- 1 - METHOD FOR | MPROVI NG CORROSI ON RESI STANCE OF BI ODI ESEL FUELED ENG NES
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON [ 0001] The present

i nvent i orwoebatms3460 t he net hods for inproving the resi eraniseomoswnae or
nore of engine corrosion, oxidation, sludge and deposits of |ubricating
oils for biodiesel fuel ed engi nes. DESCRI PTI ON OF THE RELATED ART

[ 0002] Several types of biodiesel fuels have been proposed for as well as

i ntroduced into the diesel fuel blend pool for use in comrercial and
passenger vehicles. The biodiesel fuels would be used as the exclusive fuel
or as an addition to hydrocarbon-based diesel fuels. Wen used as an
addition to hydrocarbon-based diesel fuels, the biodiesel fuels constitute
anywhere from2 to 50 wt % of the resulting diesel fuel blends, preferably 5
to 30 wt% of the blend. In Europe biodiesel fuels either are being

consi dered or already have been mandated for use in hydrocarbon-based
diesel fuels in an anobunt in the range of 5 to 10 wt% 100031Fuel s
constituting 100% bi odi esel materials are designated B100 while fuels of

| esser bi odi eWFETI-'I'@Dﬂ*OR'INHiRtDVNG@’@RRGJSIQRBRESIST!AN@EF@FOf that content,

e.g. fuels containing 20 RN e designated B20. The
designation is usually |n erns Ofuéﬁ@@ 1N%§ [ 0004] Bi odi esel fuels are

bei ng considered as alternatives to hydrocarbon based di esel fuels or as
di esel fuel blend pool conponents because of their derivation from
renewabl e plant and animal oils. [0005]Bi odi esel fuels are m xtures of

| ower, short cBAOKERORND OF THEBIVENTION

FIELD OF THE INVENTION

[0001] The present invention relates to the methods for improving the
resistance to one or more of engine corrosion, oxidation, sludge and deposits of

lubricating oils for biodiese! fueled engines.

DESCRIPTION OF THE RELATED ART

[0002]  Several types of biodiesel fuels have been proposed for as well as
introduced into the diesel fuel blend pool for use in commercial and passenger
vehicles. The biodiesel fuels would be used as the exclusive fuel or as an
addition to hydrocarbon-based diesel fuels. When used as an addition to
hydrocarbon-based diesel fuels, the biodiesel fuels constitute anywhere from 2 to
50 wt% of the resulting diesel fuel blends, preferably 5 to 30 wt% of the blend.
In Europe biodiesel fuels cither are being considered or already have been
mandated for use in hydrocarbon-based diesel fuels in an amount in the range of
5 to 10 wt%.

[0003] Fuels constituting 100% biodiesel materials are designated B100
while fuels of lesser biodiesel material content are designated in terms of that
content, e.g. fuels containing 20% biodiesel component are designated B20. The

designation is usually in terms of weight.



saturated and unsaturated straight chain fatty acids derived from vegetabl e
and/or aninmal fats and oils. The straight chain fatty acids are, typically,
Cl0 to Casofattos1mei ds, preferably Cl2 to C22 fatty aci #€T/UBb@ofoaicky aci ds
are made into biodiesel by trans-esterification using short chain al cohols;
e.g., Cl to C5 alcohols, in the presence of a catal yst such as a strong

base. [0006] Veget abl e and/or animal oils and fats are natural triglycerides
and are renewabl e sources of starting nmaterial. Typical vegetable oils are

soybean oil, rapeseed oil, corn oil, jojoba oil, safflower oil, sunflower
seed oil, henp oil, coconut oil, cottonseed oil, sunflower oil, palmoil,
canola oil, peanut oil, nustard seed oil, olive oil, spent cooking oil,

etc., without limtation. Animal fats and_oils include beef, pork, chicken
fat, fish oil and oil recovered by the rendering of aninmal tissue.

[ 0007] Pl ant source biodiesel fuels are currently the nore dom nant type in
the marketplace. The primary plant sources are soy in North Anerica,

rapesced in Euigaey aBlaslm aad e obR RbANusoUREe Mbhaigksowher e

[ 0008] The bi odi‘esel is na esterifyil one or a mxture of such oils
and fats using hgtecobombayed tigsed figdls strsrdieselfaélrblend. pyol caBiponentCBecausiccohol s,

preferably methanol., .- 3 - the oil or_fat.squrce; e.g., soy nethyl ester

( SMVE) , rapeseed’?ﬂ)&rﬁww%@flé"ronkrﬁwa}blee‘fl%r?ta %%Eéiﬁoﬁghs- esterification is
effected by the base catal yzed reaction of the fat and/or oil with the

al cohol , direct[0e0S]d Batdidsslzfidlseare anikfurasaafi lowewfshemehain| esigrdpbmixesdt with
the al cohol, or_conversion of ' ; Liadd YroRCL&spRd then to
al kyl esters wi SR dgg dolun?agur?thgesbrrgfgls“eﬁ%gé g?mja%&g%:icag lgéat arf)yst%%lan base

cat al yzed transmest etiifal fasst ardmyilst [the cirhigbtindhaior faftpacidsac ctapiceldy. Wit 9 a short

chai n al cohol, preferably nethanal, i e _pres f t st..such as
sodi um hydr oxi d:gﬁ gqnypat?{dé’s%rgﬁmbﬁfygf%?ddéb%ap% aglp%dﬁgéé?ag yaggrs %tra]e rgirl]&céf lglﬁ)ort chai n
al kyl esters. Thigligkl o@r irdhsicstes B@utiat thef slom then padoss erg,xCurte Gnd

bi odi esel is recoyered. An%/ unr eact efi al cohol is Eem)ved by distillation.
The recovered HlHPEsBIthG REFAHEA AGIFENEL S § YONEARE cat al yst or soap and

dried. [00l111Because of the natural sources of the oils and/or fats upon
whi ch the biodijessd] f Meksable endiarsmmiimaltdile abd G &'s ehturabbrégtydedideszand ard xt ur es

of various nol ecul ar, weights.with ester. functionali.t

ol efini ¢ doubl ere'b‘iﬂ‘i’(c??. So["%@i?ﬁglv m%r"éaieéﬁke&lﬁ?'catlﬁlgg%?bé Pﬁ?%%gh%ﬁré%ﬂgnds and

ester functionahpdsyed 6il,tdven bilomijebaedil, fsafflbser e uuhfiower dchd olli bemesd] fuel s

bei ng susceptible to gxidative dggg‘? tion, re the un uilt ability
e

) resul ting in
of biodi esel f ofecPBhPlh eofPRsERst 8 G’féfﬁ‘hé’a@’sf’ér Cgl?rlf‘cf’l'bﬁﬁa\“f‘ y'of the
bi odi esel fuel [ gsHSeaPSil RJIi®e b, spent cooking oil, etc., without limitation. Animal

fats and oils include beef, pork, chicken fat, fish oil and oil recovered by the

rendering of animal tissue.

[0007] Plant source biodiesel fuels are currently the more dominant type in
the marketplace. The primary plant sources are soy in North America, rapeseed

in Europe, and palm and the other plant source oils elsewhere.

[0008] The biodiesel is made by esterifying one or a mixture of such oils and
fats using one or a mixture of short chain; e.g., C; to Cs, alcohols, preferably

methanol.

[0009] Because the most economical trans-esterification processes are

performed using methanol, the biodiesel products are identified with reference to



deconposition into organic acids by oxidation or even hydrolysis of the

bi odi esel fuel. This generated acid can catal yze the conjugated di ene
functi onawvOt2g11af4134he bi odi esel ester to oligoneric and poryusee0es@RoOdUCt S
whi ch are capabl e of increasing the viscosity of |lube oil fornulation when,
as inevitably will happen, such oligoneric and polyneric products
eventually find their way into the |lube oil via passage around piston rings

and/ or exhaust gas - 4 - circulation equi pnent which passes exhaust gas
into the lube oil circulation system (e.g., PCV valves) and begin to
concentrate in the lube oil. 10014] The inprovenent in the oxidation

stability of biodiesel fuel has been the subject of investigation |eading
to the addition to such fuel of various _additives and conbi nati ons of
additives to effect the desired stabilization. 10015] WD 2008/ 056203 t eaches
stabilizer conpositions for blends of petrol eum and renewabl e fuels.

M xtures of renewabl e fuels such as biodi esel, ethanol and bi omass m xed

wi th conventio . e I lched i tel theret o of
a multifuncti oﬁgﬁl mgﬁlcf? t?Jlo\ﬁ/}eégap%;i k%&gﬁﬁﬂlﬁtg%p’: dss@blgp Sie%(g?ie%gmosﬁgﬁ% gr nor e
additives sel eeteed fromthe group consisting of a free radical chain
termnating agent, a peroxi de deconposition agent, an acid scavenger, a

phot ocheni cal 6@} | | Fohs-c ettt IRELGANLy RBUaR cHBlyALd REAASE Beifty agent .
Per oxi de deconposition agents are sel ect eor from the group containi ng

sul fur, nitrogendandil ptitshhsicokolcdirpoinidisatalgeadtestsrification b drenit YL ni ng
conpounds are ‘e}%‘&igaet[hg%[lgﬁ !orc%EU%}Liéﬁ of%%fl%&@/g%‘%@ﬂpfa%aeﬁaQQh% f&y!

| i near, branch aturated or unsaturate aromatic, cyclic, poly
al koxy, pol ycyeallkyt estamdvith dlerhobin tRe preserce wif A @ciR cptalysR In base gatalyzgder ei n N
can be 1-6 and ca -6..1ldentified as _a useful njtrogen- i ni ng
conpound is N ta&f"ﬁﬁg‘frﬁe a&f%l%ﬁé’@y?’%ﬁrnﬁé IW?af:tga I\YV'HIJ- di %’é{thy%@yg@%gxyl ani ne
is taught as a pisiedably h&hasl,de tidegrostpasottd citalgsyemndh, asi sodiumehyekenigd @s it i s
never enployed by itself but always in conbi nation wth. a phenol.jc

anti - oxi dant . R@¥aé?‘%‘ﬁclévdf93" &u?@%ﬁceogly%“z MeEeIHY ?WEE%%%FST h’g}fe wher eas

the use of the grhhiadcparatedffrorbie phenol mBnde ahdbiodiesel is recovered. Any
N, N- di net hyl cyc ohexal amine (at a treat |evel of 200 Jgig/ éﬁELesulﬁed in an
i nprovement i n WKectk@plephelds poneq by Jisylfatippe Thy Ecoygee H‘é B %a"Ssi ng 100%

phenol over al |y, tif®RasidRAfSdIfE beshap 84 ditar ease in the amount of
N, N- di net hyl cycl ohexyl am ne in the additive m xture to 50% significantly

reduced the beneficial effect of the additiv ixture (still at treat
oo o Do0 maBabT] B Regaue Shin® atur soaces afe Fsdeg g pon wfish B | o
tested as compagigleseP fidle afb Yool 63BN, hbldiut bl eyaiehex wWastine

m xture with the npbst significant reductjon in benefi&%i?ai)@qe bserved over

the long term oleculargyeigiiewith ssterdinctionality Furypdg e ol %/ 0152930
teaches stabl e bl ended di esel fuel conprising an ol efinic diesel fuel
bl endi ng stock @orgjai mhegretmkiofshd blefinic alwnblatboods dhdt exteBJumtidfalioin- ol ef i ns

in an anount of 20 to 98 % wherei.n the non-olefins ar bstantially

conprised of pahapjqdirsel %\é@d‘éﬁ\{n‘\ﬂf é’htlﬁerpl‘é‘ﬁeséﬁﬁﬁﬁtbe&g %chpggéﬁod’?‘tﬁfévm % and
sul fur in an angugpida®n, t@Ssing iaRe dnsRABIliL Rebllire felleaakmbabiage.st abi | i zed
by an effective anount of a sulfur-free anti-oxidant. An effective anount

SBOSELL]UI)]: f ;ggl ﬁ)rﬁ%- Oxlihgags:[teri ?unicgglpa 1It3}c io%dth%S b15()d1te(s)c3159u%l plinusperp%TJEr ?ipl y 8 to
decomposition into organic acids by oxidation or even hydrolysis of the
biodiesel fuel. This generated acid can catalyze the conjugated diene
functionality of the biodiesel ester to oligomeric and polymeric products which
are capable of increasing the viscosity of lube oil formulation when, as

inevitably will happen, such oligomeric and polymeric products eventually find

their way into the lube oil via passage around piston rings and/or exhaust gas



[0017] The sulfur-free anti-oxidant is selected fromthe group consisting of
phenol s, cyclic am nes and conbi nations thereof. Preferably the phenols
contai n owe 2hyidruoeyl group and are hi ndered phenol s. ThecCeyskilo/osmsne
anti-oxidants are amnes of the formula: - 6 - wherein Ais a

si x-menbered cycloal kyl or aryl ring, R, R2, R3 and R4 are independently H
or alkyl and Xis 1 or 2. An exanple of the sulfur-free antioxidant is

gi ven as di - net hyl cycl ohexyl am ne. See also U S. Patent 7,179, 311.

