
- 1  Process for the purification of hexamethylenediamine  [0001] The
present invention relates to a process for  the purification of
hexamethylenediamine. 5 [0002] It relates more particularly to a process for
the purification of hexamethylenediamine by separation  from the
tetrahydroazepine or more generally from the  imines present in the
hexamethylenediamine. 10 [0003] Hexamethylenediamine is a major chemical
intermediate used in particular as monomer in the manu- facture of polymers,
such as polyamides, or as  intermediate in the synthesis of isocyanate
compounds.  15 [0004] Hexamethylenediamine is obtained by hydrogena- tion of
adiponitrile in the presence of catalysts  comprising metal elements, such
as nickel, cobalt,  iron, rhodium or ruthenium. 20 [0005] During the process
for the hydrogenation of  adiponitrile, by-products are formed, more
particularly  imines and more particularly still tetrahydroazepine
(hereinafter referred to by the symbol THA) of the  25 following formula: N
C [0006] This compound has to be separated from the 30 hexamethylenediamine
as it can cause a coloration or  connections in the polyamides, such as
PA66, obtained  with a hexamethylenediamine comprising tetrahydro- azepine.
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[0007] Numerous processes have been proposed for  removing or separating the
THA. These processes  generally comprise the addition of a basic compound to
promote the reaction of THA with hexamethylenediamine 5 to form a new heavy
compound or oligomer which can  generally be separated from the
hexamethylenediamine.  [0008] Thus, Patent US 5 192 399 describes a process
for the distillation of a hexamethylenediamine (HMD) 10 and
aminocapronitrile (ACN) mixture comprising THA.  This mixture is distilled
in a distillation column in  the presence of a solution of a basic compound.
The  aminocapronitrile and the hexamethylenediamine are  collected at the
column top, while oligomers comprising 15 the THA or heavy compounds are
recovered in the bottom  fraction of the column. The use of a basic compound
generates saline effluents which cannot be discharged  without treatment. 20
[0009] It is thus important to provide a process for  the separation of the
THA which makes it possible to  recover hexamethylenediamine comprising a
very low  concentration of THA and with in particular very little
generation of effluents to be discharged. 25 [0010] One of the aims of the
present invention is to  provide a simple process for the separation of
hexa- methylenediamine and tetrahydroazepine with recovery of  the HMD
comprising a very low concentration of THA and  30 a minimalized loss of
HMD. [0011] To this end, the invention provides a process  for the
purification of hexamethylenediamine by  separation from the
tetrahydroazepine which consists in 35 distilling, in a distillation column,
the mixture  



comprising the hexamethylenediamine and the tetrahydro- azepine. The
invention is characterized in that the  residence time of the
hexamethylenediamine in the  column is between one minute and twenty
minutes, - 3  preferably between one minute and fifteen minutes.  [0012] The
term "residence time in a distillation  column" is understood to mean the
ratio of the volume 5 of liquid held in the column to the flow rate of
liquid  moving inside the column. In the case of the invention,  the portion
of the distillation column to be considered  for the calculation of the
residence time is the  portion of the internal parts of the column situated
10 above the feed point of the hexamethylenediamine to be  purified. Thus,
the residence times in the bottom of  the column, in the boiler and in the
condenser of the  column are not to be taken into account. Likewise, the
residence time in the internal parts present in the 15 portion of the column
situated below the feed point of  the hexamethylenediamine is not to be
taken into  account. In other words, for the calculation of the  residence
time, the term "distillation column" used in  the present text corresponds
to the internal portion 20 present in the portion of the column situated
above the  feed point of the hexamethylenediamine. [0013] The term "internal
parts present in the  distillation column" is understood to mean the compo-
25 nents or devices positioned in the column in order to promote and carry
out the liquid/vapour exchange.  Mention may be made, as examples of
internal parts, of  structured or unstructured packings, bubble cap plates,
valve plates or the like. The internal parts composed 



30 of a structured packing are preferred in the process of  the invention.
[0014] The volume of liquid held in the column depends  on the type of
internal parts, column, dimensions and  35 operating conditions (gas and
liquid flow rates in the column). Thus, for a packed column, the volume of
liquid is calculated from the volume of packing and  from the degree of
retention of the packing (volume of  liquid per unit of volume of packing) .
The volume of - 4  packing is, according to the invention, the volume
present in the portion of the column situated above the  feed point of the
hexamethylenediamine. Generally, the  degree of retention of a type of
packing is indicated 5 by the manufacturer or supplier of the packing and is
a  characteristic of the construction of this material and  of the operating
conditions of the distillation. [0015] For a plate column, the volume of
liquid held  10 corresponds to the volume of liquid present on each  plate
multiplied by the number of real plates. [0016] According to another
characteristic of the  invention, the process is implemented in distillation
15 columns comprising between 10 and 50 theoretical plates, preferably
between 15 and 35. This number of  plates corresponds to the portion of the
column  situated above the feed point of the hexamethylene- diamine. 20
[0017] The process of the invention can be implemented  in any type of
distillation column which makes it  possible to obtain residence times as
described above. 25 [0018] Advantageously, the distillation columns of the  



