WD 2012/ 134763PCT/ US2012/ 028306 METHOD FOR | MPROVI NG FUEL ECONOWY OF A
HEAVY DUTY DI ESEL ENG NE BACKGROUND OF THE I NVENTION 1. Technical Field

[ 0001] Thewpreremst7ednventi on generally relates to a net hedTfuseoizops3osi ng
fuel econony of a heavy duty diesel engine. 2. Description of the Related
Art [0002] The heavy d Ki n ket | e diesel engine as its
preferred power souﬂ%ﬁaﬁﬁg)ggﬂﬂQgpga p@ﬁ38¥g%33§5§99 he fuel consunption
of heavy duty diesel engines is of great ortance to fleet operators
since fuel costs constituteHEAMYD X&IESEEMGM costs. [0003] A heavy
duty di esel engine generally produces nore soot in the engine during
operation than a |light or nediumduty diesel engine. The greater anount of
soot in the heavy duty diesel engine will have an effect on the fuel
econompBAEKAROERD OB THENVFRTRONS i n the fuel econony of the heavy duty
di esel engi ne have generally been achi eved either through new engi ne design
or thrquﬂmﬂﬁﬁmqﬂghoaches to fornulating lubricating oils. Lubricant

optim zatTon 1s preferred over engine hardware changes due to its

conpar | ower...cost r. unlt fuel ficiency and sibility .for
backvar hh(pjrrpatl T Pyt iV BRting: BEnest e S afoo0af AREBRG: 1951 P ddne ity e
fuel eff|C|enc¥ i n heavy duty diesel engines, there has

economy of a heavy duty diesel engine.

2. Description of the Related Art

[0002] The heavy duty trucking market employs the diesel engine as its preferred
power source due to its excellent longevity. The fuel consumption of heavy duty diesel
engines 1s of great importance to fleet operators since fuel costs constitute up to 30% of
operating costs.

[0003] A heavy duty diesel engine generally produces more soot in the engine during
operation than a light or medium duty diesel engine. The greater amount of soot in the heavy
duty diesel engine will have an effect on the fuel economy of the engine. Improvements in
the fuel economy of the heavy duty diesel engine have generally been achieved either through
new engine design or through new approaches to formulating lubricating oils. Lubricant
optimization is preferred over engine hardware changes due to its comparative lower cost per
unit fuel efficiency and possibility for backward compatibility with older engines.

[0004] Accordingly, to improve fuel efficiency in heavy duty diesel engines, there has
been a drive to develop new components which improve the frictional properties of the heavy
duty diesel engine lubricating oil composition.

[0005] EP 1323816 (“the ‘816 application™) discloses that because heavy duty diesel
engines operate more under hydrodynamic conditions than passenger car engines, friction

reducers will not be effective in reducing engine friction losses in heavy duty diesel engines.



been a drive to devel op new conponents which inprove the frictional
properties of the heavy duty diesel engine lubricating oil conposition.

[ 0005] EP wB28818B47163t he ' 816 application") discloses tharChasausm283eavy duty
di esel engi nes operate nore under hydrodynam c conditions than passenger
car engLneR g ppisation 51?%3{?@%%“% i ’%gé@bnﬁ@g{lée‘?%fgﬁw'e T me e
2012/ 134763PCT/ US2012/ 028306 The ' 816 application further discloses that
fricti owor@dyderiormaticscel ieavyn ditypdissélnengines haisl bextodsagvasedt: f oFlitantld of
heavy duty diesel engines have been di scovered. The '816 application goes
on to dipplitaee gdeatonttoedifeloet thantheelilicten sediaorsbmnbscobidhylyddividde dntontw@ t wo
categories. These categories are (1) polar conpounds capabl e of being

adsor bedtapfies. "EAab catefdraiase { NoldrRotpduid® @ipabledd bgfngthlas@f_ﬁéd ehteap&hl i C
hydr ocar byl chain; and (2) oil-soluble additives that deposit nolybdenum

i Ul 1 a0 Rl DECER e BUET 65, oJDEICBALAL 1ARPANDAS.GRRAN! @) B DERND,

adsorbed onto neta aces ave pol group an

hydr ocar,yl chai n, can be further,.s i vided in t cateqories: (A

o e oo aHIHAT T R RbUHERIR Sl M o0kl il T R Gl (o)
oxygen-cont ai ni ng conpounds, such as fatty acids and full or partial _ esters
t her eofcaPate of beg geperbeh PRIl BWfasey HEs hayse pekee deadh gioye ang@deophilic
application include (i) al kylene am nes; (ii) al kanolamnes; (iii) alkyl

am des hiydrachibyh chiie ddnabdk furthgr cupdividad entor tovn dategorRS: A bsrogan-oostainaned (i v)
al kanol am des. The oxygen-cont ai ni ng conpounds di sclosed in the '816

appl i cajohpoundis buithens (amingaimid¥yddcantided] and B &) gdn-Lont@dingadodgouadQeBch (i)
full and partial esters thereof of di- and/or pol yhydric al cohols; and
(1) nRiaky 5344 Srd ARTRPhrtial BRS NI FE T hitkd}Rn-BhRirdRPEIfRnas dRYBHRI 1 Ty

gl ycerol nonool eate and trinucl ear nol ybdenum di t hi ocarbamate as friction
modi fi e J10006]. U S.. : , 4 [ = f iction
reductféﬁhﬁﬁhgﬁggkggpﬁéPﬁggﬁﬁzéyggﬁééﬁgﬁﬁé%%}%%%%gégﬁ%%%ggﬁﬂgﬁg“ﬁ%?%%ﬁated
notor oil. containjng an ashl ess djspersant and abouf 0.1 to 1.5 weight

per centVHF 415 St kY loHOBPORRN IO b 4 2515Has HOmNa HbHSL ENARRIFRHHe, The
[0007] U. S. Patent Application Publication No. 2004/0192565 di scl oses a

met hod Gxgect-pgiravingconoundiedisdessdomihe B l@rmppHedionanclednbil seiberylengidie such
as a gasoline or diesel internal conmbustion engine enploying a |lubricating
oi | corpesigt 1 oo 2Socrbomatognsafinpéiil]l esd phrtiat estors todtof o€ rdiwmdior pelyhydic
reaction product of C4 to C75 fatty acid ester and al kanol am ne. WO

2012/ 1340tH3RCHhYSEOL1AERAP 8306 tHRQI8] T ekahpies ,oftth@r‘glmﬁplmaaan RRemplify
recognition or appreciation that the fuel econony in a heavy duty diesel

engi ne QR ohhadRAYA: ARGy M1 Bnb St GRRLSI MRTHRLorRBIRLEON. can_be

appr eciabl'y i nproved by use o eavy y di esel engine ricating oi

G o ¢ Oy R M N P SR GRE e o RS AR P

woul d be desirabl e to devel op nethods for. i roving the fuel. econo of a
heavy dg‘rteg,naz R, pstigﬁémgiél_e crankcase by us?ng a forquate(}/ rno(tgor oql conte?ming an asﬂlléss

dispersant and about 0.1 to 1.5 weight percent of a reaction product of a fatty acid and
monoethanolamine.

[0007] U.S. Patent Application Publication No. 2004/0192565 discloses a method for
improving the fuel economy in an internal combustion engine such as a gasoline or diesel
internal combustion engine employing a lubricating oil composition containing an ashless

friction modifier which is the reaction product of C, to C5s fatty acid ester and alkanolamine.



SUMMARY CF THE | NVENTI ON [0009] I n accordance with one enbodi nent of the
present invention, there is provided a nethod for inproving the fuel
econony ovoaotw@yie3duty di esel engi ne which produces a Ireawiskyr200830€d

| ubricating oil conposition during the engine's normal operation, the
met hod rising. lubricating . the heavy duty.diesel engine w.th heavy
duty qil 000 engi HACTPRRC TR 1481 PBoRb JSFRIHHPTE GRpPETiopagheh tﬁ%q i
amount of an oil of lubricating viscosity; and (b) a mnor effective anount
of an @spnesy if gjhsayodutyptipsel engine ppaticstorigawy pecitig dningrtbel gagines reraal t o
about C75 fatty acid ester and a nono- or dial kanol am ne. [0010]In

accor dampemtioh tchn &ec spprentibbningaovneinby ofe dfhe hgavgsdny dicsslemiginenubtideeing adils
provi ded a nethod for inproving the fuel econonmy of a heavy duty diesel

engi ne RpRHoditibN TohiadLhg b TEEEAS ddiflcewlich Rf ths eedctidh préict BE CERGICIe fhtynor nal
operation, which conprises lubricating the heavy duty diesel engine with a

heavy Aty LR o BRELOS: HMLEANI0 AdoSAIROSY WMl BOMLIHNG (@kidh T8l of
amount of an oil o ubricating viscosity; d (b) a mnor effective anmount
of an ashless.friction nodifier conprisin rreaction product of a C4 to
about_Erandyip bR ERelifhatiha i s REsnafehe [ 0011) 1 n
accordance with a third enbodi nent of the present invention, there is
provi ded the use of a heavy duty diesel engine lubricating oil conposition
conprising (a) a major anount of an oil of lubricating viscosity; and (b) a
i S MMARY Qridbitt INVENKIOW 2012/ 134763PCT/ US2012/ 028306 ashl ess
friction nodifier conprising a reaction product of a C4 to about C75 fatty
aci d eqoee9jand a Inadeordaice itk dirnptbdiment iofl tHafre@ut Mgeitivd, theed isgedndsty of a
heavy duty di esel engi ne which produces a heavily sooted | ubricating oi

conposid in@thodYbt REpbRLERTIING SoRRhITBE 2 MRETAHLQicd-P QA AR ?&B@ées a
factors, the present invention is based on the discovery that the fuel

s R S D

| ubricatin C i on e S hor na

i nproved by. enpl oyi ng a _heavy duyt i esel engine | upricating, oil .

Conposi CrEHSEBn g () Mevariy SiestintreGre aToa hh ST ouy dhe! gpeine
viscosity; and (b) an effective anount of an ashless friction nodifier
conpr i Skbricaing @dcompesigps aEPTIHNE 42)CU MR AWyt 78 eihof ubsicpiingewisersitand a
nono- or di al kanol am ne. The di scovery is unexpected as the ashl ess

fricti candn@did nenorbififetiivie saneouné ad't dno ashpese dinction maliftd tamaixong aGR5cticat t y
acid ester and a nono- or dial kanol am ne perforned significantly worse than

ol ybdesedictbt HTQeRsddanat attyhidia RstbSardl kneuer drididtkdndmnimgi fi er as
di scl osed, e.g., in the '816 application, in reducing friction in an

unsoot e[qﬂgf](yver Y 1hi a&@&r‘d%f?lc%o{%tﬁ% §‘é&8¢'f1& QRfBGmenk g? the re\?\ﬁr?gﬁ{l&%hp%eﬁ% jd ess

than 2 wt. % However, e ashless friction nodifie IS a reaction
ooty A R ol bl Sk SEA P BB Pl abangl m oo
reducing L LElion T SSAL Y, 00t 60 envi onrent  FETA LED CESCR 1 o o
lubricating the heavy duty diesel engine with a heavy duty diesel engine lubricating oil
composition comprising (a) a major amount of an oil of lubricating viscosity; and (b) a minor
effective amount of an ashless friction modifier comprising a reaction product of a Cy4 to
about C;s fatty acid ester and a mono- or dialkanolamine.
[0011] In accordance with a third embodiment of the present invention, there is

provided the use of a heavy duty diesel engine lubricating oil composition comprising (a) a

major amount of an oil of lubricating viscosity; and (b) a minor effective amount of an



[ 0013] The present invention is directed to a nmethod for inproving the fuel
econony of a heavy duty diesel engine which produces a heavily sooted

| ubri cat iwg@ 20id13¢waposi ti on during the engine's nornmal @pEEsRIRO2830He

met hod conprising lubricating the heavy duty diesel engine with a heavy

duty diesel |ubricat oi |l conposition c ri a _[maj.or a unt of an
oi | of ¥ %F%Phén‘v{ @%o%qnwlsm&rmre@ﬁ)map‘i?ﬁﬁ% Of;‘ %a a%Pé‘tzggg 5 Her

ashl ess MD 2012/134763PCT/U82012/028306 friction nodifier conprising a

r eact i owdgripenator giallanolamiae dbivuroars thafuel copapary e tadicagnduty digsaloengste

di al kanol am ne. [0014] The primary service classes for a heavy duty diesel
engi ne valtieh lprgthces weldiauily saotdd Helbrigating anily eclupysitibre deting gl ogsnas mbirmel osed
in US 40 CFR 86.090-2. The classification is based on factors such as
vehi cl epgfr@%s. vehi cl e wei ght (GYW, vehicle usage and operating patterns,

ot her vehicle design characteristics, engine horsepower, and other engine
desi gn operat i

descridp of tﬁ@ﬂ%? ﬁg}y Sg&%ﬁggﬁﬁig§2§§%®h£?¥%ﬂgg€§t@agﬁa§%§%éaigﬁbine

[ 0015] ht h dut al ly . are non-s| e not
des gnet;éz’]f b OF B ity i SE EenefBP BB P Gan iy PRI SEY O [ o
170. Vehicl e bod pes in this group nay .include any heavy duty vehlcle
bui | t fOPPRSHPY Hﬁ{ma&tﬂgﬁ ERgIRKS ARERY| Qperafig ip igpreyed hquilp QYipy aigqy duty
recreational vehicles, and sone single axle straight trucks. Typica
applicaﬁﬁ@hgngmesmbhc%hginﬁsaﬁmmkmme gertaomngl (a) ramspor waatonon of |anghil- doad
commerci al hauling and delivery, passenger service, agriculture, and

const r ugbrhicfing Viveogtyg k) ian ctfbétbvegintiipt af £n bidIBigtionestifier coatprisingm whose
GYWis normally |l ess than 19,500 | bs. [0016] (2) Medi um heavy duty di esel

eng'ne%eﬂﬁ%nﬁﬁo@kﬁ%?%thbzﬂ@ﬁf@%@%&?%c@ﬂ%&ﬁ%%dQﬁmﬁﬁ&hﬂﬂﬁ@k&%ﬂmﬁﬁﬁu'THE
their rated horsepomer general |y ranges from 170 to 250. Vehicle body types

