EXPANDI NG THE OPERATI NG ENVELOPE OF ADVANCED COVBUSTI ON ENG NES FI ELD OF
THE | NVENTI ON [ 0001] The invention provides thermally-efficient and

envi r onmewoabiydsdioendl y fuel s and net hods for expandi ngPChaSo@enatorng

envel ope of advanced conbusti on engi nes. BACKGROUND OF THE | NVENTI ON [ 0002]
I nternal conbustion (1C) engines can operate in a spark ignition (SI) node,
in which a nearly honbgeneous air and fuel charge is spark-ignited within a
combustion chanber. IC engines may al sojoperate in a conpression ignition
node, in which conpression of a non- hormgeneous air and fuel charge within
a conbustion chanber ignj rge conpression
ignition (HCCl) is a't ch air and fuel are
t horoughly m xed in an n-initiated
selfignition. Worl dw de regul at ory i ni t| atives to | ower greenhouse gases,
vehi cul ar niIFIELDEYF THEBSVENDK)Nand particul ate matter (PM enission |evels
have hei ghtened interest in HCCl, as HCCl can conbi ne the | ow NOx exhaust

em ssi ons of ol i i hi gh

t hermal ef f| CI eicy 2@53@%&?@3 p\%élﬁes Hé@eﬁl&?gggﬁgs l%i[séa%’br%ﬁlangal]& enhanced
air-fuel m fiiagly el sndgeediodd foy ekpandighthdiopeating ewlelopy efeidvaicedt an
earlier stage than diesel fuel injection. Unlike conventional diesel
conmbust i on, CRIBEISIOBAIGEPon results from spontaneous auto-ignition at

mul tiple poi nts throughout the volunme of charge gas. HCCl comnbustion
typically oBACKGROWMD GF SGHSINYAENGWONenper at ure heat rel ease (LTHR)
occurs first, followed by a high tenperature heat release (HTHR). LTHR50 is

the tine [0002] Internal combustion (IC) engines can operate in a spark ignition (SI)

mode, in which a nearly homogeneous air and fuel charge is spark-ignited within
a combustion chamber. IC engines may also operate in a compression ignition
mode, in which compression of a non-homogeneous air and fuel charge within a
combustion chamber ignites the charge. Homogeneous charge compression
ignition (HCCI) is a type of compression ignition in which air and fuel are
thoroughly mixed in an engine cylinder before compression-initiated self-
ignition. Worldwide regulatory initiatives to lower greenhouse gases, vehicular
nitrogen oxides (NO,) and particulate matter (PM) emission levels have
heightened interest in HCCI, as HCCI can combine the low-NO, exhaust
emissions of gasoline engines with three-way catalysts with the high thermal

efficiency associated with diesel engines.

[0003] In HCCI, enhanced air-fuel mixing occurs generally through direct
fuel injection at an earlier stage than diesel fuel injection. Unlike conventional
diesel combustion, HCCI combustion results from spontaneous auto-ignition at
multiple points throughout the volume of charge gas. HCCI combustion
typically occurs in two stages. A low temperature heat release (LTHR) occurs
first, followed by a high temperature heat release (HTHR). LTHRS0 is the time
at the mid-point of LTHR and HTHRS50 is the time at the mid-point of HTHR.



at the md-point of LTHR and HTHR50 is the tinme at the m d-point of
HTHR. [ 0004] Broadening the nain heat rel ease event over nore crank angles
and reducwogotiies4saxi mum rate of pressure rise increase®CruS2ap®s8T ng

range of a HCCl engine. Yao, et al., "An investigation on the effects of
fuel chem stry and engine operating conditions on HCCl engi ne", SAE
Techni cal Paper Series 2008-01-1660; Lu, et al., "Experinental study and

chem cal anal ysis of nheptane honogeneows charge conpression ignition
conmbustion with port injection of reaction inhibitors”, Conbustion and

FI 149 7Y 261-270. . 0005] .Wi | t h ttribut f HCC k ,
T hes e b o 2ot DRl e S bR R RO Brof o o T anae o
| oads for arfuuhthehakfas@Rste of PRAGIre P R rédsE thevgLneRg kAl o¥a

auto-ignition, conbustion phasing (the timng of auto-ignition) is
i nherent | y #iGE] angine. Ygocamt' s GAN ITsRbgATonem the etieess obfugl ehgmiisiry andh  HCCI

engi nes and the high.rate pf pre I ncr.e imts, the higher |oad range
of HCCI engfﬂ%lge 83%%%55 ﬁ%}:(ﬁté?{fgco_ Sﬁgﬁge%flge%%gnteg%lgql ‘I%%%r :3‘8§8g operation in
HCCl node caposb$a 666, i, ebLEMEiperinftad By bh@tifomiesi@alydlslof ngasol i nes, do
not readily auto-ignite at low loads. HCCl is also sensitive to fuel

conposi t i onhe@andhemogancory chargempprrssidroignisfon|combretpevih ppe Heat Rel ease

wi th Fuel Conpgsition and.HCCl Engine nbust i-on" chni Paper
Ser i o 2008 BRI TorBR0 AR RO eGP e i el 29T T MLl at s on
(EGR) and variable valve timng (WT) help to control the conbustion heat

rel ease chal@¥5¢ri stWhie these atat@t@fot)ﬁil@@é@memmr;eit@as Madtproxad ot her 1C
B 1 oads ¢ OHOU B PRGSO e L e o e B o F bR Phugh < ne-
exhaust andr&Ghhsystem External EGR al so requires

[0006] Since HCCI engines rely on auto-ignition, combustion phasing (the

timing of auto-ignition) is inherently difficult to control. Combustion occurs

very rapidly in HCCI engines and the high rate of pressure increase limits the

higher load range of HCCI engines due to mechanical and noise concerns. Low

load operation in HCCI mode can also be problematic, as some fuels, especially

gasolines, do not readily auto-ignite at low loads. HCCI is also sensitive to fuel

composition, Shibata, et al., “Correlation of Low Temperature Heat Release with

Fuel Composition and HCCI Engine Combustion”, SAE Technical Paper Series

2005-01-0138.

[0007] Although external exhaust gas recirculation (EGR) and variable
valve timing (VVT) help to control the combustion heat release characteristics
and rate of pressure rise of HCCI and other IC engines, each of these design

options has its detriments.

[0008] External EGR leads to a slow response rate since EGR gases must
flow through the exhaust and EGR system. External EGR also requires
substantial heat dissipation; EGR must often be cooled prior to introduction into
the engine. Further, to achieve high load performance with EGR, a larger engine

size is needed (due to the displacement of air by EGR), which leads to a loss of



substanti al heat dissipation; EGR nust often be cooled prior to
introduction into the engine. Further, to achieve high | oad performance

wi th EGRwWea 2barges4engi ne size i s needed (due to the di gplraisens/088906 air by
EGR), which leads to a |oss ofefficiency and power. Wiile internal EGR
strategi es using WT have faster response rates, sonme of these valve
strategi es such as del ayed i ntake valve closure tine, |lead to decreases in
power and efficiency. [0009] Negative Val.ve Overlap (NVO attenpts to solve
HCCFs | ow | oad auto-ignition problem by using early exhaust val ve cl osing
to trap burn ases. .The tr ed _gas ist .with ~lgnition during a
subsequent 8@}{%?%%’3&?8@0%’?}2-0 eyt @gﬁgﬁ@&@%‘iﬁl%&@ﬁl&&ﬁeﬁpg%@eat hi ng, the
exhaust val yg&pbeRnRans, ufd dTdhéealvetsakRofdkk0lead @llddautaRevalte gases to
reenter the cylinder fromthe exhaust port. Miltiple fuel injection has

al so been uskduicriinag legdtordectcasespit paiverarfdficignesposi ti on across a range of

| oad conditions. [0010] Notw thstanding the aforenentioned efforts to
optinize HO@OM®PYI NeNGRTHEYaAIVRIORIRSI(RYO)tdiRnPesd soRRIHOCES 16w Ieui st for
practical fuels and nmethods that will enable I'C engines to operate in
advanced cosgbigsighisionpsetdsmdiycrsingsear yeexhimott valyd elasingrto draprysfeiasesper at i ng
range, V"ithTflqa?f[a [ esponse ts? lit?ladt qu.t{rt%ldcgrf:hansg@se uv\Qtl Io?n rrest ‘iiinni ng fuel
econony and e S8PS Behafr ' afld)eﬁnf)}), Cl FUSP SIS BT RSEY woul d

oper at e ef f @gble/ ahandihehhgito@ihallodvr&B@attend, Badschaw@Wall casbpeaye i mproved
peak NOx and PMem ssion |evels, and woul d enhance thermal efficiency

wi t hout t he dreiag Hisiintake sl toxllowdyrangrseshiorrpentes the cylindes fivnedicassoci at ed

B scover ed MPHOGRSE MRy, RRRMDRY oer o ¥Rl ah b hn MENARKT

conbusti on engico@positioh BGodPLFaARE 8N1dal candifignanced conbustion node by
suppl yi ng an engi ne cylinder during operation in an advanced

[0010] Notwithstanding the aforementioned efforts to optimize HCCI
engine combustion phasing, the need continues to exist for practical fuels and
methods that will enable IC engines to operate in advanced combustion modes
such as the HCCI mode over a broader operating range, with fast response to
load and mode changes, while retaining fuel economy and emissions benefits.
Ideally, such fuels and methods would operate effectively at high and low engine
loads, would achieve improved peak NO, and PM emission levels, and would
enhance thermal efficiency without the mechanical complexities and thermal

inefficiencies associated with known engine designs.

SUMMARY OF THE INVENTION

[0011] We have discovered methods that expand the operating envelope of
advanced combustion engines during operation in an advanced combustion
mode by supplying an engine cylinder during operation in an advanced
combustion mode (e.g. HCCI mode) with a fuel which is enriched in a
hydrocarbon fraction selected from the group consisting of an aromatic fraction,

a cycloparaffin fraction, and an olefinic fraction.



conbustion node (e.g. HCCI node) with a fuel which is enriched in a

hydr ocarbon fraction selected fromthe group consisting of an aromatic
fracti on,wea 2yaiosar af f m fracti on, and an ol ef m ¢ fract iPOmUS2010/03§90012] W
have al so di scovered enriched fuels that expand the operating envel ope of
advanced conbustion engi nes. The enriched fuels conprise fuels that are
enriched in a hydrocarbon fraction selected fromthe group consisting of an
aromatic fraction, a cycloparaffin fracgion, and an olefinic fraction.
[0013] In certain enbodi nents of the enriched fuels and nethods descri bed

herein, the r,hched, fuel s are. bl ended with_.about 5% or .nore by vol une of
an ol conol . 160314 e "8N8k Bao GEREC A aRo bl el rESHRrEal n enabl e
ef ficient cemishd dYBIedRoMbRS SPeenRf TRBGhAehddTRelS conPritEfliese or
elimnate the need for EGR, WT, NVO, rebreathing, or nultiple fuel

i nj ection. T aennrichedinf abydsoembomBeacisaisctistedriiae thegoep aomingiof ( 1)
reduced maxi_nmum rz%} ﬁfo presciurtra t'tlnﬁraeﬁge adari n efHTHE% &2(# del ayed and
br oadened I—ﬁﬁﬁm(%% Csfagml P E@n ?War due& ]fJ?eéil By 48761 evel s, and (4)

substantially retarded conbusti on phasing. [0015] G ven their inproved
conbusti on ¢MHBAct erldhseitais embledinegiyts effdg cniiehiod fheld ang medepsls descibeed herei n

enabl e advanced conbusti ngines 1o operate.dn an _advanced conbustion
mode over - angin SR O RhEE R S BESGbE nR L RAES s M BN IPERSS fone | cho
fuel s and mgidopgis descri bed herein shoul d expand an engine's HCCl operating

envel ope by about 10%to about 30% w t hout encountering unacceptable engine
1o o O Y 2L SR PR O IR B, 2 2
subst anti al cemyistvnnRet akvidsapt ageszine loads and reduce or eliminate the need

for EGR, VVT, NVO, rebreathing, or multiple fuel injection. The enriched fuels

and methods described herein exhibit (1) reduced maximum rates of pressure

increase during HTHR (2) delayed and broadened HTHR (3) significantly

reduced peak NO, emission levels, and (4) substantially retarded combustion

phasing.

[0015] Given their improved combustion characteristics, the enriched fuels
and methods described herein enable advanced combustion engines to operate in
an advanced combustion mode over a broader range of speeds and loads. For
example, the enriched fuels and methods described herein should expand an
engine's HCCI operating envelope by about 10% to about 30% without
encountering unacceptable engine noise or metallurgical stress. Because of
their thermal efficiency and low NO, emission levels, the enriched fuels and

methods described herein offer substantial environmental advantages.

[0016] In one embodiment, the methods described herein provide a method
of expanding an advanced combustion engine’s HCCI operating envelope by
supplying an engine cylinder during operation in the HCCI mode with a gasoline
which is enriched in a hydrocarbon fraction selected from the group consisting
of an aromatic fraction, a cycloparaffin fraction, and an olefinic fraction. In still

another embodiment, an advanced combustion engine’s HCCI operating



[ 0016] In one enbodi nent, the methods descri bed herein provide a nmethod of
expandi ng an advanced conbusti on engi ne's HCCl operating envel ope by

suppl yi ngverroawgs4ve cyl i nder during operation in the HCECTmsd@&xBg9m0 a
gasoline which is enriched in a hydrocarbon fraction selected fromthe
group consisting of an aromatic fraction, a cycloparaffin fraction, and an
olefmc fraction. In still another enbodi nent, an advanced conbustion

engi ne's HCCl operatingenvel ope is expagded by supplying an engi ne cylinder
during operation in the HCCI node with a gasoline which is enriched in a

hydr ocar bon sel.ected_from,the gr,oup consi st i of . cycl opent ane,, tol uene,
and i1 SobUEDTAE SEOoTA PN SuloT B SN kicv e e SRR R psel s
descri bed her@iMme@MRith 28a80l8@SWhich & WMMHcBEd irBa BYHrb&dtBeh tdlecdedtEimocar bon
fraction selected fromthe group consisting of an aromatic fraction, a

cycl opar af f ithe greue eowstingrad crgloperédrionfadudneaand disobEgrenexanpl e, the enri ched
fuel s described herein include a gasoline which is enriched in a

hydr ocar bon [g@El7¢ct ednfanemiet ebaigeh:, arngiishédhetf ddychadnraiane, tol uene,
and diisobutylene. [0018] The enriched fuels and nethods described herein

achi eve ef f cemprisc &pafolive wdichoy enrighaogiine ydrmyerten feasgpnsclegedfiomand | oads.

Because of gel axed hamiibop Aaddalared and brgadengd. st felgase.
conmbustion oOC 8P GUEIRE) onger Fire d neer VECURGEr hl& "dad ®ondi ti ons

wher e | ar geblcHmuth&iodf Hovekamdple, fhednfiehddacls bidibed heleN@ielude @nbust i on
duration nodul ates cylinder pressure at higher engine |oads, thereby

avoi di ng undesalingpyhacleisginriehed iradidsprarandelpstosldron disrgpurkersestigd ot her

doser pt i onbr S RETHse RS, AEXS OBk i o CF TrE DRAWNGS [0020]
FIGURE 1 illustrates the sinmul ated EGR | evel inpact on heat rel ease for

base fuel AlMM8fet er Fhirewrighed fipds prfhingthods dsssebedpereingicheya gficeent

combustion over a wide range of engine speeds and loads. Because of delayed
ignition and delayed and broadened heat release, combustion occurs over a
longer time interval under high load conditions where larger amounts of fuel are
fed to the cylinder. Longer combustion duration modulates cylinder pressure at

higher engine loads, thereby avoiding undesirable engine vibrations and noise.

[0019] These and other aspects of the invention are described further in the

following detailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGURE 1 illustrates the simulated EGR level impact on heat

release for base fuel A as determined in the ignition experiment of Example 1.

[0021] FIGURE 2 illustrates the effect of fuel composition on combustion

in the absence of EGR as determined in the ignition experiment of Example 2.

[0022] FIGURE 3 compares the delayed and broadened LTHR and HTHR
and reduced maximum rates of pressure increase for the fuels tested in the

experiments of Example 2.



[0021] FIGURE 2 illustrates the effect of fuel conposition on conbustion in
the absence of EGR as determined in the ignition experinent of Exanple 2.

[ 0022] FIVEORE 1B08wApar es t he del ayed and broadened LTHRPamaSkNibiR3sena
reduced maxi mumrates of pressure increase for the fuels tested in the
experinments of Exanple 2.[0023] FIGURE 4 conpares (a) LTHR and HTHR and
maxi mum rates of pressure increase for base fuel A when conbusted with 0%
20% and 40% EGR with (b) LTHR and HTHRgand maxi numrate of pressure

i ncrease for cyclopentane-enriched fuel 1, as determined in the experinents

of Exanpl es d 2. 4] Fl GURE ar R and HTHR and Xi mum
Chtos of pr ABRC 7 nGYHGEh iR TR AN R M A st o0
wi th 50% EGBresk@0 2Rdredst @ 5ash fid] |AUghéRt GEbdle@EHR 0SS 0¢0 RRYIDYORGRNYI Ne' s
HCCl operating envel ope. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026]

Unl ess ot hemiiihsp) silatReand HTHRpadoaaxiayes raf¢ stpisseie eraabnfaire on a vol une
basis. [0027] ,Any._.end point .of a range.stated herein cansbe ¢ ined with
any. ot her _endc BaERaTRER AR GBRER Rl B AR T 63 5R 5 R RE ol 0w ng

definitionsgappl y unl ess indicated otherw se. [0029] "An advanced
conbusti on engi ne" neans an | C engi ne which operates, at |east under sone

speed/ | oad Ktio J i ther tr nogeneous. HCC de (2) a
prem xed chi%kgtlj co%pys}{s]% gﬁ"%n&%rie% iérrﬁﬁ?( ?’@%fﬁkn};%@?]ﬁiﬂ%umé%ﬁ %%er a’E ua e
combusti on plekSire iRGEase Bor hadd fRN A NRT FuBRMB-Laghdn ndustidaiikly 5O%XEGER.

combustion node. [0030] "An al cohol” as used herein includes either one
al cohol or %&S)ft UM §IGURE 6 illustrates an advanced combustion engine’s HCCI

operating envelope.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Unless otherwise stated, all percentages disclosed herein are on a

volume basis.

[0027] Any end point of a range stated herein can be combined with any

other end point to form another suitable range.
[0028] The following definitions apply unless indicated otherwise.

[0029] “An advanced combustion engine” means an IC engine which
operates, at least under some speed/load conditions, in either (1) a truly
homogeneous HCCI mode (2) a premixed charged compression ignition (PCCI)
mode (3) a low-temperature combustion (LTC) mode, or (4) another

nontraditional highly mixed combustion mode.

[0030] “An alcohol” as used herein includes either one alcohol or a mixture
of two or more alcohols. Monohydric aliphatic alcohols are used in certain
aspects. Alcohols which contain from 1 to about 10 carbon atoms are used in
some aspects, alcohols containing from 1 to 5 carbon atoms are used in some
aspects, and alcohols containing from 1 to 4 carbon atoms are used in some

aspects. For example, an “alcohol” can be comprised of one or more compounds



of two or nore al cohols. Mnohydric aliphatic alcohols are used in certain
aspects. Al cohols which contain from1l to about 10 carbon atons are used in
sone aspewO2ptialoswhol s containing from1l to 5 carbon at @cs/tse@00389d0 i N sone
aspects, and al cohols containing from1l to 4 carbon atons are used in sone
aspects. For exanple, an "al cohol"™ can be conprised of one or nore
conpoundssel ected fromthe group consisting of nethanol, ethanol,

1- propanol, 2-propanol, 1-butanol, 2-butanol, 2-nmethyl- 1-propanol, and
2-met hyl - 2- propanol . Met hanol and et hanol are used in certain aspects.

0031] An " d mbust i i ng' [ I p . q.
tngi ne' s HOUGRLART 5 S Bmey ok S mErRRek Sy e E R GeBR 200 8ih T ange
under whi ch 1tfigaRJI-Bahd, Qli*ﬂleﬁhyﬁlol_-ﬁﬂ@bﬁélﬁaﬁ&ziﬁb@hﬁ@%%%wm%i on node,
e.g. as depicted for HCCl conbustion node in Figure 6. An advanced

conbusti on éngrihengl aspusestinsgrtaineepasfe i s del i mited by one or nore
paraneters such as acceptabl e engi ne noi se, acceptabl e engi ne netall urgical

stress, and[go3ire Al Gﬂﬁaﬂlceemohmﬁﬂi&haﬁgiﬁwbﬁeram%:amldpéeI(e.g\./rdrph s
enriched in a hydrocarbon fraction selected fromthe group consisting of an
aromati ¢ fr geginen HaCEgrarapre apvelopet welefised buiw sapedansk lopd eane gsdéron. I n an
senri ched fugle b AEoEHE! ame KOLUIRLE Pl Ge0kagealy & XA @garbon fraction
selected fr m?}%e ér%uﬁ cONne % ng ot "8A Xroﬁgtl GO RN ég'c@cl opar af fm
fraction, agépieRdabEHICE cbmdaiticimbde AFipeRY. A&k adnsic&Yedrhbussione aspects at
| east around 10% greater than the volunetric percentage of the

cor r espondi SBEIRY GropeEtiBaRNYFleRe iseikEmited Ry 96 @R AIOEhBHaAMGETs SCBAS exanpl e, a
non-enri che i ne. .CO i ar.ound T e 0 . aromatics,
o 5 e SRR i TR I AL A Gy e TR ey S5 s

I f a non-enriched gasoline contained 30% aromatics, then a version of that
gasol i ne whil@d32ls erfki caeighpdhfugh omgansesfugbwhighdoenreihed 312 Bygdieearken e

aromati cs (g0 P0RRY ¥OMUAE oA WBhLiS T PO AOmARE héSIRL
cycloparaffin fraction, and an olefinic fraction. In an “enriched fuel”, the fuel’s
volumetric percentage of a hydrocarbon fraction selected from the group
consisting of an aromatic fraction, a cycloparaffin fraction, and an olefinic
fraction is at least around 5% (in some aspects at least around 10%) greater than
the volumetric percentage of the corresponding hydrocarbon fractions in a non-
enriched fuel. For example, a non-enriched gasoline can comprise around 10-
40% by volume aromatics, around 5-15% by volume olefins, and around 2-10%
by volume cycloparaffins. If a non-enriched gasoline contained 30% aromatics,
then a version of that gasoline which is enriched in aromatics would contain
31.5% or more aromatics (i.e. 30% by volume aromatics plus an additional
amount of at least around (0.05)(30%) by volume of aromatics). An “enriched
fuel” also includes a fuel which is enriched by a blend of two or more
hydrocarbon fractions selected from the group consisting of an aromatic fraction,

a cycloparaffin fraction, and an olefinic fraction.
[0033] Non-limiting examples of “enriched fuels” include:

(1) an enriched fuel comprising either (a) about 25%-50% or more

by volume, in some aspects about 35%-45% or more by volume, in some aspects



anount of at |east around (0.05)(30% by volune of aromatics). An "enriched
fuel" also includes a fuel which is enriched by a blend of two or nore

hydr ocar bwo 2brizes40ens sel ected from the group consi sti ngCofusanomasssiat i c
fraction, a cycloparaffmfraction, and an olefinic fraction. [0033]
Non-limting exanples of "enriched fuels" include: (1) an enriched fuel
conprising either (a) about 25% 50% or nore by volune, in sone aspects
about 35% 45% or nore by volune, in song_aspectsabout 38% or nore by vol ume
of aromatics, or (b) about 7% 25% or nore by volume, in sone aspects about

