LUBRI CATI NG O L COMPOSI TI ONS COVPRI SI NG A BI ODI ESEL
-~ FUEL AND A DETERGENT FI ELD OF THE | NVENTI ON

[ 0001] Provi ded herein are | ubricating oi

conpositions conprising a base oil, and a netal

phenate detergent, particularly an al kaline netal
LUBRIEAIENG \GIE COMPOSIFRINS COVPRISYNGNE BIODENFISFEEL AND

| east 0.3 wm % of a biodi esel fuel or deconposition

products thereof MethddETERGENAg and using the

| ubricating oil conpositions are al so descri bed.

BACKGROUND OF THE | NVENTI ON [ 0002] The cont am nati on

or dilution of | HRELDFAHBAYVIENBION in internal

conbusti on engi nes such as bi odi esel engi nes has been

conc . Bihodl. I fuel. rise.conponents of o
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result in an accumul ati on of these conponents of |ow

furthey, epndging ptlgash -3t wigo el biodisselvie] orisearapaskion rradnokethereof.
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vt S B EANED' 800RL A D SRR A,

general ly have | ow oxidative stability, these
deposi ts on (BrRCEGROUND Wi THa INVENTION ankshaf t
can degrade oxidatively and form pol yneri zed and

[0002Fr 0ss- Thakadahinatdie sedihgiontf hedritdGes erfind/ilyTh Sktednak e
deposits on the netal surfaces that may danage the
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of lowe\f?éﬁ\t}]'gy gL El}e élﬁggi \{fa(ﬂwér eredhey, an g SUPS ARG yd:h:’posnes onto the
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’ mat e?i al . 1'IQhe(:) i nflﬁue%cegsof %%ggﬁ @ggllg%én t geﬁlgﬁaéliyr?gvelow

oxidatbic| stabalyty r e depositspmahe dyladi wall @s irf the nrdnkshiadnenilegrade

...addre oxidation ,corrosi nd..deposits, wthin the .
oxidarfiSf SRS s0Teies R SRR pgRcoiEh At Soieeetarih ke
deposi€adh 1he niBtilistifaed thit nuSi daghage kndXib@adcl BRgiA br the crankshaft.

conposj tion. However, lubricating oil conpositions
Furthegapesy Biodigseldiels paéregulbiag @agially wambhstehdecamposiien products can

contalﬁﬁgtg:t%(?%l%r?e\;\% ﬁ{bﬁ‘c%ﬁg 0%&8? ibin%ﬁl&fsrﬁl éoli]l‘tean%ﬁgr{tg er COOIFI‘H%IHZC to the

con rica e running parts
formationt ef xadizamufshé apiengl, depodiubimigtiont Bed tathysidapartigularly of
oj | conpositions under, such extrene conditions can
lead andgnpperbised Beasmesratenia)i dbe pffucace aifdpdiess en thefmginejoil may
requiré ¥PePaddBRis FOnuBLY @t@ﬁd(ﬁé@‘ﬂxiﬁﬁo ,Lgohgsiﬂﬂ, aglfd deposits within
engl ne deposits. Further, there i1s al'so a need to
the engieeluce the corrosion of engine parts. SUWARY OF THE
I NVENTI ON [ 0004] Provi ded herein are |ubricating oi

[0003]C ° nposé}teée%ﬁy TR’IQ ag%]m%,asI?uc{g%g or Sep%rsitss !:aoxl%e minimized by using a
lubricating oil composition. However, lubricating oil compositions generally comprise a
base oil which can also be oxidized to form deposits under the extreme conditions while
lubricating the running parts of an internal combustion engine. Further the lubricating oil
compositions under such extreme conditions can cause corrosion of engine parts.

Therefore, there 1s always a need to reduce or slow the build up of engine deposits. Further,

there is also a need to reduce the corrosion of engine parts.



the build up of engine deposits or the corrosion of
engi ne parts. In one aspect, there is provided a
| ubricating oil conposition contam nated with at
| east about 0.3 wt% of a biodiesel fuel or a
deconposition product thereof, based on the total
wei ght of the lubricating oil conposition,
conprising: (a) a nmmjor anount of base oil of
| ubricati ng vi SSUMMWRY @fdTHE)INYENIKIN phenat e, .
rein unt of .the henat.e m.t he
ofF e prbrsiET BB fe DTEE PlsPRERTT Sy Bl tah Hduce or slow
theCUTIRIOG] &ff RireSdepbsits @athe @dREion BIQRAgIRE Partd. Ninse@ispect, there is
enbodi nents, the base oil is present In

proyidsdrit lubff%@s]%l SYPASBIAN RofleRERaeh wAP &t r}%’ﬂi@t 83 wit%e of a
biddiHREI RRE bP ofpGHifish ‘f)‘rJdHctathlelléBf 11638d BA 18 lotal weight of the

conp05|t|on that can réduce or sl'ow the build up of
lubsiegfingeoibepaposition.comphigingor r osi on of parts of the

engi ne. e Hod of

| ubri cat{ %?Od.l esgﬁg(}fbg& Jl??fl}é?rp%ﬂxé%l@ nfﬁ{n part

with a bﬁgdmﬁﬁﬂbh&mm WhICh conprlses operatlng t he

engine with a ricati 0|I osit' n .
whetsHt 40 AEoss 6{* tﬁ e gpeigle atﬁbgﬁ‘i“ “\)‘iia&pélfinaée present i the
lubic ée&pbo&lptg tioflis 8t et ABRAIODO gﬁmp rnaduet chivediarhts, the base

based on the total weight of the |ubricating oi
0ﬂ@bﬁﬁ%@t¥ﬁbﬁﬂ°&ﬁ@@é¢n the lubricating oil conposition
[0 lﬁ)g M Segjsol @%vﬁem&éma{fguﬁhhgas Q@Sﬁbﬁéétmgfan engine with a

|cat|ng scosity ; and (b) a netal phenate,
lubmmr@ cnl ttdm@oatlmu hat on redecennstsiiw fhiadmdd ap OF orsiechdeposits or the

nmet al ena pr nt jn th I
cof BidufARORt P hERFCln bt bhS, dO6s ARH: Bl ot Liricaine
a deyklaghip e Iﬁlded ftheast inbyariosith @ giodickel dostppdaelt ¢omrprises operating the

di scl d herein_is substantial.ll re eget abl e
enddng Sk Scprigting Pil OMROTRHE OB DY Isboi0 3 S of
biodiREll fRf bP@ RicbmBOTRGS bfddast Gheasl, 0&1@&1 BErthE RothlS weighe of the
of a %ggg%gPle oll or animal qQil. [0007]In certain

osifipe. Whestin Hrtlybiigating oig Witt"iﬂ&ﬁmpﬂses
di scl osgy hszng of g&yﬁﬁt*&% LM RRR g i&BSity ¢ ope
addi tive sel ec ron1t e group conS|st|ng of
antloxmbhntsnwahpmmear agents, detergents, rust
inhibitors iar i g110 .
it B, AP S S el Bkl B0 Rl Bbue present in the
lubpioatingani dﬂ)&ﬂ;ﬂ@lﬂbﬁmm‘aﬁ abbatai®00 pixinbi t or s, et aI
deactivators, dlspersant Qrrosi gn |nh|b|t . ..
OOGDr | i £ 1 JoRsr SRRAmETE PG ZR o) GoPRONEPR, JisFlgsed herein is
sutdthtialReg& @d@v&gews&, oil & Ml Dintoes emBy@ifnent¥Bihl Béil§icating
stati c dissipaters, biocides and conbi nations
oil pprapesifion chﬁ:l@tseﬁ Bereiaripfes AEnragetabliollar apgd pilone
[(}(ﬂﬁg' Li Ve, c?érﬁ T&ﬁ? N T @&mpdsﬁlcﬁl%lg@@s‘éd herein
enpodi nent s, e at |east one antiwear agent
ﬁlr&mnpmnme:ss at lzasn onejaicﬁitk)ybl seld¢ted fropitbe ptoap sonsastipe wh antidxidants,

still further e t he hor co
antResar astey SfferslRe ThT BhBiipls) RisPRTRAS, BTl SRbEfbrs, muli-
fune OO0 uaditil&, Liseusitghadek 1ﬁlpﬂﬁrkrsy\©0&6;tdmtai&pmtsaﬁts5fdam hibitors,
or fromabout 0.01 wt.% to about 0.12 w.% based on
mefahe total weight of the lubricating oil composition.
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[0008] I n sone enbodi nents, the sulfated ash content

of the lubricating oil conposition disclosed herein

is at nost about 1.0 w.% based on the total weight

of the lubricating oil conposition. [0009]In certain

enbodi nents, the biodiesel fuel of the |ubricating
deact@lakor§, Sahts Qfbrebsinl iA5®HoReNBiiFityCiaips vt Sheamabdtibility
~ ester of along chain fatty acid. In-further | ..
impresienn @ntrbazesadditiies, iowng ielnhiterssdyes.ynatkers, statiesissinaters. bipgides

Ut .12 [ t 0 K
and BB RS AP AR 0y SRR R iy o
antiwieSr doeftn [aFartier bribodadnos, aloat tteadOonstantivelraspent @mypirises a zinc
total weight of the lubrjicating oil  conposition.

dialkyloBthephesRBires o mintedl e SpRIGHPOTSH. toehasalego Gontent

) oo . e 1 ian - dhscl .
deriv 8L bl Pt Wy By Bio P AThbRAR G RBHCDIGT L3 1o about
0.5 wit.tbor fe@hiabont@.01 wobiposibbindh]2 wn%, beseden thertotad iveigltt of the
.the base oil _has a kinematic viscosity from about 5

lubricating pY caPPEtition ¢St at 100 C. [0011] I n some

enbodi nments, the anount of the netal phenate of the
[0008] UPT i Cahishide SinboGRNBRRS kild Qfaldli 36 Qiesht BERIlbrichtias oil

'east about 1000 ppm based on the total weight of the
comppsition distiongl ler¢indoatpoestabout. 1.0 wt.4m beded on dbiotil mesrght of the
lubgi t Fle a@munt of the netal phenate of the lubricating
ubricaipe oY) (BERPYHYh di scl osed herein is at |east about

2000 ppm based on the total weight of the lubricating
[00099i | COMRG&itdih efbolinedid) e Modieg fehoSthe hitgicamigdil composition

. _phenate is an al kaline netal phenate. In further

disclospdbberrirnempriseshan alkklasion of adeng chamdpthy ecids] i um

ol SRS S AR08 1 s ot 2
carbof @todhs) dhicomaih Ratbedfments e arnouRB of thBhbiodid4] fuk i froms about 1

o'M?c) R6 112 -R6
wt.% to about 20 wi.%, based on the total weight of the lubricating oil composition.

[0010] " In some embodiments, the amount of the base oil of the lubricating oil
composition disclosed herein is at least 40 wt.%, based on the total weight of the lubricating
oil composition. In further embodiments, the base oil has a kinematic viscosity from about

5 ¢St to about 20 ¢St at 100 °C.

[0011} In some embodiments, the amount of the metal phenate of the lubricating oil
- composition disclosed herein is at least about 1000 ppm based on the total weight of the
lubricating oil composition. In another embodiment, the amount of the metal phenate of the
lubricating oil composition disclosed herein is at least about 2000 ppm based on the total
weight of the lubricating oil composition. In other embodiments, the metal phenate is an
alkaline metal pheﬁate. In further embodiments, the alka;.line metal phenate is a calcium
metal phenate. In still further embodiments, the metal phenate has formula (1), (II), (110) or

a combination thereof:



wherein each of R, R2, R3, R4, R5 and R6 is
i ndependently H, al kyl, aral kyl or alkylaryl; each of
ML, M2 and MB is independently an al kaline netal; and
nis an integer from1l to 3.
, R3, Ra, -5 In certain enbodi nents, each of 12.1,
R2,and R6 is independently ja kyl and each of M, M
and MB is cal ci um [ 0012] @ her iments will be in
part apparent an 1lﬁ/p rt point out _herei nafter.
Definitions [0013] facilitate Y helundeystandi ng of
the subject matter dr'scl osed herer'n, a klnber of
terns, abbreviations or other shorthand as used
herein. are defned below. Any term abbreviation or
short hand not defined is/mﬁ@erstood to have the
ordi nary neani ng u @ a Q&L%L&gh?rtisan
cont enpor aneouspwith he subm Ssi ah ©f this
application. | Oi&JﬂBio el " Kegﬁfs to.a fuel (e.g.
net hane) that is produced fron1renemabﬁ%L8fologica
resources. The renewabl e bi ol ogi cal resources include
recently living organisnms and their nmetabolic
byproducts (e.g., feces f;Mﬁgcoms), pl ants, or
bi odegr adabl e oz;gﬁﬁéagf% iﬁbﬂ%ﬁkﬁh‘agriculture,
forestry and ho ol.d E%aﬂnLés RSi odegr adabl e
out puts i ncl ude st Raw” ti fiber re, firge husks,
sewage, biodegradabl e waste, food |eftovers, wood,
: wood waste, wood |iquors, peat, railroad ties, wood
whereih sattheyf R pBhIR s B R tand IR Gs ordeperaigntixcHl alkylapraligd pealkylaryl;

straw,-tires, fish qil tall..oil. .sludge waste, .
cach GEREE e is e dr o Bt e o SR e By g | 03
In cerfli BbY@aicis, 3R¢h St IaRE] RYIRENRIBSshd Ritig ir_[ﬂé%;éﬁdeﬁﬂf Qlki[yﬂﬁld each
Plants that = can be used to produce biofuels include
of M rand dyisealaiwim.f | axseed, rapeseed, sugar cane, palm
oi | and jatropha. Exanples of biofuel include alcoho

erive rom.f ar i.0di _ '
10012 74 e BT 8, B AP R e b
hereiffa€egrs to an al kyl ester made fromesterification or
transesterification of natural oils for use to power
di esel engines. In some enbodi nents, the biodiese
Defigtio@6 i s produced by esterifying a natural oil with an
al cohol (e.g., ethanol or nethanol) in the presence

