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WO 2004/085356 discloses the hydrogenation of dimethyl adipate, which was prepared
from adipic acid and methanol as a monoalcohol, to give 1,6-hexanediol. The fixed bed

25 catalyst used comprised copper, aluminum oxide and lanthanum oxide. Hydrogenation
was effected at 240°C/200 bar. According to example 2, ester conversions of 98 to
99% were achieved. The hydrogenation output comprised 1,6-hexanediol contents of
57% by weight and 62% by weight. 62% by weight corresponds approximately to a
1,6-hexanediol yield of 96%. A disadvantage is the use of pure adipic acid, owing to its

30 cost, and the costly and inconvenient removal of large amounts of methanot from the
hydrogenation output. Moreover, methanol losses occur as a result of dimethyl ether
formation. The hydrogenation of oligo- and/or polyesters of adipic acid and
6-hydroxycapreic acid is not described.

35 Instead of pure adipic acid, dicarboxylic acid solution (DCS) has also been used as a
starting material for the preparation of 1,6-hexanediol. It is obtained as a waste product
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30 |
The existing prior art shows that adipic diesters prepared from pure adipic acid and
monoalcohols, DCS and monoalcohols, and oligo- and polyesters prepared from pure
adipic acid and pure 1,6-hexanediol can be hydrogenated to 1,6-hexanediol with high
yields of about 96 to 99%. For the hydrogenation, catalysts based on copper and zinc
35  oxide, copper and aluminum oxide or copper, aluminum oxide and zinc oxide were
used.
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35 The esterification of a DCS with diols or diol mixtures gives rise to oligomeric esters of
different composition. The hydrogenation thereof makes high demands on the
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20 This object is achieved by a process for hydrogenating oligo- andfor polyesters
obtainable by esterifying a dicarboxylic acid solution with a diol or diol mixture, said
hydrogenation being performed by means of a shaped catalyst body whose precursor
is preparable by a process in which

25 (i) an oxidic material comprising copper oxide, aluminum oxide and at least one of
the oxides of lanthanum, of tungsten, of molybdenum, of titanium, of zirconium or
of iron is provided,

(i} pulverulent metallic copper, copper flakes, pulverulent cement, graphite or a
mixture thereof is added to the oxidic material,

30 (i) the mixture resulting from (ii) is shaped to a shaped body,

said oxidic material being obtainable by simultaneous or successive precipitation of the
active copper component, of the aluminum component and of the component of at least
one of the oxides of l[anthanum, of tungsten, of molybdenum, of titanium or of

35  zirconium, and subsequent drying and calcination, and the shaped catalyst body is
calcined once again after the shaping in step (iii).
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20
In preferred embodiments, the inventive shaped bodies are used in the form of
unsupported catalysts, impregnated catalysts, coated catalysts and precipitation

catalysts.

25 The catalyst used in the process according to the invention for the hydrogenation is
notable in that the active copper component, the aluminum component and the
component of at least one of the oxides of lanthanum, of tungsten, of molybdenum, of
titanium or of zirconium are precipitated simultaneously or successively, preferably with
a soda solution, then dried, calcined, tableted and calcined once again.

30
The following precipitation method is especially useful:

A)  acopper salt solution, an aluminum salt solution and a solution of at least one
salt of lanthanum, of tungsten, of molybdenum, of titanium or of zirconium, or a
35 solution comprising copper salts, aluminum salts and at least one of the salts of
lanthanum, of tungsten, of molybdenum, of titanium or of zirconium, are
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total weight of the sum of the abovenentioned oxidic constltuents

these three oxides together constituting at |east 80% by qeg
the oxi di cBrtat by org embodimest (I alcoppritsalisolutianand a ﬁemt'%Pfrﬁj ' hﬂ@%aa't of

among the oxi di.¢, i af 'o"f‘{ungg'teb h& ndiBten ﬁ%ﬁﬂaﬂnﬁm%rléf afhiugf or a solution

enbodi nent, the preserit Ton therefore relates to a process as
descri bed aboveqmw‘mn@copnelnealbam(ﬂaﬁieﬁtoée|S§lt otlanthaneasoftungsien, ebpper

oxi de %t h a ppo reh&rﬂ bﬂltélf@'? o?pgﬁrcghluﬁ‘p are &eépﬁﬁeérﬁeﬁl‘&f AP 5P

5 x5 % by wel um oxi de w roportion in
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(c) at |east ope of %]ngf(ldes of | anthanum of tungsten, of
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DE 198 09 418.3.

Both the end products from A) and those from B) are dried at temperatures of 50 to
150°C, preferably at 120°C, and then optionally calcined, preferably at generally 200 to
25  600°C, especially at 300 to 500°C, for 2 hours.

