12 SEP 2003 Marine Diesel Cylinder Lubrication This invention relates to
the lubrication of the cylinder or cylinders of a cross-head nmarine diesel
(conpression-ignited) engine for raising the tenperature of the onset of
scuffing-type mechanical wear of the cylinder walls of the ehQiSi€ 208ri ng
its operation. One type of marine diesel propulsion engine is characterised
as a slow speed, two-stroke engine which is frequently referred to as a

cr 0ss- head vaiige THe RECAHSE®T Qhubhit&iggonst ruction.  The firing cylinder and
crankcase ‘are Tubri caé ed separately by cylinder and systemoils
respectively. The cylinder oil, sonetines referred to as a marine diesel
cylinder lybricant I.s, f.ed. to the internal walls.of the cylinder by
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to inprove engine efficiency. The article states that this has given rise
to "disastrous' instance of scuffing, that is to say adhesive wear of the
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to so-called "adhesive friction". The stresses on the asperities are
suf fi ci entTaCRsE Bl & RBFERSA) | which nmaterial loss is called "adhesive
wear" or "scuffing". 1 12 S E P 2003 The present invention aneliorates the
above problem as evidenced by test results described

“The Motor Ship”, May 1999 pages 27-33, reports the emergence of a new generation of

large bore cross-head marine diesel engines, the cylinders of which are subjected to higher
gas pressures and temperatures then hitherto in order to improve engine efficiency. The
article states that this has given rise to ‘disastrous’ instance of scuffing, that is to say
adhesive wear of the internal walls of the cylinder, for example defined by cylinder liners,
due to thinning of the lubricant film between the piston and the wall under the above-

mentioned conditions.

The phenomenon of “scuffing” is approached when the Jubricant becomes so thin that its
thickness is similar to the height of the microscopic roughness (or asperities) on the
opposing surfaces to be lubricated. Further thinning of the lubricant gives rise to actual
solid/solid contact between opposing surfaces. When solid/solid interactions occur between
asperities, they tend to adhere and give rise to so-called “‘adhesive friction”. The stresses on
the asperities are sufficient to remove material, which material loss is called “adhesive

wear” or “scuffing”.



in this specification, by lubricating the cylinder with an MDCL t hat

I ncl udes a specific auxiliary additive. Thus, in a first aspect, the

invention is a conbination of a cylinder of a two-stroke crosg-2 5ERa#0bari ne

di esel engine with a cylinder |ubricant conprising, or nade by adm xi ng:

(A) a base stock of lubricating viscosity, in a major anDunt;légé at | east
£

one over bdke grasentdhveitiveagelibratdsrthaatmveprotiemastevidenced(1B) testtres scofed

auxiliary, preferably ashless ar non- al -.contaiping, additive c onent,
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oi | -sol ublLe, .gul fir=contai ni ng conpound, and/or (C2) an oil-soluble
phosphorué-&’gg%b'aa:aﬁlnﬁ}g%'corrpound, wherein the cylinder is characterised by a
power output of 4000 or greater, such as 4200 or greater, preferably 4500
or greater nprefpreferably.in t he range, of, 4520 to GOOg, kW &&e bore of
the cyl i ndbes,iag firstaspeskahpinyention igggombingtion oba cylindenoba BIreke Grssat er |
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mari ne di esel engi ne which conprises supplying to the walls of the
cylinder, a cylinder |ubricant as defined in the first aspect of the

i nvent i on{Anadasg sioekef lupricaimarviscesitiein AU SMONNtt he first aspect of the
invention. A third aspect of the invention is a nethod of raising the
tenperature of the onset of scuffing-type nechanical wear of the walls of
a cylinde(Bpf a21da8Porfel velisased Rstal Baaten® i Mmindtiagdeht; eagl ne by |ubricating
the walls wth a cylinder lubricant as defined in the first aspect of the
i nvention, wherein the cylinder is as defined in the first aspect of the
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of the lubricant, both in respect of the stated additive
(C1) an oil-soluble sulfur-containing compound, and/or

(C2) an oil-soluble phosphorus-containing compound,
wherein the cylinder is characterised by a power output of 4000 or greater, such as 4200 or
greater, preferably 4500 or greater, more preferably in the range of 4500 to 6000, kW. The
bore of the cylinder may, for example, be 850 or greater, such as 900 or greater, preferably

in the range of 900 to 1000, cm.

A second aspect of the invention is a method of lubricating a cylinder of a two-stroke cross-
head marine diesel engine which comprises supplying to the walls of the cylinder, a cylinder
lubricant as defined in the first aspect of the invention, wherein the cylinder is defined as in

the first aspect of the invention.

A third aspect of the invention is a method of raising the temperature of the onset of
scuffing-type mechanical wear of the walls of a cylinder of a two-stroke cross-head marine
diesel engine by lubricating the walls with a cylinder lubricant as defined in the first aspect

of the invention, wherein the cylinder is as defined in the first aspect of the invention.



and in respect of the total mass % of all the additives present in the
| ubricant, reckoned as active ingredient of the additive or additives;

"active ingredient (a.i.)" refers to additive material that is not gt%#ﬁ?t'
"conprises or conprising, or cognhate words" - specifies the preséhl

stated features, steps, integers or conponents, but does not preclude the
presence dn thisepecifoation, thefllowingwerdsant expreenensrsbgl]l havaths meanmnggasosibed
conponentg}Ze or groups thereof; "TBN' - Total Base Nunbers as neasured by
ASTM D2896&¢10%5i [ - sol ubl e or oil-dispersible" - do not necessarily indicate
solubility, dissolvability, mscibility or capability of suppression in
oil in all proportions. They do nean, however, solubility or stable

di sper si bi“major asufunt™cH iarekcdse o€ 5@ nias¢ Veofithe Ribdheshtef f ect in the environment
in which the oil is enployed. Mreover, additional incorporation of other
additives may permt incorporation of higher levels of a particular

additi Ve, dfinHHARE: - fels bt 0 ﬁlﬂﬁss:/g%ﬂ}%tlﬁﬁgﬁ&gﬁo&tﬁ Beyitd OHife SR of

t he | ubrican essentia we opt’i cust omar may react under
the condi tan@Msredpedt of theltatal Mmass Gtodab gt aitditives present inhhd lublieant, reekinedas al so
provi des the product obtainable or obtained as a result of any such

reacti on. atiee maeadignbel e addidive euadditied® wi | | now be discussed in nore
detail as follows: 12SEP2003 TWDO STROKE CROSS- HEAD MARI NE DI ESEL ENG NE
Certain characteristics of the engines of this invention and their

cyl i nder s ‘bawe ingRBient (adi)C aéfed 18b@ditive Midtekiabthat ishet divginnes may, for
exanpl e, have from6 to 12 cylinders and their engine speed may, for
exanple, be in the range of from40 to 200, preferably 60 to 120, rpm

Their total out.put 1. »i , , 000
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greater, ptepbanflRby or 46mponaits duedoes hot preeudartespresentdier addnhipa offoné bomobe t o
100. Preferably, the viscosity index of the lubricant is at |east 80, such
as at | eastheydeatyrgs, stopsnipiegers: COUBRENSOY ST9¥RS themsPhcant may, for exanpl e,

have a kinematic viscosity at 100C (as neasured by

“TBN” — Total Base Numbers as measured by ASTM D2896;

“oil-soluble or oil-dispersible” — do not necessarily indicate solubility, dissolvability,
miscibility or capability of suppression in oil in all proportions. They do mean, however,
solubility or stable dispersibility sufficient to exert the intended effect in the environment in
which the oil is employed. Moreover, additional incorporation of other additives may

permit incorporation of higher levels of a particular additive, if desired;

it will be understood that the various components of the Jubricant, essential as well as
optimal and customary, may react under the conditions of formulation, storage or use and
that the invention also provides the product obtainable or obtained as a result of any such

reaction.

The features of the invention will now be discussed in more detail as follows:

(]



ASTM D445) of at |east 14, preferably at |east_ 15, nore preferably in the
range from 17 to 30, for exanple from1l7 to 25, mBs-1. (A BASE STOCK OF
LUBRI CATI NG VI SCOSI TY The base stock is an oil of lubricatin§2SESH8 ty
(sonetines referred to as base oil) and nay be any oil suitable for the

| ubrication of a cross-head engine. The lubricating oil may suitably be an
ani mal , vd¥OaSTROKE GROSSHBATDMARISE PHESRL EN&INibri cating oil is a
petrol eum derived lubricating oil, such as a naphthenic base, paraffinic
base or m xed base oil. Alternatively, the lubricating oil may be a
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from2 to 40, for exanple from3 to 15, mPs-1, and a viscosity index from
80 to 100, for _exanple from90 to 95. 4 12SEP2003 Anot her cl ass of

| ubri cat i KgYBINDER AMNdked oils, where the refining process further
breaks down the m ddle and heavy distillate fractions in the presence of
hydrogen at high tenperatures and noderate pressures. Hydrocracked oils
typi cal | y TRvebkdanemay] for ekasehhye a TBNLHOG @fgrédtaprefdrabi¢ M0 drqpreaterafgrl e
from3 to 15, mmPs-1 and a viscosity index typically 1in the range of from

100 to 11Gxample imtbavsnee pf Gami@sorl§01 Beterrhly, theriscopity BHex pobR lubsicanideat
herein r eflga[s.'? @Os&%sa‘g apicggu%k%grﬁgﬁlgﬁsagh%%gogxt racted, de- asphalted

products fromvacuum resi aving a kinematic viscosity at
100C from 28 to 36 mmRs"t and are typically used in a proportion of |ess

that 30, preferably less than 20, nore preferably |ess than 15, st
pr ef er abl yihedubrigag maxof,or§mnplashq\'é§§<u@%ws\zww@éatb%%%é@éﬁeaéwe@ % mass of

the lubri cagfn has) QYERRAREYR, Mefétkt) Pal RN more preferably in the range from 17 to

25,

30, for example from 17 to 25, mm

(A) BASE STOCK OF LUBRICATING VISCOSITY

The base stock is an oil of lubricating viscosity (sometimes referred to as base oil) and may
be any oil suitable for the lubrication of a cross-head engine. The lubricating oil may
suitably be an animal, vegetable or a mineral oil. Suitably the lubricating oil is a petroleum
derived lubricating oil, such as a naphthenic base, paraffinic base or mixed base oil.
Alternatively, the lubricating oil may be a synthetic lubricating oil. Suitable synthetic
lubricating oils include synthetic ester lubricating oils, which oils include diesters such as
di-octyl adipate, di-octy] sebacate and tri-decy! adipate, or polymeric hydrocarbon
lubricating oils, for example liquid polyisobutene and poly-alpha olefins. Commonly, a
mineral oil is employed. The lubricating oil may generally comprise greater that 60,
typically greater than 70%, by mass of the lubricant and typically have a kinematic viscosity
at 100°C of from 2 to 40, for example from 3 to 15, mm?s”, and a viscosity index from 80 to

100, for example from 90 to 95.



