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(57) Abstract

A spark ignition motor fuel composition consisting essentially of: a hydrocarbon component containing one or more hydrocarbons
selected from five to eight carbon atoms straight-chained or branched alkanes essentially free of olefins, aromatics, benzene and sulfur,
wherein the hydrocarbon component has 2 minimum anti-knock index of 65 as measured by ASTM D-2699 and D-2700 and a maximum
DVPE of 15 psi as measured by ASTM D-5191: a fuel gtade alcchol; and a co-solvent for the hydrocarbon component and the fuel grade
alcohol; wherein the hydrocarbon component, the fuel grade alcohol and the co-solvent are present in amounts selected to provide a motor
fuel with a minimum anti-knock index of 87 as measured by ASTM D-2699 and D-2700, and 2 maximum DVPE of 15 psi as measured by
ASTM D-5191. A method for lowering the vapor pressure of a hydrocarbon-alcohol blend by adding & co-solvent for the hydrocarbon and
the alechol to the blend is also disclosed.
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ALTERNATIVE FUEL
BACKGROUND OF THE TINVENTION
The present invention relates to spark ignition
motor fuel compositions based on liquid hydrocarbons
derived from biogenic gases that are blended with a fuel
grade alcohol and a co-solvent for the liguid hydrocarbon

and the alcohol, and having an anti-knock index, a heat
content, and a Dry Vapcr Pressure Equivalent (DVPE)
effective to fuel a spark ignition intermal combustion
engine with minor modifications. 1In particular, the
present inventicn relates to Coal Gas Ligquid {(CGL} or
Natural Gas Liquids (NGLs)-ethanol blends in which the
co-solvent is biomass-derived 2-methyltetrahydrofuran
{MTHF) .

A need exists for altermatives to gasoline
motor fuels for spark ignition internal combustion
engines, Gasoline is derived from the extracting of
crude oil from oil reservoirs. Crude oil is a mikture of
hydrocarbons that exist in liquid phase in underground
reservoirs and remains liquid at atmospheric pressure.
The refining of crude oil to create conventicnal gasoline
invelves the distillation and separation of crude oil
components, gasoline being the light naptha component.

Only ten percent of the world reserves of crude
0il lie in the United States, with an overwhelming
majority of the remaining $0 percent located outside the
boundaries, not only of the United States, but also its
North American free trade partners. Over 50 percent of
conventional gasoline is imported, with this number to
increase steadily into the next century.

Conventicnal gasoline is a complex composite of
over 300 chemicals, including napthas, olefins, alkenes,
aromatics and other relatively veolatile hydrocarbong,
with or without small quantities of additives blended for
use in spark ignition engines. The amount of benzene in
regular gasoline can range up to 3-5 percent, and the
amount of sulfur to 500 ppm, Reformulated gasoline
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(RPG) limits the quantivy of sulfur to 330 ppm and
berzens to cne percent, and limits the levels of orhsr
texic chemicals as well.

Corventional altermatives Lo crudes oil-derived
fuslsg such as compressed natural gas, propane and
eigctricity require large investments in autcmcbile
nodification and Zuel delivery infrastructura, aot to
mentieon technological develsopment. A need exists for an
alterrative fuel that provides the combustion propartisg

of motor gasoline withcut raquiring significant engins

modifilcation, and that car be stered and deliverad lixe
notey sasolina. In order to be an advantagacus
alternative for gasecus alternative fusls such 35 mathare
snd prepang, liguid altsrnative fuels should alsc mesc
all Envircomental Prorecticn Agency (EPA) raguirsemants
Emr "olszan fusls.r .o

CCL and NGLs hzve urnsuitably low anti-knock

indexes and have thus besn under-utilized as altermarives

5]

te crude ail as hydrocarkbon sources for spark ignition
engiaze motor fuels. Attempts to overcome this deficisncy
havz rendsred these hydrocarbon streams unsuitabls for
use as ilternative fuels,

Coal gases have long been racognized because of
sxplosions that have occurrad in the caourse ¢£f ceal
mining. This gas ig corasidersd z hazard to cperaticos
and has been vented te insure safe operation. Heowever,
such venting contribuctes te the increasing amouncs of
atmospheric methans, which 1s a potant greenhouse gas.
C.M. Beover, et al., ! 1082 S ti ! -445)
EPA/4C0/9-50/008. Coal gases can contain gigpificant
amounts of heavier hydrocarbong, with ¢, fractions as
bigh as 70 percent. Rice, Hxﬂ:gga:hgna_ﬁzgm_ggal
{American Agsociation cf Petrcleum Gaologists, Studies inm
Geology #38, 1593}, p. 152,

: In centrast to the scurcing of conventicnal
gascline, over 70 percent of the world regerves cf NGLs

liz in North Arerica. Imports cf NGLs into the United

AMENDED SHEET
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States ccnarictutss less than 10 psrcent of demestic
oreduction. NGLs are rezoversd from natural gas, gas
processing plants, and in some situations, from catural
gas field facilizies, NGLs sxtracted by fracticnators
are alse included within the definition of NGLs. NGLs
are defired according to the published specifications of
the 323 Frocesscrs Associaticn and the American Sociaty
for Testing and Materials (ASTM)., The components of NGLs
are classified according to carbon chain length as
tollows: athape, progane, n-butane, iscbutane and
'nentanes plus.t

"Fentanes-plus" 1z defined by the Gas
Procsssors Associacion and the ASTM as inecluding a
mixture of hydracarbons, mcstly pentanes and heavier,
extrzcted from natural gas and including iscrentane,
natural gascline, and plant corndensates, Pentanes-plus
are among the lowess value MGLS. Wnils prepanes and
butanes are sold to the chemical industry, pentanes-plus
are typically diverrsd to low-acded-value ail refinsry
streams to produce gasolins. Part of the reascn why
pentanes plus are not gensrally desirable as gasoline is
because they have a low anti-knock index thac detraczs
from itd performance as a spark ignition engine motor
fuel, as well as a high DVFE which would result in engire
vapor lock iz warm weather, Org advantage of pentanes
plug over thz other NGLs is that it is liquid at room
temperature. Trerefors is the ¢nrly component that can be
used in useful quantities as a gpark ignition engine
motor fuel without significant engine or fusl cark
modification.

U.S. Patent No. 5,004,350 discloses an NGLs-
bazed motor fuel for spark ignition engines in which
natural gasoline is blended wizh tcluene to provide a
motor fuel with satisfactcry anci-knock index and vagor
preassure. However, teluens i3 an expensive, crude oils
derived aromatic hydrocarben. It's uss is seversly
restricted under the reformulated fuel provisicn of the
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1590 Clean Air Act Amendments.

