ADDI TI VES AND LUBRI CATI NG O L COVPCSI TI ONS CONTAI NI NG
SAME FI ELD OF THE I NVENTION This invention relates to

w@a00aAs438y/1 at ed di phenyl am nes, useful for exaP@l/@SHS8/066026
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| ubricant additives, and their preparati on. BACKGROUND
OF THE | NVENTI ON Al kyl at ed di-pkenyl am nes are
wel | - known anti -oxi dants such as for use as additive

COMDITTEESMNDIIIBRICATING OHO WREPUSITSONS CONTAINING
| ubricants) for lubricating the crankcase o
spark-ignited or conpressi oRAMEited internal

conbustion engines. The art describes maki ng them by

cat aI yt| cal I y aI kyI ati ng di phenyl am ne by neans of an
, K dION kyl ating agent. Among the

ok ma% ?S”t AT ST SR —

pru@ﬁydzﬁa@dmh@éncﬁthe@}a?e tibnlenti ons use of propyl ene
ol igomers to al kyl ate di phenyl am ne. EP-A-0416 914

descri bes p, p' -dial kyl di phenyl am ne wi th branched
a | arbon atons, derived
fhmjx REAPSDGY Tk IVENTI® TP
d escr i Abylmahyibbtrgthndhghea Weamnnefa ausiorglahtsi spelopyfoene: as
ol efin, as. th nonyl gtln ent g!%n yl at ed
i omRoRes i Hbrickate eFiEPIS 5 WPFRIIS)JRT hFieaing the

| Faica erkl hd L '
SR ML D SRR aRIeL. T

parbdieretipry maNiys ﬁneenbsmagﬂimgaﬂa ﬁikﬁé’élﬂgyh@lemklameﬁg' rpeans of an

d m xt.ure of
RIS ARG el el B nEYBFR G aftopsosmied m o
rmythl@& d16 etbntibifed20QO MR T PTOhAL, aliRsefcrbeto & ki #)y?lt::heﬂg
di phenyiam ne with an al kyl ati ng agent in the form of
an al k';iﬁe*%ré 2182 hmentiees W of sowelene obgurerado alkdeteng 4

t(gp on atoms. The use of propylene tetranmer, a
d gl ef| n as al kylating agent is specifically
exe np | ER-detid] Méitcb:s‘a‘ibea b,p’ 1‘dmlhquﬁab@1yimnb wlithcbranched alkyl

" Rede ni ted, di ne,.anti oxi.dants for
SRR s oo b RSB bR At PaRyiene.
Sci ences 200415295 A describes nonylated diphenylamines using tripropylene, a

C9 olefin, as the nonylating agent. Nonylated diphenylamines are used commercially
as anti-oxidants in crankcase lubricants; examples include Irganox® L57 and
Naugalube® 640.

US 2004/0211113 Al describes producing alkylated diphenylamines by
alkylating a diphenylamine with a mixture of oligomers of propylene, but does not
identify the oligomers that may be used.

US 2006/0276677 Al describes alkylating diphenylamine with an alkylating
agent in the form of an alkylene, or mixture of isomeric olefins, having 4 to 28 carbon
atoms. The use of propylene tetramer, a C12 olefin, as alkylating agent is specifically
exemplified.

Gatto et al, in a paper entitled “Redesigning atkylated diphenviamine
antioxidants for modern lubricants™ and published in Lubrication Science 2007; 19:
25-40 report tests on Cy and propylene tetramer Cy» alkylated diphenylamines and

conclude that data were presented showing that high molecular weight



25-40 report tests on Cg and propyl ene tetramer C
al kyl at ed di phenyl am nes and concl ude that data were

weeesaesad show ng that high nol ecul ar PCT/US2008/066026
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wei ght di phenyl ami nes are | ess effective on an equal
wei ght basis than the other sBructures exam ned. A
problemin the art is to provide al kyl at ed

diipheRidnantsees lesdefféctiod of b By i aReNE bdid GaRBicSothdrRk@lictures
have surprisingly advantageous properties as |ubricant

aStdMiRsfes particularly in respect of piston deposits

and e”&i?%iérh 48R ar@S ;d"&lol;id@%ikhy?a‘fédlgg%?@iaﬁiﬁéés{ Btrfved from

ef fectiveness as lubricant anti-oxi

meckpsicrdi gneats tiat lefveabipykbagbdddbpthgsoys ampeess halobrngant

pi ston deposit reduction properties. SUWARY, OF TH

[A0ENTE BROTRPDY L FEREC GhPISaR HFFesith i, e NUdacas wel as

PR geptibfBctbRe fRdciverRSs RMUBIERGEhtDYxIRs, dBl BarD GRS he mention
by use of defined al kyl ate di phenyi am nes. Thus, in a

f¢fradieylafapdiphenyigipinenhaing piptoa daprsitgeducionprapgdics
preparing a paraal kyl - substituted di phenyl am ne
conprising catalytically al kylating di phenylam ne with
SUSIMMRM OFTHEINVENTION form of a m xture of

branched- chai n al kene ol i goners, erein the ol jgoner
that | SUpPWERn %Uﬁprf%?&gm@stﬁé%%@fﬁ%e@ﬁt%@t,ﬁggvggmed by the

NIRRT ] bEARIALQIRKNIBR Wid RN Bmi g, range of 15 to
24, oli1goners having 9 or fewer” carbon atons

const i Thisein25%soaspbaistbe afventen enngirisees mettdaifipgapaeng a para-

havi.ng, f.rom, 24.t0 ,36. carbon at ons, consti.fute 50% or )
BN fibprBran g s B R EERLhY S ph Pipmine
asithpasiuyReng BEnat 0@ faphé adliyture ol bansiegiondirndeetoligomers,
the invention conprises a conposition conprising or
elracigyhaigoran ghah i psenb the Breptesitnergniaes s pymbeged carbon

(RimERPL IR0 Shs Bl mne PR C) Bl BB e
aroestitn@riShed; less o themixted, drdooh gomercirethecthan 4 abd Re nabon

oligoners and the al kyl group present in.the greatest
oHoRRgBTnSOF iy e FidPe, Bl SPERLnEG et i fne

ahOBred 2/t d8S8cAfy. t he al kyl groups having 9 or

fewer carbon atons and 25% or |ess of the al kyl groups

havi ngn4scemdrpspect.dhy ByantEmoiesmprises a composition comprising or made
by admixing an oil of lubricating viscosity; and
(A)  as an additive component, a para-alkyl-substituted diphenylamine
wherein:

(1) the alkyl group or groups are branched, are derived from
branched-chain alkene oligomers and the alkyl group present in
the greatest percentage has from 15 to 43, preferably 15, carbon
atoms, 25% or less of the alkyl groups having 9 or fewer
carbon atoms and 25% or less of the alkyl groups having 45 or
more carbon atoms;

(1)  25% or less of the substituted diphenylamine is tri-alkyl-
substituted; and

(11i)  10% or less of the substituted diphenylamine is ortho-

substituted,
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(ii) 25%or less of the substituted di phenylamne is
tri-al kyl substituted; and (iii) 10% or |ess of the

waeestis43st ed di phenyl am ne i s orthosubstitut edP@ITERW0$1066026

all percentages are areal/ area as neasured

chromatographically. In a thi?d aspect, the invention

conprises a conposition conprising or nmade by

agiferah A0 petobhtagss Db hredfardalis hidaaired ghrvhe@siphicalland ( B)

as an adc?i tive conpanent, a para-al kyl -substituted

di phe ri?laéhﬁ“ﬁ asnsple HiCriBYEHP™ SHNBTIHFABI CeMpYSIHaR SPPITRE P‘S/m‘?‘de
Ifjrﬂkf'ng.g di phenyl am ne with an al kylating agent in

the tormof a m xture of branched-chain al kene

ol i gon@ns vimi chofifubeiaatieg eontsstiynsndnor e propene pent aner

s I R S

: ugr! Ca:! ngab@_ﬁhedc&_rqaehsﬂmtbmw é‘d@ﬂ?ﬂiéaﬂy%ﬂiﬁdﬁn idipihylamine with
ubricating viscosity in a major anmpunt and, in ,

respect i ve awalodatingoiganisn thelpriaof amizeas ¢f kranched-chain alkene

conponent, a. . para-al. - [ i am.a
wherein: ( i‘?’gtgﬁ‘éga‘%ﬁ(hé’?‘gﬁ&g%ﬁg%‘%ﬁ (gjr%gggr ancﬁreb ,mass
are deri vedhfir am dihanecdede oligimeral kene ol i gonmers and

the al kyl_ grou resent i.n the greates ercent age .has
1 om 15 A B8 Rs e i avaryon soiGpToes & CEkEBH ST BHATE DBt
YondB8tioR lomBRsiAk ki bil 8F RIBPSaiAWifGsiy B a h@BPEmEEAAD, in
atorms and 25% or | ess of the al kyl groups having 45 or

mespEcited e amons!s, (ii) 25%or | ess of the substituted

di phenyliam ne is.tri-alkyl substituted: 4k ] v,
or 1 o9t e B FRDPE TR Sl bt itine
ort hosubst iwkireid; and (B) one or nore additives other

than (A) selected from ashl ess di spersants, t.al
det er gent s,(cor rtB&plsH SRR BY HGFRS “ﬁgfagshfiﬂiiﬂ ﬁr}?ﬁﬁﬁ%@r fom

g Ie?a P iegggcn) tS g ’h a]E ??}ﬁlﬁ%&&@ﬁ&g AkeSe oV PR/ d e alkyl group present in
the greatest percentage has from 12 to 45, preferably 12 or 15,
carbon atoms, 25% or less of the alkyl groups having 9 or
fewer carbon atoms and 25% or less of the alkyl groups having
45 or more carbon atoms,

(i1) 25% or less of the substituted diphenylamine is tri-alkyl-
substituted; and
(iii)  10% or less of the substituted diphenylamine is ortho-
substituted; and
(B)  one or more additives other than (A) selected from ashless dispersants,
metal detergents, corrosion inhibitors, metal dihydrocarbyl
dithiophosphates, antioxidants, pour-point depressants, friction
modifiers, antifoam agents and viscosity modifiers,
the composition having greater than 3.5 average weighted piston deposits merits
measured according to the Sequence 111 G Engine Oil Certification Test (ASTM
D7320) and/or greater than 7.8 average sludge merits measured according to the
Sequence VG Engine Oil Certification Test (ASTM D5302).
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nodi fiers, antifoam agents and viscosity nodifiers,
the conposition having greater than 3.5 average

woweioghsessd pi st on deposits merits nmeasured accoPCi/OgRn$I066026

the Sequence Il G Engine G| Certification Test (ASTM
D7320) and/or greater than 7-8-average sludge nerits
nmeasured according to the Sequence VG Engine Q|

Cer ti fihadtfitoaspdaesthe (ﬁ%ﬁrﬁﬁ%ﬂﬂ’%ﬁ? mgﬁtl'foidfdf ﬁuba&ﬁ@mg thetch@kcase
i nvention, conpri ses a netho . lubricating the ,
GTZRREEE] e bystioh eRgpRys! HEAES Bl fgPmesitien ageogding to the

| 90 Seb 1R InvERMROSI tion according to the fourth
aspect "of the invention. In a sixth aspect, the

i nventlhesixbaperts 88 iavaipn cpmpiyes ek cad® X gtankesat i ng

il.c osition.where XJs .10 430 0. or.50 .
JuhrsPRER Y RmPOon i Brrdiot o 2ng O 1R Y is e amagibet
aBkatin@Ricodity if 8 REGLAnMRINDEMD In RERUATSmikohamdsn@)
addi ti ve conponent, a para-al kyl -substituted _ _
di pherdy\) aniasan wAdFise empqnent, g @amrdiy!-ypBiiped Ainfeedpyine
are brancheg, .are derived from propene oligoners and
the al kyl group present in the greatest percentage has
from12 to (#5, pheileylabbyp A&2zroupslds brachrdparatdeneed 26%
or |l ess of the alkyl .oups hayi.ng..9,0r fewer carbon
atoms and 25% orPrRECS DRODRE S (I Stie PR Dseigprest
nore carbon at Ofkicehiakd h&56AN26s8s, ﬁéfeﬁabg' BURSES, tatbesl
di phenylamine is tri-al kyl substituted; and (iii) 10%
or |ess of the <tMB 2V &Edesdiop Hernjid sraws having 9 or fewer

or thosubst i £ Ut e, 30dR) 08 0L IR/ & AU MBS 45 o

than (A) sel ect rom ashl ess di spersan
detergents, cormaskeearbbnhiomst ors, netal di hydrocar byl

di t bi ophosphat es, antioxidants, pour-point . . .
depr essant €1 f r 200 inlergfiths @gf}ﬁﬁﬂlﬁﬁgﬁpmﬁ ri-glkyl-
viscosity nodifighsitutkdt Adseventh aspect, the
i nvention conprises a nethod of inproving piston
cl eanl i nesdjii)as fgasueesdiithe mbstitatyd diwbieghinménes sttber
deposits accordi n? tt ot%%;he Sequence I|H G Engine O
Certification Té¥ S](%\ I\?IBB 7320), when l|ubricating the

(B)  one or more additives other than (A) selected from ashless dispersants,

metal detergents, corrosion inhibitors, metal dihydrocarbyl
dithiophosphates, antioxidants, pour—point depressants, friction
modifiers, antifoam agents and viscosity modifiers.

In a seventh aspect, the invention comprises a method of improving piston
cleanliness, as measured by average weighted piston deposits according to the
Sequence 11T G Engine Oil Certification Test (ASTM D 7320), when lubricating the
crankcase of an internal combustion engine with a lubricating oil composition
containing a minor amount of an additive component (A) as defined in the fourth
aspect of the invention, in comparison with an otherwise identical lubricating oil
composition that contains a para-nonyl-substituted diphenylamine in place of
component (A}

In all aspects of the invention, the branched-chain alkene oligomers are

preferably branched-chain propene oligomers.
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crankcase of an internal conbustion engine with a
| ubricating oil conposition containing a mnor anpunt

w@Rooansasidi ti ve conponent (A) as defined in theCEO00$1066026

aspect of the invention, in conparison with an

ot herwi se identical lubricatihg oil conposition that
contains a para-nonyl-substituted di phenylamne in

pl ace 18khis opREMRAGN, (K follbwald wadpasd sx@éssione, if and when used,
i nvention, the branched-chain al kene oligoners are

grese Breapgapings afethed beledi n propene ol i gomers. In this

speci fd J: @} .om : ; ql .
b e e A R BRSO iteht or
"acti welvengredient” or "(a.L)" refers to additive
material that is not diluent,or solvent; "co I, S§ pg'

or any CUBERSRE WPy CORREF FOBLReRe MEdiencrt v fegres
f eat urse, StifRsers OF cdMpRLLIE St Mo SONR QRN thdptescioesr

not preclude the presence or addition of one or nore

ot her adddionrogenc st igps othgvtfetyeies steparipEaeRt PIHIONERHS QPHEIoups
t her e‘%ﬂerﬁgih);/ %h? %Sg{rgs%ﬁ)'ng R onsﬁ%%)‘?’ glt %0 n%&[é ess%ﬂt\?\zllﬁityﬁ(%fﬁ or cognates

essentl a 0 cognates nay be ‘enbrace
" conprihgelsd erplfracaignaliie Scompresee? or dogoutss, stherads Sembisal | y
usi on of subst%g%es not nate%h
$

of permts jncl, al :

af f ectHFIERLOTRSFRET BFMSION OF SYPAPFe 106 FFE] Faftsipe the
Whi ch dptr.2RRLEE DT thd BinHos MRS WhidiBAdpplis excess of 50
mass % of a conposition; "mnor amount” neans |ess

t han SOaersenondimeans sirpeisis oW massBNof areempositimal
base nunber as asured by T wernore in
tep: i T e R YRR

meas urgBNYmASENDRBHRE numsed phadassted b ASTM @PRY6.0 s as
measured by ASTM D874; "sul phur content” is as
npasuﬂ%ﬁﬂﬁvﬁﬁﬁﬁ%ﬂ¥ﬂﬁﬁﬁﬁcmﬁﬁio" means ki nematic .
Vi SCoSiphe Al Q0ENASs REASHLAA VAT 45, Also, it
will b& Understood that various conmponent s used,
essent'isalphatsd wel dongemit’biptaé mehswaatb c 48TOHABYY: may react

under conditions of formul ation | > or use and
that ¢ REPPIRASRT=ar Sseprauraas TR ot
obt ai nall, £ AeafbLiabMesk AscaBity BSMI0PC af mRAur&UShASTM D445.

reaction. )
Also, it will be understood that various components used, essential as well as

optimal and customary, may react under conditions of formulation, storage or use and
that the invention also provides the product obtainable or obtained as a result of any
such reaction.

Further, it is understood that any upper and lower quantity, range and ratio

limits set forth herein may be independently combined.

DETAILED DESCRIPTION OF THE INVENTION

The features of the invention relating, where appropriate, to each and all

aspects of the invention, will now be described in more detail as follows:

PARA-ALKYL-SUBSTITUTED DIPHENYLAMINES
The alkylated diphenvamines of the invention are, in practice, mixtures arising

from the presence of isomeric forms of the alkyl substituents, variation in the number
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Further, it is understood that any upper and | ower
guantity, range and ratio limts set forth herein may

wheosnsspendent | y conbi ned. DETAI LED DESCRI PTI BN/QF20084866026

I NVENTI ON The features of the invention relating,
where appropriate, to each an@-all aspects of the
invention, will now be described in nore detail as

f &l aeAvsubsBAIh YA Yt SiB& abhh EB okt P EiNY A AMoNESthEResition of
al kyl at ed di phenyani nes of the invention are, i

in

pheslstaitiopion eastediphgnyiinyge moshy-t Alsopihe ERgEsgray include

'ﬂ&gﬁéi't atlc@ E% ltahﬁléﬂlsb%tin?éﬁt) sttch Y GRleSeted g&fs@;s'tigﬂed%n

t'he nunberof al kyl ‘substituents on each i enyl am ne

nbpletnyleanole sl makeriainhatns subetiposl ihivoaoofwd dréio positions only, the

ﬁg&SE}tUtLonbon egch di phenyl am ne noiety. Al so, the
FREE GrayoitiefYde material that carries no

par a- affeythixsutbss e thel 8VenSCIdnESn, HOHRAGT @_ﬂlaf’or proportion, or all,
(unsubstituted) diphenylanm ne and material that is )
suistidltthatétisubntiting ipene aubdh pae (posh andeng awsijions. hidaterial
! RLGE arg-%hgs% ed ;‘hu&ﬁet St 6 Dty 0 e 4 478 Sndpb-duBGituted
invention contain, wever, fraj Or proportion, or
ahbteristainaterial thhhiapaiassubsthsted tubet pbritiomeondy ishefetrep ar &

(i..e. 4 and/or 4') pasitions. Material t .S
pcawg).s%%’é&m%te&wéd The “Bﬁ‘é“’fﬁ_&g i 18?%‘?’6‘8?&7’@’13’5‘%3’(%?%?%‘& il
Gl of WhshibduhedmaRtiss, | al subfRhed ifboth Bata poSitions and one
para-substituted in both positions only is referred to

astheieeaiion andtuadeastet aiphehylamine. nibetuesescesff tifsabstituted material
i.nvent, on further, i l.ude s .quantities of

5 Bl el Vo 6t 6 EeS TR ARk R O 1

para pRsinticand, e thivMeesahdyiacinos biheosthoalstitite@ ackathl. This
dipheng$gnine The presence of tri-substituted materia

iBaghidp yranepated-aod sthpRBracsubgituled pial@iaht Such material
ﬁﬂ%’(, b ¥<§n@§55f3§3 s e ué‘%o 1862 6 Dyt I&%ﬂ‘@o@ Y &SthEHdxture.

ude ot her "ortho substituted nater Thi s may
i icdinydesenos) doeetdrois ndt eastdasedanm dssot tiboicpdadditive performance.
substi tut ed terial. Such materi.al. in some .
cases, IPGREPYY. dre Qe 74 gsdD pylslifotion Sud PredOpagegingbe
% Bdurt 081 Rk Xivehion. THRI iR HESEAS 8 mAOMEIMAR be iSthe@inge of 100:0
considered to assist |lubricant additive performance.

| taPor00ameh g5 OQ40 ar F4diher Hhd) BrQT0 Refssabiy, the sHo shegnerdi
D SERAEL S 0 0 o A0 LS I s
tdipKknIRthiseicdnsas Hatdrih! drat 8Qi1IA0-sabstifiteBth the 4305ifi0n only.

