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A Detergent FIELD OF THE I NVENTI ON Thi s i nvention
relates to a detergent, in particular, an overbased

WOreaodi124¢§@r ocar byl - substi t ut ed hydr oxybenzoat ePCT/EP2008/002837

preferably a hydrocarbyl-substituted salicylate
detergent. This invention also relates to a nethod of
reduci ng asphal t ene preci pAtRefesgenthi ch can result in
the formation of 'black paint' in an engine, in
particular, a marine diesel engine. BACKGROUND OF THE

FINVBNOFRHENNVENTRONT unk pi ston engi nes, Heavy Fuel
AOT ( HFO ) 15 generally used for offshore running.

Heavy Fuel QG| is the heaviest fracti on of petr»ol eum

ThiE IR, R R deiSis R S8 B T, BhieeBased mate
RidFostiibyPSubsiRufoh draejicnzonte, préferbily Rydibichioh Substituted

which is insoluble’in an excess of aliphatic

saligylatadetangert. gl hig dpanion alse retﬁteﬂwtoSaw gwihedofirdyaing

S BIRER D SeRRRIST bidEcsh RIBTER fo AR S BRI in an
driging Yihipatticular, d imarihgelieselpgirnd i nj ectors, and

asphaltene preC|p|tat|on can then occur, nanlfested in
"black paint' or 'black sludge' in the engine. The

QA%BWDWH’I—F@‘WEW@Q? deposits on a piston

ing layer, which can

result in cracks form ng, which then propagate t hr ough

the piston, I f a crack avel ri t hr ough,

inrgaf InR trupk Rizten i ei9inRss @@P HE@ kis ly Used for
S . .

Yfone b rﬁ%%“yﬁ%!?'ﬁﬁﬁﬁ%ﬁ%sﬁﬁﬁ%%??n ofpEouym distilate

gncceemprises afcamsplealniature wf emlpcmlasnmiudmg upnia hd Yohaf

cur gtgegé\gaggtarﬁége?wgg@sra%gf %(alon o ;:)eétFoIgLerfrleaC |Iya?e W |ch is
msoluble in an excess of aliphatic hydrocarbon (e.g. heptane) but which shows
solubility in aromatic solvents (e.g. toluene). Asphaltenes can enter the engine
lubricant as contaminants either via the cylinder or the fuel pumps and injectors,
and asphaltene precipitation can then occur, manifested in ‘black paint’ or ‘black
sludge’ in the engine. The presence of such carbonaceous deposits on a piston
surface can act as an insulating layer, which can result in cracks forming, which
then propagate through the piston. If a crack travels right the way through, then
hot combustion gases can enter the crankcase, which may result in a crankcase

explosion.

A key design feature of trunk piston engine oils (‘'TPEO’s) is prevention of
asphaltene precipitation but, with the current use of Group |l base oils, their-

effectiveness in this respect has been reduced.

WO 96/26995 discloses the use of a hydrocarbyl-substituted phenol to reduce
‘black paint’ in a diesel engine. WO 96/26996 discloses the use of a demulsifier
for water-in-oil emulsions, for example, a polyoxyalkylene polyol, to reduce ‘black

paint’ in diesel engines.

CONFIRMATION COPY
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WD 96/ 26995 di scl oses the use of a
hydr ocar byl - substituted phenol to reduce 'black paint'’
WO p0og/128686el engi ne. WO 96/ 26996 di scl oses t hePCIEEP29DS/602837
demul sifier for water-in-oil epul sions, for exanple, a
pol yoxyal kyl ene polyol, to reduce 'black paint' in
di esel engines.The aimof the present invention is to

TR S of P BesisBE RihioR i & e aspBeEr BieCbitalih, phibtack

gint ifaR eRgMY, in Béﬁ@ulé?na'rﬁamhégletsél ERGINEE TARPEMN bf—’ﬂ% present
precipitation or 'black paint' in an engi ne usin

inventiaraisialep to redsmepaﬁ:halt@nemﬁgplt@mmoa bdmiupalng in an engine

a with
R '@ﬁfé?ﬂtﬁw mBRsiibh g B o R RAEE 85 oo
nmet al hydrocar byl - substltuted hydr oxybenzoat e
det ergent having a basicity index of less than 2 and a
§ﬂﬂﬂﬂﬁéﬁﬁ!ﬂﬂﬂﬁﬁﬁhﬁﬂﬁﬂiﬁﬂ!80@6or greater, wherein the
degree of carbonation is the percentage of carbonate

present in the overbased netal hydrocarbyl -substituted

IRyebcorydresezwinh ehel prewege Mvesipnetheed ispravided an overbased metal
percentage relative to the total excess base in

hystrecaybyt subsfituteddivdrexyhergegte deterganmt h%ﬁ%bé}s'q'taﬂn%ex of less
tﬁgpt?{aﬁé tatb"eﬁeé Of Egt)as eagi%ﬁpcif qb()}ﬁ e Ig?é’:?t%ge\ﬁﬁ@rem the degree of

e over ocar byl - substit ut
¢ardonat}d]'e iszthetperdentaggaficapb@iate ainégedtaa tlae d»agrtmedfmetal

BerpoRDY S StwearaR arspte B RGOS PXRestsed 3 s mole

I I at | east
BEEELRR ricive (636 1SRV LA (BE At Moe of

carbonation is preferably at nost 100% and nore
referably at, nost 99% I|n accord ewth t resent
Bl RSk e hesite Bl Al 6T i hseiq oF P the
GRITBASEd defergast. udi ng an oi |l of lubricating viscosity
and an overbased netal hydrocarbyl -substituted

hydr oxybenzoat e detergent having a basicity index of
+ﬁ§’ dverbased metal hydrocarbyl-substituted hydroxybenzoate detergent

preferably has a degree of carbonation of 85% or greater, preferably at least 86%,
more preferably at least 87%, even more preferably at least 90%, even more
preferably at least 91% and most preferably at least 92%. The degree of
carbonation is preferably at most 100%, and more preferably at most 99%.

In accordance with the present invention, there is also provided a lubricating oil
composition including an oil of lubricating viscosity and an overbased metal
hydrocarbyl-substituted hydroxybenzoate detergent having a basicity index of less
than 2 and a degree of carbonation of 80% or greater, wherein the degree of
carbonation is the percentage of carbonate present in the overbased metal
hydrocarbyl-substituted hydroxybenzoate detergent expressed as a mole
percentage relative to the total excess base in the detergent. The oil of lubricating
viscosity is preferably a Group |l base stock.

The lubricating oil composition is preferably a trunk piston engine oil (‘TPEO’).
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than 2 and a degree of carbonation of 80% or greater,
wherein the degree of carbonation is the percentage of

W@ 200802885€@ present in the overbased netal PCT/EP2008/002837

hydr ocar byl - substi t ut ed hydroxybenzoate detergent

expressed as a nole percentage relative to the total

excess base in the detergent. The oil of lubricating
st ock

In Aiscezedon Waithe Srdsettifuntes giereds 3l piavideda method of
Ridvicy #SHdRen@l dre(:f[ﬂgﬁbﬁ of bl Béﬂ?ﬁﬁ?nv\éﬁdlné e method

present Invention, there is also provi
m@tﬂxﬁn‘hmweastppaofﬂ@bmqémdhp|etr@me)wntbra lubrieating ail comgasition

ﬁgﬁ&?ﬁ r‘i’é’ C{}ﬁlébré(i?gﬁl%e\}lgé:ci d' 7 hf%gé{tqqgsgdp?tal hydrocarbyl-
WW@H'“WFMW%@bE& éé‘tegééntﬁavﬁd@é 'b%%tdltg}gn&éﬁép@sﬂhan 2 and

and an overbased net al rocar byl’substitdted
W@gbe@gieﬂarbaﬂétl@@pé B@&fnor gegAtery wheaini tbetcyegred@i cafbonation is

I Ve -

@mstmnbagwd@éanboaa; @eu@r@mréxpréssrelaj&asm FholegRstcaRtagk relative

hydr ocar byl substituted hydroxybenzoat e detergent
odhedetal gxaasubase i the dalgraaiy. TheLll Qfelupacatm viscasity is

t. Th | of lub t
é?éscoy)fé%[ghg lPera ke O Yl ot uor ! cating

y a Goup Il base stock.
Furthernore, in accordance with the present invention

d | ub t | conposition
T e kasrartenes pBPaiRrate e ion thee fapmvide use in a

I ¢ ’
Iﬁ?g?%‘lgig‘ggl l%g?%gﬁbflutquﬁEc@%&éh%léennzeoggeecl téattlgp or black paint’ in an

éngine @f anevsrbassd maﬂalmydrod:a;byl $ubetltt1’tedﬂd/dao>q&mrueate‘ detergent

GAPRG AR Do baPR ot BissdbR0 25 A eret oL Sartiradan ot g9% or
%l’é@té?Vth?éﬁQh@%@l'e@?ziﬁé%@hbt{bn %J@r%t bér@bﬁﬁége of carbonate present
dr oxybenzoat e detergent expressed as a nole

Ipéhe @Neetgaﬁadermgtalmdt@arh\el subistitutest bwdroxyhenzoatetdatergent

S0 4859 o HBE RSB, A ANBI RO RTEALA B8 B dtorgont

hydr oxybenzoate detergent is

The engine is preferably a marine diesel engine.

The overbased metal hydrocarbyl-substituted hydroxybenzoate detergent is
preferably an overbased calcium hydrocarbyl-substituted hydroxybenzoate
detergent. The overbased metal hydrocarbyl-substituted hydroxybenzoate
detergent is preferably an overbased metal salicylate detergent, preferably an

overbased calcium salicylate detergent.

DETAILED DESCRIPTION OF THE INVENTION

Detergents

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-
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preferably an overbased cal ci um

hydr ocar byl - substi tuted hydroxybenzoate detergent. The
W@wBh2858@ net al hydrocar byl - substitut ed PCT/EP2008/002837

hydr oxybenzoat e detergent is pgeferably an overbased

metal salicylate detergent, preferably an overbased
nevtlisingspriopefties and is ecapphte of BETPINDED elyrdigklcRTsabidsdr

SRenPERL e SRR ol BP0 B hllaycsodl TRt s Mpl patts of

duigiB-drgamiecdimpsunay, Roftetinsh teI66IE€ to A8 RRgfactants N
engines; it normally has acidneutralising properties
and is capabl e of keeping finely divided solids in

OUBRSATS s 5 DB et B, Bl ononic i, th poer

e comgaisingamistalesalt eff & aeidid erganicsetrhpetmd't £arge amounts of a
Det ergents generally conprise a polar head with a |on
metal bareisad hayincludasby ragtingaiexenssrafa metal kased such as an

i di i _ . ar . af
SIS pP DGR, Wifh 81 3PRIC gERTRON S carBS ARG Gufar?
overbhsdrhd etergenttwhishaonprists reutialided detergent &b tlae outer layer of a
acj di c s such as ,carbon dioxide to give an overbased
rag{aipeg%?e\gmc@ QBB Cleneyt ral i sed detergent as the
outer layer of a netal base (e.g. carbonate) mcelle.

The surfactant of the present invention is a
Theisudactant obinespresantinvaptivnisyd bydmcarkadistpstituted

referably. a hydrocar byl -sulstituted salicyli cid.
ORERARIC ) BiFErali s RYgrocaH RSt soliniRase.

MRdraba il meARTdaVAIRWNSHAlkeryR d TSGRV RS ARS RpdpbEarblY
has the structure shown: wherein Ris a linear or
wbgtittied hadrgxyhenzoatedypically bes tha strueturs shewar by |
group, and nore preferabl yogn al kyl group, including
straight- or branched-chai p al kyl groups. There may be
nore than one R group attathed tq the benzene ring. M
is an alkali (e.g. lithi odi or potassiun) or

al kaline earth netal (47g. callc

JL M
| N
\V oM
R

wherein R is a linear or branched aliphatic group, preferably a hydrocarbyl group,

and more preferably an alkyl group, including straight- or branched-chain alkyl
groups. There may be more than one R group attached to the benzene ring. M is
an alkali (e.g. lithium, sodium or potassium) or alkaline earth metal (e.g. calcium,
magnesium barium or strontium). Calcium or magnesium is preferred; calcium is
especially preferred. The COOM group can be in the ortho, meta or para position
with respect to the hydroxyl group; the ortho position is preferred. The R group
can be in the ortho, meta or para position with respect to the hydroxyl group.

