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OF THE I NVENTION This invention relates to phenyl enedi am ne conpounds
useful as ashless TBN 5 (Total Base Nunber) boosters for lubricating
oi | conposi t PRZAGLOGEHKF | ubri cating oil cohpositions, particularly
crankcase | ubricating oil conpositions having reduced | evel s of
sul fated ash ( SASHLUBRIGATIONANB Fe/BRIGATANGHORE AOMEPASITIONS
conpatibility and corrosion test requi rerrents 10 BACKGROUND OF THE
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speci fi cati opgyfefuird eIMiSe1aY ie€Bardst bds' affsrdreafrhars tdebickd. " Shﬁav&hadattgas after-

di esel (HDD) Iubrlcants requi.;re maxi mum sul fur le els of 0.4

maxi mum phos pleainest Kdevigsssmay include casplyhp §POSICHE: ﬁﬁ’sgo‘b}ama‘??& or hore
sul f ated ash 1,0 1 MBL | G on a1 <8S: G
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whi ch exhaust gasses are coole prior to reci F’cu | ati on, can be

i nproved, ancheghgvedimpacti o evlal afef-ttehendnu bievicant musinbb g dentifisdd ead PyM

specifications for “new service fill” and “first fill” heavy duty diesel (HDD) lubricants

require maximum sulfur levels of 0.4 mass %; maximum phosphorus levels of 0.12



30 additives is preferably m nimzed. Therefore, it would be further
preferable to provide a non-polyneric ashless TBN source. uUsS
Pat ent Nos. 5, 525,247; 5,672,570; and 6,569,818 are directed to -1 ow
ash" | ubri cali%8f1803 Ficonposi ti ons in whi€h sul fated ash content is
reduced by replacing PF2009L005 FF-3 - overbased detergents with

neutral det emgeaitesandridfitedmsh enntentddsiory b raases 1Yo, witieh bdmicantagre referred to
provi di ng suffi.ci.ent t er,gency, . hut d - Qescri at_th
provi de suf f i g}ﬁ'%%%ef ﬁf‘ ﬁ§%¥ ?“glrereexiagr[r%p%lge, S ATH %Ié%gli Eoers. §¥]§a ted Ash,

Pat ent Appl i pdshRAud BUIHFR030 Bl MaserdBes rhdiefunder reftrib fbseTBils maximum
ni trogen-cont ai ni ng di spersants as ashl ess TBN 5sources. ngasted ash
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addr esses t he abowe-theamoans bfphotghens, bylfinr oM athrgntaking éutrihmt additives
tetra-al kyl ated phenyl enedi am.ne ¢onpounds h] ess TBN booste i

| ubri cating %"Flbe&ﬂrﬁ%@fjitBrPéo‘flﬁ%lfm‘%’eaé’fﬁ%fﬁgﬁ%i IeR that aye chfapatible with
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of the inven?%hglrill,&‘f g?tgpf}g&f’)nregw%vé%ésh N, N tetga3 alo?ﬁgjr?atli C : °
hydr ocar byl apedidehéreyhighddidsiofdutieneiperfoneartce, idvhakbngfad¢drate deergency,

hyd | (e, qg..al kyl . ‘ d | t
and have b 1 okl hnhel RN Bl TP TGt D BOLT By & e
(e.g. alkyl) A@rURS ahe pﬂ:ﬁﬂﬂb@.@la{E@oﬂ%@hﬁ AHar RPN @tpMananarhagr4 4U.9.)
12 carbon atons. In accordance with a second aspect of the

i nvention, tkhecdidagopr fvi ety aluer angivadebriaghisi chrifanig o Ibeignplesifigloms 2

h h . di | .lubri ' i) i Si
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first aspect PBP PHECHHEHT 671 L% GeRAoy T‘fgtrg?‘gﬁge aﬁ%g’é?rf’?loq} tﬂ%b“%@&fﬁ}e‘iﬁ“ be
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(ASTM DB594) B e 1a i e B R B A B

speci fi caf i oiBMNahas bas [rbvidedby astibrmd detagyithéhat éatioduwat evlfai¢d ash into the

conpatibility 30perforyance . in the MB-AK6 test that.falls.wthin.the.
TP Es of t hEoNBbEEoD. BIGRGbr ARG OaEsUgenaasiseing i thBolab] Sin
accordance WhtiioR 1£QUr$MTBRPESHe of THIE bboMRRL t@Rporkthe iRt iddepmoY icdrEibate
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combusti on engfaied ahlir iARhizhly bepie camperentoars knewade indagpeasiasiinmgd, nsoge
' t, henyl di ani , b _
the Tirat ashEer BRUEhar nbuitaizfs; haTRE, RERERAUTAR, BRpB8 RS Aok Mhe

| ubri cat phg Yius&RRistoynerik s¥akgatrialsbidedahiongingk, it cargdd ditireferabldre PBMide
of which, as neasured by ASTM D4739, is thereby enhanced w t hout
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corrosion per [ ' L an:
oL 07,2 PEELARTRIRE, Put bl o b SUBE A Bt fcons
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30  additives is preferably minimized. Therefore, it would be further preferable to
provide a non-polymeric ashless TBN source.
US Patent Nos. 5,525,247; 5,672,570; and 6,569,818 are directed to “low ash™

lubricating oil compositions in which sulfated ash content is reduced by replacing



15(b) providing the lubricating oil conposition to the engine
crankcase; and (c)operating the engine. In accordance with a
fifth aspect of the invention, there are provided |ubricating oil
conposi t i onsPFALLS Flhe second aspect, mdeting the performance
criteria of one or nore of the ACEA E6, MB p228.51, APl Cl-4+ and API
CJ- 4 speci f i exrbasad deerasntshuisly pewal ieerggnise These paigpis glescribe such Jypricants
accordance w . 81 I nvent i at h i L

neavy duty dreest g sERRRE eion h WMy @b BF ey, ML SRR
(EGR) syst enIBpr ffrasabioy caampld@nsidid EGiRnsy sUSnPaad Apgaatiorc A0G1/6203031
trap, the crankcase of which engine is lubricated wth a lubricati

oi | conposi t flgsrips fhﬁ%eugee@griaglagﬁ%& hitroge-opiate g AARCETN ¢R cpniess BN
sevent h @pegiur% the invention, there is provided a nethod for
founing a hig N | ubricant having a reduced SASH content conprising
i ncor por ati ng i nt USsdlatent ubioi ca2BRG14i descobgrossubsittuted npararphrpylenediamine
phenyl enedi am ne cqnpounds, of the first aspect. . o\ In this
speci fi cati of™P %F Bt PIERANG Ahibeg Al Oré%gﬁ%ag@gSHﬁon}PPSl&ﬁas'Men used,

30 have the RpapVINORYISETEREANYENOMON active ingredient” orrefers to
additive matertar _tnat s not diruent or solvent; PF2009L005 FT-5 -

"conprising" or aftyie prgetieveniod asldessesites abdus-peswad erafems by egoviding
f eat t eps, ' ts, but
oy asoncel &y - St r-ShoBR sy BRARAE Smbiind ot it PR, HiGe

conponents Ofubgic@is dihebaRbsitibhe BAPMRRS| AR 'bs%g&ﬂilﬁﬁ@ @hd ©drrosion test
"consi sts essenti alcly or' or cognates 5 may be enbraced within
"conprises" &QUEGHAEEes, wherein "consists essentially of' pernmits

o “Lne. Comost 11 o RSSHRE, B £FLR oL B b0y gptaptotheay-
excess of SO0igtassipbatd ydeearhysitéd q:h;enﬁlaﬁmmiaaoumetbims td ethecet koéinthe

50 mass % of _a_conposition; 10" TBN' neans .total base nunber as
measur edlby AR @ds-goalkx&ﬁmhm&mbr%@eﬁﬁa%a@gwaﬂ:ﬁ? FIRBY oL havE A to 12

this specificabl0BiomPRASRBS HReLHME Ry drobsb e;g%%;glr\)ﬂe%%%fesﬁ%ched at a

D5185; "sul phated ash content” 1s as asured
15" sul phur coateatfbdniapnasndbasut edl byarkSTabiD2622; "KV100" neans
Ki nemati c vi scosi

at 100C as, neasured by ASTM D445: . . .
"Hydrocarbyl ", an @Bboﬁé?r@ev\)ﬁﬁlﬂis% S‘;rscg’flgrasP tg‘&o%sm%’ﬂglﬁgg%rgilﬁ PRYiiEsh @
and hydrogen ahRtRe atskidafial Al GoRphdesh kcH BE af BIRYNEARY d¥sel M@ricating oil

nmol ecul e directly 20 via a carbon atom_They may contalin hetero atons
provi ded2@uchomptiging onrmsds hycadnaixingfanewt of hbrigstsughvisedsity, Wy rEEErasemnt,

nature of t h%nch%%tre oF Ianrol?él Iljhe%ngc):%&%amine compounds of the first aspect, in minor amounts.

In accordance with a third aspect of the present invention, there is provided a

method of increasing the TBN, according to ASTM D4739, of a lubricating oil

composition without concurrently increasing the SASH content of the composition,

25  which method comprises incorporating into the composition, in a minor amount, one

or more phenylenediamine compounds, as defined in the first aspect of the invention,

such that the composition has copper corrosion performance in the high-temperature

bench corrosion test (ASTM D6594) that falls within the limits of the API CJ-4 and

ACEA EG6 specification, and has fluoroelastomeric engine seal materials compatibility

30 performance in the MB-AK6 test that falls within the limits of the MB p228.51

specification.



Also, it will be understood that various conponents used, essenti al
as well as optimal and customary, may react under conditions of
formul ati on, storage or use and 25that the invention also provides
t he product B’fft‘]ﬁ?lﬁgﬂ% or obtained as a fesult of any such reaction.

Further, it is understood that any upper and |ower quality, range and
ratio limts set Forchrdaesesviih pagurdeaspreied dirdareniipne igts in @Fpvidpy a method
DETAI LED DESCRI PT. I onitd¥ iNas ' ' o it
hydr ocar byl p é‘%}’%né |g%r-1&_élr§eo f%&%g néFm%eﬁelhlfeﬁ%/%%{)?%ﬁétgggﬁk%ﬁr(li IF%IS
contribute topdriusonl@hhpefsirg: | ubri cant as neasured in ASTM D2896 and

al so as neasured in ASTM D4739. Further, as denonstrated ir?]‘etge ..
PF2009L005 FE-6 - (@xanBloddling ithid BEOE| EPeWli RS CheMefediienggrediamine
phenyl enegdi ami ne conpouads, fas NAt dGRbs §n kibofise alks: §10mEahlendBY, Bfa th
seal s coﬁ%ati bility tes({ﬁgﬁ%ucﬁ’néign e?ﬁe I\/BSEAIEZS %yg test, anecrll1 do 1noat for
cause lubricants to faemoantyofofn toilecHREBTatiEs viscastydtes orakd ed uibnicX8EMbil

e85, T art Gl The Skl om0, RLSE L e,
-tetra-all phatl C e e a ur -’
in this invention may %f&?@gﬁ&ﬁ%mﬁ%ﬁeﬁﬁh%ﬁ@y %ﬁ'&‘é&ﬂg(‘tﬁ@ﬁASﬁBk@ that

Nt. R3R4(1) wherein each o Rz, and R4 is 1ndependently an
al i phatic hydrocarbyl Hreospmppsiaérerisbl gonpsr adokspsiogr pepomiaes nig thet digh-

12 carbop,atons, at least one of R, R2. 1 i . Kyl
group branched in the e&@?efalr%%rﬁ%aelnﬁﬁﬁ30?%51?Ih868§@%§fcﬁe§ésn| rtf(l;&gtefﬁﬁ%lﬁJl ti the
Ba}/l ng 3 t|0k1|2 car bonbﬁh@t@Bhogat!he A}l:ll east a_ﬁdileAg)‘EARI% %ﬁcﬂﬁammhﬁgd has
eing an al kyl group branched in the position beta to the attache )
nitrogen, having 4 to flpowogiepemesc gmgine seal materigls eppptiRgity jpgrformance in
i ndependent |y hydrogen  or ,ah a4 t r b p 1
15preferably an al kyl 5@05’%?%‘5?%3 tk&t g‘%ﬁ%?&gg@bg{ﬁ gfngtgrrs?f glr?dMnB ip5228.5
fromO to 4. Pr ef epecetitadoe, phenyl enedi am nes of the above

fornmul a wherein each of Rl and R3 is .independently an alkyl group
branched!3n the p&¥iti 8FVHipH GtIBbrﬂ%é‘n%P’S§8W€831HP‘¥F%§Eﬁn%%%ﬁ’?‘“ﬁ%ﬁ??ﬁ&d
3 to 12 carbon at , earheQhoidd and R4 is independently 20an

al kyl group brancﬁgz igﬂgﬁe “’posei t?lon beta to the attached nitrogen
atom having 4 told2ccedmor stthne. fifth aspe@r ef dhabinygntidme there are provided

phenyl enedi am ne co unds useful .in this invention.ha

e a BN -
(measured as YOHCAGRWIDEIRBFIN By c gsgafctppgptépgaﬁlfye}:ﬁgggmcggmgga
in ASTM DA4738} o oidhole@@She ROEASHE VBD288.51 e85 CLAY anP el €Tabipécidiications
| east 120 ng KOH g. 25Phenyl enedi am nes of the present invention may
be in thedfofemhsaviadel sggiae duhrisanidad, or nmay be a mixture of conpounds
of the above formyl a. Pref er abl t h . L.an t
present inventi onn&l%ggfor%%m%éx}@ %glxglv%%ggeofﬁgg ﬁ%ﬁ%guﬁgﬁér\?\g}s gﬁ%&%efd ??l%ar%y
450 to 700, guehdasell efshmd ulppedSAithpaefeahalt yodsr arirbtlatiow (BWR) system,

preferably a condensed EGR system and a particulate trap, the crankcase of which

engine is lubricated with a lubricating oil composition of the second aspect.

