LUBRI CATI ON AND LUBRI CATI NG O L COWCSI TI ONS Thi s application clains
priority fromU. S. application No. 12/608, 412, filed Cctober 29, 2009, the
di scl osurwoebivdsbss i s i ncorporated by reference. FI ELDpOF/GRRiE0IOBSENTI ON

[ 0001] This invention relates to phenyl enedi am ne conmpounds useful as

ashi ess TBN (TUBRIGATION MRS LUBRIBUITNG OIL/COMREIAGNY | cOmosi ti ons,
and | ubricating orT_conpo ; bricating oil
conposi tions having reduced | evels of sulfated ash (SASH), containing sane.
BACKGROUND OF THE | NVENTI ON [ 0002] Environmental concerns have led to
cont i This dpmichiiort dains prieditye foinE SCpplicytibnOar 126603014, filet IOgsher a9 2099( NO)

em ssjons of co ession ignited (diesel-fueled) and spark ignited
(gaso'#]FH@Q]PEIIEFQggz'hc%dmmﬂ@gwqdﬁiyeﬁegﬁ?n%onbusti on engines. Further, there
have been continued efforts to reduce the particul ate em ssions of
conpression ignited internal combustion engines. To neet the upcom ng

em ssERiLs oie § T%ﬂvy duty diesel vehicles, original equipnent
nanufms—%%@rra‘y—requi re additional exhaust gas after-treatnent
devi S exhaust s after-treatnment devices y inclu alytic
convgﬁﬁ %lr]s,mfﬂ%ﬁi‘Il:Vrffm!é| regag?'?ttﬁip WA@G@%? ‘éon&ﬂuﬂgi s @gﬁ&ﬁ%?@ﬁﬁyt or age
cat al st@spj agdggr NH3 reduction catal ysts; and/or a particul ate trap.

[ 00037asedigmbsry Foesiers ok lubricating et srBiPpH IS, @gd dnkricaing eileepmpesitiosss ect i ve
by exposure to certain el enments/conpounds present in engine exhaust gasses,
par t i Reticalarly pyankcape dubricating pHoephpsitiona tuvipigosgheedukevels mfosmfitedi adhr oduced
into the exhaust gas by the degradation of phosphorus-containing

| ubr i (8aSH)gconidiniagleirié.ves. Reduction catal ysts are sensitive to sul fur and
sul fur compounds in the engi ne exhaust gas introduced by the degradati on of
both the WD 2011/059583PCT/ US2010/ 050618 base oil used to blend the

| ubricant, and sulfur-containing lubricating oil additives. Particul ate

t r apsg £ERAEROVND DPPHEINVENRIGN | ¢ ash, which is a product of degraded
met al”-cont ar ni ng 1 upr m‘t‘r‘n‘g—m'?Laddi tives. [0004] To ensure a |long service

life, rigati J itive at _exer 1.ni_um pe i;ve i ngact on
such @P%r _?ﬁfg@%ﬁeﬁﬂ{d %og@?@é}sﬁvr?ﬁgé P(b((:aoni Ié%({ ?ffqrgdc’) I%Hﬁllae @ﬁéﬁ@@ﬁ‘i{;@’&% ons for
"new service fil]" "first fill" heavy duty,diesel (HDD) |ubricants
requi¥® %%eﬂﬁm%dﬂg CPEFIOnS OSFO@PQSméf“J@‘E K‘H?ﬁcﬁa?ﬁliﬁléi&g[)gﬁ%ﬁégq‘l@\ﬁel s of
0.12 mass % and sulfated ash contents below 1.1 nass % which |ubricants
are (8elipeficled) dight dyty igame camhmstien prgingswiwiber, drpshavesbegn caotimredm f or
"Sul fated Ash, Phosphorus, Sulfur"). In the future, OEMs may further

r est reffottst feesdute wkd partioxlata enlissicais sof cofpf8siomsgnitédp hnephlocompudiod nass %
sul fur and 0.8 mass % sul fated ash, with such lubricants being referred to
as " lengin&API0 theth thee@donGng bniscOARGMIAAIIO T6r hdalP Aty Giedd & eRORY NG54l
phosphorus, sul fur and ash-containing |ubricant additives are being reduced

to prequipﬁ@nmnqnumdre}soo@%%Aw&q}lﬁaaﬁcﬁﬁéﬂmmhﬁ SO TREL IOk Re debicgx haust

gas after-treatnent devices, t’he lubricating oil Tconposition nust continue

to prevh g?héugf% ia@@r—{rga\ﬁ%ﬁte&g/iéey H{agqgaﬁdqoc%zgﬁw:&&?rk,%#ﬁ Lag.adgquat e

det er gency, tated new service", rs speci #lcations

and. ABp S o bRy Nk rosree Pl T B0 00y VeR R T catles ©

Criteria.for being classified as a lubricating oil conposition neeting the
abové‘Haf‘éﬁugaaefr%ustry standards are known to those skilled in the art.
[0006] The ability of a lubricant to neutralized acidic byproducts of
conb$i¥8Q3dn, Oxidptidn ¢atpdysisaennchecome pgisorss god gendgend st difeetiveals exppanre to
recirculation (EGR) systens, particularly condensed EGR systens in which
ex haugsttaiy adeeantdcanmuotie gresentan dngireeeihaost| gakieonpartieuladbe biyrgxposad.toand t he
drain interval of the lubricant can be extended, by increasing the total
bas e phusphefus hBdhophotud @oMmPHRMS ifttddicedIntd BE eRhautBMs WSO 8RR BM IcEEd DY

over based detergents
phosphorus-containing lubricating oil additives. Reduction catalysts are sensitive to sulfur

and sulfur compounds in the engine exhaust gas introduced by the degradation of both the
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WO 2011/ 059583PCT/ US2010/ 050618 t hat introduce sulfated ash into the
conposition. It would be advantageous to provide a lubricating oil
conposi tiwo 2dtvdzom3hi gh | evel of TBN using a TBN boost i mgTaspponswsts t hat
does not contribute sulfated ash. As highly basic conponents are known to
| NAUC BalQUil 84 RITbIRAS thelibRAHE o S B LB INGHCRAD BN BhkivEy BipluRg

| uor 0

| ubricating oil conpositlions and the el ast ric seal materi aPs used

o T R0 8an Bdoolt@ SRR B SE R M WRRIOY bHES G o SRIPAAR ot iR, 90°°

not | € corrosion an preteraply, oes a ClU S S

conpatibbility.. .to demands for inproved fuel econony, |ess viscous
Iubri‘gﬁ?gynéﬂk%EQ%W%NVand 5W 20 and 30 grade |ubricants, have becone nore
prevaie t. To allow for easier fornulation of such lubricants, the anount
of po ‘%P?bé i 0SHE denphseraarilifs, bsicatingnibadditiyes fhatererhe muimunhaegativee, it
woul d be further preferable to provide a non-polyneric ashless TBN source.

[ 0007 uschPan ench -treBinEas devives By 2, idaoifiednahdoOBNDsBLHicatiensdior &ndved t 0

"l ow ash” lubricating oil conpositions in which sulfated ash content is

r educedvioy fill2 phdCfing itV Redvasiat) dedet (IgBDY fubnichdts FRuire alaxdetmrsgHnt Bveldhese
patents describe such lubricants as providing sufficient detergency, but do

not desoHinas bhahadifam ;ﬂfo@?ﬂo@l@s RIS bED 8D tmalBd, a8 shiffed AR coRteRefow i N HDD
engi nes. US Patent Application 2007/0203031 déscri bes the use of a“Fn gh TBN

0l L 099 el Ak Gufll RS RSB T0 33 RT3 APBN L RRHERE Twhere “sAFS-REAFN No-

5,232,614 describes substituted para-phenyl enediamnes as e tive
anti-oxi dants. £or bri,cating oil 0sjt}],0 - B-1 296592 descri bes
N NP R S Bhodort SHANT i€ R IME P Cr S

per oxi.de-crass-1inked pol yet hyl ene cqonpasitiagns. Two of the al kyl groups
have HESHeS wwwaﬂew%&ogﬁmﬁ%% EHORMIQISE, O12 mpgs P VENTIG-S Mrs® 8y Thi s
invention neets the above-nentioned problenms by providing aryl-trialiphatic
hydr osfasA aghemyithevueh dibricastsabeinghrefemedrBN BoodewrSAPSYe dshricatingicaibr di ng
to ASTM WD 2011/ 059583PCT/ US2010/ 050618 D4739, in lubricating oil
conposémpasitensand whi ch nmeet the requirements of seals conpatibility and
copper corrosion tests. [0009] 1 n accordance with a first aspect of the

i nvenf000s] t Aerthe iafopiite \Wfdhdsihotusa BiE@Sad adBldofRlding brcaOdaRsiek iagh such
as a heavy duty diesel lubricating oil conprising or nmade by adm xi ng an

oi | Of)eif[{#%dh% o HoMiS GRS 4l 10w AP STRIALarRd BN ire BRP AL il exBREST pas
N-aryl-N; N, N -aliphatic hydrocarbyl phenylenedi arhines, 1n mnof anmounts,
wher ej 4. eacl i i . pr rably al kyl group,.i,s
ndepeieRifindl BURE IndXRRIRE) ShBKBoR GiT BRI Ty 6 o

12, : OIO!I . d it h d t of th t
i nv e(r:l ei[ﬂ%g taf F.]&?gg%nt iDEr % éﬁ(ﬁg((ﬁlrlg gge%%atvem dteta&ngﬁcd?cr%ateg ?)? %ﬁ: “ngw serv(;}ceg,r esen

and "first fill" specifications of the OEM's, such as the ACEA E6 and MB p228.51 (European)
and API CI-4+ and API CJ-4 (U.S.) specifications for heavy duty engine lubricants. Criteria
for being classified as a lubricating oil composition meeting the above listed industry
standards are known to those skilled in the art.

{0006]  The ability of a lubricant to neutralized acidic byproducts of combustion, which
increases in engines provided with exhaust gas recirculation (EGR) systems, particularly
condensed EGR systems in which exhaust gasses are cooled prior to recirculation, can be
improved, and the drain interval of the lubricant can be extended, by increasing the total base

number (TBN) of the composition. Hitherto, TBN has been provided by overbased detergents
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met hod of increasing the TBN of a lubricating oil conposition w thout
concurrently increasing the SASH content of the conposition, which nethod
conpri sesworopr@essati ng into the conposition, in nmnor ROWWSLGLH/0S06ES8 OF NOr e
phenyl enedi am nes as defined in the first aspect of the invention. [0011]

I'n acank JamcRickishitated B iflo A0 S6pBLitbh e 1 Whal L@gﬁ}@e@e&é % BrRYdLgd

€ k
met hod of |ubricating surfaces of “a conpression-i I nterﬁa(iwconbusti on

engi n i y ) at | Q i.S{ NG r ovidi i.n a mnor unt,
one. ofutiitkiich LomBREHAL AR SIRER1e:3) PRTBN AL TN Bhostie SafpoR: FR

i nvention in a .nmjor unt of an ojl  of lubricating viscosity to make a

| ubri S8F 795 %‘Jﬁ%ﬁg@@ B, hbighiRpasic wnﬂq?magren@wfedn@veﬁswmm i s
t hereby_ enhanced without concurrently increasing the SASH and that has
coppePiddprwEcosrspeFelleerthsceomprtibility egreen drbrécaling odl eranpasitions randithe t est
(ASTM D6594) that falls within the limts of the APl CJ-4 and ACEA E6
speci fluetlasomeringed avateiialouoal s engines, it wogldre prefirablette prastide such a
conpatibility performance in the MB-AK6 test that falls within the limts
of t heorhvforea? thab Hosp el indac tdrusion¥dd? QiefeAbR5 B3R URRHELHOMBRL cdlH)

providing the lubricating oil conposition to the engine crankcase; and (c)
oper atbmifatibifty € T8iet8- demands fo? iRGRAEE M c¥hdnlly, deds A cblls RibrESits, Quch B

invention, there are provided lubricating oil”conpositions, as In tﬁe first

Sy R L R R
i .. [ 0Q12 . i i f. . Ny [ ’
e i 8, MR Bt SRR S PR o

recirculation (EGR) system. preferably a condensed EGR system and a

par t i ByEEed; Thsrefordt wogldhedunhgmrolriable temgrade 2 ron-pelymens adhiss TBN

| ubricating oil conposition of the first aspect. [0013] In accordance with
a sixtregspect of the invention, there is provided a nmethod for formng a
hi gh TBN | ubri cant having a reduced SASH content conprising incorporating

i nto BXIOE] | ubiS Catentnosi 5,529 KN,67205700 aad G,569(818 @t difeetepherydwenghtt am ne
conpounds of the first aspect of the invention. [0014] In accordance with a
seveniubrid&gcdil efmpdiRiond e WhicANsulfhid@lagh tSntetQY tedaskdy Npficile MNerbased

N ,N -aliphatic hydrocarbyl phenyl enedi ami ne wherein ‘each ali phatic

hydrogatiauhes WAPTRLAA! doidlbbll. ITRUD palchid Egsgngaggagh%ggcr B! Anbro o {ed and

preferabl’y has fromb5 to nore prefera atons. 7 0015]
I n thi NeCh L |.0 the follow n ds_and, expressi i f and. when
used, ESERL HerbriBhor b diCher st Pl thes% s PR AR by o ot
refers to.addijive materjal that is not diluent or solvent; "conprising" or
iy CORTRE Moo EpBers | U Relrat prutetcn 2007 0af ordapet e vse pERTistor
i nt egers. or conponents, but does notsrfrecl ude the presence or addition of
one of BhgHEogsnHONtyRg (ispeysants aspshlessnt BN spwrcesconponent s or  groups t her eof ;
t he expressions
US Patent No. 5,232,614 describes substituted para-phenylenediamines as effective

anti-oxidants for lubricating oil compositions. GB-B-1 296592 describes N,N,N’-trialkyl-N’-

aryl-p-phenylenediamines, but as antioxidants for peroxide-cross-linked polyethylene

compositions. Two of the alkyl groups have from one to four carbon atoms.

