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wherein water is added to the hydrogenation output, the solvent-conprising
phase is sPpa#®tied off and recirculated to the hydrogenation. Catalytic
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P 25 of catalyst can be significantly reduced are known, for example, from US 6,265,596.

In these processes, the hydrogenation is carried out under superatmospheric pressure
in the presence of solvents having a low boiling point and the reaction mixture is
depressurized, usually to atmospheric pressure, to isolate the product. Recirculation of

30 the solvent, especially when the hydrogenation is carried out at high pressures, is
problematical, so that the advantage of the low reaction volume and the small amount
of catalyst required can be balanced out again.

After the hydrogenation, the hydrogenation output, which comprises excess hydrogen,

35 product, any intermediates and by-products formed, unreacted starting material and the
solvent if the hydrogenation has been carried out in the presence of a solvent are
generally cooled and depressurized before further work-up steps. Here, hydrogen and
any solvent are obtained in gaseous form. If the solvent is liquid under the process
conditions of the hydrogen separation, it is separated together with the product mixture,

40 usually by distillation. The solvent is then obtained as low boiler, either in liquid or
gaseous form.



40 usually by distillation. The solvent is then obtained as |ow boiler,
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25 separated off and recirculated to the hydrogenation.,

For the purposes of the present invention, a hydrogenation output is the reaction
mixture taken from the hydrogenation reactor after the hydrogenation without further
work-up steps such as distillations. The hydrogenation output comprises the solvent
30 and the hydrogenation product and also possibly excess hydrogen, any intermediate
and by-products formed and unreacted starting material. In the present patent
application, the hydrogenation product is the water-soluble target product to be
produced by the hydrogenation or a mixture of a plurality of target products. Water-
soluble hydrogenation products in the context of the present patent application are, for
35 example, methanol, ethanol, propanol, butanol, isobutanol, ethylene giycol, 1,2-
propylene glycol and 1,3-butanediol, 1,4-butanediol, 1,2,4-butanetriol, tetrahydrofuran,
2-methyltetrahydrofuran,  3-methyltetrahydrofuran, optionally  methyl-substituted
gamma-butyrolactone, 1,5-pentanediol, 1,6-hexanediol, 1,4-pentanediol, 2,5-
bis(hydroxymethyl)tetrahydrofuran, 1,12-dodecanediol, pyrrolidone, N-
40  alkylpyrrolidones, C-alkylated pyrrolidones, C- and N-alkyiated pyrrolidones, N-
alkylated monoamines and diamines and amino alcohols and mixtures thereof.
Preferred water-soluble hydrogenation products are 1,4-butanediol, tetrahydrofuran,
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25 h)X n- bu Ior lsobutyl ether, et yI n- butyl or lsobu¥yl ether, propytl}g bu?tl or |sobutyl
ether, isopropyl n-butyl or isobutyl ether. The abovementioned solvents can be
perfluorinated or partially fluorinated. Preference is given to hydrocarbons having from
1 to 6 carbon atoms, dialkyl ethers having up to 8 carbon atoms, particularly preferably
propane, butane, pentane, dimethyl ether, diethyl ether and methyl-tert-butyl ether, and
30  also carbon dioxide as solvents for the process of the invention.

An amount of water which effects phase separation is added to the hydrogenation
output; if slight phase separation occurs without addition of water, an amount of water
which results in complete phase separation is added. This amount of water is from 0.01

35 to 1000% by weight of water, preferably from 50 to 300% by weight of water,
particularly preferably from 100 to 200% by weight of water, in each case based on the
hydrogenation output.

During the phase separation according to the invention, the pressure is at a value
40  corresponding to the pressure of the preceding hydrogenation or up to 50 bar lower.
The pressure of the phase separation is preferably from 10 to 400 bar, preferabty from
50 to 350 bar and particularly preferably from 75 to 300 bar. In a particularly preferred
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the hydrogenation product vaporizes on entry into the distiliation column. The water
separated off is preferably recirculated to the phase separation.

25
The phase separation according to the invention can be carried out continuously or
batchwise together with a preceding hydrogenation, with the continuous mode of
operation being preferred.

30 In a preferred embodiment, the solvent separated off is recirculated without work-up to
the hydrogenation. Preference is given to the starting material for the hydrogenation
being mixed completely or at least virtually completely with this solvent before it
reaches the catalyst,

35 Hydrogen-comprising gases which are suitable for the process of the invention are
hydrogen and also its mixtures with further gases which are inert under the reaction
conditions, for example nitrogen. Preference is given to using hydrogen.

