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1, 6- hexanedi ol , 1, 5- pent anedi ol and caprol actone by 5 ﬁwlﬂmwmﬁﬂmm and
" apparatus therefor The present invention relates to a gili wor ki ng

up by distillation the crude products ]1 6- hexanedi ol , 1, 5:qo@et anedi ol and
caprol actone obtained in the process I°0 according to DE-A 196 07 954 and
referred to bel ow as HDO, PDO and CLO respectively I " and to an
apparatus f GRDG t s. HDO PDO anﬁﬂwmﬂmﬁm%ortant
nononer bui'f&§ aivmmy ugﬂﬁyf%%?]@ﬁ ar for the prep | yesters
and pol yurethanes. Said substances can be obtained, w tH%8*the high purity
required for the intended use nentioned, preferably of at |least 99% in
particular virtually free of 1,4-cyclohexanediol, by the process described
in DEA 196 07 9¥orkingiuphofilh6-hexangdiols hoecpentanddiolmndmaprelaciene byf t he
present gi nvention and whi clyidtfilatoneing dppakytus Th&elfy ated by reference into
the disclosure of the present 1 nvention, froma conplex carboxylic acid

m xt ure whi
cycl ohexane to cycl ohexanone/ cycl ohexanol. Here, the starting m xture

itself generally referred to as dicarboxylic acid soluytion (DCS), is a
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di still ati omspentistlpder ¢hortpadd & peapparatub fot caogringouti thg ptoppssst ream from
which 1, 5-pentanediol is obtained as a pure product by distillation, and a
side stream contai ning 1, 6-hexanedi ol as pure _product is taken off
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streans and vapor sireans.ip ceftajn redions, -2 are own for.the
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whi ch can phettartngl ixans dtiself gaferallymefatedsbaedicatboxviiescid belutiosl dDESY,egi on of
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socton 5 AdsPE R Wl A6 R Lol £ B0 RERA0R dlflale o1 rms.
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l'east two |dmksadnt hir&AC th@él{“?{is&ng_géma @&eﬁ?%dr@&h&g?ﬁp&%ﬁﬁ&nﬂ?i Rlgs. 1 0 It
is an gbject of the present invention to provide an ifproved, in particular
more eédnoreXatediplda gdditiog tony-Renanssiols abtniredhy disttlationsn stagech-oAnd cLO
from the cors5-pspanedisicontdisiag popsittahs bt whivhd ,5-peithtedislac obtainedaoudi ng to
DE-A 196 07 _954. . et qes . .. .

pur€ product by distillation, and a side stream containing 1,6-hexanediol as pure

product is taken off therefrom in stage 7 by separation by distillation.

30 Cyclization of a stream containing predominantly 6-hydroxycaproic esters in stage
13 gives caprolactone, which is worked up in stage 14 by distillation. Owing to the
complex mixtures of substances, it was surprising that, in spite of the unfavorable
boiling point conditions and risk of azeotrope formation, the target products HDO,
PDO and CLO could be obtained by distillation in high purity, in particular HDO

35  with a very small residual 1,4-cyclohexanediol content.

Dividing wall columns, i.e. distillation columns having vertical dividing walls

which prevent cross-mixing of liquid streams and vapor streams in certain regions,



15 W have found that this object is achieved by a process for separating
by distillation the crude products obtained in the process according to
DE- A 196 07 954 and containing 1, 6- hexanedi ol (HDO), 1,5-pentanedi ol (PDO
and caprol actone (CLO to obtain the g?[responding pure products. 2 0 In
the invention, the working-up by distillation is carried out in each case
inadividing wall colum (TK) in which a dividing wall (T) is arranged in
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a stri ppi ngegigg of eHe e ibthe@6idifudaRl HRectAGhIoU feedkddtioh @adiangkedbfft he
respective crude product HDO, PLO or CLOin the region of the feed section
and renoval’*tf%% he high boiler fraction (C) fromthe bottom of the col um,
of the bow boiler fraction (A) via the top of the colum and of the nedium

boiler fracti r . i on of : . 1,0 [
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distillati ndrc8inid & oK gﬁg{e iftk.ude products obtained in the process
7 954 can al

according to DE-A 196 SO0 be successfully achieved in the
dividing wall colums or thermally coupled colums, 3 5 which are known to
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to 23% by weight of |ow boilers, including in particular PDO
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at | east 9%ndpstrippingl sactipn,pred er sdkeyoffitsectidh |bauiwg @ BirApping eciign gind of
1, 6- hexanedi i [ r ' i bR or AdubCHIDY. peptsanedi ol ,
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, 1, 4-cycl ohexanedi ol , .2-cycl.ohe i ol an , 4- but anedi.ol . Pure
G0 cont ai RGPS BAGH Ge, mdihy FaifE R by it e YeBop f; B AR
pr ef er abl y sattidmasin thémigllyléopledenpmnsof capr ol act one, the renmai nder being
inpuritpes, mainly hydroxycaproic acid methyl ester, formc
aci d/ hydroxycaproi c_acid nmethyl esters, 35 1, 2-cyclohexanediol, formc
aci d, PDO dtthas sarpaisinglye besm éeundethat the demandmg object of isolating the pure

products HDO, PDO and CLO by distillation from the corresponding crude

products obtained in the process according to DE-A 196 07 954 can also be

successfully achieved in the dividing wall columns or thermally coupled columns,
35  which are known to be more difficult to control.

