OXIDATION STABILIZED FUELS HAVING ENHANCED CORROSION RESISTANCE TECHNICAL
FIELD: [0001]The disclosure is directed to certain diesel fuel additives and to diesel fuels and diesel
fuel additive concentrates that include the additive. In particular the disclosure is directed methods for
improving the oxidation stability and/or corrosion resistance of diesel and biodiesel fuels.
BACKGROUND AND SUMMARY: [0001]in order to preserve valuable resources and reduce
emissions that may be detrimental to the environment, renewable fuels, made from crops such as
oilseed rape, soya, oil palm, sugar cane or maize. have been added to fuels. A goal of using such fuel
components is to make transp4] Hiels Increasttgly. € 5 ly without changing how a
vehicle engine works on such ftiel:' T00021B {EMTS for fulsl may be produced from
straight vageiaRle-qil, apimaj.oil/fats, tallow and waste oils. Aimost all biodiesel components are
produced using base catalyzed transesterification as it is the most economical process requiring only

low tempgegatyres and PrefsiuesaNbArAGHCiNg A AR%e CoRYEINON M alt BaRgPilpRIM fadspya oil
are the rg%jt cqc)%?,mon crops used for biodiesel production. Most commercially available biodiesel fuels
u

are act D& rBhsHadasactart Bropshrefddtded WhrPtRec s ditslnedhysaddrecdr
two-digitnmshole rshaheprasenis dhriprrcentanes ahbiediesalsusedinthe blgndandthpeplaus diesel
fuel. Purg hiodiesel is sometimes called "neat" biodiesel and is also referred to as B100. The most
common biodiesel blends are B2, B5, B7, B10, B20 and B50. The remaining fraction is
petroleum-based diesel fuel, which is often referred to as petrodiesel. [0003]Vegetable oils and fatty
acid methyl w ' storage life as they are slowly oxidized by atmospheric
oxygen. §ﬁ?e§u ting %%ﬁ%%%@&%&;ay be insoluble in the fuel and thus may damage vehicle
engines [#itinhis reason odidatiorpsteilityvelbibdioset wontamidgrédels isasimportant qualityecriterion.
Until no lati I itye.c 0 t Y. r ired to meet the gxidation
Sty e B B R B R S o for
effectivelFedUgIn§HE Slirmiriatint thditacdided telbimlely egpimdiveifastchimebaentowhileimaintaining
the oxidatiae stahyibrofiRdipselaRplaiaNg als i nardrd [N AGERIHANGRMAN ke
disclosure, exemplary embodiments provide methods of improving oxidation stability of
biodiesefedRtatmkg et eBiisositions. The methods provide combining a major amount of middle
distillate fuel containing more than about 5 volume percent of at least one biodiesel component with a
minor arfiéiaf of a syBeésdistid mixipreoi{Apa iptrocariyl-subbtitietlsuceiainide dispersant, and (B)

a compay 1?1%&?]:0%’%{8'.{%[]]('}%@ EEX Iwaste oils. Almost all biodiesel components are produced using base

catalyzed transesterification as it is the most economical process requiring only low temperatures
and pressures and producing a 98% conversion yield. Rape, oil palm and soya oil are the most
commaon crops used for biodiesel production. Most commercially available biodiesel fuels are
actually biodiesel blends that are properly referenced with the letier B followed by a one- or two-
digit number that represents the percentage of biodiesel used in the blend with petroleum diesel
fuel. Pure biodiesel is sometimes called “neat” biodiesel and is also referred to as B100. The
most common biodiesel blends are B2, B5, B7, B10, B20 and B50. The remaining fraction is

petroleum-based diesel fuel, which is often referred to as petrodiesel.

[6003] Vegetable oils and fatty acid methyi esters have a relatively short storage life as
they are slowly oxidized by atmospheric oxygen. The resulting oxidation products may be
insoluble in the fuel and thus may damage vehicle engines. For this reason oxidation stability of
biodiesel containing fuels is an important quality criterion. Until now, use of relatively
expensive fuel additive components may be required to meet the oxidation stability standards of

biodiesel containing fuels as determined by ASTM D-2274. Hence, methods for effectively



and tautomers and enantiomers thereof In the formula, R2 is a hydrocarbyl group having a number
average molecular weight ranging from 100 to 5000. The synergistic mixture has a weight ratio of A:B
ranging from 2:1 to 10:1. [0005]Another embodiment of the disclosure provides a method of operating
an engine on a middle distillate fuel containing more than about 5 volume percent of at least one
biodiesel component. The method includes formulating the fuel with a minor amount of a synergistic
mixture of (A) a hydrocarbyl-substituted succinimide dispersant and (B) a compound of the formula:
and tautoemers and ?nantitomet%s ther(ﬁ%)f to Eovipe an oxida 'orll resistanttfue& clomposition, wherein R2
is a hydrSearbyl group BVt ‘A numbar Avarage motektiisr WeighPEngHy F 10085688 rhe
synergisticidaixinreshés eoiveightsetiookiiBar ndingefrond @11 to 10:1. The engine is operated on the
fuel composition. 10006]A further embodiment of the disclosure provides use of a synergistic mixture
of (A) a ygliecarbyl-sybstitited sucaininidedispersantandisR) a.aompound pbihe: formida;: (and
tautomers and enantiomers thereof, wherein R2 is a hydrocarbyl group having a number average
molecul &PWEYAE EHERGTHAY 160 26 BodioschrerdginingibiRl sHRve s a Wk MethagsoFravB$anging

from 2:1ctanbhdnin.aniiicicieneistiliate fuak containing At iaasihinyohonanaresnt:of alilgashenempiodiesel
component to improve the oxidation stability of the fuel according to ASTM D-2274. [00071An

unexpedted atfisntige A HirasyaBRE Mkt BYRAT B'tleStrib S disVE, BiEathidte distillate
fuel contaigingrripkeitraituahiuicdivplims elpprarnt BiadEseepipnanaitsn@ynndkrequire the use of
relatively expensive metal deactivation agents in order to meet or exceed the oxidation stability criteria
for such fuel as determined by ASTM %’2’27% in the preséncedff added copper. [0008]Additional
embodiments and advantages of the ojisclosﬁre will be set:forth in part in the detailed description which
follows, and/or can be learned by prattice of the disclosure. Itis'to be understood that both the
foregoing general description and-tié folldéving detaited.-descriptibhi-are exemplary and explanatory
only and are not restrictive of the disclosure, as claimed. DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS .

and tautomers and enantiomers thereof. In the formula, R? is a hydrocarbyl group having a
number average molecular weight ranging from 100 to 5000. The synergistic mixture has a

weight ratio of A:B ranging from 2:1 to 10:1.

