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FI ELD OF THE INVENTION 5 This invention relates to a novel class of

| i nked aromatic conpounds that act as potknt soot dispersants in

| ubricating oil conpositions and Iubricating oi |~ conpositions containing
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| evel s of 10 additive nitrogen. The invention is further directed to a
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operated), and retarding engine timing to reduce NO, and particulate emissions. In

20  engines provided with a cooled EGR system, the EGR stream is cooled below the dew
point of NO, and SO, and injected back into the engine under positive pressure.
Under such conditions, water vapor condenses with the NO, and SOy to produce high
levels of nitric and sulfuric acids in the recirculated exhaust gas stteam. Under such
conditions, unacceptable increases in the kinematic viscosity (kv) of lubricating oil

25  compositions have been observed, even in the presence of relatively low levels of soot
(e.g., 3 mass % soot).

Lubricating oil compositions comprise a major amount of base oil and
additives that improve the performance and increase the useful life of the lubricant.
Nitrogen-containing dispersants are commonly used lubricant additives. The function

30  of a dispersant is to maintain in suspension within the oil, insoluble materials formed
by oxidation and other mechanisms during use of the oil, to prevent sludge
flocculation and precipitation of the insoluble materials. Another function of the

dispersant is to reduce the agglomeration of soot particles, thus reducing increases in



the viscosity of the lubricating oil upon use. In the severe environnent
of an engine provided with a cooled EGR system it has been found that
soot induced viscosity increase, as neasuéed in a "Mick T-11" test
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In -3- containing a phenolic compound of the formula:
(R)a-Ar-(OH)yp
20 wherein R is a saturated hydrocarbon group having 10 or more aliphatic carbon
atoms; a and b are each independently 1 to 3 times the number of aromatic nuclei
present in Ar; and Ar is a single, fused or linked polynuclear ring moiety that is
optionally substituted. It is alleged that the addition of a minor amount of such a
compound to a lubricant composition that is mixed with fuel will lead to a reduction
25  in piston ring sticking in a two cycle engine.
U.S. Patent No. 6,495,496 to Gutierrez et al. describes nitrogen-containing low
molecular weight Mannich base condensates of hydroxy aromatic compounds, an
aldehyde and an amine that are useful as soot dispersants in lubricating oils.

U.S. Patent No. 6,750,183 to Gutierrez et al. discloses certain oligomers useful

30  as soot dispersants, which oligomers are defined by the formula:

T— (Ar}—( L——-(Ar))» T
n



wherein each At independently represents an aromatic noiety optionally
substituted by 1 to 6 substituents selected fromH, -OR, -NR)2, F,

d, Br, I, -(L-(Ar)-T), - S(OWR, -(C2)xI2)y-R and -(2)y-(C2),Ri,
wherein wis 0 to 3, each Z is independently 0, -N(R)2 or. S, x and ¥

ar e i ndependeihergingeash Ar idependeptlRrepresentsagcsperte MAisty gpgenally jubsitutedy
branched, satyyr ated ongld v stg tat ed, 1 hydr.ecacpyl
group havi ng wgmﬁlﬁggbgﬁgﬁyaﬁ%)&gda;%ﬁ#gt ?r%i %@%‘ﬁflés{ %?’mlje%gr%g\g)ﬁ??y a
| i nki ng noi et $(@®RQRPr HEA)G(B),Ear bad-€3B), H0T)sRNghdeldmdrols 8 td BKidagh Z is
group; each T is independently H OR, NR)2, F, d, Br, I, S(OWR_, .
(C2)x (2)y R, indgpendently QezNRR; oryhet and yrare gdependgnthn @ or 4randagachdti ied
above; and. n | t 0,:1000 Puybl_ Pat [ y

2006/ 0189492 hﬁﬁcﬁegh%rg?’gqgt Oralj"‘. I‘é‘?%c PB;"’ergi’Cth’r tsg‘iﬁgﬁgdeacgt ﬁ@éﬁt@?@gh %@gb%{}ly
acyl ating agesnitstiaest, byd@ondys glvayihagingheorhol toowbouy 208tcathvhunass; ddeh () is) a
Al ---f L-Ar), 15 where each Ar independently represents an aromatic, .

noi ety havi ngindepadgntly, pdinkinganeiety cumprviag)a cagon:garien singlg §eyd or a linking

al koxyal kyl , 0 ! I h i paty erepf »each
Lisii ndependg%r(ftﬂ Pyé%hlfx%ﬁéye%%[yyldi:%? Iﬁglg Hﬁcﬁgr@érgg’ofhg@%‘{’?ﬂbg@@f‘ %ﬁ?’

bond or a |inkt (®),-0COYR,, ederein'Ri swj ndepehdent by deindiabbye; ahd hhie 2 thabowl a
H O CR2)")yX-, where X is selected from(CR 2),, 0 and S; Rand R are 20
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3 substituent 8T4&EEEt ed from al kyl, al koxy, al koxyal kyl, hydroxy,

hydr oxyal kyl , acyl oxy, acyl %,éal kyl , ,?Layl oxy, aryloxy al kyl, halo and
conbi nati ons thereof; each L‘is? i ndef) dently a linking noiety
conprising a carbon-carbon si*gle bondfor a linking group; each Y' is

i ndependently a noiety of theAterputa-ZHQ(CR2)" )yX-, where X is 30
selected from(CR 2),, 0 and S; R and R are each independently sel ected
from H, Cjs-4where each Ar independently represents an aromatic moiety having O to 3 substituents

selected from alkyl, alkoxy, alkoxyalkyl, hydroxy, hydroxyalkyl, halo and
combinations thereof; each L is independently a linking moiety comprising a carbon-
carbon single bond or a linking group; each Y is independently a moiety of the
formula H(O(CR2),)yX-, where X is selected from (CR’2);, O and S; R and R’ are
20 each independently selected from H, C, to Cg 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 O to 3; at least one Ar moiety bears at least one group Y; and mis 1 to
100; and
(Ya (Ya

Ar—¢L—AD,,

25  where each Ar independently represents an aromatic moiety having 0 to 3 substituents
selected from 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(CR2),),X-, where X is

30  selected from (CR’1);, O and S; R and R’ are each independently selected from H, C,



to C6 alkyl and aryl; zis 1to 10; nis O to 10 when Xis (CR 2)z, and 2
to 10 when Xis Oor S yis 1to 30; Zis H an acyl group, an alkyl
group or an aryl group; each a is indepentlently O to 3, at |east one Ar
noi ety bears at_least one group Y in which Z.is_not H and mis 1 taq .
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lubricating o1l composition of the second aspect, and operating the engine.

In accordance with a fourth aspect, there is provided a novel class of precursor

20  compounds from which the compounds of the first aspect can be derived.

DETAILED DESCRIPTION OF THE INVENTION

Compounds useful as precursors from which the soot dispersants of the
present invention can be derived can be defined by the formula:

(Y)a (Y)a

25 Ar—¢L—An), (D
wherein each Ar independently represents an aromatic moiety having 0 to 3
substituents selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, aryloxy,
aryloxyalkyl, hydroxy, hydroxyalkyl, halo and combinations thereof; each L is
independently a linking moiety comprising a carbon-carbon single bond or a linking
30  group; each Y is independently -OR’’ or a moiety of the formula H{O(CR2),),X-,

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



isOor S andy is 1to 30; each a is independently O to 3, with the
proviso that at |east one Ar noiety bears at |east one group Y; and mis
1 to 100. 5 Aromatic noieties Ar of Formd®- | can be a nononucl ear
carbocyclic noiety (phenyl) or pol ynuclear car bocyclic noi
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all moieties Ar are the same or different. Polycyclic carbocyclic aromatic moieties
are preferred. Most preferred are compounds of Formula I wherein each Ar is
naphthalene. Each aromatic moiety Ar may independently be unsubstituted or
substituted with 1 to 3 substituents selected from alkyl, alkoxy alkoxyalkyl, hydroxyl,

25  hydroxyalkyl, halo, and combinations thereof. Preferably, each Ar is unsubstituted
(except for group(s) Y and terminal groups).

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

30  linkages, ether-acyl linkages, amino linkages, amido linkages, carbamido linkages,
urethane linkages, and sulfur linkage. Preferred linking groups are alkylene linkages
such as -CH;CHC(CHj3)-, or C(CH3)-; diacyl linkages such as -



Preferably, Ar of Formula (lI) represents naphthal ene. Preferably, from
about 2 nol%to about 98 nol % of the Y units are HHQ(CR2) 2)yO-, wherein
y is Ito 6, and 5 fromabout 98 mol. %tob62 nol. %of Y units are -OR'.
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napht hol , can be reacted wth an~“epo , such as et ene o
propyl ene 150xiskiled intthd eme A aydweyoarosiatic enmpoxnd) spchuad eaptshotidaarbe reacted

conditions to incorpgrate one or nore oxy-al kyl ene groups. To for
conmpound of Fd’}”ahla%a yieng carhogaiet (e gy %ﬁeﬁm égaée CIBnFﬂBYJ’ﬁE a,dﬁo-mwg%
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removed from the reaction mixture by azeotropic distillation or other conventional
means. If separation of the resulting intermediate 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,
25  such as naphthol, can be reacted with an epoxide, such as ethylene oxide, propylene
oxide, butylenes oxide or styrene oxide, under similar conditions to incorporate one or
more oxy-alkylene groups.
To form a compound of Formula I, the resulting intermediate compound Ar-
(Y). may be further reacted with a polyhalogenated (preferably dihalogenated)
30  hydrocarbon (e.g., 1-4-dichlorobutane, 2,2-dichloropropane, etc.), or a di- or poly-
olefin (e.g., butadiene, isoprene, divinylbenzene, 1,4-hexadiene, 1,5-hexadiene, etc.)
to yield a compound of Formula I having an alkylene linking groups. Reaction of

moieties Ar-(Y), and a ketone or aldehyde (e.g., formaldehyde, acetone,



| i nked conpound can be fornmed by reacting noieties Ar-(Y)a with a diacid
or anhydride (e.g., oxalic acid, malonic acid, succinic acid, glutaric
acid, adipic acid, succinic anhydrl de, ett:). Sulfide, polysulfide,

sul finyl and sulfon | linkages may be 5 provided by reaction of the

moi eti es Ar- W&omqena @ﬁioyaw@ed'?tfsa@ml@ﬁﬁaan alkyleig linkedcomponpd. A ggyl-
sul fur m)noch d u iGh i

sul furyl chl %%égeg?@% Farf b%cfc?@hq]‘goyp?%{\?ﬁ %&Eé%pégﬁg( O%O)Fln%lfadlor
with an al kyl aﬂqdﬁtlélée g, IaxlakageLd lmilmni: asidArsudciia acal) ghatarieacideddipic hcid,
di vi nyl et her. Conpounds aof Fornul a a direct carbon taq
carbon |ink, efidRantydide sfea SRififat P%Slﬁé&msyh@yﬁenwlmi Hpkages maysieng
a mixture of r
cxcanl o, by prioe Y e R R RLEY G s i o1 ol iyt
21, 457 (1983)genfl¢.gr malfurvabyochiarile, mmmhxt}dmdeayhbeylfamlomié (By)crlgamlfmgl
m)l eties Ar-(Y)a and an alkali_ netal as descri bﬁ far exanpl e

"Catal ytic BeRHEHEe GiSDng) ord ccIeYIdE HREWORDE 6 Eorewd%ﬁw@a&naaﬂg%l@%e ether

Ny e il SRR Sy MRUATRIRY, o e Pl il

Formula (1), havhdrgindnisad Hijé(ﬁrd:@rﬂohrthIclgnongrrxkumayrherferrﬂé(bf/ﬁrc&bdzywa coupling
met hyl ene |i nki ng group, base renui n;@g in the Ar-( reaction m.xture
can be nel r aPPYBYTIGARIN HEing 2 gREsfHR 91%1{1%1161?111@&%@@ ofuPERusqcilande, as g

sul fonic acid 0, . z.and
20 preferabl y)j?sgﬂtg%&é?gf%xggw\({:%étbgfﬁ ?eog%‘gu’g%f qgc{ Qfo(?%’ﬁ&?ryé%{ﬁcéeﬁéaiﬁhgfgy% r{%ia
preferably ne157e108by i Aladativipouok compbardithay §d JormEd dbydegitimg mbieties
pol yneri zation of the ounds of Formula | range fro 2 1o about 101
(cor r espondi ngT¢ X)@Wﬁnt?ik% meptabgs deperhrd; 5 eé%‘BB]F To&ata PicBenzant SQrO'FI? 5%

about 2 to abqut r nf & tmé t Utk 0
provi de the p?gf g??% EQ é?}béo C%F‘Bl?gﬁ’“ naphﬁhgﬁgxyet%ﬁanol e§nd
2- met hoxyhnapStbateney atht{é HodayG (Chdmydal ﬁohmmaiadehydéw Acthad9gBesence of
an acid catalyst, ref erably sel ect ed fro ol ubl e sul fopi and
solid acid catal yst© foppdhe piefgred ’%‘H%P‘W& ﬁ&%?%‘f ﬂéﬁoha‘il’ég f‘%énﬁﬂfe@ﬂﬁ@?‘
a reaction of y 1

gﬁ)u ﬁfcf?é( efeﬁ@ﬂh% as 5%9@9%6%0}1% th% ﬁ%?ﬂ Qﬁe Ar Q’Zaf

catalyst. Pre emal ni'ng [ ze n excess
acid prior tordabgon ntixtachucini lenentratibeet %ol nelddpdeflehly u@jm]mmaels affacide.g.,

eacting o compBUiiocdr sl 50 wth B SERHSe oRBTGROn s oy and

agent, aggal i a ; i
by the foftm kb0 P U prRfc bt AoVl Ba 245 ProviBl huP bk AR! FRABLEH

methylene bridged compound of Formula (I). The degree of polymerization of the

compounds of Formula I range from 2 to about 101 (corresponding to a value of m of
from 1 to about 100), preferably from about 2 to about 50, most preferably from about
2 to about 25.

25 To provide the preferred compounds of Formula (I), naphthyloxyethanol and
2-methoxylnaphthalene can be reacted with formaldehyde in the presence of an acid
catalyst, preferably selected from oil soluble sulfonic acid and solid acid catalyst.
Preferably, the naphthoxyethanol is the product of a reaction of a hydroxyl-
naphthylene compound in the presence of a base catalyst. Preferably, remaining base

30 is neutralized with an excess of acid prior to the introduction of the formaldehyde.