[0018] "Eval uation of the Stability, Lubricity and Cold Flow Properties of
Bi odi esel Fuel", J. Andrew Wayni ck, 6th International Conference on
Stability and Handling of Liquid Fuel", Vancouver, B.C., Canada, Cctober
13-17, 1997, pages 805-829 addresses var.igous aspects of biodi esel fuel and
reports an exanple where a blend of 80% | ow sul fur No. 2 diesel fuel/20%
met hyl soyate ester biodiesel fuel was conbined wth 20 ppm of the organic
base N, N-di net hyl cycl ohexyl am ne. At page 813 the report states that
"al t hough addit} ( I C B=Yay i trol

hydr oper oxi de 6?¥®%§% Eﬂﬁ r&%ﬁ%ﬁfh@%%héﬁﬁag%%ydﬁHHH@MMQeQ%%ﬁﬁﬁggg | eve
near that of thsestéméd.g. théﬁdfahm)hndihtgm tdodgantrata diiheiluhs ofl.

(N, N-di -sec-butyl - p- phenyl enedi am ne) and B (2, 6-di-t-butyl -4-net hyl
phenol)". [ 0013116{-4? %QQ%&&%%%P i Ok RS SAHRY df BRAiBEGH e bednel
conp05|t|on wherein the stabili1zing agent is a conbination of: i) one or
nore conpounds thelseljea i mmlgﬁ@nglﬂ‘@ﬂ)@g donkg addivien &F sughe ek &f I%ptiPSnder ed
phenolic anti an d fromthe
group con5|st|ﬁéd% E%Fé?@ mhhr?%P%i g@?ﬁ%ﬂ?ﬁ?@pg 038 %h%ﬁk§b07/0151143

di scl oses a stablllzed bi odi esel wherein the stabilizing additive gs
sel ected from dA®ISr WP e2¥8/ASRA0Yy teaghesc stabiliser; peymessitiong for blends o

3-aryl benzof ur ?Qﬁgﬁﬁm%g rbdiGable ﬁgﬁf]eg'hﬁme@%f kdn@¥hb1S FdN dukk @8 §|0§Ié§’el

optionally, nore hindere enol1c anti-oxidants. - [ 0021] U. S.
2007/ 0248740 dueslmlnolsmi mnmaﬁdnmd/wltbmpmhpmme@@im|f§q1r@ge Stablllzed by

the addition thereto of a multifunctional additive package which is a
combination of one or more additives selected from the group consisting of a
free radical chain terminating agent, a peroxide decomposition agent, an acid
scavenger, a photochemical stabilizer, a gum dispersant and a metal sequestering
agent. Peroxide decomposition agents are selected from the group containing
sulfur, nitrogen and phosphorus compounds. Suitable nitrogen-containing

compounds are of the general formula:

z

N

RN

R!l RI

wherein R” and R’ can be alkyl linear, branched, saturated or unsaturated

C,-Cs, aromatic, cyclic, poly alkoxy, polycyclic, and Z can be R or:

W“/R)
AN
R VY



2,5-di-tert-butyl hydroquinone (BHQ, N, N -disalicylidenepropyl enedi am ne.
The additive is used to stabilize fuel containing at |east 2% by wei ght of
an oi |l dewpved/dsizm pl ant or animal material. [0022] U SPCPAISeN/ 0306286, 124
di scl oses stabilized distillate fuel oils and additive conpositions for
such fuel oils. One additive conposition conprises a mxture of: (a) an oil
sol ubl e di spersant terpolyner of a particular type; (b) fromO0.2 to about 3
parts by weight per part of said oil soluble dispersant tripolynmer of

N, N- di met hyl cycl ohexyl ami ne; and (c) a normally liquid inert hydrocarbon
carrier solvent in an anmount to constitute from about 20%to 80% by wei ght
of the additive conposition. See also (B 1,036,384. [0023] WO 2008/ 124390

di scl oses a synergistic conbination of ashindered phenolic anti-oxidant and
a detergent to inprove the oxidation stability of biodiesel fuel.

[0024] While this reference purports to teach a synergistic mxture of a
detergent and a hi ndered phenol anti -oxi dant, the detergent is not any of
the metal salt t ch as |.kape I S,
phenat es, car baﬁj{%é’% }“8@ ?al ?lé‘%% % ﬁ@ ﬁi@ﬁt‘iﬁ%ﬁﬁﬁ% uesglﬂd!:%ﬁfbgl&lﬁl ng

det ergents suchomginitgdr omr,jayhd sutsstlmm-dmem)yd)atodaekyrhammmgen cd‘ﬂpbunds
(e.g., polyisohutylene succini c anh oly PAM ,

hydr ocar byl sub%tr 1{1}{3@@1 leygiphrylapine, s ,taﬂgm ‘? 66@%?@%@"5& %eéj’mposn "Manni ch
base-type det ergefit & thhbfaphsat ishevérenpldyed bpliwefbitulwiysdn combmatlon

hydr ocar byl - substi t uted phenol, an am ne ‘and fo %%5%%}% % 3’{%

2007/ 0289203 | Svith & BASPeE 416- idaph Referengedo Eigvh A 2Rt I8Y@Bant s f or
bi odi esel fuel 5y, TRGeRMNEMIT Sid CofC WEDI DbiRflon Sof T pieAoldfand 8%t ai n

am nic anti-oxidant in conbination with a phenolic anti-oxidant. Wile - 8

- the optional NNedimathylcyelobaxalamiem &t %@ﬁﬁoﬁé‘ﬁt af 200 Ml rautted gBritls i s
recited at parg L%’%@At in"fe SAGHS §t£blltltgatﬁﬂh@gue@%9%fn§a&@ tha¥Rg heen made

regardi ng salicy Pat & or phenates nor to any prem xi ng of the conponents.
[ 0026] WO 2008/ 1pht&A6 over dillr enmaedpetrmdantlcst%x|adamcrﬂﬂl5‘énms ther st efel . The

anti - oxi dant bl is. a Cco i o Ndals8ehenol s
derived from 2, }g?\gﬁh"}e&y cyBlgF%y noI i the %&% EQPR]?KP”?J t(guS@s/Pls{éﬂt (gg P
par aphenyl ene CHedutcd ehe HeQ T4l Wiisct cﬂ@lﬁb?ddﬂﬂtwaztﬁitures(sﬂ]l raeatreai les! bf Yt esel

fuel of inproved X datiop st.abil ksin at | east
one anti - oxi danP® )t‘ﬂéer'é‘ﬁf’?refﬁpl"ﬁlétﬁff ¥¥e(i"ﬁ"g é’fl%l??'éogi ?ers af ﬁo ?éedctl%? I?lec gr oup
recited at parasy, [ PRG61/299% NI-HZhethyl bﬁ:lcﬂﬁsyﬂhl’ﬁine mnm&naelt}of thet st
additives in the biodiesel is men%| oned at ra i%T%m}such t her

addi tives i ncl udgmbcatredpgionirpsnghit being %tﬁert"B (%etré Ve @ Mg ti on
accel erator ageps+imdpkAbd. deactivators, cold flow inprovers, etc.
Detergents are recited at para. [0065] but are of the PI BSA- PAM and

Manni ch base variety. Norre f kal i alln h net al
salicylates or 1MEat &5Sngi0 zﬂ)flg?% %{%?l? i%[e g?dlh%Fse ﬁ éoragrﬁsélr? £el$nts be of
hi gher TBN. olefinic diesel fuel blending stock containing olefins in an amount of 2 to 80

wt%, non-olefins in an amount of 20 to 98 wt% wherein the non-olefins are
substantially comprised of paraffins, oxygenates in an amount of at least 0.012
wt% and sulfur in an amount of less than 1 ppm, the blend diesel being stabilized
by an effective amount of a sulfur-free anti-oxidant. An effective amount of
sulfur-free anti-oxidant is identificd as 5 to 500 ppm, preferably 8 to 200 ppm of

additive.

[0017]  The sulfur-free anti-oxidant is selected from the group consisting of
phenols, cyclic amines and combinations thereof. Preferably the phenols contain

one hydroxyl group and are hindered phenols. The cyclic amine anti-oxidants

are amines of the formula:



[0028] U. S. 2008/0182768 is directed to a lubricant conposition for

bi odi esel fuel engine applications. The lubricant contains a major anount
of a | ubrwoavimgiasl and a minor anount of a highly graPCedsaubsdeanctional
ol efin copolymer, the multifunctionality being derived fromthe presence of
anm ne noi ety on the copolymer (para. [0058] to [0071]). The presence of a
DI package is mentioned at para. [0085], the detergent including a

nmet al - cont ai ni ng ash-form ng detergent, preferably overbased (TBN 150 or
greater) which can be sulfonate, phenate, sulfurized phenate,

t hi ophosphonat e, salicyl ate, naphthenate or other oil-sol uble carboxyl ates
of alkali or alkaline earth netal. See para. [0086]. - 9 - [0029]"Exanpl es”
are nentioned at para. [0123] but there _gppears to be no nmention of any
detergents at all being used in the Exanples. [0030]U. S. 2008/ 0127550
stabilizes biodiesel fuel by adding to it an effective anmount of a

combi nati on of one or nore stearically hindered phenols and one or nore
triazole nmetal deactivators. No nention appears to be nmade regarding
detergents, but materials suchgas g;ﬁger Haphgg mat e, copper acetate, iron
napht henate are disclosed in tﬁe Ft dynleé.'rﬁ %iao 2008/ 049822 (abstract)
recites that oligo and polyanine%2 i ng nol ecul ar weights from46 to
70,000 and which are free from pRenolic hydroxyl group increase the
oxidation stability of biodiesel fuels which are esters_of fatty aci ds.

[A20§|2] ﬁg Rlagz SwleteimPP@As Sixthahbgpel yaatied toy peylmitgeR' aRE Rir sndoR’ afee t ype:

independently H or alkyl and X is 1 or 2. An example of the sulfur-free anti-

oxidant is given as di-methylcyclohexylamine. See also U.S. Patent 7,179,311.

[0018] “Evaluation of the Stability, Lubricity and Cold Flow Properties of
Biodiesel Fuel”, J. Andrew Waynick, 6" International Conference on Stability
and Handling of Liquid Fuel”, Vancouver, B.C., Canada, October 13-17, 1997,
pages 805-829 addresses various aspects of biodiesel fuel and reports an
example where a blend of 80% low sulfur No. 2 diesel fuel/20% methyl soyate
ester biodiesel fuel was combined with 20 ppm of the organic base
N,N-dimethylcyclohexylamine. At page 813 the report states that “although
additive C (the N,N-dimethylcyclohexylamine} did not contro! hydroperoxide or
insolubles formulations, it did hold the TAN to a level near that of the fuel blend
with anti-oxidant additive A (N,N-di-sec-butyl-p-phenylenediamine) and B
(2,6-di-t-butyl-4-methyl phenol)”.

[0019] U.S. 2008/0127550 discloses stabilized biodiesel fuel composition
wherein the stabilizing agent is a combination of: i) one or more compounds
selected from the group consisting of sterically-hindered phenolic anti-oxidants;
and ii) one or more compounds selected from the group consisting of triazole

metal deactivators.

[0020] U.S. 2007/0151143 discloses a stabilized biodiesel wherein the
stabilizing additive is selected from one or more of the group consisting of the
3-arylbenzofuranones and the hindered amine light stabilizers and, optionally,

one or more hindered phenolic anti-oxidants.



R6 N R5 R2 R3

WO 2011/041346 PCT/US2010/050624

[0021] U.S. 2007/0248740 discloses an additive composition comprising
2,5-di-tert-butyl hydroquinone (BHQ), N,N’-disalicylidenepropylenediamine.
The additive is used to stabilize fuel containing at least 2% by weight of an oil

derived from plant or animal material.