Hydroxybenzoic acids are typically prepared by the carboxylation, by the Kolbe-
Schmitt process, of phenoxides, and in that case, will generally be obtained
(normally in a diluent) in admixture with uncarboxylated phenol. Hydroxybenzoic
acids may be non-sulphurized or sulphurized, and may be chemically modified
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magnesi um barium or strontium. Calcium or magnesi um

is preferred; calciumis especially preferred. The
W@OOM1i66p can be in the ortho, neta or para PGEEP100$/002837

with respect to the hydroxyl gsoup; the ortho position

is preferred. The R group can be in the ortho, neta or

t/er gentain additipnal erLg@ptmnts.o Progesseafoxsylphueazipg a hydrocarbyl-

SHBRILRTOR8} 5085405 A48 ol ReARHpEFARE KR e an, and are
dewenipet dfeF exantplé NintW8 1200748027057 general |y be
obtained (normally in a diluent) in adm xture with

uncar boxyl at ed phenol. Hydroxybenzoi c acids nay be

i i‘d?dla‘%ag-g%-i/séﬁgtitﬂf?ds ﬁ)(‘ag%[a{bé‘?x%icaﬁgigggﬁe?u GBSt bl is

or conta t1 onal nts.
ﬁe@abwkqumeﬂmm@str’aig'mgorabdayldhed@hhm alkblsgroupsiand the alkyl

R SR e 25 oSS B oAbty oo 24,

%Qggﬁgﬂ @57. In hydrocarbyl -substituted
ydr oxybenzoi ¢ aci ds, the hydrocarbyl group is

preferably al kyl (including straight- or

hegl- chai l.kyl : t he al kyl . .
e Tt qoiaanspl s banfrisersf deskabemetR) d8leFBit, in which the
2EB YT tRE humbbrid? edfiivaléite O tifd AiBtal rhBR:tY € fAe number of
"“overbased” Is generally used to describe netal

eptivalgotsicf the agkd oioietyds gegater trant ore.nlihedermflow-based’ is used to

GBI B8 Bl bR TS By SR e B ey o aci
mMBR:ty & dieaternthBASIE@ndi p ts8BolitR. dTRE Méal h?@r&ixybenzoate of the
detergents in which the equivalent ratio of netal

presentinventien is lawre@sed.s greater than 1, and up to

about 2. The netal hydroxybenzoate of the present

invention is | owbased. By an "overbased cal cium salt

BY aauoiadiaget £aldismnsainef surfavtantbasatednt an gestbased detergent in

Whch e delBLetaTs Py TEAINSHIBIR Mot S Ae SssrpliAbs caipium
G- e ST B o2 B prbse A ND L poue meta
sdlt, bed titpicdly dtdeash@ypheredypicaly at E&st 90, for example at least 95,
mole %, of the cations in the oil-insoluble metal salt, are calcium ions. Cations
other than calcium may be derived, for example, from the use in the manufacture
of the overbased detergent of a surfactant salt in which the cation is a metal other

than calcium. Preferably, the metal salt of the surfactant is also calcium.

Carbonated overbased metal detergents typically comprise amorphous
nanoparticles. Additionally, there are disclosures of nanoparticulate materials
comprising carbonate in the crystalline calcite and vaterite forms.

The basicity of the detergents is preferably expressed as a total base number
(TBN). A total base number is the amount of acid needed to neutralize all of the
basicity of the overbased material. The TBN may be measured using ASTM
standard D2896 or an equivalent procedure. The detergent may have a low TBN
(i.e. a TBN of less than 50), a medium TBN (i.e. a TBN of 50 to 150) or a high
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nole % of the cations in the oil-insoluble netal
salt, are calciumions. Cations other than cal ci um may

Wheoogardesed, for exanple, fromthe use in the PCI/EP2008/002837

manuf acture of the overbased dgtergent of a surfactant

salt in which the cation is a netal other than
TBNdi.ena TBN:OEgegsitgr thanel Stk sach sl 15600 ePrafefradidetergents

AGoRRE 5  IYEraRRR T SR IR RS b o s, SO

Addi tionally, there are disclosures of nanoparticulate

materi als conprising carbonate in the crystalline
Qugrbased arnata}dwéimafbf/bwmtltutnd m&s'o&thnZ@ateman be prepared by

15 S PeRkEnhituBs Bfil 6\9%%@2 e?%rﬁl hgiiRld RA8Croliows:

d.t { ty of th .
BveraEEaRaPR, ph Mvdfpes r%%ﬁﬁ%?jt%t&g disheteshgadrpitn molar
st andlgieds Qﬁ&ﬂ@té?l‘ic BESSQH'M@HGQ(?& aoélﬂj}ﬁ%%\%rb%@d metal hydrocarbyl-

detergent may have a low T | ess than
50) ,substituted hydspkyhenzoate TBRIRIEX,50 asolEd)t mixture consisting of a

2'58%33%'@ wfinrpBl $heefel fho Bl a7ng o the:
by ottPRonBA Relpilcet cHibio ) Bpelth, 1935 offidHate followed by

pr epsostaebgtiampedd;t he t echni ques enpl oyed in the art.

A general nethod is as follows: 1. Neutralisation of

hy dridemolgl ofsneisitual solids thallaox potecliidalycdispedsed; aodar

excess of netallic base to produce a slightly
%ver%@@éwgﬁ@tr@lmqu@@%%)ﬁpglﬁbﬁ i tuted hydroxybenzoate
conplex, in a solvent mxture consisting of a volatile
Qyerbased boretalahydransinbyl-substiwded r hydroxyhenroates can be made by

% oduce EI | 0i daltl di s erged netal carbonate foll owed
{P teatic Ettahonth UG VRO BIX®SSt resi dual sol i ds

that are not colloidally dispersed; and 4. Stripping
to renove process solvents. Overbased netal

l@éﬂil BGRERY g, THdKaF hjdroRe HBtarRgs 2Rt 2K 8ndRRE like),
preferably lime (calcium hydroxide), may be charged in one or more stages. The
charges may be equal or may differ, as may the carbon dioxide charges which
follow them. When adding a further calcium hydroxide charge, the carbon dioxide
treatment of the previous stage need not be complete. As carbonation proceeds,
dissolved hydroxide is converted into colloidal carbonate particles dispersed in the

mixture of volatile hydrocarbon solvent and non-volatile hydrocarbon oil.

Carbonation may by effected in one or more stages, over a range of temperatures
up to the reflux temperature of the alcohol promoters. Addition temperatures may
be similar, or different, or may vary during each addition stage. Phases in which
temperatures are raised, and optionally then reduced may precede further

carbonation steps.

The volatile hydrocarbon solvent of the reaction mixture is preferably a normally
liquid aromatic hydrocarbon having a boiling point not greater than about 150°C.
Aromatic hydrocarbons have been found to offer certain benefits, e.g. improved
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either a batch or a continuous overbasi ng process.
Met al base (e.g. netal hydroxide, netal oxide, neta

W@pkwssresss and the |ike), preferably Iinme (cal cPCIEP2008/002837

hydr oxi de), may be charged in ene or nore stages. The
charges may be equal or may differ, as may the carbon
filtrationi catenaan@d exampigs obsuitable selventshare telitingg xglene, and ethyl
further cal cium hydroxide charge, the carbon dioxide

Q X fent of the previ ous stage need not be conplete.

As carbonation proceeds, dissolved hydroxide is

converted into colloidal carbonate particles dispersed

The atkanal istpreterablyvmethanct aliheugh athes@leahole guctkyag ethanol can

&?P%%‘? gfor e%&ﬁ“gi% oefrthg?gﬁ’é éf gﬁa g@wﬁgﬁgﬁ%gb%lvents and the

walep ebatant ©f thwiritialtreactice! mintute: 2peimportantfo éttain the desired
al cohol pronoters. Addition tenperatures may be

RPAUchr, or different, or may vary during each

addi ti on stage. Phases in which tenperatures are

rai sed, and optionally then reduced nay precede

Oilnadebe addbdnathe neasdtiopsmixtive; faoasultableyalisdnaluerhydrocarbon

solvent of the regction m xture.is ef era
Xl Rartlcy? Frlygihege & siaeral oxigit- oOilp mgevwssoawpﬁ.qﬁ& to 30 cSt

f han about 1500C. Arommtic
ﬁ?fgcﬂ%tb\'&g%‘tgble

have been found to offer certain
benefits, e.g. |nprovedflltrat| on rates, and exanples

Bl B R S ARG P e

Héahéﬂ t@laﬁcmebéiea ttéhmp@?at@waélgl alé\ie P80 a8 re%v@emame materials
choice of the ratio of alkanol to hg rocar bon
O

(watereand any remalingalkanot and dydragrarbor splvent)al When the synthesis

BEBHER. B Mk rodich s fIBEY B° BreSPL BTN rdseetEl sufPonded
sedlimentd. albiseclatified by¢faréxahysie ofeation op cetrifugation. These
parti cul arl)() those of mneral origin, Ols which have

"Vﬁ@%‘é)@istm@% grusest beforg) qrat as intasmesliate\naint, opaftgpsalvent
removal.

The products are generally used as an oil solution. If there is insufficient oil
present in the reaction mixture to retain an oil solution after removal of the
volatiles, further oil should be added. This may occur before, or at an

intermediate point, or after solvent removal.

Additional materials may form an integral part of the overbased metal detergent.
These may, for example, include long chain aliphatic mono- or di-carboxylic acids.
Suitable carboxylic acids included stearic and oleic acids, and polyisobutylene
(PIB) succinic acids.
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After the final treatment with carbon dioxide, the
reaction mxture is typically heated to an el evat ed

W 209par8stare, e.g. above 13Q0C, to renpve vol ab¢CT/BP2008/002837

materials (water and any renuai gi ng al kanol and
hydrocarbon solvent) When the synthesis is conplete,

: RIOONE Azy) as a result of the presence of
suspended sediments. It is clarified by, for exanple
ntrlfu The

Aciavipurs 6sised Jease Phewbisaan & Qe aievalreqstes practical
SHEERbe S BNGHinglthe RELEUES cAEBsOBNEATIILERY, 97 1Hese

sol utr on. there I's I cient oll resent
mtwrmslancesg ranalyticat detemnmmtmns are essentiall totdejerrameedegree of

ol atiles, further oil should be added.
BD %LP@%@P or at an internmediate point, or

after sol vent rem)val Addi tional materials may form

Qﬁgr’e’é‘&%éx‘bgﬂ%ﬁbngﬁgéﬁ lﬁé’téfrhﬁ‘v%l ﬁgnmt al detergent.
ng chain aliphatic

nmono- or di-carboxylic acids. SU|tabIe carboxylic
acids included stearic and ol eic acids, and
etal iCxrbonhatesDenteht By Garbon iioxideildiseratighee of
Car bonat i on CIKID Achi eving the desired degree of
carbonation (' DOC) |evel requires practical experience
r t
AR S e A R AP SPbIY ofoBop covie

et atmheritovitre heanyi stmmbe@a:lee Absogtiornett liberated¥Aebon dioxide by
| evel s. Degree, of Carbonatij on termnpatio

3/evifableseagent; followaddhy t %9“%@&'8%&/3[5?%%'atéompﬁﬂ}ea@ﬁ&ﬁgent s metal
ﬂrﬁ@héte%téﬁtkaq)hg%uﬁabfe a:ﬂigri)ﬁbh %6fl§’§rhrﬁt8§gnent sample rgo .2-5.09)

quantitatively erate ¢ di oxli
wiith lastw(esg ranplan)ihysrookiisnic pcidon hef hberbterchcaxttbooadmnde is

SHeneS b b 7 regnesiBdtabmiggn dEeipuprmame o 40 parts

by volume) and simultaneously titrated with standard (e.g. 0.1 molar) alcoholic

tetrabutylammonium hydroxide solution, using thymol blue (3 to 1 parts
monoethanolamine, grams per litre) as the indicator. Optionally, interference from
hydrogen sulfide is prevented by absorption in a tube containing a suitable
reagent, e.g., silver orthovanadate. Care should be taken to exclude atmospheric
carbon dioxide from the titrant, by use of guard tubes containing commercial
carbon dioxide absorbent (e.g. 20 mesh). To ensure the absorbent mixture is free
of carbon dioxide, it is neutralised prior to each reaction/ titration using the
standard alcoholic tetrabutylammonium hydroxide solution, until the persistent
blue colour of the (thymol blue) indicator appears. Good circulation of the
absorbent mixture is advisable to ensure complete absorption of the liberated
carbon dioxide. A nitrogen flow aids transfer of liberated carbon dioxide from
reaction vessel into the absorbent mixture. The titration itself is continued until the
persistent blue colour of the indicator appears. A blank determination is
advisable.
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carbonate content. One suitable approach boils a
detergent sanple (0.2-5.0g) with excess (e.g. 2 nolar)

whyesa8eb®ri ¢ aci d. The |iberated carbon di oxi B&I/EB2008/002837

absorbed in a m xture of nonoeghanol am ne in

di mrethyl formamde ( 1 to 40 parts by vol une) and

Galoulatianeously titrated with standard (e.g. 0.1 nolar)

al coholic tetrabutyTannDnlun1h droxi de sol uti on, usi

{d{%;yp%d @&Hﬁf)@o)&&’ (BBAHS vold ik kERA Hegonee (mejes i x err}F
€ 1'ndi cat or. Ophhsanabbtgrgehrdagiplegggnce from

hydr ogen sulfide is prevented by absorptlon In a tube

(d'&ﬁfdiFrtetrgbatyiamtrwﬂllﬂnng@ﬂde) e.g., silver

ort hovanadate. Care should be taken to exclude

at nospheric carbon dioxide fromthe titrant, by use of
™eH:d tubes contai ning conmercial carbon dioxide
absorbent (e.g. 20 nesh To ensure the absorbent
Mesal as @rb@afq(eén@lﬁs/ka)r% feriteskqaghon diexide (megleskis) sed
prlor to each reactlon/ titration using the standard

