17 JUN 2005 WD 02/059239 PCT/1B01/ 02845 LUBRI CATING O L COVMPCSI TION FI ELD
OF THE I NVENTION This invention relates to crankcase |ubricati ng7 Mg‘ 0
conpositions. Mre specifically, 5 the inventionis directed to'l Eﬁatl ng
oi | conpaeifioesrset hat exhi bit soot di spersing characteriptresoigasfsi cient to
~allow the lubricating oil conposition to pass an industry standard T8 test,
with reduced | evels of addi t W THE | NVENTI ON 10
Lubricating oil conposition %‘%‘g{%’#’fg)@*ﬂg nej o Of a base oil and
additives that inprove the perfornmance and i ncrease the useful life of the
| ubri cant. C N di spersants are commonly used | ubricant
additi ves. E@‘—ﬁ%ﬁ@%} avin) u.l\lﬂam spersant is to nmaintain in suspension within
the oil, insol ubnmlsrmsteaﬁdnade&tefswmdccbs)t l@ﬂcﬁka{glcﬁlrbo&ipds@cﬁdﬂeMorémﬁﬂ&dm/UB during

use of the oil, te prevent. sl e.fl occul ation and precipitatjon of the 15
i nsol ubl & nEdPYeRR 1S AHEsELP l%ﬁlﬁ%ttwﬂ cgmppsieny that ﬁp dspe§iNBeduce t he

aggl oner at i ehhr&terZA suffRfnt socalls&,thetlmaﬁmpédﬁqmmﬂeﬁ R3ASan ildub e stidagdsi ty of
the | ubri catl ng oil ﬁglon use. Crankcase ]ubricants provi di ng inproved

per f or mance I8itgsk Wil tedpcedisydyfrddiiys miPssfer sancy, have been continuously
demanded. 20 To inprove soot dispersancy, the industry has noved to the use
hi gher nolecular weight materials, which have superior dispersancy
properties ¢ WEE INVERION,  wejght materials, and to use the high
mol ecul g5 wei ght qué&%5§almkémsdau@y@£omﬁmé G omvzpaaa&wes that

di spersants are expensive. Further, comon nethods for -formng high

mol ecul ar \/\HP@TH’(E thﬁpﬁiﬁgléwﬂ@@ﬁtlﬁtweﬁbe wicE) bifescd thedlubricayte Nigegemsantadbigor i ne,

whi ch i s 'ma{ %‘sdarga)rmﬁ(}l@y hdag 1dbﬁ@£dt%@&1§yé§‘ tri;\efuha ot (sp&ny is [§ie presence
of chlorine s to problens wt I Sposa use Icants, and

| ubricants @@nﬁ%nm fugpension ¥ ibin sheoik insolyble aiptemials fermed e okidatipn agdetieded. Al so,
greater |ev i & s SPRLSE | in

| ubri cants g[}eg%aggglr%tdgﬁlﬁ%%é g\l;llg?)[)l tgg’dﬁg(gettsglrdﬁ‘gﬁ‘%s.ﬁg?rfﬁdrb?lﬂttlﬁ&&pom i gh |evel
of basi d5 aninselubleamateriiss gevthanfugctoo Hielsitpersart ¢s tomedudethe pggoradratom dodeal s
wihin the SRALES HHHdiind GloHa68n 4 AR gfopfh@auen*catwm BfuR0ARkAGEOUS O
provi de a | icant wth equat e soot di spersancy ert] es us ng reduced
amount s of &nbgharm)mrewdilnanmmwmeﬁomweg@qiudemmweﬁgoqﬂd§p@$ag9)nthave hges.

Pat ent No. el vis (1931) discloses condensates of naphthal ene and
essenti al | y [lﬁé\je%r %%ﬁn@at ed waxes forned by Freidel Craft al kylation of

t he napht hal ene. 35 Such conpounds were descri bed as functioning as wax

crystal ,godi {1 er SroGinpldtd Coblspdrtal, hITRERKE had thFelsko AL ijhes nBitduipr @ added
to oil tO |rrprovet g BWC aracteristics thereo ese corrpounds :
have not beaisightmatefigs, vehi¢hirye pupefiondaspersanay dropgtites cempards tg fpwer molecular

weight materials, and to use the high molecular weight dispersants in ever increasing

amounts. However, dispersants are expensive. Further, common methods for forming high
molecular weight, nitrogen-containing dispersants leave residual chlorine, which is introduced

25  into the lubricant with the dispersant. The presence of chlorine leads to problems with the
disposal of used lubricants, and lubricants containing reduced amounts of chlerine have been
demanded. Also, greater levels of high molecular weight dispersant do not blend well in
lubricants also containing overbased detergents. Still further, a high level of basic amine from
dispersants contributes to the deterioration of seals within the engine during service.

30  Therefore, it would be advantageous to provide a lubricant with adequate soot dispersancy

properties using reduced amounts of high molecular weight, nitrogen-containing dispersant.

U.S. Patent No. 1,815,022 to Davis (1931) discloses condensates of naphthalene and
essentially linear chlorinated waxes formed by Freidel Craft alkylation of the naphthalene.
35  Such compounds were described as functioning as wax crystal modifiers or lube oil flow
improver (LOFI) additives and were added to cil to improve the cold flow characteristics

thereof. These compounds have not been used for a number of years and, due to a high



17 JUN 2005 WD 021059239 PCTI 1B01102845 -2- chlorine content, these
conpounds woul d be considered unsuitable for use in a nmodem passefgRN By
or heavy duty diesel notor oil fornulations. In m)demfor%g% &ég t hese
conpound¥CHFl¥?#een suppl anted by fumarate/ vinyl acetat.e X or

pol ymet hacryl ate- based LOFIs. 5 U. S. Patent No. 4,708,809 to Davis describes

a lubricati rhg)m | conposition containing a phenolic conpound of the formula:
(Rya Ar- (OHf¥PrinaEPurH: theﬁ%oapglmdwa?@aeﬁ%fds@awa%ta‘aﬁ&wsmwﬂ@% or more

al i phatic cakfRasr3k0BBheady Aty diedd] bt o8 f&AfitibRd AR aRdan ttbynulatioRs, thekd MBS t he
nunber of aromatic nuclei present in Ar; and Ar is a single, fused or Iinked

pol ynuc! earcompagndsdings §eep puplanted by fimaate/wnybisstets qopelsgers of polkmethaayad- t hat
the additi opQfi @@ nor amount of such a conpound to a lubricant conposition
that is mxed wth fuel will lead to a reduction in piston ring sticking in
a two cycle engine. 15 SUMVARY OF THE | NVENTI ON The present invention, in
brief summary, i tgd 4t C i.S1.0. @ maj or
arount by wel ght oS Paeior 4gps pOPRTRRRTekHE ERbANLL SomERfiGh Lol

wei ght of aa;bhegddlcrmhxpouncmfthveﬁogmla ni trogen cont ai ni ng di spersant; and an
anount of an oil soluble, or oil er ( aromati ¢ hydrocarbyl oligoner
sufficient to provide the lubricati ng% beosi tion with i nproved soot

di sper si ng whieoge Rtis eﬁmﬁﬁﬂﬁﬁmlﬁdﬂdv@ 1T EmBRANPINGS cEibgn atomsongrr es

graphical ly the e cos i ncregase sin a Haake
Orr bon 81 athart Each inepe BEREF fin L EEG e B PP RS o e BRSR AT g
nmol ecul ar vmgmfuse&&lduﬁﬁ)@élsmm$r fing mbﬁt}i taiteﬂoﬁtiwhﬂlmbmmgecbllt 1s®ﬂé‘gealt1mmg a

conbi nati on, of . a. h nol ecul ar wei t dIS rs nd 1 wt.. %of a

SRy ot e e PRt O AHnP AR el P G S A B Bl

f or mul at ed widbffaklowilli 1831 t6 lalreduotidrain Pisttdh réhgGackIhdiata o6 c@dle @ndiegh nol ecul ar

wei ght dispersant and 1 w. % of a conparative, unlinked al kyl ated aromatic
conpound. 30 Fig. 2 conpares graphically the soot induced viscosity increase,

as neasisr ecsug MR A OFH IR ENVENTOON bl ack test, in a fornmulated lubricating oil
containing a hi nmol ecul ar .wei

?B ¢ per saj f or nu ai'-]% ubrLcatl ng oil
containing a conmbiRATTEHERISMHIT g ﬁBﬁngt‘E‘G’l Br %F‘gmmw% OSHIPESHY 2 wt. %
?f anI al ké |o|@h@ﬁlsméhﬂ{ﬁﬁd aftfoOReEttyl veei gt bPansE! ofgftl)brtch&ngm&fﬁfatyt amnw@ratnoﬁm byiand . a
ornul ated |y a cont a ning a conhi nation o ar

wei gt - ar s et & igh Sl G Sl e GBEIP G frvrant and b oal RyFiie

aromati ¢ caaRBleNst oil dispersible aromatic hydrocarbyl oligomer sufficient to provide the lubricating

20  composition with improved soot dispersing properties.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 compares graphically the soot induced viscosity increase, as measured using a

Haake carbon black test, in a formulated lubricating oil containing a high molecular weight

25  dispersant; a formulated lubricating oil containing a combination of a high molecular weight
dispersant and 1 wt. % of an alkylated, linked aromatic oligomer of the present invention; and
a formulated lubricating oil containing a combination of a high molecular weight dispersant

and 1 wt. % of a comparative, unlinked alkylated aromatic compound.

30 Fig. 2 compares graphically the soot induced viscosity increase, as measufcd using a
Haake carbon black test, in a formulated lubricating oil containing a high molecular weight
dispersant; a formulated lubricating oil containing a combination of a high molecular weight
dispersant and 2 wt. % of an alkylated, linked aromatic oligomer of the present invention; and
a formulated lubricating oil containing a combination of a high molecular weight dispersant

35 and 1 wt. % of a comparative, unlinked alkylated aromatic compound.



17 JUN 2005 WD 02/059239 PCT/1BO | /02845 -3- DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The lubricating oil conpositions of the present inventi rise
a maj or ampunt of an oil of lubricating viscosity. Gls of Iubriﬁgpﬁﬁgﬁ

vi scosi tywousetsloi N the context of the present inventionpapysdh@2se ected

- fromnatural lubricating oils, synthetic ubricating oils and m xtures 5
thereof. The lubricating oil nay range |n viscosity fromlight distillate

m neral oi | $EEBYESARPTIcbeNgroNVENSHeN as gasol i ne engine oils, mneral
| ubricating oiTs and heavy duty diesél oirls. Generally, the viscosity of the
oi | ranges from éﬂbéu{bﬂEat@érWhC@mR%%O"ﬁGf @Bé@ﬁeﬂh@"e'ﬁ@ﬂFP@P'@ﬁ@@s‘ﬂaJ@saﬂwnmfl y from
about 4 cen aby 0,

Nat ural oil éﬁ ?%gfﬁggéaglﬁf bgfﬁs r? gﬁin %gé?:vﬁﬁcgﬁg{m Qﬁ}(ﬁ;ﬁ% (%ngtgt}gt% R w%gt ard
oi l); liqui mvelpelnrrmmmbctbéframdlahwdiiltbne?ftmg@ds s woshatieiubricatgtodls at mixtures
acid-treate a

par af fi n?c ﬁlaef) F ﬁ’gl?ﬁ 18 Jaﬁné&l éﬁf letgafolnglg'ﬁl\??jg@lgiéé:?s@%éﬁg\%ge?‘?om coal
or shale al hxbnszﬁnm@ﬂasuahaegubllﬂxmgmoloils middsal Sybrichtgty wls bubhdagadutndiesil | s
ngfi/lrjrgﬁ gggrgsngﬁg]%?a]lgl Sv@c’:‘]ogu% ?a%géstt] zﬂ)ony’ﬂ ﬁ%ﬁ%rl%%gpo aboI |4% such as

pol ypr opy! ebasistok¢sy; e@yéldndmmamm ybmmetokﬁpoht;dmemqenchbl@s,lasaﬁeesiqusnﬁtybut yl enes,
pol y( 1- hexen , poly(1- octenes), pol y(1-decenes));

alkylbenzené@% g., dodecyl benzenes, t et radecyl benzenes, 20

di nonyl hgnzenes, di ( 2- et hyl hexyl ) benzenes) ;

pol yphenyl s(e. g., bi phenyl s terphenyls al kyl at ed pol yphenol s) ; and alkylated
di phenyl et hers A¥dral ok incfuds 2pimaheilsyen ‘Eﬂef%@é’éls L@l cagfar oil, dard O; ligid,| ogs and

honol ogs t hggéidum &hé%h@@@m@mé& s&oérwﬁeﬁtsci SididL tda@ R SAESIS ofiRE pﬂ'ﬁfﬂn‘i’@t ives
t her eof where the 25 term nal dr oxyl (gwéu ps. have been nodified

esterifi cat Paithegicpad F’Fi“‘éiaf’@{aéfr‘lmc'éi‘-@thenﬁ £ Pikg ‘éﬂ“‘éﬂ‘n’é??ge‘f‘“@ﬁﬁ’s‘%“éﬁffdy feemwn

synt heti c | ybMi bE@laieNsoQkive as JRRTI BasBbfis.exenpl i fi ed by pol yoxyal kyl ene
pol ymers prepared by pol ynerization of ethylene oxide or propylene oxide, and

the al ky? and aryl ethers of pol yoxyal kyl ene polymers (e.g.,

net hyl - pol yi so- prsopk@n@bitarfObilGhdede HyamcRBoroilsBal A8 lsaWstiMldtiropdrbdP 00 or
di phenyl ether of poly-eth Iene gl ycol  having a nol ecul ar 30 wei ght of 1000

to 1500); afds fehas PaivaeTrsf jock 3{‘1"?511%‘%?16%3 (e-Be PRlyputylenss, RobpRgYisnes: he
acetic aci gr@$lefd- fsob nsle&ogéry@@rsfaﬂ&ma@alpely&&p@ﬂ@ Pl 1 d2eny Opoig d di ester

of tetraethyl ene Anot her suitable class of synthetic |ubricating

oi |'s conpri §‘é§“e§hé°é§k‘%§°§"5‘é}) dkdbpaey (4% ddrateprng leupdcklkenzensici d,
succi ni g ackfhon@bdnrbnes U@L IhekG1)EkhzaHa6): FAIRRNY1s BUE MigHefyls, terphenyls,

alkylated polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and

dernvative, analogs and homologs thereof.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
25  terminal hydroxyl groups have been modified by esterification, etherification, etc., constitute
another class of known synthetic lubricating oils. These are exemplified by polyoxyalkylene
~ polymers prepared by polymerization of ethylene oxide or propylene oxide, and the alkyl and
aryl ethers of polyoxyalkylene polymers (e.g., methyl-polyiso-propylene glycol ether having a
molecular weight of 1000 or diphenyl ether of poly-ethylene glycol having a molecular
30 weight of 1000 to 1500); and mono- and polycarboxylic esters thereof, for example, the acetic

acid esters, mixed C3-Cy fatty acid esters and C;3 oxo acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl succinic
35  acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic

acid dimer, malonic acid, aikylmalonic acids, alkenyl malonic acids) with a variety of



