-'- LUBRICATING O L COMPCOSI TION This invention concerns |ubricating oil
conpositions. In particular, this invention concerns |lubricating oil
conpositions for diesel engines, nore specifically trunk piston diesel

engi ne lubricating oil conpositions (or trunk piston engine oil ('"TPEO)) 5
and systemoils for crosshead (also referrned to as two-stroke or slow speed)
di esel engines. Trunk piston diesel engines are used in marine, power
generation and rail tractio i i ted speed of between
300 and 1000 rpm In trunk ok c CALABOMAISIAIOR ngl e | ubri cant
conposi tion i Thissexnfion carcanisdalgtadng oid ybimpeitiondsulin padiculan. thidlihvei@p®r novi ng
parts of the engine, i.e. the main_and big end bearings, canshaft and val ve
gear, are | ub?@@é@é&“%atén%ﬁlﬂrﬁ%wﬁlﬁ‘%lf%‘%6?‘?1 gV ResHMOTHEPeeificalyunk | j ners are

| ubri cated pagiti~ald %@.&I 2. Ui i : I o | P t\he
circulation s léetogrgléé f|Dc ilﬁ S a:u'tdgo%}g;?; gﬁgﬁ%d(ggﬁhﬁ% rSh%/\ﬁ/a m;ahdrﬂo{gﬁggc}?es in
t he pi st orns 15amkiystenvoils foherosshiead tisongfered t@adtvgudaikernrpiow speedsdibend di esel
engi nes, on the other hand, are lubricated using two separate |ubricants;
the engine cyf&¥érs are lubricated using a marine diesel cylinder |ubricant
(or "MDCL'), and the engine crankcase is lubricated using a separate

| ubricant referred to as a systemoil. 20 Trunk piston diesel engines use a
centrifuge syStuampistor direnl engioed aeusaiinsnasinehp@ser gehautiex andtad, trassoon  or
water, fromthe |ubricating oil cogg?égrtio .oSim entrifuge systens are

|
used to treat aﬁgl,lgagcg}lgFagquyqa@Fe %%?@%@Wﬁb@@l@sé@“&%m . The
centrifugg, Sy&i%é‘él"eﬁ?héseassiﬁglietlﬁlﬁic'dﬁ o%poemﬁﬁ% hsad 555%%&1«!&@% dgfif)ﬁ&av' er than

the lubricating oiT conposSition. The 'sealing mediumis gener y water. Wen
t he 25 | ubri chbtipgioni |Altowajpo mdvignpgrasd g doigireugd thdimatentdrbif egkbsysgem it

cones into contact. wiith the water.. The |ubricating oi.l conposjtion.therefore
SoNte 1o e oksRhE o vAlvh Gk 6 s o BmpeC e p it b S The RYlindar

presence of wai&g are!lﬁbﬁ&?edlﬂéptﬁe.ll%y‘i ég%sh‘ﬂiﬂﬂcﬁ%ﬂ)&ﬁf ﬁdgfgzﬂl)jl%gb'i!l‘%hﬁhfeo shed the

water, the water builds up’in the bricating oll nposition formng an

enul si on, whi divulamdsystemdepos finds ituwhyiorthe aplinder wab ti3Ougleholes fnuhe psyst em and
prevents the centrifuge system fram worKkin roperl.y.. ai mof the present
P venti onii s TSR SV BETE U I A et L o poReett s i on e Sur

hand, are lubricated using two separate lubricants; the engine cylinders are lubricated

using a marine diesel cylinder lubricant (or ‘MDCL’), and the engine crankcase 1s

lubricated using a separate lubricant referred to as a system oil.

20  Trunk piston diesel engines use a centrifuge system to remove contaminants such as,
for example, soot or water, from the lubricating oil composition. Similar centrifuge
systems are used to treat the system oil of some crosshead marine diesel engines. The
centrifuge system relies on the use of a sealing medium that is heavier than the
lubricating oil composition. The sealing medium is generally water. When the

25  lubricating oil composition passes through the centrifuge system, it comes into contact
with the water. The lubricating oil composition therefore needs to be capable of
shedding the water and remaining stable in the presence of water. If the lubricating
oil composition is unable to shed the water, the water builds up in the lubricating oil
composition forming an emulsion, which leads to deposits building up in the

30  centrifuge system and prevents the centrifuge system from working properly.

An aim of the present invention is to provide a lubricating oil composition that is

capable of shedding mediums used in centrifuge systems.



capabl e of sheddi ng medi uns used in centrifuge systens. -2- Marine trunk

pi ston engi nes operate on residual fuels which contain high concentrations
of asphal tenes. These engi nes have integral engine oil sunps which introduce
asphaltenes into the engine lubricating oil. Asphaltenes are high nolecular 5
wei ght conpounds with nmultiple fused aronstic rings, and are generally
insoluble in lubricating oils. As such, they "plate out' on to the engine
surfaces causing harnful deposits. Trunk piston engines performbetter when
they are able to solubilise the asphaltenes. 10 A further aimof the present

invention i s Marip¢ aunklBiseon dainec apérig odirksiG@np@ss whieh cbh@in higkhi bi ts i nproved
asphal tene di spersancy. In accordance with the present invention, there is
provi ded a | ubsHiceniratios of asphelismss s Thase Angines hye antegrabengiiesell siumdsevhigh at

| east 15 ny KQH/O uceaaﬁptgagtteﬁésnfh ?X%né ﬁlb’réé Mgl%ﬁgg@gkaﬂﬁlbeg\%@ghﬁoqgcular

i ncluding: - mass at

| east one 5)V€Wbl Ee@bnmfﬁiuaﬂs drﬁhexﬂlg&plb fus%ﬂdromz&ic rig@sindaie geipldLingolablefior mul a
(1) and/or (Ilz) Y)a Ar-(-L Ar)m (1) 20 wherein each At
i ndependent | ylu %%t%é’r‘lltss Aa“ﬁu@h cslaﬁé/t pbatwte@lytqqtavieﬁgjneswréacss causghargéHt s

arytoxyal kyl  SROSHE AR BRI GEIRgpeto) Sler ALK N ar O Bl MELCLVL 1

i ndependent | yasphhlienks.ng noi ety conprising a car bon-car bon single bond or a
| i nki ng group; 25 each Y is independently -OR ' or a noiety of the formula
HOCR z)o)yX-, wherein X is selected fromthe group consisting of (CRl'2),,

0 and S ﬁ)l aﬂqullﬁ:ler of C@esehﬁ%@&?t%%é?&?ro?@{e%‘iflﬁ%aﬁ Bg'gh'éom?l:)s&lgT%tal kyln

and aryl; IS se ecte rom to 10;

is 0to 10 V\hecrhil)(tsi1mp¢63|€ﬂbﬁplmltem1dislﬁsrtancﬂ_0 when Xis O or S; andyis 1lto
30; 30 each a is independently O to 3, with the proviso that at |east one Ar
noi ety bears at

In accordance with the present invention, there is provided a lubricating oil
composition having a total base number of at least 15 mg KOH/g, as determined by
15 ASTM D2896, the composition including:
- at least 40 mass % of an oil of lubricating viscosity;
- at least one overbased metal detergent; and
- at least one compound of formula (1) and/or (II):

(Ya (Y)a

|

Ar—C¢CL——Ar),, I
20  wherein each Ar independently represents an aromatic moiety having O to 3

substituents selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, aryloxy,
aryloxyalkyl, hydroxy, hydroxyalkyl, halo and combinations thereof;

each L is independently a linking moiety comprising a carbon-carbon single bond or a
linking group;

25 each Y is independently -OR"" or a moiety of the formula H(O(CRlz)n)yX-, wherein X
is selected from the group consisting of (Cer)Z’ Oand S; R! and R! are each
independently selected from H, C, to C¢ alkyl and aryl; R"" is selected from C; to Cigq
alkyl and aryl; zis | to 10; nis O to 10 when X is (CRl’z)Z, and 2 to 10 when X is QO or
S;and yis 1 to 30;

30  each ais independently O to 3, with the proviso that at least one Ar moiety bears at

Jeast one group Y; and



| east one group Y; and -3- mis 1 to 100; (VY,),. (f ")a" Ar' _L~ Ar)m (TI)
wherein: each Ar' independently represents an aromatic noiety having 0 to 3
substituents 5 selected fromthe group consisting of al kyl, alkoxy,
al koxyal kyl , hydroxy, hydroxyal kyl, acyl oxy, acyl oxyal kyl, acyl oxyal koxy,
aryl oxy, aryloxyal kyl, aryl oxyal koxy, haly. and conbi nati ons thereof; each L'
is independently a |inking noiety conprising a carbon-carbon single bond or
a |linking groHﬁél%Q%g@ch Y' is independently a noiety of the formula ZO or
yX -, e

Z(Q(CR22),a)y Tein X is selected fromthe group consisting of

(CR2'2),, Oand S; R2 and R2(Yaje eaclgygi,ndependently selected fromH C to
Coal kyl and aryl; z' is 1 to [LO; n' is to 10 when X is (CR2'" 2),', and 2
to 10 when X is O or S y' i 11to0 30) Zis H an acyl group, a polyacyl
group, a |lactone ester group, AGm e 88ker group, @in al kyl group or 15 an
aryl group; each a' is independently O to 3, with the proviso that at |east
one At' moietY'H&dFs at |east one group Y in which Zis not H and mf is 1

to 100. 20 | n.Racor ﬂmg&]d%wrép?&e&e%ﬁ%mr?dtfa\fﬁ&ueyqﬁgf@%1%3’sﬁlb@diﬁe?@rovi ded a

met hod of operating a trunk” prston diesel engin ving a centrifuge system
i ncl udi ng 2 ssAddtetyfromdhaigroup chesistmghod dlkiyh alkedy ngkoyallst drydedxyl, ubri cati ng t he

engine with the, |ubricati oil co sition defined above. The sealing
mediumis pre %qra’bxf\}kﬁaﬁpog‘yzﬁcyi%yé‘gggF&ﬁﬁ’(i@lw)&yhaﬁyﬂ%ypﬁré(g‘@w@&iyhventi on there
is also provi g@%x@aﬁggﬁqgld)gnd%g{@ﬁa{ﬁ@gs tRrdof-0sshead di esel engine having a
centrifuge systemincluding a sealing medium the nethod including the step
of | ubricati negachié iengependentink tinksieg wididty cbmptisibg acatbongradion singberparsi ¢ri on
defi ned above. .Tple sealing nmediumis preferably water. -4-
a linking group;
10  each Y’ is independently a moiety of the formula ZO- or Z(O(CRzz)ny)y’X’-, wherein
X’ is selected from the group consisting of (CR*3),, O and S; R? and R? are each
independently selected from H, C; to Cg alkyl and aryl; z’ is 1 to 10; n” is O to 10
when X is (CR*3),, and 2 to 10 when X’ is Q or S; y is 1to 30; Z is H, an acyl
group, a polyacyl group, a lactone ester group, an acid ester group, an alkyl group or
15 an aryl group;
each a’ is independently O to 3, with the proviso that at least one Ar’ moiety bears at
least one group Y’ in which Z is not H; and

m’ is 1 to 100.

20  In accordance with the present invention there is also provided a method of operating
a trunk piston diesel engine having a centrifuge system including a sealing medium,
the method including the step of lubricating the engine with the lubricating oil

composition defined above. The sealing medium is preferably water.

25  In accordance with the present invention there is also provided a method of operating
a crosshead diesel engine having a centrifuge system including a sealing medium, the
method including the step of lubricating the engine crankcase with the lubricating oil

composition defined above. The sealing medium is preferably water.



In accordance with the present invention there is also provided use of the

| ubricating oil conposition defined above to lubricate a trunk piston diesel
engi ne and to reduce deposits. 5 In accordance with the present invention
there is also provided use of the lubricating oil conposition defined above
to lubricate the crankcase of a crossheadgdi esel engine and to reduce
deposits. In accordance with the present invention there is also provi ded use

of the I ubri Cﬂitelc@grdaﬂc% \thﬂ th(éﬂﬂpsgﬁf. 1th 10qqlt)ér9?sdaé€(pn%r\l)91d 8 uk or mﬂqﬂ% tene

di spersancy in a tru pIsto I esel engine ) and
(1'l) are descoil badpositiaodgtend abayveldo SubrieateattunkApstbn dfetselcmgiieramalto Nauce
11/061, 800, filed February 18, 2005 (US 200 6/0 1 89492 A2, 15 published
August 24, ZO%PSI%he subject matter of which is incorporated herein by
reference. Conmpounds of Fornula (1) which are represented by the foll ow ng
formula: Ma (Y )a Ar-FL-Ar)m (1) wherein each Ar independently represents
an aromatixc nim zetgrrdhmci wigh ﬂletpmesanﬂﬁvembstthdwm”ﬁlso prelvilet ack 6ff thenluthrieagnigpup

o Rt AT S i L Yo oSS B

| i nki ng noi eWncPt%’fP&dcé'd@ﬁosﬁscar bon- carbon si ngI e bond or a linking group:
each Y is independentl " or a noiety of the formula H QU CR12)" )yX-,
wherein X is sel ected fromthe group consisting of (CR"2),, 0 and S; Rl and
R' are 25 each inde end ected fro to C6 aIk | ; "is
sel ected from"dco %‘gh%el&?seﬁﬁavﬁ}tvp tgn"zrefssa%qlﬂfoi’(‘)_]ﬂdﬁs‘? ‘@cﬂ‘g) P/‘Wﬂen Xi s
(CR2),, @ndoi? c&fpdst béved 1

1N 0oit cdiflp 1M1n5da Sve o%gl%vc%%a}fe esdlg-qetr&ngjgm §§fﬁﬁk glty bear s at

i ndependently 0 to 3, wth the proviso that at |eas one Ar

| east one growpxﬁpngnd n1|s | to 100. 30 Aromatic noieties Ar of Forrmula (1)
can be a nononucl ear carbocyclic noiety (phenyl) or a polynuclear
carbocyclic noiety. Polynuclear carhocyclic noieties may -5- conprise two or

more fused riggmpo®Riibf FoRAuBAVH) BEd ALY Re dcABEPRT0AIRTF 218 STPatent
Application Serial No. 11/061,800, filed February 18, 2005 (US 2006/0189492 A2,
15  published August 24, 2006}, the subject matter of which is incorporated herein by
reference. Compounds of Formula (I} which are represented by the following

formula;

(Y)a (Y)a

Ar—¢L—An), @
wherein each Ar independently represents an aromatic moiety having 0 to 3

20  substituents selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, aryloxy,
aryloxyalkyl, hydroxy, hydroxyalkyl, halo and combinations thereof; each L is
independently a linking moiety comprising a carbon-carbon single bond or a linking
group; each Y is independently -OR" ora moiety of the formula H(O(CRlz)n)yX-,
wherein X is selected from the group consisting of (CRl'Z)Z, OandS; R' and R" are

25 each independently selected from H, C, to Cg alkyl and aryl; R'" is selected from C;
to Cyoo alkyl and aryl; zis 1 to 10; nis 0 to 10 when X is (CR"Z)Z, and 2 to 10 when X
is Oor S; and y is 1 to 30; each a is independently O to 3, with the proviso that at least

one Ar moiety bears at least one group Y; and mis 1 to 100.