'réff%g‘t? t E"{%gr WJ} Lﬁgpla Meqﬁpﬁﬁ@? lt%{'rh@u?ﬁg arbénates in

Slﬂéhéﬁét@fA@&ﬁﬁ‘@é S'oy APt yashemkAN . PIBtsolvBnPA Y. d@85urenko in
m xture is advisable to"ensure conpl ete absorption of

Trodyt V§§$®¥L§@YCHﬁbohn@1|$§l$®m(at¢l skiitlpelifuhpe Rexeedbgotke Nefti (1976),
{/‘{ z@ffé | i berated carbon di oxide fromreaction

nto the absorbent m xture. The titration
itself is contlnued until the persistent blue col our

is :
Wbt R drodis & SiisngbddeNhinfleermnation is

(t BAH coné (ol es/ 1)) x 1 A3)] Liberated Carbon

b8 AL matio T Bl S OB S8 DL Tes

titratioined/ ptnotpHih Alirthedtralasdiatiofta eximpte dissolves/ikg) A

simlar rocedurels described in 'Rapid Method of )
isRRrOPANAY/ 9 ang; mithhadded water/sugar solution (e.g. as described in US

5259966, and also cited thereafter in US 20060183650A1, US 6310009, US
6268318 & US 6015778). Strong bases include calcium oxide, calcium hydroxide

and also various calcium alkoxides. In processing, calcium hydroxide reacts with

sulphonic acid and phenols to form calcium sulphonate and calcium phenate
respectively. Neither the calcium sulphonate nor the calcium phenate give a
strong base number measurement, i.e., these salts do not titrate to
phenolphthalein indicator. Calcium hydroxide also reacts with carbon dioxide to
create colloidal calcium carbonate. This also does not give a strong base number
measurement. The strong base number in the products of this invention relates to

unconsumed calcium hydroxide.
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Sul phonate Additives' by A F. Lyashenko, V.I|. Borisova
and A U Mazurenko in Trudy- Vsesoyuznyi

WORW8heRssé ssl edovatel ' skii I nstitut po Perer abBCKEP2008/002837

Nefti (1976), 14, 217-20. Metajp Hydroxi de Content by
Strong Base Nunber One anal ytical nethod to determ ne
strong (or "direct") base nunber involves titration to
phenol pht hal ei n neutral point of a sanple dissolved in
VERRGO é&@l i Lh addedsﬁ@iéFQSuqar sol uti on
}f/ge. g. as escrl l n S NMieaP9fencya Mo WK OH ed
thereafter in US 20060 183650A1 , US 6310009, US
6268318 & US 601 5778). Strong bases include cal ci um

DGR of RaMonatioN 'DBCYEC A8Gafibs0 vari ous cal ci um

al koxi des. Tn processing, calcium hydroxide reacts
W th sul phonic acid and phenols to form cal ci um

L?ﬁihal?ﬂ? %b%vé%t&ﬁﬁlﬁbﬁgﬁé’ SOt &l be ESFc‘u'Ié{EH Yas RIfLWELT

ci um sul phonate ror the cal crum phénate give a
strong base nunber neasurenent, i.e., these salts do

not titrate to phenol phthal ei n indi cat<3r Cal ci um
hy dr opicsterRb1e%) L mwmw 2l §2

col | oi dal * cal ci ur[(MetalmrmﬂﬁmafH)wmtaththmb)]gl ve a
strong base nunber neasurenent. The strong base nunber
in the products of this invention relates to

DA RN BB, 55 TR BB st

fg@ntmomn MOJHXDE) afiiwean %gérasl dlisli)e!@agl’se oa(;ma?tlen inhibitors, viscosity
et er m nati ons can be ca ated as fo
”FBFJ%E@ (Qo%tPﬂ"gd%x: pressants, riyst i %'MS RSN g}%mgl;prQOQemulsufymg

components and foam control agents.

Friction Modifiers

Friction modifiers include glyceryl monoesters of higher fatty acids, for example,
glyceryl mono-oleate; esters of long chain polycarboxylic acids with diols, for
example, the butane diol ester of a dimerized unsaturated fatty acid; oxazoline
compounds; and alkoxylated alkyl-substituted mono-amines, diamines and alkyl
ether amines, for example, ethoxylated tallow amine and ethoxylated tallow ether

amine.

Other known friction modifiers comprise oil-soluble organo-molybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. As an example of such oil-
soluble organo-molybdenum compounds, there may be mentioned the
dithiocarbamates, dithiophosphates, dithiophosphinates, xanthates, thioxanthates,
sulphides, and the like, and mixtures thereof. Particularly preferred are
molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl xanthates and
alkylthioxanthates.
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[(Metal as Carbonate) + (Metal as Strong Base)J The

| ubricating oil conposition may include at |east one
wWoemen28addi ti ve selected fromfriction nodifi ePGI/EP2008/002837

anti wear agents, dispersants, @oxidation inhibitors,

viscosity nDdlflers pour point depressants, rust

Ac*mn@maltyr the owlybsianm campsiundrsay deran sitiid mglybdenum

CHTRONER ThaRe corBEuRRYE <RP ST thblechliBEpt Bt as

rhea&mdfw ABTM tett D-664 o r2BDE titratiye Protediream &t gpically
esters of long chain pol%car boxylic acids wth diols,

hexavalentplircluded ap malwbdic aride emypoaiun malykdate esodium

@BB@ eaﬁo%gag'ﬁl& mgﬁ/gg?tﬁ ﬁ%déthgﬁg& !@QQI md dates and other
mbWbﬂth*ﬂ ﬁl’ﬁ#@ @rrh ehwodmmnwblgbdetéwmod)euemoozsrz,

tall ow am ne and et Iatedtallowether am ne. O her
Mﬁ&ﬁ'ﬁ,rm@mb@'ﬁnHﬂUV\qx OVC%W?F aeidis mobdhdemuan compounds

no- nol ybdenum
-F}EI ﬁb&)ﬂr@nnégg? Egﬁgggs)m?ﬁ@%gn g‘% dant and
antiwear credits to MA(ROGSxM amd) 0|I conposi tion. As
an exanpl e of such oj | e organo-nol ybdenum
conmpounds, there mayM?Zﬁ% ?‘bned t he
WheiBirPRAS BATBG S50 gFBJ)EJ; SBBRARRGHh $%e group consnstlng of alkyl, aryl,

di t hi ophosphi hat e nt at es, thioXanthates
amllthankdaalkoamlkylhgemenaﬂy ohfrdm fo 30 earhdreatents, and preferably 2 to

{2 banotd.atbms. AMEmos! iSRS edtin carbon aigms. Especially
merérrw 8% tﬁecmkymltﬁbb@pb@m&és es midideneAdl |y, the

enum conpound may be an aci di'c nol ybdenum
Am%eugwumm@gawmmsI@umwpmp@aeﬂs\ﬁre inudgarinpolybdenum

e

wegirathent ard ﬁﬂbpdﬁderﬂl)ﬁsé‘@d;tébdigend@ hdvmgrmgmmgroups with a
nol ybdat e, sodi um nol ybdate, potassi um noly

%{fﬂ@gﬂ%{pl’(ﬁbﬁlﬁ@f Gasban a §E@5qrg!§r ihe cempepnd soﬁxb?e or dlsperS|bIe in
the oil, n is from 1 to 4, k varies from 4 through 7, Q is selected from the group of

neutral electron donating compounds such as water, amines, alcohols, phosphines,
and ethers, and z ranges from 0 to 5 and includes non-stoichiometric values. At
least 21 total carbon atoms should be present among all the ligands’ organo groups,

such as at least 25, at least 30, or at least 35 carbon atoms.



nol ybdenum salts, e.g., hydrogen sodi um nol ybdat e,
MoOCl 4, MoQ2Br2, MX2QO3CI 6, nol ybdenum tri oxi de or

W@ poBl12865@ci di ¢ nol ybdenum conpounds. The nol yROEER2908/002837
conmpounds may be of the fornulg Mo(ROCS 2)4 and
Mo( RSCS 2)4 wherein Ris an organo group selected from
Theligandsaredindependenthf seleeted fremythe gsewp kI and
al koxyal kyl, generally of from1l to 30 carbon atons,
and preferably 2 to 12 carbon atons and nost
preferably aHeHx-e+R to 12 cgrbon atons. Especially
preferred are the dial kyl dithi ocarbamat. es of
nol ybdenum Anot her group of organo-nol ybdenum
compounds ar 6 1 ri nucl ear nol ybdenum conpounds,
especial ly tho‘%of the formula Mo3SkLnQ and m xtures
t her eof wherein Rare independently sel ected

| i gands havi n gano groups with a sufficient nunber
of carbon at to render the conpound sol ubl e or
di spersible in the oil, nis from1l to 4, k varies

from4 throu 7, Qis srlected fromthe group of
neutral el ectrer donatjfig conpounds such as water,
am nes, al cohol -phsphi nes, Bnd ethers, and z ranges
fromQo 5 a ¥ncl udes non-stoichionetric values. At
least 2 1 tot carbon atons shoul d be present anong
all the ligands' organo groups, such as at |east 25,
at least 30,xpr at |easfR35 carbon atons. The |igands
are i ndepende y sel ec/ted fromthe group of X R 1,
and and m xtur ttreNeof , whedgin X, X-i, X2,and Y are
i ndependent | el ect ea\fromthe group of oxygen and
sul phur, and erein RLR;R2, and R are independently
sel ected from hydrogen and organo groups that may be
ande same or different. Preferably, the organo groups
are hydrocarbyl groups such as alkyl (e.g., in which
the carbon X1\ /O—R1

5,
X

X2 O_R2

and mixtures thereof, wherein X, X, X2, and Y are independently selected from the
group of oxygen and sulphur, and wherein R4, Rz, and R are independently selected
from hydrogen and organo groups that may be the same or different. Preferably,
the organo groups are hydrocarbyl groups such as alkyl (e.g., in which the carbon
atom attached to the remainder of the ligand is primary or secondary), aryl,
substituted aryl and ether groups. More preferably, each ligand has the same
hydrocarbyl group.

The term “hydrocarbyl” denotes a substituent having carbon atoms directly attached
to the remainder of the ligand and is predominantly hydrocarbyl in character within
the context of this invention. Such substituents include the following:

1.  Hydrocarbon substituents, that is, aliphatic (for example alkyl or alkenyl),

alicyclic (for example cycloalkyl or cycloalkenyl) substituents, aromatic-,
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atom attached to the remainder of the ligand is
primary or secondary), aryl, substituted aryl and

weelsn28gsoups. More preferably, each |igand haBCT/ER2008/002837

same hydrocar byl group. The teggn "hydrocarbyl” denotes
a substituent having carbon atons directly attached to
t he alpmatiedand aliCMChQSubgtantﬁadamomatlcmtmmndethe |I|ye as well as cyclic

hydr oca character withi cont.ext

veniRents Bread Bt fa K EReldiroia Ao PenpRgorof the
Hy drIRmbeHat 34! @W‘Mﬂﬁ&@ate‘d@bshﬁmnﬁ i2yabgéthet ftfrm an alicyclic
exanpl e al kyl or "al kenyl), alicyclic (for exanple
cycl@aURY| or cycl oal kenyl) substituents,
aromatic-,aliphatic- and alicyclic-substituted

aromatic nucl ei and the like, as well as cyclic
Z.ubssithstiguted mm@rbom babstitugntssm@oraoltmiséﬂcdmémw@hon-

anot her portion of the ligand (th i S
i ndi Rysiracaroop groy %Wh@hnﬁyth?&j?@t% |0f this mvgﬁ'tlam @%pt alter the

gr O%Edo%maﬁ‘ﬂﬁ))d%‘éaerg h%%’ Gaf 8%3%% |fu'éH? mrﬁ%sé BRilied in the art

0se con ni n ocarbon
t he wﬂrﬂmﬂamfoﬂémltablergrenps ¢e.g. cﬂmlmcﬁspebiady chloeo and ﬂuoro amino,
pred nt | rbyl character of
Db AR D etopRlS ARl tE M e RPS0SHIRNONY. Slkek ¢ of
sui tabl e groups (e.g., halo, especially chloro and
fluoro, am no, al koxyl, nercapto, alkyl nercapto,
di t ridetend substiduents) tb'labis; ,substiiu¢nt33lvhiele,twimte predominantly
substi fuen tue

o oGy i SRbrackiryBitny Ine st dtth §ovatlions gontain atoms

cont@ker Santdtrboh Pretnt ia cﬁamt@ﬁ rfhgPbtABFwiSE t8Mpdaa of carbon
carbon present in a chain or ring otherw se conposed

of cPmsn atoms. Inportantly, the organo groups of the
I i gands have a sufficient nunber of carbon atons to
render the conpound sol uble or dispersible in the oil.