U.S. Pavent No. 4,806,129 discloses a fuel
zxtender for lead-free gasoline wherein the sxtender
congists essantially of a residue naphtha obtained as a

5 by-product of a basic crude ¢il rafining procass,
anaydrous sthanol, a stakillzing amount af z watar
repellant (e.g., ethyl acstate and metnyl isocbucyl
Zstone), and aromatics ‘=.g., berzens, tolueme, and
xylerng), Az noved above, nowever, certiin arcmatics are

10 ungesirable and their ugs may be restricted by law dus to
the damagicg effects on the environment.

Germzn TE-Q9 30 16 49 diszcloses 3 fuel
additive useful for sclupilizing water-containiag
mixtures of hydrocarbons and zlcochcls, such zs gasoline

1% and methancl., The disclosed zdditive includes
tetrahydzofuran and prrpeoroadly may be cdmbined with a
mixture of gascline, metaancl, and water to form a
stabla, clear mixturs.

The United States is the world's largest

2C groducer of fuel zlcohoi, with less than ten perceac of
cthano: impertad. Ethanel i3 & bicmass-derivaed, octane-
irncreasing moter fuel addicive. While athanol alone nas
& low vapor pressurs, when blended alorme with
hydrocarions, the resulting mixture hag an unacceotably

25 nigh rate of evaperaticn to be used in EFA designated
Qzone non-attaimment areas, whick include mast major
retropolitan areas in the United States., Tha vapor
preggure propertias of arhanol do not pradomipate in a
blend with pentznes plus until the asthanol level excseds

20 60 percent by volumg. iowever, blends contairing such a

high level of athanol are costly and difficulc to start

in cold wezather beczuse of the high heat of vaperizaticn
of athanel. Furthermore, ethanol mas a lcow heat contant,
resulting iz lcw fuel econemy comparad to gasoline.

15 : Low-cest production of MTEF and the preductiorn
and use of biomass-derived materials such as =thanol or
MTHF as gasoline extenders az levzls up tc about can

AMENDED SHEET
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percent by volume is disclosed by Wallington et al., Environ. Sci. Technol., 24, 1556-
93, (1990); Rudolph et al., Biomass, 16, 33-49 (1988); and Lucas et al., SAE
Technical Paper Series, No. 932675 (1993). Low-cost production of MTHF and its
suitability as a low octane oxygenate for addition to gasoline with or without ethanol
1o produce an oxygenated motor fuel was disclosed in an unpublished presentation to
the Governors' Ethancl Coalition by Stephen W. Fitzpatrick, Ph.D., of Biofine, Inc. on
February 16, 1995. Accurate technical data involving the blending DVPE and
blending octane values for MTHF were not available. There remains a need for a
motor fuel having a DVPE and anti-knock index suitable for use in a spark ignition
internal combustion engine without significant madification obtained from non-crude

oil sources.

SUMMARY OF THE INVENTION

This need is met by the present invention. Co-solvents for GGL, and for NGLs
hydrocarbons such as natural gasoline or pentanes plus, and motor fuel alcohols
such as ethanol have been discovered that result in a blend having the requisite
DVPE and anti-knock index for use‘in a conventional spark ignition engine with minor
modifications. =

Therefore, in acéordance with the present invention, a spark ignition motor fuel
composition is provided including:

a hydrocarbon component selected from the group consisting of four to eight
carbon atom straight-chained or branched alkanes and mixtures thereof, wherein
said hydrocarbon component has a minimum anti-knock index of 65 as measured by
American Society for Testing and Materials (ASTM) D-2699 and D-2760 and a
maximum dry vapor pressure equivalent (DVPE) of 15 psi (one atmosphere) as
measured by ASTM D-51 91;

a fuel grade alcohol; and

a co-solvent for the hydrocarbon component and the fuel grade alcohal;

wherein the hydrocarbon component, the fuel grade alcohol and the co-solvent
are present in amounts selected to provide a mator fuel with a minimum anti-knock
index of 87 as measured by ASTM D-2699 and D-2700, and wherein the fuel
compoasition is substantially free of olefins, aromatics and sulfur.
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Motor fuel compositions in accordance with the present invention may contain
n-butane in an amount effective to provide the blend with a DVPE between about 12
(0.8 atm.) and about 15 psi (1 atm.) as measured by ASTM D-5191, The n-butane is
preferably obtained from NGLs and CGL.

Another embodiment of the present invention provides a method for lowering
the vapour pressure of a hydrocarbon-alcohol blend comprising blending said alcohol
and a hydrocarbon component with an amount of a co-solvent for said alcohol and
said hydrocarbon component so that a ternary blend is obtained having a dry vapor
pressure equivalent (DVPE) as measured by American Society for Testing and
Materials (ASTM) D-51 81 lower than the DVPE for a binary blend of said alcohol and
said hydrocarbon component, wherein said hydrocarbon component includes one or
more hydrocarbons selected from the group consisting of four to eight carbon atom
straight-chained or branched alkanes, and wherein said ternary biend is substantially
free of at least one of olefins, aromatics, and sulfur.

The co-solvent for the hydrocarbon component and the fuel grade alcohol in
both the fuel compositions and methods of the present invention is preferably derived
from waste cellulosic biomass materials such as corn husks, corn cobs, straw,
oatfrice hulls, sugar cane stocks, Iow-grade waste paper, paper mill waste studge,
wood wastes, and the like. Co-soivents capable of being derived from waste
cellulosic matter include MTHG and other heterocylical ethers such as pyrans and
oxepans. MTHF is particularly preferred because it can be produced in high yield at
low cost with bulk availability, and possesses the requisite miscibility with
hydrocarbons and alcohols, boiling point, flash point and density.

In a further aspect, this invention provides a spark ignition motor fuel
composition including:

a hydrecarbon component selected from the group consisting of four to eight
carbon atom straight-chained or branched alkanes and mixtures thereof, wherein
said hydrocarbon component has a minimum anti-knock index of 65 as measured by
American Society of Testing and Materials (ASTM) D-2699 and D-2700 and a
maximum dry vapor pressure equivalent (DVPE) of 15 psi (one atmosphere) as
measured by ASTM D-5191;

gthanal; and
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a co-solvent miscible in both said hydrocarbon component and said ethanol
selected from the group consisting of saturated five to seven atom heterocyclic ring
compounds; wherein said hydrocarbon component, said ethanol and said co-solvent
are present in amounts effective to provide a motor fuel with a minimum anti-knock
index of 87 as measured by ASTM D-2699 and ASTM D-2700, and wherein said fuel
composition is substantially free of at least one of olefins, aromatics, and sulfur.

