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heterogeneous catalysts. Such heterogeneously catalyzed

hydrogenations are described, for example, in EP-R 0 304 686 for

maleic anhydride, succinic anhydride or their acids, diesters or

monoesters in the liquid phase, in WO 97/24346 for maleic

30 anhydride, succinic anhydride or their acids in the gas phase, in

WO 97/43242 for dialkyl maleates in the gas phase and in

WO 97/43234 for maleic anhydride in the gas phase. Depending on

the catalyst used and the reaction conditions set, hydrogenation

products comprising tetrahydrofuran, y—butyrolactone and/or

35 1,4-butanediol are cobtained.

While 1,4-butanediol is an important intermediate in the
production of polyurethanes, polybutylene terephthalates and
tetrahydrofuran, tetrahydrofuran is used mainly for preparing
40 polytetrahydrofuran. In addition, it serves as a versatile
solvent, for example for resins and polyvinyl chloride.
y—Butyrolactone is an important starting material for numerous
syntheses, for example the preparation of N-methylpyrrolidone,
pyrrolidone, polyvinylpyrrolidone and herbicides, and is used as
45 a versatile solvent for polymers.
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2 For their further uses, tetrahydrofuran, y-butyrolactone and 2004
1, 4- but anedi ol have to be obtained in very pure form This is partiblzIngrvlgﬂ
true of tetrahydrofuran if it is to be polynerized to polytetrahydrofuran
and subsequently spun into fibers. Wrk-up 5 by distillation has becone

est abli shed as a standard operation f%r the purification steps. According
to the priBorariein tfurshenckias.edetyahedrefwiana prhwtawrcdgceenediaddi | | at i on
col ums ancm-b@tfa&e@(iﬁmeﬁéﬁél id b2 ©bbytnéd Aialverpnpere ffarmt hEhis act i onati on

of ”“'“Cﬁg%?{‘ ﬂywﬁg f%tﬁﬁy&%fﬁﬂwlﬁ fitags i Qe Poiimédatdion of

mul ti conpo arr vari ous .pr |.an In
the si rrprr})e’s'? p%loﬁét(ftrlaﬁgdftéglﬂr ﬂﬁr B%e%"é Parat 8H°F antpo %ﬁg\%-% %oavf e Xy RJ?’
fracti onSahy &isiigHasapni hes taaosm Pﬁ‘aéﬂ-'bﬁheq Ast ﬁes‘l‘q'%ﬁ,alridoﬂﬁ??%"nl% of feed
m Xt ures t @ogi ¥i6e Murd fibatidh fotagisi.oAscotdiirg prothe spriy imaht keduires the
use of a pLupddidy tyf mdkakidt & 'ﬁl’ﬁrﬁ@hﬁ dilsh 101 &€for @dlufhe whicroutlay in

terms of agg%r‘g%rﬁ}sect%%l Efxm nr'llg.oﬁ%; rietralfﬁ§ {00 A QukdnREi AR are

used where §9Rctionat on o ti conponent m xtures.
However, aM2BtHf@RAPEALaBE T S%at the products taken off at the side

of ft akeq0 are never conpletely pure. The use of conventional side offtake
col ums i sthBes&ivitRiones Ffact fishd1o dias£¥51atioshio€ hmebtnicompoatest misittares

products arg ngﬂéﬁ'olalteﬁginé’afhﬁ%urseﬁfﬁéééd QArR¥nRaNS ehe addpidsanal ,

downst ream co accor 91515,

" But anedi ofFP§8t F%h%/(f%c?fiulr‘%ﬁtur sefgﬁé&wgm) gsﬂgg%m\ﬂlnp ”F of six
distillati éﬁa‘é'6+‘ﬁﬂn?§daraehﬁ§]énb9’c}r’-ntgh8°%?‘k fd%c&f""ﬂT x:E’hr 55?5%%3&3105' t he
hydr ogenst bénfeéd diietthiyesnhd egive momet hbat |4 diragdiens urkhisgprocess

t et r ahydr ok aahvalefu ifest the use tofkanpbifakity bé dogtildrdibos sebameted in a
second col ypm,}4i0 soetlrlﬁ.&lxdmé Ui a %n@n !\%@J ofTh pr’éﬁ\ﬁm eb0gmes from the

IL;S:OSO|TI ﬁngpgf e q%%%a%@g féé]f' Hﬁgl E gréﬁea @%EQE b?sgfy@%n of at
Lop, 35 y- Bt he| HAGHETARIOR| & lt&aew%ﬁp%t L AP0 s 2

anot her 2iUn dimadyaftager disuthatiniche fnrﬁépp*ys ‘qa‘%ﬁlb&fféné itdie &AdenPEHassSi 1 ers
are separ ataed fHiever aumpleothprpune .t Mpesuse o slonwant Feorak isd dsepbftrlieon of
t et rahydrofcuaamnérpmalermbyé er&uikcitelingo desatiarwhiet rcaimpdmofiarexh and

al cohol's, iy 3&% 3930' éﬂnﬂf‘sl‘ﬁiﬁf b &80 SIDIaK: 8t 1 MR BEREMS of
In WO 91/01981. Here, a phase conpri sing

distillatio
wat er, tet FQFH/B? r?owgﬁgrg?%o%oﬁugml $ taken off at the top of the first

colum &% is passed to the second colum. The second colum is operated at
a Thus, according to CHEM SYSTEMS, volume 91815,

rButanediol/Tetrahydrofuran”, April 1993, pages 54-59, a total of
six distillation columns are used for the work=-up of mixturgs
obtained in the hydrogenation of diethyl maleate. In the first

30 column, a tetrahydrofuran/water mixture is taken off at the top
and is separated in a second column into tetrahydrofuran and
water. The bottom product from the first column is passed to the
third column and there ethanol is taken of at the top. In the
fourth column, further by-products are taken off at the top,

35 y-butyrolactone and diethyl succinate are separated from one
another in the fifth column and, f£inally, 1,4-butanediol and high
boilers are separated from one another in the sixth column.

For the separation of tetrahydrofuran from a mixture comprising
40 water, tetrahydrofuran and alcohols, it has been found to be

useful to employ a "two-pressure distillation” which is described

in WO 91/01981. Here, a phase comprising water, tetrahydrofuran

and alcohols is taken off at the top of the first column and is

passed to the second column. The second column is operated at a
45 higher pressure than the first and pure tetrahydrofuran is
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For the purposes of the present invention, an assembly of

distillation columns meanc at least one dividing wall column or
at least two conventional distillation columns. If the assembly
comprises more than one column, the columns are connected to one

30 another via the further passage and/or the mutual exchange of
mass flows (product streams) and/or energy flows. Distillation
columns are apparatuses having at least one feed point and at
least two offtake points in which the rectification region is
located between vaporizer and condenser, where part of the liguid

36 condensate formed in the condenser moves downwara as runback
through the rectification region in countercurrent to thé vapor
rising from the vaporizer, and which thug make it possible to
separate mixturee by distillation.

40 An essential aspect of the process of the present invention is
that the assembly of distillation columns comprises at least one
dividing wall column and/or at least one assembly of thermally
coupled conventional distillation columns. Dividing wall columns
are special distillation columns having at least one feed point

45 and at least three offtake points in which the rectification
region is located between vaporizer and condenser, where part of
the liquid condensate formed in the condenser moves downward as
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(R) low=boiling fraction which is taken off at the top
20 offtake,
{B} intermediate-boiling fraction which is taken off at the

side offtake,

25 (C) high-boiling fraction which is taken off at the bottom
offtake.

The region within the dividing wall column can be roughly divided
into the following six subregions:

30
(1) top section

(2) upper feed section
35 (3) upper offtake section
(4) lower feed section

{5) lower offtake section
40
(6) bottom section.

Since, in this type of construction, transverse mixing of liquid
stream and/or vapor stream is prevented in the region of the

45 dividing wall, it ie pogeible to sbeain oven side products in
pure form. This generally reduces the total number &f
distillation columns required in the fractionation of
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NOV 2004s distillation columns which correspond to a dividing wall column.
The designations (A,B,C), (A), (B), (C) and (1) to (6) are as
defined above. In the process of the present invention, dividing
wall columns can in principle be replaced by the assemblies shown
schematically in Fig. 2 or 3.

30
If existing conventional distillation columns are used, the most
suitable form of connection is generally chosen according to the
number of theoretical plates of the columns available. Continuing
use is advantageously made of existing apparatuses, for example

35 vaporizers or condensers, as shown in the assemblies in Fig. 2
and 3. It is possible to choose configurations which allow only
liguid connecting flows between the individual distillation
columns. These specific arrangements offer the advantage of the
two distillation columns being able to be operated under

40 different pressures so that they can be matched better to the
temperature level of existing heating and cooling facilities. In
general, the column from which the low=-boiling fraction is taken
will be operated at a pressuré higher than that of the column
from which the high-boiling fraction is taken. |

45
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possi bl gotef ahicaisephhete dasicaad . products in high purity, they generally have
a higher energy consunption. 40 Since dividing wall colums have a sinpler

constructiQn . th h | 1. upled canventi.onal di.stillation colums, they
Gener al Ly TR ?’ﬂ‘@ré Lt oty DSV al ey hdf I BRE |
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25 and subsequently to introduce it into the distillation column as

a two-phase stream or in the form of two streame. This
prevaporization is particularly useful when the feed stream
comprises relatively large amounts of low boilers. The
prevaporization can significantly reduce the lcad on the

30 stripping section of the distillation column.

In the process of the present invention, it is possible to use
conventional distillation columns or conventional assemblies of
main columns with side columns acting as rectification or

35 stripping column in addition to the arrangement of distillation
columns acceording to the present invention. Although these
additional columns likewise make it possible to obtain the
desired products in high purity, they generally have a higher
energy consumption.

40
8ince dividing wall columns have a simpler construction than
thermally coupled conventional distillation columns, they
generally have the advantage of lower capital costs. For this
reason, the use of dividing wall columns is preferred over the

45 use of thermally coupled conventional distillation columns in the




7 process of the present invention, particularly when new pl ants ﬁ BE dﬂ?
| constructed. The feed mixture used in the process of the present inve Wy

| 5 conprises at |east one of the conponents tetrahydrofuran, 1-butyrolactone
and 1, 4-butanedi ol. The conposition of the m xture can vary wdely and
depends on the way in which it is produced. In general, the concentration of
t et r ahydr oirtgcssi 6£f tiengrelsentO¥nvednyt Mei,gbbrtidalamdfy ywhént yewlmanase is from
0 to 85% by, Mpedily SOkt etklat of 1,4-butanediol is fromO to 85% by

wei ght. The m xture generally further conprises additional conponents. The
process by neans of which the m xture has been" obtained is not critical

for the Xheedsedopirhireusedsinothe REASLESRE THR ATEESAT ABVEATORi xture is
pr ef er ab$ yeanpirdisredat r wastthenkydf ogenatomponefits nedtgiabydnhydrade, nal eic

acid, i tst Ydib88 {86 Fa orlel %navnpﬁahﬁra?ledl'o’me iil{ét?fc.%linbaél’tﬁidﬁ e t@&nmimﬁﬂEL
conpri se r S n m ave
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aci d, SygCiHHLC o&nlnyd-r-lbwlﬁa,neﬁuacu ps cfest @ $po BHS VY aredghd, Theltninitorest ers,
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35% by wa%ﬂ s ?#e %?r&? 1%’ dgnéf%‘rlﬁ%- %b gngq{Ldeqts !“88 élpitcl%lalyfg{‘
1, 4- but ané %I%Gﬁﬁ&l%ffﬂ’%@%?ﬁ?%s tf Eé‘eugéﬂs?‘ht tweﬁ?‘beﬁss of the present

invention Is particularly preferably obtained by 30 heterogeneously
cat al yzeg mas mikasee hysrmaseetbly aftdined dbonetrenthydredesanponefts, as is
known, fory, eamphanyaF RiB, WehQ1E243A0, MO 81648242 ANdc¥ndldebiesd. The