15% 20% or [ Y, Vol u i nN.sone aspects t % about 19% or nore
by vol une. of Rfiary e R ey TuBRaT “5ES6oew B hut i o diaore Y sone
aspect s aboybluall, 1DI6res adpRES abutIGRALIBY, drim&RHS WIRAE A saBedlpetR% or about
11% or nore by volume of cycloparaffins; (2) an enriched gasoline

conpri si ng aboiitl 83006 BB &Y oraymeord Py welumeot ¢lafiss we (Aspedt X oaibudr 45% 60%

or nore by volu in sonme _aspects ab 9% 58% aor, mor,e by. vol une of
aromat fcs. Seb BRpifys RLSorRn BT S PHE: o d e R RSB PR Compr i ng
about 26% 6Q@¥pcefs HBGLE1IY oY @bUTE.1 % & HEFRELyERNE6E Bf 8PQpardBils60% or nore by
vol une, in sone aspects about 43% 53% or nore by vol une of aromatics and

olefins; (4) an enrighed gasgline conprisi.ng abhout %-60% Qar re by
vol une, in sone aspégrsa% 5b@eg§%ogg%c8rrnpﬁl§%§ a@?&\ﬁoqg/g%%) ?rnmgrg“@ aspects
about 45% ORoRHcE itDYorYOhIpEELs @boRI43HRE D GSoraiske @y OlodiAg,ah koM as@ees (5) an
enri ched gasoline cog§r|5|ng about 10% 30% or nore by volune, in sone

aspect s abogboutsdyeo8sor meredyhiplwne ohtromatics sielopapEussanhelafing 306 25% or
nore by volune, and in sonme aspects about 23% or nore by vol une of

gyc: Op?r af fi nls gnd qbef hmenridhea g4doliNe Rotiphikinig G0 eXEBYRI6ES; &f mafe §Nr i ched
uel al so include;
volume, in some aspects about 45%-60% or more by volume, in some aspects

about 43%-53% or more by volume of aromatics and olefins;

Y

(4) an enriched gasoline comprising about 24%-60% or more by
volume, in some aspects about 45%-55% or more by volume, in some aspects

about 45% or more by volume of aromatics and cycloparaffins; and

(5) an enriched gasoline comprising about 10%-30% or more by
volume, in some aspects about 15%-30% or more by volume, in some aspects
about 13%-25% or more by volume, and in some aspects about 23% or more by

volume of cycloparaffins and olefins.
[0034] Non-limiting examples of an enriched fuel also include:

1) an enriched fuel comprising either (a) about 38%-70% by
volume, in some aspects about 35%-45% by volume, in some aspects about 35%
by volume of aromatics, or (b) about 7%-60% by volume, in some aspects about
19%-60% by volume, in some aspects about 18% by volume of olefins, or (c¢)
about 11%-50% by volume, in some aspects about 5%-15% by volume, in some

aspects about 10% by volume of cycloparaffins;



1) an enriched fuel conprising either (a) about 38% 70% by volunme, in sone
aspects about 35% 45% by vol une, in sone aspects about 35% by vol une of

ar onat i cswoan1i(doy40about 7% 60% by vol une, in sone aspecPsTalsouUn/03B% 60% by
vol une, in sonme aspects about 18% by vol une of olefins, or (c) about

11% 50% by vol unme, in sone aspects about 5% 15% by vol une, in sone aspects
about 10% by vol une of cycloparaffins;2) an enriched fuel conprising (a)
about 25% 50% by vol une of aromatics (by_about 7% 25% by vol une of ol efins,
and (c) about 5% 20% by vol ume of cycloparaffins; 3) an enriched fuel

conprising (a) about,,35% 45%, by .vgl une .of aronat | (ﬁ@ bout 7% 20% by

vol une of ol efins, z%%d %IE:?nré%gétfu%‘%OE]@%SW%)O%HEQ%@'c @%58&5%? s; 4) an
enriched fuglongRIER(bHSAAE: 1922 RHBUtoRRIE Sol¥Rhd BRI &) aBOb@RLI20%, By about 18%
by volunme of olefins, and (c) about 10% by volume of cycloparaffins; 5) an

enri ched fu&blugengfrdysiopgr 4t 25% 50% by vol une of aromatics and about
7% 25% by volunme of olefins; 6) an enriched fuel conprising about 25% 50%

by vol unme of aromatixs anenadedfudY%rRRMsiby (¥OAveNe3 -4y6 boRanaid éMms; 7) an
enriched fuel conprising about 7% 20% by volunme of ol efins and about 5% 15%

by vol une ofrayatics paraboii A9-20) baryobmmg eflafigasnd (Habewridrilsimey about
30% 65% by vof une fogygﬁorg%?n%tii ¢s, cycloparaffins, and olefins; 9) an enriched
u

gasol i ne coHBrU’lr%el ?‘Ig "% 70% by vol une of aromatics, cycloparaffins,

and ol efins; 10) an enriched gasoline conprising about 58% 68% by vol ume of
4) an enriched fuel comprising (a) about 35% by volume of
aromatics b) about 18% by volume of olefins, and (¢) about 10% by volume of

cycloparaftins;

5) anenriched fuel comprising about 25%-50% by volume of

aromatics and about 7%-25% by volume of olefins;

6) an enriched fuel comprising about 25%-50% by volume of

aromatics and about 5%-20% by volume of cycloparaffins;

7) anenriched fuel comprising about 7%-20% by volume of

olefins and about 5%-15% by volume of cycloparaffins;

8) an enriched gasoline comprising about 30%-65% by volume of

aromatics, cycloparaffins, and olefins;

9) an enriched gasoline comprising about 48%-70% by volume of

aromatics, cycloparaffins, and olefins;

10) an enriched gasoline comprising about 58%-68% by volume of

aromatics, cycloparaffins, and olefins;

11) an enriched gasoline comprising about 40%-80% by volume of

aromatics and olefins;

12) an enriched gasoline comprising about 45%-70% by volume of

aromatics and olefins;



aromatics, cycloparaffins, and olefins; 11) an enriched gasoline conprising
about 40% 80% by vol une of aromatics and ol efins; 12) an enriched gasoline
conpri si Nyoaboums#A%% 70% by vol une of aromatics and ol ePCmaIS2@p/038y7€nr i ched
gasol i ne conprising about 53% 65% by vol une of aromatics and ol efins; (14)
an enriched gasoline conprising about 40% 70% by vol une of aromatics and
cycloparaffins; 15) an enriched gasoline conprising about 42% 65% by vol une
of aromatics and cycloparaffins; 16) amgnriched gasoline conprising about
45% 55% by vol une of aromatics and cycl oparaffi ns 17) an enriched gasoline

conpri si ng about 19‘;@30% unme.of ¢ I.o ar g ol efins; ;18) an
enriched gasoline c r?%?%bc\flgggﬂ?d%&oé@ %ﬁé\% @%5/%‘@‘6V%lﬂgﬂﬁaqffl ns and
ol efins; (19oniic§Rhd eltg@s:gasol i ne conprising about 22% 40% by vol une of
cycl oparaffins and ol efi ns (20) an enriched gasoline conprising about

3506 2% by vol ume of 4 Shati G50 g ARmBRHERB CALGT R E B Sng abou
35% by vol uafbr@jncgraﬁdrawlglsarai(f&g) an enriched gasol i ne conprising about
15% 25% by vol une of

15) an enriched gasoline comprising about 42%-65% by volume of

aromatics and cycloparaffins;

16) an enriched gasoline comprising about 45%-55% by volume of

aromatics and cycloparaffins;

17) an enriched gasoline comprising about 19%-60% by volume of

cycloparaffins and olefins;

18) an enriched gasoline comprising about 20%-50% by volume of

cycloparaffins and olefins;

(19) an enriched gasoline comprising about 22%-40% by volume of

cycloparaffins and olefins;

(20) an enriched gasoline comprising about 25%-50% by volume of

aromatics;

(21) an enriched gasoline comprising about 35%-45% by volume of

aromatics;

(22) an enriched gasoline comprising about 35% by volume of

aromatics;

(23) an enriched gasoline comprising about 15%-25% by volume of

olefins;

(24) an enriched gasoline comprising about 15%-20% by volume of

olefins;



ol efins; (24) an enriched gasoline conprising about 15% 20% by vol une of

ol efins; (25) an enriched gasoline conprising about 18% by vol une of

ol ef i ns; WO@p1iznmswar i ched gasol i ne conpri si ng about 5% PO%USoMw0OBsITE Of

cycl oparaffins; (27) an enriched gasoline conprising about 5% 15% by vol une
of cycloparaffins; (28) an enriched gasoline conprising about 10% by vol une
of cycloparaffins; and (29) an enriched gasoline conprising (a) about

25% 50% by vol unme of aromatics (b) abaut; 15% 25% by vol unme by vol une of

ol efins, and (c) about 5% 20% by vol unme of cycloparaffins, wherein the

i ched i [ he d b
Consi ating of cycl ogént AhE seRy N RBTANAEIRER, FEAEY PBBRA’ " eXpand ng

an advanced ofgmusti on engine's operating envel ope during operation in an
advanced combustion node (e.g. expanding an engine's HCCl operating

envel ope) neans incrgasin d _and/ er, wWhi t he
engine is able to oégé)a?%%ilrhcl%t%ﬁgggo mgﬁggl@%ém%ﬁ%g]tl %ﬁ%f@y 91“8“361 Cfg an
enri ched fueg cloﬁ@ﬁffﬁpganpl e, the nmethods described herein should expand an

engine's HCCl operability range to include | oads that are about 10%to

about 30% hi gher thgg thg) gé'owl.ﬁ%@&ré@o &ﬁf“ Bs/eﬁ%?i)lu% enrl ched

fuel [0036] "The en e cy PRITE a8 percent age by
vol ume of ECGRIpparaffinko conbustl on of t he fueI in the cylinder"” means that
t he engine cylinder contains |ess than about 40% by volume of EGR, and even

or € (28) an enriched gasoline comprising about 10% by volume of

cycloparaftins; and

(29) an enriched gasoline comprising (a) about 25%-50% by volume
of aromatics (b) about 15%-25% by volume by volume of olefins, and (c) about
5%-20% by volume of cycloparaffins, wherein the enriched gasoline is enriched
in a hydrocarbon selected from the group consisting of cyclopentane, toluene,

and diisobutylene.

[0035] “Expanding an advanced combustion engine’s operating envelope
during operation in an advanced combustion mode (€.g. expanding an engine’s
HCCI operating envelope) means increasing the speed and/or load range under
which the engine is able to operate in the advanced combustion mode by using
an enriched fuel. For example, the methods described herein should expand an
engine’s HCCI operability range to include loads that are about 10% to about

30% higher than those achieved when the engine uses a non-enriched fuel

[0036] “The engine cylinder optionally contains a small percentage by
volume of EGR prior to combustion of the fuel in the cylinder” means that the
engine cylinder contains less than about 40% by volume of EGR, and even more

in some aspects less than about 20% by volume of EGR.

[0037] A “fuel” as described herein includes, but is not limited to, a
gasoline, a diesel fuel, kerosene, a jet fuel, a biofuel blend (e.g. biodiesel), a

rencwable diesel, a Fischer-Tropsch derived fuel, a gasoline-diesel blend, a



in sone aspects | ess than about 20% by volunme of EGR [0037] A "fuel" as
descri bed herein includes, but is not limted to, a gasoline, a diesel
fuel, kerweend/oosdopet fuel, a biofuel blend (e.g. biodi eselUsoia/osnewabl e
di esel, a Fischer-Tropsch derived fuel, a gasoline-diesel blend, anaphtha,
ot her fuels derived from petrol eum or non-petrol eum feed stocks, and any
conbi nation or blend of the forgoing. Fuels, as described in this

di sclosure, typically contain additivessto inprove performance or neet
regul ati ons. Exanples of additives that m ght be included in mnor amounts

in the above tioned fuels i | ude ut are no imte 0, oxygenat es,
bt or cont . SaEl, RSN tdvddifo PEuafith SiBpdfirold i} kS st SigeT o

i nprovers, BRY d3bmBR@hbh YAbIRAS of SheTigdidgl eiels, BeIQBABEY B thidY@stlosaR, r 0Si on
inhibitors and the [i keé@(LOOBB] A non-l1mting exanple of "gasoline"

conpri ses atyfisallyreongin hgdifiersde bopeoveparfopaincear nachingpéions pressure in

t he range of,_about ¢7F..(.25 Q. ut 437F.(225C) and th onpri se a maj or
aount o arpt & draisrae RiP By Incdit it AR R O s S ot o5 and
| esser or mnpp@tioAEPHRIsSnAld@ Gt hic\RS limed Wl bRehopxtg Rk Bsts, det er gent s,
dyes, corrosion inhibitors and the Ilike. [0039] A non-limting exanple of a

"di esel fueldisppsarionpbdety agents, pstsrainproferegotdiloy dmpravconmetalhat conpri se
about 50% taqg abouit 95% by.vol u al i phatic hydrocarhons, of..which about 0%
PO bout sossapetord et Aol B sOXBNEE REORRT: o] BET 2o et i o o

hydrocarbons, and about 5% to about 50% by volume are aromatic
hydr ocar bon$0038hd whh apn-bisiiting exaseploeéngasbbiod” @euuRes 4 88KIreefd 7500F

(399C). [0040]. A naon-1lim t.i exanpl.e of a "kerosene'. co ] out 5% o
Sbout 5056 by Y eCho L PEERTRIE ol 1 Bl TRE000s SRIEELF 5% by var ume
of a cycl opas abdut B3 7IFAQREAM), andnBataddeipris© Yinthjedabiburf Yo nvituwerer of an

paraffins, cycloparaffins, olefins and aromatics, and lesser or minor amounts of

additives including oxygenates, detergents, dyes, corrosion inhibitors and the

like.

[0039] A non-limiting example of a “diesel fuel” is composed of a mixture
of Co-C,4 hydrocarbons that comprise about 50% to about 95% by volume
aliphatic hydrocarbons, of which about 0% to about 50% are cycloparaffins,
about 0% to about 5% by volume are olefinic hydrocarbons, and about 5% to
about 50% by volume are aromatic hydrocarbons, and which boil at between

about 280°F (138°C) and 750°F (399°C).

[0040] A non-limiting example of a “kerosene” comprises about 5% to
about 50% by volume of an aromatic fraction, about 0% to about 50% by
volume of a cycloparaffin fraction, and about 0% to about 5% by volume of an

olefinic fraction.

[0041] A non-limiting example of a “jet fuel” comprises about 0% to about
25% by volume of an aromatic fraction, about 0% to about 25% by volume of a
cycloparaffin fraction, and about 0% to about 5% by volume of an olefinic

fraction.



olefinic fraction. [0041] A non-limting exanple of a "jet fuel" conprises
about 0% o about 25% by volune of an aromatic fraction, about 0% o about
25% by vovormelgiosea4cycl oparaffin fraction, and about 0%poTAisou/ 0384y vol une
of an olefinic fraction.[0042] Biodiesel blends (biodiesel blended with

di esel fuel) have a conposition reflective of blend ratio and the diesel
chosen for the blend. The biodiesel itself can be made from vegetable oils
such as soy, rape, palm animal fats, used cooking oil, or other sources.

[ 0043] A renewabl e diesel is made by hydroprocessing vegetable oil or fatty

acid met hyl rs tg.saturate the ol efin nds, .renmmv he oxygen atons,
and | eave a@f‘%ﬁl y p%’o er%i%ﬁnlﬁgn%ﬁ}ogbegﬁb%ﬁp&)eﬁd@mjhe qﬁ%ﬁz F?Vr?iati ng exanpl e of
a "Fi scher - To@pssifon H8TceMedof BIEhd FOBRIMY $RSIiBRIYhoRAYoLBO Uidnd. VPhdime of

al i phati c hydrocarbons, about 0%to 1% by volune of ol efins, and about

0% 10% by volagigscbitseHraandrinaasie fT@pasgetaly aile seahtasnoy rrape.ipghs,'and@glcr i bed
herein can i:ncl ud&-:caoﬂdar omat iogl?f raction, a cycloparaffmfraction, an
4

olefinic fré%?’iugﬁ, 1?%81-1’p0§r T EYaction, or a n- paraffmc fraction.
[ 0046] The aromatics fraction described herein can contain nmethyl aromatics

and non- net hA4341 kylA gnswablicehicseNgimadedivt yslgonseeaspingy castablo ot Hgity al kyl
aronmatics incl,ud | ecu)l es. such a t hyl benzene ropvl benzene

butyl bensenacdigh s ERYloPuRiE haRaRh MhRs PETO: mBRRPAIRARSIRY o) 1
chai n cont aigiveg Hi Phrafiiiie ho@robamenl S bonded to the aromatic ring.
Non-limting exanples of nmethyl aromatics include aromatic nol ecul es such

as tol uene, an - xvl.ene i h n « et hyl - et hyl benzenes,
and the i kéﬁh*g]OM]‘g?ﬁ%'ﬁé%}ﬁﬁ%%%ar&a@? %F%rg%?%gﬁﬁaﬁscgr ggé‘éé/ félrglei n consi sts of
cycl oal kanegomprises about 90%-100% by volume of aliphatic hydrocarbons, about 0% to

1% by volume of olefins, and about 0%-10% by volume of aromatics.

[0045] “Hydrocarbon fractions” described herein can include an aromatic
fraction, a cycloparaffin fraction, an olefinic fraction, an iso-paraffinic fraction,

or a n-paraffinic fraction.

[0046] The aromatics fraction described herein can contain methyl
aromatics and non-methyl alkyl aromatics. Non-limiting examples of non-
methyl alkyl aromatics include molecules such as ethylbenzene, propylbenzene,
butylbenzene, alkylnaphthalenes, and the like, in which a single alkyl chain
containing two or more carbons is bonded to the aromatic ring. Non-limiting
examples of methyl aromatics include aromatic molecules such as toluene, o, m,

and p-xylenes, trimethylbenzenes, methyl ethylbenzenes, and the like.

[0047] The cycloparaffin fraction described herein consists of cycloalkanes
or molecules containing at least one cycloalkane ring. Non-limiting examples of
components of the cycloparaffin fraction include cyclohexane, cyclopentane,
methylcyclohexanes, methylcyclopentane, dimethylcyclohexanes,

dimethylcyclopentanes, ethylcyclohexane, and ethylcyclopentane .



or nol ecul es containing at | east one cycloal kane ring. Non-limting
exanpl es of conponents of the cycloparaffmfraction include cycl ohexane,
cycl opentwoepimmesdw| cycl ohexanes, net hyl cycl opent ane, diPa@tusgdiopsssahexanes,
di et hyl cycl opent anes, et hyl cycl ohexane, and et hyl cycl opentane .[0048] The
olefmc fraction described herein can contain |inear, branched, and
cyclo-olefns. Non-limting exanples of conponents of the olefmc fraction

i ncl ude butenes, pentenes, isopentenes,jsexenes, and diisobutylene. [0049]
The iso-paraffmc (branched paraffinic) fraction and n-paraffinic (linear

paraffinic) tion,descri.bed herein.consist, respectivel 0 ranched
P st raf ohd0GRL! 1 RN RERTS dioPriE BeShseh SRR S Kpaufhed ¢
fraction angndcpasaidtimi Wohiasitih®BxGRNBOBEIEpdRals Wehd bR dRRt oM - hexane,
n- hept ane, 2- nethyl pentane, and iso-octane. [0050] Fuels described herein

in sone aspélglednrigngs rpanésnss tisppentevspicxalcaradskispliiylene and | ess than 80
ppm by wei ght of sulfur. [0051] Fuels described herein can be obtained by

the additi opogu9]ei t e iRLpLra LT iIemdhed Pardpfigioyifa@fonfihde -paamment s or the
use of refinery streanms having high concentrations of the desired

conpounds. Tiesse parfforiel featipngikpqrive Acrchipcensist.gespeatydyaf brawhed fy refinery

streans that are .useful i royi di;ng..t he hydrocarbon ft.actions of .fuels
used 10 t he RS TAER R Ry NoPd i sxhtpics oF st FRIC 002 o acki ng

(FCCO) streamspaesiiha fladtidh@bhpehontimgideevsdrsarf ndkamt hagptagy,cl-opar af fi ns,
and olefins. Reformate streans contain very high |evels OP aromatics.

Hydr ocr ackateetiidpenianea ppdsacitdicnapht ha contain rel atively high level s of
cycl opentane. [0052] Non-limting exanples of a blend conprising an

enriched fuedosend almuets R¥eriiedmetdn By sord sipectbomainakaahah 199} ude: 1) a
bl end conprising about 5% to about 15% by vol une of an
volume of benzene and less than 80 ppm by weight of sulfur.

[0051] Fuels described herein can be obtained by the addition of either pure
components or blends of pure components or the use of refinery streams having
high concentrations of the desired compounds. Those of ordinary skill in the art
are able to identify refinery streams that are useful in providing the hydrocarbon
fractions of fuels used in the methods described herein. For example, fluid
catalytic cracking (FCC) streams contain relatively high levels of aromatics,
cycloparaffins, and olefins. Reformate streams contain very high levels of
aromatics. Hydrocrackate and steam cracked naphtha contain relatively high

levels of cyclopentane.

[0052] Non-limiting examples of a blend comprising an enriched fuel and

about 5% or more by volume of an alcohol include:

1) ablend comprising about 5% to about 15% by volume of an

alcohol and about 85% to about 95% by volume of an enriched fuel;

2) ablend comprising about 15% to about 25% by volume of an

alcohol and about 75% to about 85% by volume of an enriched fuel;

3) ablend comprising about 25% to about 35% by volume of an

alcohol and about 65% to about 75% by volume of an enriched fuel;



al cohol and about 85%to about 95% by volunme of an enriched fuel; 2) a

bl end conprising about 15%to about 25% by vol unme of an al cohol and about
75% t o abwot0BEMs4ey vol ume of an enriched fuel; 3) a bl end/useompnssdrng about
25% t o about 35% by volume of an al cohol and about 65%to about 75% by

vol une of an enriched fuel;4) a blend conprising about 35%to about 45% by
vol unme of an al cohol and about 55%to about 65% by vol unme of an enriched
fuel; 5) a blend conprising about 45% tg about 55% by vol ume of an al cohol
and about 45%to about 55% by vol une of an enriched fuel; 6) blend

conpri sing about 55%to t 65°/b f .an and about 35%to
about 45% of an enri he%%Pﬁgcpmﬂmﬁl @ﬁaut%%f ]?Orlllégg% tv%%la}et Mbout 75%
by vol une ohjcaRoldngadelt 5% t@Bsil 6387hy PolaReWr as 2feifhedviablime of an enriched
fuel; (8) a blend conprising about 75%to about 85% by volune of an al cohol

o o oL S0 FRARCoLBLTE Byt AR IRg oThac b

about 15% byjceRbluE Bbuesssms hsdiedsie) volIRRD8hn Nanchddmutl; ng exanpl es of
met hods whi ch use bl ends conprising an enriched fuel and about 5% or nore

et hanol and an-enr aled AR iatPEl n PR M ERTATE BRRbRE R 0T about

0- 5% by vol ursehelfanatddanolsoanelatcl 4ansftan2O¥cBEYGRY, vol ume of aromatics (for
exanpl e, about 25% 70% or 35% 80% or 38-70% by vol une aromatics) or (b)

about 4-60% by vol u C)B(fén(a rrri;swsg E&)fOB{ 6??@%&%‘3‘{0@2 Vglé?n%oo%) ar 10% 60%

or 11-50% by vol urre ycl opara volune ol efins

(for exanpl alcoablanid aB%lt mﬂofq@abow%ﬁo&ga@cﬂmh%o@@?/mbmchedlfume ol efins), or (d)
about 20-90% by

(8) ablend comprising about 75% to about 85% by volume of an

alcohol and about 15% to about 25% by volume of an enriched fuel; and

9) ablend comprising about 85% to about 95% by volume of an

alcohol and about 5% to about 15% by volume of an enriched fuel.