[00139f 2@ calahyffad BeupisR@nRdiAak kY the®BbiREt mther AideREed herein, a
‘enbodi nents, the biodiesel fuel conprises at | east

numbenef tatnksy hbleetiationsfor pthes whoréiead as pepdthpreie peg dedingd below. Any

from.a.nat ural, oi ch as. veqet abl ils. or ;aninmal .
term, pEAEV ey o fheaficdng) S5ndiis BROGHE% B e fre Bl Planing
used B SkilQNdrabamScohiporiRets &itﬁan@mﬁagmﬂtms@pgmaﬁéﬂ.

carbon atons, from about 12 carbon atons to about 30

carbon atons, or from about 14 carbon atons to about
[0014b4 car-BBiefealorafers ipadegl {arn meitng) thatit roduped from renewable

_ L |t ) 0L - .
S RN M R
and theBtoi@hiinbyhesiatts (el feced frorbsaye)giaits, fon blodggmdalide bytputs

I's bi odegradabl e and non-toxi.¢c, and pical
from Yy SSTRHR (B9 BELHSEOA oA b dethedaie futputs
inclodeRARWPELES GUALRAFEINSIKE SR vage, biodegradable waste, food leftovers,

wood, wood waste, wood liquors, peat, railroad ties, wood sludge, spent sulfite liquors,

agricultural waste, straw, tires, fish oils, tall oil, sludge waste, waste alcohol, municipal

solid waste, landfill gases, other waste, and ethanol blended into motor gasoline. Plants that

4



[0016] "Petrodi esel fuel" refers to a diesel fuel
produced from petroleum [0017]"A major anount” of a
base oil refers to the amount of the base oil is at
| east 40 wt.% of the lubricating oil conposition. In
sonme enbodi nents, "a nmgjor anmount” of a base oil

can bé@fc;@ﬁ@ préduze bistoeln indhjdetdbm lsaﬁ&amsi Iﬂamae@ rhpegeed Qugar cane,

% .nore than 60 %. npre c{ nore tha
palm gt ) kg0pBr. HGAEDIER A5 OBMAcASAORE deised frams Gnested suger
and bgqgagagfaéav%@ Pha"@%g%%abﬁy&i@{\%goﬁh content” refers to

nount 0O containing additives (e.g.,
cal cium magnesi um nol ybdenum zinc, etc.) in a
[0013]ubr i cdBindesel fucHndfdrs td arpalkylelster nadesﬁomcbs‘@dfmatﬂjnm

transqsto QAo TOREOTR bR PO EHA e Ji 5abs ppadiprts. te
blodléééleﬁlel Rf r@du%@t!r’ﬁ Hﬁgn%r%ﬁé ﬁat{u%l 8il %@ﬂﬁ%%ﬂdoh@ﬁ(e\g]@ﬂﬁhnol or

cont ai n | ess t an % l|less than 10 | ess
methariofrin 5hwwr€%nc¢ efazcathlyst 1@ foum % alkplsster. hamthemml%dlm@gg the

‘ioigegC e sniiprss s(fpdy R RIpL St a S g iR gy il roma
naturdl QNRALR 4s vaRAESE A drhirhallfak, Wefielr @hbddients, the lon cham
conposition. [0020] A conposition that is "free"

fatty asithponaids frefeabout & carben ﬁ@m tp bentficarbor ginms, freny frb@lﬁ 12

%.t0 0 W% 0
carbof e iabghoD st atbtst it BERR Y iy PR30 abdif 24 carbon
atomsf GhlceMAin @nbegRidns, ilerbiodikse] Mwrdackse Inedin $eakel € ﬁcb\mer
are approxi mate val ues, regar dl ess whet her, the word

conventiesenl diesglrengifss deyined e wrERsby H?‘T@Ehlﬁb@ﬁeé fpels. The
h 0
b10d1eggl$1ﬁ:1§1\r%e'ﬁ allg; seyloﬂ?éi'ar%@ié/ T%Y Itl gg{cbe . C %@ﬁgéeg ra’é%ut 60&

less nﬂwmfdnﬁbmdamswnb khaa geawteanl-baved diesdl , and an upper
limt, Ru, is discl osed any nurrber faIIing vvithin

e ran al | S art| £
10016] e £ of Pelsadirse kb it s 567 Pitdyecteifh ottt
specifically d| sclosed: R=k*.(Ru_-L, K) wherein k is

[0017]i var i aflgaibpRabng” br akhde @pfef&mo the arhBOntREREERse Wil idat least
1 per cent increment, Le., kis percent, 2 .
40 Wt{er pﬁéntlubrgapeg od wompasifien.c Bmomeselptéﬂ@émts a majggrmount” of a

[ I
e SHEET S BER v2oR B s R G o 25, mor
than m&v—mrhhorel\@mw %%, Yndi Ml Wekt. Yoarf e 1dBfidanad oflyomposition.
R nunbers as defined in the above is also
specifically disclosed. DESCRIPTION aIYBCDI MVENTS, OF
[0018}rHE | NUBulfatedh\ash content™ refers to the amount of metal-contaming additives
(e.g., calcium, magnesium, molybdenum, zinc, efc.) in a lubricating oil and is typically

measured according to ASTM D874, which is incorporated herein by reference.

[0019] A composition that is “substantially free” of a compound refers to a
composition which contains less than 20 wt.%, less than 10 wt.%, less than 5 wt.%, less
than 4 wt.%, less than 3 wt.%, less than 2 wt.%, less than 1 wt.%, less than 0.5 wt.%, less
than 0.1 wt.%, or less than 0.01 wt.% of the compound, based on the total weight of the

composition.



[ 0022] Provi ded herein are | ubricating oi

conpositions contamnated with at | east about 0.3 w%

of a biodiesel fuel or a deconposition product

t hereof, based on the total weight of the l|ubricating

oi | conposition, conprising: (a) a nmajor anount of
[002#92se Oi A cBfpbsilén fhat is¥Ged @M@drﬁ%ou‘nd a¢¥ers(th h cBmPBEifibn which

phenate, wherein the anmount of the netal phenate from
containrefrora 0101 pridh e 8 vir%e ebthe compewed, basgndicadhe fal gvaight of the
comcon:gositi on is at |east about 1000 ppm I.n further

3%%8 %i nents, the base oil is present in a major

anmount. A. The O of Lubricating Viscosity [0023] The
[0021jubr i cdnithafollolvirodesadpiionpald nainbers diselbsébhiatin are approximate

generally conprise at _|least one oil of lubricating,
valuey, reggdieps whether the wierd)iaboRiy Sn aPRIORIMAkS | if B3pd4p cpwghtion

. i . i .
ﬂlereﬁflﬁg'c Fg{?g%%g or iﬂrﬂh‘9 %%Fréem’ga%égygﬁ gﬁésr E(lg}tg’a%f e for o, 1010 20
percept. EWhehavgr & hembidal rage iwith Dlowet bmilp &t dndrs upperdihigeR’, is

. .described. in_Nortier. et al.,."Chepistr nd .
disclOFEL (S PGEPD CUEOV A s A0S FPRGEA S, P Dol partcular,the
follo»?lrﬂé 'nB8fbkrs v@ﬁﬁﬁ%rﬁn@e %Q ?p%ﬁig@aﬂ RhsclRBd RQ?RLH(%@WI Nesvb)l’ ﬁihere_in k

. "Lubricant Base X Processing," _
is a vafiabllg ranfingdtonDé pkent tGH &P percedt with 89 percennideoment, ie., kis 1.

percegly disioent ipelnl AETFoRl & PEIEB por LPRH et OBy o) Perent.

95 pefRhEHS @E&ent,GQV‘ BERbAY 98 piiEerRN®BUPrcdtt, drN®0 pafentOiNodeBver, any
the lubricating oil conposition nmay be from about 70

numetieal ghrggtdegioedbytwoR myuhees asrdefined inotha rbayeiig Also spectfirally

dmcklﬁgricating oi |l conposition. In sone enbodinents, the
AAbunt of the base oil in the | ubricating oi
conposition is fromabout 75 to about 99 w.% from
about DESCRIPAION CISEMBODMENTS O THIDINVENTION
about 98 wt.% based on the total weight of the

- |ubricating oil .conposi.tion. .J]0024]]ln certain .
100224 4y %w_&ed l%qs@nag@matmag@%s@eﬁ%ﬂ%g%ﬁt%iﬂylawmrl’afrf least
about @3 SWRLRE Wi idePRleFatd &f%ﬁ@%gﬁeh lordduBChERBE, bR ®n the total

non-limting exanples of synthetic oils include oils,
weight of thedsbrpmalipg bjl kamipesitien, gomrPaGEe: prepared fromthe
pol yneri zati on of at |east one al pha-olefin, such as
et hyl ene, or. from hydrocar.pbo nthesi s ocedyr es
si g EaBoR BRI B e L2 e B A e
Fi sher (HyRsehpimagess. | n certain embodi nents, the

base oil" conpri ses [ ess than about 10 wt.% of one or

nore heavy fractions, based on the total weight of . .
whereirhige jgaoanibef] the meted phonate Fem the meky phenaigprgsanf ethe fybricating

_ i : . P _ ¢ St
oil oGP o Febekbofh YIRRB ¥ At R ot BARlen O o prosent
in a mAps amouniscosi ty of at |east about 25 cSt or at |east
about 30 cSt at 100 C. In further enbodi ments, the
anmpunt _of the o or, nore heavy fractions in the base
-A']jBﬁBHP§1W@§§aFH&SE§H6ﬁ¥ 10 wt. % |ess than about 5
wt.% |ess than about 2.5 wt.% | ess than about 1
[0023)M - % Phe hdFiRalidlAsl] ahRpsithnk ddcidfd RaeRteABrallh @ompHS at least
wei ght of the base oil. In still further enbodi nents, .
one oi} pfdubrieasing; viscositpr Agebass@iHewwn Poraskilledrartifangas be nsed as the
. r.tai n enbodi ts...the | dbrigati 0kl .Cc Qsitio
oil of itk SRR ROl SR B R SR dR.
Jubricating GISddnYposltivns BAR: BrhQdidiRl 3n MdiGelRa aL, ‘@WHenhias dhd
ki nematic viscosity at 100 C from about 2.5
Technelegy pebigkissn(se Sy Ediamdemdon, Srminger, Compigis and? (1996); and A.
centi stokes (cSt) to about 20 cSt, or from about 5
cSt to about 16 cSt The kingmatic viscosity of the
base oils or the lubricating oil conpositions
di scl osed herein can be nmeasured according to ASTM D
445, which is incorporated herein by reference.
[0026] I n ot her enbodi nents, the base oil is or



base stocks. In further enbodi nents, the base stocks

are manufactured using a variety of different

processes including, but not limted to,

distillation, solvent refining, hydrogen processing,

ol i gonerization, esterification, and rerefining. In
Sequ&iIBr. STRBHLIR MuSe TiidIREL PRIRSHSE, CRER N 0k, Maicel Bédke]

stock. In further enbodinents, the rerefined stock
Chaptsh 6) (1964); asdiBsVaBrock, Lybricatien fingiscerings Viok|43, pages 184-5, (1987),

introduced thr.ough nuf act ur.i t.am ' o s
at of G Bt S PR T S G Bl R R g ol in
the 1uSHRMeTEIScoRIRsBion TRAyEbedfrorh RBolaao abaa ks, 5 wit.Bnbased on the total

~nore of Groups |-V as specified in the Anerican )
weighpef thei labmgating oilicgmpopitiph) Irrsmng erbodypents,dbe apeftof he base oil
. di t i . R j+lo :
inthe ok oRBEEPP o K Fora ot 7Oyt A2 s rom sy 80 0 about
98.5 ¥ Y65 oefiemBbesed( forbbmed8Gvt. %) basetiion Ithe tetal meiphpof tht dwbricating

. herein by reference. The APl guideline defines a base
oil cogipgeilions” a | ubri cant conponent that may be
manuf actured using a variety of different processes.
[002413 OUPS 1} certdin BRBodinenBA8R tALOSK & RIcBmptiSaraY ndiuka or synthetic
ach with specific ranges of the anmount of Saturates,

lubricatihg base odrftaetion.aRdme nsu-dwiiting exatenics dsyutpetiovilpiselude oils,

s RSB BB R At

oleﬁnll, suchlas eltiylone O6r frifn bly@RRSIb6h 8y eaésiy C?ﬁ@&lufﬁ\(@ing,caﬂd@hfmﬁnoxide
oup |,

evel s and viscosity i Il and I

i ndi ces for
and hipdrogersgasek suciras the Fisber-Tropyetbprecess hE esfjaimeppasiments, the base

N Sat t t ] T, |
e R S S BRSO
weighi F Bleabesil. DX HdSFMiBL tiodOé ferS O TMub: 42 Fréctiun STy Dviscosity of at

312& | Less than 90% saturates. Greater than or . )
least ahgut?0 ¢ 20 10B%.-s In ¢agiain embodiments, the heavy fraction has a viscosity of

at least about 25 ¢St or at least about 30 ¢St at 100 °C. In further embodiments, the amount
of the one or more heavy fractions in the base oil is less than about 10 wt.%, less than about
5 wt.%, less than about 2.5 wt.%, less than about 1 wt.%, or less than about 0.1 wt.%, based

on the total weight of the base oil. In still further embodiments, the base oil comprises no

heavy fraction.

[0025] In certain embodiments, the lubricating oil compositions comprise a major
amount of a base oil of lubricating viscosity. In some embodiments, the base oil has a
kinematic viscosity at 100 °C from about 2.5 centistokes (cSt) to about 20 ¢St, from about 4
centistokes (¢St) to about 20 ¢St, or from about 5 ¢St to about 16 ¢St The kinematic
Viséosity of the base oils or the lubricating oil 'compositions disclosed herein can be

measured according to ASTM D 445, which is incorporated herein by reference.