The starting substances used for A) and/or B) may in principle be all Cu(l) and/or Cu(ll)
salts which are soluble in the solvents used in the application, for example nitrates,
carbonates, acetates, oxalates or ammonium complexes, analogous aluminum salts
30 and salts of lanthanum, of tungsten, of molybdenum, of titanium or of zirconium.
Particular preference is given to using copper nitrate for processes according to A) and

B).

In the process according to the invention, the above-described dried and optionally
35 calcined powder is preferably processed to tablets, rings, ring tablets, extrudates,



The process according to the invention &ld the catal ysts used for the
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nost 10% b ?/"{BSI ght, preferably at nost 5% by wei ght, based on the
total weight of the oxidi c materi al, at |east one further conponent
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process aCMcdbétgaIb(ﬂfet hﬁene!wmetokidmmgﬂ‘eﬂalmmns% added to the oxidic
materiﬂlb before the shaping to the shaped body in addition to the
copper "‘powder, the copper flakes or the cenment powder or the m xture

t her eof . Rupf ecrcmpeeoilée Wit arpréporigshoin tige Bang of 50 ked! 8@ A Pieférbbly 55 < x <

graphite that i@g g to a 20 shaped body can be perforned

better. In ap Q nbodlrrent 0.5 to 5% by wei ght of graphite,

based on the total wei ght of the oxidic material, is added. It is

i mmat eri al mether ite is added to the oxi dIC material before or
G

e
after or sPhulFUREY SuUVithaPRRPoEiIB theERER P 1% Ry Tepped Prefeirlely 28=
the ceent powdenoydsy wEighiangt ure thereof.

(c) atleast one of the oxides of lanthanum, of tungsten, of molybdenum, of titanium
or of zirconium with a proportion in the range of 2 < z < 20 and preferably 3 £z <
15% by weight,
25
based in each case on the total weight of the oxidic material after calcination, where:
80=x+y+z<100, especially 95 s x +y + z < 100.

The process according to the invention and the catalysts used for the hydrogenation

30 are notable in that the addition of lanthanum, of tungsten, of molybdenum, of titanium
or of zirconium in the course of precipitation leads to a high stability of the shaped body
used as a catalyst.

In general, pulverulent copper, copper flakes or pulverulent cement or graphite or a
35  mixture thereof is added fo the oxidic material in the range from 1 to 40% by weight,



25 Accordingly, the present invention al%o relates to a process as
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from(ii). 30ln a preferred enbodi nent, in the process according to
the invention, the catalyst precursor used for the hydrogenation may
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35 d
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wei ght, e on the total weight of the oxidic
material a {'gkgﬁ@g%é!dr%act%ﬁgb% = ere: 10 805 x +y + z 5 100,

especidPly 95 5 x + y + z 5 100, netallic copper powder, copper

range. from e 8o BIEAG tEbyfic Malbhl ind 1Rk Arbpola BER Hhod e B e
ox! dlh'f mat eveighit,, prefﬁchbiﬁatgneqjkim bywb]tcght.zbap&zd)qmﬂtaitohal wfigﬁtlﬁtmee)oﬁﬁ&cbg
e sum of Tt rh St BAELB Ehtehont St R R LRl p Bongsipa B e
powder, copgfEeicr2)RE] e du, Qo, Bape i, PdadéPtor a m xture thereof and

gr aphi tlshadds up to at | east 95% by wei ght of the shaped body. After

addi ng e copper powder, the copper flakes or the cenent powder or
the mxturdéng mmobrmmﬁbmbhmfmap’obéss dogotdirey toxheiln«venitWegri@h;te is

t he shaped d fL I s_opti,onal | ci.n
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generally in the range from 200 t . _prefera t he ran e rom
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20 shaped body can be performed better. n a preferred embodiment, 0.5 to 5% by weight
of graphite, based on the total weight of the oxidic material, is added. It is immaterial
whether graphite is added to the oxidic material before or after or simultaneously with
the copper powder, the copper flakes or the cement powder, or the mixture thereof.

25  Accordingly, the present invention also relates to a process as described above,
wherein graphite is added in a proportion in the range from 0.5 to 5% by weight, based
on the total weight of the oxidic material, to the oxidic material or to the mixture

resulting from (ii).

