
WO 2009/030511PCT/EP2008/007428 1 Title:Mixture of furfural and
5-(alkoxymethyl)furfural derivatives from sugars and 5alcohols
Technical Field    The present invention concerns a method for the
manufacture of a mixture of furfural and 5- 10 (alkoxymethyl)furfural
(RMF) derivatives from a mixed feed containing both pentoses (C5
sugars) and hexoses (C6 sugars). Background Art From DE635783 the
preparation of alkoxymethylfurfurals and levulinic acid alkyl esters
is 15 known, using glucose or a glucose-containing starting material.
For instance, saccharose, a disaccharide of glucose end fructose
(both C6 sugars) has been used. The reactions provide primarily
levulinic acid derivatives. Fuel, fuel additives and various
chemicals used in the petrochemical industry are derived 20 from oil,
gas and coal, all finite sources. Biomass, on the other hand, is
considered a renewable source. Biomass is biological material
(including biodegradable wastes) which can be used for the production
of fuels or for industrial production of e.g. fibres, chemicals or
heat. It excludes organic material which has been transformed by
geological processes into substances such as coal or petroleum. 25
Production of biomass derived products for non-food applications is a
growing industry. Biobased fuels are an example of an application
with strong growing interest. Biomass contains sugars (hexoses and
pentoses) that may be converted into value added 30 products. Current
biofuel activities from sugars are mainly directed towards the
fermentation of sucrose or glucose into ethanol or via complete
breakdown via Syngas to synthetic liquid fuels. El' 0641 854
describes the use of fuel compositions comprising of hydrocarbons
and/or vegetable oil derivatives containing at least one glycerol
ether to reduce particulate matter emissions. 35  WO
2009/030511PCT/EP2008/007428 2  HMF is not very stable at the
reaction conditions required for its formation. Fast removal from the
water-phase containing the sugar starting material and the acid
catalyst has been viewed  as a solution for this problem. Researchers
at the University of Wisconsin-Madison have developed a process to
make HMF from fructose. HMF can be converted into monomers for 5
plastics, petroleum or fuel extenders, or even into fuel itself. The
process by prof. James Dumesic and co-workers first dehydrates the
fructose in an aqueous phase with the use of an acid catalyst
(hydrochloric acid or an acidic ion-exchange resin). Salt is added to
salt-out the HMF into the extracting phase. The extracting phase uses
an inert organic solvent that favors extraction of HMF from the
aqueous phase. The two-phase process operates at high 10 fructose
concentrations (10 to 50 wt %), achieves high yields (80% HMF
selectivity at 90% fructose conversion), and delivers HMF in a
separation-friendly solvent ( DUMESIC, James A, at al. "Phase
modifiers promote efficient production of Hydroxymethylfurfural from
fructose'. Science. 30 juni 2006, vol.312, no.5782, p.1933-1937).
Although the HMF yields from this process are interesting, the
multi-solvent process has cost-disadvantages due to 15 the relatively
complex plant design and because of the less than ideal yields when
cheaper and less reactive hexoses than fructose, such as glucose or
sucrose, are used as a starting material. HMF is a solid at room
temperature which has to be converted in subsequent steps to useful
products. Dumesic has reported an integrated hydrogenolysis process
step to convert HMF into dimethylfuran (DMF), which is assumed to be
an interesting gasoline 20 additive. In WO 2006/063220 a method is