[0053] Non-limiting examples of methods which use blends comprising an

enriched fuel and about 5% or more by volume of an alcohol include:

(1) methods which use a blend comprising ethanol and an enriched
gasoline, wherein the blend is comprised of about 0-5% by volume of ethanol
and (a) about 20%-80% by volume of aromatics (for example, about 25%-70%
or 35%-80% or 38-70% by volume aromatics) or (b) about 4-60% by volume
cycloparaffins (for example, about 5%-50% or 10%-60% or 11-50% by volume
cycloparaftfins), or (c¢) about 6-70% by volume olefins (for example, about 7%-
60% or 18%-50% or 19-60% by volume olefins), or (d) about 20-90% by
volume of aromatics, cycloparaffins, and olefins (for example, about 30-80% or
about 48-90% or 58-80% by volume aromatics, cycloparaffins, and olefins), or
() about 16-85% by volume aromatics and olefins (for example, about 26-75%
or 43-85% or 53-75% by volume aromatics and olefins), or (f) about 14-80%
aromatics and cycloparaffins (for example, about 24-70% or 40-80% or 45-70%

by volume of aromatics and cycloparaffins), or (g) about 5-70% cycloparaffins



vol une of aromatics, cycloparaffns, and olefins (for exanple, about 30-80%
or about 48-90% or 58-80% by vol une aromatics, cycloparaffns, and ol efins),
or (e) abwotol®8H% by vol une aromatics and ol efi ns (f oPCeAsaEA3s%ADOUL

26- 75% or 43-85% or 53-75% by volunme aromatics and ol efins), or (f) about
14-80% aromatics and cycl oparaffns (for exanple, about 24-70% or 40-80% or
45-70% by vol une of aromatics and cycloparaffns), or (g) about 5-70%

cycl opar af fnsand ol efins (for exanple agout 10-60% or 19-70% or 20-60% by
vol une of cycloparaffns and ol efins); (2) nethods which use a bl end

conpri sing ethanal d an enrjc ol i oherein the blend.is conprised
of "Bbout |5 Ta980%ny BT sEMuAtab RS- SRR 1 ot B8 B FO081 e of
aromati cs (tpéloparamms@nd dRFuk); 20% 65% or 30% 75% or 32- 65% by vol une
aromatics), or (b) about 3-55% by volume cycloparaffns (for exanple, about

4% 45% or 5% 55% or 6: 45%; by vol une cyGl opar af fn [ u - 65% by
vol une ol efins (for (ga%ﬁ%hgﬁs ggléﬂ}usg&ﬁggfgoorprés&r}f%gg}g%orl(aggig@?ﬁ%éhe ol une
ol efins), omaddiheahBertinliic 8y coraprik¥d oBhbartFIB4% &y, votitet epahaidins, and
ol efins (for exanple, about 22-75% or about 43-85% or 48-75% by vol une

aromatics, epd(paeriis/>%ney velumcrpd promatics éfor gseuple] ab@OdParorat i cs and

olefins (for , t, 19- 70% or. 38-80% 3-70%Dby. volume aromatics
and ol efins\" g@?’rﬁ(gfof 05%2%:5 /‘i%)-' YEIANS TARAHC g Oargé) %Vélzgp%r/gw H%Hl Yor exanpl e,
about 18- 65% @bpaAffifk VR ex A8pROTBAY 4Y0k4 $MBr8h(- 85 EH6-3570aRd otk opar af f s) ,
or (g) about 4-65% cycl oparaffns and ol efins (for exanple about 7-55% or

11-65% or 15y”8parBifingblonke) abpuicl e G erlrms okaitns dfasexmdple, ¢t Akt-hods whi ch
s comr i sedsorabait a8 Gose s VRS LABRRR bP e ullgoue 15 850
or about 15uB@fneitica9ulopdRAfihiYaRy oléaihsI(fBr example, about 22-75% or about

43-85% or 48-75% by volume aromatics, cycloparaffins, and olefins), or (¢)

about 14-80% aromatics and olefins (for example, about 19-70% or 38-80% or

43-70% by volume aromatics and olefins), or (f) about 13-75% aromatics and

cycloparaffins (for example, about 18-65% or 35-75% or 40-65% by volume of

aromatics and cycloparaffins), or (g) about 4-65% cycloparaffins and olefins (for

example about 7-55% or 11-65% or 15-55% by volume of cycloparaffins and

olefins);

(3) methods which use a blend comprising ethanol and an enriched
gasoline, wherein the blend is comprised of about 15-90% by volume of ethanol
(for example about 15-85% or about 15-50% or about 20-40% by volume
ethanol) and (a) about 10-70% by volume of aromatics (for example, about 15%-
60% or 25%-70% or 26-60% by volume aromatics), or (b) about 2-50% by
volume cycloparaffins (for example, about 3%-40% or 3%-50% or 4-40% by
volume cycloparaffins),or (¢) about 3-60% by volume olefins (for example,
about 4%-50% or 5%-60% or 6-50% by volume olefins), or (d) about 10-80% by
volume of aromatics, cycloparaffins, and olefins (for example, about 15-70% or
about 33-80% or 38-70% by volume aromatics, cycloparaffins, and olefins), or
(e) about 8-75% by volume aromatics and olefins (for example, about 13-65% or

30-75% or 33-65% by volume aromatics and olefins), or (f) about 8-70%



et hanol) and (a) about 10-70% by volunme of aromatics (for exanple, about
15% 60% or 25% 70% or 26-60% by vol une aromatics), or (b) about 2-50% by
vol une cywbDaparmsfons (for exanpl e, about 3% 40% or 3% 5@ AIS26M0AK DY

vol une cycl oparaffns), or (c) about 3-60% by volunme ol efins (for exanple,
about 4% 50% or 5% 60% or 6-50% by vol une ol efins), or (d) about 10-80% by
vol unme of aromatics, cycloparaffns, and ol efins (for exanple, about 15-70%
or about 33-80% or 38-70% by volunme aromatics, cycloparaffnms, and ol efins),
or (e) about 8-75% by volunme aromatics and ol efins (for exanple, about

13-65% or 30-75% or ume_arongt i g olefi r ) about
5 700a omat ARG ud 2T OREb Ry Ut ERuih R iy B2 300 & 2 0% kh) £ Sor or
30-60% by vel wgRin® ofdrefmBtiéCandaidlopyifRRa! &f (b Msdut 3050% G}clé}é&hﬁﬁrﬁ 60%

cycloparaffins and ol efins (for exanple about” 5- 50% or 60% or 10-50% by

vol une of cyad @k@éiina{ﬁor Axarapld abpetfy- 5&% or B490%ret hed9 mby w.lun@@fa bl end

conprising et anol n ched gasoline, wherein the blend is conprised
of about §W89ar3%anﬁr?‘38 e%ng?Lanol and (a) about 25% 70% by vol une of

aromatics (for exampl e, about 30% 60% or 35-50% by vol une aromatics) or (b)

about 5-50% by vol urt®) cm@th@éamémcfhw a(led eoraprpiieg etémmhan@%m%md 10% 30%

(for exampl e buT b BERRY 1 ber o SboRdes by SRR o HBRIT) ™ or ' (5)

about 30- 80%(@1@1/ \a@bmwﬁowmmﬁ@ of@ycﬁhmar(ﬁfrfemﬁ leaﬁ%u@B@%LWA)(for
exanpl e, about 35-80% or about 48-75% or 58- 70% by vol une aronati cs,

cycl opar af f PAS3- SQ%@bby@pmgyom@mch ey (igboit 280785 Wue Fygtepapidwat i cs and
ol efins (for b b Q 0 I ronmati cs
and ol ef i ns)(fO?g ﬂ%ﬂ% t% ?/02%&‘?(9 % 3 °|Og§ a2§c{ E%cgoégéaré'fc}lo%a rfflfls@
exanpl e, ab@ﬂ(c)&eoﬁo%@% HOrdaHe @reﬁéh@(ﬁfé%a&iﬁpmo&wﬂrwmsmmsmm%nd
cycl oparaffi ns?) about 10-60% cycl oparaffins and ol efins
40 A) by Volume olefins), or (d) about 30-80% by volume of aromatics,

cycloparaffins, and olefins (for example, about 35-80% or about 48-75% or 58-

70% by volume aromatics, cycloparaftins, and olefins), or (¢) about 26-75% by

volume aromatics and olefins (for example, about 35-70% or 45-65% or 53-75%

by volume aromatics and olefins), or (f) about 24-70% aromatics and

cycloparaffins (for example, about 30-60% or 40-50% or 45-55% by volume of

aromatics and cycloparaffins), or (g) about 10-60% cycloparaffins and olefins

(for example about 15-55% or 20-50% or 25-40% by volume of cycloparaffins

and olefins);

(5) methods which use a blend comprising ethanol and an enriched
gasoline, wherein the blend is comprised of about 5-14% by volume of ethanol
and (a) about 20%-65% by volume of aromatics (for example, about 20%-60%
or 30%-55% or 32-50% by volume aromatics), or (b) about 4-45% by volume
cycloparaffins (for example, about 4%-35% or 5%-25% or 6-35% by volume
cycloparaffins), or (c¢) about 5-55% by volume olefins (for example, about 5%-
50% or 8%-45% or 9-35% by volume olefins), or (d) about 22-75% by volume
of aromatics, cycloparaffins, and olefins (for example, about 22-65% or about
43-65% or 48-75% by volume aromatics, cycloparaffins, and olefins), or (¢)

about 19-70% aromatics and olefins (for example, about 19-60% or 38-50% or



(for exanple about 15-55% or 20-50% or 25-40% by vol une of cycl oparaffins
and ol efins); (5) nethods which use a blend conprising ethanol and an

enri ched wazoime44wherein the blend is conprised of abear/us2@4888970 vol une
of ethanol and (a) about 20% 65% by vol unme of aromatics (for exanple, about
20% 60% or 30% 55% or 32-50% by vol une aromatics), or (b) about 4-45% by
vol unme cycl oparaffins (for exanple, about 4% 35% or 5% 25% or 6-35% by

vol ume cycloparaffins), or (c) about 5-B5% by volune olefins (for exanple,
about 5% 50% or 8% 45% or 9-35% by vol une olefins), or (d) about 22-75% by

vol une of ar tigs cl gparaffins nd ol ef i ns exanpl.e, about 22-65%
or about. 43 80 epY yaHEE 0 Ao o ihedh BoOg b B RRIG anlng

ol efins), oby&@%araﬂmgt(fol:%XZ@%%WQO%S%I@@@B%dmo(éfs_t%b XaRheof about
19-60% or 38-50% or43-60% by vol une aromatics and olefins), or (f) about

18- 65% gr orrﬁfqr@agicaﬁad eydprasalfasy, o5 (g)fabputeicéfrjfivl @ clappediinoodsdobiny (fB5- 55% or
40- 65% i 7- 55%
ye opar af { sia 3bp A8 3 2B )T 3R YT bkis R by b apd 22 3506 by

vol ume of cygdfpgaraffns and ol efins); (6) nethods which use a blend
conprising ethanol and an enriched gasoline, wherein the blend is conprised
of about 15-90% by vol upe..of. ethanol (for, exanpl.e out. 15- 85%.qr_.about

5 505 or about  20- 16bs By 16 SALRR AR AR QB3 ddadg A alor e o
aromatics (fogdoli¥aRmérein BOBLENd 1P8EmHII OF aB&Y13050% by I@hARYBMth MR UNE
aromatics), or (b) about 3-40% by vol une cycl oparaffnms (for exanple, about

3% 30% or 5440858818l 4bowLHS % o1 aheutdyciWpar abduie), 405 by epluasout  4- 50% by
voLe ofef gt g Bl SR80 A0 Pl P el SRS
ol efi ns (fos0exam3%6.508beB0-48%89%o0lume aromatics), or (b) about 3-40% by

volume cycloparaffins (for example, about 3%-30% or 5%-35% or 4-25% by

volume cycloparaffins),or (¢) about 4-50% by volume olefins (for example,

about 4%-40% or 5%-40% or 10-30% by volume olefins), or (d) about 15-70%

by volume of aromatics, cycloparaffins, and olefins (for example, about 15-60%

or about 33-60% or 38-50% by volume aromatics, cycloparaffins, and olefins),

or (e) about 13-65% by volume aromatics and olefins (for example, about 13-

55% or 30-45% or 33-45% by volume aromatics and olefins), or (f) about 12-

60% aromatics and cycloparaffins (for example, about 15-50% or 28-50% or 30-

40% by volume of aromatics and cycloparaftins), or (g) about 5-50%

cycloparaffins and olefins (for example about 5-40% or 8-30% or 10-40% by

volume of cycloparaffins and olefins);

(7) methods which use a blend comprising ethanol and an enriched
gasoline, wherein the blend is comprised of about 0-5% by volume of ethanol
and (a) about 35%-80% by volume of aromatics (for example, about 40%-60%
or 35-70% by volume aromatics) or (b) about 10-60% by volume cycloparaffins
(for example, about 15%-40% or 20%-30% or 15-45% by volume
cycloparaffins), or (c) about 18-70% by volume olefins (for example, about
27%-50% or 38%-60% or 25-40% by volume olefins), or (d) about 48-90% by

volume of aromatics, cycloparaffins, and olefins (for example, about 55-80% or



or about 33-60% or 38-50% by vol une aromatics, cycloparaffns, and ol efins),
or (e) about 13-65% by volune aromatics and ol efins (for exanple, about 13-
55% or 30WO2041000883- 45% by vol ume aromatics and ol ef i nspCTaS2¢p3wbout 12-
60% aromati cs and cycl oparaffns (for exanple, about 15-50% or 28-50% or 30-
40% by vol unme of aromatics and cycloparaffns), or (g) about 5-50%
cycloparaffns and olefins (for exanple about 5-40% or 8-30% or 10-40% by
vol ume of cycloparaffns and ol efins); (j6_ nmethods which use a bl end
conprising ethanol and an enriched gasoli ne, mherein the blend is conprised

of about 5% hy gt han and 80%:.b unme of
aromati cs (989%6 a%f&ﬁgﬂ%% u%&r%{’% gfvf/% Oierféﬁiitl cs) or (b)
about 10- 60%)%0%194318?%%90\‘&@% afdnaick had oﬁ%“ﬁﬁpﬂoﬁex Btabbats0860r 20% 30%
or 15-45% by vol une gﬂgar affnms), or (c) about 18- 0% by vol une ol efins

(for exanpl er 6a6Ut 0 %YO\rolwae/@m%t@s andolefinsoyr (dhbare 461880 ns), or (d)

xanpl o, 28?@%%%@%@%% TRsla s %%%%raﬂﬂ% it
cycl opar af f b solmidofdreinkfies andas c(c@hra@@ﬁﬁ)tor‘gﬁ)g&%’tby U}F@qﬁﬁ gt i cs and

ol efins (for exanple, about 55- 0% or 65-75%or 53-75% by vol une aromatics
and ol ef i ns)ﬂnd @l;eﬁ(lﬁ Ifoabmpla@b%%aéf&ﬁm PO 08mer Ty 80odar uflvinasf (f or

exanpl e, abqu &O QL g 70% or 45-75% by vol une of aromatics and

cycl opar affl?ﬂ%l?parg 6 S QKA 19- 70% cycl oparaf fins and ol efins (for

exanpl e about 25-65% or 30-50% or 25-40% by vol une of cycl oparaffins and
olefins); (8) method8) whaicdipds sdrch W@rmembmprﬁlm@e@@mﬁﬁad a&ﬁﬂrldwdenrl ched

it hanol - andopi Aol dgSE Yool o CUBMRE Ssrbaft ottt s RU sl AMIRE. “anout
30% 70% or 4R4kH2%0er3 0%75@0/b3byommetumﬂamr&t(fo@%)camplre 4ot ab%u’rzo% 55% by
vol ume or 40%-65% or 32-50% by volume aromatics), or (b) about 5-55% by volume
cycloparaffins (for example, about 10%-45% or 15%-25% or 6-35% by volume
cycloparaffins), or (c¢) about 8-65% by volume olefins (for example, about 10%-
55% or 15%-45% or 20-35% by volume olefins), or (d) about 43-85% by
volume of aromatics, cycloparaffins, and olefins (for example, about 50-75% or
about 50-65% or 55-75% by volume aromatics, cycloparaffins, and olefins), or
(e) about 38-80% aromatics and olefins (for example, about 38-60% or 45-75%
or 55-70% by volume aromatics and olefins), or (f) about 35-75% aromatics and
cycloparaffins (for example, about 40-75% or 45-55% or 50-70% by volume of
aromatics and cycloparaffins), or (g) about 11-65% cycloparaffins and olefins
(for example about 15-50% or 20-45% or 35-55% by volume of cycloparaffins

and olefins);

(9) methods which use a blend comprising ethanol and an enriched
gasoline, wherein the blend is comprised of about 15-90% by volume of ethanol
(for example about 15-85% or about 15-50% or about 20-40% by volume
ethanol) and (a) about 25-70% by volume of aromatics (for example, about 25%-
70% or 35%-60% or 40-50% by volume aromatics), or (b) about 3-50% by
volume cycloparaffins (for example, about 3%-40% or 5%-35% or 4-25% by

volume cycloparaffins),or (¢) about 5-60% by volume olefins (for example,



cycloparaffins (for exanple, about 10% 45% or 15% 25% or 6-35% by vol une
cycloparaffins), or (c) about 8-65% by volune olefins (for exanple, about
10% 55%w0 20690048% or 20- 35% by vol une ol efins), or (dpcCasat10433986% by

vol ume of aromatics, cycloparaffins, and olefins (for exanple, about 50-75%
or about 50-65% or 55-75% by volunme aromatics, cycloparaffins, and

olefins), or (e) about 38-80% aromatics and ol efins (for exanple, about
38-60% or 45-75% or 55-70% by vol ume argymtics and olefins), or (f) about
35-75% aromati cs and cycl oparaffins (for exanple, about 40-75% or 45-55% or

oyel opar o 1 RATE G- sPUrre e R s & AL R bRl B and) of B aBiEotisr 305596 by
vol une of cgovoRay@EhfnedF ardtthtRk eyiclsphiafli, aNBblePas (foh Eﬁéln%l%?a@ubk?—nd

conpri sing ethanol and an enriched gasoline, wherein the blend is conprised

of about 1579vemApovitrhe’eair 46t HBnbY volusre avambrs caploparafiBisg®uw or about

15-50% or ab 0-4Q0% b 0 et hanol) and (a Qut. 25- 70% by vol une of
aronatios (PO ek Shfmeboi e 5dy o haoe aorRts el o B boER R vl e

aronati cs), aBéut(30)}6BHHL0-ISHO 4y 5 yRlvynB16ME bepaitRE bhdslefihgy, oeggrnpl €, about
3% 40% or 5% 35% or 4-25% by vol une cycl oparaffins), or é-%}) about 5-60% by

vol ume ol ef iaheut@8of0% reaipitiss abd ayclopms Bosd ior caguplesshont 320030064y vol une

ol efins), or,{(d 33- . 80% vol.une of aro i GS cl opar af,f nms, and
ol 6t ne. (1 or"ediBre e b iR P Yol b P ETRELH or G SRBBN0T e
aromatics, ey@bpaafakang oldid (R ekimplk.absiit (£10BRRLD-5305 %0 ByoMe) ume
aromati cs and ol efins (for exanple, about 30-65% or 40-75% or 45-55% by

vol ume ar onaplugee efrryclsipefafies) andoflefiifs); about 28- 70% ar omati cs and
cycl oparaffns (for exanple, about 35-60% or 40- 50% or 45-65% by vol une of

aromatics and cycl ogappietiods which( @k adhiont c&n}ﬁmﬁgwhﬂmaﬁ@aﬁ ehriged ol ef i ns

(Tor exampl egasaotl)i%lé:[ W%eSréﬁlotct)fa glrenczi(i)s- ?oor?{gr?sred%%-aﬂggto&-) % by volume of ethanol
and (a) about 38%-70% by volume of aromatics (for example, about 40%-60%
or 35-70% by volume aromatics) or (b) about 11-50% by volume cycloparaffins
(for example, about 15%-40% or 20%-30% or 15-45% by volume
cycloparaffins), or (¢) about 19-60% by volume olefins (for example, about
27%-50% or 38%-60% or 25-40% by volume olefins), or (d) about 58-80% by
volume of aromatics, cycloparaffins, and olefins (for example, about 65-80% or
about 60-75% or 58-70% by volume aromatics, cycloparaffins, and olefins), or
(e) about 53-75% by volume aromatics and olefins (for example, about 55-75%
or 60-70% or 53-75% by volume aromatics and olefins), or (f) about 45-70%
aromatics and cycloparaffins (for example, about 50-60% or 55-65% or 55-70%
by volume of aromatics and cycloparaftins), or (g) about 20-60% cycloparaffins

and olefins (for example about 25-55% or 30-50% or 25-40% by volume of

cycloparaffins and olefins);

(11) methods which use a blend comprising ethanol and an enriched
gasoline, wherein the blend is comprised of about 5-14% by volume of ethanol
and (a) about 32%-65% by volume of aromatics (for example, about 35%-60%
or 40%-55% or 40-60% by volume aromatics), or (b) about 6-45% by volume
cycloparaffins (for example, about 10%-45% or 15%-25% or 6-35% by volume



vol une of cycloparaffns and ol efins); (10) nethods which use a bl end

conpri sing ethanol and an enriched gasoline, wherein the blend is conprised
of about WoX0simpsanal ume of et hanol and (a) about 38% 70¥ChyUSealo®ss7@f
aromatics (for exanple, about 40% 60% or 35-70% by vol unme aromatics) or (b)
about 11-50% by volunme cycl oparaffns (for exanple, about 15% 40% or 20% 30%
or 15-45% by vol une cycl oparaffns), or (c) about 19-60% by vol une ol efins
(for exanple, about 27% 50% or 38% 60%-r_ 25-40% by vol ume ol efins), or (d)
about 58-80% by volume of aromatics, cycloparaffnms, and olefins (for

| e, abqut, 65- 80% bout, £Qz75% or, 58-70% | i Cs,
oyol bpar ar 1 MEOBRATORLAF (R0l FOS S BB alchilh iy Ot BT RRcs and
ol efins (f oms%&%ms%&o-m@%wm@&eﬁa% of (D3Ibéd%y5N%Pyune aronatics

and ol efins), or (f) about 45-70% aromatics and cycl oparaffms (for exanple,
about 50- 60Y®BIMGH BEYREes, 5Bl TByaibys\eaidwhelinsf(ferreapmple sba d0cAddh opar af f ms) |
or (g) about

20-60%,cVC L af f and olefins (for exanpl.e out 25-55% or
30-50% or 28008060 S8 amb oot e e BRar it SO BrafR e Y et hods
whi ch use a (ot £RM%Somsti@thatMimtbraRa@pld 6hed 5090 bnes-cefer ei n t he
blend is conprised of about 5-14% by vol une of ethanol and (a) about

32% 65% by ¢bHinde%oby uelometarematidsandekelims).or (Aboet 4565 6avevrticsEI55% or

(For examp! Sy TEuBifRlRidmel afh) 48k oRS33tas YRR FERERLT ey or
(c) about 9ahhfathy aﬁ@hymsp@aﬂﬁfng)rj@r Eﬁ;;’bo@@(@lpi%cgoa}l@)guﬁafﬂ&‘y@nd‘bﬁ%@r 15% 45%

or 20-35% by vol une ol efins), & about 48-7 y volunme of aromatics,
cycl opar af f f#®r eamnplolabpmtrﬂsi-%ﬂ%roré et 3B ot byselrnewd £y dbpara ffHe- 65% or
55- 65% by VOlﬁ'lmE?far Qma(lgi cs, cycloparaffnms, and olefins), or (e) about
43-70% ar om&t§ & lgﬁ)da efins (for exanple, about 50-60% or 55-65%

(12) methods which use a blend comprising ethanol and an enriched
gasoline, wherein the blend is comprised of about 15-90% by volume of ethanol
(for example about 15-85% or about 15-50% or about 20-40% by volume
ethanol) and (a) about 26-60% by volume of aromatics (for example, about 35%-
50% or 45%-60% or 40-50% by volume aromatics), or (b) about 4-40% by
volume cycloparaffins (for example, about 5%-35% or 10%-30% or 15-25% by
volume cycloparaffins),or (¢) about 6-50% by volume olefins (for example,
about 10%-50% or 15%-45% or 20-30% by volume olefins), or (d) about 38-
70% by volume of aromatics, cycloparaffins, and olefins (for example, about 45-
70% or about 45-65% or 40-50% by volume aromatics, cycloparaffins, and
olefins), or (e) about 33-65% by volume aromatics and olefins (for example,
about 40-60% or 50-65% or 45-55% by volume aromatics and olefins), or (f)
about 30-60% aromatics and cycloparaffins (for example, about 35-60% or 40-
50% or 45-55% by volume of aromatics and cycloparaffins), or (g) about 10-
50% cycloparaffins and olefins (for example about 15-40% or 20-50% or 10-

40% by volume of cycloparaffins and olefins).

