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excess basicity, characterized as total base nunber (TBN) are used as

| ubricants in internal conbustion engi nes where atons such as sul fur,
nitrogen and carbon generate acidic conbustion products that cause
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| ubricants are f Euffl ci ent excess base that over their

intended lifetime, they remain neutral or slightly basic. One particular
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15 Background of Invention

A variety of lubricant oils are available having various total base numbers.
One reason for having a total base number above zero in a lubncant is that acidic
products are more likely to cause corrosion and wear to metal parts of a device than
bases, which tend not to be involved in corrosion. Thus lubricants are formulated

20 with sufficient excess base that over their intended lifetime, they remain neutral or
slightly basic.

One particular use of a lubricant with a high total base number is in marine
diesel applications which economically burn residual fuels with a sulfur content up
to about 4.5 weight percent. Due to the high amount of sulfur containing species in

25 the economical residual fuel, the combustion products include high amount of acidic
SO, which causes additional wear to the cylinder wall and the rings of the piston. A
solution to this lubrication/corrosion problem caused by the SOy is to include excess
base in the lubricant oil so that the SOy is converted to a metal salt of the acid, which
has less tendency to cause corrosion or wear. In many marine diesel applications

30 the cylinder oil is injected near the rings of the piston on a continual basis to provide
both continued lubrication and replace the base lost to neutralization. In these

applications the cylinder lubricant is continuously consumed rather than returned to
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15 lubricating oils and possibly as corrosion inhibitors. The oil soluble surface active
agents are typically sulfonates and the compositions include an aliphatic alcohol
having less than six carbon atoms, which is removed. It appears that a mutual
solvent for the alcohol and the lubricating oil, such as benzene, is used to form a
homogeneous mass that later separate into phases when the benzene and alcohol are

20 removed.

Emulsions of water in oil have been described for use in hydraulic
applications such as in US Patents 3,269,946; 3,281,356; 3,311,561; and 3,378,494
where fire resistance was provided by the high water content of the fluid and the use
temperature was low enough that the water 6f the water in oil emulsion was not

25 readily evaporated. Water in oil emulsions were generally not desired in engine oils
as discussed in column 1 of US Patent 3,509,052, lines 41-55, where a mayonnaise-
like sludge was observed in the rocker arm covers and oil fill caps of smaller car
engines when moisture condensed from the air and was emulsified into the engine
oil.

30 Water in oil emulsions are also used as liquid fuels in some patent
applications such as US 4,002,435. An water in oil emulsion is described therein

comprising a hydrocarbon, water, a water-soluble alcohol, and a novel combination



appl i cations such as US 4, 002,435. An water in oil emulsion is dfﬁcgl%@?@ﬁ
therein conprising a hydrocarbon, water, a water-soluble al cohot,

novel combination 2 2 4 FEB 2006 WD 03/ 044138 PCT/ US02/ 20750 of
surface-active agents to provide a clear fuel, which is stable agai nst
phase separation. Sunmary of Invention A lubricant having a total base
nunber above 0.25 or 1 ng KOH/ g is 5 described. The |ubricant conprises a
cont i nuot@ ¥ 1% hase, a di scontinuous water phase Y9V ¥nsol ubl e
solvent rich phase), and a base either dissolved or dispersed in the water
(or oil insoluble solvent) phase. A preferred enbodinent is a water in oil
| ubricant, which uses at |east a portion of solid base conponents, such as
Ca(OH) 2, CaCO8, MyQ NaOH is, is _suspended in an oil insoluble solvent (e.g.
10 wat er) . °fedwepstivasagenpio pavidg & 61| Bxledvhightis siablet resingt Bhegfani ¢ acid, can
function skpaglibd.y differently than overbased netal s and provide
efficiencies in operating nmarine di 1sel engi nes over |ubricants using
strictly overbased netals. O 2 M water or oil insoluble solvent
can be partial | % lobridant! hayingedaroiad thasenninfter tboval0.75 oduahg KOBRE ional | y t he

solid Rase n, be di spersed or.suspended wi.t hout the use of an oil 15
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Wi thout t Ipbasade aiifinstublsi solvemigioh pldse), sl atenst cithdihdissbbvedon dispeised di sper sed
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t he Iubricatlng‘conposltlon. erred bases 1nc ut - are not limted
to cal ci umCHyldbripantd avhich gisey atnieeshabpratigneof soligdiess cempoositsl suchesggnesi um

hydr oxi de, REbmsSEARD,N WIS is, WARbAUALICA bBPRabRvRAoRBH @gdi UM _
hydr oxi de. The bases descrihed herein can be added by sinple  dissolution

in a 481 verft¥ekhdihaieeafrEt NorBtieS FAFRIF POt R PUIREOFRSES 26 EREWCEA |y reacting
at | east t\sRghtlon@@eeilySthir bidbisddNetls | anBAGEde( bfficihdidd)in d Qraﬁigg" ne diesel
applications . the 1otal basle nunber. i s. desi rglbl a%ove _18, 20, 30, or 40 or
30 ' Kor Georh Sl Fefeerie: Bafrear inasBiehy pesegmanle GROSEbnal
| ubri cat i ngvazeddr ¢il medutlosol@bt @s ¢ pdrtidlly of Relypandvad irathe Gnddfprddhe. | ubri cant
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grades or syntﬂ%\t ic or cor]gi nations W t% sfnt{]e cs. A Br@?er red use of
t he | ubri c&fprises algleast a portion or all of the base in the lubricating composition.
Preferred bases include but are not limited to calcium hydroxide, calcium carbonate,
magnesium oxide, magnesium hydroxide, potassium hydroxide, guanidine carbonate
20 and sodium hydroxide. The bases described herein can be added by simple
dissolution in a solvent and are not made by prior art methods of chemically reacting
at least two components within the oil phase (in situ). In marine diesel applications
the total base number is desirably above 10, 20, 30, or 40 or 40 mg KOH/g.
The lubricant can also comprise various conventional lubricating additives to
25 assist in the performance of the lubricant such as dispersants, detergents (including
neutral and overbased detergents), extreme pressure agents, antioxidants, viscosity
index modifiers, etc. The lubricating 0il can be selected from a wide variety of oils
of API Groups I through V including mineral oils or combinations of grades or
synthetic or combinations with synthetics. A preferred use of the lubdcant is as a
30 cylinder lubricant in a marine diesel engine, which can burn high sulfur content
fuels. Other lubricant applications are possible. The high total base number of the

lubricant can minimize the corrosive effect of sulfuric acid on the metal parts of the
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30 cylinder lubricant in a marine diesel engine, which can burn hjgh sul fur
content fuels. Qther lubricant applications are possible. The high £&8 4406
base nunber of the |lubricant can mnimze the corrosive effect of sulfuric
acid on the netal parts of the 3 2 4 F E B 2006 WO 03/044138 PCT/ US02/ 20750
mari ne di esel engine. The lubricant can be used in a variety of other
applications, such as an internal conbustion engine using |ow sul fur fuel,
where aWQB448th some basicity is beneficial to ZGHUSRHNE ef fects of
acidic reaction products or to extend the wuseful life of the lubricant. 5
Brief Description of the Drawings Figure 1 is a plot of the total base
nunber of the drain oils in a marine diesel engine as a function of tine
for the three different cylinders in the sane engine. Figure 2 is a plot
of the t ot mhrimclictelmngiber Thef lubtirantcham bhusodl insa vaTietp i oti®r pppligetignspt of the Fe
content asg E&’@%t!e& d&hxbﬁ%ylgi?c ’_%?eQHEE]oev shfurdlel | HelShloAtdifNo@E the equi pment
&

for the 10° erature neutrallzation test for oils.
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was used i peieed othellibsic@at ved base. Figures 5-8 are the sanme plots as 1-3

except_a solid dispersion of base nas u;ed i nstead of dissol ved base.
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limted i nmtstggioﬂaﬁ,g&vedtb@set o] the limted sol ubili ty of these compounds in
hydr ocarbon oils. The use_ 2 : | oi | insoluble solvent(s)
emul sified in oil has beefr4Fsc: 8881 for the use of water in oil
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and ethers PiCCANTS ForPYd |ty f easons.
other oil insoluble solvent. The water or other oil insoluble solvent is then dispersed

as a water or solvent in oil emulsion using the lubricating oil as the continuous

phase. The water or oil insoluble solvent can remain or can be partially or fully

20 removed. An emulsifier(s) is used to colloidally stabilize the dispersions. These

resulting oils can be used over a variety of temperature ranges including use in the

combustion chamber of an internal combustion engine. The use of bases soluble or

dispersible in water or other oil insoluble solvents within oil has been limited in the

past due to the limited solubility of these compounds in hydrocarbon oils. The use

25 of water or other oil insoluble solvent(s) emulsified in oil has been discouraged

except for the use of water in oil emulsions for flame resistant hyd:aﬁ]ic fluids and

related lower temperature applications. Other oil insoluble solvents like lower
alcohols and ethers have been avoided in lubricants for volatility reasons.

A major component to the lubricating oil is a base oil, hydrocarbon in most

30 situations although some synthetic oils that would not be strictly defined as

hydrocarbon could be used (e.g. esters and polyol esters). The word major is used

because the amount of hydrocarbon based oil is often more than 50 weight or



A maj or conponent to the lubricating oil is a base oil, hydrocarbon in nost
30 situations although sone synthetic oils that would not be stri2ct IRER 2006
defined as hydrocarbon could be used (e.g. esters and polyol esters). The
word major is used because the anount of hydrocarbon based oil is often
nore than 50 weight or 4 2 4 FEB 2006 WD 03/ 044138 PCT/ US02/ 20750 vol unme

percent but it need only be the continuous phase and can be as little as 20
or 30 W EAt Fer cent of the final formul ation, deg&AdSHEGh t he

application. In marine diesel application the hydrocarbon oil is typically
nore than 50 wei ght percent of the conposition and often nore than 75

wei ght percent of the conposition. 5 Enmulsifiers help emulsify the oil

i nsol ubl e solvent e.g. water in the hydrocarbon oil. The emulsifier(s) can
be any knotvetmengresntbutif nagd enlybe the ceptispas phase gid can hesaf liffht a8 2867 vent s e. g.

wat er in oo weighh BEr8EnRBH tMe M foRibilaSdn! h@éﬁidgmltw?pmﬁoﬁ?i M hnaritil B o
(hydrophilic/l1pophilic balance) enulsifier and/or one | ow HUB enul sifier
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di met hy| etct?ﬁ%'hfsﬁg vehtd e.g.r‘w?tgrﬂy!o}{.ab&%abﬁ EQleFiﬁé\P?rwiu & ot r(jkx?"" mol ecul ar
weight) or_a salixarene emulsifier. The 15 enul'sitier(s) canl be present in
any anountHEB (edfapbilicAipdpilisrhalagéeh prmulyifienandéar candow iltBeemulsifierbl e or wat er
di spersi bl -f,.bg elaliﬁ dnbsifibY %?%é‘rahoé&te%ag R re'é’én%% olyedpudfypunt s of
emul si fier |nqﬁu e fromabout 0.5 to about T@rmeLg ﬁf ercent’ based on the
wei ght0 of supénie anhirdridgevdth ethylsne gluael anddimethyh sbobarainsis ap eaivaet vat er or
anot her 0l farid NFOABsR ©:150! VeRt ﬂulﬁﬁe@{@ﬁdﬁm ;hﬁghe%mcmﬁa wwgheslsary o
conmponent t ,tge system g%%e sg}ugl rgani c_materials or salts can be
added to Q?g’bsr" %‘%‘%%‘é@r% H@V)p i Egﬁ%ﬂ?gm%gflgr%g 8P GLATCSAH/ or to make
t he wat er / Badetgnieactinp hexaddchleaicdinie ahtiydedes sih dinfethylathadblapiae i ag t he base.
Wi | e very_ pur.e ter. was . used in sone .to the.exanples.and.is preferred
Since 1t vBHe AT AR LB MR RC Ep or BE AT BT P U ot her
addi tisves amulsifign@s) famrbe presentsinany ampyd tedifechieely watlsify the twatervaad | ous
| mpuri ti es,, goul ghRe USRS di f[;ﬁﬁfi i 5% dm' [HARS Plcpout any
signifi cant %i gagvaonrt ages.@ erefore water W OFCQ?ln% ude éeﬁ&gni zed water,
t ap wat er ,amounts of emulsifier include from about 0.5 to about 15 weight percent based on
the weight of the formulated lubricant. _
Oil Insoluble Solvent _
20 Water or another oil insoluble solvent or a blend(s) thereof is a necessary
component to the system. Water soluble organic materials or salts can be added to
depress the freezing point of the water/solvent and/or to make the water/solvent
more effective in dissolving or dispersing the base. While very pure water was used
in some to the examples and is preferred since it would eliminate contaminants that
25 might interfere with other additives or function, it is anticipated that water with
various _impurities could be used in marine diesel applications without any
significant disadvantages. Therefore water will include deionized water, tap water,
- recycled water, gray ship water, seawater, etc. Water can be up to 50 weight percent
of the formulated lubricant as long as it remains a dispersed phase rather than the
30 continuous phase. Preferred amounts of water for marine diesel applications are
from about 5 to about 50 weight percent of the formulated lubricant and more

desirably from about 5 to about 30 weight percent. Preferred amounts of water



recycled water, gray ship water, seawater, etc. Water can be up to 50

wei ght percent of the fornulated lubricant as long as it remains24 FEB 2006
di spersed phase rather than the 30 continuous phase. Preferred amounts of
water for marine diesel applications are fromabout 5 to about 50 wei ght
percent of the fornulated |ubricant and nore desirably fromabout 5 to
about 30 wei ght percent. Preferred amounts of water 5 2 "4 FEB 2006 WO

03/ 044138 POH1YS02/ 20750 and/ or oil insol ubl e sol v&RTAS®EYSE ypbri cants for
general internal conbustion engines are fromabout 1, 2, or 3 to about 10,
20 or 30 weight percent of the formulated Ilubricant. G insoluble

sol vents include Cl-C5 nonohydric and pol yhydric al cohols, 5 C2-C5 ethers
and pol yethers and polyethers, and various other solvents that are not

sol ubl e i naGE oB@nsphlbhfoahvmwchbegcap@ ferrgepsteldperngifcomyystiomenginedt oi | at 25 C.
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These nitrogen con
particulate matenal) such a settling or become involved plugging lines or orifices.

Typically bases that can be used include but are not limited to potassium, sodium,
calcium, magnesium, lithium or aluminum hydroxide; potassium, sodium, calcium,
20 magnesium or lithium carbonate or bicarbonate; potassium, sodium, calcium,
magnesium, or lithium salts of C1-C5 organic acids; magnesium oxide; ammonia;
guanidine carbonate; urea; or combinations thereof. Guanidine carbonate and urea
are desirable as they are considered as ashless additives and would be expected to
decompose and yield ammonia or ammonia type.bases upon exposure to elevated
25 temperatures. The base can be any water soluble nitrogen containing compound that
would contribute basicity to the lubricating oil. These nitrogen containing
compounds would include the amines as defined as components of emulsifiers in the
emulsifier’s portion of this application along with salted version of those amines ¢.g.
those amines reacted or partially reacted with mineral acids such as sulfuric acid or
30 low molecular weight organic acids such as acetic acid or maleic acid. For this
application it would be possible to also use the same amines coupled with

formaldehyde or polyalcohol such as tristhydroxymethyl)aminomethane. The



oorrpounds woul d include the anines as defined as conponents of ey el BiE
inthe emulsifier's portion of this application along with salted version
of those am nes e.g.. those am nes reacted or partially reacted with

m neral acids such as sulfuric acid or 30 | ow nol ecul ar wei ght organic
acids such as acetic acid or maleic acid. For this application it would be
possible to al so use the sanme am nes coupled with formal dehyde or

pol yal ca¥de3/044138h as tri s(hydroxynet hyl)am nonet haneCTmisee267s¢ 4 F EB 2006 WO
03/ 044138 PCT/ US02/ 20750 nitrogen containing conpound could al so be a

pol yether amne e.g. a poly(al keneoxide) of |ow or high nol ecul ar wei ght
with one or nore termnal amne groups. Preferred bases include NaCH,
Ca(OH) 2, CaCO3, KCH, or blends thereof. When using NaOH or KCH, MO and
My( OH) 2 ar eitigeni rcaﬂuhieingscampmuncbrcoaldl asb bhrea Spddyesher | amisnge.geal ubri cant
applicatio r hefuels The
mp}r:])I mze B@éﬁﬂg{lf gid g‘?@%gmggfntth tﬁ gvngoﬁgp%"ﬁ"ﬁ’? e KOH was Y
used in themép@aerfetsedd:talsvermedséTsOHr@a(PHévs CaSOp K&t or Blends Weido® t he base can
be present wi, QJ;ﬁE)ﬁLOﬂG)/KéﬁDN@b aﬂ&ﬁffg?@ﬁﬁ%ercéggbgﬁ af Qe SB1IPRedI ESE

appl i cations 1 nclude from abodt wel ght percent based 10 on
t he wel ght base in gR@ing dtbmicank eRPHCAtIQRY WheR sthighenou et vepadinmgnPrgseptridm about 5 to

about 30 WeheGids. PRes eiMimizE'h ShRE4e ProBlRRURoSiaRl WRANR vaRddidn! RWHigant s for
gener al mi( al canmfustion engines are fromabout 0.1, 0.2, or 0.3 to

about 10 o WQﬁé‘FﬁlﬁP SXAPIRS Oher3ees A dvat PRI br i cant for marine di esel
will desi rablym%ethabtmtoah bb@&eemufmgmsuaayame:& pré¥érrelGangddfor 30, 40, or 60

units where a up equi va to,o gr am of

f or mul at ed™ Ut %5511 ﬁpph%g?nél L"?F%r%’laﬁ" Qﬁes tPL?B(Ht ééﬁgg%qe’fccmﬁévg a total base
nunbetl bet ot v@&haofdhémﬁmdatedllﬁmmmohn@mfeedeakﬂb;yﬂmﬁxlz@etns @lband 100 or 150.
Preferred 0 ustion

engi nes ar %@yﬁégﬂgﬁg n{ e{”eg'pc[ St%f ab ?q'%l%img %E)%&{%%kllﬁ&néges for _

| ubri cant scembyetion engings a&fgqmw@gut%l 82, ¢r§r3rtptalvcw:1Qﬁr3DM/lglrghmwpnt aut omati c

transm ssion fIm::ct&mu&%rlumcm,fo@ﬂ&nz%e@adﬁlﬁ%glﬁm&'hwedéto&@easgo down as | ow
as 0.25 ng KOH' g and is preferably fromO KOH g of

| ubri cant . "¥RRET ragcess 1ohdV WppG: Eandr O nits prhgis %ﬂmtl1@51‘%?’(“’@99"/60 @ its total

base wmeh#ﬁg%rofm&aﬁbf fohauIRes Riblitkal MBR l;iﬁﬂﬂabllbhlﬁé 1915ncdmsmlrSI ble in

wat er or ofher oil inso ol v sira mari ne a i cations at

| east 10, ¢ a tqfal bagg nypPer °t8‘ﬁc°“l'4éN‘ aan‘? OTHQOQHP%%{?B%S’F@G?%ﬂQ%E base added to
the | ubri ca0t orviiSDh Padferedd| TEND vilas dhilnbscante foregherflein@maM@intbigtion The r emai nder
of t he tot gr{gml%sa Eree frgrun gl.{t 1,”?,%1‘?% about 10 or 20, TBN values for lubricants other

than engines, e.g. farm tractor lubricant, automatic transmission fluids, gear oils, and

20 hydraulic fluids can go down as low as 0.25 mg KOH/g and is preferably from 0.25
to 10 or 20 mg KOH/g of Jubricant. Desirably the lubricant will have at least 50%
of its total base number contributed by the base that was soluble or dispersible in
water or other oil insoluble solvent. Desirably in marine applications at least 10, 20,
or 30 units of TBN will be attributable to the base added to the lubricant with an oil

25 insoluble solvent (e.g. water). The remainder of the total base number may be

. provided by a variety of overbased oil soluble components such as overbased
detergents that are still included in the composition..

The base added in this application will be dispersed, often as a dissolved

base, in an oil insoluble solvgnt (e.g. water) that is then emulsified in the oil. The

30 dispersed phase can be present as a dispersed nanoparticle or micron sized particle,
if the cil insoluble solvent has been removed. The base, or at least the majority of

the base will not be solubilized into the oil on a molecular scale. Further the base



provi ded by a variety of overbased oil soluble conponents such as overbased
detergents that are still included in the conposition.. The base added G206 .
this application will be dispersed, often as a dissolved base, in an oil
insol ubl e solvent (e.g. water) that is then emulsified in the oil. The 30
di spersed phase can be present as a di spersed nanoparticle or mcron sized
particle, if the oil insoluble solvent has been renoved. The base, or at

| east thweoospuasdi ty of the base will not be sol ubi IPCPE822¢70 the oil on a
nol ecul ar scale. Further the base 7 2 4 FE B 2006 WD 03/ 044138

PCT/ US02/ 20750 conponent according to this invention will not be part of

t hose overbased netal conpounds described in patents such as US 2, 626, 904;
3,626, 905; 3,695,910 or 2,739,125 where a first base is added to the oil
al ong Wi t heoapofiint acotdifgl 10 thi€ indertiion wallimbelset gartt of sthade toli@bassinetabase i s

chem cally reacted w.th another chen.cal [ ) uch as CO2 or
S, to foprﬁﬁ'&?ﬁi cné%dcglrﬁ?geatlsfs %’r %s®§gzaeszg'b?(4g 326?%@{%?’6?%2@? phase, said
second basg73mi25nghetki £ fimt Bas¢ issadbedob |thet gl dongiwiglpen sil biltlilg gcid or t he oi | phase
due 10 1 ne, IELAAdChePLEARAL bANARIG REEAERGSGRCA LpRAD] € act d or

surfactant. ase conponent o Is invention wll be simlar to the
over based astsaiuch s0RPoeM¥H, forformhenothgiasecend siifferent base At ity ipftheedilii val ents of

base to topake eH4 kB LRESnRing HkrRRl ANibRitPEQREsBIity ManSHI pragd ants wil | be

above 2.5, nore desirably above 5, and referably above_10. Anionic groups
on surfact ¥t'e “&r@etbﬁé‘qupﬁﬁﬂ\%?“éﬂﬁ@ﬁww&&f ﬁﬁﬁ‘glﬁﬁﬂ‘%gﬁﬁmﬂé‘ge hi gh ratios

are indi catrhe/ 8ask hdmpbieat bREEs inRedtiod wail el symikei thghe oerbaseidmam! t he count er

ion to the surfactant groups, Thesge overbas o onent formed by in situ
chemical r ERROPRAM &éﬁ/‘%ﬁ #’Brtg%@ﬂ? ° "squbvtai‘?’étf‘ of%ﬁ%&qgﬁg‘fqug%la?tf |8f/es in 15 the

| ubri e@mnt adichicEipufseonf thé sefictams wilbixeabano bt Bord Wesitably @kgesiuemd of bases to
trace CO2_i e.air. As expressed th the oil

i nsol ubl e E%Fe{/%ﬂt %b?vee.l%éim\f\’}él? éfo,upsg%nngu?%?tgnﬁ %gv%ﬁﬁglévwﬁlgﬁﬁg%% ility and thus
are presentopnands0:di Tipey kighirapbrameindicative that the thse inlnetsimpiebeied | i nsol ubl e

solvents, Ofudd ast e chUnler ioﬂ%&’#rﬁ%ﬁac&ﬁi EIQMSOW%e?g%asg@c&ﬁ’ﬁo&lb@J ly or fully

renove, the base can becone the nmmjor or nponent in the dispersed
phase, st afionpdspingiu ehepise] reiciens Ty &p BeETbH VYT PREBHHLISH . Di spersed
phasess aboyg 1dpRardihfd MASbel fHmRA Y SHcHBAGInGHua Eexb&Eife dibabetraee i n col | oi dal
di spersions_because they are harder to stabilize than smaller sized phases

and can c&ReiBRA® to hazi ness. Di spersed phases above 20 m crons in size
tend to get caughéxpressed above the bases added with the oil insoluble solvents, e.g.

water, generally have low oil solubility and thus are present in the dispersed phase;
i.e. in the dispersed oil insoluble solvents, or if the oil insoluble solvent has been
20 partially or fully remove, the base can become the major or only component in the
dispersed phase, stabilized as a colloidal dispersion by the emulsifier. Dispersed
phases above 100 microns in any dimension are less preferred in colloidal
dispersions because they are harder to stabilize than smaller sized phases and can
contribute to haziness. Dispersed phases above 20 microns in size tend to get caught
25 in conventional engine oil filters. Dispersed phases below 5 nanometers in size
typically require significantly larger amounts of emulsifier than dispersed phases of
50 or 500 nanometers. Therefore, the dispersed phases of base and optional oil
insoluble solvent, e.g. water, desirably has a nu'mber and/or intensity average
particle size by light scattering of 5 nanometers to 100 microns, more desirably from
30 5 nanometers to 20 microns, and preferably from about 10 nanometers to about 10

microns.



25 in conventional engine oil filters. Dispersed phases bel ow 5 ?aknggﬁtﬁ@
in size typically require significantly |arger anounts of enul sif than
di spersed phases of 50 or 500 nanoneters. Therefore, the dispersed phases
of base and optional oil insoluble solvent, e.g. water, desirably has a
nunber and/or intensity average particle size by light scattering of 5
nanoneters to 100 mcrons, nore desirably from 30 5 nanoneters to 20

m crons, W04t ef erabl y from about 10 nanonet ers tRETAHOURO790 nicrons. 8 2
4 F E B 2006 WO 03/ 044138 PCT/ US02/ 20750 Further the base in this
application is not an alkali or alkaline netal borate or hydrated al kali

or alkaline netal borate as described in US 3,853,772 and rel ated patent
docunents on the use of borate compounds in lubricants. Definitions 5 The
term | ower wherFurthesdhe basedn Hjivapplidation iphetan eikeliver alaline megaldotatgior al kenyl, and
al koxy is jhpk-gadachii & Aefifd mbE wiid aOdRsibed i 8t 3638 A hddrehafdial of up to 7
carbon atons. The termwater-soluble refers to materials that are sol uble

in water tBREIRECUBRELEER theypsef bqryde camponRds i lRiGeBE- 100 milliliters of water
at 25C. 10 The term |l ubricant orpéyftigear bon | ubricant soluble refers to
materials that _are soluble in a SAE 30 paraffinic base oil |ubricant to

the extent of ANCIERIPWEden yiedin (Paunalisn Hih frmsspch,as alkyl pligh cant at 25C. A
mat eri al Waidcdikoi § isl ifte5ded @ débdrie budh Pdps3fatRadtaih hitdtal @F Lp folvadarbbg/ 100l of oi |
at 25C wi | It be classified as oil insoluble. 15 Hydrocarbyl groups or
substituenf€fefers to a group having one or more carbon atons directly
attached to thdhedermi watersombletrifers nolmatrtikle thegarersgluble imywateotmthbon nat ure or

pr edom nant nd includ TR | o) on groups (e.g. alkyl,
al kenyl , af’{%nltéﬁaé?eagr?hp%%Ip?riloér)é‘flfe?%glog%g& %sogbsti t uted hydrocarbon
group$Q whi ch dihe temi lubricgnted bpdrorarboh yubkivalt edeldefers to megdrialsehdte. g.  hal o,

hydroxyl, 2@ s@lhﬁ‘igw 2 s'ﬁrgﬂ%ﬁ- finiEbis¥ oA Qo tHlie}EI([egcs of bt §da@S@e and sul f oxy),

and 3) heterosubstitute ydrocar bon groups suc escribed in 2) with
no nore t hawampeot00 nfillititersof dibricaokar§8%. sul fur, or nitrogen atons or

combi nati ons pga[ ml&ﬁé%%%g’i‘s@s%ﬁ?l%inﬁ% :f_dr&ﬂra?h{ Li?ﬁalﬁr?g/idami’b‘?oﬁ”boo” ment, the

enmul sifier used I n accordance w ention
at 25°C will be classified as oil insoluble. :

15 Hydrocarbyl groups or substituents refers to a group having one or more
carbon atoms directly attached to the remainder of the molecule having a
hydrocarbon nature or predominantly so and includes 1) pure hydrocarbon groups
(e.g. alkyl, alkenyl, alkylene, and cyclic materials), 2) substituted hydrocarbon
groups, which are still predominantly hydrocarbon in nature (e.g. halo, hydroxyl,

20 alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy), and 3)
heterosubstituted hydrocarbon groups such as described in 2) with no more than 1 or
2 halogen, oxygen, éulfur, or nitrogen atoms or combinations per 10 carbon atoms.

