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abundant, the most economic and therefore the most preferred monosaccharide albeit less
reactive than fructose. A pentose is a monosaccharide with five carbon atoms, having the
20 chemical formula CsH,0Os. They either have an aldehyde functional group in position 1
(aldopentoses), or a ketone functional group in position 2 (ketopentoses).Suitable 5-carbon
monosaccharides include but are not limited to Arabinose, Ribose, Ribulose, Xylose,
Xylulose, Lyxose and their oxidized, reduced, etherified, esterified and amidated derivatives.

25 On the other hand, the current inventors have also succeeded to convert sucrose, which is
also available in great abundance. Other disaccharides that may be used include maltose,
cellobiose and lactose. The polysaccharides that may be used include cellulose, inulin (a
polyfructan), starch {(a polyglucan) and hemi-cellulose. The polysaccharides and
disaccharides are converted into their monosaccharide component(s) and dehydrated during

30 the manufacture of the 5-HMF ether.

The alcohol used in the method of the current invention preferably bears a single hydroxyl

group, which may be in a primary, secondary or even tertiary position, The alcohol may

comprise from 1 to 20 carbon atoms, preferably from 1 to 8 carbon atoms, whereby the
35 alcohols with 4 or more carbon atoms preferably have a branched carbon backbone.



2.1 5.7 Qucose Al(IIl) triflate 24.6 0.3 4.3 Fructose G012 20.7 5.7
14.8 Fructose Zeolite HY 5 8.0 4.2 14.6 Fructose Al (II1) triflate
20.6 0.0 Owo20B&Evdle 2 5 In a typical experinent, 32. PUWERSHYIMESE,
32.5 ng glucose or fructose and 0.8 nf of nethanol were added in a
reactor coated inside with Teflon. The m xture reacted under nitrogen
(12.5 bar ?refmreutwopmlegﬁdoetlmfmahcsicdf the: cacemt lmhmdnymﬁud(eﬁmﬁhalgb, efhanol11-h
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5- ( met hox MR imay e yped. (QVIWZFO"LE@ (g UtX?‘Pose and Catalyst Y F
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5 The amount of alcohol used during the manufacture of the HMF ether of the present
invention is preferably at least equimolar on the hexose content of the feedstock, but typically
is used in much greater excess. Indeed, the alcohol (such as tert-butanol) may be used as
solvent or co-solvent. In such a case, a sufficient amount of alcohol is present to form the
HMF ether,

10
The acid catalyst in the method of the present invention can be selected from amongst
(halogenated) organic acids, inorganic acids, Lewis acids, ion exchange resins and zeolites
or combinations and/or mixtures thereof. It may be a homogeneous catalyst, but
heterogeneous catalysts (meaning solid catalysts) are preferred for purification reasons. The
15 HMF ether can be produced with a protonic, Bransted or, alternatively, a Lewis acid or with
catalysts that have more than ane of these acidic funclionalities.

The protonic acid may be organic or inorganic. For instance, the organic acid can be selected
from amongst oxalic acid, levulinic acid, maleic acid, trifluoro acetic acid (triflic acid),

20 methansulphonic acid or para-toluenesulphonic acid. Aiternatively, the inorganic acid can be
selected from amongst (poly)phosphoric acid, sulphuric acid, hydrochloric acid, hydrobromic
acid, nitric acid, hydroicdic acid, opticnally generated in situ.

Certain salts may be used as catalyst, wherein the salt can be any one ar more of

25 (NH,);80./80;, ammonium phosphate, pyridinium chloride, triethylamine phosphate,
pyridinium salts, pyridinium phosphate, pyridinium hydrochloride/hydrobromide/perbromate,
DMAP, aluminium salts, Th and Zr ions, zirconium phosphate, Sc and lanthanide ions such
as Sm and Y as their acetate or trifluoroactate (iriflate) salt, Cr-, Al-, Ti-, Ca-, In-ions, ZrOCl,,
VO(80,)2, TiQ,, V-porphyrine, Zr-, Cr-, Ti-porphyrine.

