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SUSPENDED SOLID BASE 5 Field of Invention Lubricants with excess basicity,
char act erwpad/oas3g ot al base nunber (TBN) are used as | ubPCTrarsd®2(780

i nternal conbustion engi nes where atons such as sulfur, nitrogen and
carbon generate acidic conbustion products that cause additional wear. 10
In the past the overbased conponents where bases were reacted in the oil
phase with gases |like CO2 in the presence of sulfonic acids contributed
basicity. Water soluble or water dispersible bases are proposed as
alternatives to overbased netals. The bases can be incorporated into an
enul sified water phase. These oils can be used in other |ubricant
applications. 15 Background of Invention A variety of lubricant oils are
avai | abl e havi ng vaLlURRICANA FRAGM WATER EN OIOEVM@8ION WITHavi ng a t ot al
base nunber above zgUSPENBEDSOLIBBASIS that acidic products are nore

| i kely 40 cause corrosion and wear to netal parts of a device than bases,
which tend not to be involved in corrosion. Thus lubricants are formul at ed
20 with sufficient excess base thaFickdefInvention i nt ended lifetime, they
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t hese appl iahdrilobricanheppdightionder | ubri cant is continuously consuned rat her

than returned to WD 03/044138 PCJ/ US02/ 20750 a .sunp. The mari ne diesel
| ubri cant al so needs good | ubri = S :

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

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

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

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

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

applications the cylinder lubricant is continuously consumed rather than returned to



oxidative stability and antiwear properties. Traditional marine diesel

| ubricant formul ati ons used overbased netals (detergents) for acid

neut r al i 2&Di03/0441B% epar i ng basi ¢ conpl exes from oil sol ubl @CTAISAZRA¥S) bases,
and acidic gases are described in US patents 2,616, 904; 2,616, 905;
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agai nst aggregation to conplexes formed with various reaction procedures
and pronoters, sonetimes including water and sonetinmes not, and of the
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use in hydraulm c applications such as in US Patents 3, 269, 94 3 281, 356;
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oi | errul Si ONg WMBhLEicRERES rl:p(ar ta (heR1 b&EpleR. €ngine oils as discussed in
colum 1 of US Patent 3,509, 0 I i nes 4_PL 55, where a mayonnai se- |ike
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some patent indjpbddcatictiRacyuald BSrdde 4eR0%, 439cityNTindatuglityl s aidditbewliai on is
described therein conprising a hydrocarbon, water, a_water-soluble
al coholly  andlUhriding oilsorsi BRstPhnAS @WQ’JB}‘@MQ@B BeriUsyphissugece active

agents are typically sulfonates and the compositions include an aliphatic alcohol
having less than six carbon atoms, which is removed. It appears that a mutual
solvent for the alcohol and the lubricating oil, such as benzene, is used to form a
homogeneous mass that later separate into phases when the benzene and alcohol are
20 removed. |
Emulsions of water in oil have been described for use in hydraulic
applications such as in US Patents 3,269,946; 3,281,356; 3,311,561; and 3,378,494
where fire resistance was provided by the high water content of the fluid and the use
temperature was low enough that the water bf the water in oil emulsion was not
25 readily evaporated. Water in oil emulsions were generally not desired in engine oils
as discussed in column 1 of US Patent 3,509,052, lines 41-55, where a mayonnaise-
like sludge was observed in the rocker arm covers and oil fill caps of smaller car
engines when moisture condensed from the air and was emulsified into the engine
oil.
30 Water in oil emulsions are also used as liquid fuels in some patent
applications such as US 4,002,435. An water in oil emulsion is described therein

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



of surface-active agents to provide a clear fuel, which is stabl e against
phase separation. Summary of Invention A lubricant having a total base
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| ubricating additives to 25 assist in the ormance of the |ubricant
such as di sp@@@&%d@sel@ég@pgemréulmqa&qs@ainﬁgtllcrﬁleylwﬁ&asme@lﬁeKlpé@@aﬂy the
detergents), r L

nodi fiers, Eeé}? el u%’?l?oggt% @Hggg{a\g %(e: %H du%%ﬁ@& §e(§n (}/\,regﬁngzﬁewﬂn ﬂ\;‘g@f&ét y of
oils of API Ofti onedly thetsbli@lbgste dni ecdivgbrsgl on suepaldedivithont theansbiofadni @ihs of
grades qr synthetic_ or i nat i ns with synthetics. A preferred use of

the | ubPi canthsplgblgsolyven @yﬁp??dhw the §ekq bassican heflispersed Ot grersagedeWihaw,
whi ch can buga i eharﬁ&hwohfb@@&cﬁ%t fﬂﬁ'b%ﬁe QtP@HlSFH@éd mbn@rm%gf?has%ns are

possi bl e. The high total base nu cant can mnimze th
corrosi ve eféwmuprieé aulhura pogdind oonllt bie theebade pathes lubkichivez c@mposition.

Preferred bases include but are not limited to calcium hydroxide, calcium carbonate,
magnesium oxide, magnesium hydroxide, potassium hydroxide, guanidine carbonate
20 and sodium hydroxide. The bases described herein can be added by simple
dissolution in a solvent and are not made by prior art methods of chemically reacting
at least two components within the oil phase (in situ). In marine diesel applications

the total base number is desirably above 10, 20, 30, or 40 or 40 mg KOH/g.
The lubricant can also comprise various conventional lubricating additives to
25 assist in the performance of the lubricant such as dispersants, detergents (including
neutral and overbased detergents), extreme pressure agents, antioxidants, viscosity
index modifiers, etc. The lubricating 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
30 cylinder lubricant in a marine diesel engine, which can burn high sulfur content
fuels. Other lubricant applications are possible. The high total base number of the

lubricant can minimize the corrosive effect of sulfuric acid on the metal parts of the



WO 03/ 044138 PCT/ US02/ 20750 nmarine di esel engine. The lubricant can be
used in a variety of other applications, such as an internal conbustion
engi ne uswogslomssul fur fuel, where an oil with sonme basiPCITtys02/30750
beneficial to avoid the effects of acidic reaction products or to extend
the wuseful life of the lubricant. 5 Brief Description of the Draw ngs
Figure 1 is a plot of the total base nunber of the drain oils in a marine
diesel engine as a function of tine for the three different cylinders in
the same engine. Figure 2 is a glvot of the total acid nunber of the drain
oi | s. Fi gur endrinesdigsellengingf Thecubreant omr bpuseksing Verty 06 9thsr appligations.gure 4
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are the sanme plots as 1-3 except a solid dispersion of base was used
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these conpounds in hydrocarbon oils. The use 25 of water or other oil
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use of water.in itle emul sions for flanme resistant hydraulic fluids and
related | omelfls&e%cﬁﬁ ‘P&ﬁ eéf B45P1 i cations. Qther oil insol uble sol vents |ike
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based oil i sotaétsihingolublet dodwent Orveew bt orasther oil insoluble solvent is then dispersed
as a water or solvent in oil emulsion using the lubricating oil as the continuous
phase. The water or oil insoluble solvent can remain or can be partially or fully
20 removed. An emulsifier(s) is used to colloidally stabilize the dispersions. These
resulting oils can be used over a variety of temperature ranges including use in the
combustion chamber of an internal combustion engine. The use of bases soluble or
dispersible in water or other oil insoluble solvents within oil has been limited in the
past due to the limited solubility of these compounds in hydrocarbon oils. The use
25 of water or other oil insoluble solvent(s) emulsified in oil has been discouraged
except for the use of water in oil emulsions for flame resistant hydraulic fluids and
related lower temperature applications. Other oil insoluble solvents like lower
alcohols and ethers have been avoided in lubricants for volatility reasons.
A major component to the lubricating oil is a base oil, hydrocarbon in most
30 situations although some synthetic oils that would not be strictly defined as

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

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



4 WD 03/044138 PCT/ US02/ 20750 vol ume percent but it need only be the

conti nuous phase and can be as little as 20 or 30 weight percent of the
final forwoloawisass dependi ng on the application. |In marin@CTdiSez2d750
application the hydrocarbon oil is typically nore than 50 wei ght percent of
the conposition and often nore than 75 wei ght percent of the conposition.
5 Enul sifiers help enmulsify the oil insoluble solvent e.g. water in the
hydrocarbon oil. The enulsifier(s) can be any known enul sifier useful to

di sperse oil insoluble solvents e.g. water in oil. Preferably t
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sone to the exanples and is preferred since it would elimnate contam nants
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and nore amounts of emulsifier include from about 0.5 to about 15 weight percent based on
the weight of the formulated lubricant.
Oil Insoluble Solvent
20 Water or another oil insoluble solvent or a blend(s) thereof is a necessary
component to the system. Water soluble organic materials or salts can be added to
depress the freezing point of the water/solvent and/or to make the water/solvent
more effective in dissolving or dispersing the base. While very pure water was used
in some to the examples and is preferred since it would eliminate contaminants that
25 might interfere with other additives or function, it is anticipated that water with
various impurities could be used in marine diesel applications without any
significant disadvantages. Therefore water will include deionized water, tap water,
recycled water, gray ship water, seawater, etc. Water can be up to 50 weight percent
of the formulated lubricant as long as it remains a dispersed phase rather than the
30 continuous phase. Preferred amounts of water for marine diesel applications are
from about 5 to about 50 weight percent of the formulated lubricant and more

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



desirably from about 5 to about 30 weight percent. Preferred amounts of
water 5 WD 03/044138 PCT/US02/20750 and/or oil insoluble solvents for

| ubri cantwofoan4geheral internal conbustion engi nes are frPemEbyt75A, 2, or
3 to about 10, 20 or 30 weight percent of the fornulated |ubricant. Gl

i nsol ubl e sol vents include Cl1-C5 nonohydric and pol yhydric al cohols, 5
C2-C5 ethers and pol yet hers and pol yet hers, and various ot her sol vents that
are not soluble in SAE 30 paraffinic oils to an extent of 1g/100 m of oi
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al um num hydr oxi de; potassium sodium calcium 20 magnesiumor |ithium
carbonate or bicarbonate; potassium sdiisem calcium magnesi um or

lithiumsalts of Cl1-C5 organic acids: na si um oxi de: anmoni a; ni di ne
car bonm e: urea; rwag%lrr%cil'%@?iobﬁ%a%?rhéis%e&sfl.gfé 5?1ilsdf‘r{lgcecsg?rﬁocr?ﬂpémgrﬁdt%&ﬁeea are
desirabl e asofhgMted! l@bfe4S] deieBaSn@shh@Sbe adglirki doafoabst WaumibHieheexpect ed
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These nitr og"%ﬁ\@%{gﬁﬂ ab}eﬁ?;%tar y@%ﬂrlr%%ﬁcg%tse (g\}\géﬁllpgrtiqg%%}ﬁ%g%tr%gleaﬁhsecgéglééﬁgtg’ﬁ@ned as
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particulate material) such a settling or become involved plugging lines or orifices.
Typically bases that can be used include but are not limited to potassium, sodium,
calcium, magnesium, lithium or aluminum hydroxide; potassium, sodium, calcium,
20 magnesium or lithium carbonate or bicarbonate; potassium, sodium, calcium,
magnesium, or lithium salts of C1-C5 organic acids; magnesium oxide; ammonia;
guanidine carbonate; urea; or combinations thereof. Guanidine carbonate and urea
are desirable as they are considered as ashless additives and would be expected to
decompose and yield ammonia or ammonia type bases upon exposure to elevated
25 temperatures. The base can be any water soluble nitrogen containing compound that
would contribute basicity to the lubricating oil. These nitrogen containing
compounds would include the amines as defined as components of emulsifiers in the
emulsifier’s portion of this application along with salted version of those amines e.g.
those amines reacted or partially reacted with mineral acids such as sulfuric acid or
30 low molecular weight organic acids such as acetic acid or maleic acid. For this
application it would be possible to also use the same amines coupled with

formaldehyde or polyalcohol such as tristhydroxymethyl)aminomethane. The



application it would be possible to also use the sane am nes coupled with

f or mal dehyde or pol yal cohol such as tris(hydroxynethyl)am nonet hane. The 6
WO 03/ 044083 3P@is8JS02/ 20750 ni trogen cont ai ni ng conmpound Peauisd2/a17s® be a
pol yether am ne e.g. a poly(al keneoxide) of |ow or high nol ecul ar wei ght
with one or nore termnal amne groups. Preferred bases include NaCH,
Ca(OH) 2, CaCCB8, KOH, or blends thereof. When using NaCOH or KOH, MO and
My(OH) 2 are desirable as some or all of the 5 base in engine |ubricant
applications when a high amount of vanadiumis present in the fuels. They
mnimze a VEHAERM ecPraBingm wspesndt eetldi @kfot e vaanelyether \@mine egoHawas

used in theiﬁ&gﬁ’lﬁnéggfoﬂ& & 19@%?% Fﬁ%rrﬁ%ﬂr&r}{g%r \r%lﬁf?{ @vftﬁ bh&d: m‘é@é ﬁg%rng;ae Aze can

be present

appl i cat i onsgrongd. URk@fdrfeainabolicude NAGH aba:(m{)gajw(m)gmonagemclﬂeﬁdsblas@df 10 on
the weight of the fornulated |ubricant and nore desirably from about 5to

about 30 wedyrb@n pengdOH pr de@flr MeCamslifiesObh: aaslesiradle %wec%rn% 1Kok g
general si “t m e gEﬁHPH?bfr caft a%BH&reﬂi%ﬁ? Yhen g dﬁ@ggxﬁt &vlma@m% i rTgFeSQnt%

about 1 er cent or mul at i cant rine al esel
w Il desir al:)ﬂhy fhm/eThey mlm|m1beaseamaalatmeproblaneassmﬁsted)f\mﬂ:&he 2@paddfin. Whileor 60

units where IS eq vaI en mlligram of KOH gram of
formul at ed I@Qﬁfﬁl%?sed% eét?ﬁ’if’ gﬁsgsp{pdp,st eWF‘? have a total base
nunber between 20wamd heGaeL c&r?@e%ﬁé&eﬁ’tr & ekl Xn;b%%deﬁﬁﬂ AQerAAdran 30t 150.

Preferred TBN val ues for lubricants for general 1nter naF conbustion
engi nes ar e maom dibsaltapplicRions incBidedrahaboutdDS ¢v abot 3PBMeightl peecenf based

| ub t th f t t t tl
tr ansnits ontH T s Rguae bFEe s Bos i b 56e Beripdt O8N osE S MR he 1 ow
as 0.25 ny KEdhehiohd et @enP ! ThreeAbl Ymbhf . BRe 60 1ubRictits 26r BEhePHntred]

| ubricant. Desirably the lubricant will have at | east 50% of its total
base nunber Qﬂmb%ilm?wnwr@ﬁéﬂb%@étﬂﬂa@ 203 @hﬂuél@prpr@hépm@n n

'Gact 10,20, or o AL tbr g RsY i RELE oRE WEELMERG.G (o

the |ubri canﬁurﬂbdrhn&mc@ssloﬁﬁ) lzosed)um Ebrsf@l Mﬁfstwﬁﬁegi urVi/ﬁEseéc)uwaTélﬁ to emai nder
of the total base nunber nay provi ded by a_variety of overbased oil

sol ubl &3 conpBHERRE @Emfygr'rme? fametptedyispesgenddore Higsirad  thet lubricanh gilided in
e ComoS! AR oD, U3 0081 AP S,
i s then enul 50 bedl50.n Préferred TBN lvelues for lubricants for general internal combustion
engines are from about 1, 2, or 3 to about 10 or 20. TBN values for lubricants other
than engines, e.g. farm tractor lubricant, automatic transmission fluids, gear oils, and
20 hydraulic fluids can go down as low as 0.25 mg KOH/g and is preferably from 0.25
to 10 or 20 mg KOH/g of lubricant. Desirably the lubricant will have at least 50%
of its total base number contributed by the base that was soluble or dispersible in
water or other oil insoluble solvent. Desirably in marine applications at least 10, 20,
or 30 units of TBN will be attributable to the base added to the lubricant with an oil
25 insoluble solvent (e.g. water). The remainder of the total base number may be
. provided by a variety of overbased oil soluble components such as overbased
detergents that are still included in the composition..
The base added in this application will be dispersed, often as a dissolved
base, in an oil insoluble solvent (e.g. water) that is then emulsified in the oil. The
30 dispersed phase can be present as a dispersed nanoparticle or micron sized particle,
if the oil insoluble solvent has been removed. The base, or at least the majority of

the base will not be solubilized into the o0il on a molecular scale. Further the base



30 di spersed phase can be present as a dispersed nanoparticle or m cron
sized particle, if the oil insoluble solvent has been renoved. The base, or
at | east wbhaesnwnjies ity of the base will not be sol ubili zeacirntso2/2d416o oi | on
a nol ecul ar scale. Further the base 7 WD 03/044138 PCT/ US02/ 20750
conponent according to this invention will not be part of those overbased
nmetal conpounds described in patents such as US 2,626, 904; 3,626, 905;
3,695,910 or 2,739,125 where a first base is added to the oil along with
an oil soluble acid or surfactant and then said base is chemically reacted
wi t h anot herconipengrd scconding teathis inyentiopawilt weh bapagcpl Brosesoperbpsdipetd

anot her second different. e i i i j i base
havi ng di f f EP8RE™EO gﬁgﬁng%%Pbgpéﬁ%ggf%f???%g%%9?ﬁgggﬁ%g%ﬁéggﬁﬁgueg¥o t he
met hod of preparas Khendfitd®afy Bseldee (@theobll adaiguwitk anchitl selubls uacidaot ant .
The base conponent of this invention will be simlar to the overbased netal
conpounds i FuEAcEntadithehsaid bee 15 shampicyly waeied Andranothsy chermical Jypise!

equi valents 0 L i C. 08U u i abayv b, nore
dasi rab1 y. aBovs Bef A EBLols0y IR B s a! e Ao e pE S heroll s
are wel | knophaseassdi seconddiense GoXa3ng alifferStIohitelty dri diépersbhilinsinathe oilnghiasat i ve

that the base in not sinply being caryied as the.co er ijon taq the
surfact ant g iphe method GseRssaiod aé‘gﬁ{ﬁ)ﬁg’ﬁ‘?’?e ({%&ﬂrﬁfﬁ%? agif ‘gis’t"%acéﬁ‘étnj cal
reactions na%ebﬁaasgr&?‘rﬁ neff oPLART ifVefdn QRA! bAdhildr VRS tHeN ovétbase bl | %t

and may be forned in trace anounts due to exposure of bases to trace

in the air. casmpewpisemstdt ddsovllytthe rdimsefscquilddatadt basetie tofk] equisdénibpe
solvents, e.g. .water ener al | ave. l.ow.oi |l solubility and.thus ar

pr esentosi n taig?_@nb‘i glﬁ)éllp_éé’g ﬁé&’ér?‘}{ariq? &illibg Elbr?ée(?i'idg?rge s%fﬂﬁyiql?%q §bfjuééa

sol vents, oOrpriferablie adle 1S Adiblie gs@ipy et st tRaeire A0elP&hbWA dnl iBEludell |y
renove, the base can becone the major or only conponent in the dispersed

phase, st abi¢@@ethch§0a. chhdsehihl ratips prerisdigatitpythahbednss 81 peteyimplyi kgyes sed

phases above_ 100 m grons_jn.an i MENS| e r [ i dal
di sper si ons Qﬁg&eguasse ehcé)yn{ael" égrf'ngor glgr&tr %Ctgﬁtagﬁrolﬁpéz'e%?lﬁ%ng‘ger?r{éésggrcogl glgé t%has es
and can conbirhdlbeid guhérehiies seachosPRnp bé ppRases ciievenZonall aikiithes im si ze
tend to get caught 25 in conventional engine oil filters. Dispersed phases
bel ow & nandh@lt%ﬂframtrﬁn&i ey be {QIMedIin rageedupys dug)i $XnO8HE|19) bRsss de fraghrount s
of emul sifi ek tiEla(Hegf'rspersed phases of 50 or 500 nanoneters. Therefore,
the di spersedozp ases of base and optional oil insoluble solvent, e.g.

wat er, desirably Aasxpressgtbhovanil beses rddded ivtith eheeoidgasoluble solvents, e.g.

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

microns.



particle size by light scattering of 5 nanoneters to 100 m crons, nore
desirably from 30 5 nanoneters to 20 mcrons, and preferably from about 10
nanomnet erwotos/oadaesit 10 microns. 8 WO 03/044138 PCT/ US02/ POTEG02/E0150 her t he
base in this application is not an alkali or alkaline netal borate or
hydrated al kali or al kaline nmetal borate as described in US 3,853,772 and
related patent docunents on the use of borate conpounds in |ubricants.
Definitions 5 The term | ower when used in conjunction with terns such as

al kyl, alkenyl, and alkoxy is intended to descrjbe such groups that
contain a total dfurier the bFSQ:’élrtbt%ﬁPP]a‘f?él@ﬁ is mpfeant adkaf Waft”éﬁfm@@ll%%llwr%tﬁpér s to

materials t ng/tdra%cf aﬁcgi[ a%%dhgxg?ét%obc%(ﬁtetc[éedesgffﬁ 8& 3a§5§ ’ﬁ@gﬁncpﬁ:? tgd am per

100 mllilit€rs o ermlurlcant or rocar

| ubri cant sqlatdak dodLﬁfﬁﬁelltSSOﬁ thenmsé of barhts cohmbundsrie Iselcablse in a SAE 30
paraffinic base oil lubricant to the extent of at |east one gram per 100
milliliters of lubricant at 25C. A nReBPIANS\hich is less soluble in SAE 30

paraffia oil tha Heg{e\]rg(?%ero&lhéﬂ. bsed 3 c%x?@né’ﬂdn w1t}l??er§'ls%ﬁéﬂ bd adyaaiehil,

i nsol uble. 15 Hy rocar groups or substituents refers to a gfoup having
one or nor e andailwoy 1airﬂmded|to dedchripe atdhagrveps thet ¢dngain erraiiahdiewp ©f 7 tdrkon

nol ecul e haw(grg a hydrocarbon nature or predom nantly so and includes 1)
pure hydroc fi groups (e.g. alkyl, alkenyl, alkylene, and cyclic

materials), 2) sufst {emt@ﬂeﬁycﬁﬁlﬂ(é%@%nto Qfa%lﬁ% thwhhiesodite 8 Wlater to the
predom nantly hydrocarbon in nature (e.g. halo, hydroxyl, 20 al koxy,

mer capt o, aldkydntref atdpdso pnagtamoperdiod mﬁdxteranﬂwatn:lrﬁbwy? and 3)

het er osubstit ut ed_hydrocar bon S S, desc ed.in 2) wt 0, nore
than 11%r 2 hal terrajga}@wm gﬁﬁ?"ﬁ car ‘Pn M%F’Fﬂbtesr?@? FRECTS 110 TN aﬁ%f Phns per
10 carbon atpmg,),theinEMdlag 86 Yatdiinit rba@é\@nqm%hfremhe x06nt Tk Sbdst Bhe USed
in accordance with the invention is 25 an emulsifier conposition which

conpri ses: (drjimeehydd odiditironofl Iubnczmaml_t?fﬁfl ubl e product nmade by reacting a
i no. o hydr ochrBy A GRNE (e bplesa ALy PRERAg & RETHG Sbout 50
to about 500,;635@Q% 8L Qf1Esifiéd he 0iffhsbi@BlcC OF @ nonionic cornpound
15 Hydrocarbyl groups or substituents refers to a group having one or more
carbon atoms directly attached to the remainder of the molecule having a
hydrocarbon nature or predominantly so and includes 1) pure hydrocarbon groups
(e.g. alkyl, alkenyl, alkylene, and cyclic materials), 2) substituted hydrocarbon
groups, which are still predominantly hydrocarbon in nature (e.g. halo, hydroxyl,
20 alkoxy, mercapto, alkylmercapto, nitro, mnitroso, and sulfoxy), and 3)
heterosubstituted hydrocarbon groups such as described in 2) with no more than 1 or
2 halogen, oxygen, sulfur, or nitrogen atoms or combinations per 10 carbon atoms.
The Emulsifier(s)
In one embodiment, the emulsifier used in accordance with the invention is
25 an emulsifier composition which comprises: (i) a hydrocarbon lubricant-soluble
product made by reacting a hydrocarbyl substituted carboxylic acid acylating agent
with ammonia or an amine, the hydrocarbyl substituent of said acylating agent
having about 50 to about 500 carbon atoms; (ii) an ionic or a nonionic cormpound
having a hydrophilic lipophilic balance (HLB) of about 1 to about 30; a mixture of
. 30 (i) and (ii); or a mixture of (i) and (ii) in combination with (iii) a water-soluble salt
distinct from (i) and (ii). Mixtures of (i), (ii) are preferred. They are described in

US Patent 6,383,237 (hereinafter US '237) where they are described as fuel soluble



havi ng a hydrophilic |ipophilic balance (HLB) of about 1 to about 30; a
m xture of 30 (i) and (ii); or a mxture of (i) and (ii) in conbination
with (iiiwoa3maties - sol uble salt distinct from (i) and (i iPCI/Us0xears@s of
(i), (ii) are preferred. They are described in US Patent 6,383, 237
(hereinafter US '237) where they are described as fuel soluble 9 WO

03/ 044138 PCT/ US02/ 20750 rather than oil sol uble, hereby incorporated by
reference. This emulsifier conposition is present in the lubricating oil

conpositions of the invention at a concentratjon of about_0.05 to. about
20% by wei gh@thean®an nobneoldpsodichdyt aaosrArated by teieralsut 10 pRuliignt
and in one exbg?]ﬁ;[g)i t: q % L.gh WA EpeT [N
enbodi ment abo Sg&% ;{siﬁ%ﬁ%n&?n%t&% b?ﬁaﬁﬂgﬁﬁ{ gﬁlgé?ﬁﬁ%%egf gfrenbgl i{r?r%nt atejlout
0.1 to aboutcac&bwdbipnweiahbit O0.8md shdut 80% haweigheeamdde fonaechbodimehit sboutgui sh

them from overbased de ents and simlar materials ev t hough er based
det ergents n§9gﬁ%\\? O‘éPnhg@f ctversat: I'Si iy ??%‘W‘Etyé)oluf 8&3“&1?‘%“& r?g%) d t hat
di sper sant S’wﬁ\fghﬁ,khnﬁrﬁx BRTERIHoMinkks 8 bl bUPEd GB8U:S3%NBY Syet Qi ad Hh IRl tY O

low 10 HLB surfactants. The hydrocarbyl -substituted carboxylic aci d
acyl ati ng agenbodiment dwut AyldioobanbdAa% bpmictghtt Lowllsifits avedeaet d¢finedrtay be a

carboxylic agcid or . a reactive ui val ent of such acid. The reactive

equi val ent ISk gt Jrom alesed Rytirsel, 2 gl RS SE MR a1
esters and therbdsk® dettRRnRY@hPEAeM cffdePoh lehdd@idn §abilitner 1SalgahbRYYhatc acid
acyl ating agent may contain from about 50 to about 300 or 500 carbon

atoms, and i ¢ispasanésyiydushmers cemyoanlyemet gn dperigantzo have peyon supibEy 9 Aowne
enbodi pent , ﬁﬂ Sp}(tg&gﬁ:%r byl substituent of the acylating agent has a nunber
aver age nol ecular we gtht of about 500 or 750 to about 3000, and in one

enbodi ment about PR hydrakebyl-s@bfGueld 2a00xylZ0 doid onas/lfitgodigsmntfor t the
hydr ocar byl - substituted carboxylic acid acylating agent for the i
hydr ocar bon Rxfiseqaekan lvévéuce.rﬁr@l%wl%amct( (i) mayybpe Gl yHG acikhex pigadive  or

mor e al pha-bera, pleralgahhy. 4ReaLusal edyeAhoNK) be ASHA LERECDES dride

containing 2°to out carbon atons, “exclusive 0 e car boxyl’ groups,
w th one or omesterpirefiding padtipihvestars and dbss tiike.bdhenmpdeodattyl gubseitennddt gwe. The

o1 { nor yonobHEPeUNE S5u] gHRSYTE R AP OISy e a0dr (008 $IP B8 0937 | n

gg'r :J\r/n;d 12 r eTé'h‘?b&J £bh, ARG cSentBsih¥ BBut EPCdselt BoP LAY IR ESFRYImR e
embodiment, the hydrocarbyl substituent of the acylating agent has a number
average molecular weight of about 500 or 750 to about 3000, and in one
embodiment about 900 to about 2000 or 2300.