25 In accordance with a seventh aspect of the invention, there is provided a
method for forming a high TBN lubricant having a reduced SASH content comprising
incorporating into said lubricating oil composition one or more phenylenediamine
compounds of the first aspect.

In this specification, the following words and expressions, if and when used,

30 have the meanings ascribed below:

“active ingredient” or “(a.i.)” refers to additive material that is not diluent or

solvent;



PF2009L005 FF-7 - Preferably, the nitrogen atons are arranged para to
one anot her. The phenyl enedi am ne conpounds useful in the
i nvention na de by nethods such as _those known in the art.
Lubri cati ng %Ezllagg&gﬁi)lglrsi tions of the pres‘éﬁt i nvention conprise a

maj or S5anount of an oi] . of lubricating viscosity and a mnqr arEDPnt
of one or nore of PAPTSHEC| IiWY PREHG I EHEAPENTIRE MeopsRRAg ST stated Teatures,
G l's of |ubricatigg,yiacesddd HSebthohdhd NEuCaRkexd: Hkcibhe RE 8368k
invention may be s Séct egl%f”rom nat u:’pg&éﬁ liBlr?lf cating oli%lceg, synt E}zti cce o
| ubri cating oils ahiition xf omeesr mber@bér fEherdsubeps attegays, siompoagnts angoups
in viscosity fromlight distillate,.mneral,oils to 10 hea "
lubricating oils g’ﬁqufgaéheg%@&S?lﬁgs EGRNE i 18 C%Sﬁgrﬁ‘gﬁfq%&ﬁ%/f%a?ﬁ W&na’tes
oi I's and feavy dufpydbesehbRbis . widtineradyriscbheoVicosRstd Y wlkretd e cBhdists
ranges from2 to 40, especially from4 to 20, nm®s-T as neasured at
100C. Nat ur esseially ¢ficpenmiés anglnaidn oif | ssibsiperey oge regiereallyi pldecting the

(e.g., castor oil, lard.ail)s,liquid.petroleumooils and hydrorefined,
sol vent-treated o?haé%ﬁtglsﬁf%gﬁtga C%PH%SF@(I’H g(’?i ‘V@C%}t afgﬁff‘?e par af finic,
napht heni ¢ and m x@giopamafiit’ RleandiapREHL B S0 MRS S: ofd donmisitlowbr i cat i ng

viscosity derived fromcoal or shale also serve as useful base oils.
Synt heti ¢ | ubri catmigr ampynt’ maapsieshian 68 arass o of 4 compegition;

hal o- subgtituted k 0 i shugrﬂ S..p i

i nt er pol f/dn'eri zed 2?%% %@é#gf}%& Ib%Sgl ybu é;l aesnlgllg%(ﬁg%]l %%?%py eDnze{:;sg,6 or ASTM
propyl ene-i sobut yDen&o,aepalisatel s, chl ori nated 20pol ybutyl enes,

pol y(1- hexenes), EOl y(1-oct e&gs) , .poly(1-decenes)); alkylbenzenes
(e.g., dodecyl benzEWaRErgEs igdRis gP ABs, di nonyl benzenes, di ( 2-

et hyl hexyl ) benzenes) R W POSAWrS{:8s Tea RN SR WM §15ARENYI s, al kyl at ed
pol yphenol s); and aoﬁ ated di phen;sll egt ﬁer spand al kyl'at ed di phenyl

sul fi des and deri Vadphated ashabwgs” anas theasoieddy AFBYIdo$74; Al so usef ul

are synthetic oilsgs rived frrom25 a gas | i.quid process from

Fi scher-rﬁ?opsc_h sy‘r’l’?ﬁ%’éﬁ@ﬂnth%?sdﬁ%ﬁ%@ﬂg’? ‘%ﬁ@hﬁ@g cormonly referred
to as gas to |iquigly100” nfelhs kiBas8iOVlsosity at 100° A& ¥lcaf8e®@¥y JESTM D445;
pol ymers and interpolyners and derivatives thereof where the term nal
hydroxyl gro#ps have been nodified by esterification, etherification,
etc., constitute ot her . cl.ass, of | cnown, s hetic | j.cat ]k hl.S.
These are exenpli ?ﬁ% OBayrb§IO’ %%‘? §%g<n;?aq kff%hé%%?oyﬁ%rugyglﬁ%p%%%%g l%%bog and
pol yneri zation of hﬁlrb?éxﬁét@m@&hﬁi&la@ﬁreﬂﬁ@ﬂytﬂ enthe@umaiddenstttht holadukeydirectly

and aryl ethers of_ polyoxyal kyl ene polyners (e.qg., .

met hy| pobi so- pr opipl @karbgRyaem. ef het MHEVEHRIR h?%lf‘é@éﬂ%sr PyRyidnet sugh hetero
1000 or di phenyl r 0f < Y, havi U byl
wei ght of 1000 tog%g§0$?n§ggh§gﬁ%?E%ﬁ%ﬁagkggggb rgh&%ﬁ%@ﬁ&#ﬁ& Sifrocarby
pol ycar boxyl i ¢ espeups.t hereof, for exanple, the acetic acid esters,

m xed C3-C8 fatty acid esters and ox0. aci d di ester qf .

t etraet hyl ene gl yé&sio: 1t will be Nf%fsﬁféq%l A YHIAVE cempeRenty u?@n?sﬁﬁtf‘% as well as
| ubricating gik S CRRRNLRER, Heayaeh& A& collRRAD X MrinGla&6h Afok e Br use and
pht hal i ¢ aci d, succinic aci'd, alkyl succinic acids and al kenyl 5

succi ni c2aci tsf theaiheérdicacilsh, pravigleaite podekt obtaeabiconditained ebaceswlt of any
acid, fumaric %fid" adi pic acid, linoleic acid dinmer, malonic acid,

al kyl mal oni ¢ H&™8E ] kenyl nal onic acids) with a variety of al cohols
(e.g., butyl al cobghherhexi!l uriefselial Ehaﬂ@ﬂﬁ@?ﬁberaérﬁlohﬂ*er RrBlyhYA@xald ratio
al cohol, ethylene glycol, diethylene glycol nonoether, propyl ene

gl ycol ). Spetimitsseterrhperin ohy Sadtdeperdepdy rerobmdds di butyl adi pate,

di ( 2- et hyl hexyl)

30 DETAILED DESCRIPTION OF THE INVENTION
N,N’-tetra-aliphatic hydrocarbyl phenylenediamine compounds of the

invention are found to contribute to the TBN of a lubricant as measured in ASTM

D2896 and also as measured in ASTM D4739. Further, as demonstrated in the



10 sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl

azel ate, diisodecyl azelate, dioctyl phthal ate, didecyl phthal ate,

di ei cosyl sebacate, the 2-ethyl hexyl diester of linoleic acid diner,
and the conpPEXNIYHPEFF f or med by reacti ngbone nol e of sebacic acid

with two noles of tetraethylene glycol and two nol es of

2- et hyl hexanatampes df tHis tpecificasiohutheaspesifiet denglensdiamink seonipeshdsido not

those made from to Cl2 nonocar, boxyl i ¢c_acj.ds., and, pol yal s, a )
pol yol est er S@USE R, ﬁetep’éﬁtasppf %ffi ‘gl;né oﬁeglstqo%tlﬁ?}fyof[eﬁso%ué: an the rMBSEAL
pent aeryt hritolis hiPgid a8 hyt RLid Rbrigdis {orfaR @AY BEMEtHITCBVltests as described in

Silicon-based oils such as the polyal kyl -, polyaryl-, polyalkoxy- or
pol yar yl oxysASTdOBE584,lis pantidulei thesapeerspitssienigst isEohnot her usef ul

cl ass of syntheti ubricants; sugch oil,s.ingl r SiJ .
tetrai sopf opyl si ﬁ-lgéfeér’a-a%ghtjﬁ ﬁ%ﬁo%glﬁy}’leﬁ Qﬁ%ﬁw}éﬁic@g@g,}{ms behifi s
tetra-(4-met W@nt?orﬁh@%b@@?ﬂdzt):@ 'b* teafoanuthdkloar: ( p- t ert - but yl - phenyl )
silicate, hexa-(4-nethyl-2-ethyl hexyl)disiloxane,

pol y(met hyDsi | oxanes and pol y(net H§Dphenyl ) si | oxanes. Ot her synthetic
| ubricating oils include liquid of phosphor ous- cont ai ni ng
acids (e.g., tricresyl phosphat g, tyl phosphate, diethyl ester

of decyl phosphonic acid) and pdfyneric Rdr of urans. 25The oil of
| ubricating viscosity may conpriseja @Goup |, Goup Il or Goup IlI,
base stock or base oil blends of af orenenti oned base st ocks.
Preferably, the oil of lubricatingygtgcosity is a Goup Il or Goup

Il base stock, or a mxtpre, thereqgf,. or.,a mxture of .a.3o |, hase
stock and on¥bgreuhsrd &f Brdd p&?t chg%d lﬁQﬂ?Belﬁeth @P@?@P%H%Y&gcaf@mmu%
amount of the oil I j ] b BYoi1S cardehQiding, lat 1aktadhe JfIR', R?,
30 Goup IV or Gp%%lja@/l?bagg%ygt%*&dlg’%ggﬁggmpxture t hereof . The base !

stock, ot0base st &llendIRErteing af dkphirgun henshasainihapesidomelpht totheatached
| east 65, nore preferabl t .least 75, .such as_at .l east 851%:2 4
preferably, the bggtgoggflaﬁﬁava?g gg%ézg?gg%atﬁpgh@,é% %asggnsea%tﬁ a%{e’wsatndR
PF2009L005 FE-9 - pepBtaniikaf oot dk&ichéd antiR0fesitRnebas ablihe attdeednltrogen,
oil blend has a sulfur content of less than 1, preferably |ess than
0.6, nost preferabpyingdde 12 gahon atbmsy, by wei ght . Preferably the

volatility of,sthe oi £ Qil bl r y glo‘%pcg byl
volatility test 0( A‘?‘fk/l %58@05@%3%2%525}?@5@%gtceidagaflﬁél%tl 0, p(r)céif eyr a%rloillp’
| ess thansor equalpréfetablyZ, alioeeouy; ehdngbliy 12 esbom h@msoancequal to 20,
nost preferabl_yfl esgst({)#lan or equal to 16, % Preferably, the

Vi scosity i ndexIPm <the oil or oil blend is at |east 85,

prefer ab?/y at leg%’[ref%tqu aﬂ%%te&ﬁégagir@mﬁ of the TbAROMIm ISV AReih48eh of R! and
Definitions for the base st'ocks an ase olls in this invention are
the sane as fRidsedndepundtnilp dnhalkpherduparaidied ohebenposisiph talphe (OARe) attached
publication "Engine Gl 10 Ljcensing and Certification ten

| ndustry Ser VilEEN 55, RAYEHE 0 _tqiégF?Ig’Eﬂm%ianSﬁ&l ﬁ_le]geﬁ%s%ﬁ fpeependently
Addendumpg, %%ﬁéﬁ@gfcuﬂn%&chg@iﬁm@ WakitisA b, eRtRaeddZa50 RSt ] RekE: 4 to
as follows: a odp base stocks contain | ess than 90 percent

sat ur at es andZaertgne&ies. t han 0. 03 percent sul fur and have a

i ity ind th 5 . to 80 Less. t han: 120 Usi
Uhe test et hods S5k PPedn Asisrediing Sufbols gl URDipetidtohal a
contain greatigN (Rafulid LAHAS TV [ROSPREGEM ASBMUDEIIS peuletablgssedsinad as in

or equal to 0.03 percent sulfur and have a vi scositg I ndex greater
than or equalASDMINEQuof etdeast hdrsualpes ddeashl ¢herden ]é’tatrli@@%%@smg OH/g.

specified.in Table,l. ¢ 1[(%8 I t. : LD gr, Paninel
or equal gtso 90 pefpéjgﬁﬂe%%lurfégsegkgl}légsfeg%@ 1%&31?}10%?1?%23%195%@8&@35 el
percent sul f Wonfadndayead beizsebsine bf codpxugs edtierabbhaforonlequal to