30
Lewis acids selected as dehydration catalyst can be any one of ZnCl,, AICl;, BF,.

lon exchange resins can be suitable dehydration catalysts. Examples include Amberlite™
and Amberlyst™, Diaion™ and Levatit™. 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



G ucose Al (II11) triflate 17.8 0.1 2.1 Fructose C0l2 9.6 2.2 18.9
Fructose Al (II11) triflate 18.4 0.0 1.5 Fructose Montnorillonite K5
4.0 1.0 8.WO2pH0ddile 3 15 In a typical experinent, 65 rRETGEP2ISHDMLLUr €
of xylose, glucose and fructose (1:1:%, nass ratios) and 6.5 ng of a
solid acid catalyst were nmxed in a reactor coated inside with
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nitrogen. T gém'xture re%ct e?j u%ﬁ%frgl?ors 1 h at 150 C. The mai n peaks

observed in the WV spectrumwere identified as F, HW, EMF, MW and
20 nBuMF. Ad aldinge Cladatdipsstthaf nay(Hé)us¥d ile f1¥hod ot clrPént Hvédibn (i) by

NBUMF (29 tohPhTabi 131 BieTeview aric phiplred by Mr. Lewkowski: “Synthesis, chemistry and
applications of 5-hydroxymethylfurfural and its derivatives” 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 1 to 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 fram 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 beiling 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 chioride acting both
as solvent and catalyst’, by Claude Moreau et al, Journal of Molecular Catalysis A: Chemical
253 (2006) 165-168.

35 The amount of solvent is preferably present in sufficient amounts to dissolve or suspend the
starting material and enough to limit undesired side-reactions.
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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
and the residence time of the reactants in the flow process is between 0.1 second and 10

haurs, 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 a
reactive {catalytic) distillation process with a hetercgeneous acid catalyst. To initiate or
regenerate the heterogeneous acid catalyst or to improve performance, an inorganic or
organic acid may be added to the feed of the fixed bed or reactive distillation continuous flow
process. In a fixed bed process, the liquid hourly space velocity (LHSV) can be from 1 to
1000, preferably from 5 to 500, more preferably from 10 to 250 and most preferably from 25

to 100 min™.

The above process results in a mixture of a stable HMF ether with furfural, which mixture can
then be converted into a further derivative before being used as fuel and/or as fuel additive.

The invention further concerns the use of the mixture of 5-(alkoxymethy|)furfural and furfural
in a hydrogenation/etherification process to convert the aldehyde function of both 5-
(alkoxymethyl)}urfural and furfural into an alkoxymethyl function to use the resulting product
as a fuel or fuel compeonent. The invention further concerns the use of the mixture of 5-
(alkoxymethyl)furfural and furfural in a hydrogenation process to convert the aldehyde
function of, preferably, both 5-(alkoxymethyhfurfural and furfural into 2 CH; function to use as
a fuel and/or fue! component. Of particular interest is the use of the ethers in diesel, biodiese!
or “green diesel”, given its (much) greater solubility therein than ethanol. Conventional
additives and blending agents for diesel fuel may be present in the fuel compositions of this
invention in addition to the above mentioned fuel components. For example, the fugls of this
invention may contain conventional quantities of conventional additives such as cetane
improvers, friction modifiers, detergents, antioxidants and heat stabilizers, for example.
Especially preferred diesel fuel formulations of the invention comprise diesel fuel
hydrecarbons and HMF ether as above described together with peroxidic or nitrate cetane
improvers such as ditertiary buty! peroxide, amyl nitrate and ethyl hexy! nitrate for example.

The addition of the ethers of the invention to diesel! fuel results in similar NO, numbers and a
slight increase in CO emissions; hawever, the addition of sufficient amounts of cetane
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_Z:__: éE-E71611%s___eé (ﬁyd%%etﬁylﬁ%rglz 1:1 14 5 Diesel + DEMF 1:1 -8 6 Di esel
MMF = 5-(methoxymethylfurfural
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* [n, (substrate) - n; (substrate)] / ny substrate

Selectivity = 100 * n;(product) / [n, (substrate) - n, (substrate)]

Yield = 100 * ni{product) / ny substrate,

Where;
25 ne- the initial number of moles

n- the number the moles of a compound at time “t".