(13) methods which use a a blend comprising an alcohol and an
enriched gasoline, wherein the blend is comprised of about 5% to about 95% by

volume of the alcohol and the enriched gasoline comprises (a) about 25%-50%



or 45-65% by volunme aromatics and olefins), or (f) about 40-65% aronmatics
and cycl oparaffns (for exanple, about 40-55% or 45-55% or 50-60% by vol une
of aromatwooarmssycl oparaffms), or (g) about 15-55% cyelCoaseabiossy7and

ol efins (for exanple about 15-50% or 20-45% or 35-55% by vol une of
cycloparaffnms and ol efins); and (12) nethods which use a blend conprising
et hanol and an enriched gasoline, wherein the blend is conprised of about
15-90% by vol ume of ethanol (for exanple about 15-85% or about 15-50% or
about 20-40% by volume ethanol) and (a) about 26-60% by vol une of aromatics

for exanpl about 35% 50% or, 45%_60%por, 40-50% b olu omatics), or
by about 4 AOMEY T ErmateyEy Bl dprires crar Aiab Sl o850, o
10% 30% or %fhd &5%bbit Spﬁlz@B@bﬁ%ﬂuﬁﬁadf%nyl%ghnans, bfd whBRIH theohRGAddy vol une
ol efins (for exanple, about 10% 50% of 15% 45% or 20-30% by vol une

ol efins), owagadipcapeuichgdin Fhydnegarbon setected framohaeiaw, copyisiiapel af f ns, and
olefins (for 6xa |l e, ﬁé)%ut?%is-.igo/g gr about 45-65% or 40-50% by vol une
Sy PRt f9tHenc, T dijsgpyityIgne

aronmatics, e)n >or (e) about 33-65% by vol une
aromatics and ol efins (for exanple, about 40-60% or 50-65% or 45-55% by
vol ume aronmatics andldl Bkthedy whath ysey tlesleonguissansmaleohaliand aand

cycl opar af f ns_.. (;f ar _exanpl about ; 35-.-60% qr. -~ 50% qr .45 55% by, vol une of
oot oo, anil Qs rese P B b S Beh P oraet Pl SR P At
ol efins (fororxaeH Be aleohiél ahd tHOMrhed Qaklite & erkhed @V hydréedrbo® of
cycloparaffns and olefins). (13) nethods which use a a bl end conprising an

al cohol and sélactegfioghidig LgaptanpistingpeesiopenacHobigde. andshigphutelenc;of about
5% to about 95% by vol une of the al cohol and the enriched gasoline

conprises (a) about (250mbafddy whdhun® adfleil ombristisg 4ibAlc@uhd 48% 25% by
vol une by volunme of olefins, and (c) about 5% 20% by vol une of
cycl opar af f gBtichedduglihwheici thedlangip epragrised of about 5% to about 95% by

volume, in some aspects about 10% to about 50% by volume, in some aspects
about 10% to about 30% by volume, in some aspects about 10% to about 15%
by volume of an alcohol (in some aspects ethanol) and the enriched fuel is
selected from the group consisting of an enriched gasoline, an enriched diesel
fuel, an enriched kerosene, an enriched jet fuel, an enriched biofuel blend, an
enriched Fischer-Tropsch derived fuel, an enriched gasoline-diesel blend, an

enriched naphtha, and mixtures and/or blends thereof;

(16) methods which use a blend comprising an alcohol and an
enriched fuel, wherein the blend is comprised of about 5% to about 95% by
volume, in some aspects about 10% to about 50% by volume, in some aspects
about 10% to about 30% by volume, in some aspects about 10% to about 15%
by volume of an alcohol (in some aspects ethanol) and the enriched fuel is
selected from the group consisting of an enriched gasoline, an enriched diesel
fuel, an enriched kerosene, an enriched jet fuel, an enriched biofuel blend, an
enriched Fischer-Tropsch derived fuel, an enriched gasoline-diesel blend, an
enriched naphtha, and mixtures and/or blends thereof, wherein the enriched fuel
is in some aspects enriched in a hydrocarbon selected from the group consisting

of cyclopentane, toluene, and diisobutylene;



gasoline is enriched in a hydrocarbon selected fromthe group consisting of
cycl opent ane, toluene, and diisobutylene; (14) nethods which use a bl end
conpri si nyoantialoswhol and an enriched gasoline, wherei nPChaSké10/088976
conprised of about 5% to about 95% by volume of the al cohol and the
enriched gasoline is enriched in a hydrocarbon selected fromthe group
consi sting of cycl opentane, toluene, and diisobutylene; (15) nmethods which
use a bl end conprising an al cohol and am enriched fuel, wherein the blend
is conprised of about 5% to about 95% by volune, in sone aspects about 10%

to about 50% by vol i one.aspect.s apout 10%t o about 30% by vol une,
1 s aspects abodt hBEEES TpE REa eGSR uROR cafE” (7 sone
aspect s et hapgéhedaasolie whbfehit i bidddak compaeddesttadduf 38Ad bhut9B%By

consi sting of an enriched gasoline, an enriched diesel fuel, an enriched

ker osene, aRNokiid, dhsang espeets @boutd”etr abortd0%ibyfupdime| is Seme gppasty i ched

Fi scher-Tropsc erijved ~.an.enri.ched gasoline-dj | bl an

enr ched naghtfid 0 alRhek iy AGRG T 37 B SRR BuE PR o ST Rue whi ch
use a bl endpgegRimSbNGhaidl;alngohol and an enriched fuel, wherein the blend
is conprised of about 5% to about 95% by volune, in sone aspects about 10%

to about 50% by vol i one.aspect,s apout 10%t o _aboyt 30% by vol une,
i1 some aspects abodto Rt MRS e R el G R cndd (V' some
aspect s et hapfthedaadolifee wabfeiit e bldrdak compasddesttadduf 70D bbeut95oBy
consi sting of an enriched gasoline, an enriched diesel fuel, an enriched

ker osene, afNOki}d, Hhtang espeets @boutd et dbone80%itafpdime| is Seme 4ppast i ched
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fuel is in $oRRlIRSPECIBarIdndatréin tike )bheE gadoliRe SeheehRhshecam t he group
consistin

J enriched in a hydrocarbon selected from the group consisting of cyclopentane,

toluene, and diisobutylene.

[0054] Non-limiting examples of blends comprising an enriched fuel and

about 5% or more by volume of an alcohol include:

(1) ablend comprising ethanol and an enriched gasoline, wherein
the blend is comprised of about 0-5% by volume of ethanol and (a) about 35%-
80% by volume of aromatics (for example, about 40%-60% or 35-70% by
volume aromatics) or (b) about 10-60% by volume cycloparaffins (for example,
about 15%-40% or 20%-30% or 15-45% by volume cycloparaffins), or (c) about
18-70% by volume olefins (for example, about 27%-50% or 38%-60% or 25-
40% by volume olefins), or (d) about 48-90% by volume of aromatics,
cycloparaffins, and olefins (for example, about 55-80% or about 68-85% or 58-
70% by volume aromatics, cycloparaffins, and olefins), or (¢) about 43-85% by
volume aromatics and olefins (for example, about 55-70% or 65-75% or 53-75%
by volume aromatics and olefins), or (f) about 40-80% aromatics and
cycloparaffins (for example, about 40-60% or 50-70% or 45-75% by volume of

aromatics and cycloparaffins), or (g) about 19-70% cycloparaffins and olefins



of cycl opentane, toluene, and diisobutyl ene;(17) methods which use a bl end
conprising an al cohol and an enriched gasoline, wherein the blend is

conpri sedwof20abos4045% t 0 about 95% by vol une, in sone aPpPEALSS01QE8IT0 10% t O
about 50% by volune, in sonme aspects about 10%to about 30% by vol une, in
sone aspects about 10% to about 15% by vol une of ethanol; and (18) nethods
whi ch use a bl end conprising an ethanol and an enriched gasoline, wherein
the blend is conprised of about 5% to apout 95% by volunme, in sone aspects
about 10%to about 50@6by vol une, in sonme aspects about 10%to about 30% by

| ;o o, LOY% b f | d
wheretn t he (GREFANES SBRUGR o e Db e k40 R oYeliRe S hr TR or boar bon

sel ect ed frgﬁabt@gngy,oup consi sting of cyclopentane, toluene, and
di i sobutyl ene. [0054] Non-limting exanples of bl ends conprising an

enri ched f“?' . and aﬁ?ﬁt?%%)ng coin ﬁin ¥3 V g%gdog%mwhvﬁli]g ﬂne,t\ﬂh %’g (1) a

bl end conprising et end is

conpri sed ofhehend isQobfiriyd Mp&umiesqm@bmamneadmﬁa@bl ﬂhp(ta/h aBRB080% by
volunme of aromatics (for exanple, about 40% 60% or 35-70

vol une
aromati cs) dp%( ) velywatof apnens bipr evtmpe, @%&¢6@éﬁﬁﬁﬁﬁt4@%n@¥éﬁﬁﬁ%1e about

by vol une. oPai Rav e B e ol S5 OB LA o b Ba 0o oy

vol ume ol ef leiaahpleoaboﬁldlomm)@ oft 85209%% Yor $HYHBY QBluﬁE@dﬁldfﬁﬁafﬁﬁ chopar af f ms,
and olefins (for exa about 55-80% or about 68-85% or 58- 096by vol ume

aromatics, €9cAbepal- ég%w velnare elams pEy exgmpleedbat d0o- 24808595 try43/6l une
aromeLl oo angBlet 09 L ARG R PSSR B gt T
cycloparaffins, and oleﬁns (for example, about 50-75% or about 50-65% or 55-
75% by volume aromatics, cycloparaftins, and olefins), or (¢) about 38-80%
aromatics and olefins (for example, about 38-60% or 45-75% or 55-70% by
volume aromatics and olefins), or (f) about 35-75% aromatics and cycloparaffins
(for example, about 40-75% or 45-55% or 50-70% by volume of aromatics and
cycloparaffins), or (g) about 11-65% cycloparaffins and olefins (for example
about 15-50% or 20-45% or 35-55% by volume of cycloparaffins and olefins);

(3) ablend comprising ethanol and an enriched gasoline, wherein
the blend is comprised of about 15-90% by volume of ethanol (for example
about 15-85% or about 15-50% or about 20-40% by volume ethanol) and (a)
about 25-70% by volume of aromatics (for example, about 25%-70% or 35%-
60% or 40-50% by volume aromatics), or (b) about 3-50% by volume
cycloparaffins (for example, about 3%-40% or 5%-35% or 4-25% by volume
cycloparaftfins),or (¢) about 5-60% by volume olefins (for example, about 10%-
50% or 15%-45% or 20-30% by volume olefins), or (d) about 33-80% by
volume of aromatics, cycloparaffins, and olefins (for example, about 35-70% or
about 45-65% or 40-50% by volume aromatics, cycloparaffins, and olefins), or
(e) about 30-75% by volume aromatics and olefins (for example, about 30-65%
or 40-75% or 45-55% by volume aromatics and olefins), or (f) about 28-70%
aromatics and cycloparaffins (for example, about 35-60% or 40-50% or 45-65%



cycloparaffns (for exanple, about 40-60% or 50-70% or 45-75% by vol une of
aromati cs and cycl oparaffns), or (g) about 19-70% cycl oparaffns and

ol ef i ns( WO 2exiz200pd0@ about 25-65% or 30-50% or 25-40% by Peolusa® 0088970
cycloparaffins and olefins); (2) a blend conprising ethanol and an enriched
gasoline, wherein the blend is conprised of about 5-14% by vol une of

et hanol and (a) about 30% 75% by vol une of aromatics (for exanple, about
30% 70% or 40% 65% or 32- 50% by vol umeysaromatics), or (b) about 5-55% by
vol ume cycl oparaffins (for exanple, about 10% 45% or 15% 25% or 6-35% by

vol ume cycl gparaffin ar. (c), abput 8=65%% vl Ql ef i.ns r exanpl e,
about - 10% 52 B At e iee Sk SRR aT et Bl R Brepiy bt Aa- seve
by vol ume ohn@bRIME (105 exAMsl @Batalst 4098 or 205004 8f 1 M30Lf W vatnasRFe, about

50- 75% or about 50-65% or 55- 75% by vol une aromatics, cycloparaffins, and

ol efins), ocy¢leparaugeand®ldwss;ar omati cs and ol efins (for exanpl e, about
38-60% or 45-75% or 55-70% by volune aronmatics and ol efins), or (f) about

35-75% aronati cs and4yygbrparcafptibimg(cti@hobxaaH éhricBb®Yisofifle, Ablleroin 45- 55% or
50-70% by volume of aronmatics and cycl oparaffi negg, ormi% about 11-65%
cycl opar af f itlisblapdiissioatpirised of aoueQanpbe vabwig ofishaws ebagABr- 35- 55% by
vol ume of cygloparaffins and olefins): (3). a n Q I-S\b et hanol and
an enri ched)&gé’sc}f Y?ﬁlgr,ne BFATHTG ﬁéorﬁf%rﬁglgl gsboél(t)grr{))%fég)oa Oggg?@ﬁﬁy 15- 90% by

vol une of etbRAR arbinatics o (B BoabPUE0%SDyEr e cdlopdrafthr IR eimploout  20- 40%
by vol une ethanol) and (a) about 25-70% by vol unme of aromatics (for

exanmpl e, ab&beutd5%4-30% ar203560%6ohiotS %4 Gy 5uehs cxdonameiag o Aatd €8Yut or (b)
about S-SO%IQy

cbout 3 S0 LY B R AL OBt o AP B oAU o i o e 35%
Eg ?r agéﬁgpgg%mmﬁl@%efﬁﬁ%@r(dﬂ&%ﬂﬁ%@% BOvatife by axephative, ol efins), or

cycloparaé‘ms, and olefins (for example, about 65-80% or about 60-75% or 58-

70% by volume aromatics, cycloparaftins, and olefins), or (¢) about 53-75% by

volume aromatics and olefins (for example, about 55-75% or 60-70% or 53-75%

by volume aromatics and olefins), or (f) about 45-70% aromatics and

cycloparaffins (for example, about 50-60% or 55-65% or 55-70% by volume of

aromatics and cycloparaffins), or (g) about 20-60% cycloparaffins and olefins

(for example about 25-55% or 30-50% or 25-40% by volume of cycloparaffins

and olefins);

(5) ablend comprising ethanol and an enriched gasoline, wherein
the blend is comprised of about 5-14% by volume of ethanol and (a) about 32%-
65% by volume of aromatics (for example, about 35%-60% or 40%-55% or 40-
60% by volume aromatics), or (b) about 6-45% by volume cycloparaffins (for
example, about 10%-45% or 15%-25% or 6-35% by volume cycloparaffins), or
(c) about 9-55% by volume olefins (for example, about 10%-45% or 15%-45%
or 20-35% by volume olefins), or (d) about 48-75% by volume of aromatics,
cycloparaffins, and olefins (for example, about 50-75% or about 50-65% or 55-
65% by volume aromatics, cycloparaftins, and olefins), or (¢) about 43-70%
aromatics and olefins (for example, about 50-60% or 55-65% or 45-65% by

volume aromatics and olefins), or (f) about 40-65% aromatics and cycloparaffins



vol une of aromatics, cycloparaffins, and olefins (for exanple, about 35-70%
or about 45-65% or 40-50% by vol une aromatics, cycloparaffins, and

ol ef i ns) ,woro(1@ps@bpout 30- 75% by vol ume aronmatics and olpefriusgoipfossy7exanpl e,
about 30-65% or 40-75% or 45-55% by volunme aromatics and ol efins), or (f)
about 28-70% aromatics and cycl oparaffins (for exanple, about 35-60% or
40-50% or 45-65%y volune of aronmatics and cycl oparaffns), or (g) about
8-60% cycl oparaffnms and ol efins (for exgnple about 15-40% or 20-50% or

10- 40% by vol une of cycl opar affms and ol efins); (4) a bI end conpri sing

et hanol and,an enrich r t he rlsed of about
0-5% by vol &‘?Pﬁ 6qm%l{:ha§3r98?2§§a 5"‘%@/ ggf’}b/‘?g 8 Wfo?tﬁl}% %CSaqngnatl cS
(for exanpl @?/cléﬁeﬁufﬁrﬂp% @%b@ﬁt %si%waaﬁkﬁma@r&@mg @Sex@mpld) about
11-50% by vo | oparaffnms (for exanple, about 15% 40% or 20% 30% or

15- 45% by veébeiid S¢ @p&@éﬁ%@r)% ﬁ%(mVOélnr@@:pf aoclepwatiips ead oleEnek ef i ns (for
exanpl e, abqut 27% 50% or 38% 60% or 25- 40% by volune olefins), or (d)
about 58- 809 y volune of aromatics, cycloparaffns, and ol efins (for

exanpl e, about 65-80% or about 60-75% or 58- 70% by vol unme aromatics,

cycl oparaf fms, and dfkf#Rend C@mp(lélﬁlgéiﬁmplme£e®éﬁwmeammni cs and

and of of | nay < HER istonRH aEaabE e Phrely I ller BRI or - oxar .

about 50- 60%@& 135886 %r abotk3575% by abek g(mo% by SliBHel @isandNchndyg) opar af f ns) ,
or (g) about 20-60% cgcl oparaffms and ol efins (for exarrpl e about 25-55% or

30-50% or 25bq10%6tﬁ})% nef ofcyremafie G iRl abPWISHe PO ( @)A4obl end
L e N e
aromatics ( fc?éloﬁé@ﬂﬁis Qfor%ﬁémple?@c%lﬁ@‘“/9—95%49%)55%%%#1@-25% by volume

cycloparaffins),or (¢) about 6-50% by volume olefins (for example, about 10%-

50% or 15%-45% or 20-30% by volume olefins), or (d) about 38-70% by

volume of aromatics, cycloparaffins, and olefins (for example, about 45-70% or

about 45-65% or 40-50% by volume aromatics, cycloparaffins, and olefins), or

(e) about 33-65% by volume aromatics and olefins (for example, about 40-60%

or 50-65% or 45-55% by volume aromatics and olefins), or (f) about 30-60%

aromatics and cycloparaffins (for example, about 35-60% or 40-50% or 45-55%

by volume of aromatics and cycloparaftins), or (g) about 10-50% cycloparaffins

and olefins (for example about 15-40% or 20-50% or 10-40% by volume of

cycloparaffins and olefins).

(7) ablend comprising an alcohol and an enriched gasoline,
wherein the blend is comprised of about 5% to about 95% by volume of the
alcohol and the enriched gasoline comprises (a) about 25%-50% by volume of
aromatics (b) about 15%-25% by volume by volume of olefins, and (c) about
5%-20% by volume of cycloparaffins, and wherein the enriched gasoline is
enriched in a hydrocarbon selected from the group consisting of cyclopentane,

toluene, and diisobutylene;



60% by vol ume aromatics), or (b) about 6-45% by vol unme cycl oparaffns (for
exanpl e, about 10% 45% or 15% 25% or 6-35% by vol une cycl oparaffns), or (c)
about 9- 58@2by/oesdoune ol efins (for exanpl e, about 10% 4PeaarS20158588936006 or

20- 35% by vol une ol efins), or (d) about 48-75% by volunme of aromatics,

cycl oparaffns, and ol efins (for exanple, about 50-75% or about 50-65% or
55- 65% by volune aromatics, cycloparaffns, and olefins), or (e) about
43-70% aromatics and ol efins (for exanple, about 50-60% or 55-65% or 45-65%
by vol une aromatics and olefins), or (f) about 40-65% aromatics and

cycl oparaffns(for e | bout .40-55% o 5-55% or , 50- 60% by vol une of
e e ot oARI™s Blond oy fiean Aol i By DB &RRhEY e o
ol efins (f okyR¥ANE ol P teomprid@Ps L4bodP5%aY0aBbut3BYH BYvBMinkodURe Of

cycloparaffnms and olefins); and (6) a blend conprising ethanol and an

enri ched gaglsohgleandthe ersighed igasadingngicireched mipa hggr@ca’boab@mtedﬁow%by vol une
of ethanol (for exanple bokﬁ 1’%h83(y qQr abﬁt&;it. 105-510%_0r about 20-40% by

vol une et ha qlbp C&H@%%Oa%lg PG 9/@“696’\?8 HEOHY IS mat i cs (for exanpl e,
about 35% 50% or 45% 60% or 40-50% by vol une aromatics), or (b) about
4-40% by vol une cycl(@pas fendgemprismgaranahel antbauenrBhed89%.0rhero®% 30% or

xanpl ¢, abdth e BBFER ALl 8losb o0k by Bftmin PR or ")

about 38- 70% &t 1904 téEboRf SEYWYBllGSe, it ¥6me RSl 4b0s: 1@ado ab&H30%, (for
exanpl e, about 45-70% or about 45-65% or 40-50% by vol une aronmati cs,

cycl opar af f PFOlugd ibPERG AsPECcts @poytel0%a othous 35 Bews wlume (of A algplelit cs and

ol efins (for _ex | e, t - 60% or -50-65% or - 559 I .aromatics
and of e | neyof ATRER BB sl TGS T PRl BRI e R T
exanpl e, abeBhn 3fridRUocatol He; H0Mrhed dicB@%ubly aly OhriviRd kbraRegyahi cs and
cycl oparaffins), or (g]) about 10-50% cycl oparaffins '
enriched jet fuel, an enriched biofuel blend, an enriched Fischer-Tropsch derived
fuel, an enriched gasoline-diesel blend, an enriched naphtha, and mixtures and/or

blends thereof;

(10) a blend comprising an alcohol and an enriched fuel, wherein
the blend is comprised of about 5% to about 95% by volume, in some aspects
about 10% to about 50% by volume, in some aspects about 10% to about 30%
by volume, in some aspects about 10% to about 15% by volume of an alcohol (in
some aspects ethanol) and the enriched fuel is selected from the group consisting
of an enriched gasoline, an enriched diesel fuel, an enriched kerosene, an
enriched jet fuel, an enriched biofuel blend, an enriched Fischer-Tropsch derived
fuel, an enriched gasoline-diesel blend, an enriched naphtha, and mixtures and/or
blends thereof, wherein the enriched fuel is in some aspects enriched in a
hydrocarbon selected from the group consisting of cyclopentane, toluene, and

diisobutylene;

(11) a blend comprising an alcohol and an enriched gasoline,
wherein the blend is comprised of about 5% to about 95% by volume, in some

aspects about 10% to about 50% by volume, in some aspects about 10% to about



and ol efins (for exanple about 15-40% or 20-50% or 10-40% by vol une of
cycloparaffins and olefins). (7) a blend conprising an al cohol and an

enri ched wa=olme44wherein the blend is conprised of abear/UsBwo3sbout 95%
by vol une of the al cohol and the enriched gasoline conprises (a) about

25% 50% by vol unme of aromatics (b) about 15% 25% by vol une by vol une of
olefins, and (c) about 5% 20% by vol une of cycl oparaffins, and wherein the
enriched gasoline is enriched in a hydgﬁparbon sel ected fromthe group

consi sting of cyclopentane, toluene, an Hiisobutylene;(8) a bl end

conpri sing | cohol and an enricqﬁgl ol i ne ein the blend .is
conpr | sed of 04buurolner B Rl PGS Mg 137 naBE 1B B oS e
enriched gagpline is enriched in a hydrocarbon selected fromthe group
consi sting of cyclopentane, toluene, and diisobutylene; (9) a blend
conprising an al coh an nri.ched fuel - wherein. the blend is conprised
of "Bbout |29 o about 2600l s SMEHENE Ly UEine WRELEL DT oBS, 1 o about So%
by vol une, iwheEiEheasORT TomPeiHEd 00D 5 B0 Ubod D By VEluUIEE in $din&ONMe
aspects about 10%to about 1 @6b§,volune of an al cohol (in sonme aspects
et hanol ) andsnase adari Hedo pait SP% keveomedinfsonip aspectyalau 106rioiabpitng of an
enri ched gasgline, .an _enriched diesel I n i ched, ker ne, . an
enriched j e1§ Y el ?Olgfr?eelﬁrﬁog}?eaap%ﬁt%%&tEgﬁ’etﬂél,%métﬁﬁreyﬁﬁyg Rglgl eF‘?OfZec oLy opsch
derived fuehnd amefii ilhacBaBGsbIR: Hiigsehe bigod, endiBh&nini Cliodagiit ha, and
m xtures and/or bl ends thereof; (10) a blend conprising an al cohol and an
enri ched f ué&tlectosh&iog] e hautannigting ot exghoncatac dplugbomndsiisentaisaeit 95% by
vol une, in sonme aspects about 10%to about 50% by vol une, in sone aspects
about 10% t ooB3PUt  I0Mbit AEdHHNEe. . BhERMES addabs gabdlide, k@¥edpesabout  15% by
vol ume of an al cohol %in . . . . .

increasingly difficult to enrich the gasoline with aromatics and olefins while

maintaining other gasoline specifications. Therefore, the amounts of aromatics,
olefins, and cycloparaffins need to be adjusted as the amount of alcohol is
increased. In addition to the blends described above, Tables A-D below also
illustrate representative volumetric percentages of aromatics, olefins, and

cycloparaffins in blends comprising ethanol and an enriched gasoline.

