- 1 Process for the purification of hexanethyl enediam ne [0001] The
present invention relates to a process for the purification of
hexanet hyl enedi am ne. 5 [0002] It relates nore particularly to a process for
the purification of hexanethyl enedi am-ng by separation fromthe
tetrahydroazepi ne or nore generally fromthe imnes present in the

hexamet hyl enediradenes 3 [(HOFuHeiarmtiny eTedicadina: Hysl ehdtj 01 rehemn cal
internediate used in particular as nononer in the manu- facture of polyners,
such as polyam des, or as internediate in the synthesis of isocyanate
conpounds. [I® J1J004TheHepaaeehy| énednambne ried atkisaiteda bprbydesegema- ti on of

adiponitriI%4$H§Jyaﬁyé§@ﬂ%ﬁé%§ﬁﬁ%ﬁﬁéﬁﬁi?eﬁéaggéig{g netal elenents, such

as nickel, cobalt i'ron, eni um 0005] During the process
for the Rydrogenation of adiponitrile, by-products are forned, nore
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(hereinafter referred to by the synbo ow ng formula: N
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[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 1is 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:

[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.



[ 0007] Nunerous processes have been proposed for renoving or separating the
THA. These processes generally conprise the addition of a basic conmpound to
pronote the reaction of THA with hexamet hyl enedianmine 5 to forma new heavy
conmpound or ol igomer which can generaldy. be separated fromthe

hexanet hyl enedi am ne. [0008] Thus, Patent US 5 192 399 descri bes a process

for the distbbbaﬂiomuméﬁbdyn«ﬁﬁﬁiw%@agdiﬁgbae 6@&@ Wrep¥sed for
am nocapronltrlleng3 m xture r|S|n IE(QA S mxture is distilled
sol

in a distil F&"°dH i FEPERHE 6 sen R of PAC6SSPESconpound.
The am nocgenemiatlliyl e:camir]tshe ﬂea(aaéﬁhyhenedlfam memsre coopbesdiedoat t he

col urm top, uhi|g Ol { QOMELS COMRY i 5i ngdS [N, THALOF bRaYY caupaunds are

recovered i B the bot fPaction | a pasic conpound
gener at €8 s&li neoehf laueney vxhe@v\ycmmom‘ei dbscmmﬂew twWiguth t ceat nent. 20

[0009] "1t I gtaus 1haPeyd %%gjatr%t%rd)\ﬁr%% R HY 9 %et‘?{Xel SeRafation of the

THA whi ch kes it possib recover hexanet I am ne conprising a
very low concentration of THA and with in parti cuI ar very little

gener ation qfyoefgfl uapis t ophe-ki sghargeds, 259 0QLQA- /e Of 5 t peoails of the
present invention is to provide a sinple process for the separation of

hexa- net hyféfedFafi r?el%ﬁfdl]taettlroéhyél’lfoa%eﬁieﬁ‘@%tthw lrsssieming  (EMe) ivD
conpri sing ander wmieawcegieentiatlieon (atNTHAmarRdurd0 aomb@hﬁ&h'gzed}moss of

pur 11 cati OTOF MERHTE byt BncHramnE by ™ oparat an oo (HaL Lm0

t et r ahydr oazép nerabecde cafsi st sdlmtdordi sfi ld i hgsicn aopsind | aThen col um,

the rriXtureaminocapronitrile 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 c¢olumn, the mixture
comprising the hexamethylenediamine and the tetrahydro-
azepine. The invention 1is characterized in that the
residence time of the hexamethylenediamine 1in the

column 1is between one minute and twenty minutes,



conprising the hexanet hyl enedi am ne and the tetrahydro- azepi ne. The
invention is characterized in that the residence tine of the
hexanet hyl enediam ne in the columm is between one mnute and twenty

m nutes, - 3 preferably between one munute and fifteen mnutes. [0012] The
term"residence tinme in a distillation colum" is understood to nean the
rati o of thendamebls detvegn dreelndiiutd hend o faedo wheufdow rate of
liquid noving inside the colum. In the case of the invention, the portion
of the distillation colum to be considered for the calculation of the

resi dence tilf®ld t e pdretinon "ofestilderniast ertniale pamt s aof dilsé iddlawmonsi t uat ed