30  Aromatic moieties Ar of Formula (I) can be a mononuclear carbocyclic moiety

(phenyl) or a polynuclear carbocyclic moiety. Polynuclear carbocyclic moieties may



napht hal ene) or may be |inked nononucl ear aromatic noieties, such as

bi phenyl, or may conprise linked, fused rings (e.g., blnaphthyl) Exanpl es
of suitabl e pol ynucl ear carbocycllc aromatic nnletles i ncl ude napht hal ene,
ant hracene, phenant hrene, 5 cycl opent enophenant hrene, benzant hr acene,

di benzant hracene, chrysene, pyrene, benzgyrene and coronene and diner,
trimer and higher polynmers thereof. At can also represent a nono-

pol ynucl ear i i t e those
Comor ai ng. ondr g EXeh oF nith Rkt S SRR L B PG bR, 16 One or
mor e het er o ataphthatestpatmaly be hnkdd, méharncles: arboxatipinetetief, sach halbipBenyd or
monocyclic heterocyclic arog%tlc noi eti es include pyrrole, furan, thiophene,

i mi dazol e, oxHIHFYNPHESE lipkst S%H‘?ﬁ"d?é bWPMNHeEXWPI%OEIﬁW@béFnEP PiHCG3E .

Sui tabl e pol

qui nol i ne, i séc/)gl'ﬂtl&lrxgﬁ a&%ﬁggﬁglzeg e, i p??;ﬁig@be a@lmrl;!rl\t% erﬁh%a'ﬁﬁﬁg?am ne,

gui nazol i re, cq,utlomnmhopt&nmurepﬂmmdmmdnaedibﬁ&mthwcelmtchtysm eiené At ) nmay be
i ndependently sel ected such that 15 al] noi e}ll es At are the sane or

different. PoPSPEDUERGandGaseRspe apd dupgsnigimes ahe ptherROlYRIEE thetepler ke alist
f d f " h Each
preferred ar eregf%'gmlé’}génoo eg&kgw @1 he%b&!y@hé" ?e?¥ tgko%lycl hidngl gpe. Eac

aromati c noi et may 1 n dnsubst substituted with 1
to 3 substit uenlude ﬁenlsecd)m;ine‘.m@nnad)dmbre raigk@xc)h ainkamylgﬂkyllo attynisr ncjiding

hydr oxyal kyl , hal o, and conbi nat.i on e ,
U%SUbS%/I tu%/edorf(f’r(r’é‘?(rﬁé‘ﬁttercf ﬁPmérsﬁlﬁf)tf’éf Omelgnﬁ aPQ Efiscﬂfﬁg‘)[a ‘f‘:‘achI li nki ng

group (L) ldmymgﬁocty@ﬁ%ﬁé’t@i%c9511cddr$r§1§t'i<,eﬁblet1@é1ﬁllcﬁﬂg pgﬁoﬁs ﬁﬁ*ﬁrp%o?ﬁ’elﬁar bon single

bond between the ¢arbon atons of adjacent noieties Af i nki ng group.
Suitable Ii nklnmgazgﬂ@@pszule](ﬂhlaztée glykazblenpyridink agemidiet hed phiimk dyesbledi acy|

| i nkages, 25 ether-ac | i nkages, .am no |inkages m do | j nkages, .carbam do
| i nkages, ur cPHYME! ear%ﬁ&%{ﬁé IC RGeS A Wl dFrﬁ%g SHERGLG, BPGRPoIgE groups

‘;‘Lghaggyl_ (e:ggoéaﬂsﬁ&a&eal a%%%n?n@*ﬁﬁﬂ%ﬁh@)q@umenn@ﬁ%mme a%acyl | i nkages

d sul fur 1 nkages, such as -Si- or -Sx .
Mor e pr ef er r ephenamtkialige g Eaclpsrosnatic aldigty ¢4 mdyi bﬁaangcndnnlst sepacefdesualnthat - CH2- .

30 Preferapl f | t hal d ferabl
A s deh vel mpisien A s g st ot RRT b e ol R R RS Ger i v

from 2-(2- are preferred. Most preferred are compounds of Formula I wherein each Ar is

naphthalene. Each aromatic moiety Ar may independently be unsubstituted or
substituted with 1 to 3 substituents selected from alkyl, alkoxy alkoxyalkyl, hydroxyl,
hydroxyalkyl, halo, and combinations thereof. Preferably, each Ar is unsubstituted

20  (except for group(s) Y and terminal groups).

Each linking group (L) may be the same or different, and can be a carbon to carbon
single bond between the carbon atoms of adjacent moieties Ar, or a linking group.
Suitable linking groups include alkylene linkages, ether linkages, diacyl linkages,

25  ether-acyl linkages, amino linkages, amido linkages, carbamido linkages, urethane
linkages, and sulfur linkage. Preferred linking groups are alkylene linkages such as -
CH;CHC(CHj3),-, or C(CH3),-; diacyl linkages such as -COCQO- or -CO(CH)4CO-;
and sulfur linkages, such as -S;- or -Sy-. More preferred linking groups are alkylene
linkages, most preferably -CH,-.

30
Preferably, Ar of Formula (I) represents naphthalene, and more preferably, Ar is
derived from 2-(2-naphthyloxy)-ethanol. Preferably, each Ar is derived from 2-(2-
naphthyloxy)-ethanol, and m is 2 to 25. Preferably, Y of Formula (I) is the group



napht hyl oxy) -ethanol, and mis 2 to 25. Preferably, Y of Fornmula (1) is the
group -6- HHQ(CR2)2)yO, whereiny is 1 to 6. Mre preferably, At is

napht hal ene, Y is HOCH2CH2O- and L is -CH2-. Methods for form ng conpounds
of Formula (1) should be apparent to those skilled in 5 the art. A hydroxyl
aromati ¢ conmpound, such as naphthol can bg.reacted with an al kyl ene
carbonate (e.g., ethylene carbonate) to provide a conpound of the formul a

AR (Y)a. Prefgigihyy, JOCRUALOXN | @I TbiGCRERANIG Rghidhdivleera oar bonat e

are reacted esence 0 ase cata aquebus sodi um

hydr oxi de, anHO&H.&H,0Oeuapedias «Cld,-of from about 25 to about 300C, preferably
at a tenperature of from 10 about 50 to about 200C. During the reaction,

wat er nmay be renoved fromthe reaction mxture by azeotropic distillation or

ot her conventigfiRls F@%Bﬁmnhfcoﬁ%@{cﬁtdf%nm% (f)@ﬁodl&%lé'% B!t éé@ﬂil

product is desired, upon conpletion of the réaction ndi cated by t
cessati on f lﬁ@Zrte\/’ohmromﬁ)aromatm croaqmun(b,rsuph aﬂ:lmnphthoahnalbm ma¢tbéwmch,n and
cooled to soli tIC co as 15

[ %/ ter t | ve %é] E h
napht hol , can® )éle CHEPEH %‘Fo‘kaf Pfo?i C&GNIPOHRY 8 fhﬁéo ?prl ene
oxi de,  but yl RRQ(SK)OXng?erQﬂy Stﬁé’ Fl 8xﬁ)%!r&ﬁatld-’db@?ﬂouﬁﬂ Thé &k y AR LhdbbRRS afe0

i ncorporate one or nore oXxy-alkylene groups. To form a’conpound of Fornula
(1), the resuteaétadin the praventieatf e taenpalpd, shch @Y pqueodOsathymihydiaxidehend ateact ed

th a pol yhal ogenat ed refer h nat ed dr ocar bon . g.,
T P by o aEtrs 0 R Anou 2 teaHoI Ot o gty B Sfertgratgm s Foi o i n
(e.g., bUI(ﬁd' &t 50 &PMHR0E00 e %Mgﬁﬁé‘ﬁﬁ@@on lvaferhﬁ&y%@ RRwved frem@gadi ene,

etc.) to yield a conpound of Formila (1) having an al kyl ene I'i nki ng groups.
Reacti on of rmeaétemi mettmb&w@ptmd: distdktioner othea¢cdyh§rtwa( oegns. If eepmmdtdohyde,

acetone, 25 benzo one henone, .et.c rOV|d s. an 4] kyl ene |i nked

compound. ~An S0pF RARRAR Sy AAE AAGE: o5 g wh Ry e TRBrET es A~ (v)a

with a diaci d(lﬂilcat@dlbyﬂfe'céﬁf‘sa(@n QfCOQé%lh@oné)CﬂhQ,reﬁﬁbﬁﬁfcﬁiué‘tcda@l,be%!é%dtéﬁC acid,

glutaric acid, adlﬁ@- acid, succinic anh , etc.). Sulfide polysulflde
|to

sul finyl and ad doo Isolntk&geéltm&tlw amydmxdbatowtw etamp@tmi sichtdse i eti es

Ar-(Y)avm a abI dif ctlonal sufu zin agent (e.g., sulfur

Tonoehi o e, SRl P RSN Bnenaiiie. g P e anes) Pyt e
butylenes oxide or styrene 0x1de, under similar conditions to incorporate one or more

oxy-alkylene groups.

To form a compound of Formula (I), the resulting intermediate compound Ar-(Y),

20 may be further reacted with a polyhalogenated (preferably dihalogenated)
hydrocarbon (e.g., 1-4-dichlorobutane, 2,2-dichloropropane, etc.), or a di- or poly-
olefin (e.g., butadiene, isoprene, divinylbenzene, 1,4-hexadiene, 1,5-hexadiene, etc.)
to yield a compound of Formula (I) having an alkylene linking groups. Reaction of
moieties Ar-(Y), and a ketone or aldehyde (e.g., formaldehyde, acetone,

25  benzophenone, acetophenone, etc.) provides an alkylene linked compound. An acyl-
linked compound can be formed by reacting moieties Ar-(Y), with a diacid or
anhydride (e.g., oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid,
succinic anhydride, etc.). Sulfide, polysulfide, sulfinyl and sulfonyl linkages may be
provided by reaction of the moieties Ar-(Y), with a suitable difunctional sulfurizing

30  agent {e.g., sulfur monochloride, sulfur dichloride, thionyl chloride (SOCly), sulfuryl
chloride {(SO,Cly), etc.). To provide a compound of Formula (I) with an alkylene
ether linkage, moieties Ar-(Y), can be reacted with a divinylether. Compounds of

Formula (I), wherein L is a direct carbon to carbon link, may be formed via oxidative



chloride (SQ2ClI 2), etc.). To provide a conpound of Fornmula (1) with an

al kyl ene ether linkage, noieties Ar-(Y)a can be reacted with a divinylether.
Compounds of Forrmula (1), wherein L is a direct carbon to carbon link, may
be formed via oxidative -7- coupling polynerization using a m xture of

al um num chl ori de and cuprous chloride, _gs described, for example, by P.
Kovacic, et al. . Polymer Science: Polynmer Chem Ed., 21, 457 (1983).

Alternativel yoo @HHEH&‘@C“ it (S TRl SRR g angg?glghfétg@%oé va and

an al kal i netal exanple, 1n ne
on Caesi uni Naxmsajescrihed, fomekbanpl€atalP \iSdaatic, dab, J. Q(ﬂyrensSczéﬁcM PaeinleeCﬁemS

Subr anoney an e Co ni cations, 2679-2680 (1988). To form
t he preferredg%o?rb(f‘éﬁ(ﬁgge%p %ﬁ%&ﬂ&% E)UnHE%WP?I‘ﬁ’déﬁla&IWPEH%d PY FRartiRge group,
mor e pr ef er ably;cRedREPY) &N ah'aﬂééh'?ﬂet&r ﬂ@scrﬁéé%xf EMRIL RE <C aiﬁ%]ﬁef

reaction 10 m xture can be neutral |ze acid, prefer ab an excess
of acid (& g. Cowlmuglohcﬁue&uader)o;mr@sr(%kzdre@amiy’sﬂs” avi. (hl&ﬂarmsl,di MorSzllersabl y

2l kylenc.  pr PGP ACHYCLReleh el Comparaian. $UPmocd (459 The degree

of pol ynerization of the compounds of Forrmula | range from2 to about 101
(corresponding to a value of mof from1l to 15 about 100), preferably from
about 2 to abbuforfthe Mtnqﬂmbdyoﬂﬁmumdhha@ngen abdybane 12BingTgreup onpounds

of Fornmula (11) can.be for b actin ound of , For with at
| east one of @%?re %eéat%ll mél’rlu‘irpé "&3{959%?’? n&@@ﬂ‘i‘g mfhe %ﬁn?r)ymé‘ft?“ﬁ‘g agent ,
and 20 ajg rﬁﬂ(tﬁ%%ﬁﬁﬁ@n@t)’trd‘hlﬂ@d mh%ildaprefe¥$ﬁl§w1ﬁ1|an Qx%eﬁ‘%ﬁtﬁcrﬁr(e | ndependent | 'y
represents an aromatic noiety having 0 t Lubstituents selected from the

group consi st suhﬁgmto;faced) lapdl reagteoxith arazhllald)wlal igferably throvaldehydey dnd paesdridylly
acyl oxy, acyl oxyal k | o | k aryl oxy, .arylo | kyl 5 X

ol oxyal Koyt tapisterice ST 1 brctideerak dion etok o1y s TRee idepda

| i nki

oo 1 0 S EARROE FOREI (51 TROBeGiRL DOR ThbS ol B theon o O T

wherein X i sForgullakbraage froomg taaboyy Hliplcomerpordingép avalperpopyf fromd tand S; R2

and R ae ﬁ)out 100), preferably from about 2 to about 50, most preferably from about 2 to

about 25.