Compounds of the present invention useful as the soot dispersants can be
formed by reacting a compound of Formula (I) with at least one of an acylating agent,

an alkylating agent and an arylating agent, and are represented by the formula:



(Y)a (Y)a Ar- f LAI)m (I11) wherein: each At independently represents an
aromatic noiety having O to 3 substituents selected fromthe group
consi sting of alkyl, alkoxy, al koxyal kyl,-tydroxy, 5 hydroxyal kyl,

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

aryl oxyal koxy, hal o and conbfhasi ons th& eof; each L is independently a
| inking noiety conprising a tarbon-carbon single bond or a |inking

group; each Y' is independengly ﬁ[ﬂﬂy of the f@f mula Z° O or
Z(Q(CR2)" )yX-, wherein X is selected ffomthe gr Jp consi sting of

(CR 2),, 0 angdh&eifR and R are each independently to selected fromH, C,
to C6 alkyl and aryl; z is 1to 10; nis Oto 10 when Xis (CR 2),, and
2 to 10 when &chsA0 indep@pdsntlysreprasont3Gin Fommitiel, maetiabytingrbap,3 aubstitueatsy |
group, a lactone ester group, and acid ester oup, an al kyl o] or _an
aryl group; Zz% ?‘gedes ?@cglé‘?j P8 @gnstgng:lgg ?}F‘E(n gl%ﬂﬁy’ara%oﬁﬁlgg{n ﬁg‘ilrgxy’

i ndependeny | y,QirbRyadicylW ta%lbtf, Ry RKyaRyt NateyRixyhIRBRY, ORGIOAY, MaibYaheRr S
at | east one g%)rugy Z(y&)( ")y X- yi nyvvhlych ch fg S 31élotzﬂ?ii; gnd n%qlﬁs/y k1@?0
100. Suit abl eayborlyaltkiony, bajerdnsl torobinstéonsyidiesofir éagh Icds bodependsnitly, a linking

hydrocarbyl carbonic acid hal ides, hydrocarbyl . sulfonic acid and , .
e ooar byl STIOHN GO, A G arh SRR BUwd ok el Bekiod Moty v is

hydrocar byl phsepiRehty Bahdigof YRGB 2Y0- orl ZORYRNAL RS Atdeild foeRchv

succinic acylatihg agents. Preferred acyl ating agents 20 i ncl ude
pol yacyl at i ngfragettesgmhip clongisting d& (BR%)£42 end SR end R’ areaguth ondepsndently

| act bst i t . | at i C8 .and, hj.gh
nyr ocar byl GRS €3 in b BkTRtudf A Sacp 308 bla Mo B A"
i socyanat e angndB 1&10 RSN is OYAK0Gas By 30c iahi RYadIRD, a'ﬁé[ﬁqt/l group, a

preferably polybutenyl succinic acylating agents such as pol ybutenyl, or
pol yi sobut enylackme cdster cgramhyandi aad (EeBSA)up, Rnedllsylaplopp tdrearp 8ryh yatowm af bisl

ver age. mol eouar e IRERLC (hn Cym BHOT b g0 o 8o aregbten ar b asr (R Mo
about 200 to pRRWo tBAOR lealDdiR AF REREPRAYs AtNOMmM @@@g%uﬁwot(%ﬁggﬂi indPi6h Z

Preferred hydrocarbyl isocyanate acylating agent will be derived from
pol yal kenés hatsinag Hi andamisdrtodPr age nol ecul ar wei ght (Me) of from about

100 10,2000, b1 ¢ St AR o Pl B RO s e
conventional pEbb@Idackded, AydideadybiilfohRthcidadd®ydédarbyl Qulfonic acid halides,
hydrocarbyl phosphoric acid and hydrocarbyl phosphoric halides, hydrocarbyl
isocyanates and hydrocarbyl succinic acylating agents. Preferred acylating agents
20  include polyacylating agents which provide bis ester, ester acid and/or ester lactone
substituent groups. Preferred acylating agents are Cg and higher hydrocarbyl
isocyanates, such as dodecyl isocyanate and hexadodecyl isocyanate and Cg or higher
hydrocarbyl acylating agents, more preferably polybutenyl succinic acylating agents
such as polybutenyl, or polyisobutenyl succinic anhydride (PIBSA). Preferably the
25 hydrocarbyl succinic acylating agent will be derived from polyalkene having a
number average molecular weight (M. ) of from about 100 to 5000, preferably from
about 200 to about 3000, more preferably from about 450 to about 2500. Preferred
hydrocarbyl isocyanate acylating agent will be derived from polyalkene having a
number average molecular weight (Ma) of from about 100 to 5000, preferably from
30  about 200 to about 3000, more preferably from about 200 to about 2000. Acylating

agents can be prepared by conventional methods known to those skilled in the art,



such as chlorine-assisted, thermal and radical grafting nmethods. The

acyl ating agents can be nono- or polyfunctional. Preferably, the

acyl ating agents have a functionality of-9ess than 1.3, where
functionality (F) is be determ ned according to the follgwing fornula: 5
F = (SAP x 12§uz:b@sﬁh!éznrl.e)awst%ds,shﬂwaﬁmr é’?@?ﬁusmthgd% HECSKBBHNE REHAXS on
nunber (i.e., ) 111 L gr : L NERGAE
neutralizati O%H(}fe @Eé@gc%ipgfyé%é&gggi ?}r%fﬁ%fbl r’gﬂr?]%% &Fﬁgqg%% Hat ﬁ@{f&laﬁh?
gr oup- cont ai nofigsy tac t 3pwhpreddnaionakty (Heisdrerdeteshimdcotahiding tb cheASTIMVGEES ) ;
M is the nupber average nol ecul ar weight of the starting pol yal kene;
AT. is the pef¥BMa 10 active ingredient of the acyl group-containing
reaction product (the renmin i pel , acyl ating
agent and gdi | uent); and mﬂ Qﬁ’{%g%ﬁ%&h%@a’%ﬁéﬁ% mﬁacyl group

(e.g., 98 forwhees BAP Rnhy dipdiiicatibs Huaiben gi.@geit funed dfsailligramishd KOH
manuf acture of dispersants, and a nore detai]| ed description of nethods
for form ng eessnee iy lyeampletesneyirglizativapfithe epid gredpsy ingrncograwy ofsilip gy e

di spersants, presented.infra.. 15 Suitable alkylating,agent s e .to
C30" ol kane. s ESRBIONERyE aidtipg Peaiiel R fefmiief b GPuBRTP s L PYEF s
aryl ating agetteSnintser Ueragd mMdleede, wabRf & @Q'sﬁr%?@ly@ﬂ&%m; A.L is the percent

al kane-substituted aryl nono- or pol yhydroxide. Ml ar anounts of the
conmpound ®F Feetingl iagicienaatitherrsyhgsouptdoniginiag kspcten prpdughdhe reragindestbieing

agent can be adjusted such that, all, or onl )Or L .Sskich as 259% or
20 nor e 505 GptergrE PobBees dBVisfbe aa gPS luShRand A% 6 ety Nl
Y . In the caseewer grcﬁJFe{e.ggrqs%fldu&ﬁmE@mmdr@ei.I Acbﬁﬁn?h%&rﬁ%ﬁe&ﬁ@&% the
al kyl hydroxy substituents, "and such conpounds are reacted with an

acyl ati ng gr oupnufactuis opdispérbanss, andax matd depiled deseripiaon of mstheds hgioooxyng
and/ or al kyl hydroxy substituents, will .be. converted to acyl oxy or. acyloxy
T ky | groups. SHRTRAEERH (HEPRS Hlehs aSenlr R el e A2
hydroxy amg/ or al kghitihlelamylating skt Wedide CARACTUARaROIBMHSN prefe@bly Cy to
reacted with an arylating group, it is possible that all or a portion of

such hydroxy Camdkaic afahplhydiitmkle glssng agemnt miclide|Cole Conreterably Coto Cis
aryl oxy or ar X{k(ﬁ)ﬁ(éé@sg@e(p%gf;ﬁ%@? %lkh%&i%fy&ro@(}delconpounds of Formula (I1)

substituted w aryT oxy and/or aryl oxy al kyl
groups are consi deneslamirhdling dthie 5@1@??1r@foftﬁibﬁnﬁra€($)&dhﬂ tBOadylauBiz AlRDlatifg

salt form of conpounds of Fornula (|l in which Zis an acylating group,
whi ch sal ts resdprarylagng aeent can e adingpd fichihaadle o ey geprige sich as@p % or

CHaEL e 94, e DPECRGHITR 2 A S T Mol .
wi thin the scege wteré e dofipelhd 6MFormula (1) has hydroxy and/or alkyl hydroxy
substituents, and such compounds are reacted with an acylating group, it is possible
that all or a portion of such hydroxy and/or alkylhydroxy substituents will be
converted to acyloxy or acyloxy alkyl groups. In the case where the compound of
25 Formula (I} has hydroxy and/or alkyl hydroxy substituents, and such compounds are
reacted with an arylating group, it is possible that all or a portion of such hydroxy
and/or alkylhydroxy substituents will be converted to aryloxy or aryloxy alky! groups.
Therefore, compounds of Formula (II) substituted with acyloxy, acyloxy alkyl,
aryloxy and/or aryloxy alkyl groups are considered within the scope of the present
30 invention. A salt form of compounds of Formula (II) in which Z is an acylating group,
which salts result from neutralization with base (as may occur, for example, due to

interaction with a metal detergent, either in an additive package or a formulated

lubricant), is also considered to be within the scope of the invention.



-10- One preferred class of conpounds of Formula (11) includes conpounds
of Formula (IIl): (Y. )a (Il aZ (I )a T)a Z -(1 Ya (Y1l )a Ar-{-L-Ar)m
ArHL-Ar) mAr--(L-Ar)mP 8 (I11) wherein 18ne or m)re Y' are groups
Z(QCR2)" )yX- in WhIChZIS derived from |l actone ter of forrruIaIV
acid ester of for nQFlSP’{Pe%‘? dasfsergen chlfé'F‘@B]Fi(H?F@C des pampgyndgop R

R Re OO0 ( wherein Rl, R2, R3, R4 R5, R6 and R7 are

i ndependently se ectea fromH, alkyl and polyal kyl and pol yal kenyl

containing up to 200 C andZ" is bjsacyl of f la VI; OR9 Rs O (M)
10 wherein R8(ARd RO af¥i 3eﬂdéﬁt)d y sel egye z)"m_l:l,(YaJ Kyl gg)

pol yal kyl and | pol yal kenyl ont ai nLng up to - mis|0 to 10 \ fandyp
and s are eachyjn pen abou 0 ab 51 withlthe provjso that
p<ms<m and 1 Pref e F—d% rrp%ﬁlj f ForMtafH1Ar Jag e )

t hose wherein from about 29%to about 98% of thePY wunits are
Z(Q(CR2)2)yO, wherein Zis an acyl group and y is 1 to 15 6, and from
about 98%to 2% of Y' units are -OR', such as conpounds of Formula (I111)
wherein Ar is naphthal ene; from about 2%iHb about 98% of Y' units are

ZOCH2CH2O-, from about 98% t.0, 2% of Y ' e - -~ and.L js CH2.
ot oni ey SPEHE SEoRare COne S FCORSR ok i FIED gri6 ferippd Fordacione
naphthal eng; {0 @AOMG 140364 Qst@xb&tfanﬁ&la(owforXcohaehfaﬁoﬁaﬁre%@C'ﬂCHZO and
from about 60%to 20 40% of Y units are -OCH3; mis fromabout 2 to

about 25; pis froml h@Rébout 10;
R OH

IV) (V)
wherein Rl, Rz, R’ , R* RS, R® and R’ are independently selected from H, alkyl and
polyalkyl and polyalkeny! containing up to 200 C; and Z” is bisacyl of formula VI;

0
RY
RE

0 (VD

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

Preferred compounds of Formula (ITf) are those wherein from about 2% to
about 98% of the Y’ units are Z(O(CR3)2),0-, wherein Z is an acyl group and y is | to

15 6, and from about 98% to 2% of Y’ units are -OR”’, such as compounds of Formula
(IIT) wherein Ar is naphthalene; from about 2% to about 98% of Y~ units are
ZOCH,CH,0-, from about 98% t0 2% of Y’ units are -OCHs; and L is CH,.
Particularly preferred are compounds of Formula (III) wherein Ar is naphthalene;
from about 40% to about 60% of Y units are ZOCH;CH>O-, and from about 60% to

20 40% of Y’ units are -OCHs; m is from about 2 to about 25; p is from 1 to about 10;



-11- and s is fromabout 1 to about 10. Preferably, group Z of Formula
(I'11) is derived froma polyal kyl or polyal kenyl succinic acylating
agent, which is derived from polyal kene-hldving M of from about 100 to
about 5000, or a hydrocarbyl isocyanate. Conpounds of Forrmula (I1) can be

derived from #mdes isfkosypbat 4 topbeus iRy Paeferaply, grawp 7 elldarmuda ¢H isglesilved sor s
f F la (1) wit | at | . . ' f
*tquid acrd el udE A baRhliy Aasthic RUFHEE BBl fich WaaREETEACS ©f 2

sul fonic aci l?/ﬂﬁérfétlﬁﬂvi{%nﬁn%ﬂffc%‘h%tﬁQDQt&ibd&t)SO(ﬂhﬁﬁ@B?diﬂo@arﬁ?i idodanate.
solid acid catalyst such as Anberl ﬁt-lS, Anber | yst-36, zeolites,

m neral acid clay ©oempawelstadFopabiagibosphbe deriveddirem the prcusens of Fiormeladh)
from about_ 0 to _abput .300C r ef erabl vy, from ut 50.to0 10, about ,250C
Under b he spobLrEgfing ptomecuis Sl G MR B beilfi i pddy gty Rlne,
agents can foﬁﬁﬁkéice%fﬁﬂiﬁuid%ﬁdjcsﬁﬂyﬁ[ SucBlas kAESRO i@ Sd. &1 SoMcyhbenRencCRmpakNd
of Formula (1). Conpounds of Fornmula (11) can be derived fromthe

precursors of adirpamtelueny sulfopi acid of pelyphespperee avid or ¢ sehid Feidragtadyst Bychvitst h

the al kyl at i f | at | t, .15 bly in th
of tri phenyl phBLSRITE kit Belks? 490t mimsiivicld oy dehpjeten HodRHoRitRe
cat al yst, suchci@SatStichgRifuRcdidrof-Bout 0lesiasyl: IDerzeperesatly Frint ab&ki b, to

par at ol uene sul fonic acid or pol yphosphoric acid or a solid acid catal yst
such as AMhbesloust2505C. Adreder yibe - dyve zewsiditians, the peefatred qiodytaitenyl guccinic

tungsten pol yph horic aci.d; at a tenperatur f from ab 0 to abo
3000, pref or AR PEciRetis AR g s B SR STE s dectone S5 Mifdhe Pplbfo bt
embodi ment, cpspaundg, of Formula (11) are the reaction product of a

m xture of nethyl ene-bridged napht hoxyet hanol and 2-nethoxy naphthal ene
conpounds, and an &eypatnesidemulas@l) san be devivad fsemyhe Rerusons oif dioomula (1)

| ati | yal keny| i ni | at i f erabl
et ved 1r om b il elRela: of Fila o ffifh P s A3 T ep e e aiteent
preferablys i npih@alyesenhe Mtsendd &Cindpieaphyshidepnal edivtlyy @bdRhiboxylate

soluble liquid acid catal yst or a solid acid catal yst). referably, the
rati o of totalDEdDasa bfjuidiasid eatalysic juchtasrglieniceacic £.8 odadse | bappnessugfpnic

nept 1 T L Ra LRI o e RS n ESRARIne
are the produgimtefly&t- 30 AhB&Bss 36, 1zeolites Nmineralaachy a9 ox MRt gull@idephoric
conpound and et hyl ene carbonate are reacted in the presence of a base
catal yst to fafifh daprrskafeteHnisem abopy O o abeysWOrG, prgtasatiy frore @byt tan
excess of yacig to-phQvide an internediate; and (iii) the
In one preferred embodiment, compounds of Formula (II) are the reaction
product of a mixture of methylene-bridged naphthoxyethanol and 2-methoxy
naphthalene compounds, and an acylating agent selected from polyalkyl succinic
acylating agent and polyalkenyl succinic acylating agent, preferably derived from
25  polybutene having Mi of from about 300 to about 5000, preferably in the presence of
an acid catalyst (preferably an oil soluble liquid acid catalyst or a solid acid catalyst).
Preferably, the ratio of total moles of succinic acylating moieties to total moles of
naphthyl moieties is from about 1.10 to about 0.5. Preferably, the methylene-bridged
naphthoxyethanol and 2-methoxy naphthalene compounds are the product of a
30  process in which (i) a hydroxyl-naphthylene compound and ethylene carbonate are

reacted in the presence of a base catalyst to form naphthoxyethanol; (ii) the base is

neutralized with an excess of acid to provide an intermediate; and (iii) the



12- internediate is reacted with 2-nethoxy naphthal ene and formal dehyde
in the presence of residual acid. Lubrlcatlng oil conpositions of the
present invention conprise a major amunfZof an oil of |ubricating
viscosity and. a m nor anmount of soot di s in co und. of Formul a
(17 2 pr 5t or alBtgmelgis 2 GG 0h B RO PRGAE B g FmBIe0uT i o BROTGS
wi Il contain §femiahodtg 0.005 to 15 mass % preferably fromabout 0.1 to

about 5 mass % nore preferably fromabout 0.5 to about 2 mass % of a
conpound of  For muLabridaking &l Icsmm‘osﬂtlubsmfaﬁlengrewmcmsremtwmsemphsa . ttagor

context of the pres vogr] ]‘g?fon may ., to be (?el ected from Patura

| ubri cating offgunt %%8{1 a lB‘?aluE&tWWSSIE)Y PR 270MOF AMAUEE Of AHOPLdisPerting

| ubricati d &R CORtMbfy WP ofll &ihddsRfoRs WrNEE Bles@idl S
to heavyr?ubr‘% tin S lf;%\lpsa?%gaso{ylr ne renghl%g ol | sEl Smfoﬁlér arl BresCht

| ubricating mrivsntamjwﬁéam;tam(fmm atows®005otd &5 ni@sn &, girefgrabtshfrom ahoas Dilytoof
the oil ranges fr mab t 2 ce out, 40 _centi st pkes,
especial ly f rﬁtl’ﬁ“égdﬁﬁss dE?fFlpé? LVIF &%B'ﬂltt(?g@) 2RV PRk opggomggund of
measured at 1f &g? NF“ raI oils include animal oils and vegetable oils
(e.g., castor oi ard oil); liquid petroleumoils and hydrorefined,

sol vent-treated or Oalslo(ﬂiuhream@vmmﬁyanbeful insthetonttkteofphe pfekémiitvention may
napht heni ¢ and mi edpraffinl apht heni Is aof lypricating
viscosity! ‘Berg‘?/éaf(ef: drireBaratgal tlagsfafssét/\%efé% RraLIPe BaSeank) |PUX LRy
Synthetic |ub i d
hydr ocar bon oﬁeg&g'uc e({ausﬂr%g %@fl@ﬁ&%gﬁﬁs{eggﬁm 1r zegﬁg S%?iﬁi‘t"‘l Sﬂktt%
pol ybut yl eneshemr(yllymw;lg eﬂesuchpasqayd)lmemgsmmllsyhmmaldolmxtaymgmﬂs and heavy

chl ori nat ed 1 hexenes po cte es)

