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adipic acid and 6-hydroxycaproic acid to cyclohexanol, cyclohexane and/or
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This object is achieved by a process for preparing 1,6-hexanediol from a carboxylic
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25 ) catalytically hydrogenating the ester fraction from (d), and obtaining
1,6-hexanediol in 2 manner known per se by distilling the hydrogenation product.

The hydrogenation of a DCS is very complex since many compounds which can disrupt
the actual hydrogenation or are likewise hydrogenated are present, which can

30  complicate the subsequent workup. It was not trivial but surprising that the
hydrogenation of the aldehydes in step a) was so selective that the C6-
hydroxycarboxylic acids present in the DCS were not already converted to
1.6-hexanediol in this step. Had this been the case, the 1,6-hexanediol formed would
subsequently be removed together with the 1,4-cyclohexanediols in step d) of the

35  process according to the invention, thus reducing the vield of 1,8-hexanediol. In
addition, it was surprising that the catalyst used, in spite of the corrosive medium, has a
high lifetime, and it was possible to lower the formation of high boilers in the process to
such an extent that the yield and purity of 1,6-hexanedicl was improved significantly.
Furthermore, it was not foreseeable that formic acid was degraded at least to an extent

40 of 50%, and hence downstream stages are less affected by corrosion.

The esterification can be performed without addition of catalysts, but preferably under
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To enhance the overall yield of C6 products of value, as described in fi ig. 2, the high

boiler mixture obtained in column 2 can additionally be reacted once again with
esterification aicohol ROH (R3), then freed of excess aicohol ROH in a further column
K4, and separated in a column Ks into high boilers which comprise the 1,4-

35  cyclohexanediols and a further ester mixture EF". This EF' can, for example, be fed
back into column K2 together with the ester mixture EM.

The process according to the invention is explained in detail hereinafter with reference
to figures 1 to 3.

40
The process steps are broken down into stages, stages 1, 2, 3, 4, 5, 8, 7 and 8, and
12, being essential to the process, and stages 4 and 5, and 7 and 8, also being
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ruthenium supported on shaped titanium dioxide bodies, the shaped titanium dioxide
bodies being obtained by treating titanium dioxide, before or after shaping to the
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soluble.

35
The catalytically active ruthenium is applied by processes known per se, preferably to

prefabricated TiO; as a support material.

A titanium dioxide support suitable with preference for use in the ruthenium-comprising
40 catalyst can be obtained according to DE-A 197 38 464 by treating titanium dioxide,

before or after the shaping of the shaped body, with 0.1 to 30% by weight of an acid,

based on titanium dioxide, in which the titanium dioxide is sparingly soluble. Preference
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40  The inventive catalysts have a pore volume of 0.1 to 100 ml/g. In addition, the catalysts
feature a cutting hardness of 1 to 100 N.
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L;Lfgﬁ%(gaﬁ(@ L@g%&h@% %e\:tﬁglijjcg,ct&/r%m?ve wn}?ar present before%he reaction, in particular
when water cannot be removed, for example azeotropically, during the esterification
reaction. The dewatering (stage 2) in step b) can be effected, for example, with a
membrane system, or preferably by means of a distillation apparatus in which water is
removed via the top, and higher monocarboxylic acids, dicarboxylic acids and
35  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
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
40 5% by weight, more preferably 0.01 to 1% by weight.

The water can be removed in such a way that the water is obtained in acid-free form, or
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uitable solid catalysis are acidic or superacidic materials, for example acidic and

35  superacidic metal oxides such as SiO., AlzOs, Sn0., 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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40  The top fraction consists predominantly of residual water and residual alcohol ROH,
esters of the alcohol ROH with monocarboxylic acids, predominantly Ca- to Ce-
monocarboxylic esters with hydroxycarboxylic acids such as 8-hydroxycaproic acid,
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volume IV/1¢, Georg Thieme Verlag Stuttgart, 1980, p. 45 to 67, and examples of
heterogeneous catalysts are described in Houben-Weyl, Methoden der Organischen
Chemie, volume iV/1c, p. 16 to 26. |

35
Preference is given to using catalysts which comprise one or more of the elements
from transition groups | and VI to VIII of the periodic table of the elements, preferably
copper, chromium, molybdenum, manganese, rhenium, ruthenium, cobalt, nicke! and
palladium, more preferably copper, cobalt or rhenium.