The compounds of Formula (IT) can be formed by reacting a compound of Formula (I)
with at least one of an acylating agent, an alkylating agent and an arylating agent, and

20  are represented by the formula:

(YDa (Y

Ar—CL—Ar'),, (IN)
each Ar’ independently represents an aromatic moiety having 0 to 3 substituents
selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, hydroxy,
hydroxyalkyl, acyloxy, acyloxyalkyl, acyloxyalkoxy, aryloxy, aryloxyalkyl,

25  aryloxyalkoxy, halo and combinations thereof; each L is independently a linking
moiety comprising a carbon-carbon single bond or a linking group; each Y’ is
independently a moiety of the formula ZO- or Z(O(CRZZ)D’)va’—, wherein X’ is
selected from the group consisting of (CRZ’Z)Z-, O andS; R? and R? are each
independently selected from H, C; to Cg alkyl and aryl; z’ is 1 to 10; n” is 0 to 10

30 when X 18 (CRz’z)zv, and 2 to 10 when X’ is Q or S; y’ is 1 to 30; Z is H, an acyl

group, a polyacyl group, a lactone ester group, an acid ester group, an alkyl group or



i ndependently selected fromH C, to C6 alkyl and aryl; z' is 1 to 10; n' is
0O to 10 30 when X is (CR2 2)1, and 2 to 10 when X is Oor S; y' is 1 to 30;
Zis H an acyl group, a polyacyl group, a |lactone ester group, an acid
ester group, an alkyl group or -8- an aryl group; each a is independently O
to 3, with the proviso that at |east one_At' noiety bears at |east one group
Y inwhich Zis not H and inis 1 to 100. Preferred conpounds for Fornula

(11) 5 nct ude GOMHROURAS, dobh W el AT 0P re by Bh RERH Gl et one

group Z(Q(CR2 whi ¢ ui tabl e acylating agents i ncl ude
hydr ocar hyl caplegnbearsaatilehst tryedgrosaihivik whahiyoninot Haendimhiallitdd8(). hydr ocar byl

sul fonic acid and hydrocarbyl sulfonic acid halides, hydrocarbyl phosphoric
acid and hydrocar byl phosphoric halides, hydrocarhyl to isocyanates and

hydrocar byl  spigfdrRidCoafpoald f9 F%&%Bias(ll)ﬁ’ﬁ&wé E&H b 34 MWISCHPBCRAS AE S C8 and
hi gher hydrocarbyl isocyanates, such as dodecyl |socyanate and hexadodecyl

i socyanat & anmogy rarhitdérst Orhwgmolma((BgﬂR *ae Yy Kt-iimghaapshisnot kbr e pref er abl y
pol ybut enyl succinic acylating agents such as pol ybutenyl, or polyi sobutenyl
succinic anhydride (PIBSA). Preferably the hydrocar byl succi ni ¢ acyl ating

agent will haglﬁta%le]a%]yfb'ﬁ %gelﬁé/ﬁmﬂehymoe%ywarwlasﬁld(ﬂ\ﬂa}o&fb EgBbARout 100
to 5000, preferabl rom about 200 fo about 3000, noré preférably from about

450 to about aﬁ@bﬁuﬁséﬂdnmedwlHy&mmtanﬁyMihﬁb@qﬂhﬂ&&ﬂamyha@ﬂmgdagent wil |

h nb | i.gh f f 5000,
roferably frrSHAN PRBwTOHC e drt Savecthaross deliRy hrdeRatone 200 to
about 200@) 2Qo M!ue; &ﬂlﬁ]ﬁﬁ@dﬂlﬁ/l@@é&l@@a&}ﬁﬁﬂ@&%@m@ym%@d‘ﬁdy@ﬂﬁﬂg AgBARgRs known

to those skille he "art, such as chl orine-assisted, thernmal "and radi cal
grafting net hedsn.d mgberé.ldsltcmnbwblsoqglem@s sudnawdn@ﬂosocaanqb@myf hazxedodpanl .

et erably . Lhg ARk B2 PSS I LT R, bR o 1
formula: F = ﬁcﬁﬁﬁlté&l%ﬂ&(rﬁé—l@yl@tﬂ% Apefis |su()h as do%téhyl"‘&bo%bﬁteﬂyl%@mhﬁ the
saponi ficati on nunbér , the nunber of Il grans KOH consuned in the
conpl et e neut ardiydnede (R Séf) PWéerablwdhaglnmwrb)d saeeenig peytniofg ageat wilhave a
15  number average molecular weight (Ma) of from about 100 to 5000, preferably from
about 200 to about 3000, more preferably from about 450 to about 2500. Preferred
hydrocarbyl isocyanate acylating agent will have a number average molecular weight
(M) of from about 100 to 5000, preferably from about 200 to about 3000, more
preferably from about 200 to about 2000.
20
Acylating agents can be prepared by conventional methods known to those skilled in
the art, such as chlorine-assisted, thermal and radical grafting methods. The acylating
agents can be mono- or polyfunctional. Preferably, the acylating agents have a
functionality of less than 1.3, where functionality (F) is be determined according to
25  the following formula:
F=(SAP x Mu)/((112,200 x AL) - (SAP x MW))
wherein SAP is the saponification number (i.e., the number of milligrams of KOH
consumed in the complete neutralization of the acid groups in one gram of the acyl
group-containing reaction product, as determined according to ASTM D94); M is
30  the number average molecular weight of the starting polyalkene; A L is the percent
active ingredient of the acyl group-containing reaction product (the remainder being
unreacted polyalkene, saturates, acylating agent and diluent); and MW is the

molecular weight of the acyl group (e.g., 98 for succinic anhydride). Acylating agents



group-contai ni ng reacti on product, as determ ned according to ASTM D94); Nnh
is 30 the nunber average nol ecul ar wei ght of the starting polyal kene; Al. is
the percent active ingredient of the acyl group-containing reaction product
(the remai nder being unreacted pol yal kene, saturates, acylating agent and
diluent); and MNWis the nolecular weightgof the acyl group (e.g., 98 for
succinic anhydride) Acyl ating agents -9- are used in the manufacture of

di spersants, ,and escﬂ-ﬁ%ﬂ‘a&rggf gﬁé@ré&n% 'aﬂﬁ' ord ljﬂﬁgfgcs%ﬁéu%%%&gods

acyl ating agents |s rnt esdrlp ion o Sul I Spersants,
present ed i nfforforminguicyatihg agdntyils desonded frethe dlesoniptionef Gfitable didfkrahisane

al cohol s, preferabl y Cato Cs alkane alcohols. Suitable arylating agents
i ncl ude Cs t(P“éS@te fﬂrfé‘f erably Cs to Cis al kane-substituted aryl nono- or
pol yhydr oxi de. Mol ar anmounts of the conmpound of Fornula (1) and the

acyl ating, alkylating and/or 10 arylating agent can be adjusted such that
al I, or only Saitplde talkyhating agénts incARo(Gro Koy dkaneSebhots, preferalay (63560 nor e of

groups Y are nve ups. Y n the case ere the c rrpound of
Formula (1) R “ﬁ?@PE&? Shidhlg i Xlakipe aa%mﬁg}lds%é?& rﬂf%rably °Sugh
conpounds ar g aﬁé‘%ﬁl’i‘s@h%dﬁk Hloﬂ&y(%(ﬁ)ﬂ%dﬂfx?&bo is possible that all or a

portion of such hydroxy and/or roxy substituents will be converted to
15 acyl oxy or acyl oxy al kyl groups In the case where the compound of Formul a

(1) has hydroxy and/ or kyl dro sub tuents, and such conpounds are
reacted with hgﬁar IR ?tﬁ ﬁ?’@ﬂ% ﬁéh‘“t PF&?atH'Igb u]%VlaHH%B? Pon of
such hydrgxy a%%rg agefil é%'ﬂ%ya‘& nﬂl%)d sﬁHPﬁ{at £1P%%§1 V&;Bdm@ﬁ sﬁ&{' 545 dr ipr@r v OXy

or aryl oxy al kyl oups. e ore, conpounds o Formula (IT) substituted
wi th acyl oxy,50&cel rosne 0m|7l§% or rﬁﬁreaufgrcmpy Yaard conveatey to gyouph P(yl Igthewpse ar e

consi der ed thin the sco th res n t' n salt form of
corrplounds OWWIFWFQOWPW qe?fol%ﬂ\ﬂ‘:‘ﬁa@ %ﬁﬂmélé’)?}/‘ Ig‘yb}i’@m"y SUBSiUANSal t
result from peytaa do?@duﬁ@s W tréhcRasei AP ad (8 Gl é)d 1tf19 oRMACMaLall L€ tO

interaction wwth a nmetal detergent, either in an dltlve package or a
f ornul at ed Ipottrqncxzfrsuyh hydsoxy sul/erieylbiydrexly substwments whil e chevesiedpe of t he

Vet O 28 ey B S e tn GRTRRUDAS B R of EbrelE 55
hydroxy and/or alkyl hydroxy substituents, and such compounds are reacted with an
arylating group, it is possible that all or a portion of such hydroxy and/or
alkylhydroxy substituents will be converted to aryloxy or aryloxy alkyl groups.
Therefore, compounds of Formula (II) substituted with acyloxy, acyloxy alkyl,

20  aryloxy and/or aryloxy alkyl groups are considered within the scope of the present
invention. A salt form of compounds of Formula (II} in which Z is an acylating group,
which salts result from neutralization with base (as may occur, for example, due to
interaction with a metal detergent, either in an additive package or a formulated
lubricant), is also considered to be within the scope of the invention.

25

One preferred class of compounds of Formula (IT) includes compounds of Formula

(IT0):
Y% (Ve Z— ) Y THZ— X% (Y
Ar—€ L—Ar)y Ar—L— Ar)yy Ar—L'—Ar)y

(ITT)



(rer)y: (vpa' (yYy)aif z-(y)a (Yy)a 2z (Y')a (Y')a A'--+ L"A'")m
Ar'--+-L'"-ArymAr- L AA')Yms (IH -10- wherein one or nore Y' are groups
Z(Q(CR22)")YX - in which Z is derived from |actone ester of formula IV, acid
ester of fornmula V, or a conbination thereof; 4R5 RR6 OH 3 RR9 R7 R8 O
OO0 (IV) M wherein R3, R4, R5, R6 R5, Ripand R5 are independently sel ected
fromH, alkyl and 5 pol yal kyl and pol yal kenyl containing up to 200 C, and Z

i s bisacyl of ORt kel i, B9,;

i ndependent | ywiée}lélgg(lt)%dyl:‘ IrnSFn H, ngkgﬁ cfbg/g?{ gkﬁ)ﬁa lgg?y 1‘%eny§ from

cont ai ni ng uplacton@&Peryf fommigda I)anmdléh(&;r oé:ﬁ@rpnlaﬁdosa mrabiean‘ndm thaefiendent | y
about 0 to about 25, vmththe proviso that p <m; s <m; and p + s > 1. 10
Preferred conpounds ofR‘FlbrmJ 3 (I11) are those wher ei n éhom about 2% to about
98% of the Y units ane 2)2)y' O, wherein Zis acyl group and y'
is Ito 6, and from abg to 2%0f Y units ap , such as conpounds
of Formula (111) ' I s napht hal ene; from abo %t o about 98% of Y
units are RS

0
(IV) V)

wherein R3, R4, R’ , RS R? . R’ and R® are independently selected from H, alkyl and
5  polyalkyl and polyalkenyl containing up to 200 C; and Z is bisacyl of formula VT,

0O
R!!
RLO

0O (VD)

wherein R’ and R'? are independently selected from H, alkyl and polyalkyl and
polyalkenyl containing up to 300 C; mis 0 to 100; and p and s are each independently
about 0 to about 25, with the proviso thatp<m’;s<m’;andp +s > 1.

10
Preferred compounds of Formula (III) are those wherein from about 2% to about 98%
of the Y’ units are Z(O(CRzz)z)y,O-, wherein Z is an acyl group and y’ is 1 to 6, and
from about 98% to 2% of Y’ units are -OR?, such as compounds of Formula (IIT)
wherein Ar is naphthalene; from about 2% to about 98% of Y’ units are

15 ZOCH,;CH,0-, from about 98% to 2% of Y’ units are -OCHjs; and L’ is CH,.
Particularly preferred are compounds of Formula (III) wherein Ar’ is naphthalene;
from about 40% to about 60% of Y’ units are ZOCH,CH,0-, and from about 60% to
40% of Y’ units are -OCH3; m’ is from about 2 to about 25; p is from 1 to about 10;
and s is from about 1 to about 10. Preferably, group Z of Formula (III) is derived

20 from a polyalkyl or polyalkenyl succinic acylating agent, which is derived from

polyalkene having Ma of from about 100 to about 5000, or a hydrocarbyl isocyanate.

Compounds of Formula (IT) can be derived from the compounds of Formula (I) by

reacting the compounds of Formula (I) with the acylating agent, preferably in the



15 ZOCH2CH2O-, from about 98%to 2% of Y' wunits are -OCH3; and L' is CH2.
Particularly preferred are conpounds of Formula (lI11) wherein At' is

napht hal ene; from about 40%to about 60% of Y' units are ZOCHZCH2O-, and
fromabout 60%to 40%of Y wunits are -OCH3; m is fromabout 2 to about 25;
pis fromlto about 10; and s is fromabput | to about 10. Preferably,
group Z of Fornmula (I11) is derived 20 from a pol yal kyl or pol yal kenyl

succi ni ¢ acyl gbidide 898 NGuidWeidrdl vt AGER ¥EGfohRMcid8leY Aol h .of from
about 100 to lZ‘%Olﬂe5000§mor a h§/ rocar byl iFgogyghé?egx%iocgén%g%sggﬁ‘ﬂ@é?m| a

(1'l1) can be dand, patatélpenn sulienicgrisiounpdbypbbspborinatid of lajsolig acideawtyshgnchiae

conpounds of [For nyl I i t.h t acyl at i. ng .agent referably in the -11-
presence of a‘Embgﬂ?’sg'_ lgc%glvgg'é{?’ %ﬂ{;g??oq%‘?fc Hméegalsagﬁ_]%?ﬁ @r pgyien %&ﬁpbosag%cyl
benzene sul f ogid; at ddrfiperRaredfGtdte BBout 0lth @BdR 380, REfeRBIYRERSIBE §Cwaci d or a
solid acid catalyst such as Anberlyst-15, Anberlyst-36, zeolites, m neral

aci dbcl ay ‘or aheny2r®R. Jdndepesbaee cenditiaris dthe areferradeprdgrwieny suasinié r om about 0
t t 300C, preferably f hout 50 to 5 about 250C. . the ab
condittons, e BRERERRe 5 ity o8 o a8t Rl e Ry m

di esters, acigo@flley or Jattune esters with the conpound of Formula (1).

Compounds of Fornula (Il1) can be derived fromthe conpounds of Formula (1) by
10 reacting the conpounds of Formula (1) with the al kyl ating agent or

aryl ati ng agent r gf Ly i-h the prese of _triphenyl phosphi and
G 2t hyl "Szod CampaRidE of EBma il Lo B0 rmhe LORGR PEGERI S5 431 i
acid, e.gio dedaty thbesmapanadsdf Fomnda (I96id, thoalkaghg et SH hifyPiling agéned Or

pol yphosphoric acid or a solid acid catal yst such as Anberlyst-15,
Amber | yst - 36, preksatily #sthe prasencel of sdphenylphosphine andglietbyl zedigpbexsynsri c 15 aci d;

2 2, emper atysenl I AT R QRIS VEFROGAPLE! SERRndeOm Ao, °0 Lo

about 250C. ating ol rons”’contain om about

0. 005 to 15 nmsé pératolpes wilfahicyacid @Podpduphorid atid craculid acidRatl Y suthrae
preferably fromabout 0.5 to about 20 2 mass % of a conpound of Formul ae (1)

and/or (11), prbedydtSy AmbsHyHbuzediterominegal psidwlayonyngsiethpelyphiasphetithout 0. 1
to about p mags,% g’%%r&h?efoefrf?&%XbéJt%%%B&H%&é préRrBRPHEm2bTRES @ Of @

conmpound O ot il
about 250°C.

Preferably, the lubricating oil compositions contain from about 0.005 to 15 mass %,

preferably from about 0.1 to about 5 mass %, more preferably from about 0.5 to about
20 2 mass % of a compound of Formulae (I) and/or (II}, preferably from about 0.005 to

15 mass %, such as from about 0.1 to about 5 mass %, more preferably from about 0.5

to about 2 mass %, of a compound of Formula (II).

Oil of lubricating viscosity useful in the context of the present invention may be

25  selected from natural lubricating oils, synthetic lubricating oils and mixtures thereof.
The lubricating oil may range in viscosity from light distillate mineral oils to heavy
lubricating oils such as gasoline engine oils, mineral lubricating oils and heavy duty
diesel oils. Generally, the viscosity of the oil ranges from about 2 centistokes to about
40 centistokes, especially from about 4 centistokes to about 20 centistokes, as

30  measured at 100°C.

Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil); liquid

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



Ol of lubricating viscosity useful in the context of the present invention
may be 25 selected fromnatural lubricating oils, synthetic lubricating oils
and m xtures thereof. The lubricating oil may range in viscosity fromlight
distillate mneral oils to heavy |lubricating oils such as gasoline engine
oils, mneral lubricating oils and heavy-tlty diesel oils. Generally, the
viscosity of the oil ranges from about 2 centistokes to about 40

centi st okes, gERMERIAhhphthérdMmbked parfiit-hpliasnit 6ypRPOOs 3O1ubeAtS Okes, as
30 neasured at 100C. tural oils include animal oils and vegetable oils

(e.g., castorVigegsity degi vpddrom copliqshale alse seryp anmsedilibasedids- hydr or ef i ned,
solvent-treated or acid-treated mneral oils of the 12- paraffinic,
napht heni ¢ and m xed paraffinic-naphthenic types. Qls of |ubri cat i ng

vi scosi ty der $yurhkkticriobficaial ofls irhal yadlos arbse bile ambhals 8 libdtitixad ydrot&bon
Synt heti c Iubrlcatlng oi I s include hydrocarbon oils and hal o-substituted
hydr ocar boh  %lsiuch a%H‘éleﬁyepbﬂﬂrfﬁ‘ieF%Hanloﬁﬁ B 0By REIPRENShef i ns (e. g.

Doty e BB IR BRI R AR, WG SR KRSy o o Nt ed
al kyl benzeneSpc(lgs(1g1e,xene:i;9>qm¢y(nhﬁ&neﬂepolymedercan@ke;t)yhlh@memss (eclg. nonyl benzenes,

di (2- et hyl hexyl ) benzenes); pol yphenyl t er phenyl s,

al kyl ated pol @He?wnesawaaw e&?faﬁs,t%nwﬁr@ﬁ@nesél ?t@ylaﬁaylgtrewr&ﬁbd

di phenyl sulf t so useful
are syntheti cf)%yﬁseﬁggr(?gég@r 0%1?’ te%gga)?%% ?%86[?@%%2158) fa!ragm Pts@lher Tropsch
synt hesi zed h@aghmae&hersand\MHdeechdlphﬁmlrmﬁhgs zrrelf@nwetdvet analsgyyasl Homoldgsqui d,

or "GIL" base oil &%g A‘l“ékill ene oxi de poly rs and interpolynmers and
derivatives tiherebrAlRareul fre syRBeUR ok derly B'segﬂ %@Sdaﬁfguwawecqﬁé&ﬁmmd.f. ed by

esterificatiopg et H%glssf:h Fzrhh%ahgd%’yﬁmcarbﬁﬁé‘ Hn;HJﬁrg g@-?ﬁc&g}f re?éxgezftke% gﬁ{'{a\/\ﬂ

synthetic lubricatin se are exenplli yOX

pol yners pr epbqed, dry'Gitd/ yhaee oitsat i on of et hyl ene oxi de or propyl ene oxi de,
and the al kyl and aryl ethers of polyoxyal kyl ene polynmers (e.g., nmethyl 20
pol yi so- propyl ene gl ycol ether havi ng a nol ecul ar wei ght of 1000 or di phenyl

ether of jpol xr iéﬁ)é' [b% éﬁy ah‘d’fﬂt&ﬁol maR! YAV atRE %e&fmﬁ:@@@wt 0 1500);
and nono- and ol ycar ICc esters t ereo for exanple acetic acid
est ers, m xedte@8maBhydudxy groups have been modified by esterification, ethenfication, etc.,
constitute another class of known synthetic lubricating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-
20  polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether
of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and

polycarboxylic esters thereof, for example, the acetic acid esters, mixed Cs-Cg fatty

acid esters and Ci3 oxo acid diester of tetraethylene glycol.

25  Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,

30  2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol).
Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl) sebacate,
di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl

phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexy! diester of linoleic



acid esters and C13 oxo acid diester of tetraethylene glycol. 25 Another
suitable class of synthetic lubricating oils conprises the esters of

di carboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids
and al kenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebasic
acid, fumaric acid, adipic acid, linolet¢3acid dinmer, malonic acid,

al kyl mal oni ¢ acids, alkenyl nmalonic acids) with a variety of alcohols (e.g.,
butyl al cohol acid@er, éﬂditﬂt’)@bmf)léﬂfé%worﬁk@ﬁ?%actlﬁé)oﬂ)e ﬂbWéﬁ%@B&@lc g gl

et hyl ene gl ycol, dlethylene monoet her, propyl ene glycol). SpeC|f|c
exanpl es of  sirshmeles ef Etiapdly eglyapwxdywoamlpmf@ eldiylhexendig/adidxyl ) sebacate,
di - n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl

azel ate, dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the

2- et hyl hexyl Hitestueefubiis dyntietiiofls alsd Shciiedhsbe idde fasel Cs @ CORPhRAIRXYRE
formed by reacting one nole of sebacic acid with two noles of tetraethylene
gl ycol and t werigdkpinspabyolpand prlyolenigrioiueh at neppepyt glysoly yimethylatpregasehet i c oi | s

al so incl ude %Q@éﬁg: ﬁﬁ‘558“3gﬁhbg¥9%fﬁﬁgﬁ&8§@?ﬁé¥"C 5 acids and pol yol s

and pol yol ers ‘as’ neo hyl ol pr opane,
pentaerythrltol dlpentaerythrltol and trlpentaerythritol Silicon-based oils

such as the polyal kyl -, poly yal koxy- pol yaryl oxysilicone oils
and silicate &lllcgn @e&?ﬂrq%éuwth%poluélémpquaaxls Rﬁlyaélwﬁyh@ﬁ c 10 lubricants;

1 ) SebHYE IR AELA15 b Rl L BHSOBARY sl LERI syhifbia (2

tetra- (p-tert kubtitatts; rsbelntyllls)mclsldé te(maétﬂyl 5111cate tetralsopropyl S1l1cate tetra-(2-
hexa- ( 4- met hyl - 2- ethylhex ) di sil oxane, poly | oxanes and
S

pol y( net hyl ph@thw 6y e}s@éfﬁegetracﬁf*rfe¢thsly%fwéiheéylo%b?%éﬁtﬂh@ rtrutylphepyd | i qui d

esters of ph r , te, trioctyl
phosphat e, di gtﬁ Eeﬂ? h%?és?grt@l fgecy%l hos é%}%p&@.rﬁ‘?ﬁzlﬁédl ?%%Eral C
t et rahydr of ur paﬂy(mé[hﬁpmdyl)eﬂoﬂaubsr i Othier mtheltls datsidagingraiys momde ligeideestaronhd |,

Goup 11 or Goup Ill, base stock or base ojl blends of the aforenentloned
base st ocks. PHPRTaB- gontgiRgaidsag-2.-» frifsesyE RR9SRBRIG: (6ieeiyl PRosphate, ditiih 11 or

Goup |11 pasgstétoq%c lgﬁ é@hml&(%‘#a ngi 1ﬁﬂéﬂﬁﬁ%rflﬂi§§9f]}lmlﬁture of a Goup I base

stock and one or oup oup erably, a nmjor anount
of the oil of Iubrlcatlng viscosity is a Goup Il, Goup 111, Goup |V or
Goup V base 'ﬂlg gllf of lcl)erngatlmngX\}léJcroglt)tl Qﬁ; %cc))rfnpns-,léhz? G?(?uspel (s}trc?ucpkﬂ o? E}rgl?psﬁl %Easoec k blend

stock or base oil blends of the aforementioned base stocks. Preferably, the oil of

lubricating viscosity is a Group II or Group III base stock, or a mixture thereof, or a

20  mixture of a Group I base stock and one or more a Group II and Group IIl. Preferably,

a major amount of the oil of lubricating viscosity is a Group II, Group III, Group IV

or Group V base stock, or a mixture thereof. The base stock, or base stock blend

preferably has a saturate content of at least 65%, more preferably at least 75%, such

as at least 85%. Most preferably, the base stock, or base stock blend, has a saturate

25  content of greater than 90%. Preferably, the oil or oil blend will have a sulfur content

of less than 1%, preferably less than 0.6%, most preferably less than 0.4%, by weight.

Preferably the volatility of the oil or oil blend, as measured by the Noack volatility

test (ASTM D5880), is less than or equal to 30%, preferably less than or equal to 25%,
30  more preferably less than or equal to 20%, most preferably less than or equal 16%.

Preferably, the viscosity index (VI) of the oil or oil blend is at least 85, preferably at

least 100, most preferably from about 105 to 140.



preferably has a saturate content of at |east 65% nore preferably at |east
75% such as at |east 85% Mst preferably, the base stock, or base stock

bl end, has a saturate 25 content of greater than 90% Preferably, the oil or
oil blend will have a sulfur content of less than 1% preferably | ess than
0.6% nost preferably less than 0.4% by-wi-ght. Preferably the volatility
of the oil or oil blend, as neasured by the Noack volatility test (ASTM

D5880) , is | epgfihiidis Rir (RAIBAE stoRkPD baRE Bl imakisintedsidn hRAhe UmERbsd 0 25%
30 nore preferably |l ess than or equal to 20% nost preferably | ess than or

equal 16% PfanhdrableyAmeneankosioteim Insiiwere0ARIYpYblishtioméErgine Ofl lacensisigend i s

at | east 85, preferabl | east , 100, nost preferab fro ut 105 to 140.
-14- Definiti (Q)rh‘g&?% 10?%%13%%%%11 sﬁ%%%gygﬁgl?ﬁ?gwﬁtpgn i hthrltﬁeg[H ﬁ‘?fﬁﬂ?’i on are the
sane as thoseDetahid 1996, AddehdBihi IC BRcdIahdrAb98INSia publidttion cABkdrudbhicat i on
"Engine G| Licensing and Certification Systen, Industry Services

Depart nent3 F&i@eksesipow®i ti on, Decermber 1996, Addendum 1, December 1998.
Sai d publication categop.zes I - 0 base
stocks contain | esgf t han@réﬁJ %o'gagggtr?f l?séoﬁnﬁaﬁnﬁeg%&gﬁ%ﬁ é)g}[g%ﬁtrse%lfrge > ? ﬁ(giﬁr 0. 03

percent sul fur and havegﬁ:ateirmf’d.@ydpdrdfﬁiﬁmlgjr%ﬂﬁﬁﬁvdilaigcosﬂtﬁf immaébreattértﬁﬁh and
| ess than 120 using the test nethods specified in Table 1. 10 t) G oup I

base stocks contain gre8t equal i) ad lesihan 129 wingfbe sashmethods gpastfied iand | ess
than or equal to 0.03 p%r@gqt sul fur and have a viscosity index greater than
or equal to 80 and | ess fhan 120 using the test nethods specified in Table

1. c) Goup Il basp stk dbaiesisekycomair greianthed oegjval ot Rocaper cent 15
saturates and | ess than or equal to 0.03 percent sulfur and have a viscosity
i ndex greater than or eé&tigtatesand jays than ey cawd to BB prsenowdfur apbliaveiaed in Tabl e

oS SUP LY, e oSk e 4 ¥ B R g 7L

test methods specified in Table 1.

c) Group I1I base stocks contain greater than or equal to 90 percent

15 saturates and less than or equal to 0.03 percent sulfur and have a

viscosity index greater than or equal to 120 using the test methods
specified in Table 1.

d) Group IV base stocks are polyalphaolefins (PAQ).

e) Group V base stocks include all other base stocks not included in

20 Group [, IL, I1I, or IV.

Table I - Analytical Methods for Base Stock

Property Test Method
Saturates ASTM D 2007
Viscosity Index {ASTM D 2270
Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

The lubricating oil composition includes at least one overbased metal detergent. A
25  detergent is an additive that reduces formation of deposits, for example, high-

temperature varnish and lacquer deposits, in engines; it has acid-neutralising



Table I - Analytical Methods for Base Stock Property Test Method Saturates
ASTM D 2007 Viscosity Index ASTM D 2270 Sul fur ASTM D 2622 ASTM D 4294
ASTM D 4927 ASTM D 3120 The lubricating oil conposition includes at |east
one overbased netal detergent. A 25 detergent is an additive that reduces
formati on of deposits, for exanple, high-lfenperature varnish and | acquer
deposits, in engines; it has acid-neutralising - 15 properties and is capable

of keeping fi pRipyrids uhdiREapabié BkdePingURRBNGN R sblids ifi shepefdoRNIt i§B4s8H on
"soaps”; that is metal salts of acidic organic conpounds, sonetines referred

to as surfacteh ssoags athpsisspetehtalts ofpsidlis sganiqrsinapounds gomicti mearafermrg to

hydr ophobi c t%{érf%ﬁﬁ%e anounts of a netal base are included by reacting an
excess of a T conpound, such as an oxide or hydroxide, with an acidic
gas such as carbon dioxide to give an overbased detergent which conprises
neutrali sed detergent as the outer layer of a netal base car bonat e)

micel le. 10 TRelcas@t gempripes amobardicas Mythariong kmrppm%lallo&‘awwq% &R th
metal additiv eﬁh‘BE'se e ﬁf&ma%%ﬁ@%ﬁfi’g ol Lxc%gd&ba!ﬁgt% eﬂéc{u‘i\gsgx%ﬁ%k‘a Sxfed! cium

rragne3| um sodl um or Ium Sa a surrtactan rom pneno
sul phoni ¢ aci dr hgetidxwittcaragiidic gadich ik carbeg dibxaiedo ghapdt herbagedici d, wher ei n

the overbasing is provided by an oil-insoluble salt of the 15 netal, e.g.
carbonate, ba ?térgeatr%@ﬁh@@mpa@eétnawéah% ApigEgsnt apthe owter kayer ofgumetd BasepiEch | s
stabilised byc&g§hégl msghdbl e salt of the surfactant, The netal of the
oi |l -soluble surfactant salt may be the sane or dlfferent fromthat of the
nmetal of the oil-insoluble salt. Preferably the netal, whether the nmetal of
the oil-soluble surfactant salt or oil- insoluble salt, is calcium

The detergent is preferably an alkali metal or alkaline earth metal additive such as an

overbased oil-soluble or oil-dispersible calcium, magnesium, sodium or barium salt of

a surfactant selected from phenol, sulphonic acid, carboxylic acid, salicylic acid and

naphthenic acid, wherein the overbasing is provided by an oil-inscluble salt of the

15 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 surfactant salt or oil-

insoluble salt, is calcium.

20

The TBN of the detergent may be low, i.e. less than 50 mg KOH/g, medium, i.e. 50-

150 mg KOH/g, or high, i.e. over 150 mg KOH/g, as determined by ASTM D2896.

Preferably the TBN is medium or high, i.e. more than 50 TBN. More preferably, the

TBN is at least 60, more preferably at least 100, more preferably at least 150, and up

25 to 500, such as up to 350 mg KOH/g, as determined by ASTM D2896.