{6005] Another embodiment of the disclosure provides a method of operating an engine
on a middle distillate fuel containing more than about 5 volume percent of at least one biodiesel
component. The method includes formulating the fuel with a minor amount of a synergistic
mixture of (A) a hydrocarbyl-substituted succinimide dispersant and (B) a compound of the

formula;

and tautomers and enantiomers thereof to provide an oxidation resistant fuel composition,
wherein R? is a hydrocarbyl group having a number average molecular weight ranging from 100
to 5000. The synergistic mixture has a weight ratio of A:B ranging from 2:1 to 10:1. The engine

is operated on the fuel composition,

10006] A further embodiment of the disclosure provides use of a synergistic mixture of

(A) a hydrocarbyl-substituted succinimide dispersant and (B) a compound of the formula:



[0009]In accordance with embodiments of the disclosure, a synergistic fuel additive mixture is
provided.The synergistic mixture includes: (A) a hydrocarbyl-substituted succinim de dispersant and
(B) a compound of the formula: N - N and tautomers and enantiomers thereof, wherein R2 is a
hydrocarbyl group having a number average molecular weight ranging from 100 to 5000. The
synergistic mixture may have a weight ratio of A:B ranging from about 2:1 to about 10:1, for example
from about 3:1 to about 6:1, more particularly from about 3.5:1 to 5:1. [00010]As used herein, the term
"hydrocarbyl group” or "hydrocarbyl" is used.in its ordinary sense, which is well-known to those skilled
in the art. Specifically; it refers to a grd}%ﬁ“ﬁ‘aﬁfing a carbofiateridirectly attached to the remainder of a
molecule and having a predominantly Eﬁiydroc?:jarbon chara(j:i[er. Examples of hydrocarbyl groups include:
(1) hydrocarbon substituents, that is, &liphatic*(e.g., alky,l--’b""ﬁ.%alk"éhyl), alicyclic (e.g., cycloalkyl,
cycloalkenyl) substituents, and arbghtic-, igHphatic--angd-alicyelic-sehstituted aromatic substituents. as
well as cyclic substituents wherein the ring is cg’mpleted through another portion of the molecule (e.g.,
two substituents together form an alicyclic radical); (2) substituted hydrocarbon substituents, that is,

substituets eaARNgHIORMRCA ARG URRWICR? I the, cartext of theudessription higkein; do not
alter the predominantl)‘ hydrocarbon substituent (e.g., halo (especially chloro and tluoro), hydroxy,

alkoxy, METERSEOLRYI&EsPidarsng HRPOLGV4ATWoXT SYBFIATEFTENIERRAS RSV EHAK fatio
substitueifts Whisfpivghilenhaving ropredemiaantlyifiyidrecacbesmehanacteneiRithe aontextREthist
descriptirotn3 contain Ihﬁ?‘lr t}]an carbon in a ring or chain aotherwise composed of carbon atoms.
netero-aforie a8 SLifeT SUHERTHitSJEH Ak BRcoHpHLE Stbdhityetitdisubishacsgrhve faryl,
thienyl, afglitdideZi¢l. In general, no more than two, or as a further example, no more than one,
non-hydrocarbon substituent will be present for every ten carbon atoms in the hydrocarby! group; in
some erlff8diments, therenwitidstetedhenthyaded cbrbonesgibstitmeritin tie\nydrdeaebyiigroupo{0011]As

used hereif,the.tRIm: 'émﬂi%@ﬁl&%ﬁtkﬁlﬁﬁgﬁ{é@ 99115%1598@9 \%?u?g??#mﬁg{%ﬁﬁfe@?go éj%gglﬁl[lsto S0 wt.

%, for example from about 80 to about 98 wt .% relative to the total weight of the compasition.
MoreoveP2dshasEenkiseelive tie rfriativabr arnoive imenbldersmbdtiomaeariamarburiplessthan 50 wi.

% relativg decthentoialiwgighteliine compesitions (00014 L:Bigiprevyable fugk'riigdiesel fiely and

"biodiesel component" as used herein is understood to mean any fuel Wﬁich is derived from resources
other th&FFetFaIRLAA: IPPESoUrces include, but are not limited to, corn, maize, soybeans and other
crops; grasses, such as switchgrass, miscanthus, and hybrid grasses; algae, seaweed, vegetable oils;

natural fH1893Ind mixturédithesbomhirpdmaspeact thi hicrenewabelfusb suayvitic b emonbhygeoxy

alconols,, shigh ARITCIRARVIBY TR HIRAROUER SRR BAOME NN IIng PRMBLES, Ol Suifble
is to be understood that both the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of the disclosure, as

claimed.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0009] In accordance with embodiments of the disclosure, a synergistic fuel additive
mixture is provided. The synergistic mixture includes: (A) a hydrocarbyl-substituted

succinimide dispersant and (B) a compound of the formula:

|

+ R v, ¢
e %, ,}F ~, /s AN

HN  NH CH-—CH, HH  NH,

I3

and tautomers and enantiomers thereof, wherein R” is a hydrocarbyl group having a number

average molecular weight ranging from 100 to 5000. The synergistic mixture may have a weight



