For cxamples

acid that is inevitably produCed in the conbustion

exhaus ' fagl foC [0j L ful, o
regar dlta%égs‘élﬁ%)gd ﬁesé\?e ,ma%e% ’ %gge@{ eﬂ élgg:rs ?5%‘;8{; fibgdn EP-A-750 659.
engi ne ui tabl e. ogver based petal conpounds include
“al kal | %%’%?EFfOSWSS in e genga S e they Iffifk?@ktostg%wodlﬁed
as overbased ojl-sqluble or oil-dispersible calcium
nmagnes FE@?P%’&% ﬁlflgmzevé hydrgpgrbylaphenates; and toithe exsentrihey do not
sel ected from phenol, sulfonic acid, carboxylic acid,

sal i cyFewligicwidh thgisclosarsh andclainsleirgn, dftmconperddasbyugference.
is typically provided by an oil-soluble salt of the

met al , [G0d6] exanplThe detergeritb divatiBed gbdva aicCsudiablp @RatbBsedaWhich
acetate, a formate, a hydroxide, or an oxal ate, which

I's st ahélpt wattultdlitetBe QilfonkOAPinGt ﬁ%é;ytitﬁtglytp?(ﬁiuced in the

surfactant. Preferably the netal e metal of

the oil; iz di rsible.salt..is calcium

[ 00461 “AEsHEh BrBstilten HERERER Bl bl Seffikss Hevel.
are overbased , netal det.ergept.s, . preferaply overbased,

cal ci u?‘ﬁ%‘é‘f@f’d%ﬁf:é},‘es? FA$Mon ‘ﬁf@l"a‘i"eﬁ@égfme‘@ mpounds include
surfactant groups, such as phenol, sulfonic acid,

car box3lkalemstal and alkalineygarth megal jadditises suah hs erembasedoilgpluble or
whi ch may be obtai ned by manufacture of a hybrid _
mat er i @il-disperaivlecdzldivw, magnesiven, dodifuar entarisit, kalet et surfactant
groups are incorporated during the overbasing

pr ocesslecTderdny phérd], HalfBric abidCeibdyse abig, QBERANRS, Bid
sinply physically mxing two or nore overbased

det er GeRhhcal i | : i

mat er ig!ga?s ienclagiélie Tg{ﬁ%g%%b%%lggzsﬂlgﬁq %&gﬁgﬁpy (Q)%{ 8ilsduble sal of
sur f ac henol and sul fonic i d; an overbased

cal ci Eélngg{ aefatl’ %?e salﬂl}l%q%c?tc rl%%”ﬁh%ﬁ?ﬁw %a}gonatea?%?)%t%a ormate, a
aci d; ﬁ?r based agal cium salt .of surfactants phenol,

sul f o&}%’gﬂ’% % OT arheradalpy whirh ¢ statiliped by dheeil-selablis sals af the

cal ciumsalt of surfactants phenol and
surfactant. Preferably the metal, whether the metal of the oil-soluble or oil-

dispersible salt, is calcium.

[0046] Also suitable for use in the present invention are overbased
metal detergents, preferably overbased calcium detergents, that contain at least
two surfactant groups, such as phenol, sulfonic acid, carboxylic acid, salicylic
acid and naphthenic acid, which may be obtained by manufacture of a hybrid
material in which two or more different surfactant groups are incorporated
during the overbasing process. The hybrid material can also be obtained by
simply physically mixing two or more overbased detergents of different types.

Examples of hybrid materials include an overbased calcium salt of surfactants
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salicylic acid. [0047] In instances where at |east two
over based netal conpounds are present, any suitable
proportions by nmass nay be used, preferably the nmass
to mass proportion of any one overbased net al

conmpounghehol uduFbRie heidBirPdvered BASES s%? r%‘g %H'g%ta%ﬁ ﬂht@%ol and

the range of from5:95 to 95:5, such as

10: 90, ar : 0x2 ..
advant DRyt Soil SRl EATASuH ok Br 35 Bhis nbenl, sffonic acid
in the ant_dhave known, and descri bed | ubpri.cant oil

conposi s ﬁléc%’\élg r?ﬁ{rar i ‘i’]‘ﬂ?glfaisﬁf[ @?@F‘Eé af gefactagisphgnol and
in, forlaﬁ%arrpl e, WO A- 97/46643; WD A-97/ 46644,

WO- A- 9FPABRERCIdND. A- 97/ 46646; and WO-A- 97/ 46647.

[00481 The term "an overbased cal cium salt of

surfactl8947 r ef ers instenges whare ablasse tval evebged el copoinds are
the netal cations of the oil-insoluble netal salt are

essent ipatsent, st niitablegadporticns bSTBAsk Ris&d, Phefah§ the mass to
cations may be present, but typically at |east 80,

nor et s ldp¥rtidin dfRas bndyverBied rri%fsal %mgtﬁﬁigl;t? ?éy %trh(éc/i’ metal

of the cations in the oil-insoluble net

cal ci ugyi : s Qf overbasing in the

ot el QerEaed b Obgy LR o on e O eyl g fom 010
wi dely L~ Rreferably. the of h of the

over badd g&bgré?%rle p&‘%?@%’é’eﬁf@ Eﬁgoé‘f Si?igﬁsﬂtd‘f&@egeoaslyétom 70:30 to
| east i?& gr at | east, 200, such as up to 500. An

exenpl aPyVdPesens skillsdiadie artiviekanwn ond deseripedkibricant oil

i nvention conprises a highly overbased cal ci um

sul f onsemepeitians gemprisiag ihplbridioTedbased detatperits ik 36 exdfple, WO-A-
[ 0050] Typically, the anmount of one or nore overbased

met al  9TEE643g DA 190/46694; I WOLA SBINf661 S, WO-WBBi66965and WO-A-
particularly in the range of from0.5 to 30, such as

from39tme@fy, or 2 to 20, or 5 to 22, wt.% based on
total weight of the lubricant oil. An exenplary

di esel [(@ﬂif nder JI‘Hé){elnﬁaQItl oggrbatlsgg C cr:i%lsiles%t of surfactant” refers to an

overbased detergent in which the metal cations of the oil-insoluble metal salt
are essentially calcium cations. Small amounts of other cations may be
present, but typically at least 80, more typically at least 90, such as at least 95,
%, of the cations in the oil-insoluble metal salt, are calcium ions.

[0049] The levels of overbasing in the metal detergents of the present
invention may vary widely, but preferably the TBN of each of the overbased
metal detergents is at least 100, or at least 150, or at least 200, such as up to
500. An exemplary diesel cylinder lubricant of the present invention

comprises a highly overbased calcium sulfonate detergent having a TBN of

~-about 430. -
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i nvention conprises about 16 wt.% of a highly
overbased sul fonate detergent. At |east 90% nore
preferably at |east 95% such as at |east 98% of the
TBN of the lubricating oil conposition of the present

over bl ket ol - SR ek DERAE ol R Pose et
ol <o packrarabdntEHBRUAFS ableat V3, BeE iy el e rasioe gm0

conpound, ..sugh the _petal bhorate, is considered to

f om p?ﬁ%%fl&} WY &1t A3 Wt to 20, i 22nni-Hi, based opgorsbyeight
Foam fornms when a | arge anount of gas is entrained in

a | i quPHthe Inkgiceet dib o expnindart didselatyliedérdulranatiadfithe present
appl i cations, such as floatation, washing and

cl eani imygentidn éesnprisekeationabd et Mot Kighly ovébased sulfonate detergent.
| ubricant-rel ated applications, foam ng can be an

i mpedi Ak MastyBea idte bieférﬁﬁ?%t lefsti9B9], kG ds\e® least 98%, of the TBN
| ubrication. Over tine, it may al so cause oxidative

degr adgg : : ' . e ' ' -and_ .

sur' ace Penarisabifoil Mk lth of WiirenP 8o iEPRNiden i b
of theh%oam Low—vch,co(iit oi |.s, produce foans wth

large DGOAF SEMOMTERPsehRerhoyyagine ey and be

m ni mab)l g ﬁr obl ematic. But high-viscosity oils, such

as t hol1llsed i hhg oerhpsedmetal sompryads pfiibe prssentdnvshtion may
the present invention, generate stable foans that

cont ai #sd bhkorpigdb Inethatwade, dhebatpi-comtribttingcommakd, stitleas the
presence of surface-active materials, such as for

exanpl metat berateyisfandideréd wefosth ipalt 5 e dvbbasifg.esent
i nvention, detergents, and/or dispersants, further

i ncreages them MkbitgANt ' s tendency to foam 27 [00531
Foam i nhibitors control foamformation by altering the

surfa ensi o bl d by facilitating.the. .. |
separ S@P%ﬂ of thrFeO%%ll éop‘ﬁﬂ%%g%geogﬁ"w{é of ggyis ﬁﬂlg%}ﬁ?(ﬁlnr? liquid.
gener a\llmgt?ese addj tives, have limted solubiljty in .
oi |, tNJE® (9EME 3 qeSTIRS MACTnLnpleptiqus. sugheas floatation, washing

di spersions., Si]icones (e.g., pollysi | oxanes),
and cleaning, it is undesirable in others. In lubricant-related applications,

foaming can be an impediment because it leads to ineffective lubrication.
Over time, it may also cause oxidative degradation of the lubricant. The
viscosity and surface tension of a lubricant determine the stability of the foam. -
Low-viscosity oils produce foams with large bubbles, which tend to break
quickly and be minimally problematic. But high-viscosity oils, such as those
used in the diesel cylinder lubricants of the present invention, generate stable
foams that contain fine bubbles and are difficult to break. The presence of
surface-active materials, such as for example, the surfactant materials of the
- present invention, detergents, and/or dispersants, further increases the

lubricant’s tendency to foam.
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pol yal kyl acryl ates, and pol yal kyl netacrylates are
foaminhibitors that can be suitably used in the

di esel cylinder |ubricants of the present invention,
with silicones being nore preferred. An exenplary

di esel [@gs3nder | Edu BBMitoRf cohls] fo%%ﬁﬁﬁtiohg‘{/%ﬂ&ih?é‘the surface

conprises about 0.06 w.% of a silicon-based”foam

i nhi bi t@hsion §f th&bil %ﬁ? ﬁ’g .cﬁl.it%{tg?eth? 9&%%/%%0-&%8 ﬂmie%irﬁalubbles from the

