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to 5% by weight.

In order to counter this problem, some approaches to solutions are known:
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utilized for preparation of 1,6-hexanediol or caprolactone. For example, the
B-oxocaproic acid present is lost in the process and also reduces, as a result of high
40  boiler formation, the distillation yields of intermediate esters needed for preparation of
1,6-hexanediol and optionally caprolactone. Moreover, the 1,6-hexanediol is not
entirely free of undesired 1,4-cyclohexanediols, since they are removed efficiently as
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a) hydrogenating only the aldehydes and ketones present in the agueous carboxylic
30 acid mixture catalytically to the corresponding alcohols and hydrogenating any
C-C double bonds present to the corresponding saturated compounds and
degrading more than 50% by weight of the formic acid present in the mixture,

b) reacting the mono- and dicarboxylic acids present in the aqueous reaction
35 mixture, after dewatering, with a low molecular weight alcohol o give the
corresponding carboxylic esters,

) freeing the resulting esterification mixture of excess aicchol and low boilers in a
first distillation stage,
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The esterification can be performed without addition of catalysts, but preferably under
the action of catalysts. Useful low molecular weight alcohols are generally those having
1 to 10 carbon atoms, especiaily alkanols having 1 fo 8 carbon atoms. Diols such as
butanediol or pentanediol are also useful in principle. If caprolactone is to be obtained,

35 the higher boiling aicohols than caprolactone are also useful, for example
1,6-hexanediol, octadecanol or trimethylolpropane.

corrosion.

The industrially preferred alcohotls for use for the esterification are n- or i-butano! and
especially methanol.

40
in the case of esterification with methanol, the procedure is to obtain, in the distillation
stage (d), a methyl! carboxylate fraction freed of 1,4-cyclohexanediols at the top of the
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To enhance the overall yield of C6 products of value, as described in fig. 3, the high
35  boiler mixture obtained in column 2 can additionally be reacted once again with
esterification alcohol ROH (R4), then freed of excess alcohol ROH in a further column
Ks, and separated in a column K7 into high boilers which comprise the 1,4-
cyclohexanediols and a further ester mixture EF'. This EF' can, for example, be fed
back into column K; together with the ester mixture EM.
40 i

The process according 1o the invention is explained in detail hereinafter with reference

to figures 1 to 3.
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Also pariicularly suitable for the hydrogenation of the DCS is a catalyst comprising
ruthenium supported on shaped titanium dioxide bodies, the shaped titanium dioxide
bodies being obtained by treating titanium dioxide, before or after shaping to the

35  shaped body, with 0.1 to 30% by weight of an acid in which titanium dioxide is sparingly
soluble.

The catalytically active ruthenium is applied by processes known per se, preferably to
prefabricated TiO; as a support material.

40
A titanium dioxide support suitable with preference for use in the ruthenium-comprising
catalyst can be obtained according to DE-A 197 38 464 by treating titanium dioxide,
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35 The inventive catalyst may have a sulfur content of 0.01 to 1% by weight, based on the

total weight of the catalyst, the sulfur being determined by coulometric means.

The ruthenium surface area is from 1 to 20 m2/g, preferably from 5 to 15 m2/g, and the

BET surface area (determined o DIN 66 131) from 5 to 500 m?/g, preferably from 50 to
40 200 m2/g.

The inventive catalysts have a pore volume of 0.1 to 100 ml/g. In addition, the catalysts
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acids present in the DCS - essentially formc acid if stiII present -
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when water cannot be removed, for example azeotropically, during the esterification
reaction. The dewatering (stage 2) in step b) can be effected, for exampie, with a

35 membrane system, or preferably by means of a distillation apparatus in which water is
removed via the fop, and higher monocarboxylic acids, dicarboxylic acids and
1,4-cyclohexanediols via the bottom, at 10 to 250°C, preferably 20 to 200°C, more
preferably 30 to 200°C, and a pressure of 1 to 1500 mbar, more preferably 5 to
1100 mbar, most preferably 20 to 1000 mbar. The bottom temperature is preferably

40 selected such that the bottom product can be drawn off in liquid form. The water
content in the bottom of the column may be 0.01 to 10% by weight, preferably 0.01 to
5% by weight, more preferably 0.01 to 1% by weight.
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35 Suitable solid catalysts are acidic or superacidic materials, for example acidic and
superacidic metal oxides such as SiOg, Al203, SnOz, ZrO,, sheet silicates or zeolites,
all of which may be doped with mineral acids such as sulfate or phosphate for acid
strengthening, or organic ion exchangers with sulfonic acid or carboxylic acid groups.
The solid catalysts may be arranged as a fixed bed or be used as a suspension.

40
The water formed in the reaction is appropriately removed continuously, for example by
means of a membrane or distillation.
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volume IV/1c, Georg Thieme Verlag Stuttgart, 1980, p. 45 to 67, and examples of
heterogeneous catalysts are described in Houben-Weyl, Methoden der Organischen
Chemie, volume V¢, p. 16 to 26.