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

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

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

30 column 4.

10



pol ymeri zabl e ol efin nononers characterized by having one or nore ethylenic
unsaturated groups and they (nmononmers and pol yners) are described in US

" 237 30 woloasom13st. 10 WO 03/ 044138 PCT/ US02/ 20750 | n oneceamnisozizement , t he
ol efin polynmer is a polyisobutene group (or polyisobutyl ene group) having a
nunber average nol ecul ar wei ght of about 750 to about 3000, and in one
enbodi nent about 900 to about 2000. In one enbodi nent, the acyl ating agent
for the hydrocarbon lubricant- 5 soluble product (i) is a

hydr ocar byl - substituted succinic acid or anhydride represented

correspondi ngly bip tone e@pedimgat. Rherpleimpolymerids comqlyisepusaneRe®UPWET ei n R

is hyd b : i
embodi mont. 1 FateaRkete s Y hante QuBh mtbe ERICAR: e o e DS 60
to about 20fbomadd)) aad dmene ebhisodimentadbutd00ad abed800ydr ocar byl - substi t ut ed

succinic 15 acids_or anhydrjdes vja alkylation of malefic acid or anhydride
or its derivatived #h¢ I’le?i’dﬁélﬁbth)}h? deHrbRg j2gspt \%@ratheeaxqrp%b% RNt aci d
or anhydri de fayn: I A ; r ;M. I gﬂghj wel
known tg tho%%m%?‘gﬁ¥@+@#g %%gpéﬁﬁﬁgﬁ Yﬁeegﬂﬁ%? ﬂkaﬁkggﬁgggﬁ ?n eF%i
herei n. | n orgreseried comeesponding yfydhotamiolde- subst i t ut ed carboxylic acid
acylating 20 agent for the product hydrocarbon | ubricant-sol uble product
(i) is a hydrocarbyl - substitutedRsﬁI ?ﬁmﬂﬂacylating agent consisting of
hydr ocar byl substituent groups and Isuccinic groups. The hydrocar byl
substituent groups are derived fronfC&83-GDOH n pol yner as di scussed above.
The hquocarbyl-substituted carboxylic acid acylating agent is

characteri zed by Phe presence within its structure of an average of at

| east 25 1.3 succinic groups, and in ope enbodi nent fromabout 1.5 to about
2.5, and in one enbodi nent form abo 1.7 to about 2.1 succinic groups for
each equival ent weight of t arbyl substituent. In one enbodi nent,
t he hydrocar byl - substi t uted

wherein R is hydrocarbyl group of about 50 to about 500 carbon atoms, and in one

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

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

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

11



carboxylic acid acylating agent is characterized by the presence within its
structure 11 WO 03/044138 PCT/ US02/ 20750 of about 1.0 to about 1.3, and
in one erwodB®wBs from about 1.0 to about 1.2, and in on@cCarisozizeremt from
about 1.0 to about 1.1 succinic groups for each equival ent weight of the
hydrocar byl substituent. In one enbodi ment, the hydrocarbyl-substituted
carboxylic acid acylating 5 agent is a polyisobutene-substituted succinic
anhydri de, the polyisobutene 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, ofabalt fli(r wtabpol I8 swidiit ene embadistent fromdibeuic b0 o ebawAyZdpidle bei ng

characterized by,ahout 1.3 t bout 2.5 nd in . one enpodi nent about 1.7
to about 2.$0% G\é'@ioairﬁe“égffﬂﬁ%sa%f@r Egéﬁia\?g?teﬁ‘tl %?@thr&lpstnﬁoé cagh eﬂ%ﬁvgﬂ% E%but ene
substituent“@hgngﬁgmggggﬂhﬂgmgmmﬁh@nhydrocarbyI-substituted carboxylic acid
acylating agent is a polyisobutene-substituted succinic anhydride, the

pol yi sobut ene  sidibsmictanebadimant e hydrapdsbyl-wbstituge ersPealic sacidwesdpingf

about 700 tq about 1300, . and in .0 e i.ent .8 t 000,
said p yis&%ﬂleﬁ%-%ungT¥ﬁP%ﬁ&fgm§§g%?E§%C%n y%?&gga%e?%% @ﬂgﬁg@%@%ﬁzed by
about 1.0 t@uidtiewnt having amdniber SRgageaniblecilarntighdaduibolt 1500c0 abowt30002

succi ni c groups per equival ent weight of the Bo(ilﬁli sobut ene substituent.
These are f@p€ har o sErbhadiaentnalomt 890 s ahpws 2300, aspid fust pehdsobyifmeTar bon

These are _ _ _
ami ne. The. S RLieEeaPRL piarBbelf HATRAAE IR0k | PRI SRR N e

product (i) oheembdéinmmnabaitnesio gholiyatisnesnic anehpyipet equesalédtavedgit.of Tiee
nonoam nes have only one am ne functionality whereas the pol yam nes have
two orlor e POlRObYIFNAEESHINEIbe primary, secondary or tertiary amnes. The

primary amnes afg £Ral d}%&@qh@x%aﬂaearegﬁ‘%@%ﬁteefcﬁﬁmﬁe%@a@ymm&g

group; the 25 secondary by the preséence o | east one N< group. The
tertiary amages asea anblisohotesetsubstihgedr suraimjc aardiydedandbe ypapisabgend t h t he

exception that the hydrogen atons in the -NH. or s, ar.e J.epl aced
by hydrocarﬁ@?“ﬁW@ﬁgéwng _ ‘%?Vgﬁg%Fpgﬁvagﬁﬂgggtgﬁﬁﬁg@B#EﬁBgﬂiH%@’are in
US " 237 col yga id&ne TORboRE SbdRB0D S0 O X BT ARS pollRebiak-MBsaNIeES My
be primary, secondary or 30 tertiary am nes. Typi caFI , the hydroxam nes

are priivary suemtionadryyiride begrg chargeterized 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. These are further described in US ‘237 columns 15 and
16.
The hydrocarbon lubricant-soluble product (i) may be formed using
20 ammonia and/or an amine. The amines useful for reacting with the acylating agent
to form the product (i) include monoamines, polyamines, and mixtures thereof.

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

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

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

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

12



al kanol am nes. The al kanol am nes may be represented by the fornmulae: 12 WO
03/ 044138 PCT/ US02/ 20750 N-R-OHH 5 H\NR-H RR 10 R -R-OH
further dweasiobadsin US " 237 colums 16 and 17. The am ne PCaEyUSOE2ER80

al kyl ene pol yam ne. Especially useful are the |inear or branched al kyl ene
pol yam nes represented by the formula 15 HN- (Al kylene- i )"H R R wherein n
has an average val ue between 1 and about 10, and in one 20 enbodi nent

about 2 to about 7, the "Al kylene" group has from1 to about 10 carbon
atons, and in one enbodi ment about 2 to about 6 carbon atonms, and each Ris

i ndependent |y hydrogeﬁ? ) al iphatic or hydroxy-substituted aliphatic group
of up to about 30 carbaonm atons. These al kyl ene pol yam nes are described in
US 237 columm 18. Ethyl ene pol yam nes are useful. In one enbodi nent, the

am ne is a 25 polyanm ng bottons or a heavy pol yanm ne. The term "pol yam ne
bottons" refers to thoseyp@lyemi nes resulting fromthe stripping of a

pol yam ne m xture to reepdve | ower nol ecul ar wei ght pol yam nes and vol atil e
conponents to | eave, as residue, the polyanm ne bottons. |In one enbodi nent,
t he pol yam ne bottons Rxe characterlzed as having | ess than about 2% by
wei ght 1€ ot al dlethylenq/ﬂ$rﬁn1®% or triethylene 30 tetram ne. These are
described in US 237 i¥ colum _18. The hydrocarbon |ubricant-sol uble
product (i) may Herthersigseribedrin &k ‘@87 calymngdp@ad 1dn i ni de, or a combi nati on

t hereof. The salt I vol e | ecul e
of the acylating a% r@%hpgﬁér%g{nefg%oryagﬁ& Elsﬁv?/g(gerﬂef ?\éegﬁeﬁ%g b ﬁ%égp
car boxyl gr aupsardeedaikslehe polyamines bepuesdnted by tied farmgkn at om 35 within the

same group or it may be an external g wherein the ionic salt group is
formedith a ni t rogen atoﬁﬂN §n%§' art of the sane nolecule. In one

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

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

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

35 within the same group; or it may be an external salt wherein the ionic salt group is
formed with a nitrogen atom that is not part of the same molecule. In one
embodiment, the amine is a hydroxyamine, the hydrocarbyl-substituted carboxylic

acid acylating agent is a hydrocarbyl-substituted succinic anhydride, and the
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enbodi nent, the am ne is a hydroxyam ne, the hydrocarbyl -substituted
carboxylic acid acylating agent is a hydrocarbyl-substituted succinic
anhydri dewoand44ibe 13 WO 03/ 044138 PCT/ US02/ 20750 r esul cagishyenre€ar bon

| ubri cant-soluble product (i) is a half ester and half salt, i.e., an
ester/salt. The reactions to formthese products are in US 237 in colum
17. Conponent (i)(b) is a hydrocarbon |ubricant-soluble product made by
reacting an acylating agent with at |east one ethyl ene pol yam ne such as
TEPA 5 (tetraethyl enepentam ne), PEHA (pentaethyl enehexaam ne), TETA

(tri et hyl enetegtliingihydiocaghen Jubrcsat-sduble pEodust (Iais 4 baldesighandhbalyyalpdioyani ne.

The ethylen i . . f i m he
equi valent ra ‘lggéryso?'] ?ﬁg?(?agggfsl tgggﬁgp%%ﬁ%stgwdm@%%{h@%ﬁ%@ nor e
preferably from 1Cém3ohent 1(ibY Qs a adrozaon phubtiesimbiuble prvducl thadel b§. 70,

wherein CON is the carbgonyl to amine 10 nitrogen ratio. Al so, conponent
(i)(b) is prBreingyry arKgHNE RERtaVEbIa)ileash any | cdndenegPoliipming sush 2 er

aver age<nol e j rom ghgys 700 'Elﬁ‘ﬂén .and th f

succi na?ed iﬁ&%%ghyr{%}r?ggﬁt?@gné’l. 0 up t% 1. B(ﬁ#ﬁ% eagglg}%%n%lzégheena%%gﬁ

hydr ocar byl - gudtbyletettamoay, bpptydmioe dottdmacyt att leag oreglernayy agdyantiee. afiioni a or
amne is carrjed out. under conditions th?.t rovi de fqr E{ﬂﬁe 15 formation of
the desired ﬁlﬂ@aﬁf’cwyam%ca&r@ cQudensseith on @gueczglymgm eqyivalept BHe

enbodi ment, &g FBEibE AHCEN HBdin RTIOHCEO 61 hofOSBck st rofd 1:0 8)o@:d. 74, St
| ubricant- sol uble product made by reacting a first hydrocarbyl-substituted

car boxyl i-c awmiddmosic piefaralply fagrent:1wb t1h0.20mwhérminoCOaN iartheearbohd teyanimear byl
substityent of said fir acyl ati ng..agent having about 50 tp.about 500
car bon Lt omsTraEeh (i piise. SEbRRReDE TR Pt S opdi Hom batBioRa gy
reacting a sgefpdating0ashbylaveidbs hidisthRe weidt R0 abafki7d0as vbait mgoagent
wi th ammonia or an am ne, the hy rocalrntﬁ/(l) substituent of said second

U8p

acyl ati ng agewkthiids pingingielin thorapge o %o ¢drbon atoms. In this ,
enbodi nent, the d i d, (] I i.f f.erent . ..For. ex le, the
nol ecul ar wei ght pic“)}?e ?%tgﬁ%éh%%@g? g@? hg%%éﬁ)}d%éﬁgﬂp {639 Ctaﬁt’eotxfy %Kr; %f: ldaaccg[@tn gng

agent may 25adeat ghid ther@nhodihanainhe iseheiedloat udr gbidiabnd thet frdide ey thy!
substituent for the second acyl ati ng_wagent. I n one enbodi nent, the nunber

aver agé> nol egpaionel Grrdesisrd pductnyich 8t 19 forduis VP ¢ teheolpsn IThdnfonest
e o oy i oL B0 0 oL A5 o00ape 1
wei ght for tivdutiy grodiet byddesbp sedctingrit fifsorhytltveadbgteutstituted carboxylic acid
acylating agent with ammonia or an amine, the hydrocarbyl substituent of 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
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30 acylating agent may be in the range of about 700 to about 1300, and in
one enbodi nent about 800 to about 1000. The first hydrocarbyl -substituted
car boxyl iwo capid3sacyl ati ng agent may be a pol yi sobut ene- s®oTtUSH2REE0

succi ni ¢ anhydride, the 14 WO 03/044138 PCT/ US02/ 20750 polyi sobutene
substituent having a nunber average nol ecul ar weight of about 1500 to
about 3000, and in one enbodi ment about 1800 to about 2300. This first

pol yi sobut ene-substituted succinic anhydride may be characterized by at

| east about 1.3, and in one enbodi ment about 1.3 to about 2.5, and in one
enbodi ment abelyisobuteng sehstitisouhavingla sumbemaverage sugiscyderr weighti afaabert 13085 ght
of the polyisobuten ubstituent. e amnp i I hA St o

| ubri cant-so %ﬁgﬁp?%() uc n%( ]n) 833 e%@%eng‘nab%% Egg%ltgaatr?lmﬁtz ngr)l% trltlheIS pflrr(%tduct

may be in th@olg@'oﬁht@ﬁe@urbsﬁﬁlt&i biainic anhyaridgeenfte dhythereired Y aslkbsitabbut ed
carboxylic acid acylating agent may be a pol yi sobut ene- substjtuted

succi ni ¢ anhydkr j2gé In oRe epthogm%ab@ﬁel-%@mgb@ttt@e%tanéfmﬁwr@@éaﬁ%mfbout
pol yi sokut ene- Shi.fut j_nj ri i r

ol bcul A vai gt PUhEl RUGEr BouBD Y TR Pef MR pdEb AR
800 to about sd¥ifuent. TiThs askwonsdd o khis Siohutieienssdisble tppdbddt §Uay nmaydbe an

anhydri de nmay _be characterized by about 1.0 %o ab{put 1.3, and_in one
enbodi ment  aBB@RolaBineRslh G tPredust maYCPhiR thegfltpel peeskrMly altdRtseiidght  of

t he pol yi sob DS .4 t A & j I $eS -

| ubri cant-so ?{gﬁaga%ylo%%%&ﬁ% ?%@%13 n%)cg@ gﬁﬁgﬁga E%TJ& a%ln%r,\ Z)e aﬁ g@{iﬁkg bBtreS% uct
may be in t heulistitutedfsuacingstaghydalet , ther pelsolautemee swhstithentanf adaldy | seomnd

pol yam ne and . th roduct, may be.i.n the formof a succininde. The

by ool - coPabHEOBRBaIL AR SHEMDan RG] e . TAECAVEEE nIBRLET 000
by wei ght, a%igh@ oPMSoRTDO G A 13@R AR in38R% drfbcabakkt ahBke ) wabalkt100b. t he
product (i)(a); and about 99%to about 1% 20 by weight, and in one

enmbodi nent aBbist se£084 polyidobuienSadsshiptedesughinicofnhtydade praydee ehagacrgriged Hyn one

enbodi ment, the | upricant | ubl,e _product (i) cC ri.ses: (i).( f.irst
hydr ocar byl -38‘%‘& FBJ oipous, oxYfi B FEi %{n%%f@‘iné?‘i %bg&‘ég‘eﬁ? PRE ﬁ'?d%%%lrcbyl .
substituent o@fups sl e?ﬁiw@bnta@yilgm &Meqmg,néobluamb ngbafestt. Ghetmiabasdd H00
carbon atoms; and (i)l b) a 25 second hydrocarbyl -substituted carboxylic

aci d adhyl at i s aepend lubrisentspitie pioByet (D6uBRaY haamtlkesol saiine BEdbhArAH at i ng
R T e e e T
first acyl at iigp@gentmanbe saihd foee ond saaymhiatide) gThe Grbirichetisotnbixopyoldect (i)
may be comprised of: about 1% to about 99% by weight, and in one embodiment
about 30% to about 70% by weight of the product (i)(a); and about 99% to about 1%
20 by weight, and in one embodiment about 70% to about 30% by weight of the
product (i)(b).
In one embodiment, the lubricant soluble product (i) comprises: (i)(a) a first
hydrocarbyl-substituted carboxylic acid acylating agent, the hydrocarbyl substituent
of said first acylating agent having about 50 to about 500 carbon atoms; and (i)(b) a
25 second hydrocarbyl-substituted carboxylic acid acylating agent, the hydrocarbyl
substituent of said second acylating agent having about 50 to about 500 carbon
atoms, said first acylating agent and said second acylating agent being the same or
different; said first acylating agent and said second acylating agent being coupled
together by a linking group derived from a compound having two or more primary
30 amino groups, two or more secondary amino groups, at least one primary amino
group and at least one secondary amino group, at least two hydroxyl groups, or at

least one primary or secondary amino group and at least one hydroxyl group; said
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together by a linking group derived froma conpound having two or nore
primary 30 am no groups, two or nore secondary am no groups, at |east one
primary awpDrg/o44gsoup and at | east one secondary am no gr oRpT/l02LEaEt t WO
hydr oxyl groups, or at |east one primary or secondary am no group and at

| east one hydroxyl group; said 15 WO 03/044138 PCT/ US02/ 20750 coupl ed
acyl ating agents being reacted with ammoni a or an am ne. The nol ecul ar

wei ght of the hydrocarbyl substituent for the first acylating agent nay be
the same as or iqt may be different than the nol ecul ar weight of the

hydr ocar byl SQHREY RUEHINgragents thel esieaeied WABYATBINPRG Oigaraming, [The grelecular
enbodi nent , r ; ieQht - carb
substi t uent %v%fgh? Egpr%i k}}?%l&;an Sgpéstlglc%gkg&at@glfg i Bgrgﬁ%rt%ger}tts}x &gﬁﬂﬂrgs}rﬁe{lﬁge of
about 1500 t es ebibotay 30@hfferamdhamthe meolerdbadieigintofalohydrd&0By1tsabsatogdit fa3300.

I n one enbodjnent, the nunber average nol ecul ar wei ght for the hydrocar byl
substit uent khgrse‘fq?éi yjalpe a8fiFor second acylating agent is in the range of

10 about 700 to aRpUnel38Bodfihti MhONGuARBROYLHBEE ABREIAB0Pe] uf,;1000.
The first and/or seconr?d hydr ocarbyl - subst i tutgﬁgcar box%l/la?c‘ggl%ﬁtda%gyﬁhaeti ng

agent may behydrogasbylissbsiitnen dorsthb Sirsttantléed sexondi aclyating hyett iislin, the henge of

pol yi sobut eng_s { fuent ing,.a nunber. average ecyl ar i ght of
bout 1800t A ETH0 tsgae Ry ?‘%h&?é‘eeg?i?ﬁ@&?%ﬁ‘?‘%%g@{’tolagwt_%%about 2300.
This first and/ or isegendnpebihePPube ntunbers dbshid Uﬁu&écélalgﬁe%/%ﬁt apygLi de

may be characterized bf\; at least about 1.3, and’in one I ment about
1.3 to about hydracaryd substiteané femihe dirstend/oalsenond Bcylating agematis 2. the rangecifni ¢

groups {ger egui t ' he pol.visobut ene stit e first
and/ or 1gecon “}53@@@%&3@} %sﬁtg)bg ﬁl{nu?ne‘a’ ?%%Grdg K Ialgfgutagc%?d?fO h?‘ﬁjt%mgjfgﬁgﬁﬁt may
be a polyi satliressond igtidcubstissbsaaited caBotHR hele,ackREnpolo¥hsplaytigne
substituent having a 20 nunber average nol ecul ar wei ght of ‘about 700 to
about 1300, BRHISPPHIGFesubEHEEdiskesinic apbYdridgothetne] visnbutens Gobstitupnt Baving et
and/ or seco yi t - bst.i tut ed i<RhC,.a ri may, be
characteri Zg@h rﬁ@’éra%%g%élﬁg‘?etcgﬁgb%%lghfiog,ab%k]igclspp] tc())ng@ elgib%@@r’reaﬁ%é dbdlf 1.0

to about 1. 2ersbatmantcalyunuBe0 perabequ3G. e Thisngisyhdof seddh@d lﬁcﬂ&ﬁtd)m&w—ene
e 25 am nes or

Pyl ox A ne <P QiSERb AR RSy b, eH aTed By ARSAORH K nekiops. t wo
Ioraag?r gnzeggiig%cg?l@m Mugl.gqg%boé’ttl'j,e?ﬁlt in%?lf‘% e‘?ﬂﬂdﬁ%é’nt%’%&@l.@&&’%o@”ﬂl at
y am no group, or at |least one primary or secondary am no
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 hydroxamines discussed above having two or more primary amino
groups, two or more secondary amino groups, at least one primary amino group and
at least one secondary amino group, or at least one primary or secondary amino
group and at least one hydroxyl group. The linking group may also be derived from
a polyol. The polyol may be a compound represented in US’ 237 column 20.
30 The ratio of reactants utilized in the preparation of these linked products may

be varied over a wide range. Generally, for each equivalent of each of the first and

second acylating agents, at least about one equivalent of the linking compound is

16



group and at | east one hydroxyl group. The |inking group may al so be
derived from a polyol. The polyol nmay be a conpound represented in US 237
col um 20wo3R/0desrati o of reactants utilized in the prep&catison2wfot hese

| i nked products may be varied over a wi de range. Generally, for each

equi val ent of each of the first and second acylating agents, at |east
about one equivalent of the linking conpound is 16 WO 03/044138

PCT/ US02/ 20750 used. The upper limt of linking conpound is about two

equi val ents of linking conpound for each equivalent of the first and
second acyl aséchg Thgenipsr ligdhef dinking ¢dmepquadiie abbuletiud eatigalestsodf mang i r st

acyl ating agent to, the second acylating agent is. ahout 4.1 to 1:4,
and in one gﬂ%&?‘?ﬂsfﬁf %Efﬁuli'?]%p%(.’ta%efl}ﬁét ?qi‘gﬁco%%&cxggté%%gegésw g J|£Bér%lt1%1gent s
may be reactgdrafotdt ddudvalldnikbin@ile fEOMRGUItHg AEEA @i thE sédndeRYRAKE apalt iest er
and/ or am de-form ng techniques. This normally involves heating acylating
agents wit habpet 4:1 frkahmyt ddnpaslindne gprbodineant pbed 1.3he presence of a normal Iy
i quid,. substanti-al |y inert iGllauid s tLdil uent he eaction
bet vveer'? the |inked a 1§/ﬁt a%dnaecgé%ﬂﬁ@gﬁglﬁ%q%ﬁgtsa%%ar%arc {egm%tg tr}r%yﬁ%léggo
carried out coffelind atdordiagtiebs@ntiondrss@e and/of ainili-foomitigngclaaqatist i This usi ng
conventional techniques. The hydraocarbon |ubricant sol uble produci (i) may
be present iNATRAY EyQBEESCatHEFEBAHRHASELBIN dakinleBeBYRPRYTGn P ER A K dn
invention a ratd @0 ~ 150 Liuednd an
one enbodi m&}ﬁ{lp%g%ﬁctg Y .aiﬁ({rgﬂgggﬁtaglgégs%ya\%g gﬁ?lb g%nangal?% Sééﬁ%&};&nﬁlgdi ment
about 0.1 t dheheattioh%ebyeeneheghtkedaanglating apente atxbtherapmbonialbboamhir®. skay be about
2% by weight, and in one enbodi ment. about 0.1 to ahout 1% by. . weight, and
in onetlenbodpHisdt Odbaiitden. sl FsiysHt: emﬁ%w Bidgnforming GHItenS, BBk oni ¢
compound (i1 T sle iil'ic l'ipophilic balance (HLB) in the range of
about 1 to a%’gg?ﬁgoaor ?I,lgc,mygnd in one enbodi ment about 4 .to 20 about 15 or
20. Exanpl es of tThesydconpmnidsienesdilsle lposbigt (ihmey betpedseohingh&Eagdesiis i er s
and Det er gent 1998, rth Anerican Internatignal Editi.on. .P 1- 235
of the Nort HYAISFPRRuRRHePY GHEBTY Pagedr r T8 ey i Rt SR Wb ¢ on
are i ncor porigtgsitN8Le b wRveh ehndranme ehodinheit hbslitee] @saboat 0% ByCheighni ¢ and
noni oni ¢ conpounds having an HLB in the ranqj{ey of about 1 to about 10 or

