; KLe3eyMryJ, B6TTO31 8 MAR 2003 ' *cooooz* METHOD FOR PRODUCI NG
TETRAHYDROFURAN 5 The present invention relates to a process for prddaMAiil
tetrahydrofuran (THF) by reaction of a 1, 4-butanedi ol -containing reaction
m xture over an acid catalyst. 1 o Processes for preparing THF from

1,.4- but aneg] n known for a ldng tine. K Wissernel, H -J. Arpe,
I ndustrie \ %‘ Chem e, VCH Verl agsgesellschaft, D 69451 Wi nheim
1994, pag Cribes the conversion of 1,4-butanediol into THF by

el iminatipn of *@®¥¥P%r with addition of phosphoric acid, sulfuric acid or

acid ion exchangers. In this process, the 1, 4-butanediol 15 adm xed w th
acid is heate ' i ch
THF/ water distills out. A di sadvant age of this process for preparing THF is
that the 1, 4-butanedi oMeEmEODN FOR PROBUCYNGSTHTRAHYDROBURANT i fied before
use. The purification is usually carried out 2 o by a conplicated

mul tistage distillation in which undesired | ow and/or highboiling
constituents, Tncruding water, are renoved. Subsequently, this water-free
pure butanediol is converted into THF, with water and undesirable

byproducts bei Tig [fatéfeﬁeﬁweiﬁilfn fefates to @agmaness fop prepafing itahydzofuesm (@MHRJWst agai n
has to be pur|f| he. tion. Thus,
conpar abl e, corr?ﬁ‘f 108%?‘33 5’3 tgiég{glréiﬁﬂé% s@{)"a% o"f?‘ifag%% thave to be
carried out twice. In DE-A-196 OL 375, this problemis solved by first
renovi ng t v | Ras di ol

sol ution bgdadl g{o?% F%??P#&B#H% aqueousd{ﬁgt anegclno b@bfégt I on \?% t?i@gbeen
prepurified i nKt hiWeisgeymels ddhldr Ams Pregaisghey| lﬁhiﬂmﬂn oX [k

catal yst and t Qgrddsfestlischatt, @6945:1nweﬁ.hahmd94 §)a§é $11, Idé@ﬂb&someb&wem&w e

THF. Here, the enc he hutapédr ol o I.on ncre ses the
selectivity of OEH’ZMS@?L!MO 5@%‘%&\5@8@5%8 SV B itien ghBhospherc;s

Et arti 39 lrrateraaﬂ Qilfaridsabid loy a?tat &inlne;cbhaugéwst[m thls yirolcd?sstﬁie pgetmnambbn off
ut anedi ol _from ace ne. 0 e rogenatd on o
t he butyne&ﬂI’ adrilk &é"tﬁﬂﬁdg‘ﬁg?te&”%fﬁ@?# ﬁ%e?ﬁol?ﬁ agltdgcg%“g%/f%en ucts

conpri se vvaterThiFdNa;tertChStdlslomt together with | ow boilers such as rret hanol ,

propanol and butanol. It has been proposed already in WO 99/35136 and WO

99/ 35113, both being non 5 ‘gl publ i shed but _having the earlier priority,

to produce THF#4 piagepk SBFOGCS%) prepreeg dRE g taat dhet 1. dnbatapgdielgwhich opal | y
1, 4- but anedi ol id wsuallyWell inaé A0S Rirified beforeluse. The purification is usually carried out

20 by a complicated multistage distillation in which undesired low- and/or high-
boiling constituents, including water, are removed. Subsequently, this water-free
pure butanediol is converted into THF, with water and undesirable byproducts
being formed. For this reason, the THF obtained as product again has to be purified
by a multistage distillation after the reaction. Thus, comparable, complicated

' 25  purification and separation steps have to be catried out twice.