Preferably, the ratio of nono: di terial., exceeds
50 50 hehihseledeBEdeRY 15O TEY I of FORENE ABRRTPSForRS alkHeroups

%gy 1188 B RRRBY A REnRP BBLSbSh AbmIBLELIs Rk a hilAfipik 8 three.
al Kyl -substituted in the 4-position only.

This may arise from the presence of cracked propane oligomers in the alkylating
agent used in preparing the substituted diphenylamines of this invention.

As examples of the substituted diphenylamines of this invention, there may be
mentioned those wherein the alkyl group present in the largest percentage has either
15 or 30 carbon atoms. Where the alkyl group present in the largest percentage has
15 carbon atoms, alkyl groups with 15 carbon atoms may constitute more than 50% of

all alkyl groups present, though in other cases they may constitute less than 50% of all
alkyl groups present.
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When the al kyl ating agent is a m xture of propene
ol i goners, the al kyl groups may al so include those

wawaok/1su3punber of carbon atons that is not a neCT/URI088/066026

of three. This may arise fromthe presence of cracked
propane oligoners in the al kyTating agent used in
preparing the substituted di phenylam nes of this

I nventTiefe més beRailet £8n@dnet Rigptetifsiitey bEﬁhe mventlon wherein

di phenyl am nes_of this invention, there
rﬂéﬁv %%é?oo fithoalkylgevrs hive Ror &vicy cagep a&n&ra@ééﬁ% prrfessipd the
\@Eﬁgﬁﬁgm a%oﬂa%ﬁrb%htatb%s 15 or 30 carbon atoms.

group present in the | argest
p erce nﬂa:gfeHMmglsﬁmdé rlsobe ab@ds 95 ak ke, gu@wfs§9’7vmrtrxhnr¢,5% of the

bon may constitu han, 50% of ..al | I

bRt BaR et RS Tar sl Seners chbRl Ry s mafha¥ more
qam@ tdrdbeatbgsSaltd) A HRMeImAbdulaweitht OF HéPSkyl groups may be in
present. There may be further mentioned di phenyl am nes

ohe range phIAHKI A, Webeei#) B Wor | ess of the al kyl
groups have 9 or fewer carbon atons and 10% or |ess of
the al kyl groups have 45 or nore carbon atons. The

fPREPARAIN ISMOMETHOSD be noted: 95 or nore, such as 97
f the substituent, a grou

reasur i Qin%ﬂoalﬂ%aafeﬁ sweﬁa@&tacahy %qhw anﬁﬁgﬁfﬂab}é bygsine a

tlth@\ﬂs i @529%5 %&Hb‘ Frigdc3! Q}raﬁﬂqﬁkg‘dﬁ@rﬁ&ﬁm&ﬁhﬁ&éﬂnﬂfouﬁds
wel ght of kyl groups nmay be in the range of 140

tioxaBylys ts@cdﬁe agiiim@i B& BOcheiPREPARATY. VEVMETHOD The
carrledot C |caII

ai kyl altglg:loc% t edﬁ'réayaali eaat al %tai Se Ch a ﬁé]gﬂ

prefer <Aty

FrreRelel afer s@f)Ib‘ént@hkst (ﬁtbleﬂi@nﬁés valiioBbrstst p@ﬂﬁmmﬂy of the clay
Exanpl es include ALC and BF3 and their der| vat i éﬁshé
TRECEATR{Rerillpse. s saydepechinamirntsAid S0, Rigtathg 2 to
0 I ntonites or
e e e e he I ay
m ner dlormmatcrablydvhidatile éays@lnalyaée ﬁa)fowmgedem’frﬁeérhyuh@is

f 1to 60 bl.y % th
fegebye Faliabihy BRRA T e CHRRE R g Ty R | s gey
Ghavde hdigattd@itddng stilibanedglayd dentified by their
respective trade marks: Filtrol, Retrol, Fulcat

Ful m)rﬁiame Khxg’rang,sglg{ams amﬁ@ymﬁhm @fﬁ]@p@@r@ bonded to an octahedral
gﬁéﬂt\éﬁ»g)?gee ranﬂ)?nk dRh}? %?1'3?% R Yihits G AYSdi e‘ﬁs 3 I{orms an
ca d egl

oSt i ¢ Ions are
armtaheﬁaahageradndaﬁkmg@ ee¢ttahedrabiygen famied fiom Ré?pelmts i Ohays
oafre Mgsslflgéé asccg)r%aggvg t}% re artll%fé gtrs]x%b(faroof tetra%edral and octahedral layers,
montmorillonite (mentioned above) having an octahedral layer sandwiched between
two tetrahedral layers.

Typically, the alkylation is carried out at a pressure of from atmospheric
pressure to 10 bar and at a temperature of from 120 to 190°C. The ratio
(weight:weight) of alkylating agent to diphenylamine may, for example, be in the
range of 1.5:1 to 5:1, and the catalyst preferably be present in the range of 1 to 10 per
cent by weight, based on the weight of reactant diphenylamine. Suitably, the
alkylation may be carried out in an inert atmosphere.

As an example of the alkylating agent there maybe mentioned a mixture

comprising Cz2, Cis, Cyg and Cy; propene oligomers which contains more by mass of



10

t5

20

25

30

oct ahedral |ayer and, |ikew se, a tetrahedral |ayer is
formed fromSi 34 units. Cays are classified according

W0 200Bhst384] ati ve nunber of tetrahedral and octRCBUSZNS/066026

| ayers, nmontnorillonite (nmentioned above) having an

oct ahedral |ayer sandw ched b&tween two tetrahedral

| ayers. Typically, the alkylation is carried out at a
phe Ssislzoafer tHaamf ah osHB €Y, C, PARISCH bigberd @ncbﬁ:ﬂuﬂ[}d Saich

a tenperature of from120 to 190 C. The rat

(MG &rﬁérf@%bf ¢ SRR %t PeHige henBRrepp ﬁ&ﬁ%%ﬁm@hmn
NB¥%nitt, 1Vé?1xtﬁgﬁﬁrﬁe PQ)SJ {che PRRam@PER ®kcribed as:ali“ grﬂranch
and the catal yst pr P/era 'y be present in the range o
Jpr@dmli@atpbfrclee&mm)byeﬁxé’tght based on the weight of

react t di n Sui t t | 0
be car 1% lﬁ?et J?{a%q?%ﬁlgr%e%ﬁ %’“’“,@X og g%f%ge of 1:3
ab 6t @ra&-ﬂswlyat 1 ngl.egent2:t hese, pridewent Im&eq;r@med is 1:3 to

m xture conprising G2 G5, Cand C21propene ol i goners
wh#:¢h contains nore by mass ofthe G5 oligoner than of

any OfTﬁerb?k)ﬁ)atgl gegt BB 13% n;}aﬁ o SRMRES ih AdkYin g:gaﬁén%ense.

Such m xture aval mrerci al 'y, one
"Restly aireray Iéd)ntmmrdd@)mérsbqf nidre viranron@rcarbioh @pmper Secdilntly, an

CRRERE SR R RAR Ve TS R AEEER gh Pt b gnfippperic form,

rrdfeen@k iRtHiyd Eﬂfﬁgmﬁﬂt%% MiGodbPRemE @%Be&%e%ﬁmggr dfftarbon
t he ran%(e of 1:3 6:1, preferably 1: :1, or

z&t(mn?e © t@sen, o sméfa@ﬁ étffeyem ispmerisriernpy therepx: elhei %or@"‘ehg@ner
X s rﬁel -‘[}hlg }?rgkfyéa?{)]ﬁ r!ig% ﬁgﬁm;er 5 Q%a %gr?m?a%rr@fi)&tarq)%%mms stated

€ ’sense.
ahartml §bn®é beheh sbeeiusaﬂfe@' Habhan hizher ool carbdestoms, may in
Secondly, an oligo f specified carbon nunber naybe

ﬂ‘g%réﬁttcoff‘??x%?%teé"ﬁﬁ ¥N§8omeric form References in

this I
ol 57+ L BL RO, AR AR LISHE BB s

i digmaeischai oigrig drheore odrbofT hiemadegktitep cogtitue 1 0Yheaness of the

B EE M Bl Basn PRy B TR bR A TR s

Jﬂ@penbau gordel] gher nunber of car bon atons, may in
fferent contexts, be terned "polyners"” In a

preferred al kyl ating agent, oligoners having 9 or

DI RICRIISE SHCNERTR S 1o 09 P40 e

m xt urléhe olthe Mbrﬁoﬁhag visgpsity esuimatimes cafbsed to Bf baserstocklipe base
oxi”? c Sz-%%ar% lqﬂid c%nstltuent of a lubricant into which additives and possible
other oils are blended, for example to produce a final tubricant (or lubricant
composition).

A base o1l 1s useful for making concentrates as well as for making lubricating
oil compositions therefrom, and may be selected from natural (vegetable, animal or
mineral) and synthetic lubricating oils and mixtures thereof. It may range in viscosity
from light distillate mineral oils to heavy lubricating oils such as gas engine oil,
mineral lubricating oil, motor vehicle oil and heavy duty diesel oil. Generally the
viscosity of the oil ranges from 2 to 30, especially 5 to 20, mm?s™ at 100°C.

Natural oils mclude anmimal and vegetable oils (e.g. castor and lard oil), liquid

petroleum oils and hydrorefined, solvent-treated mineral lubricating oils of the



propene oligonmers. OL OF LUBRI CATI NGVI SCCSITY (A) The
oil of lubricating viscosity (sonetines referred to as
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constituent of a lubricant into which additives and
possi bl e other oils are blended, for exanple to
produce a final lubricant (or |ubricant conposition).
A B8 8 cOhdphtifenitseiduhixb@paratil PgapbarRarRNypat €Xlsag IWelckting
as for making |ubricating oil conpositions therefrom
aﬁacomdweégf%s@éw PIsHA @Tﬁﬁﬁ?&ﬁeﬁ @fdbl e, animal or

o e ‘ T . ! J° .
[ hor oo UftRe ISV o htlBAC SR OSbE! difk BB pBotiERRd and
dinstpdlymtezedioheimal(c.gi padytutylbreayvyo! yprbpylesesi prgpyitsissbushlene
as s engjne oil, mneral |ubrjcating oil t
SRRP BT oo balhuylsivs BPRLlRctenrS): RalHd oG, Rev(-
Vd ht lelo. B Behidea, Zetla cially 5
e D o, et e el | 2
véigenyitsngensis] d(-ethyhepdbeatenandprlgplenels|(§- 2. Biplgsivls. terphenyls,
pet rol ] n | ; Vi
AT BT Bh RIS g W REELPBEA HEARELIALRE Ehonyd sulfides
laaaag tht d@tlapacsabfidlodues ﬁmpmm@gg@sttwﬁsﬁ | Ols gfl

ubricatin VI SCOS] t errve rromec r .
al so u%%qtbfrgr e ghapo S@tﬁ?‘ﬁ%ﬁ)E%%@?@?%%ﬂﬁ%@%ﬂ?%ﬁa o

i i AL | kclaSiaSfeBi )] ' d alkenyl
AEL AT BB EELTBLLOR. a8

pokcyipreasidsemelsic gsich pydlanecidsebetiy radscbasiorcjndimgaric acid,

chl. ari nated . pol yQut yl enes, . pol - hexenes)., .
it pod FRAEEpEd o PR DY P IREGRE A s plkeny Lmglonic
dQstRs Withenzeessof d@hbRdegyddidntenel hed] arokblbésdeeriedcohol, 2-
di (2- et hyl hexy enzenes ol yphenol s

)b L e.g.
betpHbepil glcobely ??iiélﬁ‘?ﬁf glyccah) @éyq%a&e@a gb&?%ﬁ&l?&g%)ﬂf"@ﬂﬁw glycol).
t i . d.«di
Bl R P e S E R A0 i R L BRI sobacate,
t diar-pofy] fnottkediosyl tchindage, dlissstyd hzdatatdisodasyl azelate, dioctyl

BB AT P SRR SR Bl SRR Sty Bt
Atk A 8inaR hndl tke BthpISX 6Gér Th An &CH O actiiRl Bk enA€ bbsebadehéd ith

acid, suberic acid, sebasic acid, fumaric acid, adipic
aaiodnoles pblehethdendiglisahand twametis of 3wty hexersir aifoni ¢

=6, 9 b B0 LA 8 A ity aSheranh o o
ahesdtatbox2tic sdiyiddepoyyolalandpallyol ehdry behes gkyratyl glycol,
o Sn S eol TonoEter PLopHSnt, B VSl )i,
adi patgpre@hid &R X3 ine@ AL e used in the compositions of the
present invention. Unrefined oils are those obtained directly from a natural or
synthetic source without further purification. For example, a shale oil obtained
directly from retorting operations, a petroleum oil obtained directly from distillation
or ester oil obtained directly from an esterification process and used without further
treatment would be unrefined oil. Refined oils are similar to unrefined oils except
that they have been further treated in one or more purification steps to improve one or
more propertics. Many such purification techniques, such as distillation, solvent
extraction, acid or base extraction, filtration and percolation are known to those

skilled in the art. Re-refined oils are obtained by processes similar to those used to
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di ~n- hexyl fumarate, dioctyl sebacate, diisooctyl
azel ate, diisodecyl azelate, dioctyl phthal ate,

waelrweasd33pht hai at e, di ei cosyl sebacate, the  PCT/US2008/066026

2-ethyl hexyl diester of linoleic acid dinmer, and the

conpl ex ester formed by reactliong one nol e of sebacic

acid with two noles of tetraethylene glycol and two

Iﬁﬂta&ﬁ réfined -oﬁlﬁ Mh{h&ﬁﬁé&dﬂ% tgﬁ:l Hhve sy Seerseded] Sash re-refined oils

synthetic oils also, include those made fromC5 to Cl12

r?é?ﬂ BIEQKBOXY AT ECRENSOTARRIOPHFS OPis, and ige ﬁ@pﬁﬁbf grocessed
BeififqRs eRaRYhe SAFRaitidd drdRANYEABLARA Rt

%égt%er% Er@fo %%%entae#ythrlto E%EB >

tri peribther gnamﬂletswlf basgrmiedre gedio-hefid A€ [EN daseepilsef 6. timbase oil

s P St e B RO ks sl oSBT Bl o

fvaieds Bad sohadiniff 1S WAl UQI hsEn SO Wi BeMT o Subt cafdllj?st h’Eﬁese
purification, For exanp a shal e oil obtained

d}%@ﬁwnﬁ F}@#ﬁaﬁéfmrﬁ ﬁ@‘ﬂ%ﬁé SrosessFsto rapksdhomp pasiih agibpse oils.
kﬂ‘ﬁgl biyb)r LOALE Bldwd @k id! ff\é)éh YeeL R Ly‘c‘lh!asom?zed
obt al ne dlrect

froman esterificdtion process an
useebonackbad eid B’aycdrmhmemzredaeﬁambd v iy droiremenized ambdbvoeixkd.

Refin oi.]s e simlar.to unrefined oils cept, t hat
ey Tae bR aP R et B HBRE Bpub o N or Ctoup
D b&ée%aick% bﬁée%ﬁpolé@isIoErB{eOa\f@re%ﬁu&{edrmgeest@d}@p Fdfb@Bly, the
Many such purification techniques such as

diikefi lhpragaiiog visseditydhe Ceun et Covnp lAkchage stockas @ mixture thereof,

extraction

GBS P G I B sPREaRES AT R ER o HARMTDS, U,
[BteferdbbE s3eFosSdmbinabl the oiIhﬁ%m‘eﬂg tisahttpisa Gedfuprigdsroup 11,
oils fromrefined oils that have alr been ysed

SR T St B4 od b imeg ol baio o Teduran itk oppase stock
MEAOGERSAA Qs Ssafifihe %ﬁeﬁf&f%me@g%% ARt bﬁéf&ﬁlﬂ?%@&@ﬁ 75%,

by techni ques for treating spent addi'tive and oi l
muelaksjavlnaspsij’du dMast pefdral yﬂhah@ee@mhf ordmsesto¢d blemds has a

SR 5 o R R e T

rﬁéﬂfeﬂ@@ﬂ'l@é}sﬂﬁamepreféﬁm@ 1R¢ e 0B gatost Ef&f@am ks thaarii %, by
CO using a Fischer-Tropsch catal yst. ese

Hy@ig@ear bons typically require further processing to
make t I .

by me tlﬁgg}éﬂ%ﬁ{h@ vo%?]lht o a(?"full 51;1 %lggfengﬁéﬂga?ure& B§ YheM¥ack
h&)&i&tﬁltﬁ&ﬂﬁ(ﬁ&'@d D%ﬁd} mdaaakzaﬂoraaa;dalhy d0%i, pordiwebly éebs than or

h d d d Th
DR B as VGt BBy s RR SRET L Ve e PreforaplyJissithan or
Qarqu@ 1@ap Heferatﬁ Sfe §§s&%ﬁl¥ KR AT Hithe & BNEISHIRRY Ish# least 85,
aforement i oned base stoc Preferably, the oi

| rbfierabhit atrigasw@bmst yrefesably Geouhort 1450 &ABup | H base
b oe R BB le Bl R Ohoa Blse Bl it Glioh o R Burke as

base é? oné “or ‘nor
in API EOLCS 1509, which categerzzes base stocks as follows:

a) Group | base stocks contain less than 90 percent saturates and/or
greater than 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.

b Group 11 base stocks contain greater than or equal to 90 percent

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



Preferably, a major anmount of the oil of lubricating
viscosity is a Goup I, Goup IIl, Goup IV or Goup
WO/298884334 ock, or a m xture thereof. The base BECDUK2008066026
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base stock bl end preferably has a saturate content of

at | east 65%
| east 85%

Most preferably,

nmore preferabl-ylat | east 75% such as at
t he base st ock,

or base

st ock bl end;ischaisy mdsagresat @as ont@nl toof0 giddadsaliant IP@rusing the
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t he oil
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blend Wi |

| have a
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| ess than or e

to 300

efera {

ess t

al or
cqual o 230C0br BT ERRPLBRG O ST B eufit B Cgnods
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Preferably, the viscosity index (VI? of the oil or oi
bl end s atCroundY bess stepks prernehyapligplafiea §iAQ@b0o, nost

f bl
Pace. SJocks S pagghH i fag
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Is Invention are t
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and | ess than or

avi scosity index

than 120 using th
c) Goup Il base
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percent sul fur an
or equal to 120 us

fd=or greater than 0.03

b:hpME @ Vi
ess _than

STag Mthddnde
120 using t#

greater than
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JamurTgbl e 1.
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nN-Q.0-—ak

ABYMDAWT | |

nor-o-d

base stocks

'giﬂcézlszty En”f%x

AT BATC

nt saturates
ul f ur and have

@t er than

5 t est et hd

ASTMEDURD T ¢

ds_specifieq

p 80 and | ess
l in Table 1.

st ocks cont

ABEMyPeARP4r

t han or equal

L +. a1
AT AU TS AlTu 1

1 have a vi

(33IM [ PRae

equal to 0.03
greater than

51 Nng the teg

AST®RI Dod30S|

necified in

Table 1. d) GoupilV hase stacks.are polyal phaol efins
( PAO) T@)o@fdulpmanbgg@ceﬁtmw herpepsgaeing) qonggrivate-foanmg

SJH?O%k %ﬁn§{ %Iglcjl{) ?ﬁ, hgoé?(y é TgtL %k L thap{helcympgﬁm)r?is in

the form of a concentrate containing for example 1 to 90, such as 10 to 80, preferably

20 to 80, more preferably 20 to 70, mass % active ingredient of an additive or
additives, being a para-alkyl-substituted diphenylamine of the invention as sole
additives with one or more co-additives.

