1 A Lubricating Ol Conposition This invention relates to a lubricating oi
conposition. In particular, this invention relates to a lubricating oi
conposition that can reduce the formation of 'black 5 paint' or "black
sludge” in a marine diesel engine. In marine trunk piston engi nes, Heavy
Fuel Gl ("HFO) is generally used for oftfshore running. Heavy Fuel Gl is
the heaviest fraction of petroleumdistillate and conprises a conplex

m xture of nolecul es incl udi ng fytubsicating Ol Gemaesitiant enes, which are
defined as the fraction of petroleumdistillate which is insoluble in an
excess of aliphatic hydrocarbon (e.g. heptane) but which shows solubility
i n aromati c TH meBhtior eslgtesttolaiebeatintpoihabingBsiionann @akiiuldm enie irdiehtion

| ubri cant as contam nants either via the cylinder or the fuel punps and

i nj ectors, T%'ﬁ&ﬁsat@@blbﬂéﬁ%nqbPé@PmRoéﬂIO@rihééﬁam Fravcsciberformativn etk n

"bl ack paint' . or' hl | wydge' [.n_tf Ipe. The presence of such
carbonacgou?agﬁdggPﬁ%kﬁﬂagi%ﬂggﬁﬁahgﬁf@%%%gggﬁgﬁct as an insulating | ayer
which can result in cracks formng, which then propagate through the

piston. If a crack travels right the way thro_u?h, then hot conbustion gases
can enter t e narinedeetiepisign enginag, Meaw FuelOh(tiFdhkisaaaneraljpused tos. 20 A

aaphal tene oreppiedinidd, ‘Bt FHRT ORI i kbR belydidf ¥l i
| ubri cat i ng an@idong@gR@s4 toMpfex Melre efrheRicugnasiading tpts16%serect has been
reduced. 25 The aimof the present invention is to reduce asphaltene

preci pi tiat | @spbalteness whighhhre definedas drgyfraetion of pelreleum distillade whichis di esel
engine, lubricated.with a lubrjcat,i il _conmposition c LSl a Goup Il
bagest ook MFaaBancetapt b Bl SetbearhOBE e eplhied HE Wi dTs Stk o
lubricating s‘éldbilﬁ?ir?@fﬂ?ﬁét‘ié $§60eRRNBI]. $6108n8). G\ HeneRasmsdrRektnehg@naeut r al
or overbased neta hydr ocar byl - substi t ut ed hydroxybenzoate detergent havi ng

a basicity iluerandaisicestaminaats gither via the cylinder or the fuel pumps and injectors,

and asphaltene precipitation can then occur, manifested in ‘black paint’ or ‘black
15 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.
20
A key design feature of trunk piston engine oils (‘TPEQO’s) is prevention of
asphaitene precipitation but with the current use of Group Il base oils in lubricating

oil compositions, their effectiveness in this respect has been reduced.

25  The aim of the present invention is to reduce asphaltene precipitation or ‘black
paint’ in an engine, in particular, a marine diesel engine, lubricated with a

lubricating oil composition comprising a Group |l basestock.

In accordance with the present invention there is provided a lubricating oil

30 composition comprising a Group |l basestock and a neutral or overbased metal
hydrocarbyl-substituted hydroxybenzoate detergent having a basicity index of less
than 2.

The lubricating oil composition is preferably a trunk piston engine oil (‘TPEQO’).
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The lubricating oil conposition is preferably a trunk piston engine oil
("TPEO ). 2 1In accordance with the present invention, there is also
provi ded a nethod of reducing asphaltene precipitation or'black paint' in
an engine lubricated with a lubricating oil conposition conprising a G oup
Il basestock, the nmethod including 5 the sitep of adding the neutral or

over based netal hydrocarbyl-substituted hydroxybenzoate detergent to the

G oup Il basestock. The engine is preferably a marine diesel engine. to By
"basicity index' mean the nolar, ratio of, total base t otal,sqap in a
neutral  or [QACPBRERICALGESoRt RUsRYoL. ritde Ginn PRYeS BAFEPTT| ndex of
1. 0. The baskgidi¥q! i 3 ; |« il : ess
than 1.2 angé&%%%iglagggélﬁrzenﬁgé-‘%ﬁ {agfi%gyotga@?gll(?%ﬁ?nﬁe% ?@%é@ﬁ%#%@gﬁléy about
1.0 15 | n adcmiciingeoivédrhpositopcesynsingre Erouphl hdsestooks tre metippdinctietingise

of the lubrjcating oil. c osifion to reduce asphal tene precipitation

or bl ack S parths Sl OLAdInG G Beubal T bRGhmelal Rk G DU kst

hydr ocar byl - p?ﬁé; %@ﬁllg p%a@; t is preferably a neutral
or overbased-ca ib&ﬁ}%ﬁ%tg%éggr y ;‘chu st??utgﬁsggg#&ybenzoate detergent. The
neutral or overbased netal hydrocarbyl- substituted hydroxybenzoate

detergent | referably neutral or qverpased netal salicylate detergent,
and nore prglf%r%?ﬂ'?eés H@gﬁﬁaﬁy 8Mmag 8%@ N8I um sal icyl ate 25 detergent.

A detergent is an additive that reduces formation of piston deposits, for
exanpl e high-tenperature varni sh and | acquer deposits, in engines; it

nor mal | yiohasByatiadicitp éndenaesinegn phe pesiar etioasfdotas base dbtatabdoateria ngufrainel y
di vided solids in 30 suspension. Mist detergents are based on netal "soaps";
that is met A wgrhaseskdetgegantc Aongdtrl dedengsptinas a Basiety indexoéflddred to as
surfactants. Detergents generally conprise a polar head with a | ong

hydr ophobic tail, the polar head conprising a netal salt of an acidic

or gani ¢ conprhebasitity Brelek®praferadly Rss than 1.5, more preferably less than 1.2 and
not less than 1.0. The basicity index is most preferably about 1.0
15
In accordance with the present invention there is also provided use of the
lubricating oil composition to reduce asphaltene precipitation or ‘black paint’ in an

engine.

- 20 The neutral or overbased metal hydrocarbyl-substituted hydroxybenzoate
detergent is preferably a neutral or overbased calcium hydrocarbyl-substituted
hydroxybenzoate detergent. The neutral or overbased metal hydrocarbyl-
substituted hydroxybenzoate detergent is preferably a neutral or overbased metal
salicylate detergent, and more preferably a neutral or overbased calcium salicylate

25  detergent.

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-
neutralising properties and is capable of keeping finely divided solids in

30  suspension. Most detergents are based on metal “soaps”; that is metal salts of

acidic organic compounds, 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. Large amounts of a

Ay



3 netal base can be included by reacting an excess of a netal base, such as

an oxide or hydroxide, with an acidic gas such as carbon di oxide to give an
over based detergent which conprises neutralised detergent as the outer |ayer
of a nmetal base (e.g. carbonate) micelle. 5 The surfactant of the present

i nvention is a hydrocarbyl-substituted hydroxybenzoic acid, preferably a
hydr ocar byl -substituted salicylic acid. Hydrocarbyl includes al kyl or

al kenyl . Thenetabbbssean betlactlubgdancraau}dg as eke¢dd of @chdtat basy psuctpas an
typically has the structure _shown: OH O, OH 61)X 10 R wherein Ris a
linear or broxifleeichylroyds: With gnargidic gasrichias caibRp dlionde 9 Ovgrdup,  and

more pref er%%}’bﬁédadé{téé O%e% Wih b&‘ﬁhﬁ&'éé;ﬂe éiﬁ%ﬁecﬁjeteg{]erﬁ%%tth%%ft&f l?i vofa,

straight-chain a nore than rou che
t he benzenenetlangasé\/(e 8. embahhtd)mﬁ;eﬂg l'ithium sodium or potassium or
al kaline earth is netal (e.g. calcium nagnesiumbariumor strontiun).
Cal ci um ér magnesiumis preferred; calciumis especially preferred. The

COOM 9r oD oFHR. Bfrd a1 1RE Lpsen TRidhiRly 3R EoAHL LR CResPect to the

hydr oxyl group; on 1S oup can be in the

ort ho, rretamyar@q,benme|atd|darpmietrably@srpﬁirbcémyl Qthm@a@anbYlw@u@ 20
Hydr oxybenzoi c acids are typically prepared by the carboxyl ation, by the
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Fy i oxybens Oposch i hed e siediMa e e e RS~ ana "y bo-

chem cally nodified 25 and/or contain adgjtional substituents. Processes for

sul phuri zi ng a hydrocar byl -
\—{O
/\/ OH

10 . , ,
wherein R is a linear or branched aliphatic group, preferably a hydrocarby! group,
and more preferably an alkyl group, including branched- or most preferably
straight-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

15 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 hydroxyi group; the ortho position is
preferred. The R group can be in the ortho, meta or para position with respect to
the hydroxyl group.

