- | ENG NE LUBRI CATION FIELD OF THE I NVENTI ON Thi s i nvention concerns

di esel engine lubrication, nore specifically trunk 5 piston diesel engine

| ubrication using trunk piston engine oil (' TPEO ) and system | ubrication
of crosshead (also referred to as two-stroke or slow speed) diesel engines.
BACKGROUND OF THE | NVENTI ON Trunk pi ston Idi esel engines are used in narine,
power generation and rail 10 traction applications and typically have a
rated speed of between 300 and JNGINEAUBRECATION pi st on di esel engines a
single lubricant conposition is used for crankcase and cylinder

| ubrication. Al major noving parts of the engine, i.e. the main and big end
bearings, cappEHIORMHUEINVENERON are |lubricated by a punped circul ation
system The cylritnder Ttners are Tubricated partially by splash [ubrication
and partially by ®his in&nfipprondessaiessLi¢nginealnbegasionymatd specifficaldistrinls way to
the cylinder wall, through hpoles.in .the piston skirt, via the connecting rod
and gudgabn pirian dissgbeiiin B Elion hsingitrek P etatas of FIPERL ad R

| ubri cat ed ugi i . € i Yoo :

| Ubr i oat od uap herIHORRRIhGTakp RELFADICRS (MSHBReLP o Pt Ss Riings,
engi ne crankcase is lubricated using a separate lubricant referred to as a
systemoil. 20 Tru pi st opn .di.ese 1l nes use a centrifuge systemto renove
cont ani nant sBA e oA e, PN,y water, fromthe lubricating oil
conposi tion. Sim g ;féﬁ@ﬁ H{egélgzﬂ DS ARMReAEmMHRE pbRet é?@}atibh%nﬁ}‘a%f em oil of
sonme crosshead marine enél nes. Tﬁe centri Puge ystemrelies on the
use of alGeafractipnrapglicationkand typidalphaer a ratdibspeedef batyeerc 320 agl K00 rpm.

conposition. The seali medi um i s, erally water.. Wen t he | ubricating
oi | conposi t IdAinRistes %F'o%’@ﬁ‘e?ﬁé“%gmllPLP? E0mPQsi R It Brsenkess and ont act

with the wat linggpﬁlbheﬁfdn(? Al Hﬂ%&%oﬁﬁ%ﬁﬁ&i c;fitﬁ’é‘erigf'ﬁé, ?.E%E PGP Ed iaig eng
capabl e of shedding the water and re ning stable’'in the presenCe of
wat er. |f t hbedrinigs,icaatshaftjandvilve gegpose luboicatied bynghingedairshlaton kestemat er, t he

wat er builds_up in the lubricating oil . co sition formng an_ emnul sion,
whi ch | eads T8°8MpWSr iaerpars lHE‘ﬁE?t?ijppWall "ggaseéwmaflagén%mléw ﬁellprevents

the cent {.‘if”ﬂgmﬁﬁéEﬁEﬂlBﬁ&{TAm@Qh%ﬂQ%'v% to W MindAAPAPHEAARADARSR" T bes

certain |1 nked aronmatic co that act as I sper sant
| ubricating thelpistomplistivia thesconhéctidgesd amak gudgeovepiar ,Crdsshead diesel begines, on

Ve

the other hand, are lubricated using two separate lubricants; the engine cylinders are
lubricated using a marine diesel cylinder lubricant (or ‘MDCL’), and the engine
crankcase is 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

25  the 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.

US-A1-2006/0189492 describes certain linked aromatic compounds that act as

soot dispersants in lubricating oil compositions. It does not, however, describe their



-2- use in trunk piston or crosshead di esel engine |ubrication or the need
to be capable of shedding water. SUVMARY OF THE | NVENTI ON 5 The present
i nvention provides lubrication that inproves soot handling and that is
capabl e of shedding media used in centrifuge systens. The invention enpl oys
t he above-nmentioned |inked aromatic conp@unds in conbination with nitrogen-
contai ni ng ashl ess dispersant in defined ratios. In a first aspect, the
i nventi on cousgrin smak pistet droctossheadidiesat @bging lubricationk opthetread td Be dapablel of
engi ne, or cro 3 head di esel engine, having a centrifuge systemincluding a
seal i ng rrediﬂ‘r‘?ﬁ PRt hod conprising operation of the engine and
| ubrication of the trunk piston engine or systemlubrication of the
cross-head engine with a lubricating oil conposition conprising: (A an oil
of | ubri cati SUMMARY OF THEANVENEKIONunt; and 15 (B) 0.04 to 5 nass %
expressed as actiye ingredient, of the lubricating oil conposition, of a
combi nat i%on of : (%@elgre tImygaHoR, o] eﬁklab(ﬁ‘cétl“ﬁ'h‘g‘ﬁ RfBH"ﬁoﬁ?Hgﬁ)@phf‘&é“q ormul a:
(I Sa (1 ") @afis hABM & dhbdditb HicRid\ised th SABMRAE s RUROCTREM bideRhASRNt S an
aromati ¢ noi e?y hgéal ng 0S tol\gg suLstietuents sgfg%téelﬁ fromthelg?ro p el
consi st i ng otheabdwd-mentidned linked hiomayialckyipoundsdn cambiratidn ewithalittygen- acyl oxy,
acyl oxyal kyl , aryl oxy, .yl oxy al kyl, ,halo and conbi nations thereof; each L
is independe?ﬂqta;}m&gIaﬁmﬂsg%)zﬂ?ﬁaéf5‘?cggﬁﬁfaélpﬁg a carbon-carbon 25 single bond
or a linking group, fAFLpet iR ihIAEBRIGE | Fichif { Qb
Z(QCR2)" )yX-, aerlgf%pxlcé sell-'ect eﬁ 9r§}rhg%ha§n§?g§%¥%:%n§%@ﬁ 2{ng 0 ﬁl?t(g& 2),,
0 and S;10R disst] Rnghvecoreacts-haad epssoldenginey hadhg s cadrifugesyblemGneludinga al ky!|
and aryl; zis Ito 2{,0; niso .l g whenXi s(CR 2)z,and2to | 0 when Xi.sOor 30 S; vy
is | to 30; $ealing medm, fhgmethog spmpgsing opsratign slithesngus and Jybrigatiopot the
trunk piston engine or system lubrication of the cross-head engine with a lubricating
oil composition comprising:
(A)  anoil of lubricating viscosity, in a major amount; and
15 (B)  0.04 to 5 mass %, expressed as active ingredient, of the lubricating oil
composition, of a combination of:

(B1) atleast one linked aromatic compound of the formula:

(Ya (Y'a
Ar—¢L—Arn), Im)
wherein:
20 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, aryloxy,

aryloxy alkyl, halo and combinations thereof;

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

each Y’ is independently a moiety of the formula Z(O(CR3),),X-,

wherein X is selected from the group consisting of (CR’;),, O and S; R

and R’ are each independently selected from H, C, to Cg alkyl and aryl,;

zis 1 to 10; nis 0 to 10 when X is (CR’;),, and 2 to 10 when X is O or
30 S; yis 1to30; Zis H, an acyl group, an alkyl group or an aryl group;



-3- each a is independently O to 3, with the proviso that at |east one Ar
noi ety bears at |east one group Y' in which Zis not H and inis Ito 100;

and (B2) at | east one nitrogen-containing dispersant, where the mass : 5
mass rati o of (Bl) to(BZ) isin the range from1:3 to 9:1, preferably in
the range from1:1 to 6:1, such as 3:1 to6:1. In a second aspect, the

invention conprises a nethod of enhancing the water- shedding properties, as
measured by a centri fuwhwasmdeshmuﬂm@toésw;thdie larowlsbrtliatat lengy onoiAIr

conposition in the lubric on of a. trunk tone qﬁ@e system
| ubrication of 10 cr os?oh%§h6ﬁ§§%l§?8tgﬂﬁﬂ?§ ﬁdvl"% mtcﬁ’f e system
including a sealing negjiymihlpo; g@pl oying a lubricati ng oi | conposition as

defined in the first aspect of the invention when conpared with a
correspondi ng | ubricat (Bd) oat lemnp@sltmggm-cmmg@}pemm avhese therthass(B2) . I n

a third gspect, the invention con ston r_cf head di esel
15 engi ne | ubricating oi |l cBRFYEIP Zgﬁ)a\()l(hgyﬁ"ﬂ earan%edggmnluﬁg%? of at |east
15, such as at |east 20, réfé?hiélg,mﬁfp‘eIqﬁgeefrmnneﬂtobmﬁs%{MaP%&%6pormrlSI ng:
(A) at least 40 nmass %of an oil Tubricating viscosity; and (B) 0.04 to 5

mass % expr essedlnssezond asspeptngreedvmmp cofnprises 4 mbthod @tf emlgnoingg thewateosi ti on,
of a conbinat,iqn. of. 20.(Bl) at |east one nkedao tic co nd of the
Formil e ( Tieddipepfapesics, £ mesuyel iy # Fcifnep avater SoEHEhenest, ALb BUAGERS y
represents ap; gpg [FOth€ 1brfa o8 Pirtitk to k1 t§h ﬁ%‘n‘%ﬁité the
group consi st ng g§§1 ﬂ , al koxy, 25 al koxy s 0 §1, ’nyg %ﬁﬁtﬁ x;l/a’{@m
acyl oxy, 1(hcybmxyhéddydlcseheq@mgyxavingrawemnfugd dwlem inaludingredseabmgpmediuing by
t hereof; each L is independent a linkin ety c risin car bon-car bon
Sinal o bond GAPRYEASABCHMBUS! s upn 158l HREBAFEBRT FIpest THoPery BIOR ho
formula Z( O (RE) compdfed with a corresponding lubricating oil composition where (B) contains
only (B2).
In a third aspect, the invention comprises a trunk piston or cross-head diesel
15  engine lubricating oil composition having a total base number of at least 15, such as at
least 20, mg KOH/g, as determined by ASTM D2896, comprising;
(A) atleast 40 mass % of an oil lubricating viscosity; and

(B)  0.04 to 5 mass %, expressed as active ingredient, of the lubricating oil

composition, of a combination of:

20 (B1) at least one linked aromatic compound of the formula:
(Y"a (Y')a
Ar—€L——Ar), In
wherein:

each Ar independently represents an aromatic moiety having 0 to 3
substituents selected from the group consisting of alkyl, alkoxy,

25 alkoxyalkyl, hydroxy, hydroxyalkyl, acyloxy, acyloxyalkyl, aryloxy,
aryloxy alkyl, 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 Z(O(CR3).)yX-,

30 wherein X is selected from the group consisting of (CR’;),, O and S; R
and R’ are each independently selected from H, C, to Cs alkyl and aryl;



30 wherein X is selected fromthe group consisting of (CR2)z, Oand S; R
and R are each independently selected fromH, C, to C6 alkyl and aryl; -4-
zis lIto 10; nis Oto 10 when Xis (CR2),, and 2 to 10 when Xis Oor S
yisl to 30; Zis H an acyl group, an al kyl group or an aryl group; each
a is independently 0 to 3, with the prowvi4o that at |east one Ar noiety
bears at | east one group Y in which Zis not H and 5 mis 1 to 100; and
(B2) at |east one nitrogehtockdhnas AitmdO dihspet s4GR,;)uked 2 to he wirs X isfhes rati o

of (Bl) to (B2) is in the . rangge from1:3 to 9:1 referably i
o g g5 ot

, in.the range
from1:1 to 61 such S i apyliezous, an ARkyE BOUB 9T 5P AR €6 Pow ng

words and expressions, gich aﬂ@%dé?&fdelﬂlﬁf’@mo 3 1Qith aveeprbPio MRAAt REF ofs Ayl bed
bel ow. "active ingredient” or "(a.i.)" refers to additive material that is
not diluent or sol venmpiety beqss atsleany'one groapyy cogrhacteZwona Bjpadi fi es t he
presence of stated features, teps, or integers or conponents, but does not
pr ecl ude X he presence B‘r‘siéoégg’i on of one or nore other features, steps,