Surfactants for the surfactant system of the overbased detergent 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

30  composed of hydrogen and carbon atoms and is bonded to the remainder of the
molecule via a carbon atom but does not exclude the presence of other atoms or
groups in a proportion insufficient to detract from the substantially hydrocarbon

characteristics of the group. Advantageously, hydrocarbyl groups in surfactants for



20 The TBN of the detergent may be low, i.e. less than 50 ng KOH g, nedi um
i.e. 50- 150 ng KOH g, or high, i.e. over 150 ng KOH g, as determ ned by ASTM
D2896. Preferably the TBN is nmediumor high, i.e. nore than 50 TBN. More
preferably, the TBN is at |east 60, nore preferably at |east 100, nore
preferably at |east 150, and up 25 to 5006-such as up to 350 ng KOH g, as
determ ned by ASTM D2896. Surfactants for the surfactant system of the

over based det giedfAtcdfice wathl e ﬁﬂzeﬁ@érna@tahpma%sg&ro@ﬂe BHEn @rktyybr AkPRe for
exanple, as a substituent on an aromatic rin ?ern1" ydrocar byl " as
used herein ng@hps. ehpeciallyaligl grgupsonlieh n@dbpgmpan qmrancbedsoTh@mdslgmbglr

hydr ogen and on at ons nd IS b e |nder cule via
2 Garbon at onP Bt ooRe o PRt et HE Bk st SRGERCP iBoan et oupe 1 n
a proportion bipsoiubiligy.ent to detract fromthe substantially hydrocarbon
characteristics of the group. Advantageously, hydrocarbyl groups in
surfactants for - use in accordance with the invention are aliphatic
groups, prefe I o) es I s, which
may be |inear @e?—. anéﬁ ﬁc?ﬁgrh{gotﬁ Q?ete t‘é'%?ay Igoglrgogmuétzg‘hrréylpm%r%ﬂ
surfactants shfphizee. Burtheahe te&m"fphsmcﬂﬂhs lﬁsadlhemfmctdaes piehols@dntaining
oil-solubility. 5 Phenols, for use in preparing the detergents may be

non- sul phur i zB@rethan pn@hﬁkawlﬁroups@q)rmmp alkylg:mtqqh@h) of fised @qoma'tlsrﬁ@ﬁ@n " as
used herein i t 0 (for
exanpl e, aIkyﬂﬁ}a%$§H§P§§9 @%%??gkgwggggbngPO%QQS% &n EP

napht hol s)o anfba&hﬁﬂ@érﬁexﬂﬁpwalfkmeﬂeibaeged@ﬁhblsadd Marmtbema@@hoﬂ&nmiactl on, for
exanpl e, al kyl ene-bridged phenols and Manni ch base-condensed henol s; and
sal i geni n- t ypBhemelsaandsaligemarrephspols Karoduesdthyghe sracaoppichphenghandan  al dehyde

ugzdegli)aigcR;g,ggwdeqlgagrbal;’ircecgﬁallhggs)phenol s may be derived fromthe fornul a:

Preferred phenols may be derived from the formula:

OH
|
N \
15 Ry
where R represents a hydrocarbyl group and y represents 1 to 4. Where vy is greater

than 1, the hydrocarbyl groups may be the same or different.

The phenols are frequently used in sulphurized form. Sulphurized hydrocarbyl

20  phenols may typically be represented by the formula:
OH OH

T

N \
Ry

where x is generally from 1 to 4. In some cases, more than two phenol molecules

may be linked by S, bridges.

25  In the above formulae, hydrocarbyl groups represented by R are advantageously alkyl

groups, which advantageously contain 5 to 100, preferably 5 to 40, especially 9 to 12,



where R represents a hydrocarbyl group and y represents 1 to 4. Were y is
greater than 1, the hydrocarbyl groups nay be the sane or different. The
phenol s are frequently used in sul phurized form Sul phurized hydrocarbyl 20
phenols may typically be represented by the fornula: OH OH Ry Ry where x is
generally from1l to 4. In sone cases, noré7than two phenol nolecules may be
linked by S, bridges. 25 In the above fornul ae, hydrocarbyl groups

represent ed byarBorasemsdmantaggonshiyeral kybon gtrcmpﬁ all\Wi kiR aebupebageaus! y
contain 5 to 100, preferabl 5 to 40, especia 9 to 12, - 17 carbon atons,

the average nlfaB&ingrdese B@Wﬁ‘a@dﬁﬂﬁmp ﬁolabllhtsom QIhePeregﬁeélaB@I BEJURE aggtnonybast 9
in order to egﬁyﬁrg R al& solubility in oil. Preferred alkyl groups are
e ot

nonyl (tripr 5 1n the foll ow ng discussion,
hydr ocar byl - substituted phenols will for convenience be referred to as al kyl
phenol s. A sul phur.i ZI ng agent for use in preparing a_ sul Phurl zed phenol or

phenate mey bl BRfol Q’r‘ﬂﬁ%éﬁﬁ'&ﬁst?rﬂ Brdspemby luivbEHuten Phetlc wd! for spnvenisneelbe ng

gr oups betmee&férpe% lé)éikyi.ﬁheqlla%nol nononer groups, wherein x is generally
from1l to about reaction my be conducted with el enental

sul phur or a hallde t hereof, for exanple, sulphur dichloride or, nore
preferably, E‘lsr” .nonochl or| de. If elenmental sulphur is used, the

sul phuri zatio fizi9g agel} Tpkuserp prapaanghy sypbynzed PPFFE’IQF RD‘FH%@HBPG é®¥pound
at from50 t t: g.[gg,m sul phur
will 15 typi cg ﬁé&ndl%rr eg{e?npiv%‘h@én&@%gs ﬁg?ng g%l;l%groldﬁ%gex(”-eggs S)gl’l bed

above. |fl@ sphguolimonbmkbt gieup$ wheeth x ishgenstally Hirom 2 ad aloout He dthink,ahe rmytldne

effected by treating the al phenﬁ at from-10 to_120, preferabl
| east 60, C. TREbesarquctd W es@ee@ %B’t”é@fﬁﬁalt‘qife[heﬁﬁp’{%@éﬁﬁ‘énﬁ’fle éulgbvrt abI e

difuent. The gdichiant oAMAYHAGEANS! YufRIREdrReRIofd é”ﬂ%‘iéﬁ'&dtﬁ'shbﬁhﬁf f&Jskg,0r gani

di luent, for exanple m ner ane n any event e reaction 20
i s conducted ftmrsuh)hpﬂzatxmd redctibn mysbnfeﬁecneérby h’eanrg‘theatkyi;plhmﬁohcrbmprbunrdemctl on.

Irr;[at Ie?i g?nggfl Ir om 0 to rSBe[C)ire}erab?)rlTEt Xst 168@ ’IJhe use of (rarlgln%gta?];ul%)t?uer v\?ill kyl phenol
15 typically yield a mixture of bridging groups -(S);- as described above. If a sulphur
halide is used, the sulphurization 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
20  is conducted for a period of time sufficient to effect substantial reaction. It is
generally preferred to employ from 0.1 to 5 moles of the alkyl phenol material per

equivalent of sulphurizing agent.

Where elemental sulphur is used as the sulphurizing agent, it may be desirable to use
25  abasic catalyst, for example, sodium hydroxide or an organic amine, preferably a

heterocyclic amine (e.g., morpholine).
Details of sulphurization processes are well known to those skilled in the art.
30 Regardless of the manner in which they are prepared, sulphurized alkyl phenols useful

in preparing overbased detergents generally comprise diluent and unreacted alkyl

phenols and generally contain from 2 to 20 mass %, preferably 4 to 14 mass %, and



equi val ent of sul phurizing agent. \Were el enental sul phur is used as the

sul phurizing agent, it may be desirable to use 25 a basic catalyst, for
exanpl e, sodi um hydroxi de or an organic am ne, preferably a heterocyclic

am ne (e.g., norpholine). Details of sul phurization processes are well known
to those skilled in the art. 30 Regardl esggof the manner in which they are
prepared, sul phurized al kyl phenols useful in preparing overbased detergents

general |y conpiokSgefidbiehio 8 fhabdvh SRFIHAE bl ¥h (hPRedUrshafdpisnel aldyy contain
from2 to 20 mass % preferably 4 to 14 mass % and -1R nost prefe?ably 6 to

12 mass% sul pnolbased on the mass of the sul phurized al kyl phenol. As
i ndi cat ed above, the term "phenol"” as used herein includes phenols that have
been 5 nodified by chem cal reaction with, for exanple, an al dehyde, and

Manni ch base- AgomAensEsbavBane tdim "Phaehy dessewhtRinht RidePMemnelssharavesediodi f i ed
i nclude, for exanple, formal dehyde, propional dehyde and butyral dehyde. The

preferred &l dawdifeediby cheminsl rapyerewithope xiaiplelanrabdiihy e ang Manslich Baget abl e f or

use are descri bnedj ie@’ fm(l)r1 exanple, US-A-S 259 967. Manni ch base-condensed
phenol s are pF%pSP% 1%& ?fe reaction of a phenol, an al dehyde and an am ne.

Exanpl es of suitable Mannich base-condensed phenols are 15 described in
GB-A-2 121 432. In general, the phenols may include substituents other than

t hose nenti ondddehydesavitippbichdbdnaelh may dganpdifigsbine uderfos extonpletforpaldefode,

ignifi ly _f f [ h I I f
ueh subet i 1 yBRPOR ARG e R Ve d wbe BTSRRI RWETT €0 e

used in acgor dadehgdavniodiflddephicnyle Biiitadie foaMsd @e destribed Bt) ér exashp®, USsSAlphuri zed,
and may be chenmically nodified and/or contain additional substituents, for
exanpl e, as d?8%88&sed above for phenol s. Processes simlar to those described
25 above may al so be used for sul phurizing a hydrocarbyl -substituted
salicylic acid, and are well known to those skilled in the art. Salicylic

acids are typMuahich basepsidesscdphbids are prepared by the reaction of a phenol, an
aldehyde and an amine. Examples of suitable Mannich base-condensed phenols are

15  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

20  halogen atoms.

Salicylic acids used in accordance with the invention may be non-sulphurized or
sulphurized, and may be chemically modified and/or contain additional substituents,
for example, as discussed above for phenols. Processes similar to those described

25 above may also be used for sulphurizing a hydrocarbyl-substituted salicylic acid, and
are well known to those skilled in the art. Salicylic acids are typically prepared by the
carboxylation, by the Kolbe-Schmitt process, of phenoxides, and in that case, will
generally be obtained (normally in a diluent) in admixture with uncarboxylated
phenol.

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

in the above discussion of phenols. In alkyl-substituted salicylic acids, the alkyl



car hoxyl ation, by the Kol be-Schmtt process, of phenoxides, and in that case,
wll generally he obtained (normally in a diluent) in adm xture with

uncar hoxyl ated phenol. 30 Preferred substituents in oil-soluble salicylic
acids from which overbased detergents in accordance with the invention may
be derived are the substituents representdf-by R in the above discussion of
phenols. In alkyl-substituted salicylic acids, the alkyl -19- groups

advant ageouslgr&%@h@vaﬁta"geb@s @&talﬂrs%qoaq{ryfe&bwg&%o%§ 1B 141006, t 0 20,
carbon atons. Sul phonic acids used in accordance Wi th t i Avention are

typi cal | y obt afthesapyns. 5 sul phonati on of hydrocar byl - substltuted especially
al kyl -substituted, aromatic hydrocarbons, for exanple, those obt ai ned from
the fractionation of petroleumby distil | ation and/or extracti on, or by the

al kyl ati on of Safphohiciagiddyigédiaakbsasnce vﬁnaﬂmehra&ntlmhﬂédsapﬁeme@atghé@bped by
al kyl ati ng benzene, tol uene, glene napht hal ene,  Dbi or their hal ogen
derivatives, ﬁ@lph@aaézﬁm%hy@ﬁw Yhwhsidned, esnedalbt @Jkyﬂeﬂgs@pteﬂoaromauc

el or onapht hal G Bl s Qo (REOHRL G AT BESORNR IR BEGRLALSY ot I 1

the presence a cata agent's havin nore than

100 car bon aﬂcsﬁﬁan@um’mi/mxtrﬁaroneasﬂmhe,audwdt@naifafd‘mai& hy@hﬁ:fatbb‘hst hat may be
obt ai ned by dehydrogenation of paraffins, and polyol efins, for exanple,

pol ymers of et 1%mcllmedbyﬂe@bémnw@kylbm&b@ze%@lam@yrmw naphtpaent. c
s aSa L AR G QRS BBl SRR oY RL B 20! Y

aromati ¢ noi ethlorshapehaliensg Amyudnﬁnmufmtﬁcmmo@hﬂb@hs mah &y cam%d@latanﬂed Wien
neutralizing these aIkyIaryI sul phoni ¢ acids to provi de sul phonat es

hydr ocar bon s resetrel arsarabyst with gtkrativg|agentapaving fope3 [neptsdaan {00 @%@011 eacti on
m xture, gﬁulrrL a?\?chpars E;‘?z[n? ’]%lo aPatf] toYefﬁ?ﬂﬁahﬂ{aﬁ%%%%a? t her type of

sul phon| C aCI e US CCOI’ ance e 1 nven conpri ses
al kyl phenol ﬂamm@gvnatlmmﬁtmrafﬁugmnatpbr}hming faﬁemmamobﬁnaﬂbpbnh[yleﬁe,d. 25

Whet her sul phuri zed or non-sul phurized these sul phonic _acids are believed to
have propylene, and/or butene. The alkylaryl sulphonic acids usually contain from 7 to 100
15  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 sulphonic acids to provide sulphonates,
20 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 sulphonic acid that may be used in accordance with the invention

comprises alkyl phenol sulphonic acids. Such sulphonic acids can be sulphurized.
25  Whether sulphurized or non-sulphurized these sulphonic acids are believed to have

surfactant properties comparable to those of sulphonic acids, rather than surfactant

properties comparable to those of phenols.

