PF2009L005 FF-1 - LUBRI CATI ON AND LUBRI CATI NG O L COVPGCSI TI ONS FI ELD
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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to reduce thergG @y%@mbgmﬁqmm trogen oxide (NU) emi ssions of
conpression Tgnited (di esel-Tueled) and spark ignited
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af t er - t r eat msnels déppaisd aS’U Thth 298RS SHRS And i ?cg@?“l]?ﬁw

i nclude cata Whisch can contain one or rmre oxi dati on
catal ysts, &é%g%%%‘é@%%ﬁu?mmt  and/ or NH3 reduction catal ysts;
and/or a 20particul ate trap. Q(l dation catal ysts can becone

poi soned and_rendened Iess eff- i exposure to certain

el enent s}t onBAIGRO LN st gasses, particularly by

exposure to phosphg() 1956%%%9%%%513@“&%11&1&11 repRused teahe e CO,
exhaust gas by the dlegra ation of phosphorus-containing |ubricatin
oi | additi veaydReathat iand riGogsat aklylst@% engenesist Pl gompressipt dgnitedd(diesel-

sul fur conmpo s in.the engLn exh a rodu % o
degradati on g‘fe %t%dtsr?érkbhgglét g'(gasﬁ %'feg “30&#& dff?r %ﬁg ‘I9I %%Iglslsmn greines.
sul fur - cont aippitRg, Ihé iaad iveen Qbhtiagdi éffpesto Raubé ahid @hﬂlchfa&psmmns of

become bl ocked by metallic ash, which is a product of degraded
net al - cohs ai nomgreSSme iigrated ngtemall camdnstiopeangimeTol @ HSEH HicalncgHgng emission

service life bri cat, ng_ail 1 X e
serv ce 11 ouhilil (3.1 Al S LHERL DRty Lt e BB BRI
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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ability of a lubricant to neutralize acidic byproducts of conbustion,
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recircul ali on (EGR), §1¥S§ﬁ‘eeg§0 %%' 1€ Yirar ¥ CRRI RIS SR BYSHRMBa tiinimum
whi ch exhaust gasses are coole prior to reci F’cu | ati on, can be

i nproved, anchehgvedi@bicti o envial afef-ttehendnubievicant moginbb ddenttfisddedd BFM

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 PF2 00914005 FF-3 - overbased detergents with
neutral det emgeaitesandrdfiedmsh ennteniddsiory b raass 1Yo, witieh bdmicantagre referred to
provi di ng suffi.ci.ent t er,gency, ,hut d » descri 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 PRdspRGud U £@2030 Bl fMlaserObes rhdiefuuser reftribl YbseTEMLs maximum
ni trogen-contai ni ng di spersants as ashl ess TEN 5sources. ngasted ash

Patent No. 5levgs te D mess YorhosBltigs. i Lowys pasaliprad\d- & mags abis
p Cher roes o Pa=p! ene =
e AR b A0S S 1 ompsions.

addr esses t he abowe-theamioansdfphokitens, bylfiar md ghrgnbihing hitaicant additives
tetra-al kyl ated phenyl enedi am.ne ¢onpounds h] ess TEN booste i

| ubri cating %"Flbe&ﬂrﬁ%@fjitBrPéo‘flﬁ%lfm‘%’eaé’fﬁ%fﬁgﬁ%i ISR At Age chfapatible with
corrosion te s TBER icds NERAGOHARAS Bilohibositibh fmtlst 3SAGR ¢
of the inven?%hglrill,&‘f g?tgpf}g&f’)nregw%vé%ésh N, N tetga3 alo?ﬁgjr?atli C : °
hydr ocar byl apedidehéreyhighddidsiofdubtientiperfonrame, inebuduig afequus detergency,

hydrocar pyl (e.g.,al kyl,) groups,.are ed at. an al pha on ato
and have% tglc?gedc% {%nnﬁ‘géﬁ’é ‘ifndargingfr%%ﬁp V\i?eﬁ‘ftﬁcatff’élsﬁ?g?eoégﬁﬁilsu%é?sg&le
al kyl) groupgcarge iy anghe® abog sheliarsRahPnnat AM @ havea#i to1-42(U.S.)
carbon atons. I'n accordance with a second aspect of the

i nvention, tkhecdidagopr fvi ety aluer angivadebriaghisi chrifanig o Ibeignplesifigloms 2
such as a heayy. duty diesel .L.ubricati il 2 risi

by adm xi ng. Hitistirepd FoRRrSad s e R B8 ePbye Aitee HUTRR, eyl preBdfn o
one or nore pheoyiipaeridawne conpounds of the first aspect, in mnor
anounts. In_accordance with a third aspect of the present |

i nventi ohd there iThebbify @@ lHbmeANk &I netralize ikl pyproductsrpdcombustion, the
according to I L - @i APQsLL & i
concurrentl ya@?@%?ﬁ z‘r:hgﬂlt %Icare i&éﬁb%lgﬁjt%gehﬁg/ 5&%%&%0@3‘2#@%‘#?&%%%?9 ﬁ{)
met hod conpr sgesnd, eetquinrht taglehseloEGResysommo#i tharh, exhaust gassesrare cooled
anount, one or, nore phenyl enedjam ne c¢ unds, .as defined in the
first aspect PBP PHECHHEHT 671 L%%Wof?fgtg%gﬁge aﬁ%g’é?rf’?loq} tﬂ%b“%@&fﬁ}e‘iﬁ“ be
corrosion pe Nege i i ' TRRN T BOEHAbRHIor. € Shitherto,
(ASTM D6594) E{{tﬁ%{@f g?llg&\?\éétﬁgg Eﬁetg Egﬂ i%iﬁ%?rgugﬁl(&ﬁr?t hg\tjAPlt 03- 4§ané ACEA fEGO
speci fi ca®i oMBMNahak bexs [frbvided by aytasd detagefitn ¢hat dattoduat ewlizgd ash into the
conpatibility 30 perfoyman in.the ME-ALCE t.est that .falls wthin .
Che i mts ofBRRTRAE: pBIwI b ARvaPrEcs Brptov e 2 ugotind pit Sgtpbdtibn wita
In accordancg wibhNedel fAUTBN asiREG TeN %B&tir?v&ﬂﬁﬁ@ﬁnt therdeet Sot contribute
provided a nethod of lubricating surfaces of a conpression-ignited

i nternal combuétedbashe iy highlybesin gompenasiearaknenn do grFssaEpsion and, in some
(a)providing,_in a.mnor amunt. ..qne r | enedi.am

5conpounds, §%Seae¥eidﬁ'é% tlgl% f%n%palt’nlb%ﬁs%g gé{l[;)”éegl? %P HF ‘ﬁgl}éi Ej\ﬁlle(r% 1?1??1%]&?1}15 e%md the
maj or anpsint fabraRhs@interief schubiategialsi m@d ih S iieb yit tvoutd be aeflerdbid aapiavgle
oi | conposition, the TBN of which, as neasured by ASTM D4739, is

t her eby enhafedioe epmpeent thshdegsrmonindpcr serraden apd.1ioes aptgqversply gifpgt seals
the conpositi ~ ' i 8o G0us Iricant
tempor arur e 5AABRCS DB 1 AEbAR: A BRRCIE AR Rebbabytest Wikows Htpicants,
limts of theudPhs CW dndiitV ACEAdBE sipéc hftireants olmvedrdoasnore prevalent. To

fluoroel astongric, engine seal .materials conpatibilit erformnce i
the MB-AK6 t gﬁ@WtfﬂafﬁaSF%f?@ﬁﬁw e hﬁ?r%ﬂa_fq@ @F_afl}?énﬁlﬁp %%%%?%Tmﬁuceq by
speci ficahi oy kb P LMk AbRI nfitienilddor IBRLIHEY, G wotRMPeShlthen pkdelabR to
engi ne crankcase; and
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