The Emulsifier(s)
In one embodiment, the emulsifier used in accordance with the invention is

25 an emulsifier composition which comprises: (i) a hydrocarbon lubricant-soluble
product made by reacting a hydrocarbyl substituted carboxylic acid acylating agent
with ammonia or an amine, the hydrocarbyl substituent of said acylating agent
having about 50 to about 500 carbon atoms; (ii) an ionic or a nonionic cormpound
having a hydrophilic lipophilic balance (HLB) of about 1 to about 30; a mixture of

30 (i) and (ii); or a mixture of (i) and (ii) in combination with (iii) a water-soluble salt
distinct from (i) and (ii). Mixtures of (i), (ii) are preferred. They are described in
US Patent 6,383,237 (hereinafter US '237) where they. are described as fuel soluble



25 an enul sifier conposition which conprises: (i) a hydrocarbon

| ubricant-sol uble product nade by reacting a hydrocarbyl substi tL?tédFEB 2005
carboxylic acid acylating agent wth ammonia or an am ne, the hydrocar byl
substituent of said acylating agent having about 50 to about 500 carbon
atons; (ii) an ionic or a nonionic conmpound having a hydrophilic

| i pophilic balance (HLB) of about 1 to about 30; a mxture of 30 (i) and
(ii); oWwao4xBure of (i) and (ii) in conbination RFEI/ESRRITFY g

wat er-soluble salt distinct from (i) and (ii). Mxtures of (i), (ii) are
preferred. They are described in US Patent 6,383,237 (hereinafter US '237)
where they. are described as fuel soluble 9 2 4 FEB 2006 WD 03/044138

PCT/ US02/ 20750 rat her than oil sol uble, hereby incorporated by reference.
Thi s emul siaffieethanc oirpebibie, dareby iptogmeated by tefeeenteubr Tigaitemwigifist | conposi ti ons
of the 'nvgd?ﬁr#gﬁgorﬂs eseﬁtoﬂctﬁélwbgédnﬂg oﬁfcogjra%'ﬁong 0P et fﬂve%ﬁ@rwat 30% by wei ght,

and in one e I men abo 10% by We'ch,q in one
enmbodi ment canpsiratiqn of abaiit 885t abguh 296 by Wsghtend inggrig emio @téPﬂ%dl ment about

0.1to aboybs RVaHM ngtwelgﬁtn%dﬁm&ﬁ%mbm@ﬁ'dmto 12R0#but 94 by 0 about 2. 5%
by weag t’ErruI5|f|ers ave been deflnedtoevdlstln wshthemfrom
ed &

overb gighty g ongremboriment, abopt 0.4 tp abaut 37 by Weigh Hd 4 SMBased
det er gent Serﬂ&mﬂihava)oam ei&mﬁtmem@morﬁnamﬂmrd hadv¥ beshtdefisedab so not ed t hat

di spersant c ed in lubr, have sone simlarity to
ow 10" R BSERES i Fof B Py Pt STHUE AT S8 BRS¢ aci d

acyl ating a@ﬁniedfcm’mgeiﬂEmahydmanafmeI erdision staltilitg.olt ihdle rpteddhatt (i) may be a
carboxylicacid or Y nt.o eactive

equi val ent dln%ersaxbts whﬁch areaglha nlﬁ%q:'d in %bgcancféima\%%gﬁe %%ﬂqutyl Eg ‘{,Jdl ng part i al
esterd andmﬁeuﬁachew The hydr ocar byl substl tuent for the 15 carboxylic acid

acyl ating ageninygay, £aRA vkl ARBULIE0u® 2D 300 ofor 590 _car bon
atons, and in one e bout to about C&rbon atoms. In one
embodi ment hydracarbpm dbeiesai-paublespradict (1) 818Y befR erRexdis\Aci T igTea¥mt has a nunber

aver age nmobfgidledt of Wednodald. Orfhe adagtive eéﬂ@alé?xf méphe EIQacﬂﬂQMHe, Wﬂd&?—nd in one
enbodi nent about, 900 to agout 20 od| nment, the

hydr ocar byP- Sitbdpgledin PI3% 814 ‘8 gg‘? d%é?clVId%?F?r{‘JB Su‘%f@@?ﬂ o't he

hydr otsar bogarbdtidid mhcmhglbgeat mapdortdin fiodn abayt detoraboa 309 aréact ing one or
nore al pha bet a, ol efi nical cid reagents

cont ai ni ng afbcinc?t Eh'™ 5 ¢ ggbrpgl e‘% %368?%31( t@éaerlb% %i’ 1 1:I:'ar oxyl groups,
W th one oembudingengl tbé ihgdrocarbyl substltuent of the acylating agent has a number

average molecular weight of about 500 or 750 to about 3000, and in one
embodiment about 900 to about 2000 or 2300.

20 In one embodiment, the hydrocarbyl-substituted carboxylic acid acylating
agent for the hydrocarbon lubricant-soluble product (i) may be made by reacting one
or more alpha-beta olefinically unsaturated carboxylic acid reagents containing 2 to
about 20 carbon atoms, exclusive of the carboxyl groups, with one or more olefin
polymers as described more fully hereinafter. The alpha-beta olefinically

25 unsaturated carboxylic acid reagents may be either monobasic or polybasic in
nature. They are described in US '237 in column 13.

The olefin monomers from which the olefin polymers may be derived are
polymerizable olefin monomers characterized by having one or more ethylenic
unsaturated groups and they (monomers and polymers) are described in US ‘237

30 cblumn 14.

10



pol ymers as described nore fully hereinafter. The al pha-beta olefinically
25 unsaturated carboxylic acid reagents nmay be either nonobasic Dk FEB 2006
polybasic in nature. They are described in US '237 in colum 13. The

ol efin monomers from which the olefin polynmers nay be derived are

pol ymeri zabl e ol efin nononers characterized by having one or nore ethylenic
unsaturated groups and they (nononmers and pol yners) are described in US
1237 30veodoadmes 14. 10 2 4 FEB 2006 WO 03/ 044138 PCUTIS@Z020750 | n one
enbodi ment, the olefin polynmer is a polyisobutene group -(or

pol yi sobutyl ene group) having a nunber average nol ecul ar wei ght of about
750 to about 3000, and in one enbodi nent about 900 to about 2000. In one
"enbodi nent, the acylating agent for the hydrocarbon |ubricant- 5 soluble
product (i) is I bnedenbaiithent,- Sebséfint yolgdersisceipalyisongterd gougnbrydri de

represente i .hy the formil ae R CH- | -&EON 10 or
wherein R ?g%%ﬁ%@%ﬁ%‘*y%&g f)i or %gbagﬁrfigeéa&f%ﬂ%%\%?ﬁg&ig Bn at ons, and
in one enisbaiit 38t anfliimene gimbodim&0 abant 6detboBOMO0.and i N one enbodi nent from
about 60 to abgqui .2 T ct.
hydrocarbyl-sug@t%Fu%@ﬁﬁgﬁggﬁﬁ?%a%@ngégggqéfq%nﬁgggﬁﬁéémgﬁggglkylation of
mal ei c3aci doluble aprpdpgl i(eisop hydeocerbylisybstifuieds syeeinis acid haxl ethydidscar bon or vi a
reacti on OfepfRlfddcoRedpbhdMel Y KointlBacM t h an olefin polyner having a

term nal double bond is well "’known to those of skill in the art and need
not be discussed in detail he®efH:CQQH one enbodi nent, the

hydr ocar byl - substituted car boxyl|i c acid acylating 20 agent for the product
hydr ocar bon | ubricant-sol uble p G@PH(i ) is a hydrocarbyl - substituted
succi mbc acyl atérng agent consi sting of hydrocarbyl substituent groups and
succi nic groups. The hydrocarbyl substituent groups are derived from an
olefin polyner as discussed abov#® The hydrocarbyl -substituted carboxylic
acid acylating agent is Bhara rized by the presence within its structure
of an average of at least 25 fl.3\succinic groups, and in one enbodi nent
fromabout 1.5 to about 2.5, land/'n one enbodi nent form about 1.7 to about
2.1 succinic groups for each eq al ent wei ght

wherein R is hydrocarbyl group of about 50 to about 500 carbon atoms, and in one
embodiment from about 50 to about 300, and in one embodiment from about 60 to
about 200 carbon atoms. The production of these hydrocarbyl-substituted succinic
15 acids or anhydrides via alkylation of maleic acid or anhydride or its derivatives with
a halohydrocarbon or via reaction of maleic ac;,id or anhydride with an olefin
polymer having a terminal double bond is well known to those of skill in the art and

need not be discussed in detail herein.
In one embodiment, the hydrocarbyl-substituted carboxylic acid acylating
20 agent for the product hydrocarbon lubricant-soluble product (i) is a hydrocarbyl-
substituted succinic acylating agent consisting of hydrocarbyl substituent groups and
succinic groups. The hydrocarbyl substituent groups are derived from an olefin
polymer as discussed above. The hydrocarbyl-substituted carboxylic acid acylating
agent is characterized by the presence within its structure of an average of at least
25 1.3 succinic groups, and in one embodiment from about 1.5 to about 2.5, and in one
embodiment form about 1.7 to about 2.1 succinic groups for each equivalent weight
of the hydrocarbyl substituent. In one embodiment, the hydrocarbyl-substituted

carboxylic acid acylating agent is characterized by the presence within its structure

11




aof the hydrocarbyl substituent. In one enbodinent, the

hydr ocar byl -substituted carboxylic acid acylating agent is char d&ck &tiBz206
by the presence within its structure 11 WO 03/044138 PCT/ US02/ 20750 of
about 1.0 to about 1.3, and in one enbodi nent from about 1.0 to about 1.2,
and in one enbodi ment fromabout 1.0 to about 1.1 succinic groups for each
equi val ent wei ght of the hydrocarbyl substituent. In one enbodi nent, the
hydr ocarydsnsadast i t ut ed carboxylic acid acyl ati ng PETEISRALSG S a

pol yi sobut ene-substituted succinic anhydride, the polyi sobutene

substituent having a nunber average nol ecul ar wei ght of about 1500 to about
3000, and in one enbodi nent about 1800 to about 2300, said first

pol yi sobut ene- substituted succinic anhydride being characterized by about

13 10 aboybud; Po (Ml s, aR1IR o HRMLRAIORNBL: LI 1f abar BDGKA 2. 1 succi ni c
groups per equil val ent wei g yi sob ten subs |tuent I n one

of
enbodi mentone EpBodient Stoat b‘iﬂ“ EQIE%P‘PPM ed“ ‘&"b%?'ﬁﬂs Y ating agent is
a polyi SO%%@@ftﬁybﬁ]}dcﬁl@ Bdbsites] Ni ¢ anhydri de, the pol yi sobut ene
a

substi t uent ving a er avera f 700 to about
1300, and in Bh%“ee?%mlﬁeé‘ﬁt g%uﬁ’ﬁ%ﬁl ca\,g%igl(.‘foa ofd ac?@%g

pol yi gobut gae- %UQStponvsbBtdenkiut&timred nweciaia h ythyildids, bthe npplnmmanﬁt erized by
about 1.0t n about 1.2
succi ni ¢ gi?ﬁ'? %‘/méaawﬁf6%?%@““%@%%?1&%%@?%‘8%%Jt‘)“é%@osubst. tuent .
These are zfnurltnhmfe eeisdirhdne dboun 1860 tQ&BOlLto%Qan@ldlﬁrSérPGlYlSQ‘BlteWhe hydr ocar bon
| ubri cant - o0l bl & su@mﬁggtﬁﬂrfhﬂe)be ¥h£&t€t‘l%dr@QbﬂlgI1%qo aBdd BFTMAEA and/ or an

ani ne. The" nes use Wwth t atin ent to formthe

product (i 9neiembodinient abavd Aifitphabout %b?%ﬁ? AreYps P&h?ﬂ“ﬁ%?’ﬁttﬂ‘éggt 't eof . The

nonoayjy nes Jtﬁ%gutgggs\ébsgﬂgmam ne functl onality whereas the pol yanm nes have

two or m)re he am nes may be pri second 0 am nes. The
PRk o

primary am nes I‘aPEC é‘ﬁh?%%‘%r'f‘%gﬁtj’?fﬁrbﬁ’ L RIS ?Cé'g?lt’ one - NH2
group; the,gh $§C@Wé{)bﬁk¥nets|ﬂ@suﬁﬁdﬂs@lﬁtﬁﬁlcofanl@ﬁrlﬂd%aﬂtb pwtescbhutdﬁe group. The

tertiary amnes are, anal ogous to the A n I mnes with the

exception quﬁtmThEaVH‘ﬁ&rrﬁ’ﬁ'@% V%Ff’%?rfgdfcr’t‘laf gief ﬁﬁf&U%WQ%?é%gg are repl aced

by hydr ocajdayih @ @psdimektxbon! 808 tohbqnt llﬁmr yidpolyisewsneisubstitiiethoani nes are in

us 2 col um ani nes . r oxyam nes nmay
?{mr y,ucglgth’ oaﬁlﬂédﬁ'{;/lc being chadcte [1BY4 %9 AN 9 d?%&?sl 3 THE iheds

be pr i ary-”am nes. 1 call t he hydr oxam nes
are pri mar gmbeligon dizuy 1 Grto tabeut |1@rs§acc1mc groups per equwalent welght of the

polyisobutene substituent. These are further described in US ‘237 columns 15 and
16.

The hydrocarbon lubricant-soluble product (i) may be formed using
20 ammonia and/or an amine. The amines useful for reacting with the acylating agent
to form the product (i) include monoamines, polyamines, and mixtures thereof.

The monoamines have only one amine functionality whereas the polyamines
have two or more. The amines may be primary, secondary or tertiary amines. The
primary amines are characterized by the presence of at least one -NH, group; the

25 secondary by the presence of at least one H—N< group. . The tertiary amines are
analogous to the primary and secondary amines with the exception that the hydrogen
atoms in the —NH; or H—N< groups are replaced by hydrocarbyl groups.
Examples of primary and secondary monoamines are in US 237 column 16. The
amines may be hydroxyamines. The hydroxyamines may be primary, secondary or

30 tertiary amines. Typically, the h_ydroxarnjnes are primary, secondary or tertiary

alkanolamines. The alkanol amines may be represented by the formulae:
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al kanol am nes. The al kanol amines may be represented by the fOE&HL3%§ %@ 2:
4 FEB 2006 WD 03/044138 PCTI US02/20750 NR-CHH 5 H '"-NR - % R
-R -CH further described in US "237 columms. 16 and 17. 15 The am ne may be
an al kyl ene pol yam ne. Especially useful are the linear or branched
al kyl ene pol yam nes represented by the formular Hi -(A kylene-1i)"H RR
wherein n has an average val ue between 1 and about 10, and in one 20
enbodi meP 0H¥YH3® 2 to about 7, the "Al kyl ene" groupPGTAS0F086¥ 1 to about 10
carbon atons, and in one enbodi nent about 2 to about 6 carbon atons, and
each R'is independently hydrogen, an aliphatic or hydroxy-substituted
aliphatic group of up to about 30 carbon atons. These al kyl ene pol yam nes
are described in US 237 colum 18. Ethyl ene polyam nes are useful. In
one enbodi nent, theHarine is a 25 polyanine bottons or a heavy pol yam ne.
The tern1"po|yanjneH99Ff%ﬁ%H refers to those polyamnes resulting fromthe
stripping of a polyamne m xture to renove |ower nol ecul ar wei ght
pol yami nes and vol aHi |l e conponents to | eave, as residue, the polyam ne
bottoms. In one embodiNeRt;0% he pol yami ne bottoms are characterized as
havi ng | ess than abBut 2% by weight total diethylene triamne or
triethylene 30 tetganm ne. These are described in US "237 in colum 18. The
hydr ottar bon IubricanLj@eWubHe product (i) may be a salt, an ester, an
ami de, an imide, or®a conbination thereof., The salt nmay be an internal salt

i nvol vi ng resi dbrgher gescribedin & dPtedymasi@ aaeld at i ng agent. and the anmoni a or

am ne The amine may be an alkylene polyamine. Especially useful are the linear
or branched alkylene polyamines represented by the formula
AY
15 HN-(Alkylene-N)H

R R

wherein n has an average value between 1 and about 10, and in one
20 embodiment about 2 to about 7, the "Alkylene" group has from 1 to about 10 carbon
atoms, and in one embodiment about 2 to about 6 carbon atoms, and each R is
independently hydrogen, an aliphatic or hydroxy-substituted aliphatic group of up to
about 30 carbon atoms. These alkylene polyamines are described in US ‘237
column 18. FEthylene polyamines are useful. In one embodiment, the amine is a
25 polyamine bottoms or a heavy polyamine. The term “polyamine bottoms™ refers to
those polyamines resulting from the stripping of a polyamine mixture to remove
lower molecular weight polyamines and volatile components to leave, as residue, the
polyamine bottoms. In one embodiment, the polyamine bottoms are characterized as
having less than about 2% by weight total diethylene triamine or triethylene

30 tetramine. These are described in US ‘237 in column 18,

The hydrocarbon lubricant-soluble product (i) may be a salt, an ester, an
amide, an imide, or a combination thereof. The salt may be an internal salt
involving residues of a molecule of the acylating agent and the ammonia or amine
wherein one of the carboxyl groups becomes ionically bound to a nitrogen atom

35 within the same group; or it may be an external salt wherein the ionic salt group is
formed with a nitrogen atom that is not part of the same molecule. In one
embodiment', the amine is a hydroxyamine, the hydrocarbyl-substituted carboxylic
acid acylating agent is a hydrocarbyl-substituted succinic anhydride, and the
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wherei n one of the carboxyl groups becones ionically bound to a nitrogen
atom 35 within the sane group; or it may be an external salt where h FEB2006
ionic salt group is formed with a nitrogen atomthat is not part of the
sanme nol ecule. In one enbodinent, the amne is a hydroxyam ne, the

hydr ocar byl - substituted carboxylic acid acylating agent is a

hydr ocar byl - substituted succinic anhydride, and the 13 2.4 F E B 2006 WD
03/ 044138 BEH18S502120750 resul ting hydrocarbon | ubPCEEMZ2YE ubl e product
(i) is a half ester and half salt, i.e., an ester/salt. The reactions to
formthese products are in US 237 in colum 17. Conponent (i)(b) is a

hydr ocar bon | ubri cant -sol ubl e product made by reacting an acyl ati ng agent
with at | east one ethyl ene pol yam ne such as TEPA 5

(t et raet hy esulepehydaovather) JubfERsolyblspralioct (i) liem baibssten pidhiasif sal EFA

(triethyl erﬂr%s?etrlrs?{nﬁ@}eact% %%B'Pnﬂﬁespg& e19'US%37 L fRRimaRe heavy polyanine.
The ethyl ene polyam ne can be condens forma succi ni m de. The

equi val ent r at i @mpopent HOM eica hadyoqaden G@Waflttﬁdf“?l@)rﬁf‘ld“it madeoby: 0.5, nore

pref erabl y b ah dbyleid Owif at 180 dnd BRJler ﬁfnﬂi@ls\ﬂcﬁasomﬁls.l to 1:0.70,
wherein COrNtlmg t heycar%g%gl w%oaar% ne 10 ?’ll tr%ﬁgen r. 51 %’f conponent
up h ‘Ahg

(i)(b)J3is [ererdykmprntaaae. frorﬁEélApol y (REpATiNnglivaaamip a nunber
aver age noluaehyladetet@inGdy, polfyarhin® BotedboUsr azmstt@eabmtpowaﬁﬂe amel that is
succinated in the range from 3. .The, reaction. bet ween t he

hydr ocar bylcthgﬁ‘iffsml)fam“g‘d’aﬂaf B‘HBJQWSFA;PJ%TW %‘891“&‘6%3‘% SYRYsen Wﬁgt he anmoni a or
amne is cafnhee:dctmutforlm.‘dHrs fbmmdlllslta)hQStdmtprpﬁenabiyd@nfhmtohle!J7015 formati on of
t he desired uc i tf . I n one
embodi ment " ﬁlo‘g f?’iat\({:wn rl %%70,r\8 uclfbgJ %tdlrgr%;ﬁbsrgh % i%a) a first

| ubri é@nt - nsmgembﬂaeo pNﬁdu@thm!ﬂIiE(lw ip prgferdblygmedeffrons e phlyi@etytyianpy| - substi t ut ed

car boxyl i ¢ 14 o R Hihn RouTB0aThAGs 130be hydr ocar byl
substi t uent gﬂ)ﬁ?qgvél?gcyhﬁﬂseggvegdggﬁlgl{clwna Y gent havi r?a about Stb to about 500

car bon atoﬁﬁdmﬂﬂ%ﬁueqﬂ}a(tﬁ)mwe%%ﬁ’iﬂnk “Pﬁ’dr'-? cant - sol ubl e product nade by

reacting a secofyd MB@E@W&Wm&mﬂﬁcmwsaﬁnm&arcbmww ac@ad:ﬂhuagyl ating agent
with ammonia or an am ne, the ocarb supsti tuent g S%I d second

acyl ating &é"é‘h%“dﬁ%ﬁﬁq"@o%%‘dfn“%g ?admﬁt% nd?;fd’@“ agng, fhat proyl fn this
enbodiisrent ,formbuampjfmh&d@m)jﬁa,)wmdre(se) fobth ireU® ‘237 Loleme nrr. . TnFone exanple, the

mol ecul ar we t he .h t yent t acylating
agent may {’ ‘m?:ﬁ Tq‘%é@ﬁf%ﬁ‘%&t ﬁédm? rgé‘" B ey l)éﬂﬁt ﬁrfs teluﬁmaﬁydr ocar byl
substi t uentsolﬁbﬂq: ptadectsamierhy reactiyg atfmglyélgmrh}'l-submtctn@ cehdxylé peidt , t he nunber
average m'a@‘ﬁéﬁh@ ge%(wglbgm}cngﬁxa b amine, the hydrocarbyl substituent of said first

acylating agent having about 50 to about 500 carbon atoms; and (i)(b) & second

20 lubricant-soluble product made by reacting a second hydrocarbyl-substituted
carboxylic acid acylating agent with arhmonia or an amine, the hydrocarbyl
substituent of said second acylating agent having about 50 to about 500 carbon
atoms. In this embodiment, the products (i)}(a) and (i)(b) are different. For example,
the molecular weight of the hydrocarbyl substituent for the first acylating agent may

25 be different than the molecular weight of the hydrocarbyl substituent for the second
acylating agent. In one embodiment, the number average molecular weight for the
hydrocarbyl substituent for the first acylating agent may be in the range of about
1500 to about 3000, and in one embodiment about 1800 to about 2300, and the
number average molecular weight for the hydrocarbyl substituent for the second

30 acylating agent may be in the range of about 700 to about 1300, and in one
embodiment about 800 to about 1000. The first hydrocarbyl-substituted carboxylic

acid acylating agent may be a polyisobutene-substituted succinic anhydride, the
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hydrocarbyl substituent for the first acylating agent may be in the g aggenos
of about 1500 to about 3000, and in one enbodi nent about 1800 to about
2300, and the nunber average nol ecul ar wei ght for the hydrocar byl
substituent for the second 30 acylating agent may be in the range of about
700 to about 1300, and in one enbodi nent about 800 to about 1000. The
first hydrocarbyl -substituted carboxylic acid acylating agent may be a
pol yi sol¥@ B3 bst i t ut ed succi ni ¢ anhydri de, the RCTUSRPER 2006 WO

03/ 044138 PCT/ US02/ 20750 pol yi sobut ene substituent having a nunber average
nol ecul ar wei ght of about 1500 to about 3000, and in one enbodi nent about
1800 to about 2300. This first polyisobutene-substituted succinic '
anhydri de may be characterized by at |east about 1.3, and in one

enbodi ment patytsabutehe Jutisdtuer diesting?a ymbendefage molecubariveibht@boaslt 5 1.7 to
about 2.1 sucgini roup. r Lval en t yksobut ene
substit uentsté.jI a%?]ué 3@8’?’%‘%@e%'gieﬁ%?(ﬁfnéﬁfaﬁ"gt Y@b glcr}labg%tzgg&l p%}se%%r oduct (i) (a)
may be an palyksabudnesnbstitutedrsebciniseanhydoide oy haghatpeteiized ol at least shotf an

ester/sal t.; sThgs HEGRULoAMEN A6 2% o Sbdks bist dlag oﬁ@éri?w&}ﬂlénf:atﬁﬁt' d acyl ating
agent may be a pol yi sobut ene- substituted succinic anhydride, the

pol yi s8but el 1% @bBY i 3 LiSHcIniF SWEP PFeBFHET0 Wpighty PS BisuRRHEDLYERSSt i t ut ed

succi ni ¢ anfydtkde The winhe ueedrw&@@fusﬂu&rcaﬂaomh%fdah@r@)(amhgm aof about 700
to about 1300, and in one enbodi nent about 800 to about 1000. This second

pol yi sobut GHED #iRg gy e Peogect may e Ampdioref AR gstersalt h dhesacend zed by about
1.0 to abouiydrl»c@byl@lﬁudnmfedQ&@o@ﬂb@durmmm@b@eﬁt ayObd @ palyRRubutehe2 Succinic

groups per ui val ent. ht of the p i sobut ene su stituent. The am ne
used in 15 SP‘Fqﬁt‘g“c e CYsHIc ﬁ‘gWﬁrb‘gnttécsBPlﬁﬁ? eﬂ?o EEueps OF R4 an al kanol
ani ne land tpokyispbueheestibstitmeegd: sb@nimatthlydnded'ramngfa mumbes b\erags aldiecular t he am ne

may be an gl k BoRObY RO ndtulﬂ L R0MEEn TBYu: B tb'&b&:??ooborm of a
e. gﬂl l@rlca% oi?dbb:i1 % %nh} €qb

succinimd conprised of: about
1% t 0 aboutThipospedng patyisgbiteneguhgtituigd @wem@nﬂmbrnrﬂemay babbﬁmcte@@% B0 about 70% by

vei ght of ta@@utplr@g)u%ou( 'lz(ﬁ')d’m%g eﬁh%en?%%dtq @Fbowoutlf@%@ccmc wei ght, and
in one embodi ment about 70%to about 30% by weight of the roduct (i) (b).

I n one enbd@URE AL canimdent wsightefithe BAYiEAbriEns fubstifent: (The arimgpred&s: (i) (a) a

first 15hydruge sdcbndl 1umb§ttsb1wl& g@d@oa?pwdylb@ aR @lichoPEnih@irdnge me®et . the
hydr ocar byl substi tyent

I rst ac tin ent_ havi ng, about 50 to
about 500 CEAYPSA" De berE o éﬁ&s“’(r 3“( By the arpige 25 ek %§ﬁ%ﬁ@%’ﬁ9’lﬂe§ stituted
car boxyl i ¢ tReprAdudCibpbd MGheGEMbE a $ubdnifyddl arbaldyibant-soluble product (i)

may be comprised of: about 1% to about 99% by weight, and in one embodiment

about 30% to about 70% by weight of the product (i)(a); and about 99% to about 1%

20 by weight, and in one embodiment about 70% to about 30% by weight of the
product (i)(b).