120 using the test nethods specified.in Tab 25d) G oup LV bas

le 1.
stocks are pol yal ghalsrabiy. nge @A@l?n@@’@ﬁﬁf\ﬁ‘ﬁdﬁrﬁwﬁ 6%‘f?§m$1hé’|af’1d‘ér ng"ie on

average, a molecular weight of from 450 to 700, such as from 450 to 650, preferably

from 500 to 600




Goup I, Il, IIl, or I'V. PF2009L0O05 FF-1 O - Table I - Analytical
Met hods for Base Stock Property Test Method Saturates ASTM D 2007
Viscosity Index ASTM D 2270 Sul fur ASTM D 2622 ASTM D 4294 ASTM D
4927 ASTM DpBD@9.005 FF Met al - cont ai ni n§g -or ash-form ng detergents
function both as detergents to reduce or renopve deposits and as acid
neutralizers or rBafferblilhj the horaen bivensedy anadied ipag 6 oneanotherd

corrosion and extending engine life. Detergepnts generally conprise,a
pol ar head with alP®R§CTHyENcEIFRERT Eo@ﬁ?lilr}ds\/bgleﬂﬁ t”hghepB’l"ﬁ?U gy be made by

conpri sing aglgﬁfgagséc]%{atstMSe%% idife off 9ani ¢ conpound. The salts may

contain a su ntrally stoichionetric anount of the nmetal in which
case they are usublibycatiesceil bedtpasitioos rdl ther presant riavensipnt SOMBME AOWRIPT

0 02 LY e 2, 0Ll PRE IMIREr o1 IO 20,20 B PPRPULC RIS e

i ncor por at ed g by Bakh1onRXERHS cHBpinggonpound (e.g., an oxide or
hydr oxi de) wth an ‘acidic gas (e.g., carbon dioxide). The resulting

?)ver basfed det er geflilsebiyhricsdng weeasttusefsbindhe eprjexitofdae prssens dgveption may
ayer of a netal, base.(e.qg. carbonat.e 1.C -tfgﬁg- e .

det ergent s gg?/ sﬁ?\?éaaﬁ%’%l\lg%tflraigﬁg%?&lﬁé e(gaqsé%,%tglﬁ%cs t yplcggﬁ 3)611 }\?\n d puxires
a TBN of fropmek& 250 1ebr#aln©bil MAy@andeinthiogitefendighotistiiate mineral oils to

hydr ocar byl at ed phenyl enedi am ne conpound, of the present i,nverltéiagglh .
cavy

the amoub® ohewwdnbuaessins gds sudjetit gesalinepmgieibsetings?l Incatiga o

Toui 19 1 SOuCS) RLAH 316" BUSAGSINSalont or 5 6r gk Ay e . Teal

corr espondi ngoteAust, ommts dsheeaShSiHacoteent of the [ubricating oil

conposi tion 20w thout a reduction in the acid neutraljzing ) .

per f or mance t her edfatural oils include animal oils and vegetable oils (e.g., castor oil, lard oil);
liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of

15  the paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating

viscosity derived from coal or shale also serve as useful base oils.

Synthetic lubricating oils include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and interpolymerized olefins {(e.g.,
polybutylenes, polypropylenes, propylenc-isobutylene copolymers, chlorinated

20  polybutylenes, poly(l-hexenes), poly(l-octenes), poly(l-decenes)); alkylbenzenes
{e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)benzenes);  polyphenyls (e.g., Dbiphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and
derivative, analogs and homologs thereof. Also useful are synthetic oils derived from

25  a gas to liquid process from Fischer-Tropsch synthesized hydrocarbons, which are

commonly referred to as gas to liquid, or “GTL” base oils.

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

30 polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-
polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether

of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and



Detergents that may be used include oil-soluble neutral and overbased
sul f onat es, phenates, sulfurized phenates, thiophosphonates,

sal i cyl ates, and napht henates and ot her oil-sol uble carboxylates of a
metal , partiggossiloys ke al kali or al kali-8e earth netals, e.g.,

sodi um potassium lithium calcium and magnesi um The 25nDst

commonl y use lg%%ﬁli%r&te@@{lﬁ}%m @adxampgee ticlretinatidrestay mhiseh (hes fatty
present in detérgent's used in _a |ubricant, and m xtures of cal cium
and/ or magnesdidesteistand Grroxo@iddssErofitetractedens @Y CPar t i cul arl y

conveni ent netal detergen r t -ba 3 he esters of
sul fonat es havi ngﬂ“f‘%ﬁ?egfs u#éfoé‘?nc%p{% g S&%e%&@}gﬁgﬁ?\gﬁg rcg}?ipglrsi%gﬁ

over based Cahf‘ehmpmema@ge.@nphtsaicf actd, zackiph enit, ebkyhawdicie T8 afd alkemyl
50 to 450. Conbi nations of detergents, et her ov.grb sed ok, neutral .4
or both, raysesinieegidssmaleieasitedzgius a5k R atids STRFEITDNEIARE; L

which are tyRIER! Lda ORIALASIPHinide nidtlrfOBal] oMyRhalgtib etidsubKEn i thaidnic
a

aromati c hyd rbons such as those obtained fromthe fractionation

of pet r ol eumggids)byith hevariklgybfadledmnlote. gy gl dleotv)dresahrlsenl. delearipledhol,

i ncl uded those ohtained by al kyl ating benzene, tol uene, ,

napht hal ene, 2dtpHBagI @Foh%eie@/ﬂ% o g’ﬁogeﬁ’le&]ﬁ@?@eg%ﬁghmg%ae%?’ propylene

chl orobenzeng, Cg’ﬁt Céﬂe%{f%t ala anghck hkefomaplth albeng adifae, dlRydtiathon!)
0

may be carri & i'n the presence of a catalyst with alkylating 1
agents havi ngebacam dbobexd ftmarsts, diachd selraicad Bevcid srslateTdsode vl pgalate:
sul fonates usyal |y contain. frgm t 9.t b 1 100&¢ter of
atons, pref ety ?m%tﬁbgwcﬁﬁpq%gﬁéﬁb%tewg’ c%:dg%aﬁé)’at? %%‘R Bg;l&gi{ kyl er(.)
substi tuted 3&9{@5 h&Gd Rinet, Yand k5T REmPiek- stk Ubineeds by fantihe snomdat kfsybacic
sul fonic acids may be neutralized wth oxjdes, hydr ox%gegglhal koxi dea,
carbonat es, caidbexlytvae molesif taterethylong ghselidnd esmolgs ot SERYINSKRRAE 3L
and ethers of the tal. e.a . .Of | - oy igadehgsgn Cc; to C
having regard to t erﬁleussleﬂ';eoaSTgﬁ}%wt Elég%lisﬁaflﬁglrggduct bu% typically .
ranges frgm ahgidcadRRyli® 2220 AR pobio(sprad erokiilyesiers| wabt asi 2Bopratd glycol,
of that stoichionmetrically 20required.. tal, . salts -phenol s
and sul f uri zddmsHeRIP®PaRG psﬁafé?féiﬁ%olwp?@a%%%ﬁ/&\ﬂ“ﬁﬁ“%?{’ttaé%?gg’%%?'i ate

met al conpound suchy;as, A.AXiAE QLnh¥r o deoigadyineWdipirylor iedlagedor
products may be obtarned by nethods well known in the art. Sulfurized,.
phenol s may helpirgpaydlicdny sibaatl sigoate pHerompuibe Aneher wieltdrclags Q| sypinetic

cont ai ni ng conpound such ag 25 hydrogen, sul f.i de, . n Ld [/

sul fur di hal ilyBricangs: ¢ Bﬁ%dﬂ&lf@e R, élfl‘éacéjtﬁmtg%%"%r&r? tuéfﬁe}g&t%’f Retfh(2

conpounds,j n élt’ﬁ@gﬁ%ﬂjﬂgﬂ&atem&?a-ph&eﬂiy@zeatmmy@}gﬂmaﬂ@y tetra-(p-tert-butyl-phenyl)
g bridges.

sul fur-cont ai ni Lubri cat i_n[% oi | conpositi (i)n of the d
present i nventilicme, mayhdkar(émeathdehethyhenrigloxgar.e ahy@gthylsiloxanes  an

di spersants, ich effectively red 1OR Ofi 8 i £
30T gasor | renue GroGep biTeeneS Ve P pEERE T L e o
Ashl ess di spefisaphsotSdithining 4dMes CORP@iredydnosthatderipetyl phesphate, diethyl

invention conprises an oil sol uble p%}imeri_c I o}r;)gq chai n backbone

havi ng f unct i overlofgeeipkosehprip Padbindpadyasit EHEVH PR P8 ti cl es to be

di spersed,. Typi cal u I ldoSHriadiane lIcohR@lp T1adH dfoup
or ester 2§DF2009LOE§é ﬁﬁ@ugﬁ%@ﬁgwﬁgﬁl@ Catﬁlt%échgd Iiogét he pcﬁ ymer
backbone, of t gn pas@s@chik tgiengl greadpof Teeafashicesendai kysestogks Regjerplly, the
for exanple, selected fromoil-soluble salts, e rs, .am no-

ami des, | i desil ahinbsieadns ViEesIBes § @“Pbﬁé?if rﬂ%f@?ﬁ%%%ﬁ% (pa e Spereot
mono-and pol 6P brgf%%ec faactﬁiﬁ.l F pahydil &8s chberanbie 4 Wreganbad Gase 1L
derivatives o Fong chal n drocarbons; long chain aliphatic

hydr ocar bons hesferablypeysen ameoumbbBtheas! eftltbidadiae oiscedity i atGroppdb Grgpgy 1L

Manni ch condensati gn pr.oduc formed by condensin I i
SUbSt | ut &1 s NweF FPoT Wy e AR RONS ST e e Jark, S0k, Br ppee stock
most  comon di,gRATSaRtably hddS&ahBatk REnteR d-ak RAWGES et praférdely at least 75, such

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



Preferred groups of dispersant include polyanm ne-derivatized poly
a-olefin, dispersants, particularly ethyl ene/ butene al pha-olefin and
pol yi sobut yl ene-based di spersants. Particularly preferred are ashl ess
di spersant s Bex0PL8es FF om pol yi sobut yl ene9substituted with succinic
anhydri de groups and reacted with 30pol yet hyl ene am nes, e.g.

pol yet hyl eneccd"ltmndﬁgxeateetthaeﬁlﬁ%l elivefepabhy, ahe 0é;oraril blend has a sulfur content of

Pr et Iyl of aleeviaed ey FSad e Bibumte- S0y frst AR 2% by meia
and conbi nati ons Pt&?érﬁq tf»?él%t%tltfl fétﬂk@r b dr&f elengdadnepais@By the Noack

conmbination is a PF2009L005 FF onbi nati on of (A)
pol yi sobut yI ewietllstub@t (A&TMdDWQQ) lgé@éThﬁﬂcoréﬁlmldﬁ BAeprgieshbs lesghthan or equal

react ed th dr 0 en

pol yoxyavgkyl @ﬁr@ %?rﬁ fﬁrgglycl gspt afb8f %x@ff? cz)py}fnégenr %&gﬂk&;ﬂfe&s g f)%qual 0
pol yal kyl enejgli gym P%fer@blg thePekyRithih@ne (di)asti the @ndr bitleet tsyhtenest 85,
pent am ne usi ng about O to about 2 noles of 5 (%) éC) and/ or (D)
per nole of prjeratiret Isast 19 apestmefeablpers aheutdy ¥ on conprises a
Combl L o O ot ADsRRlShS PR B SURE bRk Garindpifie ol Bl e same as
pol yal kyl ene pol yamn ene pentam ne, 8 3

pol yhydri c atteehdbumar 1rtheyh¥rdél@c)9yl Eethﬂt:urhu]tnetdtua:l {APBt pudalmattmrar‘ Engme 0il

am ne, e. pentaerythritol aor t |smath ol am ponet h
descri beb(?l nLUeBﬁn@aatnénf:et‘@HiC%O%s’éy %‘éﬂﬁf)‘t VIESS igﬂp@ﬁmﬁ%thllze"élgeemh

di spersants ﬁ‘aﬂ}%!h' BESRE %%3 Pgﬂ%ﬁdtﬁquﬁgééﬁﬁ& N9Pg. Ogéﬁgtp%bhgéﬁﬂaﬁ le@debdrizes

t hese product’s are prepared By condensi ng about nole of
al kyl - subst i baeastbchwaofollowspol yhydr oxy benzene vvlth lto 2 5 nol es of

car bonyl corrpound s) ( f.or mal dehyde, an a yd

0.5 to 2 noles of )pol yg‘l‘%iﬂ ért?s‘f)(ﬁ ﬁtcr?éltal%g % {ah ?ﬁerc% a%%[% and/or
in US Patent No. 3, 442,808anlboSp&hedvBiifincihdinse a@@é&@ﬁﬂﬁ@ﬂé;@@rsater than
products may include a poI ynmer product of a metall ocene catalyzed.

pol yneri k&ation as a subseqiaiént8Oomd: kes henZefeusireoths, egrmphgdphapecified in
reacted with a corrpouni ﬁlﬁﬁt ai ni ng such a polymer substituted on a
succi nic anhydride in her simlar to that described in U S.

