2 2 SEP 2004 Separation of 6-am nocapronitrile frommxtures containin
6-am nocapronitrile, adipodinitrile and hexanet hyl enediamne 5 TheMr%&-}mﬁ
‘invention relates to a process for the distillative separation of

6- am nocapronitrile from m xtures containing 6-am nocapronitrile,

adi podinitrile and hexanet hyl enedi am ne, wherein 10 a) the

hexanmet hyl enediam ne i s separated fromthe mxture to give a mxture (1)

with a hex l.enediam ne. content.of., |l ess than 1% b ight: b) all or
bart of |t e iBRCEE P RARabEOh LB e B e FORh(rs ColBafting ) 1) (O
gi ve a m xPIAOCAPTRRLERL ton rEAPOi N StidCaABE sheFaRat iy pRedbafiine

6-am nocapronitrile under distillation conditions and cannot be fornmed by
di meri zasi Dhe gredehkoDAveit frAFeNaEaPT Eial F'tcb@ey@dﬁjr teher ARkt f11ASSel S | ess
than 1% bYsyfehiliona0e ¢0ufindaborhiPAlLs GrohiLhEXAIPLBKLERSHIAM NE
present is §§&arated frogﬂt e xéurei\(.ll tﬁ gl ve a_mxture \Q whose
hexanet hyl 2rEdiRTRRECRORE LR RSLRPERRT HiiHEn 2P AafeAme iy LeRedigherg 1), and
a mxture ¥RAT8#ose hexanet hyl enedi ani ne 25 content is |ower than that of
the mxture (I1). It is known that 6-am nocapronitrile can be used for the
pr epar aboa) of t kaNHeHanet APLORe PAMART €8Sse 1@ el 2PbROGAP MARhEL | €5 MUST
Comvont | oon| PuaLldl of B RHED P RASESs ROATABRAREONAL dofickie of
conventional | y; prep red y_the partial catalytic hydrogenation of

adi podi ni tri | eX*IHiRcAA BE BHIMtied by the doubl e hydrocyanation of

but adi ene in the presence of catalysts. This normally gives a m xture
cont ai ni ngbB5 &tlhammeaapr ofii tie |e.aminbeapted tadilpods nsépaddaredndrom the
hexanet hyl enedhariuie (2Pt LONG I o adethes VWi wekuesdSientS WISt ances

boi | i ng bel ow icRy! GRECH AHNE ap3bb Sk ANEGHABLLATG: AP Utfier

adi podinitrile sqc?r% o%_ er %{-cﬁ)ro. ucts.d4 Nurrerbo 3 grog}ss%f}gl or _the
separation of B-AMNECABFoRPRTTTE T BRT ST TRt GPERSY PYyipdeqeation

6- ani nocapr oni ¥$394€°8F 84i 8- HIPGARPAF TRk YadeRnthearak &tFsEE £F obeSAD
96/ 20931 and Wha&Y/1Z3b54vweThkt disgwdvant age of these processes is the high
energy 4245 expenditure required to recover 6-am nocapronitrile of sufficient

c} all or part of the hexamethylenediamine present is separated
from the mixture (II) to give a mixture (IV) whose
hexamethylenediamine content is higher than that of the
mixture (II}, and a mixture (V) whose hexamethylenediamine

25 content is lower than that of the mixture (II).

It is known that 6-aminocapronitrile can be used for the
preparation of caprolactam or polyamides. The
6-aminocapronitrile must have a high purity for such purposes.
30
6-Aminocapronitrile is conventionally prepared by the partial
catalytic hydrogenation of adipodinitrile, which can be obtained
by the double hydrocyanation of butadiene in the presence of
catalysts. This normally gives a mixture containing
35 6-aminocapronitrile, unreacted adipodinitrile and
hexamethylenediamine, optionally together with solvents,
substances boiling below hexamethylenediamine, substances boiling
above adipodinitrile, and other by-products.

40 Numerous processes for the separation of 6-aminocapronitrile from
such mixtures to give a 6-aminocapronitrile of said high purity
are known, for example from WO 96/20931 and WO 97/23454.

The disadvantage of these processes is the high energy
45 expenditure required to recover 6-aminocapronitrile of sufficient
purity from the mixture.
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Based on the sum of 6-aminocapronitrile, adipodinitrile and
hexamethylenediamine, such mixtures conventionally contain from 5
to 90% by weight, preferably from 10 to 80% by weight and
particularly preferably from 20 to 70% by weight of
25 6-aminocapronitrile and from 5 to 90% by weight, preferably from
10 to B0% by weight and particularly preferably from 20 to 70% by
weight of hexamethylenediamine, the remainder being unreacted
adipodinitrile.

