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PF 59361 Method for the one-step synthesis of

2-nmet hyl tetrahydrofuran from funtural and a catal yst
pPesgaBiption 5 The present invention relates to a
process for one-stage preparation of 2-

met hyl tetrahydrofuran fromfurfural over a catalyst.
2-Met hyl tetrahydrofuran (refdrred to hereinafter as

tRr B Rk dn%pﬁ%@’rﬁ%ﬁ§of%¥ﬁgﬁet%gﬁ%mr5h aem furfural and a

sol ution 2-Me-T used as a repl acenent
C@@F%nt for chemcal syntheses for tetrahydrofuran
(referred to hereinafter as THF), fromwhich it
odiédebs advantageously by its [ower water solubility
whi ch decreases with increasing tenperature, as a fuel
additive since it is better mscible with common

Thy g@rasear ibeentiop agelds taie lpsocehafer ahe-dltageinsepaddian ofds, and

nR$hyRe®SHYRIRGIRA float fukie @V&@éa@él%&ﬁn of 15pol yet hers
wi th inproved properties over the honopol ymers.

2-Me-THF is obtainable fromrenewabl e raw materi al s.
2 MajbyltpRhydnfup Geeaehochgreioniigslagrd-Maaldifads By organic solfvent
with gigmtmmuubﬁ pbﬁm oIt THPSE Ssdd &5 Fdpldcentiny Solféht Fatorkmical
e 8T A drneh Qe iRy DY BT I WRiE By
ag\gtagessly pyip ﬂﬂV@rﬁM%ﬁ&@llltyeg@@%ﬂ%ﬁrﬁﬁs%g’\"ﬂ‘dmﬂ?aﬁ?'a@
tengsiratare, bs akne \wadising sines it achitiey etkcibldivgh cbewein ytirocarbon-

bgsee\ﬁq‘hé’l? [ﬁ?e[htalccgﬂéﬁc Q?ﬂff\f‘ersséﬂpafg CBME);I(H‘B@\J foF ﬁe%re;%n'atgﬂ

In con
P%fa%thgﬁ%thdmrqv&ﬁrﬁ)&peﬂﬁ opREte| ['@HQH’PHFVW eactions of

t he hydrogenati ng conversi on of furfural are known and

21 er’é“FHF‘?@Qtrtgﬁéﬁlb'ﬂ%‘f@re'nﬂwgﬁé arfa'? BAISHTHH can b%oérﬂé Abd from

2006
plgt et e e Rred BemiSPHATSSs By 1 AFS UG Biad orvetting ito
24\ é8BE aand tass aoiprimdes mUstamabfaedemekqpamt i on of
2- Me- THF and describe main reactions and side

d | udi th _
WS i PR aiot druael SIS Rk SByten et Bordet rhastes. i
kivemanchimasgiehzvive a TR ibve glidenclgpriiantitee convensien olfmburat © 2-

MieDT HiF, G 888t it €Oy 86156 PR% t@f:hrf[éénlﬁ/ dh@dfactbiyenshrr e
only few publications in which di rect conversion

of furfural to 2-Me-THF is descrl bed. 35 Kyosuke et
The elemgntaphepeantiorsey theipragnetigne)nves® st dyriuralare khewn and

hallelfReh deesRESH 88taPby fHEAY élaécl) Cﬂgrﬁeg:l%W%wEﬁ?&agéllﬁs A
chaRH bl et %3&%2? e s B0t 2B B b
neflessarg ee mwr%sy imtheamnerajelsnsof-Med Hit %njiedqsml@%m@weactlons

aftedify tdadficy cﬁsah@hydr@%zdnah@d indidigmediraheitiandf EdrBonigBnetide by

catalysts for the two stages. For instance,
deC%FBO%y%W{?omte according to Adkins is used in the

first stage and Raney nickel in the second stage.
Even though 2-Me-THF frequently forms in small amounts in hydrogenating

conversions of furfural, there are only few publlcatlons in which the direct conversion of
furfural to 2-Me-THF is descrlbed

Kyosuke et al., J. Pharm. Soc. Jpn 66 (1946), 58 show that the direct conversion of
furfural to 2-methyl-THF over Raney nickel catalysts at 260°C affords only small
amounts of the product of value. Instead, Kyosuke et al. recommend as advantageous
a two-stage process via methylfuran as an isolated intermediate and the use of various
catalysts for the two stages. For instance, copper chromite accerding to Adkins is used
in the first stage and Raney nickel in the second stage.
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PF 59361 2 Proskuryakov et al., Trudy Leni ngradskogo
pPFejoRel ogi cheskogo I nstitute inmeni Lensoveta (1958),
44, 3-5, describe a yield of not nore than 42%
2-Me-THF in the conversion of furfural over a 1:1

m xture of a Raney nickel catal yst and a copper

P%‘d%?g@%kcﬁ/ &aaf akygl tngnp i W&Hﬁolé@c@@s@%{fﬂ%hé%n@nm
LR ga, 2D RS DG ot o e PRk bR R the
cgiveesiqyl gfdarligabavgr etihembtiragf o fremer gigseloditalyst aod a copper
chirdffitd icalalydoh FReedddvachtionodehad heo éﬂﬁ@ﬁfh@raumo‘ﬁﬁmmr@gﬁlgher
240 T 2Bt o RSP FEE bEti yld i § KL bie FegRbAB oive
divecte endather findreprning Riodres of kified netrrpetifid inxetall. |
10pent anone and wat er by-products, ‘as pure substances