[0022] U.S. Patent 3,336,124 discloses stabilized distillate fuel oils and
additive compositions for such fuel oils. One additive composition comprises a
mixture of: (a) an oil soluble dispersant terpolymer of a particular type; (b) from
0.2 to about 3 parts by weight per part of said oil soluble dispersant tripolymer of
N,N-dimethylcyclohexylamine; and (¢) a normally liquid inert hydrocarbon
carrier solvent in an amount to constitute from about 20% to 80% by weight of

the additive composition. See also GB 1,036,384.

[0023] WO 2008/124390 discloses a synergistic combination of a hindered
phenolic anti-oxidant and a detergent to improve the oxidation stability of

biodiesel fuel.

[0024]  While this reference purports to teach a synergistic mixture of a
detergent and a hindered phenol anti-oxidant, the detergent is not any of the
metal salt type such as alkali or alkane earth metal sulfonates, phenates,
carboxylate or salicylate, but, rather, nitrogen-containing detergents such as
hydrocarbyl substituted arylated nitrogen compounds (e.g., polyisobutylene
succinic anhydride polyamine, i.e., PIBSA-PAM), hydrocarbyl substituted
amines (e.g., polyisobutylene amine), and Mannich base-type detergents which
are the reaction products of a hydrocarbyl-substituted phenol, an amine and

formaldehyde.

[0025] U.S. 2007/0289203 is directed to a synergistic combination of
anti-oxidants for biodiesel fuels. The synergistic combination is a mixture of a

certain aminic anti-oxidant in combination with a phenolic anti-oxidant. While



wherein R to R6is a Cl to C30 al kyl group, C5 to Cg cycloal kyl group, Ci1
to C20 al kyl carboxyl group or C2 to Cg cyano-al kyl group, Al to A3 are Cl
(C27?) to wh2onlkyidene group and/or C6 to Cl2 aryl ene greap/usacnd/oseand m are
nunbers ranging fromO to 30. (See pages 6 and 7 for nore details and
specific am ne bases.) - 10 - 50/50 m x of conventional diesel/biodiesel
and reports induction times (oxidation test). [0034]U. S. 2008/ 0282605 is
directed to a nethod for inproving biodiesel fuel by adding strong
neutralizing am nes to the biodiesel to react with free fatty acid in the
fuel that nmay be left over fromthe synthesis. This reduces the TAN of the
fuel . These strong neutralizing am nes may al so inprove the oxidative
stability of the biodiesel fuels. [0035] khe strong am nes include
guat er nary anmoni um hydr oxi de and/ or quat ernary anmoni um al koxi de (see
paras. [0007] to [0012]).

the optional presence of additional components such as detergents is recited at
para. [0038], no specific teaching appears to have been made regarding

salicylate or phenates nor to any premixing of the components.

[0026] WO 2008/121526 is directed to anti-oxidant blends in biodiesel. The
anti-oxidant blend is a combination of: (1) mono- or bis-hindered phenols
derived from 2,6-di-tert butylphenol, and (2) N,N'-disubstituted paraphenylene

diamine.

[0027}  U.S.2007/0113467 is directed to biodiesel fuel of improved oxidation
stability comprising biodiesel fuel and at least one anti-oxidant, the anti-oxidant
being selected from the specific group recited at paras. [0006] to [0012]. The
possible presence of other additives in the biodiesel is mentioned at para. [0052],
such other additives including but not being limited to cetane improvers, ignition
accelerator agents, metal deactivators, cold flow improvers, etc. Detergents are
recited at para. [0065], but are of the PIBSA-PAM and Mannich base variety.
No mention is made of alkali or alkaline earth metal salicylates or phenates nor

of the desirability that these detergents be of higher TBN.

[0028] U.S.2008/0182768 is directed to a lubricant composition for biodiesel
fuel engine applications. The lubricant contains a major amount of a lubricating
oil and a minor amount of a highly grafted multifunctional olefin copolymer, the
multifunctionality being derived from the presence of amine moiety on the
copolymer (para. [0058] to [0071]). The presence of a DI package is mentioned
at para. [0085], the detergent including a metal-containing ash-forming
detergent, preferably overbased (TBN 150 or greater) which can be sulfonate,
phenate, sulfurized phenate, thiophosphonate, salicylate, naphthenate or other

oil-soluble carboxylates of alkali or alkaline earth metal. See para. [0086].



[0036] In para. [0014] it is recited that the use of these am nes may have
at least two effects: "(1) reducing acid potential as neasured by total

aci d nunbwo 20TiANM)346f t he bi odi esel fuel and/or (2) increa3iusgomwisocexi dative
stability of the biodiesel fuel." See Experinental at para. [0039] to
[0042] where certain ami nes are evaluated for TAN control and induction
period at 110C and the am nes are seen to increase the induction period.
[0037] U. S. 2008/0182768, published July 31, 2008, filed January 31, 2007 is
directed to a lubricant conposition for biodiesel fuel engine applications.
[0038] The fuel is from5%to 100% bi odi esel. The oil is a major anount of
an oil of lubricating viscosity and a m nor anount of at |east one highly
grafted nultifunctional olefin copolyner.g [0039] The highly grafted

mul ti functional olefin copolyner is made by reacting an acyl ati ng agent
with an ol efin copolymer to produce an acyl ated ol efin copol yner and
reacting the acyl ated ol efin copol yner vm'th an amne to provide the highly
grafted multi f efd-n : [ opol yner
material is eff@ﬁg:l al%xamp eci;uce @?@%g%typ T 3@@2@%*"?%@9{3&%@ |b(§ant%| ng oil
conposi tion. [ QRehlipd bamyldefergentsapall yeieg gsedirethe Epahplaer s of et hyl ene and one
or nore C3 to C23 al phaol efins (para. [0012]) [ 0042] The ol efin copol yners
are accyl ated ( 2 h ek 0 s e reacted
with an amnic r@ou#gso %d&l(ﬂa?%% gt]a?ﬁlv\% gg%eyfptbg E@%ﬁ%ﬁ% am nes
(para. [0060] tecﬁfe[:tﬁ)&ﬁa]ﬁ@unt pDO4Gnatiaref.onf ©®8w]re ptearioglly himdergd phenolst he

| ubricating oil can al so cont aj th i tiyes ents" and
at para. [0085]2‘"@6’85 o4 &%Et éaﬁ?fg %%?ll eaCtg\?fejr a}s(@ %‘n@hﬁgé&gs m%%l\fﬁ% 100 or
greater. At pargardin®a6irgetis, lﬁlehxealtfgﬁh;tsslclaaempﬂ)eﬂhapht}Edataszoppdr asghtabl e
neutral or netal, par i cul ar al kali or alkaline earth netal overbased
sul fonates, pheffatnagr hh Sl ki fi%%lasegﬁ'éWQ%é‘gmp'Fﬁl ophosphonat es, salicyl ates,
napht henat es and ot her oil-sol ubl e carboxyl ates I ncluded are m xtures of
such det er gent s[00Fgr aW([)(ﬁOBS’/pwswaaimrac[tDrbai&]s tha;pxligo gnd heityarhmbfr hayvétg ng oils

of the invention were tested i - t n b { exactly
were the additi®esylay "f‘;ﬂé’t%g?‘gqpl‘%% (ig&g? ‘?‘n f %fl grg % egc’llc&‘é’d{éﬁﬂ ed.
group increase the oxidation stability of biodiesel fuels whlch are esters of fatty

acids.

[0032] At page 3 it appears that polyamine-type materials are of the type:

wherein R! to R® is a C, to Cs, alkyl group, Cs to Cg cycloalkyl group, C; to Ca
alkylcarboxyl group or C; to Cg cyano-alkyl group, A'to A® are C, (C,?) to Cy,
alkylene group and/or Cs to Cy, arylene group, and n and m are numbers ranging

from 0 to 30. (See pages 6 and 7 for more details and specific amine bases.)

[0033] The Examples beginning at page 14 show various polyamines

compared against BHT in 100 rapesecd oil methylester biodiesel fuel and in



[ 0044] DE 19622601, fromthe abstract, is directed to fuels for diesel

engi nes based on fatty acids and fatty acid esters. The addition of basic

ni t rogen-wormaididg additives in the formof anmonia, pPCFAISR0I005®REondary
C to C20 alkylam nes or C2 to C8 am neoal cohols is nentioned. [0045] WO
2007/ 115844 teaches a nethod for increasing the oxidation stability of

bi odi esel fuels. An anti-aging additive is used having the fornmula: - 12 -
R"..... ----..." AON- B\/ wherein A, Rand B are defined in the
abstract. Basic amine materials are disclosed as useful for inproving the
oxidation stability of biodiesel. The text contains Exanples (Exanple 3) of
i nproved oxidation stability achi eved using various basic am ne conpounds
as taught in the application. [0046]U. S, ;g2007/0248740 is directed to a

i quid conposition conprising a major amount of an oil and a m nor anount
of an additive conposition conprising a synergistic mxture of BHQ and

N, N -di sal i cylidine propylene diam ne and wherein at |least 2 w% of the oi

is derived fro pl ant or anina hal g [0 ] i1} petards
oxi dati on i n ¢ AT diaoEepoui B Bl Rieisst" 48] KRGO dARNE BREDD, o o
the oil (which)(okidatthartest)ed froma plant or animal material™ refers to

bi odi esel fuel present in the lubricating oil [paras. [0024] to
[0034] U.S. 2008/0282605 is directed to a method for improving biodiesel

fuel by adding strong neutralizing amines to the biodiesel to react with free fatty
acid in the fuel that may be left over from the synthesis. This reduces the TAN
of the fuel. These strong neutralizing amines may also improve the oxidative

stability of the biodiesel fuels.

[0035] The strong amines include quaternary ammonium hydroxide and/or

quaternary ammonium alkoxide (see paras. [0007] to [0012]).

[0036] In para. [0014] it is recited that the use of these amines may have at
least two effects: “(1) reducing acid potential as measured by total acid number
(TAN) of the biodiesel fuel and/or (2) increasing the oxidative stability of the
biodiesel fuel.” See Experimental at para. [0039] to [0042] where certain amines
are evaluated for TAN control and induction period at 110°C and the amines are

seen to increase the induction period.

[0037] U.S. 2008/0182768, published July 31, 2008, filed January 31, 2007

is directed to a lubricant composition for biodiesel fuel engine applications.

[0038]  The fuel is from 5% to 100% biodiesel. The oil is a major amount of
an oil of lubricating viscosity and a minor amount of at least one highly grafted

multifunctional olefin copolymer.

[0039] The highly grafted multifunctional olefin copolymer is made by
reacting an acylating agent with an olefin copolymer to produce an acylated
olefin copolymer and reacting the acylated olefin copolymer with an amine to

provide the highly grafted multifunctional olefin copolymer.



[0030]). [0048]U.S. 2007/0289203 is directed to a synergistic conbination
of anti-oxidants for biofuels. The synergistic m xture of anti-oxidants
conpri seswatoligasis6one sterically hindered phenol and arcCrasselooss2ar omati c
diam ne. The aromatic dianm nes are tested at paras. [0022] to [0026].
Exanpl es are presented at paras. [0041] to [0048]. 100491U.S. 2007/0137098
t eaches that conpositions containing unsaturated fatty ester (biodiesel)
may be stabilized agai nst oxidation by the addition of an anti-oxi dant
package contai ning a phenolic anti-oxidant and a non-phenolic - 13 -
oxygen scavenger such as hydroxyl am ne, am ne N-oxide, oxinme or nitrone.
The am ne- N-oxi de can be used w thout the phenolic anti-oxidant.
DESCRI PTI ON OF THE | NVENTI ON [ 0050] Lubrigating oils used to |ubricate

engi nes run on biodiesel fuels are stabilized agai nst oxidation and/or

sl udge and/ or deposit formation and engines lubricated with such |ubes are
prot ected agai nst corrosion by addition to the lubricating oils or to the

bi odi esel fuel an.additi .anmount of rem risj . nor e
or gani c bases,ﬁgﬁﬁuor #@eagﬁg§§g%ﬁlngda%8ﬁ%lgﬁéﬁéﬁgng?%R%Qﬁ aﬂ@g.
Bi odi esel fuel sinaeseal he hiriaingictladmpgsiiinst oxi dation by the addition to

the bi odi esel fuels of an additive anmount of a prem x conprising one or

Tore Organic bAREA e Sl siILEIRLELASLE ABY oPN% Bhe Y SicPlons dant s

[ 0051] The orga ses Inc ogen: inn ases as exenﬁﬁified by
the fornmul a: Rltol,{ algtkolefins (para. [0012]).