In one embodiment, the lubricant soluble product (i) comprises: (i)(a) a first

hydrocarbyl-substituted carboxylic acid acylating agent, the hydrocarbyl substituent

of said first acylating agent having about 50 to about 500 carbon atoms; and (i)(b) a

25 second hydrocarbyl-substituted carboxylic acid acylating agent, the hydrocarbyl

substituent of said second acylating agent having about 50 to about 500 carbon

atoms, said first acylating agent and said second acylating agent being the same or

different; said first acylating agent and said second acylating agent being coupled

together by a linking group derived from a compound having two or more primary

30 amino groups, two or more secondary amino groups, at least one primary amino

group and at least one secondary amino group, at least two hydroxyl groups, or at

least one primary or secondary amino group and at least one hydroxyl group; said
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substituent of said second acyl ati ng agent having about 50 to a _ug@&@w ’
carbon atons, said first acylating agent and said second acyl ati'n t
being the sane or different; said first acylating agent and said second
acyl ating agent being coupled together by a |inking group derived froma
conpound having two or nore primary 30 am no groups, two or nore secondary
am no groups, at |least one primary amno group and at | east one secondary
am no gvougso44ss | east two hydroxyl groups, or at [PEHY022078 primary or
secondary am no group and at |east one hydroxyl group; said 15 2 4 FEB 2006
WO 03/ 044138 PCTI US02/ 20750 coupl ed acyl ati ng agents being reacted with
anmmoni a or an am ne. The nol ecul ar weight of the hydrocarbyl substituent
for the first acylating agent nay be the sane as or it nmay be different

t han t he nebunlad| aylatingiagénts wingtréreteth ydith amarohiglor sulsine.t Tienholtamiar t he second
acyl ati ng i | ecul ar wei ght
for the h%%@ggrtgy*%&%%(lltug%%ﬂ? thgf{:ugteﬁ‘cpm% BR /nga %gg}?g‘r%%’eacyl ating
agent is i mseHemaypheghifernt thamibe moles0T weightdfchethy0C@hy! substitiiont fome  enbodi ment
about 1800 {cQe@h@ityladiPent! N ONe enbodi nent, the nunber average nol ecul ar
wei ght _for the hy rocarbyl substituent for the first and/or second

acyl at Png agentInj 8ng §mbpdimengn dhe gpmber pavepae tmoierylar owaighbufor 1800, and in one
enmbodi ment h?d}@d&tbyB&@stﬂ&nﬁﬂBﬂtﬁE fits® &d/or Td26nd dc@ﬁﬁng%ﬁﬂt@d’xnw of

hydr ocar byl erx a ent may be a
p)cl)l yi sobu%/é}r’moé’ltjgﬁhé‘i ‘#’t"fﬁc’i’g(goa ?ﬁ°@bﬁﬁfﬁ§ﬂﬁ%’é?§opﬁ‘gabﬁg Z;P%obﬁt ene substituent
havi ng a nunbeln aneeremgmlMteml aumbeei glefagOfmadnlit g fop @bout 3000, and

in one t t o ut This first and/ second

pol yi sobut egﬂb%gjr}s%&t%% P e%egﬁsg réecglh%‘fgl??‘ﬁeag%ys IB}CJH%FQ& erized by at

| east 1@boutbaolt K0 ta akbuf HoﬁmdlnmbwqutabmeOfna’bomtdombdmbﬁ&t5 and in one

enbodi nent Usteco]nd wbsl%%%d C%H&ghp ?ﬁé&g Eggr égt}ugevgl ent wei ght of
or se

t he pol yi sobut ene su stlt ent
hydr ocar by Polgisehsitene-gibetiutechsupriniy frihydride; the m&y#oautmﬁgmbﬁg@mt heige be a

pol yi sobut gigbes Wisrhgd hhbﬁéhlaﬁ-uﬁéigrﬁ'& @d&ﬁb’@'ﬂ’dodt% atblXe 3618 YiB PpYhene substituent
havi ng a 20 pupber average nol ecul ar wei ght of about 700 to about 1300, and

in-one enBBRRIRHE 2By 0088 rbeY 2300 uThis Gt andfen sscqndrnolyisgbiisnér second
pol yi sbbut eneritusd hstihit bigdridugsyibs tharathyd by deeBiboliel 3; Bl iaoher i zed by about

1.0t bout. 1. 3 t b t t .2
groupg Se?uegﬁjh élfq??t‘lt ‘A%Fg Put&e{rb?(ﬂlgr(r)ggw i féﬁ‘?&t ]tsﬁi?sq%g‘bjﬁ?e t. :sl_ﬁgc: PIFIEI ng

group nay becidergraups pérregnivaient wefght biethe polyisobutene substituent. The first

and/or second hydrocarbyl-substituted carboxylic acid acylating agent may be a
polyisobutene-substituted succinic anhydride, the polyisobutene substituent having a

20 number average molecular weight of about 700 to about 1300, and in one
embodiment about 800 to about 1000. This first and/or second polyisobutene-
substituted succinic anhydride may be characterized by about 1.0 to about 1.3, and
in one embodiment about 1.0 to about 1.2 succinic groups per equivalent weight of
the polyisobutene substituent. The linking group may be derived from any of the

25 amines or hydroxamines discussed above having two or more primary amino
groups, two or more secondary amino groups, at least one primary amino group and
at least one secondary amino group, or at least one primary or secondary amino
group and at least one hydroxyl group. The linking group may also be derived from
a polyol. The polyol may be a compound represented in US’ 237 column 20.

30 The ratio of reactants utilized in the preparation of these linked products may
be varied over a wide range. Generally, for each equivalent of each of the first and

second acylating agents, at least about one equivalent of the linking compound is
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25 amines or hydroxani nes di scussed above having two or nore pri rrginx am no
groups, two or nore secondary am no groups, at |east one primry REB 2006
group and at |east one secondary am no group, or at |east one primary or
secondary am no group and at | east one hydroxyl group. The |inking group
may al so be derived from a polyol. The polyol may be a conpound
represented in US 237 columm 20. 30 The ratio of reactants utilized in the
pr epar atWePH/Mf13% hese | i nked products may be vari edPCaEse228750 de range.
General ly, for each equival ent of each of the first and second acyl ating
agents, at |east. about one equivalent of the linking conpound is 16 2 4 FEB
2006 WO 03/044138 PCT/ US02/ 20750 used. The upper limt of |inking conpound
is about two equivalents of linking conmpound for each equival ent of the
first and wed¢offte apyd diming lokmptcompdand s abhduy twd bmivaketis ®f dibkiegiui val ent s of

the first | ati . nt bout 4:1 to
about 1:4, @O%aﬁ%dnﬁgﬁ%gg%}’)%?h%ﬂ?e g% %[Hdsf&%x @}H?ﬂ%hg I r% n§ second

acyl ati ng thgeatic of pguivaieatsrof thotfisst apyletingtabent kq thik isesgnd whmlmntascor ding to
conventi on r /40 &%ixﬂ! iques. This normally involves
heatin ac%’:ogﬁsltnlg aggggﬁsgn\(}m%g%ﬁg IEI?Or?gpggc}r'ﬂrpound optionally in the
preserice of a MBe FHRY &nd] seepnl cRoylatingstesnis imay| be reseted Witbrtgadinking i qui d

sol vent / di ¢d4@Bkind ac'&k}aang &a&oméaﬂom&svu@@ﬁw&mn&a.mﬁﬁg aedliqkd. Neniggent s and the
anmoni a or am ne e 10 carried out under salt, ester/salt, am de or

i mi de for n?malbydmgﬁl‘%/qs Beréing oy latine 3egniY ¥ith hg aking eacpRy sk iertionalydn hy dr ocar bon

| ubri cant fhé)lptéh’]nee @fra)xdmmhny(uq)ndnﬁysthﬁalw R&E Phgahid lighia sagen@@ilgnt. hydr ocar bon
i a concentration of about 0.1 to

| ubricant o ns ventlon a

about - 169 B TR R e e E B SE e MRgGoTE o =gt SRS 1056 by

wei ght0, 15caaied odwt omder esalnoehtemam abdeutor Gmidet GormmgutonBitiolly weieg ght, and in
one enbodi . . to about 2% by wei ght, and in one enbodi nent
about 0.1 O&Boﬂ?%ngl?& wei ght, and in one enbodi ment about 0.1 to about
0. 7% by wei ght Thahedrocsrboe lubricanioieiubleiprodues i) anasi de picient indlye aguéppslr ophi | i ¢

l'i pophi I Chﬁ?&cﬂﬂ&ﬁubﬁd’a‘ht@om’p&do'ﬂ?ofr tﬁ‘é‘ﬁ?enﬂfm éf’tbd%}xceﬁtra{tign @péﬂ&t @P or 30, and in

one enbodi nent about 4 to about anpl es of these conpounds

are di scl o9aBoyt P%&Wtﬁhé%‘ 28 om@ﬂmee?@ow%l B@P%IF &by weithbhs, North
Arer i gan  Sandnh ehdethboaiddint 5hitd. D abBRBES by %@&5 arfdf in toh@ e diRenfiTer | Can

Edition an of the Internat]opa it are incorporated
herein by %@thf]eﬁéémft%? b Ry veight and By 9 6 c@qnergghqqtﬁ)gm goutte R¥ni oni ¢

weight, and in one embodiment about 0.1 to about 0.7% by weight.

The ionic or nonionic compound (ii) has a hydrophilic lipophilic balance

(HLB) in the range of about 1 to about 20 or 30, and in one embodiment about 4 to

20 about 15 or 20. Examples of these compounds are disclosed in McCutcheon’s
Emulsifiers and Detergents, 1998, North American & International Edition. Pages

1-235 of the North American Edition and pages 1-199 of the International Edition

are incorporated herein by reference for their disclosure of such ionic and nonionic
compounds having an HLB in the range of about 1 to about 10 or 30. These are set

25 forth in US ‘237 column 27. In one embodiment, the ionic or nonionic compound
(ii) is a poly(oxyalkene) compound. These include copolymers of ethylene oxide

and propylene oxidé. In one embodiment, the ionic or nonionic compound (ii) is a
hydrocarbon lubricant-soluble product made by reacting an acylating agent having

about 12 to about 30 carbon. atoms with ammonia or an amine. The acylating agent

30 may contain about 12 to about 24 carbon atoms, and in one embodiment about 12 to
about 18 carbon atoms. These are set forth in US ‘237 column 27. The amine may

be any of the amines described above as being useful in making the hydrocarbon
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conpounds having an BLB in the range of about 1 to about 10 or 30. The

are set 25 forth in US 237 colum 27. In one embodi nent, the i@ (ngrZUUB
noni oni ¢ conpound (ii) is a poly(oxyal kene) conpound. These i ncl ude
copolynmers of ethyl ene oxide and propylene oxide. In one enbodi nent, the
ionic or nonionic conpound (ii) is a hydrocarbon |ubricant-sol uble product
made by reacting an acyl ati ng agent having about 12 to about 30 carbon

at ons wwohsegmsni a or an am ne. The acyl ati ng agen®CBUOS®@§7scont ai n about 12
to about 24 carbon atons, and in one enbodi nent about 12 to about 18
carbon atoms. These are set forth in US “237 colum 27. The amine may be
any of the am nes descri bed above as being useful in making the hydrocarbon
17 2 4 FEB 2006 WO 03/044138 PCT/ US02/ 20750 | ubricant-sol uble product (i).

The pr OdUthrQBntIsblablre@&ﬁmuO(n bﬂtevyﬁ&mcﬁ bIEthaegabtajnl hsegwecagl&nicyhmg t he amoni a or

am ne may be a an, ester, an conpi nati on
t her eof . Iﬁgerﬁﬁgigﬁt?ﬂmoﬂ‘ér?f amyrg may & a s e eﬁtﬁrl (%rr’]f'r(':ﬂdgoar%%dﬁdor(l i) is an
est er/ sal tcombietionghdmof.r eact i ng hexadecyl succi ni ¢ anhydride with

di et hy! et hanolallA8pbdindl mePik YRl Rhic/cBhbiin lin) s an GRIARRYY, L0 aM Ne

rati o) of abou I'n°one Iment about 1:1.35. In
one erfbodibyemactinghdesadesyle suacinifo rnleidride d@ﬁpé@?&%ﬁéﬁ"@@mﬂﬁénr%ctl on product

of 8 COPOl iRHle arfdli &l aftan 2k Alckil fio)df biRuPh1 GALBAN 1 albnehd h mal eic 10
anhydride reacted with an amne (as previously descri bed) One such

reaction pmbedigeni@doitd:lse- a copol yner of octadecene with maleic anhydride

that is reacteg oNd bdibdainhedt, ihd RAR- &%ﬁl@ﬁbf&&npduhdmb@&ledz%hérabl e to control

crosslinking with these rrultlfunct nts b | ar ge anounts
of car boxyl?ri"iéICt ofct qepolymer ghat ‘@‘lpki'*’u?i1 ﬁglt‘? ?5 ?ﬂ’méﬂ‘f‘ﬁ eg‘i‘ | ower

f unctigonal dnhyddaé e6RRE With &V amile f(@r preﬂgxs@ndesarﬁ)ed)nsohmblca mpacdoluct . The ionic
or nonionic resent, epus ocar bon fuel
conposi ti o‘?‘fg W?"ﬁ%g? %1\%%’ |mc?ﬁ°a?°t ec(%ncenfnrgc lﬁ%@#e %%{olﬁfé%%l to about
15% by wei wiit ;ne&zmme-mtrmee efftboayi eedesirableoatcoirod trosginking with 1i8%6 by wei ght ,

and one en;g@%f Otgpﬁavﬁn% %@9%0@@ Ry c%&)@m ’acﬁ’sngf lowepne enbodi ment

20 about O out I n one énbodi nent about 0.1 to
about 1% b@anctxmah@htand/orh@vm %fr loyeq fpptionalify (presert jtg améz foraningngn mat eri al

capabj€ ofmgowbqgﬂ?gdugpy tive

The ionic or nonionic compound (ii) may be present in the aqueous
hydrocarbon fuel compositions of the invention at a concentration of about 0.01 to
about 15% by weight, and in one embodiment about 0.01 to about 10% by weight,
and one embodiment about 0.01 to about 5% by weight, and in one embodiment

20 about 0.01 to about 3% by weight, and in one embodiment about 0.1 to _about 1% by
weight.

The water-soluble salt (iii) rﬁay be any material capable of forming positive
and negative ions in an aqueous solution that does not interfere with the other
additives. These include organic amine nitrates, nitrate esters, azides, nitramines,

25 and nitro compounds. Also included are alkali and alkaline earth metal carbonates,
sulfates, sulfides, sulfonates, and the like. Particularly useful are the amine or
ammonium salts represented by the formula

KIG(NR3),J"* nX*
wherein G is hydrogen or an organic group of 1 to about 8 carbon atoms, and in one

30 embodiment 1 to about 2 carbon atoms, having a valence of y; each R independently

is hydrogen or a hydrocarbyl group of 1 to about 10 carbon atoms, and in one

embodiment 1 to about 5 carbon atoms, and in one embodiment 1 to about 2 carbon
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and negative ions in an aqueous solution that does not interfere with the
other additives. These include organic anmne nitrates, nitrate esief g 2005
azi des, nitramnes, 25 and nitro conmpounds. Al so incl uded are alkali and

al kaline earth netal carbonates, sulfates, sulfides, sulfonates, and the
like. Particularly useful are the am ne or amoniumsalts represented by
the formula k| G NR3)y]y+ nXP wherein Gis hydrogen or an organic group of 1
t o aboutW®03@4t1fon atons, and in one 30 enbodi nent PCTUSO2PIAt 2 car bon
atons, having a val ence of y; each R independently is hydrogen or a

hydr ocar byl group of 1 to about 10 carbon atons, and in one enbodinent 1
to about 5 carbon atons, and in one enbodinent 1 to about 2 carbon 18 2 4
FEB 2006 WO 03/044138 PCT/ US02/ 20750 atons; XP" is an anion having a

val ence of ajgmsaXd ikan apionrhaging apyalgnce of ndeqdéhdemtaﬂrcyp aferitdegendsntlyf at 1 east 1.
Wen Gis i e o e gqual to the
sum of the%rg%g)érstq?\a}%le%sggr g@%@g I-fnli}gsnfe) 21'1 Qvé% age% t{r?sat e ion; and
in one enbé&aHahiortke sum of sheggativeeharee nXBnIn CER&Wm%eﬂtr?élS@d@Imm umnitrate,

5 amoni UMaRCHI G @mbBBMEM i B8R Rleki Bh! ERinGles TR ARAHRAC S at e,
ethyl epne diam ne diacetate, urea nitrate, urea, guanidiniumnitrate, and

urea df ni t ARPEMNUMAHAR] BANHRTRREM niraes methylammonipm aceftg) ethylgpegne

enmbodi ment diatdive Wadetdte, Srkdl lt@tes akda, (ghdnld)nﬁlirh!rhﬁfr&tan&ldﬁﬁrg@-rm&ffgéSl Fnb
stabilizer e.. it acts t i ze the aqueous hydrocarbon | ubricant
“conposi ti oﬁ‘énqu?{hgﬁgpé%@ﬁ? ﬁtji"ll the water soluble salt may be present in
the water - Iubrlncxmntenﬁ)ndltrsntomcat/ata-sclobieeadt (id) funotionk aalamutnu&xoﬁOl to about 1
% by wei gh i.n. t 1% by wei ght.

| n many en%m%hﬁ%grlﬁ éltta e g?‘er so L{é?({g%ﬁ gl s“bgan Ssrl sgrves as a

di ff ed@nt conpolnese, embadimentsthe h@tewa@lsble sabimap|be pnqrselwtatlehe siagper si bl e base.
15 Convent i@nal DEHSEIAN SnndiRbe OBB ol | duces

formati on of %%néton d‘g 05|n ? ex%r?pﬁle%bgﬁq %ng%cgfilﬁtraréc{f@arm sh and

| acquer deﬁ%‘?’:@@dm}entfmﬁh‘?é%omﬁ? a‘m?h"ébi’yﬂﬁ% menyembedimeats thei ng properti es
and is capalkef shiblk &Mk Atkeht i Qbryestis\d &iﬁ&erﬁ%lﬂn?&aehtnsucﬁ 4s$ m%msat&n Most
detergents B'ﬁ based on netal "soaps", that is netal salts of acidic 20
organic coﬁ‘g fQfvater dispetsible Pases referred to as surfactants. Det.er gent s
generasly conprise a pol ar h@gdentionkl Betdrgeings hydr ophobic tail, the

A detergent is an additive that reduces formation of piston deposits, for

example high-temperature varnish and lacquer deposits, in engines; it normally has

acid-neutralizing properties and is capable of keeping finely divided solids in

suspension. Most detergents are based on metal "soaps”, that is metal salts of acidic
20 organic compounds, is sometimes referred to as surfactants.

Detergents generally comprise a polar head with a long hydrophobic tail, the
polar head comprising a metal salt of an acidic organic compound. The detergents
in this invention can be low TBN (<200 mg KOH/g) in which the surfactants are
neutralized with base to form metal soaps. Alternatively , they can be overbased

25 detergents in which large amounts of a metal base are included by reacting an excess
of a metal compound, such as an oxide or hydroxide, with an acidic gas such as
carbon dioxide to give an overbased detergent which comprises neutralized
detergent as the outer layer of a metal base (e.g. carbonate) micelle. The overbased
detergents of this invention may have a TBN of at least 200, preferably at least 250,

30 especially at least 300, such as up to 600,

Surfactants that may be used include sulfonates, phenates, sulfurized

phenates, salicylates, calixarates, salicylic calixarenes, glyoxylates, saligenins,
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pol ar head conprising a nmetal salt of an acidic organic conpound. The
detergents in this invention can be | ow TBN (<200 ng KOH g) in wlischgg s
surfactants are neutralized with base to formnetal soaps. Alternatively ,
they can be overbased 25 detergents in which | arge anounts of a netal base
are included by reacting an excess of a netal conpound, such as an oxide
or hydroxide, with an acidic gas such as carbon dioxide to give an

over bas™ @e44438gent whi ch conprises neutralized dECEPHEAShs the outer

| ayer of a netal base (e.g. carbonate) mcelle. The overbased detergents
of this invention may have a TBN of at |east 200, preferably at |east 250,
30 especially at |east 300, such as up to 600. Surfactants that may be used
i ncl ude sul fonates, phenates,. sul furized phenates, salicyl ates,

cal i xar at eshiopbesdphanates,c naphthenates cotlees 0il-gdlyix pdrbrxgliates, o ndixferns efsny 19 2 4 FEB
2006 VO 034)9&1&::':§§rf£ﬁ£{s.u§91%%ir%9d§?mgn4t£'a%?&érperap’f‘l?etﬁéal RAPR MeRat es, ot her

oi | -sol ubl e carboxyl ates, xtures ‘of any of these surfactants.

Sul f ur i zed oplkaline earthapetalpe.gf sqdivay potgsiamarHthiIm, selgiupeandmagnesi  or al kal i ne

earth netalcaicfimds prefR€d.UM potassium lithium calcium and magnesi um

Calciumis preferred. 5 Surfactants for the surfactant system of the

over based met alSusasipby fshe syrfaciantagyptom b thes pypriaged) wstal coFpeundy dr ocar byl

group, for pRrMERl @ntaftSat deaStldds hidrbrtyl @Bup, 8¢t eRAIIB 2k @ silsti@ent Bhe term

"hydrocarbyl " as _ used Hﬁrein,negns t hat th gno%% cgnqgrned is primarily

conposed of" RIPIREGERE artd® LEPp IRt BreT BHB 1R Y PRECP enmi nder of

t he nol ecukencerhal iaprirasrig congosadiof bydrogehoesl carbbn @xred andds Hohdedpe hsence of 10

ot her atons_or .gr S 1N 0 ti [ fligi t t fromthe

subst anti af ni/amd%yog;{%crg?lﬁ%lﬁc \gagfeagr{é?nea%%ﬂnggo%f‘ &teﬁée]‘tlcbertge Sscﬁ\%\%gnt ageously,

hydr oé@r by bthgr asemsori groups iy # apertiors insyffigieny seeddtmact froopthel substantielly h t he

i nvention i J : fe gr oups,
ﬂgﬁﬁbbp Qﬁafréc?engﬁvﬁb?ﬁhe rgé/lﬁbe&.ﬁ%tygeo&g};}ﬂ%drwarb? ksling

especially roups, I near ranched. =~ The total nunber

of carbon &rEants %rﬂlppeinw@pqeamhsth@hwﬁm e aliphaticgrayps.quefely ent to 15
i mpart t he yfleisd: kikGIeRd froSR! dthdclalll Yiky HRRSE whYRMRA R dinsad bt Srafcél. be of _
oi |l -sol ubl e organic sulfur acids such_as sulfonic, sulfamc, thiosulfonic,
sul finic, < BhnEmbest aropn atamgsdp the sprfagiapts should e 4t gt SUERGIERLR osul furi c
aci d. 18%eneinpatyhetdasisedanaolasilitys of carbocylie or aliphatic sulfonic acids.
20 The car booy g, s Yl 5ol aRPhiohd BPLHIS G lR Qi ciBiOhits ! ear aromatic
sulfonic, sulfamic, thiosulfonic, sulfinic, sulfonic, péﬂial ester sulfuric, sulfurous
and thiosulfuric acid. Generally they are salts of carbocylic or aliphatic sulfonic
acids.
20 The carbocylic sulfonic acids include the mono- or poly-nuclear aromatic or
cycloaliphatic compounds. The oil-soluble sulfonates can be represented for the

most part by the following formulae:

[R'")—T—(SO03)y]Ms (XIV)
[R'*—(SO3)a]aMs XV)
25 In the above formulae, M is either a metal cation as described hereinabove or

hydrogen; T is a cyclic nucleus such as, for exami)le, benzene, naphthalene,
anthracene, phenanthrene, diphenylene oxide, thianthrene, phenothioxine,
diphenylene sulfide, phenothiazine, diphenyl oxide, diphenyl sulfide,
diphenylamine, cyclohexane, petroleum naphthenes, decahydro-naphthalene,
30 cyclopentane, etc.; R'' in Rormula XIV is an aliphatic group such as alkyl, alkenyl,
alkoxy, alkoxyalkyl, carboalkoxyalkyl, etc.; x is at least 1, and (R”)x-T contains &

total of at least about 15 carbon atoms, R'> in Formula XV is an aliphatic radical
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¢ycl oal i phatic conpounds. The oil-sol ubl e sul fonates can be represented agr
the nost part by the following fornulae: [(R'")x T-(SO3)Y]zM (X V)FEBZU
[R 2-(SAB)CdMy (XV) 25 In the above fornulae, Mis either a nmetal cation
as descri bed hereinabove or hydrogen; T is a cyclic nucleus such as, for
exanpl e, benzene, naphthal ene, anthracene, phenanthrene, diphenylene

oxi de, thianthrene, phenothioxine, diphenylene sulfide, phenothiazine,

di phenyIWQ%Y%4H3® di phenyl sul fide, di phenyl amine, RFAGHEREPe, petrol eum
napht henes, decahydro-napht hal ene, 30 cycl opentane, etc.; Rl11l in Fornula
XIVis an aliphatic group such as al kyl, al kenyl, alkoxy, alkoxyal kyl,
car boal koxyal kyl, etc.; x is at least 1, and (R'),,-T contains a total of
at | east about 15 carbon atoms, R 2 in Formula XV is an aliphatic radical
20 2 4 FEBc@iéna\g (F8st02hgut38s paiiynUsoms 20930 ie citheni nimatgl aationerst about 15

carbon ato 1 i 12¢a4: npl es of the
type of thgﬁkR%ﬁ!r %iinzpz;igs g?@%ﬁkgﬁ?@gl Ei%\?lpieglrkﬁ&%grlﬁﬁg]ﬁ{axya?g?boal koxyal kyl ,
etc. Speci fargoatieuysivbseter Rperifi examminspel Ker iatre GroMpYL MY FrBRat um
saturated pddlatins MatihrAdL dnd af@fubddd Yaatrin AR, RAd YolySEARS induakgudi Ng 5

pol ynmeri zed C2, . 4, G5, 6, etc., olefins_containing_fromabout 15 to
7000 ot nB‘?l}ém?fﬁ%Gﬁ%’tg 5: ﬁ;ﬁétcgro%tfj‘%cef*,twl?aglfr%‘ﬂ&b%‘iésit‘h7999e°rabov.e for mul ae

can al so mort@ibonGldMel THOFrGARSITS ROY ardr RfAM the bibG! fobtiaat @nialkoaddi tion to
t hose enunerated, above such as, for. exanple. hydroxy, nercapto, hal ogen,
i tr o, Cam RO SteS BREnE f ediiie yPliGRAR IR gyt W Bt piREaRs v X0 yo°)
and b are satov¢ eadht as] foragxdmblek bydrexg, marcapt) Hatogen ngtro(\Mmim, nbroamd d are at

| east 1. Spgeifk. amml opi ' At hl:s. sinvention are
mahogany gﬁ? b%%gﬁézl S?§Er|8 ?h§t§8§2s61 %ﬁ?ﬁﬁégﬁﬂ%?hgﬁ*g%%ic aci ds
deri v&d fr BermulaB¥V.@ab dndgl a5¢ 4t leaftrlact i ons havi ng a Saybolt viscosity from

about 100 secorgoifil exiifes of QuthR ic? A IEHAD ASertbn 2bdfanoghil rol atum
sul foni c aci ds; "nono- a d pol y-wax substituted 15 sulfonic and pol ysul fonic
aci ds of , #ifgnic agids; bught stodlegyHetiatcilicsulipieirids derited fremypbricgtingdil  napht hal ene

di sul fi de, f£HiBReYInE T1SAGoolt VO &0R ab&ilt AORsee a0 BOTRRN t oo et c.; ot her
substituted sul fonic acids such as alcikcél benzene sul fonic acids (where the
tye

al kyl groufseemds ahi21pEspetrglapyy pyfeaic, 2 phretnd| Pokisivex sehstiuggd sul f onic
aci dsis di cfitdhic ahfipaiykdifoRidCactls Ui & @Nb&nzael Hipniheliehed phtlol, RESHRaIapht hyl
sul fonic agt}lc% ;apﬂlthgl%gg >é1!sulﬁde, diphenylamine, thiophene, alpha-chloronaphthalene,
etc.; other substituted sulfonic acids such as alkyl benzene sulfonic acids (where the
alkyl group has at least 8 carbons), cetylphenol mono-sulfide sulfonic acids, dice;cyl
thianthrene disulfonic acids, dilauryl beta naphthyl sulfonic acid,  dicapryl
20 nitronaphthalene sulfonic acids, and alkaryl sulfonic acids such as dodecyl benzene
“bottoms” sulfonic acids.
The latter acids derived from benzene which as been alkylated with
propylene tetramers or isobutene trimers to introduce 1, 2, 3 or more branched-chain
Ci2 substituents on the benzene ring. Dodecyl benzene bottoms, principally
25 mixtures of mono- and di-dodecyl benzenes, are available as by-products from the
manufacture of household detergents. Similar products obtained from alkylation
bottoms formed during manufacture of linear alkyl sulfonates (LAS) are also useful
in making the sulfonates used in this invention.
The production of sulfonates from detergent manufacture-by-products by
30 reaction with, e.g., SO, is well known to those skilled in the art. See, for example,
the article “Sulfonates” in Kirk-Othmer “Encyclopedia of Chemical Technology,”
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20 ni tronapht hal ene sul fonic acids, and al karyl sulfonic acids such as
dodecyl benzene "bottons" sulfonic acids. The latter acids derivetl4fFEBreo0s
benzene which as been al kylated with propylene tetraners or isobutene
trinmers to introduce 1, 2, 3 or nore branched-chain Cl12 substituents on

t he benzene ring. Dodecyl benzene bottons, principally 25 m xtures of nono-
and di -dodecyl benzenes, are available as by-products fromthe nanufacture
of housa¥P@4d&k ergents. Similar products obtai ned PEFEMAIRY| ati on bottons
formed during manufacture of linear alkyl sulfonates (LAS) are al so useful
in making the sulfonates used in this invention. The production of

sul fonates from detergent nmanufacture-by-products by 30 reaction wth,
e.g., S, is well known to those skilled in the art. See, for exanple,

the articl éersulEﬂtdn@.t‘étﬁ-"l% PPN lat @gh peblishef by JohroPéldy & Sms.Newi cal

Technol ogyjoegyl 2 4 FEB 2006 WO 03/044138 PCT/ US02/ 20750 Second Editi on,
Vol . 19, pp. 291 at seg. published by John Wley & Sons, NY. (1969).