(c)operating the engine. In accordance with a fifth aspect of
the invention, there are provided lubricating oil conpositions, as in
the second aspect, neeting the performance criteria of one or nore of
the ACEA E6, MB p228.51, APl Cl-4+ and APl CJ-4 specifications 20for
heavy duty engppgesksBrcant s. In gccordance with a sixth
aspect of the invention, there is provided a heavy duty di esel engine

equi pped with @Jérlﬁ%‘é&%&?rceﬁé%vi&ﬁi@uﬁiﬂldeﬁ%éeﬁt@. (TEERpafeis e ibP&RE AbAbAYs a

condensed EGR system and a particulate trap, the crankcase of which
engi ne is | ubr#sceedingisefiiciant datereenay.i 1 deinot desritissinet ey arovidssulisicaind
aspect. 25 | MRGQOr Gange eWirddle, an IES hdnRS RS barlilt AfMGcdiBY S0b7/0505031
there is provi d%g. a net ﬁogﬂflﬁoége’fgum ng 2 i S%_CTaBN 1 L}%rfcant havi ng a
reduced SASH cdsaaridaz theongsy pEibigh TRUoripogeatdonigining: ¢ispensants | asbashiesy I

oi | conposifion.ane or nore phenyl enedi am ne conpounds of the first
aspect. “I'n this specification, the foll owing wrds and
expressions, if andSwRetentsidal, 502,50 edestribesrembitiged guoa-pliserictrdiagime
-active ingredj " 00 %%E t L iV rial that.is not diluent
or solvent; ﬁf%é@fﬁﬁ%ﬁ \i‘* **-“9"'%%%%%?%?‘%’3‘% é‘%ﬁ ogr??/&@%gnr?ﬁ'e wor d
speci fies the SIIMMRARY O THEANSENTHEMNIr es, steps, or integers or

conponents, but do not precl ude .the esence or. addition of ane.or
ror o other foat ur odne Bietest e aapRSeD e RERE Shakio bt hs B o2
t he expr esidi onsrtain assd-dkHated 'phatylehedinains tedmpsm@ntas adshlgssoTBNOboosters in
cognates 5 may .be enbraced within . conprises” or nat eg, wher ei
"consi sts essﬁﬁlﬂcﬁtmvyo f COPRASHICPY q’%c% iB??Eoforglngigglghc § fgtosion fes
materi al |y af frepiements.ne characteristics of the conposition to which
it applies; "mgjor_anpunt” neans.in exce aof 50 s % of . .
conposi tion; "m nof® %cﬁ%ramcﬁ thirst a9 é%t"ii?‘? BYFIfgrk dhedg 5fpr9;1‘“36d al, N
conposi tion; i&alHBMiativeAydodatiybdtedo pEehyltnedignina Switges usred oD ytwdSTdY the

D2896 or ASTM D4739, .as indicated. Furthernore .in this speqgificatign:
phosphor U3 cRBREEY! fe aUoNEauin s H RS P RISSA08 A BT LV 12
content” is agabBsoheandybeAD HVb I i hytveat)Iqburalod drous ard wakthed at a
nmeasur ed by AETM D2622; " KXJBOOH meC@ns kinematic viscosity at 100C as
measured by ASYRFBAFSAIONAPIDARRLT OCEBPPR 20WRg cognate words, refer to

gL oups thaéI con]E ai Jri} mm:a@:ﬁbe?ﬂma hyﬁ&&lgleikgé‘tﬁwf&haﬁlﬁ'eﬁtgﬁt ﬂweidapmﬂiaeh X0
t he remai nder of the nolecule directly via.a carhbon,atom .The y
contain het er §23gis UBPeAIRg M Soreppsiiigt éPgl at Br?ga‘a’od%{bmé?lf g‘%’f‘caf"ﬂ% o "

essenti al by hyshgidphanmdae iy fnding Be oft e oSty hisGés@yis.a major ardhi,
it will be understood that varigus corrpone(?sgﬁ used, essentjal as well
as opti mal anan%egq%ﬁéqlephqﬁla@n?dé%lﬁe EAREROPNAS S Hie s AR ITEinAR ATPEPtS T,

storage or use andm 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 moie phenylenediamine compounds, as defined in the first éspect of the invention,
such that the composition has copper corrosion performance in the high-temperature
bench comrosion test (ASTM D6594) that falls within the limits of the API CJ-4 and
ACEA E6 specification, and has fluoroelastomeric engine seal materials compatibility
30  performance in the MB-AKG6 test that falls within the limits of the MB p228.51

specification.



25t hat 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 quality, range and ratio limts set forth herein
may be i ndep%??&@?hﬁf’@g%onbi ned. 30 DETAI L£D DESCRI PTI ON OF THE

| NVENTI ON N, N -tetra-aliphatic hydrocarbyl phenyl enedi am ne
conpounds of the [Th¥sptdenst ‘aﬁlgaff@mma%ct@émwﬁmt@nt efenis Prpaglessa pethod

| ubri t ' T al.so . ol ing i
D730, Fur t ndh Eoae G a b s poRe R 330 AR RE Ao f ok Bptl Murng s
t hi s speci fi egdriitoh cdnfyeisgeci fi ed phenyl enedi am ne conpounds do not

cause lubricants to fail any of the seals conpatibility tests such i.n
the MBSEAL2/ AK6 tE8t, BWHIERENSt %0887 YBPEafis ©b ¥R RRpylepcdignine

HTCBT tes{s as descri b@&%' SirASTM &@ﬁ%ﬁlﬁn iﬁ{k RAf E%HJ & thE NBvBOBRER a major

corrosion test thereof. N -tetra-aliphatic rocar byl o )
phenyl enedi anmi ne conpoemdsntusefuloili of {uiirsaiiny erscoiy toayabe adbybricateng oil

by the fornula below (R5), .NRL R4(.I) wherein ch . .
R3and R4 is i ndepenqené‘?‘?g’%u%= ﬁﬁ%ﬁﬁl\éﬁy‘ﬁélﬁﬁaﬁwawﬁﬁﬁy %Mb&%% 18
an al kyl group, havi ngt&retb? chBakc@l Bethdt edfourrdhtly 8RSasPBahOBARH, aRd that
10 R3 and R4 being an al kyl group branched in the position alpha to

the attached nitrogen &edchapdsigo8 hae ¢oppsardssmwsipnopsifommacatinl dusthigh-

one of R2, R3 and R4 bei.ng .an al kyl .qgrou j ‘s
poSi t i oﬁ%eta to the agfré{)c?ﬁa&f%ntfefl?lbﬁg ?51%50?18?38?%@%6%943gkrl%}(}ﬁusé%t%}sn, the
or each R5, is independgisl ¥f hker agenCoy and akiQatE€ fyedifeaidd)ybnd has