[0042] The olefin copolymers are accylated (para. [0024]) and the acylated
olefin copolymers are reacted with an aminic compound (para. [0058]) which

appear to be aromatic amines (para. [0060] to [0067]).

[0043] At para. [0084] it is stated that the lubricating oil can also contain
other additives including “detergents” and at para. [0085] such detergents can be
overbased and have a TBN of 100 or greater. At para. [0086] the detergents are
identified as oil soluble neutral or metal, particularly the alkali or alkaline earth
metal overbased sulfonates, phenates, sulfurized phenates, thiophosphonates,
salicylates, naphthenates and other oil-soluble carboxylates Included are
mixtures of such detergents (para. [0087]). Para. [0123] reports that lubricating
oils of the invention were tested in T-11 extended engine tests but what exactly

were the additives in the oils tested are not discussed or identified.

[0044] DE 19622601, from the abstract, is directed to fuels for diesel engines
based on fatty acids and fatty acid esters. The addition of basic
nitrogen-containing additives in the form of ammonia, primary or secondary C;

to Cyo alkylamines or C, to Cg amineoalcohols is mentioned.

[0045] WO 2007/115844 teaches a method for increasing the oxidation

stability of biodiesel fuels. An anti-aging additive is used having the formula:



\' 1R A2/ NR3 A/ NRA R N/ 1R5

WO 2011/041346 PCT/US2010/050624

-12-

wherein A, R and B are defined in the abstract. Basic amine materials are
disclosed as useful for improving the oxidation stability of biodiesel. The text
contains Examples (Example 3) of improved oxidation stability achieved using

various basic amine compounds as taught in the application.

[0046]  U.S. 2007/0248740 is directed to a liquid composition comprising a
major amount of an oil and a minor amount of an additive composition
comprising a synergistic mixture of BHQ and N,N’-disalicylidine propylene
diamine and wherein at least 2 wt% of the oil is derived from a plant or animal

material,

[0047] The additive retards oxidation in the liquid composition. It appears
that the “at least 2 wi% of the oil (which) is derived from a plant or animal
material” refers to biodiesel fuel present in the lubricating oil [paras. [0024] to
{00307).

[0048] U.S. 2007/0289203 is directed to a synergistic combination of
anti-oxidants for biofuels. The synergistic mixture of anti-oxidants comprises at
least one sterically hindered phenol and at least one aromatic diamine. The
aromatic diamines are tested at paras. [0022] to [0026]. Examples are presented
at paras. [0041] to [0048].

[0049]  U.S. 2007/0137098 teaches that compositions containing unsaturated
fatty ester (biodiesel) may be stabilized against oxidation by the addition of an

anti-oxidant package containing a phenolic anti-oxidant and a non-phenolic



nm wherein RL to R6is a Cl to C30 al kyl group, C5 to C8 cycl oal kyl

group, Cl to C20 al kyl carboxyl group or C2 to C8 cyano-al kyl group, A to
A3 are CawoaoGl@1abkyl ene group and/or C6 to Cl2 aryl eneCgrusago/osnsds n and m
are nunbers ranging fromO to 30. - 14 - penta-anine, dipropylene
tri-amne, tripropylene tetra-am ne, pentapropyl ene hexa-am ne, etc.
100531Organi ¢ bases al so include naterials wherein prinmary am nes are
attached to tertiary carbon atons such as:

-13-

oxygen scavenger such as hydroxylamine, amine N-oxide, oxime or nitrone.

The amine-N-oxide can be used without the phenolic anti-oxidant.

DESCRIPTION OF THE INVENTION

[0050] Lubricating oils used to lubricate engines run on biodiesel fuels are
stabilized against oxidation and/or sludge and/or deposit formation and engines
lubricated with such lubes are protected against corrosion by addition to the
lubricating oils or to the biodiesel fuels of an additive amount of a premix
comprising one or more organic bases, one or more detergents and one or more
anti-oxidants. Biodiesel fuels are also stabilized against oxidation by the
addition to the biodiesel fuels of an additive amount of a premix comprising one

or more organic bases, one or more detergents and one or more anti-oxidants.

[0051]  The organic bases include nitrogen-containing bases as exemplified by

the formula:
R A A2 3 =
N/ - A
N N / T N / N/
R2 R3 R4 RS
h o m

wherein R' to R is a C, to Cyo alky! group, Cs to Cy cycloalkyl group, C; to Cy
alkylcarboxyl group or C; to Cg cyano-alkyl group, Al to A are C; to Cyy
alkylene group and/or Cg to C,, arylene group, and n and m are numbers ranging
from 0 to 30.

[0052] Organic bases include tetraethylene penta amine (TEPA), diethylene

tri-amine, tricthylene tetra-amine, penta ethylene hexa-amine, tetrapropylene



NH2 1 R7 - C- (CH2)x 1 R7 NH2 1 C1 R7 z wherein R7 are the sanme or
different on each nolecule and are selected fromCl to C10 alkyl, C5 to CO
cycl oal kywp 208/m4034€i O aryl, C7 to Cl10 aryl al kyl, C7 toPCr@sadlkpsmeyl and x
is an integer fromO to 20, y is an integer fromO to 20 and z is an
integer fromO to 20.

- 14 -

penta-amine, dipropylene tri-amine, tripropylene tetra-amine, pentapropylene

hexa-amine, etc.

[0053] Organic bases also include materials wherein primary amines are

attached to tertiary carbon atoms such as:

N|H2 _NH2 N
|
R’ _cl: — (CHy, —| C "'“—(CHz)y__ R7
R ||q7

wherein R are the same or different on each molecule and are selected from C,
to ClO alkyl, C5 to Cm cycloalkyl, C(, to Cll) aryl, C’,r to Cj() aryl alkyl, C7 to C10
alkylaryl and x is an integer from 0 to 20, y is an integer from 0 to 20 and z is an

integer from 0 to 20.
[0054]  Other useful organic bases include materials such as:

z

N

VRN

R' R“

wherein R” and R"" are the same or different C, to Cyg alkyl, C; to Csq branched,
Cy to Csp unsaturated alkyl, Cs to Cjp aryl, C; to Csq arylalkyl, C; to Cy
alkylaryl, Cs to Csg cycloalkyl or polycycloalkyl, Cs to Cy poly alkyl; and Z can
be R or:



10054] Gt her useful organic bases include materials such as: Z1 N/\ RK
wherein R and R' are the sane or different Cl1 to C30 alkyl, C3 to C30
branched,wQ2011004€C86 unsaturated al kyl, C6 to C30 aryl, ECTUS2@3805®ey| al kyl ,
C7 to C20 alkylaryl, C5 to C30 cycloal kyl or polycycloal kyl, C5 to C30 poly

alkyl; and Z can be Ror: - 15 - Rn\ R)y wherein N can be 1-6 and y can
be 1-6. [0055] The detergents are selected fromthe group consisting of
al kali, alkaline earth netal or hydrocarbyl -substituted salicyl ates,

phenat es, sul fonates, stearates, naphthanates, carboxylates and m xtures
t hereof. [0056] They have a TBN of at |east 20, preferably at |east 150,
nore preferably at |east 250, still nore preferably at |east 300.
[0057] M xtures of phenate, sulfonate, sal4cylate and carboxyl ate can be

wherein N can be 1-6 and y can be 1-6.

[0055] The detergents are selected from the group consisting of alkali,
alkaline earth metal or hydrocarbyl-substituted salicylates, phenates, sulfonates,

stearates, naphthanates, carboxylates and mixtures thereof.

[0056] They have a TBN of at least 20, preferably at least 150, more
preferably at least 250, still more preferably at least 300,

[0057]  Mixtures of phenate, sulfonate, salicylate and carboxylate can be
employed, preferably the calcium salts of such materials. They can be used in a
ratio of phenate:sulfonate:salicylate:carboxylate in the range 1:1:1:1, preferably
1:1:1:0, more preferably 1:0:1:0, most preferably 0:0:1:0, the zero in the ratios

indicating the absence of a component.

[0058] A typical detergent is an anionic material that contains a long chain
oleophillic portion of the molecule and a smaller anionic or oleophobic portion
of the molecule. The anionic portion of the detergent is typically derived from
an organic acid such as a sulfur acid, carboxylic acid, phosphorus acid, phenol,
or mixtures thereof. The counter ion is typically an alkaline earth, alkali metal

or hydrocarbyl! substituent.

[0059]  Salts that contain a substantially stoichiometric amount of the metal
are described as neutral salts and have a total base number (TBN, as measured
by ASTM D2896) of from 0 to 80. Many compositions are over based,
containing large amounts of a metal base that is achieved by reacting an excess

of a metal compound (a metal hydroxide or oxide, for example) with an acidic



enpl oyed, preferably the calciumsalts of such materials. They can be used
in a ratio of phenate:sulfonate:salicylate:carboxylate in the range
1:1:1:1, woebawaidsg 1:1:1: 0, nore preferably 1:0:1:0, nPET/UseeDAs@RS v
0:0:1:0, the zero in the ratios indicating the absence of a conponent.
100581A typical detergent is an anionic material that contains a |long chain
ol eophillic portion of the nolecule and a snaller anionic or ol eophobic
portion of the nolecule. The anionic portion of the detergent is typically
derived froman organic acid such as a sul fur acid, carboxylic acid,
phosphorus acid, phenol, or mxtures thereof. The counter ion is typically
an al kaline earth, alkali netal or hydrocarbyl substituent. [0059] Salts
that contain a substantially stoichionetrgc anount of the netal are
described as neutral salts and have a total base nunber (TBN, as neasured
by ASTM D2896) of fromO to 80. Many conpositions are over based,

cont ai ni ng Iarge anounts of a netal base that is achieved by reacting an
excess of a net n hy, i j X ) with
an acidic - @aﬁpggd%*£§sg§%?5b %ﬁﬁ %g?g&ﬁgg%ﬂehhé%%%ﬁeﬁgghgan be
neutral, ml dI youaxbesddased;ghm oimrpmw @werﬁamleathter@resr help eduidaizeragdist s hel p

neutrallze acidic I. rities, p duc the cax ustlo S d becone
entrapped in thlg‘paf'{]p pf?fiﬂc ‘gﬂ {Pe ‘PR us&'\? B)ﬁgsé&n era tr%; gggntr%glt |Ho of
metallic ion tOTﬁi’tlaﬂfﬂltﬁe paibdsahmatkriilias o edtieroferetallof ioabwartioric P&tidn 66 50: 1 on
an equi val ent 5| S. Nbre refe he ratio is fromabout t o about
25:1. The resul Fﬁae@é‘?t& é’gﬂi‘t @f’agﬁyé@i%%eﬁ&uﬁgff@rt&éﬁt ‘ngtpr%frfﬂi]’] Ytypically
have a TBN of aleuioioRoRlabiit@hes.abeitt2en . ame udsulding deergémls an ovetiaged
Preferably, the overbasi ng cation is sodium, calcium or rﬁar?agosi #lgn A

m xture of det edegsgans thet will Bpribnkrve BN BN AT Fout B0rpritigheh @ ¥h

| nvention. Pref gl il &R 0 Rrdb! Gy Lrbsi Kl grsoauﬁal iaguRapt h netal
salts of sulfates, phenates, carboxyl ates, phosphat es, and sal i cyI at es.
Preferably in tlh%qsﬁle@ent‘\ mrlvv@lﬁtfi'fo#tftl‘&@t%éf diffseing TBN soertsassed in fi&/i ng a
TBN of at | east r t 1R le¥rtehetapast 250,
still nore pref%r 8 m%‘ﬁloﬁeggﬁg’g flete E@ggrso%g‘?% FPE]E lg'?l:a{{lﬁ%n?g rztareegref erably
sel ected from Glalt€of ailfa;els piﬁdatéﬁz@arbowlmﬁedhtabka}d:s ar@psatipylatgy. yPrefe@b!yC20 aryl
al kyl, Cr7-C20 al ar f gen or

ni trogen, subst!" % ¥y %l Wﬁ%n}m e %&er cn oggrg%fe?’e aglrrllg%rT%\liijM leastrSt;