Said crude products are complex mixtures which typically have compositions as
stated below; as usual, low boilers are defined here as substances whose boiling



D viding wall colums typically have a dividing wall which divides the
~interior of the colum into the follow ng regions: an upper common col um
region, a |lower -4 conmmon columm region and a feed section and a take-off
section, in each case having a rectifi gati on section and stripping section.
The mi xture to be separated is introduced in the region of the feed
section, a high boiler fraction is renoved fromthe bottom of the colum, a
| ow boil er f¢ [ ' ' . { . ang- di um
boi 1 or 1 adiiis &R, thal SRSt Rvd Bl BRae dolhish BHATA B T8 1
separ at i on substandes whoppbeiling paink istabee that of the respedsvielneain prodwedi um boi | er
and a high boiler fraction, there are usually specifications regarding the
maxi mrum 10 perm ssi ble proportion of |ow boilers and high boilers in the
medi um boi l er fraction. Here, conponents critical for the separation
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i ndi vi dua c onent or, sum of a rali of key ¢ nents. In
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distillati c#heis.e val erol actone (I ow boiler) and hydroxycaproic acid nethyl
ester gRigh boiler). 2 0 In a preferred process variant, conpliance with

the specification regarding the key conponenis is ensured by regulating the
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liquid reflux via the stripping section of the take-off section is from10
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boil er fraction, and the heating power in ttom evaporat or of the
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| ow boi | i ngvaker¥la6toh® FoRMic Hcid PO sterdlalidifrad 4bB6t 0.046 1 Zemdweight bfhighvi di ng

wal | is frgm. 10 to 80%., prefer rom 3Q to 50% of. th imt

ot i ¢ ted (HPIERe T RAPERL e G iR RHiRaPAEeIs AR e bttt 1
regul at i on,antiydtaxgoapdoidiasidrméthyl esterat t he upper end of the dividing wall
is set,50 that nore liquid is passed to the feed section at higher contents
of hi gﬁgoi i ng key conponents and less |liquid is passed to said section at

| ower cont eFiestermh @peeoprodgi 4y iy easpeay to HI%O,rqlé@Ql ad; GO ds updrastaedibetgdn pover i s
carried outeas®ciseak ntedfing adnfiRadt WiicHR\WfindPad fagbRased at a hi gher content
of low boiling key conponents and the heating power is reduced at a | ower
content thereof. It was found that a further inprovenent of the process can
be achi eved®ury HIDGwontains at-1&ast 98 uinsantidulal dt\leasn D9 oparticulaplly grefferablylny
correspgndi I | &t 4 h PR . ja . . e or._of the
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accordi ng trarticudariheplanediol 1dhesiclahgsaredinly 1.atcuclohexanedipl epd RPGhi ch is fed to

the |l ower part of the feed section does not fall below 30% of its 5 nornal

val ue. Prefera the distribution of the Liquid fl owi.ng out of the
strippi ng J&¥¢ ?’ﬁ@ GPniping af lgast ’flnsl@ﬁtf‘i“ﬁﬂﬁ ahfle 8%?8&%1%1@ Reaferally) 4 m
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Pure CLO contains at least 99, in particular at least 99.5, particularly preferably at

least 99.9, % by weight of caprolactone, the remainder being impurities, mainly
hydroxycaproic acid methyl ester, formic acid/hydroxycaproic acid methyl esters,
35 1,2-cyclohexanediol, formic acid, PDO ester and valerolactone.

Dividing wall columns typically have a dividing wall which divides the interior of
the column into the following regions: an upper common column region, a lower



Preferably, the HDO purification columms and the PDO purification columms
are connected so that the HDO fractions remaining in the top stream of the
" HDO 15 columm are recovered via the bottom of the PDO purification colum
and are recycled to the HDO purlflcatlgn colum. The nedium boiler fraction
is preferably taken off in liquid fornm’ this process variant is thermally
advant ageous and sinpler to realize in terns of apparatus. 20 In a

preferred RLAGESSYAHRkiort 41 Y3081 sQHbRAM A wkPOrt QRbn et LA

di vi di ng wal e set "I n a nmanner suc at the ratio o vapor
stream i n thagingecigcuiaeationseetipn and siHpRing §@qt1@anT heymix{are tguhe. sparatedds i on i s

fromO0.8 théocﬁme@I@ﬂﬁrréélbﬁ of H&”ﬂe@d Qcch@nla ﬂi h%bﬁ&eﬁ&t@ﬂoﬁ 1O¥erh\R AT Ce

and/ or di meg on| ng er nal sl a]éqlg? ar atjn %ffect and/ or by
The ©nst al I POROBTOfHE CORRACA g¥ efr%f“ﬁ?é %Vf-‘d‘r&% PriOB GELRE her
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can be regulated so that the ratio of the reflux streamin the feed section

to 3 0 the F‘gtfanx in the take-off sectionis fromO0.1 to 1, preferably from
0.5 to 0.8. More preferably, the top streamcan be taken off in a
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di stributiaqgn f theoretical plates over the individual

t he ,nunber
regi ons of Ht“htg 1&5{\%{9?‘%%\9\%?“ colum is preferably effected in a manner such
t hat each of the 6 colum regions of the dividing wall colum has from5 to
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pr ef er abl y preferably frags3Qto S0 é’ftﬂi’eailgm Bﬂrém@%’n@rt&ﬁf?e‘{!%cbqﬂﬁr @@Ftéﬁﬂas havi ng
a di aneter Haf th®héatinGPdwlr 2n Me bottom evaporator of the dividing wall column is set

in a manner such that the concentration of the low-boiling key components in the

liquid at the lower end of the dividing wall is from 10 to 80%, preferably from 30
30 to 50%, of the limit permitted in the medium boiler stream. Accordingly, in the
case of this regulation, the liquid distribution at the upper end of the dividing wall
is set so that more liquid is passed to the feed section at higher contents of high-
boiling key components and less liquid is passed to said section at lower contents
thereof. Analogously, the regulation of the heating power is carried out so that the
35 heating power is increased at a higher content of low-boiling key components and

the heating power is reduced at a lower content thereof.