LN S GlouR (BN 0G algse%h%%megsafpga@émohgﬁg%mwgﬁxﬂ SR IR S e 1Y

tractors, vehi suc

trucks, and tr sh G acto trucks p cat | ons. .of such engi nes

i ncl udePeBnrer E‘i%PClg "Etr: o os delgn @P@ywd%rfov@? SIgRIFICAM B RrSe

engines in this group are nornally used in vehicles whose GYWvaries from
19, 500 melyBdenggoditiiecarbayaty) which pe avspowaaiyigtion mpdific ss| dishefehes gare thil eeved
and designed for nmultiple rebuilds; their rated horsepower generally
exceeds 82&60pplidetior lie sedmonhyg frigpesin an tdsostedroowpry lightly sooted environment, 1.e.,

a soot loading of less than 2 wt. %. However, the ashless friction modifier which is a
reaction product of a C; to about C;s fatty acid ester and a mono- or dialkanolamine
performed significantly better than the same molybdenum dithiocarbamate in reducing

friction in a heavily sooted environment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] The present invention is directed to a method for improving the fuel economy
of a heavy duty diesel engine which produces a heavily sooted lubricating oil composition
during the engine’s normal operation, the method comprising lubricating the heavy duty
diesel engine with a heavy duty diesel lubricating oil composition comprising (a) a major

amount of an oil of lubricating viscosity; and (b) a minor effective amount of an ashless



WO 2012/ 134763PCT/ US2012/ 028306 may i nclude tractors, trucks, and buses
used in inter-city, long-haul applications. The engines in this group are
nor mal | y wieedizm416ehi cl es whose GYW exceed 33, 000 | bs. [PO0ABRIM/OgEsneral , a
typi cal soot |oading for a used heavy duty diesel engine | ubricating oi

conposit.ion duri t he nor mal o eration hea ty. di esel engine such
as aft eftrlctz@l 896 ¥ 1coEPriging s [aglian progpct @fg f t%ﬁég@n‘geéﬁ%ﬁfld %%teé@aﬂ

| oading for a used heavy duty diesel engine |ubricating oil composition
duri ng moro-wodistianolesnies.i on of a heavy duty diesel engine such as after
20,000 mles is at least 2 wt. %to no nore than about 9 wt. % In one
enbodi nB6t4] a sodfhel padarpgefvice dasssefdr hdrayy dutyWidicbaalincengiligt, Indakiuraat i ng
oi | conposition during the normal operation of a heavy duty di esel engine
such asndfhesvy RQvPQRGNAibRS chEindlasl @Rsed inUS 4P CER 86.00B2€ Thaksdifiostiond W .
% [0019]In one enbodi nent, a soot |oading for a used heavy duty diesel

engi ne i y {ehc‘oﬁtf{a&grs%hl: SOURASE LAY 59%%%@9%%9*% RREGaLE O Gferdlfieavy

duty di esel engl ne suc as a es Is at east out %to
no nore_than out ne .enbodi a soot, l.oadi ng for a used
heavy a‘l?%tym& %E@l VeB’r‘f{ﬁ eélﬂnLﬁB’?’iaS ’15?1%? gig"c %@SMGF -GR9 QKT ﬁﬁglﬁﬁge%‘r
operation of a _heavy duty diesel engine such as after 20,000 mles is at
least APSHING RRTICHR 0 THErBLPNEN HobEengalydcscuplioh opyike WSV rEFCe a
soot | oading for a used heavy duty diesel engine |ubricating oi
conposidasess fdus heayytduty diesahahgioper ati on of a heavy duty di esel engine such
as after 20,000 mles is at |least about 3 wt. %to no nore than about 4 w.
% 0020£The soot | oading for a used heavy duty diesel engine oil is

det er milABSIby ASTMW Dado heayadutndpeeldinginad usyadly213 nen-slsevadninddiateasignadne

heavy duty diesel engine lubricating oil conpositions according to the
pr esentfor rebaild] oir caod hbrschovoen gonotatly Qafizs ikion?¥670 ao ABO.UVcliclbbody. typein
phosphorus, based on the total weight of the heavy duty di esel engine

| ubri cahisngo) haf AFRRIBIahy BBavyldutPREhieIAd! FRAlght-BeryhRRK ¥ hEkdLsY vl @R&Rk,
engi ne Iubrlcatlng oi | conpositions WO 2012/135?63P /U82012/028306

S35 ARy T SRl MLSIEL GREVAT. R0 B e, 4
the ;el;hag’g ﬁl:artllgﬁlﬁfﬁ a%l}gl ?1'}1%.}58%5‘? S Ogm 22]1%gri|1t ?oa% ceorrrnbrgglrlc1mla ﬂauh 3 heavy
and delivery, passenger service, agriculture, and construction. The engines in this group are
normally used in vehicles whose GVW is normally less than 19,500 Ibs.
[0016] (2) Medium heavy duty diesel engines may be sleeved or non-sleeved and may
be designed for rebuild; their rated horsepower generally ranges from 170 to 250. Vehicle
body types in this group may include school buses, tandem axle straight trucks, city tractors,
and a variety of special purpose vehicles such as small dump trucks, and trash compactor
trucks. Typical applications of such engines include commercial short haul and intra-city
delivery and pickup. The engines in this group are normally used in vehicles whose GVW
varies from 19,500 to 33,000 Ibs.
[0017] (3) Heavy heavy duty diesel engines are sleeved and designed for multiple

rebuilds; their rated horsepower generally exceeds 250. Vehicles body types in this group



according to the present invention will have a sulfated ash content of no
nore than about 1.5 wt. %as determ ned by ASTM D 874. In one enbodi nent, a
heavy dutwodoegh7éangi ne | ubricating oil composition aceordisag2ies3vhe
present invention for use in heavy duty diesel fueled engines has a

sul fated ash content of about 0.8 to .about 1.5 wt. % as. determ ned by ASTM
D 874. 0P8R traﬁtef%}wl@nﬁt&ﬁb%wedanﬁ%tawtsaiﬁg-laquefe%mhc H%‘ilsnéq‘i: GBFPCat i ng
oi | conposition according to the present invention contains relatively |ow
| evel s ipthiggfouprare porgally paed @webistis ndroad GMW execodt33.040 Ibased on the total
wei ght of the heavy duty diesel engine lubricating oil conposition. In

anot her[0er8jodi nerh, gancheavytyputal sdoed@dimndome haedr heati dgtyodiesat oempnsd ti on
according to the present invention contains about 0.25. w. %to about 0.6

W . % 1heasedngBiltddmpbdtigh dmﬁﬁ%ﬂlte RfmilNpchion b f d Wy o2 Bles@RALME such as
| ubricating orl conposition. [0024] The oil of lubricating viscosity for use

02 ey 26l0b RSl ROGING: Ibih G CAboBlhorf ATRRTARIS Rl 0l Beayy
invention, al'so referred to as a base oil, Is typically esent I n a’major
anount,,e.q., .an ampunt greater than. 50, w. % preferabl.y greater than
about AT licsel Engtiedubticarlg B tpronoSilioflsizdb® pbrril Siergn B cheRy IR rost
preferably fromabout 85 to about 98 wt. % based on the total weight of
the corfdess] engdie surhas atiey 2sQ0onilesjg sbleast 2 whgo tRsrIMeEs Bam 28919 Wheo. In
understood to nean a base stock or blend of base stocks which is a

| ubri came ewhpbiment, ¢ aot icdpgodercedussy beayiyndity dsalf enging dubricatingheilsane
specifications (independent of feed source or manufacturer's | ocation);

t hat maghpobifiion sarkg enwdraat op&itich sPeaedviycdilty ditsclasndidchath as aft€€d®, 000 ed by
a unique fornula, product identification nunber, or both. The base oil for

use hergidy i6 #NchE 23ty 98 DeRE e ¥hd O 9wt logt er - di scovered WO
2012/ 134763PCT/ US2012/ 028306 oil of lubricating viscosity used in

f or mul gty a hegyy_ du I engi.n rj i il ¢ osi tljons.for any
and al ﬁbg%h appﬁl}{c% i %Pr{fggal%%ﬁé’t% gﬁ%tl }%ﬂ%i&?hgo?g&asllggdoi%ﬁém g{rm'ug{eegﬂer %HLG can
optionally contain viscosity index inprovers, .e.g., polyneric .

al Kyl mabbrgafpE ail sSmPEHERT Hing s SPyRRTapCragiop of bt iy Hivsel shgig usteas

copol yner or a styrene-butadi ene copol yner; and the |ike and m xtures

t her eofaffcp @PH0Rsmype is ki I¢asd abeptthavtalt Qo ehoredan gbaus gt adi &e-e Int ppe
viscosity of the base oil is dependent upon the application. Accordingly,

t he vi stmdwidingernf a sodideeling Forfaoused heanedwyy nlieve]l éngimadiubacating gibngepdsitoon about
2 to about 2000 centistokes (cSt) at 100 Centigrade (C). GCenerally,

i ndi vi cumailngmé herma s eritibs ofseitbakedatyndissd] lenfé&uah ki BRBAL0,000/ hEkOSI bty
range at 100C of about 5.5 cSt to about 10 cSt. In one enbodi nent, the base

ol I's uggd hehighnyit g %ﬁg)reath'éh 'élﬁ&'i\i/’cmtsi ft ‘%SﬁPﬁﬁé é’mﬁ(?d?&%%t?g gé@ﬁ&dde?%%ﬁdg%ﬂ 4

cSt to about 12 cSt. The base oi be selected or ing on

t he desir end, use.and t he ditives, in the.finished oil to give t

dosi 1 e Ao tg RjeCengi®e RLA (YL bgmbiBice AR he Totmb fudiaRy o
conposition havjng an SAE Viscgosity ade of OW 20, OWM 30, OW40,

OW 50, hepvsdutysigschenests, Suswgeﬁer A MBIt leawagé\{lt 3 &y “etto e 280 Hodv 30,
10w 40, 10w50, 15W 15W 20, 15W 30, 15W40, 30,40 and the like. [0026] Base
st ocks abayt bet.tanuf actured using a variety of different processes
including, but not limted to, distillation, solvent refining, hydrogen
procesq0020] ol i gofter scoatloxling &steusdd bailviy atuty ditdelr ergghd oil rig.defdemadet rigd
stock shall be substantially free frommaterials introduced through

nmanuf acA grings6970MaaAbpaidi0A4. or previous use. The base oil of the
| ubricating oil conpositions of this invention nmay be any natural or

t heti bri : Cail £ ab . -
o o) S5O SR LR, LSS TR o,
t hyl f th | ) i zati f 1-ol ef} t id h
s ol ySPHES! G1hh FrCPAB BTG c<Pa Ti R o0 Bers o hibedi b bckath os

usi ng carbon nonoxi de and hydrogen gases such as in a Fischer-Tropsch

pr oc es Phoyghopg Aasah pg 3theTiotabrgaghto 98 36 heayy dntinpices! enging duipicatipggal oj |

is one that conprises little, if any, heavy fraction; e.g., little, if any,
| ube oidonfpositibh.oln ofic vinbodisicnt; tROhGSY duty ficsghengiat 1dF0@ing oil compositions



[ 0027] The base oil may be derived fromnatural lubricating oils, synthetic
| ubricating oils or mxtures thereof Suitable base oil includes base stocks
obt ai ned W9 200138T6Bzat i on of synthetic wax and sl ack wapCTas20¥l0R8306
hydr ocr acked base stocks produced by hydrocracking (rather than sol vent
extracting),.the aromati c. and. pol ar .conponents t he crude. Sujtable base
oils i r?eF%)&glgt Rode Trevens 1nVArFtrOpnc%&néagBr apout Q-& e o oAb Wagft-d%f ?ged in
APl Publication 1509, 16th Edition, Addendum |, Cct., 2009. G oup |V base
oi | s arrhopdioye, graest eni e tEPAOyciglyr ofiphe/ hisase duty diaselcpugiec dwbricgtibgroibase
oils not included in Goup I, Il, I'll, or IV. Although Goup II, Ill and IV
base oidompasigopreferred for use in this invention, these base oils nmay be
prepared by conbining one or nore of Goup I, IIl, IIl, IV and V base stocks
or basqogd|s. [003&dds@hvddimattUbacady ldaty dickdidRgimenapdéating il 6athpardidd | S
such as, for exanple, liquid petroleumoils, solvent-treated or

- . e : . :
acl ”agr@%@%g% el e%énr‘qﬂ{deﬁﬁéﬂ QA1 RAeS éétfl%ié&easﬂgwtf?ﬁﬂ St ifo %ﬁﬁ%ﬂgtﬂleu? 190

m xed p ni c- napht heni ¢ types, oi erive om coal o , ani mal
oils, vegetable oils (€. d.ork ed oils astor, oils and |lard .oil and
Che 1 1 KB °p Qo251 TR B TP &7y et PRECBIRR Ay, FieSelrn
limted to, hydrocarbon oils and hal o-substjtuted hydrocarbon oils such as
pol ynerlbtigs @1l ¢pnenasBioprceiding 1§ Be iniesenteingentignofoy e yi Bprey, duty diesel

pol ypr opyl enes, propyl ene-i sobutyl ene copol ynmers, chlorinated

pol ybutfytledesginpohas(a siitatesines)contsot 9 dbout t @B eés phoysdl.y (vi.-Yesealetsininedry t he
| i ke and m xtures thereof alkyl benzenes such as dodecyl benzenes,

t et r adegyTHap8e@Mmes, di nonyl benzenes, di (2- ethyl hexyl)-benzenes, and the
| i ke; pol yphenyls such as biphenyls, terphenyls, alkylated pol yphenyls, and

the 1ikKgp2g! kyl atigdnginBh&AvddiREREE BeANtR) 5%&@%ﬁgﬁghtgﬁﬁ%%%}lbémg&%&nd the

derivative, anal ogs and honol ogs theréof ‘and the |i O her usefu

S e deSordhe IR %R anliAF L atiGs RtbG AP L B LRS! O, Ble Rl Y

pol ynmerizing <o €ss car atons suc
propyl ene, tyl gnes, 2012/ 34%&gP [.US2012/ 028306 .i sobut epne, pentene,
b sebaned ¥ e PocrisediBp e o8 W BRBb St Mg SHE RuBoR AR SIS L GBI K mown
to those skilled in the art. [0031] Additional useful synthetic hydrocarbon
oi | s i rrempgsitipn.qli angsedryombodingnt.of dubf dipsel peging frbrikating @hesmpgséisi ty .
Especial ly useful synthetic hydrocarbon oils are the hydrogenated |iquid
ol i gonercsording@6 theprEkdt mivpitaonodoafaimsabeuch2asyt. Yoto abratripd eit. %; bkescdne ther | mer .
[0032] Anot her cl ass of useful synthetic lubricating oils includes, but is
not | i ribtaBheioBt of the heavy duty diesel engine lubricating oil composition.
[0024] The oil of lubricating viscosity for use in a heavy duty diesel engine
lubricating oil compositions of this invention, also referred to as a base oil, is typically
present in a major amount, ¢.g., an amount greater than 50 wt. %, preferably greater than
about 70 wt. %, more preferably from about 80 to about 99.5 wt. % and most preferably from
about 85 to about 98 wt. %, based on the total weight of the composition. The expression
“base oil” as used herein shall be understood to mean a base stock or blend of base stocks
which is a lubricant component that is produced by a single manufacturer to the same
specifications (independent of feed source or manufacturer's location); that meets the same

manufacturer's specification; and that is identified by a unique formula, product identification

number, or both. The base oil for use herein can be any presently known or later-discovered



al kyl ene oxi de polyners, i.e., honopolyners, interpolyners, and derivatives
t hereof where the term nal hydroxyl groups have been nodified by, for
exanpl e, weteryfuwati on or etherification. These oils areTaxsenplopssned by
the oils prepared through pol ynerization of ethylene oxi de or propylene

oxi de, and henyl the f .these po kyl ene mers .(e.g.
met hy| %CPQ?MW%% tycle rfrerfmﬁafrrr%%&ﬁ%a étyaéesqlr&rlgearl ‘?ﬂ%@ﬁérﬂﬂ