The oi} of lubricating viscosity used in a concentrate is a suitable oleaginous,
typically hydrocarbon, carrier fluid, e.g. mineral lubricating oil, or other suitable
solvent. Oils of lubricating viscosity such as described herein, as well as aliphatic,
naphthenic, and aromatic hydrocarbons, are examples of suitable carrier fluids for
concentrates.

Concentrates constitute a convenient means of handling additives before their
use, as well as facilitating solution or dispersion of additives in lubricating oil
compositions. When preparing a lubricating oil composition that contains more than
one type of additive (sometime referred to as “additive components™), each additive

may be incorporated separately, each in the form of a concentrate. In many instances,
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The oil of lubricating viscosity may be present in a
concentrate-form ng anmount (e.g., from30 to 70, such

W@2004054384 60, nmass % so that the conposition PGI/US20D$IE66026

formof a concentrate containing for exanple 1 to 90,
such as 10 to 80, preferably120 to 80, nore preferably
20 to 70, mass % active ingredient of an additive or
a@diclbry 8Ss chifemgnido padvided dydadieRsditivetRdkage” (also referred to as
drphenylanrne of the invention as sole additives with

e adpacipr@misEddine oy Bre qhaddifiyesofuch ghagserbechppreinafier, in a

Fg@gah&gtﬂﬁ§d in a concentrate is a suitable

gl nous, typically hydrocarbon, carrier fluid, e.g.

m ner aErheI ailbrfileladdanigg eistosite ma@ftﬂa:q:rm&‘déd b majsnbmemtt in

al Iubrlcatln Vi sc suc s desc

Ropition S Uka Finge PR ael st A ARRENS 00 e genecr

hyste Qe aLBRNSs, 3@ SXRENINRS hefeidtibl 3B nfRG l 18bridakidk @8

for concentrates. Concentrates const Itute a convenl ent

rReEIPSSIOON. hﬁh@lmw@ae@@mmwimésd biehdstieg theeilditiys direetly tahd oil or
3/ adgmgti m e Cgl ﬁ%}é&{ﬂ&%{e tﬁlér 5% i Qrsg or glggog\tré HE3adillve.

|Atbﬁﬂ1'£b’@trma’}gaemdﬁe@ whesil biy mtﬁdﬁl@ﬁm@ﬁt@ﬁﬂ% shiliel ihhienart, either

one type of additive (sonetinme referred t gl

'DEREES CORCEBMIBERN st‘§ og grlseansyt 1o @\ﬁéltr?&y geher additives.

i ncor peL.aLad %ﬂ%[@i@lo\f oAt eﬂsf'blé N6 {PRe¥UmR, used herein do

concentrate. I'n nany instanc however,” 1t Is
cehuersanily ndicpredhit de: @nywuodd ¢rezdldadfdrs ane\seiubbadr&atgeable,

(al s referred S. an one r
YEE Bt S bt lscor o B RE0S eS0TI SR ORF Phs, 4
%H@bﬁn&%%ﬂﬂﬂtﬁf@é ﬁe hbheved, kol@ble bikablgalidpegiblé §1C(ﬁ5ﬁota¥1 extent

be provided in a nmgjor. ampunt, in conbination wth

éu qifmt forthemto gferigheir sieded gEeet drythe; opirgpygent i which the oil is
afpioRg; ?/ror%\?er%e HRi 0&91&91‘1; Edt%ﬁ%'f oﬁx‘é?ﬁhﬁ?évéi%&fﬂe@:ﬁﬁ

er, constituting a ricating ol
Qﬁmmammm@fﬁ h@hﬁrﬂ;ewmwﬂaeaaamtanpﬁdmhedf dopiradidi ng t he

dditi t th it i th )
Porm oAbl G hbe T sombOsiisama by tied fohBiods o gnaine
tdagpRAdit, i ‘Aﬁzcul‘éﬂ?'lﬁ rrrfe-ﬁarr@mbae@%gmeg Q.4 RBarRii leyr or

met hods knomn to those skill in the art, ert
prirpression-ipurrddwporaineotistky rwmﬁca’fmg egiaﬁleecﬁweﬁflmeéhe
addi ti. f h i t,i . | - sol ubl e"
3PSkt 10 Herdh. Fler @M AP R Rk ERMRcalll - 90 MO
not negeYsBidativg bt dbmpdwtidrRand thecanmpotumtsise defined

additi ves are sol uble, dissol|vable, SCi a
CAPWBREHIabBRN g B BeTERE the T il Shefore nd S mixing

Rﬁrgp%{ &E%%?ﬁous@@%e? OffRiQ &&R@ﬁu&{ e&gg{ptaés\@ SorfpRitidRQURYer .

solu I'y dispersible in oil to an extent _
concentrates which comprise the defined components before mixing, or after mixing,

or both before and after mixing.
When concentrates are used to make the lubricating oil compesitions, they
may for example be diluted with 3 to 100, e.g. 5 to 40, parts by mass of oil of

lubricating viscosity per part by mass of the concentrate.

CO-ADDITIVES
The composition may include, as indicated above, one or more co-additives to

provide certain performance characteristics. Examples of such co-additives are
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sufficient for themto exert their intended effect in
the environnent in which the oil is enployed.

wWORN8054384 t he additional incorporation of othe€T/US2008/066026

additives may permt incorporation of higher |evels of
a particular additive, if desBred. The l|ubricating oi
conposi tions may be used to |ubricate mechani cal

QNPEAENE ARIAGIN, et Misk krﬁﬁlﬂuﬂfr& WidcBsityTh@xniagdpr&@id) esirbHieh
engines, e.g. spark-ignited or_conpression-ignited

tigjobitase, cfxmmgﬁrrhaik@m aetpmosadifiay. angiogeang agenditihgear
élggnt Cas%g% EB&Q d%&?srsgﬁt?_h g]{’lg %I%roq@ué(sedtnl? %f §etail below.

ric ricating 0| nposi tions
and corbhei &ﬁp@swcsp mbi dhsdfedgfdl n mzﬁuc«afqnmam @f depatitsnagyn use

or may nhot |n the bef ore, and_ .after
KAt SPERGH I G S 70 bcatnedTon dsh R SperSits
%@gfgf%atﬁé ESMERTRAS bF R RAGNCQHPARLMBHES aMdilGdIuble polymeric

onprise the defined conponents before m xing, or
&liﬁltgcrham bachlgqnedmvagtfhncb@ﬂdrgomd:aaa‘hl@ef aepodiaine Wikleparticles to

oncentr s .ar the
IR mae R o R R SRR PR Saliad RGOS g orpster
ltp@éa]t SHdictfes Aitadhell @ 4@ poRafdr %a&lgbolg&&ﬁieﬁfvaaoa bridyfing group. The
ubricating viscosity per_ part mass
coewrtiypgrsent ey h@tﬁpﬁqstierﬁ@efé%{a%m %Fvbﬁf‘aﬁf’*“? rfSley gmino-

%§te¥si, %ﬁe\ﬁﬁg &rhidRNE ox 2REn&Y omagec}ﬁﬁl ééak%%ssubﬁhtuted mono-

pr oV certain per or nance aracteristics. Exanples

aihd @ulybanboxﬁsbohctdsm snka)rdexdesﬁeresanhisparb@t)éﬁg degtiveeeldbng
h|b|tor VISCO n Vers, COorrosjion

R icaons 1opa ot s RFeca TP SR oS iR g @Rties

althtich QAL MG HREAN taRd MhichWeAderdgam froditts RaHEd PPLdHdensing a

depressants. Some are discussed in further detai

bemgawalml’@b@t@ﬁ:dmhglﬁié reEnfosmaldphivgs aed pelyplkyleng pelyamis.
for mit}ir f%nva% VA dagﬁ ssdlﬁf)e?%gay%gt ?}%xg(ﬂél%dl%ﬂgﬂ”msﬁéﬁhnt

engi nes, olls

diamgra&ﬁmmr ekt mblacilheyaghmds) igrans thin ctrtequqdree 400, such
i nvention conprises an oil soluble polyneri

caﬁé?ﬁwe@aété%ﬁéd R&P g Themreeise marecylap tskeht gﬁggﬁq Wilfepend on
V& bR EchthEdis %&sm e %&%&ae& ﬁnh@haagrbaps

SUC g& sants conprise a al cohol am de or
q:stsfent pmd ety aftpiobs fatctiandd @ommﬂieyqdol&onemma@mbme

ielsSpapidi Bl el o B s c ol DR BppAR B

%Hﬁé@wrt@ﬁ‘p@%&? 8h&boAThaeSs a hithBgSivande ﬁ%}?&@lar nefzhobf from
| ong chai n hydrocar bon-substituted npnoan

ptbbyfcleﬁgﬁ dx gbque S84. dEynieal spimygrdidbsaveiete a‘?lyisobutyiembased
1§p%1cs%ntg %)égtaglt peoi}qggbu\/ﬁér{evp%%yﬂ&s th\'f'lgg a number average molecular
weight ranging from 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
the dispersant, which can be accomplished using methods that are know in the art.
Polymer molecular weight, specifically Ms, can be determined by various
known techniques. One convenient method is gel permeation chromatography (GPC),
which additionally provides molecular weight distribution information (see W. W.

Yau, J. J. Kirkland and D. D. Bly, "Modern Size Exclusion Liquid Chromatography",
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chai n hydrocarbons; |ong chain aliphatic hydrocarbons
havi ng pol yam ne noieties attached directly thereto;

W@ ees/veu3sd ch condensati on products forned by cREEszN0$1¢56026

a long chain substituted phenol wth fornmal dehyde and

pol yal kyl ene pol yanm ne. Pref-édably, the ashl ess

di spersant is a "high nolecul ar weight" dispersant

hh Wgilay Mdrfeas, Naevage 101d)e ciihamoleiugirtwel dit of gii Bairer

than or equal to 4,000, such as between 4,000 and _
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dealinhe dnyipeccofatpoblrculiuweighodedrngnatiop. Easbus/@chilidFovith the

exampl e, .for. a pol yi sobutyl ene derivatized .di spersant, .
SR o6 e, Rl SR R R R oy T ) SRR R By wsine
3 ROlY RBF chagibonNsuchay kdGh drB RFREI T HMShiR8E withlagfibAimount of
wei ght of from about 1680 to about 5600. Typica

dqomdiee paonppsed inuEb ' 8F pdhy peblsun ey also @agé@ressed by capping
DERSIRS0LPASH0LR RPN SR LS AL SR DBy

I avera ar wei g
tramaten uf cAABOR, grbuyic tirotiar Lzed mhythohiceidetcaninyey mdeclhAteight,

e el on g SR BTG Y GPab T Rspmomen (see

Ro) YRBTR1 Bhsdgwer nol ecul ar wei ght may al so be used to
fofrm hi gh nol écul ar wei ght di spersants by

i ncor pldreateigrag ofpblyimskigatpel Pnefra phgnersisi nt o t he

di spersant, which can be acconplished usi ng nethods

t hat e OVt Brribl¥e ndkémerPol ynmer nol ecul ar wei ght,
speci fipCally ST e et rmned by various known
techni qués. e Eonvent ent met hod is ge perneation
chromat ography (GPC), which additionally provides
raoidéiowsl far theesbphiymdissi tive granemersiPonanbs encylaed asfolipws:

vau, J. Iy Khokl apch.and D vR.Bloly, mdRdern Size
Excl usi @n . and Sons,

gr :
New YorPk, '0Parogwt ppnaries ol el BPMETCHREe" st an
ani ne _ " '
P B e, M MePRa A indeBation P RRARANBALNAR uscd in
aht movention is atiksest 3Aetydicgibe fremmO tod 6bamengpoeibralilyidf toH&0.
colu | eadi ng,t o an, i naccurate nol.ecuj.ar, weight. .
ot o neatRSHO? bR iRab PR BHMF, FRRE TR E R Ron inplude
GRPALMITE Ritetpotiaiat andwiehabldebias woighbh et dmeons e One family

el im nated by using a m xed sol vent system such as
tdtuselHy el vnais samprpEpolmgs oL wibyteng apd/Aowt leasbons Colo Cos alpha-

pyridi ne as _.opposed-to.pyre, THE ~iThe probl em | s0
et B (R HAC nG e NACHER b Ry Eenihed ol
%Ji‘ilfgrdog‘@ﬁ@ﬁ 1687686 bR Gt cdn\EnAR 1RG4 Be PBHAH coRASREMAn-to-
the nunbeér of capping groups. Another useful nethod
faarbodetertniatipmgprefotabd meh degrgh vf terminal ethenylidene unsaturation.
One preferred class of such polymers employed in this invention comprise
interpolymers of ethylene and at least one alpha-olefin of the above formula, wherein
R' is alkyl of from 1 to 18 carbon atoms, and more preferably is alkyl of from 1 to 8
carbon atoms, and more preferably still of from [ to 2 carbon atoms. Therefore,
useful alpha-olefin monomers and comonomers include, for example, propyiene,

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,
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particularly for |ower nolecular weight polyners, is
vapor pressure osnonetry (see, e.g., ASTM D3592). The

walegsas3df pol ynerization Dp of a polyner is: REIT/KS2008/066026

nol . % nmononer i 100 x not wt nononmer i and thus for

the copol yners of two nononeris -Dp nmay be cal cul ated as
follows: Mh x nol % nononer 1 + Mh x nol. % nononer 2 D
ﬂ(ﬂ?d&@ﬂ@@ Ak ik urestheres f (&gl 0axxuredf. pabpyl@Raiig buine-1, and the
Preferably, the degree of olynerlzatlon for the
aiegm)é%e%léwfﬁgéi BB Ard NEPY R I yeTa b s sk

B b et o e LR R
i emhst mcsbutﬂweht@m&vmm hurtidse ﬁxﬁmlmryinehespoimexeaﬂpwim d@st

o e e SR L s m%}iﬁ%%&"ﬁﬁ% %

%pb@ﬁﬁis shlerdein€ padpaiaelaed ethyhay bhdbiltbge-{ OTHR!ngerpolymers
wherein R is straight or br anc%,ed chai n al kyl radical
criiyp g1viegtian way seNtRIRREBIRORMBAE ofhg Qrhior 2mele T B&iayakns non-
C 0 t :

R 28 AP RRICE RolRAR, i Gk BloF R nlerof i
pﬂ&ﬁﬁbpednmhaﬂmﬂpﬁ@&m@hﬁpdbym@bbm&npMﬁW@dBMﬁﬁi¢ﬁ£ph&0hﬁn

i nvention c rise inte rs, of. ethylene and at

| DAEoies A aRaERer of CPHLTCHR P ST gt Thgmolar
i éhﬁéﬂ@don%t b tﬁg}zélyt&rs]&nlﬂéyéaqﬁ Rk A BnticHd pRa¥E@bly in the range
preferably is al froml to 8 carbon atons, "and

28 tpBefaraalinyore pi‘etffrralﬁf’ 39 A9 Yo.t When peeplisne andiprshutene-1 are
Th gqu(?%:e as fcozlili%gﬂf)rlrﬂ:r ﬁlvp}ﬁi Igrllelé nﬂqe m?l%ﬁ%? c%n%ﬂp fgs)%gfr?] 2(9 ers is
Ofﬁbﬁ Pecfdrably-beatdeyl4pant én %,l althohegheighet or thode ethytent contents
tridecene-1, tetradecene- 1, pentadecene- 1,

HBgARRREH @ 1, hept adecene- 1, octadecene-

1, non - {

3 "o, SR BB eyl o

Summrw@aiﬁrasolaﬁiemnapyﬂsewgnh@mmmng etipderepmd ut least one
| ene- but ene copol rs, ..

ST RandRr SisyRaRBeghan haPEeate 1 HES svssrm cpmrsing a

q@@s@bwme@nmewg hb#@ope\ﬁhﬁfe@l lyNerhdeiROohyaRdongRNLAY 418 an

at least sone term nal and/or internal unsaturation.
Phenerang §omaP yive rlssing WisuNaesss BRo8anedp shjshetoso gf more of the

%M%&ﬁgﬁg ?gﬁé%mﬁ]ﬁﬁﬂzﬁ eﬁ{égyﬁéﬂlt%%ﬂmra}ﬁﬂh CAP bé‘provﬂc—ﬁﬁ. The
percentage of polymer chains exhibiting terminal ethenylidene unsaturation may be
determined by FTIR spectroscopic analysis, titration, or C"” NMR. Interpolymers of
this latter type may be characterized by the formula POLY-C(R1)=CH7 wherein R'is
C to Cyg alkyl, preferably C; to Cy; alkyl, more preferably C; to Cs 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
chains can contain terminal ethenyl, i.e., vinyl, unsaturation, 1.e. POLY-CH=CH2, and
a portion of the polymers can contain internal monounsaturation, e.g. POLY-
CH=CH(R ), wherein R is as defined above. These terminally unsaturated

interpolymers may be prepared by known metallocene chemistry and may also be



of this invention may contain a m nor anount, e.g. 0.5
to 5 nole % of a Cto C nonconjugated diolefin

w@omsnsises . However, it is preferred that the POI/Ys®0$066026
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of this invention conprise only al pha-ol ef m
honopol ynmer s, interpol yners-adb-al pha-ol efin conononers
and interpolyners of ethylene and al pha-olefin

GRERRAINBIRscriblRe im0l aPaghhiNbe te1osmIbenbe D 36; Se70s @7y Mer s
0‘ang)l oyed in this invention is preferably in the range

P 1506802929 amHo A& %br ef erably 30 to 70 % Wen

propyl
ConondrRayf e SRS el & p R Bep @30 by caionie
w@hnmﬁéxyaﬁssbm&qemﬁengraaﬂem@}lﬁtey (ErenJmmpolérﬁxemfdorﬁﬁﬁs class

% alth gh l .

