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[0005) U.S. Pat. Nos. 3,883,320 and 3,891,401 teach the addition of salts of a
transition metal, such as manganese, and an alkaline earth metal, such as calcium, to

- jet fuels for reducing deposits and smoke. These patents require a manganese/calcium
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200 to 600 ppm (200 to 500 ppmin the '401 patent). 1
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[0608] These risks have become more acute in recent years with the increased
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require additional costs and complexity in terms of storage, handiing and dispensing.

[0012] Therefore, there is a need for compositions and methods to address the build-
up and discharge of static electricity in middle distillate fuel compositions.



Accordingly, these types of antistatic agent, apart
fromtheir inherent additional cost, require
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[0018]  In another embodiment herein is presented a method of improving the
efﬁciency of a diesel fuel for an internal combustion engine which comprises adding to
the fuel prior to the introduction of the fuel to a vehicle or other apparatus comprising an
internal combustion engine a diesel fuel additive package comprising cerium oxide

‘nanoparticles, a detergent and a demulsifier.

[0019]  Other embodiments herein include methods for improving the efficiency of a
diesel fuel (fuel economyy), a method for improving diesel fuel stability, a method for
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' package compnsmg cenum oxide particles or nanoparticles that are soluble or
dlsperSIbIe in diesel fuel. More importantly, the diesel fuel additive package contains in
one embodiment a demulsifier compound to reduce or eliminate the foaming and/or
emulsion problems often observed in the pumping, distribution, tank-filling and use of

~additized diesel fuels.

[0025]  in one embodiment, the demulsifier employed in the present diesel fuel
- additive has a phosphorus level of greater than 30 mg/kg of demulsifier. However, it -
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[0028] in addition, the diesel fuel additive package can contain a demulsifier with

. reduced phosphorus levels of, for example, up o about 24 mg/kg, or about 8 mg/kg to
" about 24 mg/kg, or from about 0.1 mg/kg to about 8 mglkg. Inthis manner is achieved
a diesel fuel additive package able to impart to the diesel fuel superior haze reduction,
improved additive solubility, increased fuel stability, smoke reduction, combustion
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content as defined hereinabove, wherein component a) is present in an amount
sufficient to supply from 0.1 to 5 ppm manganese or cerium or both to the fuel and
component b) is present in an amount sufficient to supply from 5 to 50 ppm alkali and/or
alkaline earth metal to the fuel composition. This embodiment can also contain one or

more alky! nitrate cetane number-improving agents.
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and irtbegleimsi tion of "niddle distillate fuel
conpositions” as that termis used throughout this

[003§)P P THePré &Mt disclosure encompasses jet fuels, although these are
conventionally not regarded as “low-sulfur” or “ultra-low sulfur” fuels since their sulfur
levels can be comparatively quite high. Nevertheless, jet fuels may also benefit from
the conductivity improvement of the embodiments regardiess of their sulfur content.

[0036]  The terms “combustion system” and “apparatus” used in the disclosure
connote any apparatus, machine or motor that utilize, in whole or in part, a combustible



and in the clainms. [0035] The present disclosure
enconpasses jet fuels, although these are
conventionally not regarded as "l ow sul fur" or
"ultra-low sul fur fuels since their sulfur |evels can
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t he enbodi nents regardless of their sulfur content.
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Table in order to provide oxygen vacancies. They must also be of a size that allows
incorporation of the ion within the surface region of the cerium oxide nanopaﬁicies. :
Accordingly metals with a large ionic radius should not be used.

[0039]  Typically the doped oxides will have the formuta Ce1,M.O- where M is a said

-metal or metalloid, in particular Rh, Cu, Ag, Au, Pd, Pt, Sb, Se, Fe, Ga, Mg, Mn, Cr, Be,
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This generally neans that the dopant will be di- or

tri-valent in order to provide oxygen vacancies. Such

dopant ions nust be di- ortri-valent ions of an

el ement which is arare earth netal, a transition

nmetal or a netal of Goup IIlA [11B, VB, or VIB of the
Periodic Table in order to provide oxygen vacanci es.
They nust al so be of a size that allows incorporation
of the ion within the surface region of the cerium
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have as |large™a surface area as possible and

ref_lerabl the particles have a surface area, before
he coating process involves comminuting the particles so as to prevent any

agglomerates from forming. Techniques which can be used for this purpose include
high-speed stirring or tumbling and the use of a colloid mill, ultrasonics or ball milling.
Bali milling is preferred. Further details of such coatings can be found in
PCT/GB02/02312.

10



coating, of at least 10 msup.2/g and preferably a
surface area of at least 50 or 75 nR/g, for exanple
80- 150 n2/g, or 100-300 nR/g. [0043] The coating
process involves commnuting the particles so as to
prevent any agglonerates fromformng. Techni ques

whi ch can be used for this purpose include high-speed
stirring or tunbling and the use of a colloid nill,
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as HITEC® 4007. The detergent/dispersant can be used in the fuel additive packages
herein at levels of from about 5 to about 20% by weight.

[0047]  In one embodiment, the detergent is a succinimide, which has an average of
at least 3 nitrogen atoms per molecule. The succinimide is preferably aliphatic and may
- be saturated or unsaturated, especially ethylenically unsaturated, e.g. an alkyl or alkenyl
- succinimide. Typically the detergent is formed from an atkyl or atkenyi succinic
acylating agent, generally having at least 35 carbon atoms in the atkyl or atkenyl group,
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enhanced di spersancy. Such a material is available

from Afton Chem cal Corporation as H TEC(R) 4007. The

det ergent/ di spersant can be used in the fuel additive

packages herein at |evels of fromabout 5 to about
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noiety is attached to an aromati c nucl eus which in
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engi ne by preventing aggl oneration and hence | oss of

[00531ir f Anetherrepebifof tivecpresent discloaurel is Fexficed filterbloekagd of fuel

i Iten%'b% QScéuc;fefhé [J&Yo%sin bP&iR F@Y oi%eg ﬁ{g—: ? fggéac?pg%t@g Pfg&plh

partic S or nanopar

'. causecbbsc éan example;, ieractions bemeeh ltye mmrroaixrmstos panues andfuc

o add‘n?e ﬁ&ﬂb e‘?lgs Q%’d/?xr c?ﬂfé?ﬂ rFa%(gé h@ﬁ@ éj}%éﬁ%r ﬁ% L oIm ag?
. diffiguifiesde ehgine aperatorearal firaby B 4 comploteshit deom. cahabx@mple is the
N redtﬂ:@g llﬁg?aéﬁdnoﬁ]emggmuﬁdsgﬁoms an(!] lH‘ne cerium oxide particles or

nanoparticles according to the present disclosure to reduce fuel filter blockage. A

. measure of this benefit is observable from IP 387 Filtration Test. Thus, there is

provided herein a method to reduce filter blockage of fuel filters in a vehicle or other