group, l1l5preferably an al kyl group, having 1 to 12 carbon atons; and .
nis fromo0 to 4. flpprseiaptorgriareagpiesdyl Bategialsnsoreratibility erigppinse in
formul a wherein each of, Rl L S e t -al g 1
branched in the positi ghr? %f%%%( oe#ﬁgégﬁﬂgcﬂggﬁn%}%ér gglétﬁ é;t?léhr% Nﬁ‘%&zﬁg's
3 to 12 carbon atons; gpdifatdbn,of R2 and R4 is independently 20an

al kyl group branched in the position beta to the attached nitrogen
atom haldng 4 to@2 Caf@gg}qn%ﬁgr{gbmatmg ol spEpasiLph {p the gpaine crankchse; and

phenyl enedi am ne g@rrpog tias@kYhoind this invention have a TBN
(measured as in ASTM D-2896 and/ of ASTM D4739, preferably neasured as

in ASTM D4739) of latacterdstce5®iths acfifthsaspect! efighe 1i0O¢ntipmeftberabhng provided
| east 120 ng. KOQH g. 25Phenyl enedi am nes of .the present .i nvention nay .
bo 1 the T oMAFSEIE &F AR BBt Poreeni) Hech e (&6 Ror ORBRS A
of the abovefgidtl fere of the ABEAIBS, ARY228 5€, RhPOKLensdiAdTiarel §fecifRigtions
present invention has, or have on average, a nol ecul ar wei ght of from

450 to 700, $udisawsdilyenginglutrisa®s0, preferably from 500 to 600

Tn accordance with a sixth aspect of the invention, there is provided a heavy
duty diesel engine equipped with an exhaust gas recirculation (EGR) 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 ma% %89 dlgF by methods such as_those known in the art.
Lubri cati ng i &gﬁ% sitions of the pres‘éﬁt i nvention conprise a
maj or 5amount of an oi| . of lubricating viscosity and a m naqr argoyeg%ures

of one or nore of LHEPTSHECI ¥y REHS T dPaRiRT theoRksifRng oF state

G l's of |ubricatigg,yisCosdd HS&hthohdhd MGuCaRkexd: Hkcihhe RE 8362k

i nventi on may be 2[ Séc({?egl%fg%%)émkjnatuﬁjg?ﬁ 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 |iquiglvi00” nfelhs kBasei®lssesity at 100°Ab& WeBAB®¥Y JESTM D445,
pol ymers and interpolynmers 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 pol ynmers (

e.g., X
met hy| pobi so- pr opipl @karbgRyaem. ef het MHEVEHRIR h?%lf‘é@éﬂ%sr PyRyidnet sugh hetero
1000 or di phenyl r ;of < Y, havi

wei ght of 1000 tog%g§0$?n§ggh§gﬁ%?E%ﬁ%ﬁagkggggb rgh&%ﬁ%@ﬁ&#ﬁ&”ﬂfmmcmﬁyl
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
l'ubri cating ghiSaCRARGS® R, Meyash& 1B d& cobfRhD 8K nG1A6h d8oh 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 ). Spediniissetdpahpresin ohy e bhepedendy rorsbingds di butyl adi pate,

di (2-ethyl hexyl) 10 sebacate, di-n-hexyl fumarate, dioctyl sebacate,

di i sooctyl azelate, diisodecyl azelate, dioctyl phthal ate, didecyl

pht hal at gy dipgiCOEYED PRRCRIETION ORI YNNENITON est er of linoleic
acid dimer, and the conplex ester forned by reacting one nole

) S f
sebaci ¢ aci d wit hNeMotewsradphafic ¢ Bygraearhiyll ephenglepedphingd somponpiies obr 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




Esters useful as synthetic oils also include those nmade fromC3 to

Cl12 15nonocar boxylic acids and polyols and polyol esters such as
neopentyl glycol, trinethyl ol propane, pentaerythritol,

di pent aer yt hPF200L085EF t r i pent aeryt hritol-6- Silicon-based oils
such as the polyal kyl -, polyaryl-, polyal koxy- or polyaryl oxysilicone
oi I's and si | exemipgesodf shis epqu fistioan dehsrecifisd f phienglengharoine ssompeands do not

Lubri cants; sueh ol soknel e Loty aetinl Stllahs, & LahSRALeRtbseaL-
tetra- (4- met ke 2Bt Q%d hexH 0astd Iubat&its fosthil @n{ Bf HRHTOBT MéstPhratydibed in

silicate, hexa-(4-nethyl-2-ethyl hexyl)disil oxane,
pol y( met hy DsASaRaPes94na pprtikylanielepbprhenypyien feskdawsf. o her synthetic

bt oot i s Lnel A DR ! _ ) . S) e
SR o= AL USRS g
of decyl phospRentiich A&y B dééte® Bl YEbukhekloahydr of urans. 25The oil of

l'ubricating viscosity may conprise a Goup |, Goup Il or Goup IlI,
base stock or base oil bl ends of t(Tér_\ af orenenti oned base stocks.

Preferably, the oil of lubricati cosity is a Goup Il or Goup
1l base stock, or a mxture thgfeof,\or a mxture of a Goup | base
stock and one or nore a Goup I and NR'R? Preferably, a mgjor
anount of the oil of lubricating viscgsity is a Goup Il, Goup III,
30 Goup IVor Goup V base sto ',L"“r a mxture thereof. The base
stock, or base stock bl end preferalhkirsas a saturafle content of at

pref erably.  tREERSEICtObk KorCBIbE dt FUEPBIEREY ohal P apif St Sromp
prereranly, , o or 4 e i
PF2009L005 FE-9 - fe?é&%@l?tanoﬂk rO?(‘ﬂpl? 'ha‘&iﬂ?ﬁ t8Q%caf¥orlaRsAYlaY leabtheWIR 'OR?,

oil blend has a 58 ont erit “of | ess an 1, preferably |less than

0.6, nostOpref er al’ yntl & deirigaam Qlcxl, grovphranehiaghin. the positiopplphe fabie\attaehed

volatility of the oil or ojl .blend,,as, measured t.h 2 p3 4
volatility test (ASASCDAMBOTINE Y b2 EPRLATCHS %%%ﬂe%%f’%%?ﬁ%r B+t BEVR
I ess than or equalpeRsts) ARyl FBLE bRARhed ablhe pRftont han totheegirhed aitRigen,
nmost preferably |less than or equal to 16, % Preferably, the

viscosity index (Wryingftehe catbongtones;| blend is at |east 85,
preferably at,sl east 1005 nost f uty; t byl
Definitions r h%acﬁalgé St zngfgéngiﬁgﬁ%gllg)éréﬁ%ﬁgh ]?lr%ﬁt L|1E'Ish%|ﬁ‘r:1v r# (?%Fl yar%mup’

the sanmeigs those praumblyidn dibe ooy, hevng Ped ( Dbabton kosts; but e (API)
publication "Engine G| 10 Licensing and Certification Systent,
| ndustry Ser Wilg&msbleat-t ment, Fourteenth Edition, December 1996,

Addendum 1, Decenqg%fe%g(g%g gﬁgﬁﬁe drhihdd bOMe GBORIBHMEBSVRASE e84PEKR' and

as follows: a) Gou st'ocks contain I ess than 90 percent
sat urat es an@®’ds indepahdontly henal®yDgromer wemthegd uhfthe pasitiohzalghaato the attached
vi scosity index greater than, 15 _or

