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TBN engine lubricant with a fuel of given sulfur and/or the use of a higher

sulfur content fuel with an engine lubricant of a given TBN content than would
otherwise be possible, without risking corrosive damage to engine.

BACKGROUND OF THE INVENTION

15 {8002}  Controlling corrosive combustion byproducts, such as sulfur trioxide
and similar materials resulting from the combustion of sulfur-containing fuels
in internal combustion engines, is a serious concern for the owners and
operators of such engines and the equipment they power. Diesel engines, and
in particular marine diesel engines, use a wide variety of fuels that can have

20 very different sulfur levels, and so very different needs when it comes to
controlling these corrosive combustion byproducts.

[6003]  Inadequate control of these byproducts can lead to a build-up of
corrosive materials in the engine, and specifically in the engine cylinder. These
materials can cause corrosive damage to the engine parts as well as deposit

25  formation, particularly on the cylinder liners and piston rings. Not only does
this impair the operation of the engine but can also lead to expensive repairs
and costly down-time for the engines and the equipment they power.

{0004}  Operators generally deal with this challenge by using engine
lubricants with high amounts of basic additives. These additives generally have

30 a high total base number (TBN) such that they neutralize the corrosive
combustion byproducts they come into contact with and so protect the engine

from the damage described above. As different fuels have different sulfur
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15 between cheaper high sulfur content fuels and more expensive, cleaner, low
sulfur content fuels, there are multiple motivators to use the higher sulfur
content fuel whenever possible and to only switch to the more expensive
cleaner fuel when necessary. This has resulted in many engine operators
adopting fuel switching practices, where they use the most inexpensive fuel
20 they can depending on where they are operating at the time.
{06671 The American Petroleum Institute (AP} is aware of these trends and
has issued technical reports on fuel switching practices. These reports
emphasis the importance of evaluating an engine’s lubricant, and in the case of
marine diesel engines particularly the engine’s cylinder lubricant, when doing
25  any fuel switching.
{0008} Given that the engine’s lubricant, particularly a marine diesel
engine’s cylinder lubricant, is specifically selected to match the properties of
the fuel being used in the engine, it should come as no surprise that an operator
would have to consider switching the lubricant whenever switching the fuel.
30 The API suggests selecting a lubricant that will have sufficient TBN for the
highest sulfur content fuel expected to be used in the engine. The problem with

this approach is that it would lead to many situations where the engine lubricant
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[0011] It would also be useful to have a method of operating a marine diesel
engine where the TBN supplying additives typically present in the cylinder
lubricant can be used more effectively, thus reducing the amount of TBN
20 supplying additives needed to neutralize the combustion byproducts in the
cylinder of a marine diesel engine

SUMMARY OF THE INVENTION

[60012]  The present invention provides a method of operating an engine,
particularly a marine diesel engine, comprising the steps: (i) supplying to the

25 engine a fuel composition comprising (a) a marine fuel and (b) a metal-
containing detergent; where the fuel composition has a sulfur content of at least
0.5 percent by weight; and (i) supplying to the engine a cylinder lubricating
composition wherein the total base number (TBN) of the cylinder lubricating
composition is less than or equal to 70,

30 [0613] In some embodiment the methods of the present invention result in
reduced corrosion in the engine. In other embodiments the methods of the

present invention result in equivalent performance, (including equivalent
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20 These improvements are compared to the corresponding values obtained where:

(1) the engine is operated with a fuel composition that does not contain

component (b}; (ii) the engine is operated with a fuel having a lower sulfur

content; (i1} the engine is operated with a cylinder lubricant having a higher

TBN; or (iv) combinations thereof,

25 DETAILED DESCRIPTION OF THE INVENTION

[0016]  Various features and embodiments of the invention will be described

below by way of non-limiting illustration.

{0017}  The basicity of a material is generally expressed in terms of a total

base number (TBN). A TBN is the amount of acid (perchloric or hydrochloric)
30 needed to neutralize all of the material's basicity. The amount of acid is

expressed as units of potassivm hydroxide (mg KOH per gram of sample).

TBN is determined by titration of one gram of overbased material with 0.1
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particul arlyaonpdoe uelsi BeRFwlskRpES§Hiamd piston rings. If there is too nmuch
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not ed abbve, [¥U% entThe H&iptod the wliedeowd tshparpicalsrlgnsritiell atsethe etgine
di fferent su!_ fhu_y gont fo”t S,{I zﬂ,& ma ien‘evg‘i eaﬁt f %%I "Sn‘i nvol ve oper at oré ysing a
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cyl i nder that result from the sulfur in the fuel. If there is too little TBN in the cylinder
oil, not all of the acidic sulfur-containing combustion byproducts will be
neutralized, and as these byproducts build-up in the engine, they can cause
20 corrosive damage to the engine parts as well as deposit formation, particularly
on the cylinder liners and piston rings. If there is too much TBN in the cylinder
oil, the engine will see increased deposits.
[6029] As noted above, current attempts to overcome the problems related
to different sulfur contents in marine diesel fuels involve operators using a
25 higher TBN lubricant than they always need, or to keep two different cylinder
lubricants on hand for when they switch fuels.
{00211  The present invention avoids the need for using a lubricant with a TBN
higher than what is needed while also avoiding the needs to switch the lubricant
when switching the engine to a fuel with a different sulfur content. The present
30 invention provides a method of operating an engine where some portion of the
TBN-supplying additives that would typically be present in the engine oil is

instead present in the fuel supplied to the engine.
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invention allows for the use of a lubricant with a TBN of no more than 75, 71
70, 60, 50, 45, 40, 30 or even 20 to be used with a fuel with a sulfur content of
at least 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 4.5, or even 5.0 percent by weight.

20 {0025}  The present invention also allows for a fuel with a given sulfur level
to be used with a lubricant with a TBN lower than would otherwise be possible
without risking damage to the engine. In some embodiments, the present
invention allows for the use of a fuel with a sulfur content of at least 0.5, 1.0,
1.5, 2.0, 3.0, 4.0, 4.5, or even 5.0 percent by weight with a lubricant with a

25  TBN of no more than 70, 60, 50, 40, 30 or even 20.

{0626} In any of the embodiments described herein, which represent a
particularly advantageous set of embodiments of the present invention, the
engine can be a marine diesel engine, the fubricant can be a cylinder lubricant,
and the fuel can be a marine diesel fuel.

30 [0027] In one embodiment the present invention allows for a given amount
ot high-TBN additive to work more effectively at neutralizing combustion

byproducts, thus allowing a lower TBN level and/or smaller amount of high-
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supplyi ng additives of the present invention, the sulfur content of 10 the

fuel is unchhfgednt is hetewdrapplied ofa threfysh e Py st SUGRIT ey tasé of the
d trated i ne,
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i ncreased resi I'nat’i ons ereof . 10029]

| n enbodi ments thé 1 TH}esmmﬁ?ﬁigtadctht('bMevma’eat anstepvien, teeduafulr coateaat bye
anount of TBN and/ or. gh- TBN_additive | s supplied to the engine, 15 and
where sohe pHtt itgal df pﬁfém-nsm hik Wsasltst y& W njegsat plrné(%t%fn RHay hae

lubri cant s eﬁgﬁﬁ?ﬂcé%ﬁp% eM's%lﬁ?‘%nE%%fe :ﬁ;’&%"‘@ﬁ&%o&@%&ﬂ'tin!s‘relu%a%te”t of

the fuel is const ant e be its o resent 1 nvention
denDnstratedhhyaueqm@mﬁk&m&ha@ﬂﬂobncaﬂﬁ&ﬁd(subhﬁnnnhﬁsthEOExhaust
em ssi ons fr&gg t he engln eqU|vaIe§% and/ or .increased residual cylinder

lubricant TBN'U2! 2080fBPAGEIEHS A hEiCeBFCSeRl0HRELI AT BTG APt of Ve
present i nveptih®h WheLR bqu%d%‘!%@hl’fﬁ‘@ﬂwd’\% AWM 8o TRY gq{eor

hi gh- TBN additive is supplied to the engine, and where sone portion of the
TBN t hat {iwubkdd twipire aohye bertppmesEnlie TN Heat would typically be present in the
lubricant is instead supplied via the fuel, and where the sulfur content of the
fuel is held constant, the benefits of the present invention may be demonstrated
by: equivalent and/or reduced suifur trioxide exhaust emissions from the
engine, equivalent and/or increased residual cylinder lubricant TBN, or
20 combinations thereof,
10030] In embodiments of the present invention where the same overall
relative amount of TBN and/or high-TBN additive is supplied to the engine,
and where some portion of the TBN that would typically be present in the
lubricant is instead supplied via the fuel, and where the sulfur content of the
25 fuel is increased, the benefits of the present invention may be demonstrated by:
equivalent and/or reduced sulfur trioxide exhaust emissions from the engine,
equivalent and/or increased residual cylinder lubricant TBN, or combinations
thereof.
{0031}  The residual TBN of the lubricant is the TBN of the lubricant at the
30 end of test period, as opposed to the starting or fresh lubricant TBN. A higher
residual TBN indicates less of the high-TBN additives in the lubricant have

been consumed in the neutralization of the corrosive combustion byproducts.



| ubricant is instead supplied via the fuel, and where the sul fur content of
the 25 fuel is increased, the benefits of the present invention may be

denonst r VEFIHP66BGui val ent and/ or reduced sul fur tri oxPEE/USHANE08

eni ssions fromthe engine, equival ent3and/or increased residual cylinder
| ubricant TBN, or conbinations thereof. [0031] The residual TBN of the

| ubricant is the TBN of the lubricant at the 30 end of test period, as
opposed to the starting or fresh lubricant TBN. A higher residual TBN
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consuned in the neutralizati t he corrosiv nbustl roducts. WO
3013/ 066050PCH BBB0 10 65AT08 8T ASStntha Lirtas Gat Faver et St hea
relatively Shﬁ%%fﬁ@ﬁ@é‘{? E@Rushin @MedsNAT @RIBh THNG RS ONRIe BN ahiRl

i ndication that the neutralization occurred nore effectively, consuning

| ess of the HlﬁgéﬁlmIEBNV |Etrm1\3e10wh| | e maintai n| ng the sane |evel of

em ssi onsg t hese e bed,here met hods
of the prese#?é)éi (rzrayheggse&‘iﬂf({???%tsr Yé ?§§e"ie si&f’flﬁ?tlhpfif’ 639%
exhaust em sgi®Bst @fvez&ﬁoﬂ @la§trcﬁ% mle%dulﬁ%; 12 00 ur2box i B5%ha20%mEORAe , 80%
90% or even 95% or near ( nB red to the em ssion seen during typical
operation of of Heleé‘e{n%/oeh@(oné5(/°1'ﬁ e 2§e(<r»c3ém: Pah U Y op 80 Orpfae\welﬁ

basis, a vol gescrf% é?ohng{ ard lee?f{m ﬁx?ééen xﬂ?ﬁje y%&a?%ﬁg%hoh%?%ﬁe same

enbodi nent s el n, Invention may
result in a engineasddse @sr@uak al'ﬁBeNnQ’fy bdhencyveipebatisbs ivoante bakier er & he
resi dual . TBN |sI increased by 5% 10% 15% 20% 25% 35% 50% 60% 80%
90% cor‘rf)%r @YY R r esi dual TBN seen during typical 15operation of the

sare, o1 . AHBH41 ST BRIk TEk DS g gRRBrypecnt o
30. [00351l npmyntoﬁn\tdneoenﬂuagzllmmit sindesiocidaeel hevidial WHY eft the bgiefeirt s of
lubricant, where the residual TBN is increased by 5%, 10%, 15%, 20%, 25%,

35%, 50%, 60%, 80%, 90%, compared to the residual TBN seen during typical
15 operation of the same engine.

