-1- EXPANDI NG THE OPERATI NG ENVELOPE OF ADVANCED COMBUSTI ON ENG NES FI ELD
OF THE | NVENTI ON 100011The invention provides thermally-efficient and

envi r onmewoabiyoosfoni endl y fuel s and net hods for expandi RgTIUSR010/0889a¢ | Ng
envel ope of advanced conbustion engi nes. BACKGROUND OF THE | NVENTI ON 100021
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 opar ge conpr ession
ignition (HCCl) is a't ch air and fuel are
thoroughly m xed in an ' ; n-initiated
self-ignition. Worl dw de regul at ory ini t| atl ves 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 her mal effl CI eicy g@gggggﬁgap%élﬁes Hé@]@é&?ﬁ%@ﬂﬁ%@%@%@@nﬁ@l 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, foll owed by a high tenperature heat release (HTHR). LTHR50 is
the tine at md id - poi nt
of HTHR £6m6004}9%r oa %P#ghﬁég@ﬁ%@@égg? IO? r%%glgtea %mt(t)l\?grgi re crank
angl es and mnediecinnghithe neacty humogateeuodir pnefisliclearge isespalrkcugea@cémthhe
operating range of .a HCC| Yao, "An investjgation on the

ef fects of fel" bupfian @W}begﬂﬂf %‘?’%P??én@b%ﬁs‘épp‘?fétedl%ﬁcfiofr}pé‘?%m AN engi ne”,
SAE Techni C?ﬂod'gaﬂ %hl%E?ﬁﬁﬁ%QQ§ oPd3 gngﬁgmo Eneotb aﬁ'land fudPERSH gb TERfiRL Study

and chem cal analysis o ept ane ormgen ous charge conpré&ssion 1gnition
combust i on wombugamtchambecignaes bt chaget Homdgeheduisteharge copndssishi on and

Fl ame 149 (20Q7 0005] Wil e. these attrijbutes of are known,
it has stil Fg%ﬁl%wéié@ﬁﬂw&meto fieomess ipnd SN sGIGhedr %@épgaarw de range of

| oads for atﬁHfG@g?ﬂy ﬁﬁx&ﬁﬁsa‘ﬂ%gme 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.



[ 0006] Si nce HCCl engines rely on auto-ignition, conbustion phasing (the
timng of auto-ignition) is inherently difficult to control. Conbustion
occurs vew920upiosdoy i n HCCl engi nes and the hi gh rate ofPCprss&088I7MCr ease
limts the higher |oad range of HCCl engines due to mechanical and noise
concerns. Low | oad operation in HCClI node can al so be problematic, as sone
fuels, especially gasolines, do not readily auto-ignite at |ow | oads. HCCl
is also sensitive to fuel conposition,_&hibata, et al., "Correlation of Low
Tenperature Heat Rel ease with Fuel Conposition and HCClI Engi ne Conbustion”,

SAE Technic per Series 2005-01-:0138. [0007] Al t hough external exhaust
gas oo routtian”( aRRASTH ORTABPEt dus S P T POV RREEES et rol ¢ he
combustion B&Eﬁ:ir{g&h@ﬁﬁﬁirﬁﬁlﬁ&%b@bte‘%&ﬁr@$i_sé1ﬂdsréa@§:§th@f0ﬁ@1faﬁ_ﬁ%Hz[r%erdf_ﬁe of HCCl
and ot her |IC engines, each of these design oEtlons as its detrinents.

[ 0008] Ext er AKICIRDRINCe ¥@9, ¢/a/-a” Ah dwycpbgiionse thecleds aticEdrmysseendrust f 1 ow

t hrough the exhaust and EGR.syst t er nal | S0, pequid es substanti al
heat i ssi patkBRODEER e TP e CSbRRE PPy e R Rh ke on Tt o tho
engi ne. Fur bhes-0/1/@6achi, ey e/ Mdthetifrdtap il bARBEEN A ILdha SR ofa-| ar ger engi ne
size is needed (due to the displacenent of air by EGR), which leads to a

| oss of - Beptaed horpganeguseidr grosrpresainy ignitipneonbustteRvgh pattegi es usi ng
WT have fast.er

ol ayod i ni LU QRCRT BuifiBioms iyt L el Bt B CRBE BT ™

efficiency. [0009] Negative Val ve CNerIaE (NVO attenmpts to solve HCCl's | ow
| oad aut o-i §#05] on e tesbyttnilgitesidde Uy amkinaway ithas ¢l proysiing to trap

burnt gases.,.Eh r apped s assist wth auto-ignition during.a
subsequont - SUlETL L PRRRE HRERESI RN R b Pl AR Ok AT A gt HEbFE S ni ng, ¢ e
exhaust val y&sp@Qpens during the intake stroke to allow burnt gases to
reenter the cylinder fromthe exhaust port. Miultiple fuel injection has

| b . of f pioarane ' s ¢
foad condi ¢ 10061 " SGidE G ReBEST GF b T P ERER SR PERRE R 15" ©
optim ze HCGEmigngf Agoqrtios) ik dihepdialsi difficulthe coeesl. Conihktesot@rexi st for

practical fuels and nethods that will enable |IC engines to operate in
advanced coiBilysePigh odeS] sugincseandithe highapterpd dpecsswigringediedaés theper at i ng

ange. WLl AR RRRSE 1 CL SR AN TPARCBIRIS SRy LRI fuel

econony and ém ssrons PHene ea and “nmet’hods woul d

oper at e ef f egidi opelatioatin P B6e: ¢V Meblcarts, asvy@uiectua@rés?walilymr oved
peak NO and PM em ssion |evels, and woul d enhance thermal efficiency
wi t hout t he gAsdingnhidedlot sxsdy exiorigaie ane@w lnadsndICChiralsacscaritive o Biskoci at ed

G scovar od TRrRORIOTRATORsERly trbr ol ey CRUBTABE. GF SUSAe e

conbust i on Eogi O@ap6HitidMePOHECRENgMel CorabusadgIeEnr & anleus Piyson Sepde by
suppl ying an en%ine cylinder during operation in an advanced conbustion
nmode (e.g. KOB-OAdHEP. with a fuel which is enriched in a hydrocarbon
fraction selected fromthe group consisting of an aromatic fraction, a
cycl opar af f i[@007 act i Athoughdx@mad kehidudi gasfre@edul@idon (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



-4- 100121 We have al so discovered enriched fuels that expand the operating
envel ope of advanced conbustion engines. The enriched fuels conprise fuels
t hat are worothes4tosn a hydrocarbon fraction sel ected fr @orTiuse019/0889p0
consisting of an aromatic fraction, a cycloparaffin fraction, and an
olefinic fraction. [0013]1n certain enbodi nents of the enriched fuels and
met hods descri bed herein, the enriched fuels are blended with about 5% or
more by volume of an al cohol. [0014] Thesenriched fuels and nethods

descri bed herein enable efficient conbustion over a wi de range of engine

| oads and reduce or elimnatg.the ne or. ECR = WT rebreat hing, or
mui e pre.f s SenfanT o nb fulReeE A R sy 3 Mk dN g horei n
exhibit (1) répobiadielBoniBdnthaeaaefstRfc@isyneh A9 frIendKE vage HTHR (2)

del ayed and broadened HTHR (3) significantly reduced peak NO em ssion

| evel s, and clasyiredunetleask toalcrigasastiapower eiehelr phasi ng. [0015] G ven
their inproved conbustion characteristics, the enriched fuels and net hods
descri bed heeeyop enaldgatiad vaneadl GRBINIO)GIcATHH 10831 VedHHOQEK 26\ lodd an
advanced conbusti on node over a broader range of speeds and | oads. For
exanpl e, theu@nghiivadroblemdyamtngear ycabawé salve skagingde éiap bypyasesexpand an
engi ne s HC ongral Lng, el anc. b ARRULa b Q0 Qnaboul. Al diout
encount eri ng unaBBé%%ﬁ P BN g né NolEE orlhggfﬁig?ékga SRS Because of

thei r ther makroled. flinGinBMey amiread il DO & Bieathing) theed@labst viale respenshed fuel s and
met hods descri bed herein offer substantial environmental advantages.

[ 0016] | n ondudngBuiiniake strekectorplofdisniogases fogeenterethe cyligsies fioseths met hod of
expandi ng an_ad C ti i-ne' e i nvel.ope by

suppl yi ng aEX@aﬁl\gé?ﬁ%rggWﬁﬁg?ueégg?cﬁ{&%oﬂé f gsto IIB%% }lélze%tlh%%ﬁ% e[rorggj[el%\?\%et h a
gasol i ne whifigd) compesitibs h&dsd Nrangbydlcagabhdifiohd. act i on sel ected fromthe
group consisting of an aromatic fraction, a cycloparaffin fraction, and an

ol efini e {x3fihighn. _hiusinludRB LSl RIRAHL BNy A AARGEH paMUSL i o

engi ne's H eratin e 1S expande suppl’ying an engi ne

cyl i nder dughgige ep@badtiodrphiafing e HEdd comidaevotdrisa fgasadticaefueiRiapl i s
enriched in a hydrocarbon selected fromthe group consisting of
cycl opent an&ethasis feaiavill gnablail sopiney tepreratp gpadiansederspbistior Magds ment, t he

enriched f u%lllcsh %e[ﬁg HCQqungc?er c?\i/erl) 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.



conprise a gasoline which is enriched in a hydrocarbon fraction sel ected
fromthe group consisting of an aromatic fraction, a cycloparaffin

fracti on,waendiizswkefi nic fracti on. For exanple, the enPCthisdomwagzo
descri bed herein include a gasoline which is enriched in a hydrocarbon
selected fromthe group consisting of cycl opentane, toluene, and

di i sobutyl ene. [0018] The enriched fuels and nethods descri bed herein

achi eve efficient conbustion over a wi dg_range of engine speeds and | oads.
Because of delayed ignition and del ayed and broadened heat rel ease,

conbusti on s over.a longer tinme interval under hi | gad condi tions
where- | ar geritiabunt S¥6 Py AR Ehedvelf it FRd Rig et DgeR ufRous: i on
duration nodiabgsoftadvhnearcoRbasss @ghteshTHB hriend fels coa@sisc ey eby
avoi di ng undesirabl e engi ne vibrations and noi se. [0019] These and ot her

aspects of thiarasreishedm ahxdraessbon fagtionwetagted from theegrbup comisigedét ai | ed
description of the.inhvention. BRI SCRI PTI,ON TH W NGS
(o051 Bl core ardrf e el TR SO b B R B2t heat r el ease

for base fuel A as determned in the ignition experinent of Exanple 1.

[ 0021] FI GUREOML3] | | udncattais cnthedengnse et ‘%ﬁ eneheddpelp 684 medipds desaipBdst i on i n
t he absence,of . EGR as. determ ned, | he.i gnition _experinent of. Exanple 2.
{00227 P s G5 RisTE FRARR LR MOt R R TRt mnd  educed
maxi mum r at @koRbl. pressure increase for the fuels tested in the experinents
of Exanple 2. -6- 100231 FI GURE 4 conpares (a) LTHR and HTHR and maxi num

2t es of PrERNI© | SRR R0 R AP R SRR BT Wi le, 2070 and

40% EGR wi t _ maximmTa pressure increase for
cycl opent angogBustinasief Belidd srangs oflei@hdoagdandrctiiec expefihaemhened Exanpl es

1 and 2. 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



[ 0024] FI GURE 5 conpares LTHR and HTHR and maxi numrates of pressure

i ncrease for base fuel A and fuels B-L when conbusted with 50% EGR

[ 0025] FI GuBBoa/G0B4oust r at es an advanced comnbusti on engi n@C3/USAG0/084920 at | ng
envel ope. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026] Unl ess ot herw se
stated, all percentages disclosed herein are on a volunme basis. [0027] Any
end point of a range stated herein can be conbined wth any ot her end point
to form another suitable range. [0028] The fol |l owi ng definitions apply

unl ess indicated otherw se. [0029]"An advanced conbustion engi ne" neans an
| C engi ne which operates, §t | egst under.son? § Qfdlload ﬁondi ions, in
either (1) SYYR Sﬁéﬁﬁﬁ%ﬂ gauP aﬁéﬁgﬂféyla %}éﬁwﬁé@“@/a?a% ecorrpression
ignition (PEAQI mBdew(tBa gasdlaWRIORS @iriehed APATRUEbERBoN SelbtedBE®, OF (4)
anot her nontraditional highly m xed conbustion node. [0030]"An al cohol" as
used her ei nthogioupleensaitingef cpelepeiitanshtiluane, andwliicobprelar. two or nore

al cohol s. Monohydric aliphatic alcohols are used in certain aspects.

Al cohol s whij@g17¢ont gh Anbtherebddmehotie chdiched Rl dkaiedafegeiised in sone
aspects, alcohols containing from1l to 5 carbon atons are used in sone

aspects, ando@mpysthdpasoting Al in gnriehnd in atydrpcgdopdiaction feleetedfigsed i n sone

aspects. For, exanple, .an "al cohol". can. be conprised ne or, nore

conpounds _the7gr_01rﬁ9 coﬂs1s%ng of ‘afi A aticBLb3E, § C};Erfoparae\fglnq{acgon, and an
olefinic fraction. For example, the enriched fuels described herein include a
gasoline which is enriched in a hydrocarbon selected from the group consisting

of cyclopentane, toluene, and diisobutylene.

[0018] The enriched fuels and methods described herein achieve efficient
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.



selected fromthe group consisting of nethanol, ethanol, 1-propanol,

2- propanol, 1-butanol, 2-butanol, 2-nethyl-1-propanol, and

2- met hyl -®opoopmsmit. Met hanol and et hanol are used in CECTAISROIADPEICE S.

[ 0031] An "advanced conbustion engine's operating envel ope” (e.g. an

engi ne's HCCI operating envelope) is defined by the speed and | oad range
under which the engine is able to operate in the advanced conbusti on node,
e.g. as depicted for HCCl conbustion npge in Figure 6. An advanced
conbustion engine's operating envelope is delimted by one or nore

t | ah! | |
DT ong. a0 2 ASEERUSR R PR FB LR Sup PAER RBR pR el RE g ' o
enriched i npashindiRGedsb eor Basa€lidl Awhenh eshBsbtdd WIth OPE 20990URd aONSEGRI ng of an

arorratl C fractl on, a cycl ogaraffl n fraction, and an olefinic fraction. In
an "enri cheavith®) £ THRand J&HRsandonaxistum tat@efpr@s&ua@@cmsafmydr ocar bon

fraction seletedfromt p sistin ar oma ction,
cyel opar af f Ec Pruierra flsh T B SR ieh 78 ot oo B Eai bR dund' 506 (i n
sone aspect gn@b. | east around 10% greater than the volunetric percentage of
t he correspondi ng hydrocarbon fractions in a non-enriched fuel. For

o omnt 1 bs. MBRa 5480000 S Sole TTARC AR HITICARE R 90 s of uno.

cycl opar af f bfb%surbﬁn@ea&@%ﬁ&[sb Eig A gap@kls/B oo oneshsRA%viat SOMIEGR, then a
ver si on of that gasoline which is enriched in aromatics would contain 31.5%

or nore aro s (i onal anount
of at |east a nd (Féé&ﬁ é Str%%s\%%?&‘r/mnco %al(r%lglrlrﬁlol%cs%ﬂle}dﬁbgrl ched fuel™
al so incl udg eranﬁgt@ﬂlv ddpech is enriched by a blend of two or nore

hydr ocarbon tractions selected fromthe group consisting of an aromatic

fraction, a]ﬁé’fAﬁ% B@S‘@IFT%N'WT%@EN% &I nic fraction.