30 In the light of previous observations, the catalyst used for the
hydrogenation is not critical in terms of the process according
to the invention. The mixture can take place [sic] from the
catalyst after the hydrogenation in a manner known per se, for
example by filtration, this being preferred in the case of a

35 suspension hydrogenation, or by removal of the mixture from the
reaction vessel to leave the catalyst in the reaction vessel,
this being preferred in the case of a fixed bed hydrogenation.

The hydrogenation can advantageously be carried ocut in the

40 presence of a solvent. Suitable solvents are organic solvents
such as alcohols, preferably alkanols and especially C;-C,4
alkanols like methanol, ethanol, n-propanol, i-propanol,
n-butancl, i-butanol or s-butanol, esters, preferably esters of
an alkanecarboxylic acid, especially a C;-C4; alkanecarboxylic acid

45 like formic acid, acetic acid, propionic acid or butyric acid,
with an alkanol, especially a C;-C4 alkanol like methancl,
ethanol, n-propancl, i-propancl, n-butanol, i-butancl or
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Suitable apparatuses are those conventionally used for

25 distillation, for example those described in: Kirk-Othmer,
Encyclopedia of Chemical Technology, 3rd ed., vol. 7, John Wiley
& Sons, New York, 1979, pages 870-881, such as sieve-plate
columns, bubble-cap columns or packed columns, with or without a
side discharge.

30
By-products, for example substances boiling below
hexamethylenediamine and/or substances boiling above
adipodinitrile, can be formed in the hydrogenation.

35 In terms of the present invention, substances boiling below
hexamethylenediamine are understood as meaning compounds which
have a boiling point below that of hexamethylenediamine under the
appropriate distillation conditions.

40 Examples of possible substances boiling below
hexamethylenediamine are hexamethyleneimine, hexylamine,
aminomethylcyclopentylamine and diaminocyclohexane. Such
compounds are present in the mixtures obtained from the
hydrogenation in overall amounts of up to 10% by weight,

45 preferably of up to 5% by weight, based on the sum of
6-aminocapronitrile, adipodinitrile and hexamethylenediamine.
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20 first (step a0), followed by any substances present which boil

below hexamethylenediamine (step al).

Step al should advantageously be carried out at a pressure below
ambient atmospheric pressure, preferably at an absolute pressure
25 below 500 mbar.

According to the invention, hexamethylenediamine is separated

from the mixture in step a to give a mixture (I) with a

hexamethylenediamine content below 5% by weight, preferably below
30 1% by weight, based on the mixture (I).

This separation can advantageously be performed by fractional
distillation in one or more, such as 2 or 3, distillation
apparatuses.

35
Suitable apparatuses are those conventionally used for
distillation, for example those described in: Kirk-Othmer,
Encyclopedia of Chemical Technology, 3rd ed., vol. 7, John Wiley
& Sons, New York, 1979, pages 870-881, such as sieve-plate

40 columns, bubble-cap columns or packed columns, with or without a
side discharge, preferably with a side discharge.

Step a should advantageously be carried out at a pressure below
ambient atmospheric pressure, preferably at an absolute pressure
45 below 500 mbar.
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20 This separation can advantageously be performed by fractional
distillation in one or more, such as 2 or 3, distillation
apparatuses.

Suitable apparatuses are those conventionally used for

25 distillation, for example those described in: XKirk-Othmer,
Encyclopedia of Chemical Technology, 3rd ed., vol. 7, John Wiley
& Sons, New York, 1979, pages 870-881, such as sieve-plate
columns, bubble-cap columns or packed columns, with or without a
side discharge, preferably with a side discharge.

30
Step b should advantageously be carried out at a pressure below
ambient atmospheric pressure, preferably at an absolute pressure
below 500 mbar.

35 According to the invention, all or part of the
hexamethylenediamine present is separated from the mixture (II)
in step ¢ to give a mixture (IV) whose hexamethylenediamine
content is higher than that of the mixture (II), and a mixture
(V) whose hexamethylenediamine content is lower than that of the

40 mixture (II).

This separation can advantageously be performed by fractional
distillation in one or more, such as 2 or 3, distillation
apparatuses.

45
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In another embodiment of step b in terms of the present

20 invention, it is possible to allow a higher content of substances
boiling above 6-aminocapronitrile to give a mixture (IIa) and
separate components boiling above 6-aminocapronitrile from the
mixture (IIa) to give a mixture (VI) whose 6-aminocapronitrile
content is higher than that of the mixture (II}, and a mixture

25 (VII) whose 6-aminccapronitrile content is lower than that of the
mixture (II).

In ancither preferred embodiment, the mixture (VII) can be
- recycled into step b.
30 ,
The hexamethylenediamine content of the mixture (V) should
advantageously be at most 5000 ppm, preferably 0 to 1000 ppm and
particularly preferably 0 to 200 ppm, based on the weight of the
mixture (V). The sum of the components of the mixture (V) other
35 than 6-aminocapronitrile should advantageously be at most
5000 ppm, preferably 0 to 500 ppm and particularly preferably
0 to 200 ppm, based on the weight of the mixture (V).