Ak gLl eSO ERES: lBHE LD arp
plb*&icatlcrfgof;?oMﬁtTFb'?fr@rﬁ@W@lﬂm@mﬁéﬂqﬂ#ﬂa@@(ﬁw@pﬁé pigcethe, THF, 2-
pératorefanidheatwebeprodintts asaal s opsstarkeb4Cinand farimadf tiadir t he

%ﬁ%@é@hﬁ@é}h@ﬂ%ﬁ?u%%ﬁﬁ [sag%‘?tﬂaﬁoﬁf‘&e-w 'rfor r%?an% Mfie boiling
panii theratsgRiMe-AtHF ggeotons & e d'?%t af U&W@ﬁ@"F azeotrope is
64°82arpiethsiaod dmewbier/Rpeatanb O @zedﬂ%pé\ 1684F T wWhile theki (Bcd egmsance

TﬁF‘b\f}ﬂ% SRIe tﬁF%PeS&Hs%rncEQ%é-ﬁ‘i o%é'é(? UFaﬁbSthQ%ul% substance
d

,separate l,a?ff T eaoh Zooge f e gt st age
QF [FBOTEOYE in a separate reactor with

dlfferent catal ysts. This gas phase process corrprises

ushes, l?lyg' bPB8RAbE&a Bfo- 8{@ Hhfddesd fo?\é?erpaﬂn QRP@‘THFCL%‘r

t to Ve ma r
i3 g ay bPin oS ol Y et e 6 Bi® | SR RYPL (bt
repeloc ol difeswt osfetrsisashiagse phass Mﬂcaﬁsmd\paﬁesat@ewdnc@enatron of
furfil ang & copplr Gadmity §ét§|y§trt6 oWl the@th@fitrark @A6dH i9fhen converted to

i ons e for the individual stages of
25%%%%% '%S'ﬁe] 9\%&3 conplicates the industrial
performance and necessitates spatial separation of the
Hbungliey, tHe! gfocémwb@d e ahdis lof BRa®fankByds OF@ Indtance, two

ca[t%gslf ﬁ&jdﬁspeﬁ ?era% idr r%o%&ntﬁﬁ%%reh%gﬂ?%ﬁﬁw ﬁdtvc’ 53&9 sta%rég of the
repelisoewtich camsliestes thadashstiat pesfarmansaaad nm@émwﬁau

sephfiss of iheattsvitieal detdrs VEd aith Jf h@drag@rkglre?wealsxéﬁérately
oRE Ao W R 2adhe BoPtoh dBihin AN Bion ey
proggadsiin sesll anewtadordtbviR! wstes eieal stress deafoRideastption of
thel epkeladatatyst yod & Basorietibodf higielo mds, voROBNI{W®E .. As a result of
the accumulation of critical impurities such as carbon monoxide, the economically
desirable cycle gas method becomes impossible.

It was therefore an object of the present invention to provide a process for cne-stage
preparation of 2-methyltetrahydrofuran from furfural using specific catalysts without
isolation or purification of intermediates, with whose aid 2-methyltetrahydrofuran can be
obtained especially by conversion in a reactor and in circulation mode in good yield and

purity.

Accordingly, the present invention relates to a process for one-stage hydrogenation of
furfural with a hydrogen-comprising gas in the presence of a supported catalyst which
comprises at least one noble metal from groups 8, 9.and/or 10 of the periodic table,
especially ruthenium, rhodium, iridium, gold, palfadium and/or platinum, preferably
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It vvas therefore an object of the present invention to
Pg{ ge a process for one-stage preparation of

nmet hyI tetrahydrofuran fromfurfural using specific
catal ysts without 35 isolation or purification of
internediates, with whose ai @ 2-nmethyltetrahycfrofuran

pgﬁ%j maﬂ@%?hl?ﬁﬂnﬁwec' ally by conversion in a reactor

I'n"circulation node in good yield and purity.
Accordingly, the present invention relates to a
Irpthacagsicdtion, onestay@georyystagg aydrbgatation ighihdemstbor @lmean a

pYEﬂc%Qs fnfd dﬁrB?%&”@“ﬁ%hﬁ*L&& \%ﬁ:u‘t TéoFa'ﬂSn Pfé ERRGRP 2

ast. one nobl e

orte
rﬁ%f}% ‘?%l’ﬁaﬁﬁgb%@ QBMQQTFQ:n%f?%PrO%C of the peri odi c
it edoltrest teSIpJ@ pii@ldryprocdssesiterprochedaacording fodhe mvegiinds