40  Preference is given to using catalysts which comprise one or more of the elements
from transition groups | and VI {o ViII of the periodic table of the elements, preferably
copper, chromium, molybdenum, manganese, rhenium, ruthenium, cobalt, nickel and
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Cycl e as | pepecepaad ysegpeci ally in trickle node. 10 The
hydr oggsati on can be perforned batchw se, preferably continuously.

The hydétogenati on out put consists essentially of 1,6 6-hexanediol and

t he al coholFuriher prefariaddiydesraatian raialsta FRMPTSey af el @6 &Y, alsp laniaanum and
overal | | ovwtilrainLimngxidkist Eaen &k desaipedSfonasamsiedn DE-B-188m3&i2edi ol |
1, 4- but anedi ol , 1, 2-cycl ohexanediols and small anounts of

water . The I EroBeiaENEh AR fo FOOERRAFLAELAD 1 BEA 6 e o yee
a menbi3éne wyifommouseskasf suspeysian.divVien thedridmgeoaama petfemedtinéhe gas
al cohol ROHhHaRE GRd adél ddtayit bl g rixe€ Bed RemRinQIerdtiregfof t be td 300°Tedre
R e e L
at least a sufficient amount of hydrogen as a hydrogenating agent and carrier gas is
used that reactants, intermediates and products never become liquid during the
35 reaction. The excess hydrogen is preferably circulated, in which case a small portion
can be discharged as offgas to remove inerts, for example methane. It is possible to
use one reactor or a plurality of reactors connected in series.

When the hydrogenation is effected in the liquid phase with fixed bed or suspended
40  catalyst, it is generally performed at temperatures between 100 and 350°C, preferably
120 and 300°C, and pressures of 30 to 350 bar, preferably 40 to 300 bar.
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If only small amounts of 1,6-hexanediol are to be prepared, stages 7 and 8 can also be
40  combined in a batchwise fractional distillation.

In order to operaie the process according to the invention in a very economically viable
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stream which comprises the esters.

This ester stream can in principie (with the proviso of preventing accumulations of the
1,4-cyclohexanediols) be recycled into stage 5, or is preferably separated in a further
40 stage 11 into the esters of the Cs acids and, in a relatively insignificant amount, into the
esters of the Cs acids on the one hand, which are either fed into stage 5 or directly into
stage 6, and high boilers on the other hand, which comprise 1,4-cyclohexanediols, and
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result. The tigures regarding the conposifion e 30 streans are %
by wei ght determ ned by gas chromat ography.
However, it is more advantageous to preheat the feed, in particular when the catalyst is

already dissolved and a hydroxycaproic ester with a C1-Cs-alcohol component is used.
35 The preheating temperature is between 100 and 300°C, preferably 130 - 270°C, more
preferably 150 - 250°C. At these temperatures, the hydroxycaproic ester already reacis
parily to give the alcohol, caprolactone and dimeric or oligomeric hydroxycaproic
esters. This has the effect that only a little hydroxycaproic ester, when it gets into the
hot reaction vessel, can distill immmediately out of the reaction bottoms. In this way,
40  column trays can be saved.

A further advantageous option consists in obtaining the predominant portion of the
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The process is illustrated in detail with reference to the examples which follow, but is
not restricted in any way as a result. The figures regarding the composition of the

30 streams are % by weight determined by gas chromatography.
Example 1 {Comparative example without hydrogenation of the DCS)

Stage 2. (Dewatering)

35 0.1 kg of dicarboxylic acid solution/h (adipic acid, 6-hydroxycaproic acid, 6-oxocaproic
acid, 1,4-cyclohexanediols, 4-hydroxycyclohexanone, glutaric acid, 5-hydroxyvaleric
acid, formic acid, water) was distilled continuously in a distiliation apparatus (three-tray
bubble-cap tray column with external oil heating circuit, oil temperature 150°C, tray
volume approx. 25 ml each, feed via the bubble-cap trays) with an attached column

40  with random packing (approx. 4 theoretical plates, no return stream at the top). The top
product obtained was 0.045 kg with a formic acid content in water of approx. 3%. The
water content in the bottom stream (5.5 kg) was approx. 0.4%.
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2.7 kg of Cs ester mixture from stage 5 were hydrogenated continuously over a catalyst
in a 25 ml reactor (catalyst: 70% by weight of CuO, 25% by weight of ZnO, 5% by
weight of Al,Os, which has been activated beforehand in a hydrogen stream at 180°C,
hydrogenation conditions: feed 20 g/h, no circulation, 220 bar, 220°C). The ester
30 conversion was 99.5%; the 1,6-hexanediol selectivity was more than 99%.

Stages 7 and 8: (Hexanediol purification)
2.5 kg of the hydrogenation output from stage 6 were fractionally distilled (distillation
still with attached 70 cm column with random packing, reflux ratio 2). At 1013 mbar,
35 0.5 kg of methano! was distilled off and, after applying vacuum (20 mbar),
predominantly the 1,2-cyclohexanediols and 1,5-pentanediol distilled off. Thereafter
(b.p. 146°C), 1,6-hexanediol distilled off with a purity of 99.6%. In addition to
quantitatively insignificantly components, approx. 0.2% 1,4-cyclohexanediols and
approx. 0.02% 6-methoxyhexan-1-ol and 0.1% 6,6-dimethoxyhexan-1-ol were found in
40  the hexanediol.