Example 1

30 In atypical experiment, 32.5 mg of xylose, 32.5 mg glucose or fructose and 0.8 m! 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-(hydroxymethylfurfural (HMF)
and 5-(ethoxymethyl)furfural EMF.

35



-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 Exanple 5. 20 Em ssion

engi ne t esWOrRRgINBeN1di esel, FEE and DEMF In a DOB di esCTERINISSITRS a
Citroen Berlingo test car, conparativé testing was perforned wth
normal commercial diesel fuel (experinent 1) and the sane comerci al
di esel toTe#iétch 25 vol. % FEE (exper| ment 2) or 25 vol % DEMF

(experi ngRt; éénd"’db ’é‘él'éfslt respect (}t%)y FE %Ff%)u DEVE 5% adged as
a |'iquidapese0 Mot e d any M x3dy or I oogut at i om gy gotens a the
bl end r atiGRcse USEU. [ZdIfe ARSI NE Wapg I UM St ald pnary w tjgzregul ar di esel

initiallyguadsEer Wt Qi tii&e T UET S2IPTY 1S M tched tgaBhe 25 vol %
FEE- di es¢FRibsend anfc/epe 25 Vol Y 3gVF- di esggl7 bl end, r|ggpectively. WO

200910305 gA&EsE! EPZO(RRoHOHEES - 1Isduring stsgk i onary dpe£gaition Wth
t he comeraeede d1 espAigi) wiadte and Wi 2ds t he 25/ ool % FEE dond 25% DE
bl end, the follow ng neasurenents were nade: total particul ate
mat ter, E "{'}F'e 02, CO COX2, NO (NO + NO2) and total hydrocarbons. 5
Total par a?e matter was sanpl ed according to NEN-EN 13284-1

Particle size distribution was sanpled according to VDI 2066-5 Vol une

was neasuf.e %qngo S i 0
| SO 10?56{,10521 tff}:%'p(c"gﬂ"’ﬂig'e‘;’pv\alléo're an‘g&%@é 2o i, E'Uééﬁp&e%ﬂafs%%ér%zgggﬂl%f

NO (NO + Repanaleere Fdfier i éea&&ﬂwﬁ@dt BIdgEN 56?%%9 Migig reacted under
hydr ocar beinsgenvgn 2.5 dagl iy sredprasanos df agolidaddEbataidét 185 2hy) fdrabhet 550 @&sThe

anal ysi s 63Ut Phakd QUGS ARl 588 Hund Yake iRIRAL BE urtural (F), 5-
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10
Table 2
Xylose and Catalyst Y F (%) Y HMF (%) Y MMF (%)
Glucose CrCl2 11.0 0.9 11.3
Glucose Al{lll) triflate 178 0.1 2.1
Fructose CrCl, 9.6 2.2 18.9
Fructose Al triflate 18.4 0.0 1.5
Fructose Montmotillonite K 514.0 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 (%)
CrCl; 11.8 6.9 75 7.6 2.6

Zeolite HY 5 5.1 54 4.2 5.1 0.8

Zeolite HY 15 5.6 1.6 - 53 5.2 1.5
Montmorillonite K5 5.3 1.3 6.2 6.1 2.0
Montmorillonite K 10 44 1.9 51 50 1.6
Amberlyst36Wet 3.3 2.1 6.2 6.4 1.7

Zeolite3 9.8 0.3 556 5.3 1.9



Conponent Average Concentration Em ssion 1 CO 240 ng/Ne 12 g/h CQ2
2.2 %vliv - 02 17.8 %v/iv - TOC (C3H8) 22 ng/ NmB 1 g/h NO 295
ng/ Ne 14 gwO20®/0pgfile 6. Particulate matter results of HOORH2008/007428
commerci al diesel fuel. Experinment Vollune Total particulate matter
Actual [nB/h] 63 Norrmal [NnB/h] 49 Concentration [ng/Nn8) 8.0
Em ssion (g/h]

Example 4.