Table A
0-4% ethanol | 5-14% ethanol [15-90% ethanol
Aromatics 20-80% 15-75% 10-70%
Cycloparaffins 4-60% 3-55% 2-50%
Olefins 6-70% 4-65% 3-60%
Aro + cyclo + ole 20-90% 17-85% 10-80%
Aro + ole 16-85% 14-80% 8-75%
Aro + cyclo 14-80% 13-75% 8-70%
Cyclo + ole 5-70% 4-65% 3-60%
Table B
0-4% ethanol | 5-14% ethanol |15-90% ethanol
Aromatics 25-710% 20-65% 15-60%
Cycloparaffins 5-50% 4-45% 3-40%
Olefins 7-60% 5-55% 4-50%
Aro + cyclo + ole 30-80% 22-75% 15-70%
Aro + ole 26-75% 19-70% 13-65%
Aro + cyclo 24-710% 18-65% 12-60%
Cyclo + ole 10-60% 7-55% 5-50%




sone aspects ethanol) and the enriched fuel is selected fromthe group
consisting of an enriched gasoline, an enriched diesel fuel, an enriched
ker osene,warroamoshed jet fuel, an enriched biof uel bl erdT/usn0100889ched

Fi scher-Tropsch derived fuel, an enriched gasoline-diesel blend, an
enriched naphtha, and m xtures and/or blends thereof, wherein the enriched
fuel is in some aspects enriched in a hydrocarbon selected fromthe group
consi sting of cyclopentane, toluene, ang diisobutylene; ( 1 1) a blend
conprising an al cohol and an enriched gasoline, wherein the blend is
conpri sed of about 5% to about 9596?; vgtune, in some aspects about 10%to
about 50% by vol une, in sone aspect Igﬁ t 10%to about 30% by vol une, in

sonme aspects about 10% t o about [l8%.kyhaval [usrersnéthaion 5@ ettiadol] 12) a bl end
conpri sing an et hanofAraumgican enr | cheseBogras gl | n-75kher i n25-M% bl €nd i s
conprised of about S%ve¢lopandfting 95% 6ol Ume, 5i%8%sonp aSgdkét s about 10%to
about 50% by vol une, |9sfingone aspect B-@out] 10866% abbut 5% byl vol ume, in
sone aspects about 28t evclorle 1 504839%, o) lunmet 3357t hhnoB3-8%nd erein the
enriched gasoline i sf¥H 88un aspeet SR 38-90% sE¥hon] sel ect ed
fromthe group consi ttiln‘é?’ggf eye cp,qf‘goé"nc, t031g65{7°c, rrdZ8lTEeblit yl ene.

[ 0055] As nore al coh |y g\,c. —ethanor) s—addet—to—=a gJasott i"loc, t becones

increasingly difficult to enrich the gasoline with aromatics and ol efins
whi | e mai ntaining other gasoline spedpbleddtions. Therefore, the amounts of

aromatics, ol efins, @and—cyct opat ri"f"%%théﬁaié“%)&hm IStg8Y ethanol'€  anount of
Ar ti

al cohol is increased T T£5_A0E ETREgs9ESC T Deglg@pove, Tables A-D
bel ow al so il | ustrat@yfisguramet af | Ve 560 UNET T cG5RET CENT ageds, Of |aromatics,

ol efins, and cycl opajondihes 1 n DI end®-eesTpr|i ST vg5%t hahol eaoel an| enri ched
gasoline. Table A  |Aro+cyclo +ole 58-80% 48-75% 38-70%

Aro + ole 53-75% 43-70% 33-65%

Aro + cyclo 45-70% 40-65% 30-60%

Cyclo + ole 20-60% 15-55% 10-50%

[0056] Alcohol-enriched fuel blends can be blended before introduction into
an engine cylinder. Alternatively, an alcohol and an enriched fuel may be
supplied (e.g., injected) separately into the cylinder to form a blend containing

the requisite amounts of alcohol and enriched fuel.

[0057] “HCCI” refers to any engine or combustion process in which a
substantial majority of the fuel charge is premixed with air or combustion
product gases (combustion residuals) to a degree sufficient for compression-
induced combustion to occur at multiple locations throughout the premixed

charge volume.

[0058] A “heat release time interval” means the time interval between
LTHRS50 and HTHR50.
[0059] “Initiating engine operation in a spark ignition (SI) mode” means

combusting by spark ignition a fuel or air-fuel charge in an engine cylinder to
cold-start the engine. The fuel used to initiate engine operation in a spark
ignition (SI) mode may be the same or different than the fuel used when the

engine converts to HCCI mode.



Tabl e BTabl e C [0056] Al cohol -enriched fuel blends can be bl ended before
introduction into an engine cylinder. Alternatively, an al cohol and an

enri ched woebiwmagsobe supplied (e.g., injected) separatelPgTiust@onbsd7eyl i nder
to forma blend containing the requisite anounts of al cohol and enriched
fuel. [0057] "HCCI" refers to any engi ne or conbustion process in which a
substantial majority of the fuel charge is prem xed with air or conbustion
product gases (conbustion residuals) togp@ degree sufficient for

conpr essi oni nduced conbustion to occur at multiple | ocations throughout the

prem xed ch vol yme. ,,[.0058]. "heat release ti iLnterval " nmeans the

T e 1t er VAU, ool Mty onpiraye HeB0RE o Thre it Simu RS
operation i Bf greSfas kndr@Rétion (SI) node" neans conbusting by spark ignition
a fuel or air-fuel charge in an engine cylinder to cold-start the engine.

The fuel us I iyt i ngi ne. operation in.a spark.ignition (SI) node
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maxi num rate of pressure increase. [0061] In one enbodi nent, an advanced

conbusti on eéwplyiagenspeingcyhedes dueahg peeration Hythe payacedpompusiiondaedenced
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the engine’s peak NO, emission level is between about 5% to about 99% lower
than the peak NO, emission level generated when the cylinder is supplied with

the corresponding non-enriched fuel.

[0062] In another embodiment, an advanced combustion engine’s HCCI
operating envelope may be expanded by supplying an engine cylinder during
operation in the HCCI mode with either an enriched gasoline or a blend of an
enriched gasoline and about 5% or more by volume of an alcohol. In this

embodiment, during operation in the HCCI mode:

(1) the engine cylinder may contain a small amount of EGR prior
to combustion of the enriched gasoline or blend of an enriched gasoline and an
alcohol in the cylinder (2) upon combustion the Ry, value is approximately
equal to or lower than the R,,,, value observed when a non-enriched gasoline is
combusted in the cylinder in the presence of about 10% to about 40% by volume
EGR, and (3) the engine’s peak NO, emission level is between about 5% to
about 99% lower than the peak NO, emission level generated when the cylinder
is supplied with the corresponding non-enriched gasoline during operation in the
HCCI mode.

[0063] In certain embodiments, an advanced combustion engine’s HCCI

operating envelope is expanded by supplying an engine cylinder during



t he engine's peak NOx em ssion | evel is between about 5% to about 99% | ower
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enbodi nents, an advanced conbustion engine's HCCl operating envelope is

expanded by opengpdyimgedHCehgodes cyl i nder duringoperation in the HCCl node
with either (a) a gasoline which is enriched in a hydrocarbon selected from
the group consistingipf teyebRReNiANE miyoddHede a sad ahdupebEEgResr or (b) a
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P (2) upon combustion the Rmax value is approximately equal to or

lower than the Rmax value observed when a non-enriched gasoline is combusted

in the cylinder in the presence of about 10% to about 40% by volume EGR, and

(3) the engine’s peak NOx emission level is between about 5% to
about 99% lower than the peak NOx emission level generated when the cylinder
is supplied with the corresponding non-enriched gasoline during operation in the
HCCI mode.

[0064] In other embodiments, an advanced combustion engine’s HCCI
operating envelope is expanded by supplying an engine cylinder during
operation in the HCCI mode with either (a) a gasoline which is enriched in a
hydrocarbon selected from the group consisting of cyclopentane, toluene, and
diisobutylene, or (b) a blend of a gasoline which is enriched in a hydrocarbon
selected from the group consisting of cyclopentane, toluene, and diisobutylene
and about 5% or more by volume of an alcohol. In this embodiment, during

operation in the HCCI mode:

(1) the engine cylinder does not contain EGR prior to combustion

of the enriched gasoline or blend of alcohol and enriched gasoline in the cylinder



to conmbustion of the enriched gasoline or blend of al cohol and enriched
gasoline in the cylinder (2) upon conbustion the Rmax value is

appr oxi mewel2g1iegs@k to or | ower than the Rrmax val ue obse@ecvyas2eHes89a0
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during oper §063] i n THage and other aspects of the invention are illustrated further in the

following examples, which are illustrative and are not limiting.
EXAMPLES

Experimental Apparatus and Methods

[0066] The following experimental apparatus and methods were used in the

experiments of Examples 1-3 described below.

[0067] An ignition quality tester (IQT) was used to study the combustion
characteristics of fuels A-L (defined below). The IQT used high pressure and
temperature conditions to allow an injected fuel aliquot to combust
spontaneously. A pressure sensor monitored pressure rise over time and heat
release characteristics were quantified. In this manner, combustion was studied
under controlled laboratory conditions and fuel differences were characterized.
To better simulate HCCI combustion, the standard IQT operation (ASTM
D6890) was modified to better replicate HCCI conditions. This was achieved by
modifying the combustion chamber temperature and reducing the fuel quantity.
These changes allowed the IQT to predict fuel composition effects in line with

HCCI engine observations.



HCCl node. [0065] These and ot her aspects of the invention are illustrated
further in the follow ng exanples, which are illustrative and are not

i mting. WwoXANRIES4Experi mental Apparatus and Met hods [ @064jS20ie®3%906 | owi ng
experinmental apparatus and nethods were used in the experinents of Exanples
1- 3 described below. [0067] An ignition quality tester (1QI) was used to
study the conbustion characteristics of fuels A-L (defined below). The I QT
used high pressure and tenperature condjgtions to allow an injected fuel

al i quot to conbust spontaneously. A pressure sensor nonitored pressure rise

over time a at rel ease,characteristics were ntified, | hi s manner,
conbust | on JORBTE L of s STRGFIRERTb S B FleRhT s s i Etarghibe? e

di fferences ryRise chRALREL RIS WilldtimEQn BRE E&stahi Fludicec oiPukti6PBHHBL | on, the
standard |1 QI operation (ASTM D6890) was nodified to better replicate HCC

condi t i ons. Muie pregisshyadlid appatenbyetsdi foldasgrathe conbusti on chamber
tenperature and reducing the fuel quantity. These changes allowed the |1Qrl
to predict fuel conmpaghtion effects in line with HCClI engine
observations.[0068] The first derivative of the pressure trace with tine
descri bes the heat reflease characteristics with time in this constant

vol ume conbustion bonb. Mre precisely, the apparent net heat rel ease rate

dt is givenidyivéhey fiRrfothaladQa = _ _ P Y + 1 Vdp dt g- 1 dt g - 1 dt where
gis theratio of specific heats, cp /cv . Heywdod, Internal Combustion

d, = vy p dv + 1 V dp

dt v-1 dt v-1 dt

where y is the ratio of specific heats, ¢, /¢, . Heywood, Internal Combustion
Engine Fundamentals, page 510. This formula is relevant for a direct injection
system such as the IQT. Because there is no volume change in the IQT, the
apparent net heat release rate is directly proportional to the change in pressure

with time.

[0069] The IQT was used to study the impact of EGR by modifying the
composition of a charge gas. Gas cylinders were prepared to simulate various
levels of EGR by addition of CO,. Gas cylinder compositions are shown in

Table 1.

Table I. Simulated EGR Compositions

%EGR | 0% | 20% | 40% | 50%
Nitrogen | 79.1 | 79.0 | 77.5 | 76.7
Oxygen | 209 | 18.0 | 14.0 | 12:6
CO2 0.0 | 3.0 85 | 10.7

[0070] The role of fuel composition was studied by blending a set of twelve
fuels using chemical components that included n-paraffins, iso-paraffins,
aromatics, cycloparaffins, and olefins. A base fuel was blended that contained

equal amounts by volume of each component. To study the impact of each



Engi ne Fundanental s, page 510. This fornmula is relevant for a direct

i njection systemsuch as the | QI. Because there is no volune change in the
| QT, the wipparigos4onet heat release rate is directly proporitisonalo3geso t he
change in pressure with tinme. [0069] The I QI was used to study the inpact
of EGR by nodifying the conposition of a charge gas. Gas cylinders were
prepared to sinulate various levels of EGR by addition of CO. Gas cylinder
conpositions are shown in Table |I . Tabjse I. Sinmulated EGR Conpositions
[0070] The role of fuel conposition was studied by blending a set of twelve

fuel s using _chem cal copponents that .included n-paraffns, iso-paraffns,
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eachconmponent, bl ends were nmade wherein the quantity of the test conponent
was tw ce t e fgolariesteds of the other conmponents. Table Il shows the
conpositions of the fuels tested. Table Il. Fuel Conpositions [0071] The

effect of fuel conposition on pEalke MXFa& GePositieNe! S generated during
conbusti on in_the ahqsnrp of E(R w%q alEqn méa 1l nGpri = rrlnll e 1 The KFfprm‘ of

Fuel BIeAds L & L BI\ P ] = del - J L
Em Level S [2bdntafe U TTD WS Lok U1 RN ﬁf& UsTTX[AIBBTTE 831§ TsblPERCds U1 s d3C€VERD [UIE3
nb t 1 N oy~ t oI o BB Al 18N | B3 $ 183 NTB3 4 (BB 83 A A3 £, 83 N &3 o 83
CO us I On, N HCI T ||U|g.l1 =) v\’%s \ >3 T Mll T {67 C ||%.3 T -(l 83. T vel.sll ||8.3”(.|.Q %3 T u%ls 8§A 83

23y 4 : [5) - } 3 ] BCR| &3 83
combust ed V\isgjgfgnpe@ne. ﬂ% .n(éyf ,ng% ‘ns/g_l p\rggl 1%?; 'rkgih nggnl m:g_g)d 83 83 83

conposi ti onEwEpeci fied iMedapte | sRESULtS e @ SMOWssl Tkt gQuree 1. sd4 [ camn| be
seen that aZ2EER tevels Gereaket—3 83 1 83 :] 183, [ Jov I _83 - &3_1,83 I 8a_l
vcid AL R NN S€lL 4 NE Sl et gt tERReatdtr e Fieat s F g €aSe
loperdne | o f] 9.1 183 83t tho 8.3 B h&se 4 3 83 8.3 16.7 8.3 83
( HTHR) occu metﬁymﬁehte‘?‘e‘ er9.1 HH 8.3 Al 783" ']es.s"l !".,8%8 83 1 83 83 8.3 83 16.7 83
diisobutylene 9.1 83 83 8.3 83 8.3 83 8.3 8.3 83 8.3 16.7
[0071] The effect of fuel composition on peak NO, emission levels

generated during combustion in the absence of EGR was also examined.

Example 1

The Effect of EGR Levels on Combustion

[0072] To examine the impact of EGR levels on combustion, experiments
were run in the IQT in which base fuel A was combusted with 0, 20%, 40%, and
50% levels of the simulated EGR compositions specified in Table 1. Results are
shown in Figure 1. It can be seen that as EGR levels increased, the main high
temperature heat release (HTHR) occurred later in time, the curves became
broader, and the maximum rate of pressure change decreased. The initial
smaller heat release peak (LTHR peak) was also delayed in time and became
broader as EGR levels increased. Use of EGR therefore had a significant impact

on the combustion characteristics of base fuel A.

Example 2

Combustion in the Absence of EGR

[0073] To study the impact of fuel composition on combustion
characteristics, the twelve fuels described in Table 2 were combusted in the

absence of simulated EGR. Results are shown in Figure 2. The base fuel A



broader, and the maxi mumrate of pressure change decreased. The initial
smal | er heat rel ease peak (LTHR peak) was al so delayed in tinme and becane
br oader a8OBGR/dogw@l s i ncreased. Use of EGR therefore hadTassiignsgoreant

i npact on the conbustion characteristics of base fuel A Exanple 2
Conmbustion in the Absence of EGR [0073] To study the inpact of fuel
conposition on conbustion characteristics, the twelve fuels described in
Table 2 were conbusted in the absence ofs sinulated EGR Results are shown
in Figure 2. The base fuel Acurve is near the mddle of Figure 2. The

n-paraffin-enriched fuels . an dvanc comqustd on§im.n nar r oned
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ef fects t hamarepsedthganasimunsratdhel prassyee tisenddds woulddwravasterpmductivét h and

i ncrease the nmaxjnumr.ate of pressu rise | beit, 0 i ly. [0074]
he arorat i RrohnCCHERERE B SheP SRR FoTBpaPharkp R PRREG  uers 1 and
J, and the gh&fda RN profieshckdetrscttiamahd n-parmiing bat Mes tdhabdto dRpsked to del ay
t he main heat rel ease, broadened the heat rel ease, and decreased the

maxi mum r at éheowidph sadincecapd die maxhapacar ofqressuroificctbpit ovky sighdnt ageous in
advanced conbustion systens such as HCCl engi nes. [0075] The nobst dranmatic

i npact was $6@Em’|W t MHeheoBxd-oReiteafiecl € Gr inedltedhé bpdloparaffinu@lrichedvas abl e to
significantly broaden the heat rel ease wi dth and decrease the maxi numrate

of pressur e firglsbandrhjagd dfer efinesrighpdifpels Kaand/L .ot @aotion hagd, vensed e
relatively |,Qw t i f it | _cycl e conpared to
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advanced combustion systems such as HCCI engines.

[0075] The most dramatic impact was seen with the cyclopentane-enriched
fuel I. Fuel I was able to significantly broaden the heat release width and
decrease the maximum rate of pressure rise. This effect is particularly
noteworthy given the relatively low concentration of additional cyclopentane
added compared to base fuel A. Other fuels that were particularly effective in
delaying the main heat release, broadening the heat release, and lowering the
maximum rate of pressure rise were fuels in which small additional amounts of

toluene (fuel G) and diisobutylene (fuel L) were added.

[0076] A more direct comparison of curve widths and maximum rate of
pressure rise can be seen by overlaying the curves on top of base fuel A as in
Figure 3. From Figure 3, it is clear that cyclopentane-enriched fuel I has the
broadest heat release curve and lowest maximum rate of pressure rise. The
impact of aromatics (see for example toluene (fuel G)), and olefins (see for
example diisobutylene (fuel L)) can also be seen. It was therefore concluded
that aromatics, olefins, and cycloparaffins tend to broaden the width and reduce
the maximum pressure rise rate while n-paraffins and iso-paraffins tend to

narrow the heat release width and increase the maximum rate of pressure rise.



maxi numrate of pressure rise were fuels in which small additional anounts
of toluene (fuel G and diisobutylene (fuel L) were added. [0076] A nore
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aromatics (see for exanple toluene (fueg G), and olefins (see for exanple
dii sobutylene (fuel L)) can also be seen. It was therefore concluded that
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conpares the |l ow and hi-gh tenperature heat releas nd. maxi num rat e of
pressure i n%}aé(grg%l% geeorf%rehs% efngc%rg%Sﬁéi%gegﬁlgn&gtf?%ﬁlechm%ygtlloglp%f'nt ane-enri ched
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br oadened heat rel ease wd and ¢de ase jaymrate of pressure rise of
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Wi t hout nuchosigh@pleitd thedat FdéRasedthAddintgidusimatd ofpredtte iife an addi ti onal
fuel conponent to achieve the effect of |arge amounts of EGR provides
potential ad¢Aresgeken fye] Ageasiaearmgied with 40% simulated EGR. Possibly

advantageously, the delayed and dampened low temperature and high

temperature heat release and reduced maximum rate of pressure increase
exhibited by cyclopentane-enriched fuel I were achieved without much delay in
heat release. Adding a small amount of an additional fuel component to achieve
the effect of large amounts of EGR provides potential advantages in less thermal

losses, less hardware complexity, and potential for faster response times.

The Combined Effects of EGR and Fuel Composition

[0079] Figure 5 compares the low and high temperature heat release and
maximum rate of pressure increase determined for the combustion of fuels A-L

in the presence of 50% simulated EGR.

[0080] As illustrated in Figure 5, the n-paraffin-enriched fuels B, C, and D
exhibited a narrower width of heat release, an increased maximum rate of
pressure rise, and advanced combustion timing. As is the case without EGR,
these fuels would not be expected to enable HCCI combustion over base fuel A.
Results with the iso-paraffin-enriched fuels E and F were mixed: 2-
methylpentane-enriched Fuel E was effective in both broadening the width of

heat release and decreasing the maximum rate of pressure rise, even though the



| osses, | ess hardware conplexity, and potential for faster response tines.
The Conbi ned Effects of EGR and Fuel Conposition [0079] Figure 5 conpares

t he | ow awo 2highs4oenper at ure heat rel ease and maxi num r @Ce/UsR01PNBWIUT €

i ncrease determ ned for the conbustion of fuels A-L in the presence of 50%
simul ated EGR. [0080] As illustrated in Figure 5, the n-paraffin-enriched
fuels B, C, and D exhibited a narrower wi dth of heat rel ease, an increased
maxi numrate of pressure rise, and advapced conbustion timng. As is the
case without EGR, these fuels would not be expected to enabl e HCCI

conbustion qve ase. fuel A Resul.ts wth the iso-paraffmenri.ched fuels E
and Fowere fogeertes iRty eficoienBUb PR GRCh ArBRRI S T n bot
broadeni ng thgchddtiéls of atiEBtbhotiEdRR%E serd HaciaabRe hienfmxiaaiper rate of
pressure rise, even though theconbustion timng was advanced when conpared

to base fuelpreasurariseravercianlA atidufuelielcon@ining talpdstheingnoakecetistec benef it in
| ower maxi mym r t1 of pressure rise over fuel Awth fuel G containing

t ol uene beirrﬁbanr@?gﬂ‘effecti ve than fuel H [0081] Cycloparaffin-enriched
fuels I and J both exhibited | ower maxi numrates of pressure rise and

broader heal008I easyilaparaitipenyigked fivelsd aad J hotthedibidrowagaakimum

cycl opent an?étenr' crhéad Jrlilselanl b%%)ﬂ%yfleg rtlhéasel owest, maaxiﬂrlmng1 EatiﬁltOIOl{ pressure
rise and br 0adedtP REALC 18 Bese AR _ ?ﬁere‘%?ﬁ?h&ﬁ r%g §HECpes per formance
of any of t &R URkSint &Fl@ftntak htiear fushestofiti@ldsh&Klowdt kagiavien sdtei | ar
results to the case without EGCR The diisobutyl ene-enriched fuel L again

showed sone Opp@ssie Ese pakbrgadeshbeat relerseaidthuihiprebybdioning Siedeer fuel A 4-
reL L Pl At I pEUBCAC S s 0 B DA SR BB et e
aromat i c- enkingile desutty €& @RILSS I theREGREThe alissHueflohetirihbe tudl Uedgaim t he
showed some pressure rise and heat release width benefits over fuel A 4-
methyl-1-pentene-enriched fuel K, on the other hand, was less effective.
[0082] Based on the foregoing results, it was concluded that combusting an
aromatic-enriched, cycloparaffin-enriched, or olefin-enriched fuel in the
presence of significant amounts of EGR, is also effective in delaying and
dampening low and high temperature heat release and maximum rate of pressure

increase and therefore enabling a broader range of HCCI operability. The

relative impact, however, is less dramatic than in the absence of EGR.

Example 3

The Effect of Fuel Composition on Peak NO, Emission Levels

[0083] In addition to modifying heat release and pressure rise rates, EGR is
also used to lower NO, emissions. EGR gas has a higher heat capacity than air
and this leads to a reduction in combustion temperature. To assess the capability
of small alterations in fuel composition to lower NO, emissions in the absence of
EGR, exhaust line peak NO, levels were measured at 0% EGR in IQT runs for
base fuel A, cyclopentane-enriched fuel I, cyclohexane-enriched fuel J, and a
decahydronaphthalene (decalin)-enriched fuel M. Results for the average

exhaust line peak NO, levels over 32 injections are shown in Table III.
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Em ssion Levels [0083] In addition to nodifying heat release and pressure
rise rates, EGRis also used to |ower N@ em ssions. EGR gas has a higher
heat capacity than air and this leads to a reduction in conbustion
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effective in reducing NOX in [[(RgeexMauze 1| Nes e addition of a small

quantity of cyclopentane was renmarkably effective and gave a 78% reduction

in the aver pea asur t. Th equc NOX, em ssi 0 are due to
2" conbi nat1 S ' actdrbol TR bie b ekl Y Btp et o THEe "t o

i ncreased i gpélbh&ane alidMoRRerdeMf@HUWE ih RIdutAg MNODMThé BthaubtiaRsithe due to a
slower rate of conbustion, attributes which prove useful in the operation

of HCCl engiddision pbasspllquaityy top cpaopantancsy ssodmeaeably ¢féccaboved geser i pti on
is intended-for_iJlustrative purpase nly, and | Ss+not.int ed to limt
the Scope. of Seure BRI HGeRtBRET NNl Hphy Tl RO

emissions are due to a combination of factors including increased air/fuel mixing

due to increased ignition delay and a reduction in combustion intensity due to a
slower rate of combustion, attributes which prove useful in the operation of

HCCI engines.