S doconas) . Biieehomnddendaly e Vigwsty phi st sbecs Bim Shee sBRstbheso
di nonyl benzen h n

bi phe%yl S, te?%o#éng(&ngé?%si gét e%M%)(gﬁy %ﬂg%)s%enﬁ%gghﬁk%ﬂog% gg C%?tghoekr?illas

et hers anmls al kehatredatdioph€ny! sul fi des and derivative, anal ogs and

honol ogs thereof. Al so useful are synthetic oils derjved from a gas to
liquid process f roHaFtiI’%lc(Hbrmﬁ”ﬁ%%ﬁ“@ﬁﬂﬁﬁ@él“Eéﬁahl;f/‘d?lﬁdﬁrgbﬂmf WHI oty
comonly refe | ene

oxi de pol yrrerglﬁﬁqc}}e er po yér@rﬁ Mgﬂ%eer’lsellé’%ﬂi\l-/%%a?t er eo4 ﬁmﬂ%@ﬁﬁé Giltor

term nal hydr ﬂ»eyﬂarﬁﬂﬁld:pﬁaﬁo‘lﬂhkﬁud)MmMI garsffinfeynaphttenicftiypat 1 @ils of lubricating

etherification, etc constitute another class of known synthetic
| ubricating obiseosityiiesiuediframeseahen shaleadsorsgrve as useful base oils.
20 Synthetic lubricating oils include hydrocarbon oils and halo-substituted

hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,
polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(l-hexenes), poly(l-octenes), poly(1l-decenes)); alkylbenzenes
(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-

25  ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and
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.

30 Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterificatton, etherification, etc.,
constitute another class of known synthetic lubricating oils. These are exemplified by

polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene



pol yoxyal kyl ene pol yners prepared by pol ynerization of ethyl ene oxide or
propyl ene - 13 oxide, and the al kyl and aryl ethers of pol yoxyal kyl ene
pol ymers (e.g., nethyl- polyiso-propyl enelgtycol ether having a nol ecul ar
wei ght of 1000 or diphenyl ether of poly:et ylene havi n

mol ecul ar wei HE e’o@£m3%1 280Gy § WarSnﬂmo yaryelk ﬂgv%@almw e EAS

t hereof, for xo agﬁdghs %g lefhe ‘fl'aglng bRecufdh ¥efbi M%}Hg)rhe\g%l e

esters and Cl ter o tet yI ene g Anot h
class of syntdsfepoly ethybeniecgiydoh having s mohspmlaswslghhef da@@(brosliﬂ()) aildCIBOIlIIB)GMHI c

acids (e.g., thalic_acid, succinic acid k succinic acjd n
al kenyl( gucc&ﬂ 4§, esﬁ’ﬁql ereohclog ex%‘?@kaﬁ? %@Pﬂ acid g5k Gn%a&a jgﬁe@été’i c
acid, fumayic,ag daers aflg @galaidleétwgﬂ@tr&%ﬂ?me giagr, malonic actd,

alkylnalonlc aci mal onic 10 aci riety of al cohol s
(e.qg., butyl al cohAhothhexgatabaad chabsolof sgimlienglllut&ioanhg)lo,lls ngirisgd Id&xyslters of

al cohol , ethyl en egcoI di et ycol nDnoet , prapyl col).
Speci fic exanpra@opylicsifids @ ’e?r}gflq Wc'“} égmamﬁl%ﬂ iﬁ‘éﬁcén Yeids an P{(en}’l

di (2 et hyl heXM.ic):m?@Q Hgt ICIC,d?ClH, Q?ﬁfﬁﬂ: efc ruﬁ&r?c agi'dogé‘t?élslcsﬁl?@c ’rc acid,

di i sooctyl ate | I so ecyl aze roctyl phthalate ecy
pht hal at e, di sdipwsachd, dalvddataeid diiln&rzmldm)d beidy hikglinedoec aofds) alﬂte:h;élmalﬂ:ﬁlc

acid dimer, and,the conplex ester formed by re |ng e I sebaci c
aci d wi t h'0 t weridip|veidh afvafl%tﬂ'rqi@ﬁ Pgr@ &gl BHEH g ,tlwa%@%@ 0 od2ey! ﬁcohoﬁ

2- et hyl hexano ﬂltélfgg,

made from C5 %g%& %ﬁ%@r%@%éj@ aC| g% te&%( yo sng‘lﬁt & B@kf& §%
such as neopefpadifigbyanglles of mch&tsteyd aicprdep aiterty| peliiates rdyhath y1béx yl) sebacate
di pent aer yt hrl tol and tripen aer thritol. 20 Sili ased ils such as
the pol yal kyl dI-n-gexy}dpgparate, p%Pgﬁa rebagateodiisogaivy 3¢ Ptsxagfrqdf: rfgelate, slioghy

silicate oil s,GOMpll Sf1eBN0 kflﬁéslﬁtiésﬂ elos§l EbacRE, GYM gtf&lh‘éx '&l@srtércé’inhﬁolele:

such oils include tetrae icate, "tetral soprop Ycate, tetras
et hyl hexyt? si hdid direer, bad ll&-c(odnpfex bster Drmbd ply reacying sink inoale @f sebacic acid with

tet t t - but | | , . .
hgx;a( Elpme'? LyEWOzuméleﬁyP Frgﬁé#ykf?l'g .g’y&ggﬁgi todrgieHet Apipdirerainagdand 25
pol y( et hyl phenyl ) gi tkgxa&ﬁ&z agsgﬁﬂleﬁmlﬂesuss ikl ae GRbieNthaBk | SorhNEL Ygec,,

liquid esters of phosphorous-contailning acid e.g., tricresy
phosphat e, t r moobgarbgydis piadse andi palgls ansls tpekyobfestbesc ywheth s pinpeaty b @l ytol,

compr st o BUF RO Heogeraigh dnehseryiaiie! S oSBT "l enas
i scosi by} 5”2”8 o S B, ROty BopHRPKET CD

a mxture of pol@gylgxybilicarzeost ek shicateonls amprizeeanath@r asgful tlasnafl Gmohgvic
1. Prefer ablu%’ricants; such oils include tetraethy! 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
25 poly(methyiphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl

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
30  lubricating viscosity is a Group II or Group III base stock, or a mixture thereof, or a
mixture of a Group [ base stock and one or more a Group I and Group IIl. Preferably,
a major amount of the oil of lubricating viscosity is a Group II, Group III, Group IV

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



a maj or amount of the oil of lubricating viscosity is a Goup Il, Goup
111, Goup IV or Goup V base stock, or a mxture thereof. The base
stock, or base stock blend -14- preferabr§/4has a saturate content of at

| east 65% nore.preferably at |east 75% su as_at least % t

br of er abl y, | CHETEAT Tef 8 akorys ot o deehiena Ponaere it of Jeat M¥nich
of greater than98% sFuel RIoaDhferdtle e bal stodld, oPbBRTstK bleR@MRis 3 sakllrhrer
content of less than 1% preferably less than 0.6% nost preferably |ess

than 0.4% byconténglef greBtepilondi0fb| Prefdrebly othawilldrtop Wénd Wil kavie agulfor pontent

bl end, as neasured,b he k. volatility test. (AST 880) .., .S | ess
than or equal® 83‘%5@/%/1%? B@E&%Wesﬁ d[‘é]%n%SFt pr%fa{ﬁ?ﬁr MBSD'%@/(?A%M weight.
preferabl y5 | ess t prfergbly adblaloldiRitg GtothRst oPblf Blead! % hRssirédhap M NegKal
16% Preferably, the viScosity index (VI) of the oil or oil blend is at

| east 85, predlatililyltgst{ASTAAIISEBOD, is hess tthpr ef equablly 30w mrefbrably Eebthan or

140. 10 Definitiops r the base,stocks and base.ni.ls in this,i nvention
hre the san ctal Bl it reRR oS in R SatREE 2Blee et mftrityy B s
publ ' cation " | 1670 Il’refckzilﬂ?,rtﬁi: %c_@ﬁﬂ_@ fBe&t (1) CGAlthOBil QY SHWEnd #sne skt §5,
Servi ces Departnent, Fourteenth Editi'on, Decenber 1996, Addendum 1,

Decenmber 1998preSaildy pulshitdA0i mastpatiopblyi fzers abpaisldS30 ddRks as fol | ows: 15
a) Goup base stQcks. .contai ess .t han ercent . sat urates _apd/ or
areator than 0. 03 per SRR iR Pe bR o B Bl R 4 iR r S e
or equal to 8fhodddohRE n thahéfcans Pagolble IneslutdTeAPDdpuiReGHd i“Bdging Oil
Table 1. b) Goup Il base stocks contain greater than or equal to 90

percent 20 shicensingsandnEeftfgationabystam’sqlidistryy Iproigesp diaparimerty| Fanrtegni
have a viscosi,ty iqadex.ar r, fhan or ual, t nd | s than 120
Lo rg e s oBjihitn: REGKRE T80CTAddINLR T, BRGbG 080, SR bl Euiold WcBaizes

contai n greatBiselsh2Rs & foBgwal to 90 percent saturates and | ess than or
equal to 0.03 percent sulfur and have a 25 viscosity index greater than
or equal #D 120 uskhg t Feouredtbasetsteslis conprérilessedan rPOT apicent] satgrptes angfor| vV

base s ocks are polval pUsal e PRenc Sl P EFRESSPASG: baglrn
or equal to 80 and less than 120 using the test methods specified in
Table 1.
b) Group II base stocks contain greater than or equal to 90 percent
20 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
test methods specified in Table 1.
c) Group 1II base stocks contain greater than or equal to 90 percent
saturates and less than or equal to 0.03 percent sulfur and have a
25 viscosity index greater than or equal to 120 using the test methods
specified in Table 1.
d) Group IV base stocks are polyalphaolefins (PAQ).
e) Group V base stocks include all other base stocks not included in

Group I, IL 111, or IV,
30



- 15- Table I - Analytical Methods for Base Stock Property Test Method
Saturates ASTM D 2007 Viscosity Index ASTM D 2270 Sul fur ASTM D 2622
ASTM D 4294 ASTM D 4927 ASTM D 3120 Lubdbeating oil conpositions of the
present invention may further contain one or nore ashless di spersants,
whi ch ef f ect i Lablo I AmabvaicaldViphodstor Baseiateski t s upon use in gasoline and
di esel engi nes, when added to 6’eit atTtng T’és't Metﬁ?)bdm e$s di spersants 5
useful in the conpositions of ;Pﬁ ?esent I nvention conprises an oil

sol ubl e polyneric |ong chain [gagikhene havASgM propyomal groups capabl e
of associating with particles tao__be dispersed Typically, such

di spersants conprise ami ne, al do$robity mdiesléASTMeEtZQPO pol ar noi eti es
attached to the pol ynmer backbo of ten—vi group. The

ashl ess di spersant may be, for%&ﬁpl e, se!’ﬁ@m %?%m oil soluble salts,
esters, amno 10 esters, am des, i m des anggpxapeiohes of |ong chain

hydr ocar bon- substi tuted nono- @and pol ycarboxylic acids or anhydrides
thereof; thiocarboxylate derivatives of | oA§TMDa937hydr ocarbons; | ong
chain aliphatic hydrocarbons having—polyam-ne-npieties attached directly
t hereto; and Manni ch condensat| on pr oduct<A§’5%QcT’189 (ondensi ng a Iong
chai n substituted - t

Preferably, the as pg@‘ggugysotﬁler §Rilog§’g?'ﬁ1n ﬁﬁé&n?{ﬁg ﬁ‘t;l V\g?mﬂfél%gﬁ?aﬂl one
di spersant  hayidege ashﬂussrﬁﬁpemﬁs agmcmffeaweagr rddﬁtcgfﬁrm(a%ﬁ ofdemists updratseor
equal to 4,000, such as between 4,000 and 20,000. The precise mpl ecul ar
wei ght ranges e#soline gaddicspl crngirest yhan @fldqﬂomyh!brlca}wdolf% Asilpss ¢apersants

di spersant, t I

pol ar f unct i oﬁg fﬁﬁéggﬁg C&ﬁn%({sﬂm%é O?E%rprggfg{rjr%%m or %ﬁ&épo?lgpcgg%%&%}ﬁﬁem
derl vati zed digpethairackisonilgRingoheaidnal gioepgbipatiiesii@ssahiting svitngartiéles wed
with a pol yrrer backbone havi ng a nunber average nol ecul ar weight of from
about 1680 t obasbwersséodl yPIsaby ¢ sirche digprasatsaFoRpPTAsEagEg) alcohol, amide or ester
pol yi sobutyl e san
havi ng a nunbgrgrag\?[zoﬁgbegdajrtr%pg%iu‘l% i Ij\}\)&q{éﬁ %ng%?/elh%ﬁw?r% gggﬁ%g%%%gl g a%out
2300, functi onsllészelfspbisanemey be dohyxinigle, s2icleMtom 88)splubledsalter dsveas, ianado-

wi t h pol yam nes having a mol ecul ar wei ght_ of from
10 esters, amides, imides and oxazolines of long chain hydrocarbon-substituted mono-

and polycarboxylic acids or anhydrides thereof; thiocarboxylate derivatives of long
chain hydrocarbons; long chain aliphatic hydrocarbons having polyamine moieties
attached directly thereto; and Mannich condensation products formed by condensing a
long chain substituted phenol with formaldehyde and polyalkylene polyamine.