cylinder lubricant o e pr
i ncl ude . -pddi 1 ] . .0t h ar ..
s A Rt ot

other materials incl ugﬁ;e for exanple, antioxidants,

ant i f oaftf ﬁ@"‘?b@ﬁfl ,daé SHspegsians; AHicpnesde.g. prlysilaranes),
details of exenplary co- additives are described

bel ow BRlyahyl ecrylatesasnd podyalked metadnylbics are h@0 5@ ibitors that can be
Dependi ng upon the type of application used, the

di esel sutyhly metelrin lthebdiesehtylindeoiubrieMEsihé H@Ber€ Mvention, with
further conprise fromabout 0.1 wt.% to about 2 wt.%

of at |sgashesHnghbie ﬂé&ﬁ&&pﬂﬁ%ﬁﬂg]%lﬁrﬁ/\ﬁ@srel &ﬁﬁd% 1@?@%111: of the

additive. That zinc dithiophosp e ‘wear-in
addi ti YBadast iRed : I 0. o,SIH D rkboats. .. .
and st \eflﬁ%- by of ‘Sggi’@ﬁﬁ%‘?&éﬁ@e{ﬂc?é%%ﬂ Oryﬁgmcto\ﬂ%ase% foarm inhibitor.
gener atd on, ere the additive may be a zinc
di al kylsldi t hit¥ ﬁ‘éé@ﬂﬁl"@s derived fromprimry al cohols.
- [ 0056] mari ne applications, a particular physical

mi xt ur ég‘g“l zi nc 18 dierg]icyindarilepisents shepreseny invention may
preferred because it increases the water tolerance of
di esel mhiierss sotaditives eneswsmep bitiet eetrdnkibiters, as well as various
contam nation. That 28 physical m xture may have from

about Bfthenmatdrinls. SnobthSOmulerilts iRNGfeLFRRk¥mplt! SfoRINAM.
40 wt. % to about 80 w.% of a zinc

di al ky bnﬂb&ﬂ:@@@@ﬁ@%%m@sﬁﬂhﬁﬂ%{ m%pg&g oé)uf{@g%plary co-

al kyl al cohol s, "and from about 1

W . % Qacﬁ{iﬁsg%%sgﬁ&@b%?o%} 20 wt.%to about 60 w.%

of a zinc
A, Zinc-containing wear inhibitor

|0055] - Depending upon the type of application used, the diesel
cylinder lubricating oil composition can further comprise from about 0.1 wt.%
to about 2 wt.% of at least one zinc dithiophosphate wear-inhibition additive.
That zinc dithiophosphate wear-inhibition additive is particularly useful in
ships, workboats and stand-by or continuous electrical power generation,
where the additive may be a zinc dialkyldithiophosphate derived from primary
alcohols.
[0056] For marine applications, a particular physical mixture of zinc

- dialkyl-dithiophosphates may be preferred because it increases the water

tolerance of diesel engines that are susceptible to water contamination. That
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di t hi ophosphate derived fromonly secondary al kyl
al cohols. This physical mxture of zinc

di al kyl -di t hi ophosphates differs from chem cal

m xtures of zinc dialkyl-dithiophosphates derived

- T rom mipk{4iE sniRlirthly 848 Horb Xlt&ﬁﬁ %g%\g S/?L SRR 0 wi. ‘gggl%kerably

The i ndividual zinc ‘dialkyldi ates can

1 L?%F?@Oﬁ@@@%%ﬁﬁwﬁﬁ%@“' G Tsptiae
der | ved rﬁ%fﬂogn Py pi%é%tef&y&@ﬁ%wﬁ’ G d §ombtid s dbout 50

ROH or R OH, where R or is al kyI or substituted

al kyl  gitduprefrehbdromphout ﬁcht IR0 3houn60 Wt %n ofiedinodialkyl-
non- branched al kyl contai ni ng about 3 to about 20, or
nmore piteibphasphate derbedtfrodn tuly abeutarg allghalbolblat Dhis physical
[ 0058] Individual dialkyldithiophosphoric acids can

al so beispuedfeart didlkgrdiicihosphatts @iffers RRANBRTCal ABxthRs of

recogni zed in the art, these hydroxy al kyl conpounds

need ngfc G%ll@‘?ﬂﬁﬁ%gﬁ&?ﬁa@ 3%' ved Mﬂ&lére Jﬂﬁ% e e?% tr}rfpgseof

di al kyl di t hi ophosphoric aci e prepare

nono- , 6 tri-, tetra-, and other pol yhydr oxy al kyl
altohols,

compounds; or m xtures of two or nore of the

forego Most o il abl e al cohol s can be
used ft?:dg?lm s pu lﬂfo'é‘ Vl‘iﬁ’éL%EH% i @th&i'l’éloﬁ teg s be produced
pure conpounds but are m xtures containing a 29

pr edondre@sialkytdidriophsspharis agidsiof g fatmadhol  and mi nor
anounts of various isoners and/or |onger- or
shorter-chain al cohols. [005 Preferably, a zinc

di al kyl di t hi ophosphat e derd-vgd ggomonly primary

al kyl al cohols is derived frdm a single primry

al cohol . Preferably,

The hydroxy alkyl compounds from which the dialkyldithiophosphoric acids
are derived can be represented generically by the formula ROH or R'OH,
where R or R' is alkyl or substituted alkyl group. Preferably, RorR'isa
branched or non-branched alkyl containing about 3 to about 20, or more
preferably, about 3 to about 8, carbon atoms.

[0058] Individual dialkyldithiophosphoric acids can also be produced
from hydroxy alkyl compounds. As is recognized in the art, these hydroxy
alkyl compounds need not be monohydroxy alkyl compounds. That is, the
dialkyldithiophosphoric acids may be prepared from mono-, di-, tri-, tetra-,
and other polyhydroxy alkyl compounds, or mixtures of two or more of the
foregoing. Most commercially available alcohols can be used for this purpose

because they are typically not pure compounds but are mixtures containing a
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that single primary al cohol is 2-ethyl hexanol .
Preferably, a zinc dialkyldithiophosphate derived
fromonly secondary al kyl alcohols is derived froma
m xture of secondary al cohols. Preferably, that

M Xt ur @réfonfifi® BEdlt of BeCRBREBalbshoRatl Pfﬁﬂbﬁ' %m%tmts of various
2- but anol and 4 met hyl - 2- pent anol . The phosphor us

pent as W eq &%ﬁ&'ﬂé fh%ili]f‘a.'sll%ollo1s

di al kyl th|o r|c aci d fornerion step of this

I nventi y a optain m.n unts of any one or
mor e of0PILS ?ge;graﬁzs%ms ey ticgerp g Sied from onty
sul fide .c itions may contain mnor anounts of

free sERIAR alkyl afpbalsds derived e ¢ agle pmarsalcplol. Preferably,
structure of phosphorus pentasulfide is generally

r epr es thif slgglg prinpep alcolnd in2ethalhesanolicPreferablisa #ind | eved

to contain four phosphorus atons and ten sul fur atonmns,

i.e., BaSiydditharhobplateiuived 88mainly fcndany eI A8oholdi8 derived
phosphorus sulfide reactant will be considered as a

conpoufdmemixtareldf8ecohd s altbBole PrER SR Jy\"tﬁdi] rﬁlﬁ%r%of secondary

understanding that the actual structure is proba

P4Slo. ai@oho(l%(is%arhi elopg'bg 2h8f a§1d[401%g hﬁg—)}(}l dak hgl;l,‘l (QPOSPhOI'US

|nh|b|tors or an S, reduc

uch o Bk STE bR ediniopRsobas wid hugerionsie

of var % h-11ike dep05|ts on netal surfaces and of

sl udge? tgrﬁdn‘{ﬁn%l% Fay\plsorfeplelsminosampuis ef ai efwtdr arore of P2Ss,
inhibitors include, for exanple, sulfurized al kyl

phenol B:Sa.iiSalok Bl So. duch bhasphores edfitd compaiiti@rniay contain minor
t hereof, di phenyl am nes; phenyl -neht hyl am nes; and

phospmmﬁmﬁﬂfﬁﬂsuﬁ’ﬁr B shduld b gsteditelr, Qﬂﬁl&hﬂé‘ﬁmcﬂr@ sf
oxi dation inhibitors or antioxidants incl ude

vari oYsho @#)ﬂorﬁrsoigéﬁ@sﬁlfﬁl@ FRY ne&ﬂg?éﬁgg%gtgggi? %6§5hﬁ'%r GCAr by cture

for exanple In the Torm

:TQI nbégg§$%8k0 C(ﬁﬁe C(Iﬂ)]at illgh%ragat IX@%‘?H‘Q%‘F%C&???@ P4S1e.

nat ur ar boxylic. aci d such as, for exa acC8to
C18 fg‘%qf@i oses, AT sy entionethe ahosphors sulfi Re réactant will be

considered as a compound having the structure of P»Ss with the understanding

that the actual structure is probably P4S,.