1, 000, di phenyl ether of polyethylene glycol having a nol ecul ar wei ght of
500 t o cbowositighefonyghy enhall seth appligaioapy Peddioghllys dhe basgioty fer use hetsin ean

wei ght of 1,000 to 1,500, etc.) or nono- and pol ycarboxylic esters thereof
such a&mﬁbmﬂbeEQMEMeymmhﬂyanébdhnpsvessegnnxﬁﬁﬂa&:mhqﬁﬁmhaﬂyyuﬂpb&ﬁekters,
or the C13 oxo acid diester of tetraethylene glycol. [0033]Yet another

cl ass afpyighicd, ey nihethi cenklpbcrp dt@ogrnl& drNE by Ei@c-batkdickk &oPlynick;Mrdded to,
t he esters of drcarboxy i c aci e.g., phthalic acid, succinic acid, al kyl
succi nig ﬂgégﬁhmrs&%gﬁkﬁ%yCCInlc acrds mal ei ¢ acid, azelaic acid, suberlc
acid, sebacic aC|é umari c acid adeIC aci d, i nol ei c acid diner mal oni ¢

aci ds | malopic a ken loni ¢ aci ds y of
2 conol 05, o™ P Greihiathe b TEreas orppf%%rsc@rs o R

et hyl hexyl alcohol et hyl.ene glycol, diethy]ene glycol npnoether, prop yl ene
gl ycol ,is Berendesiaippr the applipgiions Ascordingly tB%’t”é?%SltD’r‘Pé rltl%: o Pt herginouille

di (2- ethylhexyl)sebacate di - nhexyl fumarate, dioctyl sebacate, diisooctyl
azel at eyrdighiilyothegy | framelbane 2 i ebaugl 208Kt braltiatokgs dclSd)a@yIlO@htCFmtigtaée; (©).

di ei cosyl sebacate, the 2-ethyl hexyl diester of linoleic acid dinmer, the WD
2012/ 133teaMeT itd2ididly 028306 ailsplsek hesietvill daned Kyerh&actisegitonangohe of
sebacic acid with two noles of tetraethylene glycol and two nol es of

2- et hyl he*@Rphtord. 5l cand albl%ﬁt ho légt f@&%&r@écﬁﬁt@nﬂj% Bilsc ¥%ls Y RGLinCy i | S

al so include, but are not limted those made from carboxylic acids

Qﬁxggglﬁa@g ?g%pe%tt CQ’I C%Sl c?ld% glg%(f(ﬁ&bq% %bg‘& Oﬁ{mcﬁWtot gt)o"ﬁ ¢9 QS STheieb%e oﬂr(gltllhan()l

ethers such as neopen

trlnet r thr ntaer thri

tri pent lﬁfﬁfi ndaﬁ eI ethe t}sfgi] g and B aé@ltbverén thscrished ailor
exanpl e, polyal kyl -, polyar | -, polyal koxy- or polyaryl oxy-sil oxane oils
and si Itp gxethgidesiredegrage PEeil.anet hélea‘asérttrldle,spbs@lm lubyipatingt ik compesitéat i ng
oils. Specific exanples of these include, but are not limted to,

t et r aethayingsinl SAaVescosigt Geadie b PN W -29); D%aﬂ),é),WM@t 0@~ 2-08Y 1ol 51%6;55]\&)-20,
silicate, tetra-(4-nethyl-hexyl)silicate,

tetra- (el shouy) pwesy Isveido cawve,10hery] HAW=30et DW-4@- emtsox Y3 Wi, sishozene,

pol y(met hyl ) si | oxanes, pol y(nethyl phenyl)sil oxanes, and the like. Still yet
ot her usgiul PHRLAESDH, 1gdﬂﬁﬂh&ﬁkéng oil's include, but are not limted to,

li quid esters of phosphorous contalnlng acids, e.g., tricresyl phosphate,

triocty osphat d|ethy ter decane hosphron C i.d, etc.

ol y e MRRICe P A iss U omal obes SR B BB SRR Ay “boressty be
derived fromunrefined reflned and rerefinped oils, either natural,

synt het'Peluding i butymes  Bmitedio toyr dﬁ%sl?léﬂef, aAlycBr Fehawg. ohydragen; \INBCeHHi8g) osed
her ei nabove. Unrefined oils are those obtained directly froma natural or
synt hetdligoggurawn( estgrificatioal andhercbningr Rerefisedhstockishalmba)subitetitlly fresr t her
purification or treatnent. Exanples of unrefined oils include, but are not
l'i m t edrdm macridain@rodudcdabtoaph @thndfaceeinky cdntaninagd ot ippyi@pearsat iThadasea
petrol eum oil obtained directly fromdistillation or an ester oil obtained

di rectlof] br B AdriestRY bl | GAipoSiioR! BF &HiS in®RAEON FhayVBl Gyl MatdAEDr WpRHcti t hout
further treatnment. Refined oils are simlar to the unreflned oi I's except

t hey h%ﬁn&‘ﬁﬁ b é l‘eEuﬁ%@éﬁ&o&ﬂb&‘%@ﬁetfé‘)&ecﬁélﬁtiéd'b%l'?‘&leorﬂ)k?ﬁrﬁ%ﬁ O 1Ls”pr ove

one or nore proper uri ion es are known ose of
skill in the i.ncl ud fo solvent extractio ondary
V0 201N Seter SRS ar EYRIT 8t sty B P GRerpacet S arolth ol
filtration, percolation, hydrotreating, demaX|ng, etc. Rerefined oils are
obt ai ngdow(e tnobapshgugl g RAIYADha9lgin Oe PRI alsmior afifom chydseesebars sxnthesisobt ai n
refined oils. Such rerefined oils are also known as recl ai ned or

r epr oc ggsedus lusing wdrboh treomoarde aad diytiogam hses puaicasss ed iphet-Exipsd lopresess.
directed to renoval of spent additives and oil breakdown products.



[ 0037] Lubricating oil base stocks derived fromthe hydroi sonerization of
wax may al so be used, either alone or in conbination with the aforesaid

nat ural awo/2or2/syrBheti c base stocks. Such wax i sonerat @Coius2e12/ops3oeeluced by
t he hydroi sonerization of natural or synthetic waxes or m xtures thereof

over a ydrorsonerlz ion cat.al es gre.t plc .1y the
ol ack Ve csREoy SHER PRAse i 1%8%/%&‘ﬁ{£ ot 5&‘ ?fj s ey B f]lf Hetic
waxes are typically the wax produced by the FlscherTropsch process

Exanpl dfawf, lubsetilfirachion of giscosityri0cat phigighers¢ 389Gy i ncl ude HVI and XHVI
basest ocks, such isonerized wax base oils and UCBO (Unconventional Base
Qls) t{ﬂﬁlﬂ]oi | s. THe(U38)il Ty thekrviycdifrom mhinesldubecing@ilk,uynihetdt lubgicatirg
conpositions will further contain a minor effective anobunt of a ashless

fricti oflsr@dhikivess Whiceh Sgitdld BAECLIIAACIRIQMEE sREkPOKHInE® bR RRMeredion of
preferably about C6 to about C24 and nDre preferably about C8 to about C22

fatty %ghﬁlleﬁé%v%& aﬁcf‘&gc ﬁgg@s%vaﬂrasl 3 ?({ bk {2%% ﬁu&ﬂﬁ%@ﬁﬁl Jp&féc?(ﬁﬂgge In

one enbodi nent s frict ler contains co

fol |l ow ucture 0 |

hyclr oCAPHYT D A8 A1 AP Bt s %ﬂ?ﬁ%ﬂ%@n%ﬁs@%% CrSifklsout 6
to about 24, and nost preferably fromabout 8 to about 22, carbon atons; R
is a ditas @it ingludg thase Hgalé@r?l algeerdestly Brdl, WVoangh¥ @ dgtinedoinak R Bubiligatiqno m
about 1 to 6, nore preferably fromabout 2 to 5, and nost preferably from
about 21508, BS kditibo ddeoden [a@ct.,2008. &moumk\ejase ofils @m eddpalph®lefms ZPADN. one
enbodi nent, a is 0. WO 2012/ 134763PCT/ US2012/ 028306 [ 0040] Exanpl es of

desir atIEl@upShbszS Dilf inctidcail athel Hab@oids Satiih@dbded ih @rotin € IRrESentV.i Atkaighon

i nclude, but are not limted to, octyl am de (capryl am de), nonyl am de,

decyl amods 1f QBRI VaRdsdBlis a%ﬂr‘%%ed% de ﬂqgﬁq}ﬂferﬁl%d@leﬁé BH4E Whls %Hydﬁ)
tridecyl am de, teradecyl am de (nyristyl am de), pentadecyl am de,

hexadeg Epa?' gfc&x‘?ﬁh o?H%o?ee%f Gx%%@tlaﬂeﬁﬁ’ Evgﬁh qﬁlﬁ(s@ﬁ%o@ﬁse yl%asé"‘g‘lsde

(srear nonad or “docosy!l
Zf‘edﬁoﬁ?ﬁﬁ?{édﬂ d%amr@%'siﬁqr&iwes%a@r ea?éé‘ﬁ ucf Gadpeyioni dguid” "

el aidyl amde, linolyl amde, linoleyl amde. In a preferred enbodi nent ,

the al Kyptrolsumaplenyalventitigated soraacigrdishigd mineral dubsicatigg doilnpfdhe pavdlitiThe

acid noiety may be RCO wherein Ris preferably an al kyl or al kenyl
naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal oils,

vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the like.

[0029] Useful synthetic lubricating oils include, but are not limited to, hydrocarbon
oils and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylenc-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes), and the like and mixtures
thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
cthylhexyl)-benzenes, and the like; polyphenyls such as biphenyls, terphenyls, alkylated
polyphenyls, and the like; alkylated diphenyl ethers and alkylated diphenyl sulfides and the
derivative, analogs and homologs thereof and the like.

[0030] Other useful synthetic lubricating oils include, but are not limited to, oils made

by polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,



hydr ocar bon group containing fromabout 5 to about 19 carbon atons typified
by caprylic, caproic, capric, lauric, nyristic, palmtic, stearic, oleic,

| i nol ei c,wete12/13w768ne enbodi nent, the acid is saturat edPalrtusougio2s3o6
unsaturated acid may be present. [0042]1n one enbodinent t he react ant
bearing the acid noiety nay be nat r oi.l : .coconut, Ssu, aln1k rnel ,
pal m dFRAENCCREYGIC; @ %%%H%"res rthggeot. b@]@?hO@%le BGPaIg alc f&n%f. ol nan

bl ubber, sunflower, etc. Typically, the oils which nay be enpl oyed will
cont ai rkneawde Hlosaskilcdisi the ds, the nunber and type varying with the source
of the oil. The acid noiety may be supplied in a fully esterfied conpound
or one [@3Jh is |Addtiddahnsdful dynttest aylioeabor ods inohhdedeyuyd polymesst eaalgiiae, or
gl yceryl di-laurate and gl yceryl nono-ol eate, respectively. Esters of

pol yol s1éM! meelimyg tidi pﬂo§eraaf§cm[vyam@ébﬁn§e WBEME QY Sth6@N hddEarbéh NPlay ek such
as, for exanple, esters of mannitol, sorbitol, pentaerytherol,

pol Y OX Wik E&e’éeﬁ&éd@ hﬁﬁ% b e ¢ eclz[ QgﬁcoLe@PQ%ﬁcl?ﬁP%k @%31 ot tiedec&?e‘:t ant

bearingt aC|d may be a omer ester, especi nmet hyl
ester, .of a natural 0|I or carboxylic acid. Such reactants may be

advant 4§86ls in that the resultant reaction product does not contain
glycerol . while the | ower alcohol evolved in the reaction may easily be

di sti | 118083 om t Henqtheicfass A picddlyyrthetgdubtsatingsat enpesies sy 0% 29t drg sudo,

[ 0044] Ammoni a or a nono- or di-hydroxy hydrocarbyl amne with a primry or
secondalylens orednipolyopen igayhopwppbacrsdnterpolymenst sl dghlatises theicof mdwre

nodi fier. Typically, the nono- or di-hydroxy hydrocarbyl am nes may be

char actti¢ i tz@sinbly hiy@xybroeups: hilhy BeerOHhaditith whefeei exaRipldiasstidiicadibor @st at ed
nmeaning and "b" is O or 1. [0045] Suitable am nes include, but are not

T SCmaTShal 0 o CipanLa e JOTSRRLONTE TR o 1.

may be e‘ﬁUlgn o gﬁd? Y%r %?8&5;!1&% &Qae,oﬂhe a(il%ﬂta%'dnﬁﬂ%%yf Qﬁet%%fdth@é %E)KIonrhqkylene
polymers (e.g., methyl poly propylene glycol ether having an average molecular weight of
1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500 to 1000,
diethyl ether of polypropylene glycol having a molecular weight of 1,000 to 1,500, etc.) or
mono- and polycarboxylic esters thereof such as, for example, the acetic esters, mixed C; to
Cs fatty acid esters, or the C;3 0x0 acid diester of tetracthylene glycol.
[0033] Yet another class of useful synthetic lubricating oils include, but are not
limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic
acids, alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric
acid, adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic
acids, etc., with a variety of alcohols, ¢.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-
ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-

hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,

didecyl phthalate, dicicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the

10



the amne in equivalent quantities to produce the desired product. Reaction
may typically be effected by maintaining the reactants at a tenperature of
from abouw02000343200C, and preferably from about 120CPCo/Ush@atn2sB60C f or
about 1 to about 10 hours, and preferably about 4 hours. The reaction can

be solventless or_ caryjed out in a solyvent, preferably one ich |
conpat i BV FHFTRENGH BY Frecang 8%@@?% Plotisic RHCHILG Red B}%ﬁé}{}eﬁ%@t@%
used. [0047]In a preferred enbodi ment the nolar ratio of fatty acid ester

t o nonlyel aed Bykmalss e reehyllexencippeidiasd gheoden t o mi ni mi ze the amount of

free nmono- or dial kanol am ne reactant in the reaction product. Typically, a
rati o dPO34tty adisteressefnl dssyntnroe ods aldo ahdtadro banameot dadtednd, shode aldeut 1: 1
to about 2:1 is preferred, especially a approximately equinolar ratio.

