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.1 6- hexanedlgbaas veln A8, p. 2/9) as by-products, hereinafter referred to as

dlcarboxyllc acid solution (DCS), generally comprise (calculated
25 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 S-hydroxyvaleric acid, from 1 to
5 % of 1,2-cyclohexanediols (cis and trans), from 1 to 5 % of
1,4—cyclohexahediol'(cis and trans), from 2 to 10 % by weight of
- 30 formic acid and also many further monocarboxylic and dicarboxylic
acids; oxo and oxa compounds whose individual amounts generally
do not exceed 5 %. Examples which may be mentioned are acetic
acid, propionic acid, butyric acid, valeric acid, caproic acid,
oxalic acid, malonic acid, succinic acid, 4- hydroxybutyrlc and
35 gamma—butyrolactone

DE 2 321 101 and DE 1 235 879 disclose the hydrogenation of these
aqueous dicarboxylic acid solutions at from 120 to 300°C and
- pressures of from 50 to 700 bar in the presence of catalysts
.comprising preddminantly cobalt to give 1,6~hexanediol as main
product. The hydrogenation products are preferably worked up by
distillation. Even with an extremely high distillation '
- efficiency, this work-up succeeds only incompletely, if at all,
in separating the 1,4-cyclohexanediols which are unchanged in the
hydrogenation from 1,6-hexanediol, so that the
1,4-cyclohexanediols which were initially present in the DCS are

40
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“praduct . 1TmaQR&ﬂ4ﬁﬁ§ﬁﬁi on products are preferably worked up by
distillation. Even with an extrenely high distillation efficiency, this
wor k- up succeeds only inconpletely, if at all, in separating the

1% 4- cycl ohexanedi ol s which are. unchanga$|r1the 45 hydrogenation from
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‘VCH Ver | agsgenei nschaft- Weinheim 4th Edition, 1994, page 263). However,
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be obt al negh 0 A RePddekvre whf OF YBeNt R HILut! Bubdis oLhaRhgeSI A

from DCS. _ e s .

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, 1994, page 263).
However, pure adipic acid is very expensive in comparison with

25 DCS. In addition, the carboxylic acid mixture obtained in the
oxidation of cyclohexane is a waste product which should be
utilized in terms of the materials present, for environmental
reasons too.

30 1t is an object of thé present invention to develop a novel

process in which 1,6-hexanediol can be obtained in high purity,
in high yield and with justifiable outlay from DCS.

We have found that this object is achieved by a proceSS'for
‘preparing 1l,6-hexanediol from a carboxylic acid mixture. :
comprising adipic acid, 6-hydroxycaproic acid and small. amounts_
.of 1,4-cyclohexanediols which is obtained as a by- product in the
oxidation of cyclohexane to cyclohexanone/cyclohexanol using
oxygen or oxygen-containing gases by.water extraction of the
reaction mixture, by esterification of the acids and
hydrogenation wherein

35
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Ve have foun®%3%1¢&63% object is achieved by a process for preparing.

1, 6- hexanedi ol froma car boxylic acid mixture  conprising adipic acid,
6- hydroxycaproic acid and snal | ‘anmount s of 1, 4-cycl ohexanedi ol s whi ch i's
obtained as a by-product in the oxi d& ion of cycl ohexane to
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manner known per m@jorppart qf ths éuﬁmﬁ%ioﬁgxweﬁlqhﬁ t he separation of the
ester mxtures: Whl ch are fornmed by esterification of the nonocarboxylic

and 1 oS Cprgrylehe peLde ALRRSHE LOLNATED cldie ok 4SSl NGKIABdOL S,

whi ch can W our.se acl ds

e sen rs of “éar
can be separat ed 3§t FaFRL %’iﬁﬂ‘?‘lg \/\E\}g qaanaipdopn nd hydrogenatlon and wor k- up

the remaining very |ow 1, 4- cycl ohexanedi ol content of the 1,6-hexanedi ol

s, nC)I_Qnger &f in a pure distillation stage, 1,6-hexanediol is isolated from
-  the hydrogenation produet in ‘@ manner known per se.
20 | o |

It is surprising that in the separation of the ester mixtures
which are formed by esterification of the monocarboxylic and
dicarboxylic acids present in the DCS, the 1,4-cyclohexanediols,
which can of course likewise be present as esters of carboxylic
acids, can be separated off in such a way that after '
hydrogenation and work-up the remaining very low
1, 4-cyclohexanedlol content of the 1,6-hexanediol is no longer of
any practical importance. Owing to the complicated mixtures to be
separated; it is surpriSing'that it has been possible to remove
the 1,4-cyclohexanediols or ‘their esters virtually completely
from the C¢-esters used for the hydrogenation to 1,6~ hexanedlol
despite the unfavorable boiling p01nt relatlonshlps and danger of
azeotrope formation.

25
30

35 . | . . o
The esterification can be carried out without addition of

catalysts, or preferably in the presence of catalysts. Suitable
" low molecular weighf alcohols are generally those having from 1
to 10 carbon atoms, in particular alkanols having from 1 to 8
46 carbon atoms. Diols such as butanedlol or pentanedlol are also
sultable in pr1nc1p1e.

' The lndustrlally preferred alcohols used for the esterlflcatlon
are n- or i-butanol and in particular methanol. '
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any practi ca®050pp46638ce. Oning to the conplicated mixtures to be
separated, it is surprising that it has been possible to renove 30 the
1, 4-cycl ohexanediols or their esters virtually conpletely = fromthe
‘C6-esters used for the hydrogenation to4l, 6-hexanedi ol despite the
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or i -butanol nd |(nd[)part|cul ar “‘net hanol . 45 0050/ 46633

