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0050/'4663?050/46632Wepar ation of 1,6-hexanedi ol and caprol act one

Description 5 The present invention relates to a process for preparing
1, 6- hexanedi ol and caprol actone, preferably in a purity of at | east 99%
which are, in particular, virtually free of 1, 4-cycl ohexanediols, froma

carboxylic acid m xture which is 10 obtai ned as a by-product of the

oxi dat i onPoepayat irexegna , 6 shexamadilodhand noaeralseckohexanol usi ng oxygen or
oxygen- cont ai ni ng gases and by-water extraction of the reaction m xture,
by estggggfgﬁﬂé}p and hydrogenation of a substreamto give hexanedi ol
and cycl | zati on of 6-hydroxycaproic esters, with the 15
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% of 1, 4- 696I%e&@ﬁe‘-ﬂ on §p olmmediasm Rsep €0 @5 Lebriqandsi dsand al so many
furthe0 isgbamoed.ar boxylic and di carboxylic acids, esters, oxo- and oxa

conpounds whose i ndividual contents generally do not exceed 5% Exanpl es

whi ch maybe_genidied akea a&%u‘édaﬁtbﬂom@f qml%'lﬁgaﬁi&k 4RiBHt YL T e d,

valeric a | | | acl d succinic aci d,
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in the presence of catalysts

The aqueous solutions of carboxylic acids which are formed in the

oxidation of cyclohexane to cyclohexanol and cyclohexanone (cf.
Ullmann’s Encyclopedia of Industrial Chemistry, 5. Ed., 1987,

30 Vol. A8, p. 49) as by-products, hereinafter referred to as
dicarboxylic acid solution (DCS}), generally comprise (calculated
in % by weight on an anhydrous basis) from 10 to 40% of adipic
acid, from 10 to 40% of 6~hydroxycaproic acid, from 1 to 10% of
glutaric acid, from 1 to 10% of 5-hydroxyvaleric acid, from 1 to

35 5% of 1,2-cyclohexanediols, from 1 to 5 % of 1,4-cyclohexane-
diols, from 2 to 10% of formic acid and also many further
mono~carboxylic and dicarboxylic acids, esters, oxo- and oxa
compounds whose individual contents generally do not exceed 5%.
Examples which may be mentioned are acetic acid, propionic acid,

40 butyric acid, valeric acid, caproic acid, oxalic acid, malonic
acid, succinic acid, 4-hydroxybutyric acid and y-butyrolactone.

—+

DE 2 321 101 and DE 1 235 879 disclose the hydrogenation of these
agqueous dicarboxylic acid solutions at from 120 to 300°C and

45 pressures of from 50 to 700 bar in the presence of catalysts
comprising predominantly cobalt to give 1,6-hexanediol as main
product. The hydrogenation products are preferably worked up by



conpri si ngORBeA48832nt |y cobalt to give 1,6-hexanediol as main  product.

The hydrogenati on products are preferably worked up by 0050/ 46632
2 distillation. Even with an extrenely high distillation ef ficiency,
this work-up succeeds only inconpletel%, if at all, in separating the
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pure adi pi C ver n 0 eDCS. In addition,
t he car box |°cdég#ﬁr?ﬁe&.%ﬁl}'%gggf’g}v'%%%%a%%t%%(ﬁlg?#m a(%ll. trl{l of gxcl ohexane is
a waste pr QFEEYIRAPEPREIANLAGFpERe TOF i 1hS, AT TRt BV th@ Mt eri al s
present, fdwdsegepabiemtand is thesefrre Gemplicatadr ol act one has | ong been
prepared industrially exclusively from 35 cycl ohexanone by the

Baeyer - \ag |10 ®E-axp daéo o3us,l Rekhi pupe ar,hexanedipl obs whtpdnedompounds are
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from DCS has_'al so, alre b d ; exanple in DE 1 618 143.
In this pr0§5§§}aﬁadd%€é¥§roe§§58§a?§§t le%a'glllo%gégéct ed with phosphoric acid

and a . .
A further possible way of obtaining highly pure 1,6-hexanediol is

25 to hydrogenate pure adipic acid or pure adipic esters in place of
DCS (K. Weissermel, H.J. Arpe, Industrielle Organische Chemie,
VCH-Verlagsgemeinschaft Weinheim, 4th edition, page 263, 1994).
However, pure adipic acid is very expensive in comparison with
DCS. In addition, the carboxylic acid mixture obtained in the

30 oxidation of cyclohexane is a waste product which should be
utilized in terms of the materials present, for environmental
reasons too.

Caprolactone has long been prepared industrially exclusively from
35 cyclohexanone by the Baeyer-Villiger oxidation. In this process,
explosive per compounds are either used or occur in the process.

The preparation of caprolactone from DCS has also already been
described, for example in DE 1 618 143. In this process,

40 dewatered DCS is thermally reacted with phosphoric acid and a
mixture of dicarboxylic acids, caprolactone and many other
components is fractionated. The bottoms obtained are sometimes
solid and sparingly soluble. Even after further work-up by
distillation, the caprolactone has a purity of only 98%.

45



“m xture oOHOI#AE663/|ic aci ds, caprol actone and many ot her conponents is

fractionated. The bottons obtained are sonetines solid and sparingly
sol ubl e. Even after further work-up by distillation, the caprol actone
has a purity of only 98% 45 9050/ 46632
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essenti al I y ycaproic esterd is separ ated at |east partially

fromthe ester fractlonln a. . . .
a) the monocarboxylic and dicarboxylic acids present in the

aqueous reaction mixture are reacted with a low molecular
25 weight alcohol to give the corresponding carboxylic esters,

to

b) the resulting esterification mixture is freed of excess
alcohol and low boilers in a first distillation stage,

30 ¢) the bottoms are fractionated in a second distillatiomn stage
to give an ester fraction essentially free of
1,4-cyclohexanediols and a fraction comprising at least the
major part of the 1,4-cyclohexanediols,

35 d) a stream containing essentially 6-hydroxycaproic esters is
separated at least partially from the ester fraction in a
third distillation stage,

e} the ester fraction from {(d), from which the 6-hydroxycaproic
40 esters have been removed at least partially, is catalytically
hydrogenated and 1,6-hexanediol is isolated by distillation
of the hydrogenation product in a manner known per se and

f) the stream containing essentially é6-hydroxycaproic esters is
45 heated to above 200°C under reduced pressure, thereby
cyclizing 6-hydroxycaproic esters to give caprolactone, and



third di stq%oa/tlllsosn:’zst age, e) the ester fraction from(d), from which

t he 6-hydroxycaproic 40 esters have been renoved at |east partially, is
catal ytically hydr ogenat ed and_ 1, 6- hexanedi ol is isolated by
distillation of the hydrogenatfon product in a manner known per se
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heat ed to abowy Ad6kerldfiamder reduced pressure, thereby cyclizing
6- hydr oxycaproi c esters to give caprol actone, and 0050/ 46632 ‘
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referred u
P ols are generally those having from 1

s

low mogecular weight a

25 to 10 carbon atoms, in particular alkanols having from 1 to 8
carbon atoms. Diols such as butanediol or pentanediol are also
suitable in principle. Should caprolactone and adipic ester be
isolated, it is also possible to use alcohols which have higher
boiling points than caprolactone, e.g. 1,6-hexanediol,

30 octadecanol or trimethylolpropane.

The industrially preferred alcohols used for the esterification
are n- or i-butanol and in particular methanol.

35 In the case of the esterification using methanol (variant A), the
procedure is to obtain, in the distillation stage (c), a methyl
carboxylate fraction essentially free of 1,4-cyclohexanediols at
the top of the column and a fraction comprising the high boilers
and the 1,4-cyclohexanediols as bottoms and to catalytically

40 hydrogenate the methyl carboxylate fraction in the hydrogenation
stage (d).

If n- or i-butanol is used for the esterification (variant B),
the 1,4-cyclohexanediols together with the low boilers are

45 separated off at the top in the distillation stage (c) and the
butyl carboxylates are obtained as a side stream or as bottoms
comprising these and are subsequently introduced into the



are n- or posoy/ass#l32and in particular nethanol. 35 In the case of the
esterification using nethanol (variant A), the procedure is to obtain, in
the distillation stage (c), a nethyl carboxylate fraction essentially
free of 1, 4-cycl ohexanediols at t he gop of the columm and a fraction
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or into aE di ﬁs esters are
The proces f’t'ﬁtépg R Entlon andlts variants A (Fig. 1), 5B

(Fig. 2), C(Fig. 3) and D (Fig. 4) are explained in general as foll ows
(where tfeVesiantitAt he top neans that the offtake is above the feed
poi nt and as bottons neans that the offtake is bel ow the feed point):
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esters, angaaseédttom fusther formtiismatgorseelumninaKzyinfwhich the ester

fraction is fractionated into a top product consisting

25 essentially of diesters of adipic acid (ADE), preferably dimethyl
esters, and a bottom product consisting essentially of
6~-hydroxycaproic esters (HCE), preferably methyl esters.