Irporexaypthe, orgako grtmwofqﬁe tigan@hhave® AR uFfiti@f QunBtseaT carbon
will generally range between 1 to-100, preferably from

atoms tgcenaerdthmm@mcaﬁw s clispessible Iﬂdhczoﬂ For example, the
RIfRbEr 5E&irbb9aRiRs in each group will generally range between 1 to 100,

preferably from 1 to 30, and more preferably between 4 to 20. Preferred ligands
include dialkyldithiophosphate, alkylxanthate, and dialkyldithiocarbamate, and of
these dialkyldithiocarbamate is more preferred. Organic ligands containing two or
more of the above functionalities are also capable of serving as ligands and binding
to one or more of the cores. Those skilled in the art will realize that formation of the
compounds requires selection of ligands having the appropriate charge to balance

the core’s charge.

Compounds having the formula Mo3SL,Q; have cationic cores surrounded by

anionic ligands and are represented by structures such as
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i ncl ude di al kyl di t hi ophosphat e, al kyl xant hate, and
di al kyl di t hi ocar bamat e, and of these

WQle@BKRIH686 t hi ocar bamate is nore preferred. O geEil/EP2008/002837

| i gands containing two or noreypf the above

functionalities are also capable of serving as |igands

and binding to one or nore of the cores. Those skilled
inthe art will realize ' of the

conpounds requires sel ecty on off | i gangls having the
appropriate charge to balfnce tjhe corne's charge.

Conpounds havi ng the forngl a SkLn have cationic

cores surrounded by aniqni nd are

represented by structur and have net

der to solubilize

t hese cores the total charge g all the |igands

nmust be -4. Four nonoanionic |ITgands are preferred.

aNd hout wi shing to be bound by any theory, it is

believed that two or nore trinuclear cores may be

bound or interconnected by ne of one or nore

| i gands and the |igands ntate. This

i ncludes the case of a [ agev’g gand havi ng

mul ti pl e connections to ' . It is believed

t hat oxygen and/or sel eni bstituted for

sul phur in the core(s). r di spersible
trinucl ear nol ybdenum c e prepared by

reacting in the appropriate (s)/solvent(s) a

nol ybdenum source such as (N 3Si 3-n(H20, where

n varies between 0 and 2 and incl udes

arahbave nél carges of ¥4l Cohsequéenthyairsordenivd solubilize dhese cores the
SOT e such as Lralk | t hj rggwglsu hi de, ggrer

tgial chBI9&REOoBY f@% gan 6‘“{3 @ qHr ”988!95‘ igands are
SrerBR dR/ithdt f’/ﬁ’s r&{!ﬁ%’e ?Hﬁhcﬂ‘ BP/ Qﬁ'éél‘yoﬁ‘ is Belldved that two or more
appropriate so a no y enum sour ce such
tohuglairgeey shy Be ioHRd Or intardangaotddnumeans of bnesor more ligands

I kyl t.h di sul phi di al k hi
4 RIS A B modletate” Tk hlidhbp F88aT i figentate
|IRAAE thaiHg meip é@mem@nswbmg@ cbRSISIt iPbelfevedithatdgden and/or

phosphi nes.
selenium may be substituted for sulphur in the core(s).

Oil-soluble or dispersible trinuclear molybdenum compounds can be prepared by
reacting in the appropriate liquid(s)/solvent(s) a molybdenum source such as
(NH4)2Mo03S+3-n(H,0), where n varies between 0 and 2 and includes non-
stoichiometric values, with a suitable ligand source such as a tetralkylthiuram
disulphide. Other oil-soluble or dispersible trinuclear molybdenum compounds can
be formed during a reaction in the appropriate solvent(s) of a molybdenum source
such as of (NH4)2M03S13-n(H20), a ligand source such as tetralkylthiuram
disulphide, dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulphur
abstracting agent such cyanide ions, sulphite ions, or substituted phosphines.
Alternatively, a trinuclear molybdenum-sulphur halide salt such as [M'][M03S7Ag],
where M' is a counter ion, and A is a halogen such as Cl, Br, or |, may be reacted
with a ligand source such as a dialkyldithiocarbamate or dialkyldithiophosphate in
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Al ternatively, a trinuclear nolybdenum sul phur halide
salt such as [M 2[ Mb3S7A6] , where MLis a counter

WO 298/12868 A i s a hal ogen such as C, Br, or |,P@EHEP19E8/002837
reacted with a Iigand source sych as a
di al kyl di t hi ocar bamat e or di al kyl di t hi ophosphate inthe
thpapppepriate linuig(s )rovent(s) tefarnmsan ot-splibie andispersible trinuclear

BolvpREhHR Hrfbaief EPS aBbRd i HiBROWRR 1 e Tor gpame,

Is@r orgavgieus or organic. A conpound's oil
solubility or dispersibility may be influenced by the
nunber of carbon atons in the |ligand s organo groups.

) . : I

AleohEEne AL SLBlinf B UEPCRIAIY g ephlo BT tng pumber o
dargenciteru i ¢he hgaradis lodgaro griupsciAtrieasterb estabéarbantatioms should
atons inits organo_grou s to render the_co

d
ke piasest @fnqﬂ_%%' e ligand’ Ofganq g,f@f“péatpl refprab Oﬁ{q lﬂg"’!ﬂﬂj source
%{b%eherfégsa 'égfflc‘le?ﬁln‘t'}?ﬁt?ér ol cé'rggﬁ E%rﬁk% fts o‘r‘i&ﬁa BrRSIsto render the
0 AR nds “or

not necessar dicate that the conpo
cahdpoune solabke sotlispeesibldiis shoé iddvicatingicempasé#jonor
capabl e of being suspended in the oil in all
proportions. These do nmean, however, that they are,

TH8 tdrif VNDIuSEt BP*dfisersibléihsedtherefi 8b Plot neBe4drily thdicate that
an extent sufficient to exert their intended effect” in
theeoamoungsnemadditivesharshselublep dissplyableirigeittle, or capable of being

Mo « Lhe additi | .0 ti f h

SppERgHn 1K o phrioRFC SREGE i r8h: PadBey that they are,
forURtancd, salulié br etdbly drperdibiéan dilftodapéxtedt suffitient to exert their
nol ybdenum conpound is preferably an organo-nol ybdenum

iptansedrrifedtin the envirameenoinywieh dre edipempioyed. Moreover, the
BTN RO AL SO, SR PoRalbofaton ofnigher

Idi¢lbiofphostibalae additivebielesiredi t hi ophosphi nat e,

nol ybdenum xant hat e, nol ybdenum t hi oxant hat e,
nol ybdenum sul phi de and m xtures thereof. Most

B ot BB et Y o o 85 B8Endh cpmpound.
Muaseaves,ahbemalybdenuri ezmpound is preferably selected from the group
consisting of a molybdenum dithiocarbamate (MoDTC), molybdenum
dithiophosphate, molybdenum dithiophosphinate, molybdenum xanthate,
molybdenum thioxanthate, molybdenum sulphide and mixtures thereof. Most
preferably, the molybdenum compound is present as molybdenum
dithiocarbamate. The molybdenum compound may also be a trinuclear

molybdenum compound.

Dihydrocarbyl Dithiophosphate Metal Salts

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or

aluminum, lead, tin, molybdenum, manganese, nickel or copper. The zinc salts
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Metal Salts Di hydrocarbyl dithi ophosphate netal salts
wa@e@sfizssguent |y used as antiwear and anti oxi daPCT/EP2008/002837

agents. The netal nay be an alfali or alkaline earth

metal, or alumnum |lead, tin, nolybdenum nmanganese,

aregRest eamoenheused hrelubrinatingbils v @amousts oftbatdol 10, peeferably 0.2

(2505350 308k 5 1R 31 e Rhchiod B o, They

rﬁéy‘b’é%rbbbl‘éd:ﬁhtéd&)r@éhcémm%bwmchﬁﬁ%)és@Yfr@?formm a
(;Jre pared in accordance with known techniquées by firs

iBy@roggray! dlthmhoaahwx agidt(RLIpAb sishally by aea@uqrmfm)e or more

S5 5 LISETTHTP R R el gD o o
cibmpotﬁmimﬁdﬂéxarﬁpre wrmbpho@rmrkmwhwb@ma*dasy feacting

be made by reacting m xtures of nd

B%‘Hﬁéé?f Primanyrndssecqndary, atcohelsy Alﬁ%mﬁtlwlu, mult|ple
FUASREAAORE dcids 861 B8 fi8Part WhERATE YIS n[Yraups on one are
aritelydegondary mrc&\dnachﬁoaad Hé hgqum?(yd rgrghps ohlthe &ltMts are

tirel rlmar character, Ta ma the zinc sa
%ﬂyelyg{re i GERACPT 7 T AR IGLABC S8l M BABGEY Ngural zinc
S 85 IdNE0H) B GBEL AL RBC S T bongtes are most
gmletraﬁlmemplcaoadeseomirnemcrat addiives frelqeenly contaim aexexeess of zinc

chLeatqh 'ﬁ%gryasse'Tﬁf 4 r'b Egeéeosrnap tlﬁgdqurl](dtpHe d:gegau%gt L lnathleonreutralization
rébttidpphosphates are oil sol uble salts of

di hydr ocar byl dithi ophosphoric acids and may be
represented by the follow ng fornul a: vvherein R and R

T plifeirag AR becalyT FRlarBeSBRGRs ¥ dsoiieas o

dihy&ﬂﬁcanﬂfl dnﬁleHbﬁp‘hcbr&ﬁa@dh angunby &e @Ei@ﬁent@d b9ndié following
aryl aryl al ky al karyl and cycl oal i phatic radicals.

feepulac Ul ar | y preferred as
S
AN
P—S Zn

| R'O 2

wherein R and R’ may be the same or different hydrocarbyl radicals containing
from 1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl,
alkenyl, aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as
R and R’ groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may,
for example, be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-
hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl,
cyclohexyl, methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility,
the total number of carbon atoms (i.e. R and R’) in the dithiophosphoric acid will
generally be 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore

comprise zinc dialkyl dithiophosphates. The present invention may be particularly
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R and R groups are al kyl groups of 2 to 8 carbon
atons. Thus, the radicals may, for exanple, be ethyl,
WO 2098028656 | - propyl, n-butyl, i-butyl, sec-butRCT/EB29)$/002837
n- hexyl, ihexyl, n-octyl, decy{s, dodecyl, octadecyl,
2- ethylhexyl phen% butylphenyl cyclohex
Uﬁafwwhw uep@ et 1y pc@miecqrnpoamm]ymntalmn@ pﬁ@sph@rus levels of

80RO 0. M. Wfordff oL FATRER L SR8 grerranly. e

Mdéph@ﬁﬁ@re&?/bl f the 1BbREatiHESI e6mpdBRioAIWiIR béi 1Y R0 M8 wt. %,
di t hi ophosphate can therefore conprise zinc dialkyl

sHohopaesRRaited.08ME. fr.esent i nvention nay be
particul arl yuseful when used with |ubricant
conposi tions containi ng phosphorus |evels of from0.02

Ashl8sd Disdersdntspreferably from0.03 to 0.10 wt. %
More preferably, the phosphorus |evel of the

| ubricating oil conposition will be Iless than 0.08 wt.