30. Thse arasdgetongBnfhedimentaboig 0.23q abentiath by7weight, aae i #BS GMREAINCT he
i oni c or noniaqni onpo i) .S a .pal
i ncl ude cop & 9%@%?%%%#% g& é”}%%(}}t’ ann% HUn¥ %%ﬂixﬁ&ﬂ%%oﬁ%?&%ut -[t}’oeﬁﬁ
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 aof the International Edition
are incorporated herein by reference for their disclosure of such ionic and nonionic
compounds having an HLB in the range of about 1 to about 10 or 30. These are set
25 forth in US 237 column 27. In one embodiment, the ionic or nonionic compound
(i) 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
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and propyl ene oxide. In one enbodi nent, the ionic or nonionic conpound (i)
is a hydrocarbon |ubricant-soluble product made by reacting an acyl ati ng
agent hawpgs/oatietit 12 to about 30 carbon atons w th amomca/uso2/am5@m ne.
The acyl ating agent 30 may contain about 12 to about 24 carbon atons, and

i n one enbodi nent about 12 to about 18 carbon atons. These are set forth
in US 237 colum 27. The amine may be any of the am nes descri bed above
as being useful in making the hydrocarbon 17 WO 03/044138 PCT/ US02/ 20750

| ubri cant -sol ubl e product (i). The product of the reaction between the

acyl ating dgeimenasdublaepraguirila dhe prodvst whyhd seagtiem|betwegn the tagylating

am de, an imde, ar.,a _ _conbination thereof.. 0 j .. the jonic or
noni oni ¢ corﬁ%‘ﬁtn@%(tﬁs)anir%oné% o8t ¥4 tb%rraa%delé’ Qg %%r’%g%ﬂ%d%%@lgg’e%ﬂyf

succi ni ¢ anhydibid@onithdiesti met hyl et hanol amne in an equivalent ratio (i.e.,
carbonyl to amne ratio) of about 1:1 to about 1:1.5, and in one

enbodi ment about It.onezmbogdimestdhe ipnguPrmamioni pemp@mddiipis MaseEstEmedsmound
can be ghe ' GO an; in.of 3. to0 25
car bon §at orrsb%’\?\nﬁﬂ%%%ﬁﬁl @F)QA%% girll(ﬁ:)?/ndgl %@y?gg%t g/éthwﬁ%rﬁétgﬂ&él%{aﬁfg aes 1r|c1)r %Iii/i ously
descri bed) . equivakuciatioghet tabopyl e uminenatid)ofteboat Lo po byererl: b, andtimdeeene
with maleic anhydride that is reacted wth triethylene-tetramne. It my
be desirabl EmR9IEBFREEPUL B33 i nking with these nultifunctional reactants

by _having | ar ge GiOH SmBlaifRAOMY ibfic AGMRE cbAPiin bHNGE kRN Rdtidy and/ or

am nes of lower functionality present to avoid formng an 15 insoluble
product. Theroduti of ar copphyoei of ewmphandefin iof 3ty 2Heagmossaoms iwitht helagqueous

hyd bon f . iti f the,i ti t t [ f about
0701 B "ancuisaich BRo BiAE oo o (SR resbebo oM B BBt 10%
by wei ght, é%‘@ﬂlc@%uWPQQid%EBFynﬁp%FbC@d&%né Qi bRkl S i s re@dtéld i N one

enbodi ment about 0.01 to about 3% by wei ght, and in one enbodi nent about
0.1 to aboutwillydiathylwes-tphraminth e Iware be gisbinghle te gpatrqlj qrpyslindipg byeith Hiese

et ol ConablBuRloh MBS G RS J5AEH YE RS SRR o
organi ¢ am mandidnbBlyesnd/6i it 6518V, fuadiisiRgity Pidst@Nionaseid Zorang ahtro
conpou?sds. Ai\!q?o?ul;]ngl-oud%gt(.j are al kali and al kaline earth netal carbonates,
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),]*" nX*
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
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sul fates, sulfides, sulfonates, and the like. Particularly useful are the
am ne or ammoniumsalts represented by the fornula k[ G NR3)y]y+ nXP
wher ei n Gvo3loydsoHgen or an organic group of 1 to about 8Pcarusome@sons, and
in one 30 enmbodinment 1 to about 2 carbon atons, having a val ence of vy;
each R independently is hydrogen or a hydrocarbyl. group of 1 to about 10
carbon atons, and in one enbodinent 1 to about 5 carbon atons, and in one
enbodi nent 1 to about 2 carbon 18 WD 03/044138 PCT/ US02/ 20750 atons; XP-
is an ani on having_a val ence of p; and k, y, n and p are inde ndently

i ntegers of @lﬂpmse%stlslan YWheh hyipg apyalspce 9F D; anh§, YuPnasd Dt e %&quwy(:har ge
ky+ is equa f h Xis
2 i trate i oneRrt I T Wit DEHL VR £ HOSRT o0 RER PR

i ncl ude anmoequaintaiht saineof the AsgaTine dimrgeeXEt & onethpddimenn Xlimaniitrat@tien;
nethylannnnlun1acetateh@§th yl ene diani ne dlacetgﬁﬁ urea nitrate, urea,

guani di ni um #1% aPeE eTaReCitEBhLItdS AN RFERE. 10N ARTARP H‘?lt“#ea?@moéu%ﬁlitf%%l arI y
useful.sln o [ 0
ool 5i on st SETTT bR ol AREANSP b Akl e e o

| ubri cant codqarmmci |dumstatd,0uﬂea pitrateg nipedli geatidintuen watrate, sacntiubﬂee daltrateray be
present in the water- .| ubricant eﬂgl si.qn at a concentration of about 0.001
to about 1 94'BYROMHGHtratyiypariicul odi ment from about 0.01 to about 1%

by wei ght. |In many, gabedivsathét! bR wuex-edsluslelstahl @uﬁ@dﬁcubﬁs aAD/NEmEkioner ves
as a different conponent, such as the water l e or water dispersible

base. 15 Constebilizemié., mectert@etablkzextMeige@cgehvdnosalban éldmcamt\ﬁ@ntphsmloneduces

formati,gn of piston depo hi eratur v nls

| acquerBepostt . T Arengnugnen: e oFaa Ry e A LRI Rl TG Bser i es
and i s capab|i®riedntkarPdiog af 4 B&icﬁn@dtiﬂndﬂ%b@ﬁﬂo&tﬂ folebo§H 5 9B B§ elht Mt in
detergents are based on et al so@? , that is metal salts of acidic 20

organi c conp@lamebOdI@e%ﬁﬁ@mahe%t (@ orabent 1% bysveightt de many smbpdinesrieives
general |y cogprl 6.8 epfa@;sl | {E@%ﬂ M Lhc8 daL NG rAyAf QBng’ﬁe%t t&lch . ?ﬁkﬂéé &a&’?' ar

head COITDI’I sSing a ITE an acradrc organic C ergents
in this invesdlilsia ocaatep@ispersiblBbise <200 ng KO—H g) in V\/m ch the surfactants
greeovgrelgggggl zed with base to fo(r:m“[glaltu%al l%&glpg%n SAI ternatively , they can
A detergent is an additive that reduces formation of piston deposits, for
example high-temperature varnish and lacquer deposits, in engines; it normally has
acid-neutralizing properties and is capable of keeping finely divided solids in
suspension. Most detergents are based on metal "soaps”, that is metal salts of acidic
20 organic compounds, is sometimes referred to as surfactants.
Detergents generally comprise a polar head with a long hydrophobic tail, the
polar head comprising a metal salt of an acidic organic compound. The detergents
in this invention can be low TBN (<200 mg KOH/g) in which the surfactants are
neutralized with base to form metal soaps. Alternatively , they can be overbased
25 detergents in which large amounts of a metal base are included by reacting an excess
of a metal compound, such as an oxide or hydroxide, with an acidic gas such as
carbon dioxide to give an overbased detergent which comprises neutralized
detergent as the outer layer of a metal base (e.g. carbonate) micelle. The overbased
detergents of this invention may have a TBN of at least 200, preferably at least 250,
30 especially at least 300, such as up to 600.

Surfactants that may be used include sulfonates, phenates, sulfurized

phenates, salicylates, calixarates, salicylic calixarenes, glyoxylates, saligenins,
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25 detergents in which |arge anounts of a netal base are included by
reacting an excess of a netal conpound, such as an oxi de or hydroxide,
with an awDdBo44gas such as carbon di oxide to give an overPoagsd2/eEser gent
whi ch conprises neutralized detergent as the outer |ayer of a netal base
(e.g. carbonate) mcelle. - The overbased detergents of this invention may
have a TBN of at |east 200, preferably at |east 250, 30 especially at

| east 300, such as up to 600. Surfactants that may be used i ncl ude

sul f onat es, phenates, sulfurized - phenates, salicylates, calixarates,

salicylic calioResphopates) ygrithenass, odgr pisplukle carhex Wates 3r @aiAtges of any
PCT/ US02/ 207 ' hq?ﬁf] - t i Ji- I -
car boxyl at es‘,épg]r@ g%@&%@% 0 a%?/ed g?&{&h&gg@@é@fﬁ%@f Eﬁ% g% Héuﬁ%%plpzagélkp ‘enat es

are preferredr alkinenetrél moay, de, sodiathkpothssivon, lhiah,i catciear id magadsiune. g. ,
sodi um pota§§'un1,lit2iug1 cal cium and magnesium Calciumis preferred.
5 Surfact ant S2f8¥ t5HE® actant system of the overbased metal conpounds

preferally contai s X
CUbst 1 {Oent on anapuag tor MO SHEKAERT N, B B ouBireR L] Somdhutts, |

means t hat t hefgabypononeteleasdnehydrdcaeryl Eyoupofipasenhpts, akypdubgignerd od
carbon atons and is. banded . to t he remibnﬂ,er of d;ge nmol ecul e via a carbon
ot 3% Ut

atom but do®% Rt EN&del tohETHr dydrRear Frely Bivans, fhap ty, gOUPn 4
proportion i psatbincs i efimhelydehiRsdd émmag@lﬁ aﬁ&'@ﬁ#g@x’i‘hﬂoﬁig' 2hd idysHRa s RN

characteristics of the group. Advantageously, hydrocarbyl groups in
surfactants fasraingse of theamolacdignde awiartiont dem; huialves ot ewcéudsl the hessercegrfoups,

f I K | kyl i.al |l |k ' b
i mear 10r” br St ST  RENBRIocRoaE Ban ot i B SupsthuEhunTs
shoul d be at hj@askb&ithdradtemdtict @f B gfdmlparAd\tdihﬁag‘é_@@lﬁeI@c@édaﬂﬁﬂL%#&iﬂsiih}’-
These overbased salts can be of oil-sol uble organic_sulfur acids such as
sul foni ¢, suP¥fastapts foRiuexsin FesATdencesyith ths mventians aajaiphasigrgrpens, prsferpbly
| furic, ; ' i.C i I r of
Sl U1 SO e AL O SULNII B  SERHIA hly BORNeBTF 3RS

i ncl ude t he Thewtalanungedr wi caboa artorad itk isarfastants ¥edudd be ph daktCsueipaunds .
The oil -sol upl e sul fonates c ge represented for the nost part by the

fol | owilRg f ofFRAT, ?dfiﬂﬁ?d)qﬂ-sr)mé %) yhzMo (X V)

These overbased salts can be of oil-soluble organic sulfur acids such as
sulfonic, sulfamic, thiosulfonic, sulfinic, sulfonic, pértial 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—(S03),].Ms (XIV)
[R'*“—~(SO3)]eMs XV)
25 In the above formulae, M is either a metal cation as described hereinabove or

hydrogen; T is a cyclic nucleus such as, for example, benzene, naphthalene,
anthracene, phenanthrene, diphenylene oxide, thianthrene, phenothioxine,
diphenylene  sulfide, phenothiazine, diphenyl oxide, diphenyl sulfide,
diphenylamine, cyclohexane, petroleum naphthenes, decahydro-naphthalene,
30 cyclopentane, etc.; R'! in 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

total of at least about 15 carbon atoms, R'? in Formula XV is an aliphatic radical
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[R'-_ (S03)a]dMb (XV) 25 In the above fornmulae, Mis either a netal cation
as descri bed herei nabove or hydrogen; T is a cyclic nucleus such as, for
exanpl e, wenzmomd3s napht hal ene, ant hracene, phenant hr ene, pdirpgisengizene

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

di phenyl oxide, diphenyl sulfide, diphenylam ne, cyclohexane, petroleum
napht henes, decahydro-napht hal ene, 30 cycl opentane, etc.; Rll in Formula
XIVis an aliphatic group such as al kyl, al kenyl, al koxy, al koxyal kyl,

car boal koxyal kyl, etc.; x is at least 1, and (Rll),,-T contains a total of
at | east abowntairBng aatbleastazhaws, ISReabpm gromenand Mvis <ither al inplahtcpdon &di cal

20 WD 03/ 044138 PCT/JS02/. 207 cont aj,nidg _at. e 0 I t ons
and Mis ei ﬁw oggn )%?Impé%ﬁ ?tgﬁ‘eotype R@E(]jqre o%eﬁsélggfﬁig)%ggho@&tn&g atﬁg)ﬁ(ggl%%' I9’tt he
R12 radi cal o@f&aadok%yhlkyal keny| spaehfkoxakamiids, of CRI’baad kauyml kigtivedtféom

Specific exanples of Rl2 are groups derived from petrolatum saturated and
unsat ur at ed RSEERYNN seRirated radpenspbiraied paraffincwagi aed Pobelchinsy iipdyding  c3,

4, C5,.Cp, . ol.eki i Al f Lo 7 b
atoms. e PSRy T T RO GREREDAMhinh i 35 0 OO8 G2 0

ot her i nor ganée @rb@r gomisc ThOrdupsentR!'i amdarthi ini the dbové Hoseulanvaenkbed
above such as, for exanple, hydroxy, nercapto,. halgen, nitro, am no,

nitroso,  sUAPNIAE ORATSIIPTARIS, OBOBZANIG SERSHIHGNE oy gddifion o thosengnignerpiedat
| east 1, andab'ol/g%‘l%lfeagt F?r HEnRE MY @oxyY, m%ceﬁtoa'ﬂglogclﬁrﬁu%f ah8@8 tnikroso,

Speci fic exanples o oni ¢ ‘aci ds usefu this®i'nvention are nahogany
sul f oni ¢ acisu#jdebdisglitdes ttwc Kn Forfhola X1N\g i, §s z aadlbf avaiat leasti dsinddikewesd ihr om

lubricating oil fractions having a Saybolt viscosity from about 100
secondzé at t @ulat%%abokﬁi‘ndz‘éé‘e%ge@%gs at 210F.; petrolatum sul fonic acids;

mono- and pol y- waspesHRSELAMiI8doA uifdHid AAHE uadtdl ROIYS HvERNGE aRCndBoRhy €. 9.,
benzene, napht hal ene, phenol, di phenyl ether, naphthal ene disulfide

di phenyl ami rejfonidiacishiebightstqshaulferio pegdsishifheir enids deves fromtivhsicating stli t ut ed
as at | east gy BBSS & SPYY eneD Fonaceu 0DGe b AR E Attt ARy "
L e L ATDRy . s PO T BN IROHE BBl
such a$5 dodemifonisemrkpelystilbatit cieils «filefganbenzans, dsaphiflakenk apherl,adiptisnyder i ved
from benzeneetr\l/\gj %Qp}?tﬁalggg réiis%lltl%el, a&iggenwagnr%ne, 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
thianthrene disulfonic acids, dilauryl beta naphthyl sulfonic acid, dicapryl
20 nitronaphthalene sulfonic acids, and alkaryl sulfonic acids such as dodecyl benzene
“bottoms” sulfonic acids.
The latter acids derived from benzene which as been alkylated with
propylene tetramers or isobutene trimers to introduce 1, 2, 3 or more branched-chain
Ci2 substituents on the benzene ring. Dodecyl benzene bottoms, principally
25 mixtures of mono- and di-dodecyl benzenes, are available as by-products from the
manufacture of household detergents. Similar products obtained from alkylation
bottoms formed during manufacture of linear alkyl sulfonates (ILAS) are also useful
in making the sulfonates used in this invention.
The production of sulfonates from detergent manufacture-by-products by

30 reaction with, e.g., SOs, is well known to those skilled in the art. See, for example,

the article “Sulfonates” in Kirk-Othmer “Encyclopedia of Chemical Technology,”
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propyl ene tetramers or isobutene triners to introduce 1, 2, 3 or nore
branched-chain Cl12 substituents on the benzene ring. Dodecyl benzene
bott ons, woimoi4as |y 25 m xtures of nono- and di - dodecyl Pemasaz075@r e
avai | abl e as by-products fromthe manufacture of househol d detergents.
Simlar products obtained fromal kylation bottons fornmed during

manuf acture of |inear al kyl sulfonates (LAS) are al so useful in nmaking the
sul fonates used in this invention. The production of sulfonat es from
det ergent nmanuf acture-by-products by 30 reaction with, e. , is well

known to thoSesosiibdiéen,i Yok B8, apt2918@teseqf @Idm@ba‘ﬂr&}’eJOhntWélehr& |S@né Y.
"Sul f onat esé_}'/b Kirk-OQ hmer "Encycl opedi a of Chem cal Technol ogy, 21 WO

03/ 044138 P 02/ 20750 Second Edition, Vol. 19, pp. 291 at seq.

publ i shed by JohnOWek el¢sciptens of Nvé?base(dléiﬁ&hate@aherand&&ﬂfniithé dmsmaking
over based sul fonate salts and techni ques_for ing themcan be found in

the fol | owi ngew, gan pgt kpnd Ngsthe @HPWA“glibS ?atf?h Né;@e 2,674110 42, 56%506

2. 223, o160 Gra > 505e: 8 B0 oG5 e g 2 S hps o
ol Ll Smtmeonen ok sk s o
3, 488, 284: 3288507802534 5:@879?&3?%?1728%8 gﬁégég%rgéi%ég %‘?@é r%zgg%o%}
reference foj ;W?@é 5885 PSS 85 b1k, tzm‘ﬁl 4(%963%8218@ /él% chnlad?dg@OPz
aliphatic sulfonic acids such as paraffin wax sulfonic acids, unsaturated

par af f i n waxTkast fonhaemcindsrpotiyett xpiaenrstion thtie dighosafes umt}mmgarslul fonic
Ien sul foni.c aci ds

i ds, |
e or oy abroby | I MRS Ribhtic bk A0E S A SRRE R iaNe20 (o

7000 or  1mor £ gAnbaukparabih OfQ- Shid haitie thRRE:A-bb3tiMeed Féihffﬁﬂl\a@xam ds,
nitroparaffin wax 15 sulfonic acids, etc.; cycloaliphatic sulfonic acids

such as pet roilsnin namﬂﬁ, héweaprwkfn@mselfamp d@Cld&,ettWa—é@ﬂdleﬁpe Aelfanie upsidni c

acids, |aur yI e Ci I
sul fon| c aci %% Pé@fl@e e\/\%lutlﬁ?n %Cb(g h%%mqﬁé p@é{fs]o B‘é\tlgne %%nfeg’}é{é }érp }ns t%) ﬂ?ﬁer eof
descri bed hemetdtaahish atBmk hehlorappentedd phatfibwat bulfshié Bdi@s dathpeldfin bae term
"petrol eum sul fonic acids" or 20 "petraol eum sul fonates” includes all

sul fonilé aci #8fogic @pidss alctscydealiphiticd splfenig aF’fdérﬁ%ét Ao PR R oBRRARene A
a1l AU, PEQU e 0NN LRI At By
(di-isobutyl) cyclohexyl sulfonic acids, etc.
With respect to the sulfonic acids or salts thereof described herein and in the
appended claims, it is intended that the term “petroleum sulfonic acids” or

20 “petroleum sulfonates” includes all sulfonic acids or the salts thereof derived from
petroleum products. A particularly valuable group of petroleum sulfonic acids are
the mahogany sulfonic acids (so called because of their reddish-brown color)
obtained as a by-product from the manufacture of petroleum white oils by a sulfuric
acid process.

25 The terminology “metal ratio” is used to designate the ratio of the total
chemical equivalents of the metal in the overbased salt to the chemical equivalents
of the metal in the salt which would be expected to result in the reaction between the
organic acid to be overbased and the basic reacting metal compound according to the
known chemical reactivity and stoichiometry of the two reactants. Thus, in a normal

30 or neutral salt the metal ratio is one and, in an overbased salt, the metal ratio is

greater than one. The overbased salts usually have metal ratios of at least 1.1:1.
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obtai ned as a by-product fromthe manufacture of petroleumwhite oils by a
sulfuric acid process. 25 The termnology "netal ratio" is used to

desi gnat ewDlg/one88 o of the total chem cal equival ents of PCh@SoBR@EF0 i N t he
overbased salt to the chemi cal equivalents of the nmetal in the salt which
woul d be expected to result in the reaction between the organic acid to be
over based and the basic reacting netal conpound according to the known
chem cal reactivity and stoichionetry of the two reactants. Thus, in a

normal 30 or neutral salt the netal ratio is one and, in an overbased salt,

the metal rakypically they baveantiohein2:dre 3: Mivedlc Solis bavisaratios @5 dalll tp Wale
nmetal ratios _of éit least 1.1:1. 22 WD 03/044138 PCT/ US02/ 20750 Typically
t hey have re?lrer8% To$5%%: 1 or 3:1 to 40:1. Salts havi ng ratios of 12:1 to 20:1

are often used. mﬁﬁa@ﬁbnfkéamﬁge@l@tal BempRindk usAD amkdshdiswabdsed sakerd he
overbased salts are wusually an alkali or alkaline earth netal conpound

]g i.e., the Gsoully apalkeliar aaq_ﬂbin? ¢ath meigbeempoung i-endierarony 18x Eiudnadib
peryi 11 . Y ERoHEn O HY Bogr el FRRufepi e LA BEEARRE oo

Conpounds ofrubidiunia,ceMam Nandarstridiiums,uciithasgh hethér bugidnloxi chastign dmadakoxi des
of | ower al kanols are usual I% used as basi¢c netal conpounds in preparing
e

t hese over be?@éﬂ’os&qist sath e Wehe r(OTERAER 0@_5%’@ Bas l\éﬁpWﬁ ¢ ko SPﬁlé a3 thgf  art
referred 10 Rafglids BNETHRSAGSS B! lISwEO A e Aoy UiRdOks 1nalls Mbeadwo  of
s€ neta e

nore of the S can used in the present 1 nvention. Overbased
mat eri al s ar@engeonsdsaln yprepardpathest byerbaead saltsgbuotizrs dac berasat asashowrt yyi cal |y

an inorganic aci.d or | ower carboxylic acid, such, as carbon dioxid with a
i xt Ui B0 o BT g A FETGEr ISP Ga g Yo O SO T B 6 T QTR EBHD | i ng
at 15 | east @ngokREMHese A8 EA RAUUEH thé PrRsftdhvedtibn, Naphtha, tol uene,

xyl ene, etc.) for said acidic organic material, a stoichionetric excess of

a metal base, andOwerpasedunaterials R gemsrdlcpspesdity reotguae agidid maiguial he
present instance, be .the functionalize alkyl .ghenol. The aci di terial
used in pr ep@fﬂ“f‘?&lytaﬂén%?lﬁﬁ'éiam AR éﬁ a%@, A ia&ﬁﬂg’on%mé%eérw 5% formic
aci d, aceti cmp®id cofiphiking ACidlic @Fganit) EotipounaCh tach6R rle@iuds c6mbsising at
particularly useful. Inorganic acidic materials can al so be used, such as
HCl, St®, dest caoimerprorgds; sdvrnt i(mingsd clbapfithes ripluemoxylsnengts) dpesaid
thereof, e. ga'cidi(r:ﬁ o)r(éalﬂrice%aterial, 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, CO,, or H,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; 2,616,911,
30 2,616,925, 2,777,874; 3,256,186; 3,384,585; 3,365,396; 3,320,162; 3,318,809,
3,488,284, and 3,629,109.
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of CO2 and acetic acid. A pronoter is a chem cal enployed to facilitate the
i ncorporation of netal 25 into the basic netal conpositions. The pronoters
are diverweoangiiase well known in the art and include | ower/imorodted s. A

di scussion of suitable promoters is found in U S. Patents 2,777,874,
2,695,910, and 2,616,904. Patents specifically describing techniques for
maki ng basic salts of acidic organic conpounds generally include U S.
Patents 2,501, 731; 2,616, 905; 2,616,911; 30 2,616, 925; 2,777, 874;

3, 256, 186; 3, 384, g§5 3, 365, 396; 3, 320, 162; 3,318,809; 3,488, 284; and
3,629, 109. 23 WO GRF0aa 13tfagients gp2seorsdis Phventets may faec hambwitioed use i n
this inventi S , f erabl sulfurlze Fur t her,
phenat e incI3§ggg?%bggﬁggﬁga#%%ﬂ&!ﬁ%gnﬁ%ﬁgﬁﬁ%ﬁehoﬁigwg%ﬁf ﬁane
exanpl e, frofydiokyl goatpe@biobsjmde, ﬁvﬁﬁdkﬂraﬁaﬂkmgﬁhwgﬁa(Eﬁﬁnﬂ@xﬁﬂﬁ|Gbra|ky|

napht hol s) and t ose been nodified by chem cal 5 reaction, for
exgrrpl e, Zi| k)?f(@ﬂ rﬂﬂl\iﬂrge’aﬁpéﬂ@@aﬁm 6¢Psﬁag’élcéohﬁ‘@n§§@ anerified i hye shemicel pe

duced b f
(produced by rédagos, %P&ké?ﬁpg@ alRIBRERR A d e iAeDNL HAEL B8N feenin |

conditions). Preferred henol's on e sur
may be deri (g (pmghmdwby therenstian bf h)phcmtvl alﬁ-thdeeH.}Qle adenbaaicl codieidhsR

represents a hydr ro and represents 1 to 4. Were y is greater
than 1, the hydro?ﬁ% g&ﬁﬁ‘ﬁg %Ehtﬁ% é’&ﬁ%teoﬁ'ur@ﬂaﬂ&eréﬁbasmem@h l's

are frequentH&ﬁﬂﬁﬁybmmh§ﬁh&uhqqﬁgn¢orn1 Sul furized hydrocarbyl phenols 15
may typically be represented by the fornmula 11 below. hl+ Formula Il where