E;S?(‘iéé St f{.ﬂreggig%?ea A&%Ighsanyﬂxﬁq.%@a%ﬁg rl e GORVGUEL: ThOB B

l'g re rc{e 983 ghase
35 processbeﬁt’héOHE@Flré'H %&&égEMM%r‘m&ﬁg Pae lmye eﬁg ‘E 3pg-als

by- pr oduct by-predyched ear® -QPFOdnAtS hi Eorygxamphe e%&ﬂ@d’lﬁydﬁ o@eﬁ“ethiaﬁ@h gases
(e.g. nebregaincdndlrpbhgargaserpacshned,y 1-outanel, 12gbubgrpt pducts remain in
the gas phﬁéﬁet@q’}d—-ﬂﬁr@%ﬂlm edmeth 1-T1h£gambhﬂe9|1 df BnX e ieCe SR @D this
way is thep paszed,Log! n&Q“Lh%&@iﬁa r@ﬁ&b?&?& eledtl! 'ﬂemcofacwe

present inventi.on I nveng on {1 > desi red
oI

product s ]P'éﬁ}fralﬁyﬁfﬁ?ﬁ?aﬁ’ Bﬁf‘ rd?eaté} g’ Sﬁﬂl oqlhfdfo UF a2 diG% ar e

separ at ed »f I—dihydrefnrany °i1'n gﬁb’ﬁﬂl RINarg. (Bof- tHPYSYLERE B ¥IOU5 The
present 25 nwerdn @optanhi oh typiceylyetrmn & c¢ondbhtbwmtiedghtt > 99. 8% by wei ght
in the case of tetrahydrofuran, > 99.5% by weight in the case of

y-but yrol agf o338 var Ju30-0Y yWei 3o 1Bt bRE- and/or

1,4-butanedicl-containing mixture to be used in the process of
the present invention is particularly preferably obtained by

30 heterogeneously catalyzed gas-phase hydrogenation of the
abovementioned components, as is known, for example, from
WO 97/24346, WO 97/43242 and WO 97/43234. The product stream
obtained in the hydrogenation is conveyed from the hydrogenation
reactor and is generally cooled. In the preferred gas-phase

35 process, the desired products, water and the major part ¢f the
by-products are condensed out in this way. Unreacted hydrogen,
inert gases (e.g. nitrogen and noble gases) and very low-boiling
by-products remain in the gas phase and are separated off. The
liquid mixture obtained in this way is then passed to the

40 continuous fractional distillation of the present invention.

In the process of the present invention, the desired products
tetrahydrofuran, y-butyrolactone and/or 1l,4-butanediol are
separated off and isolated in high purity. For the purposes of

45 the present invention, a high purity means a concentration of
> 99,8% by weight in the case of tetrahydrofuran, > 99.5% by
weight in the case of y=butyrolactone and > 99.3% by weight in the




- .2 NOV 2004 8 case of 1,4-butanediol. Depending on the desired enbog&gegﬁ
of the process, all three products, any conbination of two of the

. or only one of the abovenentioned products can be separated off and
obtained in the desired purity. 5 In the process of the present invention,
the fractional distillation results 81 at |east three fractions. For the

pur poses Qiagéﬂ%fpuea%ﬁtamrml .Obep éncﬁixﬁ%tdrpf%hiesdésﬁé&j%o%ﬁéﬁt of
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col um shmparrﬁtﬁdgoﬂ aneobtmipedcin stheaesigayl, p¥B)tyand (C) are designated
as fractsons. two or three of the abovementioned products of value are
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i nvent i on,canpisittibhabasrbedy eblknged afr aus bl yf conpriesidngiatuteast one

di still géimenrDlodMrackidinl e spi eSEPLEN OfsifcHr 1BR&xr 2RRRAIakUSes such as
punps, hegf; %%@E%ﬁg Pémspog}%ﬁ%gsh@ﬁ% t]):%e'ﬂg Pﬁéfétbédeo&he 15 ggess of the

pr esent |nve IQn CcO g&a ; 5-sel ected from
t he group SRR s} ?E&% & ddviding éfaildncBllB‘B‘k $hAWNs dBaF 59§ n]g &he

t et r ahydr dPRdst( BRYeamsi i)/ [(Bii and bl Giclarfodesbpratad ng Efdctidns.yA6l act one
30 and (B3jwma ofi shirkkadt orheblabokehent somar priodgeed fofl vaibat anedisallateber e
the desiseth pHedgebseds oD@ babbint SHvan@dohh the Mxdgre 39 (Bl) before

(B2) befor ﬁg)onaggﬁrm%rggt h9nthelde 1}9.‘]@ ]t 0| nts. Si nce the boiling

poi nts of the conponents to Separated o |ncrease in this order, the
operating pressures of the dlstlllatlon columms can generally be chosen SO
that they UedMeaPETPPHRS (W1 )fuEhhet o BB 108, (BB)1s AUVBBBRIRIYR) tOn t he
conposi t i chivifdet hbenprocess tof hbef poedeminadnednt iord inte déstikXhtriegui renents,
the fragdivmalksdi gbil tRé igirpeRRs 60MHd $e@BRt0iStdddiahi, 08 & Hck 1GBloAr B2

or 53), tvaocqe' ki hasgm¥%aa£§g1 el 15;553 d%%tgiﬁa@{o& o8Gmft>

distill th
SPRUETC o o Qe e e Nt JHeanot her via

t he mass f?%ﬁﬁqgﬁefﬁe°ﬁ1$ﬁﬁﬁQQst615% being poss;ble The process of the
present invention comprises at least one distillation block

25 selected from the group consisting of

{Bl) a distillation block for separating off tetrahydrofuran

(B2) a distillation block for separating off y-butyrclactone
30 and

(B3) a distillation block for separating off 1,4-butanediocl,

where the desired products are preferably isclated in the order

35 (Bl) before (B2) before (B3), corregsponding to their boiling
points. Since the boiling points of the components to be
separated off increase in this order, the operating pressures of
the distillation columns can generally be chosen so that they
decrease from (B1l) through (B2) to (B3).

40
Depending on the composition of the mixture to be fractionated
and the desired reguirements, the fractional distillation c¢an
comprise one distillation block (Bl or B2 or B3), two
distillation blocks (B1-B2 or Bl-B3 or B2-B3) or three

45 distillatian blocks (B1-B?2-B3). Tt 1s also possible to deviate
from this order. The various distillation blocks must be
connected to one another via the mass flow of the mixture to be



- .21 NOV 2004 9 fractionated. It is also possible for mass flows to be
passed back or passed on to previous or subsequent distillation bl otk N0V 2004
Furthernore, coupling of the various distillation blocks in terns of energy
is al so possible and may be advantageous. 5 (Bl) Distillation block for
separating off tetrahydrofuran The di&tillation block for separating off

t et r ahydr ofticrionatede IPriecadscoposdiblRy €9€nihas$ VEIHWsOBopbef Rdseldy

conpr i es ey @2Shadfed Wh HoS bl 80U 00 2 IBGui (d) dilie1 BE LSS WiBckd. L he

distillatign,,columm in . e, pure t.etrahydrofuran product . s, separated
0 by g Tt REPOFR s Codt 6B bEPHRE For SRRV L OLNAB L RGUES o cPRE" %) 2O
manner si MR &NeXGYt it 2XRS BOEFaRLe RNMDTGY BEoBIVantaGePUSevant ageous firstly
to separdte off a fraction enriched with 15 tetrahydrofuran and also with

wat er and/ g1 W tfisastieatibsasIk Fbeobebarkdtingrbek CrostMyArbaugaeen used)
at a low pressure. This 1is subsequently redistilled at a higher. pressure,

enabling tetrghydcofuran qf high purity to be_obtained (pure

t et r ahydr of it &S ftiﬁﬁmn. b%?&% oo b%ﬁﬂqrﬁélf‘FaEff otr?trrﬁgn#{(fﬂgurﬁ dPstPfI ati on
col uMm opepzacessaPfhtharesesssineentisnc prefapab e somprdses at least

t et r ahydp ofwy arisehil tat hes dedumheenwistpahat peesddirearich #haodidweillwatien and/ or
st 1]t i Gt 38 Phofhhe, phrd YOOk AGRPUTMYan OdiEY, B Sendtane oL P ence
gl ven 13 d1BRer oehdil ehaf EROSED heor A8 PLERRTDn BB he REF) PS

Wi | regé asse [

Di vi di ng wel 12 @GPORR Ui katetRaF Pyt ASFSTFAReE oh IR iI%9MAR 28 Hi sth 13at i on

col ums)/ @ivatiteiggpng Hatstlyokansegaratehof frnd | {raghignedncbehachmighal

di still p$i©streblydioshrdm dnde allE6 Svifl efageredndssmnngeneastet i cditibnl | ati on

bl ock (Bl &aar i sesmI b diekk 8F D0h VR Ibeef! 4503 A1d/01 0@ Pre£lirleeSPRNEI N9

assenbly of FSE%E%HLLX@?‘{%‘E{%E?P%’&’%# Qg tht' .S%MJS%ELO”.;S&EH S, where 40

45 (i) fractionatron Imo a |"east "t hree f-Pact i ns occars 1n he first

di vi di ng vER 1T ABIPERAVERR 19fe DAGP RSP afREAMISH (P ERer mal |y coupl ed

convent i ontgtragysrpEnean @rodoctimsTHeilgp-beiling Haacgdant f¥pp the

t et r ahy2lo odiztaillanion hesilunnnbpereck ditat- hdaghengpfessuriepnwhich raotpranased in

the seconghdivdtdaRgaredur OWHEBh Had MOLCBEELSHGHTIaREd of f and also the
water and/or the esterification alcohol, is advantageously
recirculated to the first distillation column.

25 In the process of the present invention, preference is given to
the following three assemblies of distillation columns.

(a) Dividing wall column (or thermally coupled conventional
distillation columns)/
30 dividing wall column (or thermally coupled conventional
distillation columns)

In the first preferred arrangement, the distillation block
(Bl) comprises two dividing wall columns and/or a

35 corresponding assembly of thermally coupled conventional
distillation columns, where

(i) fractionation into at least three fractions occurs in
the first dividing wall column or the corresponding
40 assembly of thermally coupled conventional
distillation columns {Kla),

(ii) the resulting tetrahydrofuran-enriched
intermediate-~boiling fraction is fractionated in the
45 second dividing wall column or the corresponding
.assembly of thermally coupled conventional
distillation columns {(Klb) to give at least three




B

.assenbly of thermally coupl ed conventional distillation colums (Kl bk to
give at least three - 2 NOV 2004 10 fractions, with tetrahydrof uran beNhglit
i solated as internediate-boiling fraction and the | ow boili ng fraction
being recirculated to (Kla). 5 A schematic drawi ng of the preferred
arrangenent is shown in Fig. 4. It sHuld be pointed out that the presence
of further apparatusesraduionexanptie yrimahydhefitraxdedngedlsobated/assel s, i s

al so possible. The st rﬁﬁ{@rﬂeeqaie-eélﬂl hapgedon fArINthie 189 S88Mlivgar e

denoted as follows: 10 15“ b|OCk(BI). In a
preferred enbodi nent, f]fahc eae rlteegmon lg{:%&t%é aﬁl%}ure obtained in the

hydr ogenati on of mal ei ¢ anhydri de, mal eic acid, its diesters or its

nmonoest ess. ( THR skhematydr ofawing off hhghpmﬁertryed ersyngemertoilbeskown

gorrprl ZI ng by prﬂdtﬁ - 4201{ MYlod 14 enpdiatad kit ehaé €lfpresienge of

y- products. o] Ak y
y--but yrol act one u}r%l ?‘ gBBQ?ééﬁdégol %Sfpékéhﬁ% 5 ?léér‘fsher ags%eiadrl
products, this fYeRS8Sm iS § ?l%r%ﬂslsﬂ' Bas'glepd SttJEFﬂ‘é ﬁ?‘gtiﬁ %4t 6 ﬁc%?%g (B2)
or (B3). In (K afxom thet pangmblit (Axendenpteherf ifoldPReHi at e- boi | i ng
fractioppis obtained fromthe feed (IN). This internediate-boiling fraction
CO”S” S€s p[ edom AaNt | et ttoetthéﬂéfgé&f =30 oaNE16¢16 q 8181, eﬁna@%ﬁfe&bedalt C]g?JhOLI
used as ester conpone 0, | u rectifie