[ 0048] Trydth Gatbok§RE btidh hRvIAgURSE 4bBiChH @RaY¥ole] EoRibeYy etbrhd withealbsRed, icge, of
this invention may include those forned fromesters having the foll ow ng

I

R Rt e

Act dDi et banol am 8 Al o b St OAN A ANy il LGa /6! iR Propanol am ne
[0035] Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
lubricating oils. Specific examples of these include, but are not limited to, tetracthyl silicate,
tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate, tetra-(4-methyl-hexyl)silicate, tetra-(p-
tert-butylphenyl)silicate,  hexyl-(4-methyl-2-pentoxy)disiloxane,  poly(methyl)siloxanes,
poly(methylphenyl)siloxanes, and the like. Still yet other useful synthetic lubricating oils
include, but are not limited to, liquid esters of phosphorous containing acids, e.g., tricresyl
phosphate, trioctyl phosphate, diethyl ester of decane phosphionic acid, etc., polymeric
tetrahydrofurans and the like.
[0036] The lubricating oil may be derived from unrefined, refined and rerefined oils,
either natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinabove. Unrefined oils are those obtained directly from a natural or synthetic source
(e.g., coal, shale, or tar sands bitumen) without further purification or treatment. Examples of
unrefined oils include, but are not limited to, a shale oil obtained directly from retorting
operations, a petroleum oil obtained directly from distillation or an ester oil obtained directly
from an esterification process, each of which is then used without further treatment. Refined
oils are similar to the unrefined oils except they have been further treated in one or more
purification steps to improve one or more propertics. These purification techniques are

known to those of skill in the art and include, for example, solvent extractions, secondary

11



Pal mtic AcidD et hanol am ne Palmtic Aci dEthanol am ne Stearic

Aci dDi et hanol am ne Stearic Aci dEt hanol am ne [ 0049] Ot her useful m xed
reacti on woadixtdg76ai t h nono- or di al kanol am nes nay be fPorrsdoR/0e830é he aci d
conmponent of the follow ng oils: coconut, babassu, palmkernel, palm

olive, castar, peanut, rape, bheef_tallow, I|ard, e bl ubber, corn, tall,
cott ons‘ﬁ%ﬁf,a“@]ﬂ’c EE“? oUsbYF ng’ﬁﬁétl?}“r’ efiltatiany E%@ail%myﬂr?%“%s g?‘@%f“?%a?f‘?i on
product may be prepared by the reaction of (i) a fatty acid ester of a

pol yhy dkag uip @bfaiied i treatipgraisest oidy in peasprs sOpilyr iouhescarsed éx pliginf i ed)
and (ii) diethanolam ne. [0051] Typical fatty acid esters may include esters
of t he rbftddyoibci Sischcerdfamediony afa aso &howh ab réchaimod wr r@@rocgsel @tsadldyoftanom
about 8 to about 16, and nore preferably about 12, carbon atons. These

aci ds mmy adeitiehaAn2 kst thybYechRiguéL aitdted REGERowesebgtnR adgitiabs ahk il
hydr ocar bon group containing fromabout 7 to about 15, preferably from

about %ﬁekﬂo@ﬂ%MSu%%’ and nore preferably about 11 carbon atons. [0052]1n
one enbodi nent, the fatty acid esters which may be enpl oyed i ncl ude

gl ycery i -laurate, glyceryl tri-stearate | yceryl tri-palnjitate
o1 ycer YOI | or s ea Rl 6T ioc e oBRFE B BeliGtafortsrzabih it MRk Gha e,
pentaerXthritoI tetra-stearate, pentaerythritol trilaurate, sorbito
nmono- pallsf karsd. dehplone opdhcambinatempvih the aloyseilenagipband/ oronathstiedrsg e, WO
2012/ 134763PCT/ US2012/ 028306

stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic

waxes or mixtures thereof over a hydroisomerization catalyst.
[0038] Natural waxes are typically the slack waxes recovered by the solvent
dewaxing of mineral oils; synthetic waxes are typically the wax produced by the Fischer-
Tropsch process. Examples of useful oils of lubricating viscosity include HVI and XHVI
basestocks, such isomerized wax base oils and UCBO (Unconventional Base Oils) base oils.
[0039] The heavy duty diesel engine lubricating oil compositions will further contain
a minor effective amount of a ashless friction modifier which is a reaction product of a C4 to
about Css, preferably about Cs to about C,4 and more preferably about Cg to about C,, fatty
acid ester, and ammonia or a mono- or di-hydroxy hydrocarbylamine. In one embodiment,
the ashless friction modifier contains compounds of the following structure

o)

|

R—C—N—(R'—OH) 2_a(H)a

wherein R is a hydrocarbyl group having from about 4 to about 75, preferably from about 6 to
about 24, and most preferably from about 8 to about 22, carbon atoms; R' is a divalent
alkylene group having from 1 to about 10, preferably from about 1 to 6, more preferably from
about 2 to 5, and most preferably from about 2 to 3, carbon atoms; and a is an integer from

about 0 to 2. In one embodiment, a is 0.
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[ 0053] I n anot her enbodi nent,

the esters may include those wherein the acid

noiety is a mxture as is typified by the follow ng natural oils: coconut,
babassu, walzmxeumel , palm olive, caster, peanut, rapepChaskoizabizos,
(leaf), lard oil, whale blubber. [0054]1n one preferred enbodi nent, the

id ester is coconut, oil which cantains t foll Qqui cid noieties
ﬁﬁh‘?@m o | IEXHIREED |depiggbls, aalegs RS tiony maditisst SBHG ET &f‘prpmeet 8.0
Capric 7.0 Lauric 48.0

fatty
shown

invention include, but are not limited to, octyl amide (capryl amide), nonyl amide, decyl
amide (caprin amide), undecyl amide dodecyl amide (lauryl amide), tridecyl amide, teradecyl
amide (myristyl amide), pentadecyl amide, hexadecyl amide (palmityl amide), heptadecyl
amide, octadecyl amide (stearyl amide), nonadecyl amide, eicosyl amide (alkyl amide), or
docosyl amide (behenyl amide). Examples of desirable alkenyl amides include, but are not
limited to, palmitoolein amide, oleyl amide, isooleyl amide, elaidyl amide, linolyl amide,
linoleyl amide. In a preferred embodiment, the alkyl or alkenyl amide is a coconut oil fatty
acid amide.

[0041] The acid moiety may be RCO- wherein R is preferably an alkyl or alkenyl
hydrocarbon group containing from about 5 to about 19 carbon atoms typified by caprylic,
caproic, capric, lauric, myristic, palmitic, stearic, oleic, linoleic, etc. In one embodiment, the
acid is saturated although unsaturated acid may be present.

[0042] In one embodiment, the reactant bearing the acid moiety may be natural oil:
coconut, babassu, palm kernel, palm, olive, castor, peanut, rape, beef tallow, lard, lard oil,
whale blubber, sunflower, etc. Typically, the oils which may be employed will contain
several acid moieties, the number and type varying with the source of the oil. The acid moiety
may be supplied in a fully esterfied compound or one which is less than fully esterfied, ¢.g.,
glyceryl tri-stearate, or glyceryl di-laurate and glyceryl mono-oleate, respectively. Esters of
polyols including diols and polyalkylene glycols can also be employed such as, for example,
esters of mannitol, sorbitol, pentaerytherol, polyoxyethylene polyol and the like.

[0043] In one embodiment, the reactant bearing the acid moiety may be a lower alcohol
ester, especially a methyl ester, of a natural oil or carboxylic acid. Such reactants may be
advantageous in that the resultant reaction product does not contain glycerol, while the lower

alcohol evolved in the reaction may easily be distilled from the reaction product.
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Myristic 17.5 Palmtic 8.2 Stearic 2.0 Oeic 6.0 Linoleic 2.5

[ 0055] Representative of the preparation of the reaction product is the
prepar at iwo2dizchkwded in U S. Patent No. 4,729,769, thePcorusen2s283H6 whi ch
are incorporated herein by reference.

[0044] Ammonia or a mono- or di-hydroxy hydrocarbyl amine with a primary or
secondary amine nitrogen may be reacted to form the ashless friction modifier. Typically, the
mono- or di-hydroxy hydrocarbyl amines may be characterized by the formula:
HN(R’OH),.,Hb
wherein R’ has the aforestated meaning and "b" is 0 or 1.
[0045] Suitable amines include, but are not limited to, ethanolamine, diethanolamine,
propanolamine, isopropanolamine, dipropanolamine, di-isopropanolamine, butanolamine, etc.
[0046] The reaction may be effected by heating the oil containing the acid moiety and
the amine in equivalent quantities to produce the desired product. Reaction may typically be
effected by maintaining the reactants at a temperature of from about 100°C to 200°C, and
preferably from about 120°C to about 150°C for about 1 to about 10 hours, and preferably
about 4 hours. The reaction can be solventless or carried out in a solvent, preferably one
which is compatible with the ultimate composition in which the product is to be used.
[0047] In a preferred embodiment the molar ratio of fatty acid ester to mono- or
dialkanolamine reactants is chosen to minimize the amount of free mono- or dialkanolamine
reactant in the reaction product. Typically, a ratio of fatty acid ester to mono- or
dialkanolamine reactants of about 1:1 to about 2:1 is preferred, especially a approximately
equimolar ratio.
[0048] Typical reaction products which may be employed in the practice of this
invention may include those formed from esters having the following acid moieties and

alkanolamines:
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[ 0056] I n anot her preferred enbodi nent the desired reaction product may be
prepared by the reaction of (i) a fatty acid nethyl ester and (ii)

di et hanolw@i20e2/13pB857] It will be readily understood andPaparsecizacssde by
those skilled in the art that the reaction product constitutes a conpl ex
m xture of conpounds including at If‘ggi fatty am des, fatty acid esters,
fatty acid ester-am des, unreacted Fﬂng reactants, free fatty acids,
am nes, glycerol, and partial fatty acid esters of glycerol (i.e., nono-

and di - gl yceri dedxid Moicteinlisitte, f at t y Adktudammee formed when the amine
group of the al kigﬁ)l]iéawcﬂe reacts with b&g)aﬁﬁarg?&yl group of a fatty acid

while fatty acid esters are fornmed when one or nore hydroxyl groups of the
al kanol am ne reathuné Abidt he car boxyl gbDétmefananéatty acid. Fatty acid
ester-am des are WD 2012/ 134763PCT/ US2012/ 028306 fornmed when both the am ne
and hydroxyl gr obpudt A§ldkanol ani ne r ea&thafpleminéar boxyl groups of fatty
acids. In general, a Kepresentation pfnﬁﬁgmﬁghhﬁﬁé anounts of the various
conmpounds constituting the conplex mxture of the reaction product is as
foll ows: about 5Ptlmiabdwid 65 nol e % of Diahdnplaamhee, about 3 to about 30
nole %fatty acig ester,kgbout 5to abg t 65 nole %fatty acid ester-am de,
about 0.1 to abolf™HCASI% o partial f ﬂ?@OQEWﬁzester, about 0.1 to about
30 nol e % gl ycergleariah@if 0.1 to about p3QnimRiLnidefree fatty acids, about
0.1 to about 30 nole % charge al kanol am ne, about 0.1 to about 30 nmole %
charge gl ycerideStcagtdcidt is not neceEganglammd sol ate one or nore specific
conponents of the product m xture. Indeed, the reaction product mxture is
preferably enployed as is in the additive conposition of this invention.
[0058] I n general, the m_nor, effective amount, of the ash| ess friction

modi f i dPe¥Yr esentOthar vssulpixgd repgtion arasdeels vafiymeao eibdipkkanglpgings may be
conposition will ordinarily range from about 0.05 to about 2 wt. % based
on t he fooned fromithhacidfcompendnilof ithafol lngying ¢ilsc opgpost, thabassu,| malmarketrivbrpalm,
enbodi nent, the mnor effective anount of the ashless friction nodifiers

pr esentolive, dab@r,lpeamyt, @dpé yocei RHew, angy whald blbbee ajort) galDicbttepsgn sict i on wi | |
ordinarily range fromabout 0.25 to about 1 w. % based on the total

vei ght [gpsgjhe | !Jt]ﬁioﬁ_@}[JiréT&TéH ¢SO the ARsirddA8aRIohRRoNRAMMy BY bYepiRSS
engi ne lTubricating oil conpositions nmay al so contain conventional heavy

duty di ' ' i j L i [ rii
auxili§§§§ SH@??gﬁ%L?%Bg%€%e§9%?$% @ggyﬁ§5%§&ﬁaﬁgﬁd§§§§$n%ﬁé?He g P?%ating
oil co sition in [ t .additives are dispersed or dissolved. For
exanpl €; ﬁﬁ&mﬁ€§V?“§G%§yﬂF£§§ﬁ“%%ﬁ?k@“?%bricating oi | conpositions can be
bl ended with antioxi dants, ashless di spersants, anti-wear agents,

det er gdBBSlisuch akypissd Sttyceeid pernmeay inglyde estpistoif e Bty deifa £oRginaee FeB,
dermul si fyi ng agents, netal deactivating agents, pour point depressants,

ant i f oaabnig6 agebbst, 2¢ prsfetabgnfrom plask dge dwupdd) bid n®ee preferably about 12,
corrosion-inhibitors, dyes, extreme pressure agents and the |ike and

m Xt ur earfohesteal. Ahed AG@dymay behPaRd@ibéd B$ Ry HrilRVRCOTH GarEE R &l dny
avai |l abl e. These WD 2012/ 134763PCT/ US2012/ 028306 additives, or their

anal og é%&!&%ﬁgﬁgﬁc&ﬁaiﬁﬁ@ f%ﬁ%b{)ﬁty tdep tgﬁ?ﬁ%;fér{gﬁgq{orﬁ BoliUPr {cating

oil conp ( I nvention ~the usual ble rocedures.

