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Title: Mxture of furfural and
5- (al koxynet hyl )furfural derivatives from sugars and
wW@b@ohaisst Techni cal Field The present inventi oPCT/EP2008/007428
concerns a nethod for the nmanufacture of a m xture of
furfural and 5- (al koxynethyl)furfural (RW)
derivatives froma m xed feed containing both pentoses
(C5 sugars) and hexoses (C6 sugars). Background Art
From DE635783 the preparation of al koxynethyl furfurals
and levulinic acid al kyl esters is known, using
gl uc I_ni
Titled < gﬁ@gS of, @e@hiﬁﬁié (&Q&Qﬁle%g@%rf%ai"éérlv?% u{?g{ él?dars 5
fruceloshol{ bot h C6 sugars) has been used. The reactlons
provide primarily levulinic acid derivatives. Fuel,
fuel additives and various chem cals used in the
petrochem cal industry are derived fromoil, gas and
Teck& Fiell | finite sources. Bionass, on the other hand,
__is considered a rene source. Bi omass
The jpresepyPYation gengeng| a ’(‘FS%BELRS i“?f‘gmBmBﬁ‘étj’Fé)fﬁ atSP'ét“Wa%ftf'é%'-jra' and 5-
(alkodymethyl) furfulae (R riostives Gropramixed feed cohtafnitg) otio peritéges (C5
us ductlgn of e.g. fibres, chemcals or

d
s“gﬂg)a?"dtqelxo%e)?gﬁuéggars ganic material which has been

transf ornmed by geol ogi cal processes into substances

Bac?ﬁ&hh;@%icoal or petroleum Production of biomass

products for non-food plications is a
Fromg DERBHES thel g@pasatlo'spbaib@@mefhylémrgﬂdﬁ and [evelivmasticballsyl egtgrs is

kno@P Rising3filcase ¥ 4 5Iu§$§e%téﬂ{lrﬁlj/‘étﬁﬁn% H{a?errﬁﬁtFor Rs@AEsS %accharose a
Cont al ns sugars %PGXOSGS and pen OSGS t hat

may

disagefiarige PE%I“‘F%F &9 Hrptese hesyC %F?ﬂﬁﬁt*@s begn Pt TB‘? [ﬁaﬁ%‘P”S provide

primAfilyileuutini€ scifl Hemeativigar s are mainly directed towards the
fernmentation of sucrose or glucose into ethanol or via
conpl ete breakdown via Syngas to synthetic liquid

Fuel fuel additivies @bdl tarind ctersicals lised inliee peteocbémicaehdustry are derived

fromC<9In.89§éﬁd 9&%? ah AHRE éc?dr&a% gfon'@ég oRGRE Qtﬂgls‘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.

Production of biomass derived products for non-food applications is a growing industry. Bio-

based fuels are an example of an application with strong growing interest.

Biomass contains sugars (hexoses and pentoses) that may be converted into value added
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. EP 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.

More recently, the acid catalysed reaction of fructose has been re-visited, creating HMF as
an intermediate of great interest. Most processes investigated have the disadvantage that
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and/ or vegetable oil derivatives containing at |east
one glycerol ether to reduce particulate matter
we@pi09eswns. More recently, the acid catal ysed PEHEP10081007428
of fructose has been re-visited, creating HW as an
internedi ate of great interest. Mst processes
HMF B\$ érg atadld havwerebbtdnctonditivrant qdrdtibratstibimaitisn. rFQist re@ioval from

the FoEPafrsBreoneulo e s ST e REP A 1° sttt oS been viewed
as acsoiutian farigs problesu glaeseataheta at thentartiearsityl of iscdnkia-Madisbn have

dev&p?%%l é/e énrtoc So h‘i?a(ﬁ fr%étog%?-@}élfjé:%rfge %&K/erttéu iRto monomers for

esear cEer s at the
plastigs; peineleym Rnlliebrterntigie otexesl intp det! Hsel dbeprocess byuief. BpRes

Dun‘ésﬂ:rgnfdrdd%d?ﬁé‘rs fitdVBehAPatEEthe FaYEEL ﬁ"ldan' dHuBoEPHALE ! Wfth R use of

| astics, petroleum’or fuel extenders, or even into
an weqatq'x% énv#roch*ﬁ@c BFi® e adidic mncﬁxchwﬁégs@uﬁ@&isada%to salt-out

the BIMIFWRD KR Sxtiattirgt pk@@@%’meaixﬁéctgb%hﬁéél@e@%ﬁ megt &@ahrflél HEI0aHE that
0 an acl (o r oc oric

raveBe S agtoreat H b3 Shnauf ise Tt inbrphabb Plocsss srbumigs at high

fructose saridentpationt 0 oD wWtrth)o atﬁlﬁlee)htghaﬁd]dlMO%hME selébtwity at 90%

e EBRELH FOEREIAE P pREhave R RNy SR EDUMERG, sames

A, et slo-Rpbss modifiesesemalp @ﬁmtaggpraducmpg lof Hvdrommhylfurfural from
fruc% @C epidnabl :Tye]ﬁnl(ﬂ)@G LRI, % \% 5 2 2359985 thl’gﬂgwﬂ% lqﬁlF yields

% HW sel ectivity at t ose conversi
fronu@|s| Rfegess Pl‘ﬂjnﬁefﬁsan%élﬁﬁmal“rsé’weﬂtrﬁf@?ﬁ?ﬁ yiag e¢wﬁ@dxantages due to

the Qomdléﬁﬁl%nt%es@n a?hH becdtlde o thaesf th et ﬁeﬁry%'lﬂ%t\ﬁwen cheaper
oxynet hyl furfural

f iC ti r fr

and qsaé%%fﬁ X°§%§ @‘HE “CtS%F Hﬁﬂ? ADYHESC\PHPUEOSER a’%‘dfegfé? starting
matérial FBBF s DSoNY at Nohhl@umbrdtthe whildh hws & bscdnvered |h|s$|bsequent steps
to u?eft(ﬂtpro ug%&@gr'mgé{g égss F 'p@ﬁ d an H\éegrat P){a?%qvo gauﬁ_g?&c%s%?tgﬂio
convetstlg R irden dimsthydfuse (BMFD hfhldhes gsgued to Heah interebtilg gaselne
addfifieaper and | ess reactive hexoses than fructose, such

as glucose or sucrose, are used as a starting

material. HVF is a solid at roomtenperature which has

In W@ 2@@6/@@!226 %tn%ihéd"ls PrdvRfRd W&*’Hon%r@r&sfrﬁd?oéésiﬁf) lE)I-ethoxymethylfurfuraI