In DE-A-196 01 375, this problem is solved by first removing the volatile organic
compounds present in an aqueous butanediol solution by distillation. The aqueous
butanediol solution which has been prepurified in this way is dehydrated over an
30  acid aluminum oxide catalyst and the THF-rich fraction obtained is distilled to
obtain pure THF. Here, the presence of water in the butanediol solution increases
the selectivity of the catalyst. Such aqueous butanediol solutions used as starting
material are usually obtained industrially in the preparation of butanediol from
acetylene and formaldehyde and subsequent hydrogenation of the butynediol
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7
wherein starting frome.g. dinethyl nal eate hydrogenation and cyclization
is canducted in two or three partial stages at different catal ysts @MAR 2003
typi cal conposition conprises, learning the said partial stages,
y-butyrol actone, 34 % THF, 7 | 0 1, 4-butanediol and 3 %byproducts (based
on an overall conversion rate of 97 % .- A renoval of water, resulting from
the synthesis of THF, is only nentioned in relation to the recycling of the
gaseous parts.. The I ui arts.of t eaction efflu are.(note Fig. 1
of both WO s),foHR¢d, }g?% V&P&‘f‘}agﬂ“ PF%@F{ SofPPFSE W Pl%fﬂb}‘ ?ﬂ@u"t"ﬁ?@?actone
a recycl aﬁl e fwilsiovobbilets sicl adnmbthassl ] mbpmﬁaﬁmmuct di rethyl 1 15
mal eat e, heavy boiling organic byproducts and a fraction of water and |ight

boi l'ing organic byproducts. It is expressely mentioned, that the said
nul tistage pr dd;hasb@naxr@qsccbalmadm{l SIS i ananch WD 936 k3 bethabeingigonni t h

1, 4- but aned| Ol 4 bu@%a%ﬁg?tﬂe eaﬂle?’?#&t}ﬁp't? Iprédu-weﬁﬁ: :t%eﬁﬁf G gar

iriterest in t I clent preparation om essent nonaqgueous

but anedi ol soI‘i!}ttYT@l%tOBbtaad pptionallyradditionpllye 1,4thutang ng’éﬁapulélﬁtagﬁf Prasessf i c
acid or its de@h&eﬁl Mﬁ%ng“fr&ﬁ%‘% Bﬁﬁéﬂﬁyiﬁﬁﬁl’éiﬁ@'h}fa}oéehéhdrp%d)(lz&l%ﬁoé yeh as
met hanol , propan and - 0 sent in t

hydr ogenatl on 9} in to,r 6FHF%H4‘T‘%1 Sf%ﬁg H%F‘“’( é‘aé‘ttVB‘ﬁalé‘BW&P?‘P%‘hs of
t[\ﬁ CYC: i Zﬁt: Odbr@yrisés, %@Qﬂw $lid partidl-Htages, {HBr%nPblﬂSiMla’ttonet mmt%! THEaT 0ON) the
ot her al cohol s cti ure can.,al so be ethe

(i nt er ol el al R&“??QF‘?‘?‘ :{]5?& ﬁ“‘fﬂ@ﬁfrﬁf’g an, Qygrall GORYFISION g © EPZf/e)ns from
al cohol s, e. g. Aofemoualesfewhten mesultirgnfrbm the spmshssmloﬁ THH) as enlyymputiaied tis woul d
reduce both t I v f It is
an object of Pﬁé&fgﬁégetﬁ% rz‘%}v:hf?#%gtntﬂfg ?gﬁyw e 6@“8 ahg%fqgéegéaréﬁh% THF
fromlargely veffluentfareénote Highlitodbeti WI0p$)naﬁm’|Cb$1ﬂ tHen Faetiove did), methenal, ni ng
reaction m xtuy %u@ﬁﬁgct&&e§ fé@&clzﬂﬁé’ SrabforP 8f I RMAkddidt hridNle tdiGict @infERyIon of

significant amoupt's of roducts |s avol have found that this
obj ect is' Hthi Bidtep %%H@HSWWI@HF“&P&&%@fﬁ-Fa‘SS/a‘}deléﬁ’%P@HHSf a
1, 4- but anedi ol ofanicdypiodgcts.clads t)QiﬂesﬁelyWnﬁoﬁBdl?lthatmh@S‘dldi midfiskdgérosseshe  a