Fuel compositions in accordance with the present invention thus may be
derived primarily from renewable, domestically-produced, low cost waste biomass
materials such as ethanol and MTHF in combination with hydrocarbon condensates
otherwise considered extraction lesses of domestic natural gas production such as
pentanes plus, and are substantially free of crude oil derivatives. The compasitions
are clean alternative fuels that contain no olefins, aromatics, heavy hydrocarbons,
benzene, sulfur, or any products derived from crude oil. The compositions emit fewer
hydrocarbans than gascline, to help states reduce ozone and meet federal ambient
air quality standards. Compositions may be prepared that meet all EPA requirements
for “clean fuels,” yet at the same time utilize current automobile technology with only

minor engine modifications. The compositions require little more than presently
existing fuel delivery infrastructure and are based on components that result in a
blend that is capable of being cor'npe’c’itively priced.
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-with gasoline. Other features of the present invention

will be pointed cut in the following description and
claims, which disclose the principles of the invention
and the best modes which are presently contemplated for
carrying them out,

The above and other features and advantages of
the present invention will become clear from the
following description of the preferred embodiments
censidered in conjunction with the accompanying drawings.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The compositions of the present invention are
virtually free of undesirable olefins, aromaticg, heavy
hydrocarbons, benzene and sulfur, making the fuel

compositions very clean burning. The fuel compositions
of the present invention may be utilized to fuel
conventional spark-ignition internal combustion engines
with minor modification. The primary requirement is the
lowering of the air/fuel ratio to between about 12 and
about 13, as opposed to 14.5, typical of gascline fueled
engines. This adjustment is necessary because of the
large quantity of oxygen that is already contained in the
fuel.

This adjustment can be accomplished in vehicles
manufactured in 1996 and thereafter by software
modifications to the on-board engine computer. For older
cars, it will be necessary to replace a chip in the on-
board engine computer or, in some cases, to replace the
on-board engine computer entirely. Carbureted vehicles,
on the other hand, can be readily adjusted to the
appropriate air/fuel ratio, and at most will reguire a
simple orifice replacement. Vehicles fueled by the
compositions of the present invention preferably should
be adapted to run on ethanol or methanol by having fuel
system components installed that are compatible with
ethanol and methanol, and do not have parts in contact
with the fuel made from ethanol and methanol sensitive
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materials such as nitrile rubber, and the like,

The Clean Air Act Amendments of 1990 set
maximum values for both olefins and aromatics, because
they result in emission of unburned hydrocarbons. &
maximum of 24.6 percent by volume of aromatics may be
present in the winter, and 32.0 percent by wvolume in the
summer. A maximum of 11.9 percent by volume of olefins
may be present in the winter, and a maximum of 9,2
percent by volume in the summer. Benzene must be present
at a level less than or equal to 1.0 percent by volume,
and the maximum permitted sulfur is 338 rpm. The fuel
compositions of the present invention are essentially
free of such materials,

Motor fuel compositions according to the
invention are produced by blending one or more
hydrocarbons with a fuel grade alcohol selected from
methanol, ethanol and mixtures thereof and a co-solvent
for the one or more hydracarbons and the fuel grade
aleohol. The fuel grade alcochol is added to increase the
anti-knock index of the hydrocarben component. The
co-solvents of the present invention make it possible to
add to the motor fuel compositicns significant quantities
of alcohol effective to provide an acceptable combination
of anti-knock index and DVPE. Suitable fuei grade
alcohols can be readily identified and obtained for use
in the present invention by one of ordinary skill in the
art.

Other anti-knock index increasing additives may
be used as well, including those additives, such as
toluene, derived from crude oil. However, preferred
compositions in accordance with the present invention
will be substantially free of crude oil derivatives,
including crude oil-derived additives for increasing the
anti-knock index.

Essentially any hydrocarbon source containing
one or more five to eight carbon atom straight-chained or
branched alkanes is suitable for use with the present
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invention if the hydrocarbeon scurce, as a whole, has a
minimum anti-knock index of 65 as measured by ASTM D-2699
and B-2707 and a maximum DVPE of 15 gsi (L atm.) as
measurad by ASTM D-Z181. 'Those of ordinary skill in che
ar: understand the tarm "anti-knock index" to refer ro
the average of the Resaarch Cctane Number (YRON" is *R")
a8 measured Dy ASTM D-26%9 and the Motosr Qetane Number
("MON" is "M") as measurzd by ASTM D-2706. This is
cemmonly expressed as (R+M) /2.

The hydrozarben companent 1s preferabiy derived
from CGL or NGL#, and ig mors prefarably the NGLs
fraction defined by tha Gas Processcrs Asscciazion and
che ASTM as “pencanes plus,” which 1s a commercially
availakle commodicy. However, any ocher hydrocarbon
biend having an eguivalsanr emerqgy content, oXygen contsnt
and ccmbustion propercties may alsc be used. For example,
the fraction of NGLs defined by the Gaz Processors
Association and the AST™ as "natursl gasoline" can e
blended wirh isopsntane and subscitutad for pentanss
plug, Natural gasoline alone may be used, as well, In
most clrcumgtances, the preparztion c¢f blends instead of
using "stralght' pentanss plus or patural gasoline will
be mors costly. Walls any other equivaleat blend may be
used, similar cost considerations apply.

The hydrocarben component is blended with :zhe
frel grade alcchol using & co-solvent selacted to provide
a blend with a DVPE Below 15 psi (1 atm.) withous a
sacrifice ia the apti-knmock index or flash poinc of the
egulting blend, 50 that & motor fuel compogitigr is
obtained suitable for uss in a spark igmition &ngins with
miner modifications. Co-golvents suitable for use with

H

the pregent invention are miscible in borh rhe
hydrocarbons and the fusi grade alcohol and have a
koiling poiat high enough to provide a DVPE lass than

15 psi {1 atm.} in the final olend, praferably greater
than 75°C. The co-solvent should have a flash point low
enough tc ensure celd starting of the f£inal blend,

AMENDED sheit
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The co-solvent should alsc have at leagt an 85°C
difference between the boiling point and flash point and
a specific gravity greater than 0.78.

Five to seven atom heterocyclic ring compounds
are preferred as the co-golvent. The heteroatomic polar
ring structure is compatible with fuel grade alcohols,
yet possesses non-polar regions compatible with
hydrocarbons. The heteroatomic structure also Functions
to depress the vapor pressure of the co-golvent and
consequently the resulting blend. The same advantageous
properties can also be obtained from short-chained
ethers; however, ring compounds are preferred.

Saturated alkyl-branched heterocyclic compounds
with a single oxygen atom in the ring are preferred,
because the alkyl branching further depresses the vapor
pressure of the co-solvent. The ring compound may
contain multiple alkyl branchesg however, a single branch
is preferred. MTHF is an example of a five-membered
heterocyclic ring with one methyl branch adjacent to the
oxygen atom in the ring.

