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15 A variety of lubricant oils are available having various total base numbers.
One reason for having a total base number above zero in a lubricant 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
with sufficient excess base that over their intended lifetime, they remain neutral or

20  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
the economical residual fuel, the combustion products include high amount of acidic

25 SOy 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
the cylinder oil is injected near the rings of the piston on a continual basis to provide

30  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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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
removed.

20 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 of the water in oil emulsion was not
readily evaporated. Water in oil emulsions were generally not desired in engine oils

25  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.

Water in oil emulsions are also used as liquid fuels in some patent

30 applications such as US 4,002,435. A water in oil emulsion is described therein

comprising a hydrocarbon, water, a water-soluble alcohol, and a novel combination
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The lubricant can also comprise various conventional lubricating additives to
assist in the performance of the lubricant such as dispersants, detergents (including
neutral and overbased detergents), extreme pressure agenté, antioxidants, viscosity

20  index modifiers, etc. The lubricating oil 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 lubricant is as a
cylinder lubricant in a marine diesel engine which can burn high sulfur content fuels.
The high total base number of the lubricant can minimize the corrosive effect of

25  sulfuric acid on the metal parts of the marine diesel engine. The lubricant can be
used in a variety of other applications, such as an internal combustion engine using
low sulfur fuel, where an oil with some basicity is beneficial to avoid the effects of
acidic reaction products or to extend the useful life of the lubricant.

Brief Description of the Drawings

30 Figure 1 is a plot of the total base number of the drain oils in a marine diesel
engine as a function of time for the three different cylinders in the same engine.

Figure 2 is a plot of the total acid number of the drain oils. Figure 3 is a plot of the
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situations although some synthetic oils that would not be strictly defined as
20  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

volume percent but it need only be the continuous phaée and can be as little as 20 or

30 weight percent of the final formulation, depending on the application. In marine

diesel application the hydrocarbon oil is typically more than 50 weight percent of the
25  composition and often more than 75 weight percent of the composition.

Emulsifiers help emulsify the oil insoluble solvent e.g. water in the
hydrocarbon oil. The emulsifier(s) can be any known emulsifier useful to disperse
oil insoluble solvents e.g. water in oil. Preferably the emulsifiers include one high
HLB (hydrophilic/lipophilic balance) emulsifier and/or one low HLB emulsifier.

30 The low HLB emulsifier can be an ester/salt made by reacting polyisobutenyl
succinic anhydride with ethylene glycol and dimethyl] ethanol amine in an equivalent

ratio of about 2:1:2. This emulsifier can have a high molecular weight
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be a significant disadvantages. Therefore water will include deionized water, tap water,
recycled water, grey ship water, sea water, etc. Water can be up to 50 weight
percent of the formulated lubricant as long as it remains a dispersed phase rather
than the continuous phase. Preferred amounts of water for marine diesel
20 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 and/or oil insoluble solvents for lubricants for general internal combustion
engines are from about 1, 2, or 3 to about 10, 20 or 30 weight percent of the
formulated lubricant.
25 Oil insoluble solvents include C1-C5 monohydric and polyhydric alcohols,
C2-C5 ethers and polyethers, and various other solvents that are not soluble in SAE
30 paraffinic oils to an extent of 1g/100 ml of oil at 25 C. Ammonia and other
amines may be added to the water/solvent/blend to enhance one or more properties
necessary of the solvent or of the final dispersion of base.
30 Base
A water soluble or water dispersible base is a necessary component to the

formulated lubricant. The base need not be a pure component but might be a
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those amines reacted or partially reacted with mineral acids such as sulfuric acid or
low molecular weight organic acids such as acetic acid or maleic acid. For this
20  application it would be possible to also use the same amines coupled with
formaldehyde or polyalcohol such as tris(hydroxymethyl)aminomethane. The
nitrogen containing compound could also be a polyether amine e.g. a
poly(alkeneoxide) of low or high molecular weight with one or more terminal amine
groups. Preferred bases include NaOH, Ca(OH),, CaCO;, KOH, or blends thereof.
25 MgO and Mg(OH), are desirable as some or all of the base in engine lubricant
applications where a high amount of vanadium is present in the fuels. They
minimize a vanadate problem associated with the vanadium. While KOH was used

in the examples other bases are just as preferred.
While the base can be present in almost any amount preferred ranges for
30  marine diesel applications include from about 0.5 to about 30 weight percent based

on the weight of the formulated lubricant and more desirably from about 5 to about



WO 03/ 002697 PCT/ US02/20394 7 30 wei ght percent. Preferred anounts of base
for lubricants for general internal conbustion engines are fromabout 0.1,
0.2, or OW® @3wozout 10 or 30 wei ght percent. The fornul acadudonbeiogcant for
marine diesel will desirably have a t&tal base nunber in excess of 10, 20,
30, 40, or 60 units where a unit is equivalent to onee 5 mlligram of

KOH gram of fornulated |ubricant. Mre desirably the lubricant will have a
total base nunber between 20 and 100 or 150 and preferably between 40 and
100 or 150. Preferred TBN yval ueg for Iub{ 'bcan s for er

eneral internal
conbusti on 38nWyPighk Pefrents r Big{eslse Amaunisor gases Ofdu'la%‘@gtts f%ﬁ %Pérgo?mﬁ}%li rably
the | ubricaphWikton Jhg s Bfﬁfrdrﬁ%ﬁ&ut@@f{%@, ok b3S thabalt 1@%@0%’?@@6&@&1 ributed
ol u r ot he

by the base that was e or 10 dispersible in water o r
oi | -i nsol ubl e solThenformilesidriabioant formaniineedigpy| witladesisrdy have hdekgd bag, 20,

or 30 units of TBNwll b tiributable _to the.base added t.o.the bri cant
with aﬁ Ioi | RDST E}b\é\n}éce%f)géﬁ’t i({l u48vx81rt 8¢ )u.mtsl'l‘?’éle]fee?rﬁp d%FanlFﬂetotJ())r?eal | base

hunber gy beRhvi dedobyoram \@ith@hiiatedl 1ehRaRE SeRreddsiralslly Ukt Bibgienmongnt s
such as overbased detergents that are still included in the conposition.

15 The base hadeledotahbashinsmbappierwesni Whangi 100 ey SQiasp ereferablydieteee pd
di ssol ved e, i a il | ubl e S0 } en
enul sified iqﬁatq{ewg)r I ?re’%{g’d i spvleé?useé Bh%ggg%téﬁoﬁgeﬁﬁgégﬁfﬁ aggglglbg?tgéer sed

nanoparti cl engmesh@rfedin 8baigd, Pk Bit6labout li0fort20e Daksirably gl lubliens ofilv Bate has
been renoved. The base, or at |east the mgjority of the base &f%{? not be
sol ubi | i zed a Aeast 60% o its Eiel agp PEBGFRFosERYEd by fhe hase ihak wWegselupls or

conponenf, ace 10g ; IS o At | | t e, fari AMErdased
e B L T
3,695, 910 orat 1245730, 2@5ovdueitaof MBN wikhde atsitmtidéedtat thet bese idileditotig wi t h

an oil soluble acid.or surfactant. and then sai base.i chem cal.l react ed
wi th anot heruRugaR} Wih anqlimsoipply SO]é(e@ta@'gsW@Frés’gwnlﬁn%bﬁ’?%eom?%Pﬁ?eanot her

second di ffepeier R3S Roviibdiby B ValBtyd o e RERSE solsBle tosfal s Rageashavi ng

different solubility or dispersibility in the oil phase due to the nethod
of prepar at icvartasail dédtegprtetenae soll insluded dn thslcompesiionr surfactant. The

base conponent of..this inventiaon wl.l bhe si.pnilat. t.h as. t al
conpounds in thatT}Wef%?SF :fgﬁ‘ffpf%g“sr applisagen éNqIH]l b\?aélgé#gsedbg ftglg%é%t %& 3{%51

equi val ent s ke, ARV His@UBIIREIVERR (clpe e} 8t anthen whdulsifir] @by &i12. The nor e
desirably above 5, and 30 preferably above 10. Anionic groups on

sur f act ant s d¥nSTsRe Iphaserrarbeanierenha 4 disperernangRyticioPr THEER Hreghrateleos are
i ndicative ti{qﬁ;[e éipﬁsgfﬁﬁﬁ dolVellPhasSheZR lré(mg\?édr.'gl“he base, or at least the majority of

the base will not be solubilized into the oil on a molecular scale. Further the base
20 component according to this invention will not be part of those overbased metal
compounds 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 along with an oil soluble acid or
surfactant and then said base is chemically reacted with another chemical, typically
a gas such as CO, or SO,, to form another second different base in situ in the oil
25  phase, said second base having different solubility or dispersibility in the oil phase
due to the method of preparation and the presence of oil soluble acid or surfactant.
The base component of this invention will be similar to the overbased metal
compounds in that desirably the ratio of equivalents of base to total equivalents of
anionic groups on the surfactants will be above 2.5, more desirably above 5, and
30 preferably above 10. Anionic groups on surfactants are well known and include
COO™ and SO5". These high ratios are indicative that the base in not simply being

carried as the counter ion to the surfactant groups. These overbased components



carried as the counter ion to the surfactant groups. These overbased
conponents WO 03/ 002697 PCT/ US02/ 20394 8 fornmed by in situ chem ca

react i onswoa)a/bz9pr esent as ot her functional additives i n PdImesokadsok cant
and may be forned in trace amounts dué to exposure of bases to trace CO2
in the air. As expressed above the bases added with the oil insoluble
solvents, e.g. 5 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 2rt|all r ful

remove, the foERes ol BECHFEIIN EREPBMBE DORICHE GhpEIFE n‘ﬁ“ﬁ“?]ﬁg tléfF%’rS’er sed
phase, stabijd @ggc%ﬁ aﬁd(}f?A}J o4 88“11?95({6%1‘96@@’ dld® & I'ﬁgétﬁb fok Bhses B BR&Q sed

phases above 1 mcrons I"'n any dinension are less preferred in coll oidal
10 di spersi @i®; inekazise they are harder to stabilize than smaller sized

phases and can contri but ess ers ase bove 0 m _crons
in size tend to e’&%{ﬁﬁﬁg tbioﬁe %Sﬁf |a8f[§]%ff LIS eggnf‘soilfqeté?lge 15 $Per sed
phases bel owz ng&mt havel 10wSAZ Solubidiyi £l thils 418 Peédefit #i @B Id{spEREE piask ar ger
anount s gf ‘ng?rs frer }{ehar? dfvs 1er s%é hgl hases Sof qﬂ eor 500 nsgnorre?ers

Ther ef ore, tlhelrdtlwp@sm&bdahhwglwfe wheaisand nbrb@r@harsomble sadvanp Say beste

I , bl 49]
partiol & o derb iy’ Seabielne §Re of AR Y ShO8T by Uhfphcnt 1R £°°

desirably fr&gﬁerséd HRABYTREBIIS el Qs 20caTliotd20Msspeivh by eheemblsifidry Mispdrgad 10
nanonmeters to about 10 mcrons. Further the base in this a plrcatron i's

not ianbal kalphages abdvgl 0@ mEcrens foraay edigpensipg Wdﬂ%ﬁe??egqq@éll in gpllgidely) i ne
met a 9% at eosﬁj%{sgon%cl;ecgfsg 0&)%/ 9:% 1%6 éS[O s?a%ﬂ?z%gtlhﬁr? !sfhtaﬁgr s&%@%er il gepts on

t he use of b e compounds I cants I'nitions omer when
used in conjdengibugtowatinesse Mispessediphases abéyd 20 mideemsyih, sme&emli talgkboa}aghis

i ntended to describe such groupé1 thah 62%3 r}]a t ot al (g) 7. carbon 25
atons. The tlércr‘?W\%lt’é’Pals%‘?%WT il igfeg- s 12855 b‘ilﬂ‘é{t é‘ﬁ’é rgg?rabrpesqen wat er
to the ext 5 M@ Fased of25C.
The term | ugpﬁgwﬁrﬁ 1%5 ﬁgllg%g%gr ll)%%?@u%rﬁ{ogéﬁs) fgé(&)ﬂ d&hhgﬁ@g g%is)et o] rraatser(r)al S

that are sdlOutd 800 mamrﬁé&Ers30Thmcfafd ithé dispersed phasek wifriasaand tOQtltJIIr?é akt ent

of at Ie%st a,[mper 00 ,m.l Irters of |ubricant. g g
e ater, desira y has a number average or intensi Y average

mso?uble SO
particle size by light scattering of 5 nanometers to 100 microns, more desirably from
5 nanometers to 20 microns, and preferably from about 10 nanometers to about 10
microns.
Further the base in this application is not an alkali or alkaline metal borate or
20  hydrated alkali or alkaline metal borate as described in US 3,853,772 and related
patent documents on the use of borate compounds in lubricants.
Definitions
The term lower when used in conjunction with terms such as alkyl, alkenyl,
and alkoxy is intended to describe such groups that contain a total of up to 7 carbon
25  atoms.
The term water-soluble refers to materials that are soluble in water to the
extent of at least one gram per 100 milliliters of water at 25°C.
The term lubricant or hydrocarbon lubricant soluble refers to materials that
are soluble in a SAE 30 paraffinic base oil lubricant to the extent of at least one
30  gram per 100 milliliters of lubricant at 25°C.
A material whir:h is less soluble in SAE 30 paraffin oil than 1g/100mL of oil

at 25°C will be classified as oil insoluble.



A material which is less soluble in SAE 30 paraffin oil than | g/100nL of

oil at 25C will be classified as oil insoluble. WO 03/002697

PCT/ US02/ 8@3B3/02dd7 Hydr ocar byl groups or substituents referPCTias02/2¢a90up
havi ng one or nore carbon atons dire@dtly attached to the remai nder of the
nol ecul e having a hydrocarbon nature or predom nantly so and includes 1)
pure hydrocarbon groups (e.g. alkyl, alkenyl, alkylene, and cyclic
material s), 2) substituted hydrocarbon 5 groups, which are stil

predom nantly hydrocarbon in nature (e.g. halo, hydroxyl, alkoxy,

mer capt o, al kyl mEdyipeaahylnigtqups o subgiEBents fefers Up fAogiPyP hayingagne or more

het er osubst 'Zc‘aﬁé Gd Pylr ‘a&@étgpnat@&%;ﬂip%o SHE N ARIAIRS Cof R thBlefdle Whavind1 0y MTOT €
than 1 or é1ogen, oxygen, sultfur, or nitrogen atonms or conblnations per
10 car bon atiBocarbbhenakuiellos ipkéder(isdntyOsd mdineluded dylpureniydrodaeboanerosps i er
used in accordance with the invention i an enulsifier, co Ss{tion which
conprises: (©% #ldrisemtnahviansr 2p ﬁﬂ@g%ﬂﬁﬁﬁgﬁgpﬁé ﬂﬂﬁﬁgggﬁkogﬁgUling a
hydr ocar Qy| t i fnue i i W 1 jja or an
i no. tRe Hodn e A BT e P dano Rl SyABh: B e e bl BRI it 50
to about 50CGlkaybomeatapts; dkylneamapioninitrar witmsmi camdc sdfgxgundards Bavi ng a

() ad (i D yreBpREspiEe BoutERTeh preins Yot 3 Fhisioh AACHBARR 4T | I &
wat er - 5ol ublPhfigid, oflg8hIs0i o Alitdgh a6is b dombiMrthiipas PEarbin o] ) ar e
e

preferred. These enul'sifiers are scribed in US Patent 6,383,237 hereby
i ncorporated by reference (herei naFheEmudsifierf®7). This erul sifier

conposi ti.on i s present in.the |ubr] e b |- i.fi.ons..of. .
inventiép at a c&ﬁé’ﬁfygﬁggﬁﬂ%ﬂﬂgggﬁﬁ£%&%§g?31d%%%%%ﬁ%éﬁgyﬁgé?éﬁngg%d in
one enbodi rentmalkie BnPosition abpivh LAprdys: W) @ Miydrésacbonnlubmieareohdilarent

about 0.1 to about 5% by weight, and in one enbodi nent about 0.1 to about
3% by wei ghtBrodughanads by seacsing gdrdserarp substiduted egbapdictacyd soxlgingraeght .

Emul sifiers enhesh [ t 1S4, S ; 140, egbont
detergents é&@NSIHI é?Oﬁg%e%?gféggggz&ﬁgg?%%ﬂﬁﬁggeéﬁEQE%S %&%@?85%?% may
have an ef f davingrabenub® tabatt HOD|dathyon 4tdme;s(iiglas donin et edndrhartic dosypeunshnt s,

AR ET R S R EHEN AR E N IE
1(‘) or ! pgacth?'gkﬁemﬂrdagrbrlauﬁfﬁﬁ@r&@ ahbRlipinéRbifdtionl Withay) Revaeclix vl ¢ acid
distinct from (i) and (ii). Mixtures of (i), (i) are preferred. These emulsifiers are
described in US Patent 6,383,237 hereby incorporated by reference (hereinafter US
‘237). This emulsifier composition is present in the lubricating oil compositions of
20 the invention at a concentration of about 0.05 to about 20% by weight, and in one
embodiment about 0.05 to about 10% by weight, and in one embodiment about 0.1
to about 5% by weight, and in one embodiment about 0.1 to about 3% by weight,
and in one embodiment about 0.1 to about 2.5% by weight. Emulsifiers have been
defined to distinguish them from overbased detergents and similar materials even
25  though overbased detergents may have an effect on emulsion stability. It is also
noted that dispersants, which are commonly used in lubricants, have some similarity
to low HLB surfactants.
The hydrocarbyl-substituted carboxylic acid acylating agent for the
hydrocarbon lubricant-soluble product (i) may be a carboxylic acid or a reactive
30  equivalent of such acid. The reactive equivalent may be an acid halide, anhydride,
or ester, including partial esters and the like. The hydrocarbyl substituent for the

carboxylic acid acylating agent may contain from about 50 to about 300 or 500



30 equival ent of such acid. The reactive equivalent my be an acid halide,
anhydri de, or ester, including partial esters and the |ike. The hydrocar byl
substi t uewo @3mo2dohe car boxylic acid acyl ati ng agent nmay aareson2639em about
50 to about 300 or 500 WO 03/002697 POI/ US02/20394 10 carbon atons, and in
one enbodi nent about 60 to about 200 carbon atonms. In one enbodinent, the
hydr ocar byl substituent of the acylating agent has a nunber average

nol ecul ar wei ght of about 500 or 750 to about 3000, and in one enbodinent
about 900 to about 2000 or 2300. 5 In one enbodjnent, the

hydr ocar byl cethestaterns.carddaope sipbpdimsat aboyié PP 4e iaheut Qé)géaafboncﬁwmheln one

e O e L i

nore al pha-b ni ca reagents

cont ai ni ng ZveRge aBoleculdd waglluoof aibouts ,508x 6t W§0ven abotith800@r hmkyh gIeoups,
with one or nore olefin yners described nore fully hereinafter. 10
The al pha- béﬁ@og}@‘fqtﬁbeglq%? t@lﬁ'%‘&?&s@% 32)29r boxylic acid reagents may be

ei t her gonobam qnoénep%ﬁpﬁﬁfeﬁt i n?&‘df:ﬁbﬂﬂ%%@tu?erdecﬂbéﬁ)h@%ﬂi b 1H§1g 237

colum 1 The ol'efin nononmers’front which olefin mers ney be
derived are agpad fyml Iydbdcarboh édtirivantesoduide procoar @cney quddebkry reaviipgyomme or
nore et hyl enic r at ed

S and t norre S an ol are
descri bed i r?rl%(’re? a€]8f18‘ﬁﬁl Hnsasﬁﬁ%tg‘g %‘(?E}gﬁ’é:o% {ﬁ%ﬂ&%%&%&% {p
contain pr edavaaw@mt:h%oﬁtak@ﬁs ieReludl &8t efe ddiBokyl 2BAUHE, R RAE GRMorefoldtlie t ot al
repeat units) isobutene repeat units of the confl guration CH3 1 20 -CH2-C

CH3 In one qmﬂ)somrmmdescnhedmp@ffuﬂybmeywﬁtﬁr|s a pol yi sobut ene group (or

50" to. s e tagb SRtHRE BBl RO otiof s Hulobe S8V

one enbodi MBfidnobhiie oapylyBadiE Rgeat Thae atd@istlysbdas Q7 koldfinciant - sol ubl e
product (i) is a hydrocarbyl-substituted succinic acid or anhydride

represent ed corr eSfsoplgfingngnamers feny whislh the gtefinpolymers 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

15 columm 14.
These polyisobutylenes generally contain predominantly (that is, greater than

about 50 percent of the total repeat units) isobutene repeat units of the configuration
CH3
20 —CH2-C
(IBHB

In one embodiment, the olefin polymer is a polyisobutene group (or

polyisobutylene group) having a number average molecular weight of about 750 to
25  about 3000, and in one embodiment about 900 to about 2000.