H@tt %Qﬁ’{ Qrouplnébtn'e%‘tgrge é?'rdetf\)%F éﬁglﬁne REtaR2BEhe supported
o83 @w%

1 0N,
B Cambies. A Iag Lo AR R o reUh S s d O the
pematic tbjerddessemehishprefaralde pdianigirh eotrof pefiumalis the only cetalyst

ué‘,\é& ’ﬂQHé p#o%@é@édc@!‘&in%’_}oﬁh’é Invb@nl on of Sintermedi ates,

leads to F end product. 1In contrast to the

prior art processes, the process according to the

Catalysht i on i s advant ageously carried out in one stage

and over only one catalyst. The supported cat al yst

which ¢ ses eas metal from gr.o

T LGBy SO 8P O L B Bl b o RN BhiBhBTieast one
n@bleﬁatelmom pavrsdi cha@rd‘vtb@f tivg peiafimipblesf theeelomepts, especially
rug@sribt ShodiOss Ridiunt) golae p@f@@ﬂﬁ@aﬂm@ﬁ @h8or pRtitlre, more

ptle Vrﬁtgli/ ﬁglnaldm%tcﬁﬁ q §15 BﬁeTﬁéﬂéﬁ Mét%é&@&é’d:ﬂ@aﬁ&?&&f&&%%?tais from
9@#@5 45ng 1 ta Tgef éﬂe Sy 'Qﬁ*\cé@lﬂ% BﬁthS elegnefiel AT, 'fﬁppéqpflafﬁe elements
ofgouei and abf theqleribtie talieoktint &lenesis espddiallyrsotivaniputassium,

célpﬁﬂ'&%adnéél%u mlpeef@t@ g o%reEf Ié’zig}eyar@%r'ﬂ?éi“aﬁmearﬂgfa%raﬁert from

um on a su
P@E’@&‘I"}/%‘ﬂ Pl'ﬁ&':“%dl ti onal I y corrprl se netals from gr oups
THe aplicZtidnoof1ize adtive mestple chwde achiabddEboinrématihe therdupport in

he
%Jé‘eﬁl ogtetaee{)gam@{sf Pr%k%ﬂ@etaﬁu%usgﬁacﬂ%l&ﬁrfsaﬂ é&oﬁé by
SKIBYIRg SPTRAPODBIEG MSa 77 O égﬁt%ﬁﬁe PPt 8f *é¥ %tBF"’yS%B@
piootsdeavRicamy ihpreyhationact i ve netal s apart from
pal | adi um and pl ati num The application of the active

TR AR E R Tan o SaN E PR (ORe BEITES SRleBLE P, by
impaddretion wits abluticrel artsuspesidoy of freappitngr oddeesfibadiemgnts in
qUERL&h, M%awedﬁsbe%t 9éHLf3ti§1rh§f the Prfe?é!tcoﬁ{popﬂ(d%ré‘ﬁfe the metals
orsc%lngp%un ] oﬁo éroo%qed%%lon sta ein qu%gtlcgnnl? gans of a reducmg agent,
preferably with hydrogen or complex hydrides. Another means of applying the
catalytically active metais to these supports consists in impregnating the supports with
solutions of thermally readily decomposable salts, for example with nitrates, or
thermally readily decomposable complexes, for example carbonyl or hydride
complexes of the catalytically active metals, and heating the impregnated supports thus
obtained to temperatures of from 300 to 600°C for the purpose of thermal
decomposition of the adsorbed metal compounds. This thermal decomposition is
preferably undertaken under a protective gas atmosphere. Suitable protective gases
are, for example, nitrogen, carbon dioxide, hydrogen or the noble gases. In addition,
the catalytically active metals can be deposited on the catalyst support by vapor
deposition or by flame-spraying. The content in these supported catalysts of the

catalytically active metals is in principle not critical for the success of the process
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The catalytically active netals can be applied to the
Fupgyent material, for exanple, by inpregnation wth
sol utions or suspensions of the salts or oxides of the
el enents in question, drying and subsequent reduction
of the metal conpounds to give the netals 30 or

2CERAENG thePhvd RVR! HORE R HiGHE & ﬁ\bﬁts'dﬁc%@ﬁ&éll&? cie metals

ST £ R C g Y droseh G

catalytically active netals to these supports consists
Suﬂabi%eﬁﬁl%&é ngléthﬁlﬁatﬁtpﬁélia&um b tﬁé’h%téénﬁltreéylmtrates hahdes,

chitBPARss o e AV ooR Ber &?’é‘é% isbleSh PE RR enaie
Cﬂmplee(gaﬁfpme ceuesrongingonethly deretheergsdemgl @yassiodfie nitrgtes.
cat al yt| cally active netals, and heating the