The fraction containing essentially diesters of adipic acid is

30 then hydrogenated in the catalytic hydrogenation R; to give
i,6-hexanediol which is distilled in the column X4 to give the
pure product.

The 6-hydroxycaproic ester fraction is subjected, in the reactor
35 R , to a thermal treatment at above 1009C, generally from 150 to
350°C, preferably from 200 to 300°C, under reduced pressure, e.q.
from 900 to 10 mbar, preferably from 300 to 20 mbar; this leads
to cyclization of the ester to form e-caprolactone which is
distilled in the column K5 to give the pure product.
40
Variant B:

This differs from variant A in that alcohols having from 4 to 10
carbon atoms are used for the esterification. Preference is given
45 to using n—- or i-butanol. This results in a reversal of the
fractionation in the distillation column due to the increase in
the boiling points of the esters, i.e. the ester fraction (EF) is



6- hydr oxycaposotae632rs (HCE), preferably nethyl esters. The fraction
containing essentially diesters of adipic acid is 30 then hydrogenated in
the catal ytic hydrogenation R2 to give 1, 6- hexanedi ol which is distilled
[ ntthef colum Klerr] bt 0 give the puge product. The 6- hydroxycaproic
ester fracti,qn.i s subjecte i he egg;&r. 5 ot ek eat ment
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to 300[err ]ﬁa’ti’n@é‘?“"?@dﬁ%efd’%rfé?gﬁ?“é’,‘afe’:‘bq colugp ; “chﬁog‘ﬁ%ar este

pref erabl y 4% adi®de eei@0(ARFar; PrRFeraRLfLhe AEBUEYL |§558F I 0hSof Y he ester
to form é- catpredinedt encbottais iand theli GthiydrogyraAproke @ftemm REeferghl®e t he
pure prodsicthe 4htylVastén) i¥ obtalhed &k fopr prodoct v afitemt wAich both are

al cohol s hayiAgd L@Méd &8schlibedc3nboar admim.are used for the
esterification. Preference is given 45 to using n- or i-butanol. This

results in a reversal of the fractionation in the distillation colum
due to the ?ﬁ:’r"é‘é"s ‘in the boiling points of the esters, i.e. the ester
fraction (EF) is 0050/ 46632 obt ai ned here as bottons. As shown

in Fig. 20 IhetlEs verineh, thegaiistpibakipnm iphshere@tyifafizngne HFudFeKs3 in
whi ch the diemdisied iatoadmeidistdildatidi)stagesferably the di butyl ester, is
now obtained as bottoms and the 6-hydroxycaproic ester, preferably 5 the
butyl esterysis,Qht 3hnpdqass ! QhePeBEEE midhirel (M%%Mﬂédﬁlh@re wprked up
oo doser | DL UILIL Ty s, MAMEN) fuvsr ol 0 eidtblon Winey |
st age. 15@%&?1%“‘?7:5?“%:' t'ffe s&??%‘?&f?xﬁ"u? e iﬁﬁl%%ﬁqa;&%%ggﬁgééi%lj' _
esterificatawh the rdirishesterapregerabhy dimetly a?%'?ﬁF'at’ﬁnﬁ,s%BtE‘? e¥ter abl y
met hanol , i sn sugpesc sddet of Stdkenctthenbrhyiimdyicaprpbp estemd prréesabpy cthe
ester, prefgeablly otert hyé bsdlated ati solawead sdtle offimkeppad shde of f t ake,

the 6-hydr oxy£apsfidheRah8dioly irdr 8BLyidde as bGRELYS. ester, is isolated at
a | ower gpde offtake and the 1, 4-cycl ohexanedi ol s are obtai ned as

bott ons.
The adipic ester and 6-hydroxycaproic ester fractions are then

worked up as described in Fig. 1.

variant D:

25
This embodiment corresponds to the variant C with the difference
that the esterification is carried out using alcohols, including
diols, having from 4 to 10 carbon atoms, preferably n— or
i-butanol. Owing to the reversal of the boiling point

30 relationships, 6-hydroxycaproic esters are obtained as an upper
side stream, adipic esters are obtained as a lower side stream
and the 1,4-cyclohexanediols are obtained as the top product. The
further processing of the ester fractions is then carried out as
described above.

35
The process of the present invention is explained in detail below
for the variant A with the aid of Fig. 5. The reaction conditions
are equally valid for the other variants.

40 The process steps are classified into stages, where the stages 2,
3, 4, 5, 6, 7 and 12, 13 and 14 are essential to the process
{however, stages 5, 6, 7 only if hexanediol and not adipic
diester is isolated as such) and the stages 3 and 4 as well as 6
and 7 can be combined. The stages 8, 9, 10 and 11 are not

45 strictly necessary, but may be useful for improving the economics
of the process.
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monocarboxylic acids present in the DCS, essentially formic acid,

25 can be mostly distilled off with the water so that they do not
bind any esterification alcohol in the esterification.

Alcohol ROH having from 1 to 10 carbon atoms is mixed into the
carboxylic acid stream from stage 1. It is here possible to use

30 methanol, ethanol, propanol or iso-propancl or mixtures of these,
but preferably methanol, on the one hand or C4 and higher
alcohols, in particular having from 4 to 8 carbon atoms and
preferably n— or i-butanol or else n-pentancl or i-pentanol, on
the other hand. The mixing ratio of alcohol to carboxylic acid

35 stream (mass ratio) can be from 0.1 to 30, preferably from 0.2 to
20, particularly preferably from 0.5 to 10.

This mixture goes as melt or solution into the reactor for stage
2 in which the carboxylic acids are esterified with the alcohol.

40 The esterification reaction can be carried out at from 50 to
400°C, preferably from 70 to 300°C, particularly preferably from
90 to 200°C. An external pressure can be applied, but the
esterification is preferably carried out under the intrinsic
pressure of the reaction system. The esterification apparatus

45 used can be a stirred reactor or a flow tube or a plurality of
each of these can be used. The residence time necessary for the
esterification is from 0.3 to 10 hours, preferably from 0.5 to
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8 of a cat aI S rere
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catal yst. Exanpl es of honpbgeneous catal ysts are sulfuric aC| d,
phosphor i Thecicegmphgtieness o thactenvensdiopnpt the deeuchrbexyls groups
p- t ol uenesiddsamitc iactie detbexgpdt yacidmedtichs adetarmdatapby s of thaci d
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in the system have to be present as esters of the alcohol used,

but some of them can be present in the form of dimeric or

30 oligomeric esters with the OH end of the hydroxycaproic acids.

The esterification mixture is fed to stage 3, a membrane system
or preferably a distillation column. If a dissolved acid has been
used as catalyst for the esterification reaction, the

35 esterification mixture is advantageously neutralized with a base,
with from 1 to 1.5 equivalents of base being added per acid
equivalent of the catalyst. As bases, use is generally made of
alkali metal or alkaline earth metal oxides, carbonates,
hydroxides or alkoxides, or amines, as such or dissolved in the

40 esterification alcohol.

If a column is used in stage 3, the feed to the column is

preferably between the top and bottom streams. At the top, the

excess esterification alcohol ROH, water and corresponding esters
45 of formic acid, acetic acid and propionic acid are taken off at

pressures of from 1 to 1 500 mbar, preferably from 20 to

1 000 mbar, particularly preferably from 40 to 800 mbar, and at
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15 acid raﬁf&@'@ 2138038, Hlde:anay Ebafpfsatt% b80¢ NE{FA%Cph gwu

or organic 0{01 e,{?g?ang [S Qtont al nihg, efrort])lecl%gl.ne ¢ carb rabl a%d
gr oups. Th#> sof %ts Can Se use I'm~a IS5 3 P §5°52°Y
suspensi onW°r ?rfb?rﬁé'i? Iehe reaction is advant ageousl y renoved
continuously, e.g. by means of a rrenbrane or distillation. The

conpl et eAeThe diotitivan popdecsicbtadnedhdsf areestanboytuge o istipgesent in
the car boxgtéomitiahtI§! bfi chélaisetisned tie EVBHhoAf ROBEUSE agith nunber (ny
KOH g) Weaayéefbaith bB2as el @3- abilipis. aamé Ring iH@éfﬁPtéc% of any acid
added as C@%&&gm oagh&%iaos Wop oo 4 r#ﬁagwpc did Qph0. Mot all

of the car resent as
esters of (?Ieﬁ'édac" t?L?F?EJ %’fs 14 5’% ré'seel’?lrlntheform
of di rrellpce%?e’e{flcﬁq Joferyeldhsanedipls- t?i“e o esdusefehdchypddewyaaproic
aci ds. affben te stfe Water agndfrmiaticoheli ROH enf tup tpade By weigbtbpfneaslyst em