I ntegers, conponents ofggr Ohln%astBh@ﬁmfgen.wﬁaﬁa&%a%%wm@ﬁiesrﬁa%sQf or
"consists essentially of"” or cognates “may be enmbraced within "conprises" or

cognat es, wherein "consi st smasssintoif éB1)to@¢B2) sen the engafrbmsli:dto &, subst ances
not materially affecting the _.characteristics of the conposition o which it
applies; 20 "nmmjor anount" H@ﬁ?fgbalp'ﬁ“ thegange fremgl FPaéé’%c Psé'lctGﬁSp[)si tion;
“m nor amount” mepng;d Sssiftiih R HRSWiINEWirdR kP BRASSINENT and VR usgaanS
total base nunber as nmeasur egﬁl’)y ASTM D2896. aFu%ﬁersrrSr’e i tﬁfyéu ’
speci fi cHt i omave'tphmsphiogausscabed below: i s as nmeasured by ASTM D5185; 25
"sul phated ash coptent” is as neasured by ASTM.D874; . "sul phur .content” is
as neasured by ASTOFID EESodiGI OF g 7% b mefe&li%@sgsstnyt GHUTBOE as
measured by ASTM [Mda:. Also, it will be understood that various conponents
used, essential as well as

“comprising” or any cognate word specifies the presence of stated features,

steps, or integers or components, but does not preclude the presence or
15 addition of one or more other features, steps, integers, components or groups
thereof; the expressions “consists of”” or “consists essentially of” or cognates
may be embraced within “comprises” or cognates, wherein “consists
essentially of”” permits inclusion of substances not materially affecting the
characteristics of the composition to which it applies;
20 “major amount” means in excess of 50 mass % of a composition;
“minor amount” means less than 50 mass % of a composition;
“TBN” means total base number as measured by ASTM D2896.
Furthermore in this specification:
“phosphorus content” is as measured by ASTM D5185;
25 “sulphated ash content” is as measured by ASTM D874,
“sulphur content” is as measured by ASTM D2622;
“KV100” means kinematic viscosity at 100°C as measured by ASTM D445,
Also, it will be understood that various components used, essential as well as
optimal and customary, may react under conditions of formulation, storage or use and
30 that the invention also provides the product obtainable or obtained as a result of any
such reaction.
Further, it is understood that any upper and lower quantity, range and ratio

limits set forth herein may be independently combined.



optimal and customary, may react under conditions of fornulation, storage or
use and 30 that the invention al so provides the product obtainable or
obtained as a result of any such reaction. Further, it is understood that
any upper and |ower quantity, range and ratio limts set forth herein may
be i ndependently conbi ned. -5- DETAI LED-DESCRI PTI ON OF THE | NVENTI ON The
features of the invention relating, where appropriate, to each and al
aspects of the invention, will now be described in nore detail as follows: 5
(Bl') LINKED ARO ) escri bes these conpounds
whi ch can bel2Bié ESLY Eﬁ&i&&éﬁﬁiﬁﬁiﬁiégﬁﬂﬁtufl) below. Ma (I )a
r--TL-Ar)m (1) 10rm€‘f°e5ﬁir mﬁgnﬁénﬁd}%ﬁﬁﬂge@?éﬁ ﬁ?}[?rlagﬁ%nttosea@ﬁ'aﬁd qatic

noi ety having O to 3 stituents sel ect ro he group consi sting of

al kyl, al koxaspeas kf)bhyaxh\keynhpn hyidlrrewy be désgdbakinahdryldetaildsdodomls:conbi nat i ons
thereof: each L is i ndependently a linking noiety conprising a

car bon- cérbon single bond or a linking group; each Y is independently a

noi ety of t ﬂ?k?, W}f NI N X is selected fromthe 15
group consi s |1:)ng0 g'j’AZ ' Olgngbypl? an]g R are each independently

sel ected from H, USI2006/0C89402kA1 descdibes these comppuhdowhith can be peeparedffomhen X
is (CR 2),, and 2 toflt%@wp Xis 0Oor S andyis | to 30; each a is

i ndependent | SPTRPAUHAZ0 at( ?¥viso that at |east one Ar noiety bears at
| east one group Y; and n1|s to 100y onatic nmoieties Ar of Formula (I)
can be a nononucl ear carboc 3¢ noi 20 (phenyl) or a pol ynucl ear
carbocyclic noiety. Polynucl ar car botycl IC nDoieties nay conprise two or

nor e fused rings, each ring AavHig—4-A9,10 carbon(Iptons (e.g., naphthal ene)

corpr 1 ser | npLgeinRRR A ihdben A BkirEeci £l drbni POl FRahEDSEY, | BT, ™
pﬁl ynuc Ihear subaﬁﬂuemy ctlected frofeghie graupi cmhsleﬁng ofcdlkyl calRevpy) tall@ixgaik yl, Apdlok acene,
9] enant hr ene,

cycl opent eno@?@émw’é}?@ prchsombinatins therepfh eachdnisindspendendiyralinkivg pyr ene,

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

independently a moiety of the formula H(O(CR3),),X-, wherein X is selected from the

15  group consisting of (CR’;),, O and S; R and R’ are each independently selected from
H, C, to C¢ alkyl and aryl; zis 1 to 10; nis O to 10 when X is (CR’;),, and 2 to 10
when X is O or S; and y is 1 to 30; each a is independently 0 to 3, with the proviso
that at least one Ar moiety bears at least one group Y; and mis 1 to 100.

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

20  (phenyl) or a polynuclear carbocyclic moiety. Polynuclear carbocyclic moieties may
comprise two or more fused rings, each ring having 4 to 10 carbon atoms (e.g.,
naphthalene) or may be linked mononuclear aromatic moieties, such as biphenyl, or
may comprise linked, fused rings (e.g., binaphthyl). Examples of suitable polynuclear
carbocyclic aromatic moieties include naphthalene, anthracene, phenanthrene,

25 cyclopentenophenanthrene, benzanthracene, dibenzanthracene, chrysene, pyrene,
benzpyrene and coronene and dimer, trimer and higher polymers thereof. Ar can also
represent a mono- or polynuclear heterocyclic moiety. Heterocyclic moieties Ar
include those comprising one or more rings each containing 4 to 10 atoms, including
one or more hetero atoms selected from N, O and S. Examples of suitable

30 monocyclic heterocyclic aromatic moieties include pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, pyrazole, pyridine, pyrimidine and purine. Suitable

polynuclear heterocyclic moieties Ar include, for example, quinoline, isoquinoline,



benzpyrene and coronene and diner, trinmer and hi gher polynmers thereof. Ar
can also represent a nono- or polynuclear heterocyclic noiety. Heterocyclic
noieties Ar include those conprising one or nore rings each containing 4 to
10 atoms, including one or nore hetero atons selected fromN, 0 and S.
Exanpl es of suitable 30 nonocyclic heterotyclic aromatic noieties include
pyrrole, furan, thiophene, imdazole, oxazole, thiazole, pyrazole,

pyri di ne, ycarbazﬂﬂe)dlwnﬂypumnbhne PhtHabdzire, qpiabzoline) @ﬁﬁoﬂﬁhéﬁmﬂ:yd | c noieties
Ar include, for exa gui nol i ne, isoquj noline, - carbazol e, yridyl,
ci nnol i ne, pﬁbmp@{&p Eagh ﬁ%’i‘&ﬂt‘l‘:ﬁﬁow'd{d%ﬁb‘%é}' Pﬁé‘ldgﬁﬁf‘deﬁﬂéﬁ%lﬁ‘%tﬁﬁ gich ﬁgat Each

aromatic mol g y, i eé Ye A8 shn%g%f’ﬁﬂﬁ?{l{t' Yo g %ﬁo%%l‘?c 51]8 fatic ?rlohet ' et es

Ar are the sane or ferent C aroma IC Nnole ar e

preferred. Mustpreferédr Medt m&ntedmp@wmhmmﬂs Ef)chﬂLﬁa [ whiieire¢ath @adh Ar | s 5
napht hal ene. Each aronmatjc noiety Ar may independent]ly be unsubstituted or
substi t ut®d WRhthaleneo Each arpmatic eeiety Avemay indgpendshilu bk ynsubsliteisgpr

al koxyal kyl , Iy

proforably,  SUSAAREyith | WESBARAL sol AR o UL MAIIUSOPL LI, o
groups) . Eachydroxydlkg, lgilend (conbiryiohethervef. Sﬂfmer@lﬂlydd:afcf)@(reglhmsubﬁlﬁiut‘eﬂn be a
carbon to 10 car bon sin Ie bond hetween the carbon atons of adjacent

noi eties Ar, (G¥cent foy gop Yg@“édﬁ"“"&ﬁ]l&f%ﬁﬂsb | i nki ng groups include al kyl ene
| i nkages, ether | Egé?ﬂﬁang gllé’r ggiﬁ?gl 21%2 me &r'b‘?fféx% ¥ hnd {;A?mklﬁegféarbé}mono

| i nkages, am do | i nkages, ur et ane and sul fur

| i nkage. 10°r et&boesinglerbond Gegveet pise @Tlﬁ)rﬁdtkmls eﬂed;hwmk&@eénes &uc(isr #@lénking
- CH3CHC(CH3) 2-, or. C(CH3)2-; diacyl |inkages such as 15 - COCO-_or
- 0O( CH2) 400 groand Syitable linking igxenps indduderalisdencdinkaggs, ether linkagss, dignybf erred

| i nki ng grou e rably, Ar
of Formul a (ﬁﬁkarggmei%%c napg%gﬁgﬁ% hrﬁa%%s %tr'){r?ée0 E)'ﬁgigésr’g%g%mldﬁ f xﬁjag Sgerl ved
from 2-(2- nanf&ﬁmbmage@tmrmlfur Mileiger Rbdfyrredding\groups Breralki@ehel 1imkapes ( 2-
napht hyl oxy)-ethanol, and mis 2 to 25. Preferably, Y of Forrrulaﬁ(m? is the

group 20 H( ooughoas 2 CHGCHG R B ot 197 £(CHa)-; eyl linksiges pichmer abl y, Ar i !s
neph hal g0, iy FCEIRCUBRLoRT i sl 1095, 025! AP
aromati ¢ compaking gréips m@ﬂkﬂaﬁmiﬂdge@anibsbprelf@amyede-.
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
20 H(O(CR3)2)yO-, wherein y is 1 to 6. More preferably, Ar is naphthalene, Y is
HOCH,CH;0- and L is -CH>-.
Methods for forming compounds of Formula (I) should be apparent to those
skilled in the art. A hydroxyl aromatic compound, such as naphthol can be reacted
with an alkylene carbonate (e.g., ethylene carbonate) to provide a compound of the
25  formula AR-(Y),. Preferably, the hydroxyl aromatic compound and alkylene
carbonate are reacted in the presence of a base catalyst, such as aqueous sodium
hydroxide, and at a temperature of from 25 to 300, preferably from 50 to 200,°C.
During the reaction, water may be removed from the reaction mixture by azeotropic
distillation or other conventional means. If separation of the resulting intermediate
30  product is desired, upon completion of the reaction (indicated by the cessation of CO,
evolution), the reaction product can be collected, and cooled to solidify. Alternatively,