40

The catalysts may consist solely of the active components, or the active components
may be applied to supports. Suitable support materials are, for example, Cra0s, Al2Os,
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' Yed®ford H1B8 88 L GherRRA n3h& %Hg{:%;éﬁggbvr} Eﬁ%ﬁﬁeg n the gas.

consti tuentﬁ are in artt Cﬁ% ar, 1f e OVE rear
stage 5 waB"3%Y: ve ,c%_alyg rEagge i fixed bedderm, fempefatures of 150 to 300°C are
1, 2- cycl ohegeaTall @neiopertiatyressuresasirio 3 00 banprefalablyhtd to 70eosr nipptoprintély,
carbon at ?ﬁieaétl@ sudtividrit yrduhesfhyardenat %rhggﬂab%n%%&%ﬁéﬁd St gt
s se a , menbr ane, system or _pre abl'y
a distiTlati odnfplg(?)'lte%gnt%,nér Wgegﬁ%e ﬁ%?era%“?wg?d‘ﬁﬁi‘wr Eﬁg%ﬁq'(i)ﬂ‘émgfﬁe
conpri ses fgfgtion. 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 possibie to
use one reactor or a plurality of reaciors connected in series.

35 When the hydr_ogenation is effected in the liquid phase with fixed bed or suspended
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.

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

either in trickle mode or liquid phase mode. In a preferred embodiment, a plurality of

reactors are used, in which case the predominant portion of the esters is hydrogenated
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In order to operate the process according to the invention in a very economically viable
manner, it is advisable to recover the esterification alcohol ROH and to use it time and
40  again for the esterification. To this end, the stream comprising predominantly the
alcohol ROH from stage 4 and/or 7 can be worked up in stage 12. To this end, it is
advantageous fo use a column in which lower-boiling components than the alcohol
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14 The2@r oG

s 1 I n ai L.th reference tq the
exanpl €5 Wnﬁ% ﬁrab%%'t%rﬁé S%{ﬂaéq%goen%efrpq%tgg? L’f"t\gb@ﬁeioﬁ ¢ W&’%ﬁ)y'gg 0Qe Feagigrior a
The fi gur eBlUflgLeidRAGOsh sepRpoonnactad slimediiankstor dubviaraeactosbst wei ght
det er mi ned idnypegaiares Beansdro gy 300 CEsRFRLIy 26 @zwcamog@ﬁl@l@a@f%o
it car boxy! 1L2APLERfhebudciolE Besslidfingh s RIBbERCA IS esickfelimes
6- oxocapr olfAUFBd 8r&0-510 10 bpurseprefesalini1dp é houtsay dr oxycycl ohexanone,
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_In the case of esterification with methanoal, this stream from stage 9 can be fed, for
example, back into stage 4. To prevent accumulations, in particular of
1,4-cyclohexanediols, a substream of the high boilers from stage 5 must then be
discharged batchwise or continuously. Another option is to recycle the stream from
30 stage 9 not into stage 4, but to separate it, analogously to stage 4, in a stage 10 into
predominantly alcohol ROH, which can then pass back into stage 3, 9 or 12, and a
stream which comprises the esters.

This ester stream can in principle (with the proviso of preventing accumulations of the
35  1,4-cyclohexanediols) be recycled into stage 5, or is preferably separated in a further
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
then the high boilers are discharged.
40
In the process according to the invention, vields of 1,6-hexanediol of more than 95%
can be achieved with purities of more than 99%.
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TS b SRR
05 1 28ac 4P U AR 186 8eB b KBS sy i Hes 3PP
5% by wei gh® mgFK@HAD3, which has been activated beforehand in a
hydrogen stream at 180C, hydrogenation conditions: feed 20 g/h, no

ci rcul atioslta&%%) bar, 220C). The ester conversion was 99.5% the

1, 6- hexane selectivity was nore than 99% o
n a column, the esteritication stream from stage 2 was distilled (1015 mbar, top

25  temperature 65°C, bottom temperature up to 125°C). 7.0 kg were drawn off via the top.
The bottom product obtained was 6.8 kg.