Ot her descri pt i@He dsscripiiensd suabased Fi/fﬁ‘&‘ﬁfes%ﬁ‘%temufse@hmaﬁﬂés for maki ng

them can benefOtAdnd Fbuhéﬂen fued foguwlﬂgwsspatfatmt NQ$41102,2117450%10 2,174, 506;
5 2,174, 508 2,193 824, 2,197 800, 2,202 781 2 213 786 2,213, 360:

2,228, 598; 21343083 J158, ?‘2 339,899y 2,292 58613 %213,786; %%3499022%8?)86 297:
2. 315, 514 zzzﬁammwa 32430222226 083, 558292, 385,51882,329,885, 259;

3 471, 205, 222hE e B0k 2ck Il M pobe i o0,
i ncor por at 837h193; 21383.219% 8,31 2618 RATY,408i 3.488284r 8593, 790tend $,7080kx d. 10 Al so

Bl a fiesB hie F&@f%)'f ﬁc&ﬁﬂrlt?@é@ef@x%ﬁc@?cg%&% gl%s&(%rlf’f‘hsr% {éfix sul fonic acids,

unsaturate para wax su nrc aci I oXy- subst ted paraffin wax
sul fod® c aci ds Alh@xrmbadecbyneea&reh@elsm@mma%u Sc!lsh ay parpifinayax sifenigul f oni ¢ aci ds,

bol ¥i Sobut GG, Sl RRkL AR INGRSHS e nRbY | SORMIANArEANLAL NS {1 om 20 Lo

7000 or nore carbon a | oro-substitutéd paraffin wax sul fonic acids,
ni t ropar af FilPnigRRCidS Bemepraplae apdligaic alids, - tetggaplene; BHERICC 2498 f oni ¢ aci ds

such as pebél?dswamlaa@ﬂahlbaaes wiekdir mapaylaccbuaﬁe coa@iny o0 k®pmotoy| sul fonic
aci ds, |aur cl ohex sul n| c acjds (di-isobut sz cycl ohexyl

sul foni ¢ aEPEFscar QR atomenchlqro-sy H’@xéﬂ?@ﬁ’ﬁf"és Jt5oppE 881 ts thereof
descriibed Bbeforicnactid eich c@rdﬂﬂahpl@a}ﬁpesnmmb adidsi SmBh astpetrsleinntneptdiede t hat the term

"petrol eumsﬁ%lnifc%aids(\j c&?ll cgalc')peg{yl sulfonic acids, lauryl cyclohexyl sulfonic acids, bis-
(di-isobutyl) cyclohexyl sulfonic acids, etc.
With respect to the sulfonic acids or salts thereof described herein and in the
appended claims, it is intended that the term “petroleum sulfonic acids” or
20 “petroleum sulfonates” includes all sulfonic acids or the salts thereof derived from
petroleum products. A particularly valuable group of petroleum sulfonic acids are
the mahogany sulfonic acids (so called because of their reddish-brown color)
obtained as a by-product from the manufacture of petroleum white oils by a sulfuric
acid process. |
25 The terminology “metal ratio” is used to designate the ratio of the total
chemical equivalents of the metal in the overbased salt to the chemical equivalents
of the metal in the salt which would be expected to result in the reaction between the
organic acid to be overbased and the basic reacting metal compound according to the
known chemical reactivity and stoichiometry of the two reactants. Thus, in a normal
30 or neutral salt the metal ratio is one and, in an overbased salt, the metal ratio is

greater than one. The overbased salts usually have metal ratios of at least 1.1:1.
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20 "petrol eum sul fonates” includes all sulfonic acids or the saltf_t
derived from petrol eum products. A particularly valuable group of b Er%i@@m
sul fonic acids are the mahogany sul fonic acids (so called because of their
reddi sh-brown color) obtained as a by-product fromthe manufacture of
petroleumwhite oils by a sulfuric acid process. 25 The term nol ogy "netal
rati 0" is used to designate the ratio of the total chem cal equival ents of
t he et a{obidhedibe Overbased salt to the chem cal equictilsegdose Of the netal
in the salt which would be expected to result in the reaction between the
organic acid to be overbased and the basic reacting netal conpound
according to the known chem cal reactivity and stoichionetry of the two
reactants. Thus, in a norrmal 30 or neutral salt the netal ratio is one and,

in an Over?@%ﬂéﬁgﬁuavér s%?&@lorg SSaltgrhE\%i at1<§s ']2?'?@ .fhe overbased

salts usua ve'netal ratios o east FEB 2006 WO
03/ 044138 REPeySBed- 20750 Typical ly they have rati os of 2 1 or 3:1 to 40:1.

Sal t's having T e §g@ily gegctﬂig bitaPdmboun@s ﬁ‘se@fotxﬁﬁce%%derbégaﬁsaﬁﬁﬁb cally reacting
met al compounds used to nake the qverbased salts are usu%II¥ an al kali or

al kal i ne e#fualy sealili Oéé\lfﬁlﬁ‘ﬁﬁ%}'th(met@ compayad (yeo fis Graup Ky [B 5 netals,
but nog mal hytaRX6l: Yeindly fek it ianaish dndthdidh and tybié@iycadd skcbing excl udi ng

rubi di um cesjum and beryl al t hough ot si cal | y re cting netal
conpounds By GesEEp @Snb‘ﬂ‘glmf?) h@ééf" wtper K)ES“’??& SHEE ™Wich as their
hydr oxi descmuﬁdsl@mbdeﬁed)f CompwRndsadf k) BasMar Bausdial, | syciusetieias basi ¢ net al
conpounds Mfﬁgfgﬁr“épg sré)ng\%rbq]?nglﬁsaz%e t.5,.0Y usﬁdi)hers .can aI_?e used as

shown by 10” erein. ALSFS TS contai ni ng a
m Xt ure of compesndsfin pwpanngrthas@oerttaicdtshies@t piberalcan ramede dewalbyn t he present

| nventg on. Qﬁ ﬁﬁ%ﬁéﬁ%{o%km DvRfofed SR ot im0k BARLE r s §ra@Gt 1 ng an acidic

mat eri al an i norganic aci carboxyli1c acid, such as
carbon di omm@r;of/\ﬁh{:shmftalsrﬁaﬂ(quedle@wqusmtﬁgeralﬁnam di c organic corrpound a

reaction nmedi ungAIRNG RAGistie dohetaf@plepRBELY REing. ﬂreﬂﬁﬂﬂ fatg@lvent (mneral
oi |, naphtha, toluene, xylene, etc.) for sal d acidic organic material, a

st oi chi omeftwpieallsp n9ezapic 2cid prdpwer carhlic agid) suphiss gapanglioxideX Wit A di ¢ or gani ¢

conmpound  Widikture bh%ﬁlﬂzg%%x&i&torgaﬂﬁfcaﬂﬁcﬁnd eredckion ﬁludi@ﬁuc&ap;hngeual kyl  phenol .

;I'Ih guﬁﬁé di Clegsattogg lngrt, olilga?uc soﬂlerP r(x%{?lgrraj cI;}P napqaﬁxa to ureneéiﬁeneneft ﬂ‘ Irésl'(lndcml be a

acidic organic material, a stoichiometric excess of a metal base, and a promoter.
The acidic organic compound will, in the present instance, be the functionalize alkyl
phenol.
The acidic material used in preparing the overbased material can be a liquid
20 such as formic acid, acetic acid, nitric acid, or sulfuric acid. Acetic acid is
particularly useful. Inorganic acidic materials can also be used, such as HC], SO,
S0O;, CO,, or HyS, and in one embodiment, CO, or mixtures thereof, e.g., mixtures
of CO, and acetic acid.
A promoter is a chemical employed to facilitate the incorporation of metal
25 into the basic metal compositions. The promoters are diverse and are well known in
the art and include lower alcohols. A discussion of suitable promoters is found in
U.S. Patents 2,777,874, 2,695,910, and 2,616,904.
Patents specifically describing techniques for making basic salts of acidic
organic compounds generally include U.S. Patents 2,501,731; 2,616,905; 2,6 16,911;
30 2,616,925; 2,777,874; 3,256,186; 3,384,585; 3,365,396; 3,320,162; 3,318,809,
3,488,284; and 3,629,109,
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20 such as formic acid, acetic acid,. nitric acid, or sulfuric dckdFEBABEI C
acid is particularly useful. Inorganic acidic materials can al so be used,
such as HO, S, SO, CO2, or H2S, and in one enbodinent, CO2 or m xtures
thereof, e.g., mxtures of CO2 and acetic acid. A pronoter is a chem cal
enployed to facilitate the incorporation of nmetal 25 into the basic netal
conpositions. The pronoters are diverse and are well known in the art and
i ncl udeywlg¥mis1! cohols. A discussion of suitable proroserssi s found in

U S. Patents 2,777,874, 2,695,910, and 2,616,904. Patents specifically
descri bing techniques for making basic salts of acidic organic conpounds
generally include U S. Patents 2,501, 731; 2,616, 905; 2,616,911; 30

2,616, 925; 2,777,874; 3,256, 186; 3, 384,585; 3, 365,396; 3,320, 162;

3,318, 809; 3, 483nAB4urfRfts FoO 4t h0Ris idRnbod} neFBr? AQRMRi LS/ 44138
PCT/ US02/ 20750 Phenate surfactants for use in this invention, my be

non- sul f ur iPx&deREy- sulfyrized. dugthery pheagip finplydss thoserganianing mpisehalt @1 ncl udes t hose
cont aihn: n? hmbfyl tg&ﬁm (E0R @xariplé€l sy bIk@Ir éatephdif) ok ffﬁs&afﬁﬂlnﬁﬁT frihgsrmﬁ@hk%ll ) |
catechol s) or fused aromatic rinpgs (for , ex e, .. apht hol s) an

those whi cK*HR% ‘ﬁl@'érf‘aﬁﬁg‘it[?)i x4 i??ﬁec}(*!@ﬁli‘ dare g%eﬁ‘(‘???’ffmyf%‘?g‘&lanpl e,

al kyl ese- breadiped foa axbrdplen sik Pénekbaid god aad NMems etobasaicbnganse dpad kaligetiype ( pr oduced

by the reacgtli enol. n i {tions).
et orred. dknaRee S RSof i Aol MU DR PRI B SRAR. || D05
derived from t h@refegednphenols belvdyeh Ry phénarosumiabtants awhbased Rayesr esents a

hydr ocar byl 98 WRmaR odai€PlBSeNts 1 to 4. VWWere y is greater than 1, the
hydr ocar byl groups may be the same or different. The phenols are frequently

used in sulfurized form Sul furize®thydrocarbyl phenols 15 may typically
be represented by the fornula 11 bglow Fornmula Il where x is generally
froml to 4. In sone cases, nore haq two phenol nolecules may be |inked

by Sx, bridges. ¢
Ry
10
Formula I

where R represents a hydrocarbyl group and y represents 1 to 4. Where y is greater

than 1, the hydrocarbyl groups may be the same or different.

The phenols are frequently used in sulfurized form. Sulfurized hydrocarbyl phenols
15 may typically be represented by the formula 11 below:

OH ?H

R 8 =
@

hy <y

Formula II
where x is generally from 1 to 4. In some cases, more than two phenol molecules
may be linked by Sx, bridges.
In the above formulae, hydrocarbyl groups represented by R are
20 advantageously alkyl groups, which advantageously contain 5 to 100, preferably 5 to
40, especially 9 to 12, carbon atoms, the average number of carbon atoms in all of-
the R groups being at least about 9 in order to ensure adequate solubility in oil.

Preferred alkyl groups are dodecyl (tetrapropylene) groups.
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In the above fornul ae, hydrocarbyl groups represented by R are 8

advant ageousl y al kyl groups, which advantageously contain 5 to 10 4 FEB 2006
preferably 5 to 40, especially 9 to 12, carbon atons, the average nunber
of carbon atons in all of- the R groups being at |east about 9 in order to
ensure adequate solubility in oil. Preferred alkyl groups are dodecyl
(tetrapropyl ene) groups. 24 2 14 FEB 2006 WO 03/044138 PCT/ US02/ 20750 In
the fol RPN scussi on, hydrocarbyl -substituted pEENETEO%RR || for

conveni ence be referred to as al kyl phenols. A sulfurizing agent for use in
preparing a sul furized phenol or phenate may be any conpound or el enent
whi ch Introduces -(S)x- bridging groups between the 5 al kyl phenol nononer
groups, wherein x is generally from1l to about 4. Thus, the reaction nay be
conduct ed wi t h Isl éwefellavingutlibassion hydtvadrbyleulistismedophenblor willk dorpl e sul fur

di chl ori dec&fvcﬁa{cgbﬂe@;ﬁ&%QLXlkyI%HJ:JoHr monochl oride. |If elemental sulfur is

used, the sulfurization reactio be effected by heating the al kyl
phenol  conpour s#furiping agegpfor ésezserepmfaéméwzyd phenpleqy hend®@@Y The use of

el emental  8dlbdytiombOundi dr leletn¥R \@ﬁéhl Herddubesd %S'?x TBrabirE Ero%s RidedPig groups

(S) X-_as descrl bed above. If sul fur de"1S used, the sulfurization

react | bn By Rberd! moperay Wpi’r“é‘&rtel“ﬁblstgﬁ@mélp’ﬁﬂnlﬁh@t‘?&q“ g‘puq, fSm - 10 to 120,
pr ef er abl yrea&uohea@tbeaﬁﬁducihemhemﬁeh@nsmyom hamedwoedfor éxAmblRe presence of

a suitable e The di | u adv ri ses substantial ly
inert or gaf‘ﬁ% rglc%ﬂﬂ or gy B W‘Blp"e B’% gfw\ﬁ c}?ngﬁ‘e’&?lk%ﬁg B n any 15
event, theusedadiei uﬂfumzsmmomﬂu@dnedxai e affepted ibydheafing ItIﬂSBaIEy]flﬁheMIent to effect
subst anti a i.on. edt y &rom0.1to 5
nol es of t OmJOﬁ %tfroﬁlesn dP zg(rfrgﬁ’geﬁ%&'laté)%?tqé%& JP 855i° 8@”“5‘% R4 zi ng agent .
Wher el®l enwilt eszcgllyl sfldd ai tgixtuseedf taglging @rompd f(8)X- 2k Idgscﬁlgﬂmbovel tXfmay be

desirabl e l}lﬂr Hﬁ@&ﬁp&%@?khﬁ s@ﬁgﬁ;@%%ﬁ ac&o%rm %rgﬁjecged %C{'( tﬂé/aq{cq)(l de or an

organi ¢ am ne, era erocy phoI i ne).
Detai | s of phenblfat friomatQ toriZQ,rpmfaglﬂ;estleas%ORel Thel«aamm thay Hsduomacseldl lled in the

art. Regay, dLh?s&esgr{cetg}e 2 TRRBET difubh “‘i‘hcﬁﬂ{enf){dﬂﬂt?%c% ared, sulfurized alkyl

phenol s usefu reparing overbase Coné]%eral |y conprise
di | uent aﬂ@stenﬂaﬂn@teécbrsﬂnlcydiﬂuwefmlesaMdmg;r@naércwll ¢ryancajlcm6ulin égnyom 2 to 20,

pref efabl yednt tekéuctictois 'E‘Ql'ﬁitlct&f l%f' & éll?c;dyonm{erutgf%lenm%ﬁec{ s@seanittdsf ur . based on
the mass of the sulfurized al kyl peno
reaction. It is generally preferred to employ from 0.1 to 5 moles of the alkyl phenol

material per equivalent of sulphurizing agent.

Where elemental sulfur is used as the sulfurizing agent, it may be desirable

to use a basic catalyst, for example, sodium hydroxide or an organic amine,
20 preferably a heterocyclic amine (e.g., morpholine).

Details of sulfurization processes are well known to those skilled in the art.

Regardless of the manner in which they are prepared, sulfurized alkyl
phenols useful in preparing overbased metal compounds generally comprise diluent
and unreacted alkyl phenols and generally contain from 2 to 20, preferably 4 to 14,

25 most preferably 6 to 12, mass % of sulfur, based on the mass of the sulfurized alkyl
phenol.

As indicated above, the term "phenol" as used herein includes phenols which
have been modified by chemical reaction with, for example, an aldehyde, and
Mannich base-condensed phenols.

30 Aldehydes with which phenols may be modified include, for example,
formaldehyde, propionaldiehyde and butyraldehyde. The preferred aldehyde is
formaldehyde. Aldehyde-modified phenols suijtable for use are described

25



As indicated above, the term "phenol" as used herein includes phenols which
have been nodified by chemical reaction with, for exanple, an al 2ghydg,jmnd
Manni ch base-condensed phenols. 30 Al dehydes with which phenols nay be
nodi fied include, for exanple, fornmaldehyde, propionaldl ehyde and
but yral dehyde. The preferred al dehyde is formal dehyde. Al dehyde-nodified
phenol s suitable for use are described 25 2°4 FEB 2006 WD 03/ 044138
PCT/ USOP0O094888i n, for exanple, US-A-S 259 967. MaRAFEH?BYH¥%e- condensed
phenol s are prepared by the reaction of a phenol, an aldehyde and an
am ne. Exanpl es of suitable Mannich base-condensed phenols are described
In GB-A-2 121432. 5 In general, the phenols may include substituents other
t han those nmentioned above provided that such substituents do not detract
si gni f i caninl for éxaouplet H8-AsBRFOROFTant properties of the phenols. Exanpl es of
such substitue

Rlinf ;1%a%%@%ﬁ%ﬁ%ﬁengﬁr@@g%uéaadngce@a&foma pHdag,

functionalization o nErlse the addition of any 10
|

f unct i onal argaldahpde andtapamsise W@e%ﬁﬂéﬁhhdda“ﬁ apsecondansshPiea®ls t i onal  hydr oxy

group or apdadshchieasla pysr spar byl group, at Ieast one such al kyl or
in s nt anpunt to provide

hydrocar byl group al r eady geln

oi | sol ubility ! &enerd hrRhep %Wf‘?mg‘i’&pﬁ B%‘ituef"lﬁﬁ 5 ﬂh OSQI’T&?BB@"?E ncl ude t-butyl
glr guEsd Meitoyé ﬁﬂﬂd@ﬁﬂ'suﬁgu@h@wﬁ§do ﬁﬁﬁ&fact s?gubﬁanuwfomdhaaduwydtangr ogps dgnd

al dehyde grou 5.functionalization is by addition
of car boxyP? |5ﬁ%ﬂ q‘f‘@/ﬁs %‘a\"lﬂgﬁ f&‘ﬁgéll{sﬂt@e‘ﬁe?r%m Y SR aBée an” al kyl

sal i cyl at ehadsgematdme.i vati ve thereof. Salicylate detergents are well known;

see, for instance, Pat en 5 7 Ny ther
enbodi nent , thg%SS%umFﬁgﬁ?nogmeaﬁy mécg{“mu%% mgagh%%éc% condensati on

d yoxitic fuottibnalteseipfio e PhiDEECyon@ORd; other] thanerd aﬂ@@mblydmfcy BI9UD St r uct ure
R (=0 Zof%dﬂ{oﬁ?lq{yﬁﬁceﬁwml ﬁtlgagtv oﬁemdéh Ekyl(b@@ly@%cawrgﬁgﬁn or

hydr ocar byl group i nstance, 1 to 20 carbon atofs. A typlca
gl yoxyl at ealEshiReingRIFSSH 1ppugien ameunt é‘mmdwélr solujlityiq theflefigept speci es, whi ch
Wil typi cefdisa RRciRbl grédpk ZRRISM-billyl @rduBd, dlethyRad doupldig ghdups, ester-

substituted alkyl groups, and aldehyde groups. In one embodiment the

15 functionalization is by addition of carboxy functionality, in which case the detergent
can be an alkyl salicylate or a derivative thereof. Salicylate detergents are well
known; see, for instance, U.S. Patent 5,688,751 or 4,627,928. In another
embodiment, the substituent can be based on a glyoxylic acid condensation.
Glyoxylic acid itself is HC(=0)-CO,H; related ketones of the structure R!C(=0)-

20 CO,H are also contemplated; thus R' can be hydrogen or a hydroc_arbyl group of,
for instance, 1 to 20 carbon atoms. A typical glyoxylate condensation product is
shown here as an anionic species, which will typically be neutralized with a metal
salt.

In this structure, the R groups are alkyl groups. The material shown would be the
condensation of 2 moles of alkyl phenol with 1 mole of glyoxylic acid or derivative -

thereof. Other molar ratios are also possible; when a 1:1 ratio is approached, the
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R In this structure, the R groups are allcyl groups. The naterlal shown

woul d be the condensation of 2 noles of al kyl phenol with 1 nol e f FEB 2006

gl yoxylic acid or derivative thereof. OQher nolar ratios are al so

possi ble; when a 1:1 ratio is approached, the 26 2'4 FEB 2006 WD 03/ 044138
PCT/ US02/ 20750 condensation product becomes oligomeric or polynmeric.

These material s and nethods for their preparation are disclosed in greater

detai | WP 8138pat ent 5,356, 546. I n other enmbodi medCSPHE PUncti onal i zed

al kyl phenol can be a condensation product of the al kyl phenol with

formal dehyde or other |ower al dehydes. The acidic 5 substituent, in this

case, would be considered to be the one or nore additional phenolic

groups. The sinplest such condensation product would be OH OH R R shown

here as t heongemsating| produsb iekomss toligaerip ranesilynesie mallerst yupéerialal 298,  dependi ng

on the cong{e&b&%ﬂﬂ&rﬁg@%wa}edfsaese&m%qae@eamﬁw@patems@@war in other

oxi dation 10 states he case ﬁ goxy ates, oli goneri c structures

can be forned R&thet erebogiments thefppegorsiiz phsaphFae by heaRdemsttioer eases.

Exanpl es 0fbrogitt Bf thy RRy1Gherl wmomme &Rﬂ@!h&ﬂo@ér%lcfeﬁb@le&aﬂhbzi@ﬂ@t es, which are
cyclic .materials conEalnln% % rnaldeh er eaH units.

Cal i xat at eSS Yrel HBG 251 nglqﬁ B atf’l‘i‘} %1r°5° CUSE BEEd*4 n greater
detail in pheBolidatwel Tie,simplesC&ith co‘l\ﬂeﬂmdoh phduappaideat , m xtures of 15

f or mal dehyde, ot her al dehydes, and gl yoxylic acid can al so be enployed in
such condensation reactions. One category of functionalized derivatives of
al kyl phenols, however, isOHcertain s@Higenin derivatives. Saligenin
itself, also known as sali gyl aIcohoI and o- hydroxybenzyl al cohol, is
represented by the struc ' Useful saligenin derivatives
include certain netal sa e which function as detergents.
When the netal is magnes nds can be represented by the

formul a
R R
shown here as the 2:1 molar condensate of phenol:formaldehyde. Also, depending
on the conditions of reaction, the formaldehyde unit may appear in other oxidation
10 states. As in the case of glyoxylates, oligomeric structures can be formed when the

molar ratio of formaldehyde:phenol increases. Examples of such type of oligomeric
species are the calixarates, which are cyclic materials containing 4 to 8 phenol-
formalldehye repeat units. Calixarates and methods of their preparation are
-disclosed in greater detail in U.S. Patent 5,114,601. As will be apparent, mixtures of
15 formaldehyde, other aldehydes, and glyoxylic acid can also be employed in such
condensation reactions. _

One category of functionalized derivatives of alkyl phenols, however, is
certain saligenin derivatives. Saligenin itself, also known as salicyl alcohol and o-
hydroxybenzyl alcohol, is represented by the structure

CH,0H
OH

20
Useful saligenin derivatives include certain metal saligenin derivative which
function as detergents. When the metal is magnesium, these compounds can be

reprcsénted by the formula
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27 2'4 FEB 2006 WO 03/044138 PCTI US02/ 20750 This represents generally a
nmetal salt, such as a magnesiumsalt, of a conpound containing oh¢ FEB 2006
aromatic ring or a nultiplicity of aromatic rings linked by "Y' 5 groups,
and al so containing "X' groups. (Mj)) represents a val ence of a nagnesium
ion, and n, in each instance, is 0O or 1. (Wen nis zero the My is

typi cal l repI aced by Hto forman -OH group.) The value for "nf is

typi cal |“%)I°?§/°f%3810 so nunber of such rings will b&YY%?%P although it is
to be understood that the upper Iimt of "m' is not a critical variable.
In one enbodiment mis 2 to 9, such as 3 to 8 or 4 to 6. 10 Oher netals
include alkali nmetals such as lithium sodium or potassiun alkaline
earth metals such as calciumor barium and other netals such as copper,
zinc, and tin. Modst of the rings contain at | east one Rl substituent,
which is the aforenmentionegadydrocar byba\@oup such as al kyl group. Rl can
contain 1 to 60 15 ca bon t ons iIch ak to 28 carbon atons or 9 to 18
carbon atons. O cour > xW |l normally conprise a
m xture of various chai the foregoi ng nunbers wi ||
normal |y represent an a e ‘ atons in the R groups
(nunber average). Each be substituted with O,
1, 2, or 3 such R grouB‘s’(that i's, [Rbs 0, 1, 2m or 3), nost typically 20
1, and of course dlfferent r|n s.in iven npol ec Iefrra con&aln di fferent
numbers ofn ‘%EF@FFS%WF‘FU@H%“ Rt F. §?adﬂa§“%ﬂu6‘hﬁ#tr8 #f the nol ecul e
nMust cont a¢ontaiting e@Siromatteritg orgd aufiiplicirydoft dremdtiot rirlgs hivkddeby b‘f” carbon atons

inall.the R grau N_.1.NEuw uch as at

| east 512 Fﬁulfshae"(aa 38\(/:%"@5"1“"% )t({g%u%g héﬁQ%%Q%Lr& g?a(l)%%%&er?g?/tggéms{rgen as groups
derived 2®nfandm incachehdlaies:del orl. When mis asetieMedoipiertly renjacebndensat i ve
reaction wiy éc‘iﬁﬁm ALOEPYLp TPASalkh for “EN%: ELAIOME 10TBHASraf the various X

and .Y groups depends to certain extent on the conditions of synthesis of
t he ol ecum@énnmlﬂée\'/éml@eﬂﬁwughgb’ééqwnéffrst%déhﬁaﬂ’?uﬁm ligkt ohr®sent in the

nol ecul es ismoﬂyéﬂchl%aﬁlbeln%mme@& 1240 5, EBc 4060 \MBrA3b @44 138

PCTI US02/ 20750 speci es conprising X Cl_g}ﬂ(n al de de f tionality) and
-CH2OH  ( nQtenRetaks draide ikl meBissPeh 35) ‘ﬂ“E‘PTﬁ t OF R S“H’EJ B%t speci es

cCoNnpri Si NQeatthafefals such as calcium or barium; and other metals such as copper, zinc, and

tin.
Most of the rings contain at least one R! substituent, which is the
aforementioned hydrocarbyl group, such as alkyl group. R’ can contain 1 to 60
15 carbon atoms, such as 7 to 28 carbon atoms or 9 to 18 carbon atoms. Of course it is
understood that R' will normally comprise a mixture of various chain lengths, so
that the foregoing numbers will normally represent an average number of carbon
atoms in the R' groups (number average). Each ring in the structure will be
substituted with 0, 1, 2, or 3 such R' groups (that is, p is 0, 1, 2, or 3), most typically
20 . 1, and of course different rings in a given molecule may contain different numbers
of such substituents. At least one aromatic ring in the molecule must contain at least
one R' group, and the total number of carbon atoms in all the R! groups in the
molecule should be at least 7, such as at least 12,
In the above structure the X and Y groups may be seen as groups derived
25 from formaldehyde or a formaldehyde source, by condensative reaction with the
aromatic molecule. The relative amounts of the various X and Y groups depends to
a certain extent on the conditions of synthesis of the molecules. While various.

