WO 2008/ 154334PCT/ US2008/ 066026 - 1 - ADDI TI VES AND LUBRI CATI NG O L

COVPCSI TI ONS CONTAI NI NG SAME  FIELD OF THE | NVENTI ON  5Thi s invention

rel at es twopaesarsaiskyl at ed di phenyl am nes, useful for ex&EPIUES2@8/0b@R¢ i cant
additives, and their preparation. BACKGROUND OF THE | NVENTI ON Al kyl at ed

di phenyl am nes are wel |l -known anti-oxi dants such as for use as 10 additive
conponents in lubricating oil conpositions (or lubricants) for lubricating
t he crankcaseASIDKHAHS AND LEBRICATING msi@m}vig@' THONSWCONPAINRBUST | on
engi nes. The art describes making them é catal ytically alkylating

di phenyl am ne by nmeans of an al kene ( yl ene) al kyl ati ng agent. Anpbng
the al kyl ati ng agents described in the art there are nentioned oligoners of
propene, also referred to as propyl ene. 15US-A-5, 214,211 nmentions use of

propyl ene oW i phenyl am ne. EP- A- 0416 914

descrlbe p, p' -di h hed. al. S hav 12 or
15 car bon at ons, Lrgiesrll}{‘\'l/{?a(51%%l ?%%%e%fy%%%é(g}aqu %&?B% agﬂ%é/ Y%%‘ﬁ%%
descri bes n@.ﬂ)ﬁa&:ﬁt&ﬂdﬂivﬁh%ﬁ&k}&iﬂp}@;&ruﬁimg tripropylene, a 20C9 ol efl n, as

t he nonyl ating agent. Nonyl ated di phenyl am nes are used commercially as
anti-oxidants in crankcase |ubricants; exanples include Irganox(r) L57 and

Naugal Ube(rhA%GRggNg oF ﬁﬁﬁﬁ&%%ﬁ@N descri bes produci ng al kyl ated

di phenyl am rnine with a m xture of oligoners
of propyl ene, butlkidatsd dtpﬂlelhjdmhief; yretvhﬂl mdvgm&iﬁdam surhys b wsed.

US 2006 276 7. Al _descr] Iat hen ine WLh an alkylating
agent i}gt h8IH Yy YRP A}y I“Rfﬁ “30(?1 ?ﬂ OG (SE) br @JP‘F@PH%OSII@HC%”% $H&vi ng 4
to 28 car bog;akels of ek UsRe@br &fr@;ﬂ}éslsﬁﬂxe fghﬁédﬁf@%ﬂa} cBmbddionlcBbinds. AR

al kylating agent is specifically exenp ed. 30Gatto et al, 'in a paper

entitled "Red &%cgﬁpwa&mﬁm Y| caﬁlﬁh@zﬁw adleiflatngahphienylagune by hernsrddam

| ubricants eport
tests on CQaI%QXge @r o;%ﬁ eggall(@fl %egél‘é]%(g?% ﬁ{ %p@zatﬁi Slﬁt% %gscnﬁgﬁg
concl ude t hatt tlea areweergiopedsieningds shwopag, ztlktateféﬂegho apbepileas. wei ght

15 US-A-5,214,211 mentions use of propylene oligomers to alkylate

diphenylamine.

EP-A-0416 914 describes p,p’-dialkyldiphenylamine with branched alkyl
groups having 12 or 15 carbon atoms, derived from oligomers of propylene.

US-A-6,315,925 A describes nonylated diphenylamines using tripropylene, a

20 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

[
N

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.

30 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



di phenyl am nes are |l ess effective on an equal weight basis than the other
structures exam ned. A problemiii the art is to provide al kyl ated
di phenyl| aw@i20esg15433¢r i ved from propene oligoners, that. RETASIWBHH64036 Nngl y
advant ageous properties a.s lubricant 5additives particularly in respect of
pi ston deposits and engi ne sludge, as weld as having satisfactory
effectiveness as lubricant anti-oxidants. The art makes no nention O

al kyl at ed didjphemybmifich e 1baviffac v @i MeqdeiPos zht Hasid tedni thd oPePRRIChIres .
SUMVARY COF THE | NVENTI ON 10Thi s invention surprisingly neets the problem
in. the art ¢X38ingdj denced by the data herein, by use of defined alkylate
di phenyl am nes. i.n; | : J ti rises a
met hod. of pr epa{—\i ‘ﬁabigfﬁhgz}?ea%‘rg1SE@F’%@%@?’?%@3“’5‘?’?)1%’%’1%%%‘3%26‘%@%i si ng
cat al yti cal pyepahkylh@imang tidit phensdrpram gie advantngean pabpeyliastdsigbragent in t he

f or m of m xt.ure of . b ched-chai.n. al k. ene ol i,goners, ,15wherein the

o 1 goert nadiHS sPaicd R SnEt gt Bisfaich i ai ERgRE Nudds BNARDAF of car bon
atons that hgvih@sdiRtictorefe@fvedds hOluBhcar®hh@ORRILSshayk BY nfhkes nd 8Mfiocar bon
atonms constitute 25%or |ess of the mxture, and oligonmers having from 24
to 36 car boff dkyatsddanhspyliamines bavms pistassdepesit feHuctipnarepestiosal | per cent ages
bei ng areal/ area as neasured chromatographically. 20ln. a second aspect, the
i nvention conprises a conposition conprising or made by adm xing an oil of
| ubri cat i ngSUMNBRY\OF THIE (MYENTIONMII ti ve conponent, a.

par a- al kyl - substjtuted di phenyl amine wherein: (1l)the alkyl gro r groups
hre brathed, ar Thifafyeped prBtn pEs e ap@ﬁéﬁw%ﬁ%ﬁéﬁeascﬁxfrdg@%ﬁﬂ@ Bhid "t he
al kyl groupgph@sent bl fhsd Qﬁdﬁirn@@ﬁ&ﬁataqﬁf)ﬁ&ﬂfia%%eéﬁas from 15 to 45,
preferably 15, carboh atons, 25% or |ess of the al kyl groups having 9 or

f ewer carbon at oifbusaira 8BY@aenect, Swsnyintiph gompikisds a@@ﬁmomm@gww mor e
carbon atons; 301 J. %.ar |ess of the.substituted.diphenylamn,ne.is
Cralkyl - ERE e ERO ny Bes i ERL s ph RS L BE Py B e

di phenyl am @gthiad atiiding agent in the form of a mixture of branched-chain alkene oligomers,

15  wherein the oligomer that is present in the greatest percentage has a number of carbon
atoms that is in the range of 15 to 24, oligomers having 9 or fewer carbon atoms
constitute 25% or less of the mixture, and oligomers having from 24 to 36 carbon
atoms constitute 50% or less of the mixture, all percentages being area/area as
measured chromatographically.

20 In a second aspect, the invention comprises 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

25 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;

30 (1)  25% or less of the substituted diphenylamine is tri-alkyl-

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

substituted,



substituted, wherein all percentages are area/area as neasured

chr omat ogr aphi cal | y. In a third aspect, the invention conprises a
conposi t IO 208M5433¢i ng or made by adm xing: (A) an oil @®CTIUsReNsHatROg
viscosity; and (B) as an additive conponent, a para-alkyl-substituted

di phenyl am ne obtai ned or obtainable by3catalytically alkylating

di pbenyl am ne with an al kylating agent in the formof a m xture of

br anched- chahsredd KEf@caki@o Mcec/avbi S medskiodrcbraenb@hplicdint e propene
pcntancr by mass than any ot her propene oligomer. 10in a fourth aspect,
the i nventl on coﬁbﬂhéfé‘sasﬁecér‘%%?@%%témi WHPTEST 3 ‘Ffﬁnltﬂsf“oé’(fﬁﬁlﬁ?§i3‘tng8ﬁ“@8ﬁpri si ng
an oil of y@g&ﬁg{gﬂgng viscosity in a major anmount and, in respective m nor
anounts, (A)as addi ti ve conmponent, a para-al kyl “subst it ut ed

di phcnyl am ne whekkei nan(lﬁ(afbubheatwlgwyscogit}oapd or groups are branched, are

derived from brapgched-chai n. al ken. e anmer nd...th | kyl . group present
in. the Yreat est ‘“Per cBht™ Etﬁ’gscofrlrpfgﬂ?‘lifg?%a'ﬁé(yﬁﬂﬂ’é éﬂt%b‘ﬁ}h%éla %95, carbon
atoms, 25% or |ess of gbihe@dbkydiai@hislups cﬁtamagzﬁamﬁaﬁwgha@:mﬂe ai@ans and

25% or | oss of the al kyl groups having 2045 or nore carbon atons; (ii) 25%

or less of the substi @h@lémlaanm@ﬁwatﬁﬁﬁm@%maﬁ%@b@aﬁs@r%@k@nﬁnd (iii)
10% or | ess of the su i and
25(13)one or nore add??éd\}%éggggcgrﬁ? %lﬂgmlo @%@Q@éﬁ]&?gﬁ §ég{séss

di spersants, netal dethang&ylbthprpmpeml@umenhl bitors, netal dibydrocarbyl
di t hiop osphates xi d.ants, pour-point depressa t friction

modi f | eﬂ% ant i fb‘%lﬁ%“gg ?glilf‘d‘m c?g’ ?’F(ﬂ]‘??‘ﬁ‘é? SIP@ tiggiosi ti on

havi ng gr eat&hpdshah c%nﬁar@}f%raaq% cvmmaa@% Pis&dsal nﬁi@ﬂ&ﬁirta%xdiﬁﬁf 4dasin30 neasur ed
according to t%e Sequence G Engine QT Certification Test (ASTM 0732.0)

and/or gr eatﬁ@pewlﬁamlfiﬁmﬁage sludge nerits nmeasured according to the
Sequence VG Engi ﬂ% al as an acfdﬁtgx}ecc%};nipggen-[?as Igarg—'g”lk%[Mb%ﬁﬁx?éi) diphényf}irﬁine
wherein:
15 {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 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
20 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
25 (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
30  measured according to the Sequence HI 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).



In a fifth aspect, the invention conprises a nmethod of |ubricating the
crankcase of an internal conbustion engine usin.g a |lubricating oil

conposi t IO 20@¢158#334Ng to the fourth aspect of the i nvenPCHAIS2008/066026 Xt h
aspect, the invention conprises a O or 5WK crankcase 5l ubricating oil
conposition where Xis 10, 20, 30, 40 or450 conprising an oil of lubricating
viscosity in a major anmount and, in respective Mhor anmounts, (A)as an

afjgi ][ i ve conponehis fifth ag:reat% %ekyteﬂziubsbmpgieed nibthdeatibaieatinpiier @inkcageOt he

al kyl group or piyups arc branched, ar erived from 10propene ol i goners
and the al k9ﬁ° P ﬁ?‘@éwﬂieﬁglf’ﬁé%ﬁ @itewt%%@%w&l bording 9 9% o 45,

preferably &2.@hsdet of@RERRARKALONME, 25% or |l ess of the al kyl groups having 9
or fewer carbon atons and 25% or | ess of the al kyl groups having 45 or nore

carbon atons, (ilnags%oaspect.dbsingéntidnecosppises a QVedord WKengikanassi ne is t

(< ort nosunebEuEs PR blish a7 R s L F 28, 3 b F R SATRUIHE AR °Cel St o

from asti| ersridithpansantsin 22000t ahodrbad e Mdspectiomniiasi iouni)i bi tors, net al
di hydr ocar byl dithi ophosphates, anti oxidants our - poi nf depressants,
friction nodifiefd), attifasdiivagempenahd W@é@f@’ﬁ%%ﬁéﬁdﬁi%ﬂmme In a.
sevent h aspect, the igﬁﬁgkgon conprises a nethod of inproving piston

cl eanl i ness, as neasure y average wei ghted piston deposits according to

t he 25Sequence | TT Cf(iEngi the alBiyl s@ep bi Eicvps aebraiebtd, @ASKNved Yro#320) , when
| ubri ca{d ng the crankcase of an internal dﬁli?nakslti on._en itnethvvith a

| ubricatf ng oi | conposi ti oPfPREIHIEATG 2d ek LSRR Hhhs &Ry e
conmponent (A) as defined iferbdiadetis EBmARPSCES, PlefdrdlBy 1 DVEDNS icafboni N
conparison with an otherwise identical lubricating ol conposition that

contains a para. - nonyl - st i #tP@si 333 evles Prbngikangraers haviigate fsveBoconponent
() somers a0 Ly 20ES0LS ShalRoAPIATSAR WIS BLARTEHGhRi gt e
more carbon atoms,
15 (i)  25% or less of the substituted diphenylamine is tri-atkyl-
substituted; and
(iif)  10% or less of the substituted diphenylamine is ortho-
substituted; and
(B)  one or more additives other than (A) selected from ashless dispersants,
20 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
25 Sequence II1 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
30 component (A}
In all aspects of the invention, the branched-chain alkene oligomers are

preferably branched-chain propene oligomers.



- 5- In this specification, the follow ng words and expressions, if
and when used, have the neanings ascribed below. "active ingredient" or
"(a.i.)" wohResgstiz4additive material that is not dil uenPCoHUSI@IBWeGIRG
"conprising” or any cognate word specifies the presence of stated features,
steps, or integers or conponents, but dées not preclude the presence or
addition of one or nore other features, steps, integers, conponents or
groups thereof, Idlﬁisﬁﬁ@ﬁﬂéﬁieﬁﬂﬁxe'f@ﬁﬁﬁh@ﬁ&rcﬁﬁind@ﬁpfé@@{b‘:&i Htagd edsensddal | y or
or cognates nmay be enbraced within "conprises” or cognates, wherein

"consi sts 1beEdenmeangs sFnbedigiiY's i ncl usi on of substances not materially
affecting the chaiel figk&hdiSol(a ! DEeRAIROMLR M GiathIF I rck anfaRk bes;

"maj or anount" neans I excess 0O 0 mass % of a conposition; "m nor
anmount" neans | esdvdantan 50 nass % of a conposition; "TBN' mneans

total base nunber as neasured b STM D2896, Furt her npr.e, i hi s
speci fi cation: " pHoepH ugr%f&éq@ewogﬁ)égec%eglt%%rgs%e%ﬁ}ﬁ%ge 8:if
"sul phat ed ash cQg}€bf intdgérsas ORPSHNGS bhydoASEM pk&ude the ptilspludrorcontent ™ i s
as measured by ASTM 02622; "kV ice)" neans kinematic viscosity at 100C as

measured by ASTMJZi®: ofzmalos s101¢ ptha feptups, HieRfeEILsEd CORRRNCYHITT GIADS
conponent s used, th%lfse%?,n{h'e%}qg%&i&%l“lc &?st?@f"o@éor@&%negyﬁlﬁgg@%’m. %na'iéasa‘:t

under conditions 0 orrmulation, storagée or use a e invention al so
provi des the proggbe ohibaicadbiit@indrconiptiadsiied casiats ) ebartin “ofinséatyy such
reaction,

. Further, it is.understood that any upper. apd | ower
quantiti’ range. eséﬁ?i‘alné{tﬂit' gp%lfis h‘?ctl‘é“%‘ffesf‘%?{?‘weﬁg?té?ﬁeﬂév %%Cp%@ﬁendent ly
conbi ned. DETAI LER, PESGRESIH Nchpdsttidn 16 WIYENT bPies; The features of

the invention relating, where appropriate, to each and all aspects of the
invention, will frowobemdertmepesinicncesspSYmass Yo odg coaIPPHHRE; 30

PARA 41, KL(11, - SUBSTL TUIED. DL PHENTY, LAV 5 or 0 compoliilBg al ky! ail ed
di phenyam ncs of TRE PRVENRt oA Ere, in practice, m Youres ari si ng fromthe
presence of i SONErBE” hicanstoadl bhdemualbiey ks medsatddtbyeh$ BV D28%6at i on in the

nunber o .
Furthermore in this specification:
“phosphorus content” is as measured by ASTM D3185;
“sulphated ash content” is as measured by ASTM D874;
“sulphur content” is as measured by ASTM D2622;
“kV 00" means kinematic viscosity at 100°C as measured by ASTM D445.

20 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

25 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:
30
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



- 6 - of alkyl substitttents on each di phenyiam ne noiety and variation in
the position of the substitution on each di phenylam ne noiety. Al so, the

m Xt ur es Wa20siISkisde material that carries no para-al kyPCIs2a08t06&@2¢ such
as =reacted (=substituted) diphenylam ne and nmaterial that is substituted
in one or two ortho positions only, thet6slatter being o' -substituted.

The m xtures of the invention contain, however, a najor proportion, or all,

mat eri al t hafalkgl ssbfiftdritdbieéhchidiphengadinclindibly 4adhariftiontin te pusitiocarof4’ )
positions. Material that is para-substituted in one position only is
referred tothesubgiieionmstach dirBgnapweimgiety e the mixhaes may psidesubst i t ut ed

in both posHah:?i@?thgpé#riéssnorr%fre@?ﬁ(gfj%ﬁogtitﬁéﬁ%Q aqgéﬁcieut(&%aﬂak%h)a' . The
m Xtures of the I nvention y fufther 1 nclude sna guantities of
tri-substi t dippchylabieeiaad maieria] thettsstbdfitited in omelotwo pah@p@osinsiools thend one

ortho paositjon,, and =react di phenyl am ne, The presence of
ti-i -sut?zti ia?fF'élbelﬁ%?é?Li%éﬁlmg’%s usual 1y regarded as undesirable for |ubricant

addi tive perfor mppg frxtdes onHicG@bon cdMBnMhoddve s niByr d;;rapémsﬁ, ®kher ortho
substituted material. This 15may i ncl ude nono-ortho i-ortho and

ort ho- par a Swissiel that is qubsiitued &l onegnspthmarel pat anfigr 4') Rositnns. Ml
constitute s : H.‘ft‘tﬂ _ Jxture. Their
presence, hmég’éa'%sﬁgféaé%gg?gereéla?%%y%s%fégt% dﬁés?xp@%o&dbgg |E%&| ve

per t hr maneematerial; materub thiaa i pays-sybatiatddnio bothgnrditiens dnly istefistadttots on shoul d
predom nate . in the m xtures _of fhe invgntion. The rati o of nono;di.

| d
mat eri al¥ cafisBstifHed materigh gehegrixiges ¢f the Ve ipoiehehingddesmaly or g0: 20

or 70:30 tog30%if0s ofkieh8EARM mdifie nat é@s%té@ﬂ@b@ipa@ﬁg&,[ﬂcﬁlsaﬁd(ﬁﬁﬁeds 50: 50
such a.s exceeding 60:40. In. one enbodi nent, the al kyl ated di phenyl am ne
consi sts of ort positain, pidibnreacted diphenyispying t Ubcpresance petrigsubsiztinted araterril y .