%@n{eg% ¢ UL RDALL0Pe o hdnds? BURRE

at higher pressure in drof ur an h purity
(THF). At the top of (‘P%I’*’:ﬂmedalm *he Y EA9EPRETPRYy ‘%/feﬂaéﬁﬂrar O’U" A%8hi ch has
not been 35 separ at ed md¥eiandcatsoltptdiesagds opr tike Mooverea3oned al cohol
is takepsoff and recirculated to (Kia)_ This recycle streamcan be fed into

(Kla) together widhry hfed 888 arbEN an HOMAMEh, phpitLr M5 of energy consunption,
it is nore advantageous to provide a separate I ntroduction point which 40

is preferably | ocated above the feed inl et fractions (LS) and
(MB) are general {5°Hi st9th 4o £ onf OTRF 153Gt LVT%’E?CEWtS'I ‘ock. It may be

advant ageous to recirculate part of (MS) to (Kia). The high-boiling
fracti opo(SS) is(M3eneIntenmediasedhoDldrm genpris g byaprodudtsock for
further
(55} High boilers, comprising by-products and generally
y-butyrolactone and 1,4-butanediol. To isolate the
further desired products, this fraction is generally
25 passed to the distillation block (B2) or (B3}.

In (Kla), a tetrahydrofuran-enriched intermediate-boiling
fraction is obtained from the feed (IN). This
intermediate-boiling fraction comprises predominantly

30 tetrahydrofuran and also water and/or the alcohol used as
ester component in the hydrogenation. It is subsequently
rectified at higher pressure in (Klb) to isolate the
tetrahydrofuran of high purity (THF). At the top of (Klb),
a mixture comprising tetrahydrofuran which has not been

15 soparated off and also water and/or the abovementioned
alcohol is taken off and recirculated to (Kla). This
recycle stream can be fed into (Kla) together with the feed
{IN). However, in terms of energy consumption, it is more
advantageous to provide a separate introduction peint which

40 is preferably located above the feed inlet (IN). The
fractions (LS) and (MS) are generally discharged from the
distillation block. It may be advantageous to recirculate
part of (MS) to (Kla). The high-boiling fraction (SS5) is
generally passed to the next distillation block for further

45 work-up.



45 work-up. -2 NOV 2004 |i (b) Conventional distillation colum ! di vgﬁ{l ﬂ]ﬂ
wall colum (or thermally coupl ed conventional distillation col unns‘) b
the second preferred arrangenent, the distillation block (BlI) conprises an
upstream conventional distillation colum and a dividing wall colum or a
correspondi ng assenbly of thermally JcJoupI ed conventional distillation

col ums, wey e 1Oor(ventficaeli disttildrtinhoceiunreadst two fractions occurs in

the first, convegiyidialg dhﬂléémmnor@o@otué&mamfy 2Bupiéqd ddiwenesohdl ng

tetrahydr of ur an- gﬂéﬂtﬁq EAP-E 1 s is fractionated in the dividing wall
colum or the correspon I'ng assen‘gly of thermally coupl ed conventi onal

distillation colums (KIb) to give at least three fractions, with
tetrahydsof uran beithp sesondtpreieyredt erneeieneathothe i Ftiddatéan ankPdhe
| ow-boi i ng fractsbn demipedsescan aipsatrednt cotventionayediswmildlatdostcdlatn on

gol :J[m-shéulsghggﬁéﬂgna?rdawggtgn fudhe ca&ﬁfnggfg@ohe%ro&ﬁagﬁam&en §s§aamrya éM F}gr
ekanpl e punps, h@é aﬁag?g %cofgegséég%{f dn’%ézléﬁ'g{{ ossﬂapﬁg ﬁ%&zﬁ r eams
fed to or discharged fromthe assenbly are denoted as foIIovvs. 30 (IN)
Feed toiohe dist{i] ati fradticchatidi)into ad pessertwed frenbdohsreracurshanf eed

corresponds to the m Xx¢hd erir@Rl abeggerididne AysgeitdbhosoDimmal ei ¢
anhydride, naleic acid, its diesters or its m)noesters (THF)

Tet r ahydr of uran of . hi L51 ow.boilers, co

by- pI‘O)CqUI cts. (L{S’Zb E’gﬁﬁb‘?ﬁslué?%“g% a?hg% gfﬁﬁalb'en Sf‘ gd® %E}%C P di ate

boi | ers, conpri sing byli)rfiﬂﬁ?t@naﬁﬁd(&)thﬁl BV iEingGe we 1l ceodRmms oty the

by-prodmsts and gener atéxrespopdiiygotsssminly efdtlerpalldyanedpbdd To isol ate

the further desired pgoskiitionali §id¢iAQlait@dni Sopamer akly) pasted te the

distillation block (Bzieégt(éﬁ§ke é?aéé&dﬁgg %QQﬁ'tetrahydrofuran being
isclated as intermediate-boiling fraction and the
low=boiling fraction being recirculated to the

20 conventional distillation column.

A schematic drawing of the preferred arrangement is shown
in Fig. 5. It should be pointed out that the presence of
further apparatuses, for example pumps, heat exchangers or

25 vessels, is also possible. The streams fed to or discharged
from the assembly are dencoted as follows:

(IN) Feed to the distillation block (Bl). In a preferred
embodiment, the feed corresponds to the mixture
30 obtained in the hydrogenation of maleic anhydride,
maleic acid, its diesters or its monoesters.

(THF) Tetrahydrofuran of high purity.
is (Lsl) Low boilers, comprising by-produdis.
(L52) Low boilers, comprising by-products.

(MS) Intermediate boilers, comprising by-products.
40
(SS) High boilers, comprising by-products and generally
y-butyrolactone and 1,4-butanediol. To isolate the
further desired products, this fraction is generally
passed to the distillation block {B2) or (B3).
45




12 In this arrangenent, two places for taking off the low boilers %ﬁ
possi bl e. Depending on the enbodinent, it is r possible to renove t” %wﬂi
boilers via (L51), via (LS2) or in parallel via both points. The | ow
boilers are preferably renoved via (LS1) or (LS2). In the first
distillation colum, a tetrahydrofurdé-enriched |owboiling fraction is
obtai ned from tihe theedafiagernent¢onps | shscegy ddontakivd wi¥Othet kahydr of ur an
and al so wat er qm/l@&st fo PENB U, &m o8\ tEONBRRRAImenE, t e is

hydr ogenati on arueemntvleythr eﬁgl f | e. 0&9“%51 r e§§gr éﬂ (@1b) to
hi'g

i sol ate the tetraSlBrofuran 0

rl
t et r ahydr of ur an J\anéﬁﬂ%% nbta l?@éﬁ E% ?%‘téﬂ‘ ah?i"%ﬁ@o afg %%TEE‘, a}r]r(?/or

t he abovenent i onexhozledohbd (ISl)aken(b$2)at the top of (Kib) and is fed back
into the first distillation colum. This recycled stream can be introduced

into the first ﬂnth' | kakbeTuGRUYTR L G9elfiapi th the feed (IN). Fowever,
i o

it 1s nore adva cons ion to ovi d

separ ate i ntrodd&H Gﬁyaﬁ?mr%'e@ﬁlcpgd pi%&”&t}l?gagg%%tﬁ%e Fegét?]rﬂe (IN).
The fractions (from thel 899d o il )(-MEF SPEPKHERS REPFOBI R d¥ged from t he
distillpgion bl aglerahydpayuten atidanl agecatert andéorr the aleohparused as\Vb) to
the first distilJalrORoBbhdht 1HNEndonydludiaiciong ¢ and iseBseqRnizy

general |y passed. iraganexty: s bLL 200 gl ofo T 4ddiiee #REK-up. (O

Di vi di ng wal | col Urm ed “con ati,on

col ums)/ 30 tm&%ﬁ?gﬁ??&%ﬂn d’lfs Hﬂ‘ YO TR s 2 MR CESICPIPE s | n
the third pref ertedd ahydanfermntwhichehas snat heenofeprrrted CBE) 28dhS%es an
upst reaps di vi di ngatsal lan@pbrintheorabavenent aspahndilnghal rangeakent obf dthenhenl |y

coupl ed convent i Qpal,3xih§tidd alsl 284 CRAMMMS toOkheWeded¥y diweitoawisH i onal
distillation C°'¢am Coepﬁgtﬁ&ycﬂeaegk £Sam WG %e4 mé}P cidc)ed' QnEQetﬁH)St ream

di vi di ng wal | unmm Q.

rrespondi n coupl ed
convent i onal d|sﬁ*qqtapﬁﬁﬁlé{ﬁiﬁﬁﬁsceif é%%é%?FlBhéP T i ﬁFo é%gleasf three
fractions occur SHOWEVEF t e FeJwAne ﬁ@"?@'ﬁ%ﬂﬂ}’cﬁ éﬂuFaﬁm%rﬂﬁ EREYIY
i nt er meglp at e- boi ¢omEmmptaoni om providacs i separEdte Aantheduchilpsegaént which
conventional di sfd Igraite@AbTP!alBvet @h8i F€ed inlet (IN). The fractions
{LS1), {LS2) and (MS) are generally discharged from the
distillation block. It may be advantagecus to recirculate
part of (MS)} to the first distillation column. The
25 high-boiling fraction (58S8) is generally pastsed to the next
distillation block for further work=up.

(c) pDividing wall column (or thermally coupled conventicnal

distillation celumns)/
30 two conventional distillation columns connected in series

Tn the third preferred arrangement, the distillation block
(Bl) comprises an upstream dividing wall column or a
corresponding arrangement of thermally coupled conventional
35 distillation columns followed by two conventional
distillaticen columns connegted in ceriec, where

(1) in the upstream dividing wall column or the
corresponding assembly of thermally coupled
40 conventional distillation columns (Kla),
fractionation into at least three fractions occurs,

(ii} the resulting tetrahydrofuran-enriched
intermediate~boiling fraction is fractionated in the
45 supssguent conventional distillation column to give
"at least two fractions, with the low-boiling fraction




at least two fractions, with the lowboiling fraction -2 NOV 2004 13 bﬁl ?U%
recirculated to (Kla) and the tetrahydrofuran-enriched high-boiling'ZN ¥ 2004
fraction being 5 (iii) fractionated in the second conventional distillation
colum to give at least two fractions, with tetrahydrofuran being isolated
as lowboiling fraction. A schemati A 3r awi ng of the preferred arrangenent
Is shown 10 in Fig. 6beirg skeaukdubaterbitat ddleltandathet he presence of

further apparatuses, fgir@taRbeuPADENrRARH BXGHARUAISgOEradsicaebeings al so
possi ble. The streans fed~t0 or discharged fromthe assenbly are denoted as

follows: 15 (IN) Feed to the dlstlllatlon bl o Bl). r

enbodi nent, the f&bl cbrd %%ﬁﬂﬁﬁ&g di H0 (e fecrl eCéQH%Q%lﬁQBE % éﬁﬁila%lon

hydr ogent i on of mal ei colaminy doi ddve amllgagtatie, fractignest @i or its
monoesters. 20 (THF) Testmhydrefuran wdirhj deopated yas (bSybhbdlidypi | ers,

conpri sing by-product sg (M) | nt ermedi ate boilers, conprising by-products.
25 30 (SS) High boilers, conprising by-products and generally

y-butyrol actone and 1, 4-butanediol. To isolate the further desired
products, this fhagghemstis gemeing IOf thEsBERFYIS etharHaRISNaNE: 18S BBtk (B2)
or (B3)1oln (Kiajn mid.etr.aliydsduidbecpricbed dutt ehabdile @uesehtat fraction
i's obtai ned fronfamgxeg pemuség FoADEKSASLe [Pungei edy lekchahgehy dsrof ur an
and al so wat er hgs 2166 séi%&@ 2n& N 3oah@POINY ral Bharged

hydr ogenat i on. ed nge@ 5 ﬁ? ﬁentlonal dIStI||atI0n

col utm  whi ch |s 6@85@? g4 3 8F°%hressure. A nixture
conpri si ng tetrahydrofuran whi ch has not been separated off and al so water
and/ or ttbe abovepem)i oheeld tad dchleodistillekenoblocit ¢BIS .t dp arrrefedredck to
(Kla). This 40 recycl edmséd @it aghbetddd coaiesfondy ad hbefmidiure
distillation colum tOggigfﬂédmlhhthgeh}é?ﬂ%e%h%&onPg?“ﬁ@@&mc 4dhydrider e

advant ageous in ternms ener pr ovi d rate
i ntroduction poi nt vvhlrﬁ?ll?lsc %‘Péréﬁfy 6578 Phe Fede P F*S'?P% 1N). The

hi gh-boiling fraction from45 the first c_onvent i'onal d| st| | lation colum is
passed 20 the se¢tond Tenwaptdrodakadi ¢f iHig porityl um where the

(LS) Low boilers, comprising by-products.