methylfuran during aldehyde to alcohol hydrogenation/etherification
or aldehyde to CH3 hydrogenation, respectively. Therefore the removal
of the pentoses from the mixed 5 pentose/hexose biomass feed is no
longer required. Surprisingly, the inventors have found that a
combination of a derivative from 5- alkoxymethylfurfural and a
derivative of furfural, preferably the corresponding furfural
derivative, have superior blending properties compared to the
5-alkoxymethylfurfural alone or 10 the blend of
5-alkoxymethylfurfural with furfural. Disclosure of Invention
Accordingly, the current invention provides a method for the
manufacture of a mixture of a furfural and a 5-(alkoxymethyl)furfural
derivative by reading a C5 and C6 sugar-containing 15 starting
material with an alcohol in the presence of an acid catalyst,
followed by the hydrogenation and/or etherification of the mixture of
furfural and 5-(alkoxymethyl)furfural to convert the aldehyde
function of both 5-(alkoxymethyl)furfural and furfural into an
alkoxymethyl function or a methyl function. 20 When the reaction
product of the above method is used as a starting material for a
subsequent conversion to a fuel, a fuel additive or as a fuel or a
fuel additive intermediate, the reaction product does not necessarily
need to be pure. Indeed, in the preparation of fuel and fuel
additives from biomass, the reaction product may contain
non-interfering components such as levulinic acid derivatives and the
like. For ease of reference, however, 25 the method and the reaction
product are described in terms of the reaction of a mixed
pentose/hexose-containing starting material, resulting in a mixture
of furfural and 5- (alkoxymethyl)furfural. The current invention also
provides for the use of the reaction product made according to the
present invention as fuel or as fuel additive. Fuels for blending
with the product of the present invention include but are not limited
to gasoline and gasoline- 30 ethanol blends, kerosene, diesel,
biodiesel (refers to a non-petroleum-based diesel fuel consisting of
short chain alkyl (methyl or ethyl) esters, made by
transesterification of vegetable oil, which can be used (alone, or
blended with conventional petrodiesel), FischerTropsch liquids (for
example obtained from GTL, CTL or BTL
gas-to-liquids/coal-toliquids/biomass to liquids processes),
diesel-biodiesel blends and green diesel and blends of 35 diesel
and/or biodiesel with green diesel (green diesel is a hydrocarbon
obtained by hydrotreating biomass derived oils, fats, greases or
pyrolysis oil; see for example the UOP report OPPORTUNITIES FOR
BIORENEWABLES IN OIL REFINERIES FINAL TECHNICAL  WO
2009/030511PCT/EP2008/007428 4 REPORT, SUBMITTED TO: U.S. DEPARTMENT
OF ENERGY (DOE Award Number: DEFG36-05G015085). The product is a
premium diesel fuel containing no sulfur and having a cetane number
of 90 to 100). Fuels for blending with the product of the present
invention may also include one or more other furanics, wherein the
expression furanics is used to include all 5 derivatives of furan and
tetrahydrofuran. The invention also provides a fuel composition
comprising a fuel element as described above and the reaction product
made according to the present invention. Mode(s) for Canyino Out the
Invention  10 Biomass resources are well known. The components of
interest in biomass are those feeds that can release a mixture of
hexoses and at least 5% of pentoses (hereinafter referred to as mixed
pentose and hexose-containing starting material. In organic



