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present invention relates generally to the varying of
an engine lubricant formulation in response to engine
operating conditions. Mire .particularly the invention
relates to |ubricant conponénts for varying the
conposition of a marine diesel engine lubricant in
response to engi ne operatin condi tions. Background
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engi nes, with the slow speed variety being used for
the largest, deep draft marine vessels and in

F.i d¥ tri applications. Sl ow speed diesel engines

1 ¥ v direct coupled, direct reversing,

- st o i H i . .
(00013, T BreSy i v AR PRFRalIp o e VA LRG0 Sheine
lubritehs forhfS€oe NYIREENR 1© ediginy ting coaditionyc Vore

with a diaphragm and stuffing boxes separating the
pariowdarlyc thei insrentsorf radates trelubrisaRtesmponeIss éoeyarying the

conmbustign praoducts fromentering.the crankcase and .
compRRign Al tIEBe dieteL engihe T Cany iR T RPR K iEGs ARrating

ically operate in the range of 250 to about 1100
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cycle. These engines are trunk piston design, and
many operate on residual fuel as well. They may al so
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0003] "Each type of diesel engine enploys |ubricating
dies¢l engimesnreitppizelly direct coupled, direct reversing, two-stroke cycle

engines operating in the range of about 57 to 250 rpm and usually run on
residual fuels. These engines are of crosshead construction with a diaphragm
and stuffing boxes separating the power cylinders from the crankcase to prevent
combustion products from entering the crankcase and mixing with the crankcase
oil. Medium-speed engines typically operate in the range of 250 to about 1100
rpm and may operate on the four-stroke or two-stroke cycle. These engines are
trunk piston design, and many operate on residual fuel as well. They may also
operate on distillate fuel containing little or no residua. On deep-sea vessels
these engines may be used for propulsion, ancillary applications or both. Slow
speed and medium speed marine diesel engines are also extensively used in

power plant operations. The present invention is applicable to them as well.

[0003] Each type of diesel engine employs lubriéaﬁng oils to minimize

component wear, remove heat, neutralize and disperse combustion products,



conponent wear, renove heat, neutralize and di sperse
conbustion products, WO 2005/045206 PCT/ US2004/ 031809
WO 200peeent rust and corrosion and prevent sl uPEUS2004/031809
formati on or deposits. Experience has shown, however,
that no single lubricant fornulation can provide
opti mum protection against,all of the various
del eterious conditions to ﬁﬁrch an engine may be
exposed. Therefore, lubricants typically are
formulated to provide at |east satisfactory _
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[0004] One object of the invention is to provide lubricant components for real
time varying all-loss, diesel engine’s cylinder lubricant properties in accordance

with the engines operating requirements.

[0005] Another object of the invention is to provide a low speed diesel engine
oil with improved acid-corrosion protection for operation during conditions

when corrosive wear is high.

[0006] These and other objects will become apparent from the detailed

description which follows:



-3- Summary of Invention [0007] Broadly stated, in one
aspect the invention includes |ubricant conponents

w0 o005/048206 cat i ng a | ow speed di esel engi ne cyl PaME82004/031809
operating under a range of corrosive and abrasive
wear operating conditions conprising a primary | ow
speed di esel engine cylinder, lubricant and a
per f ormance enhanci ng antiwear and anti corrosive
additive selected fromthe group consisting

essentially of (i) an al kyl am ne-al kyi phosphat e havi ng

—le—&‘é’a%&?ﬁ_ag_ésu ealOoBqui val ents of alkylamne to 1.0
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[0008] In a second aspect, the invention is a nmeChod
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rimary lubricant to the <tTylinder n
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sel ected fromthe above defined group. [0009] In a
blegifng, §opuRLcy WE@C@W@H@WW pgBixtyrerfer iytodustion into

[ 0as, . . E.50 grade | ubricant from
the eRe ey Qﬁ.gh@fagné?ggﬁfn@gr ©wi thout substantially

affecting the SAE grade by adding to the |ubricant of

about 40 TBN a sufficient amount of 500 TBN cal ci um

[0068] f olmresec@nd espeDeghe imptentiondd aBnethbod Jof RBERhAY the

acconpan inﬁ% Figure schematically illustrates a nethod
Cyhnger 3€a Prroks, cxpss-head anaring digsel enging\whiclo sompsizes

supgﬂ(xg% B384 8P the cylinder a primary low speed diesel engine cylinder

lubricant under low wear and corrosion operating conditions and under increased

wear and corrosion operating conditions supplying the primary lubricant to the
cylinder blended with an antiwear and anti corrosion amount of an additive

selected from the above defined group.