SUMMARY OF THE INVENTION

[0008]  This invention meets the above-mentioned problems by providing aryl-trialiphatic

hydrocarbyl phenylenediamines as ashless TBN boosters, measured according to ASTM
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WD 2011/ 059583PCT/ US2010/ 050618 "consists of' or "consists essentially of'
or cognates may be enbraced within "conprises"” or cognates, wherein
"consi st swosantshaBl y of ' permits inclusion of substancestrnmstonmseis al |y
affecting the characteristics of the conposition to which it applies;

" M) OpsRURL “uBBaRRe! Bil® itffns > ickl Eﬁ{- ;.,rh s of"
amount " nméans Iugigs tﬁaQﬂSg&ﬁgiséﬁo%s’o%n gagrgu%ogéﬁe?otﬁ?% %%n%ﬂsg%lgl base
nunbeEm% o %f??@pg%rASTM %8 6 or ASTM D4739, as indicated. Furthernore

in thrs specificari .cqrf)orﬂ? fittus content” is as neasured by ASTM D5185;

"sul p ash contfent"” is as neasured by ASTM D874; "sul phur content” is
as rreE@t??gd iwa E%‘th;a%r@\t/féw e IyERfihn dhege i B ef\2 gaNKEST as
measur ed, by ASTM D445; and "hydrocarbyl ", and cognate words, refer to

gr oup¥brikgfingiheampositionisyeh amibenyy dygedicss] bibsicating eiheemprisingohaade by t he
remai nder of the nolecule directly via a carbon atom They may contain
het er admixongsarpoeid wif dehticatingh visedsity pinad ormporchanount, aaflf et ot merecNseyl-NAN| vy

hydr ocarbon nature of the hydrocarbyl groups. [0016] Also, it will be

under Bt-atiphaticahydtacarioyl SplanRasd Aafnes!S 61l miss @ffoudds, Athcréh | eadf APhbsiml and
customary, may react under conditions of formulation, storage or use and

that hifoddhiia Erbg) pRéfe@bly ﬁkhﬁ%g%;lg ilﬁfe?ﬁxgﬁmtl%r gﬁ%ghﬁﬂ%&&d%dgﬁtéﬁm?ﬁ as a

resul t” of any such reaction. Fur erst oo at -any
upper I L r nd ratio limts set forth herein may be
i ndep}é% eﬁtl?%ée%éééf”ﬁ%?%ﬁ DESCRI PTI ON OF THE | NVENTI ON [ 0018]
Pheny iamnes pof the invention are.found to,contribute to the TBN of a
o RB LT, A Brhner b ASHRPES S8oh AR BEseal IERLT dbETs i RESTRCRH 30
Furt her asgﬂ&rmns_t rated in the exanples of this specification, the
phenymethegi ehiinfreasmeghen SBN: fse Ibgatingneid qosposition ayvithet eansugenilys
conpatibility tests such in the MBSEAL-2/ AK6 test and do not cause
| ubr i Bgreasing ghef SASH gaptentf oftthe comBBitiane sthéchametied comprises iimcoABTANIREIRS, i n
particul ar the copper corrosion test thereof. [0019] Phenyl enedi am nes
usef uthei contplosition,nmemniniod amdaits penddepimdte phdiylenbdiatharesak alefitddoid the first
aspect of the invention.
[0011] In accordance with a third aspect of the invention, there is provided a method of
lubricating surfaces of a compression-ignited internal combustion engine during its operation
comprising:
(a) providing, in a minor amount, one or more phenylenediamines as defined in the first
aspect of the invention in a major amount of an oil of lubricating viscosity to make a
lubricating oil composition the TBN of which, as measured by ASTM D4739 is
thereby enhanced without concurrently increasing the SASH and that 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 E6 specification, and has

fluoroelastomeric engine seal materials compatibility performance in the MB-AKS6 test

that falls within the limits of the MB p228.51 specification;
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(R5)n where Rl is aryl, each of R2, R3 and R4 is independently
straight-chain ClL to Cl12 aliphatic hydrocarbyl, preferably al kyl, nost

pref er ablwoGb1t3988, al kyl; R5, or each R5, is independeuatrius2éyadsmgen or
hydrocar byl , preferably alkyl, having 1 to 12 carbon atons; and nis 0 - 4.
[ 0020] Preferably, the phenyl enedi am ne conpounds useful in this invention
have a TBN (neasured as in ASTM D-2896 and/or ASTM D4739, preferably

nmeasured as in TM D47 | east.. 50 ch . as at |east 100 ref erably
at least 120 ng ow%m%@f KRR Rt ahien 4f reaep cahe el | o may
be in the formfg asin ﬁ\ﬁ ound, or may be a m xture of conpounds of
t he above for mut% %]ng %g&‘% t he phenyl enedi ami ne of the present

i nvention has, or have on aver age, a nol ecul ar wei ght of from 450 to 700,
such as frBhicssislanes w1b a fawres aspset of the invesdm, there . provided lubricating oil
2011/ 059583PCT/ US2010/ 050618 [ 0023] Preferably, the nitrogen atons are
ar r angaupgsitianst & ortbe dugtdspect, hediv] thd iperfainemyé eritedaarfione or angre wfdke usef ul
in the invention may be nade by methods such as those known in the art.
ACEA E6, MB p228.51, API CI-4+ and API CJ-4 specifications for heavy duty engine
lubricants.
[0012] In accordance with a fifth 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 first aspect.
[0013] In accordance with a sixth 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 of the phenylenediamine compounds of the first
aspect of the invention.
[0014] In accordance with a seventh aspect of the invention, there is provided an N-aryl-N,
N’,N’-aliphatic hydrocarbyl phenylenediamine wherein each aliphatic hydrocarbyl, preferably
alkyl group, is independently straight chained and preferably has from 5 to 12, more
preferably 5 to 8, carbon atoms.
[0015] In this specification, the following words and expressions, if and when used, have
the meanings ascribed below:
“active ingredient” or “(a.i.)” refers to additive material that is not diluent or solvent;
“comprising” or any cognate word specifies the presence of stated features, steps, or

integers or components, but does not preclude the presence or addition of one or more

other features, steps, integers, components or groups thereof, the expressions

50f35



[ 0025] Lubricating oil conpositions of the present invention conprise a
maj or anmount of an oil of lubricating viscosity and a m nor anount of the
phenyl enesloauims9ss0026] G |s of lubricating viscosity eeefusbotonsishe
context of the present invention may be selected fromnatural [ubricating
oil's, synth | ubri.ca tur r i.cat.ing oi
may range | ﬁ‘;ﬂ&%gscggl tg %lrng%t? %etnﬁgl&i’é{qff I g go%%%grrgfgy 0| 9 ém% P}alégea‘y/ly -

| ubricating qils such as_gasol i ne, Lagine oils | ubri.cati.ng qils and
heavy duty &8RS oi%f &0 g@%ﬁ%rgk‘ %’S{FF%&W‘EBQTYOP tﬁ@"’i‘)‘ﬁ 1 “i O?r om 2
to 40, especially from4 to 20, |ans as neasured at 100C. [0027] Nat ur al
oil's incl ua‘ébséﬂ‘i‘Pﬁ}'/FﬂOtdﬁt@%Woaf&éﬂ’é% s @aﬁ'}cﬁ‘é’s{l@ of the campgpitipn to whighgit oj | ) ;
liquid petrol eumoils and hydrorefined, solvent-treated or acid-treated

m neral oi BBPLSS; t he paraffinic, naphthenic and nixed paraffinic-naphthenic
types. Ols of lubricating viscosity derived fromcoal or shale also serve
as useful Bmsprambent” p@AdSi eXyest €50 mabsifdrafaaboinpgsidbh;s | ncl ude hydrocar bon
oi Il s and hal o-substituted hydrocarbon oils such as polynerized and

i nt er pol y meinte dmehff’ intend RsOthan PO AR YadransmpoRaby,pr opyl enes,
propyl ene-i sobutyl ene copol yners, chlorinated pol ybutyl enes,

pol y( 1-hexepaRy mddh Yid baSC hfifeas ﬁ&lg%&hgr RENADIS0 A ASPABRTR o ©- O
dodecyl benzenes, tetradecyl benzenes I nonyl'benzenes

di (2-ethyl hexyl )benzenes); polyphenyls (e.g., biphenyls, terphenyls,

al kyl at ed pol'yphéenol s); and al kyl ated di phenyl ethers and al kyl at ed

di phenyl FP%ﬂdes and derivative, anal ogs and honol ogs thereof. Al so useful
are synthe SmPe 1S serpfication gas to liquid process from

Fi scher-Tropsch synthesi zed hydrocarbons, which are commonly referred to as
gas to |i quphesphoros egptent’hig gemepgused bysS YIRS HR9583PCT/ US2010/ 050618

[ 0029] Al kyl ene oxi de pol yners and interpolynmers and derivatives thereof
wher e t he t'siphated|ashyahteny s agnmapgedby ASTDEDSFAHi fi ed by esterification,
etherification, etc., constitute another class of known synthetic

| ubri cat i nGsubphus cont&ie® & a3 mecasucedrpy IAISTaM DRG2p0l yoxyal kyl ene pol yners
prepared by polynerization of ethylene oxide or propylene oxide, and the

al kyl and egyho®thedns kia{enﬁﬁbmzs ﬁﬂgy‘%l’h@@"@ ag%ééﬁﬁ%ébfz%sgw D445; and
met hyl - pol yi so- propylene glyco her having a nol ecu ar wei ght of 1000 or

di phenyl e byRQaa ROV ERG:L, 188! 1o NI JIRLEF UhBln UEA AMroBln 1000 12

1500); and no- d pol'yTa oxy ic est or exa e acetic

acid esters aci d te aci d di ester of
tetraet hyl etﬂglsﬁf@g’@gre%ﬁéﬁtﬂﬁ%‘? ‘F‘?E}m% ?é‘gf’ 810 ‘f"&ﬁ"s 8%%%‘@%?0&1 3QMBr i cati ng
oils conpriﬁes t he esters of dlcarboxyllc acids (e.g ht hal i ¢ aci d,
s-ucci ni ¢ aBFdmay) RYAaiE beiprR; atoms| providsd %’er‘?f‘%rosﬂe@ﬁ ¢ ngtjafiect dhg ei c
acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid,
linol ei c aessentipilrbydropasbemnaturscif the hyidragarkad groups.aci ds, al kenyl nal oni ¢
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol,
dodec}018] cahsol it vaH bt hyddraxgd that eoivel cormpdnehsnred)leysential aslivetl ay bpiigalgl yco
nonoet her, propyl ene glycol). Specific exanples of such esters includes

di but yid aditpaig, othy( Zaet Bideh esenlitiose RACREBlall, Nstd1eyy lor fudsamat @at dicoct yl
sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate

di deciﬂvelﬂmnr@sl r@wd@g t6b pRAUE HERBBR! & oblAiedlis B lrBYlTUPY s q'?éc%'bP linoleic

acid dinmer, t he conpl ex ester forned by reacting o sebaci e

L d wi I
g?et h OtIZk;nm C agf‘%&’f‘%@@‘&f@{%@p@ I Wei Qah{t}g@?l‘? a(g‘:ﬁ r%tm E%ts lsﬁtc: ude
t

cat or BTGRP OB SUTPYITeBH BBTOR | et ﬁy?SI oropane, pent aer yt h i tof ,

di pentaerythritol and tripentaerythritol. [0032]Silicon-based oils such as
t he pol yal kyl -, polyaryl-, polyal koxy- or polyaryl oxysilicone oils and
silicate oils conprise another useful class of synthetic lubricants; such

oils include tetraethyl silicate, tetraisopropyl silicate,
tetra-(2-ethylhexyl) silicate, tetra-