X is generally froml to 4. In sone cas nore than two phenol nol ecul es
may be |inked by Sx, bridges. In the abgve fornul ae, hydrocarbyl groups
represented by R are 20 advantageou akkyl groups, which advantageously
contain 5 to 100, preferably 5 to \

NS¢

Ry

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

15 may typically be represented by the formula 11 below:

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

Preferred alkyl groups are dodecyl (tetrapropylene) groups.
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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

sol ubi |'i twoim/oeiBs Preferred al kyl groups are dodecyl (tecTramonpybene)
groups. 24 WD 03/044138 PCT/ US02/ 20750 1In the follow ng discussion

hydr ocar byl - substituted phenols will for convenience be referred to as

al kyl phenols. A sulfurizing agent for use in preparing a sulfurized phenol
or phenate may be any conpound or el enent which Introduces -(S)x- bridging
groups between the 5 al kyl phenol nononmer groups, wherein x is generally
from1 to about 4In Thesf{olioweng edistussionrehydbmadyhdulstieaedv plienelse malit ébr

sulfur or a halide thereof, for examnle ., sul fur dichloride or nore

preferably, %QHVFWPanDth@%r@Iditaé.s a];]((?'{r@?e@ﬁ]ént al sulfur is used, the

sul furization reagt éLﬂ)ﬂﬂrigig% Aeniefol a6d ?ﬂp@?aﬁ}?gaﬁ kg A8 ALK orRERAL may
7 y a

conpound at fromb50 to preferab | east 100C. "The use of el emental
sul fur 10 wib¢ anypdwpoung g dde¢wlent whigh dnteodubedr(P dgibriglgigognosps bgyvren tie
descri bgd abgye, | f sulfur halide i.s used, the sulfurizat] reagtion
may be o1t ootk el maRbins! ety Wt oh el R ooy 2pn T
preferably ateat@msinabWe. cohldecie@adti SlemeRKl BEIFGORIYBhIREE thefeolN®r Rk&SERCE Of
a suitable diluent. The diluent advantageously conprises a substantially

i nert or gani @@y dieleride oF reors rgeiErabilnesudiur gnonashlogide alfk elgmentah swuliyr 15
t, th tion i : ' i ff,i Ci ffect
et et " ERELRD o PRRHCLBA ey RET LA, ] et et LA g o

nol es of thecahpundpiangl 50 L3, padfer@Bly @ (Basy B)0eQt THe &0 lop BlfrcAiaN guiagent .
Where el enmental sulfur is used as the sulfurizi ng agent, it may be
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chem cal reaction with, for exanple, an_al dehyde, and
reaction. It is generally preferred to employ froni 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
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Manni ch base-condensed phenols. 30 Al dehydes with which phenols may be
nodi fi ed include, for exanple, formaldehyde, propionaldl ehyde and

but yr al deWwgda/o4dibe preferred al dehyde is formal dehyde. Alrdehysdz2avedi fi ed
phenol s suitable for use are described 25 WD 03/ 044138 PCT/ US02/ 20750 in
for exanple, US-A-S 259 967. Manni ch base-condensed phenols are prepared by
the reaction of a phenol, an al dehyde and an am ne. Exanples of suitable
Manni ch base-condensed phenols are described In GB-A-2 121432. 5 In
general , the phenols i nclude substituents other than those nmentioned
above prOV|d@@ﬁﬂﬁa@ﬂﬁﬁeéssﬁﬁkﬁﬁﬂﬁﬁnts do not detract significantly fromthe

ot howy 01 oups anianfih dlasd 0SB R ol AT BIeBR o HE BN st B ©
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phenol i ¢ conmpound, _other than an additional hydroxy group or an additional
hydr ocar byl @rP(Siﬁi?“bﬁﬁthQ%ﬁ%h%l@ h al kyl or hydrocarbyl group already

being pgesent in ﬁlué lefl1 EAL ﬂ rougqmﬁﬁ& é Fs‘u?;'eh %%elf%éﬂ {h}ﬁsetf?le{xﬁ(&eg .

detergent. Typical finct i ona s 1nc roups
coupl i ng gr oalpse pﬁ&h@fd— thattdmsh Ismmtlenbnfsl d(ylhotglemaqnmgnﬁfminﬂy fiehytite sgifacias. | n

one enbodinent the 1 cti ization_is by addition of carboxy
functi onal i tBFOPSTHEAT €5 &Z‘f@@%t %xaa)g{ Ies glesiich S(E‘Q?f‘tﬂ%nt%lﬁreamﬁghloxléﬂqLWIaéEle or a

derivative tmgééﬁaﬂngé|lcy|ate detergents are well known; see, for
i nst ance, tent 5,688,751 or 4,627,928. In another enbodinent, the
substituent can bEhdaswtomlizatigl phihe dlkylaptiedolcomdensmiseahe add@itiynyoflang aci d

itself_ jis HG =0 - H _rel d ketones of. t tructure. Rl 20 CO2H are
1l 50 cdhe enpiBeLE gt i Bhers e REPaGkh ol Bt SLTigl b ouaTe o
instance, 1 §0a2@d&86RAM Ay 1%rédﬁ)'a@%asgbﬁ(@’éﬂ&}ﬁhlﬁypanﬂ%}%é‘érbﬁ”gﬂ%?dUCt
is shown here as an ani oni c specl es, pi ca be neu i zed

with a net al alregdy bemgmrmzt oHuffieienBmRURt l(npltONid@ Csilmj@hlht}’eto thtrde®ragnoups
are alkyl gr’P}y[P gl f %Or‘rglt §r%h€s,' 1ncf1].1%e t- bV\Py'Il g1oups met%ylene 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 Oy OH

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

thereof. Other molar ratios are also possible; when a 1:1 ratio is approached, the
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condensation of 2 noles of alkyl phenol with 1 nole of glyoxylic acid or
derivative thereof. O her nolar ratios are also possible; when a 1:1 ratio
i s approawbad/o44ibe 26 WO 03/ 044138 PCT/ US02/ 20750 condemrsatisom2@soduct
becomes ol igonmeric or polymeric. These materials and nethods for their
preparation are disclosed in greater detail in U S. Patent 5,356,546. In

ot her enbodi nents the functionalized al kyl phenol can be a condensati on
product of the al kyl phenol w th forml dehyde or other | ower al dehydes. The
acidic 5 substituent, in this case, would be considered to be the one or
nmor e addi t i oprudensstien aptodudjr brspmies THigogicnipl es pokymshice orldess andteitlprasduct
woul d be OH R own _here as the.2:1. nolar nde te_of :

For il dehy e APl OrYRg REPAg o b e Seh i Brredgf! FLas Pafit EREIS4S

f or mal dehyde uni tIn@ee@ReRiments hd Rincxiatiatd Gyl fHensl &neise a dendefsatibg case
of glyoxylates, oligonmeric structures can be forned when the nolar ratio of

f or mal dehydeProph@ wbithe dkyladsasl with farplakdshipde eipthertlgyer dfelsidey obieg scddic
speci escare - i xar.ate ' | i ' ont al ni 4.to 8
henol <57 or i guEey: fA Ak e PLE B Bl (RETMEME G BEA il
preparati on plieaoliclgsubesEhe simpigseaichrcodddnaation prodihcbwddd ent 5, 114, 601. As
w Il be apparent, m xtures of 15 fornal dehyde, other al dehydes, and

gl yoxylic acid can al so be enployed in such condensation reactions. One
category of functionalized derpMatives of ahkyl phenols, however, is
certain saligenin derivatives. |Saligenin itlself, also known as salicyl

al cohol and o- hydroxybenzyl alcohol ., is rgpresented by the structure CH2OH
U - OH 20 Useful saligeni i (=5 & ude certain netal saligenin
derivative which function 4§ d g the netal is magnesi um

t hese conpounds can be reptlesenie ogmul a 27 WO 03/ 044138

PCT/ US02/ 20750 Q(My)n oft).

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-
fonn.a'ldehye repeat units. Calixarates and methods of their preparation are
disclosed in greater detail in U.S. Patent 5,114,601. As will be apparent, mixtures of
15 formaldehyde, other aldehydes, and glyoxylic acid can also be employed in such
condensation reactions.
One category of functionalized derivatives of alkyl phenols, however, is
certain saligenin derivatives. Saligenin itself, also known as salicyl alcohol and o-
hydroxybenzyl alcohol, is represented by the structure
CH,0H

OH

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

represented by the formula
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Y X0iiRI P MThis represents generally a netal salt, such as a nmagnesi um
salt, of a conpound containing one aromatic ring or a nmultiplicity of
aronmat i ¢ wornge44iBsked by "Y' 5 groups, and al so cont ai ni ®RgT/US02/g760LPS.
(My) represents a val ence of a nagnesiumion, and n, in each instance, is O
or 1. (Waen nis zero the My is typically replaced by Hto forman -COH
group.) The value for "ni' is typically O to 10, so nunber of such rings
will be 1 to 11, although it is to be understood that the upper limt of
"m'" is not a critical variable. In one enbodinent mis 2 to 9, such as 3
to 8 or. 4to 6. 10 Oher netals include alkali nmetals such as |ithium

sodi um or potassium; alkali arth netal h as cal ci um or barium
and ot her netals such as coppr@(,M%‘ nc,[” and 'ﬁ(ﬁd.é?%st of the rings contain
at |l east one Rl substitu i ' i pned hydr ocar byl

group, such as al kyl group. é&arbon atons, such
as 7 to 28 carbon atons or urse it is understood
that R will normally conmpi ain lengths, so that
t he foregoing nunbers will e nunber of carbon
atons in the Rl groups (nurtber average). E&bh ring in e structure will be
substituted with 0, 1, 2, or 3 such Rl groups (that is, is 0, 1, 2, or
3), nost typitdalepreseoisigengradlyod metalrsel, slichf asr @ magnesigs sati, af giopsponniiecul e
may contain(gi&Eereq} nunRng .ofoéuch y?g&it eng%.fé%ilg §ke$qg pmatic
ring in the TOPEEEE et ESR I Yt PRSI o fe R %llouﬂi’,g NGt he t ot al
number f cairb@s, atdaBo conta@ining 15” Boud. OMIE) lePrebéifts a WRlecIbfen SAGHdsthrbe at

| east 7, such as at least 12. In the above structure the X and Y groups may
be seen as dPBUAYE THéR BRAINstaRCe iHPPr 1o Weea iy derodhe ¥g Brtypicelbhieméacsdur ce,
by condensaty v 1,.ON ~d e [ G |.at i unts
of the vari OHLYSQ)EB Z‘%ﬁ‘& wgp\ﬁj%%uhgpgtﬁeggﬁp%l%ra nlggfrsﬁ g‘?{hﬁlequgﬁtl 6’%8%%%r%@0
condi ti ons alckynghesi be dfto l healtidhgcitlies. beNidestaalrthathe uppedings obfmX and Y
may be present in the nolecules in question, the coQmmonest 28 03/ 044138
PCT/ US02/ 207580t & GEEFdsaciahisr il8iamg eﬁleFlénQ“@%ls(%llt‘thWE Fhctt 8raIPy) and

- CH2OH; ) ( hy A @y FREAN |nclutRChik AN Aetalsy duchSisMithRkd, ¥ olifich, SR PORRE S, SREEHES

conprising Y are
earth metals such as calcium or barium; and other metals such as copper, zinc, and

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

species of X and Y may be present in the molecules in question, the comxmonest
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-CH2- (met hyl ene bridge) and - CH2OCH2- (ether bridge). The relative nolar
anounts of these species in a sanple of the above material can be

det er m newolwy/054138/ 13C NVR as each carbon and hydrogen nueCeusohagsa

di stinctive environment and produces a distinctive signal. (The signal for
t he ether |inkage, -CH20OCH2- nust be corrected for the presence of two
carbon atons, in order to arrive at a correct calculation of the nolar
amount of this material. Such a correctionis well wthin the abilities of
the person skilled in the art.) 10 In one enbodinent, X is at least in part

_CHO and suc$pecieHOcgmmising c¥npire seCHO | adshyde, Tuictioplitys eed e -pHe@Ent of
the X dyY 0t
60em)l gnper cg’ﬁ@ H’(%S’ m{eﬁh@l ! iﬂ%tg)%%htygp%ﬁ%@ qygl{‘fo &%mo%a géc %p rﬁgﬂ@@ cent% of 0

the X and Y mmypﬁnethﬂeﬁ@mriai@ra) en® OGIHYOWUH, - Xeiher airide€RStTHeN rflétive nfdHAOH and
such - CH2COH 151%r0u nprise 10 to 50 nole percent_of the X and Y
groups, suchameunts Oféhe§9 SP%PSemp%lS@Bﬂ]F Qffthe gRove mgpriel g@rbhﬁgetemmsﬁ by
enmbodi i O Vi uch

- CHz- g‘r'%oups conpri Se Afo a[&f?%géa% nd rrlJy rc%%tljl ts' Ha@ %ﬂ ggéirz%“dgg‘qm%‘ﬁch as
25 to 45 or anl pmdd&esnmldestmemﬁemgmdf (The ngr&nhcfontlgr ahashnléﬂge,l mﬁjﬁr‘CH@r
enbodinent Y is at | east art -CH2 2- and such - gr ou

conprise 5 tBUsobssPESHEY cf%‘n eopresange RI4Rg SArBeT, aloEs, é’b@ sto %V?é‘ f6 nol e
percent of tfHg ¥ epgulxueﬁ OFRR mole aﬁx@)ﬁﬂﬁoﬁdﬁ%ﬁ@ﬁ . COUROY BGrdcBion 38 el

mentioned, typical a magnesiumsalt and, indeed, the presence of
magnesi um duwithip thheblﬂmespafmelpolmom‘slqﬂh@rdhndm)sed ' 25 product is believed

to be eful in agchieving t red atlos of d co ts

hosori 05 above. nen gy Fofs i Poadt ohetd ad SRR Farms, od by
an average Vé’(l;rHﬁ‘rls%f at 1eastqfo Qzlolt @5 Jmél@rp@k&h@aﬁ tHen® eﬁﬁnvcg?rb&psonm affdifdt as
0.2 or 0.3 to O. 0.5, to Si nce is normally a dival ent

ion, when acmb@ﬁlmehétr&phe@ﬁol grosp& g@mpnng liovad mok percentedfythaskitandl Yzed by

My+2 ions, the 30 aver osition will be 0.5, that
e Ceach Wy, PORPHSTT & T3oeRScberdnl & hog SRPERbERe. Those two hydr oxy
groups may be on Irh@ncstﬁafeembo@mendlxfleraeméasm @@ﬂﬂ| -€31,0H ahdeusalOB,0H n is
| ess than 0.5, this indicates that the drog 29 WD 03/044138

ym

PCT/ Usd2/ 20780uPyFoTpEsal @ ¢ e8gnelpasrceanpl e deleramszeghisy Igtoi 3Rs. | f
the val ue of m%lel Eer(%n?@% flexandy groups.

In an embodiment in which m is non-zero, Y is at least in part -CH,- and

such -CHj;- groups comprise 10 to 55 mole percent of the X and Y groups, such as
25 to 45 or 32 to 45 mole percent of the X and Y groups.
20 In another embodiment Y is at least in part -CH,OCH,- and such
-CH,OCHjy- groups comprise 5 to 20 mole percent of the X and Y groups, such as
10 to 16 mole percent of the X and Y groups.
The above-described compound is, as mentioned, typically a magnesium salt
and, indeed, the presence of magnesium during the preparation of the condensed
25 product is believed to be useful in achieving the desired ratios of X and Y
components described above. The number of Mg ions in the compound is
characterized by an average value of “n” of 0.1 to 1 throughout the composition,
such as 0.2 or 0.3 to 0.4 or 0.5, or 0.35 to 0.45. Since Mg is normally a divalent ion,
when all of the phenolic structures shown are entirely neutralized by Mg** ions, the
30 average value of n in the composition will be 0.5, that is, each Mg ion neutralizes 2
phenolic hydroxy groups. Those two hydroxy groups may be on the same or on

different molecules. If the value of n is less than 0.5, this indicates that the hydroxy
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than 0.5, this indicates that a portion of the valence of the My ions is
satisfied by an anion other than the phenolic structure shown. For exanple
each My iwp 0sowi1d8 be associated with one phenolic anion &cd/usaz2dr9@r oxy
(OH) ion, to provide an n value 5 of 1.0. The specification that nis 0.1
to 1.0 is not directly applicable to overbased versions of this materi al
(described bel ow and al so a part of the present invention) in which an
excess of My or another metal can be present. It is understood that in a
sanpl e of a large nunber of nol ecules, sonme _individual nolecules may exi st
whi ch devi at &oppbasctipessthanp sprapistedy geutfagized by Mhioss. e vabieeo! maly SrAGone

mol ecul es copfaigy By !ﬂ?digiﬂtesgtg%ﬁ 0BRGP B_ YR encd Fif?h% 1@'1&%‘%%‘3&'3@8&%? ARe
consi dered as |rrpur|ts| es, and their presence w not °negat e t*he pr esent

i nventi on soaniomgttes thdnethemheddlicyst{uatuge gevar. aFbryexaheples edodt Mtiomboutdjber i ty)
of the nolecules of the conposition are as described. The above-descri bed
conmponent ca?FSB“éatﬁgé‘ﬁgﬁ"é‘tT anglmum RepYEFY (Ofg) oppetTeVitedn By athe

above- descri pedoRirgr eaﬁ,\eﬂaﬁd?hﬁqggm Gl?hé{qg)egrno@dﬁ@&\[)gﬁ’pp(ﬁfca%@% apLfgfyde and

magnesi um oxi de or magnesi um hydr oxi de under reactl conditions, In the
presence of eersiahablythicmatedalnilesiibad btlpwrgdhéee. paBonitbapresant tinweation) in

equi val ent s OL. gor mal dehg% i ncl ydes Eﬁgr afgr mal dehyde, trioxane, and
formalin Fol"C8RPERFEN 08 Mpr WeBICHEICR RSRUR° PEST%n be used. 20 The rel ati ve

mol ar anmounts of fhg gidRekdddutnad iPheaghpiand 4 hﬁ’éﬁf QuiREAShYHSec AN sBRie

inmportant in providing products with the desired structure and properties.
In a typi caindsndisdinmeletules ey skiss wihiaht derigsh énool thesel piremeters] dby thetaace
reacteq,in uivalent ratios of 1:1.to 1:310r 1.4, such 1:1.1t0 1:2.9
or 1 119 1o GOSN B SqndRRuBl pouhghibi @' oo EaShr naee Fiedsebi T e
about a 2:1 esiid valntidexaessinguridies, sidnmbdeydace (@ oeaBMA kRN bre@ént

f ormal dehyde is considered to correspond to one H2CO unit; one _equival ent
of phenol i sinyeRidndey deng as e otk (@ndogensrahyothe) subplantialr BaigribaAse &an be
sodi um hydr oxi [ 0xl -and can be supplied in an aqueous
sol ution. Thémgﬁg@éggﬁ%gﬁﬁkég%gﬁgﬁ%%é%§%§%§bnbining t he above conponents
with an 30 appr ophé abeveadsofibed tomporas icainbexprepared byegieisining Hydewli de
with h gting and stjrring. A diluent _such as mneral oil or other diluent

oi | caf’be i HOBUMES bY Pr &bpﬁ%de$ﬁbe%§1§t%rsvxé withbifprpaldebyds 108 & sppERchts. An
addi tional s¥efiehRIC An@Smaghdln?lide 39 MR A4R00:F8 a2/ 2 4R

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

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

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

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

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

for suitable mobility of the components. An additional solvent such as an alcohol
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can be included if desired, although it is believed that the reaction may
proceed nore efficiently in the absence of additional solvent. The

reacti on wandpes1sonduct ed at roomtenperature or at a sl ipghtusy2/zi7evat ed
tenperature such as 35-120C, 70-110C, or 90-100C, and of course the
tenperature can be increased in stages. Wien water 5 is present in the
reaction mxture it is convenient to maintain the mxture at or below the
normal boiling point of water. After reaction for a suitable tinme (e.g., 30
mnutes to 5 hours or 1 to 3 hoursé,t,he m xture can be heated tao a higher
t enper at ur e, cantbpanelydedif dasiead. plehpysl i ipbelicyad dhat the reaqtiop gy progied mpare
materials. E rabl e r.es i t i rg of
thi s stri ppi ey efidy i B HsERePbCa Rl RENGHE °he Rl ddGtn pECRELELEE. O
React i on undebnt thependt br ans sligslyrealdettdabmperatuypsuchl ds\35- 2088, 7& 180961, oduct

which has a relatively high content of -CHO substituent grou that is,
10% 12% &f&oeiﬂhﬁienﬂa @%?%%FWPGS%IHW P8t rlP‘gP%S,egd%é g%?sgﬁha%watef

detergeqts ig glfégéﬁtiiﬁ%é R9cti PRGOSk i 1908nveardht B Aa@RR iHeRREuR hB & 10w
cl eanl i ness performance, [ow Cu/Pb 15 corrosion, and good conpatibility

wi th seal s. theeowfalrbeilalgpodthd watdrarfieagaetonfor a suitablbénsy(agh&disintiiepi cal | y
| eads to a reduction in the content af -CHO sufstjtuent .groups. Salicylate
sur f act ant s GebqOP SddPamAEEPhh TFER R RE TaHeHey ba fiEh (BRRTH 2o or
sul furi zed, @mamaun@e@rm@gawswe,rf@@er@l&fiv@aﬁive@ﬁat&w.alsgwoam tds@iRPdre 20
substituents, for” exanple, as discussed bel ow for phenates. Processes

simlar to t¢htsisedadenithe dinbkicoweraiyre 1if Sbisheripping stepris slPIOf tarabpiin gSAC,
hydr ocar byl - supst i e igylic acid, and are well known to those
B0y RS 20l hoaf et

skille it acids are typically prepared by the

carboxyl ation, byRé¢ReioKahbe- ﬁ@%hﬂiti@ﬂ@d%ﬁbe@ﬁbo%r?ﬁmil @ads a0 d prodidaat
case, will generally be obtained (normally in a diluent) in 25 adm xture
wi t h uncar boXbichihasiagplaivaly hgh gop apéscélﬁwba%tu% greupse teas is, 18%, 430, cyl i c
cal i xarenes are o] to | Lcating
oils. Salicy |dce@glsj'|%>(<%;r§§&rlg£seaheg'e¥§&?l¥?ﬂﬁer{aﬁ%’?q%ﬁ\a/cé?\ ?%ﬁgﬁ%%ﬁﬁﬁ‘é 1??1116%2%

descri bed i rcddpoRioant echiB0g8RBBppert @istdre dledatingss| perfmnpacat iosn GePeby

i ncorporated by reference for its teachings. 30 Preferred substituents in
oi | - soltibl e CATOBIOP Aod 8eRd eRIMPAISH tATIENseakt | sl oftrastals Phe by BABRSIHRt h t he

isees on Bk B EPRCHERIREm REATIORAAREN ARG it
al kyl 31  groups.

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

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

25 admixture with uncarboxylated phenol.

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

30 Preferred substituents in oil-soluble salicylic, acids from which salicylates in
accordance with the invention may be derived are the substituents represented by R

in the discussion below of phenols. In alkyl-substituted salicylic acids, the alkyl
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WO 03/ 044138 PCT/ US02/ 20750 groups advantageously contain 5 to 100,
preferably 9 to 30, especially 12 to 20, carbon. atons. Q1| of Lubricating
Vi scosi t ywoOla/ok4bs i cating oils used may vary significantl ycadasernei’sqg on t he
final use 5 of the oil. SAE 5 or 10 to about 70 are typical of the oils
used in various internal conbustion engines of various designs. Mrine

di esel applications typically call for the higher viscosity oils to
provide a thicker lubricating film Wile nultigrade oils are desirable
where the oil needs to provide |lubrication at her use tenperatures

al ong with |gsevrsrashvgytasemislingRten ko 469, dP@f%btlY gt é%p%spa@gﬁ)se# tRedl ne

di esel 10 ap, ?hkﬁ%&&ﬂ?s tend to use a single grade oil, because the engi nes
are subj ect cycling on and off and run for extended peri ods of
ti me when operational. If a miilofuaskdcasing Viscasétyd, desirably it has a
viscosity index of at |east 90 [

d bl | 100 f bl
bt Tonst 110 becthedubySiting ol s b eiieendy deRarine ongh Welarecer
appl i caf i ongrhas A 1?13[}? BBl B W Aoashb %Ieatggfcgpopth@aoﬁls%@&% SekidR¥ iARrAPTM

D445) of at [east centistokes, prefer y at least 15 centistokes, nore
preferably |cnntbluetlo*mmezsfoffvmdnmslcfestgns3Marentdlssakaml1camﬂnsetx1amil}ecaﬂkfom 16 to

25 centistokes, The lubricating o an b onve bl ends
t her eof usedh? ﬁlgh?%Y1é9%§V @ B’g)tv A(?rf‘ ‘g‘ “F gatnllnﬂ W}E 1%531‘1&9 iF or
cost reasonsd R&ifble wWhe thggll%kﬂé){oeﬁ%ﬂﬁr]hyﬁéhtﬂoidtﬁt'h@g’HeY Mee Rimpetfuls
distillation products), such as a naphthenic base, paraffinic base or a

m xed base aildng With IIO&bpn@gy\tCOHsplemmnnq midtm‘tlagﬁtmp%miu@% mpeginepéicsl bl end
of petrpl eum derived 0| s and s ternt veI

Punr i i g TBPRCHEGE 19445 St nBER S Rlns) Replieg Mo AR WA I i ester
lubricating cg@]nllé on Gnldestr |aBring gbf BokeAdddSpérivak cﬁ’&ﬁn@&vmeﬁbe@dtﬁnhudﬂio@r acked
oils where the refining 25 process further breaks down the m ddl e and heavy

distillate fraléeiadn §11|1$1u$€|ﬁ1ed?ﬁlé§]é’ﬁb]éas aofisqeyily Bigen of il lgust 80 ampigalesiraily n
pol yrer s rrayt?e thl(;qe rE@;'BIIefe? bl?gr 18 § pg CP@B db&?me lrlbllféa%lﬁg%qr sgﬂéﬁbfop' I's

can be used |n can Ights rac il zed as
sol vent - ext magimddiesd- mhaidrsdhaar@dkumtibrmnosagzwnmme@ thsumeasutedobgal |y
having a kinematic viscosity at 100C of from 28- istqQ al so

t k
B0 be i€ ot TANEV D PRaRat tahst b CORREEh GROBLy b leashdb LT EOrR ot Tong)
addi tives "S;Jf@fera% GRNfRige HrSRGH SRS 30 HhREBRES, YoRYAhR Fom Y tP%s dant s,

extrene pressure |t|ves
centistokes.