Svent o, MoBBiEet St Y Dot 8 AR T Bl t“i&ﬁ?@?i?‘ém from

1, 4- but an'edl ol and |s essentially free of water. For the purposes of the

present i nvent irag it 65500 e et P PreOUrnUBhE repFBAA7 of 1481 HonPAERDLO! ¢ e

reaction m xture of dgener pref t han
2% by wei gh?, pemaquequs abutgneércéf%ﬂ'ettﬂny obsained, hign elcarmab,/ lmehgqlmgenatmmof

ont ai ni ng T 6anErae Sl dr B AT RTMOR ARAKRIR e Iowrholldy lehaBer,” °
i ni i Xt u u u [

bei ng converteH‘el thangl. |ePanok - etgn a‘é‘glcﬁ etfa‘?%? ’t“’ts 1prﬁseght‘gn‘éﬁll}¥ﬁ'q natien| § 7 ed
to THF in' the praimenadecproblefnistthatrundércthl oéaeum tomiiiors pftke cylizatioanofurg-s of
by- Pr oducts b e'bﬂﬂ{\%dl(ﬁlqr 'ﬁ?F Sﬂ}ﬁrﬁol@&dlgj #ﬁéﬁﬁa&&g tﬁé) gaxlef gl‘%l?oqs present in the

pr epur| fication
1, 4- but aned$ ol rmhorammtwg ca:ealso |bgnthm1ﬁc¢|@etsnmle¢\éarameylﬁcmrmFruruhgrmqre,as t he

TAI n_COMPANENt tnERPAGHGH b ot Hotl BRI % & NAAARN ik BHRARIis bGd T can

be carried outapre era(gi int “hﬁ;@tse or QISO |n aﬁnggw@so

The 1, 4- but ane hsqi&‘&Yoprpéw wgulderaé%qw Yigld of J&Bﬁm&kthﬁéwer
reaction can beéhogddysned by known net hods.

' 30 It isan object of the present invention to provide a process for preparing THF from
| largely water-free 1,4-butanediol in which the butanediol-containing reaction
| mixture used does not have to be prepurified and the formation of significant
| amounts of by-products is avoided.

|
|
i 35  We have found that this object is achieved by using a process for preparing THF by
’ reaction of a 1,4-butanediol-containing reaction mixture over an acid catalyst as the
|
|



1
Thus, for exanple, it is possible to use a 1, 4-butanedi ol -contai ni ng
reaction m xture which is obtained by the Reppe process from acetyl engMarna))
formal dehyde | 25 and subsequent hydrogenation of the 1, 4-butynedi ol forned,
or by ‘acetoxylation or chlorination of butadiene. Preference is given to
usi ng the hydrogenation product from t-he hydrogenation of a i conpound
sel ected fromthe group consisting of malefic acid, nalefic nonoesters, j 3
o malefic d| | @f i [ ' t d e
hydr ogenail on as ?qoﬂﬁ %éi‘a?%{;%g{ ?ethé‘ggﬂreéeﬁt %‘;Eﬁgblgtg% éagéﬁ@ugg?#%
anhydri de] y-dompyised fithenalcohplsdifferent &romc].d-butadediolcasidnis esstintigliyefree of
Particul ar prgfgfence is given to using the ' hydrogenation product of the
hydr ogenati on of malefic diesters as feed in the ' conversion into THF. ~
35 18 MAR 2003 - 4 The hydrogenation can be carried out in a known

manner inld heF@age ﬁurpésieg of thepheaet - 1n\Fe!ﬁflo§X%§§EhtﬁillyCﬁd§Qifm&er”H{eﬁ@§ @wﬁt@f‘ be

hydrogenat ed in the hase.over .a cat r at
super at nosphe‘iqnée“ng a@‘l%ﬂﬂ%\“&\f’é&wﬁl@vn% %ﬁ“h?%b SE‘PFyH g“j@’w& &%Hn
product obt ai ﬂh&dZ%MyIWéightﬁpatﬁaﬂarBSprE&%lyll&Sdthﬁl wbyonstgia. of the present

invention; generally conprises 5-85% by wei ght of butanedi ol and 15-95% by
wei ght of, al cohol, preferably from 10 to 70% by wei ght of butanedi ol and
from 15 to 70¥hdyproseisgift thefpresentoinyentiopanasi theiladvanjagertbitethabl 4-bitanedidls t o 60%
by wei ghtpf %’cﬂftﬁfﬁﬁg e ctt%ﬂqnf;x &sr%dt&b RN tWeﬁegglteR&flﬁ%i HQ[O{O béifl