(MS) Intermediate boilers, comprising by-products.

25
(55) High boilers, comprising by-products and generally
y-butyrolactone and 1,4-butanedicl. To isolate the
further desired products, this fraction is generally
passed to the distillation bleck (B2) or (B3).
30

In (Kla), a tetrahydrofuran-enriched intermediate-boiling
fraction is obtained from the feed (IN). It comprises
predominantly tetrahydrofuran and also water and/or the
alcohol used as ester component in the hydrogenation. It is
35 fed to the subsegquent conventional distillation column
which is advantageously operated at a higher pressure. A
mixture comprising tetrahydrofuran which has not been
separated off and also water and/or the abovementioned
alcohol is taken off at the top and fed back to (Kla). This
40 recycled stream can be introduced into the first
distillation column together with the feed (IN). However,
it is more advantageous in terms of energy consumption to
provide a separate introduction point which is preferably
above the feed inlet (IN). The high-boiling fraction from
45 the first conventional distillation column is passed to the
second conventional distillation column where the
tetrahydrofuran of high purity (THF) is isolated via the



tetrahydrofuran of high purity (THF) is isolated via the -2 NOv 2004 14

top. The fractions (LS) and (M5) are generally discharged fromthe-~ 2 NOV 7004
distillation block- It nay be advantageous to recirculate part of (M) to
the first distillation colum. The high-boiling fraction (55) is generally
fed to the 5 subsequent distillation bgock for further work-up. In the
process of the pt@sSerthd mraptions @A)t iaqdl ams prafeegeneeal by diischargedt he two

arrangenents (a) ¢dhyidine:0ek11£01 M6 2 thefdipideY a80HRE S5k sRNYENt i Onal

comvent fonal st TS ATe: BB 1l gﬂ%iﬁ}xf&%[ Rt B cotum

/ dividing wall Th%dmﬂrbeaﬂlmeﬁmwnc ) etF SSmeEALLBnERd FistPRl ati on
colums)s if a dswbskqupneakhstcol Lahyoor bdockr fasponrdhng weslerdd.y of 15
thermal |y coupl ed conventional distillation colums is used as first

distillation co a e a r,ab
oper at ed aite aﬁhgagj% Flﬁ g?e@ieug&%g%b@ ?rlb\‘%%% 3 2)%‘%\#?1116@ Ie(%lé.l cIeETEi Y
pr ef er abl yghYe'httrﬁ)é:ﬁﬁeH"g ﬁ@é‘&&iﬂ@n‘c%oﬁhéﬂ%vﬁ&%wd‘ﬂﬁﬂ 5‘9 ﬂg in (Kl a).
general | y hhexmally fcohpbed repnventienabfdistaddetienl cphumnsgy: /TApvEENY on (1):
25 UDpeuofesﬂRS@snummn(62)the£ﬁhuugpebupdédeﬂomvﬁacionun(distllastimnmar f eed

section (4) lurll!@ge fan@f féf)?k@oﬁfeﬁltt'lg;'lai Saist A0 aR9bA OF KBRS 1/08i¢8dind Rvall

P LS e Y et al 46 hsteh R n ’%’32?6""? o’

60, partlcul arly preferably from 10 to 60; preferably fromQO to 30,
particul arI§ prafwdibgywatbmolumnoopsa gawrsfesipabiyng ragaepiily 66,

15 thermally coupled conventional distillation columns is used as
first distillation column (Kla), as described under (a) or (c),
this is preferably operated at an absolute pressure of from 0.05
to 0.2 MPa, particularly preferably at atmospheric pressure.

20 The individual subregions in (Kla) generally have the following
number of theoretical plates:

Top section (1): preferably from 0 to 60,
particularly preferably from
25 10 to 60;

upper feed section (2): preferably from 0 to 60,
particularly preferably from
10 to 60; ' '
30
upper offtake section (3): preferably from 0 to 60,
particularly preferably from
10 to 60;

35 lower feed section (4): preferably from 0 to 30,
particularly preferably from
1 to 25;

lower offtake section (5): preferably from 8 to 60,
40 partigularly preferably from
10 to 50:

bottom section (6): preferably from 0 to 60,
particularly preferably from
45 1 to 40.



particularly preferably from 10 to 50; preferably fromO to 60,
particularly preferably from 1 to 40. - 2 NOV 2004 15 The total nunb &V gRli
theoretical plates in the upper and | ower feed section (2) and (4) in (Kl a)
is preferably from80 to 110% particularly preferably from90 to 100% of
the total nunber of theoretical plat¥s in the upper and | ower offtake
section (3ﬁhea&6ta5g§&)me:£ @f%%:lhehﬁ@?@{bdls ;g;ar&tebgyﬁe@hea%p@eglaﬁaﬂlr&,le\eﬁl| col um
or as a g 0 r.nal:l.y c n a
distillatioseoram ok s éxb Ln | Qerdpe s ggg aebagyggggﬁe%%p W8 in (a)
and (b) . RETSIEPLRRDY 2BLd £rom 00 0ol P8, s £0bRL THEIROOS (o 1.2
MPa, partitd@caerycpt P atdsl nf Eben P n @ng. Towen. offtakiendé et thral(33ubn@gi ons
in (KIb)sgenerally have the following nunber of theoretical plates: 15 Top
section (1): 20 upper feed section (2): upper offtake section (3): 25

| ower fee tiop.(4),_ 30_lower.offtake section . (.5):. 35 bottom section
(" or of LB PRifH S oiRg BBy e o S EThe Sl EO1PRR 2 75 o 60,

pr ef er abl FOEFEFPOREENB(RESePRLY | i tharmadAuf epupled foosnentional 60; preferably
fromO todGtilpationuwanmpspard ertaddey ubeols désdrabeq; bprederebleyaimpben 0 to
60, pagd iigulian! ¥n@r @b e alel préterabk0 dpRrEPed il aBLY1H{OPR 800 ¢
particul arfr%mp'b(?ge&'ilbi}ﬁ fPfP%m p;‘Pt:E&l%qc’ly preferably from 0.5 to 0.7 MPa.

The individual subregions in (K1lb) generally have the following
number of theoretical plates:
15
Top section (1): preferably from 0 to 60,
particularly preferably from
10 to 60;

20 upper feed section (2): preferably from 0 to 60,
particularly preferably from
10 to 60;

upper offtake section (3): preferably from 0 to 60,
25 particularly preferably from
10 to 60;

lower feed section (4): preferably from 0 to 60,
" particularly preferably from
30 10 to 60;

lower offtake section (5): preferably from 0 to 60,
particularly preferably from
10 to 80;
35
bottom section (6): preferably from 0 to 60,
' particularly preferably from
10 to 60.

40 The total number of theoretical plates in the upper and lower
feed section (2} and (4) in (Klb) is preferably from 80 to 110%,
particularly preferably from 90 to 100%, of the total number of
theoretical plates in the upper and lower offtake section (3) and
(3).

45




preferably fromO to 60, particularly preferably from 10 to 60 40 The
total nunber of theoretical plates in the upper and |lower feed sect+ @MN0y2)04
~and (4) in (KIib) is preferably from80 to 110% particularly preferably
from90 to 100% of the total nunber of theoretical plates in the upper and
| ower of ftake section (3) and (5) 45 18 NOvV 2004 16 |If a conventional

distillatignm QOémﬂt&ouseddﬁ&ﬁlra&tmndd’:§1dnhd alsi @Be@OA4INLrs@s descri bed

d b f | 0.1t
015 wba, " SSEsiEL g o8ty 2PEY eS8 Shedly ‘bfl o t’i N Lf’rf ekt oo s -
above the PBBHE ﬁé gpﬁ‘P]r $ha¥ SFrBhT fdf"é'o eb? eqa pI ates,

pr ef er abl ypﬁrbmtﬂ}ir{ld meme@ht ifgam Pt bP 0 OFHd ME@brEw @Nbﬁégbwlt he feed
poi nt gelseraabhy th&ﬁ fle@npbih® Gdhertahegrras cidonpliat es, 6prigdeerabiyalrom 10 to

25 theoret gﬁ ted) | gl R%erk ;& ié}@ @r&ang@r@mor@%ieubsﬂa%derrh(w) whi ch has
pe

| f h [ 1
Coupl od coRbER? =o°na|b%&.°§t 3 oneel 2ipf SENdSANgnE R0 e 540 PSRy a8l hel Y

distillati Sheextiiftd edanes: ceraferablyelron P tpr df thgonegdacadopkafRfent i onal

distillation colums is preferably 15 operated at an absol ute pressure of
from 0. 3¢t @nleRe MidangeAbht Cakd i ibeRr eifl@élab(lc» fﬂvﬁm:ﬁ’ ¥ad @nOu Eswé’am The
subregion above; ﬁﬂ&fﬂ 9296&?& fl%zro%f%&?é o%ot eRL £ty cal
pl at es, pre"f'era g ? z}yre I on bel ow
the feed pSPHPIYR IerH%% fqlost’hlzl anO‘S(F‘l Bte ‘i’q: eﬁ’l e5¥920 preferably
from 20 tocadvemsinmatli dabtpl lateion Théunke cIRRNgEtefeln tSRFigsmvEne | TRAt
distillati on cwduwws donvphei@taiblaisepelat gth ajolamnpresquederelby t han t hat
in the fg ébeﬁé?éétmt RhehBEENCE: ipkedbiLd of Eram BDSOLAILR ops@awre of from
0.1 to 0. 1 ?Pa%rlé)niglaggi'x{flﬁ{)%fr%&aaly 1Ic¥ quBOMi-LQ t‘ﬂ'!eo %%rgﬁ ovVe
pre g

ticul th
Feed po ‘3‘{ L e ) e L A

15 to 25 t psefexakiyl fzioat Bsto TH: thebretiem! waamsr hEhe efé’(!’rﬁSFﬁ’t‘ bejdreral |y
has from 2@htofdéd tdrdmretesetallyathes, fporefdr ol $0f theors2icad Bhatdroreti cal
pl ates. 230peBLardds Iﬂrbatn@nwlmlehaefesm ?uhwsoffhe/déuwaobﬂc&we The

y- butyrol a%?”@o%&%‘ﬂ &‘gdﬂﬁﬁ {B‘ldnﬁus ed Eng&E‘abﬁ‘ iék&@éd Qi lal ock

(B2) cones at 1.on However, it is

al so pOSSIBF@s??ﬁei; @Eﬁ‘§ fpeth irst amn (¥§e ce 1s given

to an absolute pressure of from 0.1 to 0 15 MPa, particularly
preferably from 0.10 to 0.11 MPa and particularly preferably

25 atmospheric pressure. The subregion above the feed point
generally has from 10 to 30 theoretical plates, preferably from
15 to 25 theoretical plates. The subregion below the feed point
generally has from 20 to 40 theoretical plates, preferably from
25 to 35 theoretical plates.