6 of 35



WD 2011/ 059583PCT/ US2010/ 050618 (4- et hyl - 2- et hyl hexyl ) silicate,
tetra-(p-tert-butyl-phenyl) silicate, hexa-(4-nethyl-2-

et hyl hexywoabsiidsessane, pol y( et hyl ) sil oxanes and PCT/US2010/050618

pol y( met hyl phenyl ) si | oxanes. O her synthetic lubricating oils include

| i quid esters of phosphorous-containing acids (e.g., tricresyl phosphate,
trioctyl phosphate, diethyl ester of decyl phosphonic acid) and polyneric
tetrabydro = 00 ,mﬁ%&ating viscosity may conprise a
G oup =%, S-S or base oil blends of the

afore L oned as.st,ocks. P_réf erabl-y, the oil _.of lubricating viscosity is
a Go ‘ﬂfsh E’S*e%ﬁm?ﬁmmmewé@ igyeption agg foynd fo eqnidbute o e IBN9! Rlubiicantr e of a

G oup | base stock and one or nore a Goup Il and Goup Ill. Preferably, a
maj or 2&rfBeaTaredf i ST | D396 and i Alsn ian gmeasyrads in \ASEMaDa73up Furthesr esp 111,
Goup IV or Goup V base stock, or a mxture thereof. The base stock, or
base demohstiatednih theeéangidsyoh dss apeaficatiah e theoplienglenadiaminel s hotoEauser e
preferably at |east 75, such as at |east 85, % Most preferably, the base

st ock lutgicalits s failt M lofthesdls dapatbitif 158 sEcHCRANhE MBSHADNELK 8fiest BANGSH0%
Preferably, the oil or oil blend has a sulfur content of |ess than 1,

pr ef enab sk A86rtAAAN D fﬁli Pk tRE g;ﬁ'tiﬁ’? ! tléstF &8 Sdéslﬁl@bgfiélﬁgswynéﬁhg By -

[0034] Preferably the volatility e oll or o as neaslured by

t he '\?Qﬁ'&;l\éfgmgtsc%é]eéﬁo%(?sﬁnt(es'At‘%r?'\r/'eoq%BO)’ is less than or equal to 30,

preferab gual" t0 25, nore preferably less than or equal to
20, referably. | ess t . 0f. equal. to 16, %, Preferably, the viscosity
indez?(?(blgg) ﬁle’pﬁ %’iafm?ﬁs USFIE B dl“c{fegt‘%‘f miaéggfie%%t,ed Eyg?%gﬂ%wﬁ%ﬁlpwl:east 100,
nost preferably fromabout 105.to 140. [0035] Definitions for the base
stocks and base oils in this ffvention are the sane as those found in the
Anmerican Petrol eum I nstitut ) publication "Engine Ol Licensing and
Certification System', Indygtr'y rvi ces Departnent, Fourteenth Edition,
Decenber 1996, Addendum 1, {Decenb R?Sai d publication categorizes base
stocks as follows: WO 2011X059583PCT/ US2010/ 050618 a) G oup | base stocks
contain | ess than 90 percent rates and/or greater than 0.03 percent

sul fur and have a viscosity imgért greater that)or equal to 80 and |ess than
120 using the test nmethods specified in Table 1. b) Goup Il base stocks
cont aivhergr Raisearyl, lsach of RAGRAAnd B* 90 irpepandaitlys sttaighiohsinabdtd €psaliphatic or

equal to 0.03 percent sulfur and have a viscosity index greater than or

equal to 8RydroehrbBSsrefetbly ARD, HivkiFefchBlf €Sio CRLIRPES specified in Table 1.

c) Goup Il base stocks contain greater than or equal to 90 percent
sat ur af es @Rl ReRsinhgRn Gy 33 apgi
vi scosity index’ gr ga%%r dﬁlgﬁfvg?dgggﬁbél to C%%gﬁ%g%fﬁléy%%m}dég?wﬁé;{ﬁtg 32

specified jn. T 1 .d) Goup |V base stocks are pol yal phaol efi ns (PAO) .
e) Goup Vb%%slﬁms@(sj’(]:aﬁlg i nclude all other base stocks not included in G oup
I, ”his!él—ﬂ or IV. Table I - Analytical Methods for Base Stock Property

[0020]  Preferably, the phenylenediamine compounds useful in this invention have a TBN
(measured as in ASTM D-2896 and/or ASTM D4739, preferably measured as in ASTM
DA4739) of at least 50, such as at least 100, preferably at least 120 mg KOH/g.

[0021] Phenylenediamines of the present invention may be in the form of a single
compound, or may be a mixture of compounds of the above formula.

{0022] 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.
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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 [0036] Metal -containing or
ash-f or niwg 2datmpgent s function both as detergents to redwas2@0/05@mDVe
deposits and as acid neutralizers or rust inhibitors, thereby reducing wear

T e R R

et al [603'45 Olrhe%ﬂer%ﬁ tiaﬁjei(hcanglrl 90%50&8%&%(111'1 the invention may be made by methods
such as those known in the art,
{0025] Lubricating oil compositions of the present invention comprise a major amount of an
oil of lubricating viscosity and a minor amount of the phenylenediamine.
[0026]  Oils of lubricating viscosity useful in the context of the present invention may be
selected from natural lubricating oils, synthetic lubricating oils and mixtures thereof. The
lubricating oil may range in viscosity from light distillate mineral oils to heavy lubricating oils
such as gasoline engine oils, mineral lubricating oils and heavy duty diesel oils. Generally,
the viscosity of the oil ranges from 2 to 40, especially from 4 to 20, mm?s™ as measured at
100°C.
[0027]  Natural 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 the paraffinic,
naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating viscosity derived from
coal or shale also serve as useful base oils.
[0028] 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 polybutylenes, poly(1-hexenes), poly(1-
octenes), poly(l-decenes)); alkylbenzenes (e.g., dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls,
alkylated polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and
derivative, analogs and homologs thereof. Also useful are synthetic oils derived from a gas to
liquid process from Fischer-Tropsch synthesized hydrocarbons, which are commonly referred

to as gas to liquid, or “GTL” base oils.
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WO 2011/ 059583PCT/ US2010/ 050618 The salts may contain a substantially

stoichionetric anount of the netal in which case they are usually descri bed
as nor malworonasbssal salts, and would typically have a trorals2b@ssoengimber or
TBN (as can be neasured by ASTM D2896) of fromO to 80. A large anopunt of a

met al ma, ] ing excess.netal .conpound (.,.9., an
oxi de! TPOF, crblkyfens AR BUANES, . IARbH AN AR BB RNE, SRRE Whiep e
resultin er based det.ergent conpprises neutralized detergent as the outer
| ayor el KRR B e SO0t By sieebierin. SPERbGUERIGEe aOREREF gont <
may have, a TBN ?f 150 or egi;eat er, and typically will have a TBN of from 250
to 4senqiherpsg of kpowm gynthetis dubricaling pile ﬁ@ﬁ@éea?mp&lﬁ@é by pelyprEdkicasi nes,
the amount of overbased detergent can be reduced, or detergents having

r educRelymetsdirepaséd by polymsiizagion of gthylete osidgen psorybonk wgide, aiENheflkydend o 200) ,
or neutral detergents can be enployed, resulting in a corresponding

r eductdybethens of pelyyEitkytartmivmet (d fiemethyl-pelgisodgordildneqytobsthed Igiving 4 hout a
reduction in the performance thereof. [0037] Detergents that nmay be used

i ncl ugeleeidar Geighbbel 000 Uidhe SRy 6f Pig-ethyRite lBRat &%ﬁn@ﬁe%ﬂﬁr weighf 1111 zed

phenat es, thi ophosphonates, salicyl ates, and napht henates and ot her

oi | - sgf }@Uoletocl%g)@ﬁ)%h% -9hd ggls;g%rg#}g%ﬁa%s%e%ime@ohyfo{ E}Fall}gélé%é aQliicBlkal | ne

earth nmetals, e.q., sodium um ’ca and magnesi um The

g
nost on t al re calcium and,. nesi um whi ch may both be
pr esegl ér”nml&é? g?ggﬁ@ aﬁé‘gﬁs?ﬁrﬁmé HB’?‘P@S‘F}%&E%&?%“?%?’I«S eglf”c‘ggl ci um and/ or
magnesj| with sQdium Particularly conyvenient ngtal detergents are neutral
and o@é’gﬁiased%ﬁﬁt?r &%‘ﬂﬁ%ﬁ?ﬁ&é Sﬂmtwgi/ubsﬁﬁta%g PHD Romprises g@oeqtsﬁ, ofind
neutral and overbased cal ci um phenates and sul furized phenates having TBN
of frdsrexylis sl (c.gopbthalic padssuetinigecish gl succinreadids and\adsapasatteivic neut r al
or both, may be used. [0038] Sulfonates nay be prepared from sul fonic acids
whi chaadse majgic acitl] azebit adidenibbrc 4did ssbddoadd, fomaat aeildk ydipeidest, ilinotetd
aromati ¢ hydrocarbons such as those obtained fromthe fractionation of
pet r oh@dirdiier, Dyalbhie adiky hlaylnolondd adidemalkesyl indloaiandigd)Switbxaratiey bncl uded
t hose obtai ned by al kyl ati ng benzene, toluene, xylene, naphthal ene,

di phesigbho (d bty ALK M) 21@&14&19é&ﬁ%;’»lp%ﬂéﬁ@lﬂ&ﬁé%%ﬁ%&gf,iky 1bees such

as chl or obenzene, “chl or ot ol dene and chl or onapht hal éne. ation may

be c Lad ' a t QL kyl at i ents. havi ng
froma@ !(:)(8’[ d%ﬁjﬁ'(l)éngt)élg&tlﬁ{éﬁﬁ?@ggéﬁr} E@ﬂe%t %ﬁ%‘.yﬁ'Th eé@ﬁggrx y p%éﬁ ong ggteﬁssual |y
cont ai_n, f.rom.about..9 to,. t., 80.0r .nore carbon ons, preferahly from
aboutm%‘@%%’ﬂ@ﬁﬁ%@%a@@%%ﬁb% B"é’rac%{?’kg’i'“'gﬁfﬁgta%"fnﬂ{aé% (QP%F‘? CotBi et y.

[ 0039].. The oil-sol uble sul fonates or_ alkaryl sulfonic acids my be

neut r FI09ey Fclate, gupefissyl arplaico diogd phibplats idilesy] nhihalae dieisosyt aftvents at e,

sul fides, hydrosulfides, nitrates, borates and ethers of the netal. The
anmounthe grethpdhenyl disagoohlindleic ahidsbmen and thy sompdexdestar fotmeddesiengtthgT®N of t he
final product but typically ranges from about 100 to 220 mass % (preferably
at | emske df2&ackseidAyitiofws mdles of aitabthglere piyesll dny twe enolésadd 2-tRARMMbical sal ts
of phenols and sul furized phenols are prepared by reaction with an

appr ogid.at e netal conmpound such as an oxi de or hydroxi de and neutral or
over based products may be obtained by nethods well known in the art.

Sul f uipzgd phengls (X8 b RrRRAedil yazgoem&&glﬂﬁsggga@é ﬁ}Mnﬁ%S%fér or a

. L 2.
sul fur contai ni ng conmpound such as hydrogen su sul fur nohal’i de or

sul f ihal .l o] pr t ichiare generally mxtures of conpounds
in m%gﬁéctgﬁ)gkgl?c rr%)c?cclasf p%gl]nolf oggoggeg%drﬂ?ﬂég%ll R STIRA ntnﬁ?l?ﬁn!’?g lﬁ%(cages.