[0009] In a third aspect, the invention comprises a method for increasing the
TBN of an SAE 50 grade lubricant from about 40 TBN to about 100 TBN
without substantially affecting the SAE grade by adding to the lubricant of about
40 TBN a sufficient amount of 500 TBN calcium sulfonate.

Brief Description of Drawing

[0010] The accompanying Figure schematically illustrates a method for

practicing the present invention.



-4- Detailed Description of Invention [0011] The
| ubricating conmponent for lubricating a | ow speed
waelc@smis2eqngi ne cylinder operating under a ranPEr/v§2004/031809
corrosive and abrasive wear conditions conprise a
primary sl ow speed, two stroke, marine diesel engine
l'ubricant and a performance enhancing antiwear and/or
anti corrosive additive. 61012] The primary | ubricant
conpri ses a maj or anount of at | east one oil of
| ubricating viscosity. Thus natural or synthetic oils
DetailedDeseriptiont b feetiony be used. Natural oils include
m neral oils, vegetable oil sol vent .treate
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silicones, silahydrocarbons, phosphazenes etc. In general the viscosity of the

base oil blend of the primary lubricant herein is in the range of about 5 to about

30 cSt at 100°C.

[0013] The primary lubricant also will include effective amounts of at least
one of other additives such as metal detergents, antioxidants, dispersants, pour

point depressants, demulsifiers, defoamants, aromatic rich solubilizers, extreme

pressure and antiwear additives.

[0014]  Useful dispersants include succinimides, succinic acid esters, amides
borated succinimides and the like. These typically will be present in an amount

between about 0.10 to about 5.0 wt% based on the total weight of the primary

lubricant.



[0015] Suitable netal detergents include cal cium and
magnesi um phenates, sulfonates, salicylates and the

WO pd0s/043Ry@i cal |y these will be present from abpCt/USHOEB1809
W % to about 30.0 wt % based on the total weight of the

primary lubricant. [0016] Suitable antioxidants
i ncl ude hi ndered phenols, agylam nes and m xtures
t hereof. The anpunt of antioxidants typically will be

in the range of 0.1 wt%to 2.0 wt % based on the

ight of the primary lubricant. [0017] The aromatic
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about 020 vvt%to.about 15. 0 wt % of thetotal primary

| ubricant. [0018] O her conponents that optionally are
[00163] udsadtabie ahikoxidame iyclidd n;bmd pherglsasylamines and
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f as a
0.1:8BREH) ek Dived oS fﬁ%ﬁ*ﬁ‘ﬁ%@i’#@o 5, T ow
speed di esel engine cylinder conbusting a diesel fuel
having fromabout 0.5 wt % to about 5.0 wt % sul fur,
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wt % of a m xture of heavy tral_base oil wth
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ubri cant conponents conprises an

thealokal lppithae-labkyhmthosphat e having at |east 1.25
equi val ents of al kylam ne to 1.0 equival ent of

aIIcyIphosphate and a nitrogen to phosphorous wei ght

[O(b%gl I U %}@g}:g%l%g)gtgm% t@atd)[ajinlé) 1§rf’aﬁ§‘1$ jﬁé&? in the primary lubricant
inc?n?%@mé(rﬁ | emafE, SOUDPARE dipréadtsk Méﬁ*&%ﬁﬂéﬁt exﬁ\eﬂnb pr@RaR:

agents, antiwear agents, dyes and the like.

[0019] A preferred primary lubricant as a component for use in lubricating a
two-stroke, low speed diesel engine cylinder combusting a diesel fuel having
from about 0.5 wt% to about 5.0 wt% sulfur, typically will comprise from about
. 65 Wt% to about 90 wt% of a mixture of heavy neutral base oil with a thickening

component and from about 10 wt% to about 35 wt% of a combination of the

above described additives.