It was found that a further improvement of the process can be achieved by ensuring



In"the case of the colums having stacked packi ngs, stacked sheet netal
packi ngs having a specific surface area of from 100 to 500, preferably from
“about 250 to 3 0 300, n2/nB are particularly suitable. In a preferred
process variant, the liquid distributi gn in the individual regions of the
dividing wall colum can be set separate€ly in each case. Consequently, the
total energy requirement for separating the mxture can be mnimzed. 35 In
the regions, o he..f ed SE cti f the dividin
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inserted segnents. This leads to a further cost reduction in the production
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ver si on having a narrow gas space in betvveen is partl cuI arly 20

dvant nt bl e t
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|nvent|on IS possSI i cul ar ere exi sting colums are avallable
The nost St}ieﬂéf’é?(btoftb@HPCbPuﬁlfﬁ‘iaélPB6ﬁW§§h on can be chosen according to the
nunber of theoretical plates of the colums present The thermal |y coupl ed

col ums can.t hus .eac e ui a or t or _and/ or
condenser. 17f Defpy ZPPB%EE?‘B’D &P@%ﬁ%ﬁ eBn‘i’ Pgitﬂblf‘gi S EIREYSrted in
t he connectvartgmsmnlmlmlljaeﬂmeageblhmtd\mnplhetormhlh@e iagenplsasf appdmﬁmns This is
particul,arly advantageous if the thermally coupled columms are operated at
different pressures. 35 1n a preferred interconnected arrangenment of the

t hermal | y cBupPedereas propess vanant, the papor stredm ¢ theolovegiendind the glvidisg| er

fraction argall akebeQtf i b QRAMHet fs@&ﬁmat G+ Sof ﬁlbevagelegeédnn% Phecfsyr e of
the colum from which the hlagn? l er fraction }aTEe ff bei ng set
from 0. 1t crestion fp [k YARSE,SUFAIR g ey taberotf Sectigh is FBEP-S Rafr2t RETSHIY at i ng
pressure offroh®.Twl Liypréfesablyby cle ¢Hotcel amd/dp dithensidriag bf merhals hakiag aof f .
25  separating effect and/or by the installation of means which generate a pressure
drop.

In a further preferred process variant, the reflux from the upper common column
section can be regulated so that the ratio of the reflux stream in the feed section to
30 the reflux in the take-off section is from 0.1 to 1, preferably from 0.5 to 0.8.

More preferably, the top stream can be taken off in a temperature-controlled

manner, the measuring point for the control temperature in the upper common

region of the column being arranged at a point which is from 3 to 8, preferably
35 from 4 to 6, theoretical plates below the upper end of the column.

According to a further preferred process variant, the high boiler stream can be
taken off in a temperature-controlled manner, the measuring point for the control



Actording to a particular formof interconnection, it is possible partly or
5 conpletely to evaporate the bottom stream of the first colum in an
“evaporator and then to feed it to the second colum in two-phase formor in
the formof a gaseous and a liquid stream Wth the use of a dividing wall
colum as well as of thermally coupl ed colums, 10 the novel process can
preferably be carried out in a manner such that the feed streamis partly
or conpl et t Elqnh.ﬁf gql; i =ph orm or
in the for %ép%ﬁggggggg 1§\§gﬂg [ qtrJli ﬁggﬁelrg%ﬁnﬁlgg pr eeg/etggg?lgt ?gtﬁ éI’S

possi bl e i nprpterably. froar4 W ihearetiqabplatamabeyethmierertend of thesgolumn.col um
contains relatively |large anounts of nediumboilers. In this case, the
preevaporation can be _effected at a | ower tenperature |evel and the

evapor at or OFCHFHES L2 HHECE BIAsRs Y,aéﬁnbgher@? IB%E‘ICWF%HS@?CB,O?E‘HJ‘;& ri ppi ng
secti onsof lehel coagelnthediyuitievelsin Shdddtapoiatdildr yn thelboverbfake eolu@aul t of this
measure. T e.%ree aﬁoratte(gl st.rgll%m can be fed to the second colum in

t wo- phase f e B1°Ci9R 2CRBYS B8P m of two separate streans. The dividing
wal | colum for carrying out the novel process has, at the upper and at the
| over end Oflilet Ex‘zesgft\fh@nﬂgnvé@ol rel&"®! 4 Hﬂ/iciiﬁ%'vsiaﬂlltéo?lﬁnﬁ 8r (‘5‘4}1'5)5{)’% bhiged and/ or
gaseous sanpleS are taken continuously or at tine (nterva om t he col um
and 2 5 ar MQVE\ROeessalPading prallcolunes Rayingyfsem 3046109, nrefsmblpiremelOte y by
gas chn@mt@g&mkbﬁcalﬂa&b&equwlwguiﬁemfmﬁmrﬁmr mal Iy coupl ed col umms,
sanpling facilities are arranged anal ogously in the connecting |ines

bet ween those regions of the 3 0 thermally coupl ed colums whi ch correspond
to the regiBirsdisfributien of vhedhumberadf|thenmétivah plafdseovien thenindiyvidual regxgisadfned i n
nore detail i | [ . ig. 1
shows the stgggir‘g%g&cﬁm a(’grf(rﬁgrfgnﬁ g#]ﬁ rgfeéwygﬁ{ﬁ%\éﬁmﬂ?? ﬁ%gpﬁjﬁgﬁgwgé@roéﬁe gout t he
novel pr ocesdumn regorRi o thedividisgwatcobmn basdheras ta 58y peifergb F@mgél um
(TK) hawi nGoa0dh, \r He1BtalRhinbérof tibtretical PlafdsoRBgedlvigsid wadtdmher ei n and

di vides the colum i1nto an upper comon columm region 1, a | ower conmon
colum region 6, a feed section 2, 4 having a rectification section 2 and
strippi ng skch ippeferted @ntbodirhér eofofht dierlingowal, cdlurhnhehei fegd gpodritr dfpthieng