Phase separation / crystallization temperature {°C) of different Furanics / diesel mixtures.

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 0.375°C/min, under continuous stirring at 700 rpm with a
10 magnelic stir bar. Phase separation andfor crystallization was recorded by turbidity
measurements. Furfural (F) and ethoxymethyifurfural (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 diese!

Component ratio Phase separation/
Fuel compaosition viy crystallization
temperature (°C)
1 Diese! -12
2 Diese| + DMMF 1:1 >25
3 Diesel + FME 1:1 -7
4 Diese! + DMMF + FME 2:1:1 14
5 Dieset + DEMF 1.1 -8
6 Diesel + FEE 1:1 -11
7 Diesel + DEMF + FEE 2:1:1 -11
8 Diesel + EMF 1:1 =25
g Diesel + F 1:1 >25
10 | Diesel + EMF + F 211 >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.



1 r<l Table 7: Gas analysis results of blend of comerci al

di esel

with 25 vol % FEE. Experinent Conponent Average Concentration Em ssion

2 CO 302 nyON@/B8&1y/h CO2 2.2 %v/v -

02 17.7 % v/ v RCT/MIODS{UCEES)

38 mg/ NmMB 2 g/h NO 290 ng/ NnB 14 g/ hll Table 8: Particulate matter
results of blend of conmercial

2009/ 030511PCT/ EP2008/ 007428 12

10

15

di esel

with 25 vol % FEE.

)

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,

O,, CO, CO,, NO, (NO + NO,) and total hydrocarbons.

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 1ISO 10780

Gases were sampled according to ISO 10396
Q,, CO and CO, were analysed according to NEN-ISO 12039
NO, (NO + NQO,) 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.

Average
Experiment Component Concentration Emission
co 240 mg/Nm’® 12 g/h
CO; 2.2 % viv -
1 0, 17.8 % viv -
TOC (CsHs) 22 mg/Nm® 1g/h
NO, 295 mg/Nm°® 14 g/h

Table 6: Particulate matter results of 100% commercial diesel! fuel.

Experiment [Volume Total particulate matter
Actual Normal Concentration Emission
[m3/h] [Nm3/h] [mg/Nm3] [g/h]

1 63 49 8.0 <1

Table 7: Gas analysis results of blend of commercial diesel with 25 vol% FEE.

, Average X Emission
Experiment Compoenent Concentration
co 302 mg/Nm* 15 g/h
CO, 2.2%viv -
2 0, 17.7 % viv -
TOC (C3Hs) 38 mg/Nm® 2g/h
NO, 290 mg/Nm® 14 g/h

Table 8: Particulate matter results of blend of commercial diesel with 25 vol% FEE.



Experinment Volume Total particulate matter Actual nB/h Normal N8/ h
Concentration m/14n8 Emission /h 2 63 49 12.6 <1 Table 9: Gas

anal ysi s re@aes3eFl1 bl end of commercial diesel wth 25 RGVER2DENG7428
Experi ment Conponent Average ConcentrBtion Em ssion 3 CO 520 ngy/ Nms
25 gth CQ2 2.2 %v/v - 02 17.7 %v/v - TOC (C31-18) 96 ng/ NO 5 g/h

Experiment [Volume Total particulate matter
Actual Normal Concentration Emission
[m3/h] [Nm3/h] [mg/Nm3] {g/h]

2 63 49 12.6 <1

Table 9; Gas analysis results of blend of commercial diesel with 25 vol% DEMF.

Experiment Component é‘é?l?egnetration Emission
cO 520 mg/Nm?® 25 g/h
CO, 2.2% viv -

3 0, 17.7 % viv _
TOC (CsHg) 96 mg/Nm® 5 g/h
NOy 278 mg/Nm® 14 g/h

Table 10: Particulate matter results of blend of commercial diesel with 25 vol% DEMF.