[0085] It is to be understood that the above description is intended for
illustrative purposes only, and is not intended to limit the scope of the present

invention in any way.



1. A nethod of expandi ng an advanced conbusti on engi ne's operating envel ope
during operation in an advanced conbusti on node, the nethod conpri sing
suppl yi ngverroags4ve cyl i nder during operation in the adeamasdoioossyast i on
node with an enriched fuel. 2. The nethod of claim1l, wherein the enriched
fuel is selected fromthe group consisting of an enriched gasoline, an
enriched diesel fuel, an enriched kerosene, an enriched jet fuel, an
enriched biofuel blend, an enriched Fisgher-Tropsch derived fuel, an

enri ched gasol i ne-di esel blend, an enriched naphtha, and m xtures and/ or

bl ends thergﬁiq%gy The nethod of claim1, wherein the enriched fuel is

sel ected fr ‘4 ‘group consisting of: (a) an enriched fuel conprising
about 25% or nore by volunme of aromatics, (b) an enriched fuel conprising
about 7% or nore by lvofungthed obtx@rndisg agdvinspd apmbustiogfaginelfel conpri si ng

about 5% or re by vel u f l.oparaffins. 4. The .nmetho f claim1
wherei n ¢ he OB faf Sl B Dl Y EUBRR 1 sl ol BERERE, flsg of: (5} an
enri ched gas@thdtec e SiupglyaRos ci3ifie Oflindor @urlﬂ‘)% dratiom iafihar omat i cs,
cycloparaffins, and olefins; (b) an enriched gasoline conprising about 26%
or nore by wévansed edmpussioatneds ity appri¢hed fydd) an enriched gasoline

conpri sing about 24% or nore by volune of aromatics and cycl oparaffns; and
(d) an enriched gasd.iTke GRfMpMICScREnabakkrel® fearieBé®fuRYis selected

from the group consisting of an enriched gasoline, an enriched diesel fuel, an
enriched kerosene, an enriched jet fuel, an enriched biofuel blend, an enriched
Fischer-Tropsch derived fuel, an enriched gasoline-diesel blend, an enriched

naphtha, and mixtures and/or blends thereof.

3. The method of claim 1, wherein the enriched fuel is selected

from the group consisting of:

(a) an enriched fuel comprising about 25% or more by volume

of aromatics,

(b) an enriched fuel comprising about 7% or more by volume

of olefins; and

(¢) an enriched fuel comprising about 5% or more by volume

of cycloparaffins.

4. The method of claim 1, wherein the enriched fuel is selected

from the group consisting of:

(a) an enriched gasoline comprising about 30% or more by

volume of aromatics, cycloparaffins, and olefins;

(b) an enriched gasoline comprising about 26% or more by

volume of aromatics and olefins;



vol une of cycloparaffns and olefins. 5. The nethod of claim 1, wherein the
enriched fuel is selected fromthe group consisting of: (a) an enriched
fuel conpwosIngosdweut 35% or nore by vol une of aronati c®CT(USpo1a03Me i ched
fuel conprising about 18% or nore by volune of olefins; and (c) an enriched
fuel conprising about 10% or nore by vol une of cycloparaffnms. 6. The met hod
of claim1, wherein the enriched fuel is selected fromthe group consisting
of: (a) an enriched gasoline conprisingpbout 48% or nore by vol ume of
aromatics, cycloparaffns, and ol efins; (b) an enriched gasoline conprising

about 43% or nore by volunme of. aromatics and. ol efins; (c) an enriched
gasol i ne conprising ab bjt aﬂ@%lg)l?edrﬁ)ais%hrbeycwrffw %?Ougg%%?a%inﬁosreiﬁd

cycl opar af f RBundnét drehatddy SArdyehperad@sohhde conprising about 19% or nore by
vol une of cycloparaffns and olefins. 7. The nethod of claim1, wherein the

enriched fuel is selected from [oU onsi st in (a)..an.enriched fuel
¢d§ an eng)c/l%e{;iceﬁag?'lgneg cfo(%nagrg% allbcog‘,c ?é‘%)(or mo

conpri sing about 38% or ' nore ) an rSHP’i ched fuel

conpri si ng abpRmic d{&%%aﬁ&)ﬂi@dﬁdd{@ﬁm of olefins; and (c) an enriched fuel
conpri sing about 11% or nore by vol une

5. The method of claim 1, wherein the enriched fuel is selected

from the group consisting of:

(a) an enriched fuel comprising about 35% or more by volume

of aromatics,

(b) an enriched fuel comprising about 18% or more by volume

of olefins; and

(c) an enriched fuel comprising about 10% or more by volume

of cycloparaffins.

6. The method of claim 1, wherein the enriched fuel is selected

from the group consisting of:

(a) an enriched gasoline comprising about 48% or more by

volume of aromatics, cycloparaffins, and olefins;

(b) an enriched gasoline comprising about 43% or more by

volume of aromatics and olefins;

(c) an enriched gasoline comprising about 40% or more by

volume of aromatics and cycloparaffins; and

(d) an enriched gasoline comprising about 19% or more by

volume of cycloparaffins and olefins.

7. The method of claim 1, wherein the enriched fuel is selected

from the group consisting of:



of cycloparaffins. 8 The nethod of claim 1, wherein the enriched fuel is
sel ected fromthe group consisting of: (a) an enriched gasoline conprising
about 58%oronmnos4oby vol une of aromatics, cycl oparaffi necTamsdoioloagorms; (b)
an enriched gasoline conprising about 53% or nore by volune of aromatics
and olefins; (c) an enriched gasoline conprising about 45% or nore by

vol unme of aromatics and cycloparaffins; and (d) an enriched gasoline
conpri sing about 20% or nore by vol une gf_ cycloparaffins and ol efins. 9.
The met hod of claim1, wherein the enriched fuel is a gasoline which is

enriched in a hydrocarbon sel ect fron1the rou nsi St | 0
cycl opent ane, tol uene, Pi 3H§Pf1§|6 Ceoﬁl?-:prlsi %t%élﬁo%?)g Vlolﬂnﬁq 1,

wherei n t he pagvangesl conmbustion engi ne oper at es in either a HCCl node, a
PCCl node, or a LTC nDde 11 The nethod of claim 1, wherein the advanced

conbusti on engi ne oper nd th u S an
enri ched gasolgi ne 1F2). ePH§I10e|a(fCel n%i lsﬁng %/]ﬂ%lrel r?o(r%? ?ﬁg §CR/ Ahced

conbusti on @ngichas:aRdr at es in a HCC m)de (b) the enriched fuel is an
enriched gasoline; (c) the engine cylinder optionally contains a snal

per cent age by vol ure of, FGRRLLOL 01 GQIRISH 83,01 14N (S Ghed gasol i e i n

the cylinder; (d) upon ue I'sS “appr ox el'y equal to
the Rmax vabpey@bsesffidd. when a correspondi ng non-enriched gasoline is
8. The method of claim 1, wherein the enriched fuel is selected

from the group consisting of:

(a) an enriched gasoline comprising about 58% or more by

volume of aromatics, cycloparaffins, and olefins;

(b) an enriched gasoline comprising about 53% or more by

volume of aromatics and olefins;

(c) an enriched gasoline comprising about 45% or more by

volume of aromatics and cycloparaffins; and

Y

(d) an enriched gasoline comprising about 20% or more by

volume of cycloparaffins and olefins.

9. The method of claim 1, wherein the enriched fuel is a gasoline
which is enriched in a hydrocarbon selected from the group consisting of

cyclopentane, toluene, and diisobutylene.

10. The method of claim 1, wherein the advanced combustion

engine operates in either a HCCI mode, a PCCI mode, or a LTC mode.

11. The method of claim 1, wherein the advanced combustion

engine operates in a HCCI mode and the enriched fuel is an enriched gasoline

12. The method of claim 1, wherein:



conbusted in the cylinder in the presence of between about 10%to about 40%
by volune EGR;, and (e) the engine's peak NOx em ssion |level is between
about 5%WO 20t10084099% | ower than the NOx em ssion | evel PgENSREDAE8DY
conmbustion of a correspondi ng non-enriched gasoline under equival ent
conbustion conditions.13. The nethod of claim1, wherein: (a) the advanced
conbustion engi ne operates in a HCCl node; (b) the enriched fuel is
sel ected fromthe group consisting of (4b). an enriched gasoline conprising
about 48% or nore by volune of aromatics, cycloparaffns, and ol efins; (2)
an enriched gasoline copprising about 43%.0r nore vol. u aromati cs
and ol efins: 23 an enrlEndd SeBRRHoBRPh STRBE aBbaHbhTI o o by
vol ume of apgymtics and cycloparaffnms; and (4) an enriched gasoline
conpri sing about 19% or nore by vol une of cycl opar affms and ol efins; (c)
t he engi ne cylinder optj.Qn n ntage by volunme of EGR
prior to conbustion of {tﬁ % nrcl% g%éaso I n%hﬁdgﬁse&@w i nder; (d) upon
conmbustion, the Rmax val ue |s appr oxi mat el y eﬂual to the Rrax val ue
observed when a corresp@ﬁdﬂh@emﬁmﬁ@mﬂd{@h@ml@é BICPRains & sexpidiesecadpgen t he
cyl i nder |n h e e |.ume EGR;
and (e) the %rYg}‘*ﬁ%“ éfe%ﬁlpﬁﬂ{)?o égniﬁglgslt@ﬁ% Ee}%}ae ?Chg%gé)s\(/aéé%l até yh%‘fo’to about
99% | ower than the NQ( em ssion | evel generated by conbustion of a
cor r espondi ng non enr i ctfld UpaBEPmREstinie tie Roqui Y4 ERPPESHBALLY eavaténdi t i ons.
éger;{‘gs”ﬁ%’e vSlh%'o%‘se’rVed’%&ﬁéﬂ Qorr{Pbndi§ nBHVANCES £30RKSE! on engi ne
combusted in the cylinder in the presence of between about 10% to about 40%

by volume EGR; and

(e) the engine’s peak NO, emission level is between about 5%
to about 99% lower than the NO, emission level generated by combustion of a

corresponding non-enriched gasoline under equivalent combustion conditions.



node; (b) the enriched fuel is selected fromthe group consisting of (1) an
enri ched gasoline conprising about 58% or nore by volune of aromatics,

cycl opar avbres1/msm40l efi ns; (2) an enriched gasol i ne comrprits2ong/oadyout 53%
or nore by volune of aromatics and olefins; (3) an enriched

gasol i neconpri sing about 45% or nore by volune of aromatics and
cycloparaffns; and (4) an enriched gasoline conprising about 20% or nore by
vol ume of cycloparaffns and olefins. (g3 the engine cylinder does not
contain EGR prior to conmbustion of the enriched gasoline in the cylinder;

and (d) the engine's.pe m.ssi.on | evel. i s between about 5% to about
99% | ower than the Eéx iﬁ? %ﬁq%@@%gﬁge&?ed by conbustion of a
correspondi ng non-enriched gasoline under equival ent conbustion conditions.
15. The method of clai nfa, thphadwinped ¢apbusken gagianeperasibasiGdn engi ne
oper at es inn%)HCCI node; (b) the enriched fuel is gasoline which is
enriched in adﬁydrocarbon fraction selected fromthe group consisting of a
cycl opentane, toluene, and diisobutylene; (c) the engine cylinder does not
contain EGR prior to coffdushe eniched fird iespl¢ctetbiogdboRione Copsiste ¢yl i nder ;

and (0 e gl e R ER o T Ak B o R G Bp HorgL 0 00ut

99% | ower t em ssron genefate ustion o
correspondi Rgcloparafing] atdesleas 1) avecnuidber gagUhy edigplisicoabuisUBworcondi ti ons.
16. The method of claiml, wherein the enriched fuel is selected fromthe
group consi gqqre@y gplume of aromatics and olefins; (3) an enriched gasoline comprising

about 40% or more by volume of aromatics and cycloparaftins; and (4) an

enriched gasoline comprising about 19% or more by volume of cycloparaftins

and olefins;

(c) the engine cylinder optionally contains a small percentage

by volume of EGR prior to combustion of the enriched gasoline in the cylinder;

(d) upon combustion, the Rmax value is approximately equal
to the Rmax value observed when a corresponding non-enriched gasoline is
combusted in the cylinder in the presence of between about 10% to about 40%

by volume EGR; and

(e) the engine’s peak NOx emission level is between about
5% to about 99% lower than the NOx emission level generated by combustion of

a corresponding non-enriched gasoline under equivalent combustion conditions.
14. The method of claim 1, wherein:

(a) the advanced combustion engine operates in a HCCI

mode;

(b) the enriched fuel is selected from the group consisting of
(1) an enriched gasoline comprising about 58% or more by volume of
aromatics, cycloparaffins, and olefins; (2) an enriched gasoline comprising about

53% or more by volume of aromatics and olefins; (3) an enriched gasoline



(1) an enriched fuel conprising either (a) about 25% 50% by vol une of
aromatics, or (b) about 15% 25% by vol une of olefins, or (c) about 5% 20%
by vol unewof2otywmBepar af f ms; (2) an enriched fuel conpri siPOg/USa)104B88904

25% 50% by vol unme of aromatics (b) about 15% 25% by vol ume of ol efins, and
(c) about 5% 20% by vol ume of cycloparaffns; (3) an enriched fuel

conprising (a) about 35% 45% by vol une of aromatics (b) about 15% 20% by

vol ume of olefins, and (c) about 5% 15%4y vol une of cycloparaffns; (4) an
enriched fuel conprising (a) about 35% by vol une of aromatics (b) about 18%
by vol une of ol ef.ins ol C) about 10% by. vol une of cycloparaffns; (5) an
one | ched.  uspPRENBR A g0 SLBBSH waBms Y ol PAER o e iR@RRLRAR pout

15% 25% by v dhr@rihe®L&b1IAS corthfrisian abdit 20Mest hoRl byciRht 9Fng about 25% 50%
by vol une of ‘aromatics and about 5% 20% by vol ume of cycloparaffns; (7) an
enri ched fuéycleparpiingiang okdbima: 15% 20% by vol ume of ol efins and about

5% 15% by vol une of cycloparaffins; (8) an enriched gasoline conprising

about 45% 65% by vol ume(Qf th¢ eiEhd edlindey Gdanmk 8bifthinEGRMeoBLE! i ns; (9) an
enri ched gasoline conprising about 45% 60% by vol une of aromatics,

cycl opar af f g8mbusipnaifehe eryiched gysadine énicsiyiigdyasgesl i ne conpri si ng about
48% 58% by vol unme of aromatics, cycloparaffns, and olefins; ( 11) an

elnr :c ched gasol i ne conpr{®i nBe algué’s H% ROMODYission 1svel 9hearRAabbes and
ol ef i ns;
5% to about 99% lower than the NOx emission level generated by combustion of

a corresponding non-enriched gasoline under equivalent combustion conditions.
15. The method of claim 1, wherein:

(a) the advanced combustion engine operates in a HCCI

mode;

(b) the enriched fuel is gasoline which is enriched in a
hydrocarbon fraction selected from the group consisting of a cyclopentane,

toluene, and diisobutylene;

(¢) the engine cylinder does not contain EGR prior to

combustion of the enriched gasoline in the cylinder; and

(d) the engine’s peak NOx emission level is between about
5% to about 99% lower than the NOx emission level generated by combustion of

a corresponding non-enriched gasoline under equivalent combustion conditions.

16. The method of claim 1, wherein the enriched fuel is selected

from the group consisting of:

(1) an enriched fuel comprising either (a) about 25%-50% by
volume of aromatics, or (b) about 15%-25% by volume of olefins, or (¢) about

5%-20% by volume of cycloparaffins;



(12) an enriched gasoline conprising about 45% 60% by vol une of aromatics
and ol efins; (13) an enriched gasoline conprising about 43% 53% by vol une of
ar onmat i csweandiiglogfouns; (14) an enriched gasoline conpri #Cmg/Saino0s8940% 60%
by vol une of aromatics and cycl oparaffins; (15) an enriched gasoline

conpri si ng about 45% 55% by vol une of aromatics and cycloparaffins; (16) an
enri ched gasoline conprising about 45% by vol une of aromatics and
cycloparaffins; (17) an enriched gasolifye conprising about 10% 30% by

vol ume of cycloparaffins and olefins; (18) an enriched gasoline conprising

about 15% 30% by vol une @f cycl.oparaffins and efins, ), .an enriched

gasol i ne conprising abp@3 fﬁ%ngsg/?f{o@e(/%qtﬂ%“% &éﬂﬁ?@?a%%aﬁ’n%‘/ and ol efins;
(20) an enrivghest GR3eMbANEG (©PIBIUL 35N R dtvolate aP8tchMs, wal verabeliit ar omati cs;
(21) an enriched gasoline conprising about 35% 45% by vol une of aromati cs;

(22) an enr Pehed

sullime of eyglepasfiigisabout 35% by vol ume of aromatics; (23)

an enriched gasoline conprising about 15% 25% by vol une of olefins; (24) an

enri ched gasol i ne compr {3 n@ cabiehdd LBPeARYPNE LOhBSR 335:-abefthyns; (25) an
enri ched gasoline conprising about 18% by vol une of
volume of aromatics (b) about 15%-20% by volume of olefins, and (c¢) about

5%-15% by volume of cycloparaffins;

(4) an enriched fuel comprising (a) about 35% by volume of

aromatics (b) about 18% by volume of olefins, and (c) about 10% by volume of

cycloparaftins;

(5) an enriched fuel comprising about 25%-50% by volume of

aromatics and about 15%-25% by volume of olefins;

(6) an enriched fuel comprising about 25%-50% by volume of

aromatics and about 5%-20% by volume of cycloparaffins;

(7) an enriched fuel comprising about 15%-20% by volume of

olefins and about 5%-15% by volume of cycloparaffins;

an enriched gasoline comprising about 45%-65% by
(8) iched li ising about 45%-65% b

volume of aromatics, cycloparaffins, and olefins;

an enriched gasoline comprising about 45%-60% by
) iched li ising about 45%-60% b

volume of aromatics, cycloparaffins, and olefins;

(10) an enriched gasoline comprising about 48%-58% by

volume of aromatics, cycloparaffins, and olefins;

(11) an enriched gasoline comprising about 40%-60% by

volume of aromatics and olefins;

(12) an enriched gasoline comprising about 45%-60% by

volume of aromatics and olefins;



ol efins; (26) an enriched gasoline conprising about 5% 20% by vol une of
cycloparaffins; (27) an enriched gasoline conprising about 5% 15% by vol une
of cycl opaoabfiaes4o4(28) an enriched gasoline conpri si ngPalbaiseo100%89%y vol unme
of cycloparaffins; and (29) an enriched gasoline conprising (a) about

25% 50% by vol unme of aromatics (b) about 15% 25% by vol une by vol une of
olefins, and (c) about 5% 20% by vol ume of cycloparaffins, wherein the

enri ched gasoline is enriched in a hydngparbon sel ected fromthe group
consi sting of cyclopentane tquene d||sobutylene 17. The met hod of

claim12, wherein the e k%Ia operatlng env ﬁﬁ?ﬁ)s | oads t hat
are about 10% t o about ed]ﬁ]é FARPHhEYE %%1%3 d engi ne
uses. a hon- eamnqg@chrg@g@éslmolafﬁls A et hod of expandi ng an advanced
conbusti on engi ne's operating envelope durlng operation in an advanced

operation in the advanctd corauerrEERRuaR BT B ERe R ng an
enri ched fugbluaitdofakembti&%ndrcy {7 grabyngyol une of an al cohol. 19. The nethod
of claim 18, wherein the bIend |s sel ected fromthe group consi sting of:

(a) a blend conprising @@332 é%%hg Qﬁﬂhegé %H%ng 1Hg8 aazl | cohol and

about 85%to about 95% ung o an enric nd conpri sing

about 15%tQ0ﬁ1|ﬁm,6f325[?fatb¢g afﬁldgmp@ﬁafm al cohol and about 75% t o about 85%
by vol une of an enriched fuel;

(16) an enriched gasoline comprising about 45% by volume of

aromatics and cycloparaffins;

(17) an enriched gasoline comprising about 10%-30% by

volume of cycloparaffins and olefins;

(18) an enriched gasoline comprising about 15%-30% by

volume of cycloparaffins and olefins;

(19) an enriched gasoline comprising about 13%-25% by

volume of cycloparaffins and olefins;

(20) an enriched gasoline comprising about 25%-50% by

volume of aromatics;

(21) an enriched gasoline comprising about 35%-45% by

volume of aromatics;

(22) an enriched gasoline comprising about 35% by volume of

aromatics;

(23) an enriched gasoline comprising about 15%-25% by

volume of olefins;

(24) an enriched gasoline comprising about 15%-20% by

volume of olefins;



(c) a blend conprising about 25%to about 35% by vol une of an al cohol and

about 65%to about 75% by volune of an enriched fuel; (d) a blend

conpri si yoaboumsds% t o about 45% by vol ume of an al coh®CTAarsd01aloassro 55% t o
about 65% by volunme of an enriched fuel; (e) a blend conprising about 45%
to about 55% by volune of an al cohol and about 45%to about 55% by vol une

of an enriched fuel; (f) a blend conprising about 55%to about 65% by

vol ume of an al cohol and about 35%to apout 45% of an enriched fuel; (g) a
bl end conprising about 65%to about 75% by vol une of an al cohol and about

25% t o about 35% by vol of an enriched fuel.:. J end conpri.sing
Zbout (8% o about 8556 by 01 e ST EdsATE s iouf B e R a0t 2506
by vol ume ofamgenriched fuel; and (i) a blend conprising about 85%to
about 95% by vol une of an al cohol and about 5% to about 15% by vol une of an

enriched fuel. 20. The hod of, ¢l aim.18, wherein th Ql is ethanol
and the enriched fuel i g%gna%éarr]lﬁlc% degasnié%%??nﬁ%r. s1§g1;‘oo]4ﬁ§%%§°ﬁ)}g of claim18,
wher ei n t he ygRimcoRS cfopetafiiss; gasol i ne which is enriched in a hydrocarbon

fraction selected fromthe group consisting of a cycl opentane, toluene, and

di i sobutyl ene. 22. The @t&%den%gh% %%&&o%ﬁsﬁ% g%oglrtlg%tgh%do conprises an

enri ched gasoline and e nol-,  an erein conpri s&s about 10% by
vol ume or nepRIN® ofelyorpatarfungd about 45% or nore by vol ume of aromatics,
cycl oparaffins, and ol efins.23. The nethod of claim 18, wherein the blend

conprises an enriched g | . : h Rot conpri ses
about 10% by vol une or ﬁ%?eano r1§€%da§e}gpﬁrgé;é Hé@g%?%%?épﬁ’ r‘éagl?)lg\%gl une of

aromat i cs agcloparaffins; and

(29) an enriched gasoline comprising (a) about 25%-50% by
volume of aromatics (b) about 15%-25% by volume by volume of olefins, and
(c) about 5%-20% by volume of cycloparaftins, wherein the enriched gasoline is
enriched in a hydrocarbon selected from the group consisting of cyclopentane,

toluene, and diisobutylene.

17. The method of claim 12, wherein the engine’s HCCI operating
envelope includes loads that are about 10% to about 30% higher than those

achieved when the engine uses.a non-enriched gasoline.

18. A method of expanding an advanced combustion engine’s
operating envelope during operation in an advanced combustion mode, the
method comprising supplying an engine cylinder during operation in the
advanced combustion mode with a blend comprising an enriched fuel and about

5% or more by volume of an alcohol.