The hydrogenation is preferably carried out over heterogeneous catalysts which are
40 particularly preferably fixed in place in the reactor. As catalysts in the hydrogenation
process, it is possible to use ones which comprise at least one of the following
elements as metal and/or as compound, for example as oxide: Fe, Cu, Ag, Au, Ni, Pd,
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oxi des ﬁ\g ! Cﬁor%rfoort%dcfb%ea ﬁgre, the reduction is generally carried out untii no more water is
formed. in the production of precipitated catalysts which comprise a support material,
the precipitation of the catalytically active components can be carried out in the
presence of the respective support material. The catalytically active components can
advantageously be precipitated simultanecusly with the support material from the
30  appropriate salt solutions.

Preference is given to using hydrogenation catalysts which comprise the metals or
metal compounds which catalyze the hydrogenation deposited on a support material.

35 Apart from the abovementioned precipitated catalysts which comprise a support
material in addition to the catalytically active components, the process of the invention
can generally also be carried out using support materials in which the catalytically
hydrogenation-active component has been applied to a support material by, for
example, impregnation.

40
The way in which the catalytically active metal is applied to the support is generally not
critical and the application can be brought about in a variety of ways. The catalytically
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vapor deposiHek@Rgures without this having an adverse effect on the result of the process of the
25 invention. Of course, a plurality of catalytically active metals can also be applied to the
respective support material. Furthermore, the catalytically active metals can, for
example, be applied to the support by the method of DE-A 25 19 817, EP-A 1 477 219
A1 or EP-A0285420A1. in the catalysts according to the abovementioned
documents, the catalytically active metals are present as alloys which are produced by
30 thermal freatment and/or reduction of the, for example, by impregnation of the support
material with a salt or complex of the abovementioned metals.

Owing to the toxicity of chromium-comprising catalysts, preference is given to using
chromium-free catalysts. Of course, corresponding chromium-comprising cataiysts

35 known to those skilled in the art are technically also suitable for use in the process of
the invention, but the desired advantages which, in particular, relate to environmental
and occupational hygiene issues will not be obtained.

The activation of both the precipitated catalysts and the supported catalysts can aiso
40  be carried out in situ at the beginning of the reaction by means of the hydrogen which
is present. Preference is given to activating these catalysts separately before use.



15 or by flanme spraying. The content of catalytically active netals in these
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hydr ogenat i 'nmene or more reactor tubes filled with a catalyst dent, with the continuous mode of
operation being preferred. The hydrogenation according to the invention is particularly
preferably operated continuously together with the phase separation according to the
invention as a total process.
30
The hydrogenation is carried out at a pressure and temperature level which
corresponds at least to that of the phase separation. The reference point for pressure
and temperature here is the reactor outlet. For example, the hydrogenation pressures
are in the range from 10 to 400 bar, preferably from 50 to 350 bar and particularly
35 preferably from 75 to 300 bar. The temperature in the hydrogenation is from 20 to
370°C, preferably from 40 to 350°C and paiticularly preferably from 70 to 330°C.

The process of the invention is illustrated but not restricted by the following examples.
40 Examples

Example 1:



active nmetal has been deposited, for exanple Cu on which, for exanple, Pd,
Pt or Ru 10pha&g1peen deposited fromthe corresponding netal salts dissol ved
in water, are also suitable. Particularly preferred catalysts to be used
“according to the invention are supported catalysts which conprise Fe, Cu,
Co, Re; Ni, Pt and/or Pd, or with a specPal preference 15 being given to
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Comparative example 1:

25 Example 1 was repeated but no water was added after the hydrogenation and the
temperature in the phase separator was brought down to 50°C by cooling. No two
liquid phases were observed in the phase separator, i.e. the solvent dimethyl ether
couid not be separated off and recirculated in a simple manner.

30 Example 2:
An oil-heated double-walled tube reactor (3 cm internal diameter) was charged with
10 m! of a Co/Mn catalyst (32% of CoO, 58% of Co, 10% of Mn:03) in the form of
0.1 mm shaped bodies. The catalyst was activated firstly using nitrogen/hydrogen
mixtures, later using pure hydrogen, at 280°C and 250 bar. At 150°C and 250 bar,

35 5g/h of adiponitrile, 95 g/h of n-butane and 15 mol of hydrogen per mol of starting
material were pumped via a heated helical tube over the catalyst. The hydrogenation
output had a temperature of 160°C and traveled via a cooled mixing section upstream
of which 50 g/h of water (25°C) were introduced to a phase separator having a volume
of 21. The temperature in the phase separator was 50°C and the pressure was

40 250 bar. At a filt level of the phase separator of about 50%, the upper phase, which
comprised over 95% of n-butane and the major part of the excess hydrogen, was
pumped continuously back into the hydrogenation reactor and at the same time the



material were punped via a heated helical tube over the catal yst. The

hydr ogenat i pr sgayput had a tenperature of 270C and traveled via a cool ed
~mxing section upstream of which 100 g/h of water (25C) were introduced to
a phase 10 separator having a volunme of 2 I. The tenperature in the phase
separator was 50C and the pressure was 280 bar. At a fill level of the phase