1y PieR9R8! FH RUBRR G ol S P E%d;%ﬁépé Biek R 8 BBy Rlrtner
aﬁ@@ﬁp@ﬁ Q1 i6A sepParhéheamstt Brig arsteid sab apwtiensscanig applied

sirh@tarBbudieaaipesssiviegn i s preferably undertaken under a
protective gas at rmsphere Sui tabl e protective gases
are, for exanp nitro car bon di oxi de, hydrogen
The SPH@W@%%@FQQP%’@ d\ﬂthtth%wetaiga'f F@U%%PWP%B&NPWV
deed,ipreferaplyedtseroperaheedepaseh ¢00°rerdnes0cat ald/sitioaslymildined at

TP YRRG LRI AR B e ATFERSNLPS SHOSFRIFE 1 tne
CaRG ? vsépﬁ@ttea!”éor?@‘qt‘ﬂn phe ﬁ%t?b(ﬁTe'S Hogd é?tﬁ’rt‘%aEBI'mP@B”%t step and
oplimadg salohed he dpswibed sbokE- THh8 36duehcadcwhidh ke 4adivé hemponents

ents of catalytically
ag{:‘é{;ﬁ{}%b Eg%n;ﬁ%&g%ﬁgr%ﬁégylggggtgtﬁ % hi gher space-tine

yi el ds than | ower contents. Sui tabl e netal salts of
Spbsaduanity, ét’r&jcqmd ad dredaanel aptienailytcelrined  supports are activated by

treéthre%w Gh ésf e wh.@h 'cgi%ﬁrlse'%Q’?Hek}%%g%ﬁ at %ﬁ(ggpgm}egtb%@veeen
B 680 PSS M Seiithaiionttnd TR ch o Al B0 The

ghestnepny preggrably comgistaiof rameéd.to 100%rbytvesineasidofnd from 0 to 50%
b ablahgsd s, Whi ch conpri se pal | adi um and pl ati num and

possi bl y further active netals on the support, the

metal salts or netal salt solutions can be applied
Thegishlsalhpelolinsl g soiutisoe isése eprlley.to Tieesupppi or sgppedatrestich an

a®@buhtTRARES &t & oehhoftftevaRieadl, 18bd inSetlcHched ofthe total weight of

sub ri ra e
tEgoEata 13ctour 1P e P A Breh G ERR AR e

abratt I€¥rby2g8 ghtamerepBE akly érﬂ@r@@uyo Be foneleait 350y weight, and
eRRGHly frimtAtRuLS6as abat zswp@zmeﬁghrt npregnation, the

catalyst is dried after each inpregnation step and

optionally cal cined as descri bed above. The sequence
Upepbigsertpotinectals tnchedes Biinssaaplesaddivated sgrioadiopgxample in the form
ofi thpcegmatdiginproduct Eesdryorseh egrbabfrem HzseTHiBon GyhbH, BE388

Fr%ﬂ?ﬂjﬁda[n‘?‘gﬂg]dEygﬁnﬁﬁ‘9{<188t%uﬂ:%ﬁ'd'ic)km%a&nﬁ%cfhe&r& Vﬁ%%L ciiin 8%iffe,

litapiHpy Jidde W%@r Fyarivgetiodde ernpiies hrwe! nes'Risre Bgipaiven to

uStCactivdtealmartion600C, preferably between about 150C and

about 450C. The gas stream preferably consists of from

50 to 100% by volune of H2 and fromO to 50% by vol une
PIRES5The netal salt solution or solutions is/are

-applied to the support or supports in such an anount

T r‘ié"&’océ% c'ﬁSFdﬁlgttS‘?ﬁE fﬁ(}'é%% ?ﬁc‘ithéﬁ@ w'i‘ﬂafihe cBﬁ%‘rQsPh % 865Nt

abowb i ons, Siageoa%‘%‘mo'@b%%‘iatﬁ}é?tght pr efer ably from
about 0.1 to

The inventive one-stage hydrogenation can be performed in one or more, especially in
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about 10% by wei ght, nore preferably from about 0.25
FregmBeut 5% by wei ght, and especially fromabout 0.5

to about 2.5% by wei ght. 30 Useabl e support netals

i nclude, for exanple, activated carbon, for exanple in
the formof the comercial pfoduct Supersorbon carbon
nl, ReBoRAY f8I08e @D bign60aRRET ankTurt am Mai n,

al’um num oxi de, [i con di oxi de, silicon carbi de

cal ci um oxi de, t| tam um di oxi de and/ or zirconi um
THE cedctien orixtuiexarefetbly firevsdtbfough thesf iepeioc er theiregptyveaadhocase
froPUpk ih @sdriviead.ed carbon. The process The process
according to the invention is notable in that the
conversion i s brought 40about in one stage and with