[ 0041]. Lubri.cating oil c sj.tions of the present inyention may further
cont a %H’é"IB’f"PﬂQﬁ’Bel}j{gffW@gg’?ﬁlg @Ea'Wn Rrtagrythel q\{vel y reduce formation
of deposits upon_use in _gasoline and diesel engines, when added to
Iubriﬁ’ﬁ%ﬂng oi | 3ilicoushased s odls spichs aat theuspelyalkyln ppyasdepoelyelkoxs of t he
present invention conprises an oil sol uble polyneric |ong chain backbone
havi replyarpoxysdlicene gile enpbsibcgiabil ecomiprizs snathertusefyl vlassofisgnthetid britantd)e

di spersed. Typically, such dispersants conprise am ne, alcohol, am de or
est ersuphlodls invbidet tesetial kﬂﬁh@ﬂtehﬁisb{))ﬁpﬁcﬁiﬁ’dﬁw’, tdiaacieleghexgi)t Sicat, detea-br i dgi ng
group. The ashl ess di spersant may be, for exanple, selected from

oil -soluble salts, esters, am no-esters, am des, irnides and oxazolines of

| ong chai n hydrocarbon-substituted nono- and pol ycarboxylic acids or

anhydri des thereof; WD 2011/059583PCT/ US2010/ 050618 t hi ocar boxyl ate
derivatives of |long chain hydrocar9tﬂfr§§; | ong chain aliphatic hydrocarbons
havi ng pol yam ne noi eties attached directly thereto; and Mannich

condensati on products forned by condensing a | ong chain substituted phenol
wi th formal dehyde and pol yal kyl ene pol yam ne. The npbst conmon di spersant in

T N T




[ 0043] Preferred groups of dispersant include pol yam ne-derivatized poly
a-olefin, dispersants, particularly ethyl ene/butene al pha-ol efin and
pol yi sobwypl2en@sbased di spersants. Particul arly preferredraserashicess
di spersants derived from pol yi sobutyl ene substituted with succinic

a5 BB IPEIENGRC WA ToRSLUUIAGOS TG ShuBRlaiy one
B L O e R PAOZEIE e 1 Glkrang

conbi natjons thereof. One particularly preferred di spersant conbination is
a conthetGbaeatingoils dnglpdsdiawid prters of phesphereuegontpinmessidsi (ige teemssyr i de
groups and reacted with (13) a hydroxy conpound, e.g., pentaerythritol; (O
a pol ypbssphintey | toinetyb gthpsphiatee | diethyl | esprol 9D>depylpbyspboric dacid) ned polyfibyica

pol yal kyl ene di arnine, e.g., polyethylene diamne and tetraethyl ene

pent angtrehydisfurgnsabout 0.3 to about 2 noles of (3), (C and/or (D) per nole
of (A). Another preferred dispersant conbination conprises a conbination of

(A)  pebo3330HeRMIS rt#eaiinY ﬁs@ﬁﬁj}'ﬂfag@(@m ikdla Glﬁ)uﬁq, Ofjupat lsytfff'dl%ﬁ 1AOby@m ne,

e.g., tetraethylene pentarnine,” an a pol yhydric™al cohol "or

Pri Z%ﬁ’[ﬁ%iﬁsﬁ'ﬁ.‘c’?ﬁn@% el e*%"é‘?‘.ﬁ bR socky) Bereyf e REBIABRANNG [ ! '
00447 . A i i i
Eonde%gﬁgﬁﬁfgér 8ﬁiﬁégk%§§£$§$$9?5%ﬁ§%§%§%§6%@¥§£§?E36$%€€§éi? aﬁ%&ndensing

about _.nol e of gn al kyl -substituted nong- or pol yhydroxy benzene with 1 to
2.5 nBpEst aeg B A orhpERdl ad Groug I Pay Wﬁblée%wprmu@taqfé%@lﬂrﬁf dehyde)
and 0.5 to 2 noles of polyal kyl ene pol yam ne, as disclosed, for exanple, in
U. S. Huhrisatingugscosityisa é@@p IstebumHh firevp BaseGravnde hasststash, praodixtars may

i nclude a polynmer product of a netall ocene catalyzed pol ynerization as a
subst ithewesdt Toe biseastdsknordnae: godkiiiendprefepablphasraaaniratd contedt of atlzapcInd
cont ai ni ng such a polymer substituted on a succinic anhydride in a nanner

Si mi | adoré prefdiratily delzast 7Tbeslich Bs Ad1&st Eﬁ,@/@.nMd%reﬁrM}z, 1 6hse ool B8seOf
functionalized and/or derivatized ol efin polyners synthesized using

met al | bbed p i ca i dentified
5RER BRng Had b ¥ Hiliraby SIneii® o PhatdeHER tgﬁ%r P'B%fgliaﬁﬁ PR d&g;;i/l H Had8

supra. [0045] The di spersant cah be fur eate variety of

pat ent - Rpeonoe SR RSBl s Bodf oot RrepP R RERGIR DA SRR s 1 Baai 1y

accon%!i hed by treating an acyl nitrogen-containing dispersant with a

bor on "¢8ipound such as boron oxi de, boron halide boron acids, and esters
WO 2011/ 059583PCT/ US2010/ 050618 of boron acids, in an anmount sufficient to
provi &3} orhtetenabispthe yolatibiy of the sgsrtoildriende s sasied by theddonckoiotatidity

acyl ated nitrogen conposition. Useful dispersants contain from0.05 to 2.0,
e. g., ot G DVMOBS58%)) DisTessnthars otehiand dn . 30T peefizablyigssvtharc br appddo 25) motdie
product as dehydrated boric acid polymers (primarily (HB02)3), is believed
t o at peddralilp l¢hahah epeyuakbiot 23, Mode preforabldiléssiti@soragualnions, 941 Prefergblyg, , t he
net aborate salt of the diimde. Boration can be carried out by adding from

0.5 t thedvisddsilly indek QW)L of thedvil BRES blerddia w8 teae83 NacfPdSy of 1eagVilooNkdospgen
conpound) of a boron conpound, preferably boric acid, usually as a slurry,

10 t hereGibly Hobd £8P 16¢0EPend and heating with stirring at from 135 to 190,
e.g., 140 to 170, C, for from1l to 5 hours, followed by nitrogen stripping.

Al t kvel . t t be . duct b di bor i idt
L Y b L 8PS Ny S S DR R B 201,
T R e POl Sl A S R L e ey 2"

reaction with a so-called "capping agent". Conventionally,

ni t r o§Ertificatinm Skitery”.oindpuns Servicen Mepanment, Fountqsatr Edisione Beestend 936ver se
ef fect such dispersants have on the fluoroel astoner engi ne seals. Nunerous
cappi Agdenglemt k Raccmhert 1998s Said pubklication ckgdrires basewtockcadpilevgs:agent s", t hose
that convert basic dispersant am no groups to non-basic noieties (e.g.,

am do or imdo groups) are nost suitable. The reaction of a

ni trogen-contai ning di spersant and al kyl acetoacetate (e.g., ethyl

acet oacetate (EAA)) is described, for exanple, in U S. Patent Nos.

4,839, 071; 4,839,072 and 4,579, 675. The reaction of a nitrogen-containing
di spersant and formc acid is described, for exanple, in U S. Patent No.
3,185,704. The reaction product oﬂoﬁfﬁﬁtrogen-containing di spersant and

ot her suitable capping agents are described in U S. Patent Nos. 4,663, 064
(glycolic acid); 4,612,132; 5,334,321; 5,356,552; 5,716,912; 5,849, 676;
5,861, 363 (al kyl and al kyl ene carbonates, e.g., ethylene carbonate);

= NINEN NN NSNS AN ™ NN =~ N .. Y. AN A . 1




WO 2011/ 059583PCT/ US2010/ 050618 or succinic anhydride). The foregoing |i st
is not exhaustive and other nethods of capping nitrogen-contai ning

di sper sanve 2ari@s#s3ewn to those skilled in the art. [O004PLTRSR0BOSHUAL €

pi ston deposit control, a nitrogen-containing dispersant can be added in an

anount providin he,Lubricating oil c itio ith from0.03 tg 0.15,
pr ef er abl y\é# r om%%’ﬁ’?l k’%sccftﬁ? cﬂ’cé*glél ]%Sot%%?? PSE?S’# S}anf”@ ﬁ%fmﬂérhgggtgr an
di spersants arePQgsic in ure_and therefore have a_ TBN whi ¢ch, dependi ng

t
on the nature of-®HErs8t %}ﬂfatﬁraa P d viseetitydndey srseer tham onieqyalte 8A@nd s
borated or treated with a capping agent, may be from5 to 200 ng KOH g.
However, high | &sefhandf0psisg thedrs pesthadaspesifiedigdisblerle known to have a
del eterious effect on the fluoroelastotneric nmaterials conventionally used
to formeny) ne Sealsildnasy stotlesr@htaie greater tmnpr etpalabl99 fepcent satihres ahdi N
anount of dispersant necessary to provide piston deposit control, and to
use substanti al legs than @k 8@l ERMD3 percetrsaffer dl have @ viicsa6 iadeX greltevihgg a TBN
of greater than 5. Preferably, the anount of dispersant enployed will

contri bute 10 B Eyual@fB rhnd B8 RO VusTHR HHDHe8 ARG pBTSEH B 1 TBN 0 the

| ubricating oil conposition. It i1s further prefera I sper sant
provi des ng, gre f.erabl reat er an 25% of the TBN of
the | ubri cg%i ng@Ir)l P ltgggn%gcség%ﬂ(%%&tﬁﬂ 9 ﬂﬁ%&?ﬁriegﬁgltoyg(ﬁeﬁe{}teia% 88]35&-

incorporated in th
particul ar requffe
| ubricating oil

P LB P2 oSt S e

conposi tions are netal

rust inhi

ion to enable them

VHAVISFOTRYPIRX SRUPLHEY i n the

0 neet

bitors, viscosity index

i nprovers, cor r 86¢BAl orlR0ppimg the tegmeihedssneditied wikadesl- friction nodifiers,

ot her dispersants, anti-foam ng agents,

anti-wear agents and pour point

depressant §} Sofiour 1/ hfise stoslsente polyhlphadiefinsdBAS)! bel ow.

[ 0050] Di hydr ocar byl

di t hi ophosphat e net al

salts

are frequently used as

antiwear amd anGreup Wdase sigekstiscluddal okieabaseBiocke naninaluiad in Grougllkd| i ne

earth netal, or al um num
or zinc,

| ubricating oil

oi | conposition.
by first formng a di hydr
reaction of one or nore 4§
the formed DDPA with a zi
may be nmade by reacting n
Alternatively, nultiple

hydr ocar byl groups on one
hydr ocar byl groups on thd

| ead, tin,

nol ybdenum

WD 2011/ 059583PCT/ US2 0 : f i.gh
They Olan‘%gllég- z@%‘é&%ﬁp Mg&lﬂﬁs Ftrtse WRIR

Ipal 1 dit
108 r a

nc_comound

TR

Eor examml

SIRHSs of

i thiophosph

ST D204

oric acids

Vicesiaindexe
ot hers are¢

ABTM Co2itTar
entirely pn

the zinc salt, any basic
oxi des, hydroxides and c§

®ulfireut r al
\r bonat es ar

AISTO DozgRQU T
e nost gener

additives frequently cont
of the basic zinc compour

ain _an exce
d in the ne

ASTH D434

utralizati of

1 reaction.

manganese, ni ckel, copper

zinc bgingrpreferred. The zinc salts are nost commonly used in
in anobunts of 0.1 to 10, preferably 0.2 to 2, wt.