When the al kyl at,j.ng agent is, a mXtu of _.pr.epen I rs, the a.lkyl
groups nay glaggailyn%gffggg?%%nsdgm\r/ﬁ%;l#oé?u hd te&rd 816%1?/ eggr%ng%gg'om that i.s not a

mul tipl e of thregasimBddud timyixaresRaf ehde behep base nastintedanaeksd Thisopane
oligonmers in the al kylating agenf used in prepari ng t he substituted

di phenylanmi mey ingludeipang-prilgh di-griho and orthospara sulsHived mateia]e Segharlerat ed

di phenyl am 0Of Sl i Lpoe : rein the
al Tyt g oub Ry Bohlicisck HARMILR &GS Sy, A TE Op L og o RS 2 M oon
at ons. Wher &htihpreadricy) hayevan ispre semiddred tohesibtdnlyesnt pditcenedgendngs. 30 15

caroon 210, ol b BEANEe, A BRI SRR R T e (P
| ess than 5Q%0fes ak theah¥epkio! PHPfatiBlOEHRMb:di nratefiat can be in the range of 100:0
20 to 0:100 such as 90:10 or 80:20 or 70:30 to 30:70. Preferably, the ratio of mono:di
material exceeds 50:50 such as exceeding 60:40. In one embodiment, the alkylated
diphenylamine consists of material that is alkyl-substituted in the 4-position only.
When the alkylating agent is a mixture of propene oligomers, the alkyl groups
may also include those with a number of carbon atoms that is not a multiple of three.
25 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
30 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.



There may be further nentioned di phenyl am nes of the invention wherein 10%
or less of the al kyl groups have 9 or fewer carbon atons and 10% or | ess of
t he al kylwOreoesps43save 45 or nore carbon atons. The | bl | @eirAg2&i8o6dods al so be
noted: 95 or nore, such as 97 or nore, %of the 5 substituent a.lKkyl

groups, as neasured areal/area chronmatogfaphically, nmay have nore than 9
carbon atons; al so, the average nol ecul ar wei ght of the al kyl groups may be

in the range of TH&ehty3I4Qurtisdtehentisndi@lphayBetinesRRERARMI MO WiefdiD 10The
alkylation is carried out catalytically such as and prefer abl%ﬁbﬁy using a
Lewi s acid ¢&tar st et theplivharopps bare” arlayescamonatoms gl H1% aF timeh the

conpounds. @ggﬁ@bgﬁs ﬂaqghygpgﬂgaﬁ?&pgomg. WB and their derivatives.
sed e ac

The cat al yst may al so ay catalyst such as known in the art.
Preferred are subkbfipemg deuldraldpdntiondd &5 amah, siomss 8T opmetoifi ofdhe | y of

t he cl ay. 15m.ner al tnorillonite. . C ays be used i.p amounts of 1 to
60, pr of br b1y SRS SRS, PSR! Br6 R iuRdigp ausal a Y BRIHRRG 2mi ne.
Conuner ci al nin @aidoabldng kRY Sthe BedrbkEembldeulhok EioMd dTdhe AIRGNErbipsatay Hayint hei r
respective trade marks: Filtrol, Rctrol, Fulcat, Fulnont and Katal ysator.

They may i néicaargeadildl x40 svdipsdrOde 3@l eached clays. 200 ays are
alum nosilicates: alumniumift cations are bonded to an octahedral
arrangenent of oxygen anions. Repetition. of MOG units in two di mensions
forns an OCPREPNFATIGEMEIHROD |i kewi se, a tetrahedral l|ayer is fanned

fromSial units. _Cays are. classified accordi to the.r tive nunmber of
t et rahiaHjl a:J :and Thg QK@&P%H 1516 Ié’ult %ﬂyﬂwg’iﬂ;}lgﬁﬁ@d(wﬁ{a,%bﬁ@h&gg%%e) havi ng
an oct ahedr ply|sa¥Rrcab@RiWos hRFrRELVERRs R WBioh 8F KRRREAE JbmpEWRE S -

Typically, the alkylation is carried out at a pressure of from atnospheric
pressur e t oBEi@npas mghde #Ch anéBhered thew defivtivein 120 to 190t. The ratio

(ver gt ve L) 2 531090050 b, NG A B B X2 2, b

in the range of e’c prefera € present in the

range of 1 prfdf:dpes sdleemninify ovginghifites hashdonsisttiphelonthghly withe dact ant

di phenyl am ne. Suitably, the alkylation nmay be carrjed out in an inert

at nosphkt e. mieeralanenimanilenity Gl maryQe wed iRyemgwis ot hir &0, Resferad i oned a
m xture conpgisi ol AP C2dntREREMEYJ gomer s which contains nore
by mass of rTQd-j’r‘gés-gkg)tbhggedCl5 gln?;Sorrere t%nan 153? glny of the C17, Q@ and C2

ol i goner s i ndi vi GuakieycialBuatnilablktclaye s1chrde thwhillbwbige ideotfred by tiklry, one bei ng

o oM AT AT AN RN R M
include acid-activated or acid-leached clays.

20 Clays are aluminosilicates: aluminium III cations are bonded to an octahedral
arrangement of oxygen anions. Repetition of MOg units in two dimensions forms an
octahedral layer and, likewise, a tetrahedral layer is formed from SiO4 units. Clays
are classified according to the relative mumber of tetrahedral and octahedral layers,
montmorillonite (mentioned above) having an octahedral layer sandwiched between

25 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

30 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



5The nole ratio of al kylating agent to di phenylam ne may be in the range of
1:3 to 6:1, preferably 1:3 to 1.5:1, or 2:1to 6:1, preferably 4:1. Mre

pref erredwpD20@/13433¢ 0. 8: 1. The al kyl ati ng agent used i sPOT/Usa8081066026 m Xt ur e
in nore than one sense. Firstly, it may contain olisoners of nore than one
carbon nunber. Secondly, an 10 ol i gonmer 8of specified. carbon nunber nmaybe

present in nore than one isoneric than. References in this specification to
an ol i goner theaWk bjg@napkai 6 ¢ of treien, Of aﬁ@C@l&_ﬁhgoﬁtemdﬂvﬁdwaﬂkeﬁudho enbr ace

different isoneric for t hereof . The rd " mer" nmeans, in th
specificatiSﬁmnﬁﬁﬁﬁﬁﬁﬁﬁgﬁ?cﬂﬁVFﬁﬁl gcﬁ“%%ﬁ%é%’Eﬁgﬁﬁdéyéﬁﬁﬂvﬁhereln
sone of whi ehoniREFRUS thetig) ﬁ@@%@e& Bnghesr aaalaa%ﬁb&f ascaaft@@g faggffeg may in

15di fferent contexts, be ternme pol yrmers". a preferre ting
agent, O|IgQWé@QHh%ﬂYﬁQQQOQTOkéméF car bon atons and ol i goners having 24 or

nore carbpon ato t her .fute %.0r less of th.e xture

A kyl 2t g agent ThegeRar of SBTRibe gl RidBlens Pitinfiaat Bn o EegT Sone
ol i gor ners. 1201 Q@réfefdbly- UBRD CATI, N2 M1 15@SbleYerth) 4:1. Moreliefediell iof:3 to
lubricating viscosity (sonetlnes referred to a.s "base stock” or "base

oil") is thB&drimary liquid constituent of a lubricant into which additives

and possi bl e ot hehe Al Rgt Sl e&ﬁqgm%ybéanﬁmmg%@t RhodUeE.e | nal

| ubricant (or I ca nposition I's useful for
maki ng concEmmbaﬁe&nasmMEmbhgwnamnfmuﬂa&mpbnﬁnahnmnumyanlSmmﬂd@oﬁltlons

t herefr nd may .be selected from natural et | e, ani mal nlneral)
and synfthet PRSI F SSRETTY OIS HRHTRL o BEsEh i B Thn e yPrragerpn
viscosity fRremrdncedih s shdcifi@tien W 4L51Rlontr hivih® a RERVYed HiiHes 8f EdMBbrO] I s such
as gas engine oil, 30mneral |ubricating oil, notor vehicle oil and heavy

duty di esel atgps is f@ﬁeiomtyaétehbff@rﬁ%@@nmﬂ forms pheresif Thawges dligomer’ to 30,
especi al | y éu]e&% s !3& éat 0?1;] dljyoq%merhalv ng%%{b%!r ogésez{rr él&lnk‘gt% (4ni mal - and

vegetabl e oll's (e.g urd eun10| S and

hydr or ef i netheresig Ismaetoi 'Wr!"leﬁt B&ammﬁepﬂzadeubﬁgheahumgezmﬂcarb@h atdmes, ma9 in
paraffinic, ht beni ¢ and n1 ed paraffinie-naphthenic types. Gls of
IubrlcaFingé@$E@6§WF?“H§Pl P@&F@ or shale are al so useful base oils.

Synthetic lubricgti ﬁgf&ﬂeh%mméngq%ﬂw{%a%ﬁ%% d & @%hca%orpabwaﬁd zed and
interpolynerized olefins (e’g. polybutylenes ypropyl enes,

propyl ene-i slmmneﬂ bmng:bfboﬂ porsrasrbopltans togetber q@@ﬁtgtbt@ti;ﬁr’/‘ewésss qf@ﬂacy(

- bexenes), 1- decenes. a e g.
dodecylbenzene Fgfﬁzﬁgg?%géﬁge {?nﬁﬁﬁ%ﬁﬁv%%ﬁgg%ééngl T

di (2- ethylhgnyhkhﬁggﬁmﬁﬁ); pol yphenol s (e.g. biphenyls, terphenyls,

al kyl at ed pol yphenol s); and al kyl ated di phenyl ethers and al kyl at ed
dipbenyﬁ)sulfides and the derivatives, anal ogues and honol ogues t hereof.

Ol1L OF LUBRICATING VISCOSITY (A)

The oil of lubricating viscosity {sometimes referred to as “base stock”™ or “base
0il”) is the primary liquid constituent of a lubricant into which additives and possible
other oils are blended, for example to produce a final tubricant (or lubricant

25  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,

30 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



10Anot her suitable class of synthetic lubricating oil conprises esters of
di carboxylie acids (e.g. pllthalic acid, sueeinic acid., alkyl. suecinic
aci ds andweal2rengissgucci ni ¢ aci ds, naleic acid, azel ai c RCras2eslocioze aci d,
sebasic acid, fumaric acid, adipic acid, linoleic acid dinmer" malonic acid,
al kyl mal oni ¢ aci ds, al kenyl nalonie aci-&s) with a variety of alcohols (e.g.
butyl al cohol, hexyl al cohol, dodecyl alcohol, 2- 35 ethyl hexyl al cohol,

et hyl ene gl ygaltinidinephideaendnyedlparditenbgitheric 0pys. edids gf iubitdaring Speci fi ¢
exanpl es of these esters include dibut¥l adj pate, di(2-ethyl hexyl)
sebacatc, dVSHRSEEETIVELRIPLed orghye eip dlwapsiabese oifi sooctyl azel . ate,

di i sodecyl azel a i I oGl I
sebacate, the 2-§§ﬁ§%k9§§%%“@??§?§?h§?k??ﬂ%ﬁ%%%egigﬁhg%ﬁ%??k§%§p§%2 conpl ex
est er for nedthyolysadredolcbme(erm pelybitybetmpolypapyiine plopBneasobolyésse of

tetraet hyl ene gl ycol .and I of 2- | hexanaoi ¢. aci d. Esters
uset 11 hs SnmET b inate el bRl R ol O 0E e bF b Bl (Rl PEJYS!-

nonocar boxy hé®nag); dfk yiedzark Yok Sodédithpadnke)| teeddaeyiberzysdy, as neopentyl
trimet hyl ol propane, pentaerytbritol, dipentaerythritol and.

tri pent aer ygiwenylpgnzenes, di(Rsgphothenzobenzenesh gl vahepotslerze bipheyis reheyh- be used
in the conpgsit.li : ' I, ' ' r se

obt ai ned i PRSI BiehE: BAF AR A bl et BRALARES Bshin FEAITEY
purificati oand fhordegxaivps analagsdiainé homblogbtsatharedf. di rectly fromretorting
operations, a petrol eum o] btaLned directly fromdistillatiaon or ester
oi | obtH# ned di ré@f’ih;?f%P@H%?FSég B it t\{_ %@%%P%ﬁﬁeﬁ%%&?mthout
further treafomakyinosids g BRRELd ReH s@idinic Ball] M18d su&iihis adi®asd fkéd toO
unrefined oils except 30that they have been further treated in one or nore
purifi cati osusinpscido nape asid, apleicocidysytieris eeiderabpue acifplipnasgapid,
purification,techn gues, sSu as dist.il].atj V. FOnR, acid or
base extrac?@Bﬁf“F#ﬂPS%F%%ﬁﬁ§ﬁ§F5%¥§%?%%?5%9§¥%ﬁ§%8§ﬁkf%ﬁ%ﬁ§§%ﬂs1?||ed in
the aft Re- pefifracth Oidrkerabfalodionl Redbly] gedntdresl dStdhol, @odéw] bhase, tsed to

- 10 - obtain refined oils fromrefined oils that have already be used.
Such. rE3r eribybgxyialephgl thyicgg gi&?@hﬁ“‘%@’f?‘@(ﬂ?&ioﬁﬁ’@nﬁ?&?"ebﬁ"%}@‘g%]éfcﬁS!I s and

are often addlhhopaldol-PORaS Al LREBL LSRN QLRI REaddi L ve

1
and oil breakdown products. er exanp ase oil are gasito-flquid
("QJ') basedohlhsxylifumaratd)didoad ectoicite Slivagetidezanteodiisodesyil wesdiaté, rdopntyl

Fi scher-Tro synt hesi sed, hydr ocar.bons e.fr synt.hesi s-gas..cont ai ni ng
i "and cO BT R POSHan Ay St ek argrelt MR e YR S E Ca 1
require furtheiiéoaabsiRembRx ML forhedby sattihg af BaRefeédasic selrwigikanpl e,

t hey may, by nmethods known in the art, need. to be hydroisonerized;
hydr ocr 3k etvanelasyd teiasntont gbigo! and\iaw aeplee! Tigybekwaisraced and dewaxed.

10The of | of | ubELeall 0l Wl SEARLE KT, ARIRE!REC ok o & & QuP H or Group

111, base stock OF baseé o af orenent 1 oned base st ocks.
Pref erabl y, nidaecbdxydik akidb and poliyolg, andgobsl ttheissueh &rmeopertt] ghycoly oup 1. 11

base stook, or a mxture thereof, or.a mxture of. a Goup,|. base stock and
one or nor e'inethyly Oﬂ@eaﬁ?ﬂta@%}éﬁf‘)gfﬂ?enﬁgF%’F}g?tﬁltﬁ“ﬁmﬁemr%Pn@EDunt of the

oi | of lubricati pgR80%Khdd il B-r&HRURiII Lan G 4R id b cokpEhiabs dhor G oup
V base stock, or a. mxture thereof The base stock, or base stock bl end

preferabfy pascd isantipat Enednedoils of those petaved 6596thynrre apeerdoabl y at | east

5% 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

30 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



such as at. |east 85% Mst preferably, the base stock, or base stock

bl end, has a saturate content of greater than 90% Preferably, the oil or
oi | bl endw®i2008/15838¢ a sul fur content of |ess than 1% pPeTaSaBPodorss t han
0,6% nost preferably less than 0.4% by 20wei ght. Preferably the
volatility of the oil or oil blend, as-Heasured by the Noack volatility
test (ASTM D5880), is less than or equal to 30% preferably |less than or
Iequal ':10 25%&&iﬂi&éi&n¢ﬁcﬁfs&l‘(ﬁb¥e}ﬁdeglsﬁs ﬂhﬁliﬂve&&reﬁﬂu&’den ubeal. 20fh réedinepoid er abl y
ess than or equ 16% Preferably, the viscosity_index (Vl) of the oil or
oi | blend | &eafbo/kaasp agseclyimet oF Hhrapesied pusrd Y@ ReRy m?ﬂaél’b’é?F%SF%‘r’gf rom

about 105 tg, ge%Qnigues for tr%fn&@béﬂt%@&t&@éﬂ& fevRage vl Aekst@nd base oils in
t APl ECQOLCS

this invention ar he ame ds"in . > 1509, which categorizes base
stocks as fol | owStheGerampples bidmee sif eskass-tohigeidl “GEEY) hake ails, 6. thebasemil

cat e SALSL L% A e RORST b0 AR S Pt 3BT L O
specified i @nTlﬁJ@is%aicmhaiﬁrr%u@ ahdIChasiag at Beker-Tesysah Catgraatidesd han or equal

to 90 p rcent saturates and |less_than or equal to 0.03 percent sulfur and
have a vi sBylpeabensdmnicyjlvasaare upaey Profesang it makothem usly! pelase pifan 120

using the t ??ré c}xg%&]}ghgﬂoﬁe?/%%ﬁg hfe%m'gg kdGPh $ dhe aft) nd 941Be ﬁ%%o?@ﬁ@riféd?c ks

contain grea percent saturates a ess than or
equal to 0. bB@irperdedtand hifisoardzdtadewaxddy dslpasisymématd end dewsed. t han or
equal to 120 usi t he st _nmethods specified in. Table. 1. oup |V base
atocks Bhe-pol yal BrEBrGHERE PBAGoSE) EY BB P Uade Bl cRReP I G8Ebal | ot her
base stocks|nhsd A6dusiafdsd Bil bIh@X the atblomdrtibnedbast Mocﬂs@h@ffe%gré tnal yti cal

Met hods for Base Stock Property Test Method Saturates ASTM D 2007
oil of lubricating viscosity is’a Group 1I or Group IH base stock, or a mixture thereof,

or a mixture of a Group I base stock and one or more a Group I and Group 11

Preferably, a major amount of the oil of lubricating viscosity is a Group Hi, Group HI,
15 Group IV or Group V base stock, or a mixture thereof. The base stock, or base stock

blend preferably has a saturate content of at least 65%, more preferably at least 75%,

such as at least 85%. Most preferably, the base stock, or base stock blend, has a

saturate content of greater than 90%. Preferably, the oil or oil blend will have a sulfur

content of less than 1%, preferably less than 0.6%, most preferably less than 0.4%, by
20 weight.