30 Ina preferred embodiment, in the process according to the invention, the catalyst
precursor used for the hydrogenation may also be a shaped body comprising

an oxidic material which comprises

35 (a) copper oxide with a proportion in the range of 50 < x < 80 and preferably 55 < x <
75% by weight,



30 In the case of shaping with cement pdfder, it may be advant ageous
to noisten the shaped body obtai ned before the calcination with water
and then to dry it. In a further enbodinent, the shaped body obtained
may al so bdb} r @itreigumaxideniith a apagiorin hedaege oft 1dany Ba¥boind freferably g d
for the hydrog . a4t he case of use as a catalyst in the
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the range from4y}80, @eiﬁﬁpc Preference is given to using a mxture

wi th a hydrogen co nt 'n the range fromlto 100% by vol une, nore
preferably in the range fromlto 50% by volune. In a preferred

embodi ment nggc?in' é%\éﬁ%%é( gn ﬁ%atB%‘f’wQ@ﬂ%’ of tﬁgg)%ﬁ nt?ﬁét[i]ﬁ aﬂgregaltﬁﬁat%n wherel:1
cat al yst, Is activated i n a manfer known per Se by treatnent wt
reduci hg m80i<ex +¥hiez 830D vespeoinlly 85 sixfey -k €00, her beforehand in a
reduction oven or after installation in the reactor. Wen the reactor
has been activated beforehand in the reduction oven, it is installed

i nto the rewtalic cepper ponderctampedilalestdr gementpdwder by d nogemrdheof with a

solution u e . . rt.her provi a. .
orocess f oprdeustiih R8BS AR 8c3% o Weieh RERRTob i PR 1Bl oG8 oBige
a) oxi di zi neptenat|avldexane wit h oxygen or oxygen-conprising gases to

gi ve mI tures 200of cycl ohexanol, cycl ohexanone and carboxylic acids
havi ng %p to six carbon atons, b) reacting the reaction m xture

obt ai ned i araphiteiith avmbgsrtiomar 0.8 MP§Yty welght DESctiroprths ketallvdight @f the

bi phasi c reacgti on mlxture, c) esterifying the DCS obtained from b)
with an al 8FfGMaEEa d)catal ytically hydrogenating the ester m xture
obtained fromc) and

where the sum of the proportions of oxidic material, metallic copper powder, copper
20 flakes or cement powder or a mixture thereof and graphite adds up to at least 95% by
weight of the shaped body.

After adding the copper powder, the copper flakes or the cement powder or the mixture
thereof and optionally graphite to the oxidic material, the shaped body obtained after

25 the shaping is optionally calcined at least once over a period of generally 0.5 to 10 h,
preferably 0.5 to 2 hours. The temperature in this at least one calcination step is
generally in the range from 200 to 600°C, preferab!y in the range from 250 to 500°C
and more preferably in the range from 270 to 400°C. '

30 In the case of shaping with cement powder, it may be advantageous to moisten the
shaped body obtained before the calcination with water and then to dry it.

[n a further embodiment, the shaped body obtained may also be treated with boiling

water and/or steam before it is used for the hydrogenation.
35
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b) reacting the reaction mixture obtained in a) with water and removing the DCS
from the liquid biphasic reaction mixture,
) esterifying the DCS obtained from b) with an alcohal,
25 d) catalytically hydrogenating the ester mixture obtained from c} and
e)  distilling the hydrogenation output obtained from d) to give 1,8-hexanediol,

which comprises

30  performing the esterification in c) with at least one dicl having two to twelve carbon
atoms and '

hydrogenating the esterification mixture obtained in ¢) in the liquid phase in the
presence of a shaped catalyst body according to step d) whose precursor is obtainable
35 by
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25  Acloser analysis of the DCS found, as further constituents, 1,4-cyclohexanedione and
4-hydroxycyclohexanone in amounts of 0.01 to 2% by weight.

The DCS is generally an aqueous solution with a water content of 20 to 80% by weight.

30 Of the constituents of the DCS, adipic acid, 5-formylvaleric acid, 8-hydroxycaproic acid,
dihydromuconic acid and caprolactone can be converted to 1,6-hexanediol by
hydrogenation. In order to obtain pure 1,6-hexanediol, all other components must be
removed between process steps ¢) to e).

35 Aldehydes such as 5-formylvaleric acid and ketones such as 1,4-cyclohexanedione
and 4-hydroxycyclohexanone can form acetals and ketals in the course of the later
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sul fi d28. Since the hydragenation, which optionally takes place before step c¢) of the process
according to the invention, must hydrogenate a hydroperoxy group in one case and an
aldehyde group in another, the optimal hydrogenation conditions for the two
compounds differ.
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Since the hydroperoxycaproic acid can also be converted purely thermally to
6-hydroxycaproic acid, but less selectively than in the case of a hydrogenation, it is
hydrogenated according to DE-A 1 951 250 in the presence of palladium, rhodium or

30 platinum catalysts at 15 to 130°C, preferably 50 to 100°C, i.e. at moderate
temperatures.