[0026] In other embodiments, the base o0il is or comprises a base stock or blend of
base stocks. In further embodiments, the base stocks are manufactured using a variety of
different processes including, but not limited to, distillation, solvent refining, hydrogen
processing, oligomerization, esterification, and rerefining. In some embodiments, the base

stocks comprise a rerefined stock. In further embodiments, the rerefined stock shall be
7



Greater than or equal to 80 and |l ess than 120. 1|1

. Greater than or.equal to 90% saturates. Less than or
equal to 0.03% sul fur. Geater than or equal to 80
and less than 120. |1l Geater than or equal to 90%
saturates. Less than or equal to 0.03% sul fur.

subst%t?zﬁg?fpeﬁtg{)b?r[‘?ng rﬁ%g%{&)&&e&@r%?liléh\{ngﬁffé&ﬁ% Aontamination, or

ot her base st ocks not
previowalsgded in Goups |, 11, Il or IV

[0027] In some embodiments, the base oil comprises one or more of the base stocks
in one or more of Groups I-V as specified in the American Petroleum Institute (APT)
Publication 1509, Fourteen Edition, December 1996 (i.e., API Base Oil Interchangeability

" Guidelines for Passenger Car Motor Oils and Diesel Engine Oils), which is incorporated
herein by reference. The API guideline defines a base stock as a lubricant component that
may be manufactured using a variety of different processes. Groups 1, 1l and II baée stocks
are mineral oils, each with speciﬁc ranges of the amount of saturates, sulfur content and
viscosity index. Group IV base stocks are polyalphaolefins (PAO). Group V base stocks
include all other base stocks not included in Group L, II, III, or I'V.

[0028] The saturates levels, sulfur levels and viscosity indices for Group I, II and 11T

base stocks are listed in Table 1 below.

Table 1.
Group | Saturates (As determined | Sulfur (As Viscosity Index (As determined
by ASTM D 2007) determined by by ASTM D 4294, ASTM D
ASTM D 2270) 4297 or ASTM D 3120)
I Less than 90% saturates. | Greaterthanor - | Greater than or equal to 80 and
equal to 0.03% less than 120.
sulfur.
I Greater than or equal to Less than or equal | Greater than or equal to 80 and
| 90% saturates. t0 0.03% sulfur. less than 120.
I | Greater than or equal to Less than or equal | Greater than or equal to 120.
90% saturates. t0 0.03% sulfur.
IV | Defined as
polyalphaolefins (PAO)
\Y% All other base stocks not
included in Groups 1, II,
I or IV
[0029] In some embodiments, the base oil comprises one or more of the base stocks

in Group I, I1, III, IV, V or a combination thereof. In other embodiments, the base oil
comprises one or more of the base stocks in Group IL III, IV or a combination thereof. In
further embodiments, the base oil comprises one or more of the base stocks in Group 11, III,

IV or a combination thereof wherein the base oil has a kinematic viscosity from about 2.5
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B. Biodiesel fuel

[0039] The lubricating oil compositions disclosed herein generally comprise at least
one biodiesel fuel. Any biodiesel fuel which can be used to power a diesel-engine in its
unaltered form can be used herein. Some non-limiting examples of biodiesel fuels are
disclosed in the book by Gerhard Knothe and Jon Van Gerpen, “The Biodiesel Handbook,”
AOQOCS Publishing, (2005), which is incorporated herein by reference.

[0040] ~ In some embodiments, the biodiesel fuel comprises one or more mono-alkyl
esters of long chain fatty acids derived from a natural oil such as vegetable oils or animal
fats. In other embodiments, the biodiesel fuel comprises one or more of methyl esters of
long chain fatty acids. In further embodiments, the number of carbon atoms in the long
chain fatty acids is from about 10 to about 30, from about 14 {o about 26, or from about 16

to about 22. In further embodiments, the long chain fatty acid comprises palmitic acid
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EN 14103d Density at 15 C kg/n8 860 EN | SO 3675 or
EN | SO 12185. Viscosity at 40 Cmf/s 3.5 - EN I SO
3104 Fl ash point C > 101

(C16), oleic acid (C18:1), linoleic acid (C18:2) and other acids. In still further
embodiments, the biodiesel fuel is derived from esterification or transesterification of com
oil, cashew oil, oat oil, lupine oil, kenaf oil, calendula oil, cotton oil, hemp oil, soybean oil,
coffee oil, linseed oil, hazelnut oil, euphorbia oil, pumpkin seed oil, coriander oil, mustard
seed oil, camelina oil, sesame oil, safflower oil, rice oil, tung oil, sunflower oil, cocoa oil,
peanut oil, opium poppy oil, rapeseed oil, olive oil, castor bean oil, pecan nut oil, jojoba oil,
jatropha oil, macadamia nut oil, Brazil nut oil, avocado oil, coconut oil, palm oil, Chinese
tallow oil, or algae oil. In still further embodiments, the biodiesel fuel is chemically
converted from natural oils or rapeseed, soya, jatropha or other virgin biomass, UCO (used-

cooking oil), MSW (municipal solid waste) or from any viable fuel stock.

[0041] In certain embodiments, the biodiesel fuel disclosed herein comprises a
biodiesel fuel that meets the EN 14214 standard, which is incorporated hercin by reference.
In other embodiments, the biodiesel fuels disclosed herein meet some of the EN 14214

specifications as shown in Table 2.

Table 2.

Property Units Lower Limit Upper Limit Test-Method

Ester content % 96.5 EN 14103d
: ENISO 3675 or
[} 3

Density at 15 °C kg/m: 860 EN ISO 12185.
oscosity at 40 mm?/s 3.5 | : EN ISO 3104
Flash point °C > 101 900 ISO CD 367%¢
Sulfur content mg/kg - 5.0 -
Tar remnant (at
10% distillation % - - EN ISO 10370
remnant)
Cetane number - 51.0 10 EN ISO 5165
Sulfated ash 0% ) 0.3 SO 3987
content
[0042] Generally, a pure biodiesel fuel that meets the ASTM D 6751-03

specifications has a B100 designation. The ASTM D 6751-03 is incorporated herein by
reference. In some embodiments, a B100 biodiesel fuel can be mixed with a petroleum

diesel fuel to form a biodiesel blend which may reduce emissions and improve engine
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900 1 SO CD 3679e Sul fur content ng/kg - 5.0 - Tar
rermmant (at 10%distillation remmant) % - - EN | SO
10370 Cetane number - 51.0

performance. The biodiesel blend may have a designation “Bxx” wherein xx refers to the
amount of the B100 biodiesel in vol.%, based on the total volume of the biodiesel blend.
For example, “B6” refers to a biodiesel blend which comprises 6 vol.% of the B100
biodiesel fuel and 94 vol.% of the petroleum diesel fuel.

[0043] In some embodiments, the biodiesel fuel disclosed herein is a B100, B95,
B90, B85, B80, B75, B70, B65, B60, B35, B50, B45, B40, B35, B30, B25, B20, B15, B10,
B8, B6, B5, B4, B3, B2 or Bl biodiesel fuel. In other embodiments, a B100 biodiesel fuel
is blended with one or more mineral diesels wherein the amount of the B100 biodiesel fuel
is about 5 vol.%, about 6 vol.%, about 10 vol.%, about 15 vol.%, about 20 vol.%, about 25
vol.%, about 30 vol.%, about 35 vol.%, about 40 vol.%, about 45 vol.%, about 50 vol.%,
about 55 vol.%, about 60 vol.%, about 65 vol.%, about 70 vel.%, about 75 vol.%, about 80
vol.%, about 85 vol.%, about 90 vol.%, or about 95 vol.%, based on the total volume of the
biodiesel blend.

[0044] In some embodiments, the biodiesel fuel is used to power conventional
diesel-engines designed to be powered by petroleumn diesel fuels. In other embodiments,
the biodiesel fuel is used to power modified diesel engines designed to be powered by

natural oils or other biofuels.

[0045] The amount of the biodiesel fuel in the lubricating oil composition can be in
any amount suitable to obtain desirable properties such as biodegradability and viscosity. In
some embodiments, the amount of the biodiesel fuel in the lubricating oil composition is at
least about 0.3 wt.%, is at least about 1 wt.%, at least about 2 wt.%, at least about 3 wt.%, at
least about 4 wt.%, at least about 5 wt.%, at least about 10 wt.%, at least about 15 wt.%, at
least about 20 wt.%, at least about 25 wt.%, at least about 30 wt.%, at least about 35 wt.%,
at least about 40 wt.%, at least about 45 wt.%, or at least about 50 wt.%, based on the total

weight of the Tubricating oil composition.
C. Lubricating Oil Additives

[0046] The lubricating 01l compositions disclosed herein generally comprise at least
a metal phenate. Any metal phenate that reduces or slows the build up of engine deposits
can be used herein. In some embodiments, the metal phenate includes salts of alkylphenols,

alkylphenol sulfides, and the alkylphenol-aldehyde condensation products. In other
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about 15 vol . % a&w«t/‘ 20 Vol . 9 out @g yol . % about
30 vol.% about 35 vol.% about 40 vol . % about 45
vol . % about 50 vol.% about 55 vol.% about 60

vol . % about 65 vol.% aboug 70 vol . % about 75

vol . % about 80 vol . % 85 vol . % about 90

vol . % or about 954 Hgageﬁf@blthe total vol ume
6 .
,b%ﬂﬁ enbodi nment s,

of the biodi eseR® : _
the bi odi esel fuel used to power cony@ntional

9

wherein each of RY, R%, R?, R*, R® and R® is independently H, alkyl, aralkyl or alkylaryl;

each of M', M? and M? is independently an alkaline metal; and n is an integer from 1 to 3.

[0047] In some embodiments, the alkaline metal is beryllium, magnesium, calcium,
strontium, barium or radium. In other embodiments, the alkaline metal is calcium or
magnesium. In further embodiments, the alkaline metal is calcium. The value of n
generally depends on the particular metal involved.

[0048] In some embodiments, each of R!, R% R*, R* R’ and R® is independently an
alkyl group. In other embodiments, the alkyl group comprises at least eight carbon atoms.
In other embodiments, the alkyl group comprises from about 9 to about 22 carbon atoms. In
further embodiments, the alkyl group is a straight alkyl group. In still further embodiments,
the alkyl group is a branched alkyl group. In some embodiments, one or more of the phenyl
rings of formula (T), (IT) or (T1T) can be substituted with one or more polyaromatic rings such

as a naphthyl ring, an anthracenyl ring or a phenanthrenyl ring.

[0049] In some embodiments, the metal phenates are prepared by reacting one or

more phenolic compounds with a metal base in a low viscosity mineral oil at a temperature
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di esel -engi nes designed to be powered by petrol eum

di esel fuels. In other enbodi nents, the biodiese

fuel is used to power nodified diesel engines

designed to be powered by natural oils or other

bi of uel s. [0045] The anmount of the biodiesel fuel in
from At DSIBC k€ IR I6OPE, LPBRARE bh B CAHVRS of thedN¥aPBHRE NN some

suitable to obtain desirable properties such as
embogingaésy theddioholic sompaind ice baverthe farmubnd¥):enbodi ment s,

t he anmount of the biodiesel fuel in the lubricating

oil conpositionis at le about 0.3 wt.% is at

| east about 1 w.% at |gast about 2 w.% at | east
about 3 wt.% at | east t 4 wt.% at |east about 5
W.% at |east about 10 w-ll%7 at | east about 15 w.%
at | east about 20 wt. % | e p%)about 25 wt.% at

| east about 30 wt.% at | east about 35 w.% at | east

about 40 wt.% at |east about 45 w.% or at |east
wheredp oig tH, Btk yiwtaralky lsg ségy 1ol t insomstembodineyits, thuf phehgl ring of formula

| ubricat.ing, o0i] conposition. C .Lubricating O .
V) it o B R b 5P of Pt sty Fipccnyt ring or
phenagiils@lydsiad. herein generally conprise at |east a netal

phenate. Any netal phenate that reduces or slows the

bui | d up of _engi ne dePosits can be used herein. In
[0050L o e e MberataifbpR OGRS Hibe apctalibsnates arp prapaed hygpadingfone or

. . f.i .

oo P S LI G M s o

embodinfratii spmmstricalhectabplanaehénat B isd Rvef forseld (Hiaththa same; R

ba suc S nmetal hydroxide.or a al oxide. _In

and REGE Do db 3 RS o R %ﬁ'@ﬁ&t@t{bﬁfg Eroemy) are prepared
. - LR ; I . _ |

oy AL AR Sl VMRl RISAE, SR b

unsyngh@ripl imdtalphei@es @g./R- ar@RQ(dﬂﬁ)nmda (1) are different; R® and R of

formula (II) are different; or R and R® of formula (IlI) are different) are prepared by

reacting two or more phenolic compounds with an alkaline metal base. In still further
embodiments, the two or more phenolic compounds react simultaneously with the alkaline
metal base. In still further embodiments, the two or more phenolic compounds react

sequentially with the alkaline metal base.

[0051] In certain embodiments, each of formulae (1), (11), (III) or (IV) is
independently further substituted with one or more substituents selected from hydroxyl, a
thiol, carboxyl, amino, halo, alkyl, acyl, alkoxy, alkylsulfanyl, alkenyl, alkynyl, ester,
amido, nitro, cyano, sulfonate, phosphate, phosphonate, heterocyclyl, or aryl.

