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['nvention [0001] The present Jnvention rel a

generally to the varylng %4n engi ne Iubrlcant

formul ation in response to engi ne operating

conditions. More particutdrly the invention relates

to lubricant conponents for varying the conposition

of a marine diesel engine lubricant in response to

engi ne QUEBIFICATIONOF RUBRESANIT PROPERTIRgENt i o
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sl owsspeed, —fedruny - Sspeed or T gi- speed engr rmes, W t h
the sl ow speed variety being used for the |[argest,
deep draft marine vessels and in industrial
FieldppInvaaitionns. Sl ow speed diesel engines are typically
direct coupled, direct_reversin two-stroke cycle .
[000ddgi rihe wmxﬁtmhgmqn relates genpsally to Bwuyarying @f ABGNEIHM
and usually run_on SI dual fuels. The‘i n es are
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comﬁaélﬁbn (o] atlﬁmﬁé didselsnginnhbrcantin Mspbndetd enging Qpéﬁtmg

oi | . Medium speed engines typically operate in the
conchamgse 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

@g g&l fIJE;‘i%éoﬁHy also operate on distillate fuel
e or no residua. On deep-sea vessels
[0002] S PieslieASfneiBiiay Eeﬁbi&l@'y berclasid & 16w-gpedd, hiddium-
applications or bot Sl ow speed and nedi um speed

speedur high-spasldngines, math ﬂllBeSl%NsSpeed tvenstyvl&mgused fonthe
power t o erat| The present i.nventio
larg i iePe S5 TR AP S SR isGas SrEUEREO e Sievapet
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diesdl R plhEs B b Gall B ROk Q*I%%%‘%H st hospkPEnae
engiféssPeshtng ifRA8RSe 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 lubricating oils to minimize

component wear, remove heat, neutralize and disperse combustion products,
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prevent rust and corrosion and prevent sludge 7 5 MAY 2006
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that no single lubricant fornulation can provide

opti mum protection against all of the various

del eterious conditions to which an engine nay be

exposed. Therefore, lubricarids typically are

formul ated to provide at |east satisfactory

performance for the range of expected engi ne operating
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requirements.

[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:



[0007] Broadly stated, in one aspect the invention
i ncl udes | ubricant conponents for lubricating a | owd 3 MAY 2006

wepgidipsel engine cylinder operating under geyffidfiosiss

of ‘Corrosive and abrasive wear operating conditions

conprising a primary | ow speed diesel engine cylinder

| ubricant and a performance enhanci ng anti wear and

anticorrosive additive selecded fromthe group

consisting essentially of (i) an

al kyl am ne- al kyl phosphate having at |east 1.25
SufitbarvadfEeRiventioh al kyl am ne to 1.0 equival ents of

al kyT phosphate, (ii) 500 TBN cal cium sul fonate, and
[0G07]i ) Broadly ssatedcinamie;asperd theavenRoR fidRdE luBAcaRgi ne

for blending the primary |ubricant and additive into
companeats fer jubricatingoailaw spaedidiesel engime eyljnder opeeating under a

ersating.condi,tions require. [0008].In a second .
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| ubricant under | ow wear and corrosion operating
essemtiallyt 0503 anralkyladeine iaticyl plecsphiatevievingatde s 1,25 b@iivalents

ai]ge at.i ng cloqdi tions supplying the primary |ubricant
of glgylamine &9 1. ggpvalensetialkyiphosphaies (ine80 EBN caleinm

LQn;: ddifive selected,fromt

sulfelles S0 D B hns s B ks Do e ebinertor
blendivig nthé PRingARRIbER antantBidanEy b leng; :

of _gn SAE 50 gradeglllubri cant é%%hg@ggﬁézgplﬁmugggymm
the ghgime when Oparating ¢onditionstretyaine. al | y aff ecting the SAE

grade by adding to the lubricant of about 40 TBN a

sufficient anount of 500 TBN cal ci um sul fonate. Brief
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supplydugi o theewhlldof ¢he Cylindeo apoimary Iberspeed dicda! émgné clyBider
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S al efel ) h
lubrgant ynpgk Iy Wed ang:casiosion RReratigendibens and under increased
wear and corrosjon 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.



conprise a primary sl ow speed, two stroke, marine
di esel engine lubricant and a perfornance enhanci ng§ MAY 2006
antimear and/or anti corrosive additive. [001
WO ubr i cant conprises a maj or anmount of%ngkggﬁﬂm”809
one 0|I of lubricating viscosity. Thus natural or
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[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.