species of X and Y may be present in the molecules in question, the commonest
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*CH2- (methyl ene bridge) and - CH2OCH2- (ether bridge). The relative npl ar
anounts of these species in a sanple of the above material can bel & FEB 2006
determned by 5 'H 13C NVMR as each carbon and hydrogen nucl eus has a

di stinctive environment and produces a distinctive signal. (The signal for
t he ether |inkage, -CH20OCH2- nust be corrected for the presence of two
carbon atons, in order to arrive at a correct calculation of the nolar
amount YO M#d38material. Such a correction is wel | PCGHUSPH¥2759he abilities of
the person skilled in the art.) 10 In one enbodinent, X is at |least in part
-CHO and such -CHO groups conprise at |east 10, 12, or 15 nole percent of
the X and Y groups. In another enbodinent the -CHO groups conprise 20 to
60 nol e percent of the X and Y groups, such as 25 to 40 nol e percent of
the X and Ypegieoupsmprisingaiot frer @Hboojﬂdmme, ﬁ(ndtl.‘énﬂtyﬂ east -dHOHart - CH2OH and

such -CH2 ercent of t X and Y

gr oups, %dmxy’%%tgﬂ%?fg %:) eS“Ber tg m?nﬁ& Bf & ﬁowpnsm(%u%gm I n an

enbodi ment -Che- wWiniethylene |bsdgn()Jran¢e€H;0@Hz- s(ethttr braiget [The pelative-mBH@- and such

- CH2- groupg, ﬁm‘?mt'ﬁlgs%”é%mts?n §§ L 6 ﬂ@raﬁo%lé‘tm g%lalt N8 o BB eng oups, such as

25 to 45 of erce of the X groups. ’n anot her
enbodi rent "B ICSNMR pseesh cqr np@ﬂthyd@ﬁﬂ‘mus basch dstaptive. @Hm gr oups

conprise 5aﬁd)p;%9udaphedxdaﬁarv@@ignaf (rResighall B the BhQURRagesUahoaS- 10 to 16 nole
percent of the and Y groups. The above-descri bed corrpound s, as :

ment i oned, T4t %qqeﬁte%f‘?féﬁﬁé’@ﬁeﬂﬁ? efafo cazhog atqmpsy derd ert‘ﬁé”b‘fee"éénce of

maggeSl umf df&dcﬂ@hlduﬁhﬁo@bﬁmalhﬁlak @fodik of R rﬁmﬁﬁnfl&g( a cagecgbmﬁuﬁdn is believed
to be useful _jn a t he ire ios o an conponent s

descri bed %‘B\?éhe%l’é‘ ﬁ{]ﬁ%ee?ﬂrSB?sqﬂgﬂd“b Ea'itﬁu t he conpound is .characterized by
an avegage val uka @ie éntbodidfent) X1 ist gy Idast b parg HCHO ahdneuomombmsig,iohpsn such as
0.2 or 0.3 to 5 1o 0.4 in IIyadlvaIent
i on, V\henc?irfl?ns faté)eﬁ OIBhené)fll Q‘ti_)e’r eé‘feﬁtr%fith%%oz\l/\'ﬁ%gg re y "eutral i zed by
My+2 i ons, ewhediBént dherCi@ swapu eorafrisn 29 o HRendoppest of tian Xviahd Ypbe 0.5, that
is, each Ngrdugﬁs&ﬁu;5ﬂo'4é%xe%ercm%ﬁﬁal:xcmw%wf,y groups. Those two hydroxy

groups nmay be on the sane or fferent nolecules. If the value of nis
| ess than 0.5, Immngthprnwlzoétr@gt t)ﬁéﬁtatthPét yRprto 298 and sughEi€TR0OHE WO 03/ 044138

PCTI US§2/ 2Q45afk QiR 1@5L5d B8IS pblo@h o£ BN Bldey YrdaBdibichlas 268G 3o My ions. | f
the value of n is greater
mole percent of the X and Y groups.
In an embodiment in which m is non-zero, Y is at least in part -CH;- and
such -CH,- groups comprise 10 to 55 mole percent of the X and Y groups, such as
25 to 45 or 32 to 45 mole percent of the X and Y groups.
20 In another embodiment Y is at least in part -CH,OCH,- and such
-CH,0CHS;- groups comprise 5 to 20 mole percent of the X and Y groups, such as
10 to 16 mole percent of the X and Y groups.
The above-described compound is, as mentioned, typically a magnesium salt
and, indeed, the presence of magnesium during the preparation of the condensed
25 product is believed to be useful in achieving the desired ratios of X and Y
components described above. The number of Mg ions in the compound is
characterized by an average value of “n” of 0.1 to 1 throughout the composition,
such as 0.2 or 0.3 to 0.4 or 0.5, or 0.35 to 0.45. Since Mg is normally a divalent ion,
when all of the phenolic structures shown are entirely neutralized by Mg*? ions, the
30 average value of n in the composition will be 0.5, that is, each Mg ion neutralizes 2
phenolic hydroxy groups. Those two hydroxy groups may be on the same or on
different molecules. If the value of n is less than 0.5, this indicates that the hydroxy
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than 0.5, this indicates that a portion of the valence of the Nglzuurggqms
satisfied by an anion other than the phenolic structure shown. For exanple
each My ion could be associated with one phenolic anion and one hydroxy
(OK) ion, to provide an n value 5 of 1.0. The specification that nis 0.1
to 1.0 is not directly applicable to overbased versions of this materi al
(described bel ow and al so a part of the present invention) in which an
excess wiooMusos anot her netal can be present. It i BCYRW&?®E00d that in a
sanple of a | arge nunber of nol ecul es, sonme individual nolecules may exi st
"whi ch deviate fromthese paraneters, for instance, 10 there may be sone
nol ecul es contai ning no R groups what soever. These nol ecul es coul d be
considered as inpurities, and their presence will not negate the present

i nventi on goupsarglesshdnvomplejelyr iettyali¢ealrhy Mg ivos. olf kthy velie obmisgraaist i al naj ority)
of the h%rgbl Eetﬁw mdlcape,g %&b Orbdnlolr 88 vRAERe %Etgg g/]%QEASl??QUSf-EB ‘5%' gbove-descri bed

conponent conblnlng ap substituted by the
above- descanlbxeoihdﬁ‘thagrtbmwemhpHtrﬁ@rrﬁmoﬁ'ehﬁﬂleexempla%LME:@“GP“MPWrral dehyde and

magnesi um %6c%ed%1mggﬁe%b%m%@ﬁeqi?r W@H)ﬁﬁ?—fbt&é@de aﬁ(ﬂrirdlhé ions, in the

presence of "a cata anmount of ong, bas reac ive

equi va¥ ent ef b9 Thﬁ%@ﬁ@ﬁ%@aﬁ his 0dded-Oaret REsaY 2arliseie© VFPE % ne, and
formalin E&ﬁoﬁ%ﬁHﬁ&hﬁ&faﬁ(deﬁﬁbﬂfuéromhaiﬂkwﬂ@:ﬂosttﬁ@fesémemuaﬁdn) i®?0 The rel ative
nol ar anounts of the gubstlt henol and the formal dehyde can be

i nport ant  MACh ABRACERS ALM8 PHHG %m CH TREYesi red structure and properti es.
In a typical amodncmsn)bd tHahén 8 ubaple bfihdatgphemodr omgbldculesrmbuiehyde are

reacted in ivalent ratios, of. 1:1.to0. 1: 1.1to 1:2.9
or 1:1.4 tB"dT’1 algmol tlef Ty $Xist Whigh %e%gth%nﬁw%rnp%mgt%ng&gnsﬁaén% there will be
about 1@ 2: iheaqnny\balsem melxmsormdlm%ndbrgmllpdwh%mever (Theee meleduigal ent  of

for mal dehy (g4 b SORRLAS L hSUEOLLRAOBE, Gllerar 0 WPllsedne cui val ont

of phenol TI'S con3| ere e one nD 0 he strong base can be
sodi um hydinyxitige sorlongotsatbe mmnny@%zmréﬂy M“éﬁ@“alb’éalg‘%fﬁ)pﬁ & in an aqueous

sol uti on. g{mc@gs%%%oﬁﬁ&uggaﬁqgg&g{bg@l by conbining the above conponents
with an ropri at e apount of magnnem um o&<h§le of OlIlm hydr oxi de

with heating an']a‘e %bPYf‘r?"ls‘H@ed FOTRROPERS FEN BF, PFFPAR ﬁ%}?l?ﬂm%l |p §1° ot her di | uent
oi | cap beginghidday the apsvedbsdabedl RY gronp with|fernntabliyide toy aodoutchef conponent's.  An

g(é-(lj-ll Usggfllzéff%leld&gae salrjxg hma?g%es?urr]n aolm%g hocgl mg’g%es%um hy%rom%g §1der rcgé{vg 44138

conditions, in the presence of a catalytic amount of a strong base. Common reactive
equivalents of formaldehyde includes paraformaldehyde, trioxane, and formalin .
For convenience, paraformaldehyde is can be used.

20 The relative molar amounts of the substituted phenol and the formaldehyde
can be important in providing products with the desired structure and properties. In a
typical embodiment, the substituted phenol and formaldehyde are reacted in
equivalent ratios of 1:1 to 1:3 or 1.4, such as 1:1.1 to 1:2.9 or 1:1.4 to 1:2.6, or 1:1.7
to 1:2.3. Thus in one embodiment there will be about a 2:1 equivalent excess of

25 formaldehyde. (One equivalent of formaldehyde is considered to correspond to one
H,CO unit; one equivalent of phenol is considered to be one mole of phenol.)

The strong base can be sodium hydroxide or potassium hydroxide, and can
be supplied in an aqueous solution,
The process can be conducted by combining the above components with an

30 appropriate amount of magnesium oxide or magnesium hydroxide with heating and
stirring. A diluent such as mineral oil or other diluent oil can be included to provide

for suitable mobility of the components. An additional solvent such as an alcohol
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can be included if desired, although it is believed that the reachhOReEByns
proceed nore efficiently in the absence of additional solvent. The
reaction can be conducted at roomtenperature or at a slightly el evated
tenperature such as 35-120C, 70-110C, or 90-100C, and of course the
tenperature can be increased in stages. Wien water 5 is present in the
reaction mxture it is convenient to maintain the mxture at or below the
nor mal B P43380i nt of water. After reaction for ZCTYPLAHPE tine (e.g., 30
mnutes to 5 hours or 1 to 3 hours) the m xture can be heated to a higher
tenperature, typically under reduced pressure, to strip off volatile
materials. Favorable results are obtained when the final tenperature of
this stripping step is 100 to about 150C. 10 such as 120 to about 145C.
Reacti on uffIeF inchidedi§ Aesired. althoughsis is belisser that Shpdeaction mayIrgeesdsnie to a product
whi ch has gfitiehtBlinWR) 3bséticg Bf SdanioR tsolfént.- T eadtds lchd beeddnd@tawps, that is,
10% 12% and even 15% anﬂ@glr e%ter. Such natgri%i%%a% d as
det er gont SRR PRBFTIEER Hd S ELIH SRRy e At Sy 0 R i st on
cl eanl i neser 99eI0DAT, nad 6fcoulsOiive GrpBlatuiecat b¢ ihaxdasedin seages. Goled waeapati bility
with seals. Use of.nmetal s other .than nesium._.in.the s hesis typically
leads 1o ai*PEATE 1 Bher R RS LT aP s R et Pine ™ B dins. sal i oyl at e
sur f act ant the nerewl bailirgpoint ofawetee. Mittrheacton fbraseitdbleadimantay., Bémimges sul furi zed or
SubLur: Zedio SRy 108 LR S kol Ul hefkaBR% Ui RNIAAAS L1 0N 20

l e, el ow

substituents, Tor exanp s discussed | 'Tor phenates. Processes
sim|ar totypicltysmderaeduesdnaessuse tosirimef vaiatideondierialss Eavorable rewltf W i zi ng a

hydr ocar by L ghiswhdnthe flnal S@hdefarird 6f @f! sthippRP GteB i€ 104! abkin AW 0 t hose
skilled in the art. Salicylic acids are "typically prepared by the

car bol&/I at fushas 170 te pheutd#Pte- Schimit process, of phenoxides, and in that
case, W || genaleattoy uhger Ak @hiiG6hs(dBFba dbyvel tpitallilbdde e A plobuct 25 admi xt ure
wi th uncarb x}}/hat ed phinol . Cal i xar %@es such as sa ixai‘f‘}ﬁ? i.e. salicylic
cal i xar ene¥igh has 4 1elatyrhpigh confepil s GRGSSUpHtugp £rofs. gt 33 0% 2%t o | ubri cati ng
oi | s. Sal i anddven t3h iandgresntas Susteimateridls) whehussd endessagenarin iubgitatide t hose
described in US.Patenpt. .6, 9368 .| t e lLubri zol rp i on hereby

i ncor por at ea ptl‘)g?u?@f %’rragtr)fgeg%ggrupge?spx%t%nagﬁlgnﬁlaess% ?55[! oﬁaélfeér ?gdeg@%sti tuents in
oi | - sbi ubl eormsibi.epdl igeod @uipelidility with wialsc Uss of inetgls athersthinnmagaeson dance with t he

| nvention H{E%T g@%ﬁ% it%%lfgegds}tgeaa%%rj ﬁ%ﬁ@&&t&?gf gﬁ%&gﬁ@éﬁﬁ in the

di scussi on phieno -substitute cylic acids, the
al kyl 31 28®uEEB 2006

Salicylate surfactants used in accordance with the invention may be non-
sulfurized or sulfurized, and may be chemically modified and/or contain additional

20 substituents, for example, as discussed below for phenates. Processes similar to
those described below may also be used for sulfurizing a hydrocarbyl-substituted
salicylic acid, and are well known to those skilled in the art. Salicylic acids are
typically prepared by the carboxylation, by the Kolbe-Schmit process, of
phenoxides, and in that case, will generally be obtained (normally in a diluent) in

25 admixture with uncarboxylated phenol.

Calixarates such as salixarenes i.e. salicylic calixarenes are also useful
compounds to add as surfactants to lubricating oils. Salicylic calixarenes useful in
this invention include those described in US Patent 6,200,936B1 to the Lubrizol
Corporation hereby incorporated by reference for its teachings.

30 Preferred substituents in oil-soiuble salicylic, acids from which salicylates in
accordance with the invention may be derived are the substituents represented by R
in the discussion below of phenols. In alkyl-substituted salicylic acids, the alkyl
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WD 03/ 044138 PCTI US02/ 20750 groups advantageously contain 5 to 109;, FE
preferably 9 to 30, especially 12 to 20, carbon atons. G| of Lu rica?izrqog?
Viscosity The lubricating oils used may vary significantly depending on the
final use 5 of the oil. SAE 5 or 10 to about 70 are typical of the oils
used in various internal conbustion engines of various designs. Mrine

di esel applications typically call for the higher viscosi toy oils to

provi deW® ®M4tRer [ ubricating film Wile multigra8€VBi%275%r e desirabl e
where the. oil needs to provide lubrication at higher use tenperatures
along with | ow energy consunption at cold starting tenperatures, marine

di esel 10 applications tend to use a single grade oil because the engines
are subject to mnimal cycling on and off and run for extended periods of
ti me when axqes advaptaggously £ongain fip t1P¢rraeferaldy |9 PB30ueweriallyeditt28iy it has a
viscosity LpdeXomf at least 90, nore desirably at |east 100 and preferably
at least 110. Desirably the |ubricatij n%.oi | basestock for marine diesel
appl i cati ons has a ki nenat Qi of Lubgieating Viscosi§o c (as measured by 15 ASTM
D44]§) OL | at |e@ﬁ$ Iuﬂ»ﬂcaﬁﬂ’é‘bi%s&ts&kﬁﬁy vy ﬁkﬁﬁﬁhﬂydqiendimt?&finﬂaﬁﬁi Isto]|c<es, nor e
preferably in the r e rom.16 to 30_.centisokes, for. exanple from16 to
25 ceént i el Sﬁfgggﬂb&%%?‘?t?aaﬁﬁymﬁ%ﬁf ﬁ‘g ogwsegé'h\‘?aéﬁﬁ lg%—inlaﬁgi | or bl ends
t her eof usw@hbisfion engires oalarioerdetigtsi Meriendjesebappliation typidally cdifbr Often f or
cost reasops,.the oil.is 20. ? er i ved I I#gqoil (e.qg.

di stillation BIoEIEY c,’ﬂsg% Iﬁwggs)ggm%gp %H?gﬁl{éc as‘,?t}?J g%ﬁ% di@%}lsg base or a

m xed bas eroildsirablhwhére beioflanaedsde provide dupriestion [gbhiglhep nectompestiiresray be a bl end
of petrol efm, dgt ¥GAeMkdySco AU bEhA Gtaﬁ'n% SempRlahfds! A hivsel heE _

| ubricating Gi | may Be 2 synthetic lubricating oils such as synthetic ester
| ubr il®at i regplicstions tendytvese 2jsinple grage piklppoaiss e epmites ag fuliest QIWHM4t e hydr ocr acked
oi | s wher et dnefddndth thd2n REOGKEREed pbiibdiest Bhe ke efemhodaled ddl e and heavy

distillate fractions in the presence of c[%df ogen. Li qui d. abll)?_ha ol efin

pol yrer s nyitisiedepilipussd,desighly fihps yyiscopity ipdgp o # 25t 20 YR U7y opsch oi | s

can be used 1dast 1b0end proreiablgnt leasBriilghDsdi@li thetlytpicatiiglojl bahaciafot er i zed as

sol vent - extract gd,, de-.asphal ted .products fro | typically

havi ng a KP g5 mp&@ﬁ@qst S& 6@%00"1‘“?5%%#1 fé&%%@c%eﬁﬂr%wes may al so

30 belsusedASTMeD446hof atdedst b canbigokenviefeiatly ablley Ioagenisiikbydeorzonvent i onal

addi tives |ikenydeYR! BRI & gl 6% 56 Bhisordd, $60ahleTRE 16 &85 anti oxi dantss,
addi t1ves

extrene pressur
centistokes.

The lubricating oil can be any conventional oil or blends thereof used in
internal combustion engines for a lubricant. Often for cost reasons the oil is a
20 petroleum derived lubricating oil (e.g. distillation products), such as a naphthenic
base, paraffinic base or a mixed base oil. The lubricant depending on the applidation
may be a blend of petroleum derived oils and synthetic oils. Alternatively the
lubricating oil may be a synthetic lubricating oils such as synthetic ester lubricating
oils. Other lubricating oils that can be used are hydrocracked oils where the refining
25 process further breaks down the middle and heavy distillate fractions in the presence
of hydrogen. Liquid ﬁlpha olefin polymers may also be part or all of the lubricant.
Fischer-Tropsch oils can be used in the lubricant.  Brightstock, typically
characterized as solvent-extracted, de-asphalted products from vacuum residuum,
typically having a kinematic viscosity at 100°C of from 28- 36 centistokes may also

30 be used.

' The lubricant of the invention also can include conventional additives like _

detergents, dispersants, viscosity modifiers, antioxidants, extreme pressure additives
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24 FEB 2006 WD 03/044138 PCTI US02/ 20750 (antiwear additives), foag& F
inhibitors, corrosion inhibitors, etc. that are well known to th EB 2006
| ubricant art. These additives can be used in conventional anmounts. In one
enbodi ment, the lubricant of the invention contains an antifreeze agent to
prevent freezing of the water conponent. The antifreeze agent is typically
5 an al cohol. Exanples include but are not limted to ethyl ene glycol,
propyl eMO B | net hanol , et hanol, glycerol and MCHUSPEE™S®f two or more

t hereof. The antlfreeze agent IS typically used at a concentration
sufficient to prevent freezing of the water used in the lubricant. The
concentration is therefore dependent upon the tenperature at which the

| ubricant is stored or used. |In one enbodi nent, the 10 concentration is at
a level of (afweapadditinge). e IRbiNES, Gorosion dWbiH. ethahiisreghell BPWRhe wat er- f uel

emul si on, mluwh@wmdhm%s@h@ahse@uﬂcoh%namuamcﬂﬁ% by weight, and in
one enbodl ment aboutewg cgqnto % E t 10%@/ shown |n the follow ng
exanpl es the ud® %9f cHGPEmentqthe fybicsns of s‘ﬂﬁ‘ﬁ‘ a%mrl@% IaRifEEBr i cating oi
Sl\lﬁes not r egul tb pmerarir;e]gﬁngﬁmﬁd Wadtcompane@b iThe hr}hfﬁéz(étalg@lﬂis tfl;ﬁéally 15 tge bases
en the te rature of t i] exce 1 er .my be

evapor:gtl n§' hé) f &FPPRIS ‘Qﬁ'll% {’uétaée ﬁg"’flﬁg ¥ c?fh§ en ﬁ@fﬂi’t pr?ﬁy &t er may be

si gni fi canglysol, metbanot, heginnélhelyemeiuamt mintutels eof fteo mutl mdre diereobarTihee cyl i nder

| ubri cants ] I r|ne engi nes

aftifrgezd %gé?u }S’I%J&'h P H?efi%pg%céﬁg%{%&% stHcﬁgt th ‘é‘ﬁevéﬁ ’fr‘@é‘zﬁl& o

in order to provi an
det er gency ﬂﬂmtenéiﬂimmeé@tﬂpm de @mq@h@tmos é.lelle@tef @pm@ntdﬂn@n Whg t he

conbust i Ontcm-';;ér‘i’tq{’ct mombh trfarmeaﬂtl BRrdSE Quer BRsRd Hbemagnhs for acid
neutral i sation. The ol I owi ng exanjla describe a water in |ubricant oil

emul si®n, W‘I‘F‘E‘Hat&@‘éé atl@d‘*?’el of ‘§°§8Ia@‘é‘él 4% bY Meishihagad gsrbesweistkefHfhPs a wi del y

used and noAECKPIRRGIIR, QﬂS@ond@Qﬁodﬁ@M'agodﬁﬁqtté Moub% Bewagdtdsdf or med during
the conbustion in a nore e({r h &’V@’ than 25 the overbased detergents,
whi ch woul & 9RHEFPRRAImSHzboRk ‘?1’6?70 Vfi€rarine cylinder |ubricant and

reduce the costAschowhin th@foﬂTU\bﬁhgleminple'Ehl&a @xaﬂwhteﬁsoaib&ma@esmiabe t he
enul sifier ar.at i ter. l.n oi ng}l sion. These

enul sifier goglslgullagrgftén& °1p41°f$F%6?53 {n()antyl,iségnﬁ c\é\rﬂ l?séa}?ﬂlgf RPUFES Gt er gency.
Sol ublk® Bathe bkscampérethe 3hpédrtuey ofi the ail bxoemsllgomhemmthbmam gy b20 %W/ w KOH

agueous so| %(% &{}l.g a? ; \f%aér{)%'g_!dmgtgv 3.11datﬁ'edtotaj3 Q %1‘{/“}"’0 terfn%lil T s%rtulﬁgantlm re prepared.

The oil for
' less than the amount in the formulation.

Marine cylinder lubricants are used in marine engines including two stroke
marine engines in order to provide lubricity, antioxidancy, high temperature
20 detergency and neutralisation of sulphuric acid formed during the combustion.
Traditional formulations use overbased detergents for acid neutralisation. The
following examples describe a water in lubricant oil emulsion, which uses KOH
dissolved in the water phase. KOH is a widely used and non-expensive base. KOH
could neutralise the acids formed during the combustion in a more efficient way than
25 the overbased detergents, which would improve the efficiency of the marine cylinder
' lubricant and reduce the cost of the formulation. The examples also describe the
emulsifiers used for the preparation of the water in oil emulsion. These emulsifiers

could also contribute to the high temperature detergency.

Soluble Base Examples

30 Water in oil emulsions containing ~20 %w/w KOH aqueous solution (35
%KOH w/w) and ~80%w/w oil formulation were prepared. The oil formulation
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2 4 FEB 2006 WD 03/044138 0 .contains 1 - 2 % w emul sifying surfactants, -
2% w w di spersant, - 3 %W w antioxidant, - 1% w aliphatic sol veht %&mzm&
- 93 %W w SAE-50 oil. The emulsifiers play an inportant role in the

enul sion preparation and storage stability. The first enulsifier of a
blend of two enulsifiers used to prepare 5 the exanples was a

Pl BSA: EG DVEA, pol yi sobut enyl succini ¢ anhydri de: et hyl ene gl ycol :dinethyl
et hanol V3138 2 1: 2 (eq). This enulsifier has a KCHESBBIEEUl ar wei ght
pol yi sobutyl ene chain (--1500MN and a |ow HLB. Enulsifier two was a co-
enmul sifier. HDSA: DVEA, dodecahexyl ene succinic anhydride: dinethyl
ethanolamne 1:1 (eq.). It has a | ow nol ecul ar weight and a high HLB. The
10 structures of thg%?‘g enulsifiers are presented below o0 1 1-10
1- 1~- ~0) PIBERE W emsime)\ syriRqantsH3 3 /% dispgrsagt, WGP FV/PCT/ US02/ 20750

0 PrBSA: EGaﬁhﬂMahDSAg’Mﬂlphéﬁc%o&erR afi g 93(_%1u/& shegphiEmul sifiers Used in
t he Laboratory c‘lnuf ﬁure of ter{ Nar LlFbrl cating Q| Enul sion The
“erther p&%s@dmf%’%rﬁgtﬁ eaf | ‘T‘TﬁTnQ 1Y iPFrgaraTc @t rat e or

enmul sifiers can be el
coul d be distosage Isybiutyséﬂlb\ﬁ@demuimﬁhmfsmnaef twd emxﬁﬁ@fusecma»l;mpfateers coul d be

used fa@r f br catl i nmul si ons. The
wat er / g&l’l n%'e?g& @Qﬁv?sé%f‘%slﬁl Edﬁ&% lso uteré%é?% nfoﬂﬁﬁlgﬁ %%ﬁ'f’rﬁi n a

di sper sant gl)icplkémﬂﬂBSPthﬂfEPﬂmna— §aq}; dﬂmteeszﬁﬁes titscd Kigtc molecular _
e D RaR e o0y s A AL AL GREL. |

cal ci um dode enate_sul on coffposition is
present ed €AY }'e HDS Dl\/ﬂ-“_'.A dodecahexylene succnuc anhydnde dimethyl

ethanolamine 1:1 (eq.). It has a low molecular weight and a high HLB. The

10 structures of these two emulsifiers are presented below.
o]
I l :
\ A /\/E(CHa)z
PIB—— CHs Hs o -—-PIB CigHay—— °
04 /cu;. o
lf e
0
15 PIBSA:EG:DMEA HDSA:DMEA

(=2:1:2 (eq)) (=1:1 (eq))

Emulsifiers Used in the Laboratory Manufacture of
20 Water/Marine Lubricating Oil Emuision
The emulsifiers can be either dosed through an emulsifying concentrate or
could be directly dissolved in the SAE-50 oil. Other emulsifiers could be used for
the preparation of water/marine lubricating oil emulsions. The water/marine
25 lubricating oil emulsion generally also contain a dispersant, like PIBSA:TEPA, a
polyisobutenyl succinic anhydride:tetracthylene pentaamine -3:1 eq and an
antioxidant, like calcium dodecyl phenate sulphide.