monohydroxy alcohols include methanol, ethanol, propanol, n-butanol, isobutanol, t-butyl alcohol. amyl
alcohol, and isoamyl alcohol. 1000131"Middle distillate fuel" as used herein may be, for example, a
naphtha, kerosene or diesel fuel composition. It may be a heating oil, an industrial gas oil, a drilling oll,
an automotive diesel fuel, a distillate marine fuel or a kerosene fuel such as an aviation fuel or heating
kerosene. It may in particular be a diesel fuel composition. More particularly. a middle distillate fuel is a
fuel that is suitable and/or adapted and/or intended for use in an internal combustion engine; for
example an automotive.fuel composition, and/or adapted and/or intended for use in an automotive
diesel (cBM PZ T%ﬁ %&ﬁﬁ.‘%ﬁl’f%’n ﬂ'é‘ﬁ%hé%agﬁﬁ’&aﬂeodisfﬂrﬁé%é AP SHgahitaf{ost &ynthetfcally
derived, genexampl@apsiselewn dedyved or Fischer-Tropsch derived gas oil. A middle distillate fuel
may have boiling points within the usual diesel range of from 125 or 150 to 400 or 550 C., depending
on gradd®id ise. A densitydofittrennitidledistitats doabmiagroanyefromydocstyl. s giemd infors
example, f 0 / ] Ll 5 r y r (ASTM D613) of
from 35 %&SRC{)% %ou%ggﬁyvf%gﬁ g%&%;%&ﬁ%& E%%%t%ﬁfg%i%rg%ﬁﬁt 0 g%?égj}glé@?%éﬁu%%ﬁg suitably
be in the'faifitfe 2 5CRtBOP3ELION aftietiby fuidlanhay Havéha fisalddaiiingobomtie nelkargd 2601w 400 C. A

kinematie Vs earauele disfliete fuelabhdd CriARTM D4R Mg auiably range from 1.5 o
4.5 mm2/s (centistokes). 10001;1?Cétomponent A of the synergistic mixture may be a dispersant, such

as an amine- cohtaiiHy disparsartisismibl & ahimeiphibiifg didpetsantdkemibintlisde kydrscarbyl-

substituted sucgjipaiigidispersapis) Thsdydeacarby substitentiphihe. disersantmaybBavea number
average molecular weight ranging from about 100 to about 5000, such as about 500 to about 5000

daltons, as detBIHTALE T BBE % G0 BhRSYREPHRLTE IR oA s e imitiernw ieted Hrrgyeh

encompass thexceinplsteshreatiien-plecuct fomveaalisnhaiwesn-arraaineaneactic radical);
hydrocarbyl-sur?? ituteéj tsucc{i’ni%aﬁgjd or anhyﬁgde (or like succinic agylating agent), .and is intended to
encompass co éousrlf SRt iR BREAT ctHSY HEVE artiidfe, ‘SndPBP LRI K a G R Bl to the
imide linkage ofthetypethatoesuliditbmithé¢ceaction aff aheaftactpuish daramine and aeanhydride
moiety. [00016]Syitable hydrocarbyl-substituted succinic anhydrides may be formed by first reacting
an olefinically n%%%{?rlgtaélglﬁy%}r%%%r 118%:10 55' gigf%% ﬁ%fécu glépréw SO Wi rr%létE gic aiaﬁjﬁbycﬂﬁé(steaction
temperatures df:aboxit, HIORvioTaout @50 Imayc fis (i séd:, [ 00857 Withs highxei: boiling
olefinically-unsatyrated hvdresarhens, geo ‘I’e&%@ dnay. b% Qﬁaiqﬁqlgt R 200¢C bout.250C.
This reaction m?a%; be promoted by tﬁe a di%’on of cah o_?llr?e. [§OQ18]Typic‘a%1?)%fins %%%ﬁ%%g but are
not limited to, dradlesarhaxchramieisr.liielhe sipraslefitys Wesathbencisamiadpribcs Bfms;asbiyners and

copolymers of joyey: Qiefins e alefing may BeShosen fFom Athylene, RIGRYIRRE LY I8RGFUCh as

isobutylene, 1-octane, 1- hexene, 1-decene and the like. Useful polymers and/or copolymers may
include, but ardiSefmifed BEBPPibpYRSHEICHEIBGefeRy BERisepidhisnathgishBitemydnt

copolymers, ethyiengisebubienacorelyenas: PiRRvaeRanistdulylanpconslyRerethlepgthadecene
copolymers an%ﬁ%e, like. [Q?Olg]ln an aspect of the disclosed embodiments, the hydrocarbyl

substituents of TREHYARS A HLDF- SEBE S SeiactcARINIHARS Md)by derae frtt Bute i olymers,

for example podyhedinahisotistyleni bSutiable palyiselvienasdoiauserhrseindinckiae hose. formed from
BRPIB having at least about 60%, such as about 70% to about 90% and above, terminal vinylidene

content. gyiiakle polymm%m%i&qm%ﬁ%&ssﬂﬁﬁaﬁ%@&%f% %%dakya}%mmg@gvrsg@e
number molecular weight of the hydrocarbyl substituent may vary over a wide range, for'example from
about 10trtb Bt 5E000 sticH as fomaabdat 500 ebaBotit 508t Esdetdriinstitive P e total

[00020] Gttt eeasipptaRiner i nalaic annygduse may.he-empleysd auehas Balgic.asid,

fumaric acid, mane acid, tartaric acid, itaconic acid, itaconic anhydride, citraconic acid, citraconic
anhydridBahasaayiataesd ety hidiete BHMpE e airimpia eichmsaneEtiethyimaleic acid,
dimethylmaleic acid, hexylmaleic acid, and the like, including the corresponding acid halides and lower
aliphatid@sfiézd. A mot8iratincehhialdicl Arilyyddidetdieliefinna thdéaetioonmodene’ maysvatyewidely .
Accordingly, {ie mals alie,may, ey fTam ebout 5.110,8b0uLd B for cxample from about &4 o about
1:3, and as a further example, the maleic an'hy ride may be used in s OIChIGMETTC eXCess 10 ?orce the

reaction‘esccopaplietibrieThid arsroactediisthieicamhyaide snalches removed byowaarassesistillation.
switchgrass, miscanthus, and hybrid grasses; algae, seaweed, vegetable oils; natural fats; and

mixtures thereof. In an aspect, the biorenewable fue! may include monohydroxy alcohols, such



