;e3e*v6T*J] oTitle: CYCLI C COMPOUNDS This invention relates to cyclic

" conpounds. Mre particularly; this 5 10 invention relates to calixarenes
containing within the calixarene ring at |east one unit of sali cylh? ggjed,
and to lubricating oil conpositions and fuel c “mmmﬂmm\\&ont ai ni ? 12092
conpounds or netal salts thereof. The ifventi vmﬂ re particularly
suitable for use in lubricating oil conpositions fofsB®di um or | ow speed
di esel engines, especially four-stroke trunk-piston engi nes. Lubricating
oil's for TrEEi um orCkoMG EEMP ENES engi nes t\mmﬂm“mmmﬂmum 25 contain a
range of additives which performa variety of 1iliftlor exanpl e t hey
may conprise dispersants to mnimse deposit fornehon*in various parts of

t he engi ne or t.er.rgent .additi vejg{:i Cont am nati on of, these | ulbri cating oil
conposi tions wi tHS dRRIGAN Felatenta cyglis conPqunas. pMose artiedaghi 8Rig in t he
i ndustry. i j l | sk i nyLGe which
g o sonet I} EAEES & BElR B S Y e T IR R oo tifla RE I
W despr eathe unif-oftgatikelit aehk -gridste lueigithes olMeenepabitidys eamfoexes and
crankcases are encountered. However, the problemis not confined to
4- st r oke COMYPPEEONS CONtAIRENG: F UL CRERRIOWES AE &Nt Salts therepbfeThérom t he
probl em .These 2-stroke engines..typigcally use two separate. |l ubricating
oi I's, ondYEMYHhECTPRNEAS e%qfflfgﬁgarﬁlofu%fﬂ@e?ﬁiuaaépf?gtbr&.aechg P in the
crankcaseoissftib RS FHEAYRHIGRP QY b -5 PES ¥idsk! @AgHes, %Epgbigh% f86r-8%BRE! - ed
that the problem would be overcone sinply by using nore of the conventi onal
1Qdi sper santurddfistonenigingshe | ubricating oil, but this neasure has net with
very limted success. Acidity in lubricating oil is another |ong-recognised
problem In the 30 operation of the internal conbustion engi ne by-products
fromthe conbust : re Qf bl o t i i it h the
| ubricating oi ﬁhbﬁggﬁﬁgﬁg fé)(r?e&]gglr'i@lr]aﬁ 5&/‘%’ %ggeogggég %&Cﬂ?%ﬂﬁsﬁgw e acidic
mat eri al goprsind pRIRISOf aHURBRsWhidH pbF@rinudNatiaty B fondtiodsiaapl es are
overbased alkaline 2 r~ MAR 200Z WO 99! Z5677 2 PCTI GB98/ 03398 earth netal
sul phuri sgampleltbenrpyy comprise dispdrgsidadoasinigvse dgpasitsorrmatieménat es and
sul phonat es. Overpas cal i xarates, are al sq. known_as deter.gent, additives
15 or "1 ubr VEEPFREHY GF (ot SRBITR G508 e Thadl R oy B iAdaaH oh O giRePal | v
used to f@sdd e ; Hits dribuht fdsidihg bP 9% drBBIdpyer of
equi val ents o%tp&%” rrémﬁ@rﬁ)g?y l{tl?) t he nu%éruoffhggglﬂ)\l/% nrtsl of the acid
noi ety i seqpgrased ir hiae irdhestryand his leexdsatd yevprearaying blranlin@sapdobiagnshe as
high as 4.5 or greater. In contrast, the equjvalent ratio of a netal noiety
to acid HbPBECE WIRBIsEPMeftmen saterspd tadealblach paints dJie Prabiemrs
"l ow based'.. I, ap. o r er ] usual |y
cont ai nssgpég'?éﬁﬁt\'klgr? ggg%cﬁ% gxsg'g&g(se g‘?’“‘? F%E% g@fﬁaggﬁﬂ?%@{y}h%m
20cor r espopgdikeg anduiradkcaBdLaiabncdonter8l s Heasosr, ahergrobRen 4 kati ne earth
met al hydrocarbyl -substituted salts have a greater capability for
neut r al i sbnfneditdi4-strekeangines: dstiaie emssdwgashengigensndy alscasydder ne earth

met al hydrocay byl -substituted,salts, thou not ,necessarily an increased
fot or gonE B PTORIET adiase 28 ke aarAg BRI EEEIE sebefleul “Bace
Nunber " : ! i | L kel i ue or
AV, and [ o RSP B oBos o Aty Bt Biskn S8k

| i near notatktaes whemr it hgawptdepoaitb typidadlyidacuedltphigghtlbeuexpectednked by

al kyl ene bridges, with one end of the chain simlarly linked to a
25sal i cyl athatibiederpblamewsuithBe Aerap@igasiplyilivt 4sipgueore ke i s sai d

general ly n to_ex 4 [ f r f these
corrpoundgoagénmgﬁldégé%sggt %ggﬁgﬁuﬂaﬂ% Yuatgic&g[ﬁ gréégzoﬁg t@% ﬁ’!esa%glr'%g\ﬁ? S,

parti cul a{dtywith v&§ARAtte@isiREBESI t ene conpounds, which are responsible for
bl ack paint. Wth the present invention the problemof black paint is
subst anti al | y Acédity énl [(bricedting oihiednbyheémlohgeienggnised iproblgbni atheng o |
novel calixarene conmpounds which contain w thin | i xarene rin

§ C ) the c , at
| east on@p8Eatiafyet thakitgrnaligomelelpR SPingPYIPredHEls &P”i gom‘ﬁg'ﬁ’ﬁds

el se function as . hi e ' i di : 4anctions in
3Oone pr odﬁ‘é?r%bﬁﬁptfﬂeé? %}g!ﬂ\{iﬁk’ B%??éfa%%@%@?@%\%%ﬂﬂg%ﬁﬂ@a@gl i ne and

di esel dalRiORIY 8fedheRean @rﬁgweamiwnseﬂawe eThtididendtbeasvdrich such

conpounds. SUBSTI TUTE SHEET (RULE 26) .2 8 |~ 200Z 3 /4 According to the

i nvent i odispleseesiusigerwithifethe lyrieating Pdr Exaripies arecye¢rbesed micling

conprising reacting together in a solvent (e.g., 50 weight %dilution or

greater), in



the presence of' a basic catal yst, conpounds of the fornulae 5 (Ila) and
"(I'lb) Hio (lla) ~J Ro R4 (lib) R with an al dehyde of the forpg 702
CHR6, and optionally 15 sul phur; wherein Ris Hor an alkyl group of 1 to 6
carbon atons; RSis Hor an alkyl group of 1 to 60 carbon atons; j is 1 or
2; R3 is hy¥Pdges$77 a hydrocar byl or aZzhetero-substitutedroydmsogasdsyl group;
either RL is hydroxyl and R2 and R4 are 20 independently either hydrogen,
hydr ocar byl , or heterosubstituted hydrocarbyl, or RZ and R4 are hydroxyl
and Rl is either hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl;
and R6 is eidanirmeyadsaipborised hydfnomawbgmbstittmdmﬁenams calipdatesng at | east
50% by wei ght of the reacti| f nmolar units of the

conpound r e12RLRENELEE B FB'Pﬁﬂn%gflﬁéﬁrrbﬁ %aalmarqqﬁgaﬁ%ﬁl%grkngww ar units of

the Comounfﬂe&&@@ﬁﬁEﬂﬁlﬁdeﬁibrfl@lﬁrmé&ﬁg(dllbpég IEPLA@5®87\4hEﬂh%'tBrrﬂ1 is froml to
8,n|satleast3 and m+ nis Regarding RL to R6, the

term ' hydr od@vB{Rased his sm@sa"(voiseeatp %SRWB hree "39"34 55'@% {n Whichatipi ratia- but yI |

i sopropyl ., itk nuRfRY ot edBRGRNALs BNthedRbBH bty 1 IR AFhbYSY the
equivalents of the acid moiety is greater than one, and is usually greater than
1.2 and may be as high as 4.5 or greater. In contrast, the equivalent ratio of
a metal moiety to acid moiety in "normal” or "neutral” metal salts is one, and
in "low-based" salts is less than one. Thus, the overbased material usually
contains greater than 20% in excess of the metal present in the
corresponding neutral material. For this reason overbased alkaline earth
metal hydrocarbyl-substituted salts have a greater capability for neutralising
acidic matter than do the corresponding neutral alkaline earth metal
hydrocarbyl-substituted salts, though not necessarily an increased detergency
power. The degree of overbasing is expressed as "Total Base Number” or
TBN, which is also sometimes referred to as Alkalinity Value or AV, and is
measured by the method of ASTM D2896.

EP-A-708171 discloses linear molecules comprising optionally
substituted phenol units linked by alkylene bridges, with one end of the chain
similarly linked to a salicylate moiety. The number of aromatic units thus
linked is said generally not to exceed 4, or preferably 3. Overbased metal
salts of these compounds are disclosed as being useful as detergents or
dispersants, particularly in respect of asphaltene compounds, which are
responsible for black paint.

With the present invention the problem of black paint is substantially
reduced or eliminated by including in the lubricating oil novel calixarene
compounds which contain within the calixarene ring at ieast one salicylic acid
unit. Overbased metal salts of these compounds also function as high TBN
detergents, thereby providing two functions in one product. Furthermore, the
performance of conventional gasoline and diesel detergents/dispersants is

enhanced by combining them with such compounds.

SUBSTITUTE SHEET (RULE 26)



hydr ocar byl group may be derived froma polyolefin, for 5 exanple

pol yet hyl ene, pol ypropyl ene, pol ybutyl ene or a pol yol efin copolyne&, for
exanpl e an et hyl ene/ propyl ene copol yner, preferably derived froma 8 MAR 20
pol yi sobut ene. Exanpl es include dodecyl and octadecyl. Alternatives include
i sopr ene- but adi ene, styrene-isoprene or 3dt4yrene 10 but adi ene bl ock

copol yners such as those disclosed in WO 96/ 40846, or ethyl ene-propyl ene
and et hyl ene- bufegertingptloy trives imaentd arltdmreari svgimptisidd amphatiedo 2500
or 7500, as disclosed in US 5567344 and US 5578237. M xtures of all the
above may &PFompkidgploy¥elimngomeosng mmppistindtuehdiyidrodardstihayr oup has
the heteroatom preferably -0- or = NH, interrupting a chain of carbon
atons, suchnNad §RIYERSxyEaPky| 5§r ¥edobt % 2 lodrisn T Igredte®nbdidt nent; R1
is hydroxyl; RZ and R' are independently either hydrogen, hydrocarbyl or
het er 020 stiBSt PEGEER Ry @foRaPBFiC RELtRd Y&t hSOMRANTSEaady Ly formulae

het ero- subst Lt ut ed .hydrocarbyl; Rs H RS is an alkyl group of 6 to 50

car bon %togéﬁagnﬁnén(gﬁgsenbodinent 4 to 40 carbon atons, and in one

enbodi nent 6 to 25 carbon atons; and m+ n has a value of 4at | east 5, and
in one 25 enbodi nent at |east¢6, and in one enbodi nent at}|east 8, where m
is 1 or 2, and in one enbod] it mis 1. In one enbodi nen RZ and R -rare

hydrogen; R3 is hydrocar a@nd i n one enbodi nent al kyl-of _greater than 4
carbon atons, and in on odi nent greater than 9 carfp Q ~ MAR a002 6
atons; RS is hydrogen; nis from6 to 12; mi g I n one
enbodi nent, R6 conjgi 0 gpe~enbodi nent it

carbon atons, 5 10 3
is nethyl. By 'SO welight %dilution' is neant t haR't
| east §P % by weight of th
been added. I n one enbodi

he sqf vent ROnprises at
Qé?{dl on sol ution once all th react ants have

(lla) (lib)

with an aldehyde of the formula O = CHR®, and optionally

15 sulphur;
wherein R’ is H or an alkyl group of 1 to 6 carbon atoms;
R® is H or an alkyl group of 1 ﬁo 60 carbon atoms; j is 1
or 2; R’ is hydrogen, a hydrocarbyl or a hetero-substituted
hydrocarbyl group; either R' is hydroxyl and R? and R! are

20 independently either hydrogen, hydrocarbyl, or hetero-
substituted hydrocarbyl, or R? and R' are hydroxyl and R! is
either hydrogen, hydrocarbyl or hetero-substituted
hydrocarbyl; and R® is either hydrogen or hydrocarbyl; the
solvent comprising at least 50% by weight of the reaction