15 Preferably, the ashless dispersant is a “high molecular weight” dispersant
having a number average molecular weight (M) greater than or equal to 4,000, such
as between 4,000 and 20,000. The precise molecular weight ranges will depend on
the type of polymer used to form the dispersant, the number of functional groups
present, and the type of polar functional group employed. For example, for a

20  polyisobutylene derivatized dispersant, a high molecular weight dispersant is one
formed with a polymer backbone having a number average molecular weight of from
about 1680 to about 5600. Typical commercially available polyisobutylene-based
dispersants contain polyisobutylene polymers having a number average molecular
weight ranging from about 900 to about 2300, functionalized by maleic anhydride

25 (MW = 98), and derivatized with polyamines having a molecular weight of from

about 100 to about 350. Polymers of lower molecular weight may also be used to



about 100 to about 350. Polyners of |ower nol ecular weight may al so be
used to -16- form high nol ecul ar wei ght digpersants by i ncorporating
mul ti ple polyner chains into the dispersé f, which can be acconplished

usi ng nethods_.that. .are. know in . the art. Polynmer nolecul a ight., . .
apecitical 'y EChEt BRI s AReB bt PSR Herae Tulbly MBS dpips ino
conveni ent MefRQRspefsafie whR@ (HR deiBFLIRPIIsAERLAAE aRMods @R hre koW (Bdart.
additional ly provides nol ecul ar weight distribution information (see W

W Yau, J. J. KirkPahythearmolecul® weight, spebifiealty Bfz.ecdiixbé weieomined gy tarious
Chr omat ogr aphy”, John W/ and Sans, w York, 1979). If the I r
wel oht of . an ke iceRBaNes dne i Span saeihoq i 2! berPieAn BPAPEHPS CLC)
PI BSA- PAM 5 i S yGihnSHAeSRNg f6¢ides hidfedil2S608R @buribiBofThiotmidh GaLSK. e
di spersant to be adsorbed by the colum, 10 leading to an inaccurate

mol ecul ar wei §han, ddt Birkiandtand®. DPd¥g.0iModeamSizedixohmsidn Ligeid Cwenmatdgoaphof',

GPC equi pnent _ynder.st and, t.hat thi o] be elimnated by.usin a
m xed sol vent Jéﬁ’_&%iﬁy &tk Rong f‘e‘f’f‘é‘ﬁi’dﬁéﬁ}}gﬁyfhﬁﬁﬁ)ol"?ﬁm?éd”ﬂgﬁ‘thgfaaﬂi%gf‘e'
amount of py be%i_’ﬂﬁrg &%&%@?@Q, P PARIyhkTine bhe1ms K1 AV ieYeins AieRBined,
addressed by capping the amne with acétic anhydride and correcting the

mol ecul ar wei iet prosesieel obrthe hminkSmay rhese thé desppyrsanigtoghbo agrerbednay Her calisrefiul
met hod for_determ ning nol ecul ar weight,. . particularly for | t .

ol ecul ar hei GHEEAPyReneccirde FpIBRidl ek S oaTery | Prreds, g ity
D3592) . The degegGoPbf GRPEYERphEAL lutitrddind Rkt BisRRbYIERI mhwbe elitnmaldd by diRlg: %0
nmononmer i 100 X nmol.wt nononer i 20 and thus for the copol yners of "two

mononmer s Dp maynibed savenysested, sish fiolatrahpdrofuvim &THID) ®6xed vothear minors avourt of
mol . % nonomer 2. 100 x no| . wt 1 100 x nol.wt  nongner \

Prei of ably. ¢ REHBE BTy P Tt | SR PEIP e ah DR HAERISG ke 00ing
in the inveniieOfimine ®ith l18&R! arddrilly Rh& *blr¥ctidpORe3olefuldd ReighPbBsed on the
preferably 35 to 100. The preferred hydrocarbdns or polyners enployed in

t hi s i nvensi onuinhed efdeppipd ghapepdingther ssefilethpd Kgrdetesmoning ovedgculap metghitar

wei ght hydr ocar bons. e fam | f useful . polyners conprise polyners of
ot hyl eno anq/ BraREty 18t 103 mfeqe S cdiG i ondiRers] B r SR B pRBOF ST e
H2C=CHR1, wheggl m&IMip3ssRsai ght or branched chain alkyl radical
conprising 1 to 26 carbon atons and wherein the pol yner contains
carbon-to- carbon dhsdegreap! pelympriedtionddy of agpdlymer idegr ee of terni nal

et henyl i dene unsaturati on.

D _Z Mn x mol.% monomer i
P ’ 100 x mol.wt monomer |
|

20  and thus for the copolymers of two monomers D, may be calculated as follows:

Mn x mol.% monomer 1 + Mn x moi.% monomer 2

Dp: 100 x mol.wt monomer 1 100 x mol.wt monomer 2

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
25  homopolymers, interpolymers or lower molecular weight hydrocarbons. One family

of useful polymers comprise polymers of ethylene and/or at least one Cs to Cyg alpha-
olefin having the formula H)C=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.

30 One preferred class of such polymers employed in this invention comprise



30 One preferred class of such polyners enployed in this invention
conprise - 17 interpolyners of ethylene and at |east one al pha-ol efin of
t he above formula, wherein R is alkyl oft7from 1 to 18 carbon atons, and

nore preferably is alkyl.of froml to 8 carbon. ato nd re .
et erabl y. ot PO et dhylsnomdagit ape Aphe AR ohe SooNggrapla. wherein
al pha- ol efi n gOROMRYBoARAG AOROIOTRDh AtBfds VSR mbRY pi8readBl & alRYIUDGRD t0B
but ene- 1, hexene-1, “octene-1, 4-nethyl pentene-1, decene-1, dodecene-1,

tridecene-1, carbon attensrmad mpreppreferstdy end- oflfromek ddek earbord atoms. Therefore,

hept adecene- 1 t cene- 1 nonadecene-1, and. m xtures thereof (e g.
Rt ur e of Ry RS A HiosBeR. A GoriBm e itlutey B FXHIPIES Prtrgieic:
pol ymers afe BpRRY-1SAGROITOBALNAR! §-mdy i1 Renk- | NROBIRO]L YdWESone-1, tridecene-1,
propyl ene-but ene copol yners, et hyl ene-propyl ene copol yners, 10

et hyl ene- but etatratlecopd|, y npemsadencne-he |hiekajecaiet ei rheptadeqokyiner ocedicangrs.

at least sone termnal and/.or intern unsaturation. Preferred I rs
e unent ur ot BRI 80 S CPrsthFORE SR B BO) B Sl fignehs fde

but ene-1. The|ikgf er BREYBREP ofofsubi SollM¥RNEO £ Mh Her8OMbutene-1
anount, e.g. Ol.g)tto 5 rrgFﬂegngofsua Cl?iokro C18 ncr)?\r?ﬁ%lgnj ugat%bo?%i orl ef iunerle
conononer . Hohemepolyivers, s ppopeienertetench atopplymepn| yatleytsnesropyliese 16opolymers,

i nvention conprise qnl | pha-ol efi n hgonopol rs, interpolyners of
al pha- ol effn CRBROHENS TaFRPa SR oI ey Wi bR OLReraf DD b oo
conmononers. TRemADkahinaehhYbeNtealtifRhulEiohNe PRALYEE ?’ggﬁﬁg& 0¥€ diristutdid s

invention is preferably in the range of 20 to 80 % re preferably

30 to 70 % Waeepelpmersydf etteylenedindrpropstlereant eslrdencearpl wyed- bs Tho mierpotymess)
wi th ethylene, .the. et hyl ene cont.ent of such copol yners is,20. nmst
bt ef er abl v bePhLEn TSI ES SR PRBEE AP &y 1§ SIS G g4 e Cis non-

contents may B upPAeS AWlefin BEREnAREY NHESRY ith§ pPéfeRad afht e PONVVIERY bZing
al pha-ol efin nonofrer, or mxtures of al pha-ol efin nonomers, of m xtures

conpri si nds et hyMeatien gauiprse pebysalpbaelefigshamom@dners pderpplofriers abrlpherolefim
the presence of a catal yst system co i.sin t. 25 ast one netal,l ocene
o8 P e ene e, SRnab S ine RS T RbY R SrfinGRale AR GranSmR. e FiE
conpound. Usi ghyldhk ToRleACESEe p@lyﬂ@ré’éfﬁ?l_o&éﬂ Whiheshin9&Hoaris prfQasY i BR range

pol ynmer chai ns possess term nal "et heny |dene-ty“%1e:i unsaturation’ can be
provi ded. The of geie 80 agad aorp prefpsablycHhion® %x WVben prigyicae andiar butene-1 are

et henyl i dene unsat uration na determn b TI R cl.roscopi .
anaryai s, PP 3 OB w I LRKERD s Sylehe SR RRHIRT Gl iy
be characteri zgst Breféraplyf Butwedin 4PQY-63( B, Jafthblehhigh& 6r Blvek ethylenet @nteds
al kyl, preferably C, to Cl18 alkyl, nore preferably C, to C8 alkyl, and
nost may be present.
These polymers may be prepared by polymerizing alpha-olefin monomer, or
mixtures of alpha-olefin monomers, or mixtures comprising ethylene and at least one
C; to Cyg alpha-olefin monomer, in the presence of a catalyst system comprising at
25  least one metallocene (e.g., a cyclopentadienyl-transition metal compound) and an
alumoxane compound. Using this process, a polymer in which 95% or more of the
polymer chains possess terminal 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
30 this latter type may be characterized by the formula POLY-C(R1)=CH) wherein R'is
C) to Cy alkyl, preferably C; to C,g 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



preferably C, to C alkyl, (e.g., nmethyl or ethyl) and wherein POLY
represents the polyner chain. The chain Iength of the R alkyl group
will vary depending on the -18- conononer{ ) selected for use in the

pol ymeri zati on of t nmer .chajns can contaj.n

ot mi mal - ot herynonmeit) sl for e i e RO MG zpt G HbetigS Rt of i polyner
portion of thg,pgl %H%ﬁtaﬁﬁt@nﬁ&ﬁiéhéhyl Nte »“ﬂ’il_ REQEARAL L FOION.CIE=CH, RAaY-
CH=CH(Ri ), wherein R is as defined above. ‘These termnally unsaturated 5

i nt er pol yner sa ngttibe ¢fr e@alpeljmikys kan Wont@h ainke@asl N mobb@sasirationa ngdg. TRPIA-S 0
be prepared as described in U S Patent Nos. 5,498, 809; 5,663, 130;
5,705, 577, SCBI}W@}KK'I) &/hegin RY iana @leDoal aBOve. Andhber tftmmﬁajly cllna&tera@ﬂ

pol ymer s i pol ared b i onic rizatiaon of isobut
styrene, aid Wn%p i @%’mn rﬁé’l’rﬁ% ig‘f"r"ﬂ}r?‘}effﬁ@e ‘g}éemlitﬁy At e 2 50 be
pol yi sobut enegre ?thea' AedddyriRel YU % abh@R; Ofod C498 8DV ey g6351 IR AFTDRETNY
a butene content of about 35 to about 75% by wt. and an i sobut ene

content of ab518t143(1)5 6,02 292 anda098hL3B0m ., i n the presence of a Lewis acid
bor.on trifluoride. referred

catal yst, such as nu tll‘l hl orl de lor A@F
source of nononer HJr‘?"ékPSr? 8? blﬂﬂgf%@ 'S PAYPSISe BiTRaseh Eippic
such as Raffi ?afyﬁlehhanomﬁﬁ?oﬁuee%ésgt%hé #MHehe Bkl €6mARAD Ol yindrd rod thiSeEH

as in U S Patent No , 739. Pol yi'sobutylene is a nost preferred
backbone of th@hplueqsnémotmmnempbtamelddzyamﬂemanzat@nrcéaedCh yefeneay blagsing hbying a

cationic pol rrerlzatl ms (e.

o st sy PO ighe Edetas bl it EBGur R Gif ap iroPuEe et of absit 3o
unsaturation g aBsR WIS b?f wBbRUtheOfiBsentd Y laeDéwis ARUP LR RN dudle s RAINYIAEH
chain, positioned along fhe ‘chain. 20 As not ed above, the polyi sobutf\‘lylrene

pol yners enpl U}@ébraieeordmn@t mﬂlyartdaseﬁ prajerred Mca)eén@mmchﬁ:lrnndﬂng Po

S 200 LSRG B R LT BB Mk e

chlorinatiyon) distlged HEheRtt suBRQs in €BSIPMAht N, 40s2f130€e Fod gb&ﬁitylgﬁ@fstd MPst
using a catalyst (e.g. peroxide), as descri bed bel ow. 25 Processes for

reacting poI ynmfttrcedhlwkmrqffdh@pwm Inyenson begavse Bay oy prailahls scationic
anhydri des ters and.t eparation of deriv ves

compounds ar BEPELraRE monr REREARaNE e, G506 g81csER BFRTLEHED).  suen
3,215,707, 3, 831%'135&3& ylends %zﬂerzm}ﬁ,coﬁbaﬂﬂ%sﬁﬁél uBsad@dii®2dn atacthis, 808bout one
3, 565, 804; 764; 349; 4,234,435; and GB- A-1, 440, 219. The

pol ymer or hyéﬁhﬁ@arq}m\lblﬁ%ﬂﬂﬁé’cf pelymcnelin, pesitionel dlong Byahpine, wi t h
car boxyl i % acid pr %%uncoitélcpabmie,e Meep%l)(iggb%tﬁél%bﬂ)(}iyr%glisden%lo?éw Xrgrgieggl)ally based
on a hydrocarbon chain of from about 900 to 2,300. Methods for making
polyisobutylene are known. Polyisobutylene can be functionalized by halogenation
(e.g. chlorination), the thermal "ene" reaction, or by free radical grafting using a
catalyst (e.g. peroxide), as described below.
25 Processes for reacting polymeric hydrocarbons with unsaturated carboxylic
acids, anhydrides or esters and the preparation of derivatives from such compounds
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,
30 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



by reacting the polynmer or hydrocarbon under conditions that result in
the addition of functional noieties or a ents i.e., acid, anhydride,
ester noieties, etc., onto the polyner or hydrocarbon chai ns primarily
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car bon-t o-carbon unsaturation on ymer or ocar al ns
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thereof, in any sequence.
The preferred monounsaturated reactants that are used to functionalize the
backbone comprise mono- and dicarboxylic acid material, i.e., acid, anhydride, or
25  acid ester material, including (i) monounsaturated C4 to C;o dicarboxylic acid wherein
(a) the carboxyl groups are vicinyl, (i.e., located on adjacent carbon atoms) and (b) at
least one, preferably both, of said adjacent carbon atoms are part of said mono
unsaturation; (ii) derivatives of (i) such as anhydrides or C; to Cs alcohol derived
mono- or diesters of (1); (iii) monounsaturated C; to C;g monocarboxylic acid wherein
30 the carbon-carbon double bond is conjugated with the carboxy group, ie., of the
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



30 the carbon-carbon double bond is conjugated with the carboxy group,
i.e., of the structure -C=C-CO; and (iv derlvatlves of (iii) such as
C, to C5 al cohol derived nono- or diesters-of (iii). Mxtures of

nmonounsat ur at ed car box rials be use Upo
fonctton w ¢ nEERGTSARRhExDRRa A %ﬁcaw%% Hneeod T R g6 ottie, mAloR
nmonounsat ur at %gﬁﬁﬂ@oﬁé@ohﬁsrﬁﬁ&ﬁoéﬂé -SHREAMRP stddiHicala@RydridaySandt Q&rﬁféaﬁ&'de
mal ei ¢ anhydride becones backbone-substituted succinic anhydri de,

acrylic acid b@ewmdﬁmmumumﬁbﬂmmmlem@r obxmplarya@ﬁ mchEn@mmwyratcﬂ
such nonounsat u‘; car hox t”rrPr eact nts are f. fgc acad fgt ac
acid, maleic SHPYF W&F&?‘%ﬂt§ﬁ¥& g a0 Pgco Rt aie; Dalsl geidchp dide.

anhydr i de, 5 acgbiofndAGk %dﬂ%hnﬁ&mteiccmﬁﬁmd ca&%maad Bfettfhorytic RN Go@hicd
and | ower al kyl (e.g., C C4 al kyl) “aci d ers of the foregoing,

e.g., methyl aad ecamrw,rmetahlyll aﬁdﬂwweanlkyl éngl, Getahd alkulr)mcﬂtestersT biethe foregoing,
nonounsat ur at ed oxyl i ref er mal ej ¢ dri de,
typically wil ngem?}égldnﬂ‘?agn € {na Fa n@dn@e&?ﬁmr&%& ?W@%Wteﬁlo
w. % prefer @at}bbfxﬁrcﬁeﬁ&alﬁopféfera Oz npﬁé@‘Arnﬁﬁ'}Hr Qetypi&llWﬂrﬂe Lgfed thén PRbYRET

or hydrocarbon. Wiile chlorinati nor mal el pS inCrease the reactivity
of starting otwglng frqzmlaimur&()l/vtct hlbcmbriﬁumts% lprefembly‘ QAaoilonel. Yz.itaged on the
reactant, it is. ecessary pol ymers or hydrocarbons

cont enpl at®d 15 % FRo yﬁ?rﬁFB% H‘Parg%entl on, particularly those
preferred pol yner SV\Q{llehMﬁéﬁﬁai‘fo?pﬁl%ﬁMﬂ&%lﬁoﬁﬁ?e%% Ed 'regilatﬁ %'&C Redrti 'Bfi:fln

content 15 and reactivity. Preferably; therefore, the one an
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functi onal m)letl s along the pol yner chains by a vari ety of nethods 20
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with the rmnoynsaturat ed carboxy act ant ., as descri be int
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grafting takeg phacsm ﬁ‘ﬁtxa@%e‘%ﬂnﬁv%ﬁdreaémr@&éﬁl@w EdetBadiRNY Sre¥no@Rout
100 to 260C, preferably 120 to 240C. Preferably, free-radical initiated

grafting is acconpllhe Hezdroqartmnnpn@owmdrubﬂqkbma agn dicl funetionalized 2 random
containing, for
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preferably those that have a boi'ling point greater than abou
monounsaturated carboxylic reactant, as described above, in the presence of a free-
radical initiator. When performed in solution, the grafting takes place at an elevated
temperature in the range of about 100 to 260°C, preferably 120 to 240°C. Preferably,
free-radical initiated grafting is accomplished in a mineral lubricating oil solution
25  containing, for example, 1 to 50 wt.%, preferably 5 to 30 wt. % polymer based on the
initial total oil solution.

