PF 60457 1 pPgeuggss for preparing s-caprolactone Description 5 The
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25  The preparation of caprolactone from DCS has also already been described, for
example, from DE 1 618 143. In this method, dewatered DCS is reacted thermally with
phosphoric acid and a mixture of dicarboxylic acids, caprolactone and a multitude of
other components is fracticnated. The bottoms are in some cases obtained in solid and
sparingly soluble form. However, the caprolactone still has only 98% purity even after

30 further distillative workup.

Furthermore, DE 38 23 213 describes the conversion of 6-hydroxycaproic esters to
caprolactone in the gas phase in the presence of oxidic catalysts and of an inert carrier
gas. A disadvantage compared to the process according to the invention is the use of

35 oxidic catalysts in the gas phase, since they tend to form by-products to an enhanced
degree.

Moreover, WO 97/31883 describes a process for preparing 1,6-hexanediol and
g-caprolactone from a carboxylic acid mixture which comprises adipic acid, 6-hydroxy-
40 caproic acid and small amounts of 1,4-cyclohexanediols and is obtained as a by-
product of the oxidation of cyclohexane to cyclohexanone/cyciohexanol with oxygen or
oxygen-comprising gases and by water extraction of the reaction mixture, and this
mixture is esterified with a low molecular weight alcohol to give the corresponding
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When the utilization of more than 50%, preferably > 80%, more preferably > 90%, of
the content of 6-hydroxycaproic ester for caprolactone preparation is desired, without
an extremely high level of distillation complexity or the addition of an extraneous

30  substance, the cyclization of the 6-hydroxycaproic ester stream has to be possible
without disadvantages in the presence of adipic ester in amounts of at least 0.5% by
weight, generally from > 1% up to 25% by weight, based on the overall feed to the
caprolactone synthesis.

35 WO 97/31883 recommends the preparation of caprolactone in the liquid phase.
According to comparative example 1 present in this application, for the cyclization in
the liquid phase in the presence of 5% by weight of adipic ester, based on the
6-hydroxycaproic ester, however, a significant decline in the yield of caprolactone is
observed.

40
This decline in yield is attributable to polymerization side reactions in the e—capro-
lactone cyclization. In the presence of catalysts, adipic esters and 6-hydroxycapreic
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activated carbon as a catalyst, and obtaining s-caprolactone from the cyclization

product by distillation.

The process according to the invention is advantageous when the 6-hydroxycaproic
30 acid comprises from 0.5 to 40% by weight of adipic ester.

The process according to the invention is advantageous when the 6-hydroxycaproic
ester comprising from 0 to 40% by weight of adipic ester is obtained by catalytic
hydrogenation of adipic esters or reactant streams which comprise these esters as

35 significant constituents, distillation of the hydrogenation effluent and removal of the
hexanediol.

The process according to the invention is advantageous when a carboxylic acid mixture
which comprises adipic acid, 6-hydroxycaproic acid and up to 5% by weight of 1,4-

40 cyclohexanediols and is obtainable as a by-product of the oxidation of cyclochexane to
cyclohexanone/cyclohexanol with oxygen or oxygen-comprising gases by water
extraction of the reaction mixture is esterified with an alcohol which comprises from 1 to
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from nitrogen, caghl&pndi oxide, hydrogen and noble gases. 25 The process
accor di to the invention is advantageous when cyclization is effected at

from 150°to 450C.
The process according to the invention is advantageous when cyclization is effected in

the presence of an inert carrier gas selected from nitrogen, carbon dioxide, hydrogen
and noble gases.

25 The process according to the invention is advantageous when cyclization is effected at
from 150 to 450°C.

The 6-hydroxycaproic ester used in the process according to the invention comprises
from 0 to 40% by weight, preferably from 0.5 to 25% by weight, more preferably from
30 0.6 to 15% by weight, of adipic ester and is cyclized to £-caprolactone in the gas phase
at from 150 to 450°C in the presence of activated carbon as a catalyst and the
g-caprolactone is subsequently obtained from the cyclization product by distillation.