Over based netal conpounds suitable for use in the lubricant of the present
invention include alkali metal and alkaline earth netal addij rlvsgp Mlich as
ol

over based oil -soluble or oil- dispersible calcium mnagnesi um "sodi um or
bariumsalts of a surfactant selected from phenol, sulfonic acid,
carboxylic acid, salicylic acid and naphthenic acid, wherein the
overbasing is provided by an oil-insoluble salt of the netal, e.g

bonat e, , basi { e f ] te  which
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metal of the oil-insoluble salt. Preferably the netal, whether the netal of
the oil- sehpbhrerandimodersopigbiveess dilxdrogracked (odF tipicatlydrge kinemati NSCHHN of

th h.of, b t al ' t | t 250, .
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conpounds ;phef 8L abbEERTDA] 1 Rkor exaimblomenNYgkOT@8. byl group, for exanple,

as a substituent on an aromatic ring. The term "hydrocarbyl" as used
herein neans that the group concerned is primarily conposed of 5 12 SEP

2003 hydraogen ang carbon, ato and is b ed to the remainder. of th
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atoms or %ﬁhﬁlﬁdlﬁa%&cwﬁbﬁm dufhh feSiabirhigeh&ally hivnge kiRGdatic Wsbéifieat 100°C
alTy hydrocarbon c h

substanti aracteristics of” the group. Advantageously,
hydr ocar byftor 28 tip36 imn’sliahdetedypisaliyoused srea propavorafdessdhati30hprefesabilylesat i on
are aliphatic__groups, eferably alk 0 lLkyl ene _gr.oups, especi ad |

al kyl gr od‘%@"‘, 20, PFFéV%‘@ l?ﬁsmlﬁp%ﬁrﬁﬁéﬁ&l%sﬁﬂ@"g& %‘Rﬁﬁﬁﬁﬁgﬁla&%’gg}%on
atonms in t%%ﬁ?&éﬁ.ﬁ{eqﬂ&go?mqhﬁigﬁtat | east sufficient to inpart the
desired oil-solubility. Phenols , for use in this invention, may be
non-sul furized or, preferably, sulfurized. Further, the term "phenol" as
used hereinp,. Jalo oﬁ,ﬁ,ﬂg nore than one hydroxyl group (for
exanpl e, &a oS¢ gset—arofratic rings (for exanple, alkyl

napht hol s) and phenol s which have been nodified by chem cal reaction, for

exanmpl e, al kyl ene-bridged phenols and Manni ch base-condensed phenols; and
sal i geni n-@vepkased metal compounds suitable for use in the lubricant of the present invention

include alkali metal and alkaline earth metal additives such as overbased oil-soluble or oil-
dispersible calcium, magnesium, sodium or barium salts of a surfactant selected from
phenol, sulfonic acid, carboxylic acid, salicylic acid and naphthenic acid, wherein the
overbasing is provided by an oil-insoluble salt of the metal, e.g. carbonate, basic carbonate,
acetate, formate, hydroxide or oxalate, which is stabilised by the oil-soluble salt of the
surfactant. The metal of the oil-soluble surfactant salt may be the same or different from
that of the metal of the oil-insoluble salt. Preferably the metal, whether the metal of the oil-

soluble or oil-insoluble salt, is calcium.

Preferably, the TBN of the or each of the overbased metal compounds is at least 230, such

as up to 500.

Surfactants for the surfactant system of the overbased metal compounds preferably contain
at least one hydrocarbyl group, for example, as a substituent on an aromatic ring. The term

"hydrocarbyl" as used herein means that the group concerned is primarily composed of



phenol s (produced by the reaction of a phenol and an al dehyde under basic
conditions). Preferred phenols nmay be derived fromthe fornula OH Ry where
R represents a hydrocarbyl group and y represents 1 to 4. \Were y 1§ SEP 2003
greater than 1, the hydrocarbyl groups may be the sanme or different. The
phenols are frequently used in sulfurized form Sulfurized hydrocar byl
phenol s rrhydrogypan@caréorb@torr@@nés%bm@ad 1/ the fempipdennfabe molepuleEmm 7 ooBooH OH

C_ - ' |1y f 1 to 4. | ) A

cap phomorebruitiee Sohay e piftante 8F O wbRagee<tpl W e RRE00 PElfiahic,
hydr ocar byd d@f4 Boni @RsE5enkialy RydrBcaben aphitaittaaR Usihe ghbufy | Adwaihgigesuslyihi ch
advant ageously contain 5 to 100, preferably 5 to 40, especially 9 to 12,

car bon at bydrocaihy! grpepaigesuniaotonts forfuse an benerdansersvithrthenivertion dare afphptisups

being at least 9 [n.order.to.ensure adequate.solubility in oil. Preferred
S kol or o8puPEelE SRt o ERSAL A oS S RLS AT erioborReimey GERLES on,
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al kyl phenols. A sul furizing agent for use in preparing a sulfurized phenol
or phenat ¢ meparbthealeyiredomhpdumttyor el enent whi ch i ntroduces -(9),, -
bridgi ng groups between the al kyl phenol nonomer groups, wherein x is
generally froml|l to about 4. Thus, the reaction may be conducted with

more pref orabl s (RSsf NS RERRLRRY be ho o BRETRUS eIl WENRL, T he

sul f uri zaffughen, eaemoiipleayl” as used herein includes phenols containing more than one
hydroxy} group (for example, alkyl catechols) or fused aromatic rings (for example, alkyl
naphthols) and phenols which have been modified by chemical reaction, for example,
alkylene-bridged phenols and Mannich base-condensed phenols; and saligenin-type

phenols (produced by the reaction of a phenol and an aldehyde under basic conditions).

Preferred phenols may be derived from the formula

OH

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

the hydrocarbyl groups may be the same or different.

The phenols are frequently used in sulfurized form. Sulfurized hydrocarbyl phenols may

typically be represented by the formula:



be effected by heating the al kyl phenol conpound at from50 to 250,
preferably at |east 100, C. The use of elenental sulfur wll typhq%gmqmj
yield a m xture of bridging groups -(S)x- as described above. If "a sulfur
halide is used, the sulfurization reaction may be effected by treating the
al kyl phenol at from-10 to 120, preferably at |east 60, C. The reaction
may be conducted in the pﬂyéence of a suitable dil t. The dil uent
advant ageously conprises a | substantially inert organic diluent, for
exanple mneral oil or an ane. In apy _event, t eaction is conducted
for a period of tine suff'cie t to effett substan iallreaction. It is
generally preferred to emul from0.1 to 5 noles he al kyl phenol

mat eri al per equival ent of stlphurizing agent. 7 1 2003 Where

el emental sulfur is used as theYsulfurizing agent, it nma¥ be desirable to
use a basic catalyst, for exanple, sodium hydroxide or an organic am ne,
preferably a heterocyclic amne (e.g., norpholine). Details of

sul furi zaty e RIPERSEAY e 1WE YU I Budicdses, s thadktivb Iphendl indlé@ldthay be
Regardl ess of the mannér in which they are prepared, sulfurized al kyl
phenol s udizked by §x bpdggsar i ng over based netal conpounds general ly conprise
di luent and unreacted al kyl phenols and generally contain from2 to 20,
preferably 4 to 14, and nost preferably 6 to 12, rmass % sul fur based on
the mass qf, thdove lféﬁﬁulze@ﬂydabwbylp%eurmlrepré&nidadiycntaﬁdacara@mgeoutsmm}ar m
"phenol " as used herein includes phenols which have been nodified by
chemical raseurtsi whichiadMantsgeougly spsiria 5 tanl 08) prefeyaldy SdndOmsaerially Hissk,

condensed enal s. dehvdes wi i Jof s i :
for exanpl %IELOP@}%?@% §aes nﬁggtﬁ?gﬁ\%lr CJ‘Je}ha%&'ggl glnﬁl gﬁt?lf/ ?Z%ljégﬁgy%é&jamgeﬁ Y5
pref erred glidabyaare sddquaterbridhitd e oifl Plefeydd -alkw didupe drepfomnbitspopylead) e f or
use are described in, for exanple, US-A-5 259 967. Manni ch base-condensed
phenol s ar@#%{f#Separed by the reaction of a phenol, an al dehyde and an
am ne. Exanpl es of suitable Manni ch base-condensed phenols are described in
GB-A-2 121 432.

In the following discussion, hydrocarbyl-substituted phenols will for convenience be

referred to as alkyl phenols.

A sulfunzing agerit for use in preparing a sulfurized phenol or phenate may be any
compound or element which introduces -(8)y- bridging groups between the alky! phenol
monomer groups, wherein x is generally from 1 to about 4. Thus, the reaction may be
conducted with elemental sulfur or a halide thereof, for example, sulfur dichloride or, more
preferably, sulfur monochloride. If elemental sulfur is used, the sulfurization reaction may
be effected by heating the alkyl phenol compound at from 50 to 250, preferably at least 100,
°C. The use of elemental sulfur will typically yield a mixture of bridging groups -(8)x- as
described above. If a sulfur halide is used, the sulfurization reaction may be effected by
treating the alkyl phenol at from —10 to 120, preferably at least 60, °C. The reaction may be
conducted in the presence of a suitable diluent. The diluent advantageously comprises a
substantially inert organic diluent, for example mineral oil or an alkane. In any event, the
reaction is conducted for a period of time sufficient to effect substantial reaction. It1s
generally preferred to employ from 0.1 to 5 moles of the alkyl phenol material per

equivalent of sulphurizing agent.