4 In the cBsa of YHe esterification usi ng net hanol . (variant ‘A), the
procedure is to obtain, in the distillation stage (c) a nmethyl =
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rret hyl car boxy?a’f enat| on S‘ére as botto];ns
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1, 4- cycl ohexgpBRFt3ing sheshcandiars FRRSSPIRSY| dptroguced 1§E‘pa‘?‘%ﬁ ed off at
“the top in thgddogdrdtion ehagt agh -( Ehe aprpaess of the \Oresgnbokyventdongpad
obt ai ned 3§ atsi ¢l&r SR PFigS 1YOLKANB (FighoQpr asé raxpladaedainl gemeral
subsequent |y ;ENEL PANGEGHBLE {HIE termN¥ETOGLRRD! ABand ARt dhe dhEcdke0G8SS Of
the pr esent | gvent%l_?en f%:g p?lrl'di.t S Eaﬂéétc@h Egns lghaa@q.hg gff-gak@)lsar €

expl ained in where the termat the top neans that
the. of ftakebPdovw thgdged: H%“P'%)e'd poi nt and as bottons nmeans 't hat the
of ftake i 520 bel ow the feed point): 20 Variant A

variant A

or

- As shown in Fig. 1, the dicarboxylic acid solution (DCS), if
desired after dewatering, is fed together with a C;-Ca-alcohol,
25 preferably methanol, into the esterification reactor R; in ‘which
_ the carboxylic acids are esterified. The esterification mixture
‘obtained then goes to the column K; in which the excess alcohol
(ROH), water and low boilers (LB) are distilled off at the top
and the ester mixture (EM) is taken off as bottoms and is fed
30 into the fractionation column K;. In this column, the mixture is -
. fractionated into an ester fraction (EF) essentially free of
2 1,4—cyclohexanedibls'and a bottoms fraction comprising high
boilers (HB) and'1,4—cyclqhexanediols (1,4-CHDO). The estgr
fraction (EF) is then catalytically. hydrogenated in the’
'35Ihydrogenatlon reactor R, and the hydrogenation mixture is .
fractionated in the distillation colomn K3 to give alcohol (ROH),
low boilers (LB) and pure 1,6- hexanediol.

Variant B

40 ' _ .
| If alcohols having 4 or more carbon atoms, in particular n- or
i-butanol, are used for the esterification, the process as shown
in Fig. 2 differs only in that in the fractionation column K; the
ester mixture (EM) is'fractionatéd-td give a top product of low
boilers (LB) in which the 1,4-cyclohexanediols (1,4-CHDO) are
present'and an ester fraction (EF) essentially free of .
1,4-cyclohexanediol which is obtained as a side fraction or as
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As shown in @9%P/4663he di carboxylic acid solution (DCS), if desired
after dewatering, is fed together wwth a (Jerr]-CJerr]-al cohol, 25

preferably nmethanol, into the esterification reactor R err] in which the

‘carboxylic acids are esterified. The es§erification mxture obt ai ned.

t hgnl goes _tlooéél%m‘é%yﬁprﬁi@{gr _Llhé neym%:? Erbb@%&%-(‘a&ﬁﬁ ial EQ%Oinﬁ:o thOH), water.

and | ow boi l.e i off at the top and the ester mxture
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"(EM is take i's fed 30 into the fractionation colum
Klerr]. In this colum, the mxture is fractionated into an ester -
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fraction cOBNUYRI NAshbbn irb@ibers, (did) iaadvladhic pebosss aigisobse

(1, 4- CHDO) . rﬁ“e S3i8h incd TAGLHED Elded SwhBED G eubbsal | % hydregepated
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boi | ers (LB)asrfd apdr @ map-beexsmbined. The stages fy 9 48 and (¥l FreqoRots
havi ng 4 or swaritiyr becessanys, buh pay thecwsafuh-fay imprpving el ecapemigfed
for the edPepi finealreBess he process as shown in Fig. 2 differs only in
that in the fractionation colum Klerr] the ester mxture (EM is '
fractronated to give a top product of |ow 45 boilers (LB) in which the

1, 4- cycl ohexBrrdliglesbexy IiCHOd  gpiution (BEEht 1% HAPREFadlY A1 fARELHSN (EF).
‘essential |y §obetien havind-z waltehesameatitolofwiiren 3% tobB8i hedimseaani de

fraction or @sterifica@96f/Afdion is abeiduddEbeiumpHesichdoh heitedisenshaklyi on

and is feésia%ékﬁﬂ1? ar@i?ﬁf5¥¥§aﬁhognSééﬂﬂ%i@EESEi&ﬂ-using,T%@tFH#&ﬁ@ié,Of the

present i nven(fon 1,¢ eXPlaifsd hledobaldent Rebou c &S rahougodpFl o 3. the

i ndi vi dual proteP e EBSTEPYS YFEESh YT aa T At O ugther Stages, 'where the.

stages 2, 3,e@pecialdy whap wateT carueh (e FePgvefid Weigea%%ﬁetr\ﬁ'%lgfgﬁ%% 3

and 4 as wel reactiors ggd Jannpt be tomevatb®s FRea2eUOPes, The dayairying are

not  stricthy seapsdacyn beitcarmieeouseffidr aampler asiing & membgemeni cs 10

of the pr 89e§§stém or! peedb s KOBY neaReidE OLEL O {IICh) appagemas dhl y an

agueous . which water is removed at the top at from 10 to 250°C, preferably

' from 20 to 200°C, particularly preferably from 30 to 200°C, and a

pressﬁre of from 1 to 1500 mbar, preferably from 5 to 1100 mbar,

. particularly preferably from 20 to 1000 mbar, and higher :

25 monocarboxylic acids,'dicarboxylic acids and 1,4—¢yclohexanediols-
are taken off as bottoms. The bottom temperature is here
'preferably selected such that the bottom product can be taken off

in liquid form. The water content at the bottom of the column can

be from 0.01 to 10 % by weight, preferably from 0.01 to 5 % by
weight, particularly preferably from 0.01 to 1 % by weight.

30

The removal of the wéter can be carried out such that the water
is obtained substantially free of acid or the-lower - '

35 monocarboxylic acids present in the DCS, essentially formic acid,
can be mostly distilled off with the water so that they do not
bind any esterification alcohol in the esterification.

An alcohol having from 1 to 10 carbon atoms is mixed into the.