30 Lewis acids selected as dehydration catalyst can be any one of
ZnCl2, AlC13, BF3. Ion exchange resins can be suitable dehydration
catalysts. Examples include Amberlite TM and Amberlysem, Diaion TM
and LevatitTTM. Other solid catalyst that may be used include 35
natural clay minerals, zeolites, supported acids such as silica
impregnated with mineral acids, heat treated charcoal, metal oxides,
metal sulfides, metal salts and mixed oxides and  WO
2009/030511PCT/EP2008/007428 6 mixtures thereof. If elevated
reactions temperatures are used, as defined hereafter, then the
catalyst should be stable at these temperatures. An overview of
catalysts that may be used in the method of the current invention may
be 5 found in Table 1 of the review article prepared by Mr.
Lewkowski: "Synthesis, chemistry and applications of
5-hydroxymethylfurfural and its derivative? Arkivoc. 2001, p.17-54.
The amount of catalyst may vary, depending on the selection of
catalyst or catalyst mixture. For instance, the catalyst can be added
to the reaction mixture in an amount varying from 0.01 to 40 mole %
drawn on the hexose content of the feed, preferably from 0.1 to 30
mole 10 %, more preferably from Ito 20 mole %. In the preferred
embodiment, the catalyst is a heterogeneous catalyst. The temperature
at which the reaction is performed may vary, but in general it is
preferred 15 that the reaction is carried out at a temperature from
50 to 300 degrees Celsius, preferably from 125 to 250 degrees
Celsius, more preferably from 150 to 225 degrees Celsius. In general,
temperatures higher than 300 are less preferred as the selectivity of
the reaction reduces and as many by-products occur, inter alia
caramelisation of the sugar. Performing the reaction below the lowest
temperature is also less preferable because of the low reaction 20
rate. If the reactions are carried out above the boiling temperature
of water, then the reactions are preferably carried out under
pressure, e.g., 10 bar nitrogen or higher. The mixed pentose/hexose
starting material is typically dissolved or suspended in a solvent,
which can also be the alcohol reactant, in order to facilitate the
reaction. The solvent system 25 may be one or more selected from the
group consisting of water, sulfoxides, preferably DMSO, ketones,
preferably methyl ethylketone, methylisobutylketone and acetone,
ethylene glycol ethers, preferably diethyleneglycol dimethyl ether
(diglyme) or the reactant alcohol. Also so-called ionic liquids may
be used. The latter refers to a class of inert ionic compounds with a
low melting point, which may therefore be used as solvent. Examples
thereof include 30 e.g., 1-H-3-methyl imidazolium chloride, discussed
in "Dehydration of fructose and sucrose into 5-hydroxymethylfurfural
in the presence of 1-H-3-methyl imidazolium chloride acting both as
solvent and catalyst", by Claude Moreau et al, Journal of Molecular
Catalysis A: Chemical 253 (2006) 165-169.  WO
2009/030511PCT/EP2008/007428 7 The method of the current invention
may be carried out in a batch process or in a continuous process,
with or without recycle of (part of) the product stream to control
the reaction temperature (recycle via a heat exchanger). For
instance, the method of the invention can be performed in a
continuous flow process. In such method, homogenous catalysts may be
used 5 and the residence time of the reactants in the flow process is
between 0.1 second and 10 hours, preferably from 1 second to 1 hours,
more preferably from 5 seconds to 20 minutes. Alternatively, the
continuous flow process may be a fixed bed continuous flow process or



Especially preferred diesel fuel formulations of the invention
comprise diesel fuel hydrocarbons and HMF ether as above described
together with peroxidic or nitrate cetane improvers such as
ditertiary butyl peroxide, amyl nitrate and ethyl hexyl nitrate for
example.  WO 2009/030511PCT/EP2008/007428 8 improvers can be utilized
to reduce the NO and CO emissions well below the base reference fuel.
Examples are enclosed to illustrate the method of the current
invention and the suitability of 5 the products prepared therefrom as
fuel. The examples are not meant to limit the scope of the invention.
The following abbreviations are used: F = Furfural 10 HMF = 5-
(hydroxymethyl)furfural MMF = 5-(methoxymethyl)furfural EMF =
5-(ethoxymethyl)furfural nBuMF = 5-n(butoxymethyl)furfural FME =
Furfuryl methyl ether 15 FEE = Furfuryl ethyl ether DMMF =
di(methoxymethyl)furan DEMF = di(ethoxymethyl)furan     The substrate
conversions and the selectivities and yields were calculated
according to the 20 formulas: Conversion = 100* [no (substrate) - nt
(substrate)] / no substrate Selectivity = 100 * n(product) / [no
(substrate) - nt (substrate)] Yield = 100 * n(product) / no
substrate, Where: 25 no- the initial number of moles nr the number
the moles of a compound at time "t". Example 30 In a typical
experiment, 32.5 mg of xylose, 32.5 mg glucose or fructose and 0.8 ml
of ethanol were added in a reactor coated inside with Teflon. The
mixture reacted under nitrogen (12.5 bar) in the presence of a solid
acid catalyst (6.5 mg) for 1 h at 150 C. The three main peaks
observed in the UV spectrum were identified as Furfural (F),
5-(hydroxymethyl)furfural (HMF) and 5-(ethoxymethyl)furfural EMF.  WO
2009/030511PCT/EP2008/007428 9 Tablet Xylose and Catalyst Y F (%) Y
HMF (%) Y EMF (%) Glucose CrCl2 23.2 4.8 11.5 Glucose Zeolite HY 5
7.9 