E sic has r El i gn |nte‘9rate
(EM g/%frqg’ggnU?'Q% P'% aﬁf’ Gelayst & @b‘” Btch SRS £4 hputs Preqptinuously via
coludhnrehitiovidutingan7 hdAvE)Appidtions biSENB %Féﬂﬁbtﬁ&cuhk%edn

interesting gasoline additive.
Also in copending patent application PCT/EP2007/002145 the manufacture of HMF ethers
are described, including the use of such ethers as fuel or fuel additive. Indeed, both the
methyl ether and the ethyl ether (methoxymethylfurfural, or MMF; ethoxyethylifurfural or EMF)
were prepared and tested. The invention of the copending patent application, however, was
limited to the use of hexose feedstock with preferably primary C1-C5 alcohols. Use of hexose
and pentose mixed feed with secondary and tertiary alcohols was not considered, whereas
the only example of a branched primary alcohol was considered. Although 5-
alkoxymethylfurfural derivatives are useful as fuel or fuel additive, the inventors found that the
ethers leave room for improvement, in particular when used in higher concentration blends
with fuels such as gasoline, kerosene, diesel, biodiesel or green diesel. The inventors have
developed further derivatization routes addressing the negative effect of the aldehyde
functionality of furfural and its derivatives on the fuel blend properties, allowing now also to
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In WO 2006/ 063220 a nethod is provided for converting
fructose into 5-ethoxynethylfurfural (EMF) at 60 OC,
wai20003&m aci d catal yst either in batch duri ngPQEEP290$/807428
or continuously via colum &l ution during 17 hours.
Applications of EMF were not discussed. Also in
starCwifrea eHixed peatoserhedi3p fécpds the p%ﬂ%&&&ﬁﬂe&ﬂ&%&hbh@ obtained

ct i b di th
ron] ReES Wil ovioansh ol B eRn ot iter R pie Bl e o
metbyfulart dugingratdelyydedt laohaligdiogenatibh/gtheefidation or aldehyde to CH3
hyd%%ﬂf&ﬁy%%&}’vél rﬁgBFe%de u%r Mg&afg A%O;Br%gon?%/ 'cr)rfﬁMgﬁé‘frfi}!gdor
pentpsp/aaxtisa dpigmase freddp po icmaer r@nl,li'rehiomever, was limted to
t he use of hexose feedstock with preferably primry
Cl-C5 al cohols. Use of hexose and pentose m xed feed

Surpiisinglys edmveators bave f?'é'rqthatra/coa’vléfeﬂﬁien of agerivagiye from 5-
alkdxPAsthprifabl akd 8 dedstilder faflingl, pPé?Pél‘Blbl thf correBp A drfural

al coho s consi dere ugh 5-
et S A SHT LR G PBEF 15 b 0Ee auP Sty forgllone or
the blend ofedidkbiywethyifréuralnnvithrfudural. f ound t hat the ethers
| eave room for inprovenent, in particular when used in
hi gher concentrati on blends wth fuels such as
Dis osene, diesel, biodiesel or green diesel.

Accdidfgl ”%ﬁ%&g%nﬁ ;ﬁl/%%ﬁo:ﬂ;‘ér‘éﬁhé’é@ﬁweméﬁ‘f Beﬁ%r %‘réﬁf‘déerﬂ&tdjre of a

rou I essi nq negat | ve effect o he a
y

furfyralandiaohalkoxymeth ffwa‘tfralrdﬂﬂvawa by repceg a -t am*eféﬁ waf-ﬁ@tammg

starﬁr\g%ad@hmﬂthmn%hbl ifthe &Eééﬁ% Bfa Ny abtsgstt fRbwéd bWhEh
exose

Y RgRAAIP PR e BT ST R LR BL B S kSHERmrtral to
congdithe br&ﬁydeMUMmﬁ ohbeth bedkbxymethiyl)Rurfusa labd Fefural ifto by |
uri ng al dehyde to al cohol

a'k%y'a?e‘@éﬁ%t" %ﬂ/ e{“ﬁgw?’f‘%aﬂ on or al dehyde to CH3

hydr ogenati on, respectively. Therefore the renoval of

Wh% A P@é&l@f‘? Sr%duét%mhte%o?% e%ﬁwog‘?@ﬁé%ﬁea{s Qﬁiﬁ? E’Iamﬁfér a

I's no | onger u rising
SUb'FW@mc@f‘%erﬁa'W@ q &@h@ Fﬂ@gd'ﬁ"%@ﬁﬁl afael er? f@?' aglditive intermediate,

the %Eﬂtdﬁ?ﬂrbd’&t fi&&"ﬁo’t_’ne@sgé’rﬁy H%d’%'bfa%f’éﬂirﬁieeéﬁﬂ te preparatlon of fuel
tive of rfural r ef era%‘%{l he correspondi ng

andff‘l‘ﬁl Pﬂ$%\‘feséfé?m W%’f‘?% therf&? '°§l§’|5‘§’r“ ay PR Rg™ %{{f-‘é‘Pm es
combel‘mﬂé aitht=R 1éVaBnib adit kienyateddaHd thé fike. For ehsens réferehbe however,

the me g a(r)\g th5e r%ac |on¥) otucy ér]:a udre];é'hrbgld |nv¥|erms oHFe reachon 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 accord'ing 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-
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), Fischer-
Tropsch liquids (for example obtained from GTL, CTL or BTL gas-to-liquids/coal-to-
liquids/biomass to liquids processes), diesel-biodiesel blends and green diesel and blends of
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
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Di scl osure of Invention Accordingly, the current

i nvention provides a nethod for the manufacture of a
worRoovMsis1nf a furfural and a 5-(al koxymnet hyl ) f RET/BP208/007428

derivative by reacting a C5 and C6 sugar-cont ai ni ng

starting material with an alcohol in the presence of
RERORB.GUBMITTBDYIES: U. SOﬂ)EmmEMTtdremmevgao&tA\Md anehber: DE-

t ' t f. th L. f
B RS R T PRRHT T Aot G e coHlBmne By gpur and having
cetahelnatnbenof ®0 tboomp Budlafdk blenitiag mith tHeuprbuuch bf tha grdsentiovemtion may
alsol\}'@cglgdet e%rlﬁ\ hMllran dr%gﬁ/ma ‘?;,?1 tﬁé %;DQ?SEJ?%L }én ‘i:s us%g to mclude all

€ reac |on
derigatives gftfaraniang tetmhedrpmrarf dhe a\vsuttmaigmnpwm&pbmmosmon
comgd':gh?‘la fueelbHight ?sd&iés{:h%% ﬂov@ﬁn@thfquéctlgﬁ 8?6dtzl:'t%ade according to
Ive | nterned ate, reaction product does not
the presens §wentiap. need to be pure | ndeed, in the
preparation of fuel and fuel addi ti ves from bi onass,

the reaction product may contain non-interfering
M@%@M&Mﬂ inic acid derivatives and the
Buodwééseeso%&fesaa@welokndmf Fhe beraporizaisa! eneretsthne bigRiabe dretAcke feeds

t he reaction uct are d d of the
tat g8 (7R 2uR R SO e RBAE Bt el Mg radtorppge o
mixevhtemtasaland hesasetdontpining staming mateziabin éngaiig r:’ademialnyj aFexose is a
mo&%&ﬂga{&é‘%& i %&Bé#&t@ halifg MJh%Fhﬁca'l %Yrﬁ@g 'COFL ﬁ%xoses are