20
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

25 and/or contain additional substituents. Processes for sulphurizing a hydrocarbyl-
substituted hydroxybenzoic acid are well known to those skilled in the art, and are
described, for example, in US 2007/0027057.

In hydrocarbyl -substituted hydroxybenzoic acids, the hydrocarbyl group is
30 preferably alkyl (including branched- or more preferably straight-chain alkyl



substituted hydroxybenzoic acid are well known to those skilled in the art,
and are described, for exanple, in US 2007/0027057. |In hydrocar byl
-substituted hydroxybenzoic acids, the hydrocarbyl group is 30 preferably
al kyl (including branched- or nore preferably straight-chain al kyl 4
groups), and the al kyl groups advantageousgly contain 5 to 100, preferably 9
to 30, especially 14 to 24, carbon atons. The term "overbased" is generally

used to desgrouys)mehdthelalkgl geaps ddvantigebutiyecontaind foo1 @, préferabiyideto 30,
equi val ents of the netal noiety to the number of equivalents of the acid
moi ety is geEREERNY A410 3fe Carod A1BMA- | ow- based' is used to describe rnetal
detergents in which the equivalent ratio of netal noiety to acid noiety is
greater than 1, and up to about 2. The netal hydroxybenzoate of the present

i nvention i Fhederrhdsedrbasedtisigerieralhpusiyd tndésvribelastdl detdrgents inathiciothe
surfactants” i s neant an overbased detergent in which the netal cations of
the oil -ﬁnsé@tLFbeatWe'ﬂlﬁPb@Eante%'@'é@@e@i‘tthélm@%m%tw@ thabHewsr obmal | anount s

of ot her cate ﬁ%léﬁ%g’?ﬁ\e%&aq‘ﬂ&ec\glﬁt 83 r|tﬁéﬁ1ﬁﬂég$h%tg%a||OW- éaq %)g cgtch

typically a nore typi I"eas or exarrp

15 mole % deestiise aritalodstergentd Whichlthétﬁqwh}aﬁ?erﬁ&bﬁd) of ldtal mbRetg & a&idm i ons.
Cations other than cal ciumnmay be derived, for exanple, fromthe use in the

manuf act ur e MEtyt iB@reater Baared, ard spdembost 2a Thermatal Andraabenzeatarsf dhe t he
cation is a l, .0t her h ferably, the netal salt of the
sur f act ant ipgg%‘?argér?\zea[ﬁ@nd%nlgvgg%%gﬁ@gﬁﬁl‘@a?over based netal detergents

typi cal Iy conprise amorphous nanoparticles. Additionally, there are
di scl osures of nanoparticul ate materials conprising carbonate in the

crystal | i ne Byaaiei'everbased agleiun salt of purfagtastshis meany apfoveneashst detgegant in s

preferably expresse total,ba nu nunber is
Phe amount SHTGCHE Medaeatpas R e S RTE nidtal fl his,Eheaihy PARALF
over based neia@bhé! SnidIEarhBUnfEpyf &ﬁeﬁ@ﬁ%ﬂsﬁﬁa?%’eﬁﬂe@@ﬁ% thé dNdasslubiRGREtPr an
equi val ent procedure. The detergent nmay have a low T

salt, but typically at least 80, more typically at least 90, for example at least 95,

15 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.

20 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

25 (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
TBN (i.e. a TBN of greater than 150, such as 150-500). Preferred detergents

30  according to the invention have a TBN of up to 150.

In general, neutral metal hydrocarbyl-substituted hydroxybenzoates can be
prepared by neutralisation of hydrocarbyl-substituted hydroxybenzoic acid with an

equivalent quantity of metallic base. However, a preferred method of preparing a



(i.e. a TBN of less than 50), a nedium TBN (i.e. a TBN of 50 to 150) or a
high TBN (i.e. a TBN of greater than 150, such as 150-500). Preferred
detergents 30 according to the invention have a TBN of up to 150. In
general , neutral netal hydrocarbyl-substituted hydroxybenzoates can be
prepared by neutralisation of hydrocarbyl ssubstituted hydroxybenzoic acid
with an equivalent quantity of nmetallic base. However, a preferred nethod

of preparingeatral calelint aaltcal hydvoxgioénizoid deidd I ¥BaGE dsubies iddcofmpdaitiomgbf
doubl e deconposition of nethanolic solutions of calciumchloride and sodi um

hydr oxi de i Mathangliccslntienspf calginy ehlosige-anshsedivnt bydmeyigleorytberresencepl,

hycir ooar byl NERRERRURSAVIAE R BRREERCad e, g Py VAL R bS e

t echni ques pr@de@ge;j)l\}emg_he art. A general nethod is as follows: 1.
Neutralisation of hydrocarbyl -substituted hydroxybenzoic acid with nol ar
excess of netallic base to produce a slightly overbased netal hydrocarbyl -
10 substituted hydroxybenzoate conplex, in a solvent m xture consisting of a

volati e PVGARSAEDSN . B SARaln FEEUALEL forclbh SRR R U BPELLER P
period; 3. BﬂVQNQH\e tgcﬂnﬂﬁ,lé%l@hpﬁﬁbddﬁ thdakt. A ?%rﬁ@{al fithed /add foldiveper sed;

and 15 4. Stripping to renove process solvents. Overbased netal

nydr ocat byl subadfisfieskidly 5rOkYARRRR ISR RS REnzBE el BuieidIarT 2

conti nuous overbasing process ain a neut or over base

hydr ocar byl - subseikcéss efl nistdliioxydsentooptoriucgla dhdjietiygenérbased ngetal hgdianatryyl-
i ndex of | ess thag 2, e'iJﬁe guantit of netallic base is restricted to no
nmore thah 2 equis¥ it B¥ roé‘éiﬁ?'(} RtcARPIgE I agselvent Mixtug: sppgigting oh e

quantity of car %%ﬁ%ﬁ@@?gﬁ)ﬁ’ %fitélé&ﬁcﬁ%nh%&% mor e than 0.5 equival ents per

equi val ent of aci he quantity of' netallic base is restricted
to no 2. Optionally, carbonation to produce colloidally dispersed metal carbonate

followed by post-reaction period;
3.  Removal of residual solids that are not colloidally dispersed; and

15 4.  Stripping to remove process solvents.

Overbased metal hydrocarbyl-substituted hydroxybenzoates can be made by

either a batch or a continuous overbasing process.

To obtain a neutral or overbased metal hydrocarbyl-substituted hydroxybenzoate
20 detergent having a basicity index of less than 2, the quantity of metallic base is
restricted to no more than 2 equivalents per equivalent of acid, and/or, if desired,
the quantity of carbon dioxide is restricted to no more than 0.5 equivalents per
equivalent of acid. Preferably, the quantity of metallic base is restricted to no
more than 1.5 equivalents per equivalent of acid, and/or, if desired, the quantity of
25  carbon dioxide is restricted to no more than 0.2 equivalents per equivalent of acid.
More preferably, the quantity of metallic base is restricted to no more than 1.2

equivalents per equivalent of acid.

Alternatively, an excess of both metallic base and carbon dioxide can be used,
30  provided that unreacted solids are removed before the carbonation step. In this

case the basicity index will not exceed about 1.5. If an overbased metal



nore than 1.5 equival ents per equivalent of acid, and/or, if desired, the
quantity of 25 carbon dioxide is restricted to no nore than 0.2 equival ents
per equivalent of acid. Mre preferably, the quantity of netallic base is
restricted to no nore than 1.2 equival ents per equival ent of acid.

Al ternatively, an excess of both netallic dgase and carbon di oxi de can be
used, so provided that unreacted solids are renoved before the carbonation
step. In thim/drmbyltwstjase@htygirdxrybenzmteIdeft@geekbaedgmmciny ipdex of ass
over based hydr ocar. ubst| ut.ed hydroxybenzpat. ent havi ng
o basi oty haed s EALESE! Pihict bbbl sl SABRE B Se T Ra 0 e
any carbon direfdrféd). Howelér, h‘ﬁost@"r@f@%ﬁl?%e HRAEMB/drodRBY1- Qﬁtﬁg‘tmﬁ@el y the netal
hydr ocar byl -substituted hydroxybenzoate detergent is neutral and not

over based. HwyAsomnmatadﬂtergemtt@eueutr@hawom@tmanly@swu de is converted into
coll oidal carbonate particles dispersed in the mxture of volatile

hydr ocar gon sol vent and non-volatile hydrocarbon oil. to Carbonation may by
carried out over a range of tenperatures up to the reflux tenperature of

t he al cohol A% eaiboaation prrcegsisatisselvegdydande s cnvesied ibto eplidalact i on

boi | ing poi n{a‘?%ﬁﬁﬁéﬁéfﬁ‘%?? ERRESash i WS B e A QDR SRS Ry

been found trpreVdlgtiedsidrécdatbbam@fits, e.g. inproved filtration rates, and
exanpl es of suitable solvents are tquene xyl ene, and et hyl benzene. The

al kanol is preferably nethanol although other alcohols such as ethanol can

and the Tua R oBArRR Y e o dtaer adenfe st RinpbRures &R 8 el 'Fo -
obtai n the defigepsturdbPtHeChlcokdllpromotée.added to the reaction mxture; if
so, suitable oils include hydrocarbon 25 oils, particularly those of

mneral origin. Gls which have viscosities of 15 to 30 cSt
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.
15 Aromatic hydrocarbons have been found to offer certain benefits, e.g. improved
filtration rates, and examples of suitable solvents are toluene, xylene, and ethyl

benzene.