40 carboxylic acid stream from stage 1l: in the case of variant A an
alcohol having from 1 to 3 carbon atoms, viz. methanol, ethanol,
propanol or isopropanol, preferably methanol, in the case of
variant B an alcohol having from 4 to 10, in particular from 4 to
8, carbon atoms and particularly preferably n-butanol, '

45 iso4butanol, n-pentanol and i-pentanol.



sol ution hawo&p/ea>er content of from20 to 80 % Since an
esterification reaction is an equilibriumreaction, it is usually 15
useful, particularly in an esterification using, for exanple, met hanol ,
‘to renove wat er present prior to-the remction, especi ally when wat er

cannot be I &R e I gat c , (o be
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sté
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distill atro@%ﬁﬂ&k‘%w |H¥efer9rh?-¥: L QrSi % r]é)m)ved at the top at from 10
to 250[err]C pref erably from20.to 200[err]C, particularly preferably
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ssentll a¥| y forme®
acid, caredsdh rbsseycen N9 msed- ofhe wespdeRee \idimer n§89§‘f’r%ﬁy £RZy EB® " not
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havi ng frd® g HourkQ 28& bestetigiBat Sonriveadtioh ccdheréeedrnibhpiitc addition
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" homogeneous catalyst to carboxyl:r.c aci melt lS generally from
25 0.0001 to 0.5, preferably from 0.001 to 0.3.

Suitable solidlcatalyets are acid or superacid materials, eg.

acid and superacid metal oxides such as SiO;, Al;03, SnO;, 2r0; or
sheet silicates or zedlites,'which can-all be doped with mineral _
acid radicals such as sulfate or phosphate to increase the '
acidity, or organic ion exchangers containing sulfonic acid or .
carboxylic acid groups. The solid'catalysts can be used in a

fixed bed or as a suspension.

30

35 ' _
The water formed in the reaction is advantageously removed

continuously, eg. by means of a membrane or by distillation.

The completeness of the conversion of the free carboxyl groups

40 present in the carboxylic acid melt is determined by means of the
acid number (mg KOH/g) measured after the reaction. It is, with
subtraction of any acid added as catalyst, from 0.0l to 50,
preferably from 0.1 to 10. Not all of the carboxyl groups present
‘in the system are present as an ester of the alcohol used, but .

45 some of them can be present in the form of dimeric or oligomeric.

~ esters, eg. with the OH end of the hydroxycaproic acid.



- The esterifi@e5060662Rcti on can be carried out at fromb50-to 4000C,
preferably from70 to 300[err]C, particularly preferably from 90 to
'200[err]C. External pressure can be applied, but the 10 esterification is
-preferably carried out under. the intringic - pressure of the reaction
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esterified-1,4—cyclohekanediols}'It can be useful to allow an
amount of water and/or alcohol ROH of up to 10 % by weight of
each to remain in the ester mixture. The bottom temperatures are
30 from 70 to 250°C, preferably from 80 to 220°C, particularly
. preferably from 100 to 190°C.

The stream from stage 3, which has been largely freed of water

‘and esterification alcohol ROH, is fed to stage 4. The latter is
35 a distillation column in which the feed is generally between the

low-boiling components and the high-boiling- components. The

column is operated at from 10 to 300°C, preferably from 20 to

270°eC, partlcularly preferably from 30 to 250°C, and pressures of

from 1 to 1000 mbar, preferably from 5 to 500 mbar, particularly
40 preferably from 10 to 200 mbar. :

In variant A, ie. the esterification using C;-Cs-alcohols, in
- particular methanol, the stream from stage'3_is then separated
‘into a top fraction to be hydrogenated and a bottoms fraction
45 comprising the 1,4-cyclohexanediols. '
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are separated off at the bottom. The 1 4—cyclohexanedlols thus
obtained can be used, for example, as starting material for
active compounds. The high-boiling components, with or without
the 1,4-cyclodiols [sic], can either be incinerated or, in a
preferred'embodiment, go to the transesterification in stage 8.

30

In variant B, ie. the esterification using C4-~Cjg-alcohols, in:

35 particular n- or i-butanol, the stream from stage 3 can be

' fractionated in stage 4 into a top fraction-comprising the
1,4-cyclohexanediols, a side stream comprising predominantly the
C¢-esters which goes to the hydrogenation and a bottom stream
comprising. high bbilers'which;can,'if desired, go to stage 8.

20 _ _ _ |
The top fraction consists predominantly of remaining alcohol ROH,
C;-Ci-monoesters of the alcohol ROH, valerolactone and 1,2- and
1,4-cyclohexanediols. ' '

. 45 The side stream comprises predominantly diesters of succinic

acid, glutaric acid and adipic acid and also ‘monoesters of
5 hydroxyvalerlc ac1d and 6- hydroxycapr01c acid. Thls side stream
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getting into the stream fed to the hydrogenation.

The hydrogenation is carried out'catalytically either in the gas
or liquid phase. Catalysts which can be used are in principle all

3o'hbmogeneous and heterogeneous catalysts suitable for the
‘hydrogenation of carbonyl groups, for example metals, metal
oxides, metal compounds or mixtures thereof. Examples of_
homogeneous éatalysts-are described, for example, in Houben-Weyl,
Methoden der Organischen Chemie, Volume IV/lc, Georg Thieme

35 Verlag Stuttgart, 1980, pp. 45 - 67 and examples of heterogeneous
catalysts are described, for example, in Houben-Weyl, Methoden

'_der Organischen Chemie, Volume IV/lc,'pp. 16 to 26.