The free-radical initiators that may be used are peroxides, hydroperoxides, and
azo compounds, preferably those that have a boiling point greater than about 100°C
and decompose thermally within the grafting temperature range to provide free-

30 radicals. 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



and deconpose thermally within the grafting tenperature range to provide
free 30 radicals. Representative of these free-radical initiators are
azobutyronitrile, bis- tertiary-butyl perdli-de and di cunene peroxi de. The
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Preferred amines are aliphatic saturated amines, including, for example, 1,2-
diaminoethane;  1,3-diaminopropane;  1,4-diaminobutane;  1,6-diaminohexane;
polyethylene amines such as diethylene triamine; triethylene tetramine; tetraethylene
pentamine; and polypropyleneamines such as 1,2-propylene diamine; and di-(1,2-

25  propylene)iriamine.

Other useful amine compounds include: alicyclic diamines such as 14-
di(faminomethyl) cyclohexane and heterocyclic nitrogen compounds such as
imidazolines. Another useful class of amines is the polyamido and related amido-
amines as disclosed in U.S. Patent Nos. 4,857,217; 4,956,107; 4,963,275; and

30 5,229,022, Also usable is tristhydroxymethyl)amino methane (TAM) as described in
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
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am do- am nes as disclosed in U S. Patent Nos. 4,857,217; 4,956, 107;
4,963,275, and 30 5,229,022. Al so usabl e #% tri s( hydr oxymnet hyl ) am no

nmet hane (TAM as describe% in &#S. Pat ent Nos. 4h102 79 : 4’11%h63%§
4,116, 876; arRPRTEy IAEd Bihqihenpine cuppgund; psihg Gopxentiogaf, techhiques as
comb- st ruct urRdeMEdNes dRpk, SR 1S, BaRAk NSL.M bR 435 4§, 20822 USewell as in
condensed ami nes, as described in U S. Patent No. 5,053,152. The

functi onal i zeP-A2208,9%).yner is reacted with the anmi ne conpound using

conventional tech ues as .describ fgr _example, in L. Pat ent  Nos.
4250, 438 and 5. 220 0acnenGEr pLs8RHe pRimEHe BhordebOa Ratpahey Fihabr e,
oi | - sol ublse peiYARFddCW Y HiR6R) BOMpOHAIE RAALS MBNoBAEE aBE poRh{afid NREhAS br
wi t h hydroxy conpounds such as nonohydric and pol'yhydri ¢ al cohols, or

with aromati cwithsomatis comphueds plebnad phenvds papmapbihols. phs¢ferred polyhydric
pol yhydric al,cqhols jnclude al kyl ene ols j,n,which the alkylene
radi cal cont azflﬁ@mﬁ)srglﬁl etaﬁ(ygenecé%bog% I%g’b@.thﬁah@ﬁlenﬁs@ il ‘i?&?ﬂ%P%z o8
al cohol s i ncl yeeorOhisaRI 0DtheFRef P R IAE al@h¥kemelude rgw&w,eeﬁ&foeolé\ite of
gl ycerol, nononethyl ether of glycerol, pentaerythritol] 10

di pent aer yt hrglyedrol, anchosicataty e gl yreratomonpmethyi ethedi fpglyesant. peataenithrobe
derived from ,unsaturated al cohols, such,as allyl alcaohol, cjnnanyl

a conol . Bt opPgyRerhBlon B eike Al st deefatiarey s PEURATES gy
ot her cl assesyRhpdi&PARbRoIS2RRAI R Ayl albBbdiciBashhRSRoldpfRAFSAM®hol, 1-
conprise ether-al cohols, including oxy-alkylene and oxy- arylene. Such

et her - al cohol ¢yctnhexeneekrpl.i dnidedlelyly abeohel. - abtdbithes ¢lasseh pf uplcolwls R@pably of 5
al kylene radicals in ich the al kyl ene radical, contains fr lto
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partially esterified polyhydric alcohols or phenols, i.e., esters having
free al cotol sallylepheadadalsc imydirchxijre radighilensl radicahcenpias fin detosh sarbanyatome
prepared by one of several known nethods as described, for.exanpl
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R R R R B e e

with 25 polye ne diamne,’ tetrae
pent am nejop or Paentd. BB @2RY| ene pol yam ne, e.g., pol yoxypropyl ene

diam ne, Preferred groups of dispersant include polyamine-derivatized poly d-olefin,
dispersants, particularly ethylene/butene alpha-olefin and polyisobutylene-based
dispersants. Particularly preferred are ashless dispersants derived from
polyisobutylene substituted with succinic anhydride groups and reacted with

25  polyethylene amines, e.g., polyethylene diamine, tetraethylene pentamine; or a
polyoxyalkylene polyamine, e.g., polyoxypropylene diamine,
trimethylolaminomethane; a hydroxy compound, e.g., pentaerythritol; and
combinations thereof. One particularly preferred dispersant combination is a
combination of (A) polyisobutylene substituted with succinic anhydride groups and

30 reacted with (B) a hydroxy compound, e.g., pentaerythritol; (C) a polyoxyalkylene
polyamine, e.g., polyoxypropylene diamine, or (D) a polyalkylene diamine, e.g.,
polyethylene diamine and tetraethylene pentamine using about 0.3 to about 2 moles of

(B), (C) and/or (D) per mole of (A). Another preferred dispersant combination



trimet hyl ol am nonmet hane; a hydroxy conpound, e.g., pentaerythritol; and
conbi nations thereof. One particularly preferred di spersant conbi nation
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acconplished by tregati,ng an acyl i trogen-contai ni ng di spersant . with a
boron conpound suc_ﬁﬁ%léhsfgﬁrts%rﬁ W%i l%?e?“"%‘ﬁ? gﬂSt.ZtEFaFf'éil yé ‘%‘B'f’ﬁ’ngfgﬁ(?%?’,m post
esters of bor ggyachlSuch Bs FrAFRUR §§ﬁ€r£ﬂ3¢ka%@ﬁt OUR, MR NdsOm 083984t and- 1
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nitrogen conpds#.02on.Bdaedrubf dies pisperaant Ss ceadilyi avcomphstedduyt (1@atdify 4o acyl
about 2.0 mass. % e. grf ok rom about .0. 05 to about 0.7 Hﬂsslb(;/o boron. . The
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and diimdes as amne salts, e.g., the netaborate salt of the diimde.
about 0.1 to about 20 atomic proportions of boron for each mole of acylated nitrogen
composition. Useful dispersants contain from about 0.05 to about 2.0 mass %, e.g.,
from about 0.05 to about 0.7 mass % boron. The boron, which appears in the product
as dehydrated boric acid polymers (primarily (HBO;)s), is believed to attach to the
25  dispersant imides and diimides as amine salts, e.g., the metaborate salt of the diimide.
Boration can be carried out by adding from about 0.5 to 4 mass %, e.g., from about 1
to about 3 mass % (based on the mass of acyl nitrogen compound) of a boron
compound, preferably boric acid, usually as a slurry, to the acyl nitrogen compound
and heating with stirring at from about 135°C to about 190°C, e.g., 140°C to 170°C,
30 for from about 1 to about 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 material and amine, while removing water. Other post reaction

processes commonly known in the art can also be applied.



Boration can be carried out by adding fromabout 0.5 to 4 mass % e.g.,
fromabout 1 to about 3 mass % (based on ihe mass of acyl nitrogen
conmpound) of a boron conpound, preferabT% boric acid, usually as a

slurry, to the acy Spgg Wit . fir.om

about 135C to abou'th@%&&%ﬂ il g%gtfgﬁﬁgo%ﬁ?yggg f%%‘?[n Lng ?ot%alle8

about 5 hour s'capgih ayen". b&ormehn@@zmy ﬁitn’dgﬁpbﬂgamﬂdgtchslib&iantséia)fe bedre'capgudon

treat nent can be conduct edsﬁ‘t% addi ng boric acid to a hot reaction m xture
H

of the di cardxHEEherIErsReticrs Bich disgersnthBave i the fhugraslAsignarapgaine setther
t t " h
P The di spRvBERRERESnE QT KRN Wt kit DISRDRAAE SRRk,

so-cal |l ed §' campsengata@mnéd baﬁomsp&tsmmahhy groupd ta)@nﬁﬂb&ﬁmﬁlaidneme g., amido or
di spersants have been "capped" . to reduce the adverse effect such
di spersant's hiido grPUppkare maﬂ gtitakla J@rre@s@mrﬁ agutypgen- comﬁwﬂééssp@réﬁﬁ.aﬁg

agents and ”EJ: gﬂg%gg)gge%%t@cl% . egal a@&o!i(c{éo 8Eﬁ§@ofs Qﬁs&ﬁ)% r ez(gmgﬂoﬁleUtShat
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or imdo gropfpsjit Noe ARSD.05U 4830 72Thed resistd7on theareactlon of a nitrogen-
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contalnlng di Sper’sant and I's ‘desc

Pat ent No. 10s1iita&ﬁ5cai6ﬁrﬂag aEbﬁtsraﬁadéscﬁbe@ﬁthP@énta\m t4r66gm4qgrytalmaﬂg)
di spersant and other _suitab are descri

Patent Nos. 46651855, %ﬁi%@ﬁﬁéééésdé Né: %L?efzwﬁé § A6 465 trlky] 9nd akvisss-
5,716, 912; 5
et hyl ene carbona(%[g%g §§ %gé@gfﬁgﬁgxgﬁg i ?%y§2%28n§g%aﬂﬁgi8855§%%495

5,259, 906; 5, 8,085,388, §,069,904;e5,407, 5%1 s{pelgp(e)g Jdeis)-epuxdded) GBG 4B, (SHa(raleic15
anhydrlde or succi.ni c anhydri de) gre90|n i st is not exhaustive

and ot her !5 metthyddde or c%aﬁfﬁnwgan%wé%@en BAPERAINE LY 18 JioF SXRAUSING SN PR
to those skilfef, hyoge@geffgs hitroEH- Caﬁgﬂ;ﬁg gii égks%hg%gﬁﬂm o BRRE Iglghed  the

ni t rogen- cont ai ni ng ant “can I'n an anount providing t
| ubricating oart. conposition with fromabout 0.03 20 mass % to about 0.15
mass % preferably _from about. 0.07 to about 0.12 mass % .of  nitrogen.

Addi i onal - addi t vEQr FEQUNE Ritiep d5BeSH: Pl %ﬂ%r%s%ﬁe%tﬁwreﬁqélsmr%@an be
| nventi on Ccﬁiéé%% ek rdEEhe RAL hiteidhidle b2Y B4R ittEHBAPIRE: 603

addi tives whi I nclude | catin conpositions are
detergent 8§ nehsd %rtnsabouhﬁ i1Birhaos S5, preferably from about 0.07 to about 0.12 mass %, of
nitrogen.

Additional additives may be incorporated in the compositions of the invention
to enable them to meet particular requirements. Examples of additives which may be
included in the lubricating 0il compositions are detergents, metal rust inhibitors,

25  viscosity index improvers, corrosion inhibitors, oxidation inhibitors, friction modifiers,
other dispersants, anti-foaming agents, anti-wear agents and pour point depressants.
Some are discussed in further detail below.

Metal-containing or ash-forming detergents function both as detergents to

reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
30  wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail, with the polar head comprising a metal salt of an

acidic organic compound. The salts may contain a substantially stoichiometric

amount of the metal in which case they are usually described as normal or neutral



25 viscosity index inprovers, corrosion inhibitors, oxidation inhibitors,
friction nodifiers, other dispersants, anti-foam ng agents, anti-wear
agents and pour point depressants. Sone -&% discussed in further detai
bel ow. Metal -containing or ash-form ng detergents function both as
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conmpound. The salts nmay contain a substantially stoichionmetric anmount of
the netal in Whiehcashone diciede).ar Fhesesnlliing gaebpsade detaegeno comprisss pewitaliaed

-25- salts, and would pical.ly have total base numher. TBN, (as_,can
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base may be i ReRf tsalh@ﬂha\l%ya TBACH 1D GXGeMer, IR &lpiGAFREUNvE Q- TBN ofiffrom
oxi de or hydroxide) with an acidic gas (e.g., carbon dioxide). The

resul ting overZbBsed>¥etmprfent conprises neutralized 5 detergent as the

outer |ayer of a | base.(e.d. carhbonate i cel | Such,_over base

detergents may ha\r/TgS eger‘?%ﬁls otlhgtl?gayo Sl tg}%udgnaﬁfsﬁﬁbécalqevtr i A1 h%v\?g"aﬁed