Preferably the volatility of the oil or oil blend, as measured by the Noack
volatility test (ASTM D5880), is less than or equal to 30%, preferably less than or
equal to 25%, more preferably less than or equal to 20%, most preferably less than or
equal 16%. Preferably, the viscosity index (V1) of the oil or oil blend is at least 85,

25  preferably at least 100, most preferably from about 105 to 140.

Definitions for the base stocks and base oils in this invention are the same as
in API EOLCS 1509, which categorizes 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
30 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



Viscosity Index ASTM D 2270 "Sul fur ASTM D 2622 ASTM D 4294 ASTM D 4927
ASTM D 3120 The oil of lubricating viscosity may be present in a
concent r W20 15433 anount (e.g., from30 to 70, such a®CAWUSL@8OHOG026rASS %)
so that the composition is in the formof a concentrate containing for
exanple 1 to 90, such as 10 to 80, prefErably 20 to 80, nore preferably 20
to 70, mass % active ingredient of an additive or l1l5additives, being a

par a- al kyl - subst i t ut edis¢lisfih @nlek greane tioh drkgudl v 8dhndRsahas 02@uanidihti ves
with one or nore co-additives. Th il_of lubricating viscosity used in a
concentrate is a suit%Bfimact P%a‘tﬁ??i 1,“?3’&)‘? tally hydrocarbon, carrier fluid,
e.g. mneral |ubgy catj i i )

| ubricating vi sc%)si tngtglgﬁﬁﬂabsasgﬁetg%?ﬁéﬁ%ﬁ%&%@n@aﬁg} é\//\C/efalla% tﬂagfs@ﬂae??egflati c,
20napht heni c, and. ar swahies ahygsobar boesial @rElexanpit edfofand biteabl e carri er
fluids for concentrates. . . Concent r at es nstitute.a.conveni.ent nmeans
of handli ng additi Ves"‘ﬁ%‘}SB,‘:’éﬂdﬁﬁgfﬁﬂ?%é : Oégq\)éﬁ? ?%ésusfl%fhleit?sgmeﬁﬁ’dgol ution or
di spersi on of additivggcifiedliptprsieati ng oi |l conpositions. Wien preparing a.

| ubricating oil conposition that contains nore than one type of additive
(sometime referr@d toCEypIydesse ptoekscsapoidapacisiinsdBARMaddi ti ve may be

I ncorporated separat efyyu, 83§ hel bk OfclildiTi And pEQERRL hatificlubdy BNY

i nstances, - 12 - however, It Is convenient to provide a so-called
additive "package" (aGsoprieflelil,edi¥o as an "adpack"”) conprising one or nore

co- addi ltd ve%éblg&lggngls igﬁiﬁéth&%dfo?ﬁ.és%'s{%g& er, in a single concentrate.

Property Test Method
Saturates ASTM D 2067
Viscosity Index |ASTM D 2270
Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

The oil of lubricating viscosity may be present in a concentrate-forming
amount (e.g., from 30 to 70, such as 40 to 60, mass %) so that the composition 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

15  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,

20  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

b
Lh

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,



The oil of lubricating viscosity may be provided in a nmgjor anount, in
conbination with a mnor anount of at |east one additive and, if necessary,
one or nOWO 20@s/1adEdit | ves, such as descri bed herei nafter PCEANge0806E0ROg a.

| ubricating oil conposition. this may be acconplished by adding the
additive directly to the oil or by addit'g- it in the formof a concentrate
thereof to disperse or dissolve the additive. Additives nay be added to the

oi | by net hgelgeJen G0 chvdnh@s & kb @ do-chifedt a@itRkt padka bV eh1sd Opfeired tolQ,
contenporaneousl wi th, or subsequent to_addition of other additives. The

terms "oil-&b qs#sa@?’) ERPIHINE PRI ENEE Bpedditiyes, sedrisdesarbedbercuser et ei n do
not necessa&h%¥ &%P&a£e that the conpounds or additives are sol ubl e,

di ssol vabl e or are capabl e of being suspended in the oil in al
proportions. TheTh@mmoﬂhﬁsc@ngaddoﬁwmesybﬂpmwhbdmyenmﬁsahmbhennr stably

di spersiple in oi.l to an.extent 1%5 EfICIent for t@e to exert their
| nt ended ef FERTNEtPn HEh SAUIGIGHIEAL O 4 1S G AR VG APdIEhSeRARY 8BF Oivor eover

the additi opale cd-REPEREr @th Q0JQLHRINRE i AR L doV S SuliBya RBFBAting JCor por ati on
of higher levels of a particular additive, if desired. The

| ubri cat i ngeanposgmmpJIdis nanke smpymplshed &g aﬂémgmlm- addittve dinsethaidl Bapilengi ne
cormponents, S}g%&ﬁ H' 'ﬁomofﬁo%{cgﬁtat&&[ ﬁ gae?&%’a%%mv@ﬂ% addRREK- '9”' ted

or 20conpre FOn-g t Wo- procating engines, by
addi ng t he gafpess zhapbe hdided te dﬂrlgffraetabdlsyknomﬁy tiao“se skitled kcias ertJ cuﬂuer cants.
The lubricating oil conpositions and concentra se .defined
conponeH}s ?WﬂﬁCHﬁ%ﬁ%%pQ%ﬁ?oﬁﬁf“W@ﬁﬁ?ﬂb¥ﬂém§éﬁﬁ fﬁB€W5$e and after

mxing with an orRAGHAOUSI- S e&*“Gﬁt&%}e'rsni\!i@’mdrQ@gr%f@t@ﬁf?@%&?h&&ﬁﬁ@s' tions
and 25concentrates which conprise the fined conponents before m xi ng, or

af ter mi xi ngot necesbailh inskdans hatthd caﬁp@mdsmkadfgtlves are solyMaissolveldnt rat es are

used to make.t ubri cat,in 0 Lt t he fo exanpl e be
di luted. wi ?’Fﬁcg’?fﬁ & r”t?cf&p%b%gf ‘%‘7“8%3“&6%@ 0o lﬁﬁgg}("c?f’n%}o/ S bri cat ng
viscosity pempahils Byadiasss efe, hige\eBRERBIL d@lseabl 3 s ik &1l WS Shent
conp05|t|on may. include, as i ndi cat ed above, one or nore co-additives to

provi del Ter eTiticpdpr bemen cacts histapierdadaticesin tscarinonmentin Shish B8 oHd%i t i ves
are \\O 200&9{&1§§§1’34ﬁ%09§2 g91%@9&%ano\;%x%aﬁor%ﬁﬂﬁé%@&h% ??&rﬂﬁ{'t s, netal

rust inhibito viscosity I ndex I corrosion |n ors, oxidation
i nhi bi t or s, inkeipotation ofibihéd leveds ommmlétdamddgwagédemedant i- wear agents and

pour point depr e’fﬁgﬂiiagéatg%rgl c%rm%eglitiggsugag}? 88 {zsg—*:dftg 1}bh cate gr?éc Ranica eellgme
components, particularly in internal combustion engines, e.g. spark-ignited or
20  compression-ignited two- or four-siroke reciprocating engines, by adding the
composition thereto. Preferably, they are crankcase lubricants,

The lubricating oil compositions and concentrates comprise defined
components that may or may not remain the same chemically before and after mixing
with an oleaginous carrier. This invention encompasses compositions and

25  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



Ashl ess di spersants, which. effectively reduce formati on of deposits upon
use 5in. gasoline and di esel engines, when added to |lubricating oils.

Ashl ess dweperssiamids useful in the conpositions of the pPETAISR0NBMHVE@RE | On
conprises an oil soluble polynmeric |Iong chain backbone bayi ng functi onal
groups capabl e of associating with partlidcl es to be di spersed. Typically,
such di spersants conprise am ne, alcohol, am de or ester polar noieties

attached t o4itnesapal ¥&BcRAGKEANAst iAkibRAsWideoditPliiddQingrogédlidrodion
1. Oashl ess di spersant may be, for exanp selected fromoil soluble salts,

| e | )
esters, anmiinbibitesst exidatioarinbibyors; ficter medHicsy aniioamasg agents ARLEYFAT n
hydr ocar bon- J . - pal XV L Gy s (ﬁ'“ﬁ& i des
t hereof; t h?%gg%%;}ﬁ%&éﬁg{eéﬁe% F’V%g %%?a E?g%%dsg%ai?ln yé?%%gﬁg%g%; | ong
chai n. aliphati cAfhesdispehants, Wiavh effeqpiotlyaadute formativn e deptosiaclyed wir ect | y
t hereto;_ and Manni ch condensati o rqduct 5 fornped ndensi ng a 15l ong
chai n sébstmt%ﬂﬁfgﬁleﬁﬁéﬁkﬂse PERE GF Iaa‘gfﬁitﬂzumn%f’{gl‘ﬁ%l%gﬁgfsﬁi@g%?ﬂ ne.
Preferably, ,Jhg i@t&%bﬁ%@sigb&qﬁ*ﬂ%@ﬁ%sdn% iRentt b rkBRlseCaH @I soMbiepblyndkisper sant
havi ng a nunber average nol ecul ar weight (Kt) greater than or equal to

4,000, suchloag clret hedibondhod® BindtichaDgEODs caphele pif atspelatipp Wik pR@IcIofés ght

ranges wll. depend .on. the,ty f__pol ymer t i sant, the
nunber of f%@?‘?%ﬁ’?&l Dfam%&%% Sg%p&&%%atn?( ant ?}%ggmﬁ%p%gé@l’p%ﬁgfgbfﬁ%ﬂ onal
grou. p enpl gyi&dnoikés Bualadl 16 thd plyraertakib@Eebotion vienbridging gatupz Sthe

di spersant, a_ hi g‘h. nol ecul ar  wei ght di sper%gnt 'LS ‘%ge fonned with a

pol yrrerl (acshlsredinRarsang may benioe Frample-S5ciep ToaypihsolWRiF §HES: SR About
L ab%lsfter?%%ﬁdeswﬁhsﬂ%ﬁﬁ?au fiieh a%ioxﬁgyﬁh holbotarBol-YiriakiddheRs- based

di spersants coritai n pol yi sobutyl ene polyfers having a nunber average
mol ecul ar 2&eiciytarkoaytic agds oremhadrades tgoe(t biabhoexyla@oBrivatines of bmdl | zed by

m al ei e anhydride, (MV98), and. derivatized wt ol yam nes_ havi.ng a

nol ecul ar méaﬁh}fyd(ﬁﬁgcafl?% IQB%gli‘a”i%661%8%3%%?‘@%@&3%“!5@%%&%8 I(51’r01‘c"lt1(€)§\/er

mol ecul ar wWatghtd dTRett@hRQctbCandsashdich éuiahdatighpisahas eraved Bgicghdendingper sant s
by incorporating multiple polyner chains into the dispersant, which can be

acconpl Isheldnashaig suestihsersphenat with orsblehydr andeokrfkylaempelxpHdre: nol ecul ar

wei ght, specific , - & i chni ques.
One conveni ent n‘lzljteh%%lw’stheg%ﬁ%%éégﬁgg% %rgﬁlsnécﬁ rrgxzé E)%?%fo%%%@%rgﬁhﬁi ch

addi ti onal | NavddOyheiaBertbgeiccuit glighd{ it y gbattd than bneduahio. 40000sdhsee W

W Vail, J. J. Kirkland and D. 0, Ply, "Mydern Si.ze Excl us'hign Li,qui d

Chr omat ogr aggHietween 4,400 and P00y Tihgpregig mpjpailar SR1ECs 1ty 5peniony o

mol ecul ar wgj - ' b Bt dh S BRI vdi¥er bPRubetion]l BSApPOI yani ne
or Pl BSA- P\A% |es&fl?g|@2ng&g%%%0%8§%d, tlﬂ%rpr esence of theelaom' ne may cause the
di sper sznt pesdre aadsior tyee obyoletiendehahgroup eadioned -t Borawamplectbueat e nol ecul ar

wei ght determ nation. Persans. famliar w.th the 5operat.ion,. of C

equi pnent ui’i‘g]@rsglf‘ﬁ?ﬁ]ﬁn‘f ﬁ%ﬂmgﬁ‘?dséiﬁjr%sﬁpgﬁ\hﬁgy%fgc@ﬁ %g%étt%%}%ﬁgyanﬁlg io%) a nixed
sol vent syst@med 4G Ryh&tyasknihe 0huinan nufide) averagednolbdularavaiginolf frampunt  of
pyridine, as opposed to pure THF. The probl em mag’@al sQ be addressed by

cappi ng t heakar heSiotahodc¥Ol c Tamikgichontecraintly ek PORESPHEY 1550385 ar wei ght
3 2ts g?m'ozi tnggiﬁ%f%eg’%gﬁr %ﬂ%ﬁ\%ﬁ%ﬁlsg&fg%gérjg ?Lgﬁﬁé&[ag?fag&irgc? r 05\/%3?@@ ec%ikglwmi ght
pol ymerss i selsbpangpedss steuoStmmwetboyt I¥@efunctionalized 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.

30 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",



e.g., ASTM D3592). The degree of polynerization DI, of a polyner is: D
=EMh x nol . % nononer i 100 x nol,w nononer i and thus for the copol yners
of two noOWOreIssISEsB4 may be cal cul ated as foll ows: M x ROT/USe@soiedeer 1 +
Mh x nol . % nmonomer 2 15Dp= 100 x mawt nononer 1100 x mawt nononer 2
Preferably, the degree of polynerizatiohfor the pol yner backbones used. in
the invention is at least 30, typically from30 to 165, nore preferably 35
to 100. JohnTWélepgf SoseMeRybrbciarbnng ey mplebylaek sighrgilaayadne-i n thi s

i nvention include honopol yncrs, MM : E)Ol ymers_or | ower. npl.ecul ar vveé ght

hydr ocar bon§oMeRBerdpersyniiess Bt molpehyme: %fsé&%mé?%m AglEaniged. et hyl ene
and/or at | - i i il A, HRC CH R,
wherein R ?%%%Sgg%gﬁh%&%gﬁ%hﬁg&éﬁgih%{)g?ﬁI@y?gg%ség)l%dfgg%@rj% sing 1 to 26
car bon at onkading taemeteurathenqdesiuianeeight detaimmigatoar. ensone fangilipbeith the

unsat uration t ef a_high degree.of .termpal_ethenylid .

insat ur at | oRerBSid & e Fadamer dededng uih chSh TR mE BY BalsaRl Symeive
invention cemkéSRIvt SRl WO- § tefag i €THRPmaled vaasd mone aslophe of- ol ef i n
of the above formula, wherein R _is alk.yl of from 1 to 18 carbon atons,

and nore pr BYédiaplay oprosad (g/purefTHE: orepreter neayr Benbeaddrsseddniccanping
preferably ﬁlte'akdingivgﬁa%ﬁc' anhg%@de%a%pﬁe&&%;{ﬁe mm%ﬁﬁ{ QEfht HREL B ol Pha

-ol efin nononers and cono. noners | nclude, “for exanpl e, “propyl ene, butene-1,
hexenc- 1, ostabea-of caghingtioybpenteha-kcfutimetedded detatmileeg melecplat wiehcene- 1,
tetradecene-1, pentadecene-1 hexadecene-1, heptadecene-1, octadecene-1, -
15 - notth. dB¥ERY2AY RS h orde RGN TEsgS VAT RISHES OFROBFBEFene. and
but ene- 1, agg_,mhkiﬂggbz)‘Exenpl ary of such polyners are propyl ene

honmopol yner s, but enc-1 honopol yners, propyl ene-butene copol yners,

et hyl ene- pr opy!| ethbe degpest wnersahon Baef buokmer 5: copol yners and the |ike,
wherein the polyner contains at | east sonme term nal and/or internal
=saturation. Prefer pakyrersn@beetinsat ur at ed copol yners of et hyl ene and

propyl ene and et hyt W@We i nterpolynmers of this invention
may contain a m nor janount, €.0. B5to 5 nole %of a G tO Cl8

non- conj ugat ed di ol efin coi nonoi ner. However, it is preferred. that the
pol yner s of andihys forflemnedpelymessaph tvoanensingera Pp ity bgcalci gt sedpidiwer s,

i nterpolyners of al phas Rbes, bndReCOMRRIERLS RGndnl: ¢7 POl ymers of et hyl ene
and al pha- ol ef i npcorprerers—IHre—mel t of the polyners

- ar—e+-hyHere—eont-en
enpl oyetb i n this R nVEhK MEHViMETEPET er abiPh X M VHEPPERYE of 20 to 80 % and

nore preferably ﬁ&_férgbl}ﬂha/ﬁegéé@af;ﬁﬂﬁ%ﬁﬁ@n andhopolPitenRkBonea Lfedanpl oyed
a.s conmononer(s) wth ethylene, the ethylene content of such copolyners is

nost pr ef er tigliyvdntionesea lepst Hh typd&lygfroa Bhutfis, mogheselfesrbly dhvr 1@k hyl ene
contents 15may b resent,. These pol yner e . 3

pol ymeri zi ng al pﬁgggﬁegeﬁeﬁ h%srﬁ}gﬁ%)??s %rrp()l Xture fog]g@ %lﬂ %ﬁaﬁﬁ{é%’éﬁ%:ﬁg&rlr@r%oners, or
m Xt ures COonNghbsdNgeR] RirENemanRdr fwdreadécuiiteveight hodrG2abatsp Breaagiliyn
nmononer, in the presence of a catalyst_ system conprjsing at é}l{,ﬁaSt one

met al | ot®neo{ e pobymepTeaspstie RalEHYT ok Havisi andrr FeicaT oBe fpSuha)tBitd an
20al u noxaneol%g%(a)‘%gg the%%&aﬂ?ém&-h@ﬁ%v Rreif R Psosltl%igﬁE ot @raMeS Qha%% %fk?f[ or €

of the
radical comprising 1 to 26 carbon atoms and wherein the polymer contains carbon-to-

carbon unsaturation, preferably a high degree of terminal ethenylidene unsaturation.
One preferred class of such polymers employed in this invention comprise

25  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,

30 tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1, octadecene-1,



pol ynmer chains possess term nal ethenylidene-type =saturation can be

provi ded. The percentage of polynmer chains exhibiting term nal ethenylidene
=sat ur at IO 2ae8y15334det er m ned by FTER spectroscopi ¢ analPg3its2008i066026 | on, or
C NVR. Merpolynmers of this latter type nay be characterized by the fornula
POLY-C(R1)-0.42 wherein R is Cl to C21l5alkyl, preferably Cl to C18 al kyl,
nore preferably Cl to C8 al kyl, and nost preferably Cl1 to C2 al kyl, (e.g.,
met hyl or ehéwddpceand, whiemeitarePHedof &pg emeniugs bhgropgkysamid nhaienl, atdeérechai n

| ength of the RL al kyl grou i1l vary dependi ng on the con c¢cnorncr(s)

sel ected fobKls éXPWpfaﬁ%O%wﬁﬁéiwa% AT HIOPKLGHE gem%awm S, BjteRE pol yner

chai ns can i r.m > i j - r.ak i.e.
GORL I PnbA! %%??kn@&&?ﬂ%/ﬁgolgms Mty pra A Bhd19Rvers) |

POLY-CH. - CH2, and 30a ion o ( r’rer[s can contain | nterna
monounsat ur ethiyisng-betege- | ROLMymeks-a@itiR1) ke, whereai the Rplyiver agntaef aileest above.