Preference is given to using catalysts comprising one or more of
the elements of transition groups I and VI to VIII of the
Periodic Table of the Elements, preferably copper, Ch:omium,

" molybdenum, mangahese, rhenium, ruthenium, cobalt, nickel and
palladium, particularly préferably copper, cobalt or rhenium. -

40

45



1, 4-cycl oheXXARRYA4RE33 The side stream conprises predoninantly diesters

of  succinic acid, glutaric acid and adipic acid and al so nonoesters of
5- hydr oxyval eri c aC|d and 6-hydroxycaproic acid. This side stream
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passed to the Br 6henat on 20 stage 5. The stages 3 and 4 can be
conbi ned, parti cuI arly when only relatively smal|l anopunts are being
processed Raltertehias >p0 pose,0, ¢ Bor Oexdrplle, at heb 3, dsPer/4i reamccandbe
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‘1, 4-cycl ohexanediob Syt ra e)}'o'}gthgtf’oztnﬁ@.ashﬁ%m'fr@iet @a{:Q dusdagepat i on.

nguf‘édLﬁiZﬁ‘}e‘@ia{‘r's Ot 1S S8 atn bRl Yo 2 335 hBs P PR3 ipi el

_honpgeneous &RP 9t §P6§M§°&3Pé?ﬁq“§’°§ﬂafa5’r'%“f gns CINAS B'B‘ﬁaﬂeon
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m xtures thesg£nfs apeanpbesesaimple, hbabipEscossliated \esiis nateathesciSubbabld or -

~exanpl e, 58 ﬁf&gﬁﬂlf@ﬁ¥g are all agents which lead to formation of insoluble
intermediates which can be converted into the oxides by thermal
treatment. Particularly suitable intermediates are the hydroxides
and carbonates or hydrogencarbonates, so that particularly pre-
ferred precipitants are alkali metal carbonates or ammonium car-

25 bonate. In the preparation of the catalysts, it is important that
the intermediates are thermally treated at from 500°C to 1000°C.
The BET surface area of the catalysts is from 10 to 150 m?/g. '

. . Preference is given to uéing“heterogeneous catalysts which are
30 either used as a fixed bed or as a suspension._If the
~ hydrogenation is carried out in the gas phase and over a
fixed-bed catalet, temperatures of from 150 to 300°C and
pressures of from 1 to 100 bar, preferably from 15 to 70 bar, are
generally employed. In this hydrogenation, use is advantageously '
35 made of hydrogen as hydrogenating agent and carrier gas in _
amounts which are at least sufficient for the starting materials,
intermediates and_prdducts'never'to become liquid during the
‘reaction. The excess hydrogen is preferably circulated, with it
:being possible to bleed off a small part as waste gas to remove
40 inerts such as methane. It is possible to use one reactor or a
- plurality of reactors connected in series.

If the hydrogenation is carried out in the liguid phase using a .
fixed-bed or suspénded 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.

45
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preparati on ghodrte o8t AbySdlTohblsi Bavitgofiramt 1ttmaté carbbe ayumsr apdi ates are
thermal | y2Preated at from 500[err] C.to 1000[err]C. The BET surface area
of the catalysts is from10 to 150 nferr]/g. _ :

In stage 6, for example a membrane system or preferably a
, distillation column, this hydrogenation product is fractionated

25 into the alcohol ROH which additionally contains the major part
of the further low-boiling components and a stream comprising
predominantly 1,6-hexanediol plus 1,5-pentanediol and the .
1,2—cyclohexanediols.'This'is carried out at a pressure of from
10 to 1500 mbar, preferably from 30 to 1200 mbar, particularly

30 preferably from 50 to 1000 mbar, top temperatures of frpm 0 to.
1200C, preferably from 20.to'100°C, particularly preferably from
30 to 90°C, and bottom temperatures of from 100 to 270°C,
preferably from 140 to 260°C, particularly preferably from 160 to
250°C. The low-boiling stream can either be recirculated directly

35 to the esterification of stage 2 or go to stage 8 or stage 1l.

The 1,6—hexanediol4containing stream is purified in a column in
stage 7. In this Stage, l,5—pentanediol, possibly the
1,2-cyclohexanediols and any further low boilers present are

40 separated off at the top. If the 1,2-cyclchexanediols 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 the column as a side

45 stream. This purification is carried out at pressures of from 1
to 1000 mbar, preferably from 5 to 800 mbar, particularly
preferably from 20 to 500 mbar, top temperatures of from 50 to
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In a further preferred embodiment of the process of
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used to increase the total yield of 1,6-hexanediol based on
.25 adipic acid and 6-hydroxycaproic acid introduced via the DCS
used. For this purpose, the dimeric and oligomeric esters of
adipic acid or hydroxycaproic acid present are reacted in stage 8
with further amounts of the alcohol ROH in the presence of a
catalyst. The weight ratio of alcohol ROH and the bottoms stream
30 from stage 4 is from 0.1 to 20, preferably from 0.5 to 10,
particularly preferably from 1 to 5. Suitable catalysts are in
principle those deseribed above for the esterification in stage
2. However, preference is given to using Lewis acids. Examples of
these are compounds or'complexes'of aluminum, tin, antimony, '
35 zirconium or titanium, for example zirconium acetylacetonate or
tetraalkyl titanates, eg. tetraisopropyl titanate, which are
employed in concentrations of from 1 to 10,000 ppm, preferably
from 50 to 6000 ppm, part;cularly preferably from 100 to 4000_
ppm, based on the transesterification mikture. Particular
40 preference ‘is given to titanium compounds.

The transesterification ¢an be carried out batchwise or _
continuously, in one reactor or a plurality of reactors, in
stirred vessels connected in series or tube reactors at from_lOOl
45 to 300°C, preferably from 120 to 270°C, particularly preferably
from 140 to 240°C, and at the intrinsic pressures established. The



20, water.°°5°/4?ﬁ3§tage 6, for exanple a nenbrane systemor preferably a
distillation colum, this hydrogenation product is fractionated 25 into the
al cohol ROH which additionally contains the major part of the further
I-ow boi I i ng conponents and a stream corfdg@ i sing predom nantly

1, 6- hexanedi pésjplencel t imee Mteapueded| axndrihe0.5 -t 20ciohodexarsdirabsy Thi s
is carried opftomiti @oPhepsirs, of from: 10 to 1500 nbar, preferably from 30
to 1200 nbar, particularly 30 preferably from50 to 1000 nbar, top '
tenperatures of fromO to 120[err]C, .preferably from20 to 100[err]C,
particul ar | yIpridfeecabeyof rihve est8oifira3Gosr n$ing aedhbool ormktisngéraamr es of
from 100 t® grfiersthGe 8 ci efferabkyms Ienmbé4Petwrnzlfer stdge [3ar trocavedd y
preferably frommQeisns, e?st'g;éfceaﬁfoﬂhie,4Leyeméga&gd§&1§m GABserilfroe
recircul at ed, gi rhei%%ﬁo%??é% +HaG gé &d HLRULE A 3! dfefvdis G 1O Stage 8
or stage 11. . e_1,b-hexanedi ol -containing stream[s purified in a
colum in S¥HGEORSLY nt19M S804 T,%g‘ﬁﬁnﬁ’%%%’éﬂl&llf:ypbis&nﬁ ¥t he '