Stage 5: (1,4-Cyclohexanediol removatl)
In a 30 cm column with random packing, the bottom stream from stage 3 was

30 fractionally distilled (10 mbar, top temperature 75-90°C, bottom temperature up to
200°C). The 1,4-cyclohexanediols were found in the bottoms.

The low boilers distilled off were 0.3 kg (dimethyl succinate, methyl valerate, methyl
pentanoate, methyl caproate, 1,2-cyclohexanediols, valerolactone, methyl

35  5-hydroxyvalerate, dimethyl giutarate, among others); as the fraction comprising
predominantly dimethyl adipate and methyl 6-hydroxycaproate, 4.6 kg were obtained,
which also comprised between 2 and 5% dimethy! glutarate and methyl
S-hydroxyvalerate, between 0.2 and 1% valerolactone, caprolactone, methyl
6,6-dimethoxycaproate and 4-hydroxycyciochexanone.

40
Stage 6: (Substream hydrogenation)
2.7 kg of Cs ester mixture from stage 5 were hydrogenated continuously over a catalyst
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(Dewat eri n§e e Xf” Ph of dicar boxyl ic acid solution fromstage 1
(adi pi tbacid, 6- hydroxycapr0| c acid, 1,4-cyclohexanediols, glutaric

acid, 5- hygg(gmméai ?H&]tﬁ% eqamhlg?im c acid, water) was di stilled

continuously in Istillatro pparatus (three-tray bubble-cap tray
colum with 30external oi | heating circuit, oil tenperature 150C,
tray vol unstageph gRCS2Fdrdgenaiidn) feed via the bubble-cap tray) with an

attached coliugm v dibarbaxyile &bll%@}&'n@lg\nbgp@ﬂr%éenﬁe& MeRfBhiaf fla wrgihﬁé\‘ﬁh ﬂrﬂ,
et et SRR ) B P et B, o
(5.5 kg), hydrogen’/b pverotiOank ofwaRuniddr)ditanigm gigxide catalyst. The hydrogenation
was conducted for 500 h without the composition of the hydrogenation output changing
significantly. The 1,6-hexanediol content after the hydrogenation was less than 0.1%
higher than before the hydrogenation.
25
Stage 2: (Dewatering)
0.1 kg/h of dicarboxylic acid solution from stage 1 (adipic acid, 8-hydroxycaproic acid,
1,4-cyclohexanediols, glutaric acid, 5-hydroxyvaleric acid, formic acid, water) was
distilled continuously in a distillation apparatus (three-tray bubble-cap tray column with
30  external oil heating circuit, oil temperature 150°C, tray volume approx. 25 ml each, feed
via the bubble-cap fray) 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
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%.
35  The comparison between the comparative example and the inventive exampie shows a
significantly smaller amount of formic acid, as a result of which a purer end product
(see stage 7/8) than known in the prior art is obtained.

Stage 3: (Esterification)

40 5.5 kg of the bottom stream from stage 1 were reacted with 8.3 kg of methanol and
14 g of sulfuric acid. The acid number of the output minus sulfuric acid was approx.
10 mg KOH/g.
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distilled gifyes 1fha%"deiﬁ‘f(lr-l@)Eanediol purification)
2.9 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,
0.6 kg of methanol was distilled off and, after applying vacuum (20 mbar),

30 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 99.93%. In the hexanediol, in
addition to quantitatively insignificantly components, only approx. 0.01%
1,4-cyclohexanediols was found. 6-Methoxyhexan-1-ol and 6,6-dimethoxyhexan-1-ol
were not found.

35
Example 3:

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.