[0020] One suitable antiwear and anti corrosive performance enhancing
additive of the lubricant components comprises an alkylamine-alkylphosphate
having at least 1.25 equivalents of alkylamine to 1.0 equivalent of

alkylphosphate and a nitrogen to phosphorous weight ratio of at least 0.5. In



1.25:1 to 20:1 and a nitrogen to phosphorous wei ght

ratio of 0.5 to 8 and preferably from1.5:1 to 5:1
weouwsee2ent s and a nitrogen to phosphorous wei BEI/US2004/031809

ratio of 0.6 to 2. [0021] Suitable al kyl phosphates are

nono and di al kyl phosphates and m xtures thereof

represented by the fornul as and I'l: O 1I1 1

(R1O)-P- (OH2 0 Il (R10) (R§O)- POHII where Rl and

R2 are the same or different al kyl groups of from

about 4 to about 30 carbon atons and preferabli}é/1 from
gefiertabthklratial bpequivalents dfalkyleuting ko alkylmfosphatd widl range from

m xture of nono and di al kyl phosphates. [0 ot her
1.2 teB80d and pwétzogende RipsPherous yegight rﬁ@%f%ﬁ@g 2l
enhanci.n i.ti.ve of. the | ' '
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has been found to be capabl e of increasing
rm@ﬁé%ggﬁﬁﬁg' an SAE 50 grade | ubricant from about 40 to
about 100 wi thout changing the SAE grade of the
[ ubricant. [0023] M xtures of the
[002Kly| aSiitablalakisylphesphatescrempnoansd digllsiphesphates and
additives may al so ke ys in. the practice of the
MighEes Herp @M@SSH‘FBC‘\%X %’G&g}”‘@l‘l@ﬁg 7 US2004/ 031809
-7 [0024] In the invention m xi ng and punpi hg neans
are provided proxinate a |ow speed di esel engine. for
bl ending the primary |lubricant and one or nore of the

additives into a m xty¥ire and supplying the mxture to
t he engi ne when engi

(R;0)—P— (OH), I
I
(R10) (R;0)—P—OH I

where R, and R, are the same or different alkyl groups of from about 4 to about
30 carbon atoms and preferably from 6 to 11 carbon atoms. Particularly

preferred is a mixture of mono and dialkylphosphates.

[0022] Another suitable antiwear and anti corrosive performance enhancing
additive of the lubricant components is 500 TBN calcium sulfonate. Indeed 500
TBN calcium sulfonate has been found to be capable of increasing the TBN of
an SAE 50 grade lubricant from about 40 to about 100 without changing the
SAE grade of the lubricant.

[0023] Mixtures of the alkylamine-alkylphosphate and calcium sulfonate

additives may also be used in the practice of the present invention.



operating conditions require. [0025] The ampunt of the
al kyl am ne- al kyl phosphate additive blended with the
wW@eoosas32od ubri cant will be a minor, but effectP@BUS2004/031809
anount, typically ranging fromabout 0.05 wt%to
about 2.5 wt % based on the total weight of the bl ended
m xture. The anount of the 500 TBN cal ci um sul fonate
addi tive bl ended with the l'ubricant of about 40 TBN
typically will be up to about 15 wt % based on the
total weight of the blended m xture. [0026] The m xi ng
nmeans enpl oyed nay be any suitable nmeans such as )
[0624]r r | igthdduverttion méxingand tpypepide whems, ars patvidedprasimate a
nozzl es and the |like. [0027] .The Qun‘pi n ans
lowspeesd dieseksngiae forblending she Prigwy [Wbiafan and one or more of

neapiives fiip e Mt Sbeifs M RIRERCEN e RERE WERA cpeine
°p8&%i$td°%%i%§q%ggggsuwl ying the mixture to the

engl Ae may , for exanple, on the operator's
experience and know edge or on neasurenent of an
actual engine condition paraneter nmeasur enent

f
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thepary [WGiang Al hech BEps DB Gmp U Sl iine

e g08, 85 H AR S ke Bl GYRL it B encea
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sul fur level fuel, e.g., fuel containing greater than
th@lubricanabbaiboud.4D TBY® typidally. willbeop 50 gheriol> wt% based on the