The alcohols of the 6-hydroxycaproic ester and of the adipic ester used for the

35 esterification are generally alkanols having from 1 to 12 carbon atoms, cycloalkanols
having from 5 to 7 carbon atoms, aralkanols having from 7 to 8 carbon atoms or
phenols having from 6 to 8 carbon atoms. It is possible to use methanol, ethanol,
propanol, isopropanol, n- or i-butanol or else n- or i-pentanol, or mixtures of the
alcohols, but preferably alcohols having from 1 to 4 carbon atoms, more preferably

40 methanol. Diols such as butanediol or pentanediol are also useful in principle. The
ester groups in the 6-hydroxycaproic esters and the adipic esters may be the same or
different, but they are preferably the same. The particularly preferred reactant is methyl
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catalysts Vl\ﬁaggl tl(():r? rﬁ?e %ydroxs%) aproic (e(s)tgracompnsmg trrom 0 to 40% by weight of adipic
ester can be prepared according to WO 97/31 883, which is hereby incorporated by
reference.

30 The 6-hydroxycaproic ester comprising from 0 to 40% by weight of adipic ester is
prepared according to WO 97/31 883 by esterifying a carboxylic acid mixture which
comprises adipic acid, 6-hydroxycaproic acid and small amounts of 1,4-cyclchexane-
diols and is obtainable as a by-product of the oxidation of cyclohexane to
cyclohexanone/cyclohexanol with oxygen or oxygen-comprising gases by water

35 extraction of the reaction mixture with a low molecular weight alcohol tc give the
corresponding carboxylic esters, and separating the esterification mixture thus obtained
in at least cne distillation stage.

In a preferred embodiment, methyl 6-hydroxycaproate comprising from 0 to 40% by
40 weight of dimethyl adipate is obtained by

- freeing the resulting esterification mixture of excess methanol and low boilers
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process preparing s-caprolactone and
stages 3 and 4 can al so be conbi ned. The di carboxylic acid solution (DCS)
i s gener al | Theadicarhodic acissolution (DO8Yis iggneralipae aquenustsehitionthatingm vidtet o 80%
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net hanol , ineaction, especially in the case of esterification with, for example, methanol, in
particular when water cannot be removed, for example cannot be removed
azeotropically, during the esterification reaction. The dewatering in stage 1 can be
effected, for example, with a membrane system, or preferably by means of a distillation
25 apparatus in which water is removed via the top and C3-C7-monocarboxylic acids,
dicarboxylic acids and 1,4-cyclohexanediols are removed via the bottom at from 10 to
250°C, preferably from 20 to 200°C, more preferably from 30 to 200°C, and a pressure
of from 1 to 1500 mbar, preferably from 5 to 1100 mbar, more preferably from 20 to
1000 mbar. The bottom temperature is preferably selected such that the bottom
30  product can be drawn off in liquid form. The water content in the bottom of the cclumn
may be from 0.01 to 10% by weight, preferably from 0.01 to 5% by weight, more
preferably from 0.01 to 1% by weight.

The water can be removed in such a way that the water comprises a carboxylic acid

35 content of < 0.5% by weight, or the C;-Cs-monocarboxylic acids present in the DCS —
with a formic acid of > 60% by weight in these carboxylic acids — can be distilled off
with the water to an extent of > 80%, in order that they do not bind any esterification
alcohol in the esterification.

40 Alcohol ROH having from 1 to 10 carbon atoms is added to the carboxylic esters from
stage 1. Itis possible to use methanol, ethanol, propanol or isopropanol or mixtures of
the alcohols, but preferably either methanol or C4 and higher aicohols, especially
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sul furic aC|
acid groups he solid catalysts may be arranged as a fixed bed or used as a

suspension.

The water formed in the reaction is appropriately removed continuously, for example by
30 amembrane, or by distillation.

The completeness of the conversion of the free carboxyl groups present in the

carboxylic acid melt is determined by the acid number measured after the reaction

(mg KOH/g). Minus any acid added as a catalyst, it is from 0.01 to 50, preferably from
35 0.1to 10. Not all carboxyl groups present in the system need be present as the ester of

the alcohol used, but rather a portion may be present in the form of dimeric or

oligomeric esters with the OH end of the hydroxycaproic acid.