35 acids, nmaleic acid, azelaic acid, suberic acid, sebasic acid, fumaric
acid, adipic acid, linoleic acid dinmer, malonic acid, alkylnalon'? gﬁhﬂ@,

al kenyl ﬁ@hﬁ@%&ﬁ@Cids) with a variety of 17 JUN 2005 WO %%ggﬁgﬁ§§4ﬁ /TBO 1
/02845 -4-"al'cohols (e.g., butyl alcohol, hexyl alcohol, dodecyl al cohol,

2- et hyl hexyl al cohol, ethylene glycol,'ﬁrethylene gl ycol nonoet her,

propyl ene gl ycol Speci f.i anpl es, of , such esters  include i but vl

adi pat e, di6%9%¥%Vﬁ%§%9??“@Eﬁg%gﬁ8&°H§z%@ﬁ%€§fa¥ﬁ%ﬁ?%?%?ygg%%PgFaggﬁ%cate,

di i sooctyl giedladiethyltné glpett mphoaizee) mbgylendighesdly| Syrhifieakahsles aisdecasterpht hal at e,
di ei cosyl sebacat 5 the 2-ethyl hexyl diester of linoleic acid, dinmer, and

t he conpl ex'™ %Sr‘EP'ﬂ)tP’ln%iéPaE‘fyd'f:}é%ltg}flp?‘HY)cfﬁ'éacatﬁoq?"g‘hﬁf‘yl_l ‘Bﬁ‘@fecg‘é{ﬁti" By t wo nol es
of tetr ﬁet hMiiﬁ)ﬁi&ygdzl)éﬁt& _di@sﬂiﬂlec'yl/ﬁclﬁﬁ:l @i%ct?lfphﬂ]rcaﬁ'tehyidng phvhiaee, deitehyl ﬁs&@:ﬁ@ usef ul
T T IO R T L O
trimet hyl ol poRRAREvacicReAtARS Wb Midldsf retdbRPBRABYAS! hid thelmAEbF 2-ethylhexanoic
tripentaerythritol. Silicon-based oils such as the polyal kyl -, polyaryl -,

pol yal | coxy2%iér  pol yaryl oxysilicone oils and silicate oils conprise another
useful class of synthetic lubricants; 15 such oils include tetraethyl
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)silicate, tetra

(4- met hyl - 2- et hy Es@sepisysl asisgribesic ails alsg inchide those ieade\fram ke iy Ty moppgaghoxglic

hexa- (4yqret hyhs g sBl/aW 8 3L JIt ! QXPARGe o RANY SITENIML iy | B BPRS, and

pol y( et hyl p é%yl sﬁ?gfgngs& théﬁ .syntﬁéa#%é?ﬁ%?icatgnd&gﬁﬁs’include liquid
esters of phosishohatal dipontacaythiitedantdoirigentesythyitol-t ri cresyl  phosphate, trioctyl
phosphat e, diethyl ester of decyl phosphonic acid) and pol yneric 20
tetrahydrofurans. Unrefined, refined and re-refined oils can be used in-

| ubri cants of t héiljgoadastl oil§ sugkas thopolyalkylefpolyattl-opélyalkexe- phose obt ai ned
directly fr - ! heti e | £k ion
treatrent . Boyaiapdtane s GUIREL ofis ARl Eapclfir TR oIl SR

oper at i bhs; sysbtrleinclnde eithetfitsdicaiedetddiscpraplylsiliqatentetip€2-ethy Hiexdsilicate, tetsa-er oi |
obtai ned djs ) st.erlt] gatl Y L Wt 78 er treatnment
woul d be anbﬂﬁ%@#g%%%QQ%ﬁﬂmﬁééﬁﬁﬁghﬁﬁ%?gﬂg?gﬂgyﬁﬁﬁg¥£f§9ﬁ ﬁé#ﬁ%gg oi |l s except
that the oi kthylsexyldisdexane.robtmethylisilonamesandptyimethyiphénybaddxanesstslpg t o i nprove
one or nore &S, Li L ' hni .such a

distillati o?%R’Eh%g?\E/‘Ieblﬁ‘?ag‘%wg%‘ﬁﬁ‘g% nq‘ggF%J‘I"Jégﬁﬁ%’s@‘%%?g{ét?‘ﬁg“% e R g

per col at i onplnspha80 tdkoveybphasphath deeh g kéter of dedytphpsphopic acidRevdrlyiread oi | s ar e
obt ai neg,, by Fﬁgﬁ simlar to those wused to provide refined oils but

begi n m?%h gﬁ- t %?E%%S al ready been used in service. Such re- refined oils
are al so known as reclainmed or reprocessed oils and are often subjected to

addi tional processfihesia LESRNLANESIL hn BARDY INHLERERL AEdHsLYes and of |

br eakdown
invention. Unrefined oils are those obtained directly from a natural or synthetic source

without further purification treatment. For example, a shale oil obtained directly from

25  retorting operations,; petroleum oil obtained directly from distillation; or ester oil obtained
directly from an esterification and used without further treatment would be an unrefined oil.
Refined oils are -similar to unrefined oils except thai the oil is further treated in one or more
purification steps to improve one or more properties. Many such purification techniques,
such as distillation, solvent extraction, acid or base extraction, filtration and percolation are

30  known to those skilled in the art. Re-refined oils are obtained by processes similar to those
used to provide refined oils but begin with oil that has already been used in service. Such re-
refined oils are also known as reclaimed or reprocessed oils and are often subjected to
additional processing using techniques for removing spent additives and o1l breakdown
products.

35



products. 35 17 JUN 2005 WO 02/059239 PCT/|B01/02845 -5- H GH MOLECULAR

WEI GHT DI SPERSANT The hi gh nol ecul ar wei ght di spersants useful inTthd B88nt ext
of the present invention include the range of higher nol ecul ar wei ght

ashl ess womwtako2br ee) di spersants known to be effective teCT/Eu®es+sor mati on
of deposits upon use in gasoline and di esel engines, when added 5 to

| ubricating oils. The ashl ess, high nol ecul ar wei ght dispersant useful in the
conposi t i onHIGIMOIECEL 8 VEIGHIVBISPERBABIQNPri ses an oil sol ubl e polyneric

| ong chai n backbone havin functional groups. capable of associating with
particles to be &rshap E‘Qﬁ.gulﬁ‘b‘?‘%ﬁldisy‘?“aé‘%dﬁefgg’i“§t&e“1"§%'t93tl&%ﬁ*FﬁsFP‘s‘B"eé‘HP%e,

al cohol , aningdRdOthe e5is€ bf RSeR olBBLIAE Waght atHIaE (\astall feee) BRpRSHNMBOwWn BASKDONE,
often via a bridging group. The ashless, high nmplecul ar wei ght dispersant nay
be, 10 for ey te reduss fognatipnrof dFROSH UPSH Peff @asoking ad disselnginesy hhepadded o s

ani des, § M gAshRAGhe AKIER! INES, 19fh hoREuISNAifht BXEEOHAERAN iSO SdrhiddfRds NoNno-
and pol ycarboxylic acids or anhydrides thereof; thiocarboxylate derivatives
of |ong chapithtreareatiarsbas compig’ il seuble nobier dongyaiia baskbbrshan®gi ng

pol yam ne nﬁfn@t?jdn@ﬁgr%ﬂs%%@ﬂ Ahds8&hdn% WilhSaticRs dhdaidRral CRypiGapdaRsat i on
products formed by condensing a |ong chain substituted phenol "with 15

f or mal dehy déisperrdntp epmppiisk pimereealpriioy amideedr esterolag nofptieeettackad toklieglelymedi sper sant

i s one havi 0 i e e f o o . | to
4000, suoh SiSsB TRELEIBHE RLE T BheBlel Mo LGRSl ARER OUR, | anges
wi | | dependfoonxanipte, sglgeddtomoil yalehle saltadsters. droinmestbrs, aiidgseingidastandt he 20 nunber
of function r odh- E I roup
enpl oyed. Fg%m&gggﬁﬁPE%gégﬂhgm%%ﬁf?g%@&%%ﬁgﬁégﬁgp?ég%#gggmggggggéant, a high
mol ecul ar waihgérides theprof sEntarboxylagderivasiveseef ligtdhaia hydiogarbensblaekdwire havi ng a
nunber aver ' ] u . 2 Typi cal
aq,%a&ﬁygﬁ#mgnslvmagga@g nt Ao BORHERHHREed AndRR And 0ficn Y P

commerci al ly "ava e polyis ene-based dispers s contain

pol yi sobut ytadensgisinypredusts ierwied §y aondarsieg a lavechaiyesuhssitetediplanolyeittght  r angi ng
from 25,abo 9@? [ ionalized by mal eic anhydride (MWV =
98), ané°de#%9§§%?g§ ﬁ%uégggg%gﬁggéhaving a nol ecul ar wei ght of from about
100 to about 350. Polyners of |ower nolecular weight nay al so be used to
form hi gh nol ecul,at .. wej LSRES i i j ol yner
chains into the iélgﬁ%g%#ngﬁ%gﬁ%@§%§%£¥3%%@%@ﬁ?gﬁ@%&%gfﬁékgﬁg%ﬁggs know in
the art. 30wBightyemester tipinoc edut toddl0§htuch sytetvden d10D pund 20,00k Thb eregise er m ned by

vari ous kno%lecular weight ranges will depend on the type of polymer used to form the dispersant, the

20  number of functional groups present, and the type of polar functional group employed. For
example, for a 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

25  about 900 to about 2300, functionalized by maleic anhydride (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 form high molecular weight dispersants by
incorporating multiple polymer chains into thle dispersant, which can be accomplished using
methods know in the art.

30

Polymer molecular weight, specifically Mo, can be determined by various known
techniques. One convenient method is gel permeation chromatography (GPC), which
additionally provides molecular weight distribution information (see W. W. Yau, J. J.
Kirkland and D. D. Bly, "Modem Size Exclusion Liquid Chromatography", John Wiley and

35  Sons, New York, 1979). If the molecular weight of an amine-containing dispersant (e.g.,

PiBSApolyamine or PIBSA-PAM) is being determined, thé presence of the amine may cause



techni ques. One convenient nethod is gel perneation chromatography (GPC),
which additionally provides nol ecul ar weight distribution inforngtipnisee
W W Yaygoodnsodse Kirkland and D. D. Bly, "Mdem Size Exchgghpmdisedi d

Chr omat ogr aphy", John Wley and 35 Sons, (New York, 1979). If the nol ecul ar

wei ght of an am ne-contai ning di sper sant (e.g., PlIBSApolyanine or PlIBSA-P
.M is bein gf;ﬁi } 1394 adld¥edtyRREQG Em lealifh t@m folRe RALSH WeI%.UN 2005 WO
02/ 059239 P 02845 6- the dispersan e adsor abr e col um,

| eading to @wmméemr%ﬁf@nsrfﬁwhvlvmh %pwtlon@éﬁgﬁmwammnmd@etmgbﬁhst thiami I | ar
with the op c

el i mnated @%ﬁhfg?%d’%fae e&ﬂ%}%@?&%&%ﬁ% @ggf%%ﬂg%éthggiu %2# %gﬁ%%@'%‘ﬁﬂn (THF)
m xed with mixeil moth aamperrmaht gfpyidinaes opgoserbloesed S Phar obitir mayhbsopeobl em
may al so be, 5 i e el

orr oct g LIR35S SARR\AB LDE: SRt DuREh) fe B OReREC

Anot her usefaséd amuhhodnlbamof dmpmgrgrcmpﬂgAnmh@"olaftfakmethed @htic;terpwnmg moleaullaty for

| ower nol ecul ners [ oPLessure osmonetr e.g.,
ASTM D3592) % a@ Plaﬁgé Eaﬂ rae COF B3 et Vier s%t on op’ S Va%orﬁoeissure rr(ome 5% x ol . %
nononer i 148, XSTEI D3#92yrononer i and thus for the copol yners of two nononers
Dp may be calculated as follows: WM x nol.% nononmer 1 + Mh x nol. % nononer 2
15 Dp 100 x nol.wt nononmer 1 100 x nol.wt nononer 2 Preferably, the degree of
pol ymer jsatitenieg@e of hstypaisati®t Dpefcdgdyas idsised in the invention is at |east
30, typically from30 to 165 nore preferably 35 to 100. 20 The preferred
hydrocar bons or 80| rﬁﬂnq{mj),a)g%nb,ge,t ini s invention include honopolyners,

i nt erpol yners or hydr ocarbons. One fam |y of useful

pol yners conpr i se nﬁ?os’“af"”\gt"l’ﬂ’/‘f’@ﬁb' and/or at |east one C3 to C28

al pha-ol efin having the formula H2C=CHRl1, wherein R is straight or branched
chai n al kyl radical conprising 1 to 26 carbon atons and wherein the pol yner
cont ai ns carg nSf tgeco unsa uratc;no%rs efaerb%tgl %ulrzatedas Igh degree of

ter m nal g@ﬂ AR TSR &t V8 A AR pr"er?eYr 558° 0¥ “Slich pol yners
enployed in this invention conprise interpolynmers of ethylene and at | east
one al pha-olefin of ,the above fornqula, wherei Olr:\\’omgals2 al kyl of .froml to 18
carbon atons, an WDJ—@—pJ—%?&La{E—)L-I—S o 8 carbon atons, and
more prefer ably S i [1P0 ymof.womprionpes 12 ¢ dPB&Mohwbmenomerifer ef ore, usef ul

al pha-ol efin nononers and conononers include, for exanple, propylene, 30

but ene- 1,

hexene- 1, oct ene- Preierablyt, Fig dseree oh polymersatipnetor the palyemes backbenes gisddn el |