a hydroxyl aromatic compound, such as naphthol, can be reacted with an epoxide,



wi th an al kyl ene carbonate (e.g., ethylene carbonate) to provide a conpound
of the 25 formula AR-(Y).. Preferably, the hydroxyl aromatic conpound and

al kyl ene carbonate are reacted in the presence of a base catal yst, such as
aqueous sodi um hydroxi de, and at a tenperature of from25 to 300,
preferably from50 to 200,C. During the teaction, water nay be renoved from
the reaction m xture by azeotropic distillation or other conventional

means. |f seslmhaSiemylme oxide, pepylene ngidenlbtﬁylleacﬁ @tide G0styreneloxitle,iwdeesi r ed,
upon conpl eti.on, of e reaction SI ndi cated b e cessation of CQO2

evol ution), F‘HBI"‘F& R 1B ARAPERrAIE ORC P MOET P f‘ yleng gPUPSol ed to sol i dify.
Al ternatively, aTBW%%mﬁBﬁl{lﬁﬂ Igbsrﬁgﬁ{?r'&% re%ﬁgéﬁﬁenﬂ% Q& mp&ii eAQe

reacted with an epoxide, -7 ene oxl propyl ene OXI
but yl enes ox(\il)%nmy ts:tﬂﬁrtbmremotedjw;thmrpd:dgrhalcsgemthdi(pref@mhly dihabgemated)cor por at e

f . d of F I | th
result i ng | bR & Gohdaliomehiensy e BTl ) DLk e b a
pol yhal Ogenagr%ﬂngpgegs%ageh RO ARARIGE e, IVAROGRIAR Shefadione, etc) |

1- 4-di chl or obut a opr op etc.), or a
(e.g., butadteyield d cogpozing of Gbunmiyl(l)énazmgan alkylerfedkéhgegroupsl , Reabtinadf ene,

etc.) to yleldaco und, of For nul ) hav ng nakylenellnklng gr oups.
Reacti on of MPFLEs AL 2& a‘@ﬂﬁet%ﬁor&l@y%@%r gﬁ s Beetene, £ or nal dehyde

acet one, bengapAGRAHRe, RERHABIARONE) pftidok aB ') aixﬁ:@dreaﬁbm A9

conmpound. An acy 10 conbou can be ting noi |es
Ar-(Y)a ¥th hakezli mmpi)und camhhﬁﬂmwday(rmogng i etids Araltd )gwnlm] diddid oACi d
succinic acid, %ﬂdt aric acl d, a’;\ di pic acid, succini¢c anhydride, etc.
sul fide, pol $ahHdridaée-gsaralicapid, &Wﬁorggwengﬂccmm&&b utmgfa% ad}!ﬂ‘%\??léed by

t f t I
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Formula (1) with an al kyl ene  ether nkage, .noieties Ar-(Y)a can react ed
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m xture o al um nu cuprous as ‘descri

exanmpl e, by EtheKiineagermortiesAr-(Y . cai?tbbymtedSm}emdBfm)H’ahynTEEor@Stﬁmds 30 Ed.,
21, 457 (1983). Alter nﬁtlvely, algé:h cgrrpounds may. be formed reacting
moi eti es Ar- Fosaulagh, whersindats a diggcs parken fpcasberyligk, f‘?%’rbeefﬁ?ﬁﬁfﬂ léla oxjfative

"Catalytic B%E'&;ﬁﬂl% polymerization using a mixture of aluminum chloride and cuprous chloride,
as described, for example, by P. Kovacic, et al., J. Polymer Science: Polymer Chem.
20 Ed., 21,457 (1983). Alternatively, such compounds may be formed by reacting
moieties Ar-(Y), and an alkali metal as described, for example, in “Catalytic Benzene
Coupling on Caesium/Nanoporous Carbon Catalysts”, M.G. Stevens, K.M. Sellers, S.
Subramoney and H.C. Foley, Chemical Communications, 2679-2680 (1988).
To form the preferred compounds of Formula (I), having an alkylene linking
25  group, more preferably a methylene linking group, base remaining in the Ar-(Y),
reaction mixture can be neutralized with acid, preferably with an excess of acid (e.g.,
a sulfonic acid) and reacted with an aldehyde, preferably formaldehyde, and
preferably in the presence of residual acid, to provide an alkylene, preferably
methylene bridged compound of Formula (I). The degree of polymerization of the
30 compounds of Formula I range from 2 to 101 (corresponding to a value of m of from

1 to 100), preferably from 2 to 50, most preferably from 2 to 25.
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nunber aver a?sgcyq;r)llat%calrjlld%g OW%I er hyMocarg;l Jcryl%g]né g(g)er;[tso m5022 greferably
15  polybutenyl succinic acylating agents such as polybutenyl, or polyisobutenyl succinic
anhydnide (PIBSA). Preferably the hydrocarbyl succinic acylating agent will have a
number average molecular weight (Ma) of from 100 to 5000, preferably from 200 to
3000, more preferably from 450 to 2500. Preferred hydrocarbyl isocyanate acylating
agent will have a number average molecular weight (Ms) of from 100 to 5000,
20  preferably from 200 to 3000, more preferably from 200 to 2000.
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. Acylating agents are used in the manufacture of
25  dispersants, and a more detailed description of methods for forming acylating agents
is described in the description of suitable dispersants, presented infra.
Suitable alkylating agents include Cs to Cs; alkane alcohols, preferably Cs to
C,s alkane alcohols. Suitable arylating agents include Cg to Cs, preferably Cg to Cyg
alkane-substituted aryl mono- or polyhydroxide.

30 Molar amounts of the compound of Formula (I) and the acylating, alkylating

and/or arylating agent can be adjusted such that all, or only a portion, such as 25% or



20 preferably from 200 to 3000, nore preferably from 200 to 2000. Acyl ating
agents can be prepared by conventional nethods known to those skilled in
the an, such as chlorine-assisted, thermal and radical grafting nmethods. The
acyl ating agents can be nono- or polyfunctional. Preferably, the acylating
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the manufacture of 25 dispersants, and a nore detail ed description of

met hods for thore)b0% @aydrator A§eagandrs of 'g,ﬁ)uﬂe?{caré benlerted tdrgrodps &7 i i then of
sui tabl e di spersants, presented infra. Suitable alkylatin ﬁﬂfgents i ncl ude C8

to Icso al kar@saMbsrdhe compayndofifiopmuts (has hydroxy and/er alkyl lrgxy Sui t abl e ]
Sl g OB, diSutcdtipdis s PRI ool Broul RNSGIRS 11U T)

and the acyl mu arlgor aaﬂ»dmbmbf sigh hydebixgrandfoy hb:tylhygrcag@ubstuaentbe/ﬂaﬁje ust ed such

that all, or only portion, such as 25%or -9- nor 50% or nore or 75% or
more of ouwvwgf@ X10F aevlo%y aﬁ&ggum “IthF?aﬁ%Wh@EFstBe\%’@P‘éuﬁdrfg cormpound

of For m“ a (fq 125 lﬂ?&ﬁ éﬂﬂ{ac L gdljaxg swlt%eﬂﬁbﬁﬁd gdﬁﬁﬁ%ﬁwpo?ﬁdjstﬁgfr

conmpounds are reac 0SSl b or a

portion of sm&te@yduhcanwrﬂadﬁg)groabhylsrpo@slbbeyhawhl&irlatpmetrﬁmmubh hpdroRyconverted
to acyl oxy or acylox al kyl groups. In the case where the conpound of
Formula (1) #ko %y@méhwhwtuan%wﬂlW@P@y@ﬁeéa%gmlqwmasyloahalkybgwups

conpounds _ar fhcﬁéﬁ) 8915%1%% d)?q-'o%?“kg I:)] E\g)sﬂh?éﬂowgh %acyflgx §109Y glk&p at all or a

portion of suc or a rox € converted

to aryl oy Oﬁryﬁfxy/|aﬂ8A0r ahiioiy gk@upéups aTél&Srﬁfdéf@l wﬁmnwme of theqresshe (1)
substituted wth acyl o%‘}/ acyl oxy al kyl, 10 aryl oxy and/or aryloxy alkyl
groups are cCENSRtERm: s qumrp fronmipourdscotdiormula (B éns which 7 imasracylehing srosml t

form of_COmPQURISaR! <K e dbhiedPp lckhsf (s nAloRGH B EAL AR WhT Ch

salts result rom neu éxanpl e, due

to interactintgtasMonivith ﬁrme&ﬂ deetgenf) @ither 1ﬁlah|36d1t1|v6p@cfkagddfﬁlfMﬁlL#Dﬂéd(age or a
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agent, preferably™n presenc |qU| aci

sul foni ¢ aci By reacing thd pe&RydorPSIERMRIaSU) WiRitle aclititlg a@@{taﬂn@fdﬂﬂﬂﬁlrﬂhbf oni c
acid or pol yphosphoric acid or a solid acid catal yst such as
presence of a liquid acid catalyst such as sulfonic acid, e.g., dodecyl benzene sulfonic
acid, paratoluene sulfonic acid or polyphosphoric acid or a solid acid catalyst such as
Amberlyst-15, Amberlyst-36, zeolites, mineral acid clay or tungsten polyphosphoric
20  acid; at a temperature of from about 0 to 300, preferably from 50 to 250,°C. Under
* the above conditions, the preferred polybutenyl succinic acylating agents can form
diesters, acid esters or lactone esters with the compound of Formula (I).
Compounds of Formula (II) can be derived from the precursors of Formula (I)
by reacting the precursors of Formula (I) with the alkylating agent or arylating agent,
25  preferably in the presence of triphenylphosphine and diethyl azodicarboxylate
(DEAD), a liquid acid catalyst, such as sulfonic acid, e.g., dodecyl benzene sulfonic
acid, paratoluene sulfonic acid or polyphosphoric acid or a solid acid catalyst such as
Amberlyst-15, Amberlyst-36, zeolites, mineral acid clay or tungsten polyphosphoric
acid; at a temperature of from 0 to 300, preferably from 50 to 250,°C.
30
(B2) ASHLESS DISPERSANT

Ashless dispersants useful in the compositions of the present invention

comprise an oil-soluble polymeric long chain backbone having functional groups
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'S one formed with a polymer backbone having a number average molecular weight of from
1680 to 5600. Typical commercially-available polyisobutylene-based dispersants
contain polyisobutylene polymers having a number average molecular weight ranging
from 900 to 2300, functionalized by maleic anhydride (MW = 98), and derivatized
20  with polyamines having a molecular weight of from 100 to 350. Polymers of lower
molecular weight may also be used to form high molecular weight dispersants by
incorporating multiple polymer chains into the dispersant, which can be accomplished
using methods that are known in the art.
Polymer molecular weight, specifically number average molecular weight
25 (M), can be determined by various known techniques. One convenient method is gel
permeation chromatography (GPC), which additionally provides molecular weight
distribution information (see W. W. Yau, J. J. Kirkland and D. D. Bly, "Modern Size
Exclusion Liquid Chromatography”, John Wiley and Sons, New York, 1979). If the
molecular weight of an amine-containing dispersant (e.g., PIBSA-polyamine or
30 PIBSA-PAM) is being determined, the presence of the amine may cause the
dispersant to be adsorbed by the column, leading to an inaccurate molecular weight
determination. Persons familiar with the operation of GPC equipment understand that

this problem may be eliminated by using a mixed solvent system, such as
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Preferably, the degree of polymerization for the polymer backbones used in

the invention is at least 30, typically from 30 to 165, more preferably 35 to 100.