1, 2- cycl ohexEerigicyilate nkhe i reant gé‘l’m |5RIB0B | ¥ StRgesdnPutar 140 SéBhIaR ed
of f- at théCtway tdf sthgel32-toydrehbkenred ditsiana/stage 91ifStparedopinaitly e
to be.isol at glkarfolador] i wHidh dafi tBéh go ROOHUEHS 2, BeyrCcaD, kavasapatoéad i n
a further co} isAnY Ph&lesterROil €rs present are renoved at the bottom

1, 6- Hexanediol T1n a purity of at least 99 %is taken fromthe colum as .
a side 45 stream This purification is carried out at pressures of from1l
to 1000 n‘ggr';‘h:'m efs¢ezbbyrdamomad io BOhaipde, (pirh ithel proyiso yhaef er ably
from 20 t 07 58¢uidatibRpof et psSldiexahedisls tie avoided O 46633

12 200[errl&e; Ruaherably JuaQu 0o+ 0l 30lweRlSY y 3 RObL A4 GPgr at ures of
from 130 to 270[.err fro SY errC | f

ref erabl 0 to, .2 n .
relatively s_rr%t, heérrrlﬁgﬁ?g §4 lf,%é’- %giaensecﬁ?ogl Ogr‘éh? 0 %pec ds raenda{r 58?#%%619& ages
6 and 7 can WPEPBEBEHR SIS 04 BEWHw $8° ST Ognshe o¢)5§laffllfi§t?'brﬁhe

To oper at g4t dRe pfrapcleybich auee inhyeducesh edgherotinn capby 4soriGligestivle, it

i s useful Toinesetaget heamdt @ni theadiler dlandhobigdOMoilansl ¢empreisiegi thé or

the -esterifi¢pfiirlohekahddiolRYr REEEr WHIRh the high boilers are removed

from the system.

25 In this way, Yields of 1,6—hexanediol of over 95 % can be'
achieved at purities of over 99 %.

. The novel processfthuS'aliows highly pure 1,6-hexanediol to be
obtained in high yield and in an economical manner from a waste -
30 product. ; ' ' o

The following example illustrates but in no way restricts the
process. ' '

- 35 B
Example (variant A)

Stage 1 (dewatering):

40 0.1 kg/h of dicarboxylic -acid solution (consisting essentially of-
adipic acid, 6-hydroxycaproic acid, 1,4-cyclohexanediols, '
glutaric acid, 5-hydroxyvaleric acid, formic acid, water) were
distilled continuously'in a distillatibn apparatus (three-tray -

. bubble cap tray column having an external oil heating circuit,

45 o0il temperature = 150°C, tray volume = about 25 ml each, feed
above the bubble cap'tréys) having a superposed packed column
(about 4 theoretical plates, no runback at the top). The top 3



st ream.conpr085044p63doni nantly the al cohol ROH, for exanple met hanol ,

fromstage 3 and/or 6 can be worked up in stage 11.. This is

advant ageousl y- carried out using a colum .in which 15 conponents having
boiling points |lower than that of the ala&ohol = ROH are renoved at the
top, water ag &%@%%aiﬁeéﬂ%mléea'oras pgwi hi ¢Benié hadid kohteft t he
~alcohol P 6 Bt P s ‘{)‘9&21&% rgfccm ' pECis® shegbat ed as
a side st reaht cd gvan ageousl y operate a rom 500 to 5000
‘nbar, 20 pr eiér%lﬁ%/) f’ﬁaérr?h‘é‘bt t°0 3600 mbar. = In a further preferred
enbodl ment of the process of the ‘invention, the high-boiling streamfrom

stage 4 (is %qlltomcreasethetotal yi el d of
1, 6- hexanedi %T%%aseo‘@stbggfml pI c)aC| d and 6-hydroxycaproic acid |ntroduced

via the DCS - used. For this purpose, the dineric-and oligoneric esters of
adi pi c acid etshygitipxfc apecbeot tamisd spreae fircar etageck s¢renreackpd 8 with
further amuebﬁtﬁﬁudd’.&,anw@HOé RP/hnot heethansenasd A4 g/h otadwlfystic' The
glel g[lt r28t1|oo é ﬁ bg%éé%rt Q@ Qe{:ﬂ% &trﬁainﬁ‘&mfwgéﬁ&é}ﬂ!é 4ihe fr;)m
o] preie Vs o .
5. Suitable @a \[’ %e xr‘iu e nEP%I%"p ose g?éscrl %&gflggﬁ%e c}rfgtg%é
~esterificati8fifin \sétsag@wt ;. Wéﬁ preference i's given to using Lewi s
aci ds. Exanpl es of ~these are conpounds or conpl exes of alum num tin,
antimony, %h{;&oi" fral! &@%wassf Qi cERAMRANA #hE&£O um acetyl acetonate
or .~ tetraaFk t1tanates, ‘tetralsopropyl titanate, which are
enpl oyed 1% conce.ntratl ons of from 1 to 10,000 ppm preferably f rom 50
‘to 6000 ppm Thar éstertdilcatporf sty froonstae Rowaddistildsmh 1nadP 6R the
transesteri f'p%éké@ﬂcd\ldﬁtnur(eo1§’aﬁ5alzqulsaoc Afbpprehpeanare $ogl2EIT bottomani um
compounds. IP&H@”S@}SBGHPI fher! LQRef ANED@LCRRE ! €5h OWl. sbRG GlRpese Or
cont i nuously, TR-on cé__ a plurality of reactors, in stirred
vessel s conné’c‘?itéan?‘ﬁ assei"i 808? tube reactors at from 100 45 to 300[err]C,
preferabl y2&rom 120 to 270[err]C, particularly preferably from 140 to
240[err]c, -andagk &heetdtitfioRat CoPy ESALESE 16 aledibEdrendval ) : 0050/ 46633
13 - reS|dence tinmes required are fromO.5-to 10 hours, preferably froml

to-4 hours. - .In the case of the esterification usi nPl met hanol , _thi s
stream The bottoms stream from stage 3 was fractionally distilléd in