The esterification mixture is fed into stage 3, a membrane system or preferably a

40 distillation column. When a dissolved acid has been used as a catalyst for the
esterification reaction, the esterification mixture is appropriately neutralized with a
base, from 1 to 1.5 base equivalents being added per acid equivalent of the catalyst.
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of f via the2bep, rmbrefrérerdbyeForAfiob temdect o 1500 nbar, preferably from 20 to
1000 nbar, nore preferably from40 to 800 nbar, 10 and t enper at ures bet ween

0 and 150C preferably 15 and 90C and especi al I y 25 and 75C, are the
excess est diefstream feom slage RowhRgompeises a asitiuabeonierp oh wakey apdters of

esterification alcohol ROH of in each case below 5% by weight, is fed into stage 4. The
25 column is operated at temperatures of from 10 to 300°C, preferably from 20 to 270°C
and more preferably from 30 to 250°C, and pressures of from 1 to 1000 mbar,
preferably from 5 to 500 mbar and more preferably from 10 to 200 mbar.
The top fraction comprises up to 100% by weight of residual water and residual alcohol
ROH, esters of the alcchol ROH with monocarboxylic acids, predominantly Ca~ to
30 Ce-monocarboxylic esters with hydroxycarboxylic acids, such as 6-hydroxycaproic acid,
5-hydroxyvaleric acid, and in particular the diesters with dicarboxylic acids such as
adipic acid, glutaric acid and succinic acid, cyclohexanediols, caprolactone and valero-
lactone.

35 The components mentioned can be removed together via the top or, in a further
preferred embodiment, can be separated in the stage 4 column into a top stream,
which comprises up to 99% by weight of residual water and residual alcohol and the
abovementioned constituents having from 3 to 5 carbon atoms, and a side stream,
which comprises up to 99% by weight of the abovementioned constituents of the Cs

40 esters. The stream comprising the esters of the Cs acids, either as an overall top
stream or as a side stream, can then, depending on how much caprolactone is to be
prepared, be fed into stage 12 only partly or as a complete stream as per the process
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25 1,2-cyclohexanediols from the hydroxycaproic ester, since these components form
azeotropes with one another. It was not foreseeable in this stage 12 that the separation
of the 1,2-cyclohexanediols and of the hydroxycaproic ester succeeds completely, in
particular when the ester used is the preferred methyl ester.

30 It may be advantageous also to remove a little hydroxycaproic ester together with the
adipic ester in stage 12. When the adipic ester is to be hydrogenated to 1,6-hexanediol,
the contents in the adipic ester of hydroxycaproic ester are advantageously between
0.2 and 20% by weight. According to the alcohol component of the ester, this
proportion of hydroxycaproic ester is removed with the adipic ester via the top (e.g.

35  methyl ester) or via the bottom (e.g. butyl ester).

The stream comprising 6-hydroxycaproic ester which comprises from G to 40% by
weight of adipic ester is converted to alcohol and caprolactone in the gas phase. These
mixtures of 6-hydroxycaproic esters and adipic esters may also comprise further

40 components which may make up a proportion by weight of up to 20%, but are
preferably below a content of 10%, more preferably below 5%. These components are,
for example, 1,5-pentanediol, cyclohexanediols, unsaturated adipic esters, pimelic
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60457 10 @&60krs, caprol actone, 5-hydroxycaproic esters and di esters based,
in particular, on 6-hydroxycaproic esters.
25 Activated carbons are porous, possess a high surface area and consist of very small
crystals with graphite structure. The interstices between the crystals consist of
amorphous carbon.

For the preparation of caprolactone, activated carbons in the form of powders, granules

30  or, more preferably, of shaped bodies are suitable. Their internal surface area is
greater than 400 m2/g and is generally from 500 m2/g to 1500 m?/g. The branched pore
system comprises mesopores (d = from 2 to 50 nm), micropores (d = from 0.8 to 2 nm),
submicropores (d < 0.8 nm) and macropores (d > 50 nm).

35 The pore volume for the process according to the invention is greater than
25 cm3/100 g.

On the surface of the activated carbon, functional groups, for example carbonyl,
carboxyl or phenol groups, may be present, which have originated from the starting

40 compounds of the activated carbons or have formed in the activation processes.

The mixtures of 6-hydroxycaproic esters and from 0 to 40% of adipic esters in the
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60457 11 or the reaction, however, higher temperatures or longer residence times in the reactor

are then required than in the process according to the invention.