Use of the react! on produ

clasa&%bxdfunqlqnel arpwep. yiita stdehexqsge havinthamaldehyse abPO%t@nﬂu énd
ketoﬁgﬂisEé U8vind 4 RE®nd af pdiitiBR %ﬁﬁb@d&rﬁ&ﬁn@ﬁ&gé@{an@és ihf18de but are

esent invention include but are not limted t
not E?HItP fructasry 9ligest: i9AlastoRgfBRNNgpe Add th ‘?&fe‘?%zéaﬁe’eda?% giherified,
estebifi@liarRbahiddtea dervatives, a gT@ldloﬁiebblﬂ|oeulﬂh&laﬁlﬂdgld¢cﬁéfbbm§ ied most

t f short t hyl .
abu§ L 13 Mgk BongME A TCE Bre e Kise! RTeg e pRpesas s qloet fess
reaatite thian franotobe Augandioseds armmnosaccbhrm_ead/ew five tchrboo rateens, hevied the
cher@%%lraflgﬁrl\elgg ?::,I-L Ot:[ﬁgpﬁfﬂ_er Igv 5 ﬂQdéHygg lflﬂ'n%tiér]‘a%roﬁémsﬁion 1
(aldepentasgs), pqu%igme:@apthnm qum thosiipv Adteoneptdspe)ffuifgble 5-carbon
morf?;@%&ﬁ%‘ﬁfe%)incltﬁe%?Elremo@ﬁlr’nﬁecdado Ahshsks, ﬁ%s& rl'@l% losdl RyiBe,

bl ends of di esel and/or biodiesel wt

Xylugﬂsgsldxo?@argjetﬁela pydiged, rgdt&eﬁﬁglp%@gqi 5sterified ancﬂ@aldgggd derivatives.

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 maitose,
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
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
alcohols with 4 or more carbon atoms preferably have a branched carbon backbone.
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hydrotreating bi omass derived oils, fats, greases or
pyrolysis oil; see for exanple the UOP report

WORBORIIIN TI ES FOR Bl ORENEWABLES I N O L REFI NBRI'EBP2008/007428
FI NAL TECHNI CALREPORT, SUBM TTED TO U.S. DEPARTMENT
OF ENERGY (DCE Award Nunmber: DEFG36- 05G015085). The

PrefefredldiebhdiS usedih &8 mathdc'u 6:thé clirvstt irvertionl indii® rAéthandl féthanol, 1-
aV|n a. cet an

of 90 t 00). Fue|s, fo
oroRgPgh, & PIRPIPL 1o HEN B BHUEN) = HEH sheBelbosel BlegrAaglends
of aleblsals miag beideed) regy. 0of isvbukandtanditerf-buitanslcs, wherein the
expression furanics is used to include all derivatives
of furan and tetrahydrofuran. The invention al so
The@muintiefaleehblusied dormotbe maonfacturgpefithé hig'IFaethereif thel presant
inveRforfi€ Ferférgﬁlg a@%%’teeqﬁ%dr%ﬁ tﬁ@ﬁ&fok@ Eo f?@&‘?ock but typically

accor e present 1 nventlon.

is useghip murq@gaaterteﬁ@eswe?ﬁq te aBiobﬁldgsch@steﬁ @f;oan@ym ysed as

sonvlémwao soREntCRNReRaRLSe, @fsutfitleht SRburl Bf ALSHIRRHrédcht l8FCthe
fe ds that can release a m xture of hexoses and at

EY8t 5% of pentoses (hereinafter referred to as mi xed
pent ose and hexose-containing starting material. In

TheZo BTISE o BIR 4T g Eoret GRTIPR a7 Porreras Fam atspe
(halb@genatedy orgrric @cids Sndrpamc beidd, Laeisiaoida) iog exchangavesins and zeolites

or cgdngm %Q%ﬁéloﬁmmgs R e%'rciﬁn g§e éhomegééeoegc&?lgg\ngut

exoses avl n e one pOS
het%owewpa@mm@mm sgbd; catalystsicrse prefersgdfonpurificatigntregsons. The

HMI* ethEr SHRLBRSS od Hel @R & proBhid BrBagted BRARGHStiveRNE LERRIZCid or with
i di zed, reduced, etherified, esterified and am dat ed

Cata&’éﬁ "U%’tha\‘i%g‘meeth@” one gbiAese %‘d‘?"df”BF“%laerlsol with
gI ucose being the nost abundant, the nbst econom c and

The cglrr%f or.g t hZ)em)st ié)rref err [ ec(:j r ng aCChhar : rdemgamg can be selected
PLERNIE aad may beqhganic or feqrgnic: FRr ingiange dhe arag
frormamorsgst oladic add, laﬁtﬂihicfabidemalaictaaid tifloom, achévaaid)(ttiffieacid),

metﬁ%%ﬂkﬁ@*lc %unc ona b’éneg%hon-wgé{d %Itg}:%{niw\(ﬁe |ﬁgrganlc acid can be

ro
sele¢tgd dr@geam@wéwpolymhoapho@t: epid. sulpheric eeidl hygrashleri¢ acid, hydrobromic

acidPRictdcRn h?dr& K&k aBRNS R RSN germbtafedh Sitp- Car bon

monosaccharides i nclude but are not limted to
Ar abi nose, Ri bose, Ribul ose, Xylose, Xylulose, Lyxose

Cerfaltkaltd fialy beXised € eataly Q0N 6N tR it dahibethny @6é 8F inbrecst
(NH%E@Q%@)E grt'n?ndon%%r bﬁ/o%tp"\ate 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 (triflate) salt, Cr-, Al-, Ti-, Ca-, In-ions, ZrOCl,,
VO(SOy),, TiO,, V-porphyrine, Zr-, Cr-, Ti-porphyrine.

Lewis acids selected as dehydration catalyst can be any one of ZnCl,, AICl3;, 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
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
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On the other hand, the current inventors have al so
succeeded to convert sucrose, which is also avail abl e
WO poogoaEt1l abundance. Ot her di sacchari des that PEl/ER®08/007428
used i nclude maltose, cell obi ose and | actose. The
pol ysacchari des that may be used include cell ul ose,
m.xﬂufaslthé}eéfalf RRNV3tEd U?‘]doﬂ&)s teﬁip@faﬁheé greﬂfélac’! gdsdlu“eaﬁéd ﬂé}daf(tjer then the
The sacchari des an i sacchari des
Cataévrsg] 'P&ﬁ{}’&%‘%ﬁe PHiPgse % p¥ %ﬁﬁ%s acchari de conponent (s)
and dehydrated during the manufacture of the 5-HW
0 e tho f . -
An o% R/?Jv% of c%?ag)rggctg?taljg?ﬁg g%érd;nghesrpn Pd oﬂhg cu \%/]'ﬁ u'é/:ééﬁog'n%ay be
foumvhn dhblerd yof B review agliclengrepared by Mndaw(owskl e“\'ienthesi$ tahamistry and
ﬁ 2 bon
appﬂﬁﬁbr@ &5 hg;ghﬁgﬂgﬁﬁmuré'%d @9 gprr \)aﬁgeo %\RJ.OOJ; i(ﬂﬂ 9 16 3!