[00021]Any of numerous polyamines can be utilized in preparing the hydrocarbylsubstituted
succinimide dispersant. Non-limiting exemplary polyamines may include aminoguanidine bicarbonate
(AGBC), diethylene triamine (DETA), triethylene tetramine (TETA), tetraethylene pentamine (TEPA),
pentaethylene hexamine (PEHA) and heavy polyamines. A heavy polyamine may comprise a mixture
of polyalkylenepolyamines having small amounts of lower polyamine oligomers such as TEPA and
PEFIA, but primarily oligomers having seven or more nitrogen atoms, two or more primary amines per
molecul(§1S aﬁld Srg%gv%%(te?sive ranc in tt n c%nventional pl%ya[‘ﬂine.mixtu[es. @ddit'onal‘ﬂn}?n-limiting
polyamirfies Which may-be Used to prepare thE W ofErB1-sub SHrUIBE S cEAMAGE R5pRPLHE are
disclosethimdBirfxat. Nol6548,458; theetlisclbsuteaobwhickpisdncorporatel] hereimbyl reférerce in its
entirety. diment of the disclosure, the polyamine may be selected from tetraethylene
pentamiég%r%E%aA ﬂ[&@@i% 1r?nactin%§r% %%ﬁyr%(g}]ott{'the dispersant may include compounds of formula (1V):
wherein pggpspsents Qanan iNteasl-ohlemsL, 1 Pranth Rais:a ydrasay %%wgm&é}as%%med
above. In an embodiment, n is 3 and R2 is a polyisobutenyl’substituent, such as that derived from
polyisobtfiyfésses frsbirgmnragtisprabBunende suBREHERBBURT0Ts S Mot 00 ardlidisyeilterminal
vinylidengeaiient. &Qpaends aidammul (N may he.therrRarlionPenciof@aviation fuel or
hydroc?hbylfsubstituted succinic anhydride, such as a polyisobutenyl succinic anhydride (PIBSA), and

a polyamifRE foF ERe I St ethR Wé”ﬁ)‘éh%?nﬁiiiﬁée{f@ﬂ\?ﬁm@@]CMH&H@HF@%*&%@W&giStiC
mixture iaytiee Mmadeoy raacting ansamive campounsheusaiberaehatihaforaula N wbeigin R is
selected from the grou q?sistirfg fa r%dro en a@d a hydrocarbyl group containin/g from about 1 to
about 1§%§%8ﬂ0£t8'ﬁ§£‘ea O BB UL AP FPORY T BUBPES R B Y RPN vl BAsEd carbyl
group cdntaisting fnonmtalotivd deebauiddcaihoystmseniiia Isydroaarbyl datbenylieompobnd of the
formula wherein R2 is a.hydrocarbyl group having a number average mqlecular weight ranging from
aout 20 R 000 A RS TR Y D S B AP HEAD A b ved that
the reactionaproductidfithdiantiste fretl hydocarbyiicaghonyiscoaitipo tinduisiandenehodrigz olefrsuch as a
bis-aminotki f the la_includi utomeyrs,and enantiomers thereof, having a
i ber e g e it Fa b D S A Sl 010
about 80nexrssacatsms).Théofile-gembbreekeinglof vantAdz6l® Socnsideted 1 b &R fisiatic] The

aminotrigzalescarecfailysiable 1o xidizing fognis.ANd are extramely, eisian 19 hydrobpislt is

believed, although it is not certain, that the reaction product is polyalkenyl bis-3-amino-1,2,4-triazole.
Such a ﬂ%tﬁhW%Hfﬁ&%?@'faﬁi%ﬂ%iéﬁfﬂiﬂ*@g”éﬁl Stahtalittia thiheapeee dOABe A8 1 8 namh ths about
2.9 wt %gRitregema1R0024ln iR asHeCTs afdhapresantdigglosure, shg discloseskasislitive grntaining

the synergistic mixture of A and B may include a fuel soluble carrier. Such carriers may be of various
types, s % HHEE D ids A8 g G WY ER4 Y I du gtigifa A rFa intntd; ik dré Mtifited to,

mineral @aitb@xygenates, such as liquid polyalkoxylated ethers (also known as polyalkylene glycols
or polya}hxh?lr%? ether%}b}lqiq lE')iztlje tozlﬁy %IF gl)éy!;?/%%ggﬁ)sr%ﬁ:n&li?&llxﬁuégay be a dispersant, such as an amine-
containing dispersant.  Suitable amine-containing dispersants may include hydrocarbyl-
substituted succinimide dispersants. The hydrocarbyl substituent of the dispersant may have a
number average molecular weight ranging from about 100 to about 5000, such as about 500 to
about 5000 daltons, as determined by GPC.
{0606015] As uvsed herein the term "succinimide” is meant to encompass the completed
reaction product from reaction between an amine and a hydrocarbyl-substituted succinic acid or
anhydride (or like succinic acylating agent), and is intended to encompass compounds wherein
the product may have amide, and/or salt linkages in addition to the imide linkage of the type that

results from the reaction of or contact with an amine and an anhydride moiety.



polyalkoxylated esters, liquid polyalkoxylated amines, and mixtures thereof. Examples of the
oxygenate carrier fluids may be found in U.S. Pat. No. 5,752,989, the description of which carriers is
herein incorporated by reference in its entirety. Additional examples of oxygenate carrier fluids may
include alkyl-substituted aryl polyalkoxylates described in U.S. Patent Publication No. 2003/0131527.
published July 17, 2003 to Colucci et. al., the description of which is herein incorporated by reference
in its entirety. [00025]In other aspects, the additive containing the synergistic mixture of A and B may

not contaj rrier. For example, some compositions may not contain mineral il or oxygenates,
such as %(gleggxygen%‘fét%eb eﬁ?%%%%%%@&’%%%%%@%r%élé%imﬁ%/aPSpﬁg addittés may be
present idhienfueh colrfposilionsrdisctesddhlydredartfoar ekanplicthenfiletwampesitiondimayatentain
antifoam ts,. dispersants, detergents, antioxidants, thermal stabilizers, carrier fluids, metal
deactiva%g%?%égs,ﬁrg%% 1%?5%?@8?%5‘%@ fﬁhﬁ%‘ftuc}r@ %igc%gg?tgn |sota id4 %ﬁi\%%‘?r'drag reducing agents,
friction niéifiéis, demiigifibrehenholbifierds Gelralipng;antiacing atiditives; arikdocis ddditive e
surfactapiz, cRIA0E JARTONRTR: SQMIABIRMIPIIONE; COld IR IMRravers,RAUl ROINEJGRIGESARIS.
solvents, demulsifiers, lubricity additives, extreme pressure agents, viscosity index improvers, seal
swell ageizgmine stabilizers, combustion improvers, dispersants, conductivity improvers, marker

dyes, orggpjggpitrate ignition arasleralRrs.MRRIBNESE: tsaRoRYS CompauRds, anfd Mixtyres thereof.