{00341  In some embodiments the methods of the present invention result in

a residual cylinder tubricant TBN of at least S, 10, 20 or even 30.

{0335} In any of the embodiments described herein, where the benefits of

the present invention are described as providing an improvement, the basis of
20 comparison can be the same engine operated under the same conditions except

that component (b) is not present in the fuel composition. In some

embodiments the comparison is made with the same lubricant, In other

embodiments, the lubricant used in the comparative run can have a higher TBN

in order to account for the TBN provided by compounent (b) in the fuel. In

[N
h

some embodiments, the benefits of the present invention are seen in both types
of comparisons. In addition, comparisons may also be completed where the
sulfur content of the fuel is varied in addition to the presence or absence of
component {b) in the fuel and whether additional TBN is added (to the lubricant
used in the comparative run) or removed (from the lubricant used in the
30  inventive run). In some embodiments, the benefits of the present invention

may been seen in one or more of any of these comparisons, which is why the



the present invention are described as providing an inprovenent, the basis
of 20conparison can be the sane engine operated under the same conditions
except tHYP2UMIERENnt (b) is not present in the fuel coRFd4iISEYIYNNPh sone
enbodi ments the conparison is made with the same lubricant. In other
enbodi nents, the lubricant used in the conparative run can have a higher
TBN in order to account for the TBN provided by conponent (b) in the fuel.
In 25 sone enbodi nents, the benefits of the present invention are seen in
bot h types Obm&dﬁp&ﬁhﬁ@q&emmnimﬂdmthﬂaydmﬁpéﬁksdﬂﬂnpﬁyedh&mﬁbﬁmﬁaﬂpketed

where the sul fur content of th g g i ed IH addi ti on to(}he presence
or absence ofdUSASEBhEHEOERICE ‘Wﬁ%ipéémt RAaHmEE His COLRATSPBAAYeTBN i s added
(to the lubrigeay usgdddehbelcREPARAH YR Wllenfbn FRIAVET i £ %ﬁﬁw

| ubricant used in the 30inventive run). in sone enbodi nents, the benefits
of the present emgm@mﬂncgwd'agh Iseléw Beémaiimgoneultsr erotentoff zang«tcofthetmé%e

of The prosedt P RUHEN ot iy FIRET A ‘sh 1D VAP AP 6F RmCemBpe or

equi val ent peﬁﬁpanﬁme@f @ka@em@hr@g G0, theobasé:s 30f LheuaPIRALUEABHBRES.
[0036] I n one_enbodi ment, the present i nvention involves the operation of an

engi ne u3|ngﬁa@ﬁﬂgh“§UHﬁﬁﬁﬁkd@WCﬁéh¢h@ﬁéﬂ§dhﬁ@b6@@h@@ht of greater than 4%
5 4.5% or w,,TB der ition
uith a TEN of N ade L RanoRlh Bt kR Sy MG R B Mo RTRER
i nvention mayfphodgie adyg of losheulfengfel havaese siltedcahoveot ) B0R7ktinbanot her
enbodi ment, the present .invention involyves the operation, %f an englne usi ng
a | ow sul ur VeIl Pad FHEUECOET (Fss B it 0otV en 185 hamdh 1g bYoveighymid 2 or a
sutfur cont efify Hese L NAler AL BN ARTILOAR0) TDYe WRL GBI 3093 bow TEN
cylinder lubricating’ conp05|t|on a 1B ess an 40 or even
such enbodlnﬁﬁtﬁnthﬁm|ﬂwkndnmmNmaycpmavmﬂﬁ1am%fQmomﬁe benefi the He&ﬁnsbed
above. The Eﬂg é L00381The nmet hods of the present invention are useful
for internal 6ﬁ§ﬁ t*P8hC-engi nes, for exanple stationary conbustion engine,
such as a powﬁgﬁﬁ%gklon conbustion engine; a diesel fuelled engine. In one
enbodi ment the 1ntéernal conbustion engine is a 4-stroke and i n anot her
enbodi neht ai@?gét r oklee engihnés 41 thneprerbodimention heeriU@s%aﬂ farelihtechaéngi ne
is a marine d|e§ 20 en _ QL,th% g g |nventuon i ncl ude
the steps of “BPErEtITh§ an® %n&?‘n&“‘%{ﬂﬁ"esh‘ﬁgi)%ﬁgc?H 1 B’ﬁ‘p&%%*?foﬁ%cheaéc?u bed
above to thepgpgl BRtiokh Roa OB STRRLLEEA ISl Ntk GRL | RO AOBRBSH QRS
descri bed hereln are used as cyllnder oils in a marine diesel engine. In
some embodi it slfeilnabpmhwngl PO st vibasokiesnd ibedoter eimbodiperior 2rari ne
diesel engi nstroXStcgépngl I# oAe 01r9b0a1ment the diesel fuelled engine is a marine diesel
20 engine. The methods of the present invention include the steps of operating an

engine and supplying the compositions described above to the engine. In some

embodiments, the lubricating compositions described herein are used as

cylinder oils in a marine diesel engine. In some embodiments, lubricating

compositions described herein are not marine diesel engine system oils and/or

| Q]
h

crankcase oils and are not used in marine diesel engines as system oils and/or
crankcase oils.

{6039} Suitable marine diesel engines for use with the compositions and
methods of the present are not overly limited. Suitable engines include 4-
stroke trunk piston engines as well as 2-stroke cross-head engines that utilize a

30 cylinder oil.



25crankcase oils and are not used in marine diesel engines as systemoils
and/ or crankcase oils. 100391Suitable marine diesel engines for use with
the conpd¥PPBA¥S®Ad  net hods of the present are not oWEM{UP2010{P8Y.

Sui tabl e engines include 4- stroke tri¥nk piston engines as well as 2-stroke
cross-head engines that utilize a 30cylinder oil. WO

2011/ 066059PCT/ US2010/ 054908 10 The Fuel. [0040] The fuels suitable for use
in the present invention are not overly limted and may be any fuel

sui tabl e for Zlhgduieh t he engine i nvol ved. In one enbodinent the fuel is a

di esel fuel. not.her .e i.nent . the fu mar i ne di esel fuel When
the term mari ¢1(p493| esﬁl‘ F‘ffgb Sugnﬁgejr T HEF ei'nt the] Tt’ref’%r neant rh"[”()a BpLgEerly
distillate fuglied difit efafESH ake fﬂéleJLﬁbab%nﬂnr@%' dudle ddelsinbORAL11N shillate
fuel s are conposed of Lget roleumfractions of crude oil separated in a

refinery by amtb@mrm;g polbeb ss eadicad f@ickt ilnl atdtiosr. erReeditheal thaidliel &re
(Zl:.gg}rjgcs::gs?f Ex ?me cdg c;l ?@?10 Wﬁ&gﬁm tgxm n'%a@ii;[& chsd I%\XE% iS medof?er}f:{%lg%t\%hs%alnwe?t I on

types. [0042}0 S@ﬁ&iefdlmleatalﬂﬂélgsm&fxmdﬂﬁtd fletd, @nd B@h@uaﬂ fiedide DMX, DNVA. DMB,
and DMC, which are often referred to in the industry as gas oils, marine

gas oils or WHlhe dPstilpieafesly phy cPuwPsedpéAFicdewy ditiess gt Frider pbdi at e
fuel s incl udgeddrfed8h Andiobfi0p 3800l G A8 AfILLR;s ﬁ&‘ie(ketqﬁgé? ﬁsgs

i ndustry as marine 15 ese t ermedi af e ecific
exanpl es of restdupbseluel el fredtinche o RbAdancl FzMi d1derh<s bcﬁhuht}&stNUaBSm and
are ofte referred’\/{n&flln t he i dustr as fu oil s, §S|dual fuel oils, or

resi dual er PHEPR pdate f Q?Co‘ii)él?p‘ﬁ?‘éﬁ ?16Wr‘rse‘§[| BAVO SIS AR f uel s
e R
typi cal | y t h@MGethclmquummt@“mdsuotly tht i0Btrdegrame ®il€ marine gas oils or
marine distillate (DM) fuel. Specific examples of intermediate fuels include
IFO-180 and IFO-380, which are often referred to in the industry as marine
15 diesel fuel or intermediate fuel oils (IFO). Specific examples of residual fuels
include RMA and RML fuels, such as RML-55, and are often referred to in the
industry as fuel oils, residual fuel oils, or residual marine (RM) fuels.
Individual grades of residual marine (RM) fuels are designed by letters A to H,
K and L, for example RMA-10, RME-25, RMF-25, RMG-35 and RMH-35.
20 The number in the fuel 1dentification is typically the fuel’s maximum viscosity
at 100 degrees C.
{0043] In one embodiment the fuel may be DMA, No. 2 Fuel Qil, DMC,
IFO-180, or IFO-380. No. 2 Fuel Oil, also called home heating oil, is

sometimes used in marine diesel engines when the more typical fuels are in

™o
(5

short supply. In another embodiment the fuel may be DMA, DMB, DMC,
RME-25, RMF-25, IFO-180, RMG-35, RMH-35, IFO-380 or RML-55. In still
another embodiment the may be No. 2 diesel fuel, No. 4 diesel fuel, No. 6
diesel fuel, heavy fuel oil bunker fuel, residual fuel, or combinations thereof.
Bunker fuel, or heavy fuel oil bunker fuel, can broadly include any fuel oil used
30 aboard ships. Bunker fuel is most commonly used to refer to residual fuels and
specifically No. 5 fuel oil and No. 6 fuel oil, which are both residual fuel oils,

or heavy fuel oils. Any of these fuels may be used in combinations, and lighter



1004311 n one enbodi ment the fuel nay be DMA, No. 2 Fuel G|, DMC |FO-180,

or 1F0-380. No. 2 Fuel G I, also called honme heating oil, is sonetines used

i n mari neVEi28Ed666fgi nes when the nore typical fuels ar &THS2E00x9P%
supply. I'n another enbodinent the fuell may be I)MA, [)MB, DMC, RME-25,
RVF-25, IFO-1 80, RIVIO 35, RVH 35, |F0-380 or RML-55. In still another
enbodi nent the may be No. 2 diesel fuel, No. 4 diesel fuel, No. 6 diesel
fuel, heavy fuel oil bunker fuel, residual fuel, or conbinations thereof.
Bunker fuel, funls hesasgymétirebs oiikehuntheheavige] fuclsan weddhyiripmepades ang/of uel
oi | used 30 abo%rvq t?t}i gs. 1Bunker fuel is nost conmmonly used to refer to
residual fuel's¥and s“pé f“f‘? gé’yl'ly No. 5 fuel oil and No. 6 fuel oil, which

are both resigisl fuele Riel hayAavbeawihiiuel 18H SoinABYoOLctRese. frl femy be
used in conbinations, and lighter WD 2011/ 066059PCT/ US2010/ 054908 11 fuel s

are sonet i nedaysteyhatia nkinemaiier ifcgaitsat 4 aerast Ctdsiormpregper tSes eama/ or

i nprove their, .0g. 0 y 7 1 ‘ L ni.rum, fil.as o] of 60
degrees C. TE]’éQg Uag%tm&ha@}?%ﬁé%-ﬁ%}vg‘ehghﬁ%ﬁé#&?&:@a& \?(S:é(;dssf yatalt()%4 d%eé F&ées C
of no nore thénoimrothavehobd®ncEntdnsisalkes. The fuel may al so have a

ki nematic viscosity at 100 %ggrees C of no nore than 6? or even 55
R Yie B f

eenti st okes, 4845111 e net gl 1y 8l mpgng digsel duclapeder UEr with

a sul fur content,off zﬁtleals?@.sﬁt%,ol.g%, 11509% 0d 3%80,24 0% BsD%yr 89 Q% oé; BYs OF
even 5.0% by wei ght. I'n other enbddinents the fuel I's a marine diesel fuel
wi th a sul f uweigidontentheofenbodimends tthardud. 5% nlarl84 ditsS%uel WO aZIullg 4. 0%

i foa”’nggrg) ngc‘%&eg%gég“@%&han B8 Vg TPYo21258h,N3Y8, 2 BY) FHEe,Cont Rt with
5.0% by weight. The fuel may also have a sulfur content with a range of 0.5%,
1.0%, 1.5%, 2.0%, 3.0%, 4.0%, 4.5%, or even 5.0% by weight to 1.0%, 1.5%,
2.0%, 3.0%, 4.0%, 4.5%, 5.0% or even 10.0% by weight. These limits may
apply to the tuel used in the fuel composition of the present invention, or to the