- apparatus employing a diesel engine combusting a diesel fuel and having a fuel filter,
said method comptising adding to the diesel fuel prior fo the introduction of the fuelto a
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benefits. [0051] Another benefit of the present

di scl osure is reduced filter blockage of fuel filters

because of the reduction in or elimnation of

sedi nent, precipitation and/or haze caused by, for

exanpl e, interactions between the cerium atons or

particles and fuel additive conponents and/ or

contam nants. Ml functioning fuel filters can lead to

difficulties in engine operation and finally to a

- velddlept ether aipatk‘)atuh)a\ﬂies@g@el exditipe ﬁadk?gé E@nprﬁs&:@@@ﬁxm cc)lxide

interacti et wee osphorus and the cerium oxi de

narbozﬁl?t’c@segg%ergeﬁm%ﬁ?mgl%gn according to the present

- disclosure to reduce fuel filter blockage. A neasure

[0062] t ficsordinglyf ihe preseabdieclemuné pravidesaleiBEY ofipravirig tha

, ' i ded h ' hod, t.
ooy SHiEan A Bl corRbybtp Efis leh AR ity o tap e
priayttdn the intagehaticat oftheefupl toyd vedicle ofi atserl appagituseconeprisingtanigtemal
oy Shah SR8 B o ) T R o
mahgdnesd sotiicerandfa ddﬁ@'gém@ndg???t\lliﬁeffgif@éi@dditiv@at. hBY introducing
addi

apparat us.a,di esel fuel. kage ;conpri si n
tneBRRD SR s Riibpia E isd BEnd néL B e A AL mnBement
sywmﬂud, lla@ésfsia@my oimgﬁhmm{rﬁw@t?nswﬁa@p@a@?ﬂ dosing. Fuel
_.di sclasure provjdes a nethod of i.nproyvin e
efigeagL sy BPhe Fp bpion gt i ceriR oxHE RREedR e yPhe

whi ch conprises adding to the fuel prior to the
- (0053t r Adcartiingly, thé ptdsent disdloduce alse pluvidles aduelciddiive composition,

whiph B R145 5P AR o ot oty BB SR PE B
a deterjeot, peeferably garatisieatis succirimidenahda dierhdlsijentiavingdess than
abcF mafkeLsrreSiondsn B BBt e RRERGHIG, paiigion
further coapyisechdemelsifioe bs defiragdpglihabovy Sdreia 68a6s Rapryvdrnagent.
other nmethods of introduction such as on-board dosing.

Euel Gl e ' r I, LN ratj f
oogah’ el iR Loz oF ddn LGS OF RefRaHEIS T e
dieget fuet additiyeywill bdFomrles &nt0%.i genkbadiy 05 tal59h bhyveightes a

fuel additive conposition, which conprises cerium

00431 d¢ R bl daftived MBoE h&%ﬁﬁ |
I év%i](t h y‘Sia@ggllgt ergent, Ivr e%i?'ggﬁ%/ an allp attsalo%ﬁgﬁrgci [ Fr'r‘lshgaee
cetanedhumbge mrgverfs,aoldigaw improvess antiexidanih and nitalglergtivators.
ARSI Yot BRI TS oo B8 L Srtocnc
-or mitwé ohibest eT misntieresenhdidclaswre prvigles figel additiveagempositions
' PG . con trati.on [u '

corr{r?girgflélgﬁ;}e-%rﬁ 8%@% éé%%ﬁc?égﬁ a&?ﬂfr @(htgs, a?ieteﬁ*&éﬁtT M dgﬁ(‘nhgﬁﬁen and
_ thionally one of more of the components selected from the group consisting of cetane
. number improvers (also called ignition improvers)(such as alkyl nitrates), cold flow

' improvers (such as polyesters), and antioxidants (such as phenolics eg. 2,6-di-tert-
_butylphenol, or phenylenediamines such as N,N-di-sec-butyl-p-phenylenediamine), and
“metal deactivators such as salicylic acid derivatives, e.g. N, N-disalicylidene-1,2- -

- propane diamine.
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di esel fuel additive will be fromO0.1 to 10%
~generally 0.5 to 5% by weight [0055] Typically the
fuel additives which are incorporated at a refinery
may i nclude cetane nunber inprovers, cold flow
I nprovers, antioxidants, and netal deactivators.
Accordingly the fuel additive conpositions of the
present disclosure can incorporate one or nore of
these. Thus, the present disclosure provides fuel
[00536]di tLivbecitymdditise, tantinmast agenisrandiantifoamantsmare dlisd @seful in the

s l.oj a detergent, a

dieGaMIN SN BB Hf Bt GRdBuf e of Che
conmponents sel ected fromthe group consisting of

10088t arde anefbenrmbddimend wéthe nresenbdisalbbid, thg Miel idditive composition

i i I d fl
car| SN Sl bjend cciothd BEor i 3l el irkiriiiip v
detgrgeptidispsirsand and) a dembisifier with up thabout ghempkg ofqphosphorus. Mixed

mef AR R Do use rermef it doterapnts g demuisiir
ablel knkedusaeneiisinaie hazes instdbility dn recipitalesismesadd mebspreserdly
pmﬁid MN-disalicylidene-1,2- propane diam ne. 14 [0056)
B ci ty additive, anti-rust agents and antifoamants

are also useful in the diesel fuel additive packages

100381  Hbuspeadspioved &l additive copgositipn bfthapoesest disclosure can
| .

coneR A BBkl e ol B S Hord hRf ESHERrnd Rty eptyst.
detergemiflisngrasint, and al depylsifier having Lp to alkoutr@bahglkg o phesphorus. In

onl BB ORI LAY it A b

-exampla ahosit 8 mo/kaiovabobilid4 mplsg.usrdn yéteametifer ekampld dloaT ghent 6.1

moRdth RAFHI Uhos !l SRS 5L Bt

canheofor ésamplp Gasbdgsciarshereinalhover Ghese Metdl-cadtdiniiguwembustion

oGBS oA HTRET PSR e ARG o o

methyoymiopentadiengk radngansse icatbehyy grehitdrdsctpeiss auh, asasoflibilized
. .S, ving up to about 30 ng/ kg of phosphorus.
won?&%aﬁ frgc?ceg odi nent, the demulsifier has up to

about 24 ng/kg, or in a separate exanple about 8

[00581/ kBy treanganese” herayiskogand Bny mapgéness or hanganesepioataining

B T W

mangenessdicpbenyl ayvailibie rorb ddtoh €xhemiced Comordtivass MMT®, and

| - i ni ' cat al yst n be,cerium
- morfSh s GACAAL BSOSO AT i BbALE ke B8, BB BhlliB
. - mangangsedscarbonyl, alkyt cyclopentadienyt manganese tricarbonyl, organic
- manganese tricarbonyl derivatives, alkyl cyclopentadienyl manganese derivatives, bis-