The preferred hydrocarbons or polymers employed in this invention include

15

20

25

30

homopolymers, interpolymers or lower molecular weight hydrocarbons. One family

of useful polymers comprise polymers of ethylene and/or at least one C; to Cyg alpha-
olefin having the formula HoC=CHR1, wherein R' is straight or branched chain alkyl

radical comprising 1 to 26 carbon atoms and wherein the polymer contains carbon-to-
carbon unsaturation, preferably a high degree of terminal ethenylidene unsaturation.
One preferred class of such polymers employed in this invention comprise
interpolymers of ethylene and at least one alpha-olefin of the above formula, wherein
R' is alkyl of from 1 to 18 carbon atoms, and more preferably is alkyl of from 1 to 8
carbon atoms, and more preferably still of from 1 to 2 carbon atoms. Therefore,
useful alpha-olefin monomers and comonomers include, for example, propylene,
butene-1, hexene-1, octene-1, 4-methylpentene-1, decene-1, dodecene-1, tridecene-1,
tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1, octadecene-1,
nonadecene-1, and mixtures thereof (e.g., mixtures of propylene and butene-1, and the
like). Exemplary of such polymers are propylene homopolymers, butene-1
homopolymers, propylene-butene copolymers, ethylene-propylene copolymers,

ethylene-butene-1 copolymers and the like, wherein the polymer contains at least



10 Dp 100 x nol.wt nononer 1 100 x nol.wt nononer 2 Preferably, the degree
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of such copolyners is 10 nost preferably between 45 and 65 % aIthng
hi gher or | opsdymer ¢hainsmesseshiteamingl ethenylidene-type unsaturation can be provided. The

percentage of polymer chains exhibiting terminal ethenylidene unsaturation may be

determined by FTIR spectroscopic analysis, titration, or C'> NMR. Interpolymers of
20 this latter type may be characterized by the formula POLY-C(R1)=CH2 wherein R' is

C; to Cy alkyl, preferably C; to C,s alkyl, more preferably C, to Cg alkyl, and most
preferably C, to C; alkyl, (e.g., methyl or ethyl) and wherein POLY represents the
polymer chain. The chain length of the R alkyl group will vary depending on the
comonomer(s) selected for use in the polymerization. A minor amount of the polymer
25  chains can contain terminal ethenyl, i.e., vinyl, unsaturation, i.e. POLY-CH=CH?>, and
a portion of the polymers can contain internal monounsaturation, e.g. POLY-
CH=CH(R), wherein R! is as defined above. These terminally unsaturated
interpolymers may be prepared by known metallocene chemistry and may also be
prepared as described in U.S. Patent Nos. 5,498,809; 5,663,130; 5,705,577,
30 5,814,715; 6,022,929 and 6,030,930.
Another useful class of polymers comprises polymers prepared by cationic
polymerization of isobutene, styrene, and the like. Common polymers from this class

include polyisobutenes obtained by polymerization of a C,4 refinery stream having a
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net al | ocene prepared as described in U S. Patent
Nos. 5, 498, 8%5’%%)%%% ‘?‘ggo‘r‘@“"i%g@?? 30 5,814, 715; 6,022,929 and 6, 030, 930.
Anot her 1peful cl asnord ab@iré{ﬁlﬁﬁolﬁ@@ﬁﬂtﬂ%ﬁ@pcﬂ?ﬁﬁéfﬁn@l% ég%d@é’ll)ﬁlﬁsé@m c

pol ymeri zati on of isobutene, styrene, and ynmers from

this class ¢mehydecydpyrchanef SamsIio Hod M?thpdﬂ Spngmkmn%wswutbdem

| cobut ene. conenp by oy hebidstlsgn he FARNER Y by Relcdsiaiontt o bruppEea
catal yst, suhB tRémal Uéien wetiction, R b9 rﬂeéeadaéal esfEAg using blcHRlystle. g perixeiegy r ed
source of nononer for making poly n-butenes is petroleum” feed streans such

as Rafflnateaﬂ¢ﬂmﬂhm%hﬂ¢%edstocks are disclosed in the art such as in 5 U.S.
R N 0% BB R AR e R R 1 o
from but eneagls, aakdrides Br est¢#§ hﬁ@tlﬁ'ﬁép%r&fonmeﬁﬁétﬁleh’%&) sucBWetpounds
polylsobutylenes ener al
are disclosed in U.S. Patent Nos. 3,087,936; 3,172,892; 3,215,707, 3,231,587,
3,272,746, 3,275,554; 3,381,022; 3,442,808, 3,565,804; 3,912,764, 4,110,349,
4,234,435; and GB-A-1,440,219. The polymer or hydrocarbon may be functionalized,
20 for example, with carboxylic acid producing moieties (preferably acid or anhydride)
by reacting the polymer or hydrocarbon under conditions that result in the addition of
functional moieties or agents, i.e., acid, anhydride, ester moieties, etc., onto the
polymer or hydrocarbon chains primarily at sites of carbon-to-carbon unsaturation
(also referred to as ethylenic or olefinic unsaturation) using the halogen assisted
25 functionalization (e.g. chlorination) process or the thermal "ene" reaction.
When using the free radical grafting process employing a catalyst (e.g.
peroxide), the functionalization is randomly effected along the polymer chain.
Selective functionalization can be accomplished by halogenating, e.g., chlorinating or
brominating the unsaturated a-olefin polymer to 1 to 8, preferably 3 to 7, wt. %
30 chlorine, or bromine, based on the weight of polymer or hydrocarbon, by passing the
chlorine or bromine through the polymer at a temperature of 60 to 250, preferably 110
to 160, e.g., 120 to 140,°C, for 0.5 to 10, preferably 1 to 7, hours. The halogenated

polymer or hydrocarbon (hereinafter backbones) can then be reacted with sufficient



contain residual unsaturation in anounts of one ethylenic double bond per
pol ynmer chain, positioned along the chain. 10 As noted above, the

pol yi sobut yl ene pol yners enpl oyed are generally based on a hydrocarbon
chain of from900 to 2,300. Methods for meking polyisobutylene are known.
Pol yi sobut yl ene can be functionalized byldal ogenation (e.g. chlorination),
the thernmal "ene" reaction, or by free radical grafting using a catalyst
(e. g. per oximenqunsatsratebicacthmtccapatloof adidingfuncicsd mdigties te thetbiankpane) ¢.geri ¢
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(also referred to as ethylenic or olefipi¢c unsaturatiaon) using the hal ogen
assi sted 25 FARRIGAGI PFad e paieges &wfgﬁb%@qlféﬁﬁ aTB’rYSEQ%gloéﬁ“e%rﬁquHé?Ibfal
"ene" reactiQniioc &R SOl i i | Qying a
catal yst (e. ;ggltesper om%e&o?&tﬂ?@e?&%@ﬁt%ﬁa nﬁ%?‘?@? eI} gpg%dr?\g%ﬁﬁé&e}%@t %d al ong
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hal ogenati ng, e. g chlorinating or bromnating the unsaturated a-olefin
pol ymer to 1thegso AN ARRPEUERIS 3 to 7, wt. % 30 chlorine, or brom ne, based

on the weight of ppl gr{é?éne(armMO%?ﬁ@{aF&nre%%:Yr{tgE'hgE%r@%s&h@ fuﬁ%lo&%ﬁﬁthgr br om ne

t hrough t he pol yner a tenperature of pretera to 160,
e.g., 120 t obab#Bors, conpris@ norioo adddicprbek @icddid material, 1.e.,lacid; anhydtide, vzl ogenat ed
pol ymer or hydrocarbon (herei naffer backbones) can then be reacted with

sufficient -acidesignipatseal Ncading frmenamsateiethCetodf o dirartny viaAeidivdiesgin
o S o5 g AS P ey BB AL P SR GBI o, 100
the product lebitansgstefstdbly both] off said ddfacdastariesh aiombare paef offsaldesond t he
nonounsat ur at ed carboxylic reactant per nole of the hal ogenated
unsaturation; (i1) derivatives of (i) such as anhydrides or C, to Cs alcohol derived
mono- or diesters of (i); (iii) monounsaturated C3 to C;o monocarboxylic acid wherein
the carbon-carbon double bond is conjugated with the carboxy group, i.e., of the
20  structure -C=C-CO-; and (iv) derivatives of (iii) such as C; to Cs alcohol derived
mono- or diesters of (iii). Mixtures of monounsaturated carboxylic materials (i) - (iv)
also may be used. Upon reaction with the backbone, the monounsaturation of the
monounsaturated carboxylic reactant becomes saturated. Thus, for example, maleic
anhydride becomes backbone-substituted succinic anhydride, and acrylic acid
25  becomes backbone-substituted propionic acid. Exemplary of such monounsaturated
carboxylic reactants are fumaric acid, itaconic acid, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic
acid, cinnamic acid, and lower alkyl (e.g., C; to C,4 alkyl) acid esters of the foregoing,
e.g., methyl maleate, ethyl fumarate, and methyl fumarate. The monounsaturated
30 carboxylic reactant, preferably maleic anhydride, typically will be used in an amount

ranging from 0.01 to 20, preferably 0.5 to 10, wt. %, based on the weight of the
polymer or hydrocarbon.



5 backbones. Alternatively, the backbone and the nonounsaturated carboxylic
reactant can be m xed and heated while adding chlorine to the hot material.
The hydrocarbon or pol yner backbone can be functionalized, e.g., with
carboxylic acid producing noieties (preferably acid or anhydride nvieties)
selectively at sites of carbon-to-carbopsunsaturation on the polynmer or
hydr ocar bon chains, or 10 randomy al ong chains using the three processes

nmenti oned above, W‘hll&Q%hﬂﬁidﬂb%nail?ﬁél%@ﬁncréd@eWreﬁ%rb‘f‘étaﬂ ol@ ferred
nonounsat urated reactants that are used to functionalize the one

conpri se nonmlyraerd vdﬂnaom»nyatutatabﬁudctmtahzmgIrc;actane, 1t isaot deceasamydmuhdhe or
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al cohol derived nono- diesters of (iti). Mxtures of nonounsaturat ed

car boxylic mater |"Eliesh)(d1r<)carbo(n| Qr)pol)ajlerd)anki;onbeambeﬂmctﬂpmhzeéagtranﬂmnw th the
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becones sat \WieERentplfunctiopsl mistics g he Bplyme ¢ y8s Pyia vaEety At gnethods.
backbongqsubgsgie &%gg, %g@%lﬁhé‘r ﬁma}égfohggm ?cf]fh eﬁgy&ggbggﬁea%a%em

backbone substi t ut I"oni ¢ acl f nonounsat ur at ed
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anhydri de, I oropmal ei ¢_acid, .chl | ei ¢ .anhydride, acrylic acid,
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to C4 al kyl) t iy thyI
fumar at e, tﬁﬁe'qh&?hfﬁ?ra@{ag[e J?%Eg&%%br)i ungrai%) rgztoetarfgg ?arpl%(%ﬁd react ant,
preferably madealanamtqdograﬂmgm yqomplikhedwn lalmineralihbdicatingwil sototied  r angi ng

from0.01L to 20, preferably o 10, .. %._ based on the wejght of the
pol ymer I3 HARiaiRIRg; BFlexa“llge W.%Oep@?ﬂ?ra%é |3(9nwﬁoﬂ°rPﬁPWrE’é¥eﬂs°q €rease the
reactivity of..s§ ?Jtél'd‘lgsoﬂh{%' n polymers with nonounsaturated functionalizing

reactant, it 1s not necessary with the
The free-radical initiators that may be used are peroxides, hydroperoxides, and

azo compounds, preferably those that have a boiling point greater than 100°C and
decompose thermally within the grafting temperature range to provide free-radicals.
20  Representative of these free-radical initiators are azobutyronitrile, bis-tertiary-butyl
peroxide and dicumene peroxide. The initiator, when used, typically is used in an
amount of between 0.005 and 1% by weight based on the weight of the reaction
mixture solution. Typically, the aforesaid monounsaturated carboxylic reactant
material and free-radical initiator are used in a weight ratio range of from 1.0:1 to
25 30:1, preferably 3:1 to 6:1. The grafting is preferably carried out in an inert
atmosphere, such as under nitrogen blanketing. The resulting grafted polymer is
characterized by having carboxylic acid (or ester or anhydride) moieties randomly
attached along the polymer chains, it being understood, of course, that some of the
polymer chains remain ungrafted. The free radical grafting described above can be
30 used for the other polymers and hydrocarbons of the present invention.
The functionalized oil-soluble polymeric hydrocarbon backbone may then be
further derivatized with a nucleophilic reactant, such as an amine, amino-alcohol,

alcohol, metal compound, or mixture thereof, to form a corresponding derivative.