- 3 epa[ ﬁt Ior ?i;r]wﬂ@bcbﬂtfre@ﬂ%bdté}ﬁb wHE P&ducBBas a,g/Mahe hhe ampluhtSEfdred tydrddRPoveds
I e Yy e I 0 e e

cont i muousl FAHEBREs & HEURLOY SIBARY sfferial orneTRE BndRech A Phack BoBldibes | | o

i nfl ow of ff@iedhfheantiproushnd? agEessUERITGEEaHCS Falye HORK yeHEnalisRHNta Sf of

fresh hydr opgitogésandalboréle inerd giveh bffak gates tTae tremginmatpesduet wad barifisaiigys

phase | Nt NgissifA8S HoaSRA aéooihe‘é\’gﬁ?rgﬁg.i REfofirla GRIM QHOYSIne B thePbRa! ©

mai nt enance valve an tio I St according to the prior art.
Recover ed we8RA@4RAs returned to the phase separation. 20 As hydrogenation
product, 1, Ashedr@gehtioh pneichbitGrdiaetdhdhex@twys ebtdined in 88idiyidla FrurtBétnadre,

dimeric 1, 6zhe [0l 4 @r t Ber - [ LS Ie@af § nmount s
tere | §ound® oo &%%’%@?F%% 3 PA-BLEMGHDR BRD B A o s

was added aPfOSHCH fINIgR QURH Werg TeYe: tenperature in the phase

separat®® was brought down to 50C by cooling. No two |iquid phases were
observed inéBFH?}@%@é%xéﬁB@rﬁtor’ i.e. the solvent dinmethyl ether could not

b t d | ated i i | . 0 .Ex | 2: A
or 1 S hoat o bnpe et depiainh Bl Baturty Hontadoel s e PUGERr ot o B ged
with 10 nl teofpesat@e Mhtheapbdses segadats ofasCiewiss dsauthCdpwn 000 alfouM$203)bY n t he
F o o oy o oNaRAs QR bREses Wiste SALENUE In MRDHASS SHRIAEr ol Blolstrnt A

| . g .
N 100 e Y BLigHS Ry B Wt Seiiardifn 8 g iRl NS BRR MarRler 2005 ANS 2500

of hydrogen per not of starting material were punped via a heated heli cal
tube over thgagplkd:.yst. The hydrogenation output had a tenperature of 160C
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conprised over 95% of n-butane and the major part of the excess hydrogen,

was punped_continuously back into the hydrogenation reactor and at the sane
tinme the PEVBgNydfogenation output had a temperature of 240°C and traveled via a cooled mixing

section upstream of which 100 g/h of water (25°C) were introduced to a phase
separator having a volume of 2 ). The temperature in the phase separator was 50°C

25 and the pressure was 250 bar. At a fill level of the phase separator of about 50%, the
upper phase, which comprised over 95% of n-butane and the major part of the excess
hydrogen, was pumped continuously back into the hydrogenation reactor and at the
same time the inflow of fresh n-butane was reduced to 2 g/h and the amount of fresh
hydrogen was reduced to 6 mol/mot of starting material.

30
The lower phase in the phase separator was drained off continuously via a pressure
maintenance valve. Only very small amounts of hydrogen and n-butane were given off
as gas. The remaining product was purified by distillation according to the prior art.
Recovered water was returned to the phase separation.

35 As hydrogenation product, 1,4-butanediol was obtained in 85% yield. Furthermore, 8%
of tetrahydrofuran, 5% of gamma-butyrolactone and some further by-products in
insignificant amounts were found.

Comparative example 3:

40 Example 3 was repeated but no water was added after the hydrogenation and the
temperature in the phase separator was likewise brought down to about 50°C by
cooling. 2 liquid phases could be seen in the phase separator, but the solubility of



i nflow of fresh n-butane was reduced to 1 g/h and the amobunt of fresh

hydr ogen wasPF 68tiiBced to 5 nol I nol of starting material. The | ower phase in
the phase separator was drained off continuously via a pressure mai ntenance
valve. Only very small anounts of hydro %E and n-butane were given off as
gases. The remai ning product was purified*y 5 distillation according to the
prior art. Retaweinetlewddiict phsse @hsIs0@hht Wat beng)brasat oSpdiutdriconas At via

hydr ogenat i 9
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Conparative exanple 2. Exanple 2 was repeated but no water was added after