Patent No. 3,442, 808. BfeiPlTEDasy sfodkeicbambl otk ahad arr etpil vatdlz percent

ol efin polymers syntheS|zed usin 20neta||ocene catalyst S ens e
described in the publi éﬁtlﬁaéﬁﬁsafldd%ﬁt ithqregr sapalato 0-05 pergrat &Ksz"e?%%%?ve a

can be further post tr i QRAkssRRSE 120 th
treatments such as borgfsfggsﬁtybﬁ{d& %%éﬂfgf% taﬁgﬂt@% U. .SSPa t ent llil%gg ©
3,087, 9380 and 3, 254, 02%st Bethatls meoﬁfadhh@ablleslper sant is readl |y

accorrpl i shed by treat| n C ni t rogen- cont ai ni di s
a boron conpound $§lch &g'o‘ﬁbrﬁ gﬁﬁl%ﬁ%‘: kspepptn Zeaig HHe Yo ‘E)Urt1 38|9c§)sper°em

and esters of boron aC's&tﬁratés”arﬁﬂié@Hﬁ 0§léﬁﬁéICﬂOGOUst&r&3Jn@\éhﬂﬁr bh®@Mave a
0.1 to 20 atom c proportions of boron for each nole acyl at ed

ni trogen conposition. Usselbsuty tidsp greaert hae omtegual for é)m Osiog the testgnethods
e.g., from0.05to 0.7, %.‘be%o The boron, which appears in the
product as dehydrated BB‘? da‘& [)e 'ymers (primarily (HB02)3), is

bel i evedyto attachyto theusivBedcSadtks b sifpalgd dink Pdes. as am ne
salts, 30 e.g., the nmet aborate salt of the diim de. Boration can be
carried out by add ng Growp 0/ Hase stpckse ingluder alhpthiertkpsg stapks qrotyipghadadgin
on the mass of acyl ) of a boron conpound,

preferably boric acid, t({fgg%ﬁ]ll;quguﬁgl urry, to the acyl nitrogen
conpound and heati ng W|th stirring at from135 to 190, e.g., 140 to
170, C, for from PF2009L005 FF-14 - | to 5 hours, followed by
nitrogen stripping. Alternatively, the boron treatnment can be
conducted by adding boric acid to a hot reaction m xture of the

di carboxylic acid material and am ne, while renoving water. Q her

post -reaction processes comonly known in the art can al so be



For adequate piston deposit control, a nitrogen-containing dispersant
can be added in an anount providing the lubricating oil conposition
wth fromO0.03 to 0.15, preferably fromO0.07 to 0.12, nass % of
nitrogen. 25AENPUNES BY spersants are basirt0tn nature and therefore

have a TBN whi ch, depending on the nature of the polar group and

whet her or not the di spersdableils AnalviicaldMethods fgibase biock a cappi ng
agent, may be from5 to 200 WTK?-@.—WGVMS of basic

di spersant nitrogen are known|to"R BYa del'&telf’ ef fect on the

fl uoroel astomeric material s cpnveplignal Tiyagsedptoof or m engi ne seal s
and, therefore, it 30 is preferable to ude the m ni mym anmount of

di spersant necessary to provi (€ispostydndeigpdSTM BEATP ¢ and to use
substantially no dispersant, er—preferabtypo-gdi-spersant, having a
TBN of greater than 5 ng KOH g. P$ r abl y’i‘gr]lx{gb.?rﬁg%rt of di spersant
enpl oyed will contribute no nprée than 4, |pseferghbysno nore than 3 ny
KOH g of PF2009L005 FF-15 - TBN.to the llubricating il conposition.

It is further preferable that|dispersant |pABVMIE493d |greater than 30,
preferably no greater than 25—ere—prefgrahlbytess~than 20% of the
total TBN of the lubricating il conposi ti%ﬁi%@éﬁ??cnal addi tives

may be incorporated in the compositions of the invention 5 to enable
themto neet particular requirenents. Exanples of additives which may
be included in thaldtalbontating groish-foonipgsddatérgerss nrctivat bothrassdetergents to
inhibitors, viscosity index inprovers, corrosion inhibitors -
oxi dat | on_ | nfRDEE Bt SR RER AR if Pl e Rt bl LA Sthercby reducing
ant i - f oam ngRgeMSeorRRidn- A kR dhoaedi O WetdOdtd oERPABSERMBe a polar
Sonme are discussed in further detail gel ow. 10Di hydr ocar byl

di t hi ophosphheasl wishal losghydrophebi¢ tadly et thy p@@édﬂe@% CRPTiviRG A ragigl salt of an

metal, o al e Ruperac it oty B Rk S Rnur Wiihiomerric

enum - manganese, nic
or zinc, zinembehngf peahabr Bdwhithecagd feysat tBudlyedesosibed amomta) ousedtral

in lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2, wt.
% based upo ﬁaglfshén@ stoald treicghy haye g fgal %Fir’é‘g’cbiehar %gﬁ@g Cé%h’ﬁd%‘?atsilr&ﬁ by
They nma e R i I i L j

y mayb %y%@gg%&gg?o%?@ﬂ Fange M‘I&r?e 5&9% c%f‘%%%&%é o fd 1%§5rporated

formng a di i ophosphorfFc ac DDP usual'ly by
reaction of opeemtingrxessalnatlodongrovad ghenah oxidehorPR@Boxade whlean acidic gas

trali zi the f : i1 h ' . F | e, .
0  hi ophosphdr-Pe I HE6e e "By HEa et PG STTeBe G phionery valerd

secondary al %@ﬂ%ﬁ%@\%’t as“{hk%'f@thig)é? oY o At iRL € i iRk shbATl 51RA Aeitdsed
can be prepared ere the hydrocarbyl groups on one are enti reg{\ét £
peirom

secondary i ndeteegeatstreny bhang ¢ RBNngfdrS@curdssaterg padippiceHy vl hevharl

entirely pri y i har act er o rmake the.zin al t i o
neutral 27 nc r5?@)&1903 4 9L SUYS: b @%eegr%ﬁ?cet ﬁg%lbexi%&érg ,Carﬁs‘{/ﬁ?e\gxg%éé' eélgé amme
carbonat es agmpBeid SENAE Ghrksene TN RYies tHOoBRBUAL! af A@fbabdd/ @Stergent can be
frequently contain an excess of zinc due to the use of an _excess of

the basic 25z¢dveedonpistaigentnhavies rrdueschlevelacl eHerbasing (o, detergentsgxing a
f d zi i di t hj h i |- | :
preferred zi ﬁg;ﬁ'%%’ﬁg&%%r %!% or n'en?t?e{loﬁ&e%ﬁrr%m ;S}a{ng é:.%'r é%lﬁfeHgEQ, ?%sﬁg%/rfgtshne a

of di hydroca rophdsphori c acids a ent e
fol | owi ng f orBittgonfiRy ASdIRionPRHROEABSI kbntdfit of whkehwiritafhgmd B mp@sytion
be the sane or different hydrocarbyl radi cali% contajning fromlto 18,

pref er abP§ 2 vidiovpa reciplsnindboifid ARdraliFSRATHEMAHEIBHFL such as

al kyl, al kenyl, arﬂéteroa{tylta&k% y_PkKady! ilﬁ’:ﬂglec)ﬂﬁ-lsgﬁl*bleo%ﬁﬂrﬁ Ll fRkSised
Particularly preferred as aan\’ groups are al kyl groups of 2 to 8
car bon at ons.sulftnses, t peragdi c allfurivey, phematesxamgbehosphdimtest hydlicylates, and

n-propyl, i-propyl, n-buty|, i-butyl, sec-butyl, a , _nh=hexyl :
L hexyl e o RhcaE AN el pol e oty e RTAhes T i alali or
butyl phenyl, o%6hoBEXY hnetal®ERY | SYRHORBRENIm, RILRE A ol UAR Mbendsthim. The

25  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



Oxi dation inhibitors or antioxidants reduce the tendency of m neral
oils to deteriorate in service. Oxidative deterioration can be

evi denced by sludge in the |ubricant, varnish-like deposits on the
metal surfac8B200HAB BY vi scosity growt h-1Buch 20 oxidation inhibitors

i nclude hindered phenols, alkaline earth nmetal salts of .

al kyl phenol t kvdhemst dtestitydaringpnyesicel mblel detsreents @re neyia) and oyerbased; Gaicium
cal ci um nonyl phenol. .sul fi i I p‘;ﬁga fuLs :
phenat es, ph8‘§g%8seﬁlhﬁﬁlrn fgz@ng oogl fl'gcfﬂ%? hﬁ?z@g y ’r%@‘gpﬁ‘gﬁé?H%ﬁgé%é%(raocﬁécmm
esters, metabhdhteacathanaties] piinhtcs dhiihl B pPerone SoMo4sds @anbinations of
described in U S. Patent No. 4,867,890, and nolybdenu 25 contai ni ng
conpounds.  detergemsnivhethergverbaged g ieuiplgieotte mady 5échavi ng at | east
two aromegic grou c i Virb sAEnRMCRR kit Q1 Bblined
from6 {ngg 16 car bgﬁlfg%%%sﬁggﬁg pg%%#edsﬁ&rrgf co%lt gcn rmrle gﬁgﬁptv\g& e
aromati ¢ gr obpshe Sdfopaticvdst dayl supstitutedtamdbmetic hydrbembinstduckees drosermbiamed
groups in which two_aromatic groups are |inke .a coval ent .30 bond
or by an at oficBy thgr Bagsiopaticp ?‘gﬁ?fr(gi%é’ﬁ Wrt@&%ﬁgtl% Topatig hy, _C,ar%ons‘
-SQ2- or al kflx%lﬁﬁle_gr HHRIeBNGnsHO Affnddl NBCTAINyREAACEGHAS @8]l Rlene,
nitrogen al so cohsidered aromatic am nes having at |east two aromatic
groups att acheghtdilerect Hipheoylt e nhdir odogen RIEZOOGTBOSUEF- 457 chlgiebenzene,

aromatic.rin are typical ly substituted ne _or nore_substi,tuents
el oot ed!f r oRtGRGENE R iR PRty - TaY bty Tona i oS EoR sk PE S the
hydroxy, andppistd@ & PeRkyst with alihddgPh@nantidvixd dant socut 8 womuENMn 70
enpl oyed in conbination. I'n one preferred enbodi nent, |ubricating oil

conposi ti ons cafor ko e Jaatalkarvles fopries Bsally rronigin dipnpakoutd 1o abgi e or
% of am nic anti oxi.dan nd_f i 9 '

anti oxi dant. "TA° é:?lrg)jt‘) ﬁea&m%&r"e?rgﬁe%e’gé?gm%})gn%%ﬁ é%(?“{tcéab??dr%gé)%%}oms per alkyl
conposi ti ons sefstithied poesaaindigtyention contain fromO0.1 to 1.2 nmass %
of am nic_antioxidant, fromO.1 to 3 mass % of phenaglic a]gti oxi:?giané .
and a mollybdenum dbfplsrduble saboraesudt 2lsFal FHfomC BRES M be AP HGZ with
conposi tion from 1Q,50,1000 ARRQL "BinRdenuth LLORGR! eSPAIA! | MRrosulfides,
exanpl es of suitable viscosity nodifiers are polyisobutylene,

copol ynmer s ofiitetidsy bereesamd giiayppf dreemnetabl e thmony binet] compoacy il cibeen

vyl compoulaNnE R D arsieh TRt e S Ry Py wag, fom abou
partial l'y hydpeogngiedLoPR! HRBESLR! aSlusEeNed dl%@lp%?ﬂﬂ' that stoichiometrically

styrene/ but adi ene, and isoprene/ butadiene, as well as the partially
15hydr ogéfat eehiumsdopol ynmers of but adi ene and i soprene. Friction

nodi fiers and fuel ,econ agent s that. are, Go tible w t he..
ingredients of t héw? iiln%ﬁrsnéfP ‘?P&@f aéllds%&fﬁlélz‘? enggcfr ¢ g&(egar;s{i tegg r%afcugéc fh an
mat eri al s i ngbp@eriste fe@hlydonpriae shed s af oide behﬁdn@kid}é a@@ indstralf @roverbased
exanpl e, glycer nono- ol eate; esters of |ong chain polycarboxylic

aci ds with dibsedictsirary bsabipined by meethagsaral knayyn E’stﬁlélaﬂo@){%@ﬂ?@ phenols may
di meri zed unsat ur at 1.l i -

2l Koxyl at ed SR TALEE Rebif iens AR APy L MY 8 Bl bompound syeh os
ami nes, ber eaxampke suidbpxytiatachdhalillow anifredihaliticetd doxyl atoeldctsabhiokvare
et her am ne. O her known friction nodifiers c ise. .

oi | - sol ubl e GEBEABY %’Ftyti‘é@ﬁﬁ?ﬁﬂ%‘%’é%W%’!Chéﬂfér?fé?cﬁaﬁg% B qEfesf by sulfur-
friction nodidfj rovide antioxidant 25 and antiwear credits
to a lubri catcﬁhtg{%?%%%%?gbsi tion. Exanples of such oil soluble

or gano- nol ybdenumladbnipatingsil coropesittordiaf hop@sdyanmteagon may further contain one

di t hi ophosphat es, di.thi ophosphi nates, xanthates, thi oxanthates,

sul fides, and'the |a§f;483,s Cg rﬁf’?@t ﬁ’ﬁlb@ etf%gi”_é ¥:re%§f3tf?@lﬁn§?|c€%6?%?téﬁp8ﬁ use
are nol yhdenumdidifotardamtesined vitlehydadid b aphrapiabes, Aghlkeyd dispersants
xant hat es and al kyl t hi oxant hates. 30Addi tional Iy, the mol ybdenum

conpound may usefuhm the cdinposiidnshfdhuipnesanrpogntdon Threpises enpd iabidlapalymeric
long chain backbone having functional groups capable of associating with particles to

be dispersed. Typically, such dispersants comprise amine, alcohol, amide or ester