An example of emulsion composition is presented in Table 1.
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0 H(CH C16H31 34 2 "4 FEB 2006 WD 03/044138 PCT/ US02/ 20750 Tabl e ]2:"!. If:)égr%be
of water/marine lubricating oil enul sion Deionized water Sea-wat er 6
| ngr edi ent based enul si onbased emul si on %W weav w KOH7. 007. 00 Dei oni sed

wat er 13. 000. 00 Synthetic sea water0.0013.00 , C9-Cl6 de-aronmati zed

petrol eunl. 121. 12 distill ate HDSA: DMEAO. 310. 31 PI BSA: EG DMEAL. 191. 19

Nom nal |y 1000 MAML. 671. 67 pol yi sobutyl ene grafted onto succinic anhydri de

( Pl BSA) W23044438t her reacted with a m xed tetraet hyPERYPRAYAN ne (TEPA)tO
form an am de Pl BSA: TEPA=3:1 e A dispersant Cal ci um dodecyl phenate2.742.74
sul phi de SAE-50 oil 72.9772. 97 Table 2: Sea-water Conp osition (ASTM
D665-98) Sea-water (g/l) Ingredients NaC 24.54 M Cl 2. 6H2011. 10

Table 1: Example of water/marine lubricating oil emulsion

Deionized water Sea-water

Ingredient "based emulsion based ernulsion
%w/w %wiw
KOH 7.00 7.00
Deionised water 13.00 0.00
Synthetic sea water 0.00 13.00
«C9-C16 de-aromatized petroleum | 1.12 1.12
distillate
HDSA:DMEA 0.31 0.31
PIBSA:EG:DMEA 1.19 1.19
Nominally 1000 MW 1.67 | 1.87
polyisobutylene grafted onto

succinic anhydride (PIBSA) and
further reacted with a mixed
tetraethylenspentamine (TEPA)to
form an imide PIBSA:TEPA=3:1
(eq) A dispersant

Calcium dodecyl phenate 2.74 2.74
sulphide
SAE-50 oil 72.97 - 72,97
Table 2: Sea-water Composition (ASTM D665-98)
Sea-water (o
Ingredients
NaCl 24.54
MgCla. 6H20 11.10
Na2S04 4.09
CaCly 1.16
KCl ' 0.69
NaHCOs 0.20
KBr 0.10
HsBOs 0.03
SrCla. 6H20 0.04
NaF 0.003
5 The potassium hydroxide solution is prepared by dissolving 35 g KOH

pellets into 75 g of deionized water. This solution is not saturated. Synthetic sea-
water can be used instead of deionized water (prepared as per ASTM D665-98) but
then the solution becomes saturated at this concentration of KOH.
The water/marine lubricating oil emulsions can be prepared either i) via a
10 concentrate, which contains a solvent and two emulsifiers or ii) via a method which

uses the solvent and emulsifiers dissolved in the oil. Initial samples were prepared
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Na2SO44. 09 Cad 21.16 KCI 0.69 NaHCG30.20 KBr0.10 H3B030.03 SrCl2.6 20 g
NaF0. 003 5 The potassium hydroxi de solution is prepared by dissol %E 520%6
KOH pellets into 75 g of deionized water. This solution is not saturat ed.
Synthetic sea- water can be used instead of deionized water (prepared as
per ASTM D665-98) but then the solution becones saturated at this
concentration of KOH The water/marine lubricating oil enul sions can be
preparedv@3toeis i) via a 10 concentrate, which coRCaUsm2e56ol vent and two
enmul sifiers or ii) via a nethod which uses the solvent and enulsifiers

di ssolved in the oil. Initial sanples were prepared 35 2 "4 FEB 2006 WO
03/ 044138 PCTI US02/ 20750 via a concentrate while later sanples were
prepared using a solvent and the enulsifier dissolved in the oil. i) An

enul si fyi ngﬁaczomaturaat @hilen iatep r spipplee cheldy prepaédn gsiigne solwventsandf thet ants with a

sui tabl e ali \ This concentrate was then m xed until 5
V\Elfe%] dfsfs]étls)cd 11? the V\}n

cIm .
honogeneous ich contains a dispersant and an anti oxi dant.

The concent r at @) An emblsifyirg caneentyateevaymreghred by mtixingthis dwk ewrfactentohi ch KOH

sol ut! on vesy 24eeMe Wil SoNER, Vahis! DRReIRAGE! Al miea it NULES USING a

hi gh shear eV| ce, verson or a Turrax mxer. 11) The
emul si¥vyi n@ormzprfea@et with gheagily which repteing a slispereant andogn pdioxiflaned et h the 10

oil, di SIOeEo%@é?l&at@Q%ﬂam;dtur&%&é%ﬁghwmtooa{ Géaﬁé? t@'whmﬁ RIOBRltloR ag Thi s oi |
forrrulatlonls wei ghed into a beaker to which KOH solution is added. The

m xture i saddpnt '?H@éi“‘é‘ﬂwasftb"r“ earedgfors? yftBIBWESYSHG 2hish YA SR devi ce, such
as a Sil veg&mgha(mlvarsa'mrraq)grrmmgar (e g. rotor stator). Emulsion Stability

A TR VAN R CERTE R R
phasel@and eii) dpdrsant and anti-oxidant to form an oil formulation. This oil formulation is
weighed into a beaker to which KOH solution is added. The mixture is then sheared
for 3 —~ 6 minutes using a high shear device, such as a Silverson or a Turrax mixer
(e.g. rotor stator).
Emulsion Stability
15 Water/marine lubricating oil emulsions were stored at room temperature and
65°C in order to assess their stability against separation into a water phase and an oil
phase over time. Stability was assessed after 7 days at room temperature, 7 days at
65°C, 28 days at room temperature and 28 days at 65°C. Emulsion stability was
semi-quantitatively evaluated by %v/v separation of oil, oily emulsion, band and
20 water. The presence of a separated water phase is considered particularly
detrimental. Examples for emulsion stability are shown below. The emulsion ratings

are reported after 7 and 28 days at room temperature and 65°C.
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phase over tine. Stability was assessed after 7 days at roomtenperature, 7
days at 65C, 28 days at roomtenperature and 28 days at 65C. EnmuRsi ¢ps 2008
stability was sem -quantitatively evaluated by %/v separation of oil,

0i ly emul sion, band and 20 water. The presence of a separated water phase
I's considered particularly detrinental. Exanples for enulsion stability
are shown below. The enulsion ratings are reported after 7 and 28 days at
room t eNYSEPA#48e and 65C. 36 2 4 F E B 2006 WD 03/ BEEA8B26%/ US02/ 20750
Tabl e 3: Enulsion Storage Stability Emul sifying7 days at roomtenperature
%/ v7 days at 65 C %/v surfactants Enul si on( %W w

I noi | yoi | BandWat er O | yG | BandWat er enul sion) Prepared withl 50

del oni zed' 00001220 water Prepared wi thl' 50 synthetic100020180 sea-water 28
days at room tenp er at urf@abied:vR@utsiorn Storag@bSiabilly v

O | yO | BareWateOto--BandWat-er—Prepared—w-t p—1-—-00021.02420- delonized wat er
. . X E d Uve .
Oly = pil richypiage: 72y atioom Ignperaiio TV, oot IS ZRE BN ot i om—resul t
from t heemgledi np@vaini onf aaf  eomll Si{Gknd pa!rwatecl 2 Gily ol Band | Water
emulsion)
Prepared '
with
delonized | %0 0 0 0 0 1 2 2 0
water
Prepared
Wih 1 4s0
-| synthetic ’ 1 0 0 0 2 0 18 0
sea-water
28 days at room temperatura {%v/v) 28 days at 65 °C (%viv)
Qily Qil Band Water Qily Qil Band Water
Prepared
with
delonized 1.50 0 2 i 0 2 4 2 0
water ’

Oily = oil rich phase; oil = clear oil; band = coarse emulsion, results from the sedimentation of
emulsion particles

A series of tests were performed on water/marine lubricating oil emulsions in
order to assess their behaviour at high temperatures and when in contact with
sulfuric acid.

High Temperature Behaviour

10 In practice, traditional marine cylinder lubricants experience temperatures of
100-300°C, when in contact with the cylinder walls. The behaviour of water/marine
lubricating oil emulsion at high temperatures was tested using the test cell shown in
Figure 4. This test cell consists of a heater finger, which can be heated up to 350°C
using a Burotherm. A stainless steel panel fitted on the heater finger. The pauel and

15 heater finger are placed in a glass cell. The formulation to be tested was dosed at the
required rate onto the heated panel with the help of a small tube attached to a
peristaltic pump.

The behaviour of water/marine lubricating oil emulsions was tested at 100,
200 and 300°C and compared to the behaviour at these temperatures of a standard

20  marine cylinder lubricating oil (shown in Table 7).

Table 4 presents the results of the high-temperature tests performed on the

water/marine lubricating oil emulsions and the standard oil. The TBN of emulsions

before the test and after the test (material accumulated in the test cell sump) were
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Test Results

enul si on1000.
enul si on2000.

ggest that the
existent in

H gh Tenperature
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1100069. 969.9 D

’?estt%ﬁ ?raﬂﬁ'\‘ @Ul ST OT LTBNU ter—the
of ‘emnul si efore tﬁe t WHTBGRre W GRS
a;gga (TATOUORgMET €7 1 0359 ar@4,
Q L | 5 _Talle 4:
SN FmISLS ¢ iotgnper at ur e - (g) TBN|CES Bef|SP-2Af
0BaAkA. 064 &oSM/enuIS|3m100064.6 806 Stlaggar
0769 N7
(‘m’em‘dr{ ion” | © 200 0.0097 63.0 70.2
SW emulsion 200 0.0253 64.6 69.5
Standard 200 0.0002 69.9 69.9
Dl emulsion | 300 0.0460 63.0 732
SW emulsion 300 0.0468 64.6 69.8
Standard 300 0.0019 69.9 70.1

Abbreviations: DI = deionized water; SW = synthetic sea-water
*Am = panel mass before hot test — panel mass after hot test

10

Neutralisation of Sulfuric Acid

The efficiency of water/lubricant oil emulsion in neutralising sulfuric acid

was tested using two methods: a beaker neutralisation and a high temperature

neutralisation. The latter used the same test-cell as shown in Figure 4.

15

Beaker Neutralization

75.15 g of water/lubricant oil emulsion was weighed in a beaker, 2.25 g of

sulfuric acid (96 % w/w) was then added to the beaker. The mixture was sheared for

5 minutes using a high shear Turrax mixer set up at 24000 rpm. The TBN of the

water/lubricant oil emulsion was measured before and after the test. This test was

repeated using the standard marine cylinder lubricant described in Table 7. Table 5

20

efficiency of the standard oil in neutralizing sulfuric acid.

38

presents the results of the beaker neutralization test. It can be seen that the efficiency

of water/lubricant oil emulsion in neutralizing sulfuric acid is comparable to the



SW enul si on2000. 025364. 669. 5 St andar d2000. 000269. 969. 9 DI 24 FEB 2006
emul si on3000. 046063. 073. 2 SW enul si on3000. 046864. 669. 8

St andar d3000. 001969. 970. 1 Abbrevi ations: DI = deionized water; SW=
synthetic sea-water *ern = panel nass before hot test - panel mass after
hot test Neutralisation of Sulfuric Acid 10 The efficiency of

wat er/l ubricant oil enmulsion in neutralising sulfuric acid was tested

usi ng t WP ¥OI¥ds: a beaker neutralisation and a hiF§AUBSEAPEP at ure
neutralisation. The latter used the sane test-cell as shown in Figure 4.
Beaker Neutralization 15 75.15 g of water/lubricant oil enulsion was

wei ghed in a beaker. 2.25 g of sulfuric acid (96 %ww was then added to
t he beaker. The m xture was sheared for 5 minutes using a high shear
Turrax mxer set up JeblmEsakgrileatralizain desttApsult@at er /| ubri cant oi |

enul si on was nmeasured beforgTgRd af terT The /el or 111 5| test was . repeat ed
using the standard nmarine cylinder lubricant described in Table 7. Table 5
20 presents the restATRieof fRBefdRaRBer neullewralizalionon test. It can be seen
that the efficiencyp éﬁ’”'ﬁgﬁ PB4 IsUD 'nggn galtemursion J n neutralizing
sulfuric acid is cjonparahlelto the ef Im ency of the| standard oil in
neutralizing sul fur$tangadd. |3842' h3%EE 8606 WO 03/ 044138 PCT/ US02/ 20750
Tabl e 5. Bag®ittioNeDTTdaiblizéwatednN 1€t Results IBNRate o
Sanpl eBef oraAbf Rublatiiation + dabi n% dDBN eaul si on64. 533. 36. 3 St andar d70. 437. 66. 6

Abbrevi ations: DI = deionized water Rate of Neutralization = dcxox / dt =
dTBN I5dt 5 High TerrperatHrgﬁ’INmpbxraalrbNaiﬁﬂIzaﬂ“m test set-up shown in Figure
4 was used for ?S|tng g e ef ICI d wat er./ | ubr i %Qé‘ (%I| emul si ons
in neutralizin T‘ 77E 8 guI"'Fot teﬁ%erf”ﬁsfeé%ng &10%aReT was heated to

100C. As smaterllab;ndahu a1 ¢rarigh@rs dnt nﬁuaalmg sofacheeid at hbteemﬂaemmurga‘ The
panel was heated to 100°C. As soon as this temperature was reached, the flow of

water/lubricant oil emulsion was started through Inlet 1 at 1.67 ml/min. When the

10 emulsion covered the panel, the flow of sulfuric acid was started through Inlet 2 at

0.05 mlUmin. The water/lubricant oil emulsion was dosed through a 1 mm bore size

tube connected to a peristaltic pump, whereas the acid was dosed through a' fine

needle (21Gx35 mm), with the help of a syringe pump. The experiment was

repeated at 200 °C. The standard oil was also assessed at 100 and 200 °C. The

15 results of these tests are described in Table 6:

Table 6: Hot Temperature Neutralization Tests

Sample Test temperature TBN
(°C) Before After
DI emulsion 100 64.9 63.8
Standard oil 100 711 69.3
D! emulsion 200 85.2 47.7
Standard oil 200 71.1 58.0

The aim of this test was to mimic a real situation when the lubricating oil
20 meets the sulfuric acid, formed during the combustion, on th;: surface of the hot
metal cylinder walls. The results from Table 6 illustrate that neutralization of
sulfuric acid by the emulsion or by the standard oil was minimal at 100°C. At 200°C

the emulsion and the standard oil partially neutralized the sulfuric acid.
The tests performed on the water/lubricant oil emulsions showed that KOH

25 existent in these emulsions would not depo'sit on the hot cylinder walls and would

39




wat er/l ubricant oil enulsion was started through Inlet 1 at 1.67 m/min.
Wien the 10 emul sion covered the panel, the flow of sulfuric acid 2k sFEB 2006
started through Inlet 2 at 0.05 m/mn. The water/lubricant oil emulsion
was dosed through a 1 nm bore size tube connected to a peristaltic punp,
whereas the acid was dosed through a' fine needle (21&x35 m), with the

hel p of a syringe punp. The experinment was repeated at 200 C. The standard
oi | wasvwBf4a8sessed at 100 and 200 C. The 15 rePGrUSN2E975¢ hese tests are
described in Table 6: Table 6: Hot Tenperature Neutralization Tests

Sanpl eTest tenperatureTBN C)BeforeAfter DI enul si on10064. 963. 8 St andard

0i 1 10071. 169. 3 DI enul si on20065. 247. 7 Standard oi | 20071. 158. 0 The ai m of
this test was to minmc a real situation when the lubricating oil 20 neets
t he sul f ur ineutwbizalthe fsolfwrizchciduoineg dulieg derdombistion, These dobetusians fajgce of t he hot
metal cyli 6 ILLlustrate that

"~ neutral yza??%?]o}(()v?&h fo-f[llr}r?%ﬂ%:ge?él %6%/1 t%]égag%&mm“ubpcaﬁ‘gi the standard oil was
m ni mal at 100C. At 200C the RBolndsdingimedlest t he standard oil partially
neutralized thepghdsfyrd E]rtﬁ)glg%ed-r@%yﬂrﬁglt 2 Rl%{(é 015 %e&%&r{%@ Mgler/ | ubri cant

oi |l enul si ons showed that existent I n e enul sions woul d not
deposi £ on “RHE- 15¢ Bolncs areste towiflevsathg mbwog@teitmg qf tipeepdiffersy WO 03/ 044138

PCT/ US02/ 2Qyibldenaildtovad d Iﬁhctuhﬁerﬁ)bﬂ izl e GotaR@drdltebi QBB ) 11tk bRicdn§ COMbusti on.
These concl usi.ons are ﬁ %?F conparison work performed on a standard

mari ne oi | ‘SEBM BEhi, °a¢§cﬂ i sheinpelayerglpappmeterssare rafemsawkidy ged, 3

cylinder, # ﬂﬁS’&kte TlheDWoﬁnﬁﬁﬁtaﬁﬁbrﬁelardjbl%ﬂhcss Pati@ g ipiken nﬂgewﬁ@ nes engi ne
t est alloms t an tes ee di cylinder oils over

er
a 72 hour gl‘l odlsnefrvlvef‘rhgl sﬁ“ﬁﬁﬁél"ﬁhieecé' déégﬁmcﬁfﬂp Fert %? BiSPREHMSt i s tested
in tudd i ng@am, loydsi and ekirt@hd thh scagengingeport S ging kre pateBftEt1e4nSinds.€

rat ed/ meas %gq'elghplors;'bfsth& %ﬁés ISI‘Q%& Irﬁgs%re gtn;tnstgrp%g%\?‘vrf:escéeanl | ness

ratings, pistonTing wear, PAer wea ®of the
cyl i nder dFﬁlﬂﬁefsdéﬂ)FthWéﬂqéY@@ fS’nTBNn’LjAN ICP/AES, KV100.

Emulsion lubricant was tested in a Bolnes engine test, which only used one
lubricant/cylinder (72 hour test), Cylinder 1 used an emulsion lubricant at 100 %

15 treat rate, cylinder 2 used a standard marine cylinder lubricant and cylinder 3 used
an emulsion lubricant at 125 % treat rate. The reason for testing an emulsion
lubricant at 125 % treat rate was to allow a fairer comparison between the standard
lubricant and emulsion lubricant. Emulsion lubricant is composed of 80 % w/w oil

phase, hence at 100 % treat rate it will deliver less oil than the standard marine

20 cylinder lubricant. However, at 125 % treat rate, emulsion lubricant delivers 100 %
oil, allowing for a fairer comparison between emulsion lubricant and the standard

marine cylinder lubricant. The composition of the tested emulsions and the standard

marine cylinder lubricant are presented in Table 7.
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10 grooves, lands and skirt and the scavengi ng port clogging are rated for
cleanliness. The weight loss of the rings is recorded as a neasditef&l 2006
piston ring wear. The «cylinder drain sanples are analyzed for TBN, TAN,

I CP/ AES, KV100. Enulsion lubricant was tested in a Bol nes engine test,

whi ch only used one |lubricant/cylinder (72 hour test). Cylinder 1 used an
emul sion lubricant at 100 % 15 treat rate, cylinder 2 used a standard
mari ne MABAUER | ubricant and cylinder 3 used an eRGFEPBRPUbri cant at 125
%treat rate. The reason for testing an enulsion |lubricant at 125 %treat
rate was to allow a fairer conparison between the standard |ubricant and
emul sion lubricant. Enul sion lubricant is conposed of 80 %w w oil phase,
hence at 100 %treat rate it will deliver less oil than the standard marine
20 cylinder | ubr |'Eahle7 l:ubmnaats Tatedﬂﬁth%ﬁalm EngtneTeslmJI sion |ubricant

delivers 1 ||, atHo i pat 1 enul si on
| ubri cant a.f%e/d{ewg st andard Er}mroh ﬂ@ncéﬁyl Coﬁ)ent‘dﬁrﬁ'larl ¢ % ':gn H,}Ea fanposi tion of
the tested enul sions and tngysgandard | ((@Ednfe Cyl i |u rigant are
present ed [gpRTabt € 7. 40 2[ ApFEB 2006 WO 037/ 0441385 FPCI7/US027 20750 Table 7:
Lubr i cant s| Ddphkcd@aler’ t N€ BPI3peS ENQi ng .lest ' St angigggld Conventi onal

" Over -t r eaf Petrtiggmedivednt SEnu| g120n T ubri dant Mari ne %0 nder Emjl si on

| ubri cant PADSADWEBAI cant %W .3 OH/7. 005. § -Dei oni zed wapser 13. 0014. 4 Petrol eum
sol vent 1. 1PRBSNEGHRMEA: DVEAOL BB’ 0. 25 PI BSA: EG DVEA1] 1.80. 94 Pl B$A: TEPAL. 671. 34

cal ci um do|diBSATERhenat e 2. [/#67. 19 - 1.34
calcium dodecyl phenate 2.74 . 2.19
sulphide :
Conventional additive - 20.75
package
ESSO 600SN 36.49 57.06 37.19
ESS0 150 BRIGHTSTOCK | 36. 49 22.19 37.19

R A T Ty e R bl [ T WY S T R A E G e e T B G T e e
Cylinder Number 1 2 3
Treat Rate in the Bolnes
| Engine (%) 100 100 125
TBN delivered at above 70 70
treat rate (mg KOH/g) 70

*CAS#64742-48-9 viscosity 2 @ 25 C and boiling point @ 185 C

5 Analyses of the drain oil samples

Eight drain oil samples (tepresenting the excess oil from the combustion
chambers) were collected during the running of the test: at time 0 and after 4, 8, 24,
36, 48, 60, 72 hours. These samples were submitted for TBN, TAN and ICP/AES
analyses. The results of these analyses gave information on the neutralization of the

10 sulfuric acid formed during the combustion and the corrosive wear.

Figures 1 and 2 show the changes in TBN and TAN in time in the oil
samples collected from cylinders 1 — 3. The sulfur present in the residual heavy
fuel, combusted in the Bolnes engine, is oxidized during combustion of the fuel to
form various acidic products. As the base present in the emulsion lubricants or

15 standard marine cylinder lubricant (mcl) reacted with the products of the sulfur
oxidation, the TBN decreased until it reached equilibrium. This equilibrium was
reached after ~36 hours in drain oils from the cylinders, which used emnulsion
lubricant and after ~60 hours in the drain oils from the cylinders, which used
standard mcl. This might indicate a more efficient neutralization of the sulfur

20 oxidation products achieved by emulsion lubricant than by the standard mcl. The
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sul phi de Conventional additive 20.75 package ESSO 600SN36. 4957. 0637. 19 ESSO
150 BRI GHTSTOCK36. 4922.1937.19 Cylinder Nunber 123 Treat Rate in 2hefFEBI288s
100100125 Engi ne TBN delivered at above 1 707070 treat rate (ng KOH g)

* CAS#64742-48-9 viscosity 2 @25 C and boiling point @185 C 5 Anal yses of
the drain oil sanples Eight drain oil sanples (representing the excess oil
fromthe conbustion chanbers) were collected during the running of the
test: atwa@u®en® and after 4, 8, 24, 36, 48, 60, 72CHURA7SThese sanpl es
were submtted for TBN, TAN and | CP/ AES anal yses. The results of these
anal yses gave information on the neutralization of the 10 sulfuric acid
formed during the conbustion and the corrosive wear. Figures 1 and 2 show
the changes in TBN and TANin tine in the oil sanples collected from

cyl i nders TAN dB.thelrainsail dataplepine®asad in time hetilrie shchad lequilémvym. Thaiel , conbust ed
I n the Bol pes..engine, . bdi Z i ti fuel to form
vari ous acl ﬁggﬁlgovgggf}ggvc%h rﬁf%%%%‘ﬂﬁg%gﬁ{m%% \‘f}ﬁ% %#u%@ﬁ%%yl ubricants or
15 st andar bbriwnt and aftar i~ 60 deyrs inuherdylieder, whish lujedtheatendedd melt h t he products of
the sul fur oxi L QR L ilibrium This
equi [ ibrium waspgﬂrhgac ne%h%nggryc@%%&ﬁgﬁg tlj|Ién @%%\fﬁ%ﬁtg@(}gﬁ%he cyl i nders,
whi ch Usedverranadyzes by IGRAES afe penductaefiths sulfgrpxifstiondomed dpdngdhei n oils from

the cyli ndgefoombhdieh cdaSathck IARIA LHhBBhers ditheSpididrili chuddld £RkiGe @ Nor e
efficient neutralization of the sulfur 20 oxidation products achieved by

enul si on | WEAT RUsfony FepRerpyickeh chromipimy dead PFRApCts S apd cap be flefeeted o0 WD
03/ 044138 bYGhé hiaB2és2D #eQirain oils. Figure 3 shows the iron content present in the drain

oil samples collected from cylinders 1-3. It can be observed that the iron content of
10 the drain oil samples collected from cylinders 1 and 3 raised for 24 hours and after
that time it reached a plateau. The analyses of the drain oil samples collected from
the cylinder 2 showed that the iron content increased in time and did not reach a
plateau during the whole length of the test.
Table 8 summarizes the wear metal content of the drain oil samples at time
15 zero and at the end of the test. The drain oil sample from cylinder 2 contained more
iron, copper, nickel and chromium than the drain oil samples from cylinders 1 and 3.
These results suggest that emulsion lubricant caused less corrosive wear of the
components of the cylinder than the standard mcl.
Table 8: ICP/AES Analyses of the Draln Oils — Wear Metal Content

Metal Content Cylinder 1 Cylinder 2 Cylinder 3

{ppm) 0 hours 72 hours | 0 hours 72 hours | 0 hours 72 hours

Fe 1 1694 7 3145 i 1152

Cu 0 93 0 124 0 36

Ni 1 76 1 93 1 64

Cr 0 7 0 10 0 7

Pb 0 3 0 2 0 0

Type of lubricant ‘Standard’ Emulsion Standard mcl ‘Over-treat’ Emulsion
lubricant emulsion lubricant emulsion

20

42



TAN of the drain oil

equi |l ibri
cyl i nders,
cylinder,

t hus iron,

um The
whi ch used

copper,

ni ckel ,

sanples increased in tine until
equi l i briumwas achieved after -
| ubricant and after
whi ch used the standard ntl.

during the running of the Bol nes engine
products of the sul fur oxidation formed during
‘attackWa®esmst al of the liners or the piston and FCAY8E2E? r osi ve
chrom um

enmul si on

by the anal yses of the drai n oils.

in the dr
1 and 3 r

that the

ain oil
ai sed for

i ron content

sanpl es collected fromcylinders 1-3.
that the iron content of 10 the drain oil

24 tEngm; Partd Rafingsrand Measuremends i t
anal yses of thepdraif,,0k

s | m AR ds%

|ncrease

it reached
36 hours in thzel’ FEB 2006

60 hours in the
Al'l the drain oil sanples collected
5 were anal yzed by | CP/ AES. The
the fuel conbustion can
wear,
| ead products form and can be detected
Figure 3 shows the iron content present
It can be observed
sanpl es collected fromcylinders
reached a pl ateau. The
etstt@m&}ft bfifigr 2 showed

reach a plateau during

qté ﬁ.gtfﬁgg

t he whol e Beln@ftehglmpftqueft‘tré@tt%tTabl e 8 sunmmari zes the wear netal content of

the drain
drain oil

chronmidum t han t5eBledy Bssant the resylinpfcthe pistgnTatipes Querrll the %ﬁﬁ‘a‘

pfsﬂongﬁlges at time 15 zero and at the end of the test. The
romcylinder 2 contained nore iron, ni ckel and

sanpl e

Qngs

These results

suggest thﬁtoweﬂuhﬁvaém biiR lsbie@tkes b3k QefdrRatie GOl tRSdmisioneiairicadt t he

conponents_of _th I | n er than the standard ntl. Metal ContentCylinder
10yl i nder %851 rs dFOBRY 0 hour s72 hoursO hours72 hoursO hours72 hours
Fe116947314511152Téhl@93(ﬁb2m&35ngthéTééﬂ%dtsﬂl@itﬂ'&aﬂmg%bowzoo Type of
| ubri cant ~Standar-a- E. f —retT ..u.a. of | ubri cant
emul si onl Hﬁ” ant —ens gﬂ ‘PE.IQJ. J:iP L t:./% P,ﬁéntsZO?‘E&Vatlc: hg Drain Gls -
vear et o2 B R0 P O Ay PE ko engine
arts Ra ) agurement s : lubncants as from a standard
Piston Land Carbon marine cylinder lubricant.
(average merits) 5.25 349 5.56
[Piston Groove
Carbon Fill (%) 35.73 37.80 35.40
Piston Ring Stick
(merits) 9.88 10.00 10.00
Less piston ring weight loss noticed
. . : in the rings of pistons 1 and 3 than
E iston Ring Weight 4540 4.758 3,988 in the rings of piston 2 - ‘over-treat’
oss (average ) ) ' emulslon lubricant better than
grams) ‘standard’ marinox better than the
standard mcl
More corrosion of the top-face of the
. Trace- ring was noticed in piston 2 than in
IZlngCQotrir osion light lc;l)??c:si on Ig?r%esl on | Pistons 1 and 8. ‘Overtreat
(descriptive) corrosion emulslon lubricant induced the least
corrosion of the top face of the ring. |
Scuffing Trace- Slightly more scuffing was noticed
(descriptive) light | race | Trace

on piston 1 than on pistons 2 and 3.
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This section is meant to sumarize the ratings and nmeasurenents 2{ &J@ 0 '
Bol nes engine parts after the test. Piston Ratings: 5 Table 9 pr s% %ppe
results of the piston ratings. Overall, the piston ratings show an

equi val ent or in sone cases better performance fromthe emnul sion | ubricant
than fromthe standard ncl. Table 9: Bol nes Engi ne Test Results, Piston
Rati ngs RatingPi ston 1Pi ston 2Pi ston 3Comrent s/ Cbservati ons Pi ston

Gr oove OV @i034138t he pi ston ratings show a Carbon (aPETESRB7AB6. 226. 46si m | ar
performance from enul sion neritslubricants as froma standard Pi ston Land
Car bon5. 255. 495. 56mari ne cylinder lubricant. (average nerits) /Piston
Groove73 37.8035.40 35 Carbon Fill. Piston Ring Stick9.8810 10.00 00

(merits). Less piston ring weight loss noticed in the rings of pistons 1
and 3 thanCRindéerRutibisng Wi ght' Loss (average4. 5404. 7583. 988over-treat in
standard

tnraurai Ll))r:g;e'?z efljfdhlggoﬁ e%en%@nrg%r%g ow?ﬁk%%emaé}é@%%@?to%&g%&?ﬁgé}?%p- face of the
the emulsion lubricant performed better than the standard mcl. The emulsion
lubricant did not cause quill deposits and air inlet ports deposits and formed fewer
5 deposits on the liners than the standard mcl. Corrosion was noticed on the liner of
the cylinder, which run on the standard mc! and this was not noticed on the liners of
the cylinders, which run on émulsion lubricant.