[0060] Represent atl ve, eXarp! &5,,0% 1 A, Rxlgant s nel ude, but ‘are not Iini ted
[0052] In one embodiment, the fatty acid esters which may be employed include
glyceryl tri-laurate, glyceryl tri-stearate, glyceryl tri-palmitate, glyceryl di-laurate, glyceryl

mono-stearate, ethylene glycol di-laurate, pentaerythritol tetra-stearate, pentaerythritol tri-

laurate, sorbitol mono-palmitate, sorbitol penta-stearate, propylene glycol mono-stearate.
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types, e.g., diphenylam ne, phenyl-al pha-napthyl-am ne, N, N-di (al kyl phenyl)
am nes; and al kyl ated phenyl ene-di am nes; phenolics such as, for exanple,
BHT, sterwoabixyisieader ed al kyl phenol s such as 2, 6-di -t @cTAsatizlopsseanol ,
2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-(2- octyl-3-propanoic)
phenol ; m xt ures therepf [0061] Representatiye exanpl es of ashless

di sperslaﬁ? i ncl aél}w%lﬁlf hesifget s Sumay, ndigbese WhersHohs aCidnPeigy,  or
ester polar noieties attached to the pol yner backbones via bridging groups.
An ashlieggnigiuspas sdypified by mee tollewars ndtwabeily: epcanuy bebassp.aralmkgmsl.epalm,
selected fromoil soluble salts, esters, am no-esters, am des, imdes, and
oxazol iaies, abtel,prgnuthape beyidnbewy lbai(latih &trd bilt whialobhbband di car boxyl i c
acids or their anhydrides; thiocarboxylate derivatives of |ong chain

hydr ocgopsy)s, | ong oabidferddd ahgddigehty the @@ KM Sstha ichébnat PP khdH dddtadts ached
directly thereto; and Mannich condensation products forned by condensing a

| ong chal j 1 ENRbn W r mal dehyde and pol yal kyl ene pol yam ne.
[0062]nﬁ%?%%&@?é%ﬁgpgggggantSn§££ﬁ¥%gbtion products of carboxylic acylating
agents (acids, anhydrides, esters, etc.) conprising at |east about 34 and
preferably at |east about 54 carbogyﬁéﬁgikmﬁth ni trogen cont ai ni ng
conpounds (such as am nes), organi y conpounds (such as aliphatic
conpounds i ncl udi ng nopghyAkidovieRe, pol yhydyiiehapsahe! s, or aromatic
conpounds i ncl udi ng phenol's and napht hol s}, and/ or basi c i norganic

mat eri als. These reaction prodawpykci ncl ude §.% des, ani des, and esters.

[ 0063] Succi ni m de di spersants e.a type of78arboxylic di spersant. They are
produced by reacting hydrocarb?%Pg d"succinic acylating agent with

tibstitute
or gani ¢ hydroxy conpounds, or WatiHicam nes 4Qopri sing at | east one hydrogen
atom attached to a nitrogen atom or with a m xture of the hydroxy
conpounds and ani nes. The terMyrstieci nic ab4?ating WO

2012/ 134763PCT/ US2012/ 028306 @gﬁﬂﬁg refers $9 a hydr ocar bon- substi t ut ed
succinic acid or a succinic acid-produci ng conpound, the |latter enconpasses
the acid itself Such material sSteyfic cal | y i rzdude hydrocar byl - substi tuted
succi nic acids, anhydrides, esters (including half esters) and halides.

[ 0064] Succi ni c-based dispersanp§“%ave a mﬂﬁg vari ety of chem ca
structures. One class of succipfsipased di spersants may be represented by
the formula: HO, r R- G CVGCG G RL 1\ d R2- 1\11-11- R2- N

[0055] Representative of the preparation of the reaction product is the preparation
disclosed in U.S. Patent No. 4,729,769, the contents of which are incorporated herein by
reference.

[0056] In another preferred embodiment the desired reaction product may be prepared
by the reaction of (i) a fatty acid methyl ester and (ii) diethanolamine.

[0057] It will be readily understood and appreciated by those skilled in the art that the
reaction product constitutes a complex mixture of compounds including at least fatty amides,
fatty acid esters, fatty acid ester-amides, unreacted starting reactants, free fatty acids, amines,
glycerol, and partial fatty acid esters of glycerol (i.e., mono- and di-glycerides). For example,
fatty amides are formed when the amine group of the alkanolamine reacts with the carboxyl
group of a fatty acid while fatty acid esters are formed when one or more hydroxyl groups of

the alkanolamine react with the carboxyl group of a fatty acid. Fatty acid ester-amides are
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Xx 1 Hycv G \erHHc,c wherein each R is independently a hydrocar byl
group, such as a polyol efin-derived group. Typically the hydrocarbyl group
is an al kwb2groospie3such as a pol yi sobutyl group. Altern&Cirusky12og3nessed,
the Rl groups can contain about 40 to about 500 carbon atons, and these

at ons b resent. in aliphatic forns. i s an. al kyl en roup, comonly
an et h&géﬂ‘éie W%Zkﬁﬁtﬂ&?eo%}’ﬁl.ne eﬁ%\ﬁmr@yb&mg@egﬁhﬁnﬂ%@n& ir%éwgﬁﬁggb% $0URS t hose
described in, for exanple, U S Patent Nos. 3,172,892, 4,234,435 and

6, 165, 2dHatty a0ds] Inheenpel.eaicResersatiqnoeh theivamtoustrenailssefi the spougreoupoungse
derived are typically honopol yners and interpolyners of polynerizable

ol ef i n constomengs thef coptlex alraute dftthe acdeaon aratust isasdollswsl dbpul S tte abowardbon
atons. The ami nes which are reacted with the succinic acylating agents to

form t heole @k BOFitlyl dnidlé, SBBHISRIY aoANPP Fold W FafRBCciBRsIBROAIN NBSabBit GPMBAN nes.
[ 0066] Succi ni m de di spersants are referred to as such since they normally

cont ai 1y, QUENLALAEISY abdl 01 d A 8D Il 08 pLHAFRINRI] Ler, AlduiGuOly the

am de functionality may be in't orm o e salt

| { xt th f i pi_m di t,
o L £ T e RAE L a0 o BBl
and typically water is rempved, optionally in the presence of a WO

h
2012/ 13978807 cberes phranokguee. ahipwt L hde abows 30 eele %%@%ﬁgrs &lycegdesg cte. It is

sol vent/diluent. The reaction tenperature can range from about 80C up to
t he deowhposissarpt selafsermatarmeorofpachiec eanpancetsof thapoguad duisture. whidedd, the
typically falls between about 100C to about 300C. Additional details and

exanpl asamionpirodedunigturé @8 profepslli dgplbhel audcinnihe didittlics@anmanioa ¢f thishe
present invention include those described in, for exanple, U S. Patent Nos.
3,172, 8Q%ntidn219, 666, 3,272,746, 4,234,435, 6,165,235 and 6, 440, 905.

[0058] In general, the minor effective amount of the ashless friction modifiers present
in the heavy duty diesel engine lubricating oil composition will ordinarily range from about
0.05 to about 2 wt. %, based on the total weight of the lubricating oil composition. In another
embodiment, the minor effective amount of the ashless friction modifiers present in the heavy
duty diesel engine lubricating oil composition will ordinarily range from about 0.25 to about
1 wt. %, based on the total weight of the lubricating oil composition.

[0059] The heavy duty diesel engine lubricating oil compositions may also contain
conventional heavy duty diesel engine lubricating oil composition additives for imparting
auxiliary functions to give a finished heavy duty diesel engine lubricating oil composition in
which these additives are dispersed or dissolved. For example, the heavy duty diesel engine
lubricating oil compositions can be blended with antioxidants, ashless dispersants, anti-wear
agents, detergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying
agents, metal deactivating agents, pour point depressants, antifoaming agents, co-solvents,
package compatibilisers, corrosion-inhibitors, dyes, extreme pressure agents and the like and

mixtures thereof. A variety of the additives are known and commercially available. These
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[ 0067] Sui t abl e ashl ess di spersants may al so i nclude am ne di spersants,

whi ch are reaction products of relatively high nolecular weight aliphatic
hal i des awo 2arv3es3 preferably pol yal kyl ene pol yam nes. PETaspé1e9283h6 such
am ne dispersants include those described in, for exanple, U S. Patent Nos.
3,275,554, . 3,438, 757, 3,454,555 an 3,56 804 8] Sui t abl e ashl ess

di sper LA YT {RfE RBHIORGNS fRIBPO b B &%fﬁGf % SURFRPB Pedtt i on
products of al kyl phenols in which the aIkyI roup contains at |east about
30 carH@Wﬂ@@eeeﬂwpnmoeh@eﬁyaesmyeggedn@hﬁy&ﬁ@gkedmemyu@ﬁm@ﬁd am nes
(especi ally pol yal kyl ene pol yam nes). Exanples of such di spersants include
t hose d@6el]i bed iRgprésontapxaogingleslhfanti@atiant indhsle, BytQBOEn@03yitcd, tb3GniGRI,
3,591,598 and 3, 980, 569. [0069] Sui tabl e ashl ess di spersants nay al so be
post - t reRdsed. s BpassylsthBRE pRa-2lpheGRpAT1-Rafe; N Radiedkapel i shHes, akl 9. ,

post-treatment processes Involving borate or ethylene carbonate as

di scl Osaﬂgllét@%\gf%yleqfé hines; Ic‘éhgholf) QLEA asNRS}- exélmgl%zBﬂ'I t@ﬂgallﬁﬂ gﬁ(@erél(flaﬁlk @nd

the |ike -“as as ot t-treatnent processes Ré carbonat e-ireat ed

al kenyl cini,m d 0 c i m.de derlv rom ne

navi o TAEHGR Bt 2 2k gtﬁlit-% M@B’B 0 B o0 bt BRI abou
900 to about 2500, npre preferably from about 1300 to about 2400, and nopst
pr ef er A%} %PTBH%%@the%O@dt1%}1’%186%?11612@@@0 as wel | as mixtures of these

nol ecul ar weights. Preferably, it is prepared by reacting, under reactive
condi ti[86&l] a m Raprescothtiee poinyibes errshkscdisparsangscindludertiug ate nag lingted to,

unsat urated aci di c reagent copol ynmer of WO 2012/ 134763PCT/ US2012/ 028306 an

unsat uraatieeh, atdotibls, aed@SNbr @ner Poladnedibties @dhal polthapdler Dackboass via
disclosed in U S. Patent No. 5,716,912, the contents of which are

i ncor pq{rﬁ‘itgﬁ% B¥upef exg %ﬁleh&e HRbBrsarlt 007 QleSerE@ff?l 1ﬁv&§ﬂahe§1§ S REF 3ithSie My
al so be pol yneric, whi are interpolyners of oil-sol ub|Y|Z|ng nonomer s

such as ef%%{e 'fr&E ﬁ%%'i&ﬂlé’"&flts XAt&X' arﬂ%%yéste }b*&fx{ gé’%n ﬂnﬁ'eghnﬁ‘ﬂxﬁ%i 1rid§ o‘f‘%%g

oleflns W ONers con es

dlsper nt s cl ude those. crlbed i for ex Pat en

3. 329, GHAN 3hy wagee ARt %uts 6 P86, apgofiﬁa box3He aw&ﬁ b e@egnﬁebym' of

t he present i nvention, an ashl ess dispersant for use in the |lubricating oi
conposithiostrbpxylateiyesivativas ofi lang eheiarydeerarhonm lang shyinsdineiénjydgesbenshavi ng
a nunber average nol ecul ar wei ght of about 700 to about 2300. The

di sper danings) pdlpamins attachet kigrettiybthierad;iand Madnichoerymdsisation srodficts iernpdesent
invention are preferably non-polyneric (e g., are nono- or

bi s- sucehaddsirgesihbng bRAT 2l¥sanRsEpeyiol Wi frhRldRhy D4R RIHlI8dentiotpefigant s are

present in the heavy duty

[0062] Carboxylic dispersants are reaction products of carboxylic acylating agents
(acids, anhydrides, esters, etc.) comprising at least about 34 and preferably at least about 54
carbon atoms with nitrogen containing compounds (such as amines), organic hydroxy
compounds (such as aliphatic compounds including monohydric and polyhydric alcohols, or
aromatic compounds including phenols and naphthols), and/or basic inorganic materials.
These reaction products include imides, amides, and esters.