B. Oxidation Inhibitors

[0060] Oxidation inhibitors, or antioxidants, reduce the tendency of
mineral oils to deteriorate in service, evidence of such deterioration being, for
example, the production of varnish-like deposits on metal surfaces and of
sludge, and viscosity increase. Suitable oxidation inhibitors include, for
example, sulfurized alkyl phenols and alkali or alkaline earth metal salts
~thereof; diphenylamines; phenyl-nehthylamines; and phosphosulfurized or

sulfurized hydrocarbons. Other oxidation inhibitors or antioxidants include
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branched carboxylic acid. Al so useful are oil-soluble
copper dithiocarbanmates, sulfonates, phenates, and
acet hyl acet onat es. Exanpl es of particul ar useful
copper conpounds include basic, neutral, or acidic

copper vaHoud oiRESHIBIE cSppet borﬁﬁéﬁnﬂs d‘?ﬁé (\! exf s8] ég%%he be in

succi nic acids or anhydri des. s D sper

[0061] § )

o 1< mde) SRRt T nei‘&%wﬂ%%%z!?%% oB?ot A5 Attemativey,
partic ale cont a n the bul k 0|I Per sons

skill egh OPP%rem%Pf‘t% %‘ﬁgéﬁs Q’S&OB%% g’ugfﬂ?%‘éﬁrﬂgé’ﬁp%mf%carboxyllc
| ubricating oils to mnimze sludge formation,

part i cafidsHch gi‘rééalﬁblﬁa%pv@ s datty %ﬁ%@@%ﬁWﬂWdra@dsera
and oxidation-rel ated deposit formation. [0062] 'S
known braached caprxstinacid paisoorseful lewdl-folubit cappsr Vi a one

or nore nmeans selected from (1) solubilizing polar

cont andithiot@bamaits) eilfonardsCsichat®s, aod hedhyaideldnated 9 Examples of
col |l oi dal dispersions in order to prevent aggregation

of thepartib@at h@hft Sopd cbMpbindd m&tﬁagi@ Rl br 9&1?11&: copper Cu

(3) suspendl ng such products, If form 'i'n

bulk |p ni, m

aggr egatl on anIc} Sgﬁ%d{ﬁ HE%W%E?&%H Cné‘j a‘f“éﬁ/\%rrqnhﬁ&”des
surface/int 8” I al...ener undesirable materials
to decrease*ﬁgﬁpt%ﬁ@éﬁ% to adhere to surfaces. The
undesirable materials are typically forned as a result

of oxi Wfthe degPupasinarcatditives thabsuspendtoil-inbaduble resinous
reaction of chemcally reactive species such as

car boxg#idgiongupdistsrindtpattivelatetaitarsinaftadethe bolk die Persons
engi ne, or the deconposition of thermally unstable

| ubr i cskilledeieldid drv 6ferSailtivagius diSperShdy B /I8bricaihg §ilPto minimize
pressure agents. 31 [0063] In diesel-fuel ed engi nes

such @udé%Q‘oﬁné‘tfo'hoﬁ&tﬂH% §bla ﬁgbf}@ﬁ/e g{?ar %%oﬁ@e@ﬁr%ﬁg and

i nvention, soot from € Co UStI on charibe

con‘pon(?gaanogfre%%dta%a%sztntg%%c uer deposits that occur

on pistons sliu deposits result when

soot nes with resin eneral, lacquer is rich
C[SHPi] It is known that dlspgrsants perform thgzse functions via one or

more means selected from: (1) solubilizing polar contaminants in their
micelles; (2) stabilizing colloidal dispersions in order to prevent aggregation
of their particles and their separation out of oil; (3) suspending such products,
if they form, in the bulk lubricant; (4) modifying soot to minimize its
aggregation and oil thickening; and (5) lowering surface/interfacial energy of
undesirable materials to decrease their tendency to adhere to surfaces. The
undesirable materials are typically formed as a result of oxidative degradation
of the lubricant, the reaction of chemically reactive species such as carboxylic
~-acids with the metal surfaces in the engine, or the decomposition of thermally

unstable lubricant additives such as, for example, extreme pressure agents.
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resin and carbon is rich in soot. Sludge results when

soot conbines with oxygenated species, oil, and

wat er. Local piston tenperatures and the lubricant's

ash- produci ng tendency have al so profound effects on

the coees] tion wmfdidsbefieRiRABINEERRE LE fre 2%(51%%@ iR eRgines of
suppress the interaction between resin and soot

particlgs ﬁrelgé’m RERhE6E @Bt{)(tgiggﬂ ﬂ?esc%&%lugﬁdnn%gl\él\%érgs Ittl}r}fel{%{ gomponent

and, at the sane ting, I Ng tnem sus
bul k 1 [ t..Slnce both resin and.soot partjcles
are po Fgca&%ﬂgﬁ%fégg?eé Aepesits ﬁ@? OFSIT PR BisfongAng shigdee dhese
- due to adsorbe? olar inpuyrities, the dispersant

associ &1BESIRTEH %Vﬁ@éﬂ%‘@m@e@wm 1gsin {nsgqnerabrlagspuer is rich in
[0064] A typically dispersant nolecule conprises three
di st i ndesin 8aq¢ eazbep iglrich dmsante Sluded yesaltswyhrromat dnychbines with
group; (2) a polar group; and (3) a connecting group
or a | ioxkgenfited spydesooidydnd i weaero Upchlpidtyiitenpetaures and the
polynmeric in nature, and may have a nol ecul ar wei ght

of at  QubrasyeashlebductOBnd@kl AR aflsooﬁrgfo%ﬁagffgctﬂ) fHe

above about 3000 Daltons, nore preferably at or above

about : i I referably.at or .
above Spadraob  BE prAgRadRRy MBisGybins; P naion
as pol yi utyl ene, pol ypr.opyl ene, polyal phaol efi ns

nd m SE SR R 5 DR EIE b Baaereb e s mabyi them and,
polymeric dispersants, Anong suitable polyneric

di sper &3¢ same Bing; kesping Phem suspendoddn thei slehubricans. Stace both

t he nost conmmon. Typically the nunber average

nol ecufkesm andisght pagficlesyot polsobuthptaetee, dithert BObeir very nature or due
di spersants ranges between about 500 and about 3000

Dal t ont adsorbed polaoimgpueitiesdheBispersank &IsWEIBRs 3AAYhesd PriicRs via
about 2000 Daltons, 32 or in farther enbodi ments,

bet weefis phlardnd1000 to about 2000 Daltons. Ml ecul ar
wei ght distribution and the | ength and degree of

br anchj re, |i . e..nunber average nmal ecul ar,, .
wei ght [dgg 4]? he po%;ﬁ? B 8%5&%}?%3 ﬁsgg{; m]o]\./?ﬁ%lp gg‘ﬂf’nfe@ g distinet
ffecti ' oo [ di t,
te h eego}rtﬁ}%{%ﬁfﬁ%ﬁﬁ% (Ei%ﬁ? Sgat]r yl glrcr)]upa;1 (%I e:/ gorfar glrglg)peg ralslc? r(13) a

connecting group or a link. The hydrocarbyl group is typically polymeric in

nature, and may have a molecular weight of at or above about 2000 Daitons,
preferably at or above about 3000 Daltons, more preferably at or above about
5000 Daltons, and even more preferably at or above about 8000 Dalions. A
variety of olefins, such as polyisobutylene, polypropylene, polyalphaolefins,
and mixtures thereof, can be used to make suitable polymeric dispersants.
Among suitable polymeric dispersants, polyisobutylene-derived dispersants
are the most common. Typically the number average molecular weight of
-polyisobutylene in those dispersants ranges between about 500 and about 3000

Daltons, or, in some embodiments, between about 800 to about 2000 Daltons,
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ni trogen- or oxygen-derived. N trogen-based

di spersants are typically derived fromam nes. The
am nes from which the nitrogen-based di spersants are
derived are often polyal kyl enepol yam nes, such as, for

exanpl ¢r in B IRAGhER R Feifed ﬁgcl)llt n @M‘?ﬁl eﬁ)gﬁﬁ £I00aM1dGs.

Am ne-derived di spersants are also called nitrogen-
or am Rgsél -Whi ' ram al cohal ..
o e al SIICR SR E oS hloh Bk U0 TG b Bitped B e, ik
Oxygens,based di spersants .are. typically neutral while
Cha e e e Bre St e ety pPopees, Mportant to the
Chemi cal. c] asses sujtable for use as dispersants .
i ncl udEIEAIWERRPF atie disperasttie i a giypk dispersant,dhe pelangreup is usually
esters, high nol ecul ar wei ght am nes, Mannich bases,
and phbgeorr oxzgsnddedioed.v Mitroges-bafed| djspsrsbuts areytlypically derived
succinic acid derivatives such as succinimdes and
succi nfiom ansihey. STHerainesii®nh GviidH tie bR gBR-Shscd @EFRRhs are
used dispersant types. [0065] Lubricating oil
CONPOS ddrived are idn D1 FHIBAEbo ly RVEHRL | <Abh AR Yor Al 8¢ an

[

anmount of an ashl ess di'spersant that 1s sufficient to

measur 0 f .soof deppsits . .on th

oyt e enb R, daS ARl hpERERT oot ar
"t t hat. t reduction can b sur ed

by ot ditlsT PR R o R AEBPERI. AU BiRe dRares Gomrehol

ASTM Sequence VE/ VG Test and Caterpillar K, 1 MPC,

IN, | Pare glsg cplied gsygen oy estarglifiperspnts: BéY&ﬂﬂsbaSQd dispdrsans are

of reduction that is at least 2% or at |east 5% or

nmor e piypiceliabdural while thewstind-Baéed dispbsantexeltypitalbr basi.

treatnment by the dispersants. Suitable diesel

cyl i ndekenhivdlrdladsisnfate Fora@EROSikHdrME iREluddAKBERRBhimides,

i nvention conprise about 33 - ------ ---- 0.1to0

about ke Locoie . % . Qr
Shout ) S 88 012 BRI Bl s an

di spe r}ﬁl%Q}.Iyl'i%'nicl:%iciciQ clljesl'}vali\r}gsl. liioiycfsro%utenyl succinic acid derivatives such as

succinimides and succinate esters are commercially the most commonly used

dispersant types.
[0065] Lubricating oil compositions of the present invention may
comprise an amount of an ashless dispersant that is sufficient to measurably
reduce the amount of soot deposits on the cylinders and/or sludge formation.
By “measurably reduce” it is meant that the reduction can be measured by
standard testing methods such as, for example, the ASTM Sequence VE/VG
Test and Caterpillar IK, IM-PC, IN, IP, and IR tests. It typically refers to a
level of reduction that is at least 2%, or at least 5%, or more preferably, at
~least 10% of the level prior to treatment by the dispersants. Suitable diesel

cylinder lubricating oil compositions of the present invention comprise about
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[ 0066] Marine diesel engines, as their names suggest,
operate in omni presence or near omni presence of sea
wat er, which typically contains |arge anmounts of
various salts. Stationary large diesel engines in

pover pla@taboutsd WOUOARNKAE 8bdud 0INS aBBlﬁWF% &f ab¥at €5 to about 1
Rust forms when an el ectrochem cal Corrosive reaction

t akes %%Sfbﬁb Jrl?ﬁorgﬁﬁﬁ&gﬁ%pgﬁf Eﬁ% ectrolytes such as,

for exanple, water and salts.
EIectrochengﬁgégggﬁiﬁiéon or the rustlng process

i nvol ves th I3t metals in the presence of

el ectric l conducting sol utions, or electrolytes,

and océqp%g in tV\MaéllnS&l%e epgines, Retheaames sygessteapserain in
t he cathodic process. In the anodic process, netal

goes | AM@ipresshes ravaynnipresense ohseaxwater, shishttymicalyl @itains
over. The process is also often regarded as an

oxi dat laoge gmenesst vafibes wits.nSEiionapy DegSdietal ¥diN@Sn pb&er plants
reaction of thus generated electrons with water and