%hlé’s’scﬁlsﬁt%rsfaf@ﬂ#as Qtré Jﬁ Spersg&n‘ﬁfon i |r@%mtﬁ§§ resultlrégnfrom oxidation

spersant’s ts maintain rn sus
afi theldlisdllrmig wear escornbustidn. ofhex ada paditutHriyt dm/emtdageous for

BYaRIg o ol PE  sitis S 15 EeFiaton:ly@rjh, partioularty in
g;éa FE chidfhdd!CALRIBSE Hi<perednté RoMigiite AN SBRIAS bYlyibric

SOl I ne engl nes I sper ants conprise an oi
mcdromwopcbqakbone bieading cxebammiee kbimtionbkaroiupg tbakarer capable of

BT BB e Upbecdlt SRRRLY 5% oBRRGLYBne i
fopetidrdIRet Dy amfrd, @sdhor Ssmidle, aFeBRr p”dlé?%@leﬂe@”bﬁ@n via a

or ester polar noieties, often via a bridging grou ]
brigging Brass Hh@g@ht&&ﬁtdlwsaet mﬁMrbeei@rn@faé’ﬂp@eB@'@p from oil

{WS a"tgh‘gé%g -%stg%s%agrﬁ]ge%ﬂ{;ﬁ@é)%%% ﬂﬂbg ®f long chain

Wd?ééarbbh@ﬂjblﬁﬂtme@mbrib and ivarboxyliecdoids oF tﬁé"rearshydndes
anhydr| des; thiocarboxylate derivatives of |ong chain

ma&@mbaiﬁ@erqvahge%ﬁ& gaﬂhthavqi@camr&zéQrm;ﬁ%alﬁaa}nphgt'c
t@/ Qéa\(r% B a3 d% B/WTNFIE%H LA gﬂ%tﬁéﬂt%nlglgnmch

ensa on pro orne y condensi ng
corafemsatios productsl farineat by wbhdensing a long chain substituted phenol with

formaldehyde and polyalkylene polyamine.

The oil soluble polymeric hydrocarbon backbone of these dispersants is typically
derived from an olefin polymer or polyene, especially polymers comprising a major
molar amount (i.e., greater than 50 mole %) of a C, to C4s olefin (e.g., ethylene,
propylene, butylene, isobutylene, pentene, octene-1, styrene), and typically a C; to
Cs olefin. The oil soluble polymeric hydrocarbon backbone may be a
homopolymer (e.g., polypropylene or polyisobutylene) or a copolymer of two or
more of such olefins (e.g., copolymers of ethylene and an alpha-olefin such as
propylene or butylene, or copolymers of two different alpha-olefins). Other
copolymers include those in which a minor molar amount of the copolymer
monomers, for example, 1 to 10 mole %, is a non-conjugated diene, such as a C3
to C22 non-conjugated diolefin (for example, a copolymer of isobutylene and
butadiene, or a copolymer of ethylene, propylene and 1,4-hexadiene or 5-
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f or mal dehyde and pol yal kyl ene pol yam ne. The oil
sol ubl e pol yneric hydrocarbon backbone of these
WQIRMparssant s is typically derived from an ol ef PGI/EP2008/002837
pol ymer or pol yene, especiallygpol yners conprising a
maj or nol ar amount (i.e greater than 50 nole %9 of a
athylideng-2-foshemiene). ePgeferrgdrgrem@ynsgb@gyyb(Mn 400-2500, preferably

0550 ol PSB! 98161 SHERY oy 8H0D) enine

l0Bly4tRig 6il ByHHOSHbRS Bf iees [shsyemt irention @ohcvmami ampunt of a
ene or_polyi sobutyl ene)

(e.g pol ypr opyl
mtsggewntawmgwﬁsnﬁrsam igtredueingrasm &0 & @@Egmass %, preferably
Yo, € I
TR PTEDSY pes e torg Braiay o O (g T8elF gpyof ntrogen
iatopthe- cdmeposition. 0: her copol ymers include those in
whi ch a m nor nol ar anount of the copol ymer nononers,
for exanple, 1 to 10 nole % is a non-conjugated
‘§$®Qﬁonnr Bmgg a C3 to C22 non-conjugated diolefin
exanpr e, a copol yner of isobutyl ene and
but adi ene, or a copol yner of ethylene, propyl ene and

Sl NS S R RRIGRAPSATY b oEBlT
c?étéﬁbfé‘t@ir%er@ic%oe@ﬁ@%\?e d@kﬁf&é%ﬂ ¥an 'P)%aéﬂﬁd&%éﬁ 9&/ SRRIge in the

HDD) engi ne | ubricating ositions of
Ipbecantt vamﬁnhkmdepwtmmtmmmeau;ESaand by VIsc03|ty growth.

SuertSI8aRE IR SRRy e pbeBle aivgeis ety satt of

élwlsh@rwfrﬁé@étbbs Iﬁé\ﬂFFg DréfePabl9 Gl td O raNes side @h‘uams alkylphenol

nitrogen into the conposition. Oxidation Inhibitors

wipkides.oil $¢iHbl§a rRhgnates apdisuphuizedrhenates Rh@éphosumhurlzed or

r [ 0
YREERY A BLBERs o Setarsrpld i gus 8icrs, PefaffiBoprbamates,
dihsolliblerdopper corfpouingls-ds desatibiedsn L SoPatdret N&.t4867,890, and
surfaces, and by viscosity growth. Such oxidation
mﬁWPE?FBF‘SCCPmélnLanCﬂ"\P@HP@ﬁ phenol s, al kaline earth
netal salts of al kyl phenolthioesters having preferably
C5 to Cl12 al kyl side chains, alkylphenol
Phosphorus-free supplemental oxidation inhibitors, other than the previously

described hindered phenol antioxidants, suitable for use in the present invention
include alkaline earth metal salts of alkylphenolthioesters having preferably Cs to C,
alkyl side chains, calcium nonylphenol sulfide, ashless oil soluble phenates and
sulfurized phenates and phosphosulfurized or sulfurized hydrocarbons.

Aromatic amines having at least two aromatic groups attached directly to the
nitrogen constitute another class of compounds that is frequently used for
antioxidancy. They are preferably used in only small amounts, i.e., up to 0.4 wt.
%, or more preferably avoided altogether other than such amount as may result as

an impurity from another component of the composition.

Typical oil soluble aromatic amines having at least two aromatic groups attached
directly to one amine nitrogen contain from 6 to 16 carbon atoms. The amines

may contain more than two aromatic groups. Compounds having a total of at
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sul phi des, oil sol uble phenates and sul phuri zed
phenat es, phosphosul phuri zed or sul phuri zed
woysesozssboons or esters, phosphorous esters, nRCHEP2008/002837
t hi ocar bamat es, oil sol ubl e cogper conpounds as
described in U S. Patent No. 4,867,890, and
leastythdemararatic gravipsgnodhipb twd siromatis gnoupss afe krked by a covalent

| hi bi her than th
SHRDHEOE A HaBor GouPle o <o of SUfbhub AR, ota -CO-, -0z or
ﬁméﬁélg%umrawm Brd BReBESRAShddt6eod Bmihd Altksen also

aline earth netal salts of al kyl phenol t hi oesters
mldfg'egﬁowblqmmsmvwatdeayﬂ twe aromaatia groupsaatiached directly

R e e N

substitliérts defecdfranbalRgl, cHEIBEKYI, @llksXyNaRy/IGMY iakgl, @bylamlno

| east two aromati c groups att ached directly to the
hydrexyandcitiotgroups dhstameurl efanyosudveibsoludle amupaticamines

HARRY Bl S AedbueBha s Aea JRAiAE o i hlboen shout
prefeﬁ'ablya'ic&radcbgdmwlvde% attivegagledienstt her t han such

anount as may result as an inpurity from anot her
conmponent of the conposition. Typical oil soluble

! s having at |east two aromati c groups
\?’i&@&ﬁ%@ogme?se

tly to one anmne nitrogen contain fromé®6
to 16 carbon atons. The amines may contain nore than

VidPodbe B Bss LR inctoprg IRbart Mdn At lowlenstature operability to
Qfd?#l%hﬁg? Bill MheedMbYsed ﬁf&%e%tthm@aequhcmh ot rﬁé%gbo

r grou g., an oxygen oOr sulphur atom or a
mgmﬂmct@nalal Rgbeasentatiepgxamples\af suitablei viscosity modifiers are

BYREOTEL: RBBRHAS of shidig Ry Ho BB RE: POT Besnpsryiates.
rﬁétrmhﬂéte%dm%mé @opbR/nierscI @@nunsEeraAé® BRiarboXylisGfid and a
are typically substituted by one or nore substituents

iRyl somRPUNde tRtarnafymets ef shirang andprodig estergl arg partially

ks PR BB 3D e e Bt sy SH g o
isegrenefbutadicnepas wvelirasihe partuan}hbwrdgeaatdoyhcbmopolslmers of

am ne nitrogen shoul d
butadiene and |goprene. uMultifunctional viscosity modifiers that further function as

dispersants are also known.

A viscosity index improver dispersant functions both as a viscosity index improver
and as a dispersant. Examples of viscosity index improver dispersants include
reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono -or dicarboxylic acid in which the hydrocarbyl substituent
comprises a chain of sufficient length to impart viscosity index improving
properties to the compounds. In general, the viscosity index improver dispersant
may be, for example, a polymer of a C, to Cy4 unsaturated ester of vinyl alcohol or
a C3 to Cqp unsaturated mono-carboxylic acid or a C4 to C4o di-carboxylic acid with
an unsaturated nitrogen-containing monomer having 4 to 20 carbon atoms; a
polymer of a C, to Cyg olefin with an unsaturated C3 to C4¢ mono- or di-carboxylic

acid neutralised with an amine, hydroxyamine or an alcohol; or a polymer of
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preferably not exceed 0.4 wt. % active ingredient.
Viscosity Mudifiers Viscosity nodifiers (VM function

W@ 2008f1ps866¢ hi gh and | ow t enper at ure oper abi | i t RCT/BP208/002837
lubricating oil. The VM used ngy have that sole
function, or may be nmultifunctional. Representative
eihynlepeemitma Gautiot Gl adefin furtimirtrgactedi dither byagrafting a C4 to Cxp

| ene, mers of ene and pr.opyl ene,

Bt bR ARIN Eipoer thatkan srp L oratisd B iseturated
é&" d 6thiﬂi%aéé|§lﬁie@%a@k5@ﬁ@%wthén acacliry¢hrBoX *Il&yémd groups of the

ound erpol ynmers of styrene and acrylic esters,
garaﬁegaiqd with\argmingy dwydrey amps gnalceholf st yrene/
i soprene, styrene/butadi ene, and isoprene/ butadi ene,
as well as the partially hydrogenated honopol yners of
M@'iﬁnegﬂsbﬁ@r ene. Multifunctional viscosity
nodifiers that further function as dispersants are
al so knovvn A viscosity index inprover dispersant

Vi S
%&W edr'ﬁg‘% Qaﬁér gtshéa%ﬁs\% %@ao(%rlﬁ Eg?uf‘br%gij?|8¥n§§n&3§\?er%5(L6F|), lower
tﬁespm:imam tlenn;mrbude at_wmth the ﬂtmddzvmglslmﬁrb@aﬁ be$>o;fr@d Such
exanpl e pol yam nes, Wt rocar byl substituted nmono
adﬂ't'%ﬁsc%r.eo\aﬁu/ kpewac |Td’pi'Q?| \%F'{% 4&%\5&& hehirpprove the low
I

R P BLIO T thE RRiPa ol T op I Fifalate ST dobtate
c:nqupnedsantirpojyanetrwcrylam Vi SCOSI ty index inprover
di spersant may be, for exanple, a polynmer of a C4 to
C24 unsaturated ester of vinyl alcohol or a C3 to
RadtPhHib#dFd!r at ed mono-carboxylic acid or a Cto C 10

di-carboxylic acid with an unsaturated
ni trogen-cont ai ni ng nononmer having 4 to 20 car bon

idabtieReBerBieg trar e bSuseingrlioaPrByerE aeyevalkyiene
SIS Andsesley therau pmyaﬁyamwdh C?héﬁbl%e afl awomb@nmlsulfomc

pol ymer ofethylené with a 0 olefin
aqmmyb%u@e@d either by grafting a C4 to C20
unsat ur at ed nitrogen-contai ni ng nononer thereon or by
grafting an unsaturat ed

Corrosion Inhibitors

Copper and lead bearing corrosion inhibitors may be used, but are typically not
required with the formulation of the present invention. Typically such compounds
are the thiadiazole polysulfides containing from 5 to 50 carbon atoms, their
derivatives and polymers thereof. Derivatives of 1,3,4 thiadiazoles such as those
described in U.S. Patent Nos. 2,719,125; 2,719,126; and 3,087,932; are typical.
Other similar materials are described in U.S. Patent Nos. 3,821,236; 3,904,537,
4,097,387; 4,107,059; 4,136,043; 4,188,299; and 4,193,882. Other additives are
the thio and polythio sulfenamides of thiadiazoles such as those described in UK
Patent Specification No. 1,560,830. Benzotriazoles derivatives also fall within this
class of additives. When these compounds are included in the lubricating
composition, they are preferably present in an amount not exceeding 0.2 mass %

active ingredient.
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acid onto the pol ynmer backbone and then reacting
carboxylic acid groups of the grafted acid with an

W@ p0R@28666/dr oxy am ne or al cohol. Pour point PCT/EP2008/002837

Depressants Pour point depressgnts, otherw se known as
| ube oil flow inprovers (LOFI), |lower the m ninmm
tenperature at which the fluid will flow or can be
poured. Such additives are well known. Typical of
Déamsitsifyid) Comgoniehst | nprove the | ow tenperature
fluidity of the fluid are Ce to Ci dialkyl

fumar at e/ vi nyl acetate copol yners, and

pol ymet hacryl ates. Rust Inhibitors Rust inhibitors

/@%hﬁéﬂté‘rﬂoﬁﬁpﬁ? 4 B@nﬁfléﬁﬂﬁh@e@ﬁl‘p%hbﬁﬂ BYRs&d) & preferred

pol yoxyal kyl ene pol yol's "and esters thereo

thyb)fylaglcﬂrmmqmemdescrlmtumaw@&%%z kulns obtdined by reacting an
ids na be. sed. nhi bit ors,Copper. .and .