I n general, the phenols may include substituents other than those nentioned
above provided that such substituents do not detract significan{hﬁ Eﬁﬂg]
the surfactant properties of the phenols. Exanples of such substi g

are net hoxy groups and hal ogen atons. Salicylic acids used in accordance
with the invention may be non-sul furized or sulfurized, and may be

chem cally nodified and/or contain additional substituents, for exanple, as
di scussed wighe¥Rmieafal RIRRHG GsedRs deeaifefziap Abtmy it haytHeakeiratds ariseadasibove
may al so be used for 8 12SEP2003 sul furizing, ,a hydrocarhy I-substltuted

sal i cyl i ccaglyat, f%rreefa@pls mlvaﬁdmlQed)Ttaﬁ@S&a%%ml'@dPﬁefFTWEa hgterocydhig i cylic
acids are_t I ed by the carboxylation, by the Kol be-Schm tt
process, 5¥ (% d&?ﬁé@gﬁgnd in that case, will generally be obtained
(normally in a diluent) in adm xture wi th uncarboxyl ated phenol. Preferred
substituents in oil-soluble sallcyllc acids from which overbased detergents
in accor Sgtedls ofiselfurization nrosassevarervig)! kneovadpithesg skilledimtbesiibst i t uent s
represented by Rin the above discussion of phenols. In alkyl-substituted
salicylic acids, the al kyl groups advantageously contain 5 to 100,

pref er abl Regarmsﬁgfthemmhlmaaﬂtmgs arOprepaed) Gl fati gdteal dﬁlﬁhfs@dfls asefgliigs used
in accordance with the invention are typically obtained by sulfonatlon of
hydr ocar bptepstibg pmrbased m@é@l@mpézml(iﬁ genfeplly §9@§wq dlueat and wirgagted

hydr ocar bg for i

petrol eunPEVioéﬁ %qd $elna r(fgfétrel1 hﬂg’% 23?{2%@1%?%%1519%5 HQ %rLd%% %P%ﬂaggfn@%flz
aromati ¢ yads oraifeBased Ehdﬁ@hﬁSS ofitae yﬂﬁ]rizh@slkybphemoned by aI kyl ati ng
benzene, toluene, xylene, naphthal ene, biphenyl or their hal ogen
derivatives, for exanple, chlorobenzene, chlorotoluene or

chl or onaphy I]ﬁ‘(!il%ﬁ't@ aﬂ%y{h@ttérﬂ? [\%{enﬁ‘ir' qgﬁgédchergfﬂ PGS ﬂ%lmﬁlclﬂqlagé‘f)ééned out
in the presence o a catal ylati ng agents having from3 to nore
t han 100 mtrdh)ﬁ)dfﬂ l@tﬂmnlczﬂ mmnan wnﬂxoforexanplleean #ldtloplar aifd Masniclnbaset ns t hat

may be obta q§pdehydrogenat|on of paraffins, and polyolefins, for
exanpl e, olset hyl ene, propyl ene, and/or butene. The al kyl aryl

sul phoni c aC|ds usual ly contain from7 to 100 or nore carbon atons. They
preferably contain from 16 to 80, or 12 to 40, carbon atons per

al ky! - subs¥ldehydesiwith ovihacli phemelsanay, bempdifiad irgleie. forexamiles @w@iﬂim ch they

are propionaldehyde and butyraldehyde. The preferred aldehyde is formaldehyde. Aldehyde-
modified phenols suitable for use are described in, for example, US-A-5 259 967.

Mannich base-condensed phenols are prepared by the reaction of a phenol, an aldehyde and
an amine. Examples of suitable Mannich base-condensed phenols are described in GB-A-2

121 432.

In general, the phenols may include substituents other than those mentioned above provided
that such substituents do not detract significantly from the surfactant properties of the

phenols. Examples of such substituents are methoxy groups and halogen atoms.

Salicylic acids used in accordance with the invention may be non-sulfurized or sulfurized, and
may be chemically modified and/or contain additional substituents, for example, as discussed

above for phenols. Processes similar to those described above may also be used for



obt ai ned. When neutralizing these al kylaryl sulfonic acids to provide

sul fonat es, hydrocarbon solvents and/or diluent oils may al so be included
in the reaction mxture, as well as pronoters and viscosity cont2SEP 2003
agents. Another type of sulfonic acid which may be used in accordance with

t he invention__conﬁrises alkgl_pheno[ sul fonic acids. Such sulfaonjc acjds
can be subdlfurizingh hytvesanexl-substititad salisyliorcidomd e el ikpewn i thoge shillsdbinithe

acids are beligeved to have surfactan pert i : r to
fhose of &0r PBILC aciaar VREHL PERRRY bl HRREHG R B FEAUNE SRR,
those of ophrcigkides, Bl iPNaCcalE S geHérkBPbe obtainetl $eorhiallage ediaeiteini th the
I nvention also include al kyl sulfonic acids, such as al kenyl sulfonic

aci ds. | nadmidtture ovithounveboxpletediphemolgr oup suitably contains 9 to 100,
advant ageously 12 to 80, especially 16 to 60, carbon atons. Carboxylic
aci ds which nmay be used in accordance with the invention include nono- and

di car boxyb}e?er?ﬁ' SBstitBERE B 6ifSo) TR AEIRLNO1YUE EoRCWHRh Bverbh AR ISRMAINNI Ng 1
to 30, especially 8 to 24, carbon atons. (Were this specification

i ndi cat esaddoedanuerbvith thé invemtimmayt berderivad are thesidssents repriesentadiy B ar hen
t in the,. b ' i s/ i ncl uded. j n,t hat nber .
Exam bs SrovisvaseRaLeatso he R we Gl s Eids e AL i b oreic
aci d, pa!amah{a%];@lfs'rlf\?cfmﬂﬁ BqHE ) réfetably 9 ﬁPSO?_%.gﬁ_@ﬁﬂl? 136 40 @Ybon dtolesi r ed,
the“form of the i

be used in m xture of C8 aci soners sold by Exxon
Chem cal s under the trade nane "Cekanoic". Oher suitable acids are those

ith terti Substitut.i t he.cc: b t ' | id
W th or cSHERS SOasktHn SFesenet BAPIRE YR K DEaRy P B pe o e cr
di car boxybi gyd6é8yIWubRitiRA Seshfadly3ikyl isabstR¥RATUrmadShidroddbonscrbon at ons

are also suitabl €. Unsaturated carboxylic acids can_be sul phurized.
Al t hough eedriplyl theseaditaised fromtthd fiactiopattasosdynetreleymobipdisidptiongadisir poses of

t he present, i nvention,t re gonsi e r. fined
e D ool ST Y RIS bl AR e 0 e
(Nor, al t BpuIK1dting beh AL Aolhede, Ry e xidphibleHe, biphenyll betheirdniigde dedvitehe
phenol surftact ants.g i i
for example, chlorobenzene, chlorotoluene or chloronaphthalene. Alkylation of aromatic
hydrocarbons may be carried out in the presence of a catalyst with alkylating agents having
from 3 to more than 100 carbon atoms, such as, for example, haloparaffins, olefins that may
be obtained by dehydrogenation of paraffins, and polyolefins, for example, polymers of
ethylene, propylene, and/or butene. The alkylaryl sulphonic acids usually contain from 7 to
100 or more carbon atoms. They preferably contain from 16 to 80, or 12 to 40, carbon
atoms per alkyl-substituted aromatic moiety, depending on the source from which they are

obtained.

When neutralizing these alkylaryl sulfonic acids to provide sulfonates, hydrocarbon solvents
and/or diluent oils may also be included in the reaction mixture, as well as promoters and

viscosity control agents.

Another type of sulfonic acid which may be used in accordance with the invention
comprises alkyl phenol sulfonic acids. Such sulfonic acids can be sulfurized. Whether

sulfurized or non-sulfurized these sulfonic acids are believed to have surfactant properties



Exanpl es of other surfactants which may be used in accordance with the

I nvention include the follow ng conpounds, and derivatives thereqf;

napht heni ¢ aci ds, especially naphthenic acids containing one or1ﬂ&ﬁglmﬁkyl
groups, dial kyl phosphoni ¢ aci ds, dial kylthi ophosphonic acids, and

di al kyl di t hi ophosphqgric acids, high | ecul ar_wei ght (preferabl
et hoxyl at @aypfﬂa lg 6%@1%? Og%‘{lﬁﬂ’tfca&?c%a’fﬁﬁ%l’ g&ﬂoﬁé&rfaf‘ﬁ%ﬁ F Wé@?ar%\tﬁato those

dispersangp eadlsf actants of these types are well known to those skilled in
the art. u?#actants of the hydrocarby |- substituted

car boxyl al kyl ene-11i nked phenol type, or dihydrocarbyl esters of alkylene

di carboxylic acids, .th | kyl ene gr.oup being.substituted wth hydr.oxy
group andSuHomeasds éWE’ﬁbﬁ‘cfgf BEpdpIaceoTdRncy w1§}®6¢9veapmafih@wr&h\lﬁe| 3l éa%omc

pol yar omaf, |: [ | &1 ' $ 003
B | cast Brits A Sty S ARG 16 SIBH S b Sl SR Rl Rode i s
phenol , naylG, advdneagesusly abkeld, @kpaciatlyilb thl60, garbsrembmisnvent i on; such
surfactants are described in EP-A-708 171. Further exanples of detergents
useful in the present invention are optionally sulfurized alkaline earth

tal hyd t b ihed: . ' ' h
o ot ear | CAERKGHE pBBCRRICH I e RaNFa s RN R R In Vi RGN, onBTYE, B
and phenolzag®xglic adés Préfreed monddarboxylibacids Sre(thbsevcoatajnindl $®38,uispadidly f or

use in the present invention are overbased. ngtal conpounds, preferably
over basedS ¢a Pt GRAAEPY Nl Bere thg specHielion i CE‘F@&E? ny efﬁfﬁP&’@Pa"ﬁﬂme‘cﬂJps,

such as p : ' | | ' | ' Is d
napht heni Eﬁgg%ydl,c %@éi‘%@b‘ﬁ@to Eﬁ%@ﬁ%ﬁ{}ioﬁ%%&g@ﬁﬂ%&%#ﬂcﬁu ?/5]? }]%E] mat eri al
i n whi ch hwaber) Froaneplel dffreorenarbeyylfcasd dsrdre groeagtmodr &xid,isteadr peidatlet atut,i ng

t he overbasin r.gcess., Exa of , hybrid materials.are an.oyerbase

ol ot um SBFEOf BGf R BPAah B IoC e S5t P bAcksEdh el P SORROE S f urm
salt of sHfik@fd Mt SadidRBMkersABH HAEROHYEhdmidsls nd@ihe PXRS AR C&ahsGitum sal t
of surfactants phenol, sulfonic ‘acid and salicylic acid; and an overbased

cal ci um s@lthersfutsghle ficids amttkbosp _h’éﬂ?dlert'atmdstéﬁatiiuciy’h iat thgci-cerb@y atam #nﬂver based
U B R AE R o e Ao B RS SELRE ISR gl
cati ons. Sﬁﬁhér, AiFRWAkPlic acids with more than 35, for example, 36 to 100, carbon atoms are

also suitable. Unsaturated carboxylic acids can be sulphurized. Although salicylic acids

contain a carboxylic group, for the purposes of the present invention they are considered to

be a separate group of surfactants, and are not considered to be carboxylic acid surfactants.