In some aspects, the fuel additive compositions described herein may contain about 10 wt.% or less,

or in othBPE&RIEtEsa BERRCESt Girby ek BAiE RO 5t WetgRP bRtRE &ddiviver o aliEscdmosition,

of one opkTare HhihecabRvR Ad-itVemh Rifail Ry e fuel 6ARNROSIHIANS M GAMNAIN suitable amounts of
fuel bIerﬁi?in components such as methanal, ethanol, dialkyl ethers, and the_like. [00027]When
formulatlif e praceify i dissBicomsoSithEmiTe HheisLn NS Ba M b EmpIye M'amounts
sufficientiteiipdpooyeitipecpxidadiqnistaldis ofa fuehuseich asyniddiegisiiiatesfiel srriadningraore than
5 vqum€z erc nt of at Iﬁyast one biodiesel %om onent,Hffr examgle B7,r1J13IO, B20, 850 and B100 diesel
fuel. In SoMEHSPEP AL B BB AR LY IR AF T RH ST oA i A SR PRI GRR Bthe
above-d#sdiitzed synergistic additive composition. In an aspect, fuels of the present disclosure may

contain, active ingredient. .basijs, an aminotriazole compgqun as, desctibed hereip in an
amount Fg%%]g from g’l?%%ta[s%%}nc%s{g 6'{1&%?1%8(%8%%%@8 maé’f%é?n%%%ﬁt%@%%ur%s 3”58%%?@ %pm. In
another b@ec@rbhé%@é@ﬁﬂ@ disg:iq@edﬂuétidgfmpas%ipﬁ@‘ivmyfamntaimnmpaiyamisge%ngmdight basis, a
dlspersem{a\)e@sso@wmg&.erg{gg@@%@%&mgﬁ&%@@H&%&Of&ﬁ%&%@g% ARy SHE 25

from about’80 ppm to about 200 281In aspects where a carrier iIs employed

compositidh8ayiag eblsesimboniil dotvehing ddients hasisbewt Aitoand ebthve. darmidratarigiigdrom about
10 mg te ahowt m%mﬁaﬁ&q%ﬂ@{e{sz&r 9O BheSHeRAR GROM 2P BIQ BhaHkL00ma.QLcauier per

kg of fuel. The active ingredient basis excludes the weight of (i) unreacted components associated with
and remBHRE iHEYISE  Ssdehadiitie P Bradi et AHEEER N BNY) 8RR8I Egeuded in the
manufacivie st themdissdasedpdditiveseithesduringenaftnits fornation bushefomadditionof a
carrier, i(f;%(?arrier is employed. [00029]The fuel additives of the present disclosure may be blended
into a basefuel individually or in various sub-combinations. In some embodiments, the additive
compongiig2ef the présenigisclesienmaytiae hiandedinto afiyeticonadirenrtlyusingeansacditive
concentrate, as this takes advantage of the mutual ng{%atib.ilité/ %pdtponveni nce_gffor.ded by the
combination of iIngredients when 1n e Formt of ah Additi e Boh 8Kt s ORfs 8P TEY6F o L 588 frate may
reduce bleddingaimecamthiessln thesgossibilify, ofthiémdiaig eriordrifR0A30FTerdigsel fniejdrafdhe
disclose i may licable tq the operation of both stationary, diesel engines (e.g.,
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containing fuels according to the disclosure may include the condensation product of an orthohydroxy
aromatic aldehyde with an aliphatic amine. A typical example of such metal deactivator is
disalicylalalkylenediamine which is prepared by the condensation of two mols of salicylalaldehyde with
one mol of alkylenediaminc. Such metal deactivators include, for example,
salicylidene-o-aminophenol. disalicylidene ethylenediamine, disalicylidene propylenediamine. and
N,S11-disalicylidene-1,2-diaminopropane. EXAMPLES [00033]The following examples are illustrative
of exem 6@@5 mbodiments of. the disclosure.qk,ryl these examplﬁjs as well as elsewhere jn this

applicatibn Allparts dh® peflentAfBE A b WalTH Tinie othSrwitk Hflcatld. REPHEhdthat
these examplestaieubeing pl esantathfalethé purpase olNtudiration oatympid:areppigtinieadenato limit
the scope of the invention disclosed herejn. mple, 1.[00034]In t lowijn ample, a B7 diesel
el was T e S S A SR A e 6
copper dnd Was oxitizéd laseomimgrionASTNIIE-2 2 Pantectistermine: e total(HsBlublemdn 560/ml of fuel.
The ma me lupl i AST - indj ' 2|, The base
B7 fuels)ﬂcontaiﬁﬁsg n% iﬁﬁgﬁgg%%“é%ﬁ%%tﬁﬁ sﬁ%k%ﬁgéﬁé%) ig@%@%@?@#&%ﬁ@%ﬁ&?‘v}& added
and the fied serBnéxRiiZeteacebraimg o isessTiveprac el e dndoPdiet o e rimie ted gtigation
stability pff fusis.containing abiaslang bigdiesehcomponsnr JAAR35HN all.afdhe rins.{he carrier

used for the additives (A) and (B) as defined above was a mixture of Aromatic 150 and Aromatic 200.

In the foRSWRIL TABIEONIESARE SPBSRVETTORAl YHBIAF Jeisttisatot dditrast msad bt PRIYMETHe results
are showmihthgfallowing dablepalable Hya‘éﬂa%@/lEﬁ@tﬂ@e&%ﬁé@ﬁéhﬂ&@ﬁismmaﬂt are disclosed

in U.S. Pat. No. 6,548,458, the disclosure of which is incorporated herein by reference in its
entirety. In an embodiment of the disclosure, the polyamine may be selected from tetracthylene
pentamine (TEPA).