Th i nal | ated i [ b d Kk
Totall ocene aReNERRD A F Db S T o B A B R T8 Os6026 - 16
- prepared aspoesst bbatylehe MdSrofdt@dndNasder, 493080851, ThebRedbdBimers

5,705,577; 5,814,715; 6,022,929 and 6, 030, 930, Angt her useful class of
pol ymer s i sObBISREEOR Iy F0BRILY N RBWLE B8l §-mie £ 7als dnoior Ci ©dbapetre,

styrene, and. i i ke YTRY : 3@'%? i :

pol yi sobut cne@g%%%da%ﬁggggg%gg?ﬁ%érl zae?lg%?ltqg?; a qir%]3 ?enédrigﬁgégjgéhﬁf havi ng a
but ene cont antniofn @lbguise 8blytalplahdefin HEAodwyymers, in@neblyners sdblphankfioont ent  of
about 30 to about 60% py Ww., in th resence, of Lew s acid,catal yst,
Stch astthl URARTIEST EH BHFRABRS 80P aNDE il igke B SRBRengey 40¢ BBl ce of
nmononer f or felkch oMt b f BRPBARS s bHpRStd B BT @En & FreRMDIPIHCHe Ahge
Raffinatell. These feedstocks are 18d| sclosed in the art such as in U S

Patent No. 4f 35 8039, andppiginsefhiably Bre 705%a Vhsstrrondensapd@r bptgekberfe of the

Dol yrmor i zat FORCPRLR Gt naiele] Suf SAlchd VB AR Gy 6T BRoBolsmerss, o
Such pol yi sobutprbferbdy gewesadd yhdadiicailthougs hidhiad ordosat eh@tncotniantsamount s of

about one et hyl enic doubl e bond per polyner chain, positioned along the
chai n. B5As™i8PEA™B¥ve, the pol yi sobutyl ene pol yners enpl oyed are

general |y based hal By b QR -866h HRndma398r Met hods
for maki ng polyi gg%sgtpemég@?g@%‘%m : y%olyil/’i{ sobut yl ene can ggm o

f uncti onal i médutsy ohalpbareleéiningenofrsrsy or wirtores pempuisipg cthitkene et atdéast ene”
Geacri bod oot Bur > 2GProReutBunrl: W BEeiig? sl SRR Sy Biheta oh ™
unsat ur at edleg@loRexytdicene (e.g., a cyclopentadienyl-transition metal compound) and an
20 alumoxane compound. Using this process, a polymer in which 95% or more of the

polymer chains possess terminal ethenylidene-type unsaturation can be provided. The

percentage of polymer chains exhibiting terminal ethenylidene unsaturation may be

determined by FTIR spectroscopic analysis, titration, or C"” NMR. Interpolymers of

this latter type may be characterized by the formula POLY-C(R1)=CH7 wherein R'is

25 Cjto 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

30 aportion 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



acids, anhydrides or esters and the preparation of derivatives from such
conpounds are disclosed in U S. Patent Nos. 3,087,936; 3,172,892;

3, 215, 70O @BI54B387; 3,272, 746; 3,275,554; 3,381, 022; BCATAB2@8866026

3,565, 804; 3,912,764; 4,110, 349; 4,234,435; and GB-A-1, 440, 219. The pol yner
or hydrocarbon may be funetionalized, figr- exanple, with carbox.ylic acid
produci ng noieties (preferably acid or anhydride) by reacting the pol yner

or hydr ocar §eparbdgedese@hali ihitRBSPAAANG: £S4HS,809) 5tdse, 1adds,véRsrRf functi onal
noieties or agents, i.e., acid, anhydride, ester noieties, etc., onto the
pol ymer or h$H-otROSEE-BRANASBPi%Brily at sites of carbon-to-carbon

unsaturation (al ﬁgot%zgrfd@s%ﬁﬁgiag% j}%é}glisﬁgyggmg& p%)l%{eidfﬂr‘{ecaﬂ&ﬁét uration) using

t he hal ogen 30assi's unctiondlizatio orination) process or the
t her mal " enpdlymedtdtionnf isobutene, Wyemeusidige fike Comeongdiyeadrs Graf thismipspr ocess
enpl oyi ng a catal yst. éeh%. eroxi de), the .funft'gtci)n i zation ,s.randomy
effected al"6hige PR SSBIGRECOHRIGPY Frraen Pt f &t FORED THAT ORISR be
acconpl i shegh;:bye HalRIENMHNY5 tPabBus 7PRLORINahd RYisBbutene cbhtent BFf H¥uN3F i ng t he
unsaturated a-olefin polyner to about 1. to 8 wt. % preferably 3 to 7 wt.

% chl or i ne, togrbobr @ he wth i &g porendget wdicghs aod cgplyiniichep akpapgear bon, by
passi ng the,ch] orine . Qm t,h at ure of 60
o 2500, prarpiRir ¥ edhn dARER “hEHaRy B8 XERn Pk AERENAI 07 O
preferably Butbgess phalasn febistrhahogehas Rdffpatey/lireThar ftedetooksearbon

(herei nafter backbones) can then bﬁ react ed ,}@ %)uhfgi(%i g{Et nonounsat ur at ed
react ant0 capigeipeddn thegt sghagHeY iSohaken ‘P'e‘%?sgs ¥o FORESPHBRBE AR MOy |
monounsat ur g bpoyk verfl it 250611 siahb1Y b3 RaWNid 80C to
235C, for ag%g%egfyg to %'8,?&{33’3%@95}’%@%“%%%“3“such ityﬁat t he gr oduét

obt ai ned wi pbiymeritation ftdme butest stadm (evbe psiog Aol @5 Bo catilest®prioghsat ur at ed

10car boxyl i c reactant per | e of. the.hal ogenat ed bac rnatively,
t he backbonBYHiaPYh “?%f&ﬁ%géfﬂﬁg’fléam%ﬁ%%y r?t(l':onr%laac Oglﬁg%?%o@lg}lﬁi xed and
heat ed whi | ghaRdicrBublRlvand per fdythérechhial posti@iell along Thectajidr ocar bon or

pol ymer backbone can. be functionalized., e.g., vvithéé;gr boxgrléi c, acid

] g.
produci hy noi eti&§ ﬂ?i@ﬁ@f’%Y%&%%ﬁ‘ﬂ’“@??%rﬂ%ﬂ??ﬂémﬁlé)iy wepngallebisedel y 15
at sites of eﬁﬁggcgéa‘c&ri}‘&é‘ﬁé%?ﬁfH&E%H&@Mﬁ2,%0? REtRR ¥oBhalQhe hydr ocar bon.
chains, or ran y a?ong chains using the three processes nentioned above,
or conbi nat papBobtgleaefre knowanyohegtetytee can be funThenapived by haldgenation
nmonounsaturated reactants that are used.to funigrti 0 ablze he backbone
4 A Gl

conpri se noffs B g’?“%‘?’@a&‘ﬁ%‘f“ﬁlc COR| IGTHaner B t HEUIREJdr i de, or

20aci d est e, BLQE baberoxidBL hilghsBehddibeld@nounsat urated C4 to C10
di carboxylic acid wherein.” (a) the carboxyl groups are vici nyléﬂyﬁ_i .e.,
% both, or

| ocat ed2@n adj acBricessay orcastioasy!yade hijroewdensagith wiaturgedsapanly
G210, 20 20l CoNON AL 0T 6 PRl iOL 0 FOPOLUSRENCR OBl
(Easters of afcidiscldskd in) U Reunsso 8 8293 63,172,800 31206507 h23d. 387, ¢ aci d
\nglrjg', n th ?fzg,%,%&%?ﬁvcs?srs%? 2,80408 PGS § 559 RbR9RG R 511 b B, carboxy
4,234,435; and GB-A-1,440,219. The polymer or hydrocarbon may be
25  functionalized, 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
30  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



structure -C-C.-00-; and (iv) derivatives of (iii.) such as C1 to C5

al cohol . derived nono- or diesters of (iii), 'Mxtures of nobnounsaturated
car boxyl iworzaesarsgshs (i) - (iv) also may be used. Upon PEIAIS2@E/004026 t he
backbone, the nobnounsaturation of the nonounsaturated carboxylic reactant
beconmes saturated. Thus, for exanple, il -eic 30anhydri de becones
backbone-substituted sueci nie anhydride, and acrylic acid becones

backbone- sufgtiitdinghe M-@REAB 6-AdtinholfaMBlaBsM 10h SSMC By, FRITOURIS At 7at ed
carboxylic. reactants are fumaric acid, ita.conic acid, naleic acid,

m al ei ¢ anhytik deloriot oo boovaine hesecdrdthe sieighit ofpe!miner ertygdencaten, kicryl i ¢ aci d,
nmet hacrylic_acid,, crotonic, 1.8 i.d L nnam i I | (e.qg.,
Cl to Cd al P(?Fx)ngg%ﬁ N ?%nsnteeog é) 'S ?1%0?%1 rtéag?ﬁg%eg 3&%{.6%3%9%5 P?ﬁgfoe%%déi&’ et hyl
fumarate, apdfers®y hyd tof 1608CAE.L, 1T IRONOUDS sicuk 815ad 10agrbfaxably €t Bact ant

preferably malei e anhydride, fypically wll be used in an amount. ranging
from abcut tows T hakexpnated palymer ar hiﬁ%‘é‘@é‘? greppager backpeng) cagthgiiReaq on

t he Swei ght ie%te& Qf‘?th@gfﬁﬁ@% o WIAReRaT 1@9?&13’5 capable YWidag Cth@tdnapt i on

normal |y helps increase the reactivity of starting olefin polymers with
nmonounsat ur abaties wrtb¢ barkhbng icrgy mewonsatiratedl catbgx vigtremsodsat 40§ tad 10 Ct he

pol ymers or hydrocar C e at.ed r e in,th resent i pyvention.,
particul arl V%ﬁ%g@%?gﬁﬁg?g’%pgﬁﬁﬁ@%t éS tﬂ?@r%%a% E)Ooﬁgg iscl‘}%1 Blggté’gss a hi gh
terni nal bopddeabeMedbPandnigaght d¥dited nulibef efadley of hbefoabossatrdtbe backbone
and the nonounsaturated finetionality reactant, e.g., carboxylic reactant,
are contlact ebayliereassneper eelapbthathalogenaiedbagkbonss Alfpmpdyely.HB¢ mal " cue’

Lg?;ﬁé? n b;gl%%:ﬁggneoelnﬁgﬁ%rggﬁ&ﬁls%ﬁ?a?&# &%é"f}gg réﬁ% an be mix%&r Qﬁi 1@5&500 arbon or

one can: unctionalize y random attachnent of functional
noi eti es al while ahiBngciiymimsr todhahatsndysgriad. vari ety of nethods. 15For exanpl e,

the polyner, in solutjon or in solid form e graf.ted with,the
monounsat ur at ed CAF B ?,qap'@nrcggg Wgaﬁoaﬁgﬁ%éa?@%ﬁ% £n %ithe presence
of a free-raghcakichBigtdrdliRing MbiefcsRBFrQRRRAcidbr 3Rk WiideMoibhe) dativéng t akes
place at. an el évated. tenperature in the range of about 100 to 260C,
preferall y atades of QUBE-toRagfosrumbityratipn ek theawiaadr or hiydiosereen ging, aY i s

acconpl i shed i,n ineral | ubri i il -' Wl . for
S R R T T RS L
initial totgleredflin 90 sdgueite. The free-radical. initiators that may be

used are peroxides, hydraqperoxides, and azo corrpoungs,ﬁlgrefe .ably those
that have a boi | TRgPES mnoapfuretad FeasBs i that GCsed TSR IREES ot her mal 1y

wi thin the B EARRIALUARI FiBROGL It AEe] 16 roid! BRiRdaR &
Repr esent atlg%/cgf)%#&tg) se ?‘{ree- radi cal i)}rilli fiators are 'azcé)but_yr onitrile, his-
t erti ar30 butgd eernaicdd, anbiddigdimereupsatoricd €4 tThe digdrboatigrcidwimcinsed. |

typi cal [y 15 ysed L0 on amount o1, feL WREN.0 9051 A% Bin LY Bpsed or

least one, preferably both, of said adjacent carbon atoms are part of said mono
unsaturation; (ii) derivatives of (i) such as anhvdrides or C; to Cs alcohol derived
mono- or diesters of (i); (iii) monounsaturated C; to Cyp monocarboxylic acid wherein

25  the carbon-carbon double bond is conjugated with the carboxy group, i.e., of the
structure -C=C-CO-; and (iv) derivatives of (iii) 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

30  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



reaction mxture solution. Typically, the aforesaid nonounsaturated
carboxylic reactant. material and. free-radical initiator are used in a
wei ght r awDaoesarsgas4of from 30about 1.0:1 to 30:1, prefePablts2@80660e6 6: 1.
The grafting is preferably carried out in an. inert atnosphere, such as
under nitrogen bl anketing. The resulti-ig-grafted polyner is characterized
by having carboxylic acid (or ester or anhydride) noieties randomy
attached al g ciRmROANMEING GRSy (d g bel ROCLIRE) 6410 @8tersQF tHO0WfceBing! hat
sone of the - 19 - polyner chains remaln ungrafted. The free radical
grafting desss msBy! Bl bl heoagpde and scthyd dusrmier Themaonepssagnated

hydr ocar bong, - i L: e funet i I; i} -.sol ubl e
ol yror i o horaRe P FroRlefE AR g niyariac, JRtal B ORI B pilbl

functi onal i taygingiioohabicsit 010é tavienage wilibeefadblytl5as 10fwtSnbaed oatied
carboxyljc acids,.anhydrides or ester reactant. which have reacted per nole
of pol ya% kg?i%‘ggtkﬁrtg"eﬁg%e’f yﬂé‘?&@{%"&n, whet her it has undergone .
functional i zati oWhAE cHRtnafdrn@MRhéhy inkfeaRoB8 deadROy bNarGAPOREhLI Cati on
number ("SAP") of the product m xture and the M, of the polyal kene
charged. SARIymenshdthmotansgprahd thigioanizieg raacint snsurragcsspary Rethdbapl et e
neutralizatiqgn of ane.gr 0 T L) re,,. can be
det erm ned %Ogmarsﬁég‘ﬁ%b%%& C%Btéflﬁzatéa(%%?l’él%ée&%a%%g&g%n%%%# ng%icgfrgga ps per
nmol e of progusd prafexied helvakiaortsdroshdons eathipogseknahigh ceranty dohdleonsérdt h

pol yal kene is determned using the followng fbrpula: F -(SAP, x M4(112, 200
x Al ) 10 (gomd rgaayigyty. Profprablyi f%ers.f%.eaﬁh? Ea%@n%ﬁﬁdﬁgmoeawawr%%er; Ma is
the nunber ayesaagRhaEH! &F WBbSIicAact e 88 &FnkdQ £LRLABd RAAIFREre Al 1S
t he percent agtg(lﬁ%e ﬁgr%ﬁ’l ent of&{vﬁg Sucerni e-cont ai ni ng reaction Pgr oduct
(t he remai nderugeinigitiahtheaet! éehellredctinn polageplace. nieeactanb yrgrkindwnand

diluent); and 98.i s the | ecul ar i ght of l.ei c.an r.ide. . Preferably,
the starting ol STI?%Y&S?V%P ‘ifé’ogﬁ?%ﬁgé‘g‘t?&ﬁ/?aéhee tﬁﬁ?}fo 6{}%‘%nbl}’r%%(}o%ver age
20nol ecul ar aR@blit of Fngivgal iR R the %ﬂ?m’éﬂc}&hﬁlﬂy a2niRtyedTnétBods.
derivatized with mal eic anhydride such that the functiopality, or

sueci natd onferaxpppist themehmcinisehiipn setp i fasn. amvdepBpliadetite they dr ocar bon
backbone i Smgféicﬂmsﬂgx% d \%a]rb%x 5t fle'aZtm(ate aﬁdfﬁc&be’ﬁ ‘%)Bvé]; 'ié)ii(e resenceTﬁg}ea ee-
ol I'-solubl e y ba

functionalize ol ymeri ¢ rocarbon ckbone may then be
t hi t her deriaditl ingttosi When profotreabini solutionche geafiing skeshplas ahan alevaied

am no-al cohol, 25al cohol, ne compound., .or m xtu eaf to forma

cor r espondi WEPHEFHG 8t 1 &2068 ?{i’ﬁmgﬁ?ﬁb&gjoﬁpgﬁ%%hf EB?O i?gfﬁrovgt Pﬁ‘?(%ﬁﬁ Y

functional i ﬁ@@raﬁ@ayiﬁﬁfa%e@@%?$si3acc§1tnpii§_ﬁ§tin @ REn@nl 106ri @bz 6ARoKEBR! | S€ one

or nore additional am ne or other reactive or pol arﬁ/gr oups. These am nes
d

may be Hydrowsibpg, fantmepler! md) Weomreldominam 3§ whydpelyachhscdpnmes in

whi ch the hydr r byl p i ncludes other groups, e.g., 30hydroxy groups,
al koxy gr ou%lgfa?ggﬁ‘?ldé S&?‘%@%s, nitriles, imdazoline groups, and the