PCT/ US2004/ 031809 -,SHL_OOBO] I n anot her enbodi nent an
totghyetght ©f kb blepded Mixhieer is neasured or predicted

fromother engine or fuel paraneters and blending is
performed in response to the nmeasured or predicted

[0§Z412ETRE mi an$\emp¥Rea &Y be anfevithbleusitarit stdhly

reference to the draw ng which schematically shows a
stinfrasdévaes, diensai typeglavices, statit mixbrss aozzies aneé tholike.
tank 3
[0027] The pumping means employed may be any suitable means such as

centrifugal, rotary, fan and displacement type pumps and the like.

[0028] Determining when engine operating conditions require supplying the
mixture to the engine may be based, for example, on the operator’s experience
and knowledge or on measurement of an actual engine condition parameter, or

measurement of the properties, or condition or both of the cylinder liner scrape-

down oil.

[0029] In one embodiment the primary lubricant is supplied to a low speed
diesel engine combusting fuel with lower sulfur levels fuel, e.g., fuel containing
about 0.5 to 2.0 wt% sulfur, and the blend is supplied when combusting a higher

sulfur level fuel, e.g., fuel containing greater than 2.0 to about 5.0 wt% sulfur.



containing a primary lubricant. A second storage tank

5 contains the additive of the present invention. A
watmsageods ank 2 for fuel also is provided for BCPpPE20041031809

fuel to the engine 1 via feed line 4. [0032] The

engi ne lubricant requirenments may be directly or

predictively neasured. For (direct neasurenent, as a

non-limting exanple, the netal or netal oxide

content of the scrape down oil |eaving the cylinder

(not shown) of engine 1 may be determ ned. Predictive

nmeasurenents may include determning the TBN of the
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the primary lubricant 1s supplied directly via I'1ne

redponsdto thegnossutedor prddécted iparamyeteribri cant is supplied
via line 6 to blending neans 7 and additive is
supplied via line 8 to blending neans 7 to generate a

jxt ure which .is.suppl.ied tqg.engi.ne 1 via ljne.9. .
(00 95.3) Themyedrionds pEY WiBguedbNeisente i fesaping which
iV i . i . i .
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determ ne |ubricant requirements based on its input
thesprgsers ipyotiate Atstoragatand 2 fenfuct also isiprovidadfor supplying

eterm natiqn.., .The .control device 11 is operatively
fu‘géﬂ tRENe Y}Pifﬁ%ffyn‘?gbri cant, additive and nixture

sources, for exanple, so as to automatically neter one
or all of primary |lubricant, additive and m xture as

[0032]ui I'Elge exY%?n@ PR5 e 28 RETé SRR BOEik88y or Bredictively
Exanpl es [0034] The follow ng exanples. serve to
meiastingdt Foralitdct nieasanenienh asrednon-dimitingenxdaytle theaidtalsor
anpl.e 1 [0035] A co rcial, _mar.ine tesy gnine was
me%é}%qiee gontspt ¢ S§ Qyér pY lgaving the cylinder (not shown) of
engine 1 may be determined. Predictive measurements may include determining
the TBN of the scrape down oil, the sulfur content of the fuel, the load on the
engine, or the cylinder temperature. Based on the measured or predictive engine
parameter the primary lubricant is supplied directly via line 5 to the engine 1 or
the primary lubricant is supplied via line 6 to blending means 7 and additive is
supplied via line 8 to blending means 7 to generate a mixture which is supplied

to engine 1 via line 9.