The alkanol is preferably methanol although other alcohols such as ethanol can
20 be used. Correct choice of the ratio of alkanol to hydrocarbon solvents, and the
water content of the initial reaction mixture, are important to obtain the desired

product.

Oil may be added to the reaction mixture; if so, suitable oils include hydrocarbon
25 oils, particularly those of mineral origin. Oils which have viscosities of 15 to 30 cSt

at 38°C are very suitable.

After the reaction with metallic base, the reaction mixture is typically heated to an
elevated temperature, e.g. above 130°C, to remove volatile materials (water and
30 any remaining alkanol and hydrocarbon solvent). When the synthesis is complete,
the raw product is hazy as a result of the presence of suspended sediments. It is
clarified by, for example, filtration or centrifugation. These measures may be used

before, or at an intermediate point, or after carbonation and solvent removal.



at 38C are very suitable. After the reaction with netallic base, the
reaction mxture is typically heated to an elevated tenperature, e.g. above
130C, to renove volatile materials (water and 3o any renaining al kanol and
hydr ocar bon sol vent). Wen the synthesis is conplete, the raw product is
hazy as a result of the presence of suspended sedinents. It is clarified
by, for exanple, filtration or centrifugation. These neasures may be used

before, or Jheatrodatieraredjeneealyoisdd a®anditsdiutiar othate Bringinficeal vint
removal . 7 The products are generally used as an oil solution. If there is

i nsuf fi ci entPresent ifﬂ)#&@ﬁdipﬁ miPiB"?é@é@@&hafmoﬂtSQ*LEiOP@fFQitTQFWVéhOBFhIe sol ution
af ter rem)vq]l la(?llest B&ther% %H%Lﬁ& beféqote'aerﬂ'ﬂ%t g s&% b%?o%dg?ggra;h' S nay occur

before, or ac Nt e e e poin or a rrénov 5 Addi ti onal

mat eri al s mmefméma@él oint esrr #Hterpaiendrermovalver based netal detergent. These
may, for exanple, incPude | ong chain aliphatic nono- or di-carboxylic acids.
Sui t abl e5car boxylic acids included stearic and ol eic acids, and

oy 1 mot ude Aol TR B4 el forffpTvedtey paf ot ofidhetth Blatal B er <.
antiwear ageiMese rihyAeF 8R&MPle, Wdlddés iohy ¢HHih blipRati m\éhécaﬁdﬁd’arbﬁﬂﬂlcf 4@as.,
pour poi nt depressants rust inhibitors, corrosion inhibitors, demul si fying

conmponent s aﬁmtabtmmrcb@nvlmmdgm@dedlstearlc@mdcnienmﬁnnds @nd [riyisobutylensdi f i er s

i nclude gly nonoesters of higher fatty acids, for exanple, glyceryl
nono- ol eat eisﬁ){%@%‘? aF?ﬁg chain pol ycarboxylic acids with diols, for 20

exanpl e,jot he butane diol ester of a dinerized unsaturated fatty acid;
G arm nes. and T kpCatachl campRabionroay Belis &t lsattens Pheladtiieor siide and
et hoxyl at ed ¢ o kQWdat BHifiers, antiwear agents, dispersants, oxidation inhibitors, viscosity
modifiers, pour point depressants, rust inhibitors, corrosion inhibitors, demulsifying
components and foam control agents.
15

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

20 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.

25 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,

30  sulphides, and the like, and mixtures thereof. Particularly preferred are
molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl xanthates and

alkylthioxanthates.



am ne. 25 Qther known friction nodifiers conprise oil-soluble

or gano- nol ybdenum conpounds. Such organo-nol ybdenum friction nodifiers al so
provi de antioxidant and antiwear credits to a lubricating oil conposition.
As an exanple of such oil- sol ubl e organo-nol ybdenum conpounds, there may be
mentioned the dithiocarbamates, dithiophgsphates, dithiophosphinates,

xant hat es, thi oxanthates, 30 sul phides, and the |ike, and m xtures thereof,
Par ti cul ar | jdditiehely,dte smelybdenyrb deompoutid miayg dar draaeidesmolybdenum

di a! kyl dithi o%hosRHi s, al Iﬁ/l xant hat es ang1 fﬁlll ké! t.hi oxant hates., 8
Addi ti onal | §OMPRE' hfﬂ?&@rﬁ? ) ol _rﬁﬁ‘ilt_‘%' 2haslG He9RB IR 8% onpound.
These conpopads yad by pesmi té‘étt[b‘-G;G4Qﬂ=sD-‘28©§ttft%%H Jﬁ@@éﬂlﬂ@dar%e?rlewﬁﬁanﬁd by

ASTM test D-664 or D-2896 titration procedure and are typica exaval ent .
I ncl uded ar bexalalémt. dnaloddd asenmualytoadic racid; Edaneniuso dialyb dateps gdidimt e,

o yosenhm B . 3T Sou<cttr it T oot el tumand over

Mb2(O3C16, rOXd de pa) : i unds. The
ol ybdenumn?odrn%oungs %ré{}ggéegogﬁgL@éﬁoér%?@%ggsgg%&?yf ang Q ﬁ/ﬁ’( RSCS2) 4
wherei n R i Mx0;0iamlylrenym sredade edsitmitamaicidic gradyhmenuns compognds. al kyl ,

aryl, aralkyl and al koxyal kyl, generally of from1l to 30 carbon atons, and
preferably 2 to 12 carbon atons and nost preferably alkyl of 2 to 12 carbon

at ons. ESpe%@'rb%lgt}éer%ﬁfc% Fqulngg?né)hﬁ?g yé%mhhhl ocar bamat es of

nol ybdenum Ano group of organo-no yE) enum conpounds are trinucl ear
mol ybdenym conpounds, especi al Mo(ROG$,)pandhe formula Mo3SkLnQz and

m xtures thereof wherein the L are independently selected |igands having
organo groups with a 20 suffici M3(RAEne@s of carbon atoms to render the

conpound so . di i I Ll I At 0 ries from
coTpobnd <o HR Ayt B ot B fiind o 8RBk 41

aralkyl and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to

12 carbon atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially

15  preferred are the dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds are trinuclear molybdenum
compounds, especially those of the formula MosSkL,Q; and mixtures thereof
wherein the L are independently selected ligands having organo groups with a

20  sufficient number of carbon atoms to render the compound soluble or dispersible in
the oil, nis 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,

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

The ligands are independently selected from the group of



neutral electron donating conmpounds such as water, am nes, al cohols,

phosphi nes, and ethers, and z ranges fromO to 5 and i ncl udes

non-stoi chionmetric values. At |east 21 total carbon atonms shoul d be present
anong all the ligands' organo groups, 25 such as at |east 25, at |east 30,
or at |east 35 carbon atons. The |igands gqre independently selected from
the group of 9 -X-Rt, X\ - 1/CG R2, X2 XX R -Y 3, X2~ X\ /R C
N 4, X2 R2 and X\ /ORX—PrR5, X2 OR2 and m xtures thereof, wherein X,
X1, X2, and Y are independently selected fromthe group of oxygen and

sul phur, and wherein RI, R2, and R are independently selected from hydrogen
and organo groups that g, be the sane or different. Preferably, 5 the

organo groups are hydroca | groups such as alkyl (e.g., in which the
carbon atom attached to—thecremgnder of gthe ligand is primary or
secondary), aryl, substitydted aryl and ether groups. Mre preferably, each

ligand has the same hydacar byl group.

X4 R
NN
- >/C—Y 3,
X3
X1 R]
\
—> C—N 4,
7
2 R,
and
i( 1>>>/ o 5
X2 \O—“Rz

and mixtures thereof, wherein X, Xy, Xz, 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,

5 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.