cyclopentadienyl manganese, bis-alkyl cyclopentandienyl manganese, neutrat and

- . overbased manganese salicylates, neutral and overbased manganese phenates,
. neutral and overbased manganese sulfonates, manganese carboxylates, manganese
- oxide and combinations and mixtures thereof. . '



met hyl cycl opent adi enyl manganese tricarbonyl, and iron
sources, such as solubilized iron oxide and
ferrocene. [0059) By "manganese" herein is neant any
manganese or manganese-containing material, conmpound
or precursor, such as but not limted to nethyl
cycl opent adi enyl nmanganese tricarbonyl, available
from Afton Chem cal Corporation as MMIO, and
ese sul fonate, nmanganese phenate, nmanganese,
l""gﬁl i g‘ﬁ?ﬁ&?f are, e&ew&rﬁ/@?ﬂngamwm%%%ﬂﬁéw be used heraip a
cedliihargHiéRNRALRRIURIN allBRBSHRPE BSed I'iér@:ﬁr Qeé\wmhr&'i AR or

ese tricarbonyl derivatives, ?/
a"‘&&ﬁ‘%@b"e &e&'@ﬁl"f AP KREe e/ sy igiire 9@%' oy|§p8 be used herein.
cycl opent adi enyl manganese, bi s-al kyl
[omsypl Ofrend spedvidud hersin gama%admve%rcaloomaﬁses%ﬁnm and a

anese sal i,cyl at neutr and er based rran anese
maﬁ'ﬂs urcea feter gﬁad&\f@"ﬁisgf aFRROBISGATR AL W10
abﬂm@&m’s@ Day évwdt@bmma&na gn@@ﬁon@m fh% c&%ls.fer is about 8

onbi nations and m xtures thereof, [O
m EPate4 g/ ﬂfmﬂ%@@ﬁé§’@mﬁ'&ff9m@bewt %ll mg/kactarabeit 8
mgh&est pheghioRis. @ ceri unl manganese/iron mxture or all oy
can be used herein; a ceriumiron m'xture or alloy

_ sed herein; anese/ re qr
1005 o S ey iRl ar RS e oPerines 4ag s cogatiiag with
fenlmeem (mnaroﬁ welrcajidithe M%pﬂd&tl@lhoﬁa)ﬁﬁﬁr atﬁﬁt&e%hipbﬁti&xfuﬂﬂer

oo TREREO AP TARE AR AETEieb s o sxatgple Bl agltive

compdsitipn id progidee pahpﬁmgemnm @xidé d@eg ERORRB Frdfm oib.ﬁ:ﬁﬁ}
i er bout / Kk bout 24

 ferEaHe (HaERvaSbifh AU S e oon gt P58 005 rom

AftogChgmichl Cotpsmbien asd ddrive8 FbmPasotiar ugﬁde%lr@?éﬁi@r than
artjcles or no articles_ can be co |ne

70%4 l’)‘g‘-’éﬁ&"{% Hlysghal %lﬁnbzéqnqenrqaﬁ@d 8 seRelyarane st achieve a

findl Nedongftbt dboat 6.09%),afldtd @fndisifiddTe6iad QQQ?frbri'meﬁPetrollte)

det er gent (di spersant _and a denul sifier.

- whigh alﬂld?aéfe exceligal CO&HMS@QW@D%\@@@MW&M@ %pmmé@ good

sma@mau&ionga.ﬁ%dhuﬁ&%éleecsﬁoﬁ Enviro) TM from Oxoni ca),
ferrocene (w dely available), a succinimde

' t ergent/ di spersa H TE 40 from Afton
10088 THE Forpto B P e g brdia of e prsDt Apodiments are
capﬂble}dfﬁﬁﬁmjﬁnd aamm:ﬁ\hy w @meebf atherdt 29 By bﬂhb AR
: L1 mac_l_ﬁl rldefrreacted wth a
te"‘38'fa§‘§ﬁ1°ﬁée VBVadRisspRauctiRy fs tirenbiourBeRt i Prapesd new ASTM
starﬁ:laﬁ%or cﬁtﬁdilcﬁnlﬁ_}@rw#e%lffueﬂé (AT 8075 3Rd afmcAdMmERS @hd appendices

T there?ot) measured according to any appropriate test procedure including but not limited

 fo ASTM D2622 and ASTM D4951. The conductivity is obtained by the addition of the
- cerium oxide particles and the detergent alone, thus obviating the need fo add |
conventional antistatic agents such as the Stadis® compounds. The conductivity
6eneﬁt provided by the embodiments has been shown to be sustained for at least 7
days after the detergent and cerium oxide particles are combined together. An

- additional benefit of the present embodiments is that an antistatic effect is obtained

16



which will have excell ent conbustion inprover
activity, no haze or precipitate, good snoke
reducti on, and enhanced fuel econony. [0063] The
conpositions and nmethods of certain of the present
enbodi nents are capable of providing a conductivity
to a fuel of at least 25 pS/mat the tine and
tenperature of delivery. This conductivity is
sufficient to neet the proposed new ASTM standard for
Wltb@lt@ddhg\mnnqcasaarmsaﬁm to theelusl c(oh%&lt@ﬁ?ﬁombdanﬂ:m nekrent s

[ ccord

cordBoRRR TR 3xi0b MRS il Rt e st Sttt mymore
thwabASIT(Ml Egan ohsdfuABTe B sdmpaditor; MLprésamhg tHesbenefits of

. j he addition of the cerium oxide
us:ﬁ@?ﬁagﬁ?\gssggunr U(%?Te det ergent al one, thus obviating the

need to add conventional antistatic agents such as

the Stadis(r) conpounds. EXAMPiESNnductivity benefit

provided by the embodi nents has been shown to be

[0084{St dl%ﬂfo%HM’étal'ﬁ% fims/ days after the detergent and
ceri um oxi de partircres are conbi ned together. An
benefit of the present enbodi ments is that

addi tio
- 10043 ﬁ@?g‘i‘a\@w@ eramptes udhgmillustraigiagmecis ¢fifhepreseat digclosure but
do Hcﬁtﬂiﬂﬁﬂﬁé@l‘ééeﬁttﬂlédlﬁsu%) the fuel conposition. For
exarrpl e, the conbination of cerium oxide particles
[00%'2 %eter%ent/dl spersant can contribute no nore than
ppm of sulfur to the fuel conposition,

t hus | wesal oside eld) EnBrREY b Ofonids§! NO UTTT a- T 9500 ppm
sul fur fuel S. MPLES 6)5\40064] Model M xed Met al

Syste ]”a‘PI'A;’ea“faH?lP ng exanpl es further 5-30weight%
i 11 ug Ue@ér@er&ﬁi&%@?s%n%'f@@@ﬂb@? Aftbn @hém.c%ﬁur e bfths wight %

not | resent disclosure. [0066]