Sopar ot ed | epEE SRR A UATRE 80 i pdREorInt il fulyboult pfent e |
boi | er fracarramged A) differensheightsf in the cohenn, gueferabtyhfromol a0, in_rm}tﬁﬂlléﬁ: boi | er
fracti R (Cﬁroﬁlflg):}})tlg?thg&reﬁ@@ip?%tﬁstJlﬁnc‘)' um and the nmedium boiler fraction

(B) fromthe m e region o e take-of f section 3, 5. 10 A novel
di viding wall colum was equi pped with wire nesh packing and had 85

t heor et i cal Rgdaadiag th€ MtBmaki WHichShavbensepartiab difedt afd inihyt Be ubsdiyr theonmon
col umm regqi (ﬁ)ln

. 47 theoretical plates.in the region of .the dividing wall
2nd 20 ¢ hechaidia A eaRaE T me e mE RS RamRR graRed PR VT i ng
wal | col umandastadked packings or trays are suitable for this purpose. For cost reasons, trays,

25  preferably valve trays or sieve trays, are generally used in columns having a

diameter of more than 1.2 m.

In the case of the columns having stacked packings, stacked sheet metal packings
having a specific surface area of from 100 to 500, preferably from about 250 to
30 300, m*m? are particularly suitable.

In a preferred process variant, the liquid distribution in the individual regions of
the dividing wall column can be set separately in each case. Consequently, the total
energy requirement for separating the mixture can be minimized.

35
In the regions of the feed section of the dividing wall column, with particular
advantage, more liquid can be added in the wall region, and less liquid can be
added in the wall region in regions of the dividing wall column. As a result,



15 with a crude HDO stream which, in addition to HDO as the main conponent,
cont ai ned about 20% by wei ght of |ow boilers, including predom nantly PDO
" (about 10% by wei ght), 1, 2-cycl ohexanedi ol (about 4% by wei ght) and hexanol
(about 0.2% by wei ght), and about 2.5%)by weight of high boilers, including
di HDO et her as the mmin conponent, in~dn anount of 2% by wei ght. Moreover,
a 2 0 large nunber of further conponents, each in |ow concentration, were

cont ai ned gﬁ%&t}i?ke'a c%@cs) %} Moalr%: %Qoﬂ%@%%% Me\’ag ﬂ“ al '&h{cP ghhﬁés M:aCt' on.

Exanple 1 um- was opera préssure of
150 nbar arpagovedt | ux rat| o of 20. The |iqui d at the upper end of the
dividing wall was divided in equal parts between the feed section and the
take-of f sectioqon of the dividing wall colum, The crude HDO stream was

added to t henesoiyiding svalbeplumn simbe, eqginped nkith siagked pagkings ADAUMRSEY t aken

of f from t hackiBghid firurehdreagiphsat €. An on-spec product was 3 0 obtai ned,
i.e. a pure HDO containing 99% by wei ght of HDO Exanple 2 The apparat us

used for obtaining pure PDO fromcrude PDO by distillation was the 3 5 sane
as that usdtis possiHRQo(desnpthe dividing Malewahe forneoflioosaly mpered kegnodntsm was

oper at ed atTygs tl%ﬂsptroeééﬂﬁﬁerog %Otgdﬁg? h ﬁnglgaproﬂ{.l%e 4 -ag’s ?&blgoutt-ﬁge liquid

at the top o IVId 10 O 4:56
bet ween thedlYléM‘s«'él:Wlbmnand the take-of f section. The feed stream the
crude PPO, contained, in - 10 addition to PDO as the rrai n conponent, 25%

by wei ght . o oi | ers, d| n out 13% wei ght
1, 2-cycl oh fﬁﬁﬁ%ﬁ%rgi a V&B@ﬁ?ouf %e‘?@j’ﬁ‘fngo‘f’ %H%é{ﬁ‘é&"r Bnteraﬂdn%rﬁmﬁs %. 6% by
wei ght of \»rejnevaﬂlaségwmts aznﬁbhabﬂutlt &Y toreagihfronif onei side dfathe dhddingncl udi ng

about 43% f .ain. c nent 5 The crude PDO was added
to the 48tﬁ¥ trgee%’thg fldg)%s?%t%?&va% |\P/l|ﬁ”8r%1(ffmwall colum and the product,

pure PDO was taken of f fromthe 40t h theoretical plate. An onspec pure PDO

was obg 3 neﬂhel'e the C?rﬁu@fjgﬁht)?%g aﬂon'rrﬂagt al;arthcea?a'ﬁy %Z%Qéf HWRInLs, ok £DO 10

Exanpl e 3 A crude n ad it I n conponent,
cont ai ned a?Sesmtaeeoe%teyeq}a&ghﬁ b IIHSV\W%‘&W‘QF §hem%|1wimnpa@m%muy

geg f}agol (Qvlﬁét}é l@}sﬁcﬁ&l s) araﬁﬂed/fais efitenalt mgng Q. séﬁ/atrbung/\effeat Suctaad about
. 5% wel (0] Cl U redo nan .l
capr ol gct 0 lﬁ‘;’tb‘?)fup’ g /1%9” H?sfng?dgg%?cexﬁ’&‘? /Hg}oé%fyé n‘%ﬁoo?@ 42 d

net hyl est aloubkbwait @rgess ltn@nmgla;]ma)rowncgahyspaoe(wnabctwecn aisi gammevlagly ester
(about ,@. Ogﬁég jght) was added to the same colum as that described for
1 reo r