While nitrogen containing ring compounds are
included among the co-solvents of the present invention,
they are less preferred because the nitrogen hetercatoms
form oxides of nitrogen combustion products, which are
pollutantg. Thus, oxygen-containing heterocyclic ring
compounds are preferred over rings with nitrogen
heteroatoms, with alkylated ring compounds being more
preferred. In addition, the ring oxygen also functions
as an oxygenate that promotes cleaner burning of the
motor fuel compositions of the present invention. Thus,
oxygen-containing heterocyclic ring compounds are
particularly preferred co-solvents in the motor fuel
compositions of the present invention becauge of their
abllity as oxygenates to provide a cleaner burning fuel
composition which is in addition to their being a vapor
pressure-lowering co-solvent for hydrocarbons and fuel
grade alcchols.
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Accordingly, oxygsn-containing saturated tive-
to zevan atom heterceyclic rings ars mogg praferrad.
MTHF is particulaxly preferrsd. Wnils MTEP <& considerzd
al octane depressanc for gasoline, it improves the octane
rating oI NGLs. Not cnlvy &oes MTHEF have superior
miscibility with hydrocarbons and alcohols and a
desirable boiling peint, flash point and density, MTHF iz
a readily availabls, inexpensiva, bullk commodity item.
MTHF also has & higher heat content than fuel grada
alcokhcls and does not pick up water as alechals do, and
is thus fungibls in an il pipeline. This parmics lazger
quantitias c¢f the Zusl grade zlcohcls to be used o
increase the anti-knock index ¢f the maotor fuel
compositions.

In addition, MTHF iz cormercially devivad frem
the producticn of levulenic zeid from wasc
bicmaszs such as corn ausks, corz coks, s
ruils, sugar cane stocks, low-grads wasts DEpEr, DAper

ill waste sludgs, wood wastss, and the like. The
preduction of MTHF from such cellulosic wasce groducts iz
disclceed in U.8. Patent No. 4,957,437, MTHF rhar has
been preoduced from waste calluiosic hiomass s
rarticularly preferrsd as = co-solveat in the meotor frel
compositions of =he present invention.

Examples of other suitable ¢o-solvencs, selected on the
basis ¢f bolling point, flash point, denzity and
miscibility with fuel grade aleohcls avd pentanss plus,
are 2-methyl-2-propanol, 3-butenms-Z-ona,
tetrahydzopyran, 2-gthyltscra-hydrefuxan (TTHF),
3,4-dihydro-2K-pyran, 3,3-dimethyloxetane,
2-mathylbutyraldehyde, butylsthyl ether,
i-methyltetrahydropyran. 4-methyl-2-panranone, dialiyl
echer, allyl prepyl echer, and the like. As is readily
apparent from the above list, short-chained sthers
function as well as heterocyclic ring cerpounds with
respact to miscibilicy with hydrocarbons and fusl grade

alcornols and vapor pressurs deprassion of the rzguliing

AMENDED SHEET
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motcr fuel compesition. Lika the oxygen-contaiming
hetarocyclic ring compounds, short-chained ethers are
also ideally vapur pressure-lowering oxygsnates.

The motcr fuel comgositions of the present
inventien cpticnelly include c-butare in an amcunt
effactive To provide a OVFE betwsen ahaut zewvan (0.5

atm.) and about 15 psi (1 atm.). Howaver, ths
comgpoaitions may be formulared ts provide a DVPE as low
as 3.5 psi {0.2 atm.}. The higher DV?E is desirabls in

the ncorthern United States and Burope during wincsr ko
promote cold westher gtarting. Praferably, the n-burane
is obtained from NGLs or CGL.

The meter fuel compositions alse ocptionaliy
inclvde cenventional additives for spazk igniticn motor
fuels. Thus, the mctor fuel compositiors of tha prasent
invention may include comventiomal amounts of detergent,
anti-foaming, 2ad anti-icing additives and the llke. The
addicives may Le derived from cxuds oil; however,
preferrsd compositions in accordance with the prasent
invention are substantially free of ecrude il
derivatives,

The moter fuel campesitions of the present
invencion are prepared uding conventional rack-blending
tachniques for sthanol-containing metor fuels.
Preferably, to prevent evaporative loss emissions, the
denge co-zalvent comgenept is first pumped cold (less
than 7¢°F (21°C}; through a port in the botrtem of a
blending zank. The hydrocarbons are then pumped without
agitatcing through the same port in tha bottom of tha tank
to minimize svaperative lcgs. If used, n-butane is pumped
cold (lass than 40°F (4°C)) through the hottom of the
tank. Trhe butane is pumped next through the bottom port,
50 it i§ immediacely diluted so that surface vapor
pressure is minimized to prevenc evaporative losses.

termativaly, two or more of rthe MTHF, hydrocarbens and
n-butane, if used, may be pumped through the bottom pert
together. If not blended at zne discribution rack, the
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two or three compoments may be obtained ag z blend
through conventiornal gasoline pipelines. Because ethansl
alone weuld otherwige raige the vapor presgurs of the
hydrocarbons and promcte evaperatbive loss, the sethancl ig
preferably blended last, aftar the MTHF and n-butane, if
prezent, has alrsady blended with the aydrocarbena, by
conventicnal splash blerding technigues for the
intrcduction of ethancl to mocsr fuels,

Thug, for & blend containing n-dutane, ethancl,
MTHF and pentanes plus, the MIEF iz first pumped inte she
blending tank., Without agitacion, pentanes-slus is
pumped through the notteom of the tarnk into the MTHF,
followed by the nm-butane (if used). Finally, ethanol is

iapded through the bottom. The plend i3 then racoversd
ard steorad by conventional means.

The hydrocarbors, fuel grade alecchol ard ze-
solvent zre added in zmounts selected o provides a motor
fuel rcompesition with 2 minimum anti-kiock irdex of 97 as
measursd by ASTM D-263% and D-270C and a maximum DVPE of
15 psi {1 amm.} as measured Dy ASTM D-519%. A minimum
anti-knock index gf 89.0 ig praferved, and a minimum
anti-knock indsw of 92.3 is sven mcre praferred. In the
summer, & maximum DVPE of 8.1 pei (0.55 aem.] is
preferrsd, with a maximum DVPE of 7.2 psi (0.5 atm.)
being more prelferred., In the winter, the DVFR shcould be
as close as possible to 15 psi {1 atm.), prefarably
between about 12 psi{0.8 atm.) and about 15 psi (1 atm.}.
Fer this reason, n-butane may be added to the motor fuel
compositions of the present invention im an amcunc
effsctive to provide a DVPE within shis ranga.

In preferred motor fuel compositions in
accardance with the present iavention, the hydrocarbon
component sensists essentially ©f one or more
wydrocarbons cbtained from NGLs, blended with ethanol,
MTHF azd, optionaliy, n-butane. The NGLs hydrccarbons
may be present at a level Setween abour tex and about 50
percent by volume, tha ethanol may be pressnt in an
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amount between about 25 and about 55 percent oy volunme,
the MTHF may be prssent ip an amount bertwsen about 15 and
about 5% percent by volume, and the n-butane may Le
present in a lavel petween zers and about 15 percentc hy
valuma. More preferred meter fusl compositions conrain
Ercm about 35 to about 40 percent Dy volums of pentanes
gaus, from about 25 to abowt 40 percent by volume of
sthancl, Ifrom about 27 &2 about 30 percent by volume of
MTHF and from zero To 3boutb ten percent -y volume of
n-butarce.