addi tion, { produ as -~y yrol actone or suc ers ca

present in 1 ?PWSWS’e’ﬁfQ EHF(SW§T qg}paogd)catqlwt bi-Butanediob sogyslizedetp .
con*{ ﬁnt S gf p t*ékﬂén)éf ‘b'f%ftﬁé}eag?dhofsﬁ%h&tga PP REbRS ﬁttnadhﬁs wn@tt bh%ﬁma?%rl tlh Cﬂ
of the v ght FEBREHI SHigaea e sPBPTcacl RIFBIHSER0m (SR AR B pr csent [n a
proporti on of general ly | ess t han 5% by wei ght, preferabl y less than 2% by
wei ght , | ar refe | ess,.t;han % b and snml |, .amount s
of furt hols cofbuRtbeligh oo FEuERRionBhaing Nealfied ThpBl ST L0
present in theorttzyndmggenaatthe)mapr cainpaneb fespesially dogtairdegi maone tthen §0 ¢ bys of
t he present E Kk s and
Q/\é% ln?@?l;l%@g&t' caﬁ@%&%efe?abgpﬁl thé héﬁlﬁ%aéerbr al¥0, iR HRE

can be, for exa preferre
embodi ment of Ph#&. i nvention the feed contains 15 to 60 % by weight I, of
but anediol, 15 to 50 % by wei ght of (further) alcohol(s), up to 30 % by

wei ght of} ral.acto e and/.or succinic dieste tent t hereof is
ot °hi gneP t bR hr el Eo MR TAR s o 4 B 1 0 IACHOREARGe30 06 by
wei ght of : THFpbmitgd by khéwen mettds.based on the total of all other conponents
bei ng 100, % by wei ght, z~5 less than 2 % by weight of water. i In place of
the entire hydrogenation product, it is also possible to feed only a
subst r eam of ~ {Thus,hfpdresgmple i ibris possiblet toi Bseo at E»é hutanedipbepntajningr eadtign. The
reaction produgkne whidh 1§ EBtaink® By i 1&0 ipp T&&ésscg&n%etfy&ﬂehﬂa@oﬁdmeﬁme

wor k- 1 o col S he ti roduct whi ch has
not bggnl @éac@gﬁ %ﬁ%@? Y@?&?B@l%ﬂ% bﬁfbé%“ﬁ‘eéioir?q%é‘feg %%xr cpoxlation or

by- produc*ts Ehmnattbnfdfemmdtenappar atuses do not have to be operated for
conpar abl e separation tasks. The al cohols contained in the process of the
present invention for preparing THF 5 are generally aliphatic alcohols
whi ch ar e pr efPeefatehee imgivehytal nsiog thedrytiogenasion prasfuet ém}éh& bydyogenationpof a

nonohydric ali &Q(%p r MSBS 03 - 5
at ons andi armr?B %{gssae?érlret aﬁgyWWRo{&EﬁF%ﬂg anéﬁﬁm%ﬂ}?% n- but anol
are very éﬁrt |%P‘ﬁﬁl°§teiﬁs avlsi¢ ahydrideanddntermeriates | %F@F’atgP Vydragenation aut  at
from50 to 30Qed. m@h@l@bby sﬁdhoiﬁt&ﬁleﬁﬁte% &Zoﬁcmﬁ@r muhaélyb@@ﬂflwt@ial y from

65 to 240C. It is gene y carri out sure Jan
bar _pr of or ablyeRRErAEY 804 Sugdhip et Rerbelal PTEIREE & TS 1 GRS B 40
bar . ! hydrogenatlon product of the hydrogenation of malelc diesters as feed in the

!

conversion into THF.
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1
Dependl ng.on the tenperature and pressure conditions selected, the THF and
water i o!formed and al so the al cohol can go over fromthe Iqu| d phh8 MAR @003
the gaseous phase or remain in the liquid phase. At |ow reaction pressures,
t he product streamw ||l ' |eave the reactor as a gas. In a preferred
vari ant, Hhe reaction to formTHF is—cd ried out in the hydrogenation is
reactor either in the gaseous or preferably in the liquid phase in the
presence nﬁﬁh use all
acidic mag) er|l aﬁq{é éenﬁi%ﬁ cg@ﬁgg%é%f}o%é% Eﬁ or eét?gllrl g{ggﬁgglﬁg&@a ?h&s@ Exanpl es
of honmpgeneok gxagwlq,.tﬂu@egw alegies caty eézy dragengietbin dheagasd Phase eNerfauri c

aci d. Prefergpaat 2001 Vsppet ch&hi?é} hetsp h'éhc %@ésls&eaﬁh&l Sadadd/st s.
of, the Peri ¢ Tabl e of