het er oat om cont griefetably sudst 200uRbte ;gefémbsf at feasf260,a50l lymoBd prER@akdy ktyltqst C4- C20

branched al kyl , -C20 ar C[- C20 ar yl~ whi ch may
be het er oat om 19’0%6 '%éﬂ‘l’qa[ﬁg’ subglityents g pﬁ‘?f?rraglééﬁlegtﬁ%gf)ﬁ%taéﬂ%lkﬁ C1’@"Cr2%1bl y

ni trogen substi pidh@dd alki, & Ldrearyl e -CardpanilisheteCgrlt aby which may be

het er oat om cont ai ni ng substituent groups

pr ef er abl h ocC
substituent is BEiCTaMRY 1&nPHE. ABIEEN S SHiEPEEH| Hubstie %Cﬁn‘ %{Q@ﬁ Eﬁ"{e still
nore preferablygathr Q;L% ahéﬁ’r‘oat@ﬁﬁ'—%ﬁtalrﬁﬁg %iﬂf’sﬁmeﬁt @fou@s usrefesdblhyas@gar byl
substituent is PRI MENE f S, which is a Cl12 gamne V\heret&g
nitrogen is att alned«Coo brapehediatiy). @a?iycﬂ*iylatcmﬁm pobetystitondtel 2iay be
prepared from SUthc b%qleﬂ:ﬁoa&mtl Ab Bk Yo éhl dohiehleaistRdiy, ptekdrgimat i on of
al kyl substitut ar o t| ¢ hydrocar bons. drocar bon exanpl es include those
obt ai ned by al kyitragémsubbgnzdnio, cither the gerbon skeleton or by heteroatom-containing
xyl enes, naphthal ne blphen i Y 1 ,
(chl or obenzene, DRSS OPY hg}}? A(F tflﬁ g%ﬁ% gﬂ%ﬁ&eéni’?sé'? gikay afnme
al kyl ati ng agentrmretgtpﬁenaam Q/Clh@;aell@bmutne,asnﬂlon@@ptﬁéﬁfﬁﬁnaéfts-@rrsalk)?lfhé"@l kar yI

sul fonat es typi aII con t bon
atons, nore typ plFrp &ué‘gaﬁfy% QAR P%%?t@ﬂé% tgsgPIg ([?%@”ﬁ]ﬁ&ﬁi{lmnn in
Lubricants and R@I;ﬁzmeady hnind whe s, the/sitrbgg nmmwheito@eetnanyezlarboBemch FL; | SBN
0-89573-177-0, discloses a nurrber of overbased netal salts of various

sul fonic acids yh % M@h&@?‘iﬁa@%@ Rall

| ubri cants. Themygo Zér{ﬁOH H{aza%r Pl%g%w tsl?‘veé V. nglp ﬁe)ér and R
K. Smith, publi steiedy byhesulfemtiuus i | ekkybosub@tﬁtueﬂe\ﬂeibraﬁt@ Ioidrasatbens 7)
simlarly discl s a, nunber .of qver hase ul as
di sper sant s/ det g@g@ﬁ?@"’“ FERITARY |ﬁ1é’see§'?t? fed (Bg @%u\ﬁgrbg&aeﬁ%tet ﬁgl?%seful

cl ass of detergent. These



detergents can be made by reacting al kaline earth netal hydroxide or oxide
(CaO Ca(OH)2, BaO, Ba(OH) 2, MO My(OH)2, for exanple) with an al kyl
phenol orweubfuridaed al kyl phenol. Useful al kyl groups i rcroseososmmght
chain or branched C -C30 al kyl groups, preferably C4-C20. Exanples of

sui tabl e phenol s include isobutyl phenol, 2-ethyl hexyl phenol, nonyl phenol,

1- et hyl decyl phenol and the like. It should be noted that starting

al kyl phenol s may contain nore than one al kyl substituent that are each

i ndependently straight chain or branched. Wen a non-sul furized al kyl phenol
is used, the sulfurized product may be obtained by nethods well known in
the art. These nethods include heating a m xture of al kyl phenol and

sul furizing agent (including elemental sy fur, sulfur halides such as

sul fur dichloride and the like) and then reacting the sulfurized phenol
with an alkaline earth nmetal base. - 18 - 10063] Metal salts of carboxylic
acids are al so useful as detergents. These carboxylic acid detergents may
be prepared by reactin asic c oupd: W as ar boxylic
acid and removi¥§ ¥ ee'%ﬁ*@?%ro?ﬁﬁ%&l rgaggt i gﬁ'rprgﬂﬂ%‘{n?ﬂe@heaseergggvﬁc%ounds may
be overbased t gcHirobHeenel vblodasivered diBNcHieveiphtidiner dentampdde flihem

salicylic acid are .one preferred class of ,det e v f

carboxylic acid yﬁl@g%faﬁ ntg AyRically JHavg eﬁ’ﬂ'étl %&8 ﬁ)ggﬁéﬁ&%ﬁ&al Eﬁf ai%ﬁlcyl at es,
where al kyl gr Quiashafd \Whidally Qoatadlibod09 easian sdcabsn ominbte dartan atorad,ky |
groups per benzenoi d nucl eus, and vviqgh t he nmetal of the conpound including
al kal i ne ear t h mase wpicaly Gpmabey 19169 PN %% e of at |east Cl1,

preferably C13 or greater. Such alkyl groups may be optionally substituted
Wi th substituenbes1y haklsanAot iabecdmer endi RélatePreuer.gdietlag Ehemici on. The

metal is preferably calciu es] ar, i nor e prefe |y qcal ci um

100641Hydr ocar Hgﬂeffé%&?cthu n}‘-:'é:l@iOC%%HQ\ZTBUQ'sﬁﬁn%fsbaemﬁ}ﬂgeﬁfrfe%%%%%% phenol s

by the Kol be regggiii its SQaridu®. sultdhiRNbcids, SAch7 9t fefulagdidtieasts dndf or mat i on
on synthesis of these conpounds. The netal sal

t f . the ...
hydr ocar byl - subsitetsertedn slabiieaptsi ¢ Taei b nﬁ‘i}“@@ ‘&ruzﬁﬁ‘?'@d’iww&%ubﬁ:'ev'

deconposi tion %‘meﬁ‘lh?@t‘ﬁxh £ L sthith, BuBALRE B0IhY aRkius¥ERs To. WA velnd,al cohol .
Al kal i ne earth netal phosphates are al so used as deter&ents.

10065] Det er gent@hiord {94 simifpslyedisrdeses garmben of amerbased sy SRNIER Y d or
conpl ex detergen T rgents can provide the properties of two
detergents V\,ithugétt%l %%Jgs%ﬁlésgﬁcfg/tg%e%ﬁgﬁd separate materials. See U S. Patent
No. 6,034,039, for exanple. 100661Preferred detgég nts_incl U(%eﬁ[gﬁl cium
phenat es, cal ci@f§2ul Adkmine sartl ahcapighpesanosr ueld class ghedergiito HERN es,

magnesi um sul fO%?eggegts %gﬂéﬁiauénbﬁb%é&mé%ﬁmn@@%mm Hy@toaidecorcaxigronent s
(i ncluding borate etergents). re preferablag t he detergents are the
cal ci um det er ge(@®, CatOHg, BaPOB&@!DhcMePe MxOH)2 N Sawle) Yithan pkgkent
invention al so gontains .on ani. [ iRQL ORGP BRMP b C
anti - oxi dants, ‘iﬁ?%ll i Sglrli‘frilz-%ggikdgﬁf[’"gm'ag}s\%\%f)?lk S Ec));‘?‘plS 'sol ublte%rret aIl conpl ex
anti-oxi dants. §eHe] The,pilkylgreupsnotisddlysCi-Cur iExeupkndf pomblsphernls zed
phenolic anti-antigxidants. The,.ter "phenol | KR e] g i

anti - oxi dant " u’é‘é'élg‘hé?‘o owﬁhﬁ‘&qqug'ee%%%ﬁf%lﬁﬁ%?s% Ehg%}y%gﬁorll’eq&h%?@%éﬁgh one
hydr oxyl group REnge k. anstauRriRtnotd than gtaiing atkytphyndls may ontein meredht| ear ;

e.g., benzyl, or poly-nuclear; e.g., naphthyl and | ar j onpounds.
Thus, "phenol t§Felkyinypsiiaent 6‘??&‘?8? eacdy E‘B%o,e}{%eé‘ﬁﬁcsﬁr%%b{ gléaé%(ragf%hggﬁ,m%'

hydr oqui none, napk hohen-Qlifirized@ alkihbnadsis alskd | thersubfltzed yprodurt rsayl bair i zed

al kyl or al kenyl derivatives thereof, and bi sphenol -t ype compounds

i ncl udi ng such ehteipershvymetwrsh BigH dgovp h‘kg“tf BY g{:‘iﬁlné%}é&égr”?%b%&c%% fur

bri dges or oxyggikiic#46S1phétdf¥hd BRRRING dgae! (dRdMmgrtemand splfirysufukyl or

al kenyl phenol s, the al kyl or al kenyl groug_ cont.ai ni n frotg1 aﬁgut -100
carbons, pref er hdidgs aucboiscalfwodishlands 4 the likseapddhen (FAFHRENS SHEYEST, the
nunber of al kyl RE@PeRL. on the aromatic ring ranging from
1 toupto the 3@%?%@??%%%@?#@% ed val ences of the aromatic ring

remai ning after counting the nunber of hydroxyl groups bound to the
aromatic ring.



[ 0069] General |y, therefore, the phenolic anti-oxidant may be represented by
the general fornmula: where Ar is selected fromthe group consisting of: -
20 - WO 20R9K1346 m PCT/US2010/050624

-18 -

[0063] Metal salts of carboxylic acids are also useful as detergents. These
carboxylic acid detergents may be prepared by reacting a basic metal compound
with at least one carboxylic acid and removing free water from the reaction
product. These compounds may be overbased to produce the desired TBN level.
Detergents made from salicylic acid are one preferred class of detergents derived
from carboxylic acids. Useful salicylates include long chain alkyl salicylates,
where alkyl groups have 1 to about 30 carbon atoms, with 1 to 4 alkyl groups per
benzenoid nucleus, and with the metal of the compound including alkaline earth
metal. Preferred alkyl chains are of at least Cy;, preferably C,; or greater. Such
alkyl groups may be optionally substituted with substituents that do not interfere
with the detergent’s function. The metal is preferably calcium, magnesium or

barium, more preferably calcium.

[0064] Hydrocarbyl-substituted salicylic acids may be prepared from phenols
by the Kolbe reaction. See U.S. Patent 3,595,791 for additional information on
synthesis of these compounds. The metal salts of the hydrocarbyl-substituted
salicylic acids may be prepared by double decomposition of a metal salt in a
polar solvent such as water or alcohol. Alkaline earth metal phosphates are also

used as detergents.

[0065] Detergents may be simple detergents or what is known as hybrid or
complex detergents. The latter detergents can provide the properties of two
detergents without the need to blend separate materials. See U.S. Patent No.

6,034,039, for example.