15 overall fuel composition itself.
{0046]  The fuel compositions of the present invention may also include one
or more additional additives. Any fuel additive may be used and the types,
combinations, and amounts of additives present are not overly limited. These
additional additives may include a combustion improver, a cetane improver, an
20 emulsifier, an antioxidant, an antifoam agent, a corrosion inhibitor, a wax
crystal modifier, a distillate flow improver, a liner lacquering reducing agent,
an asphaltene dispersant, a demulsifier, or combinations thereof.
{00471  When present, these additional additives may make up from 0%,
0.1%, 0.5%, 1.0% or even 5.0% by weight up to 0.5%, 1.0%, 4%, 10% or even
25 15% of the fuel composition.

The Metal-Containing Detergent.

[6048] The fuel compositions used in the present invention include

component (b), a metal-containing detergent. In one embodiment, the detergent

component may include overbased metal sulfonates, alkyl phenol detergents,
30  salicylate detergents, carboxylates, or combinations thereof.

[6049] [n some embediments the metal-containing detergent is an overbased

material, which are also referred to as overbased or superbased salts. Such
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bhe urBLalis e oM BLAI MNBHGRt BIIAN by 8. BN MMﬁfe?aa%%dS. T. Orszulik,
pages 85 and 86, 1997.

{0056}  The basicity of overbased materials is generally expressed in terms
of a total base number (TBN). A TBN is the amount of acid (perchloric or
hydrochloric) needed to neutralize all of the overbased material's basicity. The
amount of acid is expressed as unit of potassium hydroxide (mg KOH per gram
of sample). TBN is determined by titration of one gram of overbased material
with 0.1 Normal hydrochloric acid solution using bromophenol blue as an
indicator. The equivalents of an overbased material are determined by the
following equation: equivalent weight = {56,100/TBN).

[6051]  Detergents may be prepared by reacting an acidic material (typically
an inorganic acid or lower carboxylic acid, for example carbon dioxide) with a
mixture comprising an acidic organic compound, a reaction medium comprising
at least one inert, organic solvent {mineral oil, naphtha, toluene, xylene, etc.)
for said acidic organic material, and optionally a stoichiometric excess of a
metal base, and a promoter. The reaction of the acidic organic compound with
the metal base, in the presence of the promoter and acidic material may result
in a neutral detergent, with a relatively low TBN (for example less than 100, 50
or evenlQ) ., or it may result in an overbased detergent with a high TBN (for
example at least 100, 200, or even 300). Multiple reaction steps may be
completed, adding additional metal base, and additional amounts of promoter
and acidic material as needed, to result produce an overbased detergent,

[0052]  Useful acidic organic compounds include carboxylic acids, sulfonic
acids, phosphorus-containing acids, phenols (including alkylated phenols) or

mixtures of two or more thereof. In some embodiments the acidic organic

| at e



material, which are also referred to as overbased or superbased salts. Such
WO 2011/ 066059PCT/ US2010/ 054908 12 naterials are generally honogeneous
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phosphor us-cg%‘?gcgﬁf“r%éusa%% s?s p%]éﬁ%?’st“ﬁ‘leﬁ%’l %d’?ﬁﬁ%ﬂ%ﬁ(ﬁ %{F%%F“Shéﬁ’ e§§1V8?

m xtures of tweleodipiehgichbetghle, pkitols0REn SXBQGhcE Sortkiga@sisdiher@ffgrni ¢ VO
2011/ 066059PCT/ US2010/ 054908 13 conpounds are sulfonic acids or phenols.
Thr oughout t ki stlspdulptisatiow, wsy pef aikyhcealfwyhcisdeoxysuelkossalkshboxylic
or sulfonic i el S n t.9 | . Gl G- i:ng derjvatives

t her eof such@%gggﬁlﬁggsr :*@%g‘ﬁdﬁg%? %{Fﬁ%ﬁggﬁ)%}?é’% ‘%giﬂ% ggﬁ%gg}g] gill%gar{cs’t g}?\%s and
m xt ur es2@ heRegaf anunlptatc diyiarostisg @pegicbhealihy astakeds arfd05@msSuRt abl e
detergents include cal cium sul fonates and overbased cal ci um sul f onat es.
Such det er gefitay Bf elprlyhr dldeny. rdseopmylanr eTHhatwaedpt ArowRyplicarey an

| norgani ¢ ackfyglit AN CANRALY LG athe o BERhRtaRI . GATRONG ALKl figh Y th 2
m xture conprising a sulfonic acid, a reaction nedi am comnprising at [ east
one inert, opgbmliensobwént spmenemndbddiaidnts nayhbdhderival dene,pol@dsoyliene,

etc.) for sai %ci dic organic material, optionally a stoichionetric excess
of a netal b /-and a pronoter.

25 [6055}]  Suitable polyalkenes, from which the alkyl group of the sulfonic acid
may be derived, include homopolymers and interpolymers of polymerizable
olefin monomers of 2 to 16 carbon atoms. The olefins may be monoolefins
such as ethylene, propylene, 1-butene, isobutene, and 1l-octene; or a
polyolefinic monomer, preferably diolefinic, monomer such 1,3-butadiene and

30  isoprene. Preferably the monomers contain from 2 to 6 or 4 carbon atoms. The
interpolymers include copolymers, terpolymers, tetrapolymers and the like.

Preferably, the polymer is a homopolymer. In some embodiments the polymer



[ 0054] Sui t abl e acids include sulfonic and thiosulfonic acids, and salts
thereof, and al so i nclude nono or pol ynuclear aromatic or cycloaliphatic
compoundsWORAB/AP52s0l ubl e sul fonates can be represent e§CTAIS2{INESMBEt part
by 15 one of the follow ng fornul ae: ®2-T-(S03-), and R3-(S03.)b, wherein T
is a cyclic nucleus such as benzene, tol uene, naphthal ene, anthracene,

di phenyl ene oxi de, di phenyl ene sul fide, petrol eum naphthenes, or

conbi nations thereof; R2 is an aliphatic group such as al kyl, al kenyl,

al koxy, al koxyalprippromtiemoabi natyboteet freraxefpl¢ RPpiybucost iai wikich 108t alf of at
| east 15 carbon atons;. and. 2 is an aliphatic hydrocarbyl grou )

cont ai ni ng a?u1g§§qH¥5“c§¥B§% g%%h%@%ﬁ@%ﬁ%y ﬁéedﬁﬂgg&?ﬁf %%k@%?ﬁﬁ% by

al koxyal kyl , cefiveadivheiabkxihadeky! gkOMB. enhfodamensMdedileniorodhen Slekikveai C
aci ds have a substituent (R2 or R3) derived from a pol yal kene, and in sone
embodi ment's RN beTHEIzCd el olefips lapil coBlaRA Bre (Pry 24251bosslosu t AbF e

pol yal kengs, fmom.wWilgh . Kyl.... f th Qni i d e

deri ved, ?ncf%%%ﬂkgﬁgg%f§%€r§éaﬁgm?%fgﬁgﬁlf?ggrzﬂﬁ%aghlﬁﬁgﬁiggﬁ%ggoféfin
nmononer s of 2Rombinkbooartihanoatvbes: thEhdkel@bimds amylcfeedmbhoot, efridntn sarelh as
et hyl ene, prog%lgne, ;-buteq?d i sgphutene, and 1-octene; or a polyolefinic
mononer, pr efEPABINEY BPERITRITO™ A8 A0 AE AR PEH 98- but adi ene and 30 i soprene.
Preferably thgysgnomBtS.g9NEA s (ARt 2ulfoni® Rids? aR@GHARe FbOMentBGrom

i nterpol yners include copol yners, terpolymers, tetrapolynmers and the |ike.
Preferably, wheclpdleyree degved hombpot ymdMn (hunbome cerdgsodd iventas wdightpolfymer

exanpi e 20 poRyge the 1 caatediPeigos e’ el ek T8 Gel i abRiethe 1"
i sobutyl ene. (NWikemp! vialikengs Ak @frﬁﬂaw@@hgﬁv&q@wﬂémﬂa% wigaesuage I n

some enbodi nents the al kyl group in derived fromisonerized al pha ol efins
and cont ai nsnEmb aGrege Polasalaoreightorsiromhes.subfori. orde P, day dsd. Her i ved

[rom allol begone, ALhnt L SR AR IR RSP R B
carbon at onsyif0Qek] TB. alikydncgeupsingdnttthe B Loal ¢s achdsmitioand r9B, tihe
D erS v by gmbodimernl the P sed & Highly ronetive PL, And 1 Sl Shothe:
embodiment the PIB used is a mixture of conventional and highly reactive PIB.
[0058]  The production of sulfonates is well known to those skilled in the art.
See, for example, the article "Sulfonates" in Kirk-Othmer "Encyclopedia of
Chemical Technology”, Second Edition, Vol. 19, pp. 291 et seq. published by
20 John Wiley & Sons, N.Y. (1969).
{6659}  The metal compounds useful in making the basic metal salts are
generally Group 1 or Group 2 metal compounds. In some embodiments the
metal used is sodium or potassium, or even sodium. In other embodiments the
metals of the metal base include the Group 2a alkaline earth metals such as
25  magnesium, calcium, and barium, as well as the Group 2b metals such as zinc.
In some embodiments the Group 2 metals are magnesium, calcium, barium, or
zine, and in others, magnesium or calcium, and typically calcium. The metal
compounds may be delivered as metal salts. The anionic portion of the salt can
be hydroxide, oxide, carbonate, borate, and/or nitrate.
30 [0060]  An acidic material may be used to accomplish the formation of the
overbased detergent. The acidic material may be a liquid such as formic acid,

acetic acid, nitric acid, and/or sulfuric acid. Acetic acid is particularly useful.