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

20 The preferred hydrocarbons or polymers employed in this invention include
homopolymers, interpolymers or lower molecular weight hydrocarbons. One family of useful
polymers comprise polymers of ethylene and/or at least one C; to Cys alpha-olefin having the
formula HpC=CHR!, 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

25  ahigh degree of terminal ethenylidene unsaturation. One preferred class of such polymers
employed in this invention comprise interpolymers of ethylene and at least one alpha-olefin of
the above formula, wherein R' is alkyl of from 1 to 18 carbon atoms, and more preferably is |
alkyl of from 1 to 8 carbon atorns, and more preferably still of from 1 to 2 carbon atoms.
Therefore, useful alpha-olefin monomers and comonomers include, for example, propylene,

30  butene-1, hexene-1, octene-1, 4-methylpentene-1, decene- 1, dodecene-1, tridecene-1,
tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1, octadecene-1, nonadecene-1, and
mixtures thereof (e.g., mixtures of propylene and butene-1, and the like). Exemplary of such

polymers are propylene homopolymers, butene-1 homopolymers, propylene-butene



tetradecene-1, pentadecene-|, hexadecene-1, heptadecene-1, octadecene-1,
nonadecene-1, and m xtures thereof (e.g., mxtures of propylene ahdyN 2005
butene-1, and the |ike). Exenplary of such polynmers are propyl ene

honopol wrens/ypsdasd ene- 1 honmopol yners, propyl ene-but ene 17 SUNIBOO38453\\O

02/ 039239 PCT/ 11301/ 02815 -7- copol yners;;_et hyl ene-propyl ene copol yners,

et hyl ene-butene-1 copol ymers and the like, wherein the polyner contains at

| east some t&olinad emwéﬁ@propﬂweréb@blyuﬁﬁaétmaietmtbneﬂrceﬁcﬂyrﬁadand&ﬂém&mrs are
unsat urated copol ners of | ene and prqpyl ene and et hyl ene and but ene- 1.

The i nt er poMsrein eoﬁrolxrﬁffrscom%ﬁ&lwhsme andiorgnigralnsawgtion: Fréfeged 0.5 to 5
nmol e % of a ﬁ?mé'sta@ ek fudRA 6N HEAbLdhyiiR el p@pﬁma%ylenméhe-ut i's

preferred tﬁ t he yners of this invention conprise _anl pha-ol efin

hormopol yner $he mw)ﬁmryﬁ%thss IBfENUPHRBY. O %mebﬁrﬁ?fawr% Oérﬁ‘éigff}?lee%’ 86k frer s of
et hyl enes ang, @) RER:Rljhied dFATANQIRESmer| BRwWER Ak is pRifivddans uceqaatmh e he

pol ymers enpl oyed in this invention is preferably in the ran of 20 to. 80
% and nor einyenioa calmpise3mlt Bptrcolefn hyearolyprsrsyinterrol ypray efralphat ’é‘— 1 are

enpl oyed asccﬂn@on%ﬂﬁg%mtérg%)lr%ltsrbf@&Wﬁ@ﬂl‘&alﬂhg%leﬁhr&x}n%e%)nﬁﬁ@ﬁola@f such

copolynmers 1I's nost prefer bet ween To, al though higher or | ower
et hyl ene costhdenescontgyt crféhEppcém empligasan P prention rpeprefprebly e fig range bf20 to

pol ymeri zi ngy &l pha O Fw i, qbg ners,

m Xt ures CO%%?I SI ng%f%fﬁeﬁg@g%%a? I eas?%%ﬁ%fs to g@éﬁ%ﬁegdp%fgggﬁoefl n
monomner 10 i ncdnmmopedsevidectflene, dattiylese cayent efmueclegpelysiersgs aostipesderablpne

et al | oceneyLodh ag figBY oL ARELATLAOIILIA R, OBy Bl AhgdATRAURA) and an

al unoxane conpoun pr ocess % or nore of
t he pol yner chains possess term nal ethenyli dene type unsaturation can be

provided. | The peqf Y898 AR TBGANG 51Dk LT0A! g SRRAN! | dene

unsat urati on may ermn trosctopl ¢ ana YSI S, Itration,
or C 3 NMR of alnlequnynmosneoﬂ‘ ot mrsurb-‘a@tnmrlsmgpéymcyartdeat thstoae Cetoiedplimy t he

formul a,; POL,Y an 39'1% g@&@&% a]agafygs gm%gga&hy%t leapt{ﬁ%f %%?awto%eng to Gs

al kyl, rnore pre era prefera al kyl,
(e.g., nethéelg. @rcyelptwita)dmuﬁtrwtséromrmrt@mn@oumém@s&entusnomh@ Cpmpylnelr Usingi n. The

chai n | engt . QrodeliCa mﬁ}ek wfgélpw%varkrlore/@f&yegoﬂﬁmhms sesg]éa&mﬁ@mnorws)

sel ected for seln rrerlzatlon A m nor” anmoun ymer
chai ns can @mwadqme{tmemnnanraemhmwe,pr¢v1ct§d Theipayrentagmef @olymet pl@ms ekhiliting

POLY: CHE=CH2e, A hen HRE Al acl G p W MORE GG 1SR
nonounsat uraﬁﬁon © eflﬁ © Cﬂ%a a%ﬂ?nR? V\i@rel g C%E]T%I necf above. These
terninaldy tmsign.or &t eHMRQtfefthﬂlan g thﬁ\}ﬂt@étyw Eﬁhb@diamvnkmhmaﬂh ocene
chem stry r
5, 493, 809; agg%g?“fg)oﬁ%— 2SRt g‘, %?&‘: ';Pr%,gﬁﬂfzy%g%é&ng‘y%,%%?@%&b‘yso

C, to Cg alkyl, and most preferably C; to C; alkyl, (e.g., methyl or ethyl) and wherein POLY

represents the polymer chain. The chain length of the R' alkyl group will vary depending on

the comonomer(s) selected for use in the polymerization. A minor amount of the polymer

25 chains can contain terminal ethenyl, i.e., vinyl, unsaturation, i.e. POLY-CH=CHp>, and a

portion of the polymers can contain internal monounsaturation, e.g. POLY-CH=CH(R1),
wherein R is as defined above. These terminally unsaturated interpolymers may be prepared
by known metallocene chemistry and may also be prepared as described in U.S. Patent Nos.
 5,498,809; 5,663,130; 5,705,577; 5,814,715; 6,022,929 and 6,030,930.
30
Another useful class of polymers is polymers prepared by cationic polymerization of
isobutene, styrene, and the like. Common polymers from this class include polyisobutenes
obtained by polymerization of a C4 refinery stream having a butene content of about 35 to
about 75% by wt., and an isobutene content of about 30 to about 60% by wt., in the presence
35  of a Lewis acid catalyst, such as aluminum trichloride or boron trifluoride. A preferred

source of monomer for making poly-n-butenes is petroleum feedstreams such as Raffinate II.



Anot her useful class of polyners is polyners prepared by cationic
pol ynmeri zati on of isobutene, styrene, and the |ike. Commn poI ym}szs]UNrZﬂﬂh

this cl e pol yi sobut enes obtai ned by polyneriz
reflnerééép?gghgﬁaV|ng a butene content of about 35 to out 3 and

an i sobutene content of about 30 to about "§0% by wt., in the pr esence 35 of a

Lewis acid ca suyc | u richl.orj or fluoride.

preferred Eﬁ‘?%%eﬁ'fmﬁ%ﬁ Cl?‘s‘:? 3?“71“[}%' anrg ﬁ}"rq %3’? Hté\sl?o |4;ng5§§ é ‘ol eum :

f eedstreans saahlsam;tﬁafia‘ls nadost glubfeftad bhbmboaeeﬁthe meﬂQ{n%%BgedaﬁEEjlt Bctad0¥815 - 8-
art such as .in

These feedstock disclosed in t

hoe5, 736. " PRyREE B FyR B sl Rl b D A Rt AMCH FatRy ek

i nvention becawlq)ol;hsdbatyreeescgehyrauw«ﬁndua}aIsleueh)ynﬁa&au@ﬂmcaxﬁﬁinysrmfrab&abh@n from
but ene streans ..0.,, uysing Al d 3 or BF3 catalysts). . Such polyisobutylenes
general |l y 5con?t3§lﬁ“‘ggg‘i‘ta%g‘?“%lfﬁé%‘ilwgt‘ihﬂﬂ RofH W&ﬁ’f‘%dﬁf haiBout one 5 ethyl enic
doubl e bond per polyner chain, positioned along the chain. As noted above,

t he pol yi sobutyl ene pol yners enployed are generally based on a hydrocarbon
chain of from about>sgodebrve, thepolyivebusdens pelyfereikpiRy op are\aeagplin Basehen ar e

known. Pol'yi sphilstsen@nsia bt Rembuss bboRA 3@em&%db%r%ﬁagtpb%om Bre are
chlorination), the 10 thermal "ene" reaction, or by free radi ca?’ grafting

usi ng a cat al kaowng Polyisabutylses ensbe fuactigaalized hhmlosprdtion e-Preblosaxtion), ﬁ'@?r reacting
pol ymeri ¢,y d,0ea4 BAHas rdkdda, dradietl s AR ANE b CadGhdS &, peRSESIas @lss%ngéd

esters and the preparation of derivativés fromsuch conpdunds are di scl osed
in 15 U S. Pealewt Nos. 3,087,936; 3,172,892; 3,215,707; 3231,537; 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, for
exanpl e, with car b8xogkises fgtiewtlnﬁmﬂwrlﬁgywa&mégl%pﬂféﬂlé?tab%yb%h‘daqﬁs,

anhydri de) byax{ gﬁr‘?&e‘s 39 e&&?arﬂ%é’ Hi%bar%onh%%%ﬁ{?é%?{bm ypg €6m€<§lﬂﬂé ik 9[3510&422%5

result in the addition of functional noiefies or agents . acl d,
anhydri del5 estUé: Parointdfese30876338; 3.18h8L: BRES.pH: Y 3dt, 5 o 3ﬂyaﬂ6@a§r23é@5&hai ns

primarily at §F§tf9(§220f3 448 3608Ns5 %o&%rsti‘?%m;sﬂb%@w 20 43 59 cﬁ?kef §ffhio0 as

et hyl enic or i'ni ¢ unsaturation) usin hal’ogen assi st ed
functi onal i zathepplyreerpr htflTP@Fquiilatﬂi)’oW)fuwleefé@sd & exprapiehitihedrboxghesci¢ eact i on.

When using t hrohichf madliGRbroflk Ay hAoPRERRS) B/TARNE R BIARL L Niodafocd

peroxide), th unctiohal i zation is randoriy effect l ong the pol yner
chai n. Sel ect #nder ¢apditonphal resudt ip gis addisign B%fua@@a#pwgtrfear ggenisalogeidat | ng,

e g . chlgyi nﬁlthw@deosstarmtf@tamgonw@.e g&?arewr%@gc&son allaﬁ,fslpﬁnemyyavﬁcesto@ about
08 w. % preferably 3 orine, or brom ne, baséd on

WE| ght of pol garRan-tgrcarbpd ﬂl@taa'rrﬁm (alwreﬁmémg’ etttydeniciridiing waquaam)nlémgﬁlmugh
the polymer gh,R,LQRaf @hdioRalhi80lOcHRthaton) P&t & @ Rlkhdrhidl #Qe 1@ %one- 9-
120 to 140C, for
When using the free radical grafting process employing a catalyst (e.g. peroxide), the
25  functionalization is randomly effected along the polymer chain. Selective functionalization
can be accomplished by halogenating, e.g., chlorinating or brominating the unsaturated o-
olefin polymer to about 1 to 8 wt. %, preferably 3 to 7 wt. % chiorine, or bromine, based on
the weight of polymer or hydrocarbon, by passing the chlorine or bromine through the
polymer at a temperature of 60 to 250°C, preferably 110 to 160°C, e.g., 120 to 140°C, for
30 about 0.5 to 10, preferably 1 to 7 hours. The halogenated polymer or hydrocarbon
(hereinafter backbones) can then be reacted with sufficient monocunsaturated reactant capable
of adding functional moieties to the backbone, e.g., monounsaturated carboxylic reactant, at
100 to 250°C, usually about 180°C to 235°C, for about 0.5 to 10, e.g., 3 to 8 hours, such that
the product obtained will contain the desired number of moles of the monounsaturated

35  carboxylic reactant per mole of the halogenated backbones. Alternatively, the backbone and