Tha compesitcions of the present inveatisn may
be formulzted 25 summer and winter fuel blends having T10
and T90 values as measursd by ASTM-DE4 within ASTM
specificaticns for summer and winter fusl blends. The
wincer blend corpesitions of che prasent invention ara
gignificantly more vclatfile than conventicnal gascline tc
ald ccld weather stavting., The T90 values indicata che
amount ¢f "heavy-end' compenents in the fual. These
substances are considersd to be 2 primary sourca of
uabuxrad aydrocarkons during the cold start ghase of
¢ngine operation. The lower values of "heavy-end®
cempeonents in the compositions of the present iavention
also indicatss superior emissions perfcrmance. The
amount ¢f solid residue after combusticon is only one-
fifth that typically found in conventicnal gasolins.

A particularly preferred summer fuel blend
contaias abeut 32.5 percent by volums of pentanes plus,
abeut 35 percent by volume of sthanol, and about 32,5
percept by velume of MIEF. Thig blend is cheracterized
as follaws:

Test Hathod Resylt Conditions

APT Gravity ASTM D4052 | 52.1 £0°F
(15.6°C)

Digtillaticn AST™ D86

Initial 107.0°F

Beiling Point (21.7°C)
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Test Method ®esult Cenditicos
70 133.2°F
(36.2°C)
T50 141.8°F
(72.1°C0)
790 1€6.9°F
{74.8°C)
Final Boiling 195.5°F
Poing {90.8°C)
Racoversd 96.5 wt.,%
Residue 0.3 wt..%
Loss 0.2 wt.%
DVEE ASTM DE191 | 8.10 psi
{G.5 atm.
Lead 28T D2237 | <0.01 g/gqal
{<2.84 x 187
Z/1)
Regearch ASTM D2659 | 9£.8
Qctans No.
Motor Octane ASTM D2700 1 82.6
Ne. .
(R+M) /2 (Anti- | AS™™ D4814 | 839.7
Knock Index)
Copper ASTM DL30 § 1A i hrs. @
Corrsaion 122°7
(80°¢)
Gum (Aftez ASTM D381 | 2.2 mg/i0C mL
Wash)
Sulfur ASTM D2622 | 3.0 pom
Phesphorous ASTM D3231 | <0.004 g/gal
(<}.05 x 103
g/1)
Cxidation ASTM D325 165 min
Stapility
Cxygenates ASTM D4815
Ethanol 34.87 vol %
Oxygen ASTM D481% 118.92 wr. %
Senzene ASTM D3606 | 0.15 vol %
V/L 20 LOULATED | 135°F
(57.2°C)
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Tegk Mathod Regult Copditicns
Docteor Tast ASTM D4352 | POSITIVE

Arcmatics ASTM D1319 .41 vol %

Qlefins AST™ D315 | G.09 vol %

Marcaptan ASTM 23227 } .00L0 wt.§

Sulfur

Wacer ASTM D4514 | < -6E°C

Tolerance

Heat Contenk

ASTM D3:338§

18,683 BTU/1D
{43,410
kilojoules/
kilogram)

A particularly preferred winter Juel blend

containg akbout 49 percent by volume of penta

nes plusg,

about 25 percent by volume of echanel, abouc Z5 percent

by volume cof MIEF and
n-butans. This blend

about 10 percent by volume of

12 characterized as follzws:

Tast Mathad Result Conditions
RPT Gravicy ASTM [4Qs2 $2.0 60°F
(15.8'C)

Digtillation ASTM D&s
Initial C o jaT
Boiling Point {28.7°C}
T0 102.7°F

(39.3%)
TS50 154.1°F

(67.8°C)
™0 . . 156.5°F

(74.7'C)
Final Boiling 235.6°F
Point {113.1°C)
Recoversd 87.1 wt.¥
Residue 2.2 wt,.%
Loss 2.9 wt.%
oVER ASTM DS5191 | 14.59 psi

(1 atm.)
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Tegt Methed ' Regule Conditicns
Lead ASTM D3237 | <0.01 g/gal
(«2.64 x 197
g/1}
Research ASTM D2€9% | 93.5
Qctane No.
Motor Cctane ASTM D2700 | 84.4
5 NQ.
(R+M) /2 (Anti- | ASTM D4814 | B9.C
Xnock Iadex)
Copper ASTM £130 1A 3 hrs, @
Corrosion 122°F (50°C)
10 Gur. [After A3TM D381 < 1 mg/104 mL
Wash)
Sul fur ASTM D2g622 122 ppm
Phosphorous A3TM D3231 | <0.0Q04 g/gal
{<1.65 x 107
/1)
Cxidazion ASTM D522 10% min
15 geabilicy
Cxygenares ASTM D4jlt
Ethanel 25.0 vol %
Oxygen ASTM D4815 [ 9.28 wt.3%
Benzena ASTM D3506 Q.18 vol %
20 V/L 29 CALCULATED | 101°F
Doctor Tast ASTM D4952 POSTITIVE
Aromatics ASTM D131¢ | 0.81 wol &
Olefins ASTM D1319 12,6 vol %
Mercartan ASTM D3227
25 Sulfur .
Water ASTM D4gid ! < -65°C
Tolerance ‘
Heat Content ASTM D3338 | 158,776 BTU/Lb
(43,673
kKilojoulas/
kilogram)
30 » A preferred summer premium blend contains abeut

27.3 percant by volume of pentanss plug, abcut 55 percent
by volume of ethanol and abkout 17.5 percent by volume of
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MIHF. The blend is characterized as follsws:
Tast | Mathod Regult Conditicus
APT Gravity ASTM D4052 | 58.% §0°F
{15.6°C)
Distllliztion ASTM D3é
Tundeial 103.5°F
Boiling Peint (38.7°0)
TL0 125.2°%
(54.4°C)
TS0 1631.7°F
(73.2°C)
T90 165 .8°F
{76.56°C)
Final 2ailing 175.2°F
Poinc (79.4°C)
Racoversd 99,0 wt.%
| Residue 0.8 we..%
Logs 0.4 wh. %
CVPE ASTM D5S131 | 8.0F psi
{0.5 atm.}
Lead ASTM D3237 | <0.01 g/gal
{<2.64 x 107
g/1)
Researgh ASTM D283% | 100.8
Qgtara No.
Motor Qctana AST™M D2700 | 85.4
No.
(R+=M) /2 (Anti. § A9™ D431 33.90
¥aock Indax)
Copper ASTM D130 | 1A 5 hrs, @
Corrosicon ;22:1-’
{50°C)
Gum {After ASTM D3l 1.6 mg/100 mD
Wash)
Sulfur ASTM D2622 | 24 ppm
Fhosphorous ASTM D2231 | <0.004 g/gal
(«2.05 x 107"
g/1}
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Test Mathed Rasult cndicicns
Oxidaticn ASTM 5523 150 min
Stability
Cxygandteas ASTM D4B1E ]
Ethanol 54.98 vol %
cxygen AS7M D4815 | 15.58 wz.%
Benzene ASTM D3606 10.22 vol %
V/L 20 CALCULATED 126'?a
(52.2°7)
Doctor Tast ASTM D4952 | PCSITIVE :
Arcmaticg ASTM [131% 1 0.20 vol %
Clefins ASTM Di315 | 0.15 wvol %
Mercaptan AST™ DA227 .0008 wn.%
Sulfur
Water AETM D4814 | < -65°C
Tolerancs
Heat coutzat ASTM D333% | 13,793 8TU/le