30
{B2} Distillation block for separating off y-butyrolactone

The y—butyrolactone-containing mixture which is fed to the
distillation block (B2) comes, for example, from the distillation

35 block {Bl). However, it it alsco possible for the mixture to
originate from other workeup units, e.g. distillation bleck (B3),
or directly from the process for producing the mixture, e.g. the
hydrogenation of maleic anhydride, maleic acid, its diesters or
its monoesters.

40
In the process of the present invention, the distillation block
for separating off y—butyrolactone preferably comprises a dividing
wall column or a corresponding assembly of thermally coupled
conventional distillation columns (K2)}. In this distillation

45 block, y-butyrolactone is taken off at & side offtake (B},
preferably in liquid form. At the top of the column, low-boiling
by—produéts {A) are taken off. Depending on the composition of
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originate rr work-up units, e.g. distillation block (B3),

directly fééﬁﬁ?ﬂég ocess for producing the mxture, e.g. the hydrog%h&!ﬂ%h

of maleic anhydride, nmaleic acid, its diesters or its nonoesters. 40 in the
process of the present invention, the distillation block for separating off
y-butyrol actone preferably conprises &7dividing wall colum or a

correspondi kg RS mikyupd axtuertnw k¥n€ o5t Ad orCORVERE | GNRe idhali | | ation
OIS o F s e d AR dgﬁlé,llb ol of 2e 198 KoutnBI YO poaedd g?]t aken of at

a side off e col um,
IOMFboiIin%F WA 8 t§e?¥5°Q%4§eﬁaE8ntQﬁfsyqﬁgﬁéhﬁl?ﬁfﬁﬁ1ﬂFﬁge YhhdSiet i on of
0050/ 51354work-ugoby2ddati¥latips.f eed nmi xture and the configuration of the
fractiongl distillation, all or part of these |owboiling products is

Gsti o R 8 I%'eg‘t“ﬁgyt éﬂ%ﬁﬁﬁmﬁ' He2ubee %‘“g“& ehBz] Bon HOELP oo
0.001 to 601%5’1\513 paP? pPEgg‘?%acﬁﬁ;V £8%h ® 0085 . The

i ndi vi dual subreglons in (K2) generally have the followi ng 10 nunber of
t heor et i catheliatdsidiap sectdghongl)in (K2 ugeeerbhdey sact ithe €3)lowbgl5 to 95;

20 uppef g of dhisdee o¥ethe8Pef DAl ﬂlg@@g feed section (4): 25 |ower offtake
section (5): 30 bottomsection (6): 35 pref: rably from1l0 to 100

particularly preferably from 15 to 95; prefer fron1%0 to
particul arf %b &bl¥ fron1preferab|y gFSﬁTﬁ. o £168, 10087 1% uIarIy
preferably from 15 to 95; preferably fr@ﬂfi@cmkﬁrmWOPreferably from
15 to 95;
15
upper feed section (2): preferably from 10 to 100,
particularly preferably from
absl5 to 95;
20 upper offtake section (3): preferably from 10 to 100,
particularly preferably from
15 to 95;
lower feed section (4): preferably from 10 to 100,
25 particularly preferably from
15 to 95;
lower offtake section (5}): preferably from 10 to 100,
particularly preferably from
30 15 to 95;
bottom section (6): preferably from 10 to 100,
particularly preferably from
15 to 95.
35
The total number of thecretical plates in the upper and lower

feed section (2) and (4) in (K2) is preferably from 80 to 110%,

particularly preferably from 90 to 100%, of the total number of

theoretical plates in the upper and lower offtake section (3) and
40 (5).

{B3) Distillation block for separating off 1,4-butanediol

The 1,4-butanediol-containing mixture which is fed to the

45 distillation block (B3) comes, for example, from the distillation
block (B2)}. However, it is also possible for the mixture to
originate from other work-up units, e.g. distillation block (Bl),



particularly preferably from 15 to 95; preferably from 10 to 100,
particularly preferably from 15 to 95; preferably from 10 to 100, - 7 N0V 7004
particularly preferably from 15 to 95. The total nunber of theoretical
plates in the upper and | ower food sggtion (2) and (4) in (K2) is

preferably,frg % tlcul y erabl from90 to 100% of the
t ot al nunbe]ff' {998&#30 g”gc% © % c&?s dPIahle IBREMIEH f Eake W¥cti on
(3) and 48Y¢ %Sge’taééfnoPéﬂﬂ%eﬁ éﬁhmﬂﬁéﬂemﬁra@ésaaawngu@f diestiensitamedi ol

The 1, 4- bulbhdefinsiesgensai ning m xture which is fed to the 45 distillation
bl ock (B3) comes, for exanple, fromthe distillation block (B2). However,

it is algog {0, at Qm.ather . wor units,

e.g. di St§I %#g??olyrg)lc%% é %HE )&%E%&/ \8%{&%@'{5 gh%l rlescttlllgaﬁ'gpn l%<}1e°|?ﬁ)rocess

for produc lgst T+ r?lt%f’ﬁr e1 é_bf’ﬁéneﬂ%l]r RJ&FEERBRY STSRRTASES aprridiag

mal ei ¢ aci ¥t (P IPMEsPEra earrespondbvnoesisemdlysof nthdmallgceespbéd t he

present i ne@entérgrionaiedilstlildtdbnotobhmek (K3gr, sepewad idigteliadidr but anedi ol

FLefer?bl ybpﬁmr:qubatgﬁé/dltylngs sé@ké?ﬁgé[ygg% grsg;_\dgq;{ gnﬁbpg assenbly of
erma copv I'S i

di still %%‘ %Pé@br% 4 QE ﬁi‘iﬂ 9‘ SRSk 8 g‘é& cp P¥ihadd ing) | 10

pr ef er abl yPY rPqudfﬁl g {8 rﬂr%ta%<58 'P cﬂea%éleslwhq GWBBHH@ of

by- pr oduct hg Aeegr pigpren Ui thpepentiiquyawionhef compdsiakicdonal - t he feed
m xture angidtid le@ibhgusBl Icﬁﬂp@frttnbﬂ t‘fl{e%(ét hetaboi tirsy irbahted, iql | or part

of these |@MdHaidgeRgoP! AliGIc 1k ed %c Iﬁﬁdlsﬁw'ﬁ‘géﬁoﬁ Chltocis
d | K BI bl
P el (BD'd trlhghbgotl? %efrddu( gp% OB BREAS o oo

di still atiTH 8 BrRIBFT e(Fa)p(TPé’FB?r b‘l‘ éT’b%F-?nalf aiqf'inﬁ@rﬁﬂmm evapor at or or
a thin fildasbiddetaenrcolumh oy eeapymatdrur preferaipunrt $adlidg 4imt anedi ol in
this way. @fpdfd)orsoprefwriablfy1mpevaicacthtal , aBn@bsdIrékeves eastyROf from
0.001 to LndinthWPas DPAI-thudandkbkiyl Picfaliablyyfrom 0.003 to 0.01 MPa. The

i ndi vi deig@l subregions in (K3) generally have the follow ng 25 nunber of
t heoretica | at es: ection
Jxﬂ% 15 pre eEﬁgiy operaée& at an absolute pressure of from 0.001

to 0.05 MPa, particularly preferably from 0.003 to 0.01 MPa.

The individual subregions in (K3) generally have the following
25 number of theoretical plates:

Top section (1): preferably from 10 to 100,
particularly preferably from
15 to 95;
30
upper feed section (2): preferably from 10 to 100,
particularly preferably from
15 to 95;

35 upper offtake section (3): preferably from 10 to 100,
particularly preferably from
15 to 95;

lower feed section (4): preferably from 10 to 100,
40 particularly preferably from
15 to 95;

lower offtake section (5): preferably from 10 to 100,
particularly preferably from
45 15 to 95;




30 preferably from10 to 100, particularly preferably from 15 to 95; upper
feed section (2): preferably from 10 to 100, particularly preferabl” ZW I
15 to 95; 35 upper offtake section (3); preferably from10 to 100,

parti cul arly preferably from 15 to 9pg | ower feed section (4)' preferably
from10 t t IarIy preferabl r of ftake
section ( prefseragﬁf1 *rom 10 to 100, éﬂef% yar’i ?gﬂé C(é/ from45 15
to 95: -2 NOV 2004 bottom section (6): Q’aﬁFéf"é%%‘EﬂYyPF'Péﬁ?i@l}t r
particularly preferably from 15 to 95. 35The ¥®tal nunber of theoretical
plates in the upper and | ower feed section (2) and (4) in (K3) is

f b gmgépw I f 0% of th
P(r)t?afrﬁu'}r’r%mé cHf;iqh;e]or % caafl tm;%t&ggwl:ﬁ t%la[%% %a@lé, ‘{pg%g]r Q‘Fff‘%} sqect(:)l on ©
I

(3) and (5)° v é‘ wéPl Qgﬁﬂr‘%ﬂ& My 88 ok
convent i ori%ﬂrtltﬁué-PFﬂ-YaP¥%?ﬁr@&1ﬁfnﬁ§°%s%‘bl tion 110ﬁé peDHcdss total h@lf{d?e@s@lﬁt
i nventi on tlemretdcpil opl aek viint hhei sppért atridonopar ket ame wetbish staiyl badi on
trays as cg@yum internals. Explicit nention may be made of 15 ordered
packi ng;orandom packi ng, val ve trays, sieve trays or bubble cup trays. If
t he produ rity requirenents, it_is advantageous to

‘*];ltr{ ed .t 0. neet h| 8?
use distil BAXKAHRE pmeh endh doerTel b coupapdt FoRVENSRBALI es,
the use ofdﬁtdélléﬂlﬁ’ac%?]rwsnﬁaedoin fdh proreaeted tdiepresest parventudar |y
advant ageasn bienptrheidasevidh distillaticon paokimgsorharicAgd 8@t i ntak64al
di aneter fayhe E2EmA. lzltrama@@nommfaqesmee&faﬂ My beamiddlogcosts) make
20 L PR Bl Sl REOHD U2 ESS S D SLE 8T8, Quergi ding
reasons Y N I'n 't 4 PV Eonventi 58 <19 PAti on
col umms, a‘W’ ®t FaYs’ r%xse've trays and bubble cup trays are suitable, while
in the case of dividing wall

If the products need to meet high purity requirements, it is

advantageous to use distillation packing. Owing to the specific
20 separation properties, the use of ordered packings made of mesh
or metal sheets is particularly advantageous.

In the case of distillation columns having an internal diameter
of more than 1.2 m, economic considerations (capital costs) make
25 it advisable to use distillation trays, unless there are
overriding reasons for not using them. In the case of
conventional distillation columns, valve trays, sieve trays and
bubble cup trays are suitable, while in the case of dividing wall
columns suitable trays are valve trays and sieve trays.
30
In the process of the present invention, (Kla), (Klb), (K2) and
(K3) are preferably equipped with ordered packing, random
packing, valve trays, 'sieve trays and/or bubble cap trays whose
pressure drop increases continually with increasing gas
35 throughput by at least 20% per increase of the F factor by
0.5 Pal.3>. The F factor is the product of the gas velocity and the
root of the gas density (cf. Ullmann‘’s Encyclopedia of Industrial
Chemistry, éth edition, 1999 Electronic Release, Chapter
*Distillation and Rectification, Design and Dimensioning”). The
40 preferred pressure drop behavior achieves an advantageous
division of the rising gas stream from the bottom section (6)
into the lower feed section (4} and the lower offtake
section (5).