25 solution; the number of molar units of the compound
represented by formula (IIa) being m, the number of molar
units of the compound represented by formula (IIb) being n,
wherein m is from 1 to 8, n is at least 3, and m + n is 4

to 20.



the sol vent conprises at | east 800 by weight, and in one enbodi nent at

| east 90% by wei ght of the reaction solution. The basic catal ysts nay be
al kali metal hydroxi des such as sodi um hydr oxi de, potassiun1hyg%pﬁkge and
l'i thi um hydroxide. Sodium hydroxide isgpreferred. Hi gh diIutiJ 02
reaction m xture is necessary in order to ensure the formation of rings

rather than i ne, ag.gllqgl lgctgoesRs AEhgl L:Lé on qw §Ql t&)é wei ght only

20 | i near nolecd? s are med.” However €even Ca%%%ilutlons Y proportlon

comosed of S5F P?i%ﬁﬁ"ﬁc.%&a tF ncaar £t 2y %;Btga%%f?i?ﬁg%gédgﬁ?yflf e ends

of . Lhe, mlgeule, bEbag | dagadcy? &a%gtaaeeyleacm%egnaeﬁva15,95 nal or oup

which is ind enden y one of " the oW n S~~ O H S R2

2 8 MAR 20p2itscaisyl i §eatp mhgcpbeqtpeviat akhoRuabep19b18R LS by N is from
2to 20, mis froﬁ?% t% 8 %nd g is at Xas ? In gne9enbod|nent of the

i nvent ison, eﬁam@m@ngélpéthﬁzeﬁ@;npb@ﬁpfbb9leaed bbuPbua9QéﬁeabQ preacted with
an al dehyde of the 5 forrmula O = CHRG, d optionally sul phur; where Rto

R6 are as plelyakef pnevbposiyer whfch égampuenaar edhollefonprbposenk | east 20%
by wei ght of a cyclic conmpound and no nore than 80% of the Ii1near version

of sai d compoelyinetr n pnefendotynndatrivélefeypnl acpbdynsobnpenees at | east 400
by 10 weight, and in one enbodi nent at |east 60% and nost preferably at

| east 80%Ewenplehtintlede dedecybnapdodatadeGpdd pdltermahdwesagai nst bl ack
paint is achieved by use of the cyciic conpounds obtained b{ t he process of
t he i nventi®mluded feprene Heukadhenet | 8h¥renet heopKeBAt Psnstyrene-

10 butadiene block copolymers such as those disclosed in WO
96/40846, or ethylene-propylene and ethylene-butene-1
copolymeré having molecular weights from 1500 to 2500 or
7500, as disclosed in US 5567344 and US 5578237. Mixtures
of all the above may also be employed. Any hetero-

15 substituted hydrocarbyl group has the heteroatom,
preferably -0- or = NH, interrupting a chain of carbon
atoms, such as an alkoxy-alkyl group of 2-20 carbons.

In one embodiment; R' is hydroxyl; R®> and R* are
independently either hydrogen, hydrocarbyl or hetero-

20 substituted hydrocarbyl; R® is either hydrocarbyl or
hetero-substituted hydrocarbyl; R’ is H; R® is an alkyl
group of 6 to 50 carbon atoms, and in one embodiment 4 to
40 carbon atoms, and in one embodiment 6 to 25 carbon
atoms; and m + n has a value of at least 5, and in one

25 embodiment at least 6, and in one embodiment at least 8,
where m is 1 or 2, and in one embodiment m is 1.

In one embodiment, R? and R! are hydrogen; R’ is
hydrocarbyl, and in one embodiment alkyl of greater than 4

carbon atoms, and in one embodiment greater than 9 carbon



15 al t hough they may contain a m xture of both cyclic and linear forns, are
preferred to contain as much of the cyclic formas possible. The invention
al so extends to a cyclic conpound obtai ned by the aforenenti one@pweaﬁz
20 When nore than one salicylic acid unit is present in the ring o h
cyclic compound (ie m> 1), the salicylic acid units and phenol units are
distributed random y, although this does not exclude the possibility that
in sone riagsmshertd i@myhypdrseyes adndahi £yhi £saftdmuai t6 19k nedig5it eget her
in arow The anmount of sul phur incorporated in the cyclic conpound may be
up to 50 nele % I n one enbodi nent, the anmount of sul phur is between 8 and
20 mole % and in one enbodi nent the conmpound is sul phur-free. 2 MAR
Z002 8 For convéni eneeetthedéyehtc Bbnponmhainsflthe 6neanboonatomessometi nes
hereinafter referred to as 'salixarenes' and their netal salts such as

' sal i xar at @8d. ifopng ewbpdimentcaki sar mssbyilhe reader is referred to 5

' Monogr aphs in Supranol ecul ar Chemstry' by C David Gutsche, Series Editor,
J Frase¥ StoddaBY, pObWrigkl BydiRutReydl iSosieany &hathémiestsolverdag.

Cal i xarenes having a substituent hydroxyl group or groups include

honocal i xafefR¥1S8Rahl LRaPENeS, *hbiroWRAERTI R4r EhEs TaAFtion solution

het er ocal i xar ene The cyclic conpounds of t i.nvention may_ be reacted
Tt h o aot GRCBaShl: bAE, EERBESREBIRoYE PeSnAfaR iy THe SPEwoRRogd TRyt s al

o 01! D2oetls SSEHEAE S RIBKSE SRRGE' B, bipusleag) SRR

02110 AOBEDBAENR, 2,90 S05 LVHLOUIL BeouRoLdLals avaLabke o

for majg ng a | opppaggd;ar cReHiyatsMeLg peaklkhi iPhethdetyalB&ides
such as sodium hydroxide, potassium hydroxide and lithium
hydroxide. Sodium hydroxide is preferred.

High dilution of the reaction mixture is necessary in
order to ensure the formation of rings rather than linear
15 molecules. At dilutions well below 50% by weight only

linear molecules are formed. However even at high
dilutions a proportion of the product may comprise linear
molecules. Linear molecules may be composed of salicylic
acid and phenol units except that instead of the ends of

20 the molecule being joined to form a ring, each end has a

terminal group which is independently one of the following:

R1
(Rié/j>< l \7<
25 on | . R4 / RZ



20~ process conprises the steps of: (1) formng a mxture of conponents (A)
and (C); conponent (A) conprising a cyclic conpound obtained by the

af ore-nmenti oned process; conponent (C) conprising a solvent conprising

ei ther 25 conponent s ( Cl ) or ( CZ) ;7 conponent (C) conpri sRBgMAR t2mr
(i) a polyhydric alcohol having 2 to 4 carbon atons, (ii) a di- (C3 or C4)

glycol, (iii) agir | or, ¢ a - l.y-al kyl

gl ycol al kyl et h th? %%n@?g FQEMEQ tgeN&§%§&of%®%%§.?ﬁiﬁgﬁﬁﬁf %k

wherei n 'nléhPréﬁrﬁuké va)m1155fk§malckot@ R gakkylg Q&OQQas 'ég@

al kyl ene group of 1 to 6 carbon atons, RI1 is hydrogen or 1 to al kyl

group, andofei &mBBAintAdEHsf EAM 1nben§aoﬁom%96hnegzbfcqmr i Z1a Ll to
C4 nonohydric al cohol in conbination with a hydrocarbon sol vent; and 10

(11) addi ngreayesal hasp) (Bbove khe pexthed @fit&OBROAGHEHGA) cAN@HLC), the
addition of said netal base (B) to said mxture of (A) and (C) being in a

~ 8 At AR 2fpZmiubasongl eHRbdidridromtidma Bl pl snhbhtiy; ofheddi kY aes Résteps (1)
and (11) being perforned concurrently or sequentially. In one enbodi nent,
conponent &€, Jefinefeprevipnsigs: wharharkpdtdoar bandseltyvenmprdasegblatei t her
(i) water, (ii) a C~- to Czo nonohydric alcohol, 5 (iii) a ketone having up
to 20 car bbeaato’8% byvyeagbtrbbxql cycésrecohmaoung apd no more than
80% of the linear version of said compound. In one
embodiment, the cyclic fo%m comprises at least 40% by
10 weight, and in one embodiment at least 60% and most
preferably at least 80% by weight of the reaction product.
Good performance against black paint is achieved by use of
the cyclic compounds obtained by the process of the
invention, and hence the compositions of the invention,
15 although they may contain a mixture of both cyclic and
linear forms, are preferred to contain as much of the
cyclic form as possible.
The invention also extends to a cyclic compound
obtained by the aforementioned process.
20 When more than one salicylic acid unit is present in
the ring of the cyclic compound (ie m > 1), the salicylic
acid units and phenol units are distributed randomly,
although this does not exclude the possibility that in some
rings there may be several salicylic acid units joined
25 together in a row.
The amount of sulphur incorporated in the cyclic
compound may be up to 50 mole %. In one embodiment, the

amount of sulphur is between 8 and 20 mole %, and in one

embodiment the compound is sulphur-free.



to 10 carbon atons, (v) an aliphatic, alicyclic or aromatic ether having up
to 20 carbon atons, or a mxture of two or nore of (i) to (v). In one
enbodi ment, the invention includes a process for the production 20 MAR 2002
overbased netal salts which conprises tge foregoing process for nmaking a

| ow 10 based or neutral netal salt but wth the addltlon of : (111) adding

D b d t
Lo eoan addr t 1 ok8E, EBalBE (EhEL! EheCky EATROCERERS off k@%?ﬁgﬁv‘%@?i?ﬁm
conpound h§¥éngoaeéeaég'h@%eanax@e9X¥gfg&9%abeb ggou@%ra ideaRla |

reaction wwth a netal base or (ii) a low 15 based, neutral or over ased

netal saltirdeiivRdthnoBaivshsaysl b caBRaxatatBe-forned metal salts
wherein the equivalent ratio of nmetal base nobiety to cyclic conpound is

ei ther 1 (neutrgbrmatgbvsalit 8 ealhigssendan the( kewdeasad mirlr&d ttp nay
be enpl oyed to produce the desired overbased netal salts. Alternatively)

over based ngbabggaphs f(hi Bhprapolecelpkoyd@miistryhi oy capavide 20 resul ting
over based product is a netal salt having an increased degree of overbasing,
i .e. a hig@etsahkal BartigsvBHueonr, O glresetBNtobddaaddi pudl itshedndyoftHehe
alternatives (i) to (iii), component (A) may further include a conpound of
the formul Boykll poabevy of28hemipbmynt 18P .i s Calixaalenkss having met al

nmoi ety may be any alkali or alkaline earth nmetal, preferably is an alkaline
earth netaﬁub$hétﬁéﬂﬁlhwdyobﬁlcQK@MHnPrnﬂgﬁé§ﬁu#ﬂ@ﬂuﬁar|un1 and in one
enbodiment it is_calcium The base noiety nmay be an oxi de or a hydroxi de,

pr ef er abl yhapaeskiyarenesal OKXaRPBAXELREG She NOHQOHACRIA X@XERGISe P the form
of quick Ijme (Ca0) ,or in the 30 formof slaked linme (Ca(OH)2) or m xtures
of thelqmohﬁﬁeﬁﬂ9aéF636FPP6n. Cbnponent (B) may be added in whole to the
initial reactan%ﬁ art to ta g hl, AR 2002 WO 99| 25677 11

PCTI GB98/ 03398 e PYPLiBaEEERPYR ﬁdOFhE Ferd fHEX °Pn"8¥e 8rrﬁ8F&ePurther
addi ti ons at nter a nts_duri.ng the.reaction, onen

20l vent 1 oftEhotr BAEFAnPasETHE BEPYLHE P&)taﬂmfaéé i IRERT, B1%) bgodestial fy

i n combi na Wi er..( o] o] elther
(i) a poly%éggéb g? %EF havgbegﬁ %o 3 C%F%%%thgﬁgp ?%B}hgg Ls?8§%o
glycol, ('bf)tﬁetahvéngzoho E%»laggcelneﬁtgax) qowugasearogob»e%h%g@%ne

gl ycol al kyl ether of the f Rs(~R~0) f~Rn (1V)

15 metal salt of a cycllc compound as defined above having a
substituent hydroxyl group or groups available for reaction
with a metal base.