0XY genalk® obc@htdli (R ProsEh@drfatdrORSust foltls WhE 9&91§§trdcﬁemlcal

al so often considered a reduction process.

sol uti

i ons t o Og}r‘}r%nqﬁaec;ﬁg{l ?Jf*ln(e %?(ef %ﬂﬁé‘gl%géﬂ%e %}F %‘H’q&?g fﬂa"g‘ asgtﬁ]é
speed of electroche .cor i 0 pon the

nat ur e~ SR &AL %lénogllla‘ ?ﬂ? ts4 E?CBPé? i"’g cgjrosion or the
absence of pol ar  sol vent such as water, the presence

or absWSARE RPCesH insjokyes ithsi rpaciion 94 metals indheipresance af dsytrically
and the tenperature. [0067] Protection against rust

i s an omgustingrsolutions; iod eleattolptes,iand ofaursit @it stapes: (1) the anodic
l'ubricants for marine diesel engines for the obvious

_r easonprbdeat and the cethvdic YREvREY. In it MU Hrocess) n@é’ﬂﬂ'é&@ﬁn’co
operate are rife with the elenents that can

rust. sgHUEdnRE %rﬁ%ﬂf)&u‘a%lécpg _ eﬁ%v e e gﬁ@éesg g\ﬂ}stohooft&n

stationary 34 operations o nes

oS T, 3l Bl e

ool g il e I (el on 1 a0ALLON L
This process is also often considered a reduction process. In solution, the
metal ions then combine with hydroxide ions to form metal hydr(;xide, or
hydrated oxides. The speed of electrochemical corrosion depends upon the
nature of the metal oxide film, the presence or absence of polar solvent such as
water, the presence or absence of an electrolyte (salts, acids or bases), and the
temperature.
[0067] Protection against rust is an important consideration in

formulating lubricants for marine diesel engines for the obvious reason that

- the environments in which such engines operate are rife with the elements that

can lead to rust. Such protection is likewise important for stationary
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at an accelerated rate, perpetuated by the netal ions
that have been released into the fluid and are now

acting as oxidation pronoters. [0068] For protection,
rust inhibitors are used. They attach thenselves to

net al  spefafo@SoftDstioke Rhgifed. "WaRSltpARE&IoR! RkEHHIMRY causes a
film which can be physically or chem cally adsorbed

to the 1sdiFatel, ROREY fdvied iﬁl'gnhf | G Ssulting i
when the additives |B§r71ter al[:lFthﬁ tLelt e&{nt@?%(’u%?r?’aaglgr\gﬁugmgm
their . . an ciate with the lubricant via
thei r 86 pERARceR" b ARERGLThEpHGR Rirtodfs T il thag ot wear
frictiop nodifiers. Suitable rust inhibitors nma

| ncl udé! a5 deelssalkiiie; Perpairieh by fsrmeial iens that have been released
pol yoxyet hyl ene surface active qgepts such as

pol yox e e [Hd andyatieyroweckag as puiflgtipnypromytesne hi gher

al cohol ether, polyoxyethyl ene nonyl phenyl ether,

pol yoxy¥l6ly | ene Got profehtony lrust ididbitors pelyak yHidpwukiesitthemselves
octyl stearyl ether, polyoxyethylene oleyl ether,

pol yox yeinbial eitfaceNoFoin® hn IRRASLARE BhoRectiRO MR XYEERYAELHE
sorbitol nono-ol eate, and polyethylene glycol

Monool ged&eall Pl ; ;uﬁs hnlpi i r ,

i ncl udgﬁ%t he?%gﬁ%lgg%ﬂ S sﬁljt!:) E@g&;&%g ‘g‘?acg?asﬁé‘fﬁé‘%aﬁ@t feig? f%manon
acid a atty. . acids, dicarboxylic_. acids, .nmetal
soaps, 8?%1? S{ ‘5’%&%‘{'1 a‘i‘iﬁlﬁeég l.gtgratcg\,mtﬁg]? G%L?Utr@c%’f’m thiinpglar ends
sul foni c, aci d, partLaI carboxylic acid ester of o

pol yhy @ 25seqiets Rath the,hricas sigiyheir penrolarends, [ a manner similar to
Demul si fiers [0069] In the presence of water,

| ubri ctgt ofdirictierompdidiers. diwitablarest indribitos miap dnohateefbr example,
tendency to form emnul sions. The diesel cylinder

| ubr i ceartoms abnibhie poplogsahylehdsiefité aRtiveragems Qithtag

| ubricate marine diesel engines or stationary 35

4 esel : el
| esel pspalyeaFldnl @éurﬁ%%&lﬂ’&gﬁﬂ‘*‘é@g{ﬁﬁ%ﬁ‘é&%}?%@lﬂém

water contamnation Is often unav

AR S e X
added ﬁo?yoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-oleate,
and polyethylene glycol monooleate. Suitable rust inhibitors may further
include other compounds such as, for example, stearic acid and other fatty
acids, dicarboxylic acids, metal soaps, fatty acid amine salts, metal salts of
heavy sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and
phosphoric ester.

E. Demulsifiers
[0069] In the presence of water, lubricant oil compositions taken on an

-increased tendency to form emulsions. The diesel cylinder lubricants of the

present invention are used to lubricate marine diesel engines or stationary
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such fornul ati ons to enhance water separation and
suppress foamformation. Typically, nost denmulsifiers
are oligoners or polyners with a nol ecular wei ght of
up to about 100,000 Daltons and contain about 5 to
about 5digsel podinestthn loparatedn icfirdnmentsooRdE Ratdr EMtiination is
Commonly used denul sifiers include block copolyners

of propteans st preblw. eﬂ??cﬁffﬁaﬁ ﬁleﬁbgrakigﬁél : a%lés
such as, for exanple, glycerol, phenol, Tornmal dehyde

r €SI NS, o SR RXPRRR ﬂle%hﬂeﬁmn%%%}cce]sg Tr:]rgﬁ p?)h%g#eéwgggers are added to

prevent commbn water-1n-aol I~ enu

cont ai nj abput 20 tp about 50% et hyl ene oxide are
sui t ablEO SapiRularinns o enhence el Sepriptiamiand Supiess foam formation.
water-qQil .interface and create | ow viscosity zones,

t here bgll YPifeRdnosh germpisHiess are okizersers ar polsimers with a molecular
gravi ty-driven phase separation. Low nolecular weight

mat er i avesghtofiop taghouf H00,e00amdtns and kaltiinabéa!s ©hbout 50%

al kaline earth netal salts of dialkyl napht hal ene

sul f onipolyathyitaie oaide ih EOmbERH Wimi. 'CGRMbAlyRsed demulsifiers include
applications. F. Antiwear and/or Extrene Pressure

Agent s bR €8goIVBiRss o7 gg[{j:.fy&ng%xﬂelor g‘g’weg%?‘r{# ég@ilﬁi!ijﬁérs, such as,

noving parts ih cont pecific

condi ti wear .in di esel engines: |

(D s CEaaBEEtol, BB o ety s et soualmpalagmines
with for i&n matter, and (3) erosion due to corrosive
nat er i 81“&’ Yelsr TP QYRS GRgRmon Watstri-aik emplsions, mohyeers containing
contact_is friction or adhesive wear, from contact

wi t h f 8pit gl torphauep0%sthydencaidesiroeuitablearithese materials

contact with corrosive materials is corrosive wear.

Fat i gueoncesiraté at the wattdiofliinreefacd atdereite WoORVisddiRY zbifes, thereby
comon in equi pnent where surfaces are not only in

cont acprobidting ldsspl & ¢BAESRAGSEar tyedhiveh :

pr ol onged pergi g(gjs. Abr asi ve vveeég%ﬁcan V%gpgg%\elséﬂérg%mﬁ?‘ow

i nstal } | Cl ' ' chanj.-sm.t.0 .

r enov e}nlt0 %gu%?‘fﬁg%m Ir%égélg? %dg h E‘%ioq% %‘g‘f“”ze’ \?\g(glrl s3] op glkaline earth

acar esagh B UL hRARTRES s &ad BN IS b o

above,

applications.

F. Antiwear and/or Extreme Pressure Agents

[0070] Wear occurs in all equipment that has moving parts in contact.
Specifically, three conditions commonly lead to wear in diesel engines: (1)
surface-to-surface contact; (2) surface contact with foreign matter; and (3)
erosion due to corrosive materials. Wear resulting from surface-to-surface
contact is friction or adhesive wear, from contact with foreign matter is
abrasive wear, and from contact with corrosive materials is corrosive wear.