25 The inventive conversicn to caprolactone is carried out at a temperature of from 150 to
450°C, preferably at from 200 to 400°C, especially from 230 to 350°C. In general, the
reaction is carried out under atmospheric pressure. However, it is also possible to
employ slightly reduced pressure, for example up to 500 mbar, or slightly elevated
pressure, for example up to 5 bar. When a fixed bed catalyst is used, it has been found

30  to be particularly favorable that a higher pressure is established upstream of the
catalyst than downstream of the catalyst, such that any high-boiling components which
form can be deposited on the catalyst to a lesser extent, if at all.

The reaction effluent is condensed with suitable cooling apparatus. When a fixed bed

35 catalyst is used, the reactor, for example a shaft reactor or a tube bundle reactor, can
be operated in upward or downward flow mode. The reaction is effected in at least one
reactor.

The reaction effluent of the cyclization comprises, as the main component, the target
40  product caprolactone, and also the C1-Cs-alcohol released in the cyclization, if

appropriate adipic ester and if appropriate unconverted 6-hydroxycaproic ester, if

appropriate oligoester and if appropriate solvent. This mixture is separated by a single-



presence of activated carbon as a catal yst can be cyclized in the liquid
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If oligomeric Cg esters are formed, they can, according to EP-B 1 030 827, likewise be
introduced into the hydrogenation to 1,6-hexanediol.

The process according to the invention for preparing caprolactone in a purity of more

30 than 99% by cyclization of mixtures of 6-hydroxycaproic esters and from 0 to 40% by
weight of adipic esters in the presence of activated carbon as a catalyst or without
catalyst can be carried out with long catalyst lifetimes. High ester conversions are
combined with achievement of high caprolactone selectivities.

35 The process will be illustrated in detail with reference to the examples which follow, but
is in no way restricted thereby.

Example 1
40 A methyl 6-hydroxycaproate stream, which comprised 84.0% methyl 6-hydroxy-

caproate, 1.6% 1,4-cyclohexanediols, 1.4% 1,5-pentanediol, 5.0% unsaturated
dimethyl adipate, 2.8% dimethyl adipate, 0.2% dimethyl pimelate, 1.6% dimeric esters



appropri at eaélgi i.c ester and if appropriate unconverted 6-hydroxycaproic
ester, if I-"p Q&}ri ate oligoester and if appropriate solvent. This m xture
is separated by a single PF 60457 12 stage or nultistage distillation in
stage 14 under reduced pressure, such that caprolactone is obtained in a
purity of at |east 99% The purity is preferably nore than 99.5% nore
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they can, according to EP-B 1 030 827, |ikew se be introduced into the
hydr ogenati on to 1, 6- hexanedi ol. The process according to the invention for
preparing caprolactone in a purity of nore 30 than 99% by cyclization of
m xtures of 6-hydroxycaproic esters and fromO to 40% by weight of adipic
esters in the presence of activated carbon as a catal yst or w thout

catal yst can be carried out with long catalyst lifetimes. H gh ester
conversions are conbined with achi evenent of high caprol actone
selectivities. 35 The process will be illustrated in detail with reference
to the exanples which follow, but



Is in no Pi: restrl cted thereby. Exanple 1 40 A methyl 6-hydroxycaproate
stream whi rlsed 84. 0% net hyl 6-hydroxy- caproate, 1.6%

1, 4-cycl ohexanedl ols, 1.4% 1, 5-pentanediol, 5.0%unsaturated dinethyl

adi pate, 2.8%dinmethyl adipate, 0.2%diggthyl pinmelate, 1.6%dineric esters
PF 60457 13 and further conpounds whose anounts were each bel ow 0. 1%
prepared aédadimding to WD 97/31.883, was punped into an evaporator at 280C
and passed fromthere in gaseous form together wth approx. 800 | (STP)
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caprol act one ydiglillgtiorbet ween 96 and 98% As a further product, dineric
caprol actone 10 was found with 2-3%yield (in principle, it was possible to

h th
L T BB Wb RSB A 1,
vi rt uallPy unchEemg & torise by weigbt @fcﬁdr'ﬂé@@%tﬁbn effluents were distilled