In a further aspect of the invention, a process for
making a low based or neutral metal salt is provided. The

200 process comprises the steps of:

(I) forming a mixture of components (A) and (C);

component (A) comprising a cyclic compound obtained by
the afore-mentioned process;

component (C) comprising a solvent comprising either

25 components (C,)or (C,);

component (C,) comprising either (i) a polyhydric
alcohol having 2 to 4 carbon atoms, (ii) a di- (C; or C,)
glycol, (iii) a tri- (C, or C,) glycol or (iv) a mono- or

poly-alkylene glycol alkyl ether of the formula:



wherein in formula . (IV), RO is a C~-to Ce alkyl group, R is an al kyl ene
group, R' is hydrogen or a C- to CB al kyl group, and f is an integer from1l
to 6. Exanples of conpounds represented by forrmula (I1V) include,t éw
nononet hyl or dinmethyl ethers of (a) ethylene glycol, (b) dlet 2002
glycol, (c) triethylene glycol or (d) t®traethylene glycol. A useful
conpound is nethyl diglycol (CH30CH2CHZOCH2CH20H). M xtures of gl ycol
ethers and glycols may al so be enpl oyed. The pol yhydric al cohol may be

ei ther a dihydric al gopfsde) (ﬁ&lexanple ethyl ene gl yagl or propylene glycol,
or a trihydric alcohol, for exanpl e glycerol. The é (Cg or C4) glycol may
be di propyl ene glycol, the tri-(C2 to Ca) glycol may be triethylene glycol.
I n one enbodi nent, conponent (C~) is either ethylene glycol or nethyl

di gl ycol . whepenantin(ahei Soraubpdriavarbeh solyeqt vehigzhalkylbgrahipphatic or
aromati c. Exanples of suitable hydrocarbons include toluene, xylene,

napht ha ang*®al iphahi alpgilahki gxoupofedang & lexdwe sarthsy ®'bald phatic
paraffins. Conmponent (b) nmay be any one or nore of either (i) water, (ii) a
C~ to Czo hydobgdni crabcbhdiq G kilkyd ketcowe Rad rfg iwp atro i2Gegmnbon at ons,
(iv) a carboxylic acid ester having up to 10 carbon atonms or (v) an

al i phati c, fapcyctPcéor aromatic ether having up to 20 carbon atons.
Exanpl es i nclude nethanol, 2-ethyl hexanol, cycfohexanol, cyclohexanone)
benzyl al cohol , C@FRgNEREet il W%%h@n%néo Conponehydrty) akaghpé a C-
to 4 nDnohydrlc al cohol, prefer net hanol , _in conbination with a
hydrocarbohnsﬁPWEhPat?ﬂB WyEhota BéﬁoS@B??PTB?EVSHEETaPQULE 26) VO

99/ 75677 12 PCT/ 8 398 | h ored b
bei ng Useful o @ﬁp A58 né¥e F3drodaion Ebtﬁvﬁﬁgt@eggéfe rably
| Uset ol | . | Y
Bf’ygﬁ['eanf‘?mé% HoThT pi (BFL ”ﬁﬁﬁf BRLER8RIpEC B Ot hE R (B)YI ene
General |y, ing %igwﬁgL 598 b?t?ﬂ9egnﬁs?cﬁfbgﬁﬁgpﬁgg ct, it is preferred to

incorporatée a rlca oil 'as a'su eimen vent. The | ubricating
till may be an ani mal, vegetable or nlneral oil. The lubricating oil may be
a petrol eum derived Iubricating oil, such as a naphthenic base, paraffin
base or m xed base oil. Solvent neutral oils are suitable. Alternatively,
the lubricating oil may be a synthetic lubricating oil. Suitable synthetic
| ubricating oils include synthetic ester lubricating oils, which oils

i nclude diesters such as di-octyl adipate, dioctyl sebacate and
tri-decyl adi pate) or polymneric hydrocarbon lubricating oils, for exanple

| i qui d pol yi sobut enes and pol y-al pha ol efins. Conponent (D) is carbon

di oxi de, added subsequent to each addition of conponent (B). Carbon dioxide
may be added in the formof a gas or a solid, preferably in the formof a
gas. In gaseous formit may be bl own through the reaction m xture. The

wei ght ratio of conponent (A) to conponent (C) is from1l0 to 65 parts by
wei ght of (A) per 100 pacts by weight of (C), and in one enbodi nent about
20 to about 60 parts by weight of (A per 100 parts by weight of (C. The
rati o of nole equival ents of conponent (B) to nole equival ents of conponent
(A) is generally fromO0.05 to 20 nol e equivalents of (B) per nole

equi val ent of (A), and in one enbodinent 0.08 to 18 note equival ents of (B)
per nole equivalent of (A). The ratio of the nunber of noles of netal in
conponent (B) to the nunber of noles of carbon dioxide in (D) is fromO0.3
to 1.6 noles of nmetal in (B) per nole of carbon dioxide in (D), and in one
enbodi ment 0.55 to 1.3 noles of netal in (B) per nole of carbon dioxide in
(D). In one enbodinent, the reaction m xture may i nclude conponent (E)
Conmponent (E) is either (i) a carboxylic acid containing from6 to 100
carbon atons or an anhydride thereof, (ii) a di- or polycarboxylic acid
cont ai ni ng from SUBSTI TUTE SHEET ( RULE 26) , Q8 hl AR 2002 WD 99/ 25677 13
PCT/ (3B98103398 36 to 100 carbon atons or an anhydride thereof) (iii) a

hydr acar byl substituted sul phonic acid or an anhydride thereof, (iv) a

hydr ocar byl substituted salicylic acid or an anhydride thereof, (v) a

hydr ocar byl - substi tuted napht henic acid or an anhydride thereof, (vi) a
hydr ocar byl - substituted phenol or (vii) a mxture of any two of (i) to
(vi). O the aforesaid alternatives Conponent (E) is preferably (i).
Component (E) may be added during step (I), (Il) or (II!), or prior to or
subsequent to any of the foregoing steps. !n one enbodi nent, conponent (E)
is added during step (I). Wen conponent (E) is used, it is typically used
in an anount of up to 40% by wei ght based on the conbi ned wei ght of
components (A), (B), (C, (0) and (E), and one enbodinent from2 to 38% by
melght and |n one enbodlnent fron112 to 2796by wei ght. Conponent (i) of

o - s ~ S 7~ 1



14 Z a MAR 2002 Instead of, or in addition to, the foregoing carboxylic

" aci ds, conponent (E) may be an acid anhydride, acid chloride or the ester
derivative of any of the foregoing acids, and of these the acid anhydride
is preferred. It is preferred, however, to use a carboxylic acid %@R
m xture of carboxylic acids. 5 A preferred carboxylic acid of foiz (W
is stearic acid. Wiile not wishing to be bound by theory, it is believed
t hat conponent (E) when present, chem cald¢y nodifies the overbased net al

salt product ds c onen i,id) of co ent ,.this._s

pref er abI%Jngiep%ﬁf' '{]Iaeﬂ lutB's‘P ?Qﬁ."ée?@uéi?é?@Péepdf‘E}’eﬁ‘%BFVP%BQt yl ene
substit uted, bgqgémh yl de. The nol ecul ar wei ght of such acid or
anhydrlde 'S typlca I'n e range of 300 to 3000, and in one enbodi nent

700 to 1300. As dsle@and:sodlmem,rmﬂmbmn( i(Cl) fur(ier) cortpdisestd(af &i ) of
conmponent (E), the hyd rocarbyl substifiuent may contain up to 125
al i phat i hysHPBaIPaR sPNENERr § mrématmrﬁm) qutdoz@zod@pb@hydugméwhol

| f bl b | f
Foxyl . oyl dhEsie BafifpUd L2 ferblo oyt Ve ohbiBiantsr haliety! anc
tricosyl toH}’Qrd%x‘?@é@)é'toﬂfsomsaﬁi%hbkf@ﬁc f émdn&eorp@ﬂosfﬁm éﬂﬁéma\%g S‘g;n

termnal and internal ol efins, for exanple ethene, propene,
i sobut ene20 tahexe@toms; octaemegtuze btntwmepr mcpemfe{m)eto Bpentene and 4-oct ene

b d. | d 20 derived
From pol vor opy Rt BBRg ISR e bV Ep ot IRk praseSt 13 %}e“e”t pilofBF €
pol'yi sobubudrgaged mb?falrs%%twrﬂ&: Eﬂr) |§Ss'?ﬁé!fﬂ’e§8m r]fﬂoh‘@@s Po? ﬁ'éel'dw (F) a

catal yst (or pronoter) for the reaction e~catal yst nay organic

10onpound basmimnmmngaimeiabsmbbmmuh fHeeadditiahyst (F) is added during step
(r)y, (rr)y or (L11),. or 25 prior to or subsequent o any of the foregm ng

steps. In one @hbcisidingn(D) athor diaxida to the mlﬁur@d%@pramnﬁrg%ﬁé@a @nd When
cOmPonS s Bfila AU AN oPhyRPIRGREED, (7 205013, he mxture o
based on the coskipaREntG)ghay BE dither 8) étd:yfcﬁe céiﬁhfﬁ)duﬂdml@@%@bgﬁtﬁbn?% by
wei ght. Sui tabl e organi ¢ conpounds 30" i ncl ude organi ¢ halides (e.qg.
chlori deshydmowhgcnelsp or gcnup@s:)vadabka foy rm@tm wmaawaatadzbese onii)chlovery  be
1r5epr esentbaseb neu ra{gr overgased me%al saAE derlved from such cyclic compound.
Pre-formed metal salts wherein the equivalent ratio of metal base moiety to
cyclic compound is either 1 (neutral metal salts) or less than 1 (low-based metal
salts) may be employed to produce the desired overbased metal salts.
Alternatively, overbased metal salts (iiij) may be employed, in which case the
20 resulting overbased product is a metal salt having an increased degree of
overbasing, i.e. a higher alkalinity value or higher TBN.
In addition to one of the alternatives (i) to (iii), component (A) may

further include a compound of the formula (lll) above .

25 Component (B) is a metal base. The metal moiety may be any alkali or
alkaline earth metal, preferably is an alkaline earth metal. The metal may be
calcium, magnesium or barium, and in one embodiment it is calcium. The
base moiety may be an oxide or a hydroxide, preferably hydroxide. A calcium
base may be added, for example, in the form of quick lime {Ca0) or in the

30 form of slaked lime (Ca{OH)2) or mixtures of the two in any proportion.

Component {B) may be added in whole to the initial reactants or in part to the



iIs R 4- X wherein in the formula (VI), R4 is either an alkyl, aryl or

al karyl group (VI) preferably having 3 to 20, or 6 to 20, or 7 to 20
carbons, respectively, or a halo-derivative thereof. X is either 2BiMMe2002
suitably chlorine, bromne or 5 iodine, preferably chlorine, or the group
OCOR S wheneowm/d86B is C, to C4 al kyl.jjAlternatively, thepot/gpssiogsshal i de may
be an HX salt of an organic base, for exanple guanidi ne hydrochl oride. An
exanpl e of an organic halide represented by formula (M) is octyl chloride.
M xt ures of (ii) and (ii) of conponent (F) may al so be enployed. Suitable

i nor gani ¢ doitisbrasgtais angghe ramainder indend elomgse furthesiadditionsatrti cul arl y

I norgani c clmegmeg?%g?&q?igpgﬁ?gﬁ ﬁeg%ggnoat es. Exanples of suitable

I norgani ¢ coffpoun € cal cium acetate, cal cium chloride,
amoni um chl or i GGmparEMi(Chisas edlaér:, foaltherreustaras) dMtedsoivartt () Reayclhé or i de,
of which cal cium.chl ori d@ and cal ci um acet ahe Fre greferred. Pr ovi ded t hat
the cat al ystitheg (Gikbartienally i cg tipg With skt [Rerdble@rdC2b. | step (111)),

it may be aéaﬁeoaéma@q)@@Ei@ﬁerim_at,_ktﬂynm{d}rceaéohémwﬁ %o i4sca+suﬁlagafms,
convenient to add the catalyst initially during step (I). I'n order to
produce an (dvedbéeedr Gatglvcaalii) & ohCe terSahahyeol ox) ((V))a aonpAp poly-it is
necessary o 0, ( i th conponents (B), (C and (D),
usi ng the a%‘lf)‘?iglﬁ)ér)?&t%gF%IFglpégB??gﬂéheoﬁ}rgyﬁﬁonents (A) and (B) to achieve 20
over basi ng. Suitably conponent (BR%@R/°)peR¥dded in one or nore afightions,

preferably ip a,sjngle addi,tigp, In order t r od .a _high TBN overbased
metal salt WH%’P@ Wa&r%‘é'?ae&ﬁf'o. glf %ﬁl&gﬁtﬂg\g@?ﬁﬁ'ﬁgéﬁf‘? l&NPeoMPom a
cyclic conpgunghobrogeR draVeNtd fa gvgrwpaaﬁybsé bh R8heOfreP1 96 691 OUPS
avail able for reaction, and it is 25 preferred to enploy conponent (E),

parti cul ar | Exastpleeef cenppynds représentechiy denmulp M iinglude the sosamethyci d,

(B) 1o a varareanlifdeny shishe oo L R AT b Sh eIl

t enper at ur egigéolwhi{@htdthmtipfionegiycols Apsefill edmpayuntiés mdthyinkgigtsire in the
range from~ 5 to 200C . and_in one enboﬁi ment from50 30 to 175C. The
sel ecti on JCHREHREHQGH-FEPE-aMixres phalrcphrthgrsandglygols ngealse

dependent g}, PAbloyed. e PRy RicHicdHYR nig) ¥EBitn&PURYEH alcoRoP PR 2002 16
example ethylene glycol or propylene glycol, or a trihydric alcohol, for example
glycerol. The di- (C3 or C4) glycol may be dipropylene glycol, the tri-(C, to
C.) glycol may be triethylene glycol. In one embodiment, component {C,) is
either ethylene glycol or methy! diglycol.