% based
t of the lubricating
wi th known techni ques
c acid (DDPA), usually by
P2S5 and then neutrali zi ng
e, a dithiophosphoric acid
secondary al cohol s.
an be prepared where the
in character and the
imary in character. To nake
d could be used but the
ally enpl oyed. Commerci al
ue to the use of an excess
[ 0051] The

preferred zinc di hydrocarbyt—drthiropt prﬁﬁrate oi |l -sol ubl e salts of
di hydr ocar byl dithi ophosphoric acidsA§2§inay ge represented by the
follow ng formul a: RO m /HRS—=ZrL-2

ASTM D 3120

[0036]

Metal-containing or ash-forming detergents function both as detergents to reduce or

remove deposits and as acid neutralizers or rust inhibitors, thereby reducing wear and

corrosion and extending engine life. Detergents generally comprise a polar head with a long

hydrophobic tail, with the polar head comprising a metal salt of an acidic organic compound.
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wherein R and R may be the same or different hydrocarbyl radicals
containing from1l1l to 18, preferably 2 to 12, carbon atons and i ncl udi ng
radi cal s wochiiasomsskyl , al kenyl, aryl, arylal kyl, al kar ylctarsdo10/050618
cycloaliphatic radicals. Particularly preferred as R and R groups are

| kyl . 8 ] B.. Thus, th i cal . le, b
ot ny1 78K SeREmR) So ity SRR BiFRniom T ghotie o isTBoh Mpich YhedliRT © 7
i -hexyl, n-octyl . dodecyl , octadecyl . 2- ethyl hexyl, phenyl,
puty | B SeFertEAR oy Rl GRS Hould 5 BiG Y Nt ok Phee TRARHSE er 1 o

obtain oil solubility, the total nunber of carbon atons (i.e. Rand R) in
t he dPf HPptse spmbe meageed bASTM £72808) of/frore ekt 4 lange gmounteef a mietal zi nc

di hydrocar byl dithi ophosphate can therefore conprise zinc dialkyl

di t hi bpieosphhe dacorpnged bg searting exeass immtal CH@PR0Hd (05 948 85iaE /oS ObAIdRS0618
may be particularly useful when used with |ubricant conpositions containing
phosplwithusn laeiéd gas{e.f.[ @aibabdibxiBe)02 The @ftite QvdBadtdSdetdpetUednpissel r om
about 0.03 to about 0.10 mass % or from about 0.05 to about 0.08 mass %

basedn@iirdin&d defefdent™@$ Sh bufel a ke BIOF ihdtANbask (e QN &afoRhie] MafeIRTOGd ENT

| ubricating oil conpositions of” the present invention contain zinc dialkyl

0 BORGSBIR ) NS IBUGFLAY ofBolhr, ISR e 45058 O
ot KR SHSE e, SRS Bl o BE Mot s o e e

varni sh-1ike_ depopsits on the netal surfaces, and by viscosity growth. Such
oxi dafPemt dhekrbaed detereenccani briapdiged hem dptergealsk wrrger@esﬁ% lewelsapf sal t s
of al kyl phenol t hi oesters having preferably C5 to Cl12 al kyl side chains,

cal ci eﬁﬁffg@?m& (thendeteeagntsi bvingop | TBN| efb 10 th@AAY, e rxmtrak détkigentsechnpbenat es,
phosphosul furi zed or sul finized hydrocarbons, phosphorous esters, netal

t hi ocemplyed, assultiig insotbarbdsporglgpeductinmpiauhe S ASH dagertiofelkt lubrichting diat ent
No. 4,867,890, and nol ybdenum cont ai ni ng conmpounds. [0053] Typi cal

0i | - s editipdstticnrwitiaiuk & ritii@Sin IRy pdifbrdbndedB&bot WO aromati ¢ groups attached
directly to one amne nitrogen contain frome6 to 16 carbon atons. The

am negoamy cgaaag'eﬂtsmt%éw@@u;quaﬁeg%lgsg@r@mﬂ SRMpaRESq RaYdfag.a total

of at |east thrée aromati'c groups In two aromatic groups are 1inked

by a .alo [.ar .0.., an,axygen o ul fyr atom
of 5 DREHENBANE Blads HoPhAThB el SRRl e PRS0 et et ot one
am ne nitrogen gl so considered ar ti mn having at |east two aromatic
gr oup%oq'étflf’ zﬁ%ﬁ%ﬁ?ﬁe? 8€PI"§Ft§0p&FH@ﬂ?F?¥%g@F£1 qfhéﬁaémﬁr?éﬂgénqt?lﬁgesg-aF‘éthi cally
substituted by one or nore sub stituents selected from al kyl, cycl oal kyl,

al koxpotasspum, Jithium, cgleiuny @pd spagnesumnyheorgst cammanly pssdgnesalpare p0o8HI

Mul ti pl e anti oxi dants are commonly enployed in conbination. In one

pr ef etndemagnebiod, wénth mhyiboth batpresgntdn detergrpissised ons lubficateandreixants ofivent i on
contain fromO0.1 to 1.2 WO 2011/ 059583PCT/ US2010/ 050618 mass % of am nic
ant i owdlclamtandfod niagoesivin lvithasodivii SBarbiewlhrlp bertvehies: ki detérgenit arelneuamiot her
preferred enbodi nent, lubricating oil conpositions of the present invention
cont airdl bvabased balcfund sAfoMSS Ravifs FBNNLE R 20Xb AB0L TBRT QA8 QedtrdlOang MBSS %
of phenolic antioxidant and a nolybdenum conpound in an anmount providing

the | ghsbfad iaagiﬂﬁbp}feﬁﬁg@%}lggﬁg@ﬁgﬁ@ggra&& ﬁ&l@g%ﬁ%mosf ﬁ?hy%%uwso.

[ 0055] Represent ati ve exanp e VI sc nodifrers are

pol yi .ene ol yne of ethyl.ene an opyl en | ynet hacryl at es,
met ha@?@ﬁ%ﬁ&%&%ﬁfép St :W@?ﬁa%%ﬁ"yﬁ@ﬁ ed {pr ney iﬂr?gh?tgr%‘f‘%gé H%@ar boxyl i ¢ acid and
a vinyl conpoynd, inteypolyners of yrene, and acrylic esters, and

parti E!Qpp g] @H&@&éﬁéf‘%f;gmﬁﬂgo? %ﬁftoﬁl’ccchéjﬁé’fhl?fkﬁfﬁrtwiéf}“Ys{tW"Pﬁ%]Pbﬂleadi ene,
and isoprene/ butadiene, as well as the partially hydrogenated honopol yners
of butdlgnetitm ahalkys spbsined [appBsicrhydresasbonsostichi asr thosh @bfaired Homnthey agent s

that are conpatible with the other
fractionation of petroleum or by the alkylation of aromatic hydrocarbons. Examples included

those obtained by alkylating benzene, toluene, xylene, naphthalene, diphenyl or their halogen
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ingredients of the final oil may al so be included. Exanples of such

mat eri als include glyceryl nonoesters of higher fatty acids, for exanple,
gl yceryl wonotalsesse; esters of |ong chain pol ycarboxyl ipcTasteis/osscth di ol s,
for exanple, the butane diol ester of a clinerized unsaturated fatty acid;

oxazolyLn ' al koxyl at ed al kyl -.subst.i t ut ed nQ:- am nes,

di ani ﬁ%@ﬁgﬁ%@l%ﬁ@g %lé]toﬁoe% r aa&ehcgc’noﬁogqeng% }Flgfongl’%éiweatﬁ% f’?‘éﬁ?tb% B ne and
et hoxyl ated.tal.l gw et her apmine.. [0057].Ct her kno friction nodifiers

conpr PEEAGEE 9'§10‘P3]Bfl %re?ﬁn@%ﬂgé ﬁ%iﬂy’[ﬁd“é‘ Bﬂ%%%&a%tﬁ%‘i‘ 8los 3 A msEenum
friction nodifiers also provide antioxidant and antiwear credits to a

| ubr i &0 Hgcashen atgmsosthe dkaryisuifopniss usyally contain frogosheyt 8 terapanbddioybdenum
conmpounds i ncl ude dithiocarbanmat es, dithiophosphates, dithiophosphinates,
xant hatose carbon atpms: prefesably Sohf dtaus 16 smabdut €0 |chiben atonas pénallai esbdtineed of .
Particularly preferred are nol ybdenum di t hi ocar bamat es,

di al kgtodiatibinppdtesphat es, al kyl xant hates and al kyl t hi oxant hates. WD

2011/ 059583PCT/ US2010/ 050618 [0058] Additionally, the nolybdenum conpound

may beoosn] acridi dil-Sepb1E dariAes © sulfQ86 Sci@OHRY BadRuttiled WRACsxidist N a
basi c nitrogen conpound as nmeasured by ASTMtest D664 or D-2896 titfation

proce : - 3.V pl L.y h t I mol. yhdi.c_aci d

oy Lo sy oo ek sl ML syl daf MR RS e} g

al kal i_,ne netal yhdat es and. ot her nol yhdenum salts, e. dr ogen sodi um
ol ybbLES BB IBEsRRst RSt CImaHR b AR P It VSl act dif
nol ybggﬁu&éog%gfnds. [[0059]. Anong 't he no] ybdenum conpounds useful in the
conpo e Produst Rpg ket Faeees depam abous| {8 de Rdhreasedo (rrafradly ehe
formul ae: Mo(ROCS2) 4 and Mb(RSCS2)4 wherein R is an organ group selected

f r om len#t 18P suass ¥k that staighiommetridalll requirgdl.  ar al kyl and al koxyal kyl ,
generally of from1 to 30 carbon atons, and preferably 2 to 12 carbon atons
and nf¥d0br eMatabdalts alf lphknal$ aRd tsol fdrzed sphenols alro pEepafed PBC reatblioh piithf &1 red are
t he di al kyl di t hi ocar bamat es of nol ybdenum [0060] Anot her group of

or ganappigpridadeeta drRdeh asRf dlidd &t HyldebxidPdndaRhirAithroRemasddigedstof this
i nvention are trinuclear nolybdenum conpounds, especially those of the

f or My Mo 3BiskndP ARG ER0WRE! BR%art NGURIDed Pedol Aty bOURRERAY | ¥

sel ected |igands having organo groups wth a sufficlent rbon

at ons - t oluble.or dispersible.in the oLl, n.is froml
o 4. ey Rhe! i SR B REWRS SRRl oPuRREl P oitotgf alee riitkle r

el ectron .donati ng.conpounds such wat er, am nes., alcohols, phosphines,
and e’i"ﬁg‘?l’fﬁﬁﬁﬂﬂs ﬁ}ré{%i@e’ftf’&sﬁmpf ugts Jrch A generaliy srix e ofioBIReANds val ues.
At |east 21 total carbon atons should be present anong all the |igand

or gant YYHek o orgmens phenqls are baidgedly subfurceniginingbridges. at | east 35 car bon
atons. [0061] A dispersant - viscosity index inprover functions as both a
vi scoli0t] i nkebricatimg ol epmpogtions of itie ppesestainyentionany) dgthef cohitsipesrseant -
viscosity index inprovers include reaction products of am nes, for exanple
pol y ambrecshlevd dibpeasahisdwhhrciiettiwipsdutd foedatioasf-depodifs upon use in gasoline

and diesel engines, when added to lubricating oils. Ashless dispersants useful in the
compositions of thé present invention comprises an oil soluble polymeric long chain backbone
having functional groups capable of associating with particles to be dispersed. Typically,
such dispersants comprise amine, alcohol, amide or ester polar moieties attached to the
polymer backbone, often via a bridging group. The ashless dispersant may be, for example,
selected from oil-soluble salts, esters, amino-esters, amides, imides and oxazolines of long

chain hydrocarbon-substituted mono- and polycarboxylic acids or anhydrides thereof:
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WO 2011/ 059583PCT/ US2010/ 050618 carboxylic acid in which the hydrocar byl
substituent conprises a chain of sufficient length to inpart viscosity

i ndex i npwowvhngspsseperti es to the conpounds. | n general pcrhs20iossmss t y

i ndex i nprover dispersant may be, for exanple, a polyner of a C4 to C24

unsat yrated ester, of vinyl..al cohol .or a tq Cl10, unsat yr at ed

nono- car Bagg%y?’tte Semyptiyes 9f dong Ygfos gg%ﬁwg Eh%iaﬁpﬁﬁ‘t{chﬁ%mi?ﬁ@o&{sur at ed
ni trogen- contai ni ng nonomer having 4 to 20 carbon atons; a polyner of a C2
to C202¥MErRUYARIRG TYetiffsattaghet dicetly theregecandpNnmich eondensatingy Pradecisci d
neutralized with an am ne, hydroxyl am ne or an al cohol; or a polyner of
et hy| deneg byhcepdepsing a doug chaut pubstititechphenok with farmaldéhyde lapd golyatkiylepea C4 to
C20 unsaturated nitrogen-containing nononer thereon or by grafting an
unsat pobiaeuneacThe onsbednmaop dispemanttiaalsh dntheamell-kiwm sweitimity disydpamyl i c
acid groups of the grafted acid with an am ne, hydroxy am ne or al cohol.