Exanpl es are t he soll es of gro
the Bl onent SIETRABRE. ﬂﬁﬁﬁwamp@ﬁﬁﬁrq o rfitnds BHIGH BrOMRARS of 't he
abovenents onpzdc@s osfpthe @eesehtZﬁavemmnexgehaagﬁrmmdedwét-&s%pw weeiglets of

(F;‘[ e;sgﬁggl Iélgg‘ é?rﬂ%(g #25 yt‘ﬁéélﬂerl gﬁa ﬁrg"‘mhlihoghﬁttﬁl@%’ih dfgnf! o=

particul arl yoﬁabtﬁ&l@dwlbla;ad'frcﬁﬂ 1520010% by ocightyofrdade], ;ﬁnﬁmlmlydproferﬁlwz with
the oxides aksg 1‘3% 'BE%atf}J %elgﬁt cﬁ%u%@cﬂ%d‘ fforft qg*?% Fum. Qvéé@ﬁtfbfg{l%h&”m her,

as in zeolites. use acid alu sheet silicates
and s o npnt hmddltlo@npmégctasuMS |chut§a@li3@m@%19%1$15¢§m digatery carabe preserdin

preferenge i éorﬁéﬂ’t?aﬂoﬁsou a;t %ﬂé‘a‘thﬁ 36»)@ bwwgﬂtsnleadonteﬁﬁscif sﬁmﬁynd

sel ected from anpng 02. To |.ncsease t CI 131/ t he

catal ysts: caff %’QC‘B%C Sé“éféﬂ" EEP?‘HI %B‘i’tcfé‘“%}dﬁt P’BH‘E§§ erg dheysaid i furic
acid. 3 54 Theont@dcire @6t RighertRarciulf oftttle ovgight Soritre dflbmaneﬂxahameh@mre

ZEZﬁSPge% o Bish i B préent, Ty 4°BeoB g o1 Bessat s Shagl 390 uFieb o i
can ?e ca L i petfepaltly less tHaa 29aby pleighe partwalaﬂlymrcﬁembly lbssdhare:h%tbywengha t uge
reactor. g eaﬁ&‘E}ﬁalf GRAGHMS c??%ntfeﬁ c891§¥> afsﬁfbhgﬂﬁﬂ%ﬁn‘? oskiB W moae

If the reactor I's opera ers |ch cone
fromthe hydwgetnéppumemtfmm bydregenation nr@dw:bsfor@g w)rxsqdanéh«t progess@fand are

present in 5tﬁeqﬁesre§ﬁﬁ{'étﬂi'8nmh§tW{Fecdﬁ?éﬁt ACHO! CHHEA LR tHRprédass M daRBeOfort he
react or and be "di schar stream This can be di scarded or

e
recircul at ede’faénlg%trf{%? H’r%(?:/égié“@iggbs t he hydrogenation. The feed
rate per liter of catal yst is generally fromO lto 10 kg/h preferably

fromi 3,.to _5.kag/h rticularl Q The
conver si 8& oP?Rre?fefgg Bﬁfg%e& *t% ﬁﬁq‘b%dymd I%:stli 6¥0 {?fb to THF
i's gener a1 | y of bwsanedivlt I t0G0% bSFh\@lght oﬂﬁfmtthe&)raimltol(e) opmllﬁ%ﬁ Woght of

