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c) a separation of the bottom product is carried out in a second distillation stage into
25 an ester fraction substantially free of 1,4-cyclohexanediols and a fraction
comprising at least the majority of the 1,4-cyclohexanediols,

d) the ester fraction substantially free of 1,4-cyclohexanediols is catalytically
hydrogenated and
30
e) 1,6-hexanediol is obtained in a purifying distillation stage from the hydrogenation
effluent while removing an alcohol-low boiler mixture in a manner known per se.

The aqueous solutions of carboxylic acids which are formed as by-products in the

35 oxidation of cyclohexane to cyclohexanol and cyclohexanone (cf. Ullmann's
Encyclopedia of Industrial Chemistry, 5th ed., 1987, Vol. A8, p. 49), referred to
hereinbelow as dicarboxylic acid solution (DCS), comprise (calculated anhydrously in
% by weight) generally between 10 and 40% adipic acid, between 10 and 40%
6-hydroxycaproic acid, between 1 and 10% glutaric acid, between 1 and 10%

40  5-hydroxyvaleric acid, between 1 and 5% 1,2-cylcohexanediols, between 1 and 5%
1,4-cyclohexanediols, between 2 and 10% formic acid, and a multitude of further mono-
and dicarboxylic acids, esters, oxo and oxa compounds, whose individual contents
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conversion in the esterification.

25
To prevent this accumulation of ether components, according to WO 97/31883, the
alcohol-low boiler mixtures from stages b) and/or e) are subjected to a distillation in a
column. A disadvantage of this process is that the removal of the ethers is found to be
incomplete. It therefore becomes necessary, especially in continuous operation of the

30 hexanediol preparation process, in spite of the distillation, to discharge a portion of the
recovered alcohol (return alcohol) and replace it with fresh esterification alcohol. In
continuous mode, the discharged portion of the return alcohol is about 2.2% by weight
of the return alcohol fed to the esterification. The discharged portion of the return
alcohol is generally incinerated in an expensive manner.

35
It is therefore an object of the present invention to propose a process which avoids the
disadvantages mentioned.

According to the invention, this object is achieved by a process for preparing

40 1,6-hexanediol from a carboxylic acid mixture which comprises adipic acid, 6-hydroxy-
caproic acid and small amounts of 1,4-cyclohexanediols and is obtained as a
by-product in the oxidation of cyclohexane to cyclohexanone/cyclohexanol with oxygen
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25 The inventive removal of the alcohol-low boiler mixture with the membrane system
enables the prevention of the accumulation of the ether fraction when the esterification
alcohol is recycled by a more effective removal of the ether. The return alcohol
discharge for the incineration of the alcohol can generally be lowered from about 2.2%
by weight in the distillation process known in WO 97/31883 to 0.6% by weight. The

30 process according to the invention is distinctly more economically viable as a result of
the saving of esterification alcohol and incineration costs, which is a considerable
advantage especially for industrial scale plants.

Apart from the inventive separation of the alcohol-low boiler mixture with the aid of a

35 membrane system, the process according to the invention is described in all details in
WO 97/31883, so that reference is made explicitly to this document. All statements
made there shall also apply here without any restrictions.

The process described there with its variants A (fig. 1) and variant B (fig. 2} is
40 illustrated once again here (the terms overhead and as bottoms each referring to
withdrawal above and below the feed respectively):
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25 The process is illustrated in further detail hereinbelow. In fig. 3, the individual process
steps are broken down into further stages, stages 2, 2a, 3, 4, 5, 6, 7 being essential for
the process, and stages 3 and 4, and 6 and 7, also being combinable. Stages 8, 9, 10
and 11 are optional, but in some cases sensible to increase the economic viability of
the process.