Mo( ROCS2) 4 and Mo(RSCS2) 4 wherein Ris an organo group selected from
t he group consisting of alkyl, aryl, aral kyl and al koxyal kyl ,
generally of from1 to 30 carbon atons, and preferably 2 to 12 carbon
atoms and noSF2WMHeFRbly al kyl of 2 to-12-carbon atoms. Especially

preferred are the 10dial | gl dithi ocar bamates of nol ybdenum .
Anot her gr oupoler msrgfies itaehegni@ethe mobdrgs dnslizongs efled vigna tridging group. The

conpounds. e SpRRRRY bE e PRl Sl bEYERER selly EL Hhio-
t her eof wher eitﬂr_sl hlfﬁides,aimﬁdéﬁﬁiﬁpexuﬂ:eﬁﬁésyofsbhg&heid Hyidgaradsonhaititgted mono-
Or ety Soato ol Ees eap e S AP S on
bhectron Honoiyi BEtatbont loh SRAACHRALL MIRELERS WAL JREHMIRL moietes
phosphi nes, atiathed deecly thadte andMpasichreomidhsstemnspradietts foeiad by condensing a

non-stoi chiopetric, val.ues. At |east t | .carhon, at,0 shoul d be
present amondP™ thajmh st pl%ﬂnﬁgﬂ’bthgrg"gﬁ%é&ygﬁ@ﬁgé’?lyﬁﬁkﬁs _30?5%1_}“181 The
| east 30, or p@st GRS IRpERLAAA 18 ABe will-hoNrSRREBAN e dispeBaRS Whieh is a
i ndex inprover functions as both a viscosity index inprover and as a

di spersant. Esakepbasonofpraiuspesfs anthydragagybsihsiititert esoctinsy cpbydride and a

includ ' duct. f ' for. |.& .pal ' . W
nydr ocar 01 S BG RS o BRTArSREr IR Bl bOSHOAIRE bt ane

hydr ocar byl &gi@ﬁl}éstty@%f)ﬁmﬂﬁ@ﬁm chain of sufficient length to
inpart viscosity index Inproving properties 25 to the conpounds.

33

) Is..In
general , the viscdsifespbiyndls aplHpwsodispersans garas Aigh raglepdar Msiehey disprigant

a polynmer of,a.C4 to 4 _unsat urat vinyl .al c

o C10 tnsat AP TiBTe: e P Re M REISE (T Lo e GRBlartp oy st
acid with anayns@cdhalE@d Midt T0UEN- ThH badclde ngolsRNGTBE chaminges Wilt dep2ld on
carbon atoms; a polynmer of a C2 to C20 olefin with an unsaturated C3
to CLO mbho- thsy e -HardoRs) Peedae; @moths clisnerent dbe wimkenal dmcHanal groups
hydr oxyl am ; t Wi

C20 olefin ft[%rﬁntsg%tf %?ggéégg[gﬁéaiotf eorlgfbf/194 é:%’la tli%éug %ﬁdl?%%czg&) Ene%at Iretz’itq 85:13
ni t r ogen- contpalyidobgtytmeodeeivatiteel éspersantby liglamhdleglanwagbatispatsed is one
acid onto th PF2009L005 FF-19 - | ymer bagkbone and then reacti

car boxyl i ¢ doreneg i P Ynfq%@ag‘fbgfl? Bavigg R R R G of fom
am ne or al cqBgh 1o 5600. P?E%%ﬁobﬁﬁmgﬁﬁlﬁswfaﬁle IPREMALSRNE BN @Spersants
| ube oil flow Inprovers ( ), Tower the m ninum tenperature at )
whi ch t h20f | gbutaini pdlyisétonylene papmbes hawingednunshes hv&ageiniotdculas warght vasiging

known. Typical of . tho ddit v t.hat .1 ove the |l.ow te tu
£1 ui di tyygf Thom 1abgtiy O goc%’dPoeflsﬁ%?o&’F‘B’f% YfIBﬁlSFaP%‘P%%“H% arary- and
copol yners, apdvApky REthhREyhiaéSfviftoamoke ki kighadf RemPIovs dsel BylyaRrs

anti foamant of the pol ysiloxane type, for exanple, silicone oil or |
pol ydi met hyl ofi lowkaraclesdnte vefight hmanbdve-hee vssdone doprdhichy Blesalar weight

provide a nultiplicity .of effects; far e - Sl e 1
Daa ¢ ve. rmy Clngproas Y Bt Fuutak it st TE L e ki Pebi® whish can

is well kpowbeadshnisiBdedodindmethodt ter agllaboriatiedarner ei n. In the
present invention it may also be preferable to include an_additive
whi ch mai nt ai ns t FReeferabigroupy offdispeasan) drcdeder polpamingelepvatived Py $-olefin,

al t hough pol ar__group- cont ai nj.ng._,addi t.i ie a i : )
i scosity i naierspre: PRI SpREd R DA B B p s e
conposi ti ons digpefseAse | MParictasi t yrethenl sher edhfcer [ispbeaged dpgdréddsom

Addi tives which are effective in controlling this viscosity increase .
i ncl ude t he IPehgsobuilenenyarsEdrhowElT st naydade pgropRactdofeasfedn With

mono- or ,fi car ' [ r, a A Mo L Nt hehine:

pr epar at F’gn %P%ﬁéhéangf g@g%ﬁ’di%éf’p’eﬁsgég{ﬁ ag ﬁ%lrngllgbﬁg% 3%% Pésgqeose nes ora

20When | ubri gatjorgalegleposi t i poamdmrd ai n ene, or nuulgo:0fprdpydene diamine,
trimethylolaminomethane; a hydroxy compound, e.g., pentaerythritol; and

combinations thereof, One particularly preferred dispersant combination is a



PF2009L005 FF-20 - Table Il ADDI Tl VE MASS % ( Broad) MASS %

(Preferred)

Metal Detergents 0.1 - 15 0.2 -9 Corrosion Inhibitor 0 -

50- 1.5 Metal D hydrocarbyl Dithiophosphate 0.1 - 6 0.1 -4

Ant i oxi dant
Ant i f oam ng

10

15

20

PF2008.008 L - 3 Pour Point Depressant 0.01 - 5 0.01 - 1.5
Agent 0 -5
combination of (A) polyisobutylene substituted with succinic anhydride groups and

reacted with (B) a hydroxy compound, e.g., pentaerythritol; (C) a polyoxyalkylene
polyamine, e.g., polyoxypropylene diamine, or (D} a polyalkylene diamine, e.g.,
polyethylene diamine and tetraethylene pentamine using about 0.3 to about 2 moles of
(B), (C) and/or (D) per mole of (A). Another preferred dispersant combination
comprises a combination of (A) polyisobutenyl succinic anhydride with (B) a
polyalkylene polyamine, e.g., tetracthylene pentamine, and (C) a polyhydric alcohol
or polyhydroxy-substituted aliphatic primary amine, e.g., pentaerythritol or
trismethylolaminomethane, as described in U.S. Patent No. 3,632,511.

Another class of ashless dispersants comprises Mannich base condensation
products. Generally, these products are prepared by condensing about mole of an
alkyl-substituted mono- or polyhydroxy benzene with 1 to 2.5 moles of carbonyl
compound(s) (e.g., formaldehyde and paraformaldehyde) and 0.5 to 2 moles of
polyalkylene polyamine, as disclosed, for example, in U.S. Patent No. 3,442,808.
Such Mannich base condensation products may include a polymer product of a
metallocene catalyzed polymerization as a substituent on the benzene group, or may
be reacted with a compound containing such a polymer substituted on a suceimic
anhydride in a manner similar to that described in U.S. Patent No. 3,442,808.
Examples of functionalized and/or derivatized olefin polymers synthesized using
metallocene catalyst systems are described in the publications identified supra.

The dispersant can be further post treated by a variety of conventional post
treatments such as boration, as generally taught in U.S. Patent Nos. 3,087,936 and
3,254,025, Boration of the dispersant is readily accomplished by treating an acyl
nitrogen-containing dispersant with a boron compound such as boron oxide, boron
halide boron acids, and esters of boron acids, in an amount sufficient to provide from
0.1 to 20 atomic proportions of boron for each mole of acylated nitrogen composition.
Useful dispersants contain from 0.05 to 2.0, e.g., from 0.05 to 0.7, mass % boron.
The boron, which appears in the product as dehydrated boric acid polymers (primarily
(HBO,)s), is believed to attach to the dispersant imides and diimides as amine salts,
e.g., the metaborate salt of the diimide. Boration can be carried out by adding from
0.5 to 4, e.g., from 1 to 3, mass % (based on the mass of acyl nitrogen compound) of a
boron compound, preferably boric acid, usually as a slurry, to the acyl nitrogen

compound and heating with stirring at from 135 to 190, e.g., 140 to 170, °C, for from



0.001 -0.15 Suppl emental Antiwear Agents 0 - 1.0 0 -0.5 Friction
Modifier 0 -5 0 - 1.5 Viscosity Mdifier 0.01 - 10 0.25 - 3 Basestock
Bal ance Bal ance Ful l y-fornul ated | ubricating oil conpositions
of the presermz0oonves®E on preferably havel4da TBN of at | east 6, such as
6 to 20, preferably at least 8.5, such as 5 from8.5 to 13, nore

preferably fream o3, I3lowgd W@Uélﬁﬁﬂibﬂ)iﬁé?%}ﬁl‘naﬁvely, the boron treatment can
FuInyorrruIatedIubrlcatlng oi] co ons. of the

i nvention prif @-‘rnéb?t?d R rddmeharicac hOt(rgﬁféﬁ)“ IBB‘ﬁ‘frgr%trf%% @f’?&ﬂbﬁfﬁ’f 3C1d

of 1.1 or le ref.e Y, & ) h s cofmsonl
mass % Pr ef%rgtggﬁl fil in?ip!: ‘?%1%‘%{1 ¥ I‘InosT%ﬁtlzeirl ?g%e?r?ggtgrfefw%gr%%sft |Scfjﬁs of g

t he Frfasent lilg)wme?éamnardzdso b@app:hetieast 5, such as at |east 10, such
as at | east pre r abl as such a f
conposi tidonal TBNIRG SISPHEHI 8% %%Nt@ﬁ%eerqus F%FS%‘ b&’ Ctt]I 5\,;}4)1 %ne sped
t he phenyl e”f‘cqpﬁlﬁb REeFONPOURASondB! BitREef-86@Rinihg disilekyantsdianeibednedapped”
| ubricating ol npositi ons of t he present i nvention derive at i easﬁ

5, pref er abl to radudeahs sdveese effectsuab dispersans havemn the feofpelplomep pyeins seals

.least 20, % of the 15 conpositio

phenyl enedi a r%mﬂ£°e%%an$g§§h°§ﬁan ]%g},va%rte)?er agl |€egsag]Blta 2gents”
20, more prefigtafaycdifes thfladisharsatba@iing Booupe rposi- baso):rmbleﬁ&\(efg opamido or
ashl ess TBN sources ot her than the _Fhenyl enedi am ne conpoun

i ncl udi nip bagmdo@rcg_p)@} grameast smtﬂbley herisastionad & ke geRsson, 18P ispersant and

conposi tions of [.e
sul fur cont eﬁlﬁz lo?ce Oeageétafée(ar% Oeri%ﬁ %%r%tggcefé#éeg]@gA%fg Cﬁégﬁsb%'? ﬁ?ﬁ)éx% @m%lrg -
preferably | egent han. atB391070; 0333%0M2h and 4,EE56ThanTlk iéactms@ %mtrooen—

Preferably, the Noack volatility (ASTM.D538380 f.the f
| ubricating @@ﬂta@bﬁp@iéﬁeﬁaéha’(‘%f?mé? ac F‘E(ﬁ?@ﬁf%g foE eﬁmluj % ﬁbpoéa Y Hy 36,

viscosity plyggall,adgyLi r\égcscm%ngr(ﬁqgﬂ b e plid 8 RbNtalnd igesabetnd ther
13, such as Ab greater than preferably no greater T han

Ful | y-f ot $mul altu@fbid tdppirgaidenty a}ﬂldemrbp(bsnt[j BnBatert Now 418kt (Oglycohc acid);
et Lon P SGEI0LY; DAY 16 et 1Ham 1000 AUt BBl
carbonates, e.g., ethylene carbonate); 3,328,622 (mono-epoxide); 5,026,445;
5,085,788; 5,259,906 5,407,591 (poly (e.g., bis)-epoxides) and 4,686,054 (maleic
anhydride or succinic anhydride). The foregoing list is not exhaustive and other
20  methods of capping nitrogen-containing dispersants are known to those skilled in the
art.
For adequate piston deposit control, a nitrogen-containing dispersant can be
added in an amount providing the lubricating oil composition with from 0.03 to 0.15,

preferably from 0.07 to 0.12, mass % of nitrogen.