2.1 5.7 Glucose AI(III) triflate 24.6 0.3 4.3 Fructose Cr0I2 20.7 5.7
14.8 Fructose Zeolite HY 5 8.0 4.2 14.6 Fructose AI(III) triflate
20.6 0.0 0.4  Example 2 5 In a typical experiment, 32.5 mg of xylose,
32.5 mg glucose or fructose and 0.8 ml of methanol were added in a
reactor coated inside with Teflon. The mixture reacted under nitrogen
(12.5 bar) in the presence of a solid acid catalyst (6.5 mg) for 1 h
at 150 C. The three main peaks observed in the UV spectrum were
identified as furfural (F), 5- (hydroxymethyfifurfural (HMF) and
5-(methoxymethyfifurfural (MMF). 10 Table 2 Xylose and Catalyst Y F
(/o) Y HMF (%) Y MMF (%) Glucose Cr0I2 11.0 0.9 11.3 



Glucose AI(III) triflate 17.8 0.1 2.1 Fructose Cr0I2 9.6 2.2 18.9
Fructose AI(III) triflate 18.4 0.0 1.5 Fructose Montmorillonite K 5
4.0 1.0 8.1  Example 3 15 In a typical experiment, 65 mg of a mixture
of xylose, glucose and fructose (1:1:1, mass ratios) and 6.5 mg of a
solid acid catalyst were mixed in a reactor coated inside with
Teflon. 0.8 ml of an alcohol mixture (Methanol, Ethanol and n-Butanol
with 1/2/1 volume ratio) was added and pressurized at 12.5 bar with
nitrogen. The mixture reacted under for 1 h at 150 C. The main peaks
observed in the UV spectrum were identified as F, HMF, EMF, MMF and
20 nBuMF. Table3 Catalyst Y F (%) Y HMF (%) Y EMF (%) Y MMF (%) Y
nBuMF (%) Cr0I2 11.8 6.9 7.5 7.6 2.6 



Zeolite NY 5 5.1 5.4 4.2 5.1 0.8 Zeolite NY 15 5.6 1.6 5.3 5.2 1.5
Montmorillonite KS 5.3 1.3 6.2 6.1 2.0 Montmorillonite K 10 4.4 1.9
5.1 5.0 1.6 Amberlyst36Wet 3.3 2.1 6.2 6.4 1.7 Zeohtef3 9.8 0.3 5.5
5.3 1.9  



WO 20091030511PCT/EP2008/007428 10 Example 4. Phase separation /
crystallization temperature (C) of different Furanics / diesel
mixtures. 5 The synthesized furanic compounds and their mixtures have
been blended with regular diesel fuel at 1:1 ratio by volume. The
miscibility of the blends was assessed in a Crystal 16-", a multiple
reactor system developed by Avantium Technologies, Amsterdam.
Therefore, the samples were cooled at a rate of 0.375C/min, under
continuous stirring at 700 rpm with a 10 magnetic stir bar. Phase
separation and/or crystallization was recorded by turbidity
measurements. Furfural (F) and ethoxymethylfurfural (EMF) were not
miscible with diesel at 1/1 ratio. DMMF is completely miscible at
room temperature below 40% addition. Compared to diethers alone the
presence of C-5 related monoethers improves the miscibility,
especially when methanol is used as etherification agent. 15 Table 4:
The miscibility of different furanics with regular diesel  Fuel
composition Component ratio v/v Phase separation/ crystallization
temperature (C) 1 Diesel  -12 2 Diesel + DMMF 1:1 >25 3 Diesel + FME
1:1 -7 4 Diesel + DMMF + FME 2:1:1 14 5 Diesel + DEMF 1:1 -8 6 Diesel
+ FEE 1:1 