[0066] Preferred detergents include calcium phenates, calcium sulfonates,
calcium salicylates, magnesium phenates, magnesium sulfonates, magnesium
salicylates and other related components (including borated detergents). More

preferably the detergents are the calcium detergents.



wherein RA is a hydrogen or a C3-Cl00 al kyl or al kenyl group, a sulfur
substituted al kyl or al kenyl group, preferably a C4-050 al kyl or al kenyl
group or WOIR2buro4sibsti tuted al kyl or al kenyl group, norecCpristenabicgs C3- C100
al kyl or sulfur substituted al kyl group, nost preferably a C4-050 al kyl
group, Rg is a G -Cl100 al kytene or sul fur substituted al kyl ene group,
preferably a C2-050 al kyl ene or sul fur substituted al kyl ene group, nore
preferably a C2-C20 al kyl ene or sul fur substituted al kyl ene group, y is at
least 1 to up to the available valences of Ar, x ranges fromO to up to the
avai | abl e val ences of Ar-y, z ranges from1l to 10, n -21 - ranges fromO
to 20, and mis 1 to 5 and pis 1 or 2, preferably y ranges from1l to 3, X
ranges fromO to 3, z ranges from1l to 4,;3nd n ranges fromO to 5, and pis
1. [0070] Preferred phenolic anti-oxidant conmpounds are hindered phenolics
whi ch contain a sterically hindered hydroxyl group, and these include those
derivatives of dihydroxy aryl conpounds in which the hydroxyl groups are in

the o- or p-pos AN \V; i i ncl ude
t he hi ndered ph nols gﬁ%?ﬁ%? %%QEQPY%' fﬁgéfgmfDg%%g%gn%ngg%qu@%ErIene
sul fur bridge anoexypgeridonts dgédogupkedicdetiioxalnty.esnivik antiesidaits adeeléd
phenol s. Exanpl es.,0 f this type include

2-t-butyl - 4- heﬁF?Wsﬁhﬁﬁﬂ?gmfoPn%ﬁFQTOﬁ%8 )Ct'yl phenol ; 2-t-butyl -4-dodecyl
phenol ; 2,6-di-t-butyl-4-heptyl phenol; 2,6-di-t- butyI-4-dodecyI phenol ;
2- nethyl 6-t- buMW6ﬂ4 ﬁéptymemﬁenbkhma mﬂﬁhydeandbmvwﬁﬂﬁwdgﬂepvmobhenol

2. 6. di -t~ but o -AVahaggBRendr B nareilE At o nalbRfe BlSAne Ay

anti - oxi dants nra:ye:n mclluaidepmbmmdehaumg ene dvi mate el @p&ydhox)dlg{qdphdnémnl iC
proprionic ester derivative 8 olic anti-oxidant al sg be
advant ageousl y %%%ﬁmWH”@B%%ﬁﬁ%PPSA F mppenuclgarn Sigp FWVZﬁ?PéHnuEQngIeS of
ort ho-coupl ed bi.g; ﬂh\ﬂiﬂ(}ll Snd mplrudaeoszchdm;ﬁ»ﬁﬁdst tFHltlSY l‘pl‘ﬂenbEDjp}ﬂ’ ipdhesesl ) ;

2,2 -bis(6-t- butyl -octyl noI bi s buty dodecyl

phenol ) . Par a- cCRSBPIEAT B gatsﬁ@ﬁa?? qlwiqwd@quwa?e aselis eF1Cs Vas vl R iy

4,4' -bis(2,6- d'ortdI&H?Ndnchmeﬂ aﬂcsrnoxﬂauéenyn&tnhyth@@qyebdos;(aad&sghenbr Bpey!
phenol ). [0071] Phenolic-type anti-oxidants are well known in th

| ubri cating i ndepsnoyndgnincbgivgeeh Hi-pspahpspragousds hinked EvrﬂHﬂM@kerfaﬂda%o

| RGANOX(r) 1076, Bm%ggg MPHe REANPYOFLalkA Q9.
1RGANOX( 1) L118 IfhRGA Xlr yE135 angafﬁé I|E§S§?&Q?Qﬁ;Ilar¥?3{%ﬁ%se skilled
inthe art. Thealhetml/ehqnsis,pth@slémlt@dtll@nylﬁrw aBiRingtg e apout f1 08 cpidANs, not
limtation on t in the
pr esent | nvent | Barerao8 ;30 cAPEHOLY Gull-ba SRS Ttk Bty B AR (s

i ncl ude al kyl at @kkenyt gmopmabdcyﬂtattbd a@mnatlng raagingdwng MmulaE) the avadeble

nonoam ne of the for i.s_an _ali. hat

substituted ar o‘#%&?tﬂ%"gk’ g‘u‘ﬂ)ces fﬁrﬁ aromaélﬁ ring SHat! lcr:‘g(")iir?tef o5 tg@ u'frgléfrar omatic
group and Rm i shiilyskyDg@lps mluky to thaaade rikf.vS( 0) nl e, V\/ner ein Rwis

al kyl ene, alkenylene or arylalkylene group and Ry is a higher al kyl group,
or an al kenyl, or, y an

al i phatic groupl’ i@] Ge@on ti‘ne fo?mFﬁf@Q bd ﬂﬁ}tl d]anpllfngggcgbgﬂ;gﬁk%h%
preferably contmegawhﬂ@mnmhnut 6 to 12 carbon atons. The aliphatic group is
a saturated aliphatic group. Preferably both R and RH are aromatic or
substituted aromatic group and the 9 ingup may be a single ring or
fused nulti-ring aromatic group suéﬁ as nap%thyl aromatic group. Rl and RH
may be joined together with the% gﬁoups sych fs sulfur. RH is preferably
hydr ogen. [0073?%?5@6&F35?@ MRhe BEOHR CASHISRE dant s are di phenyl ani ne and
phenyl napht hyl am ne, wherein the phenyl and/or napht hyl group(s) has
(have) al kyl substituted group(s) of at |east about 6 carbon atons.

[ 0074] Exanpl es of aliphatic groups include hexyl, heptyl, octyl, nonyl and



decyl. Generally the aliphatic groups will not contain nore than about 14
carbon atons. The general types of am ne anti-oxidants useful in the
present cwoposi/iidas i ncl ude di phenyl am nes, phenyl napirChgUiS20m008624
phenot hi azi nes, i m dodi benzyls and di phenyl phenyl ene di am nes. M xtures of
two or nore aromatic am nes are also useful. Polymeric am ne anti-oxidants
can al so be used. - 23 - Particular exanples of aronmatic am ne
anti-oxidants useful in the present invention include:

p, p' -di octyl di phenyl am ne; t-octyl phenyl -al phanapht hyl am ne;

phenyl - al phanapht hyl am ne; and p-oetyl -al pha-napht hyl am ne. [0075]Q |

sol ubl e organonetal i c conpounds and/or oil sol uble organonetallie

coordi nation conpl exes suitable for use s an anti-oxidant in the present
invention are materials selected fromthe group consisting of: (a) one or
nore netal (s) or metal cation(s) having nore than one oxidation state above
the ground state, excluding iron and ni ckel, conpl exed, bonded or
associated with two oy nore ani ons; one or nore s) or netal

cation(s) having nore| than one oxidati on state aboye [the ground state,
excluding iron and-pj conplesy d or a iLedh W th one or nore
bi dentate or triden Ilgands nore met a

cation(s) having nor han dne ox ofi state ab0'- th- gr ound. st at e,
excluding iron and ni ckel, conpl exed, bonded or associated with one or nore
anions and one or nore |ligands; or (d) m xtures thereof provided the anion

and/or |igand does not itself render the netal cation inactive; i.e.,
renders the nmetal cation unabl- to change f on1one OX|dat|o state above
the ground state jc¢ on sLaﬁ e (Ehs, 9o state,
deconpose or caus of the ILTaIt “Eher ¢y )i endering the
nmetal cation inac 076] Exanp suitable per

anti - oxi dants i ncl ufe copper di hydrocarbyl thio- or dithio-phosphates,
copper polyisobutyl ene succini ¢ anhydride and copper salts of carboxylic
acid (naturally occurring or synthetic). Qher suitable copper salts

i ncl ude copper dithiocafbamates, sul phonates, phenates, and

acetyl acet onates. Ba neutral or acidic copper Cu nd/or Cu(ll) salts
@ ni c(CGlds a@ora®)pydr i(Csn ar
NoFT . :

derived from al kenyl own to be
particularly useful. and
anti - oxi dants have beenjrecited above, this recitation|is not intended as a
limtation on the detergents or antioxidants but just as representative of
materials which suitably can be.enployed in the present invention.

R 1

wherein R” is a hydrogen or a C3-C g alkyl or alkenyl group, a sulfur substituted
alky! or alkenyl group, preferably a C4-Csq alkyl or alkenyl group or sulfur
substituted alkyl or alkenyl group, more preferably C;-Cio alkyl or sulfur
substituted alkyl group, most preferably a C4-Cso alkyl group, Rg is a Ci~Cioo
alkylene or sulfur substituted alkylene group, preferably a C,-Cso alkylene or
sulfur substituted alkylene group, more preferably a Cy,-Cy alkylene or sulfur
substituted alkylene group, v is at least 1 to up to the available valences of Ar, x

ranges from 0 to up to the available valences of Ar-y, z ranges from 1 to 10, n



[0078] As previously indicated, the prem x used in the present invention
conprises a mxture of: (a) one or nore organic bases, preferably short
chai n polwernneés)34b) one or nore detergents; and (C) ORETAIS20M0/080624
anti-oxidants. [0079]1n the prem x the organic base, the anti-oxidant and
the detergent are enployed in a ratio of 0.5-10 : 0.5-10 : 2-80, preferably
1-4 : 1-4 : 4-40, nore preferably 1. 1:5, still nore preferably 1. 1 :4.67.
[0080] In using the prenmix, the prem x can be added to either the
lubricating oil, the biodiesel fuel or to both the lubricating oil and the
bi odi esel fuel, preferably to the lubricating oil. - 25 - 10 to 15 w %
based on the total weight of the formulated lubricating oil conposition.
[0082] When added to the biodiesel fuel,_4he prem x can be added in an
anount in the range of 0.1 to 7 ww% preferably 0.2 to 2 W% based on the
total weight of the biodiesel fuel plus additives. [0083] The prem x can be
made enpl oyi ng any order of addition of the conponents. The conponents are

i xed t, t i 1 i
m xed neat, n e?‘ang?%s ot 0o tz@?atnd fs 198 %%ﬁ ?gg \f\ﬁ?ﬁdﬁ)rﬁﬁégg g‘rﬁnéelg' EropPp@NCe of

the lubricating or brodiesel fuel 1 e eventual ly
i ntended to be 3axicmgdes ffow 0 ¢ 3.fzemeges fiomeinioxi and npanace fomdktodamdarisdsed. |t is
not critical which procedure is used. Both procedures provide the desired

"premi x conposigdAN” - prokERa FolRdgi-bABANSnISRdsNEH: MRikdRQ BRAGRET €
which contain a sterically hindered hydroxyl group, and these include those
derivatives of dihydroxy aryl compounds in which the hydroxyl groups are in the
0- or p-position to each other. Typical phenolic anti-oxidants include the
hindered phenols substituted with C,+ alkyl groups and the aikylene sulfur
bridge or oxygen bridge coupled derivatives of these hindered phenols.
Examples of phenolic materials of this type include 2-t-butyl-4-heptyl phenol;
2-t-butyl-4-octyl phenol; 2-t-butyl-4-dodecyl phenol; 2,6-di-t-butyl-4-heptyl
phenol; 2,6-di-t-butyl-4-dodecyl phenol; 2-methyl-6-t-butyl-4-heptyl phenol;
2-methyl-6-t-butyl-4-dodecyl phenol, 2,6-di-t-butyl-4-methyl phenol;
2,6-di-t-butyl-4-cthyl phenol; and 2,6-di-t-butyl-4-atkoxy phenol. Other useful
hindered mono-phenolic anti-oxidants may include, for example, hindered
2,6-di-alkyl-phenolic proprionic ester derivatives, Bis-phenolic anti-oxidants
may also be advantageously used in combination with the instant invention.
Examples of ortho-coupled bis-phenols include: 2,2’ bis(6-t-butyl-4-heptyl
phenol); 2,2 -bis(6-t-butyl-4-octyl phenol); and 2,2’ -bis(6-t-butyl-4-dodecyl
phenol). Para-coupled bis-phenols include, for example, 4,4"-bis(2,6-di-t-butyl
phenol) and 4,4 -methylene-bis(2,6-di-t-butyl phenol).

[0071]  Phenolic-type anti-oxidants are well known in the lubricating industry
and commercial examples such as ETHANOX® 4710, JRGANOX® 1076,
IRGANOX® L1035, IRGANOX® 1010, IRGANOX® L109, IRGANOX®
L118, IRGANOX® L135 and the like are familiar to those skilled in the art. The
above is presented only by way of exemplification, not limitation on the type of

phenolic anti-oxidants which can be used in the present invention.