[0063] Succinimide dispersants are a type of carboxylic dispersant. They are
produced by reacting hydrocarbyl-substituted succinic acylating agent with organic hydroxy

compounds, or with amines comprising at least one hydrogen atom attached to a nitrogen

atom, or with a mixture of the hydroxy compounds and amines. The term "succinic acylating
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di esel engine lubricating oil conposition in an anmount rangi ng from about
0.01% by wei ght to about 10% by wei ght, based on the total weight of the
| ubri cat iw@ 20i2/13¢waposi ti on. [0073] Represent ati ve exanplPes/uskoianesoear
agents incl ude but are not limted to, zinc dialkyldithi ophosphat es and
zi nc di ar%{ h| o hos tes, wg . t@laose descriped in an artré Born et
al . ent4ef ted“" tfo P‘]‘&“Eﬂé’t SUESe CHNC oL OF ut SUSHBICEPFIGITPSHES s of
Some Metallic Di aI kyl - and Di aryl -dithi ophosphates in Different Lubricated
Mechanisompoundpgwaldtiey ¢neomphysce ahe otridcitssHee Sch mataiptsy tymonly deadudeor
exanpl e pages 97-100; aryl phosphates and phosphites, sulfur-containing
est er s,hydhearybsubstititecarpiaimatsds, adtydtidoy, casis(inckding) Halfi steas) hadhbledes.
xant hates, al kyl sulfides and the Iike and m xtures thereof

[ 0074] Repsfgsent atdueein@xXBd¥B AfspefsantBthale datige 3antty dMakhi@l sthabesat@s
al kyl phenates, sulfurized al kyl phenates, carboxylates, salicyl ates,

PROSEPOARL SF o A BIOTANLORA Gy ML Aea ARSIy S Seneral 1 refer

detergents are general II¥ produced by carbonating a mxture of hydrocarbons,

detergent acid, for ex rrpl e: Kﬂ” fonic acid, abgl phe carboxyl ate etc.
metal oxide or hydrgQxi exanpl e cal ci um | r qal ci um hydr oxi de)
and pronoters such as X Iene\ hanol and watef- “exanpl e, for

prepari ng an overbased [cal ciu Fonat R?i—HN:ar bona i on t he cal ci um oxi de
or hydroxi de reactsHM_td1_t-lr@/gaseous carxbon direxide to formcal cium
carbonate. The sul fonic| acid\s neutralized wi an gxcess of CaO or

Ca(OH) 2, to formthe sulif onat&® [0075] Met al - cont ai ni or ash-form ng
detergents function as both detergents to reduce or renove deposits and as
acid neutralizers or rust inhibitors, thereby reducing wear and corrosion
and extHaFAgaehS ik independepidy ahydrcarbyk geal pyPhcasrippelyeletndsrisgd Hoam wi t h
a |l ong hydrophobic tail. The polar head conprises a netal salt of an acidic
or gani clyporaplyu Het. hyﬂmcsrzbb't ssromy isomt adlkyla gsapst b i & lay potyosaboiyd netoup c
anount of the netal in which case they are usually described as normal or
neut r al Alsahitsiclyamcroveed, dhd Rpigfoabb Yatheotaia aboitad0 teadeunsieibar atbBl| 4@s can
be neasured by ASTM D2896) of fromO to about 80. A |large anount of a netal

base ”%Mes%eatbﬂgf%apb@tp%iseﬁﬁf il %ﬁﬁﬂa!n@gfo%ﬁsﬁ ﬁ%@'alk%r%ﬁ@ogfﬂﬁrip (@ongmonl mpoxi de
or hydroxide) with an acidic gas (e.g., carbon di oxr de) he resu |ng

over basgﬁi é&fe&gﬁﬁ)ﬂ% Ona%n%?lses A r{c i uccllllgpetrsear E188 Q?d@&%ﬁéd ¥o! of 2

metal b mocel over ase er ents may ave

TBN of abou 5 eat e ave a TBN of from about
250 to eé%‘ﬁ[e’ b&% enﬂ%]ro% 3 {7&9@%} 6@¥@ﬁ§§ﬁ%¥611ﬁ§{23£ay be used incl ude

oi |l -sol ubl e neutral and overbased sul fonates, phenates, sulfurized

phenat d89631hi ophosishisizlieencs Seam e ds subsituen greups st derieadcerettyigally

oi | -sol ubl e carboxylates of a netal, particularly the alkali or alkaline
eart h rMenalpslyngergand mdarpelymessoati pmmym@tnahksjleﬁn mhdinensof 2aalabowtm6 @nlsbn
magnesi um The nbst commonly used netals are cal cium and nagnesi um which

may botdohe Rdaselly 2nodetabaeatomsUSERe amitks! WKEh GaNtoac@dvifd McUfiRSinRf
cal ci um and/ or magriesiumwith sodi um Particularly conveni ent WO

cal of urk ST PERARS Rt g ek ey o aart 98T CS SRaet 3501 KANTIal Vand

overbaseg cal ci um phenates and sul furized phenates having TBN of from about
50 to 4% and neutral and overbased magnesi um or cal cium salicyl ates
having a TBN of from about 20 to about 450. M xtures of detergents, whether
over bad@8oe, neuts%plngpldgdi(wrper%g? e refepgd to as such since they normally contain

nitrogen largely in the form of imide functionality, although the amide functionality may be
in the form of amine salts, amides, imidazolines as well as mixtures thercof. To prepare a
succinimide dispersant, one or more succinic acid-producing compounds and one or more

amines are heated and typically water is removed, optionally in the presence of a
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[0077] I n one enbodi ment, the detergent can be one or nore alkali or

al kaline earth netal salts of an al kyl-substituted hydroxyaronmatic

car boxyl iwoaei2i38est abl e hydr oxyaromati c conpounds i ncl Rd@/useeianessbear
nmonohydr oxy and pol yhydroxy aromati c hydrocarbons having 1 to 4, and

preferab 1.to0 .3, hydroxyl .gqroups. .Suitahle hydroxyaronmatic conpounds

i ncl udéulﬂ%%‘%ft”,y TR QESBIC %{‘ﬂlégéPg'ig%‘PﬁwﬂEzdﬁzhﬁmaﬁB%FQ/HB%PF%’%EI fag|TangsT €88 , and
the like. The preferred hydroxyaromatic conpound is phenol. [0078] The al kyl
subst i taped 89&55 apytopther flecogipesition gemapiatire id tharmixtyret il theaprodegt, aich

al kyl - substituted hydroxyaromatic carboxylic acid is derived froman al pha
ol ef i n thgiealhg fdlksdsatabmuibold 106°@bo uboB03WEChoAdditiond. defdil wide¢iangplasngl oyed
may be linear, isonerized |inear, branched or partially branched |inear.

The ol gfrbéedimy Beprpatixd theSuetininhid€ AispSts@its B8 thApidkoflt Wivnfbn ifPIRS thggd
| inear olefins, a mxture of branched olefins, a mxture of partially

branched lipgal 96 exdmpit YUK Bar@MING 3 11 40T 890i0Nge, BBk 4008 435,

enbodi nent, the’m xture of [1near ol efins that may’ be useg is’a mxiure of

nornaléﬁéﬁz?%ﬁﬁgééﬁg%ﬁlected fromol efins having fromabout 12 to about 30

carbon a te. In one enbodi nent, the normal al pha olefins are
i sonmerized using at Jeast one of a solid or liquid catalyst. [0080]In

anot her[080dodi nentuitaplseasglesy dipperspads gy alpe pedudn aming ESRrHH evacthricgomer
or m xture thereof having fromabout 20 to about 80 carbon atons, i.e.,

br anc hedaatieaipnodictsfafmelathedly e rholoenlatheciglt apbati zlztlidonawf arpmep prefablyThe

ol efins may al so be substituted with other functional groups, such as

hy dr oxypoliadiidsne podyddeing. i Exaapilad ofsaciosminb eispesaito imluddhose described in, for
2012/ 134763PCT/ US2012/ 028306 and the like. In one enbodi nent, the branched

ol ef i ni &aRHROY S Motk NBONEI750954T8 %B8176%, 4 dwar 86fapRavsssfgoam about 20 to about
60 carbon atons. In one enbodi nent, the branched ol efinic propyl ene

ol i gomgpggH) M Xt W SRbikSRIBR dilRYEn] R ARRYT ingdk ONARAA dftBeSANLO Y HROMS -

are reaction products of alkyl phenols in which the alkyl group contains at least about 30
carbon atoms with aldehydes (especially formaldehyde) and amines (especially polyalkylene
polyamines). Examples of such dispersants include those described in, for example, U.S.
Patent Nos. 3,036,003, 3,586,629, 3,591,598 and 3,980,569.

[0069] Suitable ashless dispersants may also be post-treated ashless dispersants such
as post-treated succinimides, ¢.g., post-treatment processes involving borate or ethylene
carbonate as disclosed in, for example, U.S. Patent Nos. 4,612,132 and 4,746,446; and the
like as well as other post-treatment processes. The carbonate-treated alkenyl succinimide is a
polybutene succinimide derived from polybutenes having a molecular weight of about 450 to
about 3000, preferably from about 900 to about 2500, more preferably from about 1300 to
about 2400, and most preferably from about 2000 to about 2400, as well as mixtures of these
molecular weights. Preferably, it is prepared by reacting, under reactive conditions, a

mixture of a polybutene succinic acid derivative, an unsaturated acidic reagent copolymer of
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[0081] I n one enbodi ment, at |east about 75 nole% (e.g., at |east about 80
nol e% at |east about 85 nole% at |east about 90 nol e% at |east about 95
nol e% orwatzoiz@ste3about 99 nol e?) of the al kyl groups eocmitskeied28s0é hi n t he
al kali or alkaline earth netal salt of an al kyl - substituted hydr oxyar omati c
carboxylic acid such as the al ky roups of an aIk ar salt of
an al ky-W§HELaG Cé‘gc Fﬁf&?%@géﬂfiﬁf% aRq PR pRHI e HC ﬁ@‘%moﬁh%tﬁ I n
anot her enbodi ment, the alkali or alkaline earth netal salt of an

al ky! - o THoR1@dthyraniorts of oiah ase iwptnoxated by eafetangeshesginal kal i or al kal i ne
earth nmetal salt of an al kyl-substituted hydroxybenzoic acid that is
derived00T0dm an auktgblesashietd digpashnity o adoetez polgmanc,dwhioh whid aiterpblgneatsky|
groups are the residue of normal al pha-olefins containing at |east 75 nol e%

C20 or dfi gingslubRizm ndnbhRrOkedi 1§ . ddcO0dthdtrAme! Redyl eadeQridimint andtidheast

about 50 mole % (e.g., at Ieast about 60 nole % at |east about 70 nole %

% at aﬁ%%??‘ﬁ%%g?t ‘g‘)i@ﬁt@ LIE%“ ES%%“L%‘? T °S“?§“t%}§§‘ o EQ?@H P
2yl - SRCP R “r“fa%pa&'r%ﬁ{vﬁfctﬁwa%s Bty e Pl Lo oRE 132916?&0%5

of an alkali_or alkaline earth nmetal salt of an al kyl -substituted
hydroxfb‘é‘t?z%ﬁ Ocangd3.¢p0af38- about Cl4 to about C18. [0083] The resulting al kal i
or alkaline earth netal salt of an al kyl-substituted hydroxyaromatic

car boxyPP¢l]aci d vinldnelaefermil xmiodinadnt of ttho preseht paventios owre pshless dispersant
enbodi nent, the product will contain about 1 to 99% ortho isoner and 99 to
1% par aot ssmarthe lubridmigdheil cempoyitiisrenta bitkecdpiimddicderivet Ifroew Bipalyisodbruyl 5 t o
70% ortho and 95 to 30% para isonmer. WD 2012/ 134763PCT/ US2012/ 028306

[ 0084] TheyAlnsaink anuﬂtﬂéﬁldv%g@%éllécw Acighl $t5 aBfut 870 0Akd MboSubSH0. t Ufl%d

hydroxyaromatl c car boxy ic acid can be neutral or overbased. General Iy an

over basOhGRLIALT o 8l 52! b8, RALRL ] Uoriablioll @0uRl KX RURRLI 8L

hydr oxyar o ic acrd 1s®one in
al kal i ne éaaéih rret sal %s of an al k I-substlt gd hydr oxyar omati c
car box''Er %Onn% 3’1618’%?1 G icirE 4Aug- BYLIS-SHeeUBUdeSE ych” as t he addi tion of a

base source (e.g., line) and an acidic overbasing conpound (e.g., carbon

di oxi de[?072[10085] Sinckdlye theseiier & mese ashloss dispersattingesdpreseng in © rhe@mé:dbtafs ed
salt having a BN bel ow about 100. In one enbodi nent, the BN of a | ow

over baskekekalginavipribsinfer@hrvadymsitidh inhananoant Mgiﬂgrrfrancaﬂohmro.@r%d@i weight t he
BN of a | ow overbased salt may be from about 10 to about 30. In yet another

enbodi eabeutt1l0e, BNweizhtl bhasd e kasieckigialof thebheatihg oihcabpatitid® t o about
20. [0086] Over based §ter gents may be nedi um over based, e.g., an overbased

salt hagppng a BN rger g{gegéaﬁ%@y %%%%ﬁgg%e%%nts% N&e, e(;tttod% ttsmlmlteaqo BN of

a nedi um overbase out to abodut I'n anot her

Sggg?l et ’dlatlky?dlﬁnop osf)ahattreescutﬁJ 21?1\{:e 1ary S gnop%osph”?e% be f 30 Qé)clfllLoe& 211? at[no

article by Born et al. entitled "Relationship between Chemical Structure and Effectiveness of
Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different Lubricated Mechanisms",
appearing in Lubrication Science 4-2 January 1992, see for example pages 97-100; aryl
phosphates and phosphites, sulfur-containing esters, phosphosulfur compounds, metal or ash-
free dithiocarbamates, xanthates, alkyl sulfides and the like and mixtures thereof.

[0074] Representative examples of metal detergents include sulphonates,
alkylphenates, sulfurized alkyl phenates, carboxylates, salicylates, phosphonates, and

phosphinates. Commercial products are generally referred to as neutral or overbased.
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[ 0087] Over based detergents may be high overbased, e.g., an overbased salt
havi ng a BN above about 250. In one enbodi nent, the BN of a high overbased
salt nmay We 2raumbout 250 t o about 450. [0088] Sul f onat esTrwgolm2g3nepar ed
fron1su|fonic acids which are typically obtained by the sulfonation of

al kyl ted anatlc hydrocarb?ns sggp %S t hose obt ai ned fron1%€e
fracti ‘éf‘tr %ﬁ o@e&it HERGRIS 0 Dy 8RR IVIRCF ST CUPHRERE ¢ 2h P EE
Exanpl es i ncl uded those obtained by al kyl ati ng benzene, toluene, xylene,
napht hadivdrsarbgnpivistygens pcidhisr exarapleganfodisraoihelkyirhengin earhpiogatatcicormetaly be
carried out in the presence of a catalyst wth al kyl ati ng agents havi ng
from aloude @ Hydraxides (folnaranifle calchmmnoatio oscaldihm laldkaxigd) asdpfan@tesudsasal | y
WO 2012/ 134763PCT/ US2012/ 028306 contain from about 9 to about 80 or nore

car bon ;31 QRBmeiagblednAbl dtef. I PHR @laﬁxgle, 208 ﬁr@?aarbfgtﬂn SRrabPedlciahPiBfonete, A Kyl
substituted aromatic noiety. [0089] The oil sol uble sul fonates or alkaryl

| f
car bﬁﬂzﬁa@ﬁhﬁ%fﬁg SRRV Bt Wﬁ%@?@‘?&? R s din ApiR | S

nitrates, orates and

ethers of .the he unt (o] und IS C hav gard
Cothe dsid SarPpaRen  Eru TR b otiA s wHG gh earRy O diber FHSIangL: 100
to about 220 wt, % (preferably at |east about 125 wt. % of that
st0|ch|8ﬁ§ﬁmi%%@PVereqU|red [ 0090] Metal salts of phenols and sul furized
phenol s are prepared by reaction with an appropriate netal conmpound such as
an oxi d80d| hydr Medecanmidnmguer ash-tarmmee ditargedtsplundiiat s rhath deterdsntsi twed by
nmet hods well known in the art. Sulfurized phenols nmay be prepared by

react i ngdwcpres@bveriéposisihiidins adid acsdlfzurs @ranitainhibitgrse civpedyddsdigdhwas:
hydrogen sul fide, sulfur nonohalide or sulfur dihalide, to form products

whi ch %&ﬁcﬂﬁﬂﬁbﬁbh&eﬂkﬁ&ﬂg%ﬁgﬁélﬁ@”ﬁﬁ& @ ﬁWﬂM?QoﬁmﬁEeHQbﬁme&PQMﬁzﬁre
bri dged by sul fur containing brldges Cenefally, the detergents can

be pre % | ns in
amount 0 sht i B uf hler 1568 m@%%&&*%@# Shb RS o SRR

wei ght qf the trunk |ston en n bricating ojl_.conposi.tiqn.