35 The netals or netal conpounds can belfised without supports.
However, they are preferably applied to supports, for exanple Ti02,
Al 203, Zr02, Si02, H 02, carbon, 15 zeolites or m xtures thereof.
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sol ubl e, which is used in the process according to the invention.
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Corm of o PEHaRY HTe b L Ge e b s rersin il fh 0P SR ey 10

t hus oPOai Bedar, mare@referablyr3d toPbagnat i on stages. Subsequently, the

i npregnated support is dried and optionally calcined. It is, however,
For the catalytic hydrogenation which is optionally performed before step c) of the
process according to the invention, the catalysts used comprise at least one metal of
groups 7 to 12 of the periodic table, for example ruthenium, palladium, rhodium, nickel,

25  cobalt, iron, rhenium, platinum, iridium, copper, osmium and zinc.

Additionally very suitable are what are known as unsupported catalysts, which do not
" comprise a support and consist of metals, metal oxides or mixtures thereof. Preference
is given to unsupported iron and especially cobalt catalysts.
30
Preference is given in this case o the metals palladium, ruthenium, nickel, cobalt,
rhenium and copper. These metals can be used either in the form of the metals or

compounds thereof, for example oxides and sulfides.

35 The metals or metal compounds can be used without supports. However, they are
preferably applied to supports, for example TiOz, Al2Os, ZrOs, SiOs, HfO,, carbon,
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t he i nvent pastathitetedaripoastheaduppert afatétial,. to 1 n/g. In addition, the

catal ysts are notable for a cutting hardness of Ito 100 N. The
hydr ogenati on catal ysts which are optionally used before step c) of

the Frmesat?&n@ﬁ@ﬂfxﬁﬂmpb@?ttshmblé\wmbrememftolﬁeséu&nfnﬂlﬁéu%m-cb?@nsmg
reaction mx er rr e emin fixe e orm
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the esteri H¥Kgg; igvhi @@@Bméyowe iﬁﬁearﬂ?%»b&%b%@dsfemw& i givem o using

i nvention gbnfuffdiogiaé hﬂﬂ%'ahﬁta@é'p@@rﬁ’& %ﬂttaﬁlé‘abh@oﬂﬁﬁ kiftP&PEOtoP example,
diols, but particularly al pha, onega-diols with two to twelve carbon

at ons, 2%r fArRioAcs PBPSRW& 80'91 B'F@ acig éC%tiﬁ qoighprestearicagil- es of such

polyhydrlc al cohol s are gl ycerol, trlnethylolpropane, propyl ene
gl ycol, ethylene gl 1, 3- propanedi ol , 1, 4-butanedi ol ,
1, 5- pent ang%ﬁ’ aftiveru H@m%ﬁn eZERHV@‘ﬂ BHbg SerEne @ fUthenlum salt solution

1, 4- cycl ohgxgB etinfilm dibxBie QEHEEIEHLE bbtatneliGn E!ﬁ&@f‘ﬁngféjihwpregnatlon stages.
Subsequently, the impregnated support is dried and optionally calcined. It is, however,
30 also possible to precipitate ruthenium out of a ruthenium salt solution, preferably with
sodium carbonate, onto a titanium dioxide present as a powder in aqueous suspension.
The precipitated solids are washed, dried, optionally calcined and shaped. In addition,
it is possible to convert volatile ruthenium compounds, for example ruthenium
acetylacetonate or ruthenium carbonyl, to the gas phase and apply them to the support
35 ina manner known per se (chemical vapor deposition).
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nonoal coho g
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step c) of trtematqdysjctsﬂfyrdeiieonidaﬁrg]:boulbtmetrlchvent|on. Low and hi gh
boilerf are understood to nean 20 conpounds whi ch have | ower and

hi gher %oi ling points than the diols present in the hydrogenation
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m xt ure usob méjy. be a portion of the hydrogenation output or a
portion of the hydrogenation output after renmoval of high and | ow
boilers. The mass ratio of DCS to diols is 1. 0.2 to 1 : 0.8,
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step. For &l rotall Py Secutting ha;‘sdrm%%fb|t@10@Nuse stirred reactors, flow
tubes and/or columms. Preference is given to renoving water and

esterifying in at | east one reactor with an attached distillation
colum. | nTe Hﬁiro@éha@@h b%ﬁ!smbi@h% SPHBMAIySisen befbré Bepes btk brégss on
of the gar boxylic acid
2 according to the invention may be suspended in the reaction mixture. It is preferred to
arrange them in fixed bed form in the hydrogenation reactor. The hydrogenation can be
performed batchwise or preferably continuously. The reaction mixture can be passed

over the catalyst in liquid phase mode or trickle mode.

30  For the esterification in step c) of the process according to the invention of the
carboxylic acids present in the DCS, polycls, dicls, but particularly alpha,omega-diols
with two to twelve carbon atoms, or mixtures of these diols, are suitable. Examples of
such polyhydric alcohols are glycerol, trimethylolpropane, propylene glycol, ethylene
glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,

35  1,2-cyclohexanediol, 1,4-cyclohexanediol, 1,8-octanediol, 1,10-decanediol,
1,12-dodecanediol or mixtures of these diols. Preference is given to 1,4-butanediol,
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preferably 0.5 to 3 bar, nore preferably at 1 bar. The reS|dence tinme
cal cul at ed,,over ..al,l

t 12 h f bl v.. |
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hydrogenation output.