In one embodiment, the acylating agent for the hydrocarbon Iubricant-
soluble product (i) is a hydrocarbyl-substituted succinic acid or anhydride
represented correspondingly by the formulae

R-CH-COOH
30 iHZ-COOH

or



30 H2-000H or WD 03/002697 PCT/US02/20394 11 R O wherein Ris

hydr ocar byl group of about 50 to about 500 carbon atons, and in one
enbodi nenwd i3moz@bout 50 to about 300, and in one enbodi medT/dSoerv@ibout 60
to about 200 carbon atons. The produttion of these hydrocarbyl -substituted
succinic 5 acids or anhydrides via al kylation of maleic acid or anhydride
or its derivatives with a hal ohydrocarbon or via reaction of nmaleic acid
or anhydride with an olefin polynmer having a term nal double bond is well
known to those of skill in the art and need not be discussed in detai
herein. In one enbodi nent, the hydrocarbyl -substituted carboxylic acid
acylating 10 agent for tRhe prod hydr ocar bon | ubri cant - sol ubl e product
(1) is a hydrocarbyl- subst d\succini c acyl ating agent consisting of
hydr ocar byl substituent groupg andQ succinic groups. The hydrocar byl
substituent groups are derive man olefin polymer as discussed above.
The hydrocar byl - substituted carbo%x%;c acid acylating agent is
characterized by the presence withiwits structure of an average of at

| east 15 1.3 succinic groups, and in one enbodi nent fromabout 1.5 to about
2.5, and in one. enbodiment formabout 1,7 to ab 2,1 succini¢c. groups for
each equi valv8KECiRE; ’@H’tydr%"?ﬂ%yll]ér‘}\?o?fd’g’a?tbw toséﬁ’ﬂgf g%%?ﬁ’?“ PWannéan}?oQﬂ{ﬁ ment ,
the hydr O.Caregéﬁoai%&é% ot bigsht 50abRBXY 400, Afd B GRVIARLING AN dbdut 60 to
characterized by the presence wthin its structure of about 1.0 to about
1.3, and i n aboe 200tmadiarexivbmbr Ghegivoditction ©f thesabydtocarbg]-substitutad @civige

enbodi mept from abqut, 1.0 to.about 1.1 .succi.nic _groups for. each equjval ent
vei ght of t HECRPEPEBATEs i FRiraTmlPh 25 anfistidhearls qopgaves Witn

hydr ocar byl -;syhsfdrsta88bt 3F Bax iehGioaChfdnatkyd akidner a8BRiHdel it an olefin

pol yi sobut ene-substituted succinic anhydride, the polyisobutene

subst i t uent polpwiongaringartberinahéaultsebandiiewall kpoweitg Hrosepf g thesgbands about

3000, 25 and i ne enbodi.ment Q 1800 to about 2300, said first
polyisobuteﬁ@g??ﬁﬁgfﬁFﬂﬁgglggg@ﬁﬁfg%hnhydride bei ng characterized by about

1.3 to about 2.5]Inand émbdmed, A2 69FoBhyILo0M 1823 Xhrbdk?lic acid acylating
10  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

15 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
of about 1.0 to about 1.3, and in one embodiment from about 1.0 to about 1.2, and in

20  one embodiment from about 1.0 to about 1.1 succinic groups for each equivalent
weight of the hydrocarbyl substituent.

In one embodiment, the hydrocarbyl-substituted carboxylic acid acylating
agent is a polyisobutene-substituted succinic anhydride, the polyisobutene
substituent having a number average molecular weight of about 1500 to about 3000,

25 and in one embodiment about 1800 to about 2300, said first polyisobutene-

substituted succinic anhydride being characterized by about 1.3 to about 2.5, and in



one enbodi nment about 1.7 to about 2.1 succinic groups per equival ent wei ght
of the polyisobutene substituent. In one enbodi nent, the

hydr ocar bwo-@suwos®drt ut ed carboxylic acid acylating agent iPCTaAIS02/20394

pol yi sobut ene-substituted succinic ant®dride, the polyisobutene 5
substituent having a nunber average nol ecul ar' wei ght of about 700 to about
1300, and in one enbodi nent about 800 to about 1000, said

pol yi sobut ene-substituted succinic anhydride being characterized by about
1.0 to about 1.3, and in one enbodi ment about 1.0 to about 1.2 succinic
groups per eqe ﬁmbbémem/@b@htl Tob abhet 2.pGkspinie SAUpR pesadvitaleni sigight PhEwe are
further descrj % n %m colums 15 and 10 16. The hydrocarbon

| ubri cant - sgP %Poa Plfps may be formed using anmonia and/or an am ne.

The ami nes usef U|In fode drpeslimad, md hydrb@araﬂyduaétitﬂ@dagﬁﬁixyht: acfdoneylithe
product (i) include nonoam nes, am nes, and m xtures thereof. The

monoani nes BEGE dhl § GARIKANERS- Flthi‘é t‘%ﬂwaf’r‘ic?@ anhrshedEde, hEhey P WRPhHEE 15
have twosor (i€, cnf HGiRE! a%ﬁlb@va&& egﬁngfé@ﬁlﬁr w%fg%?gfj%&ﬁt @bott@FﬁaLarmo@m nes.

The prifmary am nes are-charac eri ze esence of at [east one - NH2
group; the aﬁeannﬂﬂrqnhyhmaﬁzﬂmes@ﬁﬁeoaboat10@33@ubp@ykbbﬁm@fmﬂpumEMe

tertiary am nes are nal ogous to the rlma a seconda amnes with the
exception tﬁ%\?Cl?lﬁeaqnggfgg? mga?r@ﬁ%m?r}'?e %ﬁ gﬁ 9 R@%rgépén '8 ¥¥pl aced
by hydrocar '@MJboaané%@%bo&Ol 548 MBbes 19f sde&ma %uﬁygeﬁ@gﬂmﬁtywagﬂpam@es are
in US "237 colum 16 am nes may b roxyamn The hydr oxyam nes
may be pri rr@pw,lsmtemndabwt@nt Theseiae i/’ul“dm despnba’q'p] val 2y7 Cbhmﬂsyldrmdyam nes

are pri g@ry, secondary or tertiary al kanol am nes. The al kanol am nes may
be repr d by the fornulae: 25 1 NR-OH H30 H-_, NR-OH R R

35 NW O'FnR/ WO183/ Q92 bHICTInb04t26B88% product (i) may be formed using
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

15 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
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.

20 Examples of primary and secondary monoamines are in US ‘237 column 16. The
amines may be hydroxyamines. The hydroxyamines may be primary, secondary or
tertiary amines. Typically, the hydroxyamines are primary, secondary or tertiary

alkanolamines. The alkanol amines may be represented by the formulae:

25 H
\\N—W—OH
~

H

30 H

\\N~N—OH
R
R

35 \\N—RL—OH

-



13 wherein in the above formul ae each Ris independently a hydrocar byl
group of 1 to about 8 carbon atons, or a hydroxyl-substituted hydrocar byl
group of Waw/mozoout 8 carbon atons and each R i ndependerrdiyusos/2e394

hydr ocar byl ene (i.e., a divalent hydtocarbon) group of 2 to about 18
carbon atoms. These are further described in 5 US 237 colums 16 and 17.
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 fornul a

HN- (Al kyl ene-N)nH 10 1 R R wherein n has an average val ue between 1 and
about 10, and i nwheeirihbodi abent formobateath Ras afrlependently hehydAlcksplykgesipgr oup

has f 1 to about 1 bon at t 2 t
about 6 car oA BEDRE S AHIOBAUTR ¢ PRESHARSLYSE RyEPOGEH, Bare &I Phat i ¢ or

hydr oxy- subgbd ;¢! Geb dt@rﬂ@rah@e&'hqvﬁnﬂgpeh'&nﬂg 1@999&10\35}@@?}6 @%n aliPdEnt These
al kyl ene polyam nes are described in col umm 18 | ene

pol yam nes &yérooabbu)l grolp Oérietoeilbbuidl&mbon pthmsanihese pws fgrtb@n erilied 1ot t ons
or a heayy "pol yam ne bottons" refers to 20 those

pol yami n Eg é??qch]@mfnlsgﬁapﬁel stripping of a polyamne nmixture to renmpve

| over ol ecul ar wakGRlindelaya® fedkasst Yoy ahinke Eﬁp’ﬂ@ﬁﬂgﬁﬁ&ful arel tR@ Vilearas
resi due, the polyam ne bottons. In one enbodi nent e pol yam ne bottons

are char act er beeaehessilkylend prjyareiaes enmseniesbli thedomyilaei ght total diethylene
triamne or triethylene tetramne. These are described in US " 237 col um
18. 25 The hydrocarbon | ubricant-sol uble product (i) nmay be a salt, an
ester, an amde, an im de HN{(AkybaeiN)JEL i on thereof. The salt may be an
internalgsalt involving res dues of It nol ecul e of the acylating agent and
t he ammoni a or am ne wher EII@ one of phe carboxyl groups becones ionically
bound to a nitrogen atom wthin the same group; or it may be an external
salt wherein the ionic salt group is 30 forned with a nitrogen atomthat is
not part of whaeeisanesnol scuige. valwe oeteeere iripodiapent 10t 4nd iandneesnitgodiment

hydr oxyam n

e, t droca by, bst,ltut d carb cid ac Iatl agent
is a hydrocdPB E%%QPF ?u & AN enlg{: U] Z)%X&hﬁm @ 33@
PCT/ US026 20394 ne &thbodiment about 2 to about 6 carbon atoms, and each R is mdependently

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.
Ethylene polyamines are useful. In one embodiment, the amine is a

polyamine bottoms or a heavy polyamine. The term “polyamine bottoms™ refers to

20 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
tetramine. These are described in US ‘237 column 18.

25 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 oﬁe of the carboxyl groups becomes ionically bound to a nitrogen atom
within the same group; or it may be an external salt wherein the ionic salt group is

30 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



resul ti ng hydrocarbon | ubricant-soluble product (i) is a half ester and
half salt, i.e., an ester/salt. These reactions to formthese products are

in US " 23wo @/oesdeinrm 17. Conponent (i) (b) is a hydrocar b@eTt/uso2/20394

| ubri cant - sol ubl e product nmade by reaedfing an acyl ating agent with at | east
one et hyl ene polyam ne such as TEPA 5 (tetraethyl enepentam ne), PEHA
(pent aet hyl enehexaam ne), TETA (triethylenetetram ne), polyam ne bottons,
or at |east one heavy polyanmi ne. The ethylene polyam ne can be condensed
to forma succinimde. The equivalent ratio of the reaction for CONis
from1:1.5 tresulting. 1§ drovartengobfieanabdlyblerppedutt (i) 35 & dalf:edte7 @nd halfidalvost,

ferably f : 1: 0.70, wherein CAN,is th Jbany| j 10
Pt ogen 1 athgoeid, Thegimgisias 1 Frtufergrabisharan G8 ambimeina "
pol yi sobutyl ene c@iféRehtavihBY i@ HU¥RREcafORr BleicHRLREIbIApHBIEhhadd blrom

about 700 to about 1300 and that i's succinated in the range from1l.0 up to
1. 3. The reaeacting aberowksding tagent yithout aesy |ong (etistleney pely aminrehanel | 4sc TBRA d

acylatin nt, and the a ni a mne, s c j .under cﬂ@fl'tions

t hat pr osi dzgfr%erthﬁﬁ%epe&tgnﬂ‘lmti olﬁéo t he (%%g}e?ﬂe’géngegg)g%&l %}/hi ch ar eAset

forth in US({ridthfleneletraiminky, polymineriemioot aElhst dritehdavirpatpantins.olThbl e

product (i) conprises: (i) a% a first lubricant- soluble product nade by
%

reacting a ffhylane W&fagééﬁ B‘%ﬂ erdensed: tadopn arggsininidec i The eguiyplept REoagent

wi t h anmoni AmicNesAT r h =S ' i ik
acyl ating ag)gﬁ{e rg{a{:\%aﬂg&g%%i}\t&]%ggyrgc}q%g%?bgoggiéa#%%ﬁﬂ% glfr(r)lsn;]S f"alttrzlkdtt)(l ﬁﬁ%)
second 20 | ubd incashiprefedablyl fomr bduot 1:080ewhyreine @ NNg the sarbong to amine

hydr ocar pyl - substitute carboxylic.aci.d acyl ati ng,agent with nia or an
i ne. e ARG AR 1 AT BORPOUEHIOBD 1S 4T a0 GRCS Bt 1Y SSGE e v ng
about 50 to Ulavfg0h £ARBQMveRioR Holedular vt ght &FIRSH ABHL 70018 aBHRABEDS

(i)(a) and (1)(b) are different.” For exanple, the nolecular weight of the
hydr ocar byl agdbwst istsuetinatédin thieanfge from h8yipde ili3g agent may 25 be different

t han t he nol ecul wei ght .of the, hydroca | .substituent for.the second
acyl ati ng agent . a[?lﬁ BT Ogrpgg%‘?eﬁﬁth??f’yflﬁ?garhglyﬁ%’gﬁmg\%/egr%?é%c’%f;eagﬁil %ﬁyla%é‘gght f or
the hydr ocagélans ulsdnnhbsiator fagdind Reafrisddut asddrabhdigioAgent piwidelser ihe t he
range of about 1500 to about 3000, and in one enbodi nent about 1800 to

about 2300, femeptionef theudesied Brpdpeigehipbpiecal farthvieilghi37 eplummel hy dncwar byl
Subt L uert e SISl SRR AU Re L AL 0o
first hydrocalublel pedinstmnbde by reaotingxy ffirst hyaedcdrtadghiatitutgd agdokylimycide a
ggl-l-y bgggf;gggﬂgt?nbgsgée%y ;[metﬂ a?nuﬁgrgig Io(r: ar(f;1 ra]u%/r%r, Ithccjae}iydtrgcearby sggs/ti%?e%? c9)'17 said first
acylating agent having about 50 to about 500 carbon atoms; and (i)(b) a second
20  lubricant-soluble product made by reacting a second hydrocarbyl-substituted
carboxylic acid acylating agent with ammonia 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



15 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 firswo @aoysobut ene-substituted succinic anhydride rryI/is®2/20394
characterized by at |east about 1.3,1]and in one enbodi nent about 1.3 to
about 2.5, and in one enbodiment about 5 1.7 to about 2.1 succinic groups
per equival ent wei ght of the polyisobutene substituent. The am ne used in
this first lubricant-soluble product (i)(a) may be an al kanol am ne and
the product may be in the formof an ester/salt. The secon
hydr ocar byl psllyb;@buuem substimehichayirigea awnberayyprage mtgecats melgiwftal@m& 1500
pol yi sobut en b tut d succin h ey t

bglg dmle)n 8 oglg% ¥%’bblﬂ %(qu?c% Elﬁ!)%’t S%UJ s first

substltuent ene-subst i ucci ni ¢ anhydri de

having a nugb@isoamﬁ@gﬁ)sfmﬂt&pwcamo wiyahde ﬁlfay®b(@hhra5t@ﬁzdcbbﬁh1daﬁst 3B&A, and
in one enbodi nrent about 800 to about 1000. This secon

pol yi sobut ehd- sndén oneeadodimeat APt drh{Rl AP ZrfayAng dn @H%Fﬁ@@@lﬁ%&bw about
1.0t
ot oups pir &dut R AL oS TERHR R RRERIenl ek B phishocibET B

used in 15 kibssin®acOoMHe hinitfel wadlin sob ﬁbdteuhsrraaduaszﬂut(le p(dni)lcm(a)(abmawbealhkanol
am ne and the product man% be in the formof an e ter/s qi 1(11% the mne
may be an aPikpnenanipsl 3pdninaeredigt MaYebH i firciormay Bl Sthiale £0% 3P

succi ni m dehgg %Qbypgdbgﬁtﬂﬁeds&%@aﬁcpa[c?f"d&&]at(ﬂ@ a%é?ﬁﬁnzgﬁbégag? '[yi"ségut@ﬁe— about