pol ymers or hydrocarbons contenplated for use in the present invention,
particularly those preferred polyners or hydrocarbons which possess a high
term nal bond content 5 and reactivity. Preferably, therefore, the backbone
and the nonounsaturated functionality reactant, e.g., carboxylic reactant,
are contacted at elevated tenperature <{bb€ause an initial thermal "ene"
reaction to take place. Ene reactions are known. The hydrocarbon or pol yner

backbone carUdetulfautifié csnpdunde forlileriv ativdngrfimictiawdlized polgfnetLsomipriseat leamii et i es
al ong the polyner chajns by a variety of nethods.. 10 For exanple, the

pol ynmer, i n O3§AMiRGNdan; ceMpgise gng of mpreadditipnabamine O other Feagiys or polar
nonounsat ur C ' rl ' presence of
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pl ace at an WBdescaited amiresewvhidirtke hydrbbarbylagigep ficlutiedother ZoQps, pregf er ably 120
to 240,C. Preferably, free- radical initiated grafting is acconplished in a
mi neral Pubmydexyrgiowns akgry giogns, eside gropsimgiles; snidazoling|ggoups, and the)
preferably J.to0 : 9 IRV olp@ﬁ) [ it jl solution.
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100C and deconpose thernally within the grafti nge tenperature range to
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and 1 %loy whog@lrefredby eactiticotikygbie dihalidtowitieamirionin. Mrefeirdd amisdsikd on.
Typical ly, the aforesaid nonounsaturated carboxylic reactant material and

free-radi calaliphati¢ satwpted amingse ncluding, feri gyamplead i2odipmingsthonesflidm 1. 0: 1 to 25
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I nert at nosphere, as un ni troygen anketl g grafted

pol yner is ShistRgess iretnd)\rifthylengtet@ammg Yétiaethaldngd pefam@id; @hd Or  anhydri de)
noi eties randomy attached al ong_the polymer chains, it being understood,
of course, tReAYPrapylenegmingsessuchas {Amroptenadiamineannd dinds2apioplenairsaminge

radical @rafting 4ERLLRadAROYEnEANdR S R HRGRIL iR, SERSL ol yrors and

hydr ocarbons of t ese I hven ional’i >sol ubl e

pol ymeri ¢ hydi(aasiashethyhaykioheansaid hetervchélic dittogdtsoniundakiched with a
nucl eophilic reactant, such as an am ne, anino-al cohol, alcohol, netal
conpound, orimiflazolines. t Argthesrusetub clpgy of aminey is drgpm Mamigo dad irglated amido-

amines as disclosed in U.S. Patent Nos. 4,857,217; 4,956,107, 4,963,275; and
5,229,022. Also usable is tris(hydroxymethyl)amino methane (TAM) as described in

20  U.S. Patent Nos. 4,102,798; 4,113,639; 4,116,876; and UK 989,409. Dendrimers,
star-like amines, and comb-structured amines may also be used. Similarly, one may
use condensed amines, as described in U.S. Patent No. 5,053,152. The functionalized
polymer is reacted with the amine compound using conventional techniques as
described, for example, in U.S. Patent Nos. 4,234,435 and 5,229,022, as well as in

25 EP-A-208,560.

The functionalized, oil-soluble polymeric hydrocarbon backbones may also be
derivatized with hydroxy compounds such as monohydric and polyhydric alcohols, or
with aromatic compounds such as phenols and naphthols. Preferred polyhydric
alcohols include alkylene glycols in which the alkylene radical contains from 2 to 8

30 carbon atoms. Other useful polyhydric alcohols include glycerol, mono-oleate of
glycerol, monostearate of glycerol, monomethyl ether of glycerol, pentaerythritol,
dipentaerythritol, and mixtures thereof. An ester dispersant may also be derived from

unsaturated alcohols, such as allyl alcohol, cinnamyl alcohol, propargyl alcohol, 1-



- 16 Useful am ne conpounds for derivatizing functionalized polyners
conprise at |least one am ne and can conprise one or nore additional am ne
or other reactive or polar groups. These am nes nay be hydrocarbyl am nes
or may be predom nantly hydrocarbyl ami nes in which the hydrocarbyl group
I ncl udes ot her groups, e.g., 5 hydroxy gtpups, al koxy groups, am de groups,
nitriles, imdazoline groups, and the I|ike. Particularly useful am ne

conpounds | NGlclitiexéiemol, @ﬂ&ioml MaoRoIE Still tHer clasib@'oyalcbﬁélgcﬂih@le of
pol yoxyal kyl ene pol Kam nes of to 60, such as to 40 (e. ag to 20),

total car boryieldingsashlgss qligpqrsqnés qomprisg ethezglcghels, mszludpxgéxxefr 9nq31r1do>xg-

e used, cuchyisel Syl R HsPualllt st BT sl SRARRY AT ERPE Y GRNETR *

ammoni a. Pr eflrylesraditaRas wii¢h thalikyie irsdisa tcohiR drodii 168 cafbdtlathdlg, for
exanpl e, 1,2-diam noethane; 1,3- diam nopropane 1, 4- di am nobut ane;

1, 6- di anmisnohEbeester dispessants yasrhe <hmst¢esso fsesinicaasidgios epidestees, i.€i amtuaﬁy

L 1 02 Tl SR U RS RN By Bl RORBY SRRl
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and UK 989, 409. Dendrimers, star-like am nes, and comb-structured am nes
may al so be disgaisang, paﬂtlaulla;Ay emyéemeﬂ)ptemah)}mmid'anweﬁpcﬂmolﬂnyleae}bm&dcr| bed in
U S. Patent 152. The funcgtion I.s. reacted with the
am ne corrpoﬁ%’%%‘ﬁnff’g CERRALHTY Drstared deh s %&ﬁi%glsﬁgsarﬂ%g%‘ieg&f’mfor exanple, in
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combinations thereof. One particularly preferred dispersant combination is a
combination of (A) polyisobutylene substituted with succinic anhydride groups and
reacted with (B) a hydroxy compound, e.g., pentaerythritol; (C) a polyoxyalkylene

20  polyamine, e.g., polyoxypropylene diamine, or (D) a polyalkylene diamine, e.g.,
polyethylene diamine and tetraethylene pentamine using 0.3 to 2 moles of (B), (C)
and/or (D) per mole of (A). Another preferred dispersant combination comprises a
combination of (A) polyisobutenyl succinic anhydride with (B) a polyalkylene
polyamine, e.g., tetracthylene pentamine, and (C) a polyhydric alcohol or

25  polyhydroxy-substituted aliphatic primary amine, e.g., pentaerythritol or
trismethylolaminomethane, as described in U.S. Patent No. 3,632,511.

Another class of ashless dispersants comprises Mannich base condensation
products. Generally, these products are prepared by condensing about one mole of an
alkyl-substituted mono- or polyhydroxy benzene with 1 to 2.5 moles of carbonyl

30 compound(s) (e.g., formaldehyde and paraformaldehyde) and 0.5 to 2 moles of
polyalkylene polyamine, as disclosed, for example, in U.S. Patent No. 3,442 ,808.

Such Mannich base condensation products may include a polymer product of a

metallocene catalyzed polymerization as a substituent on the benzene group, or may



gl ycerol, nonostearate of glycerol, nononethyl ether of glycerol,

pentaerythritol, dipentaerythritol, and m xtures thereof. An ester

di spersant may al so be derived from unsaturated al cohols, such as allyl

al cohol , cinnanyl al cohol, propargyl alcohol, | 17- cycl ohexene-3-o0l, and
ol eyl alcohol. Still other classes of alt®hols capable of vyielding ashless

di spersants conprise ether-al cohols, including oxy-al kyl ene and oxy-

aryl ene. Suche ghatted witheadealpouad eostiming suth @ pobynettshisstitaed ohalstedimiei ng up to
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free al cohol menllogneralal et Hstbntxire dagdiibed i thdpubisdationdideieficiosnipraray be
prepared by any one of several known nethods as described, for exanple, in
U.S. Patent No. Bhedispegsant cambepfusther pest trgated,py aypriety 9 eprvaations] poside
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ani nes, e. g. nitrpgényeemniginmgdisnessanhwith g bpranegompouné syrhrasderoncoxide, baras
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Lri ot byl of ol IGSeramridt: and esters oot a5k JR 4n Ephount AftictEnyso provids fomng
conbi natjEnso.] hereaiomiOppopertidns@fbardnyfopéfhendledf aéyiaed arfdiges estapokafioN 1S a
conbi nati on of (A) polyisobutyl ene substituted with succinic anhydride

groups and Veefet digpepsants qoBjain frapl-BX§o 28npsufiem @03 to 0.Femassdoporan.t ol ; (O
| | k 20, p: i ne. 2. . | Lene .dian
Dol yal kyl one f BgEofowigh 4BMaREin B Bron B ML R YORRRA B (fpert) ©

pent ani ne US{HBION,)3 s elidvemtoastac to(thd dispérsant dingHedand BimidRs aFRimgnedalté A) -
Anot her preferred di spersant conbi nati on conprises a conbination of (A)

pol yi sobut eng:B., hecoptaberatersalf of theediimidp. Bpyatian san heruyied aut byaddjegdiom, e. g.,
o1 8 TSR AT, B 0 s PR ST R soppprpcts o
tri smet hyl ol BéroR @BRpBANE preferaBBHoricierd, usually 2s aBRir8Nto MNe acy fidgenll. Anot her
cl ass of ashl ess dispersants conprises Mannich base condensati on
compound and heating with stirring at from 135 to190, e.g., 140 to 170,°C, for from 1
to 5 hours, followed by nitrogen stripping. Alternatively, the boron treatment can be
conducted by adding boric acid to a hot reaction mixture of the dicarboxylic acid
20  material and amine, while removing water. Other post-reaction processes commonly
known in the art can also be applied.
The dispersant may also be further post treated by reaction with a so-called
"capping agent". Conventionally, nitrogen-containing dispersants have been "capped"
to reduce the adverse effect such dispersants have on the fluoroelastomer engine seals.
25  Numerous capping agents and methods are known. Of the known "capping agents",
those that convert basic dispersant amino groups to non-basic moieties (e.g., amido or
imido groups) are most suitable. The reaction of a nitrogen-containing dispersant and
alkyl acetoacetate (e.g., ethyl acetoacetate (EAA)) is described, for example, in U.S.
Patent Nos. 4,839,071; 4,839,072 and 4,579,675. The reaction of a nitrogen-
30 containing dispersant and formic acid is described, for example, in U.S. Patent No.
3,185,704. The reaction product of a nitrogen-containing dispersant and other