[ 0084] A first conponent, such as the anti-oxidant, can be wei ghed and added
to a vessel and heated with stirring to a tenperature in the range of 20C
to 180C, woehareikdsy 40C to 160C, nore preferably 60C toPrPed@sand/obmskd at
that tenperature for from30 to 500 m nutes, preferably 30 to 200 m nutes,
nore preferably 30 to 180 mnutes. To this heated material can then be
added a second conponent, e.g. the detergent or the organic base, wth the
resulting m xture being heated to a tenperature in the aforesaid ranges and
held at the tenperature for a tinme in the aforesaid ranges. The final
conponent is then added to the m xture, again with heating to a tenperature
in the aforesaid range with holding at that tenperature for a tine in the
aforesaid range. Alternatively, two conpghents can be added initially with
heating to within the aforesaid range for a tine in the aforesaid range,
after which the third conponent is added with heating in the aforesaid
range for a tinme in the aforesaid range. - 26 - All-in-one addition and
heat i ng/ m xi ng edyre: [0085]Al | three ¢ onpent s. a o .t he
vessel in any r@@] reg‘r '3%}[ erCE} e p?oé]?peo}lg I ?/rﬂgge) lgarnésen??ﬁ]gentggyg%eadaﬂ{,

organi ¢ base, trhvaalkyhgeddrahaticantisesraet sschrormatichmaforminernd thetfornald:enper at ur e
in the aforesaid range and the mxture is held at the tenperature, with

m xing, for a tinme in the aforesaid rgnge. [@0861Fo||omﬁng t he prem xi ng,
the mixture is added in the desired d&mwunt RO the |ubricant, the biodiesel
or both, preferably to the lubricant. N 0087] This prem xing is conducted in
t he absence of any of the lubricating oiy or the biodiesel fuel into which
the additives are to be added. That is, the additives are conbined either
in their as-received formor as 100% actjve ingredient materials. Such
additives are defined in this specificatign as being in the "neat fornt.
Additives in the as-received formcan be either 100% active ingredient or
supplied by the manufacturer in a carrier fluid but are still considered
"neat" for the pherpaias i alighatc, spembtd oatilsntutdded8hliberoipkRit & af neat

addi tives when subject to the process of heatipg wi.th stirring at a
temperature in %r%é‘téi‘f B %s‘&é’ﬁ“‘ftg‘l;?'i"@ﬁ“? Y sk Ea P i”ﬂYQrolgﬁn’t#gq’a?lgt &Sai d
recited range prOGUHERY, awHRFRAIRE s fiRylphE Bk¥lylédRak aiylalloéric@yamp dnd Rids an
organi ¢ base/anti-oxi dant/detergent conpl ex. The conp| ex if c£ cterized
by the existencehigherghahereup, oppn pkgwilaayl opalkay! grur e K& f 8hs ¥R heni cal

and physical bopdg RehneenR 48 GIHRCOGRLS frolOPEOhEIIE P02 aRRATKENS, iafid NOT
produced when ?ﬁeéébnﬁ nent%.g}e sigglyéﬁdged individually to a lubricating
Gs

oi | or bi odi esepreferably eanéhitreliern@bpsdaigsie @rbonrRions| Yenelinbetie gtoupfs ¢ he
| ubricating ol sac?}f 2P %ﬁjh?iﬁ@ grotlg.e br G b hE ﬁﬁsdré"ﬁr%ﬁ‘laﬁ@@r §uBkiRekd on of
such chenical and/or physicdl bonds or- I'i nkages between t he conponents. -
27 - aromatic group and the aromatic group may be a single ring or fused multi-ring

aromatic group such as naphthyl aromatic group. R' and R" may be joined

together with other groups such as sulfur. R is preferably hydrogen.

[0073]  Typical aromatic amine anti-oxidants are diphenyl amine and phenyl
naphthylamine, wherein the phenyl and/or naphthyl group(s) has (have) alkyl

substituted group(s) of at least about 6 carbon atoms.

[0074] Examples of aliphatic groups include hexyl, heptyl, octyl, nonyl and
decyl. Generally the aliphatic groups will not contain more than about 14 carbon
atoms. The general types of amine anti-oxidants useful in the present
compositions include diphenylamines, pheny! naphthylamines, phenothiazines,
imidodibenzyls and diphenyl phenylene diamines. Mixtures of two or more

aromatic amines are also useful. Polymeric amine anti-oxidants can also be used.



Background Exanple 1 100901Four experinments were run to determ ne the
ability of short chain polyamnes to control oxidation of biodiesel fuel
per se, am00onuidb t he oxidation of | ube base stock an@cCTarsauoasesds

| ubricating oil both with and wi thout biodiesel fuel present in such base
stock or fornulated lubricating oil. [0091] Bi odi esel fuel used is
identified as LAB SME which is a 2:1 mxture of nmethyl |inoleate and nethyl
ol eate and is representative of Soy Methyl Ester. This LAB SMVE sanple is
free of any added anti-oxidant and thus is truly representative of

bi odi esel . PAO-4 is used as representative of a |ube base stock and a heavy
duty commercial vehicle 15W0 fornul ated oil containing anti oxi dant,
anti-wear additive, corrosion inhibitor,,fetergents, etc. present in
anounts typical of a 15W0 HD commercial vehicle lubricating oil is used as
representative of a fornulated oil. Pressure Differential Scanning
Colorimetry (PDSC) was used to neasure oxidation stability as evidenced by

an i ncrease in.oxidati on onset. t enper e. . t. i Q. t D
a5 60 Fest PaBGRL cRAm RS Er AEHRA L and BEiGARO b G in e (diEselED
di esel oils. Theveheat dirkfude:enti atpgs-dietyMipienphsdnegi | $-oatytphbet-wipba-

additives and is used to identify interaction. bet n_anti-oxidants and the
results correl é‘?@htgﬁ?rﬁm&%Pﬂiﬁﬁ%%ﬂhgﬁ[%%gr.ld H"I%t\%gl{ﬂr’%ina {h Hlﬂ%mg%ht ani ne
(TEPA) enpl oyed was 100% active ingredient. The results are presented

bel ow. - 28 - [0e#s] e Dil Y%cbiie YoorDoste@bicrutanmundd | a9d/TEPAI Odobidid on Onset

organometallic coordination complexes suitable for use as an anti-oxidant in the

present invention are materials selected from the group consisting of:

(a) one or more metal(s) or metal cation(s) having more than one
oxidation state above the ground state, excluding iron and
nickel, complexed, bonded or associated with two or more

anions;

(b) one or more metal(s) or metal cation(s) having more than one
oxidation state above the ground state, excluding iron and nickel,
complexed, bonded or associated with one or more bidentate or

tridentate ligands;

(¢) one or more metal(s) or metal cation(s) having more than one
oxidation state above the ground state, excluding iron and nickel,
complexed, bonded or associated with one or more anions and

one or more ligands; or
(d) mixtures thereof.

provided the anion and/or ligand does not itself render the metal cation
inactive; i.e., renders the metal cation unable to change from one oxidation
state above the ground state to another oxidation state above the ground
state, decompose or cause polymerization of the metal salt, thereby rendering

the metal cation inactive.



Tenperature (C) LAB SME 100 - _ - 154 LAB SME 97 - - 3 184 LAB SME 90 -

WO 2011/041346 PCT/US2010/050624

.24 -

[0076] Examples of suitable copper anti-oxidants include copper
dihydrocarbyl thio- or dithio-phosphates, copper polyisobutylene succinic
anhydride and copper salts of carboxylic acid (naturally occurring or synthetic).
Other suitable copper salts include copper dithiocarbamates, sulphonates,
phenates, and acetylacetonates. Basic, neutral or acidic copper Cu(l) and/or
Cu(Il) salts derived from alkenyl succinic acids and anhydrides ar¢ known to be

particularly useful.

[0077)  While many and varied detergents and anti-oxidants have been recited
above, this recitation is not intended as a limitation on the detergents or anti-
oxidants but just as representative of materials which suitably can be employed

in the present invention.

[0078] As previously indicated, the premix used in the present invention

comprises a mixture of:

(a) one or more organic bases, preferably short chain polyamines;
(b) one or more detergents; and

{c) one or more anti-oxidants.

[0079] In the premix the organic base, the anti-oxidant and the detergent are
employed in a ratio of 0.5-10:0.5-10 : 2-80, preferably 1-4:1-4 : 4-40, more
preferably 1 : 1:5, still more preferably 1 : 1 :4.67.

[0080] In using the premix, the premix can be added to either the lubricating
oil, the biodiesel fuel or to both the lubricating oil and the biodiesel fuel,

preferably to the lubricating oil.

[0081] When added to the lubricating oil, the premix can be added in an
amount in the range of 0.5 to 20 wt%, preferably 3 to 15 wt%, most preferably
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10 to 15 wt%, based on the total weight of the formulated lubricating oil

composition.

[0082] When added to the biodiesel fuel, the premix can be added in an
amount in the range of 0.1 to 7 wt%, preferably 0.2 to 2 wt%, based on the total
weight of the biodiesel fuel plus additives.

[0083] The premix can be made employing any order of addition of the
components, The components are mixed neat, neat meaning that the components
are mixed in the absence of the lubricating oil or biodiese! fuel into which they
are eventually intended to be added. Two different premixing procedures can be
used. Tt is not critical which procedure is used. Both procedures provide the

desired “premix composition”.

Step-wise addition and heating/mixing procedure:

[0084] A first component, such as the anti-oxidant, can be weighed and added
to a vessel and heated with stirring to a temperature in the range of 20°C to
180°C, preferably 40°C to 160°C, more preferably 60°C to 90°C and held at that
temperature for from 30 to 500 minutes, preferably 30 to 200 minutes, more
preferably 30 to 180 minutes. To this heated material can then be added a second
component, e.g. the detergent or the organic base, with the resulting mixture
being heated to a temperature in the aforesaid ranges and held at the temperature
for a time in the aforesaid ranges. The final component is then added to the
mixture, again with heating to a temperature in the aforesaid range with holding
at that temperature for a time in the aforesaid range. Alternatively, two
components can be added initially with heating to within the aforesaid range for
a time in the aforesaid range, after which the third component is added with

heating in the aforesaid range for a time in the aforesaid range.
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All-in-one addition and heating/mixing procedure:

[0085]  All three components are added to the vessel in any required sequence,
preferably detergent, anti-oxidant, organic base, then the mixture is heated, with
stirring, to a temperature in the aforesaid range and the mixture is held at the

temperature, with mixing, for a time in the aforesaid range.

[0086] Following the premixing, the mixture is added in the desired amount to

the lubricant, the biodiesel or both, preferably to the lubricant.

[0087] This premixing is conducted in the absence of any of the lubricating
oil or the biodiesel fuel into which the additives are to be added. That is, the
additives are combined either in their as-received form or as 100% active
ingredient materials. Such additives are defined in this specification as being in
the “neat form”. Additives in the as-received form can be either 100% active
ingredient or supplied by the manufacturer in a carrier fluid but are still

considered “neat” for the purposes of this specification.

[0088] The mixture of neat additives when subject to the process of heating
with stirring at a temperature in the aforesaid recited range for a time in the
aforesaid recited range produces a product (a premix) that is believed to be an
organic base/anti-oxidant/detergent complex. The complex is characterized by
the existence of chemical or physical bonds or combinations of chemical and

physical bonds between the components.

[0089] Such a complex is not produced when the components are simply
added individually to a lubricating oil or biodiesel fuel and heated because of the
solvent effect of the lubricating oil or biodiesel fuel which interferes with the
formation of such chemical and/or physical bonds or linkages between the

components.
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Background Example 1

[0090] Four experiments were run to determine the ability of short chain
polyamines to control oxidation of biodiesel fuel per se, and control the oxidation
of lube base stock and formulated lubricating oil both with and without bicdiesel

fuel present in such base stock or formulated lubricating oil.

[0091] Biodiesel fuel used is identified as LAB SME which is a 2:1 mixture
of methyl linoleate and methy! oleate and is representative of Soy Methyl Ester.
This LAB SME sample is free of any added anti-oxidant and thus is truly
representative of biodiesel. PAO-4 is used as representative of a lube base stock
and a heavy duty commercial vehicle 15W40 formulated oil containing anti-
oxidant, anti-wear additive, corrosion inhibitor, detergents, etc. present in
amounts typical of a 15W40 HD commercial vehicle lubricating oil is used as
representative of a formulated oil. Pressure Differential Scanning Colorimetry
(PDSC) was used to measure oxidation stability as evidenced by an increase in
oxidation onset temperature. The PDSC test is the CED L-85-T-90 test
developed in Europe for ACEA ES specification for heavy duty diesel oils. The
test differentiates between base oils and between additives and is used to identify
interaction between anti-oxidants and the results correlate with other oxidation
tests. The tetra ethyl pentamine (TEPA) employed was 100% active ingredient.