10f rom 500, 750, or 850 up to 5000, 3000, 2000, or 1600, and the

pol ydi spersity, gl\/lwll\/h), that is, the ratio of the wei ght average

mol ecul arW@éPéW ®B¥er the number average nol ecul ar wei gRET/USI0HOEHNY 5

1.8, or 2, or to 2,5 3.6, or 3.2. 100571The P1B may be conventional PIB or
hi ghly reactive and/or high vinylidene PIB. In one enbodi nent the PIB used
is conventional P1B, in 15 anot her enbodi nent the P1B used is highly
reactive PIB, and in still another enbodiment the PIB used is a m xture of
convent i onal lzmdaticghtidia easteiiels PR, J18058] uFheé prabdust iidh. of Isubdonat es

is well k h killed .in the art. See, e, ticl
" Sl Tonat s TRORTPRIGE RnBr TPt dpata oBF Rt b0 FoRkRBI B & cond

"Sul f onat es"
Edi tion, Vol acidl9, ARPacid®l o8 586 be IR IbSEEdo tc3BIREN (MY I8 &icePRe thd. Y.
(1969). [0059] The nmetal conpounds useful in making the basic netal salts
are general | yveabatgs detenseds sugh 2 ¢rsban divsmsourtadiur dipxddme embodi nent s t he
net al used i iu r L um, ven L um.q.ln. er. embodi mepts the
metal s of the Rt b oue PRI hn et 52 M e MR PRRR ¥ e
25 magnesi umnetdl titimheandsiaticah casipuelibnas thepddiouprizbcsmpadhensueh as
zinc. In sone. enbodi nents the Goup 2 W{E}%ﬁa! S are nagnesi urg cal ci um

barium or zFREVSSRIHO ﬁ”‘é’tbﬁ%P’é{’n%’érfé§P.‘ 8y Vealictemt 2ed-%fpl iy,
calcium The,sptal) £ogpounds myife de! Lishar 3 Mkabisdbioctbe angoni c
portion of the salt can be hydroxide, oxide, carbonate, borate, and/or
nitrate. 30[ 8R60dAN pacindicss natleds ghe rdlyardods wsed to ol 2acedml itemst bkec as mat i on

of the oyerbased detergenf. The acidic materjal may be a lLiquid such as
Forntc alid, THEGERL QURAOLNPERT Teiol AR Blcobel U REde A eRP Eoe d i s
parti cul ar | yousgbulisoprMRROLAOBEAIIRTTY HS0404 QRAIR8. 15, 0L JRBiGiaEi di
materials may al so be used such as CQ2.1n sonme enbodi nents the materi al
used i s CO2, isfidma yeueyi o ohbknaehsonmutei thenaees iand agiplthamneaciMix¢uigas may

be enpl oyed t g Legofo] rl i s()ktletshe ]‘oertrlrs%%i on of the overbasal detergent, such as
carbon di oxi 85 SFUSUIPIIR P S fE vsed:
[0062]  Suitable detergents also include carboxylate detergents and

15 overbased carboxylate detergents, sometime referred to simply as carboxylates.
Such detergents are prepared by reacting an acidic material (typically an
inorganic acid or lower carboxylic acid, preferably carbon dioxide) with a
mixture comprising a carboxylic acid, a reaction medium comprising at least
one inert, organic solvent (mineral oil, naphtha, toluene, xylene, etc.) for said

20 acidic organic material, optionally a stoichiometric excess of a metal base, and
a promoter.

{0663}  Useful carboxylic acids include aliphatic or aromatic, mono- or
polycarboxylic acid or acid-producing compounds. These carboxylic acids
include lower molecular weight carboxylic acids (for example acids having up

25  to 22 carbon atoms or from 4 to 22 carbon atoms) as well as higher molecular
weight carboxylic acids. Suitable carboxylic acids are generally oil-soluble,
and so may have at least 8, 18, 30 or even 50 carbon atoms and in most cases
less than 400 carbon atoms per molecule. The acids may be saturated and
unsaturated acids.

30 [0064] Examples of useful acids include dodecanoic acid, decanoic acid,
oleic acid, stearic acid, isostearic acid, linoleic acid, tall oil acid and

combinations thereof. An extensive discussion of these acids is found in Kirk-



5100611A pronoter is a chem cal enployed to facilitate the incorporation of
nmetal into the basic netal conpositions. A particularly conprehensive

di scussi oMOFP11414P58bl e pronpters is found in U S. Pat en®PETSP0A9/0§948
2,695,910, and 2, 616,904. These inclulfe the al coholic and phenolic
pronoters. The al coholic pronoters include the alkanols of 1 to 12 carbon
atons such as 10 net hanol, ethanol, anyl al cohol, butyl alcohol including

i -butyl al cohol, oetanol, isopropanol, and m xtures of these and the |iKke.
Phenol i ¢ pr ofshes "Encyddecda vdr Chepicef Tregbindryy's dihstd £dttadh, béX¥8erdebn and

napht hal enes.,,M xtures of various p er.s, be used. [0062] Sui tabl e
de?ergents aﬁ%ﬁgx§%$%%%§83f5%%ypatgﬁgg?hrégHﬁg%ﬁﬁﬁeTgn %hﬁggé%péﬁFﬁﬁxylate
detergents, semethiBstiefRid edeidisi 8M Y nasamashpxiat 834, RueHhHrgsfiergents

are prepared by reacting an acidic material (typically an inorganic acid or
| ower car boxyibsitelei dglutgriefasibno)ydend rrultb ot aflejuasinie agidnilsciwdefromnpri si ng
a carboxylic_agkd,..a action yredi onpkisin | e one.inert, .organic
sol vent (%1n ?gkqgfb,&%5Bﬁtﬁ%}&§o?ﬁgh§fﬂx§ @ﬁ ?Hﬁﬁk?ﬁqﬁéP%§§ﬁbp$@5%$aic
organi ¢ nat esiigdtituteptsuogiald ycia &biokd ftonet pblgpepeasstaling aehal obases and a
pronoter. 10063. 1Usef ul carboxglic acids include aliphatic or aromatic,

nmono- or pol yE&rBoxN ite 18P doroP VR iigsiesdotivagtuéehpdiphe scidTrdderosigrBoxyl i ¢
aci ds incl udg.;l4o¥&f; l.ar.: wei: g (vl g [Pe Qr - cids
naving Up 75 50 33T saA e i oS Rl S A R e RN 2

hi gher nol ecutitsstitwied ghiplthsiboxyid cdibeirdsdecShydrabhghtbaehoxyakbax vl dsidar e
general ly oil -soluble, and so may have at |east 8, 18, 30 or even 50 carbon
at ons an%oinnﬁﬁg¥e%%§%§’? %@“%ﬁé%&4 @r8@@56W%éﬂ%ﬁ§“ﬁ§¥mﬁﬁﬁékﬁﬂ@:3¢W€fa0ids
may be satur gied, andrdpsat urated acids. 30[ 00641Exanpl es of useful acids

i ncl ude dodecanoi e "acid, decanoic acid, oleic acid, stearic acid,

i sostearic a¢dh5]li nol eieceabbdimdnd) theoddrbagilt acid iconidendid erisratdibredf . An
ext ensi ve di scussi f these acids is. found in Kirk- WO .

2011/ 06605 0PI ULSTL GO BRT1E e RN EEl SRy SO ChaiEmsuch o
Technol ogy” Tdhirfcdadidl Hhientic 1RYB. oldi@iLiWV i gYe® KBS 1INGWNYOkdd, FRosBAA: 871.
Still further exanples include palmtic acid, nyristic acid, behenic acid,
hexat ri atdnt agidi steads deidt atrape apid, eny lusdbst étiared, glnbirathileroaieads acid,

pol ybut enyl - su rtuted succipic acid derived froma 5 pol ybutene (having
an M of Zoog%ggg%ﬁng%gﬁgﬁdﬂé’ 1000), pol ypropenyl substituted succinic acid
derived from@gspl ypopene,ac{diavisogidtudd Ofcyfaom2Q0y@-2308 tRid0QRq or

900), octadecyl-substituted adipic acid, chlorostearic acid,
9- net hyl st eaficse gedferabl elliymodstiodeneel sl dicese egity bromemirolacbaoilig, acids,
o boanY | SUDSHAT M 6eb<ARRE BRE GRS BuuHldaWrbicSRAMIRRRNLNY €8s or
20 anhydrides.
{00671 Suitable detergents also include salicylate detergents and overbased
salicylate detergents. Such detergents are prepared by reacting an acidic
material (typically an inorganic acid or lower carboxylic acid, preferably
carbon dioxide) with a mixture comprising a salicylic acid, a reaction medium
25  comprising at least one inert, organic solvent (mineral oil, naphtha, toluene,
xylene, etc.) for said acidic organic material, optionally a stoichiometric excess
of a metal base, and a promoter.
{0068}  As noted above, salicylic acids are a subset of aromatic carboxylic
acids. When these types of acids are used to prepare the detergent, the
30 resulting material is generally referred to as a salicylate. Suitable salicylic

acids can be aliphatic hydrocarbon-substituted salicylic acids wherein each

hydrocarbon substituent contains an average of at least 8 carbon atoms per



10m xtures of any of these acids, their alkali and al kaline earth netal
salts, and/or their anhydri des. [0065]In one enbodi nent, the carboxylic
aci d i nclWW@S81Y4e8at ur at ed and unsat ur at ed hi gher fattyciﬂﬁ@@0@8W9 i ni ng
from 12 to 30 carbon atonms, such as |Huric acid, palnitie acid, oleic acid,
linoleic acid, linolenic aC|d ol eostearic 15aC|d stearic aC|d nyristic
aci d, and uncl ecyl eni ¢ aci d, alpha chl orostearic acid and al phanitrol auric
aci d, [0066] Suitabl e acids al so i ncl ude: aIkyIaIkerneegcoI acetic acid,
and nore pﬁ@b%ﬁaﬁﬁywnﬂRykpélyémhykenegetym@budeethc<m@|dnbadmmﬂmnhc

car boxylic aci, as_substit.u ed a on-s b§t t nz ht hal i c

and sallcyI|8\%§? N3 5?“7@anﬂ§ﬁ?$@e OHT@Q%??%JFfEbWWh éﬂgF%@e?(P @88 * ncl ude

salicylate d@ﬁ&ﬁ@@ﬁﬁ§daﬁdupﬁ@hb@&ﬁdfﬂﬁiMﬁ%k&k%cﬂ@&ﬁF@@@ﬁ&nmS%ﬁ@ugﬁﬁﬁigent3

are prepared by reacting an acidic material (typically an inorganic acid or
yen

| ower car boxPPhendtied lopeef erapt yledussosh dis pal wslyivne pdymiorylane, polypri si ng
a salicyl SC ?s%'bq Vléher a@{ﬁt L&&l&%? Wég)e gg&gjﬁerp%x thlx%‘? av% eg%el Qaer{)gﬁ

organi ¢ sol vent nlner Xyl ene,

acidic organnmneaheﬁﬁahq4@pumdnaﬂhyma stoi chionetric excess of a neta

base, and a ter 00681As d above, salicylic acids are a subset of
aromatic car gé)@é%‘?l c %evaéy IGRER St ﬁgéé‘“ tyb‘esdeé?“kae@%/é]?o‘éﬁ éndsepcercprigpar e

the deter gengreptah%fj?tge& s, rEl‘ M PREE A dafis Rnﬁ'/r ﬁlﬂnY)\JneIn?(f ARUILQ a5, @
salicylate ui'tabl'e salicylic acids can be alipha

hydr ocar bon- sxbspliet utned’ Sal Patyl No. atﬂﬁESﬁheﬂbl%7éﬁthﬂ@ﬁk@@hr@dﬁZﬁo&
s, L CONLae YL 0F 0l east 8 carbon aloms per V0

[6070]  The overbased salt may also be a borated complex. Borated
complexes of this type can be prepared by heating the basic metal salt with
boric acid at about 50 — 100°C, the number of equivalents of boric acid being
roughly equal to the nomber of equivalents of metal in the salt. U.S. Patent No.