25 Ashless dispersants are basic in nature and therefore have a TBN which,
depending on the nature of the polar group and whether or not the dispersant is
borated or treated with a capping agent, may be from 5 to 200 mg KOH/g. However,
high levels of basic dispersant nitrogen are known to have a deleterious effect on the
fluoroelastomeric materials conventionally used to form engine seals and, therefore, it

30 is preferable to use the minimum amount of dispersant necessary Lo provide piston
deposit control, and to use substantially no dispersant, or preferably no dispersant,
having a TBN of greater than 5 mg KOH/g. Preferably, the amount of dispersant

employed will contribute no more than 4, preferably no more than 3 mg KOH/g of



5t may be desirable, although not essential to prepare one or nore
additive concentrates conprising additives (concentrates sonetines
being referred to as additive packages) whereby several additives can
be added si neFweMeoiSly to the oil to fetmthe |ubricating oil

conposi tion. A concentrate for the preparation of a |ubricating oil
conposi ti on OBN ke tipr ézuiﬂnaumgmelntwmposmm flbris dieings| Eref\?é@iﬂ@ dhat dispsypant

1, 10 such as 1 to 30 mas f o nor e, of phen

conpounds; 1BFOFEea O EEETo ?ﬂ‘ @H{Fééfa(?gyeﬂo eﬁeﬁifeéilﬂﬁe}nﬂ% rEper 54 %2%? lﬂgEMan
20 mass % of ,en RRdYof] BN OPthé Aibkicattndél Spd:suajmti oxi dant, a

nol ybdenum conpound, or a m xture ther eof to 40 mass %of a

det ergent: and fréﬁﬂlzion@l @ditivas maysbsfineprpenterl intheyeoaositions of the invention
di t hi opho phat iLtion m h b
pr ef er abl ?P@? th %? Elbqeﬁj/gg%@@r Fa s, é@%g@%&{g{% ?ﬂ%&é%\%g %ﬁltl? alingy ©
the remai ndei’nchﬁl’eﬂ@n Qe luﬁﬁca{tiﬂlbrdlp@dm}ﬁt@ltwns eesinkial a inkisicas; tiscosity index
nodi fi er. wei ght (and mass) percents expres ed, here h
(unl ess ot hemp@éerﬁncﬁoﬁaﬁ@ﬁ) indyilitQyms OFIdgHOR C VRO S g T é‘aﬁoé‘ntlm(d,g@?rs) other
content of the additiv d H@%ﬁd QXL hiat ¥&r&kaRY Some
associ at ed d?1 SHERS: I%\?AJS%QH{GGJ 1Z‘[(r;géerﬁnft g((gar conventi ohal I y@%rors?red 20
in diluent opfe diyhbsed lhﬁlrﬂﬁfdét&ﬂrblﬂbd/ fromthe product, and the TBN of
a detergent is conventlonally pr ed for the active deter ent

the assot?ated di Pilerirocsrpyl dithiop ? &te MEplgit's P RELSY u?:?g é"ﬂ?gear and
when referring, c%;é?da%‘?%gérﬁse ”‘;E e ffl G4 '&Sa% AENES I BRire IR R 4l) of At@inum,

wei ght (or nass erc active ngredl ent and associ ated dil uent
oi | . 25Thi s isadetih, molybddriunhendngrdsernicredieropperodt 2c, rZeIfCebeélF&:EfefWBﬁheT e
foll owng exanpl ai‘réte\égenr‘l%ggcﬁﬁal@l ?Jrglssedairnell_%%{:%tﬁgbé}l Bm{tgrofn@§sgo’ 10

unl ess ot her &'§es invention is

i11ustrated E&f&% Yl Dong, Wavd 1931 tagkdt qpérhehé @d;thp\Mem@tm eranpiresting oil
PF2009L005 F TBN PERFORVANCE basi cj t

| ubri catilfig cbmpositiposiThepmayabe bpaet dn rapméatw vich ﬁn@w g%ﬁhmﬁﬁles Phirst
TEN, and can Toertne ACu Qi BETR Gy LPnERO RS RS (BBPY Rhaltf BE LHEBRF o or

convent i onal lyod a52herses phéncwatipis adhhes ﬁelhﬂﬁlen‘@(]ﬂle Fersnedr BDRSTith a
D4739 (potentionetric hydrochl orlc acid titration) nd STM ?% "
(pot ent i onet rzing mmﬂndru Borae¥agnle.t # A4thiPROSPAST/ Y reacting

stronger acid.d P fes Qgr acéacgﬂgfﬂ’é Woﬁol@mﬁq{errﬁ?ﬂv&?nﬁmﬁﬁﬁé @ﬁﬂloﬂ-ﬁtﬁphorlc

conbi nati on OF=HRE StHD nor e ar solvent results in
nor e repegt abkgls ek he@rdpbﬁid whas ttﬂee]sydrd)tarhwl@@rps@nafnemc hntgtﬂymgo@@ay in
weak 10 bases. The TBN val ue as determ neg,JF %ASTM D2896 i.s ofte

used in freskhaiartes pad e WSro@RYT Sitps RaT 5ol HEGY PEMPAVOT @ rhé'r ek
engi ne test Stlﬂogﬁx&)gérk}ﬁ%g@gdsaﬁl by bhRsiiBaTiieal TBN d@ﬁb@@ﬁ@@ém@t@rﬁx@mm the

I n general, 9 nmethod results in a | ower neasured TBN
val ue becausexitusy hytirosiper atiasatbosaes s raps gqmr%weampme@ovﬁmmgal

The follow n | k t ed hen | enedi am n PD
PDA1: N N - dlg ggg)/ %gpwen&ylgo inze@femcﬁsh%é( 'Ai}gsth%leny ene gss of the basic
PDA2: N, Ns- d'zu(c%o?n;%uﬁ&tirme%aﬁféﬁza%mreadﬂmr(2 et hyl hexyl) - p20

phenyl enedi am ne ¢
N,NNN,N-tetra-n- Tl‘@ppgplferpadph@nthby@gpghylnéltl@l@glpﬁﬁah@tg%ﬁtye oil-soluble salts o

PDA4: N’ NN ’%ﬁ&rgéarrgyl dl%%%lyospl?or? %ngégeﬂl%dlrr?a@ B f%&%gaﬁéd %9'n)he following
formula:
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PDA5: N, N -di-sec-butyl-N, N -di-n-pentyl - p- phenyl enedi am ne
(conparison) PDA's 1-2 are of the invention; PDA's 3-5 are for

conpari son. Each PDA 25 was nade by using reductive al kylation of the
phenyl enedi aPi2te9Lid3 FF an al dehyde or ketbne and sodi um

triacet oxyborohydride in a nodification of the nmethod of Abdel Maji d,

A. F. et al.whédin)R aBRB’ rhEM t1884SeaR dfffaem) hyditrosey! siditdleepntzinngdrom
art will recognize that adjustnents |n stai.chionetr reactio i

and reaction! ‘éﬁ%é?%??’@i’g’ %ﬁaéaﬁb@ﬁﬁfoﬁ%sda“%dngffﬁling\%é{?%%sﬁﬁsafrag(gi’ alienyl
reaction wth varyihng stariing abaiiials radlbigs, 3Piathion perer@ng Bend R’
are illust ra%}iyv’e %1? ?hi S rr)ét hodf’m PFﬂZOOQLOOS FF- 23 -@[g,/nt hesi s

Exanpl es PDAgroups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,

N, N -di -see-putyl -N, N -di - (2- et hyl hexyl ) -.p- phenyil Lan pe:. .
NN i obe. Buegrl BapherlyruRath RE Tt R i ARG ey, oot
triacet oxyhygdeQpor gdRc{160.Rtdllecyd83 2rdtiahdxyl,n ghaiyl,or erplphane, ( 50olmxyl,
was treated 5with 2-ethyl hexanal (30.3 g, 236 mml) and stjrred g{?
r oom t enper amethyldyslopesiyhoupaenyh Brtekdwe i OFEET ri@apbirignolk SrpbEItE Hikgtotal

the reaction_m xtur s decanpte :
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ceased. The gk@ArS 6r phage Tas AepdihsdredarapdditEspiedphat cen wher¢fowatmnprise
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concent r at e v S SHEREA Dlnroiof B0 gl eSB! a2 o
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di chl or omet h@@% G300 L RRHYET Robbiifieith JrABEhREIt invedtidn bdritig zireuialkyl
bottoned fl as Pltted w th a condenser and magnetic stirring at_room

t enper at Uif e fthiophospbate drrived predernioghtiteaborer 60 (30. Bagrch BaVERibIpl. %)
was added por.tionw s ovgr ]1 hour. The m xture was |l eft standing for
a 20 total offoIBSIBRFRY 2RO ude product was stirred with 150 n

water for a few mowdgonf @hiverdobintagtlidntsoredate dgueadacyosti titneral oils to
carbonate solution (60g in 250 M water) in portions. Mst o

m i ) f the .

ef f er vescencdetsubriclétl sevicer OFid0ive detsrisraign s8ehs SHQ%‘H:?dﬁYeSIHB% iy he
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750 m) apd bkidagof SOBiRGraeinclude hadetetie phetidled alMatihe negthe shetah salts of

sul phate, filtered through celite 52 nd evaporated to ] eave.a dark.
bI’O\FI)m oi | . Tr&YhrhsaalEhio Sch@"é%tﬁ@éé?gﬂlﬂédgi etBu t agk%lEts’élﬁ\c C&HHS’ calCium
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t he product as ark ol {( %yield). PDA's 3, wer e

made by anal egausfurieéchbgidroc@botd BROGANTSs esters, Tietal dhivgarbamfitepasil soluble

constituents that are present in.the ojl n de Lhed aei )
titration. TW@PPeés?ﬂr?ﬁ%ﬁg?lé‘ﬁtqea‘Tribfgt 1;10“.%13%6@?%}1% gséﬁgg(ge%n%é?oﬁhbgenum
total basg RE2OAOOGmPEmA¢ - nunber, or TBN. The sanples were

tested at 1% and 2% treat rates in reference oil in both ASTM net hods

D2896 and D4739 i Mhypiaéroit-lnwBasupmatihamitksi birdnalat TEMN HMGUEIMasy rREps
han 2895 arti*tiidrerene Bty ERECvRorger Dabelbnrl® HyERE Qb me
is often usedy@fes may contain more than two aromatic groups. Compounds having a total of at
least three aromatic groups in which two aromatic groups are linked by a covalent

30  bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO,- or

alkylene group) and two are directly attached to one amine nitrogen also considered

aromatic amines having at least two aromatic groups attached directly to the nitrogen.



5a nore accurate neasure of the ability of an oil to neutralise acids
and the better performance associated with this attribute. The

al kyl at ed phenyl enedi am ne conpounds used were the five |isted above.
Exanpl e 1 10R0PMOPFER or nul at ed | ubri catlhyg oil conposition

contai ning di spersant, a detergent m xture, antioxidant, ZDDP

antiwear agefibs apotic pign aredepicels substiirrg i ensayimere spbitityeats selagiegdun

oil was prepared. The. l.ubticati oi_ |l _.conpositiQ whi ch_was
representati ?al%_ygfyioag%ﬁngi(_@f}élary _8’&‘41 I?%%llsaéc ubr P’clg%c,)xngns&ﬁl\g@&r%?sa
reference | ubri capultifie TanticAMRstsi gt eorhenBeefiplioyedck ebmbhatiahover one

phenyl enedi am ne conmpounds 1.00 mass % and 2. 00 nmass % of PDAl were |
respecti vel yprérred eabogipariatubricalins eld comppyionseplothe fuesent Bt contgin

e "o TPHY L% 20 PR 06 10 SOABLOR o e

provi de conpar of"al nass. e sa
det er mi ned i antisddundarsenvibeh pedetted EmBSiMcY 718Bricatitlg ASIT MRS orGi of the
units of 20 ng KOH/ g).. The results are shown in Table II1:
PE200OL 005 FRIEHGI InvRalpR Cpifin iFesh By eitce? BT eofanaginAngiosidagl pan b to 3

(g) 47.50 47,50; é{%f%@leﬁqgeﬂltigﬁﬁﬁm%ld a(rﬂélygde%gmzcocﬁgpojcm§gn BPA ount providing

the lubricating oil composition from 10 to 1000 ppm of molybdenum.

10 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 acrylic esters, and partially hydrogenated copolymers of styrene/
isoprene, styrene/butadiene, and isoprene/butadiene, as well as the partially

15  hydrogenated homopolymers of butadiene and isoprene.

Friction modifiers and fuel economy agents that are compatible with the other
ingredients of the final oil may also be included. Examples of such materials include
glyceryl 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

20  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

25  and antiwear credits to a lubricating oil composition. Examples of such oil soluble

organo-molybdenum  compounds include dithiocarbamates, dithiophosphates,

dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.

Particularly preferred are molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl
xanthates and alkylthioxanthates.