10  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),
15 alicyclic (for example cycloalkyl or cycloalkenyl) substituents, aromatic-,
aliphatic- and alicyclic-substituted aromatic nuclei and the like, as well as cyclic

substituents wherein the ring is completed through another portion of the



io The term "hydrocarbyl"™ denotes a substituent having carbon atons directly
attached to the remainder of the Iigand and is predom nantly hydrocarbyl in
character within the context of this invention. Such substituents include
the followi ng: 1. Hydrocarbon substituents, that is, aliphatic (for exanple
al kyl or alkenyl), 15 alicyclic (for example cycloal kyl or cycl oal kenyl)
substituents, aromatic-, aliphatic- and alicyclic-substituted aromatic

nucl ei and the ligaud (tbat isedny @ iogichtad sulisditiante may tapether fortrhan alicyglic s

conpl et ed through anot her portion of the 10 ligand (that is, any two

i ndi cat ed subst PfQ¥®Ht s may together forman alicyclic group). 2.
Substituted hydrocarbon substituents, that is, those containing non 5

hydr ocar bon groups which, in the context of this invention, do not alter the
predom nant Ry hpdbetitatasyhydrocarbon subsfituehts, thabsg, ithmnonta‘hh@encski lled in the

Fluoro. fmno . THHEGRHON GroResMHsh. 1 tz\%equﬁ%ﬁﬁéhis IRERgon #q FECRteTar phoxy.
etc.). 10 3. Heh)?/écﬁbonilgrgﬁfynﬁﬁ CivblyF Srakter Oﬁ| 2 t btsHﬁ‘Jétn§ Wb%‘sklv]@ﬂ Irfthe art

predom nantly aracter wt e cont ext
i nvention, cont ailhbetwase obsiitable gwmpse(elgomaio csspecialip chlocdand flaorg, iamgno,

ot herw se corrpos%g) of carbaon Etom; nportantly, the og%gno gr oups of
the |igands hav@kexgymareartaal m‘m%?aRJP %'HPbB'HOSQt%HBhQ)W PEmder the conpound
soluble or dispersible in the oil. For exanple, the nunber of carbon atons

in each group will generally range between about 1 to about 100, preferably

from abaut B.t o Hdterotsudtituants, taitds ubktituabtsywbiehywhite plegioinindntlyo about 20.
Preferred |igands include dialkyldithiophosphate, alkylxanthate, and 20
di al kyl di t hi ocahbgipsaERoniRcEhgragteywithinithe ronigxt of thisdrkentiane costaimaioms

preferred. O gpld th%ﬂ@&%n&ﬁ?&é’ﬁt% %Q:rb‘ﬂ?oPﬁn@B h%nﬁ sgtéb%r@@béﬁeoélcarb N one

functionalities are servi

or nore of the atdms. Those skilled in the art WI|| realize that forrratlon
of the compounds requires selection of |igands having the appropriate
charge to bal ance the core's charge. :

15 Importantly, the organo groups of the ligands have a sufficient number of carbon
atoms to render the compound soluble or dispersible in the oil. For example, the
number of carbon atoms in each group will generally range between about 1 to
about 100, preferably from about 1 to about 30, and more preferably between about
4 to about 20. Preferred ligands include dialkyldithiophosphate, alkylxanthate, and

20 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.

25
Compounds having the formula Mos;SL,Q, have cationic cores surrounded by

anionic ligands and are represented by structures such as
o
S —" T8
s /

and



25 Compounds having the fornmula Mb3SkL"Qz have cationic cores surrounded by
anionic ligands and are represented by structures such as S|1 S | M SAO
5/ and 110 y Lb / >1 and have net charges of +4. Consequently, in order
to solubilize these cores the total charge anong all the |igands nust be
-4. Four nonoanionic ligands are preferrgd. Wthout w shing to be bound by
any theory, it is believed that two or nore 5 trinuclear cores may be bound
or interconnected by neans of one or nDre Iigands and the |igands nay be
nmul tidentate. This includes the cas ntate |igand having

eved that oxygen and/ or
re(s). 1o Gl -soluble or

mul tiple connections to a single co

sel enium may be substituted for sul |

di spersi bl e trinuclear nol ybdenum cofyoun s c be prepared by reacting in
the appropriate liquid(s)/solvent(s) m source such as

(NH4) 2Mo3S13-n(H20O), where n vari esMb meen OMthd 2 and incl udes non-
stoichionetric values, with a suitabl eN\¥ source such as a
tetral kyl thiuram disul phide. Qther oil -y /bl e or dispersible trinuclear
nol ybdenum conpounds can 15 be fornmed dur ng a reaction in the appropriate

solvent (s) of nol num s such a H4 13.n | i gand
sour e subniad RalE nkr ROFERP B 44 CorBalante T ald 49 REBIES rsseimies

di al kyl di t hiqaahaerdebmordul tﬁe%ﬁbﬁ@é’huﬁgétﬂa%bﬂ&ﬂgﬂbwﬁ@wde i ons,
sul phite ions, or Substituted osphi nes Al ternativel rinucl ear

mol ybdenum pt&fpmied ththcué wswhlng taibé basn{i My]aﬁfyl\tbedmAﬁjs bd@avadéha tho drsnare
counter | on fj hal ogen such fa F m? be reacted
frinuclear cores | may be“pound or in erconnec ed by means one or more ligands

and the ligands may be multidentate. This includes the case of a multidentate

ligand having multiple connections to a single core. It is believed that oxygen and/or

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

10 Qil-soluble or dispersible trinuclear molybdenum compounds can be prepared by
reacting in the appropriate liquid(s)/solvent(s) a molybdenum source such as
(NH4)2M03S13-n(H20), 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

15 be formed during a reaction in the appropriate solvent(s) of a molybdenum source
such as of (NH,),M03S13-: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'];[M03S7A¢],

20 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
the appropriate liquid(s)/solvent(s) to form an oil-soluble or dispersible trinuciear
molybdenum compound. The appropriate liquid/solvent may be, for example,
aqueous or organic.

25
A compound's oil solubility or dispersibility may be influenced by the number of
carbon atoms in the ligand’s organo groups. At least 21 total carbon atoms should

be present among all the ligand’s organo groups. Preferably, the ligand source



with a ligand source such as a dial kyl di thi ocarbamate or

di al kyl di t hi ophosphate in the appropriate liquid(s)/solvent(s) to form an
oi | -sol ubl e or dispersible trinuclear nolybdenum conpound. The appropriate
| i qui d/ sol vent may be, for exanple, aqueous or organic. 25 A conpound's Oi
solubility or dispersibility may be influenced by the number of carbon
atons in the ligand' s organo groups. At |east 21 total carbon atons should

be present eqmﬁgnzhas a pefficiegh Aumbes of aA afr gpts inAisedrgaablgyouphto fangenthe

oroups. to r AIBONTRESoBRR AR SR AR BB g o e 1 ubr i car ng
conposition. The terms "oil-soluble” or "dispersible” used herein do not

necessarily indicate that 5 the conpounds or additives are solubl e,
di ssol vabl e, Tha tesins! “ejl-setubdeipeibidispersiblei’ hged Hesgipritedot neaeissadlylindinatel that
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the additional 1 ncorporation of other additives may also permt

i ncor por at i dor Ufstari(zﬁlsolldeE bestebly disparsiie in oilit@an axiertisudfcierit tdexertdteirThe
nmol ybdenum coppou erab an organg- nol ybdenum co reover,

The” ol ybaerTIe8RARtER T Dok Sehany & AT % ¢ SaRle o Mpreoue it | ng. of
a nol ybdenu PHP,S& (YRS

nol ybdenum Eqﬁhtﬁéypéggﬁoﬁ nat Bn %daedndﬂe?(égﬁtg gtrgeolée'%& %ggérﬁrénﬁﬁpgg rl?teglate,
mol ybdenwwm sevg@hioda mawcmdaxaddmsetlhdeaoéd Most preferably, the nol ybdenum

conmpound i s present as nol ybdenum dithiocarbamate. The nol ybdenum conpound
may al so be a trinuclear nolybdenum conpound. 20 Di hvdrocar byl

fD'r gghgg{‘f; pt*?ieg rdﬁ&tgdrﬁnlﬁm ?n@gg}ﬁﬂﬁé’ﬁ?&@y&bl?bﬁ ¥ QRN FRIIA Ferllih Rbridlubg. ar e
Moreover, the molybdenum compound is preferably selected from the group
~ consisting of a molybdenum dithiocarbamate (MoDTC), molybdenum

15 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.