30
The dicarboxyiic acid solution {(DCS) is generally an aqueous solution having a water
content of from 20 to 80%. Since an esterification reaction constitutes an equilibrium
reaction, it is usually sensible, especially in the case of esterification with, for example,
methanol, to remove water present before the reaction, in particular when water is not

35 to be removed, for example not to be removed azeotropically, during the esterification
reaction. The dewatering in stage 1 may be effected, for exampie, with a membrane
system, or preferably by a distillation apparatus in which water is removed overhead
and higher 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

40 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 product can be drawn off in liquid form. The
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catalyst. Examples of homogeneous catalysts include sulfuric acid, phosphoric acid,

hydrochloric acid, sulfonic acids such as p-toluenesulfonic acid, heteropolyacids such

30 as tungstophosphoric acid, or Lewis acids such as aluminum, vanadium, titanium,

boron compounds. Preference is given to mineral acids, especially sulfuric acid. The

weight ratio of homogeneous catalysts to carboxylic acid melt is generally from 0.0001

to 0.5, preferably from 0.001 to 0.3.

35 Suitable solid catalysts are acidic or superacidic materials, for example acidic and
superacidic metal oxides such as SiO,, Al,O3;, SnO;,, ZrO; or sheet silicates or zeolites,
all of which may be doped with mineral acid residues such as sulfate or phosphate to
increase the acid strength, or organic ion exchangers having sulfonic acid or carboxylic
acid groups. The solid catalysts may be arranged as a fixed bed or used as a

40 suspension.
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and 90°C, and in particular 25 and 75°C. This stream may either be incinerated or
25 preferably worked up further in stage 11.

The bottoms obtained are an ester mixture which consists predominantly of the esters
of the alcohol ROH used with dicarboxylic acids such as adipic acid and glutaric acid,
hydroxycarboxylic acids such as 6-hydroxycaproic acid and 5-hydroxyvaleric acid, and

30 of oligomers and free or esterified 1,4-cyclohexanediols. It may be sensible to permit a
residual content of water and/or alcohol ROH up to in each case 10% by weight in the
ester mixture. The bottorn temperatures are from 70 to 250°C, preferably from 80 to
220°C, more preferably from 100 to 190°C.

35 The stream from stage 3, which has been freed predominantly of water and
esterification alcohol ROH, is fed into stage 4. This is a distillation column in which the
feed is generally effected between the low-boiling components and the high-boiling
components. The column is operated at temperatures of from 10 to 300°C, preferably
from 20 to 270°C, more preferably from 30 to 250°C, and pressures of from 1 to

40 1000 mbar, preferably from & to 500 mbar, more preferably from 10 to 200 mbar.
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viaa szdes ream of the column and the remamder is removed vua e bottom. The thus

25 obtained 1,4-cyclohexanediols may find use, for example, as a starting material for
active ingredients. The high-boiling components, with or without the content of
1,4-cyclodiols, may either be incinerated or, in a preferred embodiment, pass into

stage 8 for the transesterification.

30 Invariant B, i.e. the esterification with C,- to Cs-alcohols, in particular n- or i-butanol,
the stream from stage 3 may be separated in stage 4 into a top fraction comprising the
1,4-cyclohexanediols, a sidestream comprising predominantly the C, esters, which
passes into the hydrogenation, and a bottom stream cornprising high boilers, which can
if appropriate pass into stage 8.

35
The top fraction consists predominantly of residual alcohol ROH, C;- to Cs-monoesters
of the alcohol ROH, valerolactone and 1,2- and 1,4-cyclohexanediols.

The sidestream comprises predominantly diesters of succinic acid, glutaric acid and

40 adipic acid, and monoesters of 5-hydroxyvaleric acid and 6-hydroxycaproic acid. This
sidestream may be withdrawn either above or else below the feed point of the column
and fed into the hydrogenation (stage 5).
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From ¢ netht o e egplsicy€ prBieh cauucil AREFIA RS0 Shights fiSec Lael
virtual |y fre@dalysits aredo plingiglp @l Aregnenacus and heferegpneogs eatalysts spikaig tor thene
si dest r eam crosipsgesiatigh ofaarbopylegrbepss sadh 46matals etal oxidas seetal ¢ungpduhds or
hydrogenat HNixkréOfertof. Examples of homogeneous catalysts are described, for example, in
Houben-Weyl, Methoden der Organischen Chemie [Methods of Organic Chemistry],
25 volume IV/1c, Georg Thieme Verlag Stuttgart, 1980, p. 45-67) and examples of
heterogeneous catalysts are described, for example, in Houben-Weyl, Methoden der
Organischen Chemie, volume IV/1¢, p. 16 to 26.