[ 0033] Non- | FmrtT g _exanpt €s e t,llcu fuefs- include: - 8 - about 38%
or nore by volune of aromati cs Cg about 7% 25% or more by volume, in
sone aspect $082%but t@t)@%@h%l%ﬁ%@ wihnsroereages disclord hesgiB @ sOmpbout 18% or

about 19% or e, Ry vol une of olefins, or (c) about 5% 20% or nore by
vol une, in sone aspects about 5% 15% or nore by volunme, in sone aspects

about 10% or about 11% or_ nore by vol une of cycl oparaffins; (2)
an enri ched (Bl i neABosHSRAENRY ad%&ﬁstetsd/éle@%%ﬂnwtbye%tthﬁay in sone
aspects abo%theflg\;(a 914?%@0% 2Both¥ %‘Lﬁtaﬂfé‘ﬂ?n%é" sone aspects about 48% 58% or
nore by vol une o ronmatics, cycTo ar af and ol efins; (3) an
enriched gasoline conpr.i sil ng about . 26% 60%? more by vol ume, in some
aspects abol®02$0s 600cdp!leng in{fiang ADLYun sy dicueketherdtfout  43% 53% or
nore by volune of aronatics and ol efins; \ (4) an enriched

gasol i ne cof@?293i ng ‘dhoadvadded w%miomenginbynmaﬂlmlc engisowhichspect s about
45% 55% or nore by volume, in some aspects _ about 45% or nore by vol une of
aromatics aRBIEifE] %55%%85%4%%9{%6%61?1 & conditiqngy in gif i@ o 1) @HBHY gasol i ne

conpri si ng ﬁBFlB%Er;eQ)Y{% FC1qhod® 2? ?Y n‘é&b&l"@ﬁargéd‘c&ﬁ sﬁé@?ﬁ%&@(@l@ﬁ% 5% 30%

or nore by vo in sone asp ct out 13% 25% and in
sone aspect m(mchBl)aRﬂ%emmpamuE doynbustiomd. BE) mpdé, @pa4)ed1n‘otm and ol efins.

[ 0034] Non-1i m t| ﬁr’%les of , an enr| cheg fuel al so include: 1)
an enri chednf)’&téff A %@l’fﬁdt(‘r‘?é‘?‘ USEON BY86t 389 709% by vol ume, in some

aspects about 35% 45% by volunme, in sone aspects about 35% by vol une of
aromatics, ¢0030h) ab‘ca‘ut al 76lob 084 mdhetedmﬁmhjdas sitime oas pkohsl @alouixtdre% 60% by

vol une, insrreas ut by. vol ume qf ol efins c) about
L% 50% by FoPEe: TOTF eiThsHBEoR HisupEs S50 5 he el ome. aspect s
about 10% bﬁsﬁé@ts@ﬁ?co‘%ls%bﬁ@%t%fnfﬁ&ﬁ '] 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



- 9 -
of aromatic

vol une ofwoyeliapstoaf fi ns;
about 35% 45% by vol une of aromatics (b) about

and (c) abo

of ol efins,
enriched fu
7% 25% by v
25% 50% by

cycl opar af f
vol ume of o

2) an enriched fuel conprising (a) about 25% 50% by vol une
s (b) about 7% 25% by vol une of olefins, and (c) about 5% 20% by

3) an enriched fuel PCOMSRILI0BRYT( Q)
7% 20% by vol une of ol efins,

ut 5% 15% by vol unme of cycl oparaffins; 4) an enriched
fuel conprising (a) about 35% by vol unme of aromatics b) about 18% by vol une
5) an
el conprising about 25% 50% by vol ume of aromatics and about

and (c) about 10% by vol unmeyof cycl oparaffins;

I f olefins; . i d f
SR Mo U srilb coosisting abalhudy s@ae Molorsel. ortobkd
i1 Oitanol, 2-butanol, ZIma@RylENpidpaLsl \
| efins and about 5% 15% by voi une of cycl oparaffins;

AMED -nS @RI SlopenGbOthahdk 20% by

8) an enri chedcasdlarquseddmseitainmgpetbout 30% 65% by vol ume of aronmati cs,

cycl opar af f
about 48% 7
10) an enri
cycl opar af f
about 40% 8
gasoline co

ins, and ol efins; 9) an enriched gasoline conprising

P6031y Vol Ameadvbn@dusBibusSen EMEhOPap@hiihnenvedspd” ¢¢.efdmns;

ched gasol i ne conpri sing about 580668@6@%@éﬂg;ge of aéonatics,
HNgANEYnpri si ng
an enriched

ST SR USRS T DRt Srbmtianzotna et ne.

iengine aAtCel endraeng envelope) is defingd by, therspp
omat i

%iing about

10

_ §3picra feNACChImBasin Med MR 6)0A R B®kinc&BlomBRUORY Vol ume of
aromati cs and ol efins;

engine’s operating envelope is delimited by one or more parameters such as

acceptable engine noise, acceptable engine metallurgical stress, and misfire.

[0032] An “enriched fuel” means 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. 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



(14) an enriched gasoline conprising about 40% -70% by vol unme of aromatics
and cycl oparaffins; 15) an enriched gasoline conprising about 42%
- 65% by wsbuna/840ar omati cs and cycl oparaffins; PCTABR01a/0389M0 | ched
gasol i ne conprising about 45% - 55% by vol unme of aromatics and

cycl oparaffins; 17) an enriched gasoline conprising about 19%
-60% by vol une of cycloparaffins and ol efins; 18) an enriched
gasol i ne conprising about 20% -50% by vgl.une of cycloparaffins and ol efins;
(19) an enriched gasoline conprising about 22% -40% by vol ume of

cycl oparaffinps ¢ ol efins; 20) nriched.gasol i ne conpri sing
about " 255 SOM By RvbPUREI O vapael PR P BB TG oG Ry e
ol efins; (2iplund) LS ERPdctdABOIt 17€,-C0MPdr HdRByARMhe, 38 Yorthe Uepktsvol une of
(22) an enriched gasollne conpri sing about 35% by vol une of

about 18% or about 19% or more by volume of olefins, or (¢) about 5%-20% or

more by volume, in some aspects about 5%-15% or more by volume, in some

aspects about 10% or about 11% or more by volume of cycloparaffins;

(2) an enriched gasoline comprising about 30%-65% or more by
volume, in some aspects about 45%-60% or more by volume, in some aspects

about 48%-58% or more by volume of aromatics, cycloparaffins, and olefins;

(3) an enriched gasoline comprising about 26%-60% or more by
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;



(23) an enriched gasoline conprising about 15% 25% by vol une of (24) an
enri ched gasoline conprising about 15% 20% by vol une of (25)
an enri chw0 2gagoB4ione conpri si ng about 18% by vol ume of @Ce&USp&10/038970

(26) an enriched gasoline conprising about 5% 20% by vol une of

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

gasoline conprising (a) about 25% 50% by vol une of aromatics (b) about

15% 25% by vol ume by, vol une.of .al efins.. and |( t.%.20% by vol ume of
cycl oparaffins, Wne?zéi n?% ﬁ%rwglﬁg!%éﬁgan@&gggﬂ@eﬂoﬁgﬁ%ﬁ&%(ﬁyiva?uﬁen dr ocar bon
sel ected fragmmdiRs gHSSPd-H@uW%SZ_S% b FoRIMENCHIORE) had &) abOhtURHL208h¢ _

di i sobutyl ene. [0035] " Expandi ng an advanced conbusti on engi ne's operating

envel ope duvphgneopfetystoparafiins; an advanced combustion node (e.g. expanding an
engi ne's HCCl operating envel ope) neans increasing the speed and/or | oad

range under which tisg eﬁ!ﬂéﬁlﬁbﬂe&f@&'c@n@ﬁsiﬂ?%ﬁd&u’i B5%hesoady abR@sk sombust i on
node by using an enriched fuel. For exanple, the nmethods described herein
shoul d expa#tbraaiics (g aheus 7% "% bpephsng gé)qleﬁlaﬂmg@dfca apaell Ydd Slobds t hat are
about 10%to0 ul?ﬁ)uéf 30% hia%ﬁr?sr' t han those achi eved when the engi ne uses a
non-enri chedf Ul [C@(S]I%)]ar e’engi ne cylinder optionally contains a small
percent age by volune of EGR prior to conbustion of the fuel in the
cylinder” neans thatdt han eifgihed festcompapingdax aons33%edy wohane about 40% by

vol une of E Le.in.s ts | th ou %-by vol une
of Eor [ 0od KRR pENE I8t BB ARERS SRl R T R ge Y {20 e,
a gasol i ne, cacldpaasinsf uel , kerosene, a jet fuel, a biofuel blend (e.g.

bi odi esel ), a renewabl e diesel, a Fischer-Tropsch derived fuel, a
gasol i ne-di esel bl e%‘}’ & enrich®d 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;



napht ha, other 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 scl osurwQ 20ppios@k| y contain additives to inprove perf @CrRarse@00ssIneet
regul ati ons. Exanples of additives that m ght be included in mnor amounts
in the above nmentioned fuels include, but are not limted to oxygenates,
detergents, dispersants, lubricity agents, cetane inprovers, cold flow

i nprovers, netal deactivators, denulsifjgers, defoamants, dyes, corrosion
inhibitors and the like. [0038] A non-limting exanple of "gasoline"

conprises a mxture hydr ocarbons. t hat boi |l at heric pressure in
t he range of about 713& %%%ijc%[egg%oiw Cﬂ@?l‘gsw%aﬁltagg%%g @y X%lﬁ’gﬂﬁioze a nmaj or
amount of aapgxdties an@bidBiasaf fins, cycloparaffins, olefins and aromatics,
and | esser or minor anounts of additives including oxygenates, detergents,

dyes, corrosion inhihbjtor d.the like. [.: 91L.A non- -k £ n xanpl e of a
"diesel fuel" is co I?Jlsgra%%r C%gd|%a§%lﬁlftacgrgphggééﬁu%%g?%%X@uﬁﬁaotqpcorrpri se
about 50% t arexhaiek a8 Y hypareffig® al i phatic hydrocarbons, of which about 0%
to about 50% are cycl oparaffins, about 0%to about 5% by vol une are

hyar ocar bons, _and wotnoborT i eadih SaTRRshe Bk 1 B S 050,

[ 0040] A nonatdnfdtick Agd exaopdreffi@k; a "kerosene" conprises about 5% to about
50% by vol une of an aromatic fraction, about 0% to about 50% by vol une of a

I ffin f tion, - % t 9 0 | efini
[Yaction: [00a1] A nondi RO ARTdhachl OpPrgtle BshPtio 3Tt PR &cue "5

to about 25%duyaticelatidrey@bpaaffasomati c fraction, about 0%to about 25% by
vol une of a cycloparaffin fraction, and about 0% to about 5% by vol une of

an ol ef i ¢ racti o g 4iop LQRATLECAALESEL BLELD: (Bl ol ESlhliended

with diesel fuel) have a conposftion re ve of bl en tro and the
di esel chosefclbpdaraffiie ahll ehdins;The bi odi esel itself can be made from
vegetable oils such as soy, rape, palm aninmal fats, used cooking oil, or

ot her sour ces. [0043%86 5;;'5'@\{@”}93?%{Hlﬁ‘é%b@ﬁ;ﬁg%o&yzdﬁ)e{-%b%;tﬁﬂv?@ﬁﬁfg’bgonds,

vegetable oil or fa ac este o°saturate’t (o]
renove the oxslgparafiingnmd obofiths] eave a hi ghly paraffinic hydrocarbon. [0044] A
non-limting exanple of a "Fischer-Tropsch” derived fuel

(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;



conprises about 90% 100% by vol une of aliphatic hydrocarbons, about 0%to
1% by vol unme of olefins, and about 0% 10% by vol une of aromatics.

[ 0045] " HWOaorwdosse4f r act i ons” descri bed herein can i ncl Bde/tsno1a088va4 i C
fraction, a cycloparaffin fraction, an olefinic fraction, an iso-paraffinic
fraction, or a n-paraffinic fraction. [0046] The aromatics fraction

descri bed herein can contain nethyl aromatics and non-net hyl alkyl
aromatics. Non-limting exanples of nongnethyl al kyl aromatics include

nol ecul es such as et hyl benzene, propyl benzene, butyl benzene,

al kyl napht hal enes, i i n. which .a si hai n. cont ai ni ng
two or nore carbons%?g)ﬁbﬁﬂgﬁm gagﬂgmgpgngng ngg“ﬁﬁéﬁvPﬁﬂ?%? g exanpl es
of methyl ap@mki cs include aromatic nol ecul es such as toluene, o, m and
p- xyl enes, trlnethylbenzenes nethyl et hyl benzenes, and the Iike. [0047] The

cycloparaffin fracti Cri IS aIk nes .or
nol ecul es cont ai ni né%;)t gtf 4L hl%@ 380213? ICSnH%Egl% &)glﬁtgé%%)r{lﬁ ulmﬁagOtgxarrpl es

of conponenb§d@@mﬁﬂﬁmpycloparaffln fraction include cycl ohexane,
cycl opent ane, nethyl cycl ohexanes, nethyl cycl opent ane, dinethylcyclohexanes,

di met hyl cycl opent ANy & ﬁhP(IJl eéi' rg%‘qnfﬁg’éﬁm %?fﬁgea%hé{t' PXGsOPENL Bl of - 14 -

[ 0048] The ol efinic ion c¢an contai'h 1inear, branched,
and cycl o- okgflopgaffidan-1i m ting exanpl es of conponents of the oIeflnlc
fraction include butenes, pentenes, isopentenes, hexenes, and

dii sobutyl ene. [0049LIn%, 501 8aLal A1 0Le, CRCATSHEA RALEL Ll raction and

n-paraffinic (Ilnea ara |n|c ract conS|st
respecti vel yycloparbffanchied and strai ght chain al kanes. Non-limting exanples
of iso-paraffinic fraction and n-paraffinic fraction conponents include

n-pentane, n- hexane(%g%ggg&ﬁﬁgdgayﬂHE%BXEP?ﬁ&ggﬁ%éﬁgg‘%zgﬁpﬁg@gﬁgm%y vol ume

[ 0050] Fuel s descri be erein 1rn“sone as
of benzene afardnesiss (B)aboBOl PPDSLYbyedlghic Bf vauht of olefidd=hiFuedmudescri bed
herein can be obtained by the addition of either pure o )

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



conponents or blends of pure conmponents or the use of refinery streans
havi ng hi gh concentrations of the desired conpounds. Those of ordinary
skill in wbeoartsame able to identify refinery streans PhatUusarie/ossved ul in
provi di ng the hydrocarbon fractions of fuels used in the nmethods descri bed
herein. For exanple, fluid catalytic cracking (FCC) streans contain
relatively high levels of aromatics, cycloparaffins, and olefins. Reformate
streans contain very high levels of aromatics. Hydrocrackate and steam
cracked naphtha contain relatively high |levels of cyclopentane.

about 596 or "Ml BBy B ford ofBflsfiot ReiofbtoRinf Rt SRRy Wi S

conpri si ng ahpudémbtution aPBIhd dDitciyr Tg‘()ﬁigu RicRf adesetib@N@ thAkcahary, 85%to
about 95% by Vvol unme of an enriched 2) a blend conprising

about 15%t @yra@élytcoz% b@dmmsdﬁemmovameéfptrnme oeime‘amutatma% to about 85%
by volune o nr| ch about 25%to

about 35% b S aaatvt s Facmiant be elisstin B i R bR o e ot

an enri chedn{dﬂﬁbnedfuéfs include, but are no‘ﬂhrrﬁteb't@ﬂﬂy%ﬂﬁﬂéﬁ'&td’ﬂ%e myout 35% to about
45% by vol une of an al cohol and about 55%t 0 ut 65% by vol une of an

enri ched f udispersants, 111br101'f}5?}g€at8b13@w@ ipamprdrsicelfl Bowumpasess o1csdout 55% by

vol ume of a and bout 55% b enri ched
fuel Qo RGN, BRI LR, 0P bed P il B s Wt U ot
al cohol and about 35%to about 45% of an enriched fuel ; 7) bl end

conprising 4MBH 65% nen-lipvling vsyBMY of dgaspkndtcomprists a huktughel about 25%t o

about 35% b ol ume i.che rising
about 706 ¢ v dRstiPBeSheb o CR AR R i mesnat ot B0 E3Mhuc 28
by vol ume ofo atsb@navmagﬁmﬂdndtmompnseama@arﬁmbit@mdnﬁmm bSi ng about 85%
to about 95% by vol une of an al cohol and about 5% to about 15% by vol une of

an enri ched PRigeiins, pydemir aibims qlﬂﬁmswgiaéalams@gncbkes&eéphwsowm@mtmfe bl ends
comri <19 39 R0K LR B ARl B TR o MRLHIR: e cn

i ncl ude: conpr|5| dhtanol and an
enri ched gasggti ne, wherein the bI end is conprised of about 0-5% by vol une
of et hanol and (a) about 20% 80% by vol une of aromatics (for exarrpl e, about

25% 70% or 0% 0 Y a $ 4-60% b

vol une cycl par ff| ﬁ% %1?%%11%@1(@%’);&}@18%0“{18% O/gsor n‘i(%)?}%gﬁ);? tﬁ 50% by
vol ume cycl opaya,f hyidcarbons(that cabpuise 6b&ﬁ%0%to%£bbﬂﬂ%%|b9fvlonﬁnéf0r exanpl e,
about 7% 60% or 18% 50% or 19-60% by vol unme ol efi ns) ﬁ) about 20-90%

by vol ume of lalﬁaéwébfmarhoylavﬁwhlah abm O‘VaWoﬁb@ll’éW%élff(%@ﬁOI@k fip$.e, about

30-80% or a 9 0 fins, and
ol efins), QQ?"L)O@EBO 9[3&1%/%%7%3 urre ar O%?{E@fgﬂoﬁ g a%Pl&gsg% %or exanpl e,
about 26- 75%@ut 435 By Yolainchide Zﬁ)%dw fdtﬁﬁoﬁﬁmtwmsha@l@aﬂd)@ivbm), or (f)
about 14-80% aronmatics and cycl ogara ins (for exanple, about 24-70% or

40- 80% or 4B8bTWESHYF (IF8imbanst 78 65829°€3- and cycl oparaffins), or (g) about
5-70% cycl oparaffins
[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.