20

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

25 aluminum, lead, tin, molybdenum, manganese, nickel or copper. The zinc salts
are most commonly used in lubricating oils in amounts of 0.1 to 10, preferably 0.2
to 2 wt. %, based upon the total weight of the lubricating oil composition. They
may be prepared in accordance with known techniques by first forming a
dihydrocarbyl dithiophosphoric acid (DDPA), usually by reaction of one or more

30  alcohol or a phenol with P,S5 and then neutralizing the formed DDPA with a zinc
compound. For example, a dithiophosphoric acid may be made by reacting
mixtures of primary and secondary alcohols. Alternatively, multiple
dithiophosphoric acids can be prepared where the hydrocarbyl groups on one are

entirely secondary in character and the hydrocarbyl groups on the others are



anti oxi dant agents. The netal may be an alkali or alkaline earth netal, or
25 alum num |lead, tin, nolybdenum mnmanganese, nickel or copper. The zinc
salts are nost commonly used in lubricating oils in anpunts of 0.1 to 10,
preferably 0.2 to 2 w. % based upon the total weight of the lubricating
oil conposition. They nmy be prepared i mgaccordance with known techni ques
by first formng a dihydrocarbyl dithiophosphoric acid (DDPA), usually by
reacti on of emtirelyoprimmaryein charadtenh®b mmkeatf@mnobahvi ary Pasb oalméutrbennc
neutralizing the fornmed DDPA ‘:’%Hh a zinc npound. For exanp

di t hi ophos pFRIPPEUBE CAUKERE Hae EtW¥'@%thYﬁ@0X'ﬁ$§<?D¢@@”29”%5% Al w%ﬁd
secondary a i n be
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character agde tdtheysk ofan lextess olipe tasid biec@ohggcural ie the neaivalization pri mary
in character. To nake the zinc salt, any basic or neutral zinc conpound
coul d beS usEdcHaP. t he oxi des, hydrOX|des and carbonates are nobst generally
enpl oyed. Conmerci al addi ti ves frequently contain an excess of zinc due to
the use of an excess of the basic zinc conpound in the neutralization 5

reaction. TTmaerpfr@tfeafeﬁeadnczumyd@bdwbmmtdpﬂosﬁhéws@bmrwmm@ salte opi | sol ubl e

salts of dihydrocar byl dltthRhOS phoric acids and nmay be represented by the

fol | owi ng ﬂ@wﬁmc@?rbsetdltmgpbpsp gigacids@ndanay Riedeeresertesh Ay the fallpwirg t he
sanme or d'fﬁﬁgﬁp hydr ocar byl radicals containing from1l to 18, preferably
2 to 12, it oms and i ncluding radicals such as al kyl, alkenyl, aryl,
aryl al kyl, al karyl and cycl oaliphatic raglical s Partlcularly preferred as

and R groups are al kyl groups of ROto j carbon| atonms. Thus, the radicals
may, ‘

P—S Zn

/

| R'O 19

10
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,

15 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 about 5 or greater. The zinc dihydrocarbyl dithiophosphate can

20 therefore comprise zinc dialkyl dithiophosphates. The present invention may be
particularly useful when used with lubricant compositions containing phosphorus
levels of from about 0.02 to about 0.12 wt. %, preferably from about 0.03 to about
0.10 wt. %. More preferably, the phosphorous level of the lubricating oil
composition will be less than about 0.08 wt. %, such as from about 0.05 to about

25 0.08 wt. %.

R



Is for exanple, be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl,
anyl, n-hexyl, i- hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethyl hexyl,
phenyl , butyl phenyl, cycl ohexyl, nethylcyclopentyl, propenyl, butenyl. In
order to obtain oil solubility, the total nunber of carbon atons (i.e. R
and R) in the dithiophosphoric acid willyy generally be about 5 or greater.
The zi nc di hydrocarbyl dithiophosphate can 20 therefore conprise zinc

di al kyl di tAslps® BidpEresntsThe present invention may be particularly useful
when used with | ubricant conpositions containing phosphorus |evels of from
about 0.02 to about 0.12 w. 9% preferably from about 0.03 to about 0.10
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di car boxyl ic acids or their anhydrides; thiocarboxylate derivatives of |ong
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ttached di t h h d f db
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these dispersants is typically derived froman ole mer or pol yene,

especi al | y pydrpearonsdrgping a mylyaningattached directly thereto; and Manmch
15 condensation products formed by condensing 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

20  molar amount (i.e., greater than 50 mole %) of a C, to C4z 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

25  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-

30  ethylidene-2-norbornene). Preferred are polyisobutenyl (Mn 400-2500, preferably
950-2200) succinimide dispersants. Preferably, heavy duty diesel (HDD) engine
lubricating oil compositions of the present invention contain an amount of a

nitrogen-containing dispersant introducing from about 0.08 to about 0.25 mass %,



20 nol ar amount (i.e., greater than 50 nole % of a C2 to C18 olefin (e.g.,
et hyl ene, propyl ene, butyl ene, isobutylene, pentene, octene-1, styrene), and
typically a C2 to C5 olefin. The oil sol uble polyneric hydrocarbon backbone
may be a honopol yner (e.g., polypropyl ene or polyisobutylene) or a
copolynmer of two or nore of such ol efins,(e.g., copolyners of ethylene and
an al pha-ol efin such as 25 propyl ene or butylene or copolyners of two

di fferent abr@ﬁ@ra@lyﬁfromsébomw to abpot Y NBIMeadN%, wesretgrefe@ably fridrh &lboat m nor

nol ar anmount of the copol yner nononers, for exarrple 1tol0 nmole % is a
non- conj uga®d® taiabeat Oslﬁﬁ‘aé§ %, eRnitrogercintotbe CoBIOsHidNed di ol efin (for
exanpl e, a copol yner of isobutylene and butadiene, or a copol yner of

et hyl ene, propyl ene and 1, 4- hexadi ene or 5 30 ethylidene-2-norbornene).
Preferred aogiddbyilaabitbeny! (M 400- 2500, preferably 950-2200) succinim de
di spersants. Preferably, heavy duty diesel (HDD) engine |lubricating oil
conposi tions of the present invention contain an anount of a
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sul phuri zed hydracar ons or, esters ho rous es
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No. 4,867, 880 soRibi cHPhMIFRNIFRLLHBEEHDHOIRRY S EtertNo. 4,867,890, and

molybdenum-containing compounds.

15
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 C12
alkyl side chains, calcium nonylphenol sulfide, ashless oil soluble phenates and

20  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.

25 %, 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

30  may contain more than two aromatic groups. Compounds having a total of at
least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group (e.g., an oxygen or sulphur atom, or a -CO-, -SO,- or
alkylene group) and two are directly attached to one amine nitrogen also

considered aromatic amines having at least two aromatic groups attached directly



Phosphorus-free suppl emental oxidation inhibitors, other than the previously
descri bed hi ndered phenol antioxidants, suitable for use in the present

i nvention include alkaline earth nmetal salts of al kyl phenolthioesters
having preferably C5 to Cl12 al kyl side chains, calcium nonyl phenol sulfide,
ashl ess oil sol ubl e phenates and 20 sul fuyj zed phenates and
phosphosul furi zed or sul furized hydrocarbons. Aromatic am nes havi ng at

| east two atcoitetnitogemuibhe airbmatie dindsraes typicdlly sutstituied bggere comste t ut e

anot her cl ass of conpovnds that is frequently used for antioxidancy. They
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nitrogen also considered aromati c am nes having at |east two aromatic
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nodifiers (VM. function to inpart high and | ow t erature operability to
"o a 1 ubr i cHOVIRg SR PO S P VRS aneite P EERE: FOMCBLEATY By be
mul tifuncti aisthacrifRiié 8660 AHdrY opifmeRSofdn shddtakited viceroskyliiv aeRfhhdars are
pol yi sobutyl ene, cCopol ynmers of ethyl ene and propyl ene, polyrethacrylates,
met hacr yl at gingbparnpaend, intespolyness of styrene and acistesterdi aad paxtiallyc aci d and
a

15  hydrogenated copolymers of styrene/ isoprene, styrene/butadiene, and

isoprene/butadiene, as well as the partially hydrogenated homopolymers of
butadiene and isoprene. Multifunctional viscosity modifiers that further function as

dispersants are also known.

20 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 hydrocarby! substituent
comprises a chain of sufficient length to impart viscosity index improving

25  properties to the compounds. In general, the viscosity index improver dispersant
may be, for example, a polymer of a C4 to Cp4 unsaturated ester of vinyl alcohol or
a Cs to Cqp unsaturated mono-carboxylic acid or a C4 to C1o di-carboxylic acid with
an unsaturated nitrogen-containing monomer having 4 to 20 carbon atoms; a
polymer of a C; to Cy olefin with an unsaturated C; to C1o mono- or di-carboxylic

30 acid neutralised with an amine, hydroxyamine or an alcohol; or a polymer of
ethylene with a C3 to Cyq olefin further reacted either by grafting a C4 to Cy
unsaturated nitrogen-containing monomer thereon or by grafting an unsaturated
acid onto the polymer backbone and then reacting carboxylic acid groups of the

grafted acid with an amine, hydroxy amine or alcohol.