45 Owing to the excellent separation properties, (K2) and (K3) in
the process of the present invention are particularly preferably
equipped with ordered packing and/or random packing whose




colums suitable trays are valve trays and sieve trays. 30 in the procqs§é|ﬁf
. the present invention, (Kla), (KIb), (K2) and (K3) are preferably e“qllith !
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Even within one of the six subregions, different distillation
packings are possible.

The present invention further provides a control concept for
30 regulating the process of the present invention.

Various control strategies have been described in the prior art
for regulating dividing wall columns and corresponding assemblies
of thermally coupled conventional distillation columns.

35
In the case of very simple separation tasks, for example in the
case of two-component mixtures displaying ideal behavior in a
conventional distillation column, mathematical modelling is
possible in many cases. If further components are present or if

40 the system does not behave ideally, a satisfactory simulation
model is no longer obtained in many cases. The mathematical
modelling of the fractionation of a multicomponent system in a
dividing wall column or a corresponding assembly of thermally
coupled conventional distillation columns is even more complex.

45 Previously known modelling calculations tend to show up the
instability problems which may occur during operation rather than
give -practical information on the optimal regulation of a
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fraCtlOnaiﬂﬁybéyaomponent mixtures in dividing wall columns. Here, it is

recognized that, especially in those cases in which a high

product purity is sought, serious problems are to be expected. A

solution suggested is a comprehensive mathematical analysis which

30 has to be carried out for each individual case. It goes without
saying that such a control concept for the fractionation of a

multicomponent mixture cannot be used industrially.

US patent 4,230,533 teaches control of a dividing wall column via

35 the concentration of the low-boiling component in the lower feed
section as control parameter for the division of the relative gas
and liquid flows between the lower feed section and the lower
offtake section. For the purposes of the present invention, it
was recognized that this simplified control concept ¢an achieve

40 neither the high purity of the desired products in the side
offtake streams required according to the pregent objectives nor
the required stability in the case of fluctuations in the amount
of the product streams and their composition.

45 DE-A 35 22 234 describes a method of operating a dividing wall
column in an energy-efficient fashion. The key aspect of the
disclosure is a targeted division of the liquid stream at the
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present i MenPFERERHARVEBLAPY| ¢Rthde used in the case of all dividing
wall columns and/or corresponding assemblies of thermally coupled
conventional distillation columns employed in the process of the
30 present invention. The control concept of the present invention

is preferably used for the columns (Kla), (Kib), (K2} and (K3).

(a) The ratio of the downflowing liquid stream at the upper end
of the upper feed section (2) to the downflowing liquid
35 stream at the upper end of the upper offtake section (3} is
preferably from 0.1 to 1.0, particularly preferably from 0.3
to 0.6. This makes it possible to locate the dividing wall
centrally, which leads to contructional advantages.

40 The targeted division of the liquid stream flowing downward
at the top section (1) is preferably achieved by the liquid
stream being collected in a collection space located inside
or outside the distillation column and being divided by means
of a fixed setting or a regulator. This also includes the

45 function of passing on the liquid, for example by the
function of a pump reservoir or by ensuring a sufficiently
high head of liquid. The targeted division can be carried
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installation of internals which produce a pressure drop, for
example iris diaphragms.

(c) The liquid flow to the feed point is preferably set by means
30 of a flow regulator so that the total liquid stream flowing
into the feed section (2) and (4) cannot drop below 30% of
the design value. Here, the design value is the value for
which the column has been designed or calculated
thermodynamically and fluid-dynamically.

35
This measure keeps the distillation column in a stable
operating region and ensures the high purity of the desired
products.

40 The flow regulation measure according to the present

invention is preferably achieved by conveying the liguid
stream to the feed point from an intermediate reservoir by
means of a pump or a static head of at least 1 m. This
avoids, in particular, short=term fluctuations in the amount
45 introduced, which could otherwise lead to sometimes sensitive
fluctuations in the operating state of the distillation
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components in the side product (intermediate-boiling fraction) is
25 described.

(e) The split ratio of the downflowing liquid stream at the upper
end of the upper feed section (2) to the downflowing liquid
stream at the upper end of the upper offtake section (3) is

30 preferably set so that the concentration of a high-boiling
component for which a particular limit value is to be
achieved in the liquid stream from the side offtake point
(side product) is from 10 to 80%, preferably from 30 to 50%,
of this limit value the liguid and/or gas phase, preferably

is in the liquid phase, at the lower end of the top section (1},
and
* the split ratio is increased in favor of the upper feed
section (2) when the concentration of the high-boiling
40 component for which a particular limit value is to be

achieved in the liquid stream from the side offtake (side
product) at the lower end of the top section (1) is
increased, and

45 * the split ratio is decreased in respect of the upper feed
section (2) when the concentration of the high-boiling
component for which a particular limit value is to be:
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section (1) rildefazpsvet tthe npppecfead semtiinnn 2 perf shiebtenocancentpat i on,
the split ratict ithisohbghibrneagedompondrayvat ohe thkieiPRaR beOches @ehi ON (2).
{f tgg zmntcentsretttieg (0f dddirealesh- mléﬁﬂtCQQ@P@% gEnHP L2 end of dt he
op sectio r e ratio ra ecreased in
helclha &? ﬁ?%@geﬁ:@ fp%ﬂe %.lr )Ifggcp Y 1ok é?] g’m‘y

respect of th per V€S’ such an
an extent that these and all

extent that t&@é‘é éﬁdagflmﬁﬂ ttﬂe?“ rther

undesirable high-boiling components do not exceed the
respective maximum permissible concentration at the lower end

25 of the top section (1) and thus ensure adherence to the limit
values in the side product.

The determination of the concentrations of the high-boiling
components (analysis) can be carried out continuously or at

30 intervals. It can be carried out either inside or outside the
distillation column. If it is carried out outside the
distillation column, a gaseous and/or liquid sample has to be
taken continuously or at intervals. If the samples have not
been consumed or changed by the analysis, or more samples

35 than necessary have been taken, it is likewise possible to
return the sample to the distillation column. Examples of
suitable analytical methods are chromatographie methods {e.q.
gags chromategraphy) or eptical methods (e.g. infrared
spectroscopy)- The analytical methods can advantageously be

40 integrated into the automatic control circuit, so that the
measurement result is used as control parameter for division
of the liquid.

When using the preferred mixture, which originates from the
45 hydrogenation of maleic anhydride, maleic acid, its diesters

or its monoesters, typical high=-boiling components which have

to be regulated under the control concept described are, for
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and di but yl eneend yafolthe( bostdm leedrtoxpbyéy) )aret her) in (K3). A nonlimting,
schematic diagramillustrating integration and 5 control is shown in Fig.

7. (1) Tpe heail ngpoularGhq! BEySARY IAE" ORI N2 BHL AL SRALIANSLE) o S
preferably set so E'? ti.'st'ri% nggegltratlgpl OT A 10w o] |nﬁ conponen’t % or

whi ch a particul ar' 1} fit WEFE25FS ¥5M FOCHFFEFAGPR 2hehs qui d stream of
the side of ftake ptPtPidife CHRRANSE) IP5 ¥hinh BOPRELBENAaTDAEMAE apdiuef r om 30
to 50% of this |isito \pbgl achievededn ithai tiand ectrgas fimsehat side upper

end of the bottomsefiaken (6fide mrtdiuk®)” at hend@deR0e ROVEF tHe bBELMAPOri zer

on the pottom sectgé&io(nG)(\?\l'?]sig n&aagdaWhghy the concentration of the
| ow- boi | i ng conponent for ich a particular Iimt value is to be

achieved-in the |iqui gﬁst ream fromthe side offtake (side product) at the
upper end of the b%fet 22809 Rt Of6FPF sVARRIIZEScan BRI POHRB ReEticy power
of the vaporizer offkHé BEfress s&em she ¢@)carnsrrgdon elf When loReboiling
concentration of témmbgomembofér nthich a particular limit value is to be

25 achieved in the liquid stream from the side offtake (side
product) at the upper end of the bottom section (6) is
decreased.

This measure ensures the high purity of the desired product

30 in the side product in respect of the undesirable low-boiling
component even in the case of fluctuations in the quality and
composition of the feed to the column or in the case of
unstable operation of the distillation column.

35 If more than one undesirable low-boiling component are
present, it is the low-boiling component which is most likely
to endanger adherence to the limit value in the cide product
which is decisive for the control procedure. If the
concentration of this low-boiling component at the upper end

40 of the boettom section (6) increases, the heating power of the
vaporizer on the bottom section (6) is to be increased. If
the concentraticn of this low-beiling component at the upper
end of the bottom section (6) decreaces, the heating power of
the vaporizer on the bottom section (6) can generally be

45 decreased. However, thig jg all only t0 Su¢h an extent that
these and all further undesirable low-boiling components do
not exceed the respective maximum permissible concentration
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this isigl! onhyatuetilonNofheflid Nahyat DEse AN, Al L farEher, undesirable
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ve ha m0&r mi ssi bl e

| ow boi |'i ng cog‘ggﬁ%}fs doi not exceed the respec TR)
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thus ensure adPereMcPIEoERR Pf rihe whPuesdesraiheds ragu battiducmetBsdr egar ds

t he det er ni nat Ro®. ofont lexagpheerwatai dns (Bf) tarel 3-bovy:hrlidctbge CONPGIAN S,

what has been said on this subject in point (e) applies in principle and
may be fegardef @sn1in3¢QHROr . L RL: | nt,, . using. the
preferred nixtgge o ggn'geg{g%ﬁnqﬁltchBﬁgg&h;adlrlgtgsg%g%]yx]oiq&%eﬁﬁggf‘ﬁn and
anhydride, malerc acid or rts ~di &rels or its nonoesters, typi cal

| ow boi | i ng conponents for the purposes of the above-described regulation
met hod ar &9) f Bee s@npredugat is pnefexaplunthkerboetffr dhact one in (K3). 15 A
nonlimting, stémpmtatard-agyalatdd FakhabhN0hdiMgegr abhsdrande control is
shoun 1 BoFi g. ﬂeai@eﬁe g_epn@riqﬂ%te top IRl Y) | e BfhabBof. the
enper at ur e- r egay S ing._a. erature ucenent point in
the top secti o]r;] 45%?‘ gr-@gﬁgg At On. ?ﬁ’éngﬁgsrégrlgt ite 'T’fga};xr SREALEDATH® used
is preferably TocateddPRFONTI PR BreferaphiIt&omy 4 pkefer depretdeel to 6,
theoretical ~pPtAtRS BELEW PR URPSEr ceddobithendobopeswiotn di)(1). 25 The
direct control paraneter for the regul ated offtake of the

25 The direct control parameter for the regulated offtake of the
top product can be the amount of top product discharged, the
reflux ratio or preferably the amount of runback.

A nonlimiting, schematic diagram illustrating integration and
30 control is shown in Fig. 7.

(h) The bottom product is preferably taken off in a
temperature-regulated fashion, using a temperature
measurement point in the bottom section (6) for regqulation.

35 The temperature measurement point used is preferably located
from J to 8, particularly preferably from 4 to 6, theoretical
pPlates above the lower end of the bettem section (6).

The direct control parameter for the regulated offtake of the
40 bottom product can be the amount of bottom product
discharged.