Inote presiees eatidipg to thefmventop thehydiegenatipeéan peaprformegdn the:
g8$ phassaiteis liRigfiasel pRrofc is jven teasikireiin thegay shase. In

ggﬁeerglefr%bdrgcgss?y\ﬁeﬁr{rﬁw% grhthtegg% \Mg)ﬂggé & %fefnrrae?%urreeoq?%ﬂ{ Shout 150

t3RbPapisierakly frae abevk g @#SOt %eThwraPe‘gJé%rse@rﬁre @ﬁne@"y from
1pen § oansEskoiute, tphefegdsy fadmaaBowrs thé Har ghis. A heh@sssure in this

_agr@erﬁégcgﬁerg%d@d%\rﬁ@tom shren&er gorhrée(tages;gggeagase " |

e process K3 perforne
a tenperature of from about 150 to 300C, preferably
Irf the iyaib pbisisel #ke proc&EHCcorbirg tptiesipuedionis pefamed generally at

frsenr%% 25040 QAN driihiRso RRSR bl @psPr et erably from

about 5 to 15 bar pressure I n this
application is reported as the total pressure or
Tab swicasseaqcatiling toghe swant@n dan heheeriormed dithphasetjnuohgy or

bﬂ&%@&%r%?&{cg'bﬁ& teudnhs thdMEhi QLR ;reﬁoprﬁarﬁ@rdmﬁe process. In the
ner a r

B bt e SR oS AT avu
OrOE\tre AbPW B kganer bler peedtalystegr Bpumeorertarakinirgmyabert 0.1 to about

1h§b§h%ﬁ@,ca@|®igéﬂﬂﬁ@ bei ng given to the continuous
performance of the process. In the continuous process

t he amount. of furfural provided for the hydrogenation
Thehydregargbon gagesoset aytmanyFasgs poichicomrisefree Aydipgen and
dPe6t ddeiprise RBMEURLBH e abl datdly Borbesl forbxdkmiple @OORdr example, it
is possible fo use reformer offgases. Preference is given to using pure hydrogen as the
hydrogenation gas. However, it is also possible additionally to use inert carrier gases

such as steam or nitrogen.

In the liguid phase, the inventive hydrogenation can be performed in the absence or
presence of a solvent or diluent, i.e. it is not necessary to perform the hydrogenation in
solution. '

However, it is possible to use a solvent or diluent. The solvent or diluent used may be
any suitable solvent or diluent. The selection is not critical provided that the solvent or
diluent used is capable of forming a homogeneous solution with the furfural to be
hydrogenated.

Examples of suitable solvents or diluents include the following: straight-chain or cyclic
ethers, for example tetrahydrofuran or dioxane, and aliphatic aicohols in which the atkyl
radical preferably has from 1 to 10 carbon atoms, especially from 3 to 6 carbon atoms.

The amount of the solvent or diluent used is not particularly restricted and may be
selected freely as required, although preference is given to those amounts which lead
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201 kg per liter of catalyst per hour. The

Amapasgenat i on gases used may be any gases which
conprise free hydrogen and do not conprise harnful
anounts of catal yst poisons, for exanple CO For
exanple, it is possible to ufe refornmer offgases.
tfr&henapvey sy @bveisdiQioHSF e fOMGR! IRABSE BN tRShyidiEgenation.
25hydr ogenati on gas. However, it is also possible -
addi ti onallx to use inert carrier gases such as steam
Forthemare demhydrogenatipn eeactajuin dhg erpseof Peermange of ihge

hhyrdgegaoatn DR el Peseeahemdrdied ihheradhs page i.erwithout product
r@t&gﬁgsﬁm%rc@aﬁ&i sté P lorﬁjbl tHS rf‘l&(ri]robeﬁatrohtmi @ta}/m% the

atrion 1 n

_ r%@@ond,upteﬁén Bé‘&'@q’%l e to use a sol vent or d| | uent .

The solvent or diluent used nay be any suitable

I
RN o forrnd of OB BRNB T Uehicfdh 1R 4 iRk e
P PWH@S%@W@@% Gl ay [ﬁmQYﬁd\ﬁﬁFh'e?Yi@Q fh?rrfaa?tﬁ'l The
gbssdBs flaytibregeyabgsh ardkanyddettiontl cuidrafab asscmar\eaetmnaﬂ partly to
tl'fty rle'Fi&BFIﬁ dHB@éH&f%?a gfaQHoB NPthe éf@l’r @Ey&@ Qm%e the ratio of