Preference is given to using catalysts which comprise one or more elements from

30 transition groups | and VI to VIl of the Periodic Table of the Elements, preferably
copper, chromium, molybdenurn, manganese, rhenium, ruthenium, cobalt, nickel and
palladium, more preferably copper, cobalt or rhenium.

The catalysts may consist of the active components alone or the active components
35 may be applied to supports. Suitable support materials are, for example, Cr,Oz, Al;O3,
SiQ,, ZrO,, Zn0,, BaO and MgO or mixtures thereof.

Particular preference is given to catalysts as described in EP 0 552 463. These are
catalysts which, in the oxidic form, have the composition
40
CuAlZr;MnyO,



15 Stages 3 @g%o % especially when only relatively small anounts are
processed, may conbined. To this end, for exanple, the C6 ester stream
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preparation of the
When the hydrogenation is effected in the liquid phase with fixed bed or suspended
25 catalyst, it is generally carried out at temperatures between 100 and 350°C, preferably
120 and 300°C and pressures of from 30 to 350 bar, preferably from 40 to 300 bar.

The hydrogenation may be carried out in one reactor or a plurality of reactors
connected in series. The hydrogenation in the liquid phase over a fixed bed can be

30 carried out both in trickle and liquid phase mode. In a preferred embodiment, a plurality
of reactors is used, in which case the predominant portion of the ester is hydrogenated
in the first reactor and the first reactor is preferably operated with liquid circulation for
heat removal and the downstream reactor or reactors are preferably operated without
circulation for completion of the conversion.

35
The hydrogenation may be effected batchwise, preferably continuously.

The hydrogenation effluent consists substantially of 1,6-hexanediol and the alcohol
ROH. Further constituents are, in particular if the entire low-boiling stream of stage 4

40 has been used as per variant A, 1,5-pentanediol, 1,4-butanediol, 1,2-cyclohexanediols
and small amounts of monoalcohols having from 1 to 6 carbon atoms and water.
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separation, top tenperatures of fromO to 120C, preferably from20 to 100C,
nore pref er a¥hegn enly Felatiyelysrodi@maids efck. g-haxanediol are fo be prepared, stages 6 and

25 7 may also be combined in a batchwise fractional distillation.

In order to operate the hexanediol preparation in a very economical manner, it is
sensible to recover the esterification alcohol ROH and always reuse it for the
esterification. To this end, the stream, comprising predominantly the alcohol ROH, for

30 example methanol, from stage 3 and/or 6 may be worked up in stage 11. For this
purpose, a membrane system is used in accordance with the invention. Membrane
separation may be performed in a manner known per se as reverse osmosis,
pervaporation or vapor permeation, of which preference is given to reverse osmosis.
The basic principles and the typical use conditions of these membrane separation

35 operations are described, for example, in T. Melin, R. Rautenbach, Membranverfahren
— Grundlagen der Modul- and Anlagenauslegung [Membrane Processes — Basics of
Module and System Design], Springer-Verlag Berlin Heidelberg, 2nd edition, 2004, or
in R. Baker, Membrane Technology and Applications, John Wiley & Sons , 2nd Edition,
2004.

40
In the reverse osmosis preferred in accordance with the invention, the mixture to be
separated flows along the membrane under a pressure of from 40 to 300 bar. The
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using Lewis acids. Examples thereof are compounds or complexes of aluminum, tin,

25  antimony, zirconium or titanium, such as zirconium acetylacetonate or tetraalkyl
titanates, e.g. tetraisopropyl titanate, which are employed in concentrations of from 1 to
10 000 ppm, preferably from 50 to 6000 ppm, more preferably from 100 to 4000 ppm,
based on the transesterification mixture. Particular preference is given in this context to
titanium compounds.