19. The method of claim 18, wherein the blend is selected from the

group consisting of:

(a) ablend comprising about 5% to about 15% by volume of

an alcohol and about 85% to about 95% by volume of an enriched fuel;



olefins. 24. The nethod of claim 18, wherein the blend conprises an

enri ched gasoline and ethanol, and wherein the blend conprises about 10% by
vol une orwoupd/840et hanol and about 40% or nore by vol ureTafS2@0088v6 cs and
cycl oparaffnms. 25. The nethod of claim 18, wherein the blend conprises an
enriched gasoline and ethanol, and wherein the blend conprises about 10% by
vol ume or nore of ethanol and about 10% or nore by vol unme of cycl oparaffns
and ol efins. 26. The nethod of claim 18g wherein the blend is selected from
the group consisting of blends conprising (1) ethanol and an enriched

gasol i ne, wherein the bb)nd i rlsed of t@g 5% vol %é et hanol
and (a) about 20% 80% b 3vc?ltﬂ} %ﬁlsélﬁ%?l?o ﬁ‘?@%o afnsg)lp EJ@E/% vol une
cycl opar af f gg alc@hol4nd a%@@tnsoﬁﬁ@%@xsvmwmu@ﬂe@‘flaﬁ%nn@ﬁed(fdél about 20-90% by
vol une of aromati cs, cycloparaffns and ol efins, or (e) about 16- 85% by

vol ume aromatics and oI abo 0%

cycl oparaffns, or (Q) a Stg %G}Smén %% “%??r% tgn 0%‘1%1% ¥V°PL5‘}G %ft hanol
and an enri @h@fbogalsaidiab@ut @mrc@ausmhs%%;e{a@lunﬁ ofaARrnfisied fkl; about 5- 14% by
vol une of ethanol and (a) about 15% 75% by vol une of aromatics, or (b)

about 3-55% by vol une c IunE 5§3 Qpﬁ%g&&%ﬂ%?@%%aﬁog‘%%p%y dH&$e Ieflns

or (d) about 17-85% by 10 ara i ns,

(e) about 14n8Q¥%harmaaiboass 20t @H)(ﬁft%ﬂ%b@ﬁolﬁﬁl)e&if@ﬁfenﬂ;&leaﬁ%larOmitI cs and
cycloparaffms, or (g) about 4-65% cycloparaffins and ol efins; (3) ethanol

and an enriched gasoli nEe’) %Eﬁd Qorﬁlg}?sn% 9610%‘[ 43% to about 55% by volume of

an alcohol and about 45% to about 55% by volume of an enriched fuel;

(f) ablend comprising about 55% to about 65% by volume of

an alcohol and about 35% to about 45% of an enriched fuel;

(g) ablend comprising about 65% to about 75% by volume of

an alcohol and about 25% to about 35% by volume of an enriched fuel;

(h) ablend comprising about 75% to about 85% by volume of

an alcohol and about 15% to about 25% by volume of an enriched fuel; and

(i) ablend comprising about 85% to about 95% by volume of

an alcohol and about 5% to about 15% by volume of an enriched fuel.

20. The method of claim 18, wherein the alcohol is ethanol and the

enriched fuel is an enriched gasoline.

21. The method of claim 18, wherein the enriched fuel is gasoline
which is enriched in a hydrocarbon fraction selected from the group consisting

of a cyclopentane, toluene, and diisobutylene.

22. The method of claim 18, wherein the blend comprises an
enriched gasoline and ethanol, and wherein the blend comprises about 10% by
volume or more of ethanol and about 45% or more by volume of aromatics,

cycloparaffins, and olefins.



conpri sed of about 15-90% by vol une of ethanol and (a) about 10-70% by
vol unme of aromatics, or (b) about 2-50% by vol une cycl oparaffns,or (c)
about 3- 68@2by/0e8ioune ol efins, or (d) about 10-80% by veCums2ab/0as9ematics,
cycloparaffins, and olefins, or (e) about 8-75% by vol une aromatics and
olefins, or (f) about 8-70% aromatics and cycl oparaffins, or (g) about
3-60% cycl oparaffins and ol efins; (4) ethanol and an enriched gasoli ne,
wherein the blend is conprised of aboutyf)-5% by vol ume of ethanol and (a)
about 25% 70% by vol une of aromatics, or (b) about 5-50% by vol une

cycl oparaffins, or (L) out .7-60% b ol une.ol.efins, or g;el about 30-80%
by vol ume of aromat i2§s,%ﬁgaeg}:?grogfcia}%s&’gﬁﬁre&ﬁl i'%%l}d%ormf_(f g31E)out 26- 75% by
vol ume ar omghii@ifedaiasblfleaindshanel, ahd whakek! thedAen@éonisRRBhbsiE 18%¢by

cycloparaffins, or (g) about 10-60% cycl oparaffins and ol efins; (5) ethanol

and an enri dhbencerigooicrnd cthanel aiidmbohied Bl ehendre by yapmseihromattsand 5- 14% by
vol une of etg ol and (a) about 20% 65% by vol une of aromatics, or (b)
about 4- 45% e\\?’lnn\%l ume cycl oparaffins, or (c) about 5-55% by vol une ol efi ns,
or (d) about 22-75% by volune of aromatics, cycloparaffins, and olefins, or
(e) about 19-70% ar @fat The mgHwdaifefainsl 8, viheyein theddend agn@ses ak onat i cs and

cycl oparaffins r abqut, 7-55% cycl oparaffins and olefings, {6) ethanol
and an enr i Shasheaebng 2 naiol 300 RESITRA NSRS abok Rt 15 6056 by

vol une of etbrn orafere(A@ketRBOLINd E0EOX0MRYr e B vofundy GMibingSes id (b) about
3-40% by vol une cycl oparaffns, or (c) about 4-50% by vol une ol efins, or (d)

about 15- 70%@9paraffidye of aromatics, cycloparaffins, and ol efins, or (e)
about 13-65% by volunme aromatics andol efns, or (f) about 12-60% aronatics

and cycloparaffins, 28 (8 nRbERdof21HMIS, wherein the blend comprises an
enriched gasoline and ethanol, and wherein the blend comprises about 10% by
volume or more of ethanol and about 10% or more by volume of cycloparaffins

and olefins.

26. The method of claim 18, wherein the blend is selected from the

group consisting of blends comprising;:

(1) ethanol and an enriched gasoline, wherein the blend is
comprised of about 0-5% by volume of ethanol and (a) about 20%-80% by
volume of aromatics, or (b) about 4-60% by volume cycloparaffins, or (c) about
6-70% by volume olefins, or (d) about 20-90% by volume of aromatics,
cycloparaffins, and olefins, or (¢) about 16-85% by volume aromatics and
olefins, or (f) about 14-80% aromatics and cycloparaffins, or (g) about 5-70%

cycloparaffins and olefins;

(2) ethanol and an enriched gasoline, wherein the blend is
comprised of about 5-14% by volume of ethanol and (a) about 15%-75% by
volume of aromatics, or (b) about 3-55% by volume cycloparaffins, or (c) about
4-65% by volume olefins, or (d) about 17-85% by volume of aromatics,

cycloparaffins, and olefins, or (¢) about 14-80% aromatics and olefins, or (f)



cycloparaffins and olefins; (7) ethanol and an enriched gasoline, wherein
the blend is conprised of about 0-5% by volune of ethanol and (a) about

35% 80% bwowvolwunmetaf aromatics, or (b) about 10-60% by worarse010/038970

cycl oparaffins, or (c) about 18-70% by volunme olefins, or (d) about 48-90%
by vol une of aromatics, cycloparaffins, and olefins, or (e) about 43-85% by
vol unme aromatics and olefins, or (f) about 40-80% aronmatics and
cycloparaffins, or (g) about 19-70% cydgpparaffins and olefins; (8) ethanol
and an enriched gasoline, wherein the blend is conprised of about 5- 4@6by

bout 5 sog Bo M TR afPha B M priT ARt oY o Bl Ko B BT R0Re Pkt s,

or (d) aboutnd3dte8ddo by vol ume of aromatics, cycloparaffins, and olefins, or
(e) about 38- 80@6aronat|cs and olefins, or (f) about 35- 75@6aronat|cs and

cycloparaffins, or (g) 2&913§gﬁ9&g(%§§ggxﬁlns ﬁrgmﬁh%ﬁk (9) ethanol

and an enriched gasolin R out 15- 90% by

vol une of ebb@pﬁbem%aﬁ15ctbm4>tby2\5ﬂl?1ﬁ%/mbythu@éuam (Q)fab@UDIIP-UO?ZESo or (b) about
3-50% by vol une cycl opar af f s, or §?5abOUt -60% by vol une oleflns or (d)
o

about 33- 80%®bynai aipmaidss, ar Grrab %{ndqyowéw fydieparafifiels.oF efiaheut or (e)

about 30-75% oI upe. arQ tic d abou 28-70% aromati cs
and cycl oparé'qq%% ¥VO e(%lf Sr)8ufd)§% l’.yrf’/i Jf}’% a¥oé?r¥1?3qfa%9n 18? efins; (10)

et hanol andcaglo ﬁﬁﬁffﬁi@e&d&ﬂéﬂﬁd BE(c) Wbeue- ms% V@R aiosAREAA SRENO! about
0-5% by vol une_of ethanol and (a) about 38% 70% by vol unme of aromatics, or

(b) about 19r §09%¢ Sy H)ameorastias apacaelpPaaiingr o () akmyt dt60%
cycloparaffins and olefins;

(4) ethanol and an enriched gasoline, wherein the blend is
comprised of about 0-5% by volume of ethanol and (a) about 25%-70% by
volume of aromatics, or (b) about 5-50% by volume cycloparaffins, or (c¢) about
7-60% by volume olefins, or (d) about 30-80% by volume of aromatics,
cycloparaftfins, and olefins, or (¢) about 26-75% by volume aromatics and
olefins, or (f) about 24-70% aromatics and cycloparaffins, or (g) about 10-60%

cycloparaffins and olefins;

(5) ethanol and an enriched gasoline, wherein the blend is
comprised of about 5-14% by volume of ethanol and (a) about 20%-65% by
volume of aromatics, or (b) about 4-45% by volume cycloparaffins, or (c¢) about
5-55% by volume olefins, or (d) about 22-75% by volume of aromatics,
cycloparaffins, and olefins, or (¢) about 19-70% aromatics and olefins, or (f)
about 18-65% aromatics and cycloparaffins, or (g) about 7-55% cycloparaftins

and olefins;

(6) ethanol and an enriched gasoline, wherein the blend is
comprised of about 15-90% by volume of ethanol and (a) about 15-60% by
volume of aromatics, or (b) about 3-40% by volume cycloparaffins,or (c) about
4-50% by volume olefins, or (d) about 15-70% by volume of aromatics,

cycloparaffins, and olefins, or (¢) about 13-65% by volume aromatics and



19-60% by vol une ol efins, or (d) about 58-80% by volune of aromatics,
cycloparaffins, and olefins, or (e) about 53-75% by vol une aromatics

andol ef nswoap11(doy40about 45- 70% aronmati cs and cycl opar af PCmaiS2@0/0689y0 about
20- 60% cycl oparaffns and ol efins; ( 11) ethanol and an enriched gasoli ne,
wherein the blend is conprised of about 5-14% by vol une of ethanol and (a)
about 32% 65% by vol une of aromatics, or (b) about 6-45% by vol une
cycloparaffins, or (c) about 9-55% by v@lune olefins, or (d) about 48-75%
by vol une of aromatics, cycloparaffins, and olefins, or (e) about 43-70%
aromati cs an Iefl about .40- SW |cs [0 raffins, or
(g) about 1@ %]‘%%r %’8& 5#??’6 argl?ilatl%ﬁ i HE Op@%%‘ QS’P %tr#dg(g?? enri ched
gasol i ne, whesepatatihie Rl @ndinks conprised of about 15 90% by vol une of

et hanol and (a) about 26- 60@6by vol une of aromatics, or (b) about 4-40% by

vol une cycl oparaffins, oga(%h%mgpgg S1ég&:?%ﬁa“)a 5 @ygf%ﬂébwﬁgs%d) about

38-70% by vol une of arohatics cyc opara e) about

33-65% by VebmpHs@ STELLCE 580l oblafienT etiinol dnd @Pastut 389HQ¥axonat i cs and
cycl oparaffins, or (g) about 10- 50@6;gclo paraffnms and ol efins; (13) an

al cohol and vahimsfi aspiaatiesagbit) BBOUtINEA QS by ek @wélonagafﬁawu( ogf about

5% to about vol u the o) t he,enrieghed asol i ne
conpri ses (a%sé%t{gu}lvﬁ %%G}t% gﬁu lﬁ Sé@% vohémeigfarggl Ut>15% 25% by

vol ume by vel¢opareffing] &id dl@ﬁnsaaﬁi(e()@bo@mugs% 2Q%mhy arvalatioBamf
cycloparaffins, and wherein the enriched gasoline is enriched in a

hydr ocar bon okénecardd Fhoghtq- ﬁ@%gqr@mptlm cyelopgrasiins (0 peattaie’0%o0l uene,

and dii sobut | cohol and an enriched gasoline, wherein the
blend is coﬁ%lgﬁgaﬁ%%%égé %to about 95% by vol une of the al cohol and

the enriched
(8) ethanol and an enriched gasoline, wherein the blend is
comprised of about 5-14% by volume of ethanol and (a) about 30%-75% by
volume of aromatics, or (b) about 5-55% by volume cycloparaffins, or (c) about
8-65% by volume olefins, or (d) about 43-85% by volume of aromatics,
cycloparaffins, and olefins, or (¢) about 38-80% aromatics and olefins, or (f)
about 35-75% aromatics and cycloparaffins, or (g) about 11-65% cycloparaffins

and olefins;

(9) ethanol and an enriched gasoline, wherein the blend is
comprised of about 15-90% by volume of ethanol and (a) about 25-70% by
volume of aromatics, or (b) about 3-50% by volume cycloparaffins,or (c¢) about
5-60% by volume olefins, or (d) about 33-80% by volume of aromatics,
cycloparaffins, and olefins, or (e) about 30-75% by volume aromatics and
olefins, or (f) about 28-70% aromatics and cycloparaffins, or (g) about 8-60%

cycloparaffins and olefins;

(10) ethanol and an enriched gasoline, wherein the blend is
comprised of about 0-5% by volume of ethanol and (a) about 38%-70% by
volume of aromatics, or (b) about 11-50% by volume cycloparaffins, or (c) about
19-60% by volume olefins, or (d) about 58-80% by volume of aromatics,

cycloparaffins, and olefins, or (¢) about 53-75% by volume aromatics and



gasoline is enriched in a hydrocarbon selected fromthe group consisting of
cycl opent ane, toluene, and diisobutylene; (15) an al cohol and an enriched
fuel, wheweiznitdossobl end i s conprised of about 5% to abo®CTAS210438900 une of
t he al cohol and the enriched fuel is selected fromthe group consisting of
an enriched gasoline, an enriched diesel fuel, an enriched kerosene, an
enriched jet fuel, an enriched biofuel blend, an enriched Fi scher-Tropsch
derived fuel, an enriched gasoline-diesgl_blend, an enriched naphtha, and
m xtures and/or bl ends thereof; (16) an al cohol and an enriched fuel,

e orol ang oG cer D t2PH26% RS gl DafRR o7 GelBlu Rt A nSf e

enri ched gasgtlbpgarfan aBAbIGEMEd di esel fuel, an enriched kerosene,
enriched jet fuel, an enriched bi of uel blend an enriched Fi scher- Tropsch

derlved fuel, an enr|ch@ﬂ%reé&hlnqlg{qﬁ&%ﬁgg%w? %Hg%%qég hggnaqphtha and

m xt ur es and/or bl ends ere n sone

aspects enr icempelsddofabdyds-045 BovoleRk &F e8ANSIr MM (hhEbolt 92R-EV9BySt i ng of
cycl opentane, toluene, and diisobutylene; (17) an alcohol and an enriched

gasol i ne, meh@ierpftaﬁ@rnbm@nar (b3 ab ﬂ%é@yozrohab@gyclgpmf@nawu(ﬁ) By by vol une

of et hanol an anal n J,Ghe asaline., .wherein the bl end
i's conpri sega%s%é m%%/o msat?o&(ﬁ %@@ %%A’GD %01]%?1 t%%?noaltlcs ‘and wherein the
enri ched ga%?&lbﬁeﬁaffﬁlseﬁfd S1b@ik, bP(c) abyetr43Cc ATk arorbel e ehe didimerart(he group
consi sting of cyclopentane, tol uene, and di i sobutyl ene. 27. The nethod of

cl ai m 19, mbcptéﬁlﬁ -0te apaemsies lang sy dopranidins «07d 2} Heové hpisSHeeydlenraratiiss a
gasol i ne whi ﬁ(ﬁl 1e%n§nr i ched in a hydrocarbon fraction selected fromthe
group consi s i a cycl opentane, toluene, and diisobutylene. 28. The
met hod of cIa|n119 wherei n the al cohol is ethanol and the
(12) ethanol and an enriched gasoline, wherein the blend is

comprised of about 15-90% by volume of ethanol and (a) about 26-60% by

volume of aromatics, or (b) about 4-40% by volume cycloparaffins,or (c) about

6-50% by volume olefins, or (d) about 38-70% by volume of aromatics,

cycloparaffins, and olefins, or (¢) about 33-65% by volume aromatics and

olefins, or (f) about 30-60% aromatics and cycloparaffins, or (g) about 10-50%

cycloparaffins and olefins;

(13) an alcohol and an enriched gasoline, wherein the blend is
comprised of about 5% to about 95% by volume of the alcohol and the enriched
gasoline comprises (a) about 25%-50% by volume of aromatics (b) about 15%-
25% by volume by volume of olefins, and (¢) about 5%-20% by volume of
cycloparaffins, and wherein the enriched gasoline is enriched in a hydrocarbon

selected from the group consisting of cyclopentane, toluene, and diisobutylene;

(14) an alcohol and an enriched gasoline, wherein the blend is
comprised of about 5% to about 95% by volume of the alcohol and the enriched
gasoline is enriched in a hydrocarbon selected from the group consisting of

cyclopentane, toluene, and diisobutylene;



enriched fuel is a gasoline which is enriched in cyclopentane.29. An
enriched fuel conprising a fuel which is enriched in a hydrocarbon fraction
sel ect ed wpam1tdegsogr oup consi sting of an aromatic fract ipom/USaoiopasoopar af fi n
fraction, and an olefinic fraction. 30. The enriched fuel of claim 29,
wherein the enriched fuel is selected fromthe group consisting of an

enri ched gasoline, an enriched diesel fuel, an enriched kerosene, an
enriched jet fuel, an enriched biofuel 43 end, an enriched Fi scher-Tropsch
derived fuel, an enriched gasoline-diesel blend, an enriched naphtha, and

m xtures and/ or bl ends reof. . 31. The enriched fuel. ai.m 29, wherein
the enriched fuel is seflgitagc?lﬁqh(?ﬁﬁ%aéﬂ ‘a[Fbclﬁi‘B&Elbeﬁ’s‘?’]gqrf”ﬁﬁ{l%ﬁ.engés) an enri ched
fuel conpri shigrigdesttdout $¥3R0 ab&ut%%ﬁfy D¥luMR! ofBe ACOBRhE $he dfdlched enri ched
fuel conprising greater than about 18% by volune ol efins; and (c) an

enri ched fuélelgoyabecitest figmdheatosp consstingfian cnovhes gaselipgrenepatigar af f i ns.
32. The enrigch fuel of .cl.aim 29, wherein .th nriched fuel 1.5 selected
From the gr SRS B raemisRgRerpgye. al G sy ighaberra~a kel Red about asue
or more by vplHAEhdAFigdheratdpssh dexeddomall ah thiiehed@asbl HeafiédesblchB)anan
enriched gasoline cog&;|5|ng about 43% or nore by volune of aromatics and

ol efins; (cynaghedmapbthedangasiiturasardoiblerdsiberapbut 40% or nore by vol une of
aromatics and cycl oparaffins; and(d) an enriched gasoline conprising about

19% or more by vol une of165 Y&l qdobhidEn @itthed efdlNSherein the blend is
comprised of about 5% to about 95% by volume of the alcohol and the enriched
fuel is selected from the group consisting of an enriched gasoline, an enriched
diesel fuel, an enriched kerosene, an enriched jet fuel, an enriched biofuel blend,
an enriched Fischer-Tropsch derived fuel, an enriched gasoline-diesel blend, an
enriched naphtha, and mixtures and/or blends thereof, wherein the enriched fuel
is in some aspects enriched in a hydrocarbon selected from the group consisting

of cyclopentane, toluene, and diisobutylene;

(17) an alcohol and an enriched gasoline, wherein the blend is

comprised of about 5% to about 95% by volume of ethanol; and

(18) an ethanol and an enriched gasoline, wherein the blend is
comprised of about 5% to about 95% by volume of ethanol, and wherein the
enriched gasoline is enriched in a hydrocarbon selected from the group

consisting of cyclopentane, toluene, and diisobutylene.

27. The method of claim 19, wherein the alcohol is ethanol and the
enriched fuel is a gasoline which is enriched in a hydrocarbon fraction selected

from the group consisting of a cyclopentane, toluene, and diisobutylene.

28. The method of claim 19, wherein the alcohol is ethanol and the

enriched fuel is a gasoline which is enriched in cyclopentane.



33. The enriched fuel of claim?29, wherein the enriched fuel is selected
fromthe group consisting of: (a) an enriched fuel conprising about 38% or
nore by wsbunsa/@swomati cs, (b) an enriched fuel conprisi rgTAISOUD/03H% or nore
by volune olefins; and (c) an enriched fuel conprising about 11% or nore by
vol une cycl oparaffns. 34. The enriched fuel of claim?29, wherein the
enriched fuel is selected fromthe group consisting of: (a) an enriched
gasol i ne conprising about 58% or nore by volume of aromatics,

cycl oparaffns, and ol efins; (b) an enriched gasoline conprising about 53%

or nore by volune of,,arqQmati.c d, olefins: (c n.enriched .gasol i ne
conpri sing about 45‘%9er}1}(§’ch Y\ 81 fﬂ%prbsfm%?‘ g‘i’%f@é@ léﬁﬂnl%]? Ilgﬁar affns; and
(d) an enri ¢hedcadseiabot MRt SHro6 tBO Ottfup 2000 Hingd B 2 RYmUHE HOB N,
cycloparaffns and ol efins. 35. The enriched fuel of claim?29, wherein the

enri ched fuelcytloparafasGntiva, awd anolefnigrdrdcéied in a hydrocarbon sel ect ed
fromthe group consisting of cycl opentane, toluene, and diisobutyl ene. 36.

The enriched fuel of3oc] Fhee@Ghewttes f BlaiReoewhbeittheleuaithdasfusiekect ed from
the group consisting of:(1) an enriched fuel conprising either (a) about

38% 70% by vereaefiom deanein eonsistng pbyn evinled gevrligossrbsnricbpdithesdf ol ef i ns,
or (c) am)Utfue:&,la?{i3 e5n(%10é QA’ ké’r%lse%%?aﬁ) Enr?éﬁ%h ?e[%%&]c a];r{ HRiched biofuel blend, an
enriched Fischer-Tropsch derived fuel, an enriched gasoline-diesel blend, an

enriched naphtha, and mixtures and/or blends thereof.

31. The enriched fuel of claim 29, wherein the enriched fuel is

selected from the group consisting of:

(a) an enriched fuel comprising greater than about 35% by

volume aromatics,

Y

(b) an enriched fuel comprising greater than about 18% by

volume olefins; and

(¢) an enriched fuel comprising greater than about 10% by

volume cycloparaffins.