- Fatigue wear is an additional type of wear that is common in equipment where

surfaces are not only in contact but also experience repeated stresses for
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the reactive species that would otherwi se attack the
nmetal surfaces. The control of adhesive wear requires
the use of additives called antiwear and

extrene-pressure (EP) agents. [0071] Under optinma
condi t ingsnek C ; f pe s
The. et peniet PEORD (AR ORCr chb By (L e b LR Blefici:
l ubric £ . ' 0 decy gasi speed, or

ot her o hsigheher BHUCANAE (OB HBRS P RBEHeartan be
pronot e tal:-to-.nmetal..contact. This contact typically .
causes a%d}gslsg % Psng pddifiyssuen s thesedseeringd eheve. #Hirb ngy@alize
to frictional heat, which jn turn leads to the |oss

of | ubkedeaniive srestss ithay wonldl otbersdsejattacls the madtal snifacgs. The
ability. Antiwear additive and EP agents offer

pr ot ectémrel bfadhesiveriwear reqeindsaie sseof additibexugtedErhtiwear and
additives typically require higher activation

t enper etttehespresiire (FPadgdédtan antiwear additives. [0072]
Antiwear and/or EP additives function by thernal

dec Orm[l?:ﬂf on angndy ohAhd E&dﬁfoﬁ? gf:%%e& i loﬁg,atflé i Burfaces

the ne surface to "forma so otective Tayer.

and 1 a1 eAFR@sbiliin e o SPheal B Bl
reduci frictiqn,and . preventing wel di ng and surface_
wear . F’g’ﬁ?"}‘%‘?g L?fi‘gt degrrRasifg speedner Alerpisesleiating fiem gk Aptimal

contain sulfur, chlorine, phosphorus, boron, or

conbi nEEBiess prearaie Metaliemetad sedact o Thisconfaoypisalishetuses a

i nhi bit adhesive wear include, for exanple, alkyl and
aryl tdnpedafurelesreasdinghé yedi zoesduedo fldtaal Ransdes in turn
chl ori nated hydrocarbons; and 37 phosphorus conpounds

such dgadslus e IDHQTMricERS vi%&@ﬁﬁ&ﬁi iRhee its film-forming ability.
di t hi ophosphat es, and al kenyl phosphonat es. [0074%

oo T R R RS B S B,
the p ra?tiglrféh 11519 \a{gcﬂgi\ire%qwigﬁ[y require higher activation temperatures and
load than antiwear additives.
[0072] Antiwear and/or EP additives function by thermal
decomposition and by forming products that react with the metal surface to
form a solid protective layer. This solid metal film fills the surface asperities
and facilitates effective film formation, thereby reducing friction and
preventing welding and surface wear.
[0073] Most antiwear and extreme pressure agents contain sulfur,
chlorine, phosphorus, boron, or combinations thereof. The classes of

compounds that inhibit adhesive wear include, for example, alkyl and aryl

- disulfides and polysulfides; dithiocarbamates; chlorinated hydrocarbons; and
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exanpl e, zinc salts of dithiohosphoric acids, in
addition to providing antiwear protection, offer
addi ti onal benefits as oxidation and corrosion
inhibitors. These salts may include, for exanple,

i i oot et R SEISS TRt it

suitab t.hi s knovvn in the art.

Nor eov‘iﬁ11 pg‘fo@l? teﬁn%r%%l%ny flﬂtg% and pol ysul fi des,

di t hi ocar?amat es,. chl ori nat ed hydr Qcar bons, di al kyl

hydr o9’ phosphyﬁ%ls capnanky use @ﬂtlﬁP%ﬁEefﬁﬁ%blP?dﬂF]édedmthe
acids can al so be suitable EP agents. Methods of

maki ngdiessbsdirder higeeans odl cemppgsitiensi of theeresont invBation. For
exanpl e, polyulfides are synthesized fromolefins

ei t herexayples aticisalgs o¥i dithichobghsric acids,uh kaditioh & prdeiding antiwear
fol | oned by dehydrohal ogenati on.

Di al kystotebii Qi afe ARG ShaPbhefiR £ Bﬁfd‘éﬂoﬁ hﬁcf'&frrcﬂibn inhibitors.
neutralizing di t hi ocarbam ¢ acid (which can

pr epar _
di sul f1 39 %(ﬁlts félrﬂrg%?g )@Eﬁfy ngtnﬁ%l%) 4 é:l(i:tﬁ{o sphates and zinc

act i vatual PP, MShef gt ppinglripy- quégﬂit%%%’)%iﬂ%s

One or nore EP agents may be used for purpose of the

pr es e rRWPSAMEEIONR mé’v”ﬂﬁe@!{ f Meegover, alkpbangsaylgtisulbdes apdan
one EP agents may lead to synergism For exanple,

sy ner giokysulfudes, rhithaisstamates el matedsyidfacarbans] dialkyl hydrogen
chl orine-containing EP agents. An exenplary diesel

cyl i ngiosphiles,iagd Baltsdf allye phephsedicidvsanildode siltyble EP agents.
include as an EP agent one or nore materials sel ected

L O RLBGISK Shlih il PPOPRRIAE Ral 0l TRV ey Lyt

& secondary al ky 8 type), uri ze

sul fi e chJo ster or . ate

napht ﬁj% ene(ielg Jnoaerq'll%y gf f‘i‘? f&t}%%fhbyaﬁa" g yjth sulfur or sulfur
napht G Frict d| fiers [0076] Friction

modi f 5’@[@ espfalloggd r‘?ﬁ@eifll‘fg?@?ﬁﬁnﬁ‘ipft r@#&yﬁm%hmates are
properties of a |ubricant. They are typically

| ong- @rRTiaredrithecli pelltializing dithiokarbamic acid (which can be prepared by

reacting a diakylamine and carbon disulfide at low temperature) with bases,
such as zinc oxide or antimony oxided, or by its addition to activated olefins,
such as alkyl acrylates.

[0075] One or more EP agents may be used for purpose of the present
invention. Specifically, the use of more than one EP agents may lead to
synergism. For example, synergism may be observed between sulfur and
chlorine-containing EP agents. An exemplary diesel cylinder lubricant of the
present invention may include as an EP agent one or more materials selected

- from: zinc dialkyldithiophosphate (primary alkyl type & secondary alkyl
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end group and a nonpol ar |inear hydrocarbon chain. The
pol ar end groups either physically adsorb onto the
nmetal surface or chemically react with it, while the
hydr ocar bon chain extend into the lubricant. The

chai ns s QaifiRd oil &iﬂaeﬁ??stﬂ’ﬁ‘&g, Pﬁhgg gfthgd?sstéag@gj GfHnated

to forma strong lubricant film urta
fricti L [ fQr_exa e fatty
al coho ﬁg‘?@%ﬁeyﬁg%?%g?ﬂpf’ grg fllé}ggﬁ’i agg g?a%g,gﬁﬁhgqa% denum
conpounds. Ep .t he fa&% al cohol and fatty acid
famlies of-eéﬁ%%@#éﬁﬁi ction-nodi fyi ng properties

are a function of the Ien?th and the structure of the
hydr ocH%98h chai Rrigtina mediliers arqagentsithat meodifiyriles fristianal

group. Long and linear chain materials reduce friction

nor e epfoperttiey ef §lubtieant.s beyt araybitailyriciye chaihaiotecules with a polar
materials. Also, fatty acids are typically better

frictiendgodphids SoripoRi lihadrthydakh®es chali The plat dHdroups
are better than fatty al cohols. Saturated acids,

cont ai gk pRystclly Adskdh Gﬁgﬁﬂ%ﬁgﬁ%ﬂ?‘ige of &enggﬂgﬁé?!éét Yvith it,

preferred. Lower  nol ecu tty aci

avoi de hei.r _carrosivity. . Fatty aci.d .
“deriv a?ylh@g{si]%gls'gmg%s 8;1 gﬁ%ﬂ §theﬂ(i Hﬁr%ﬁietl%l?ﬂ?ﬁﬁh I Qj’e cgfglé‘ﬁl associated
friction, nodifiers. ggg I,arﬁ gléesel cyl | nder
| ubri cWHheng,anqtipcr and thelypricankipdgrm g sirpkg lubseant file. as
friction nodifiers one or nore materials sel ected
from 87Tly al coflable frigiienmadifiges mayninnkeds, fanekapla fasty
or other esters. H Milti-functional Additives {0078]

Var i oudcclodth, fattyesidspfatty amédbs oandnnélybashindeathonadsei For the fatty
can provide a multiplicity of effects to the diesel

cyl i ndggoHobxd ﬁagahciaifammagapédﬁlfs&ﬁds,Qﬁctmn-ﬁlti&ifﬁﬁﬁgsﬁknies

i nvention. Thus, for exanple, a single additive

act as,;@, f&ﬂcﬁlgg égﬂl@?ﬁ%ﬁ}; W the Qﬁu&ﬁ}e'%)fiﬂgel ﬁily%l bon é:hain and the

i nhibitor. | orr osi ve-wear
and/ or_reduecing surfactant teri.al s of the present -
" ventBRe e hudonA iR, 1t Qe e Pyt Ece frcton
providin trge,l ubricant oi] conpositions wth )
capaciByEstieeivespiban shostans branghies chain sratasinisy eAlae fattyoacids are
the power cylinders
typically better friction modifiers than fatty amides, which in turn are better
than fatty alcohols. Saturated acids, containing a 13 to 18 carbon chains, are
_generally preferred. Lower molecular weight fatty acids are avoided because
of their corrosivity. Fatty acid derivatives are also among the most commonly
used friction modifiers. Exemplary diesel cylinder lubricants of the present
invention may comprise as friction modifiers one or more materials selected
from: fatty alcohols, fatty acids, amines, and borated or other esters.
H. Multi-functional Additives