Exanpl e 9 a | arge nunber of conponents, 2 0 each in | ow
concentration, were contained in the low boiler fraction as well as in the

hi gh boi | erAcfd’o?dihg @ thel heeftiot, G fsgaly@bbsssmé Wﬂsé’\/ﬁi%nﬁ abngﬂe@bolen{r@p

pressure of. 50 ef rati,o at t he er end
b e
the feed seolumms ard eghivateak aooé f diswling ovall Tokinor ddeteBRO ofatheaddegyt o t he

32nd t? gor %Jlllﬁ?ﬁ{me?lllt a'{‘lﬁs %%aﬁthb% the ?rﬁléﬁ&on &U@S&QD&@EC&lygﬂeﬁfeklsftﬁlgm the

32nd t héoret on-spec oduct
whi ch cont afohynzg arp@azgltlaté@%"hwnw| sgw@blgffoun@f 8rerconnggtion can be chosen

according to the number of theoretical plates of the columns present.

The thermally coupled columns can thus each be equipped with their own
30 evaporator and/or condenser.

In a preferred process variant, only liquids are transported in the connecting

streams between the two thermally coupled columns. This is particularly

advantageous if the thermally coupled columns are operated at different pressures.
35

In a preferred interconnected arrangement of the thermally coupled columns, the

low boiler fraction and the high boiler fraction are taken off from different

columns, the operating pressure of the column from which the high boiler fraction



We claim 1. A process for working up by distillation the crude products
obtained in the 5 process according to DE-A 196 07 954 and cont ai ni ng

"1, 6- hexanedi ol (HDO), 1,5-pentanediol (PDO or caprolactone (CLO in order
to obtain the correspondi ng pure producjys, wherein the working-up by
distillation is carried out in each cast in a dividing wall colum (TK) in
which a dividing wall (T) is arranged in the |longitudinal direction of the

colum with; 0 0, C ion | ower
common col Ui Ao BtEReChofd LRES B GHTS IE 8 R et im e on
section (2)opaafing presspienyf thecelimn ffom ) Whm’idhalqmbeﬂ@fﬂacsenus token(&Ff. 5) havi ng
a stripping section (3) and rectification section (5), with feeding of the
respective crude, product HDO, PLO or CLOin the mddle region of the feed
section (2,A%50rdingaify & Pawiealaroform 19f gIRicseAINEPLian, ot isoROTSTYleE f PASHY tOFe bot t om

o]f the 33" Uéﬂgn 1|@ﬁ‘e1 ytol mp&ﬁteltﬁé bbticH sir@din OAtheVfirdt £d18mh AR 2R bvdgoeat&04nd™m and
or a nedi u Ol

romthe ddereglo f thetake of f
section (3, h§5’ to otth%ﬁef?é’g‘EW%HH’p’lné&’ Ig;aﬁ‘?#@'m OA“‘p‘P ffoeaseouss
clainmed in mkhahqlmdsmbmneln the distribution ratio of the liquid reflux at
t he upper end of the dividing wall (T) is set in a manner such that the
proportion of high-boiling key conponents in the liquid reflux via the
stri ppi ng s¥dth &a vsaypf afdividingt wialk colimnsascwelbas OB thebnally cowpedippglomnend of

the di vigdi ngheVaivkl f)@ceéssczfnr ﬁﬂ&éﬁ’ol&cbefs&{ﬁecproﬁ{ ir} %bllni(m{e? %ﬁ%k?@hvd%QheSQe/é’d of the

limt 25 permitted jn the |um boi | fraction , erein the
heat i ng pomgFCWStpﬁElyb‘Eﬁctoéﬂﬁ geaﬁﬁ?%a?ra@ﬂ Jngds Eﬁdvtpdh%@‘ﬂWImé‘BPWhﬁse( TK) is
set in a nmaforgrorsul e fofiabf b lgRscons aeda lighid@testh. t he | owboiling key
components in the liquid at the lower end of the dividing wall (T) is from
10 to 80% preferably from30 to 50% of the limt permtted in the medium
boiler 3 0 This E[HmV@E)rati®1 isApcpns'rhd:ce’ss paticalaniwhed the bottemmstiamr of2the ihvstr ei n t he

HDO punicf i f o
o0 SR ST S ESRE LEAISD COaen |02

col um are BVCS"%PQE%*@&C@@I b@l"/éfeﬁ‘ﬁé 2 tlpwel @mnefiéuqui@ﬂﬂﬂh%wﬂp@fﬁt@fcﬂfurm and
are recycl eghet @cémte cblfaderP¥hn erC@ﬂlb@éH Cmirtlié“ﬂno{é the @f s@e‘hoﬁ' @f' fRd in any
of claims 1 to (g \(ﬁ/nerelntgl %ﬁ F?‘HP qU| is fed
to the m ddi¥6Pegi0H Br 15t AR L BFYY (P, a‘4fesn"‘£t P t“éf'dls‘l’ﬁ nner
such that i precepsratet stfeatd cdndiecfmm%eos‘econdscoiumnah twadphase forrh.or An freocess as
cl ai meg4 n fb'?%ﬁ&ftwiﬁl fnd Wherein the distribution of the liquid

fl ow ng out of the S?’%‘Ippl ng Secti on (3) of the take-off section (3, 5) of
the dividing wall colum (TK) between the nmedi um boiler fraction (B) taken