[0052] The phenolic compound of formula (IV) can be obtained commercially or
prepared by alkylating phenolic compounds with olefins, chlorinated paraffins, or alcohols
using catalysts such as H,SO4 and AICH;. In some embodiments, the catalyst is AICk for
atkylating the phenolic compound with a chlorinated paraffin in a typical Friedel-Crafts
type of alkylation. In some embodiments, overbased sulfurized alkylphenates are prepared
by a overbasing process comprising the steps of (1) neutralizing a sulfurized alkylpheno}

with an alkaline earth base, such as calcium hydroxide or oxide, in the presence of a mixture
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0C) RS0 R6 wherein each of RI, R2, R3, R4, R5 and R6
is independently H, alkyl, aralkyl or alkylaryl; each
of M, M2 and M3 is independently an al kaline netal;
and nis an integer froml to 3. [0047]1n sone
enbodi ments, the alkaline metal is beryllium
of a difRIHAGS], HAMIKGBpSlybylricSdlEcHol, isueh addakylems ghycdl aehichs ih B mixture
~other enbodinents, the al kaline netal |s calciuymor .
with alpelple giatemand sedimenteandhalilgiiprsn {2 cathraatiiadhs resgtionmpyture with
.18 calcium |y :
c, i e Ehror blds B BT a) PR GR AL RAT SR bl Ao men
The aIRjil’phel(ﬁjlafte &in, beRZeatdd3ithBdbefofe, during, or subsequent to the overbasing
tc and, R6 is. independently an al kyl oup..ln othe
process Y8 lowgrcdain qaeboxy g peigy %!GE a3 §RHHS %Cgi; agﬁy¢g§§g aéﬁﬂé fhereof.
carbon atoms. In other enbodinents, the alkyl group
[00s3F 0P fESontd GAbRRABALs rf é%;ci@ég%lftthe%%eﬁ%é&@ QvétAEtheotdfical

urther enbodi ments, the alkyl group is a straight .
amourd syeqgredup fotmthetnokmalf phenifes. X mpagsibrisrio $orm the satoeljed basic

ki gheBpresoBeste kg pRb AL e P and TEs G
stoichRimdtiid flarfidNofiget bt el prtsfledbdcbrdfeiodino@I iRerature methods.

pol yaromati'c rings such as a naphthyl ring, an
ant hracenyl ring or a _phenanthrenyl ring. [0049]1n .

[0054k0ne e RpedaanimBporiant fustian obtie Atielac-saEh prepahalejyacid
neutrag%ﬁf&rﬂ, R ; {B‘?Bv&%tiSEPBFe){%Q%%%Jsé ﬁm? ﬁﬁ?{ﬁ%ﬁaw oVRE @ldistinct
ase rnalowviscosity mneral oll at a fenperature
advanfapo Bvattae ne2-fiee tphe@ia tin 26fhe Embdéipemdi, basiophdnhates can also be
reactivity of the netal base. |n, sone_.enhodi nen
t

ts, .
prepated drogh i giProl s8I Ein dhis AP R DIEH A 2o pjiraliggtion
Cqﬂﬂ%ﬂﬁg@??%mkﬁmﬂﬁﬁgikyl’ aral kyl or alkylaryl. In sone

nts, the phenyl ring of formula (1V) can be
substituted with a pol yaromatic ring such as naphthgl
[0055} i ng, éienmﬁy;ewytbasw@k@lmemethmtﬁn%nwte& ¢andpe defined by the

amou%?oggo I%ﬁ%g@gﬁ%ﬁ? ga:,qg)‘:i"(g e, nhs%mréeetm%odprplgnqgtaedsete%eent can be
labeled by its TBN (total base number), e.g., a 300 TBN synthetic sulfonate. The TBN of a

sample can be determined by ASTM D-2869, which is incorporated herein by reference, or
any other equivalent procedure. Base number can be defined in terms of the equivalent
amount of potassium hydroxide contained in the material. For example, a 300 TBN calcium
sulfonate contains base equivalent to 300 milligrams of potassium hydroxide per gram or,
more simply, 300 mg KOH/g. Generally, the degree of overbasing depends on oil
solubility and filterability.

[0056] The amount of metal from the metal phenate present in the instant lubricating
oil composition is typically at least about 1000 ppm, or at least about 1500 ppm, or at least
about 2000 ppm. Generally the present lubricating oil composition will contain up to 5000
ppm of metal from the metal phenate.

[0057] The alkaline-earth metal phenates useful in the present invention should have
TBN's of from about 40 to about 400, from about 200 to about 400, from about 100 to about

300 being, or from about 140 to about 250. Some non-limiting examples of suitable
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nore phenolic conpounds with an al kaline netal base

such as cal ci um hydroxi de. In other enbodi nents,

symetrical netal phenates (e.g., Rl and R2 of

formula (1) are the sane; R3 and R4 of fornmula (I1)

are the sane; or R5 and R6 of formula (l111) are the
comneadiE)y aaflalfle phaiags Hayinpdagh TBY mokde baoiahi shepowrp oithdbe

with an al kaline netal base. In further enbodinents
followipg prapsttics and avablable frva the heveen QroniRCompankl.I4f, San Ramon,

Califd;rgi%@gilsa/f) Chibindl 8 41% &E gk%rﬁﬁ) a(jsdszA c&lElzJH’ ?’H% Quifde! 147

erent; ormul a
TBN)d'(Qf 18% em]bl)unaﬂé% B&];ﬁm; éﬁlO BB N)earcti 21586 talaumg 21’4% sa.llfur 320 TBN).
p oli.c conmpaun h an al kal.i ne base, In
OtherFoprlmife ERERPIEN MO, CemriHEang Y R BRI include
LUB}@[Q@LOWNZ%E;IEM@S%‘ GaHR! Ys0MBR):UNEBRIAEL. 6560 (7.2%
metal base. In stil[ further enbodiments, the two or

calciung 26% helfio] 20 EBMyourlddBREAQL 65 (G8bicalehym. i 3% sulfer, 190

TBN)e lfgﬁ %fﬁ tgsgaa:r% Sym[%?e?%&m%? ﬁr l:t)ra ) FI%%())? dtiéorrrleoqi\ﬁ'ickﬁffe,
Ohic.l ndependent |y further substltuted Wi th one or nore

substltuents sel ected from hydroxyl, a thio

boxyl ,. am no, hal o, alkyl, acyl, alkox

[00585| kyI s Qpﬂan@lly,, the lublﬁgﬁnngaﬁmenosﬂ@gmy fUHK?Id?@mpﬁllS‘F ploeast an
s P ot PR o BSG) SGTRIST o s g o
desuabw propeaty( df\the ibriciengadit ammltﬁmnm?rr)cacmhim kaowarie papesdn of

aIIcyIatlng henol i c. conpounds Wi th o] efi
ordm%ﬁ Pl iR At pay Br ipedin g Tunegiing CRETRAGIORE Q}Sﬁ@ﬁ%d herein.

dd:
Some%Hﬁ%ﬁlggc%d?\?@zif%? geeﬁ C;i'll e;sl"lg t?\{i’(%igelf Lt zl§tgy ER® Technology
of Lulmnmts‘u‘rﬁld/ﬁldmom LonHom,i Spainger, PEROA);fand LieslicaR t Bpdreed, “Lubricant

Fri Ciaft e .of .al kylatjan. | nme .
addielyeds S Bt Rty NPV b Qs DPHE (2003 byirgof which
are m&frﬁ&@feﬁche t ¥9é{§1reﬁé’e9| RGoRIRHERAiBIR TheSAdistiden@n Bk 8BS cted

ra

neu izing a sulfurized alkylphenol W th an
from thle lgmupn@n@afmgpfkm@emdgu@mwe@aaggn@ndﬁymm; ryet ighibitors,

n the resence.of .a yt.i on
comufffierS it S B RS RORF el bt B oo dbagfibfiovers. pour
point ﬁépt@s%hntg\gffb@h ihiibitérs AmbBiakdescevarbishdisha g, corveifi@f indititors,

sedi nent, and halide ions; (2) carbonating_ the
hubrictty amproyarspihgru stapility QP Ve, dHEhizeadditives. dging inhitjtors, dyes,
markésrg gfa}trlg ?Ekg p%%és, gﬁ}?ﬁé’g ﬁgd @Jt)l‘}e‘ig%g{rl]o sgh%’r?gatlﬁggﬁér% ﬁ:[%dconcentratlon
of eacheff ciceaddétives [tgthe dubrivatiag qil eninpbsitid @vmelsélﬂsmayg'ange from

ocess wWith a n. car boxyl
aboutgltoé)érwtc/ ode ﬁlaoutéﬂwgﬁ aenghod GO Hrenbon s 1"’6%; i f frgm about
E&Jﬁ% % '9{:'( Pasc@bnRKE fora \%%ﬁthﬁ ﬂf@lﬁﬁﬁce{?ﬁé%ﬂ%\éﬁ{posmon
eoretical anpbunts is required to formth
Furtha:roﬁmﬁbtabdmmalt ef thelaﬂdltsfepus&e bllmcmmg oit mmpxsltsm way tasge from

o e A PRG54 AT G55 e, o o o

0.1 wB%:ab @Bb@ Bk 9.C bakdadhithy/tofdl w@gmlofﬁ@numaﬁhg BAcBhposition.
accordlng to known literature methods. [0054]Because

i mportant function of the al kaline-earth netal
[0059bhenat dhe dubiepidngeil corapesitien diclosadedierai earpetionplbn cemprise an

anti- V\%éxc %5 ?1%? &an! @%&éfﬁ%@cgl} e%[c%&%‘ﬁel \p?cﬁ‘ L8 g\é}éﬁ—gge%r agelnt known by

a perSSﬁ ﬁEoﬁlﬂi’Q@jﬂh »rs]lfmmlh the afafa@ggz bp h@aaiah else maﬂceahlg@ﬂhmnq:roemane ton-
t he phenal sul fides.

1Hmt%ﬁ@mnl%s Qffsusighl f-awﬁé&t@%@%&?ﬂp@ﬁd‘taﬁ%é}wpwpb% metal (e.g., Pb,
phenol sulfides. [0055] Generally, overbased
al kal i ne-earth netal phenati€s can be defined by the
anount of total basicity contained in the product. In
some enbodi nents, a detergent can be l|labeled by its
TBN (total base nunber), e.g., a 300 TBN synthetic
sulfonate The TBN of a sanple can be detern1ned by




oil conposition is typically at |east about 1000 ppm
or at |east about 1500 ppm or at |east about 2000
ppm GCenerally the present |ubricating oil
conposition will contain up to 5000 ppmof netal from
the netal phenate. [0057] The al kal i ne-earth netal

Sb, Mp hed eHeBe) Sifs Wi dithicbhesphaes@ptal {dw 7, IRbI;] SBJ’MU ladd isaidke) salts
TBN s of from about 40 to about_ 400 é%ﬁylg ut. 200

of dithiesaghsenste. sutal (¢-LornaBBuD amstibe fraksalit o BT
comp%@g%%ggh% ejeé%lx%, %B?&Sﬂlﬂ% ggrr@rlt%? %Ilﬁg%%aﬁ@& Ho ﬁdri'?:glmd esters or

|'e phenat es
thiophlogphonig abidgiteTBiactich prbelucialof dwyclpparwmerc amdttlmoph@phonc acids

foIIovmn pr petles an%t%allablefromthe evron  o.01
and campbjpiitoss AT CRLASCTOPRY {8 Igggbou

wit.% ﬁa%bghé%t A %réh?‘ Jult' E) OSJ\AlE%Tgﬁ%out (35)\1{4%%10@61{5 labdat 021 4¥94 to
7 1B (9.25% cal cium 3.3%sul fur, 250
about TBN)%, tmseq dﬁtlﬁ%ﬁathlgbh@f the hfrisatiigei] c@rEE SItIQBlI\I)SOHle suitable

snti-wEp e e OIS BT ALES s ek BT LA S CAGUTY: Sos

Chemﬁ'ﬁ#v Ghi Mpp 1335%%% S Wehh1¥ ork? MarddM kb BRYAELS, 2O 1232958 (2003),
calcium~ 2.6%sul fur, 200 TBN); or LUBRI ZOL 6501

whlch(lﬁms%p@aat@i bavpinby3efesaniceur, 190 TBN). All of these
phenates are available fromthe Lubrizol Corporation
FWeklid | | | Cthjdicarbyl

onsof! ¢St P och RRLRLAAD A ot i R S

dlthloplﬁiﬁphaw ehetd] salt,soch &d Anc (iatkyd ditbibplessphies cgnpdmnlsaéfhe metal of

addltlv that can inpart or inprove any.desirable
the dilypprar d@fmph%snha\srm%talﬁaﬁgn%f e 59T E\ﬁ@hmetal or

alu:mn@tﬂg lgéd’ ‘1?161 %g&@ﬁﬁtrﬁﬁ{éﬁﬁkeoﬁwﬁél% Q@ﬁﬁér ski éolmé dnbd¥ments, the

ricating oil conpositions
metal @h zmd om&dhdre:nﬂ:lommﬁmmhesalkylagrb@ alddie dibydwchdybditdephosphate

rtal i FFORe AP 10 BRI Grsi ATBRab: AP dgapoul 18 caibon

atoms{ #83%bouN dHRal 1?cﬁbo&i@ﬁisc(lﬁ‘ froth lébédtgﬁtﬁtab&ﬁdﬁ dak¥@Sdtoms. In
Chemi stry and Applications, "“New York, Marcel Dekker

furthet @00@Jimchist the ofkyhiiasly iskacaroe brapehesk ed herein by
reference. I n sone enbodi nents, ot he additive can be
el ect fr
onot2, 2oL 59 SERMATEBRYBEFRS! U0l A0 Lo dat g i
zinc ditgIoH ldsthfopBbsphafersaltd inahe hbdichiigy il comipdsitidndistiosed abrein is

addi tives, VISCOSIty i ndex i nprovers,
measmcbbjé%ahﬂ%) hospharHsicRRICHE- t%@gmeﬁé%bsﬁ%@g%ﬂ?e\@ﬁaﬁ’q?sphms
contetgt o?rﬂ?erlﬁﬁﬁ&ﬁ Ao ﬁgh%cﬂis&@ﬁ&em i8 BGhLAHOYN 0.01 wt.% to about
rovers, {fer mal 'sta 'ty I nprovers, anti-haze
0.12 w&%; fromezbouﬂ o hgt Moo dhiotrod.$0 wdyesr froar &eus (.02 tvelt ¢o about 0.08
WO di ssj paters, 0 d conbi, atlons thereof. In
Aadjéﬁf‘é}r% e fqfal W@ﬂﬁté%t‘ﬁ%ﬁi%ﬁlﬁatg’fg LR e addi ti ves
in the lubricati ng oil conposition, when used, nay