L equal to 80 and.less, than. 120
usi ng the tedtrHPHEIS; ayag 3 e d? icﬁrb‘i’glﬂ%nﬁ= .ang)ea%' %{1% pipd E‘aésemé?%e@fg%mly
contai n gpeatar, i @Fbugrbrﬁﬂﬂ’l@dl il e 98siP6h 6EAlto BRlAta SRS BREn £58, hdaiy 4 to
or equal to 0.03 pé&rcent sulfur and have a viscosity index greater

t han or equall2tcart®@ a&mds.| ess than 120 using the 20test nethods

specified in Tabl oup 111 base stocks {n. a

or equal to 90 pe%&éﬁfa%b’a%er Qﬁeé’é’heélﬁ ! %esC?Iﬂ%%m@?%té%ﬂdgflg{hgsa&%@& Beve a
percent sul f urpansleRANR A iNIASIOFIT-Z8IOSeNoA SEVED4 139 Predérabigudastired as in
120 using the test nmethods specified in Table 1. 25d)Goup |V ba%SQIﬂ/"

stocks are poAYRVIgMGORof aideasPa®)suclepmidenst VWb psdersblycat deasnbitume
other ba%g stocks ﬁ%gylieﬂ]é:dia%gﬁgs iof' 1@ Bfégerlt’inwn’tiohlﬂ‘lay 8L ih Yhe form of a single
compound, or may be a mixture of compounds of the above formula.
Preferably, the phenylenediamine of the present invention has, or have on

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

from 500 to 600



PF2009L005 FF-1 O - Table I - Analytical Methods for Base Stock
Property Test Method Saturates ASTM D 2007 Viscosity Index ASTM D
2270 Sul fur ASTM D 2622 ASTM D 4294 ASTM D 4927 ASTM D 3120

Met al - cont ai PFaageLens B’ h- f or m ng det erger/s function both as
detergents to reduce or remove deposits and as acid neutralizers or
rust inhibitors, Pheselly, thediteigeg atonweae aamdied @rrads ioos agrtberext endi ng

engine life. Detergents generally conprise a I head.w t h I
hydr ophobi ¢ tai | ,Tgﬁ’ ﬁﬂhert}g@esﬁpa?g H%QBWF i (ﬁ)\@?@e ngﬁtﬂgy%maé’ ab&f‘%gf% by

aci di ¢ or gank,cAIBeUNId b &asah iR afiBy, contain a substantially
st oi chi onetric anount OF the nmetal 1 n which case they are usually

desclri bed as nor mhlibweating udit adorrgmbitions arfdthaopiesent yipieniony comapdsega major
total base nunber or TB can be nmeasured by 10 AST 89
fromo to 80.am}@\u‘Ji‘ta"rfrgaé1 fgl}lﬁgﬁ{%ﬂgﬁtll}g TRV A & rﬁgmf‘]ﬂc%tf)%%er g‘% %@Feb?/f the

reacting exc i @Enﬁ@ﬁ@ﬁ%ﬂﬂe@@mﬁound@n oxi de or hydroxide) with an
acidic gas (e.g., carbon dioxide). The resulting overbased detergent

conpri ses neut ral Oilsdf detrengenvisessity weefolinethe cogiext Affthapiestnainysgaen may

(e.g. carbonate 1celle. Such overbased, d T

150 or great g?,s)eg%ﬁt @B‘incaﬁ?fr‘v?\kﬁ‘iwaﬁﬁ%e"% %%ﬁﬁlgﬁp?'?bg{n@ ?ngQ %% iﬁlc()i 515}%19}65
or nore. In yhe.qir asenagicafing big nhiydnesdanbydcatigdirphaipht diselatamineral oils to
compound of the present invention, the ampunt_ of overbased deter Ht
can be r &lucéervydnbidestiag gdasuchhanganelincehgisilseinegal Jrbirpdpg QU ﬁﬁff cavy

(e.g., deter gg@f &Fsgeglvﬁ,pgg @enﬁﬁﬁf{helﬁg’cogg%g@%e of@gm&%ytffo% 206t 4, %@%ﬁﬁany

can be enplo ing 1n corresp ing reduction in the SA

content of then yby26akhhd Binkeag@Bpasiadcgn 20w t hout a reduction in
the acid neutralizing performance_ther eof Det er gent s thalt rrgy.
be used include oiNatwel el mcheatanimal il andevessiably Qls Edmatastor oil, lard oil);

phenates, s U'ﬁgﬁ@i Qz)e;%%éer%&g:o‘ﬁé & %ﬁ%‘%ﬁ‘?‘% RBRRALESxe S ASYNREESE miAdH! oils of

napht henat es _ oxylates of a netal,

pa{t icul a5l ?/_tﬁ&hﬁaraﬂﬁﬁad, :napﬂthaﬁkahd nexe@bprhffimet-adphtheeicgtypess odilsind lubricating
potassium Ilithium calcium and nesi um The st .commonl y used
nmetal s are c&LEPYUM %Fﬁ’d’e‘i’rﬁﬁﬁb%qah%%?ﬁaiw W%&Fﬁgggsﬁroélé'ent Y

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

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



in detergents used in a lubricant, and m xtures of cal ci um and/ or
magnesi um wi th PF2009L005 FF-11 - sodium Particularly convenient
netal detergents are neutral and overbased cal ci um sul fonates havi ng
TBN of from gobaoddlr TBN, and neutral as8d overbased cal ci um phenates
and sul furized phenates having TBN of from50 to 450. Conbi nations of
detergents, whethesxyPeessRas aldr@f, ewkimplepthchrttic aciestves, msiedd Cs-Cs fatty
5Sul f onat es y be prepared fromsulfonic acids which are typically
obt ai ned by adié esteisfaon&hi o¥p wid dierpr oitarastiylencdlystlomat i ¢

hydr ocar bons such ,as .t hgs bt ai : L W@ the esters of
petrol eum or by tﬁgogﬁef(ﬁ%bﬁ%ﬁ%gg%grsgfﬁ@ﬁ% W@f%&%ﬁ%rogg?\gg%%npl es

i ncl uded t hoggaRlkAineddde. @ fithaid aid, becdenecid, elkyésecinty pédeand alkenyl
napht hal ene, di phenyl or their hal ogen derivati veﬁ S?e!)(:h' as. aric. acid
chl or oben eneyceiric @hider Brelsicanie: AFITE ACGH SHARIR ASfe AR R 3
may be carried ouf .jn: iCatial WL In1biic alkkly] akemg malonic
agent s havi naﬁiﬂco%%%blé%cp%gpa[c?%, ?{%ﬁng%&g’a?%gn atons. The alrbgaryl
sul fonat es Ugeidh) itk @ntaiety 6f deotmbolste. Ibutpl albau, Baxybelcpl ededgeyopconol,

atons, preferably fromabout 16.to abou 0..carbon I
substituted dradmahegl n%IF%}E‘#a ef (5XCPLogﬁg}yiens‘?uIg}y%hgtr%(sn?%gheg’l ﬁé%lene
sul foni ¢ aci dg ABY cﬁﬁuaaﬁﬂgse& Wich hs@id BeRdchuibuoiadamre, alReaxiydesy])
car bonat es, ¢€arboxylate, sulftides, hydrosulfides, nitrates,,