ﬁpgg%qﬁ (?yl @eﬁg o fii)owe 12% czrggfrag@ 59&% stredm kl)lgvmg a

%ltéﬁ'g%[)btéhm BbRNs t@'a%t[f‘?@%‘@ﬁﬁrf ; arfl anTbotuttin® ToMknt of about 30
al pha-ol ef m nononers, or m xtures conpr|5|ng et hyl ene

andbatt 6DEest wonie tB3preesnoR 8t alpiva-asidedaiahy s alumnmm
otﬁghisﬁeg rhco?oﬁ) {nfﬁ GaL aA)ij%fer%g(f LM oqgﬁge n;‘r}e? gmarﬁal&t ?g&yum

ocene (e.d., openta transi

MRitadles &q:fmﬁléﬁﬂa) feadislraams ahmqaarfﬁnaxe i OLhese fecdstokstatd s
process ynmer in_which 95% or 58§e of . t

R itiared e BTt AL, BATTAA £ aSAaaD s ByishBay Bre i iost
?Ef ﬁ@d RERBLASEE thd Pzeesa'ﬁ ‘ixﬁ)%ﬁﬁ@rgﬁec‘a{lseﬁpls)f%ﬁly%b@ﬂd% by cationic

Iting term na enyl 1 dene unsaturation may be
detd enerizatdn ﬁyrrﬂilﬂtﬁ@pemm Gsgoping AKH) ysBE; catdlystsit Soeh

oDl s SRR RO FosfeyeoesStoediinh 7 ala s FEdbaRFone

| $hferlic BOutieBord ﬂfdt"polyﬂfe@f:l@izﬂ, o¥itiched Qoﬁg theahkiyl , nore
preferably G to C alkyi nost preferably Ci

t
C2 al ks potgdatpye, thﬁpﬁmmbwytepﬁ yPiymeREipeY e e Ergopally based
P ﬁﬁﬁ;&%&h&a&q}m 5000 (oS0 Nkl RISy  he
vary depending on the connnoner(s)
S;&ilﬁ@dtﬁdyiémarel &eowm I’(klglspimitylm candtei fumctm.&almeldthy hangandtion
t he

?(eg chlgxp%aor? Elﬁétgt?%}? IE?n rga[%gtgg quétx rem 3 etagﬁgg llésing a
PPl Of el;daﬁdé?oimrﬁae%@;oqpnt ai n internal
nDnounsa uratlon e.g. POLYCH= CH(RI'), wherein Ris as

def i netfoedsensdoiveetegtnal yier hygirepaghent watharsaturated carboxylic
i nter
ot ST ey e e B RSP i R I BB RR Sopgpyunas
Pat entlobaisin 15S48HeB0&s. %o@ﬁ@sammwmﬁz*ﬁw@? 3,231,587,
5,814, 715; 6,022,929 an 93 t her. _us
o gm0 R0 230 RS g
P:Pbé’zf'i?i g éfki GRNAO 4430l tﬁf&?@lﬁﬁ&ro? RSdro8diford ARy bk ke.
ymers fromthis class
functionahzed for example, with carboxylic acid producing moieties (preferably acid
or anhydride) by reacting the polymer or hydrocarbon under conditions that result in
the addition of functional moieties or agents, i.e., acid, anhydride, ester moieties, etc.,
onto the polymer or hydrocarbon chains primarily at sites of carbon-to-carbon
unsaturation (also referred to as ethylenic or olefinic unsaturation) using the halogen
assisted functionalization (e.g. chlorination) process or the thermal "ene" reaction.
When using the free radical grafting process employing a catalyst (e.g.

peroxide), the functionalization is randomly effected along the polymer chain.

Selective functionalization can be accomplished by halogenating, e.g., chlorinating or
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i ncl ude pol yi sobut enes obt ai ned by pol ynerization of a
4 refinery stream having a butene content of about 35

W0 2008384 75% by wt, and an i sobut ene content PET/HR2908/066026

30 to about 60% by w., in the presence of a Lew s

acid catalyst, such as alum-ddmtrichloride or boron
trifluoride. A preferred source of nononer for naking
ARLYIHARKS BRESsdiSraRAtd-0lcBHPLIRRY tSABRAMSo § WP/ Itsreferabiy 3107
Raffmate |1 These feedstocks are disclosed in the art

sﬂc % cdorine, of Bomag, bated No thejweight Ff39lynmeloy hydgoarh e e

e R L
RREABT ZiAttb aB0Ta,@Ma. bizben €460, @@%oﬁﬁ) §to 10 preferabllyl 3 7

or BF3 cataly Such olyis but ene eneral |y
é@HfSa.'fﬂlerhég}iguwg Emgla?wﬁ}yr%ﬁ ﬁﬁ?i@r%ﬁ BEY Caihéwn be
F;Mcﬁn ﬁsﬂﬁe@h@mgmsa&fme%y&% cERBldbE a@@ﬁ%tﬂz&%%}
along the chain. As noted above e polyiso I ene

pobiytkarts tlenpkcbyed, a gen@emwaﬂurqtecb%wybn reectapt] ﬁbb@r tod30°C,

SR ton [RERI0 B G asu e 57 L By ey, T ik the
fasict Onainka a5l byndialtROGRRE Aink&@ o mold Athd@bhdUnkaturated
the thermal "ene" reaction, or bé}éfree radi cal

edioxbligreasprigpes Mokt of the haig gen@ted plﬁ)@pgse)Altggatwely, the
%% o5l BE! Qo RLAGERA R8G 0011 RAGK At BOIIR o0 heated
rocar (11 (0]

ons unsaturated carboxyllc aci
aﬂh}edfddﬂ@&hmﬂmsfb éreshoandtetriab preparati on of

gg[ gx?f?ﬁ\égf ro§a m?%gg% ggafggds & % %\is%l?g ?z%d e.g., Wlsth
%aé}g)é yigcg%md grog%%n% gig)_zet%s %Jr@fe?egb‘gyé aég %g%ﬂg@agde %o%gs)ss@ﬁctwely

@Bsites b 44doR-tq-QarbTh er’amirytrmvromthe holimse a¥ m&ﬁomnnbéiams or
f un ti 19N iz

SREOLT 5o by BEPE B SPEPREARYE, Bhhypons

r@@@@ﬂ fitadyheqiabky.mer or hydrocarbon under condltlons
t hat result in the addition of furl_@tlonal noj etj es,. or
agent sThejpreferredprogounsalalied rgactants fhaf atgysed fodunctigpglize the

%Eigootng IBbn & anf ¥ ﬁ@ﬁh}@ Bakds, 9%‘ 0BG dnhydfide, or

B s
sites of cC onto carpon usaturatlon (a SO re erred ‘
taoidastee nfuydriahi incloding i@ frvncunsasiedted €t fodfl dissihegylihecid wherein

en, ass isted functi naI ti t
JRuBEEE R et ne Hary Do SR @ A AR
flée@:?o:ﬂ@%f&@r‘abl@%ﬁﬂ NG PLOERHS cHPR AYind @req;a@taif@hmsﬁono

peroxi de) the functionalization is randomn

efnﬁ@éxta@an,a(mbﬁqr\taﬁéew i(Priaeh esremhpdndss|og € f&/6s alcohol derived
];nlf(gg 09 ﬁ%gt'exzsaetf'(ﬁ %Po%ngﬁ&%{ge (I:3StE XanQﬂgp@L&@ Gherein

or nat romnatin nsat ur at

ahot@bomcqrbby dmibid barﬁib@ udnjdgdral w&thvthe Grybopy efewpaii.yof3he
ts?m?:mre -C=C-CO-; and (iv) derivatives of (ii1) such as C; to Cs alcohol derived
mono- or diesters of (iti). Mixtures of monounsaturated carboxylic materials (i) - (iv)
also may be used. Upon reaction with the backbone, the monounsaturation of the
monounsaturated carboxylic reactant becomes saturated. Thus, for example, maleic
anhydride becomes backbone-substituted succinic anhydride, and acrylic acid
becomes backbone-substituted propionic acid. Exemplary of such monounsaturated
carboxylic reactants are fumaric acid, itaconic acid, maleic acid, maleic anhydride,

chloromaleic acid, chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic
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wt. %chlorine, or brom ne, based on the weight of
pol yner or hydrocarbon, by passing the chlorine or

whe@silsus34 hr ough t he pol yner at a tenperature PET/682008/066026

2500C, preferably 110 to 160C, e.g., 120 to 140Q0C for
about 0.5 to 10, preferably-18to 7 hours. The

hal ogenat ed pol yner or hydrocarbon (hereinafter

hark Banask £aN ahdRW P8Ik {ﬂe@cgt & Wit Rnsuf ok Cés@ht of the foregoing,
nmonounsat ur at ed react an abl e of addi ng functiona

el enptisl meleathectind dibante, ard gethyhiwmusgat e sosgunsaturated

%25 0%35%@ }egcgéug%g}e?égéblggg betl'cp %111%:8{18@5 ?%)Qcaiww l%%ts@cp gluzIn amount
hranyisg frsmcﬂbotﬁmm tohebopr Wowe s, glnéfarabbd). Wtd 10 wanib,diaged drethe

desire er of | es, of the npbnounsatur at ed
SHYY F}}edf’ %@toél}i‘ﬁ'ngrﬁé?r Bl e of the hal ogenated

backbaggse c}%ﬁz%a%bffﬁmy helfienbagd Qﬁ’é“ﬁ:a@tﬁ‘iitytdf%tamng olefin

nonounsat ur at ed carboxyli c reactant can be m xed and

tp@amms wﬁhlraeor@@maﬁgatcﬁ lﬁmcnn@aitzmgrh@tm,t it paogpgeghsaryTwih the
O(I:‘ar di’()(., !pons \éﬁffm 8.9 iét}oinu 6 m peresfeH % Ien(m)%l f)éﬁ’ggﬂaﬂy

o't T EAF oxyllc 48 pro

(tms@fp%fabéd/pcaﬁﬂnérs@ﬁ h?&b&ﬁb@@%iﬂ@h @Ms&ﬁ)a Iﬁgl &&hin\aElbc)hdahntent

sites of carbogn-to-carbon unsaturation on the po

and FspgH Bbar s erahaithetogs theigbhAng aaf Hirgnemn ﬁ%wr@

fEx‘?ctfoH%l?t? rEIRGERS Scaf%agh@%gta@tb Qx‘é%om%t':te& RN t%%eramre

ereof, in any equenc The preferred
o nasa sa initiatteenak Sop Areastidrhatiakermdaags dgetrenctions are known.

o1 o IR B foSabRs op ATSPRLFack RO coh G R BianAlSo pysandgp

aethshn@sk BF flBlidal Rloietict gzbg% tHegolynieroBRiaL B atvfiat od nfethods.
to C o dicarboxylic acid erein é}) t he carboxyl

dioo exnpieche pelympr, in sqluigon onip salidpronmanpa sehied dathybe

%goqﬂ;% @l RherBhnl GB2E AR deg&ﬁof GBI itk Bres@loe 2k Grec-
Acent  earbon ¥ P nono

undiadl utiidhioaNWhh lpazrf@imed\zakmlue& ofic graﬁingudh:s abace at an elevated

ggrgg%gpgee%fﬂ?{ {afx.ge ?{) qhoyt ﬁd@n@%b (? %@gl %&0 23bec. Preferably,

%@cﬁ@&q{h’ﬁ@féﬁ |gkﬁ%1ﬁ‘§is‘ﬁc%§ﬁl%héﬁ temGRED MR eafi MO solution
doubl e bond is conjugated with the carbox¥ group

|coetamn@ﬁ, fwma@pm&m @wi.gh, @rmabiyaﬁw‘f@ 30iwty ﬁmiymﬁtba&@%on the
it tz%o% &p a8 C s to C al cohol derived nono- or
d?é 8 POEIYT). M xtures of nonounsaturat ed

car boXpkiffecradiedliigitistofs that-m4dy b usatl ane peyxibe, bgddperbides, and
reaction with the backbone, the ponounsaturation of o
1R CHBRTINS atreieE0Buhess Babtipve 8 Dpiiaa ParY Sisales g about 100°C

S@b e glzﬂﬁaiy Qi EXRL aﬁzng%gérﬁmﬁ@ﬁxgé iooiﬁo@as BRES

backbone- Subst | ¢ ni ¢ “anhydride, and ‘acrylic
aedichls. Representative of these free»radlcai initiators are azobutyronitrile, bis-

\3.7‘

tertiary-butyl peroxide and dicumene peroxide. The initiator, when used, typically is
used in an amount of between 0.005% and 1% by weight based on the weight of the
reaction mixture solution. Typically, the aforesaid monounsaturated carboxylic
reactant material and free-radical initiator are used in a weight ratio range of from
about 1.0:1 to 30:1, preferably 3:1 to 6:1. The grafting is preferably carried out in an
inert atmosphere, such as under nitrogen blanketing. The resulting grafted polymer is
characterized by having carboxylic acid (or ester or anhydride) moieties randomly

attached along the polymer chains: it being understood, of course, that some of the



10

15

20

becones backbone- substituted propionic acid.
Exenpl ary of such nonounsat urated carboxylic reactants

woe@sfissss i ¢ aci d, itaconic acid, naleic acid,PCEHUSI008/066026

anhydri de, chloronaleic acid, chloromaleic anhydri de,
acrylic acid, nmethacrylic acild,- crotonicacid,
cinnaraic acid, and |ower alkyl (e.g., C] to C4

opthor chging r@ﬁfhﬁ Legrafted. Mehd @6@1@Qicﬁliggraﬁmg desciBtd bove can be
mal eate, eth fumaratc, and nethyl fumarate. The

HSAG (i dhe th@ztx@éym%rﬁ %é(bydrecqﬂé%toéme prpyeat BVEBiop. mal ei ¢

T om ansu GBYERE St R, REM QoS ARl bof 2Af509

]cﬁamtterl%d indewd witstfimectwealght wiaith idThe pvﬁrqgeerundrer of moles of

dro rbo ile.chlorjnation nor hel ps
G s PrP R b R B LY B ST maried per
%&1@ o&f@@@mﬁ&@é@f do fHeNeddHORAkhAh&Adt KRaGHABbne It 1S
not necessary with the polyners or hydrocarbons
dengtionplizatied of aet. Jgactianalityds ppsed anen theapanikeation number
L6.Ul r
ﬁ}éh%gﬁé ro&.li]c(?%ﬁ @F tJen% n%ﬁﬁﬂq %‘?'tﬁ’egﬁﬁy? I?Jne%ﬂﬁ%%?aﬁgﬁ%sthe
reg@etiel Uf iyt liglnsfod IKKHH yonsuhedéd dieepniphee backbsnenatdne gram

t he nDnounsat rated functionality reacta

AR ITES POAE SRt re 280 cohpadtban e A Efos.

t enpergfukgry %9 n&ANSFahcdimk tgf(ﬁllps }:»H%&l@'ef ‘?'%ﬁd &gt bPfined
to take plac Ene reactions are known. The

hylitmoeantingmabeic patiygmge withgiohehene dnddyaminedotsingribg follewing
3% random attachnent of functional noieties along the

t chains by a variety of nethods. For exanple,
the pol ymer, im=gARIKINY/(ON2]200%04LY- {2y 98y be
grafted wi th the nmpnounsat urated, carboxylic reactant,
asheaeis Sriihie dheapporificatipniibsr ddeti dke Bmier pYgageRpiegplar

'txgiéﬂg%tf%‘le stigg ol%%fp%}aﬁfeq dAst%Qé QR act v'%%%@@i@ﬁt‘ d%he

'ace at~an el ature i n the range of
&bomihicgc@ﬁtaimngﬁ@ﬁk@m podfcefthb ké},m'cﬁﬁd):r bein2 400a5:ted olefin polymer,

Pr ef er apl free-radi ca i at raft

TS bhgnrdtidy pd St apaet Fubs Mol Msiant Spfeicgnbyaride.
CRBfeibly, fth stirfihg Skﬁﬁ'@b@mel id S PGt yIBAe FvaTer @hber avéBee
30 wt. %polyrrer based on the initial total oil

qﬂgwlmwelgiﬁe"amgm@frp@oﬁb@aﬂ 150Rite phaus 280G #nkis derjvasieed wel
pr e lgﬁgfgfﬁn%gﬁgcsﬂ‘e%?ﬁﬂ?%%;&@g&gﬁ o??x?ccﬁf?ahgxllﬁ ﬁpo ﬁmctlonahzed
tdﬂ@@lxﬁﬁepmlym@ﬁeﬁy@ndarﬁ@cmm it Iﬁemnshloh’yl wm lnm(e tghé 3 to 1.5).
e fre cal s

grafting tenperatuyre r eto pr.oyv [
Repr es Sdictupstipaalired ool el Viplas Bisha g‘?@eaﬁwa then be
%99&%59& Zell 'wllﬁ a rpicgéoSﬁﬂhb aranDWhitl asR@reihd %m@ﬁkgaicohoi

di cumene peroxide. The initiator, when used, typically
iagcolise dheatal campauiu ot m@ﬁmbehm@fnmdomSqfé)amom@mbﬂmvaﬂve

stlegﬂ qugesgo%p%gm S r%r \égn tc]1t21ngffrmcrt]10nahzeé 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 amines or may be predominantly
hydrocarbyl amines in which the hydrocarbyl group includes other groups, ¢.g.,
hydroxy groups, alkoxy groups, amide groups, nitriles, imidazoline groups, and the
like. Particularly useful amine compounds include mono- and polyamines, e.g.,
polyalkene and polyoxyalkylene polvamines of about 2 to 60, suchas 2 to 40 (e.g., 3

to 20) total carbon atoms having about 1 to 12, such as 3 to 12, and preferably 3 to 9
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reaction m xture solution. Typically, the aforesaid
nmonounsat ur at ed car boxylic reactant material and

WO e@8As48d cal initiator are used in a wei ght re€T/vS2008/066026

range of fromabout 1.0: 1 to 30: 1, preferably 3:1 to
6:1. The grafting is preferaly carried out in an
i nert atnmosphere, such as under nitrogen bl anketing.
Tiogeasidrhd i@ ngdladulle dMPalFBf athie ChRbagidmh v@lﬁageousiy be
havi ng carboxylic acid (or ester or anhydri
PG tsPsas thoaneRAret b}é}@ﬁ@wnagf@i%@flqnﬁ éhfpfélﬁ? ﬁfe@ a@ﬁﬁ@lﬁ%
I -
e R L e R B e
ghaﬁmbmgm&esﬁmhmmdmmqua:dahdhaumﬁmdmbpr6nﬁmmmmh@mne
s and droca of .the pre i nvention.