- 16 - and olefins (for exanple about 10-60% or 19-70% or 20-60% by vol une
of cycloparaffins and ol efins); (2) nmethods which use a bl end
conpri si yoevhizmsiosand an enri ched gasol i ne, wherein thechluseaoiosssconpri sed
of about 5-14% by vol une of ethanol and (a) about 15% 75% by vol une of
aromatics (for exanple, about 20% 65% or 30% 75% or 32-65% by vol une
aromatics), or (b) about 3-55% by vol une cycloparaffins (for exanple, about
4% 45% or 5% 55% or 6-45% by vol une cycjyparaffins), or (c) about 4-65% by
vol une ol efins (for exanple, about 5% 55% or 8% 65% or 9-55% by vol une

ol efins), or aboyt 17-85% by, val u of , aromati cs, | opar af fi ns, and

ol efins (for[mg@irrpl e,ﬁlogbeéﬁfa%%?sfgb%%&s%%ﬂe%ﬁgg%’@oeirf“%ﬁa?@% by vol une

aromatics, eymbenabafdficesve aMslemd Rkionsll thddicé@hadaybr thé bRAW argmat i cs and

olefins (for exant)l e, about 19-70% or 38-80% or 43-70% by vol une aromatics
eyt

and ol ef i nspiodisel itselfztan e mBleTewm acgarehle ods surd asypey oppe. dRIMANIPRor

exanpl e, ab?L{t 18- 65%.0or 35- 7?@/8 or 40-65% by vol une of aromatics and

cycl opar aff'?‘lg’)u,se%?o? & yolt° -régl‘f%c%cl oparaffins and ol efins (for exanple
about 7-55% or 11-65% or 15-55% by vol une of cycloparaffins and ol efins);

(3) nethods [H3¢h uskereacyrbledliesshsmasdedy lsidreniorcsaing vagctable odinedatgasol i ne,

wherein the _blend,i.s conprise f aheut 15-90% by.val une of ethanol (for
oxanpl 6 abofraiactakifRRY i the ARRNbodds PGB HESLUIR AomE e ool S and
(a) about 1%a?,@%m%1ly@hﬂaﬂ@ni@ﬁqy@m@mbh_cs (for exanple, about 15% 60% or
25% 70% or 26-60% by vol une aromatics), or (b) about 2-50% by vol une

cycl opar af fi for | e, 0 %-4Q0 % 50% qr. . 4-40% by vol une
cycl opar affi[(ﬁg 4,ﬁor (‘%%&gﬁb)%nd mé%‘)‘%@@%? %oﬁﬁﬁﬁeﬂgﬁ{g Sicrtl{s8%rfl‘(’)erdéltgl;{?arrpI e, about

4% 50% or 5%&PPisdarabbubiPaV0Yobstueleffiafshati cydtsbartde uboPeBA%0 by vol unme
of aromatics, cycloparaffins, and ol efins if or exanpl e, about 15-70% or

about 33- 809by s8luTEuRiRjclins) UdaboubPt | Qs by pliehak #Pmanes. and ol ef i ns)

or (e) about 8-75% by volunme aromatics and ol efins (for exanple, about

13- 65% or 300045%0 or “BB-desatnn fYalienE dssorildd iesciaran Glctfdens)aromitid f) about
8-70% - 17 - aromatics and_cycl oparaffins (for exanple, about 12-60% or
28-70% or 3@%@%wyvk9palﬁ£ﬁlb¥ra%m@ pledingmnidactipn) pparfaffigic fraskiofy) about
3-60% cycl o ffli | efins (for exanple about 5-50% or 8-60% or

10- 50% by v@?%ﬁéﬁa@ﬁg@c %Cglaor%affi ns and ol efins); (4) et hods

whi ch use a bl end conprising ethanol and an enriched gasoline, wherein the
bl end i s cotModed dihcmematics-faginy dosorihee heteinneamLoatalaA8YA) about 25% 70%

by volunme o ' ] I u Q9 % - 50% by vol ume
aromati cs) %?ﬁ%@%ﬁ%ﬁ?ﬁ% % 3@1%%9@58@5%@%# ?Erlglg%s g?r{%lgarrpl e, about
5% 40% or 10%t13Q%IoN addmak¥adiyudeaholceuley alchpa rafylbonsne, propfthenadieut 7- 60%
by volune olefins (for exanple, about 7% 50% or. 18% 50% or_ 20-40% by vol une
ol efins), o.bu%benaﬁzfuﬁlkzblaggﬂ?@byewn@% Igte, By whighiasangle glkybgwitaf f i ns, and

olefins (for : - - 7h9 = 1£Q9 vol ume
aromatics, 89@?@%@% ?ﬁg?}egﬁagoglg?e/%l?cglnsd)%,g?%{rhe%%%g@oﬁ{‘g'ﬁq%g&ﬁ@voI ume
aromati cs aegaraplef bNmefyd arogaaiop ieluddloorhatBdméRuies sddr H58buene, 33m(5% by

vol une aronmatics and olefins), or (f) about 24-70% aronatics and

cycl opar af f RS PéRnce tEHmsthy Ibaageiss. methgbothplbenpnspond thybkes s, by vol ume of
aromatics and cycl oparaffins), or (g) about 10-60% cycl oparaffins and

ol efins (fofoewanpl elekyulopdafind faaion2des&@Boddrerdhc4isth yf vyl aeaneh

cycl oparaffins and ol efins); (5) methods which use a bl end

conpri si ng &F RWistles canaiighat ledit gng axdralkane ke Mok liphdnHedmplesofconpri sed

of about 5- 149 nd 0 9 | ume of
aromatics ( é@@@#ﬁ#@ﬁ@%@ﬁ&%&%@%@r&%@f@%&h&ﬁ%ﬁ %%’)?%"&é{@m une
aromat i cs), nwthylbyclallzaabesdnétifddylopohtane diyethgpachtxanss,(f or exanpl e, about
4% 35% or 5% 25% or 6-35% by vol une cycl oparaffins), or (c) about 5-55% by
vol une ol ef dHBethylsyclapgridics, cthysyrlobpiang god sthygoxclopsnigpe 9- 350 by vol une
olefins), or (d) about 22-75% by volunme of aromatics, cycloparaffins, and
ol efins (for exanple, about 22-65% or about 43-65% or 48-75% by vol une
aromatics, cycloparaffins, and olefins), or (e) about 19-70% aromatics and
olefins (for exanple, about 19-60% or 38-50% or - 18 - 43-60% by vol une
aromatics and olefins), or (f) about 18-65% aromatics and cycl oparaffins
(for exanple, about 20-65% or 35-55% or 40-65% by vol unme of aromatics and
cycl oparaffins), or (g) about 7-55% cycloparaffins and olefins (for exanple
about 7-50% or 11-45% or 15-35% by vol unme of cycloparaffins and ol efins);
(6) nethods which use a blend conprising ethanol and an enriched gasoli ne,
wherein the blend is conprised of about 15-90% by vol une of ethanol (for
exanpl e about 15-85% or about 15-50% or about 20-40% by vol une et hanol) and
(a) about 15-60% by volume of aromatics (for exanple, about 15% 50% or

AN N7 N AN 7 .



(8) methods which use a bl end conprising ethanol and an enriched gasoli ne,
wherein the blend is conprised of about 5-14% by vol une of ethanol and (a)
about 30%02041ps4nsl une of aromatics (for exanple, abouPC3AXRII0M88970 40% 65%
or 32-50% by vol unme aromatics), or (b) about 5-55% by vol une cycl oparaffins
(for exanple, about 10% 45% or 15% 25% or 6-35% by vol une cycl oparaffins),
or (c) about 8-65% by volune olefins (for exanple, about 10% 55% or

15% 45% or 20-35% by vol ume ol efins), oy (d) about 43-85% by vol ume of
aromatics, cycloparaffins, and olefins (for exanple, about 50-75% or about

50- 65% or 55: 75% by vol .aromatics, . | oparaffins, .and ol efins), or (e)
2bout 35- 800Gy 118 AT Ehar LSS pafe bR dn el s BSebrEs- 7506 o
55-70% by vahdBRclgloRiTRs] Wen-dinelting 6Xdmisiks oPEonfifoncaR U thSSefid¥raicas®mt i cs and
cycloparaffins (for exanple, about 40-75% or 45-55% or 50-70% by vol une of
aromati cs amfl USRTEeR ATCEGNSY, isapenieygys, Abxanes, andgbispyylcapar af fi ns and

ol efins (for exanple about 15-50% or 20-45% or 35-55% by vol une of

cycl oparaf fijggoand dfifisdaraffinic (branched pRafiEit pREGioMtndh-pEeffmidl end
conpri sing ethanol and an enriched 8asollne, wherein the blend is conprised

of about 15{lg0% pyraffsieniacsion siesriivet hetear cansistpibepcatly, afSr8shedr about

15-50% or ahout. 20-40% by, vol u t hanal ) an ahg 25: 70% by -vol unme of
aronatios (A0 Eaansran Ayt Sendl iR sk 08 EBho TY B eI e
aronat i cs), nQfardfihicAPion 2ohPInsits M@ldﬂ@&l-}%fﬁérfépﬁm@iiﬂeﬂﬁ-lfegnt@the,e%a”p| e, about
3% 40% or 5% 35% or 4-25% by vol unme cycloparaffins),or (c) about 5-60% by
vol ume ol ef impshylpartaney aipgpise-octangy - about 10% 50% or 15% 45% or 20- 30% by
vol une ol efins), or (d) about 33- 80% by vol une of aronatics,

cycl opar af f i[g050] and FkRfded&ritcderd anfings aspoow codam 168%ha 19Ut 45- 65% or
40- 50% by vol unme aromatics, cycloparaffins, and olefins), or (e) about

30- 75% by vaplmie efrbshaticendderd thane§q prm by orcightatsiéur. about 30- 65% or 40- 75%
or 45-55% by vol unme aronmatics and ol efins), or (f) about 28-70% aronatics
and cycl opaf@dsiins (Huels dxaitrldeheréiboat bSbbtadi B tHdaddbdon of cither % by

vol une of aromatics and cycl oparaffins), or (g) about 8-60% cycl oparaffins
and ol efins cemapn%&%wﬂﬂ@n%bﬁqu@rmwms 0p Bh SRR 8 e TRy osaNs Reayitighe of

cycl opar affi f | ; . I . end
corpr ot ng. SRAAFe RGOS e devired compshBl TRACHESMRENGHER AR A COmpr i sea
of about 0- &fé dWe woldemeyetfigirhanelmaimd: 4ra)usébint préGidingOde bydroohiboe of
aromatics (for exanple, about 40% 60% or 35-70% by volune aronmatics) or (b)

about 11- 509kpijoRsaifdhels B§ed i pkg methiods descabed Retisih &Orgzsampleiﬁ%dm%bor |
20% 30% - 45% £ . . -.60%
ol ef ins. (f of FRSEOEKHE TR SHEBREO R BBk ci Gl Pk AR B bghSE 2 VO U

ol efins), oky¢ldparatimis] arkiBolSRY6. Myeumhateretrefmacommai ves, higly dveastaf fi ns, and
ol efins (for exanple, about 65-80% or about 60-75% or 58-70% by vol une
aromatics, GyENAKar HyArassackaiang|sernhanckegmaphtha spatain SEITSHLHEN vol ume
aromatics a | ef | exanpl e, about 55-75% or 60-70% or 53-75% by
vol une arong Fggﬁgk@%gﬁégé%s), or (f) about 45-70% aromatics and

cycl oparaffins (for exanple, about 50-60% or 55-65% or 55-70% by vol une of
aromatics ah®P¥ycl opambpitig exaglespl adiend comrsmg sy eryhsd 4id@fAd and
olefins (for - 55%, qr - 509 . 25-40% by vol une of
cycloparaffﬁ%@ﬁgﬁgbg gﬁ?ﬁiygﬁné§fhﬁak%ﬂ?gﬁgﬁﬁéthods whi ch use a bl end

conprising ethanol and an enriched gasoline, wherein the blend is conprised
of about 5-14% by vd)untblsndspmpRsinZakaui Sy BN 13%086B08H¢ ofdhune of

aromatics (f,pr ) 0 9 0% 25%0.0r: -80% by vol une

aronatics),ggPhﬁﬁﬁﬁgﬁgﬂ%ﬁ%?ﬁ§a$§§®$245ﬁ%”§§§f§%§?§??#ﬁéﬁ for exanpl e, about
10% 45% or 15% 25% qr 6-35% by vol ume - 21 - cyclo ?J ffins), ar (c) about
9-55% by vol ume ol ef¥ns? #eaficem&ﬁlﬁung,abawokﬁoi(b%ouagﬁa Y MO RSiRer  20- 35%

by vol une olgf o, 129 r tics,
cycloparaffﬁﬁ%?ggﬁgfgpgéﬁﬁé%%?%%nggéﬁ%ﬁ%ﬁﬁgﬁgﬁgﬁgggggafgggabout 50- 65% or
55-65% by volunme arqnatics, .cycloparaffins, and olefjins), .or (e) about
43-70% ar onat i cs and)ol %gquécem@rw@ﬁ Wie2SVaHY 0“585%3%8}1“@8-028% or 45-65%
by vol une ahR%ﬁ%l‘aﬁlﬁa%Bgt o8t B5dut 799 yf YoIARRE aA nBAika Bt i s and
cycloparaffins (for exanple, about 40-55% or 45-55% or 50-60% by vol une of
aromatics and cycl oparaffins), or (g) about 15-55% cycl oparaffins and

ol efins (for exanple about 15-50% or 20-45% or 35-55% by vol une of

cycl oparaffins and ol efins); and (12) nethods which use a blend
conpri sing ethanol and an enriched gasoline, wherein the blend is conprised
of about 15-90% by vol une of ethanol (for exanple about 15-85% or about
15-50% or about 20-40% by volunme ethanol) and (a) about 26-60% by vol une of
aromatics (for exanple, about 35% 50% or 45% 60% or 40-50% by vol une

. N o A 7 Y Y L Va o o I T



(16) nethods which use a blend conprising an al cohol and an enriched fuel,
wherein the blend is conprised of about 5%to about 95% by volune, in sone
aspects awoun11li084oto0 about 50% by vol une, in sone aspecPsTAlSoUN/03£9% t O
about 30% by volune, in sone aspects about 10%to about 15% by vol une of an
al cohol (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,5.an enriched biofuel blend, an
enriched Fischer-Tropsch derived fuel, an enriched gasoline-diesel blend,

an enriched naphtha,,and, p xt ures. andjor ds th f erei.n the
enriched fuel is in 4§on%b§l§§§8{n§m§%gia Rlétagﬁ?oag?ﬂ}‘&g%%g?yb‘éﬂﬁ@s|°£819ed from
the group carshstdnddbeht $36 ke P 8%, by PIIURBT aARArichddsabut yl ene; - 23 -
(17) nethods which use a blend conprising an al cohol and an enriched

Vor ume, 1 n"Some aspent s SROBEVERONRE B B0y I3 UR UL DAL’ alpect s

about 10% t @lcaheiind3B%uts %% @b biveut SE% SPTEuRS REGH Snaddifud9% t o about 15% by
vol ume of ethanol; and (18) met hods which use a bl end conprising

an et hanol and an e iCrﬂ)‘?&ld%%%?'rjsﬂlelgab%?§§)%Q0ta{)1&t§|8§/pu€yi}((g]g%ﬁ}%rg%ri sed of

about 5% to about 95% by Vo sone” aspects o dbout 50% by

vol ume, in aRBRolmEBLE: FIQW aBRYUED dhalinridRdd hi¢l;vol ume, in some aspects
about 10% to about 15% by vol une of ethanol, and wherein the enriched

gasoline is in sonme Aasp i i onydr Qe te romthe
group consi sting of @ycﬁ’g%l?ncﬁg{rﬁégn@gﬂbgg%@,%ﬁggﬁﬁi@fb@%@%&&&