Experiment |Volume Total particulate matter
' Actual Normal Concentration Emission
[m3/h] [Nm3/h] [mg/Nm3]
3 63 49 23.4

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 norma! commercial diesel fuel (experiment 4) and
the same commercial diesei to which 25 vol. % FME (experiment 5) or 12.5 vol % DMMF
(experiment 6) was added, respectively. FME and DMMF were added as a liguid 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
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Table 13: Gas analysis resuits of blend of commercial diesel with 25 vol% FME.

, Average . Emission
Experiment Component Concentration
co 288 mg/Nm® 9 gth
CO, 2.2 % viv -
5 O, 17.8 % viv -
TOC (C;3Hg) 33 mg/Nm® 1g/h
NOy 308 mg/Nm’® 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] [mg/Nm3] Ig/h}

5 36 30 B.S <1

Table 15: Gas analysis results of blend of commercial diesel with 12.5 vol% DMMF.

Experiment Component é:?\?egn?ration Emission
Co 260 mg/Nm’® 8.5g/h
CO; 2.2%viv -

6 0, 17.9 % viv -
TOC (C;Hs) 31 mg/Nm® 1 g/h
NO, 275 mg/Nm® 8.5 g/h




4 CO 205 my/ N8 7 g/h C2 2.2 %v/v - 02 17.9 %v/v - TOC (C3I-18)
24 mg/Nn8 1 gni  NO 293 ng/Nn8B 9 g/h Table 12: Particulate mailer
resul ts of wo0W/estirer ci al di esel fuel. Experinment Vol unsTerzeds/o07428
particulate matter Actual Nornal jCoHcentration Em ssion [nB/h]

[N8/h] 4(mg/ Nn81 | P] 4 39 32

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] lg/h]

6 39 32 10.6 <1

5 Example 7. diesel fuel applications

Fuel solubility
Fuel solubility is a primary concern for diese! 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-methyifuran (hydrogenation product, prepared from a mixed C6/C5
starting material) with commercial diesel are completely miscible in all ratic’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. Resuits with an EMF/furfural blend were worse then that with EMF alone.



6.3<1 5 Table 13: Gas analysis results of blend of comrercial diesel
with 25 vol % FME. Experinent Conponent Average Concentration Em ssion
CO 288 ny/Wegi@/og¢nt CO2 2.2 %v/v - 02 17.8 %v/v - PFIEREBIILSS
33 ng/Nms 1 g/h NO 308 ng/ NnB 9 g/ h 15Table 14: Particulate matter
results of blend of commercial diesel with 25 vol % FME. Experi nent
Vol ume ToRafergnaes i cul ate matter Actual Nornmal Concentration En ssion

« DE 635783
+ DUMESIC, James A, et al. “Phase modifiers promote efficient production of
Hydroxymethylfurfural from fructose” . Science. 30 June 20086, vol.312, n0.5782,
5 p.1933-1937.
e WO 2006/063220
« Chapter 15 of Advanced Organic Chemistry, by Jerry March, and in particular under
reaction 5-4. (3 ed., © 1985 by John Wiley & Sons, pp. 684-685).
« |LEWKOWSKI, Jaroslaw. Synthesis, chemistry and applications of 5-
10 hydroxymethylfurfural and its derivatives. Arkivoc. 2001, p.17-54."
+ MOREALU, 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 (2008)
p. 165-169. ‘
15 ¢ EP 0841 854
e UOP report OPPORTUNITIES FOR BIORENEWARBLES IN OIL. REFINERIES FINAL
TECHNICAL REPORT, SUBMITTED TO: U.S. DEPARTMENT OF ENERGY (DOE
Award Number: DE-FG36-05GO15085))
o Adv. Synth. Catal. 2001, 343, 220-225
20 ¢ EP0356703 |
+ FR2669634



[ M8/ h]