40 Example 4:
Example 2 stage 1 was repeated, with the difference that the catalyst used was Ni
(10%) on activated carbon at 150°C and 50 bar. The hydrogenation result was



(b.p. 146C), 1, 6-hexanediol distilled off with a purity of 99.93% In
t he hexaneéfuivalenttoaddmpledh to quantitatively insignificantly
conponents, only approx. 0.01% 1, 4-cycl ohexanedi ol s was found.
6-thhoxyh%%§n- -0l and 6, 6-di net hoxyhexan-1-ol were not found. 35
Exanpl e 3: £y 2 stage 1 was repeated, with the difference that

t he cat al y&xampe® siage riwvasoepsated witidhe diffeance dinds dhve caftlpst used was Co

hydr ogefat ( 10%)y @sadtivateRicafisin at 4610 ah P56 KaMThe hidrodEhdrea MR vhs
- Exanpl e ZN?E@g%$§”%@§aﬁ®EE?ted’ with the difference that the catal yst

used was on actrvated carbon at 150C and 50 bar. The

hydr ogenati on result was 17 equivalent to exanple 2. Exanple 5:
Exanple 2 stage 1 was repeated, with the difference that the catal yst
used was Co 5 (109 on activated carbon at 120C and 50 bar. The

hydr ogenati on result was equivalent to exanple 2. 18 Clains |I.A
process for preparing 1,6-hexanediol froma carboxylic acid m xture
whi ch conprises adi pic acid, 6-hydroxycaproic acid, 6-oxocaproic
aci d, 54-hydroxycycl ohexanone, form c acid and, based on the sum of
adi pic acid and hydroxycaproic acid, between 0.5 and 5% by wei ght of
1, 4-cycl ohexanedi ol s, and is obtained as a by-product of the

catal ytic oxidation of cycl ohexane to cycl ohexanone/ cycl ohexanol wth
oxygen or oxygen-conprising gases by water extraction of the reaction
m xture, by esterifying and hydrogenating a substream
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- 10to hexgr%glq' ol, which conprises a) hydrogenating only the
al dehydes rH etones present in the aqueous carboxylic acid m xture
catalytically to the correspondi ng al cohol s and degradi ng nore than

50% of t ge c11 f or W rocesk dorpresering 1i,6+-hekendtiol frofea cakboXilic BEAGhikine: \thi?h
mono- and dica 2 .he . EQH% .jon m xture,
-after dewateri ﬁ%ﬂ;ﬁﬁ\,{éﬁsﬁaa%ﬁ% %@d'ﬁgﬁﬁi@ﬁf‘é‘{a B\r/\c/ﬁeig '?’%é CcO Brlro'?(ia%é'%i ve the
cor r espdndi ng Brexysycohgzangne, fosic)acideands gasaskon Bgsum ¢fgdipic acid and
est eri fi cati onhydrexycaproif asd,dedseal @6hol 58y Weighbdfi 1,4wyclbhexanbdib

distillation shag@® obtainedlds b ByPrefePOdnd babivit aiih?ﬁbgzéfi%gﬁolaée}%ﬁg%m ng

a separation of_ the bottom product Lnto an éster fr t ed of
1, 258y6! ohexan USRS RRBE L I3 BRWTRR 4 Srcigpn-Somprising Gases by Water
1, 4- cycl ohexangwrastign otihedeaciion mixtire, Py kyeritygarand hygradesating asubstream
fraction from (ghexapsdiolp@hicthtofgrideds- hexanedi ol in a manner known per
se by distilling the hydrogenation product. 30 The process- according
“to claim-, wherein the catalyst for the hydrogenation in step. a).
conpri ses rut héhi umdredsnaiing eply Hieckdehysap pae keldnemprerapida the acuepusn

di oxi de or acti vatembegiibacid idirscatdftically tvethp cocesonding Glabihbig dna
claim2, wherein t&%r&cﬂﬁ@kﬁétﬁaﬂ%ogﬁ@ftﬁéﬂ%&%@& \Ag%g%ﬂ[\tr?nﬁ{e ifiyeNas a

net al ntent in the range from0.01 to 1 based on'the
t ot al ight of the catalyst conposed of catalytically active netals
and. support, ahd areBetingsthe ane- ancdichivoxylie ackis geedandim tbe bquél® regétipn