[ 0054] Non- | iaRdohblngdewaniil 5 t@hbdikt 8 BUshycwsinime Sif Ag caficlexdrfuelhed fuel and about
5% or nore by volune of an al cohol include: (1) a blend conprising

et hanol and an enri d | i - ' d ' of about
0-5% by vol une of eg?gn%??egﬁgb%%w%%% ﬁ@@’f? ?08%%%%&%5 Cogq}fj\%{em%l %grg%mati Cs
(for exanpl alcoablanid 400 BI¥®EbAER2IWbbyoluek Wian @noeraidifasl) aad (b) about
10- 60% by vol unme cycl oparaffins (for exanple, about 15% 40% or 20% 30% or

15- 45% by vol une cyg}op [ ol 1 6994 | efi ns
(for exanple, about Cd%?%?g%‘t%hgrgﬁ%g%gg(ﬁg%s%trg%%%%%J%g&/z/@lyﬂo\r{rgﬁ%{gg??ns) or
(d) about 48ic90B8bdnyd abolite tohbartdsed by soluaealfapanathiddecl. and ol efins (for
exanpl e, about 55-80% or about 68-85% or 58- 70% by vol une aromati cs,

cycl oparaffi and of 1 F 859 ég;q\gjo 3 ics and
ol efins (fopﬂgﬂrrpl (g\,(? drgﬁfglﬁ};tﬁ) %ga%ﬁ%ﬁggH%é}?%lgﬁégwgﬁy oﬁ'%a{ar omati cs
and ol ef i nsknridred(fiigl amdabbutdo 0 Ucae byabdivos @lffeh alyobodbpriwaicf i ns (f or

exanpl e, about 40-60% or 50-70% or 45-75% by vol unme of aromatics and
cycloparaffins), or ({g) I/ %o £ skl hed 24 -
(for exanpl e about 55?6%%?%;& %%O&égfa{?ép%{éﬁ@ %%F%% aoin clﬁc %Sgr af fins
and ol ef i nsygasoline, wherein th2 pleadlid esmdprisedf iaboutd-Exolrgymalluraadf ethassir i ched
gasoline, wherein the blend is conprised of out 5-14%Db ol of

et hanol anda’(“éfa)a"BBWtzos/@%)/"?@ﬁ/X ‘HVH\?&fGF%n%HCSZ bIrEETRYS: %‘?%‘}(Zé%a‘xdé%e, about
30% 70% or %P%%%@%?for ??-‘705)@8/9 Obﬂ]uiﬁ%' dﬂgﬁaﬁés?'&{itﬂz%%m @Bo%bcér AIOUE  S5- 55% by
vol une cycl oparaffins or exanple, about 10% 45% or 15% 25% or 6- 35% by
vol unme cycl opdoppdrhifins X for @karfiple, o %85 @B%r 3¥%w60%ne 10+ by vofumne exanpl e,

by Vol U ofYSiPGHARITE o 5)@bBH 29 14 By oIt LR (178 KB ced oMbl B about
50-75% 01 alggul (SR BSHR ol BT S0 NHOURS ALTbGRGE)Rar al fi ns, and

ol efins), or (e) about 38-80% aromatics a or exanpl e, about
38- 60% or 45ellh¥% aiar&ibhatlGYeylopavhitine, saudaiefinsgforandmpleehbms BO-80% 0f ) about

35-75% aronafi cs c raffins (for exanple, out 40-75% or 45-55% or
50- 70% by vaﬁ%}ﬁe‘%g@{bq/aPg%x%B@%bsaﬁ@uW@F%a%ﬁ ¢ycl@aralgips. g oleBi: Of1- 65%

cycl opar af  {isra0c Lol A ALOE SEXATRA SndBiths Hor BGSAOE, dRulSer, 35- 55% by

vol ume of cycloparaffins-an end conpri sing
et hanol andoadA3-@ht4 ahed 7 Hadyl vahene aroenaich ahdelchinendr ({3 albarr@di8)8a of about

15-90% by vol une. of ethanol (for_exanple abou - 85% o bout -50% or
about 20- 40%%’9/“%%&@"29% 10§ (%)ﬁﬁxggﬂea%&h‘f Eﬁ%-g'/‘t)%%%?g@%l% '%)?A’ aromatics
(for exanpl 9 9 r 2056 tics), or
(b) about 3%8?}0% 3%%&{?1%&%%%%?;@]9 %?%/%Qt?ré(g) exan?ﬁe@ggmﬁ%%O% or

5% 35% or 4-25% by vol une cycl oparaffins),or (c) about 5-60% by vol une

ol efins (for exanple, about 10% 50% or 15% 45% or 20-30% by vol une

ol efins), or (d) about 33-80% by volume of aromatics, cycloparaffins, and
ol efins (for exanple, about 35-70% or about 45-65% or 40-50% by vol une
aromatics, cycloparaffins, and olefins), or (e) about 30-75% by vol une
aromatics and olefins (for exanple, about 30-65% or 40-75% or 45-55% by
vol une aromatics and olefins), or (f) about 28-70% aromatics and

Y Y Vs o o - o P L. Y. Y A ~ N7 A Ar~n7 ~ -



(5) a blend conprising ethanol and an enriched gasoline, wherein the blend
is conprised of about 5-14% by vol une of ethanol and (a) about 32% 65% by
vol une ofweronwmsws (for exanpl e, about 35% 60% or 40% PEXEUSR014038960% by
vol une aromatics), or (b) about 6-45% by vol une cycl oparaffins (for
exanpl e, about 10% 45% or 15% 25% or 6-35% by vol une cycl oparaffins), or
(c) about 9-55% by volune olefins (for exanple, about 10% 45% or 15% 45% or
20-35% by volunme olefins), or (d) about;#8-75% by vol ume of aromatics,
cycloparaffins, and olefins (for exanple, about 50-75% or about 50-65% or

55- 65% by volu aromatic clop ffi n i.ns or (e) about

23- 7006 ar ormitd SCTR AT RRG oB¥ G OBRR s A0 B 2B lagBi NS b or “a5- esu6
by vol une acpaBpdreimaddeleikns), or (f) about 40-65% aronatics and
cycloparaffins - 26 - (for exanple, about 40-55% or 45-55% or 50-60% by

6
and orefina (or oxdapl BORSRRHE! ehgtemEtr@hfy Whnd By e GHRARE "oF | "

cycl opar af f ighsoliae dwBérefnl tA blend mgcom%rised of abfif)s- 4RIbsNSLEREDS éthhmg et hanol
and an enriched gasoline, wherein the blend is conprised of about 15-90% by

vol ume of eeh@flabettolS exahphevelbmgtof BBNREKS ¢for gvuple] SO GroBbout 20- 40%

by vol t hapo!l Jooand .6 a)oabout: 26- 609 by, vol ti f
oxampl o, abSlr0250y 605 g ent BB RS TS Bt Rl " or (o)

about  4- 40%chyloyaheiiR (fr ek oppleadtdun 3%4-45% ¢2>585185%: ora9sH, B3%od@te or 10% 30%
or 15-25% by vol une c%cloparafflns c) about 6-50% by vol une ol efins

, or
(for exanpl eyclapyatinshoy (@W%&“-Q@%@W@ wine 2B Y4 P xeuplgnebatt 4-ns) , or

o, abant: e gdn it Saeih e amb it e ORGP ulece”

cycl opar af f ionason#itids, dyefopaSfins® ind 6])efiﬁ§)8§blf eximn16%bbYt YR svreraben@t i cs and
ol efins (for exanple, about 40-60% or 50-65% or 45-55% by vol une aromati cs
and ol ef i ns3-87 0f 48-dbGulty BOUBO s RIes: §ystorarrdiias end ptafas X, onée)( f or

vl opat af 1 ARy 07 oSSt AR bR ey Rl E D A SR S Ty

exanpl e abouB-70%; 8 Yo kime2Ro@@fes0ind1dle FHAY0 A HVBLUTES -05 %Gt 6inaf@r aidf | ns and
ol efins). a bl end conprising an al cohol and an enriched

(7
gasol i ne, wkEeleparatiine (%qr@mmp@, gl BHéto off 3mBotorsih a3 R yetungseh by vol ume

Vol ume of SRR ah¥ By BB OF ST F Tt Bl Bta i BRI "

(c) about 5% ZAftehypoiol-55% @fl1cosch opas-atid Bsvolan@ ofketieparathii sear i ched
gasoline is enriched in a hydrocarbon selected fromthe group consisting of

cycl opent anélefig);uene, and diisobutyl ene; - 27 - (8) a blend
conprising an al cohol and an enriched gasoline, wherein the blend is
conpri sed of about % t meedodyiwvh@GPadey ioldsEnssiidehald ahehn andcidde
enriched gasoline is enriched in a hydrocarbon sel ected fromthe group
consi sting @&psadie] wharatdhe blengdlivieqisprisgd @f ¢bewdiiQp bxerolume of ethanol (9) g

bl end conpri sj oan i wher el blend is
conpri sed o#§%Egﬁﬁﬂﬁgﬁﬁﬁhgﬁ%ﬁ?qﬁgggﬁg5¢§P§§£E&§k28§ﬂ%€§¥BSC § about 10%to
about 50% bythaablyard (d)absee-aFRes IR UE arbffMito(fabetdmp®%bbyt Mbume, in
sone aspects about 10%to about 15% by vol une of an al cohol é%p sone

aspects et h&HYI 9r Zxier 7OHeoleir-phdy Yolene pompticsl petb) Pbewh -A&odtoup
consi sting 9%h%ﬂu§ﬁ%%ﬁ?§ﬁn§@§f%ka le, Aol ‘%9R§9993f5§#6%yﬁhﬂ998 enri ched

kerosene, an-enri ch an enrichea biofuel” bl'end, an ehri ched
Fi scher-Tr Oﬁsmhqdigfclcgﬁﬁhfﬁﬂ@!or (@mbef 3-6be0b IS Ok teeftlisgflexnprrd, an
enri ched naphtha, and m xtures and/or bl ends thereof; (10)

bl end conpr RBHE ar0%I @oHeto0Sner Gra0nby volameroleding).Wiédeabeut he-SBYemd i 2

conpri sed of u 9 a % by vl . S t 10%to
about 5096by0v0Eh&%?&%%ggbggﬂé%%%ﬁ%gEgﬁéﬁ#ﬂ%d&yggggﬁgh?&§§§§E§@€§ ume, in
sone aspect asbahat3(Lo Y 8-78b0by vAlafckyomatidsey dbpadarfiak,cold@leflrdsy csone
aspects ethanol) and the enriched fuel is selected fromthe grou

consi sting 69 akAUed P cHvovjas areaticang elafinn £tpr gxasple, ahpsit 13-48"%0ir i ched
kerosene, a b Lot i j , ~@n enriched
Fischer-Trogggﬁ/%égggggagaéwﬁbgﬁagﬁﬁﬁgSéggggg%giﬁgbagggg%JG%énd, an
enriched naphtha, and m xtures and/or bl ends thereof, wherein the enriched
fuel is in some aspects enriched in a hydrocarbon sel ected fromthe group
consi sting of cycl opentane, toluene, and diisobutyl ene; (11) a
bl end conprising an al cohol and an enriched gasoline, wherein the blend is
conprised of about 5% to about 95% by volume, in sone aspects about 10%to
about 50% by volunme, in sonme aspects about 10%to about - 28 - 30% by

vol une, in sone aspects about 10%to about 15% by vol une of ethanol; and
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[ 0055] As nore al cohol (e.g. ethanol) is added to a gasoline, it becones

I ncreasingly difficult to enrich the gasoline with aromatics and ol efins

whi | e naiwobabniogtoat her gasol i ne specifications. Theref ecejustie/oasvount s of
aromatics, olefins, and cycloparaffins need to be adjusted as the anount of
al cohol is increased. In addition to the bl ends described above, Tables A-D
below also illustrate representative volunetric percentages of aromatics,
olefins, and cycloparaffins in blends cenprising ethanol and an enriched
gasoline. Table A 0-4% et hanol 5-14% ethanol 15-90% et hanol Aromatics

- 0, - 0, - 0 i - 0 - 0, - 0, i
20- 80% 15- 7994 10: 19%0 SYGH ORaH AL T2k dn SR %P 726092 08¢ 6 1 0-60%
by volume of aromatics and cycloparaffins), or (g) about 3-60% cycloparaffins
and olefins (for example about 5-50% or 8-60% or 10-50% by volume of

cycloparaffins and olefins);

(4) 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 25%-70% by volume of aromatics (for example, about 30%-60%
or 35-50% by volume aromatics) or (b) about 5-50% by volume cycloparaffins
(for example, about 5%-40% or 10%-30% or 15-25% by volume cycloparaffins),
or (c) about 7-60% by volume olefins (for example, about 7%-50% or 18%-50%
or 20-40% 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



6- 70% 4- 65% 3-60% Aro + cyclo + ole 20-90% 17-85% 10-80% Aro + ol e 16-85%
14-80% 8- 75% Aro + cyclo 14-80% 13-75% 8-70% Cyclo + ol e
WO 2011/008404 PCT/US2010/038970
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43-60% by volume aromatics and olefins), or (f) about 18-65% aromatics and
cycloparaffins (for example, about 20-65% or 35-55% or 40-65% by volume of
aromatics and cycloparaffins), or (g) about 7-55% cycloparaffins and olefins (for
example about 7-50% or 11-45% or 15-35% by volume of cycloparaffins and

olefins);

(6) 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 15-60% by volume of aromatics (for example, about 15%-
50% or 25%-50% or 30-40% by volume 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



5-70% 4- 65% 3-60% Table B 0-4% et hanol 5-14% et hanol 15-90% et hanol
Aromatics 25-70% 20- 65% 15- 60% Cycl oparaffins 5-50% 4-45%
WO 2011/008404 PCT/US2010/038970
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about 68-85% or 58-70% by volume aromatics, cycloparaffins, and olefins), or
(e) 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 cycloparaftins), or (g) about 19-70% cycloparaffins
and olefins (for example about 25-65% or 30-50% or 25-40% by volume of

cycloparaffins and olefins);

(8) 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 30%-75% by volume of aromatics (for example, about 30%-70%
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,
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about 10%-50% or 15%-45% or 20-30% by volume olefins), or (d) about 33-
80% by volume of aromatics, cycloparaftins, 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% by volume of aromatics and cycloparaffins), or (g) about 8-60%
cycloparaffins and olefins (for example about 15-40% or 20-50% or 10-40% by

volume of cycloparaffins and olefins);

(10) 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 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
cycloparaftfins), or (c) 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
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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, cycloparaffins, and olefins), or
(e) 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 (for example, about 40-55% or 45-55% or 50-60% by volume of
aromatics and cycloparaffins), or (g) about 15-55% cycloparaffins and olefins
(for example about 15-50% or 20-45% or 35-55% by volume of cycloparaffins

and olefins); and

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

cyclopentane, toluene, and diisobutylene;

(14) methods which use 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 is enriched in a hydrocarbon

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

(15) 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;

(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;
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(17) methods which use 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 30% by volume, in some aspects about 10% to about 15%

by volume of ethanol; and

(18) methods which use a blend comprising an ethanol 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 30% by volume, in some aspects about 10% to about 15%
by volume of ethanol, and wherein the enriched gasoline is in some aspects
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
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(for example about 25-65% or 30-50% or 25-40% by volume of cycloparaffins

and olefins);

(2) ablend comprising 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 (for example, about 30%-70% 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, 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%



43-70% 33-65% Aro + cycl o 45-70% 40-65% 30-60% Cyclo + ol e 20-60% 15-55%
10-50% [ 0056] Al cohol -enriched fuel blends can be bl ended before

i nt roductworroiwios4oan engi ne cylinder. Alternatively, anParashalo/0asd an
enriched fuel may be supplied (e.g., injected) separately into the cylinder
to forma blend containing the requisite anounts of al cohol and enriched
fuel. [0057]"HCCI" refers to any engine or conbustion process in which a
substantial majority of the fuel charge4s prem xed with air or conbustion
product gases (conbustion residuals) to a degree sufficient for

conpr essi on+i nduced conmbustion to, occ t tipl Qcat i.ons r oughout
Che prom xobvoRFgeoUSPTHES fRosdioRiaind o dEbindt ot BrBiali M noans « ne
time intervahd BREWSERr example about 15-40% or 20-50% or 10-40% by volume of

cycloparaffins and olefins);