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

30 be used.
The lubricant of the invention also can include conventional additives like

detergents, dispersants, viscosity modifiers, antioxidants, extreme pressure additives
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32 WD 03/044138 PCT/ US02/ 20750 (antiwear additives), foaminhibitors,
corrosion inhibitors, etc. that are well known to the lubricant art. These
addi ti veswoan/opa3gised i n conventional armounts. | n one enbadirnsnt/2075he

| ubricant of the invention contains an antifreeze agent to prevent
freezing of the water conponent. The antifreeze agent is typically t 5 an
al cohol . Exanples include but are not limted to ethylene glycol, propylene
gl ycol, nethanol, ethanol, glycerol and m xtures of two or nore thereof.

The antlfreeze agent (S typlcallé@gsed at a concentration sufficient to

prevent free@nihyedraddithesidpap pBREoms nearpsion iBhibagrs eteTiat einweh&ra¥ion i s
therefore de@%ﬂé’ﬁggogﬁ% tﬂ%s%ﬁcﬁl'i@g\%('é:%ﬂr'f)gu&td1%5%&18&15 whgant is stored

or used. In one e ment oncentration is at a level of up to
about 20% by wei glnt oimasnrﬂbodlm@heth\adu@manofof tthe mmtlen donmhnseamlasmfme,zeand in

one enbodi nent about O. % to ab u]% 20% b and.. in one enbodi
about 0.2 toag&%‘iﬁ’tpf%%t CHEE ghihe Kateg f rie ttﬁée P fresas AR xR HBIcasY the

use of yat er xS glbidie Eﬁ%ﬁle%ﬁ&u@ébuﬁ% At Bmlterd féﬁqtflléiﬁ Q'yl:oldgﬁii)yfé%
result in any significant instability problens for 5 the’b s when the

t enper at ur e gjcaheeshdnobxgbaud, diyogoivaad emvihafefwa)f éwonmynimee éheapddt aflhag at a

fairly rapid rate and he t ot nt of vva nifi.cantly . | ess
than the. amofECEH tHa RGPt PO A e nria RYPD AU G bt PRSI BE P ed |
narine engi n@g waik! wdi i tﬂéf\l@bﬁ&dr@kerhe BB M 2B i B Srekdte Aep@idehOunonk de
lubricity, antioxidancy, high tenperature 20 deter gﬁncy and neutralisation

of sul phuri cte@@ﬁldtlfréra’ie‘dhléhrﬁlﬁdubm\f@ﬂt@hﬁ@md on.usgy adint pren ambpdiment, ahe ons
use ovegbased, dekargent 5§ o1 oAS &b RSHLEALIBAL O0:nThe s hoLloWEng sxaEP es

descri be a wat er Sion,

the water phager-fu€Oetnusich, wha el &ndﬁﬂﬁbcﬁrﬂé‘nt%ﬂumpwébw 2besey wkight, ageul d
neutralise the acids forned during the conbustion in a nore efficient way

than 25 the ’(B\Pélﬁﬁﬁ@éémé“étté?%@t?sto aRAVCH %BY MEighpr ove the efficiency of the
marine cylinder A&'Q{x} : etkﬁgﬂll{n‘?f C&ahiﬂ?esccgéilsée%ft h/QErfsﬁﬁgfélb%Eéso C?E?he

exanpl es al so descri i ersTuse e preparatiron o
wat er in oi | Kekuinsa twbricities eil elved aof neemls in mqublgnﬁicm instabititppitodlenss fohe hi gh

tenperature detergency Sol ubl e Base les 30 Water in oil emlsions
cont ai k¥ ng - 96 bages\WReHhs jeiwpeiatuse Pﬁf}ieo‘i’il e)s@eds 100°C where the water may be

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

Soluble Base Examples

30 Water in oil emulsions containing ~20 %w/w KOH aqueous solution (35

%KOH w/w) and ~80%w/w oil formulation were prepared. The oil formulation
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WKOH ww) and -80%v w oil formulation were prepared. The oil formnulation
33 WD 03/044138 PCT/ US02/ 20750 .contains 1 - 2 %W w enul sifying
sur f act anwe,03/044%8 w w di spersant, - 3 %W w antioxi dant, PCI/%Hn/20780 i phatic
solvent and 92 - 93 %ww SAE-50 oil. The enulsifiers play an inportant
role in the emul sion preparation and storage stability. The first
emul sifier of a blend of two enulsifiers used to prepare 5 the exanples
was a Pl BSA: EG DI\/EA poI yi sobut enyl succinic anhydride: ethylene glycol

:di met hyl eth Thi s enul ier has a hlgh nmol ecul ar
wei ght pol yi so%t?1 c%‘é(? % e(n%%g'g%ﬁ/\f RETUS: | ¢ o%%l’f-lll"éw ERATE o T Yhas a
co- enulsifi eﬁuoyhﬁm Dﬁ/%/m;ibﬂﬁmwn@&?d SUCOR L GRWElsLER: di met hyl
ethanolarnine 1:1 (eq.). It has a | ow nol ecul ar weight and a high HLB. The
10 structures of tihesenulgdicenplayi i1 émporars lpﬂf’esmrth@@tnhléﬂlmwmdpare(tﬂonl zhnd+

4082 PBRE SRR I S R G L SRR

Labor at &ry Mirubaeipkssewas a POBYQITGDVEEA npol_l,«isbtsut@@tl |sﬁ<9:11@c lanEpaddei a1 diee
emul sifiers c&ré be either dosed throu h an enul si'f concentrat€e or

coul d be di r &P} dmsdyl 9@anq>lnammé ~SAE25Gqdi This fuarrhﬂssq high msoleauiad be

used for the preRal Mﬁﬁ oi.l..emul si ons. The
wat er / mari ne ejégrhl gg | cggf}#‘% oi ff%l on gléﬁgrla ?@‘ %%mﬁlgﬁ{té‘fonwas aco-

di spersant, Eirk&ifRirBSAIDERDHMEA, pOdeeSiH&M?l@ﬂM sBb&ficni nhydride:  dimethyl
anhydri de: tet raet hyl eni Eﬁnt aam ne - g.and an antioxidant, |ike

cal ci um dodeSEPI IR dohi di hasng ]@X“aﬁiﬂl%puéﬂf weighis iaedh ac bighodLBi oFhei s
presentigd i ngtfalh@s bf theg’ét\&)&rgﬁé@i%%]a?@p REeHiddH44% 0750

o) 0 0
| |
TNy PPN
; 3 3C\ . PIB Cigay—7—
O 3/ oh ﬁf,’\) o
[ |
o ) 0
OH HO
15 PIBSA:EG:DMEA HDSA:DMEA

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

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

An example of emulsion composition is presented in Table 1.
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Tabl e 1: Exanple of water/marine lubricating oil enulsion Deionized water
Sea-wat er | ngredient based emul sion based emul sion %W w %V w KOH 7. 00
7.00 Deiwpiogediomt er 13.00 0.00 Synthetic sea water 0.0@®CIAI1S0D2075) C9- C16
de-aromati zed petroleum 1.12 1.12 distillate HDSA: DVEA 0.31 0. 31

Pl BSA- EG DMEA 1.19 1.19 Nomnally 1000 MV 1.67 1.67 polyisobutylene
grafted onto succinic anhydride (PIBSA) and further reacted with a m xed
tetraet hyl enepentam ne (TEPA)to forman imde PIBSA: TEPA=3:1 e A

di spersant Calciu dec hopate 2.74 2.74 u] phi de SAE-50 oil 72.97
78S “Tabl e . Sotahig GExaRRIA! Waks mAGHe IBEss olLemURIaN (of )

I ngredients Na(Q— 24754 M CIZ 6H20 11T gl Nagekt 4188, Gact2 171p KC
0.69 NaHCOB 0. 2q,4/Klpgnt0- 10 HIBO3 0. og’bas%&ﬁalsi 20 §a?& emulsion
%wW/w %wWiw
KOH _ 7.00 7.00
Deionised water 13.00 0.00
Synthetic sea water 0.00 13.00
-C9-C16 de-aromatized petroleum | 1.12 1.12
distillate
HDSA:DMEA 0.31 0.31
PIBSA:EG:DMEA 1.19 1.19
Nominally 1000 MW 1.67 1.67
polyisobutylene grafted onto
succinic anhydride (PIBSA) and
further reacted with a mixed
tetraethylenepentamine (TEPA)to
form an imide PIBSA:TEPA=3:1
(eq) A dispersant
Calcium dodecyl phenate 2.74 2.74
sulphide
SAE-50 oil 72.97 72.97
Table 2: Sea-water Composition (ASTM D665-98)
Sea-water (/)
Ingredients
NaCl 24.54
MgCla. 6H:0 11.10
Na»SOq4 4.09
CaClo 1.16
KCl ' 0.69
NaHGCOs 0.20
KBr 0.10
HsBO3 0.03
SrClo. 6H20 0.04
NaF 0.003
5 The potassium hydroxide solution is prepared by dissolving 35 g KOH

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

uses the solvent and emulsifiers dissolved in the oil. Initial samples were prepared
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NaF 0.003 5 The potassi um hydroxi de solution is prepared by dissolving 35 g
KOH pellets into 75 g of deionized water. This solution is not saturated.
Synt het i cweaan44138 er can be used i nstead of deioni zed wat ecT((soppesed as
per ASTM D665-98) but then the solution becones saturated at this
concentration of KOH The water/ marine lubricating oil emnulsions can be
prepared either i) via a 10 concentrate, which contains a solvent and two
enul sifiers or ii) via a nethod which wuses the solvent and enul sifiers
dissolved in the oil. Initial sanples were prepared 35 WO 03/044138

PCT/ US02/ 20760 2 woacentistsnvdwler lafes semintles Mepre rprepangs] aisinged esopreapanddthasi ng a
sol vent and th(selSll &ahfl ntg §o|ved inthe oil. i) An enulsifying
concentrate AS 5 are n$X|ng the two surfactants wth a suitable

al i phatic sol ventj) A1h emumﬂyﬁ%nécmémmwa@ heepaiekBY rhiRing the Twb yBEARBUS
with the oil, which contains a dispersant and an anti oxi dant. The
concentrat e Withj & sHisebler élh\li?)é‘?té? \&él‘@ﬁ%d iThiso CangsaRisr Was NG ANIRETH %Qﬂlutl on

was adgded. Thg, &hﬁédér&tﬁ‘%ﬁ? ol th?éheé‘&ﬁ&hlé % d1§persa§1t %E%}?&ﬁ]&?dﬁgt

shear deV|ce fson or a furrax m X emul si y|ng
surfact ant s @ndertatphradil misoteveat welphdikinm xé&daldrtth viieh KUH @olutionliveger sant
and anti-oxidant to forman oil fornmulation. This oil fornulation is

wei ghed i nt Adeee dle mixBirgaas khaaciheaisr et dr § SuRaRHSIng R IEA RaeaF €oVice:t hen

sheared forgg3y 35 8 SVONLLS: ¥FLR%K fhifd-gh shear device, such as a Silverson
or a Turrax mxer (e.g. rotor stator). Enulsion Stability 15 Water/marine

| ubricating oil emuls¢ emslsifgmg ssifacwdisaindradiphaticesgesnatcan deanided 66@ tha or der
to assess thejr, stabilit aai.st separation,int er phase nd an oil
bhase Her  1ohsisperant i yauaak B3B8k Sl fud T of REngE L o 7
days at  65GycigRedi@VSa BEaleP Qﬁ%vfﬁi%ml@ﬁtslﬂuﬁoﬁ nsdad%i%d daye nfk Sl thdabelean
stability was “sem -quantitatively evaluated by %/v separation of oil,

oi |y emul si dier 3bafdniangs 26ingat kigh sitrs dovieserveh asfa Slveegoarartae Buwat euquhase
i s considere @ rt| g%lﬁul y detrinmental. Exanples for enmulsion stability
are shown be #8Hul sion rati ngs are reported after 7 and 28 days at
room terrperature and 65C. 36 Emulsion Stability :

15 Water/marine lubricating oil emulsions were stored at room temperature and
65°C in order to assess their stability against separation into a water phase and an oil
phase over time. Stability was assessed after 7 days at room temperature, 7 days at
65°C, 28 days at room temperature and 28 days at 65°C. Emulsion stability was
semi-quantitatively evaluated by %v/v separation of oil, oily emulsion, band and

20 water. The presence of a separated water phase is considered particularly
detrimental. Examples for emulsion stability are shown below. The emulsion ratings

are reported after 7 and 28 days at room temperature and 65°C.
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WO 03/ 044138 PCT/ US02/ 20750 Table 3: Enul sion Storage Stability

Emul sifying 7 days at roomtenpo ature %/v 7 days at 65 C %/ v
surfactanwe oBwdisgs on (% win Gly Ol Band Water G|y QO IpChBarsd2/xaser

emul sion Prepared with 1.50 deionized 0 0 0 012 2 0 water Prepared
with 1.50 synthetic 1 0 0 0 2 0 18 0 sea-water 28 da s at roomtenperature
/v 28 days at 65 C /v Gly Ol Band Water OQly GO Band Water Prepared
with 1.50 02102420 deionized water Qly = oil rich phase; oil =
clear oil; band = coarse emulsion, results fromthe sedi mentati on of

enul si on partlcl es 5 A seri Eabler3:t Emulsian Storagecssiabilivh wat er / mar i ne

| ubri cat irrg—et+t—eryl-si-ons—-n nrﬂgr—t-g—a%sv?ss_m@.r__behmn ogur at high
t enper at NI &Ijé;fyl daysaLioon Jerpperatue () o o1 davs alpsel (AWlhmer at ur e

UTTU OO

Behavi ouf glQichn P a onal [ing lip Q ﬁ |caAgs experience
t enper at yires Ioh 6'\%1en d|)'fr)1 Pt W%%r 13cyI L @ﬁtg
behavi our pefaregat (,r/ marl ne ubr Ca[i Ny or —enutstpmat—irgh—tenperatures

was test edithusi ng 5 e test| cell shown Jn Figure 4 This|test pell consists
of a heat edlonkddnge ,Owhi chi can bgo heated up t® 350G usipg a Eusothermpm A
stai nl esgwgtreel panel fitited on|/the heater finger|, The panel and 15| heater

finger aféepledced in a gljass ce]l. The fornulation to bp testpd was|dosed
at the with i 150
-| synthetic ' 1 0 0 0 2 0 18 0
sea-water
28 days at room temperature (%v/v) 28 days at 65 °C (%v/v)
Qily Qil Band Water Qily Oil Band Water
Prepared
with
deionized 1.50 0 2 1 0 2 4 2 0
water

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

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

High Temperature Behaviour

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

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

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

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

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

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

before the test and after the test (material accumulated in the test cell sump) were
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required rate onto the heated panel

with the help of a small

tube attached

to a peristaltic punp. The behaviour of water/marine |ubricating oil

enul si onswaas/ 043t ed at 100,
t hese tenperatures of a standard 20 marine cylinder
Tabl e 4 presents the results of the high-tenperature tests
wat er/ mari ne |ubricating oil

in Table 7).

performed on the

oil. The TBN of

accunul ated in the test cell

enul si ons before. th

concent r at ed™{FioRy

enmul si ons

ool h fie

200 and 300C and conpared t ecrhsobeitayi our at

| ubricating oil (shown

enul si ons and t he standard

before the test and after the test (material
37 WO 03/044138 PCT/ US02/ 20750
det er mi ned. daéternimyd. oTheeTBﬂ\Isiof)mmuaa‘iorBr aftdretht gsdt mehighgh@antthaﬁﬁrﬁmeBN of

woul

& WaH

sunp) were

he enul si ons. wer.e

h
SEPRT Rt e Bt S SPERRe ARG ot

deposit on t ol twatd?aaed). and Kol @xfkienklif RmlAIRA Al ﬁ@t d&Gsokit Rastktesst

Sanmpl e Test te

0. 0006 63.0 Mrrg
200 0.0097 63.0

emul sio
200 0. 0002 69.9

erature Ant (g) TBN (C Before Af t er

emul si on 100

SWenul sion 100 0 64.6 65.5 Standard 100 0 69.9 69.9 D

69.9 Dl

TabiP 4 Bt Db B T8 BERMEL, Orni's  on 300

0. 0468 64.6 69. § Sapndar d |3Q6k éinfefilie 69 Am7@) 1 AbDrEBN ations: DI =
dei oni zed water; SW= synthgtgc sea-watel *Am = panelpdi@ssS [Eor € hot test
- panel nmass af t/gi ¢hgkiof €SI 1oheUTT al i sat| ghgge’ Sul T Urdag ACi|G4 50 The
efficiency of water/[ubricant oil emulsipn in neutralisinglsulfurfic acid
was tested using SW\aﬂluiﬁmmochOOa beaker ne@tralisati ir?g%nd g thidgh
tenperature neyt Hsatiot hre—tatter—psed—the—sat test=cett—as shown in
Figure 4. Beaker gl\%\q al i th1iog 0 9.9 699

DI emulsion 200 0.0097 63.0 70.2

SWemulsion | 200 0.0253 64.6 69.5

Standard 200 0.0002 69.9 69.9

DI emuilsion 300 0.0460 63.0 73.2

SW emuision 300 0.0468 64.6 69.8

Standard 300 0.0019 69.9 70.1

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

10

Neutralisation of Sulfuric Acid

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

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

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

15

Beaker Neutralization

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

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

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

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

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

20

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.
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15 75.15 g of water/lubricant oil enulsion was weighed in a beaker. 2.25 g
of sulfuric acid (96 %ww was then added to the beaker. The m xture was
sheared fwp 03®44mB$1ut es usi ng a hi gh shear Turrax m xer setPCaysar/2@4©00 rpm
The TBN of the water/lubricant oil emnul sion was neasured before and after
the test. This test was repeated using the standard marine cylinder

| ubricant described in Table 7. Table 5 20 presents the results of the
beaker neutralization test. It can be seen that the efficiency of

wat er/ | ubricant oil emulsion_in neutralizing sulfuric acid is conparable to
the efficiency of the Jelira: Beaker NeufalizatipnTesf Results i ¢ acid. 38 WO
03/ 044138 PCT/ US02/ 2G756—Tabte B Beaker—Neutratigzatipn Test Results TBN
Rate of Sanple Beforje After Neutralizationf D gﬁuﬂ%éf}on 64{5 33.3 6.3
Standard 70.4 37.6 6./ Gampler evi aBefits:| Alter=| deiNmitzidat@i*er Rate of
Neutralization = dcKQHL.dt_ = dTBN / dt 5 H gh Tenperature Neutralization
The test set-up show) Rlrerpulgiane | B4vas |L¥%8 fBr3 assessing the| efficiency of
wat er/ | ubri cant oil sy Hspeat etz n ut-furi+c—acidjat hot
tenperatures. The paﬁ%{?ﬁ%@bhea?géftooéfoéc b‘@ soon as this|tenperature
was reached, Atthgiafidnewiefdeionadienkl ubri cant ol I enmul sion was started through

Inlet 1 at 1R& opNERrtlizabRE dRE, AB Lome] gn covered the panel, the flow of
sulfuric acid was started through Inlet 2 at 0.05 m/mn. The

water/ |l gbricant oil enul siongy@g e gaﬁ?éﬁ%ﬁﬂaﬁ iJgn bore size tube
connected to a peristaltic pumg, reas e aclid was dosed through a fine
needl e (21&x35 nmhe wist kettupeshosinpindfigaresly wian geedd forpasseEkiag ek efficiwicy ofias
repeated at 200 C .The sgandard 0oil was, al so assessed. at 100 and 2(%% C. The
15 resul ts of 2FHlbEcItqkepisiogs & peysealizing selne agid oFhgf tmgperqiges. The

Tenper at ure Medf yad haatd a8 106%:. S As BFPLE thie %nﬁ&imﬁrﬁﬁﬁfeﬁcﬁwtﬂe fowRgfore
After DI enulsion 100 64.9 63.8 Standard oil” 100 71.1 69.3
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 100 711 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 results from Table 6 illustrate that neutralization of
sulfuric acid by the emulsion or by the standard oil was minimal at 100°C. At 200°C

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

25 existent in these emulsions would not deposit on the hot cylinder walls and would
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DI emul sion 200 65.2 47.7 Standard oil 200 71.1 58.0 The aimof this test

was to mmc a real situation when the lubricating oil 20 neets the
sul furi c woiod/044188 med during the conbustion, on the surfa®eTafSor/mgshot
nmetal cylinder walls. The results from Table 6 illustrate that

neutralization of .sulfuric acid by the emulsion or by the standard oil was
m ni mal -at 100C. At 200C the emulsion and the standard oil partially
neutralized the sulfuric acid. The tests performed on the water/|ubricant
oi | emul sions showed that KOH 25 existent in these emul sions woul d not
deposit on t ReUtFdzedhe isaduric weaid| oraed dwdng dhe somibwstios/ thmepnphmousaza 20750
neutralize t Bgsealgnféé'iﬁ&par@&ﬁ doho aéé??oqmg&'% E%tatnﬁ rd%ggjgx% icaese

concl usions are based on co son wor k per on a Qﬁdard mari ne
oi| lubricant. Bol nes Engine Test BolneeEnigﬁleHI‘ésW bocharged, 3 cylinder, 2

stroke, | ow speed ri ne diesel engi ne. The Bol nes engine test allows
the simultaneous BENESHY U H?f@ég@i f3f eyligier, %ﬂrphﬁeb%lspgedoméﬂn%t digsehour

period. 5l n tBgoist anglandil8sh ﬁf’éctlastcz?ﬂdv@d@nre S BhARA0L tés?n% /o?stfn%g diffedeff N I N

each cylinder of the engine. "Several paraneters are ra are I'n this
test. The nosylindepoils aner @fi@hoar petddkahl theesmdanat tengsachpiydihder lubmganwear ,

cylinder lin and anal ses of .the cylinder drain sanples. The piston
ring 10 gr oofé?\éﬁpéwa‘smzfﬁ&hg Cfsr Qﬁﬁletell?g“écg?/‘é@ﬁﬁ DRATPGFES &% SR measaed r at ed
for cleanlingsshis tdde TR @hdst |11%§§rt£ft dnle a?é BEankitest %ﬁ{ﬁ gfo% N of
piston ring wear. The «cylinder drain sanples are ana or

| CP/ AES, Kviewindemlingr orear ahd iaoalnseswefsthe aylieder dratn Bohples é]?hglms:onaatg

whi ch ly u I t/ i nder (72 hour test nd used an
ot oi o 1 ubEGET ands B SR Y el gtk bl HopdiBe b pibes cﬁqaaﬁaeéﬁd

marine cylin@re wWeighti loanbf eedrifyl isndesrdsd ld§%dm€l£bu%ﬂéf %is%h LgprantTil 125
%treat rate. The reason for testlé% an enul sion lubricant at 125 % treat

rate was to %DHWF arafmysangyl eTBAPRAYZETOLEBNe EAN, H@Pé‘k%d‘éw;loo | ubricant and
el 1 on 14! ok LS8Rl B 6508 18 ERTESERCL SOl P o

hence at 100 %treat rate iver ®mari ne

20 cylinder lubbramaytindédo@@@venr tat). T3Endert I @sdd frabewlsesi st 44 brjocant
delive 100 % oil, EHHJSFWI ng for a fairer corrparl son between emul si on

| ubr i céﬁt antic fatest ¢ usﬁ‘élalsF?éldé%‘)l s cylinges bibricant pnd cybngssst nsedn of
the tested eglegiu®isSn 3Midah€ aS18NB that rate. The reason for testing an emulsion

lubricant at 125 % treat rate was to allow a fairer comparison between the standard
lubricant and emulsion lubricant. Emulsion lubricant is composed of 80 % w/w oil
phase, hence at 100 % treat rate it will deliver less oil than the'standard marine
20 cylinder lubricant. However, at 125 % treat rate, emulsion lubricant delivers 100 %
oil, allowing for a fairer comparison between emulsion lubricant and the standard
marine cylinder lubricant. The composition of the tested emulsions and the standard

marine cylinder lubricant are presented in Table 7.
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marine cylin

der

| ubricant are presented in Table 7. 40 WD 03/044138

PCT/ US02/ 20750 Table 7: Lubricants Tested in the Bol nes Engi ne Test

| ngr edi erwve 038t4asgiar d’ Conventi onal
%W w Lubri cant

14.4 Petrol eum solvent 1.12 -
0.94 PIBSA: TEPA 1.67 -

Cyl i nder Enu
wat er 13. 00

Pl BSA: EG DMVEA 1.19 -

2.74 - 2.19

36.49 57.06 37.19 ESSO 150 BRI GHTSTOCK 36.49 22.19 37.19 Cylinder

| sion | ubricant

sul phi de Conventi

onal additive

"Over-treat'
o w KOH 7. 00 -

0.90 HDSA:
1.34
20.75 -

cal ci um dodecyl
package ESSO 600SN
Number

DVEA 0. 31 -

Enul si oCirtisoz/eerne  Mar i ne

5.6 Deionized
0. 25

phenat e

123 Treat Rate |rTabie7B¢Jub§mmﬁTﬁs¢edH5th£ngIm%md'est vered at

above treat - F42-A8 OS5+t s 25 C
and boiling pBgrﬁQ' 185 C 5 An d rg%ﬂgl sa /! %r ht drain
oi | sanples (representing the X Q| ”?an r{nﬁ y londyp ?ﬂ%rs)
were col | ect i i 8,
24, 36, 48, 1_72 haours Thelsh anples wefre Quhm'r'rpd 6 TBN, _TAN |and
| CP/ AES anal Nejenized waler r esuyl t s| B¥00t hese anal yses gave inf®4mtion on |t he
neutral i zat i joretigbumielvent0 sul flut.1% aci d_forjed during t hedbrbusti on |and
t he corrosi veHDSBPMEAi qgures 1 [ah8l 2 show t he- changes in [TB and TAN ijn tine
in the oil |SRIBRAEG:DMEA ected [ff.t9m cylinders- 1 - 3. The sudsf ur present in
t he residual | MBSAYEPA 1.67 - 1.34

calcium dodecy! phenate 2.74 219

sulphide

Conventional additive 20.75

package

ESSO 600SN 36.49 57.06 37.19

ESSO 150 BRIGHTSTOCK 36.49 37.19

Cyhnder Number 1 3

Treat Rate in the Bolnes

Engine (%) 100 100 125

TBN delivered at above 70 20

treat rate (mg KOH/g) 70

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

Analyses of the drain oil samples

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

Figures 1 and 2 show the changes in TBN and TAN in time in the oil
samples collected from cylinders 1 — 3. The sulfur present in the residual heavy
fuel, combusted in the Bolnes engine, is oxidized during combustion of the fuel to
form various acidic products. As the base present in the emulsion lubricants or
15 standard marine cylinder lubricant (mcl) reacted with the products of the sulfur
oxidation, the TBN decreased until it reached equilibrium. This equilibrium was
reached after ~36 hours in drain oils from the cylinders, which used 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 sulfur
20 oxidation products achieved by emulsion lubricant than by the standard mcl. The
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fuel, conbusted in the Bol nes engine, is oxidized during conbustion of the
fuel to formvarious acidic products. As the base present in the emul sion
| ubri cantwoOms/0463%t andard nmarine cylinder |ubricant (ntl) pCaasozeh7dsth the
products of the sulfur oxidation, the TBN decreased until it reached
equilibrium This equilibriumwas reached 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 ntl. This m ght
indicate a nore efficient neutralization of the sulfur 20 oxidation
product s achlé&Meef thy &rinl eil samplebinaeased imaimepyntilnig reachedigaeilimirm. The 41
VO 03/ 044138, /nld%(l)%{a%oaz:ﬁl%vecir 0L e ug%?ﬂ %eoéagin%grqp kv%?ch' e eafdohn time
until it reache equi I'rbrium e eqwcfl rum was achieved arter - 36
hours in theubpédnnaed sfterwh6CRouts Bothe Byligded whithibsddabattamddd afcl.er - 60 hours
in the cylinder, which used the standard ntl. Al the drain_oil sanples
col | ected during $Rehe dipin qf samplas coBegterk durdng thearunningof dhey Balngs €agipg
| CP/ AES Th f I [ ' [ -
conbust on Aae HRTRH Y IGEREY M P B8 LALTBHANE Al Sl
corrosive wearcontbuston can;attack) pies metal okik linetsrarthel pistonead cpiisedioabsive or m
and can be detected., by the analeffl’s%(s!5 of the drain oils. ure shog/s t he
&y CTEYP rs

.
i ron cont entViATeSR IO CORRETJHE S CIBPPILERNFIERICEBFH ferband gahb%_ Peeta
I3 It can BeneRstYRtridi@lntl\Gls. FOREO WA MO trohGohdft tefhlirtie dBART! €9

collected fromcy ders 1 and 3 raised for 24 hours an ter that tine
it reached aoipbatmesicolBetedaimah ¢yksdens 1-3hE acindierobetived thaptlesiraot¢dréatted from

the cylinder 2 showed that the iron content incyeased in.tine an jd not
Foach b0 "or dhEskRag wipiseorrS TRehGiiage 1 HEl §Bar SlhBr Al oc
the wear net@ht §A0§ERAcHA 4 NStesll. aTRe BhdlyR TP RSN &il MBnplddcARERIFWmat the
end of the test. The drain oil sanple fromcylinder 2 contained nore iron,

copper, ni ckibe cyhnder¥ eiriwed thRathetinen dord¢ni indteased dnpiness afg didh ogt! feadens 1

and 3. These1 s esgl ts %%%%16?'[1 Itlt} t ﬁg&l Ss[i on | ubricant caused | ess corrosive

wear of the P%Sf% HEM ThéE"e I|f er"than the standard ntl. Table 8:

| CP/ AES Anal yses Diblé BeuBmirieiHeSwear el ddatenl oCaY @ain oiMednidleani@pt

Cylinder 1 Cylinder 2 Cylinder 3 %Epg)@ 0 hours 72 hours O hours 72 hours O
q

hours ¥2 hou#cgo apatithg godi of7thg feps n oipgarpplg drogn ¢ylipdgr 3gontained more

iron, copper, nickel and chromium than the drain oil samples from cylinders 1 and 3.
These results suggest that emulsion lubricant caused less corrosive wear of the
components of the cylinder than the standard mcl.