1, 4- but anedi 'buty%lﬁ’ct&far(&é(rcéuhaﬁ‘&'d?&td?r&Q lé%tkmt ma%ommm@; tdhnaiet he sane

corrp05| t|0n excep ai 1, 4- t anedj ol PI’ esent in the
feed has beeR é%v&@é&omﬁt“ooﬁmﬂa%ﬁﬁ’éplméﬁ‘érup tpn 30 c/ycbm waight of JHy and
general | y COfptHesaore, biised Wal thé t6thl 6fAL bihen caiporthteilg 100198 wicighe, f or

exanpl e, ~-bytyrol agtone uccinic esters can be present. They are not
af f ect ed By ?‘ﬁg ?(%” Xﬁ”e‘% ﬁ' 8%t onposition of the cyclization product

makes it ,cI ear that the reaction of 1, 4butanedi ol -containing reaction

m Xt ures over, 36k TR Nakon o FAARGCICOH 44 biEhe Lo e0al supa form

THF does not r g t| oh o et hers
by inter n‘DI eéub%nemne@fctheo ydspgegfties @Ndﬁls‘?t intg thhefe@%ﬂ@nl tz)afthT odthet can be

g stbiéﬂ“ﬁﬁ“ PRALODE e SR 10 Torty TRl o K0t el Aa*‘ﬁ?‘?%“%“‘ cture:
- scCri bes vari sses IS [ Xt ures
compri s %@ TR @S e SHBF AR b Ao LS SR R 0t DeepISactet  can be
:c sol ﬁt ed,! f orfufker)pince both edﬁtﬁlﬁcshln‘ld&rdGihpﬁmﬁdsaénd)by-mddhctaddh?s qiiffe:feng

urt her conpanent, suc ut ane ycol an
further ComDaetin el Bt ndicls BhAREE B co bl MRS G o0 20 |
t he abovenentioned m xtures which conprises two successive dlstlllatlons

the f t: b :
coﬁdeln;:lt;l oﬁlggréri?()regls P&lll)ﬁed% the t’%mé|°Z[tﬁﬁsﬁé't§‘?%trl£éﬁué1mﬁ)b?%%§ﬂ%ct enrl ched
i xt ur e qﬁtalqﬁ%ogemfélht%\@h%@‘c@m hejs syhich gt o prefesably; anpnobyddenBadicwat h t he

stream from thefefentsis giver itd hivhblydrieNdipRaid Meolvlé ﬁa\?{hLF filohi 2itoetcarBordt he

second dIJStI |'lTation is separated off.




18 MAR 2003 A particul ar advantage is that the al cohol present can be
returned to a previous stage, e.g. esterification of malefic anhydrifdgMAR 203
a preferred embodi ment, the process of the present invention is carried out
inab tube reactor. As acid catalysts, use is nade of y-A1203 and/or Si 02
and/or Ti 02, preferably y-A1203. |f the‘ﬁbed streamis not already at the
tenperature required, the reactor is heated by neans of a heating facility,

so that the teH@s ahd kohgd tHebe methandlabtiaiol ZigsaridSn-pfopandi Gintl &-BARS] are
preferably from65 to 213(3 E‘;gl%tlcularly preferably from65 to 240C. The
1, 4- but anedi ol YEEbREHFHAPEERE on ni xture o (feed), preferably the

hydrogenatl on product fromthe hydrogenatl on of mal efic diest ers
subsequently introd ced Vi a t@ye qf ¢ %a@f’l ? per
liter of catal etreiagloé‘e'ﬁeﬁcBTrP ?Bba f5°r5 hESTEY R ] §§ ? om 200
to 2400 m /5, PHCCi partieulagty preé’érelnlalﬂqmﬁﬁdmﬁomtb i9 @a@eratlyl ¢nrricdd bmrmaasteady
state has been t :

catal yst zone S %H@gﬁ’om gt‘igg bﬁ’&gfi’?@&@&ﬁr%ﬁﬁgs‘s‘f’%"g’l%&mﬁ“y
particul arly ppefesshinfriomio#0broC, and that in the niddle is from 150 to

300C, preferably from 150 to 250C parti cularly preferably about 200C

Dependi ng on t e terrpera ure and sure condl f1on product stream
vaporizes or i Scpendimgon ?Fﬁ‘&cra&“ prgssurg °Q“gﬁf9é‘ﬁé‘fslﬁ‘ft€‘£| fﬁben Wafehe

front end of tﬂﬁm@&hﬁd Msd tté@l@halruan%e%@:n ﬁiomlﬂelﬁqlddibnasaraﬂﬁtgamnbphase 20
pressure, the product.s i so that a gaseQus r duct

i s obt ai ned. remalt, ji ‘ga]? O&/E’m TeAGHON PISSSUFS, C&BPMF s al so
enpl oyed for tleave thptegotoras agas. of pol yt et ranet hyl ene gl ycol whi ch |s an
internediate in the production ~ 5 of pol yurethanes and Spandex fibers. The
following exanple illustrates the invention. Exanple 30 The percent ages