(4) ablend comprising 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 (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 (c) 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, 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



LTHR50 and HTHR50. [0059]"Initiating engine operation in a spark ignition
(SI') node" neans conbusting by spark ignition a fuel or air-fuel charge in
an engi newoybiwmet4t o col d-start the engi ne. The fuel uged/useo1vNBLI7@L €
engi ne operation in a spark ignition (SI) node nay be the sane or different
than the fuel used when the engine converts to HCCI node. - 30 -

[ 0060] "Rmax" is the high tenperature heat reaction (HTHR) maxi numrate of
pressure increase. [0061]1n one enbodimgnt, an advanced conbustion engine's
operating envel ope during operation in an advanced conbusti on node is

ded b | yi [ i ' ti in.the ad d
conbust i on (EHSTPR Ueh S 3 wrt ehad e b Py SBEPB BemRitdie ched f uel
and about 5%9@@&@&%9)&@%& P-58% ScphRiffind hdt dibsnedadiampnd ,  during
operation: (1) the engine cylinder may contain a small percentage by vol une

of EGR pri oebew 18e1ia ot PO55f ot HeS Enrtycrodeme aérycdbepanifding aed olsfint)ched f uel
and al cohol i@ the cylinder, and (2) the engine's peak NO em ssion |level is
bet ween abodt“5%to about 99% | ower than the peak NO em ssion |evel
generated when the cylinder is supplied with the correspondi ng non-enriched
fuel . 100621l n anot Hel @hisodicamprisingetheaobansean aviebed gasohneyidiens HCC

operati ng envel.Qpe. nay _be expand suppl.ving -an..engi-ne. cyl i nder during
operation | e HERE e et ERUE R bh PalpR R ARl 2 b1 end o
an enri ched apagalsigm, anabaRa8L5089%0Pibdi@e-40Ys Mpbbﬂﬁﬁleca‘th@@?adn@qbapl. In this
enbodi nent, during operation in the HCCl node: & ) the engine

cyl i nder magbewFo0Y0 {y yphine ehasomaties (ferarapmlo eboy 3D0mbBl%t 'ty "ef t he
enri ched gasgline Bplend, of enrich l i nd | cohol in the
cyl i nder (2§Béﬁgﬁﬂgg%%£gﬁggﬁn?%&nﬁ%ﬁy’egﬁaggﬁg‘%%§%§YPﬁg$3?y equal to or

| ower than theofhratfals YforeRs@pesbord §%-35Nwr-10M5-369as 19289 b oliine ombust ed
in the cylinder in the presence of about 10%to about 40% by vol unme EGR

and (3) theceegpaaligsherale) Nevus b b bbi viobineg oleEnpepueenpecbeusito about
99% | ower tltgﬁ%é{g%gg%?% NG EmsS oVnOlIﬁvgieﬁgg)?gg@%gﬂmzé(y%ycyl inder is

supplied w espondi ng on- enf ¢ iig-operation in
the HCCl nogglund6XaBdhatice tyaopar a0 HndRy fins (85 cXEMPRS 8601E ATLBE beN

engi ne's HCCl operating envoel ope i s expanded by supfpl yi ng an_ engi ne

cyl i nder dugbeiy 45-6534 or 40-50% by volume aromatics, cycloparatfins, 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;



operation in the HCCI node with either (a) a gasoline which is enriched in
a hydrocarbon selected fromthe group consisting of cycl opentane, tol uene,
and dii sowotgiiensso4or (b) a bl end of a gasoli ne which i eCemrseelaasITn a

hydr ocarbon sel ected fromthe group consisting of cycl opentane, toluene,
and diisobutyl ene and about 5% or nore by volunme of an alcohol. In this
enbodi nent, during operation in the HCCl node: (1) the engine
cylinder may contain a small anount of F@R prior to conmbustion of the
enriched gasoline or blend of al cohol and enriched gasoline in the cylinder
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Therhc modt GeEae SERR I HelSdp R 2M6 JHET0UREE s "combust s on engi nets
HCCI operating envel ope is expanded by supplying an'eqahPe cylinder during
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and diisobutyl ene and about 5% or nore by volune of an alcohol. In this
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(2) upon cogbysbhdchet pasdRimRXay @lrithed Ficd@Tue hieihediéd katRbnd, @nt he Rmax val ue
observed when a correspondi ng non-enriched gasoline is conbusted in the

cyl i nder i nenhehogijelsfupl an enrighedheefcldiend, angosielkeddhsicr-Aoopspy dedyadne EGR
and 3) .th ngi ne's. 1.SS1,0N el Js.bet bout 5%
o about oodiitoilby ¥ Raf ARl r BRERs e S IR B Gl P BV TRER T e

cylinder i sprumapticeght th the correspondi ng non-enriched gasoline during
operation in the HCCl node. [0065] These and ot her aspects of the invention

o ety ated e b B A PR SRt el bt 1 e
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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



experinments of Exanples 1-3 described below. [0067] An ignition quality
tester (1QT) was used to study the conbustion characteristics of fuels AL
(defi ned Wwol2owyoosdbhe | QT used hi gh pressure and tenper ararTaScanddsdrons t o
allow an injected fuel aliquot to conbust spontaneously. A pressure sensor
nonitored pressure rise over tine and heat rel ease characteristics were
quantified. In this manner, conbustion was studi ed under controlled

| aboratory conditions and fuel differenges were characterized. To better

si mul ate HCCI conbustion, the standard |1 QI operation (ASTM D6890) was

nodi fied to,phetter .replicate HCCl conditiaons, Thi S _achi by
o £yt ng. ¢ RE L BRBIER PG ek SRIL P oaly e iR oREN Methud:
guantity. Thgge changes allowed the I1Ql to predict fuel conposition effects
inline with HCCl engine observations. -33 - [0068]The first derivative of

the pressure trace wih_tj rihe h eat_rele haracteristics
wth time in this c\c%]%)[ %Men Sgﬁlﬁls@gﬁgfg}%al%%a%%a @nr@?ég%srogg sely, the
appar ent netyHegah tHeedl@ab® comipEis€l of £Hout 5%ab\eBOutDS% be vbRneisdahd- = 7 p dV
+ 1 Veclp dty-1dty-1dt where y is the ratio of specitic heats, cp /cv .

Heywood, | negrasklabooiiste abottagimiey Flnagmirfogleaspeteb@t 0% TRiabottor nul a i s
rel evant for direct injection te ch _as t ... Bec there is no
vol une _chané 8% W Y%elgmie ,sogﬁeasg%%%a?beor%% ﬁ(_g"tto ﬁ@g‘f‘t 1:52/{) ég@lurnéﬁ %ueﬁlgan&tﬂr ectly
propor ti onalnd hefeen gRaANEEhddZRORSSHIIR stht BspecfRnritRGAaTiRIrb@fboras used to
study the inpact of EGR by nodifying the conposition of a charge gas. Gas
cyl i nders weelectpd Ejosr @i renpsansising ofedlenegtang,ielusngfangdrRseRutelgas-t i on of
CQ2. Gas cylinder conpositions are shown in Table |I. Table |I. Sinulated EGR
Conposi ti ongo85EGR  As more alcohol (e.g. ethanol) is added to a gasoline, it becomes

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%
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Table C
0-4% ethanol | 5-14% ethanol |15-90% ethanol
Aromatics 35-80% 30-75% 25-70%
Cycloparaffins 10-60% 5-55% 3-50%
Olefins 18-70% 8-65% 5-60%
Aro + cyclo + ole 48-90% 43-85% 33-80%
Aro + ole 43-85% 38-80% 30-75%
Aro + cyclo 40-80% 35-75% 28-70%
Cyclo + ole 19-70% 11-65% 8-60%
Table D
0-4% ethanol | 5-14% ethanol |15-90% ethanol
Aromatics 38-70% 32-65% 26-60%
Cycloparaffins 11-50% 6-45% 4-40%
Olefins 19-60% 9-55% 6-50%
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.
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[0060] “Ruax” 18 the high temperature heat reaction (HTHR) maximum rate

of pressure increase.

[0061] In one embodiment, an advanced combustion engine’s operating
envelope during operation in an advanced combustion mode is expanded by
supplying an engine cylinder during operation in the advanced combustion mode
with either an enriched fuel or a blend of an enriched fuel and about 5% or more
by volume of an alcohol. In this embodiment, during operation: (1) the engine
cylinder may contain a small percentage by volume of EGR prior to combustion
of the enriched fuel or blend of enriched fuel and alcohol in the cylinder, and (2)
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 R, 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
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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 may contain a small amount of EGR prior
to combustion of the enriched gasoline or blend of alcohol and enriched gasoline

in the cylinder

(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
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(2) 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

(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.

[0065] These 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.
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[0068] The first derivative of the pressure trace with time describes the heat
release characteristics with time in this constant volume combustion bomb.

More precisely, the apparent net heat release rate

dQ,
dt

is given by the formula

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
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component, blends were made wherein the quantity of the test component was
twice the quantity of the other components. Table II shows the compositions of

the fuels tested.

Table I1. Fuel Compositions

PCT/US2010/038970

Fuel Blends A B C D E F G H ] J K L

n-pentane 9.1 16.7 83 8.3 83 8.3 83 83 8.3 83 8.3 83
n-hexane 9.1 83 16.7 8.3 83 8.3 83 83 8.3 83 8.3 83
n-heptane 9.1 83 83 16.7 83 8.3 83 83 8.3 83 8.3 83
2-methylpentane 9.1 8.3 8.3 8.3 16.7 8.3 8.3 8.3 8.3 8.3 8.3 8.3
iso-octane 9.1 8.3 8.3 8.3 8.3 16.7 8.3 8.3 8.3 8.3 8.3 8.3
toluene 9.1 8.3 8.3 8.3 8.3 8.3 16.7 8.3 8.3 8.3 8.3 8.3
m-xylene 9.1 83 83 8.3 83 8.3 83 16.7 8.3 83 8.3 83
cyclopentane 9.1 83 83 8.3 83 8.3 83 83 16.7 83 8.3 83
cyclohexane 9.1 83 83 8.3 83 8.3 83 83 8.3 16.7 8.3 83
4-methyl-1-pentene 9.1 83 83 8.3 83 8.3 83 83 8.3 83 16.7 83
diisobutylene 9.1 83 83 8.3 83 8.3 83 83 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
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curve is near the middle of Figure 2. The n-paraffin-enriched fuels B, C, and D
advanced combustion timing, narrowed the width of the main heat release, and
increased the maximum rate of pressure rise. This would be counterproductive
for a HCCI engine in many cases. The iso-paraffin-enriched fuels E and F
showed less pronounced effects than the n-paraffins, but also tended to decrease

the width and increase the maximum rate of pressure rise, albeit only slightly.

[0074] The aromatic-enriched fuels G and H, the cycloparaffin-enriched
fuels I and J, and the olefin-enriched fuels K and L, on the other hand, tended to
delay the main heat release, broadened the heat release, and decreased the
maximum rate of pressure rise, characteristics which prove advantageous in

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.
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The EGR Effect of Cvyclopentane-Enriched Fuel 1

[0077] Figure 4 compares the low and high temperature heat release and
maximum rate of pressure increase determined for the combustion of
cyclopentane-enriched fuel I in the absence of EGR to the low and high
temperature heat release and maximum rate of pressure increase determined for

the combustion of fuel A with 0%, 20%, and 40% EGR.

[0078] As illustrated in Figure 4, the broadened heat release width and
decreased maximum rate of pressure rise of cyclopentane-enriched fuel I were
comparable to the heat release width and maximum rate of pressure rise
achieved when fuel A was combusted 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
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combustion timing was advanced when compared to base fuel A. Aromatic-
enriched fuels G and H both showed some benefit in lower maximum rate of
pressure rise over fuel A with fuel G containing toluene being more effective

than fuel H.

[0081] Cycloparaffin-enriched fuels I and J both exhibited lower maximum
rates of pressure rise and broader heat release widths as was the case without
EGR. Again, cyclopentane-enriched fuel I produced the lowest maximum rate
of pressure rise and broadest heat release width, thereby showing the best
performance of any of the fuels tested. Olefin-enriched fuels K and L gave
similar results to the case without EGR. The diisobutylene-enriched fuel L again
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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Table II1I. Averased Peak NO, Levels in IQT Exhaust

Peak % NOx
Fuel |NOx, ppm| reducn

Fuel A 135 0
Fuel | 30 78
Fuel J 101 26
Fuel M 328 -143

[0084] Based on the results shown in Table 111, both cyclopentane and
cyclohexane addition were effective in reducing NOj in the exhaust line. The
addition of a small quantity of cyclopentane was remarkably effective and gave a
78% reduction in the averaged peak NO, measurement. The reduced NO,
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.
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CLAIMS:

1. 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 an enriched fuel.

2. The method of claim 1, wherein 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.

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;
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volume of cycloparaffins and olefins.

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:
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(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:



maxi numrate of pressure increase determned for the conbustion of

cycl opent ane-enriched fuel | in the absence of EGR to the | ow and hi gh

t enper at LWe 2hsA840¢| ease and maxi mumrate of pressure i RCTABEMH8%920 M ned
for the conbustion of fuel Awth 0% 20% and 40% EGR. [ 0078] As
illustrated in Figure 4, the broadened heat rel ease wdth and decreased
maxi mum rate of pressure rise of cycl opentane-enriched fuel | were
conparable to the heat release width ang maxi numrate of pressure rise
achi eved when fuel A was conbusted with 40% si nul ated EGR. Possi bly

advant ageousl y, the del ayed, and danpened |l.ow tenperature a i gh

t enper at ure heat releasggaﬂge?‘@ﬁﬁ% C q%ﬁhﬁﬂ??%? OBWa%Pg§§E&gﬁ:ncrease
exhi bi ted byhgecl opent ane-enriched fuel | were achieved without nmuch del ay
in heat release. Adding a small amount of an additional fuel component to
achieve the effect of |ang mount s of . ECR provides.pqgtential advantages in
| ess thernmal |osses, |le Q ﬁ%?gﬁéﬁgag‘%ﬁi%&?ﬁgﬁegﬁ%K%%EEntiaI for faster
response tinmes. The Combi ned Effects of ECGR and Fuel Conposition

[ 0079] Fi gure 5 conpar es(®héh¢ enginneylividghopteansly apufpms gemall poresasgcand

AL in the o QbRREEROR AL CERER G B GpiBi o B AT IT IS EBRE i gl s,

the n-paraffin-enriched fuels B, C, and D exhibited a narrower w dth of
heat rel ease, an i ncreatBd UpaRicrinpIstEane thefRpx 3lee iseanprerdmatehcqtd) hced

conmbustion t; m,ng i i . l. s woul d not be
expect ed tohgggﬁ?gaﬁﬁf*a%%%gﬁﬁaigﬁ&%%Q@H%gggﬁ%ﬁéﬁg%?u%ggwﬁ%%ijth t he

i so- par af f i gembudtedBotht ¢elisddr imihd pressaécofmbuEden aboura Oy iopduLaMEseNr | ched
Fuel E was effective in both broadening the width of heat rel ease and

decr easi ng PHeohEsG Rl péd e of pressure rise, even though the -37 -
conbustion timng was advanced when conpared to base fuel A

Aromati c-enriched fuel s(¢p ahéecigibhat PeshN®e dmssion 1beed bétween hsowe 5%raxi num
rate of pressure rise over fuel A with fuel G containing toluene being nore

effective tHapbqusdP HowenthantesNOs piisafom laved geneinisd by sembustithef @ bot h

exhi bited | i rat. . I rel ease

W dths a5 wa e o o e bl e A R R0 Loty P
produced the | owest maxi mumrate of pressure rise and broadest heat rel ease
wi dt h, thereby show ng the best performance of any of the fuels tested.