[00022] In an embodiment, the dispersant may include compounds of formula (1V):

o)
Rr? '
N NH,
N
H n
0

wherein n represents 0 or an integer of from 1 to 3, and R? is a hydrocarbyl substituent as defined
above. In an embodiment, n is 3 and R is a polyisobutenyl substituent, such as that derived
from polyisobutylenes having at least about 60%, such as about 70% to about 90% and above,
terminal vinylidene content. Compounds of formula (IV) may be the reaction product of a
hydrocarbyl-substituted succinic anhydride, such as a polyisobutenyl succinic anhydride

(PIBSA), and a polyamine, for example tetracthylene pentamine (TEPA).

[00023] Component B of the synergistic mixture may be made by reacting an amine

compound or salt thereof of the formula

Nii— CoMH-NHR



mg/kg MDA mg/kg Carrier mg/kg Adherent Insolubles mg/100 ml Filterable Insolubles mg/100 ml Total
Insolubles mg/100mI 11000

wherein R is selected from the group consisting of a hydrogen and a hydrocarbyl group
containing from about 1 to about 15 carbon atoms, and R’ is selected from the group consisting
of hydrogen and a hydrocarbyl group containing from about 1 to about 20 carbon atoms with a

hydrocarbyl carbonyl compound of the formula

-
,, e
: ,,%\l- &
™
-

L
wherein R? is a hydrocarbyl group having a number average molecular weight ranging from
about 200 to about 3000. Without desiring to be bound by theoretical considerations, it is
believed that the reaction product of the amine and hydrocarbyl carbonyl compound is an

aminotriazole, such as a bis-aminotriazole compound of the formula

R~ I b o— N
v i i {
5 A, 3 A
/ \\ A V"-:,‘ y ‘\,“-“
H.N M CH-—CH., NH NH.

including tautomers and enantiomers thereof, having a number average molecular weight ranging
from about 200 to about 3000 containing from about 40 to about 80 carbon atoms. The five-
membered ring of the triazole is considered to be aromatic. The aminotriazoles are fairly stable
to oxidizing agents and are extremely resistant to hydrolysis. It is believed, although it is not
certain, that the reaction product is polyalkenyl bis-3-amino-1,2,4-triazole. Such a product
contains relatively high nitrogen content, within the range of about 1.8 wt % to about 2.9 wt %

nitrogen.

[00024] In other aspects of the present disclosure, the disclosed additive containing the
synergistic mixture of A and B may include a fuel soluble carrier. Such carriers may be of
various types, such as liquids or solids, e.g.. waxes. Examples of liquid carriers include, but are
not limited to, mineral oil and oxygenates, such as liquid polyalkoxylated ethers (also known as

polyalkylene glycols or polyalkylene ethers), liquid polyalkoxylated phenols, liquid
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polyalkoxylated esters, liquid polyalkoxylated amines, and mixtures thereof. Examples of the
oxygenate carrier fluids may be found in U.S. Pat. No. 5,752,989, the description of which
carriers is herein incorporated by reference in its entirety. Additional examples of oxygenate
carrier fluids may include alkyl-substituted aryl polyalkoxylates described in U.S. Patent
Publication No. 2003/0131527, published July 17, 2003 to Colucci et. al., the description of ‘

which is herein incorporated by reference in its entirety.

[06625] In other aspects, the additive containing the synergistic mixture of A and B may
not contain a carrier. For example, some compositions may not contain mineral oil or

oxygenates, such as those oxygenates described above,

[60026] One or more additional optional additives may be present in the fuel compositions
disclosed herein. For example, the fuel compositions may contain antifoam agents, dispersants,
detergents, antioxidants, thermal stabilizers, carrier fluids, metal deactivators, dyes, markers,
corrosion inhibitors, biocides, antistatic additives, drag reducing agents, friction modifiers,
demulsifiers, emulsifiers, dehazers, anti-icing additives, antiknock additives, surfactants, cetane
improvers, corrosion inhibitors, cold flow improvers, pour peint depressants, solvents,
demulstfiers, lubricity additives, extreme pressure agents, viscosity index improvers, seal swell
agents, amine stabilizers, combustion improvers, dispersants, conductivity improvers, marker
dyes, organic nitrate ignition accelerators, manganese tricarbonyls compounds, and mixtures
thereof. In some aspects, the fuel additive compositions described herein may contain about 10
wt.% or less, or in other aspects, about 5 wt.% or less, based on the total weight of the additive or
fuel composition, of one or more of the above additives. Similarly, the fuel compositions may
contain suitable amounts of fuel blending components such as methanol, ethanol, dialky! ethers,

and the like.

[00027] When formulating the presently disclosed compositions, the disclosed additives
can be employed in amounts sufficient to improve the oxidation stability of a fuel, such as
middle distillate fuel containing more than 5 volume percent of at least one biodiesel component,
for example B7, B10, B20, B50 and B100 diesel fuel. In some aspects, the fuels may contain a
major amount of a fuel and a minor amount of the above-described synergistic additive

composition. In an aspect, fuels of the present disclosure may contain, on an active ingredient
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basts, an aminotriazole compound (B) as described herein in an amount ranging from about I
ppm to about 100 ppm, such as from about 20 ppm to about 70 ppm. In another aspect, the
presently disclosed fuel compositions may contain, on an active ingredient basis, a dispersant (A)
as described herein in an amount ranging from about 30 to about 500 ppm, such as from about 80

ppm to about 200 ppm.

60028} In aspects where a carrier is employed, the fuel compositions may contain, on an
active ingredients basis, an amount of the carrier ranging from about 10 mg to about 1000 mg of
carrier per kg of fuel, such as about 25 mg to about 700 mg of carrie:r per kg of fuel. The active
ingredient basis excludes the weight of (i) unreacted components associated with and remaining
in the disclosed additives as produced and used, and (ii) solvent(s), if any, used in the
manufacture of the disclosed additives either during or after its formation but before addition of a

carrier, if a carrier is employed.

[06029] The fuel additives of the present disclosure may be blended into a base fuel
individually or in various sub-combinations. In some embodiments, the additive components of
the present disclosure may be blended into a fuel concurrently using an additive concentrate, as
this takes advantage of the mutual compatibility and convenience afforded by the combination of
ingredients when in the form of an additive concentrate. Also, use of a concentrate may reduce

blending time and lessen the possibility of blending errors.