of f and theTn@aMdlhgeJau%hﬁﬁs:mr% &It tﬁélﬁmteilf)?o&gsf h&E &L thehph é‘m@ of the
di vi di ng wal | | umm l%lsglaab &n Iatlonln g\lﬂma such 10
that the arﬁ}utﬁ? e ‘?'éfu‘? the £l lntgoW Bf P f‘?soﬁlas‘@]?:‘Ph {‘g es not
fall bel ow Si3¢owsf saintpiesnare mﬂ&en\mhu&uoxﬁly ér grthae $memvalscirei kel coldmmnghdof

claims L to t med] biI fr B) ken  of
i qui d or maélém;e%hgétgé og‘gtshs % Elg% a{i%me elrn 025%5 O%ftloél ap}e?er%l?ly orlg' %\%er ein
t he vapor s@fﬁ@@moataphhe | ower end of the dividing wall (T) is set in a

manner such that the ratio of the vapor streamin the feed section (2, 4)

to the vapo*\.lr tre m|n the take off section (3, .5) is from0.8 to 1.2,
preferably fegibgdimgent compgsing dhergially £ogplg CPH’@"@hé?IE@ ngnfgeiities are

di mensi oni ngmnfged niretopabsly hav ithg o@nﬁ@mgahn@g befweaht thabel/regioby dfhene

clai med® n Drgl GReREngE BRSGH EofORE R I PhRs ofind HEMRE BT o

col um sect¢(1iwn(1 1) is regqgul ated so that the ratio of the refl ux

The invention is explained in more detail below with reference to a drawing and
embodiments.
35
Fig. 1 shows the schematic diagram of a dividing wall column for carrying
out the novel process.



2 5 streamin the feed section (2, 4) to the reflux in the take-off section
(3, 5) is from0.1to 1.0, preferably from0.5 to 0.8. 9. A process as
claimed in any of clainms 1 to 8, wherein the |ow boiler stream (A) is taken
off in a tenperature-controlled manner, the measuring point for 3 0 the
control tenperature in the upper corrmjr? Tegion (1) of the colum being
arranged at a point which is from3 to 8, preferably from4 to 6,

t heoreti cal at es bel ow.t h pe nd of.  t ces

' med | n EIRgPedr ebpgn iy w8 B @it W hlSmign Kidvine « fvBRF SR8 1)
taken of f () avlhehrperaahmgeel— gamntalb} kledeimeandedivideh ehereabumin mgopmm appefror t he
control te 0 0 bel r yanged
from3 to 8§, atr@ rtegfragn% %eltog}ég eoglrée0 I calrg%{)rgtlaeéq2 do%ﬁ%hg Iaower end
of the col draﬁmg are@tsﬁqaponmegmt%@sdamp@m seedon A, andya tkewfhsagtion 3t 9 10,

wher ei nst heha'@ﬁ%' Mﬁlﬁ’ﬂhﬁ §écti%hr39z§ﬂ‘r€:§}ﬁdaﬁoﬁ @&%@n%f fl‘hé‘ﬂﬁ'!@tﬁré @%’ ®, C@)QHTbEO' and
the liquid | evel in the evaporator or t he bottom of colum is used

as a cont r cEPYateddp| %d "5ml§16 wd&#‘oe&@ afsﬂtﬂ feptrsertion %m‘& T&e loPaboHer1 to 11,
wher ei n t hefrdctigilial) & takdr Sfitat Bie tbp of ke ¢dh§ihﬂltﬁaaighrlﬂgle@ﬁactioﬂ @)G‘r@ﬁ the

03175 A 7, RS TR B T 0 e

i n the wal Iregiegioftheitakd-bff seamindns. 2 to 4 of the dividing wall coI um ( TK)
and lesg liquidis added in the wall region in the regions 3 and 5 of the
dividing wall colunmm (TK). 15 14. A dividing wall colum (TK) for carrying
out the probasueldividing wall colwmmyapeqeppedwith wise mesh packing andigad B3m 30 t o

100, pref erta&lryudau 9{&&0 cbﬁpﬂﬁngtﬂse%&ulsﬁlplakeﬁﬁesﬂe ber 'eoﬂlkﬁﬂncbdl‘&nﬁ\m I

I TK 4. wh
Coch maa TEGe 9. B4 Gowtital bRt Jortp R ahe S0 N Bk Sehbr o
t heoreti Calplqnhﬁireﬂleofpptheordmﬁn(bohgnﬂ\@églom(bl The d(vT(K))g widhl cobumih wadi feg wal |

el ;& Skl T A5G Rekd, Bhichy MABKENT, 1R, REelBa! chpdylfy ot ream

(A B poi n ) are
arranged atcodfairfedr gyout r?@f%g Ilmyswmtght I@é low| botlers, pnelﬂémabmdmmanﬂy tQO, in

particul ar (BE&H‘ lbeio :tr)g &éﬁhtt)hi?gcﬁ&lo‘ﬁéiaxﬁhfé‘l ‘%§oo%9%’7)§ by Weigit) @hy 'lﬂkﬁﬂ)l"‘m !

colum (TK) as cl ai cl al s ereln on nor e of
the regi ondaoutd.2% by peighis art%%b‘dﬁt\?lﬁﬁ"r?@ ‘O(%}Bht %MMO( 1y inc d§1?0 bor are
equi pped wi Hbosétaakzeokhe andéh Rgmpoherd &t amack sroX% aogdéveirghmmmenmt he

di vi di heat insul ating. in_the ares i e or
mor e 028,[ hea.t‘rgegl Onseré)?mfdreth napquen 8630 1 ﬂ). concentr ere OIE%H

i Vidi ng
clainmed in mﬂylmhc&\abméerjfmcuon airgd lm\ﬁhelh@hmcﬁlesfracttmnm VI d| ng wall (T) is in
the formof |oosely inserted segnents. 19. A dividing wall colum (TK) as
claimed in claim18, wherein the |oose dividing wall (T) has internal
manhol es orE¥ampledn e segnents which - 14

25  The dividing wall column was operated at a top pressure of 150 mbar and a reflux
ratio of 20. The liquid at the upper end of the dividing wall was divided in equal
parts between the feed section and the take-off section of the dividing wall column.
The crude HDO stream was added to the 52nd theoretical plate, and the product,
pure HDO, was taken off from the 28th theoretical plate. An on-spec product was

30 obtained, i.e. a pure HDO containing 99% by weight of HDO.