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

25 radicals. Representative of these free-radical initiators are azobutyronitrile, bis-
tertiary-butyl peroxide and dicumene peroxide. The initiator, when used, typically is
used in an amount of between 0.005% and 1% by weight based on the weight of the
reaction mixture solution. Typically, the aforesaid monounsaturated carboxylic

reactant material and free-radical initiator are used in a weight ratio range of from

Lo
<

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



| i ke. Particularly useful am ne conpounds include nono- and pol yam nes,
e.g., polyal kene and pol yoxyal kyl ene pol yam nes of about 2 to 60, such as 2
to 40 (e.go0,20®/1t5¢3320) total carbon atons having about | PC®/UB200886@R6 as 3 to
12, and preferably 3 to 9 - 20 - nitrogen atons per nolecule. M xtures of
am ne conpounds may advant ageously be ubed, such a.s those prepared by
reaction of alkylene dihalide with ammonia. Preferred am nes are aliphatic

saturated apdig@ss chaittl regbiingfGied e X a8l radical graglirddReeicdaB6ve can be
1, 3-di am nepr opanc 1, 4-di am nohut anc; 1, 6-di am nohexane; pol yet hyl ene

am nes suchud ief B Rifce ALY RETsA hydrocpibeRhg the Breset insiehh@Y: t et r aet hyl cne

hent am ne: and.  PRLKRLARMHEREATIAS YRS 1 eRRORKLaRENCLaM e and
-(1,2- propyl.ene)triam ne er us am ne conpounds i ncl ude:

aI icyclie delmmoeszed mmnasomtﬂﬁzndnc(mhiymmriyth)e a@yxeg@hmhere)famﬂes of

het er ocy, I|c nj trogen, co as 10i m da Anot her usef ul

O ass off antmatird P FRRSRIR AR SRS o ifesid St drRve Ol dec e osed i n

U.S. Pat ent miiRsof pbi n@éﬂargé’d 93k Addtiord wB8Beril Bas @idrond29, 022. Al so

usabl e is; trrsth r oxymet hypam no met hane (TAM) as described in U.S.
Pat ent Nos. fupctigm izeaanern@& “gYonality BHagTieiPoAer YROGFIAEIIIUNIREAdr i er s,

star-like a Simlarly,
one may 15ug§kggi0et§§ dg%r}%é;g&é%& esc?%gs&xg%él@h%%e tsgﬁﬁgt , 053, 152.
The functi onmhba@dnpbigym ofl KOHeaategednintthe dtdi@lammmramamumbmgﬁrﬂg
convent | onal echn u s descri bed, for, exanple Pat ent Nos.

2 534 445 afihe osbg B0l iR 40 Goh bR RIBORI Sipe ASTDSF
functionalized, ¢l a\%‘?alg%muﬁab@%ﬁ’éﬁ%&hfc %Mﬂfs%ﬁ%%ﬁﬁ@dﬂﬁ@ﬂ@ﬁu{%tﬁeﬂo be
derivatized with hydr oxXy conpounds such as nonohydric and pow)ﬂ/hydrr o

al cohol s, owhw tenctarcomaleicanbphrpleunidspgudkeres's gefemaned asel thaghlidvobsg

. Preferred ﬁ) § ydrl c al cohol s include al kylene glycols in which the

al kyl ene ra ‘contains from2 to 8 carbon atoms. O her useful polyhydric
al cohol s i ncl ude gI ycer OF = (ARG M, gat £,2000 gAY ge(SAP erlSI)pst ear ate of

gl ycer ol rmnorret ther of . gl.ycera| tntaerythritol, entaerythritol,
and m x’cirr ewhengiy 13A§he é@Pé’r lcaﬁf%‘b%‘r@%eﬁt ’&m‘%ﬁﬂ% ?fe"“’&@rgP faé

unsat urated %1%)1'89 Eiht BT i o ARG the PT OPar gyl

al cohol , 1- ng?ﬁf) e£§<8‘%§ fgﬁl eyl al ?grﬁot Strll F&ht her cleasses of

al cohol s capabing-aintainiag dcawgozapmkiheiéledﬁfspledmrrg woerstddsdetat préymal, cohol s,

B AR SRR SA, oS Sk P e | [

al kyl ene r aplre@ebbiy,qné SaAmalol @M foliBeSs 9@5@@&1@@@%@@@@ n@@beravetageer sants
may be di-esters of Ig C. acids_or acid-ester partially

est er - d?ed Bgkesilar ‘ére@ér eegmaﬁomrbevéiéo%tarabpaq ?45;90&@ erdeﬂwwedmﬂy hydric

adi oal 5. ARERE S tride Son vET U OnARAAS R IR R T B RRNE ST e

pr epar ed bymaeylubka@otyfma&\wdaica&m\bacmw'fscfsamabcdﬁcSrtiol:ie’U(e 403 whﬁpl e, in

U.S. Patent No. 3 1, 022 err of di i ncI

pol yan ne-deriva Ctb‘?ﬂall‘z%{‘ﬁ[ -y epg{ Fé‘é{ﬂ‘i"ﬁ %E%F%qigarf‘a’?lﬁw enbe

et hyl enei bupgmer @érﬁz@ézé&' it Anddebphp R r)ééc%ﬁ‘ Woth 808: Qﬁ&%%ﬁh@%ﬁoﬁ@ﬁt S.
Particularly pref erred are ashles.s dispersants derived from

pol yi sobut yélemiml sruttsltqcmmﬂedd wir th xtustudieient. ¢o fmmyadeargrepapdongpleriasitve eact ed

w th pol yet hyl eamne eth tetracth

pent am ne.  oreisl aS bR Gy furasP SR A BBl SRR GRE

di am ne, trém@inink @ﬂuﬂ&nﬁ@ﬁﬁﬁ@ﬁ@@e orBmbyedid OXiynsleindidathe. réactive or polar
pentaerytbritol; and 10conbi nations thereof One particularly preferred

di spersant SEHB- niaw%ﬁnrnegneésﬁﬁbmé&opehylﬁmmowarbyfresrzfs@ﬂwéw&f substi t ut ed

i th succt nh gy SORXILL ARG QRS A0 SA0k A RILR, b YA A £OPOUN

e.g., penta. eryt oxya
30 hydmxy grenps 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



pol yam ne, e.g., polyoxypropylene aniline, or (D) a polyal kyl cne di am ne,
e.g., polyethylene diamne and tetraethyl enc pentam ne using about 0.3 to
about 2 mMEDessofs43B%(. 13), (C) and/or (D) per nole of (APLCI/UA2@BI06G026
preferred di spersant conbi nati on conprises a conbination. of (A

pol yi sobut enyl succini e anhydride with-Z@3) a pol yal kyl ene pol yam ne, e.qg.
tetraet hyl ene pentam ne, and (C) a pol yhydric al cohol or

pol yhydr oxynigbobsisitbiny hetmaletbubaMigtupssi oTammedBniRunds Gay a@antagesushitd t ol or
trisnet hyl ol am nopet hane, as described in U S. Patent No. 3,632,511. 20A
parti cul ar | ysear 8F8 as Besapspard hricastampokilkylens dibalglcaviloppmpesiang at | east

one polyal k L0 L i I r _a pol yal kenyl
cubsti tut ed” BAELE BRI g0 alhal t dple, SRR (BRI P81 PISSA (1)
derived fr odmBlocBiahavi, hdoinihcpopabplé-dafidohdarad dibtdi2b(®hexmie(i 1) a
succinatjon ratjo of fromabout,. 1.3 tg .about 1.7; and a .pol yam.ne: which

i Sper osht | PHSC Y B TRy R g e R RS IS g B g HE e e
preferabl y heamipbotd golprééHeanined sdoh ANSL-pRRHGleRE afdhiind; hadiRQout 0.6 to
about 0.95. In the context of this disclosure, "coupling ratio” may be
defined as Propaenotredniphe nunber of succinyl groups in the PIBSA. to the

nunber of primar 1 | . .06 ther cl ass of
ashl ess dispersaﬁ#%y%%%%%#gggangﬁﬁkgﬁH@%@éﬂggg g%?%@%%ﬁggﬁé%ﬁégucts.

GleEelr al | )l:/) tﬁi{oa?ﬁomeﬁ@g@ysiohemnaamjd)hﬁadcjgyiccrmnm n_s;nﬂxgoa’gisutxc}omf mz)l g of I an
al kyl -substj tuted nono- or po r .benzene abou 0,2.5 nol es
of car bbhy! Igi§ ﬁ%(%§m%%?ﬁgéygﬁﬁﬁ§r' d%gﬁﬁﬁﬂ%gP%¥@F%@f 89~ and about

0.5 to 2 nolgs.0fs Pohiyaliky i 99pot ¥8Rifes7 AT, 4os6)i98erbe3t s, exprpl e, in
'U.S. Patent No. 3,442,808. Such Manni ¢h base condensation products may

i ncl ude a pdRYHBL2.pAbdustblofs tas(edrakyroctbniargiab ahephang (POMpras descatbedim as a.
substi tuent t he hen o] . r eact it h~a_.conpound

cont ai ni ng g&%ﬁa§n5§P§ﬁ§$3g%§S%?{%?%ﬁg@ﬁégﬁgu%%ﬁﬁﬁgﬁgﬁﬁédpp éﬂgﬁsh manner
simlar to hatkdesged bedcbnbrictuRRataaiiesNny d3soAk2ys808 SindlkxBNPhemapf

finctionalized and/or derivatized olefin _polyners synthgikzed‘using

met al | obencuwarafigsed Eyicems dawabaelcy SoBHPING R Pub¥i dafifeHsondesti fi ed
supra. pol TR SIrSRRISAM 1eaMiREcdilioulE hsiRR Sbnehfala? fechiigfles BT | €LY OF

conventional post treatnments suc %s oration, as generally taught in U S
Pat ent Nos. d&cA&d, 88&xanple3ind548, Datnt NBor 4L54A3 Dind he2Y0Zhes wallitasits readi | y

acconplisheg 2¥ é@ﬁ&iing an acyl 10 nitrogen-containing dispersant with a
boron conpo hefs-2 s boron oxi de, boron halide boron acids, and esters of

boron acids, in @R ANBEEHaliss, biIGbRBIE foPyréaViydieo Jardm abIidnedmay bio dbout 20
atom c g{oportlons of boron for each nole of acg[ated ni_ trogen conposition.

Usef ul 4 speésrsarirel wishbadraxy ponpamdusuch agmongh dpofyhydae alophdly, 9 about
0.05 to aboyt 7 9 I i i pr oduct
Tsas dehydr SiadaREBmEb R, Jhenth AR ot SARRRA pbRadly 0 PCUC
attach to theoldispendanikylchaipghleslsandhichithe degleasradivbhensahd fome.1g8, the
nmet aborate saJt of the diimde. Boration can be carried out by adding from
about 0.5 tEArAOTRIEwS f@r&séﬁglf%%yé% Opis el st %ﬂ%‘(%tsggd on the
mass of acyl plbf ARRDstEAMRAFBALe!, nfonoRREIN GLFPOURCroIPp &R ARt DOT i C
acid, usualTy as a slurry, to'the acyl nitrogen conpound 20 and heating

W th st2¥ i digemstacrithoiml aydunixti8&Chergona b estarglPersenignay dl40te deiveddom f or

A tor nat i vel Rl Moo B vkt U ERE B HEORT. BHPUBR Ahdr ¢ acid 1o

a hot react i@mh¥kxicld-61, ahd blagl didar by biher @edseh dall@hbRIcapibde &M ne, while
renmovi ng water. O her post reaction processes commpnly known in the art can
al so be apptirlding ash SREFEHECOERTssraieratlsehiobe Iclpdingepxpylyieny @k ay- by

reaction w Ie?xe,.sﬁ'cﬁ3&!&9&0?&&9&@6&%@%@&&; et@%‘fﬁﬁ%is%@ldg to 150 oxy-

ni trogen-contai ning di spersants have been ™capped” to reduce the adverse
ef f ect Huchaldlylsperdmaksn hawdh thaalkhlend tadonbaingstoimen len@i msoseddrss. Numer ou. s

i : hod k . O the k ) ' ngs", th
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am dc or 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



30i m do groups) are nost suitable. The reaction of a nitrogen-containing
di spersant and al kyl acetoacetate (e.g., ethyl acetoacetate (FAA)) is
descri bedvol2pes/sxapl e, in U S. Patent Nos, 4,839,071, 2C8382@32¢c@n¢
4,579, 675. The reaction of a nitrogen- containing dispersant and formc
acid is described, for exanple, in. U-&!Patent No. - 23 - 3,185,6704. The
reacti on product of a nitrogen-containing dispersant and other suitable

cappi ng agewd srepdrd E‘ﬁéﬂ?‘ bilest seferhl I@ownRah@RddsNeZlescibb® FoP&dnipld, yicUlS.c aci d) ;
4,612, 132; 5,334,321; 5,6356,552; 5,716,912; 5,849,676; 5,861, 363 (al kyl and
al kyl ene caf#ondiesd;38¢.042. ethyl ene carbonate); 5,328,622 (nono-epoxide):
5, 026, 495; 5,085, 788; .5, 259, : 7 Y. (6.0 1S) € i des) and
4. 686, 054 (mal e?%regeﬁ‘i??@??"é’é Ogrgggﬁ'gacnﬁ%%‘ﬁdgh?%ﬁ‘%ﬂeé& 1%‘”*@?%0?28‘0%9‘%%“=| ist is

not exhaustdverang, pirfieilanetholdae/bitctapphaglefintandgelyisobilyrneibagddi sper sant s
are known to those skilled in the art. For adequate piston deposit control,
a nitroden-dsprrsni Fgriulplrsaiamed ais agelessolispgriantsidsrived BBunt provi ding t he

| ubricat i ngchirig%tfﬁgﬂg&sgtﬁogt;ﬂgtew&ig\; ORI %n&cé}%uzﬁ%ﬁ rbactedi@igabout 0. 15

mass % pr ront out 07 to about mass % of nitrogen.
Met al - cont apatyagylere asined, @rgyi podyetied @rgeatise f tamathdendmniandse; deter gent s to

reduce or (rjleefrgove %g‘%%si tg} and as acjd neutraleiqz‘lers or rust inhibitors,
t her eby redREYNG? S POLATING PRSP SN AP YR HETHY engi ne life. Detergents
general |y coppihislamiRRhdhale@BydbiNcanpcng, y dpaphophsidiaind, wth the

pol ar head conprising a metal salt of an acjdic organi c conpound. The salts
may conltCai ncamBindipmafherenf] (PnspaitichiaginpreipecdeisRimianpeomiBatig@Xisk i n whi ch

case they a | i.he - = . ul d
Conical Ty TauaRY o AT RAUE BT ARl Sk adfthite BRI AR 1)
D2896) of ffearredwith (BDa hidiloay genpomuing.gobemaspthatolb@S e puigoxpelkylesor por at ed
by reacting excess netal, conpound (e.qg., an_oxide or. hydroxide) with an
a)éi dic gasg?@?’@?‘?%"a%b%?}y‘ﬁi’f%ﬁi’g‘ﬁ“.e(dﬂﬁ‘gn?’& E}P? f‘ﬁg}yﬁﬁg}eﬁggﬁ‘mﬂ%t@)ﬁg{’gent

conpri ses n%{%éetﬁ«%zg @laglﬁ{e%g%{raegﬁi&a%e%h%{e Useeiboad 0.8 BScuk 2 hass dre. 9.

car bonat e) Such aver bas detergents may have a TBN of 150 or
gr eat eri5 an@)t ((Piaodior (Dipérimdiave(/e). TRNRAT prefermedd sBpsanbeasgngionnpr e,

Det ergents that.my be: used include.oil -sol - ver based
sul f onat es, “PHERSE ég?mglﬁlﬁ ?ﬁ?é@a pgﬁ%s(rthé’ Eeeir;i),(h St“?%%ﬁhos%%or?é’?\gg@)gdabcyI at es,
and napht hepal-agylandipoloirhge, Of.| tegadthiibee satdnoiny, andi(€pa pblyaydrit tghol
particularly the alkall or alkaline earth netals, e. ium potassium

: g.,.SO
lithium ca?@%ﬁydm‘waﬁ_é@ﬁ@H?h&ﬁﬁ@nWﬁ%inec%M?ﬂt?ﬂﬁ@@EPqﬁﬁt als are
cal cium andgﬁgﬁ&%&&mmm a0 A% PBLNiNE SPPRSRNo 1763418 gents . used in a.

| ubricant, XL Ur s of  calci um and) or magnesi um'w th sodi um
.Particldarly coaverticahtlymetiaired dispergpan tompesationgg onatoraprasiag/ erlgrbes cal ci um

cultonates LouL g ikl A, b 00 ToM 0 SRS AR 2,
450. Conbi nglcpnsadkdded @ UanBsA) whekhesreourriaasadixderived ol PIBr bot h, may
be used. having M,, of from about 1500 to about 2500 and (ii} a succination ratio of from about
1.3 to about 1.7; and a polyamine; which dispersant has a coupling ratio of from about
25 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
30 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.