Table 8: ICP/AES Analyses of the Drain Oils — Wear Metal Content

Metal Content Cylinder 1 Cylinder 2 Cylinder 3

(ppm) 0 hours 72 hours | 0 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’ Emulsion
lubricant emulsion lubricant emulsion

20
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Ni 176 193164 C 0701007 Pb03020O0 Type of lubricant

" Standard' Emul sion Standard ntl "~ Over-treat' Emul sion |ubricant emul sion

| ubri cantwermlogiieh 20 42 WO 03/ 044138 PCT/ US02/ 20750 En@cmaisPzed7so Rat i ngs
and Measurenents This section is neant to sunmmari ze the ratings and
measurenents of the Bolnes engine parts after the test. Piston Ratings: 5
Table 9 presents the results of the piston ratings. Overall, the piston
ratings show an equivalent or in some cases better performance fromthe
emul sion lubricant than fromthe standard ntl. Table 9: Bol nes Engine Test
Results, Piston Ratings Fanging PertsRatingspndiMeasarementsn 3

Comment s/ Qbser vat+ L St an oye | ot ' | S a

Car bon (average GT@SS%%% % T%rgcl eréﬁ ?ug}}{ﬁ%)l?ﬁ E)hre n%ﬁggg f% %%%néégﬁuﬂe%%ﬁtﬁ &On%eﬁre its)

| ubri cants aBolhesnginespanddetthe®esst on Land Carbon 5.25 5.49 5.56 marine
cylinder lubricant. (average nerits) /Piston Goove 35.73 37.80 35.40
Carbon Fil | Pston&atieesiy Stick 9.88 10.00 10.00 (nmerits) Less piston ring
wei ght toss noti i ' ' ' -1 g f phst 3
than Loss: (aver gt go 78 % Ypalind ekl 2ol o0 ol PirE £5n tafild
“over -t reat 'shognn ejudveldntlor ircsmie &ratd eattet penforgnamns frohstha rdalsddn haricamx

better than Ehe st ndar&l Htl More corrosion of the top-face of the
than from the standard mcl.

Table 9: Bolnes Engine Test Results, Piston Ratings

Rating Piston1 | Piston 2 | Pision 3 | Comments/Observations

Piston Groove , Overall, the piston ratings show a
Carbon (average 6.43 6.22 6.46 similar performance from emulsion
merits) - | lubricants as from a standard

Piston Land Carbon marine cylinder lubricant.
(average merits)
[Piston Groove

Carbon Fill (%)

5.25 5.49 5.56

35.73 37.80 35.40

Piston Ring Stick
(merits) 9.88 10.00 | 10.00

Less piston ring weight loss noticed
i e s
Loss (average 4540 | 4758 | 3.988 " 9| : P e
grams) emulsion lubricant better than

'standard’ marinox better than the
standard mcl
More corrosion of the top-face of the

. . Trace- . ring was noticed in piston 2 than in
Ring Corrosion . Light Trace .
e light . .| pistons 1 and 3. ‘Over-treat’
(descriptive) corrosion | COMOSION | COMOSION 1 oy ision lubricant induced the least
corrosion of the top face of the ring.
Scuffing Trace- Slightly more scuffing was noticed
(descriptive) light Trace Trace on piston 1 than on pistons 2 and 3.
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Ri ng Corrosion Trace- Light Trace ring was noticed in piston 2than in
(descriptive) light corrosion corrosion pistons 1 and 3. 'Over-treat’
corrosi orwermiogiiesn | ubri cant i nduced the | east corrosi onPefi/usay2476p f ace
of the ring. Scuffing Trace- Trace Trace Slightly nore scuffing was
noticed (descriptive) light on piston 1 than on pistons 2 and 3. 43 WO
03/ 044138 PCT/ US02/ 20750 Cylinder Ratings: Table 10 presents the ratings
of the liner and air inlet port blockage. Overall the enulsion |ubricant
perfornmed better than the standard ncl. The enulsion |ubricant did not
cause quill QeiserRetingsd air inlet ports deposits and formed fewer 5
deposits on the |4 .and f | i n the
liner of the cyIT%ﬁ%?? tp\El\éirqi'|Qr(1:tlg| tﬂr%u%ho% (?F;ltge gﬁ érnaéxg% é{ lﬁrli%t %gﬁgﬁ?%(lgget V\gggﬁgt
noticed on tihe drmuieibs RibriciMepafdrivedebstier Whine hhe Wwoandardemdl.s The dnuklsiogant .
Table 10: C tinder Ratings Rating Cylinder 1 Cylinder 2 Cylinder f’:‘»

Conment s/ Coslépyeant gisnot eayse gy depesits ¥k aipimsratosts deppdts addrened I5Wrér ease
noticedcin t A r n Nt he
Cyl i naer 2 el LRIy eRERaRa A, ColhoR N R0 L lheTr i an he
st andar d nctlthe cylivedes,urliak eurodn thesstdndast mcllarairttlis3vaslnat @nticednmi the dne@ppear ed

to have | ess_visjble vi_ si bl e honi.n oning lines and a hi gher polished
| i nes/ pol i sh@ﬁcg}@%rsl(ﬁ’/(}%’ HRgn @Hﬂ?la‘g@rﬁﬂﬁ%‘f' the liners of cylinder 2 -

Enul si on |ubricant emul sions pabjc2P Cyliddé&maAAlgs! i ghtly nore abrasive
o hTRAE S AT FClitler 1T fabl? | Clfe’® TCOrMRIOREmIT™

corrosi on

t €O+ oO6S SO AF-eas papp & ) 7 er-vea—on
the |ineris e Dpaﬂeitéﬂ,lders 1 Liner| Conditiopn'dark t%ﬁ@fgﬁiﬂtﬁe@meﬁil #Rs of
dark and Spnaekdzul ston | yhgd cant (agsed | go39 and 3 than in the cylinder 2 —

(average - mm) Emulsion lubricant formed less
deposit than the standard mcl.
The surface of the liners 1and 3

Liner Condition appeared to have less visible
(visible honing honing lines and a higher polished
lines/olished 5/95 10/90 5/95 surface than the liners of cylinder 2
nes/polishe — Emulsion lubricant emulsions
surface - %) caused slightly more abrasive wear
than the standard mcl.
Trace The liner of cylinder two shows
corrosion trace corrosion, which was not

observed on the liners of cylinders 1

Areas of throughout Areasofdark | and 3 — Emulsion lubricant caused

Liner Condition dark brown | with small

e brownto less corrosive wear than the
(descriptive) to black areas of standard mcl.
lacquer dark brown black Boguer
fo 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 and
(descriptive) 3, which used Emulsion lubricant
emulsion.
Emulsion lubricant caused only
Fire land deposits | Mainly Mainly Trace traces of fire land deposits, while
(descriptive) removed black flaking the standard mcl caused black
deposits
Quill deposits . . . Emulsion lubricant did not cause
( descriprt)i ve) Nil Trace-light | Nil quill deposits
10 , Summary of the Bolnes Test Ratings and Analyses

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

land carbon, piston ring weight loss, corrosive wear, liner diameter increase, fire
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(descriptive) to black areas of brown to |l ess corrosive wear than the

| acquer dark brown bl ack | acquer standard ntl to black |acquer The

st andard wolo3paused trace Air Inlet Port bl ockage of thePpairruSonkeso port -
this Blockage Nil Trace Nil was not observed in cylinders 1 and
(descriptive) 3, which used Enul sion |ubricant emul sion. Emulsion

| ubricant caused only Fire |land deposits Mainly Mainly Trace traces of
fire land deposits, while (descriptive) renoved bl ack flaking the standard
mcl caused bl ack deposits Quill deposits Nil Trace-light |ubricant did not
cause (descianstandequiljdepepits| andhaipdrlet slogkrgsu rhgr gmdpion Hebmwhheesuliekin
Rat i ngs and ) th | Si ubr i cant sulted in_improved
properties o%&%ﬁ@% ﬂgp%%ﬁ%E%rﬁr%E%I al%r(%gigp %%%?%arggpl%ﬁ&f%gpsth? B?edpi ston
ring groove €ardthneytaAizatiorn,ithg trebtaadt wih bignempistinohibritd@ ofehiglisclRss.,
corrosive wear, liner dianeter increase, fire 44 W) 03/044138

PCT/ US02/ 2075t beders thamithguraal rade pétbistandardfaariner cylines lubriernia gaurthen the

enul si or | ubgj i THAr. & I i i ck
and adnesi ve uenitn [EHEME bl TonpRIEAAN SaBEREHENTE oBlact Mleaf® Fi,
treat rate wcowldbhblemded &i anaihwptimedptoperftiet idstodedeasstse  may be | ess than

the treat rate with standard Jubricants. Further the 5
enul sion lubricants are conpat i< 2B5Eri ne cylinder lubricants

and could be ble ' -l ' r o S.
Exanpl es usi ng SoPiggng%ageéng%%il ?%%?@s‘gi(%ggsmé??’aa?g ngg!, @gzé&éNItan-l and
My( OH) 2 wer esuspardsdridedwiier ahasat Ehe gispereion Tree thiers gispesahinvabibrihaingloitper sed
in a lubricating 0il. .10 The stability of .enulsjon di spersi ons) pade
wth  Ase” pabduBliny or Sl RPE Rl Pead it Shhed G bl i R e
Ca(OH) 2 and Na&Yshiidd. emukeSpepfismbitedor Bel OABIBNahaVESORA0T @hffoHetfial ed.

Bolnes engine test is also detailed.

The water in oil emulsions described in the following examples contain 20%

w/w base suspension in water and 80%w/w oil formulation; The oil formulation

15 contains 1 — 2%w/w emulsifying surfactants, ~ 2% w/w dispersant, ~ 3% w/w
antioxidant detergent and 93 — 94% w/w SAE-50 oil. The emulsifiers used
comprise the low HLB PIBSA:EG:DMEA and the high HLB HDSA:DMEA
emulsifiers previous shown and described for soluble bases along with the potential

alternate or supplementary high HLB salixarene emulsifier shown below.

20
(R=PIB MW~550)

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

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

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

of compounds are generalty taught in US patent 6,200,936, which is hereby
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The water in oil emulsions described in the follow ng exanpl es contain 20%
w w base suspension in water and 80%Wv w oil formulation. The oil

formul atiwo 03d%4160nt ai ns 1 - 2%V w emnul si fyi ng surfactant CTAUSAYRVISW

di spersant, - 3% w w anti oxi dant detergent and 93 - 94% w w SAE-50 oil. The
emul sifiers used conprise the |ow HLB Pl BSA: EG DMEA and the high HLB

HDSA: DVEA enul sifiers previous shown and descri bed for sol uble bases al ong
with the potential alternate or supplenentary high HLB sali xarene

emul sifier shown below 20 OGHO I \ I \ OH OH R n (R=PIB M¥550) Were R
i s appr oxi mainsioypasatss 0o gefseancanfer diyetenaitiegsu parmaking hroth ditept sodutvgliene

ol i goner and ﬂi;!a?en%sX@&H}%'rbrﬁétx\fas%ﬂs 1Sal %ég nore desirably between 1 and
4.. These saliXarene or therr netal sul'ts’ salixarates, are nore 25

general |y referrerhd Ca@H)deh &y getiBediita Ah€ sehpsaibDROwasr. aTREeCOrQeRtasi N
this application, but thex may al so function as an enulsifier or
surfactant . Dreased inggls byghe adiifonofdina partigalies GrCP: (basghto Wateus I apent

6, 200, 936, I i rehy. .4 4 SO i r ted by

refer enéée f \(l)gr%fn?lse @e@% rﬁ%g%ls%gu%ﬁ%%%%% ?%gﬁaﬁéégég‘?iﬁéé Qéséglq?% Ea}genes

and their mebahulsiadd. SThedmkexae@tdisperstten SahQdadtitywas tpdelolkasedoasBM ifii ne

suspension i _ter.@&he Ca was preﬁar ed in-situ, by the addition of
IQugrett

fine parti C:IP%I}tlfvg‘ab& iphAEEer e Nefagn@dso heeShidpee dyperwag e so

suspended i nNAOHFOIHIGERBIved B HRAMERoldAge1gOSt Of the formul ation. The
bases were dispersed in such quantity, so to deliver 60-70 TBN in the
final emul sion. HAghenulsifyihgwenceiBhis cembe phapardieasqgivedbugdy dbscribed jormtge t he

anount . of base di §sol ved in ter, accqrdingly.. An enul.sifying concentrate
can belfr epdroalid st ety By dbiiin i pur stitiheg T botoatheB Rt et ouct s
by m Xxi ng t h@ntMratdiid agéRthxeMvith MENDYCHARKYS codtting a CARSERLI alhd hs then
m xed with the oil, which contains a dispersant and an antioxidant. The
concent r at e antipkidanii Yhe cencgnigatoei ghmikting age weighed int bsskerty whieh Heeslmse

suspension is added. The mixture is then sheared for 3 — 6 minutes using a high

shear device, such as a Silverson or a Turrax mixer.

15 The emulsifying surfactants can be mixed with the oil, dispersant and anti-
oxidant to form an oil formulation. This oil formulation is weighed into a beaker to
which the base suspension is added. The mixture is then sheared for 3 — 6 minutes

using a high shear device, such as a Silverson or a Turrax mixer.

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

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

25 Examples for emulsion stability are presented in Table 11.
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suspension is added. The m xture is then sheared for 3 - 6 mnutes using a
hi gh shear device, such as a Silverson or a Turrax m xer. 15 The

emul si fyiwg osiuf13gt ants can be mxed with the oil, di sper®amtusameb7ant i -
oxidant to forman oil forrmulation. This oil forrmulation is weighed into a
beaker to which the base suspension is added. The m xture is then sheared
for 3 - 6 mnutes wusing a high shear device, such as a Silverson or a
Turrax mxer. Enmulsion Stability 20 Water/ marine lubricating oil emrul sions
are stored at roomtenperature and 60C in order to assess their stability
in time. Stability is assessed after 7 days at roomtenperature, 7 days at
60C and 28 days at fabie {tnpeuidion Stoifzgel Stability So8olid Bases

sem -quantitatively evaluated by %/v separation of oil _oily emilsiaon

band angkonat er. E'”“F'Fi@f reé@ﬁ@é’oﬂ*e%%t%er is c;cajﬁysatd@ccm,/vpart i éﬁﬂaﬁﬂ rgf’mtemperat“re
det ri pewbighb . nptes—o Vi rt-si-on|-st bi-HHty—are—presente i Fapt o141
46 WO B8/ 044138 H‘F“f USOD/| 2097 § 0BandT g Watst Lp.il Efill sPon St agd StOéVm |Bandy| Pajer
Sol i d GRS kLrTa / ays [at rjoom tenperatgre ¢ (0 28 days_af room
tenpefature Typé&*bf |(%v/v 7 |days |at” 60 c'iov/v) (%//v emyl 8i fi ed|bdse| Ol
Oly Batt Wataer O G|y |Band ter QO |y Band Water |Ca( 212 F - 3 -
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MyQ' NafH enul s |0|1r50 wer € fedtdd hs| mar (e cylindér Iubri(?g tUS‘Q” it e| Bol nes
engi ng g - The—Ca{ )2 remuhstonusedaready madg suspensfonof—I8wt—%
Ca(O—Ip% I n watjer 150 5 [The |MyO/|NaOH| errul $i%r used & suspensiop &f | MJO j n~NaOH

agqueous sol UbyQbf the RifulgoPeNSA QPI)2W§§d RMERBNGMDOH RLRING, Were Jidkedd ReTore the

pr eloar atlogalégn% ?;ﬁ&@ll%&gﬂs mﬁfgpgglng e %gts thng‘;orrpoleon%;);eqt he .

emul s1 ons e )férﬁul Alused 2R ﬁ&n‘%‘f { o CBROR),LiAaEL 1 n the

Bol nes ”9' NBhel ﬁ%sm G SAEN SseltH gfgj TR M%%Pgde&{@oﬁiugﬂ Yo w
ﬂ

%/ w Ca CH 21“1’?19 Dt o%%és%r%e%r te ust before the preparation of the emulsion.
Table 12 details the composition of the emulsions made for this test.

Table 12: Emulsion Lubricants tested in the Bolnes Engine Test

Ingredients Ca(OH), Emulsion MgO/NaOH Emulsion
(Yowiw) (%wiw)

(Ca(OH)2 suspension in water) 20.00 -

MgO - 1.55

NaOH in water - 0.77
Deionised Water - 17.68

Linear salixarene emulsifier n=1-4 and 0.42 ' 0.42
R=polyisobutylene MW 550

PIBSA:EG:DMEA emusifier 0.98 0.98
Nominally 1000 MW polyisobutylene 1.38 1.38

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

Calcium dodecyl] phenate sulphide 2.26
ESSO 600N 43.07

ESSO15OBS ) 31 90_
2 121 R

Treat Rate in the Bolnes Engme {
TBN delivered at above treat rate 70 70
(mgKOH/g) ‘

10 Ca(OH); Emulsion

The oil phase (same for both Ca(OH), and MgO/NaOH emulsions) was
prepared prior to emulsification by mixing salixarene emulsifier, PIBSA:EG:DMEA

emulsifier, dispersant, and calcium dodecyl phenate sulphide with the base oils
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MO - 1.55 NaOH in water - 0.77 Deionised Water - 17.68 Linear

sal i xarene enulsifier n=1-4 and 0.42 0.42 R= of isobu |l ene MN550

Pl BSA: EG Wbmaoemssi fier 0.98 0.98 Nominally 1000 MW pol yipsahisoybese 1. 38
1.38 grafted onto succinic anhydride (PIBSA) and further reacted with a

m xed tetraethyl enepentam ne (TEPA)to forman imde PIBSA TEPA=3:1 e A

di spersant Cal ci um dodecyl phonate sul phide 2.26 2.26 ESSO 600N 43. 07
43.07 ESS0150BS 31.90 31.90 Treat Rate in the Bol nes Engine % 121.6 121.6
‘-t TBN delivered at above treat rate 70 70 m KOH 10 Ca(OH)2 Enul sion The
oi | phase (&80 f600Noanch 1EBSHTIE SatONpGnNaEr sies | hormmgshizog defopr epabrd

prior to enulsi.fi.catj.on by m xi sal i xar.ene sifier,. P : EG

emul sifier, %nbﬁﬂé?vse te t}éeynséor(’agef E&tﬁ]sa\ée&%c@ espﬁgﬁia%t ééff %IPJTIB]T?P%@%% Frn%b%Abase
oil's 47 WO iQ3he4budRifCHayS88%20/7%0oil BhSe GRONAgtEILERABS. 1affe c&bigkd, 2 in
wat er was honogeni zed before use by gently inverting the storage bottle

several tinellowed oy 29 syl < Jiheerinar BINGF L9ETHAION (YPEhWaF BP9doiRi HEATAHS : 80%

w w oi | z phas ' ' I : [ . ol W. A
Si  ver son m@%ﬁ@?%@@%ﬁg?@% 8?%85?{ 36 oARREE B ?ﬂe‘iﬁéﬁhélﬁey E%s g?ﬁin?ep @a@% Wi t h
the wat er phastclé aize20f nhisubeslsionntval Bressstllbgi Driranamittedr Hglet. midrescoparticl e
size of this enulsigon was assessed by a transmtted |ight m croscop

(magni f i cat i GreadimRiion 49079 \Rhis was dayAYte cherkRakenapeh pRsaE RS MRV Y Wes put

into the system, to emulsify Ca(OH), suspension in water into the oil phase. The aim was to
obtain an emulsion with small particles, since processes such as sedimentation are

10 much slower when the emulsion particles are small and the emulsion had to be

stable for the whole duration of the test. Although the majority of emulsion particles

were smaller than 1 um, particles of 20, 30 um were also detected, so it was decided

to shear this emulsion for further 20 minutes. After these additional 20 minutes of

shearing the emulsion was re-examined. The emulsion particles were much reduced

15 by the second shearing: the majority was submicron, although particles in the range

3-5 um were also noticed. It was decided that no more shearing was necessary and

the emulsion was used directly into the Bolnes engine.

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

used directly into the Bolnes engine.
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system to enulsify Ca(OH)2 suspension in water into the oil phase. The aim
was to obtain an emulsion with snmall particles, since processes such as
sedi ment awoaon/oa188 10 nuch sl ower when the enul sion parti clre/imop2wsal | and
the emul sion had to be stable for the whole duration of the test. Although
the majority of enulsion particles were smaller than 1m particles of 20,
30 tmwere al so detected, so it was decided to shear this enulsion for
further 20 m nutes. After these additional 20 m nutes of shearing the

emul sion was re-exam ned. The enul sion particles were nuch reduced 15 by

t he second sheari Adter theclivausrafithe opgine yprical sratches ttase ghtigedrani the disetsn t he
range 3-5 r noEt i I t eari was
necassary and TRyRoSets fhich Ha ik SADAGOH GH LI R aROERly

MyQ' NaOH Enuihei quill2@® HeefidytiidNa‘GHheimimns ice sarstebest RereSiatproicd agltase; @ t he
Ca(OH) 2 enmul sion. . For, the water phase NaCH was m xed wi th dei oni zed water
to forma solcstl 8habratixe Wearusss it MR Rasaclenh dh wies deddsd torrhemge thy eradewder .

60 kg of enulsi r: ; i Ne Jl.sion,
but £ he” Ca( P o o e e B e S BB e
phase. A Siltherswose mif xbe preisemséd ftrthe? 30s hg dratdhhef MJO/Plagie ewiuldion heswat er
phase for 20 m nutes, until an enul si was, fqrmed. The particle size of
this enul si of*RHS &Egé@% H‘tll}ﬁglélff&r? OfﬁtSEFB%‘BErp _lg%@ﬁhwgqsdq{e%q‘q $igikdy>10 gm
ver e det ect egh thg QirdttMPBINAST ISR Tsi bR mﬁﬁ‘futésmf%hga[ﬂ-h:g_sﬁi@l? tkhef S%Tve?%éﬁ?rﬁ&‘ér,s\gs

m nutes. After these additional 20 m nutes of shearing the emul sion

re- exam ned hohifwendf test gl arbathey 26 miimiites ohsheaiing Thas picckssresuled+nanal so
30 presgnt. It was deci t.hat no nore shearing was necessary and the
emul si gﬁ was IR Vi i@@?ﬁwlﬂ]ﬁﬁor‘[%@%ﬁ'nes engi ne. 48 WD 03/ 044138

PCT/ US02/ 20750 ABbEY efli@idns! @hdd Y6t tHe BBReENEHt NRere VALt b asltor§%'_|ﬂf ehga were
noticed on the liners of the cylinders, which had used MyO Na enul si on.