vi nyl conpound, interpolynmers of styrene and acrylic esters, and partially
15 hydr ogenat ed copol yners of styrene/ isoprene, styrene/butadi ene, and

i soprene/ but adi ene, as well as the partially hydrogenated honopol yners of
but adi ene and isoprene. Miltifunctional viscosity nodifiers that further
function as dispersants are al so known. A viscosity index inprover

di spersant functions both as a viscosity index inprover and as a

di spersant. Exanples of viscosity index inprover dispersants include
reacti on products of am nes, for exanple polyam nes, with a hydrocarbyl -
substi t ut edPoonpoind Degiressantsyl i ¢ acid i n which the hydrocarbyl substituent
conprises a chain of sufficient length to inpart viscosity index inproving
25 properties to the conpounds. In general, the viscosity index inprover

di sper sant f ter
of Vi nyT I oRap OBt doBresSHR el ROl ag i B L IS BLE T, P,
C10 di - car btheymimmaecn tbmpertaturamtwdsnahmrmﬂed \mlltﬂougemcambmuouresrg Boobrer

having 4 to carbon a 0 r of a to, C20 olefip with an

unsat ur at edaég't'f’%s éfﬁ)w °W6‘r B&'@J[ﬁé@&ﬂq %d‘gg"%&fh@t HBB'EQ*’&I"F%%WV\A th an
am ne, hydr L aC3to
C20 ol efin W?ﬁaﬂﬁr‘a ggjtl:@g @#etﬁtg Egjrld Sf/g C? c?@k%ﬂ%rk)@dumﬁklglg uné%tt%ltjér at ed
nitrogen-conbpmlymegs,rmrd)mﬂymelﬂmcwhat@ by graft! ng an unsaturated acid onto
t he pol yner backbone and then reacting carboxylic acid groups of the
grafted acid with an am ne, hydroxy am ne or alcohol. 17 Pour point
Depressq&tsM depressants, otherw se known as |ube oil flow

i nprovers ( r 5 the mninumtenperature at which the fluid wll
flow or can be poured. Such additives are well known. Typical of those
additives that inprove the low tenperature fluidity of the fluid are C8 to
C18 di al kyl Rugkinhihitors seipcted-koay the g,fgymowénsﬁng@ﬁaownwlmgwqm RS, to
RS ol D1 DO b HdiBbe pRRoSGbRY bR, Und hibRBSIR sToft

noni oni ¢ po yle
acids may be used.

15

Corrosion Inhibitors

Copper and lead bearing corrosion inhibitors may be used, but are typically not
required with the formulétion of the present invention. Typically such compounds
20  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
25  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.



pol yol s and esters thereof, polyoxyal kyl ene phenol s, and anioni c al kyl

sul fonic acids nmay be used. 15 Corrosion |Inhibitors Copper and | ead bearing
corrosion inhibitors may be used, but are typically not required with the
formul ati on of the present invention. Typically such conpounds 20 are the
t hi adi azol e pol ysulfides containing fromf to 50 carbon atons, their
derivatives and polyners thereof. Derivatives of 1,3,4 thiadiazoles such as
those descDebudsifwindCempeatest Nos. 2, 719, 125; 2,719, 126; and 3, 087, 932;
are typical. Oher simlar 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. O her additives are 25 the thio and pol ythi o sul fenam des of

t hi adi azol e [ No.

1, 560, 830. éeﬁ%??ﬁggghggs eri vglﬁ?@%gb@ SH(léeP{aDﬁ{a%rﬁe I n thlrg Féc%aass of
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wi t h an addactiveoingeedient. b treahcatered Ca0W1 o @95xness % bbtive pgledignirisc al cohol .
The denul sifier shoul d be used at a level not exceeding 0.1 nass % active

i ngredient. CANYGHEAt rate of 0.001 to 0.05 nass % active ingredient is
convenient. io Foam Control Foam control can be provided by many conpounds

I ncl udi ng an antifoamant of the polysil oxane type, for exanple, silicone
oi |l or polydinmethyl siloxane. 15 It nay be necessary to include an additive
whi ch mag nt &oam Cbatret abil ity of the

Foam control can be provided by many compounds including an antifoamant of

the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

15 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

20  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
25  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.Il. 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
30 percent (mass %), when applied to a detergent refers to the total amount of
detergent and diluent unless otherwise indicated, and when applied to all other

additive refers to the weight of active ingredient unless otherwise indicated.



viscosity of the blend. Thus, although pol ar group-containing additives
achieve a suitably low viscosity in the pre-blending stage it has been
observed that sone conpositions increase in viscosity when stored for

prol onged periods. Additives which are effective in controlling this
viscosity increase include the |Iong chain, 0 hydrocarbons functionalized by
reaction with nono- 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

concent r at eJhé individua adiditiveatmaine incorearatad iptea pese istackdh anjeoaderignivei ght
represents an active in dient (A].). For .ex | e, di rsan be
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The i ndividual addi tievelcs) may g’e’ I n’c%gporatled Fﬁ?gﬁa a}gg%gfjd@% t:ﬁ% bz?r%)? diP
conveni ent invay ambiums that aslabtds theeadditeotogprbsidedts desididfedctiom.ectly to the
base stock qr base oil blend by dispersing or dissolving it in the hase
stock o baBePEIHARERPUIsTS b A ePaysrd Bt CapkEaTR ubricaRts. alg isted

bl endi ng, ma u J r ; erature.
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additives, each additive is typically blended into the base oil in an
anount ‘that enables the additive to provide its desired function.
Representative amounts of such additives, used in crankcase |ubricants, are

listed iorbetow—A—tie vatoes—tistedearestated—<smass percent—acti ve
i ngr edi ent | ADABBIVIEE VE MASS % MASS % ( Br qddASEPYeef er r edMABEHess Di $per sant
0.1-20 1-8 (Broad) (Preferred)

Ashless Dispersant 0.1-20 1-8

Metal Detergents 0.1-6 0.24

Corrosion Inhibitor 0-5 0-1.5

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

15 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

finished lubricant. The concentrate will typically be formulated to contain the



Metal Detergents 0.1-6 0.2-4 Corrosion Inhibitor 0-5 0 - 1.5 Metal

D hydrocar byl Dithi ophosphate 0.1 - 6 0.1 - 4 Antioxidant 0-5 0.01 - 1.5
Pour Point Depressant 0.01 -5 0.01 - 1.5 Antifoam ng Agent 0-5 0.001 -0.15
Suppl enental Antiwear Agents O - 0.5 0 - 0.2 Friction Moudifier 0-5 0- 1.5
Viscosity Mdifier 0-6 0.01 -4 Basestock,Bal ance Balance is Preferably, all
the additives except for the viscosity nodifier and the pour point
depressant agditité@Nde hropeP at LIS &bt prRIVRIEO th& ddisirbd ecdreBatof S Ciheb flal
herein as the additive package that Is subsequently bl ended into base stock
to make theformulatimewhenihe sancentrate iscrarebinedvethnai predgisiradned, amount of a
formul ated L0 cpntai ntthe 20 additive(s) in proper anmounts to provide the
desired conc@mt FJaBt”FgH‘i n the final fornulation when the concentrate is
conbined with a predeterm ned anount of a base lubricant. 5 The concentrate
Is preferably made in accordance with the nethod described in U S. Patent
No. 4, 938, 88De cthaentpateds prefesanly beadeaninkdcogrdanmeswith theomedlsed descriltidsiper sant

d metal dgt ts, that. g -pblended. at _a.t t f at_legst about
T00C.  Ther aar et aenkNopR o3 a8 STRAEPERN BosteSTBakRac BiramPhe! SRURSS onal
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| ubricating o formul ati on may”~ enpl oy ;S om?2 to 25 mass % preferably 4 to
20 mass % abdutntGa°Qor Ehenealiby, thé pué-nlixtiocddedds at ¥ast 86PE andrtberidditionadr 15
additive package with the remai nder being base stock. Preferably the
vol atility BPMPPRENISidgIaddeshkcase |ubricating oil fornulation, as neasured
by the Noack volatility

10

Crankcase Lubricating Oil Formulation

A crankcase lubricating oil formulation may employ from 2 to 25 mass %, preferably
4 to 20 mass %, and most preferably about 5 to 18 mass % of the concentrate or

15 additive package with the remainder being base stock. Preferably the volatility of
the final crankcase lubricating oil formulation, as measured by the Noack volatility
test (ASTM D5880), is less than or equal to 15 mass %, preferably less than or
equal to 13 mass %, more preferably less than or equal to 12 mass %, most
preferably‘less than or equal to 10 mass %. Preferably, lubricating oil

20 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 about 8.0 to about 9.5.