Sul fbnates may be prepared fromstillbnic acids which are typically
obt ai ned by the sulfrunation of al kyl substituted aromatic hydrocarbons
such as twogeosotstined 5from di e fractionati on of petr olPE€UAISCI08I9¥60RN e

al kyl ati on of aromatic hydrocarbons. Exanpl es included those obtained by
al kyl ati ng benzene, toluene, xylene, na2phthal ene, diphenyl or their

hal ogen derivatives such as chl orobenzene, chl orotol uenc and

chl or onapht Balde3es. Shen BlakiikRbiRtoABMsRONGRENIRIM Inclulde kR RE& PRk Of a
catal yst w t?aal k){l ating agents_ having fromabout 3 to nore than 70 10
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per al kyl subStituted aromatic noi et e oil & sul'tonates o
al karyl sul tonideidad asanegr sbeilaeotiaatieszabedintlh SoRitaeNo. Bydp @k des,

al koxi des, carbonat ear hoxyl ate,. sul fides,. hydrosullides, 15nitrates,

bor at es nd%éfnﬁgggOgﬁmfﬂ%naﬁé‘f%@%%or'ﬁﬁ’évﬁwﬁgﬁfeﬁprG A3 SYWRESEERESIPE chosen

havi ng regangtdidcdteati®pst 5RGmsTBNIQkribOEnTthe BlbIRAQSHG hedtitkd by i,cal | y ranges
0 a

from about 100 to 220 mass % (preferably at 1east 125 mass 9 f th
st oi chi onet ri cal e disperpasgan hMefusthespst Beaed pherotety ahehnyantfanel et phenol s

ST an opa CleBhehRIEU A, ANAIARDIARE 81F STRRN SRIBORISAEHED 2% B0

oxi de or hydroxide and neutraf ove pro ned by
. met hods weBJ254 RadwBotarich béthardispeSultfisirdadidda@bamtikifedrBytrdgn@ienated by
reacting,a phenol wth, sul.fur or @égglfur cont aj ni ng conpound such. as

hydr ogeh” su ]Fﬁ(’g%‘}'c%f"f‘mg B W ?méll?P?]tHPwEﬁ fr4h pykorop gxidgy harpR oduct s
whi ch are ggaefedlobdh Lt LSS oLRIBONAES il I éﬁﬁbﬁh 38ﬁfafengw1§o%§ﬁ%§ are
D hy yl* di thiop

bri dged by sul fur 75conf ai ni ng bridges. rocar osphat e
met al sal t sabuué0flrte gbewit20ytansie preporzonsiofbarondmdeagh ticdx o Ganytataigdmogen  The

nmetal may be_ an al kal.i ar .al kal i ne eart.h t al r alumnum |ead, tin,

nol ybdenum &nnﬁ Ogséhogsgseﬁlligkgglm%ﬁtsﬁ o] &?0 “EPHS t%%?otugbgrnéasﬁrggt&%’ommnl y
used in | ubfromabbtid.0f to AbRUBND WiksS %orbn. 1 TAObHEn, WHieK S5 RBIsYn hePprb@uce WM. %
30based upon the total weight of the lubricating oil conposition. They may

be prepht ed® HhudRdPeRe Wi Roh @D (inaE R ABQek), bybdlierest tolattash tegha

di hydr ocar byj it i 13C, j i one or
nore al coho?hlsl?)err%{%fE Bhl{eaﬁ%%ﬁ\?\n&t }H%Z%%ﬁ%%?}ig'hg%?@ at'{ik%()znlgﬁ Sglfﬁfe&% g{r}ﬂr%g% DDPA
wi th a zi ncBewtpoundbe foned out'b2adéing fphreaboat distthdapdye $pkar.ifeoomabaitiay be

made by reactin 1 Xt uy, of pr.i mar nd .secondary al cohgols. Alternatively,
nul . tipl.e ‘iﬁ*la;bﬁ?togﬁl{')‘%ﬁpﬁgﬁ?sfd ﬁgitWQ%ﬁ?B@’lﬁ?t@%? éﬂ%ﬁﬁ'ﬁ}dg O?ﬁgomdr ocar byl
groups on oafnRfuld QitkferHlybSRCRND Akally s GRAKAC IEhe 80 niftSe¥OhBEAIDY |
groups on the others are entirely prinmary in 'character. To nake the zinc
20 and heating with stirring at from about 135°C to about 190°C, e.g., 140°C to 170°C,
for from about 1 to about 5 hours, followed by nitrogen stripping. Alternatively, the
boron treatment can be conducted by adding boric acid to a hot reaction mixture of
the dicarboxylic acid material and amine, while removing water. Other post reaction
processes commonly known in the art can also be applied.
25 The dispersant may also be further post treated by reaction with a so-called
"capping agent". Conventionally, nitrogen-containing dispersants have been "capped”
to reduce the adverse effect such dispersants have on the fluoroelastomer engine seals.

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

L]
e

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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frequent |yOcomHiuIs4an excess of zinc due to the use of ROTARCESH@R6 t he
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R and R) in the dithiophosphoric acid will generally be about 5 or

great er.  Theethofeoliapydeodtadspicoiinnopprsima e kuyvi ehesegkdledonpici se zi nc
di al kyl dithiophosphates. The present invention may be particul arly useful

when used wit’h | ubricant conpositions containing phosphorus |evels of from
about 0.02 to ab®utadOqiaZe piees d¥possuchtralsa hitageabonttinthglBstecsaabemtbe0. 10 nass

A, or fromabout 0,05 to about (.1..08.nmass % based on e taqtal ss of the
conposi t4 on2ddeg lfbﬁé&’BP‘é’fté’F?"é n%%da*?wm’go’&BWPE%{P%&“E% %WBB@ i ons of

the present i, aveRt bk @)Q'Etrﬁésg % Ip@&eﬁb@l tkoth allbidchy mt}%@mt B segiogest

predom nantly (e.g., over such as over .ol .” e/o) from
secondary abitopol.s. - 26 - Suppl enment al oxi dat| on i nhi bi tors or
anti oxi dants red Iendenc of MR
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gr owt h. Such suppl ement al oxidation inhibitors include_hindered é){ﬂenol S,
5di phenld antveerengdcpepsioman eHedng aemedfe a P SR RIKCHBRIR2 RNYF present
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preferably a| ns, ci um nonyl phénol sulfide, oil
sol ubl e pheamdhesrgmcb csmip‘oundf Z €l Wam’e&ntaph@s@maau&imﬂtmz}edmwcsuI furized

hydr ocar bons, pho oro esters, t hi ca sol uhl e copper
conmpounds agmﬂ‘gg B'ﬁéaetgﬁ?nlﬂﬁ%c Bat g’r%?’ ANos¢ 184 ??8‘7% nog%l or @l

nol ybdenum gant fldniai9d 6PRAY e a total bascRRMIRS BNTBN (MecaXMERsredibysui t abl e
viscosity nodifiers are pol él sobutyl ene, copol yners of eth.ylcne and

propyl e¥e, ﬁSITM@Qﬁ%@Mf ifrprmed to $ath E@F@?'@W(ﬁﬁ@?ﬁ?ﬂﬁag@ mébb?ﬂn)‘iﬂ’é’%at?ﬁ an

styrene andb%x ers, dro enat copol yner3 of
styrene/ (e.g. carbon dzomde) ’ﬁle resultmg overbased detergent comprises neutralized

detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such overbased
detergents may have a TBN of 150 or greater, and typically will have a TBN of from
25 250 to 450 or more.

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

30 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



15i soprene, styrene/butadi ene, and isoprenc/butadienc, as well as the
partially hydrogenated. honopol yners of butadi ene and i soprene.

Parti cul awbyogyisi®ared vi scosity nodifiers are star-shaped/Usea80siony

nodi fiers derived from hydrogenated pol yd.iene arns, which viscosity
modi fi ers have a shear stability index-£468l) > 35, nore preferably, a
star-shaped viscosity nodifier conprising triblock arns derived 20from
hydr ogenat eghdraads ydil eniésrirel piénateavipg BN efifdmaitdo B8V QgmdmabSis of 45.
Friction nngifiers agd fuel econony agent tha% are conpatible with the
ot her i ngr eHFEHFERISHF ?h@“ﬁ?ﬂ@ﬁxﬁﬁFmﬁﬁacﬁpg - BBYPRdFded. Exanpl es of such

materials incl udg,gbye& iy ber@?ﬁlagéé 865 iRt abRs “fhg%%i; I@@&%g?/ gminesxarml e,

gl yceryl nono-ol eate; estérs of kng chain poly-car s wth diols,
for exanpl eby thesubonative diably! adstiutasfarematShiydreratoad suhsattwrsatobthiedt t y

aci d; oxazol.ine,c ounds; and. ,al koxyl at eg I kyl.- substi tute
rono. am hes Hof ki PARRRAE PRtk St A% BBt i roBiERR B By at e
tall ow am ngxangleeidtudel @osd ob@inked by alkyBitingMeifene, toluene, /e, known friction

nodi fiers conprise oil-sol ubl e organo- m_)\lg% denum conpounds. Such
or gano- nol yBadwelenes dipkenydar tstihpioges denal vey wigh acpiobepgcaant  30and

antiwear credi j i Ll _ ; .0fs.such oil
2ol bl o or goiistotolhcnd thlorGRbhAdlcR:. TEOMRORY ARy pEXRTRY 65 R

di t hi ophosphasese ol chilyphesip hikphties agenanitdvatgesom beutBantirat €mp 76ul f i des,
and the_like,.and m xtures thereof. - 27 - Partjcul arl referred are

by b Gt Stoms e Ekel! S Reys Sl soRBLL R aBoue RO F o ot oo and
al kyl t hi oxapioRat£son AGK tiroRAbl Y ohRBoMDIeHb dBAUBOCRMRAURGNIRY a8 an acidic
nol ybdenum conpound.. These compounds will react with a basic nitrogen

conmpound as S¥RsHBIReHOBRYC IMSTPRI-t est D- 664 or 0-2896 titration procedure and
ically h | I C..AC) ¥ bd ,
are typically egf‘ﬁ‘% §{1 SQilible sﬂﬁ&&élge%g) %[kgafy[irg%%&g% cx%gg%b?mﬁ&%ﬁaﬁﬂﬁy at e

sodi um nol ybdat e, assium noly er al I'ne ne nol ybdat es
and ot her nokijkd ?pdmﬁlat,taﬁcoxﬁieg,_. c,arﬂa)yidﬂes;g:aﬂ{ospldieumlﬁﬂ@! attoai #desMb0C14,
hoceen, MTCICIE MRS L2 cs S s ol
this invent h%n@fe%aﬁrtgmé@&& J@ﬂﬁ%&ﬂﬁm%%%t Qft thieily AW FRaMHROC! S2) 4
and Mo(RSCS-04 whéeérein it is an organo group sel ected 1yr om t he group
consi sting of0 wl WPImasaly {gre@r@ly@tﬂeast 125 mass %) of that stoichiometrically
required.
Metal salts of phenols and sulfurized phenols are prepared by reaction with an
20 appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may
be prepared by reacting a phenol with sulfur or a sulfur containing compound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are
generally mixtures of compounds in which 2 or more phenols are bridged by sulfur
25 confaining bridges.
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. %,
30 based upon the total weight of the lubricating oil composition. They may be prepared
in accordance with known techniques by first forming a dihydrocarby!
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



15 and al koxyal kyl, generally of froml to 30 carbon atons, an.d preferably
2 to 12 carbon atons and nost preferably alkyl 0l2 to 12 carbon atons.
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unsaturated acid onto the polymer ba bone and then reacting carboxylic
acid groups of the grafted a.cid. WMrh an ani ne, hydroxy am ne or al cohol.
Pour point depressants, otherw se known as I'T¢he oil flow i nprovers (LOFT),
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shear rates (ASTM D5293). | n general ubricants that have | ow 25CCS
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about 0.12 mass %, such as from about 0.03 to about 0.10 mass %, or from about 0.05
25  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.



The second nunber in the multigrad.e designation is associated with. a

| ubricant's viscosity under normal operating tenperatures and is neasured
in terns WO 2008815ki3aemat i ¢ viscosity (kV) at 100C ( ASTM ©@4ZB)S2008l0660Ré gh
tenperature viscosity 30requirenent brackets m ni mum and maxi num ki nemati c
viscosity at 100C. Viscosity at high teifperatures is desirable to prevent
engi ne wear that would result if the lubricant thinned out too nuch during

engi ne OperationSu;J;mﬁMﬂﬁ oxhiRtibb i orsdhaukidamtotednee ﬁ)@@erﬁbﬁ@mﬁ because
excessive viscosity may cause unnecessar¥ Vi scous , - - drag and work to
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CCSkViowe (mi 2/s) kVirxrc Aurl12/0 viscosity grade Viscositym ninmm
( 10- 313a, st siffachains, ealcigmanyipnhony! 3pEige aiBgjuble phenates and sulfurized

phenates, phosphosulfurized or sulfurized hydrocarbons, phosphorous esters, metal
thiocarbamates, oil soluble copper compounds as described in U.S. Patent No.

10 4,867,890, and molybdenum-containing compounds.

Representative examples of suitable viscosity modifiers are polyisobutylene,
copolymers of ethylene and propylene, polymethacrylates, methacrylate copolymers,
copolymers of an unsaturated dicarboxylic acid and a vinyl compound, interpolymers
of styrene and acrvlic esters, and partially hydrogenated copolymers of styrene/

15 isoprene, styrene/butadiene, and isoprene/butadiene, as well as the partially
hydrogenated homopolymers of butadiene and isoprene. Particularly preferred
viscosity modifiers are star-shaped viscosity modifiers derived from hydrogenated
polydiene arms, which viscosity modifiers have a shear stability index (SSI) > 35,
more preferably, a star-shaped viscosity modifier comprising triblock arms derived

20  from hydrogenated (polydiene-polystyrene-polydiene) and having an SSI > 45.

Friction modifiers and fuel economy agents that are compatible with the other
ingredients of the final 0il may also be included. Examples of such materials include
glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of
long chain polycarboxylic acids with diols, for example, the butane diol ester of a

25  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-molybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant

30 and antiwear credits to a lubricating o1l composition. Examples of such oil soluble
organo-molybdenum compounds include dithiocarbamates, dithiophosphates,

dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.
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Particularly preferred are molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl
xanthates and alkylthioxanthates.

Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds will react with a basic nitrogen compound as measured

5 by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCL, MoQO;Brs, Mo,03Clg, molybdenum trioxide or
similar acidic molybdenum compounds,

10 Among the molybdenum compounds useful in the compositions of this invention
are organo-molybdenum compounds of the formula
Mo(ROCS;); and
Mo(RSCSy)4
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyi
15 and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon
atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the
dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds useful in the lubricating
compositions of this invention are trinuclear molybdenum compounds, especially those

20 of'the formula Mo;SiL,Q, and mixtures thereof wherein the L are independently
selected ligands having organo groups with a sufficient number of carbon atoms to
render the compound soluble or dispersible in the oil, n is from 1 to 4, k varies from 4
through 7, Q is selected from the group of neutral electron donating compounds such as
water, amines, alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes

25 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-

30 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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mono-carboxylic acid or a C4 to Cjp di-carboxylic acid with an unsaturated nitrogen-
containing monomer having 4 to 20 carbon atoms; a polymer of a C; to Cyg olefin
with an unsaturated Cs to Cip mono- or di-carboxylic acid neutralized with an amine,
hydroxyl amine or an alcohol; or a polymer of ethylene with a Cs to Cap olefin further
5 reacted either by grafiing a C4 to Cyy unsaturated nitrogen-containing monomer
thereon or by grafting an unsaturated acid onto the polymer backbone and then
reacting carboxylic acid groups of the grafted acid with an amine, hydroxy amine or
alcohol.
Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
10 lower the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cs to Cs dialkyl fumarate/vinyl acetate
copolymers, and polymethacrylates. Foam control can be provided by an antifoamant
of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.
15 Some of the above-mentioned additives can provide a multiplicity of effects;
thus for example, a single additive may act as a dispersant-oxidation inhibitor. This

approach is well known and need not be further elaborated herein.

LUBRICATING OIL COMPOSITIONS

20 Multigrade lubricants perform over wide temperature ranges. Typically, they
are identified by two numbers such as 10W-30 or 5W-30. The first number in the
multigrade designation is associated with a safe cranking temperature (e.g., -20° C)
viscosity requirement for that multigrade oil as measured by a cold cranking simulator

(CCS) under high shear rates (ASTM D5293). In general, lubricants that have low

I
Lhn

CCS viscosities allow the engine to crank more easily at lower temperatures and thus
improve engine 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
30 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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tenperature and hi gh tenperature performance. For exanple, an SAE 5W 30

mul ti gr adwoenes/1sa3s4vi scosity characteristics that sati sPgThBRNSOH@®26W and
the 30 viscosity grade requirements -a maxi num CCS vi scosity of 3500x1.0-3
Pa.s at - a mininum'kVRot of 9.3 nun2f28%and a maxi num Wn of < 12.5 nun27s.
15The viscosity characteristics of a lubricant depend prinmarily on the
viscosity chmgantefdrstd manpthetiifidaasehish @ckum theinvicaeBéitoonahastamt @hi stics
of the viscosity nodifier; and the viscosity characteristics of the high
mol ecul ar wg?rzfﬁ%/h e gfﬁ’té‘?fsaalﬁ‘f’%‘%aﬂ§AEV®vv%ﬁH"/@A@%‘W’Eﬁﬁ that frbsigentariRKkeas e
lubricants RAYLOGokNUXsts.Of 12.5 mB/s or less, particularly 9.3 mi2/s or

| ess, nore particularly SAE. <OWNWnultigrad.c crankcase - 30 - lubricants
havi ng kV100 of Zhusp imp@iestogalibsier a gaet inoutigrade/oiddesngr@fisn apadiiesla; nost
particul arl ess,than 9.3 /s (a_ SAE< 20), mul t.i grade crankcase

| ubri cant s ﬁwﬁﬂgr %qeoq}fﬁg‘g'tgg%%g?)‘ﬁix PEQMFIC%1W®“d§?ﬁ’tW§G@r‘&ont rol
(Sequence VDkcovyhehenRatstthg uladet y BaEdptafibliend sWHRGNE meanghto reduce
pol ymer content associated with 5the content of high nolecul ar weight:

di sper sant . CBEwAHseosipdimyy st @ 3G 3 Werappidleysani nes of the present.

i nvention provide a | ow nol ecu I TG for providing good piston
deposit control, and thereforeba l\‘é‘%(‘,gﬁl a rielg\llg).EcSti on in the amount of high
nol ecul ar wei GE di spevisantuym CO€ parjay gl.kyhates di ph yamngs of the
present invenist@ity are pdistostyl arly well.;suied for Eﬁ ﬁ%gﬁnulation of such
| ow and. 10ul gfadel oW bsgi%%i jodyl tigrade lubricating ol sitions.