[60030] The diesel fuels of the disclosed embodiments may be applicable to the operation
of both stationary diesel engines (e.g., engines used in electrical power generation installations,
in pumping stations, etc.) and ambulatory diesel engines (e.g., engines used as prime movers in

automobiles, trucks, road-grading equipment, military vehicles, etc.).

[00031] In one embodiment, the biodiesel-containing diesel fuels of the present disclosure
may be essentially free, such as devoid, of conventional metal deactivator compounds. The term
“essentially free” is defined for purposes of this application to be concentrations having
substantially no measurable effect on oxidation stability or insolubles formation according to

ASTM D-2274.

10
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60032 Metal deactivators that may be reduced or eliminated from the biodiesel
containing fuels according to the disclosure may include the condensation product of an ortho-
hydroxy aromatic aldehyde with an aliphatic amine. A typical example of such metal deactivator
is disalicylalalkylenediamine which is prepared by the condensation of two mols of
salicylalaldehyde with one mo! of alkylenediamine. Such metal deactivators include, for
example,  salicylidene-o-aminophenol,  disalicylidene  ethylenediamine,  disaljcylidene

propylenediamine, and N,N'-disalicylidene-1,2-diaminopropane.

EXAMPLES

00033} The following examples are illustrative of exemplary embodiments of the
disclosure. In these examples as well as elsewhere in this application, all parts and percentages
are by weight unless otherwise indicated. It is intended that these examples are being presented
for the purpose of illustration only and are not intended to limit the scope of the invention

disclosed herein.

Example 1
[00034] In the following example, a B7 diesel fuel was doped with 2 ppm copper using a

copper solution of copper naphthenate having 8 wt.% copper and was oxidized according to
ASTM D-2274 to determine the total insolubles in 500 mi of fuel. The maximum insoluble
according to ASTM D-2274 in diesel fuel is 2.5 mg/100 ml of fuel. The base B7 fuels
containing no added copper had total insolubles of 0.6 mg/100 ml of fuel. Copper was added
and the fuels were oxidized according to the ASTM procedure in order to determine the

oxidation stability of the fuels containing at least one biodiesel component.

[00835] In all of the runs, the carrier used for the additives (A) and (B) as defined above
was a mixture of Aromatic 150 and Aromatic 200. In the following table “MDA” is a
conventional metal deactivator as described above. Runs The results are shown in the following

table.

11
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Tabile 1
Run | Fuel {A) (B) MBA | Carrier | Adherent | Filterable Total
No. | No. | mg/kg | mg/kg mg/kg mg/kg | Insolubles | Insclubles | Insolubles
mg/100 mi | mg/100 mi | mg/100 mi
1 1 0 0 0 0 2387 2.1 240.8
2 2 0 0 { 0 1740 55 1794
3 1 190 0 10 760 3.6 2.2 5.8
4 ] 120 30 0 420 0.9 <0.1 0.9
5 2 190 0 0 770 486 64 5350
6 2 120 0 0 450 1056 140 1196
7 2 0 30 0 70 0 6.5 6.5
g 2 120 30 0 420 0.3 0.4 0.7
9 2 120 30 0 420 1.63 <0.1 1.63
10 2 60 15 0 210 3.51 <0.1 3.51
11 2 120 30 10 420 1 0 ]
12 2 0 0 10 50 0.6 0.2 0.8
[00636] As shown by Runs 4 and 8-9, a combination of component A and B provided a

synergistic decrease in the amount of insolubles in oxidized fuel containing 2 ppm copper as
compared to the base fuel (Runs 1 and 2). Even at a half-treat rate of components A and B, (Run
10), there was a synergistic decrease in total insolubles in the oxidized fuel compared to the base
fuel (Run 2). Run 3 containing component A and an MDA showed significant improvement
over the base fuel of Run 1 and adding MDA to components A and B (Run 11) showed no
significant improvement over Runs 4 and 8-9 containing no MDA or Run 12 containing MDA
alone. Accordingly, MDA may be eliminated from a fuel containing more than 5 volume

percent biodiesel components and still be capable of improved oxidation stability when the

synergistic mixture of components A and B is used.

[00037]

13 27 sk

a,” “an,” and “the,” include plural referents unless expressly and unequivocally limited to

It is noted that, as used in this specification and the appended claims, the singular
forms
one referent. Thus, for example, reference to “an antioxidant” includes two or more different
antioxidants, As used herein, the term “include” and its grammatical variants are intended to be
non-limiting, such that recitation of items in a list is not to the exclusion of other like items that

can be substituted or added to the listed items

12
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166638} For the purposes of this specification and appended claims, unless otherwise
indicated, all numbers expressing quantities, percentages or proportions, and other numerical
values used in the specification and claims, are to be understood as being meodified in all
instances by the term “about” Accordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and attached claims are approximations that
can vary depending upon the desired properties sought to be obtained by the present disclosure.
At the very least, and not as an attempt to limit the application of the doctrine of equivalents to
the scope of the claims, each numerical parameter should at least be construed in light of the

number of reported significant digits and by applying ordinary rounding techniques.

[66039] While particular embodiments have been described, alternatives, modifications,
variations, improvements, and substantial equivalents that are or can be presently unforeseen can
arise to applicants or others skilled in the art. Accordingly, the appended claims as filed and as
they can be amended are intended to embrace all such alternatives, modifications variations,

improvements, and substantial equivalents.

13



2:00 1050 0.6 0.2 0.8 1000361As shown by Runs 4 and 8-9, a combination of component A and B
provided a synergistic decrease in the amount of insolubles in oxidized fuel containing 2 ppm copper
as compared to the base fuel (Runs 1 and 2). Even at a half-treat rate of components A and B, (Run
10), there was a synergistic decrease in total insolubles in the oxidized fuel compared to the base fuel
(Run 2). Run 3 containing component A and an MDA showed significant improvement over the base
fuel of Run | and adding MDA to components A and B (Run 11) showed no significant improvement
over Ruw%ﬁfﬁmﬁpo MDA or Run 12 containing MDA alone. Accordingly. MDA may be
eliminate g more than 5 volume percent biodiesel components and still be
capable bf improvésOxidatignrstabilisyidhen hebsyerdisticmiktuse oheomporeatscinangiBos used.
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the listed itemsli 3088 2FO (e prmposed of didwpedification and appended claims, unless otherwise
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used in the specification and claims, are to be understood as belp“g“r"ﬁﬁdified in all instances by the
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presently unforeseen can arise to applicants or othets skilled in the art. Accor mgﬁa the appended
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modifications variations, improvements, and substantial equivalents.