[0017] The aromatic rich solubilizers that are useful
in the conposition of the invention include al kyl af 8cMAY 2006
tj,cs such as al kyl ated benzenes, alKkyla

‘vo%ggl@hié)g, al kyl at ed napht hyl enes, al kyl at ed %?gﬁ%sr%?/?{éms”
and al kyl ated di phenyl nethane. The solubilizer wll
constitute about 0.20 wt% to about 15.0 wt % of the
total primary lubricant. [-G018] O her conponents that
optionally are included in the primary | ubricant
i nclude anti-foamants, pour point depressants,

| sifi h . tes,
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two-stroke, | ow speed di esel engine cylinder

0.5¢ svtBut abogt 30d) widlbased: bn e tatgl Weightoh Hin primasy Jebgicant.
about 5.0 wt % sul fur, typically will conprise from
about 65 W% to about 90 wt % of a m xture of heavy
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wear and anti corrosive performance enhancing
0.1 39 td 2.0 wi% based o tiecweight of mnpriry bihprdagbs an
al kyl am ne- al kyl phosphate having at |east 1.25
equi val ents of al kylam ne to 1.0 equival ent of
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ratjo.of 0.6 to 2. [0021] Suitable al kyl phosphates are

the PR bhosphates and i xtures t her eof
represented by the formulas | and I1: 0 11 (R10)-P-
(OH) 2

[0018] Other components that optionally are included in the primary lubricant
include anti-foamants, pour point depressants, demulsifiers, extreme pressure

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



0 11 (R10) (R20)- P OH Il | where Rl and R2 are the25MA‘{mnﬁ
sane or different al kyl groups of from about 4 to

carbon atons and preferably from6 to 11
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nono and di al kyl phosphates. [0022] Anot her suitable
antiwear and anti corrosive perfornmance enhanci ng
addi tive of the lubricant cogponents is 500 TBN
cal cium sul fonate. |1 ndeed 500 TBN cal ci um sul fonate
has been found to be capable of increasing the TBN of
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primary |ubricant and one or nore of the additives
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but effective anmount, typically ranging from about

0.05 wt%to about 2.5 wt % based on the total weight of
t he bl ended mxture%The amount of the 500 TBN '

cal cium sul fonate adgjti ve blended with the | ubricant
of about 40 TBN typigjally will be up to about 15 wt %

based on the tQqt i ght _of the bl ended m xt ure.
[0026] The m xl(ﬁgsbﬁﬁ? ed may be any sui tIabI e
means such as stirring devices, venturi type devices,

static m xers, nozzles and the like. [0027] The
punpi ng nmeans enpl oyed may be any suitabl e nmeans such

as
0
||

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 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.



centrifugal, rotary, fan and displacenment type punps
and the Iike. [0028] Deternining when engine operatZ fiMAY 2006
tions require supplying the mxture to_th

\voeﬁgﬂhéhﬁay be based, for exanple, on the opePgFﬂﬁm?““"mw

experience and knomﬂedge or on neasurenent of an

actual engine condition paraneter, or neasurenent of

the properties, or conditiop-or both of the cylinder

l'iner scrape- down oil. [0029] In one enbodi nent the

primary lubricant is supplied to a |ow speed diese

engi ne conbustlng fuel with Iower sulfur |evels fuel,
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an engi ne condition par amater IS measured or

opepatary comditibnoraquiteer engi ne or fuel parameters and
blending is perforned in response to the neasured or
predi cted paraneter. [0031] The invention is now
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ant. A second storage tank 5 contai ns the
fromdtiotit 0050kt %ttb@abpueSnvt%rbased onthe totaltweigheof thelblended
for fuel also is provided for, supplying .fuel to the
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tota? t%ffh@%léﬁ@jealm_g&ureﬁet al oxide content of the
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gﬁ}a]y i ncl ude, determ ni n% the TBN of the scrape down
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l'ubricant is supplied directly via line 5 to the

engine 1 or the primary lubricant is supplied via
[0027]ne The puhiping mqammplo?echmﬁyd:ﬁchny siitabte meamppsuchds

via line 8 to blending neans 7 to generate_a m xture
centrifngal, retasy; fan aad chsplacement 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.