or preferabdyremalirstinl théi esteaximinturei Phelilzsdioncdemperhthnesbaes fromsed

as catal ysyofes d9vecespeéidifialyl ePoncoe i D20b0§¢ Part@tiabirly Catd AlrdB1xt Ur e
I's advant agggy d%eg,_%utlggi,é zed with a base, with from1l1l to 1.5 equivalents

of base e| ng a per acid equi val ent of the catalyst. As bases, use is
- gener al F‘y nade of al kali nmetal or aI kal i ne earth netal oxjdes,

car bonat esT™® $RRFAALE BFAF ox MHaEh Bas brefedargely fapeg ofi webeted in
the 40 est@rdfestanificatéoncalcohol RPHga ig|fadh tosstiagel 4n Thegdetsertie feed
to the col amiistsillatpoef eokipny ipetwhdeh the flempl dsdbbtweermtster eans. At t he

top, the 1lowXsENSRsempbhemdd @ndaltieelgiRBdildagesompshats.egpandi ng
esters 4g eélm{ msc kgteéceé G RChE eadawoepl BRé fe A1 e&emt%eggoff at
pressur es a p;pg@ Fietig TEIAP'S6 LLORGR (dna fe000 Mo

parti cul ar era

n
from "?? F}%rﬁa@?’ tgopaf r’]‘l@ran(ﬁ’alrﬁlﬁ‘é}?’ﬂcle ar
from 259¥%feFE§[he1rYr]f€°mTh tcStzroé’a 88n either be incinerated or preferably
be wor ked up further in stage 11.
25 The top fraction consists predominantly of residual water and
residual alcohol ROH, esters of the alcohol ROH with
monocarboxylic acids, predominantly C3-Cg-monocarboxylic esters
with hydroxycarboxylic acids such as 6-hydroxycaproic acid,
5-hydroxyvaleric acid and especially the diesters of dicarboxylic
30 acids such as adipic acid, glutaric acid and succinic acid,
1,2-cyclohexanediols, caprolactone and valerolactone.

The components mentioned can be separated off together at the top
or, in a further preferred embodiment, fractionated in the column
35 of stage 4 into a top stream containing predominantly residual
water and residual alcohol and the abovementioned constituents
having from 3 to 5 carbon atoms and a side stream containing
predominantly the abovementioned constituents of the Cg-esters.
The stream comprising the esters of the Cg-acids, either as total
40 topstream or as side stream, can then go to the hydrogenation
(stage 5), the amount depending on how much caprolactone is to
be prepared; in the limiting case, without caprolactone
production, all goes to the hydrogenation. However, according to
the present invention, it is fed in part or as the total stream
45 to stage 12.
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acid and egpe ly the di esters of di carboxylic 30 acids such as adipic
acid, glutarit aeid and succinic aC|d 1, 2- cycl ohexanedi ol s,
caprola one and val erol act one. conponents nmenti oned can be
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stream conprisin e esters t he acl er as total 40 topstream

or as side stream can t hen go to .the hydrogenation st age 5 the
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oxides, metal compounds or mixtures thereof. Examples of

homogeneous catalysts are described in H. Kropf, Houben-Weyl,

Methoden der Organischen Chemie, Volume IV/1lc, Georg Thieme

Verlag Stuttgart, 1980, pp. 45 - 67, and examples of

30 heterogeneous catalysts are described in Houben-Weyl, Methoden
der Organischen Chemie, Volume IV/lc, pp. 16 - 26.

Preference is given to using catalysts comprising one or more of
the elements of transition groups I and VI to VIII of the

35 Periodic Table of the Elements, preferably copper, chromium,
molybdenum, manganese, rhenium, ruthenium, cobalt, nickel and
palladium, particularly preferably copper, cobalt or rhenium.

The catalysts can consist entirely of the active components or

40 the active components can be applied to supports. Suitable
support materials are, for example, Cr,03, Al;03, 8iO;, 2r0Oz, TiO;,
Zn0,;, Ba0 and MgO or mixtures thereof.

Particular preference is given to catalysts as are described in
45 EP 0 552 463. These are catalysts which, in the oxidic form, have
the composition
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products never become liquid during the reaction. The excess
hydrogen is preferably circulated, with a small part being able
30 to be bled off as waste gas to remove inerts such as methane. One
reactor or a plurality of reactors connected in series can be
used here.

If the hydrogenation is carried out in the liquid phase over a

35 fixed-bed or suspended catalyst, it is generally carried out at
from 100 to 350°C, preferably from 120 to 300°C, and pressures of
from 30 to 350 bar, preferably from 40 to 300 bar.

The hydrogenation can be carried out in one reactor or a

40 plurality of reactors connected in series. The hydrogenation in
the liquid phase over a fixed bed can be carried out either in
the downflow or upflow mode. According to a preferred embodiment,
use is made of a plurality of reactors, with the predominant part
of the esters being hydrogenated in the first reactor and the

45 first reactor preferably being operated with circulation of



0050/'466320050/46632 11 [err] where a > 0, b >

O, c[err] O, d>0, a>b/l2, b>al4, a>c, a>d and x is the nunber
of oxygen ions required per formula unit to 5 achieve electrical
neutrality. These catal ysts can be preagared, for exanpl e, by the nethod

descri bed iy g_ggdef %83 R¥oval péx?&'tﬁiet @Bbvﬂgtfé’éﬁ'z'@cléo bﬁL f;%m?gnds

fromsolutio rrespnln t al rm of
t heir sal tlg tng %%T’zf tbﬁd wggﬁ?uga?%rc *&Rarmpl € ’9%%% dé’s %u’i“fertséso and
nitrates. 10 Suitable precipitants are aII agents which Iead to the

f or mati on Theohy@regsnadlion gearbedanrisdputhbatehwisec onveretrkabityo t he

oxi des 5 bpntheuowslyts eatnent. Particularly suitable internediates are the
hydr oxi des and car bonat es or hydrogencarbonates, so that particularly

preferred phgch ai@&@&ﬁ%% bkahdt rﬁ’&?élsq'ﬁr QQQ@&E&I&? Qf ?Wiﬁe

carbonat e. aﬁg olrgagma?\&lr Aled N&nsRE ELIREL r%sprlngé .{Jgn 5%; rr]C
to 1000[err S | or aration o t BF ’'s e BET
surface aré& #’ e ld1")95§§r?§mf ‘Eﬂ?FfGaPS 4 i%(?erﬁ?/ gse9o0 Pr eference is

gi ven td-°u§|'ﬁgPﬁ%'E%‘I“?fb‘éﬂeoés4ca‘E%R‘§%q’s°l\mllcﬁ gyelohexagediel s mnd £&padlf j xed
bed or as amounpensf menoaficphels hawihofarmt Lote it aaxbenedtens and t he gas
phase and eweera fixed-bed catal yst, tenperatures of from 150 to

300[err] C and pressures of froml1l to 100 bar, preferably from 15 to 70

bar, are 23,0epg 'é,y f‘de SME 1ce'é1 nlé}xkbﬁralﬁ)édé SE’é}Qtdno re?¥9£€if s | east

U

d |
2u\éﬁn;ﬁ a?rgiﬁ%é Ite Ylox% Q?erlzg?ro%el nf"‘ rre%‘arc{ é%dgrac BRTELs never
becone |i qdP#°dERe Ryt ‘Tcﬂ’é’ r BYH tVIEﬂ'F 'ﬁi’éhé'%eég 1y c‘?ﬁﬁfﬁ&@e he Maian Paghl y

ci rcul at edefwkh fusthan lewrPobhing eampensots cark Hisdgegnf centadnding gas to
renove i neptrsdemihamslyrdt, fahexai@iiol plescteb-pentaneldipval atd tife reactors
connect ed i1)2seféBShérainedgols. UBELE Y @arried| éut ke Ry dreganad idzn fir%m

carri ed yuf gi Eotf'esdd q(lﬂa‘i! pBi‘é?ePé’fﬂ Frdm 8bXE4- PR oOhnats AGRAS( abI N ?#yst

it is gener QI I Idéer o% 2k J%}a%oo é%% ;‘bx prP fr
120 to 300 23ur st of L8 ¥°f r om
40 to 300 g f’ preg § TREhAY &R &Qﬂ%b'e H?d"rtrlFB a Q‘i‘f‘ 8ﬁé bLEEI or a
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hydrogenated in the first reactor the 45 first reactor preferably being
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oper at ed W&hh f gcﬁgfgﬂe o?-contalnlng stream is purified in a column in
stage 7. In this stage, 1,5-pentanediol, the 1,2-cyclchexanediols
30 and any further low boilers present are separated off at the top.
If the 1,2-cyclohexanediols and/or 1,5-pentanediol are to be
isolated as additional desired products, they can be separated in
a further column. Any high boilers present are removed at the
bottom. 1,6-Hexanediol in a purity of at least 99% is taken from
35 the column as a side stream. This purification is carried out at
pressure of from 1 to 1 000 bar, preferably from 5 to 800 mbar,
particularly preferably from 20 to 500 mbar, top temperatures of
from 50 to 200°C, preferably from 60 to 150°C, and bottom
temperatures of from 130 to 270°C, preferably from 150 to 250°C,
40 :
If only relatively small amounts of 1,6-hexanediol are to be
prepared, the stages 6 and 7 can also be combined in a batchwise
fractional distillation.