The results are presented below:
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[ 0092] Si x sanples of |ab soy nethyl ester (LSME) were eval uated for

i nduct i orwoi20e%041385 al one; 2) with bi sphenol anti-oxi darCI/UZRoMi0s0624
tetraet hyl pentam ne (organic base); 4) w th bisphenol anti-oxidant and
tetraet hyl pentam ne added individually and separately; 5) w th bisphenol
anti-oxidant, tetraethyl pentam ne and cal cium salicyl ate detergent added

i ndividual ly and separately; and 6) with bisphenol anti-oxidant, tetraethyl
pentam ne and cal cium salicylate added as a prem x. Al the additives used
in this exanple were 100% active ingredient.

_98 -
Table 1
Oxidation
% Onset
Formulated Temperature

% SME | % PAO 0il % TEPA 0
LAB SME 100 - - - 154
LAB SME 97 - - 3 184
LAB SME 90 - - 10 206
PAO - 100 - - 192
PAO 97 - 3 202
PAO 90 - 10 218
PAO 10 90 - - 183
PAO 10 89 0 1 207
Formulated Oil - - 100 - 268
Formulated Qil - 97 3 283
Formulated Oil - 90 10 294
Formulated Oil 10 - 90 - 247
Formulated Oil 10 89 1 257
Example 1

[0092] Six samples of lab soy methyl ester (LSME) were evaluated for
induction times: 1) alone; 2) with bisphenol anti-oxidant; 3) with tetraethyl
pentamine (organic base); 4) with bisphenol anti-oxidant and tetracthyl
pentamine added individually and separately; 5) with bisphenol anti-oxidant,
tetracthyl pentamine and calcium salicylate detergent added individually and
separately; and 6) with bisphenol anti-oxidant, tetraethyl pentamine and calcium
salicylate added as a premix. All the additives used in this example were 100%

active ingredient.



- 29 - 100931The results are presented below Table 2 Oxidation Induction
Time 1. LSME Biodiesel <56 mn. 2. LSME + 0.75 wt % Bi sphenol (Ethyl 702) 50
mn. 3. DSbERO#H/@136 W % TEPA 37 min. 4. LSME + 0.75 wt ¥%PBrashenososeEt hyl
702) + 0.75 wt % TEPA 109 min. 5. LSME + 0.75 wt % Bi sphenol (Ethyl 702) +
0.75 Wm % TEPA + 3.5 wt % Cal cium Sal i cyl ate (TBN=64) 184 m n.

.29.

[0093]  The results are presented below:

Table 2
Oxidation
Induction
Time
1. LSME Biodiesel <5 min.
2. LSME + (.75 wt% Bisphenol (Ethyi 702) 50 min.
3. LSME + 0.75 wit% TEPA 37 min.
4. LSME + 0.75 wt% Bisphenol (Ethyl 702) 109 min.
+ 0.75 wt% TEPA
5. LSME + 0.75 wt% Bisphenol (Ethyl 702) 184 min.
+ 0.75 wt% TEPA + 3.5 wt% Calcium Salicylate (TBN=64)
6. LSME + Pre-mixed 0.75 wt% Bisphenol > 300 min.
(Ethyl 702) +0.75 wt% TEPA + 3.5 wt%
Calcium Salicylate (TBN=64)

[0094] The premix of Experiment #6, Table 2 was prepared by adding the
bis-phenol (ethyl 702), TEPA and Ca salicylate to a glass vial. The detergent
was first weighed and added to the vial, followed by the anti-oxidant and finally
the organic base. The mixture was heated to 85°C and held at 85°C with mixing

for 120 minutes.

{0095] The “premix” prepared as described above was added to LSME. The
LSME and premix was then subject to DSC experiment.



6. LSME + Pre-m xed 0.75 wt % Bi sphenol (Ethyl 702) + 0.75 wt% TEPA + 3.5

wt % Cal cium Sal i cyl ate (TBN=64) > 300 mn. 100941 The prem x of Experi nent
#6, Tabl ewd 20m#04p34epar ed by addi ng t he bi s-phenol (et hylPCTARP10DEB2M and Ca
salicylate to a glass vial. The detergent was first weighed and added to
the vial, followed by the anti-oxidant and finally the organic base. The

m xture was heated to 85C and held at 85C with m xing for 120 m nutes.
100951 The "prem x" prepared as described above was added to LSME. The LSME
and prem x was then subject to DSC experinment. - 30 - CLAI Ms: 1. A
met hod for inproving the resistance to one or nore of corrosion, oxidation,
sl udge and deposit formation of lubricating oil used to |ubricate engines
run on bi odi esel fuel conprising adding_ge.the lubricating oil an additive
5 anount of a prem x of one or nore organi c bases, one or nore detergents
and one or nore anti-oxidants. 2. A nmethod for inproving the

resi stance to one or nore of corrosion, oxidation, sludge and deposit
formati on of | ubkAiMi%:i ng oil used to lubricate engines run on biodiesel

fuel conprising adding to the biodiesel fuel an additive 10 anpbunt of a
prem x one or nore organi c bases, one or nore detergents and one or nore
anti - oxi dants. 1. 3. Aﬁm@ﬁbb(ﬁﬁiﬁ@fovirﬁﬁﬁ@ﬂébiﬂ@ndeh@oﬁ@@irﬁdraﬂﬁﬁ)rio@ioﬁ)(i dat i on
of biodiesel fuel by adding to the_ biodiesel fuel an additive amunt of a
prem x of one o¥idaHpR shidgamddepasitformasion of fubpigsting pdiusiRAricalid one or nore

anti - oxi dant s. élq?fhe;- A IR el e el CbapRYide Sdding (RS lﬁblfbakihgowglgﬁdmt@vebase is

sel ected from ni{rogen-contai ni ng bases of the fornula: -

5 amount of a premix of one or more organic bases, one or more detergents and

one or more anti-oxidants.

2. A method for improving the resistance to one or more of corrosion,
oxidation, sludge and deposit formation of lubricating oil used to lubricate
engines run on biodiesel fuel comprising adding to the biodiesel fuel an additive

10 amount of a premix one or more organic bases, one or more detergents and one

or more anti-oxidants,

3. A method for improving the resistance to oxidation of biodiese!
fuel by adding to the biodiesel fuel an additive amount of a premix of one or

more organic bases, one or more detergents and one or more anti-oxidants.

15 4, The method of claim 1 or 2 wherein the organic base is selected

from nitrogen-containing bases of the formula:




wherein Rl to R6 is a C to C30 al kyl group, C5 to C8 cycl oal kyl group,
to C20 al kyl carboxyl group or C2 to Cs cyano-al kyl group, Al to A3 are

to C 2 alwglzené4ggs6up and/ or C6 to G 2 aryl ene group,

nunbers ranging fromO to 30; NH2 R7 C - (CH2) x 1 R7

alrdTAISaMd/080624 €

the sane or different on each nolecule and are selected fromC to Cm
alkyl, C5 to Cmcycloalkyl, C7 to Cmaryl, C7 to Cmaryl alkyl, C7 to Cm
al kylaryl and x is an integer fromO to 20, y is an integer fromO to 20

and z is an integer fromO to 20; Z 1 NIl /\ 10R R

wherein R and R'

the sane or different C to C30 alkyl, C3 to C30 branched, C3 to C30
unsaturated al kyl, Co to C30 aryl, C7 to C30 arylalkyl, C7 to C20
allcylaryl, C5 to C30 cycloal kyl or polygycloal kyl, C5 to C30 poly al kyl;

and Z can

wherein R to R® is a C; to Cy alkyl group, Cs to Cq cycloalkyl group, C, to Cy

alkylcarboxyl group or C, to Cs cyano-alkyl group, A' to A’

are C, to Cy,

alkylene group and/or C, to Cy; arylene group, and » and m are numbers ranging

from 0 to 30;
NH, T NH,
| |
RI— C — (CH)x—| ©C — (CHpy —+ R i
! e

wherein R’ are the same or different on each molecule and are selected from C'

to C'® alkyl, C* to C'° cycloalkyl, C” to C*° aryl, C” to C'° aryl alkyl, C” to C'°

alkylaryl and x is an integer from 0 to 20, v is an integer from 0 to 20 and z is an

integer from 0 to 20;

z

N Il

VRN

10 R' R

wherein R” and R”" are the same or different C; to Cs alkyl, Cs to C;q branched,

C; to Csp unsaturated alkyl, Cg to Cyp aryl, C; to Csg arylalkyl, C;to Cyo

alkylaryl, Cs to Cs, cycloalkyl or polycycloalkyl, Cs to Csg poly alkyl; and Z can

be R or:

c
C2

wherein R7 are

are



be Ror: - 32 - N/ Riv wherein N can be 1-6 and y can be 1-6 and m xtures
t her eof . 5. The nethod of claiml1l, 2 or 3 wherein the detergent is
sel ect ed woamialskzki , al kal i ne earth nmetal or hydrocar byCTaisbawiosaszed
salicyl ates, phenates, 5sul fonates, stearates, naphthanates, carboxyl ates
and m xtures thereof. 6. The nmethod of claim1l1, 2 or 3 wherein the
anti-oxidant is selected fromone or nore hindered phenolic anti-oxidants,
hi ndered am nic anti-oxidants and oil -sol uble netal conplex anti-oxidants.
7. The nethod of claiml1, 2 or 3 wherein the prem x contains the toorganic
base, the anti-oxidant and the detergent in a weight ratio of

0.5-10:0.5-10: 2-80. 8. The nethod of claim4 wherein the prem x
contains the organic base, the anti-oxidapt and the detergent in a weight
rati o of 0.5-10:0.5-40: 2-80. 9. The nethod of claim5 wherein the
prem x contains the organic 15base, the anti-oxidant and the detergent in a
wei ght ratio of 0.5-10:0.5-10: 2-80. 10. The nethod of claim6 wherein

the prem x contains the organi c base, th® anti-oxidant and the detergent in
a weight ratio of 0.5-10:0. 2-80y /- 3) - 11, The gpthod of claim 1
wherein the prem x is added Ao t NN\ R 'y

wherein N can be 1-6 and y can be 1-6 and mixtures thereof.

5. The method of claim 1, 2 or 3 wherein the detergent is selected
from alkali, alkaline earth metal or hydrocarbyl-substituted salicylates, phenates,

5 sulfonates, stearates, naphthanates, carboxylates and mixtures thereof.

6. The method of claim 1, 2 or 3 wherein the anti-oxidant is selected
from one or more hindered phenolic anti-oxidants, hindered aminic anti-oxidants

and oil-soluble metal complex anti-oxidants.

7. The method of claim 1, 2 or 3 wherein the premix contains the
10 organic base, the anti-oxidant and the detergent in a weight ratio of

0.5-10:0.5-10:2-80.

8. The method of claim 4 wherein the premix contains the organic

base, the anti-oxidant and the detergent in a weight ratio of 0.5-10:0.5-40:2-80.

0. The method of claim 5 wherein the premix contains the organic

15  base, the anti-oxidant and the detergent in a weight ratio of 0.5-10:0.5-10:2-80.

10.  The method of claim 6 wherein the premix contains the organic

base, the anti-oxidant and the detergent in a weight ratio of 0.5-10:0.5-10:2-80.



| ubricating oil in an anmpbunt in the range 0.5 to 20 wt % based on the total

wei ght of the lubricating oil. 12. The nmethod of claim2 wherein the
prem x i swaddad4izet he 5bi odi esel fuel in an anount in trhe/usanges@24 to 7

wt % based on the total weight of the biodiesel fuel plus additives.

13. The nmethod of claim3 wherein the prem x is added to the biodiesel fuel
in an anount in the range 0.1 to 7 wt % based on the total weight of the

bi odi esel fuel plus additive. tol4. An additive prem x conprising a

conbi nati on of one or nore organi c bases, one or nore detergents and one or
nore anti-oxidants in a weigh ratio of 0.5-10:0.5-10: 2-80.
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11, The method of claim 1 wherein the premix is added to the
lubricating oil in an amount in the range 0.5 to 20 wt% based on the total weight

of the lubricating oil.

12.  The method of claim 2 wherein the premix is added to the
5 biodiesel fuel in an amount in the range 0.1 to 7 wt% based on the total weight

of the biodiese! fuel plus additives.

13.  The method of claim 3 wherein the premix is added to the
biodiesel fuel in an amount in the range 0.1 to 7 wt% based on the total weight

of the biodiesel fuel plus additive.

10 14.  An additive premix comprising a combination of one or more
organic bases, one or more detergents and one or more anti-oxidants in a weigh

ratio of 0.5-10:0.5-10:2-80.