1% to about and 11 one enbodi men about 0 about 70% by
wei ght of tbebsmltmethcsuccmjc( aphydaite, eboupol9iBobutencalsulntitueys 20f yidwseed, and

in one odi about. 70% t o about Y, ht of the r od ) (b).
In one é&goﬂ’ Utef‘?\éuwsﬂf}}t‘%‘téwl@%laﬂgl'cé’% lbadﬂﬁgtg 4 Umbeh A FTaSe eénoblgéu)l% a) a

first hydr HBE 280 Ib ke toudaxd H eneasitbdasyitabbii®e0age aboutt10eo.

hydr ocar byl substituent of said first acyl ati ng agent having about 50 to

about 500 camiﬁowcandme}ylsah@tem §L(bl§91tué\€d2®0§@@oﬁﬂl jide awareyFhasigkaizet fed
carboxylic a ylatln b n

second acyl 35?% £ g tgn?boﬁ I ng é\bou 5%%(?%8%%2)u¥60§63%2§ l%%é\{ﬁ %31% %flnlgaﬁfc

first acyl atgmg;sqgelaqmaﬁlemsmlghts@tmaq)oaﬁsdbatanagub@mt b &hagntite usang or

different; first acylating agent and said s cong acyl at.i ng aoﬁent bei ng

coupl ed15t odis Fesongyubticpntriel e g&‘ﬂ HERNIBPF Froricao Gﬁﬁlﬁéﬂﬁlﬁl REPIREt wo or

more pri mary, 30, A Ho f(%]{) ’esjie‘%al?rorqpé Emie iR ¥h AW RAe g&?h‘:ﬁ?ﬁne eﬁﬁi | east

one primary amno grfoup an |'edst one secoridary amino group, at |east
two hydr oxylthgpedpst, ma)y bain thbefa;sm obneuguinimady ©he Bbdomdsoiublapnodugir@up and

at | east one h ger 82)%;)1’139 L%p é\bosu%ll b 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



WO 03/ 002697 PCT/ US02/ 20394 16 coupl ed acyl ating agents being reacted with
ammoni a or an am ne. The nol ecul ar weight of the hydrocarbyl substituent
for the fwost3/amplati ng agent nay be the sane as or it n@CTEsSodiéder ent

t han the nol ecul ar wei ght of the hydrtcarbyl substituent for the second
acyl ating agent. In one enbodi nent, the nunber average nol ecul ar 5 wei ght
for the hydrocarbyl substituent for the first and/or second acyl ating agent
is in the range of about 1500 to about 3000, and in one enbodi nent about
1800 to about 2300. In one enbodinent, the nunber -average nol ecul ar wei ght
for the hydouptar mylatmghents emg karted wihfanrseniared/aorangaeoltie awlgcatarng

agent is in ther of 0.about 7 t bout 1300, and in o odi nent
about 800 t8@.@@58?{}%36@;0@?#@/1fspl?sgéuegﬁgqr&ﬁe ziésggﬁ&la%%ﬁ%%%%}&estﬁgg? I|55?ut ed
carboxylic achd: aaylbaidifeeAABn theRYolORla waghof SiRbhfeoerisH Retstitushetbr
succi ni ¢ anhydride, the polyisobutene substituent having a nunber_ average

nol ecul ar wiiegiecornd aeylaiing 2800. 115 ensoembabognt. shel numbshaveragh BHIGRSHT about

1800 to aboyt. 2300.. This f] ' jtuted
I L e e g s R T e
enbodi ment  abgtradge3ot @bARASO020 BbodraDOON andién end edibodintenalabuit B0V tbo about

2.1 succinic groups per equivalent weight of the polyisobutene
subst it uent 2boM@39¢.r st and/ or second hydrocarbyl -substituted carboxylic

acid acyl ating agfnsne%mhﬁempqhyia&%&e%@rﬁ%@%&e@&ﬁp WHER Nof the
0 aving a 20

anhydri de, the polyisobutene substituent h nunber “aver age
nmol ecul ar waydrbtarb§l sabstitert@or the fakicut/ot 36@ndanylaiing egent igirbbeirangetofabout

800 to about, 10 This first and/ or second polyi ut ene- bst i tut ed
succiniéganﬁ?%Fsggt%%.‘%éggiéwgéq89?%&%Tq59m§5®8¥t%ﬁgnfﬁogb%@p'?%%%Hgnd in
one embodi NMgAY/HARRMHA ThyirdAriRubstiluted SHBBLMIC a@HOMIFtIRG! aRAUINES BNk Wei ght
of the polyisobutene substituent. The |linking group nmay be derived from
any of the pelymobuiese-subshiudecbsogaimicrrabydtidss thegmdyispioienctsybstiteent WeViBg 2nor e
primary an no roups, t or._nore, secopndary. 1 nO u at_.l east one
primary ani HBmB%oﬁﬁgrﬁ%%l M@chl%ra&elgg?\e&s&@ﬁdla@? gomagé&grgg%op,éngr %gtotﬁeeast

one pri maryeRbodigkandesyt BBUOND at®uoeRO@NAH fik adid/@nechiyd peixisbbgemasp. The
| i nki ng group may al so be derived from a polyol. The polyol may be a
conpound? r epitssBiiedscriniQmhyddde way berpharacterirsdfyeat degst oyt 13t Brng

o b 720 PP Loy 25eok) . FROSGES, TRl o tmblesLover 2
succinic groups per equivalent weight of the 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 hydroxyamines 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 hydroxy! 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



second acyl ating agents, at |east about one equival ent of the |inking
conpound is WO 03/002697 PCT/ US02/ 20394 17 used. The upper limt of

| i nki ng cwoponeme? s about two equival ents of |inking conmpamn$ot/andeach
equi val ent of the first and second acwyl ati ng agents. Generally the ratio
of equivalents of the first acylating agent to the second acyl ati ng agent
is about 4:1 to about 1:4, and in one enbodi nent about 1.5:1. 5 The first
and second acyl ating agents may be reacted with the |inking conpound
according to conventional ester and/or am de-form ng techniques. This

nor mal | y i nugky.esrHeedipen ind€ Wk ainkiig ﬁﬁﬂﬁﬁﬁtﬁldvﬂh tabotithevd eqldlflgnte OTRaIki:
optionally in the presence of a nornal | i qui d, substanti al lé i nert,

organi ¢ |i quicenposnd &vtgaeh leguivelentrpithectiist prshsasendeeriatitfeaganti edensdiat i ng

agents and t %R?@FE . ] ] ri [, .
ester/salt, tggnr e or q%}r\% él%f:@nﬁgégtc%%&t@goaﬁgﬁtutgﬁg%Qégggﬁ\%gﬁltaf@%géem '
t echni ques. abbet ©ydr dwat bdnardinranea@nibodivhervbhbowpriddiict (i) nmay be present in

t he aguequs hydrgocarbon | ubricant conpositions of the invenption at a
concent r gt i on of H5olffst gngd chgn(g@&gﬂatlg]}g RSBy WerY e, reaRgd avithnige elh‘g%‘éﬁ nent

about 0.1 tquabhRlhd %&*%}(Q?f%‘e@icgﬁ'\;mtiééal%fér /8P SRR AL B e oIS, Crpds £ O

about 5% by wei'ght, and one enbodi nent about 0.1 to-about 2% by wei ght,
and i n one ewnodilyreolvabberting.atylntinglbgants Witk the linkeageampamd, opticmaky in

enbodi nent out 0.1 to _abo 0.7% b ight. The ionic.or _noniqni

conpound (i 1< Rizsetis® ab & ptn s saliTie D iereash g S i B ge. o
about 1 to about B @icti3f beiékni the BAReEANPHiNBRBENRAYthedarh@onid @r AR 15 or
20. Exanpl es of these conmpounds are disclosed rn McCutcheon's Enmulsifiers

and Det dPgerinay ba 9ggied ot thderelti ester/slt) amiderertimddaforming conditigsgesing 1- 235

of the Nort AU%fj ition and pages 1-199 of the International Edition
are incorpo%gpe tlﬁgag?cﬁqg{f?geference for their disclosure of such ionic and

noni oni ¢ conpourtig Hydxdcagoarubtidant soltible peaiuge(iPiapbe piesdnitia tedajiicodd or
30. These are set 25 forth in US 237 colum 27. In one enbodi nent, the

i oni ¢ or norllYEFCETReB AsisaRt cqupositians HF thn aventipy % e rencbREel Ab2boph Ade

i ncl ude cop i : } :

enbodi ment - PRe oy e G eI E ni TP NOFDR B IO bYafient

| ubri canib- saindbh enpeododimenadbouiy0.t éaeboutd%aby awsiglet bmpiragenembadiimegt  about

30 my cont APAIERBGE 3t PP b Gtetd APR BB cHPOREEnaR R ERb b ot
about 12 t 0 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 noniqnic compound
(ii) is a poly(oxyalkene) compound. These include copolymers of ethylene oxide
and propylene oxide. 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



about 18 carbon atons. These are set forth in US "237 colum 27. The am ne
may be any of the am nes descri bed above as being useful in making the
hydr ocar beo 0400837 002697 PCT/ US02/ 20394 18 | ubri cant - sol waTeupeeaieet (i) .
The product of the reaction between t¥e acylating agent and the amoni a or
am ne may be a salt, an ester, an amde, an imde, or a conbination
thereof. In one enbodinent, the ionic or nonionic conpound (ii) is an
ester/salt made 5 by reacting hexadecyl succinic anhydride with

di met hyl et hanol am ne in an equivalent ratio (i.e., carbonyl to am ne

ratio) of abawticaht-doltblearodiict Xi)1. he drativcnopniee reantieidbamren aboutyldtidg 35. | n
one enbodi nent, the ionic or nonionic corrpi?gtnd can be the reaction product
of a copol yr?gﬁntd?ﬂ aﬁhea’@lﬂﬁﬁ%l%loéﬁmﬁleoma% £d EBCHEh BARE VI AR %% 10

anhydride r am ne (as previously described). One such
reaction pr% ?&tl%tt@egg a copol yner of octadecene with mal ei c anhydride

that is react ed Inicnh etrboéintent, eimeiontoatrmananée cdmpomyl (hheis de sstediiliemade
ese . nulti
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or nonionic conmpound (ii1) may bDe present in the aqueous hydrocarbon fuel
conposi t i onsndfodirthentiahvent:1.6h at a concentratl on of about 0.01 to about

15% by wei ght, din ong nbodi ment .about 0. 01 to abqut % ht ,
and one enbodi ms*ﬁ"fl Aot %(?ijmt DRI Og&oBlfn\lfve JHPOH GG ﬁ %ﬂ’% (%ldl ment

20 about 0. Cblfocﬂ&t @b@boﬁ’o‘ifyrﬁaﬁ ¥eing Blpha aiétid Bf GN® mmbmmm@b@mt m@leictO
about 1% by i ght. The water-sol ubl e Saltbi(fll ii) may be any materi al

capabl e 16f fa@hlﬁrﬁ& rf_t%‘ziedl vish aanamineg@s iprevipesy deperehsdhqiusickor®@eidh t hat
does not int %&fc o‘sﬁ{'tl&e IBBS tarbggé?lggﬁf of B&Qéetcle%{ee%thggﬁéﬁ ddnﬂ%rﬁﬂ:ethgtr 930} ecf‘m ne

nitrates, ro conpounds. Al so
i ncl uded ar emai kidthylamd tedrdcaine.ndt say the daaetraiﬂe cn@tcbmumatcessslmlsug fv\atheﬁmpse
sul fides, sul fonates, and the |ike. P ticul ar sef ul h,%éalm ne or

|
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hydrogen or @Ry end6CURIRE df fokeRDaHi Riabf BRReR BMBvoidTerhiig ORE

15  insoluble product.

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) may 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

K[G(NR3), " nXF
wherein G is hydrogen or an organic group of 1 to about § 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



30 enbodiment 1 to about 2 carbon atons, having a val ence of y; each R

i ndependently is hydrogen or a hydrocarbyl group of 1 to about 10 carbon
atonms, anwa a3/on®7 enbodi nent 1 to about 5 carbon atons, @ud/USe200894

enbodi nent 1 to about 2 carbon WO 03/ 002697 PCT/ US02/ 20394 19 atons; XP"
is an anion having a valence of p; and k, y, n and p are independently
integers of at least 1. Wien Gis H y is 1. The sumof the positive charge
ky+ is equal to the sumof the negative charge nXP In one enbodinent, X is
anitrate ion;, and in one enbodinent it is an acetate ion. Exanples

i ncl ude anmaininsyXPiiis matasjonshavime aivalenercel pit and ke, Hy pachirg¥se indepsndeniise

t hyl j t ,, et . di am i ' L&+ ; )
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useful . I'n gpgl RMROHRRthe fddativetiREges U blreoradnibddimbnt, Kune hitamsioas an

emul sion stabilizer, i.e., it acts to stabilize the aqueous hydrocarbon
| ubri cant caovpissine enediment i is AR 2esitie donre Bk apples jralide YBMGBINEL BFEE, nay be
present in the water- | ubri i t i f 0. 001
o about® 1 9EBgGlet grrt Eafbiiin SHLE] BT, aRaPRERRLIA Oaf EPOH 01 o6
by wei ght. #iamimnyieehedi aent sittatee urg@t grangibhiubl evisatbt ahd abs efititrate. ser ves
as a different conponent, such as the water soluble or water dispersible
base. 15 CoAverimWRANHetssragasalysgiler gent is an additive that reduces

formation of pisfop,depdSkirsent! Be wﬁéﬁfﬂ?ﬁlﬁe hbahsih e rRRAGIURE aY *iitilgon and
| acquer deposits, I'n engines; it normally has acid-neutralizing properties
and i s capakhiliodr, keepherg td stakiliye thewideds bpdrodabomlubsigad ensipositiondbst

detergents are based on tal "soaps”, t is nmetal salts.of,acidic 20
or gani c!&onpound®, °pHEEPO _P’éergotﬁ%t"?ars‘rgssqﬁ@?%rsf@dn%%gsmgﬁ? A8t %S;x-;sa?er- _
Detergents geAsiRlhiIGHRY 4 SshonRioalof AB&H MAd1INoAbbeND 2 heiphoking it ai |
the polar head conprising a netal salt of an acidic organic _conpound. The

det er gent s oneentndmenifeorniabautdb®l i9eabpeivk 7 BX Weigtt0 IirrraHegpodimeiisithe t he
surfactants are neutralized wth t 0y ively ,
t hey can beWB{?EIS%lggg’ds 5 z)tseel}tgoé nstegs{'%'? %S ﬁhqléfggemaggrésénﬁgg?\ﬁh gélt%ee?r/gtt%gl base

are incl ude%l@Mebﬁ@@i&ra@p&@itﬁ@(E@SS of a netal conpound, such as an oxide
or hydroxide, with an acidic gas such as __carbon dioxide to give an
over basé¥ detergent whi ch conpréewentenalDgteeents det er gent as the outer

layer of a metal \DSE.Lh & of FuBENERY Akl ! Brmdth BY GRS 8bosits, 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, these are 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 mgKOH/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,



detergents of this invention may have a TBN of at |east 200, preferably at
| east 250, 30 especially at least 300, such as up to 600. Surfactants that
may be uswm d3rotaede sul fonates, phenates, sulfurized pherralTes§02/20394
salicylates, calixarates, salicylic calixarenes, glyoxylates, saligenins,
WO 03/ 002697 PCT/ US02/ 20394 20 t hi ophosphonat es, napht henates, other

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

Sul furized phenates are preferred. The netal may be an alkali or alkaline
earth nmetal, e.g., sodium potassium lithium calcium and nagnesium

Cal ciumis phj Fﬁés;pﬁanatés Siaphvehaes, Stteo loilt Jobutdel cdraotydates, Sy shigmresf oﬁams/

over based netal conmpounds preferably contain at Ieas%ﬁﬁne hﬁproc

group, for é)féhﬁ?P gurfagdangs. s@‘ﬁ@%rlzieﬁéh?“%‘?? ar%ﬁleé?rfﬁﬁjat e MSiHgMaYPE
“hydrocarbyly. &8s %meg{ @&ﬁmtnh%t dé] ERAGRL Qﬁ&i el i 1y
conposed of(h rogén and car at ond “an on ed to th remai nder of

t he nol ecul e:ahmamaspmfebmd atom but does not ech ude t he presence of 10

ot her atgns or gro ) |noﬁ {% rtlo i nsuf f ent ?jigi g\/t from

subst ant Pal | y BRI ORT d %F&@?“é? st Sf fhé“’@‘ B, TRV SAPRGEDS sI Y,
hydrocar byl Iﬂéfefalagy bdhtai® lé’f feast at l§ydfr&farl§5§ %mq) @&C@Jaﬁ@%? Y guibsﬁth@ntl divention
are aliphatic groups, preferably Kyl al kyI ene groups, gqem ally

al kyl groupsn ahinatic mng. bEhe |t¢‘fear”h36k0¢ﬂrb)ﬁ nedised Tipisint oreans thAriee ZIupcar bon

atons in the surfagtants oul d east t he
desired oil C@B?%‘?‘fﬁstp?ma?ﬁye%oén%({fg‘?BP%%‘%O%GQI P Cérbﬁgﬁl ngsf ‘lm%l %§n gﬁ?gﬁeor gani ¢
sul fur aci dsesdmeast ths wdl@lE viasibdiivon somn, Bupwﬂsfn@ﬂbﬁclu@dlﬂhélpﬂd:%ncesmﬂ fonic,
partial ester sulfuric, sulfurous and thi osul furic acid. Generall i they

are sal 1§ ofotkesraieey T &rogps &) R PRAROTEOT iNspEivient detpst fom teesudaieBOM M i ¢
sul foni ¢ aC'h%chﬁ)loH%% a@£?$d§0 f t?xE (ﬁ?&ﬁ' de%l oa§lgnﬁ%dr8%295¥l roups in

cycl oal i phat'I’c conmpoun e oil e su ate resented for
the nost pautfatiynts Her dselih avdondanke withl the mx[eﬁ%ri)me(ahphélﬁc( S08)y prafbrabX V) 25

R 2-(S03) a] dMy In the above f , t tal
Gescr | bed ﬁ]ean@fl,éa?ﬁwns?grwéf%@%% iy bl o6 i ey B nderc taendiy 7" °°

exanpl e, NBtal %ﬂﬂenot‘%ﬂ%n atBAk B ACLRBracRAGNABIIATRNG oAt RiTBRKhERE

oxi de, thlan rene I oxi ne,
15  impart the des1red oil-solubility.