roml to car n at oms, V\,here

Thetawpual @f@ﬁtﬂls@t RRY Maw darendipg op Hessiechenpkcatiyst of @ﬂi@lyst mixture.
For h\@béﬂc@ e @ambﬁ @aﬁ %é RededRAkd RABHIN BkRI ﬁdanaérﬁ&]ﬁ@l/é’ymg from

0. 01@?95%1: EA; %ﬁwgﬁaﬁhe I%]acxotag ggg%{o?% f%?%%%%{ggly'fron! 0. ‘1jto 30 mole

%, rhsrekmtfarraaly frobet fo otarck, i soanyl al cohol, isooctyl
al cohol . Al so bl ends of al cohols nmay be used, e.g., of
I sobut anol and terf-butanol. The anmpbunt of al coho
In theqeefeded embodimentirtheldatatystiisa ldterbgenddhé-catblystr of t he
present invention is preferably at |east equinolar on
the hexose content of the feedstock, but typically is
Theu@emrawrwmlcgrtbaf@cﬂ@rx@@gg‘ormqﬁdwdvar! it gl geoRkE it (ssuefgrred

that@ﬁe Feﬁ&t?ohb&&ﬁﬂ@& dut’BRY t@rﬁpéﬂﬁ@ﬂe ffom 30 |tcy %E déb’reé‘s%@gbé/ Sndferably
a case, a sufficient anpun al cohol

fm"b?%‘%‘@r?ﬁof’sgﬁeﬁ? Reiive. PREe RpTRERDYY fm@%ﬁ%??éaieareﬁth'sws In

genérlae teﬂ‘ﬁﬁéﬁétdre@hdhbﬁthﬁh 360 ate lesy/Sroldmed at @it s¥ectigityesttifdreaction
anl c n

redge? hd o7 BARL b PrRaSEtS B b A s n SRR Lot uPS B actorming
the mactinortizianathe doveeshtediperatane)s alseless hexfegalble betausaywf the law reaction
ratehwg Pe%%f?dﬁ% a?@&f} %((‘? Fut %Bld% {ﬁ%tb%ﬁlﬂgféeﬁféry% {eanQJaYG?'t then the

neani ng sol1d ca are pr
reaqﬁgns $rﬁ@an¢F@h|eréE{@§rwt uriles pravEuret e1gy 18 Sar misogano naber.
with a protonic, Brnsted or, alternatively, a Lews
acid or with catal ysts that have nore than one of
Thetmfé%dep@éqse{r@xqm@%/ ingh meterials typically dissolved or suspended in a solvent,

which can also be the alcohol reactant, in order to facilitate the reaction. The solvent system
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
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.

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 protonic acid nmay be organic or inorganic. For

i nstance, the organic acid can be selected from
wa@emngstsipxal i ¢ acid, levulinic acid, naleic aRCTIEP2008/007428

trifluoro acetic acid (triflic acid), nethansul phonic

acid or para-toluenesul phonic acid. Alternatively, the
ThelnK@PdTitee Qfiictht PRENtRA nSedl RCaBkdl JUP M AP@EWSlocess or |n a continuous

procet aMh iz B srrv e e A PR Pl sy B Fen e Taefiar
temp@rtiucnédyyleyanehedt edchangen).tRor inSenta,i the mettod ofrthe itnention can be
oot 33 SRRbYLlw MIELEL h L6 r5da 68086006 ay be uses

, anmoni um
and ¢t resideice time @tthqrmants Ipﬂ@sﬂmanrecesmer baﬂweﬂnﬁm sa¢and,and 10

houﬁy brlefbir I%frnl)rg C%Edr o@r%%% %l'pdeure B@ferably from 5 ch)econds to 20 minutes.

droc romat e, , al um ni um
salts Th and Zr ions, zirconium phosphate, Sc and

Aneh@méuaméﬂ&nhmsslu%r@e%s&mame a\f.xe§ bé@@dr&.n@&gtf@ rékess or a
triflu )Z?tate(trlflate salt,

reaqtiye (3 igtfation weggﬁvlg hﬁt@gengo%?%ql]ﬁtplﬁg thpltlate or
regeﬁ‘erate fFie- rﬁCHr@ﬁQhébtﬁKEamd.mlsstaﬁ tdilﬁ’lp&ﬂde&jétfeldnéiﬁe an inorganic or

at i t St e.any_ o
orogip it Gy B8 el i icPRS B8 PARLo Rl S Feffptoh frrdiucus tow
proceas. dh g diked b@qampésesthe tiquid deurAm@acde velegity l(rI)HMd:an be from 1 to

100@29?&% %@tfﬁm to 5O A ér@(frl 1y Hg%ttb bkd Qﬂd mQE{}%feﬁa%W fbm 25

at nmay ‘be u e natural
to 169 méay aI s, zeolites, supported acids such as silica
i mpregnated with m' neral acids, heat treated charcoal
netal oxides, netal sulfides metal salts. and

The GBpTRRIoRR LB T MIEP b Siable TOVE B AL QHASH mirture can

theri RGN Eted RS aflRhetSRAVatias beltd bety tsedenftlé@andlohasnfiehadditive.
catal yst should be stable at these tenperatures. An

overvi ew of catalysts that nay be used in the method
Thedrdventian fodnarenbcarns/thetuse of tmaynikieref aj Gr(dikoxyniegil)éurfura fand furfural

in att1g<$ro ﬁ‘n\éitigﬂyetﬂértiﬁc% iéh &08&% ég gor@élrtgget Ialgai%gwitién of both 5-
(alkwﬁgﬁmvawyfnéad Ay mﬁuramm araailﬂoxymtrnrbfwmtmtq vee tharesulting, product

as a2f9930r fukd égmﬁﬂwent-r Hfie VBN fQkthdr 3bAdelrS thEB¥e ¥AhY mlxture of 5-
endi ng on the sel ection of catalyst or cataly

<a'k?ﬁvsaemvafurfﬁal anhyfiurt i a ?W@Q?QP%HW?C%QFP fRIved H@oa'?%"‘yde

fundtib® of, me‘éraw U&H(‘éJ(lélI&)xiyﬁheﬂhlyl)fal‘fDMnénd/faﬁNﬂanlgtofd OR flinBtlon(te use as
exose t ent

a fuﬁlragg&r Eﬁ( g,odqra;%)\é\gﬁpbla)i p?lglcgﬁr Wgre@ |s he use cg*f'thet ‘.Llﬁerfseme gi’esel, biodiesel

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 exampie, the fuels 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 diese! 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.