50 cm packed column (1 mbar, 70-90°C top temperature to 180°C
bottom temperature). The bottoms (1.9 kg) contained virtually all
the 1,4-cyclohexanediols. '

.25

0.6 kg of low poilers was distilled off (1,2-cyclohexanediols, -

36 valerolactone, methyl S5-hydroxyvalerate, dimethyl glutarate;_
dimethyl succinate, etc). 4.3 kg of the fraction comprising .
predominantly dimethyl adlpate and methyl 6- hydroxycaproate were
obtained. :

35 Thé top stream, viz. the ester fractlon, is passed to the
hydrogenation stage 5.

. Stage 5 (hYdrogenation):
4 o . " . . ’
4.3 kg of the Cg-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 2ZnO, 5 % by weight of Al,03)
which had previously been activated at.180°C in a stream of

45 hydrogen. The feed was 20 g/h, the pressure 220 bar and the



5 from st agPBPYAF6IDr exanple, be.returned to stage 3. To avoid

accunul ations, especially of 1, 4-cycl ohexanedi ol s, a substream of t he
hi gh boilers then has to be bled off at intervals or conti-nuously from - .
stage 4. Another possibility is not tol5 recirculate the stream from stage

8 to stage Zdmperatfr@ Ziovclarhd sy tonvdfgendwaboddsmatienate it in a

~stage 9 into predonoandd %elecBliMPhalbbepislhy can then go to stage 2, 8

or 11, and a 'st ream conprising t he esters. -Thi s ester stream can in
principle (with the proviso that accumul-ation of the

1, 4-cycl 0he)@ﬁﬂriﬁd-hak:s;vem,avmmded):ebefractn.en|wa;s.lll‘altde‘dgeua'eﬁtdag@n#lovom%ly
preferabl y5 f Gl k@Bakesyd &e%ctorféust&a@e $1sgerddetorto the esters of the

C6- d g f cREBMAL .of

t hea((:ll[ efr iang‘, |52Is gtﬁl %(ﬁ{él?gg%lrjlgb %dtﬁna%gf r%zgoggfe& @:fﬁtfi%:f%%io?t gge

4 or di rectli Sihloista ot har- -han ?
~conprising t floy Elo‘é%/d'f’(?ﬁeﬁ‘&ﬁéh‘mﬂ @asaﬁs%r 6% ba*y h%z‘%cgl’u '516‘? I‘éartsalare’ﬁ

renoved = fussd whe sysaealyst Qémpmsm%cmwﬁ@/l%élrdélzm 1.38- hbxantk dingfs of
over 95 %3@ande) whiechileamtprevipusly beenokcoirerteddats 180°C. The femdlrate
process t hus,zl '10\1!%/9' G YoRUl § dofvdt@ianediné Hekahediol @Hl@d&&dltyl wigh

yield and |n 908 om cal manner froma waste 30 product. The
follomnng exanp e |IIustrates but in no way restricts the process. 35
Exanpl.e . (vari ant A) . Stage 1 (dewatering): 40 0.1 kg/ h of

di car boxyl i cstdijed SObH&i PN (consisting essentially of adi pi c acid,

6- hydroxy&épr0|c acid, 1, 4- cyclohexanedlols glutaric acid,

5- hydroxyval eric acid, formc acid, water) were dlstllled contlnuously

in a distill4t9 &y gfphhathrdrogenstion Rroduck FFem §&9°t P %I urm havi ng” an

external oi | ftmstiongldyrdistilles odistiddpsianuflask wighesrpezposedy7Qofne =

about 25 M paoked teedmn, wdRIua rheidulhl.elckp ¢f ayethahaVivas distpiiedsed

packed colynges at 3@QYt miat hoHeL §8b1 RIarli6H, o OrddtitRACkrédsidee top). The

tOp (20 mbar), predominantly the 1,2-cyclohexanediols and
1,5-péntanediol distilled off. Subsequently (bp. 146°C),
1,6-hexanediol having a purity of 99.8 % distilled off.

~ (Remainder predominantly 1,5-pentanediol.)

25 i

Stage 8:

1.9 kg of the bottom product from stage 4 were admixed w1th 3.8
kg of methanol and 3. 8 g of tetra-i-propyl titanate and reacted o
continuously in a 1 m long, 440 ml capacity tube_reactor which
was filled with 3 mm V22 rings. The mean residence time was about
- 2 hours.

30

35 Stage.Q:

' The product from stage 8 was ffacfienally distilled in an
apparatus similar to that described in stage 3. 3.5 kg
(predominantly methanol) were distilled off at a top temperature

40 of 65°C. 2.2 kg remained in the bottoms.

.'Stage.10:

' The bottoms from stage 9 were fractionally distilled by a method
%5 gimilar to stage 4 to a bottom temperature of 160°C. The
distillate obtained comprised 1.3 kg which can be directly
hydrogenated or returned to stage 4. Composition: 52 % of methyl



9050/ 46633 0050/46633 ' | 14  product obtai ned

conprised 0.045 kg having a formc acid content i.n water of about 3 %
The water content of the bottons stream - (5.5 kg) was about 0.4 % 5
‘Stage 2 (esterification): - 5.5 kg/hl@f the bottons streamfrom stage 1

were react ed6 hy &%HJ&?QH%&’ Vi1t B g 3ateRbiehyal H%Qt?élms angs 1din¥thy 3
| f |
i(l; ur|2c7 h) 9%%‘& q:ied r%u%b%f’ t’.tyﬁeg ﬁ%%{]giy%aé'é%ﬁ axCl ug}‘%g Stﬁq’%t%(r:?ct'l "

acid, was ab69¥‘P‘1’€Fr}ﬁj KG—P@lmP°rta“St S-renoval of excess -al cohol and
water) 15 The esterification-streamfromstage 2 was distilled in a 20
cm' ~ packed s€8 émﬁ(wlS nmbar, 65[err]C top tenperature to 125[err]C
bottom tenpe ature). 7.0 kg were taken off at the top. 6.8 kg were

obt ai ned - as bottons. 20 Stage 4 (fractionation; 1,4-cycl ohexanedi ol
renoval ) - 7 xdhef iet app ptodarn from stapge 33wvens fremttiooaily ydigitdddeded
in a 25 50 cyepagkeduae! Yana(do rﬂ’maiaclz&)d W 1eimn]. Co't ®kd &Fpar pitete firaction