30
The transesterification may be carried out batchwise or continuously, in one reactor or
a plurality of reactors, stirred tanks or tubular reactors connected in series, at
temperatures between 100 and 300°C, preferably from 120 to 270°C, more preferably
from 140 to 240°C, and the autogenous pressures which are established. The required

35 residence times are from 0.5 to 10 hours, preferably from 1 to 4 hours.

In the case of esterification with methanol, this stream from stage 8 can, for example,

be fed back into stage 3. To prevent accumulations, in particular of 1,4-cyclohexane-

diols, a substream of the high boilers from stage 4 then has to be discharged batchwise
40 or continuously. Another possibility is to recycle the stream from stage 8 not into

stage 3, but rather, to separate it, analogously to stage 3, in a stage 9 into
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unit i s bet weéry@bhexade®l§, whdsedponahé tilghlbailesraed discletgedrbodi nent of t he
process, ¢ Ee hi ghl- boi | : gg fst reamhf romstage 4 (as per variant A) is used to
i ncrease the total vyi of .1, 6- hexanedi ol _based on adipic_ acid a

6- hydroxycadF‘é’i"ﬁwééf'iﬂggl%%de?‘ exged %ég.sg"'l%elaﬁh'g"%,p”f'ﬂ%s ?erYEbgg%on of
dinmeric and oligoneric esters of adipic acid or hydroxycaproic acid is

reacted in stORvéhtivd sépdritidnlr tAECAICANBRION Boifd miiiGred A he Brbtdss the
presence of a cat al g%ﬁo g%\gﬁﬁ&g@t rati o t.of al cohol RO—f and the bottom
stream f rom%@@% VLO Rt 08 carged gut iy Adpre gyPUomical SpamteE, §NLed  npr e
pref er abldy fdigimctly bighg prepartierodidhe astatifastion alcehdl gap be medypled intade  al r eady
descri bed f ogstdrifigatemt erification in stage 2. However, preference is given to
using Lewis acids. Exanples thereof are conpounds or conplexes of al um num
tin, 25 antinony, zirconiumor titanium such as zirconium acetyl acetonate
or tetraal kylhe Rrpeessds Wystratedyin degailrbut sunn way restricteshuithereferpneentodbe enpl oyed
i N concent r adxafipte Which fakdwd. to 10 000 ppm preferably from 50 to 6000 ppm
nore prefgerably from 100 to 4000 ppm based on the transesterification

m xture.” Particular preference is given in this context to titanium
conpounds. Joxampie {vaHAY¥eYt eri fication may be carried out batchw se or
continuously, in one reactor or a plurality of reactors, stirred tanks or

tubul ar rea QRREkRA. i n series, at tenperatures between 100 and 300C,
preferably ?értgﬁnélgg togri@g'c, nore preferably from 140 to 240C, and the

aut ogenous pressures which are established. The required 35 residence tines
are from3. 50.1 &g bOdibarbozylic picief seiulibh yednsistind substahtibifyuefsadipic acid, 6-hydroxy-

caproic acid, 1,4-cyclohexanediols, glutaric acid, 5-hydroxyvaleric acid, formic acid,
water and with a residual cobalt content of < 1 ppm) was distilled continuously in a
distillation apparatus (three-tray bubble-cap tray column with external oil heating circuit,
oil temperature 150°C, tray volume in each case approx. 25 ml, feed via the bubble-cap

30 trays), with attached column having random packing (approx. 4 theoretical plates, no
reflux at the top). The top product obtained was 0.045 kg/h with a formic acid content in
the water of approx. 3%. In the bottom stream (5.5 kg), the water content was approx.
0.4%.