Table 10: Cylinder Ratings

Rating Cylinder1 | Cylinder 2 | Cylinder 3 | Commenis/Observations
. ) Less average liner diameter
Liner Diameter increase noticed in the cylinders 1
Increase 0.034 0.062 0.030 and 3 than in the cylinder 2 -
(average - mm) Emulsion lubricant formed less
deposit than the standard mcl.
The surface of the liners 1 and 3
Liner Condition appeared to have less visible
(visible honing honing lines and a higher polished
lines/oolished 5/95 10/90 5/95 surface than the liners of cylinder 2
Ines/polishe - Emulsion lubricant emulsions
surface - %) caused slightly more abrasive wear
than the standard mcl.
Trace The liner of cylinder two shows
corrosion trace corrosion, which was not
Areasof | throughout observed on the liners of cylinders 1
Liner Conditi dark b ith small Areasofdark | and 3 — Emulsion lubricant caused
ner L.ondition ark brown | wiin small 4 o less corrosive wear than the
(descriptive) to black areas of backlacger | Standard mel.
lacquer dark brown
to black '
lacquer
The standard mcl caused trace
Alr Inlet Port blockage of the air Inlet port — this
Blockage Nil Trace Nil was not observed in cylinders 1 and
(descriptive) 3, which used Emulsion lubricant
emulsion.
Emulsion lubricant caused only
Fire land deposits | Mainly Mainly Trace traces of fire land deposits, while
(descriptive) removed | black flaking Lhe s.ttandard mel caused black
eposits
Quili deposits . . . Emulsion lubricant did not cause
10 - Summary of the Bolnes Test Ratings and Analyses

In summary the emulsion lubricant resulted in improved properties over the
standard marine cylinder lubricant in tests for piston ring groove carbon, piston ring

land carbon, piston ring weight loss, corrosive wear, liner diameter increase, fire
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Ri ng CorrosionTrace-LightTracering was noticed in piston 2, than in
(descriptive)lightcorrosioncorrosionpistons 1 and 3. Over-treat 24 FEB 2006
corrosi onenul sion lubricant induced the | east corrosion of the top face of
the rin . ScuffingTrace-TraceTraceSlightly nore scuffing was noticed
(descriptive)lighton piston 1 than on pistons 2 and 3. 43 2 ,4 F E B 2006
WO 03/ 044138 PCT/ US02/ 20750 Cylinder Ratings: Table 10 presents the ratings
of the IWORY4438% air inlet port blockage. Overall RATAISe158i on | ubri cant
perfornmed better than the standard ntl. The emul sion - lubricant -did not
cause quill deposits and air inlet ports deposits and fornmed fewer 5
deposits on the liners than the standard ntl. Corrosion was noticed on the
liner of the cylinder, which run on the standard ntl and this was not

noti ced on letyeantignidl depodits, dnt @ir dryléti bebeags, Thhewbisionubacanertdied an | ubri cant.
Ratin i I I 1§ bservations Less average
Iinergg?anggg&mﬁﬁ%g?a%ﬁ%géf%%# c&%%génﬁ%$ﬂ%§%m}EmPﬂgméﬁvﬁﬁﬁgFg 1

| ncr ease0. FouFidhBRoaliraten the3reptirale With thremulsion lubiigantdof -thi§ disevage -

) Emul si onpdyfanidse ah tHeQtelEshe Wk StafBROR e.tc;']ﬁ]@erthtb?icﬁ%@'ﬂﬁ gyl . The
I 1 and 3 ed to

surface of the liners Li ner Condi tionappear ave less visible
(vi si bPe hSMYHFROHPHEGNE iafredompatble, With gisedard alarisshesdinder lubricants and .
| i nes/ pol i agKdBé BIEARA AGHAPspirTPsSpek R dltdRahdeRBss Of cylinder 2 - Enulsion

| ubricant emul sions surface_ - 9%caused slightly nore abrasive wear than the
standard ntl. TraceThe |ineEX d shows corrosiontrace

corrosion, whi cBolitiaBas8O buch\ & aSa(OH},h 000 (uEONECHVAE MEOH)E welener s of
cylinders ]SUSL[)ICIPCE& incz(lj Q/ggelt Ii)h%g]eq %ekdiggel%%v\%ag g‘lcrsl r!dﬂ{islpelrég?g g?u%gir!:(ating oil.
10 The stability of emulsions (dispersions) made with these bases to phase separation
was studied. The performance of the Ca(OH), and MgO/NaOH emulsions in a
Bolnes engine test is also detailed. '
The water in oil emulsions described in the following examples contain 20%
w/w base suspension in water and 80%w/w oil fonnulation.. The oil formulation
15 contains 1 — 2%w/w emulsifying surfactants, ~ 2% w/w dispersant, ~ 3% w/w
antioxidant detergent and 93 — 94% w/w SAE-50 oil. The emulsifiers used
comprise the low HLB PIBSA:EG:DMEA and the high HLLB HDSA:DMEA
emulsifiers previdus shown and described for soluble bases along with the potential
alternate or supplementary high HLB salixarene emulsifier shown below.

20
OH o
e
OH
R n
(R=PIB MW~550)

Where R is approximately a 550 number average molecular weight
polyisobutylene oligomer and n is a value between 1 and 10, more desirably
between 1 and 4. These salixarene or their imetal salts, salixarates, are more

25 generally referred to as detergents and are described as a detergent in this

application, but they may also function as an emulsifier or surfactant. These types

of compounds are generally ,taught in US patent 6,200,936, which is hereby
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and 3 - Enul sion |ubricant caused browt D ess corrosive wear than # 6

(descriptive)to. blackareas of bl adcl aoquerstandard ntl. |acquerda ﬁ B?%&W

to bl ack lacquer The standard ntl caused trace Air Inlet Portbl ockage of

the air inlet port - this BlockageN | TraceN | was not observed in cylinders

1 and (descriptive)3, which used Enmul sion | ubricant enul sion. Emulsion

| ubricant caused only Fire | and depositsMinl yMai nl yTracetraces of fire

| and demasistos3swhi | e (descriptive)renovedbl ackf | akiP@§UBE28SENndar d ntl

caused bl ack deposits Quill depositsNil Trace-1ightN | Emul sion | ubricant did

not cause quill deposits (descriptive) 10 Sunmary of the Bol nes Test

Rati ngs and Anal yses In summary the enmul sion lubricant resulted in inproved

properties over the standard marine cylinder lubricant in tests for piston

ring groovendapofaead, byp teférende o @s tdactinhs Caar haking poht lear hrdigeynkie ght | oss,

corrosive | i ner di anpter increase, fire Table 10: Cylinder Ratings 44

2 4 FEB ZOgQ”VEPﬁﬁfgﬁﬂﬁﬁﬁgﬁﬁﬁ%Eﬁﬁ?ﬁﬁ%?SO | and and quill deposits, and gir

i nl et bl ockage Thd Ge(Cd) was purcHasddras € ind suspessiort ipcvaten TiedPaG&aMsb e properti es

for the rip n for acid
9%a§ed i Ell‘l.?‘ @? u%da'aﬁlﬁ ﬁ/ 5t H)@%&Euﬁuﬁﬁg %ﬂ?ba %ﬁ.@?‘! t% Q&eﬂ? ejﬁcé)n

neutral i zakl eat e emu ubri cant o? this
di scl dsur eexamplp Meolvesslsphawenm in NeQH sofutien.viiotrpduse ghecweptdofnB® i ne cyl i nder

| ubri cant s onﬂiérfohefhetﬁa&s et BpSisdn Edéhrqhﬁﬁﬂl So BIdBli P BRGS THNGn Wi t h standard
mari ne cylln er lubricants ang coul d be bl’ended to_obtajn optlwa

proper t i esthefigal enden, dligher ot @WCEQEHI]SI‘:@% alsQ jbp Phises By payHe the

amount of base dissolved in water accordmgly
An emulsifying concentrate can be prepared as previously described for the

10 dissolved base products by mixing the two surfactants until homogeneous. This
concentrate is then mixed with the oil, which contains a dispersant and an
antioxidant. The concentrate + oil mixture are weighed in a beaker to which the base
suspension is added. The mixture is then sheared for 3 — 6 minutes using a high
shear device, such as a Silverson or a Turrax mixer.

15 The emulsifying surfactants can be mixed with the oil, dispersant and anti-
oxidant to form an oil formulation. This oil formulation is weighed into a beaker to
which the base suspension is added. The mixture is then sheared for 3 — 6 minutes
using a high shear device, such as a Silverson or a Turrax mixer.

Emulsion Stability
20 Water/marine lubricating oil emulsions are stored at room temperature and

60°C in order to assess their stability in time. Stability is assessed after 7 days at
room temperature, 7 days at 60°C and 28 days at room temperature. Emulsion
stability is semi-quantitatively evaluated by %v/v separation of oil, oily emulsion,
band and water. The presence of water is considered particularly detrimental.

25 Examples for emulsion stability are presented in Table 11.
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Sol i d bases such as Ca(OH) 2, CaCO3, MygQ NaCH and My(OH) 2 were %prﬁ”gj%a%n
0

a wat er phase. The di spersion was then dispersed in a lubricati

The stability of emul sions (dispersions) nade with these bases to phase
separation was studied. The performance of the Ca(OH)2 and MyQ NaOH

enul sions in a Bolnes engine test is also detailed. The water in oil

enmul si ons described in the foll owi ng exanples contain 20% w w base
suspensWH3H0#$13%at er and 809w w oi |l fornul ation. Th&CEUSA28BHul ation 15
contains 1 - 2%V w emul sifying surfactants, - 2% w w di spersant, - 3% ww
anti oxi dant detergent and 93 - 94% w w SAE-50 oil. The enulsifiers used
conprise the | ow HLB PI BSA: EG DVMEA and the high HLB HDSA: DVEA enulsifiers
previ ous shown and described for soluble bases along with the potenti al
alternate or supplenentary high HLB salixarene emnul sifier shown bel ow. 20
OHO RN (R—PI B Tee580 FritidloreStarage %tpylltwfpnaole:i Bases550 nunber average

nol egtar Jm.mm T e T amh”*“d' ﬁfe"‘ 0! HgereF—aRd—H- S5 lé't%g'm é?a‘m? ween 1 and
, desig y vvqm) - 7@?&@@("@'&" i xarens Q»);mi‘"ﬁel r netal

10, pnome
muls ,
sal ts B %"& ' ’a“”"”ime& olr?I @y"P B §Vat95 rﬁﬁ‘raényl el %a&? 0|F o@s ﬂ‘r?dt gents and are
desc%’ﬁ—aérﬂ‘iﬁq ptjin this t1on,—bu functi on
n | silff i o

as a ir 2sbrfactant. -Thesg ty es |of- comoomds farp generally,
f

t augntacd N U pgf €Nt _6] 200, Y36| Whi[CNT (IS Mer,eny 452 4, E B 2006 WO
03/ 044138 PCT/ISQ2Y 20750 fi ncol parated by lrefgrenc hr it st pachings on

maki FOOY (1§ near| anfl cylcl jc| salli xdrenes ,ar|d their| ngtjal, splts
g | oA ‘? V5 L
)

sal i k@rates.| The Ga(O vvas pur ghaged as a finel sugpensi on in water. The

CaCCB\ﬂngaQH =prepgred.i h-sift DY tre2 chqlltlgn of f| ne p@rtlpu at e| CaCO3

(bas o Water l-n—bpe arrnl \ | SUS ——NaOH

sol ution, FE° Pgﬁ{ﬁgegf“ @“ 7 (Pti ﬁm“T'ﬁeé“ Ef’é & were di spersed
ne er Bolne !

I n such quma‘fdaf % ) m@g) | ensB3N o gul sion. Higher or

| owner  FBNSTf.A} ‘b‘ﬁlu@ a&a%@mm ihﬂﬁ‘o ﬁg’ sol? base di ssol ved in

wat er aCCOTﬂé ﬁ%ﬂmoﬁhss fEpHre ifedch AR, JGQB&&Q iiesarﬁﬁsﬂ QhfpRr ed as previously

descri bed f#le 1blagails the composition of the emulsions made for this test.
Table 12;: Emulsion Lubricants tested In the Bolnes Engine Test

ingredients Ca(0OH); Emulsion MgO/MNaOH Emulsion
(%wWiw) (%owiw)
(Ca(OH), suspenslon In water) 20.00 -
MgO - 1.55
NaOH in water - 0.77
Deionised Water - 17.68
Linear saflxarene emulsifier n=1-4 and -0.42 ’ 0.42
R=polyisobutylene MW 550
PIBSA:EG:DMEA emusifier 0.98 0.98
Nominally 1000 MW polyiscbutylene 1.38 1.38
grafted onto succinic anhydride .
(PIBSA) and further reacted with a

mixed tetraethylenepsntamine
(TEPA)to form an imide
PIBSA:TEPA=3:1 (eq) A dispersant

Calcium dodecyl phenate sulphide 2.26

ESSO 600N 43.07

ESS0 150BS 31.90

A R e o e T e A I A T e AT TR T R R Rl e B S Ll SN e T ey W R

Treat Rate In the Bolnes Englne (%) 121.6

TBN delivered at sbove ireat rate 70 70
{mgKOH/g) i

10 Ca(OH); Emulsion

The oil phase (same for both Ca(OH), and MgO/NaOH emulsions) was
prepared prior to emulsification by mixing salixarene emulsifier, PIBSA:EG:DMEA
emulsifier, dispersant, and calcium dodecyl phenate sulphide with the base oils
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10 di ssol ved base products by mxing the two surfactants until horyngep‘ggom
This concentrate is then mxed with the oil, which contains a dispersant
and an antioxidant. The concentrate + oil mxture are weighed in a beaker
to which the base suspension is added. The mixture is then sheared for 3 -
6 mnutes using a high shear device, such as a Silverson or a Turrax

m xer. 15 The enul sifying surfactants can be mxed with the oil, dispersant
and ant wo@#dsnt to forman oil formulation. ThisPETUSRBRUI ation is

wei ghed into a beaker to which-the base suspension is added. The m xture
I's then sheared for 3 - 6 mnutes wusing a high shear device, such as a
Silverson or a Turrax mxer. Emulsion Stability 20 Water/ marine | ubricating
oil emulsions are stored at roomtenperature and 60C in order to assess
their stabgp§sd BooN ahd mﬁ)BSSTﬁéDCJl(bHyz 1&1&»@&%%&0@3&&% befodagsb@at  room

t enper at ur 7. days a erature mul si on
stability ?@%W’){laﬁgﬁtsfcim&? F}%}g'f @eV%r\gﬁ%&at %0 e‘%l}% {%gggrgp aetpfr(%% of oil, oily
enul si on, inbtadoliavdng by 80%T wéw prlaﬁmceasowelgbmlentmaslatmrwnﬁmled parti cul ari y

46 24 reeaBE SO O RIAT I Ber PR Hobh A pp o FRERE S (T ge © T

St abi 13ty #ibphaSwith ttRaser pirasp éor 2O mRNES,: flﬁltérﬁfi calpion ates foswed- (1Beper at ur e7 days

at BOC (%Malg§1z94¥5t}u§terﬂugw &J%m%s%uﬁ}e aBbnsmittd gl hRfs@pt kv/v d e s
(",ewWwwin GlQlyBandWaterG | E/BandV\at erO | Ol yBandWat er e enul sion
(magmﬁcatmn 400x). This was a way fo

check that enough shearing was put into the
system, to emulsify Ca(OH), suspension in water into the oil phase. The aim was to
obtain an emulsion with small particles, since processes such as sedimentation are
10 much slower when the emulsion particles are small and the emulsion had to be
stable for the whole duration of the test. Although the majority of emulsion particles
were smaller than 1 pm, particles of 20, 30 um were also detected, so it was decided
to shear this emulsion for further 20 minutes. After these additional 20 minutes of
shearing the emulsion was re-examined. The emulsion particles were much reduced
15 by the second shearing: the majority was submicron, although particles in the range
3-5 um were also noticed. It was decided that no more shearing was necessary and

the emulsion was used directly into the Bolnes engine.

) MgO/NaOH Emulsion
20 . The MgO/NaOH emulsion used the same oil phase as the Ca(OH), emulsion.
For the water phase NaOH was mixed with deionized water to form a solution. The
NaOH solution was then mixed with the MgO powder. 60 kg of emulsions were
prepared in the same way as the Ca(OH), emulsion, but the Ca(OH), suspension in
water was replaced by the MgO/NaOH water phase. A Silverson mixer was used to
25 shear the oil phase with the water phase for 20 minutes, until an emulsion was
formed. The particle size of this emulsion was assessed under the microscope.
Emulsion particles >10 um were detected, so it was decided to shear this emulsion
for further 20 minutes. After these additional 20 minutes of shearing the emulsion
was re-examined and found to be mostly submicron, with particles ~ 2 pum also
30 present. It was decided that no more shearing was necessary and the emulsion was

used directly into the Bolnes engine.
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base Ca(OH)21.40231-31 CaCOB81.50-11-.32--22- MyQ NaOH = ili1.5011-212-121
(A) MyOVAOH =1 ---212--21- 50 2/1. Two of the enul sions, a Ca(OH) 2 %ak§B:2006
MyQ' NaOH emul sion, were tested as narine cylinder |ubricants in the Bol nes
engi ne test. The Ca(OH) 2 emul sion used a ready made suspension of 18 w. %
Ca(OH)2 in water. 5 The MyQ' NaOH enul si on used a suspension of MJO in NaCH
aqueous solution. This suspension was prepared internally, just before the
pr epar atYQH413% he enul sion. Table 12 details the RAHBHBPon of the

emul sions made for this test. Table 12: Enul sion Lubricants tested In the
Bol nes Engi ne Test IngredientsCa(OH) 2 Enmul si onMgQ' NaOH Enul si on Aw wow/ w)
Ca OH suspension In water)20.00- MJO-1.55 NaOH in water-0.77 Deionised
Water-17.68 Linear sallxarene enulsifier n=1-4 and0.420.42 R=1 isob ene MV
550 Pl BSA: EG DMserdhn fubtirieeflCho8@ing Sveiigati soratches weGOmbtikdd/on the liners

pol yi sobut g} gReJnL; afcohal Js@aﬂlgf%amow&m&n? AR &PLERA  and Turther

reacted with a _m xed tetraethyl enepentam ne _ orman imde
Pl BSA: TEPAHS: qpills to the firp dand ot thatdimes thersqsehse yereriemeeted a8 Geiptithde2. 262. 26 ESSO

600N4 3. 074 Zoslif of abrasive wear caused by MgO particles. It was decided to change the grade
5 of MgO used in the emulsion for a finer grade', to check if the MgO particle size is
the cause of the problem. A further 30 kg batch of MgO/NaOH emulsion was
prepared and used in the third run of the engine. This batch was prepared similarly
to the first MgO/NaOH emulsion: 20 minutes of shearing with the Silverson mixer,
20 minutes of rest and a further 20 minutes of shearing, This prdcess resulted in an
10 emulsion with 100% submicron particles.
Both emulsions made for the Bolnes test were put on storage at room
temperature and 60°C, in order to gain more information on the stability of these
emulsions. Table 13 presents the stability of emulsions in terms of oil+oily

separation and banding,

15 Table 13: Storage Stability of Ca(OH), and MgO/NaOH Emulsions
Emulsion Stability at room temperature after | Stability at 60 °C after 28 days
28 days (%Vv/v) (%N
Oil__{ Qily Band | Water [ Ol |Oily |Band | Water
Ca(OH)2 2 - 1 - 4 2 3 -
First MgO/NaOH | 2 - i - 7 - 5 -
Second '
MgONaOH L ' i N A
Standard cylinder lubricant

Table 14 presents the composition of the cylinder lubricant used as the
standard in the Bolnes engine test. This standard was chosen for its very high
20 performance as a marine cylinder lubricant. Hence, the emulsions were compared

with a high performance lubricant.

The first two runs used MgO had a trimodal particle size distribution, with some particles as
high as 100 pm. The third run used a finer grade of MgO having a monomodal particle size
distribution, with biggest particles in the range of 15 pm.
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ESSO 150BS31.9031.90 :.~t:."'.. r:.s. , Pi'r:-"Fat!..Z::4 ~. : n.i".3
[A>:t"".y?..: Treat Rate in the Boines Engine %421.6121.6 TBN deli.yefggjms
above treat rate m KOH 7070 10 Ca(OH)2 Emul si on The oil phase (sahe for
both Ca(OH) 2 and MyQ' NaCOH enul sions) was prepared prior to emulsification
by m xing salixarene enulsifier, P1BSA: EG DMEA enulsifier, dispersant, and
cal ci um dodecyl phenate sul phide with the base oils 47 2'6 FEB 2006 WD

03/ 04413 RO 118S02/ 20750 ESSO 600N and 150BS. The @at/Ts#p20760 wat er was
honogeni zed before use by gently inverting the storage bottle several
times. 60 kg of enul sions were prepared in the follow ng way: 80% w w oi |
phase was wei ghed into a |arge container, followed by 20% ww. A Silverson
m xer (rotor stator type) was used to shear the 5 oil phase with the water
phase for 20 m nutes,Tabk 14: Standancd Madme GplindenLbeicarthe particle size of
this enul sion was assessed bVesied nctheBdlvesEnginaTesti cr oscope

(magni fication #606x)y—h ST WAt ekttt h shearing was put
into the systein to eIh §e|n¥¥; Ca( Qiisgh%éﬁd%@h{wldrﬁ%ﬁ{/\dénﬁrer into the oil
phase. The ai m YWEg80 catttierial™ s4give'[8h.58 O W tim smat—payticles, since

processes such agacRREidTaRHRE didb fBh 10 much sl ower when|the emul sion
particles are sShBlizo the emul sigon had to be stable for the whole
duration of them%mﬁmw particles were
smal l er than 1 MEs§RspEEI €S 0f 20, [gPign were ai so detecied, so it was
decided to she@F-iEES o aiBR L Qrpr e R maneas Aft er these

addi ti onal 20 m higetéigtedtthe BoveaFndhng |yfe enul si on was re-pxam ned. The

emul sion partic a) were mich reduced 15 hy the second shearing: the
majority was subhiBhtgetivered alabeypligghrai8aryi cl es in the range| 3-5 pmwere al so
noticed. It was —H&Qﬂ%_l_hal_ng_mj_e_shaau_ng_mas_necessary and the

enul sion was used directly. into the.Bol ne ngi ne. 20 MgQ NaOH Enul si on The
MyQ' NaCH enul si on used thes'%'anltrf'%t]%els npﬁgglééggant he Ca(OH)2 enul sion. For the
wat er phase Na@He Bakienis xdetbeghirbedd @ isookiez2 cylinddrclowtspeefl ararmerdisssl ut i on. The

engine as previously described. After each 72 hour run the lubricants are alternated

between cylinders, so they are tested in turn in each cylinder of the engine. After
each 72 hour run, the pistons are taken out of the cylinders, cleaned and rated.
Table 15 outlines the order of testing of each lubricant in the Bolnes engine

10 together with the treat rates.

Table 15: Order of Testing of Lubricants and Treat Rates

Run number Ca(OH)z emulsion | MgO/NaOH emulsion | Standard marine
lubrlcating oil

1 CYLINDER 1 CYLINDER 2 CYLINDER 3
121.6 % Treat rate 121.6 % Treat rate 100 % Treat rate

2 CYLINDER 2 CYLINDER 3 CYLINDER 1
121.6 % Treat rate 121.6 % Treat rate 100 % Treat rate

3 CYLINDER 3 CYLINDER 1 CYLINDER 2
121.6 % Treat rate 121.6 % Treat rate 100 % Treat rate

Both emulsions were used at 121.6% treat rate in the engine. Both emulsions

15 are composed of 80% w/w oil phase, therefore, at 100% treat rate, they would
deliver less oil than a standard marine cylinder lubricant, However, at 121.6% treat

rate, they deliver ~97% oil, allowing for a fairer comparison between lubricant

emulsions and the standard marine cylinder lubricant.
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NaOH sol ution was then nmixed with the MyO powder. 60 kg of enul sions were
prepared in the same way as the Ca(OH)2 enul sion, but the Ca(OH)2 24 FEB 2006
suspension in water was replaced by the MyO NaOH wat er phase. A Silverson
m xer was used to 25 shear the oil phase with the water phase for 20

m nutes, until an emulsion was forned. The particle size of this emulsion
was assessed under the m croscope. Emulsion particles >10 pm were

det ect ed"O 8138 was deci ded to shear this enul si on PGISISY¥P P her 20 ni nutes.
After these additional 20 m nutes of shearing the emulsion was re-exam ned
and found to be nostly submicron, with particles - 2 malso 30 present. It
was deci ded that no nore shearing was necessary and the enul sion was used
directly into the Bolnes engine. 48 2 "4 FEB 2006 WO 03/ 044138

PCT/ US02/ 20750 Apinei! 2pgles vesttakeyat b hounintesyads dvaing themerining|of &her at ches wer e

noticed Onehigife dnit Bl yzed RF TBRETAN kid Wee/ARS. W £Brafadsts £6k MIRNaOH enul si on.
These scratches ran f ,or% tg)e_r%gll,ls to the fire land. At that time 'the
ip fhedoliowi

scrat ches B @eidieuss PHG"t he result of abrasive wear caused by

MO particl es. Tiis ssetondegysdetie bveragh 8ge of the tgéeBithed edineMate Theed i n the
enul sign f finer qgrade, a check if the Oparticle size is the
cause %f t%{aer%regﬁ MR %ﬁtp ¢ flnéebflc@g eﬁ?é‘”ﬁ%& o B‘TM&N&% ENHESi on was
prepar ed anefamege phthe btendaki Intticansin efmstdfi effielegéyue neubhalisngxhs ahdswas pr epar ed
simlarly . £ i on.  20.m nut es .of earing with the
Si | verson fé’%@“&%ﬁgﬁ“%& gé r%@?nag&gsefﬁﬁhﬁg?m S)h?rﬁ%%}‘eog of shearing.
Thi s pr oce8grinseasrpsiert(Wepr meial anayseyafitheideain oils) ndkpgios stmpsi cron parti cl es.