A diol, especially an alpha,omega-diol such as 1,6-hexanediol or a mixture of diols, is
added to the DCS for the esterification in step ¢) of the process according to the

25 invention. The diol mixture used may be a portion of the hydrogenation cutput or a
portion of the hydrogenation output after removal of high and low boilers. The mass
ratio of DCS to diolsis 1: 0.2t0 1: 0.8, preferably 1 : 0.3 to 1: 0.7, more preferably 1 :
0.4t01:0.6. '

30 Water removal in step b) and esterification in step ¢) of the process according to the
invention are preferably performed in one process step. For this purpose, it is possible
to use stirred reactors, flow tubes and/or columns. Preference is given to removing
water and esterifying in at least one reactor with an attached distillation column. In
order to achieve complete conversion in the esterification of the carboxylic acids and

35 complete water removal, 2 to 6 and preferably 3 to 5 series-connected reactors with

attached columns are employed.
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reactor, a high level of conplexity has to be enpl oyed.
The bottom temperature in the reactors with attached column is 200 to 250°C. The
esterification and water removal can be performed at pressures of 0.1 to 5 bar,
25 preferably 0.5 to 3 bar, more preferably at 1 bar. The residence time calculated over all
stirred tanks is 0.5 to 12 hours, preferably 1 to 11 hours, more preferably 2 to 10 hours.

The top product obtained in the attached columns is the water present in the DCS and
that formed in the esterification. The top product may further comprise organic by-
30  products, for example lower monocarboxylic acids, e.g. formic acid.

The bottom product obtained from the last reactor is a mixture of oligo- and polyesters,
which formed from the carboxylic acids present in the DCS, the cyclodiols and the
added diols. The bottom product also comprises unconverted diols. This mixture is

35 used for the subsequent catalytic hydrogenation in step d) of the process according to

the invention.
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The hydrogenation of the oligo- and/or polyester mixture and the hydrogenation in step
d) of the process according to the invention can in principle be performed in only one
reactor. However, this method has disadvantages: ester hydrogenations are strorigly
exothermic and additionally have to be performed at high temperatures. For instance,

25 the hydrogenation temperature according to US-A 3,524,892, where the hydrogenation
of oligoesters prepared from DCS was effected in the presence of barium oxide-doped
copper chromite, is 260 to 270°C. For safe removal of heat from the reactor, a high
level of complexity has to be employed.

30 Therefore, the hydrogenation of the oligo- and/or polyester mixture and the
~ hydrogenation in step d) of the process according to the invention is preferably
performed in at least two reactors connected in series. When fixed bed catalysts are
employed, the hydrogenation feed can be passed over the catalyst in liquid phase
mode or trickle mode. When working in liquid phase mode, hydrogen gas is introduced
35 into the reactor flooded with the liquid reaction mixture, and the hydrogen passes
through the catalyst bed in ascending gas bubbles. When working in frickle mode, the
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25 Preference is given to performing the hydrogenation of the oligo- and/or polyester
mixture and the hydrogenation in step d) of the process according fo the invention
without solvent.

it may also be advantageous to meter a base into the ester mixture obtained in the

30 esterification. Preference is given to using lithium alkoxides, sodium alkoxides and
potassium alkoxides, particular preference to using sodium methoxide. The amount of
base is 20 to 180 ppm, preferably 30 to 20 ppm, based on the ester mixture. In the
case of an ester mixture with a residual acid number of > 1 mg KOH/g, the residual
acids are neutralized only in insigniﬁcant amounts. The base added serves to suppress

35 the formation of by-products which might otherwise form in the hydrogenation, for
example hexanol or ether compounds.
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product. Preference is given to using a portion of the hydrogenation output in step €) of the

25 process according to the invention, which is a mixture of diols, instead of pure
1,6-hexanediol for the esterification of the DCS. The advantage of this process is that
other diols such as 1,5-pentanediol, 1,4-butanediol, 1,4-cyclohexanediol,
1,2-cyclohexanediol, some of which constitute by-products, replace the 1,6-hexanediol.

~ This significantly reduces losses of 1,6-hexanediol which enters into side reactions.

30
In a first column, the hydrogenation output is freed of high and fow boilers with respect
to the diols 1,6-hexanediol, 1,5-pentanediol, 1,4-butanediol, 1,4-cyclohexanediol,
1,2-cyclohexanediol. The column has 1 to 30 theoretical plates. The bottom
temperatures employed are 120 to 250°C, and the pressures 5 to 500 mbar.