€ . bqr at es
and et hend ofselideateitahexyl femarsbudiocst seacale, duwnssivhazsiaectiise ?Fyi azelate,

having regard to .the desired TBN of the. final y i . £
ranges from Sirst Ig'%ﬁ?tﬁ’ §%°ﬂa@!§€%tﬁp§g*cggﬂbﬁe§5§a?&f%%?: étﬁlé%}ggtgé%%r °
of dt ha][ . stoi qgﬁb%’i@ﬁéih‘iﬁﬂn@{ 2BATBEUbMBREx ester formMet BY remtihg ooé npiermdlssbacic
and sul furize

phenol s are prepared by reaction with ropri.ate
met al  conpourndidswith tves metesex idtecdyiang ghr] #e HedAEY E’Eg“leg’g’ﬁ“eég%ql% addy
products may be oltai ned : OWRdd2 1Hase ahdde BUH @i 22 d
phenol s may be prgfg?%&ssarg%ﬂ%glc\éﬁ%gﬁl ﬁ{v?\:nhi[dﬁ sul?ur gr a sul fur ”
cont ai ni Ng Cappabos e saiis 2 ydiyotennd udlydegstenl fugh #momnedrantdegiyrol,
sul fur dihalide, to formproducts whi¢ch are general.ly m xt of
conpounds i n tinieg alimorapc, ﬁﬁ?‘éﬁrﬁﬂ’éﬁ@f glpﬁ?t@erﬁf&f’ﬁ@ﬂd Bépﬁfméerﬁf'ﬁ%l'
sul fur-contai ning Qi ﬁ%eﬁ oils bR 1 LAt pALAlkGIOMAREYdriIoNSpodfalkdrg- or
present invention hay further contain one or nore ashless )
di spersants, pyiyailogfdikatrevalsyandesiicate s wampose srotherpessiul lagpoH sygihetic

30 in gasoline and diesel engines, en gdded to i h NGyl S 7.
Ashl ess - di spéﬂ?ﬁ?ﬁn??u%‘@ﬁyf’% rim‘?lﬁge ct\gﬁﬁ%lgﬁt P lﬁasw’()ftjﬁltTJ %ge(%p %%é}é e%ltl&{té’ tetra-(2
i nventi orbocomﬁﬁﬁé,éf}?@ﬂ@aie, SOk41b]- 8 e PR1-y ety BextyOR i cat aitdtraigetetidney!-phenyl)
havi ng functi ona roups capabl e of associating with parti

les to b
di spersed. Tyglicad,| y, hesadinuiteper-cthrihsxdiligioses.am mf(nﬁthyiﬁﬁg%a“gﬁi gémd
T %q(?egﬁ%{ggqﬁégwg%saro{é%% $%dt§&icqpféss d Jie iﬁéi'@deQQitﬁdTEicers of

backbone, oft I ol e ash Fspersant nay

for exanple, S&lserdBek-béAMMbiel i@ thi ¢ td@tds phesplers , triastyh phewphates diethyl
am des, imdes and oxazolines of |ong chain h?/{d 0 algubon-substi tuted
mono- and pol yesertsdxyeylphasehenic agidhansyralyaedc HaREEPW i ocar boxyl at e
derivatives of long, 5 chai,n.Fk mak QRhptR@aGRLb Ahakd 1T or Group
hydr ocar bohs havi ngh%8ﬁy°?%u%£ya%ggﬁcg§%ﬁagcheg 1di raect I t;/ therlgpt o; and
Manni ch condes asas®Bropk @6 basesoif ol obshecdortersiionsdabdsonpckhalPreferably, the
substituted phenol with fornal dehyde an al ene | yam

nost common dpd eéubasating VISERsIt 4S ¢ ({E° ﬂp? %%%ﬂh?@%f’l %&%f érea ifrulfifhereot,

di spersant, whi %hm{x%%r@ dﬁ”oe{]@ﬁ&.aft i, REHAHYEd oAk & more a Group II and Group IIL
rtute i

hydr ocar byl - sUbst succ ¢ anhydride and a 10 |
pol y(al kyl eneprifaedly, Batdiormmmoms of tieriindfdebagatingiviscasites @i (roge 1L, Group 1,

di t d m.xt t f 1k .
the ash 658 408pEr BART CraitaV PgHOHpIEE T A RARGT e Jper CEnE R Rtk mock

a nunber aver age TleCHl A el hite CHnITRRIRE: 63)arore preferdblly at Eeast 75, such

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



pol yoxyal kyl enepol yam ne, e apo | yoxypropy 1 ened iam ne |,

trimet hyl ol am nonmet hane; a hydroxy conpound, e.g., pentaerythritol;
and conbi nati ons thereof.One particularly preferred di spersant

conbi nati on PROPLOFFERV09L.005 FF-13 - comBi-nati on of (A)

pol yi sobutyl ene substituted with succinic anhydride groups and

reacted wi t hedrBnt af ydhtaxiarc 80fo utrdferably . the pdriraer Pehd heoh sulfi@) comtent of

Dol yal iyl eneleat i ety fsgita Pl Fst PR R BRs it Dd Pab hstehe
pentam ne usi ng apRurafly 3ht QoRRIOHL o2 HDbBDrAdil BichB) as tfehsidedlbgrihé Boack

per nole of (A). Another preferred dispersant conbination COITPI’I ses a
conbi nati on oélafility tesol A4S EHLRE Y is dess dhaniar candlyel 3D derelgratiy (e than or equal

polyal kyl ene, pol Xam 208 it S54 SE5EM FISQEATI ARG ) oF e
amne, e.g., Qe aeraférhblyl e Glscdsity SHRLOYVY| @mihbaiiEbhallehleb is at least 85,
described in U S. Patent No. 3,632,511. 10Anot her class of ashl ess

di spersant s pisfpablseslemir A croyastewblydens abr¥n Vpiodtitts. General Iy,

ol byt - Subst it ut o DSBREBRLR (Y bEGTAGAS o0 bRl BN [Rtcrfin are the same s
carbonyl compesadbs)d (.t ,Amhenaml Betolden anetimnsr & BHnpltdiehyae ) Eagide Oil

0.5 to 2 nol es of polyal kyl ene pol yanm pe, as digscl.osed, for ex | e
in U S Patehicengng FndaSeggmation SRS valiren ‘@C?,Sog%?@ﬁ@@??to urteénth

products may phach UBE. 3, 0L YOBTA RIREUE Y, PbednBR8b8 088G uERLAY 28R gorizes
pol ymeri zation as’ a substituént on the benzene group, or may be
react ed w t hbaseconpoantblloent ai ni ng such a pol yner substituted on a

succinic anhydride in manper simlar to.that described in U S

Patent No. 3,442, 8b8. E‘B{%‘H’pl?gl%"’s‘?)fﬁq ﬁcctoin%‘r‘féﬁ?sfe@'a'&ﬁd'é}/ SFCgiEy ?a&%éﬁafe?eadﬂor
ol efin polymers synthegjzged sl 0@ ?&H&k%hl'f&%d%a@@h%%&éitﬁmaé}egﬁa@f ¢han
described in the publications identified supra. The di spersant_ .
can be fU¥ther post trenteerlly 88 andrlest thanfl20oiinatheons mpagds specified in
treatments such as borgtaéog, as generally taught in U S. Patent Nos.
3,087,936 and 3, 254, 025! l§ ration of the dispersant is readily

acconpl i shed by tpgati Ggogn IRGybe BicckO@eMaioBtaateni than dir Sk antowpedoent

a boron conpound such as boron oxide, boron 25 halide boron acid

and esters of boron acPafgratgspansh legrdbay o% GAPAlCloeRP3 (ReTEsIb PREW F“FQS);?PV@ a
0.1 to 20 atom c propotti : 128 2f 186%hat €5 using th
nitrogen conposition. E/JESSE&S@ lg%fl%}g%iegﬂgﬁ}%hcog%tﬁg?ir@fgrgom 0.05to 2. %S:mg ©
e.g., frpm0.05 to 0. 7testmsthods bmctdied i Aebledr. on, whi ch appears in the

product as dehydrated horic _acjd polynmers (primarily (HB02)3), U
believed to attack to {HE'RIiEp Eﬁ?é&isrﬁcﬁ’@égﬁﬁ?tﬁi f}%?d%rse%‘g?&ﬁiéipemem
salts, 30 e.g., the rTE%thpdrt@;t snB st tRin bheqdil @ 093 ReEAk IsQfucand bave a
carried out by adding from0.5 to 4, e.g., from1l to 3, nass % (based
on the mass of acyl nitvisogety Ddepquertdr bAn 2rrgaintoc dAHeeing, the test methods

preferably boric acid, usual]. slurry, to the acyl nitrogen
conpound and heati ng vvis???‘@?d %rfaﬁbeaht from 135 to 190, e.g., 140 to