Component (a) is'a hydrocarbon solvent which may be aliphatic or
aromatic. Examples of suitable hydrocarbons include toluene, xylene, naphtha
and aliphatic paraffins, for example hexane, and cycloaliphatic paraffins.

Component (b) may be any ons or more of either (i) water, (ii) a C, to
C,0 monohydric alcohol, (iii} a ketone having up to 20 carbon atoms, (iv) a
carboxylic acid ester having up to 10 carbon atoms or (v) an aliphatic, alicyclic
or aromatic ether having up to 20 carbon atoms. Examples include methanol,
2-ethyl hexanol, cyclohexanol, cyclohexanons, benzyl alcohol, ethyl acetate
and acetophenone.

Component (C,) may be a C, to C, monohydric alcohol, preferably

methanol, in combination with a hydrocarbon solvent. The hydrocarbon

SUBSTITUTE SHEET (RULE 26)



Generally, the process is operated in the presence of a lubricating oif. At
the conclusion of the process it is preferred to recover the salt as.a
solution in lubricating oil by separating off volatile fractions & MAR 2002
exanple, by distillation at subatnospheric pressure. Finally, it is
preferred twobddsker the solution. 5 Ahternatively, the splpbhsainisRry be
centrifuged. Metal salts produced by the above process nay have TBNs of 100
ng KOH g or below (i.e.) |low based or neutral netal salts). In one

enbodi nent, I t ' ' ally
ave. Toke. of A TERE peagy' o Myl PUBHDATS sboll a¥Bfl (FRT SHRAMFIRE o oo
my KOHI g, afadl iThedyerddarbormediveshis fretemigdpoluens00 ng KOHI g, and in one

enbodi ment from 40Q to,50 K Jhe netal  salts are ner al | npl oyed
in the formof a ¥ chsb%Y?rgf g@ } Wa_l.‘@%rqtggtep%éy&of,,a mstghe Ptsg@y eu”Pt%%9°eias pect
of the presgiy 2iiN@Hdx@RA0l, SHER BRGNS Mmbtfanahynd bsigesd.ves be incorporated
into an additive_package for addition to the |ubricating oil used in the

engi ne. 15 The |Gaareltimyisyy pf E'?ﬁ'rﬁ‘é%‘?dceldpﬁ'fse o therREofyes 8nf ArefeEReiten are
sui tabl e fopcysRritd Livbhiehtifh bP¥s alupPRMhHTLSRMPShte " RBHESRRCHRM Y Marine
di esel engines. Typically such engines are 4-stroke trunk piston engines
havi ng an ebgen@ninpalenegdtablie-or roveral i Thedubricating eihtayi beeapetroRUs00 r pm

d a brak - ' . of _10- d i
embodi nent - SRYeSGuBA e’ Gl eleh s EraniRE e Bagd betaitbadb et plied e
engi ne havigij Sokeatdeofralddislar®@Qitalia) Alteinativedy)ethernbinitategtoilligy 828G rpm

and a BHP per cylinder of 100-8,000. In a further aspect of the present

i nvention t®Erteeticlubrisetiog gila Swiehlssyatheticolybriafingpitssinclude yathedig: or
medi um spee j hile v i [ : [ LG, [ arts of
t he engi ne €v|5ttg Lﬁtﬁﬁéa%bﬁgdﬂéﬁgmgmﬁﬁ%g?ﬁ%g glﬁ gg%{)égﬁ’tl ?gl)?a{g%ﬁ@

| ubri cat i ngoatyl selmarptsand tnrdeofladihatep pe pelymaericvienrocarbbaherimatiBiNoils, t he

range fromp .1 to 10 KOH g. ,\Were the c osition is to be used in a
4-stroke tr I?XBW%%ﬁqlgﬁ@°ﬁg@t¥éenﬁﬁlﬁqd;pch‘é‘fpgga‘an}"i'n the range from5 to
30 70, nore pref@esmpbiert(OMiScdrBoR Aidkidd{Added sWbssyueht it chéh BEditisRGfi N a
2stroke cross-head engine and particularly for the crankcase, the TBN of

the 2 8 htxreomon (RD Garboredioxids reayrpedded BRUR (osmfs? grvar esofidef er abl y
in the rang LN 10 ny
<o g, he ptsraiyin inb oot Sk, REEEAR e i 6B bitBlidn 1fe
typically nmaoctismesdxtundri cants (i.e. lubricants which exhibit little or no

vi scosity index | nprovenent operties,, .e.qg. an SAE 0il). .The oLl itself
may be a%y oil s rgt)‘é’ﬁl trgio gf]&&"ﬁﬁ??'&%‘fﬁ&ﬁ CWPQ"FBQ\/an'F fr%nﬂ nf}°s§!éed
di esel engi g&its B@Wéi@l}x‘ﬂgﬂl&é per TR0 pértslbe S@digtnél (09, add il8Ye BRAbLBAINAHtMRI , a

vegetable or a mnera In one enbodinent, it Is a petroleumderived

| ubri cat i ngakaAyt 2&tr Abeit G0 paphbiamMpishbat &) peir 9 parts yaveighhpk . base
oil. Alternafl i ; ' rg ' [ ful synthetic
| ubri cati ng?%% Y%W%&:%Eﬁ?gﬁﬁ@ts iq%:?rgé’s%drn%f‘tg@i f@??'ﬁ%"ﬁ%‘?m\%\}hﬁch oils

i ncl ude di estrepsnestdi) &sgeheralbt frbma@iOSatoe20 dnale eglivatebts af 8B)ared maole- decy!

adi pate, or _paqlyneri ydrocarbon | ulricati 0i for ex e Jijquid
pol yi sobut ef@! %W%%f&f{}aﬁﬁ‘ﬁéﬂ ST%FVWQB'”I‘ 6}0¢1§getﬁb M%Fgu'?ig]gmfe‘?#a@?oi | is
enpl oyed. Thé& Able dfiivdlentsas (AAD! Bhé Ritid ePfHeCRIrhDE 6f thels FméRMinum speed
mari ne di esel engine w thout adjustnent of its viscosi t(é),i If viscosity

adj ust nent ¢@mpergItr(Blte thevaymber efchictaseef asbemdioxids ipi (B isfromr @3 ®xanpl e)
bri ght stock. I Leat j| i YelpnalAh t han 70% by
wei ght, andlfien;‘gﬁeg éfn@%ﬁﬁﬁr’%% %rré?aélxér%lf%%gdn%8§%§ 'ﬁeﬁﬁ%ﬂﬁgb%{nﬁe i nventive

| ubri cat i ngembbdietemdsEBitorl..3 Thales 0t erdtahia (Bupen owle ofjcarbbn dioxidesint i on may
be contam ngted with a fuel oil which has a residual oil content. These
fuel oils ard-suitable for use as diesel fuel oils. Fuel oils can in
general be di Vi dgthriedrAbdditherBi theGBAQHMN MB&urdWaRliNcludé sbinbbasmS(ERNd heavy
fuels. Distillates consist of one or nore distilled fractions. Heavy fuels
are fuel s wRooipopenpit) is either () enearbaxylicognid cpotriting &rofe & teukl0 eatbont hat i s
an oil which,.r i t { I¢Stih | &d i e from
an unrefi negmc';ri?{g} %ﬁ\gﬁégﬁﬁpdc?sﬁ%f%rﬁ' gfi) % eO{ é@?%@ﬁﬂ?&'/ﬁﬁd ?ﬁﬁ{\}gﬁ@g\?\n&ﬁ t he
conposition of the starting oil which is usually a crude oil and will also
vary dependi ng upon the distillation conditions. However, by its nature
residual oil is of high nol ecular weight and high boiling point. Heavy
fuel s can also conprise, in addition to residual oil, distillates. However,
heavy fuels general |y cSUBSTHYTESHEEISRUDB®Fby wei ght, and in one

enbodi nent at feast



SUBSTI TUTE SHEET (RULE 26) 2 a MAR 2002 18 95% by wei ght, and in one

"~ enbodi nent at | east 99% by wei ght resid~~al oil. In one enbodinent, the
present invention relates to lubricating oil conpositions that arg
contam nated with a heavy fuel. The anmpbunt of ~heavy fuel in the Iubr| catz%zg

oi | conposiweesmsgd7l | vary. Typically the lubricating oil pérgRsRepEt T ON
conpri ses between 0.1 to 25% by weight, and in one enbodinent 0.1 to 10% by
wei ght, and in one enbodinment 0.3 to 5% by weight, and in one enbodi ment,
0.5to 3% [ £hr gh! sretil s a fuel oil
whi ch has ?‘?ﬁgﬂg JPE?’?ME%HM eFlt anﬂwl&%$ﬁ%tl &nf@ﬁy@@:g%p Sll tions of the

i nvention tmhsualtbgi sulpiioaicnacad of easnhydride tiereofbyiviveihyldroaarbylhe i nventi ve

i g, anchueR e daSe R on  Bohr g SRR A e By R g i

conposi t i onsapbithdrie atidverdn arhytdfa'eeabdeysf qonteahydrbedrdy PSIbstyutedighahopf t he

i nventive cyclic caonpounds or a( salts) and i.n one enbodi nent 25 to 55%
by wei ght. argviiha gjyiure Bﬁa%t‘t"’l‘?éf E]H:Pl(t‘ﬁt |Q1fgth8|qf°%fﬁ6‘dtﬂ83fﬁ§%‘quc conmpounds
or metal Sad?&rﬁpoﬁéntt(hﬁs'ﬂ%?é?ﬁlbl?rh) tdﬁnb&%@t(!i)vﬂab%ré g'cﬂﬂl Jwte?él),
conmposi tions may contain other additives, particularly dispe san

Al t hough anijl) oy pid), ofr pttiog e 08 sHbsaawenbhto enppbyl@eijrng@me stepsoolni ¢nieon, a

tabl e di t bst i t
cot d-or antg PP ARy Sartinenl (bl pothd Thigl ¥ty i, Wlgr> eliRbbne 8 R1CC! M ©
hydr ocar byl usedh#tis teyiieallysusaa inian staoust @f u;atcpab% pobweighebsselfis thd ut ed

succi nim de. These succini m des ar li in the art. Succinimde
product i on ‘P%’"HES@W%@&F‘MWWB?“E@X%@?%B) WsLAD) sgdAEh @pd amg. A- 3, 018, 291;
US- A- 3, 024, 2 = 2r-ghd