45 To operate the process of the present invention as economically
as possible, it is useful to recover the esterification alcohol
ROH and to reuse it for the esterification. For this purpose, the
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preference is given to titanium compounds.

In

The transesterification can be carried out batchwise or

30 continuously, in one reactor or a plurality of reactors, stirred
vessels connected in series or tube reactors at from 100 to 300°C,
preferably from 120 to 270°C, particularly preferably from 140 to
240°C, and at the intrinsic pressures established. The residence
times required are from 0.5 to 10 hours, preferably from 1 to

35 4 hours.

In the case of the esterification using methanol, this stream
from stage 8 can, for example, be returned to stage 3. To avoid
accumulations, especially of 1,4-cyclohexanediols, a substream of
40 the high boilers then has to be removed at intervals or
continuously from stage 4. Another possibility is not to
recirculate the stream from stage 8 to stage 3 but, in a similar
way to stage 3, to fractionate it in a stage 9 into predominantly
alcohol ROH, which can then again go to stage 2, 8 or 11, and a
45 stream comprising the esters.
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another. In this stage 12, it was not foreseeable that the

1,2-cyclohexanediols and the hydroxycaproic ester would be able

to be separated completely, particularly when the ester used is
30 the preferred methyl ester.

To reduce the number of theoretical plates required, it can be
advantageous in stage 12 to separate off some hydroxycaproic
ester together with the adipic diestexr. The contents of

35 hydroxycaproic ester are here advantageously from 0.2 to 7% by
weight. Depending on the alcohol component of the esters, this
hydroxycaproic ester is separated off together with the adipic
diester at the top (e.g. methyl esters) or at the bottom (e.g.
butyl esters).

40
The bottoms stream from stage 12 comprising 6-hydroxycaproic
ester is, in stage 13, reacted in a manner known per se either in
the gas or liquid phase to give alcohol and caprolactone.
Preference is given to the liguid phase.

45
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In some cases, it is advantageous to carry out the cyclization
reaction in the presence of high-boiling monools, diols or
polyols such as decanol, undecancol, tridecanol, pentadecanol,

30 octadecanol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
1,4-cyclohexanediols, butylethylpropanediel, neopentyl glycol,
triethylene glycol, tetraethylene glycol, trimethylolpropane or
glycerol.

35 These high-boiling alcochols or polyols are initially charged
and/or added to or separately metered into the reaction mixture
in concentrations of up to 5% by weight, for example in each case
in concentrations of from 1 and 20000 ppm, preferably from 10 to
4000 ppm, particularly preferably from 50 to 2000 ppm.

40 .
If the cyclization is carried out in the liquid phase, the
reaction products, primarily esterification alcochol ROH and
caprolactone, are removed in gaseous form from the reaction
mixture. It is advantageous for the reaction vessel to have

45 superposed on it a column in which starting material which has
not yet reacted can be kept in the reaction system and the
alcohol and caprolactone can be taken off at the top. Here, the
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A further advantageous possibility is to isolate the major part

of the ester alcohol before the work—up of the caprolactone,
especially when this alcohol, e.g. methanol, has a low boiling
point and would consequently be difficult to condense. For this
30 purpose, the methyl hydroxycaproate is preheated as described
above in the presence of a catalyst, with the alcohol liberated
distilling off immediately. This advantageously occurs at 100 —
1100 mbar, a pressure range at which the ester alcohol can be
condensed easily. This procedure can also be carried out in the
35 presence of the above—described high-boiling alcohols.

The caprolactone product stream from stage 13 is further worked
up in stage 14. The latter can comprise one or more columns. If
one column is used, any esterification alcohol still present and

40 other C;- to Cg¢-low boilers are separated off at the top, pure
caprolactone is separated off via a side stream and at the bottom
there is separated off any still unreacted hydroxycaproic ester
which is recirculated.

45 Highly pure caprolactone is obtained when, in stage 14, the low
boilers mentioned are fed in at the top of a first column,
caprolactone and other high boilers are fed in at the bottom of a
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out under reduced pressures at temperatures at which both water
of reaction and also components such as the 1,2-cyclohexanediols

30 distill off. These can naturally be separated off by distillation
only after the esterification. The esterification product is
admixed as described above with further catalyst and heated at
1 - 200 mbar, preferably 10 ~ 50 mbar, under distillation
conditions. Under these conditions, low boilers such as the

35 1,2-cyclohexanediols can be distilled off before caprolactone is
formed in the bottoms by cyclization. The preferred cyclization
temperature is from 200 to 300°C. The work-up of the caprolactone
is carried out as described above in one or more pure
distillation columns.

40
The process of the present invention can achieve yields of
1,6~-hexanediol and caprolactone of over 95% each, at purities of
over 99%.

45 Adipic diesters isolated when the hydrogenation stage is omitted
can serve as feedstock in the lubricant industry, as starting
material for cyclopentanone or as plasticizer.
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easily. THE*amREcddiVariant &so be carried out in the 35 presence of the
above-descri bed hi gh-boiling al cohols. The caprol actone product stream
from stagestlayel 4 flabédwtemmrdoed up in stage 14. The latter can conprise
one or nore colums. one colum is used, any esterification al cohol

still presgnt ,@nd 4@ @w@fboqy%el aci® é&dt@‘@nb?ééfﬂx% akgqseparated of f at

bottom | pi&grloggégﬁ«g Afid, 0180 @%‘?f?q%“%md“’ ] Gﬁ““ rgbigamand a the
whi ch 10 (B HYARORATBEET 16 S hfge aishsr BPEEE bHP5eL BELEFRR when. i n

stage 14, EingRuslpoir & & E‘EF‘ a"‘I’Fﬁ’aF-”éH“F n{ %ﬁret%ér%pb‘b‘?b]é £aPs t
colum, ‘oY clodomonkaving @rhexteryhl il begting diguit, aeil he bottom of a
0050/ 4663Zemperature = 150°C, tray volume = abodt/ 25 mdeeashl, cfdadmabbam whi ch
caprol act ang Ib%bbalseeagféraa}s )t R8viRG- a |duperpbB&a c@ém@daeb@ﬁmn S{dRA 4o be

| sol at e i, Je U o A0l %@aghnbacﬁw@g,gggﬁfat Ih%CttQBepf&fh#}e i'sol at ed

using a co
distillatiBn é’l’% 3m?flscﬁ‘§8t ggt‘!tl PEILT 655 C??B'?ﬁt lWUaFSr

250 er r] C,°Trabostadky Fho WadeT: 5oB%eRt 4y & epH?'fY‘?f‘Eﬁ SEFGaWr 61 et AFywas from
100 to 21Cfhaut] €-4&nd pressures of from1 to 500 nbar, preferably from5

to 1200 nbar, particularly preferably from 10 to 150 nbar. 10 Accor di ng

to a fusé hﬂraga)dl fl(gaiéﬁh(a‘attlba)process ‘her ei nafter referred to as
varient E, it is pOSS|bIeto prepare in artlcular relatively small
anount s of rol ac t hnlc wau | by a . hatc

process. csaqt g g g’?‘}",\dfl (‘:nz?t fg%ggf' f_ﬁf %% ery E|e§¥3a‘}r{r"|”'et 3 ? kgi ng
an al cohol°fv\ll‘ﬂecFI'?aH8§ %lmF'II gf‘?’f ntT % A7 18 prBPeT 1

wi t hout i sRﬂQﬁqCﬁgStﬁealadl%Céudlnésﬁé%f‘*rrl&cta%ﬂr Yafe aDeREL 1O g é‘O@e{Bm ed out
batchwi2® in a si ngl e-vessel reaction in the presence of an

esterificatdaye 3:

The esterification stream from stage 2 was distilled in a column
{1015 mbar, 65°C top temperature to 125°C bottom temperature).

30 7.0 kg were taken off at the top. 6.8 kg were obtained as
bottoms.

Stage 4: (1,4-cyclohexanediol removal)

35 The bottoms stream from stage 3 was fractionally distilled in a
50 cm packed column {1 mbar, 70-90°C top temperature to 180°C
bottom temperature). The 1,4-cyclohexanediols were obtained in
the bottoms.