Cer i | Hegwisier (Elgd® BRd from BakerPediin)ca) 1- 2oo1~aﬁmelght%

Fer r o agdiRatVdrddrhigivaticlsBRbAs)o- 30 wei ght % i o
Det efl.gent / di qnprrqslmt (HTF(‘?%XZBOO7 Afton _Chem Cal 89 Wel ht %

el ght % sifi Tol ad(r) 9357 from Baker
[00hL, ; QLF*%C'@ '?5 é’eﬁﬁli%ﬁ{ Adﬂ‘t"{&réﬁﬁﬂ Cheayral Qprp&ratwnhtsuh@sed on
abo&%()% lby @\ﬁ&) HeBf @&H%Ih&%hm%t[e%faﬂe |Hb?65§ﬁ%ﬁc55§° VwREight of a
lljﬁ |ve Afton em cal por ati on ased on
HR-P succm:mlde detergentfdlspersant with about 6 0 weight % mtrogen (HITEC®
4.007 available from Afton Chemical Corporation). HITEC® 4656 was combined with
250 ppmofa sou.r'ce of cerium oxide particles in aliphatic solvent to deliver 5 ppm of
_cerium oxide particles (Envirox™ available from Oxonica). This combination can be
‘used directly in a diesel fuel or diluted in aliphatic or aromatic solvent to prepare a diesel

~ fuel additive.




about 50% by wei ght of 2-ethyl hexyl nitrate cetane

i nprover and 15 % by weight of a HR-PIB succinimde

det ergent/ di spersant with about 6.0 weight % nitrogen

(H TECO 4007 avail able from Afton Chem cal

Cor poration). H TECO 4656 was conbined with 250 ppm

of a source of ceriumoxide particles in aliphatic

solvent to deliver 5 ppmof cerium oxide particles

&Enw ro) TM avai |l abl e from Oxoni ca). This comnbi nati on
{00 Feampleedd directly in a diesel fuel or di | uted in

allp sotvent—to repare—a—die
f uel G%fgﬁ?l?ﬂ\?gﬁéq#ﬁ EJ(%368] Exanpl e E Eerl unt manggﬂ%ggm
al | olyFearrcze0e pp)delyﬁeaﬂabkaene (wi dely avail abl e) %38@eight %
wei gh tad H TE 4007 o
Chen beﬁgeggqg‘gwel g ‘q@&%{i‘%%‘ﬁ %%ﬂ ad(r )ﬁééﬁ'?‘ght o
f r om Bakdsifide{Tobd®t 9857 FoOBaiker Fetrolite) Ar omat i ¢ Bnglivelght %
alip .G .45-89 i ght % [ 0069] To rove .
t he E@éiﬂ%ﬁgwfﬁﬁ@%ﬁm ?%‘éeﬁg\é\ﬁduct of Exanpl e n& wgight %
conbined wwth 2.27 % wei ght percent denul si f| er

[00¢5To| ddrmrroestie fae!kﬂt@ﬂmy off thé pr@ucthﬁiﬁxapmley'g lityweasl combined with

22?’5’&’\9{9? u‘]l i3 é;e%tﬂ Ulg{f' ie @'}rg)‘% %B%;ezﬁiggﬁmgg:ﬂ?’iﬁgpyg‘yﬁols,

oxyalky!piedmhen(mfmmatle&ydm thsins amqjxmlkﬁatbu adagas bodlycollepoxide

I t .. Tol
e e .
 BakehBetwolitw)s Taldd%é@d&ﬂ)f@épﬂit&ﬂ@f(lmwm@rﬁmmnﬁblm RAdwever,
: n uct irfua a ons
ther IR ORI BoeB KBRS MhRh el iSen thackopte PR i€l foevihaty
all apiplicatibng, tdebendmg/nn’l ﬂeghemmeéd%dogm .thé tl,fﬂjefm Gles@iffudl. 39
. S 0opbt
vl R G s err RS PoG T pies Obtanet
' Det er gent / di spersant (H TEC(r) 4007 Afton Chemical)
[0078] 15Emm;g¢18 % Denul Si f| er (ToI ad(r) 9357 from Baker

sol\en. nmaad p (0071] To |rrprove t
sol Llﬂelterg@ntkdm;befsaat (mm@momft&ecnémdsagt of B wéight®%

domy CERTI (rdhdglos dampabenFelealca ™" 1D woiart s

Aromatic and/or aliphatic solvent(s) 45-89 weight %

‘_ [0071] To improve the solubility and fuel stability the product' of Example 1 was
N _' combined with 2.27 % by weight percent of a demulsifier (Tolad® 2898, an oxylated
| alkylphenolic resin with lower phosphorus content of 7.85 mg/kg). The fuel stability was
| | improved and the haze reduced (see below) relative to the results for Example 2, but
- were not idealized for ali fuels or all fuel applications. When filtered, sediment of 0.35
. grams per 1 kg of additive product was obtained.

'{0072} Example 4. The product of Example 1 was combined with 2.27 % by weight
- percent of another demulsifier (Tolad® 9357, formaldehyde polymer with 4-(1,1-
_dimethylethyl)phenol, methyloxirane and oxirane in an aromatic solvent) which hada
7 phosphorus content of 0.199 mg/kg. This fuel additive package had excellent clarity,




al kyl phenolic resin with | ower phosphorus content of
7.85 ng/kg). The fuel stability was inproved and the
haze reduced (see below) relative to the results for
Exanple 2, but were not idealized for all fuels or
all fuel applications. Wen filtered, sedinment of 0.35
grans per 1 kg of additive product was obtai ned.
[0072] Exanple 4. The product of Exanple | was
conbined with 2.27 % by wei ght percent of another
vegdawihers.iaad noEpeiiable [985Fitaté (rpd.d6lyysias bﬁéaﬁﬂ‘ﬁéntwbt hkgof
fue‘} 36&1{1\;9 pégkggér?hWh%tljagm%fP@(g?%léme’ éﬁ?{l OXI %nggs combined with

oxirane 1 n arona
digshbugltad pdeat tite eft350fpphh m@&mnmm@cceﬂamt fuel stabili§det pietpitate

e | ar,
e85 5888 Pifls SR TcrRh it Hiagediugt erige et wesi 7 wolant
% Cﬁ mﬁn)galadrﬂﬁ_le_ﬁosﬁwm?lta?elﬁ!@mdef&l@ oply a fraed arﬁ@iﬂit tt THE f nal diesel
i su ng. di ese i ve package
foe O i et BBl ey o stmofio rdigon. ol Bgprorie el
stapitity, seiability ang improeederigstiod.uel stability, no
precipitate and no haze. In this final diesel fuel

7S5, B G B, e P s 5

Additiea @ikyhmitrate. ceﬂﬁme riumbet indhireses) with Telbd®o8d8 demuRfier was mixed