35 Stage 2 (esterification):

5.5 kg of the bottom stream from stage 1 were reacted with 8.3 kg/h of methanol and

14 g/h of sulfuric acid continuously in a tubular reactor (| 0.7 m, O 1.8 cm, residence

time 2.7 h). The acid number of the effluent minus sulfuric acid was approx. 10 mg
40 KOH/g.
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for exanpl e, %e ed back into stage 3. To prevent accumul ations, in
particul ar of 1, 4-cyclohexane- diols, a substreamof the high boilers from
stage 4 then has to be discharged batchwige 40 or continuously. Another

possibility étg%é §t(féeﬁ'f5¥?"°%& eesssaﬁgqggr%r{)dr@{pva%%%ge 8 not into stage 3, but

rather, to sep analrogous 3, in a stage 9 into PF 56026
12 predom nantly al cohol ROH which may then passes back into stage 2, 8 or

11, and a dhzcerivbbichntaRRYirswbmM Packel HeSestetitationsstRansidre atgERYwAd

;. anc, h . . vas
Aoyl opesdiilel s?gf”@e’d"rs@‘é SmAclSuRy B2 bl Erdiali ugld P C) 9. 0hg 7F
in a furtherWee SHwvn PYﬂrBeQCKé\Sé'@Q pottonpprodiel., &6 kaovars Ogﬁ’éﬂe‘ji n rat her

insignificant amounts, into the esters of the C5 acids on the one hand,

whi ch may ei%}tggéo?ﬁﬁe\?&igqat@g %i&gﬁgﬁ@éngaio, f@i'rf?gglt):l y into stage 5, and high

boilers on t han conprise t 1, 4- cycl ohexanedi ol s,
wher eupon the high boilers are discharged. 10 In this way, yields of
1, 6- hexanedilola & croceium@Itiviag earadoim packihga thephottom steaot fraw stag8 BPwasThe

| nvent i v S&RREGA tais'aﬁedt@%@Ars:fab%mbgw@irwovm %twnﬁ%énﬁie'ram dg¥g process

according to 977 31833 carried qut 1In re . econom cal manner,
since a 15 dﬁﬁ)@n P?%"ﬁ%ﬁE%QEQ)O?%'F%"P%W%%”V ﬁgqe ’?yé;fthe?‘?féﬂdf% al cohol can be
recycled into the esterification. The process is illustrated in detail but

in no way resd loiwdoRérs\. blikgvRir€ HRBIRR 4011206y clohe Rl dRIyWaR NI A@bhe Wiethyd O

Exanpl e (variant A)_Stage,. 1l (dewatering):.25 0.1 kg of di.carhoxyli.c acid

sol ution (co%@’f%?’fy}fa'%%%sq"gﬁéw‘aqw ray: oﬂﬁ?tB%Csuggp%t?, '8%?@?%3@9‘8&%?'8% aci d,
1, 4- cycl Bhexonudistoo Predgminantly dlirsethy adpats andsoptial E&hydrosytagroate; i kg welied,

wat er and wdbkiged.esi dual cobalt content of < I ppnm) was distilled
continuously in a distillation apparatus (three-tray bubble-cap tray col umm
with external oil heating circuit, oil tenperature 150C, tray volunme in
each case apliedep steamiconstileing fheestpeirantippissrasapd mde bydsgggnation s19986t ached

col um havi ng random packi ng (approx. 4 theoretical plates, no reflux at

the top)on T 0ht ai ned was 0.045 kg/h with a form c acid content
20,1 oRagy B (RieRaygs

in the Water “In the bottomstream (5.5 kg), the water
content was approx. 0.4%
4.3 kg of the C; ester fraction from stage 4 were hydrogenated continuously in a 25 ml

reactor over a catalyst (catalyst, 70% by weight of CuO, 25% by weight of ZnO, 5% by
weight of Al,O3) which had been activated beforehand at 180°C in a hydrogen stream.

25 The feed was 20 g/h, the pressure 220 bar and the temperature 220°C. The ester
conversion was 99.5%; the 1,6-hexanediol selectivity was over 99%.

Alternatively, the ester fraction was hydrogenated continuously in a two-stage reactor

battery (1st reactor: 2.5 | of catalyst, trickle mode, 250 bar, product recycling: feed =
30  10:1, 220 - 230°C; 2nd reactor: 0.5 | of catalyst, trickle mode in straight pass, 260 bar,

220°C). The catalyst used was a catalyst composed of CuO (60%), Al;O; (30%) and

Mn.,0O; (10%) which had been activated beforehand at 180°C. The feed rate was

1 kg/h. At 99.5% conversion, the hexanediol selectivity was over 89%.