A nonlimiting, schematic diagram illustrating integration and
control is shown in Fig. 7.
45




top product can be the anmpbunt of top product discharged, the ref lux ratio
or preferably the anount of runback. A nonlimting, schematic diagrany NGy 2004
illustrating integration and 30 control is shown in Fig. 7. (h) The bottom
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shows the %Srltpég'FéFFW]df Rfl?éeVEﬂFlous 15 apparatuses and measurenent points
into a dividing wall colum and its instrunmentation. The designation of the
i NSt r UMENtHlG.0N sEhemt icalagC ORI G Hed :..hlaegiel%n QRNYROL A0 o fani ngs of the

| ot er 51 fipadehobd Gihd] oSG ofb 20 paoq%agtg sel ahysalgonean Lanlon of 2

conponent ., alfernat natl peasure i ndex
of refractlon 6 tehperat u ¥ ﬁpétm’bofdé%té%s"a“H'WFEW’Punct|on

i.e. a contElF &FgReForEng Gﬂu‘é}é%l “Wlacebﬁ@tmwdﬂngmmlceﬂ ahe( br oken
line). 30 letters are:

20 L liguid level

Q analytical value (concentration of a component i or
alternatively an integrated measured parameter, e.g.
index of refraction or temperature)

25
T temperature.

”C” denotes a control function, i.e. a control signal is produced
by a corresponding regulator (broken line).

30
Compared to the control concepts of the prior art, the control
concept of the present invention makes it possible to achieve a
high purity- of the desired products at the side offtakes and a
flexible and at the same time simple operating procedure which

35 ensures reliable operation of the process with adherence to the
high purity reguiresments and a low energy consumption even in the
case of fluctuations in the amount of the product streams and
their composition.

40 In the process of the present invention, the fractional
distillation is particularly preferably carried out in three
distrillation blocks which comprise four dividing wall columns or
corresponding assemblies of thermally coupled conventional
distillation columns (Kla), (Klb), (K2) and (XK3), where in

45 distillation block
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desired duct | THELT f f high
sy et Al o bt o
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Thic arranggment 18 Bhewn aschematically in Fig. B. The three
25 desired products are abbreviated ac rolloue

(THF) Tetrahydrefuran ¢f high purity.
(GBL) y=Butyrolactone of high purity.
30 (BDQ) l,4—Butanediol of high purity.

It may be explicitly pointed out that the assembly may include
further apparatuses, for example further distillation columns,
pumps, heat exchangers or vessels, in addition to the four

35 dividing wall columns or the corresponding assemblies of
thermally coupled conventional distillation columns.

Furthermore, particular preference is also given in the process

of the present invention to assemblies which are derived from the
40 above-described assembly of three distillation blocks (Ble~B2=B3)

by omission of one or two distillation blocks. Specifically, this

means the combinations (Bl), (B2), (B3), (Bl-B2), (B1-B3) and

(B2-B3). In these cases, not all three of the products

tetrahydrofuran, y-butyrolactone and 1,4-butanediol are isoclated,
45 but only two or even one of them.
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the dividing wal'"t®Um or the corresponding arrangement of thernally
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hi gh puri {§2bei dgstbllmttionbblosol BireGepsrhdi gy B @Lﬁﬁ%??&lgg opbraction; 25
(BS) distillatioanbtiwaexedr iscpeiailing «of Lalr-RUt angdldly M CM, makes 1t
1 east |
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purity being able to be isolated as intermediate-boiling
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25
{(B3) distillation block for separating off 1,4-butanediol,
which makes it possible to carry out a fractionation into
at least three fractions in the dividing wall column or the
corresponding assembly of thermally coupled conventional

30 distillation columns (K3), with 1,4-butanediol of high
purity being able to be isolated as intermediate-boiling
fraction;

in the order (Bl) before (BZ) before (B3). This arrangement is

35 schematically shown in Fig. 8. The columns are configured as
described above and are preferably provided with ordered packing.
The columns are preferably operated within the range of the
abovementioned operating parameters.

40 A mixture originating from the hydrogenation of maleic anhydride,
maleic acid, its diesters or its monoesters and comprising the
desired products tetrahydrofuran, y-butyrolactone and
l,4-butanediocl together with water and various by-products is fed
in continuously at the side feed point of (Kla). At the top, the

45 low boilers, for example butadiene, 2,3—dihydrofuran or
methacrolein, are taken off and discharged from the plant. The
intermediate-boiling fraction, which is enriched in
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25
The process of the present invention makes it possible to prepare
tetrahydrofuran, y—butyrolactone and/or 1,4-butanediol
continuously in high purity by fractional distillation of
mixtures obtained in the hydrogenation of maleic anhydride,

30 maleic acid, its diesters or its monoesters, with low energy
consumption and low capital costs for the plant. Furthermore, the
process of the present invention makes possible a flexible and at
the same time simple operating procedure which ensures reliable
operation of the process with adherence to the high purity

35 requirements and with a lew energy consumption even in the case

of fluctuations in the amount of the product streams and their
composition.

40
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process of the present invention nakes possible a flexible and at the sane
tinme sinple operating procedure which ensures reliable operation of- 8y 700t
process with adherence to the high purity 35 requirenents and with a | ow
energy consunption even in the case @b fluctuations in the anount of the
product streams and their conposition. 40 45 -2 NOV 2004 32 we claim 1. A
process fo? £, Gentinuous fractional distillation of 5 mxtures conprising
tetrahydrofuran, y-butyrolactone and/or 1,4--butanediol to give at |east
three fractions, wherein the fractionation is carried out in an assenbly of
distillatién éopmm#ifcdmr the neprattinueast foaet dinslddngtwaldt ioel bem or at

| east oné assembkyurds tdombrasiyg EHHBGae0 0L | OBkt i 1dicsbihk | td

| POSSE RS L |
compri i ng tet E%Q d{oof@?aﬁ"“a? ro‘;yéq Ctagtbg%é ulfE, Frdct Il Sl e
obt ai ned from 1?1 HP548Ratt off o1l 590 AFFEFP B, Oﬁ’nﬂlélté AgFEPnits

di esters or it§°%‘ﬁ?ﬂ%§°§‘9§ls-3“g A@fpr@@émoa% ¢iviidipg valklcdlumh or & wherein
the fractional lea$stdne assembly afartheefladly doupdiedt bbh@dritdmnahocks which

each caoprisedastiEasticanectimdid ]| ation col umm and the process 20 conpri ses
at least one distillation block sel ected fromthe group consisting of (Bl)a
distillatign b]lock for separati off tetrahydrofuran, 25 (B2)a distillation

bl ock for $epafatiMNg *6f £5ySbit Ilé‘cFEJﬁém LnFRemsyn ehe MINtEPen bl ock for
separating of fcﬁmﬂﬁlkﬁ}tnanéﬂtmhymfalﬁdnt he-kag yirobac prredeeotigoar e i sol ated in
the order (Bl)1, befuremeliBd) dmef abeaiB3), foai teepapdisgerdadibhebs woidiicng

points. 18. A paoioRBSideS fh8b 1@ hdid,Chasnadeshar 8s:nléé1<?nodfo%we£§t' on 35
bl ock (Bl) for separating off tetrahydrofuran conprises at l|east two

dIStI||atI§)n C Iurmssswltsh % essu e inthe_distillation colum in which
the pure tetra ro Graf® pf ll"s BHArht%d 2of YRoRA Iy tHEgRERC IR It hat i n

all other dis?+§ Ja'?tlla(‘il’r%o}%rﬁﬁrdﬁd( puy . inistiAl gt beredsloggscyaistedaich cl ai m
4, wherein thecefipniise ati deasthlapek diBtjlioricepalatn repddfthet poadnedr of ur an
conprisee two cehipsidiengataléasolosenaisnd] it idnC B 6E&8 RANGIcRgdass&a e of

group consisting of
(Bl) a distillation block for separating off tetrahydrofuran,

25 (B2) a distillation block for separating off y-butyrolactone
and

(B3)a distillation block for separating off 1,4-butanediol,

30 and the desired products are isolated in the order (Bl)
before (B2) before (B3), corresponding to their boiling
points.

4. A process as claimed in claim 3, wherein the distillation
35 block (Bl) for separating off tetrahydrofuran comprises at
least two distillation columns, with the pressure in the
distillation column in which the pure tetrahydrofuran product
is separated off being higher than that in all other
distillation columns of (Bl).
40
5. A process as c¢laimed in claim 4, wherein the distillation
block (Bl) for separating off tetrahydrofuran comprisec two
dividing wall columns and/or a corresponding assembly of
thermally coupled conventional distillation columns,
45



thermal |y coupl ed conventional distillation colums, 45 -2 NOV 2004 (a) 5 33
_ fractionation into at least three fractions occurs in the first dividikdg 200t
wal | colum or the corresponding assenbly of thernmally coupl ed conventi onal
distillation colums (Kla), (b) the 32sulting tetrahydrofuran-enriched

| nter medi at e- bpk | | Alad{R6ldcQBnl Snid Al 1RARE CEhI Lk It 36FONSLAN dhngpaal |
columm or the corrglslpondilréq asse&%% gflu t her gl ly coug ed conventbﬁya

di stillation col unms S_Lfod( FB) %o &Cat™P eB5t 08 TEPBRTY Uk 2SRERRLY.

t et r ahydr of uran bePhgthesMEALEdCaEP197t EPREBENBE@PoiAiistgLLeEErN iICOAUBAY t he

| ow-boiling fracti thldleing recirculated to (Kia). 15 6. A process as
claimed §n claim4, wherein the distillation block (Bi) for separating off

t et r ahydr of ura[}])CO{ﬁFé’ | S8S 130, UPST L& gggygmén%%lhegi stillation colum and
co a

a dividing wal um of. orrespon |ng_ass_e y of thermally coupled
conventional distitPeRIGHIASPURNLINITIOEIY) ¥F HCRLEAGRILHA i3k GhEt | east
two fractions occusecand digiding ¢allcemtene i @naihedicorrespendimgcesaemply b)
the resul ting tetrefhiywheximatan- esupldedohoent Iafdll disk$1126id0 @ellumpat ed in

the divjging wall p@immzoo5iwea-9qrera%%peﬂéé@9naa%%§mlr-y @it hermal Iy coupl ed

conventional distjllatiaon-colums .(KI'b o) ve at least, three, fractions,
with tetrahydr of ur%%troaéﬁycﬁ)iéoﬁgﬁ?ﬁeed‘(ngs lg_?%\?ﬁ%‘r&ﬁ épégﬁ%?ﬁs%aﬁ‘ge'%f)é&f?%n and
the | ow boiling 30fF3dOR0ANEEtIRy Y cPPe bind efF ach iPRePe IR &fCisRatated
distillation colummr (Klah.process as clainmed in claim5, wherein (Kla) is
operated at an absolute pressure of from0.05 to 0.2 MPa and the total 35
number of § heof gligelssPbat £fainkd HR LPREE ANGhkpUes éﬁee%is%%g&w{brﬁ 2) and
(4) is from 80,19 1]&({ O‘EO;E_ hsee tat I.nnugpafr chra theor eté{ncacl mgne}teess In the
upper and | ower 5% 1 Bh SREATHRIAS) "I Pt (BT 2RFOEOT K Ay SOREESES @i med i n
claim5 or 6, YWRRHFEAT CRPBSNEOnadp AL st 2108 CabIBP AT Fr 84¥id&Dddom 0. 3
to 1.2 MPa andcoluma ot al coxmarmondfing hessesttilyabfpthemerldy theplgper and

| ower feed semdrivemt@Bhaandigtl)lliatibnos@Bikrisq a#68% of the total

20
(2) fractionation into at least two fractions occurs in the
first, conventional distillation column,

(b} the resulting tetrahydrofuran-enriched top fraction is
25 fractionated in the dividing wall column or the
corresponding assembly of thermally coupled conventional
distillation columns (Klb) to give at least three
fractions, with tetrahydrofuran being isolated as
intermediate-boiling fraction and the low-boiling
30 fraction being recirculated to the conventional
distillation column.