Bot h emmul si ons R 3 land NpreBAl AES1ckSLoaBE 5 U A TAOER T OOM

-tenperature and 60C in order al'n nmore information on the stability of
t hesel0 emupds s CalPRy anvisionpMaQ Qupdsiontang the steydand lulieatitsi ons in terns of

oi | +oily SaﬁamNiﬁmam&ipaﬂ@hﬂﬁ-thé@a@ﬁi €miiBion %Eaettie% & éh?ﬁhhﬁat ]}'t of Ca(OH)2
roomtenperature arter

and MO )')‘agﬂﬂghgg‘ﬂ%% i Et%h%fg%’l?%%% the ;s?fa(lea/a;;q #)SAEQ/NOH emulsion,
G | O | | yBaimdisadngr Obétter |'geBah diMtieeTBICaleflEford 2byl thd 33a(BH), Shulvipal HaOH2175-
average, it seems that the TAN in the drain oils did not reach equilibrium during the

15 72 hour runs. However, the drain oils from the Ca(OH), emulsion have the lowest
TAN for most of the time and the lowest final TAN. This would indicate that the
Ca(OH), emulsion has a better neutralization ability than the other two lubricants.
The final TAN value was similar for the MgO/NaOH emulsion as for the standard
lubricant. .

20 The excess of TAN over TBN started after ~30 hours in the cylinders which
used Ca(OH); emulsion and the standard lubricant and after ~14 hours in the |
cylinder which used MgO/NaOH emulsion. This might suggest that the
neutralization ability of the MgO/NaOH emulsion was poorer than the Ca(OH),

- emulsion and standard lubricant. One other explanation could be that the

25 neutralization mechanism is different for calcium bases than for magnesium bases.

The change in the drain oils iron content in time is presented in Figﬁre 8.

The iron content of the drain oils was the lowest in the drain oils from the
standard lubricant for the first ~36 hours. After this time, the iron content was the
lowest in the drain oils of the Ca(OH); emulsion and it also reached equilibrium in

30 these drains. It also seemed to reach equilibrium in the drain oils of the MgO/NaOH

emulsion. After 72 hours the iron content was the lowest in the Ca(OH); emulsion,
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Second 2153 MgQ NaCOH St andard cylinder |ubricant Table 14 presents the
conposition of the cylinder |ubricant used as the standard in the 2BolFE8s2006
engi ne test. This standard was chosen for its very high 20 performance as
a marine cylinder lubricant. Hence, the emul sions were conpared with a

hi gh performance lubricant. The first two runs used MyO had a trl nodal
particle size distribution, with sone particles as high as 100 pm The
third r ¥ U8¥Esa finer grade of MyO havi ng a nononBEEUSEPEIL cl e si ze
distribution, with biggest particles in the range of 15 pm 49 2' 4 FEB
2006 WO 03/044138 PCT/ US02/ 20750 Tabl e 14: Standard Marine Cylinder
Lubricant Tested in the Bol nes Engi ne Test |ngredi entsStandard Marine
Cylinder Lubricant %W w LZ9296 Commerci al additive20.75 package for marine
di esel fr orfeliowed by ghe MgPMN20ESSTISO0 NEH . thostERSQIIBURS e, lighestTiramat Rate in the
Bol nes Engi.pRent00 TBN delivered at above treat rate m KOH 70 5.2. Test
Description and Plan 5 The Bolnes is a turbocharged, 2 stroke, 3 cylinder,

| ow speed mari nEhegavegs of athegiwiger rpatal sprieat én Sie yiraineaidsip pusgmariged Br each 72 hour

run the | ubtabieaptthe Afafh s EOMNAY §indeREWNEBICAN G biaﬁﬂﬁ{ Smulséh HaB@ are tested in
turn in each cylinder of the engine. After each 72_hour t he pistons

" run,
are taRen oGft Bels Ao™edr T sPEeT Atz &G KIG SHRRHSH Perfegpinge fg But 1i nes t he
order of t eatomyg embilsieA.CiMgOMaOHCaulsidnnwishemiBoltaes sandirdii the wear

metal content of the drain oils.

Table 16: ICP/AES Analyses of the Drain Oils/Average
10 Results - Wear Metal Content

Metal | Ca(OH). emulsion | MgO/NaOH emulsion Standard lubricant
Content | Ohours | 72 hours | 0 hours 72hours | Ohours | 72 hours
(pprm)
Fe 8 5855 4 8330 6 8631
Cu 0 59 0 89 0 96
Ni 1 96 0 99 0 137
Cr 0 18 0 24 0 24
Pb 2 1 1 2 0 2

High Fe levels fn the drain oils, high wear rates of the engine and high
amount of quill and port deposits were detected in this Bolnes test. All oils,
including the standard were equally affected, hence it does not seem to be lubricant

15 related. The cylinder temperatures during this test were similar with temperatures
measured in previous Bolnes tests. A possible cause for the unusually high wear

rates and deposits could be the diesel fuel.

Piston and Cylinder Ratings:
20 The piston and cylinder ratings that could be averaged are detailed in Table 18.
Table 18: Piston and Cylinder Ratings/Average Results

Rating Ca(OH): emulsion MgO/NaOH Standard
emulsion Lubricant

Piston Groove Garbon (merit

| ratings) 6.95 5.55 554
Piston Land Garbon (merit
ratings) 4.87 4.11 4,32
Piston Ring Weight Loss

| (grams) 12.45 15.96 11,30
Ring Corrosion {descriptive) Light Light-medium Light-medium
Polish of the liner (%) 43 5.0 57
Quill deposits 1 11 42
Port Blockage 07 20 6.7
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10 together with the treat rates. Run nunber Ca( OH) 2 errulsionNgdﬁg-'g
enmul si onSt andard marine brlcating oil 1CYLI NDER 1CYLI NDER 2CYLI N 531%6 6
% Treat ratel2l.6 % Treat ratelO0 % Treat rate 2CYLI NDER 2CYLI NDER
3CYLINDER 1 121.6 % Treat ratel21.6 % Treat ratelO0 % Treat rate 3CYLI NDER
3CYLI NDER 1CYLI NDER 2.121.6 % Treat ratel21.6 % Treat ratelO0 % Treat rate
Bot h enul sions were used at 121.6%treat rate in the engine. Both enul sions
15 are MMPOsE¥ of 80% W w oi | phase, therefore, atPCIOB%20eat rate, they
woul d deliver less oil than a standard marine cylinder |ubricant. However,
at 121.6%treat rate, they deliver -97%ooil, allowng for a fairer

conpari son between |ubricant emnulsions and the standard marine cylinder

| ubricant. Table 15 Order of Testing of Lubricants and Treat Rates 50 2 "4
F E B 2006 WD 0Bre0 4443 poqulsimp o Oger Ckreve end landnpitiogs estter t aken at 12

hour i nt erg@ﬂf&n@w&) fhén §h€%th6#%'lﬁlﬂ1cﬂfts6Qelcss%5&b£‘§‘rld5}5&¥h Rpsdiywzesk for TBN, TAN
and | CP/ AE The average results fromall hree runs are discussed in the

fol | owi ng Sionitig werght doss geas slightl &ﬁ&hﬁfs(é]éghflhémﬁ‘\?bfha‘bé"er%@éﬁﬂi’%f the three
Bol nes engllcg;&rlthaﬁshe mge/Na!‘m}Eet@na@ﬁ%rﬁewre@mm@s@ﬁghuka@o‘%dﬂlﬂ(rjah?@gt emul si ons
was copgpare erformance of andar ubricant in
terns of efsﬁailcg“%g:(’:{?ﬂg?e‘ﬂg rﬂ?ffliagf’ﬁﬁa'{dﬁlépé ‘i’rﬁ’é‘“cef( B WRAFY ™ he conbusti on
(TAN and TBivemiag the@sposiis df kte qdillandipa@t.| S), protection against corrosion

(wear netal analyses Owsﬁg"ﬁﬂswn%rgﬁf ang)o%g %drratténga%gioﬁltl gures 5, 6

and 7 present the aver nge in 10 oils from
Ca( OH) 2 emwessi %mﬂarl\@OhNa@ﬁﬁ?ememl mstoraridg tm(ghsﬂcas\das dhighebthiac st . The TBN in

the d i lightl
ater phan eidd e TR, EhidiG bl (B ke sl Fla T Do 1Y
i ndi ca?i ng s@ndget: Ty quillzndpgrt demosits weremmpchdesysir éhan 81 stydarhie Ca(OH) 2 enul si on.

On average, | tTHaRIRks bdpite tésh:%su]—@\weﬂe'@erty'éﬁcoq{a@ng aﬂH \*/éte ghdofine €ach
eqU|I|br|um uri_ng the 15‘5% hour runs. However e drain oils fromthe

mmggupeﬁ“ F e FEREBemuisRy Ty ﬁ‘a@{aogrenf%%ortwehaaﬁd the | owest
fl naI TAN ga'd‘dlll:@rfwﬁiah&, innotscredpects fimilarttd@e standard lubricant.

Based on reductions in NOx seen with fuels that incorporate water, it is

15 anticipated that the water in the marine emulsion lubricant will lower the
combustion temperature in the cylinders slightly and thereby reduce the NOx
emissions of the engine. The amount of NOx reduction will be determined by the
total amount of water injected with the emulsion lubricant.

While the invention has been explained in relation to its preferred

20 embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is to
be understood that the invention disclosed herein is intended to cover such
modifications as fall within the scope of the appended claims.

Each of the documents referred to above is incorporated herein by reference.

25 Except in the Examples, or where otherwise explicitly indicated, all numerical
quantities in this description specifying amounts of materials, reaction conditions,
molecular weights, number of carbon atoms, and the like, are to be understood as
modified by the word "about." Unless otherwise indicated, each chemical or
composition referred to herein should be interpreted as being a commercial grade

30 material which may contain the isomers, by-products, derivatives, and other such
materials which are normally understood to be present in the commercial grade.

However, the amount of each chemical component is presented exclusive of any
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Ca(OH)2 emul sion has a better neutralization ability than the Otr::aeé é)E\'g) 061
| ubricants. The final TAN value was simlar for the MJO NaCH e i ?ig
for the standard |lubricant. 20 The excess of TAN over TBN started after
-30 hours in the cylinders which wused Ca(OH) 2 enul sion and the standard

| ubricant and after -14 hours in the cylinder which used MpO NaCH

emul sion. This m ght suggest that the neutralization ability of the

MyQ' NaOWe M4 d%Hn was poorer than the Ca(OH)2 enulPETFR2EHE0 st andar d

| ubricant. One other explanation could be that the 25 neutralization
mechanismis different for cal cium bases than for magnesi um bases. The
change in the drain oils iron content in tine is presented in Figure 8. The
iron content of the drain oils was the lowest in the drain oils fromthe

st andar d | ublverd @andilvearoilt Wicl inpsle cugémirdyiprsentif thercommewsial naterialt he iron

cont ent Wa%é&e&eothzjl E’E%mbt@dtfc"?stg%é‘hﬂhelglokéth% th% Hﬁpefé’:fd%‘&éaﬁl (Sion and it

al so reach equi rrumin hese dral ns S0 seene to reach

equi | i bri urreges, @Weraép dimits gt forthherelnemy bp Nedependentiy| combimed: AVpiler 72 hours the

i ron contenpy Eﬂ@n 0P8t lof ihB e&ﬂ%t?&(t@‘ﬂm?en%ﬂ%h&ép@rﬁcnt%ﬁﬂ% réhg&sEB 2006 WO
03/ 044138 PCIT1 US02/ 20750 fol |l owed by the OH enul sion, with the

st andard hd@i Aget HEm sy freis 1nigienied B ripgaere P’ﬂ#‘?%'fe&\ﬁé‘%b&&@eﬁff biher wear net al
content in jhweetich ahdlelemdrs bS tRURVERLOIZ @@ folbe J@ml@dlﬁm fHaevagiow N oi | s from

th i nd i,ch | si 5.1 t | evel f
e et o e S e e SRR 36 b G e S
enmul si on. I‘cgﬁibimlat(dnls ekuﬂwedl bareinyake expr3sionr'cdngistirigeesshtiatig af' petniitstthiee wear net al

content of I E s of .t Dr ai n

Q| s/ Aver adéﬁﬁfg éfergu an§es dgl\)éo? ’in!it% %my%&? ZPog'Frlul si onM O NaCH
enul sil®nSt ahataqmwhumfﬂ‘eamnp@@nnmpr@nhmhsﬁz hour sO hour s72 hoursO hours72
hours (Pprn) Fe658554833068631 Cu059089096 Ni 1960990137
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Cr 018024024 Pb211202 High Fe levels in the drain oils, high wear r&#esEB2006
the engi ne and high anmount of quill and port deposits were detected in
this Bolnes test. Al oils, including the standard were equally affected,
‘hence it does not seemto be |ubricant 15 related. The cylinder
tenperatures during this test were simlar with tenperatures neasured in
previ ous Bol nes tests. A possible cause for the unusually high wear rates
and deposits could be the diesel fuel. Piston and Cylinder Ratings: 20 The
pi ston and cylinder ratings that could be averaged are detailed in Table
18. RatingCa(OH) x enul sionMgyQ' NaCH St andard enul si onLubri cant Piston G oove
Car bon (neri ¥Whatdsslaimedsa ratings) Piston Land Carbon (nerit 4.874.114. 32
ratings) Piston Ring Wight Loss 12.4515.9611.30 (grans) Ring Corrosion
(descriptive)LightLi ht-mediunii ght-nmedi um Polish of the Iiner %. 35.05.7
Qui Il depositsl11142 Port Bl ockageO.72.06.7 Table 18: Piston and Cylinder
Rat i ngs/ Aver agel.Re& ildricab? c@mpFising2006 WO 03/ 044138 PCTI US02/ 20750 The
Ca(OH) 2 enul si on had higher groove and | and ratings (better performance)

than the gther two |aboi gy amdurt of bf 9F JUbrieaHRg #izdosigNd deposits). The
pi ston ring weight |oss was slightly higher (slightly worse) than the

standard but [ ower t%)ﬂ%?léa@?owggrﬁ\ﬂﬂgﬁbﬁ%ﬂlg'&f fotfing 8"FatBPid Sitelfision

slightly | ower than
which comprises a hydrocarbon lubricant-soluble product made by

reacting a hydrocarbyl-substituted carboxylic acid acylating agent
with ammonia or an amine, the hydrocarby! substituent of said

10 acylating agent having from 50 to 500 carbon atoms,

c) optionally an oil insoluble solvent or solvent blend and

d) 0.5 to 30 wt% of a base in the form of potassium, sodium, calcium,
magnesium, lithium or aluminium hydroxide; magnesium oxide; or
combinations thereof;

15 wherein said base contributed at least 1 TBN to said lubricant, at
least 10 wt% of said base is insoluble in any oil insoluble solvent present
and said insoluble base is added as a preformed chemical compound
rather than being characterized as formed by an in situ chemical reaction
within the oil phase of a aluminium, alkali or alkaline earth base with an

20 acid in the presence of an emulsifier (overbasing) and wherein said base

is no a borate compound.
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5 standard. Ca(OH)2 enul sion had an out standi ng perfornmance (si QQi-tfiF‘Eﬁ%bs\’
better) in preventing the deposits of the quill and port. Wth the

MyQ' NaOH emul si on the piston groove and | and ratings deposits were simlar
to the standard. The piston ring weight |oss was higher than the standard
and the Ca(OH)2 enul sion. The polish of the liner was simlar to the 10
standard. The quill and port deposits were much | ower than the standard.
The Bol nes engihe ,test. results.were very encouragi.ng and were. a propf of
the high perf ot maYDBNERtaRsORIFEE sIalLl YhErenSaid Bass e Bishelssdh al'so
had a good perforpmance, in nost respects simlar to the standard

| ubri cant. Based 8RasefavindshsumberaxeragerParticln sizepy light-scatteripg §bdat e
water, it is 15 anticipated that the water in the mari ne enul sion

| ubricant will | onanometersdor®fsnicoens.enperature in the cylinders slightly
and thereby reduce the NOx em ssions of the engine. The anmount of NOx
reduction will be determned by the total amount of water injected with

the emul sion lubricant. While the invention has been explained in relation

toits pref e”e.ﬂ. AARBbRERAHETRMiRg td Elaih 1 6r H8inyRdgheraAald 8l insalupk's
modi fi cations thereof will becone apparent to those skilled in the art

I
upon readi ng the Wi ki r reiqd bl . t he
i nvention discl osggﬁﬁéi lgﬁrﬁbhgé‘? ngeﬁdghatsgldc%’éteérr?ssﬁgw Qﬁ% p&? édé%f%%\gggg&f al |
within the scope of the appended, c]lai.ms. Each qf the documents referred to
above is incor por ﬁ?%SOWQF%%nW%‘QHF@#%?'gsﬁé’@’.en?%g@ﬁ P#S&.n the Exanpl es, or
where otherwi se explicitly indicated, all nunmerical quantities in this
description specifying anounts of nmaterials, reaction conditions,

nol ecul ar wei ghts, nunber of carbon atons, and the |like, are to be

understood as 4o lubridaiityadcoeding tal claiholuhaving)al EBN of talh évast 36 repditedired,
each chem cal or conposition referred to herein should be interpreted as

bei ng a g@mrer ci aynfs dFMPROMG Thior dBBirshly Ry af8'saftl Pasd'® ihsPdBpErsed
by- products, derivatives,” and Other such naterials which are nornal

l'y
understood to be j j.al . . of
each chem cal co E‘ﬁgﬁﬁ ta|V‘snlapér E@éﬁé gg@ é@g%&ﬁ/@go zeaﬁ@@%*%“&%%% WO
03/ 044138 PCTI US02/ 207562 salﬁv t or diluent oil, which may be custonmarily
present in the coRRBPEIERerSIR 10 MICroNS;n| ess ot herwise indicated. It is to

be understood that the upper and | ower anpbunt, range, and ratio limts set
forth herein may be i ndependently conbi ned. Wile

5. A lubricant according to any preceding claim, wherein at least 50% of
15 said TBN value is attributed to said insoluble base dispersed in said

solvent.

6. A lubricant according to any preceding claim, wherein said insoluble
base comprises an oxide of magnesium or a hydroxide of calcium or

20 magnesium.

7. A lubricant according to any preceding claim, wherein said base is

present in an amount of from 5 to 30% by weight of the lubricant.
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ranges are given for nost of the elenments of the invention indepgndeps 2@%
the ranges 5 for other elenents, it is anticipated that in nore preferr
enbodi nents of the invention, the elenents of the invention are to be
‘conbined with the various (assorted) desired or preferred ranges for each
el enent of the invention in various conbinations. As used herein, the
expression "consisting essentially of" permts the inclusion of substances

that do not matgri e 10 _characteristics,of
the conpositi ongu a@’“ﬁ%’i qc%é;%ﬁﬁéﬁ%ﬁk%r%%%&%gu% |t CqTEPL$IaY @i&easi A

| ubri cant conpri si ma}j Qr . anount, ubricating viscosity,

10 b) at | east on@”grﬁﬁ’l Pm'@? dupsigating Sil ¢ @W%ﬂ@t%{‘%t@ﬁs?ﬂn%wn\éﬁﬁﬂ%‘?bn
whi ch conprises a hydrocarbon Iubrlcant sol ubl e product nade by reacting a
hydr ocar byl - subst iuhriceting giliandjer antiexidancyl ati ng agent with ammonia or an
am ne, the hydrocarbyl substituent of said acylating agent having from 50
to 500 carbon atons, c) optionally an oil insoluble solvent or sol vent
blend and d) 0.5 to 30 wt% of a base in the form of potassium sodium

cal cium 5magnegi Wiubtitamt abtofding ke Bhipreedding emirfewh or
conbi nati ons t hereof; I15 wher ellﬂgsal d?g;%% c@bnt ri but eﬁ’?gégg%)ﬁ?é@gsa

ol Lt o gt PGQ‘Q"%‘“ 16,85 el R Gnp T BECdt e A8 el e

chemi cal corrpound rat her {1 bei ng characterized as fornmed by an in situ
chemical reacti on MGNAEAMPHENRH PNY ﬁ&se of a alumnium alkali or alkaline
earth base with an 20 acid in the presence of an enulsifier (overbasing)
and wherein said base is no a borate conpound. 55 2'4 FEB 2006 2. A
| ubricant according to claim1l, wherein said base is in a dispersed phase
havi ng a nunberiGddubgeantaacodieg $0 zkaim\, wheheinssaad tubricapt isfdesigmethwiteiaer s
to 100 m crons.

10 TBN of at least 40 to neutralize acidic reaction productions associated

with high sulfur content fuels.

11.A lubricant according to any preceding claim in which the base

comprises calcium hydroxide.

15
12. A lubricant according to any preceding claim in which the hydrocarbyl-
substituted carboxylic acid acylating agent is a polyisobutene-substituted
succinic anhydride, the polyisobutene substituent having a number
average molecular weight of from 1500 to 3000, said polyisobutene-
20 substituted succinic anhydride being characterized by from 1.3 to 2.5,

and in succinic groups per equivalent weight of the polyisobutene

substituent.
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.5 3. Alubricant according to claim1l or claim2, wherein said oi g 06
i nsol ubl e sol vent conprises water, and said water is from2 to 5 l’wéFBl‘?p
percent of the conbined wei ght of said solvent and said base. 4. A
Tubricant according to claim1l having a TBN of at |least 30 reported in 10
units of ng KOH g (nore desirably 50) and said base is in a dispersed phase
havi ng a nunber average particle size by light scattering of from5

nanoneters to I er. ) i i .any. precedi ng claim
wher ei n at Iea;‘[@' gbnllé‘l/oB E)'?Qﬁtl ggﬁﬂb%hhgg)lwﬁe&i%gaa%tfginltij?ggw%b&s@féd i nsol ubl e
base dispersed in,sgid_solvent. 6. A lubricant according,to any preceding
claim wherein saf’d&%@iﬁ?ﬁﬁugsa%‘é%%C%@r‘?ﬁylfcsﬁg ﬁ?y@‘%f‘aé‘ tFeRnesi umor a
hydr oxi de of cal ciumor 20 magnesium 7. A |ubricant according to any
preceding clai m RABISAbyteng-gubstiatedssyscinieanhydride, therpolyisobuténeom 5 t o 30%
by wei ght of the lubricant. 56 2 4 FEB 2006 8. A lubricant according to any
precedi ng cl ai m f gkbsi#ueningning armynalven avesage omdecdavweight fralm 700 to d300Ng
oi | dispersant and at | east one conventional Ilubricating oil and/or

anti oxidaht. 5 9. séid pdlyisobutenesubstituted saccinie antyarde beiry eharacidigediby
said lubricant is a |lubricant designed to be injected into the ring or

combustion area ofropf11.0 t?’tﬁBpg‘hcm%@dﬁ%’ﬁ%ﬂhﬁ?ﬂﬂ@eﬁfbaﬁﬁﬁcam according

to claim9, wherein said |ubricant i of at | east
40 to neutrali ze el cLi.on. ductions associated wth high sulfur
content fuels. 11%]”&@%#&%%1%”@%%@#@! ng to any preceding claimin which the
base conprises cal ci um hydroxide. 15 12. A lubricant according to any
preceding claimin which the hydrocarbyl- substituted carboxylic acid
acylating agent is a polyisobutene-substituted succinic anhydride, the

pol yi sobut ene sUbAtlubiieant acgordiag o anyrpeeceding:claie funthercadnaprisieg ght of from
1500 to 3000, said polyisobutene 20 substituted succinic anhydride being
charact el zed by &ntioxida®t, aaisbersant, and an antiwear additive.

15. A lubricant as claimed in any preceding claim in an internal combustion

engine.

15 16. A lubricant as claimed in claim 15, wherein said internal combustion

engine is a 2 stroke marine diesel engine.

17.A process for forming a lubricant with a total base number of at least 1
comprising;
20 a) dispersing a portion of base in an oil-insoluble solvent,
b) adding said base and oil insoluble solvent to a lubricating oil,
¢) emulsifying said oil insoluble solvent and base in said lubricating
oil with at least one emulsifier capable of forming a water in oil

emulsion, which comprises a hydrocarbon lubricant-soluble
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and in succinic groups per equivalent weight of the polyisobutenezm FEB. 2006
substituent. 57 2-4 FEB 2006 13. A | ubricant according to any one of clains
1 to 11 in which the hydrocarbyl-substituted carboxylic acid acylating
agent is a polyisobutene-substituted succinic anhydride, the polyi sobutene
substituent having a nunber average nol ecul ar weight from 700 to 1300, 5
sai d pol yi sobut ene-substituted succinic anhydride being characterized by

from1.0 to 1.3, succinj r Y ' :

pol yi sobut ene substi tu@ﬁ@q@éj}.‘ﬂ%&? ggrf?%‘gﬂ‘tg %h@%&?@ﬁ?&%ﬁ@#%%@ar#& claim
further conprising an 10, antioxi dant,, a, di spersant, and. an antiyear

addi tve. 15, A 1'ubri ¢S ASYIRANG AGeNt WthATIIREE QiARGTEING & YAIRCRRYbr nal
conbustion engine. 15 16. A lubricant as clained in claim15, wherein said
i nternal combustion enguhbstituenbobsaid acklatingagest bavsgfrasm§Orte 5007carbon
process for formng a lubricant with a total base nunber of at least 1
conprising; 20 a) di spatemsg a portion of base in an oil-insoluble solvent,
b) adding said base and oil insoluble solvent to a lubricating oil, c)
emul sifyifng sai d oi | whegmh shidcba y@hprise¥pOassiuht sodivin sBisiugat i ng  oi
with at | east one enulsifier capable of formng a water in oil enulsion,

which compri ses o Nyeerechn IHABE| GaflmalHAhEAER08. daEE, 8008, product

made by reacting a hydrocar -substitu t acld acyl ating agent
wi th ammonia or an anine, the hydrocarbyl .substituent of said agylating
Agent “having from somegn BBy aRtEn S’ irpinatigtaarepFiiy Rhefdh Satfast ol
pot assium sodium calcium rmagnesium |ithium or alum ni um hydroxi de;
cal ci um oxi de, nagnaddeshinoan aeoust of Siamm A=l 3wt Heofdbe lubricatter ei n sai d
base is added in an amount of fromO0.5 to 30wt % of the |ubricant
composition and contributes at least 1 mg KOH/g to the TBN of said
10 lubricant and wherein said base is added as a preformed chemical
compound rather than being formed in situ in the oil phase by
reacting aluminium, alkali, or alkaline earth base with an acid in the

presence of an emulsifier (overbasing) and wherein said base is not a

borate.
15
18.A method of lubricating at least some of the surfaces of the combustion
chamber of an internal combustion engine including the steps of adding a
lubricant composition according to claim 1.
20 19. A method according to claim 18, wherein said base comprises calcium

hydroxide.

20.A method according to claim 18 or 19, wherein said internal combustion

engine comprises a two stroke marine engine.
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-conposition and contributes at least 1 ng KOH g to the TBN of saiici 006
| ubricant and wherein said base is added as a prefornmed chem cal ém%.l%(q
rat her than being formed in situ in the oil phase by reacting alum nium
‘alkali, or alkaline earth base with an acid in the presence of an

enul sifier (overbasing) and wherein said base is not a borate. 15 18. A
nmet hod of |ubricating at Ieast sone of the surfaces of the conbusti on

chanber of an conb fn.en ncl.udi n he addi ng a

| ubri cant conﬁgs'& egﬁogég‘d? qgagﬁgﬁrﬂvhereﬁsag URIeRN H% @ d®ding to
claim 18, wherein said base corrprl ses cal ci um hydroxi de. 20. A net hod
according to cl dvhsiaantdn saigl twartrekemaENa engine: nal  conbusti on engi ne
conprises a two stroke nmarine engine. 59 2'4 FEB 2006 21. A net hod accordi ng
to claim 20, wherein said lubricant is a cylinder lubricant in said two
stroke marine engine. 22. A nethod according to claim21, wherein said

mari ne engi neZBsﬂeméthédlebcorﬁléj‘lﬁiclbm% WwHE RN saRionkAné ehgﬁfé@ééwéfdbll to
about 4.5 wei ght percent based on the weight of said fuel.

5 that has a sulphur content from about 0.1 to about 4.5 welght percent

based on the weight of said fuel.
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