R B GRS Eacol T BTS BiAEH 1 o7 ete 7RG g lene

brekbaRe aﬁ@?oi% ﬁ?&h@eﬁﬁaﬁég ARH ab M2tR6FRed dibihfhe; and di-(1,2-
functlona [ ich is the average number of noles of
uﬁemﬁﬂwﬁﬁg@ﬂ@arboxyllc aci ds, anhydrides or ester
r eact [ ve f
o2t 3 D SRS B TR e AR o
fdipetihanahly apdlciexane adthetdromctic ﬁmgeﬁ yompmimas @gthupon
the saponi ficati on nunber SAP!) of the, product :

PG AOHeT WhEfelrcln gt éo‘BW%ds)léBﬁBO e 3 relaged agrido-

ta@,ﬁnfgtmcao%d HUld g 48ereensosERth7. 1, 9(5@ ©75; and
conplete neutral i zation of ohe gramof thé resulting
p?fbmlw mlxq uable 1&“@(%%@6&@%@1@@%@ h’@AmMMi@gmbed in

o SL e Gr 2GRt Hah it ¢-BLEHPR 4R Séndrimers,

%ﬂd?%ﬂ{%'aﬂﬁné@l ard MW@N@&E& inﬁuﬂﬁrﬁf/ L’ﬂsﬁ% u@ﬁi rYntilagy, one may
foll owi ng formul a: 200 Xx

(BAPosdeganiifes 83 %esgpamd. 13 q M%ﬁé\fﬂ p,pégtl ﬁ%n%gﬁé&gﬁanzed
2{{5 yier Ip%aptlé Qfzth tﬂ%’ %ﬂg%oﬁgﬂb %r[g Qe Bltlonaf te&ﬂ}ﬁ ues as

ting ol'efin polyner & percent activ
i degeriheil ot exafnpilben $US amine Nosrt 2040 350 S0 088, prodlatin

( i nder being unreacted olefin polyner, maeic
e e and o i j

and diluent); and 98 is the nol ecul ar wei ght

of nal ”ﬁﬁ%ﬁd@i&y@ueﬁe@u pnedie ba@haemw@m@&mﬁ b&%@h@fmary also be
pol ynmer is pol yi sobut yl ene havi ng a number averag

rdw@@tmeé wa%y@mxyr@ﬁmoa@dsr&u@mﬁwgmhyﬂse gng golabﬁinc Pagls, or
d
AU DaREE L BbORY ) SRS AR Be il pIFhy A2

iona or “Succl on ra
falqudiblsandbdzdklylond glgalisil whlpiwﬂyemtylmehydim&anﬂam from 2 1o 8
backbone is_from

_ 1.3 to

FROPENS JHAPT S lyhmw?@ww&ﬁé? g@cwﬁ mSDaTH of

CHRANG o A Yeat REBE AGcdrbir Fn}&%mg@&l MRdr & %gfc@foﬁ heRtaerythritol,
nucl eophi Il ¢ reactant, such as an ami né
ahpentecaitiootolland mixtures ‘thereof, An ester dzspersant may also be derived from
unsaturated alcohols, such as allyl alcohol, cinnamy! alcohol, propargyl alcohol, 1-
cyvclohexene-3-ol, and oleyl alcohol. Still 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 dispersants may be di-esters of succinic acids or acid-esters, i.e., partially

esterified succinic acids, as well as partially esterified polyhydric alcohols or phenols,

i.e., esters having free alcohols or phenolic hydroxy radicals. An ester dispersant may
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al cohol, metal conpound, or mxture thereof to forma
correspondi ng derivative. Useful am ne conpounds for

wa@l00Bas384i ng functionalized pol yners conpri sePEI/UBMa%066026

one anmi ne and can conprise one or nore additiona

am ne or other reactive or p@itar groups. These am nes

may be hydrocarbyl amnes or nay be predom nantly
QBRI anBnB @F sdvdraMth&dn hldehday 8¢ @ssaribed, f@requuple, in U.S.

|ncludes ot her groups, e.g., hydroxy groups, al koxy

datsapio. %ﬁ$b@ﬁbroups nitriles, inidazoline groups,

and t %ée %(%grogﬁsr 5:{‘ cﬁ%iae?ga;‘xé/ mgﬁlﬁg B&Iy%m%ede?zﬁrg@ rf)%ﬁ/ 4 -olefin,

i nclu am nes,

m@pmmal ﬂéﬁkcﬁﬁ@ly&ﬁhﬂ&[ﬂ@ﬁ@a&ﬁpkﬁhﬂbﬁn End p‘blﬁ@gbtﬁyleﬂi‘b Bsed
to 40 E 3 to 20) total carhon atons havi ng about
ﬁlap@rsmts riRulady grqf@‘f@ﬁzare avidesp dispapais geryyef from

%%5 sro%g n%tsﬁg@ é\ﬁ@& Wil 8Gk 1@ gy g?&xg Eﬁ@f@a@t@ with

oun ant ageous use as t ose
@I’()E}f&ﬂ‘l}'&dle lammﬁae.gj pnlyet(hybahk ;iiaenee, tithaathiytbac penthmine; or a

ég;[m k re}&(grred amnegsé arealflphtlcsaturated

yogxalkylrng pRIYHEINCt b8 BYENPIPLOPYIES U4BR noet hane:

%n&edlywmrﬁ@eﬁ@ﬂ@ﬁ@,a Hydfox@ RfpBeRY leaf §ientaerythritol; and
6- di am nohexane; pol yethyl ene anm nes such as

d:pmbnwlenﬁethmrepé n@ﬁ@partwtﬂ@tﬂshgneéqﬁ@dtdeipﬁ@ﬁ@tﬁ@mbmatm isa

00RO AL 85 2050 o

apdonel with B a lugebul coatponad conpemnsythritol; (dpa palybeydiyilene

di am nes such_as 1,4- di(am. nome@iang CM?I ohe ane and

OLNSFBRS) €15 PO Y BGBHCBS F3BNR T 8T IS TR

éﬁﬁ} enlé%?z{rh‘ilne Gh@a%ra0hyRA PARahBe Lbiag RROU AT BUbBAD moles of
at am doam nes as disclosed in UgS Pat ent Nos.

4BBRY) 2116791‘ @)Has6 b7 f (4)9680thpeprefamsd glispegag xpmbijagign

so e fateampiEner LR ATV R S TBL ARG b B7 o
‘boiyali@l&%@olﬁﬁﬁné}*‘é 288408/l erlogRetaini®y, and &T)ar pdiylkyelnc alcohol

am nes, onb-structured am nes nmay al so be u
i ﬂ?plyawiryxwh‘éshﬁ%?d Hiphabe HIBAYENE R %spﬁn%fﬂlé%@f%ed

tﬂf&lje@}fioi:)%zﬁ&}xeﬁlgndﬁ, 23 Qﬁgm%e% n U8 A4 9 %@b iszed

I eact W e am'ne conmpound Usi ng

convemt patallatie ptuﬁérmdaﬁsmssad@mm%ﬁﬂn if ore @xrmming at lagst one
Pat ent .Nos.

4
o TiebhoRY oo B0 THECE BB TGRAT Bt of £ peSgnd suffted
RALYAR hEyddIe, an@m@Abw@mamwmg@) laerived from PIB

derivati zed Wit ydr oxy ounds such as nonohydric

mlnlg@ﬁw@mm@b@#tdéﬂ% rcsahoaﬁ Qﬂ@déﬁbﬁﬁtcﬁﬁlaﬁﬁhﬁ@@ﬂﬁmm about
Sug po SHouP {1 ?,nzgld @e@?an%ﬁ&%ﬁl% §1‘sp£ Ea%ft fikd z?gougﬂlig F@f%rdf $rom about

0.6 to about 1.25, preferably from about 0.6 to about 1.1, most preferably from about

0.6 to about 0.95. In the context of this disclosure, “coupling ratio” may be defined as
a ratio of the number of succinyl groups in the PIBSA to the number of primary amine
groups in the polyamine reactant.

Another class of ashless dispersants comprises Mannich base condensation
products. Generally, these products are prepared by condensing about one mole of an
alkyl-substituted mono- or polyhydroxy benzene with about 1 to 2.5 moles of
carbonyl compound(s) (e.g., formaldehyde and paraformaldehyde) and about 0.5 to 2

moles of polvalkylene polyamine, as disclosed, for example, in U.S. Patent No.
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nono- ol eate of glycerol, nonostearate of glycerol,
nononet hyl ether of glycerol-2X»entaerythritol,
di pentaerythritol, and m xtures thereof. An ester

dB 85 8GR MG udkEM aidli §0bRE colR¥ch¥@en Hict 4 RSALHEIRISE polymer product
al cohol s, such as ally! alcohol, cinnanyl alcohol,

pPidhacigliecear sarlyred nalimgrrasne vepsutstibient emide biesehe fgroup, or

I . af Q .
ohpkasSinbl UGG S5l SR SORIRAS B i
i andlyduldanig aoxymred kiyliene thadlescrytaxdyh €% . Padue No. 3,442,808,

e
ah bl 6Rae baglysalysefR bl RScdie@Th hd RbBcARNP ARl B pra.

The ester dispersants may be di-esters of succinic
aci ds ‘Ot denegsasteanrby, fuithes postgesateddily ayvagistyerfichireahtional post

S 3 . | T ti al Lt
SO 05 80" AT Y Bl o
{3,284, @ 5c dhehsorosf thhénpdriant yrdadiyaceadplotks by &@?tﬁ%t #lacyl
OB IR G op B itk Y PABrO SusiShe (pasreap daoron
$haB8d b8R8 acids efnfreb e FHakRSIcRs, G a?x%?ﬁ%@%ufﬁ&%t%g Provide from

pol yam ne-derivatized poly a-ol efi spersants,
paol & Lkartopt 20 hipheapropattiense o Bhqrbafwlcedti moknd acylated nitrogen

| yi sabut -based. di ts. Particul ar o
e R W T e RO
PRy BRG0S0 RBOGUDB kst &droM. tTheHoed, RikechapRYAE irfie product
groug;ﬁand reacted wth polyethﬁlene am nes,

act, | ye mnes, e.g.,
poldyerdigrd herenddplemersdprigiatihy e pentbaheved to aitach to the

PRS0 BPLYATA Gl Lo RVACORUAAS e i
Baationpantbeeaytddrout by addianfiomatbitnas ioohmath¥r eof, frofgbout 1

35 bl aenisn 2o egsef o B giass BEAS T Bivedet ot wheren
SWEpoiRE pRFBMBI dgic QERAURRIARPEs £ astad tPl{\é Mggli%?g@n compound

hydroxy conpound, e.g., pentaerythritol;
potl yextirel kigh ghenpel aniaheut 185YC fo gohy BHO7Fr epy I 46TE€ to 170°C,

P TE Ry dobabalh HEP AR Pismatrdita ol the

e trédidedt @aRbO YN c 130 b?%d&!ﬁ% 6Bic adi&lo ARG dctibPmiRke of
nol e of (A). Another preferred di spersant conbination

demprarsesyly acshmitareli oA aing mhilpotyedabureny Dtheupest saction
FRREEEE RO Bk efbenn B Sl EI BRNET O <l ool

or polinhylthpensyntsndysdlsd bt facthal gophiadat@l 1prien@ioy vath N&-called
Q'ca%pingp a?ggztxtq.e %gggrgﬁ%geldly? %itrogen—containing dispersants have been "capped”
to reduce the adverse effect such dispersants have on the fluoroelastomer engine seals.
Numerous capping agents and methods are known. Of the known "capping agents",
those that convert basic dispersant amino groups to non-basic moieties (e.g., amido or
imido groups) are most suitable. The reaction of a nitrogen-containing dispersant and
alkyl acetoacetate (e.g., ethy! acetoacetate (EAA)) is described, for example, in U.S.

Patent Nos. 4,839,071, 4,839,072 and 4,579,675, The reaction of a nitrogen-

containing dispersant and formic acid is described, for example, in U.S. Patent No.
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tri smet hyl ol am nor net hane, as described in U S. Patent
No. 3,632,51 1. A particularly preferred di spersant

W@09p0S4384 on i s one conprising at | east one poPYEHUE®AZD66026

succi nimde, which is the reaction product of a

pol yal kenyl substituted sucei2di-c anhydri de (e.qg.,

PI BSA), nore preferably PIBSA (i) derived fromPIB

M STAM Tk rédcath ALt oF20Rkrd @naldatiinin®8paRaht bhd dthar
succination ratio of from about 1.3 to about 1.7; and
SUPlg sPHES agRAis @Fe dassiaddaft S Hardens NosubPo R 4 @hicslippeid);
fr Ot 046+t {cl. . b

(OB B0 R 00 5310515 AL el BT AR alion
abiohat®s, 5., dtlnyledvecacamtie)xts, 38,4281 (smodb spbogdel; 6,026,495,

"CcOo i,ng.ratio" e _defined. as a.ratio, of .
0 R, 25308 5 T peF e hisT e R % RisshIRpaparcic
%hfdﬁmrxu@ﬂie SnidfaedBs THR hRGoRQ!INARIEeiRAGARhd other

Anot her class of ashless di spersants conprises Mannich
aghodsoi¢arniag hiveepr-eeieining dapssens e knowade tse gkidled in the
are prepared by condensing about one nole of an
fﬁkyl-substituted nono- or pol yhydroxy benzene with

about FbrkeqRiafe pinbiedepobit carthonyhitregapamndbiay dispegant can be

LSk o et TS S oo 1 £ 0
GXATB), Ry allolt H1 $mabadie plerdionl3 fdhPa I 80.0946 ¥ 0N Ghass %, of

base condensation products fray include a pol ymner
pniockeot of a netal |l ocene catal yzed pol yneri zation as a

i th SEhstAEe o ear gDl SRR ST R B

QBdiRe DY EthAVicClcpOdg Ahil deadid nautfIlnas or istrinhititols) tHehebly reducing
described in U S. Patent No. 3,442,6808. Exanpl es of
feRe BROPRTISIOENd $oi g ing pEpaife doetggents ﬁe%fm}vm'@ﬂse a polar
1,266 Hed ! Esalt of
X080 5 RO B OEDE 0 Pl et o
dicgpesigamt compolrel. firetshity mpp senttineatbsiadsiplly stoaghi@nstriof

conventional post treatnents such, as bqgration S
GEREEY e TR it s TP g s od 7 Bl fgncutra
Zak94nd %%ulﬁ?gﬁbzhﬁﬂa@fa thAEbALk SRELEBHHTRIS (4saad bk Yneasured by
acconpl i shed by treating an acyl nitrogen-containing

ASPAIR2E0) of froimd) th$Po . egermnvat eliemets bassmay e ipeaporated
Qran_ hal j 0 I 0S;, . an I S AC] :

T SR8 DO R AE R s By e RREE 5 g e

ab@UtcadOn dicided. Phopeultingnserbiscb deerzehbeongashs noitalisdd

acyl ated nitrogen coppositjon. Useful dispetsant

e as PEAPRB T Of DECELPSBAUE Bitnatel Begl g@fﬁﬂ, overbased

f ORyi PBRLF fr

(AR 5,0 T Latms haton o o0 o

pBiyord b of moierarily (HBC ), is believed to attach to

t he

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

sulfonates having TBN of from 20 to 450 TBN, and neutral and overbased calcium



di spersant imdes and diimdes as amne salts, e.g.,
the netaborate salt of the diimde. Boration can be

w@208ie33put by adding fromabout 0.5 to 4 masBCERAIS2008/066026
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e.g., fromabout 1 to about 3 mass % {based on the

mass of acyi nitrogen conpourid)- of a boron conpound,

preferably boric acid, usually as a slurry, to the

aghehatod aﬂmgeﬁanzmmum@s AndnHEBN dfqmm 50 ts430. rCdqgbiditions of

from about, 135C to ahout 1900C e, g., 1400C to 1700C,

t TR ISBIF OYeTPEeR 9B BEUE! ALk, Tniohé BR by

nitro r :

7L ORI B i 554 LU ey RRASR R Bin

rieaibe salfonsiize of gkplfsubstutgd eamipticihydregeibdnnuick i dlosablained
1 N e re wat er. . r, post.reacti

B G BB PR R MBS P86 Barocarbons.

a@:{ﬂm;ﬂ&; indll@edihs estRanéd ﬂi@ﬂMk?ﬂaﬁxﬁ? b@lzfezw tdiednePOatne,

treated by reaction wth so-cal |l ed Idglng agent "

@@@b@ﬁkﬁ@ﬁhﬁeyﬁ i tb@bb@ﬁg%’d?ﬁ?a’?%‘{eﬁ guell asphicsalanzcneay e

b

ORI AERESH IR RSP B el g e
Numoeusf a:eqmqjyn gvitgekylstirangensthhoidg fanealionoivn mGfe mhne 70

-, those that canvert
S GRE BB ST bt OGR! ke & R Brubd g fhagr s0 or
afﬂb@@aﬂfonlamrﬁ@ pEHTQUPIS )k BhdR$6 tSitduabb earbéﬂhaoﬁﬁ 36t ARy
of a nitrogen-containing dispersant and al kyl

a@éﬂﬁa@é@EW@H@éW@€% ethyl acet oacetate (EAA)) is

geggg' "@-ﬁ;zm g&big é‘?@é‘%& 01‘ %Khég'yfseuég | coa%gdspga} be ﬁe%%‘gl’lz(gi Litm

nxideaglenkaital aikogidel, smn&am caboklge sutfides, v dtsulfides,
descri U_S. Paten 3,1 85,704
THEalRS g@f%t%ﬁfmﬁ Fak?tﬁcn;{)fj th¢ matah. T’F‘?J@EWTE 8%9)5?3{11 Fepgpound is chosen

r | I
g@’g%r r%%([ji& It(ﬁfl‘l@ .dgezﬁ% T%ﬁ tofﬁfp; fﬁlapﬁﬂéﬁh&%u ﬂ:&ﬁ}é géhlﬁgs from about

akﬂ0d9> 220 PBELYH(BRferBh 3341891125 511&35 6@)55 zm 50@@1@112@&&&3/
849 676 5,861, 363 (al kyl and al kyl ene carbonat es,
é%% ethylene carbonate); 5, 328,622 (nono-epoxide);
5, 026 MG sadts @851;1&18& anﬁ,saﬁ&‘:&@@he&;m&% poéphrddB i¢action with an
(e.g.,. bis)-epoxides) and 4, 686, 054 nalelc anhydri de
GPPERERICHN e LGIMPerPd Bych aF18 oKl s Byﬁ‘@xa £ gpd peutighpr overbased
?M&I &X}eb@mal E(ﬁ] &¢ a9 %II%OQQWE{&M Sulfunﬁed Sphenols may
| rogen-ccontal ni ng” di spersants are known to e
siei grépeed by tehetingrd pheRolr witld ed tetoe a pulfitreongepgsédmpound such as

Ratieen e, PHOCRarTGIERer TG FLERTng B EeHpBeT L b
Vgeh@f&flf/ Qﬁkt%h@ WF cOnPS B sSwhich @ (ﬁki’x%ﬂ: Renbds d?@ﬁﬁd/é/@d bfy sulfur

preferably from about 0.07 to about 12 mass
riontagyesmbridges.