invention are those exhibiting a low pressure drop.  Mention may be made, as
type of distillation columns  which are suitable, of structured packed
columns or  thin film distillation columns. 30 [0019] According to another
characteristic of the  invention, the process is implemented in distillation
columns operating under an operating pressure in the  column top of between
10 and 300 mbar. The column 35 bottom temperature is advantageously between
120C and  170C. [0020] The mixture to be distilled is preferably fed  at an
intermediate plate of the column; the purified - 5  hexamethylenediamine
recovered as top fraction or as  intermediate fraction at a level close to
the column  top comprises, according to the process of the inven- tion, less
than 8 mol of THA per million mol of HMD, 5 advantageously less than 4 mol
of THA per million mol  of HMD. [0021] The concentration of THA or of
impurities which  can be reduced with a mercury electrode in the  10
hexamethylenediamine is determined by assaying by differential pulse
polarography. These impurities  exhibit a polarographic wave of reduction at
a voltage  of -1.55 V/Ag-AgCl +/- 0.05 V and are expressed in mmol  of
isobutanal per tonne of HMD (mmol iB/t) or in mol of  15 THA per million mol
of HMD (mpM). [0022] Other details and advantages of the invention  will
become more clearly apparent in the light of the  examples given below
solely by way of indication. 20 



[0023] Example 1: [0024] In order to purify hexamethylenediamine  comprising
120 mol of THA per million mol of HMD, use  25 is made of a structured
packed distillation column with a diameter of 50 mm comprising 2.6 litres of
gauze  packing with a degree of retention of 6%. This column  exhibits a
number of theoretical plates equal to 15.  Feeding with hexamethylenediamine
takes place below the  30 bottom portion of the packing. [0025] Distillation
is carried out with a top pressure  of 300 mbar, a column bottom temperature
of 160C and  an HMD feed flow rate of 2.5 kg/h (3.3 1/h). The liquid 35 flow
rate of the column is determined by calculation  with the modelling tools
conventionally used for the  calculation of distillation columns (Aspen(r)
software).  The calculation shows that this flow rate is similar to  the
feed flow rate in the case of the present example. - 6  [0026] The residence
time of the hexamethylenediamine  is 3 minutes. 5 [0027] The
hexamethylenediamine collected at the  column top comprises 2.3 mol of THA
per million mol of  HMD. [0028] Example 2:  10 [0029] Example 1 is repeated,
except that the packing  used is a structured packing (not a gauze packing)
with  a degree of retention of 5% and a packing volume of 7  litres. The
number of theoretical plates is 20. 15 [0030] The HMD residence time is 6
min. The hexa- methylenediamine recovered at the column top comprises  



2.9 mol of THA per million mol of HMD. 20 [0031] Example 3: [0032] Example 1
is repeated. The packing volume is  3.6 1 and the number of theoretical
plates is equal to  20. 25 [0033] The HMD residence time in the column is 4
min.  The hexamethylenediamine collected at the column top  comprises 3.9
mol of THA per million mol of HMD. 30 [0034] Comparative example: [0035] In
order to purify hexamethylenediamine  comprising 120 mol of THA per million
mol of HMD, use  is made of a plate distillation column with a diameter 35
of 50 mm comprising 30 real plates with a retention of  12 ml per plate.
This column exhibits a number of  theoretical plates equal to 17. The
feeding of the  hexamethylenediamine takes place below the bottom plate  of
the column. - 7  [0036] Distillation is carried out with a top pressure  of
260 mbar, a column bottom temperature of 160C and  an HMD feed flow rate of
0.5 kg/h (0.66 1/h). The 5 liquid flow rate of the column is determined by
calculation with the modelling tools conventionally  used for the
calculation of distillation columns. The  calculation shows that it is
similar to the feed flow  rate in the case of the present example. 10 [0037]
The residence time of the hexamethylenediamine  is 33 minutes. [0038] The
hexamethylenediamine collected at the  15 column top comprises 16.4 mol of
THA per million mol of  



HMD. - 8 - CLAIMS  1. Process for the purification of hexamethylene diamine
(HMD) by separation from the tetrahydro- 5 azepine (THA) which consists in
distilling, in a  distillation column, the mixture comprising the
hexamethylenediamine and the tetrahydroazepine,  characterized in that the
residence time of the  mixture in the distillation column is between one  10
minute and twenty minutes. 2. Process according to Claim 1, characterized in
that the abovementioned residence time is between  one minute and fifteen
minutes. 15 3. Process according to Claim 1 or 2, characterized  in that the
number of theoretical plates of the  distillation column is between 10 and
50. 20 4. Process according to one of the preceding claims,  characterized
in that the distillation column  bottom temperature is between 120C and
170C. 5. Process according to one of the preceding claims,  25 characterized
in that the purified hexamethylene- diamine comprises less than 8 mol of THA
per  million mol of HMD. 6. Process according to Claim 5, characterized in
30 that the purified hexamethylenediamine comprises  less than 4 mol of THA
per million mol of HMD. 7. Process according to one of the preceding claims,
characterized in that it is implemented in a  35 distillation column of
structured packed column  type. 