G105 AP0 APLBIS St Foals biorg %@EM%%P " Baje breferably

apleeétd@aibl y has from1l to 10 carbon atons, especially
from3 to 6 carbon atonms. 40. PF 59361 6 to from10 to

f the furf d f
R RGP BONArS Bred sebeReP RoRs e s BUEREroRs. I the
"WL@@U@ﬁwd it is naseibisatoarsefludizet @edaeﬂr.éorsf t he

hydrogenatlon in the liquid phase can beQOperated |n
hout rod rec

i} Ffa pBRER oL S lerBiRPHE! sty marher
kigwe Rereel bEharefgrabheby exndroin a eal exehrhoedtioifforal ée BRG. Aifter the

chritichBstiosas ehade fgafAloRRBREN mfhetlb\een BheeB cbNEsts of water to an
K AT i e
Piogaett ermpriFke Othgsmaélcﬂm@,omea@fthyd?ﬁ@duqtﬁ/wh@@ &N aﬁ eeraped readily
byadey subebalert dunfyidg diAisationeeMutieyIteehiydnsfdrapa PNy THE) ishe
otgtg?i{%& Bp tﬁcfnpr‘él:(%s%l'gc%})ﬂdﬁ@ utg ‘fﬁ’e{ h@erﬂ%ﬁ wﬂ?&f)gboéi Pur‘itg%nd tyleld The
P*i‘ffsésq@pg@ﬁoﬂ/ @%h@gffecéeca@t nelient tqmmeraw%ffﬁvwey g reaekt
effiudnts any Refrafiecatleysat atlogast siddk the niiSdilsig wf 2meaiel- AOHF and
whfdf ‘s%ﬁ:gu\%lﬁq?vﬁgpﬁh[setg‘ﬁlég ﬁ{rﬁf or exanple tube bundle

r eact it is possible to use
fluidized bed reactors. _
The process according to the invention will now be illustrated in detail hereinafter with
reference to a few working examples.

1

Examples
Catalyst preparation example

4 kg of Supersorbon carbon (4 mm extrudates, manufacturer: Donau Carbon GmbH)
were initially charged in an impregnating drum and sprayed with 2.8 kg of a 7.2% by
weight aqueous solution of palladium(ll) nitrate, based on palladium, at room
temperature with the aid of a fine nozzle (1 mm). The liquid was absorbed completely
intc the pores of the carbon support. The material was subsequently dried in a drying
cabinet at 100°C for 40 hours.

Subsequently, the dried catalyst was activated (reduced} in a water stream at 200°C.
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The reaction effluents of the inventive hydrogenation
e spagandensed in a manner known per se, but preferably
by cooling in a heat exchanger to fromO to 80C. After
t he 20condensati on, a phase separ ation sets in. The
| ower phase consists of water/ to an extent of nore

Th@%@ta%%%hu%k#%réd“@orﬁ'&%%ﬁ Hﬁ/ﬁ‘ﬁgﬁfetgﬁﬁof"}%nbdl% Hﬁ@@d on the we|ght

%su r? HF product ri ses onl anount
7 P¥FSduct s which can be renoved readily by any
subsequent purifying distillation.

fshgymeq{y@ %ﬁ)jrp BBudiz- Me- THF) i s obt ai ned by the

Tﬁﬁ?@??*@c%ﬁ% % Eﬁ%@@a@%ﬁ%ﬁ%ﬁ%@aﬂ THE! Y Eats filyfan
reaviiple produsisped dhariuguralstastingrmatetiel wasaenaligreddfyf gasent s
cﬁﬁoﬁmd@d@é;@r‘ya%}'h@ engdans aktales 8Rke infdchse dhited Witk eAcdhdriot ¥r

ag%t %fcglywréof from ?qﬁﬁc\é\qt@m'@rs Igpc@@%lgf |ﬁ}oaté )ééi Wgrarlltatograp?] from
Hﬁwerrﬁrer 076! \hvdnogmmrmaﬁplrmﬁﬁﬁaoémn (frogedaW) and analyzed at oven

| téiﬁfﬁeﬁhﬂﬂt?é§cﬂﬁrom 6dvcae mefe(mqm Fe 8 KeBih wﬁsmn@ up to 220°C,

tr](e)ﬂaiwj(é @ﬁ@gﬁﬁ% géa% fw:tﬁﬁfﬂ%ﬁ (t_)rbjg%}loﬁ)ﬁ%% S (t%?np%rature |

&Jf Ha @Hréy wapgaigimioad l’é’&i mtegrsieg w@ﬁ@nﬁm afthg grfomatogram.
char ged in an inpregnating drumand sprayed with 2.8
E§9mf3e1a 7. 2% by wei ght aqueous sol ution of
nitrate, based on palladium at room
“I %ﬁ%ﬁi@'ﬁtf‘?frcé’” Yays tyerogpAation 0&”?'?&9 ¥ FPAvareretamgn oiffprated
38 lqankdtedasbmeaﬁedambﬁrpé;ﬁreﬂoy adda ey yhecpopress@f futfhel was

-hg&gg%té& hEousU“&/ém%%{ %’or %?ﬂé%@%&@@éé%eugm |e§| in

yl ng ca |net at ours
t he dr| ed catal yst was activated (reduced) in a water
Tht tubairar adacROMN@s fill B wiB 36 1cofreBhendireg &l 4850 df biis Pdroajzdyrse (6%