Sulphonic acids suitable for use in accordance with the invention also include alkyl
30 sulphonic acids, such as alkenyl sulphonic acids. In such compounds the alkyl group

suitably contains 9 to 100, advantageously 12 to 80, especially 16 to 60, carbon atoms.



surfactant properties conparable to those of sul phonic acids, rather than
surfactant properties conparable to those of phenols. Sul phonic acids
suitable for use in accordance with the invention also include al kyl 30

sul phoni ¢ aci ds, such as al kenyl sul phonic acids. In such conpounds the al kyl
group suitably contains 9 to 100, advant&feously 12 to 80, especially 16 to
60, carbon atons. -20- Carboxylic acids that may be used in accordance with

the inventi onQaftwixylie adtograt magdbelhmrlb@@drﬂﬁlcawldﬁhe Rrvehesd @dlude aagar boxyl i ¢
acids are those containing 1l to especially 8 to 24, carbon atons., (Were

this specificabd 6ﬁaibﬁaylefa%%d§ tméfeﬁﬁ%ﬁ&nowbowﬁ 36is AtedhRss GPNiRIRiAL 669991 c
aci d, the car '@fﬁécﬁh B34l éhn%&eat ﬁlebgmé le Ghid s PR lioh SR festhk gﬁﬂnﬂaﬁ& ' n t hat

nunber ) Exanpl'e nonocar oxy S are i so-octanoi c acl ste

acid, oleic acm@pnpahmnhmmaﬁmmgh@mﬂdbﬁbanbmwannmg1hﬂ&nﬂﬂkﬂghbgnﬁ¢(g1ﬂmy |f
de5|red be used in.the formof the m xture of acid i soners sold Exxon
Cheni cal s and#¥ ltdr?é i thalBumbere E@R%Jﬁ%?ﬁ:monwy%ﬁft’l%?ré R éﬂfihose

wth tertiar \éte 1!1%!&1%9@1@%31&@@0 218 H PO A Ch- 9&9&‘619%)&@ ﬁtg'r ds with

nore than 2 10 car on at ons parating the carboxylic groups
di carboxylic desirkd, be tded imtredotrhaf thdanixfuve ob&aapd es,onﬁ'ﬁs $odd ﬂa@ﬂxxmar bon at ons

| t abl t t i d | ph Al th h
ali oyl i aci %eﬁ#) s e %369%%??8%@9@ Vit UG SOREASE Sl pr esent
[ venti on {heyerde GRORLAS Shd 0 A REPIAUENOR APRL: oHE [ EFL Al e, and are

not con5|dere 0"be car e acid actants oug t hey

contain amydmabysh a@heUpparafisg thlaeyrb@mm geupd Fortle, dibabokylkuwcidotignt s. )
Exanpl es of other surfactants which may be used in accordance with the
i nvention i n@ugEanga, f%wwlﬁ@%@n%uméon fens ger 3laaatuitgbls. (Unsplagated

napht heni ¢ _aci ?%Ho)él a[%?d%'c%b%x @gﬂﬁ&?”'pﬁkh%ﬁgrﬂ&h%ﬁﬂé Qz%]ﬂé EheBRSG %Fbo%@ .a' ky'

groups, dial ky on| o i ophosphoni c aci

kyl di t hi ophos @hmpl, foe tl@&pdﬁosehbﬂfherpﬂéseﬁuh%ntlomh@ﬁre constdeeschilol be £dcharard at ed)
al cohol s, dithiocarban c acids, thiophosphines, and dispersants. Surfactants
of these typeSrPOfiRITAcHI® WA pEs 1ot sQrsidared tod qappaxpilic agidl surfagiaiactNafi s of

o oo PURAUBTHLLG R ERERY B 08l LSS AR )
25 substltuted with a hydroxy group and an additional carboxylic acid group,
or 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
20  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-linked phenol type, or
dihydrocarbyl esters of alkylene dicarboxylic acids, the alkylene group being
25  substituted with a hydroxy group and an additional carboxylic acid group, or
alkylene-linked polyaromatic molecules, the aromatic moieties whereof comprise at
least one hydrocarbyl-substituted phenol and at least one carboxy phenol, may also be
suitable for use in the present invention; such surfactants are described in EP-A-708
171.
30

Further examples of detergents useful in the present invention are optionally

sulphurized alkaline earth metal hydrocarbyl phenates that have been modified by



al kyl ene-1inked pol yaromati c nol ecul es, the aromatic noi eties whereof
conprise at | east one hydrocarbyl -substituted phenol and at | east one

car boxy phenol, nmay also be suitable for use in the present invention; such
surfactants are described in EP-A-708 171. 30 Further exanples of detergents
useful in the present invention are optignally sul phurized al kaline earth
nmet al hydrocarbyl phenates that have been nodified by -21- carboxylic acids
such as st ear, i o ' [ - A\ 2

(LZ- Adi bi s) : Cgﬂ’é’ﬁgﬁéej%cé{ig{uég)éggﬁ %ﬁ%@‘?’ggﬁé?‘#pgﬁ%-d@%e@%g%&eé\?r%ozn ’ Also

sui t abl e for (LEeAdihis);hedphersBatts isdeseritiednin &PeA oVHr Gis@hesmendl conmpounds, 5
preferably overbased cal ci um detergents, that contain at |east two surfactant
groups, such as phenol, sul phonic acid, carboxylic acid, salicylic acid and

napht heni ¢ acAido suifdbRifol B iRehOPrestind G ehtYor B8 Bl &bkt En @l & hig material in

which two or nmore different surfactant groups are | ncorporated during the
over basi n§g prrocfesbly a@rimsedpdl @smafetdrgdnts, chataomnrinadt seasl tevoasurfavtanbgreens, cal ci um
salt of surfactant henal, and .sul phonj.c aci d;. an overbased .cal ci um salt of
i f actant s St ohengh SPBER i SaBrRiy i€ o sple ikt odl araie s 2
surfactants RRAMIy bedBRRANDE makhiEcBRb % ybfid!haeddiflwhdhdwoah myer based
calciumsalt of surfactants phenol and salicylic acid. 15 In the instance
where at | easlifferan soviaetbaisgrdupsetre incopopuerhdigingrtbe prearbasimg prangss. sui t abl e
proportions by mass nay be used, preferably the mass to mass proportion of
any one overbased netal conpound to any other netal overbased compound is in
the rangg OfEanesf AJbili® mARirals 3¢ 6MoREbAse@ CaIRind fhit & shffa8Bnis PREFRI RRET erably
from 20: 80 to 80:20;eSpecially from70:30 to 30:70; advantageously from

60: 40 to 40: 60lphogicBhig; my brdérbasdd calciyensalpfehdacibity phetol ankbsarboxylisasid; 5 mass%
of salicylate, more preferably.at.|least 10 mass% of salicylate. The hybrid
detorgent . pr anevanryed i fpae Ve frmeBR trplcEIR i X e seiine o

sal i cyl ate ang qvB@agdcaldiuhial By Qirfdtantieihehdent selaylibqciet er m ned usi ng

t echni ques such as chromat ogr aphy, spectroscopy 25 and/or titration, well
known to persons skilled in the art. The hybrid detergent may

15 In the instance where at least two overbased metal compounds are present, any
suitable proportions by mass may be used, preferably the mass to mass proportion of
any one overbased metal compound to any other metal overbased compound is in the
range of from 5:95 to 95:5; such as from 90:10 to 10:90; more preferably from 20:80
to 80:20; especially from 70:30 to 30:70; advantageously from 60:40 to 40:60.

20
The hybrid detergent preferably includes at least 5 mass% of salicylate, more
preferably at least 10 mass% of salicylate. The hybrid detergent preferably includes
at least 5 mass% of phenate. The amount of salicylate and phenate in the hybrid
detergent can be determined using techniques such as chromatography, spectroscopy

25 and/or titration, well known to persons skilled in the art. The hybrid detergent may
also include other surfactants such as sulphonate, sulphurized phenate, thiophosphate,
naphthenate, or oil-soluble carboxylate. The hybrid detergent may include at least 5
mass% of sulphonate. The surfactant groups are incorporated during the overbasing
process.

30
Particular examples of hybrid materials include, for example, those described in WO-
A-97/46643; WO-A- 97/46644; WO-A- 97/46645; WO-A- 97/46646; and WO-A-
97/46647.



al so include other surfactants such as sul phonate, sul phurized phenate,

t hi ophosphat e, naphthenate, or oil-sol uble carboxylate. The hybrid detergent
may include at least 5 nass% of sul phonate. The surfactant groups are

i ncorporated during the overbasing process. 30 Particular exanples of hybrid
materials include, for exanple, those des+ibed in WO A- 97/46643; WO A-

97/ 46644; WO A- 97/ 46645; WO A- 97/ 46646; and WO A- 97/46647. -22- By an
"overbased calciumsalt of surfactants"” is neant an overbased detergent in
which the nmetal cations of the oil-insoluble netal salt are essentially

cal ci um cat i dhsan “aearasedericinmssalifof guniastanesatip Bieantagovsebagekdeengentint he .

oi | -i nsol ubl - P I i cal- at
Ceast 90, for e Btafeqight ok ¥R RIefe ey EREkre EokenlTM FediBipialib

oi | -i nsol ubl eSmat amowet bf otherecatiahcmayrbe present Gathearibinedlnble rhéralsattabwti um  may

be derived, for exanple, fromthe use in the manufacture of the qgverbased

ot er gent Sof SPSHY A0eathBOJAME TRCAN LD, CH RGPl AMELS Mt oro! titan
calcium Pr ; [ the. suefac i Lum to
Pref erably,  tHECRER g b SR, maRl by Gl ARIGHIGRT llond TR B BRI, o s
at |l east 330magbddthgd, fooeeamplef feorabhe/usatin trearinuadurewf Kb wgrbased e

preferably at |east 400 KOH g, nost preferably in the range of from 400
to 600 ng KOHiEEreEio aégrf@r}gaftt% wah‘ﬁgtwla{l isgmgkd ethst thed cRifIuRSTM D2896. 15

Preferably, tHermHyn tal SHESERO L udk be JipLagati ng oil conposition is at
| east 0.5, pr e¥ er abl yeﬁlfg at Ee rangeu o#t%nr gsm %btaoCq , nore preferably from8
to 50, maes % based on the total anobunt of the lubricating oil conposition.

cont 11 but i ng BB TN (R by REt e enal o 1o B oV Steh Pl Bar 1 of
bor at e ot er e B e B O O a
det er mi ned bymAXIDH/g, most preferably in the range of from 400 to 600 mg KOH/g, such as up to
500 mg KOH/g, as determined by ASTM D2896.
15
Preferably, the amount of detergent in the lubricating oil composition is at least 0.5,
preferably in the range of from 5 to 50, more preferably from 8 to 50, mass % based

on the total amount of the lubricating oil composition.

20  The detergents may or may not be borated, and typically the boron contributing
compound, e.g. the metal borate, is considered to form part of the overbasing. The

detergent may include both a non-borated detergent and a borated detergent.

The detergents preferably have a sulphated ash content (as determined by ASTM
25  D874) of at least 0.85%, more preferably at least 1.0% and even more preferably at
least 1.2%.

The lubricating oil composition may include at least one dispersant. A dispersant is
an additive for a lubricating composition whose primary function is to improve engine

30 cleanliness.

A noteworthy class of dispersants is “ashless”, meaning a non-metallic organic

material that forms substantially no ash on combustion, in contrast to metal-



25 D874) of at least 0.85% nore preferably at |east 1.0% and even nore
preferably at least 1.2% The lubricating oil conposition may include at

| east one dispersant. A dispersant is an additive for a lubricating
conposition whose primary function is to inprove engine 30 cleanliness. A
not ewort hy cl ass of dispersants is "ashl eg83“, meaning a non-netallic organic
material that fornms substantially no ash on conbustion, in contrast to netal

- 23- cont ai ni Béhtain@RSRers AsH-QIrMinlY mat@iady. | Adhless ARPER SRS BoRPRISAIYME cRAAPT | se a
| ong chain hydrocarbon with a polar head, the polarity being derived from

i ncl usi on of , hxdrgcarben with apolyr hpdy thpolaiy beipgdsexedbBami isclusionobeghianid gr oup
that confers gi]l Did it Lng, f 0 0.. ap,.at ons.
Thus, ashl essﬁ(ﬁ)ir %ﬁ@?%‘arﬁhé" hﬁ%ocg%\é%#sg%ne&éoﬁﬁﬁgglioﬁggqaﬁ%{?neé%oqlg%gﬁlgtyhydr ocar bon

backbone havi hgvifigifiztek ample 49110 6ps cibah aras. Thapakhlesodispesae by fempideh
particles to be disggrsed. Exanpl es of ashl ess di spersants are succl ni m des,
e.g. polyi3ob#t ehsolublegiohyraerichycronarhps: bagklpnsdayingi fectiopalgErAdRR thaiirer oduct s
that may be b . . f , the dispersant is
preferably prg@%%%qﬁﬁggﬁggﬁgShﬁﬂﬁpgégﬁbge@%$ﬁgﬁgss % based on the tota
amount of the lubricant conposition. The lubricating oil conposition may al so

include at |east one anti-wear additive. The 15 anti-wear additive may be
metal lic or nbNeRREaP phlesy disperpast yresHecinipndasy e-2- Rl HyohusensrsygFinic

metal 1n the BoargcaR Rl et e FERABLER pRuk )l My R B SRR e 1

metal, or i@l um nium |ead, tin, nolybdenum nanganese, nickel or copper. Zinc

salts 20 are preferred, preferably in the range of 0.1 to 1.5, preferably 0.5
to 1.3, mass $hPressAs dprsEsanhis IERPLRISENHIM anAmQuR FoELY- ¢y S dhgss %,

ition. { R : ith k t echni b
composi t1 on. - FheY ofte R BREAR e [ BriBBRAGABRGRAHY L known Techni ques by

firstly formng a rocar osphoric acid (DDPA), usually by
reaction of one or nore alcohols or a phenol with PISS and then neutrali zing
the formed DDPA wi.th zi.pc co und. For 25 exanple, a dithi ophosphoric acid
may be made b?h?ﬁg&éﬁﬁﬁg% ] g(qlupcggt?qgfmﬁy?l%irry?@ﬁ@t lrégst one antclj-weara dlgvg The

15  anti-wear additive may be metallic or non-metallic, preferably the former.

Dihydrocarbyl dithiophosphate metal salts are examples of the anti-wear additives.
The metal in the dihydrocarbyl dithiophosphate may be an alkali or alkaline earth
metal, or aluminium, lead, tin, molybdenum, manganese, nickel or copper. Zinc salts
20  are preferred, preferably in the range of 0.1 to 1.5, preferably 0.5 to 1.3, mass %,
based upon the total mass of the lubricating oil composition. They may be prepared
in accordance with known techniques by firstly forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohols or a
phenol with P,Ss and then neutralizing the formed DDPA with a zinc compound. For
25  example, a dithiophosphoric acid may be made by reacting mixtures of primary and
secondary alcohols. Alternatively, multiple dithiophosphoric acids can be prepared
comprising both hydrocarbyl groups that are entirely secondary and hydrocarbyl
groups that are entirely primary. To make the zinc salt, any basic or neutral zinc
compound may be used but the oxides, hydroxides and carbonates are most generally
30  employed. Commercial additives frequently contain an excess of zinc due to use of

an excess of the basic zinc compound in the neutralisation reaction.



secondary al cohols. Alternatively, nmultiple dithi ophosphoric acids can be
prepared conprising both hydrocarbyl groups that are entirely secondary and
hydrocarbyl groups that are entirely primary. To nmake the zinc salt, any
basic or neutral zinc conpound may be used but the oxides, hydroxides and
carbonates are nost generally 30 enpl oyed24Comerci al additives frequently
contain an excess of zinc due to use of an excess of the basic zinc conpound

i n the neutr alrhs plef@fed ARCAih ProcarB ¢ dithisphBEstags fdoitkfabdishdsocar byl

di t hi ophosphates are oil -sol uble salts of “di hydrocarbyl dithiophosphoric
aci ds and naydibydrospbebdithiephaspharisencidsiandwiayde represantest by hREpIIGRNE) P(S) S] 2
Zn 5 where R gond I[‘%‘_ may be the sanme or different hydrocarbyl radicals
containing fr Mt o 18, preferably 2 to 12, carbon atons and i ncl udi ng

radi cal s such as al kyl, alkenyl, ARO)(R&DYP@h&YIZn al karyl and cycl oal i phatic
radi cal s. Particularlggﬁreferred as Rand RL groups are al kyl groups of 2 to

8 carbon af omsvherpRignd Rhamay dditlasamemngdifi¢ront hydapesrhy] radienlseeamdining frpmo py| |

| - |, n-butyd. l-b - but yl L. .n-hexyl,  1-hexyi 0 actyl,
ooyt dodecy o VerdEREiN2 o 2K EBPL s el RGRE S Hsaln B A o L beneny
net hyl cycl opepiyy|arylRIk§R @Myl aRd t@elvAliphhilc RIHQTs, IRt Ay prefehred @l RRINGIRY, the

total nunber of carbon atons }I .e. in Rand Rl) in the dithiophosphoric acid
wi || general | groupgas abeyl greums of 2 taf earbon @togshyldwscthe badicaly may.dphespinie.e can

therefore co i in di _al kyl dithi ophpsphates. 15 |f ent., the
anti - wear adg?%FvghiQ”%P%f%Pg@?g“ﬁg@gg%&ﬁyﬁSghggﬁgﬁﬁ?éﬁk%%gBﬁ%ﬁx¥%“3_o mass
% based oo tBeyt dbayl, @detylt o@hdekhie 2leubléteanlt pReHyD At ipldhyl, ERelohesij cat i ng

oil conposition may al so include at |east one anti-oxidant. The anti- 20
oxi dant may b&weHnilGiclopgntypmaprsnyk butagyledapfies o taiarmihwdubiher theraipl be

mentioned se ' ' . di.ar 1.nes, [aEX
di phenyl am neggﬁgﬁﬁr{cégﬁ%@% Spflllg]ni;gllel§ 8‘?&05 lﬁs ea({h ﬁ{éhg)g%ﬁsl}?}ctaﬁ{ag\ﬁln\?@%%pagﬁ al kyl
group having #8e5er greatlr 0O zidt difs/dradartsX aitlibgisosphatabin therdfsierbepkibesziac my be
ment i oned hi nder ed _Ehenols, i ncl udi ng nono- phenol s and bi s- phenol s.
dialkyl dithiophosphates.
15
If present, the anti-wear additive is preferably present in an amount from 0.10 to 3.0

mass %, based on the total amount of the lubricant composition.