Stage 13: (Adipic ester separation from 8-hydroxycaproic ester)
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Example 2: (Inventive example)

25  Stage 1: (DCS hydrogenation)
0.1 kg/h of dicarboxylic acid solution was hydrogenated in a tubular reactor (length 1 m,
capacity 100 ml) at 120°C and hydrogen pressure 20 bar, 25 standard liters of
hydrogen/h over 100 ml of an Ru (5%)/titanium dioxide catalyst. The hydrogenation
was conducted for 500 h without the compaosition of the hydrogenation output changing
30 significantly. The 1,6-hexanediol content after the hydrogenation was less than 0.1%
higher than before the hydrogenation.

Stage 2: (Dewatering)

0.1 ka/h of dicarboxylic acid solution from stage 1 (adipic acid, 6-hydroxycaproic acid,
35 1,4-cyclohexanediols, glutaric acid, 5-hydroxyvaleric acid, formic acid, water) was

distilled continuously in a distiliation apparatus (three-tray bubble-cap tray column with

external oil heating circuit, oil temperature 150°C, tray volume approx. 25 ml each, feed

via the bubble-cap tray) with an attached column with random packing {approx. 4

theoretical plates, no return stream at the top). The top product obtained was 0.04 kg
40  with a formic acid content in water of approx. 0.2%. In the bottom stream (5.5 kg), the

water content was approx. 0.4%.

The comparison between the comparative example and the inventive example shows a
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Stage 6. (Substream hydrogenation)
3 kg of Cs ester mixture from stage 5 were hydrogenated continuously over a catalyst
in a 25 mi reactor (cataiyst: 70% by weight of CuO, 25% by weight of ZnO, 5% by
weight of AlzO3, which has been activated beforehand in a hydrogen stream at 180°C,
30 hydrogenation conditions: feed 20 g/h, no circulation, 220 bar, 220°C). The ester
conversion was 99.5%; the 1,6-hexanediol selectivity was more than 99%.

Stages 7 and 8: (Hexanediol purification)
2.9 kg of the hydrogenation output from stage 6 were fractionally distilled (distillation
35  still with attached 70 cm column with random packing, reflux ratio 2). At 1013 mbar,
0.6 kg of methanol was distilled off and, after applying vacuum (20 mbar),
predominantly the 1,2-cyciohexanediols and 1,5-pentanediol distilled off. Thereafter
(b.p. 146°C}, 1,6-hexanediol distilled off with a purity of 99.93%. In the hexanedial, in
addition to quantitatively insignificantly components, only approx. 0.01%
40  1,4-cyclohexanediols was found. 6-Methoxyhexan-1-ol and 8,6-dimethoxyhexan-1-ol
were not found.
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Example 3:

25 Example 2 stage 1 was repeated, with the difference that the catalyst used was Ru
{0.5%) on activated carbon. The hydrogenation result was equivalent to example 2.

Example 4:

Example 2 stage 1 was repeated, with the difference that the catalyst used was Ni
30  (10%) on activated carbon at 150°C and 50 bar. The hydrogenation result was

equivalent to example 2.

Example 5:

Exampie 2 stage 1 was repeated, with the difference that the catalyst used was Co
35 (10%) on activated carbon at 120°C and 50 bar. The hydrogenation result was

equivalent io exampie 2.
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e) ina third distillation stage, at least partly removing a stream comprising

predominantly 8-hydroxycaproic ester from the ester fraction,
30

f)  catalytically hydrogenating the ester fraction from (e), from which
6-hydroxycaproic ester was removed at least partly, and obtaining
1,6-hexanediol in a manner known per se by distilling the hydrogenation
product, and

35 '

g) heating the stream comprising predominantly 6-hydroxycaproic ester to
temperatures greater than 200°C under reduced pressure, which cyclizes
6-hydroxycaproic ester to caprolactone, and pure e-caprolactone is
obtained from the cyciization product by distillation.

40
2. The process according to claim 1, wherein the catalyst for the hydrogenation in
step a) comprises ruthenium, cobalt or nickel supported on shaped titanium
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8. The process according to claim 1, wherein the distillation stages (c) and (d) are
performed in a single column.

30 o The process according to ciaim 6, wherein, in the case of esterification with
methanal, a fraction comprising essentially methyl dicarboxylates is removed in
an upper side draw, an essentially methyl 6-hydroxycaproate fraction as a lower
side draw, and a fraction comprising 1,4-cyclohexanediols as the bottom product.

35 10. The process according to claim 8, wherein, in the case of esterification with n- or
i-butanol, a fraction comprising essentially butyl 8-hydroxycaproate is obtained in
an upper side draw, a fraction comprising essentially butyl dicarboxylate as a
lower side draw, and a fraction comprising the 1,4-cyciohexanediols as the top
product.
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11.  The process according to claim 1, wherein the bottom product of stage (c) is at

least partly subjected to a further esterification with further addition of the low
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