30 about 0.5 to 10, preferably 1 to 7 hours. The hal ogenated pol yner or
hydrocarbon (hereinafter backbones) can then be reacted w th sufifli &iNelih
nonounsat urated reactant capable of adding functional noieties to the
backboneyo@2@s92390nounsat ur at ed carboxylic reactant, at #O0DB26GC, usual ly
about 180C to 235C, for about 0.5 to 10,9e.g9., 3 to S hours, such that the
product obtained will contain the desired nunber of noles of the

monounsat ur@é ggndmsaanake xyrbbg/lit eachathn Pemixed el ihtel RAi1b aldgedaded wackbones.
Al ternatively, the backbone and 17 JUN 2005 WO 02/059239 PCT/|1BOLl/ 02345 -9-
the nonounsht ftaralegaay boxylic reactant can be m xed and heated while adding
chlorine to the hot material . The hydrocarbon or polyner backbone can be

functionalized, e.g., with carboxylic 5 acid &éodum ng noi eti es (pref erably
acid or anhydrl d"@’%%idéicﬁfég') OLRAYERET pRkPone-pan 8 tupetionplizedy prpnwith earbyhen

unsat ur at i ofidHRodRenARdiMI¥E {préeterably AL RGREMSAridd YabiBFos) Qllechi A A HitYs &FcaBnchal ns
using the three processes nenti oned above, or conbinations thereof, in any

sequence. THEHPREBFEHIOMORHERSNMSF 8t ydrocamen ehains. erandomlialorgsthaing using _
functional 't%@th}éégxpégéapﬁa&aloné@a%omE ESHBLiAR{AAS therRgk, mee@\r el ¢ acid material,
i.e., acid, anhydride, or acid ester material, including (i) nonounsaturated
C4 to C10 dicarboxylic acid wherein (a) the carboxyl groups are vicinyl,
(... Located ofadeRheNhofRhbAlaEd Aliin PRt kD)schlo ARARNaRAGe RERIRED!Y
both, of said adj acent carbon atons are part of said nono unsaturation; (ii)
der i vat i0vescopfprigé Jnomerghd disarbeyhiy deifl d@@ﬂé’r 1.§, acidp atydadle; ohasiid %ﬁéﬂrlﬂ\ﬂwlahnno- or

di esters of t4Lr

wherein thelmg:l(lilar1 &5 CHQ%%J % Iée%b(%n 8&193&55151% 0 ﬁg@%@%}’% E%xy group,
i.e., of thecistlydet lpcated &@J@@nt,ca@nda(om) ardéb)lmnast\pes. p@fffel(ablmb))thwfcﬁaldas Clto
C5 al cohol ' = ar _di oynsat ur at ed
carboxylic T %%adrt?éa gm? lI%f a{% p(mlq \c/)f&gﬁeégﬂoﬁjélsgtgllahgn 51 &B%%Sr g{a {ng ((gjhna%vm th the
backbone, t4nbydrzias onSab ¢ alcplah dertved meno-nuviiasiessatf G dtllédw@amb@txsﬂkqdcczrteact ant
becones, saty %ﬁut egﬂgﬁc ac @&h&éﬁ@ &rﬁ Lr%b&do%gne%%m{ Qrcbﬂﬁggagé‘d?@ﬂi?ﬁme

backbone s uccinic an and acrylic acl econes

backbone- sudagtoky groad, i, opthesirecture rQaFC E@emﬂéwyd@fva@m kf Gorwanasturélsed

car boxyl.ic l roVcp leic
annydr | de,  “ARBCAARLEBAE of YIRER Bf 66, A1 E Richfl T T Bb 12 Hhteglt™

met hacryl i Dadivilalse may bpisedadipen reastionavithehalickbongthe mpigyapatehlg of(tbe g., C to
Ca al kyl) %J) ugé&tﬁ'?téd &&b&x@ﬁc ife%t gé&g‘les Carlhated. n:?ltulgyilor Egaalrrgﬁlf ?ﬂa]e% hyl 25
fumarate, an fumarate. The nopnounsat ur at carboxXyl'i ¢ reactant,

pref er addl y ambydside bemmqk@ene fpysiveted wcwclamh)bi@dwedl a¢rmluaam<hlmsgm@s rangi ng

f rom about ased on the
wei ght of t 81903))8% 3‘%%?9‘% &r o%%fr@ Ex@h@\ha?* gfl%lé&ﬁ] lg?llﬁ)ﬁg%u%%e%af%ﬁyflg hel ps

i ncrease t hreaqtamgscare fimayic a¢idsitageri¢ #rid, ghaddi¢ arigh odajapandrydride, chloromaleic acid,

chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic acid, cinnamic acid, and

lower alkyl (e.g., C, to C4 alkyl) acid esters of the foregoing, e.g., methyl maleate, ethyl
25  fumarate, and methyl furnarate. The monounsaturated carboxylic reactant, preferably maleic
anhydride, typically will be used in an amount ranging from about 0.01 to about 20 wt. %,

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

While chlorination normally helps increase the reactivity of starting olefin polymers
30  with monounsaturated functionalizing reactant, it is not necessary with the polymers or
hydrocarbons contemplated for use in the present invention, particularly those preferred
polymers or hydrocarbons which possess a high terminal bond content and reactivity.
Preferably, therefore, the backbone and the monounsaturated functionality reactant, e.g.,
carboxylic reactant, are contacted at elevated temperature to cause an initial thermal "ene"

35  reaction to take place. Ene reactions are known.



30 with nonounsaturated functionalizing reactant, it is not necessari

the polyners or hydrocarbons contenplated for use in the present i hv bt i 200,
parti culhahlyedbpse preferred polynmers or hydrocarbons whpefy, ﬂ@ﬁﬁ_gs a high
term nal bond content and reactivity. Preferably, therefore, e backbone
and the nonounsaturated functionality reactant e.g., carboxylic reactant
are contacted at L&floh 6 W Sbbhle GRS GurBod,) '
reaction to takanﬁ% Hﬁ)géﬁe ?@ﬁ%ﬁ%ons ar% nown. m? ?%Nﬁ%&%gﬁ{@§%%?$@592
PCT/ 1801/ 0284&ctignal Foetinydouthe baymerchpims pyre vatsackfoostkodsa Fotxxafoglecthe onal | zed
by random a i I ong s by a
vari ety of gﬁ?gg @&llfn&for Hlllg&{d fOfF manmeg’ﬁ}c%gr“ﬂdh in S%IP)%P i&glnré{tg? Earﬁ&ghf'l d form
may be grafreathnyiat hust:hwdmbnwnstae gueastne@loit:aaﬁr@emyxbalmutmteadwhmper’rbsmcdbacri bed
above, in th enc of .a free- rag Lhitiator, Wen dinb5

sol uti of, E‘“@‘P ‘%Tﬁfgmt’a%? plareat g ageﬁ“ AP e i & ?E?OEP?W?he range of
about 100 tzs0°(2 pOEsraly abe toa‘.bIOVC 121@fdr:ﬂ31)2 43S radrrabin@tiacddl gyaﬁlﬂ & Bacdondplisiad in
initiated grafti .acc m ner al ti il solution
cont ai ni ng, 'f“BFragggﬂiﬂUBg Ogn@Ht’%’Oco\Wta‘m}’g’ g‘?ré:f‘%rt‘%{ﬁl Iym§8 (?rf&%f‘&y%t?)g(lf Vier
based on t g pblgirki Bdsed &t fk indiidl taaldiltsomfion.10 The free-radical initiators that
may be used are peroxides, hydroperoxides, and azo conpounds, preferably

t hose that have a boiling point greater than about 100C and deconpose

thermalioy Wi t hi nTHeleeGhditdl il Gatb MRE A} bE BscdaRrgRrdx@iepdioperokides ahdahocal s.
Representative of these free-radical I1nitiators are azobutyronitrile,

2, 5- di met hylomeRuns's gygfembly these thaf yveiahoiling poipt ersateigpnyebosh 05 @ttene per oxi de.

The initi atREompIe heHSAR, withiP e atdfiind Smp&e@rel@ndeno pRovAIRBKBadaihet ween 0. 005%
and 1% by wei ght based on the weight of the reaction mxture sol ution.

Typical ly, Itqﬁ’é“s%ﬂ‘ﬁt"é§5Pft§ser1f6??ofﬁﬁ'§§t"ﬂF%‘P’édm’c%FPB‘HXth“é‘e’r?e%tét“&ﬁ‘tyutﬁét%ft‘tﬂaq S-and

free-radi calj. tema}y @ﬁt?l e%x@deth%afalduﬂleﬁe y@b;gtitt thétlhlﬁatﬁta%@n QJedfCS/QiUAJFyQQ%edl 0:1
to 30:1, preferab 3p : rafting is preferab fyrtcarrled out in an

i nert atSrroslbﬁwreou@et‘:tétagenL%@r% a‘}ﬁ‘l e gljé’ﬁlgm bt the werBREOftisisRYIoRg gr af t ed

polymer is rﬁxttatea@mrohzegplbauyhal\élaﬂﬂesaarrhafsﬁhaaauasd S yliOfeadt @hatal ANy dr i de)
noi eti es randonly aitached along the pol yner chains: |t bei ng under st ood, of
P

course, t hatfeesreﬂﬁeﬂ S P Bie] Apd Wélﬁat 1440 FaagR P Aot { 9d. o FAd. preisEbindi cal

grafting destividIedrRbeN@ng ahrérabl§are@but i@n Q{eh%fm&?hé&g%h& ANghakydr ocar bons
of the present invention.,. 25 The functionalized sol ubl e pol yneric

hydr ocar borME%ek BERE iRy Theyesulpiae grafischalymerds ehprctesia ki haying Cﬁ‘iﬁ’eﬂét‘y‘ﬁﬁtdl ic

react any, SHEddeRSr am]y@fmemameaet RAdAhIG Ahdhed Aloh@R polyiRE @lainsCRBRRYNd, or
m xt ure thereof, orm a correspondi ng derivative. Useful am ne conpounds

for deri vatqnétrﬁaoct QREUrISnHR g 9 dleypobimier chgipy ewainanerafisd Thsfeeedmditld and can
conpri se ONgaffkg described above can be used for the other polymers and hydrocarbons of the present

invention..

25 The functionalized oil-soluble polymeric hydrocarbon backbone may then be further
derivatized with a nucleophilic reactant, such as an amine, amino-alcohol, alcohol, metal
compound, or mixture thereof, to form a corresponding derivative. Useful amine compounds
for derivatizing functionalized polymers comprise at least one amine and can comprise one or
more additional amine or other reactive or polar groups. These amines may be hydrocarbyl

30  amines or may be predonunantly hydrocarbyl amines in which the hydrocarbyl group includes
other groups, e.g., hydroxy groups, alkoxy groups, amide groups, nitriles, imidazoline groups,
and the like. Particularly useful amine compounds include mono- and polyamuines, e.g.,
polyalkene and polyoxyalkylene polyamines of about 2 to 60, such as 2 to 40 (e.g., 3 to 20)
total carbon atoms having about 1 to {2, such as 3 to 12, and preferably 3 to 9 nitrogen atoms

35  per molecule. Mixtures of amine compounds may advantageously be used, such as those

prepared by reaction of alkylene dihalide with ammonia. Preferred amines are aliphatic



nore additional am ne or other reactive or polar groups. These am nmn@m@pe
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(e.g., 3 tOsaHQéted hratnad, irhudg) foaeedrspld) aVva- digmabﬂhﬁnell Bﬂlahﬁnopsmpeifb asi-3 to 12,
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al kyl ene di dalathlyliae th’é!ﬂﬂuﬁmﬁﬁ’ﬂtl@lerEﬁﬁﬁt@thn@ﬁmd@bl?@ﬁ)pﬁlléﬁeaa{lne@hﬁﬂhla@1,327 JUN 2U05

WD 02/ 059239 PCl VI 01/ 028 5 11 turat ed am nes, including, for exanple,
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pol yet hyd ene am nes such as di ethyl ene triamne; triet hyI ene tetram ne;

tetraet hyl ene pent am ne; and pol yprlg?ﬂ;l/l eneani nes such as 2- propyl ene
di ami ne; and di - Pih e?”i?f‘ﬁﬁ??@rf@)‘tpfa? rffelde?hﬂ‘}ll‘érd‘%’éq‘slfmhaﬁﬁlﬁe conpounds

include: al jigGhbBetVIPHINBExSHGRd Bsierdoyilic Altrb @A ORPFBIHAY klchGY Fhighexaie and

het erocyclic ni tro@g}fen compounds, such as i m dazolines. Another useful class
of amines i4nqther usellclas qbamaies is dheaolamide a6 redsrrhemidgenines et dxdesed B U, S,

Patent Nos. y4, BadntdNos; 4,452, 41936 1(517 9083, 2752 anP15h P02 AQARap1Ns SO usabl e is 10

tri s(hydroxynet hyl)ani i'no net hane TAM) ‘as described in U'S. Patent Nos.
4,102, 79B; triathydpxpmghylpmingmgthgne didiiag doggberdyn U-Htatant ey § 10574 - | i ke

am nes, andy ?Whﬁ‘ﬂ@ﬁ% %ﬂdUﬁ@S@%@ ”Bé!nd%lrm%% B&- WeeFhinesl in'c%B-)éeru&ﬁl%d may use
condensed am nés, 'as describ . Patent No. 5, 053, 152. The

funct i onal i ZBigeBRYFH by wseq. e%fétﬂédyw'ne may Hee C@ﬁi‘%éedc%ﬂ*ﬂ?ﬁu?ﬁcﬂeé@b%m E8nventi onal
techni ques Ag.{RRC5PLH2. ok f@ﬁ&ﬁmn’%‘ed Isc,{mhér reRadLRih mgﬁnun%,c&%f}ou%%mﬂnd 15

5,229,022, as well as in EP-A- functionalized, oil-soluble
pol yreri c hWW%@PHdWhB@BRWNE%“M fcmeéentﬂe in Ye¥- Potgni Nesed a4 43518pdir oxy

conpoungs ssieky &8 ADRAhYAn iEp-Qnds Bed.yhydric al cohols, or with aromatic
conmpounds such as phenol's and naphthols. Preferred poI yhydri c al cohol s

i ncl ude 20 al kyl ene glycols in which the al kyl ene radical contains from2 to

8 carbon atons. @hhghctidhagied! mpghms/gayﬁe&lrgehemoﬁ BbslRs %}va%@é

nono- ol eate of glycerol, nmonostearate of gl'ycerol, nonomet Oi: et her of
glycerol , péwtva@edrthihygioxy gppestngdesugh At mprsihydugandokhydrssalcoholerasgfith An est er

di spersant  f/Bya@ éo%p%ndiesmwecbhfaﬁ&mdmﬁamw@tﬁéfeela@P&lgﬂ@m%%mﬁc@&é yl
al cohol , cinnanyl al cohol ropar gyl al cohol exane-3-ol, and oIeyI

al cohol 20 st #lkylenElyoldp Wé'l'“éstéf'e@\?ﬂ?“ed?‘é‘éﬂ Peaipnisery |2é° 8aPpPRitgRh Oheh ess
di sper sant sy&RIPsIyARIRERSKoIdineRIAR B cerol, mono-oleate of glycerol, monostearate of

glycerol, monomethyl ether of glycerol, pentaerythritol, dipentaerythritol, and mixtures
thereof. An ester dispersant may also be derived from unsaturated alcohols, such as allyl
alcohol, cinnamyl alcohol, propargyl alcohol, 1-cyclohexane-3-ol, and oleyl alcohol. Still

25  other classes of alcohols capable of yielding ashless dispersants comprise ether-alcohols,
including oxy-alkylene and oxy-arylene. Such ether-alcohols are exemplified by ether-
alcohols having up to 150 oxy-alkylene radicals in which the alkylene radical contains from 1
to 8 carbon atoms. The ester dispersanis may be di-esters of succinic acids or acid-esters, i.e.,
partially esterified succinic acids, as well as partially esterified polyhydric alcohols or

30 phenols, i.e., esters having free alcohols or phenolic hydroxy radicals. An ester dispersant
may be prepared by any one of several known methods as described, for example, in U.S.