[onszgange % g a{a@&hmgn@@ﬂe PHos cﬁ'@usa&rﬁt&lt dﬁhwdub%caﬁﬂgom

bout 0.01 w.%to about % or from about O.
compogition h@elab@ﬁmmzaf@uw Odgo 6@%@%6}@5@4@ thetaial W@g@mfﬂ@ﬁ

e SRR GETRTRIER, LD yt D

lubricEQREPEi$ téh pokitidyhdréiR ge frbiaBoab® 0t 100.00 ithba%d ¢n theaorl weight
20 wt.% fromabout 0.01 wt.%to about 10 wt.% or
Ofthefhﬂbﬂﬁaﬂbﬁeﬂ COMPOFIIONs t 0 about 5 wt.% based on the
total weight of the lubricating oil conposition.
[006351 0059] ‘e ‘iﬂ%’l H&hﬁg ﬁé@ ARded1i QR nily 35! d in accordance
erein can optio I'se an anti-wear agent
with kdo&in tectmiqued hy é‘lrsﬁtrfonnmg ] ch]nwﬂrmlasl ditvephesphorigmgid (DDPA),
anti-wear agent known by a person of ordinary skill
in the art may be used in tl8e | ubricating oil
conposition. Non-limting exanples of suitable
anti-wear agents include zinc dithi ophosphate, netal
(e.g., Pb, Sb, Mo and the like) salts of
di t hi ophosphate, netal (e g., Zn, Pb, Sb, M and the




[0062] I n one enbodi nent, the phosphorous content of
the lubricating oil conposition herein is from about
0.01 to 0.08wt % based on the total weight of the
| ubricating oil conposition. In another enbodi nment,
t he phosphorous content of the lubricating oi
usuallg BYREKIhE 0fc BEmeteblatcdhblMnd PAbiol k. BMmpbondd. wizh W4Sband then
ased on the total weight of the lubricating oi

neutrabigimgdie formad DTYYS sfithirecoamneyiad of thetyataldpuchias phogjsieaktroxide
or carftafl oL hneflRY 1 BnP! SR eh aglﬁg)gadﬁggg%}ﬁqaagb# RXing

echni quées by TI1Ts mng a dro
mixtufs olf bﬁﬁiaqsmfdkﬁt’eb@}caﬁyhﬂlccﬁﬂﬂhﬂgdth ﬁ’z&s lll_ﬁ lother bmbbdigmh'tsp gf]o or more
. .one_or more of al cohols and phenolic ¢o und t
dihydogaghy bithierhosphasisacidsicsn ke Pf%@eﬁﬂmﬁﬁs%g&mwgwps on one
3 - a) I
are englge'ri% Qééﬂgdﬁg %ﬁ Jtﬂjrarmér%fl _ﬁ%%%@g (5)9 On tRY S afleerlirely

onat e ne neta odi ments, a DDPA
primaryeiy cheranted eTlyzine sadtsicagy baiprdparedsrat therdimalrycaad
... secondary.alcohols with P2S5. I n of her enbodi nent .
dithiopigs A 15y GGG PIri PR OpHD AB O ETONHR i, basic o
a neutP ZRIcRBRPBAnPREKE. t R thYHntoalhdtlts, ah QURR. Rr&K8e 8F Earbonate
entirely secondary in character and the hydrocar byl
of zingisospd on the others are entirely primary in
character. The zinc salts can be prepared fromthe
i hydrocar byl dithiophg I,C. ack [ i
ouesf! O R AR Ah 8 o RS et e
produfeiirdira |diadkyl dithipRosphdrit Scids eghrestited bh ésrnrib@ti nent s,
an oxi de, hydroxide or carbonate of zinc is used.
[0064] I n sonme enbodi nents, oil soluble zinc dialkyl
di t hi ophosphat es may pro ed from di al kyl
di t hi ophosphoric acids r esented by formula (I1):
R80OR9 HS/ P% S (11), wpeﬁkhg each of R8 and RO is
i ndependently |inear B8 bra heqﬂilkyl or |inear or
branched substituted al kyl. In sone enbodi nents, the
al kyl group has from about 3 to about 30 carbon atons

e AT IRS H  J0  POF TPy
substifiteidk@d I yorme amibodigheatsc thealls] BEQH han GroRODiduns tdhatRRiS30

where R8 and RO _are as defi ned above. In sone
Cafbo‘éﬁtﬂgﬁi%gwf%gb%?’éﬁab% 8LAPONRPAS e, I n ot her

enbodinents, R8 and R9 are different. In further
[0065¢M0di FRO HakyRB @b ARG IRMHcIR RS Fortl(1B%2R be prelggréiil by

_Sinul tanegusl’y. |n still further enbodinents,
reactiggalcH@BHR f@id @nd W OB WiisB.Ssevheea Ri’ and | afe@o dsfingdahovesin

of . hydroxyl, sal kylb compounds al so .be usegd. Se
some ShPHRTRISLR: Ind KD At R SRR ol e e R aliicts 36 epd € e
differét KWl AeQBPEHPEEmEAs SR and RAOAEB4E with 18 S; simultaneously. In still
diallcyldithjo hosggorlc acids is prepared from

furtheprpmbeditngnts, RIGH.and ROOFEactayith BiSheraustglitydr oxy al kyl

conmpounds, or nixtures of two or nore of the
or ego
006 M RS BREe PARGIL TR ige P ol B wecd, Hhese hydrors
alkyl @nkpydund$ seddalos bé mosieliydredy hlikphecansiundd. dnpomeembodiments, the
i l.cohol . In further enbodi ments, that. single prjmry

dlalkygh%wgwsp@nfﬁsﬂ%ﬁ Prég%rﬁg on} ROgesp s - dREBRHEHDE
polyh}d¥6x? hiRG1 dnfdthhdiol MiLRRQASITRGE &r HiRkd ¥&fle F5:05Bing. In other
embodiments, the zinc dialkyldithiophosphate derived from only primary alkyl alcohols is

derived from a single primary alcohol. In further embodiments, that single primary alcohol
is 2-ethylhexanol. In certain embodiments, the zinc dialkyldithiophosphate derived from
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19 only secondary al kyl al cohols. In further

enbodi nents, that m xture of secondary al cohols is a
m xture of 2-butanol and 4-nethyl-2-pentanol .

[ 0067] The phosphorus pentasul fide reactant used in

t he di al kyl di t hi ophosphoric acid formation step nmay

only s@&iﬁﬁ@ﬂy&ﬂ@ﬁ lalcdhOlsa MR AiHher Shbedighets, tHaf MixahreRZ S8oonB4$Ilcohols
P4S9. Conpositions as such may al so contain

ISaInmmﬁﬁpfgﬁwuwpéa@#41R&&§déhpﬂﬂﬁn0 1 n certain enbodi ments,
t he phosphorus pentasul fide reactant is substantlally
ree o
07| o o6l e SR B o B0 RS By Al
acid f@‘uﬁﬁbﬂ@iep &hhdy}bohtﬁec@faiﬂ AR ewsE bf tiic o NG PHSL RES;, P4S7, or PySe.
present invention, the sulfated a%E cont ent of t he
Comppaflaliis 3 el BaY Bl coPRILBIReE emouBis of freg Fulfiss dn seR 5
embod}f{nel{ﬁs %E SHQ g)léhtag’ul%e Hacht ﬁ%ﬁﬁsﬁﬁﬁﬂ? ﬁ%e%m@ off,S,, P4Ss,
nmost  abodt vvt./qoratm)sta ut 1 w
P4Ss, anda&ﬁg ehh ccemranbglinentAIad/ BB Pphorus @@ﬁﬁs]lﬂfmla mnta‘hmtw
th brl t|n oi | conposition disclosed herein can
subs H;{ -an addi tional detergent. Any
conpound or a m xture of conpounds that can reduce or

[0068F! OW t iethB BidsentURvetiof ek BRLAEP M dohitenfof e tdigladbdsitiag oil
detergent. Some non-limting exanpl es of suitable

compaiticsrigahmestiaheriet o pymperabausth és, wlmesl about 3 wt.%, at most
UGG r CCi
about 2 r‘ét} AT pg)lét ahou EE tv&f’/gﬁag]ngeglg%rgﬁ a@coaéﬁ%g]tcpﬁgm P74
polylsobutylene am ne succi nam des, aliphatic am nes,
[0069MaNni cOphasdly, thie lalricadag ail @oﬂprs&ﬂbﬁﬁlsﬁloé@i lgerein can further
pol yi sobutyl ene) mal ei ¢ anhydri des. Sone sui tabl e

comp%ﬁﬁ@@.aﬁflmoa@ deirEFie ARY cARPORRL % 3 BeUTE Pl eaen tha can
P d _

rduc AL R (ERAR 3876, uEAORSTRRLLAACS A ron

11m1tm@‘xam@luse:f sritabdodaterg s dlcﬂmi@t}mlydld:ﬁm sjﬂﬁwmgadrsucclmnades or

Succinﬁslﬂ% SUbSt%’E E‘fﬁ?ﬁ%ﬁ%ﬁ ‘Pfgenﬁ gﬁgﬁl‘?‘%’ﬁqfﬁs () polyisobutylene
%ii@d"ﬂ%ﬁ% @fa;l & Manﬁieﬁlﬂaéal & B8R B8 Pblyolefin

amlneaddltlveg |ﬁ§?ﬁ%§&%%6él and F7685 (avallabﬁgyofgw#eg

polyisphitylgaehmaleicrinbydrides) Samg sarabla 3@omipidealciengings fre dpscribed in

GB9oET PPN b Ofoo R TINET §61s, FP 5760 A6 TR 42808, all of

whichiafCindei@ofadd heréin®s roferamds Uid sonhz@fb@likyhts ahe détsgpy is a
phenat es, al kyl _or_al kenyl aromatic sul fonates,
polyolﬁﬁn selstituged sushiaiesle syeh aunqlyisebuylennsigemimidg e §omemgn-limiting

I i
exarnﬁ@sl &fgbaﬁ%némg{li {Qf%?féa ﬁe@%é&?f aﬂ&)igly%!xlésg@% g?é)lnﬁltd 17685 (available
from Iﬁﬂhémahﬁ&en, NLI} fut OxeAd 4@30]31 (suilbble fadOalekgbrporation,
al ken napht henates, netal salts of al kanoi c aci ds,
hﬁmﬁm%?éﬂxghlts of an al kyl or alkenyl nultiacid, and
chem cal and physical m xtures thereof O her

[00700Nn- | i Ghhk BOn EXATRE ESanlesS sﬁlﬁ%@ nréemlete?ge&@ﬁﬁﬁfae Sulfurized or

I ncl ude netal sul fonates, salicyl ates, phosphonates,

unsulfutizesistiod phoanesphenates olityl naalkomd atmte:cﬁﬂﬂftﬁmes;@tmlted

b | ble f ,
sutfon R saip e FrodinaBiiet i <ol of U ER o r PR F gy aromatic
compdhasRIIes oPhlkes haBioky bt dulhiide salf@ldd orRhallfuwized alkyl

al kaline netals and transition netals. In sone

or alkesybpeiththamates, mefal sl af alkanade aciflg, metal salks of\g alkyl agalkenyl

B T T T

suitablermdthlade@dtberds iolute nletilGuEbaiiés, Salilyldtes, pliosph@ixapout
0.1 m.%to about 1 wt.% based on the total weight
of the lubricating oil conpdsition. Sonme suitable
det ergents have been described in Mrtier et al.
"Chem stry and Technol ogy of Lubricants," 2nd
Edi ti on, London, Springer, Chapter 3, pages 75-85
(1996); and Leslie R Rudnick, "Lubricant Additives:



[0072] I n certain enbodinents, the lubricating oi
conposition disclosed herein conprises an anti oxi dant
that can reduce or prevent the oxidation of the base

oil. Any antioxi dant known by a person of ordinary
skill in the art may be used in the |ubricating oi
thiop sict b coMBiRalibhy thérddf, EXRT18ISca8 be Bl hddddl Quitable for

anti oxi dants i nclude am ne-based anti oxidants (e.g
making| sn&fpn@ﬁ:, Rlegsata oF pb@phgwéﬁwe@entﬁablwnﬁynm ﬁéamﬁlﬁwf suitable

metalsa ltah(éll melf?q]g,tal.lt eln% Gé?ﬁl? a1¥(i trgna &h&lh%isarﬂl sothe embodiments,

the mét@ltlsajam/lgde,l IﬁpNaqgild@m@enmkeam ne and the like),
phenolic anti oxi dants (e. g , 2-tert-butyl phenol, 4-

met hy 6-di-tert-butyl phenol,
[0071p 4 6 ﬁeperp]éy,tt %amypla yﬁ}éﬂ etergent is from about 0.001 wt.% to about 5

%,%mﬁl Mok gr0t5 WM B '? e&@% 0 &g%&&rd 1 Wt’/%/{ooeﬁ)%ﬁp wt.%,

4" - et hyl enebi s- di -tert-butyl phenol),
based 4:1’141’16 totul wmg](c 6f the—ltlhnctatlbg; billcomppesoh.) Samel stibabld detarpents have

been iR Viraer 4 i ook BPBHTL A Lechugiogt pf LigiogenGndddiion
Londdd Sbﬁ’ffge‘ﬁl %fﬁa%te’i‘ nd pﬁéla‘?; 75 L@ 09N SPDEN S WS TRARRY, “Lubricant

anti oxi dant s .? ites and the |ike zi nc
Additiggst Iﬁhepmmdt@p zgamar@olw & odo pylercelddvibout p@hél pages 113-