15 3,929,650 discloses such borated complexes and their preparation.
[6071]  Suitable overbased detergents also include those derived from phenol
and alkylated phenols, which may be referred to as phenates, for example
calcium phenate sulfides. The phenate may be a sulphur-containing phenate, a
methylene-bridged phenate, or mixtures thereof. In one embodiment the

20 phenate is sulphur-containing/coupled phenate. Such materials are described in
US Pat. No. 6,551,965 and EP Publications EP 1903093 A, EP 0601721 A, EP
0271262B2 and EP 0273588 B2.
{00721  Suitable phenate detergents may be formed by reacting an alkylphenol,
an alkaline earth metal base and sulfur, typically carried out in the presence of a

25  promoter solvent to form a sulfurized metal phenate. The alkylphenols useful in the
present invention are of the formula R(C¢Hs)OH where R is a straight chain or
branched chain alkyl group having from 8 to 40 or from 10 to 30 carbons, and the
moiety (C¢Hy) is a benzene ring. Examples of suitable alkyl groups include octyl,
decyl, dodecyl, tetradecyl, and hexadecyl groups

30 {60731  The alkaline earth metal base can be any of those described above and in
some embodiments are calcium and/or magnesium. Examples include calcium

oxide, calcium hydroxide, barium oxide, barium hydroxide, magnesium oxide, and



17 substituent and 1 to 3 substituents per nolecule. In one enbodi nent the
overbased salts are prepared fromsalicylic acids with aliphatic

hydr ocar bR 28U8%605Puent s derived from any of the above- #ESE[SEHEFS4908

pol yal kenes, particularly polymerized ower 1-nono-ol efins such as

pol yet hyl ene, pol ypropyl ene, poly- 5 isobutylene, and ethyl ene/ propyl ene
copol yners and havi ng average carbon contents of 30 to 400 carbon atons.

[ 0069] Car boxylic acids of the type described above and processes for
preparing t héie likeuCekivmadgdsasie alvet alled dlydatedr ldnoeis [msh owmnemdy disk| osed,

for exanple, +4n U S  Pat. No. 2 197,6832: .2 197, 835, 2,6 252.662: 2 252 664,
102, 714, 092: TIQ?H‘BWS‘S%&%& %5,05@?‘;éil?‘%ﬁﬁé?éf%éa‘b}\}%?‘@agéé}e SHPGHI 5o be
a borated corpili@xhasBepaiceticanmiexesr afe dikilsct P8 Banl e piheRakeshday!,
heating the basic netal salt with boric acid at about 50 - 100C, the nunber

of equi val enf8d B spiiiecdgustal Menwg niemsie.edutable wltants inclapeelyeels and

equi val ents I .h e tent 4N 53..929 650. di,: es
such bora%ed%Tgnpﬁgkggﬂg%dgFﬁg#rag?%g%ﬁggfgn?AP%%§%1%§gi?gkﬁgfg%ggigied
det er gent s aks8wldnnckiydel, t hete ademouedethylonatiphenabneaid! attkyl atted Jphenel s,

which may be referred to as phenates, for. exanple cal cium phenate, sulfides.
The phenat e ﬁﬁ\?og‘éﬂe&t g1 ﬁ&ﬂ‘iﬁf SRR APHG \bﬁéﬁa&qg?ﬁ%a rncdiss eprogd et

phenate, or MXLUL&ER HBEHEOEH IR MELMTDPML B LOS izrptffbh%@ﬁﬁl gﬁay be
sul phur - cont ai ni ng/ coupl ed phgnate. Such materials are described 'n US Pat.

No. 6,551, 968lcarsdtaERiRubiniteafdnons okteb 308093 A, EP 0601721 A, EP 0271262B2

and EP 02735 . [0072] Sui .t abl e phenate detergents may be fow ed b
reac;ing%én %ﬁ?@fphéﬁdﬁ?kﬁﬂn%ﬁ%EVﬁgg“b@FPWﬁ%ﬁ%éb%é%@ﬁaﬁaggﬁ@FUP?“W§%!caIIy
carried out bPabHLUIERSRNSEItle 80-2RTRIDIPHLERAS W BAL Q1@ Medufbh ity 1 zed
metal phonate. The alkﬁlphenols useful in the present invention are of the

fornmul a R( C6hydypond glitRel sicgakng agagkitsuchad nolyisobwtamd hedinihanhydidey |
group havi ng, 8 ta 40 or. from.10 to, 30 carbons, .and the noi.ety. .(C61-{4)
is a benzene(é$$%§% é?@nﬁP%%nl1d%[§§%ﬁﬁ%gmaﬁﬁt ‘ﬁréﬁB@“ﬁH?P@déUSEPW%?Q%ecy|,

dodecyl, tet sagitgeyhiforand if@x@datihicoicaunsts 30]0Q 43hdbeuial kalbhngreaadiih et al
base can be any of those described above and in sone enbodi nents are

cal ci um &hd/ 6f gkl HH obtuaspIbyssulivertingealk d-tanames dedaed dan plafins or

hydroxi de, b ?)EfyH{prs%(i* @5’—’(3413(%%}31‘1’3%1}1%%1101)&&%’C BERE LY '@H‘k%&edgaﬁhaﬂgtals such
as calcium, barium, magnesium ete. Suitable co-surfactants include and/or may be
derived from PIBSA, which may itself be derived from 300 to 5000, or 500 to 3000,
or 800 to 1600 number average molecular weight polyisobutylene.

20 [B675] As noted above, these phenate detergents are overbased by reacting them
with carbon dioxide gas in the presence of additional alkaline earth meal base,
typically in the presence of a promoter solvent. In one embodiment, the phenate
sulfide detergents of the composition can be represented by the formula:

OM OM OM

<R/> Ry, X /\(R5‘>w
~ - (VID)

25  wherein the number of sulphur atoms y can be 1n the range from 1 to 8, 6 or 4;

R® can be hydrogen or hydrocarbyl groups; T is hydrogen or an (S), linkage

terminating in hydrogen, an ion or a non-phenolic hydrocarbyl group; w can be



WO 2011/ 066059PCT/ US2010/ 054908 18 the |ike. Cal ci um hydroxi de, also called
hydrated |line, is nost comonly used. The pronoter solvent, also called a
mut ual soVQeAt/066BA be any stable organic |iquid which R&S/RBHPEEED e
solubility for the alkaline earth netdl base, the al kyl phenol, and the

sul fUrized nmetal phenate internediate. Suitable solvents include glycols
and 5 glycol nonoethers such as ethylene glycol, 1,4-butane diol, and
derivatives of ethylene glycol, such as nonomnet hyl ether, nonoethyl ether,
etc. In one embotigeertorth@ tsokvemt Nisisomeirogemoa eraldnce ndl a ghyteblisn,amad in
anot her enbodi nent the solvent includes ethylene glycol. The sulfur used in

the reacti on ISP BETSPBABACHKUEE F5F°Ni n the form of molten sul fur.

1010074] I n sopersgmbodinegnif ik hen phanatiendetrer 9gRtall Hpr gRaALEGal RahhBe
presence of a co-surfactant. Suitable co-surfactants include | ow base

al kyl benzenensuiofaleat. akyalpyid roededydr mixbetes ofsecdh avyalat Wecragenosalsuch as

pol yi sobut enyl | sucgii e _anhydri des. (Pl BSA) .. and..sueei nim de djspersants
such as p%l y%ilseoglueg‘rgny L%lhéjgi i r%ﬂﬁlz]sl.mgﬁi f%ﬁ & 3&6*“8?’1&%%“%@%?& "8 Y oni ¢
aci d salts havinbphasion®liegubar Wedghatvapsref glcakleyal 1M @fh pORE 4IRAM AL th

obt ai ned by sul fonating al kyl -benzenes derived fromol efins or pol yners of

C2- C4 ol ef i n&1e#!. g4A) # MeARSHNY caicigsp banymapkaiyHEesedruph megtalss Woeh as
cal cium bariumy. 5] at .. Sui e..COor, , ' de.and/ or may
be. derved 1 Vo PIBAR SeTOR' Gon, B ph AR EpC i EURG AGHANAA B HRaBIOLEC, TS0
to 3000, or 8h@Alihe cd60bhanaimndrinaverthagembod@can aic wetad e cqpakiyi. sobut yl ene.
70[ 0075] n above, these phenate detergents are overbased by reacting
themmtﬁ(?cafmfdio EOPAT IR UHE op RS OMUBEIT Pt WAV AR Haclgar t h

meal base, typhgRbdYot Anfh8o PLERENGRNREs BF H%@%a%ylgme%ﬂt Ol P8

enbodi nent, the phenate sulfide detergents t he ‘conposi tion can baéc
represent ed Bysaribvedfor dimhars, (fuhkds, 28 raherseipanihernanddrexofesubpieurx as ons y

can be in the r fr 1tp.8,.6.0r. 4. R5 can he hydrogen or hydrocar byl

groups; T is%‘f/ﬁggg)eﬂ’gggaﬁmgé) VP S e RPRch A ioﬁéxﬁnﬁrWBFﬁﬁ’éﬁd mion or
a non- phenol ¢, By gfeairakagé f@EUP1 41620 D&, VR QLY 0660e9IPCTH WE2EHY 054908
19 an integer fromO to 4; and i s hydrogen, a valence of a netal ion, an

ammoni um § onisapegsentdn i gy fichgraohtitipD076]nMhematiissarapbeguDviallest eofn 2 net al
ion, the netal can,be nopovalent, .divalent trivalent or mxtures of. such
metals. WhenPRSHOVEFeRte s + AaPHaEE) OMOUEMISE EnP PR 1P FEERI TR s
lithium sodigbenpatiasshimes teRmbiingdrbanso ¢ hergef dben.l val enleast e net al
M can be an al kaline earth netal, such as nagnesium cal cium barium or

m xtures of seichniet dhe majreres ri sal enthighdre lmspale wnbedintsatsalthgndyvruml | n
one enbodi nen he netal is. an alkaline earth netal in _anpother. .
enbod ment | ¢ R reroar Ble bRl Mo 8o G SR AR Honett o<l S oftight. above
conbi ne p; sdiherdc Wayctwiekh itsel f x nunber of times to formoligoners of
hydrocar byl phenol. QOigonmers are described as dimers, trinmers, tetraniers,
pent aner s antf Wk aneisthghgmctuiesabaygagachoR 0 can bephy@ogangr & hyyyicaddly t he

gtmg?r e?f 5%%@%%@%@%?@% lﬂg 62%3 Zé ?Stgng@ A9 406 ANGELEL A, & 19 10,
carbon atoms. The number of R substituents (w) other than hydrogen on each
aromatic ring can be in the range from 0 or 1 to 4, 3 or 2, or be just 1. Where

25  two or more hydrocarbyl groups are present they may be the same or different
and the minimum total number of carbon atoms present in the hydrocarbyl
substituents on all the rings, to ensure oil solubility, can be 8 or 9. The
preferred components include 4-alkylated phenols containing alkyl groups with
the number of carbon atoms between 9 and 14, for example 9, 10, 11, 12, 13, 14

30 and mixtures thereof. The 4-alkylated phenols typically contain sulphur at

position 2. The phenate detergent represented by the structure above may also

be overbased using an alkaline earth metal base, such as calcium hydroxide.