Patent No. 3,381,022.

Preferred groups of dispersant include polyamine-derivatized poly a-olefin,
35  dispersants, particularly ethylene/butene alpha-olefin and polyisobutylene-based dispersants.

Particularly preferred are ashless dispersants derived from polyisobutylene substituted with
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synthesized using metallocene catalyst systems are described in the publications tdentified

supra.

The dispersant can be further post treated by a variety of conventional post treatments
such as boration, as generally taught in U.S. Patent Nos. 3,087,936 and 3,254,025. Boration
of the dispersant is readily accomplished by treating an acyl nitrogen-containing dispersant
with a boron compound such as boron oxide, boron halide boron acids, and esters of boron

30 acids, in an ar‘nount sufficient to provide from 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 wt.%, e.g., from about 0.05 to about 0.7 wt.% boron. The boron, which
appears in the product as dehydrated boric acid polymers (primarily (HBO,)3), is believed to
attach to the dispersant imides and diimides as amine salts, e.g., the metaborate salt of the

35  diimide. Boration can be carried out by adding from about 0.5 to 4 wt.%, e.g., from about 1

to about 3 wt.% (based on the weight of acyl nitrogen compound) of a boron compound,
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Pat ent Nos. 3,087,936 and 3,254, 025. Boration of the dispersant ik/ déagiihy
acconpl iwbedodygsd reati ng an acyl nitrogen-containing di speCBEB®I/0285t h a boron
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nit rogen5 co‘grr%%urﬁ% lgf’ a i;'orton pcoorrgound?mﬁs JSL(J:N%%A;')O@ ?/\D (5ﬁ 2/ 8%%9 %039%
PCT/ 1 BO1 /O®8Usl.- 13- preferably boric acid, usually as a slurry, to the acyl
ni trogen conmpound and heating with stirring at from about 135C to about
190C, e.g., 140Cto 170C, for fromabout | to about 5 hours, followed by

ni trogen stri ppi e thad esentat ¢amgoysnt phbe bompsition efthepreserg anvelt@ndonduct ed by
addi ng bori Cbs\%ﬁ;\t?césr%m%ti@%}dé&c\;\g%?feél%@ae i)eéﬁoy%ggﬁfoﬁiﬁefoghﬁgr boxylic acid materi al

and anine, B renovin edctl on processes conmonly
known in the art can also be applfed. The\third essential conponent of the
L
or

conposi tion of the present iy, -Ls¢ gtituted als)mati ¢ hydrocar byl
oligonmer is of the follow ng f | a: T-( L-(ArT(Ig In 10 In Fornula 1,
each noiety Ar represents an optiohally substituted aromatic noiety; each L
is alinpking noiety that is carbon-carbon single bond or a Iinking group, n

is a nunber fr0frr11 bou I2 t.o abou‘%r 1000, and eacﬁ Tbi s a term.nal .group. At
| east 25% of t he P oRERLCACHBPED; AdeRagepts 3 SPUPRHL LS el 2matie Mojets | ki ng
nmoi eti es ( Loach Thea liskih®meoiktytihe id dattah-cabob single boddoral linkihgtgréupc@iskafungkpns t o

aromatic ri to inth ubst i ed aromati c hydroc yl. oligonmer is from
Sbout 0. 10: Ho AObAE SR OO0 ARG R oGBS AR 31 R oS t e Ao
pol ynucl earméiaiiddqay)cdré Confdtel th @sSlet 2 AkiAe mbletiO(Ly.NTKd @ad ofhé eitLauebécof
noi eti es. P?_I nucl ear car bo%cl i.c.noieties may corT(Pri se.two, or
15" aliphatic carbon atoms to aromatic ring atoms in the substituted aromatic hydrocarbyl

oligomer is from about 0.10:1 to about 40:1.

Aromatic moieties Ar of Formula I can be polynuclear carbocyclic moieties or mono-
or polynuclear heterocyclic moieties. Polynuclear carbocyclic moieties may comprise two or
20  more fused rings, each ring having 4 to 10 carbon atoms (e.g., naphthalene). Suitable
carbocyclic polynuclear moieties may also be linked mononuclear aromatic moieties, such as
biphenyl, or may comprise linked, fused rings (e.g., binaphthyl). Examples of suitable
polynuclear carbocyclic aromatic moieties include naphthalene, anthracene, phenanthrene,
cyclopentenophenanthrene, benzanthracene, dibenzanthracene, chrysene, pyrene, benzpyrene
25  and coromene and dimer, trimer and higher polymers thereof. Heterocyclic moieties Ar
include those comprising one or more rings each containing 4 to 10 atoms, including one or
more hetero atoms selected from N, O and S. Examples of suitable monocyclic heterocyclic
aromatic moieties include pyrrole, furan, thiophene, imidazole, oxazole, thiazole, pyrazole,
- pyridine, pyrimidine and purine. Suitable polynucléar heterocyclic moieties Ar include, for
30  example, quinoline, 1soquinoline, carbazole, dipyridyl, cinnoline, phthalazine, guinazoline,
quinoxaline and phenanthroline. Each aromatic moiety (Ar) may be independently selected

such that all moieties {Ar) are the same or different. The preferred polycyclic carbocyclic
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25  anhydride linkages, including -(CO,CO)-, -(R3)-(CO,CO)- and -(R3)-(CO,CO)-(R;)-; ether-
acyl linkages, such as —O-(R;3)-(CO)-, -(R3)-O-(R3)}-(CO)-, -O-(R3)-(CO)-(R3)- and
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carbon atons, optionally nono- or polysubstituted wth OR, NR)2, F d,
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is from about fo about’ 8§, is fromabout 1 to about 3. Preferred

| i nking gr o‘i?p@ﬂaf%ﬂzﬁ%ggp@h@ Ilnkages such as -CH3CHC(CH3)Z , or -C(CH3)2-;
di acyl |inkages such as -COCO or -CO(CI—|2)4CO and sul fur |inkages, such as
15 -Sr or -S,-. Wien the aromatic noiety (Ar) is substituted with an CH

substit¥ent, theEghae@rnadgrqupqki lﬁgldg@eaéﬁjltlwelemﬁomfrh@%ml@@? BfClaPi. phat i c
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cal cul ati ng ratio of aliphatic to of aromaii¢ carbons for the ol i goner.
Methods for forming compounds of Formula I should be apparent to those of ordinary
skill in the art. The, aromatic moiety Ar may be substituted by, for example, alkylated, prior

25  to or subsequent to linkage. To form the oligomer of Formula I, individual aromatic moieties
Ar may be reacted with a polyhalogenated (preferably dihalogenated) hydrocarbon (e.g., 1-4-
dichlorobutane, 2,2-dichloropropane, etc.), or a di- or poly-olefin (e.g., butadiene, isoprene,
1,4-hexadiene, 1,5-hexadiene, eic.) to yield a compound of Formula I having an alkylene
linking groups. Reaction of aromatic moieties Ar and a ketone or aldehyde (e.g.,

30  formaldehyde, acetone, benzophenone, acetophenone, etc.) provides an alkylene linked
compound. An acyl-linked compound can be formed by reacting aromatic moieties Ar with a
diacid or anhydride (e.g., oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid,
succinic anhydride, etc.}. Sulfide, polysuifide, sulfinyl ard sulfony! linkages may be provided
by reacting the aromatic moieties Ar with a suitable difunctional sulfurizing agent (e.g., sulfur

35 mqnochlon'de, sulfur dichloride, thionyl chloride (SOCI,), sulfuryl chloride (SO,Cly), etc.).

To provide a compound of Formula I with an alkylene ether linkage, hydroxy-substituted
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Sellers, S. Subranbne em cal "Conmmuni cati ons, 2679-2680
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of Fornula cbrbslmgﬁls praaaa O ARAM bl BRA with Oné eﬁﬂeﬂacgr&%s tQecRedt@dntie of n of
from1l to about ?{eralyfromabout 5 to about nost preferably

from about Qb ‘NQR-QBEUQP% L NEQatRecEBbuAbS: and Eéhrilia-Re PREFETe % hoS &swher ei n

each Arygi ndgpenfentikiinedgieLesents an aromatic noiety optionally substituted
by I to 4 substituents selected fromH, - 15 OR4, -N(R4)2, F, d, Br, L
-(L-(Ar)-T), -S(OWR4, -(CZ).(2)y-R4 and -(2)Y(C)x Ri V\/nerean|s 0to 3,

each Z is independenhhae QontfoM%)a?mQﬁce@msl‘osﬁQ?hc}'ea% ﬁhic’ﬂq{?cﬁ@c'ﬁ%?%io}{t 0 or 1 and
each R4 is independently H nethyl, ethyl, jp a branched hydrocar byl
group havi ,qigbpgsa{nélszcggventlonally added in an amount of 5 to 12 mass % based on the total mass of

the finished lubricant. These dispersants typically have a nitrogen content of about 1 wt. %.
25  Thus, a typical lubricant composition will contain from about 0.10 wt % to about 0.12 wt. %
| of nitrogen from dispersant. In contrast, a finished lubricant containing from about 0.005 to
10 wt. % (preferably about 0.1 to about 5 wt. %, more preferably about 0.5 to about 2 wt. %)
of an oligomer of Formula I provides comparable soot dispersant characteristics with only
about 2.5 to about 9.5 wt.%, preferably about 2 to 3 wt. % of dispersant, which adds to the
30 lubricant composition only about 0.025 to about 0.095 wt. %, preferably from about 0.02 to
about 0.03 wt. % of nitrogen. In general, each 0.5 wt. % increase in the amount of oligomer
of Formula I could allow up to a 2.5 wt. % reduction in the amount of needed dispersant. A
preferred lubricating oil composition of the invention may contain an amount of high
molecular weight dispersant in an amount providing from about 0.008 to about 0.32 wt. % of
35  nitrogen, and an oligomer of Formula I in an amount of from about 0.005 to about 10 wt. %,

based on the total weight of lubricating oil composition.



carbon atons, optionally nono- or poly-substituted with one or nore groups
selected from- OR4, -N(R4)2, F, d, Br, I, -S(O.R4, -(C2)-(2)-R4 amndiyN 7005
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are usual |l y described as“nornal or neutral safts, and wotld typically have a
t ot al bzse mautrblened detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such

overbased detergents may have a TBN of 150 or greater, and typically will have a TBN of

from 250 to 450 or more.

Detergents that may be used include oil-soluble neutral and overbased sulfonates,

25  phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates and other oil-
soluble carboxylates of a metal, particularly the alkali or alkaline earth metals, e.g., sodium,
potassium, lithium, calcium, and magnesium. The most commonly used metals are calcium
and magnesiurn, which may both be present in detergents used in a lubricant, and mixtures of
calcium and/or magnesium with sodium. Particularly convenient metal detergents are neutral

30  and overbased calcium sulfonates having TBN of from 20 to 450 TBN, and neutral and
overbased calcium phenates and sulfurized phenates having TBN of from 50 to 450.

Combinations of detergents, whether overbased or neutral or both, may be used.

Sulfonates may be prepared from sulfonic acids which are typically obtained by the
35  sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained from the

fractionation of petroleum or by the alkylation of aromatic hydrocarbons. Examples included
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a catalyst wth alkylating agents having fromabout 3 to nore than 70 carbon

atons. The al karyl, sul f onat S | ont ain from apout 9.to.about 80 or 5
rore. car bon at oretebst SMAERSs MRt Bleintee BRI dhel LR EPRHeadich SiARAC ° e
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required. Nbinpbungalit whiok 2 phewad ghearislars blifigadiby edlifyplvemaintgaireggst epar ed by

reacti (ép with an 15 appropriate nmetal conpound such as an oxi de or hydroxide
r

and ne al or overbased products my be obtained by nethods well known in
the art. Sul f urilZiegdrpdueind ldghivplyosbimtqmetpbsabslard frequently used as antiwear and

antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum, lead, tin,
molybdenum, manganese, nickel or copper. The zinc salts are most commc')rﬂy used in
lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2 wt. %, based upon the total weight

25  of the lubricating oil composition. They may be prepared in accordance with known
technigues by first forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually by
reaction of one or more alcohol or a phenol with P,S5 and then neutralizing the formed DDPA
with a zinc compound. For example, a dithiophosphoric acid may be made by reacting
mixtures of primary and secondary alcohols. Altematively, multiple dithiophosphoric acids

30  can be prepared where the hydrocarbyl groups on cne are entirely secondary in character and
the hydrocarbyl groups on the others are entirely primary in character. To make the zinc salt,
any basic or neutral zinc compound could be used but the oxides, hydroxides and carbonates
are most generally employed. Comimercial additives frequently contain an excess of zinc due
to the use of an excess of the basic zinc compound in the neutralization reaction.