reported are péreprefargdsatigntuibiegeactioe teefomnnldiF isycarried o in thethydrogprayionnet hod
usi ng i nteggpal re%epféﬁﬁé})m tﬁ’é %95%66’51 b:g&eefrﬁolyl uflntaumﬁ@%@e if b@feaelwa of

reacti on m xt ug 8_ The feed was obtained
hydr ogenati on 8¥d ng‘FPet hyI rral eat e in the gas phase at from 180 to 190C and
60 bar over a cop(p)}er chromte cat all:)%//stf 1|_'|[_|Fhad the f oInI om ngofzorrpozi/t iO](c)n (%
”butyrol het ond i s B Bnginfematplsio vt Aol Mot iaiptae By
butyrate, 2% ofsoldble'&trl’npteregmmusafben Exantplest of homogeneously soluble catalysts are
2 ot oS bl ised v2 vt e and o nunber of furLher
Preference is given to using heterogeneous, solid acid catalysts. Examples are the
: solid oxides of groups 3 to 15 of the Periodic Table of the Elements, where a
, catalyst may comprise a plurality of elements of the abovementioned groups, acid
25 ion exchangers and heteropolyacids. Preference is given to using solid oxides
comprising at least one element of groups 4, 6, 13 and 14 of the Periodic Table of
the Elements, particularly preferably TiO,, ZrO,, CrO,, y-Al;03, SiO, and/or SnO;,
with the oxides also being able to be present in combination with one another, as in
zeolites. It is also possible to use acid aluminas, sheet silicates and
30  montmorillonites as solid, acid catalysts. Very particular preference is given to
catalysts which comprise at least one compound selected from among y-Al,O; and
TiO,. To increase their acidity, the catalysts can be pretreated with acids such as
phosphoric acid or sulfuric acid.

35 The reaction can be carried out in the liquid phase over suspended catalysts or in
the gas phase over fixed-bed catalysts. For example, the conversion of 1,4-
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25  The cyclization product can be worked up by distillation using methods known to
those skilled in the art. EP-B 0 485 484 describes various processes for isolating
THF from mixtures comprising THF, one or more low-boiling alcohols and water.
Thus, it can be isolated, for example, by extractive distillation with addition of a
further component such as 1,4-butanediol, water, ethylene glycol and others.

30 EP-B0485484 also describes a process for isolating THF from the

3 abovementioned mixtures which comprises two successive distillations, the first
being carried out at a lower pressure than the second, and a condensation carried
out between the distillations. The by-product-enriched mixture obtained from the
second distillation is again condensed with the stream from the first distillation and

35  the pure THF obtained in the second distillation is separated off.
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_ preferably y-Al,O;. If the feed stream is not already at the temperature required, the
reactor is heated by means of a heating facility, so that the temperature in the
catalyst zone is from 50 to 300°C, preferably from 65 to 270°C, particularly
preferably from 65 to 240°C. The I,4-butanediol-containing reaction mixture
10  (feed), preferably the hydrogenation product from the hydrogenation of maleic
diesters, is subsequently introduced via the bottom of the reactor. The feed rate per
liter of catalyst is generally from 100 to 10,000 ml/h, preferably from 200 to
2400 ml/h, particularly preferably from 500 to 2000 ml/h. After a steady state has
been established, the temperature at the front end of the catalyst zone is from 50 to
is 150°C, preferably from 65 to 100°C, particularly preferably about 70°C, and that in
the middle is from 150 to 300°C, preferably from 150 to 250°C, particularly
preferably about 200°C. Depending on the temperature and pressure conditions, the
product stream vaporizes or is in the form of a liquid. At temperatures of 70°C at
the front end of the catalyst zone and 200°C in the middle and atmospheric

20  pressure, the product stream vaporizes so that a gaseous reaction product is
obtained.

THEF is an important solvent for many high polymers and is also employed for the

| preparation of polytetramethylene glycol which is an intermediate in the production
25  of polyurethanes and Spandex fibers.

The following example illustrates the invention.

Example
30

The percentages reported are percentages by weight determined by gas
1 chromatography (method using internal standard).