-11 7 Diesel + DEMF + FEE 2:1:1 -11 8 Diesel + EMF 1:1 >25 9 Diesel +
F 1:1 >25 10 Diesel + EMF + F 2:1:1 >25  Example 5. 20 Emission
engine testing with diesel, FEE and DEMF In a D9B diesel engine of a
Citroen Berlingo test car, comparative testing was performed with
normal commercial diesel fuel (experiment 1) and the same commercial
diesel to which 25 vol. % FEE (experiment 2) or 25 vol % DEMF
(experiment 3) was added, respectively. FEE 25 and DEMF were added as
a liquid and do not yield any mixing or flocculation problems at the
blend ratio's used. The engine was run stationary with regular diesel
initially, after which the fuel supply is switched to the 25 vol%
FEE-diesel blend and the 25 vol% DEMF-diesel blend, respectively.  WO
20091030511PCT/EP2008/007428 - 11 During stationary operation with
the commercial diesel fuel and with the 25 vol% FEE and 25% DEMF
blend, the following measurements were made: total particulate
matter, volume, 02, CO, CO2, NO (NO + NO2) and total hydrocarbons. 5
Total particulate matter was sampled according to NEN-EN 13284-1
Particle size distribution was sampled according to VD! 2066-5 Volume
was measured according to ISO 10780 Gases were sampled according to
ISO 10396 02, CO and CO2 were analysed according to NEN-ISO 12039 10
NO (NO + NO2) was analysed according to NEN-ISO 10849 Total
hydrocarbons were analysed according to NEN-EN 13526. Table 5: Gas
analysis results of 100% commercial diesel fuel. Experiment 



Component Average Concentration Emission 1 CO 240 mg/Ne 12 g/h  CO2
2.2 % v/v -  02 17.8 % v/v -  TOC (C3H8) 22 mg/Nm3 1 g/h  NO 295
mg/Ne 14 gm  15 Table 6: Particulate matter results of 100%
commercial diesel fuel. Experiment Volume Total particulate matter
Actual [m3/h] 63 Normal [Nm3/h] 49 Concentration [mg/Nm3) 8.0
Emission (g/h] 



1    r<1  Table 7: Gas analysis results of blend of commercial diesel
with 25 vol% FEE. Experiment Component Average Concentration Emission
2 CO 302 mg/Nm3 15 g/h  CO2 2.2 % v/v -  02 17.7 % v/v -  TOC (C3H6)
38 mg/Nm3 2 g/h  NO 290 mg/Nm3 14 g/h  Table 8: Particulate matter
results of blend of commercial diesel with 25 vol% FEE.  WO
2009/030511PCT/EP2008/007428 12  



Experiment Volume Total particulate matter  Actual m3/h Normal Nm3/h
Concentration m./14m3 Emission  /h 2 63 49 12.6 <1  Table 9: Gas
analysis results of blend of commercial diesel with 25 vol% DEMF.
Experiment Component Average Concentration Emission 3 CO 520 mg/Nms
25 gth  CO2 2.2 % v/v -  02 17.7 % v/v -  TOC (C3I-18) 96 mg/NO 5 g/h