These overbased salts can be of oil-soluble organic sulfur acids such as
sulfonic, sulfamic, thiosulfonic, sulfinic, sulfonic, partial 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—(SO3),1:Ms (XIV)

25 [R"*—(SO3)a]aMs xV)
In the above formulae, M is either a metal cation as described hereinabove or
hydrogen; T is a cyclic nucleus such as, for example, benzene, naphthalene,
anthracene, phenanthrene, diphenylene oxide, thianthrene, phenothioxine,
diphenylene sulfide, phenothiazine, diphenyl oxide, diphenyl sulfide,
30  diphenylamine, cyclohexane, petroleum naphthenes, decahydro-naphthalene,
cyclopentane, etc.; R in Formula XIV is an aliphatic group such as alkyl, alkenyl,

alkoxy, alkoxyalkyl, carboalkoxyalkyl, etc.; X is at least 1, and R™M),-T contains a



di phenyl ene sul fide, phenothi azi ne, di phenyl oxide, diphenyl sulfide, 30

di phenyl am ne, cycl ohexane, petrol eum napht henes, decahydro-napht hal ene,
cycl opentwoens/oeta7; R11 in Fornmula XIV is an aliphatic gragqr/sseehozas al kyl,
al kenyl, al koxy, al koxyal kyl, carboatkoxyal kyl, etc.; x is at least 1, and
(R11)x-T contains a WO 03/002697 PCT/ US02/ 20394 21 total of at |east about
15 carbon atons, R12 in Fornula XV is an aliphatic radical containing at

| east about 15 carbon atonms and Mis either a netal cation or hydrogen.
Exanpl es of the type of the R12 radical are al kyl, alkenyl, al koxyal kyl,
car boal koxyabtkly bt at€lesst 2Bpeci § cabex ammeR 'din Ridnds &grioapalipleaticwedichlr om 5

petrol atum saturated and unsaturated paraffi X, .and pol yol efi ns
i ncl udi ng  [ONipiAiRg Abdeasp abeut locarken aleE:s é@(gl\%a 4] @%eﬁsﬁ &fﬁfa?%"ﬂgéff rom
about 15 to hggl%%e n'r Exih s CRTtRO ﬁ/p@to?rfﬁe RMEa@P RS 1Ty, Rkdn ANk &y, the

above formnul a cont ai n ot her I norgani ¢ or ‘organic substituents in

addi ti on t o chifvoskkoeyalkyr adted Spbalie sxmtples,off & ~ exangtosps hdedivosty from

mer capto, hal ogen, nitro, - amno, nitroso, 10 sulfide, disulfide, . etc. In

For mil & S Voo, sapiptes” 3rd pppeled: Dt vy iy BES PRI oR I By, a,

b and d are P@Iyﬁ&%a d,, Spesi i ¢ ex@NMRidms YonBihih @ Tidi aBbetsI ueefado én this
e

i nvention a mahogany sul fonic aci Els;“ brcilgR% stlgckb@sul fonig aci ds;

sul f oni ¢ acinsre darbonegtofnsonTheuproupsaill Ry e iadhd ebevehipvinkige £asalsol t
viscosity from aboyt 100 seconds at. 100F. to about.. 200 1 210F.
pet r ol at um SAFRGhCECEIP TS oo 88K E S}S‘gfti}}l%gi lguagjéi%tl tQl u%oegﬁgéﬁ?%%agédand

pol ysul foni Ggpaed dgciPhs, ﬂqr%xaxr@%)zl@ﬁﬁ)xyﬂM&M,GMO%&hmﬁt@d,,arﬁliinph@mdso, et her,
napht hal ene di sul fide, di phenﬁl am ne, thiophene, al pha-chl oronapht hal ene,

etc.: otlfer sylfisiet fisuifide, efol finFpende XdY, suptz ad hrredt leashietd BkAYERING aci ds
(where the Iﬁ?é%ktﬁﬁqu>%€ﬁ1ﬁ%af$ﬁﬁﬁ 8 carbons), cetyl phenol nono-sulfide
s, di Irant hr

sul foni c aci cet vyl ehe disul fonic acids, dilauryl beta
napht hyl sul f oni Spaeifid, exdinpdgsrofl sulfonicraeidsplsefidlie nkissiukémioh caraciasgargnd

al karyl sul fonic acids such as dﬁgec | belgfpene "bottong"” sulfonic alci ds.
The | atter a8fericaeids\ight si9rk pe @r%l%hﬁ nigs A dpriyeR {romt WhrigRtng o
propyl ene t I i I 1

br anahod- chal s 10GL b b R B R e O D P R ene
bot t ons,15pr isBedraal dty2 ¥ up@plaimmanfnicanddsi ndadeayt pepzenesibsdtuged

avai | abl e as by-products fromthe nmanufacture of househol d detergents.
Sinmilar pr od@%@cmpwéwlfqn@rrﬁ@ﬂmﬂa@-g@rbenzene, naphthalene, phenol, diphenyl

ether, naphthalene disulfide, 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, dicetyl
20 thianthrene disulfonic acids, dilauryl beta naphthyl sulfonic acid, dicapryl
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
25 Ci, substituents on the benzene ring. Dodecyl benzene bottoms, principally
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.
30 The production of sulfonates from detergent manufacture-by-products by
reaction with, e.g., SOs, is well known to those skilled in the art. See, for example,

the article “Sulfonates” in Kirk-Othmer “Encyclopedia of Chemical Technology,”



bottoms forned during nmanufacture of |inear alkyl sulfonates (LAS) are al so
useful in making the sulfonates used in this invention. 30 The production
of sul f onatoews/0hzeemM det er gent manuf act ur e- by- products by rreaciiSoonodsit h,
e.g., S, is well known to those ski?2ed in the art. See, for exanple,

the article "Sulfonates" in Kirk-Q hner "Encycl opedia of Chem cal

Technol ogy, " WO 03/ 002697 PCT/ US02/20394 22 Second Edition, Vol. 19, pp.
291 at seq. published by John Wley & Sons N.Y. (1969). O her

can e founa LR EEIPET KRN Ky A o7 APk oI By B0 Fige s 30 38, "
2,174,508; 21968, 824; 2,197,800; 2,202, 781; 2,212,786, 2,213, 360;

2.228,598: 2,223, 676: 2,239, 974: 2, 263,312: 2,276,090: 2,276, 297:
2 315 514: 2. 319 Qthet dessrippansooboverbasgd sylfenate saltgaampipchpiggestopgnaking

2,337,552, 21,3464 6§e f§ gn%% fou@w%.é 31859 ai%ltsﬁé s 319 17%15}1 28117%506

3,471, 403; 3, 488, and eseare’
i ncor por at edZ,bXA,i(Bf, e2 é@&,&%;o@,l@ﬁﬂoa A, 202, 78 urx311,m86; h2 21889807 @.228(596[ Yo}

i ncl uded ar i phat i oni.c L ds o n _wax sul fonic acids,
unsat ur at ede2p§lé'3 (ﬁ% niééi%% 2 P%’(iéc C{%Q %Efg Z{J%Sizigtlétséﬂ ﬁa}lgflleln wax

sul foni ¢ acigs) dexapsopybens, 3%9'71‘89”'203%025@5 2.59150, anpliBBes Yl Jaaog, ac ds,
pol yi sobut ené sul fonic aci ds wherein the polyi'soButéne containg ffom 20 to

7000 or nnr?e3'@a1r9c30ﬂ HBBo; 3RS §145$1403,u3 é&S @&4@3 BPH79%0vand 3, 79811€. aci ds,
nitroparaff| oni ¢ hati c. sul fonic acids

such as pet i‘gﬁ?ﬁy ﬁrécr%pm%%ﬁ?%ﬁ?fgmg‘é? @5%&‘?%10 W 18R EsE S Ul f oni ¢

aci ds, hauryl cyq&w@mhdﬁuhﬁeoalhlﬂqaa@lsdsfomblassads( Slichi SOBUEYD wakC by |
sulfonlc acids, etc. Wth respect to the sulfonic acids or salts thereof

descri bed heeisisn Unsenrated (prealiapyyan seowmF icids, hydroxg-shbetiswad paraffin wire term

"petrol eum i i " | e su i udes
sul fonic am% éf&g? 1(".;1 ggsg]%f(ﬁﬁgrg{e?%f 1teoﬁll%ve mfs ﬁ%r%%%ﬁgneeun@%ﬂpo uct %S
parti cul ar | ypolyadabatehe sglfanip acitls péiereit therpobliddbateng cagialls fede 20&@60@(&6109&“)/

sul foni c aci ds called eca e .of their reddi sh-brown color) obtained
as a by- prodﬂ%r?g?r% aﬁﬁw&dd%ar & P‘@P‘éH#PWﬁla?’éisdﬂlFT@Paé@/f BN furic

aci d prqsessylfdmc Ta{&?dst %'Ecm @?J:qu i vﬂftﬁlfoﬁli‘t éc‘? 8 sﬁcW%?dEI)ettR)l o, g End e

ratio of the total chemc ents of t e nmeta e oV ased sal t
to the chemsgﬁomqudsga;btgf&]pgclopentyl 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.



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 netal
conpound wecwrod2aeg to the known chemical reactivity and staaedezoestry of
the two reactants. Thus, in a normal 30D or neutral salt the nmetal ratio is
one and, in an overbased salt, the netal ratio is greater than one. The
overbased salts usually have netal ratios of at least 1.1:1. WO 03/002697
PCT/ US02/ 20394 23 Typically they have ratios of 2:1 or 3:1 to 40:1. Salts

having rati f ' 20 ) te de.Ih ' I . ihng net al
conpounds ugli'é’ ?%a%)l §7r%f%%'eﬁ¥/ﬁerg%(€/se?fﬁiagé’ggsla t‘gbs' g’r g alISu@%VEﬁ?%gg Ogll%‘gﬁlgtjgg
al kal i ne earstdofi@ @dedconpound (i.e., the Goup IA I1A and II1B 5 netals,

but normally excluding francium and radi um and typically al so excl uding
rubi di um cesi umHKdasierNy 1ereing malal ¢RsnRAvngs Hesd tharake did Qverkased sl§ et al
conpounds ¢ : und f ye -~k T ASHGH eir
hydr oxi des glﬁlcliggll ﬁ%?alégpg@%v%%ﬂa a}n%(?gpoélrl}{g (hés\.lggﬂ@?%ohg%é, gg te)lggln?hrret al
conpound$ i mgielepbuti mgnialie eecladmpbasedrs aht sadium atdhwpratigrldeexcheliings
shown by 10 the. prior art referred to herein. Overhased salts, containing a
m xture of i'® 1‘@‘?’ tc\%‘umora“ﬁn SIGHY he@gt[l?t%& |°§h%raﬁ)aﬁsﬁb§e@a?tw& h‘Betﬁfesent

i nvention. QUerRASERICARbELE. S ASHRRAE LAl B aRAr /e 4AY 1264 B s aci dic
material (typically an inorganic acid or |ower carboxylic acid, such as

car bon di oxihgéjoxmeshamd atioxides eofc domperi gikagolareraciusiiplly orsgdnisc basdepoead, a

reacti on nedi um conprising. at, 15 | east one i.ner organi ¢c_sol vent (.m ner al
o 1 napht h&oTBRIHENE, et sfdnes o epef St UY oHierar e Bt et e Al . &
st oi chi QUet Rh& pRHCAS Sefbie®roMRidHh. DRSMHas@Nshl cBit@MLL mixthREofA6hlbet@ gani ¢
conmpound will, in the present instance, be the functionalize al kyl phenol.

The aci di ¢ roateare af theseaeials gap bpaptdig thtpreesné igséen.mat eri al can be a
liquid 20 such ] } cetli Cj B tr id . fur..c acid.
Acetic acid is gzﬁr?%:sl% g?ﬁ%agssg uggf;de ar@r%%ﬁ?rgag i ?c&t%a ne(rgg’lgll%glln g%%agl so be
used, such aspiially ab@RorgarBReid G0 2owarcatidSyliandd) suchaecabbodionkia) wii@ or

m xtures thereof, e.g., mxtures of CO2 and acetic¢c acid. A pronoter is a
cheni cal enpNigiEe COBDHSEE 11 (25108 PIEANICFOBMPYPStd BactEHn Metiam comprifing 2t he

sl IS AT i Oen O B TRIS  ngapeant g o ke |0
found in 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 HCI, SO,
SOs, COy, or Hy,S, 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.



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
gener al | ywiowslwozle7U. S. Patents 2,501, 731; 2,616, 905; 2, 616ca10S02/2604
2,616, 925; 2,777,874; 3,256, 186; 3, 38% 585; 3, 365, 396; 3,320, 162; 3,3

18, 809; 3,488, 284; and 3, 629,109. WO 03/002697 PCT/ US02/ 20394 24 Phenate
surfactants for use in this invention, may be non-sulfurized or,
preferably, sulfurized. Further, phenate includes t hose containing nore

h hyd | hol
;rgga??§ ri%ggo?%%Fg %@H%g@nm sedgaﬁﬁﬁ§$§gn dggigéeg s%@ﬁnﬁﬁtgnbeen

nodi fied byp %f@ﬂ%gﬁlsuﬁuﬁ,@e@ctﬂu&ﬁm fREnfX 3nRh@s Rbky kenemity fgrdiandddanni ch
base- condensed and sal i geni n- (produced by the reaction of a phenol

and an al dethyéll‘@xbihdmupb EGX@@MGA frpmn@}cyl capchpes rasdfusgsh erestagic gingaHi@h t he
phenate surf ts e d e m.th | a ow. Rr
| 10 Formul %Sﬂ eall 17 ‘%Z%}e ”Q,%’d Qﬁosﬁy‘%b@éaﬁ %aerno rgoglpﬁyrgprnglggnts 1

to 4. Wigr e rdaction Joeakfiiplet dRylede-bridyed hyd ﬂ\mmd@yttas@wxmsdm%dts@h dhgn-same or
different The phenols are frequently used in sulfurized form Sulfurized

hydr ocar byl tméﬁmdgce%wtheyﬁa%lan p@ﬁﬁ%ﬂ%ﬁ%%ﬁﬂ@!@vd@wnﬁﬁ@aﬂﬁr %mdawpi bel ow:
OHOH RV R- 15 I (o]

cases, nore than PE%{% eﬁﬂ%nowﬁ{é%ﬁlghsth%;@lﬁggtgl%ﬁn e béﬁg lﬁgszs In the
above f or muldagyedfyomnabafdmiulagitelps: repr esented by R are advantageously

al kyl groups, which advantageously contain 5 to 100, preferably 5 to 20
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 grodss are dodecyl (tetrapropylene)
groups. WD 03/002697 PCT/ US02/ 20394

10 Formula I
where R represents a hydrocarbyl group and y represents 1 to 4. Where y is greater
than 1, the hydrocarby! groups may be the same or different
The phenols are frequently used in sulfurized form. Sulfurized hydrocarbyl phenols

may typically be represented by the formula 11 below:

aH OH

Sy — &, e
tﬁj\tﬂv QR&

15 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
advantageously alkyl groups, which advantageously contain 5 to 100, preferably 5 to
20 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.



25 In the foll ow ng discussion, hydrocarbyl-substituted phenols will for
conveni ence be referred to as al kyl phenols. A sulfurizing agent for use in
pr epari ngw® swhtari zed phenol or phenate may be any conpaaTdusee/2edoenent

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 may be
conducted with elenental sulfur or a halide thereof, for exanple, sulfur
dichloride or, nore preferably, sulfur nonochloride. If elenmental sulfur is

used, the sul furi zatl on. reaction may be effected by heati al kyl
phenol  conpound &t ther gﬂf%‘@mgo d?SBSSl?S‘P eh¥remryy Arbstiaed Pb@@s i of

el enent al SL{JOfnyé%él% ‘Pf%lréfeﬁ&ﬁ’ Cﬁ'dlﬂyl)ﬁ)%lgl{(g%a m xture of bridging groups

-(S) X- as descri ove sul alide is used, the sulfurization
reacti on may be eifselcﬁmrmﬂng)ygdntétatmsngntph'@aahgylsulfpﬂimzﬂtheabl mrphmatmnayo 120,

preferably | east 60C Th nduc int ence of
e tant & e DhoPeg af Ehatent S et S ot et DEBEE R of | o
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event, the reaction is conducted for a perrod time sufficient to effect

subst ant i al Teacsiggtmashbe rendustegewiiéh &lelrr;enpal Sl erda b@h@ﬁhlempf,f fooex@nglet 0 5

f th Kk h
were of erontd Sl RaFERe. ol BiisPnl Sy Ghdondl Ut sl foe

desirable tgedstheashiAfizaticatradcyidh, mhrbe XEBREE, byS Adhtip hh{éiraﬂéyl e@b] an
organic amne, 20 preferably a heterocyclic anmine (e.g., rphol i ne) .
Details of wmmnn&&ttﬂr@n SQrtgéég,smfeaarbéy didleast kedwn The ltl&@dsfeelfsmnltaléulfmh t he

art. Regard|.es ranner ich the re red | furigzed al kyl
phenol o haer U WAL IS RgREer 1 e APRO S o RS erd O e et e
di l uent  andutfor Eﬂﬁb&ﬂu@ldkﬁie sifengdt®nabattios nelydd sffeeeidl i Rediingmhealkgl 20,
preferably 4 to 14, 25 nost preferably 6 to 12, mass % of sulfur, based on

the mass of Rhseolgyifiogt i1Pelg lépkpllf:fefﬁﬂéﬁbleaﬂ@ Cnlih@:maétepramavéoe cohéuctask m
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chem cal reactio

base- condenstdstphiiig| isert IDgNicl aivelas fcw mmpﬁu ﬁ’ﬁne&hleﬁﬂhﬁr A ylkage. Mpdidy ed
i ncl ude, for exanple, . fornmal dehyde, propl onal dI ehgﬁg and butyral dehyde.
The preflér r YRt H@hf?%%loif@s CPRAURIGOR P oReTON Of EFd nt joceffashaphstagtialyi t abl e

for use are (desichl #8eenerally 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, propionaldlehyde and butyraldehyde. The preferred aldehyde is

formaldehyde. Aldehyde-modified phenols suitable for use are described



WO 03/ 002697 PCT/ US02/ 20394 26 in, for exanple, US-A-S 259 967. Mannich
base- condensed phenols are prepared by the reaction of a phenol, an

al dehyde wazan2@m ne. Exanpl es of suitabl e Manni ch base- camdegsezeaphenol s
are described In GB-A-2 121432. 5 In Yeneral, the phenols may include
substituents other than those nentioned above provided that such
substituents do not detract significantly fromthe surfactant properties
of the phenols. Exanples of such substituents are nmethoxy groups and

hal ogen atons.. The f i Qnal,i jon of the al kyl phenol can conprise the
addi tion of%SSQr%ﬁ%ﬁ#€§%%8“§§§¥§$%up to the phenolic conmpound, other than
an addi tional hydayctobeondensdd phahdis are paéparaddbp adrrleydti@r efp phatol,| east
one such al kyl _or hydrocarbyl group already being present in sufficient
anount to pRBWMdEYE: and amine; txamplesf waklle ddapnichigse-candenssshphenglsal

groups incIgggkg?9&£y$(ggggggglqgghylene coupl i ng groups, ester-
y an

substituted al groups, al dehyde groups. In one enbodi nent the 15
function&l i zati ofnigendryl, datdblichall nody icalubde xybstitireatsi ainalthiry thoseymehtiaiedcase
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based on a gl yoxylic acid condensation. dyoxylic acid itsée I's
HC( =0) - CO2Hhalogematomhs. ket ones of the structure R C(=0 20 C2H are al so

cont enpl at ed;__t.hus. .can be. hydr n or a hydrocarbyl .agr f  for
not ance. 1 176 b toraRCAPoRE AT BB R B el o € e BB oguct
is showny het@ipa® &k plitnGnE %oﬁ%@@mcﬁ,&)théﬁhﬂh@ﬂ anl Additional GadidoxyRowe Wi raal | zed
wth a netal salt. W2 H RL | RR25 In this structure, the R groups
are al kyl geddipenalfiyeropathat gedups Ablgest\omalsyclbalkyher hydseershylagrpem abeady npl es
of al kyl ph |\ . f I i . i yati h . O her
T e R e T Ot T
03/ 002697 PEHIcHSAA/ 2088 inelide t-butyl groups, methylene coupling groups, 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 RIC(=O)—
20  CO,H are also contemplated; thus R' can be hydrogen or a hydrocarbyl 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.
OH CO;- OH
Rl

R R
25  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



condensati on product becones oligoneric or polyneric. These materials and
nmet hods for their preparation are disclosed in greater detail in U S

Pat ent 5, R%f03adsso7 | n ot her enbodi nents the functional i zed@Ekoh2689¢n0l can
be a condensati on product of the al kyt7 phenol with formal dehyde or ot her

| ower al dehydes. The acidic 5 substituent, in this case, would be
considered to be the one or nore additional phenolic groups. The sinpl est
such condensati on product woul d be CH CH R R shown here as the 2:1 nol ar

condensat e of phenol fornal ehyde. de en t he conditions of
reaction, tﬁ%“cgaaﬁalif’éﬂnd@ AY m‘?’?’a9 gfrﬂ‘gf*c ogrlﬁé?l%ﬂenﬁﬁ) at es.