SR I, s S oA B kit

o sec&matmm 139rgrarm@ét31 kd\sf adlitivee VelesHITEC® 4455 eyl Guel Additive

(R SR s i R TG 2808 g et ity

Eni9@38" cheiom eiide manopasiclks Mroumdtfprdﬂﬂjcéd sElrEt bLOTB5 grams

0] | ILve
poik Rt AhathE el oshiisy Fof Abfuedalonurte crgner
‘ nuramalihimpmeert) Wlttﬁ lToHd;EE@? demtifEier Wag %ﬁkecﬂ)diﬂ{ Ert‘ﬁﬂn%?“l' ﬂ‘:g (product

al kyl nitr ane nunper _i nprover) w ol a
proé ARG \Hé@"?rp?nﬁ(g\ﬂfﬁﬁ itieghi vr oxTM ceri um

oxi de nanopartlcles t he product produced a sedi nent of
[00T4] 35Hgrameaswemetitskg of additive. Wen H TEC(r) 4656

Di es

I mpriove th Tol 2ﬂ 93E7 demul gi fier was m xed w t‘h
Eni vir ox pr odu uced &2 ment oft28€15
granms per 1 kg of additive. [0074] Haze nead nmentfs
Addijti ve nl?gnul se Envi ![llgx Haze (I\I;I}U) 335

H4656 T9338 N 5.74

H4656 T2898 N 5.61

H4656 T9357 N 5.18

H4656 T9338 Y 1552

H4656 12898 Y 880

H4656 T9357 Y 175




nfa n/fa Y 335 H4656 T9338 N 5.74 H4656 T2898 N 5.61

HA656 T9357 N 5.18 H4656 T9338 Y 1552 H4656 T2898 Y

880 H4656 T9357 Y 175 19 [0075) Cearly the

unexpected i nprovenent is the reduction in haze when

conbi ning the cetane nunber inprover, the cerium

oxi de nanoparticles, and a | ow phosphorus- contai ning

demul sifier. "NTU' is a unit of neasure known in the

i ndustry as "non- arbitrary units."” [0076) Defoan ng
[00E¢ p e Gleasiytthe L0SPRttet imprisémentris theppdudian irshazarwheactombining

j ddi t
N L IR MRS Wt [ -
conitaiping demulsifigr t'NEUL isrd unit abxiedsurerianapan theGhéustryiak inon-

arbﬁn‘éﬁpﬂﬁlﬁ”ng results. It was observed that the cerium
as a positive influence on foamreduction.

Wth the EnviroxTM product al one, the fuel foam decay
[0076] e Defoanting Fxekrintants when used in conjunction with a

H TEC(r) 4656 type product, the foam performance was

_ [OOT’HPV QY sehiRsAY 9@5‘&55‘[@ cAReaRut Shtil E)e)st:ﬁg?ér@ tHeAG] fadditive products

f or mance. an unexpecte I's ob

‘ prowpeéu costaining the lybpifratehetanesumbsh isrpreverisind thecariani mle
narebaﬁeuegwm%amnsﬁb%smd %s%'bg JVQM Haf e AL LIRS

I nprover. Tr eat oam

- positive inflygnag rm;l}f)am rgHuctiopp Wlth(tp@ E)wu(csé“& plod(otclae, the fuel foam

oo 5o e, St B gL G,

-the foam performance was improved beyond the normal HITEC® 4656 foam
performance. Thus, an unexpected benefit is obtained in diesel fuel foam reduction
when combining cerium oxide nanoparticles and an alkyinitrate cetane number

. improver,

Day 0
Treat Decay Foam
Fuel Additive Rate Envirox Time Height
: (ppm)  (ppm)  (sacs) (mols)

RF93-T-95 n/a nfa n/a 45 100
RF93-T-95 n/a n/a 250 21.2 100
RF93-T-95 H4656 1100 nfa 6.9 80
RF93-T-95 H4656 1100 250 2.8 55

- -[0078] ~ 'Base reference diesel fuet has a debay time of 45 seconds, with a foam height
of 100 mis. Diesel fuel treated with 250 ppm Envirox™ has a decay time of 21.2

- seconds and a foam height of 100 mis; diesel fuel treated with 1100 ppm HITEC® 4656

' hasa decay time of 6.9 seconds and a foam height of 80 mls; and diese! treated with

250 ppm Envirox™ plus 1100ppm‘ HITEC® 4656 has a decay time of 2.8 seconds and a
. foam height of 55 mis. Clearly, there_ is an unexpected excellent improvement'in foam

20




RF93-T-95 H4656 1100 250 2.8 55 [0078] Base reference
di esel fuel has a decay tine of 45 seconds, with a
foam height of 100 ms. Diesel fuel treated with 250
ppm Envi roxTM has a decay. time of 21.2 seconds and a
foam hei ght of 100 ms; diesel fuel treated with 1100
ppm H TEC(r) 4656 has a decay tine of 6.9 seconds and
a foam height of 80 ms; and diesel treated with 250 °
pm Envi roxrm plus 1100ppm H fEC(r) 4656 has a decay
arfhieved by somhthingdhel cariunt axide hangpiattiotds 3 the siky! nitrate

d | | ent
e e AT S e AR o
foaoxtedectmnn patiasetiuekbygmaviding tcaﬂhbydzei i fue 2idditive ﬁﬁcﬁkﬁge _
[ Th th '
e BA b8 K35 et e bR prover
adt#jtl\e%el fuel by providing to the fuel a fuel additive
package conpri sing cerium-oxide nanoparticles and an

kVlo.ni 79
008 Y 04 bR RERGH: 4SBEH i L
SIgt rttirwommfmt&lm@qhans:agiﬁsfgnmdtmethmmmsetate;pnomded In
f d.. |
ond BABAEA n3 1o A0 SRS bR S ren
of @giissei foel combistion prozesd thManﬁonmrﬂlngsah ethaebt
pas&%ﬁ%@ fopglgg)%ggaé{%a of %ﬁ § eﬁ% Sttberfz@ %@a{nﬁr S h%l%g Q?gnrpducts from
| theyombamoa:lmﬁaa:lteuehfygleatplart;sma’lmymﬂeoéeletttsd frbmtrthe ?hﬁ) consisting of
S ue ul ate filter
oorfBRIH 1O SrrB P By ClsStneBidtile B Efer watiiulage it
and-egaialyret dlﬂ@ﬁl pedibulatedifyr, thcated withéit thie @bthase pé$dabé\ﬁfay and
a8 BB Ht b gl e bt S5
'intﬁmdgﬂu\m&he?ddl?wmégbbﬁg t uh&&uc@@ﬂiﬂfﬂmﬁig@ﬁé@@ a
er.ein e fuel has.an addi a nt rodu
detBl. pf abolnutalSiantol aPpatsragid eispales Hgmesieh Mhgsapydne
opemih@f tHERRGRUURAE it is SHHaREGEH maRifi dg%le din%Fs%h@y of the
nitjo oV and. optional | enul sifier,
Mﬁ%&@&yn%fvgg oY1t teiagHlopteraton of e sasimda pariks waich
‘woulkhbhBask Rytusethcitsiatior GreeHiMRRITEAMNENNE bxiidlRt pA SIS,
- xide. This reventsth% q@lomeratlon of the cerium
FUF@?F‘&(E%H\P{?V@ SBEPRRING P! NG ERTGMLeHds arides acrording lodhe present
disclosusy Ralcsytheif ag‘gwmetmlmamfmmm&eé Beelfhas the potential for fuel
fltelg@rtl cul ates,. Furthernore, inproved dispersing of -the