(Nor, although they contain a hydroxyl group, are they considered to be phenol surfactants.)

Examples of other surfactants which may be used in accordance with the invention include
the following compounds, and derivatives thereof: naphthenic acids, especially naphthenic
acids containing one or more alkyl groups, dialkylphosphonic acids, dialkylthiophosphonic
acids, and dialkyldithiophosphoric acids, high molecular weight (preferably ethoxylated)
alcohols, dithiocarbamic acids, thiophosphines, and dispersants. Surfactants of these types
are well known to those skilled in the art. Surfactants of the hydrocarbyl-substituted
carboxylalkylene-iinked phenol type, or dihydrocarby! esters of alkylene dicarboxylic acids,
the alkylene group being substituted with a hydroxy group and an additional carboxylic acid

group, or alkylene-linked polyaromatic molecules, the aromatic moieties whereof comprise
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of other cations may be present in the oil-insoluble netal salt, but
typically at least 80, nore typically at |least 90, for exanple at |east
95, nole % of the cations in the oil-insoluble nmetal salt, are caldi $&h 2003
ions. Cations other than calciumnmay be derived, for exanple, from the use
in the manufacture of the overbased d ter%e t of a urfa]%:%aﬂé?salt i n which
the cati oAt least onc hudrarargy hwibstitiied RbsRYlianet ISpX OBF SHPYXY PREOMDAY Alofe of

t he surfagt. ' 1 L LE -ef, : Ll

cal ci um dSy i Lop oB BpE PleSit Byt ShaPatac i ofEesSlipt B B AAREER. o1y
at | east 400, nost preferably in the range of from400 to 600, such as up
to 500. |1 12 SEP 2003 In the instance where at |east two ovsg’i;gase met al
conpounds Fartkersxamples of defgraenisiusgiubin the BrssentiBatiey angpptionally 0g

pr ef er abl y,,t he S i f . ound
o any ot Hisplife PR ot ) HRESPLARREAH A heRl bplifioa BUFLP BRBITR R SOEP
95:5; suchs &garid #id, 36k dnipdeslds d98kribe® ireER+ 2 ISRy LLr Adibi2]) 280 phencifle 24X,
especially from70:30 to 30:70; advantageously from 60:40 to 40: 60.

Part i cul adessxhepineBPd¥- ROWAP Cheren) al s incl ude, for exanple, those
described in WO-A- 97/46643; WD A- 97/ 46644; WO A- 97/ 46645; WO A-

97/ 46646; and WO-A- 97/46647. Typically, the anount of overbased netal

conmpound iallsd fitablelfor Gsrih theSpradent @esiitic. dve ovgrbased enetacbmpbmdshprefastie of
fromO0.5 to 20, such as from3 to 12 or 2 to 7 sst%based on acti'nve
e

i ngr edi enevesbasedgalsiwn detgraentsathat coptain at leash hue aurfactant SRR SUAYES BEnP
present i ] -Dor.at : | : i buatyong
Compound, “EcH R BHb@FHERLR, ey ROid il Shlneaic Eid, Bt BBy ERRblARAIE,"
over basi ngnanbifactuite of akyiRiCMatstielria vehitovat ednoreetiffersstcsunfettaht grongrouead i s
used in the present inventiogn, the use of a borated dispersant and/or an
0i | - sol ubfisosroTeied duriagthe GVEIbasing BrOSESSconpound may, or may not, be
necessary provided the lubricant conposition conprising the borated

over based netal conmpound has a viscosity index and TBN as defined herein.
For the plixpopkesof hyphrid tatecielsaie soonrrbhased nalpismesalichf gidpznsaphaenohand not

excl uded et e, BESeNrl AYPORRR Jf FAIAAR Akt ld ARRUAL slapuer Dased
overbased calcium salt of surfactants phenol, sulfonic acid and salicylic acid; and an

overbased calcium salt of surfactants phenol and salicylic acid.

By an “overbased calcium salt of surfactants™ is meant an overbased detergent in which the
metal cations of the oil-insoluble metal salt are essentially calcium cations. Small amounts
of other cations may be present in the oil-insoluble metal salt, but typically at least 80, more
typically at least 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.
Preferably, the TBN of the overbased calcium detergent is at least 330, such as at least 350,

more preferably at least 400, most preferably in the range of from 400 to 600, such as up to
500.
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Preferably, additives a) and b) are discrete nol ecul es, but addlth/ &P WS

and b) may, if required, be consolidated into a S|ngle nol ecul e or

exanpl e a borated overbased netal detergent. (C AUXI LI ARY ADDI TI VE

COMPONENT As stated, such conponents are preferably "ashless” by which is
meant that it.is an tallic organ terial that forns substantially

no ash onltBAHIEANCEN efenamj t%‘t"’eﬂ?“#@@ﬁ’l C%R?‘thsllaFf’gprﬁf'F@t ey SRItabig

formng c there may be

B{HP?H ?b\bzl i %%E%%Q}Qgﬁ %?efﬁ%ﬂﬁﬂh@ﬁta@gtosrﬁ?g pré S Eanyldie

menti oned” o urized organi‘'c conmpoun as su furlzed
al kyl phenotgbasel @&pﬂ&bﬂ@uﬁxﬁdm ang htloer nsatdlfoveibasal comymined & inahsrange df froinf | des

f I f at f I f h h
Sul ur " at 598 19 S5 AR droam 800 dn G0 e ETab HoRpIOOR o0 A eoreeint .
Exanpl es g I?HFhF “§ﬁjh¥%ﬁ€5ﬂy§¥ﬁ ?Hﬁ%ﬂ Og?lgggbged pi nene oil, sulfurized
) . .

soybean oi urized urized esters, dlalkyl di sul fide,
di al kyl pol ysul fide, dibenzyl disulfide, dltertlary butyl dlsulfide

pol yol ef i n pol ysul fi de, and thiadiazol e ty e co E S- aIkyI
pol ysul f i Bartichianexamrlesof hybe nateradtimalide oy exgm Pﬁ ¥ eé‘éf rt% é

accor di ngg?ﬂé{gﬂj‘é WHER 46614 B - 9#@5645“@6“% ﬂwéﬂ@ eyl ﬁ”?‘?/"lﬁ% t he

accordi ng present T nvéntion ‘are am ne ates which inc
neutralisation or partl al neutralisation product s of acidic phosphorus-

containing internedi ates and am nes. . The acidjc_internmedi ates
pr ef er abl 3)@’6?]:%& hg srgpynt g1 HWE%%@ “ﬁfﬂié’?l‘tpﬁt"é‘gmttb? ’éPmdF a‘aleﬁ@éphor ot hi oi ¢

acid with an oF Bﬂg%ﬁorﬁ@%am : S torzgagl%ﬂtasﬁ%hﬁﬁ&ﬂzéd?m?] %)Hzpsedon

con5|st|n8 phosphorus™ oxi des osp orus hali des.
Thus, theaammnagmumapmamassnﬁymﬁaMﬁ Wi thin the conponents (C2) according
to the present invention such as in the formof am ne dithiophosphates. The
hydr oxy-substituted triesters of phosphorothioic acids include principally

those havhpgyiesedtrdistdébfonh® Sihéprldsdht fhvention may be borated, and typically the
boron contributing compound, e.g the metal borate, is considered to form part of the
overbasing. In the instance where a borated overbased metal compound is used in the
present invention, the use of a borated dispersant and/or an oil-soluble or oil-dispersible
boron compound may, or may not, be necessary provided the lubricant composition
comprising the borated overbased metal compound has a viscosity index and TBN as
defined herein. For the purpose of avoidance of doubt, non-borated dispersants are not

excluded in the present invention in combination with a borated overbased metal compound.

Preferably, additives a) and b) are discrete molecules, but additives a) and b) may, if
required, be consolidated into a single molecule, for example a borated overbased metal

detergent.

(C) AUXILIARY ADDITIVE COMPONENT
As stated, such components are preferably “ashless” by which is meant that it is a non-

metallic organic material that forms substantially no ash on combustion, in contrast to

metal-containing and hence, ash forming compounds.
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\p% R-Q \X-R wherein Ris selected fromthe class consisting of P 2003
substantially hydrocarbon radicals and hydroxy-substituted subst aﬂnzi%l I%U
hydr ocarbon radicals, at |east one of the R radicals being a

hydr oxy-substituted substantially hydrocarbon radical, and X is selected
fromthe class consisting of sul phur and oxygen, at |east one of the X
radi cal s being sul phur. The substantially hydrocarbon radicals include

aromati c, Aﬁ'ekﬁhﬁﬁaé 6f s&H@oﬁ%ﬁhﬁﬁl iRRAhkF b ARhGES oibstlblasulffriskd omakiv! |

ar al kyl , kary and cycl 0al kyf radicals. Such radicals may contain a 13
12 SEP Zoeﬁnpumnds sechostsulfuszad akidhhaelse phaspboropulBirized opedfurigedkoxy, aryl oxy,
nitro,

han_one. BUASbPk St SURIe ol s clpotvelsiap AR SR A B 2R e (B8 o7°r ©
substanti E'Jb}é’ SL{W 199?5051&@'&15@'b0§ﬁ&d Wﬁééﬂi/elr in EWéouldr%ﬁﬁétﬁﬁWExamples

secondary- uty n- pentyl, ecyl, polyisobutene radical
(ol ecul amcineineghtfumted spEGO Pil, xn}liuh@ehiapuytne myeultﬁlpmdy&byb@nlﬁdps@funésd:l ohexyl ,