FRUE 6 Syt B r s B CPTAIRER BY TeaRip B LTBBaIdR it p olyhydric

dlyshaialthe @é’rhurﬁﬁbﬂd‘r@dxld\foé msbaeatfa%wl ot éa&eeauddm mass %

present invention. pi cal such npounds are 't he

aqiwgdngr@dn@tpd treat fatq@é Oerﬁ to Q}Dﬁgnaf’%% gctive mgredient is

éﬁ?ﬁ ni@tons their derivatives and pol yners thereof.
rivatives of 1,3,4 thiadiazoles such as those

described in U S Pat ent Nos. 2,719, 125; 2,719, 126;

and 3,087,932; are typical. Oher simlar materials

re described in U S. Patent Nos. 3,821 ,236;
MJ 4,097, 387; 4,107,059; 4,136, 043 4,188, 299;
and 4, 193, 882 O her addltlves are the thio and
pol yt hi o sul fenam des of thiadiazoles such as those

described in UK Patent Specification No. 1,560, 830.
Ream @ontral odr bequovidedi byemany sompaunds lndudlmrs aotifeagnant of

e

in an anount not exceeding 0.2 nass %

It may be necessary to include an additive which maintains the stability of the
viscosity of the blend. Thus, although polar group-containing additives achieve a
suitably low viscosity in the pre-blending stage it has been observed that some
compositions increase in viscosity when stored for prolonged periods. Additives
which are effective in controlling this viscosity increase include the long chain
hydrocarbons functionalized by reaction with mono- or dicarboxylic acids or
anhydrides which are used in the preparation of the ashless dispersants as

hereinbefore disclosed.

It is not unusual to add an additive to a lubricating oil, or additive concentrate, in a
diluent, such that only a portion of the added weight represents an active
ingredient (A.l.). For example, dispersant may be added together with an equal
weight of diluent in which case the “additive” is 50% A.l. dispersant. On the other
hand, detergents are conventionally formed in diluent to provide a specified TBN
and are oftentimes not referred to on an A.l. basis. As used herein, the term mass
percent (mass %), when applied to a detergent refers to the total amount of
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active ingredient.Denul sifving Conponent A small
anount of a denul sifying conponent may be used. A

Wer@Barssdd derul sifying conponent is descri bedPCHEER08/002837

330,522. It is obtained by reagiing an al kyl ene oxi de
wi th an adduct obtained by reacting a bis-epoxide with
detprgeriyamd diluging ontsss othervdeenindicdtedr asdodian agpliesktd all other

3 5l 8 UEGHRb S hoBRter by Sl

i s conveni ent. Foam Control Foam control can be
_Frow ded by many conpounds including an antifoamant of

e insivigual agiditives ryay be fingorparated into gibasemteckoin any convenient

G2 S0 e bR <R ianch B, BE SEBATBoH J0'ire5ast Stock or
byasecoibblieyid &y dlé}&tarbi 't didduNing #lifh e/ BAsd Slogk or base oil blend at the
&rou p-cont ai ni ng additives ac%l eve a suitably | ow

siregddevs) of ﬁOﬂﬁ%ntpat@rm %wm lgndinggaay ocewsatinabient temperature or
ST BB TR 4 BTGRP A e o
théfamivevraentlonmaddltllves,geadh additige isstypicallp bl@adrd into the base oil

VLA ek R S R i
;Eﬁé@bhgagﬁle%& nta't s‘dx%ﬁdadd‘tlme uBt§ ﬂ@éﬁ%ﬂk@ﬁa@ﬁﬁﬁtﬁgts, are listed

I'ess di spersants as herel nbefore cl osed.
balowurAlsthel valvesitistedrare ciiated\as masa plentert@xtive ingredient.
or additive concentrate, in a diluent, such that only
a portion of the added wei ght represents an active

AR VEoget hor w th an equal MARSS Rof di | |aRESEr%
he ot ber hand. _detergents arle ranvent  onall ) T reh
AL Daprt P oY O SPeoIGSSTEN 0 35, useo
M8tat Dbtelgdftd er m mass 0.1-6 0.2-4
Corrosion Inhibitor 0-5 0-15
Metal Dihydrocarbyl Dithiophosphate | 0.1 -6 0.1-4
Antioxidant 0-5 0.01-15
Pour Point Depressant 0.01-5 0.01-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-0.5 0-0.2
Friction Modifier 0-5 0-15
Viscosity Modifier 0-6 0.01-4
Basestock Balance Balance

Preferably, all the additives except for the viscosity modifier and the pour point
depressant are blended into a concentrate or additive package described herein
as the additive package that is subsequently blended into base stock to make the
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percent (mass %, when applied to a detergent refers

to the total anmount ofdetergent and diluent unless
w@eienicse i ndi cated, and when applied to all BECTEP2008/002837

additive refers to the weight gf active ingredient

unl ess ot herw se indicated. The individual additives

findghask lubricanbor Ahedconnentrate awid typb‘@ﬂyibe dagmulated to contain the

c ' of cQ s can bhe . '

RIS TL ot Bifer, SRSlureg 36 0o Rl o BRBBEHaniftidiep in the final

fairpoRIti®hnghen tisk SoAtYhtRatel it dombined hAsE aSirealstetminé® @mount of a

oil blend at the desired | evel of concentration. Such

hasendbrigaMay occur at anbient tenperature or at an

el evated tenperature. When |ubricating conpositions

contain one or nore of the above-nentioned additives,

Baa:boMttawés peefergbly adde ibl ssvdedhnad with ltiee bristRod idescribed in
an ampunt that enables the additive to provide . its

ld@g,Praggnﬁc NActi9sH,88%: pT@@'ePﬁtﬁm Q%S%ﬂ%rmg ipg & pegrmix of ashless
E’;Fértsbﬁﬁﬂld Wedl dEtef e"rfilggﬁac‘tjs L] Pat é‘f&néérsatt&% of at least

he val ue resate as nm

dbsoutei00°Gc tThereaftgr, ¢k pré-mikistesled ity at fddst 85eC and the additional
addi tives except for the viscosity nodifier and the
groponRNtaaraagdedsant are bl ended into a concentrate

or additive package described herein as the additive

package that is subsequently bl ended into base stock

to make thefinished |ubricant. The concentrate wl |

Crankcasé Lubrcatiogrdil Bosdulatiosont ai n t he additive(s) in

proper anmounts to provide the desired concentration in

the final formulati on when the concentrate i s conbi ned

with a predeterm ned anount of a base |ubricant. The
R@F&%bﬁé‘hﬂ)ricétlﬁg ofl eo ARl aticrRAR 'é?npl@?‘i’lfdi'ﬁQQ@ 28 fnlis$ BB, preferably
met hod described in U S Patent No. 938, 880. That

bie 2hmassor ARG NoRilprefigrably aboud X ta 8 Aaa8se%<of the concentrate or

AR %Ry REor bR obBE R, EBLBIAG Bhatity o

thedingl srankcaswlubdichtingbil fc&ﬁﬁﬂatBﬁ\CaendeaMedey thledﬂl@ehck volatility
onents_are added. Crankcase Lubri catin

(Pt VA ER 05650 )c RuiRRe o DUSHVERPITRMERR % P TATABIGgSS than or
dBal BB Wald 9N molePpreterBBiSle¥d tRAFbPEGEAMO 12 mass %, most

preferably less than or equal to 10 mass %. Preferably, lubricating oil

=

compositions of the present invention have a compositional TBN (using ASTM
D4739) of less than about 10.5, such as between 7.5 and 10.5, preferably less
than or equal to about 9.5, such as 8.0 to 9.5.

Marine Cylinder Lubricants

A marine cylinder lubricating oil formulation may employ from 10 to 35 mass %,
preferably 13 to 30 mass %, and most preferably 16 to 24 mass % of the
concentrate or additive package with the remainder being base stock. Preferably,
marine cylinder lubricating oil compositions have a compositional TBN (using
ASTM D2896) of 40 to 100, such as between 50 and 90.
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4 to 20 mass % and nost preferably about 5 to 18 nass
% of the concentrate or additive package with the

WO 2098/12868¢ bei ng base stock. Preferably the voPGI/EPI008/002837

of the final crankcase |ubricagd ng oil formul ation, as
measured by the Noack volatility test (ASTM D5880), is
Tresk Ristan ngirg@ils t o 15 mass % preferably | ess than

or equal to 13 mass % nore preferably |less than or

equal to 12 mass % nost preferably | ess than or equal

A BuhR PSS elying SilsahaP enployRbirCAtd 89 ndds %O FSREf‘éféUI)P 7§ to 28
of the present invention have a conpositional TBN

rhass fig angmpsymefyrably 12:t0s24 mass b @lithe comcerdtate onadditive

S RelBalie bsigbeiEStols, FRErgFY i FKbistch engine
dilstHdveea compodhionae TBN i(0sing ASTVi B2896)bfR0 to 60, such as between
formul ati on may enploy from10 to 35 mass %

2randdply 13 to 30 mass % and nost preferably 16 to
24 mass % of the concentrate or additive package with
the remai nder bei ng base stock. Preferably, nmarine
lybricatiag Qilsbri cating oil conpositions have a
conpositional TBN (using ASTM D2896) of 40 to 100,
such as between 50 and 90. Trunk Piston Engine Gls A

OSSPSRl ST RA WRCIIAS e (o heavy

lubriéatingecits S$aalf a$ hasclorecenginatodls pmirsatd| lubvieating bidg and heavy
ith th i nder, bei ng. bas, k.. Pref bl t

dlvdiess olion ciemsraly. e SiseasE & B ibianges tam gemm isec

(ggﬁﬁgteké*éwwm/?g, Te;sge};@u@@noanhnﬁ RAbEE MM Iséd) Gs

Lubri‘cating G ubricating oils may range In
measwredtat f003@. |1 i ght distillate mneral oils to heavy
| ubricating oils such as gasoline engine oils, mneral
| ubricating oils and heavy duty diesel oils.

%}%&gg&gwnclhbs anirnaPSild In@lefbRbRi bild @G Tabid?'®illard oil); liquid

petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of the

paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating
viscosity derived from coal or shale also serve as useful base oils.

Synthetic lubricating oils include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,
polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes
(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulphides and

derivative, analogs and homologs thereof.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc.,
constitute another class of known synthetic lubricating oils. These are exemplified

by polyoxyalkylene polymers prepared by polymerization of ethylene oxide or
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(centi stokes) to 40 nmm2/sec, especially from4 mR/sec
to 20 mmR/sec, as neasured at 100C. Natural oils
W0 pBaBsS@ni mal oil s and vegetable oils (e.g.,PCHEP2908/002837
oil, lard oil); liquid petrol eggm oils and
hydrorefl ned, solvent-treated or acid-treated m neral
popylese axide, rﬁndame alkyl, anthaiyl B&mrs o&pdlym(x@laylene polymers (e.g.,
|c na L ubricat.i

af fi h
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and, deri vative,
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meles &f- QF'B/‘WF‘Q!Ba@io acid diester of tetraethyl ene

gl ycol. Another suitable class of synthetic

| ubricating oils conprises the esters of dicarboxylic
Estecsugefupas spmhleab iodls atsalinchudecthose naadel froed Kylto Cq;

succi ni c ﬁCIdS

monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and
poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters
of phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate,
diethyl ester of decylphosphonic acid) and polymeric tetrahydrofurans.

