- 1 Process for the purification of diam nes The present invention relates
to a process for the purification of diam nes obtained by hydrogenation of
dinitriles. 51t relates nore particularly to the purification of
hexanet hyl enedi am ne obtai ned fromthe hydrogenation of adiponitrile. 10

D am nes are inportant chemi cal internediates, in particular in the

manuf acture of polymers. Thus, hexanethyllemedi amine is an inportant nmonomer
in the manufacture of_polyamdes, jin parfigcular for_the roduction of

pol y( hexanet hyl ene adi%é%ﬁ%éﬁ.gﬂﬁ b2 §#ﬁ? GREER PR %*agg%ﬂspolyanides, it
is inmportant and necessary for the hexanethyl enediamne to exhibit very
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results in paudicfiidcation polfymbiraniias abyelined v cbiydupgenkgrpherabr e,
significant dififi;qulitig&s are encountered in the use of these polyners, in
particular in the preparation of yarns or fibres, such as, for exanple, a
25 hi gh de@ree of breakage on spinning and drawing. In addition, these
impurities cany esdlbteB ihb6eguUIgMti@Slatiy t e SthycCtyg of cdheoRolomer and
t he cross sec%gpn .of the rnsnﬁgrquCJn upevennesses in d eln% mhﬂgh are
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characteri sti eglipbondytaiirigs evenness are essential in the production of

textile surfaces for clothing or for surface coverings. 35
10 Diamines are important chemical intermediates, in
particular in the manufacture of polymers. Thus,

hexamethylenediamine is an important monomer in the
manufacture of polyamides, in particular for the
production of poly(hexamethylene adipamide) .

15
For the manufacture of such polyamides, it is important
and necessary for the hexamethylenediamine to exhibit
very high purity characteristics. This is because the
presence of impﬁrities causes difficulties in obtaining

20 a high degree of polymerization and results in
particular in polymers with a vyellowish <colour.
FPurthermore, significant difficulties are encountered
in the use of these polymers, in particular in the
preparation of yarns or fibres, such as, for example, a

25 high degree of breakage on spinning and drawing. In
addition, these impurities can result in irregularities
in the structure of the polymer and the cross section
of the varns, producing unevennesses in dyeing which
are very harmful to the quality of the textile

30 surfaces.

These characteristics of dyeing evenness are essential
in the production of textile surfaces for clothing or

for surface coverings.

35
Consequently, many studies have been carried out over

very many years in order to obtain hexamethylenediamine
with the highest possible purity or at least comprising



Consequently, many studies have been carried out over very nmany years in
order to obtain hexanmethyl enediam ne wth the highest possible purity or at
| east conprising -2 the m nimum of conpounds which bring about declines in
characteristics indicated above, when these were able to be identified. 5
Thus, a first process proposed which nakes it possible to purify
hexamet hyl enedi am ne consists in distilling _this diamne in the presence of
a base. Such a process is disclosed, for exanple, in Patents US 2 987 452,

EP 497 333 andtfB &\1213&113\51035 Hoyepetnds hehecar eridqgdissslvandegesnte thi s
the c of the s b|||t

process, such a X u
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distillation, tothe néedtidimde special materials which are 15 resistant to
corrosive nedia in the construction of the plants. O her processes have

been provided, such as, for exanple, the distillation of
hexamet hyl énedFiaws neai i irsttheTneashcer eposed evhdFhomakies nick tpesspolad 20

(WO 98/34900, MO %%/r%‘lf%’plhez\é%g%%gﬂahla@ﬁeOfcérht?l@ﬁéTB i &8 PT eset

invention is to providé, a novel process for the Burlflcatlon of di ani nes
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purification of al i—phat,lﬂeC %M@fsomﬁg s&?ﬂﬁﬂﬁ%ﬂ@ of the bases,
- the incineration of the heavy compounds formed
during the distillation,
- the need to use special materials which are
15 resistant to corrosive media in the
construction of the plants.
Other processes have been provided, such as, for
example, the distillation of hexamethylenediamine in
«the presence of water or of an inert compound

20 (WO 98/34500, WO 98/34501, WO 98/34902).

One of the aims of the present invention is to provide
a novel process for the purification of diamines and
more particularly of hexamethylenediamine which makes
25 it possible to obtain significant removal of the
troublesome compounds and thus a diamine which can be
used in particular in processes for the manufacture of
polyamides, more particularly polyamides for the

manufacture of yarns or fibres.