Duneyl pAhobesw e B SRR BRSRMe: afhS Syruhe, diveozt s

al pha- met g}}ﬁ%ﬁy t | ?#L'eéhﬂ oudds such as

br ononet h?ﬁéy -c orocyc‘{ie/cilﬁ)tca%?(B Hirifd Bg‘f%p?nggt;lfgg?emp& eculpar wei ght of
300) - subsblsta]lk)d(j)olyphkﬁtﬂylthuaéldmie.l Suéﬁ@nmodnwgaﬂswltisn |than0@cp0mh$§(@ﬁt ially
hydr ocar bon di cal s i nclude rlnC|paIIy the above-illustrated
substantié‘Fq[’&‘?ﬂ%H%%é’Fﬁﬁﬁ“Pé U8R s containing a hydroxy group. Those

havi ng | ess than 8 carbon atons are preferred because of the convenience in
preparing such hydroxy-substituted triesters. Exanples of such radicals

are hydr oxyigg W{hm mé%ﬁﬁ:\bﬁ&ﬁw cz) a%cé}mfgqesyrw}ﬁegem lr&emyamwmﬁm;ﬂosphates
2- hydr oxycycl ohe dr ox

c 0
1- hydr oxy? ‘@c{’&?r%elﬂ‘ﬁflﬁgﬂ*ga}é %c"{ a“‘a;y’ﬁyﬂ?%lﬂﬁ?yg% %]r?ysl g?%fﬁ(?h%@?ﬁhows'
hygr (2)XK éc@h&mmgeitn’teﬂnedﬁteb)add mnds- ﬂmeraytlchct hyénneﬂgdtgschrop;cﬁrakﬂytfohw%ﬁhml
an r t
hydr oca)r/bS %dé%f(yc%\q%gy dagr errp(ff ? p s@@@ﬁ@ﬁ%’a ldd?%t;g M'L ?Hﬁétp%éﬂh%{’dsy
al pha- hydr@gyntb@ﬂ@tqdafmmhme grQUMyanyxgmfdp}mpmms amds phosphorus oxides, and
phosphorus halides. Thus, the amine phosphates may fall within the components (C2)

according to the present invention such as in the form of amine dithiophosphates.

The hydroxy-substituted triesters of phosphorothioic acids include principally those

having the structural formula

R-0O X

\p/
_0o” \X_Rr

wherein R is selected from the class consisting of substantially hydrocarbon radicals and
hydroxy-substituted substantially hydrocarbon radicals, at least one of the R radicals being a
hydroxy-substituted substantially hydrocarbon radical, and X is selected from the class
consisting of sulphur and oxygen, at least one of the X radicals being sulphur. The
substantially hydrocarbon radicals include aromatic, aliphatic, and cycloaliphatic radicals
such as aryl, alkyl, aralkyl, alkaryl, and cycloalky! radicals. Such radicals may contain a
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3- hydr oxy- 6- oct adecyl, and p-(p-hydroxyphenyl)-phenyl radicals. A preferred
class of the hydroxy-substituted triesters conprises those having t
structural formula F, ROPS ROS- R - OHwiere R' is a substaﬁ\?SEP}mﬂ
“hydrocarbon radical illustrated above and R is a bivalent substantially
hydr ocar bon radi cal such as al kyl ene or arylene radicals derived fromthe

previ ousl ¥ojal kstiditirhe dudt BS AR, Abbdnoh YSHD GBI afyaeliy; aligo, Ket6 00w sldeieyto
nmet hod for preparing such esters vol ves the reaction of a. .
phosphor ofIcE &f EACHEFeE heih SEApb PRI BIOre.hag PP SHch RSl BN BRicPs known
in the art. The follow ng equations are illustrative of the reaction. 14
12 SEP 2043 R'O..S R1 301 RO P~ S R SHVY RQ.[,\S - - R'OS RO
I1S \p- + HEPECIfE examp Sboiphseysngal rperbopat ol el el Ropigp T
epoxi (cjie aﬁ]ﬁtoh@ryiﬂa'tyl, (Sobiryl, an-gentelp | dodéayl, paasomsend raitahdmplecalar phaghtcof
epoxi des ng s than_about 8 r bon n r I d re..
preferred ]%dr)’ u‘s‘%‘ﬁﬁﬁ}?xﬁf e CXQBE?%IF 0235?&-@2%@%@ 5}] h&?ﬁ%ﬁ@’d@i‘r dgén ar ef
exenpl i fi aeptiphetyiy| eedptertitey-bptydphenghe ooz, phepylkethyloxiddedodecylphenyl,
al pha- met hyl st yrene oxjde - I ne _oxi cl qh Lde, o
cycl opent g%groé%é F‘gy(ral’, )cj) ecrélr?te}Bé i %@A%é%ﬁggecgnéhg@;ﬁng}é, %@E%&ﬁéﬁﬂkl dze,
1, 2- but endéramdérdehyl] 3 2hroayelhoxyldend Blyprppyiermenasudar, weiglt of 300)-substituted
phenyl - 1, h&ﬁgk&ﬁg%gne oxi de. G ycols include both aliphatic and aronmatic
di - hydr ox
The hydroxy-substituted substantially hydrocarbon radicals include principally the
above-illustrated substantially hydrocarbon radicals containing a hydroxy group. Those
having less than 8 carbon atoms are preferred because of the convenience in preparing such
hydroxy-substituted triesters. Examples of such radicals are hydroxymethyl, hydroxyethyl,
2-hydroxypropyl, 3-hydroxypropyl, 2-hydroxycyclohexyl, 2-hydroxycyclopentyl, 2-
hydroxy-1-octyl, 1-hydroxy-3-octyl, 1-hydroxy-2-octyl, 2-hydroxy-3-phenyl-cyclohexy], 1-
hydroxy-2-phenylethyl, 2-hydroxy-1-phenylethyl, 2-hydroxy-1-p-tolylethyl, and 2-hydroxy-
3-butyl radicals. Other hydroxy-substituted substantially hydrocarbon radicals are
exemplified by 2,5-dihydroxyphenyl, alpha-hydroxy-beta-naphthyl, 3-hydroxy-4-dodecyl,
3-hydroxy-6-octadecyl, and p-(p-hydroxyphenyl)-phenyl radicals.

A preferred class of the hydroxy-substituted triesters comprises those having the

structural formula

" S
R o\P y

R"C{ \S -R'-OH

where R" is a substantially hydrocarbon radical illustrated above and R’ is a bivalent
substantially hydrocarbon radical such as alkylene or arylene radicals derived from the
previously illustrated substantially hydrocarbon radicals. A convenient method for
preparing such esters involves the reaction of a phosphorodithioic acid with an epoxide or a
glycol. Such reaction is known in the art. The following equations are illustrative of the

reaction.
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conpounds. The latter are exenplified by hydroqui none, catechol,

resorcinol, and 1,2- dihydroxynaphthal ene. Aliphatic glycols are especiallx
useful such as ethylene glycol, trinethylene glycol, tetranethyleﬁszEPZW
gl ycol, decanethyl ene glycol, di-ethylene glycol, triethylene glycol, and
pent aet hyl ene gl ycol. Anot her conveni ent nethod for preparing the

hydr oxy-sebgtitutSed triesters conprises theR&dditi&n of a

phosphorodit?ﬁ c acidto anlgnsaturated al cohoN_sfich as al Iyl al cohol,

ci nnanyl al colfql, or oltkyl aggdhol_§ﬁEﬁ'as is deseribed in US-A- 2,528, 723.
Still anoth Qﬁg od involved the reaction gf ak phpsphorothiate with
a hal ogen-substituted al cohol described in US RE-A- 20,411. The
phosphorodit hi oi ¢ acids from which the hydroxy-substituted triesters can be
derived are |likew se well-known. They are prepared by the reaction of
phosphorus entqiulfade wi th an al cohol or a pﬁg@ol. the reaction involves
4 nol es oﬁ{gﬁglg} ohol or phenol per nole of pho pﬂg&us pent asul fi de and
may be carriedp@ut withim tHEO {Rnp@at ure—1% 12 SEP X003 range from about
50C to 200C. Ahys, the preparation of Cl()-di-n-"Efkyk hgsphor odi t hi oi c
aci d i nvolR&% t h8H eaction of phosphorus pentast Fi de gigh‘ 12fr'mles of

n- hexyl al cohol at 100C for 2 hours. Hydrogen sulfide is |iberated and the
residue is the defined acid. The preparation of the phosphorononot hi oic
acid may Wberef fected by treatnent of correspondi ng phosphorodithioic acid
wi th steam Phosphorotrithioic acids and phosphorotetrathioic acids can be
obt ai ned byRﬁhe reacti on of phosphorus pentasulfide wth nercaptans or

m xt ures Ok _percaptans and al cohols. The reaction of phosphorus

pent asul fi d& wi t h iaamiepoxide afd pHEhoR's @H aliselghicel.(e. g., i sobutanol and
n- hexanol in 2:1 weight ratio) results in phosphorodithioic acids in which
the two organic radicals are different. Such acids |ikew se are useful

herein. THer reaengarl ecosnpypleliphpticr enayisles haxweyless thaprabopled Garkon PPs e

hydr oxy- subghi ot Rd ard biFat @l for Ase PR AFPAVERb&sE  Bepetsallysuspfidfeporitiesyare

shosmior e B0 ST BRCSEI A5 5,2 R RRRORE oo L O
p-methylstyrene oxide, cyclohexene oxide, cyclopentene oxide, dodecene oxide, octadecene
oxide, 2,3-butene oxide, 1,2-butene oxide, 1,2-octene oxide, 3,4-pentene oxide, and 4-
phenyl-1,2-cyclohexene oxide. Glycols include both aliphatic and aromatic di-hydroxy
compounds. The latter are exemplified by hydroquinone, catechol, resorcinol, and 1,2-
dihydroxynaphthalene. Aliphatic glycols are especially useful such as ethylene glycol,
trimethylene glycol, tetramethylene glycol, decamethylene glycol, di-ethylene glycol,
triethylene glycol, and pentaethylene glycol.