A efin-enriched fuels K and L gave simlar results to the case w thout EGR
The diisobutyl ene-enriched fuel L again showed some pressure rise and heat
rel ease wi dth benefits over fuel A 4- methyl-1 -pentene-enriched fuel K, on
the other hand, was |ess effective. [0082] Based on the foregoing results,

it was concluded that conmbusting an aromati c-enri ched,

cycl oparaffin-enriched, or olefin-enriched fuel in the presence of
significant amounts of EGR is also effective in delaying and danpening | ow
and high tenperature heat rel ease and maxi numrate of pressure increase and
therefore enabling a broader range of HCClI operability. The relative

i npact, however, is less dramatic than in the absence of EGR Exanple 3



The Effect of Fuel Conposition on Peak NO Emi ssion Levels [0083]1n addition
to nodi fying heat rel ease and pressure rise rates, EGR is also used to
| ower NO woi28sl/0884 EGR gas has a higher heat capacity PR&IUUS2010/0389%d0 t hi S
| eads to a reduction in conbustion tenperature. To assess the capability of
small alterations in fuel conposition to |lower NO em ssions in the absence
of EGR, exhaust line peak NO | evels were neasured at 0% EGR in 1 QI runs for
base fuel A, cyclopentane-enriched fuely3. cyclohexane-enriched fuel J, and
a decahydronapht hal ene (decalin)-enriched fuel M Results for the average
exhaust |ine peak | exel s gqver .injections are shown in Table II1. -
38 - Table Il1. Avggégeﬁﬁ‘f?glg%oa@tﬁéﬁ%@nﬂsw ST Exhaust Fuel Peak NOX, ppm
% NOx reducn Fuel A 135 0 Fuel |

(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 48% or more by volume of aromatics,
cycloparaffins, and olefins; (2) an enriched gasoline comprising about 43% or
more by volume 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



30 78 Fuel J 101 26 Fuel M 328 -143 [0084]Based on the results shown in
Table 111, both cycl opentane and cycl ohexane addition were effective in
reduci ng Wo20rv/abe4exhaust |ine. The addition of a smal PCHOBAM10/0§8906

cycl opentane was remarkably effective and gave a 78% reduction in the
averaged peak NO neasurenent. The reduced NO em ssions are due to a

conbi nation of factors including increased air/fuel m xing due to increased
ignition delay and a reduction in combygtion intensity due to a slower rate
of conbustion, attributes which prove useful in the operation of HCC

engi nes. [00851)|.t. IS tot4§g/ under st 00 thai t he tabovg delscriﬁii_on S

i ntended f ofPTPIYEE FRYTVR DO BONER SIS AL AP TSP CHYRRBRE P 5% it t he
scope of thespmeseRhed Pa8NHE OBNPIiANNbNRYL0% or Bre byFaMBof

cycloparaffins and olefins.

(¢) 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.
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;



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 nmethod of claim1l1, 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 enrjgched Fischer-Tropsch derived fuel,
an enriched gasoline-di esel blend, an enriched naphtha, and m xtures and/or

bl ends t her eof 3. The od of cl.aim1l tei-n, t.he enriched
fuel is selected from t@g galnoe Cﬁ??(f]@\eg?‘?‘ﬂ%ﬂ%?%@ abo%%ﬁsl?% 1t(ya) an enriched
fuel conpri sbhghARQSMARY (B albtrit @ 592 %oy 1@he of O1FBhE, @8d (c) about (b)

an enriched fuel conprising about 7% or nore by volunme of ol efins; and
(c) an enri éked0¥os vadempof syagpaapidius; 5% or nore by vol ume of
cycl oparaffins. 4. The nmethod of claim1l, wherein the enriched

fuel is selected fromt{y ghRuBcEaNBicBEdNEHAiMg (a) about 35%-45% Hya) an enriched
gasol i ne conprising about 30% or nore by vol une of aronmatics,

cycl opar af f ivABIm reinati¢s{$) about 15%-20% by volymeaf elgfing lhad (Qdoni ne

conprising apo 6% Qr nore vol-une of aromatics and olefins; - 40 -
(c) an enri ?K‘ggg(yioo Oﬁ%rgegt%)ﬁ%cﬁ%%%r#gﬁ%’bout 24% or nore by vol unme of
aromatics and cycl oparaffins; and o d% an gnriched gasol i ne
conpri si ng about 10% or (4horaa anyichest fugkcampresyieg G abeut3dSisbaielugieddti ns.

5. Th th . claim 1 ' ' | i ssel th
o oup. consi SRGeSH ) Bt 1B olup B ERFLE AR (i Bpul o BB R abour 596
or nore by wgﬂugﬁaﬂﬁmgronatics, (b) an enriched fuel

conprising about 18% or nore by volune of olefins; and
(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;



(c) an enriched fuel conprising about 10% or nore by vol unme of

cycl oparaffins. 6. The nethod of claim1, wherein the enriched
fuel is swDeotigdsforom t he group consi sting of: PCT/USE@Y/08897@€nr i ched
gasol i ne conprising about 48% or nore by vol une of aronmatics,

cycl oparaffins, and ol efins; (b) an enriched gasoline

conpri sing about 43% or nore by volune of aromatics and ol efins;

(c) an enriched gasoline conprising aboy_ 40% or nore by vol ume of

aromati cs and cycl oparaffins; and (d) an enriched gasoline
conpri sing about 19% or re by. yolunme..of cycl.oparaffins ol efins.

7. The nethod of claim ﬁlfgs)vﬁ]ileql%]icﬁeé %aégogﬂ? F%‘ﬁgrdm %8]?01%4@ ‘é?gg’tbé'd fromthe
group consi sbivaek &faromatidland olefins; (a) an enriched fuel

conpri sing about 38% or nore by vol une (b) an enriched fue

conpri si ng about 19% or re by. .of olefij.ns;, a ) (c) an
enriched fuel conprisi ngﬁgbaélue?%fié% ggs%}%%? 8018&1%/1@8%&%9%&%%0%’& af fins.

8. The net hedluaic ¢ Rbfintles aaeseiopatab@nsgnri ched fuel is selected fromthe
group consisting of: (a) an enriched gasoline conprising about

eosoor more by Vol une o iR SN PRSBR T BSOS

(b) an enriched gasolin onpri sing nor e

aromat i cs arRgluleedfiatdmatics and cycloparaffiis) an enriched gasol i ne conprising
about 45% or nore by volune of aromatics and cycl oparaffins; and

(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;



(d) an enriched gasoline conprising about 20% or nore by vol une of

cycl oparaffins and ol efins. 9. The nethod of claim11, wherein the
enri ched woeb1v®s#4gasol i ne which is enriched in a hydr@canisenossgect ed
fromthe group consisting of cycl opentane, toluene, and diisobutylene.

10. The method of claim 1, wherein the advanced conbusti on engi ne operates
in either a HCCl node, a PCCl node, or a LTC node. 11. The met hod
of claim1, wherein the advanced conbus{7 on engine operates in a HCCl node
and the enriched fuel is an enriched gasoline 12. The nethod of claim1,

wherein: - 42 - . t he..advanced conbusti on engi ne_.operates
" e o mode: (25) an enggiq RGHREYREE e AR TR R FER S
gasoline;  olefins: (c) the engine cylinder optionally contains a small

per cent age by vol une of EGR prior to conbustion of the enriched gasoline in

t he cylinder; (d). n nbust i on he e is
approxi mately equal to E2h623 aﬂ.e%\}}gﬁﬁggaggg%? g%népr\?ﬁ%%g%oué?/or%@é;bﬁ’di ng
non-enri chedogm@d,fidyaj?ara@@[ﬁ@usted in the cylinder in the presence of
bet ween about 10% to about 40% by vol ume EGR; and (e) the

engi ne' s peak NO emni ssi g}x]gla%ve%lr.c'h@d Q%?T@ﬁeg ?oﬁf%glﬁg gg@ugg(yg?%tba,?g? | ower than

the NO em ssion level ¢ rate corfespon
non- enri chegdolagobfl dyelopa€finequi val ent conmbustion conditions. - 43 - 13.
The nethod of claim1, wherein: (a) the advanced conbustion

engine operates in a HC@S) %%%i‘iched 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 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;



(b) the enriched fuel is selected fromthe group consisting of (1) an

enri ched gasoline conprising about 48% or nore by volune of aromatics,

cycl opar avDiz2ns/00849d ol ef i ns; (2) an enriched gasoline cecprisgémg3sabout 43%
or nore by volunme of aromatics and olefins; (3) an enriched gasoline

conpri sing about 40% or nore by volune of aromatics and cycl oparaffins; and
(4) an enriched gasoline conprising about 19% or nore by vol une of

cycl oparaffins and ol efi ns; _48 . (c) the engine cylinder
optionally contains a snmall percentage by volunme of EGR prior to conbustion
of the enriched gasolinﬁﬂin t he qﬁgépder

conbustion, the Rmax value ai]%lelé(b% YA %]?%}ltéa%’atlo 3P8utt%15é% %&53{%‘? ?er

observed whep aftoB6I iRIHPOTET 3% t6 IR BEYEHEdolgas Af af@ntishceablyst ed in the
cylinder in the presence of between about 10%to about 40% by vol unme EGR

59 0 about 999% | ower 1 hdn AR A e et PRSP BlRLE b By R et on

of a correspARoRgl HAbBLS 6D eslalgns g5vaey valdek ofglicvatieatfugiombust i on
conditions. 14. The nethod of claim1, wherein: (a) the

advanced conbusti on englfie Re( LGSy Pk s I8 hou 4504 by yalue o D) C1°

enriched fuel is select rom ro consisting o an enriched
gasol i ne coaphichdicandditit SBYAEO LBy VEluIRIah carichatfuels,
cycloparaffins, and olefins; (2) an enriched gasoline conprising about 53%
or nore by volune of ar t] .ef L ns; i ihe - 44
- conpri siyng about 45% %Tr?o@gmgoql\l/@{wgl%g%m gs%’r%@%bggtr%%ﬁgﬁ@%a%n ns;
and (4) an annicoheichndamolii 452 ¢® dpuit S5 Ngbyabeluine 20U @hrichdefubly vol une of

cycl oparaffins and ol efins. (c) the engine cylinder does not

contain EGR prior to co ”%“hgﬁi&5n%§§wfﬁé§ﬁgﬁgﬂggﬁ854@@6%9ﬁ§ﬁﬁgfgéi”der;

and (d) t engine’s ssion | evel ween about

5% t 0o about afQohoeid dboarn3i% eo st d5tssf renrelied figener at ed by combusti on
of a correspondi ng non-enriched gasol i ne under equival ent conbustion

condi tions. 15. The netpgd ofj. 6} -ﬁf)&sinwgékg%otgeabout 75% by voldn®® of: N€

advanced conbustion engithe operates in (b) the
enri ched fuah alcohglasal aboeat 2% chabeut 864 Isheslume off ahydriciedrfoeln fracti on
selected fromthe group consisting of a cycl opentane, toluene, and

di i sobut yl ene; (o 016 odti SHR 930 BUBELARSS LOObIGADGAI 1 ECR

prior to conbustion of e enric Ine In the c
an alcohol and about 15% to about 25% by volume of an enriched fuel; and
(1) 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.



(d) the engine's peak NOx em ssion |l evel is between about 5% to about 99%
| ower than the NOx em ssion | evel generated by conbustion of a

corr espormipregios+oenr i ched gasol i ne under equi val ent comrbuatS2@0/0a9nai ti ons.
16. The method of claim1l, wherein the enriched fuel is selected fromthe

group consisting of: (1) an enriched fuel conprising either
(a) about 25% 50% by vol une of aronmatics, or (b) about 15% 25% by vol une of
olefins, or (c) about 5% 20% by vol ume @f_ cycl oparaffins; - 45 -

(2) an enriched fuel conprising (a) about 25% 50% by vol unme of aromatics
(b) about 15% 25% by,,volune qof olefins,, and (c out 5% 20% by vol ume of
cycl oparaf fins; 23, lFHe meam(diﬁ Cjiar]lme rW@ﬁ@&%@%qe%on&eﬁan(a) about
35% 45% by wpiitiEa @bolcateithol, Bhd apRtin fR%&RPediprikel Bbdutadoobef i ns, and
(c) about 5% 15% by vol unme of cycl oparaffins; (4) an enriched
fuel conpri sPhignq enmetsictiaBob angd abonuMEor nzare hevobenq ¢f) arametes 8% by

vol une of ol efins, and (c) about 10% by vol une of cycl oparaffins;

(5) an enri 8%’ &f uel conpri si ng about 25% 50% by vol une of aromatics and
about 15% 25% by vol unme of ol efins; , (6) an enriched fuel
conpri si ng about 25%%0Vhenethwdnfelam gy sigraie tegdhen 1iS89R20% by vol ume

of cycl opar af f.i.ns; . an.enri.ched fuel c ri.Sh about
T506 505 by SATURG sgpolearsthansl b RS IETOE e R AR Dl Bpar ar 1 ns:
(8) an enri ¢BREORSAbIE cERABY Akl AbduthPior ARk 65 Yohime/ett Atomatés aidonat i cs,

cycl oparaffins, and ol efins; (9) an enriched gasoline

conpri si ng &p8aparagms60% by vol ume of aromatics, cycloparaffins, and

ol ef i ns; (10) an enriched gasoline conprising about 48% 58%
by vol ume of aronmat i2ss, Thy aleeidarcticidimsls, dmdredh el 11&id comprises an (11) an

enriched gasoline conprising about 40% 60% by vol une of aromatics and

ol efi ns; enriched gasoline(apg)cthanok apd Bhetri Hiediendecasantes 8bety 8ok 45% 60%
by vol ure Ofvoﬁ'lrn?ena‘trh&% o%réﬂlaﬁhﬂﬂdrh%;out 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)



- 46 - (13) an enriched gasoline conprising about 43% 53% by
vol ume of aromatics and ol efi ns; (14) an enriched gasoline
conpri si Nyoaboums#Ad% 60% by vol une of aromatics and cyclPoparsaéiiossy;o

(15) an enriched gasoline conprising about 45% 55% by vol une of aromatics

and cycl oparaffins; (16) an enriched gasoline conprising

about 45% by vol une of aromatics and cycl oparaffins; (17) an
enriched gasoline conprising about 10%z§p96by vol une of cycl oparaffins and
ol ef i ns; (18) an enriched gasoline conprising about 15% 30%

by vol une of . ¢ I S._an nrlched

gasol i ne- comBittarng gttt Es SRS ek BADTiner: (6) by tisdh STTORERERA of of i ns:
(20) an enrlaﬁ@g@fggsol i ne conprising about 25% 50% by vol ume of aromatics;
(21) an enriched gasollne conpr|3|ng about 35% 45% by vol une of aromatics;

(23) an enriched gasol | hd aongel B BBk BB N RS TG ERSTER Sl ef i ns:
2 ;42 an enr icempes@psiboie] TO0RHySdMEma e bithadsi %nd 035 dhpuy 00-00%, wf ol ef i ns;
volume of aromatics, or (b) about 2-50% by volume cycloparaffins,or (c¢) about
3-60% by volume olefins, or (d) about 10-80% by volume of aromatics,
cycloparaffins, and olefins, or (¢) about 8-75% by volume aromatics and olefins,
or (f) about 8-70% aromatics and cycloparaffins, or (g) about 3-60%

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 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



(25) an enriched gasoline conprising about 18% by vol ume of ol efins;
(26) an enriched gasoline conprising about 5% 20% by vol une of

cycl opar avDi2ns17008404 (27) an enriched gasol i ne PCOMSRI19iI0BRY7@bOUL
5% 15% by vol ume of cycl oparaffins; (28) an enriched gasoline
conpri sing about 10% by vol unme of cycloparaffins; and (29) an

enri ched gasoline conprising (a) about 25% 50% by vol une of aromatics (b)
about 15% 25% by vol une by vol une of olgfins, and (c) about 5% 20% by
vol ume of cycloparaffins, wherein the enriched gasoline is enriched in a

and ai 1 sobuerae 0 a0l 66y A SHRUEOIR Shlof By i LS WEINE SIS Tho®

engi ne' s HOG|clepahfinsagdd @rekope includes | oads that are about 10%to about
30% hi gher than those achi eved when the engi ne uses.a non-enriched

gasol | e L oI BT PR DA ADS L GRIRE on

engi ne's operating enve ng opeéra a mbust i on

node, the NMebMGHsE&PERIbOEE MG YSHPPOIYRDfREhaADDATIN aF ¥duddsYo-80% g oper ati on
in the advanced conbustion node with a blend conprising an enriched fuel

and about 5Yobimawfrasompgticse Pl abeutdif-6{)% brigolume cycloparaffing or fedabopt hod of

claim 18, r-ebn.t he blend.is selected t he,group consisting of: - 48
; "R By Vi S oE D SRR a0 SR PR EREESS by ol ume of
an al cohol apélophratins 7afb d16fiah oric) abGa B -85% WiFe oRfm@aroftatice Ae f uel