[0033] In a preferred embodiment the measured or predictive parameter is
entered into a computing device 10 operatively connected to a control device 11.
The computing device 10 is programmed to determine lubricant requirements
based on its input and to provide the control device 11 with that determination.
The control device 11 is operatively connected to primary lubricant, additive and
mixture soﬁrces, for example, so as to automatically meter one or all of primary

lubricant, additive and mixture as required.



fully fornmul ated comercial marine oil as a reference
for conparison and the sane commercial oil to which
wO2B50200f Mbil ad G423 was added. Mbil ad EHES2004031809
a Cl1-Cl4 nonoal kyl am ne -C8 nono and di al kyi phosphat e
additive having 1.75 equival ents of am ne per
equi val ent of phosphates. Be cylinder oil feed rate
was approxi mately 25% | ower “than that used in-a
typi cal commercial engine operation thereby placing
typical nore stress on the cylinder oil. War data
for cylinder rings and |iners was obtained. The
Expmpldst s are presented in Table I WD 2005/ 045206
/U 2004/ 031809 Tabl e | nparative Je 1
[0 el ngéﬂa@@?ewrw Kgﬂwgateotheenberéwn g S
Q00 hrs Maxi mum Top Ring Wear 0.77 0.77 0%
attgg(iagl:tb%f}ﬁooo hrs Average Liner Dianmetral 0.023 0.024
4% Wear Rate, Full Depth (Subto), mi 1000 hrs Max.
Exhd 1Dianmetral War 0.134 0.126 -6% Rate, Full Depth
T ), m 1000 hrs. Ave. Liner War Rate, Top 0.027
[0035]08 A ¢0amé&Rial nidineieesongin®milWpeated foMO00 homerusing a
Radi al Wear 0.099 0.042 58% Rate, mmi 1000 hrs
fully formulated commercial marine oil as a reference for comparison and the

same commercial oil to which 0.5 wt% of Mobilad C-423 was added. Mobilad
C-423 is a C;1-Cy4 monoalkylamine -Cg mono and dialkylphosphate additive

having 1.75 equivalents of amine per equivalent of phosphates. The cylinder oil
feed rate was approximately 25% lower than that used in a typical commercial
engine operation thereby placing typical more stress on the cylinder oil. Wear
data for cylinder rings and liners was obtained. The results are presented in

Table I



Exanple 2 [0036] A series of oil conpositions were
prepared by blending a TBN 40 nmarine engine oil, oil
wa zoosiosR206li fferent, high TBN additives. The adPlT/US®84/031809
used and their amounts are given in Table Il. Al so
given in Table Il is the viscosity, the VI, the SAE
grade, TBN and storage st abfsdlty data for each
conpositions. The storage Stability data i s obtained
by storing the sanple at the tenperature and for the
time period given in Table Il and when noticeabl e
sediment or floc (suspended particles) appear,
measuring the vol ume perc€abledf such preci pi tate. In
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Tabhle |1l _Tr i trac F s flocand HFis
T T L~ 9 fllb

AvEradged'dp Rimg\Weal N N N + 0.6 x x k x X0.6M HHHH H H-6%H
Raﬂé%lﬁﬂ(@o%QCDkn kn OONN~NNNOVMNODPDXIi Wc~

Malikbm Nop Rihy Wedr =0 X dZ H AN NN N - g,
Rate, mm/1000 hrs
Average Liner Diametral 0.023 0.024 4%

Wear Rate, Full Depth
(Subto), mm/1000 hrs

Max. Liner Diametral Wear 0.134 0.126 -6%
Rate, Full Depth (Subto),
mm/1000 hrs.

Ave. Liner Wear Rate, Top 0.027 0.008 -70%
Only (Dimples), mm/1000
hrs.

Max. Liner Radial Wear 0.099 0.042 -58%
Rate, mm/1000 hrs

Example 2
[0036] A series of oil compositions were prepared by blending a TBN 40

marine engine oil, oil 1, with different, high TBN additives. The additives used
and their amounts are given in Table II. Also given in Table II is the viscosity,
the VI, the SAE grade, TBN and storage stability data for each compositions.
The storage stability data is obtained by storing the sample at the temperature
and for the time period given in Table II and when noticeable sediment or floc
(suspended particles) appear, measuring the volume percent of such precipitate.