Another convenient method for preparing the hydroxy-substituted triesters comprises
the addition of a phosphorodithioic acid to an unsaturated alcohol such as allyl alcohol,
cinnamyl alcohol, or oleyl alcohol such as is described in US-A- 2,528,723, Still another
method involves the reaction of a metal phosphorothiate with a halogen-substituted alcohol
described in US RE-A- 20,411,

The phosphorodithioic acids from which the hydroxy-substituted triesters can be
derived are likewise well-known. They are prepared by the reaction of phosphorus
pentasulfide with an alcohol or a phenol. The reaction involves 4 moles of the alcohol or

phenol per mole of phosphorus pentasulfide and may be carried out within the temperature
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useful are phosphorus acids, and phosphorus halides. They are exenplified
by phosphoric acid, pyrophosphoric acid, nmetaphosphoric acid,
hypophosphori ¢ acid, phosphorous acid, pyrophosphorous acid, 12 SEP 2003
met aphosphor ous aci d, hypophosphorous aci d, phosphorous trlchlorld
phosphorus tribrom de, phosphorous pentachl oride, nDnobronDphosphorus
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similar ni xtﬁ’%énodg (?h‘i%lsf %Eﬁ %51'831 h Sphat e %‘
and/ or phtrmptermof:ph;mpuwoﬂriowtdqelscs wemhhdphqsngomwzmoeﬂdeo]?g?h%; gscl;homs
hydr oxy- Sg%gtﬁéé Lutedh bhdsBRbiAS tiblifc RROPHBGEHSRS EeeRlaRidRiar aRhasRIlor Ksoaci d

is believ to resu rincipally 1n-ac ani c 0S S. Sti.ll

ot her pr odsefelarerphospaops tagidseands phogph %hﬁg‘%sm g’?eﬁtﬂ?‘gﬁa%@ RhoSRSKIST us
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as such is us as the.inter h

neutral i ZBHOBﬁ?ﬂ? groys ugcéflulmf ‘?{Pt’s ECICEJS%JE)P@PO%P lﬁ%ﬁtg:g gél? gﬁl PAOTS e

of the trtreehiceide] Q)lms;ﬁnbnisoltrﬂﬂanﬁﬂm]blmsg}ﬁorphe rientzchjanie, monobromophosphorus
tetrachloride, phosphorus oxychloride, and phosphorus triiedide.

The reaction of the hydroxy-substituted triesters of phosphorothioic acids with the
inorganic phosphorus reagent results in an acidic product. The chemical constitution of the
acidic product depends to a large measure on the nature of the inorganic phosphorus reagent
used. In most instances the product is a complex mixture the precise composition of which
is not known. It is known, however, that the reaction involves the hydroxy radical of the
triester with the inorganic phosphorus reagent. In this respect the reaction may be likened
to that of an alcohol or a phenol with the inorganic phosphorus reagent. Thus, the reaction
of the hydroxy-substituted triester with phosphorus pentoxide is believed to result
principally in acidic phosphates, i.e., mono- or di-esters of phosphoric acid in which the
ester radical is the residue obtained by the removal of the hydroxy radical of the
phosphorothioic triester reactant. The product may also contain phosphonic acids and

phosphinic acids in which one or two direct carbon-to-phosphorus linkages are present.

The acidic product of the reaction between the hydroxy-substituted triester with

phosphorus oxyhalide or phosphoric acid is believed to result in similar mixtures of acidic
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phosphorus reagent. The preferred proportion of the triester is about 3-4
nol es for each nole of the phosphorus reagent. The use of anobunts o{
either reactant outside the linits indicated here results in exceskl &P 2003
unused amounts of the reactant and is ordinarily not preferred. The
reaction of the hydroxy-substituted triester with the |norgan| C phosphorus
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am ne, ethyl ene di am ne, ﬂﬂr |.ene tetram.ne, octaneth e di_am ne,
A NN~ bBgEAHER o ST, MPSHOARL STTER P P STGHT Ry THDSE I ReRG

anm nes suedpasiueé frnidoiinermebist kan bk affeord sithply ddyhmiddhgthendyo reactant at a
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O the various avail abl e hydroxy-substituted am nes which can be enpl oyed,

a . » - Ll . - -
The amines useful for neutralizing the acidic intermediate may be aliphatic amines,

aromatic amines, cycloaliphatic amines, heterocyclic amines, or carbocyclic amines.
Amines having from 4 to 30 aliphatic carbon atoms are preferred and aliphatic primary
amines containing at least 8 carbon atoms and having the formula, R" - NHp, where R" is,
for example, an aliphatic radical such as tert-octy], tert-dodecyl, tert-tetradecyl, tert-
octadecyl, cetyl, behenyl, stearyl, eicosyl, docosyl, tetracosyl, hexatriacontanyl, and
pentahexacontanyl, are especially useful. Examples of other aliphatic amines include
cyclohexyl amine, n-hexylamine, dodecylamine, di-dodecylamine, tridodecylamine, N-
methyl-octylamine, butylamine, behenylamine, stearyl amine, oleyl amine, myristyl amine,
and N-dodecy! trimethylene diamine, aniline, o-toluidine, benzidine, phenylene diamine,
N,N'-di-sec-butylphenylene diamine, beta-naphthylamine, alpha-naphthylamine,
morpholine, piperazine, menthane diamine, cyclopentyl amine, ethylene diamine,
hexamethylene tetramine, octamethylene diamine, and N,N'-dibutyl-phenylene diamine.
Also useful are hydroxy-substituted amines such as ethanolamine, diethanolamine,
triethanolamine, isopropanolamine, para-aminophenol, 4-amino-naphthol-1, 8-amino-
naphthol-1, beta-aminoalizarin, 2-amino-2-ethyl-1,3-propandiol, 4-amino-4'-hydroxy-

dipheny] ether, 2-amino-resorcinol, etc.
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preference is expressed for hydroxy-substituted aliphatic am nes,
particularly those which conformfor the nost part to the formula /Q R
-N wherein R' is as previously defined; Ais a lower alkylene radicgl} $EPcH03
as net hyl ene, ethylene, propylene-1,2, tri-methylene, butylene-1,2,
tetramethyl ene, anylene-1,3, pentanmethylene, etc.; x is 1-10, inclusive;
and Q i s hydrnwueie vhAE)sxBvailbleRhydroke suisstitaéd sninés lwhielnropn shbstmipleyedd a

ali phatic ami nes in many jpstances i rts bnproved. rust-.. 1 phiphtl :
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am nes i gehfoca {0 the mywdt parytoubhy fordmtecyl ami ne,

N- 2- hydr oxyet hyl - n-octyl am ne, N-2- hydroxypropyl di nonyl am ne,

N, N- di - ( 3- hydr oxypropyl )-tert-dodecyl amne, N
hydroxytrieth-oxyetbyl -tert-tetradecyl ?ié‘ne, N- 2- hydr oxyet hyl -t ert - dodecyl
am ne, N- hydroxyhexa- propoxypropylgtent -octadecyl am ne, N-5-hydroxypentyl
di -n-decyl ami ne, etc. A convenient and® econom cal nmethod for the
preparation of such hydroxy-substituted @Q@gmhatic anines involves the
known reaction of an aliphatic primary or secondary amine wth at |east
about an equi nol ecul ar anmount of an epoxide, preferably in the presence of
a sui t ablvéheogih R'Y it as pretviaslysdefingt) deishaxpwer akgltapiradicalssuthuap msthyleneet c.

[H RN A0 = piopfiele T 2\t A0 i1 A1 AQitdhdifylehe abiene-13
f or mul ae, CM x;al%mg a?e’.aij ]nél\{l Ssﬁ’y g lLenﬁé’ gA pgﬂ'tﬂq}élg}r’ pr %gﬁg@’g}g i s
expr essed PEBRTRUASh iy Fﬁ{rll cg%ge[,iap rel HeEPe tlét’fy’- aI%yI am nes of
the for milggeh UfitoR-subNiideH! aliMati€i dinihed tin Rnbsy andt@ideb aimpadts kithproveli ad-
containing froml1ll'to 24, carbon at?ms. In_li lf] f a s'nt | e co qund of the
formil a t RHDRNE RERERIscS. Faamples ol ShRRfesiet hydrayubrrufse enpRetcmites
m xture ofindudd) CNApBydiceyRndpatded] f anirexandkshydypxydibylrreactylaoingf MNad-
epoxi de_SUCh ASpapsY | ClRofyikilfe, PTRIVULPE bW hrofi) RH-d0G OXkififie 10 2
hydroxytrieth-oxyethyl-tert-tetradecy] amine, N-2-hydroxyethyl-tert-dodecyl amune, N-
hydroxyhexa-propoxypropyl-tert-octadecyl amine, N-5-hydroxypentyl di-n-decyl amine,
etc. A convenient and economical method for the preparation of such hydroxy-substituted
aliphatic amines involves the known reaction of an aliphatic primary or secondary amine
with at least about an equimolecular amount of an epoxide, preferably in the presence of a

suitable catalyst such as sodium methoxide, sodamide, sodium metal, etc.

H

R"NHp + yYAO ——> R"N\
(AO)H

R"NH + yAO ——»  R"IN(AO)H

In the above formulae, R", x and A are as previously defined. A particular preference is
expressed for N-monohydroxyalky] substituted mono-tertiary-alkyl amines of the formula
tert-R - NHAOH, wherein tert-R is a tertiary-alkyl radical containing from 11 to 24 carbon
atoms. In lien of a single compound of the formula tert-R - NHAOH, it is often convenient
and desirable to use a mixture of such compounds prepared, for example, by the reaction of

an epoxide such as ethylene oxide, propylene oxide, or butylene oxide with a commercial
mixture of tertiary-alkyl primary amines such as Cy]-Cy4 tertiary-alkyl primary amines,

Cy3-Cpp tertiary-alkyl primary amines, etc.
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m xture of tertiary-alkyl primary am nes such as Cl1-Cl4 tertiary-al kyl
primary am nes, Cl13-C22 tertiary-alkyl primary amnes, etc. 18 12 SEP %0(8?3
.The neutralization of the acidic internediate with the anine is in

i nstances exotherm c and can be carried out sinply by m xing the react ants
at ordinary tenperatures, preferably fromOC to 200C. The chem cal
constitution of the neutralized product of the reaction depends to a |arge
extent upon the tenperature, Thus, at a re]ativel ﬁlél ow. tenperature, such
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addi ti vestertiaryhydnoravlzomnlpin s salsubst anti al | y neutral products such as are
obtai ned by neutralization of at |east 90% of the acidity of the
internedi ate are desirable. Thus the amount of the am ne used may vary

wi thin wide Tangestivepeneitiogs abshe ackiic surmnadiateand thermines niedin defureactind

al so uponarerﬁeeﬁa tsrych%awwsmnﬁmnﬁﬂn&r efﬁﬁ: ééedlsrrrtbﬁﬁahmas ﬁéarramrmh%
ASTM procedure emg’n%@l on D664 or D-974. part | culsfa‘ir%%q preferred am ne

phosphat e IqweerJiyaH ash yneunt el g ue lpst aefF?Q}@a PREFEFYPPBIF of
P205 W t hchiysidepatilp 60 el utdit)-offitfedpiridi brrZedd el bt ingthncip haroagh bimimeadheuldThi s
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connecti on
used may vary within wide ranges depending upon the acidity desired in the product and

also upon the acidity of the intermediate as determined by, for example, ASTM procedure
designation D-664 or D-974.