32. The enriched fuel of claim 29, wherein the enriched fuel is

selected from the group consisting of:

(a) an enriched gasoline comprising about 48% or more by

volume of aromatics, cycloparaffins, and olefins;

(b) an enriched gasoline comprising about 43% or more by

volume of aromatics and olefins;

(¢) an enriched gasoline comprising about 40% or more by

volume of aromatics and cycloparaffins; and



(2) an enriched fuel conprising (a) about 25% 50% by vol unme of aromatics
(b) about 15% 25% by vol une of olefins, and (c) about 5% 20% by vol une of
cycl opar avDi2nsj008% an enriched fuel conprising (a) abowrCTA5261083%90y vol une
of aromatics (b) about 15% 20% by vol unme of olefins, and (c) about 5% 15%
by vol une of cycloparaffins; (4) an enriched fuel conprising (a) about 35%
by volune of aromatics (b) about 18% by vol une of olefins, and (c) about
10% by vol ume of cycloparaffins; (5) amsenriched fuel conprising about

25% 50% by vol unme of aromatics and about 15% 25% by vol une of ol efins; (6)

an enriched fuel conprising_abou 5% 50% by vol u f,8romati cs and about
5% 20% by vol une of cycfde}p aef]fllct\%(fga(s9 nea?'nmﬁl?ﬁlﬁl %mtgou?&g% %Ic}ﬂ%rlgi%éli ng about
15% 20% by vgludiofycRipafaffiss adichiedpaut 5% 15% by vol ume of cycl oparaffins;
(8) an enriched gasoline conprising about 45% 75% by vol unme of aromati cs,

cycl oparaffins, and 3%I ejrh”?ﬁric(h%bcf@erl o?gfaiirgpgdwggrse?ru Q%Pgl??r’gr%i;fi_ugli(-ng about

48% 70% by vol unme of"aro iCSs, cl-opar I ns, an 1iO) an

enri ched gasekétse freaMpEicsduitconbiatihg 68% 68% by vol ume of aromati cs,
cycloparaffins, and olefins;( 11) an enriched gasoline conprising about

40% 80% by vol une of ar tics . lefins: . nei gasol i ne
conpri sing about 45% 70%% byanveglrlﬁff?ré;d @Fﬁédr%%lé%@oélﬁgggﬁ (gfllﬁargg)y( 13) an
enri ched gaselunfteare@@néd, si ng about 53% 65% by

(b) an enriched fuel comprising about 19% or more by

volume olefins; and

(¢) an enriched fuel comprising about 11% or more by

volume cycloparaffins.

34. The enriched fuel of claim 29, wherein the enriched fuel is

selected from the group consisting of:

a) an enriched gasoline comprising about 58% or more b
g p g Y

volume of aromatics, cycloparaffins, and olefins;

(b) an enriched gasoline comprising about 53% or more by

volume of aromatics and olefins;

(¢) an enriched gasoline comprising about 45% or more by

volume of aromatics and cycloparaffins; and

(d) an enriched gasoline comprising about 20% or more by
volume of cycloparaffins and olefins.
35. The enriched fuel of claim 29, wherein the enriched fuel is a
gasoline which is enriched in a hydrocarbon selected from the group consisting

of cyclopentane, toluene, and diisobutylene.

36. The enriched fuel of claim 29, wherein the enriched fuel is

selected from the group consisting of:



vol une of aromatics and ol efins; (14) an enriched gasoline conprising about
40% 70% by vol ume of aromatics and cycl oparaffns; (15) an enriched gasoline
conpri si Nyoaboums#A2% 65% by vol une of aromatics and cyclpoparsaéiomege7¢ 16) an
enriched gasoline conprising about 45% 55% by vol une of aromatics and
cycloparaffns; (17) an enriched gasoline conprising about 19% 60% by vol une
of cycloparaffns and ol efins; (18) an enriched gasoline conprising about
20% 50% by vol unme of cycloparaffms and g efins; (19) an enriched gasoline
conpri sing about 22% 40% by vol une of cycloparaffns and ol efins; (20) an

enriched gasoline conprijsing about. 25% 50% by vgl u f LesS;, (21) an
enriched gasoline corrpr@! T e&HSﬁqdé‘g%%@&%@Yﬁ 9@?%@%@%%@@%&@ (22) an
enri ched gaselunitCofRomEdi&, BE(H3RBYL 19960, MOl OF oRtRERdr (EFaHogd) an
enriched gasoline conprising about 15% 25% by vol une of ol efins; (24) an

enri ched gaddVa-s&odymslumse agcebenarafiiBss 20% by vol une of ol efins; (25) an
enri ched gasoline conprising about 18% by vol une of ol efins; (26) an

enriched gasoline conpr{®i ng cabiekdd R% &8afipridiing (a) about 25%-50% by
volume of aromatics (b) about 15%-25% by volume of olefins, and (c) about

5%-20% by volume of cycloparaffins;

(3) an enriched fuel comprising (a) about 35%-45% by
volume of aromatics (b) about 15%-20% by volume of olefins, and (c) about

5%-15% by volume of cycloparaffins;

(4) an enriched fuel comprising (a) about 35% by volume of
aromatics (b) about 18% by volume of olefins, and (c) about 10% by volume of

cycloparaftins;

(5) an enriched fuel comprising about 25%-50% by volume of

aromatics and about 15%-25% by volume of olefins;

(6) an enriched fuel comprising about 25%-50% by volume of

aromatics and about 5%-20% by volume of cycloparaffins;

(7) an enriched fuel comprising about 15%-20% by volume of

olefins and about 5%-15% by volume of cycloparaffins;

an enriched gasoline comprising about 45%-75% by
8) iched li ising about 45%-75% b

volume of aromatics, cycloparaffins, and olefins;

(9) an enriched gasoline comprising about 48%-70% by

volume of aromatics, cycloparaffins, and olefins;

(10) an enriched gasoline comprising about 58%-68% by

volume of aromatics, cycloparaffins, and olefins;



vol une of cycloparaffns; (27) an enriched gasoline conprising about 5% 15%
by volune of cycloparaffns; (28) an enriched gasoline conprising about 10%
by vol unewof2otymBmpar af f ns; (29) an enriched gasol i ne cecprissimng3goa) about
25% 50% by vol unme of aromatics (b) about 15% 25% by vol une by vol une of

ol efins, and (c) about 5% 20% by vol unme of cycloparaffns, wherein the
enriched gasoline is enriched in a hydrocarbon selected fromthe group
consi sting of cyclopentane, toluene, ang diisobutylene; and (30) an
enriched gasoline conprising (a) about 35% 45% by vol une of aromatics (b)
about 15% 20% by vol une vol u f ol.efins, .and {(c boyt,, 10% 20% by

vol ume of cycl opar affnsglqéhaé}eéﬁrﬁﬁ?cﬁ%asgml? 8?{88“%}3%8‘%?‘%@6/%%{& Yched in a
hydr ocar bon ygrheci@eohh@m dlaeaiRup consisting of cycl opentane, toluene,
and diisobutylene 37. A blend conprising an enriched fuel and about 5% or

nore by volune of an al ol. 38, The blen f..claim rein the
enriched fuel is an enrﬁ?ﬁe%leélglscg?q %Soglﬁ%jC%ﬁﬁ“%ﬁ%%fﬂ%qtilg%"m&)ﬁ'ol .39. The
bl end of cl gbRinlof b@aGEshnldhgethisend is sel ected fromthe group consisting
of : (a) a blend conprising about 5% to about 15% by vol une of an al cohol

and about 85%to about & . an fugh: )..a bl end
conpri si ng ab(:)ut 15%toaéfoaﬂ{e%g%{ggas\ggflg%%Igﬁlglélgggg?ué§§éf'6é%’c})yabout 75%to

about 85% byon@lddarehatds @adrdlehse fuel ; (c) a blend conprising about 25%
to about 35% by vol une of

(14) an enriched gasoline comprising about 40%-70% by

volume of aromatics and cycloparaffins;

(15) an enriched gasoline comprising about 42%-65% by

volume of aromatics and cycloparaffins;

(16) an enriched gasoline comprising about 45%-55% by

volume of aromatics and cycloparaffins;

(17) an enriched gasoline comprising about 19%-60% by

volume of cycloparaffins and olefins;

(18) an enriched gasoline comprising about 20%-50% by

volume of cycloparaffins and olefins;

(19) an enriched gasoline comprising about 22%-40% by

volume of cycloparaffins and olefins;

(20) an enriched gasoline comprising about 25%-50% by

volume of aromatics;

(21) an enriched gasoline comprising about 35%-45% by

volume of aromatics;

(22) an enriched gasoline comprising about 35% by volume of

aromatics;



an al cohol and about 65%to about 75% by vol une of an enriched fuel; (d) a
bl end conprising about 35%to about 45% by vol unme of an al cohol and about
55% t o abwoto085Ms4ey vol unme of an enriched fuel; (e) a blremaScanpssIsé ng
about 45%to about 55% by vol une of an al cohol and about 45%to about 55%
by vol une of an enriched fuel; (f) a blend conprising about 55%to about
65% by vol unme of an al cohol and about 35%to about 45% of an enriched fuel;
(g) a blend conprising about 65%to aboyt_75% by vol ume of an al cohol and
about 25%to about 35% by volunme of an enriched fuel; (h) a blend

conpri si ng about 7596to out 85% ume of .an .al | ,and about 15%to
about 25% by vol une of nﬁlﬁlé%})g?ﬁgfne %%prﬁ”j‘g %b iﬁ%’%@/ Vi si ng about

85%to abou&,o%%molymsune of an al cohol and about 5% to about 15% by
vol une of an enriched fuel. 40. The blend of cIa|n137 wherein the bl end

conprises an enriched g d eth er ei By t end conprises
about 10% by vol une or ﬁ%‘?eﬁm n&ﬁ da%agP %mél%m £9 A’rr%?é%gy vol une of

aromatics, §yrhaps@éfingds, and olefins. 4 1. The bI end of claim 37, wherein
the bl end conprises an enriched gasoline and ethanol, and wherein the blend

conpri ses about 10% by :) en%ch%éa%?ﬁrfle CF%@QS?%% qltzilg Og%yvoq 6.Qf pror e by

vol ume of aronatics and UG i WhHeréin the
bl end conpr bkgmsan enriched gasol i ne and et hanol , and wherein the bl end
conprises about 10% by vol une or nore of ethanol and about 40% or nore by

vol urre of aromati cs and £yc| anaLAL] BRorifPonifsifl Bk S5 Shalyp 37, wherein

the bl end conprises an
volume of cycloparaffins;
(27) an enriched gasoline comprising about 5%-15% by

volume of cycloparaffins;

(28) an enriched gasoline comprising about 10% by volume of

cycloparaftins;

(29) an enriched gasoline comprising (a) about 25%-50% by
volume of aromatics (b) about 15%-25% by volume by volume of olefins, and
(c) about 5%-20% by volume of cycloparaftins, wherein the enriched gasoline is
enriched in a hydrocarbon selected from the group consisting of cyclopentane,

toluene, and diisobutylene; and

(30) an enriched gasoline comprising (a) about 35%-45% by
volume of aromatics (b) about 15%-20% by volume by volume of olefins, and
(c) about 10%-20% by volume of cycloparaffins, wherein the enriched gasoline
is enriched in a hydrocarbon selected from the group consisting of cyclopentane,

toluene, and diisobutylene

37. A blend comprising an enriched fuel and about 5% or more by

volume of an alcohol.

38. The blend of claim 37, wherein the enriched fuel is an enriched

gasoline and the alcohol is ethanol.



enriched gasoline and ethanol, and wherein the blend conprises about 10% by
vol ume or nore of ethanol and about 10% or nore by vol unme of cycl oparaffns
and ol ef iwe.20d400840he bl end of claim 37, wherein the bl erdTasaqoi038930 about
10% by vol unme or nore of ethanol and a gasoline which is enriched in a

hydr ocarbon fraction selected fromthe group consisting of a cycl opentane,
tol uene, and diisobutyl ene. 45. The blend of claim 37, wherein the al cohol
is ethanol and the enriched fuel is a gasoline which is enriched in a

hydr ocarbon fraction selected fromthe group consisting of a cycl opentane,
tol uene, and diisobutylene. 46. The blend of claim 37, wherein the blend is

sel ected from the grUPTEEBRLE bF BRIMAH7bVEAEH GO BRNhdSt fdectédiro@tth@nol and an
enri ched gasoline, wherein the blend is conprised of about 0-5% by vol une
of ethanol &mIp(c@psiatiesief:35% 80% by vol une of aromatics, or (b) about

10- 60% by vol une cycl oparaffns, or (c) about 18-70% by vol une ol efins, or

(d) about 48-90% by vol @wye Ofle@d esthpriSg ade 5OP@rabinss % agdodled bns, or (e)
about 43-85% b¥/ vol ume aromatics andol ef s, ora)&f) about 40-80% aromatics
and cycl opagBaricohsl angrabogh 8k do ebow 97%ebx yellee Hf an erEchpdduel ef i ns; (2)

et hanol and an enriched gasoline, wherein the blend is conprised of about

5-14% by volune of ethaggl aablehd empiing alYe 3% Hohpomal VeBY @bluaiosmt | cs, or
(b) about 5-55% by vol ume cycl oparaffins, or (c) about 8-65% by vol une

ol efins, or ap@lcolploud abguigELp iy ahalt Ao bf velpwewfias snrighed feplar af fi ns, and
ol efins, or (e) about 38-80% aromatics and olefins, or (f) about 35-75%

aromatics and cycl opar afd)i rshlead cdrgprisaboatiout 25G%5%abyat 3HPabafvblunse ehd

ol efins;
an alcohol and about 65% to about 75% by volume of an enriched fuel;

(d) ablend comprising about 35% to about 45% by volume of

an alcohol and about 55% to about 65% by volume of an enriched fuel;

(e) ablend comprising about 45% to about 55% by volume of

an alcohol and about 45% to about 55% by volume of an enriched fuel;

a blend comprising about o to about o 0y volume o
() ablend ising about 55% to about 65% by vol f

an alcohol and about 35% to about 45% of an enriched fuel;

(g) ablend comprising about 65% to about 75% by volume of

an alcohol and about 25% to about 35% by volume of an enriched fuel;

(h) ablend comprising about 75% to about 85% by volume of

an alcohol and about 15% to about 25% by volume of an enriched fuel; and

(i) ablend comprising about 85% to about 95% by volume of

an alcohol and about 5% to about 15% by volume of an enriched fuel.

40. The blend of claim 37, wherein the blend comprises an
enriched gasoline and ethanol, and wherein the blend comprises about 10% by
volume or more of ethanol and about 45% or more by volume of aromatics,

cycloparaffins, and olefins.



(3) ethanol and an enriched gasoline, wherein the blend is conprised of
about 15-90% by vol une of ethanol and (a) about 25-70% by vol une of

ar onmat i cswoanii(doy40about 3-50% by vol ume cycl opar af fi ns, ®@CT(USpo18/088970 5- 60%
by vol une ol efins, or (d) about 33-80% by vol unme of aromatics,
cycloparaffins, and olefins, or (e) about 30-75% by volune aromatics and
olefins, or (f) about 28-70% aromatics and cycl oparaffins, or (g) about
8-60% cycl oparaffins and ol efins; (4) gdganol and an enriched gasoline,
wherein the blend is conprised of about 0-5% by vol une of ethanol and (a)

about 38% 70% by vol yne..n0f ., ar tics,,~or. (b bout .11-50% by vol une

cycl oparaffins, or (4:;:[) gﬁ%B en%?%fﬁ%é%WB%YS?PE%S%WHSP“P&S“(%S about 58-80%
by vol une obkna¢iRaBlakéie dieions!, ahd wWhtrcilfifé W&Rf ddhgprises abdu: 18Py 53- 75% by
vol une aromatics and ol efins, or éf) about 45-70% aronmatics and

cycl opar af f ivaBimenr meie Algdipno 4@ op araae by woluarioiarematies; ands) et hanol
and an enri cﬂgd gasoline, wherein the blend is conprised of about 5-14% by
vol ume of efHaidl and (a) about 32% 65% by vol une of aromatics, or (b)

about 6-45% by vol une cycloparaffins, or (c) about 9-55% by vol une ol efins,
or (d) about 48-75%%y b¢bﬁ?@d@fdarf@ﬁﬁtWb@fﬁlfb@ﬁ@b@@éﬂémlﬁ@ﬁ,aUand olefins, or

(e) about 43-7Q0%.ar.onmtic nd ol efins, .on (fi)apout 40-65% arepmati cs and
Cybl opar af { AR STRle 59, R0 a5l Wi e AR5 R AP 2t hanol
and an enri ¢bREhIASAbINE ethARBT fidmbole4 k&R ehdrs bg 9BRIMSEThrofhagdaid 15- 90% by
vol ume of ethanol and (a) about 26-60% by volunme of aromatics, or (b) about

4- 40% by vokuetepagldinepar af f ms, or (c) about 6-50% by vol une ol efins, or (d)
about 38-70% by volunme of aromatics, cycloparaffins, and olefins, or (e)

about 33-65% by vol ure ThEBRhHG$cRANE 37, wherein the blend comprises an
enriched gasoline and ethanol, and wherein the blend comprises about 10% by
volume or more of ethanol and about 10% or more by volume of cycloparaffins

and olefins.

44. The blend of claim 37, wherein the blend comprises about 10%
by volume or more of ethanol and a gasoline which is enriched in a hydrocarbon
fraction selected from the group consisting of a cyclopentane, toluene, and

diisobutylene.

45. The blend of claim 37, wherein the alcohol is ethanol and the
enriched fuel is a gasoline which is enriched in a hydrocarbon fraction selected

from the group consisting of a cyclopentane, toluene, and diisobutylene.

46. The blend of claim 37, wherein the blend is selected from the

group consisting of blends comprising;:

(1) ethanol and an enriched gasoline, wherein the blend is
comprised of about 0-5% by volume of ethanol and (a) about 35%-80% by
volume of aromatics, or (b) about 10-60% by volume cycloparaffins, or (c) about
18-70% by volume olefins, or (d) about 48-90% by volume of aromatics,

cycloparaffins, and olefins, or (¢) about 43-85% by volume aromatics and



olefins, or (f) about 30-60% aromatics and cycl oparaffins, or (g) about
10-50% cycl oparaffins and ol efins; (7) an alcohol and an enriched gasoli ne,
wher ei n tweo 2blgstoits conpri sed of about 5% to about 95%Pby/Used1n88906 t he
al cohol and the enriched gasoline conprises (a) about 25% 50% by vol une of
aromatics (b) about 15% 25% by vol une by volune of olefins, and (c) about
5% 20% by vol une of cycloparaffins, and wherein the enriched gasoline is
enriched in a hydrocarbon selected fraorgjthe group consisting of

cycl opent ane, toluene, and diisobutylene; (8) an alcohol and an enriched

gasol i ne, wherein the bl LS conprised of about 5% bout % by vol une
of “the ol cobisr ErpdLiRtahd S5l fE Sodiiimedt 4 o8 224 o

sel ected fremibhpaadniRUAd oRFRksSt i ng of cycl opentane, tol uene, and

di i sobutyl ene; (9) an alcohol and an enriched fuel, wherein the blend is

conprised of about 596t§aaQ%%%oE%%’gym%g%gggggéP%pem%%&gﬁghﬁﬁag t he

enriched fuel is select fromthe group n ¢hed

gasol i ne, agoepfibaherhbdiiesehod bielolumB ofbihagbleshdey Arn80%AaTs%enyi ched j et
fuel, an enriched biofuel blend, an enriched Fi scher-Tropsch derived fuel,

an enri ched vghawes ofrasompiéesepr () @helut Sahd ‘erbyi ohade axgieraiafiinaral (m sbowt es and/ or
bl ends thergof,, (10), an al gohal ,an n J,Gghed fuel . wherein the blend is
conpri sed OS-(%;‘SB/&%Y Véb%@eo&gﬁ%%tor @‘%%8% %?i@yo\fo_l?rﬁgogﬁr@gh% S’fand t he _
enri chedf uekyélspaelBe! & J160M, bNE) AbOWBICEIYS afdm4tls @hd dlkfll drqhed gasol i ne,
an enriched diesel fuel, an enriched kerosene, an enriched jet fuel, an
enri ched bi 6PQiEI35hI8ndromegiics apd eydeparpiSaneor-(T) ahysie b L dérs Gesdomagafins an

enri ched 93%841 ioﬂe‘f’_ g;i esel blend, an enriched naphtha, and m xtures and/or
bl ends t her 0f , “wWherein the enriched fuel is in some aspects enriched in a
hydr ocarbon selected fromthe grogf consi sting of cycl opentane, toluene,
and dii sobutyl ene; (3) ethanol and an enriched gasoline, wherein the blend is

comprised of about 15-90% by volume of ethanol and (a) about 25-70% by

volume of aromatics, or (b) about 3-50% by volume cycloparaffins,or (c¢) about

5-60% by volume olefins, or (d) about 33-80% by volume of aromatics,

cycloparaffins, and olefins, or (e) about 30-75% by volume aromatics and

olefins, or (f) about 28-70% aromatics and cycloparaffins, or (g) about 8-60%

cycloparaffins and olefins;

(4) ethanol and an enriched gasoline, wherein the blend is
comprised of about 0-5% by volume of ethanol and (a) about 38%-70% by
volume of aromatics, or (b) about 11-50% by volume cycloparaffins, or (c) about
19-60% by volume olefins, or (d) about 58-80% by volume of aromatics,
cycloparaffins, and olefins, or (¢) about 53-75% by volume aromatics and
olefins, or (f) about 45-70% aromatics and cycloparaffins, or (g) about 20-60%

cycloparaffins and olefins;

(5) ethanol and an enriched gasoline, wherein the blend is
comprised of about 5-14% by volume of ethanol and (a) about 32%-65% by
volume of aromatics, or (b) about 6-45% by volume cycloparaffins, or (c) about
9-55% by volume olefins, or (d) about 48-75% by volume of aromatics,

cycloparaffins, and olefins, or (¢) about 43-70% aromatics and olefins, or (f)



( 11) an al cohol and an enriched gasoline, wherein the blend is conprised
of about 5% to about 95% by vol une of ethanol; and (12) an ethanol and an
enri ched wa=olme44wherein the blend is conprised of abear/UsBwo3sbout 95%
by vol unme of ethanol, and wherein the enriched gasoline is enriched in a
hydr ocarbon selected fromthe group consisting of cycl opentane, toluene,
and diisobutylene. 47. The blend of claim39, wherein the alcohol is

et hanol . -62 -

about 40-65% aromatics and cycloparaffins, or (g) about 15-55% cycloparaffins

and olefins;

(6) ethanol and an enriched gasoline, wherein the blend is
comprised of about 15-90% by volume of ethanol and (a) about 26-60% by
volume of aromatics, or (b) about 4-40% by volume cycloparaffins,or (c) about
6-50% by volume olefins, or (d) about 38-70% by volume of aromatics,
cycloparaffins, and olefins, or (¢) about 33-65% by volume aromatics and
olefins, or (f) about 30-60% aromatics and cycloparaffins, or (g) about 10-50%

cycloparaffins and olefins;

(7) an alcohol and an enriched gasoline, wherein the blend is
comprised of about 5% to about 95% by volume of the alcohol and the enriched
gasoline comprises (a) about 25%-50% by volume of aromatics (b) about 15%-
25% by volume by volume of olefins, and (¢) about 5%-20% by volume of
cycloparaffins, and wherein the enriched gasoline is enriched in a hydrocarbon

selected from the group consisting of cyclopentane, toluene, and diisobutylene;

(8) an alcohol and an enriched gasoline, wherein the blend is
comprised of about 5% to about 95% by volume of the alcohol and the enriched
gasoline is enriched in a hydrocarbon selected from the group consisting of

cyclopentane, toluene, and diisobutylene;

(9) an alcohol and an enriched fuel, wherein the blend is
comprised of about 5% to about 95% by volume of the alcohol and the enriched
fuel is selected from the group consisting of an enriched gasoline, an enriched
diesel fuel, an enriched kerosene, an enriched jet fuel, an enriched biofuel blend,
an enriched Fischer-Tropsch derived fuel, an enriched gasoline-diesel blend, an

enriched naphtha, and mixtures and/or blends thereof;

(10) an alcohol and an enriched fuel, wherein the blend is

comprised of about 5% to about 95% by volume of the alcohol and the enriched
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fuel is selected from the group consisting of an enriched gasoline, an enriched
diesel fuel, an enriched kerosene, an enriched jet fuel, an enriched biofuel blend,
an enriched Fischer-Tropsch derived fuel, an enriched gasoline-diesel blend, an
enriched naphtha, and mixtures and/or blends thereof, wherein the enriched fuel
is in some aspects enriched in a hydrocarbon selected from the group consisting

of cyclopentane, toluene, and diisobutylene;

(11) an alcohol and an enriched gasoline, wherein the blend is

comprised of about 5% to about 95% by volume of ethanol; and

(12) an ethanol and an enriched gasoline, wherein the blend is
comprised of about 5% to about 95% by volume of ethanol, and wherein the
enriched gasoline is enriched in a hydrocarbon selected from the group

consisting of cyclopentane, toluene, and diisobutylene.

47. The blend of claim 39, wherein the alcohol is ethanol.