US A3, 272, SJReHERE A2 do g% BPwlight i [ Sno SRSt o 128

succi ni mi de&7%*alyy beeightpl Epetbonghe(inabeemporiertdi (Epavayaret apreigaravirigititehe | ow
or nmediums eed di esel engine lubricating oil conposition of the present

i nvention B n the range from0.01 to 5% by weight, and in one
enbodi ment from 0. 1 tR2R%doHwei ght based on the \ej ght of the

| ubricating oil conposition. , 30 In one enbodi nent, the inventive

| ubricating oil corrposi tgon conprises: fromO to 5% by weight, and in one
enbodi ment from 0.1 %to 3% by wei ght 2~~zooz 19 of a

hydr ocar byl - btlt e Cify % by wei ght,
and in one \gﬁgr mﬂ oﬁﬁ R l/oatde“’gs}o EW(R% R?oﬁ?rﬁgghég%ﬁ n’gt al salt
of the i nveéithe@thydmyénaalcqw.'o @;anwlcbrunp speectr-qcem geoup. nPrefferablyc &4 ng oi | .
In addition to the foregoi g i nventive Iubrlcag r}g oi | conposition may
cont ai n ondndPrmwlad é&bl?‘? Y @”EB?R/EWH omalkeny! SRy EERTER e ggids &f

medi um speegguRSE)) oL JvHareirpatal.a%yerdgeaomaoxsm.s ans,, tPEIPheR of such
addi tives include additional Went s, foam i nhi bi tors eXtrene
pr essur e/ arprefasably e te £, ldnbltanp aikygrouparfixaniileret saturatedt he | i ke. The

ddi I
yar ocar byl SBSHIE I BBledERibdSy, FiA P inBluBeablE, Wdle, myvritic,
napht henat esalmitid, Hoeariz, msoafarmaatmh;duatm;enwfnrrdﬁhgrwpeﬂe ane!ut rmdanqﬂe_as

over based erials., The l a position o i v,entl on may
be prepar ed®bYSEYEIechacids g‘HHE’i"’hEY’a‘gélu%r'rﬂrg@i'%d“\éf's%’le{ﬁ'|péﬁ“'6 ?leiChe cyclic
conpound orgjeRt @ladél@x'ct em‘mé hRiddi8MrdMic aRd liPBlenRNaiHY, MikRired/SEARY

additi ves such as those referred to hereinbefore in a suitable carrier with
| ow or rred¢fufrhesfpmllw acids mayga!se be gpmievad, dgr examplas rapectopdettyer t here

may be enpl r r oth with
the lubri ca&lﬁg gF%{'C;ﬁa&N "@tﬁ{)@hné‘mdgrggo? %lé@és %Ygr'%%gséél ﬁ{@?@hf 6)Jg§?$l er may be
any inert hg/dﬂtﬁm&rd)@mrml ofedtids, Tﬂitﬂumﬁgrbeﬂasdtmmﬂlandqm&wafbdodmd&it al salt
may be present in the concentrate 'nv@wpp@l unt in the range from 0.1 to 20%

by wei ght . $wehbRixErsIRRBSI9PtRIARD ) PUBRY b2 dartyegitrore aveByal ti ons
contain a d n i tq i I und or
rotal sait . PPaaRat oY, (M, AT erBlnd M BEBRHL IheFLE Rl Oh
cycl i c conpdived paim nesadr, savabelaasevahﬂnwemélewmggmd sdrdirtecoilsiand taﬂbwng oi |
conposition, and in one enbodinent 0.01 to 5% by weight, and in one

enbodi nent 0.01 to 2.5% by wei ght based on the weight of the lubricating
oi |l conposition. The use of the cyclic conpounds and netal salts of the

i nvention as described herei nabove for reducing black paint in |ow or
medi um speed diesel engines is a further aspect of the present invention.
A further benefit of thSUBﬁE"UHEé5ﬁ$HUHHbEaﬁﬁ netal salts of the invention
is that they may be used to inprove the performance of conventional diesel
and 3 a MAR 2002



20 gasol ine detergent additives. They al so stabilise such additives agai nst
t hermal deconposition. Accordingly another aspect of the invention provides
a conposition conprising a cyclic conpound or netal salt of the invention
and a diesel or gasoline detergent. Further aspects include the QgMAR Rpch
cyclic 5 conpounds and netal salts todernally stabilise and/ or enhance
the detergency properties of diesel or gasoline detergents. The cyclic
conpounds and netal salts are al so useful thenselves as detergent additives
in gasoline j I ' r

i cSor fuol BULeiF et o M pddARD Bt Er oG, SFoBRIR SRRIEMAIRA o,
in one {Hmadybendn ackl enhpdiidedacil ahldfdewr ahe amemntedyativabeaal duel or
gasoline, and a m nor anount of a salixarene or salixarate. These diesel

fﬁel anthegtRr8aping e@ﬁﬁogn@mﬁbeﬁwheaﬁqliqaﬁlbmdéidﬁ iepxefte@rezcb%ttjydmei ght of
. . . . . \ 3
1106 by PR K hisueho TRBRE F oho R, ask b B mBRtre Br BradBARRREr er ence

510 the A Href@hd®WansoEiRMMiaf XNV BV iPsrpmcatdign Whﬂlé)H;slew-sﬁgﬁ cylic

calixf8larene A5 litre flange flask is charged with the follown
i ngr edi enbe:ba2®dl. 15y ghaony, ¢f isdbeltsseidptiataioripo@antntdl) eshen peasent) ; 17. 25
grans of salicylic ﬁcid 20 (0,125 nol es, 0.152 equivs); 60 grans of

|
par af Of%@@?@é@?é (78 s Querbased o qiatiaY stk praduat of, 1 OM sodi um
hyd id 4Q% . . i \4).; i f
ol ene (sol vaS PO Emblnenp (AP Sombohin 1, Whis BkrefertbhP 8l Aol () ange

flask, pélyfdodng@ehedurditctddsustinichasid sta pbBlisobuthlaprdelsstantedTFE
stirrer gland, Dean & 25 Stark trap and doubl e surface condenser. The

10 r eact orsuasinicranhvsirisenedbe dnplgctlaraveightiof suait aeidtereantosiids is/ Eur ot her m

15

30

| ist bahbisaian e o 20Ptpga008: BRAgRan GBI ket YBEEtS dRokT Xt ure 1o
rapi dly heatgd reaiito IB@I&O‘?)@HF{/ Al wfgng gﬁw_offlb[otnhsénéﬁxc(e?,? very

slowy at a rate”of approxinate m nut es. Water ml) is
col | ectlegdrocerbyd spbistivuerdf mayhountain ap tohe28radiphéitic carboMako 2680 2nWn

991 25677 21 PCT/ GB98/ 03398 which the tenperature reaches 140C. The m xture
i s t herPR# EBROGIMENE Sofo 8PeF#iPGRt 2188 D eEXRMALES @F Suiakle subsdituentsi or a

furt her, r til r en

separ at'gér,u&aae%HY‘?\%m)%%g&%Péé%%@é F’?g{”tr 2&%\[/33{059% ?o y!(r'?%ﬁ)ﬁ’p@?%“br . The
brown rerliedyE Hexaldaen!, aied 348 eshdbiyi I8! andd foRarish |t gy 0GB B tcirived flomdehd i on to
t he dodecyl -salicylic calix(8]arene, sone of the six-nenbered ring

sal i xarpolgmesisatibh afsbatbntermindand internral talefinsvefios axamplgredheaemi ni ng br own
solution is decgnted fromthe catal yst residues_and suffjcient SN150

Ubr i cRTPRENGH 1 BHIGEE (SDEbAENr dh T ER AR RIS, Or D EPoy- BN GHE Sice ¢ he
xyl ene WS4 JRABY Y 1R\ GHOERLREIMERE drbBgrgy) oduct is a
cl ear br O\Xn%ﬁgtglngt?'on. N%S?E?elr g%ﬁ onﬁof do@ecylm-qsg |ﬂg§m r(t?al ib%] 8l arene A
0.5 |i tgubstitasit issderhaadyfd nmvpblyprbpyleslel, polyrd -b @0 egiraoely sfo biulye e 56 26
solution of dodecyl-salicylic calix(8]arene in 5N150 lubricating oil from
Exanpl erefgrablyzmolvinobutylefgi v); 6.2 grams of ethyl ene gl ycol (0.096 nol,

100 grams. of 1 L ATRRkrE 8 YR UKL 8 cclnediedley feanBiol) o1

100 grans of exano

i ncor p%r@h%dwr)tﬂaﬁltﬂe%a&ﬁ@ﬁgerﬁé astalyst Hagrtg@ ahidiﬁaﬁié &bripoufd &srhgad

stirrer wwth paddl e and PTFE stirrer gland, splash head, double surface
condengrorganic somparal.vEheaplyst (FRBOaddededuringrstép 4Bk (100w @), oy

but anol / COZ , .and LT t t heat ed

ol et IREIORAAL M R REOASE I BVEDT B oFACOURED STy I BORISTBROBA e tBin The
| i . | ' d i d
% on oreSaVeB I M RPUEIAG SR Th; Ml e BRe AN 18 (SR80 e Bt S00C
a vacuyhdmpaddenind)eadbed tdhenefigsutddof¥si0l(B1,&)C), Theamdaptionaliyt(Egn

increased to -28 inches H9 (2 inches Hy absolute) for 30 m nutes, before
bei ng redgesframack 1% to13% helveeigbt haged1mn the rembinedyveisbbpiites and t he

tenperature increased to ,13QC. reacti.on.i s«then held.at a cuym of -11
i n(r:rﬁes ’Pé‘tt”flfa qnﬁ’c'ﬁi%“?—l&”éhﬁ‘gm?{‘gﬁé?nﬁyaw%'gﬁﬁgr '%Ae 81’93@6(9%5 3 i nut es.

The te i 1 0 Wale T iiehes Hg (2
g T e s Rl o S i B T e
i nches gtigaradates, Livdlich endyebovepidsented \bgntte fofheulpr oduct is vacuum filtered

through a sintered funnel to obtain a clear brown viscous |iquid. The
anal ysis of the product is as follows:



TBN 55.1 Ca content 1.96 Overbasing of dodecyrl-salicylic calixf8l arene A1l
“litre flask is charged with the follow ng: 82 grans of the 50% sol uti on of
dodecyl -salicylic calix[8]arena in SN150 |ubricating oil from Eg MAR 2002
(0.155 nol, 1 equiv); 16 grans of dodeci/l phenol (0.059 nol, 0.38 equiv); 85
granms of tall oil fatty acid (0.302 npild1.9 equiv); 7 grans of ethylene
glycol (0.186 nol, 1.2 equiv); 1%64%%am3 of cal ci um hydroxide ( 1.39 nol,
8.9 equiv) 40 grans of SN 150 |ubYricating oil (diluent); and 125 g X of

2-ethyl h ( s@l.V. X US| ned..at heated to
90 C unﬁ’éﬁ“’%*’v'é‘?ﬁan@?ﬁ‘{'ﬂ\?ﬁr AN X ‘ﬁ%ér(si@tﬁ”%hg’sﬁo?r%a%g%ﬁ# e). The
vacuum i grdfbedbly hevias 8ot 20; 38 6 fChOs Ji7 ¢3 J0vehesondy rabsedtives), 608 15

m nut es, before being reduced back to -11 inches Hg (19 inches absol ut e)

and t he halopdgritative Thereels&dist @ithgomlopent Beitabiyhghlerisegbyaoingdn g, 0. 66
|, 4.2 equiVv) is added dropwi 1Q.mngtes. Ca ioxide js th
abed {Ed R RreL5eBBnPOIRERT & IR Al Bi OCDH AoBSoR R o8 Pndfder HV "

absol ut eAlt(eﬁ’?agivé?Y%éTtBLgarﬁ:’c haBaYindy e EHRIX %‘éﬁtcgﬁ %%8@%n esr‘é, ZS{/' €ss.

Fol | owi ng carbonat’i on e tenperature is ralse acuum of

- 28 i nchegarapleguédidime hesrddhialidal wWrepxamplewd et dfansohekdés. The
product, an overbased cal cium salt of dodecyl-salicylic cal i'>'<(8f] arena, is
vacuum fheapresestedinoiemuadivibt isr eetyl ghirtide.o Mintwries of (br @vh (Wi efcous 1 qui d.