35



reacting a phenol with sulfur or a sulfur containing conpound such as

hydr ogen sul fide, sulfur nonohalide or sulfur dihalide, to form prqdmtﬁm
whi ch are generally m xtures of conpounds in which 2 or nore phenol s are
bri dged Wy ¢3ukdr86 cont ai ni ng bridges. 20 D hydrocarbyl digdi/ophosphat e net al
salts are frequently used as antiwear and antioxidant agents. The nmetal may
be an alkali or alkaline earth metal, or aluminum lead, tin, molybdenum

renganese, ni ckelyofoRAOPSHe ?J;g&ozatmdmtgh%s i RS 5913&984345%&;8% in

lubricating oil in anmounts o % based
upon the tocdlhydrvs@irlgththtlzgpfm?pftoneacthtﬂﬁnda:@t/ubﬁgepcﬁwnt@thmb@&tllmwg fqmaya: may be
prepared in accordance with known techhiques_by first formng a

di hydrocar byl dithiophosphoric aE@ ( A), usjually by reaction of one or
more al cohol or a phenol wth SS‘@QEI then neutralizing the formed DDPA
with a zinc conpound. For exanp| e, it hi opho phoric acid may be made by
reacting mxtures of primary and seco?:d ohols. Alternatively, nultiple
di t hi ophosphoric acids 30 can b prepa ed e hydrocar byl groups on one
are entirely secondary in charagter the h drocar byl groups on the others
are entirely primary in charactgr. make thel zinc salt, any basic or
neutral zinc conpound coul d be used but t he oxvges, hydroxi des and carbonat es
are nost generally enpl oyed. Comnercial additives frequently contain an
excess of zwheeidReandtR) ndyee tisesasit oadiffevenﬁsfﬂrooﬁrbyhedihﬁsidntaﬂihfg:frmer0l1|81,d in the
neutralizatio 7JUN2 2/ 059239 PCT/ | BO -19-
The pr efS(Zar r%rapﬁbﬁ'ap I%y%frrboé’aarw ang iy Udbrb’ﬁvg'bagsastué Y oo oty aﬁéﬁt s of

di hydr ocar bylkardi dnb icppibdipphrierradicaC irdgicahdy prferiae at Rrah@Regtt)epi; dpyalklerdugls| owi ng
formula: S dlfferent

wherein R.and R
hydr ocar byl ° f%a?algcC&tbé)"&%ﬁFaEHtS é‘efr?'dg%?slmat)btoig’fam%e g'fhéf BIS’RWEI'PBOP?( car bon
atons and i mjrlutdbung geaducdlamys ndfex@Asi-ladxidy h-oc@l, Idéd’yy|dpdeﬂ:§/y bc:ac&r:ytl y.Y kyI
al karyl and ic radicals,  Particul arl referre

- groups are ;H%ﬁ@ Srph%‘ﬁ’g%u%’ fohsyl ocyglokedﬁyggﬁh‘ér%%g?é’rﬁ*ﬁt%@??ﬁle&r{ I%:S’I °§9‘?’fay, for
exanpl ejo betoeibh)ﬂ oil solybilxpythe total piiriRy bof cafbonkattinyd (i.e iR huitlyb in theeC- but yl, anyl,
n- hexyl , n- oct ec ec oct ad I exyl, phenyl,
but y! phenyl gﬁ“&‘é’@?iﬂq&@W% %ft?ﬁ%é@%g %8H¥{/?r gr??rteépgﬁ%//’fmc %ﬁtcg ?% t.|I n order 10 to
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the may be particularly useful when used with lubricant compositions containing phosbhoms

levels of from about 0.02 to about 0.12 wt. %, preferably from about 0.03 to about (.10 wt.
15 %, most preferably from about 0.05 to about 0.08 wt. %, based on the total weight of the

composition.

Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to deteriorate
in service. Oxidative deterioration can be evidenced by sludge in the lubricant, varnish-like
20  deposits on the metal surfaces, and by viscosity growth. Such oxidatit)n inhibitors include
hindered phenols, alkaline earth metal salts of alkylphenolthicesters having preferably Cs to
C)» alkyl side chains, calcium nonylphenol sulfide, oil soluble phenates and sulfurized
phenates, phosphostllfurized or sulfurized hydrocarbons, phosphorous esters, metal
thiocarbamates, oil soluble copper compounds as described in U.S. Patent No. 4,867,890, and

25  molybdenum-containing compounds.

Aromatic amines having at least two aromatic groups attached directly to the nitrogen
constitute another class of compounds that is frequently used for antioxidancy. While these
materials may be used in small amounts, preferred embodiments of the present invention are

30 free of these compounds. They are preferably used in only small amounts, i.e., up to 0.4 wt.
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one ani ne AfOMalE &R Bl HiEEh t opvanise alrogehsharldpesterrply naifxResd Ghyt-cont ai n
nmore than toyg@é a¥Rddieac. gr oups. Conpounds having a total of at |least three

aromatic groups in which two aromatic groups are |linked by a coval ent bond
or by &% atomor group (e.g., an oxygen or sulfur atom or a -CO, -SOS or

al kyl ene group) rRpfsdaMeivabanthildsas kkidabRiviR6H8InddrierORE palyistButiehd, 0gen al so
considered aromatic_am nes having at |east two aromatic groups 10 attached

di rectly t 6oRobEnsss oh<dydsne angharopyghfa PPy methagrylates. anethiasrdals FYPObIEYi t ut ed by one

or nore  Sufsliyddiest S welaalee dichibokyiR! ki and G Y ElyP&iptund, 3k §OX nersHEY | OXY,
acyl, acylam no, hydroxy, and nitro groups. The anount of any such oil

sol ubl e ar &WErs andirrlisSsieyandpasially Bxdpetngisd capobyparcs of GHBRRSOBERACched

direct by tayRpevaalioe, Bid kgoeR mbaitng Rnefies aRklpiriany hpxcesee9. 4 Wt. % active

ingredient. 15 ) .
homopolymers of butadiene and isoprene.

Friction modifiers and fuel economy agents that are compatible with the other
ingredients of the final oil may also be included. Examples of such materials include glyceryl
25  monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of long chain
polycarboxylic acids with diols, for example, the butane diol ester of a dimerized unsaturated
fatty acid; oxazoline comnpounds; and alkoxylated alkyl-substituted mono-amines, diamines
and alkyl ether amines, for example, ethoxylated tallow amine and ethox ylated tallow ether
amine.
30
A viscosity index improver dispersant functions both as a viscosity index improver
and as a dispersant. Examples of viscosity index improver dispersants 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
35  to impart viscosity index improving properties to the compounds. In general, the viscosity

index improver dispersant may be, for example, a polymer of a C, to C,¢ unsaturated ester of



Represent ati ve exanpl es of suitable viscosity nodifiers are polyisobutyl ene,
copol yners of ethyl ene and propyl ene, pol ynethacryl ates, nethacryl ate

copol ymers, copolyners of an unsaturated di carboxylic acid and aviJlz005
conpoundwoimwerpel yners of styrene and acrylic esters, aRETRBRYI28#Fy

hydr ogenat ed copol ynmers of styrene/ isoppene, 20 styrene/butadi ene, and

i soprene/ butadi ene, as well as the partially hydrogenated honopol yners of
but adi ene alﬂiﬁyizﬂcmhbedﬁa Csfes Ccotdn@dnumdinfdne&a-baxyﬁcfauebr £CorAly diagewixglit hat are

conpatible w t her redients of the final, oOi | so be included.
Eanpl es. of i ARpERE FREGTE Giapyr ek o8P PR oR ghor fat ty
acids, for exampl o a@liyCarodfinnmitttarolmataied €5 telg mi104mrdgcﬁrbaiync pﬁhycar boxylic
acids with diols, far exanpl e, ,the butane di,ol este di. neri

ot Ur at o el S SR D PG B 40 ALY £ PA Rk Of ehfgpe Wil Cs o

al kyl - subst il fIRRG réubied eBher 8 afiftiica C.a0 0y ainkithraet h&d’ogam:d’l\&ﬁnmé or exanpl e,
et hoxyl ated tal |l ow am ne and _et hoxyl at ed taIIow et her mne ﬁw scosity

i ndex i npr oVEROBSBREP LN OY SIS BrivsHuRiyd A g iteRely sy Fﬂ‘&@@? ﬁ“ﬂﬁ %ver and

as a di sper saBing cEARRIERIdroMs SE S ighaftell BEI@ Xith AR AR hydkSdeERNraldoRgl ude
reaction products of amines, for exarrpl e polyam nes, with a

hydrocar byl - substituted nono -or dicarboxylic acid in which the hydrocCarbyl

substituent compphgEim defedshntloblikd Glomtas hﬁegnmo%&n%&vbm@oisn%&epm ty
i ndex inmproving properties to the conpounds. |n genera viscosity index

i mpr oved? di HsemBiam sppeire 3tgyhichihefpid Wil fl ‘dloyﬁ%’rbed’P“fédOSr“‘thcﬁd@Weﬁﬂ% at ur at ed
ester of 17 lihh&H05Ty WE &26&5%3&8\/&3@& ﬁxﬁﬁgé&g‘gﬂ)@/ t%&lper\iﬁu&)’ﬂ]ulﬁlyc&hﬁg e a C3

to Cl O unsaturated nono-carboxylic acid a 4 to Cgdi-carboxylic acid
with an unsateis& ed daled Sgematedy mybil%raﬁ‘gwﬁﬁlmﬁ@ranﬁwlywﬂucwtﬂzo%wbon at ons;

a polymer ebnil &t tePré&dd®yah 'aﬁhf%r}lght%f‘thlé BBtk At dpCRorleRarkdlQ sTRBR: oiP T

di -carboxylic acid neutralised with an am né, hydroxyam ne or an al cohol; or
a pol ymer onE‘?th‘P‘étﬁélW’EWea C3 to 5 C20 olefin further reacted either by
graftingsa C4 to C20 unsaturated nitrogen-containing nononer thereon or by
grafting an unsaturated acid onto the polymer backbone and then reacting
carboxylic acid §proapttherbevsangigpedeaddiiveeaipidyidsrs mpfiplisity Rfeffesisy thipfaie or

al cohol . POHJE&H% Qrsmdf%Fhﬁgiﬁsé-mé? actQ@b RafsprSfit- KﬂQMn%ﬂhHJ?eTﬁi's hpgrmﬁ/lg mr overs
(LOFT), | ower thé mninmumtenperature at which the fluid wl | ow or can

be pour ed. W%ﬁ%cl%ge&rr@erwqra%bﬁw Typi cal of those addi t| ves t hat
inprove the I ow tenperature fluidity of the fluid are C3 to C e dialkyl

fumarat e/ vinyl acetate copol yners, and pol ynet hacryl ates, Foam control can
be proviffed by aM WAPFFEHAMTDUQSE PA% bR RICESTIY Ao HFRCE phadditiyvswhishamaiptains sj | i cone

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

the preparation of the ashless dispersants as hereinbefore disclosed.

‘When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount that enables the

30  additive to provide its desired function.

It may be desirable, although not essential, to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as additive
packages) whereby several additives can be added simultaneously to the oil to form the

35  lubdcating oil composition.



or polydi methyl siloxane. |5 Some of the above-nentioned additives can
provide a nultiplicity of effects; thus for exanple, a single addijtli \§ Wity
act as i ant-oxi dation inhibitor. This approach i $M&ghy koW and
need nogwg%ﬁggééher el abor at ed hereinEWZO In the present invention it nmay be
necessary to include an additive which“maintains the stability of the
viscosity of the bl . Thus, although pol ar Qup-cont ai ni ng,addi 1 ves

achi eve a sui tﬁlﬁ t?’”f@‘&/n?/aing%oom |°t51>t/l°|rl H’a? Flré‘gl[‘))?{ gr-o g%tﬁélgﬁnga %% rgkeﬁ%bhgg) I{%g'een

obser ved mhRats, seiaally ¢0 nplisindss #h sf thecrmeaste, the vénsaiaier bejn gywbieef istir@aegs f or
prolonged.$etiods. Addi tives which are effective in controlling this

vi scosi t y'{°RtPease incl ude the 1 ong chain hydrocarbons 25 functionalized by
reaction with nono- or dicarboxylic acids or anhydrides which are used in
the preparati of the .ashl ess. di spersants as herei nbefore.di scl osed. Wen

| Ubr | dat i ng. coNBOSIPTGHEE EUTRa D RO oS8 S e ABSTESUAR | oned

addi ti vesddigaed) et dditivesis igpidaylp ibealddyindoltiershedoil tad ainbenthms enadilds then an anmount

that enables the 3Q additive to provide its desired functiogn.. It may be

desi r abl 44y RaugHIRb fgeégg%ﬁf?%n; Reprepsrepys %fgeahaén%wsy?gﬁ‘écﬁlagﬁriﬂme

concent r a{iR8 uSQUR chakiide REHEdntsy 88 1i6COBASN! hatuesyvhRNBIIRE shRiRghaf erred to
as additive packages). whereby several additives can be added simultaneously

to the oiflered sFdysungkdientas | ybricating oil conposition. 17 JUN 2005 WO :
021088239 PCT/ 1801102845 22 The final lubricant conposition may enploy from

5to 25 mass % preferably 5 to 18 nass % typically 10 to 15 npss %aof the
concent rlaiepriife remai nder being oil of {nxIsoating visgomssdy, 5 Wien
| ubri catfi ng conpositions contain one or pore of the abovye-nentioned
addi tivds, each additive is typically bl pig#into the HaB&EFED i n an ajount
that engfes IThe additive to provide it1p. gesLred functijqQn, JRepresentat)ve
effect 4 Mﬂﬂ?@ﬂﬂgagﬁch additives, when uggd %n crankcas&%' ricants, afe
li sted tfﬁéﬁ%' Al .%h@ values Tisted are spated as mass E?H nt active
i ngr edi 4o oHG" A Ve MASS % MASS % (PBroad) (Preferred) “Metal Deterpents
0.1 - 19 \3etd DihYroCRbY BithRipnbdpARi tor 0-56Q % 1.5 0.1-4

Antioxidant G-5 001-2

Pour Point Depressant 0.01-5 001-1.5

Antifoaming Agent 0-5 0.001-0.15

Supplemental Antiwear Agents 0-10 0-05

Friction Modifier 0-5 0-15

Viscosity Modifier 0.01-10 0.25-3

Basestock Balance Balance

All weight percents expressed herein (unless otherwise indicated) are based on active
ingredient (A.L) content of the additive, and/or upon the total weight of any additive-package,
or formulation which will be the sum of the A I weight of each additive plus the weight of

15 total oil or diluent.