35
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2. Preparation of an oligoneric ester m xture The DCS-HDO m xt ure of
stage 1 was netered continuously into an evaporator (dewatering

st age, 150Che prozeshacqurdisg to B irdientiort ifnuautmvmﬁn af e@6nddédily viliblesmanner,

distilled off er and, |l ow boili ent s 8 g/ h). The bottons
di schar ge RHE ﬁ%‘b%ﬂlﬁa&ﬂ h/bef ?@ﬁ@?@?f? ﬁ?8p odﬁcgt age stirred tank
cascadg0(174 g/h, 220C, 1-1.4 bar 20 abs.), in which the

esterifi Ca}tlwoag nw??orgsre%léglgtthatlt(%hg lnqgrftgvecc%{gﬂlfs tlr? thceoc%\égro§ use otﬁoligoesters as
the feed and residual acid numbers of 1 to 20, would retain a high activity over long
reaction times (example: 900 hours), coupled with high side crushing strength and
hence high mechanical strength.
25
An additional factor is that, in accordance with the invention, at 2 95%, significantly
higher 1,6-hexanediol yields are achieved than according to the prior art.

Working example
30
Preparation of 1,6-hexanediol (1,6-HDO) from a dicarboxylic acid solution (DCS) by

esterification with a diol mixture, subsequent hydrogenation and workup

1. Blending of a dicarboxylic acid-crude hexanediol mixture
35 The dicarboxylic acid solution used was obtained by water extraction of a reaction
output which originated from the oxidation of cyclohexane with air.
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likewise distilled off (12 g/h) and were recycled into the dewatering stage. The bottoms
discharge obtained was an oligomeric mixture comprising principally esters formed
from the carboxylic acid derivatives and diols originally supplied (162 g/h, 62% vyield by
25  weight, based on the overall feed).

3. Hydrogenation of the oligomeric ester mixture

The oligomeric esters of stage 2 were admixed with 60 ppm of sodium methoxide and

then hydrogenated continuously over a copper catalyst. The catalyst was prepared and
30 activated according to WO 2007/6719 example 3.

The reactor system consisted of a main reactor (tubular reactor, 400 ml, 600 g of
catalyst) and a postreactor (fubular reactor, 100 ml, 150 g of catalyst). The
hydrogenation feed was passed over the fixed bed catalyst in {rickle mode. in order to
35 remove the heat which evolves in the course of hydrogenation, the main reactor was
operated with liquid circulation, and the postreactor in straight pass. The hydrogenation
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of >97% 25 Clains 1. A process for hydr ogenati ng ol i go- and/or

pol yest er s Thet!d-rranediblcantent was vietegminediby 5 GdXG-Gi(8gitent d&¥0) 32 mon
with a dio h r d, byye
means of b apedpgnm%ﬁrg%@@lﬂ o%léejalbo E@ﬁigg?oﬁfs) @%Egﬁam%‘@ Eé{o C
process un(zmmmm 21 (min) -aagasfau(aowmeoman B@ﬂtmrlerm gigcoidmféhyl@maﬁe

al um g OfelSpfd yale J<2ASE Gl Ll BT SkRDGIARYM  Of
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provi ded, f{R{). GHﬂDObFUH@wrmmet allic copper, copper flakes, pulverul ent
cenent, graphite or a mxture thereof is added to the oxidic
material, (H ) the mxture resulting from(H) is shaped to a shaped
body, 4 a Removal of high and low boilers from the hydrogenation output

In a distiltation still with an attached column (DNSO, 1 m internals, 750 m2/m? fabric

20 packing), hydrogenation outputs (917 g) from stage 3 were separated by distillation. At
1 bar and bottom temperature 150°C, low boilers (25 g) were removed. Subsequently,
the pressure was reduced to 150 mbar and the bottom temperature increased up to
225°C. 30% of the distillate obtained was recycled to the column at the top; the
predominant portion was collected. 840 g of distillate were obtained (comprised, inter

25  alia, 79% by weight of 1,6-HDO, 9% by weight of 1,5-PDQ). The high boilers
accumulated in the bottoms (41 g, 4.5% by weight). A portion of the distillates collected
is blended with the DCS as the crude 1,6-HDO charge (see stage 1), while the other
portion is transferred into the purifying distillation.

30 4 b Purifying distillation
A crude 1,6-HDO charge from the high boiler removal was fractionally distilled at
50 mbar (return ratio of 10 : 1, top draw of approx. 50 g/h). After removal of other low-
hoiling diols {including 1,5-pentanediol), 1,6-HDO was obtained with a purity of > 97%.
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cal ci nation, alfii) tthemixtapadsdirgpirom t(ii)iodyapes to alshapatbatyce agai n
after the tableting in step (H). 5 3.The process according to either
of clainms 1 and 2, wherein the oxidic materi al

15 said oxidic material being obtainable by simultaneous or successive precipitation

of the active copper component, of the aluminum component and of the

component of at least one of the oxides of lanthanum, of tungsten, of

molybdenum, of titanium or of zirconium, and subsequent drying and calcination,

and the shaped catalyst body is calcined once again after the shaping in step
20 (iii).