40 0.6 kg of low boilers were distilled off (1,2-cyclohexanediols,
valerolactone, methyl 5-hydroxyvalerate, dimethyl glutarate,
dimethyl succinate, etc.); 4.3 kg of the fraction containing
predominantly dimethyl adepate and methyl 6-hydroxycaproate were
obtained.
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‘cat al yst, QRRQ/EA€632  cacti ons of stages (b), (c) and (f) are 20 carried out

In the sane batch, the high-boiling adipic esters remain in the bottons
and caprol actone is isolated as distillate. In this variant E, the
al cohol s used for the esterification ¥e, for exanpl e, undecanol,

t ri decanolstaynbad¢rpdrbgendtiisdesdnobbstieah; 6abcxnttiednative, taking
1, 4-cycl ohgangdi plsesduit YiQLhYe PAAPINEL Qistil1 AGARCRLY ks8] ¥60 dimethyl

triethyl enie%%ax:% |, tetraethylene glycol, trimet hyl ol propane or
gl ycerol . esterification can be carried out under reduced pressures
at tenperatures at which both water of reaction and al so conponents such

as the 15 2.4 &oRExBsrrfitersmigture tiqom stpge Thaiere hydsaganrared be
separ at ed asintippodsdyiin & i25nml remttomfaver sheakslymt f(cashilpsts THH%
esterificaly aeighedoficucs, 258y weihms cfegno| betl mbaed ghitt BT AL jdyer

gat ?! Iylst t méﬁeﬁhﬁdp%viouslygbégg Sit?ivaﬂérdeﬁ_%r edbst 1@ = g@_rfmrof unj}ller .
istillati on ratade Qn v AWOW_HO} L ch as the
35 1,2-ﬁg%?%ﬁ° g%éggé t C@atbg %gélﬁ%@ﬁﬁbfgégg?%?ég§3p§8|gc?éﬁéégé !
formed Th 2ne%ﬁ&'t %y 3& FIETT SIPPVPREBP Y3% red Sy cFPSat i on

t enper at urle 5-8erABRADDDH defeshA ity | ¥es RYETWSPR:-up of the caprol actone i s
carried out as described above in one or nore pure distillation columms.
40 The Ywiogeasobhet rtmlgsent thevesitdoifraahion ey dydiregdsatéd

1, 6- hexanestindlinabds Tapiwlaaweretade MictdrVecasside af1gtlrebibesrof2.5 10Ver
99%  Aps Ak RiataGy88 | S AW MEde WD e, NYHEQUAN AR Rl 80804 S £HB4 { ed
can serve 29 f gt oK 1 1ohg, | WRILGARLLLREVPIE Yo 1236 SEALLI P, adiRlbehh?
for cycl opentanqié or a a1 i LTES '2 ﬁ%ﬂ48§3 ’

18  The 19519 SiFRgSBat e £2PRRER1 r2R% BTy 40110 Waper BRE21¥4E (ifed was
process. @ cﬁéﬁﬁ%e"’&“{*\/&%@&ﬁ?"—%@ of Cuf 4§8%), RSaaf2¥h@nd Mn2031 kg/ h
of di car boi@d%i)c andi blad deen ectindted daforehand &t AN CxyTherfeed awite,

1, 4- cyckohasanetigohs, agl ag.3% eoncetsick) ThByHerxyedilalr sel1a6t dvidprylsC acid,
wat er) werg, 3 sikl | ed continuously in a distillation apparatus
(three-tray bubble cap tray columm having an external oil heating

G reuit Ol oges 6°IRET7 YrknanddOLP e bhBYoxp! UTe = about 25 m each,

25 2.5 kg of the hydrogenation product from stage 5 were
fractionally distilled (distillations flask with superposed 70 cm
packed column, reflux ratio: 2). 0.5 kg of methanol were
distilled off at 1013 mbar and after application of reduced
pressure (20 mbar), predominantly the 1,2-cyclohexanediols and

30 1,5-pentanediol distilled off. Subsequently (bp. 146°C),
1,6-hexanediol having a purity of 99.8% distilled off.

Stage 8:

35 2.9 kg of the bottom product from stage 4 were admixed with 3.8
kg of methanol and 3.8 g of tetra-i-propyl titanate and reacted
continuously in a 1 m long, 440 ml capacity tube reactor which
was filled with 3 mm V2A-rings. The mean residence time was about
2 hours.

40
Stage 9:

The product from stage 8 was fractionally distilled in an
apparatus similar to that described in stage 3. 3.5 kg

45 (predominantly methanol) were distilled off at a top temperature
of 65°C, 2.2 kg remained in the bottoms.



t he bubbl e°9§|9/t4|55’s% havi ng a super posed packed col um (about 4 15
theoretical plates, no runback at the top). The top product obt ai ned
conprised 0.045 kg having a formc acid content in water of about 3%
The water content of the bottons stre2f (5.5 kg) was about 0.4% 20
Stage 2: (Bzugeiiscation) 5.5 kg of the bottons streamfrom stage 1 was
reacted with 8.3 kg of nethanol and 14 g of sulfuric acid. The acid
remner ot trassfotp&gsd%msig%gst YEERULLRG, Slah ! s L %g Baetndd M
distilled SPED) tnPtase 058 G RRCCoRS oPReEtEE PEASrulES o 125 err] C
bot t om t Engéphiltaye %a?nﬁdk‘g"mléeﬁakeﬁ kg fhgcht gan tllﬁ) digegt}y were
obt ai ned adydropenatnts or ret@rngk W the, 4tk \sHaghex bGenpaditiomsyvak} o85 The
bottonms st megahylrérhyiragycaprestd,r 3dsi opadinethiyit aliigstd N 583 of Bdmetmymcked
;:ol um 51 @‘iaeagz&éf%sewiﬁeém tﬁ'ﬂ?&&é&%ﬁ)id&té89i§é dny fﬁ%@h%i?m 20
enper a urg Gk e obtained in e bottons.
TPBOITEr Sy aB ST aqoarte(

0.6 kg | ow ers were di 1, 2- cycl ohexanedi ol s,

val er ol act one, rret hyl 5-hydroxyval erate, dinmethyl glutarate, di met hyl
succi nat e, Eftaﬁe) %.3 kg of the fraction containing predom nant |y

di net hyl adepate and net hyl 6-hydroxycaproate were obt ai ned. 45

0050/ 466327 kg of the top product from stage 3 wei® fraStigmliy @GhytidbDedati on
of substreag) 155 aibaad tiar aa2o V@ gatkiedgcolundi.f ot Bek§lofH FirdeX Edast 2okl
pure di 9fsi Lhat bSE'aixQed $@! 8t gogli tBga¥hture Ak Bt e)ssoéi 2nisk@robe (L st er

mxture frg L rﬁlﬂé{ el ggol ICI n 3‘ { géte ctor
over a cat %%E%Pﬁ%%sts )&P ﬁ%ﬂ §ﬁ% ?hst ZnO

5% by wei ghP $£h3a p’F%\ﬁ i B‘é aa’c‘t“igvatear Y@l err]C
ina streamh 8 T8 AbtgdRed hyEie BONEPRS n( Gdn &gt | BPRS 15tad] Predgminanily
circul ati omf \&@tQQO bar, 220[err]C). The ester conversion was 99.5% the
20
Stage 12:

1.6 kg of ester mixture from stage 4 were distilled in a 2 1
distillation flask fitted with superposed column (40 cm, 5 mm

25 V2A-metal ring packing) and runback distributor at 2 mbar to give
predominantly dimethyl adipate (reflux ratio: 2, top temperature:
up to 91°C, bottom temperature: up to 118°C). 0.31 kg of methyl
hydroxycaproate remained in the bottoms (82% purity, remainder
predominantly dimeric methyl hydroxycaproate, no dimethyl

30 adipate}).