TBN of from %ﬁ@oﬁa@es‘}59héﬁaté§0r%lfL%EGrgﬂeﬁa‘iesE hmioﬁmpmaﬁedsmﬂm? and
0

oi | -sol ubl e neutral and overbased sul fonates, phenates, sulfurized
phenat es, 10hi opplubpiatesaandsotheradil-sylubleamrboxptitesief mastd hpmcwearlnite dkdleor

oi | -sol ubl e car,boxyl at.es a nmetagl, parti.cularly the .al kalj or al kallne
carth motals. AR eGSRl B aotimpolt i AR o AT ARG uRe
The nDst coMypR YomaRM]yHea nfet @k ArLdl GlaMnd Mt iREARS Wiith MY 6B8th"BYprB@hh
be present in detergent’s used in a |ubricant, and m xtures of cal cium

and/ or magnesiuMetirgénts swadi mna TRgicine ghdmiytugen ek ndlewm aed/at nughesige vish
are neutral and,overpase al cium 15 sul fonates having TBN of fro 0.to
350 Ton,  and eS| PATGa0EBAETE 4 RO B e A fegh SR gt
phenat es havi REIFEBALOAVIAOTBROof Boffofh tdASPITBA!, | A0SeAfral ARL SFIORES calcium
whet her overbased or neutral or both, may be used. Sul fonates may be

prepared fromphandteninl adfidiediphetnier fmvingoTBa ofyfromt 2 ted>0. bfronthenations of
bt ai ned 20" FeBHE TR SERET PSRBT Lo KHBURRS P B he al kyl ation of
S o e R R
derivatives suylthasulfnationssaikaheybstipltdammstiadydrasabooh buthonaphsehelitained
The al kyl %E)I Or}ronn?){héo ?ragt%nra%igg o?lf)tetriol%u;[nhgr by the alkylation of aromatic hydrocarbons.
Examples included those obtained by alkylating benzene, toluene, xylene,
naphthalene, diphenyl or their halogen derivatives such as chlorobenzene,
chlorotoluene and chloronaphthalene. The alkylation may be carried out in the
presence of a catalyst with alkylating agents having from about 3 to more than 70
25  carbon atorns. The alkaryl sulfonates usually contain from about 9 to about 80 or
more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl

substituted aromatic moiety.
The oil soluble sulfonates or alkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,
30 nitrates, borates and ethers of the metal. The amount of metal compound is chosen
having regard to the desired TBN of the final product but typically ranges from about
100 to 220 mass % (preferably at least 125 mass %) of that stoichiometrically

required.



presence of a catalyst with al kylating agents having from about 3 to nore
than 70 25 carbon atons. The al karyl sul fonates usually contain from
about 9 to about 80 or nore car bon atoms26 preferably from about 16 to
about 60 carbon atons per alk substltuted aromatic nmoiety. The oj
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reacting  xtwiksP,8t i ﬂﬁaﬂimeaﬁﬁllzlﬁgemd@medabmmvﬁth AI 1if¢ Ratipeehd/, For
mul ti pl e dithiophosphoric acids can be prepared where the hydrocar byl
groups on onec¥ply it dithipRhosphasicoreid, may henapde by reagHag ﬂnétur%yﬁrmgaarmw
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20 salt, any BaS¢ neuatr al

hydr oxi des an@thereahddiydtcartat %rditq:stmgeﬂ@raad Iemne[wlsamdlaryﬁamraueal and the
addi tives frequentlg/ contain an excess of zinc due to the use of an
excess of thehyshegabyligioups mgbe Athersnare [gatirely primary in character. To make the zinc

20  salt, any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an
excess of zinc due to the use of an excess of the basic zinc compound in the
neutralization reaction.

The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of

25  dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:

S
N,
/ n
R'O
— -2

wherein R and R’ may be the same or different hydrocarbyl radicals containing from
1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,

30 aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’



neutralization reaction. The preferred zinc dihydrocar byl

di t hi ophosphates are oil soluble salts of 25 dihydrocar byl

di t hi ophosphoric acids and may be represeidffed by the following fornmula:
S ROIlI /P-SZn RO2 wherein Rand R may be the same _or different
hydr ocar byl r §upars dkvtsapwsf % tochearkon gomg. Thusftbe sddicalymay, fop examplpon

atons and inc ' radi.ga a I b | al ,
2l karyi and os Puaf SRt ProBVE ReRRELINL SFLERIY simap & PO IR, R g
-27- groups adecydl kgbdegyhupsctafecy, t @-&hglheban ?h@m,. biiytphehfle rociobetd,
may, for exanple, be ethyl, n-progyl , |-propéfg, n-butyl, i-butyl,

sec- butyl, ampethycystopentyl.i pioasayl, biateprk yIn ordeicly oblgis el ysolubilityadias yotal

2- et hyl hexyl , , ; | 4o TBED
oroponyl - but aRSPEfca B BRETS, R RIS g FREPORY rertivas
of carbon atouboftis 6r glRa@nd TRe)zihd) dihyeradibhl aphoplhhphite cafitheréford comprise

generally be about 5 or greater. The zinc dihydrocarbyl dithi ophosphate
can t her ef or e zisrlk ¥ dlithjaphespliagesk yihe dresgniop el ivhanasbe paEcy pdy ssaful when

i nvention may be Lheularly useful n. used wthl ubricang
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0.12 mass % ab&il 042 hikMe el tas GoBBaliot 81094 abbut O. 1MBESss %, Sifrdrh @A DS
0.05 10 to about 0.08 mass % based on the total nass of the conposition.

In one préfer teabous iSdinassnte, basgdrancthe itefgl miass efoltp eomppeitien.ofin phe ppiersesht
i nvention contain,zin ial kyl ..dithiophos te deri.ved..predom nantl.
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Oxi dation i n_hidtzhitogh@spﬁﬁte@eﬁ{zaﬁb@a@mamﬁ(&d@, bhe soelﬁtge%gyu&fasmveﬁwhlopi%f
to 15 deteriorate in service. OXxidative deteriorati on can be evi dence

by sl udge in fige secopdary algeholyar ni sh-1i ke deposits on the netal surfaces,
and by viscosity gr h. Such. oxidatiaon,inhihitors |nglude hinder.ed
phenol . i kal i e EXaopaiEbigR b6 By I hbe s RGBS o oI o
pref erabl ys C5 dbribrhte &l Kdthicel dox gl & Yetegidtatiol BanNYliBBRRA! bys Mufizdien i |
sol ubl e phenates and sul furized phenates, phosphosul furized 20 or

sul furi zed hydutsisantbsasishgikssisposituen detrestal susiaces, anhbp yichsiyagiewth. obich

sol ubl e oxidation inhibitors include hindered phenols, alkaline earth metal salts of

alkylphenolthioesters having preferably Cs to C,; alkyl side chains,  calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
20 or sulfurized hydrocarbons, phosphorous esters, metal thiocarbamates, oil soluble
copper compounds as described in U.S. Patent No. 4,867,890, and molybdenum-
containing compounds.
Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine nitrogen countain from 6 to 16 carbon atoms. The
25  amines may contain more than two aromatic groups. Compounds having a total of at
least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group {(e.g., an oxygen or sulfur atom, or a -CO-, -SO;- or
alkylene group) and two are directly attached to one amine nitrogen aiso considered
aromatic amines having at least two aromatic groups attached directly to the nitrogen.
30 The aromatic rings are typically substituted by one or more substituents selected from
alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.
Multiple antioxidants are commonly employed in combination. In one

preferred embodiment, lubricating oil compositions of the present invention contain



copper conpounds as described in U S. Patent No. 4,867,890, and
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antioxidant. In another preferred erbodi nent, lubricating oil
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mol ybdenum Representative exanples of suitable viscosity nodifiers are
pol yi sobut y| en@rogenated hpmepslyofereofhyltashencand igopomel ene,

pol ymet hacryl at es, .. et hacr .b.ate lyners, ¢ | yners of .an _upsat ur,at ed
Gi car boxyl 1 ¢ aci o GiaoR pdiiErs agpiel siomorRy epsply DREHE <omParitis mylhohs ol
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i soprene, styrene/butadi ene, and isoprene/ butadi ene, as well as the

parti al | yis hyglyeggimoratsteonefgoghendatty asidshiarsdample, gliyderybmpnenteateFestensiopn

nodi fiers and fuel econo agents. t hat, ar atible wth th t her

"gr ed ent o APPE R AT Ry i dattn 3 T BRtm e i e o LY of a
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with diols, fobsiéxtedpneno-aminesdiamincdiand abyi ethen amines dfomekamplg, ethoxylated
subet i 10t ed naov ARt PeSRERBE IR inher “ani nes. for exampl e.
et hoxyl atgd tal | optRR RwaNtieidaoxddaied dbalphiew 1 afibladrdgo-molybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. Examples of such oil soluble
organo-molybdenum compounds include dithiocarbamates, dithiophosphates,
dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.
25  Particularly preferred are molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl
xanthates and alkylthioxanthates.

Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds will react with a basic nitrogen compound as measured
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.

30  Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCls, MoO,Br;, M0;0Cls, molybdenum trioxide or

similar acidic molybdenum compounds.



20 O her known friction nodifiers conprise oil-sol uble organo-nol ybdenum
conpounds. Such organo-nol ybdenum friction nodifiers also provide
antioxidant and antiwear credits to a | uBPi-cating oil conposition.
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viscosity index inprover functions as both a viscosity index, _
improver and as a dispersant. Examples of dispersant - "viscosity index improvers
20 include reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono -or dicarboxylic acid in which the hydrocarbyl substituent comprises
a chain of sufficient length to impart viscosity index improving properties to the
compounds. In general, the viscosity index improver dispersant may be, for example,
a polymer of a C4 to Cy4 unsaturated ester of vinyl alcohol or a C; to Cjp unsaturated
25  mono-carboxylic acid or a C4 to Cyg di-carboxylic acid with an unsaturated nitrogen-
containing monomer having 4 to 20 carbon atoms; a polymer of a C; to Cyg olefin
with an unsaturated C; to C,p mono- or di-carboxylic acid neutralized with an amine,
hydroxyl amine or an alcohol; or a polymer of ethylene with a C; to Cy olefin further
reacted either by grafting a C4 to Cyp unsaturated nitrogen-containing monomer
30 thereon or by grafting an unsaturated acid onto the polymer backbone and then

reacting carboxylic acid groups of the grafted acid with an amine, hydroxy amine or

alcohol.



i nprover and as a dispersant. Exanples of dispersant - viscosity index

i nprovers 20 include reaction products of am nes, for exanple

pol yam nes, with a hydrocarbyl substituted0rono -or dicarboxylic acid in
whi ch the hydrocarbyl substituent conprises a chain of sufficient_|ength
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additives are well known. Typical of those additives that inprove the |ow
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a multiplicity of effects; thus for exanple, a single additive may act
as a di sper saP@LYORORWENS APMALG hydrocarbans and men v 4eningatede dienRh owkereindthe
need not be further elaborated herein. 0 ef d i nen

| ubri cati ng oﬁ}(&rg %‘geg it 0 rgo%qvuf%eargrrngégn]‘{))arcl’cr%oeoﬁﬁ isggﬁl%lﬁtr ?‘Iﬁe r?%(s)%rlltegsé,
in combi ngd i ofbotit 2D va.% ofpRWogomerQliNblefin(copdlym@rddcgitninii® h k& bibdr yarh pla]
pol ymer conprising (i) copol yners of hydrogenated poly(nonovinyl
aromati ¢ hydr canslegyouns dnigeEsn-cesnpingdretaoeicEp 8youphee pe¢rinkaaes and/or (iii)

hydr ogenat ed i r i r ri ses at
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cont ai ni ng al kyl oCopslymetnafgdrogehatadpaig(r860uidsyl afdrhatkdgidrasarion) ahdgoly
het erocyclic groups or _ester linkages and/or (iii) acrylate or
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(i)") are known viscosity modifiers and are commercially available as, for example,

SV151 (Infineum USA L.P.). Preferred monovinyl aromatic hydrocarbon monomers
useful in the formation of such materials include styrene, alkyl-substituted styrene,
alkoxy-substituted styrene, vinyl naphthalene and alkyl-substituted vinyl naphthalene.
25  The alkyl and alkoxy substituents may typically comprise from I to 6 carbon atoms,
preferably from 1 to 4 carbon atoms. The number of alkyl or alkoxy substituents per
molecule, if present, may range from 1 to 3, and is preferably one.
Preferred conjugated diene monomers useful in the formation of such
materials include those conjugated dienes containing from 4 to 24 carbon atoms, such
30 as 1, 3-butadiene, isoprene, piperylene, methylpentadiene, 2-phenyl-1,3-butadiene,
3,4-dimethyl-1,3-hexadiene and 4,5-diethyl-1,3-octadiene.
Preferred are block copolymers comprising at least one poly(monovinyl

aromatic hydrocarbon) block and at least one poly (conjugated diene) block.



(conjugated diene), wherein the hydrogenated pol y(nonovi nyl aromatic
hydr ocarbon) 20 segnent conprises at |east about 20 w. % of the

copol yner (hereinafter "Polynmer (i)") are3known viscosity nodifiers and
are conmercially avaj]aple as, for ex | e SV151 (I nfjneum USA L.P,).
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2-phenyl - 1, 3- 5oRtaHHNEEom g,ta-léi GrERary poIs g MOas RERferARIYAftem 4 to 6 carbon atoms.
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pol y (conj ugaPededbbneie pgol Wsloprendilis hRdeketwatedl bl ock copol yners are
selected fromthose of the formula AB, wherejn A represents a bl ock

pol ymer oft0pr edoni PAPRK SPRSHINRTHARG v¢1RSH veht Byrapgcaaled gt ghjmers gre known
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t he pol y(conjugated di ene ck I's partra ydr ogenat ed.
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al kyl - substituted styrene, particularly styre ef erred canj t ed
di enes are th&%@escﬁﬁ}?gaf% eri‘&"’fﬂ%rﬂ’@%o ﬁj’i‘? lﬁéﬁ‘r b@%gmiﬁh&é&n@%ébw
from4 to 6 cgn@qgm;om;. | soprene and but adi ene are the nost preferred

conj ugat ed di ene nononers. Preferably, the poly(isoprene) is
hydr ogenatied. 10 BiThek polypminyupated dixaies diledd(s)v @lf ythey dimlje nepadgmbt anky be

copol yners are kno in the art and are commerci ally avail able. Such .
bl ock copol yné?lséte’g?y @agwe%agate%ntwaﬂwa@eab%ga?ﬁ ST b Safr]ﬁe#{?&i‘]i in
an al kali et gheduilalibRoPihe HRk 38 réRePYS ¥ hidsh Do) mds gﬁﬁa%rgb&dmow%,
exanple, in U'S. Pat. Nos. 4,764,572; 3,231,635; 3,700,633 an

5,194, 530. 15 nidse ppeibspbboat ogatt 2@ df éreehindabuwatins Jevelf befoee hydrogermtpol yHer

may be selectiyely hydrogenated, ically to a.degree such that the
Tedi dual "ot hy PaiieetnaiaapE s roah i A OR SEiRh O dnEot dnals ot St
more pref efableya8iish@®Hro®¥es including hydrogenation in the presence of such catalysts as

Raney Nickel, noble metals such as platinum and the like, soluble transition metal

catalysts and titanium catalysts as described in U.S. Patent No. 5,299,464,
Sequential polymerization or reaction with divalent coupling agents can be
used to form linear polymers. It is also known that a coupling agent can be formed in-
25  situ by the polymerization of a monomer having two separately polymerizable vinyl
groups such a divinyibenzene to provide star polymers having from about 6 to about
50 arms. Di- and multivalent coupling agents containing 2 to 8 functional groups, and
methods of forming star polymers are well known and such materials are available
commercially.
30 The second class of high molecular weight polymers are olefin copolymers
(OCP) containing dispersing groups such as alkyl or aryl amine, or amide groups,
nitrogen-containing heterocyclic groups or ester linkages (hereinafter "Polymer (ii)").

These polymers have been used conventionally as multifunctional dispersant viscosity
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20 cyclohexylidene-2-norbornene.

Of the non-conjugated dienes typically used, dienes containing at least one of

the double bonds in a strained ring are preferred. The most preferred diene is 5-

ethylidene-2-norbornene (ENB). The amount of diene (wt. basis) in the copolymer

can be from 0% to about 20%, with 0% to about 15% being preferred, and 0% to

25 about 10% being most preferred. As already noted, the most preferred olefin

copolymer is ethylene-propylene. The average ethylene content of the copolymer can

be as low as 20% on a weight basis. The preferred minimum ethylene content is

about 25%. A more preferred minimum is 30%. The maximum ethylene content can

be as high as 90% on a weight bas, preferably the maximum ethylene content is 85%,

30  most preferably about 80%. Preferably, the olefin copolymers contain from about 35
to 75 wt. % ethylene, more preferably from about 50 to about 70 wt. % of ethylene.