30
To this end, the invention provides a process for the

purification of aliphatic diamines which consist in
treating the diamine or the reaction medium resulting
from the synthesis of the diamine with hydrogen or a
35 gas comprising hydrogen in the presence of a catalyst
comprising an element chosen from the group consisting
of platinum, palladium, ruthenium, rhodium, iridium,

nickel and cobalt.



treating the diamne or the reaction nmediumresulting fromthe synthesis of
the diamne with hydrogen or a 35 gas conprising hydrogen in the presence of
a catalyst conprising an el ement chosen fromthe group consisting of

plati num palladium ruthenium rhodium iridium nickel and cobalt. - 3
In a preferred enbodi nent of the invention, the diamne to be purifiedis
present in the reaction nmedium resultingsfromits synthesis. The synthetic
processes nost generally used enploy a hydrogenation of dinitrile 5

conpounds, suctnhag pherfdydeqQoenabtioneat adi poRi tiivedi®n, the diamine
enation catal yst..such as
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separation of converted dini . er enbodi nent,
hydr ogenat Pon qomaursh. fuch hesi Rbenhyérnoeanabéorarti adimpanivinid e td am ne
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What ever the enbodi nent of the treatnent, the catalytic s st?nlused is
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el ement s nment iceghlab®aeeyard ddegiosi t ed, precipitated or adsorbed on a
generally inert support according to techniques known to a person 25

skilled in the art. Any support conventionally used in the field of
suppor t edl€at aky silsi scaemibed isenlt | nthee hyphregenta tiiovent Featm@yt way ahe

i ndi cati on, W%Ufe%'%ﬁy '?Lg ”Eg%ri%fﬂ exagp! 8§re§91§f BrnSuRpart r%%!cgﬁ%lne for
the invention, "of charcoal’s, titanium zircontum or magnesi um oxi des,

al um na or thaedium resulting from the synthesis stage, optionally

after separation of the unconverted dinitrile.

15 In another embodiment, the hydrogenation treatment of
the invention can be carried out with a diamine
extracted from the reaction medium, for example by

distillation.

20 Whatever the embodiment of the treatment, the catalytic
system used is advantageously of the supported catalyst
type. The catalytic element or elements mentioned above
are deposited, precipitated or adsorbed on a generally
inert support according to techniques known to a person

25 skilled in the art. Any support conventionally used in
the field of supported catalysis can be used in the

present invention.

By way of indication, mention may be made, as examples
30 of a support suitable for the invention, of charcoals,

titanium, zirconium or magnesium oxides, alumina or the

like.

The concentration by weight of catalytic element is
35 generally between 0.1% and 16% with respect to the

element/support catalytic system.

Likewise, the hydrogenation stage of the invention can
be carried out according to the usual technigues.



| i ke. The concentration by weight of catalytic elenment is 35 generally
between 0. 1% and 16% with respect to the elenent/support catalytic system
Li kewi se, the hydrogenation stage of the invention can be carried out
according to the usual techniques. - 4 Preferably, the techniques used are
either the use of a stationary or fluidized bed catalytic system or
suspendi ng the catalyst in the reaction-ngdium and recovering the catal yst
by filtration or separation by 5 settling. The conditions for the

i npl enent at i orrffdhd1hy diegenadtironmueaciseh &f€ éhoserknhvnuke afper son
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E%Hh%?%qg'bé?ﬁeeﬁﬁgéélz ﬁg JOBE, Fﬁéaﬁgﬁﬁébens%%gggurgrbeing

reaction tenpgr

bet ween 0.1 MBasremdlifigVPaheFucéheaiwete,imt tile possidilien o mesE vm gasd

conpri sing hydr t d D Lhe Heagti rediug,. a ; b

hydr ogen-gene;}g??)ﬁ’%rgélgp&?ﬁed%al% A\%ter %ygr cl)ggﬁati on, Iihee%?a?nt%\%ni sy

advant agedus| yetéiingct ed fromthe nediumby distillation, according to the

usual techniques, or the hydrogenation treatnent of the invention can be
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and 5 MPa. Furthermore, it 1is possible to use a gas

comprising hydrogen or to add, to the reaction medium,

a hydrogen-generating compound.