As in the C @Rk & rlﬁ@%#eg)taﬁa‘%mn%é ﬂ&HT@sfeH@n gk‘é&?ﬁ%ﬁ% £ hgnf 9558d4@vhen the
nolar ratio of fornalde henol increasés. Exanples of such type of
ol igoneric specilesthar emehéﬂnmts tharﬁatcegnalwhd elkyhpkenoy chn be amomiensdtion

cont ai nin | - for its. i xa at met hods
of et or epPafo e AR oRol R SRR be G By ek Bl TRl
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al dehydes, and Iyoxyllc acid can al so be enpl oyed in such condensation

reacti ons. ChenobigizEQsy Toe sirpplestiserietondensatiert pipductwedldbe al kyl phenol s,
however , is certain saligenin derivatives. Saligenin itself, also knomn as
salicyl al cohol and o- hydroxybenzyl al cohol, is represented by the
structure 20 CH2OH | OH WO 03P0802697 PCRHUS02/ 20394 28 Useful saligenin
derivatives include certain ng sallgenln derivative which function as
detergents. Wien the netal J 1 ) ese conpounds can be

represented by the fornula O0OX 5RPR r mThis

a magnesi umsalt, of a conpound

n Yll

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-
formaldehye 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
20
CH,OH
OH



groups, and also containing "X' groups. (M)) represents a valence of a
magnesi um ion, and n, in each instance, is 0 or 1. (Wen nis zero the My
i s typi camoysreepddaced 10 by Hto forman -OH group.) The \alTuesoke3odnt' is
typically 0 to 10, so nunber of such2&ings will be 1 to 11, although it is
to be understood that the upper Iimt of "m' is not a critical variable.
In one enbodinent mis 2 to 9, such as 3 to 8 or 4 to 6. Oher netals

i nclude al kali metals such as lithium sodium or potassiunm alkaline

earth metal s_such as calciumor barium and other netals such as cop

zinc, and 15sefph saligegin glerivpidvesi ingdudeoperiaim metaj e%}élgefbﬁedwaéims\t’hlpgent
Wnichisthe d r Rlcan
Cont ai n 1 1050 L5 BOkHEREC WERORELRAY ke G 183, Srlbisp S g g

car bon at onmsrepfdsertedibpheifvrmigla under stood that RL will normally conprise a
m xture of various chain lengths, so 20 that the foregoing nunbers wl |
normal |y represent an average number of carbon atoms in the Rl groups
(nunber average). Each ring |rb<q\ﬁt§) structure be substituted with O,

1, 2, or 3 such R groups (th g, pfrs O, ), nost typically 1,
and of course different Le may| contain different
nunbers of such substitue TAg in the nolecul e
must contain at least 25 o unber of carbon atons
inall the R groupsinth ul e [sho | epst 7, such as at

| east 12. In the above str be seen as groups
derived 4 rom formal dehyde oP a forml dehyEig source, by condensative
reaction with the WO 03/002697 PCT/ US02/ 20394 29 aromatic nol ecul e. The
rel ative anmplhiedeResantiespsrallyug H)@tﬁﬂnﬁltYS‘&rho‘i?p% mpgpesiey sal, of acompounad ext ent
on the condi f Sy e i »es of
X and Y may (%an(?gpiﬁlg eor?f% %Hﬁﬂbq}% 8%:% rggﬁl n H%S)Zta}réé}gblt ﬁl\é%(g:olﬁl’#%%e@pe?spem es
conpri si ng Xg@ops, afHals abﬂeimyr@“X’Ugnmpmn(Mg)mpreaads a Chi2ftd of 4 hgiasioniet hyl

functionalit m.| arI the co ecies co ising Y are _-CH2-
(et hyl ene b%’%‘da@)ndﬂaac rTFé)’lf ﬁ K“&@Pd’défﬁfﬁﬁg Bis P%l? plgeed
anmounts @f t BeERIBAE BRSO gﬁ)uﬁe}m?h@ vBlhie m@n@b@\fgplmheo k&0 CRMudber of
determ ned by 11{/13C NWR as each carbon and rogeén nucleus has a

di stinctive %Wbll‘lrn@hwelhbe 1a@d1,p&1tb@ugle§ latoolvesundntstqosdethsutgmapper(lﬁmecﬁi‘rg’hal for
the ether Ii nka n&gal,l %%1]5% rﬁ ngtema odunernrt(:f‘r(l:gseﬁjt(%c 8rsuc aspg to § ﬁtOf two

car bon atom;lsq
Other metals include alkali metals such as lithium, sodium, or potassium; alkaline

t eadqt o

earth metals such as calcium or barium; and other metals such as copper, zinc, and
15 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
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

20  that the foregoing numbers will normally represent an average number of carbon
atoms in the R' groups (number average). FEach ring in the structure will be
substituted with 0, 1, 2, or 3 such R! groups (that is, pis 0, 1, 2, or 3), most typically
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

25 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

from formaldehyde or a formaldehyde source, by condensative reaction with the



correct calculation of the nolar anount of this material. Such a correction
is well wthin the abilities of the person skilled in the art.) In one
enbodi menwo 0%/00x9at | east in part -CHO and such - CHO gr oupLT/COpeivge at

| east 10, 12, or 15 nole percent of t#e X and Y groups. In another 15
enbodi nent the -CHO groups conprise 20 to 60 nole percent of the X and Y
groups, such as 25 to 40 nole percent of the X and Y groups. |In another
enbodi ment, X is at least in part CHZC]—I and such -CH2OH groups conprise

10 to 50 nol e percen and Y such S to 30 nole percent
of the X an@m?nﬁifco@ﬁtecmﬁoﬁﬁ éﬁtl\@n"ﬁB “ﬁ% rYaWWscg dﬁé%g]f%lﬁs JeRegds e i s at
lleast in pant 2 exl%ﬁfjonscH@'aon%s of Qﬁ@%s?soﬂpmesﬁloﬂegulreé) Swhitevariggy cent

of the X and Y groups, such to 45 or 32 to nol e percent of the X
and Y groupspedies ahnXt et Yembjodbﬁ rmmentYm theamoleewlss m quq:sann, theHR@DrMestand

h -CH2OCH2- 5 X
Such as 259065 SHRHIE par ot BHIY ndMR e ViR inmalo) Tt 2CRLCET 0P

above- descr i(heRoLRABAYNEincSonality) "Bt lPNale chitidndkt specicsrBEMPELHESALd and,
i ndeed, the Er esence of magnesium duri nﬂ the preparation of the condensed

product is b Hue&@@tfb’éﬁnl@ebk@ﬁ uindj 2 vi (Rgher hleridissi r e relaiivs meglar and Y
t h 30
Component kgt o MTRE oo €03 I 5 ROHTR

conposi ti on,'H/'%0avas aQeé’cmdiar@orBaﬁtherég@T nQclbus kds & d3Ginétivelerddronfiience My
is normally a divalent ion, ~when all _ of theofg)henol ic structures shown are

entirely nedhf drpduses Bydipfetive signak h6Thiorignalolop doer etberr Finkgess #68¢ACHz0
average;yal s@fbe“cd c{e'aefo?%@g%sér{c%%f*’\ﬂv&d cBBof- a%orﬂé gﬁtorﬂéht CatReM 4 on

neutrallzes pheno droxy groups hose two roxy groups may be on
t he sane or comectdiaiduéatintofntb¢ emldresnoulnt of Hes mmtanml oSua:h A sotregmntihavelD. 5,

this indicate at .the h rox re ess than conpletely

neutral i zed VH@‘WB" a(?hlé“esl YS\?BI%[S’gféEfnﬁ‘ al)yreater 5 than 0.5, this
indi cates that amRfel db&dimbhe ¥ a3t anG&sPin g MHOORY é&hsﬁﬂéf%r/ggpﬁy an
anion other than the phenolic structure shown. For exanple each ion

coul d be a§9m@rlaft etlleastt H),ol¥e Opﬂénnbiecp@mﬂnb@f &lred Xoarel h{ygmcm%/ (IO&FJ()thﬁl’on to
provi de

h f.i h
B vt 43 n o arReere the SoBio, ERERS RERlpkie 30" B HRlle Retelpraf tiedsia 34"
bel ow and alggsups, fuahtas OF (¢ hBmdlegsedtnt bNhen irdy gréups.

In another embodiment, X is at least in part -CH,OH and such -CH,OH
groups comprise 10 to 50 mole percent of the X and Y groups, such as 15 to 30
mole percent of the X and Y groups.

20 In an embodiment in which m is non-zero, Y is at least in part -CHj- 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.

In another embodiment Y is at least in part -CH,OCH,- and such

-CH;OCH,;- groups comprise 5 to 20 mole percent of the X and Y groups, such as
25 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
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

({3}

30 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‘“2 ions, the



10 which an excess of My or another netal can be present. It is understood
that in a sanple of a |l arge nunber of nolecul es, sonme individual nolecul es
may exi stwahidghazaevi ate fromthese paraneters, for instan@€T/usokessws nay be
sonme nol ecul es contai ning no R group® what soever. These nol ecules could
be considered as inpurities, and their presence will not negate the present
15 invention so long as the mpjority (and generally the substanti al
majority) of the nolecules of the conposition are as described. The

above-descri bed conponent can be prepar y. conmbi ni ng. a phenal .
substi t ut eda‘f?ya&eh‘@l%‘éfv‘élrd&c?f’mé t W&?gﬁg'%ﬂiaﬁ 1% 8?‘&’&1\@«3‘99 deUERlizEs Zour ce

of formald - b MrQXd PRGNSR ABO%H A SHRRehr heact i ve
20 condi ti oﬁ@ﬁgﬁ%%?ﬁled{g%e}gg éégTo?éegevgggygl yti gl%gﬁount of 25a strong rbase.
Common r eactliffeeent egpligonddsedf the vatuefadmns lade hadd. 3, ibisundisatpaibaf tbe hudiashyde,

trioxane, and formalin, For c eni ence f.ormal deh i s _can_ _be used.
The rel ati v&OoHBi %enalﬁ%ﬂ?ﬂ go%PI%P n E‘B’g%‘ﬁidttgyta]&@ lﬁﬁﬁnkﬁj tgs&gleufﬁznflﬁ)rgrr?ﬁﬁaehyde
can be i41pOfHaADLS, kils RdRYtSH M8k aﬁ%&ﬁ_&i& bstheivalenbd1er SR NIE ehsSt batetied By and
properties. In a 25 typical enbodinment, the substituted phenol and

f or mal dehydenign ethee e ipherajigi simir@rm shoan oorgixample eash Mg igy cquldbesuch as
1:1.1 to 1:2.9.0r .1:.1.4 tQ 1:2.6.. or J1:1. to L N (o)

enbodi ment flﬁ‘?g?l%te\%“flgh yE pg'ﬁgcﬂl?c quo %Pdeod%ihglg{OéXt(ejex)clgég‘s{gg)? gw;fié(;armngl% gﬁyde.
(One equi vabeny. dfhef pesrticaedtyder h 5 600 il deis @dt HReadr sgpsipatld td oveabased H2CO
uni t; one equival ent of phenol is considered to be one nol e, of P&ﬁnol .) 30
The strong besientahthisemasarldeiyilpdRelen ape ajserpsi AhhpErekieNtighdi can  be
suppl | ed| N\ARKIINSOUS oF AL ol ROFLADROALET/ USD2/ 20304 31 The
process can be conducted conbi ning the above conponents with an
appropri at e anmpulitisofndeesgeues thaminxi henpde ofreghegd nombyd obxaleculdst komeat i ng

and stirring, .A diluent such as mneral oil or other diluent oil can be
el uded t ongredidanclFGHeSHRY S5 VHH VAP B HEST BHBBREIR, 20r IRRAEGH 1| onal
sol vent SUCt’he?esmélﬁb@E&H@Q{ol&u&@@o%nir%QO@"éﬁoh s WBShdRer. PlekdIRIoBRulct 1S

believed that the reaction nay proceed nor efficiently in the absence of
addi ti onal sallg dntconFideredezscinmmmition rmndetheiv desenesd wall not oegate dreppiesanir e or

o s LA kel B 6 ST P T Rt S a8 205
present in theciRa6t tHeroMpekidos atd asidéscgi®By.eni ent to maintain the mxture at
or below The above-described component can be prepared by combining a phenol
"substituted by the above-described R' group with formaldehyde or a source of
formaldehyde and magnesium oxide or magnesium hydroxide under reactive
20  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.
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
25  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
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.)

30 The strong base can be sodium hydroxide or potassium hydroxide, and can

be supplied in an aqueous solution.



10 the normal boiling point of water. After reaction for a suitable tine
(e.g., 30 mnutes to 5 hours or 1 to 3 hours) the mxture can be heated to
a hi gher wenpmozdure, typically under reduced pressure, tRETIIS02P030Hf
volatile materials. Favorable results3iare obtained when the final
tenperature of this stripping step is 100 to about 150C, such as 120 to
about 145C. 15 Reaction under the conditions described above typically

| eads to a product which has a relatively high content of -CHO substituent

groups, that is, o % n % angd greater. Such materi.als, when
used as deter gent%l%l ro%%ércla%af %ﬁggfcg%dﬁgé%&{‘%@)%@, tﬁ%)?h?‘fﬁ ?Orﬁ%o&&nﬁﬁﬁ’ﬂg} i st on
cl eanl i ness gyprdmiarBameynt lod\wmagdédthm xde @Shathesiafth @ReMde NPatdalthg bty W th
seals. Use of netals _ other than naglnesi um 20 in the synthesis typically

| eads to a r¥ilies i ofiiantisHeh appinesil o3k or-athqo diluertailiqaarbe ingudadps Prasads cyl at e
surfactants | o | [ e - Lfurized or
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simlar to 25.those. descri bed hel ow. | so used for sulfurizing a

hydr ocar byl -"ZEBISTE‘?X it B absgpice I*idghtla?@n?‘%?‘) Y ?@ RRAtonIGIB S Gomdisied at
skilled in tlRemakipesRld 6Yhd Ls1RRHYSIAE Wt 1 8oyt iy
carboxyl ation, b %e Kol bet- SSC%?T] ? pr o%celéésl%{&(g?[ﬂ%ep%gﬁggggelg,g (%)1%78 p(r? ?hat
case, w || gaf®rHIO’Y, bul distoaisedie Enmeratire\can he incéadserbint tagen. Vélohm water € wi t h
uncar boxyl at. henol,. 30 .Cali.xarates such as salixarenes i.e. saljcylic
cal i xar enes lgg{a al sl%[h&srg?cttjllon s %m.agor{vgmgﬁt&o TR PR ?t@r%ﬁ]lwﬁy cating
oi I's. Sabi cythé aore@ll byidingpemt s Rhek. Aﬂeﬁ/@a&%@@%%d‘b‘féﬁ&@?@é.?@@%m@ this
invention include those described in US Patent 6,200,936B1 To the Lubrizol

Cor por at i on tRet 8BYS| Gichipdr hows) By méfiaiceermebd beatpd 40 rehightémigmpeRtater r ed
substi tuent s,,}: [ i [ Gy i ] whjch saljcylates in
accordance g ft) llelal%y h‘hendléﬁ%/eg E(IESI%(}% ggr?%%’/ k)deﬁgg r%ﬁ]v‘;e&gﬁtgéf’ ]glg{eﬁlgfs's E: Bg?ﬁabﬁi?ﬁu (s are

repr esent ed dbyaiftd Whem tHehfénai tempaaives ob elliowriphingh@ews 100 B about 150°C,

al kyl - subst i tul%fd al i g%/l i.C ggi ds, the al kyl groups advantageously contain
5 to 100, prYfRiSAYOgoeE 148 Cespecial Iy 12 to 20, carbon atons. O | of
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which has a relatively high content of ~CHO substituent groups, that is, 10%, 12%,
and even 15% and greater. Such materials, when used as detergents in lubricating
compositions, exhibit good upper piston cleanliness performance, low Cu/Pb
corrosion, and good compatibility with seals. Use of metals other than magnesium

20  in the synthesis typically leads to a reduction in the content of -CHO substituent
groups.