suitable capping agents are described in U.S. Patent Nos. 4,663,064 (glycolic acid);
4,612,132; 5,334,321; 5,356,552; 5,716,912; 5,849,676; 5,861,363 (alkyl and alkylene
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products. Cenerally, these products are prepared by condensi ng about one
nol e of an al kyl -substituted nono- or pol yhydroxy benzene with 1 to 2.5
nol es of carbonyl 30 conpound(s) (e.g., formal dehyde and par af or mal dehyde)
and 0.5 to 2 noles of polyal kyl ene pol yam ne, as disclosed, for exanple, in
U S. Patent No. 3,442,808. Such Manni chl®base condensation products may

i nclude a polynmer product of a netallocene catalyzed polynerization as a
subst it uent @rb@h&s,baaglzahglegeb carponae); GBYL8;623(mbroepadteis 026498, conmpound
cont ai ni ng such su ituted on a succinic_ anhydride in a manner
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conventignal post treatnents such as boration, as generally taught in U S.
Patent Nds. 3%.087,936 and 3,254,025. Boration of the di spersant is readily

acconplished by treating an acyl nitrogen-containing dispersant with a
boron conpound such as boron oxide, boron halide boron acids, and esters of

boron aci ds,Olln CIMLYBRICATINGI VISOOSITY pApvi de from 10 0.1 to 20 atomc
proportions of boron for each nole of acylated nItI’O% n conposition. Useful
di spersants cont aPHs ok lghficatom vigcosityusefuldn therqogiaxp ob etpgesgnmnvmlgg maybor on.
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can be carried out by adding from1l5 0.5 to 4, e. froml to 3, mass %
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preferably r g onpound
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to 5 hours, f&hliaved, ga{ltlggoképggqﬂegghfdquwc_Al ter natl vely, the boron
treatment can be conducted lr%taddl ng boric acid to a hot reaction mxture

of the di car boxy| Natuead pils p@ludgtasitallollsadd aegatable oils (eg.y @astov dilglamhoily . Ot her

RoSt oo R BEESEGR RN AR B B L RO SR R
R e
f 1 uor oel ast oviegosigndemeedsfeerh soal or shale also serve as useful base oils.
Synthetic lubricating oils include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,

20  polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes
(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and

25  derivative, analogs and homologs thereof. Also useful are synthetic oils derived from
a gas to liquid process from Fischer-Tropsch synthesized hydrocarbons, which are
commonly referred to as gas to liquid, or “GTL” base oils.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc.,

30 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-
polyiso-propylene glycol ether having a molecular weight of 1000 or dipheny] ether



25 Nunerous cappi ng agents and net hods are known. O the known "capping

agents", those that convert basic di spersant am no groups to non-basic
noieties (e.g., amdo or imdo groups) are nost suitable. The reaction of a
ni trogen-containing di spersant and alkyl acetoacetate (e.g., ethyl
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al kyl benzenemonécmr@x,yhdcaclidsyhd)poiyelsasd pbbol eeﬂﬁsythdhafsmnpmtyloglyam,yl benzenes,

di (2- trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or

polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic

20  lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and
poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl

25  ester of decylphosphonic acid) and polymeric tetrahydrofurans.

The oil of lubricating viscosity may comprise a Group I, Group II or Group III,
base 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
mixture of a Group I base stock and one or more a Group II and Group III. Preferably,

30 amajor amount of the oil of lubricating viscosity is a Group II, Group IlI, 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
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tripentaerythritol. Sitigien-based oils such as the polyal kyl -, polyaryl-,

pol yal koxy- or pol yaryl oxysilicone oils and silicate oils conprise another
useful class of sBnt he%rqu I base stocks contain greater than or equal to 90 percent

saturates and less than or equal to 0.03 percent sulfur and have a
viscosity index greater than or equal to 80 and less than 120 using the
20 test methods specified in Table 1.
c) Group III base stocks contain greater than or equal to 90 percent
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.
25 d) Group IV base stocks are polyalphaolefins (PAO).
€) Group V base stocks include all other base stocks not included in

Group [, 11, III, or IV.
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Also, as stated, additive combination (B) constitutes from 0.04 to 5 mass % of

the lubricating oil composition. Preferably, it constitutes from 0.2 to 2.5, more

mass %.

Also, the concentration of (B2) in the lubricating oil composition, expressed as

the mass % of nitrogen, may be less than 0.03, such as less than 0.02, for example in

the range of 0.002 to 0.01, such as in the range of 0.004 to 0.005 or to 0.01, mass %.

The lubricating oil composition, to be useful in a trunk piston or cross-head

diesel engine, will contain at least one overbased metal detergent to provide the

required TBN. Such detergents are well-known and established in the art and

examples include alkali metal or alkaline earth metal additives such as overbased oil-

soluble or oil-dispersible calcium, magnesium, sodium or barium salts of a surfactants

selected from phenol, sulphonic acid, carboxylic acid, salicylic acid and naphthenic

10 to 80:1.
preferably from 0.4 to 2,
15
CO-ADDITIVES
20
25

acid, wherein the overbasing is provided by oil-insoluble salts of the metal, e.g.

carbonate, basic carbonate, acetate, formate, hydroxide or oxalate, which is stabilised



b) G oup Il base stocks contain greater than or equal to 90 percent
saturates and |l ess than or equal to 0.03 percent sulfur and have a

viscosity index greater than or equal to 80 and | ess than 120 using the 20
test methods specified in Table 1. ¢c) Goup IIl base stocks contain greater
than or equal to 90 percent saturates -&@8d | ess than or equal to 0.03
percent sulfur and have a viscosity index greater than or equal to 120
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ADDI Tl VE COVBICNMIO\I As stated, the mass: mass ratio of (Bl) to (B2) is in
the range from1l:3 to 9:1. 5Preferab| it is in the range of 1:1 to 6:

more preferably ﬂﬁwﬂ%Npéﬁgéie&rg@tznqyd)edow,lewféthfgsﬁb@tqdwnmégswafe i n
terms of act] %fg&lygro‘i@ ?5@ Pr-EPe?aﬂlgttﬂeoTﬁltl i ﬁlge)hu%ﬂor(ﬁéﬂ 1@/}(:10 @th% Rpessed as

the nmass % of redi ent, rogen in

(B2). For exvowrlmefetably, tieSEBNdE ﬁiBlcastEOﬂmyret)ﬁefeﬁdhl)laﬁl@asY500 lnor’&lp@é'feﬁﬁlﬁo 1lto
500: 1, for exanple 250;1 to 500:1; preferably, it is 40:1 10 to 80:1. Also,

as stated, d’él!ﬂaﬁtl\ﬁé) éﬁﬂrl‘j?%’aiqomwc{f‘@ﬁ“@dﬂ%@tut es from0.04 to 5 mass % of
the Tubricating (ﬁdrfa% 8&3‘3{ {hegﬂrfaf 5&%@&@\%‘& the SverORgA détgxtg%ﬁt gref‘)e%b(l)y 2 to 2.5,

nore preferably Trom
10 contain at least one hydrocarbyl group, for example, as a substituent on an aromatic

ring. The term "hydrocarbyl" as used herein means that the group concerned is
primarily composed of 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

15  characteristics of the group. Advantageously, hydrocarbyl groups in surfactants for
use in accordance with the invention are aliphatic groups, preferably alkyl or alkylene
groups, especially alkyl groups, which may be linear or branched. The total number
of carbon atoms in the surfactants should be at least sufficient to impart the desired
oil-solubility.

20 Other co-additives that may be used include for example:

Anti-wear additives such as metal (e.g. Zn) salts of dihydrocarbyl
dithiophosphates (e.g. in an amount of from 0.10 to 3.0 mass % of the lubricating oil
composition); anti-oxidants, or oxidation inhibitors, for example in the form of
aromatic amines or hindered phenols (e.g. in an amount of up to 3 mass % of the

25  lubricating oil composition);

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

30 of being suspended in the oil in all proportions. These do mean, however, that they
are, for instance, soluble or stably dispersible in oil to an extent sufficient to exert

their intended effect in the environment in which the oil is employed. Moreover, the
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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,

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

20
EXAMPLES
This invention will now be described in the following examples which are not

intended to limit the scope of the claims hereof.

25 SYNTHESIS

Svynthesis Example 1

Preparation of a compound of Formula (II):

Step 1 - Preparation of 2-(2-naphthyloxy) ethanol

A two-liter resin kettle equipped with mechanical stirrer, condenser/Dean-
30  Stark trap, and inlets for nitrogen, was charged with 2-naphthol (600 g, 4.16 moles),
ethylene carbonate (372 g, 4.22 moles) and xylene (200 g), and the mixture was
heated to 90°C under nitrogen. Aqueous sodium hydroxide (50 mass %, 3.0 g) was

added and water was removed by azeotropic distillation at 165°C. The reaction
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exanple in the formof aromatic am nes-28- hi ndered phenols (e.g. in an
amount of up to 3 mass % of the 25 lubricating oil conposition); O her

addi tives sygirtié wae kept@il 65°ClRpRaRIBNICO, edlvedl Balethstion|batessedsind

i nhi bitors, ﬁ;ur poi nt depressants and/or denulsifiers may be provided, if
necessary. trheeaglignyyas datermiped tol e negy corppletien whent thetsvetutign off €64 ceesedi n do
not necessardly | ndi t S Qry.additives are, soluble,

i ssot vab o st 820 ol dndSoATIAVIRE BOURLERETERREGEE A h a1
propor ti ons.cotiphtondd rédREon waeveyfainedtyRT-IRQ}d HPLE. TY sthuidGirdBEthe 25@L ubl e
or stably dispersible in oil to an extent sufficint to exert their

i nt ended> ef fnaphthylexyhethannlipraswebwas ¢anfinmed by tlieansi TCiNM&apl oyed. Mor eover,
the -24- additional incorporation of other additives may al so permt

i ncorporation of higher levels of a particular additive, if desired. The

| ubri cant camPsL Olipdmeikatidh & J-(vedphtitogeihahsle defined individual (i.e.
separate) conponents that may or may not remaln the same chemcally before
and 5 after m xi n‘tg.twwltmysnbﬁefdé§ﬂwa91=dewlthmq¢barg¢alrsbtrere;@gr@dmsqu?eatno prepar e
one or nore @dditiv kages,. or concentrate. ri.si t.he, addi.tives,
wher eby t he 53 it{aipvgréd @gegs ﬁognﬁéoﬁg’d‘ggsl %‘uaf%e ne ug'l?gplf’%ﬁbﬂgx& eﬁh%\‘(ﬁilﬁﬁmi cating
Vi scosi ]9 t ®téP1 fohieBe tzdorghpmimg (60.0 g), GATPIRSIiNEYR -wdsiHeatel 6 70T @hder he

addi tive package(s) into the lubricating oil nay be 10 facilitated by

sol vent s anditsggeni Plarafarmelsiehrdd was added onér I mimaati7Ag80 1 and hieated to HEC

essential. Th ddi ti ve ckage(s), widl .typicall f.ormyl at ed.t 0 contain
CheMauai 1 van46E fentuarmBRGE IR @b dtghas stfBésita tor el P Ul BBRE T ot Con
and/ or to cagmper@tifre waf rad0i1B eaddd6tlil 07T tdN 2VE dvieP23 Hovkatdakaten(ashen t he
addi tive package(s) is/are conbined with a predeterm ned anount of base

| ubri cant. 18 mhuwas remeveddel 23eptrgpigwistiblation pplyinehwasedllectedmndt s of base

]9 glr mO;daits[] ?Iﬁgliﬁﬁgagéﬁ@ c%oﬁr?é %/oerr(])%rsn t%r% gltapu(aﬁre. f@l’n tvsbas%te e%in%ﬁ%iyrép& %si%gdi tives to

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)

20  containing from 2 to 24 2-(2-naphthyloxy) ethanol units (m is 1 to 23).