PARITREISBHnOYHIY o Cgal?g of pal |l adi um based on the
\/\gngaht of nt he cata ystS Anal ysi s of the hydrogenation

products 5 The 2- Me- THF, 2-pentanone, 3-pentanone,
The pontaanesictor TikdR, flofvad aﬂnroagfdfmmttlh\g/toblﬂommmae:hdwe (n:lataiyst was

aéa’c[\]/g’lé@é%l& ﬁﬁ&génﬂﬁ/dfd&eﬁ%li‘ﬂure%t é@bb@a%ﬁéh@re%?@by the method
Rt i B 18 Tt Lo W e it R Rt mixed gas

wag @tcorssed diolvip frcnm Oafp tbri6fitel Stilsdqpiedtyl 0®) systenuwds$ preasedrjzed to

1@ Bépw&rg e Fresrk a(sfwmd-h%te@@rfaoqrsﬁﬁﬁh the
hessl o A el e i
omehreimn AG0 péot et NG fukell whieh et bemrrmtdied:m ¢re S2g0yvetchenve®d into
th@vsb&afb@rmﬂn@%@hymo &&99% ér@gas %E@H&uét@ﬂ kZ 2APG, 95|
BV EraiTacr B9 R blratrane %f@?r IDEF CopfaRg, over 260 . urfura
waheomettod tcam extent of >99%; the selectlwty for 2-MeTHF was 50%. The upper
phase of the biphasic effluent had the following composition: furan 2.4% by weight, 2-
methylfuran 2% by weight, THF 20% by weight, 2-MeTHF 49% by weight, 2-pentancne
9.2% by weight, 2-pentanol 0.5% by weight, 1-pentanol 0.9% by weight, remainder to
100% unidentified by-products. The by-products could be removed by means of
distillation according to the prior art, such that the desired 2-MeTHF product was

obtained in a purity of >99%.
Example 2

In a system for.continuous hydrogenation consisting of an evapora'tor, an oil-heated
0.375 | jacketed tubular reactor and a separator and a cycle gas compressor, furfural
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Exanpl e-1 15l n a system for continuous hydrogenati on
RE®Si64t i ng of an evaporator, an oil-heated 3.8 | '

j acketed tubul ar reactor and a separator and a cycle
gas conpressor, furfural was hydrogenated conti nuously
over fixed bed catalysts in fhe gas phase. The
wizs hybi@genatad tortinvass(y oldrdidesvbed c3alysisdotheegpaidsag to
1350 g) of a Pd catal yst (5% 20 Pd/ Supersorbon, 4 mm

ates The t ctor f| oyed. t hrou |
TR R LSk e h Yens T e Brep oo e LB b et
(5t tHddYemiduyldrrogenmmexicudates). at 200C at anbi ent pressure
by the nethod known to those skilled in the art such

hat, t he t ent, of d [ h i xed 25
The il Ger o oPea i 6uda o o bofoSub e a i FoeVehes
asivatasihwitesitrogeasiydrdgesdnikird0atigd” Wby thenydihod &npwi tetbhse
sKYSH iRARN a9 38cH RSt ﬁchH%ﬁ%fthgf%@@n in ﬂn@hﬁ’)(é@gaé #8s increased

SERBPEE Dalp b 30p e BB ooty MEvelot WS Biesubgads A0gar witn
hydrogerm, dleshvhydng¢ragasheenadusted 4 & i (BTEIb, @dihe evepaator was
héﬁ@éf eye4bechine rbélﬂorecb@ﬂgf@tmrmg@h’é hitgoddiation, 20 h of furfural

dr enat 1.on S t /
wPACSBERE o int ¥ égomﬁie 2ol B G BrdeP s
SUFFB@TOfthéE Qa& endbeY bl P)bveé ey9e gah werausegr Hﬂd%té@se conditions,
fmwwab@dn»v@tearcomptmp of >99% the selectivity for

P%%uen &ﬁﬁ%ﬁt? %Pere;r%lHQcﬁ’Wth Péil%%ﬁ}g% gﬂ% Pﬂi!%ﬁ'ﬁﬁz&hg} IB a
m@n@rmnowz Peree Ry Metpring %omwyomtr@wy'enwﬂv%%whyl ether Into

thegjagtread-Hdeiddn t4B0aineaver gid separjten Aieotecdhp28edn of the

Sk e SR Bk 5 Y kB PR DLt
prﬁ'% Eﬁﬁ’aﬁﬁ%‘aﬂﬁdsar@oqﬂ IgCtp@ I BRSERI2Y nmeans of
nglsthrigl tht tedmethyoe divegl dimethyeetperd, tre rachgophseicheddiab effluent |