30 Additionally, the molybdenum compound may be an acidic molybdenum

compound. These compounds will react with a basic nitrogen compound as measured

by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.

Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium



0.50 1.00 Total Weight (g) 50 50 50 TBN by D4739 8.67 10.07 11.54 TBN
by D2896 9.60 12.64 14.69 ATBN val ue agai nst reference by D4739 -
1.40 2.87 ATBN val ue agai nst reference bfls D2896 3.04 5.09
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molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCly, MoO;Br2, M0,03Cls, molybdenum trioxide or
similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention
are organo-molybdenum compounds of the formulae:

Mo(ROCS;)s and Mo(RSCS,)s
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
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
of the formula Mo3;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 I 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
non-stoichiometric values. At least 21 total carbon atoms should be present among all
the ligand organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.

A dispersant - viscosity index improver functions as both a viscosity index
improver and as a dispersant. Examples of dispersant - viscosity index improvers
include reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono-or di-carboxylic acid in which the hydrocarbyl substituent
comprises a chain of sufficient length to impart viscosity index improving properties
to the compounds. In general, the viscosity index improver dispersant may be, for
example, a polymer of a C4 to Ca4 unsaturated ester of vinyl alcohol or a C; to Cio
unsaturated 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 Cy to Cyp olefin with an unsaturated C; to Cjp mono- or di-carboxylic acid
neutralized with an amine, hydroxyl amine or an alcohol; or a polymer of ethylene
with a C3 to Ca olefin further reacted either by grafting a C4 to Cag unsaturated

nitrogen-containing monomer thereon or by grafting an unsaturated acid onto the



The data of Table Il show that PDAl effectively increased the TBN of
the lubricating oil conposition as neasured by ASTM D2896 and D4739,
w t hout 5contributing to the SASH content. Exanples 2-5 The

procedur e of PER%HHIP was repeated usinf rach of PDA's 2-5 in place

of PDA 1. 10 Exanple 2 (PDA22 The results achieved with P lééqeare
shown i n Tabp@ymer backbpee and

hre freacting carbanpieadd saeHps of hRerdied seid with

(g) 47.50 47 59%?@,(%% @@jﬁﬂln%ﬁm%l (g) 2.50 2.00 1.50 PDA2 0.50

1.00 Tot al
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Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
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 Cg to Cjg 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.

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.

In the present invention it may also be preferable to include an additive which
maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has
been observed that some compositions increase in viscosity when stored for
prolonged periods. Additives which are effective in controlling this viscosity increase
include the long chain hydrocarbons functionalized by reaction with mono- or
dicarboxylic acids or anhydrides which are used in the preparation of the ashless
dispersants as hereinbefore disclosed.

When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount that enables
the additive to provide its desired function.

When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount that enables
the additive to provide its desired function. Representative effect amounts of such
additives, when used in crankcase lubricants, are listed below. All the values listed

are stated as mass percent active ingredient.



50 50 TBN by D4739 8.67 9.63 10.9 TBN by D2896 9.60 11.29 13.63 ATBN
val ue agai nst reference by D4739 - 0.96 2.23 ATBN val ue agai nst
reference by D2896 - 1.69 4.03 The data of Table |V show
that PDA2 ef PRRGPILEIXF i ncreased the TBN-¥f-the 15 lubricating oil
conposition as neasured by ASTM D2896 and ASTM D4739, wi thout
contributing to the SASH content. PF20abledb5s FE-26 - Exanple 3

( PDA3)

The+est-t-s—achi-evet—wt—PBA3~arre—strowr—n—Tabte—vV—Tali eV
ADDITIVE MASS % MASS %
(Broad) (Preferred)
Metal Detergents 0.1-15 0.2-9
Corrosion Inhibitor 0-5 0-15
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Antioxidant 0-5 0.01-3
Pour Point Depressant 0.01-5 0.01-15
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 6-1.5
Viscosity Modifier 0.01-10 0.25-3
Basestock Balance Balance
Fully-formulated lubricating oil compositions of the present invention
preferably have a TBN of at least 6, such as 6 to 20, preferably at least 8.5, such as
S from 8.5 to 13, more preferably from 9 to 13 mg, KOH/g (ASTM D4739).
Fully-formulated lubricating oil compositions of the present invention
preferably have a sulfated ash (SASH) content (ASTM D-874) of 1.1 or less,
preferably 1.0 or less, more preferably 0.8 or less, mass %.
Preferably, fully-formulated lubricating oil compositions of the present
10 invention derive at least 5, such as at least 10, such as at least 15, preferably at least
20, such as at least 25 % of the compositional TBN from ashless TBN sources
including at least one of the phenylenediamine compounds. More preferably, fully-
formulated lubricating oil compositions of the present invention derive at least 5,
preferably at least 10, such as at least 15, more preferably at least 20, % of the
15  compositional TBN from at least one of the phenylenediamine compounds, and less
than 25, preferably less than 20, more preferably less than 15, % of the compositional
TBN from ashless TBN sources other than the phenylenediamine compounds,
including basic dispersants.
Fully-formulated lubricating oil compositions of the present invention further
20  preferably have a sulfur content of less than 0.4, more preferably less than 0.35 more

preferably less than about 0.03, such as less than 0.15, mass %. Preferably, the Noack
volatility (ASTM D5880) of the fully-formulated lubricating oil composition (oil of



Ref erence Conparative Sanple 1 Conparative Sanple 2 Reference (gQ)
95.00 95.00 95.00 Added Base Ol (g) 5.00 4.00 3.00 PDA3 1.00 2.00
Wi ght (g) 100 100 100 TBN by D4739 8.4 9.5

Tot al
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lubricating viscosity plus all additives and additive diluent) is no greater than 13, such
as no greater than 12, preferably no greater than 10. Fully-formulated lubricating oil
compositions of the present invention preferably have no greater than 1200, such as
no greater than 1000, or no greater than 800, ppm of phosphorus.

It may be desirable, although not essential to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as
additive packages) whereby several additives can be added simultaneously to the oil
to form the lubricating oil composition. A concentrate for the preparation of a
Jubricating oil composition of the present invention may, for example, contain from 1,
such as 1 to 30 mass % of one or more of the phenylenediamine compounds; 10 to 40
mass % of a nitrogen-containing dispersant; 2 to 20 mass % of an aminic antioxidant,
a phenolic antioxidant, a molybdenum compound, or a mixture thereof; 5 to 40 mass
% of a detergent; and from 2 to 20 mass % of a metal dihydrocarbyl dithiophosphate.

The final composition may employ from 5 to 25, preferably 5 to 18, typically
10 to 15, mass % of the concentrate, the remainder being oil of lubricating viscosity
and viscosity modifier.

All weight (and mass) percents expressed herein (unless otherwise indicated)
are based on active ingredient (A.L) content of the additive, and/or additive-package,
exclusive of any associated diluent. However, detergents are conventionally formed
in diluent oil, which is not removed from the product, and the TBN of a detergent is
conventionally provided for the active detergent in the associated diluent oil.
Therefore, weight (and mass) percents, when referring to detergents are (unless
otherwise indicated) total weight (or mass) percent of active ingredient and associated
diluent oil.

This invention will be further understood by reference to the following

examples, wherein all parts are parts by weight (or mass), unless otherwise noted.

EXAMPLES
The present invention is illustrated by but in no way limited to the following

examples.



10.2 TBN by D2896 9.3 11.2 13.0 ATBN val ue agai nst reference by D4739
- 1.1 1.8 ATBN val ue against reference by D2896 1.9 3.7 5 The
data of Table V show that PDA3 effectively increased the TBN of the

| ubri cati ng BH2048¥%FSi ti on as nmeasur ed-3- ASTM D2896 and ASTM D4739,

wi t hout contributing to the SASH content. 10 Exanple 4 (PDA4) The
resul ts achi EBPBRFOIRPOANLCE shown in Table VI: Table VI Reference
Comparative Sanpl thg’ basicity of a lubricating oil composition can be determined by acid
titration. The resulting neutralization number is expressed as total base number, or
TBN, and can be measured using various methods. Two methods conventionally
5 selected to evaluate ashless base sources are ASTM D4739 (potentiometric
hydrochloric acid titration) and ASTM D2896 (potentiometric perchloric acid
titration). ASTM D2896 uses a stronger acid than ASTM D4739 and a more polar
solvent system. The combination of the stronger acid and more polar solvent results
in a more repeatable method that measures the presence of both strong and weak
10 bases. The TBN value as determined by ASTM D2896 is often used in fresh oil
specifications. The ASTM D4739 method is favored in engine tests and with used
oils to measure TBN depletion/retention. In general, the ASTM D4739 method
results in a lower measured TBN value because only stronger basic species are
titrated.
I5
COMPONENTS
The following alkylated phenylenediamines (“PDA’s™) were used:
PDAL: N,N'-di-sec-butyl-N,N’-di-(2-ethylhexyl}-p-phenylenediamine
PDAZ: N,N’-di-(1,3-dimethylbutyl)-N,N*-di-(2-ethylhexyl)-p-
20 phenylenediamine
PDA3: N,N,N’ N’-tetra-n-heptyl-p-phenylenediamine (comparison)
PDA4: N.N,N’ N’-tetra-n-pentyl-p-phenylenediamine (comparison)
PDAS: N,N’-di-sec-butyl-N,N’-di-n-pentyl-p-phenylenediamine (comparison)
PDA’s 1-2 are of the invention; PDA’s 3-5 are for comparison. Each PDA
25  was made by using reductive alkylation of the phenylenediamine with an aldehyde or
ketone and sodium triacetoxyborohydride in a modification of the method of Abdel-
Majid, A. F. et al., 61 J. ORG. CHEM. 3849-62 (1996). Those skilled in the art will
recognize that adjustments in stoichiometry, reaction time, and reaction temperature

may be required to achieve the desired reaction with varying starting materials. The

30  following examples are illustrative of this method.



Conparative Sanple 4 Reference (g) 47.50 47.50 47.50 Added Base Q|
(g) 2.50 2.00 1.50 PDA4 0.50 1.00 Total Wight (g) 50.00 50.00 50.00
TBN by D4739 8.67 10.02 11.17 TBN by D2896 9.51 12.56
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Synthesis Examples
PDA1: N,N’-di-sec-butyl-N,N’-di-(2-ethylhexyl)-p-phenylenediamine
N,N’-di-sec-butyl-p-phenylenediamine (20.8g,94mmol) and sodium
triacetoxyhydroborate (60.0 g, 283 mmol) in dichloromethane (500 ml) was treated
with 2-ethylhexanal (30.3 g, 236 mmol) and stirred at room temperature for 15 hours.
TLC showed the reaction complete and the reaction mixture was decanted to a beaker
and quenched by addition of saturated aqueous NaHCQ; and stirred until
effervescence ceased. The organic phase was separated and washed twice with water,
once with brine and then dried (MgSQy), filtered and concentrated in vaccuo to afford
ared oil. The product was chromatographed (eluent 5% ethyl acetate in heptane).
Relevant fractions were collected and concentrated to afford a red oil (36.16g, 82%

yield).

PDA2: N,N’-di-(1,3-dimethylbutyl)-N,N’-di-(2-ethylhexyl)-p-phenylenediamine

N,N’-di~(1,3-dimethylbutyl)-p-phenylenediamine (17g, 61.5mmol) and 2-
ethylhexanal (18.53g, 144.5 mmol) were dissolved in dichloromethane (500mL) and
were stirred together in a 1 litre round bottomed flask fitted with a condenser and
magnetic stirring at room temperature whilst sodium triacetoxyhydroborate (30.63g,
144.5mmol) was added portionwise over 1 hour. The mixture was left standing for a
total of 18 hours. The crude product was stirred with 150 ml water for a few minutes
followed by addition of aqueous sodium carbonate solution (60g in 250 ml water) in
portions. Most of the effervescence subsided after 50 % of this had been added. The
mixture was stirred with a further 100 ml water and separated using a separating
funnel. The organic phase was washed with water (500 ml + 750 ml) and brine (500
ml). It was then dried with magnesium sulphate, filtered through celite 521 and
evaporated to leave a dark brown oil. The product was chromatographed (eluent 5%
EtOAc in heptane). Relevent fractions were combined and concentrated to afford the
product as a dark oil (28.6g, 93% yield).

PDA’s 3, 4 and 5 were made by analogous methods.

LUBRICANTS
The amount of basic constituents that are present in the oil can be determined

by acid titration. The resulting neutralization number is expressed as the total base



14. 74 ATBN val ue agai nst reference by D4739 1.35 2.50 ATBN val ue

agai nst reference by D2896 3.05 5.23 The data of Table VI
show that PDA4 effectively increased the TBN of the 15l ubricating oil
conposi ti on BRMWRAGfed by ASTM D2896 amdf ASTM D4739, wi t hout
contributing to the SASH content. PF2009L005 FF-27 - Exanpl e

(PDA5) The mwBbarter BeNi ShethmplehwipAssied @ 19hauh2Yairerhpites mlrf:ferenaﬁpé in

VI Referenga, COSPRY Aletbds TP Cad BATRAERALIYS 154PAsGrSthe additional TBN
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brought by the added PDA. Method D4739 uses a less polar solvent and a weaker acid
than D2896 and therefore only the stronger bases are titrated. D4739 is often used as
a more accurate measure of the ability of an oil to neutralise acids and the better
performance associated with this attribute.