Preparation of a 1,4-butanediol-containing reaction mixture (feed)
35
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plus water and'a number of further compounds whose contents were below 0.1%.

Cyclization to form THF

10 A tube reactor was charged with 100 ml (about 63 g) of acid y-Al,O3, (4 mm
extrudates). It was then heated by means of external heating to bring the
temperature in the central catalyst zone to 200°C. The feed (for composition, see
above) was then introduced via the bottom of the reactor (50 ml‘h). After 30 hours,
a steady state had been established. In this steady state, the temperature at the front

15  end of the catalyst zone was about 70°C and that in the middle was about 200°C.
Virtually the entire product stream vaporized at the front end of the catalyst zone so
that only about 5% of the catalyst zone were wetted with liquid. The reaction
product comprised 0.1% of dimethyl ether, 39% of methanol, 37.7% of THF, 0.5%
of n-butanol, 8.4% of y-butyrolactone, 0.2% of 1,4-butanediol, 2.2% of dimethyl

20  succinate plus a number of further products whose contents were below 0.1% and
water. The individual contents of the products indicated fluctuated slightly from
sample to sample, but did not change significantly, even when the feed rate was
increased to 80, 120 and 240 ml/h. A total of 8 kg of feed were introduced. At the

) end of the test run, the catalyst displayed no signs of deactivation. The catalyst
25  extrudates were unaltered.



1

10! @78 109%& ()-f!p $ 1 10%& ()-m N'$ ! 10%& ()-m D$ ! 10%& () -m

"109& () - 10%& ()-'/(/)/7/=/0Hl1a?4 10! @1  10%& ()-g! B F 10% | & () - '8 MAR 2003
10%c& ()-110% ()-(10%& ()- 10 10123’ 56MB88WUIG+4

10°,) "1 109%& ()- 1k ,) 1100& ()-11,) 1 10%& ()-!Ss3"M 10%& ()--!;

“s1109& ()- ! 6s! 109& ()- 8888989 <gF4 10°,)°!10

@M 10%&' ()-!16 M 10%&' ()-!1M 10% ()- F10%& ()-' mlO%&' ()- 10

10<K>>L?2u?? MerclEim: 109. 10%& () - & 10%&' () -

“LI 9%10%2R& () - 0! LI 9%109%& ()-!p M 1096$& ()-!S M 10%& ()-??' @ @ @ @Q &
mbCO' MLO%& ()- 10 10 10

7109 () - L5I0%R (4 procesORgpreparing DHB bigreaytion GIGA BrBEMDid romaining $20en ngix(uye

T008Fa () - opegh S gy ARt oneadin ot sl e aves gl g 1000
1000 1000! * s@EMBSE esdtion mmzm@s to 6896y Helght efidMBaddiyl, 1530 SOBRY (righf

100 (011 S A oA el SRRl

" Headi ng 13]anWofSHeanicdgstmqlm%odtdﬂe&dleofgsas hcﬂhdmddlf th¢ Jjerght coppsaidifng 53] ¢

par agr aph FoRar BB B Benc Rt T S %&“ﬁfe‘igﬁ‘s%? S lATL

<=>7? @\BCDEF@d6iponests bbiegvl RSepnveigld) leksﬂ;hané% Uyeweight RbwatertEnt r yWor dDocu ment T
" #$9R' ()*+,-./0123456789: ; <=>?@\BCDEFGHI J

2. A process as claimed in claim 1, wherein the monohydric, aliphatic C,-C;-alcohol is an

alcohol selected from the group consisting of methanol, ethanol, propanol and n-butanol.

3. A process as claimed in claim 1, wherein the catalysts comprise at least one compound

which is selected from the group consisting of TiO,, ZrO,, CrO,, Al, Os, SiO; and SnO,.

4, A process as claimed in claim 3, wherein the catalysts comprise at least one compound

selected from the group consisting of y-Al, O; and TiO,.

5. A process as claimed in claim 1, wherein the reaction is carried out in the liquid phase

over suspended catalysts or in the gas phase over fixed-bed catalysts.
6. A process as claimed in claim 1, wherein the reaction is carried out in the gas phase.

7. A process as claimed in claim 1, wherein the reaction is carried out at from 50 to 300°C.

and in a pressure range from 0.5 to 80 bar.