Pr ef er abl y =these=towant -t T a=—tow-vSeogty— o trgrate b ting oil
conposi tions cONpri 3t al kyl at ed @iphenylanines of the present
invention in cogbinationsghihsp di spersantg providing a high: degree of
performance at m ni num pol ynmer content, such. as a polyal kenyl succini m dc,
which is the r@8ction pPédutelof a 15pol $dl kenyl substituted succinie
anhydri de (e. 95w P! BSA) , 5?6’{-?%)“ ef erabl y.RP1BSA 0) derived from PIB having
M, of' from about 1.508 0 out 2500 ang (ii) a succination ratio of from
about 1.3 to abwu.t 1.745emd1@ pol yam n. ¢6 whi ch di spersant has a coupling
ratio of from,apout 0.6 to about 1.25, preferably fromabout 0.6 to about
1.1, nost. pr@?@?ably freP4ardut 0.6 to &Bout 0.95; preferably in an

anmount providiBgg the _ 56 <93
30 - 9.3 <12.5
40 - 12.5 <16.3
50 - 16.3 <21.9
60 - 21.9 <26.1
10 In the SAE J300 scheme multigrade oils meet the requirements of both low

temperature and high 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,

15 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



20l ubricating oil conposition with < 2 mass % such as < 1.5 mass % nore
preferably < 1 mass % of di spersant polyner and/or a. viscosity nodifier
provi di ngve 2hisgis4isegr ee of performance at m ni mum pol ymPCTABR08/066026uch as
a star-shaped viscosity nodifier derived from hydrogenated pol ydi ene arns,
whi ch viscosity nodifiers have a shear-8f@ability index (SS 1) > 35, nore
preferably, a star-shaped viscosity nodifier 75conprising triblock arns
derived fromthiditogeviag &¥ 4 poly.dinen’/eonessy piricaingy o Bahmis enrys, amwdt havi ng an

551> 45. Preferapl these | ubricating oil_ conpositions further conprise a
m nor aerunPa‘BlF&&r%l’lﬁ?ﬁg}ach-%WZM?‘ SAEOd) Rellaera.cramksart lubrcants tha

appl i cabl e poviid @RA%chsil BhBENAIPOPIRISIRAAY! BERAUYTIVould be

conpression-ignited and spark-ignite our-cyl i ndef reciprocating
engi nes. Exaapicelerly haiduiddlesdgiidest memspa sslneg polymar eontdrit gésocietdvetici al

vehi cl es.ang. _heavy. dut.y, on- hi ghway.trucks:  engi nes,for ayjation,

power - geher gfe’l Cgﬁ‘fe}éf %%é%ﬁoéeéu%ﬁgei%i fiSReTgdnt g .?thgﬁar af?éféﬁ?egut y

of f hi ghway @ngkngsnsueebf &s pi@eit iREUSLProvida RYMhEIETIM Bei ghQUPSLA GG | Oon and
m xi ng. EXAMPLES This invention will now be particularly described

in the fol | 8UvineReAteen dapasH carEolngd thereErgallow éoria rediyctionen §gope of t he
cl ai ms hereqf' Y y S . T | I owi ng
al kyl at ed pgnt?\.grlﬁ}eg}@g gﬁ%@?ﬁ% Lcﬁ%gre [f\riugﬁé?}e?;aé ﬁ\k/(\};Lla%eﬁ d\}%hrerelylflglt1 rhéeg%fgh%st ed as

descri bed beteseut ifvEhgoDRA paoivolarla vortlehand fanbd formohtepal axchlidky whdt ed DPA,
predom pating i.n propene-pent amer, (CO derived. .al kyl groups DPA di":a

pr edoni ﬂ(g_nt [ aE}PW};Vﬁ‘%?‘éY g@\ﬁ}ﬁrﬁﬁ;&aﬁﬁg U SHPRAT AR 15i n. propene- pent a. mer
(Cis) derived al kidfergblQURse 18y dnd HRAIHR A coBtyRASHSHIB AMrcYting oil _

nono- par a- al kyl ated DPA, predomni nating in propene-tetranmer (Cl2) derived
al kyl gr oupsongsitions ceapnbhidarhsp-adlvged diphbikyliminesoDbapresenidoventian img 20i n

PLope . T S5 L R0y SRaBPbRESE AT 25 "o
mono" i s pr pyliydedcontent, such as a polyalkenyl succinimide, which is the reaction product of a
15 polyalkenyl substituted succinic anhydride (e.g., PIBSA), more preferably PIBSA (i)
derived from PIB having M, of from about 1500 to about 2500 and (ii) a succination
ratio of from about 1.3 to about 1.7; and a polyamine; which dispersant has a coupling
ratio of from 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; preferably in an amount providing the
20 lubricating o1l composition with < 2 mass %, such as < 1.5 mass %, more preferably <
1 mass % of dispersant polymer and/or a viscosity modifier providing a high degree
of performance at minimum polymer content, such as a star-shaped viscosity modifier
derived from hydrogenated polydiene arms, which viscosity modifiers have a shear
stability index (SSI) > 35, more preferably, a star-shaped viscosity modifier
25 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

30 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



D phenyl am nc (169 g; 1.00 non, alum niumtrichloridc (16.9 g, 10 % w w)
and a C'5 olisonerie propene-based olefin stream (210 g; 1.00 nop were
added to WO205154334re 5 necked round-bottonmed fl ask. The&CTABewW8HRCONt ent S
were heated to 190C under nitrogen, stirring at 500 rpmfor 6 hours at this
tenperature. The reactor was cool ed. te3b0' C and the product renoved and
treated with sodium hydroxide (1.20 g, 10 % solution). The resulting

m Xt ure wasnasiabeguipmesteamd idavi 00y ofbighwaastkindshacloagany be haydor separ at ed.
Any remaining water and ol efin was renoved on a rotorvap 30under vacuum to
gi ve an al k?gr-l‘lé\‘@ﬂget FERTTEE N PPN I™8i ne as a brown oil, where the al kyl
group was predom nantly nono-substituted Cl5, Before the renoval of the
unreacted diptienylam ne the reaction m xture consisted of 54.03 %

di phenyl am EXAMBLES 9% nono- al kyl at ed di phenyl aminc and 7.19 % di - al kyl at ed

di phenyl am ne by... WO 2008/ 154334PCT/ UUS2008/.066026. HPLC. .. Af.ter the
di phenyl%n‘i ne haghlﬁélé ™ 18%%80?% 96*?%8%@? dg%cﬁlgfe(gf@gegfnmng/gwg?bal kyl at ed
di phenyl a. mishechanendtonttdddd Wilingt iy lsadrdrdiphamglharggtne, the substitution(s)

being in the para position(s). The ol efin stream used, anal ysed by
GC-field ionisation nmass spe,etronetry 5("HVS"), contained 53.15% C s and

13. 80% C18 &q{yng@&gﬁﬁgNg%%ﬁwggﬁ%nf i n individual proportions of

| ess than 1 12 011A nono" were made by
anal ogous net hod$he falowbiRAdlkvakd DRorvercblahded-intodbinall higonspwbich atere 10

FORMULAT AND TESTI NG, S ence |.11G Testing (ASTM D7320) The
above Mgs\lﬁ\ﬁ,&??teéia?éﬁie’?c&bﬁ‘gﬂéf’gd into petrol. car crankcase lubricants in

combi nation. W t hcQuse Omor:e hj fifé&&ﬁ@haﬂh?H@no@a@%ﬂ%%rl@_@atﬁ’@aml - wear

addi ti ves, 15asbl ess dispersants, netal detergents, friction nodifiers,

Mb- based additives and vi scosi t jrederninatieg s propene-pemigger (fbis) detved alket e

subj ected to Sequence 110 Testi%%ﬁ?st he results obtained are set out in the
€

tabl e below. Form DPA (wt% hi ed phenol
“Cys DPA di™: a predominantly di-para-alkylated DPA, predominating
15 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

20 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
25 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
30 under vacuum, 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



wt % Di spersant wt.4 PVIS WD ACLW1 C9 [WA (0.9) 0.2 4 132.3 3.3* 35.4 2
DPA (1) 0 4.2 389.9* 3.35* 18.5 in i
WO 2008/154334 PCT/US2008/066026
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HPLC. After the diphenylamine had been removed the product consisted of 84 %
mono-alkylated diphenylamine and 16 % di alkylated diphenylamine, the
substitution(s) being in the para position(s).
The olefin stream used, analysed by GC-field ionisation mass spectrometry
5  (“FIMS™), contained 53.15% Cis5 and 13.80% C,; olefins together with other olefins
in individual proportions of less than 10%.
The “Cis DPA di” and “C; DPA mono” were made by analogous methods.

“Cy DPA” was a commercially-available material.

10 FORMULATIONS AND TESTING

Sequence 111G Testing (ASTM D7320)

The above DPA’s were each formulated into petrol car crankcase lubricants in

combination with one or more hindered phenol antioxidants, anti-wear additives,
15  ashless dispersants, metal detergents, friction modifiers, Mo-based additives and

viscostty modifiers.

The lubricants were subjected to Sequence I1IG Testing; the results obtained

are set out in the table below:

hindered | Dispersant | PVIS | WPD | ACLW
phenol wit%
Form. | DPA (wt%) wt%
1 Cy DPA (0.9) 0.2 4 132.3 | 3.3* 35.4
2 Cy DPA (1) 0 4.2 389.9* | 3.35% 18.5
3 Cys DPA mono (1.5) 0.25 4.2 107.3 4.36 39.6
4 Cis DPAdi (2.1) - 0.25 4.2 1047 | 417 534
5 Ci; DPA mono (1.5) 0.25 4.2 1063 | 4.12 47.2
20
Key to test:

PVIS kinematic viscosity increase (150% maximum to pass)

WPD weighted piston deposits (3.5 merits minimum to pass)

ACLW average cam lifter wear (60 microns maximum to pass)

25 * failing result.



rn C15 DPA nmono (1.5) 0.25 4.2 107.3 4.36 39.6 Cis DPAdi 2.0 0.25 4.2

104.7 4.17 53.4 Cu DPA Mono (1.5) 0.25 4.2 106.3 4.12 47.2
WO 2008/154334 PCT/US2008/066026

-33 .

The lubricants were identical other than as indicated in the table.
Formulations 3 and 4 contained the same % N from the DPA. Cq DPA is known to be
adverse for the WPD test; it is therefore surprising that Formulations 3-5, which have
higher treat rates of aminic anti-oxidant and would therefore be expected to have
5 poorer WPD performance, pass the WPD test. The results also show general
superiority for the Cis DPA-containing formulations, wherein mono is better than di
because the weight percentage treat rate of di- must be increased in order to provide

the same performance as mono-.

10 Formulations 1 and 2 show that formulations containing Cs alkylated
diphenylamine at 0.9% and 1% cannot pass HIG weighted piston deposits (WPD)
with dispersant treats of 4-4.2%. In contrast, Formulation 3, with 1.5% treat of C;5
DPA, shows improved passing IIIG WPD merit ratings with the same amount of
dispersant. Although hindered phenol can improve HIG WPD merits, engine test

15  modelling shows that the 0.25% treat present in formulations 3, 4 and 5, is insufficient
to give a significant improvement in IIIG WPD merits and may be discounted when

comparing the IIHG WPD merit figures.

Sequence VG Testing (ASTM D35302)
20 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

25  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)




20 Key to test: PV1Skinematic viscosity increase (150% maxi mumto pass)
WPDwei ght ed pi ston deposits (3.5 Merit:8;, Mninr to pass) ACM average cam
lifter wesiO20@01533¢r ons nmaxi numto pass) failing result PCTXS2008/066026

2008/ 154334PCT/ US2008/ 066026 - 33 - Th.e lubricants were identical other
than as indicated in the table. Fornuldi4ons 3 and 4 contained the sane N
fromthe DPA. C9 DPA is known to he adverse .for the WPD test; it is

t heref ore syeprd githg that Formul ations 3-5, which have higher treat rates
of aniline anti-oxidant and woul d therefore be expected to have 5poorer WD
performance, pas8EBhe WPD w&ee enpgc plees (s> BICEH BRGNP Hn8r) superiority

for the Cs DPA- ai ni ng, for ol abk QR%ish R O klfts BRAUnS 1dhRkher than di
because the weig g%ercentaagee %é]rée%t r at és \g? (ﬁe‘ ﬁustﬁ%e fncre)ased i n order
to provide the sAB¥ perf orsencge pasomomaish (7.0 Ferituheatinomsto passhd 2 show t hat

formul atj ons contai.ning CO al kyl ate i nyl am ne at 0.9%and 1% cannot
pass I\/Gf{/\ei ght edﬁgﬁston defﬁSE?ftycgvffwgﬁ‘e%ngﬁﬁY%%%ﬁé‘}‘?&m""tﬁf‘é%ts of 4-4.2% In
contrast, Fornulation 3, Waflthgke@fiptreat of 015 DPA, shows inproved passing

1110 WPD nerit ratings with the sane anmount of dispersant. Although
hi ndered phenol. can inprove 1110 WPD nerits, engine test 15nodelling shows

P o eaTrehRRLERERL e AATRALANS idiicfeMnSrante GMAL © €Nt 1O

give a significant Inprovenment in nmerits an scount ed
when conpar kmgvit tacbel delderitBDimiwi AES ieg ités theSderu empe s tHeS 15 RA (ASFM 05302)

20The follow n A' s, nanely. Cl5 DPA no, 2 A no, an A, were
each f o4l ém‘tvﬁga %?{eép ?Wm%%t%%ﬁ't%l&fgg‘é‘m%%ﬁné%é%n‘gkﬁn’gﬁ:ﬁq on with
one or norepfh %@Qb&k@@@ﬁaﬁﬁﬁ&emaﬂm BP ASRbAc WERE AFSdIAEW asd ARshl ess

di spersants, ne detergents, friction nodifiers, M-Dbased additives and
vi scosi ty nidisf¢feFermufdteons 8 and 9).

Comparing Formulations 6 and 7 shows that Cys DPA is better than Co
alkylated DPA in terms of all Sequence VG test parameters.
15 Comparing Formulations 8 and 9 shows that C;s DPA is better than C;; DPA
in terms of AES, AEV and APV.

Oxidation Testing
Cy5s DPA mono and Cy DPA were each formulated into petrol car crankcase

20 lubricants in combination with one or more hindered phenol antioxidants, anti-wear
additives, 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

25  of the second set contained 0.7 mass % of C;5s DPA mono or of Co 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.



| ubricants were subjected to Sequence 1110 Testing; the results are set out
in the table 25below. -34 - Key to test.: ABSaverage engi ne sludge (7.5
merits mwoOrRNes/ISé33pass) AEVaver age engi ne varni sh (8.9 RETIUS008I0n020M t O
pass) APVaverage piston varnish. (7.5 nerits mninumto pass) 5RCSrocker
cover sludge (8.0 nerits mininumto pass8y-failing result. The

| ubricants were identical other than as indicated in the table. CO DPA is
known to be TekauRs hr@yst dul it the tABShdlest; it is therefore surprising the C15
DPA. nmono 10 gives a better performance in that test (cf. Formul ations 6
and 7). Also, Cl15 DPA nono gives a better performance than Cl1 DPA nono in.

th.e AES, K I; R[S (Cf. Formuls IMS’ Wnddit ng
For mul at i on?xgmﬂmgw%‘wsgg% that C15 DPAIi |tgjg)tter n;ﬁar% 9o g tI“Ygtcd DPA i n

ternms of al I,L Seeuenc qg:b %‘1 Sb:ai‘ anmet-et :ﬁsg.awllpcvzéi’sy I—UI ey at+ons—8{and 9

shows t hat 5--PPA—+s er—thap—C--2—-DPRA S -A--t-e - —ARN—aRre—A PV.
Oxi dati on 'Egjf- ng-Cl %;P%WR%IMMWM)M r ol
car crankcadé 20| ubr ilcanPRAIB. 7¢anhi nat i dre%i th omé®ar norle’-Bi nder ed hhenol
ant i oxi dant 43 _ant i - weia® s & mioveél.Sashl e290di sperdants, netadd detergents,
friction nodiftefdsilaad idbr hagdSdMeddndard.es. Two sets of lubricants
were fornmul ated: each menber of the first set contained 1.5 nass % of C15
DPA nono or C9 DPA, and 75 ppm by mass of M; each nenber 25 of the second
set contained O, ThEasstYaRf cpt@sdPh @Hﬂ@opﬁagqu&%o@%odm 206wepriky mass

of Mo. Al lubricants were otherw se identical
indicates a better anti-oxidancy performance, account being taken of repeatability

when comparing results.
Formulation 11 exhibits a comparable anti-oxidancy performance to that of the
Formulation 10.
10 Formulation 13 exhibits a better anti-oxidancy performance than Formulation
12.
The results are surprising, however, because the Cys DPA mono has a higher
molecular weight than Cy DPA. It therefore has a lower percentage of amine nitrogen
and therefore, at the same treat rate, would be expected to give rise to a poorer anti-

15  oxidancy performance.



Each of the four lubricants was subjected to ASTM D7097, a
"Moderately 1f enperature Therno- Oxi dation Engine G| Simulation" Test
or Mff MOST. WD 20081154334PCT/ US2008/ 066026

- 35 - The results are set out in the table below Fornulation WA

(W% M ppm Deposit. repeatability* ng 10 Cy DPA (1.5) 75 24.37 6 11
C15 DPA nmono (1.5) 75 29.77 6.8 12 -36-

CLAIMS |

1. A method of preparing a para-alkyl-substituted diphenylamine wherein the
ratio of mono: di para-substituted material exceeds 50:50 comprising
catalytically alkylating diphenylamine with an alkylating agent in the form
of a mixture of branched-chain alkene, such as propene, oligomers,
wherein the oligomer that is present in the greatest percentage has a
number of carbon atoms that is in the range of 15 to 24, oligomers having
9 or fewer carbon atoms constitute 25% or less of the mixture, and
oligomers having from 24 to 36 carbon atoms constitute 50% or less of the

thixture, all percentages being area/area as measured chromatographically.