Unrefined, refined and re-refined oils can be used in lubricants of the present

invention. Unrefined oils are those obtained directly from a natural or synthetic
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al kenyl succinic acids, maleic acid, azelaic acid,
suberic acid, sebasic acid, fumaric acid, adipic acid,

WO povsl126i686 aci d di mer, nmal onic acid, al kyl mal onPCI/ER1008002837
al kenyl malonic acids) with a sariety of al cohols
(e.g., butyl alcohol, hexyl alcohol, dodecyl alcoho
sptaicewminemyfuerrcﬂwifcammyneetmegﬂ ylz':Qn examplehyl%\aée oil obtained

cgfé/cglgéfpnrﬁgggr@% Reg[egp lsgaghglgﬁﬁbé% 88%2&% dlrgct‘fﬁ( ﬁgﬁm §istillation;

6H dstecdinybizfred direepfraiean ebtenifibgtion ahd tedtwithout further
di octyl sebacate, dil sooctlyl azel ate, diisodecyl

tspatmeans wanld beyan ynisfinediall. Refinad pilparensimiles to unrefined oils

I
St A By rer i B BB M S g p improve
reRnct e preperties. MarpedasH purfidationitebhhiguespdsh &8 distillation,
tetraet hyl ene glycol and two noles of 2-ethyl hexanoic

slvyent exdrastign, aed @r %GWEPFCFIHN'@” andgareelptigr are known to
tﬁ'\B?é eslkﬁgg ftﬁé’ EHC% Lefirled %mﬁﬂd tr91¥ éfdéi{%s@g Qimilar to those
pol'yol's

ers SUC as neope

usedet ;b'rxoh/nﬂemeﬁped ails e baginywih icildhat lihpalneady pean |ulseU in
and. tri entaer thritol. Silicon-based oils such as th
%ﬁﬂ’yﬁl ;5340 reyepgAyqils, arﬁal%h@y? asggeclaimed or reprocessed oils and

18 oy lﬁ?éﬁgb'tﬁ%l%¢£|¥??8ﬁéé§|ﬁ BSigteLinib0ERToRmoving spent

cl ass et icants; such
additvesnand o# breakdoytmprodidts.cat e, tetrai sopropyl
silicate, tetra-(2- ethylhexyl)silicate,
tetra-(4-nethyl -2-ethyl hexyl)silicate,

Tr@é bno@mtirehhnemgdosn? éomphs@et@mum Group Il, Group Ill, Group
hexa- (4- net hyl - 2- et hyl hexyl ) di si | oxane,

Yoo/ Grastmhy| Qaﬁel SiQQkﬁeQr aaae 96 IDjgnetst cpfythpwéﬂgﬂn)\gnnmtégse stocks.
SlHETanh) O SH of IR ABY sl o STELIIR, Grolh fy B Gbip v base

$1bels drad mixtlre tredrgof mdmaﬂhet thé %Ibﬁlity%tm oivor oil blend, as
decyl phosphoni ¢ aci d I neri c tetrahydrofurans

meAsaieske thesNOAK st (A§ 5589) o lessHiangr eaual 1 43.5%,
R0 Blr AFGAUASE Y20 WERS Ul R a0 10%
mpst peferabbuless than bo eQuéLhotB%r apda fiscasityandex (V1) of at least 120,
BERTPPB B PTG G aRGT R pR T 6 T2t ai ned
directly fromdistillation;
Definitions for the base stocks and base oils in this invention are the same as
those found in the American Petroleum Institute (API) publication “Engine Oil
Licensing and Certification System”, Industry Services Department, Fourteenth
Edition, December 1996, Addendum 1, December 1998. Said publication
categorizes base stocks as follows:
a) Group | base stocks contain less than 90 percent saturates and/or greater
than 0.03 percent sulphur and have a viscosity index greater than or equal to
80 and less than 120 using the test methods specified in Table E-1.
b) Group Il base stocks contain greater than or equal to 90 percent saturates
and less than or equal to 0.03 percent sulphur and have a viscosity index
greater than or equal to 80 and less than 120 using the test methods
specified in Table E-1.



or ester oil obtained directly froman esterification
and used w thout further treatnent woul d be an

W@ p08fiz8ed@ oil. Refined oils are simlar to unP@&F/EP29d8/002837
oils except that the oil is fuggher treated in one or

nore purification steps to inprove one or nore
pr opBrG&icap. llINzase stocks pontiain gegatemthaeairrequatio 98 pemcerst

ot r3atufes Bniese i, Stk B Betsant ulbBhE and npve a viscosity

t hosadex gréer t trﬂad beequidl to Reor&ind afb ®ist ?néthéd@@?étlﬂéd in Table
by processes simlar to those used to provide refined

oi | SE¥ut begin with oi | that has already been used in

ser @Cﬁgo&%gﬁﬁpé%?% 5%3 M@@f@%ﬂ @@@X\lﬁsubj ect ed

recl

t 0 a@)Cthm‘alﬂa\Sem’t@ﬂQﬁmbweL@I Othet 8aBBIstERs Adtlincluded in Group |,
enovi ng spent additives and oil breakdown products.

The Ibilll @f M.ubri cating viscosity may conprise a G oup

I, Goup Il, Goup Ill, Goup IV or Goup V base

stocks or base oi | bl ends of the aforenentioned base

St oCKise bRsektocklib \prefenablgid Gadup Wibaseattocly vi scosity

is a Goup Illl, Goup IV or Goup V base stock, or a

m xture thereof provided that the volatility of the

oil or oil blend, %)g est (ASTM
D5880), is |less than or e%%ﬂotﬁgfém% J e'# erably

15

| ess than or equs
or equal to 10%

1| Rvopefy m

rmc-f nraf er

Jrﬁeqm rMaétbodb

hliyv | acc

y less than

n or equal to

8% and a vi scosi

t ySpiiates v

7‘3?{#\4 ”ZQ%

5t 120,

preferably at | ea
140. Definitions
this invention ar

F o 08 Dasp”

e t Hedeane

mlh(‘flfllfﬂ

b St OCP; and

s t hose fou
(L ADRL) nuhl i

U

from 130 to
base oils in
nd in the

Ameri can Petr ol el
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B TY) Dieee2 [
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I ndustry

Servi ces Depart ne
1996, Addendum 1,

nt, Fourteen
Decenber

19

BBTG P01

Decenber
bl i cati on

categori zes base

stocks as f
ss—than—-90

DABIM D 4927G

rcent cat 11

roup | base
at es and/ or

stocks contain |¢

PRSTMD 3720

great er

EXAMPLES

The present invention is illustrated by but in no way limited to the following

examples. Examples 1-3 are comparative examples and Examples 4-7 are

examples of the Invent

ion.

The following overbased metal salicylate detergents were prepared:
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is prefgrably 4
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WITg eXayy €S, By
d Exanples 4-7

anptres 1- 30gT € _conpar
are exanpl es of the

tive

Examplke On.

detergents

The follldowi ng (¢

ate

ver based n@0al salicyl

A~ B~ o = |

al kyl salicylic acid,

@Efrﬁoggfir Fhé]I dtHSQs

In

ware nrenared- N
o T o P o pPa— oo

t art.

étfb

thods for the synthesis of
and the formati on of over based

d;%rl{ifléé?fgrxllicgé& h&

exa

ntcg‘fctﬁférbased

dﬁecgerb@derrvewﬁréreﬁahﬂméw Iarm\/rrteﬂhosacsdxﬂledl meﬂde art. For

eg?r L?$ #@(é?/d‘g%jﬁggoqrg references cited

tﬁéFé?n a‘ﬁhé amarrayli&eéaé JREdTR %ésecéﬁé'ﬂniﬁéwaﬁ ‘Pﬁédé ﬁsm C14-C18

it

sallc

?F"‘oﬂ?

't contai ned app

roxi mately 10% nol es

Imre@oa{ma eI@fIaSkwqihemmqs%marketed by Shell Chemicals under the name
SHOP. It contained approximately 10% moles of unconverted alkylphenol, and

had an acid content of 2.62 meq./g.

To obtain low base detergents that were fully carbonated (Examples 5-7), the

alkylsalicylic acid was treated with an excess (at least 2 equivalents per equivalent

acid) of calcium hydroxide. After neutralisation, surplus lime that was not

colloidally stabilised was removed by centrifugation. The reaction mixture was

then treated with an excess (at least 2 equivalents per equivalent acid) of carbon

dioxide. After carbonation, the product was centrifuged again to remove any

further solid material that was not colloidally stabilised.

The overbased metal salicylate detergents were prepared using the following

methods.
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had an acid content of 2.62 nmeqg./g. To obtain | ow base
detergents that were fully carbonated (Exanples 5-7),

WO p98/ard6§d¢ sal i cylic acid was treated with an eRCEHEB2003{002837
| east 2 equival ents per equivajent acid) of cal cium
hydr oxi de. After neutralisation, surplus linme that was
@%ﬂrgﬁéligbi dally stabilised was renoved by
centrifugation. The reaction m xture was then treated

uu % In SR—eX-EeSS /af | east 2 r1|1_| \I'JI ents nar arni val a t
AN"AYE"E"] = A~ A" A B EE AL 9 pa

%@F‘ﬂbﬁ of car bon di o%u de. 3Af er4 car bcﬁnatl or‘f' tlhe 7
ARl s centr i faggdd agm| n A6u Femsmoq amof|ur taey

|
DUI 1 U IIU.L Cl 1 dl L ]d.l. ISR Ud.l DL d.lJI I I DCU

Meeeover based me 132§ Ii1€'§ @Gcfe e%98é'> t 9%er|e 1905
Qui@pangioxitei Ng the a7el|l ooy reegshodss.sohar ges [(q)1.46

Methand > =S H T L 1879 CUTET Tl | PragucT 5, 3Yart A ¢

nfineum UKl Li'MmM tle *Inr t bum

W&emwat@(anpl e 2 X9I1ene Bh{i d1-46y| s&6G5dy| 0®5dci .&kef e
c‘fgr&ﬁ\dd&x%et her I n ashllask ¢tirgeg ats 800 BRE) arkﬂos

heated+o0406Cc+h—20+rnutes Hre—was—addea—+o—+the
Basg kSN0 t he ni xt 1A% wd20 st i red af%400 PBm and-UocC
for 60 m nutes. Methanol and water were added to the
flask, and the mxture was stirred at 600 rpm and
Methosts t o 55C over 40 ninutes. Carbon di oxi de was
added at a rate of 0.73 litres/mnute at 55C The

m xture was stirred at 600 rpm and 55C for 20 m nutes.

EXemplext i & cortméridl producto avairibhe fraih Irfineam Ukveimited under the
m nutes. The m xture was centrifuged at 1800 rpm for

tradenamedgfineum M7102.

Example 2

e Xylene and alkylsalicylic acid were mixed together in a flask stirred at
600 rpm, and heated to 40°C in 20 minutes.

¢ Lime was added to the flask, and the mixture was stirred at 600 rpm and
40°C for 60 minutes. |

e Methanol and water were added to the flask, and the mixture was stirred
at 600 rpm and heated to 55°C over 40 minutes.

e Carbon dioxide was added at a rate of 0.73 litres/minute at 55°C

e The mixture was stirred at 600 rpm and 55°C for 20 minutes.

e The mixture was left at room temperature for five minutes.

e The mixture was centrifuged at 1800 rpm for 30 minutes.

e After centrifugation the methanol/water formed a cloudy layer on the
surface, which was removed using a vacuum pump.

o Base oil was added.

e Xylene, and any residual methanol and water, were stripped off using a
rotary evaporator at 125°C for two hours.
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After centrifugation the nmethanol/water forned a
cl oudy | ayer on the surface, which was renoved using a

W@ 208amM6panp.  Base oil was added. Xyl ene, anBCHER2008/002837

resi dual nethanol and water, wse stripped off using a

rotary evaporator at 125C for two hours. Exanple 3
&m.é_ﬁﬁnd al kylsalicylic acid were m xed together in

i rut o916 B0ty Sl B e kel oty o fask ptred at
vas st igaeeebral adReaRi FEOEIRNRE AinG@s nut es.

Met hanol and water were added to the flask, and the

m xter deimeswas iadded tatthé flask pandhthe BDdufeowas tirred it €90 rpm and
Carbonéiqg{j d% was dded at a rate of 0.73

litres/ Qt * The m xture was stirred at 600

rpm ﬁn%éﬁfér{o@éna@v&bl“%?é addB8 tohd ﬂﬁﬁ( ViR #hef thix@lire was stirred

room tenperature for five mnutes. e mxture was
cent ri fatgd) gpm 88ABG°Enfor 4O Pwutesiut es.  After

Cayet drne darRasEEs ARfen shadale:pEbdd HesIg LY 2t 355
purr, s Fuilte 43S et 000 i ananss oy Al aL

met han vvater, were strippe fusing a rotary

evap-or al e naktute d@sfleft atmrhdenmer&uaertdreﬂve mifytesie
was wei ghed into the fla i ch was added

éu Ky saThQ:W'Xté'r%Maé cendrifugad atéﬁQOtrﬁ%fqu%) MINgYRS was
filled Cé(\ftémcérnﬁfurg%%h %Q%é&%ﬁ&méte}?&n@d g%‘#om'é%r on the

to 400C
surface, which was removed using a vacuum pump.

e Base oil was added.
o Xylene, and any residual methanol and water, were stripped off using a

rotary evaporator at 125°C for two hours.