These scr at cl§gwperaiperangn@0°Chin gider s geis mpve infarmatiomen the stahiity ©of ieese he
scratches we i rp d ] he ..result of .abrasive wear .caysed by
MO parti cl eéslﬁulf{&B\gAhsTg{élgi %%}r%)sgh{éﬁtg%g%a@ht& é# aegéulsbm%sf lw%%"s 8@ 9 Oq?ﬁe

emul si on forsepafatioebndbatting. to check if the MgO particle size is the

cause of the prohlem further 30 k at ch of O NaOH emul si on was
prepar éd and_uskaPlen 3:Riofage tf'i‘bmt\hgfgﬁéolﬁlhﬂﬂémgﬂtﬁﬂﬂmﬂﬁmpar ed

simlarly {&mukionfirst MSEbEOR eemitemratureaiter sy af60sHealier 29 dayt h t he
Sil verson mi xer, 28 days (%v/v) (%VIV
Qil | Qily Band | Water | Qi |Oily |Band | Water
Ca(OH); 2 |- 1 - 4 |2 3 -
First MgO/NaOH 2 - 1 - 7 - 5 -
Second
MgO/NaOH kG 1 - I R .

Standard cylinder lubricant

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

with a high performance lubricant.

The first two runs used MgO had a trimodal particle size distribution, with some particles as
h!gh'as 100 pm. The third run used a finer grade of MgO having a monomodal particle size
distribution, with biggest particles in the range of 15 um.
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20 mnutes of rest and a further 20 m nutes of shearing. This process
resulted in an 10 emul sion with 100% subm cron particles. Both emnul sions
made for wbhbe3Bolides test were put on storage at room -temwparevreesand 60C,
in order to gain nore information on the stability of these enulsions.
Tabl e 13 presents the stability of emulsions in terns of oil+oily
separation and banding. 15 Table 13: Storage Stability of Ca(OH)2 and

MyQ' NaOH Emul sions Emulsion Stability at room terrperature after Stability
at 60 C after 28 days 28 days %/v %/v Q| Band Water G| QO ly Band
Water Ca(OH)2 2 1 - 4 2Table 4§t WI\MGJ"E CV'!LndeWLUblﬂcamSecond 21 _5
- 3 MyO' NaCH Standard cyl i nder Te%teoblahthaaglr@qﬁngﬂﬁiﬁs% the conposition

of the cylinder |ybri bdmfj%q? - nféb the— %Hdgfgwldw gy\ﬁdé?(f_ub'n’r“cﬁnttng' ne test.

This standard was chosen S very hi nce 4as g marine
cylinder |ubricant mH-SHonrg—were—conpad 4 w.th a-hi gh

pgrfor mance | ubri cmﬁgﬁhgomm%@] t@gﬁ”f"ﬁr@@ed MyO had a trinodal particle
si ze distribution, Rﬁplﬁaﬁesf@fn@arﬁ@r@‘?%l &aM3s high as 100 pm The(third run
used a finer gradd lebiaeh@rpavi ng a nononodal particle size digtribution,
wi t h bi ggest parti|d380 600Nt he range of 1%579Mm 49 WO 03/044138
PCT/ US02/ 20750 Ts t&%olmoast andard Mar i ne2@gl i nder Lubricant Tgsted in the
Bol nes Engi ne Test{ZEni ents- Sbandatg- Varrne-Cyrrnder-Laprigant 9% w
LZ9296 Conmer ci al atﬁelnzime Btﬁnesrfmglnaqqoéor marine diesel frgm Lubrizol
Cor p. ESSO 600N 57.(8 ESSO 150BS 22.19
TBN delivered at above treat rate

(mgKOH/g) 70
5. 2. Test Description and Plan
5 The Bolnes is a turbocharged, 2 stroke, 3 cylinder, low speed marine diesel

engine as previously described. After each 72 hour run the lubricants are alternated
between cylinders, so they are tested in turn in each cylinder of the engine. After
each 72 hour run, the pistons are taken out of the cylinders, cleaned and rated.

Table 15 outlines the order of testing of each lubricant in the Bolnes engine

10 together with the treat rates.

Table 15: Order of Testing of Lubricanis and Treat Rates

Run number Ca(OH)2 emulsion | MgO/NaOH emulsion | Standard marine
lubricating oil

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

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

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

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

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

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

emulsions and the standard marine cylinder lubricant.
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Treat Rate in the Bolnes Engine 100 TBN delivered at above treat rate 70 m
KOH 5. 2. Test Description and Plan 5 The Bol nes is a turbocharged, 2
stroke, 3woyBiomdes, | ow speed mari ne diesel engine as pr®¢Craset/g750

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

Bol nes engine 10 together with the treat rates. Table 15: Oder of Testing
of Lubricants andPmikail REPES WerA wiemré rl 2dwppoi)torvaladusingrihe/gayiesorf ©&ul si on

St andard nar | i i j NPER Es I 121.6
% Treat rat eéd%grf %H&BWZ%% ﬂgeﬁﬁ eﬂI 1’%601@5#47 eat r aitGf éle ag@é@iﬁﬁ%rmtﬁﬁ&R 3
CYLI NDER 1 lihs éreddistoeset in diecfolldwing stetioreat rate 100 % Treat rate 3

CYLINDER 3 CYLINDER 1 CYLINDER 2. 121.6 % Treat. rate 121.6 % Treat rate 100
% Treat rate Bothi ﬁﬁ?%ﬁoaﬁgakxéfrseth%wa%ﬁrew%.ogc;bq &%Bﬁa%semgﬁwtrﬁg&é‘ﬁ@i ne.

Both emyl si o bricR? i f0fE 2132 00%
Preat rate. “Remagh bRl EnGAPRe o RbHERoMOL! POl MERDIE: 0 Blact O
| ubri cant. Honformenceatf th dtabdard lwmicantiattermst dfefficiehdwafmeu@@ising the aaldsowi ng

for a fairer_.co rison between | ubrica mul si ons and .t he standard
mori e oyl § HAGROR it B COmYESRB (DA SBNCERNOED 9] 56 AN O aprPon
sanpl es wer eydaeBEbrAdsi v&&@ﬂﬁqe{amhﬁdl%s'ék of fHardralg otil@}?arfd%?@%ﬂ&grat@r{gst he engine

and anal yzed tor TBN, TAN and | CP/ AES. The average results fromall three
runs are di scusseldgiigsShé and|7 prasent) theeyeraga chattgesn SIGHY iand TAdb inyhegiraine

of 1 het? ubr  vire el Gl et DA R AR DR e 0B BT B bence o

the standar dTheI/TBINC 8tthé Rirdifr 1R Bbmefiel CL@MIY RhulfiBHttalhedi MTediBbREhds

formed during the conbustion (TAN and TBN anal yses of the drain oils),

protection slightly later than in the drain oils from the staridard and MgO/NaOH emulsion,
indicating a better ‘delay’ of the TBN depletion by the Ca(OH), emulsion. On
average, it seems that the TAN in the drain oils did not reach equilibrium during the

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

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

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

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

The change in the drain oils iron content in time is presented in Fighre 8.
_ The iron content of the drain oils was the lowest in the drain oils from the
standard lubricant for the first ~36 hours. After this time, the iron content was the
lowest in the drain oils of the Ca(OH), emulsion and it also reached equilibrium in

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

emulsion. After 72 hours the iron content was the lowest in the Ca(OH), emulsion,
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agai nst corrosion (wear netal analyses of the drain oils) and engine
ratings. Figures 5, 6 and 7 present the average change in TBN and TAN in
t he drai 'woX08/00i1B& from Ca(OH) 2 ermul si on, MyQ NaCH enul si ®@cTAarsd2/24760
standard lubricant. The TBN in the drain oils fromthe Ca(OH)2 enul sion
reached an equilibrium slightly later than in the drain oils fromthe
standard and MyQ' NaOH enul sion, indicating a better “delay' of the TBN
depletion by the Ca(OH)2 ermul sion. On average, it seens that the TAN in
the drain oils did not reach equilibriumduring the 15 72 hour runs.
However, the feliayad by Ithe MgfoNaR3] eapbion vehuthsi Bandesd Baving thefebest N f or
nost of the tcbﬁ'f@ and the lowest final TAN. This would indicate that the
Ca(OH) 2 enul sron t‘nas a better neutralization ability than the other two

| ubricants. The fnheaivefﬁgbldf@kmwmnﬁtmdoatenfﬁfthbrtﬁmwgﬂswa@ﬂnﬁmlzsdoﬂ as
for the standard |ubricant, 20 The excess of TAN over TBN start;oal after

-30 hours i nlghle léyThﬁééal%OMrew thg g¥lindess, Bigj BRwnGRHanemelsended foear o

| ubrica an i l}{fae%T
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| ubricant. One ther 1pgal(}atl on could be that the 25 neutralization

mechani sm i snlﬁt fCOR&AE O 1BF CR4R 8ilYim bases than for magnesium bases. The
change in the drain oils iron content in time is presented in Figure 8. The
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t he hi ghest irpn Coontent). The 8erage ©f of her8wearn nefal contént |{n the

drain oils is sumyari zedq{in [Tapsde 16. Jhe draigyg oills fgom { heigwl i pders,

which ran on Ca(OgyZ emulsion hagl the § Teast jsevells o wepr petal
cont ent, errphauzpblg nezsupvriqr .,rTO{ TENTE Oh [nT Cag O g emtsion.
MyQ' NaOH emnul sten—wasst+mt=a tu the—standat-d—+athe—weat met-al—cont ent of
the drain oils.

) (D

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

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

rates and deposits could be the diesel fuel.

Piston and Cylinder Ratings:

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

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

Piston Groove Carbon (merit

ratings) 6.95 5.55 554

Piston Land Carbon (merit

ratings) 4.87 411 4,32

Piston Ring Weight Loss

(grams) 12.45 15.96 11.30

Ring Corrosion (descriptive) Light Light-medium Light-medium

Polish of the liner (%) 4.3 5.0 57

Quill deposits 1 11 42

Port Blockage 0.7 2.0 6.7
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Tabl e 16: |1 CP/ AES Anal yses of the Drain O ls/Average 10 Results - War
Metal Content Metal Ca(OH)2 emnul sion MgQ NaOH enul si on Standard | ubri cant
Cont ent OwWbaaf$4132 hours O hours 72 hours O hours 72 hour CT(URpmp07Fe 6 5855
4 8330 6 8631 Cu 059089096 N 19600990137 C 018 024 024 Pb
211202 HghFelevels inthe drain oils, high wear rates of the
engi ne and hi gh anount of quill and port deposits were detected in this

Bol nes test. All oils, including the standard were equally affected, hence
it does not seemto be | ubricant . 15 rel ated. The cylinder tenperatures

during this test VePeCa(GHDxemplsion ¢ bahdighesr 820082304 eland ntabingyi Bgdeol nes
tests. A pos wyl@ g S '
coul d be Fheﬁdgese%%@flﬁ%l IJst'?%n an H’&% ge Eﬁ%‘?ﬁove aﬁéga%.ld egglgs??rslﬁetand
cyl i nder rat ipisgm tihgtwaightl ldshwangkglatyehigchere(st glithy lvm:heb nhahatheestdrRlard Habl e
18: Piston and I nder tin e ults tin 2 enul sion
MyQ NaCH St a#&’é%%/}ll@rﬂ] A@@’t’ﬁ@ﬁ% PlogPT@E ﬂre@%gg‘”’éas%ﬁ%% ??;%é"rfi fag thes 5. 55

5.54 rating I8t ( t on
5 ng ver i Panalenci gt NN AR A R R BRB 0

Li ght - medi umptavghtingntbdidepesi®of thetqudi altch@)rtmer (% 4.3 5.05.7 Quill
deposits 1 11 42 W%'Il’ I-th(=,I'Dllk/l?c3r(a§ﬁg(%Hoemulswn tﬁe piston grooveogrllcP langl%gtnluzz)ggc/ie%§gl s/ 20750

were similar to the standard. The piston ring weight loss was higher than the

standard and the Ca(OH), emulsion. The polish of the liner was similar to the
10 standard. The quill and port deposits were much lower than the standard.
The Bolnes engine test results were very encouraging and were a proof of the
high performance of the Ca(OH), emulsion. The MgO/NaOH emulsion also had a
good performance, in most respects similar to the standard lubricant.
Based on reductions in NOx seen with fuels that incorporate water, it is
15 anticipated that the water in the marine emulsion lubricant will lower the
combustion temperature in the cylinders slightly and thereby reduce the NOx
emissions of the engine. The amount of NOx reduction will be determined by the
total amount of water injected with the emulsion lubricant.
While the invention has been explained in relation to its preferred
20 embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is to
be understood that the invention disclosed herein is intended to cover such
modifications as fall within the scope of the appended claims.
Each of the documents referred to above is incorporated herein by reference.
25 Except in the Examples, or where otherwise explicitly indicated, all numerical
quantities in this description specifying amounts of materials, reaction conditions,
molecular weights, number of carbon atoms, and the like, are to be understood as
modified by the word "about." Unless otherwise indicated, each chemical or
composition referred to herein should be interpreted as being a commercial grade
30 material which may contain the isomers, by-products, derivatives, and other such
materials which are normally understood to be present in the commercial grade.

However, the amount of each chemical component is presented exclusive of any
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The Ca(OH)2 enul sion had hi gher groove and | and ratings (better
performance) than the other two lubricants (i.e. |ess groove and | and
deposi t s)woh®441p8 st on ring wei ght | oss was slightly hi gheCT(Gso2/girse y
worse) than the standard but |ower than the MgQ' NaCH emul si on. The bore
polish was slightly ower than the 5 standard. Ca(OH)2 enul sion had an
out st andi ng performance (significantly better) in preventing the deposits
of the quill and port. Wth the MyQ NaCH enul sion the piston groove and

| and ratings deposits were simlar to the standard. The piston ring weight
| oss was hi gﬁ@]ﬁ/eﬂtrﬂirﬁiﬂﬂlﬁ@ oils tvyithamdy b gustereandy (nopdpnt @i spmmercilangeiialsh of
the liner wa r S were
much | ower tﬁgﬁegﬁe of lgﬁglggcg.tedT stBo ﬂ%glgn%gﬁs@%e&?ﬂes% ?gg tht% lg‘agfg‘%@{élﬁty
encour agi ng adgenene ratipriogts edt fopd héiblghnﬁ?rﬁeotmp&ﬁleﬂﬂy td@ﬁlbﬁﬁaﬁQWRﬂe

enmul sion. The MgQ NaOH enul si on_ al so ha good performance, in

respects si nFAES {i§ &1 OF Mpshpith P&mﬁ‘@é’%ﬁf thB&tVéau@hmdéEm@@mfé ‘Fﬁm&@( seen
with fuels t t 5 rin
the marne oo QB R, 3 46 ofifingha e FomRR PSSkl IE SFBEL the
cyl i nders sl imgfhiign,athd ¢lbaertioyofr d@umeﬁﬂmm ISiEX to e s@nkmmsd okith hee eagbuee. The
anount of redtég':dﬁon will tbﬁqgeterm y the anpunt, of water
injected wit PSSl PROARTECAHEE AR FRoR 1Mo, e dHVfH%E@n Heerious

expl ai ned i ncpabAhiG. t Qs hicd HEEH QhE e;@bres%ﬂme@@ﬁgm@gés§entfahyb% BEPE the
under st ood that various nodifications thereof wl econe ~“apparent to

t hose skill emqluslqmmfarsubsmmns rthaididog mhematpaa]ly i aféck othe ‘bhm ez&ru:t eovet is
to be unders % I% &e i nvent.ion discl oged herein is intended to cover
such di fi EXFPOHLS ’é@o FICORRPRTART PRE™ SCBY €18H% he appended cl ai ns. Each
of the docunents referred to above is incorporated herein by reference. 25
Except in the Exanples, or where otherwi se explicitly indicated, all
nunerical quantities in this description specifying amounts of naterials,
reaction conditions, nolecular weights, nunber of carbon atons, and the

| i ke, are to be understood as nodified by the word "about." Unless

ot herwi se indicated, each chem cal or conposition referred to herein

shoul d be interpreted as being a commercial grade 30 material which may
contain the isonmers, by-products, derivatives, and other such materials
whi ch are normally understood to be present in the comrercial grade.
However, the anmount of each chem cal conponent is presented excl usive of
any 53
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WO 03/ 044138 PCT/ US02/ 20750 solvent or diluent oil, which may be
customarily present in the comercial material, unless otherw se

i ndi cat edwoOlos/ose38 0 be understood that the upper and | owerPcCarmsanq750 r ange,
and ratio limts set forth herein nay be independently conbined. Wile
ranges are given for nost of the elenents of the invention independent of
the ranges 5 for other elenents, it is anticipated that in nore preferred
enbodi nents of the invention, the elenments of the invention are to be
conbined with the various (assorted) desired or preferred ranges for each
el ement of the invention in various conbinations. As used herein, the
expression "consisting essentially of" pernmts the inclusion of substances
t hat do not rwhgtriggiaere@ffect t he basic and novel 10 characteristics of

t he conposition under consideration. 54 WO 03/044138 PCT/ US02/ 20750 What
i s clainged: 1. lubricant conprising a) a major anount of oil of

| ubri ca’[glang ai'sco?i“thy),mﬁ tcgngrg,g&t one enul sifier capable of formng a

water in oil enul s§)0fmaj6)ariint 813 by 1uBAcAg Vikegkybl € sol vent or sol vent
d. ?

blend and d) a base in the formof potassium sodium calcium magnesium
lithiumor 10 al Uni Allsithpde exiulsifier sapabdsofiformimgdi water inalibéromsionagnesi um or

| ithium carbonate .0 i.carbaonat.e: tassi ym sodiuym cal.cium nagnesium
or lithiumsalts o éﬁtﬁ)@ﬁy@@gﬁp%}h@)ﬁ? E@Yﬂﬁé@ﬁ@&%?‘?ﬂ% , ammoni a; ami ne,
partially neutral igedbas inehe {@HPST fHrRGuEAKBARRL BalcihiE FagREsi@hNBihih 9aNi C

ni trogen conpound which generates ammonia on ignition, or conbi nat i ons
t her eof10 15 kyudreriBesspotassive ispdivess caleiump asagnesiTBNontlighBai darboraté cant |,

Ha
at least 10 -9 ai i.S+:insql.uble in the oil..i,nsol upl e | vent,
and sai d i sl LopaRs e, sl CLR it ek LS8R R T her
t han bei ng chagaid ecidzethagscdiomnedde;bymafonid) @hihe, pﬁlﬁailﬁaieufrﬁl%ﬁi gRinel thin
the oil phase of. .a alum num alkali or alkaline earth base with an acid in
the presence S3fNigNecHIPAIS: ed oUePHEE PHENICaRigrogpe cempouxh Whaghd geresates s not

a borate comgiithia én ig%it'ié&@%&%@rﬂ&ﬁﬁﬁﬁ&ﬂér@&f to claiml, wherein said base
is in a dispersed phase having a nunber avérage particle size by |ight
scatterlidng of 5 nartemet easl base LOOtribuiesradrisast 1 TBN to said lubricant, at least 10
wt.% of said base is insoluble in the oil insoluble solvent, and said insoluble base is
added as a preformed chemical compound rather than being characterized as formed
by an in situ chemical reaction within the oil phase of a aluminum, alkali or alkaline

earth base with an acid in the presence of an emulsifier (overbasing) and wherein

20 said base is not a borate compound.

2. A lubricant according to claim 1, wherein 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
comprises water, and said water is from about 2 to about 50 weight percent of the
combined weight of said solvent and said base.

30 4. A lubricant according to claim 1 having a TBN of at least 30 reported in

units of mg KOH/g (more desirably 50) and said base is in a dispersed phase having

a number average particle size by light scattering of from 5 nanometers to 100

microns.
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25 3. A lubricant according to claim1l, wherein said oil insoluble solvent
conprises water, and said water is fromabout 2 to about 50 wei ght percent
of the cwolBoed3sei ght of said sol vent and said base. 30PEI/USO/2I56 cant
according to claim1 having a TBN of at |least 30 reported in wunits of nyg
KOH g (nore desirably 50) and said base is in a dispersed phase having a
nunber average particle size by light scattering of from5 nanoneters to
100 mcrons. 55 WD 03/044138 PCT/ US02/ 20750 5. A lubricant according to
claim1, wherein at |east 50% of said TBN value is attributed to said

i nsol ubl e bast di spdirednt seceeding Wotloiand. wherem atdenst e@ftofsaloFBINrglueds cl ai m
1 wherein sal éi‘trib??eggﬁ%ﬁ i%ﬁ?ol&%@rdﬁsg)ﬁ]ﬁe@ﬂm sK?cIt %b@rﬁ: hydr oxi de, or

carbonate salt o cl um or nmagnesi ricant according to claim
1, further conprising at |east one conventional |ubricating oil dispersant

and at | east one conventional lubricating oil detergent and/or
anti oxi dant . C‘fl)o S.X;luli”?fﬁ’f‘f E‘%ﬁ?félﬁ%é%f:gﬁ“ﬁgl Wge@i‘hﬁaﬁr@ 1’}303‘#%? BRYS COMPAISPHIBR | cant

is alubyi Carﬁxidé,jﬁ?d:h%&ﬁﬂ, b0 Aot B8 P dalbillPor Afodekfigh Or combustion area of
an internal conmbustion engine. 15 9. A lubricant according to claim8§,

wherein said lubricant is designed with a TBN of at |least 40 to neutralize
acidic reacti7on pr£d sul fur, content fuels. 10.

i i d with_high
A lubricant inh an’ n?@?%g?ségﬁacl ?Eﬁ ‘é]\éu’&%l n& Icfgﬁb‘?ri SPRpsBg 3) erdntahout

50 to about Q@nvéntf¥nel uBAEatRIg cnpa@F&'sAIﬁ afdl at WAL Gl ddMGentiIndf Rikibiindddi] UP t o
50 wt. % of an oil insoluble solvent c) fromabout 0.5 to about 15 wt. % of a

enul si fi er (s)deteagrmbped/or aftixidany a water in oil emulsion, and 25 d) from
about 0;% to about 30 wt.%of a base in the formof potassium sodium
cal cium, magnesium |ithiumor alum num hydroxi de; potassium sodium

cal ci um magreesi um labritdrt hicodpdiigr boRREA OF whkkal RelaldricRat BSSi 1URlcamodi um
designed to be injected into the ring or combustion area of an internal combustion

engine.

15 9. A lubricant according to claim 8, wherein said lubricant is designed with a
TBN of at least 40 to neutralize acidic reaction productions associated with high

sulfur content fuels.

10. A lubricant in an internal combustion engine comprising;
20 a) from about 50 to about 99 wt.% of one or more oils of lubricating
viscosity,

b)  up to 50 wt.% of an oil insoluble solvent
¢)  from about 0.5 to about 15 wt.% of a emulsifier(s) capable of forming a
water in oil emulsion, and
25 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,
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
30 organic nitrogen compound which generates ammonia on ignition, or combinations

thereof,
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cal cium magnesium or lithiumsalt of Cl1-C5 organic acids; nagnesium

oxi de; ammonia; amne, partially neutralized am ne, urea; guanidine

car bonat eworo3oi41es 30 organi ¢ nitrogen conpound whi ch gen@Catise2/20m®ni a on
ignition, or conbinations thereof, 56 WO 03/044138 PCT/US02/ 20750 wherein
sai d base contributes at least 1 TBNto said lubricant, at |east 10 w. % of
said base is insoluble in said oil insoluble solvent, and said base is
added as a prefornmed chenical compound rather than being characterized as
being formed by an in situ chemcal reaction within the oil phase of a

al um num al kal i, WPeginkeaid bases cauribyiep s leagh t AR tashid luhricand girleasede of
an enul sifier V, 1 : Lelin. Sal i.s_not .a, bor.at

conpound. , angegﬁﬁ?%ﬁg?¥€xﬁﬂ§Q@Pﬁqﬁﬁghﬂﬁggsggﬁg§§§?é %%P%¥gb§§faw%§?é$is

di spersed in spiefornied chemédalibbrepamdvether than ieing chataterdetastiveimbas9
that is then dispersed i.n_said oils of |ubricating viscosi tg. 010 11. A
met hod of | ub?l Eafifthiremicylggaqtiogghigninthe A phaser ek aluprinemcalkdiislkadine

chanber of aned:htiEdakit GRRLR LPMe SASLAS 'F%ﬂ %@n&lgl?ise%@gf%ﬁ?@%b%%g%%gea

lubricating oil with a TBN of at l'east 1

base additi vesid base i$ het a bamfeusniponnd hambeptionaldylivhgreinitle ihmlitie ponivhust i on
chanber, and %%Bust.i ng the. .fuel in salig ﬁmus%i on chanber, the

i mproverent cOHDPIS; RGTPREET i SE i flgingeluple-0f veqs forming p lended sptvent baspe
base of the TN ashoh dHRRRETH 0l oRREL EHERRE VARSS i Spersed in  an oil

i nsol ubl e sol vent and then dispersed into said lubricating oil as an

emul sified phase, such that the TBN of said lubrication oil is at |east 10

units onp,the TBN s ressed as KOH/ f oil higher than before

i ncor por1 Oti ngl Kai gjingtgg(?g?blfl g lggt%tgg?sét%mga ethﬁnsdlr‘%%ﬁ%‘_r 8{ H“es%ﬁrﬁgﬁ&%_ i's
added as a prefambsrel ghiengalcosBiRRuage ifatdgs tﬁef't@épsl?ﬁ'aﬂ&négrlﬁﬁ%aﬂﬁg' n
situ chemcal reaction within the oil phase of "alumnum alkali or

al kal i ne ear tH! Baged WBM oAt e 1§ dropn dispeisibén partisplatmbasmddditiviesrinto the
(over basi ng) ..ohdusdbie d, of i , %\ﬁf LN id base is, selected
from pot assi um uig 58%%19’ %Cg{n%é:tl% lErCErnat%hg]:]enceom uﬁ]ﬁoﬁ' icﬁ%f‘gerﬁ 8?58@8%‘32% the
hydr oxi de; pduelsiaisaidh cosmbuition chemﬁ:ler;ithtrﬁmm’agfﬂﬁaituﬂh@fisihigﬁlﬁdd#%arﬁﬁ{@ﬁﬂéés@ or
bi car bo'rl1 te; %ot si um é@?l ﬁg] calcium magnesium or lithiumsalt of a
Cl- C5 o Sani LUHEpPlg Perrghelsths B dee TBHakn dFprasiblsmpritalase basmebmcesed i ea;
or conbi nati oyt HEHIEBE BNEn fabA d?sgbl‘gecpﬁﬁg 5 'd%ﬁaﬁ'ﬂ%%ﬁ.eﬂs% leBnfsified
di spersed phase having a nunber average parti c?le sl ze i gh{l
phase, such that the TBN of said lubrication oil is at least 10 units on the TBN scale
expressed as mg KOH/g of oil higher than before incorporating said dispersible
particulate base and wherein said base is added as a preformed chemical compound
20 rather than being formed by in situ chemical reaction within the oil phase of
aluminum, alkali or alkaline earth base with an acid in the presence of an emulsifier

(overbasing).