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

about 65% t @ladtsar ( By4Q-80 Yrasomhtiesrandryictopartiinfe pr (g) about 19-70%  (d) a

bl end conpri_si;n t 9 . about 45% by vol une of an al cohol and about
55% to aboufy%ggyggﬁgngﬁg%%g’an enriched fuel; (e) a blend
conpri sing about 45%to about 55% by volunme of an al cohol and about 45%to

about 55% by vol ume of & @thdanehew nenriched gasoline, wherein(thg bigngjiend
conmpri sing ?Q@ﬁhse S{Qa{?ga?fgg% b%ﬁ%lﬁ%evo?lefflgﬁolo%n&;’tg)a%ﬁ)ggﬁ)-%a}g rb§b°“t D

about 45% o enric enhd conmprtsi ng about
65% t 0 aboutyoi{ia¥é EHarvahticke oofb) aBowt! O3 Ibyamturad eyl o2k #fing, @eribodd% by
vol une of an enriched fuel; )

8-65% by volume oletins, 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



(h) a blend conprising about 75%to about 85% by vol une of an al cohol and
about 15%to about 25% by vol unme of an enriched fuel; and (i)
a bl end cwoppigiosg4about 85%to about 95% by vol une of a&oTAalSecahoBbsand about
5% to about 15% by vol une of an enriched fuel. 20. The net hod of
claim 18, wherein the al cohol is ethanol and the enriched fuel is an

enri ched gasoli ne. 21. The nethod of claim 18, wherein the
enriched fuel is gasoline which is enrighed in a hydrocarbon fraction
selected fromthe group consisting of a cycl opentane, toluene, and

di i sobutyl ene, Jhe nmethod of claim18 erein t bl end
Comprises. aftis rbgus£r7ad Srdrieh i e oMl pettl bRk R4 conpr i ses
about 10% byyMepataBEimRand®lgingf et hanol and about 45% or nore by vol une of
aromatics, cycloparaffins, and olefins. - 49 - 23. The net hod of
claim 18, wherein the b d.¢ [l ses an ric sol ipe. and.et hanol, and
wherein the bl end corrpr{lggset%%gg%mﬁﬁb/g%fh\%@g%ﬁ@@%g’r‘gﬁn% lgtg?bgeflﬁésnol and

about 40% oofiBfiedVf dboliiB 4 byavslimk o sthandl deh) aout 32%-65% by 24. The
met hod of claim 18, wherein the blend conprises an enriched gasoline and

et hanol , andolue & atomptecsp Pl aborr# Xedyasbiume epdepayatiign.uordchaboibr e of

et hanol and 40% or re by.vel u ronatics-and cycl oparaffins.
25, "The ot o Py aPUrY ABRRG QLI ROE-Br T RlF B AR e P ohed

gasol i ne andy@bpan@ins, aiicolwiey, of (t) abeutl3eTid, aedhivitics @8d akdut, kQPp by vol une
or nore of ethanol and about 10% or nore by vol une of cycloparaffins and

ol efins.  about40-63)6 aroppasicrand excleparaftian mrig) abwed &i53%¢ exclenagafing s

sel ected frgg&%f%%ngroup consi sting of blends conprising: (D)
et hanol and anh enri’ched gasoline, wherein the blend is conprised of about
0-5% by vol une of ethanol and (a) about 20% 80% by vol une of aromatics, or
(b) about 4-60% by vol ufie) ylanepairhds ¢mkhed gasodine awarieinghy bsmd s vol une

ol etina. or ouprideithangll Btp RhRIMRE oEhuRhATRY Rl 5 PREEL ' TF) Sbout

14- 80% ar omebivgse GMilo@yGds)parmhbobmnsh-4@% byglol@he bicldpafdFmeye(Qpdoaf fi ns and
ol ef i ns; et hanol and an enriched gasoline, wherein the

2
ol o5 cofpi’ b vetumgblinG ot 9LV (0 hoTv e R LR oA ke about

15% 75% by a ECS. 0K b - 5h% -
cycl opar af f i\égéslgﬁ%?%é)g@bn%%&ﬂ %ge‘%a%@tv%r%#}é b IVeEfI?rllés)ixm}él%h?g?ndabout 17-85%
by vol unme obldne@t(fcsbout YE-bouadraimbhiifxSandasydlopheiffimns or Qf) abent @Pse, 14- 80%

aromatics and olefins, or (f) - 50 - about 13-75% aromatics and
cycl opar af f cndopapffjngand pkalims4- 65% cycl opar af fi ns and ol efi ns;

(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;



(3) ethanol and an enriched gasoline, wherein the blend is conprised of
about 15-90% by vol une of ethanol and (a) about 10-70% by vol une of

ar onmat i cswoanii(doy40about 2-50% by vol ume cycl opar af fi ns, @CT(USpo1alosssro 3- 60%
by vol une ol efins, or (d) about 10-80% by vol unme of aromatics,
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
gasoline, wherein the blend is conprlseé of about 0-5% by vol une of ethanol
and (a) about 25% 70% b ol une omat i 5-50% by vol une
cycl oparaffins, or (c) §gg&Pa%9§8 IHLmb%FHﬁSdB‘%T|ﬁ%mn§ﬁ %@?dgbout 30-80%
by vol une otombAsat éfebouts%!t6 BB RPNy velcheaifehd MSohdand el @RRUED 26- 75% by
volunme aromatics and ol efins, or (f) a%out 24-70% aromati cs and

cycl opar af f iﬁ#ﬁé is gplecteg) fremdhe 2Iop @O%ls,fylgl rarcafithetbgasatinglagfenrighed

(5) ethanol erein.the ble ed of
(5) Sthanol g an SHCAelied SaSalL 1 cHORLSLI N, DLE0L I3, Sorel
aronmatics, ah ehf¢hcddasthe ATAGH P Yo @Idunre!, @ﬂ@ﬁ@cﬂ@ﬂagfaédlﬂ@,dl@srel blhdakout 5-55%
by volune olefins, or (d) about 22- 7596by vol une of aromatics,

cycloparaffﬁh@dﬁﬁﬁ@pbﬁﬁimﬁ@nmﬁﬂf%@Wﬂ@mwamhﬁbﬂﬁggbaronatlcs and ol efins, or
(f) about 18-65% aronmatics and cycloparaffins, or (g) about 7-55%

cycl oparaffins and ol ef {1%3;an alcohol and an enrichd figd hahgtinanébrRAdenr i ched
gasoline, wherein the blend is conprised of about 15- 90% by vol une of

et hanol and cQ@prigisoefiabest Ho9e Bboui&de’ey welugieorrdhe glsohdd and Hye apished 3- 40% by
vol ure cycl %Fe? n§£eﬁ¢ 0%t R %%bﬁ%épﬁst?ocy %%cHéEggagP @é NRenQfndgd) about

15-70% by vo aronati c flns ns, or (e) about

13- 65% by valedsrerual Qﬂ@ﬁﬂl&ﬁ:d@(@ﬁbseﬁel an eﬁh@ﬁeldrjét fuel, af bhriadk@Wiothetr 81684, ar omat i cs
and cycl oparaffins, about 5- 50@6cyc|oparaff|ns and ol efins;

(7) ethanol aaﬁaﬂ@lfwd@a?qh@h 60]!@91%6131’1‘1‘%1 fugh an énrmcmﬁ@amlémhe@l bl@ﬁ@rqnsed of

about 0- 5% gxr1c\(ﬁ*be)c1 ht?lf G hrﬁqu,er r61)> n,g@cPsQ[H rg f5 % ?1 % en%cﬁg fu%L out

aromati cs, cycC ara |ns

18-70% by v¢ 1lﬁf§©rrfé|a@f)¢d@§enrwheﬁ ha a tarBSn SK186t8Y frel HERrdp dNOIREIG CS,

cycl oparaffins, and ol efins, or { about 43-85% by vol une aronatlcs and
ol efins, or of £yclepmmancaligng, pbegleagd cycl oparaffins, or (g) about
19-70@6cycloparaff|ns and ol efins; (8) ethanol and an

enriched gasol i ne, whergim dohgedomet drberfruipd kainef wiadreutth®bkAdGdy vol ume
of ethanol and (a) about 30% 75% by vol unme of aromatics, or (b) about 5-55%

by vol ume cyemppsacaffabayt S%aro abquiPsduby Bolgsmdethaspligadol ef i ns, or (d)
about 43-85% by volume of aromatics, cycloparaffins, and oleflns, or (e)
about 38-80% aromatics @rsy a0l @ffnios andan ¢ifrichad gakolidb, whieiartherBleng $s and
cycl oparaffins, ﬁ% about 11-65% cycl oparaffins and ol efi ns;

(9) et hanol caman%ﬁﬁl@g PEhE G teaBeti9& Dyelugierpfewngl, end wherckn st i sed of

about 15-909 ol ume of

aromati cs, égg%ﬁﬁggggﬁFqg-@%@?ggﬁv%&§%%%%°§$§%§F§%9£g g% qc) about 5-60%
by vol une okefsifihg dicyldpedng) tol3are30d diysobatylie. of aronat i cs,
cycloparaffins, and olefins, or (e) about 30-75% by volune aronatics and

ol efins, or (f) abo 2 018110 about

8- 60% cycl opar af fi n?t7an§hgﬁ1 (P?Od d}‘%ﬁdlﬁlsl@%eféfﬁ h%pd%@ Sh%%ahao%[ %I%galgn
enriched gas@hﬂnﬂfﬁﬂheaQnmﬂﬁheﬂbﬂeménhsh@DMKHhﬁﬁmhmﬁoﬁﬁm&mbn&eﬁ@wby vol une
of ethanol an a) about 38% 7Q% by vol une of aromatics, or (b) about

11- 50% by v&omr&e@y@urbw@fmg REa cmlowfar@bwﬂenf@W%Sepuw&nene ol efins, or
(d) about 58-80% by vol unme of aromatics, cycloparaffins, and olefins, or
(e) about 53-75% by 280l lﬂherr&ﬂmd&ificd,‘amalmdwheréiﬁthe abd ol sscthamol §ild thabout

45-70% aromati.cs and cycl opar af fins about 20-60% cycl oparaffins and
ol efins; en“dmdfhdisa@ﬂ%¥ﬂﬁﬂﬂﬁﬁ%ﬁ‘ﬁﬁﬁh%ﬁméﬂFk@ﬁ@an%asol|ne wherein the
bl end is conpri sed of about 5-14% by vol une of ethanol and (a) about

32% 65% by vol unme of aromatics, or (b) about 6-45% by vol une
cycloparaffins, or (c) about 9-55% by volume olefins, or (d) about 48-75%
by vol une of aromatics, cycloparaffins, and olefins, or (e) about 43-70%
aromatics and olefins, or (f) about 40-65% aromatics and cycl oparaffins, or
(g) about 15-55% cycl oparaffins and ol efi ns; (12) ethanol and
an enriched gasoline, wherein the blend is conprised of about 15-90% by

vol une of ethanol and (a) about 26-60% by vol unme of aromatics, or (b) about
4- 40% by vol unme cycl oparaffins,or (c) about 6-50% by volunme olefins, or (d)
about 38-70% by volunme of aromatics, cycloparaffins, and olefins, or (e)
about 33-65% by volume aromatics and ol efins, or (f) about 30-60% aronmatics
and cycl oparaffins, or (g) about 10 5096cycloparaff|ns and oleflns

o e Y



(14) an al cohol and an enriched gasoline, wherein the blend is conprised of
about 5% to about 95% by vol une of the al cohol and the enriched gasoline is
enri ched wo 2a11npseodcar bon sel ected from the group consi CIrAP2@0/038970

cycl opent ane, toluene, and diisobutylene; - 53 - (15) an

al cohol and an enriched fuel, wherein the blend is conprised of about 5%to
about 95% by vol une of the al cohol and the enriched fuel is selected from
the group consisting of an enriched gaspline, an enriched diesel fuel, an
enriched kerosene, an enriched jet fuel, an enriched biofuel blend, an

enriched Fischer-Tropsch der.ived.fuel, an entiched.gasol.i;ne-.di esel bl end,

an enr’ ched: napht ha andn ke puebeeR s L M PR SRt i (16)
an al cohol é}odro@ﬁbeﬂlﬂaemdsd‘lé@éd frivfehe bfbupRendib@dof & HFOMBAE F8ctigf, about 5%
to about 95% by vol une of the al cohol and the enriched fuel is selected

from the gregpcloparsfist fraefiost aethaeelefinisdtacgasol i ne, an enriched diesel fuel,
an enriched kerosene, an enriched jet fuel, an enriched biofuel blend, an
enri ched Fi scher - Tr gpscithéeifidioied fidl @) cladfl 20Nwvhekadthgasathdderueiigsel bl end,
an enriched naphtha, and m xtures and/or bl ends thereof, wherein the

enri ched fuétlegted fiensGaereipnsisting pf ahenfidhad gaspjise cteisheddiceddt ed from
the group consisting.,.of,cycl apentan t ol.ugne, an i so | ene;

(17) %an- o o ALhiRufd ke RREE S E0Ge I g PRl SR A s 1 sea o
about 5% t 0 caRENsd FIGHePYrofRtaEi i fathanehrictREGasoline-diesel blend, 4118) an

et hanol and an enriched gasoline, wherein the blend is conprised of about
5%t o about coHokogyrapbihanandgnixgrasel/or Bpedsihercel.n the enriched gasoline is
enriched in a hydrocarbon selected fromthe group consisting of

cycl opentane, toluersg, @nEestidheaFudofenem 29, wherein the 2hricHddefugEithod of claim
19, wherein the alcohol is ethanol and the enriched fuel is a gasoline

whi ch is enp¢lested fiom e gyeioroasiseng pFact i on sel ected from the group

consi sting of a cycl opentane, toluene, and diisobutyl ene. 28. The
method of claim 19, whe(#i mntdneicadcflbbomsrigihareter dnd abbet 3% behed fuel is
a gasoline which is enriched in cyclopentane. - 54 - 29. An

enri ched fu&Plus¥nPmaiily a fuel which is enriched in a hydrocarbon fraction
selected fromthe group consisting of an aromatic fraction, a cycloparaffin
fraction, and an ol efin{) fanhagitiched fuel comprising @atel iana@bouCIyed b uel of
claim?29, wherein the enriched fuel is selected fromthe group consisting
of an enri cNelmps@efinsaéndan enriched diesel fuel, an enriched kerosene, an
enriched jet fuel, an enriched biofuel blend, an enriched Fischer-Tropsch
derived fuel, an enrichg) gasarichat fices@hpriNigngicantianraboteld’bbdpht ha, and

m xtures and/ or bl ends thereof 31. The enriched fuel of claim 29,
wher ei n t he VBR¥ISCHEPRIAINS- s sel ected from the group consisting of:

(a) an enriched fuel conprising greater than about 35% by vol une aromati cs,
\ 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



(b) an enriched fuel conprising greater than about 18% by vol une ol efi ns;
and (c) an enriched fuel conprising greater than about 10% by
vol une cywbDaparmsfouns. 32. The enriched fuel @eCTalsaéio2d®;70 wher ei n
the enriched fuel is selected fromthe group consisting of:

(a) an enriched gasoline conprising about 48% or nore by vol une of
aromatics, cycloparaffins, and ol efins; (b) an enriched
gasol i ne conprising about 43% or nore by vol ume of aromatics and ol efins;
(c) an enriched gasoline conprising about 40% or nore by vol une of
aromatics and cycloparahblns nrlched

gasol i ne conprising abo f@o%nglcg‘?fjogaéo@e ?/%Wfﬁsén%?bo&&?%op%r%?qe Ns and

ol ef i ns. volume of¥3clopBR @iy dehgekidyuel of claim 29, wherein the enriched
fuel is selected fromthe group consisting of: (a) an

enriched fuel conprigin %or volu
(b) an enriched fueIﬁCo?%??%rl%laé %5}928 N ye\%%?hnﬁeugllséfl ns; and

(c) an enri @&[@&eaﬂ@m@l@?@uﬁ%dﬁgwﬁ gf 11% or m)re by vol une cycI opar af fi ns.
34. The enriched fuel Ia|n129 wherein the enriched fuel is selected

fromthe group consisti rich asol i ne
S Paam eg)mc %lr@rle co r1s1 Oial?o%wg‘% 6r gr%

conpri sing about 58% or 1'C§, cyc oparaffins, and
ol efins; volume aromatic{|b) an enri ched gasol i ne conprising about 53% or
nore by volune of aromatics and ol efins;

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

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:



(c) an enriched gasoline conprising about 45% or nore by vol une of

aromati cs and cycl oparaffins; and (d) an enriched gasoline
conpri si nyoabowms®d% or nore by vol une of cycl opar af fi ngCa$2@0o839ME .