This invention will be further understood by reference to the following examples,

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

20



Met al Di hydrocar byl Dithiophosphate 0.1 - 6 0.1 - 4 Antioxidant 8 JUQOZ(%
Pour Point Depressant 0.01 - 5 0.01-1.5 Antifoam ng Agent 0-5 0. (.?)1 5
Suppl enrental Antiwear Agents O - 1.0 0 - 0.5 Friction Mdifier 0-3 0 -

Vi scosi twoNbasf23er 0.01 - 10 0.25 - 3 Basestock Bal ance Barapoé?fil wei ght
percents expressed herein (unless otherwsyse indicated) are based on active
ingredient (A l1.) content of the additive, and/or upon the total weight of
.any additivexpaghkage, or fornulation which will be the sumof the Al.

wei ght of each additive plus the weight of 15 total oil or diluent. This

i nvention V\é“ be further understood by reference to the foll ow ng exanpl es,
wherein all ts by weight, unless otherwi se noted. 20 17 JUN 2005
WO 02/ 0592384 @@nbﬁBﬂM;@@&ﬂﬁe 23- EXAMPLES Synt hesis Exanple A Al kyl ation of

1 0ot adcuene, and a0 tmoert hapisahBharor Dmyaa piard s resor b 2 Bk Abour

2g of bor onoftHepfahd! e icHE MERR abbazhb:edaslmmou:tzla@f béramliriluangt wérke fbﬁlﬁﬂedlnlﬂtiﬁr
nitrogen. The reaction flask was then heated to 40C to di ssqlve

napht hal enethe Hawd@adprisFediuades niEngen. he gaciny tagk waokenbragtef i Ede PIS%"ﬁ‘m xt ure

was  soakedin@haphiiaferle TRELAD RS Vs iRREasBPU00 T fIRaeitioN Mtk Wag Was then
quenched with an 10 anunoni um hydr oxi de sol ution. The organic |ayer was

separat ed, Hhekekpt dHs teaprRpERier oRrhonr: ThedeRsHERIPI OO s hen MpRCReAAVIs showed a

m xt ur e,f M@nmﬁ’i mmdelslsmh@; 8fe o aﬁm Eg.iv&aa@ atdtR, BeAGhE Ripp&NGiaE: i S shown,
bel ow O O i C16 P hesi s

Exanmpl e B LV%‘?R‘Frﬁ@t 200 {Cét @Wﬁs*«qéh@ﬁ?@ a mixture of mono- and di-alkylated

naphthalene. The reaction scheme is shown, below:

. CH,=CH(CH,);sCHs

CieHaz

Svnthesis Example B
Linking alkylated Naphthalene

Dodecyl naphthalene (29.6 g, 0.10 mol) in 200 ml of methylene chloride was charged
into a 500 ml round bottom flask. The dodecyl naphthalene was derived from naphthalene

20  and dodecene in a manner analogous to that described in Synthesis Example A. The solution
was cooled to 5°C with stirring under a blanket of dry nitrogen. Anhydrous aluminum
chloride (14.7 g) was added to the solution. A solution of adipoyl chloride (15.2 g, 0.08 mol)
in150 ml methylene chloride, was added dropwise over 30 min and the mixture were stirred
for L hr at 5°C. The mixture was then allowed to slowly warm over 2 hr to room temperature.

25  The mixture was subsequently poured onto 200 g of ice. The organic layer was separated in a
separatory funnel, washed successively with water, 5% aqueous sodium bicarbonate and
stripped on a rotary evaporator to yield 22.5 g of product (62%). An infrared spectrum of the

product showed a strong absorption at 1676 cm’, characteristic of a conjugated aromatic



Dodecyl naphthalene (29.6 g, 0.10 nol) in 200 m of nethylene chloride was
charged into a 500 m round bottom flask. The dodecyl naphthal enelwagy 2005
deri ved W@@m@apﬁt hal ene 20 and dodecene in a manner anal ggousuiioesishat
described in Synthesis Exanple A The sglution was cooled to 5C with
stirring under a blanket of dry nitrogen. Anhydrous alum num chloride (14.7
g) was addekémh@ &S esRlHbh MlomAtoSabiit EQDIRfwiddb POYIR iRt i@ cddPmd: 9, 0. 08
nmol) in 150 net hyl ene chl ori de, was added dropwi se over 30 min and the
i xt ure vverPéOdéIFﬁ Vasgdrimep The repction SC%EI“S BHBOWRHPEPYe was then al lowed to slowy
warm over 2 hr to roomtenperature. 25 The m xture was subsequently poured
onto 200 g of ice. The organic |ayer was separated in separatory funnel,
washed successively with water, 5% aqueous sodi um bi car bongte and stri pped

on a rotary aperator to vyi ebd 22.5 g of pro IC g (CHAE ared_spectrum
of the pr ‘ﬁ hdwed a, strpfg,absorptiop a ﬁ@ , charg DA Y] © of a
conj ugat ed ¢ 17 JUN 200 \/\O 02/ 05923 vl D [/0284 et one.

Gel perrreat| on chr omat ogr aphy, coupled with C R anal ysi s |ni cat d that
product was &uf:si mer. The reaction schenme is sggun, below. 0 0 Il &dHs 0 O C
(CH2),c 0 0O CC(CH,)4CCL o0 0 0 0 C12H25 Cl12H25 Cl12H25 O O Cn2H25 111 .
(CHJglll 00 00 c-(cH,, 00 C12H25 C 2Hu O O 5 Synthesis Exanple C Al kyl ati on
of Quinoline About 1.0 nol eﬁ129”g) quinoline and 1.0 nole (252%g) of

oct adecene are chard nt QN ask. About 20 g~of k-20X, an acidic
clay obtained fro e added tot jon flask and
the reaction m xtulle 3 under
nitrogen. The react
hours. The reaction %ture is diluted |r|:.JHep?ane d’ filtered to separate
the solid catalyst. The heptane solution is then stri pped under nitrogen at
100C until constant weight. The product obtained is a m xture of

nono-/di -substituted as indicated by GC analysis. |If one desires the

di - substi t ul ggl.H! eANGH. £0 be the major conponent, an excess ol efin can be
used.

Alkvlation of Quinoline

About 1.0 mole (129 g} quinoline and 1.0 mole (252 g) of octadecene are charged
into a reaction flask. About 20 g of F-20X, an acidic clay obtained from Engelhard
Chemicals, are added to the reaction flask and the reaction mixture is slowly heated to 180°C

10 while stirring under nitrogen. The reaction mixture is then soaked at this temperature for four
hours. The reaction mixture is diluted in heptane and filtered to separate the solid catalyst.
The heptane solution is then stripped under nitrogen at 100°C until constant weight. The
product obtained is a mixture of mono-/di-substituted as indicated by GC analysis. If one
desires the di-substituted product to be the major component, an excess olefin can be used.

15 The reaction scheme is shown, below:

@f@j . CH; = CH(CH,){sCHj3
N
lCat

O Cy6Hs3 O CigHsz

N N
CigHs3



15 The reaction schene is shown, below. 009N + CH2 = CH(CH715CH3 |[Cat 000-1
C161i 33 C16H33 N C16H33 17 JUN 2005 WD 02/059239 PCT/!B01/ 02345 #ASH05

Synt hesi s Exanpl e D Linking Al kylated Qui noline About 38.1 g (0.1 nole) of

oct adecwvoguimabs ne in 200 m of methyl ene chloride was BCThesigesdti nto a 500
m round bottom flask. The solution was_gpoled to 5Cwith stirring under a
bl anket of dry nitrogen. Anhydrous alum numchloride (14.7 g) was added to
the solution. A solution of adipoyl chloride (15.2 g, 0.08 nol) in 150 m

nmet hyl ene CQI ori dgt %S added dropw se over 30 min and the m xture were
stirred for=240ipgsts he m xture was then allowed to slowy warm over 2

hr to room Lgy @gm@kﬂgtedglmemﬁg xture was subsequently poured 10 onto 200 g of
ice. The organic layer was separated in a sepa%}aioz)ry f unnel

successi vel y wi t R3S &Qd BYskRfreBdeybaunalng R ehyling Ctélf”r"gepfié%l on a

rotary evapkat@iohGoy i tdhnd Boford figdk. H‘h@ﬁ’&ﬁtﬁon(»@%%@lem SeoiwidrsgeinsR@ass um of
the product showed a strong absorption at 1676cm 1, characteri stic of a

conj ugat ed AP PR aftengen. 4ltydraye plunanpehlended Wbt shyasddged tdresatudiant hat

product conpabRgeh Qﬁd@ﬁb‘?fé@@nc&mﬁe@nﬁd ernol?liﬂ 190 thinBetyRend RhiofidD&Fas G@lan.  The
reacti on schene is showh, bel ow OO0OC. (CHz)4C + AcC(cH 4IcCCL O

00O N 1\dropwisgpger 3 nispghthy W@rwstmeéf‘zrdﬂ)wtﬁ“ﬂ Bheympre @aptheno 0 11 1
C13H37 C13HBwd® sIE¥BWR dver 2 hr to room temperature. The mixture was subsequently poured
10 onto 200 g of ice. The organic layer was separated in a separatory funnel, washed
successively with water and 5% aqueous sodium bicarbonate and stripped on a rotary
evaporator to yield 22.5 g of product (62%). An infrared spectrum of the product showed a
strong absorption at 1676cm’’, characteristic of a conjugated aromatic ketone. Gel
permeation chromatography indicated that product contained on average three alkyl quinoline

15 units per chain. The reaction scheme is shown, below:

H II

l? ﬁ) C- (CHy),C
+ CIC(CH»)4CCl  ———> @\/( Tt@

ClgHg-; 18H37
CigHzy
C (CH)4C N
@\/j \@\ C-——(CHys ~C :
1 L}
o o
CygHzy CiaHs7
Example i
20 The ability of a composition to control soot-induced viscosity increase, and thus, the

ability of a composition to maintain soot in suspension, can be measured using bench tests,
such as a Haake Carbon Black Test. The Haake Carbon Black Test involves the blending of a
base oil and additive components to provide a formulated oil. Carbon black powder is then
added to the formulated oil and the sample is blended overnight. The viscosity of the carbon

25  black dispersion is then measured in the Haake rheometer over a range of shear rates from 0.1



20 The ability of a conposition to control soot-induced viscosity incrﬁaﬁ@,
and thus, the ability of a conposition to nmaintain soot in suspenéﬂo‘H, n
be neas j39 bench tests, such as a Haake Carbon Bl eh§ebs s The Haake
Car bon %Ir(%j"f(dﬁiesgt i nvol ves the bl endi ng_%‘51 a base oil an ao‘lggi tive
conponents to provide a formulated oil. rbon bl ack powder is then added to
the fornul at ed qjl . an AR Ld; SN T Al i of the
carbon 25 %%Cag %gisescpé?l‘gpgﬁnyi?s tﬁsgﬂglﬁggésh%%g fﬁfv(?ﬁéggegla%weo'ﬁsg%n%gggé%féér a
range of shkeaparisabes from 0.1 17 JUN 2085 WD 02/059239 PC f/1BOLl/ 02845 - 26-
sec-1 to 30 sec-1. Typically, the viscosity at shear rates of 0.26 sec" and
0.45 sec-' are used for comparisaon. Th 2r f or ce of the |inked aromatic
ol i goner of the F §gﬁ?nain%evcge¥ﬂ€?%nﬁ(e%%m§a§c glﬁé’bnéafggtﬁ%prﬁ%egg KA Fested in the
Haake r Beonedigersastitogster wanesdan ed Hakke hembagrmising a foletudatgiosil conaitingxi dant ,

antiwear agent and 4. w.,% (2% Al) o hi | ecul ar. wei gh Pl. BSA- PAM

di spersant.g W@%f’é‘ﬁ“%‘?a&:é‘?t&‘?e UCQL?"%Iﬂ] %%-(%@g?gs%éﬂgﬂgcﬂﬂswe ived from
Pl BSA havi ngp1BS sei edigersive] Fhé high mdloulhr 220K, PIBRA-PAN dispérkmt waderiatd 0 of
about 1.1. The_fo |lated oil§ were tested a. 4. 76% carban pl ack. | evel.
et esult s T RIA Mot cmSenta T Rl s G BAher Y0t L fe

| i nked ar onmerteGo@hdlgeEils vdelicktcd 8t 21 B5oP eAbablatk 1evel. Thed8sultd wth Gordulated
respectively. The |inked aromatic oljgomer additive was the reaction_product
of the lfri ecdh ceptaippnglaycPipgh? 8t % ?féh%fggéwmaaf akeomspddihiedfrePriicpisdadi poy !