2. A process for hydrogenating oligo- and/or polyésters obtainable by esterifying a
dicarboxylic acid solution with a diol or diol mixture, said hydrogenation being
performed by means of a shaped catalyst body whose precursor is preparabie by

25 a process in which

(i) an oxidic material comprising copper oxide, aluminum oxide and at least
one of the oxides of lanthanum, of tungsten,- of molybdenum, of titanium, of
zirconium or of fron is provided, |

30 (iiy pulverulent metallic copper, copper flakes, pulverulent cement, graphite or a
' mixture thereof is added to the oxidic material,
(ii) the mixture resulting from (ii} is shaped to a shaped body,

said oxidic material being obtainable by simultaneous or successive precipitation
35 of the active copper component, of the aluminum component and of the
component of at least one of the oxides of lanthanum, of tungsten, of
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proport lon in trﬂély&geﬁélg]’(?gﬁfg'uégf%%@m&g%%deﬁ%llgrg%%%y%da&d@a%ﬁgg’
wei ght and (c) ad the asdpenrvataiyst bbey isxdattredanct aghinafenihedablétinygatséen
of nol ybdenum: 05 titaniumor of zirconiumwth a proportion in the
range of 2 5 z(% '20 and preferably 3 5z 5 15% by wei ght, 15 based in
each case on the total weight of the oxidic material after

cal ci nati on, re: 80 5 x + y . + 5 10 especi,al 95,5 x .+ +.2 5
100 coRent: not sderes e ans el ohasins §RES paphdreliing ek otabed,
sense. 20 4. Theoptprieess according to any of clains Ito 3, wherein, by
means of the addition, the pulverulent netallic copper, the copper
flakes, the pulverulent cement or graphite or the mxture thereof is

in a proportionaj ncégper bﬂd@&ntﬁraq:ﬂ‘bﬁbrﬁoﬁmtﬁ@%r@é ofs0 gt < sbane praderablyess
total weight of the OXJGQ’@ aI after the first calcination. 25
5. The process accordinPr sy clainms Ito 4, wherein, diols which

are useg for eS(b)erarbmatm @ﬂd@wah&qi r@sdrish ihrteednge JBnswy O85 and preferably
1, 6- hexanedi ol , g oxi dé@/;@terl al or the mxture resulting from
0

(||) conpri ses gr aphFes p¥8Aon in the range from0.5 to 5%

by wei ght, basgg) oz lém oh@oRthe\WxideB lof RintHaRAmMO¥f Wh§steMmidt McAlbdahtr@l of he
first calcination. 30 6. The process according to any of clains Ito

5, wherein the sha‘&@ﬂ'umﬁéﬁ@%%&”thwl&%@ '{‘lthﬂaﬂ% AR ¥ AN
with boiling waterpaigany 3 £aM5%by Keightocess for preparing

1, 6- heg{<gned| ol, conprising the follow ng steps: 27
based in each case on the total weight of the oxidic material after calcination,
where: 80 = x +y + z < 100, especially 95 < x + y + z £ 100, cement not being

counted among the oxidic material in the above sense.

20 4.  The process according to any of claims 1 to 3, wherein, by means of the addition,
the pulverulent metallic copper, the copper flakes, the pulverulent cement or
graphite or the mixture thereof is in a proportion in the range from 0.5 to 40% by

weight, based on the total weight of the oxidic material after the first calcination.

256 5.  The process according to any of claims 1 to 4, wherein, diols which are used for
esterification are selected from the group of 1,6-hexanediol, the oxidic material or
the mixture resulting from (ii) comprises graphite in a proportion in the range from
0.5 to 5% by weight, based on the total weight of the oxidic méterial after the first
calcination.

30

6. The process according to any of claims 1 to 5, wherein the shaped body
obtained from step (iii) is also treated with boiling water and/or steam.