The alkylated phenylenediamine compounds used were the five listed above.

Example 1

A fully-formulated lubricating oil composition containing dispersant, a
detergent mixture, antioxidant, ZDDP antiwear agent, pour point depressant and
viscosity modifier, in base oil was prepared. The lubricating oil composition, which
was representative of a commercial crankcase lubricant, was used as a reference
lubricant.

To investigate the performance of the above phenylenediamine compounds
1.00 mass % and 2.00 mass % of PDA1 were respectively added to separate samples
of the reference lubricant. An additional amount of base oil was added to each of the
samples to provide comparable total mass. The TBN of the resulting samples was
determined in accordance with each of ASTM D4739 and ASTM D2896 (in units of
mg KOH/g). The results are shown in Table 1I1:



Reference (g) 47.50 47.50 47.50 Added Base QO |
PDAS5 0.50 1.00 Tot al

(g) 2.50 2.00 1.50
Vi ght (g) 50 50 50 TBN by D4739 8.67 9.69

10.88 TBN by D2896 9.60 12.48 15. 39 ATBNQ%/aI ue agai nst reference by

D4739 PF2009L005 FF
Table III
Reference Sample 1 Sample 2
Reference (g) 47.50 47.50 47.50
Added Base Oil (g) 2.50 2.00 1.50
PDAI 0.50 1.00
Total Weight (g) 50 50 50
TBN by D4739 8.67 10.07 11.54
TBN by D2896 9.60 12.64 14.69
ATBN value against - 1.40 2.87
reference by D4739
ATBN value against - 3.04 5.09
reference by D2896

The data of Table III show that PDAI effectively increased the TBN of the
lubricating oil composition as measured by ASTM D2896 and D4739, without
5 contributing to the SASH content.

Examples 2-5
The procedure of Example 1 was repeated using each of PDA’s 2-5 in place

of PDA 1.
10 Example 2 (PDA2)
The results achieved with PDA2 are shown in Table IV:

Table IV
Reference Sample 3 Sample 4

Reference (g) 47.50 47.50 47.50
Added Base Oil (g) 2.50 2.00 1.50
PDA2 0.50 1.00
Total Weight (g) 50 50 50
TBN by D4739 8.67 9.63 10.9
TBN by D28%6 9.60 11.29 13.63
ATBN value against - 0.96 2.23
reference by D4739

ATBN value against - 1.69 4,03
reference by D2896

The data of Table IV show that PDA2 effectively increased the TBN of the
15 lubricating oil composition as measured by ASTM D2896 and ASTM D4739, without
contributing to the SASH content.
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Total Weight (g) 100 100 100
TBN by D4739 8.4 9.5 10.2
TBN by D2896 9.3 11.2 13.0

ATBN value against - 1.1 1.8
reference by D4739
ATBN value against - 1.9 3.7
reference by D2896

The data of Table V show that PDA3 effectively increased the TBN of the
lubricating oil composition as measured by ASTM D2896 and ASTM D4739, without
contributing to the SASH content.

10 Example 4 (PDA4)
The results achieved with PDA4are shown in Table VI

Table VI
Reference | Comparative | Comparative
Sample 3 Sample 4
Reference (g) 47.50 47.50 47.50
Added Base Oil (g) 2.50 2.00 1.50
PDA4 0.50 1.00
Total Weight (g) 50.00 50.00 50.00
TBN by D4739 8.67 10.02 11.17
TBN by D2896 9.51 12.56 14.74
ATBN value against 1.35 2.50
reference by D4739
ATBN value against 3.05 5.23
reference by D2896

The data of Table VI show that PDA4 effectively increased the TBN of the
15 lubricating oil composition as measured by ASTM D2896 and ASTM D4739, without
contributing to the SASH content.
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The results achieved with PDAS are shown in Table VII:

Table VII
Reference | Comparative | Comparative
Sample 5 Sample 6

Reference (g) 47.50 47.50 47.50
Added Base Oil (g) 2.50 2.00 1.50
PDAS 0.50 1.00
Total Weight (g) 50 50 50
TBN by D4739 8.67 9.69 10.88
TBN by D2896 9.60 12.48 15.39
ATBN value against - 1.02 2.21
reference by D4739

ATBN value against - 2.88 5.79
reference by D2896

The data of Table VII show that PDAS effectively increased the TBN of the
lubricating oil composition as measured by ASTM D2896 and ASTM D4739, without
contributing to the SASH content.

Example 6
Each of the above type of fully-formulated lubricant was further tested to

determine the effect of each of PDA’s 1-5 on corrosion and seal compatibility.
Corrosion was tested using the high-temperature corrosion bench test (HTCBT)
(ASTM D6594), which formulated lubricants must pass before receiving API CJj-4
and ACEA E6 certification.
standard MB-AK6 test, which must be passed to qualify as a MB p228.51 lubricant.

Seal compatibility was evaluated using an industry-

Both seal compatibility and corrosion were tested in the presence of an amount of
phenylenediamine compound providing a TBN boost of two (as measured in D4739)

over the TBN of the reference oil. The results are shown in Table VIII:
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TableVIII
Example Compound Calculated | ATBN | ATBN | HTCBT MB-AK6
TBN by by @ 2TBN | Seals Test
Value (mg | D4739 | D28% | (D4739) @ 2TBN
KOH/g) (D473%)
Reference |--—-—-—- | emme= | =m0 e Pass Pass

PDA1 é\(\/\ 252.3 2.0 4.0 Pass Pass

PDA2 S 223.6 2.0 4.0 Pass Pass

PDA3 | T 2236 1.5 3.0 | - Fail
A N s
PDA4 TN 288.4 2.0 4.0 Pass Fail
/\/\g“j\/\/\
PDAS K 310.8 2.0 4.0 Fail Fail

The data of Table VIII show that PDA1 and PDA2 (of the invention) had no

adverse effect on corrosion or seal compatibility when added to the reference oil in an

S amount providing a TBN boost of two (by D4739). PDAs PDA3 and PDA4
effectively increased the TBN of the lubricating oil composition, as measured by each

of D2896 and D4739, but reduced seal compatibility. The addition of PDAS
effectively increased the TBN of the lubricating oil composition, as measured by each

0f D2896 and D4739 but caused the lubricant to fail the HTCBT test and reduced seal

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

5  operation of the present invention have been described in the foregoing specification.
What applicants submit is their invention, however, is not to be construed as limited
to the particular embodiments disclosed, since the disclosed embodiments are

regarded as illustrative rather than limiting. Changes may be made by those skilled in

the art without departing from the spirit of the invention.
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WHAT IS CLAIMED IS:
1. A crankcase lubricating oil composition comprising, or made by admixing, an

oil of lubricating viscosity, in a major amount, and, one or more N,N’-tetra-aliphatic
hydrocarbyl phenylenediamines, in minor amounts, wherein one or two of said
hydrocarbyl groups are branched at an alpha carbon atoms and have 3 to 12 carbon
atoms and one or two of said hydrocarbyl groups are branched at a beta carbon atom

and have 4 to 12 carbon atoms; any other alkyl group having 1 to 12 carbon atoms.

2. A composition, as claimed in claim I, wherein said hydrocarbyl groups are
alkyl groups.
3. A composition, as claimed in claim 1 having a TBN measured according to

ASTM D4739 of at least 6 mg KOH/g.

4. A composition, as claimed in claim 3 having a TBN measured according to

ASTM D4739 of from about 6 to about 20 mg KOH/g.

5. A composition, as claimed in claim 1, having a SASH content of no greater

than 0.8 mass%.

6. A composition, as claimed in claim 1, wherein at least 10% of the
compositional TBN, as measured by ASTM DA4739, is derived from said
phenylenediamine compounds, and less than 25% of the compositional TBN is

derived from ashless TBN sources other than said phenylenediamine compounds.

7. A composition, as claimed in claim 6, wherein at least such as at least 15% of
the compositional TBN, as measured by ASTM D4739, is derived from said

phenylenediamine compounds.

8. A composition, as claimed in claim 7, wherein at least 25% of the
compositional TBN, as measured by ASTM D4739, is derived from said

phenylenediamine compounds.
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composition, the TBN of which, as measured by ASTM D4739 is
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hi gh-tenperature bench corrosion tes{gs ASTM D6594) that falls within
the limts of the APl CJ-4 and ACEA H6 specification, and has

fl uoroel ast oneri c engi ne seal nater, conpatibility performance in
the MB-ALC6 test that falls wthi mts of the MB p228.51
speci fication; providing the Iubr{cating WBMfosi tion to the

engi ne crankcase and operating s . 15. N,

N -tetra-aliphatic hydrocarbyl phenyFgfedi am ne of the formul a:
(R5),, C NR3R4 wherein each of R, and R4 is independently an

al i phatic hydrocarbyl gro havi n 31;0 12 carbon tong, . at | east

onepof RI, ézf heiin a%lfél ‘I?@Rgp o Chgdri%)élaieﬁ?} degtyap %Pgﬁ%gﬂﬂf’ ? g2roup,

posi tion al pha it 3t{e Ald L ROeR ARG AR g 3hd R* beinal byl
pg‘flﬁ tg ?&E%IGH%Z ]%gs‘? n i g A ocarby

atons, and a east one 0 and R4 being a hydrocar

group br anchesbuprbridxghepdsi the qmshenaﬂmh'a tohtheatttaabdie ditroigem egérh,avhaw rtg 12
4 to 12 carbon_atons; R5, or each R5, i;s_khndependen hydr

al i phatic hy&8FBeRARMS AU, 1eAsh 9goh K ORi’ZﬁC glg g?%l EY% biyg gftup
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the hydrocarbyl group_ ofp one or nore of R, R2, 4, and

when R5 is aRﬁymTre(aclaRf),yrls 1rgiepup)ienﬂ}s hﬁdrogd:rkyq anggliphptic hudrocarbyl oroup, havmgl
Phenyl enedi am Efé S cI a| rred |n Iagﬁr %6 wherei n the hydrocar byl

group of eacff RO 9°R5, when R5 is a hydr ocar byl
group, is an al kyl gr oup 18 Phenyl enedi am ne, as clainmed in claim
15, wherein each of R and R3 is independently an al ké}ﬁ group

branched in tlhe p&?hmsrlwdampna arso'lmweda@ chindd. mhereay s hidserarnd oy of
3 to 12 carbaqn, at ons; d ea
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attached nitpagen atom having 4 to 12 carbon atons.

Phenyl enedi am ne, as claimed in claim15, having an average nmol ecul ar
wei ght of from about 450 to about 700. 20. Phenyl enedi am ne, as
claimed in chaim | S5 A9 e 10fdrSdaP90 2RAYS of
450 to about 12‘50 %S&ﬁ&ﬁc}i ?enecf?alﬁ‘rlgﬁe%a clainme 1| n c}%farrma(;)[gQ &}HO

havi ng an avesags R]loRé(Rﬂaad Rr?\ﬂangrR’ ohed RO in lnalrocaBe0 ctaupaksout alg @roup.

18. Phenylenediamine, as claimed in claim 15, wherein each of R! and_R3 is
independently an alkyl group branched in the position alpha to the attached nitrogen

atom, having 3 to 12 carbon atoms; and each of R? and R* is independently an alkyl



22. Phenyl enedi ami ne as clainmed in claim215, wherein the nitrogen
atons are arranged para to one another. 23.

N, N -di -(s-butyl)-N, N -di-(2-ethyl hexyl)-p-phenyl enedi am ne. 24.

N, I\ P-di (1, 3PFOPHPPHEE y1) - N, 1\ P- di (2- et h@fhexyl ) - p- phenyl enedi ani ne.
25. Phenyl enediam ne, as clainmed in claim15, having a TBN, neasured
as in ASTM Dgip8p, brariched ih dhes poBlompetRCpy e attaghed phispgaAneren Aaving 4 ks 12
clainmed in c!:a'hirg% 2,(% havi ng a TBN, neasured as in ASTM D4739, of at

| east 120 ngy R %m§7 A m xture of phenyl enedi am ne conpounds as
clainmed in claima15.

19.  Phenylenediamine, as claimed in claim 15, having an average molecular

weight of from about 450 to about 700.

20.  Phenylenediamine, as claimed in claim 19, having an average molecular

weight of from about 450 to about 650.

21. Phenylenediamine, as claimed in claim 20, having an average molecular

weight of from about 500 to about 600.

22.  Phenylenediamine as claimed in claim 15, wherein the nitrogen atoms are

arranged para to one another.
23.  N,N’-di-(s-butyl)-N,N’-di-(2-ethylhexyl)-p-phenylenediamine.
24, N,N’-di(1,3-methylbutyl)-N,N’-di(2-ethylhexyl}-p-phenylenediamine.

25. Phenylenediamine, as claimed in claim 15, having a TBN, measured as in

ASTM D4739, of at least 50 mg KOH/g.

26. Phenylenediamine, as claimed in claim 25, having a TBN, measured as in

ASTM D4739, of at least 120 mg KOH/g.

27. A mixture of phenylenediamine compounds as claimed in claim 15.