(43,713
kilojoules/
kilogram;

2 preferred winter premium tlend concaing zbout

15 percent by volume of pentares plus, akout 47 percent
by velume of ethangl, zbout 24 percent by volume of MTHF

and about 11 percent by volume of n-butane.

characterized as f[ollowd:

The biend is

Test ¥athod Result Conditicns
API Gravicy ASTM D40B2 | 31,56 50°F
(15.6°C)
pigrillacion ASTM T8%
Initisgl 83.7°7
Boilirg Point (28.7°C)
T10 108.7°7
(43.2°C)
T30 165.2°%
174.0°Q)
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Tagt Hethod Reogult Conditions
T20 158.7°2
{75.9°C)
Fimal Boiling 173.4°%
Foint (78.5°C)
Reccverad 37.9 wt.%
2 Rzzidue
Loss 2.1 wh.¥
CVEE ASTM DR12L la.52 psi
(L atm.)
Lead ASTM T3237 | <%.01 gfgal
{<2.64 % 107
g/1l)
Resegarch AST™ D26%9 | 101.Z
LG Qctans ¥o.
Motcor Qotans ASTM DZ700 | 85.4 -
Nc. ]
(R+M) /2 (Anti- | AST™ D4814 23.3
Knock Index)
5 Copper A3™ D13g 1A 3 hrs. @
Corresion 122°F (50'0)
Gam (After AST™ D38l 1 mg/.00 =L
Wash)
Sulfur ASTM CZ522 | 111 ppm
20 Phogphorous ASTM D3231 | <0.004 g/g=l
{¢1.05 x 10~
g/1}
Ozxidation ASTM DE25 210 min
Stabilicy
Qxygenateas ASTM D43Ls
gthanol 47.0 vol %
28 Oxygen ASTM Da81E | 16.77 wE.%
Benzeane AST™ D3606 | 0.04 vol %
V/L 20 CALCILATED
Joctor Test ASTM D4S8E52 | POSITIVE
Arcmatics GC-MSD 0.17 vol &%
ED] Qlefins ASTM D1319 | 0.85 vel %
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Tagt !uethcd Repult Cooditions
]

Mercaptan ASTM 23227
Sulfur
Watser ASTM 048124 | ¢ -83°C
Tolerance
Heat Content ASTM D3338 18,873 5TU/1b

{43,433

kilojeules/

kilogram) i

Thug, it will be appreciated tzat the present
invertion provides a motor gasoline altsrnacive
essentially frag ¢f crude cil products thac can fuel a
spark igricicn incermal eembusticn engine wizs miner
aedifications, vet can be blezded =o limit emiseions

[}
U]
=
T
pa
&1
<
T
I

vl
b

(8]
i1

resulting from evaporative losses. The pre
provides fuel compesitions centaining lesg than

0.1 percsnt benzene, less than 0.5 rercent aromatics,
l=3s rchan 0.1 percent clefins and less than ten pom

sulfur. The f£ollowing examples further illustrace tre
resent lnventicn, ard are not te he construed zg

[y |

imiting the scope thersof, All parts and percsntagas
&rs by volume unless expressly indicated to be otharwisa
and all temperatures ars in degrees Fahrenheit.

EXAMPLZ T .

A fuel composition in accordance with the
present inventicn was preparad by bleuding 40 percent by
volume of natural gasolime procured frem Daylight
Ergireering, ElbarZield, IN, 40 percent by wolume of 200
preof ethancl procured from Pharmco Products, Inc.,
Brockfield, CT, and 20 peresnt by valume of MIEF
purchased from che Quaker Oats Chemical Company, Wesc
Lafayette, IN. Two liters of ethancl was pre-blanded
with cne Lirer of MTEF in order to avoid evaporative loss
of the ethanol upon ¢ontact with the narura. gasaline,
The stharcl and MTHF were cocled to 40°F (44°C) prior to
blending to further minimize evapcrative icgses.

Two liters of the natural gasoline were added
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ethanol and MTHF was then added to the natural gasoline
with mixing. The mixture wasg gently stirred for five
seconds until a uniform, homogensous blend was obtained.

The content of the natural gasoline was
analyzed by Inchcape Testing Services {Caleb-Brett) of
Linden, NJ. It was found £o comsist of the following
componants:

Butane Net Found
Isopentane 33 vol. %
n-Pentane 21 vVol. %
Ischexane 26 Vol. %
n-Hexane 11 vol. %
Isoheptane 6 Vol. %
n-Heptane 2 Vol. %
Benzene <l Vol. %
Toluene <0.5 Vol. %

Thue, while Daylight Engineering refers to this
product as "natural gasoline," the preoduct conforms to
the Gas Processor’s Association’s definition of pentanes
plus, as well as the definition of pentanes plus for
purposes of the present invention.

The motor fuel was tested on a 1984 Chevrolet
Caprice Classic with a 350 CID V-8 engine and a four
barrel carburetor (VIN TGIANG9H4EX149195) . A carbureted
engine was chosen so that adjustment of the idle fuel
mixture was possible without electronic intervention.
There was a degree of electronic Fuel management in that
the oxygen content in the exhaust, manifold air pressure,
throttle position and coclant temperature were measured.
Pollution tests were performed at two throttle positions,
fast-idle (1950 rpm) and slow-idle (720 rpm}. THC (total
hydrocarbons), CO {carben monoxide), 0, and CO, exhaust
emissions were recorded with a wand-type four-gas
analyzer.

The engine was examined and a broken vacuum
line was replaced. The idle-speed and spark timing were
adjusted to manufacturer’s specifications. The ignition
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'spark line' appsared to be even, indicacing no undue
preblem with any of the spark plugs or wires. The
ranifold vacuum was between 20 inches (51 cm) and 2%
inoches (53 cm) and steady, indicating no difficultics
with the plsten rings or intake and exhaust valves.