A particularly preferred amine phosphate is when the acidic intermediate is derived
from the reaction of P05 with hydroxypropyl 0,0-di(4-methyl-2-pentyl)

phosphorodithioate.  This acidic intermediate may then be neutralised or partially
neutralised with a Cy2 to Cj4 tertiary aliphatic primary amine. An example of such an

amine may be commercially purchased under the trade name of Primene 81R.

Preferred are sulfurized alkylphenols such as those described above in connection with the
preparation of overbased metal detergents for example present in the lubricant is an amount
of at least 0.5, such as at least 1.5 or 2, for example up to 8, 10, 15 or 20 mass %, and amine
dithiophosphates, for example present in the lubricant in an amount of at least 0.1, for

example up to 10, such as in the range of 0.4 to 5, or 0.6 to 2, mass % .
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preparation of overbased netal detergents for exanple present in the

| ubricant is an amount of at least 0.5, such as at least 1.5 or éﬁﬁ’
exanple up to 8, 10, 15 or 20 mass % and am ne dithi ophosphates| Zf 2003
exanple present in the lubricant in an anount of at |east 0.1, for exanpl e
up to lo,mm range of 0.4 to 5, or. 0.6 to 2, mass % . 19 12 SEP
2403 CO A | ubricants may include an antiwear agent as a
co-additive and may also contain other co-additives, for exanple,

antioxidants, antifoam ng agents and/or rust inhibitors. Further details
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of varni shedaiKer pAB0AS doiaitiviBlaf asUNéwges and of sludge, and viscosity

I ncr ease. U|ta£Pe oxi dation inhibitors include sul phurized al kyl phenols

and al kali or al kal Ine earth netal salts thereof d| phenyl am nes;

phenyl - nag D osu#lgg:ﬁel Z& qn(%o eﬁ% Odégtgdetgy%elgr bons.

O her oxi de
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Al ternati yglnény 1%&0&&% 1%%@&@@%@%&@% ze@af tulptiurzedynt hetic or

nat ur al carboxyllc acid for exanple, a C8 to S fatty acid, an

unsat ur at dgtdecadon®r a br anched carboxylic acid. Also useful are

oi | -sol ubl e copper dithiocarbamates, sul phonates, phenates, and

acetyl acetonates. Exanples of particularly useful copper conpounds are
basi ¢, newthéd oxedatidaiichibit6rePPaitiocitdahts vatricd aray Ga ubdd mah¢ hibdieantwethpfisooil-
alkenyl succi nic acids or anhydri des. Addltl%ﬂgé det er nts rust

nd et
i nhi bi t or solukle ae@acR eERERdS Eha qoBPETAAICPE PiggAeddhergipas BaE aHt ﬁ°1ﬂ-§91§{’5 TBN
less than cﬁgger c8;np§HAd? hePbf-sBfbiSs nithitthatRREBGhSoundt BildbhBRAimder normal

blending conditions in the base stock or an additive package. The copper may, for example,

be in the form of a copper dihydrocarbyl thio- or dithio-phosphate. Altemnatively, the
copper may be added as the copper salt of a synthetic or natural carboxylic acid, for
example, a C8 to C18 fatty acid, an unsaturated acid, or a branched carboxylic acid. Also
useful are oil-soluble copper dithiocarbamates, sulphonates, phenates, and acetylacetonates.
Examples of particularly useful copper compounds are basic, neutral or acidic copper Cu I

and/or Cu ]I salts derived from alkenyl succinic acids or anhydrides.

Additional detergents and metal rust inhibitors include the metal salts, which may be
overbased and have a TBN less than 300, of sulphonic acids, alky] phenols, sulphurized
alkyl phenols, alkyl salicylic acids, thiophosphonic acids, naphthenic acids, and other oil-
soluble mono- and dicarboxylic acids. Representative examples of detergents/rust
inhibitors, and their methods of preparation, are given in EP-A-208 560. In the case of
metal salts of salicylic acids, the TBN of the metal salts may be less than 200.
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al kyl phenols, alkyl salicylic acids, thiophosphonic acids, naphthenic
acids, and other oil- soluble nono- and di carboxylic acids. Representative
exanpl es of detergents/rust inhibitors, and their nethods of prepal atSE8ri0t3
are given in EP-A-208 560. In the case of netal salts of salicylic acids,
the TBN of the netal salts may .be less than 2

_ OfO. 120 125@200(%3 @ggai‘rgvelar
S?ﬁnéfbcgwas theiringmie imgHe &edpss vear olfag 3]! PahLgy (D ¥ b ;\gj N
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Zn[ SP( S) ( @RDKERE o’e wh tHeebimRa Za[RP (R ORGOFsHn WheteyrdRpemt Ry fepgasentps  such
as al kyl groups that contain from1l to 18, pr ferflbl 2 toa%l}F, car bon
at ons. Pobydiesarky] ereppesiish s alkybgneupsyhakeontyniro a5 iprablyontq 1(zzprovers,

| ower the mininum_tenperature at which the fluid will flow or can be
poured. SO Oﬁn]é)lr?srves are wel | known. Foam control may be provided by an
anti f oamant of the polysiloxane type, for exanple, silicone oil or

pol ydi net hyl sil oxane. PROPORTI ONS Typical proportions for additjyes for an
MDCL (a niourpoini depsessangs,ioffeawise kBeYVa aniybe ollfryy improxerss l9WaHHICtNBERUPC)  of

this invention,, ar s foll " it %VRS %o X
0 S e BB BB BT e o o
Di sper santpoahGoaftoPmibe piiated dgeitadnsfdindanbOf the Polysiloxane type, for example,

silicone oil or polydimethyl siloxane.
PROPORTIONS

Typical proportions for additives for an MDCL (a marine diesel cylinder lubricant),

additional to additives (C) of this invention, are as follows:

Additive Mass % Mass %
a.i.* a.i*
(Broad) (Preferre
a)
Detergent(s) 1-40 2-27
(14-22
more
preferred)
Dispersant(s) 0-3 0-2
Anti-wear agent(s) 0-1.5 0-1.3
Anti-oxident 0-5 0-3
Pour point depressant 0-0.15 0-0.1
Mineral or synthetic base oil Balance Balance

* Mass % active ingredient based on the final oil.

Stabilisers and/or rust inhibitors may also be included.
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Anti - oxi dent 0- 50- 3 Pour poi nt depressant0-0.150-0.1 M neral or synthetic
base oil Bal anceBal ance * Mass % active ingredient based on the final aqil_
Stabilisers and/or rust inhibitors may al so be included. 21 12 sePl 2448 2003
When a plurality of additives is enployed it may be desirable, although not
essential, to prepare one or nore additive packages or concentrates
conprising the additives, whereby several additives can be added

si mul t ane ly to the basg.stock to formthe Jubricant. .Dissolution of the
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hat 11 vo eselu i v RS TP G2 raRb pi e S e R obi R 0
tock. Thys, . - i o h
st oc Lbf{é?"%?ﬁ%g%‘ﬁeém _@%tpl%lgi n}gﬁlng,%u@ﬂﬁ§fs%9és%eﬂﬂﬂ. Théls‘ddaﬁeesﬁfeur(age(s)

i nvention anounts of base stock or ot
conpat i bl ewidlaypiesilsbd pathed tuicottaintheaddidei(s)db pwpenanivwity tsproyide ghen

addi ti ve packages contai ni active ingredien I n an n based .,on the
addi tive é‘k“éﬁ‘é{ncﬁtfa“f’ﬁfa ADFETY 94t @F@%F‘ia%g%dngfenﬁ@ Lyhrwagtviens ¢ o
75 and no i i el willBS predetefrified SMBLMGEbafOHAE. DRRS,

st ock. Thzﬁ? ?Jr%%ﬁvﬁ%?%%eﬁtl%r?g%oﬁ%@gﬁll y grgnttgi n gb_out 5 toa40_ mass % of

t he addi t icompoaaka )=, (C) imaicodiang: with therrresenhisverdiva malebe dbningd patbe

stock. EXAMPLES The inventiqn is illustrated b but, in.no.way l.imted to,
he T ol | o) e ess sockribercarapifl SShrpHts attnes RiB Ry griahe
acconpanyifagi: sy g8 adifien iid(]d'agé% Rntamifs h@bvelingréddiend iBan almath, basgibatfd to
3) represents, as the results of an HFRR test to be descri bed bel ow, a

trace i n agdiivhipockageorfnforissaraple Heom 2akiod Orangrnseferably frempeeaouand MestC and
the y-axi Sprer:t%%%?ys B05% tocéb?}cnfaésc"lfb?&te er‘Laiﬁaaér%tein%noase stock.

The final lubricant may typically contain about 5 to 40 mass % of the additive package(s),

including diluent, the remainder being base stock.
EXAMPLES
The invention is illustrated by, but in no way limited to, the following examples, in which

reference will be made to the accompanying drawings, identified as Figures 1, 2 and 3.

Each figure (1 to 3) represents, as the results of an HFRR test to be described below, a trace
in graphical form where the x-axis represents temperature in °C and the y-axis represents

coefficient of friction.
COMPONENTS

The components used in the examples were as follows:
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COMPONENTS The conponents used in the exanples were as follows: 22
12SEP2003 Overbased netal detergent Bi: an overbased calciumsalicylate
having a TBN of 281 Auxiliary additive conponent O : a sulfurized 172 SEP 2003
al kyl phenol additive characterised by an a.i. of about 70% and a sul fur
content of 6.4 mass % C2 an am ne dithiophosphate gear oil additive

char act er Cyerbaped metahdgterggnt 7500 and a  phosphorus content of 7.2% a sul fur

content o |'gaé(§ grgg.&&%af&ii‘%é?iﬂfﬁ%aqgﬂmﬁa qul?iZj’@](al |  mass). Stabilisers

Di: a mal T u uted w a polyisobutene to give a
pol yi sobuiAgRfiasy additive€corditiedlt | de Basestock Al: a paraffinic mineral oil

al so contarning a brightstock. O her conponents, as qui , such.as rust
i nlhi b id t or £1werselfuxized, bdﬂmnemﬁ@lm\@aq@wigf R ag- aﬁﬁﬁﬁl‘e{‘% aﬁ‘i‘r‘ F‘ﬂ@“di esel
cylinder lubric was prepared by adm xing with the basestock Al, the
det er gent Cgltelgnoﬁ%@agst‘g’bi liser D1. This was a conparison sanple and is

desi gnat e¢h,asn SAMRLEHophossinne gea diltadiitive shambtessedf bysamai. iofi 85Wiaed @l

cylinder lubricant were prepared by adm xing with the basesto he
det er gent pmSp@antChetth@fofi%séﬁUIIﬁ!T,COPWm frfe/ Zathd HPHIOSER F%‘H%“‘é’g lfrire{" @\]}\/PLE

Z, and al sosg)orrpound Cl (3 nmass % based on the |ubricant mass) in the

second sar‘&ﬁ and conpound C2 (0.8 nass % based on the lubricant mass) in
the thirdgsdiess The second and third sanples are exanples included in the
“invention and are des}ig?rnat ed as SAVPLES 1 and 2 respectively. The adm xing

was carri &4: aunalpig ashyxdriflerrybstiated ayighRHY SO RHene IR HaR BAY 5eRutERE FHENICH,
anhydride
Basestock
A, aparaffinic mineral oil also containing a brightstock.