7. A process for preparing 1,6-hexanediol, comprising the following steps:
35



a) oxidizing cyclohexane with oxygen or2bxygen-conprising gases to

Paving up o stk RGOS Siexafe i SRR S AR GRIMRRY deialle O
m xt ure obt ai ned imixéjres\bftdyclobéanoh ogcloiranompandearboxytia abids ibving apita
solution fromthe |i %grbdnb{ hasic reaction mxture, c) esterifying
t he di carboxylic af 81 d obtained fromb) with an al cohol, d)

catal yti cal | y bydrregetingtthe eedchien mbdtere obitainad ie ad Mthiwatst dhtdoemoyingtice e)
distilling the hydrogenat.ion out put obtained from.d Owhi ch

Conpr i 2a per for mSigTEee SRd 3Pk AR EPB RS Rl bRRRHE ket BhilRe i o
having two to twelesterifdnd the didpbaxyiddcid Sbiytisrogistaiakt frgni thiavith an alcohol,
esterification mxture optained ip c) in,the |iquid phase in _the
presence of a gﬂ‘a;f@ga@%&f 6 0 gnﬂ?ﬁseét%r“aé‘m%@?fa'ﬂgd ﬁ'B'E”aﬁ)ﬁﬁgl e by
(i) providing an afstiling th@hpdrogénatibh ettplhébthines fromad)ci nat i on

conpri sing copper oxide, alum num oxide and at | east one of the

oxi des of |anthanum of 20tungsten, of nolybdenum of titanium of
zircom@m or ofyhich@dmptiks addi ng pul verul ent netal lic copper, copper

fl akes, pul verul ent cenent, graphite or a m xture thereof to the
oxidic material fromstep i), (H ) shaping the m xture resulting from

(i) to a shapgefhffiy MBEstdrifidativt GPE wiRAIEaAbhE BicPhalifg twd BRAEIVEOdY

obtained fromstep (ili). 25 8. The process according to claim7,
wherei n the cyE8RRRLNS ¥ dation specified in step (a) is performed
in the presence of a catal yst.

15 hydrogenating the esterification mixture obtained in ¢) in the liquid phase in the

presence of a shaped catalyst body whose precursor is obtainable by

(iy providing an oxidic material after the first calcination comprising copper
oxide, aluminum oxide and at least one of the oxides of lanthanum, of
20 tungsten, of molybdenum, of titanium, of zirconium or of iron,
(i) adding pulverulent metallic copper, copper flakes, pulverulent cement,
graphite or a mixture thereof to the oxidic material from step i,
(iiiy shaping the mixture resulting from (ii) to a shaped body and
(iv) second calcination of the shaped body obtained from step (iii).
25
8. The process according to claim 7, wherein the cyclohexane oxidation specified in

step (a) is performed in the presence of a catalyst.

9. The process according to either of claims 7 and 8, wherein the aqueous phase
30 obtained in step (b) is catalytically hydrogenated at a temperature in the range
from 10 to 200°C and a pressure of 1 to 100 bar.

10. The process according to any of claims 7 to 9, wherein the esterification in step
(c) is performed with 1,6-hexanediol.
35



9. The process according to either of cB8ins 7 and 8, wherein the
aqueous phase A@RiadRobdiR® ahPl dgRati 8l khdldlva BudoRgemat od at

a tenperature in the range from1l a pressure of Ito

bar. -10. The pMé’é@?"ﬁW%@bﬁwe&iWS@P (@] iéluﬁ@d ipstead of ahgastang C{KPFe
esterification Haingte td I\}esca?l% & H%‘i'oﬁ%é@ thrifRsalEet R1GEH 28 11.
The process accgrlgléng to attany o) rIaF)ms 7 1 TI \ﬁnerel n aejportl on of
t he hydrogenati on out put obtained in step (e) is used instead of at

| east oge dhol T*B@‘Hr&%s& cér&gb‘f@hﬂfcﬁﬂ‘énﬁﬁ%t@ﬁqnﬁaér‘éfnéB&'u?]n of the

esterifi catl onin'ste rocess accor cl ai ns
7 to 11, wher eumd@gpmttqnmtmﬂ Obtweldyms@géa)asuuam fmﬁlmest@ﬁcatlcrred a‘tep c),
step (e) is us f )

boi | ers havi ng?@geég{drié\ﬂ%\?eﬁg%% {”h]b%%%h g%'é"#‘%dﬁ %p%]r%owg%gﬁ} gﬁﬁgﬂét% output
bef or ehand. 10 be®reteng. pr ocess according to any of clains 7 to 12,
wherein the ester m xture used for the hydrogenation in step d)
possesses an acid nunber of 1 to 20 ng KOH g. 14. The process

accor difg 118. adyeproassamneording o ady oftaimei7rio tiBewherenl the ester mixture used
hydr ogenat i on

i qui d phase i (ri:g a{w@ﬁ@ﬁé&{aﬂ w)é{ #é kgosssteg%? %c?%ﬁﬁrbé%ﬁ %B "%ROH/Q
operated for removal of heat with liquid recycling, the second

reactor oy, Conpl gt i ls Qlodiif (OANPLrIAS 70 95 PhALH tRE RSy Mb t hOUt

l'iquid recycling.
hydrogenatlon of the ester mixture in step d) is performed in the liquid phase in at

156 least two reactors, the first reactor being operated for removal of heat with liquid
recycling, the second reactor for completion of the conversion in straight pass,
without fiquid recycling.