Example 2

The apparatus used for obtaining pure PDO from crude PDO by distillation was the
35 same as that used for HDO (Example 1). However, the dividing wall column was
operated at a top pressure of 100 mbar and a reflux ratio of 40. The liquid at the top
of the dividing wall was divided in the ratio of about 44:56 between the feed
section and the take-off section. The feed stream, the crude PDO, contained, in



make it possible to reach fromone side of the dividing wall (T) to the
other side inside the dividing wall colum (TK). 20. A process as cl ained
inclaiml using thermally coupled colums, wherein 5 the two thernally
coupl ed columms are operated at differﬁzﬁt pressures andl or wherein only
liquids are transported in the connecting streans between the two thernmally
coupl ed colums. 21. A process as clained in claim20, wherein the | ow

boil er fracty ( i j | i re t. .off from
di fferent c%ﬁdﬁ%ﬁls@%@g%%@e %%glrg#rﬁﬁogn%%ir 62§§/oul§§e%§¥ghf ﬁfeiot?%)fjﬁlrlr‘%s’flrﬁgl‘riﬁgm ich the
hi gh boi | erabontit3%dry weghi of i.23kcynlobéxanediok eboyr bf%rigbivgight ofb@anediad 2, in
particul ar 0 I 0, i r r fnt he
colum f romacﬂ’\/_(\ilh{ﬁgcoct%lt ? hée?glbépwwg%rhf g?v*%%é%ltg ?gﬁé’g%d zlﬁ)gﬁ]? _tgéﬁbgf‘?agti{S@fZ%ghA
process as Railsrsringlydingahpub 3 by weight of DQmg thomgi ¢nRARERtal |y coupl ed
columss wherein the bottomstreamof the first colum is partly or

conpl etely gvapora in a aporator and is then fed to the second colum
0 Pwo. phasEheranng BBY w flief {5 B RlnsARBeni i 6T medhuiting wil BRS0 55,

An appar at umdfthe peaducyipage BDO, twas takencesf$ Sroas thel 40thngeboreticahplaef Anl @i-ns 1 and
20 to 22, ' pl e ' i

evapor at or V@%ﬁ '81%’ %@%@%ﬁsg{m&gg’ S go‘ﬁ- 8&@5%%31&%; 2@%%%1%}7%;%? ﬁggﬁz;lrorfyi ng out
the processPRR@.claimed in any of clains 1 to 13 or as clained in any of
clains134 to 19, wherein sanpling facilities are set up at the upper and at
the lower end of the dividing wall (TK), via which facilities liquid and/or
gaseous sa #8Pled t aken conti nuousl y or at time intervals fromthe colum
and are investigated with regard to their 3 0 conposition, preferably by

gas chromat por ap o Prich G AdiddPH A" thePhaty| sdibonait, Sontatnga Aodt>M —S |
| (zBEVMQA, / 2:§%opy " Weigbtaof dpwapaiddrs,ajnchiding pajdoajivaitiyairetijana] ¢aptapya] ca] ca]
ca] ca] gg] Ca\lét%i/gilﬁ ?alng? %@?ﬂg&?ﬂk@ﬁ% 6¢ Weigti), Ynd about 0.5% by weight of high

nZpeas
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Cr <M>?#% k BoBCD. ) )
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a] ca] ca] ca] @édjma bs diac d¢sceibedifor Axampbal  MofeGk-] & Ldrgd) Miekdd of omponents,
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VXXXnyKz~z hhj VWKL T rm1 r@ssPtVuv}xsnid Z]c al cal cal cal.ca] ca]ca]c
a] ca] Za] ca?@gﬂ %ﬁ{idd%ﬁ & I(Pg}m'-g‘glfggf ?ﬁf@?ﬁﬁ]a}éa? @éﬁ%%c‘%}s@a‘}‘ﬁ@%@g% é} ca} ca} c
awa?!' S " 108%8bo Of 38ITR&lidulid hiZth® UBpdr)end of &kdi()dingl Wk Wa} divided in the ratio
R ( )- * L) -S3" 1008 (L) -1]° S3"100 " ().-1S3" 100 ' "100

éO (/ q)&_ géé;‘\’\?%f{ a%?@?§‘g@ )pe@%&],}g}/ %e@is&%?s%dl%%-@f sflccti%%. Jf(ﬂﬁﬁigde(l)DbSB 1090
10F: 109%&' ()W#s ®kigd'ta ther33nd thegstical phays and the @oduct, pure CLO, was taken off

from the 32nd theoretical plate. An on-spec pure CLO was obtained, i.e. a product

which contains at least 99% by weight of CLO.

30
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(HDO), 1,5-pentanediol (PDO) or caprolactone (CLO) in order to obtain
the corresponding pure products, wherein the working-up by distillation is
carried out in each case in a dividing wall column (TK) in which a dividing
wall (T) is arranged in the longitudinal direction of the column with
10 formation of an upper common column region (1), a lower common
column region (6), a feed section (2, 4) having a rectification section (2)
and stripping section (4), and a take-off section (3, 5) having a stripping
section (3) and rectification section (5), with feeding of the respective crude
product HDO, PLO or CLO in the middle region of the feed section (2, 4)
15 and removal of a high boiler fraction (C) from the bottom of the column, of
a low boiler fraction (A) via the top of the column and of a medium boiler
fraction (B) from the middle region of the take-off section (3, 5), or in

thermally coupled columns.