Step 3 - Reaction of methvlene-linked 2-(2-naphthvloxy) ethanol oligomer and an

acvylating agent (PIBSA)

A five-liter resin kettle equipped with mechanical stirrer, condenser/Dean-

25  Stark trap, inlets for nitrogen, and additional funnel was charged with poly (2-(2-
naphthyloxy) ethanol)-co-formaldehyde) from Step 2, toluene (200 g), and the
mixture is heated to 120 °C under nitrogen. Polyisobutenyl succinic anhydride
(PIBSA M of 450, 2,500 g) was added portion wise (~250 g at 30 min intervals) and
the temperature was maintained at 120 °C for 2 hours followed by heating to 140 °C

30  under nitrogen purge for an additional 2 hours to strip off all solvents to a constant
weight. Base oil (AMEXOM 100 N, 1100 g) was added, and the product was
collected at room temperature. GPC and FT-IR confirmed the desired structure.

The reaction scheme representing the above synthesis is shown below:



contai ning active ingredients in an anount, based on the additive package,
of, for exanple, from2.5 to 90, preferably from5 to 75, nost preferably
from8 to 60, mass % of additives in the appropriate proportions, the

remai nder being base oil. 20 EXAMPLES This invention will now be descri bed
in the follow ng exanpl es which are not-26ntended to limt the scope of the
clains hereof. 25 SYNTHESIS Synthesis Exanple | Preparation of a conpound

of Formula (11): Step 1 - Preparatdpon of 2-(2-naphthyloxv) eth | PIB
two-liter resin kettle equi pped th mechani e@t stirrer, condeﬁ?ﬁf?ﬁ%én- 30
Stark trap, andOoHnlets for nitrogen, was chizged wth 2- naphtﬁgbog@ &,
2 nol es) and xyl eng (200 g), and
y

4.16 nol es),

the m xture Aqueous sodi unpydr oxi de (50
mass % 3.0 B :
at 165C. The gction -25- A at’ 165€feor 2 Py .
as the react pr ogressed on was determ ne be/near

conpl eti on when the evol uti ot Sk The product col | ected and
solidified while cooling to roomtenperature. The conpl et'wo of reaction
was confirmed by FT-IR and HPLC. The structure of the 2-(2 5 naphthyl oxy)

et hanol product was confirned by 1H and 13CG-NMR  Step2 - digonerization of
2- (2- napht hy], -liter resin kettle equi pped with nechani cal
stirrer, coﬂﬁgﬁﬁyfégﬁw&gﬁiﬁéntrap, and inlets for nitrogen, was charged
W|th2(2 napht h I . Q) 17
(60.0 g), and t hgf m X lﬁf’eﬁﬁ%}%l’ﬁ’wsﬁmé agc gnt%%%u‘%%}%}r&ﬁ??@gé%ﬁg%l& waﬁée%

Par a- f or mal diéybiéityeRanasitecshed e/atel Frof @ padpared tesd Hixtuad\olf ditaidwatep PRC and
the reaction m xture was kept at that tenperature for 30 mn to 1 hour. The

t enper atlfr e @R usefr At Hp Laval rMA@dQé@ 2:Qycepinfage soupdetios, Watsen Malaw s and wat er
75- 83 ni |
Coll ecred i Ral GRS, Phe SARMERH Seadl St SR wilE RMoTeriiREls

det erm ned hyaddE the amgunt of deposits formed in the centrifuge during the test. Pre-

yl ene car bonafe (372 g 4

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,
15 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 deposits in the centrifuge system.
A set of lubricant formulations was tested as set forth in the table below.
Reference Examples A, B and C are for comparison purposes. Example 1 is an

20  example of the invention. The key to the table is as follows:

PIBSA/PAM: a polyisobutenyl succinic anhydride/polyamine dispersant.
PmNE: the final product of Synthesis Example |1 above.

25 Each formulation comprised a Group II base oil and a Group 1 bright stock, a
zinc dihydrocarbyl dithiophosphate antiwear additive, and a detergent system in the
form of a 225 TBN calcium salicylate and a 350 TBN calcium salicylate in the ratio
(mass : mass) of 1.419:]1. Additionally, each formulation contained one or both of a
PIBSA/PAM and the PmNE in the amounts (mass %) given in the table below;

30 otherwise the formulations are equivalent.



pol ystyrene standard corrected with the elution volume of 2-(2-naphthyl oxy)

et hanol as internal standard. THE was used as eluent. (M of 1000 dalton).

1H and 13C NVR confirmed the structure. FDMS and MALDI - TOF indicates the

product contains m xture of nethylene-linked 2-(2-naphthyl oxy) ethanol

ol igonmer of Formula (1) 20 containing fr@m-2 to 24 2-(2-naphthyl oxy) ethanol

units (mis | to 23). Step 3 - Reaction of nethylene-Ilinked

2- (2-napht hyl @yAMVEIIENG]  @hhN@Ter amiBsn/mMI ting POTAL MASSHF A aJ -
n_

five-liter fesin kettle eq YhapRd Wit hpiRslanhcal| piEp §l"TSMIE WSURSD
Stark trap,{inlets for ni &ﬁgngand add| t| onal funne arged W h| poly

(2-(2- naphthygtexy)r—eth IIUI co-fgrnat fromStep—2; Hoene—(266| g) ,
and the m Kkt )L[ﬁegerf%cefé ed to 120 |{C un ?ly i trogen. Polyi S(;Bgtenyl succfi ni ¢

anhydri de PIRBa%ende BT 450,04, 500 g) was. added jportion wsep(--250 g at 30
mn intervals) and thetenperaturewa:_LL&LnLaJ_ule_d_al_‘LlO_C_LQ;Z_h_o_u_s_

fol | oned by| h&aféramcet® 140 C-30 under Orﬁ()c4%ﬁbn purge for an3&dditional 22
hours to st Hp—eft—a—selvents o0S 23 -ght—PBase FAMEXOM 100
N, 1100 g) was adéled and FQe!inr oduct\()\z@é col | ect ed at roo%terrper ature.
GPC and FT- IR cong i ¢ The reaction schemne
representi ng,jhe a(t) gn&sﬁgtgggﬁlagm h (% (ﬁ? -26 OPIB OHfOHO OHO
ate /| OHO O Ethy?&y 90‘&‘33/8 Bon ’Baisptﬁ’é'é g\{f]“@ ‘T{I\g AND RESULTS The fol | owi ng
exanpl es use a centrifuge water sheddi nq test which evaluates the ability
of an oil to shedRefrerceExgmple brapamsg lpwdetahproportionef dispersapt@ndat er . The

10 test ‘?estlépefé‘ hlb%%tgroﬁ/{i“ﬁla%ﬁh@do‘?n F‘egﬁl'i h{ ﬁ&ﬁ%@%nféh%g th® o Wﬁ%s&“ Mar | ow

peristaltic p eis se

measur enent deposhadkeﬁfenbhéxaﬁplerﬂ’: lmfwedexp%umexfhﬁmnp@brlsaottﬂhﬁdmeglt rifuge
during the test. Pre- neasured anounts of water and the test oil are m xed
t oget her andptquﬁleﬁggga@ae of its low total proportion of dispersant.

Reference Examples A and B, respectively containing PIBSA/PAM and

PmNE as sole dispersants and, for Reference Example A, in a higher proportion than
10  in Reference Example C, exhibit poor water shedding properties.
Example 1, of the invention, contains both PIBSA/PAM and PmNE and
exhibits much better water shedding performance than Reference Examples A and B
at the same total dispersant treat rate. Also, because of its higher total dispersant treat
rate, Example 1 would exhibit much better soot handling properties than Reference

15  Example C.



through the centrifuge at a rate of 2 litres/mn. The test is run for an
hour and a half, 15 allowing the m xture 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 |arger anount of
deposits in the centrifuge system A set2&%{f |ubricant fornulations was
tested as set forth in the table below. Reference Exanples A, B and C are
for conpari LLlbAMSposes. Exanple 1 is an 20 exanple of the invention. The
key to the table is as follows: PIBSA/ PAM a polyisobutenyl succinic
anhydri de/ pol yam ne di spersant. PnNE: the final product of Synthesis
Exanpl e | ahove. @ﬁmeﬁﬂﬁ"bﬂﬁ’&r‘iﬂéhﬂ%h%mﬁ 508 SEdof- Y@'a&‘dﬁ:sﬁl'en fiethalirg £Nd a
Goup 1 bright stock, a zinc ydroc rbyI di t hi ophosphat € anti wear
additive, and a d:enmfg@'ﬂysmmmdmg 4 sealing predivoi can@ng@pérataincofithe

salicylate and a 350 TBN,cal ci.um cylate in the ratio nmass SS
) 1 a1 ofReins mngLEmRHOTE Be ik Bt etk crrsaigm IpbEraiop of e

Pl BSA/ PAM and t her5¥iliiead englh@wwmqusﬁca@l o c‘@n;ﬂklvlsﬂ cbiphifife! GHthsidg) ow 30
ot herwi se the formul ati ons are equi val en - MPLE PnNé Pl BSA/ PAM TOTAL
MASS OF (active (adaasmgfol\l) DEPGCSI TS IVEASURED (g) |n redi ent Reference A
0.012* 140 Reference B Q 72 . Reference C - 00426** 35 1 0. 32
0.00426** 45 * (,(gr)re h%flPB"@t@gﬁﬁgs‘%é&?W@ramj’PBHlaEﬂt ** corresponds
to 0.1 mass % actigye imohedjaapts Redes! cfivEingRlicHt N5F tRe | OW t ot al
proportion of di spersant and 5 t heretfor ex ibits a good water shedding
result as denonstrat edubtycatllngoﬁlmﬁarmaﬁmmﬁion@époa ts. Reference Exanple C,
however, woul d exhi bit oot h ropertie caguse of its | ow
total proportion of dil ?ﬁ H'ﬂ‘@ &@%{%mm QE m?‘é‘%pectl vel y
cont ai ni ng Pl BSA/ PAM and PnNE aﬁ( ol e di @@v%sants and, for Ref er ence
Exanple A, in a higher proportio‘ an ’

Ar—€L—Ar), (1)

wherein:

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, aryloxy,
aryloxy alkyl, 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 Z(O(CR3)y),X-,
wherein X is selected from the group consisting of (CR’2),, O and S; R
and R’ are each independently selected from H, C, to C¢ alkyl and aryl,
zis 1to 10; nis 0 to 10 when X is (CR’;),, and 2 to 10 when X is O or
S; yis 1 to 30; Z is H, an acyl group, an alkyl group or 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

mis 1 to 100, and

(B2) at least one nitrogen-containing dispersant, where the

mass : mass ratio of (B1) to (B2) is in the range from 1:3 to 9:1.