R R

about 0.05 wt.%to about 5 wt.% or fron1about 0.1

[0072JM . % t th @it erdbodim¥nts Pas eebrivatihd6il b@hp(bsmﬂﬁi cﬁbﬁlos@:ﬂ herein
the lubricating oil conposition. Sone suita
comprigss P ARtiRAEaNt HEM cabrERCRIREFY S Hhei ridadion |0éthR base oil. Any

antlox%ﬂ i l();h&' Béfsﬁggf Q‘%@%’& k%r Cefhgg{?ﬁ% Bé’ qn éhre l}ﬂl’mcatmg oil

compqmgms Noem2Bm{t2R03amphsi af Buitshle mm:txpimnatmduﬂremma Hayed
er ence 073] I.n somre .enbodi nepts, the |ox t

anﬂoxeff?m rle. &mﬁwﬁ 3&@ Jaylaﬁng}%ﬂ DAY e MR G o 5t

SubStlﬁﬁ(t%. fl -2ha nﬁﬁhﬂéﬁ’ﬂnﬁa AR Y T Gy FRARROHRHled. %aﬁfé@h 1-

phenyl - ahapht hyl am ne, al kyl at ed

dlamumchphchmlmnmmarsuhh llhs) ahmolhatae‘dmddgﬁefqg atremebutgiptenol, 4-

methy LAt e e R SR SRR A S R pyreiph -

tert-b IBH%YJ ARehyENEbi 6l 26k -2H-Bery MBI A ARBbES-diste-butyl-o-
one or in combination with other |Uubricating oil

Cresolh@mi the like), FMBHMS%&H&OP@I@W (aey IdalpwE3 Sothesiggionate,

7 S
s 0T SRS STRITMIER s SRt s RS
phosphﬂlt‘fs%raﬁd theelaled), Ahc RthiapkbsPRate,Soil-fndele oot bwmpmdfd@g@m
or_ an aralk group having . fromabout 7 to about 20
combiggticug 6‘Pﬁr%lfo¥rt heamayngabilie atiaoxda 819y varofigm abput.01 wt.% to

about '1%96? 3 ﬁﬁ{ Car(@gWA)k%labgﬁt%h ¥f ﬁgmfalgB{R PP % o dfdut 3

n atons; and ea
wt.%, bagdpartie tutdl ywdght f tik lubnca'imgmlbwmt@dnmhaﬂoak shpatde

R T T R T -
and AFRERLSHs, RN AN rR2Mascel DARRS n@ﬁ‘iﬂtér El%e%l lkyé 209} Kvhich is

contai ning from about 4 to about 20 roma out 4 to
incorpoBited hayem dyoeferehceo about 12 car bon atonms, or from
about 4 to about 8 carbon atorrs [0075] I n sone

[0873 U?O;jls sg{nic’e’ en%@oedu%leﬁ ¥| %Ee %ﬁjtlod}él %nsy lr%g]m%%ses Céhgry?amme Some

non-limiting examples of suitable diarylamine compound include diphenylamine, phenyl-o-

naphthylamine, alkylated diarylamines such as alkylated diphenylamines and alkylated
21



l[imted to, bis-nonylated di phenyl am ne,

bi s-octyl ated di phenyl am ne, and octyl at ed/ butyl at ed

di phenyl am ne. I n other enbodi nents, the al kyl at ed

di phenyl am ne conprises a first conpound of fornula

(1) where each of Rl and R2 is independently octyl;
phenyﬁadl Fﬁﬁfalaﬁﬁnes &R donte bfmbaddinlents thetdielatiixoctinifting is ihe

ated di phenyl am ne conprises a second conpound
alkyla‘@:ﬂ fﬁ phentilaging. ) Thendipelassian compeundgpgy Poused alone or in combination

- with oglieir ﬁﬁ)en gt? i cl)el¥ a(gd;%%& 1nau?mg %&E:e S%fﬂmﬁﬂ’% cé»rﬂp%u&ds. In

diphenylan1ne conprises a third conpound of formula
[0074) | ) WhBT éeRinboglimneitythe alig/1d diphénylarhineaceh teaepresdnted by

and y is 1. In still further enbodi nents, the
'fbﬂm4ﬂﬂklated di phenyl am ne conprises a fourth conpound

of formula (1) where RL is octyl; xis 2 andy is O.

In still further enbodi mentis, the al kyl ated

di phenyl am ne conp ound of formula

(I') where R1 is

enbodi ment R, t-he

the first conpo' ] hi rd conpound,

fourth conpound, compound a conbi ggtion

thereof. [0076]1n certain enbodi nents, the anount of

t he di aryl am ne conmpound, such as the al kyl at ed

di phenyl ami nes, in the lubricating oil conpositions

di scl osed hereln Is at |least about 0.1 wm.% at |east
whereaibaigh 0OR2 and R%4s 1aﬂepeﬁdentlydbidmgeﬁ oBamaraligyl gtodpd:asmg from about

0 0
Tto a%é{) ﬁ'gmxboég 7 10 al:]oggié CEgB%IEﬁ até)mg q\ﬁa beﬁe atr l:]r%tgzil{:d alkyl group
havin: ﬁ@fﬁtab%ué"f too/ﬁboﬁf 2@&&5&@%m§bﬁﬂi caeh fo Yad 9@&%&%&&@ 0,1,2,
otal wei ght of the ubrlcatlng oi | conposition.

or 3, pfr@0da thnteat llenst mwtrpmgn@nng c@mpms i} mlkydj gyuipes @dinear or

] G RSB 0 o SR P

group KERRINGE ﬁ&htabslhtastosabaﬁ@zw S Fooit 38 I1@ i fetath aB(bL&MQO abayt 12
di spersant known by a person of ordlnary ski-ll in the

carborpptomgegr fhem ghed 4t abhel § ¢asbonc@lPBg oi | conpositi on.
Non-1imting exanples of suitable dispersants include
[0075F] XN In SUEELAbIUifleshs. b 5&31/&@&#&&@5} e ToRAL et not
her or gani ¢ cofrpoun eny succi ni m des
lunﬂemnﬁﬁisﬁﬂhﬂ@&dﬁuﬁwﬂﬂauﬂmmdnkowmdmn&ﬂqﬂwnghmnnamhdnate or

bori ¢ aci succi am suc |nate e
octylaiegutsISag iR GR R 1) OHIS PSR REn T QLS ey Fiphg e amine
& l tigdndeperill 1;
compel oo SRS GBS G IE S cBfrion
and eaghofgrasi gns 1.oin fiytheacmbodiments ﬂmkalat@bdlahqgf,lamme comprises &
al.i ne-e

secondpham e s Frefeeln & LR, in iyt cach

of x aﬁdfp & 0 ERENTAALS enfiASHERE, Ube SRR rah;ﬂ@ngiuaﬁw Ectirises a third
and conbi nati ons thereof The anmount of

competindpéferanda fRaybererR 08t anbBE ischutrl: and, c%:h @f wgpdy i9b Instill

futhel g e, By e Bty e POBka b oo e formuta
(D) whekd i oefyl:txhie 2l anlryi is 8t iIngtbfuriiepembsditicon, thSaitylated

suitabl e dlspersants have been descri bed jn Ml ter et
diphenylamine cryprisesra, iiln gorrpeit dgge () wherccRnisdutylonts 2 and v is

0 1 e SO\ A 88 B g

secondCb@npeindy thinrdcoAgplund.abinoih sotipdend, Gh kompburkdr Dekikengtion
0ghapter 5, pages 137-170 (2003), both of which are
thereqfncor por at ed herein by reference. [0078] The
| ubricating oil ‘conposition2di scl osed herein can
optionally conprise a friction nodifier that can
| oner the friction between noving parts. Any friction
nodi fier known by a person of ordinary skill in the
art may be used in the lubricating oil conposition.




denmul sifier that can pronote oil-water separation in
| ubricating oil conpositions that are exposed to

wat er or steam Any denul sifier known by a person of
ordinary skill in the art may be used in the
l'ubricating oil conposition. Non-liniting exanples of

[0076%5 ui t abiecdaimiémbddifbats! e laHbaneer (RO Hfrydathind Cbapband, such as
aIkyI-naphthaIene sul fonates, alkyl benzene

the aﬂs:sdatﬁéb H@h@l@ylanmeﬁ,he thq lvébylcammﬂd}wrmoaltms(sﬂsgipw herein is at least
k g .
about? \é'{ F?%fl ?Ht @ﬁzewg%’ ém% po ylg?}o%% e/gglt oxﬁ%ggm q 4 Wt o, at

least db@’@m y ﬁm% a@lcastAMBENS vl ke leddt &yl €5 aviox] adeeaambomh:e wt.%,
. esters of oil soluble acids polgoxyethylene
OIl.

or at I%F &bq%ﬁ v drasechon Bsripiahweiebhat the bhwien

of the denuIS|f|er may vary from about 0.01 w.%to
bout :
10077& fr o%ﬂ% out tbﬁ%&m&ﬁ/ﬁ (%%u a %S%IM\%d\%té i @%o%tfed o cot?ép rsea
dispertantt shat wen plevemsfshidge, vantish, cad iofigr deposﬁwhpham&mm&eﬂe
i.tabl e .d | sifiers.have heen escribed n,.Mort
suspefedin & cOlGHRAE 1 On Qi ASRHI P ot DT oRipay kBl g the ar
may bg‘iilbéd Blthe iﬂ%ﬁgﬂfhg @pédrﬁﬁt%ﬁtwna ['@(Hf-ﬁﬁntﬁlgb d2a8pRes b GnildR:
96) , IS incorporated herein ref erence.
dlsper[szamsm]ctme alklﬁbyll sgetinimedes, Iallqenyﬂmusmmdemgdxﬁgé @&dth other organic

comE BT KRR BRI FSRel RMAMALA R i

boric AdiisALdihides, sabdihaté eafskaRmalyestr-BfidR npdihf:ae@ﬁﬁhtw Yhenate-
skill in the art may be used in the lubricating oi

salicylatansod ithaiapest-tesed prelogs alkali asl o mixedsalkalpmical, alkaline earth
metal %onltakegi Eh%/l 125%?‘1‘5812%& Jalit ﬁle?ell Ib?ra?crs dlsper51 Bs, of alllgiliéla—earth

I T'oXxanes uorosi i cones
metal ablratﬂﬁap(blstaxﬁﬂb dslﬂesrmilstﬁtdaﬁfsﬁbe{rﬁygmmqap}/[)aﬁmbh ltﬁja:eilspersants
ycol s), branched p vin et hers aIkyI acry ﬁ%

phosp %quwgptglmrg Werqﬁgﬁﬂ g@i’ glga S hie amount of the dispersant
may vg%ﬁﬁgjn %Béﬂ%l 0 ARG &9% 3 éﬂbﬁf ﬁ 95 th'% ¥P4Bout 7 wt.%, or

erbodi ment s, € anti-foam conprises glycerol
from abonoB.4 %tr%ttceabcmm Hyeefl % clodseqb ah Iilettata]aweght 011' the lkthncatmg oil

nopnot hi ophos este ul f.ona icinoleic .
complSuith S5BRe YR Bran RN DDA Lk Ngfisr s iy Clemisiry
and Tmemfgﬁ @}fsubr%nal YERS Bhitidh, AL GALR; sf}%ela @H}B‘t%r 3)fpag&ess 90

anti-foam may vary from about O. d%to about
(1996utandqleslicoltn Rubyixk, 0@/ iaar: Heltlisivess (ﬁb{emﬁﬂman%flmfwcﬁtmm” New

ork, ARG Ceiked CLApsE s TRRH K070 0gRBEE A Sy Brporated

h@fﬁﬁ@hbﬁmh@eantl-foans have been described in Mrtier et
al., "Chemstry and Technol ogy of Lubricants," 2nd

Edi tion, London, Erlnger Chapter 6, ,pages 190-193
[0078] 1096) Thohbeisating ¢i %nm%ﬂne@S%?eéuhﬁr%}/CWQﬂbéwmpﬂse a
frictio A0tk fat! ARG thd icRoh bERURATViAHs® HiREhion modifier

erern can op lonally conprise a co sion Tnhi brt or
knowt bat peaon bEddirenry gititl @s thenart ay be osadda rtlmiubnd:utimgtoair

known by person of ordinary_skill e
compQaiaRR. iNon Resine SRS SBitbIE QFF&SWE“? o mﬁﬁ R Fﬂﬁgoxyhc
acids; %Péﬂ{?ﬁ RS (05, ﬂgbﬁcﬁ halsﬁer§ Yok ASd Sfters HatiBEL Rlctdl @Q{sl'!ﬁiﬁ tﬁ@iﬂte) of
esters or am des of dodecyl succinic acid, phosphate
fatty castoayk¢ adithj Inprmasqiblh at esalkal wupistifubddddweptionie scids or phosphonic
ar.cosi nes combi,nat i th anoun
acids: SREVED B o ST it (iF SR B THR00 B Shgp-i!
subsﬁﬁﬂ"eﬁﬁ@lé hopicdcid h@s{?h@ﬁﬁ%ﬁé fonys dJO/‘bF Bi-alkQLdubatituted amines;
oﬁ ron1a(%3t %to about Qk? based
mono-oPf dlhaék}tl @tﬂzﬁﬂuw@d gnidepand h@mbmbmr@éhﬁ:rﬁ@f dn |some embodiments, the
conmposition. Some suitable corrosion inhibitors have
been described in Mrtier @3 al., "Chem stry and
Technol ogy of Lubricants,” 2nd Edition, London,
Springer, Chapter 6, pages 193-196 (1996), which is
i ncorporated herein by reference. [0083] The
Iubricaying oi | ponpositipn di scl osed he(ng can



oleic acid, linoleic acid, linolenic acid, behenic
acid, cerotic acid and the like), oil-soluble

pol ycarboxylic acids (e.g., those produced fromtal
oil fatty acids, oleic acid, linoleic acid and the
i ke), al kenylsuccinic acids in which the al kenyl

frictiopraodifieoBkélbdied fbmOhe BRI oatifaid ¢talifBat{ctnlines, ethoxylated
t et rapropenyl succinic acid, tetradecenylsu00|n|c

aliphajig pmineseslinbpe exprsiiscci anides. ¢thoxpilatadidiphaticegther amines,

R I e e
imidazoithes,datty reatidrg amindlewhakinithe aﬁpmllﬁﬁ for Gittytdreup &tﬁﬁams more than

i nhi bifor may var f n1about 0.01 w_.%to about
about jght gar %ﬂtp%éatas wadrhopempaisg eyl goluble. fp eﬁ%er
crbo Bl Bkt TR borkon Yo BB ALkl formed
byraﬁﬁmﬁﬁiﬂmﬂmncmamnhcamﬁmngmbmﬂpweﬁummnmuababpaanSMnmc The

i.nhi bi S |n de noni oni c Ie e s
amouy Rl Ol et ovat By Bachet G bt ke L HEFe, rom
about pcdsxma % myé.lﬁ rsemfw g&eﬁoﬁlaﬁaﬁm 1 §4.D8to abbel y%%ﬂaayéd%%e
nonyl phen et her, pol yoxyet hyl ene octyl phenyl
total Ve@tlgh.irof ﬂpdug@c@;a@g I@yll @neﬂoslctlpm Seme am;dblfefrh@pn modifiers have been

descrif SRRV SRy rathg T st el oY Lo . ahoERon

Londod 8phdey el @ep%eké q88-189 mlf}(}@% el esivRE Rﬁrﬂmck, “Lubrlcant
non-limting exanples of suitable rust inhibitor