The total energy consumption of the process according to the

40 invention, calculated as the sum of the energy consumptions in
steps a, b and c, and optionally a0 and al, is lower than the
energy consumption required when the separation is carried out in
only two steps a and ¢, and optionally a0 and al, to achieve the
same hexamethylenediamine content in the 6-aminocapronitrile

45 separated off.
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Comparative Example

In distillation column K1 according to the Example, 200 kg/h of a

30 hydrogenation mixture containing 29% of hexamethylenediamine, 42%
of 6-aminocapronitrile, 27% of adipodinitrile, 0.5% of
low-boiling components and 1.5% of high-boiling components were
separated off so that 1.5 kg/h containing essentially low-boiling
components were withdrawn at the top.

35
58 kg/h of hexamethylenediamine with a 6-aminocapronitrile
content of 115 ppm were withdrawn at a side discharge. 156.5 kg/h
with a hexamethylenediamine content of 0.05% were withdrawn at
the bottom of column K1. 140 kg/h of steam were necessary to

40 obtain this hexamethylenediamine content at the bottom of the
column. In a second distillation column K2, the bottom product
withdrawn from column Kl was distilled so that 116.5 kg/h of
6-aminocapronitrile were withdrawn at the top. The
hexamethylenediamine content of the top discharge was 800 ppm.

45 The column was operated with 30 kg/h of steam.



25 K1 + K3 was 95 kg/h. Conparative Exanple In distillation colum Kl
according to the Exanple, 200 kg/h of a 30 hydrogenation mxture 27 SEP 2004
cont ai ni ng 29% of hexanet hyl enedi am ne, 42% of 6-am nocapronitrile, 27% of
adi podinitrile, 0.5%of |ow boiling components and 1.5% of high-boiling
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6- am nocapronitrile were withdrawn at the top. The hexanethyl enedi am ne
content of the top discharge was 800 ppm 45 The columm was operated with
30 kg/h of steam 22 SEP 2004 8 Despite the fact that the energy
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than thg sum of the energy consunptions in colums Kl and K3 in the
Exanple (95 kg/h overall), the ACN purity achi eved was markedly poorer in
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1. A process for the distillative separation of 5 6-am nocapronitrile from
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6-am nocapronitrile, adipodinitrile and hexanet hyl enedi am ne, wherein a
t he hexanet hyl enediamine is separated fromthe mxture to 10 give &2 SEP 2004
m xture (1) with a hexanethyl enedi am ne content of |ess than 1% by wei ght;
b) all or part of the 6-am nocapronifyrile is separated from the mxture
(I') to give a mxture (11) whose content of 15 substances which boil above
6-am nocapronitrile under distillation conditions and cannot be fornmed by
di meri zat*é)ncfaeaqt_i ons of 6-am nocapronitrile under thernmal stress is |ess
than 1% by~ wel glﬁr{'; and 20 c) all or part of the hexamet hyl enedi am ne
present is separated fromthe mxture (I1) to give a mxture (1V) whose
hexanmet hyl enedli pregesscdptenbe i didtigletitvaasegdrattioh ofhe m xture (I1), and
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process as claimegd,in glai q34b [eip .the mxture (1V) recycled fromstep
c into step a is vaporous. 40 A prdcess as clained in claimb5 wherein

all or part of the mxture (VIl1) is recycled into step b. 7. A process as
claimed in ay) of 2élapFrerart @fothed edmindsepsenprislsurié sapataped fromchosen
so that the bottonhetenpernateur(¢) toegiviota edeeete 188G whose content of
15 substances which boil above 6-aminocapronitrile under
distillation conditions and cannot be formed by
dimerization reactions of 6-aminocapronitrile under
thermal stress is less than 1% by weight; and

20 Cc) all or part of the hexamethylenediamine present is
separated from the mixture (II) to give a mixture (IV)
whose hexamethylenediamine content is higher than that of
the mixture (II), and a mixture (V) whose
hexamethylenediamine content is lower than that of the

25 mixture (II).

2. A process as claimed in claim 1 wherein hexamethylenediamine
is recovered at a side discharge in step a.

30 3. A process as claimed in claim 1 or 2 wherein
hexamethylenediamine and components boiling below
hexamethylenediamine are separated off together.

4. A process as claimed in any of claims 1 to 3 wherein all or
35 part of the mixture (IV) separated off in step ¢ is recycled
into step a.

5. A process as claimed in claim 4 wherein the mixture (IV)
recycled from step c into step a is vaporous.
40
6. A process as claimed in claim 5 wherein all or part of the
mixture (VII) is recycled into step b.
7. A process as claimed in any of claims 1 to 6 wherein the
45 pressure in step b is chosen so that the bottom temperature

does not exceed 185°C.