The anal ysi s of rodyct ,i s as,fol]ows: N 445 Ca content ,15,39%

sUBsT TUfEnBaBet (A REVoRSS bee b choSh B D IsaRTE ST GRS Na e The
1¢gompoundg ciidd e r é\%@ﬂﬁdl@@s??@rﬁd’mﬂbr‘%‘?ﬁﬁgr lic EARIrTdedl Bheadpyrddnie educi ng

bl ack paint formation using the "Ashtray test”™. fn this test the degree of

sl udgi ngelkanoateisd ukarhpéds clostiaablednercy atoponnpedhdchtalystsdeckde ned

according to the follow ng nethod: Residual heavy fuel oil is dosed into
the testC3lehim @5eia§. s\évlc;@mmleagpyame@w f%‘?%{ymzmmm%a%ﬁ&ed S

h h d_until ik i . h
sanp e 2Uplhigtoaise A EERAHIBHEerb o ef et DA Rt et BBk oy e
for 24 haiutatebrel PRGermtt ePrbbiRiciedlat RAki Haljas iehrdeed ddivd & plate is

renoved fromthe oven and the |ubricant/fuel mxture is allowed to drain
1%ff t he carbonptianstemice. tiep bl brit ahande afdadhat aoy fpainkimptha pracesss

al lowed to coat .and then is visually, jnspected for.the degree of, sl udge and

Tt on adrgueRdh 1€ DRualiy tanTetent o dd RO EEALst Rludl AR Red Ly oust it

the test seripgsordaetdgrRdudeldrooverdassd pesthPsdnt fiem cdmpeast (ANE & @Oaer

per form n? one. These materials are used as internal standards for the test
S

and ar e ikiseecessant onlydo reseircomzorent (A atbrconponrsasitel (B), (CyendyBed, with

Egﬁ{ lt ERG 15 Agpishelats e o< P B0 EnS @) SpAE) KB APEANES empl oyed are
Ar gi (gé?g : :
20csllogecyl r g‘g%}?géf‘ﬁc @(%{a}ﬂ@{ %%gggﬁgnto@b@ﬁfng?e , 80’@3?%2651'@6?0%@@9 r-‘%’al icylic

cal i x[ 8l pretarablyf inkxsinglecadtifieh.so known as a "salixarate"), a linear
equi val ent of a salixarene conpri_sing chains of
In order to produce a high TBN overbased metal salt there may be
employed an overbased metal salt derived from a cyclic compound of the
invention having a substituent group or groups available for reaction, and it is
25 preferred to employ component (E), particularly either (E)(i) or (ii), and more
particularly stearic acid, while at the same time adjusting the relative amounts of
components (A) and (B) to a value sufficient to produce the desired high TBN

metal salt.
The temperature at which the process is operated may be a

temperature in the range from 15 to 200°C,.and in one embodiment from 50
30 to 175°C. The selection of the optimum temperature within the aforesaid

range is dependent in part on the nature of the solvent employed.



dodecyl phenol and salicylic acid groups |linked by al kyl ene bridges, and
finally a further salixarene containing two salicylic acid and six

dodecyl phenol units per ring (made in the same way as Exanple 1, fmn '5&ha
3:1 nolar ratio of phenol: salicylic acid instead of 7:1 ). The results
were as follows: TABLE 1 COVPOUNDSTATE & ASHTRAYShell Ar ina

(control)cl eanExxmar 30TP40 (controldirt SUBSTI TUTE SHEET ( RULE 28) 2 O
MAR 2002 WD 99/ 25677 24 PCTI GB98/ 03398 Exanple 1 (dodec I-salicylic

cal i x('8] ar ena) Gereralyative Fré’cdé%\fl@rcﬁﬁe?@%d:ﬁw st brederfesadn b@u@ricatin&q oil.
) cl eanEqui val ent of Exarrg e 1 but conprising 2 salic lic acid and 6 dodecyl
e

henol uniAttheannthsion efjthe presassot iEpaafdreeditq compear ahievsd)tdas aysafhtion
results de strate that whereas |jnear .conpounds contai ning |inke henol
and sal i dvﬂgg“%ﬁ"&s QiR sepatipg %#fff‘/ég?'f' eﬁga%%%vtfc%lea}f@vzﬂ@a? Hv,d'%’y@aq?%\
conpound ' ; f egt M€, ; ' 8 et al salts
(ng I xar Zaitészt@dt#ﬁ%%?‘ %Z’%r@%gssﬁfbi ﬁ?jta ygb%@% @%ﬁe\/ﬂé%:tér@ﬁ\é?&gggﬁ%ﬁﬁ@%et er gent

Bs eval uaileernayivehgrime-iatiomehay beadety§ugedboth with and w thout the
addi ti on of dode ygt?fal [ c%.lj i c calixf8)arene. The deter q_ent cont ai ns: A260,
a product of BMEIRSHERrecrcad by tha skore prraessmannavy TBNmat 100 ma1. 620%

phonol . 1 SO SR RRIA7 0%, by Tred Lt fediRtmBR SaBn A EmBLEEhA i, 1 o
mol e pr Opﬁ?éYél%‘}aﬂsl%fre @Qdﬁ%bdpﬁﬂwﬁich%%%h@?@%ﬂ?lw TBN3T¥oaf eaglackage

contai ning the salixarene contains: , & mainly aromatic solvent ex BP
27. 15% Vad0d oig K&dt/gi @nd pr oniel emhafdiroent frons20000500Inyg K&dtddgy | astkin one

135, 14% 11SRHPATHR RS LDLOGDaGRO Hgiao e sbodimenttiom d0dto * A2
500 mg KOH/g. The metal salts are generally employed in the form of a
concentrate in lubricating oil, which is a further aspect of the present invention.
Such concentrates may themselves be incorporated into an additive package
for addition to the lubricating oil used in the engine.
15 The lubricating oil compositions of the present invention are suitable for
use in either a low- or medium-speed engines especially marine diesel engines.
Typically such engines are 4-stroke trunk piston engines having an engine
speed of 50-1,000 rpm, and in one embodiment 100-500 rpm, and a brake
horse-power (BHP) per cylinder of 10-3,000, and in one embodiment 250-

20 2,000. The engine can also be a 2-stroke cross-head engine having a speed
of 40-1,000 rpm, and in one embodiment 100-500, rpm and a BHP per
cylinder of 100-8,000.

In a further aspect of the present invention there is provided a method
of reducing deposits in a low- or medium-speed diesel engine, comprising

25 lubricating the moving parts of the engine with the above-defined lubricating

oil composition.

The lubricating oil compositions of the present invention have a TBN in
the range from 0.1 to 100 mg KOH/g. Where the composition is to be used
in a 4-stroke trunk piston engine the TBN is preferably in the range from & to

30 70, more preferably from 8 to 50 mg KOH/g. When it is to be used in a 2-

stroke cross-head engine and particularly for the crankcase, the TBN of the



Dodecyl -salicylic calix[8]arene, 50% sol'n in A260 9.00% | equiv to 4.53%
sal i xarene) SUBSTI TUTE SHEET ( RULE 2B) ~2 i AFAR 2002 WD 991 25677 25
PCT/ GB98/ 03398 The result of the thernogravinetric analysis is sB8vWAR 12002
dig. 1, where the plot is displaced to the right (i.e., enhanced thernal

stability) wdwhasghe sal i xarene is added whil e mai nt ai ni ngTidys/edeep curve:
this is highly desirable in such packages. PERFORM-ANC~= OF

GASOLI ' ~~E/ DI ESEL DETERGENTS Conventi onal gasoljne and di esel detergents
are eval uatemipositibn dndrefetabtyin thheargklfroroQ. ofo § henwad prefembly ibfthexanpl e 1.

A succini m de di ese conprising the reaction product of a
pol yi sobut EH{® L:‘ﬁ ib 8@# 'Bopropyl i ni dazole is evaluated as a

det ergency addi The/mbhaaﬁhgaamboﬁvb@hm@ﬁ@@ﬁdh@ rdsen@irRRHEeR aretRidhlgngi ne
test. The fuel e |Oéed S 6 di esel e conpounds tested are

ik ncor por at B¥nogr i ants &. g detrinpatswhich wévbléﬂlrtéﬁmphgo viscasityindes:
t 7 t
[ %?332?18}{8&&%%}&&9%?6%38%%5?% ﬁéggég%tcgégnobé%g%%ﬁu'ﬁgfﬁ earnx.%'%:or rosi on

i nhi bi t or 3sGitébis Féromelubitation qfackageorimediaseshded dibss] lenginept 680ml/ nB8. The

succi ni m de detergent i.,s eval ated alone in the  above package, and also in
Corol et | oRERCLRT P nBlIna Gl aaRL Sning. IRy A AL IRG0 S Y SHtBE 810k 2

dodecyl - sa c fs
ol  xar enor AL S b BBoBRRert s APl oBHOpd KRR 'ﬁ% A g an

80% by wei gh@ rapbthanic basm paraffinkasa 0P M9iX ey bass giht Adtermatively; l‘cmayebet The

sal i xarene _of le.1.is als val u Io.ne ur nts are nmade of
per cent ageaﬁygﬁq%gzgggréqatw_glolwﬂeegﬁ§@%fxﬁ?? “bt"ﬁaf'ﬁ‘%&@ Cﬁ‘ggaeﬁyéﬁggwt he better
the resul t estStRibHcatiAd ofijBRRichRilkndbde dle\éﬁrg%aﬁﬁzﬁl-ﬁéﬁuﬁd%tﬁf‘dlj ~a -
Zoo2 PCTI GB98/ 03398 ADDI TIVE% fl ow |l oss at 0.1 nmneedle |iftNo additive
acka a91. 39&%Yé sebacatgang di-decy AdiRAte R0l YBHF iV AFassEd By 'UESG&?H'}%OI!LS'

al one90. 9°@&‘V€>&%pﬁé Qwa)poiﬁs@tfﬁéﬁé@ﬁ@%ly aﬁahaloﬂ;h%em %ﬁu Vé]%at the
sal i xarene al one has essent| det ergent act ver
i ncor por at ginersl @il sosropinyedt iToa Odfmpvube syﬁablwfphltdunoamaulmabr succi ni m de

det o1 GENt )i IR i Uhalel B v RIR SSlRbohof S WRSHLRY.TRICE OF Lhe

viscosity adjustment is required it may be achieved by the addition of, for
example, bright stock. The lubricating oil typically comprises greater than
70% by weight, and in one emboidment greater than 80% by weight of the
inventive lubricating oil compaosition.

The inventive lubricating oil composition may be contaminated with a
fuel oil which has a residual oil content. These fuel oils are suitable for use as
diesel fuel oils. Fuel oils can in general be divided into two main categories,
namely, distillates and heavy fuels. Distillates consist of one or more distilled
fractions. Heavy fuels are fuels which comprise at least a proportion of a
residual oil, that is an oil which remains after the distilled fractions have been
removed from an unrefined oil. The composition of the residual oil will vary
with the composition of the starting oil which is usually a crude oil and will
also vary depending upon the distillation conditions. However, by its nature
residual oil is of high molécular weight and high boiling point. Heavy fuels can
also comprise, in addition to residual oil, distillates. However, heavy fuels

generally comprise at least 90% by weight, and in one embodiment at least

SUBSTITUTE SHEET (RULE 26)
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A gasol i ne detergent conprising the Mannich reaction product of
pol yi sobut ene-substi tuted phenol, ethylene diam ne and al dehyde

eval uated as a detergency additive according to the standard Ope

engi ne test. The fuel enployed is unleaded CEC RF 83-A-91, and t

a

S
Kadett

200

RL-189/1. The detergent is tested alone, and also in conbination with the
sal i xarene of Exanple 1 as in the di eséB test above. The conpounds tested
are incorporated in an additive package with the follow ng formnul ati on:

Par adodecyl phenoi / propyl ene oxide (11:1 nol ratio) carrier 37.7% by wei ght

HAN 85728 $xkpiwélate] anad &) oAe @mbodingoht enleadd 936ty wadight rdsidadl @iddi tive
17.0% by wei ght The package is dosed in the fuel at 300ml/ nB. Measurenents

are nmaddnaine e@biogireentaihgerrespot inventimmorelateeNe kibdiceting qibcks

al67Manni ch

d I BST|L TUT SHEE 6 C 2002 V\D 99/2 5677 27
PO CroBOPABRT08s TNEG PSSO Gia Bingtes 8V1Eh 2 Breit e o L Ao avy
sal i xar qgsrﬂ-‘ tHERBTCBEHG G SHAYSRRIn QYRR 0 51] g fnﬁ K RARaaPpEars to

have good detergency properties i1 n gasoline.
sconvent iconapogitienldomepdedcbgrmésn DONER 5% hyrwelghtpaatdnidriecant

synergistic effect. \Wile the invention has been explained in relation to
its pr efesnbedimario - hedat 0% by ivéeight handria@nst plodhaent &3 sah % by

dif h Ki | h
oad no WHENTHEFiT Bhe brnbod RIS TY SLBY 8% Wy b BRI MLHT ol vinin s P
i nvent i ofafitlesiCARsRdishe k84l ﬁ/mm ﬁ@geéﬂrégdsavcﬁrcéwh modi fications as fall

within the scope of the a? pended cl ai ms. SUBSTI TUTE SHEET ( RULE
MAR 2002 28 c"ﬁhaﬁ lgpricating ol

10 0.01 % by weight of the inventive cyclic compound or metal salt, and in one

25)  Z8'

ompositions of the invention typically contain at least

one embodiment at least 0.05% by weight, and in one embodiment at least 0.1%

by weight. The lubricating oil compositions of the invention typically contain 5 to

95% by weight of the inventive cyclic compounds or metal salts, and in one
embodiment 25 to 65% by weight.
15

invention, the inventive lubricating oil compositions may contain other

In addition to the lubricating oil and the cyclic compounds or metal salts, of the

additives, particularly dispersants, Although any type of dispersant may be

employed in the composition, a suitable dispersant is one derived from a

hydrocarbyl-substituted succinic acid or anhydride by reaction with an amine

20

i.e. a hydrocarbyl-substituted succinimide, e.g. a polyisobutylene substituted

succinimide. These succinimides are well known in the art. Succinimide
production is described in, for example, US-A-2,8982,708; US-A-3,018,291;
US-A-3,024,237; US-A-3,100,673; US-A-3,219,666; US-A-3,172,892-and

US-A-3,272,746. Succinimide dispersants which are mono- or bis-

25 succinimides may be employed.