170, C tor from gPF20QRLEYPY blsclsfocks brel golynlftelgins (RADYWed by
nitrogen stripping. Alternatively, the boron treatnent can be .
conduct ed by addi sy boiGreumdi dase steckoinaludecell swheri base siocks nopdncluded in
di carboxylic acid material 1 whil e renoving water. O her
post-reaction pr ocessesdrg%%‘ggfﬂlg%ﬂ@v\n in the art can al so be
applied. 5The dispersant may al so be further post treated by reaction
wth a so-called "capping agent”. Conventionally, nitrogen-containing
di spersants have been "capped" to reduce the adverse effect such

di spersants have on the fluoroel astoner engi ne seals. Numerous

cappi ng agents and nethods are known. O the known "cappi ng agents”,
those that convert basic dispersant am no groups to non-basic



depending on the nature of the polar group and whether or not the

di spersant is borated or treated wth a capping agent, may be fromb5
to 200 ng KOH g. However, high | evels of basic dispersant nitrogen
are known t oPFRR0%.085 Bl et eri ous effect ol0the fl uoroel ast omeric
materials conventionally used to formengi ne seals and, therefore, it

30 is preferable to use théﬁ.bi@éj_mmmwth@ﬂsmrw necessary to
provi de piston deposit contro fAo—to—t9 HLIc||y no

di spersant, or preferably no i sgéquétﬁt heilbveigﬁ%fg“q’BN of greater than
5 ng KOH g. Preferably, the afuRiygfesd SpessaNd 2epplloyed wil |
contribute no nore than 4, preferably no |nore than 3ing KOH g of
PF2009L005 FF-15 - TBN to the Vumwm@ﬁﬁdm@ HPTMcBABdSi|tion. It is
further preferable that dispersan oviaeschap—greater than 30,
preferably no greater than 25 $ refer%%?vlﬁgggzthan 20% of the
total TBN of the lubricating ol conposttji gRTMAddRbkonal additives
may be incorporated in the conpositions af the invention 5 to enable
themto neet particular requitenents. ExanzﬁBTEMBf@a’du tives which may
be included in the |ubricating—eit—eonposi . tal rust

i nhibitors, viscosity index ipprovers, cor‘%‘gz%ﬁﬁlml bi tors,
oxidation inhibitors, frictionfodifiers, other dispersants,

anti-foam ng agents, anti-wear agents and pour point depressants.

Sone are di scussedldtal-doutaittieg odetshifbrrviekodwierges Hynktivnabgfl as detergents to

di t hi oph hat t al | t f tl d
ant i ox| dant | SBRT B FTRBC AEPe s 7By "B RCUFREE wr s RIS Py recucing

netal , orsal yghsm cdrBRtbn dnkdextdiRlinERGenen fo MINERBAEE gerlthedom B BB RIolar
or zinc, zinc bei ng preferred. The zinc salts are nost _.conmonl y used

in lubricati hepdoivit |ar1109$7bmdﬂ°9h@110 il with the popr dfed serppriong atmeetsl safftof an
% based upon .t.he total ofth C 0
T(;ley may be Sflngﬁa%’&n ‘N4t % an(F:r eh%vm hlﬁ IE% C%h %ghn%%buséagm%%?@g%b&gmc

formng a di hxduecar ﬂM'm&al hl! GhlRBSRBO they ﬁellﬂua(l@DEb%):nb&tBamhbryndb)Or neutral
reaction of one or nore al cohol or a phenol wth Pzgﬁ nd t he
neut ral i zi ngstlife 2pdpeule DPPAlLwbaYE & totrhbase swpdenar T %&H-E}’Féneaéured by

di t hi ophgsphay. b f 8fatkd
Secondar 37 al conaY SZRETBYEEE (R0, U 1:ER G0 T hilbEhact ind SefatdipBind
can be prepabgdeadiagextdse m@tairmra:rdu;lﬂ (ggotapsoxmie oy daradenvith eh ycidic g cras

secondary in character and the drocar byl ps .on the others are
entirely prifa#y PHPEhRECer . T Q% ﬁ%‘iténq ﬁge Lﬁi éeé?rgen ahYPRBASE cnepiralized

neutral zinc d%%stl&dth%%keq 18Ry Y8 Q%Qéltbats@?e QMaﬁ%ateb])‘rﬂéélP@ dfighaRerbased

carbonates are t generally enployed. Cormercial additives
frequent | y cdmtemmtsanajehms;sTBN ofi 156 atigmeater, anbtypivellpivillhasx e JEN of from
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e R
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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



25 cont ai ni ng conpounds. Typi cal oil-soluble aromatic am nes
having at |east two aromatic groups attached directly to one am ne
nitrogen contain frome6 to 16 carbon atons. The am nes may contain
nmore than t wBF#PYREI FE groups. Conpoundslhaving a total of at |east
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pol ynet hacryl ates, methacryl ate copol yners, copolyners of an

unsat ur at ed giubar wxys. i dhacllgrdnaliansten ysualy geainie romeppd (et g0 or
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conpati bll& with tA&esihitublegrifenaten & Ykaryhaulferia pcigs mayabe apurliged with
| el uded.  EXQIRIES i9liroRiiRY, MR TaltBankide cHtiieobdl MRARRS!R/Bosilides,
hi gher fatty acids, "for eXanple, glyceryl nono-oleate; esters of |ong
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long chain backbone having functional groups capable of associating with particles to

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



and al koxyal kyl, generally of from1 to 30 carbon atons, and
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fluidit f the fluid . 1O C18. di al f t e/ vi nyl .
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provi de a nulofilewieti myleeflare fedghit smay oalprsher gpedetanipre, highsmedfcalar weight
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whi ch maintains the stability of the viscosity of the blend. Thus,

al t hough pol ar gr dupfereheseurs My derfriany éxclugenpeyeaminelerivatized pabyya-olefin,
viscosity in the pre-blending stage it S | ohser C
conposi tions dilsr%?gg%tg’e Haﬁlc\?liag%ose%}fy’;en\ﬁﬁélﬁé@t 8‘@89’? %ﬂl pa?lgl }ré esé)%g@?ein%gg.&d
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i nclude the | ong chain hydrocarbons functionalized by reaction with |
mono- or di c@ebaseprivdenscisastisrednwitlr PersEioniendEfe groups j dt peacted with

reparat hgn qf f di_.spe i nb i .
Dovnens o8 ShbHIEAR! 4558 305001 A5 LRLEADBLeL R clattihe o o
above- nent i onetyoagdkilienes, eaclyamiih, ti ve eig, t ypipdidyypbdetaed i ntdamine,

trimethylolaminomethane; a hydroxy compound, e.g., pentaerythritol; and

combinations thereof, One particularly preferred dispersant combination is a



ADDI TI VE MASS % (Broad) MASS % (Preferred) Metal Detergents 0.1 - 15
0.2 -9 Corrosion Inhibitor 0 - 50 - 1.5 Metal Dihydrocar byl