180[err] C wggt ﬁ%g@g%a& B&Q@ﬁf fé‘“réé-é’sétg) OBt AtNRd oWl rtual |y

al | ~thaol { i ill.ed
of f (1,2- cycFBFfB o] °m§6azt/%€1yef"8f:g%’t‘ F hy g.BHngé&)g/ia glreg e AE
di met hyl - gl ueatap ctempergtigen9f &i€ei %a 8?’“? He R"F&Eff i o
conprising > pPetoreueacbtaivedetTgl ba'elt?}m doaﬁdk%tms%i’—ﬁﬁdroxycaproat e
wer e - obt alp&edomma';}ﬁ;ﬂ}heftﬁ@tert Jeam viz. the ester fraction, is passed
to the hydr ogenat| on stage . St age 5 (hydr ogenat i on)

. 8 _

20

- . 25

30

35
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" 45



40 4.3 kgP@BOL4&6TH- ester fraction fromstage 4 were hydr ogenat ed
continuously in a 25 m reactor over a catalyst (catalyst: 70 % by

wei ght of ght of ZnO 5 %by weight of Al[err]Jerr])
'v\/m ch hac“ | 'um activated at 480[err]C in a stream of hydrogen.

he feed was ¢ Lg/h the pressure 220 bar and the 0050/ 46633
15 tenperature 220[err] C. 'The ester conversion was 99.5 % the
1, 6- hexanediw¢ «l@imctivity was over 99 % - Al ternatively, the ester

- fraction was hydr ogenat ed continuously 5 in a t wo- st age reactor cascade

1st reactor; 1 of cata st do bar
| ﬁeci rcul atgoh: 2 Rr@&?ss o a33p9 Y\% E%%&]Zzt%%ﬁnegc%%g él’ggk ac%d :
cat al yst, dovm#*dwenﬁaﬁpﬁ\?rﬁllﬁ‘gstaﬂél’b‘]’l cdé’ssg Rydznsy &d The -
~catalyst - usedsmwlsl amounhs yah loénpwls,@!@(a@@@l?é@ "%lChA}[Se?IPE‘@[ s(30 %
and Ml err] J er rpy-dgrddhiet %4 n wec loxiiddt pore\afoegtjolpmemeatbi vat ed at
180[err] C. The fé?%hdh@%ﬁnon&ﬁﬁ&ohomﬁkanof“ué%%g5o&@@@ﬂ%ﬂf%k?@en4dvhﬁm$naﬁgdlO|

selectivity was ., Quer, %at/% extT; grti‘gﬁsop rz_actlon %iQeliPe Ofb§ he
hydr ogenatioon pr% ucst st a

I onal di's

(distillation fI%\%’Re%fﬁ'ﬁa§b?)'ér%§§ & ?ﬁl%?nan %XSE%%E SR waérélr ux ratio:
2). 1 kg of methanol was distilled 20 off at 1013 nbar. After application .
of reduced pressgje the G?&xo&ﬁﬁﬁéxym&%m afé&:}nbxwllecla&&mleebﬁxamchm s
ing " 1, 5dpgrtﬁn6dl th g,gs i tJ£$ SP@ réﬁ%@h@rﬁléacf low

exanedi ol havin | er -
predoni naadsly 1, 5- pefi? ?fg‘li ‘Y'?l%%t 1°§1‘8§ %'lee tgi 5°]I<resg’ gg#&bot.tom
pr oduct from stage 4CWétP‘€‘Yédﬁ’1 R8¥EXF1+ h 3.8 kg of net hanol and 3.8 g of
tetra-i-propyl titanate and reacted 30 continuously in a 1 mlong, 440 m

capaci ty tube reggtoghgwyégnl sééﬂﬂfﬁéahﬁéﬁ‘ﬁiﬁ@ﬁkXQEsrffyxa ofhéxaﬁﬁﬂ

n

reSIdence time. wa f%ohol and Sb01lers in a first distillation stage,
20
c) the bottoms are fractionated in a second dlstlllatlon
-stage to give an ester fractlon essentially free of
1,4-cyclohexanediols and a fraction comprising at least . -
the major part of the 1,4-cyclohexanediols,
25
d) the ester fraction essentlally free of
o 1, 4-cyclohexanedlols is catalytlcally hydrogenated ‘and -
30 e) in'a pure distillation stage,hl,s—hexanediol is isolated

from the hydrogenation product in a manner known per se.’

2. A process as claimed in claim 1, wherein the carboxyllc ac1d
mixture is dewatered prior to the esterlflcatlon .
35 ' : : .

3. A process as claimed in claim 1, wherein the esterification
' is carried out using alkanols having from 1 to 3 carbon
atoms. ' ' '

40 ) | .- » - ) . » ] » .
4. A process as claimed in claim 1, wherein the esterification .

is carried out using alkanols having from 4 to 10 carbon
atoms. -

45 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



St age 9: _OQWQﬁ%ﬂuct from st_age_'8 was fr ' I istilled in an
apparatus simlar to that described in stage 3]§|Bi mj' ﬂl! M onminantly
met hanol) were distilled off at a top tenperat 10Ty C. 2.2 kg

‘cenmai ned in t_h_e bot t ons. - Stage 10:2 ~  The bottons from stage 9 were
fractionally d'S%gin§élgﬁeﬁhﬂEﬁﬂaqg_is;éﬁﬁgﬂnéﬁ b€ ©ed@eplot Otle UMM and
Cemerature of 1ty dibeisiflotia i BBl sbaPdsbougel <00 1 3 ko uhich
- of methyl | %Kﬁﬂﬁ&géeggxanedlaas Eg éggglnedoagtggﬁid%s}Cgﬂgqﬁﬁé'ﬁ%@hy?z %

6- hydr oxycapr oateari®krydase fraptiep iadrafmlytisaddnrhydirpgengted i fh&rate, 4.