At che time this test wzs performed in the New
York Metropolitan arsa, comventicnal gasolire was nec
available at retail. Thersfare, cthe camparigeon was not
made with a "base lins gasoline® as defired in the Clesp
Air Act, bue with a Suel already fozmulatz2d to Burn mora
cleanly. The emissions taats pexiormed on ths above Ffusl
cempositisn wers compared tc SUNGCO 87-octana
reformulatsd gasoline purchased at a retail servise
station. Tests wars perfarmed on the sage ezgine, cn che
same cday, and wichin cne hour of each other. The threae
tests included: (1) fast and slow idlas emigsions tests
for toral hydrocarbons (THC) and carbeorn monoxide (coy,
(2) tast-idle fuel consumptior, and {3} 2.7 mile (4.3
<ilometers) road test for fuel aconcmy and ériveability.
The sumpary of the emissions tests is shown in the
fellowing tablea:

Time of Tdle Fuel TEC 0 %)
Day Speed ’ {pom)
(rTm)
09:45 720 Sunags- 37 132 0.38
02:54 720 Zunoqo-37 101 0.27
09:55 1950 Sunoco-§7 132 0.61
10:42 | 700 NGLs/ethancl | 76 0.3
10:44 720 NGLS/etnanol | §5 ¢.02
| 10:48 1920 NGns/ethanal | 98 g.01

It sheuld be noted that the New Jersey state
emizsions requirements for model years 1981 to the
pregent are THC < 22C ppm and CO <« 1.2 percent.

The encines were operated at fag: idls
{1370 rpm) for approximately seven minutes. Fusl

AMENDED SHEET




wn

<3

-

(53]

I

]
(]

L)

i

- 23 -

consumptlon for the above “uel composition was 630 mo i
gix minutszs and 30 seconds {106 mL per minute), The fuel
consumption for tha refarmulactsd gasoline was 800 mh ino
seven minutes (86 alL per minuta). The 2.7 mila (4.3
kilometsrs) an-road tast showed no significan: diffarance
in fuel consumption (900 mL for the above fuel
compogition and 870 mL for che reformulated gasoline}

Compared with the reformulated gasoline, the
abeve fuel camposition reduced CO emissions by a facter
of 10, and TEC emiasions decreased by 43 percent. Tn the
fazc-idla test, the consumption of the azove fuel
corpositicn was 14 persent dgreater than the rsformulated
gasoline. No significaznt differsnce ia driveapility was
asticed during the on - road test. During Full-throctla
accelaration, engire ¥nock was slightly more noticeabls
with ths reformulated gasoline. )

Thus, it will be appreciated that the fuael
compesitions of the pregent iavencicn can be used to fuel
sparic-ignited iacermal combustion eagines. The €O and
THC smission propartiss ars bettsar than gasoline
reformulated te burm cleaner than baseline gasoline, with
nc gignificant diffarsnce in Fuel congumepticn.

EEE&ELE_II

A summer Zuel blend was prepared as in Example
I, containing 32.5 percent by volume of natural gasslipe
{Daylight Engdinsering), 3% percent by volume cf sthancl
and 32.5 percemt By volume of MTHF, A winter fuel blerd
was preparsad as in Example I, containing 4G percent by
volume of pentanes plus, 25 percant by volume of athanol,
25 percent by velume of MTHF and ten percaent by velume of
2-butane. The motor fuels were tested along with E.55
{E35), a prier art altsrmative fusl containing 80 parzcent
by volume of 200 proef pure etayl alcohol aad 20 percent
by volume of indalems, an BPA certificaticn teat fuel
defired in 40 C.F.R. § 8¢ and obtained from Sunoco of
Marcus Hook, Penngylvania. The E8S was preparsd
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according to the method disclosed in Bxample I. The
three fuels wers testaed against indolene as a contrsl on
& 1996 Pord Taurus GL sedan sthanol Flexible Fuel Vehircle
(VIN 1FRLTS23XSG195580) with a fully warmed-up encine.
Emissions testing wasg performed at Compliance and
Research Services, Inc. of Linden, New Jersey.

The wvehicle was loaded ¢n & Clayton Industries,
Inc., Model ECE.5¢ {gplit rcll) dynamemeter. The
dynamonater was set for an inertial test weight of
3,750 lbs. {1,700 kilograms). The exRaust gases were
sampled with & Horiba Instrumgnts, Inc. Meodel CVS-40 cas
aralyzer. Hydrocarbens (THC) were analyzasd with a Joriba
Model FIA-Z)A Flame Ionizaticn Deteccor (FID). (Carbon
Moroxide (CO) and Cavben Dioxide (C0,) were analyzed with
a Horika Modei AIR-23 Non-Dispersive Iafrared Detector
(NoIR), EHydrocarpon speciation was perfdrmed on = das
Chiromategraph with & FiD manufactursd by Perkin Elmex
Inc, The GC column was & Supelco
100 M % 0,25 mm x 0.5C micron Petrocel DH. AlL emissions
testing equipment was manufactured in 1984.

The summary of emissions sampled directly from
tle exhausc manifold (befoze the catalytic comverter) are
shown ln the following table ag the percentage raducticn
of THC and 0 for each fuel blend relativa to indolene:

Engine | MFH THC jole] THC 9] TCH oo}

Speed | (aw'hr; | (Winter) | (Winier) | {Swnmer) | (Summer) | (E3S) (E25)

1300 30 27423 .8, =45425 s, ~42+23 ] s,

L (48}

2000 41 35+13 | n.s. 47 31 n.s. 45x2% | o
(66}

2300 3l 3T£10 § s 53411 ns. 43+11 | as
32

3000 61 65 %18 S71+138 S8+ 13 A3+13 SO0 | 48223
(59)

1500 87 T1gdl | -Ti46 | -Tax21 7647 SS4E18 | 46 +4l
(107

n.s. = no significant variaticn
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The essential feature of the Ford Taurus
Flexible Fuel Vehicle was its ability te choose the
proper alir/fuel ratio for any mixture of fuels used. The
vehicle was not modified externally in any way between
tests. The Electronic Emissions Computer and fuel sensor
showed that the selected air/fuel ratio was as follows:

indolene 14.6

winter blend 12.5

summer blend 11.9

E85 10.4

The foregoing examples and description of the
preferred embodiment should be taken as illustrating,
rather than as limiting, the present invention as defined
by the claims. As will be readily appreciated, numerous
variations and combinations of the features set forth
above can be utilized without departing from the pregent
invention as set forth in the claims. Al such
modifications are intended to be included within the
scope of the following claims.
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WHAT IS CLAIMED IS

1.

5.

A spark ignition motor fuel composition including:

a hydrocarbon component selected from the group consisting of four to
eight carbon atom straight-chained or branched alkanes and mixtures thereof,
wherein said hydrocarbon component has a minimum anti-knock index of 5
as measured by American Society for Testing and Materials (ASTM) D-2699
and D-2700 and a maximum dry vapor pressure equivalent (DVPE) of 15 psi
{one atmosphere) as measured by ASTM D-51 91;

a fuel grade alcohol; and

& co-solvent miscible in both said hydrocarbon component and said fuel
grade alcohol;

wherein said hydrocarbon component, said fuel grade alcohol and said
co-solvent are present in amounts effective to provide a motor fuel with a
minimum anti-knock index of 87 as measured by ASTM D-2699 and ASTM D-
2700, and wherein said fuel composition is substantially free of at least one of

olefins, aromatics, and sulfur.