Stage 13: {(Cyclization)

60 ml of bottom product from stage 12 with addition of 1000 ppm
35 of tetraisopropyl titanate were placed in a 250 ml distillation
flask provided with external heating and a superposed column
{70 em, 5 mm V2A-metal ring packing) with runback distributor,
heated to 260°C at 40 mbar and 35 ml/h of bottom product from
stage 12, to which 1000 ppm of tetraisopropyl titanate and 200
40 ppm of 1,6-hexanediol had been added, were fed in. At a top
temperature of from 123 to 124°C and a reflux ratio of 4,
predominantly caprolactone was condensed at 25°C and methanol was
condensed at ~78¢°C.
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: 0050/46632 _
1, 6- hexanedi ol selectivity was over 99% Usi ng anot her catal yst, the

ester fraction was hydrogenat ed continuously in a two-stage reactor
cascade (1st reactor: 2.5 1 15 of catahyst downf | ow node, 250 bar, product
recircul ation: feed = 10 : 1, 220 =7230[err]C, second reactor: 0.5 1 of
catal yst, 96a8%IHd (Cappasagkens RUFAE ARt {RMsage, 260 bar, 220[err]C). The
cat al yst used was a catal yst which consisted of CuO (60%, A1203 (30%
and Mn2G3 In § 1180 mandi&eill Ixconaclasht@pebvietiedr ebtlh dswyierp88edredlaimnihe f eed
rate 20 wag74 &f/ s miN v@&-ﬁ&faépme@sbaekm@)e aiaexeaﬁﬂael Eighk@ebhtbt y Was
over 99% refﬁhé‘gneasc i®: a!& 'l‘%é%i%%né’%t%‘zﬁ@&' %é 3§9aé3f the
hydrogenat I.on %{iﬁ e g,et’%a AIA_'tac |onav f

(distillat Fﬁﬁ% vadf'ﬁ sé T atReq F%?T’JCSP ratio:
2). 0.5 kg°8f‘s+ﬁe'$’r’f%ﬁw&|ssﬁé15ea 1Y d?fst"PF-Féﬂlﬁwnét (?8139%ar113n9)after

appl i cat i opapfokaghaned (bp. pi¥Eeur was 2obkained iprademiitanofy98 s (GC %

1, 2-cycl ohbyaaesh ol s and 30 1, 5-pentanediol distilled off. Subsequently
(bp. 14@perr] O, 1, 6- hexanedi ol having a purity of 99.8%distilled off.
St age 8: ?a‘ﬁ% kg, of the bottom product fromstage 4 were admi xed with
3.8 kg o t%ano and 3.8 g of tetra-i-propyl titanate and reacted
conti nuouslgsl nalmlong, 440 ml capacity tube reactor which

filled witH532%#R \?E&hPF’nﬁéml]i% toe EnapRple dbndagends weycidgation) T%ur s.

40 St ageperated upiagpaobiydroXycaproiagreBl-wenthininy citxieay having [td¢ i n
an appatallewisigridoaposbtidmt &lgsofi bethyi hytdrgeySapihaiekg9450f

(predom naﬂihdrf@mm@ki(cﬂﬁf&éjlnfettlhhrh.eds@éﬁs ato.ast 69 dRdEid tuaepate of
gg[errgf;ggnaggibé‘agﬂiggdofrhé lb%k?Q?foxyvalerthoéﬂﬁ _distilled by
a met hod Eys i (T %et %%% Zrlﬁt om%rf")'é %‘%%@\gg uree%’ry 185 ery én The 5
distillat etBb'f a‘FYﬁe]t:P‘z@&’rﬁPrs%'EF 259 B ArcHI eﬁéeal‘t’%"ttthi‘rge hWtftbgenat ed
or returRe80te ehe Srihesengdiol,CaPpasPfithe SxXwanf comprising hydroxy-

caproic methyl esters and 0.1 g of titanate, the mixture was
heated at 40 mbar and 30 g/h of ester feed (containing 1000 ppm
of titanate) was added continuously when the bottom temperature
was above 155°C. At bottom temperatures of from 205 to 260°C,

25 1225 g of caprolactone-containing distillate, 336 g of methanol-
containing cold trap product and about 100 g of bottoms were
obtained over a period of 56 hours. The deficit from 100% can be
attributed to methanol losses and the hold up in the column.
Fractional distillation of the caprolactone-containing product as

30 in Example 1 gave caprolactone in a purity of from 99 to 99.9%.

Example 3 (variant B):

2400 g of dicarboxylic acid solution as described in Example 1,

35 2400 g of n-butanol and 6 g of sulfuric acid were heated under
reflux in a reaction vessel having a superposed 20 cm packed
column with water separator until no more water went over (about
8 hours). During this procedure, the heterogeneous butanol/water
distillate was continuously separated in the phase separator,

40 butanol was returned and water was discharged. The acid number of
the reaction product was, after subtracting the sulfuric acid
used, about 10 mg KOH/g. 2.2 equivalents of NaOH, based on
sulfuric acid used, were subsequently added and the excess
butanol was then distilled off at about 120 mbar to a bottom

45 temperature of 120°C. The resulting residue was separated on a
Sambay evaporator into distillate (1419 g) and high boilers at
1 mbar and 200°C. This distillate was then fractionally distilled



. 0/46632 . . .
et hyl 6- hyc?rsox/ycaproate, 31% of di met hyl adi pate, 5% of di net hyl

glutarate, 4% of nethyl 5-hydroxycaproate plus many further conponent s
i n uni nportant anounts). 10 St age X 7 kg of the top product from
stage 3 were fractionally distilled t 1015 nmbar in a 20 cm packed

col um. 0. Pk Feansa0f 2 st5 MaPRFEAd 1S IERR diFPaRfed BRaR) 4 o thehptr Anft e of
59 - 65C, thi2sciycichéxanediodsnpeingdsgpasihedngampietelndingm fligst

C err] - CA- nirueetibys estmrisindt batyl hydr dsqaprabte ef pdctizingr, r hérendfdey of
met hanol hadsfagradPidi iy d¥fcer mix@@,‘}/@v\ere obt ai ned. The bottons (0.6 kg)

consi st edg pr edom nantly of water. St age 12: 1.6 kg of ester
m xture fr St a wer dlstl Ied d illation flas

W th super:))]?s9 ggl 3?? é@%f% #@Fﬂ' h’% P accﬁ?lrﬁ t ﬁo% L?rf‘toack
di stribut ordlé’t“tllnﬁﬁ?c%@t@'vé% of pd Harstry GF?re?‘P@Imadﬁf i F 91'( ref | ux

rati o: 2, tmpdustperweexs edmixedpwith 9@.{@@ ©f Boftbexansdiolagndel.2ig tof

118[ err] C) .tikaRhtkginfa ristill latiby df Daglc.apmtoabe mbdamiarell a botbembot t ons

(82% purig YoenpR¥BLALE o 15@redQ§b1’l@ﬁtABbd¥ eI Coﬁ%f@ﬁoﬂl‘{ﬂhﬁl cawaﬁatle no

di met hyl 3Q, Bi&@ Lled E 31 % Jééoté% Bg}g “0”‘
Sl sk

product frqm st aggg s‘iqﬁ Press pm Wﬁ ﬁ rai__sogd

titanate werergr
ext ernal hdde REtiAm ta‘*%@t“ﬂé’%ﬂaﬁoﬂﬁﬁ?ase d ¥o ¢ 92Aaﬁ%¥%1l5°r |gng
packi ng) vvidibtlﬂ-&ﬂibdckfﬂl@t tioputerperatyres o@ to 26@‘[@ IGfCthis 4050tawexrd 35

m/h of IBtfraetpofdlly diswdlledsbage L4y doxatinghbdfd(cqiumnott 20 mbar

tetrai sopr i chpkaladt o Hrad0BbARiRedN I al gorheyasedpl7yad been added,
were fed in. At a top tenperature of from 123 to 124[err]C and a refl ux

rati o of 4, predom nantly caprol act one was condensed at 25[err]C and
met hanol was condensed at -78[err]C. 45 0050/ 46632

21 Stage 14: (Caprol actone purification) In a 250 m distillation
flask préfided with superposed col um

25
30
35
40

45



(70 cm 5 r?rgs\? g-snsgtzal ring packing) and runback distribut

ratio: 4), the caprol actone obtained fromstage 13 was lmmﬁ m{lm”um“m
distilled at 40 nbar. After renoval of23a fraction consi stirng éessentsaldy
of val erol actone (bp. 90 - 110[err]Q), caprol actone (bp. 131[err]C) was
obtained in a purity of 99.9% (GC % by area). 10 Exampl e 2: Usi ng

a met hod siWe cdpimp Exanple 1, stage 13 (cyclization) was oper at ed usi-ng
a hydroxycaproi c aci d-contai ning stream having the 15 foll ow ng

conposi tion:, 8hpebca®s hidr hyd Fﬁﬂﬁ@pi C@lr@xaa%pél andlicO0BApFoTcligmey Capr oi ¢
methyl esjers, f(}oi'no/%oéafg 1'1% g%;&ure @Bﬂ %’pf%tcﬁgicogcf@t hy