measured to DI N 66mikiike, dffer dewbRring UAtSS 0RCROILEUBOWEGhICAISHE) th%'ive the
wherei n the est er!édr?e%ébn?mﬁ@d gar%)gligregt%gs with al cohols having Ito 3

carbon atons. 2 figure process according to claiml,
wherein the esterification is perforned with
20 c) freeing the resulting esterification mixture of excess alcohol and low boilers

in a first distillation stage,

d) ina second distillation stage, performing a separation of the bottom product
into an ester fraction depleted of 1,4-cyclohexanediols and a fraction
25 " comprising 1,4-cyclohexanediols,

-e) catalytically hydrogenating the ester fraction from (d), and obtaining
1,6-hexanediol in a manner known per se by distilling the hydrogenation
product.

30
‘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
dioxide or activated carbon bodies.

35 3.  The process according to claim 2, wherein the catalyst for the hydrogenation in
step a) has a metal content in the range from 0.01 to 10% by weight based on
the total weight of the catalyst composed of catalytically active metals and
support, and a BET surface area in the range from 5 to 500 m2/g measured to
DIN 66 131.

40 . 7

4. The process according to claim 1, wherein the esterification is performed with
alcohols having 1 to 3 carbon atoms.

2 figures
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al cohols having 4 to 10 carbon atons. 56. The process according to
claim1, wherein the esterification is perforned with nethanol and,
in the disfil | diedroeasagecqraing tacisim fywherainbox pétatification &t pesformed with

essential |y fr efcobbls hadingyctooltesaeditoms, | S obtai ned at the top of
the columm, and a bottom fraction conprising the high boilers and the
1, 4- cyc#oh xanedi ol s, and the nethyl carboxylate fraction is

transfe i ntiheRecesh aperrding e FPE@ il oheygingae eetprificetjor iscpgsiorped with
accordi ng to clmedtharil andien diendistilatiasstage {d)catmethyl tarbogidte fragsbnnvi t h

nor i -butanol %@.Qential?y 88 oflf Qlc%ibﬁéia‘?l@ EE’:‘?:QSthE\)a attﬂ'u%t B f {he.column, and
1, 4-cycl ohexaneg% 2 51 P él PRW B6iTer

ahd the butyl EHeRyForteh SMBTERY i udt bRk ddibert bavaionexancdivis sk
conpri si ng t herdhaamgthyt earbexirie actian is traosfeimed inkd the thisdidistiliatibmstiaga (d).
stage {0). 8. The process according to claim1, wherein the :

- distillatien st erfor Si.n um. .20

- 9. The prochs g@%ﬁ%&% ? &Qdéng)to@l ﬁn&h\gpeereﬁgﬁ%gé}sﬁgc[agﬂg gpe%fmt% n-.

stage (c) is atrf- E‘&éf‘ohﬁﬁ]ﬂt injhe disfilasicagtages (@), fhﬁ?r‘tﬁ@b’d@mx@ﬂetﬂlblﬁa@ on

with further ademovenhviathe top withuheroesailkbes, anett@butyd lcamoR)iare Grebb@ihed

esterificationgg ok I t

Stage ﬂ@al 050U S‘j gtﬁth I(’s afs ssbo&SH@ c@f‘rﬁ%lb@ﬂfbﬁ‘?&?@é% éﬁrﬁfeiéeﬂnétﬁttﬁg third

perforfed only il g%ﬁ?\/@ of t he 1, 4-cycl ohexanedi ol s and the

fraction 25conprising carboxylic esters is introduced into the

hydrogenat Bon gha@poded} according to claim 1, wherein the distillation stages (c) and (d) are
performed in a single column.

20 9. 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
molecular weight alcohol and of an esterification catalyst and is separated in a
separate distillation stage analogously to (b) and (c), or the further esterification
is performed only after removal of the 1,4-cyclohexanediols and the fraction

25 - comprising carboxylic esters is introduced into the hydrogenation stage (d).