The amount of dispersant present in the low- or medium-speed diesel

engine lubricating oil composition of the present invention may be in the range

from 0.01 to 5% by weight, and in one embodiment from 0.1 to 2.5%

weight based on the weight of the lubricating oil composition.

by

In one embodiment, the inventive lubricating oil composition comprises:

from O to 5% by weight, and in one embodiment from 0.1% to 3% by weight



1. A process for meking a cyclic conpound conprising: reacting together in
a solvent and in the 5 presence of a basic catal yst, conpounds of the
formulae (Ila) and (l11b) ~o R4 R2 (Ila) (Ilb) 15 Wth an aIdehy%e‘Kof t he
formula O = CHR6, and optionally sul phur; wherein Ris Hor an # mgflﬂ%p
of 1 to 6 carbon atonms; R5 is Hor an alkyl group of 1 to 60 carbon atons;
j is 1 or 2; R3 is hydrogen, a hydrocarjpyl or a hetero-substituted 2o

hydr ocar byl group; either Rl is hydroxyl and Rz and R4 are independently

ei ther hydr egamydiyetrbglsubstituted stetinfrariedgispérahnd fRHE00RPEY, bpr Rz and
R4 are hydroxyl and Rl is either hydrogen, hydrocarbyl or

het er owaightt Bodiireanagdnkatiment froem@. 1656 to 8 Y% iof heycliy domgenndrormyetabcar byl ;

t he 25 sgl ¥ nt, corTPri_si n ilé | east 50% by \gg&,ght of the reaction solution;
t he nuSBEPT Hie IYERION AN lpwr HMediHREREeRAIeq) owing kiprisatingoful a (11 a)
being m the nu r. of lar units of .the co und .represent ed, formul a
(11b) being g adna%opjoa{ﬁ)ev\gq;{eﬁaw,igemg?%ﬁﬁ%oqréca}tmggpﬁ Ctogq%?s’ﬁgf‘s at

| east 3napnhrithih Bné Drinbfe 88ditives W RNy Y e j wgin R is
hydr oxyl ;a?R2 and Rnarer indepenldler?tsly ei t her h%dr@%ﬁe@h@ p’gﬁaﬁbyl or 5

het er o-rmatistrnispieed digsieloarsgibg llybiRStindhpdraxoapbsitioos. hetamplesubissidhut ed

hydr oc process of.¢laiml1l or claim2 wherein m

+ni sa%jjcﬁ{jv‘igns%\ﬁl_'@e gﬁﬁzti@%r%eﬁgpg?ﬁnt% HPJeakitage. axledife of claims 1 to 3
1 to 4 Ripssub/ifRARebentl. Gt RERENors “andl S BRRRERR e AR °TFe ooy
RS and diitioRalltietergéntd; thaticanlb@endloPed $n @hefindludantydrotarbyils 8. 6. A
process for making a metal salt, conprising the
substituted alkaline earth metal phenates, salicylates, naphthenates,
sulphonates or carboxylates, which may be neutral or overbased materials.
The lubricating oil composition of the invention may be prepared by diluting
a concentrate comprising a solution of the cyclic compound or metal salt of the
invention and optionally other useful additives such as those referred to
hereinbefore in a suitable carrier with low- or medium-speed diesel engine
lubricating oil. As the carrier there may be employed any solvent for the product
which is compatible both with the lubricating oil and with the use of the
composition. The carrier may be any inert hydrocarbon solvent. The aforesaid
cyclic compound or metal salt may be present in the concentrate in an amount in
the range from 0.1 to 20% by weight.
In one embodiment, the inventive lubricating oil compositions contain a
detergency improving amount of the inventive cyclic compound or metal salt. In
one embodiment this corresponds to 0.01 to 10% by weight cyclic compound or
metal salt based on the weight of the lubricating oil composition, and in one
embodiment 0.01 to 5% by weight, and in one embodiment 0.01 to 2.5% by
weight based on the weight of the lubricating oil composition.
The use of the cyclic compounds and metal salts of the invention as
described hereinabove for reducing black paint in low- or medium- speed diesel
engines is a further aspect of the present invention,
A further benefit of the cyclic compounds and metal salts of the invention

is that they may be used to improve the performance of conventional diesel and



. 15 following steps: (lI) formng a mxture of conponents (A) and (CQ);
conmponent (A) conprising a cyclic conpound obtained by the process of any
one of clainms 1 to 5; conmponent (C) conprising a solvent conpri sglag 'tdgﬁr
20 conponent s ( C1L ) or ( CZ ) ; conponent (C) conprising either tﬁﬁ
pol yhydric al cohol having 2 to 4 carbopQatons, (ii) a di- (C3 or C glycol,
(iii) atri- (C or C glycol or (iv) a nono- or poly-alkylene glycol alkyl
ether of the formula: 25 RO (OR1) fORII (IV) wherein in the formJIa (1rv .,

RO is a r car bon

at ons, I%g o‘ilﬂe%ﬁ}q@ﬂ&éﬂogggesg %?%Be%agwsg%mgy@%r‘: g?oup, and f
i's an i nhegeel deoompobitidii. Acgreaigy ah@ﬂ)elc@:iﬁ?erdtsdfn@\eﬂn%nﬁ@n@ﬂ mré@hydrl c
al cohol in conbination with a hgldrocar bon solvent; and 5 (11) adding a

met gl b%ﬁomepsm@nmmnﬁmgéa &yelfc @@np?u@ﬁm nuetpl saaitiottb)e inverilcadand eon  of
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additional 'step o I oxlide to
conponergropéries of djesehdr GG olindodetgrgaitst Theasklieddiipoundsfandomptzent ( B)

8. The process of claim6 or claim?7 wherein conponent 15 (Cl) further
conpr i s&lts@g alsnyspfotihenseivas sedetergentadditvasisrggsojinaareieselii) a CL to

car boxy e b afy fiktors bedacd CBaing s s il iRaiRipe priefies ' °
al i cycligf a%btt?érfd”é%éﬁg‘énet flfﬁﬁs NREAGe RN $h 39&3%515&":11%%9@ co%ﬁ)r@éd rBPfat Ur e of

two or nore of (i) to (v). The procéss of any one of claims 6t
10wher ei n rdgjor amawépfelc)lese(l rfme)l arrgasbling,, amd apninor atrmount oﬁalaahmmene dsro any of

Lf‘t:h:ej?regaf'é‘z% - BBeye PicalTie! adHdashling comAmsHions Wecahoc é@sﬁﬁ”&&hﬁ;”% an
conta g Y aragt o BvervBieyeft KERpRIRAS of riEteledle, BRVHERES | 0t oo

sul phonlem[a@mme«m 3aohyids |bgi®vé;?mr eof ; (| v) a hydrocarbyl substituted
salicylic acid or anhydride thereof; (v ~ 1 11INR 2~3 31

) @
hydr ocar byI Jinssinventien wilbnewebe fubed!lvstrated byi wéerensedsfthe( vi) a
hydroca l¥ @Ubﬁtl‘%‘ ied phenol ; or (vii) a mxture of two or nore of (i) to
(vi). C\W 63 f any one of claims 6 to 9 wherein said 5 process is

conduct ed at a tenperature in the %@gﬁ:mngC to 200C. 11. The process of
any one of clalms 6 to 10 vvhereln the weight ratio of (A to (C ranges

£ ) aipgiarenef (C) . 10 12. The process of any
one of T3 § e oS B S0l b ek a8 ol pemapegt (9 1o
equi val gpiQfof(fddecylphenol (0.87 moles, 1 equiv); 17.25 grams of salicylic acid
20 (0.125 moles, 0.152 equivs); 60 grams of paraformaldehyde {2.00 moles, 2.3
equivs); 52.5 grams of 10M sodium hydroxide (40% aqueous) {0.525 moles,
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0.63 equiv); and 2 kilograms of xylene (solvent)
A reaction apparatus is set up incorporating the 5L flange flask, a*
flange lid and clip, overhead stirrer with paddle and PTFE stirrer gland, Dean &
25 Stark trap and double surface condenser. The reactor contents are heated by
an electric mantle/thermocouple/Eurotherm temperature controller system.
The glassware from just above the mantle to just below the condenser is
lagged with glass wool.
The reaction mixture is rapidly heated to 80°C. The temperature is
30 then further increased very slowly at a rate of approximately 1°C every 10

minutes. Water (77ml) is collected over a period of 7 hours, at the end of



13. The process of .any one of claim?7 and clains 8 to 12 | S when dependent
upon claim7 wherein the ratio of the nunber of noles of netal B M&%to

t he nunber of noles of carbon dioxide in (D) is from0.3 to 1'.6 o

metal in (B) per nole of carbon dioxide in (D). 14. The process of any one
of clai m 9VhYW25¢73i ns 10 to 14 20 whéh dependent upon clREHEBPSEHEE ein t he

anount of conponent ~E) is up to 40% by wei ght based on the conbi ned wei ght
of conponents (A , (B ~ (O , (D and (E) . 15. A cyclic conpound

obt ai ned bywhioh qbnedemramreamcbesa1éﬂ°6l dhesnikture iStherballicdveditaredall sal t

obt ai ned by the, ss,of an 17. A tal salt of
t he corrpou%?i"%’f“ggf gpﬁrigemgge}{hf ﬁﬁ%&éﬁé’l"lﬂ fg‘ré‘gf é%rf‘%’sorm myiaht E

wher ei n t hegsuldart BYOR 2888t afethdh s8phkityd, OdndStietkyiBiedbolsatlisi S ei ther an
alkali or an alkaline earth netal._19. A conposition conpri si n%@&ze net al

salt of anyremm/edfb»uoaarrvsevpeomml8Thmm>evmreew@emmh¢rbaneusaﬂ by itionis
5 from 200 rlcatln oi |
and the con%)@ung‘% c g{gﬁgigggdrdlgbﬁ%és yl'gamzi’hé% ﬁﬂgiﬂhﬁg e A °

finished | tﬁﬂurmaélx-ngambéredmmgcsailkamne as onglt assmgemmamed ararting Of the

conmpound of cl aj 5 or of 10, said co nd a

ount of BRI U (REING B AR e aAne g B AGtaret reBRERS | ¢ i on
of clai m 21amh8iidicient N4 50 RbRBSShd biPbHEad tdgrdvide aean@&mdt%ffw%w
conprises a contam nate anount of Tuel oil having a residual oil content.
15 23. A pryeighs onge theguienngolyeat is femavnedhydraserycrysssrater. iTheaesitingor

medi um spe oghgf@.la agg} %mﬁpwﬁtlﬁh ng |ubricating said engine with the
finished |ubrica ositiron of claim?2l1 or claim22.