[ 0092] RefSr 8 S R eD LR sty A Soubomeii umuRs0f HEPIRA I pifhcts e by
Himt edaré Séually described as normal or neutral salts, and would typically have a total base number

or TBN (as can be measured by ASTM D2896) of from 0 to about 80. A large amount of a
metal base may be incorporated by reacting excess metal compound (e.g., an oxide or
hydroxide) with an acidic gas (e.g., carbon dioxide). The resulting overbased detergent
comprises neutralized detergent as the outer layer of a metal base (e.g., carbonate) micelle.
Such overbased detergents may have a TBN of about 150 or greater, and typically will have a
TBN of from about 250 to about 450 or more.

[0076] Detergents that may be used include oil-soluble neutral and overbased
sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates and
other oil-soluble carboxylates of a metal, particularly the alkali or alkaline earth metals, ¢.g.,
barium, sodium, potassium, lithium, calcium, and magnesium. The most commonly used
metals are calcium and magnesium, which may both be present in detergents used in a

lubricant, and mixtures of calcium and/or magnesium with sodium. Particularly convenient
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noni oni ¢ pol yoxyal kyl ene agents, e.g., polyoxyethylene |auryl ether,

pol yoxyet hyl ene hi gher al cohol ether, pol yoxyethyl ene nonyl phenyl ether,
pol yoxyetwol2ereé13emBy| phenyl et her, pol yoxyet hyl ene oct ylPCStusario2ssvher ,

pol yoxyet hyl ene ol eyl ether, polyoxyethyl ene sorbitol nonostearate,

pol yoxyet hyl ene sorbitol nonool eate nd pol yet hy] ene col . nonool eat e;
steari én%{éliy TfRENTD pisatcufal 4 oxerhpsed %ﬂ?@a‘?’b%‘%ﬁ‘tey Vul%%%ﬁ‘e‘%fjaflmf&& P 2% at ty
acid am ne salts; netal salts of heavy sulfonic acid; partial carboxylic
aci d edpabowf45gongutighizdcovgreserbealcipmashdes endesifariged phenaies haviag APNadfkeny|
succinic acids; partial esters thereof and nitrogen- WO

2012/ 134oib 3BATY £6260 2RHQ 28804 dc onttal nhd@vdbasodatnbyesiunher eolciuns yalidyditesc

al karyl sul fonates, e.g., netal dinonyl naphthal ene sul fonates; and the like

and m XfaWingsa TBRI &fatom [BSRI0RERLesEIFoAtNIKEueX 8FMdteE A, RRdthdrapRitagepgent s
i nclude, but are not limted to, polynmers of alkyl nethacrylate; polyners

of dinqkﬁ*?ghh%ﬁpﬂ%(ngmgye | i ke and m xtures thereof [0094] Representative
exanpl es of a pour goint depressant include, but are not limted to,

I t | at | Kyl I I | kyl th | at I ,
(ot B £ e iboRfdteahe RRIEREL St pr TRte SRML bR Rafife L
condensates of a chlorinated paraffin with naphthal ene and m xtures_ thereof
I n one B¢Blodsdsntol @npoilkylpwbtituigd priveeamyrrogsis: i @ehoxxlic e@pifl eneSwifagla

acetate copol ynmer, a condensate of chlorinated paraffin and phenol,

pol yal Kyidrastygrosrgic athpohieds| inkle dantnohwdlear egorntohgdmaf afit gobydioxy eformdtee pour

poi nt depressant may vary from about 0.01% by wei ght to about 10% by

wei ght .hyld@9foRe phasent At iov el, exahmirekradly al demy, shydrexyli gedupde, $uitabhr € not
limted to, anionic surfactants (e.g., alkyl-naphthal ene sulfonates, al kyl

benzene, Jixyaralee BRPohAR htltdd phadl QRlckoRkdexylAl BrddydmRheNBkalldtS NS,
pol ymers of “al kyl ene oxides (e.g., polyethylene oxide, polypropyl 8ne oxide,

bl ock <988} BT AL PhOYPIRAI LR o RLORKEARA] 5na (e |1 ko), esters

of oil aci ds, polyoxye ne sorbrtan ester and the |ike and

m xt ur ereof The unt .of the denulsifjer may vary from about 0.01% by
wet gt D88lbout 0% Bh wabtited Do Rbbiedkilt af rhaties kit SR Erol gt os: on
i nhi bitor include, but are not limted to, half esters or am des of
dodecy|adladspbitiutad ibydroghisroptatic ecatborulie acidhis ofstiysp Heane sn dphay plefini kfainsl i nes,
sarcosines and the |like and m xtures thereof The anmpbunt of the corrosion

i nhi bi tfoym mbyutvEy to dhoonBalkahon Git@ido be whifigh tentpoyaboody bé&dibgarwspghtized

[ 0097] Represent ati ve exanpl es of an extreme pressure agent include, but are
not |'i Mireed bEdch&ib paitiABbrandhe@llinedr. VIRGl et @af 8¢ & nfiktudd bBlindak bletink, zed

animal or vegetable fatty acid

mixture of isomerized linear olefins, a mixture of branched olefins, a mixture of partially
branched linear or a mixture of any of the foregoing.

[0079] In one embodiment, the mixture of linear olefins that may be used is a mixture
of normal alpha olefins selected from olefins having from about 12 to about 30 carbon atoms
per molecule. In one embodiment, the normal alpha olefins are isomerized using at least one
of a solid or liquid catalyst.

[0080] In another embodiment, the olefins are a branched olefinic propylene oligomer
or mixture thereof having from about 20 to about 80 carbon atoms, i.c., branched chain

olefins derived from the polymerization of propylene. The olefins may also be substituted

with other functional groups, such as hydroxy groups, carboxylic acid groups, heteroatoms,
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WO 2012/ 134763PCT/ US2012/ 028306 esters, fully or partially esterified
esters of trivalent or pentaval ent acids of phosphorus, sulfurized ol efins,
di hydr ocawbybi1zphyssul fi des, sul furized Di el s- Al der addueCs/ussubkiessne ed
di cycl opent adi ene, sulfurized or co-sulfurized m xtures of fatty acid
esters and ounsaturated.ol efins, co-sul furjzed bl ends of fatty acid,
fatty A0A e diker T%r?alea%m@-ﬂa?@f ithe brapkd ewﬁmwp@awgfl? BRI PRy HRBESY by
pol ysul fides, thia-al dehydes, thia-ketones, epithio conpounds,
sul f ur -teereahaienigoracdont 2¢1ée jabeuti (legarbem atomst uln Qlwembgdﬁa@nbfthq brapeles and
acyclic olefins, and polysulfide olefin products, am ne salts of phosphoric
aci d edldimic @ropyiemepblogpicorircmaduds esdresfshardfrdieatdouk @ 0atodabiuk ¥0r @sbon
t hereof . The ampunt of the extrene pressure agent nmay vary from about 0.01%
by wei glidm§.0 about 5% by wei ght. [0098] Each of the foregoing additives,
when used, is used at a functionally effective anobunt to inpart the desired
proper tj to thg,l ubrj f RHuEXARIEs, (d Lt J AN

[bgiﬁé 8n olﬂg ek%@&tmenirgll't' ?east eﬁ)}pu@ le % ﬁéél:l%f th?@s? ﬁbédt\g@ r{mﬁe@, at

ashl ess persant, a functionally effective a I's ashless

di spersant woul.d b n_anoun fficient to i ri. the desired dis sancy
har actgry a8 rste o TR Aboifi 0 el ffie PRE bkt shel i abSBR o
these additives, when used, nmay range, unless otherw se specified, from
about 0N Vef Blcabel Eropsreaytains yHhm thedlkeR o5 alkalingerrihrse! safeneliotos t o
about 10% by wei ght based on the total weight of the lubricating oi
conposisubgitutefl ggaixlyrodesic raathoxyhe abidasngh dwtthe dikys erowpngifren dlighbimecedrtng oi |
additives may be provided as an additive package or concentrate in which

t he addhétivest af aniafiegrspbstiaited hiydtoaybersolrsiddtderldent iafeatC,o r@righdry In qui d
organi c diluent such as, for exanple, mneral oil, naphtha, benzene,

t ol uenengiheX YdhRlitentl gh@“ ARalROGH LARAENE OBLANthALIE sall &S f%nc Qﬂkﬁzﬁ&lﬁsﬁiu@é‘d
C

usual ly contain fromabout 20% to about 80% by wei ght of su di | uent.

Typi cal ral oj avi ng - i ity . t at
100C iR PR BRI i o BRAR, &/ aRbif i int@) 300 dr iy QR

di luent,  thou nthetic oils, as 11  as ot her, qrganic | iguids which are
Commat 1Pl B Aot it taps R d8ivet Jef bt Ao WA S pEtrofy
used. The WD 2012/ 134763PCT/ US2012/ 028306 additive package will typically
cont ai ricshi@ whichpirceallsy! graeps e itburesiygiof nowsal alpbperlefany qontaatiay et ldast 1ohe
desired anpbunts and ratios to facilitate direct conbination with the

requi sithee@nynt hghet enbjlpha-alwbunt of an oil of lubricating viscosity.

[ 00100] The following non-limting exanples are illustrative of the present

i nvent i[0082] EXAMPLE ahofh@PdABIddmbhd, &t i@t aBBEH 0 @blcWaS e RY, apRBsichbbit 6RAGld NY
met hyl cocoate with di ethanol am ne (at a DEA/ net hyl cocoate charge nole

ratio: f; 9)1cal BBRAXhiTR ol e TOQCIAL spBAME oA, HOWES apBasisliple RLPRAGL was

renove the product diluted with C9 aronatic solvent. A denulsifier
e S AL PSRRI B BB ) it =
contained within the alkali or alkaline earth metal salt of an alkyl-substituted
hydroxyaromatic carboxylic acid such as the alkyl groups of an alkali or alkaline earth metal
salt of an alkyl-substituted hydroxybenzoic acid are about C;4 to about C;s.
[0083] The resulting alkali or alkaline ecarth metal salt of an alkyl-substituted
hydroxyaromatic carboxylic acid will be a mixture of ortho and para isomers. In one
embodiment, the product will contain about 1 to 99% ortho isomer and 99 to 1% para isomer.
In another embodiment, the product will contain about 5 to 70% ortho and 95 to 30% para

isomer.
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[ 00102] A typical heavy duty diesel engine oil was prepared as a baseline
oil for testing. This oil contained typical anmounts of dispersants,

det er gentwp 2arti3geBdant s, zi nc dit hi ophosphate, foam i niRCHitSee12/0p8306 poi nt
depressant and di spersant VII. aL 1

[ 00103] bricatjng.oi] conposition S .prepared by top-treating the 100
parts d@’é@i ght ﬁheta%léahcwg@lgﬁ e @e\rﬁﬁ\al%qefﬁnfﬁa PRt ef&éxﬂ@ﬂ%y myie
reacti on product of Exanple 1. COVMPARATIVE O L B [0010%]@A.I ubricating oil
conposicefwayligacigcanhe agutpa) or operbassdt iGegerpllD. Puetosbasgd akkplyler alkplicy ative
Gl Awth 1.6 parts by weight of a nol ybdenum dithi ocarbamate additive, a
known fmetelt dattrofrmdiliyil-@nbstided by@oryaomati@tarbegdic acal i€ oaé il @AThghaBN of

nol ybdenum WO 2012/ 134763PCT/ US2012/ 028306 [ 00105] TESTI NG [00106] MM

FRI CTI Ghb TIRST bNGK i cHEANIrheYal SO SR QI k:S-subdtu il i o PrombiidLi8o SRREME

[ 00107] Eval uation of Friction Performance
has been increased by a process such as the addition of a base source (e.g., lime) and an

acidic overbasing compound (e.g., carbon dioxide).

[0085] Overbased salts may be low overbased, ¢.g., an overbased salt having a BN
below about 100. In one embodiment, the BN of a low overbased salt may be from about 5
to about 50. In another embodiment, the BN of a low overbased salt may be from about 10 to
about 30. In yet another embodiment, the BN of a low overbased salt may be from about 15
to about 20.

[0086] Overbased detergents may be medium overbased, e.g., an overbased salt
having a BN from about 100 to about 250. In one embodiment, the BN of a medium
overbased salt may be from about 100 to about 200. In another embodiment, the BN of a
medium overbased salt may be from about 125 to about 175.

[0087] Overbased detergents may be high overbased, ¢.g., an overbased salt having a
BN above about 250. In one embodiment, the BN of a high overbased salt may be from
about 250 to about 450.