15
After hydrogenation, the diamine is advantageously

extracted from the medium by distillation, according to
the usual techniques, or the hydrogenation treatment of
the invention -«an be carried out directly on -the

20 reaction medium.

In another preferred embodiment of the invention, the
process for the purification of the diamines is carried
out concomitantly with the stage of distillation of the

25 diamines.

In this embodiment, the reaction medium resulting from
the hydrogenation of the dinitriles to diamines is fed,
after extraction of the unreacted dinitriles, to a
30 stage of distillation of the diamines, generally in the
lower part of a distillation column. In such a process,

the pure diamine is recovered at the column top.

According to the invention, a portion of the liquid
35 stream circulating in the distillation column 1is
withdrawn and fed to a hydrogenation reactor. The
hydrogenation stage 1in accordance with the invention is
carried out in this reactor. The resulting stream is
fed to the distillation column, advantageously to a



| ower part of a distillation colum. In such a process, the pure diamne is
recovered at the column top. According to the invention, a portion of the
liquid 35 streamcirculating in the distillation colum is withdrawn and
fed to a hydrogenation reactor. The hydrogenation stage in accordance with
the invention is carried out in this reactor. The resulting streamis fed
to the distillation colum, advantageousl¥ to a - 5 region situated
upstream or downstream of the w thdrawal region described above. The
process of therénventi ool appieéds mps¢rneant i colrar | gowBstoveane pafifithei on of

l'inear or branghagd;aljphatisiodi @i nes,dRi ghocomPri se from2 to 10 carbon

at ons. Hexanet hyl enedi am ne” and net hyl pent anedi am ne, whi ch
hydr ogenati on of adiponitrile or of 10 methylglutaronitrile,

are obtai ned by
are the
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i nvention pakes it ossi bLe to.renove inpurities present Ln
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qi atic
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i m nocyanocycl opentane (1 CCP), for 20 exanple. In order to assess the
quality of the diamnes and in particular of hexanethyl enediamne, in
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referred to as

I's polrarographic 1 ndex represents in particular the

concent r at? onmethyiiode tesgppotadd i n atRe Rbdi BReflarred 3diapieesi Ae@ngy
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The purification process of the invention makes it

possible to remove impurities ©present

in these

15 compounds, such as, in particular, tetrahydroazepine

(THA) .

Other impurities can be present in the diamine, such as

hexamethylene or iminocyanocyclopentane

20 example.

(ICCP), for

In order to assess the quality of the diamines and in
particular of hexamethylenediamine, in particular for
use as monomer in the production of polyamide, it is

25 conventional to determine the polarographic

this compound, referred to as POLI.

index of

This polarographic index represents 1in particular the

concentration of imine compounds in the medium. It is
30 determined by polarography and is expressed in moles of
imine functional group per tonne of sample to be

quantitatively determined.

Other details and advantages of the invention will

35 become more clearly apparent in the 1light

of the

examples given below by way of illustration. These

examples have a purely indicative nature.



quantitatively determ ned. Other details and advantages of the invention
wll .35 becone nore clearly apparent in the |ight of the exanples given
bel ow by way of illustration. These exanples have a purely indicative
nature. - 6 Exanple 1 Hexanethyl enedi am ne obtai ned by hydrogenation of
adi ponitrile in the presence of Raney nickel was distilled. 5 The
concentration of the main inpurities is-as follows: % by weight of THA:
0.113% POLL, mmol /t: 7900 10 The hexanet hyl enediam ne is introduced into a
stirred reactExanpdigprl sing a pal | adi um on-charcoal catalyst conprising
0.5% of pall aﬂ'e%g}ne-fﬂsjl‘é%te@ﬂéﬁiﬂeg sghtab¥edEnas han:arkycHa: iydr ogen

pressure is 18 bar. After reacting at 120C for 120 ninutes,,tge
hexanet hyl ene@faRPRé tredSveridy égﬁbﬂﬁﬁﬁfQﬂQﬁMS@gofRﬁmﬁy andcERhi bi'AS a POLI

of 4000. 20 Exappliel2dA simlar test to Exanple 1 was carried out in
treating E? hexanet hyl enedi am ne conprising 0.1066% of THA and a POLI of 12
000. 25 After treating at 120C for 120 mnutes, the THA content fell to

0. 0072% and thkeePthhcenti8BdonExdnphe 8a3d Ampexareelsylisnedi dwilleveonpri si ng

0. 0406% of THA anq%abYPgLEgRE é§7§Hﬂ@SOtﬁE§%ed at a tenperature of 135C for
60 m nutes according to t procedure of anple 1.
POLI, mmol/t: 7900

10 The hexamethylenediamine is introduced into a stirred
reactor comprising a palladium-on-charcoal catalyst
comprising 0.5% of palladium. The catalyst is sold by

Engelhard.
15 The hydrogen pressure is 18 bar.