The addition of the ethers of the invention to diesel fuel results in similar NO, numbers and a
slight increase in CO emissions; however, the addition of sufficient amounts of cetane
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% nore preferably from1 to 20 nole % In the
preferred enbodi nent, the catalyst is a heterogeneous
W@ 200a03s11 The tenperature at which the reactiPCI/EB2008/007428
performed may vary, but in®eneral it is preferred
that the reaction is carried out at a tenperature from
imphd¥etscad @@ utiR@d e FedUed tHeU$O, dded@emisiont Welbdidh thedbaeGeference
fueldegrees Cel sius, nore preferably from 150 to 225
degrees Celsius. In general, tenperatures higher than
300 are less preferred as the selectivity of the
t] Ve DI j .
Exag']%?egs érg E%%%Hqg @u%ﬂaq% &%t'ﬂ%ms{dugf atpg c%gerq'? @?/Fnﬁﬁoélé{nﬁ élllé]gtﬁtrablllty of
the pepdycts oreppesiddheretiem|as st Thecaxpeples @rendtgnednt to lingktbe scope of
the MvEitRhabl e because of the low reaction rate. |If the
reactions are carried out above the boiling
tenperature of water, then the reactions are
TheFbIRfwiHgPdtbYevitibhd 6@ e under pressure, e.g., 10 bar
Eﬂtro en or higher. The m xed pentose/ hexose starting
Hyp is typically dissolved or suspended in a
HMB@HNeﬂHmmwhbmWﬁoﬁmaalso be the al cohol reactant, in
te the reaction. The sol vent system
MM dse{) eﬂ% %%{hyh%% aéel ected fromthe group consisting
EMibfF &ﬁﬂ@nymstﬁbﬁm@és preferably DVBO, ket ones,
r | ket one, net hyli sobutyl ket one
nBuR/LFeI 5h g&k&&gﬁﬁ‘éwwup@&hy y y

a ene glycol ethers, preferably

FM%IreEW%ﬁ@@TW@fBPF di met hyl ether (di gI yne) or the

FEgeggﬁ@tetm g@Rpl . Al so so-called ionic liquids may be
atter refers to a class of inert ionic

DM@%mﬁd X{mevfuiady nel ting point, which may
DEMhercgémbgynethyifiedn as sol vent. Exan'pl es thereof include
e.g., 1-H 3-nethyl imdazoliumchloride, discussed in
"Dehydration of fructose and sucrose into
TheSsubytdate cpmeersigrsf and theadelectivitidsearr walds eerenéalculated according to the
formiidd: 3- met hyl i m dazoliumchloride acting both as
solvent and catalyst", by O aude Mreau et al, Journal
Conyersien eda0HN Gabstraje) - (RUbstrats] loalsubgSaatg 2006) 165-169.

seuJéiﬁ.@nf%at* n%ro%gl:tysap% (éaﬁ:stpét gspbyuat?é sent in

f1cient anount I SSO sus nd the starting
Y'elﬁa'tm " (PEPRYICH i Bugibstratel i mi t undeS| red
wheede-reactions. The nethod of the current invention may

be carried out in a batch process or in a continuous
ng- the initial number of moles

ne- the number the moles of a compound at time “t”.

Example 1

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.
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process, with or without recycle of (part of) the
product streamto control the reaction tenperature
w@ eaoysisel via a heat exchanger). For instance, p¢EP2008/007428
nmet hod of the invention car® be perforned in a
conti nuous fl ow process. In such nethod, honobgenous
Tabkat al ysts may be used and the residence tine of the

— reactants in the flow process is hetween 01 second

[ Xylosggndy o pfratalyst 4N ) o 1 | SRR ol M Co)

Glucost o prefWFhbly from 282conds 14820 minuted D

GlucREq o nat 4281 HY Brg cod?Snious £1.8W process dy—be—a

Glugose o hoANWBITRE ous P48, or oced30r a readiive

Fru Lyt Gl i oo i1y e (A8 o ocasd M th a hetldfdgeneous

Fruclgse g oy kASQREHY o 7 o[B0 o o ddenerat e t R4S

Frugipse or ogeHeUIAMAE cat 38st or 8% spreve o ermmnce,
an inorganic or organic acid nmay be added to the feed

ous

Exaffplé e fi xed bed or reactive distillation continu

flow process. In a fixed bed process, the liquid

hourly space velocity (LHSV) can be from1 to 1000,
In iypical akpeyinfanyn355 thag 50Bylosmr32. pinef gluabdey of froctodd® ahd 0.8 ml of
met%%%l %qe %ﬁéd W Sﬂ%%@?.‘ XOJtéCP 'ns?o% Jv?n Jfgﬁ)or{nﬁwe mlxtli_lgﬁeacted under

process resu In a mxture
nitragen el 2. wbtah) in ding presencevefi 2 poligi acidueatalysf{6.5HBe) floe 1 h at 150 °C. The

threeoméﬁf tp‘égké ereer@eé uﬁtmr u@egbé@mweb@f.e&ﬁ.f.ta@lwfu;%ﬁg (F), 5-
{or as fuel ditive he |nvent|onfurther

(hVQE@WEEtM)fW@' Qé'\éFb@ndt%(éﬂ%mee@waufa' (MMF).

5- (al koxynet hyl )furfural and furfural in a
Tab%yﬂr ogenation/etherification process to convert the
ehyde function of both 5- (al koxynethyl)furfural

xylo80haf Urf url ghya it 0 an alveowymet hyl fyigie @ L0 Useuih ey
resylting fuel” or fuel r‘nnr‘nnnnnf he

Glugoses ent i on |PlHz her concldidls the use 8P the mixtu 1;3of

| Gluagse ¢ o] koxy) ﬁ@mi’r-w—f—ulrgis andfurf 4Pl in-a 2.1

Frugieslir ogenatl EB2_process 1% convert thé2al dehyde il ion

Frucigse o of o AlIITaIS, b gl 1B4) 1 oyt 00 ureural ol

Frucfose ur ol INPRMaileke KEI40 | on i o usa'ds a fuel ardlor
fuel conponent. O particular interest is the use of

Examjle 8t hers in diesel, biodiesel or "green diesel",
given its (nmuch) greater solubility therein than
et hanol . Conventional additives and bl endi ng agents
In & typicel exefimenileSmay die pixesenf xylosd, pudoseland fructose (1:1:1, mass

ratlos?gR(? %|§ JnSQ)? a SO|I(§ h&é catalyst were mixed in a reactor coated inside with Teflon.
0.8 ml of an alcohol mixture (Methanol, Ethanol and n-Butano! 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
nBuMF.