Dihydrocarbyl dithiophosphate metal salts are 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
commonly used in fubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2 wt. %,
based upon the total weight of the lubricating oil composition. They may be prepared
in accordance with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohol or a phenol

with P»Ss and then neutralizing the formed DDPA with a zinc compound, For
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Met al - contai ning or ash-form ng detergents function
both as detergents to reduce or renove deposits and as

wa@eood/1susee ral i zers or rust inhibitors, therebyPCBUNISIQ6026

wear and corrosion and extending engine |ife.

Detergents generally conprise&3a polar head with a | ong
hydrophobic tail, with the polar head conprising a
nahlpleS aldithRbh@phasd g€ nmay B8 Le %2 raRung mi{thﬁzs%ﬁk)ﬁﬁlary and
may contain a substantially stoichionetric anount of

tSseondaralcehp s itamasty. rhdipladighioplinspharicrsdscan bel peppared
i call
R ey R P roB e PE ol Dot i ol e

DRE8GERrhot gfoupsvd tHe@tl@0s ard chiwrefieprdmmaynit clhdra@enreicahalbathe zine
may be i ncorporated by reacting exce tal co und
(Bt Bae g REr b ing BRSOl Bossh DAL PEidGRdbronides and
(@ribnate§ ARG GERXAABIMPITNRL. r@stithbAcRY : QBT R3RRHent]ly contain an
detergent conprises ‘neutralized detergent as the outer

| exgess obring duetathe asel ghesxgess oa tsdnaice)nerrdogwiobed inShe h

aver bas detergents may have a TBN of 150 or greater,
anr?a{r?lyl/zﬁig%ﬁfea?&é\ﬁgll have a TBN of from 250 to 450 or

nmor e. Deteefgand sint dittydrryrbybdidseshospieidsdee oil bolable whikseof
neutral and, overbased sul fonates, phenates, sulfurized
Fhiripcaebyl dithiophepppanhatidsanddngy Qt‘yﬁea&eé@tedamgle following
r}@,qg,?lg:enat es and other oil-soluble carboxylates of a
nmetal, particularly the alkali or alkaline earth

nmetals, e.g., sodium tassgum i thium calcium and
magnesi um The nost co kﬁjused metal s are cal ci um

and magnesi um whi ch may both be present in detergents
used in a lubricant, and m xPuresSpfncal ci um and/ or
magnesi um wi th sodi um | Particul arly conveni ent netal
detergents are neutr al &'d over based cal ci um

sul fonates having TBN of from 20 o 450 TBN, and

NenHrEiAIR AR OUEY PegedaabedRRe RAdr6 B Fadibtié Bt g from
phenates having TBN of from 50 to 450. Conbi nations of
dietodBgprefasablyfde harcatwarabasedhdonclnding radicaby sushah alkyhplkenyl,

be .use ul.f onat s : .pr.e ed, fro ul fani ,
ST R I S TR R B FERALE Rt Rt Bk py B gna R
Qfro@Jskiyd aluibsbigsutfedo droahiatorkyy AT athb eftiscataially, 5r example,
those obtained fromthe fractjonati on of petrol eum or

gy dhd mpiepy i PERYb M- dnab el pSrdPWEla B ¥ & herlapprad n-octyl,

B P B TR L3 <G
ha¢tbgeyclomniw.atropas!, butchyladnohlo tobsaizensolubility, the total
N O S R 7Y
albki B¢ greht@g ateSiltanhyilBo darmdakioghosahite capiherdidrd RorhBrise
zine dialkyl dithiophosphates. The present invention may be particularly useful when
used with lubricant compositions containing phosphorus levels of from about 0.02 to
about 0.12 mass %, such as from about 0.03 to about 0.10 mass %, or from about 0.05
to about 0.08 mass %, based on the total mass of the composition. In one preferred
embodiment, lubricating oil compositions of the present invention contain zinc dialkyl
dithiophosphate derived predominantly (e.g., over 50 mol. %, such as over 60 mol. %)

from secondary alcohols.
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carbon atons. The al karyl sulfonates usually contain
fromabout 9 to about 80 or nore carbon atons,

wee@Basabd y from about 16 to about 60 carbon arCIESHE$/066026

al kyl substituted aromatic noiety. The oil soluble
sul fonates or al karyl sul foni26-aci ds may be
neutralized with oxides, hydroxi des, al koxi des,

car borabhgmecaail Bty inhibsisTor aﬁﬁom&w@bﬁ@me&ha&a@m@y of
nltrat es borates and ethers of the netal. The anount

oringiaf ails tecleisaiorde insseeniess dAxiAaiNerigteriofaion cap be padenced by
R T Bl 6500 R Ch U BB ol B9 G
npesthY)Suoh stppdmattdiosiiatme trrhils aird ipc}uéq tindectd phertad,

lts of h | | f d .
oPnBERm s e P e R Bt R SRRk ygntion,

ANk d8tiPmeRY Q% IRy BREnAIBkE & REs 1R iURERASBAC; to C 1) alkyl
products may be obtained by nmethods well known iIn the

avide, ch@lsf qatdiyra @Opﬁeh@méwﬁ?@ toel Sph@kﬁml@aafﬁyafrde%@fwmjl
h I
g n&gess \{}\hcgsghgéﬁl iquE:ecf)ér sgi i’ﬁrl’&s%!l%dge%%%gﬂ é}llﬂgs HAARY légt%surrnetai

rogen su e or su

dhlba:!:rbéiﬁatei @ﬂfsorubiqosrdpﬂetodomp@hndﬁ‘asaie@crgaedm Hl14. Patent No.
m xt ures of con‘gounds in which 2 or nore phenols are
IS, R BOIPEFES MRS SORPPEYEs.  Di hydr ocar byl

di t hi P
e e e o

alokallymeor ofatlkddricrnad @mtﬁnmeéymatbacrallawm methpcrylatedsopolymers,
ni ¢ or.c The, zi

t

P PR B S o i E R v ? PRt b iSmers
amynée Af a@ryllc%Qerl%ndﬁfa@tﬁaﬂ!y&ﬁhﬁbg@nﬁed @op%iyﬁﬁers % ftﬁfs:ﬁéif
upon the total weight of the lubricatin

cempos tsRe TR prpd FOPENED atﬁéwnﬁ,rﬁsaﬂe%(ﬂ&d%%ww h
2@9 ﬁ&!‘ﬂé{g&‘&?y@é’m 8T %%%%%gfé Mo fr*ﬁje' Mgl c%@zﬁ'f}%’rteferred

phosphori ¢’ aci usu react’ion of
o,mg:osll‘.y modidicasl o biat-slopedvipbsity Imabiuﬁehrs %B/ed bt hedrogenated

oS i o e o e IET TRES (B0 2 35

rrﬁ&%tpké}&amyxa Ht%ﬁ%a?@d Pist ?yn@ﬁﬂer&@ﬁ@ﬁ%gﬁﬁba@mssmved
Al'ternativeély, l e dithi ophosphorl c acids can b

ﬁr@pav@r@gméqddpﬁlh'éwhwamtafw+pogmé Ay ay $S1 > 45.
oM upd DS AR A ENALRGRE Lo BRCh e DXARRRA W the other

groups 'O ef's are en
Ghatdieh®of th'ECﬁxmikﬁ ntalyetlsbllﬁenéiadidd Mylplm&f suchrmatenidls alclude

e PRURSTES OAPIS OBE GORErSH P EbyBa! Tl Grers of
a0k Ha%eso1{ ELOAMENE h¥id € Qth &idls, 3Br example, the butane diol ester of a
dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-
substituted mono-amines, diamines and alkyl ether amines, for example, ethoxylated
tallow amine and ethoxylated tallow ether amine.

Other known friction modifiers comprise oil-soluble organo-melybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and anttwear 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.



10

15

20

30

excess of zinc due to the use of an excess of the
basi c zinc conpound in the neutralization reaction.

wab@spseserred zi nc di hydrocar byl dithi ophosphe@EES20&066026

oi |l soluble salts of dihydrocarbyl dithiophosphoric
acids and may be represented 3y the foll ow ng fornul a:
wherein R and R nay be the sane or different

hl?ﬁﬁ@ﬁzﬁrfyh%&feﬁ@@h&&heﬁyﬂd@ﬂﬁrﬁ unmagaxsaﬁ@aﬁsldmylh&hmphosphmes, alkyl
pr ef er abl to 12, carbon atons and incl udi ng

r?s?@rf@%ém%eléﬁ%@xaamsﬁﬁ al kenyl, aryl, arylalkyl,
| k
o ar AR RPNRELG AS AL By BELH LEMER Vi

Scangonod. dhewwomphurgis thﬁ eearcad/uth al t&&mytrogfe@ Eorﬁpaﬂ‘mﬂ # measured

b@’ﬁ%ﬁ% estq% ﬁ?? bY h %é@gs{tr% n H@? ure %n%@‘pﬂp1{t:aéllé(’g§;p(avalent

dedrayd atre%‘di?lﬁ’(ﬁ@ H&Id ﬁmﬁérﬁlﬁﬂnﬁﬁéfl}ﬂ)dat@ 'ﬁ@(mﬂn m@l?’ 3&1!:9 Ii)%fb)éémm

cycl ohexyl éﬂc ycl op ent?/ propen
orelabdate a@dwﬁwn alkialinesoptabinp ﬁbylates mi at ra'noimhdﬁnam scaﬁs e.g.,

a idg?%%‘nl%%)((i) Ik rgfxl)i Egatgfg\g%g (?U%/I 91 Brgt]%[o IH(%]()% e?mﬁl tnomde or

ener or gr

chidnyl gl ke bmﬂybdbﬁmnaﬁhp&n{alat e can t her ef or e conprise
zinc djal kyl dithi ophosphates. The present invention
may be Papg ihe mrolyidgnie gempoupe Rsclid SAIINGCORPYSHESET GAHNS invention

CRIBRGAS-HRNDIGAM @drﬁ‘;&&ﬂﬁdg"&qﬁé’fbﬁ%{ﬁ levels of from

about” 0.02 to about 0 .12 mass such as from about
0.03 to about 0 .10 nmass Mo(BOCSyeandabout 0.05 to
about 0.08 mass % based 8{] }gggﬁ%ot al nmass of the
conposition. In one prefe é ‘bdi ment, |ubricati ng

Oither&Q MPIO 8 bigans gdlp tdiectdir RHe He (Eﬁfﬁiﬁahklﬁﬁl ] | gkl
di al kyI di t hi oph%lgp%at e derived ggr edom nar%ﬁmﬂ(? 2% 4

Wérﬂ kiogyaey!, sevpraly ehirers 139 8¢ c@bomegpms.ognd PFW@@ ééfm daeazbon
ShERSk BRI ROLRU 13 LA DO, ISR prefrg v

dﬁalkyidﬂnelctaebmtcseﬂ"mo@é)dem dative deterioration can be
evi denced by sludge in t?ﬁg' ubricant,  .var sh I

depos L Erie ShEReano PSS SR reBl e Jiorcating
giggﬁnmﬁ%@l@ﬂ}ﬁ@r&tw tﬁbu&%‘dr dafHaRmbR Bérgb&ﬁ’l&§ ebﬁé‘é ladehose

red phenol s, di phenyl am nes” ot her than

pﬁ ithee- fatrkb}lﬁ M%&IdeN@nmxmmb@eQﬁWhermn phedsan tndependently
PSR ighs PR BB CRRG B Frefr B Pbesoreoeq goms o

atidet theico@pelal sﬂﬁ:blmld@wmbmﬁephga@sl frahl1ftd dsk vaick from 4
sol ubl e phenat es and, sui furi zed phenates,

phgEgh 6L Isrsaiertse §orrthe grorp P nesakRjsirer dpeing compounds such as
W&P QQ&Q& %3081%}? prosp Egl %Q%%,ﬁil%ﬁg%%sg ﬁ'oﬂ’l'd to%%ﬁ k?:lxc?udes

copper COﬂpOUﬂ s as SCfI tent
non-stoichiometric values. At least 21 total carbon atoms should be present among all

the ligand organo groups, such as at least 25, at least 30, or at least 35 carbon atoms,

A dispersant - viscosity index improver functions as both a viscosity index
improver and as a dispersant. Examples of dispersant - viscosity index improvers
include reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono -or dicarboxylic acid in which the hydrocarby! substituent comprises
a chain of sufficient iength 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 Cy4 unsaturated ester of vinyl alcohol or a C; to Cyo unsaturated
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4,867,890, and nol ybdenum cont ai ni ng conpounds.
Represent ati ve exanpl es of suitable viscosity

worwsfis484 are pol yi sobutyl ene, copol ynmers of BECHYE08&066026

and propyl ene, polynethacryl ates, nethacryl ate
copol ynmers, copolyners of an2agsaturated di carboxylic
acid and a vinyl conpound, interpolynmers of styrene

amon@carybiydicesiddrs, CApd,pai-tdriaddy¥ic AyidrageaaiRturated nitrogen-
copol ynmers of styrene/ isoprene, styrene/butadiene,

2 AIEER FOREMST AR SEH &, 2hearhe atoms; & prdyiper afiadf g Cao olefin

| . [ X i e .
48 SRS RTRE| MR U U R e BRE5 in
shyalrexshaped oriagsabmholy onodolfyiver sf dbylenedith admnto Cop olefin further

hydr ogenat ed lLvdi ene arns, which.viscosity.nodifiers
kel Y <y s £ Chdoiepialspiosss copfing monomer
Phedest abby gradirit ArmSRtaRed AiE6AS tepoMfléfiatkbone and then

conprising triblock arns derived from hydrogenat ed

((ttipgicarvexplit 9ad groapeolbe grified eyidayih 4nearming haydraSansine or
A8.on511 ction nodifiers and fuel econonmy agents that

are conpatible with the other ingredients of the final

oi | mBouabsint Bepresasits|deicbrwie &npive as hibe stldlovwrati@o i@l §.0FT),

i.nclude glyceryl nonoesters.o i gher. fatty acids, for
dRAFEE TG SE AR o hpibane Budary fop: pling Remainsd. Such
PRlUGRE ROW A dSypidal B fbQ! SdithQt naxARbee tb MGy

but ane di ol ester of "a dinerized unsaturated tatty

deingerapaioiditn of durfpoling s tafids dinkokipmerase vinyl acetate

al kvl substit ut.ed nos am nes. diam nes and.al kyl ether
RoP AR b S PREIPR, TS ShOER B PRt gt oamans
adfhiexjyd] adilpdateatyh € \ioedfaaiplasilidene & begol khidahyT §ilokbhen

nodi fiers conprise oil-solubl e organo-nol ybdenum
conpoutiie ofdlie pPyrgRsTHORS| JAskfEiss o Provtdearmwbalieverfettects;

laftngs‘r)tl'op E}@q\ﬁh;gg,oa?sl@ﬁéi OXAARN ANt %}E: % :?p@@{saﬁ[&%attiﬁn ﬁxﬁpﬁtor. This

catl composi tion. es of such oi
sgbubtleisorgbmwdndbaed noh bednpberredidborated hulen.
di t hi ocar bamat es, dithi ophosphat es,
di t hi ophosphi nat es, xant hates, thi oxant hates,

SWBREEATISTHOhCOMPOSIANANG Xt ur es

thereof . Particularly preferred are nol ybdenum

di t hi dduliiBedadesicans APy vodhiEBREtus rangesyTypically, they

i wat it t.ne.
SAOLBRES  ANOFT A 0 AL Ryl e
cowipguadeldesTimmsien cospeimabwith b safeesaking tepeératudsieq:., -20° C)
ni.tragen conpound as asur ed, by ASTM t est 664 or |
5SE8E TeRIARbPERe CEl B S A o cranking simulator
h@&@g@h@mgﬂ éﬁﬁér%%@fﬁsm@iﬁﬂ' G ARLAL IAHERRS W have Jow
rm@l}% dat e, sodi um nol ybdate, potassium nolybdate, and
St(herisedsikiss iaHew et aigineob ytrabhiraye gard yat hover tavhpyehateres and thus
Sn%lpit"o%b eggig'e startability at those ambient temperatures,

The second number in the multigrade designation is associated with a
lubricant’s viscosity under normal operating temperatures and is measured in terms of
the kinematic viscosity (kV) at 100°C (ASTM D445). The high temperature viscosity
requirement brackets minimum and maximum kinematic viscosity at 100°C.