2. A methed as claimed in claim 1 wherein the oligomer that is present in the

greatest percentage is a Cys oligomer,

3. A method as claimed in claim 1 or claim 2 wherein oligomers having 9 or
fewer carbon atoms and oligomers having 24 or more carbon atoms together

constitute 10% or less of the mixture.

4, A method as claimed in claim 1 wherein the alkylating agent consists of a

mixture of branched-chain Cis propene oligomers.

5. A method as claimed in any of ¢laims 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.

o

A crankcase lubricating oil composition comprising or made by admixing
an oil of lubricating viscosity; and
(A) as an additive component, a para-alkyl-substituted
diphenylamine wherein the ratio of mono:di para

substituted material exceeds 50:50 wherein:
(i) the alkyl group or groups are branched, arc derived

from branched-chain alkene, such as propene, 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



C9 DPA ((I'S) 200 36 7,8 3 C15 DPAITIODO (1.5) 200 19 5.25 =*

cal culatel fromthe ASTM st andard. The results are expressed in
terns of ng of deposit produced: a | ower value indicates a better
anti - oxi daney performance, account being taken of repeatability when
conparing results. Forrmul ation 11 exhibits a conparable

anti - oxi dancy performance to that of t+%-Fornul ation 10.

1. 0Fornmul ation 13 exhibits a better anti-oxid.ancy perfornmance than
For nul ati on The results amml % pripsiofite abgl@wes haigEH & Yhe
C15 EPA nono has a hi gher nol ecul rné%g;lsght than CO DPA. It therefore
has a | ower percentage of am ne® |?rogeﬁ and therefore, at the sane
treat rate, woul d be expect@yl t asBioviesydfsies wbstiuteiobphepylaming 1s tt-

150xi dancy performance. - 36 - | V. . met hod of preparing a
par a- al kyl - substituted di phenyl éﬁﬁwg&\%éq’éiﬁdn the ratio of rm%?z di

para-substituted material exeeds%sdicsOoftrgpbstisiteipicRrdppir el

al kyl ati ng di phenylam ne with an bak@c/l ating agent in the formof a

m xture of branched-chain al ken&*®® eﬁ’ as propene, oligoners, wherein
the ol i gomer that oji$reff @SRenisgestahanrglaeatue steapedshiragerarbisally: nunber

of carbon atons that is in the range of 15 to 24, oligoners having 9

or fewer carbon atons constitute 25%or |ess of the mxture, and

ol i gomem havifg f rpg@nafbstion fnmingonmadecdrysdmbning dntailof NBOLHE | ess of

h | £l I
E: h re ) Mrrai( E); ; Sb h ?lc al @Egsei@f o easpau'tgl-ea'llé1 ) H:8alR %ﬁ)ﬁ&l%ﬂ%%l%q or obtainable

by the method of any of claims 1 to 5.

8. A coniposition as claimed in claim 6 ox claim 7 wherein the alkyl group

present in the largest percentage has either 15 or 30 carbon atoms.

9. A composition as claimed in any of claims 6 to 8 wherein 10% or less of the

alkyl groups have 9 or fewer carbon atoms and 10% or less of the alkyl groups

have 45 or more carbon atoms.

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 crapkease lubricating oil composition comprising or made by admixing:

(A) an cil of lubricating viscosity; and

(B) as an additive component, 2 para-alkyl-substituted
diphenylamine wherein the ratio of mono:di para-
substituted material exceeds 50:50 obtained or obtainable
by catalytically alkylating diphenylamine with an
alkylating agent in the form of 2 mixture of branched-chain
alkene, such as propene,
oligomers which mixture contains more propene pentamer by

mass than any other propene oligomer.



2. Anethod as clainmed in claiml wherein the oligoner that is present in
the greatest percentage is a C5 oligoner. 3. Anethod as clained in claim
1 or cl aiwD208s#34n ol i goners having 9 or fewer carbonPaTAIs00&066026

ol igorners having 24 or nore carbon atons together constitute 10% or |ess
of the mixture. 4. A nethod as clainmed-B&-claim| wherein the al kyl ating
agent consists of a m xture of branched-chain Cl5 propene oligoners. 5. A

met hod as cliaj med éd?n;ﬁi@ﬁxo@faseia&héiﬂslnlcﬁilm A whatithe &@Berr}mdrﬁmé@tdmyfof
al kyl ati ng agent to di phengl amne is in the range of 3to 6;1, preferably
1:3 to 1.5:1, nof@shidsernd ?éza&d@r‘io@t@lt@niaﬂfboptwné%ﬁ%@%Smaibﬁ?%fl%g oi |

conposi tion conp fﬁﬂn@gct&fdx 1AYine 9 ¥i- %ﬁgﬂ eglrh t@figil ubricating viscosity;

and (A) as an ad Itive conponent, a para-a stltuted di phenyl ar ni ne
wherein the ratio of nono:di para substitut ed rrat erial exceeds 50:50

wherein: the al r [ oups che ed from

br anched- chafn a?ﬁ&e%%’ g@&ﬁsggnﬁ?cgﬁ‘e% %‘?ﬁ (%Ee %k@a}eﬁéhgé}e%lpm& oup
present in the 9E&@s‘ﬁ%&frﬂ@t&ﬁﬁﬂﬁa’igﬁalﬁﬂssufoﬁtﬂme&% ftR AfvsitRin&frgy.abl y 15, carbon
atons, 25%or |ess of the al kyl groups having 9 or fewer carbon atons - 37

- and 25%or |ess of the alkyl groups having 45 or nore carbon atons; (ii)

(1) 10% of 1 st sPHERaloR s EPnfL PRMCE ek Sol kSl pRMREEL M o o
wherein all per camtnagne&oamé/oadeaﬁ}a:rami/casartﬂmqmmsﬁlﬁstﬁhtedmmw.aphl cally. 7. A

conposition conprising or made by adm xing an oil of lubricating viscosity,
and a para-al kyl -substituted di phenyl am ne obtai ned or obtainable by the

met hod of any, of A%@hﬂ&mﬂenta@ chim& inR AP 114l KEr@a ted atiFBAmoRoCcl @i m 6 or
claim?7 wherein the alkyl group present in the |argest percentage has
either 15 or 30 &absh foahsubstituted material is in the range of 70:30 to 30:70 by mass.

16. A composition as claimed in any of claims 11, 14 and 15 where 97% of the
substituent alkyl groups, as measured area/area chromatographically, have

more than 9 carbon atoms.

17. A composition as claimed in any of claims 11 to 16 wherein the alkylating
agents 1s a mixture of Cyz, Cys, Cyz and Cy; propene oligomers which contains
more by mass of the Cys oligomer than any of the Cj», Ci5 and Cy; oligomers

individually.

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.



9. A conposition as clainmed in any of clains 6 to 8 wherein 10% or

| 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. 10. A conposition

as clainmed in any of clains 6 to 9 further conprising one or nore

additives, different from (A), selected from ashl ess di spersants,

met al detergents, corrosion inhibitors,-3etal dihydrocar byl

di t1l ai ophosphat es, anti oxidants, pour point depressants, friction

modi fi ers and Znt i ffoammpme&on &s cldihed ik apy afdladas 6 td Uhaniddattd Ztgwbérém the

conposi tion conpri I_ jcating

viscosity: and (B) ‘Htf&g)fﬁﬁrag@ﬂ% aﬁ\ﬁl ?lg%tgfeggl hénAPam%% tg RS ffn-as tII t ut ed

di phenyl am ne wher eibstituted dirdieddanafie nmntlmchngqur%sl@bmh R e2h ;rg0Bo,ital

exceeds 50: 50 obta alytically al kyl ating

di phenyl am ne w t hhgl%f?%ffgg tr’lég}%tagggg’% Ea%l% he formof a m xture of

branched- chai n al kene, such as propene ol i gorrers whi ch m xture

cont ai ns nore ,grop 1 n e ene

o goi ner - g P RIGrBERGIE Ccd IR iR A MRl B RGevel

t he di pbenyl am ne esS7adrkydre, %bfsihe $ubbtérclent sik&ltgmuﬁs amﬂb/easnredhfepxa&atl ons

arid optionally co ntiti.es unrcact ed di phenyl am ne
" uboti 1 ut oo OplpeiiRreny AR R sFiB S

and tri-substitute g'g claimed in claim

12 vher oin thg; 2. Ltk Blesh, SLANGU ANLNR S NRLAS SLaTRRERLRhg L ot TS

al kyl - substltu%ed 0S| COMpos '6n &
clainmed in claim mcommrmhn@mmmpmsamhmrbsmpmamnmtorsaomfs, nmono- ort ho

and/ or di-ortho and/or @?}@P aﬁﬁﬁ‘%&“@?ﬂ{ \A}%%m% Aﬁl(yl 15. A

conposition as clai ned alm ereln e ati o of
mono-substituted to di- suwstmtqi@dhenﬂmempwher@lﬁhnrattihefmewgt of 70:30

to 30:70 by mass. 16. A Cﬁ@%bt&bt&ﬂmﬁ&m@kﬁbéﬂ?@ﬂ bMaRWheRin; Cl @i M5 11,

14 and 15 where 97% of the bst,it al k ou ured.
ar ea/ area chronat ogr aphi cal ﬁ/] hgvéﬁ%ﬁoélp Oﬁ%rﬁ%?a ﬁ?%%cﬁ %ﬂ

conposition as clained in any offranhhnamuhed:&hahmll&eﬁevshﬂrmpm;ieh@ol:gomcrs
al kyl ating agents is a mxture ondgl

1 an
ol i gomers whi ch contains nore by naéeflkgfgl??i’ r?ffgtlgl eggzi?%${qaﬁ°§ﬁta%eny of
the C12, Gs and C21 ol igoners 1@s frémd@mpiss ptefeoadliak axl1d]) cuetgbniaterany of

clains 6 to 17 wherein the oil %"/I&%%L% ‘eag’é\éﬁ‘ﬁ? vﬂ}gdorgg“rm?sent in

a concentrate-formng anmount. ACOnpoSition y~ of
clains 6 to 17 wherein the oil cchrbbmmms;atdzi%ml&soﬁﬂmylkylrgr@rpesent in

a maj or anount. 20.A conpositio of clains 6 to 19
wherein the average nol ecul ar \Ae%fl’giﬁ%% ﬁecarlf%altc}ﬁéroups is in the

range of 140 to 340, such ag) 14@5%0r3890f the @Bstituted diphenylamine is tri-
alkyl-substituted; and
(i1)  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 III G Engine Oil Certification Test (ASTM D7320) and/or greater



21. A conposition as clained in any of clainms 6 to 12 and 14 to 20 wherein
the rati o of para-nono-al kyl -substituted di phenylamne to

par a- par awoi2edskpsisubst i t ut ed di phenylam ne is in the rarg@/uskodO66¢ such
as 80:20 or 70:30, to 30:70, preferably above 50:50, by nmass. 22. A
conposition as clained in any of clains48-to 21 wherein 95, or nore, such
as 97 or nore, % of the substituent al kyl groups, as neasured areal/ area

chr omat ogr aphi caltiay, 7. axea g el gk heeni tOme asubainacadding: to 2& Schuei@nkGase

| ubricating oil conposhiion conprisi@%%an oil of lubricating viscosity in a
maj or amount and ErgReQAsheficdend GbtARHYIMY2).(A) as an additive
conponent, a m xture of para-al kyl- substituted di phenyl am nes wherein the
rati o of nono:di para-substituted material exceeds 50:50 and wherein; (i)
the al kyl gEdup & crgrlsapsiubnentivgancieedositive agldpinvedn claom2Breaelsire@4chai n

al kene, such as propene, .ol i.goners t he al roup, present in the
G oat est " per cont SRt PoifpIny Fofit: kEpEitivs 88 R a3 W Bty o,
25% or | ess of tBeo@1kYlpa@r@upEChavinBgufddn ab@v@ince aqhorsBvamand 25% or

| ess of the al kyl groups having 45 or nore carbon atons; (ii) 25%or |ess
of the substituted di phenylamne is trialkyl-substituted; and (iii) 10% or

| ess of the,gubsty I 2 a1 IS¢ % tuted.. one or
more addi (198 othar RRA LA Hel et By oA CRrREdR Gl 2Bt AR O o
detergents, corras&mﬁwkﬁmbbﬁﬁmwshmnﬁm@kuﬂ%myﬂ@b@éﬂbyl di t hi ophosphat es,
anti oxi dants, pour-point depressants, friction nodifiers, antifoam agents
and viscosity nodifiers. 24. A crankcase |lubricating oil conposition as

clainmed in ohai m2dahauidiabaERALRE bRPOsiBoR aMEhAAGH WREA N 8dviRL 2lQrs
deposits merits neasured according to the, Sequence Il O Enginée Q|

Certification TestscosugPivp grgaraton RABK YUY ppre@86°C.\W0O

2008/ 154334PCT/ US2008/ 066026 - 40 - than 7.8 average sludge nerits neasured
according to the Sequence VG Engine QI Certification Test (ASTM D5302).

25. A crankease Aubadizatd lnbrigitingodrpampbiition aadaigtediinenirn 17 Ghaingad3-Or claim
24 which contains, viscosity nodifijer ,and. has a CCS viscosity of no greater
t han 3500) ( 10- 3 H%?P%S“@P?%&Fhaéézﬁ@é@ljrpéé @no5Ceordance with ASTM 1) 5293.

26. A crankcase lubricating oil conposition as clained in claim25 having a

CCS
29, A crankcase lubricating oil composition as claimed in any of claims 25

through 28 having a kV g0 of 12.5 mm?s or less, as measured in accordance

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.



viscosity aril greater than 3500x10-3 pa.s25C. 27. A crankcase |ubricating
oil conposition as clained in claim26 having a CCS viscosity of'no greater
t han 3250W00QB¢sAal5433fi r ?), -25t. 28. A crankcase | ubri cat iPAg/US2008066WR®SI ti ON
as claimed in claim27 having a CCS viscosity of |ess than 3250x10-3 pa.s
(a), -25C. 29. A crankcase lubricating-é6iF conposition as clainmed in any of
clainms 25 through 28 having a kV, of 12.5 inn2/s or less, as neasured in
accordance W6t h ASTivikchdetmbricingAil @igiokitias as tlaimddiatclang 32iWwheeenpadi tion as
claimed in claim29 having a k\p ue of '9.3 mm®2/5 or less, 31. A crankcase
lubricating oi | JERPEXIIRSA CAPRELptfef Fomabat RGO ey hgS-a kVi oo of Iess
than 9.3 m n27s. 32. A crankcase lubricating oil conposition as Clained in
any of clainms 23 through 31, conprising a mnor anount of a succinimde

di spersant @éri véderinlomsplobycamguihdoaresitiar angaangdunisbimaler aen@| ecul ar
wei ght ranging fraom abou%.. 1500 .to aboifjt 2500d g]r}‘g ﬁ succi nat{ og] rati o of
the functionafi z&@ 8T SEGPIBIEMHE BFRert © A BOLFHOA U HEE R ST 29 Yom about
1.3 to about 1.7mas¥¥d Q0R8m&E43B4RCIIkRRARS/ 066026 - 41 - 33,. A crankcase

| ubricating oil, conposition as clainmed in claim 32 wherein said dispersant
has a coupling ratio of fromabout 0.6 to about 0.95. 34. .A crankcase

| ubricatingsQi | GOIRASI L :25: .6l |ﬂ;& J O i wherein said
di sper sant i3§' pre%sen't ia%léiglgngﬁn%} r??i in P(g)1 8‘3}“%%1g?r?§%91§§3§é?&?‘1¥§?32 mass % of
pol yner into thetloongiodd, tbmprisiBg,. asAiscostykoadifed, abtar-chdped gisoodityonamjified t i on
as clainmed in any of clai 23 through,. 34, conprising, .as Vvj.scosit

modi fier, a star ﬁgﬁ@&ﬁt@ﬁ@rgﬁqa&%@y@g@rw@@r Vel ve Wﬁ%ﬂ‘%ﬂéﬁé‘f

pol ydi ene arms, WhiaeabiliseRakt G’SSIIPSBB,'I%&CS)@@&%E)@,_%B?&%&_H%’c&diﬁzy i ndex
(SSI) > 35, nore preferably, a star-shaped viscosity nodifier conprising

triblock arms defiodeier cpmiiibipa rdyeskadrad depotd/fiore hegoizysatsd @abdpoky di ene)

and having an SS 45, 3 3 i.cating oil conposition as
claimed in any o O@Ft |erlr}§?b§§ydﬁ?(ré§)%gur??%§’egf%lr Ie?rfgciorrpri sing a mnor anount of

phenol i c antioxidant. 37. A crankcase lubricating oil conposition as

claimed in any of clains 23 through 36 wherein at |east 50 mass % of said
oi | of Iubrifati ﬁg“@‘?@é%??‘?cqﬁé‘gG%c?BBlPP$1F*0%?S Hpigigrin angof glaigmsiHod of

| ubricating the i ty i ing a
[ Ubri cating of | omeERSRrRls & Aol GRS o BEpENS RGMENRS on 37, 30.

A nmet hod of inproving piston cleanliness, as nmeasured by average wei ghted

pi ston deposits gccordin o _the Sequence |11 .G Engine Q.l, .Certification
Pl est (ASTVED 73307 ke B RE QT REPPHE R sl Redan 86 Ghep@rnal
combusti on engi Nenridh3 whétbini o€ Bdabt i Bids 96 OFHAS bill bPTUbEOR IR VIEdAGit@isN nor
anount of an additive _conponent (A) as defined in claim23, in conparison

with an ot herw s&m 9wt prdugharubri cating oil conposition that contains a
par anonyl substituted di phenyl am 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).