35 Stage 6 and 7 (hexanediol purification):

4.0 kg of the hydrogenation effluent from stage 5 were fractionally distilled (distillation
still with attached 70 cm column having random packing, reflux ratio 2). At 1013 mbar,
1 kg of predominantly methanolic low boiler mixture were distilled off.

40  After application of vacuum (20 mbar), predominantly the 1,2-cyclohexanediols and
1,5-pentanediol distilled off. Afterward (b.p. 146°C), 1,6-hexanediol distilled off with a
purity of 99.8%. (Residual content predominantly 1,5-pentanediol.)
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Proportion by weight | 0.71 0.29

430 g of the permeate were obtained and were recycled into stage 2. The retentate

was discarded.
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1, 4- | oh i, ol d i.s obtained by: duct in t i dat i f
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15 in a first distillation stage,

c) a separation of the bottom product is carried out in a second distillation
stage into an ester fraction substantially free of 1,4-cyclohexanediols and a
fraction comprising at least the majority of the 1,4-cyclohexanediols,
20
d) the ester fraction substantially free of 1,4-cyclohexanediols is catalytically
hydrogenated and

e) 1,6-hexanediol is obtained in a purifying distillation stage from the
25 hydrogenation effluent while removing an alcohol-low boiler mixture in a
manner known per se,

which comprises removing alcohol by a membrane system from the
mixtures, obtained after the esterification in stage b) and/or after the

30 hydrogenation in stage ¢), of alcohols and low boilers and recycling it into
the esterification.

2. The process according to claim 1, wherein alcohol is removed by a membrane
system from the mixtures obtained in stage b) and stage €).
35
3. The process according to claim 1 or 2, wherein methanol is removed.

4.  The process according to any of claims 1 to 3, wherein the membrane system
consists of at least one membrane.

3 drawings



gases and by ';[(\/aéer extraction of the reaction m xture, by esterification of
the acids WEPP® - to C10-al cohol s and hydr ogenation, in which 10 a) the
nono- and di carboxylic acids present in the agueous dicarboxylic acid

m xture are reacted with a | ow nol ecul ar qgei ght al cohol to give the
correspondi ng car box%‘g c esters, b% the resul ti ng esterification mxture is
freed of excess HIEJERCHSS ARECTABE HaNY efrdaimsd tod, whereinsthe ffaBsMeMBEANEN st age,
C) a separ ati on préssubediffetentiahigpirard @0tto 280 bar.ri ed out in a second
distillation stage into an ester fraction substantially free of

1, 4-cycl ohexanediols and a fraction rising at least the mpjorjty of the
1! 4- Sycl oheranedig Rocess agsorng e anee! daims 8d- hprein e tepsraires! the

1, 4- cycl dhexanednistuse Ditaipat &l stage b) and/orteydasathe festdesireandofdhe hebbnaeanedi ol i s
obtained in a pulhbating igfréhiédtﬁbbqr”. stage fromthe 25 hydrogenation
effluent while renoving an al cohol-low boiler mxture in a manner known per
se, which conprises renoving al cohol by a nenbrane systemfromthe

m xtures, obtained after the esterification in stage b) and/or after the 30
hydr ogenation in stage e), of alcohols and | ow boilers and recycling it into
the esterification. 2. The process according to claim1, wherein alcohol is
renmoved by a nenbrane systemfromthe m xtures obtained in stage b) and
stage e). 35 3. The process according to claim1l or 2, wherein nethanol is
removed. 4. The process according to any of claims 1 to 3, wherein the

menbr ane system consists of at |east one nenbrane. 3 draw ngs PF 5602 16

5. The process according to any of clains 1 to 4, wherein the transnenbrane
pressure differential is from20 to 200 bar. 6. The process according to any
of clainms 1 to 4, wherein the tenperature of the 5 m xture obtained in '
stage b) and/or e), as the feed stream of the nenbrane separation, is from
20 to 90C.