chloride as rige$ahd badsgebtivelyN ke inke d¥eHRl & 1iBom&rd GOERAS thé QActidnQrSallcat | ons
cont ai ni ng an anal ogous unl i nked_al kyl at ed naphthal ene at 1 w.% and 2

w. %, and é)ffféf’rFrﬁﬂdgltq:féfﬁ reaghifost il g Alkyjatednaphtiadens Ayith adpoyliblopidgAs ol ecul ar

wei ght di spefegabtd i'§nehedis BRahS18 B FRor diSpariSsit) FdrihulafsnsTORMAingn affhi8goud, and
Fig. 2, clearly denpnstrate the superjor control of soot.induced viscosity

i ncrease (dnHardativdaied prﬁhéléb%‘ittls” top and 2 pe Fstang gdgrulptipn FepAiRipg &g %

cont ai nkng 429 A fof d¥nih m&Ecuder WaiBhditRr e Wafe 014, dins ReRIBARN shaRd i@ Ni nor
anount (1 or_2 wt.:%&of the |inked aromatic oligoner_of the present
i nvention, vfen agdparetealy dEmPntEITE SHPCBMSORERHOASIN HJUEAMSCORYANqems Al )  of

a hi gh mol ey ke igWscsbis ReaSaRE 76 0n Forfiuladiofd coltaffingdd KY¥&abedypapht hal ene
and (B) formul ations containing onl 4.vvt.%(2%AI; of a high nol ecul ar

wei ght  di speghsmplecularieeight disperstit aid Hmingr pmpry k52 wha) of the Snkgdqrerpaticr

material s degghinbest diep e BUGBRN RN coParkd@ABP ArAtRHons BnhiiGisls 04 rety,
into this specification b){ reference. The principl es,fwﬁéryeferre enbodi nent s

and modBs ofCEpeY &f i Bigh grolachBr FrishiditPersattant il OR 2 pdTeoirdainteeeehthgere i n t he

f oregoi ng spgeik) ©ahhiehons WohinMRRhiyeARt % (39RO bf 4 Bigh AGicbul W& on, however,
is not to be_ construed as |limted to the particul ar enbodi ments di scl osed,
since the di%®PrPEatd

The disclosures of all patents, articles and other materials described herein are hereby
25 incorporated, in their entirety, into this specification by reference. The principles, preferred
embodiments and modes of 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

30  skilled in the art without departing from the spirit of the invention.



enbodi nents are regarded as illustrative rather than Iimting. Changes nmay be
made by those 30 skilled in the art without departing fromthe spiriﬁ7%DN%mﬁ
invention. 17 JUN 2005 27 CLAIMS: 1. A lubricating oil conposition
conprising a major anmount of an oil of lubricating viscosity; a mnor anount
of a high nol ecul ar wei ght, nitrogep-containing dispersant; and a m nor
amount of an oligomer of the formil'a: T-(ATgL-(Ar, T (n n wherein each Ar.
i ndependently represents an aromatic noiety sel ected from pol ynucl ear
carbocyck?guNﬁpletles nononucl ear heterocyclic noieties and pol ynucl ear

het erocyclic noieties, said aromatic noiety being optionally substituted by
1 to 6 substituents selected fromlL -OR, -N(RI)7, F, d, , -L-(Ar)-

T), -S(On, . RA lubricsGa) oif ZympoRionantipris{ng pyrfai07 ymourt of 3y PTARbAiCHE §1=€P=t% 33, each Z

i 5 i ndependent ok %ah:;}(hmc)c%ul gﬁtnmog’cﬂiioamaﬁgemwaﬂﬂ@eﬂ&iemﬂoym&uefoflm and each

R is indé&Pen or a [inear branched, saturated or unsaturated
hydr ocar bygwgrefulpﬁfh@m‘MQ fromlto about 200 carbon atons, optionally mono:
or poly- substituted with one or nore groups sel ected from-C]_, -N(R2) 2, F,
a, Br, I, -S(0OJt2, -(C2),-(2y-RR and -(2),.-(C2)"-R2; wherein w, x. y and
Z arc as defined above and i s ajlbydrocarbyl group having | to about 200
carbon atons; each LT4s( hetd Yt a |inki® noiety conprising a
carbon-carbon single bond ot a linKing group; each T is independently It

OR, N(R1) , F, d, Br, I, $O" R (C2, {2),-R or (2)y-(C2),;-R,.
wherein R, w, X, y and Z are as defined above; and n is 2 to about 1000;
wher ei n atheteizasth A53ephdeatly repteicets amdreritie sojcyrsplegtedfrapnivmotlend carbocyglic| east 2

l'i nki ng q;mw@u %nénkéneaame,@cyt@mo@m%d biigaubiedr BhedbiiAEhoiQfes, 3hill RibARiCm&ay bon

atons in t e 0 EBOITEI’ he total nunber of aromatic_ring atogs _in aromatic

noi et i es PERE PPHe ‘ﬂl“'ﬂhﬂ‘&%@tlﬁﬁf@’sﬁ‘“t“& sl AL TOR IFWI}E eChPoti €6hat no
moi ety Arm)j -S(ca.moktyzyud),em.rancazbmcm eberEih 8tiy/0 o3, edid Bomispdndaitly e tNROCYCl i C

o TR kS e Badih1D 8 Vdog BRHDs slpcidR C{/ﬁ%#'&ﬁ:@a:%%njaﬁnﬁgfgarﬁ&e@mt her

polynuclear carboc C or” nononuc erocyclic noie met hyl ene
group. 2.or memtauéhydwmbw@rw lhavingrfsms] to plesmit 210 cesbert atqms, W'é meoesar poly-at i o of

t he tot alsumuﬁt}gtw,tgtn@drh@hagt—duﬁs seRaE RN a@mnmtm Fhe, i SRR, (©2Z),he), R0t al

nunber C r| at ons | zarona |et fro ab ut 4:1 to
e O nd Ry AR O shf 7 A SRR BRESLA By { ek bR B, & L
60% of arabmtzﬁlﬂrakaeomes (AY) are subst|tut ed. 17 JUN 2005

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

each T is independently H, OR,, N(R,),, F, Cl, Br, L, S(O).R,, (CZ),{(Z),~R, or (Z),-(CZ),-RI,_whercm

R;, w, %, y and Z are as defined above; and . '

n is 2 to about 10600; _

wherein at Jeast 25% of aromatic moieties (Ar) are connected to at least 2 linking moieties (L) and a ratio ‘
of the total number of aliphatic carbon atoms ip the oligomer to the total number of aromatic ting atoms

in aromatic moieties (Ar) is from about 0.10:1 to about 40:1; | ' |
with the proviso that no moiety Ar is arpolynucleax- carbocyclic moiety or a mononuclear heterocyclic
moiety substituted by a hydroxyl group, or substituted or linked to another polynuclear carbocyclic or

mononuclear heterocyclic moiety Ar by a methylene group.

2. The lubricating oil composition of claimn 1, wherein said ratio of the total number of aliphatic
carbon atoms in the oligomer to the total number of aromatic ring atoms in aromatic moieties (Ar) is

from about 4:1 10 zbout 7:1.

3. The lubricating oil composition of claim 1, wherein at least 60% of aromatic moictics (Ar) are

substituted.



-28 4. The lubricating oil conposition of claim1, wherein hydrocar bﬁjjﬁﬁ %ﬁgs
R, and R2 have from1l to about 30 carbon -atons. 5. The | ubricating'oi
conposition of claim1l, wherein each of said |linking noieties (L) is

i ndependently selected froman al kyl ene |inkage, an ether |inkage, an ester
l'i nkage, an anhydride |inkage, an_ggher-aryl Iinkage, an et her ester

| i nkage, an acyl -ester |inkage, an am no |inkage, an am do |inkage, a -
carbam do |inkage, a urethane |inkage and a sul f.ur |inkage, each of the

| i nkage gf OUPg, p,ghagngmltdoﬁpéluloyofdﬁhﬂo-wlmrequmﬂry@tﬁysgrommﬂed\d\ﬂ:wmm I®(RI) 2,
Fd, Br, |, S(O"R., (C),-(2),R or (2),.{C2)"-R3, whereinw, Z and R
are as de?‘?c’\'\‘éa“?'h’ C‘f"gism 1. 6. The lubricating oil conposition of claimb5,
wherein said | i nkage noieties are selected from al kyl ene |inkages

- CH3CHO( CEB) r pu%gca%é%]?’éo%gos:ﬂh 3€Mdimi ﬂﬂfe?eﬁl‘ﬁeicﬁm lnﬁﬂﬁ mdigtiedH) §54CO- and

sul fur |inkage The  l'ubricatin Slt of claimil,
wher ei n amémdﬁé‘ywﬂF%ﬁdP(“APW@es‘@f‘@&aé pryl ﬁ‘g hgfa%‘he an qwlﬁlglg:éne .
The | ubri gakie Mm&ss dsieObnkae, alaaylmntdr, lmldxdgemmnsbmldgdwn;ﬁmud@lud@m ar SRS
wei ght di sper sant res n_an g&w

about 0. 3&THRM™ °/’“’8F° ﬁl qﬁ&agaﬂdpaséllﬁ"nqm%g %%kﬁésﬁgmégés)ﬁ? ?&1} a unt of

fr om aboumofd- BGBlytdstiielwiiORWNRIGF, GhBod %%Bhéat RRe@HCZoR ubr i cat i ng

0i | conpPQgidii 9N ad R, T2Gs 88Geddf cidind.NOr anount of an ol i goner the fornula:
T-(Ar ' L- (Ar%~-'|" m n wherein each Ar |ndependently represents an aronatic
noi ety sel ected from pol ynucl ear carbocyclic noieties, nononucl ear

het erocycki ¢ TRl®itaisg ihcbnpoditunie€ tigars, wWadres stdymkigcmniyﬁetakeesslectemm aromatic

noiety b n )y t fromH,
o E AL ) U ol g eS|
(Z)r-(CZ)ulﬁlﬂmhanhér Swis 0t03 each Z is independently O -N(RI)2 or
S, x and y are independently 0 or and each R, is independently q or a

| i near or _branched, saturated unsat r at ed dr oc havi ng from |
to about 200 @“&r‘@é‘ﬁ"‘“ﬁ% B'ﬁ%"mp%?‘?"d’ﬁﬁlf”f’v g2 ”8’?‘“% ;f‘ya@%i“?‘f'ﬁ?ﬁa’"w th one or

nor e groupa:hﬁﬂbmehcb@dohwn OR, -N(R2)2, IF, d, By, 1, -S0O.R2,

-(CZ% (2)r-R, and (Z)r-(CZ) Rl wherein w, X, y and Z are as defined above

and R7 is_a b drocarb ro 0 carb n atom; 17 JUN
2005 2s éach%L ‘1b§°‘ihﬁé%‘bg‘ﬁ't?8ﬁ? %IHW}’%@“ O*eé'V" e on- car bon
Si ngl e bopdsemrmandmonhlpngvdgrg(mprabolea@m 7] abtmt@mmp%mﬂmnbgeygahﬂsﬂ%hgomeﬂ )2, F,

d. de f i negres%ét@ Mﬂou&gz)mrﬂ Godt 0.605 16 Sbodc 1()9?&*@‘&%&'0&1 w&m ombﬁ&ﬁ;}é oﬂnd Z are

as ove;
composition.
9. The use of a minor amount of an oligomer the formula;

T— (AI)—{ L— (Ar)}- T
_ n

wherein each Ar independently represents an aromatic moiety selected from polynuclear carbocyelic
moicties, mononuclear heterocyclic moietics and polynuclear heterocyclic moieties, said aromatic moiety
being optionally substituted by 1 to 6 substituents selected from H, -OR,, -N(R},, F, Cl, Br, i, <(L{Ar)-
T), -S(0)R,, {CZ)~Z)y-R, and {Z),~(CZ),-R,, wherein w is 0 to 3, each Z is independently O, -NR,),
or S, x and y are independently 0 or 1 and each R, is independently H or a linear or branched, saturated
or unsaturated hydrocarbyl group baving from 1 to about 260 carbon aroms, optionally mono- or poly-
substituted with one or more groups selected from —0OR., -N(ﬁ;); F, Cl, Br, 1, -S(O).R,, (CZ),~Z),R:
and {Z),-(CZ),-R4, wherein w, x, y and Z are as defined above and R; is & hydrocarbyl group having 1 to

about 200 carbon atoms;



nis 2 to about 1000; wherein at |east 25% of aromatic noieties (Ar) are
connected to at least 2 linking noieties (L) and a ratio of the totqw mﬂﬂﬂﬁﬁ
of aliphatic carbon atons in the oligoner to the total nunmber of aromatic
ring atonms in aromatic noieties (Ar) is fromabout 0.10:1 to about 40:1; in
a lubricating oil composition conprising a nmajor anmpount of an oil of
| ubricating viscosity and a m nor abunt of a high nol ecul ar wei ght,
ni trogen-contai ning dispersant to inprove the soot dispersing properties.

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

each T is independently H, OR,, N(R), F, Cl, Br, 1, S(O)R,, (CZ).-‘{Z),QR, or (Z),-{CZ)-R;, wherein

Ry, w, x, y and Z are as defined above; and ‘

n1s 2 to about 1000; ‘

wherein at least 25% of aromatic moicties (Ar) are connected to at least 2 linking moieties (L) and a ratio

of the total number of aﬁphaﬁc carbon atoms in the oligomer 1o the total nuraber of aromatic ring atoms

in aromatic moieties (Ar) is from about 0.10:1 to about 40:1; '

in a Jubricating.oil composition comprising a major amount of an oil of lubricating viscosity and a minor

amount of a high molecular weight, nitrogen-containing dispersant 1o improve the soot dxwersmg

properties.