Hgging- oia9ditiga,q mefhed ofkseis @mvgiqdéw improyingtba performance of |
 a diekct ph@iaLAR fﬂt@ﬂlb{ﬁi%ﬂuélﬁ@tﬂe r@gail Pﬁ&ﬂ SthardrisbVrme ffer

: pres%rnt l%lthén agsagn%g of thee usg to? tr;ltelfuel addmve packages described herein,

- {0080]  In certain engine designs, the injector nozzle holes are non-cylindrical but are
| flared outwardly with increasing diameter toward the combustion chamber with the |

*intent to keep the injector hole dry after each injection of fuel. These designs are found
to be extremely prone to coking which negatively impacts fuel flow, uniformity of

" combustion, and promotes deposit build-up because the fuel dynamic flow cannot

sweep the surfaces of the injector holes clean. Therefore a need exists to protect the
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filter plugging. In addition, a nmethod of use is
provi ded for inproving the performance of a diese
particulate filter by reducing the negative inpact on
the surface of the filter present in the absence of
the use of the fuel additive packages descri bed
herein. [0080] In certain engine designs, the injector
nozzl e holes are non-cylindrical but are flared
outwardly with increasing dianeter toward the

injesirngETle %ﬁiediyambmvedpmowr@to thexcembustion kbapberymses which will

noW HcfideQhe B@rji saa{nrd orifif tde al?t%'ié rhry%? %Ha%lgm dﬁg:?g's%re

desi gns are e ex
thewqm@m a«s\dg@numaxgdeu nﬂﬂmss:ahwerveftb owd izarant sempveythef

corbORA51A Gt RS0 S0E3% bl MEnGBgIRER

metheddon use ihaldissebéngine haﬁwmﬁ?cykndncahajécm hetze hales of a diesel
Lect 21 1 njiect 0zzl e | ove
fuebE RS nebRiechudfiE B ¥ bhan ol s Rk PRRR Y And 9
demuiwﬁq:arrilaavix@desd'thaneﬂ imgikgaﬁfmgsas;ﬂmbl & dhialseparitslexample, the
. A rese i.SCl Q e ceri um a

pod3Bhork e suleier B 008 ratio @bk 2 mihGsran et arallee
‘exaniple framtaboat® 6 nsy/kiepebbtis3 ma/karud padisphbdlst he nozzl e

hole. Thus is provided herein a nethod for use in a

"“mﬂ%esghnﬁaghgﬁEggﬁbgg non-cylindrical injector nozzle

uel additive package conpri sing

wogﬁrlqnmggwﬁe a detergent/di spersant, and a
demul'siTT1ér having |l ess than 24 ny/ kg pf phosphorus.

[00d3‘]‘ aAss%Hﬂﬂ@vBﬁRlﬁQ@'ﬁ@s %éesﬁh‘ﬁﬁl @Pfgﬁ Z‘J]b% t%férgh&b ﬁj}lﬁcontalnm? 50-500

denmul sifier is about
~ ppy et SL&beM?érmea?}@Eﬁﬁfpéccff\dumVﬁb@mW@ngtmij';’/&@(t"@TNbBEQZ‘fB The

o 30 By 0O L) B2y o

- envﬂ@l@heﬂtv(@ 80 §) Tavar eoidbsamples Warsl usednAfien? dgys (res@mdugtivity
vl Yl TpTERHER SRS b SRR Gt o
the gvera gPngjceld semple vedst dliowed tasit af reomiteroperature (o@t dour @or to

.. meé%'im@g ﬁ-%]tct%onsmﬂv é@%ﬁ@ﬁlﬁé 6‘%%120 éar\ﬂ}ﬁ? wa Vl\ﬁ gggggglﬁe% e

_rempeing if feoth thﬁhefnganﬂmtmltu ty of the hot sanpl e was
neasured directly out of the oven. One cold sanple

10084RS ebiwyed to sit at roomtenperature for 1 hour
[ 8WFI of to neasuring the conductivity, while the other

| '[oos‘éﬁ' dcé@?&i h&vaEs @wle%céﬁm@Safpbﬁr(volﬁﬁgpgf Muinlodde®™

. ere geratl n uri
,‘nanopartlcles (Enwrox“" average particle size = 12 nm) were also added to the diesel

- fuel.

. [0086] Example C1
7 .'{;“{‘0'087] Control 1 was repeated, except that 1100 ppm {volume) of a fuel additive
- concentrate HITEC® 4656 (Afton Chemical) was added fo the diesel fuel.




[0084] Control 2 [0085] Control | was repeated, except
that 250 ppm (vol une) of cerium oxide nanoparticles
(Enviroxtm average particle size = 12 nn) were al so
added to the diesel fuel. [0086] Exanple Cl1 [0087]
Control 1 was repeated, except that 1100 ppm (vol une)
of a fuel additive concentrate H TEC(r) 4656 (Afton
Chemical) was added to the diesel fuel. 22 [0088]
Exanpl e C2 [0089] The procedure for Exanple | was

. [00Bgjpedbetplee@Zept t hat 250 ppm (vol ume) of cerium
oxi de nanoparticles (EnviroxTm average particle size

[0089]12 Tin)pravasiua fooExmhidel 1 vies repentel, esedpt thae Rsbphrarelude) of

L3 trat dded. ..0090 3
oo Al B BRGNS BRRRE palite e TIZER! Bas doagpec
to thadteseli fugltbefmte tfe dddéivé eehcentrdtdi wasvatidegncentrate, 5 ppm

(volune) of a traditional antistatic agent (Tolad(r)

| 14 ker Petrolite) was added to the diesel
[oog‘ﬁel .é?@g%‘zgaanpl e C4 [0093] The procedure for
a I t m _(vol.u f
(00T ookl GBERe TRESPLo0R sieaPufi R tegn o b
additivgegnecentiates 5djpas(erbl|ufna¢ bf a fradifeial Eulmlmd iceagEht (IEQE@BSK Hdrom
0 e.3 was, repeated except that,
Bg%%ﬁ%@é@é%%} edﬁ%ﬁ%%bl uﬁe) of anot ﬁer

traditional antistatic agent (Stadis(D 450 from

- [002Ano&pamplitd  Specialties) was added to the diesel
fuel. [00961 Exanple C6 [0097] The procedure for

(0093t anphe pecadge feoamels 8wae pepaatesitexesd tuairR50\pphufvelume) of

corf 8 e R i AP O 4 12

100991 Controls 1-2 were repeated, except that an
00941 t r ExampleL:s fur di esel fuel containing 30 ppm of

sul fur was used in place of the RF93-T-95 di esel fuel.
[0095] The procedure for Example 3 was repeated except that, instead of 73514, 5

ppm (volume) of another traditional antistatic agent (Stadis® 450 from Innospec Fuel

- Specialties) was added to the diesel fuel.