Marine Cylinder Lubricants

25
A marine cylinder lubricating oil formulation may employ from 10 to 35 mass %,
preferably 13 to 30 mass %, and most preferably about 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

30 ASTM D2896) of about 40 to 100, such as between 50 and 90.



test (ASTM D5880), is less than or equal to 15 mass % preferably |less than
or equal to 13 mass % nore preferably less than or equal to 12 nmass %
nost preferably | ess than or equal to 10 nass % Preferably, |ubricating
oil 20 conpositions of the present invention have a conpositional 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 about 8.0 to about 9.5.
Marine Cyli mel@ik lbighsri EAgIng O#S A marine cylinder lubricating oil fornulation
may enploy from10 to 35 mass % preferably 13 to 30 mass % and nost
preferably about 16 to 24 mass % of the concentrate or additive package

Fubri cati ngra kiRt BaaR. 28 bl fol! 76 m iR BisbiAelh At P oosoc)
of about 40n¢é%sbﬂoan§hlfd%t asefb@we@@o&q?@cw&asa% onHé%r%emrafé &SNS diveD | s

A trunk piston engine oils may employ from7 to 35 mass % preferably 10 to
28 massS % paekbgeowith Hreefesnaibder béjoabase stask2 Pratarabhy tife trivek pistareenginee or

additive e wth t abl t he
Frunk pi st oATERBIRE dreosititnA o B Rt ARG C2E8R 2 ePrit 20T BhoseRt at
about 20 topBflvesitish sag spet ween 25 and 55. Lubricating Gls 10 The

| ubricating oil includes a Goup Il basestock. The definition for a Goup |1
basest ock can be found the American PetroleumlInstitute (API) publication
"Engine Q| L| cegsi na. and Certification Systeni, Industry Services

Depar t nment L | Edi ti on, Decenber 1996, Addendum 1, Decenber 1998.
Said 15 publication categorizes Goup |l base stocks as containing greater
than or equal to 90 percent saturates and |ess than or equal to 0.03
percent sul mfnerlulammiatlmvceil acludescGiroyp lhdersipekatTdre ddfanitiar foe@u@roumll 80 and

| ess than 120 usin
%asestoc can%e f%und the American Petroleum Institute (API) publication

“Engine Oil Licensing and Certification System”, Industry Services Department,
Fourteenth Edition, December 1996, Addendum 1, December 1998. Said

15 publication categorizes Group |l base stocks as containing 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 the Table below.

20 ’ Analytical Methods for Base Stock
Property Test Method

Saturates | ASTM D 2007
Viscosity ASTM D 2270

Index
Sulphur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

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

examples.

25  Examples



met hods specified in the Table bel ow. 20 Anal ytical Methods for Base Stock
Property Test Method Saturates ASTM D 2007 Viscosity ASTM D 2270 | ndex

Sul phur ASTM D 2622 ASTM D 4294 ASTM D 4927 ASTM D 3120 The present
invention is illustrated by but in no way limted to the foll ow ng

exanpl es. 25 Exanples 22 The follow ng ngutral and overbased netal
salicylate detergents were tested: Exanples Basicity Index Exanple 1 1.0
Exanpl e 2 1TRe félisWing deutral 3nd oveiiselenstaleamsyidttidétergefts WepRistedt Met hods
for the synthesis of alkylsalicylic acid, and the formati on of overbased 5
detergents derived therefrom are well known to those skilled in the art.
For exanmplg-—sttl tthogs—ate—desertibed in US 2007/ 0027043 and references
cited thef EXAMPIRS o kwgﬁ'lcftwpaﬁxaci d used in these Exanpl es was made from
Cl4-C18 I—E@{npg%_&r;a-m‘en ng,g such as those marketed by Shell Chenicals
under the pane . |I't _contalned approximtely 10% nol es of unconverted

al kyl pheno| Examghle o had an d¢4 d contlent of 2.62 neq./g.

el et
|JRLLL=

Comparative 3.0
Example 3
Comparative 7.8
Example 4

Methods for the synthesis of alkylsalicylic acid, and the formation of overbased

5 detergents derived therefrom, are well known to those skilled in the art. For
example, such methods are described in US 2007/0027043 and references cited
therein. The alkylsalicylic acid used.in these Examples was made from C14-C18
linear alpha-olefins, such as those marketed by Shell Chemicals under the name
SHOP. It contained approximately 10% moles of unconverted alkylphenol, and

10  had an acid content of 2.62 meq./g.

The metal salicylate detergents were obtained as follows.

Preparation of Neutral Calcium Salicylate (Example 1)

15

Initial Flask Charges Charge (9)
Alkylsalicylic acid 500
Xylene 500
Additions
Funnel 1
CaCl, 64.2
Methanol 327
Funnel 2
NaOH 46.3
Methanol 327
Method:

20  Preparation of Funnel 1:




The netal salicylate detergents were obtained as follows. Preparation of
Neutral Calcium Salicylate (Exanple 1) 15 Initial Flask Charges Charge (Q)
Al kyl salicylic acid 500 Xylene 500 Additions Funnel 1 CaCl2 64.2 Met hanol
327 Funnel 2 NaOH 46.3 Methanol 327 Method: 20 Preparation of Funnel 1:
23  The nmethanol was weighed into a 1 litg,e conical flask. The Cad 2 was

wei ghed out and was then added slowy to the nethanol at anbient

t enper at ur eThé hiethahslkvas Weldhigttintd celitid€oriesl faskalthgiGadlh el wéighvadut
transferred to a 500m addition funnel. 5 Preparation of Funnel 2: This was

gone in Fhea@@msﬁﬁﬁﬂﬁddlaé stamibide the mathaneltai axatgent m@q@twe_v@a@a*s.kz ;
ba 1 ed 11 2SR £PE GGG e e CueERepHB &S, 2800l Al oot i

for reflux.fgipherring was started at 220 rpmand the two addition funnels
were placed in ports on the reaction vessel lid. The NaOH and Cad 2

solutions were run into the vessel sinultaneously at approxinmately the sane

rate. Addi tbPenpé[r(a) I(I)(n 8% Bee . Quer a peri od

This was done in the same manner as Funnel 1, but with NaOH instead of CaCl,.

Reaction:

10  The alkylsalicylic acid and xylene were weighed into a 2 litre baffled flask fitted
with a stirrer. This was placed in a mantle and set up for reflux. Stirring was
started at 220 rpm and the two addition funnels were placed in ports on the
reaction vessel lid. The NaOH and CaCl; solutions were run into the vessel
simultaneously at approximately the same rate. Addition took place over a period

15 of 40 minutes; the two solutions were added at a fast drip. During the addition the
stirring was increased to 300 rpm to gain better phase mixing. The reaction was
not heated and was carried out at ambient temperature; start temperature was
20.5°C. An exotherm was observed during the reaction and temperature at the
end of addition was 29.4°C.

20
Once addition had finished, the funnels were removed and a 10mi Dean and Stark
trap was fitted. A blanket of 300 ml min” nitrogen was passed over the mixture
and the temperature was ramped to 140°C over 90 min, and then held at reflux for
1 hour. During this time no water was observed in the Dean and Stark.

25

After 1 hour, the reaction vessel was cooled. Once below 60°C the mixture was
decanted into two centrifuge cans and centrifuged for 30 minutes at 2500 rpm to
remove the precipitate. After centrifugation, the mixture was decanted into a 2
litre beaker and was bled into a rotary evaporator at 125°C. The product was

30 stripped as fully as possible.
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15 of 40 mnutes; the two solutions were added at a fast drip. During the
addition the stlrring was increased to 300 rpmto gain better phase m xing.
The reaction was not heated and was carried out at anbient tenperature;
start tenperature was 20.5C An exotherm was observed during the reaction
and tenperature at the end of addition wgs 29.4C. 20 Once addition had
finished, the funnels were renoved and a 1 Onl Dean and Stark trap was
fitted. A bPapgesticaf oBl06wBase Qalciumh SatiggateExapasis@y over the mixture and
the tenperature was ranped to 140C over 90 mn, and then held at reflux for
1 hour. Dur&hardesis time no water was observed in the Dean and Stark. 25
After 1 hour, the reaction vessgl ( ool ed. Once bel ow 60C the m xture was
decanted |q&ﬁ entr fuge cang9 d“ctentrifuged for 30 m nutes at 2500 rpm

remove 'Crﬁcﬂ te. Aft entrifugation, the nixture was decant ed
|nto a2 beaker and was into a rotary evaporator at 125C. The
product was @ Bor i pped as fully 356 possi ble. 24 Preparation of Low Base
Cal ci um Sal Methantcd (Exanple 2) ®©@rges Charge (g) Al kylsalicylic acid 290
Xyl ene 1321DisCi¢da?er37. 6 Methanod 100 Distilled water 3 Base oil SN 150

175 Met hodBaSe AlIIgN 3801 cyl i c acigsand xyl ene were m xed toget her and heat ed
to 60C over 20

Method:

Alkylsalicylic acid and xylene were mixed together and heated to 60°C over 20
minutes. Lime was added and stirred while the temperature was held at 60°C for
one hour. Methanol and water were added and stirred at 60°C for a further 20
minutes. Carbon dioxide was added at 0.73 I/min at 60°C, and then the reaction

10 mixture was left stirring for five minutes.

The mixture was centrifuged for 30 minutes at 1800 rpm. The methanol formed a
layer on the surface which was removed. The bulk liquid was transferred to a
rotary evaporator, to which base oil was added. The xylene, and any residual

15 methanol and water, were stripped off at 125°C for two hours.