batchwise in a 1 mcolum with random 15 packing. At 10 nbar, caprol actone
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cycllzatlon produ cess accor
wherein the 6- 9 G%Wéfﬁrmc aC|d conpri ses 10from0.5to 40%by vvelght
of adipic ester. 3. The process according to either of clainms 1 and 2,

wherein thg 6- W@%t alér”]sgagfcg}a?ng t[B%fng onﬁ%?gl%lrr?s‘. P%ﬁrv%@rgn%oca?‘go&yﬁé’ alg! ght of

adipic ester is. 0 drogendtion o I"C e ers or
reactant streaMBuLR] hcf&'ﬁmsg%a@lﬁ@@@lde§tfyﬂgoquapae'6§96mndl ltPatﬁt % by
consti 20ent s, weight dfl1g4-cyooheikandtiols wod Eosbiaihalsia ae af byysrotiuct ofl thecoxidatibn of

of cyclohexane to cyclohexanone/cyclohexanol with oxygen or oxygen-comprising
gases by water extraction of the reaction mixture is esterified with an alcohol
which comprises from 1 to 12 carbon atoms to give the corresponding carboxylic
esters, and the esterification mixture thus obtained is separated in at least one

25 distillation stage so¢ as to obtain the 6-hydroxycaproic ester stream comprising
from O to 40% by weight of adipic ester.

5. The process according to any one of claims 1 to 4, wherein methyl 6-hydroxy-
caproate comprising from 0 to 40% by weight of dimethyl adipate is prepared by
30
- freeing the resulting esterification mixture of excess methanol and low boilers
in a first distillation stage,

- in a second distillation stage, separating the bottom product into an ester
35 fraction having a content of less than 20% 1,4-cyclohexanediols based on the
original content of 1,4-cyclohexanediols in the ester mixture and a fraction
comprising more than 80% 1,4-cyclohexanediols based on the original
content of 1,4-cyclohexanediols in the ester mixture,

40 - in a third distillation stage, removing the methyl 6-hydroxycaproate stream
comprising from 0 to 40% by weight of dimethyl adipate from the ester
fraction.



t he hexanediol. 4. The process according to any one of clains 1 to 3,
wherein a cBFB8484 ic acid nixture which conprises adipic acid,

6- hydr oxycaproic acid and up to 5% by 20 wei ght of 1, 4-cycl ohexanedi ol s and
i s obtainable as a by-product of the oxigation of cyclohexane to

cycl ohexanone/ cycl ohexanol w th oxygen or  oxygen-conprising gases by water
extraction of the reaction mxture is esterified wth an al cohol which

conprises fgo m‘ri‘aetpﬁ?ookgs Fa‘éé&?_@iﬁg 3 Woﬁ@o@léﬁstﬂﬁ 59%&%99&@&51%%&#&9@& ic
esters, and the ed, i n at
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| east one 25 disTRIATSRSNGH OLeRHEMLATEL 9A3 SBIBEISFH FOMhATRIF, SRR APIM: ¢ est er
st r eam conpr i sihydrogém end 0oble gaegs.by wei ght of adipic ester. 5. The process
according to any one of clains 1 to 4, wherein nethyl 6-hydroxy- caproate

conprising from0 to 40% by weight of dinethyl adipate is .prepare 30 -
robi ng 1 nel eqBp ProteSR Ea NG ke e otamg g BoBReth nEtfEHRBE Sfiertic
boilers in a fatfrem 1H0401460%43.i on stage, - in a second distillation stage,
separating the bottom product into an ester 35 fraction having a content of
| ess than 20% 1, 4- cycl ohexanedi ol s based on the original content of

1, 4-cycl ohexanediols in the ester mxture and a fraction conprising nore
than 80% 1, 4- cycl ohexanedi ol s based on the original content of

1, 4-cycl ohexanediols in the ester mxture, 40 - in a third distillation
stage, renoving the methyl 6-hydroxycaproate stream conprising fromO to
40% by wei ght of dinethyl adipate fromthe ester fraction. PF 60457 15 6.
The process according to any one of clains 1 to 5, wherein cyclization is
effected in the presence of an inert carrier gas selected fromnitrogen,
carbon di oxi de, hydrogen and noble gases. 5 7. The process according to
any one of clains 1 to 6, wherein cyclization is effected at from 150 to
450C.