The fuel composition of claim 1, wherein said hydrocarbon component
includes one or more hydrocarbons selected from Natural Gas Liquids

hydrocarbons,

The fuel composition of claim 2, wherein said hydrocarbon component

includes natural gasoline.

The fuel composition of claim 2, wherein said hydrocarbon component

includes pentanes plus.

The fuel composition of claim 1, wherein said hydrocarbon component
includes one or more hydrocarbons selected from Coal Gas Liquid
hydrocarbons.
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10.

11.

12..

13.

14.
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The fuel composition of claim 1, wherein said hydrocarbon component
includes n-butane and said hydrocarbon component, sald fuel grade alcohol,
and said co-solvent are present in amounts effective to provide a DVPE
between about 12 psi (0.8 atm.) and 15 psi (1 atm.).

The fuel composition of claim 1, wherein said fuel grade alcohol is ethanol.
The fuel composition of claim 1, wherein said fuel grade alcohol is methanol.

The fuel composition of claim 1, wherein said c0-solvent is a saturated five to

seven atom heterocyclic ring compound.

The fuel composition of claim 9, wherein said heterocyclic ring compound is

alkyl-substituted.

The motor fuel composition of claim 10, wherein said co-solvent is 2-
methyltetrahydrofuran (MTHF).

The mator fue! composition of claim 10, wherein the co-solvent is 2-
ethyitetrahydrofuran (ETHF).

The fuel composition of claim 9, wherein said ring heteroatom is oxygen.

The motor fuel composition of ¢laim 1, wherein said hydrocarbon component
includes one or more hydrocarbons selected from Natural Gas Liquids
hydrocarbons, said fuel grade alcohol comprises ethanol, and said co-solvent
id MTHF.

The motor fuel composition of claim 14, comprising between about 10 and 50
percent by volume of said Natural Gas Liquids hydrocarbons, between about
25 and 55 percent by volume of said ethanol, between about 15 and 55
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percent by volume of said MTHF, and between zero and about 15 percent by

volume of n-butane.

16. The mator fuel composition of claim 15, comprising from about 25 to 40
percent by volume of pentanes plus, from about 25 to 40 percent by volume
of ethanol, from about 20 to 35 percent by volume of MTHF and from zero to
about 10 percent by volume of n-butane.

17. The motor fuel composition of claim 16, comprising about 32.5 percent by
volume of pentanes plus, about 35 percent by volume of ethanol and about
32.5 percent by volume of MTHF, and having a DVPE of about 8.3 psi (0.5
atm.) and an anti-knock index of about 89.7.

18.  The motor fuel composition cf claim 16, comprising about 40 percent by
volume of pentanes plus, about 25 percent by volume of ethano! and about
25 percent by volume of MTHF and abeut 10 percent by volume of n-butane,
and having a DVPE of about 14.7 psi (1 atm.) and an anti-knock index of

about 89.0.
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19. ~ The motor fuel composition of claim 15, comprising about 27.5 percent by
volume of pentanes plus, about 55 percent by volume of ethanol and about
17.5 percent by volume of MTHF, and having a DVPE of about 8.0 psi (0.5
atm.) and an anti-knock index of about 93.
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20. The motor fuel composition of claim 15, comprising about 16 percent by

'::::: volume of pentanes plus, about 47 percent by volume of ethanol, about 26

;':_'"' percent by volume of MTHF, about 11 percent by volume of n-butane, and

having a DVPE of about 14.6 psi (1 atm,) and an anti-knock index of about
93.3.

21. The motor fuel composition of claim 15, comprising about 40 percent by
volume of pentanes plus, about 40 percent by volume of ethanol and about
20 percent by volume of MTHF.,
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22,

23,

24.

25,

26.

27,

28.

29 -

The motor fuel composition of claim 1, having a minimum anti-knock index of
89.0.

The motor fuel composition of claim 22, having a minimum anti-knock index
of 92.5,

The motor fuel composition of claim 1, having a maximum DVPE of 8.3 psi
(0.5 atm.).

The motor fuel composition of claim 1, having a DVPE between about 12 psi
(0.8 atm.) and 15 psi (1 atm.).

A methed for lowering the vapor pressure of a hydrocarbon-aicohol blend
comprising blending said alcohol and a hydrocarbon component with én
amount of a co-soivent for said alcohol and said hydracarbon component so
that a ternary blend is obtained having a dry vapor pressure equivalent
{DVPE) as measured by American Society for Testing and Materials (ASTM)
D-51 91 lower than the DVPE for a binary blend of said alcohol and said
hydrocarbon component, wherein said hydrocarbon compaonent includes one
or more hydrocarbons selected from the group consisting of four to eight
carbon atom straight-chained or branched alkanes, and whersin said ternary
blend is substantially free of at least one of olefins, aromatics, and sulfur.

The method of claim 26, wherein said alcohol is ethanal.

The method of claim 26, wherein said alcohol, said hydrocarbons and said
co-solvent are present in amounts selected to provide a motor fuel with a
minimum anti-knock index of 87 as measured by ASTM D-2699 and D-2700,

and a maximum DVPE of 15 psi (1 atm.).

The method of claim 26, wherein said hydrocarbons and said co-soivent are

I\ Pre-blended together before being blended with said alcohol.
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30.

31.

32.

33.

34.

35.

30 -

The method of ¢laim 26, wherein said hydrocarbons comprise pentanes plus,
said alcohol comprises ethanol and said co-solvent is MTHF.

The method of claim 26, wherein said co-solvent is MTHF.
The method of claim 26, wherein said co-solvent is ETHF.

The method of claim 26, wherein said hydrocarbon component includes one
or more hydrocarbons selected from the group consisting of Natural Gas
Liquids and Coal Gas Liquids hydrocarbons.

A spark ignition motor fuel composition Including:

a hydrocarbon component selected from the group consisting of four to
eight carbon atom straight-chained or branched alkanes and mlxtures
thereof, wherein said hydrocarbon component has a minimum anti-knock
index of 65 as measured by American Society of Testing and Materials
(ASTM)' D-2699 and D-2700 and a maximum dry vapor pressure equivalent
(DVPE) of 15 psi (one atmosphere) as measured by ASTM D-5191;

ethanol; and

a co-solvent miscible in both said hydrocarbon component and said
ethanol selected from the group consisting of saturated five to seven atom
heterocyclic ring compounds:

wherein sald hydrocarbon component, said ethano! and said co-solvent
are present in amounts effective to provide a motor fuel with a minimum anti-
knock index of 87 as measured by ASTM D-2699 and ASTM D-2700, and
wherein said fuel cormnposition is substantially free of at least one of olefins,

aromatics, and sulfur.

The fuel composition of claim 34, wherein said hydrocarbon component
includes one or more hydrocarbons selected from Natural Gas Liquids

hydrocarbons,




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