[0088] Sulfonates may be prepared from sulfonic acids which are typically obtained
by the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained from the
fractionation of petroleum or by the alkylation of aromatic hydrocarbons. Examples included
those obtained by alkylating benzene, toluene, xylene, naphthalene, diphenyl or their halogen
derivatives. The alkylation may be carried out in the presence of a catalyst with alkylating

agents having from about 3 to more than 70 carbon atoms. The alkaryl sulfonates usually
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[ 00108] The | ubricating oil conpositions of Ol 1 and Conparative Ol A were
tested for their friction performance in a Mni Traction Machine (MM
bench teswo 2bre/i3lie3 bench test, friction perfornmance i sPOEASRMH2%886t he
coefficient of friction (CoF) at a given sliding speed. A | ower CoF

corresponds o better frictjon performance of the oil. The MIM apparagtus is
manuf aépa%aﬁsv e st (ﬁ%l%a%caa@élr%?l@% Rxffgwbgy %%m@%@it/l togPaer
52100 steel) | oaded against a rotating disk (52100 steel). The conditions
enpl oy Carhoéi&dofmpﬁpﬂﬂﬁg)%‘ilbﬁﬁﬂéﬂ/arﬂ?maﬂpH@I@beed of approxi mately 5 to 3800
mis (in ten mnute intervals of 3800, 2000, 1000, 100, 20, 10, and 5

nm's), [A08Ynper atTheeoibkolaplersukion@te by alka6C,sudowdic dods asayt be abuttaized catht
mass) added soot, i.e., 91 granms of test oil + 9 granms of soot. [00109] The

soot t hadiddss hgdeRelich 0 alkbRide§StarBbhatdss @BScRyRR] fulRdBs! hgdRxhiddss, Ritrattsesel
test engines. The soot is washed with sol vent prior to addition to the oil.

The So%rétés ﬁﬂfj&ﬂeﬁs Qf t(tjlkke?gﬂgg 13?%Eﬁoﬁﬁs&fqgetylsédé%§?n@ (?sglag)s&ll ﬁgx;in%%(l td pefore

the friction 1s teste e average Co er ent I ng

speece | PRI B TR s P S, GBPOR) R Bl
(preferably at least about 125 wt. %) of that stoichiometrically required.
[0090] Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased products
may be obtained by methods well known in the art. Sulfurized phenols may be prepared by
reacting a phenol with sulfur or a sulfur containing compound such as hydrogen sulfide,
sulfur monohalide or sulfur dihalide, to form products which are generally mixtures of
compounds in which 2 or more phenols are bridged by sulfur containing bridges.
[0091] Generally, the detergents can be present in the heavy duty diesel engine
lubricating oil compositions in amount of about 1% by weight to about 15% by weight, based
on the total weight of the trunk piston engine lubricating oil composition.
[0092] Representative examples of rust inhibitors include, but are not limited to,
nonionic polyoxyalkylene agents, ¢.g., polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;
stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts;
metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric alcohol;

phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thercof and nitrogen-
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containing derivatives thereof; synthetic alkarylsulfonates, ¢.g., metal dinonylnaphthalene
sulfonates; and the like and mixtures thereof.

[0093] Representative examples of antifoaming agents include, but are not limited to,
polymers of alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures
thereof.

[0094] Representative examples of a pour point depressant include, but are not
limited to, polymethacrylates, alkyl acrylate polymers, alkyl methacrylate polymers, di(tetra-
paraffin phenol)phthalate, condensates of tetra-paraffin phenol, condensates of a chlorinated
paraffin with naphthalene and mixtures thereof. In one embodiment, a pour point depressant
comprises an cthylene-vinyl acetate copolymer, a condensate of chlorinated paraffin and
phenol, polyalkyl styrene and the like and mixtures thereof. The amount of the pour point
depressant may vary from about 0.01% by weight to about 10% by weight.

[0095] Representative examples of a demulsifier include, but are not limited to,
anionic surfactants (e.g., alkyl-naphthalene sulfonates, alkyl benzene sulfonates and the like),
nonionic alkoxylated alkylphenol resins, polymers of alkylene oxides (e.g., polyethylene
oxide, polypropylene oxide, block copolymers of ethylene oxide, propylene oxide and the
like), esters of oil soluble acids, polyoxyethylene sorbitan ester and the like and mixtures
thereof. The amount of the demulsifier may vary from about 0.01% by weight to about 10%
by weight.

[0096] Representative examples of a corrosion inhibitor include, but are not limited
to, half esters or amides of dodecylsuccinic acid, phosphate esters, thiophosphates, alkyl
imidazolines, sarcosines and the like and mixtures thereof. The amount of the corrosion
inhibitor may vary from about 0.01% by weight to about 5% by weight.

[0097] Representative examples of an extreme pressure agent include, but are not

limited to, sulfurized animal or vegetable fats or oils, sulfurized animal or vegetable fatty acid
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esters, fully or partially esterified esters of trivalent or pentavalent acids of phosphorus,
sulfurized olefins, dihydrocarbyl polysulfides, sulfurized Diels-Alder adducts, sulfurized
dicyclopentadiene, sulfurized or co-sulfurized mixtures of fatty acid esters and
monounsaturated olefins, co-sulfurized blends of fatty acid, fatty acid ester and alpha-olefin,
functionally-substituted dihydrocarbyl polysulfides, thia-aldehydes, thia-ketones, epithio
compounds, sulfur-containing acetal derivatives, co-sulfurized blends of terpene and acyclic
olefins, and polysulfide olefin products, amine salts of phosphoric acid esters or
thiophosphoric acid esters and the like and mixtures thereof. The amount of the extreme
pressure agent may vary from about 0.01% by weight to about 5% by weight.

[0098] Each of the foregoing additives, when used, is used at a functionally effective
amount to impart the desired properties to the lubricant. Thus, for example, if an additive is
an ashless dispersant, a functionally effective amount of this ashless dispersant would be an
amount sufficient to impart the desired dispersancy characteristics to the lubricant.
Generally, the concentration of each of these additives, when used, may range, unless
otherwise specified, from about 0.001% to about 20% by weight, and in one embodiment
about 0.01% to about 10% by weight based on the total weight of the lubricating oil
composition.

[0099] If desired, the heavy duty diesel engine lubricating oil additives may be
provided as an additive package or concentrate in which the additives are incorporated into a
substantially inert, normally liquid organic diluent such as, for example, mineral oil, naphtha,
benzene, toluene or xylene to form an additive concentrate. These concentrates usually
contain from about 20% to about 80% by weight of such diluent. Typically a neutral oil
having a viscosity of about 4 to about 8.5 ¢St at 100°C and preferably about 4 to about 6 ¢St
at 100°C will be used as the diluent, though synthetic oils, as well as other organic liquids

which are compatible with the additives and finished lubricating oil can also be used. The
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EXAMPLE 1
[00101] A friction modifier was prepared by reacting methyl cocoate with

diethanolamine (at a DEA/methyl cocoate charge mole ratio: 0.9) at approximately 150°C for
about 4 hours. Residual methanol was removed, and the product diluted with Cy aromatic
solvent. A demulsifier was added to form a final product comprised of 75% friction

modifier, 23% aromatic solvent, and 2% demulsifier.

COMPARATIVE OIL A
[00102] A typical heavy duty diesel engine oil was prepared as a baseline oil for
testing. This oil contained typical amounts of dispersants, detergents, antioxidants, zinc

dithiophosphate, foam inhibitor, pour point depressant and dispersant VII.

OIL 1
[00103] A lubricating oil composition was prepared by top-treating the 100 parts by

weight of the Comparative Oil A with 2 parts by weight of the reaction product of Example 1.

COMPARATIVE OIL B
[00104] A lubricating oil composition was prepared by top-treating 100 parts by
weight of Comparative Oil A with 1.6 parts by weight of a molybdenum dithiocarbamate

additive, a known friction modifier, to obtain a final treat rate of 1000 ppm molybdenum.
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sooted environnent as conpared to the lubricating oil conposition of

Conpar afiding speddsB cont ai ni ng nol ybdenum di t hi ocarbamate as a known friction

nodi fier. [00113] FUEL ECONOMY TESTI NG OF LI GHTLY SOOTED O LS IN A
[00107] Evaluation of Friction Performance
[00108] The lubricating oil compositions of Oil 1 and Comparative Oil A were tested
for their friction performance in a Mini Traction Machine (MTM) bench test. In this bench
test, friction performance is measured as the coefficient of friction (CoF) at a given sliding
speed. A lower CoF corresponds to better friction performance of the oil. The MTM
apparatus is manufactured by PCS Instruments and operates with a ball (1/4” diameter, 52100
steel) loaded against a rotating disk (52100 steel). The conditions employ a load of
approximately 14 N, a speed of approximately 5 to 3800 mm/s (in ten minute intervals of
3800, 2000, 1000, 100, 20, 10, and 5 mm/s), a temperature of approximately 116°C, and 9%
(as total lubricant mass) added soot, i.e., 91 grams of test oil + 9 grams of soot.
[00109] The soot that is added to the test oil is obtained from the exhaust of diesel test

engines. The soot is washed with solvent prior to addition to the oil. The soot is added to the

oil to be tested using a homogenizer, just before the friction is tested.

[00110] The average CoF at 7 different sliding speeds is shown below in Table 111 for

Oils 1 and Comparative Oil A.

TABLE III
MTM data for varying sliding speeds
Sliding
Speed Avg. CoF Avg. CoF
(mm/s) Oil 1 Comparative Oil A
3800 0.110 0.102
2000 0.134 0.124
1000 0.138 0.143
100 0.150 0.171
20 0.141 0.168
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The data demonstrate that the lubricating oil composition top-treated with the friction

modifier according to the present invention provided reduced friction in a heavily sooted
environment in the case of lower sliding speeds where friction reducing properties are

particularly desirable.

[00111] MTM FRICTION TESTING OF HEAVILY SOOTED OILS - At 5 mm/s
sliding speed
[00112] The lubricating oil compositions of Comparative Oil A, Comparative Oil B,

and Oil 1 were tested for their friction performance in a MTM bench test as described herein

above.

The conditions of the test employ a load of approximately 14N, a speed of

approximately 5 mm/s, a temperature of approximately 116°C, and 9% (as total lubricant

mass) added soot, i.e. 91 grams of test oil + 9 grams of soot.

The test duration was 70

minutes. In this bench test, friction performance is measured as CoF as a function of time. A

lower CoF corresponds to better friction performance of the oil.

three different oils are shown below in Table IV.

The average CoF for the

TABLE IV
MTM data for 5 mm/s sliding speed
Oil Comparative Oil A | Comparative Oil B Oil 1
Average CoF 0.175 0.157 0.121
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The results demonstrate that a lubricating oil composition of Oil 1 containing the
friction modifier according to the present invention provide reduced friction in a heavily
sooted environment as compared to the baseline formulation of Comparative Oil A. Further,
the lubricating oil composition of Oil 1 containing the friction modifier according to the
present invention provide significantly reduced friction in a heavily sooted environment as
compared to the lubricating oil composition of Comparative Oil B containing molybdenum
dithiocarbamate as a known friction modifier.

[00113] FUEL ECONOMY TESTING OF LIGHTLY SOOTED OILS IN A
TOYOTA 2ZR-FE ENGINE

[00114] The lubricating oil compositions of Comparative Oils A and B as well as Oil 1
were tested for their fuel economy performance in a gasoline engine test. Gasoline engines
are known to produce very little if any measurable amounts of soot during operation. The
engine is a Toyota 2ZR-FE 1.8L in-line 4 cylinder arrangement. The torque meter is
positioned between the motor and the crank shaft of the engine and the % torque change is
measured between a reference and candidate oil. % torque change data at oil temperatures of

100°C and 80°C and engine speeds of 750 to 2000 RPM are measured. Lower % torque

change reflects better fuel economy. The torque data for this test is set forth below in Table

V.
TABLE V
100°C 100°C 80°C 80°C
1750RPM | 2000RPM [ 750RPM | 850RPM
Comparative Oil A 3.00% 3.20% 2.05% 2.56%
Comparative Oil B 1.46% 1.83% 0.36% 0.79%
Oil 1 1.83% 2.12% 0.71% 1.43%
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implemented by those skilled in the art without departing from the scope and spirit of this
invention. Morcover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.
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selected from the group consisting of palm, olive, cotton seed, castor, peanut, tallow, lard,

whale, sunflower, soybean, coconut, palm kernel oils and combinations thereof.

4. The method according to Claims 1-3, wherein the mono- or dialkanolamine
possesses the general formula:
RN(R’OH),..H,
wherein R is hydrogen, a C; to Cs, hydrocarbyl group or an aminoalkyl group with the alkyl
having from one to about six carbon atoms, R’ is a C, to Cs hydrocarbyl group and "a" is 0 or

1, with the proviso that R is hydrogen when “a” is 0.

5. The method according to Claims 1-4, wherein the ashless friction modifier is the
reaction product of a fatty acid ester selected from the group consisting of palm, olive, cotton

seed, castor, peanut, tallow, lard, whale, sunflower, soybean, coconut, palm kernel oils and
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7. The method according to Claims 1-6, wherein the heavy duty diesel engine
lubricating oil composition further comprises one or more heavy duty diesel engine
lubricating oil additives selected from the group consisting of an ashless dispersant,
antioxidant, rust inhibitor, dehazing agent, demulsifying agent, metal deactivating agent,
friction modifier, pour point depressant, antifoaming agent, co-solvent, package

compatibiliser, corrosion-inhibitor, dye, extreme pressure agent and mixtures thereof.

8. The method according to Claims 1-7, wherein the heavy duty diesel engine is a

light heavy duty diesel engine.

9. The method according to Claims 1-7, wherein the heavy duty diesel engine is a

medium heavy duty diesel engine.

10. The method according to Claims 1-7, wherein the heavy duty diesel engine is a

heavy heavy duty diesel engine.
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11. The method according to Claims 1-10, wherein the heavy duty diesel engine
produces a soot loading for the heavy duty diesel engine lubricating oil composition of at

least 2 wt. % after 20,000 miles of normal operation.

12. The method according to Claims 1-10, wherein the heavy duty diesel engine
produces a soot loading for the heavy duty diesel engine lubricating oil composition of at

least 2 wt. % to no more than about 9 wt. % after 20,000 miles of normal operation.

13. The method according to Claims 1-10, wherein the heavy duty diesel engine
produces a soot loading for the heavy duty diesel engine lubricating oil composition of at

least 2 wt. % to no more than about 5 wt. % after 20,000 miles of normal operation.

14. The method according to Claims 1-10, wherein the heavy duty diesel engine
produces a soot loading for the heavy duty diesel engine lubricating oil composition of at

least about 3 wt. % to no more than about 9 wt. % after 20,000 miles of normal operation.

15. A use of a heavy duty diesel engine lubricating oil composition comprising (a) a
major amount of an oil of lubricating viscosity; and (b) a minor effective amount of an
ashless friction modifier comprising a reaction product of a C4 to about Cys fatty acid ester
and a mono- or dialkanolamine in improving the fuel economy of a heavy duty diesel engine
which produces a heavily sooted lubricating oil composition during the engine’s normal

operation.
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