20 2. A process as claimed in claim 1, wherein the distribution ratio of the liquid
reflux at the upper end of the dividing wall (T) is set in a manner such that
the proportion of high-boiling key components in the liquid reflux via the
stripping section (3) of the take-off section (3, 5) at the upper end of the
dividing wall (T) is from 10 to 80%, preferably from 30 to 50%, of the limit

25 permitted in the medium boiler fraction (B), and wherein the heating power
in the bottom evaporator of the dividing wall column (TK) is set in a
manner such that the concentration of the low-boiling key components in
the liquid at the lower end of the dividing wall (T) is from 10 to 80%,
preferably from 30 to 50%, of the limit permitted in the medium boiler

30 stream (B).

3. A process as claimed in claim 1 or 2, wherein the HDO purification column

and the PDO purification column are connected in a manner such that the

HDO fractions remaining in the top stream of the HDO column are

35 recovered via the bottom of the PDO purification column and are recycled
to the HDO purification column.

4, A process as claimed in any of claims 1 to 3, wherein the flow rate of the
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6. A process as claimed in any of claims 1 to 5, wherein the medium boiler
fraction (B) is taken off in liquid form.

15
7. A process as claimed in any of claims 1 to 5, wherein the vapor stream at
the lower end of the dividing wall (T) is set in a manner such that the ratio
of the vapor stream in the feed section (2, 4) to the vapor stream in the take-
off section (3, 5) is from 0.8 to 1.2, preferably from 0.9 to 1.1, preferably
20 by the choice and/or dimensioning of internals having a separating effect

and/or by the installation of means which generate a pressure drop.

8. A process as claimed in any of claims 1 to 6, wherein the reflux from the

upper common column section (1) is regulated so that the ratio of the reflux

25 stream in the feed section (2, 4) to the reflux in the take-off section (3, 5) is
from 0.1 to 1.0, preferably from 0.5 to 0.8.

9. A process as claimed in any of claims 1 to 8, wherein the low boiler stream
(A) is taken off in a temperature-controlled manner, the measuring point for
30 the control temperature in the upper common region (1) of the column
being arranged at a point which is from 3 to 8, preferably from 4 to 6,
theoretical plates below the upper end of the column.

10. A process as claimed in any of claims 1 to 9, wherein the high boiler stream

35 (C) is taken off in a temperature-controlled manner, the measuring point for
the control temperature in the lower common column region (6) being

arranged from 3 to 8, preferably from 4 to 6, theoretical plates above the

lower end of the column.
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5
12. A process as claimed in any of claims 1 to 11, wherein the liquid
distribution in the individual regions 1 to 6 of the dividing wall column
(TK) can be set separately in each case.
10 13. A process as claimed in any of claims 1 to 12, wherein more liquid is added

in the wall region in the regions 2 to 4 of the dividing wall column (TK)
and less liquid is added in the wall region in the regions 3 and 5 of the
dividing wall column (TK).

15 14. A dividing wall column (TK) for carrying out the process as claimed in any
of claims 1 to 13, comprising from 30 to 100, preferably from 50 to 90,
theoretical plates.

15. A dividing wall column (TK) as claimed in claim 4, wherein the column
20 regions 1 to 6 each have from 5 to 50%, preferably from 15 to 30%, of the
total number of theoretical plates of the dividing wall column (TK).

16. A dividing wall column as claimed in claim 14 or 15, wherein the feed

point of the stream (A, B, C) and the take-off point of the medium boiler

25 stream (B) are arranged at different heights in the column, preferably from
1 to 20, in particular from 10 to 15, theoretical plates apart.

17. A dividing wall column (TK) as claimed in any of claims 14 to 16, wherein
one or more of the regions 2, 3, 4 and 5 of the dividing wall column (TK) is
30 or are equipped with stacked packings or dumped packings and/or wherein
the dividing wall (T) is made heat-insulating in the areas adjoining one or
more of the regions 2, 3,4 and 5.

18. A dividing wall column (TK) as claimed in any of claims 14 to 17, wherein
35 the dividing wall (T) is in the form of loosely inserted segments.

19. A dividing wall column (TK) as claimed in claim 18, wherein the loose
dividing wall (T) has internal manholes or removable segments which
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5 the two thermally coupled columns are operated at different pressures
and/or wherein only liquids are transported in the connecting streams
between the two thermally coupled columns.

21, A process as claimed in claim 20, wherein the low boiler fraction (A) and
10 the high boiler fraction (C) are taken off from different columns, and the
operating pressure of the column from which the high boiler fraction (C) is
taken off is set preferably from 0.1 to 2, in particular from 0.5 to 1, bar
lower than the operating pressure of the column from which the low boiler
fraction (A) is taken off.

15
22. A process as claimed in any of claims 1, 18 and 19 using thermally coupled
columns, wherein the bottom stream of the first column is partly or
completely evaporated in an evaporator and is then fed to the second
column in two-phase form or in the form of a gaseous and a liquid stream.
20

23. An apparatus for carrying out the process as claimed in any of claims 1 and
20 to 22, wherein thermally coupled columns each having their own
evaporator and/or condenser are used.

25 24 An apparatus for carrying out the process as claimed in any of claims 1 to
13 or as claimed in any of claims 14 to 19, wherein sampling facilities are
set up at the upper and at the lower end of the dividing wall (TK), via
which facilities liquid and/or gaseous samples are taken continuously or at
time intervals from the column and are investigated with regard to their

30 composition, preferably by gas chromatography.