12. The method of claim 11, wherein said base is selected from potassium,
25 sodium, calcium, magnesium, lithium or aluminum hydroxide; potassium, sodium,
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,
when added is in a dispersed phase having a number average particle size by light

30 scattering of from 5 nanometers to 100 microns.

57



30 scattering of from5 nanoneters to 100 m crons. 57 WD 03/044138

PCT/ US02/ 20750 13. The nethod of claim 11, wherein the TBN of said

| ubri cat iwg odiok418% i ncreased by at |east 30 units by incecparsa/2e1§o sai d
di spersible particulate base in said oil- insoluble solvent. 5 14. The
met hod of claim 11, wherein said dispersible particulate base in oil-

i nsol ubl e sol vent conprises MgO, My(OH) 2, NaOH, Ca(OH)2, KOH, guani dine
carbonate, LiOH or CaCO3, or blends thereof. 15. The nethod of claim 11,

wherein said Lubrigcating oi) added to said onmpust i.on._chanber incl udes
from about 5 180 a tm%‘go‘ﬁp% @}@%E gr"_"}?ﬁﬁn#?eorﬁégtfgl}?’ _u]g’f“?c?tlgﬁ 1S BYHE% of
sai d base(s) pylf.-1e 0 SoNBIiROLY HeofdRhtMgldid WSERIHe SBHRulal 858N GaTBUSTti on
engine is a narine diesel engine and said fuel has a sulfur content from
about 0.1 toizdobibie shlgeniei ght 15 percent which generates acidic reaction

products in said conbustion chanber. 17. A process for formng a |ubricant
wth a total base nunber of at least 1 conprising;, a) dispersing a portion

of base 5 n an4oi | -TpaSALMBY fSPAMEN, FhereWRELE ,didhersiie PaRtbudé GafRHE ognd Oi |
i nsol ubl e solvent to a lubricating oil, (aﬁerrul sifying said oil 20
i nsol ubl e solinsetiblesel verls eomprissai MeOubvig )zana&H,,C%%lﬁ)ai KO3hi grapidiee

compri ses - pALASHIAT,GIPdL 4o GlM yipgpest um T thium or al ui num
hydr oxi de; potassium sodrum ’cal Ci um nmagnesium or |ithium carbonate or

bi carbonate; potassium sodium calcium nagnesium or lithiumsalt of
Cl1- C5 organic _acids; magnesium oxi de; guani dine carbonate; ammoni a; am ne,
partial |y nedfral Thedmeioghioheclaigy dd; Wherginn spidohupsigptingniollr ggésd dongsétind

whi ch era j L LenRLd 400, ' ' ein
sai d bath cone PRIy RP: nkBRk 6l CRTBLRMI QLR LREL SR AR 2
wher ei n sai d tbaset 38 vaddefl s@d basef)ef ormed chem cal conpound rather than
being formed in situ in the oil phase by. reacting alumnum alkali, or

al kaline earth base with an acid in the presence of an enulsifier 30

(overbasing) jgnd vherGdfoPat JaiRPPE WiRrdiRbaid ienal &mARiYP PR OR4LRBrine
PCT/ US02/ 20750 18. A lubricant according to any of clainms 1-10 further
conpri si ng anlieselrnigine aalreajd fuebbaspesudBimcontanid fram st Adato alehdit diS/weight

15 percent which generates acidic reaction products in said combustion chamber.

17. A process for forming a lubricant with a total base number of at least 1
comprising; a) dispersing a portion of base in an oil-insoluble solvent e.g.water, b)
adding said base and oil insoluble solvent to a lubricating oil, c) emulsifying said oil
20 insoluble solvent and base in said lubricating oil, wherein said base comprises
potassium, sodium, calcium, magnesium, lithium or aluminum hydroxide;
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
25 amine, urea; or other organic nitrogen compound which generates ammonia on
ignition, or combinations thereof and wherein said base contributes at least 1 mg
KOH/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

30 (overbasing) and wherein said base is not a borate.
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19. A nethod of lubricating an internal conbustion engine including the
steps of 5 adding a lubricating oil with a TBN of at least 1 ng KOH g into
t he | ubriwearB/o4418gi rcul ati ng system of the engi ne, addi ngPCwaiSoz/zo75he
conbusti on chanber, and conbusting the fuel in said conbustion chanber,
the i nprovenent conprising incorporating a water dispersible base,

di ssol ved or dispersed in an oil, insoluble solvent conprising a CL-C5
nono or pol yhydric al cohol, C2-C5 ether, and/or water, 10 into said

| ubri cating oi%S as an enul sified phase, such that the TBN of said
lubricating of1 i¢ Apbcantaccording dooany hef ThMmechile xphessewuprusingrprKOH g

of oil hi gheraﬁtﬁ@@daa]lg’ agﬁrgagﬁ%ggﬁgﬁﬁw%régjggggater sol ubl e or water

di spersi bl e base an erei n sal ase €d as a preforned chem cal
conpound rather than being forned by in situ chemcal reaction in the oil

phase between_al um nunqh al %@’Irl or alkaline earth 15 base and an acid in
the presence 0f an of of Bibricag Pheising! cambusirereaiginesaslydingdke steps elot a
borate. 20. Aaddib¢ iZCRBLcARNEPE S|P 22)BR § | | @F (gt ng
viscosity and 20 D) .suflgi fgli%gnlt blasé1 to i%gt?{eagtn?gé%@%%elnﬁﬁ%éeypoﬂiféﬁ) of
at | east 40 nipcirRdriing eysttmboefi hantngtie, faddimgainolito Chel combattiort chdmblr, £adof

I di nts (PIB . cantaining or PIB-free), d) from
Sbout 0.1 to GoBtiRtol BF ST B Sehcearohie tharbrgdhe dpEoGrichb sobprERE zed
or non-sul f urinzeghosdting! Pheaet efpedivhy bl HBF@I(I&F or 3RbESY A G5 01SRLLRBIAL €S

etc., or mxtures thereof), and e) optionally one or nore antiwear
addi tives (e.¥lvenbrpmprisiag Bd¢l-&5 meongror pohdyptiorlesha o aihithey, endpowaidr,

bor at ed ¢di spe . . ot her.. bor o ont ai ni ng un r. one or. nore
ant i oxi égnt s {E@g’gd g?n)ﬁiﬁlgtg@ &bﬁse‘rhno%f’%gﬁmgﬁﬁ?ﬁr f%ﬁg%ﬁ%‘? ﬁ%&)?’fs liRdsading at

| east 20 per ceibis aifleadid tritsadn HRSEBNUBHEexp@s@aNtshe WH/DLYr &1 hase: added
as a preforned chem cal conpound that is other than a base characteri zed as

being a basetFfPErRERIPARAIAS Spid wateyslpalfrios avaterediencrvbletiashiamd wheredi kaighase
of a alumnu / S02/ kalj or .alkaline earth
base with an n%agf ggflérf\@tdg% %ﬁ%%gqu}ﬂg%?géu%g‘?% %&her (tfb@el?%’é%i ﬁ&?e‘iﬁd m
wher ei n sai d 9itu ¢heastal 2€icien Gerite aif phie beticth BRSENAHNRIREL | & MV FarthbY @

base th?g is . not a borate conmpound. o _
base and an acid in the presence of an emulsifier (overbasin g) and wherein said base

is not a borate.

20. A lubricant comprising
a) amajor amount of oil of lubricating viscosity and
20 b) sufficient base to impart a total base number (TBN) of at least 40 mg
KOH/g of lubricant
¢) from about 0.1 to about 4 wt. % of one or more ashless dispersants (PIB
containing or PIB-free),
d) from about 0.1 to about 20 wt. % of one or more detergents (e.g.
25 sulfurized or non-sulfurized alkylphenates, alkylsulfonates, salicylates, salixarates
etc., or mixtures thereof), and
e) optionally one or more antiwear additives (e.g. ZDTP or other zinc or
phosphorus containing compound, borated dispersant, or other boron containing
compound) or one or more antioxidants (e. g. aminics, phenolics, sulfurized olefins),
30 wherein at least 20 percent of the total base number is contributed by a base added
as a preformed chemical compound that is other than a base characterized as being a

based formed by an in situ chemical reaction within the oil phase of a alurninum,
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5 21. A lubricant according to claim 20, wherein said base is in the form
of potassium sodium calcium nmagnesium [|ithium or alum num hydroxide;
pot assi umvol3Mi4188 cal ci um rmagnesi um or |ithi um car bonat @Carusbr/eEsbonat e;
pot assi um sodium calcium magnesium or lithiumsalts of Cl-C5 organic
acids; magnesium oxi de; amoni a; am ne, partially neutralised am ne,
guani di ne 10 carbonate; urea; or other organic nitrogen conpound which
generates ammonia on ignition, or conbinations thereof. 22. A nethod of
using the lubrjcant of claim?20 or 21 to lubricate the pistons of a marine
di esel engi nealkals orzalkalingtogell baseowithnan tasiklinj the2presever of rans gindlsifisse i s

at | east 10 O t at e. f icant, according to claim
06, enor et sl ke Rt LR Gl 81 Ao PGB LSBT B
base ot her t hizsna baseohvatibasterbadst eo@polind. 25. A | ubricant according to claim

20, wherein at least 70% of said total base nunber is provided by a base
ot her than an overbased detergent. 25 26. A lubricant for a 2-stroke marine

di esel egngi nerhavi . er T ab .

conpri siﬂg a)eZIé naziqgl}l B%%ri%ﬁdtccgl?lﬁ% P)uo u%é’i‘g}g%?lﬁg%&sbég%i 31/#%% 9%111%6) rce
of basicity cmtassivbyt isndivat, Icelastm,lGnamkding bthiwh! of 0 aR@hidum TBNdrckade
source of basi %i t% bei r}g ot he[?_than conventional overbased detergents and
30 said sour d®EFUBas PRI N FAUTHT 0 FHASHEHHB s 8 ithigmy caopse e o biaremaiesi bl e

oi | sol ubl e,pdRhdsinei (JIWSR j IS4
c()i | -i nsol ubl epds@%éistlgiﬁf% Bg%%gdglu%ﬁénﬁ%ﬁlnga%ﬁugw %ggﬁ%b%g?\% gégﬁalzfﬁcé%s

PCT/ US02/ 207502 esiam aeidile;i \eenmerikageniogntpaitiallyi mgumndissdr amidean g@shidige KOH g
to the 16i ni scg%ic)nlat%bri %ant. 27. Al ubﬁi cant accor.di nght 0 claim 26 wherein
1c conprises S PEPaCT 8Hieh CrEaR o FYE e PIROUBE VWHED SPnGTRIFS ARBIRPEROT onal
detergents dgagifiohaticathbanaliBht Bfrda@ nore than 200 ng KOHlg, 2) a total of
0.1-5% by wei ght of one or nore dispersants or emulsifiers, 3) optionally

a total of 0.01-5% by wei ght of one or nore anti-wear
22. A method of using the lubricant of claim 20 or 21 to lubricate the pistons of a

nd

marine diesel engine.
15

23. A method according to claim 22, wherein said base is at least 10 wt.% in

particulate form.

24. A lubricant according to claim 20, wherein at least 60% of said total base

20 number is provided by a base other than an overbased detergent.

25. A lubricant according to claim 20, wherein at least 70% of said total base

number is provided by a base other than an overbased detergent.

25 26. A lubricant for a 2-stroke marine diesel engine having a total base number
(TBN) above 40 mg KOH/g comprising
a)  amajor amount of oil of lubricating viscosity,
b)  a source of basicity contributing at least 10 mgKOH/g of oil to said
TBN, said source of basicity being other than conventional overbased detergents and
30 said source of base being uniformly present in a soluble or dispersible (oil soluble,
oil dispersible, water soluble, water dispersible, oil-insoluble solvent soluble) form

in said oil, and
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additives, and 10 4) optionally a total of 0.1-5% by weight of one or nore
anti-oxidants, wherein said % by weight is based upon the weight of said

| ubri cantwO28/044438 ubri cant according to claim26 wherein twag/use2/20756n |b is
cal cium , magnesium sodium potassiumor lithium 15 29. A |ubricant
according to claim26 wherein the netal inlc is calcium ,magnesium
sodium potassiumor lithium 30. A lubricant according to claim 26 wherein
the TBN of said lubricant is in the 20 range 40-100 ng KOH g. 31. A

| ubri cant according to CI$ZW127 wherein no nore than 50% of the total TBN
of said |ubricant g%ne@*? HY BRRKBSE COMEPUtNE PR 4BEE hat SPgaatkOHStgthe A

| ubri cant accgidhdiDiubRcakal m 27 wherein conventional overbased detergents
contribute no nore than 20 ng KOH/ g to the lubricant. 33. A |ubricant
according to claim27 without any anti-wear additive. 30 34. A |ubricant

according to ai m27 W thout any. s I tary anti-oxidant. 35. A
| ubri can'? acc%’}r'di n‘gAZIPBrl%aln P%Oggnél[ﬂ@ﬁg}fﬁgF@ WoeueRiitssht i onal det er gent s.
61 WD 035044138 PCIy USO2#A04501-36% By Weldhk CoMéncAGCRbA M%&i&%@hé?z?g%ms

further includin% conventional dispersants and enulsifiers.
| ubri cant acceBiagngs TN ohno sorevhen @00 mzKOHgur ce of basicity conprise

5 an oil dispersible b a hydroxi de, carbanate, or oxide of

cal ci um or nagneg?)ymaaéga.l%ﬁaﬁﬁ fib_éfaw%g"ft(? Oﬁfﬁbﬁ P &erwm‘%%ﬁ%ﬁgi ne
conprising d) a n®) oropgishaly aofoti éf ©H1/59PrHyCHLighY ofi §eOSF t¥ore LAtiSV et

| east one enulsifier capable of formng a water in oil emulsion, ) wat
or other oil-39¥biesAE sol vent (incl udi ng dei oni zed water, fresh tap'
water, gfgcycled waper, i el -water) and d) a _.base in the
form of potassi um )socﬁpgi%]ﬁé{lgz?ct?tayn\?% %gsn%s?ﬁ%%]%\ﬂ? toﬁioh?no&mm)gl %’%&ﬁnts’
hydr oxi de; povlagsinsaid %dyi weightdabaded pomragnes piurofesid libddaam car bonate 15
or bicarbonate; potassium sodium calcium mgnesium or |ithiumsalts of
Cl- C5 organi c aci ds; magnesi um oxi de; ammoni a; urea; or other organic

ni trogen 28. A lubricant according to claim 26 wherein the metal in 1b is calcium

er

,;magnesium, sodium, potassium or lithium.
15

29. A lubricant according to claim 26 wherein the metal in 1c is calcium

;magnesium, sodium, potassium or lithium.

30. A lubricant according to claim 26 wherein the TBN of said lubricant is in the
20 range 40-100 mg KOH/g.

31. A lubricant according to claim 27 wherein no more than 50% of the total

TBN of said lubricant comes from conventional overbased detergents.

25 32. A lubricant according to claim 27 wherein conventional overbased detergents

contribute no more than 20 mg KOH/g to the lubricant.

33. A lubricant according to claim 27 without any anti-wear additive.
30 34. A lubricant according to claim 27 without any supplementary anti-oxidant,
35. A lubricant according to claim 26 further including conventional deter gents.
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conpound whi ch generates amonia on ignition, or conbinations thereof,
wherein said base is dissolved or dispersed in said water or oil-insol uble
sol vent fwormgi1as bl ended base and sai d bl ended base is emardisbz/zaysé n sai d
| ubricant 20 using said at |east one enulsifier formng a lubricant wth a
TBN nunber of at least 10. 39. A lubricant according to claim38, wherein
the lubricant less the water, or oil-insoluble solvent, and base has a
viscosity fromabout SAE 10 to SAE 70. 25 40. A lubricant according to

cl ai m 38, whe%i n %gi d, water or (?i | -insol uble_ solvent is fromabout 5 to
about 50 wei git pefceHPUEANt s AFCPTEnBy {® aflim 427, Afurther | imghidinge conveniignalo

cl ai m 38 havi gigp@saieNaf edbisifeast 40 reported in 30 units of ngKOH g. 62
WO 03/ 044138 PCR’/ US02/ 20750 42. A lubricant according to claim4l, wherein

at |l east 50% of said TBN value is attributed to said base dissol ved or

di spersed in §fi d tBr. or 0i | Eij n'rs{fg)l bl 926sol vent. . 43. A lubricant
according to ofai m 38 HEN AGCALTBNP §F1m20 Sdsteinsprid spiice 9f basicitiscqmpiiss of
ngKOH g. 544. # lubdisparsiblea68Rr lich0ast ® 15/dad i - 0%0 of
said TBN value is . a?o?ri buted to said P%Jag%ﬂ%#gosa(r)%%%?ods %%ép§?§tglcfiglr{ cgai d
wat er or oil -PASESEHEe sol vent. 10 45. A lubricant according to claim 38,
further conprising at | east one conventional lubricating oil dispersant and
at | east one conventional lubricating oil detergent and/or antioxidant.

46. A | ubricadf. foA labridant frnalineeabisibeioeBgiRecaapRiAsi Ng; 15 d) from
about 50 to about 94 wt.% of one or nore oils of lubricating viscosity, e)
from about 5 to ab®ut® BYORMOIRRL eil of Heriealingedsensiter , fresh “tap' water,

recycl eggwater, grgy,shi 1cd r).or oil-insoluble solvent, f)
from about 0.5 to ?bgut %%%ﬁ{%%ﬁ&gﬁg%a@%reﬂ%ﬁWgégf)gb‘?lge%?m’fo&rri ng a 20
water in oil enul sf)owatanor dihef rotirngdiobie Dlvent inehdity AGiowzedowied fRAKE 1 N

the form of potassium &jg(gi um cal cium magnesium |1thiumor alum num

hydr oxi de; pot®s Jialfh 1€ HALeT P e $hiPn Y afpi i S8 - W#eIbAnd i t hi um car bonat e or

bi carbonat e; pot as$i UBasSRIY T rm of potassium, sodium, calcium, magnesium, lithium or
aluminum hydroxide; potassium, sodium, calcium, magnesium or lithium carbonate
15 or bicarbonate; potassium, sodium, calcium, magnesium, or lithium salts of C1-C5
organic acids; magnesium oxide; ammonia; urea; or other organic nitrogen
compound which generates ammonia on ignition, or combinations thereof,
wherein said base is dissolved or dispersed in said water or oil-insoluble
solvent forming a blended base and said blended base is emulsified in said lubricant

20 using said at least one emulsifier forming a lubricant with a TBN number of at least
10.

30. A lubricant according to claim 38, wherein the lubricant less the water, or

oil-insoluble solvent, and base has a viscosity from about SAE 10 to SAE 70.
25

40. A lubricant according to claim 38, wherein said water or oil-insoluble

solvent is from about 5 to about 50 weight percent of said lubricant.

41. A lubricant according to claim 38 having a TBN of at least 40 reported in
30 units of mgKOH/g.

62



cal cium magnesium or lithiumsalt of Cl1-C5 organic acids; nagnesium

oxi de; 25 ammoni a; urea; or other organic nitrogen conpound which generates
anmoni a OWO B@mi1Bs on, or conbi nati ons thereof, wherein saP¢Th®eB2(750

di ssol ved or dispersed in said water or oil-insoluble solvent formng a

bl ended base and said bl ended base is dispersed in said |ubricant using
said at | east one enulsifier formng a lubricant wwth a TBN nunber of at

| east 30 20. 63 WD 03/044138 PCT/ US02/ 20750 47. A method of |ubricating

at | east songqof t Jrface f the co tian hanber of an internal
corrbustS i 0?1 en%zl)'ne Bﬁgﬁﬁ{ﬁngéccﬁﬁgn%tc’e ?%ﬁ)’ﬁ?ﬁl"ﬁﬁ a&fqaﬂbi,ol%:gf $3|'*FbTBlei Yalyg ish a

TBN of at | easitriblied totsaidtbaee ¢iosdiist orQis eI Retaid 3 0P of %
conbusti on chanber, and conbusting the Ijféuel I nalsai %‘gg01£403@26 %:Cﬂ\éer%'er, t he

5 i nprovenment conprising mxing water, or oil-insoluble solvent with a

sol ubl e or dippergih ' | ved di.sper, i.n_water or _
oi | -i nsol ubl e sol vent#ﬁ?é%?g&ggggg%?ﬁgaﬁpc% P%Véngﬁl of it dast @9 renostedrmse,
such thal themiBNfofgkg@H. | ubrication oil is at least 10 units on the TBN

scal e expressed as ngKOH g of oil higher than before incorporating said
wat er sol uble or water dispersible base. 10 48. The nethod of claimA47,

wherein said 4aase A%b?%laﬁ%c@%dﬁ{ CWB’%%?WQ}(,@%%%%%S@%?% de;;]g%ﬂérr/g]gnesi um

l'ithium or alum num hydroxide; potassium so I UGnf or

i t hi um car baaibeted to biid dripatisbeiedpotinpsisetin SATWEBE or GRIRHMEle SSRGNESI UM
or lithiumsalt of a Cl1-C5 organic acid; magnesi um oxide; 15 amoni a;
urea; or conbinations thereof. 49. The nethod of claim47, wherein the TBN

of sai did ubri4sati ng Ribkickt hASrEASER atzel Q. _units by i.ncorporating
said water or oil-insoluble sol ve%t a|°%§ Wit ﬁ%ﬁbﬁfg “QoUBing é’f 1865 p RS bl e

base. 20 50. Ceheniaraidubasatiof ailrdispersanhandeian least shewh eéntAhLRbAc g oil
di spersible | ses . Mg(OH) 2, NaOH, Ca(OH)2, KOH, or CaCOs, or
SR BRGS0 1A0

bl ends t hereo of claim47, wherein said lubricating oil
added to said 25 conbustion chanber includes fromabout 5 to about 30 wt. %

wat er and fr%n about 5 to about 30 wt.% of said base(s).
. A lubricant for an internal combustion engine comprising;

15 d)  from about 50 to about 94 wt.% of one or more oils of lubricating
viscosity,
e) from about 5 to about 50 wt.% water (deionized water, fresh ‘tap’
water, recycled water, grey ship water, or sea-water) or oil-insoluble solvent,
f)  from about 0.5 to about 15 wt.% of a emulsifier(s) capable of forming a
20 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,
calcium, magnesium, or lithium carbonate or bicarbonate; potassium, sodium,

calcium, magnesium, or lithium salt of C1-C5 organic acids; magnesium oxide;

25 ammonia; urea; or other organic nitrogen compound which generates ammonia on
ignition, or combinations thereof,
wherein said base is dissolved or dispersed in said water or oil-insoluble
solvent forming a blended base and said blended base is dispersed in said lubricant
using said at least one emulsifier forming a lubricant with a TBN number of at least
30 20.
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52. The nethod of claim47, wherein said inter conbustion engine is a

mari ne diesel engine and said fuel has a sulfur content up to 4.5 wei ght
per cent VWWD@R/044A68 generates acidic reaction products in s&Ca/usomprse i on
chanmber. 64 WD 03/044138 PCT/ US02/ 20750 53. A process for formng a

| ubricant wwth a total base nunber of at |east 10 conprising; a)

di ssol ving or dispersing a base in water or oil-insoluble solvent formng
a blend , b) adding said blend to a lubricating oil, c) emulsifying said

blend in said lubyricati i1, wherein said b cConpri.s ot assi u
sodium  cal cidm 3 egel B HorieatiE ah Gt Sl ufe PR dert goRTustdh,
sodi um cal CicHiEmbe BIARSSEHE c@hbilstibh iehghe aich@iad e Qfepp bf addiRn alidricating

pot assi um sodium calcium magnesium or lithiumsalt of CI-C5 organic
aci ds; magnesiluitexa dBN afribrigast 10uinka theogorpbinipn aihgales asdidingofyeh t@ dhpound

ot ch, Sener o oA Al B bl EOHH NP LRGP LoBllh o0
65 5 improvement comprising mixing water or oil-insoluble solvent with a soluble or
dispersible base, dissolved or dispersed in water or oil-insoluble solvent, into said
lubricating oil as an emulsified phase, such that the TBN of said lubrication oil is at
least 10 units on the TBN scale expressed as mgKOH/g of oil higher than before
incorporating said water soluble or water dispersible base.
10
48.  The method of claim 47, wherein said base is selected from potassium,
sodium, calcium, magnesium, lithium or aluminum hydroxide; potassium, sodium,
calcium, magnesium or lithium carbonate or bicarbonate; potassium, sodium,
calcium, magnesium, or lithium salt of a C1-C5 organic acid; magnesium oxide;

15 ammonia; urea; or combinations thereof.

49.  The method of claim 47, wherein the TBN of said lubricating oil is increased
by at least 30 units by incorporating said water or oil-insoluble solvent along with
the soluble or dispersible base.

20
50. The method of claim 47, wherein said water soluble or dispersible base
comprises MgO, Mg(OH),, NaOH, Ca(OH);, KOH, or CaCOj3,0r blends thereof.

51.  The method of claim 47, wherein said lubricating oil added to said
25 combustion chamber includes from about 5 to about 30 wt.% water and from about 5

to about 30 wt.% of said base(s).
52.  The method of claim 47, wherein said inter combustion engine is a marine

diesel engine and said fuel has a sulfur content up to 4.5 weight percent which

30 generates acidic reaction products in said combustion chamber.
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53. A process for forming a lubricant with a total base number of at least 10
comprising; a) dissolving or dispersing a base in water or oil-insoluble solvent
forming a blend , b) adding said blend to a lubricating oil, ¢) emulsifying said blend
in said lubricating oil, wherein said base comprises potassium, sodium, calcium,
magnesium, lithivm or aluminum hydroxide; potassium, sodium, -calcium,
magnesium, or lithium carbonate or bicarbonate; potassium, sodium, calcium,
magnesium, or lithium salt of C1-C5 organic acids; magnesium oxide; ammonia;
urea; or other organic nitrogen compound which generates ammonia on ignition, or
combinations thereof and wherein said base contributes at least 10 mgKOH/g to the

TBN of said lubricant.
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