15 is present in significant quantities if concentrations are above 0.1,
even 2 8ercent by weight. Typically an oligonmer is present in trace

anounts iWOCBH{WM>P ati ons are less than 0.1 percent by REITGHEVI0ERHEE al |y

for at |east 50 percent of the molecids, x is 2 or higher. In sone

enbodi ments the overal |l sulfur-containing phenate detergent contains |ess

than 20 percent by weight 20diineric structures. [0078]1n the structure

above each R5 can be hydrogen or a hydrocarbyl group containing from4, 6,

8 or 9 to 80J0U] 30nopore wabdbmeatsoths, pbendle dsterbor atesmen tThepmnsamber of

R5 substltuen ther t an h e each o in the

range fromo' 8%“% 4H1§V“ aﬁﬂ‘ q%gﬂgﬁquaﬁm @ﬁﬁg5¥%8 gyﬁgﬂgw%

hydr ocar byl g«m@dhpﬁla@ro@n@ﬂﬁ%am mbbﬂisédrm/ythben&(hporaam()p bt Ghitff @keatbandct he

m ni num total nunber of carbon_atons, present in the hydrocarbyl

substi t uent s 28 havinsithe feinngs; RHERIUr QOSH Iheist Rips p iCiyto Carbligiehgcling. The

b fLe[ Lgdsn ﬁﬁg@?f‘g@ﬁ a g‘ﬁ %9&&0@%&%& %&QQB%&%OJ{}S&? AL 1 gﬁ'd&é H%E@“ps

on a et ween exanp
12, 13, 14 B@hamﬂesm'*rmtvmcemetpbﬁidelﬁ)sf meIEhﬁgil(lalakiyirﬁd}@ﬁbMélmﬂﬁuﬁzyq‘blaﬁia:ﬂlhy
contaln sul phur, at S|t|on The p nate er gent re sente by
structure ab&&" FgHH D’é%’“%r@ ﬁ?ﬂéﬁ“ﬁ‘&s@d ETRY & {%O\éﬁ KAl Phe ekt Bkt aﬁ)ase

such as cal ciup M%%hﬂ%e ad‘é@d %Q%JW@@OQQB@{@}‘&@Q&Q/ @&ﬂ&@%r %% ol ‘[}Hﬁié' n

soni ¢ enbodi ments the phenate detergent used in the present ion is an
over based suhklhﬂjedﬂaﬁkahuﬁe4&ﬂ%dnanmﬁna@wdr0¢aﬁby¢(bhgmaﬂewnmhw@henay

oPLonel Ly g, TR 1L 8, IERLERUSL SR 8 L0 SIS SO PRILLE 2 o

havi ng t

al kyl group agd Rluches (W SHBYEBiox Qe Aed QQN&@ﬁuéﬁ@ 1% rea@? 5@&1&5@ er %@fnpoﬁh‘x@ h
over based phenates may be prepared by reacting: (i) a non-overbased

sul furized abwawmh@ﬁeamﬂh(Mﬁmakaﬁymﬁ@mapmykdﬁhbﬁawﬁnaﬁ2@e§@r|bed above

et emnts, (1150} 61 A Rer a 5ol GRYESH Fc SI-EGRAI < Ravi EY 10Dl (5 HarBon

atonms, a di- c@zﬁabhfaltmn(‘@ﬁn tdiheQﬂ‘DotlﬁﬂryCQJ on@RnblithenehOnglyael ®tdkytniet her
or a pol¥alkylene gl ycol alkyl ether, (iv) a lubricating oil present as a

di | uent, {v)u@a¥bewﬂﬁi@%Wﬁéma@dé§ﬂ§ﬁb§éﬁmeﬁﬂlP@déaéhcﬁéﬂmn|@%3@$U@o@ponent
(0 nSn SOV M B ot SO SELRRIA 8. AEAE LR e
conbi nat i on \M{tgﬂonehan@é fk@ibodﬁxﬂc@mw}ﬁ[‘@@d&{iﬁdﬁtaﬁbhﬁt lnf’tdhd/dsdhl@m@ﬂizgtgent S
calcium sulfonate with a total base number of at least 300 with an alkyl chain
derived from polyisobutylene, an overbased calcium sulfonate with a total base
20  number of more than 10 but less than 100, or combinations thereof.
{6082]  In some embodiments the alkyl chain of high-TBN detergent has a
number average molecular weight (Mn) of from 500, 850, or 950 to 5000,
3000, 2500, 2000, 1600, or 1200. In one embodiment the alkyl chain has an
Mn from from 850 to 1600, or is even about 1000.
25 [0683]} In some embodiments the alkyl chain of low-TBN detergent has a
Mn of from 100, 200, or 300 to 1000, 750, 500, or 430. In one embodiment the
alkyl chain has an Mn from from 300 to 450.
[0084]  The delergent component may be present in the fuel composition
from 100, 200, 500 or even 750 to 10,000, 5,000, 1,500, 1,000 or even S00 ppm
30 (all on a weight basis). In other embodiments, such as when the compositions

are in an additive concentrate form, the detergent component may be present in



15used contain magnesium barium strontium sodium calcium potassium or
conbi nations thereof. In other enbodi nents the detergents contain cal cium
[0081] I n WRSVBMSENP ment wher ei n t he det ergent includes ERTEPEYIBAZEES cal ci um
sulfonate with a total base nunber of?lat least 300 with an al kyl chain
derived from pol yi sobutyl ene. an overbased cal cium sul fonate with a total
base 20nunber of nore than 10 but |ess than 100, or conbi nations thereof.
[0082] In sone enbodi ments the al kyl chain of high-1"13N detergent has a
nunber aver aglec pvhpelutiar fwei @I@ﬂ Y(, )% 00. 584.0v 500yeB50% ar 2@50 1 5%, 3000,
3000, 2500, 1600 ne, enbodi ment .t al kyl chain has an
Mh from from gsp F §V9500, Wg?rc A %‘i}gﬂgé’%{?ﬁ ai‘b%a%%lgké 1t n sone
enbodi ment s vhe.alikyipahaiin,of | ow TBNL detergent has a M of from 100,
200, or 300 to 1000, 750, 500, or 450. In one enbodiment the al kyl chain
has an Mh fr 68 om @@ﬁomtewmwen[m)mm adeedrogent omm@m@mengay lred
resent i m 1 750 to 10, 000,
5 000, 1. goo?grt 8‘%5“’:%@\8/‘26& é%‘%‘el Sh 986 m"*go%}\é%l%ﬁ?e‘oa “’pg YIng o PRer
enbodi nment s, esgick as%%em@hﬁnﬁ@%@@d tupOISIS (ar e ﬂnﬂrla@ taddiahd V@) congamtrat e
form the det ergent conponent ma resent in
2011/ 066059PETM BB Y GFBATH 8 e { fﬁefu@{;mg@qm% hpg éﬁvbubq%wm abgt lgasson 1%
or even 3.0t % :12% %y, .0 % I en Jes are
on a wei ght (Bags)lpgp%ll %ﬂ%‘f’i@‘/ jé&g ?héa%gf%%e[nngo 5 %eﬁp#% en |§1§1/Z I'on
provi des a metp@dingf toofer atging aacylenigr nebri@mihgbeqapdsiiced arHeyeia timrtons

di esel ine, The t C .. sypplying to the engin fuel

Conposi tllg ﬁﬁ He"tpP i f(t}?%) ‘2{ h’ﬁ ﬁ%d?l‘ﬂgﬁﬂé}ﬁ@%(ogjnl@%ﬁldg 16%61%%%?% ng

det ergent whegggzdihe Ayﬂkec@%ﬁ%b%%ehﬁ‘&h@dsski%Hérpx%Q&tteiﬂ{qufonaéanl gAsfk 0.5
percent by wei ght At the sanme tinme, the nethod may al so i nclude: supplying

to the engi nén ampydyaddeerrpsipn |®atn0hgn ctdrposiitd en thheneibnds el ab abettPbase

an 70
number (TBN) contuglh%lecxle\llc@g Dt !:(gjrtl)(gs!n(/:g tc'o%% S008 S\'flz;[rgc(i)chtil Sm the> utlélme and

specifically in the cylinder and/or the oil present in the cylinder. The methods
15 may also allow a lower TBN lubricant, such as a lower TBN cylinder oil, to be
used effectively with a fuel, such as a marine diesel fuel, with a higher sulfur
content than would otherwise be possible. The methods may also allow a
higher sulfur content fuel, such as a marine diesel fuel, to be used effectively
with a lubricant, such as a cylinder oil, with a lower TBN than would otherwise
20 be possible.
{0687] The means by which the detergent component of the present
mnvention is introduced to the fuel is not overly limited. The detergent may be
added to the fuel at the refinery, at one of the distribution or storage points the
fuel passes through, at the fuel station where vehicles are filled, or at the
25 vehicle itself. The detergent may be present as a fuel additive, much like the
other fuels additives discussed above, or it may be added as a top treat, by a
fuel marketer and/or distributor, or even by the engine operator, adding the top
treat to the fuel in the fuel tank of the operator’s engine. The detergent may
also be added to the engine via a dosing mechanism connected to the engine
30 that adds the detergent to the fuel at any point in the engine’s fuel system, at a

controllable rate. In such embodiments the detergent may be added to the fuel



[ 0086] As described above, the nethods of the present invention can result
in inproved corrosion control in the engine as the nethods help to better
control tWO2PBPE90f corrosive conmbustion byproducts i RCTAS2UHYP988 and
specifically in the cylinder and/or t¥e oil present in the cylinder. The
nmet hods 15 may also allow a | ower TBN | ubricant, such as a | ower TBN
cylinder oil, to be used effectively with a fuel, such as a marine diesel
fuel, with a higher sulfur content than would otherw se be possible. The
met hods may &so tal thowual hivgirervis ohd drelchitererntr foudle, cducler &y addragithe
diesel fuel, ;to be used effectively with alubricant, such as a cylinder
oil, with a FS%&%enfr"é‘Nﬁ%@ﬁ{%/?Btf‘bdmétfﬁ‘\gr%t%fé“ﬁ"obyél 55si bl e. [0087] The means
by whi ch the[ggisgr gemt 400 FPAne HintRkihhes RIesehd hhkentticofetkSchhtifdysed to
the fuel is not overly I'imted. The detergent may be added to the fuel at

the refineryadded gped ofinglpeaddlildys iutn de dprmetor aneadsbiive Packhage goll/opasses

t hrough, at N . i vehi.cl.es are. filled, ok .at the 25
vehicle i se%?&%ghdg(%g%i&g{r% Wﬁ&gﬁgéﬁg{f@s@gntﬁ Kk e ‘%d‘?ﬁ‘?‘i%‘?@?“%gﬁ i ke
the ot her fuelisedddilt aiveptichadcubsatdoabivent, archi ds maerfleciadeégelas). aThep
treat, by a fuel marketer and/or distrihutor, or even by the engine