10 in Reference Exanple C, exhibit poor water shedding properties. Exanple
1, of the invention, contains both Pl BSA/ PAM and PmrNE and exhibits nuch
better water sheddi ng performance than Reference Exanples A and B at the
sane total dispersant treat rate. Al so, because of its higher total

di spersant treat rate, Exanple 1 woul d-@%hibit nuch better soot handling
properties than Reference 15 Exanple C. -28- CLAIMS: 1. A nethod of

| ubricating a truﬁkmpuhsd@sucka'rmcdmséaihebdwhﬁr@aeaidenmbmassaaﬁmgf @1)eem®)i f uge
systemincluding a s r| sing operation of the engine and

| ubrication of théSlP g? gf&ﬂ"@g?% or system lubrication of the
cross-head engine with a | ubricating oil conposition conprising, or made by
adm xing: (A) an oil of lubricating viscosity, in a major anmount; and (B)
fromO0.04 to35 rraé\sm@ﬂwé)apr:l@im@ﬂi aigcd,iwher¢ingaidanasat massfratidvef (Bl)ie (Bt i ng
oil of a conbination ;& at “a ,one linked aromati c conmpound of the
fornula: (Y') a §'™ ‘ﬁ%raﬂ from 3 ?‘l wherei n: each Ar independent!y
represents an arorratlc noiety having O to 3 substituents selected fromthe
group consisting of al kyl, al koxy, alkoxyal kyl, hydroxy, hydroxyal kyl,

acyl oxy, acyHoxyaldkmkthodmay claiyed inanlaitmokywherdin|Y,” i Z(Q(Clugk)gOniH isaniaoyls
thereof; each L is independ tIy a linking noiety conprising a carbon-carbon
singl e bond or a BI¥Ri4 yglﬁgﬁ “each Y' is independently a noiety of the
formula Z(QUCR2)" )yX-, wherein Xis selected fromthe group consi sting of
(CR2)z, 0and S; R and R are each independently selected fromH C, to C6
al kyl and aryl; A method ag olammedncclaim Wﬁre(hsé(rGRha)}ZhaicrcéZf{d i4 0 whenXi sQor

S,y is 1to 30 %dCSHFCLHﬁ{' 2C§Ian§cy?lé1poupand ilé)engOUp or an aryl group;

6. A method as claimed in claim 5, wherein Ar is derived from 2-(2-

naphthyloxy)-ethanol and m is 2 to 25.

7. A method as claimed in claim 6, wherein Z is derived from a polyalkyl or

polyalkenyl succinic acylating agent having M of from about 100 to about

5000.

8. A method as claimed in claim 6, wherein Z is derived from hydrocarbyl
isocyanate.

9. A method as claimed in claim 1, wherein the nitrogen-containing dispersant is

a polybutenyl polyalkyleneamine succinimide derived from polybutene having

an M of from 900 to 2500.

10. A method as claimed in claim 1, wherein the lubricating oil composition
comprises one or more overbased calcium salicylate detergent additives and
has a total base number of at least 15 mg KOH/g, as determined by ASTM
D2896.

11. A method as claimed in claim 1, wherein the sealing medium is water.



each a is independently O to 3, with the proviso that at |east one Ar

noi ety bears at |east one group Y' in which Zis not H and mis | to 100,
and (B2) at |east one nitrogen-containing dispersant, where the nmass : nass
ratio of (Bl) to (B2) is in the range from1:3 to 9:1. -29- 2. A nethod as
claimed in claim1, wherein said nass: md9s ratio of (B 1) to (B2) is in
the range of from1:1 to6:1. 3. A nmethod as clainmed in claim2, wherein said
mass: mass rBi o Afmethod pf enhapging the watprisheddingpreperags, py meared bya 6: 1. 4. A
method as clained in.claimil, 21 ej e |8 Z 2AAvQ:.. Z is an acyl
group and y is It%eng?ﬁg.gw%eﬁét‘%n%gg&c?%? lﬁé’&‘%@%ﬁ%&%@%@%ﬁ% Ar is
napht hal ene, Y' i mibriddddnidfHARnk /{Zstbﬁ eAgin@6yihe @y Qe labrikatioh Sf &4dds-héad A net hod
as claimed in claim5, wherein Ar is derjved from 2-(2- naphthyl oxy) - et hanol
and mis 2 to 25.digsel angine hyy gmpoyinga Hbaicating01hFomBositigies ngd insclaiar | ved
froma pol yal kyl L kenyl Wl -ating. t _havi of from
about 100 to abou‘?ﬂe%g%gﬁg&w%r?eﬁg%gb@g ?n(ﬁqu?f%éfnggnlz&gr?p%s%p nv\ﬂ%?%@r? Zis
derived from hydremadihybnlyi(Beryanate. 9. A nmethod as clainmed in claiml1,
wherein the nitrogen-containing dispersant is a polybutenyl

pol yal kyl eneam ne succi ni m de derived from pol ybutene having an M of from
900 to 2500.,,0. hod. as. clai ned in claim erein.the |upricating oil
conposition ICOrrp'FéirggtéO‘gﬂs‘eagwe 1ch?a61\1/1e1?b5vlg§r ‘“cé’Fé%]H% "ell?qué?}llﬁf’vg%&et er gent
additives and has a total base nunber of at |east 15 ng KOH g, as

determ ned by ASTM D2896. 11. A nethod as clainmed in claim1l, wherein the

seal i ng medi lfn i sAvignk pistog@r crgss-headrdienel enginednbrerting @il ¢panpasition-hewingdi ng
properties, as Measqad DY, Bber of at least 15 mg KOH/g, as determined by ASTM D2896,
comprising:

(A)  atleast 40 mass % of an oil lubricating viscosity; and

(B)  from 0.04 to 5 mass %, expressed as active ingredient, of the
lubricating oil of a combination of:
(B1) at least one linked aromatic compound of the formula:

(Ya (Ya

Ar—¢tL—Ar), n
wherein:
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, aryloxy,
aryloxy alkyl, 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 Z(O(CR3),)yX-,
wherein X is selected from the group consisting of (CR’;),, O and S; R
and R’ are each independently selected from H, C,; to Ce alkyl and aryl;
zis1to 10; nis O to 10 when X is (CR’;),, and 2 to 10 when X is O or
S; yis 1 to 30; Z is H, an acyl group, an alkyl group or 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



centrifuge water shedding test, of a lubricating oil conposition in the

| ubrication of a trunk piston engine or the system | ubrication of cross-head
di esel engine by enploying a lubricating oil conposition as defined in claim
| when conpared with a corresponding lubricating oil conposition where (B)
contains only (B2). 13. A nethod as clairdkd in claim 12, wherein the sealing
mediumis water. 14. A trunk piston or cross-head diesel engine |ubricating
oi | conposition havi ngmialttofl@), dndse nunber of at |east 15 ng KOH g, as

determ ned by ASTM D28 [ rising: (A) at. |east 40 mass % of an oil
| ubricating viscosity; ?%Qd %@?ESF P’_&W‘gﬁoéé#“‘tc?f‘%‘_“l%sés%rsa@kb’f 5%%‘8 as active
ingredient, of the [|ubricajjednist r®b @(gmrg)ggg(@v,s?g tméanéé,%%gnmﬂ% It(t’ ?gst one

| i nked aromati c conpound of the fornula: Ar ~~
wherein: each Ar independently represents an aromatic noiety having 0 to 3

substituents_selegted fromth roup. consjisting qf. al kyl 6 al koxy,
al koxyal kyl ,liydr—gﬁ?ﬁ‘bﬁﬁﬁng?Q%W(’,s tonAs {“e%\g'yjc’iBWiﬁ’W}Pefe‘HrS?‘iédW}ﬁsz _aryl oxy
al kyl, halo and cpghi ﬂaﬁ%'o?(ﬁl)ttgg%?ﬂ@n gﬁgg%ée fSmihrdgpendent Iy a |inking

noi ety conprising a carbon-car sin ond or a li1nking group; each Y
is independently a noiety of the formula Z(Q(CR2)")yX-, wherein X is

sel ected fromthe_group consi.sting of (CR2)~,.0 and S, R and R are each
i ndependent | {>sel Eg? E@E'F‘i‘tlﬂﬂ ,ccﬁxgqsglo@@sgq{éxfd Yhelam }E;Whei_e‘f@a‘id PFS10; nis
0 to 10 when Xis (G Glio of B8 16 (BS) % WG Fofl 307 to 1. ¥ 1S | 10 30, Zis

10 O
H, an acyl group, an aPﬁyf group or an aryl- group; each a is independently
O0to 3, with the proviso that at |east one Ar noiety bears at |east one
roup Y' in ich s not H. and -31- mis | to 100, and ‘
g P W TEe lu%ricat&ng oil compos?tilon as cllaslmed En claim 14, wherein Y’ is

Z(O(CR2),2)yO-, Z is an acyl group and y is 1 to 6.

18.  The lubricating oil composition as claimed in claim 17, wherein Ar is

naphthalene, Y’ is ZOCH,CH,0-, Z is an acyl group and L is CH,.

19.  The lubricating oil composition as claimed in claim 18, wherein Ar is derived

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

20.  The lubricating oil composition as claimed in claim 19, wherein Z is derived

from a polyalkyl or polyalkenyl succinic acylating agent having M of from
about 100 to about 5000.

21.  The lubricating oil composition as claimed in claim 19, wherein Z is derived

from hydrocarbyl isocyanate.

22.  The lubricating oil composition as claimed in claim 14, wherein the nitrogen-
containing dispersant is a polybutenyl polyalkyleneamine succinimide derived

from polybutene having an M of from 900 to 2500.

23.  The lubricating oil composition as claimed in claim 14, further comprising one

or more overbased calcium salicylate detergent additives.



(B2) at |east one nitrogen-containing dispersant, where the mass: mass ratio
of (131) to (B2) is in the range from1:3 to 9:1. 15. The lubricating oil
conposition as clained in claim 14, wherein said mass: nass ratio of (Bl)
to (B2) is in the range from1:1 to 6:1. 16. The lubricating oil conposition
as clained in claim15, wherein said nas82- mass ratio of (Bl) to (B2) is in
the range from3:1 to 6:1. 17. The lubricating oil conposition as clained in
claim 14, wh24.ei nTNe lubsicat{giCEANE)sition, as£ldimed i elaimh |4y lmvingantdtal base 1 to 6.
18. The lubricatin il copposjtion clainmed.in clai erein Ar is
napht hal ene, Y' i E‘?'Egiﬁ-‘ﬁéﬂg%t,i%“gé(@i/ga eterngs! %35@\%@&&@ 19. The

| ubricating oil conposition as clained in claim 18, wherein Ar is derived
from 2-(2- napht hyl oxy)-ethanol and mis 2 to 25. 20. The lubricating oil
conposition as clainmed in claim19, wherein Z is derived froma polyal kyl

or pol yal kenyl succinic acylating agent having M of from about 100 to
about 5000. 21. The lubricating oil conposition as clainmed in claim19,
wherein Z is derived from hydrocarbyl isocyanate. 22. The |ubricating oil
conposition as clainmed in claim 14, wherein the nitrogen- containing

di spersant is a polybutenyl polyal kyl eneam ne succinimde derived from

pol ybut ene having an M of from 900 to 2500. 23. The lubricating oil
conposition as clained in claim 14, further conprising one or nore

over based cal cium salicylate detergent additives. -32- 24. The |ubricating
oil conposition as clainmed in claim214, having a total base nunber of at

| east 20 ng KOH g, as determ ned by ASTM D2896.