In Table II, Tr is trace, F is floc and HF is heavy floc.
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wo 1@s/0¢28d MS: 1. A marine di esel engi ne syst enPCT/US2004/031809
conprising: a slowspeed cross head mari ne diese
engine with at |east one cylinder; cylinder |ubricant
conponents proxi mate the engine, the conponents
conprising: (i) a primary lubricant and (ii) an
additive selected fromthe group consisting
essentially of (i) an al kyl am ne-al kyl phosphat e havi ng
Ckéﬁwg%st 1.25 equivalents of alkylamne to 1.0
equi val ents of al kyl phosphate and a nitrogen to
phosphorous weight ratio of at least 0.5, (ii) 500 TBN
cal ci umysuhf ; oy Lt -t-hereof ; and
means fé'r %I Igﬁg%lﬁglet%ﬁgeﬂ ﬂlléﬁnkaﬁ)}bﬂ)huﬁn?@—égﬁggand addi tive
into a mxture for introduction into the cylinder
when engine conditions require the mxture. 2. The
syst em 8Blaw-spagdicioss haad mprinsatissd engineamiih iahlpashenor
re_engi ne paraneters and cal culating fromthe
Cyﬁgg?hred paraneters the engine operating conditions
t hereby determ ning when the mxture is required. 3.
The systemof claim 1l wherein the al kyl phosphate is a

m Xt ur ecylinder lubricant components proximate the engine, the components
comprising: (i) a primary lubricant and (ii) an additive selected from the group
consisting essentially of (i) an alkylamine-alkylphosphate having at least 1.25
equivalents of alkylamine to 1.0 equivalents of alkylphosphate and a nitrogen to
phosphorous weight ratio of at least 0.5, (ii) 500 TBN calcium sulfonate, and

(iii) mixtures thereof; and

means for blending the primary lubricant and additive into a mixture

for introduction into the cylinder when engine conditions require the mixture.
2. The system of claim 1 including means for measuring one or
more engine parameters and calculating from the measured parameters the

engine operating conditions thereby determining when the mixture is required.

3. The system of claim 1 wherein the alkylphosphate is a mixture
of mono- and dialkyl phosphates having the formulae I and II

W

(R;0)—P—(OH), I



of nono- and di al kyl phosphates having the formnul ae |
and Il O Il (RLO)-P- (OH)2 I WO 2005/ 045206
weERansE2004/ 031809 -13- 0 () (R10) (R20)-P QCT/US2004/031809
where Rl and R2 are the sane or different al kyl groups
of from about 4 to about 30 carbon atons and wherein
the alkyl amne is selected fromlinear and branched
nmono and di al kyl am nes and3i xt ur es t her eof havi ng
fromabout 6 to about 50 carbon atons. 4. A nethod
for lubricating one or nore cylinders of a cross-head
mar i ne di esel engi ne based on the requirenent for an
enhanced wear and corrosion resistant |ubricant
conpri sing: neasuring one or. nore engi ne condition
paranmeters; calculating fromthe neasured paraneters
each cylinder's requirenent for an enhanced wear and
corrosion resistant lubrigant; and (i) when a
cyl i nder does not requiregyan enhanced | ubricant,
| ubricating the engine c linder with a primary engine
[ ubricant (ii) and when cylinder requires an
enhanced | ubBE@NR, M) xiPg—t OHprimary |ubri dhnt with
an effective anmobunt of an additive selected fromthe
group consisting essentially of (i)
al kyl am ne- al kyl phosphate additive having at | east
whereR; andiRy aretitessanic et diffesentradkylgroups of fiionapboruts? tsf about

50 R RLS AR IS SR hah 3 BURPRIOES s B
b e L T

_ ricating e cy
abdiit $0Waebon atoms.

4. A method for lubricating one or more cylinders of a cross-head
marine diesel engine based on the requirement for an enhanced wear and

corrosion resistant lubricant comprising:
measuring one or more engine condition parameters;

calculating from the measured parameters each cylinder’s
requirement for an enhanced wear and corrosion resistant lubricant; and (i) when
a cylinder does not require an enhanced lubricant, lubricating the engine cylinder
with a primary engine lubricant (ii) and when a cylinder requires an enhanced
lubricant, mixing the primary lubricant with an effective amount of an additive
selected from the group consisting essentially of (i) alkylamine-alkylphosphate
additive having at least 1.25 equivalents of alkylamine to 1.0 equivalents of
alkylphosphate and a nitrogen to phosphorous weight ratio of at least 0.5, (ii)
500 TBN calcium sulfonate, and (iii) mixtures thereof; thereby forming a

mixture; and lubricating the cylinder with the mixture.