NO 278 mg/Nm3 14 g/h  Table 10: Particulate matter results of blend
of commercial diesel with 25 vol% DEMF. Experiment Volume Total
particulate matter  Actual m3/h Normal Nm3/h Concentration m./Nm3
Emission  /h  63 49 23.4 111in ti-  5 Example 6. Emission engine
testing with diesel, FME and DMMF 10 In a manner similar to Example
5, a D9B diesel engine of a Citroen Berlingo test car, comparative
testing was performed with normal commercial diesel fuel (experiment
4) and the same commercial diesel to which 25 vol. % FME (experiment
5) or 12.5 vol % DMMF (experiment 6) was added, respectively. FME and
DMMF were added as a liquid and do not yield any mixing or
flocculation problems at the blend ratio's used. The engine is run 15
stationary with regular diesel initially, after which the fuel supply
is switched to the 25 vol% FME-diesel blend and the 12.5 vol%
DMMF-diesel blend, respectively. The results of the measurements are
listed in the Tables 11 to 15 20  WO 2009/030511PCT/EP2008/007428 13
Table 11: Gas analysis results of 100% commercial diesel fuel.
Experiment Component Average Concentration Emission 



4 CO 205 mg/Nm3 7 g/h  CO2 2.2 % v/v -  02 17.9 % v/v -  TOC (C3I-18)
24 mg/Nm3 1 gni  NO 293 mg/Nm3 9 g/h  Table 12: Particulate mailer
results of 100% commercial diesel fuel. Experiment VolumeTotal
particulate matter  Actual Normal jConcentration Emission  [m3/h]
[Nm3/h]4(mg/Nm31  IP] 4 39 32 



6.3<1  5 Table 13: Gas analysis results of blend of commercial diesel
with 25 vol% FME. Experiment Component Average Concentration Emission
CO 288 mg/Nm3 9 g/h  CO2 2.2 % v/v -  02 17.8 % v/v -  TOC (C3I-18)
33 mg/Nms 1 g/h  NO 308 mg/Nm3 9 g/h  Table 14: Particulate matter
results of blend of commercial diesel with 25 vol% FME. Experiment
Volume Total particulate matter  Actual Normal Concentration Emission



[m3/h] [Nm3/h] [m9/Nm3] _jg/h] 5 36 30 8.5 <1  Table 15: Gas analysis
results of blend of commercial diesel with 12.5 vol% DMMF. Experiment
Component Average Concentration Emission 6 CO 260 mg/Nm3 8.5 g/h  CO2
2.2 % v/v -  02 17.9 % v/v -  TOC (C3H8) 31 mg/Nm3 1 g/h  NO. 275
mg/Nm3 8.5 g/h  



WO 2009/030511PCT/EP2008/007428 - 14 Table 16: Particulate matter
results of blend of commercial diesel with 12.5 vol% DMMF. Experiment
Volume Total particulate matter  Actual Normal Concentration Emission
[m3/h] Nm3/h] [mg/Nm3]_ [_gln] 6 39 32 10.6 <1 5 Example 7. diesel
fuel applications Fuel solubility Fuel solubility is a primary
concern for diesel fuel applications. Not all highly polar oxygenates
have good solubility in the current commercial diesel fuels. Results
show that mixtures of 2,5- 10 di(ethoxymethyl)furan and
2-(ethoxymethyl)furan (etherification product, prepared from a mixed
C6/C5 starting material) with commercial diesel and mixtures of
5-(ethoxymethyl)-2- methylfuran and 2-methylfuran (hydrogenation
product, prepared from a mixed C6105 starting material) with
commercial diesel are completely miscible in all ratio's. In a
comparative set of experiments it was shown that ethoxymethylfurfural
(EMF) (prepared from 15 a C6 starting material) is completely
miscible in a 5 vol% blend with commercial diesel, but that phase
separation occurs with the 25 vol% and with the 40 vol% blends of EMF
and diesel. Results with an EMF/furfural blend were worse then that
with EMF alone.  WO 2009/030511PCT/EP2008/007428 15 References  DE
635783  DUMESIC, James A, et al. "Phase modifiers promote efficient
production of Hydroxymethylfurfural from fructose" . Science. 30 June
2006, vol.312, no.5782, 5p.1933-1937.  WO 2006/063220  Chapter 15 of
Advanced Organic Chemistry, by Jerry March, and in particular under
reaction 5-4. (3rd ed., @ 1985 by John Wiley & Sons, pp. 684-685).
LEWKOWSKI, Jaroslaw. Synthesis, chemistry and applications of 5- 