[ 0062]whrhi!tis @OEdHdefRAAGE Tredtc of Of MSHMcEByKADMMAE i¢bRid ahhydridy AndPhoVer s
(LOF1), lower the minimumtenperature at which the fluid will flow or can
be po %I@ﬂgit' € s - LYpi.cal . t hat
i npr O\l;bgggﬁléﬁl ow terfpeErO\:ftft?ﬁnroglﬁ1(3 Pﬁh‘?o* tlﬁgﬂ%@gd egélseﬁe%gﬁftgc@%g{srﬁl al kyl

furnartﬁér%{%&%%dﬁ&% te copol ymers, and pol ynet hacryl ates. Foam control can
be provide y an antifoarnant of the polysiloxane type, for exanple,

silic il or | ydi hyl..sil oxane. [ Q063] Sonme of the above-nentioned
addi tﬁ@(g@?caﬁreﬁqr@ﬁy’o‘ge Mt‘%‘ﬁ?ﬁ%ﬁ‘? 5‘011‘E pelepalar WRight T @speeseahMvEnE & singl e
additive may act as a dispersant-oxidation inhibitor. This approach is well
k nown DEFEeHEEERga srolerldr yraighs (Mo ghroteathan diegedlio 4[00064ich s bétwepn 4060t
invention it may al so be preferable to include an additive which maintains
t he staadi20,00. The piveisy nmdamslar wegdht tdngebivilhdepeiidh us theatypd ofigdiyinet aged to
group-contai ning additives achieve a suitably | ow viscosity in the

pr e- bifemdibeglispeaas, the diabhebePRnoRSAl ¥odpd pidkens QB tiORPO SF pblaNfunchsHagase in
viscosity when stored for prolonged periods. Additives which are effective

i n contdudl dmk hi I i i i i ar bons
WO 50 P B Sl R A /%’5%%?gagﬂsﬁg'??lgﬁgﬁ%%gz%@%%%%f’%n}ﬁ%&it dapear o

di car i i j i i ation, of the
s cou tspBti: e BRI S BolileE BadbBn A DubiGir b EREE Rlieh
conposi ti.on ont gi.p. one e.of the aboye-nentioned aqditives, each
add, ¢ Pty of ?IBP%QP??/ By 0ed SFPEC@E (Rempagally; *}Vaﬂﬁplammﬁ%‘?% abl es

t he agdi tive to provide its desired function. [0066] Wien | ubricating
conpoSiSPEISHEs confe pelgisebuylens palysrers heving ¢veumbsst 3veraeg melaeulaty weighbach
additive is typically blended into the base oil in an amount that enables

t he ad@anigingy &omp abus\40fetd 2300 efinetéahalizade by onaleiRepibadude MW e= &) catd anount s
of such additives, when used in crankcase lubricants, are |isted below All

t he vdknresizéd stithdpadyanintahadngs melsqulgeweight offibinvE00 g8 &I Eolymelable ||
ADDI TI VE MASS % ( Br oad)

lower molecular weight may also be used to form high molecular weight dispersants by
mcorporating multiple polymer chains into the dispersant, which can be accomplished using
methods that are know in the art.

[0043] Preferred groups of dispersant include polyamine-derivatized poly o-olefin,
dispersants, particularly ethylene/butene alpha-olefin and polyisobutylene-based dispersants.
Particularly preferred are ashless dispersants derived from polyisobutylene substituted with
succinic anhydride groups and reacted with polyethylene amines, e.g., polyethylene diamine,

tetraethylene pentamine; or a polyoxyalkylene polyamine, e.g., polyoxypropylene diamine,
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MASS % (Preferred) Metal Detergents 0.1 - 15 0.2 - 9 Corrosion Inhibitor O
- 50- 1.5 Metal Dihydrocarbyl D thiophosphate 0.1 - 6 0.1 -4 Antioxidant O
- 5 0. 01 wo20BmspssBoi nt Depressant 0.01 -5 PCT/US2010/050618

trimethylolaminomethane; a hydroxy compound, e.g., pentaerythritol; and combinations
thereof. One particularly preferred dispersant combination is a 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.

[0044] 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 catbonyl 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 succinic 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.

[0045] 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
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0.01 - 1.5 Antifoaming Agent 0 - 5 0.001 - 0.15 Supplenmental Antiwear
Agents O - 1.0 O - 0.5 Friction Moddifier 0 - 50 - 1.5 Viscosity Mdifier
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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,
¢.g., from 0.05 to 0.7, mass % boron. The boron, which appears in the product as dehydrated
boric acid polymers (primarily (HBO,)3), is believed to attach to the dispersant imides and
diimides as amine salts, e.g., the metaborate salt of the 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
1 to 5 hours, followed by nitrogen stripping. Alternatively, the boron treatment can be
conducted by adding boric acid to a hot reaction mixture of the dicarboxylic acid material and
amine, while removing water. Other post-reaction processes commonly known in the art can
also be applied.

[0046] The dispersant may also be further post treated by reaction with a so-called "capping
agent”. Conventionally, nitrogen-containing dispersants have been "capped" to reduce the
adverse effect such dispersants have on the fluoroelastomer engine seals. Numerous capping
agents and methods are known. Of the known "capping agents", those that convert basic
dispersant amino groups to non-basic moieties (e.g., amido or imido groups) are most suitable.
The reaction of a nitrogen-containing dispersant and alkyl acetoacetate (e.g., ethyl
acetoacetate (EAA)) is described, for example, in U.S. Patent Nos. 4,839,071; 4,839,072 and
4,579,675. The reaction of a nitrogen-containing dispersant and formic acid is described, for
example, in U.S. Patent No. 3,185,704. The reaction product of a nitrogen-containing
dispersant and other suitable capping agents are described in U.S. Patent Nos. 4,663,064
(glycolic acid); 4,612,132; 5,334,321; 5,356,552; 5,716,912; 5,849,676, 5,861,363 (alkyl and
alkylene carbonates, e.g., ethylene carbonate); 5,328,622 (mono-epoxide); 5,026,495;

5,085,788; 3,259,906; 5,407,591 (poly (e.g., bis)-epoxides) and 4,686,054 (maleic anhydride
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Bal ance WO 2011/ 059583PCT/ US2010/ 050618 [ 0067] Ful | y-fornul ated | ubri cati ng
oil conpositions of the present invention preferably have a TBN of at | east
8.5, prefwoablysadssl east 9, such as from8.5 to 13, prefreraisbyiofosmns 9 to
13, and nore preferably from9 to 11 ng, KOH g (ASTM D2896) .

[ 0068 = d j | i] . .C 1L f resent.

{nventt S KHE REMILET ] ThERreGhh 18 B hor R “BE Rol P PR Eo bR o 1.1
or |les referably..1.0 or |l ess, nore preferab 0.8 or less, nmass %
[OOGQP%W%WQ‘WHP’FW &F"r?%foa‘f“eta ?fﬁrsﬁ'ilﬁfl?lh%‘\éaﬂl conposi tions of the

pr ese:fénggnvgﬁnti(iﬁrrtl1 derive at least 5, such as at |east 10, such as at | east
15, p 1 a0y adaqupts pistonpdeposit eonteed, agmirpgens¢ontaning dispersant campe addaddnal  TBN
from ashl ess TBN sources including at | east one of the phenyl enedi am ne

c onpo@h @souRbpreviding the diricatingbil gompesitidrawshl fromb£i08 4o i0rlg, pidferablyrfomint i ons

of the present invention derive at |least 5, preferably at |east 10, such as
at | e@d)7 t69,12pmiass Profhitregph.y at | east 20, % of the conpositional TBN from
at | east one of the phenyl enedi am ne conpounds, and | ess than 25,

pref efgiusy |Lgdest AnPerdthts ARIAsRNE heNADPAN thesfort BVt A PBNYwRIkh! fendin

conposi tional TBN from ashl ess TBN sources ot her than the phenyl enedi am ne

COMPOYRGRe nérﬁi‘é'o'f‘ﬁié‘l%lﬂgg%ﬁp SHBPRUBEE Yr ot QY sg}rlt' iXbE@EeeLJ‘;Lﬁ%{/eﬁ dwARp i cating

oi |l conpositions of t present 1 nvention furt pre ave a sul fur

conte f le ha .4, D r bly. l ess th 0,35 re.preferably

| ess t@ ép ?\nga 5%‘%?’ rééyogff 885‘0‘?1 toaégq %@3@ %I.O §Yernhjsg§q%ds|3f’%?%?ca%’g§/‘?m%e Noack
volatility (ASTM D5880) of the full y-fofrmJI ated lubricating,oil conposition
(oi | OISR TELKRWP VPs bR taydﬁ{et?ém&?lcgﬁﬂi% VB Dyrroddapiesne matednt) s
no greater than 13, such as no greater than 12, preferably no greater than
10.  FaPPYentionatiyiusedtp fommrenginei seals ond, thenefrseiit isapreferble teeusgrthe anpimument i on
preferably have no greater than 1200, such as no greater than 1000, or no
gr eat emotifoaf BGersapiumcessayto podiode pistonCBPpadit commy; dnd toasd subistaatially hdrough

not essential to prepare one or nore additive concentrates conprising

addi t disparsdmt 0o€ preferalil@ snos olPdrbdigShavengn g TBN edfr @datkiothag RdPréferdly, i

2011/ 059583PCT/ US2010/ 050618 packages) whereby several additives can be

added ambtl JfARPeEentlofed Svifli contriBulefo MbRahAH D HréREabOnPinbrE@ARITHE | ON. A
concentrate for the preparation of a lubricating oil conposition of the

. . | _ _ e ' 30
Gt of - SORVB/STEBRNGRY tolhf By BT ofoobAEh 10 e BRMGE prpesiitE o aiherdy 0 275
it - tai ni di . 210,20 % _of I i ti OXi. t,
phenoPIW I bp GReebben 25 Reto Bt i Sambthas v e R de finaPue o6l o' 40
mass % of a. detergent; and from2 to 20 nmass % of a metal di hydrocar byl
di t hi SYTHBEHHR e.

[0049]  Additional additives may be incorporated in the compositions of the invention to

enable them to meet particular requirements. Examples of additives which may be included in
the lubricating oil compositions are metal rust inhibitors, viscosity index improvers, corrosion
inhibitors, oxidation inhibitors, friction modifiers, other dispersants, anti-foaming agents, anti-
wear agents and pour point depressants. Some are discussed in further detail below.

[0050] Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum, lead, tin,
molybdenum, manganese, nickel, copper or zinc, zinc being preferred. The zinc salts are most

commonly used in lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2, wt. %, based
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[0072] The final composition may enploy from5 to 25, preferably 5 to 18,
typically 10 to 15, nass % of the concentrate, the renai nder being oil of
| ubri catiwg 20isesmsty and viscosity nodifier. [0073] Al lpcraisgit/ofmngl nmass)
percents expressed herein (unless otherw se indicated) are based on active

i I f. th diti / ditive- K

119" Rl L ATAEHE il A S B ot 1
f d .j,n, dil il, which_is not rg d f 1 duct,, the TBN
0TS BBl S5 Py B Bl BT T2

associ ated diluent ojil. Therefore, weight (and nmass) percents, when
ref er MWL RY trastinngeinene o moredredod operihenplswith Reffscandcthyn newteglizing tat (or
mass) percent of active ingredient and associated diluent oil. [0074] This

i nventemredPDPAyatlf zinh sompontel Joo exaryler edidiephoephoictacil hay bowmadg by

exanpl es, wherein all parts are parts by weight (or mass), unless otherw se
not ed redeXid/PintiShurds0 005 ] privarpr esdnt secondant | aldohdls.i | | ugtenadtedlyDy muliplen no
way |imted to the follow ng exanpl es. TBN PERFORMANCE [ 0076] The basicity

of a lduhiopReiph&sc atills SRIBE PrépaPdl GABreDBe ASURIHYESrdiYs ¥l Chel AT @kitQyp- The

resulting neutralization nunber is expressed as total base number, or TBN,

Two %ﬁ?@@ﬂ%@ﬁﬁﬁ%ﬁg%ﬁﬁ%ﬁ%%gﬁgQ?g&géfﬁf%ﬁ ?nﬁgeé%%i‘ii)ur oo™
ASTM 73 i T i i i i ASTM 1) 2896
(pot ef ?%Cgr’}gg Plﬂt&en %%E%H’ gﬂ%’fﬂ %fc’?l? I%glf’ig"ﬂ%; I.zmﬁg?%ﬂrp%té%‘g g‘;‘ﬂgi}g uﬁeds%to%ﬁer aci d

than ASTM D4739 .and a nore pol ar solvent system The conbination of the
st r on§EHeRIEratides i carbpagtess are, Best enstallys employedrp reopmgreinl AfiivEeRt hod
t hat nmeasures the presence of both strong and weak bases. The TBN val ue as
det er HeAeptiyropsnges of gingfdue to thsawe pharf exssss ofithe basiciing cappamd in The
ASTM D4739 nethod is favored in engine tests and wth used oils to neasure
TBN dép renirelidatien emattion. | n general, the ASTM D4739 nethod results in a
| ower measured TBN val ue because only stronger basic species are titrated.