Salicylate surfactants used in accordance with the invention may be non-
sulfurized or sulfurized, and may be chemically modified and/or contain additional
substituents, for example, as discussed below for phenates. Processes similar to

25  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
admixture with uncarboxylated phenol.

30 Calixarates such as salixarenes i.e. salicylic calixarenes are also useful

compounds to add as surfactants to lubricating oils. Salicylic calixarenes useful in



10 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 diesel

appl i cat i wosostogpmiotal |y call for the higher viscosity oil amujpeeevde a
thicker lubricating film Wile nultidade oils are desirable where the
oil needs to provide |ubrication at higher use tenperatures along with |ow
energy consunption at cold starting tenperatures, marine diesel 15
applications tend to use a single grade oil because the engi nes are subject
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110. Desirab ati asestock for marine diesel
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thereof used in 1Interna ustion engines for a |ubricant. ten for
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ni xed base &P P FHEF-ubri cant depending on the application be a blend of

petrol eum derived oils and synpuaifilcubtidating/Vic&sitat i vel y the lubricating
oil may be a synthetic oil such as synthetic ester lubricating oils. O her

| ubricating oil sThenlabrieaiingisals ysed may evapy sigpificapie depsniigg\iiethe fimabuseef i ni ng
process ;furt eaggéﬁ 0 i ddl.e . i.still 3 jons in
the pr es} te)nceoqgi‘;e E{}'dr ogeﬁ.or@%iahgﬁafﬂp%% tg]ing?lﬁ%ﬂggl\%lrsrgﬂrséé fr?a\yl/aﬁgﬁss E)l{tgrg&%oar t or
all of the lashtbustiort engmesafetridusalesighs.oMasine daselmplisaidng typidadylcabfocant .
Brightstock, typically characterized as_ sol vent, .03/.002697 PCT/ US02/ 20394
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used. The lubricant of the 1 nvention also can include~“conventi onal

addi ti ves | idkeng wéthelogentagy dosquamsiant &, cold stoidng yempeddtiiiesr saripatdiesgl dant s,
extrene .pressur.e additiives 5 .(antiwear, ,additives), foaminhjbitors
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addi tives calchgy bh aghdi off %ﬁ@%&ﬂ?&ﬁéﬁénc@ﬂ%@%&s of rﬂin%‘&zh@rﬂ*é?éﬁaﬂ@ﬁﬁl; frhe

| ubricant of the invention contains an antifreeze a?ent o prevent
freezing of myEgRde 6t itviedodrsivebly TtHas arviscpsibaindexglesiteassdq, yire degispbly

at least 100 and preferably at least 110. Desirably the lubricating oil basestock for

marine diesel applications has a kinematic viscosity at 100 C (as measured by

20 ASTM D445) of at least 14 centistokes, preferably at least 15 centistokes, more

preferably in the range of from 17 to 30 centisokes, for example from 17 to 25
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

25  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 application

be a blend of petroleum derived oils and synthetic oils. Alternatively the lubricating

oil may be a synthetic oil such as synthetic ester lubricating oils. Other lubricating

oils that can be used are hydrocracked oils where the refining process furthex breaks

30 down the middle and heavy distillate fractions in the presence of hydrogen. Liquid

alpha 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-



an al cohol. Exanples include but are not limted to ethylene glycol,

propyl ene 10 glycol, nethanol, ethanol, glycerol and m xtures of two or
nore therwafa3/o0t®7 antifreeze agent is typically used at a@caorspene3dati on
sufficient to prevent freezing of th# water used in the lubricant. The
concentration is therefore dependent upon the tenperature at which the

| ubricant is stored or used. In one enbodinent, the concentration is at a
| evel of up to about 20% by wei ght based on the wei ght of the 15 water-fuel

emul sion, and,i nt abou t 0 _about, 20% ight, and in
one enbodi meAt racg%(g ?1 61"@1338 B@SPCtEO@OIBy V&St 1ESTRE Y ()(,\élc\,gﬁy tgl_?‘?é(“?golal owi ng
exanpl es t heineeatiofvidvakief atSIOOUDbErHRDBS 36 bsiltisfokes als® 1R JdsstPr i cating oil
does not result in anér significant instability problens for the bases when

the tenperature dihetlyarieant of ke entigodsavaet eﬂoﬂlk@ yeaventiona additipe like
evaporati ng @fe,anfafs h&s&?ﬁ'&fscro@& {H%qule% hgntﬁc% G & TRHOL e%&q;‘é‘%é%@ﬁ% de(ra

significantly esé Ul AT On

| ubri canfs daeiwemedddinves)s foagn BMDHIRES cbﬂ@dmtdirﬂ@bﬁdﬁ@ &¢.rkeare WRI1 IBRWANJI nes
in order to gr ovide lubricjity, antioxidancy gh tenperature detergency
and neut r al i HEilprIcEAt & rﬁh‘iﬁelaédléﬂ?%cap&eﬁé‘édWM@ttql?él FBAESt i on. 25
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The follow ng exanples scr e a water ricant
uses KOH diagedlty pbvent frészingaoiethe plus eomii@hénits Thewind&bazeupent @myblcally

non- expen5|ve a oul d tralise the acids formed during. the
conbustion i 330%8 l%g;fqpi 1"\%8;})”5%“% h@”ﬁ@é‘?bf‘églélﬁnf’dé%yéffﬂgé’ﬁ?@’]e%l ch
woul d i 1Pr owg,chhemehbhli %ﬂﬁﬁopfglyéaﬁ‘ol%ﬁl RSk | J1d&Fo 3P hatRr &Rt ﬁf}g reduce
the cost of the fornulation. The exanples also describe the emilsifiers

used for t h@nbﬁr@@a@a@nmﬁ t)cpflcad]ryelsv@a@a congentidtioprauffaiion.to Prevset fesruing dﬁ er s

T Usoz) 20301 55 Uiinine Morlfl, TR oF hREIRB deaenion 2090 w ki

aqueous sol wrhssrat(@5at %HQH Wle\/\l)ubﬁﬁﬂ)t iBQUMAV o1 dseflOr MU bAd 1eRihowRkdht Pihepar ed.
The oil formulation contains 1 - 2 %W w enul si fél ng surfactants, - 2% ww

di sper sant, OnNoSNUgHaH iszt adevedof HAM abaut 208w wrighhhased oschy waighhafithe2 - 93
s e s e R T %
emul si fi er s insetnmdmenaabeut 0.2 to about 10% by we1ght.
As shown in the following examples the use of water soluble bases such as
KOH in a lubricating oil does not result in any significant instability problems for
the bases when the temperature of the oil exceeds 100°C where the water may be

20  evaporating at a fairly rapid rate and the total amount of water may be significantly
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
detergency and neutralisation of sulphuric acid formed during the combustion.

25  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
the overbased detergents, which would improve the efficiency of the marine cylinder

30  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 coniribute to the high temperature detergency.



t he exanpl es was a Pl BSA: EG DMEA, pol yi sobut enyl succinic anhydride:

ethyl ene glycol :dinethyl ethanol amne - 2:1:2 (eq). This enulsifier has
a hi gh nolvecisloasss20 wei ght pol yi sobut yl ene chai n (- 1500MAp@angkoa/ 2630y HLB.
Enmul sifier two was a co- enulsifier. MHDSA: DMEA, dodecahexyl ene succinic
anhydride: dinethyl ethanol amne 1:1 (eq.) It has a | ow nol ecul ar wei ght
and a high HLB. The structures of these two emulsifiers are presented

bel ow. 15 Enulsifiers used in the | aboratory manufacture of water/ marine

| ubricating oil emulsion A1l (I Il N(CH3) 2 OHPB//CH3 H3~ Il PIBClL H
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emul si on gef@FaNS | alkFPWonewulsilying spaceant ~ ke pIdpsrsrERA 3a%w/W
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1. Table 1: Exa . of_water/ mari.pe | ubrjcating oil epulsio Dei oni sed
wat er Sea- welPEge %ﬁgﬁi Thit %Bsé?&iﬂsé | i e gé’t&‘g R U LderS L“}G\?PW DR
the examples was a PIBSA:EG:DMEA, polyisobutenyl succinic anhydride:ethylene

glycol :dimethyl ethanol amine — 2:1:2 (eq). This emulsifier has a high molecular
10 weight polyisobutylene chain (~1500MW) and a low HLB. Emulsifier two was a co-
emulsifier. HDSA:DMEA, dodecahexylene succinic anhydride: dimethyl ethanol
amine 1:1 (eq.) It has a low molecular weight and a high HLB. The structures of

these two emulsifiers are presented below.

15 Emulsifiers used in the laboratory manufacture of
water/marine lubricating oil emulsion

0 o] 0
|| H || X
Py N /\ P
PIB—/\O_ CH, HSC\ -o — _pB S 0 "
\/OH h//CHa ,\]": .\(0'
| LA |
o o (o)
OH HO
20 PIBSA:EG:DMEA HDSA:DMEA

(=2:1:2 (eq)) (=1:1 (eq))
The emulsifiers can be either dosed through an emulsifying concentrate or could be
25  directly dissolved in the SAE-50 oil. Other emulsifiers could be used for the
preparation of water/marine Jubricating oil emulsions. The water/marine 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.



KOH 7.00 7.00 Deionised water 13.00 0.00 Synthetic sea water 0.00 13.00
C9-Cl6 de-aromatized 1.12 1.12 petroleumdistillate HDSA: DVEA 0.31 0. 31
Pl BSA: EG WigERs/002689 1.19 Nominally 1000 MWV 1.67 1.67 pol ycIoimeegéome
grafted onto succinic anhydride (PIBS® and further reacted with a m xed
tetraet hyl enepentam ne (TEPA)to forman imde PIBSA TEPA=3:1 (eq) A

di spersant Cal ci um dodecyl phenate 2.74 2.74 sul phide SAE-50 oil 72.97
72.97 5 Table 2: Sea-water Conposition (ASTM D665-98) Sea-water (g/1)

I ngredi ents Nadl R4 . 10 . CaCl 2 1.16 Kd
o 80" Narcoa 0. o¢ seael GiEsialkoABddod erdBhERin $a2 4, “LE 0 003 The
pot assi um hydr oxi de solution is prepared by dissolving 35 g KOH

Table 1: Example of water/marine lubricating oil emulsion
Deionised water | Sea-water

Ingredient based emulsion | based emulsion
Tow!w Jow/w

KOH 7.00 7.00

Deionised water 13.00 0.00

Synthetic sea water 0.00 13.00

C9-C16 de-aromatized | 1.12 1.12

petroleum distillate

HDSA:DMEA 0.31 0.31

PIBSA:EG:DMEA 1.19 1.19

Nominally 1000 MW | 1.67 1.67

polyisobutylene grafted onto
succinic anhydride (PIBSA)
and further reacted with a
mixed tetraethylenepentamine
(TEPA)o form an imide
PIBSA:TEPA=3:1 (eq) A

dispersant
Calcium dodecyl phenate | 2.74 274
sulphide
SAE-50 oil 72.97 72.97
5
Table 2: Sea-water Composition (ASTM D665-98)
Sea-water (g/)
Ingredients
NaCl 24.54
MgCl, . 65,0 | 1110
Na,SO4 4.09
CaCl, 1.16
KCI 0.69
NaHCO4 0.20
KBr 0.10
H;BO; 0.03
StCl,. 6H,0 | 904
NaF 0.003

The potassium hydroxide solution is prepared by dissolving 35 g KOH
pellets into 75 g of deionised water. This solution is not saturated. Synthetic sea-
10 water can be used instead of deionised water (prepared as per ASTM D665-98) but

then the solution becomes saturated at this concentration of KXOH.



pellets into 75 g of deionised water. This solution is not saturated.
Synthetic sea- 10 water can be used instead of deionised water (prepared as
per ASTM B@GBA9&P7but then the sol uti on becones sat urat edcarusor26394
concentration of KOH WD 03/002697 PCI US02/ 20394 36 The water/marine

| ubricating oil emul sions can be prepared either i) via a concentrate,

whi ch contains a solvent and two ermulsifiers or ii) via a nmethod which

uses the solvent and enulsifiers dissolved in the oil. Initial sanples were

prepared via a concentrate while | ater sanples were prepared using a
sol vent and the IxeeHipdémpring lulrisayia, e sPHyoRs ean be P’)epﬁﬁ"?%&r‘ﬁg‘l?’"sis)f‘ﬁ)gr?g

concentrate c?ﬁ@%gﬁﬁ%p%i%ﬂ B¥talflsXd QfvenGnd Woo éh&hfsﬁﬁaté?&t 1?)' \(i‘ﬁ‘atrﬁetﬁoé Whi@bl e

al i phatic so Thi's concentrate was then m xed unt honbgeneous with
the oil, whiusds thesbbiensand cahidgéiesatissobrd iatheaoi.i tifidaampléEhecre pospaeatt r at e +

oil mxture were weighed into.a beaker to which K sol utign was 10 added.
The ni xt ur e Vita P%ﬁggﬁga‘?’g‘g@ YT SAPksS VRSt g@pﬁg%ug i @‘ﬁv‘aﬁﬁeﬁ}d i ce,

such as & SkhNEi8anifblvdd Meadx. m xer. ii) The enul sifying surfactants and
al i phatic solvent can be m xed with the oil, dispersant and anti-oxi dant

to forman oil fa)Awnl emilgifyinglepscenirhtcf Ganpileparied pyi mixingthghiew sufastaatsheaker

to which KOH.sol uti is added. The m xture is then sheared 15 f.0 - 6
m nut es usi Wdﬁla %isaﬁg@ﬁe%ﬁp%&&n %og\,/eng.ucﬁf}gg %"“é?Wg"f SO 3{16% %eflagntﬁ’li xer.
Enul si on St abirdgtneo@tvat fRr diewhidRdoaaikisng dpbrs@ifldngl angentiedidarst orted at
roomtenperature and 65C in order to assess their stability against
separ ati on FaResniaigat 6 miKase Wikl waighsd into phbesakergipavhich AOHSOBBION W38 was
assessed, af 7 . r ] - . ' y.s at
room-t e‘lfr%er %ﬁ%?de‘ gﬁ%ﬁﬁghﬁa@%@%ggg%g%%si § nlg@%ﬂ%&%%]ing% lﬁggmgﬁ cfé@péé,

sem - quant i tatH ased Silerahwatdthriay iixéxn separation of oil, oily enul sion,

D o T SR B L e S e o Pt G o
The emul si ogyyr afs'g&ga%t oAl SnfiSRRLNEEh Rfchin dil AMshurficHaYEhigbil BRAVIGESPERS at ur e
and 65C. 25 WD 03/ 002697 PCT/ US02/20394 37 Table 3: Enul sion Storage
Stability weighed into a beaker to which KOH solution is added. The mixture is then sheared
15 for 3 — 6 minutes using a high shear device, such as a Silverson or a Turrax mixer.
Emulsion Stability
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
20  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
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.

25



Enmul sifying 7 days at roomtenperature (%/v) 7 days at 65 C (%/v)
surfactants Enmulsion (% win Gly Gl Band Water G ly O Band Water

enul si on)werespazeed wth 1.50 deionised 0 0 0 0 1 2 2 0 \waiTeuSoRPreoar ed
with 1.50 synthetic 1 0 0 0 2 0 18 0 35ea-water 28 days at roomtern
erature (%/v) 28 days at 65 C (W/v) Qly G| Band Water Gly G| Band
Water Prepared with 1.50 02 102 4 2 0 deionised water Gly = oil rich
phase; oil = clear oil; band = coarse enulsion, results fromthe

sedi nent ati on of enul sion rticles 5 A series of.tests were performed on
wat er/ mari ne | ubricating oi fg]élﬁﬁF SIS’BHg“?rhétOS?%F&taLB“&Ssess t hei r behavi our
at hi ghrtenperatytes—anta—men—in—contact p-thr—spi -t o Hgh
Tenperature Beha\[urégcﬁggn 1@2‘% et ?rﬁté‘fet(?"%’.b.’di Bl I(Iiags!,eat Esy‘it?'(!ﬁ/v? tobrTTant
exper i enegutiePe(RLM S Phiy 10 dP0- 308 WikR.i N 6Nt i W t hedlie Cwhinder
wal | s. The behaViegukio®f wat'er/jmarine| lubrjcating oil enulsipn at high
t enper al wrepredVas tested using the test cell] showh in JFigurel 4. Thjs test
cel |l consitsts off 1§ heater finger, whjch can be heated jup to B50C using an
Eur ot hef frionfedst i Al ess st@el pahel fidted oh the] heater2finge?. Thelpane
and heaterterf j nger are placed in a gllass cell. The fornulation to be testked
was doser_gEEtredw the required rlate onto thel heated panel wthithe help of| a
smal | tuBE attached to a  perifstaltiic. punp. . The pehavilour of ter ring
| ubri cal PRESi | [enul si ons* was test ed %t 10p? 2 g Ly e

seawater

28 days at room temperature (%v/v) 28 days at 65 °C (%v/y)

Oily Oil Band Water Oily Oil Band Water
Prepared
with 1.50 0 2 1 0 2 4 2 0
deionised
water

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

5 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
In practice, traditional marine cylinder lubricants experience temperatures of
10 100-300°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 an Eurotherm. A stainless steel panel fitted on the heater finger. The panel
and heater finger are placed in a glass cell. The formulation to be tested was dosed at
15 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
marine cylinder lubricating oil (shown in Table 7).
20 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



200 and 300C and conpared to the behaviour at these tenperatures of a

standard nmarin

e cylinder

| ubricating oil

(shown in Table 7).