% of - net hyg 5- hyldyd);qg@aptmamst;dges(dany'f,urther ~ conponents in uninportant -
_ ?m)u?f[s. II5 csitag'el Illd 7 kg of the top product fromstage 3 were
- fractionally distille at 1015 nbar jn a_20 cm packed coJ um.. 0.8 kg of

a first frackion® Ry ReSS0BE F i 18 Tt &r‘rpgﬁﬁ%rréktgff %313%33[%7? * -pl_ltghi s

fraction = conpi$ swarnieddowt naimdy nmeehaidiutapad a%br AP the pon

‘esters. At a $6dgd qrNer aheirk, otybbphexdneslikys odirersiepanstedafh@tatparity

8; at Zr 99°‘i/°5""er€q§>béo%je¥&ﬁdr Jhen okt 06% ¥AL1RrkOhnéon Buegdl caybegdataant |y

are:%%tained as a side stream or as bottoms comprising these
and are catalytically hydrogenated in the hydrogenation stage
(a). ' ' ' '

7. A process as claimed in claim 1, wherein the alcohol is
isolated in_pﬁre form from the top proddct containing the
unreacted alcohol from the distillation stage (b) and is
recirculated to the esterification stage (a).

. 20 . . : :
8. A process as claimed in claim 1, wherein the bottoms from

stage (c) are subjected at least partially to renewed
esterification with further addition of the low molecular -
weight'alcbhol and an esterification catalyst and, in a

25 separate distillation stage, are fractionated by a method
similar to (b) and (c), or the renewed esterification is
carried out only after separating off the
1,4-cyclohexanediols, and the fraction comprising the
carboxylic esters. is introduced into the hydrogenation stage -

30 (a). :

9. A process as claimed in claim 1} wherein the hydrogenation is
carried out using catalysts comprising copper, cobalt and/or
rhenium as main catalytically active constituents.

35 ' :

10. A process as claimed in claim 1, wherein the hydrogenation is
carried out using catalysts which, in the oxidic form, have _
the composition CusAlpZrcMngOx, where a > 0, b>0,c 2 0,
d>0, a>Db/2, b>a/4, a>c and a > d and x is the number
of oxygen ions réquired to maintain electrical neutrality of
. the formula unit.

- 40

45



25 30 0050336633 40 45 - 0050/ 46633 . [err] W claim
1. A process for preparing 1, 6-hexanediol froma carboxylic acid

m xture conprising adipic acid, 6-hydroxy-caproic acid and smal |

~amounts of 1,4-cycl ohexanedi ol s which is obtained as a by- product in -
t he oxidation of cyclohexane to cycl ohexanone/ cycl ohexanol usi ng
oxygen or oxygen-containin 10 ases by water. extraction of the

\rMe1ac-t i on ni xPreparafion of I,ehexapefiel inyiss ehRuBiiYdetafwehytf dgenation
erein | o |

5_Abstraét

. 1,6~Hexanediol is prepared from a carboxylic acid mixture -
comprising adipic acid, 6-hydroxycaproic acid and small amounts
- of 1,4-cyclohexanediols.which is obtained as a by-product in the
' 10 oxidation of cyclohekane to cyclohexanone/cyclohexanol by water
extraction of the reaction mixture, by esterification of the
acids and hydrogenation wherein '

a) the monocarboxylic and dicarboxylic acids present in the

15 ~ aqueous dicarboxylic acid mixture are reacted with a low
molecular weight alcohol to give the corresponding carboxylic

esters,

b) the reéulting estérification mixture is freed of excess

20 alcohol and low boilers in a first distillation stage,

c) the bottoms are fractionated in a second distillétion stage
to give an ester fraction essentially free of ' '
25 _1,4—¢yc16hexanédiols'and a fragtion_comprising at least the
- major part of the 1,4-cyclohexanediols,
d) the ester fraction essentially free of 1,4-cyclohexanediols
is catalytically-hydfogenated and '
e) in a pure distillation stage, 1,6-hexanediol is isolated from
the hydrogenation product in a manner known per se. '

35

40

45



.a) the nonocarboxylic and dicarb0xylic acid'present in the.
aqueous di-carboxylic acid m xture are reacted with a | ow 15

mol ecul ar wei ght al cohol to 'give the correspondi ng car boxylic
. esters, : b) the resulting esterification mxture is freed of excess
“al cohol and | ow boilers in a first distillation stage, 20 -c) the
bot t ons 13;aatronated in a second distillation o stage to give
ah este n essentlally free of 1, 4- cycl ohexanedi.ol's and a
fraction conprising at l|east - ~the major part of the
" 1,4-cycl ohexanediols, 25 d) the ester fraction essentlally free of -
"1, 4-cycl ohexanediols is catalytrcally dr ogepat ed and 30 e) ina

edldE is i ated

pure distillation stage, 1,6-h fronrthe

hydrogenation product in afne . Eﬁgée

clainmed in claiml wherei ' | Al Xture is dematered

prior to t he est i ’ 4 '

mhereln t he ‘est | kanol s havi ng

4 as claimed in

it using al kanol s

pcess as clainmed in

:t usi ng mnet hanol

zof-oxylate fraction
Y

claim1, b@ngrn//
havi ng fr !
claim1l, &E%
and, int

essentlally free
[err] L 1,4

-1,4-CHDO 1,6.-'hexanediol.

ROH, LB

\

1,6- hexanediol



carboxylate fraction is catalytlcally hydr ogenated in the 5

hydr ogenati on stage (d).
‘the esterification
distillation:
at the 10.

6.

stage (c),

catal ytically hydrogenated in the hydrogenati
. A process as clained in claim1, wherein the
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