35. The enriched fuel of claim29, wherein the enriched fuel is a gasoline
which is enriched in a hydrocarbon selected fromthe group consisting of

cycl opent ane, toluene, and diisobutyl ene. 36. The enriched fuel of
claim 29, wherein the enriched fuel is gglected fromthe group consisting
of: - 56 - (1) an enriched fuel conprising either (a) about

38% 70% b ol unme of ar tics,. pr. £h) about 19% 60% o o ol efi ns,
or (c) abgu;/ 12%50% by olalt?ﬁghfiﬁedc@gf%oﬁgﬁ’rgsﬁ%ﬂéer?aga%utv%}é%ﬁ{%) anI

enriched fugble@drdrsihGcs( 8) (1)aBsIt 1999609768 0¥o M@k WiBlcBins 8rqBpddos (b) about
15% 25% by vol une of olefins, and (c) about 5% 20% by vol une of

cycl opar af f ilh%s-50% by volume of cyclgparaffingnr i ched fuel conprising (a) about
35% 45% by vol une of aromatics (b) about 15% 20% by vol une of olefins, and
(c) about 5% 15% by vol @ye @fengi¥BdPRRI @drhprivgiag (a) about 25%-50% Hy4) an enriched
fuel conprising (at) about 35% by vol unme of aromatics (b) about 18% by

vol ume of olve Ot agpigaties)(baptt 12992 by byololirac ef olefins, apd (@ abous ;

(5) an enriched,fyel conprisi about 25% 50% by vol une of aromatics and
about 15% 2§f§'§g9ﬁ’\%fmﬁ ggP%Sch‘??aﬁ%f?#ls’ (6) an enriched fuel

conpri sing about 25% 50% by vol une of aromatics and about 5% 20% by vol une

of cycloparaffins; (3) “an enrichqdrucheprapiisiahed abow|35¢oApta Bi ng about

15% 20% by v f olefli 0 % 15% f_cycl| oparaffins;
(8) an enri gﬁiélg‘%g%fgaé?li%%tz&c@?r%&ﬁgilﬁg"a %)3)13/ Vﬁ%&é%{ ‘%{g}Hg%flgr(r%) %’% ugr omatics,
cycl opar af f ists1 5Bt l@ht B8 cycloparaffins; (9) an enriched gasoline

conpri sing about 48% 70% by vol une of aromatics, cycloparaffins, and

ol efi ns; 0) . i [ &%ri, i 58% 68%
by vol une of aronati cs,é ycalnge%g(régeg iﬁlgggong%?d&@ Q‘aﬁiaﬁs; Sng%I%Bl%u&f

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;



-57 -

(11) an enriched gasoline conprising about 40% 80% by

vol ume of aromatics and ol efi ns; (12) an enriched gasoline
conpri si nyoaboums#As% 70% by vol une of aromatics and ol ePCmAIS2010/038970
(13) an enriched gasoline conprising about 53% 65% by vol une of aromatics

and ol efins;

40% 70% by vol une
enri ched gasoline
cycl opar affins;
45% 55% by vol une
enri ched gasoline

(14) an enriched gasoline conprising about
of aromatics and cycl oparaffins; (15) an
conprising about 42%4$5% by vol une of aromatics and
(16) an enriched gasoline conprising about

comr { 87ty Bl SHRIBDGRBY VB ther 4Pl ar af 11 s anc

ol ef i ns; volume of aromatickShdaefafyf i ched gasol i ne conpri sing about 20% 50%
by vol une of cycloparaffins and ol efins; (19) an enriched

gasol i ne conprising abo 22% 40% vol une of. . | opgraf £i and ol efins;
o S ROk bS8 B S A %62 'y

(20) an enriched gasoli

r’'s vol of aromati Ccs;

(21) an enrivghet asemhhile @At ng about 35% 45% by vol une of aromatics;
(22) an enriched gasoline conprising about 35% by volume of - 58 -

(13) an enriched gasoline comprising about 53%-65% by

volume of aromatics and olefins;

(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;



(23) an enriched gasoline conprising about 15% 25% by vol une of ol efins;
(24) an enriched gasoline conprising about 15% 20% by vol une of ol efins;
(25) an ewoi2etigdsgasol i ne conpri si ng about 18% by vol unmeCofuSed18/038930
(26) an enriched gasoline conprising about 5% 20% by vol une of

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

enriched gasoline conprising (a) about 25% 50% by vol une of aromatics (b)
about 15% 25% by vol une vo| u f ol.efins,.and (c o % 20% by

vol ume of cycl oparaffi n@x\ﬁﬁleelll&gﬁe(f%agohlﬁer?Oéﬂ%rbsué%%éﬂ'% Ag%gg% Fiched in a
hydr ocar bon ygrheci@dcfiksom t he group consisting of cyclopentane, toluene,
and dii sobutyl ene; and (30) an enriched gasoline conprising

(a) about 35% 45% by vo%ﬁ an%]}lriaﬁ%gggsiagﬁg é@?&%@ﬁq%b%‘?(){%%’g%}é% vol une by

vol une of olefins, and {('c) abou araffi ns,
wher ei n t he verimcd@slc@asol ine is enriched in a hydrocarbon selected from
t he group consisting of cycl opentane, toluene, and diisobutyl ene

37. A blend conprisi ng?@g)%%gngipggddé%sh%ﬁag&nnﬁgg& %ﬁooﬁot%% r‘%lg%eyo(gl ume of

an al cohol . erern tthe enriched fuel
i s an enrichedingasol i ne and the al cohol is ethanol. - 59 - 39.
The bl end of claim37, wherein the blend is selected fromthe group

consi sting of: ) -S| QUL % 10 about 15%
by vol une of an al cohol (Zg%&nae%lg%?%ﬁﬁoe %ﬁ%ﬂé&%%ﬁg\%%gﬁ’e of an enriched

fuel ; volume of cyClypagfidhsend conpri sing about 15%to about 25% by vol une
of an al cohol and about 75%to about 85% by vol unme of an enriched fuel;

(c) a blend conprising f%%%“ aridpd ga%BRHé C(?%;Z%SEX% %tgqu%%_%%ad} al cohol and

about 65% to about 75% vol unme of“an enr
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.



(d) a blend conprising about 35%to about 45% by vol une of an al cohol and

about 55%to about 65% by vol unme of an enriched fuel; (e) a
bl end compoi2simgsabout 45% to about 55% by vol une of anParashal/oassdo about
45% t o about 55% by volune of an enriched fuel; (f) a blend
conpri sing about 55%to about 65% by volunme of an al cohol and about 35%to
about 45% of an enriched fuel; (g) a blend conprising about
65% to about 75% by vol ume of an al cohgg and about 25%to about 35% by

vol ume of an enriched fuel; (h) a blend conprising about 75%

to about 85% by volunme of an al cohol and about 15%to about 25% by vol une

of an enriched fuel ;39ant@he blend of claim 37, Whoresh tht BREdGOENEdtSd fromahout 85% t o
about 95% by vol ume of an al cohol and about 5%to about 15% by vol une of an

enri ched fu@roup consisting of:40. The bl end of claim37, wherein the blend
conprises an enriched gasoline and ethanol, and mhereln the bl end conpri ses

about 10% by vol une or (ﬁ)r%blén(ﬁ&d]ﬂpt@slmgﬂﬁﬁbwbgm abolie 5% Hyrvelbic ¥ol ume of
aromatics, cycloparaffins, and olefins. - 41. The bl end of
cl ai m 37, waBgkonokand a@péh%ﬁ%zmb%@é%aw é@imr@wé@nga@@heidﬁ@eland et hanol , and

wherein the bl end conpri ses about 10% by vol une or nore of ethanol and

about 40% or nore by vo{yne Wéndcanpidiesaind 16Vebiabsut 25% by volumetet  The
bl end of claim 37, wherein the blend conprises an enriched gasoline and

et hanol , an@N@ehel andiabeubl 3hdo akaws S5 el ¥eJoe of @neniichesifude or nore of

et hanol and about 40% or nore by volume of aromatics and cycl oparaffins.
43. The bl end of clai m@jF, Mem@émnpﬂf@ng)hbmdZs‘ﬁﬂtpraibsws%bgmbhﬁﬂﬁeaf gasol i ne
and et hanol, and wherein the blend conprises abgut 10% by vol une or nore of

et hanol andaa@kfabolm%a&pum%t<b9b%|7é%ebsbvolé@@%aa&amheﬁisfuglnd ol efins.

44. The blend of claim 37, wherein the blend conprises about 10% by vol une
or nore of ethanol and ai)gaasbiérhdleomﬂsmmigﬁlﬁowlﬁ%(:tb@tﬂohtm%by@bbﬁmﬁbn
fraction selected fromthe_ group consisting of a cyclopentane, toluene, and

di i sobut yI eAB alcohol and abouty%>% 1,ab@It & BF Velrareat 37 entighedditls t he al cohol i s
et hanol and the enriched fuel is a gasoline which is enriched in a

hydr ocarbon fracti on se(ectadslefid mp@ng&@mp%%%iabbhtr@%by&ohm@d opent ane,
t ol uene, and quioEObUtyl ene The bl end of claim 37, wherein

the bl end i &"akpbekag abpyhd Y do @P%éS%@%V@Pmﬁ@ n cprightdduelonpri si ng:

(1) ethanol and an enriched gasoline, wherein the blend is conprised of
about 0-5% by vol une of (@zt haariohd eordprisang atisoo 65 5 Z5%6aB 0686 4o b vohenod

aronmatics, abou 60% b vol.ume. cycl o ins, or (c) about

18- 70% by vapaf?@%h%ﬁ. gut %ﬁr/o o(Q§ Bogs diite %@WACB@J%IUWE of aromatics,

cycloparaffins, and olefins, or (e) about 43-85% by volune aromatics and
(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.



-61 - olefins, or (f) about 40-80% aromatics and cycl oparaffins, or (Q)
about 19-70% cycl oparaffins and ol efins; \ (2) ethanol and an
enri ched wazoime44wherein the blend is conprised of abear/us2@4888970 vol une
of ethanol and (a) about 30% 75% by vol unme of aromatics, or (b) about 5-55%
by vol une cycloparaffins, or (c) about 8-65% by vol une ol efins, or (d)

about 43-85% by vol une of aromatics, cycloparaffins, and olefins, or (e)
about 38-80% aromatics and ol efins, or_{qf) about 35-75% aromatics and
cycloparaffins, or (g) about 11-65% cycloparaffins and ol efins;

(3) ethanol and an enriche soline,-wherein. t | end is conprised of
Sbbut 15-90% by vol cie SPE BieAdRD FalR a7 ARt BostBRR R B e of
aromatics, @hried abslie a3d2BMnBY, aM@ WhdR:i€ el ORT &uhprives bodt ADoabpuUt 5- 60%
by volune ol efins, or ég) about 33-80% by volunme of aromatics,

cycl opar af f vaBimeerdnetcarticHmnoband appubddHator 3oy §yovblpmasfiarematienandi cs and

ol efins, or gf%§about 28-70% aromati cs and cycloparaffins, or (g) about
8-60@6cycI08(¥‘ fins and ol efins; (4) ethanol and an enriched

gasoline, wherein the blend is conprised of about 0-5% by vol une of ethanol
and (a) about 38% 70% b¥yhe bleudwf elairaBsdnaheres the blepgconipsises am - 50% by vol une

cycl oparaffins r abaut, 19: 60% vol.u ol efins, r1# oabout 58-80%
by volume. of sl R0 nabal SR R e @l Fr s B W 5377506 by

vol ume ar omgbigse @forl oFfetifdniol Ad dbohit 2899w nffre BY YoRIMNEH dr6i®aBetthnd
cycloparaffins, or (g) about 20-60% cycl oparaffins and ol efins;

(5) et hanol catlap&affesri ched gasol i 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) algut The BRHedbY cih BTewByelmabRilicomprieés 4€) about 9-55%
by volune olefins, or (d) about 48-75% by vol une of aronaticsb

cycl opar af f edchegdrggselingrandthagel, eag whsein thedlambsamyings peetdAde B ef i ns, or
(f) - 62 - t - 659 ' eyl fi t 15-55%
Cyel opar af Ay PR S EHeRORkboR o b RREP bR oy clethesi | o
gasol i ne, whgdeiefinkhe blend is conprised of about 15-90% by vol une of

et hanol and (a) about 26-60% by vol une of aromatics, or (b) about 4-40% by
vol une cycl oparaffing, o . 6--509 Y | ef i about
38-70% by vol une ofq%roE%%?%8?%§§%P§82r§%$¥ﬁgﬁgggﬁnggﬁ#ﬁéf”%@‘E@% about
33-65% by volwidRing enbiecs citthobhief 4 fssoling which isbaithedln @ OYaaycamdhi cs and
cycl oparaffins, or (g) about 10-50% cycl oparaffins and ol efins;

(7) an al coﬁ@?tl%w%@%e%ﬂ@méh@am@ﬁwnw&g Qftrerysiapeptaae.gpigac.ia@dconpri sed of
about 5%to gﬁﬂ%w?é@bby vol unme of the al cohol and the enriched gasoline
conpri ses (gﬁ abou 655965096by vol une of aromatics (b) about 15% 25% by
vol ume by volune of olefin about 5% 20% by vol une

s, and (¢) ) of
cycloparaffins, and4fhefl B¢ Rlepdef elin sHewheraduine aleohal is siapplemdithe a
hydr ocar bon t - - S | ol uene,
and diisobuf@ﬁgﬁgﬁﬁglgaggkhgﬁ\ﬁﬁaf@fﬁgﬁﬁ%f@ﬁﬂ%ﬁggﬁgxgwﬂgﬁgﬁ%E@ﬁwgasoIine,
wher ei n t he fildhemd groucanpistifg df atydbpaiitare¥edl wenapaid difobodgleneol une of the
al cohol and the enriched gasoline is enriched in a hydrocarbon sel ected
fromthe group consigti - i | ene;
(9) an al cohol and é%’e?g?gﬁgg%?E@Pﬁ@3§§§3F%H%Egﬂﬁpé%%ggg&%%ggﬁ%ged of
about 5% t o gedapuionQiStihbyf blohdsnmnafristitpe al cohol and the enriched fuel is
selected fromthe group consisting of an enriched gasoline, an enriched
di esel fuel, an enrichegk Ead AerBR! et 1 th@B1cER%d ched
bi of uel bl end, an enricﬂgd%@%égﬂe#%Tr%pgbh&ggg?vgﬁy%%gk, gﬁeeﬁr%ched
gasol i ne- di es@brikddestchboan0-8%s b hedmrapktiaaol and ajabdut86%-80%d/ber bl ends
t her eof ; Icoholggnd an enriched fuel, wherein the

10
blend is coﬁﬁﬁ%#%?maé%%r@&&gwté@ﬁﬁ o &5 GrOBYNG, e LRI Fing. 1% (G) B8HbI  and

the enrichedg 79, by volume olefins, or (d) about 48-90% by volume of aromatics,

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



- 63 - fuel is selected fromthe group consisting of an enriched gasoline,
an enriched diesel fuel, an enriched kerosene, an enriched jet fuel, an
enri ched Wwoabudlos4shend, an enriched Fi scher-Tropsch der ipceaisbaelo3san
enriched gasol i ne-di esel blend, an enriched naphtha, and m xtures and/ or

bl ends thereof, wherein the enriched fuel is in sone aspects enriched in a
hydr ocarbon sel ected fromthe group consisting of cycl opentane, tol uene,
and diisobutyl ene; (11) ap alcohol and an enriched gasoline,
wherein the blend is conprised of about 5% to about 95@6by vol une of

et hanol ; and

Shorarn t hodisfigscor © e 0507 s Mafisti iy R udint Ob L A0 IR Aol o

et hanol , andy yybﬁjrgfﬂhstahgoﬁﬂfnlsched gasoline is enriched in a hydrocar bon
selected fromthe group conS|st|ng of cycl opentane, toluene, and

dii sobutyl ene. 47. The EE) a% lgndaane ?cheg\'ggso?llng \%/Irl]eere% lP)l%ndl § ethanol.

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;

(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)
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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.