Table3

Catalyst Y F (%) Y HMF (%) Y EMF (%) Y MMF (%) Y nBuMF (%)
CrCl, 11.8 6.9 7.5 7.6 26

Zeolite HY 5 5.1 54 4.2 5.1 0.8

Zeolite HY 15 56 16 - 53 5.2 1.5
Montmorillonite K5 5.3 1.3 6.2 6.1 2.0
Montmorillonite K 10 4.4 1.9 51 50 1.6
Amberlyst36Wet 33 2.1 6.2 6.4 17

Zeolite3 9.8 0.3 5.5 5.3 1.9
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invention in addition to the above nentioned fue
conponents. For exanple, the fuels of this invention
woreap90803t i N conventi onal quantities of convenP@DREL008/007428
addi ti ves such as cetane inprovers, friction
nodi fiers, detergents, antioxidants and heat
stabilizers, for exanple. Especially preferred diesel
fuel fornulations of the invention conprise diesel
?4hydrocarbons and HVF et her as above descri bed
together Wi th peroxidic or nitrate cetane inprovers

d ide,.
Phag RehaPRushyicRild Ragor peralit L) SR rfeni sy g Ristures.
ethers of the invention to diesel fuel results in

Thesé%mhleéﬁedmmv\ev oﬁn@ﬁq%l h\%l}reé Eﬂei}?ﬁ bﬁe'ﬁd&gmth rer?tular diesel

SSI ons |t|on 0 I Cl ent anou TM
fuelggt 1cletatin éayrwphmee rT§emﬁCImaty 9f thei blertst wag agheseed ea Roystal 16

muI@Iéj rgatcﬁrgﬁt%hpaéle‘(@eb B?te)\\%‘ﬂtﬁrherek&ﬁﬁ&o%g el(rﬁﬁ@f%aﬁng@herefore the

| es are enclosed to illustrate the nethod

Sa"@!ﬁsr"é?{f-‘ cPAGR Ft AdAteR TP TreCanin.. WgrT FeRfingpus silEring Bl{RA ®m with a
mag?i’eﬁ@ 8ertie dbatrh PHké Oéﬁp’éﬁat'ﬁah ebnd/dh @ry@téﬁiﬁ'@tfcﬁﬁs v@rse rerwtdeae Byt turbidity

meagﬂ[ﬁnéevntsafl EW@F'Q:S @na §g&9xyrﬁetlhgléhrfﬂ ?lgl}/IFThe emq;t) mlsmtﬂg with diesel at

1/1 (dtipdDbAMis tchpnipletely Miscible AfivBorm temperature below 40% addition. Compared

Ex

_ to d%}f{eﬁ%l‘éﬂé“ﬂ%ﬁ%’%&g o é:gérl%llat%ﬁo:ethers improves the miscibility, espgcially

whep-mgthanobisyused By EthedfidatiomageMVE = Furfuryl met hyl ether
FEE Furfuryl ethyl et her DM\/F =

di (net hoxynet h %ﬁ/ur an DEMF = et hoxynet hyl ) f uran
Tabiprfe T@Ek‘i@%‘%‘%‘lﬂé%‘ﬁ epthigniss H’HG r‘t%‘ reieselctiviti es and
yrelds were cal cul at ed | @eapofeMdatid® [ PRase separation/
Fuel composition viv 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
8 Diesel + F 1:1 >25
10 | Diesel + EMF + F 2:1:1 >25
Example 5.

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
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-diese! blend and the 25 vol% DEMF-diesel blend,

respectively.
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formul as: Conversion = 100* [nO (substrate) - nt
(substrate)] / nO substrate Selectivity = 100 * nt

w@ proodsnst) / [nO (substrate) - nt (substrate)]Pti/EPu08007428
100 * nt (product) / nO substrate, Wiere: nO- the
initial nunmber of noles nt- the nunber the noles of a
conpound at tine "t". Exanple 1 In a typical

our g BEBEEY sherato i Bt BVRET <hep bR TR T PLgite FEE and

25°/&:IEMEdJIérrdsihéefontuhg ebswamerits avene kiade etotab patiewlates mokter, volume,

j f lid d
s by EPIHOLEE” NG dng O BEREBRERCE 1.2 Three i
Totah parkisulath swatteewas sarnpled ahcosging torNFEN-by B32Bddnt i fi ed as
PartE:\‘érsfliér Mtribde DOH w% s (6B reg)%egrwﬁﬁ ko (/Pfidérs% (HMF) and

hoxynet ura e 1. Exanple 2 In a
VO'WWGW?%MHQ t94SQ 11%8% xyl ose, 32.5 ng gl ucose

Gas@:EwE{é#éhﬁﬁ&t&gQrdQ\gag%OQf)B%ﬂ hanol were adfled ina Ced
actor_ coate I NSl de wt m Xture reacte
Oz, Gﬁd’é‘ij GRRzxwesg apalyses ascyrging to h‘%f"h'gop énce of a solid

NO,ANDG Nab)atassinalySedbadtp)dificio NENHSD 106Q OC. The three

k b d identified
rotd B R v e e s P BRI oL ol (HE)  and
5- (et hoxymet hyl ) furfural (MW). Table 2 Exanple 3 In
Tab@ 5t Z;BE %ﬂl]%sg%(]f%%[]w&”ﬂooy %nl;mirglfal @eé& #letir e of xylose,

nass ratios) and
6._5 rTg off a solid aci fAesagd yst wene nixed in a

Experiegrtor qdenebnentsi de| Gpndenetidnon, | Emission

co 240 mg/Nm’® 12 g/h

CO,; 2.2 % viv -
1 0O, 17.8 % viv -

TOC (C3Hs) 22 mg/Nm?® 1 g/h

NOy 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 . Emission
Experiment Component Concentration
cO 302 mg/Nm*® 15 g/h
CO, 2.2%viv -
2 0, 17.7 % viv -
TOC (C3Hg) 38 mg/Nm® 2gh
NO, 290 mg/Nm’® 14 g/h

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

m xture (Methanol,
wth 1/2/1 volune ratio) was added and
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[m3/h] [Nm3/h] [mg/Nm3] g/h
3 63 49 234
Example 6.

Emission engine testing with diesel, FME and DMMF

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

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
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Exmmsers Npluea acc_ordl ng to‘l'dmlpaﬂmeléteﬁnmrurre was
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accor diignt 0 IRA3H0396 Whgnédiiand CO2igper e anal ysed
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accor dffg to M1 SO 10849 Total hydr/sTar bons were

end of

sul ts

00%.comer Ci Tabl e
o Too Ptk Bt Mt D BB Bl B e
di esel fuel. Table 7: Eeaagmal yS| S slulitns of bl
Experimemr ci gl Calnpmeht wi t hCabcenth86n-EE. ¥ s:
Particulate matter regsults of blend of commerci a
di esel w t¢025 vol % F _Egs'l'ﬁt,g}mn"g Gcsgg':mal ysis re
25 vol 9% DENF
of bl end Oéocomn:‘r cia Z%IOFbFI wWth 4 1)
5 0, 17.8 % viv -
TOC (C;3Hs) 33 mg/Nm® 1g/h
NO, 308 mg/Nm’® 9g/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] [g/h]

5 36 30 8.5 <1

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

Average

Experiment Component Concentration Emission
co 260 mg/Nm® 8.5 g/h
CO; 2.2%viv -

6 0, 17.9 % viv i
TOC (C3Hs) 31 mg/Nm® 1 g/h
NO, 275 mg/Nm® 8.5 g/h




10

15

Tabl e 10: Particulate matter results of blend of

comercial diesel wth 25 vol % DEM-. Exanpl e 6.
wani9m3mnl engi ne testing with diesel, FME and BVVEPions/en7428

manner simlar to Exanple 34 a D9B di esel engine of a

Citroen Berlingo test car, conparative testing was

per f or med vvith nor rral comerci al diesel fuel

b e A ol Sl e

ExpbfifOf \iRRE ©) vas addegpg{aﬁ?aaﬁmxw FVE and
wer e ne o | | oL g or
fl occu?ﬁgﬁl at H ' E%Z‘% %fsed. | The