The lubricating oil composition may also include at least one anti-oxidant. The anti-
20  oxidant may be aminic or phenolic. As examples of amines there may be mentioned
secondary aromatic amines such as diarylamines, for example diphenylamines
wherein each phenyl group is alkyl-substituted with an alkyl group having 4 to 9
carbon atoms. As examples of anti-oxidants there may be mentioned hindered
phenols, including mono-phenols and bis-phenols.
25
Preferably, the anti-oxidant, if present, is provided in the composition in an amount of

up to 3 mass %, based on the total amount of the lubricant composition.

Other additives such as pour point depressants, anti-foamants, metal rust inhibitors,

30  pour point depressants and/or demulsifiers may be provided, if necessary.

The terms ‘oil-soluble’ or ‘oil-dispersable’ as used herein do not necessarily indicate

that the compounds or additives are soluble, dissolvable, miscible or capable of being



25 Preferably, the anti-oxidant, if present, is provided in the conposition
in an anount of up to 3 nmass % based on the total anount of the | ubricant
conposition. O her additives such as pour point depressants, anti-foamants,
metal rust inhibitors, 30 pour point depressants and/or denulsifiers nay be
provided, if necessary. The ternms “oil-so?uble' or “oil-dispersable as used
herein do not necessarily indicate that the conpounds or additives are

sol ubl e, di ssalspaldedin thesdliiblall ppoposagabTheaf ddemng hoReversthaptadark, for t he oi |
in all proportions. These do nean, however, that they are, for instance,
sol ubl e or sti@pajcedsepblesy plably; dispsryible én a%tqaaet@ﬁ%n@u?f%qleatéch@xqrbthwert their
i ntended effe i .10 [+ i -0l ] reover,
the addi t1 o a5 e FtiesAaRinciuh WHlchitnd OE i irholb Sy ETLRETES ok

i ncor por at i onadafitidnabimeorpotatioa\oé bthephdditi peamhaycals@peradidintorperativh ofibghered. The

| ubricant conpositions of this.inventiopn conprise defined individual (i.e.
separ at e) %O%Bﬂéﬁfgpﬁ%lﬁ’t‘la{rﬁ‘ifﬁBYe’hé{f]’sﬁ?fp remai n the sane chenically before
and after mxing. 10 It nay be desirable, although not essential, to prepare
one or nore additive packages or concentrates conprising the additives,
wher eby t he afibk ubviemt campbetiaddddhis snventidracmopredeydefioed mdivadual ¢ife. | ubri cati ng
viscosity to formthe lubricating oil conposjtion. D ssol uiio of the
addi tive pack¥§a(es) cPmPENanHLiNALBRY eRmAN Jolgrmaliae same shamichlty ‘P%P@&nsy
sol vents and By, miXif39 acconpanied with mld heating, but this is not
essential. The additrve package(s) wll typically be fornulated to contain
the additdive(s) in proper anmounts to provide the desired concentration,
unctign in the final formul ati on when the

Zgg{ ? |r vteopggrkgéé%g;e 4‘%& !%natltggg&?ld‘i‘éﬁsiﬁml - 10 IFRAGR PR P THEY aéiggl}’ﬁtpaﬁlfagﬁ%ls e
l'ubri cant. 204 Tih8entfahid c%ﬁﬁl)iriki-ng‘%ﬁe ARG RS, RRUTLBE e Wbt ve Bl beafaedt s of base
oil or other conpatible solvents together wth other desirable additives to
f orm addi t i vesipmtthzegasly tc thetal ofi Inbricating vescongrtedomnthe lubri@tingedunt , based on
the additive g(?rg[l)(oasguedn. (Bi’ssofllg)tlron of the additive package(s) into the lubricating oil may be
15 facilitated by solvents and by mixing accompanied with mild heating, but this is not
essential. The additive package(s) will typically be formulated to contain the
additive(s) in proper amounts to provide the desired concentration, and/or to carry out
the intended function in the final formulation when the additive package(s) is/are
combined with a predetermined amount of base lubricant.
20
Thus, the additives may be admixed with small amounts of base oil or other
compatible solvents together with other desirable additives to form additive packages
containing active ingredients in an amount, based on the additive package, of, for
example, from 2.5 to 90, preferably from 5 to 75, most preferably from 8 to 60,

25 mass % of additives in the appropriate proportions, the remainder being base oil.

The final formulations may typically contain about 5 to 40 mass % of the additive

packages(s), the remainder being base oil.

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

examples.



exanple, from2.5 to 90, preferably from5 to 75, nost preferably from8 to
60, 25 mass % of additives in the appropriate proportions, the remai nder

bei ng base oil. The final fornulations nmay typically contain about 5 to 40
mass % of the additive packages(s), the remai nder being base oil. 30 The
present invention is illustrated by, but-i26-no way linmted to, the follow ng

exanpl es. -26- EXAMPLES Synthesis Exanple 1 Preparation of a conmpound of
Formula (I1): BXAepes - Preparation of 2-(2-naphthyl oxy) ethanol A two-liter
resin kettle equl pped with nechanical stirrer, condenser/Dean-Stark trap,

and inlets for nitrogen, was charged with 2-naphthol (600 g, 4.16 noles),

et hyl ene car@dﬂ&’m&éﬁ_%zm,l4. 22 nol es) and xylene (200 g), and the m xture
was heated to 90C .und?r i trogen. . Agueods sodi um hydroxide (50 nass % 3.0
g) was added afdPH#E S QU Rr-dzeotropic distillation at 165C. The

reaction myxt &g Mepreb@RtioRbf 2-1BaSpHIRY oy )RS CO2 evol ved as the reaction
progressed and the reaction was determned to be near conpletion when the

evol ution of @Oavahigseasin keitde gruophedtwithwmechanichbsiiresd, condensel/Ddarf-Stadk twhp,| e

cooling to room,t rature. The .conpletign of. r tion.was confirnmed by

FTo1 R and HPL e AR R e VAT RIS ZhaBiibal B35 216 MBI B duct v

confirmed by thibansle {80 HAMR2 mSe®Pand xyleﬂei(mf%)_t [ kc@ihe @ x Qfre daf Bed@PlotgnrLoxv)
Wi

ethanol A two-liter resin kettle equi E{g)ed. mechani cal stirrer,
condenser / Deatngtrayogena pqueaisodiyine h xdrpyide (3@ masget, 3-Qees Weh addpslrngi water

2- (2- napht hyl ox t hanol from.Ste 2 e (.200 SA 11 60.0 g),
and the ml)eturvvea?é\),-\ggo“e@;hyea&e?taop}%@sﬁlrl]%%op ar?ilﬁsdodlggﬁhe ge&%}oél- gg%lw&é&é@qms
added over 15 |857C & 2HdurdACH), anflvdian ttedreb@idhfropsketi RAd tHe@gdtiowa¥l Xt ur e was
kept at that tenperature for 30 min to 1 hour. e tenperature was gradually

i ncreased to Hgguningd 1@bneny epmplegon siles therpyolmsioaof Cik-cgasedi Thamsoducenoved by
azeotropic distillation .The pol 2 col l ected and salidified while 25
ool i ng to rodeefisiiling dRafili sbBing Braffud edatog T it tne
standard reaction was confirmed by FT-IR and HPLC. The structure of the 2-(2-naphthyloxy)

15 ethanol product was confirmed by 1H and *C-NMR.

Cl Ao TAY; Cl

Step 2 - Oligomerization of 2-(2-naphthvyloxvy) ethanol

A two-liter resin kettle equipped with mechanical stirrer, condenser/Dean-Stark trap,
and inlets for nitrogen, was charged with 2-(2-naphthyloxy) ethanol from Step 1,

20  toluene (200 g), SA 117 (60.0 g), and the mixture was heated to 70°C under nitrogen.
Para-formaldehyde was added over 15 min at 70 -80°C, and heated to 90°C and the
reaction mixture was kept at that temperature for 30 min to 1 hour. The temperature
was gradually increased to 110°C to 120°C over 2-3 hours and water (75-83 ml) was
removed by azeotropic distillation. The polymer was collected and solidified while

25  cooling to room temperature. Mx was determined by GPC using polystyrene standard
corrected with the elution volume of 2-(2-naphthyloxy) ethanol as internal standard.
THF was used as eluent. (M of 1000 dalton). "H and '*C NMR confirmed the
structure. FDMS and MALDI-TOF indicates the product contains mixture of
methylene-linked 2-(2-naphthyloxy) ethanol oligomer of Formula (I) containing from

30 2 to 24 2-(2-naphthyloxy) ethanol units (mis 1 to 23).



corrected with the elution volunme of 2-(2-naphthyl oxy) ethanol as internal
standard. THE was used as eluent. (M- of 1000 dalton). 1H and 13C NWR
confirmed the structure. FDVS and MALDI - TOF i ndicates the product contains
m xture of nethylene-linked 2-(2-naphthyl oxy) ethanol oligonmer of Fornmula
(1) containing from30 2 to 24 2-(2-napht-lefl-oxy) ethanol units (mis I to
23). -27- Step 3 - Reaction of nethylene-linked 2-(2-naphthyloxy) ethanol

ol i gorer and &fep RCRERLIOADF ageNledeRldROAR A dabM@ivldxly PEnER Ioigh@bt 4RI HAUI pped
wi th nmechani cal stirrer, condenser/Dean-Stark trap, 1I1nlets for nitrogen, and
addi tional funEBtings 'M.:eei with poly (2-(2-naphthyloxy) 5

et hanol ) -co-for om St e t ol uene ure is
cthanal) - co- o FLAEHVER LL10M ShER Gy LOLUSRS, (00 ShocAMdrae labice 1=
of 450, 2,500 inlgts foesitrdSete dnd ddifiSrinl Mrmel @a@cﬁﬁr@d&ht@@ol éﬂ(ﬁiﬂb@ﬁmgﬂbﬁ)) and the
terrperature was nmaintarned at 120 C for 2 hours fol heating to 140 C

under ni t r 8gestipuelgeo-foonaldehydabiremdyien 2,20lyeng @09@),sﬁtﬂﬂ|tb€ mﬁ)ftll@llls heaed/ont s to

pr oduct “veis. cdEDeSeBa e bpisgn P GhBRra e it IR AT sl i
desired str UC@'R’@S addiRl poRaGH wie (Sﬁlﬁgﬁ iO%ﬁfrﬁ%?eNdld}Qerﬂ?e RRPYArRYMBesi s is
shown bel ow. OPIB OH15 HO Et hyl ene Carbonate Ol n

+PI BSA 20 Pemhantbmdet Bhipfae 21h0T1mef0ﬂngd)w hgatmgaaﬂlﬁl%cuméelantregﬁnrpmg@e

t heddi ng _t t f h ter f
o pr epar ed 1 090t i skt R WEHED gl soPins wersGloRing BpiS0a & O

MAB103B 2., ceAMEXONE]1GPNPL rg)sz% 2084 Qfd YR Jrednde Yak SbMdckddat rf3P. The
centrifuge is sealed with 800 of water. A neasurement is made of the 25

armount  of depé@hp@amm@@ﬁwm@@nﬁmﬁﬂdﬁ@dﬁm{ﬁﬁﬁ@uqth@ test. Pre-neasured
anount s of

The reaction scheme representing the above synthesis is shown below:
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20 Performance Example 1

The following examples use a centrifuge water shedding test which evaluates the
ability of an oil to shed water from a prepared test mixture of oil and water. The test
uses an Alfa Laval MAB103B 2.0 centrifuge coupled to a Watson Marlow peristaltic
pump. The centrifuge is sealed with 800 ml of water. A measurement is made of the

25  amount of deposits formed in the centrifuge during the test. Pre-measured amounts of
water and the test oil are mixed together and then passed through the centrifuge at a
rate of 2 litres/min. The test is run for an hour and a half, allowing the mixture to pass
through the centrifuge about 10 times. The centrifuge is weighed before and after the
test. A poor trunk piston diesel engine lubricant will produce a larger amount of

30 deposits in the centrifuge system.



water and the test oil are m xed together and then passed through the
centrifuge at a rate of 2 litres/mn. The test is run for an hour and a
hal f, allowi ng the m xture to pass through the centrifuge about 10 tines.
The centrifuge is weighed before and after the test. A poor trunk piston

di esel engine lubricant will produce a | a2§er anount of 30 deposits in the
centrifuge system -28- Conparative Conparative Exanple 3 Exanple 1 Exanple

2 225 BN cal ﬂ:i um salicylate 6.35 6. 3€dmpHratis®0 3N Cahpharativeal | CcFxainpled3 48
4.48 4.48 ZDDP 0.36 0.36 0.36 D Iuenkag,iglo 78 ()Eﬁ%nyggqpou1d of fornulta
(rery - - 1.0 € oI [70-406 > 0P. 00
bright stock ﬁg}@:ﬁa}“&‘?‘ ﬁa}ﬁg‘gAl fa La\poa%SSheddl ng Te@? Resul ts B
Di f ference 7880 BN BAtiudgsalityiatd | | of Hegwy Pat¢hy 1ighy whi{ e/ yej dpw
enul si on br ownr—depost-ts—depoesi+t ooe—Db-Hferenrce 11—+ —Ratngro+—H+m-Gi|
filmaol filmZ Disc 2 16 2 Rating Th fil m of ye@ﬁéwHea/y LiGHt brown
enul si on dep )ﬁj P 1M ‘Disc & Dist D|01jf3erence 28 35 ~ Rat g fiTm
Heavy Spots 1regwn emul si on depdsits Gtal Mags of %pnnmtq 4
Compound of formula (II) - 1.00
PIBSA-PAM ' - 1.00 -
GP II base oil 70.46 69.66 69.66
GP I bright stock 17.62 17.42 17.42
Alfa Laval Shedding Test Results
Bowl Difference 7 88 7
Rating Thin film of Heavy Patchy light
white/yellow emulsion brown deposits
deposit
Hood Difference 1 1 1
Rating Oil film Oil film Oil film
Top Disc 2 16 2
Rating Thin film of yellow Heavy Light brown
emulsion deposits on rim
Disc & Dist Difference 28 35 30
Rating Oil film Heavy Spots of brown
emulsion deposits
Total Mass of Deposits 38 140 40
measured, grams