Viscosity at high temperatures is desirable to prevent engine wear that would result if
the Jubricant thinned out too much during engine operation. However the lubricant

should not be too viscous because excessive viscosity may cause unnecessary viscous
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hydr ogen sodi um nol ybdate, MCOCI 4, MO Br , M20 C
nol ybdenum tri oxi de or simlar acidic nol ybdenum

W@ ovposH3sks Anong t he nol ybdenum conpounds usefRET/US200$1¢66026

conpositions of this invention are organo-nol ybdenum

conpounds of the fornula M (-RGCS2) 4 and My ( RSCS2) 4

wherein R is an organo group selected fromthe group

cdrag bisd wotk fpulpkiit lubgicyt wiadhadnkyin @ thabdse Ry bédsumption. In

generaglly of from1l to 30 carbon atons, and preferably

2eengran Shelomiss A GRS @t ombist boderthe pegsesy thal lkpricast achigygs in
ns. Especially preferred are the

éi%gllcﬁszg?%ﬁﬁéis%éarbanat es of nol ybdenum Anot her group

of or glnw: muirgdyde quatife dorpogincsmuliefade cilnicsigeation a particular

| ubri cati conpositions of this invention are
CPREERG A1 THET S BLATIAC S SuAE sl ot pa g Fiomssatgre
tHgeokif fﬁghﬁerNQl@mat Leabthyd Xt Up@shidanehealh WoSABI 1308.NEhe
L are 1 ndependently sel ected |1 gands having organo
oFUBERLVigEosRY Hmdtgpetiie Sévt 1380 misess Toflowsr bon at ons to
render the conpound §pfHRLe %ET@L@?@E%EM e in the oil,

[ P hr ou

nis fromlto 4, k varies from gh 7, Qis

sel 84Eed fr dMaxitnemgZ@8Ip ofyyneutdkah2/e ectyvon. 2ing
corposingds suchiessiat er, amﬁ%énuﬂl ?ohol S\Dlr% %%gpisj;es,
s fromOQo 5 and includes

ato -= dent anong X
groums, such aspoatodieast 25, afgleast 30, or at |east
35 carbon atons A dispersant - viscosity index

i mpi@Wer func3i®rs2Bs both a W-scosity index - nprover
and a disp n Exanpl es di spersant -

Vi s%:%?ity indg(()%?(ﬁfpsr)overs incI58 e reaction products of
am pe%, for exsomlm)pol yam nessgewith a -

hydr ocar byl substituted nono -or_dicarboxylic acid in
whi €Vt he” hydP88AkBY 1 substit ubht conprises a chain of
sufficient Iength to inpart viggosity index dgmnproving
properties to the conpounds. In general, the viscosity
i nded0 i nprover dispersant may %®, for exanpki.5a
polyner of a C4 to C 4 unsatur?ted ester of '?yl

al colfol or a C to G 0 unsatur at€dnmono- car boiiﬁ' c acid
or a¢C to odi-carboxylic acidigith an unsaturayed

ni t rogencont ai ni ng nmononmer having 4 to 20 carbon

atorf8* a polymer-of a C2 to C2b%l efin wit h<¥nl
unsaturated C 3 to C o nono- or di-carboxylic acid
neutralized wiwth an am ne, hydroxyl am ne or an

al cohdh the®AR JPH sehene ofultgiringd @iBenast the raquii@nieatsGZBoth low

olefin further
temperature andqae;gh temperature performance. For example, an SAE 5W-30

multigrade oil has viscosity characteristics that satisfy both the SW and the 30
viscosity grade requirements -- i.e., a maximum CCS viscosity of 3500x10-3 Pa.s at -

25°C, a minimum kV ppc 0f 9.3 mm?/s and a maximum kV i of < 12.5 mm2/s,

The viscosity characteristics of a lubricant depend primarily on the viscosity
characteristics of the base stock, the viscosity characteristics of the viscosity modifier;
and the viscosity characteristics of the high molecular weight dispersants. SAE OW
and SAE 5W multigrade crankcase lubricants having kV e of 12.5 mm™/s or less,

particularly 9.3 mm®s or less, more particularly SAE <OW multigrade crankcase
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reacting carboxylic acid groups of the grafted acid
with an am ne, hydroxy am ne ¥r- al cohol. Pour point
depressants, otherw se known as |ube oil flow

| Ribficangy Eav(dm o oft OvEmnt’Reor s8] el 8 FPES ﬁinhlf/ﬁorﬁ[bss most
whi ¢h the fl oW 0 an be ﬁoured Such

2k ¢4 lerbe! e&%‘@%&ﬂm}w{a&wwﬁ‘r&é&m Britigris sTankepseilyaicants that
tﬁ%hdbgﬁ&@@&%)otsﬂ %cnlltﬁ:w tsfﬁﬁgf Ebt g ééﬁugﬁcet\kﬁ \%MH%&:

are C al kyl mar vin acet te copoly
aprati ot mb&n@w&boutm tomrting poéﬁa'nerbmnwnbaasdceatedwath

Z‘t-?lrz ?@%ﬁ@%%%omS%sﬁigrﬁwﬁg%t@%e%xaﬁ‘% B g Grpaigied
@?mﬂba:sqﬁ&ﬁ!e prdekint inMestGARoPIIe Yilske o] Bl i &t bpton for

ects; thus for exanple, a single additive my
aFe‘fP‘ W 2200 PpasEaTOsib )9rdEL.idof thasefors allew, ToT A relugpen wetbh

f :
s br SR AR AR TRbrRg 4 BRE AR ARG DR tamines of he
| priosenCatstiqerré pamicaudy wail dmtdd%p dredbmii@aticangaach low and
Typi cal | t.he re.identified twp. nunbers such as
15 siocagib b eRge REPG R bR otS il ¢1 or ade

desi gnabiceibli thedSRACIRREa-Wvk Pisdosid it G5-ANKIuB Cating oil
tenperature (e.g., -20 C) viscosity requirenent for

t ¢pampotions grrazet@edher paag-aﬂfefbmircénh aanings] of the pradnh givention in

S rate
PR BE TSR] ot R (0h B Bea bl i
e;idlgamert doatean guﬂﬁast@dlyﬁkﬁixyhﬁfcanﬁﬁﬁiw whiah id tB¥Bdaction preduct ofa

t enper at ur and t hus |n'prove engine startability at
tﬂ%)?ikw@?@ﬁ%mfeéﬁﬁ%w? aPBIndy ka2 s RIS, morbRietaraply REBSA ()
rﬂélntvb(g ﬁ@ﬁl@l@%'vﬂﬁ% Qf‘frérﬁ aﬁé&tng@t&?%o\fﬁ 540 (Pand (ii) a succination

lubricant's viscosity under normal operating
tretipef Giomrabgutaingdl td @omehguaméda padyaneineewineh tiyperkin baed caipling

RO N e —

qﬁ&remm fbieBBEL (26 W £6060.0¥, RéfcABBPik. an nikBShrbYidalg the
I g}ﬂ tenperatures is_desi rable to pr event e(r;zl ne wear
t:H

cajipg Py crmppsition with re? magsriocus 1:1 a$ Rilpn@dssot megsgpreferably <
Mo Y]
%ou?s d}é ﬁgtﬁgggg%{é %‘3 AREEALL %eglg%y{@\ﬁgdiﬁé?%r&vﬁ'&%gg%ghtc%/egree

Vi scous e’ excessive Vi
rﬁ;penfams@ca AN@OessArpolwhacontedr, agrhasd suvrskafed viseogitt edifier

[ |ch|nt can increase fuyel tion.
%‘ﬁ%?‘&l fﬁ}%@%ﬁ%%@ﬁ%%ﬂ%g ¥ V‘%E?ﬁlﬁ’dno‘? E‘ ggi’? gphear
ts‘f%ﬂ%? HRS (S@Bt?_ 33U BIok € ARter AN XA Sshhfbd viscosity modifier
comprising triblock arms derived from hydrogenated (polydiene-polystyrene-
polydiene) and having an SSI> 45. Preferably, these lubricating oil compositions

further comprise a minor amount of a phenolic antioxidant.

ENGINE

The mvention is applicable to a range of internal combustion engines such as
compression-ignited and spark-ignited two- or four-cylinder reciprocating engines.
Examples include engines for passenger cars, light commercial vehicles and heavy

duty on-highway trucks; engines for aviation, power-generation, locomotive and
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fuel econony tests. Thus, in order to qualify for a
given nmultigrade oil designation a particular

worehosiigzade oi | nust sinultaneously nmeet bot h BET/IU81008/066026

| ow and hi gh tenperature viscosity requirenents that
are set by SAE specificationsilsuch as SAE J300. The
current viscosity limts set in SAE J300 are as

fmhmmmp%at \AnS@%ldeﬁt@ﬁDE@x&‘}Eedgaﬁis B SGTKOS wed for
(mMmg /s) Vi scosity Viscosity m ni num
Nk t‘é“ 11?9%%511%1H€C)) OW 3250 (-30) 3.8 5W 3500
(-25) 3. 8 10W 3500 (-20) 4.1 - 15W 3500 (-15) 5.6 -
20W 4500 (-10) 5.6 - 25W 6000 (-5) 9.3 - 20 - 5.6 <9.3
WS40125<16350- 16.3 <21.9 60 21.9

Sequi r HHs e Rty BCPEET I EROEa s GHRRe Slifiples

t\ehio. btdot ert@eich e FRNAE: sdogk oEM3RIEs haBofSAE 5W 30
mul tigrade oil has viscosity characteristics that

satisfy both the 5Wand the 30 viscosity grade

r A€ ' NP n%%, iscosity of 3500x1
OEE%L%TE?S%?&?NQJL‘% ni rru?nlﬁk 00 Xé of 9.3 nra*/s and
a nmaxi T‘iwibléwrmg abifylated RPB.’$ wort/tdendEl entw ifsomitions, which were

ar act tlc: f . a lubricant depend primarily on the
\}Fg‘ﬁﬁﬁe Wﬁ?é‘éﬁ%ﬁl@%tl cs of the base stock, the

Vi scomd,yn@mhaﬁd eri Satpr@@n@iﬁaﬁtnemmsﬁ@ﬁlaﬁwﬂ&@lnmer
and the viscosity characteristics of the high

mol ecul ar wei ght ~ di speedoatinafingSApranernentner Glyy) derived alkyl
mul ti grade crankcase | &er i cants having kVioo of 12 5
mmt 7s or | ess,

“Cys DPA di™: a predominantly di-para-alkylated DPA, predominating

in propene-pentamer (Cs) derived alkyl groups
“Ci» DPA mono™: a predominantly mono-para-alkylated DPA,
predominating in propene-tetramer (C);) derived alkyl
groups
“Co DPA™ a predominantly di-para-alkylated DPA, predominating
in propene-trimer (Cs) derived alkyl groups.
As an illustration of a method of making the above DPA’s, the following
example for making “Cys DPA mono” is provided:
Diphenylamine (169 g; 1.00 mol), alumimium trichloride (16.9 g, 10 % w/w)
and a Cs oligomeric propene-based olefin stream (210 g; 1.00 mol) were added to a 2
litre 5 necked round-bottomed flask. The reaction contents were heated to 190°C
under nitrogen, stirring at 500 rpm for 6 hours at this temperature. The reactor was
cooled to 60°C and the product removed and treated with sodium hydroxide (120 g,
10 % solution). The resulting mixture was washed twice with 100g water, and the
organic layer separated. Any remaining water and olefin was removed on a rotorvap
under vacuurm, to give an alkyl-substituted diphenylamine as a brown oil, where the
alkyl group was predominantly mono-substituted Cis. Before the removal of the
unreacted diphenylamine the reaction mixture consisted of 54.03 % diphenylamine,

38.78 % mono-alkylated diphenylamine and 7.19 % di-alkylated diphenylamine by



10

I5

particularly 9.3 m2/s or |ess,
<OWnul ti grade crankcasel ubri cants havi ng kVi oo of

W@ 2008/15438L/ s or

| ess,

nore particularly SAE

nost particularly less than 9.3 m2/s (a SAE<OW20)
mul ti grade crankcase |ubricangs that provide good
( Sequence VD)

V@Pﬂ@ fbﬁerﬂﬁé bipRéH Bdrhve RS ge&@eﬁb%&ih@’ﬁ?dﬁlﬁé‘tt coNBidRE oF 84 %

deposi t

reduce po ynmer content assocl at ed

contr ol

(WPD) and sl udge contr ol

t he content of

hingte- ﬁb}’ e@é Idalhemelwgﬂme apiddpéh dhnlkylaRdcliplsayliaméne, the

APt

e uct.i

em 19 Itlp
|OMInD|e

on in

IEPYATAER

anmount

of .hi h

%%@’éawtam%% b 7aLa 454 1k

Fiﬁ %ﬁﬁﬂﬁu;ﬂ

formul at

of such

of the present

option for providing
good Wi&to@éﬁrﬁ@@@&l dsed, @Ak, bya@d ﬁeﬂkﬁfo@f&ﬂﬁ@n ﬁ]lakﬂpiecﬁtﬁfmﬁry

%%ﬁ

géqq\;lx,\%éw 1t othgeplefins

gﬁﬁﬂ&&9ﬁ<§mgsg§5qbgylarIy wel | suited for the
n

 ow and ultra-1low viscocity

particularly 9 3 MR/ s oPCT/EBS®08/066026

i nventi on
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Key to test:
PVIS kinematic viscosity increase (150% maximum to pass)
WPD weighted piston deposits (3.5 merits minimum {o pass)
ACLW average cam lifter wear (60 microns maximum to pass)
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conpression-ignited and spark-ignited two- or
four-cylinder reciprocating engi nes. Exanpl es include

wepgsnes3f or passenger cars, |ight commercial REnU81088066026
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and heavy duty on-hi ghway trucks; engines for

avi ati on, power-generation, 43conotive andnmari ne

equi pnent; and heavy duty off-hi ghway engi nes such as
may beThuslebrifants Wt iidantital lother G@NSE indiédt@ninanétabiexi ng
EXAMPLES Thi s |nvent|§n will now be &;rtlcular

GRRSERT08S § And AEORBIPS Hherigme anpies hinPRA eﬁsé)ﬁ%lis known to be
i
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ﬂﬁ a predom nantly
%%%gﬁg% a E?atg%ﬂ%PA predom nating in
propene-tetranmer (Cl2) derived al kyl groups "C DPA": a

predo nan ted DPA redom nat. i
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treated w th sodi um hydroxi de (120 g,
swhuﬁno&ﬁwiﬁﬁe“ﬁﬁtmmniﬁgﬂﬁixture was washed twice with

| OOg water, and the organic |ayer separated. Any
remai ni ng water and ol efin was renoved on a rotorvap

Sequence VG Testing (ASTM D35302)
The following DPA’s, namely C;s DPA mono, Cy; DPA mono and Cy DPA,

were each formulated into petrol car crankcase lubricants in combination with one or
more hindered phenol antioxidants, anti-wear additives, ashless dispersants, metal
detergents, friction modifiers, Mo-based additives and viscosity modifiers. The

lubricants were subjected to Sequence IIIG Testing; the results are set out in the table

below:
| hindered | Dispersant | AES | AEV | APV | RCS
phenol wit% '
Form. | DPA (wt%) wit%
6 Co DPA (0.7) 0.5 3.6 7.05*% | 8.86% i 7.37* 8.82
7 Cis DPA 0.5 3.6 8.4 9.3 8.3 9.36
mono (0.7}
8 Cis DPA 0 4.2 9.53 | 935 8.4 9.58
- mono (1.5)
9 Ci; DPA 0 42 784 | 9.14 | 811 9.57
mono {1.5)
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under vacuum to give an al kyl -substituted
di phenyl am ne as a brown oil, where the al kyl group as

wee@dosddpant | y nono-substituted C ]5. Before tP@I/US2008/066026

renmoval of the unreacted di phenyi amme the reaction
m xture consi sted of 54.03 %3di-phenyl am ne, 38.78 %
nmono- al kyl at ed di phenyl am ne and 7.19 %di -al kyl at ed
d{aheryi:am ne byHPLC. After the di phenyl araine had
been renoved the product consisted of 84 %

mono- MEY/| at ed dVPREAGIEARS Hedse{d SrBens FHNIBIYRY fuRasY

di phen m ne, t | 4 Malo PR a
osi {10 S) | Thd ST Y PR VLG E) pRALIbibl\E oy
GC-fi eARWVi oni satavemgepssnspettlr ((riemeyts @hfFnvBh Y pass)
conta3€ 53.15% G 5 and %3.8&? Cl olefins to et?er
with Oter of ef RS ROYHADRGEA TR BIBPITERLC 85 ess
than 0% The " @$nPRAuMI " and "Cn DPA nono" were made
by anal ogous net hods. "C9 DPA" was a
commerci al l y-avail abl e material. FORMULATI ONS AND

TESTI L€ [ ): 0 -
DPA s eSO ERRR r Ref P g e Rl TR AROYE DrA i
| unbivinaa bt delererioonin thahiES e it 1v therefons snprigndiedyk B#A mono
phenol, anti oxi dants, anti - addi tives, ash]ess

o Sg5SrReRR RerqrRpRge 1R LA Fﬁ&ﬁ?ﬂ@?ﬁa&w%ﬁ aigh Q A180.15 DPA
VRsRPsed Asldict biesmARk thhs €Qshb X i ih s 8ES TRBV, and APV

| ubritcants were subjected to Sequence H G Testing; the
rtessi(cf Foobwkitine8 ark%set out in the table bel ow Key

. PVI S ki | c. Vi LY . 9
i P BRI RTREP S LA R HER8G perHhan

MK 14tSd PR iLLBANTsQ MRE SR u Ak Waneer ggemeam) | i fter wear
(60 m crons maxi numto pass fallln%:resuII.The

| ubri carrreripgrermaBHeRhindot fhervsithat i 15 P ibetigrdbpn G2 DPA

t. psFapEwlaf hpps 3 and 4 contained the same % N
#?gﬁﬁgﬁg A. CO DPA is known to be adverse for the

WPD test; it is therefore surprising that Fornul ations

3-5, égi 32 have higher treat rates of amnic

a ##%and woul d therefore be expected to have
poor erc VPP 8he kiBOS BP APRES chditfoiRilatedShto pthi6l daestahk&ise
al so show general superiority for the Cl

DPiacesststinicamhipation with ape @h@prﬁvm@@eé%phﬁﬁﬁgaqti@méweqmi-ww
talaaﬂivgé, ashless dispersants, metal detergents, friction modifiers and Mo-based
additives.
Two sets of lubricants were formulated: each member of the first set contained
1.5 mass % of Cis DPA mono or Cy DPA, and 75 ppm by mass of Mo; each member
of the second set contained 0.7 mass % of C;5s DPA mono or of Cg DPA, and 200 ppm
by mass of Me. All lubricants were otherwise identical.
Each of the four lubricants was subjected to ASTM D7097, a “Moderately
High Temperature Thermo-Oxidation Engine Oil Simulation” Test or MHT TEOST.



because the wei ght percentage treat rate of di- nust
be increased in order to provide the sane perfornance

W@20080M334 Fornul ations 1 and 2 show t hat for e EUBIIA$066026
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contai ning C9 al kyl at ed di phenyl am ne at 0.9% and 1%

cannot pass O G wei ghted pi st¥n deposits (WPD) with

di spersant treats of 4-4.2% In contrast, Formnulation

3ThanMebdltslard %t oueimtthé¥ablk HoRAy: shows i nproved passing |G

WPD nerit ratings with the sanme anount of dispersant.

Al t hough hi ndered phenol can inprove | HG WPD nerits,
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ClDPA, ver ¢ (eabRAfmemullated i n€00 petrol 1&ar cradkdase

| ubrticakatased fhora oidbAREM w@amdatd h one or nore hindered

phenol antioxi dants, anti-wear additives, ashless

di spersants, netal detergents, friction nodifiers,

Mo- basegl adgkd bR pREdMh 36881 S0¥mERdidkpREiSprodiRed: a lower value

| ubricants were suBJ ected to Sequence 1 HG Testing;, the

risdightes aabeites entiguddangy pdoradsice. isbent; kaye tiaken et repeatability

Aggfnaé/oer age %Q&tge sludge (7 5 nerits mninumto pass)

A avé‘?‘pagé’gengl ne varnish (8.9 nerits mnimumto

pass) AMudathddexhibit @ Bompimblehn(-oxhlan®y pdrormaidentnhat of the

to pass) RCS rocker cover sludge (8.0 nerits mninmm

t Borpadation«Of ai | j ng result. The lubricants were

i dent 'F(ﬁ'hm%t{gﬁrl 3t hiRS: bddi GA-66dhdt i RefoAR R thin Bifhulation

iIs known to be deleterious in the AEgtest; It 1s

therefore surprising the G5 DPA nono gives a better

perforpance in that test, (cf. Fornulatian and 7). .
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Conmparing Formulations 8 and 9 shows that Cf5 DPA is

better than Cn DPA in terns of AES AEV and APV.
w@riodasddzn Testing C 5 DPA nono and C DPA wer ePEETUB2008/066026

formul ated into petrol car crankcase |ubricants in

conbi nation with one or nore-k ndered pheno

anti oxi dants, anti-wear additives, ashless

dcgpansant s, netal detergents, friction nodifiers and

Ng-based agditives.,Tmo sets of lubricants were o

f &r nul atreethodelcheprEingerPagt-alkplesubntityteddiphepylamins romprising
mass % :

Vo. - et Hara TR it antite y R R AR BlepTREDe Bm of
of C 5a PRgureorfdrorched-cl@dn DR&pe, andh RB@opzpe digomess whérein the
Mo. AII.Iubrizgnts ﬁﬁgetgthermﬁse ident%cal. ch ofb

the fothEIRR L SHITESTRE tBe BICAlH R IBRE Y HiaYer of carbon

" Moder ab@k YhadiOiR tHenpgs et 1Ly © 2ENeligtndeXhalakd 90r FRak B&bon
Ol Sinmulation” Test or MHT TEOST. The results are set

out i natpme cepminge Betogwless af Bginaixaue.fapd Mligpreeragrnng from 24 to
st and.aféjcarﬂ—%?at&gﬁ %ﬁs%iuﬁé gO‘%chP h&S DFthe! Bﬁé,'gﬁg)g{cteggg&f being

deposit produced: a |l ower value indicates’a

ant i - oxedamna ys peafunsdanaeatogepbigaily. bei ng t aken of
repeatability when conparing results. Formulation 11
exhi bits a conparabl e anti-oxi dancy performance to

that of B dIUhRYE PRk 1 WM IRIEIMEBmEXRIbRIsS iR the
better anti-oxidancy performance than Fornulation 12

The r eradiesf parceniage i Sis pjgomewever , because the C DPA
nmono has a hi gher nol ecul ar weight than C DPA. It
therefore has a | ower percentage of anine nitrogen and

t her ef Amesth@d astdkémsad ireclhineabor tlaing 2 wiktdigl oBgoreatp BEHLE9 or
to give rise to a poo{ge[ ant i oxi dancy
per f or FHREEATRIRRSS §0d AigRmes BaGRe ST BpmPTaTgrhen atoms together

par a- aldelnuBh b WLack i plgpid am ne compri si ng
catal ytically al kylating di phenyl am ne with an
al kyl ating agent in the formof a m xture of

b hed- chaj l.K ) | .
chor o1 8 AL GanER S 30 T s Er B R AR e PGB ot o
per cenha@greRasradcivdrddain Of; peeR®bligomers.