QI"\NI n

6 initiaPBfy, af t|g2 which t éOﬁueI supply<is switched to

the 25 vol % FVE-di esel bl end and the 1Z.5 vol %
DMVF- di esel bl end, respectively. The results of the
measurenents are listed in the Tables 11 to 15Table

Exafple fodiesd) dhel Applicatfonst s of 100% conmer ci al di esel
fuel. Table 12: Particulate matter results of 100%

commercial diesel fuel. Table 13: Gas analysis results
Fuebdoldtilignd of commerci al di esel vvith 25 vol % FME. Tabl e

Fueés%lubll WI %Wcoﬁ%&n&kfé gs]e'IJHeTc'a cgl SQCNOQ |I ﬁ%ﬂp‘%o%r %!(ygenates

have gead safubdity ibtenclresint cammencl diesel rflm IRewltshshM tisatyajktuses of 2,5-
dl(emmeﬁ\m&ﬁarjrgnd B %tkbﬁ/ﬁeﬂyﬂfm {eg{enﬁ@a?l% E)F?dgf:t #e?gr%d‘?rfom a

mixefl @&/E staiiing ra@tsr'aﬂbmth ermamengial digeg! @ng mixtyresgb- (ethéxvmethyl) 2-
metﬁﬂdukaw éridtzlméﬁylﬂxré’rﬁ (Hvaroxgeﬁ&ﬁﬁ wuuﬁp bréab@aeionf alﬁhxed C6/C5

starfi e SERL B fapercd fieoe Br CaP g ke b Ry et I a

combuﬁtlee sé?esel)h:te&nfehtsw wataghowh xihat re&ﬁ)xﬁﬁetﬂylﬁrrfural (EMF) (prepared from

o o8 L AR AR AR ASchi £ Y BT {41 s oo
thatphase sepgratian ecéuas Withnihel25c0lhrand widh thei 4951 % sleddsrioiEMEF @pd
desf] SR AN B RN S8l e

starting material) with comrercial diesel are
conpletely mscible in all ratio's. In a



conparative set of experinents it was shown that

et hoxynet hyl furfural (EMF) (prepared froma C6
waee@p03esgl material) is conpletely miscible i n BCHERWDSH07428

blend with commerci al diesdb, but that phase

separation occurs with the 25 vol % and with the 40
Reféehdésbl ends of EMF and diesel. Results with an

EME/ furfural blend were worse then that with EMF

a| GFBRLPerences DE 635783 DUMESIC, James A, et al.

« Prasgesedidrnhay &, 4110 "Phfe@dddiferLprompieasticidrt @Roduktion of

BT ATATIE AL I e
5 20@6‘/9@6393@ Chapter 15 of Advanced Organic Chem stry,

by r and in particular under reaction 5-4.
39@888&?‘/%{%%%

1985 by John Wley & Sons, pp. 684-685).
LEWK\@H\BKH 5 ofladvasted\OrganictGresiistry, b}hmnySMairyh aand in particular under

GoreAiPt SaEE e T SRS ORI SO bR o) ) e,
et LEWKODSHY, diaedsiagn Salhthémmcchemstmadd amimatmswﬁﬁo 5-

10 hng azoﬁétﬁwuﬁp(ai Hihs ddhiviile pArEn%@J‘%of A7 3- et hy!

or| acting as so ent and
eatm&&u,, Claerds, bl ‘iﬁehm@vmférruci@ae ahg sicsosk intofeni cal
25 = i t
%&g@l@%ﬁﬁé} %dé@néﬁ%@aﬁ%&%ﬁég §ﬁ|ﬁ]ea )ﬁjﬁﬁ déﬁfﬂgfh chlorlde acting
FI ath assolyRniEnd stk Jouguasof WEBJ'#T(S?at@Jys.S AD@P%(R'FR/E%’? (2006)
OF pENsER{®6. ( DOE Award Nunber: DE- FG36- 05G015085))  Adv.

Sy th Catal . 2001 , 343, 220-225 EP 0 356 703
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-FG36-05G015085))
e Adv. Synth. Catal. 2001, 343, 220-225
20 o EP 0356703
» FR 2669634
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FR 2 669 634Clains 1. Method for the manufacture of a

m xture of a furfural and a 5-al koxynet hyl furfural
WQ@I2Mpe3sSive by reacting a hexose and pent ose- CRCE/EPISIGP7428

starting material with an dbiphatic C1 - C20 al coho

in the presence of an acid catalyst, resulting in a

m xture of furfural and a Blirg@l koxynet hyl ) furfural,

foll owed by the hydrogenati on and/or etherification of

the m xture of furfural and 5-al koxynmethylfurfural to

convert the al dehyde function of both 5-

(al
1 G PATIE B rarifoalr 2 SR o Hfhrdidhd o Waikqpmettyitrura
derigative le |r¢a}tln9>a Gexgsmand pﬁh@ﬁ%ﬁ@ﬂtalh'@g alagligonatedalavith an aliphatic C1

- Cz@rdlnﬂ%(‘)bﬁn tﬁ@&@%b)ﬁf ah a&@ EEt‘a@Ety resBiiR B £Rburé oPfulfIR ¥nd a 5-
or secondary, prefera nmonoal cohol

a'kawmq}m@f%wpa' tfH'&PV‘fﬁS'rFUéF?:N%?@W'QW?W’QS#WF‘?“@HPB% mixture of
furf@rbIo4HRl 5Dé|a$>@rr@b4y1fuﬂnﬁmao @orWeﬁl’tﬁé'l@Iderﬁ‘y@é IEHEtiRERTN s- 3.

d h hol
apgmelnLBFEEe Prd i s saRenarloh ErgiLs TEORe ey
of C3 to C8 al cohols conprising 2-pr opanol 2- but anol
- | - 2- ,
C(t e'ﬂ)feﬁﬁ‘%d z%c%ordﬁ-’gqg g@% 1t(\}5}?]eg? H?%_n%%%”ol élaﬁ%, ;S%Ec?r{a%%&%mary,
prefnablyya prmnampasﬂﬁonqmanwe pe¢fershlyla) prinzaryypodnpilcdhd) @nd mbereby the
mor(otarcﬁ % wﬂll1 QQ)P g)r ?/WE{GWS plef@ﬂébgrﬁ%%e g'bﬁa(?@ﬂéq carbon backbone.