. Ah”e. AuS. A{. Asy. AL. Ae A&y A%Aa EXAMPUD2A

R AS&y. ANLY, Al . AS. A@GR ASLR A A f. AAEAY. ARAA .rPRM(P45 (C

PP( P#. #. | 2 eytralisation IlBlaen8997992222222222227] x>7x>| >| >|
>7| >0| >x| > >| > >A S’W{r@ﬂa%)é|IQXH%EBM|WEW¥%M >200 %karhs 3F kild 5304 > | >] | >
|>1120 120121212 L°||°||°|<° <?[<?| [1[1]7] °<g°<>°<> >| >| ><><><SB<<| | S
>| >| ><><><>‘i@$ wHerce da&w&aalw jeoatixls O%W.N?.@?Qmmélb&aw| | | xB: 5! @5

>>>>>>>>>>>>>>7~>>77777!~?77777777>7 ~?~?7? ~7>77<>77>~|8777 7>>>>>>>>>>|>>>

Z97955<| | LOQ.g5ams of Zretvihexanol (Solvent]

PP(Pi. #. X2277229% 1024153 SR artad fder iy Besiporatii e O 2L Aardg 3R 742227222277

??2??2??27??2??2??| X2XXXPXXXX2XXXXXXX ??P?>SSSSSXSX>>>S >>>>>>>>>>>>>>>>>>>>>>>>>>>
>>>>>>>>>>>ﬂar@e>ltd>and>ummﬂwﬁt[rrmm’pa&&@eﬂdﬂmm Bphgsh???| ?2?| ~
>2?2??~| 2~~~22222=2227~7

Head, double’ sunSalcSeCc)o%hé#sSer, vacuum receiver adaptor, 250ml receiver
flask cooled by butanol/CO, (s}, and vacuum pump. The reactor contents are
heated by an electric mantle/thermocouple/Eurotherm temperature controller
system. The glassware from just above the mantle to just below the
condenser is lagged with glass wool.

The mixture is stirred at 600 rpm and heated to 90°C under a vacuum
of -11 inches Hg (19 inches Hg absolute). The vacuum is then increased to
-28 inches Hg (2 inches Hg absolute) for 30 minutes, before being reduced
back to -11 inches of Hg (19 inches of Hg absolute) and the temperature
increased to 130°C. The reaction is then held at a vacuum of -11 inches Hg
(19 inches Hg absolute) and a temperature of 130°C for 20 minutes. The

temperature is raised to 200°C and vacuum increased to -28 inches Hg (2
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Residual heavy fuel oil is dosed into the test lubricating oil, typicaily

between 10 and 20%. The sample is thoroughly mixed until a homogenous
oil is obtained. 1.5 grams of the sample is poured onto a steel test plate
which is then placed in an oven for 24 hours at 100°C. After the test period
has elapsed the test plate is removed from the oven and the lubricant/fuel
mixture is allowed to drain off the test plate. Once the material has drained
off the plate it is allowed to cool and then is visually inspected for the degree
of sludge and rated as either "clean" or "dirty". Due to the variability in fuel
quality the test series includes a known good performing lubricant and a
poorer performing one. These materials are used as internal standards for the
test and are also used to re-reference each batch of residual fuel used, with
the standard good lubricant giving a clean plate when drained and the poorer
performing one a highly "sludged” plate.

The lubricants employed are Shell Argina and Exxmar 30TP40. The
compounds tested are the dodecyl-salicylic calix[8larene of Example 1,
overbased dodecyl-salicylic calix[8]arene of Example 3 (also known as a
“salixarate”), a linear equivalent of a salixarene comprising chains of
dodecylphenol and salicylic acid groups linked by alkylene bridges, and finally
a further salixarene containing two salicylic acid and six dodecylphenol units
per ring (made in the same way as Example 1, but with a 3:1 molar ratio of
phenol: salicylic acid instead of 7:1).

The results were as follows:

TABLE 1
COMPOUND STATE OF ASHTRAY
Shell Argina (control) clean
Exxmar 30TP40 (control) dirty
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These results demonstrate that whereas linear compounds containing linked
phenol and salicylic acid units are not effective against black paint, cyclic
compounds (salixarenes) are effective, as are their overbased metal salts
(salixarates).
THERMAL STABILITY OF GASOLINE/DIESEL DETERGENTS

The thermal stability of a conventional gasoline detergent is
evaluated by thermo-gravimetric analysis, both with and without the addition
of dodecyl-salicylic calix[8larene. The detergent contains:

A260, a product of BP identified as a solvent that is

mainly aromatic ' 31.62%

Mannich reaction product of Ultravis 1000 poiyisobutylene
substituted phenol, formaldehyde and ethylene diamine in

35% by wt of A260 26.14%
11 mole propoxylate of dodecyl phenol 37.71%
Dodecyl phenol 4.53%

The package containing the salixarene contains:
A260, a mainly aromatic solvent ex BP 27.15%
Mannich reaction product of Ultravis 1000 polyisobutylene
substituted phenol, formaldehyde and ethylene diamine in
35% by wt of A260 26.14%
11 mole propoxylate of dodecy! phenol 37.71%

Dodecyl-salicylic calix[8larene, 50% sol'n in A260
9.00% (equiv to 4.53% salixarene)
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in such packages.

Conventional gasoijne and diese! detergents are evaluated with and
without the addition of the salixarene of Exampie 1.
Diesel .

A succinimide diesel detergent comprising the reaction product of a
polyisobutene succinate and aminopropylimidazole is evaluated as a
detergency additive in diesel fuel according to a Paugeot XUD 9 engine test.
The fuel empioyed is RFS0/6 diesel. The compounds tested are incorporated in

an additive package with the following formulation:

kerosene-type solvent 35.9% by weight
detergent 22.7%

cetane improver 18.9%

lubricity agent 9.1%

dodecyl phenol 5.3%

demulsifier 4.6%

carrosion inhibitor 3.0%

antifoam 0.5%

3

The package is dosed in the fuel at 680ml/m™. The succinimide detergent is
evaluated alone in the above package, and also in combination with 10% by
weight of a formulation containing the dodecyl-salicylic calix[8]arene of
Example 1 above (comprising 50% salixarene in Caromax 26; Caromax 26 is a
high-boiling solvent having an 80% by weight aromatic content and a 20% by
weight aliphatic content. The salixarene of Example 1 is also evaluated alone.
Measurements are made of percentage flow loss at 0.1mm needle lift;

the lower the figure the better the result.
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No additive package 91.3%

Succinimide detergent alone 81.2%

Salixarene of Example 1 alone 90.9%

90% detergent, 10% salixarens 71.1%

These results show that the salixarene alone has essentially no detergent
activity. However when incorporated at a concentration of just 10% with a
onventional succinimide detergent, it promotes a substantial improvement in
the performance of the detergent.

Gasoli ine (CEC)

A gasoline detergent comprising the Mannich reaction product of a
polyisobutene-substituted phenol, sthylene diamine and aldehyde is evaluated
as a detergency additive according to the standard Opel Kadett engine test.
The fuel employed is unleaded CEC RF 83-A-91, and the oil RL-189/1. The
detergent is tested alone,ﬂ and also in combination with the salixarene of
Example 1 as in the diesel test above. The compounds tested are incorporated
in an additive package with the following formulation:

Paradodecylphenol/propylene oxide

(11:1 mol ratio) carrier 37.7% by weight
HAN 8572 (Exxon Chemicals)

Aromatic solvent 45.3% by weight
Total additive 17.0% by weight

The package is dosed in the fuel at 300m|/m3.

Measurements are made of the inlet vaive deposits.

JABLE 3

| ADDITIVE DEPOSITS (ma) |
No additive package 167
Mannich detergent alone 22
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These results show that even alone the salixarene appears to have good
detergency properties in gasoline. When combined with the conventional
gasoline detergent, however, there is a significant synergistic effect.

While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will
become apparent to those skilled in the art upon reading the specification.
Therefore, it is to understood that the invention disclosed herein is intended to

cover such modifications as fall within the scope of the appended claims.
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15 With an aldehyde of the formula O = CHR®, and optionally
sulphur;
wherein R® is H or an alkyl group of 1 to 6 carbon atoms;
R® is H or an alkyl group of 1 to 60 carbon atoms; j is 1
or 2; R® is hydrogen, a hydrocarbyl or a hetero-substituted

20 hydrocarbyl group; either R' is hydroxyl and R® and R are
independently either hydrogen, hydrocarbyl, or hetero-
substituted hydrocarbyl, or R? and R* are hydroxyl and R! is
either hydrogen, hydrocarbyl or hetero-substituted
hydrocarbyl; and R® is either hydrogen or hydrocarbyl; the

25 solvent comprising at least 50% by weight of the reaction
solution; the number of molar units of the compound
represented by formula (IIa) being m, the number of molar

units of the compound represented by formula (IIb) being n,
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R' are independently either hydrogen, hydrocarbyl or
5 hetero-substituted hydrocarbyl; R®is hydrocarbyl or
hetero-substituted hydrocarbyl; R°is H; R®is H.
3. The process of claim 1 or claim 2 wherein m + n is 8
to 12, and m is 1 or 2.
4. The process of any one of claims 1 to 3 wherein R® is
10 dodecyl or octadecyl.
5. The process of any one of claims 1 to 4 wherein: R®is
H; R'is hydroxyl; R*and R'are H; R?is dodecyl; R® and R® are
H; j is 1; mis 1 or 2; n is 6 or 7; and m + n is 8.
6. A process for making a metal salt, comprising the
15 following steps:
(1) forming a mixture of components (A) and (C);
component (A) comprising a cyclic compound obtained by
the process of any one of claims 1 to 5;
component (C) comprising a solvent comprising either
20 components (C,)or (C,);
component (C,) comprising either (i) a polyhydric
alcohol having 2 to 4 carbon atoms, (ii) a di- (C; or C,)
glycol, (iii) a tri- (C, or C,) glycol or (iv) a mono- or
poly-alkylene glycol alkyl ether of the formula:
25

R’ (OR*°) ,OR™ (IV)

wherein in the formula (IV), R’ is a C, to C; alkyl group,

R is an alkylene group of 1 to 6 carbon atoms, RY™ is
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The process of claim 6 or claim 7 wherein component

15 (C,) further comprises: (a) a hydrocarbon solvent; or (b)
either (i) water, (ii) a C, to C,, monoﬁydric alcohol, (iii)
a ketone having up to 20 carbon atoms, (iv) a carboxylic
ester having up to 10 carbon atoms, or (v) an aliphatic,
alicyclic or aromatic ether having up to 20 carbon atoms,

20 or mixture of two or more of (i) to (v).
9. The process of any one of claims 6 to 8 wherein during
step (I), (II) or (III), or prior to or subsequent to any
of the foregoing steps, a component (E) is added, component
(E) comprising either (i) a carboxylic acid containing from

25 6 to 100 carbon atoms or an anhydride thereof; (ii) a di-
or polycarboxylic acid or anhydride thereof containing from
36 to 100 carbon atoms; (iii) a hydrocarbyl-substituted
sulphonic acid or anhydride thereof; (iv) a hydrocarbyl-

substituted salicylic acid or anhydride thereof; (v) a
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e process Of any one of claims 6 to 11 wherein the
mole equivalent ratio of component (B) to component (A) is
from 0.05 to 20 mole equivalents of (B) per mole equivalent
of (A).
13. The process of any one of claim 7 and claims 8 to 12
15 when dependent upon claim 7 wherein the ratio of the number
of moles of metal in (B) to the number of moles of carbon
dioxide in (D) is from 0.3 to 1.6 moles of metal in (B) per
mole of carbon dioxide in (D).
14. The process of any one of claim 9 and claims 10 to 14
20 when dependent upon claim 9 wherein the amount of component
(E) is up to 40% by weight based on the combined weight of
components (a), (B), (C), (D) and (E).
15. A cyclic compound obtained by the process of any one
of claims 1 to 5.
25 16. A metal salt obtained by the process of any one of
claims 6 to 14.

17. A metal salt of the compound of claim 15.

18. The metal salt of claim 16 or claim 17 wherein the
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20. A composition comprising a lubricating oil and the
compound of claim 15 or a metal salt of said compound.
21. A finished lubricating oil composition, comprising a
minor amount of the compound of claim 15 or a metal salt of
10 said compound, and a major amount of a lubricating oil.
22. The finished lubricating oil composition of claim 21
wherein said finished lubricating oil composition further
comprises a contaminate amount of fuel oil having a
residual oil content.
15 23. A process for reducing black paint and/or deposits in
a low- or medium-speed diesel engine comprising lubricating

said engine with the finished lubricating oil composition

of claim 21 or claim 22.