%hé@‘% NE @%%dcgﬁrel Tﬂlﬂtsﬁ%n@)ﬂwéu glggﬁ\gé";(gél@% by
WE'SH% ?rﬂ%@@ V‘i"‘?‘ﬁ'é‘d” E?”c?b? m?%@’t‘ée'ﬁht farRaigss to 100%
upbergided Eh@rddulbtsl &ne pepatdoctswasldfbiel reedved bhmes0s of distillation,
s&&%éﬁﬁ&@@&r‘e@@ M@Tﬂl? Brotid \ngf. o@ksaupéd Gk ?hb( 1§ r 6694,
d/ Super sor bon, nm ext r udat e ubdl ar reactor

vvas fl owed through fromthe bottom upvvard The

catal yst was activated with nitrogen/ hydrogen ni xtures
at 260C by the nmethod known to those skilled in the

art such that the content of hydrogen in the m xed gas
was increased slowy fromO up to 100% Subsequently,
the systemwas pressurized to 10 bar with 10hydrogen,
fresh hydrogen gas was adjusted to 1501 (STP)/h, and
the evaporator was heated to 240C, the reactor to

245C. During the hydrogenation, 20 g/h of furfural

wer e conducted over the catalyst fromthe bottom
upward (liquid phase node). 35 1 (STP)/h of fresh gas
and 550 | (STP)/h of cycle gas were used. Under these
conditions, furfural was converted conpletely. 15The
reaction effluents were adm xed with tetraethyl ene

gl ycol dinethyl ether in a manner known per se by
metering 25 m/h of tetraethyl ene glycol dinethyl

ether into
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t he gas stream between tubul ar reactor and separator.
Afl"l’l%ggﬁﬁélcorrpr ession of the streamin the anbient
pressure part, the liquid phase which conprised the
reaction products was renoved and collected in the
separator. 20Negl ecting the tetraethyl ene glycol
diGeintsyl et her, the nonophasic reaction effluent
cont ai ned 2 met hyl furan 59% by wei ght, THF 31% by

wej gh HF 49% t n 0.5% ,
ek g B RBTPAG s By Y IO EHapCR e Piageration
uni deaftfuffiratiwitly a pyddgen-sompignd gapindokiptesenesudic dpported

{jggit):‘/séj[a Wt Wﬁ&ﬂéor%néélsséd éﬂ adtheMetSUsheddt dhe BB metal selected

uct. a
Ioou Foruanbn. Bl judih. S AEdunheR Aok o8l optionay
2- met hyditianaiy hyrdprisegmagtalp jroongrospatie? trytid¢ otdaaeriodic tfble of
furfugleihédisa hydrogen-conprising gas in the
presence of a supported catal yst which conprises, as
an active netal, at |east one noble netal selected
f rlom rihenencennaceprdiigdenclain itdivbergingbe datafyal deasinetrcemngrise any
pl ati WUHher%ﬂv@ﬂbta‘lH‘éﬁderr&ﬁ’ blddakhy peanRhi ses nmetal s
fromgroups 1, 2 d 4 of t eperlodlctable of the

el ements. The pr ocess according to claim1, wherein
t fe chbappsessanssrdiut toctaipri e, mr@mmr@talmtpwenses

net al gal@a@m arﬁdl@*ﬁlﬂ#luhﬁéhdléﬂ Vlﬁdyﬂ ohé @{eﬂ@ﬁmr?rﬁr@@mﬁfsoﬁﬁ‘ﬁ:& of the
accor erein e catalyst -
con‘prP%@gj'c t%Pl%adlhgrér% %?tgr pl ati num and at | east one

el ement fromgroups 1 and 2 of the periodic table of

the ef t8ss Jd&erdu@l@%ms of el /O3, wheddly abfivatddddibon,

Ito 3 %rn'%%]d@% Ilc¥ﬁE%Qidga§[€c%§ ca?c! WCQHW&@;’tﬁamum dioxide

sili co
ti t anfRAHPTCRIERNIHE dPtHePr BXkERTINAIRCHREISSE a8 FuRPaFtes
thereof are used as the support. The process according

an'yhé)fglro%?é {%Oljd @p%ng}gﬂblgpn% $ 0043 hT%@?eHQrgﬁ)%qn the liguid
f r om wsee@tzd@ma%rat%@@‘m d50 1%%5%%&@"951 Hect8ibeg ab%plute

claim5, which is performed in the presence or absence

°f6 a ?@%@E%s J&Srﬁg@?%@a@n%‘:%ﬁﬂ é‘&er’fo?w%HYn 2k p?é@ngé or

ase
terrpe@%‘ie[]?%%? 3‘?'\’% 150 to 300C at from 1 to 15 bar
absol ute. The process according to any of clains 1 to

kdf+ﬁ£p#g§%%§étéﬁ@£@dtoiaﬂy %YEIlaﬁwsgﬁ{% m%h% p&lf&'ﬁ:ﬁgdarﬁ itk%ngas

phase at a temperature of from 150 to 300°C at from 1 to 15 bar absolute.

8. The process according to any of claims 1 to 7, which is performed in cycle gas
mode or circulation mode.

amended sheet