al co -1 -propan neopenty
alcohol) 2 hexanol and 2-ethyl-1- hexanol (isooctyl

3. al Wﬂﬁﬁld)acc&rdﬁfg% %BH}( Zf?l%i‘b!hlf‘kl@rﬁblﬁdmﬂoho?@ Eéle&tEd ﬂBlﬁ' one or more
i soa al coh IS al coho refer se

of S SRR FROSTOR GRS AP oIS RA P SPEh drRtan, 2-meiiy1-

proganpl mpamehol) 2-memwmambandl Selbhuaﬁdb,,Z-ﬁaa_tatnobast-ahmblcohol) 2-

methﬁ q%érq(?]no? CC%ra o I?%m&hgl?ﬁr-ré&_arzr?% (t-a { g]c)élltolf{, %Smétnﬁ-(}?butanol

to ¢ erein
(isograylalopbol);i 252- gmeerMéwr¢naom (neepegtybalpohoindhsxanel) apfl 2-ethyl-1-

hexm%&ﬁpyﬁo ’I) Pl%'féaréﬂgf‘rgr%c?% %bldﬁertsﬁjtﬁ'@ew é gPé‘ib&QJl |§é>octyl

ni ¢ aci nor |1 C aCI
alcqhehp@f@fﬁ%lv]g@e@te@frﬁ@ th?é@PPP@%Slsélﬁgﬁf sethesel. ethanahr1-propanol, 2-

proﬂéhﬁbisﬁ@@tbﬁ&stehfb@lfa%@f isoamyl\iddned |S@6<9Waﬂ;*oﬂl dnQ rﬁlkt@fe@tﬂereof
wherein the acid catalyst is a solid Brnsted acid

4, Method according to claims 1-3, 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. Method according to claim 1, wherein the acid catalyst is a solid Bronsted acid.
8. Method according to claim 1, wherein the acid catalyst is a solid Lewis acid.
7. Method according to any one of the claims 1 to 6, wherein the reaction is performed at

a temperature from 50 to 300 degrees Celsius, preferably from 125 to 250 degrees Celsius,
more preferably from 150 to 225 degrees Celsius.
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6 . Method according to claim1, wherein the acid
catalyst is a solid Lews acid. 7 . Method accordi ng

W@ 200a/0§050he of the clains 1 to 6, wherein the PEHEP100$1007428
is perforned at a tenperatdfe from50 to 300 degrees
Cel sius, preferably from 125 to 250 degrees Cel si us,

8. ﬁDl\/ﬁtmfd%‘cedSrdthO anyooneldf@hg claidsS ey wvaeRinGat sexiseds selected from
corﬂl ng to any one of the claims 1 to 7 ,

the%’@?&??ﬁ?ﬂ%° exose is selected fromthe group
corss;rat amgloeé, gakictise hcellanyd, demi-cgmloaet ose, cel | ul ose,

Clighroe G Psde SRR TBT s alerra, FplE SARbERE BT
g I lpoaje;rablg ghcasecantpining disadrhraiidkss moreprefepatdyf sucadsey

su se or fructose and their oxidized,
'reél[ﬁjgésge, orefg‘{%%ggfl ed, esterified and am dat ed

anctbeir oxidizacs seduged, ithehiied, astesfiet any aroidatedl defivatives. cl ai ns
1-7, wherein the pentose is selected fromthe 10 group

consi sting of Arabinose, Ribose, R bulose, Xylos
9. Xy Methesiaccergipg deamnef theh&lpimsoi 7. d'V"zeé%ln ”}ee?ﬁﬁ‘é%e I Se|eCted from the

grou@idbﬂ&nbtfdgecﬂ,Ar@o?ﬁ&él Rib6&k, Ritslii 381 }dﬁé&dx I@foke\!a_tfké(éésand]tﬂelr oxidized,

accor one of 1 ai ms ,
fed%eﬁff%w@ad'.eﬁte\"ﬂ%d B SBleBGRAYE vant  wher o1 n the
soI vent or solvents are sel ected formthe group

|st n sul f.oxi

1
il S8 i SR onvert 5 e, 63 pRESTER T it o
solvamt Wwhéremdhaisoivaob biosniveatscHre selacted form, the glogip Sonsisting o water,
SU'féi{C’%Eﬁé@%'aeaF?@%P SR iy B 00 ol e
methdigehusititeteriecandsr ageionrs festees etherss IPEafeRgbIy eﬁwtﬁns glyceligthers, more

pref@iabiy%e@l%léﬁé@&@&fdlméﬁyl %a}er NRgIRE) &Qﬁ@{e@b@& 316bhdN¥s dfiRed in
cl aj ns to whereln the nethod is perforned

C'a'mﬁzénganiqdrmW?Sftf‘%r\ﬁanr ocess. 13. Method according to
claim 12, wherein the residence ti ms in the fl ow

12, P" RS0 dsBa b IEER S I QR E G e RS R

in a continuous flow process.

13.  Method according to claim 12, wherein the residence time 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.

14. Method according to claim 13, wherein the continuous flow process is a fixed bed

continuous flow process.

15.  Method according to claim 14, wherein the fixed bed comprises a heterogeneous acid
catalyst.

16. Method according to claim 15, wherein the continuous flow process is a reactive

distillation or a catalytic distillation process.
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25 5 seconds to 20 m nutes. 14. Method according to
claim 13, wherein the continuous flow process is a

WO 2ooed3dsed conti nuous flow process. 30 15. Met PGHEP2008/007428
according to claim14, when&in the fixed bed conprises
a heterogeneous acid catalyst. 16. Method according to

17. cl Memoa%camhiag% Blainh €6, cmietéam ImCddflitioh @\a PERERBRedUS aRid catalyst,
reactive di st

0 tic . disti|lafion, .

an iy i ordaioacq SR iSeafheliP e 80 B G Hesto St P
distillatioaddntinuows ficav probextser ogeneous acid catal yst, an

inorganic or organic acid catalyst is added to the

feed of the fixed bed or catalytic distillation
18. coMethed@gsorflingde griot bk 47, vir@reintitetodiddwedy shasg velocity @liHteV") is

v/ I t

fromlf'r fol1 OOOV‘f)}@f %@Oﬁn&ﬁ 5 tg 356 grém%?%?rea?gg&?\ Y(ﬂz))%ﬁg ahd moosé preferably
ﬁ°mﬁ§%91@peferably fron110 to 250 and nost preferably

from25 to 100. 19. Use of the ether produced by t he

met hod_of any one of cl ains s fuel or
19. ast'F‘{e Pl/Be edisT PIRAGRY byjfhe f‘lféh"dc%ﬁﬁtﬁgi‘? PhrleiEs r?pﬁ %% T or fuel
addititee et her produced by the nethod of any one of clains

1-18 as fuel conponent, optionally blended with one or

nore of gasoline and gasol i neet hanol bl ends, kerosene,
20. di &deei or hiebchnemsition Epwptising fhie@ter prdduged bisthe method of any one of

clalr‘gé ?ﬁglas k?uecl)? ir{enp l gp&%llﬁglgﬂ@é'oe\ﬁﬁh gﬂ eccf%?re%gggoﬁﬁgjénooéasolme-

I esel and green I ese

ethagekblengsi Kﬁggse@,e diegehbiogirset, Eischgryldppschdigwds, diesel-biodiesel blends

and green diesel and blends of diesel and/or biodiesel with green diesel and other derivatives

of furan and tetrahydrofuran.