5. A method as claimed in any of claims 1 to 4 wherein the mole ratio of
alkylating agent to diphenylamine is in the range of 1:3 to 6:1, preferably 1:3
to 1.5:1, more preferably 1:3 to 0.8:1.

6. A composition comprising o made by admixing an oil of lubricating
viscosity; and
(A)  asan additive component, a para-alkyl-substituted
diphenylamine wherein:

(1) the alkyl group or groups are branched, are derived
from branched-chain alkene, such as propene, oligomers
and the alkyl group present in the greatest percentage
has from 15 to 45, preferably 15, carbon atoms, 25% or

less of the alkyl groups having 9 or fewer carbon atoms



atons that is in the range of 15 to 24, oligoners

having 9 or fewer carbon atons constitute 25% or | ess
wW@Rooshe43sd xt ure, and ol i goners having from 24 POI/B82008/066026

carbon atons constitute 50% or |ess of the m xture,

al |l percentages being areal ar¥a as neasured

chromat ographically. 2. A nethod as clained in claim1l

wherein the oligomer ddaatsod or Ipssastend alkyt dér&@sgfaei@g@stormore

percentage is a Cl5 oligomer 3. A nmethod as clained in

claim1 or claim2 wef@¥nigitgomers having 9 or fewer

carbon atons an I goje

at ons toget her gontitu? glsifg%g@g?gF%ég%g%d@%}%n%%?g%esm

4. A nethod as cl ai neadkﬁimubétﬁdumi;]andher ein the

al kyl ati ng agent .consj s f 1 xtur.e of .. o

br anched- chai n ¢ipr 01(9 her %F% %d%?@s{l@te%ﬁimﬁl@@%ﬁ’sm ortho-

clainmed in any of clajf&itdted0 4 Wherein the nole ratio

of alkylating agent to di phenylanine is in the range

of 1: 3wheseip:all pepreatagesalip prep/agearas measured chrgmatographically.

preferably 1:3 to 0.8:1. 6 . A conposition conprising

or made by adm xing an oil of lubricating viscosity;

and (A cas}paﬁtladebmlbmgzmmy adngixing an oil of Iubncatmg

par a- al kyl - substitu hen m. ne wherein

aI kyl s a‘;SYci‘*P @@a{m@gﬂ gfﬁfa%é agﬁlenﬂﬁ@m&éabr%ai %P@fﬁmabie
branc%ﬂh@%ﬁbd@f"aﬁ?%fdﬁiﬂ&hl #s5 propene, oligoners and
the al Kyl group preSent in the greatest percentage has

from15 to 45 preferably 15, carbon atorrs 25% or

I ss of the ]}/ Eg oups h }/i E% QIaor Syer. @?%raglgg o
onsandOPEss d? Qg Ty iy Y F1agP SUPETHAIS A £

mor e Caedaninah@MBges( pdryen?ohat ciles s 5 of 30 babsubb®ivst ut ed

di phenylamne is trialkyl- substituted; and (iii) 10%

or less of the substituted di phenylamne is

of t hos HQ@&EBQ&&Q&S é’PQ AR aﬁé&f RELERND %Q%réﬁquo or less of the

areal/ area as neasur e “Chr ormat ographical l'y
conposilkyl@ousiipyd $ bnigwer carhaeatoysaddnil &%ng Easa oétﬁe abfy! groups
[ ubri cP;at [ ng
ave 43 or more carbon atomns.
10. A composition as claimed in any of claims 6 to 9 further comprising one or
more additives, different from (A), selected from ashless dispersants, metal
detergents, corrosion inhibitors, metal dihydrocarbyl dithiophosphates,

antioxidants, pour point depressants, friction modifiers and antifoam agents.

11. A composition comprising or made by admixing:
(A)  anoil of lubricating viscosity; and
(B)  as an additive component, a para-alkyl-substituted
diphenylamine obtained or obtainable by catalytically
alkylating diphenylamine with an alkylating agent in the form
of a mixture of branched-chain alkene, such as propene,
oligomers which mixture contains more propene pentamer by

mass than any other propene oligomer.



viscosity, and a para-al kyl -substituted di phenyl am ne
obt ai ned or obtai nable by the nethod of any of clains
WaA2408/15438 . A conposition as clainmed in clai mBCDUS2008/066026
claim7 wherein the al kyl group present in the | argest
percent age has either 15 or 338 -carbon atons 9 . A
conposition as clained in any of clains 6 to 8 wherein
1096 or Alcespodtion heclahkd in gla@hing WikYEn theQlipHeawamitaik k-
atons and 10%or |ess of the al kyl groups have 45 or

mor e cHPBENICAID S 4 A6/oTA POHEOR %qddwtlagala EDHAR Wilmﬂﬂes
of claj r nor e
addi t | ves, @docf egfd%?ﬁeﬁg&%?%em&?q? Sluﬁét ggm?{ %)m ashl ess

dlspersants net al detergents corr05|on i nhi bitors,

oEhr . poicAPEG BELIArEd 1 FRER oA e v R EPhSytamine

ant i f ogmsRgIThsterfel thaf\sGRPQGH:InABd FORPLp2Lifign GhlyTRde
by adm xing: (A) an oil of lubricating viscosity; and

(B) as an additive conmponent, a para-al kyI substituted
di phenyl

al Ryl oA PR RREATh cith 22 M el laiBodbor
the f o;mmm}brtho arddutiertb abd/anchiedpah aulmnaltk@mﬁgensu ch

as propene, oligonmers which mxture contains nore
propene pentanmer by nass than any other propene

0] 4 JONR lcohosifo® HNIH 1R Blafs 18 lofh FBGeteth hk 24t dlmono-
wherein the di phenylam ne is alkylsubstituted in the 4

and/ orsubstitptsdite dosubsatedoptteaiad iInthe ngaphdd:30tdl 30:70 by mass.
guantities of unreacted di phenyl am ne and
tri-substituted material. 13. A conposition as cl ained

i re.cl ahuhdovibiet & dlaited iabikybdlgehsdilphemyd pyvhere 97% of the
con3|sts of material that is alkyl-substituted in the
4- posi PFHUGHIKY! greupn a8 B1PABEPd 1R k3 ceromarmanhicallyahare

12 V\hlﬂ:lgrqug}{%hg}go&%g}nl quantities of mono-ortho

and/ or ortho and/or ortho-para substituted
material. 15. A conposition as clainmed in claim12 or
rati.a of,.nono

wh tit t . .
i oA EpRabufion & Uit B RO 1S o ihersin g afkylating
30 70 D¥ni¥ess midtlre A GQMNOKE L hﬁﬂCﬁ%)ré?ﬂe%b OB Eorhérs dMYcHdontains
clains 11, 14 and 15 ere 97% of the substituent

al kyl ®esUpsrasas! thedsn pbepmerdhgnanyzof the Cr, Cis and Czy oligomers
chr orrqglggf&ﬁr%m_cal ly, have

18. A composition as claimed in any of claims 6 to 17 wherein the oil of

ubricating viscosity is present in a concentrate-forming amount.

19. A composition as claimed in any of claims 6 to 17 wherein the oil of

lubricating viscosity in present in a major amount.

20. A composition as claimed in any of claims 6 to 19 wherein the average
molecular weight of the alkyl groups is in the range of 140 to 340, such as 140
to 300.



nore than 9 carbon atons. 17. A conposition as clained

in any of clains 11 to 16 wherein the al kyl ati ng
WQ®ats43s4 a m xture of Cl12 , C5, C and C 1 prpCpEsm08/066026

ol i gomers whi ch contains nore by mass of the C 15

ol i goner than any of the C 2;3%G s and C2i oligoners

i ndividually. 18. A conposition as clainmed in any of

chai %A&oh@oéaﬁomﬁﬁﬁieinﬁhdtih anpbf clafmd ddor i2caidi 14go 20 wherein the
Vi scosi ty I.S present % concentrate-form ng anount.

19. A %ﬁﬁégﬁfﬁrra?ﬁ%%lk@r A LCH RAT)YIaming g PR diagkyl-
wher ei b5 dtp%yﬂa%é S & IHeGaVdeSF %'ﬂ)ysdcﬂ PRESOIL 7b: ?0 to

a maj or anount onposition as cl aimed i n any
cla|nBNBTQQKGEKdMMﬁhQNﬂ5®ﬁ@anemage mol ecul ar m5|ght of
the al kyl groups is in the range of 140 to 340, such
as 140 to 300.21. A conposition as clained in any of

chai MBAGon@odidod Agclidnddan 2Ry BhEERIsE ©iPa Widdréia 98f or more, such
par a- nono- al kyl - substituted dlfhen ylam ne to

par a- p%ﬁr%7 i rﬁfrrﬁy%sqf g supstitaent @ikyh eroppares measuseq prepfeea
h 30: 70,
by of or ApopiphRHER L7 S oot Rorkd P Pon as

cl ai ned |n any of clains 6 to 2 1 wherein 95, or nore,
% of the substituent alk

DU oo sl T O3 pmBo S ey ofera HSBRe

than Oyvie@fsRPh #nQ[HE amddat aﬁdcme BSR: thitdf l6BskRg Oi |
conmposi tion conpr|5|ng an oi | | ubricatin VISCOSIty

in a major uﬁﬁf@ﬁ@fﬁﬂﬁcﬁﬁgg@%mﬁMEWmﬁmb%S Aty reds
(A) as an add't'¥§m§ﬁﬁB?H§Q%ﬁeﬁipara al kyl - substltuted

di phenyl am ne whe e al kyl group or groups

are branched, ar@ derthyelityf groop br goopeste bhached bicatteived
such as propene, olig s and the kyl group present

in the greatest per ce%f’ﬁ ganghed-¢haging b‘let giches propene, oligomers

preferably 12 or 15, garRoniatLus, %o@ﬂ@t g{thggge%deg{z%g&%;{age

al kyl groups having 9 or fewer carbon atons
| ess of the al kyl grdupdrohail tegt4 Brederabiprié oc 46 bmrbon atoms,
at ons; 25% or less of the alkyl groups having 9 or fewer
carbon atoms and 25% or less of the alkyl groups
having 45 or more carbon atoms;
(i1  25% or less of the substituted diphenylamine is tri-
alkyl-substituted; and
(iti)  10% or less of the substituted diphenylamine is ortho-
substituted; and
(B)  one or more additives other than (A) selected from ashless dispersants,
metal detergents, corrosion inhibitors, metal dihydrocarbyl dithiophosphates,
antioxidants, pour-point depressants, friction modifiers, antifoam agents and

viscosity modifiers.

24. A crankcase lubricating oil composition as claimed in claim 23 having greater
than 3.5 average weighted piston deposits merits measured according to the

Sequence 1 G Engine Oil Certification Test (ASTM D7320) and/or greater



(ii) 25%or less of the substituted di phenylamne is
trialkyl- substituted; and (iii) 10%or |less of the

W@ asts43e4 ed di phenyl am ne is orthosubstitut edPCEOB2008)66026
one or nore additives other than (A) selected from
ashl ess di spersants, netal detlergents, corrosion
i nhibitors, netal dihydrocarbyl dithiophosphates,
ant i oxihdani8savep@Ushidgs Mleridantes8at®rdihip kethe Sequence VG
nmodi fiers, arstifoam agents and viscosity nodifiers.
24. A %?%ﬁ%@gﬁriiﬁmoe%@?’ﬁr{ésaM Dodposi tion as cl ai med
in claim23 having greater than 3.5 average wei ghted
pi ston deposits nerits neasured according to the
Sefuenderdnklass l@ntiahieg Gl koGpeditidn aatdiond Txesttainq A‘Sﬁleaim 24

D7320) /or, greaterthan a

meaout R R SERHb R a8 ST SHRAD BTHe bater than
Cer t i f33mki @hpdess -20ASTVINBIRR] in Qo%man@ehafﬂﬂsgw D5293.
l'ubricating ol conposition as clainmed in claim23 or

cl ai m 24 which contains viscosity nodifier and has a

Vi hal
H00C, ARk Redi At B Shpdoh SR BB 85 Bpe a cs
A cr ankisasgy bfilwr peater rhgnéﬁd){):dﬁﬁpms@l-bﬁ(las claimed in
claim 25 having a CCS viscosity of no greater than
3500x1 0 3 pa.s @-25C. 27. A crankcase lubricating oil
CONPOSA tekQicas [@rahiiBHoill Bofp&itiBrad dianmkdth 8495 having a CCS
viscosity of no greater than 3250« 0 3 pa.s @-25C.
28. A dresiteabee pigster darBAYA0T pesrpostti on as cl ai ned
in claim27 having a CCS viscosity of |ess than
3250k O 3 pa.s @-25C. 29. A crankcase lubricating oil
CZRYPOSA terkcas llﬁirﬁ:iaﬁﬁgioﬂl Boraysitiin 3l cidimed Abclhint DLRAVIZSBa CCS
having .a kV op of 12 5 mPLs or_|ess, as neasured in
accor d‘dﬁ@éltwgﬁsﬁﬁwwﬁo 885 @-2YGnkcase | ubri cat | ng
oil conposition as clained in claim?29 having a kVi oo
of 9.3 mR/s or less. 31. A crankcase lubricating oil
c&hposh crawkcas hdh‘iaﬁiaﬁwoiil poropeitm36 chiamehg ayioficbame 25

compost T8 24 e ET A% o T2y Bt ot G ggacred B eordance
with ASTM D445,

30. A crankcase lubricating oil composition as claimed in claim 29 having a kV g

of 9.3 mm%s or less.

31. A crankcase lubricating oil composition as claimed in claim 30 having a kV 00

of less than 9.3 mm™/s.

32. A crankcase lubricating oil composition as claimed in any of claims 23
through 31, comprising a minor amount of a succinimide dispersant derived
from polyisobutylene having a number average molecular weight ranging
from about 1500 to about 2500, and a succination ratio of the functionalized

oil-soluble polvmeric hydrocarbon backbone is from about 1.3 to about 1.7.



t hrough 31, conprising a mnor anmount of a succinimde

di spersant derived from pol yi sobutyl ene having a
wmenvBaes43aver age nol ecul ar wei ght rangi ng from BODUS2008/066026

1500 to about 2500, and a succination ratio of the

functionalized oil-sol uble podlyneric hydrocarbon

backbone is fromabout 1.3 to about 1 7.33. A

ckRNkcAsgarkohyeilgaidatigg 0il koo 49 ddinR8 i€ Llain B2 whbrein said

claim 32 wherein saig di spersant has a couplig% ratio

of frofSRERAN M5 Bequpliag Biie of Tion! abpat 0.4 te phopt Oake

| ubricating oil conposition as clainmed in claim32 or

cl ai m 33 wherein said dispersant is present in an

akbunt Aicnkoahgdilmgrahog gil eampositidrars Qaimed sn Sawf 3D ot simier 33

into the conposition. 35. A crankcase .|ubricating oi
compos TGN &SI HELSPRCSNy 67 ARPRT Il s g patghan 2
CONpr i Sfid o@pohfe afib the kitief, a star-shaped
viscosity nodifier derived from hydrogenat ed pol ydi ene
arms, which viscosity nodifiers have a shear stability

' yfgj.ex A%ﬁln).kc e?éoricﬁﬁﬁ o E&Eﬁés"ﬁ%ﬂ/ S c@aiﬁlteaqri ima 23
viscosity nodifier conprising triblock arns ‘derive

from hyadrglSdateapr{shgd, ydiisnepe yel fyer enger-gapydiieas)ty modifier
and haying.an SSI > 45. 36. A crankcase l.ubrjcati

ol | CotisBer fosh %%?%qnaﬁeﬂ@afﬁwnaﬁw%fﬁ& ‘flﬁ@mémom'}‘gwglrﬁve a
35 f ur§h@§xrst@@ﬁrﬂgﬁh&éxrtgsg M 9N Qlor8 PRYGELIOS 2 RRCHRbEEviscosity
antioxidant. 37. A crankcase |ubricating oil .
conposipilidar eampristimedldck aany dotvedfmirmbydr@genared pdl ydigne-
wher ei n;at. | east, 50 SS 1% .0f sal izl of lubricating
viscos]%l%/ﬂStt e %ﬁnggﬁmgﬁaﬁﬁéﬁ%§$9§3§'A nmet hod of

| ubricating the crankcase of an internal conbustion

engi ne using a lubricatjing oil conposition as clained

i %Pganyé&rﬂn&f%;? HEOTglingeib agRPaTionsy clamed phaty Qffelaims 23

| mpr OV&Hﬂxgﬂ'ﬁthfﬂh&'cS&BhbiH 3 SnindSaliRAR HF Hftalc BURAARL

wei ght ed pi ston deposits according to the Sequence |1

G Engine G| Certification Test (ASTM D 7320), when

| ubricating the crankcase of an internal.conb l.on

ehpi e PRC A B R RS T e Br T BB PEBIF Ot 1Rg" a

M nor @ragRE6efheddin adidhdt 5U en O MPEMaiit oil 49 1udScagah hveskity is
in claim?23, in conparison wth an otherw se identica

| ubri carauRdilor highehposi tion that contains a

par a- nonyl substi tuted di phenyl anm ne in place of

conponent (A).

38. A method of lubricating the crankcase of an internal combustion engine using

a lubricating oil composition as claimed in any of claims 23 through 37.

35, A method of improving piston cleanliness, as measured by average weighted
piston deposits according to the Sequence 11l G Engine Oil Certification Test
(ASTM D 7320), when lubricating the crankcase of an internal combustion
engine with a lubricating oil composition containing a minor amount of an
additive component {A) as defined in claim 23, in comparison with an
otherwise identical lubricating oil composition that contains a para-nonyl-

substituted diphenylamine in place of component (A).