Comparative Example 3 is a commercial product, available from infineum under

the trade name Infineum M7101.

20 Comparative Example 4 is a commercial product, available from Infineum under

the trade name Infineum M7125.

Comparative Examples 3 and 4 were prepared by mixing together xylene and the
same alkylsalicylic acid as in Example 2 and heating them at 60°C. Lime was

25 added and stirred while the temperature was held at 60°C. Methanol and water
were added and stirred at 60°C. Carbon dioxide was added at 60°C, and then the
reaction mixture was left stirring. The mixture was centrifuged. Base oil was
added and the xylene, and any residual methanol and water, were stripped off at
125°C.



m nutes. Line was added and stirred while the tenperature was held at 60C
for one hour. Methanol and water were added and stirred at 60C for a
further 20 mnutes. Carbon dioxide was added at 0.73 I/mn at 60C, and then
the reaction 1o mxture was left stirring for five mnutes. The m xture was
centrifuged for 30 mnutes at 1800 rpm T%; met hanol fornmed a |ayer on the
surface which was renoved. The bulk liquid was transferred to a rotary
evaporator, to which base oil was added. The xylene, and any residual 15

met hanol and mater wer e strlpped off at 125C for two hours. Conparative
Exanpl e 3 i §oguge Beeo Reflactag AIRM) f rom | nfi neum under the trade
nanme | nfineum M7101. 20 Cbnparatlve Exanple 4 is a comercial product,
avai l abl e from I nfi neum under the trade nane |Infineum M/125. Conparative
Exanpl es 3
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withai o Var| ety of Base Stocks', in the Conference Proceedings. Further

detai | s wer eMegting the &halienge of NewnBase hijids for the dnhacatiarset Megium Gneedoo7
and publ i shgghlifl 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

15 quantitative results for asphaltene dispersancy that predict performance for
lubricant systems based on both Group | and Group 1l base stocks. The
predictions of relative performance obtained from FBRM were confirmed by

engine tests in marine diesel engines.

20 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.

25
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

30  particle.

The instrument measures the time of the increased backscatter. The time period
of backscatter from one particle is multiplied by the scan speed and the result is a

distance or chord length. A chord length is a straight line between any two points
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"Meeting the Chall enge of New Base Fluids for the Lubrication of Medium
Speed Marine Engines - An Additive Approach” in the Congress Proceedi ngs.
In the latter paper it is disclosed that by using the FBRM nethod it is
possible to obtain 15 quantitative results for asphaltene di spersancy that
predict performance for [|ubricant systenggbased on both Goup I and G oup
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per f or med i ncandiguratiomgto gives a ftaatidle isizesresbludiodiad tir judoutoi lonme ddatadraral FBR Bt ed
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asphal tene particles.
dispersancy. This value is a function of both the average size and level of
15 agglomerate. In this application, the average count rate (over the entire size

range) was monitored using a measurement time of 1 second per sample.

Neutral or 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

20 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).

25
The metal salicylate detergents were tested in Chevron 600 RLOP Group Il base

stock.



The Focused beam Refl ectance Probe (FBRM), nodel Lasentec D600L, was io0
supplied by Mettler Tol edo, Leicester, UK. The instrunent was used in a
configuration to give a particle size resolution of 1 pmto 1mm Data from
FBRM can be presented in several ways. Studies have suggested that the
average counts per second can be used as.,a quantitative determ nation of
asphal tene dispersancy. This value is a function of both the average size
and |l evel of 15 agglonerate. In this application, the average count rate
(over the entire size range) was nonitored using a neasurenment tinme of 1
second per sanple. Neutral or overbased detergent (10% w w) and base oi
were bl ended together for fifteen mnutes whilst heating to 60C and
stirring at 400rpm when the 20 tenperature reached 60C t he FBRM probe was
i nserted i ntRBRMeTesARERultand neasurenents made for 15 minutes. An aliquot
of heavy fuel ol (10%ww was introduced into the lubricant fornulation
under stirring using a four blade stirrer (at 400 rpn). A value for the
average counts per second was taken when the count rate had reached an
equilibriumvalue (typically after 1 hour). 25 The nmetal salicylate

detergents (were E@shRflel N CheviEyzeb8fbIR- GB%BR:iQ IRRSE  [SParticle’CouhEM
Test Resultls 5 Exanple Base [Stock Basicity Index Particle{Counts, 1 per s 1
Chevron 600 1.0 30 RLOP 2 Chevron 600 1.3 215 RLOP Conparati vepedhevron 600
3.0 1796 Exanple 3 R.LOP
1 Chevron 600 1.0 30
RLOP
2 Chevron 600 1.3 215
RLOP
Comparative Chevron 600 3.0 1796
Example 3 RLOP
Comparative Chevron 600 7.8 3288
Example 4 RLOP

As shown in the Table above, the neutral or overbased metal salicylate detergents

10 having a basicity index of less than 2.0 exhibit surprisingly lower average counts
per second. This value is a function of both the average size and the level of
agglomerate. Therefore, the use of a neutral or overbased metal salicylate
detergent having a basicity index of less than 2.0 improves asphaltene

dispersancy in Group Il basestocks.
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Conpar ative Chevron 600 7.8 3288 Exanple 4 RLOP As shown in the Table
above, the neutral or overbased netal salicylate detergents i0 having a
basicity index of less than 2.0 exhibit surprisingly | ower average counts
per second. This value is a function of both the average size and the |evel
of agglonerate. Therefore, the use of a peutral or overbased netal
salicylate detergent having a basicity index of |ess than 2.0 inproves
asphal tene Qlaiger sancy in G oup 11 basestocks. 28 dains 1. A lubricating
oi | conposition conprising a Goup Il basestock and a neutral or overbased
met al hydrocarbyl substituted hydroxybenzoate detergent having a b5 basicity

i ndex of sth 2. The |ubricating oil. 0sSi t | ai m
L oherei n' the. neLPiFaT OF cobesERMrarsidpdeunyl Bassofk dnda neltr

hydr oxybenzwoee%ts@tj%@{au hgaro%arm»%ussﬁmwdﬂﬁwos&bér%%té Baterdert hawuﬁé grably
| ess than 1.2, nore preferably about 1.0 1o and preferably not I|ess than
1.0. 3. Theblaabl‘tyawmwlesastwomtl on as clainmed in clains 1 or 2, wherein
the nmetal in the neutral or overbased netal hydrocarbyl-substituted
hydroxybenzoate detergent is calcium 15 4. The lubricating oil conposition

as clai med in anyrHN@bAEaflPoiPESHPELHen a%'éémed iMa5ieh A, (WhBrdif Whd AbufAl or

over based netal hydrocarbyl™substituted hydroxybenzoate detergent Is
al kyl sal i cyloathaszd rietalinydadarty subsatituted hydnopgisénioate detergantieas an any one

Py ocar byl FESISQY AR o9 4Ty Be RETRTaD RS HaRt £ Soe erelgpaDly about 1.,
the. pr edbd: 1o ERIPR Ot KB 1B, 21| b1 6ating oi | composi tion |5 a trunk
pi ston engine oil.

3. The lubricating oil composition as claimed in claims 1 or 2, wherein the

metal in the neutral or overbased metal hydrocarbyl-substituted hydroxybenzoate

detergent is calcium.

15
4. The lubricating oil composition as claimed in any one of the preceding
claims, wherein the neutral or overbased metal hydrocarbyl-substituted

hydroxybenzoate detergent is alkylsalicylate.

20 5. The fubricating oil composition as claimed in any one of the preceding
claims, wherein the neutral or overbased metal hydrocarbyi-substituted

hydroxybenzoate detergent is calcium alkylsalicylate.

6. The lubricating oil composition as claimed in any one of the preceding

25 claims, wherein the lubricating oil composition is a trunk piston engine oil.

7. A method of reducing asphaltene precipitation or ‘black paint’ in an engine

lubricated with a lubricating oil composition comprising a Group Il basestock, the

method including a step of adding the neutral or overbased metal hydrocarbyl-
30  substituted hydroxybenzoate detergent claimed in any one of claims 1-6 to the

Group |l basestock.

8. The method as claimed in claim 7, wherein the engine is a trunk piston

engine.



7. A nethod of reducing asphaltene precipitation or 'black paint' in an
engine lubricated with a lubricating oil conposition conprising a Goup ||
basestock, the nethod including a step of adding the neutral or overbased
met al hydrocarbyl 30 substituted hydroxybenzoate detergent clainmed in any
one of clainms 1-6 to the Goup Il basest @ok. 8 The met hod as clainmed in
claim?7, wherein the engine is a trunk piston in 29 9. Use to reduce
asphal tene f.eci pU$%1tQ weuse’ aﬁpél@liepmpmmpﬂaﬂoa\noreh ckepanmt then enginei ddheng

oi | conposit Brlcé:tmg chomBogl%n cpalm% lﬁ any one of60Ia|ms 1-6.