Example 4
e Xylene (40 g) was weighed into the flask to which was added

alkylsalicylic acid and lime, and then the flask was filled with the
remaining xylene (157 g) and heated to 40°C.

e After 135 minutes the temperature was increased to 55°C and the
promoter was added as 16.52 g of a 97:3 Methanol:Water mixture.

e After 75 minutes carbonation was started. A total of 0.20 | of carbon
dioxide was absorbed by the reaction mixture.

o After 15 minutes the carbonation was stopped and the reaction was left
to stir at 50°C under nitrogen for a further 30 minutes.

¢ The flask was removed from the water bath, transferred to a centrifuge
can and centrifuged at 2500rpm for 30 minutes.

e The can was removed from the centrifuge, and was found to contain a
pale yellow clear liquid with a small amount of solid on the bottom. The
liquid was very carefully decanted into a beaker. The solvent was



10

15

20

25

30

After 135 mnutes the tenperature was increased to
550C and the pronoter was added as 16.52 g of a 97:3

wWORIHRAPRORONAt er i xture. After 75 m nutes car bPCEREP29A8/002837

was started. A total of 0.20 I3pf carbon di oxi de was
absorbed by the reaction mixture. After 15 m nutes
t he carfigptRMeadoby Rleedingihedinuid inte igerotany@vaperalas copataining base

i nut o<1 0 1 Y8REl TS SEAGT, vt bHAWEHeat guic,

transferred to a centrifuge can and centrifuged at
2500rpm for 30 mnutes. The can was renoved fromthe
, and was found to contai n a pale yellow

bor ohte FHactot 8 PR i Tohe (oo folaftPe b atkysatiovic acia

beakesind lithe, aAt\tkseh twmmm@xﬁénbl &rdmm@wial&estértwlawoomm
into a rotary evaporator cont al base

ful | aaeDliAgen wos pessef! fhiaugh ie e aéﬁp mlulram dThe reactor
t char ged th | ene
(10%%{‘@??"@ crcgac or was g Wi Xy

owed al kyl salicylic acid and |Iine, and

t hen The prerdierihag Wéreﬁfade'f{bneﬂlrddsgl u\pmmhgrg?@obfahethanol with 3g
400rpm and nitrogen was passed through the m xture

60 PWAer TRNGERBIIWRIN RaBfRAFIPENAB RBChEFhaPPIOX. “aoec,
pr Omﬁﬁfn&éfngge?ﬁ‘trm&foe% %ﬁk rbyi'h'é' Pé'a@ﬂor??é’rpﬁérature dropped

nmet hano m xture
r eacttor~3tC. r'Elae hagtune wwasre- Hwéd tpwﬁ)ﬁﬁtaﬂd held at that temperature

intro u%f)d fo.the re tor The reaction tenperature
dr opp@f 6P dNingiERs torpeutraliseyr e was re-heated to 400C and

e, Aot oot FPREAN £ataurRO S04 Wasitbea) G ne

st oppaiktanedwa s decantedrintofasir hbad mose 100l ASTM béntnfuge tubes.

nose 'ﬁgg {Hbeésv@/}ecse&}r{ =nf.'21J % ErHESg at 1500rpm for one hour. While the
mixture was spinning the reactor was cleaned thoroughly with acid to
remove any unreacted lime.

e After centrifuging, the mixture was decanted carefully back into the reactor.
Care was taken to not decant any sediment.

o Stirring was started at 400rpm, nitrogen was passed through the mixture at
60 ml/min and the reactor was heated.

e When the reactor reached 55°C, carbonation was started at a rate of
50 ml/min for 60 minutes. After this time the carbon dioxide was switched
off and the nitrogen was passed through the mixture at 60 ml/min.

e The mixture was left to heat soak at 55°C for 30 minutes.

o At the end of heat soak, heating and stirring were stopped and the mixture
was decanted into four blunt nose 100ml ASTM centrifuge tubes. The
mixture was spun again in a centrifuge at 1500 rpm for 1 hour.

o After centrifugation the tubes were removed from the centrifuge. It was
noted that there was a small amount of sediment in the tubes. Also visible
was a small layer approx. 0.1% of a clear liquid above the sediment but
below the bulk of the liquid. The upper layer (bulk of tube) was clear
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The tubes were spun in a centrifuge at 1500rpm for one
hour. While the m xture was spinning the reactor was

W@ k@anzsdse horoughly with acid to renbve any unPEHEP(8/002837

lime. After centrifuging, thegm xture was decant ed
carefully back into the reactor. Care was taken to not
decarbromelyelﬁ qurid. Thetuppermhasesvas decantedtintood bpaker

nitro sed through the mxture at 60 ml/mn
and t‘ﬁ’é‘q? @\e ‘P\ ated. Wen the reactor reached

S5C, THE PRIict Was'henHiéd irftd aartoté\'lxgeﬁ}a?o%toﬁgnﬂy Vaduum at 125°C

for 60 mnutes. After this tine rbon di oxi de was
swi t caretithef Xylame| ardeany resideal methapataed waten wegretramoved.
mxture at 60 mM/mn. The mxture was left to heat

soak at 550C for 30 mnutes. At the end of heat soak,

FedisedBEdf Réfidotanie WRitRo$ {'PBRM) and the m xture was
ecanted 1nto four unt nose m ASTM centri fuge
tubes. The m xture was spun agai n in a centrifuge at

T SoBsbEimetel etloyiate defbrap i et Kl o B B fdtene

diSesreaneg u@m@ﬂ”ﬂbér @m lsﬁtattef n@ edcmtﬁg toﬂthbmbdusl@dSBeam

Al so visible &rox .1 %of a

F&ﬁé%ﬁtam%meih%éﬁgﬂl\ﬂé Wlg AR B RSl 6 a40omeratign and
%WCar Br ik S] chﬁhﬁ lf%‘rmﬁﬁfon a?ﬁ%.ﬁe@%wlk(e&f m%fﬂb@ w8l isclosed at the 7™

urd ase was
Intﬁrnaﬂortajz&enpmsmmamm M«agmehiéngxaeenng ITokyT:h e4pr-@8cOctober 2005,

b es o %&gqh”éﬁs%%ﬁéﬁ%%ﬁé%ﬁeﬁagﬁ%dnar?ﬁ%&"/\ppncauons
ot B DRTR Sy OPURB RO 8 ARty ot
ww disclbsed ahthe Cﬂ\daﬁ?aCoegEesm memﬁdy -a4f" May 26er and

heé i l.'I\tllgcliz ting the Ra engqe oP Neovengé: Frids Fora{nne Lubrication of
Medium Speed Marine Engines — An Additive Approach” in the Congress
Proceedings. In the latter paper it is disclosed that by using the FBRM method it
is possible to obtain quantitative results for asphaltene dispersancy that predict
performance for lubricant systems based on both Group | and Group Il base
stocks. The predictions of relative performance obtained from FBRM were

confirmed by engine tests in marine diesel engines.

The FBRM probe contains fibre optic cables through which laser light travels to
reach the probe tip. At the tip an optic focuses the laser light to a small spot. The
optic is rotated so that the focussed beam scans a circular path between the
window of the probe and the sample. As particles flow past the window they

intersect the scanning path, giving backscattered light from the individual particles.

The scanning laser beam travels much faster than the particles; this means that
the particles are effectively stationary. As the focussed beam reaches one edge
of the particle there is an increase in the amount of backscattered light; the
amount will decrease when the focussed beam reaches the other edge of the

particle.
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Ref | ectance nmethod (' FBRM ), which predicts asphaltene
aggl onerati on and hence ' bl ack sludge' formation. The

WO-BRRI12858¢ net hod was di scl osed at the 7th PCT/EP2008/002837

I nternational Synposium on Marigne Engi neering, Tokyo,
24th - 28th Cctober 2005, and was published in The
Benirlstrumerit nsaaswes dhe tidet ef therinsreased PaCksgatteérc Ahedimse period

Atk Ser T heremigia iy tplied. By EE sEEE 5PaET AR the resultis a
distihEe EPRBOAS Fongth.Aléhord 1dfgth- |s7rétshrd}$m I#eetdd@n any two points
published in "Meeting the Chall eng of New Base Fl ui'ds

arothe: edge abaipedticlen This isyepres as ieehard lengthrdistribution, a

AR e 5o S R EABE o (HeclaRE] Rs 4T A gUfion Bt the chord
|ERGM diR{eh@fbristinirRicPEss | Ak €hé tnattiupemefitsdaid p@formeed in real time

resul ts for asphaltene dispersancy that predict

therstatistigs ©f af Gstribybien @@ntbesy@lp@haﬁedaagddra@hedotFrBF&Mdelca"y
heRSiheSieHE of IalRRgS ol EPrasif SetidRlesiling ln,a robyst pumber-

By cledrdi leagthedibtsibutionB Mheemetreskgives @nrstssoluteemE&SMe of the
probe contains fibre optic cables through which |aser

FPQ"BH? sizedistribution fibg %ﬁ@aﬂ?%éaﬁlcﬁﬁs ‘At the tip an
optic focuses the laser light to a small spot. The
optic is rotated so that the focussed beam scans a
The EotasepbeambReflectancd €robe fEBRM), hrvelepLabentecdDB00L, was

SiPbed by MefBr Toledn hicradt the. g laueh{\Wds yged in a

ddrﬂ.ghrétromot@@e Iartshmu@t@ie Fwoﬁutrdrﬁéf 1 iRftc $AMRI Dita from FBRM
beam tTavel's nuch faster than the particles;

adn ke peesentedhin se\mfabwavs .cStydias bawe fseggemldythat the average

sta onar% Ad[s §e sed bea ql\e/a(%{]aﬁsr olne %g gfhaltene
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the result is a

Overbased detergent (10% w/w) and base oil were blended together for fifteen
minutes whilst heating to 60°C and stirring at 400rpm; when the temperature
reached 60°C the FBRM probe was inserted into the sample and measurements
made for 15 minutes. An aliquot of heavy fuel oil (10% w/w) was introduced into
the lubricant formulation under stirring using a four blade stirrer (at 400 rpm). A
value for the average counts per second was taken when the count rate had

reached an equilibrium value (typically after 1 hour).

The overbased metal salicylate detergents were tested in Chevron 600 RLOP

Group |l basestock.
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G oup Il basestock. FBRM Test Results As shown in the
Tabl e above, the overbased netal salicylate detergents

Wh 20081128686 degree of carbonati on of 80% or gr eak@F/EP2008/002837

exhibit | ower average counts psy second. This value is
a function of both the average size and the |evel of
rate. Therefore, the use of an overbased netal
salicylate detergent having a degree of carbonation of
80% or greater inproves asphal tene di spersancy. CLAI V5
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expressed as a nole percentage relative to the total
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hydr ocar byl - substi tut ed hydroxybenzoate detergent as
claimed in claiml1, wherein the degree of carbonation
2.s 85Theovegrbasedmetal b&drmﬂaklyyleﬂubbﬁﬁﬁ&d BPdtoxgbenzoate eletergent
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wher el he nmetal 1s calcium overbas
Hbocar byl - substi tut ed hydroxybenzoate detergent as
claimed in clainms 1, 2 or 3, wherein the

hydr ocar byl - substituted hydroxybenzoate is

3l kyl PR bogHrised rﬁetaﬁhga#@"daewusms@mlted: RyBOXybéRFbate detergent
i ncl udi ng an oil ricating viscosity and an

ap/elaisaee i aeims 192, oxhenein theumetalisicalgium.
hydr oxybenzoat e detergent having a basicity index of
| ess than 2 and a degree of carbonation of 80% or

4)r eat Eie ovbyagiet rhégl Hgdrozarisyl-substivned hpdroxgbéhgoate detergent
percent age of carbonate present in the
as claimed in claims 1, 2 or 3, wherein the hydrocarbyl -substituted

hydroxybenzoate is alkylsalicylate.

5. A lubricating oil composition including an oil of lubricating viscosity and an
overbased metal hydrocarbyl-substituted hydroxybenzoate detergent having a
basicity index of less than 2 and a degree of carbonation of 80% or greater,
wherein the degree of carbonation is the percentage of carbonate present in the
overbased metal hydrocarbyl-substituted hydroxybenzoate detergent expressed

as a mole percentage relative to the total excess base in the detergent.

6. The lubricating oil composition as claimed in claim 5, wherein the oil of

lubricating viscosity is a Group Il base stock.

7. The lubricating oil composition as claimed in claims 5 or 6, wherein the

lubricating oil composition is preferably a trunk piston engine oil.
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