Di t hi ophosphate 0.1 - 6 0.1 -4 Antioxidant O - 5 0.01 - 3 Pour Point
Depressant OPRDOYLOBSEE O1 - 1.5 Antifoantiig- Agent 0 -5 0.001 -0.15

Suppl enent al

10

15

20

Ant i wear Agents
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
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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
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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.
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mass % of phenolic antioxidant and a molybdenum compound in an amount 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



1.00 Tot al

Wi ght (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 a%ai nst reference by D2896 3.04 5.09 The

data of Tabl BF30P4L

ehBXy t hat PDAL effectii®ty increased the TBN of the

| ubricating oil conposition as neasured b% ASTM D2896 and D4739,
wi t hout 5conmolithdatengnd othehallgfimHmsislt makybdates and other molybdenum salts, e.g.,
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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



Exanpl es 2-5 The procedure of Exanple 1 was repeated using
each of PDA's 2-5 in place of PDA 1. 10 Exanple 2 (PDA2) The results
achieved with PDA2 are shown in Table IV. Table IV Reference Sanple
3 Sanpl e 4 RRFEPRALY T g) 47.50 47.50 47-59 Added Base G| (g) 2.50
2.00 1.50 PDA2 0.50 1.00 Total Weight (g) 50 50 50
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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),
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.



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 IV show that PDA2

ef fectivel y PFEPBASTEF t he TBN of the 15-3Wbricating oil conposition
as nmeasured by ASTM D2896 and ASTM D4739, w thout contributing to the
SASH content. PF2009L005 FE-26 - Exanpkeledl (PDA3) The results

achi eved w Hh—-RPBAS—are—shewr——tabte—v—tabte—vV—Reference
ADDITIVE MASS % MASS %
(Broad) (Preferred)
Metal Detergents 0.1-15 0.2-9
Corrosion Inhibitor 0-5 0-1.5
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Antioxidant 0-5 0.01-3
Pour Point Depressant 0.01-5 001-15
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-1.5
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



Conparative Sanple 1 Conparative Sanple 2 Reference (g) 95.00 95.00
95. 00 Added Base O (g) 5.00 4.00 3.00 PDA3 1.00 2.00 Total Weight
(g) 100 100 100 TBN by D4739 8.4 9.5 10.2 TBN by D2896
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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.



9.3 11.2 13.0 ATBN val ue against 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 lubricating oil
conposi ti on BR0MEAEUFIed by ASTM D2896 artl ASTM D4739, wit hout
contributing to the SASH content. 10 Exanple 4 (PDA4) The results
achi eved w t I BRIPHRFORVANCEN Table VI: Table VI Reference

Conpar at i i
P ve Sanpl thg b%)lgi%g I’o ta! Y&rﬁ:%ﬂgé %iﬁcomposition can be determined by acid
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titration. The resulting neutralization number is expressed as total base number, or
TBN, and can be measured using various methods. Two methods conventionally
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
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.

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-
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
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

following examples are illustrative of this method.



Reference (g) 47.50 47.50 47.50 Added Base Ol (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 val ue agai nst
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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



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

I ncreased the TBN of the 15l ubricating oil conposition as neasured by
ASTM D2896 aPfFOREMI 81739, without contrdbuting to the SASH content.

PF2009L005 FF-27 - Exanple 5 (PDA5) The results achieved with PDAS,
are shown i nmupabsireonABN. Thpsampley wemrdesedediclé apgn dr tsgat vadessampiegense oil in

Conpar ative l§oathA§TIQI ﬁ%{h%ﬁgm%gz}ndél]?)ﬂr% in order to measure the 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:
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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
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.
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
lubricating oil composition as measured by ASTM D2896 and ASTM D4739, without

contributing to the SASH content.
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Table VII show that PDA5 effectively increased the TBN of the

| ubricating oil conposition as neasured by ASTM D2896 and ASTM D4739,
wi t hout cont FF%?G%OHSF% t he SASH cont ent2® Exanpl e 6 10Each of the
above type of filly-fornulated |ubricant was further tested to
determ ne the effect of each of PDA's 1-5 on corrosion and seal
conpati bili t Youa G010 ' was tested using the high-tenperature
corrosion be rest T) (ASTM D6594), which fornmul ated

| ubri cants nust paksrdzehkoichigvedetith FigAARte Bdwh ialdblACEA E6
certification. Seal conpatibility was 3,v L{?t ed using an industry- 15
standard MB- AK6 test  which mist e & o qualify as a MB p228 51
| ubricant. Both se¢al conpatibilit yRﬁ'WI@érr@mﬁr%Fe teampaiative { he
presence of an ampunt of phenyl enedi ani ne |corBeowtad! pr ovi Simpfed TBN
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oil. The results drgdggzp]g\ﬁgel(m @Eqb e Yhbl: PFZQ(@;@LOOS FF- 2800 Tabl e
VIl Exanpl e Compotund——€ .," ated TBN ‘v'ou e o iéﬁ'ri/ o) ATB&&‘GY BA47139
ATBN by D2896 HTCBF—a-2 D4-£39)—N K6—1Seal “ est—@-2TBN{-D4+]
y Bl Weight ()] 100 (T A s T A
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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Example 5 (PDAS
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 ST 9936 1.5 c 30 J (— Fail

PDA4 V‘“‘/ij 288.4 2.0 4.0 Pass Fail
e N
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.



PDA5 -.%r %
The data of
no

310.8 2.0 4.0 Fail Fail O -N- -N?/ A A

Table VIIl show that PDAl and PDA2 (of the invention) had

PF2009L.005 FF -30 -

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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PDAs PDA3 and PDA4 effectively increased the TBN of the lubricating
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conprising, or made by adm xing, an oil of lubricating viscosity, in

a maj or amouny, andq.oARsien, MR EaiMNel in (Blifnd1, MvhiRRaS laCor LA RibP¥hnt for a
phenyl enedi am nes, in nor anmounts, wherein one or two of said

hydr ocar byl 4eoyphitpdiesdd (HbEHedgae. an al pha carbon atons and have 3

to 12 carbon atons and one or two of said hydrocarbyl groups are
branched at a beta carbon atom and have 4 to 12 carbon atons; any
other al kyl gpoup Aami@sttioh0 ak2 cEARBONIMALMATE 1, 2whRhC AP 08dPipeP NcorfSion
clainmed in claim1, wherein said hydrocarbyl groups are alkyl groups.
3. A Conposi DRBpIIAREE &) HarbidhiiPmpLEIA boPAORgS AN TBN (AR LIFO%) thal Falls
according to _ASTM 4739 .of at ,le 4. t] O a
claimed in clarm 3%ﬁla?/)llmr#g% é)?Tgﬁ a"rrggalsﬁjgg %&g:{)gg?n% Ff(g\ %%%&%QQ%? fias

from about 6 fluercRbetéimeQ ¢MidkOdal mbberials conpaitilityoperfsandaalnmdd MB-AK6
claim1, havi ngta SASH content of no greater than 0.8 nass% 6. A
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measured by ARINIDAERSind 2ofPbinvRd fdombsad do REMELEREdn NS a nitrogen-
conpounds. 8. A-conposition, as claimed in claim7, wherein at |east