-{0078] Various additives mentioned or not mentioned herein can

provide a multiplicity of effects to the diesel cylinder lubricant oil composition
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as well as dispersancy. Miulti-functional additives are
well known in the art. Oher suitable

mul ti-functional additives may include, for exanple,
sul furized oxynolybdenum dithiocarbamate, sulfurized

oxy ol ypaR HEATBANGon P TRES PRURM let A 19@5 Qdditive maﬁg[;te%:(; a

oxynol ybdenum nonogl yceri dé, am n enum co

conpou conpl. ex
compoun et o el pf BRUASE RS arh%igg Floe PO

oi nt st.te ture at . h an oil, wl|l

Bour M@HD@ PO T SOt a0 TalRE Pe pPrasentdpyrafign may
the pour point is indicative of the amount of

st r ai gPIYE#mBltipiipetianahadditivesprayifing Ake lubvicant oil compositions
tenperature, straight-chain paraffins tend to separate

as cr ywithlcapasitich tarddatd amléor inhipit cartrosivgt weae on Thes@wver cylinders
crystals can trap a substantial amount of oil via

associ &t welhas digfrfinby. OMultl-figetiomi ddditivdsmd &N kROWA S the art.
proper lubrication of the equipnment. Al though base

oi | supplek §1§1§1b@h§itla{ﬂn@tf({n9f dddiRek ﬁ‘[ﬁ?\ﬁ?cléﬂa%is fo r%gi?lhgl%ésulfurized

strai ght-chain paraffins, conplete

nol ecu I eto cess
I|n1ta%§%%%ﬁ%%g&§2%%%ﬁ?5 %r‘%ﬁm?ﬁi@smwﬂﬁggﬁPﬁgﬂgﬂﬁy

of fer vi scosity characteristics. Thus, for

oper at P‘g’ﬁﬁ@f‘) ?@!Pa@ hdemam moppglyperidsy ampinsgmelybdenum
the art typically favor i nconpl ete renoval of

st r ai (tfmRierasampsunds dndrsulfot-eantdinigg imlylsiehym abmptexwiottpounds.
the use of pour point depressants in the |ubricant

oi I s. 40 [ JOBGYr FimtrDgppésasntglepr essant s general |y

possess one or nore structural features selected

from [08)9]pol ymeriegont {abiﬁf 14186 [oGRdt t&ﬁﬁ%aﬁ?@at%ﬁcl‘(‘ﬁi(bﬁl will

conponents; (3) conb structure conpr|5|ng a short
backb WhE e glg
e A TR 6N, Ayl
poi nt d ress are kpown .in the ar and sone
cormerlgﬁ? iy ot aefl?%{ﬂllt QP tﬂ?b%l{t"cgﬁlﬁ'r?@? {-l%ﬁ n gyl p’%ﬁq
depressants are organlc ners,

temperature, straight-chain par ins tend to separate as crystals with a lattice

type structure. These crystals can trap a substantial amount of oil vig
association, inhibit oil flow, and ultimately hinder proper Iubrication of the
equipment. Although base oil suppliers make an effort to remove most of the
straight-chain paraffins, complete removal of those molecules is often not
practical due to process limitations and economics. Also, these molecules
may offer beneficial viscosity characteristics. Thus, for operations at low
temperatures, persons skilled in the art typically favor incomplete removal of

straight-chain paraffin molecules in combination with the use of pour point

~depressants in the lubricant oils.
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al t hough sone nonpol yneric materials have al so been
shown to be effective, including, for exanple, tetra
(1 ong-chai n) al kyl silicates,

phenyl trstearyl oxysil ane, and pentaerythritol

tetrastjeesmt e. BEraiPpaift presShid g’&’:ﬁll?%%se&%n@tor (nori:(structural

depressants i nclude al kyl ated napht hal enes, poly

met hacr, enejesters
o ot SRR TR B0

et hyl e V|n etate co oI ners ot her

hydr oc g :8%18 n %ECIQ b S3 I’?RHSH’@& %nglgb"&? & lt%qong

ty |caII used at &eat nment |evels at or bel ow about
. P aﬂ‘zgfe%?séﬂ BLepadepglecdarcyeighilistribution: Meny pglymeric
a I Conp03|t|on [0081] The present invention pertains
to a | (BW Reantidegresiantsoeronsit inche art mid somheart comumecialty
a slow or nedi um speed di esel engine that operates on

the 2asdilablee Mystcemmehiisl poubpditedepitgsditd aré 6FEARRI folydfers,
conprises: (a) a major ampunt of a base oil of

| ubr i calhdigh sbe ashplymétd meREaR 'ha\?@:ﬂ?o Qéen%hbwﬁ & WPl fective,

surfactant materi al's as descri bed above,

conblnﬁghgr ré§%5%Lg&ﬁg Ohg°ﬁ¥9ﬁ%g£F|Qﬁa reduce t he

corr03|ve ar on recy he 2-stroke

di esel one nor e based net al

det er gB g’tfs easylé’a?f-ﬂ?fﬁean PSR fefiastgapte &ixgmples of
the lubricant oil conposition a total TBN of about '5
to 100SUitaplegront Beintdepressppuinciade alkylatrdunapbalenes, poly(alkyl
about 60 to 80; and 41 (d) a m nor anount of one or

mor e fmﬂlaclwht@i),tmi)dalkybfﬁlﬁﬁ}atémeststremms’tas; lodis euntizdd] afkyl
reduce" refers to a reduction of at |east about 5%

pr ef er pliehylsaphthaiRsdcicddes, el ¥ene R a@ét&tfe%?&ymeﬁt and other
| east about 15% as conpared to the anoun

measur @bled h§QFdcASbY BoMEREs. Pduk P@inp ssa:ﬁ¥ llﬂe Q?ﬁ%ﬁiy"ﬂ%@&‘ at

they are lubricated by a conpa atlv

cont a'@éa%entﬁ&e?sugt o?%él%\qrtabnattle @l. of the pr esent

i nvent

6. 2-Cycle Diesel Engine Cylinder Lubricating Oil Composition
[6081] The present invention pertains to a lubricating oil composition
suitable for use in a slow- or medium-speed diesel engine that operates on the
2-stroke cycle. This lubricating oil composition comprises:

(a) 2 major amount of a base 0il of lubricating viscosity;

(b) one or more of oil-soluble surfactant materials as described above,
in a combined amount sufficient to substantially reduce the corrosive wear on
the power cylinders of the 2-stroke diesel engines;

(c) one or more overbased metal detergents in a combined amount
sufficient to give the lubricant oil composition a total TBN of about 5 to 100,

preferably of about 30 to about 50, or of about 60 to 80; and
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[0083] That diesel cylinder lubricant oil conposition
can further conprise other additives as exenplified
and described herein. [0084] In a further enbodi nent,
a diesel cylinder lubricant oil conposition is

produced Dby (c?)'ha:[ﬂﬂiog Errﬂﬁuﬁ{"o?f bHE & Iﬁgretijagmqﬁ?yfors

conponents. Icating oil conposition produced

by tha hod ave, | i.ght | dj fferent .

conpos ﬁ?@l t ha gﬂ‘ﬁ Eer'inn isﬁlfsi‘}mlﬁﬁ& f‘%{i‘f"‘é‘? rB%ESatﬁﬁere‘ihf‘Pé‘on of at least
conponent s interact with each other. The

Compon&he Seapraferablyeh irest AbAUAHYe.Grere preforably ah leagi@bout 15%,
bl ended as conbi nati ons of conponents. [0085]

Lubri ca$ fegparedtogbeemonntiof meswatlé corasiveokenr dn dsepower
engines with the lubricating oil conpositions of the

pr esentylimdesnvhantheaare puteichee be aanpathtive tahpssiticdintohfining

t hese cylinders agai nst corrosive wear. The

| ubr i cab bidac@ink mabRAPOSthE pRESHt Hvehilgn. Pr €SENt i nvention
may al so include one or nore other additives such as,

for ex , a hi |

provi dg‘sﬁsbg ertai Eg%)[aﬁ%—%ﬁ "ﬁ@hﬁé\}g@%’?‘g plp‘tc:)(%né%?t%’% cgléglllrthrﬁtr
corrosive wear. |f.so, then t rofecti effect of
Uhe sub9RRSE fheraidive & tspmpliied fndleserined Pein on 1 o
above nd beyond the protective effects provided by

t he adﬂl%ﬁf‘bnm . I yiurthepembodypenist diessheulindes hbrisantiotly
additives. 42 - - ------ R 7.

Addi t i sam@sittoeris padeeed §ode]dinglainixtue ddincsgnve abmpormnes. The
also within the scope of the present invention. The
concenlubgit#tingafil dofipdsition pridueed BPMHal insod ity Baié AsanRly
mat eri al s descri bed above, preferably with at | east

one ovV&rRAse Qorﬂf&sﬁlion A& GE HEALL mBturk gﬁééusg e é;)ﬁﬁ)'ahents may

i nhi bitor, and at |east one other additive, a

di scl o: e, . centrates cont ai,n f.ficient
or gan, B Atear ORI RLER; SRR i fr and con
shi ppi Qegblgrrll edsag %(rn% ﬁlhtiggspo%%bgllpl)gen\{\g?en they are

[0085] Lubricating the power cylinders of 2-stroke diesel engines with
the lubricating oil compositions of the present invention can provide enhanced
protection to these cylinders against corrosive Wear. The lubricating oil
compositions of the present invention may also include one or more other
additives such as, for example, a high TBN metal detergent, which provides
certain baseline level of protection against corrosive wear. If so, then the
protective effect of the surfactant materials of the present invention is above
and beyond the protective effects provided by the additional, high TBN,

corrosive-wear controlling additives.
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carried and bl ended onboard oceangoi ng vessels during
| ong voyages. [0087] Suitably, fromabout 20 wt.%to
about 80 wt.% of each concentrate is organic diluent.
Organic diluents that can be used include, for

exanpl e, m . O nthetic oils, just |ike
t hose 2’escr ?Elred?“éeg%{)}gce%m?%e "Ql O Lubricating

Vi scosit\.. sectign... [0088] This inyention will be

furthe llé%rq berst o %@d’é{ye e Pgﬁ@%arleél\{sf)ﬁ%‘ﬂm? Hie1s69Ref the present
exanpl es, which are not to be considered as Iimtative

of itsEERkn Thoesnpantrates of #og inypriiomsomprsn e suepgines

are provided to illustrate the present invention

wi t houmatdrialstdeseyitied abave, preferhlely prithsa iast aneerveibasednastal
been described wth reference to specific

enbodi detatgent, hilesst apploatdibhiditot, and Bt 1emd ek btBer additive, as
enconpass those various changes and substitutions t hat

may  bediBidgedibovd. Mo onkbt 84 doﬁtafﬂk%fﬁtfi&ﬁ‘g}éalﬁ%ilu nt to make

departing fromthe spirit and scope of t appended

cl ai ms | £ te Surfactan

| mpr o_\/tehse E@?f E@%&Wﬁgwf’ 1r%%l and F%’f)%] e%ﬁ%bugh%ﬂ télg Y
cylinder .lubrjcant oil|l sanples were prepared. Their
chpac gired Bl GEHer b PhemaeitgsgEheh Snilineiosecsn
a Fal exTM Pin and Vee- 43 Bl ock Test. Specifically,

the t el08%hs carPuitahlypfiom ghoxut 29 whimtochbrat &hrntomifieach
and Vee-Bl ock Lubricant Test Machi ne (Fal ex