5- hydroxyvaler nd ycapr.oa

hydr oxycapr oi castnglﬁ'a ?x%(ﬁp slc ﬁlX a‘f‘ﬁ éna&} ﬂ“?‘é??sbnc’ t]'H ‘ﬁgﬁfﬂ?e’fa&ﬁ;“ on
vessel was cha &S\AX"}E‘?'F’?GSSG’I’Q%F"'@ B [Fe PYNBEPSRST 3 Fher okhdatienh
conpri si ng hydm}ohexa%mmmchebmnw/@wslahquql @sdhgt Pxygen @r t he

m xt ure was oxygeadcattalihimgagasas B30 wpterobxesietidreed thenteadtiem 1000
ppm  ofoti tammhrw%lgm@ﬁepih@mlw&hganmﬁx P sABLELORRM&S

i%e
Vs above. 155 Guihtoaly Aakd 0t FFDRS % JHne bbb S acha 26003025 1225 o

of caprol actone-cont al ni n
cold trap produ@? 8?1% CRYS v B of bottoms wer e obt ai ned over a period
of 56 hours. The deficit from 100% can be attributed to nethanol | osses

and the hold u@)in the tdel nanocarbaxyddri and| digtanbioxlydit onc s tiresent in
capr ol act®ne- contai ni nghpr agduesusreadtion mixtire hrgaveacisd oriati andown a

purity of from99 to 9%oI%ular Wweddjhel 818ckyR{ARivE) the coﬁ%oﬁd@ﬁg
di carboxylic acid sol utdy ?go p1flesdrihed in Exanple 1, 35 2400 g of

n-butanol and 6 g of sulfuri€ acid weré heated under refl ux |n a

reaction vessel haV| ng %ﬁ/a g osed 20 cm packed colum wi th water
separator untiP)no nor &ifafes g &?é?rfﬁb‘iﬁﬁmn PAXKBER b IxRecdh@tt hi s

procedurd the heterogencess dlachedl Ardt dew boidiegssi thag efi®s: conti nuously
separated in the phaseddepalbatoign 4taget anol was returned and water was
di scharged. The acid nunber of the reaction product was, after

subtracting the,sul fUI’It aﬁbgto QQQ.H«S a"th r?d 2 equivalents
g ggspgi

of NaOH, based on C dded and the
excess but anol was téﬁ's idfa%'#q e%gg f at é(&c[atmn bottom 45

tenperatifte of 120[err ]eése‘fﬁbalr]e‘% dEEengtr %s‘hﬁ}'é’ X2Ret B A Gh

Sanbay evaporator intofgrstien a&@l{r}&}!}ggﬁt aFRRSY (}}hebﬁﬁll%‘? Paxt °f thabar
and 200[err]C. This di dté-tmtbohwaamnedénlsyactionally distilled

0050/ 46632

d) a stream containing essentially 6-hydroxycaproic
30 esters is separated at least partially from the
ester fraction in a third distillation stage,

e) the ester fraction from (d), from which the
6-hydroxycaproic esters have been removed at least
35 partially, is catalytically hydrogenated and
1,6~-hexanediol is isolated by distillation of the
hydrogenation product in a manner known per se and

f) the stream containing essentially 6-hydroxycaproic
40 esters is heated to above 200°C under reduced
pressure, thereby cyclizing 6-hydroxycaproic esters
to give caprolactone, and pure e-caprolactone is
isolated from the cyclization product by
distillation.
45
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22 by neans of a 75 cm packed col umm (about 5 nbar), n

1, 2- cycl ohexanedi ol s bei ng separat ed corrpl etely fromfi rst nm“ﬂnl}ﬂl “um”“i
conpri si ng butyl hydroxycaproate frac |ons her ei naft er réfe?réd t'o &s *
ester m xt 119 g of .the est m xture (67% of buty

hydr oxycap Oaté Pli?ﬁ/%%sf as” chaime 1’%5&89‘?‘?&(& vhegedn HF‘BL&%Hb%‘W&Pﬁr%‘E’é’ and
many ot her Bi‘klﬁ‘é‘éﬁﬁ sis feratered xxdox th Qhﬂ?i}eéﬂficstm-anedl ol and 1.2
g of titanate in a distillation flask. At 200 nbar and a bottom 10

t enper at ur g, of AlﬁﬁocesTSBQ[seeuQne&bnufcl&ngl pluidredantnanddeeri4iaioion WVere
distilleg of f !!s &rrlidl bakahs gy 3&1 LUy g FrbRP1 to £WAGLBRUr € Of

75[err] C After pS pressure was-re to 20 mbar and the bottom

t enperature was |ncTeased to 200 - 300[err]C, about 60 g distilled off
at top tenperatures up to 122[err]C. O this, 50 g were 15 fractionally
distilled 8n aRlPre¢efsatdsnglaimes didal @aint 12 owergin theepteyiforatione was
obtained in a par¢canrieid 98t786ing alXanols h&bing froff04 to 1Bkarbon 40

10 atoms.

5. A process as claimed in claim 1, wherein the esterification
is carried out using methanol and, in the distillation stage
(c), a methyl carboxylate fraction essentially free of
15 1,4=-cyclohexanediols is obtained at the top of the column and
a fraction comprising the high boilers and the
1,4-cyclohexanediols is obtained as bottoms, and the methyl
carboxylate fraction is transferred to the third distillation
stage (d).
20
6. A process as claimed in claim 1, wherein the esterification
is carried out using n- or i-butanol and, in the distillation
stage (c), the 1,4-cyclohexanediols are separated off at the
top together with the low boilers and the butyl carboxylates
25 are obtained as a side stream or as bottoms comprising these
and are transferred to the third distillation stage (d).

7. A process as claimed in claim 1, wherein the distillation
stages (c) and {d) are carried out in a single column.
30
8. A process as claimed in claim 7, wherein, in the case of the
esterification using methanol, a fraction containing
essentially methyl dicarboxylate is separated off at an upper
side offtake, a fraction consisting essentially of methyl
35 6—hydroxycaproate is separated off as a lower side stream and
a fraction comprising the 1,4-cyclohexanediols is separated
off as bottoms.

9. A process as claimed in claim 7, wherein, in the case of the
40 esterification using n- or i-butanol, a fraction containing
essentially butyl 6-hydroxycaproate is obtained at an upper
side offtake, a fraction containing essentially butyl
dicarboxylate is obtained as a lower side stream and a
fraction comprising the 1,4-cyclohexanediols is obtained as
45 top product.



4663
8025

) 2 - |
215 A process 19{)?62?(23pari ng 1, 6- hexanedi ol anq e- capr ol atzzfﬁrlg(lllmulﬂllmmlmmll
y

carboxylic acid m xture conprising adipic acid, 6- oXycapraics *
acid and snall anmounts of 1, 4-cycl oheXane- di ol s which is obtained
as a by- prdduct® PROFRES BF ddiggdoin claim lpy whekeiRnkhg pottoms from

cycl ohexanone/ ®tebgehéxpnate wibrigcbeggan byast partiakiydw cenewedi ng gases
by wat er extr aeisitenidicition edehi 6ardler addiitibdr f the avwehbiyewpamnd
hydrogenating ae3ghst 4EERII0 aHdV8n esterifiRadAedl Sht AL uakll, ZERAG

6- hydroxyjcaprmsgpgéggés &i(i'b'f.\é%ifm sta?é:a&rso'ﬂ%&:eggnat‘i%?rb@ Q method &)
t he nonocar boxyl.f ¢.an W}ra)r ogy |g ac epresent_dl U . . the
aqueous react i oA - uFR He PEadPia TF (G TeHRred esterificationdg | o
wei ght al cohol SBETRY O hOMdST AESBENBPRRFating off the 1,4-gygdRheFanassters,
b) t he redlibisngardtthe ffiregtion eompuisdngsthe cearyixyldc esters is
excess al cohol iatdotavedaidter xhenhpdfoderiation stage (d). distillation
stage, 10 the bottons are fractionated in a second

c) :
distillatiqq s a%ﬁo&&sgiﬁsglcg%gﬁghginféf&& qn %ﬁerei? ‘the .cata?%@@éﬂdsaéd y

free of 1,4-cy ane . actian npr.i si.ng at
| east the maj or oﬁagﬁeglfyéﬁ'?@e?atlon comprise CPPREX( Y aﬁ@&?SF sz,'hm”'ugl
d) a stredm PBARFHHYTESaLAYi aFFives IXEtdEYeBYF vi ¢ 30

esters is separated at |east partially fromthe ester

fracti orlS n2a phptdcesstad |climedsingelaim 1, wheegin the idacadgses dserrcti on
from (d), fromseki g¢hetiirogenation have, ifir RWQr 8XYE2P fxdn, €8h8r S have been

removed at | eagbmdBs;tion Cugal,zRMnkbdl WhedeS st 8l Y5 i, % Ayd ogenaped
and b % _65@@% eazl O'f{l S%\l/'lr"néo gt ggagédgllsst |tlhleat|o el(_)fog Pﬁe

. a >
hydr ogenati on product’in "a “farin r~ ko r : . .
st ream cont ai nPFgIEB sEPRG éiqq}‘lﬁ'?ﬁyﬂ?’éxf&’g‘ﬁ‘rléi gnit to achieve electrical
20 neutrality.