COVPONEISTS [ OOTHd pltferréd|issmditgdpdtariyl edigdophakptates ( alBDél-sslubleWssles dsed.
PDAL : N, N, NI-tri-n-pentyl-N -phenyl -p-phenyl enedi am ne

dihydrocarbyl dithiophosphoric acids and may be represented by the following formula:

RO S.
Ny
/ n

R'C

— _12

wherein R and R’ may be the same or different hydrocarbyl radicals containing from 1 to 18,
preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl, aryl, arylalkyl,
alkaryl and cycloaliphatic radicals. Particularly preferred as R and R” groups are alkyl groups
of 2 to 8 carbon atoms. Thus, the radicals may, for example, be ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-
ethylhexyl, phenyl, butylphenyl, cyclohexyl, methylcyclopentyl, propenyl, butenyl. In order
to obtain oil solubility, the total number of carbon atoms (i.e. R and R’) in the

dithiophosphoric acid will generally be about 5 or greater. The zinc dihydrocarbyl

dithiophosphate can therefore comprise zinc dialkyl dithiophosphates. The present invention
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PDA2: N, N, NI -tri-iso-butyl-N -phenyl -p-phenyl enedi am ne (conpari son)
PDA3: N, N, NI-tri-(2-ethyl hexyl)-N -phenyl -p-phenyl enedi am ne (conpari son)
PDA4: N, Wb-2ditdsome- butyl - N-(1-m et hyl de cyl)- N - phenyl ppTpis2@npbocen edi

am ne (conparison) [0078] PDAl is of the invention; PDA2-4 are for

conpar

TR AT B LSS i o
et ol 1o o Ginsp otk bbmertli Fuctnas iun kPl foOHCOAPEna |

recoggi ze that adjustnents in stoichionetty, reaction tine, and reaction

t enperatol fonhalous £.054g @bpetd. 9% mashoe based ion thietotal aapse o thei ecompssitiony dn yi ng
starting materials. The follow ng exanples are illustrative of this nethod.
Synt hes¢ preforredpingm dPDAL, lubtifatieg \lil-ddndgosidond of tha-ppesattyihventipheoylagnzds am ne
WO 2011/ 059583PCT/ US2010/ 050618 [ 0079] A suspensi on of

N- phedialkeyp dithieplyd sphdtel deriedpréddenidahtly X2 2Toned 50 moK 95 QEENEB over 60 mol. %)

bi acet oxybor ohydri de (100g, 472=01) in dichl oromet hane (500nm.) was stirred

at r oGkt RERRIAF MEshol? @ 1 litre flask equipped with reflux condenser.
Val er al dehyde (40.7g, 472mvol ) was added portionw se (5nmL every 20

m nut The- I | eft. roomkie rature overnight. TLC showed
ther BR5?] o i afBE bl erBbhioRls FRED hETREERL R 1l dsiho i datious
Nal | CC3. The mixture was partitioned. and.the. organic ase washed W th
sat urﬁ}%eawﬁ%]ugé‘ﬂggmfi@%?gm & b, gvifencad by sindeg iy the lg{;’ﬁ??é‘%e"%gﬂik‘? ed over
MySH, filtered and concentrated to afford a dark oil that was purified by
col unfeRosItD Fa theymsish yurfacso g tpDwiseosity growthe Srsheoidationdnbiftions ndudods.
LUBRI CANTS [ 0081] The anmount of basic constituents that are present in the
oi | chindgred pheralsiafiading partic ingtal isaltsaof dkylpherelthiossitrs ihayingquieferblyz 6 ton
nunber is expressed as the total base nunber, or TBN. The sanpl es were
t est e@alkiPsaiedcl2ins rcekiun aicaglphench sudfide; ediceolable phenbes hindSMufieédods
D2896 and D4739 in order to measure the additional TBN brought by the added
PDA.  phdnats, %Baﬁamﬁmmz@dl @85S sillried S BhaRBArbaRd Bho¥PRKBLs AGdtést NABaD2896
and therefore only the stronger bases are titrated. D4739 is often used as
a Nor gy ' pl hldoL: u [ ' and. t he
iRGRRAE, HPATBIE oBfpeR Botblurts Plbdchiked £ 18! f’{tg%tégf B70

better performance associ Is attribute. e’ al kyl at ed
N-ary %{l ?_ Lam n unds used were the four |isted above. Exanple
1 [oJES’Q%J%ﬁg u F§,ﬂ or &ﬁ%g}%gg&%ubri cating oil conposition containing

di spe , deter ge . ) .
P fO%%?]t ’flypxc 011950Putble aromatic amines having at least two aromatic groups attached

o

directly to one amine nitrogen contain from 6 to 16 carbon atoms. The amines 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 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. The aromatic rings are typically substituted by one or more
substituents selected from alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and
nitro groups.

[0054]  Muitiple antioxidants are commonly employed in combination. In one preferred

embodiment, lubricating oil compositions of the present invention contain from 0.1 to 1.2
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m xture, antioxidant, ZDDP antiwear agent, pour point depressant and
viscosity nodifier, in base oil was prepared. The |ubricating oil

conposi t iwo,201sess3was representative of a conmercial cremkisasie/obosios i cant
was used as a reference |ubricant. [0084] To investigate t he perfor mance of

Lo, 2SO i OGP ARSRL AR F AP RHILE o R T GRAARE 1 B0ulss 0 o
e B R B PR l%é%teﬁta%# o Lanpl es
to provide conparable total mass The TBN of the resulting sanples was

det er fl AedMP§§ é’c?fo?“ﬂ’&ﬁc@ltlﬁi"%q@}nb&ﬁm &1 s mmasa 78 of phen pa®ige @dnaunit s
of ng KOH/ g). The results are shown in Table Il1l: Table H Reference

Sanpl émybslampn sompOaHhHr at veurgaTpyiding to ljwicating eil Sampbsition from 10 to

1000 ppm of molybdenum.

[0055] 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,
styrenc/butadiene, and isoprene/butadiene, as well as the partially hydrogenated
homopolymers of butadiene and isoprene.

[0056] 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 dimerized unsaturated
fatty acid; oxazoline compounds; and alkoxylated aikyl-substituted mono-amines, diamines
and alkyl ether amines, for example, ethoxylated tallow amine and ethoxylated tallow ether
amine.

[0057] Other known friction modifiers comprise oil-soluble organo-molybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant 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.
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Ref erence (g) 47.5 47.5 47.5 47.5 47.5 Added Base Ol (g) 2.5 2 1.52 1.5

PDA1 0.5
WO 2011/059583 PCT/US2010/050618

[0058] 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 molybdate, and other alkaline metal
molybdates and other molybdenum salts, e.g., hydrogen sodium molybdate, MoOCL,
MoO;Br;, M0,;05Clg, molybdenum trioxide or similar acidic molybdenum compounds.

- [0059] 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.
[0060] Another group of organo-molybdenum compounds useful in the lubricating
compositions of this invention are trinuclear molybdenum compounds, especially those of the
formula Mo3SiL,Q, and mixtures thereof wherein the L are independently selected ligands
having organo groups with a sufficient number of carbon atoms to render the compound soluble
or dispersible in the oil, n is from 1 to 4, k varies from 4 through 7, Q is selected from the group
of neutral electron donating compounds such as water, amines, alcohols, phosphines, and ethers,
and z ranges from O 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.
[0061] 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-
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1.0

PDA2 0.5 1.0 Total Weight (g) 50 50 50 50 50

WO 2011/059583 PCT/US2010/050618
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 Cy4 unsaturated ester of vinyl
alcobol or a C; to Cyp unsaturated mono-carboxylic acid or a C4 to Cjg di-carboxylic acid with
an unsaturated nitrogen-containing monomer having 4 to 20 carbon atoms; a polymer of a C,
to Cyo 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 C to Cyg olefin further
reacted either by grafting a C4 to Cy unsaturated nitrogen-containing monomer thereon or by
grafting an unsaturated acid onto the polymer backbone and then reacting carboxylic acid
groups of the grafted acid with an amine, hydroxy amine or alcohol.
[0062] 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 Cyg 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.
[0063] 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.
[0064] 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
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12. 64 ATBN val ue agai nst reference by D4739 - 0.72
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functionalized by reaction with mono- or dicarboxylic acids or anhydrides which are used in
the preparation of the ashless dispersants as hereinbefore disclosed.

[0065] 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.

[0066] 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.

Table II

ADDITIVE MASS % MASS %
(Broad) (Preferred)

Metal Detergents 0.1-15 02-9
Corrosion Inhibitor 0-5 0-15
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Antioxidant 0-5 0.01-3
Pour Point Depressant 0.01-5 001-15
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-05
Friction Modifier 0-5 0-15
Viscosity Modifier 0.01-10 025-3
Basestock Balance Balance
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2.04 -0.54 -0.31 ATBN val ue agai nst reference by D2896 - 1.12 2.13 1.85
3.13 [0085] The data of Table Ill show that both conpounds (PDAlL and PDA2)
ef fecti valvp 2onases’sed the TBN of the lubricating oil corpwaisteionsmss
measured by ASTM D2896, but that only PDAl1 (of the invention) effectively

rcsstowty ek e S oA e ST
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13, and more preferably from 9 to 11 mg, KOH/g (ASTM D2896). |
[0068]  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 %.
[0069] Preferably, fully-formulated lubricating oil compositions of the present 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 3, preferably at least 10, such as at least
15, more preferably at least 20, % of the 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.
[0070] Fully-formulated lubricating oil compositions of the present invention further
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
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.
[0071] It may be desirable, although not essential to prepare one or more additive

concentrates comprising additives (concentrates sometimes being referred to as additive
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packages) whereby several additives can be added simultaneously to the oil to form the
lubricating 0il composition. A concentrate for the preparation of a lubricating oil composition
of the present invention may, for example, contain from 2.5, such as 5, 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 t0 40 mass % of a detergent; and from 2 to 20 mass % of a
metal dihydrocarbyl dithiophosphate.

[0072] 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.

[0073] 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

1s 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.

[0074] 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

[0075]  The present invention is illustrated by but in no way limited to the following
examples.

TBN PERFORMANCE

[0076] The basicity of a lubricating o0il composition can be determined by acid titration.

The resulting neutralization number is expressed as total base number, or TBN, and can be
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PDA3 0.50 1.00 Total Wight (g) 50 50 50 TBN by 04739 8.33 7.83 8.16 TBN

by D2896 9.07 10.19
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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
[0677} The following phenylenediamines (“PDA’s™) were used.

PDAIL: N, N, Nl—tri-n-pentyl-N'—phenyl-p-phenylencdiamine

PDA2: N, N, Nl-tri-iso—butyl-N1-phenyl~p-phenylenediamine (comparison)

PDA3: N, N, Nl-tri—(2-ethy1hexy])~Nl-phenyl-p—phenylcnediamine (comparison)

PDA4: N, Nl-di-iso-butyl-N-(l-methyldecyl)—Nl-phenyl-p-phenylenediamine

(comparison)
[0078] PDAL is of the invention; PDA2-4 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. ORrG.
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.
Synthesis Examples

PDAI1: N-Phenyl-N,N’,N’-tri-n-pentyl-p-phenylenediamine
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11. 52 ATBN val ue agai nst reference by D4739 - -0.5 -0.17 ATBN val ue agai nst
reference by D2896 - 1.12 2.45 [0087] The data of Table IV show that PDA3
ef fecti valvp 2onasessed the TBN of the lubricating oil corpwaisteionsmss

measured by ASTM 02896 wi thout contributing to the SASH content,

730 0B8N o 2" BB Mo BherhBisnidtbd 08 (o) BBRCH iy

PDA4. tr-lj;xr(]:gtoyr( Solljrcl)ﬁysdri?hra e(l&(g]g?\%]lz{n?no )atljrl %icuolr(:)methanc (500mL) was stirred at

but did
r.ed by ASTM
ng

room

temperature in a 1 litre flask equipped with reflux condenser. Valeraldehyde (40.7g,

472mmol) was added portionwise (SmL every 20 minutes). The reaction was left at room

temperature overnight. TLC showed the reaction had gone to completion and was quenched

with saturated aqueous NaHCO3;. The mixture was partitioned and the organic phase washed

with saturated aqueous NaHCO;, water and brine. The organic phase was dried over MgSOs,,

filtered and concentrated to afford a dark oil that was purified by column chromatography.

[008G] PDA’s 2-4 were made by analogous methods.

LUBRICANTS

[0081] 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 number, or TBN.

The samples were tested at 1% and 2% treat rates in a reference oil in both ASTM methods

D2896 and D4739 in order to measure the additional TBN 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 an oil’s ability

to neutralise acids and the better performance associated with this attribute.

[0082] The alkylated N-aryl phenylenediamine compounds used were the four listed above.