Comparative Example 1 does not include a dispersant and therefore exhibits good
water separation. Comparative Example 2 includes a PIBSA-PAM dispersant and
demonstrates that it causes an emulsion to form between the water and the lubricating
5 oil composition which results in the production of a larger amount of deposits.
Example 3, which is in accordance with the invention, shows that the use of the
compound of formula (IT) has little emulsifying effect and is comparable to the use of
no dispersant. Therefore, Example 3 produces a smaller amount of deposits than
Comparative Example 2. Thus, the compound of formula (II) is preferred over the

10 use of PIBSA-PAM.



nmeasured, grans Conparative Exanple 1 does not include a dispersant and
therefore exhibits good water separation. Conparative Exanple 2 includes a
Pl BSA- PAM di spersant and denonstrates that it causes an ermulsion to form
bet ween the water and the lubricating 5 oil conposition which results in the
production of a larger anount of deposits29-Exanple 3, which is in accordance
with the invention, shows that the use of the conpound of formula (11) has
little emul si fgﬂgmg\_d_Sffect and is conparable to the use of no dispersant.
Therefore, Exanple 3 produces a smaller anount of deposits than Conparative
Exanpl e 2. Thus, the conpound of forrmula (I1) is preferred over the 10 use

of PI BSA- PAM (- 29- - t ot al
base nunber ofl'at I%@l B/%%ng]oﬂ &nlg_é‘)/@ ftio‘ﬁ%'vﬂl aél?ﬂrz%]l E%d 931 bkfs%tg%gggn%he

conposi tion i KD, a:gdeternatled b)aaﬁTM)Dﬁ&% tl% afmpsitwinlindfidingbr i cat i ng

viscosity; - at |eas ne over a detergent; and - at |east one
corrpoundyof formul a3 fe?5t4§d7'%§rs 3“01513}1@‘#’8?%1"50 WP (1) is: ()a (Va Ar- k

L-Ar),,, (1) wherein; @@gtrbn@rovbﬂgg&gqaggmew dRpIgsents an aromatic noiety
having O to 3 substituents selected from% group consisting of alkyl,

al koxy, al koxyal kyl-at hzagtlomypmpamr;d offpahidy K1) ah@#dr @Xy, hydroxyal kyl, halo and
conbi nations t ereogd E H i's independently a linking noiety conprising a
car bon- car bon a1 nki ng group; each Y is independently -OR "
or a noiety of the formula HO(CRt2)" )yX-, wherein X s selected fromthe
group consisting of (CR'2),, 0 and S; RL and R' are each independently
selected fromH C, to C6 al kif)aand ar¥Dg R1' is selected fromC, to d oo

al kyl and aryl; z is 1to 10; nis 0 to 10 when Xis (CR 2),, and 2 to 10

when Xis O or S andyis 16930 . D

wherein each Ar independently represents an aromatic moiety having 0 to 3
substituents selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, aryloxy,
aryloxyalkyl, hydroxy, hydroxyalkyl, halo and combinations thereof;

each L is independently a linking moiety comprising a carbon-carbon single bond or a
linking group;

each Y is independently -OR""” or a moiety of the formula H(O(CRlz)n)yX-, wherein
X is selected from the group consisting of (CRI’Z)Z, O and S; R! and R! are each
independently selected from H, C, to Cg alkyl and aryl; R'" is selected from Cto Cio
alkyl and aryl; zis 1 to 10; nis O to 10 when X is (CRl’z)z, and 2 to 10 when X is O or
S;and yis 1 to 30;

each a is independently O to 3, with the proviso that at least one Ar moiety bears at
least one group Y; and

m is 1 to 100; and

formula (1I) 1s:

(Y (YN,

Ar—CL=——Ar)y a1
wherein:
each Ar’ independently represents an aromatic moiety having O to 3 substituents

selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, hydroxy,



each a is independently O to 3, with the proviso that at |east one Ar noiety
bears at |east one group Y; and mis | to 100; and forrmula (I1) is: (i')a
(Y')a" ArL'"-Ar')m (1l1) wherein: each Ar' independently represents an
aromatic noiety having O to 3 substituents selected fromthe group

consi sting of alkyl, alkoxy, alkoxyal kyl -3Rydroxy, -30- hydroxyal kyl,

acyl oxy, acyloxyal kyl, acyl oxyal koxy, aryloxy, aryloxyalkyl, aryloxyal koxy,

hal o and corrblhrslartougmsylt Etgﬂ@qf acyacyalkyl, a@lmyﬂk@;ey)dﬁ)mbﬂy aeylbxymkkyhg moi ety
conprising a carbon carbon single bond or a |inking group; each Y' is

i ndependent | y 2&Yloppiagoxydale H@‘F%F%i‘%?”i@er‘iﬁ Z(O(CR22)" ,)y, X -, wherein X
| ected f d
I's selected frn ]‘rhigl ct egﬁ??gﬁ}kh’é%&&;&:@%m@%ﬁ —ca§0 rﬁ%n@%oﬁ?or are

each mdepengent ary Z to 10;
n" is 0to 10alm1kﬁrgg>(oups (CR2"'2)z, and 2 to 10 when X' is Oor islto

30; Z H, I d
o e o ety LA P TV o N
3, with the provi %&émﬁoatmé : ERRb B rgof'i‘_@i_ﬁeﬁ)?’ %&m @tandﬁaﬁfeéaeﬁ group Y

in which Zis not H and o 100. 72 ricating oil conposition as
clainmed in cl amdtp&;demﬂgsdecte@ﬂrbm Id;ﬁmoﬁbohlkylsmdtaqd);rqjmmhmb of; P asOred EO (11)

wherein Y' is 0 >, i.S an ac ou lto 6. 3. The
| ubri cati ng m“ﬁ‘(e ﬁ%@% B 3:5'51 %Péprﬁéllfnl)ﬂ gpa‘? ]EP ﬁ/\/ﬂ@r%@/nz ’§§1 d‘“@ﬁ?ﬁlpound is
a conpound of JfaEMibgely] W}PE% Porfelestel i & grdup, laf Zis
an acyl groupgang !p y )}Clﬁ Che eal:?r r ??ng@?ﬁ : 0p5|at |ao Ia| rred in
claim 3, V\heremarymgroups deri ved

each a’ is independently 0 to 3, with the proviso that at least one Ar’ moiety bears at

least one group Y’ in which Z is not H; and

m’ is 1 to 100.

2. The lubricating oil composition as claimed in claim 1, wherein said compound
is a compound of formula (II) wherein Y’ is Z(O(CRzz)z)y’O-, Z 1s an acyl group and
yislto6.

3. The lubricating oil composition as claimed in claim 1, wherein said compound
is a compound of formula (II) wherein Ar’ is naphthalene, Y’ is ZOCH,CH,0-, Z is
an acyl group and L is CH,.

4. The lubricating oil composition as claimed in claim 3, wherein Ar’ is derived

from 2-(2-naphthyloxy)-ethanol and m’ is 2 to 25.

5. The lubricating oil composition as claimed in claim 1, wherein said compound
is a compound of formula (II) wherein Z is derived from a polyalkyl or polyalkenyl

succinic acylating agent having Ma of from about 100 to about 5000.

6. The lubricating oil composition as claimed in claim 1, wherein said compound

is a compound of formula (II) wherein Z is derived from hydrocarbyl isocyanate.



from 2-(2-napht hyl oxy)-ethanol and mM is 2 to 25. 5. The lubricating oil
conposition as clainmed in claim1l, wherein said conpound is a conpound of
formula (11) wherein Z is derived froma pol yal kyl or polyal kenyl succinic
acyl ating agent having Wnh of from about 100 to about 5000. 6. The lubricating
oil conposition as clainmed in claim1, whéflein said conpound is a conpound
of fornmula (11) wherein Z is derived from hydrocarbyl isocyanate. -31- 7. The
| ubricating oil cormpesibhicringsilebmpbEdon i Ahitedin clanh€l, @ihBregasdid cofipeundd i s
a conpound of Forrrula(lll as. shown below (I )a (I )a z- (I )a (Y,),.
Ar' -+l Ar') ~is acemppundgh A‘fa(nﬁ)ras)sh?wgbebw(l 1) wherein one or nore Y
are groups Z(Q CRz2)a')r'X - in which Zis deriv from |actone estey of
formula 1V, ac(d)gester Fa—W)pr a c napHgn-ther of 4 R|R6 OH
s RO R7 Rs RQL OOOOE?{O (V) \A11ere|n Rgm hf)g RY@ are
i ndependent|y selected f al kyl and pol yaI kR and pol yal ken I
containing up tY—28d'c—Ark 7 i s bidEcyL'or—#ePaula VI; S'REL-RArR, VI)

P

(111)
wherein one or more Y ' are groups Z(O(CRzz)n,)y’X’- in which Z is derived from

lactone ester of formula IV, acid ester of formula V, or a combination thereof;

RYR’

(IV) (V)
wherein R®, R*, R°, R° R’, R® and R® are independently selected from H, alkyl and
polyalkyl and polyalkenyl containing up to 200 C; and Z is bisacyl of formula VI;

O

Rll
R]O

0 (VD

wherein R'® and R are independently selected from H, alkyl and polyalkyl and
polyalkenyl containing up to 300 C; m’ is O to 100; and p and s are each

independently about 0 to about 25, with the provisothat p<m’; s<m’;andp +s > 1.

8. The lubricating oil composition as claimed in claim 7, wherein said compound
is a compound of Formula (1II) wherein from about 2% to about 98% of the Y’ units
are Z(O(CRzz)z)y,O-, wherein Z is an acyl group and y’ is 1 to 6, and from about 98%
to 2% of Y’ units are -OR” .



wherein R10 and RL 1 are independently selected fromH, alkyl and pol yal kyl
and polyal kenyl containing up to 300 C m is 0 to 100; and p and s are each
i ndependently about 0 to about 25, with the proviso that p<nm; s <nm; and p
+ s >1. 8. The lubricating oil conposition as clainmed in cl ai m 7, wher ei n
sai d compound is a conmpound of Forrmula (131) wherein from about 2%to about
98% of the Y' units are Z(Q(CR22)2),.0, wherein Zis an acyl group and y'

is 1lto 6, and.f rorﬁ‘}&hobtﬁcaﬁﬁg’miltcon@%idbn X& cleimiddsin @tagm- - herezn s8@ eopouitie

| ubricating oil corrp05|t| dinglaim wherei n said conpound is
a conpound of lE8FARPEURY % @r@:l JVTEW“"I@ ﬁ%\?ﬂﬂhﬁ‘é‘feé‘ﬁe{m@r%?ﬁil%%lﬁ? ng‘%tt 0
about  98% of glq, Yt Gnif e ZECREHRD-, fr&ﬁl%m)li’tty%'% too B0 & %ﬂt@fare OOHB' ts are
-OCH3; and L' is CH2. 10. Thelubrlcatlng ol | conposition as clained in

claim9, whereindIsas @Hgonpound is a conpound of Forrmula (I111) wher ein Ar' is
napht hal ene; from about 40%to about 60%of Y wunits are ZOCH2CH2O-, and
from about 60%to 40%of Y units are -OCH3; m is fromabout 2 to about 25;

pisfroml tqoabourhembn@aﬁqg%ﬂlc%nifpagnbﬁbwauaed ih @1ARG WwhtRin sdid chhsound
| ubricating oil conposition as claimed in claim 7, wherein group Z

Formula (I11) ib8comppwedoffffaomuba (bid) \yh¢1’m)n| ADiis mhgtmlldnengrbmsabounm%tca@bduau ng

agent, V\/m ch ived fr | yal avi out 100 to about
5000, or ﬁ?%i?fg&bwltsl asrﬁg@ﬁ%t%?(g Ah H%‘ngb]% t(?p%quggf gbuﬁltﬁ ¥ink piston
di esel eng| ne, odig; H?tﬁ‘ﬂgm'dﬂ)%hﬁﬂld%ohhﬁs pSb ERnPf td Rt F@ta‘nﬂg it IS neMRLuNe W th
the lubricating oil conposi tion as cl ai med in any one of claims 1-11. 13. A
met hod of reduciahgutd@posits in a trunk piston diesel engine, the nethod

i ncluding the steps of lubricating the engine with the |ubricating oi
conposition as clained in any one of clainms 1-11, and operating the engine.

14. A nmethod off. i rrpmwumcaﬁaglaﬂlcbﬁ@@sﬂb]sQﬁaamnlcmﬁ7t WheleiPbRup!y, 6t esel
engine, the nethod including the step of lubricating the englne vmth t he
| ubri cati ng oiformula (III) is derived from a polyalkyl or polyalkenyl succinic acylating agent,

which is derived from polyalkene having Ma of from about 100 to about 5000, or a

hydrocarbyl isocyanate.

12. A method of operating a trunk piston diesel engine, the method including the
step of lubricating the engine with the lubricating oil composition as claimed in any

one of claims 1-11.

13. A method of reducing deposits in a trunk piston diesel engine, the method
including the steps of lubricating the engine with the lubricating oil composition as

claimed in any one of claims 1-11, and operating the engine.

14. A method of improving asphaltene dispersancy in a trunk piston diesel engine,
the method including the step of lubricating the engine with the lubricating oil

composition as claimed in any one of claims 1-11.

15. A method of operating a crosshead diesel engine, the method including the
step of lubricating the engine crankcase with the lubricating oil composition as

claimed in any one of claims 1-11.



conposition as clainmed in any one of clains 1-11. 15. A nethod of operating a
crosshead di esel engine, the nethod including the step of lubricating the
engi ne crankcase with the lubricating oil conposition as clainmed in any one
of claims 1-11. -33- 16. A nethod of reducing deposits in a crosshead diesel
engi ne, the method -including the steps of33l-ubricating the engine with the

| ubricating oil conposition as clained in any one of clains 1-11, and

operating the 16ngi emeihbd oThﬁiuﬁBigfmﬁoﬁfs ift hatoveltbat dickBlen@ie, the mdthdpdrs 12, 13,
14, 15 or 16, wherein said engine has a centrlfugf system i ncl uding a

seal i ng medi uriclugng Wét%mwrﬁgmw e GREINE With the bmanm} EMPASHIN Beal i ng
medi um i s wat Qfzimed in any one of claims 1-11, and operating the engine.

17. The method as claimed in any one of claims 12, 13, 14, 15 or 16, wherein said

engine has a centrifuge system including a sealing medium.

18.  The method as claimed in claim 17, wherein said sealing medium is water.