Cor por emicertratisrooganjc dildennoDmzenic diloents damt cands: wsad irichdle, for
out in tw phases: (1) a run-in phase; and (2) a test

phase. edauipld) gnihdrel silsorisPntBB@sElls, pisBlieethodd sMased above in the
rotated between two steel Vee-bl ocks that were

| mTer segh D7 [hBRcdink AATRES: {@ibe tested. The Vee-

bl ocks were pressed agai nst the pin at a predeternined
lpggg eo]t[glﬁki WeNSWE 13 }ndﬁgﬁﬁ%a%ﬁgéee%:&@%gﬁzd b-)l;qgfe}'e%%ct: to the
following examples, which are not to be considered as limitative of its scope.
EXAMPLES
[0089] The following examples are provided to illustrate the present
invention without limiting it. While the present invention has been described
with reference to specific embodiments, this application is intended to
encompass those various changes and substitutions that may be made by
those skilled in the art without departing from the spirit and scope of the
appended claims.
Example 1
A Low TBN Sulfonate Surfactant Improves Corrosive Wear Control
“[0090]  Various diesel cylinder lubricant oil samples were prepared. Their

capacities to control corrosive wear were measured in a Falex™ Pin and Vee-
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oi | tenperature remained at 80C. During the test
phase, however, the Vee- bl ocks were pressed agai nst
the test pin with a |load of 1335 Newtons. A
peristaltic punp having a tube with an inner dianeter

of 0.5 ﬂ]&ﬂ‘@ﬁstugﬁgcﬁ&rl]lydﬁﬁe t s;? was Uérhg& bt 13%’3%&%‘&1 F%leﬁTM Pin

concentration of wat er

}/\/{32 eI og yt g\g r“%ﬁf&#‘ LPRrécangfasé l\&aﬁ:&& t(Eaje)bfiﬁrrBo 3 %‘W Illinois).

rate of._about 7. M/hour The test phase | aste
bout - 7HBSY et aeted PG iz MBIl B mighast: and (2) atest

standard-coi ned Vee-Block with a 96 1 angle, nade

Wi th AlEbesec Rurdm the sut-inthase astes] pipRE@s 202124 betwees Ywo steel
(avail able from Fal exTM Corp.). The test pin used was

a st andéeceblbdstthatpiare imintisedintthdbil Banplews Bé theted] IheVRE-
and 31.75 mmlength, made with AISI 3135 steel

(har dnegsckkiRBrSpreskkd a ?ﬂﬁ%t th@pinQt ApRidbreRhBed [dﬁmo'fahﬁ@wtons
Corp.). The weight of the pin was nmeasured before th

test arfgr Aouesod Q:‘éoxgﬁ”ﬁlhgtté z%sgff?lL )t(t?éﬁltnpﬁﬁyﬁﬁs &{ﬂgre the

MBIght | oss was used to |n

0091]  Each B d
o1 of PP %@e‘?‘ﬁ:&w@@é?ﬁ"@ Bife B Sesbpip diovever, B Vee-
surfacéﬁqﬁ( material , a hi %Eﬂl y overbased sul fonate
det er geMRcks iste Rressed Againsiites opin wihpadpad of 33 Salepitensc A

conprised the sane set of conponents as in Sanple A
or B, egd#pltic phmp havingartabé wish 8amplcedi@metbs ofiD. G mmtwas used to
conprise either the 17 TBN sul fonate surfactant or the

non- ov eelies edlfurid avddi(at alcki@haaddn GLBN BOLABHE) 1o the test pm which
Conmponents of these sanples are listed below in Table

1. [009¢k l@éﬁzdragﬁﬁ'ﬂ 1 SunPiwd oﬁ%@ﬁ‘p-gm grd&twbé/ %zr st the

Test are also listed 1n Table AcC

di esel el hpdge HJQ{ 3 EQ{& ra Iolf Fﬁou?% gﬁ glle @Jﬂﬁf asted

Cor rosive wear

TREI R AN A
with a 96 + 1° angle, made with ATISI C-1137 steel (hardness: HRC 20-24,
rms) (available from Falex™ Corp.). The test pin used was a standard test
pin, with a 6.35 mm outside diameter and 31.75 mm length, made with AISI
3135 steel (hardness HRB 87-91, rms) (also available from Falex™ Corp.).
The weight of the pin was measured before the test and after the completion
of the test phase. The weight loss was used to indicate the extent or level of
wear.
[0091] Each of Samples A and B comprised an oil of lubricating
viscosity, an oil-soluble surfactant material, a highly overbased sulfonate
detergent, and a foam inhibitor. Comparative Sample C comprised the same

set of components as in Sample A or B, except that Comparative Sample C
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when the diesel cylinder lubricant oil conprised a
non- over based | ong-chain al kyl phenol surfactant.
Table 1 Formulations A B C Additives: TBN 17

sul fonate surfactant 7.71 w. % C18-C28 Al kyl pheno

sur f athﬁ@hoifbo%%)n 6?%}-\?\% M I@%{llff&&@{)sgg@g{a\ﬁg %‘%ﬂé ndiPoMbased

w. % 16. 32 wt i1 con-

i nhi bi tor 0.06 w ., % Q. 06 .% 0.0 % TBN 70 70 7

Easo. CMERHR RN Stretehto Gogacrgsipdts saghied g iygl betow
47. 68 v.vt.O/f3 Esso Core 2500 (150 Brightstock) 28.26
wt. % 370 48Pl 96 35. 94 wt. % Bench Test Results:

Fal exTM Pin Wei ght Loss (nmg) 20 79 186 - Exanpl e 2:

Pr ophetl0¢92fx anﬁl?%reﬁldtsgﬁ]th%wa‘fPi@amaVe%BDCkﬂa:sﬂre glso listed
prepared to conprise a major anmount of an oil of

| ubri cah Table\i Yowesidingly,anticsal ¢ylinder labixant o’k capacam resist
inhibitor. Sanples D and E further conprise about

9. 00 Weofloatslwakows sﬁbﬁ&ﬂ%ﬂ?’(){ﬁlﬁlfov@d aé3 s TIBbE feluaindd low TBN

sul fonate detergent, respectively, bringing the TBN of

hol . , L Lo .
b corpr EoustEpirBagl MEREPAS I 3R iR Vi ISR
factgnt.. S E | .,about. 6. 90 W . % .
on- ovelBh e S ncf RBFRE R oSl Shnrovesbasibloechain
Conparative Sanple F is prepared to conprise the sane

conponéhlphsaolsyrpstantp or E, except that Conparative
Sanpl e F does not contain either the 17 TBN sul fonate

sur f acflable lor t he non-overbased |i near

Formulations A B C

Additives:

TBN 17 sulfonate surfactant 7.71 wt%

C15-Cag Alkylphenol surfactant 6.90 wt.%

TBN 430 Sulfonate Detergent 16.04 wt% | 1632 wt.% | 16.32 wt.%

Silicon-based foam inhibitor 0.06 wt% | 0.06 wt.% | 0.06 wt%

TBN 70 70 70

Esso Core 600 Base Qil (600N) 47.93 wt.% | 39.32 wt.% | 47.68 wt.%

Esso Core 2500 (150 Brightstock) 28.26 wt.% | 37.40 wt.% | 35.94 wt.%
| Bench Test Results:

Falex™ Pin Weight Loss (mg) 20 79 186

Example 2: Prophetic Example

[0093] Each of Samples D and E is prepared to comprise a major amount
of an oil of lubricating viscosity, and a minor amount of a foam inhibitor.
Samples D and E further comprise about 9.00 wt.% and about 9.30 wt.% of a
430 TBN calcium sulfonate detergent, respectively, bringing the TBN of each
lubricating oil composition to about 40. Sample D comprises about 7.71

~wt.% of a 17 TBN sulfonate surfactant. Sample E comprises about 6.90 wt.%

of a non-overbased linear alkylphenol surfactant.
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al kyphenol surfactant. [0095] The pins in the Fal exTM
Pin and Vee-Bl ock Test are neasured for weight

| osses. The pins tested in the presence of Sanple Qls
C and D are expected to |ose substantially ess wei ght

i _ __ _
sanpl o 05" R RRI SRS RRRpARY ot BRI,

of - ( ayColaiss < SRR oG SR v PR Phgié tocs not
Het or geabiain tiller iecl 0 GhEori A n s Sob-asebase liear

corrosi ve-wear inhibiting anount of one or nore

oi | - solalipiphend gurfadiaint material s; wherein the

| ubricating oil conposition has a TBN of about 5 to

about [0095] 2. Thépink ubthi Falek Y Pin dnd \bepdlschk Test afmeasured for
claim1, having a TBN of about 30 to about 50. 3. The

| ubri cadigig 16dsks. CPIEARE febted irlihe phedbabe bf SBABINDIILC IRND are
of about 60 to about 80. 4. The lubricating oi

wnor o " paetlo BB @y e PRl oL it pregence

is eith&r a IoszSN fonate surfactant or a

non- ov &Y SEEEFTAYE BWQE 'surfactant. 5. The lubricating
oil conposition of claim4, wherein the | ow TBN

sul fonate surfactant is a cal cium sul fonate surfactant
having a TBN of about 2 to about 20.
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6. The lubricating oil conposition of any one of
clains 1 to 3, wherein one of the one or nore

oi |l -soluble surfactants is a non-overbased |i near

al kyl phenol surfactant. 7. The lubricating oil

conposi mhereln the one or nore
surfact ﬁquﬁmﬁm an anount of about 2 w. %
to aboyt 25 .9 Thelubrlcatl

compostti onAgfest] boyfifidh uiiEing i1 oREbeTorororpRgisine an admixture
surfactants are present in an anmount of about 4 wt.%
to abo®® 20 wt.% 9. The | ubricating oil conposition
of claim8, wherein the one or nore surfactants are
present in 48 amajoremoimtadientoiloflshridating wbosity;15 wt . %
10. The lubricating oil conposition of any one of the
precedi ng cl(B) o or e hedtal-cdhtalre@bdetd08at9f the TBN of
the lubricating oil conposition is provided for by