10hydroxymethylfurfural and its derivatives. Arkivoc. 2001, p.17-54.
'  MOREAU, Claude, et al. "Dehydration of fructose and sucrose into
5- hydroxymethylfurfural in the presence of 1-H-3-methyl imidazolium
chloride acting both as solvent and catalyst", Journal of Molecular
Catalysis A: Chemical 253 (2006) p. 165-169. 15 EP 0641 854  UOP
report OPPORTUNITIES FOR BIORENEWABLES IN OIL REFINERIES FINAL
TECHNICAL REPORT, SUBMITTED TO: U.S. DEPARTMENT OF ENERGY (DOE Award
Number: DE-FG36-056015085))  Adv. Synth. Catal. 2001, 343, 220-225 20
EP 0 356 703  FR 2 669 634  16 CLAIMS  1. A method for the
manufacture of a mixture of a furfural and a 5-alkoxymethylfurfural
derivative by reacting a hexose and pentose-containing starting
material with an aliphatic Cl - C20 alcohol in the presence of an
acid catalyst, resulting in a mixture of furfural and a
5-(alkoxymethyl)furfural, followed by the hydrogenation of the
mixture of furfural and 5- alkoxymethylfurfural and the
etherification of the hydrogenation product to convert the aldehyde
function of both 5-(alkoxymethyl)furfural and furfural into an
alkoxymethyl function.  2. The method according to claim 1, wherein
the alcohol is a primary, secondary or tertiary.  3. The method
according to claim 2, wherein the alcohol is selected from one or
more of the group consisting of methanol, ethanol, 1-propanol and
2-propanol.  4. The method according to claim 1, wherein the acid
catalyst is selected from the group consisting of homogeneous or
heterogeneous acids selected from solid organic acids, inorganic
acids, salts, Lewis acids, ion exchange resins, zeolites or mixtures
and/or combinations thereof.  5. The method according to claim 1,
wherein the acid catalyst is a solid Bronsted acid or a solid Lewis
acid.  6. The method according to claim 1, wherein the reaction is
performed at a temperature from 50 to 300 degrees Celsius.  7. The
method according to claim 1, wherein the hexose containing starting
material is selected from the group consisting of starch, amylose,
galactose, cellulose, hemi-cellulose, glucose-containing
disaccharides such as sucrose, maltose, cellobiose, lactose, and
their oxidized, reduced, etherified, esterified and amidated
derivatives.  17  8. The method according to claim 1, wherein the
pentose containing starting material is selected from the group
consisting of Arabinose, Ribose, Ribulose, Xylose, Xylulose, Lyxose
and their oxidized, reduced, etherified, esterified and amidated
derivatives.  9. The method according to claim 1, performed in the
presence of a solvent, wherein the solvent or solvents are selected
form the group consisting of water, sulfoxides, ketones, ionic
liquids, esters, ethers, or the aliphatic Cl - C20 alcohol, and
mixtures thereof.  10. The method according to claim 1, wherein the
method is performed in a continuous flow process.  11. The method
according to claim 10, wherein the continuous flow process is a
reactive distillation or a catalytic distillation process.  12. The
method according to claim 11, wherein in addition to a heterogeneous
acid catalyst, an inorganic or organic acid catalyst is added to the
feed of the fixed bed or catalytic distillation continuous flow
process.  13. The method according to claim 10, wherein the liquid
hourly space velocity ("LHSV") is from Ito 1000 v/v/hr..  14. A fuel
composition comprising an ether as fuel component for engines,
optionally blended with one or more of gasoline and gasoline-ethanol
blends, kerosene, diesel, biodiesel, Fischer-Tropsch liquids,
diesel-biodiesel blends and green diesel and blends of diesel and/or