t he hydrogenation and the tenperature in the phase separator was |ikew se
brought down to about 50C by cooling. No two liquid phases were observed in
t he phase separator, i.e. the solvent n- 15 butane could not be separated
off and recirculated in a sinple manner. Exanple 3: The reactor described in
exanple 1 and the same catal yst were used. Here, 9 g/h of rmaleic anhydride
(melt), 81 g/h of n-butane and 10 nol of hydrogen per nol of starting 20
material were punped via a heated helical tube over the catal yst at 220C and
250 bar. The hydrogenation output had a tenperature of 240C and traveled via
a cooled mxing section upstream of which 100 g/h of water (25C) were
introduced to a phase separator having a volume of 2 |I. The tenperature in
t he phase separator was 50C 25 and the pressure was 250 bar. At a fill Ievel
of the phase separator of about 50% the wupper phase, which conprised over
95% of n-butane and the major part of the excess hydrogen, was punped
continuously back into the hydrogenation reactor and at the sane tine the

i nflow of fresh n-butane was reduced to 2 g/h and the amobunt of fresh

hydr ogen was reduced to 6 nol/nol of starting material. 30 The | ower phase
in the phase separator was drained off continuously via a pressure

mai nt enance valve. Only very small anounts of hydrogen and n-butane were
given off as gas. The remaining product was purified by distillation
according to the prior art. Recovered water was returned to the phase
separation. 35 As hydrogenation product, 1,4-butanediol was obtained in 85%
yield. Furthernore, 8% of tetrahydrofuran, 5% of gamma- butyrol actone and
sone further by-products in insignificant amounts were found.



Conparative exanple 3: 40 Exanple 3 was repeated but no water was added
after the hy#rsgjesati on and the tenperature in the phase separator was
~likew se brought down to about 50C by cooling. 2 liquid phases could be
seen in the phase separator, but the solubility of PF 58173 10 butane in
t he product phase was so high that a rra]br part of the butane was |ost via
-the product gdmse and 50 g/ h of fresh butane had to be introduced to

mai ntain a stable equi I i brium despite recirculation of the butane phase.
PF 58173 11 Clainms 1. A process for separating off solvents from
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3. The process according to claim 1 or 2, wherein the water-soluble hydrogenation
product is selected from among 1,4-butanediol, tetrahydrofuran, optionally
methyl-substifuted gamma-butyrolactone, 1,5-pentanediol, 1,6-hexanediol,
1,4-pentanediol, 2,5-bis(hydroxymethyl)tetrahydrofuran, pyrrolidone,
25 N-alkylpyrrolidones, C-alkylated pyrrolidones, C- and N-alkylated pyrrolidones
and amino alcohols and mixtures thereof.

has a

4.  The process according to any of claims 1 to 3, wherein from 0.01 to 1000% by
weight of water, based on the hydrogenation output, are added after the
30 hydrogenation.,

5. The process according to any of claims 1 to 4, wherein the phase separation is
carried out at temperatures below the hydrogenation output temperature.

35 B The process according to any of claims 1 to 5, wherein the phase separation is
carried out at temperatures which are from 5 to 250°C below the hydrogenation
output temperature.

7.  The process according to any of claims 1 to 4, wherein the phase separation is
40 carried out at temperatures which correspond to the hydrogenation output
temperature.



and am no al cohols and m xtures thereof. 4. The process according to any of
clains 1 toFs8Myarein from0.01 to 1000% by weight of water, based on the
hydr ogenati on output, are added after the 30 hydrogenation. 5. The process
“according to any of clains 1 to 4, wherein the phase separation is carried
out at tenperatures bel ow t he hydrogenat i"8n out put tenperature. 35 6 The
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wherein the phas® kaspgloatthisn is 40 carried out at tenperatures which
correspond to the hydrogenation output tenperature. PF 58173 12 8. The
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et her, dibutyl ngéttﬁ%rlf ﬁgﬁ_@g@:reﬁl&gtﬂ?ﬁ reét eé’rﬁlg%'ttﬁnle&}rilﬁﬁﬁ?% f%g?" ﬁgﬁl%t yl
ether. ethyl  n- iS5 BBV n-BYNLST SR ANGT. BLRPYH B SrisaRyhy! eibter

i sopropyl n-but yisomopyl sdivip p isebligrethdr5 10. The process according to any of
claimse 1 to 9, wherein the solvent is selected from anong carbon di oxide,
argon, ni.traqgen,propane, butane and ifs isopers, .isobutan ent gn nd
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any of clainms 1 fram soiongimarkimdiokideweigght nitragérs padpaneo beiaheend itsoisomers,
hydrogenati on prigshignd, pentaREaRd is ls8mbROQiméiyl eTHR aRH AfRRS efheeOr di ng to any
of clainms 1 to 11, wherein the process for separating off solvents is
operated continuously together wwth the preceding catalytic hydrogenation.
25 11. The process according to any of claims 1 to 10, wherein the weight ratio of

20 solvent to hydrogenation product is from 0.1 to 1000.

12. The process according to any of claims 1 to 11, wherein the process for
separating off solvents is operated continuously together with the preceding
catalytic hydrogenation.
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