Other components, as required, such as rust inhibitors were used.

LUBRICANTS AND TESTS

A first sample of marine diesel cylinder lubricant was prepared by admixing with the
basestock Aj, the detergent B, and the stabiliser D;. This was a comparison sample and 1s
designated as SAMPLE Z. Second and third samples of a marine diesel cylinder lubricant
were prepared by admixing with the basestock A, the detergent By and the stabiliser Dy, in
the same proportions as in SAMPLE Z, and also compound C; (3 mass % based on the
lubricant mass) in the second sample and compound C; (0.8 mass % based on the lubricant
mass) in the third sample. The second and third samples are examples included in the

invention and are designated as SAMPLES 1 and 2 respectively.

The admixing was carried out by blending the components and the basestock at 60°C for

one hour.

Each sample was tested in a High Frequency Reciprocating Rig (HFRR) whereby friction
coefficient was measured as a function of temperature in the temperature range from 80 to

350°C. This test is designed to examine the ability of an o0il to maintain lubrication at
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one hour. Each sanple was tested in a H gh Frequency Reciprocati ng ﬁg: 7003
(HFRR) whereby friction coefficient was neasured as a function of
tenperature in the tenperature range from80 to 350C. This test is
designed to examne the ability of an oil to maintain |ubrication at 23 12
SEP 2003 el evated tenperatures. It involves |ubricating a sﬁati onﬁ‘r‘;{\ﬁ.

speci men wlevaied krampesaures; it inwglyves lubrigstiag eistagonary specampp Wihdhs setd hhiltinder

an applied,l.oad. .The tenperature | i i o Cin 15
m nut es. ?ﬁbée i’ %%’B@&Bﬁé%ecﬁrggn %f?‘}e?é%?ﬁﬁlceé ‘%@ﬁﬁﬁﬁ‘f“bg‘%}&@ g'ns Sgcggﬁ?ed | oad
of 400 9. relidréth 80O IUFT BVIS Hinates S TRO Govirghpllimen Saspfirqéency b€ 20 81U t s

are shown in Figure 1, fromwhich it is seen that the friction coefficient

fell fromaabauspmiedbomtofA8Q g Daberstlogged caeryay waonds200C, and fell, |ess
steeply, to about 0.08 at around 280C. Above 280C, the coefficient arose
steeply to _about 0.25 or above and renmained on or about 0.25 up to 350C.
Sampl e 1: RESYLESul ts are shown in Figure 2, fromwhich it is seen that the
friction coefficient remained on or about 0.15 from 75C to 190C and fell

to about Q.1 at,200C 1t renained.]us bove. jor . o de 200 to
595 The Sl ettt SPwags FiashEh B Wit R0 s e AR 200, 0
2: the regiftisienl RITAMMALAR 0Fi60H76°Bio boaND.Mat &bund 206°Cs eedfellfizss steeply,
friction coefficient fell steadily from0.16 at 75C to about 0.06 at 300C.

From 325 twal8500,08iat aronnd 88¢G: Abeye 280, the easflasientiszqsesteeplydp sbentid 9 ner
wal | s of cylinders of cross-he nai.n dNcluded in this invention attain
K EBR5aGER 0 I

terrperatuf'11 Velaf?%erﬁ@g@g 8f 5% ove test results are a clear
indication of the efficiency of Sanples | and 2 as |ubricants thereof.

Thus, thegalbth NOkne¥ifits'dré Shdvih R Figir8 i frbwautich Nas eraehdtthe®ictiani cal wear,

as indicated by friction coefficient, at t en*ﬁ)eroat ures above 270C 24
coefficient remained on or about 0.15 from 75°C to 190°C and fell to about 0.1 at 200°C. It
remained just above, or about, 0.1 from 200 to 325°C. The coefficient rose at 325 to 350°C,

but not exceeding 0.15.

Sample 2: the results are shown in Figure 3, from which it is seen that the friction

coefficient fell steadily from 0.16 at 75°C to about 0.06 at 300°C. From 325 to 350°C, it

rose but was never greater that 0.1.

Since the liner walls of cylinders of cross-head engines included in this invention attain
temperatures in excess of 270°C, the above test results are a clear indication of the
efficiency of Samples 1 and 2 as lubricants thereof. Thus, they did not giverise to a
significant increase in mechanical wear, as indicated by friction coefficient, at temperatures

above 270°C.
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12 SEP 2003 Clains 1. A conbination of a cylinder of a two-stroke
cross-head nmarine diesel engine with a cylinder lubricant conpri sing SER9003
‘made by adm xing, (A) a base stock of lubricating viscosity, in a ?étE
anount; (B) at |east one overbased netal detergent, in a mnor anount; and
(C at least one auxiliary additive conponent in a mnor anount; and that
is different from(B), conprising: (C) an oil-soluble sulfurized

al kyl phenolgjajgqd/ or  (C2) an oil -sol ubl e am ne phosphate, wherein the
cylinder is characterised by a power output of 4000 or greater. 2. The
conbination as clained in claim1, wherein the cylinder is further

characteri sed bore of 85Qmm.or. greater. 3. The conhination is. clained
inclaim 1Slor lﬂ{%{?ﬁipﬁ?c’%ﬁ%@’ﬁwg?rh%f%o‘\‘?’ﬁf%gggamﬁﬁ‘%ﬁd mﬂé’f“g}ﬁs&ﬁfmg’ge ¥R A ci um
sal i cyl at e_.cyﬁnde]-'mgblﬁ@ﬁmdﬁq;trjs%, a,smgéi@{b}rrﬁgniixfhogny one of clains 1-3, wherein

the sulfurized alkyl phenol is an aIkyIphenof sul fide. 5. The conbination
as clainmed in any one of the preceding clains, wherein the sulfurized

al kyl phenol, ,is \nre pn the | ubricant in_an ampunt of at |east 0.5 mass
% 5. PThe. i Haf A0k b Verdiinad MRS ahlr et pPERL  or ecedi ng- ol ai s,

wher ei n t hgBam: kAst PRSBIMALR haaldet@Bimandihinboghesiaide. 7. The

conmbi nation _as clainmed in any one of the preceding clains, wherein the
ani ne phodphat keaptongaasibiaty additivecompengnéant in an anount of at least 0.1

mass % 25i a%ﬂ§grpa\t,|\ﬁr99§;a%ﬂ "?s &anﬁ‘ fﬁnctﬁg,% ln@in .d in any one .Of the
precedi ng cl ai ns, erein 6 1S an ashless or nom metal -containing
addi tive conponent(C19. anl$ibsclabibisalfitrized abiylpheasolmdl/om any one of the
preceding claims, her el L) it Sospac.

wherein the cylinder is characterised by a power output of 4000 or greater.

2. The combination as claimed in claim 1, wherein the cylinder is further characterised by

a bore of §50mm or greater.

3. The combination is claimed in claim 1 or claim 2, wherein the overbased metal

detergent is a calcium salicylate.

4. The combination as claimed in any one of claims 1-3, wherein the sulfurized

alkylphenol is an alkylphenol sulfide.

5. The combination as claimed in any one of the preceding claims, wherein the sulfurized

alkylphenol is present in the lubricant in an amount of at least 0.5 mass %.

6. The combination as claimed in any one of the preceding claims, wherein the amine

phosphate 1s an amine dithiophosphate.

7. The combination as claimed in any one of the preceding claims, wherein the amine

phosphate is present in the lubricant in an amount of at least 0.1 mass %.
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characterised by a power output in the range of 4500 to 6000 kW 10. The
conbi nation as clained in any one of the preceding clains, wherein the
cylinder is further characterised by a bore in the range of 90 toEp HHGOMM
11. The conmbination as clainmed in any one of the preceding clains, wherein
the sul furized alkylphenol is present in the lubricant in an anount from
1.5 to 20 mass % 12. The conbination as clained in any one of the

precedi ng ¢l ai erein the am ne hosphate i,s present in.t | ubri cant
o amuft - FRsAEaR s el iy e AT Reitrs SR war Py 8 nder
of a t“D'Siﬂﬁ%§oﬁﬁ@§§eﬁﬁéﬁnﬂﬁ%gﬂémqwééﬁhmﬁﬁgtUe whi ch conprises supplying
to the walls of the cylinder, a cylinder lubricant as defined in any one

of claims 1 to 12. 14. A nethod of raising the tenperature of the onset of
chani cal wear of. the walls i.nder of, a two-stroke

scuffing type of g c
o 05s- head) TP ETANBEEM SRGURET 15,4V GBF PG LEIREFeCe CRIEP| ShGF i hE Ry dor
lubricant as-gdedlsa@dy aPoRBYodP& iRtheGhAdeBY 4508 & débo 146

10. The combination as claimed in any one of the preceding claims, wherein the cylinder is

further characterised by a bore in the range of 900 to 1000mm.

11. The combination as claimed in any one of the preceding claims, wherein the sulfurized

alkylphenol is present in the lubricant in an amount from 1.5 to 20 mass %.

12. The combination as claimed in any one of the preceding claims, wherein the amine

phosphate is present in the lubricant in an amount from 0.4 to 5 mass %.

13. A method of lubricating a cylinder of a two-stroke cross-head marine diesel engine
which comprises supplying to the walls of the cylinder, a cylinder lubricant as defined in

any one of claims | to 12.
14. A method of raising the temperature of the onset of scuffing-type mechanical wear of

the walls of a cylinder of a two-stroke cross-head marine diesel engine by lubricating the

walls with a cylinder lubricant as defined in any one of claims 1 to 12.
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