[00961 Example C6

{00971 The procedure for Example 5 was repeated except that 250 ppm (volume) of
cerium oxide particles (as in Examples 2 and 4) was also added to the diesel fuel.

[0098] Controls 3-4

" [0099] Controis 1-2 were repeated, except that an ultra-low sulfur diesel fuel
containing 30 ppm of sulfur was used in place of the RF93-T-95 diesel fuel.

[00100] Examples C7-C12

{00101} Examples 1-6 were repeated using the ultra-low sulfur diesel fuel from
- Controls 3-4.

_ [00102] Results from the conductivity examples are reported in Table 1.
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UUU_OUUVUUU WUUDO 0 24 [00103] The data
denonstrate.a synergistic effect that the cerium oxide
and detergent conbination have on conductivity in
di esel fuels. Mreover, the cerium oxide particles
and detergent conbi-nati on show hi gher initial
conductivity and conparable or better aged

[00387id uldei data Jeraenstiaimpa syeergistia eftegt thaithe ceru ioxidetand detergent

cof@RBfich ham%% hB&ctﬁrﬁ;’ 1%9{.%3 wﬁa\%‘? i egfglﬂg ggag 'psx.cnes

benetit 1o a dlese out nee
ang getergsint mmbleatmn @owdw #itial caksiivigrhd compbablenarietier

d ly Iy | e .
oo o PR 3 Bha o ot by ARGt BABSimerts
PFOBIM gandactivily bemedit b adieseldua fwithbet thie peddipladd spiesial artistitic
ggﬁ e| n. As used throughout the specification and
ains, "a" and/or "an" nmay refer to one or nore than
one. Unl ess ot herwi se indicated, all nunbers

[00294) r £Xbergmipdiments obbepresenhdisdasuse will bepanpaeent kethose gkilled
in t@% ﬁﬁ‘i?}olﬁg%ﬁsréfde\‘%*bﬂ i thfe%?ﬁgrﬁégtma R4 pﬁqc’g&%%‘@h{a gll%glgsure disclosed
herging As laﬁedﬂhraﬂ@mtbth@e%mnﬂeat@n@@d cmnméa’f@dlmdam | rady efer to

AOﬂ?hl&PB%ﬁh%??lgé ) ﬁ?‘leggﬁpéﬁﬁe@ m?xE&% all rﬁ?ﬁb%r:?é%%r 5 n'eqtj(id antities of

cate e contrary, hunerica
ingeesiients prapertiestsich ap ewidculaa wietght, padteot, sdtios remaction conditions, and

S0 gu‘?mf&ég Wtﬂe %Eé?lﬁ&%n aﬂﬁﬁlfaﬁr?&rbé(rggg ngal A3 88@ ag P%FIS modified in

ired prop I ' €S sou
ali pstepeed by tiie derimeboet.” Atcdrdiagly,e.m}eslsemkcta,techhdha obnteesy,dne

b Bl bt S5 GRS AL LA BESE Bl o
mapy aervependisd upld)rdthatdesi'e:b;_snbpé)ﬁes: sought todet ehtaihed)by thefpresent
dlsﬁlgﬁfrg |u A fhie v%f lﬁ%{ 5&@%%%:3% e{ttg%ﬁﬂ{odﬁg@hé %p&%%uoﬁ’ of the
dodtm’(emftdqﬂtvahdtsrtg ﬂtdmope bétmmmms asdch namgrcal parhmeter should at
least be construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the disclosure are approximations, the
numerical values set forth in the specific examples are reported as precisely as
possible. Any numerical value, however, inherently contains certain errors necessarily
resulting from the standard deviation found in their respective testing measurements. It
is intended that the specification and examples be considered as exemplary only, with a
true scope and spirit of the disclosure being indicated by the following claims. -
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paranmeters setting forth the broad scope of the
di scl osure are approxi mations, the nunerical val ues
set forth in the specific exanples are reported as
precisely as possible. Any nunerical value, however,
i nherently contains certain errors necessarily
resulting fromthe standard deviation found in their
respective testing measurenents. It is intended that
t he specification and exanpl es be consi dered as
exenplary only, with a true scope and spirit of the
‘NSPEﬁﬁbsure bei ng indicated by the following clainms. 25
W claim 1. An additive concentrate for a nmiddle
1.di shnlabaitiee EMREnPATTRAS rhidgfR, distfihie fasl @binbY¥&ition, said additive
concentrate conprising an antistatic agent, said
conpRNUBteEqrePrisg %ﬁ%&? agen, saichantistalip paenticemprising, in
CoribRIAE0R A dispitshrit Bhd UENUAX biiGe Partities! €s. 2. The additive
concentrate of claim1l, wherein said fuel conprises a
Zdieiﬁl féel. 3. The_ﬁddftive concentrate of claiml
-whef B¢ additiyecongenteate pf dlaimgh phegeim aid fiipl sampgsespgiesel fuel.
than 0.135 ppm of sulfur to the additive concentrate.
3.4. Theadditiietdonecrtre efdldiat £ wiierdih Baidaatistafieigenhcdritbutes no

ceri u 1de particles cqonprise nanoparticles. 5. The
meridha O L5 e B IS o e SATRrS Sonoeife: n sai d

di spersant conprises a succinimde dispersant., 6.
4. The Thel dildilivesconoentsate ofxtlaimof, wheadimthe aeriuf, oxidegragiiclessaintprise
naﬂiﬁ .iéueéﬁ de dispersant is forned.fromtetraethylene

pentamne. 7. Use of the additive concentrate of claim

1 to provide a conductivity nmeasure of at |east 500
S.pS/ e additive epacentesite of ¢laiax b wheedin adid dispatganicomprisgs a

subd¥isnidd di€dersdnt. 8- A mddle distillate fuel conposition
havi ng 1 nproved conductivity, said fuel conprising an

6. ant lI‘?lE %{ldlﬁvea&)%%lg.rﬁ@bfjclm h%ﬁ“ gt, %el.%ﬂleﬁtid @Bfﬂn%l%: H%Peljsﬁlt is
conbi nation, a I'spersant “and’ cerium oxi de parti cles.
foigned frem fafapthglene pentam@e. wherei n said fuel conprises a
di esel fuel. 10. The fuel of claim8, wherein said

antistatic ag_e_nt contributes no nore than 0.135 ppm
7.of Ygpeliheagdiiveconsentralg phelaim i dnproyide axpadugiivity greasure of at

le&st 800 pE/m WemRidL Gstitte U8l aflR8giAg &R TGS LY biyc of at
~ least 500 pS/mafter

8. A middle distillate fuel composition having improved conductivity, said fuel
comprising an antistatic agent, said antistatic agent comprising, in combination, a
dispersant and cerium oxide particles.