7. A process as claimed in c¢laim 5, wherein (Kla) is operated at
an absolute pressure of from 0.05 to 0.2 MPa and the total
35 number of theoretical plates in the upper and lower feed
section (2) and {(4) is from 80 to 110% of the total number of
theoretical plates in the upper and lower offtake section (3)
and (5).

40 8. A process as claimed in claim 5 or &, wherein (Klb) is
operated at an absolute pressure of from 0.3 to 1.2 MPa and
the total number of theoretical plates of the upper and lower
feed section (2) and (4) 1is from 80 to 110% of the total
number of theoretical plates of the upper and lower offtake

45 section (3) and (5).




nunber of theoretical plates of the upper and | ower offtake 45 secti oﬂﬂ‘ﬁ’ﬁ){]h
and (5). -2 NOV 2004 34 9. A process as claimed in claim3, wherein tHe'*®
distillation block (B2) for separating off y-butyrol actone conprises a
dividing wal'l colum or a correspondi g assenbly of thermally coupled

conventi ong di,Sti | O I . ) is 5 operated at. an absol ute
pressure 019 Fr Arpr%%%%t% %ﬁf&%agg%]@%%’tkﬁ?ﬂeﬁﬁmr daptiHeadrieni cal
plates in the ?5’_88}‘.&%* fernsereeatine Qfifoiryyrpiactane j eomprdse80at o 110%
of the total €dNBEingfvallemodninpadr p atcesespohditngipeendhy ép%@rmaii%ake
Z_ectiloln (3) angoﬁﬁiezéggrﬂx%ntﬁoﬁél)c@ﬁﬁi@.&a@'iéii”@@Nnﬂasc|(§i2r}nf 3ixkANgLei n the

i stillatg on acks r i -but ane cCo/pLi ses a

di vi di ng wal | cgl uﬁq or ta iglo?rﬁggf%ﬁf&iﬁr%%sgg%gn%?ypro@ Eh@bﬁaﬁ ﬂéuﬁ?%d
conventional di&fi Fit fE CBEEE’E TkHheorREICR L iR tGSe ARt BRE dPPaR akdol ut e
pressure of frdRFEF 0bAed Segtasn M) ansd (Mheis ofrmdm B¥nber 1bd% tdfeanet i cal
plates in the tppet mmber oferhéenst iveat poatéd)innte( dppes IdPTLEOt0 110%

of the total Byrbeke Hedthear ¢bjcilg Rlsates in the upper and lower of ftake
sectionq@3) and (5). 20 11. A process as clainmed in claim7, 8, 9 or 10,

wherein use_ is_nade of columm internals whose pressure drop increases

conti nual | §0W PrPT AT dSn Gl aa%eq nifo §3RpEt 3 bywhereisashe 20Dstiddrtionr ease of
the F factor bblock (B)- For25ep2ratingr oféss, foutlanietndl i congrdises9aor 10,
wherein the cobimbdingitvainakbsliuebrake cot fesRshdIdgkhBgsmANA/R! LhaAgomy
packing = el emeass, Mo soreaBsYkR diQR 1 AGE LA HIG0AET PKa | Y Uh | ncreasi ng
gas thrgqyghput 4 é(rféed & sgnZ%?ﬁa# I Ncrease offt e 8‘, ’faé(t 8r %ﬁ/ 0.5 Paa5.
13. A process as_cl.ai hed in % tf pgesgurg of frog, 09901 o 0ePR MRae rati o
of the downfl offgtll§ J@t@lsPIERRR Af theorppidale®dates imchepperef ewdl secti on
(2) to the dowh®¥Yemifiegd sqatiions Bt medmi4) ihefroppsd end iz bhetnpper

of ftake secti oto{&) riumbefr oM theborted itad. pllahed ipf @EESTppey Ghal MBekd N Claim
13, wherein thesftsud Geeti8AM3f | ngydownward at the top section (1) is
collectgg in a 40 collection space |ocated inside or outside the colum and

is divided befween the upper.feed section (2) and the upper offtake
section (3;ijl bykn%ra%csesgf 23 Ff?(:'er?fdséf‘t FAgiBr’7a E)' 9 or 10, wherein use is

made of column internals whose pressure drop increases
continually with increasing gas throughput by at least 20%
per increase of the F factor by 0.5 Pa0®-5,
25
12. A process as claimed in claim 9 or 10, wherein the column
internals used are ordered packings and/or random packing
elements whose pressure drop increases continually with

increasing gas throughput by at least 20% per increase of the
30 F factor by 0.5 Pal.5.

13. A process as claimed in claim 7, 8, 9, 10, 11 or 12, wherein
the ratio of the downflowing liguid stream at the upper end
of the upper feed section (2) to the downflowing ligquid

35 stream at the upper end of the upper offtake section (3) is
from 0.1 to 1.0.

14. A process as claimed in claim 13, wherein the liguid stream
flowing downward at the top section (1) is collected in a

40 collection space located inside or outside the column and is
divided between the upper feed section (2) and the upper

offtake section (3) by means of a fixed setting or a
regulator.
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regul ator. 45 - 2 NOV 2004 35 15. A process as clained in any of clains 13

.to 14, wherein the ratio of the vapor streamat the |lower end of the ? §Neill

feed. section (4) to the vapor streamat the |lower end of the | ower
of ftake section (5) is from0.8 to 1.35 5 16. A process as clained in any of

clainms 13 1§ 1%, | liquid flowto.the feed point is set by neans
of a flow regugp};ﬁgfé?orht%&?aﬁhégt%? at™ iotfltjf:&aélf'? e v ngheERiG the feed
section (2) and ?ﬁ? Lanntt-Y4PEp DETAR Foos de Lpeeriayidgef the vidwes. f2dd A
process as cl aSREEIPH Ehy tof thtavamon Ftirean6at whiss ciowetrhend GO HHOWLREL

| i qui d stream affté#lee |smusrioandsefisd herasppes +8fffake section (3) is divided
bet ween she |iquid stream 15 di scharged at the offtake and the liquid stream
flowing in h ff ection ) . means of a regulator so that
the |iqui dﬁgf réaﬁﬁ! 0 r?% Ft%?‘l'é'%?ie"q SRt ggf ‘F%’K@S JectPokS ( ¥hereidnndhe dr op

bel ow 30% of t haTYES| g &Pukhe ofrer poAnfsr beeset dy ceansedf ia fAey of cl ai s
13 to 17, wher EPEUIHHOT Sol thatathe teftalheigoimidireangslbetigl iskbeam at the

upper end of faed urichegd)s&ed 1@ cAhnbe I liqui.d . stream
at the ypper epghqf. the uppeg offt(aEe segtio%;%B%%}ygL ggf r}gfo tth%afie?h%n

concentration of a high-boiling conponent for 25 which a particular limt
value is to_be achieved in the liquid streamfromthe side offtake point
(side prodbét)?iRrogessmrE0ciaiBoboiaf anhi ef | ¢ YhimsvaBueoi 16t Rielrbgi €heand/ or
gas phase at @¢enilomingehilyoid tdteebmpaseeié Abwel) endl 3Ge( abpbhe split

rati o i s i ncr easethkeN skay0én C’i3)t he WRPSEed qg‘éi:we%ﬁ(:&ﬁ(?nll fs gMaen  Lhe
owe

concentggtion 39z b | pnent at. th en E?a’P.he top
section (1) i sfijérﬁgggegit%gd %%tggingﬁ% é}bﬁ ﬂfq?”ési pracany ddprare dinte
respect of the Upper fe8d -SECti®6HiP2) (whey mMeengont entremilenonfsae hat

hi gh- boi | i ng Y}b‘%’d‘dﬁ@ﬁfj atreae flowépgehet®ftiehdowep stfttakenséd}ids (5)
decreased. 40 a8mox gropebslaws Pkabhethé deiynofiatha@ N5 13 to 18, wherein
the heating power of the vaporizer on the bottom section (6) is set so

that theocrmeentgiaieas of & diadeh! Lo £OTAARGDT Lo, uhi ch g, particular
limt value issﬁlqtbg @g@igfle%’ei got hg 0§ oot TRalt of° tiHe ¥PEES BT sk e poi nt
(side product)_ 1§ BETT ony 10:% § 80 S tshi'd I i TLALATLEL] AR nPRaTqend
and/ or gas of the upper feed section (2) to the downflowing liguid

Stream at the upper end of the upper offtake section {3) is

set 50 that the concentration of a high-boiling component for

25 which a particular limit value is to be achieved in the

liquid stream from the side offtake point (side product) is

from 10 to 80% of this limit value in the liquid and/or gas

phase at the lower end of the top section (1)}, and

30 (a) the split ratio is increased in favor of the upper feed
section (2) when the concentration of the high-boiling

component at the lower end of the top section (1) is
increased, and

35 (b) the split ratio is decreased in respect of the upper feed
section (2) when the concentration of the high-boiling
component at the lower end of the top section (1) is
decreased.

40 13. A process as claimed in any of claims 13 to 18, wherein the
heating power of the vaporizer on the bottom section {6) is
set so that the concentration of a low-boiling component for
which a particular limit value is to be achieved in the
liquid stream of the side offtake point (side product) is

45 from 10 to 80% of this limit value in the liquid and/or gas
phase at the upper end of the bottom section (), and



phase at the upper end of the bottom section (6), and - 2 NOV 2004 36 g@@)
. the heating power of the vaporizer on the bottom section (6) is i ncredded 200
when the concentration of the |ow boiling conmponent at the upper end of the
bottom section (6) is increased, and3% (b) the heating power of the

vaporizer on t b o] I QI etO) ¢l educed when_ the concentration of
the | ow boi l i ng%)c%rgﬁo;ﬁé%?% t éa(:u)ﬁe?héen ESY 1Ehe PRttt %§§EP?‘0?FC(’CGpni s

decreased. 10 20. r 0ReSRCERASEAa Bl if fRpcsntEphion of3the 19, wherein
the top product i<$°¥WaRehldig dompanentmperdtcunppergendtetd thasbéomm and a

t enper at ure neasur seeniopo| &t iisn ihbeedofd seGld on (1) is wused for |
regul atign. 15 21. A process as clained in any of clains 13 to 20, wherein
the bottom pr Ct LS ff in tenperat ure-regul ated fashion and a
t enper at ur e rreggzrge;hbn{é%%éﬁ% %loﬁefhggb%}i‘? OAPOSLEET o (P PSTHBFECSAON

regul ation. 20 22. (R)ptdRACES WPER kP i9PNERNLDAL Idmiafs the towdibildher ein
the liquid streanFemRerentf fataththeppederel bfakee peivtom Sbé€ioPr@Just) is
taken off in a | evakereggdapt ed fashion and the liquid level in the
vaporizgp on the bottomsection (6) is 25 used as control paraneter. 23_ A
process as,glajnmed in an Oté claims 1 to 5 and 7 to 22, wherein the
fractional “di sti PT2tT0n 3°s “LatPTed-oG0Yi Rt ftddns didstel 1% ivherBlidckise whi ch
conprise four HPRiRFSAPSkaliF Eekemuf3dnpanctempspende Ageasstekl feshidn
thermal |y coupked zowmperacnaé metistricheati p6imoliwmse (Kb)sectKdh) (1(K2) and
(K3). 35 40 45used for regulation.

15
21. A process as claimed in any of claims 13 to 20, wherein the
bottom product is taken off in a temperature-regulated
fashion and a temperature measurement point in the bottom
section (6) is used for regulation.
20
22. A process as claimed in any of claims 13 to 21, wherein the
liquid stream taken off at the side offtake point (side
product} is taken off in a level-regulated fashion and the
liquid level in the vaporizer on the bottom section (6) is
25 used as control parameter.

23. A process as claimed in any of claims 1 to 5 and 7 to 22,
wherein the fractional distillation is carried out in three
distillation blocks which comprise four dividing wall columns

30 ©r corresponding assemblies of thermally coupled conventional
distillation columns {Kla), (Klb}, (K2} and (X3).
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