25% of the conpeBing divpdrsaBNromsahouh Uup edpoty2(\STR DT 3G, amimiattioxetpnt, a

from sai d phenyl enedi.am,ne co nds. PF2009L005 .FF-31 - 9. A
conpos, 1 o, PHEGIEAHRHFTh € RATPH GO RSaPEP RN G4 TP DIgodr TpRatout s o
conposi ti onalahdBNab Smaeed B da fdedfe@thlagg sirdBNasdr zas 00 hatssthaf $ahetal
phenyl enedi am ne conpounds. 10. A conposition, as clainmed in claim

6, wherein atdilyszerarddithpphesehedonposi ti onal TBN, as measured by ASTM
D4739, is derived fromsaid phenyl enedi am ne conpounds, and | ess than
20% of the conpositional TBN is derived from ashl ess TBN sources

ot her than sgid phenpgtipaediarcatng arfeuncBa cordpressforsignnesd rtéradl, coahustion
claimed in claiml1, which is_a crankcase |lubricant for a heavy duty
di esel (HDD) CB&@E (EIIng Bs OPCTaléRfesiaisHig as claimed in claim 1, which

has copper corrosi p MaNGe | i.gh-t epAtHES RERChtra-alihati
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CJ-4 and ACEA E6 speci fhiydaiciutby] phadylbaslifrhines ael dedinodeini claemgl ne sendjor

amount of an oil of lubricating viscosity to make a lubricating oil

composition, the TBN of which, as measured by ASTM D4739 is



14. A method of lubricating surfaces of a conpression-ignited

i nternal conmbustion engine during its operation conprising:
(a)providing, in a mnor anount, one or nore N,N -tetra-aliphatic

hydr ocar byl PREPRHIENER ani nes as defineéBdn claim1 in a major anount
of an oil of lubricating viscosity to nake a |ubricating oil

conposi tion, the TBN ofhewbychharaed mitout echchyembTivic347189 thes SASH, and that

PF2009L005 FF-32 - there enhanced. wi t hQut conc.ur r,.en iLncreas
the SASH, and t hat hasBEt,so%B@terc PTG ok %‘?’?agf?‘ralﬂcgl ?’%gtyﬂ Ffempera%énl%mh

hi gh-tenper at ure bencheGeisisieoN(ATEY DAY tRESAAY withat Healiings Wif tthd API
the limts of the APl CJ-4 and A E6 specification, and has

f1 uor oel ast oneri ¢ engi Rédsanl A{Q@tpeﬁﬁaﬁgctﬁ&‘ﬁb@t i aid| lnasyflysupelaviompie engine
the MB-ALC6 test that falls, w §83

specification; providi ?1 k éerta Ogncpa Eﬁ%)lr corr%%){shl ‘%@h@t%%g? gejﬁ that falls

engi ne crankcase; and Wﬁlﬁfrﬂﬂqbﬁ@@@f&e@ﬂ@lpmé? 515pedification;
N -tetra-aliphatic hydrocar byl phenyI enedi am ne ,of

e fqQrnu
(R5),, C NR3R4 V\ﬂérel Aroaipg e lggricatipg oﬂzsawaomowtpm%%e@ﬁlw;&ﬁd
al i phatic hydroca to 12 carbon atons, at |east
one of RI, éi g%él&%@?"n% ar%gnr'ocar byl group branched in the
position aI pha to the attached nitrogen and having 3 to 12 carbon

G oup. b anchid | s Netgestinehe Biback s AReHeRGARe Al [ FdgBR havi ng

4 to 12 carbon atons; R5, or each R5gsis independently hydrogen or an
al i phati c hydrocar byI group, having to 12 carbon atons; and n is
fromO to 4. 16. Phenyl enedi ani ne, | ai med in claim15, wherein

t he hydrocar byl group of one or I, R2, R3and R4, and RS,
when R5 is a hydrocarbyl group, i NBIRE.  17.

Phenyl enedi am ne, as clainmed in cl / wherein the hydrocarbyl
group of each of R, R2, R3and R4, 5, when R5 is a hydrocar byl
group, is an al kyl group. 18 Phenyl iamne, as claimed in claim

15, wherein each of R and ndependent |y an al k

s
branched in #HercHbsaed %Ral%hzﬁst“%ﬂ Rnds Hrdengmisntininy éﬁlfat%fwc&}t‘axh $gup:
3 to 12 carb IS pi2 ngle e k¥l
PF2009L005 Fg&égé%%gr oup anc ?iﬁ%aﬁ% e%g(%isl tRl gﬁ E&{]g {E% %hagﬂy&b Y
attached nit gogerbrahahel ihate npgsidioh alfiz watheoattaabeghsitrogén and having 3 to 12

Phenyl enedi am neas clained in claim]l5, hav Aayer age I ec

wei ght of fr§ %‘bé‘tﬁm%S@dt?}gﬁﬁu?nWS%i g Eh%ﬁ‘an% éallnanq mﬁgr%yfigmup
claimed in chahmd tﬂ@\bbﬂﬂoﬁlﬁbet%vt%rtﬁ@ﬁtté@%@%&@fen% 496 mrc@fao@tmhs-
450 to about 650. 21. _ Phenylenediamne as claimed in claim20, having
an average mB’ewdagh Rwes gtﬂepmtdehﬁy)hydmgm os0alinhatbbydrogooy! goup, having 1
Phenyl enedi amgfi ﬁ dnré (tjr . a wherein the nitrogen atons
are arrangedpan°¥ °’b?\8m5n28t P93 "Bfienyl enedi amine as clained in

cIa|m15 havi ng the forrrula

N, N -di-(sbutyl)-N, N -di-(2-ethyl hexyl)-p-phenyl enedi am ne.
16. Phenylenedlamme as claimed in clalm 15, wherein the hydrocarbyl group of

one or more of R\, R?, R¥%and R*, and R®, when R’ is a hydrocarbyl group, is an alkyl

group.

17.  Phenylenediamine, as claimed in claim 16, wherein the hydrocarbyl group of

each of R!, R?, R%and R*, and R®, when R® is a hydrocarbyl group, is an alkyl group.

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



i am [ [ [ ing-the formula
24. Phenyl enedi amine as clainmed in claim115, having-t _ _
N, N -di ()1/, 3- nethyl butyl)-N, N -di (2-ethyl hexyl)-p-phenyl enedi azni ne.
215. Phenyl enedi am ne as clained in claim15, having a TBN, neasured

[ D4739, of at least 50 ng KOH g. 26. Phenyl enedi am ne as
e med i m ving a TBN, neasured as in ASTM 1) 4739, of at

claimed in claj 39%00?? _ in /
| east 120 ny K_O%]g. 37 A nixture of phddyl enediani ne compounds as
claimed in cl aklmiﬂ'@ranched in the position beta to the attached nitrogen atom, having 4 to 12

carbon atoms,

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.  Phenylenediamine as claimed in claim 15, baving the formula N,N’-di-(s-
- butyl)-N,N’~di-(2-ethylhexyl)—p—phenylenediamine.

24.  Phenylenediamine as claimed in claim 15, having the formula N,N’-di(1,3-
methylbutyl)-N,N’-di(2-ethylhexyl)—p—phenylenedianﬁnc.

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.