20

Table 4

presents waoeosrezeblts of the high-tenperature tests perf or med/use2Lés4

wat er/ marine |ubricating oil

enmul si ons
test cell

enul sions after the test were higher than the TBN of

test, which wou

wat er | oss) daredmked, e

panel . 5 Tabl e

At (g) TBN

| d sug
4.

enul si on3 and the standard oil.
before the test and after the test (material
sunp) were WO 03/002697 PCT/ US02/ 20394 38 determ ned. The TBN of

The

TBN of

accunul ated in the

enmul si ons before the

gﬁst that the enul sions were concentrated
Ri EBEne! ¢mulgiont giftehdhe ¢ist vwest himheo dhan

ot b AR TSl bRl Gro SRS R AP S on

t hr ough

B TRY plest

100 0 64.6 @hurdughSthandasd) 200 KDBPeHset B eblsian didaivt 28Poddt OO &3t 0 70. 2
SWenul sion 200 0.0253 64.6 69.5 Standard 200 0.0002 69.9 69.9 D
emul si on 30020el0460 63.0 73.2 SWenul sion 300 0.0468 64.6 69.8 Standard

SW = synthetic

300 0.00%9 69.9
sea-water *Am =
Neutral i sation
emul sion in neu
beaker neutral
used the sanme t
75.15 g of wate
sulfuric acid (
sheared for 5
The TBN of the

t est

ant oi

ods: a

| atter
on 15
2.25 g of
e was
24000 rpm

70. 1 - Abbriyhiahi Al TBhparARODsE Rl e ;

panel naséﬁﬁggﬁ?gﬂﬁb?gaggﬁ - _pane ﬁass after hot
OBarBplef ur i c| Pest @nipBraflre ef Antigncy of | WaNer /| ubri d
tralising sptyuric acid was tested us Befyrd Wafret h
Saf eRilsaRd Ri1dy gh tenper dtao@e neutral sat i ow4.6The
hgt - cel I_ as{shown in Figure 4 Rpakgr_,jxlgm_,r_@_j_;a_t_ir
F BMOeRilsient | 80 enul si on MAs wei ghed [ A& be&Rer.
PR W fTeTT adued The beakel gg gNe [Epxr ur
ngtr?é eYei”g usi hgoa hi gh shear Turrax m xer set |up at
DI emulsion 200 0.0097 63.0 70.2
SW emulsion | 200 0.0253 64.6 69.5
Standard 200 0.0002 69.9 69.9

DI emulsion 300 0.0460 63.0 73.2
SW emulsion | 300 0.0468 64.6 69.8
Standard 300 0.0019 69.9 70.1

Abbreviations: DI = deionised 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

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

efficiency of the standard oil in neutralizing sulfuric acid.



wat er/lubricant oil enul sion was neasured before and after the test. This
test was repeated using the standard marine cylinder |ubricant described
in Tabl e WO 0Bab2®75 20 presents the results of the beaker ptausvakozati on
test. It can be seen that the efficiedcy of water/lubricant oil emnul sion
in neutralizing sulfuric acid is conparable to the efficiency of the
standard oil in neutralizing sulfuric acid. WO 03/002697 PCT/ US02/ 20394 39
Tabl e 5: Beaker Neutralization Test Results < TBN Rate of Sanple Before

After Neutralization* D | si.on 64 33,3 6.3 Standard 70.4 37.6 6.6
Abbrevi ations: DI = dei of@!"ﬁ\&ﬁa&ﬂh‘gwabm@hﬁ% S¥ES on = dcKOH / dt =
dTBN / dt 5 High Tenperature NgUFgRl i zat1 of gfig test set-ygp|shown in Figure
4 was used for assessing the ef[ficiency of | water/lubricant |oil emnul sions
in neutralizing sul fuBamplkci d gtBdfote { Afiper|dfentesizatiing panel was heated to
100C. As soon as thi s—tenperatdre—wasi+eaeched—the-flowof—water/| ubricant
oi | emul sion was sta'péﬁmtulﬁ‘%glﬁﬁ%l et 3~?L-§at 613 67 m/nmin. When the 10
enul si on covered the | 5 the Ay W ulfAgTc acird was started through
Inlet 2 at 0.05 m/ ﬂgﬁ.ﬂ%rﬁe \/vatjeolr'é?l ua??'gant&%i | _enul si on was dosed t hrough
a 1 nm bor e Adbrzgatiopy Bé= ddmivetvaed t 0 a peristaltic punp, whereas the acid
was dosed t WaougtNautfalinatiomeediog/ (R22GXBY /min), with the help of a syringe
punp. The experinent was repeated at 200 C. The standard oil was al so
assessedsat 100 and 200 C. THﬁgh'Féané&%uiﬂeﬂ\Iaftrélmﬁ@nt ests are described in
Table 6: Table 6: Hot Tenperature Neutralization Tests Sanple Test
tenperature TBN (Ibp tBefssFap Ahevet in Biguear|wasopseddor swesingathg effBrigmitasld oi |
100 74 1 59 \duerho M} 31 W dGhSR: e fizfne SUANRAS & dor308pdirfesBrfk The
aimof this {6of Wa& to mimc & réal situation en & TubYica ing oil
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 ml/min. 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 71.1 69.3
DI emulsion 200 65.2 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 the surface of the hot
metal cylinder walls. The result from Table 6 illustrates 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 watet/lubricant oil emulsions showed that KOH

25  existent in these emulsions would not deposit on the hot cylinder walls and would



20 neets the sulfuric acid, formed during the conbustion, on the surface of
the hot netal cylinder walls. The result fromTable 6 illustrates that
neutral i zewi @wozd7 sul furic acid by the emul sion or by thecaresidasxd4oi | was
m ni mal at 100C. At 200C the enul sio# and the standard oil partially
neutralized the sulfuric acid. The tests perfornmed on the water/| ubricant
oi | emul sions showed that KOH 25 existent in these emul sions woul d not
deposit on the hot cylinder walls and would WO 03/002697 PCT/ US02/ 20394 40
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pi ston ring wear. raln samnpl es

| CP/ AES, KVi)6his Eeatl ST nhdsbimpainint Wass bes tRdnlinesd rBaigs e 5isOANE Weas!
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emul si on | uBYidgadingt wegn ang analyses ft the pylindesyqliageamplesy s dde PiLomadgr d

mari ne i K i t i : S, [ at 125
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rate was toTat|vigle fosd p&thecongsaisi scordedtisvaemetduee sf aivctar ng hwear.i ddwrt and
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delivers 100 % oil, allowing for a fairer conparison betweer enul sion
| ubri cant ahdrichet/oyliadetal’d howartdshe Colinderdensddubn ematsion MhgcaompddDt%on of

e oo, UM om A A8 3 AR LIS G AET bR S
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 Iubricant 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.



Table 7: Lubricants Tested in the Bol nes Engine Test |Ingredients
“Standard' Conventional "Over-treat' Emulsion Marine Cylinder Enul sion

| ubri cant w@as/ondeotubri cant |ubricant (%W w) KOH 7.00 - 5. @c1lSooni»ed wat er
13.00 - 14.4 Petroleumsolvent 1.12 410.90 HDSA:DVEA 0.31 - 0.25

Pl BSA: EG DMEA 1.19 - 0.94 PIBSA: TEPA 1.67 - 1.34 cal cium dodecyl phenate
2.74 - 2.19 sul phide Conventional additive - 20.75 - package ESSO 600SN
36.49 57.06 37.19 ESSO 150 36.49 22. 19 37.19 BRI GHTSTOCK Cylinder Number
123 Treat Rate in Bg s, 100 e gﬁ 100, 125 _TBN delivered at
above treat rate (ngK ‘C?‘GST ighe Polpesdinging Testi y 2 @25 C and

boi I'i ng poi M EAd&e T Anal ySes @indafi€ drai 1 @hlengohid! €S | 20 g8 drai n oi |
sanpl es (representing the excesgRidy fromt lp@rglg@ggei ongplpgbers) were
collected during the running ofutiibg teety) AtLublid: 0 and gjbglggntﬁ/gw&,) P4, -
36, 48, 60, [fHmours. These Sapppes Were supmtted for Tl CP/ AES
anal yses. T e{&%hwtepr rnese gt ySES gave rmformati 194 tte
neutral i zat @G, gL, vers Ut Furg. get d—formeg_duringtheTgr HUbI—I om—angd t he
Corrosive Weghg JUTES T cib%l[ strow LIIE‘_LIIdIIgEb TR ourcr TAN-TN tinme
in the oil EWE:AULLUU g cyt ||ut:| s—t—"38—7he 6194p||u| present in
the resi dual V*E INGE UUIIUlf%VUU tH—theBotres—engite ’l3h° oxtdt-se
during combirs: 5p -
2alcium &6decyi Ehené*te 59 - 2.19
sulphide
Conventional additive - 20.75 -
package
ESSO 600SN 36.49 57.06 37.19
ESSO 150 22.19
BRIGHTSTOCK _ e R Bdate
Cylmder Numbe1 . l 0 2 T 3
Treat Rate in the Bolnes
Engine (%) 100 100 125
TBN delivered at above 70 70
treat rate (mgKOH/g) 70
*CAS#64742-48-9 viscosity 2 @ 25 C and boiling point @ 185 C
Analyses of the drain oil samples
5 Eight drain oil samples (representing the excess oil from the combustion

chambers) were collected during the running of the test: at time O 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
sulfuric acid formed during the combustion and the corrosive wear.

10 Figures 1 and 2 show the changes in TBN and TAN in time in the oil
samples collected from cylinders 1 —~ 3. The sulphur present in the residual heavy
fuel, combusted in the Bolnes engine, is oxidised during combustion of the fuel to
form various acidic products. As the base present in the emulsion lubricants or
standard marine cylinder lubricant (mcl) reacted with the products of the sulphur

15 oxidation, the TBN decreased until it reached equilibrium. This equilibrium was
reached after ~36 hours in drain oils from the cylinders, which used emulsion
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 sulphur

oxidation products achieved by emulsion lubricant than by the standard mcl. The



formvarious acidic products. As the base present in the emul sion

| ubricants or standard nmarine cylinder lubricant (ntl) reacted with the
product s w @3hwe2eul phur 15 oxi dati on, the TBN decreased urrdm/usor/2eached
equilibrium This equilibriumwas re#&hed after -36 hours in drain oils
fromthe cylinders, which used enulsion |ubricant and after -60 hours in
the drain oils fromthe cylinders,, which used standard nctl. This m ght
indicate a nore efficient neutralization of the sul phur oxidation products
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| ateau. The anal yses of, the drain oil_ s s_collected fromthe cylinder
D oot e S Smiieh Pl B SLBETR Lo S b b Vb b o
pl at eauj@ur gdiedth i @lag bieBahNedEollebRd R cylfiRiRkE1 8n 9P 524 hbgrsvear

metal content of the drain oil sanples at tinme 15 zero and at the end of
the test. Thud dfted thabitime dnysehetlr platsai ndibe apalyssst of theddmaby el sampkes

copper, nick chrom um.than the drain.oil s les from.cyl]nders 1 and
S hese. r Sl tuil B st 2 St BhE B e RTRiERat PR BN 8T e
wear of thenotGesanangiatcsu ahirifihtheGitloldidasthtondie tete standard ntl. Table 8:

| CP/ AES Anal yses of the Drain Ols - War Metal Content Mtal Content

Cylinder 1 Cylindable® eypmpaies te ppymyclel sk of 2hn e o spBRles afimRour s 0
hours 75 Nours on bt the Lo8%t thed:42 The 1kt oil HmBleFof cIBAdR 238 ntalledmd 1 93 1

64
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 Drain Oils — Wear Metal Content

Metal Content Cylinder 1 Cylinder 2 Cylinder 3

(ppm) 0 hours 72 hours | O hours 72 hours | O hours 72 hours

Fe 1 1694 7 3145 1 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’
lubricant emulsion Emulsion lubricant

emulsion

20



C 0701007 Pb0O3020O0 Type of lubricant "Standard' Enul sion
Standard ntl “~Over-treat' |ubricant enul sion Enul sion |ubricant emul sion
20 WO 03/ 92B9a240CT/ US02/ 20394 43 Engi ne Parts Ratings armtTiEsagnement s
This section is meant to summarise th& ratings and neasurenents of the

Bol nes engine parts after the test. Piston Ratings: 5 Table 9 presents the
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 nt Tahle 9- Bol nes i ne Test Results, Piston

Ratings Rating Piston 1 Eng{r@géqg]tssli{%nmﬁeg?w tions 2 3 Piston
Groove Overall, tg RIEBANs TALIPIS sehaMise tArRRs (AYShaBBrdhetd 6 #7 6. 46
simlar performance fromnerits) Marinox as froma standard Piston Land

mari ne cyl i Bobes Euging paitg afterCag tgoin (average 5.25 5.49 5.56 nerits) Piston
G oove 35. 7§.S§7ﬁ§0t. 3%_. 40 Carbon Fill (% Piston Ring Stick 9.88 10.00

10.00 (meri Iston ring weight loss Piston Ring noticed in the

rings of 5pi st onsThbleWep@hénté aSredulBAT tHe pREBNraBBEs. AEral, tRAPisioR rhilgys’ | NgS
of piston 2 (average grans) over-treat' Marinox better than 'standard’
Mar i nox bet skaw amgguivalent or in some cases better performance from the emulsion lubricant

than from the standard mcl.

Table 9: Bolnes Engine Test Results, Piston Ratings

Rating Piston 1 | Piston | Piston | Comments/Observations
2 3
Piston Groove Overall, the piston ratings show a
Carbon (average | 6.43 6.22 6.46 similar performance from
merits) Marinox as from a standard
Piston Land marine cylinder lubricant.
Carbon (average 5.25 5.49 5.56
merits)

Piston Groove

Carbon Fill (%) | >>7> |37:80 3540

Piston Ring Stick | 9 g2 | 1000 | 10.00
(merits)
Less piston ring weight loss
. . noticed in the rings of pistons 1
Piston Ring . . .
Weight Loss 4540 | 4758 |3.98g | 3nd3 thaninthe rings of piston 2

- ‘over-treat’ Marinox better than
‘standard’ Marinox better than
the standard mcl

More corrosion of the top-face of

(average grams)

Trace- Licht Trace the ring was noticed in piston 2
Ring Corrosion light co1gTosi COrTOSi than in pistons 1 and 3. ‘Over-
(descriptive) COITOSiO treat’ Marinox induced the least

on on )
n corrosion of the top face of the
ring.

Scuffin Trace. Slightly more scuffing was
( descrip%ive) light Trace | Trace | noticed on piston 1 than on

pistons 2 and 3.




the standard ncl Mre corrosion of the top-face of Trace- Light Trace the
ring was noticed in piston 2 Ring Corrosion light than in pistons 1 and 3.
"Over (de®omsioprddve) corrosio coi TOSI conosi treat' Mari n@CT/usdaeed4t he

| east n on on corrosion of the top fa¢e of the nn g. Slightly nore
scuffing was Scuffing Trace- Trace Trace noticed on piston 1 than on
(descriptive) light pistons 2 and 3. WO 03/002697 PCT/ US02/ 20394 44
Cylinder Ratings: Table 10 presents the ratings of the liner and air inlet

port bl ockage.. all the enul sion lubricant perforned better than the
st andard nE&SL$§%S%¥%¥§1on |l ubricant did not cause quill deposits and air
inlet ports deposizhf ANFrelaiiRE rﬁﬁr?roﬁhéjﬁ&?%ha%rqmetc ?ﬁl’t 61:?%5%‘3 et he

e de

standard ntl . on the |iner whi ch

Corrosi on vvas notice

run on the sheseadsiomdhbricat tmrfgrmais bnmr th@nl tiedstomdardi\embll riﬁres emﬁlsmmhe

cyl i nders,
Rating Cyli

on emul si.

1hefea! 80, A el

Renihol 47

tings

iRERPL gt e e g

li ner di anmetdepositkionethe Dnaathed the%ﬁrﬁl@ﬁiemﬂp@diﬁﬂldnrw&shﬁotfé)éh londRE findr of

I ncrease 0.034 0.062 0.030 and 3 than in the cylinder

2 - (average -

YYver age

)
Enul si on’ | utshe edinder, srindhdruneassthel efsadard mohand thiewes apidatigedron thetlinerssefy f ace

of the |iner
(visible ho&%

érh%g%rs,nwh 'ch 'I'l% or?&%q qrzllqﬂ

er pol i shed

ared to have less visible
R | i nes/ pol i shed 5/95

10/ 90 5/ 95 surface than the | i Mabk 19 GwihdadRatmgerface - % 2 - Enulsion

| ubri cant| rettit si ons causgddsl 1 QOVliverD €yv8RIaAS VeomRak/Glianaddye standard
el . 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 app.earec-l to have. less Vi.sible
(visible honing honing lines and a higher pol%shed
lines/polished 5/95 10/90 5/95 surface tha_m the llpers of cylll?der
surface - %) 2 - Emu1s1_on lubricant emulspns
caused slightly more abrasive
wear than the standard mcl.
Trace The liner of cylinder two shows
Areas  of corrosion trace corrosion, which was not
' N dark throughout | Areasof observed on the liners of cylinders
Liner Condition brown  to with small | darkbrown |1 and 3 - Emulsion lubricant
(descriptive) black areas of toblack caused less corrosive wear than
ac
lacquer dark brown | lacquer the standard mcl.
to black
lacquer
The standard mcl caused trace
Air Inlet Port blockage of the air inlet port — this
Blockage Nil Trace Nil was not observed in cylinders 1
(descriptive) and 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 the standard mcl caused black
deposits
Quill deposits Nil Trace- Nil Emulsion lubricant did not cause
(descriptive) light quill deposits

10



Trace The liner of cylinder two shows Areas of corrosion trace corrosion,
whi ch was not dark throughout Areas of observed on the liners of cylinders
Li ner Condiaadma2ésrth small dark brown 1 and 3 - Enul sion |pdivispaneso4
(descriptive) brown to areas of to bl #k caused | ess corrosive wear than

bl ack dark brown | acquer the standard ntl. lacquer to black |acquer The
standard ntl caused trace Air Inlet Port blockage of the air inlet port -
this Blockage Nil Trace N | vvas not observed in cylinders 1 (descriptive)

and 3, which used Emul gi on Emyl si qn | ubri cant caused
only Fire |and deposi ‘émWé’irXI ﬂl’éﬁﬁpﬁseﬁséﬁ?%ﬂgﬁégg Ab‘faq-’(ﬁ € e | and deposits,
while (descri ptinygimhRipyetnilisiok 1idRkhtNgsiiRE i8tiRpeRel pislertaussdmel ack e
posits Quill deposits Trace- Emulsion |ubricant did not cause

(descripti vél)andalgmarqnmqylln@mdu@mqagt el 3 YOR 697 SFROUTEUSIRN2DISDY ring5

Cunrrcant .+ 60 CRAH b R FaGah R P oY ey o TR (T

cyl i nder 5| uldmidcanat quii dep@sﬁfs s aipiiglbOblotiage JrhecsriulSioh Nakticald fbk@ifedrinng
| and carbon, piston ring weight | oss, corraosive wear, |iner dianeter

i ncrease, f F?@Pﬂablﬁdﬁo%ﬁﬁﬂesq@F the dp¥ickioad adhrsive vearnRapeptiag kA ee nePHe
enmul si on | ubgi £aptefs fihﬁ&d th@ tregqu{%%ﬂlp ltﬁe 8581@&1[}1 dl'ugﬁoz{n? F ttllﬂg dHcR)gur%t I ck

and adhesi ve wear. pendi ng on the need for neu i'Zat'1 on,
treat rate wmaytbetlbss tharuthsitonat tasb with arendat mdnr& ayhsddudsbmmntsrrdifurber lhess t han

the treat rate, wth_standard mari cylinder lubricants. Further th
emul si on | UBFHUE%BJ gFé“tE(?ﬁ%zﬁPﬁnlBF‘tgﬁW‘%/ §1’F’éﬁ5‘?§§rraaﬁ‘f§r PHIdey lybrigants | 438 i cant s

and  10jgoulgyiB®e bBlpRceth §Haif Rkl Pérﬂ@é ar®l BREAIL8Ss:@nd to reduce costs.
Based on reductions in NOx seen Wlt uel s that 1 ncorporate water, it is

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

15  total amount of water injected with the emulsion lubricant.