oper at or, adﬁﬁ%@oﬁﬁéﬂk% vesriagiide guy fgel pdditivienincheling glosg dpscridediahave.
operator's engigdg The At ehaemin iRy 1l 50 he Addernt-ondhenLngiag Kid. 2
dosi ng necha%ié%?conneé?ed to t&é ené?ne §gtﬁ§g)add§ f%2'3392%§§ﬁ¥t?% t he
fuel at any pogint dnd/drheylenigr,nédirtng upbrasystodthe ahgaes ditivodell dbl éha ited. | n

such enbodi nents the detergent nmay be added to.the fuel VO
2011/ oeegggpéﬁiflﬁa%%‘&%ﬂéy%%b@aﬁ?et_' R o %P’l%%,T@NaOQ%_@EEP>’
filter, or tendhee aylihndemhedyceddiseg tinge daL8LA8AN B i uhUEF fidiSke@s the

fuel enters the cylinder. [00881lln any of the enbodi nents described above
t he det er genbeimgpgine addiodoas @eshasyliy addia evgnordedlivetadeby ohenlobricant

addi ti ve package and/or .5.concentrate containing .mulfi addi tives, In

o ther cane. PR BBPaT et RaS Bt R Fud® o b B bh DR Bf B G

di luent, suchtasal PeH@ ra@d bt WhichWed c@idder RRicaddistisenak tpedhdih¥agdioncl ude
any fuel additive, including those described above. [00891 In sone

enbodi meht s theamevgfht! ¢ainider bbrichet bradirst eysipeeyelst 1§ arepivs teqigphequmd/ or
cylinder, dutj ratd qn of tF ine,. delivered by the fuel 10

conposi tion Eﬁggéﬁpﬁﬁé}%g(%5?8%ﬂgrgggﬁ§?ﬁUItipIying the TBN of the fuel by
the rate at wiah t heEhd uellowmpgusedhpiys thevieginallanedinh bhehanauaitinf fuel
used per engine cycle) over the basicity in the engine delivered by the

| ubri cant corp6%i ETEPIEHIIc ROy Bt e 2ad) e aat HECRAT pligitnget ¥ePTBN of

t he cyIindertﬂéﬁﬁ#Q@&{ by the rate at which the cylinder lubricant is used
by the engi ne and/or 15the anount of cylinder |ubricant used per engine
cycle) i8Ggreater than or equal EXAMPLES

16091}y Comparative Example { ~ A marine diesel engine is operated for 100
hours while being supplied a marine diesel fuel having a sulfur content of 5%
by weight. The engine is also supplied a cylinder lubricant with a TBN of 40.

{0092]  [nventive Example JA — The test of Comparative Example 1 is

25  repecated except that the marine diesel fuel is treated with 5% by weight of an
overbased calcium sulfonate with a total base number of at least 300.

{86093}  Inventive Example IB — The test of Comparative Example 1 is

repeated except that the marine diesel fuel 1s treated with 5% by weight of an
overbased calcium sulfonate with a total base number of 85.

30 [0094] The engine emissions over the course of the test and the residual
TBN of the cylinder lubricant at the end of the test may be compared to show

the benefits of the present invention,



to 0.5, 0.75, 0.8, 1 or even 1.1, 1.2 or 1.5. [0090] The foll ow ng exanpl es

provide an illustration of the |nvent|on These exanpl es are non-exhaustive
and are NP 2PHHEHHTEd to limt the scope of the inventi oRCTAGRYRANBIOSS
[ 00911Conparative Exanple 1 --- A mari®ne di esel engine is operated for 100

hours whil e being supplied a marine diesel fuel having a sulfur content of
5% by weight. The engine is also supplied a cylinder lubricant wth a T3r N
of 40. 100921l nventive Exanple IA - The test of Conparative Exanple | is
25r epeat ed ex@®i5t t haempdrativadivaspdi 2sed nfarele diesel pegineds ﬂpftrhtGE%b)}'OQ\el ght

of an overbased caJ m . su fo e mnth t ase nu ast 300.
100931Invent?ﬁ\91é‘rg %pﬁgn§§upp he A8 “f%h@ﬁ}gfwgéd ng f@nﬁﬂé§dﬁgﬁeated

except that bhevdiglit NEhcthiRse isfalel sdp%h&di@@R/ﬁddwmbn&%tb\mw\@m o0hoan
overbased cal ci um sul fonate with a total base nunber of 85. 30[00941The

engi ne eni ssil il overrenibec bugmaleofdt heThedestantl Garepareldy i dasemBN Dfis t he

cylinder Lub <6 h
benefits %f §§g¥é§%ﬁ§pgﬁggﬁ%|oﬁk %Végggfgq%ggggg%%$? édagqyéggggg §3
100951Conpar at énvesddxaigibe ilfonAtemith aeodi bsel menigirng at feaspriat ed for 100
hours whil e elng Sﬁ§P|Ied a marine diesel fuel having a sulfur content of

2% by wei ght ! ¥ﬁﬂ¥%~éﬁ@8QSé§prlEH“écﬁfoﬁﬂgwﬂF%&W(§%%QHWt%lé TBN
of 40. 100961l nyentiyve 1%[79{06m%‘%1;9%1 s%ﬁrfué? , (RARANRH 48, @6% t 8 h$ S
}?Ie 5% E

repeat ed except that t marine diesel fuel is treated W th y wei ght of
an over basedogabbesadneadeibmondfomatw whh a toial hhsetramebanmfﬁér of at |east 300.

[009711 nygnt | 6’(%8 a leeegg,Bm-e e-[lgll%s&)ggtovgf the ¢o Lgirsgtolfvt?le Efé?tnylldethze Iressidual

TBN of the cylinder lubricant at the end of the test may be compared to show

the benefits of the present invention.

100991 Comparative Example 3 — A marine diesel engine is operated for 100

hours while being supplied a marine diesel fuel having a sulfur content of 5%
15 by weight. The engine is also supplied a cylinder lubricant with a TBN of 70.

(001001  Inventive Example 34 -~ The test of Comparative Example 3 is

repeated except that the marine diesel fuel is treated with 5% by weight of an
overbased calcium sulfonate with a total base number of at least 300,

[00101]  [nventive FExample 3B — The test of Comparative Example 3 is

20 repeated except that the marine diesel fuel is treated with 5% by weight of an
overbased calcium sulfonate with a total base number of 85.
{60102} The engine emissions over the course of the test and the residual
TBN of the cylinder lubricant at the end of the test may be compared to show
the benefits of the present invention,

25 {06103] Comparative Example 4 -~ A marine diesel engine is operated for 100

hours while being supplied a marine diesel fuel having a sulfur content of 5%
by weight. The engine is also supplied a cylinder lubricant with a TBN of 40,

{60104} [nventive Ixample 44 — The test of Comparative Example 4 is

repeated except that the marine diesel fuel is treated with 5% by weight of an

30  overbased calcium sulfonate with a total base number of at least 300.



repeated except that the marine diesel fuel is treated with 5% by wei ght of
an overbased cal ciumsulfonate with a total base nunber of 85. 10[0098] The
engi ne enVOPUAYSBYer the course of the test and the reSCHISPOIWENEE the
cylinder lubricant at the end of the ¥est may be conpared to show the
benefits of the present invention. 100991Conparative Exanple 3 - A marine
di esel engine is operated for 100 hours while being supplied a marine

di esel fuel having a sulfur content of 5% 15by weight. The engine is al so
suppl i ed a cy®tivdér Mubriveankampich48 FBRhofteftOof [(nﬁﬂﬁﬁ}ltuzm\kbm}iple 4 Bxanpl e

3A- The test of arative Exa e 3 is_repeated exce hat t ri ne
di esel fuel i“lspefl?gin‘? GPWieh oAt “ﬁéli‘ﬁﬁf lﬁgeéHLSVQr%’é}%gcf" 41518 § ffonat e

with a total ohasgsdismatmoful@haletdth a30Q1 bhQOkHerlgrgent i ve Exanple 3B -
The test of Conparative Exanple 3 is 20repeated except that the marine

di esel fuel i1&0k06datBet ﬁnglhemlbgwmwghlt thef caursovértbasest @al c‘tmm:ssaludﬁ onat e
with a tota se .-nunb 21 The i SSi ons
course of%the{' éé)t{n%n eiflhée%rthé 49 gl $’l§l\]31 fe ‘iﬁlégtff Il?lflngltg'lﬁ ﬁf’&iﬂ‘?‘c‘gﬁ Ské\‘fwthe

end of the testbamyitder Gompakadidenshiow the benefits of the present
invention. [001031 Conparative Exanple 4 - A marine diesel engine is
operated for 100 hours while being supplied a marine diesel fuel having a

| f t 159 h
ubri cant w18 e on S0t hasrbiE T RIRR 02 30T ER R SR SOt
Conpar ati ve Exdargpke. Exde‘@t ﬁreﬂaaaEe@lngbese@t whb@tothék@w@@ék;ﬂemdy esdékafedehlli s

treated with 5% by wei ght, of an 30overbased cal cium sul fonate with a total
base number Pn]&fwﬂe‘a&nﬁ@sé) in tiag) desqrp BB OFSBETIUSPOL0E (5 40082k, FeF1051

| venti ve BXaRIudfions e\t fst Rl fOTRANRL LY 8. EXATRLE, duliand SREALE], except

that the marine diesel fue Is tre % by wel of an overbased
cal ci um sul f bnatndewitddil as hmdaﬂiccbayahawmér”abbuts% U nle@@@ﬂﬁﬁxhs‘ﬁhﬁdmgame

em ssi ons over t co rse of the test and the.r 5 TI 3N of the
cylinder | ubﬁ?%ﬁ% 2k PeCURRP T} Fcred fo hsvnbéhvsgﬁgrlekmfr@@hw@ﬁé
benefits of thg,present émaxe&hte@m &&%%&v Eatia;qf fzﬁeh&o%wnglgﬁo Rierred

to above is incorporated herein by reference. Except in the or
wher e ot her wdgevaxpsi end | gthendidatederiak | which are normally undcrstood to be

present in the commercial grade. However, the amount of each chemical

component is presented exclusive of any solvent or diluent oil, which may be
customarily present in the commercial material, unless otherwise indicated. It
is to be understood that the upper and lower amount, range, and ratio limits set
20 forth herein may be independently combined, Similarly, the ranges and
amounts for each element of the invention can be used together with ranges or
amounts for any of the other elements. As used herein, the expression
"consisting essentially of" permits the inclusion of substances that do not
materially affect the basic and novel characteristics of the composition under

25  consideration.