WD 2005/ 045206 PCT/ US2004/031809 -14 5. The nethod of
claim4 wherein the al kyl phosphate is a m xture of
worenws4ane di al kyl phosphat es havi ng the for muPEEUS20841081809
I O Il (RRO-P- (OH21 01l (RIO (R20)-P CH I
where Rl and R2 are the sane or different al kyl groups
of from about 4 to about 39 carbon atons and wherein
the al kyl am ne is sel ected 4fom linear and branched
nono and di al kyl am nes and mi xtures thereof having
fromabout 6 to about 50 carbon atons. 6. A nethod
for lubricating one or nore cylinder's of a two stroke

" cross head _marine engine conprising: lupricating the
cylind eg - l@%mgﬂgﬁde ﬁfg?lylm lﬁlb\%%r&m yg{h%ﬁlgatp @ gixture

fuel s _cant ai by syl fur | evel 0. & Ww%to 2.0
of gio” g Bl Bosgletipe B R AR fREY Bt g

fuels containing sulfur levels greater than 2.0 wm %

to about 5.0 wt%with a m xture of a primary

| ubricant and an additive selected fromthe group

consisting essentially of (i) an

al kyl am ne- al kyl phos@at e having at |east 1.25

equi val ents of al kylgm ne to 1.0 WD 2005/ 045206

PCT/ US2004/ 031809 - 145 equi val ents of al kyl phosphat e

and a nitrogen,to_phdsphorqus wei ght ratio of at

| east 0.5, (iifﬁBQS E€QFeum sul fonate and (i)

m xtures thereof.

TF
(R;0) R,0)—P—OH i

where R; and R, are the same or different alkyl groups of from about 4 to about
30 carbon atoms and wherein the alkyl amine is selected from linear and
branched mono and dialkyl amines and mixtures thereof having from about 6 to

about 50 carbon atoms.

6. A method for lubricating one or more cylinder’s of a two stroke

cross head marine engine comprising:

lubricating the cylinder with a primary lubricant when combusting a

fuels containing sulfur levels of about 0.5 wt% to 2.0 wt%; and

lubricating the cylinder when combusting fuels containing sulfur-
levels greater than 2.0 wt% to about 5.0 wt% with a mixture of a primary
lubricant and an additive selected from the group consisting essentially of (i) an

alkylamine-alkylphosphate having at least 1.25 equivalents of alkylamine to 1.0



7. The method of claim6 wherein the al kyl phosphate is
a mxture of nono- and dial kyl phosphates having the
wo eroskres | and Il O 1 (R10)-P- (OH)2 0 | 1PCI/B®pP4/031809
(R20) - POHII where RI and R2 are the sane or
different al kyl groups of from about 4 to about 30
carbon atons and wherein thecal kyl amne is sel ected
fromlinear and branched mino and di al kyl am nes and
m xtures thereof having fromabout 6 to about 50
carbon atons. 8. A nethod for increasing the TBN of an
eq8irlaus gf atkylphosphaterand &@mnﬁo @homlmfpab vigighfaatret at

teaske Wb a08 TN el osepriecii it S bEfRel ™ 1"

| ubricant a sufficient anobunt of 500 TBN cal cium
sul fonate. 9. The nmethod of claim8 wherein up to
appr oxi rmat Thy afedofchim ewhefkid B & Batefio aahixture
is used based on the total weight of t ricant.
of mono- and dialkyl phosphates having the formulae I and II

O
(R;0)—P—(OH), I
I
(R;0) (R;0)—P—OH 1

where R; and R, are the same or different alkyl groups of from about 4 to about
30 carbon atoms and wherein the alkyl amine is selected from linear and

branched mono and dialkyl amines and mixtures thereof having from about 6 to

about 50 carbon atoms.

8. A method for increasing the TBN of an SAE 50 grade lubricant
composition from about 40 TBN to about 100 TBN without substantially
affecting the SAE grade, the method comprising adding to the lubricant a

sufficient amount of 500 TBN calcium sulfonate.

9. The method of claim 8 wherein up to approximately 15% wt% of

a 500 TBN calcium sulfonate is used based on the total weight of the lubricant.