to engine 1 via line 9. [0033] In a preferred

enbodi nent the nmeasured or predictive paraneter is 25 MAY 2006

entered into a conmputing device 10 operativel‘y
WOYNE2®d to a control device 11. The conputRGI§US2004/031809

device 10 is programred to determ ne | ubricant

requi renents based on its input and to provide the

control device 11 with thatgdeterm nation. The

control device 11 is operatively connected to primary

| ubricant, additive and m xture sources, for exanple,

so as to automatically neter one or all of primary

| ubricant, additive and m xture as required. 2 5 MAY
[0025086 VR 2200ret Mt atm Bt T B R0 ¢ oA p it af § 8feasured or

[0034] The follow ng exanpl®es, serve to illustrate the
preidicted fiom othet engine cxtfhelstaameters ahdtdending ipperfdrmed in

[0035] A commercial marine test engine was operated
respgpseli@dbe marasyragarpyedicted pargmetaraul at ed conmer ci al

marine oil as a reference for conparison and the sane

commercial oil to which 0.5 w % of Mobilad C 423 was
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cylinder oil feed rate was approxi mately 25% | owner

conthining & primarydubmicaat.t Apsecahd storage tank 5 conpimsethe additive of
operation thereby placing typical nore stress on the,
the&f}r:ma EFVeRton. \is Koragedaak 2ot &yelialer s proyided-fion sppplying
I wid. h ts are presented in Table I. 2
fueﬁ@‘iﬁ%@@%ﬁﬁ%@/@%g% PCT/ US2004/ 031809 - 10 Tabl e
| Conparative 1Exanple 1% Di fference Average Top Ring

Wear 0. 660. 62- 6%
[0032] The engine lubricant requirements may be directly or predictively

measured. For direct measurement, as a non-limiting example, the metal or
metal oxide content of the scrape down oil leaving 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.



Rate, nm 1000 hrs Maxi num Top Ri ng Wear0. 770. 770% 2006
Rate, nm 1000 hrs Average Liner D anetral 0.0230. 024428 MAY

Wear Rate, Full Depth (Subto), mi 1000 hrs '
WORPOIIS | Wear 0. 1340. 126- 6% Rate, Ful | Dept W@Uﬁ"@f’{mm
nmm 1000 hrs. Ave. Liner Wear Rate, TopO.0270.008-70%

Only (Dinples), nm 1000 hrs. Max. Liner Radi al

Wear 0. 0990. 042-58% Rat e, opl-1000 hrs Exanple 2 [0036]

A series of oil conpositions were prepared by bl endi ng

a TBN 40 nmarine engine oil, oil 1, with different,

hi gh' I BN additives. The additives used and their

amgunts are given in Table H Also given in Table |1
Examples,e viscosity, the VI, the SAE grade, TBN and

(o0 28 20 inpiefafiBict seble RPASERRPAR ihlMiton arf

attefi@aftRnefitst he tenperature and for the tine period

given in Table Il and when noticeabl e sediment or floc
(suspended particles) appear, nmeasuring the volune
Exapgplednt of such precipitate. In Table II, Tr is

trace, Fis floc and HF is heavy floc. W] 2005/01: 246
[0035] 2 & cpmvmenied macmessbenging Yesoperaged for YG00hours using a

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;;-C;4 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.
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Table I
. | Comparative 1 Example 1 | % Difference |
Average Top Ring Wear 0.66 0.62 -6%
Rate, mm/1000 hrs
Maximum Top Ring Wear 0.77 0.77 0%
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 -710%
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 I 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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CLAIMS:
1. A marine diesel engine system comprising:

a slow-speed cross head marine diesel engine with at least one

cylinder;

cylinder 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 I

ﬂ’

(R;0)—P—(OH), :
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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, (i)
500 TBN calcium sulfonate, and (iii) mixtures thereof; thereby forming a
mixture; and lubricating the cylinder with the mixture.
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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
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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 al?out 6to

about 50 carbon atoms.