[ye]

. The method of claim 1, wherein component A of the mixture comprises a reaction product of

polyalkenyl succinic acid or anhydride with tetraethylene pentamine.

3. The method of claim 2, wherein the polyalkeny! succinic acid or anhydride is derived from
polyisobutylene having a number average molecular weight ranging from 800 to 1100

daltons.

4. The method of claim 3, wherein the polyisobutylene comprises a high reactivity

polyisobutylene having at least 60% or more terminal olefinic double bonds.

e

. The method of any one of claims 1 to 4, wherein the middle distillate fuel comprises from 200

to 600 ppm by weight of the mixture of A and B.

&

The method of any one of claims 1 to 5, wherein R” is a polyoiefin radical having a number

average molecular weight of from 200 to 3,000 daltons.

14



WHAT IS CLAIMED IS: I. A method of improving oxidation-stability of a biodiesel-containing fuel
composition, comprising: combining a major amount of middle distillate fuel containing more than
about 5 volume percent of at least one biodiesel component with a minor amount of a synergistic
mixture consisting essentially of (A) a hydrocarbyl-substituted succinimide dispersant and (B) a
compound of the formula: and tautomers and enantiomers thereof, wherein R2 is a hydrocarbyl
group having a number average molecular weight ranging from 100 to 5000 and wherein a weight ratio
of A:B ranges from 2:1 tq.10:1. 2. The method of claim 1, wherein component A of the mixture
compris?s ﬁga%}?é%c’%)r((%m SPRI&TRERYE 0 CEimEaeity Bieamitri a}fﬁﬁ%éﬂ%{éﬁw%ﬁ@rﬁ%ﬁémine. 3.
The method of &tairn 21 dikeiejhidbe:phlysikenyhisticainiowacie or anhydride is derived from
polyisobutylene having a number average molecular weight ranging from 800 to 1100 daltons. 4. The
method of claim 3, wherein the polyisobutylene comprises a high reactivity polyisobutylene having at
least 60% of maretteminainglefinioddabte Bondg. Ghdie ietHod obaminore/ohathitnbdtedpwherein
the middle distiiate fijel &&M{E%%%srﬁprgﬁ%ﬁ%%qgg%g RGN LR MRt Phaand B 6. The

method of any one of claims 1 to 5, wherein R2 Is & polyolefin ra aving a number average

molecular weight of from 200 to 3,000 daltons. 7. The method of any one of claim 1 to 6, wherein the
middle distilfgte fuelda sybstantialiydevaid phdisalinvidang diaminoaans compungs. . Lie method
of any one of claims | to 7, wherein the fuel containing A and B has a total insolubles amount'of no
more than 2.5 ASAIBGH LS HEtarRTAKESby ASTM D-2274. 9. The method of any one of claims 1 to 8,
wherein the middle d's ate fuel s substantially devoid of metal deactivators. 10. The method of any one
of claimsaol th9, wherein the weight ratio of A:B in the middle distillate fuel rangéa%s from about 3.5:1 to
about 5:1711 5B Y /ndrgishie AR ednSisting ss2B sy SerATA hydrocr by i pebdited
succinimide dispetsantiasnd(fea tompbond of the ssmula:. and tautomers and enantiomers thereof,
wherein R2 is a hydrocarbyl group having a number average molecular weight ranging from 100 to
5000 and wherein a weight ratio of A:B ranges from 2:1 to 10:1 in a middle distillate fuel containing at
least 7 vbluméperdent efrattgast onithiedieselstampenenialdyimprove the piistation-stabiliteaf the fuel
according to ASTM D-2274. wherein the gxidation stability of the Lu,el according to ASTM D-2274 is
less than 2.5 rr%ﬁ%mrﬁ%?nsl%?ﬁﬁsﬁﬁ %%?n%;graeao{g%%ngﬁé%%gﬁ 8ta EL|Iity of the fuel without the
synergistic mixture having greater than 2.5 mgA80:ml insolubles. ....... 5

b

and tautomers and enantiomers thereof, wherein R” is a hydrocarbyl group having a
number average molecular weight ranging from 100 to 5000 and wherein a weight ratio
of A:B ranges from 2:1 to 10:1 in a middle distillate fuel containing at least 7 volume
percent of at least one biodiesel component to improve the oxidation stability of the fuel
according to ASTM D-2274, wherein the oxidation stability of the fuel according to
ASTM D-2274 is less than 2.5 mg/100 ml insolubles compared to the oxidation stability

of the fuel without the synergistic mixture having greater than 2.5 mg/100 ml insolubles.

12. Use of the mixture of claim 11, wherein component A of the mixture comprises a reaction
product of polyalkenyl succinic acid or anhydride with tetraethylene pentamine, wherein
the polyalkeny! succinic acid or anhydride is derived from polyisobutylene having a

number average molecular weight ranging from 800 to 1100 daltons.
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12. Use of the mixture of claim 11, wherein component A of the mixture comprises a reaction product
of polyalkenyl succinic acid or anhydride with tetraethylene pentamine, wherein the polyalkenyl
succinic acid or anhydride is derived from polyisobutylene having a number average molecular weight
ranging from 800 to 1100 daltons. li. Use of the mixture of claim 12, wherein the polyisobutylene
comprises a high reactivity polyisobutylene having at least 60% or more terminal olefinic double
bonds. 14. Use of the mixture of any one of claims 11 to 13, wherein the middle distillate fuel

t of the mixture of A and B. 15. Use of the mixture of any one

ises from 200 to 600 ppm by weigh >
et My ity et R o S e e ettt A

polyisobutylene having at least 60% or more terminal olefinic double bonds.

14, Use of the mixture of any one of claims 11 to 13, wherein the middle distillate fuel comprises

from 200 to 600 ppm by weight of the mixture of A and B.

15. Use of the mixture of any one of claims 11 to 14, wherein the middle distillate fuel is

substantialiy devoid of metal deactivators.
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