Example 1

[0083] A fully-formulated lubricating 0il 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

commercial crankcase lubricant, was used as a reference lubricant.

of a

[0084] To investigate the performance of the above N-aryl phenylenediamine compounds,

1.00 mass % and 2.00 mass % of PDA1 and 1.00 mass % and 2.00 mass % of PDA2 were
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respectively added to separate lubricant samples. 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 III:

Table III
Reference Sample 1 Sample 2 Comparative | Comparative
Sample 1 Sample 2
Reference (g) 47.5 47.5 47.5 47.5 47.5
Added Base Oil (g) 2.5 2 1.5 2 1.5
PDA1 0.5 1.0
PDA2 0.5 1.0
Total Weight (g) 50 50 50 50 50
TBN by D4739 8.67 9.39 10.71 8.13 8.36
TBN by D2896 9.51 10.63 11.64 11.36 12.64
ATBN value against - 0.72 2.04 -0.54 -0.31
reference by D4739
ATBN value against - 1.12 2.13 1.85 3.13
reference by D2896

[0085]  The data of Table IIl show that both compounds (PDA1 and PDA2) effectively
increased the TBN of the lubricating oil composition as measured by ASTM D2896, bﬁt that
only PDALI (of the invention) effectively increased the TBN of the lubricating oil composition

as measured by ASTM D4739.
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Example 2

[0086] The procedure of Example 1 was repeated using PDA3. The results are shown in

Table IV:
Table IV
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
PDA3 0.50 1.00
Total Weight (g) 50 50 50
TBN by D4739 8.33 7.83 8.16
TBN by D2896 9.07 10.19 11.52
ATBN value against - -0.5 -0.17
reference by D4739
ATBN value against - 1.12 2.45
reference by D2896

[0087] The data of Table IV show that PDA3 effectively increased the TBN of the
lubricating oil composition as measured by ASTM D2896 without contributing to the SASH
content, but did not effectively increase the TBN of the lubricating oil as measured by ASTM

D4739.

Example 3

[0088] The procedure of Example 1 was repeated using PDA4. The results are shown in

Table I11:
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10.59 11.7 ATBN val ue against reference by D4739 - 0 -0.22 ATBN val ue

agai nst reference by D2896 1.27 2.38 [0089] The data of Table V show that
PDA4 ef f ewDi2oelos9ssacr eased the TBN of the lubricating opCTaspOSEdLON as
measured by ASTM 1) 2896 wit hout contributing to the SASH content but did
not effectively increase the TBN o{g th% | ubricating oil as neasured by ASTM
D4739. Exanple 4 [0090] A fully-f ?%I ated lubricant as in Exanple |was

further tested-to-determnethe effect of PDAl on corrosion—and seal
conpati billity. Corrosion was Reffedge usj nGommarativgh |t ekp@PaBiYe dorrosi on
bench test| (HTCBT) (ASTM D§595), whichl a fornul atedq oil nust pags before
recei ving |APl CJ-4 and ACEQN E6 certifilcat iSempleSeal |confamplsif ity was
eval uat ed [usi ng _an industry-standard - AK6 test, vhich nmust be|passed to
qual i fy aq ReférBhqed2B8. 51 | ubri cafit50 Bot|h seal7.sonpat|i bi | i47y0and ¢orr osi on
were testad in the presencge of an anount of

Added Base Oil (g) 2.50 2.00 250

PDA4 0.50 1.00

Total Weight (g) 50 50 50

TBN by D4739 8.65 8.65 8.43

TBN by D2896 9.32 10.59 11.7

ATBN value against - 0 -0.22

reference by D4739

ATBN value against - 1.27 238

reference by D2896

[0089] The data of Table V show that PDA4 effectively increased the TBN of the
lubricating oil composition as measured by ASTM D2896 without contributing to the SASH
content but did not effectively increase the TBN of the lubricating oil as measured by ASTM
D4739,

Example 4

{0090] A fully-formulated lubricant as in Example 1was further tested to determine the
effect of PDA1 on corrosion and seal compatibility. Corrosion was tested using the high
temperature corrosion bench test (HTCBT) (ASTM D6595), which a formulated oil must pass
before receiving API CJ-4 and ACEA E6 certification. Seal compatibility was evaluated using
an industry-standard MB-AKGS test, which must be passed to qualify as a MB p228.51

lubricant. Both seal compatibility and corrosion were tested in the presence of an amount of
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WO 2011/ 059583PCT/ US2010/ 050618 PDA1 providing a TBN boost of two (as
nmeasured in D4739) over the TBN of the reference oil. The results are shown
i n Tabl e w¥:20ThazbaV Exanpl eConpoundCal cul at ed ATBN ATBRCHIUSBN 0/EcA$6
TBNbyby@ 2TBN Seal s Test Value (ng D4739 02896 by D4739 @ 2TBN KOH g) 04739

. had
aaver S0 S evina TARHERR of o E iR IO TR roy AN Rt " ™

reference oil .in _an anou roviding a TBN boost of 2 ng KOH/ g (by D4739).
[OOQZFﬂA?I&ee’;fﬁ'f]}Sﬁf‘fg’r?w&fm?ah]gr{%osi tion conprising, consisting of, or
consisting essentially of nmultiple aii)ﬁ?d fied conponents, as presented
herein and in the appended cl ai ns, T ¥l d be construed to al so enconpass
conpositions made by adm xing said nmultiple specified conponents. The

pri ndxgmple  pr Epwpewntl enbodi mefekulated EBYN oATBPer MTGRTof MiB-AK@sent

i nventi on have been described in the foregoing specification. \Wat
applicants subnmt is their invéBN on, heweverbyis ng® 2IBNe geslstiested as
limted to the particul ar enbodi nents discl osed, since the disclosed
embodi ments are regarded as il iuRkiRbi 84738t hsgdehan,y hamsbi ngy >EpaNges may
be made by those skilled in the art without departing fromthe spirit of
the invention. CLAIMS 1. A CKWg)ase | ubricating oil corrpoﬂ&ﬁgn such as
a heavy duty diesel lubricating oIt conprising or made by adm xing an oil
of | whricating viscosity, in a mgjor anpunt, and, one .pr nore

N-ar ?]t%ﬂ?{?n%ﬁ ,WTrialiphatic hydrocarbyl phenyl €iedi amIrQi‘éS conpoub®g&, in a
m nor anount, each aliphatic hydrocarbyl group, preferably alkyl, being
strai ght-chained and having 1 to 12, preferably 5 to 12, nore preferably 5
to 8 carbon atons. 2. A conposition as clainmed in claim21 having a TBN
nmeasd€dd accorBPAd to ASTM D473R8%M3 at 128st 62.05uch Ras$ to 20Pass

[0091] As shown, PDAL1 had no adverse effect on corrosion or seal compatibility when
added to the reference oil in an amount providing a TBN boost of 2 mg KOH/g (by D4739).
[0092] 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 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.

31 0f35



3. A conposition as clainmed in claim1 having a SASH content of no greater
than 0.8, mass % 4. A conposition as clainmed in claim1l wherein at | east
10, such we2af1/dsessst 15, or at |east 20, such as at | eagstTABS200005061$€
conpositional TBN as neasured by ASTM D4739 is derived from said
phenyl-engdiam ne conpounds, and |ess than 25, preferably |l ess than 20, % of
t he cocﬁr‘pi;’aélkﬁi onal TBN is derived from ashl ess TBN sources other than said
phenyl . enedi am conpounds, jincluding basic dispersants. 5. A conposition
as cl &i med® fF %ﬁ?ﬂ’r\mﬂ&gm@aﬂﬁ@% S 3508 hew ety shissgh kbricafing,eil

hi gh-tenperature bench corrosion test (ASTM D6594) that falls within the
linits of £rAPAINE cpmadehy adminng@ngyeef lubgeatingrijiscasity, Has Mpigoamwalst oner i C
engi ne seal materials conpatibility performance in the MB-AK6 test that
falls w thamdt lesel ion twref Ntdrg-WBNp X2 8ridliphstie chydrectrbyin . phénylénedimmciaat r at e
for the preparation of a lubricating oil conposition as clainmed in claim1
conpr i si ngcémpsunds,t i BhifEsEndingf cach eliphatidtiyiredartSAigloud) proftRBEJAIRYI, ne
conmpounds; 10 to 40 mass % of a nitrogen-containing dispersant; 2 to 20
mass % of BEnakithid HQx ' IOpol RerdBik Y um
conpound, or % m %ﬁ?@ﬁke\%ﬁg%ﬁ?ggggg%@%f%%gg%t}og%%éPlﬁer eo?;ﬂog)e%]o 40
mass % of @?{g@g&gﬁnt; and 2 to 20 mass % of a netal dihydrocar byl

di t hi ophosphate. 7. A nethod of lubricating surfaces of a

Compr 5551 o i PLgHAEh ST o A S SRR

N-aryl-N, N, N -trialiphatic hydrocarbyl pheiayl enediam ne as defined in
claim1 i nD§7%%?{ﬁ‘1%ﬁ€@ﬁdeﬁs @ 2% | of lubricating viscosity to make a

| ubricating oil conposition, the TBN of which, as nmeasured by ASTM D4739 is
t her eBy en%a?ﬁ@wsmonwélﬂalmefhbudaimﬂl havingca 8ASHnepntdne ofASIgreaterdhath@8, has
copper corrosion performance in the high-tenperature bench corrosion test
(ASTM D659rhpst%at falls within the limts of the APl CJ-4 and ACEA E6
specification, and has fluoroel astonmeric engine seal materials

conpagj bi | Atepnipesition BB HERnddn hen NBAKGenas leadtN®! sichlas ot WhithisNot 41gedst M t's of
the MB p228.51 specification; (b) providing the lubricating oil conposition

to the enghmenes AKORSREDS INdr gﬁé&g@?@%ﬂ% ﬁ?%f, ﬁlse i L& by ASTM D4739 is

8.N-aryl-N, N, N -aliphatic hy lam e o or mul a

(RN derived from said phenylenediamine compounds, and less than 25, preferably less than

20, % of the compositional TBN is derived from ashless TBN sources other than said
phenylenediamine compounds, including basic dispersants.

5. A composition as claimed in claim 1 which 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 E6 specification, and has fluoroelastomeric engine seal
materials compatibility performance in the MB-AKG6 test that falls within the limits of
the MB p228.51 specification.

6. A concentrate for the preparation of a lubricating oil composition as claimed in claim
1 comprising from 1 to 30 mass % of one or more of said 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
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NR1R2 NR3R4 wherein Rl is aryl; each of R2, R3 and R4 is

I ndependently straight chain C5 to Cl2 aliphatic hydrocarbyl, preferably

al kyl , nosopriafsessably C5 to C8, alkyl; R5, or each R5pcrasscndepmingient |y
hydr ogen or hydrocarbyl, preferably alkyl, having 1 to 12 carbon atons; and

S o0 o acbentTHEMh AROYRTE D Berciin o 756 20 sk 9 B & ndl it 20
dithiophosphate.
7. A method of lubricating surfaces of a compression-ignited internal combustion engine
during its operation comprising
(a) providing, in a minor amount, one or more N-aryl-N,N’,N’~trialiphatic
hydrocarbyl phenylenediamine as defined in claim 1 in a major amount of an
oil of lubricating viscosity to make a lubricating oil composition, the TBN of
which, as measured by ASTM D4739 is thereby enhanced without
concurrently increasing the SASH, and that 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 E6 specification, and has
fluoroelastomeric engine seal materials compatibility performance in the MB-
AKG test that falls within the limits of the MB p228.51 specification;
(b)  providing the lubricating oil composition to the engine crankcase; and
(e) operating said engine.
8. N-aryl-N,N’,N’-aliphatic hydrocarbyl phenylenediamine of the formula

(R%n

wherein R! is aryl:
each of R%, R? and R* is independently straight chain Cs to C;, aliphatic hydrocarbyl,

preferably alkyl, most preferably Cs to Cg, alkyl;
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450 to 700, such as from 450 to 650, preferably from500 to 600. 10.

Phenyl enedi am ne, as clainmed in claim8, wherein the nitrogen atons are
arranged wenraitt@omsge another. 11. A mixture of phenyl enedirarseoe/os@rpounds
as claimed in any of clains 8 to 10. 12. N-Phenyl-N, N' |, N

-tri-n-pentyl - p- phenyl enedi am ne. 13. Phenyl enedi am ne, as clained in any
of clains 8 9, 10, and 12, having a TBN, neasured as in ASTM D4739, of at

| east 50, s ?gregag]?ky, iéa }ndlel?e%%%nt}y Oydrnygeg Colr_%?drocarbyl, preferably alkyl, having 1 to

12 carbon atoms; and
nis 0—4.

9. Phenylenediamine, as claiméd m claim 8, having an average molecular weight of from
450 to 700, such as from 450 to 650, preferably from 500 to 600.

10.  Phenylenediamine, as claimed in claim 8, wherein the nitrogen atoms are arranged
para to one another.

11. A mixture of phenylenediamine compounds as claimed in any of claims 8 to 10.

12. N-Phenyl-N, N’, N’-tri-n-pentyl-p-phenylenediamine.

13. Phenylenediamine, as claimed in any of claims 8, 9, 10, and 12, having a TBN,

measured as in ASTM D4739, of at least 50, preferably at least 120 mg KOH/g.
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