After reacting at 120°C for 120 minutes, the
hexamethylenediamine recovered comprises 0.0043% of THA
and exhibits a POLI of 4000.

20
Example 2
A similar test to Example 1 was carried out in treating
a hexamethylenediamine comprising 0.1066% of THA and a
POLI of 12 000.

25

After treating at 120°C for 120 minutes, the THA
content fell to 0.0072% and the POLI to 1900.

Example 3
30 A hexamethylenediamine comprising 0.0406% of THA and a

POLI of 4671 was treated at a temperature of 135°C for
60 minutes according to the procedure of Example 1.

The hexamethylenediamine obtained exhibits a THA
35 concentration of 0.00036% and a POLI of 244.



The hexanet hyl enedi am ne obt ai ned exhibits a THA 35 concentration of
0.00036% and a POLL of 244. - 7 CLAIMS 1. Process for the purification of

al i phatic

hydr ogenati on of the diamine in the

el enent
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Process according to Claim 1, characterized in
that the catalyst of the hydrogenation 1is a
supported catalyst, the support of the catalytic
element being chosen from the group consisting of
charcoals, titanium, zirconium and magnesium

oxides, and alumina.

Process according to Claim 1 or 2,‘characterized

. in that the diamine is extracted from the medium

after hydrogenation by distillation.

Process according to one of the preceding claims,
characterized in that the hydrogenation treatment

is carried out on a reaction medium resulting from

the synthesis of the diamine.

Process according to Claim 4, characterized in

that the diamine is synthesized by hydrogenation

of a dinitrile compound.

Process according to Claim 5, characterized in
that the dinitrile present in the resulting
reaction medium is separated before the stage of

hydrogenation of the said resulting reaction

medium.

Process according to one of the preceding claims,
characterized in that the hydrogenation of the
diamine is carried out with a catalyst in the form



7. Process according to one of the preceding clains, characterized in that

t he hydrogenation of the diamne is carried out wwth a catalyst in the form
- 8 of a stationary or fluidized bed. 8. Process according to one of clains
1to 6, characterized in that the hydrogenation of the 5 diamne is carried
out in the presence of a catalyst suspension. 9. Process according to one
of the preceding clains, characterized-if that the diam ne or the reaction
10- mediumfromthe synthesis is fed to a distillation colum and in that a
portion of the |iq@fdasEtédmondine Ratiiyidirahedsfistillation colum is

wi thdrawn froma w thdrawal point situated along the distillation colum
ence, of _a c%talyst

and is subjected tqg_a 15 hydrogenation stage_in t pLes
conpri sing an Bl en%ﬁf)c@ﬁgser??f?%rrf‘ﬁ% gE%upongonsoltysat i(%]galol}ls pjr at Fﬂum
palladiun! rutheniaharachedﬁa@@.idpdiuhapni@kelhmdragﬁnﬂuionheﬁSakhe
stream wighdrawn aflera0yduagenatigndenng fed 20pBack, Lachhe cglum
upstream or downstream o t hie w t hdrawal poi nt. . ocess according to
one of the precedi AgtelEFissuspRasaéleri zed in that the diamne is chosen

from 25 the group consisting of hexanethyl enedi am ne and

met hyl pent anedi am ne. , i ]
9. Process according to one of the preceding claims,
characterized in that the diamine or the reaction
10 - medium from the synthesis is fed to a distillation
column and in that a portion of the ligquid stream
circulating in the distillation column is
withdrawn from a withdrawal point situated along

the distillation column and i1is subjected to a

15 hydrogenation stage in the presence of a catalyst
comprising an element chosen from the group
consisting of platinum, palladium, rutheniumn,

rhodium, iridium, nickel and cobalt, the said
stream .. withdrawn after hydrogenation being fed
20 back to the column upstream or downstream of the

withdrawal point.

10. Process according to one of the preceding claims,
characterized in that the diamine is chosen from

25 the group consisting of hexamethylenediamine and

methylpentanediamine.