13. A modification of the process as claimed in claim 1, wherein
the hydrogenation of stage (e) is omitted and adipic diester
is isolated from the ester fraction of stage (d).

25

14. A modification of the process as claimed in claim 1, wherein,
for a simplified preparation of caprolactone, the
esterification in stage {a) is carried out using an alcohol
which has a higher boiling point than caprolactone and,

30 without isolating the adipic diester fraction, the reaction
is carried out batchwise in a single-vessel reaction in the
presence of an esterification catalyst, where the reactions
of the stages (b), (c) and (f) are carried out in the same
batch and the high-boiling adipic diesters remain in the

35 bottoms and caprolactone is isolated as distillate.

40

45
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caprol actone, and pure [err]-caprol actone is isolcat ed #romn *
the cyclization product by 26 distillation. 45

0050/ 46632 24 2. A process as clained
i n claimlprepaketion ef Qg6bhexanedisll Gnd caproldciidihee i s dewatered prior

to the esterification. 3. A process as clained in claiml, wherein the
esterificathQn, 2 is carried out using al kanols having from1l to 3

car bon AFoRs. 4. A process as clainmed in claim1, wherein the
esterification Is carried out using alkanols having from4 to 10

carbon 10 1.6-hesppediol apd srcapredastons areuipnsPargdcfremal cagher¥FLict he
esterificataicdd mixture jcompaising aikpissiacgdpeétaytioxyedprofictdmsid and
distillati emalllagounts of (¢ircyclatididnedaohexyhidie ifs’ abthone@ s byH y
free of 15produdtdisieolexanedor! St icycabhakind & &g oheRabnd NgAQLUM
and 10 H3xhh8fLdHhSf %bﬁ'gg 5{?§§H43Qnggiﬁfﬁ é?y%stp yater extrac-

IS obtal ed t ng" tnhe

1, 4- cycl ohexanedpol,s 1S n as pottonms, a .
car boxyl at € tfa fL'i e =S5 éﬁgf’&’fte‘ﬁet'otbﬂ’hgs?ﬁﬂ, ’digstag‘lal %%%gena_‘tmg &t age
(d). 20  Sgbstiedp fGiveshexanedipl @nd YAl 121ingh S-bYATPRECIRAIS BScat i on
i s carriedteys beigiyercaprolapgtengmolwhereinin the distillation st age
(c), the 1,4-cycl ohexanediols are separated off at the top together
with thad @y behkEmnsnsdurBdx§ 106t Xhd CAIPDIxF1E8 28ids prs@ntPini figd as a

i de st t i SEga t d t
tSIheet ﬁi ;gag} g: ﬁ%ﬁe 05 LSRR QP Il R4 0 J}%S%Kacted w il aarﬁ%w.t ﬁggéﬁ@ﬁia{c o mo 1

8
l.af | on, stage . ) rocess as ali

wherein the oi Sk TISPROL to biye the corteRRoRRIng KpbeAYALY SRESTSY o
single colum. 30 8. A process as clained in claim7, wherein, in the
case of th®) the resultind esteohficanipmutikince, is freect odnescassialiary
essenti &@d y netbyl add chowdoillere is &echiarsat ddsoillaticm sitppger ~ side
of ftake, a fraction consisting essentially of nmethyl 35
8- hydroxycyr 0ahe bseSSRAeCdrRbLi88atkd IR §ég§n§tcfips%g'l§.ggion stagéd
fraction comprig! B9,LNG, wste?y ErO0EXAN L2 152157 PG 1, 4-cyclohexa-

nediols and a fraction comprising at least the major part of

25 the 1,4-cyclohexanediols,

d) a stream containing essentially 6~hydroxycaproic esters is
separated at least partially from the ester fraction in a
third distillation stage,

30

e) the ester fraction from (d), from which the 6-hydroxycaproic
esters have been removed at least partially, is catalytically
hydrogenated and 1,6-hexanediol is isolated by distillation
of the hydrogenation product in a manner known per se and

35

f) the stream containing essentially 6-hydroxycaproic esters is
heated to above 200°C under reduced pressure, thereby
cyclizing 6-hydroxycaproic esters to give caprolactone, and
pure g-caprolactone is isolated from the cyclization product

40 by distillation.

45



of f as bottons. 9. A process as clainmed in claim7, wherein, in the
case of the 40 esterification using n- orui-butanol, a fraction

cont ai ni ng essentially butyl 6-hydroxycaproate is obtained at an
upper i de of ftake, a fraction cgptaining essentially butyl

di car boxyEIé_s obtained as a |ower sid@ str and a fraction
conprising the 1, 4-cycl ohexanedi ols is obtainedlas 45 R@Y, pBoduct .

0050/ 46632 10 LA process as cl ai med
in claim1, wherein the bottons from siA 4//’/ subj ected at

| east partially to renewed esterificat 9//; /// her addition of

t he | ow nol ecul ar wei ght al cohol /% 'at I on catal yst and,
ina b5 separate distillation stage, ol Kad by a net hod

simlar to (b) and (c), or the renewed es 2 carried out
only after separating off =V cl ohekane oI s, and the
fraction conprising the cdrbokBli¢ eqters}is oduced into the

7/

5 'in claim1l1, wherein
tion conprijse Cﬁpper, cobal t

3 /4 active constrtlbftexanetioll2. A

cat al ysts used for the

: conposition

a>bl2 b>

#rROb4 B equired per
13. A

o205
%

the catal ysts usegg
and/ or rhenium
process BES+ai gE
hydr ogenaROb(1k8)\,
CUaAl bzr[err] 1,.,,,/

al4, a > c and apz

formula unit to 2@#eve € #
nodi fication of the procegs,
hydr ogenati on of stage (e
fromthe ester fraction of stageHg).
process as clainmed in claim1, wi&€HRO

2 xin t he
’ is isolated
Zj cation of the
plified preparation

of caprol actone, the esterificati BICH 2 is carried out
usi ng an al cohol whi ch has a.hi gher -/{/é 4 than caprol actone
and, 30 wi t hout isolating the adipic dief . #on, the reaction

Is carried out batchwi se in a single-vessel r 247 t he presence

of an esterification catalyst, where the reactions of the stages
(b), (c) and (f) are carried out in the sane e-caprolactone
ROH, LB

FIG.2

e-caprolactone

'DCS+
ROH.(4-10)

ROH, LB

1,6-hexanediol



b—atch‘ and the high-boiling adipic diesters remain in the 35 bottons and

caprolactone is isolated as distillate. 40 45 0050/ 46632
26 Preparation of 1,6-hexanedi ol and caprol act one Abst ract

1, 6- hexanedi ol and [err]-caprol actone a prepared froma carboxylic

acid m xture conprising adipic acid, 6-fiyydroxycaproic acid and smal |
anount s 4- cycl ohexanedi ol s which is obtained as a by- product in

t he oxi dji'r-ll oj4cycl ohexane to cycl G8exanone/ cycl o-_10 hexanol using
oxygen or o0xygen-contai ni ng gases by Oty &8 of the reaction
m xture, by esterifying and hydrogepaN Bostream to gi ve hexanedi ol

and cyclizing 6-hydroxycaproic es- caprol actone, wherein

15 a) the nonocarboxylic and dicarjpoxylic acids present in the

aqueous reaction mxture are react ol ecul ar wei ght

al cohol to give the correspondi b) the resulting
esterification mxture hol and | ow boilers
inafirst distillation stage, are fractionated in a
second distillation sfa fraction essentially free
of 1, 4-cycl ohexa- 2 onprising at |east the
maj or part of 25 t he| 1, 4- cycl ohexanedi ol s, d% a stream contai ni ng

essentially 6-hydMxycapl,pic esters is separa Sdhexanestiolt partially
fromthe ester frgciyilon @2/‘8

1,4- CHDO,
HB b Rs *»*K5
\I’—Jo e-caprolactone

ROH, LB
FIG.4 M

1,4-cHpo [T R¢ —>| K5

( \ HCE \_ |
EM e-caprolactone
—* K23

Ho
ADE A r'E>F3C)H, LB
HS
—Ro——fK4

\[fb 1,6-hexanediol



“third distillation stage, 30 e) the ester fraction from(d), from which

t he 6-hydroxycaproic esters have been renoved at |east partially, is
catal ytically hydr ogenat ed and 1, 6- hexanedi ol is isolated by
distillation of the hydrogenatbgﬂ product in a manner known per se
and 35 f) the stream containing es tially 6-hydroxycaproic esters is
heated to above 200[err] C under reduced pressure, thereby cyclizing
6- hydr oxycaproi c esters to give caprol actone, and pure
[err]-caprolactone is isolated fromthe cyclization product 40 by
distillation. 45

FIG.5
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