9. The fuel of claim 8, wherein said fuel comprises a diesel fuel. _

10.  The fuel of claim 8, wherein said antistatic agent contributes no more than 0.135
ppm of sulfur to the fuel composition.

1. The fuel of claim 8, wherein said fuel has a conductivity of at least 500 pS/m after
. 7 days of aging at 21" C.

- 12, The fuel of claim 8, wherein the cetrium oxide particles comprise nanoparticles.
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7 days of aging at 21 C 12. The fuel of claimS8,
wherein the cerium oxide particles conprise
nanoparticles. 26 13. The fuel of claima8, wherein
sai d di spersant conprises a succinimde di spersant.
14. The fuel of claim 13, wherein said succinimde
di spersant is forned from tetraethyl ene pentam ne.
15. Use of the fuel of claim8 in a conmbustion
apparatus. 16. A nethod of dispensing a mddle

13di sthd fueltaf chaire I8, wberpimssaid dinpersarp cosiprisps disucinipige didpersant.
adding to a mddle distillate fuel conposition an

142antiRiabl f cl%ﬂ'g 15, \GIRN s?ﬁ mhﬁlmd& ﬁggéﬁgﬁt' i fbrm@d from

di spersant and ceri um oxl part C n an ano
tetragihyleop @antaminger ovi de  a conductivity benefit to sai d
fuel. 17. The nethod of claim 16, further conprising

15th%§é&m1@fue%f%ﬁ’£rﬁ%uﬂ%c%ﬂ+ﬂésﬁdheé afRIPOSi tion prior to
t he conductivity of said tuel r?posntl on droppi ng

bel ow ﬁ? Qf 18. The met hod of claim17, wherein
16.5 2i i MeMOd Oh disRENAcp midstie fistilede ypkisernosilign samarising e steps

of &JAYAG ialrhidBleidibtifate fik HSmﬁ@ﬁlﬁ(ﬂ'l é]'?éintnsﬂa?ic aﬁ@ﬁt dRigRMgCh

claim 16, wherein said dispersant and said cerium

corgiingtionsa dispersaat anghceriy ehdiicdes in agmmgauet syffigient to provide

a cORIURBAty HRhEAtNS 58t ft&. addition to said fuel. 20. The
.met hod of claim 16, wherein said fuel conprises a

1. Th t hod of wher.ei n sai
anﬁ%@tr‘&?lﬁ%‘; %fgcif?‘l firlPer Geraerising th%ﬁ@ﬂtoggﬁpeas'ﬁ%a'wﬁ'
corﬁgiosﬁiéhfpdbr foahd B@'lcfudﬁhhty‘w B9 $iid) coMposiion drbSpiRg balad 50f pS/m.

claim 16, wherein said cerium oxide parti cl es corrprl se

art et h of claim 16
18R R G 7, P erE s eensing P Cottpties afppensing said
fuelldvenpusition thtw b balkadontafr. wherei n sai d succi ni m de
di sper sant is formed from tetraethyl ene pentam ne. 27

25. d s f i anition .or
19, TSRSt s 1% WA R Byl e Sanea b Ry Cnascgmgices
-aregie-pleodédiinrag widitive dbacairatel grioatocadditieh te saiddselt i on;
addi ng a
20.  The method of claim16, wherein said fuel comprises a diesel fuel.

21.  The method of claim 16, wherein said antistatic agent contributes no more than

~0.135 ppm of sulfur to the fuel composition.

22.  The method of claim 16, wherein said cerium oxide particles comprise

nanoparticles.

-23. . The rhethod of claim 16, wherein said detergent comprises a succinimide

s detergent

o 24, The method of claim 23, wherein said succinimide dlspersant is formed from

o '_:_','tetraeﬂ’lylene pentamme
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conbi nation of a dispersant and cerium oxi de particles
to said fuel conposition to inprove conductivity in
said fuel conposition; thereby reducing the risk of
static discharge in said fuel conposition. 26. The
met hod of claim25, further conprising the step of
di spensing the fuel conposition. 27. The nethod of
cl ai m 26, wherein said dispensing step conprises
di spensing said fuel conposition into a bulk

25.c orft methed of BRiucifip @ riskbhigditioh ocbxgilosidtiromisaitie dischirge,

coRBRHAbL Kok of oV & MR STHRE g HhuvPoly 20865 oric

comkitdting of B didpersanPand edriemsoxidethaiinesraidcing eaipdston tam

d es re ended. in an. additiv .
il BB o i B oo B S LY fDEnd B Ak o static
dischangministiddoel coBfposilitie nmet hod of cl aim 25, wherein said

fuel conposition conprises a diesel fuel. 31. The
met [ . adl I St
26,5 R tho bR (G S pRudndbRP o abbising Phdie
compmsdioot i vity i nprover. 32. The nethod of claim 25,
wherei n the conbi nati on of dispersant and cerium oxi de

AR LR ko R BB bl g

fuekmnﬁémmmt@mbd&matamecl es conprise nanoparticles.
34. The nethod of claim?25, wherein said dispersant
28, CONRE nfelfocPortithfiZe! Whelgin Hb E&ﬁfu%% in Sad fuld Sonﬂﬁéﬁ% bt

cl aim 34, wherein sald succinimde di spersant

leagt 0 pSim f e timesandlenperatiiie opdelivam ne. 28

29.  The method of claim 25, wherein dispersant and said cerium oxide.particles are
pre-blended in an additive concentrate prior to being added to said fuel composition.

30.  The method of claim 25, wherein said fuel composition comprises a diesel fuel.

31.  The method of claim 25, whérein said middle distiliate fuel is substanﬁally free of

a sulfur-containing conductivity improver.

32.  The method of claim 25, wherein the combination of dispersant and cerium oxide
-particles add no more than 0.135 ppm of sulfur to the fuel composition.

33, The method of claim 25, wherein the cerium oxide parﬁcles comprise

- nanoparticles.

.34,  The method of claim 25; wherein said dispersant comprises a succinimide

“dispersant.

| 35. The method of claim 34, wherein said succinimide dispersant is formed from

- ‘tetraethylene pentamine.