The molecular weight (number average) of the olefin copolymer can be as low

as 2000, but the preferred minimum is 10,000, The more preferred minimum is



cycl oal kyl i dene nor bornenes such as 5-net hyl ene-2-norbornene (MB),
5-et hyl i dene- 2- nor bornene (ENB), 5-propyl ene-2-norbornene,
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backbone, The LASIETS oA D, PoL AT S 20 beule st echer opdde
20  and subsequently derivatizing the functionalized polymer with the nitrogen-containing
polar moiety. A more complete list of nitrogen-containing compounds that can be
reacted with the functionalized OCP are described infra, in the discussion of
dispersants. Multifunctionalized OCPs and methods for forming such materials are
known in the art and are available commercially (e.g., HITEC 5777 available from

25  Afton Corporation and PA1160, a product of Dutch Staaten Minen).
Preferred are low ethylene olefin copolymers containing about 50 wt. %
ethylene and having a number average molecular weight between 10,000 and 20,000
grafted with maleic anhydride and aminated with aminophenyldiamine and other

dispersant amines.

30 The third class of polymers useful in the practice of the present invention are
acrylate or alkylacrylate copolymer derivatives having dispersing groups (hereinafter
"Polymer (iii)"). These polymers have been used as multifunctional dispersant

viscosity modifiers in lubricating oil compositions, and lower molecular weight
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can be reacted with acrylic acid or methacrylic acid to form the desired acrylates and
methacrylates, respectively. These acrylate polymers may have number average
molecular weights (Ma) of 10,000 to 1,000,000 and preferably the molecular weight
range is from about 200,000 to 600,000.

25 To provide an acrylate or methacrylate with a dispersing group, the acrylate or
methacrylate monomer is copolymerized with an amine-containing monomer or the
acrylate or methacrylate main chain polymer is provided so as to contain sights
suitable for grafting and then amine-containing branches are grafted onto the main
chain by polymerizing amine-containing monomers.

30 Examples of amine-containing monomers include the basic amino substituted
olefins such as p-(2-diethylaminoethyl) styrene; basic nitrogen-containing
heterocycles having a polymerizable ethylenically unsaturated substituent such as the

vinyl pyridines or the vinyl pyrrolidones; esters of amino alcohols with unsaturated
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20 for example, alkylfumarate/vinyl acetate copolymer LOFIs may be used in
combination therewith. For example, a heavy duty diesel engine of the present
invention may be lubricated with a lubricating 01l composition wherein the high
molecular weight polymer is a mixture comprising from about 10 to about 90 wt. % of
a hydrogenated styrene-isoprene block copolymer, and from about 10 to about 90

25  wt. % non-functionalized OCP.

In the present invention it may be necessary to include an additive which
maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has
been observed that some compositions increase in viscosity when stored for

30 prolonged periods. Additives which are effective in controlling this viscosity increase
include the long chain hydrocarbons functionalized by reaction with mono- or
dicarboxylic acids or anhydrides which are used in the preparation of the ashless

dispersants as hereinbefore disclosed.



the multifunctional conponents; specifically Polynmers (ii) and (iii);
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Friction Modifier 0-5 0-15
Viscosity Modifier 0.01 - 10 0.25-3
Basestock Balance Balance

Fully formulated lubricating oil compositions of the present invention
preferably have a sulfur content of less than about 0.4 mass %, more less than about
(.35 mass % more preferably less than about 0.03 mass %, such as less than about
0.15 mass %. Preferably, the Noack volatility of the fully formulated lubricating oil
15 composition (oil of lubricating viscosity plus all additives) will be no greater than 13,
such as no greater than 12, preferably no greater than 10. Fully formulated lubricating
oil compositions of the present invention preferably have no greater than 1200 ppm of
phosphorus, such as no greater than 1000 ppm of phosphorus, or no greater than 800
ppm of phosphorus. Fully formulated lubricating oil compositions of the present
20  invention preferably have a sulfated ash (SASH) content of about 1.0 mass % or less.
It may be desirable, although not essential to prepare one or more additive

concentrates comprising additives (concentrates sometimes being referred to as
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6 0.1 - 4 Antioxidant 0-5 0.01 -3 Pour Point Depressant 0.01 - 5 0.01 -
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0,25 - 3 BastMliBiaBKRERb S TEEPAEETaL BN i OF Al B et e P BE Bl
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20 mass % df weight af cachiadgitive plusitle waighhefoprabsipieadidueithe fi nal
conposition may e oy.from5 t. 5 S, % referably 5 to,1 nmass
oo a1y 1 tothl el shifl, B2 dIBRG K RO arknden i o, SONEVER,

of examples, wherein all parts are parts by weight, unless otherwise noted.

EXAMPLES

20  Svynthesis Example 1

Preparation of 2-(2-naphthyloxy) ethanol by ethoxylation of 2-naphthol with ethylene
carbonate:
A two-liter resin kettle equipped with a mechanical stirrer, condenser/Dean-
Stark trap, and inlets for nitrogen, was charged with 2- naphthol (600 g, 4.16 moles),
25  ethylene carbonate (372 g, 4.22 moles) and the mixture was heated to 90°C under
nitrogen. Aqueous sodium hydroxide (50 wt %, 3.0 g) was added and the reaction
mixture was heated slowly to 165°C. The reaction mixture was kept at 165°C for two
hours. CO; evolved as the reaction progressed. The reaction was near completion
when the evolution of CO; ceased. The product was collected and solidified while
30  cooling to room temperature. The completion of reaction was confirmed by GC, FT-
IR and HPLC. The structure of the product was confirmed by 1H and 13C-NMR and
Mass spectra (FDMS).
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of poly (2-methoxy naphthalene-alt-co-formaldehyde) and poly (2-(2-naphthyloxy)

ethanol-alt-co-formaldehyde).
20
SynthesisExample 3
Reaction product of PIB-succinic anhydride and product of Synthesis Example 2:
A five-liter resin kettle equipped with mechanical stirrer, condenser/Dean-
Stark trap, inlets for nitrogen, and additional funnel was charged with the products
25  mixture from Synthesis Example 2, toluene (50 - 100 g) and the mixture was heated to
120°C under nitrogen. PIB —succinic anhydride (Mn: 450 (PIB), 408 g) was added
portion wise (~25 g at 30 min intervals) and the temperature was kept at 120°C for
two hours followed by heating to 140°C under nitrogen purge for an additional two
hours to strip off all solvents to a constant weight. Base oil (AMEXOM 100 N, 332
30 g) was added, and the product was collected at room temperature. GPC and FT-IR

confirmed the desired structure.
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Table I{I
Example 1 (comp.) | Example 2 (inv.) Example 3 (inv.)
(mass %) (mass %) (mass %)
Additive Package 17.60 17.60 17.60
Grp. II Base Oil 74.82 74.82 73.34
VM 5.90 5.90 5.90
LOFI 0.20 0.20 0.20
Synthesis Ex.3 | -———-- 1.48 2.96
Compound
100.00 100.00 100.00

und of

The soot dispersing performance of Examples 1 to 3 was evaluated in the

Carbon Black Bench Test (CBBT). In the carbon black bench test, finished oils are

10 evaluated for their ability to disperse carbon black. The finished oil is mixed with the

desired amount of carbon black, stirred overnight at 90°C, and evaluated using a

rotational viscometer for viscosity and index. The shear rate of the rotational

viscometer is varied up to 300 sec'and a plot of shear versus log viscosity is obtained.

If the viscosity is Newtonian, the slope of the plot (index) approaches unity indicating

15 that the soot is well-dispersed. If the index becomes significantly less than unity,

there is shear thinning indicative of poor soot dispersancy. In addition to the index,

the viscosity of the oil at low shear becomes thicker as the ability of the tubricant to

disperse the soot decreases. Table IV shows the results of the comparison in terms of
index, while Table V shows the results of the comparison in terms viscosity.

20

25



Gp. |l Base Ol 74.82 74.82 73.34 VM 5.90 5.90 5.90 LOCFI 0.20 0.20
0.20 Synthesis Ex. 3 ------ 1.48 2.96 Conpound 100.00 100.00 100. 00
The soot dispersing performance of Exanptébs-1 to 3 was evaluated in the
Car bon Bl ack Bench Test (CBBT). In the carbon bl ack bench test, finished
oils are 10 elghllehYedndegr their ability to disperse carbon black. The

finished oil3 ] VLII T I lyon k—stirred
over ni ght at %’Bcé}bﬁgl e‘%al u ?’géné}gﬁrgé&ﬂp? rio a%rxll éﬁavl‘(%v:jsco%@eml?%pm')
vi scosity angpi ndex. The she@po4 ate of the qogati onal vi|jggcoweter i s
varied up tol300 sec.-1 andl a plot of shear versus log vijscosity is

obtained. |f6the viscosity| 9.816ewt oni an, [(h&8%] ope of tHe. ?ﬂﬁ)t (| ndex)

approaches Ul.t‘y' ek L,atii"lg to—that—the—s wetH—-di—s H—the
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i ndi cative ofypoor soof dispgygancy. I'n addygwen to the 1ndegg the
viscosity of| . the oil at |ow shear becones lthicker as the jability of the
| ubricant to *dicsperome td ineaswot decreases. Table |V shows the results of
the conparison in terns of index, while Table V shows the results of the
conparison in ternms viscosity. 20 25 -41- Table IV - Index % Carbon

Bl ack Exanpl et} 16 §0mpiskodtapl € 2 (inv.) Exanple 3 (inv.) 0 0.994 0.999
0.999 6 0.816 0.982°0.986_ 38 0.282 0.979 0.983 12 TVIM 0.670 0.968 *

t 00 vi scous | & GwaswBéackabl eExampl¥ildcanply| Exdplek Cavbon (BE:amkplER dimpl)e 1
(Con‘p_) Exarr ! o ’) (| a1V %I:v q‘n! e 3 (I n\vl_) ﬂ_’l’)_ QL’I’) Q& ’IQ ’)ﬂ R QR GA
28.79 27.28 |8 167.49 32.70| 33 12.93 1320

6 36.64 28.79 27.28

8 167.49 32.70 34.41

12 TVTM 138.43 71.10

As is shown, the presence of the soot dispersing compound provides improved
index and viscosity at higher levels of carbon black versus the lubricant formulated
without the compound.

The disclosures of all patents, articles and other materials described herein are

10 hereby incorporated, in their entirety, into this specification by reference. A
description of a composition comprising, consisting of, or consisting essentially of
multiple specified components, as presented herein and in the appended claims,
should be construed to also encompass compositions made by admixing said multiple
specified components. The principles, preferred embodiments and modes of

15 operation of the present invention have been described in the foregoing specification.
What applicants submit is their invention, however, is not to be construed as limited
to the particular embodiments disclosed, since the disclosed embodiments are
regarded as illustrative rather than limiting. Changes may be made by those skilled in
the art without departing from the spirit of the invention.

20



12 TVIM 138.43 71.10 5 As is shown, the presence of the soot dispersing
conpound provides inproved index and viscosity at higher |evels of carbon
bl ack versus the lubricant forrmulated w thout the conpound. The di scl osures
of all patents, articles and other materials described herein are 10 hereby
incorporated, in their entirety, into this specification by reference. A
description of a conposition conprising, consisting of, or consisting
essentially of multiple specified conponents, as presented herein and in

t he appended cl ains, should be construed to al so enconpass conpositions
nmade by aWhstisehaimedisy nultiple specified components. The principles,
preferred enbodi nents and nodes of 15 operation of the present invention
have been described in the foregoing specification. Wt applicants submt
i's their THviEHES offlaimowileriace pld Prgsrerignpanddisirgsrafeldingdn themprlisationt o t he
particul ar enbodi nents discl osed, since the disclosed enbodi nents are
regarded as illustrative rather than limting. Changes nay be made by those
skilled ih tﬁémaPPmVPfﬁ%ﬁ¥mH@partlng fromthe spirit of the invention. 20
42 \What is claimed is: Rhls Ilskypg of claims will replace all prior
versions, and listings, of clalns* n the application: 1. Conpounds of the
formula: Ma (Y )a Ar EL-Ar)m (1) wherei n: each Ar independently
represents a pol ynucl ear AarofthticAnRi ety havi(hg O to 3 substituents

selected fromthe group consisting of alkyl, al koxy, alkoxyal kyl, aryl oxy,
aryl oxyal ¥8f€™hydroxy, hydroxyal kyl, hal o and conbi nations thereof; each L
i s i ndepesadent inYepdndehihkichgse® i @blymeRENbrdi0 GhoRnCRAk BED1EREDRMLEGkNgl € bond or
a |inking g % from about 98%t o @6of Y plts are |p%§$endently -OR' and
from aboute!ed6q e gorr e consifing & aliy)- @ axywﬂl<<&Y§\ Ry, 1y BOER, ) ") yx-,
wher ein qu&xambaqhﬁdmﬂEgﬂymmsmgmguﬂ consisting of (CR 2),, 0 and S; R and
R are each ndependent |y, sel ected from H, C6 .al kyl and  ar R' is
sel ected Ffbl fp?adafba'aﬁwﬁrmmoma&pwmgazc %gnfarpeﬁ siggle tong gr i glO vvhen X
is (CR ,)group@.nd 2 to 10

from about 98% to 2% of Y units are independently -OR’’ and from about 2% to 98% of Y units
are a moiety of the formula H(O(CR,),),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 C4 alkyl and aryl; R* is
selected from C; to Cg alkyl and aryl; zis 1 to 10; nis 0 to 10 when X is (CR’;),, and 2 to 10
when X isO 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

m is 2 to 100.

2. Compounds of claim 1, wherein from about 2% to about 98% of Y units are

H(O(CR,),),0-, wherein y is 1 to 6, and from about 98% to 2% of Y units are -OR”’.

3. Compound of claim 2, wherein Ar is naphthalene; from about 40 mol. % to 60 mol. %
of Y units are HOCH,CH,O-, and from about 60 mol. % to 40 mol. % of Y units are -OCHj;
and L is CH,.

4. Compounds of claim 3, wherein from about 65mol. % to about 75 mol. % of Y units are

HOCH,CH,0-, and from about 35 mol. % to about 25 mol. % of Y units are -OCHs;.




when Xis Oor S; and y is | to 30; each a is independently O to 3, with
the proviso that at | east one Ar noiety bears at |east one group Y, and
m s2t 0100. 2. Conpounds of claim1, wherein fromabout 2% to about 98%
of Yunits are HQCR),)YO, wherei n43y is 1lto 6, and fromabout 98%to
2% ﬁf hYI ugi ts Gblﬁpougﬂ' of cBim @@éi‘ﬂ%fﬂ(ﬁin ﬁiﬁfouCﬁtS&iildD%,to M{?&ﬁ"ﬁinﬂbl% of B(2-
napht hal ene; m. about , 40 0,no Y upits ar
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and L i s GhizZeinsn is Caogpourdds of claim 3, wherein from about 65nvol. %to
about 75 mol. %of Y units are HOCH2CH20-, and from about 35 nol. %to
about 25 nol. % of Y units are -OCH3. 43 5. Conpounds of claim4 derived
from about. 65 Atptoces%’ofcbrcfomﬁrmuomis&nm)br mBgupds oﬂe((ﬂ)oum,pi’ftchbuy)elﬂﬁrhmgol and
L\Lglme?l;oiu%eac 1onrrPlt1a8h %IO{Iyt %ﬁ%o"ll %1225 ﬂggoxgglg%h?ha%ene ”ﬁ%?m %lg&age n tlélae rPcriesel‘ice of
m xt ures afactbnpounds, of claimb5 conprising reaction of
napht hyl oxyet hanol and 2- et hoxyl napht hal ene with fornal dehyde in the
presence of an acid. 7. The process of claim6, wherein naphthoxyethanol
is the pr@duct Thfpreceprodclesss, czdlaqa'mir@iahﬂlg)xyetl@adtii thmpmﬁucaof a process comprising
gyg;géy' Cgf‘g{% %{' E}girox*ﬁrv%ﬁ)tﬂ e comg?u% %ﬂge&\‘jﬁ%ﬁ%%& he the rPaéS e QFggaggcfSOf
neutrali zeaialyatth an excess of acid prior to |ntroduct| on of sai d
formal dehyde. 9. The process of claim8, wherein said acid is sel ected
~fromoil soluble sulfonic acid and solid acid catalyst. 10. A reaction
product o8. oneTlrprossssef clompwwidsinasnahiag brselisinpntelizedmith an axrdssafiaacy| at i ng
agent. it rl(;l;tggm{rg@ul iR <R @%%e 8‘{] cl aim 10, wherein said acyl ati ng agent
- is at Ieagt one sel ect ed rom yal kyl succinic acyl ating agent and
pol yal kenyl succinic acyl ating agent derived from pol yal kene havi ng Vvh
of froma OUt %Qopr&‘%ssaot?gﬂf‘m ?Q@i@re njsgld ac-,r E'% sEl &&f"i’r&l{'mpgo%lfkcstulfgrﬁc %}l}
wherein sal d acy ating agent’ 1's Rydr ocar by I socyanate e reactl on
product ofolid apideatelyss of net hyl ene- bri dged napht hoxyet hanol and 2- net hoxy
napht hal ene conpounds, and an acyl ati ng agent sel ected from pol yal kyl
succinic

’ 10. A reaction product of one or more compounds as claimed in claim 1, and an acylating

agent.