[NnB/h] [mB/NnB] _jg/h] 5 36 30 8.5 <1 Table 15: Gas analysis

results of blend of commercial diesel with 12.5 vol % DMW. Experi nment
Conmponent Average Concentration Em ssion 6 CO 260 ng/ Nm8 8.5 g/h CO2
2.2 %vlv - 02 17.9 %v/v - TOC (C3Ii|§) 31 mg/ N8 1 g/h NO 275

nmg/ NmB 8.5 g/ h

CLAIMS

1. A method for the manufacture of a mixture of a furfural and a 5-alkoxymethylfurfurai
derivative by reacting a hexose and pentose-containing starting material with an aliphatic
C1 - 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-
alkoxymethyifurfural 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-propancl 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 Bransted 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.
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Vol ume Total particulate matter Actual Normal Concentration Em ssion
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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 1 to 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 biodiesel with green diesel and other derivatives of furan and tetrahydrofuran,
wherein the ether is produced by reacting a hexose and pentose-containing starting
material with an aliphatic C1 - 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.
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manuf ach (efHe 8‘.}, Qi‘ui‘érPélﬁjrﬂxtlﬂ'e\i,H{efr tal and a 5-al koxynet hyl furfural
der|vat|ve g ting a hexose and pentose-containing starting
material with an aliphatic d - C20 al cohol in the presence of an
acid catalyst, resulting in a mxture of furfural and a

5- (al koxynmet hyl ) furfural, foll owed by the hydrogenati on of the

m xture of furfural and 5- al koxynethylfurfural and the
etherification of the hydrogenation product to convert the al dehyde
function of both 5-(al koxynmethyl)furfural and furfural into an

al koxymet hyl function. 2. The method according to claim1, wherein
the alcohol is a prinmary, secondary or tertiary. 3. The nethod
according to claim2, wherein the alcohol is selected fromone or
nore of the group consisting of nethanol, ethanol, 1-propanol and
2-propanol. 4. The nethod according to claim1l, wherein the acid
catalyst is selected fromthe group consisting of honbgeneous or

het er ogeneous aci ds sel ected fromsolid organic acids, inorganic
acids, salts, Lewis acids, ion exchange resins, zeolites or mxtures
and/ or conbi nations thereof. 5. The method according to claim1,
wherein the acid catalyst is a solid Bronsted acid or a solid Lewi s
acid. 6. The nethod according to claim1l, wherein the reaction is
performed at a tenperature from50 to 300 degrees Celsius. 7. The
met hod according to claim1, wherein the hexose containing starting
material is selected fromthe group consisting of starch, anylose,
gal act ose, cellul ose, hem -cellul ose, glucose-contai ning

di sacchari des such as sucrose, naltose, cellobiose, |actose, and

t heir oxidized, reduced, etherified, esterified and am dated
derivatives. 17 8. The nethod according to claim1, wherein the
pentose containing starting material is selected fromthe group
consi sting of Arabinose, Ribose, R bulose, Xylose, Xylulose, Lyxose
and their oxidized, reduced, etherified, esterified and am dated
derivatives. 9. The nethod according to claiml1, perforned in the
presence of a solvent, wherein the solvent or solvents are selected
formthe group consisting of water, sulfoxides, ketones, ionic

i quids, esters, ethers, or the aliphatic d - C20 al cohol, and

m xtures thereof. 10. The nethod according to claim1l, wherein the
method is performed in a continuous flow process. 11. The net hod
according to claim 10, wherein the continuous flow process is a
reactive distillation or a catalytic distillation process. 12. The
nmet hod according to claim1l, 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 nethod according to claim 10, wherein the liquid
hourly space velocity ("LHSV') is fromlto 1000 v/v/hr.. 14. A fuel
conposition conprising an ether as fuel conmponent for engines,
optionally bl ended with one or nore of gasoline and gasol i ne-et hanol
bl ends, kerosene, diesel, biodiesel, Fischer-Tropsch |iquids,

di esel - bi odi esel bl ends and green di esel and bl ends of diesel and/or