10 nunerical quantities in this description specifying amunts of

materials, reaction conditions, nolecular weights, nunber of carbon atons,
and the IWREMIA6EPo be understood as nodified by the wBFEFUSAHEUE4998 Unl ess
ot herwi se indicated, each chemical or*conposition referred to herein shoul d
be interpreted as being a commercial grade material which may contain the

i soners, by-products, 15 derivatives, and other such materials which are
normal Iy understood to be present in the commercial grade. However, the
amount of eadéR4&RénmVéhl conponent is presented exclusive of any sol vent or
di luent oil, Leh.  .be customarily present in the comercial material,
unl ess otherxwggﬁﬁ%gl%gf%d. It is to be understood that the upper and | ower
anount, range, and ratio limts set 20 forth herein may be independently
conbined, Simlarly, the ranges and anmounts for each el enent of the

i nvention canh- be dsB§thogdgdtamsratigatamprpg 8esel COGRAGRIRPEORE HifyStBPs:t he ot her
el enents.As used [STA P essi, L CONSESE ntially of permts
t he inclu%ion of ggggﬁggggggﬁﬁ§?9%§§%&ggH%§§$§g%%y&g?§§§§gthe basi ¢ and
novel characteristics ¢f) 4 hericotigpdsatd on under 25consideration, WO
2011/066059PCT/U82010/85ﬁ908 5 3748-01-WO What is clained is: 1. A nethod
of operating a marine @PSEEAERGNREBEAITE g the steps: 5(1) supplying to
the engine a fuel \¢QMASHL [N CGAPPIilish RYs § Aifg: émllrtérn%ffawé_ast_ 8% et Oht @

nmet al - cont ai ni ng det ergent: erein the fuel conposition has a sulfur

content of abylveaght; 8ud percent by weight; and 10(11) supplying to the

engi ne a,cylinder bricating conposition wherein the total base number
(TEN ot L he. cyi 1 rabeup iR R P E oSN G D5 SO B B S F0T S The

met hod of cl gidiotalWaes ghMbbherve) Ghtheedlih@ealibiiBAIRASING dsWid RSRNMold) 15t he
engi ne delivered by the fuel conposition over the basicity in the engine
del i ver ed bythane/&yl i nder |ubricant conposition is greater than or equal to
1. 3. The nethod of the claim1l wherein the marine diesel engine is a

4- stroke

2. The method of claim 1 wherein the weight ratio of the basicity present in
15 the engine delivered by the fuel composition over the basicity in the engine
delivered by the cylinder tubricant composition is greater thaun or equal to 1.
3. The method of the claim 1 wherein the marine diesel engine is a 4-stroke
trunk piston engine or a 2-stroke cross-head engine.
20

4. The method of the claim | wherein the fuel composition is a high suifur
fuel having a sulfur content of greater than 4% by weight and the cylinder
lubricating composition is a low TBN lubricant having a TBN of less than 30;
wherein the marine diesel engine has equivalent or reduced sulfur
25 trioxide exhaust emissions and/or an equivalent or increased residual cylinder
lubricant TBN, compared to the values obtained where: (i) the engine is
operated with a fuel having a lower sulfur content; (ii) the engine is operated

with a cylinder lubricant having a higher TBN; or (iii) combinations thereof.

30 5. The method of claim 1 wherein the fuel composition is a low sulfur fuel
having a sulfur content of 0.5 to 4% by weight and the cylinder lubricating

composition is a low TBN lubricant having a TBN of no more than 40;



trunk piston engine or a 2-stroke cross-head engine. 20 4. The nethod of the
claim1 wherein the fuel conposition is a high sulfur fuel having a sulfur
content oWOGPEAENt han 4% by weight and the cylinder | &6T{LEANIVI08
conposition is a low TI3N lubricant H&ing a TBN of |ess than 50; wherein
the mari ne diesel engine has equival ent or reduced sul fur 25tri oxide
exhaust em ssions and/or an equivalent or increased residual cylinder

| ubri cant TBN, conpared to the val ues obtained where: (i) the engine is
operated with a fudlerbiavhagaank ovee! uﬁmmhmc@nteﬁmn(ﬁhb&umuauéhgine is

oper at ed mﬁtQ,a‘ﬁéLipder Iubrlcang/havhnﬂ a h| her TBh% or, %Liig
conbi nat i ons "f FEFEEF1EGE SRS HER6PT SR & §QHPT‘“ﬁ8F§VﬁZPﬁQ %é?lconposition
is a low sul tynndatelbhami NBr sl faéd m&%tuc@fob%%d Wné% by tmes:xq:r cand the
cyl i nder Iubrlcatlng conposition is a | ow TBN | ubricant having a TBN of no

nmore than 40is OMDARHMitlD 6608 IPCTHOBSRO DA I0BY 08t pentaetasippnche(tiafiingcdi esel
engi ne ha§ €q 51\%'15 olgea {cdr ((i}lzjc'%ge Sf)a(\ﬁt%rd or Ifs(%xséﬁﬁr Fm%en glljs%%lgggﬁgggégrto

and an equl va @nt or ncrease resi rie

t he val ues Obbaxlal&ﬁﬂwilth%r@lmﬁbz) Ldbh'eaxﬁrlﬁﬂvﬂ% 4 BigBRETANE &r ) Rom bl ttelons

conposi tion that does not contain conponent (b); (it) the 5 engine is

oper at ed wi t Bheeetyel having a | ower sulfur content; (iii) the engine is
operated with a cylinder |ubricant having a higher TBN, or (iv)

conmbi nations thereof. 6. The nmethod of claim 1l wherein the sulfur trioxide
exhaust enisﬁionsImbrﬂﬂhb&efehghnewh@ehr@@ucﬁﬁrbymaﬁeéﬁﬁmmt&ﬁ&&ﬁmdbﬁr t he

resi dual  TBN of the ¢ | ubr.i ca ncrease Y. | east 10%
conpared o {HeRaras s F%ﬁdn%a%ﬁ@igw fﬁ)d %@eéhgawﬁ Igl\é);gé]r‘%f@él“%rt h a
fuel COWPOS' Mtﬁfbahhﬁtmgx%%ed‘l% atcl%‘stte}'oﬂ/ %W?&P&) 1@19)wh{c!, 'o))ta‘%xﬁ‘é%i &hgicne is
operated with a fuel having a | ower sul’fur 't (1ii) the engine is
oper at ed mﬁthﬂah@ym@ndemeUMEm@aﬁtah&ﬂwngpamhwghbmcﬁBNmoﬂ5@ﬂaﬁuv)
conbi nations there

componem (b): (i1) the engine is operated with a fuel having a lower sulfur

fuel; (ii1) the engine is operated with a cylinder lubricant having a higher TBN;

15  or (iv) combinations thereof.

7. The method of claim 1 wherein the detergent comprises overbased metal
sulfonates, alkyl phenol detergents, salicylate detergents, carboxylates, or

combinations thereof.

8. The method of claim | wherein the detergent comprises magnesium,

barium, strontium, sodium, calcium, potassium, or combinations thereof,

9. The method of claim 1 wherein the detergent comprises: (i) an

25  overbased calcium sulfonate with a total base number of greater than 300 with
an alkyl chain derived from polyisobutylene where the chain has a number
average molecular weight of from about 850 to about 1600, (ii) an overbased
calcium sulfonate with a total base number of more than 10 but less than 100
with an alkyl chain having a number average molecular weight of from about

30 300 to 450, or (iii) combinations thereof.



7. The nethod of claiml| wherein the detergent conprises overbased netal
sul fonates, al kyl phenol detergents, salicylate detergents, carboxyl ates,
or conbi n‘é{PiZBHé‘%ﬁﬁéreof. 8. The method of claim1 wher ECA/USAUOHE498% gent
conpri ses magnesi um barium stronti fh sodium cal cium potassium or
conmbi nations thereof 9. The nethod of claim|l wherein the detergent
conprises: (i) an 25overbased cal cium sulfonate wwth a total base nunber of
greater than 300 with an al kyl chain derived from pol yi sobutyl ene where the
chai n has a nlOnbefhavesrthgeofrollhesdhaicrami thhtnofnef oo aboites §50 dietiAeut
1600, (ii) an overbased cal ci ur lfonate wth a total hase. nunper of nore
than' 10 but 1S s OB 60 U i (HOGcChal Bkt R0 TR dygrage

nol ecul ar wei ght of from about 30300 to 450, or (iii) conbinations thereof.
WD 2011/ 066059PCT/ US2010/ 054908 27 10. The method of claim 1 wherein the
mari ne fuel donpriTdesngthyd af diagnill whgreinf thelmar{iie fpehgpripissnddi atdéeskliel |

i dual . fuel, or.(jv). combinati th 11, T t hod .of cl ai
L whor ai ¢ hot g Prd afsall il FORR MR B IBE OE plds e Re R G cer el

No. 6 diesel ffdiebs cdrg@vytidiseheok bunker fuel, residual fuel, or
conbi nations thereof. 12. The nethod of claim1 wherein the fuel conposition
further conprises: a conbustion inprover, a cetane inprover, an enulsifier,

an antioxi danp, amhd@anhéd oaMangentherdirCOE FOSI mpoRitddl fubther SopX st yst al
nodifier, a distillate flowinprover, a liner |lacquering reduci ng agent, an

asphal t ene dRSPEIPSAHET IAPHALIASICFINErinpEeY & onb PRASEHS 28 Relieoflantygn The
method of ot g, GHAMM el G SN RiE):, §AMAS L ORobTieR Nzt AL
improver, a liner lacquering reducing agent, an asphaltene dispersant, a

demulsifier, or combinations thereof.

13, The method of the claim 1 wherein the fuel composition is a high sulfur
15 fuel having a sulfur content of greater than 4% by weight and the cylinder
lubricating composition is a low TBN lubricant having a TBN of less than 50;
wherein the marine diesel engine has equivalent sulfur trioxide exhaust
emissions and/or equivalent residual cylinder lubricant TBN, compared to the
values obtained where:
20 (1) the engine is operated with a fuel composition that does not contain
component (b); and also
(ii) the engine is operated with a fuel having a lower sulfur content;

(ii1) the engine is operated with a cylinder lubricant having a higher

TBN; or
25 (iv) combinations thereof.
14.  The method of the claim 1 wherein the fuel composition is a high sulfur

tuel having a sulfur content of greater than 4% by weight and the cylinder

lubricating composition is a low TBN lubricant having a TBN of less than 50;
30 wherein the marine diesel engine has reduced sulfur trioxide exhaust

emissions and/or increased residual cylinder lubricant TBN, compared to the

values obtained where:



15f uel having a sul fur content of greater than 4% by weight and the
cylinder lubricating conposition is a |low TBN | ubricant having a TBN of
| ess t harWV8@011/066059 ‘wherein the marine di esel engine hagC@GﬁF%@Wéﬁwssulfur
trioxi de exhaust emissions and/or equi®val ent residual cylinder |ubricant
TBN, conpared to the val ues obtained where: 20(i) the engine is operated
with a fuel conposition that does not contain conponent (b); and al so
(ii) the engine is operated with a fuel having a | ower sul fur content;
(iii) the engine K8 tgﬁpema'tl@ﬁi owerficd Vol & haecompbsitioanbatiaes ngt eodthigher TBN;
or 25(iv) conbinatng%_thereof. 14. The nethod of the claim1 wherein the
fuel conposingWOPgl high sul fur fuel having a sulfur content of greater
than 4% by wei ght (apgietddgiGyik iopeeked WRhiaGRE! NG/ €O AROSEL Judfr ic§n@nt;0oW TBN
| ubri cant having a_ TBN oF.Iess than 50; 30 wherein the marine diesel engine
has reduced sul fufiibrithosigiae exonuated evitlss cnrdesdeiierant heviegsddgkesi dual
cyl i nder Lubg#ﬁ@g% TBN, conpared to the val ues obtai ned where; WO

/" US20

2011/ 066059P 10/ 054908 28 (i) the engine is operated with a
fuel conposition thatogbemtiat tleeadfai n conponent (b); (i) the
engine is operated with a fuel having a | ower sul fur content; (rii)

the engine is operated with a cylinder lubricant having a higher TBN, or
(iv) conbinations thereof.