‘the one or 0Py &ndBrlrAdre $O BibMiREs; dgd er gents. 11. The
| ubricating oil conposition of cl’aim 10, wherein at

| east 95% ofy a%&@os-[v%[\lwggr IH;}S% n%t oﬁﬁtt éfr]}%e %% Lnore otil-soluble

conp03|t|on S provide ne or

mstal-cotalnln etergents. 12 The Iubrlcatlng oi |

- conposi? aﬁ'ﬁnto‘?lagﬂéj Sone of the preceding clains,

wherei n one of the one or nore netal -containin

det er gent s Wherginfheyibrieatingioilseompesition hias %EBNﬁfg@b@m 5 to about
detergent. 13. The lubricating oil conposition of any

one oflG0he preceding clains, wherein the anount of

the one or nore netal -containing detergents is at

| east 2.aboutheQubridakind®il kém mﬁﬁ_ﬂﬁoﬁ bbdlhiedt,iHagingia TBN of about 30
conposition of claim13, erein the anmobunt of the

one Ol¢o ggg&ﬁet al -containing detergents is about 0.5
.%to about 30 wt.% 15. The lubricating oil

compos ol GLAL B A PG Bt of T L g5 abou o0
W . % ttg X gé)t%to' 25 wt. %
4. The lubricating oil composition of any one of the preceding claims,
wherein one of the one or more oil-soluble surfactants is either a low TBN
sulfonate surfactant or a non-overbased sulfonate surfactant,
5. The lubricating oil composition of claim 4, wherein the low TBN
sulfonate surfactant is a calcium sulfonate surfactant having a TBN of about 2
to about 20.
6. The lubricating oil composition of any one of claims 1 to 3, wherein
one of the one or more oil-soluble surfactants is a non-overbased linear
alkylphenol surfactant.

7. The lubricating oil composition of claim 1, wherein the one or more

surfactants are present in an amount of about 2 wt.% to about 25 wt.%.
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16. The lubricating oil conposition of claim 15,

wherein the anount of the one or nore

net al - cont ai ning detergents is about 5 w.%to about

22 wt.% 17. The lubricating oil conposition of any

one of gthe @ﬁ@ﬁl%ﬁgaggl Bl dBrositith © El'ra{}%yb@héfgﬁ the oﬁ@%'qnore

£
nmet al - cont ai ni ng rgents are hy overbased 4

met al - cont ai ni ng_det ergents that. .are, m xtures a
lenct e puBBSelSrara dhalm BEaf e Relh & HimF 20 Mo
The lu ricai%n oi |, conposition of any one of the
preceding claf iericatingaikrompositigp ot elayn 8whegpintpg ene or more
additives selected from (1) zinc-containing wear
i nhi bi $usfastan{szire prebeidin anarmethitiof alwus 5 Wtp to ateut 15 wt.%.
inhibitors; (4) pour point depressants; (5)
denul si1d.i er’'She lubjyicaiizl odlscdnehositien fuiysone(of thd precddirgiclaims,
nodi fiers; (8) extreme-pressure agents; and (9)
mul ti - fyH&ein 0Nkt 096 of iaBN & the AIRMIAL0IP EorRpWHFH 19 Brovided
enhanced corrosive wear control on the “cylinders of "a
2-str [ ' i i S1 Nl contacting at
Ieastqggb H%%Q%ﬁg%gggﬁgggggg%h§%gﬂ%¥égﬁﬁers with a
| ubricating.oil,conposition of. any one of the _
precedihg cf % ricating ofgomposition P%@la‘tnh é&ﬂ]%et“?lﬁ phleast 95% of
di esel _enaine in the presence of the |lubricating oil
conposthe .T%\N obife lnbyicating eibeprapastion i grovisied fag by the one or more
wherein the 2-stroke diesel engine is a slow speed
mar i nemgipkewitaipimgidetergantsa nedi um speed mari ne di ese
engi ne. 21. The nethod according to claim 19, wherein
t he | ul®i calhelgbeédting @irpaposition of atyt diRlof G eicdaf QHifs,
or nore additives selected from (1) zinc- containing-
- wear i WhibintoRE $F tHedne ¥F bRt fn@f&l-b&ﬂhiﬁin{g‘?fe&'( eglés isa%gh-
inhibitors; (4) pour point depressants; %

demul s f.i : i rsants; (7) friction
modi f | 6e‘{°§bﬁ‘g‘%d83aq°g?%?’%§ﬂn%’?%‘?‘éésj;‘%‘%f&g" agents; and (9)

I'ti-funct] .addi tives. . . .
milt 13 thl%ﬂladmca%nlg oh\éomposmon of any one of the preceding claims,

wherein the amount of the one or more metal-containing detergents is at least
about 0.5 wt.%.

14.  The lubricating oil composition of claim 13, wherein the amount of the
one or more metal-containing detergents is about 0.5 wt.% to about 30 wt.%.
15.  The lubricating oil composition of claim 14, wherein the amount of the
one or more metal-containing detergents is about 3 wt.% to about 25 wt.%.

16.  The lubricating oil composition of claim 15, wherein the amount of the
one or more metal-containing detergents is about 5 wt.% to about 22 wt.%.

17.  The lubricating oil composition of any one of the preceding claims,

“wherein the one or more metal-containing detergents are hybrid overbased
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22. A nethod of making a lubricating oil conposition
conprising blending the foll ow ng conponents: (a) an
oil of lubricating viscosity; (b) one or nore

net al - cont ai ni ng detergents; 49 (c) one or nore foam

i nhi bi Wﬁ#coﬁﬁ%ﬁ%&et&%@nt@ thafReGniRreSH Rl & (/Y rofv?fbﬁ&ﬁtmetal-

materials; so that the TBN of the |ubricating oi

CONMpOSi.L 1.0 | bout 5 to about 100. 23. The
met hodcé%tg%%d&s%fé&g@% aim 22, wherein the TBN of the

| ubricating.,0Ll conposition is either from about 30

Lo abodf 50 THF MG EoBRPsiionaasany oneyef the precodias claims,
met hod according to any one of claims 22 to 23,

wher ei FTHISE CORPIIiRg eneerdnere wdditivey ssbacted ffamarl ) zikg-containing
zi nc-containing wear inhibitors; (2) oxidation

i nhi bi weasinhibprsy (B toxidatiominhibitors; (3 rugtdnliibivais@) pour point

depressants; (5) demulsifiers; (6) ashless

di sper depttsants;{F) d¢rhwlbifiess; (8) AshleRdispefsdhts £07) RPN modifiers;
pressure agents; and (9) nulti-functional additives,

are furg Qﬁﬁeﬁg.g,g%%e %)1 fis; ahl g9r?| HRFLAARE Rldltives.

conposi t'i on. concentrate conpri sl nb: (a)

about W L% t 80 wt,% of, a di.l uent; one
or nor ég'oi I As%ﬁgtg%ﬁ?gﬂgrﬁy%eé'}}?mﬁgtcglfrf’%ﬂ'%‘,war(cg?&gﬁfg‘ tg?
‘nore netal-containing detergents; and (d) one or nore
f oam i ﬁHF’gF’ES&?éz“%@kgﬁiF?éelcﬁnngo?ﬂf’gﬂtsﬂﬁe of clai m 25,
wherein one of the one or nore surfactant materials
is a | ow TBiQ) sentpgsingtag legsirsomstodithe supfacestf¢hedyilinders with a
concentrate of claim 26, wherein one of the one or
more  lubricating oil composition of any one of the preceding claims; and

(b) operating the 2-stroke diesel engine in the presence of the
lubricating oil composition.
20.  The method according to claim 19, wherein the 2-stroke diesel engine
is a slow-speed marine diesel engine or a medium-speed marine diesel
engine.
21.  The method according to claim 19, wherein the tubricating oil
composition further comprises one or more additives selected from: (1) zinc-
containing wear inhibitors; (2) oxidation inhibitors; (3) rust inhibitors; (4)
pour point depressants; (5) demulsifiers; (6) ashless dispersants; (7) friction
modifiers; (8) extreme-pressure agents; and (9) multi-functional additives.
22. A method of making a lubricating oil composition comprising blending
the following components:

(a) an oil of lubricating viscosity;

(b) one or more metal-containing detergents;
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surfactant materials is a non-overbased |inear

al kyl phenol surfactant. 28. A nethod of |ubricating
the cylinders of a 2-stroke diesel engine,
conprising: 50 (a) blending the oil concentrate of

clai m 25 i n{© dhelo¥ Blok& Rab@hbiitbrs; &RIPOSi tion of proper
TBN according to the sulfur leveis in the diesel fuels

I d i ' L ne; per.at i th
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composi L 9 t?l£ TS?S? of tl?él lubricating oil composition is from about 5 to about

100.
23.  The method according to claim 22, wherein the TBN of the lubricating
oil composition is either from about 30 to about 50 or from about 60 to about
80.
24.  The method according to any one of claims 22 to 23, wherein one or
more additives selected from: (1) zinc-containing wear inhibitors; (2)
oxidation inhibitors; (3) rust inhibitors; (4) pour point depressants; (5)
demulsifiers; (6) ashless dispersants; (7) friction modifiers; (8) extreme-
pressure agents; and (9) multi-functional additives, are further blended into
the lubricating oil composition.
25.  An oil concentrate comprising:
(a) about 20 wt.% to about 80 wt.% of a diluent;
(b) one or more oil-soluble surfactant materials;
(c) one or more metal-containing detergents; and
(d) one or more foam inhibitors.
26.  The oil concentrate of claim 25, wherein one of the one or more
surfactant materials is a low TBN sulfonate surfactant.
27. The oil concentrate of claim 26, wherein one of the one or more
surfactant materials is a non-overbased linear alkylphenol surfactant.
28. A method of lubricating the cylinders of a 2-stroke diesel engine,

~-comprising:
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(a) blending the oil concentrate of claim 25 into a lubricating oil
composition of proper TBN according to the sulfur levels in the diesel fuels
employed in the diesel engine; and

(b) operating the diesel engine in the presence of the lubricating oil

composition of (a).
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