Additivese ﬁké@wwe‘wd iApPHesrEnd Q)’Y Nerk. Maregl Rekkes Chapters 6 and 7,

poges 18220 BB g Rl he 3900R LU L AGHAED, 1o

car boxylic aC|d ester of polyhydrlc al cohol , and
[0079phos phthé hubeisatare, oi] EbRi] s[tmrﬁmrﬂbsed‘henémmt@xiohﬂ@ comprise a

| ubrj cating,oil osition conprises.at, least a ..
pour Rt pPigsaRt AN JoiF P OURSRF O Ghe WPRFATNE S ebeatRgpidon. Any
pour ﬁ%int%l@bﬂé%kﬁh@kﬂwrf thyf APESHPHAIraREA §k'11Y fSthk Qﬁerf%)eoe used i in the
furized oxynol'ybdenum di t hi ocar bamat e, [ furized
mbﬂCﬁannlWﬁﬁnmﬂwmowﬁmdmphu&ﬁhamp&spﬁmumbqumxpaml#@demmus

mcludg%gﬁvgn%t&ﬁe %8%1 @.ﬂgyl ?Flér%/ e@%ﬁglgg%}gyp%ﬁtggceryﬁp po?j',fmers di(tetra-

paraffil Heﬂél?jﬂﬂ]iﬁlﬁb Ndongensatcy R QMAPE4HR bBXndt RAHGtes of a chlorinated
087]I'n certain enbodi ments, the Iubrlcat|ng oi

paraﬁl@o\ml@g@nhﬂmher@@nﬁ cPEbinations aesol. almﬁogwmhoylnnmwhe pour point
depreggﬁg os?)%lSes%%gE?i}?ﬂg]{é J/Ih ZICGEL% q)f)%g}ﬁll 8011 sgf[:er@‘l %Eogmated

ers I nc

parafﬂnymd ﬂhenhqmpﬂﬁamﬁtstmbm&- the mayl ?h@axﬁ@m on tRIwur point depressant
yrene- |soprenq)copo yners, % .
may V%‘tyyff‘é’hé P O Hete 0B FBPYinkdrat Yop P a@eﬁnﬁ 93 B togahgut 5 wit.%, or
7] G
from a%bﬁntg@ !e%rr‘g oj(’jlt& n%b%?g y 'vttﬁh)g St}ats% rél) A a%ff%tbf’(% Jf%he fu%?gé nlgrbﬂ
compas@im iSoes: saﬁ:alble @eﬁr @mtaie@tessﬁﬂltave dear des&@bml in Mortier ef al.,

« non-limtin | es of i tahpl.e tal deactivators
Chen 1By S craag ey enaiss B RBHGH iR SOrTaof Bapter 6.
pages U871 ¥R 19985 anli M@t Kzﬁﬁ(ﬁugg Ky MR MBS ARV Chemistry and
rcaptoben2|n1dazoles 100891The addi tives di sclosed
Applicagemes, "NerayY dsks, MarcehBekker i lofpiear 1apkdies 322354 (20881, hatheof which
one additive. The additive

re tha
meuu@gﬁg§ﬁ§ﬂp ﬁ%@%ﬁrise a suitable diluent, such as

a hydrocarbon oi | of suitable viscosity. Such dil uent
[0080]can beTB@luBﬁEa&ﬂlgf(ﬁpcfﬁnﬁﬂlﬁltﬁﬁlQiﬁMc%@@ Béreinl dadl opliomatyWodlprise a

olls (e.g., mneral oils), synthetic oils and
demulgifppihabeangrempiserkwater syationan jubricatingpibsampsisitipng that arc

the mneral oils include paraffin-based oils,

napht heni c- based oils, aspbaltic-based oils and

conbi nations thereof. Sonme non-limting exanpl es of

the synthetic base oils include polyolefin oils

(especi al ly hydrogenated al pha-ol efin oligoners),

al kyl ated aromatic, polyal kyl ene oxi des, aromatic



met hod known to a person of ordinary skill in the art

for making lubricating oils. In sonme enbodi nents, the

base oil can be blended or mxed with a netal
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[ 0096] Lubricating oil conposition of the follow ng
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[ 00100] A lubricating oil conposition was prepared
consisting of the baseline fornmulation with the
addition of 1.4 wt.% actives, 2100 ppm Ca, of a
borated cal ci um sul fonate. Conparative Exanple 3
[00101] A lubricating oil conposition was prepared
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range %W a%dOﬁ%aMdecoglﬂlgﬁ%gg ]clér% 0, E ?l&l{)ﬁl% qg lhe t mhlbltor
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100 of an overba ed caIC|un] alicylate . .
from f(szBNﬁe’g o R & Wipabasedh P thertgia PEER ehibhubsicating oil
cmnp#&%) as OSCA 463. Conparative Exanple 6 [00104] A

ricating oil conposition was prepared consisting

of the baseline fornmulation with the addition of 1.45
[0085]M % aOther asn-121i0iog ppamiiles olbfuitable ovst ijukisas telwiemnonionic

potso B sy o T R QP B8 Aol © Y%

polyoxyethylene higher alcohol ether, polyoxyethylene nonyl phenyl ether, polyoxyethylene

octyl phenyl ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-oleate, and
polyethylene glycol mono-oleate. Further non-limiting examples of suitable rust inhibitor
include stearic acid and other fatty acids, dicarboxylic acids, metal soaps, fatty acid amine
salts, metal salts of heavy sulfonic acid, partial carboxyhc acid ester of polyhydric alcohol,

and phosphoric ester.

[0086] In some embodiments, the lubricating oil composition comprises at least a
multifunctional additive. Some non-limiting examples of suitable multifunctional additives
include sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organophosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum diethylate
amide, amine-molybdenum complex compound, and sulfur-containing molybdenum

complex compound.

[0087] In certain embodiments, the lubricating oil composition comprises at least a
viscosity index improver. Some non-limiting examples of suitable viscosity index
improvers include polymethacrylate type pol_ymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers, polyisobutylene, and

dispersant type viscosity index improvers.

[0088] In some embodiments, the lubricating oil composition comprises at feast a

metal deactivator. Some non-limiting examples of suitable metal deactivators include
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Corrosion Control: H gh Tenperature Corrosi on Bench

Test (HTCBT) [00105] Hi gh tenperature corrosion bench
test according is a standard test nethod for

eval uati on of corrosiveness of diesel engine oil at

135 C. This test nmethod was used to test diese
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Tabl e 3. Sanple Overbased Detergent Bl end HTCBT
[0090Bor at e@hChibeicatingSil é@npesitiqnpincayd MyeBidanh ba prapatedim any

metholxqgno% t(E) Q %21%51? of ordinary skill in the art for making lubricating oils. In some
embodiments, the base oil can be blended or mixed with a metal phenate. Optionally, one
or more other additives in additional to the metal phenate can be added. The metal phenate
and the optional additives may be added to the base oil individually or simultaneously. In
some embodiments, the metal phenate and the optional additives are added to the base oil
individually in one or more additions and the additions may be in any order. In other
embodiments, the metal phenate and the additives are added to the base oil simultancously,
optionally in the form of an additive concentrate. In some embodiments, the solubilizing of
the metal phenate or any solid additives in the base oil may be assisted by heating the
mixture to a temperature from about 25 °C to about 200 °C, from about 50 °C to about 150
°C or from about 75 °C to about 125 °C.

[0091] Any mixing or dispersing equipment known to a person of ordinary skill in
the art may be used for blending, mixing or solubilizing the ingredients. The blending,
mixing or solubilizing may be carried out with a blender, an agitator, a disperser, a mixer

(e.g., planetary mixers and double planctary mixers), a homogenizer (e.g., Gaulin

28



(ppm Ca) Ca sulfonate (ppm Ca) Ca Salicylate (ppm Ca)
Cu (ppm Pb (ppm Ex. 1 - - 2100

homogenizers and Rannie homogenizers), a mill (e.g., colloid mill, ball mill and sand mill)

or any other mixing or dispersing equipment known in the art.
E. Application of the Lubricating Oil Compositions

[0092] The lubricating oil composition disclosed herein may be suitable for use as
motor oils (that is, engine oils or crankcase oils), in a diesel engine, particularly a diesel

engine fueled at least in part with a biodiesel fuel.

[0093] The lubricating oil composition of the present invention may, also be used to
cool hot engine parts, keep the engine free of rust and deposits, and seal the rings and valves
against leakage of combustion gases. The motor oil composition may comprise a base oil, a
biodiesel fuel, and a metal phenate disclosed herein. Optionally, the motor oil composition
may further comprises one or more other additives in addition to the metal phenate
compound. In some embodiments, the motor oil composition further comprises a pour
point depressant, a detergent, a dispersant, an anti-wear, an antioxidant, a friction modifier,

a rust inhibitor, or a combination thereof.

[0094] - The following examples are presented to exemplify embodiments of the
invention but are not intended to limit the invention to the specific embodiments set forth.
Unless indicaied to the contrary, all parts and percentages are by weight. All numerical
values are approximate. When numerical ranges are given, it should be understood that
embodiments outside the stated ranges may still fall within the scope of the invention.
Specific details described in each example should not be construed as necessary features of

the invention.
EXAMPLES

[0095] The following examples are intended for illustrative purposes only and do

not limit in any way the scope of the present invention.

[0096] Lubricating oil composition of the following Examples were adjusted by the
addition of viscosity index improver to simulate a 15W40 oil (SAE viscosity grade).
Examples 1 and Comparative Examples 1-5 were top-treated with 6 wt.% B100 biodiesel

fuel to simulate the effects of fuel dilution in biodiesel-fueled engines. Comparative
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. - 12 53 Conp. Ex. 1 405 390 915 - - 22 86 Conp. Ex.
2

Example 6 was top-treated with 6 wt.% conventional diesel fuel (Ultra Low Sulfur Fuel or
ULSF) to simulate the effects of fuel dilution in conventional diesel-fueled engines.

Baseline Formulaticn

[0097] A base-line formulation was prepared and used for assessing the
performance of various detefgents in the high temperature corrosion bench test. The base-
line formulation contained 1.1 wt.% actives of an ethylenc carbonate post-treated
polyisobutenyl succinimide (available from Chevron Oronite Company LLC, San Ramon,
CA), 2.5 wt.% actives of a borated succinimide (available from Chevron Oronite Company,
LLC), 1.8 wt.% actives of a high molecular weight polysuccinimide (available from
Chevron Oronite Company, LLC), 0.18 wt.% actives of a low overbased calcium sulfonate
detergent (TBN=17 mg KOH/g; available from Chevron Oronite Company, LLC), 1.1 wt.%
actives of a zinc dialkyldithiophosphate (available from Chevron Oronite Company, LLC),
0.3 wt% of an élkylated diphenylamine antioxidant (an octylated/butylated diphenylamine
available from Ciba Specialty Chemicals as IRGANOX® 1.-57), 0.5 wt% of a hindered
phenol antioxidant (a mixture of C;-Cy branched alkyl esters of 3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionic acid available from Ciba Specialty Chemicals as IRGANOX® L-
135), 0.2 wt% (90 ppm Mo) of a sulfur-containing oxymolybdenum succinimide complex
(available from Chevron Oronite Company LLC), 0.3 wt.% of a polyacrylate pour point
depressant (available from Rohmax, Horsham, CA), 5 ppm Si of a foam inhibitor and a 6.5
wt.% non-dispersant type ethylene-propylene copolymer viscosity index improver
(available from Chevron Oronite Company, L.L.C) in a base oil which was a mixture of a
hydroprocessed 600 neutral base oil (14 wt.% of Chevron Neutral Oil 600N, available from
Chevron Oronite Company, LLC) and a Group II base oil (86 wt.% of Chevron Neutral Oil
220N, available from Chevron Oronite Company, LLC). The composition had a
phosphorus content of 0.109 wt.%.

Example 1

[0098] A lubricating o1l composition was prepared consisting of the baseline
formulation above with the addition of 1.45 wt.% actives, 2100 ppm Ca, of an overbased

calcium phenate.
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2100 - - - - 41 50 Conp. Ex. 3 - 1300 - - - 46

Comparative Example 1

[0099] A lubricating oil composition consisting of the baseline formulation with the
addition of 0.63 wt.% actives, 915 ppm Ca, of an overbased calcium phenate, 0.27 wt.%
actives, 405 ppm Ca, of a borated calcium sulfonate, and 0.23 wt.% actives, 390 ppm Mg,

of an overbased magnesium sulfonate.
Comparative Exampie 2

[00160] A lubricating oil composition was prepared consisting of the baseline
formulation with the addition of 1.4 wt.% actives, 2100 ppm Ca, of a borated calcium

sulfonate.
Comparative Example 3

[00161] A lubricating oil composition was prepared consisting of the baseline
formulation with the addition of 0.77 wt.% actives, 1300 ppm Mg, of an overbased

magnesium sulfonate.
Comparative Example 4

[00102] A lubricating o1l composition was prepared consisting of the baseline
formulation with the addition of 0.83 wt.% actives, 2100 ppm Ca, of an overbased calcium
sulfonate (TBN=410 mg KOH/g; available from Chevron Oronite Company, LLC).

Comparative Example 5

[60103] A lubricating oil composition was prepared consisting of the baseline
formulation with the addition of 2.1 wt.% actives, 2100 ppm Ca, of an overbased calcium
salicylate (TBN=168 mg KOH/g; available from OSCA Chemical Co., Ltd. as OSCA 463 .