11. The reaction product of claim 10, wherein said acylating agent is at least one selected
from polyalkyl succinic acylating agent and polyalkeny! succinic acylating agent derived from

polyalkene having M of from about 100 to about 5000.
12. The reaction product of claim 10, wherein said acylating agent is hydrocarby! isocyanate.

13. The reaction product of a mixture of methylene-bridged naphthoxyethanol and 2-
methoxy naphthalene compounds, and an acylating agent selected from polyalky! succinic

acylating agent and polyalkenyl succinic acylating agent.

14. A process for forming the product of claim 13, wherein said mixture of methylene-
bridged naphthoxyethanol and 2-methoxy naphthalene compounds, and acylating agent are

reacted in the presence of an acid catalyst.



acyl ating agent and pol yal kenyl succinic acylating agent. 14. A process
for formng the product of claim 13, wherein said m xture of nethyl ene-
bri dged napht hoxyet hanol and 2-net hoxy napht hal ene conpounds, and
acylating agent are reacted in the presence of an acid catalyst. 44 15.
The process of claim14, wherein said nethyl ene-bridged napht hoxyet hanol
and 2- net hoxy napht hal ene conpounds are the products of a process
conprising (i) reacting hydroxyl- naphthal ene conpound and et hyl ene
carbonate in the presence of a base catalyst to form naphthyl oxyet hanol ;
(i1) neutralizing said base with an excess of acid to provide an

i nt er nedi at e; Thalﬂd)césis bfalalmaac\tvlilel?@l Sl rikthydnebiregtd abghthab fdthagdolBd hoxy
naphthalene and f deh de in the presence of residual acid. q
process oY RPY e“%"é‘} }“?‘?S?&u“&? TS PP R eE PR P IE EAT  EY e

| i qui d aciaghteadnalkyspoundnd efiglenecapiingle B’ﬁh@.}bryﬁﬁce olfa’bisbeatmmeoefsﬁn of claim
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18. The panaci@isadihg eidintermefjatenkiet Bmethéxymaphtitaledt afidfomhaldddydesSn OF pest@ed Ni C
acyl ating ieties to total noles of naphthyl noieties of said

napht hyl oXy&IHEAFS™ and said 2- met hoxy napht hal ene is fromabout 1.10 to
about 0.5. 19. Conpounds of the fornula (I')a (I ")a ArlAr)m(11)

wher ei n: ch Ar indep tI | ea onma |ety
vt n 0 o 3 HGBLPTE QLT [5sKPEet w FRdni-rS GPOAD CBHe Fete Aep GV Kyl
al koxy, adnkextidakiyhialyltydr oxy, hydroxyal kyl, acyl oxy, acyl oxyal kyl ,

acyl oxyal koxy, aryloxy, aryloxyalkyl, aryloxyalkoxy, hal o and

conbi nations thereof; each L is |ndependently a linking noiety
conprising.a C]Etrelpmnessafhmm 1$1 WigHredn tmfudyl@uingaagém n‘slqjongutegn ewpinint agimtiapout

98% to 2% of Y u its gﬁe |ndepegg ly a moiety of the formula Z° O and
from abo%%?“tf%“teg ‘9@‘%" utgne haxing Ylngt émma@ﬁé%@ﬁpw >P%pi ety of the
formula Z(Q(CR2)"), -, mhereln X is selected fromthe group consisting

of (CR2),, 0 .and ; % are each }nde pendently selected fromH, Cl
to C6 al kit anke&Fssess S50 ¥ hergyn i of e} BOlF0P I oY 8NEcReIgIFs 10 and 2
to 10 45 total moles of naphthyl moieties of said naphthyloxyethanol and said 2-methoxy naphthalene is

from about 1.10 to about 0.5.

19. Compounds of the formula:
(\]f')a (Ya
Ar—CL—Ar), D)
wherein:

each Ar independently represents a polynuclear aromatic moiety having 0 to 3 substituents
selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, hydroxy, hydroxyalkyl, acyloxy,
acyloxyalkyl, acyloxyalkoxy, aryloxy, aryloxyalkyl, aryloxyalkoxy, halo and combinations
thereof;

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

from about 98% to 2% of Y’ units are independently a moiety of the formula Z’O- and from
about 2% to 98% of Y’ units are independently a moiety of the formula Z(O(CR;),),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 C, alkyl and aryl; zis 1 to 10; nis O to 10 when X is (CR’,),, and 210 10



when Xis O or S; yis 1to 30; Zis H an acyl group, a polyacyl group, a
| act one ester group, and acid ester group, an al kyl group or an aryl
group; Z is selected fromCl to C 100 al kyl and aryl; each ais

i ndependently O to 3, with the proviso that at |east one At noiety bears
at least one group Z(QCR )"),,X- in which Zis not H and mis 2 to
100. 20. Conpounds of the formula: (i )a (i a Z'-(Y)a (Y'), Z (i )a (y),
Ar- fL-AAYMAr--EL-Ar)mAr--(L-Ar)mP% (I'1'1) wherein each Ar

i ndependeftdnyx fs@&r%% 1St 80; 701k lqn&‘rpaic?lagrroﬁf}r Dok gFHaF eatlé{ct&ﬁ‘ébt!é‘r@%(&lp,t £d3
substituents selected fromthe group consistin 0X

al koxyal k§aid estey gfewpcgn 21ky) GFgR PRGN groypyd’ dheglectedy fg‘g}v ng%ﬁnwlkyl and ary

acyl oxyal ki ¥ is ifdeYdndeiily 086 ¥, vam¢Rd gridliso thHt ¥ 10Xk KO XNKiety 1REQ aB¥BELt one
combi nations thereof; each L is independently a Iinking noiety

conpri si ngow EX R EaiBHcist kgPedfd or a |inking group: each Y is
are i ndepgngenptiby a noiety of the formula 220 or Z(Q(CR ),)YX-, wherein
Xis selected fromthe group consisting of (CR,),, 0 and S; R and R
are each independently selected fromH C, to C6 alkyl and aryl; z is
Ito 10; nads Océmpobfbs\Wrge fofindla( CR ,). and 2 to 10 when Xis O or S y is
1to 30; Zis H an acyl group a polyacyl group, a | actone ester group,
and acid g@ group, an. ¥I group or aryl group; Z' is selected
fromC, t oo al®yk @?arﬁl)aeach &Y hes pentently 0 tyy 3; {one or
nore Y' ar groups Z(Q|CR )a) YX- in whjch i's deroed from’f actione ester
of fornul aAt-M6—aeh ter of ak of |a conbj natji on tlhereaf; 46
7R3 R R4 mJVngl OR$> S\0 RS ~0 (|p\>)n A AN ]

{1
wherein
each Ar independently represents a polynuclear aromatic moiety having 0 to 3 substituents
selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, hydroxy, hydroxyalkyl, acyloxy,
acyloxyalkyl, acyloxyalkoxy, aryloxy, aryloxyalkyl, aryloxyalkoxy, halo and combinations
thereof;
each L is independently a linking moiety comprising a carbon-carbon single bond or a linking
group;
each Y’ is are independently a moiety of the formula Z’O- or Z(O(CR;),),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 C¢ alkyl and aryl; zis 1 to 10; n is O to 10 when X is (CR’;),, and 2 to 10 when X is
OorS;yis1to30; ZisH, an acyl group, a polyacy! group, a iactone ester group, and acid ester
group, an alkyl group or an aryl group; Z’ is selected from C, to Cyg alkyl and aryl;
each a is independently 0 to 3; ‘
one or more Y’ are groups Z(O(CR;),),X- in which Z is derived from lactone ester of formula [V,

acid ester of formula V, or a combination thereof;



wherein R, R2, R, R R5 R and R7 are independently selected fromH,

al kyl and pol yal kyl and pol yal kenyl containing up to 200 C, and Z" is

bi s-acyl of formula VI; OR9O R$ O (VI) wherein R8 and R9 are

i ndependently selected fromH, alkyl and pol yal kyl and pol yal kenyl
containing up to 300 C mis 2 to 100; and p and s are each independently
fromabout 0 to about 25, with the proviso that p:<m s <in; and p + s
> 1. 21. Conpounds of claim 20, wherei4 from about 2%to about 98% of VY
units are Z(Q CR2),)Y®, wherein Zis an aryl group and y is | to 6, and
fromabout 98% to 2 f Yretunits are Z220. 22. Co nds of claim21
wherein Ar is naphthal 8gé; from about 40 nol. % tg760 nol. % of Y wunits
are ZOCH2CH2O-, fgomyabo 60 mol . %to 40 mO~%\of Y units are - OCH3;
and L is CH2. 23. ds of claim 22, wherein iR’ from about 2 to
about 25; p is f,som out 10; and s is fr to about 10. 24. A
conpound of claim 2 wher®in Z is derived from a\pol yal kyl or

pol yal kenyl succinic
of from about 100 td& about 5000.1¢%. A conpound of claim23,(wherein Z is
derived froma pol yal kyl or polyal kenyl succinic acylating agent derived
from pol yah&en®&' RéyR'h§* RhRO&ndR emiadepantiertl§ Geleaedefvoultl, BHY0ehd [R6/2lk avdnmpound
of claim?2 wherein Zis rived f.r.om hydrocar .isocyanate. 47 27. A
conpound 8%“@F3ﬁﬁ??§?”ﬁﬁBFgﬁﬁciaT%g %?%3é@°¢$gﬂﬁ yhrocarbyl i socyanat e.
28. A lubricating oil conmposition nprising a major anount of an oil of

| ubricating viscosity and a MfPfor amount of a conpound of claim 20. 29.
A lubricating oil conposition of claiwr28, further conprising a

ni trogen-contai ning dispersamp® A lubricating oil conposition of
claim 29 conprising an anount of said nitrogen- containing dispersant
providing said lubricating oil co id i on mﬁgh%fronlabout 0.03 mass %to
about 0.15 mass % of nitrogen and’from about 0.005 to 15 mass % of said
conpound. w8dreinR® bitPR £é@intiepandehdy s@@&&ﬂﬁén’fl Mgﬂkﬂfanf;boay'almy?al&f p\le/ty@maiym sai d

ni t rogen- cont ai ni ng _dj spersant is  a pol ybuten ol yal kyl eneam ne
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25, with the proviso thatp<m;s <m;andp +s>1.

21. Compounds of claim 20, wherein from about 2% to about 98% of Y’ units are
Z(O(CR2)2),0-, wherein Z is an acyl group and y is 1 to 6, and from about 98% to 2% of Y’ units
are Z’O-.

22.  Compounds of claim 21, wherein Ar is naphthalene; from about 40 mol. % to 60 mol. %
of Y’ units are ZOCH,CH,0O-, from about 60 mol. % to 40 mol. % of Y’ units are -OCH;; and L
is CH,.

23. Compounds of claim 22, wherein m is from about 2 to about 25; p is from 1 to about 10,

and s is from 1 to about 10.

24. A compound of claim 21, wherein Z is derived from a polyalkyl or polyalkenyl succinic

acylating agent derived from polyalkene having M. of from about 100 to about 5000.

25. A compound of claim 23, wherein Z is derived from a polyalkyl or polyalkeny! succinic

acylating agent derived from polyalkene having M of from about 100 to about 5000,

26. A compound of claim 21, wherein Z is derived from hydrocarby! isocyanate.



900 to about 2500. 32. A lubricating oil conposition of claim?29, further
conprising at |east one additional additive selected fromthe group
consi sting of detergents, antiwear agents, antioxidants, friction

nodi fiers conpatibilizers and viscosity nodifiers. 33. A nethod of
operating a conpression ignited engine, which nethod conprises

| ubricating a crankcase of said enging,with a lubricating oil conposition
of claim28 and operating the engine. 34. The nethod of claim 33,
wherein said conpression ignited engine is provided with an exhaust gas
recircul aby on ﬁYﬁﬁlﬁﬂfbd éfgclalr’ﬁ%_’: V%MQQQU\%B f&ﬁ%yﬁt%gﬂwl %ocﬁ@até I )a Ar--- f
L-Ar)m (1) wherein: each Ar 1 ndependently repfesent’s a pol ynucl ear
aromatic noiety having O to 3 substituents selected fromthe group

consi st nes. of ﬁhl.'ﬁll'catmgloh QMposﬁerwﬁ}fﬁglKé/ b majalr éﬁllcﬁﬁyof an &l X% IQ%YC%JIA%W
hydr oxy, hydroxyal kyl; hal o and nmbi nati ons thereof, each (S

|ndependehlﬁqoyltYaPnFilaﬁR@%@mﬁwéf%/coé‘tﬁ’ﬁtmdloé?lﬁg“2{9 car bon- car bon si ngI e bond or
a |inking group; each Y is -OR" wherein each R' is independently
selected fromCl to C 100 alkyl and aryl; each a is independently O to
3, with tR: prolitsisatinnat cempasiyas ef clire 2Afurkhst eompripjag Biragentceniainingone gr oup
Y; and m gkgeah@0. 36. Conpounds of claim35, wherein mis 2 to 100. 37.
Compounds of cl aim 35 wherein each Ar independently represents a

pol ynucl ear aromatic noiety. 38. Conpounds of claim 36 wherein each Ar

i ndependepd |y AeRigSRBbLS conRRHYNHCHARY A RRRE it ari®indkaid nitrogen-

containing dispersant providing said lubricating oil composition with from about 0.03 mass % to

about 0.15 mass % of nitrogen and from about 0.005 to 15 mass % of said compound.

31. A lubricating o0il composition of claim 29, wherein said nitrogen-containing dispersant is

a polybuteny! polyalkyleneamine succinimide derived from polybutene having Mh of from about

900 to about 2500.

32. A lubricating oil composition of claim 29, further comprising at least one additional
additive selected from the group consisting of detergents, antiwear agents, antioxidants, friction

modifiers compatibilizers and viscosity modifiers.

33. A method of operating a compression ignited engine, which method comprises
lubricating a crankcase of said engine with a lubricating oil composition of claim 28 and

operating the engine.

34, The method of claim 33, wherein said compression ignited engine is provided with an

exhaust gas recirculation system.
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35. Compounds of the formula:

(a (Y)a
Ar—fL—Any, @
wherein:

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

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

each Y is -OR’’ wherein each R”’ is independently selected from C; to Cigo alkyl and
aryl;

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.
36. Compounds of claim 35, wherein m is 2 to 100.

37. Compounds of claim 35 wherein each Ar independently represents a polynuclear
aromatic moiety. '

38. Compounds of claim 36 wherein each Ar independently represents a polynuclear
aromatic moiety. '