While the invention has been explained in relation to its preferred
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

20  modifications as fall within the scope of the appended claims.

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

25 modified by the word "about." Unless otherwise indicated, each chemical or
composition referred to herein should be interpreted as being a commercial grade
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

30  solvent or diluent oil, which may be customarily present in the commercial material,
unless otherwise indicated. It is to be understood that the upper and lower amount,
range, and ratio limits set forth herein may be independently combined. While
ranges are given for most of the elements of the invention independent of the ranges
for other elements, it is anticipated that in more preferred embodiments of the



anticipated that the water in the marine emulsion lubricant will |ower the
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the 15 total anount of water injecte¢bwith the emulsion lubricant. Wile

t he invention has been explained in relation to its preferred enbodinents,
it is to be understood that various nodifications thereof will becone
apparent to those skilled in the art upon reading the specification.
Therefore, it is to_ be understood that the invention disclosed hereinis
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to herein should be interpreted as belng a comercial grade -material which
may contain the isomers, by-products, derivatives, and other such ’
materials which are normally understood to be present in the conmerci al
grade. However, the anmount of each chem cal conponent is presented

excl usive of any 30 solvent or diluent oil, which may be customarily
present in the commercial material, wunless otherwise indicated. It is to
be understood that the upper and | ower anobunt, range, and ratio limts set
forth herein may be independently conmbi ned. Wiile ranges are given for
nost of the elements of the invention independent of the ranges for other
elenments, it is anticipated that in nore preferred enbodi nents of the WO
03/ 002697 PCT/ US02/20394 46 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 materially affect the basic and novel characteris- 5 tics of

t he conposition under consideration. WO 03/002697 PCT/ US02/20394 47 1. A

| ubricant for an internal conbustion engine conprising



5 a) a mgjor anopunt of oil of lubricating viscosity, b) at |east one

emul sifier capable of formng a water in oil emulsion, c¢) optionally an
oi | insol wa ®/mwmIvent or solvent blend and d) a base in trTiEsIRRE4

pot assi um sodi um cal cium nmagnesiund7 lithiumor alum num hydroxi de;

pot assi um sodium cal cium magnesiumor |ithium carbonate 10 or

bi car bonat e; potassi um sodium calcium magnesium or |lithiumsalts of

Cl- C5 organi c aci ds; magnesi um oxi de; ammoni a; amine, partially neutralized
am ne, guanidine carbonate; urea; or other organic nitrogen conpound which
generates ammonia on ignition, or conbinations thereof, wherein said base
contributes at least 1 TBNto said lubricant, said base is 15 added as a
pr ef or med cgem' c%lwggny%nd rat her than being formed by an in situ

chenical reactio R TeTAR 1gfena) GATBUHON SASIP GAFRTIBEal kal i or al kal i ne
earth base w thaan gagiH amuﬁmd;f@fqgmﬁg%vggo | sifier (overbasing) and
wherein said base is not a borate compound. 20 2. A lubricant according to
claim 1, whereinbp hat léagbenccantlsifies saprable o dseniage watgrtin ofl @inwlaerer has a
viscosity from about SAE.5 to.SAE and sai d, ba is in a dispersed phase
havi ng a nunber ﬁge?pa?é’ga M PléFlbsogﬁz’geesog‘ﬁ?“??rgﬁ?gvegiﬁltef@F‘f@g of 5 manoneters
to 100 microns. 25 Bbashih w¥fogamt g@&@ﬁﬁﬂ! SidrR, @ik hagNRRINE 1Rh®al & O |

i nsol uble solvent is from about to about 50 weight percent of the

conbi ned weilEingn hydraxides Potaatiuan sodan dealGame magnesiurh @is itlyamt caghanetedi ng t o

clai m 1 havipg. o] .| easts. t in. 30 its of and
sai d baég i P?hcﬁré)-ggyg b cr)tg%asclfl rgh%)g é‘ﬁﬁ’a(]\;/a?ér%g&a%% r%leurrg’avgﬁgg“én S%%WQ% si ze by
| i ght scatt erdan@d edids;r maptesnanaxeder @nhonid0Qmihe; I esallVVRe(i34120& 6odine,

PCT/ US02/ 20394 . 48 5. A lubricant according to claiml1l, wherein at |east
50% of sai dS¥HNAIRG cqEPONate; 3% (05 RBY PIERE TIPSR CAMRABIG, BHICHr ST sed i n

sai d sol vent, 6 Ad {t{?%aggcﬁgﬁ%tgjnggw}&f,cl aim1l where said emulsifier
r

conprises a b5 hydroCarbyl substituted carboxylic acid acyl ating agent
reacted with at dasin srid base centobutesranleast.] TBNAO! salit iubaiehntasddrdsens t o

claim1, fur r_conpr.ising.at .| east one, conventional_ |l ubricating.oil

di spersimt & % ats f]‘gg%‘{’ eC}l?HH?/agrﬁofn(?HH‘ild Faiet than :bﬁlﬁgcfpfmeé by an' in‘%itn
chemical reaction within the oil phase of an aluminum, alkali or alkaline earth base
with an acid in the presence of an emulsifier (overbasing) and wherein said base is

not a borate compound.

20 2. A lubricant according to claim 1, wherein the lubricant less the base and
optional water has a viscosity from about SAE 5 to SAE 70 and said base is in a
dispersed phase having a number average particle size by light scattering of 5

nanometers to 100 microns.

25 3. A lubricant according to claim 1, wherein said oil insoluble solvent is from
about 2 to about 50 weight percent of the combined weight of said solvent and said

base.

4. A lubricant according to claim 1 having a TBN of at least 40 reported in
30  units of mgKOH/g and said base is in a dispersed phase having a number average

particle size by light scattering of from 5 nanometers to 100 microns.



10 detergent and/or antioxidant. 8. A lubricant in an internal conbustion
engi ne conprising; a) fromabout 50 to about 99. wt.%of one or nore oils
of | ubri ceta 302697 scosity, 15 b) up to 50 w. % of an oil iprcaosebhes9sol vent
c) fromabout 0.5 to about 15 wt.% of48& enul sifier(s) capable of formng a
water in oil enmulsion, and d) fromabout 0.5 to about 30 wt.% of a base in
the formof potassium sodium calcium nmagnesium lithiumor alum num
hydr oxi de; pot assi um sodium 20 cal cium nmagnesium or |i thi um car bonat e

or bi carbonat e; ssium s dlum cal ¢ magpesi |um salt of
Cl-C5 organfc aci é—l% Y AEEeT mgo%cck@émléﬂmva%&%ﬁb?ooga%l Nyaue 1s

neutral i zed »@Abied td/§EPba g RRLIEAS: HégQ%h%al‘arsoWeH@r organi ¢ nitrogen
conmpound whi ch generates ammonia on ignition conbi nati ons thereof, 25

wherein said base contributes at least 1 TBN to said |ubricant, said base

i dded fofoed. ch | ther .th f d b
n sty chim oot MBHRTRb RGP DrGRO I | KRS BH SARURR RARPTARA |, or

al kal i nes eah&hro'@%?l sif¥stifuted C@l‘b‘OQI\;Fldq a&lﬂeao@[e@ﬁg nPheRbdeMithSitf Jegdt an
(overbasing), , and wherein said base is "not orate conpound, and

optionally whBReeRYEPRabase is di ssol ved or d| spersed in 30 said oil
i nsol ubl e solvent form ng a bl ended sol vent base. WO 03/002697
PCT/ US02/ 20394 49 9. A nethod of lubricating at |east sone of the surfaces

of the conmbdsti o lubrcdrer a@bordingi tf efldial GORbLREI 6ompRGhHEat Nedsudomy t he
steps of adding a Iubrlcatln ogil with a TBN of at least 10 into the
combusti on EARYRFEPNAL AWRIIGENE l&’éll dlﬁWfﬁaﬁéa“%%%%ﬁnéﬁoéYﬁé‘#ﬁé‘#l lubicatiogPblust i ng

the fuelpingsaig npmhg&dgﬁanber the 5 inprovement conprising
i ncorporating a water soluble or water dispersible base, dissolved or

di spersed in an oil insoluble solvent into said lubricating oil as an

emul sified phase, @ECh that the TBN said lubricatjon oil is at least 10
units on th& TBR Qfaé‘té&ﬁqg’é%alcé’? 'REUEYCHOTIIE gher than before

i ncorporating salayi frif@l &oud BOURI Sbddk IBLRIY HESHRY 8t Rl RAR SO RBMAELLI N
said base is added as a 10 preformed chem cal conpound rather than being

formed by iVAsesBity cheni cal reactl on within the oil phase of alum num

al kali g¢ al kalipe upatrot5}3) WAgE ot B AofBleDolvent

c¢) from about 0.5 to about 15 wt.% of a emulsifier(s) capable of forming a
water in oil emulsion, and

d) from about 0.5 to about 30 wt.% of a base in the form of potassium,
sodium, calcium, magnesium, lithium or aluminum hydroxide; potassium, sodium,

20  calcium, magnesium, or lithium carbonate or bicarbonate; potassium, sodium,
calcium, magnesium, or lithium salt of C1-C5 organic acids; magnesium oxide;
ammonia; amine, partially neutralized amine, urea; guanidine carbonate or other
organic nitrogen compound which generates ammonia on ignition, or combinations
thereof,

25 wherein said base contributes at least 1 TBN to said lubricant, said base is
added as a preformed chemical compound rather than being formed by an in situ
chemical reaction within the oil phase of an aluminum, alkali, or alkaline earth base
with an acid in the presence of an emulsifier (overbasing), , and wherein said base is
not a borate compound, and optionally wherein said base is dissolved or dispersed in

30 said oil insoluble solvent forming a blended solvent base.



in the presence of an enulsifier (overbasing). 10. The method of claim?9,
wherein said base is selected frompotassium 15 sodium cal ci um
magnesi unwd a3toazaam or al um num hydr oxi de; potassi um sodi Pqr/Ushakeioum
magnesi um or |ithium carbonate or bic# bonate; potassium sodium calcium
magnesium or lithiumsalt of a Cl-C5 organic acid; magnesi um oxi de;
guani di ne carbonate; ammoni a; urea; or conbinations thereof and wherein
said base is in a dispersed phase having a nunmber average particle size by
i ght scattering of 20 from 5 nanoneters to 100 microns. 11. The net hod of
claimo, whatein 4 HeotreopfuaizagnE lfgﬁ?aéa@?rﬁa opithe jsyrfpes rfadE FOMBPSEAN | east
30 units by dhafERSTAlih@tha? BhiloiioRnsil Rl Gl tBRIBE ofhadRE ShibhiRalidse. 25
12. The method of claim?9, erein sard water solubte or water di spersible
base conpr i@k svithtyD TR (OH)X ApasNad OHntCa{eOE)RbuskOr, chgubar, dddgchebomattee, Li OH

CaCO3, bl ds th f. 3. he. h f cl.ai wh i id
b Faatt o eI IR S e SambagiRo e s b StiB bSO CoA PP S out
t o about 530 iwr3deRhe todplsihg HMBRRAHinD a t\Wat@DHLISGr WhtePtRbesBIdbRBSE(S) -

WO 03/ 002697 PCT/ US02/ 20394 50 14. The nethod of claim 10, wherein said
i nter conbuglisselvedrmyi disparsedainngy cHeinselbklsetolwenyinie saiddlubgicatiigiell 4saan a

sul fur conte f.k bhout 0.1 t.0 ut. 4..5 wei ght ..percent i ch ner at es
aci di ¢ react OLHSIBFQ%%%F IR aélh%f ?%ﬁbogssflﬁdgﬂb%%g%g}l.ls %ﬁfgsftl %%883 ° for
formng a | IBNGRAE eMptdisell byl KIDAFR dfusib@ighef tidh befast intorpeiigi 2id1g; a)
di ssol ving or dispersing a base in_an oil insaoluble solvent e.g. water, D)
addi ng sai d gk selHbleop] Wakgoflispraibleobgssnand ovhgrain biaid Resa g @Flgf,’d @ a
emul si f yfpng d’? o%e@'cheﬁf@ﬁﬂ:b‘xgh ROMERL hER eR%Sefo'r e Hydir] YURY %ﬂéﬁaﬂgll oil,
wher ei n sai ase conpri ses otassium sodiu calciu magnesium 1ithium
or al um numrbhyudioaxviten thkMippiiaas of aimmisud) alkali cahlkaling eanthdraes witin ancacid i t hi um
carbonate or, gljrcar bonate; potassium sodjum calcium magnesium or
i t hi um sal tn&Fe REFseRee of i esifer (yvetbaiighesi um oxi de; guani di ne carbonat e;
ammoni a; amne, partially neutralized amne, urea; or other organic
ni trogen conmpound whi ch generates ammonia on ignition, or conbinations
t her eof and Mher éfhe Brihddbels elagnn?.r iwberes saitl basags stleeBdnffk@Hpotasunhe TBN
of said,l.ubri éant and wher ei n. saiq base i r ef or med Cf:hem' cal

dl %1 ium,

dd
ompoundr achER AR E RasiS R ARER: HRrRRER By Bt tte, RAGTHY o

calcium, magnesium or lithium carbonate or bicarbonate; potassium, sodium,

calcium, magnesium, or lithium salt of a C1-C5 organic acid; magnesium oxide;
guanidine carbonate; ammonia; urea; or combinations thereof and wherein said base
is in a dispersed phase having a number average particle size by light scattering of

20  from 5 nanometers to 100 microns.

11. The method of claim 9, wherein the TBN of said lubricating oil is increased

by at least 30 units by incorporating said water soluble or water dispersible base.

25 12.  The method of claim9, wherein said water soluble or water dispersible base
comprises MgO, Mg(OH),, NaOH, Ca(OH),, KOH, guanidine carbonate, LiOH or
CaCOs,0r blends thereof.

13. The method of claim 9, wherein said lubricating oil added to said combustion
30  chamber includes from about 5 to about 30 wt.% water and from about 5 to about 30

wt.% of said base(s).



reacting alum num alkali, or alkaline earth base with an acid in the
presence of an enulsifier (overbasing) and wherein said base is not a
borate. 2®w0lB/00%9F ubri cant according to any one of clai ns PCTAjS00hE9¢i n t he
anount of oil insoluble solvent is |#ss than 2 w.% and preferably |ess
than 0.5 or 0.1 w.% based on the conbi ned wei ght of said solvent and said
base. 17. A lubricant according to any of clains 1-9 further conprising an
antioxidant, 25 a dispersant, and an antiwear additive. 18. A nethod of

| ubricatin i n.ernal, o ti "engi ne, i.ncl udi t he steps of .adding a
bt oating B o Ao TS A e Seigkitr Gor Rt i i |

recircul ati rtﬁe@l/&'ﬁ%iﬁ'é aid daNE RN BANE sulREFoR@nf YRIm hhu 08 GOUBMRU PReGRANDET,
and 30 conmbusting the fuel in said conbustion chanber, the iInproverment

conpri sing Heresoi phichtgengratgs weitlisrregwionipredusis inaid conbygamsihanbebase,
di ssol ved or dispersed in an oil insoluble solvent conprising a Cl-C5 nono
or pol yhydric al cohol, C2-C5 ether, WO 03/002697 PCT/US02/20394 51 and/or

water, igto aid Aulbiafémibraiidg asluBfica@Wigl & itedl BRRSRumBMCHF hihhstt he TBN
of said lubricating oil is at least |I units on the TBN scal e expressed as
ngKOH g of diomPprisinghal dissphving of dispeisHEdy rse &t kmgil degotnbl@sevens ¢1gBrateror

wat er di spensi § ‘ i I hs: e .efar
o o) D R E AT IS SRR RIS A Y, o,
in the oil plibABolbleveévenabndribasenin sk albiicatiitg oid| Wikdreinesabhbide dvaggisand an
acid in the presence of. an enulsifier (overbaﬁing) and wherein_sajd base
is not a borBatgssium, sodium, calcium, magnesium, lithiumi or aluminum hydroxide;

10  potassium, sodium, calcium, magnesium, or lithium carbonate or bicarbonate;
potassium, sodium, calcium, magnesium, or lithium salt of C1-C5 organic acids;
magnesium oxide; guanidine carbonate; ammonia; amine, partially neutralized
amine, urea; or other organic nitrogen compound which generates ammonia on
ignition, or combinations thereof and wherein said base contributes at least 1

15 mgKOH/g to the TBN of said lubricant and wherein said base is added as a
preformed chemical compound rather than being formed in situ in the oil phase by
reacting aluminum, alkali, or alkaline earth base with an acid in the presence of an

emulsifier (overbasing) and wherein said base is not a borate.

20 16. A lubricant according to any one of claims 1-5, wherein the amount of oil
insoluble solvent is less than 2 wt.%, and preferably less than 0.5 or 0.1 wt.% based

on the combined weight of said solvent and said base.

17. A lubricant according to any of claims 1-9 further comprising an antioxidant,

25  adispersant, and an antiwear additive. '

18. A method of lubricating an internal combustion engine including the steps of
adding a lubricating oil with a TBN of at least 1 mgKOH/g into the lubricant
recirculating system of the engine, adding fuel to the combustion chamber, and
30  combusting the fuel in said combustion chamber, the improvement comprising
incorporating a water soluble or water dispersible base, dissolved or dispersed in an

oil insoluble solvent comprising a C1-C5 mono or polyhydric alcohol, C2-C35 ether,



WO 03/002697 PCT/US02/20394
51

and/or water, into said lubricating oil as an emulsified phase, such that the TBN of
said lubricating oil is at least 1 units on the TBN scale expressed as mgKOH/g of oil
higher than before incorporating said water soluble or water dispersible base and
wherein said base is added as a preformed chemical compound rather than being
5  formed by in situ chemical reaction in the oil phase between aluminum, alkali, or
alkaline earth base and an acid in the presence of an emulsifier (overbasing) and

wherein said base is not a borate.