Comparative Example 6

[00104] A lubricating oil composition- was prepared consisting of the baseline
formulation with the addition of 1.45 wt.% actives, 2100 ppm Ca, of an overbased calcium
phenate. This formulation was top-treated with 6 wt.% of a conventional diesel {uel

(ULSF).
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Corrosion Control: High Temperature Corrosion Bench Test (HICBT)

[00105] High temperature corrosion bench test according is a standard test method
for evaluation of corrosiveness of diesel engine oil at 135 °C. This test method was used to
test diesel engine oils to determine their tendency to corrode various metals, e.g., alloys of
lead and copper commonly used in cam followers and bearings. Four metal specimens of
copper, lead, tin, and phosphor bronze were immersed in 2 measured amount of engine oil.
‘The engine oil, at an elevated temperature, was blown with air for a period of time. When
the test was completed, the copper specimen and the stressed oil were examined to detect

corrosion and corrosion products, respectively.

[00166] Examples 1 and Comparative Examples 1-6 were evaluated in the high
temperature corrosion bench test according to ASTM D6594, which is incorporated herein
by reference. The industry standard limits to meet the requirements for APl CJ-4 are 20
ppm maximum Cu and 100 ppm maximum Pb. The test results are shown in Table 3 below.
The test results indicate that Example 1 containing an overbased calcium phenate detergent
displayed superior corrosion control performance. Comparative example 1 which contains
less than 1000 ppm of overbased calcium phenate showed copper corrosion results just
above the 20 ppm maximum limit. Moreover, Comparative Example 6 showed that this
benefit was not obtained when the test was run with a conventional diesel fuel (ULSF)
instead of biodiesel.

Table 3.
Sample Overbased Detergent Blend HTCBT
Borated Mg Ca Phenate Ca Ca Cu Pb
Calcium Sulfonate {ppm Ca} sulfonate | Salicylate {(ppm) (ppm)
Sulfonate (ppm Mg) (ppm Ca) | (ppm Ca)
(ppm Ca) ,
Ex. 1 - - 2100 - - 12 53
Comp. 405 390 915 - - 22 86
Ex. 1
Comp. 2100 - - - - 41 50
Ex. 2
Comp. - 1300 - - - 46 91
Ex. 3
Comp. - - - 2100 - 59 59
Ex. 4
Comp. - - - - 2100 102 524
Ex. 5
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- 2100 102 524 Conp. Ex. 6 2100 - - 109 1540

Comp. 2100 - - - - 109 1540
Ex. 6
[00107] While the invention has been described with respect to a limited number of

embodiments, the specific features of one embodiment should not be attributed to other
embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the methods may inciude numerous steps not mentioned
herein. In other embodiments, the methods do not inchude, or are substantially free of, steps
not enumerated herein. Variations and modifications from the described embodiments exist.
The appended claims intend to cover all such variations and modifications as falling within

the scope of the invention.

[00108] All publications and patent applications mentioned in this specification are

~ herein incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated by
reference. Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent
to those of ordinary skill in the art in light of the teachings of this invention that certain
changes and modifications fnay be made thereto without departing from the spirit or scope

of the appended claims.
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reference to the sane extent_a f. each.indi vi
publ i €&t i Grmapr Aol éPf’é#iﬂWé%‘géfb%eff#Y ‘i&J

ot er e, qﬂf’*%l'f%%gﬁ@t he. f or egoi ng Pﬁ%ﬁﬂiﬁeﬂaﬁybeen
whcrg;zitﬁipl bed I gig(grgfthe $1¥ta¥‘fi¥ nd p!rcj.'s it in tan Bﬂc;ﬂﬁgtoil
o ey e S 1

e e Tt EAHS 5f1 o
' addlh%% %Ql?ctg\é Frgﬁlethggﬂﬁl%g 1 %ﬁ%@nﬂo%@@n%@& dgn®! &e‘tél?éhts, rust

nposI t1on cont am nat ed
mhlbﬂ@rsj danilsifbepfrictonR nwidifiat, multi-fooktesel additibes, omsoalty index

eSS L ot (Tl Bt o e 6k,
corro%g iGitd?d: luﬂrﬁﬁthn{ﬁé\%'is M@I staHili® iRPERe hntehaze additives,

ricating viscosity; and a nmeta phenate
icing Wiidbigirs, dybe nsmvkerntstatc dlsﬁepatgs,dnocﬂdasmld Gemhwetpns thereof.
phenate present in the lubricating oil conposition is

o LTy BB ol LA g s v

antiwefteagdgdi tive sel ected fromthe group consisting of
antioxidants, antiwear agents, detergents, rust
i nhi bitors, denuIS|f|ers frlftlon nodi f.

mfl-t i - fRhedebrerating a¢ompsition of clgwr ?y@%@iﬁ? Hdrast apesantiwear
|
agent &g’%ﬂé’{@ :{'%mggﬂglslz ggﬁfggﬁ?%%cb blid ors, neta

ors corrosi on |nh|b|tors
lubricity inprovers, thermal stability inprovers,
arﬁt i - hdte laltitating e#, coimpiosigion phiclin érwhereindbe plnmpk@pgs content

s B AR E SR OT AR R 5 s

0.5 wh.94, HRS APt W gRlof tBaRbrigstfhg oil composition.

6. The lubricating oil composition of claim 5, wherein the phosphorous content
derived from the zinc dialkyldithiophosphate compound is from about 0.01 wt.% to about
0.12 wt.%, based on the total weight of the lubricating oil composition.

7. The lubricating oil composition of claim 6, wherein the phosphorous content
derived from the zinc dialkyldithiophosphate compound is from about 0.01 wt.% to about -
0.08 wt.%, based on the total weight of the lubricating 0il composition.
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antiwear agent. 4.The lubricating oil conposition of
claim 3, wherein the at |east one antiwear agent
conprises a zinc dialkyl dithiophosphate conpound.
5. The lubricating oil conposition of claimd4, wherein
t he phosphorous content derived fromthe zinc
di @' kyl 'ﬂ'letlﬁlb@cﬁﬁﬁg pilabmpesitipa ofdialrs 6f Wbﬁmelahb&lphd%pﬂﬁﬂ)us content
%to about O % based on the _total gp
to about

derw@df@omdbe zl@atdmlﬂgyléitmonhﬂﬁpwe £prgpoung iy fram '45’8]4? %Q “ﬁ
h
0:12 §, BRTBSEAS B il B SR £l blisehBgPhOr OUs

compound i s from about 0.01 wt.%to about 0.12 wm.%
based Ofhetlhlridating oilweipbsitioh ofhley dmsemfthfapﬂewglirtg' ¢1a.ims wherein
conmposition. 7, Th |.ubricafi 03|t
the sugipih b CORRR e PRECBISBhe OBt PO aPRY D prfbased
QRS corrpound | s from

Onth%ﬁ%ﬁﬁh%Q%QEﬂkh%%?gﬁggout 0.08 mf % based on the

total weight of the lubricating oil conposition.

8.10The Theﬂubmaung gﬂ@pmposmpn of amyoenesit ﬂ@,q Hiefmdmg claims, wherein

in.the us, co erlv omthe zinc
| thebxé@gw‘iﬁﬂ.cmp R b AR iy P add o * 0% 08
. % to about O 12 wt. % based on the total weight of

t rIQ | ublHeQahridaginglol] coRMPSiGbh 0OBlaim 10, whefein Teclong chain fatty
lubrjcating oil conposition of any one of the
acid qomprisel figmabaiink? ¢ HPHS ﬁ%éb%?’gﬁ@fbﬂn ai®Mscont ent of
the lubricating oil conposition is at nDst about 2.0
W 5%
oil? & o%%gglgrlﬁ)%ﬁlhg Billc Bﬁ@oilgﬁh %E an? bnd pe o at %}Egb&glﬁé cI}¥ns, wherein
the ariGu @S thel odiedel fry or)dﬁ:oﬁfpoisiﬁmnmr@hlet%lﬂmgedl igpresent in the

lubricghpgégqll gqﬁ)tgl';];g)ﬁ%o%dalﬁ bg)glf é 30\%@ rth) g.beqspi 38 :pﬁlg);ykjasgds énetrhe total
b &RResiohi on of claim 10, wherein the
vmqﬂk%?gkgﬁg$ﬁﬂ$§{%y acid gonprises from about 12 carbon

atons to about 30 garbon_qtons._ 12. The . .
| UBr i céft‘herigbrixialtmg oﬁwomppslann of aaﬁyn@m%th@prqch@ng claims, wherein

B 0 DS B PSPl A, g

the lubricating oil conposition at fron1about 0.3

W14% t orhli@bticatide \Wl.cimposisied of runy bae bHthalpreredigh tlairhs, wherein

the | ubricating oil. conposition.
the metal phenate is an alkaline earth metal phenate.

15.  The lubricating oil composition of claim 14, wherein the alkaline metal

phenate is a calcium metal phenate.

16.  The lubricating oil composition of any one of claims 1 to 14, wherein the

metal phenate has formula (), (II), (1II) or a combination thereof:
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13. The lubricating oil conposition of any one of the

precedi ng clains, wherein the base oil has a

ki nematic viscosity fromabout 4 ¢St to about 20 cSt

at 100 C. 14. The lubricating oil conposition

of any one of the preceding clains, wherein the netal

phenate is an al kal i ne eangh nmetal phenate.

15. The | ubricating Qil onmposi tixon of clai m 14,

wherei n t he alka%Lpé et al pﬂ§m5F§1Lg4a cal ci um et al

phenat e. The TRbricafipnd dil conposition

of any one of cIa?ﬁ§/? to 14, wherein tHe 9et al

phenate has formula (1), (I1l), (I1l) or a conbination

thereof: 0 n2 R3j- H -n,I-R4 (Il), or .07tirkO R5-L

e2l1-R6 (111), wherein eacgof R, R2, R3, R4, RS and

R6 i s independently OKkyl 0ar | or alkylaryl;

each of M, M apd!MB f[s iRdepelidentlgs an al kal i ne

earth metal; and nlkg an thegeﬁ\gpbn1la 3. 17. The

| ubricatin il ition of claim16; rein h

go conpos on of cla , ere eac

whergifn o oﬁ%, RBfRi %4‘; R’ and R® is independently H, alkyl, aralkyl or alkylaryl;

each of M!, M? and M? is independently an alkaline earth metal; and n is an integer from 1

to 3.

17. The lubricating oil composition of claim 16, wherein each of R}, R?%, R? , R'?‘,-

R’ and R® is independently afky! and each of M!, M? and M? is calcium.

18. A method of Iubricating a diesel engine fueled at least in part with a
biodiesel fuel which comprises operating the engine with a lubricating oil composition
contaminated with at least about 0.3 wi% of a biodiesel fuel or a decomposition product
thereof, based on the total Weight of the lubricating oil composition, wherein the lubricating

oil composition comprises:

(a)  amajor amount of a base oil of lubricating viscosity; and

(b)  ametal phenate

‘wherein the amount of the metal from the metal phenate present in the lubricating oil

composition is at least about 1000 ppm.

19.  The method of claim 18, wherein the lubricating o1l composition further

comprises at least one antiwear agent.

20.  The method of claim 19, wherein the at least one antiwear agent comprises a

zinc dialkyl dithiophosphate compound.

21.  The method of any one of claims 18 to 20, wherein the amount of the metal
phenate is at least about 2 wt.%, based on the total weight of the lubricating oil

composition.
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R3 and R6 is independently al kyl and each of M, M

and M3 is calcium 18. A nethod of lubricating a

diesel engine fueled at least in part with a

bi odi esel fuel which conprises operating the engine

with a lubricating oil conposition contam nated with

at2J. easTheahetibd 6f Syl aifclémbil@do 25 ehhdrein Itheoa[mamt of the metal

deconposition product thereof, based on the to
from ghs) el plengtedresgt ndhe lubgicaing UbFRIBRISEIOBNS amﬁ%ﬁt é‘P%ﬂ 1500 ppm.

the lubricating oil conposition conprises: (a) a

or :

A ( by R HRp] ofpATE A clalis KPR el e e ppefae s an
alkaline eadth frecalnphdratenet al phenate present in the

| ubricating oil conposition Is at |east about 1000

P e SR aBn 251 P e HE kg M ppgnate s a

calciur€ BRéna@le anti wear agent. 20. The net hod of claim 19,
wherein the at | east one antiwear agent conprises a
zi nc di al kyl dithiophosphate conpound. 21. The net hod
of any one of clains 18 to 20, wherein the amount of
the netal phenate is at |east about 2 w.% based on
the total weight of the lubricating oil conposition.
22. The nethod of any one of clains 18 to 21, wherein
the amount of the nmetal fromthe netal phenate
present in the lubricating oil conposition is at
| east about 1500 ppm 23. The nethod of any one
of clains 18 to 22, wherein the netal phenate is an
al kaline earth nmetal phenate.
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24. The nethod of claim 23, wherein the al kaline
earth nmetal phenate is a cal cium phenate.

LUBRI CATI NG O L COVWPCSI TI ONS COVPRI SI NG A BI ODI ESEL
FUEL AND A DETERGENT ABSTRACT This i nvention

L ubr i . : . 0 i qi
LIISRIEATIRG ¢ ElaPUs oS COMPRISIE AIobIESEL
det ergent can b&UEkeAND fBEXERGENTgent such as
al kal i ne netal phenates. The l|ubricating oil
conpositions can further conprise at |east one
anti wear agent such as zinc dial kyl dithiophosphate
conpounds. Met hods of ABSTRALD using the
| ubricating oil conpositions are also described. (No
sui tabl e figure)

This invention encompasses lubricating oil compositions comprising a base
oil, a biodiesel fuel and a detergent. The detergent can be a metal phenate detergent
such as alkaline metal phenates. The lubricating oil compositions can further
comprise at least one antiwear agent such as zinc dialkyl dithiocphosphate
compounds. Methods of making and using the lubricating oil compositions are also
described.

(No suitable figure})
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