10 above ! he.diefth Pol Ot uahetBEoREx RPNl enedlanilg f be nputihigd. Thus,
the residence tinmes 1n the bottomof the colum, in the boiler and in the
condenseP ofoft Heawisl drml drin nolte t eobene akenthat 6lagcoane. ofi Réaused, the

residence t i@ idy tihesidd ermal cpRERS. PIESent La8sEhgrlbnpontien byt he col um
situated below the feed point of the hexanethylenediamne is not to be

taken into TEcAMtiqTh of nere vidtBisll idFiPhmeCe Bl BPi BE 6PTEAECTEEsi dence
tinme, the tegn "dimst i ldald@nGIrumMyt used | RestiBenRieseninet exls ceneesponds
to the internal.portign %f present in the por%iog of the coluym situated
above the &8¢0 n?t oft thel REXEHRL hYPENEdi Qi HEE [FOLET THE &R i nt er nal
parts ptesenrtodwe tttes fiésdi bbahiomwfcahamiexsnetice stodtahonaeas the conpo-

25 nents or Vi Ges, positjon in_the Lum .in order to pronpte and carry
out the qu&ﬁgfﬁggﬁhr 2&% an§g¥3 Ré%%?%ﬁcﬁaﬁlggsnale,tgf g%%%%?%so f
i nternal parths oflumnrudhurtde droiurest ramd uied thackiondendrmbbbé che pl at es

val ve pl ates. grfhe;td kgor The At erpaly palds somposed Likewise, the

residence time 1in the internal parts present in the
15 portion of the column situated below the feed point of
the hexamethylenediamine 1is 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
liguid is calculated from the volume of packing and
from the degree of retention of the packing (volume of

ligquid per unit of volume of packing). The wvolume of



30 of a structured packing are preferred in the process of the invention.
[0014] The volune of liquid held in the colum depends on the type of
internal parts, column, dinmensions and 35 operating conditions (gas and
liquid flowrates in the colum). Thus,4fer a packed col umm, the vol une of
liquid is calculated fromthe vol une of packi ng and fromthe degree of
retenti on ofPadelmhckisng eesloadengf tpbi quie pmvemnlom);f vidleimeradfunacki ng)

The vol ume Qfrescht Packing %§It§85059'99et9039ﬂ8'QY@G kan, 4 %ev%%% of the

present in the(gortlon of the columm situate ove t feed poin
hexanet hyl enfGRAmP PRt cRfertdlq yietaee tyskpred imine en@?@ﬁréﬁlé{ t Y of

packing is iduliat edf 5rby chite chBMH agt HLBE QF wir@g‘; of tﬂh%iﬂ&%@@dw and is
a characgteristic of the construction of this materia of . t he operating

condi tions dtY tHE dPRFHIG TR PHOTRPPELFT a0pI hhE E@Fﬁﬁfﬁg £Re V&l dne of
liquid heI d cHer sooreeispondso f othdecyesunicOiohi g8 dhpeesartronleacly plate

mul tiplied b e nunber of real at es 0Q16] , Accordi ng to anot her
char act er i stclyc Of° tH T VRt TG 1hensprof[c tg% &W%ﬂﬁ%%ﬁ t2d in distillation
15 col ums conpri si ng bet ween 10 and 50 theoretical plates, preferably

bet ween 15 aﬂfblﬁébg}%ﬁt%g grg ofcol n@{esg]ﬁgr Qgﬁg%gds 0 tagagor}}ell%n of the

colum situate poin hexanet h ene® diramne. 20
[0017] TRe mqmqﬁdst h&oi ntiest W@dU@@n bE |hmjven’enpedsenn anmy tepod of

di stillationcaldinm, wh ks dle RASRDIS 1o pbt sidence tines as
descri bed agoove 25 [0(?‘1] Advant aegeously, the di st@l{tat&:aon colums of the

[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 1in the
column top of between 10 and 300 mbar. The column

35 Dbottom temperature is advantageously between 120°C and
170°C.

[0020] The mixture to be distilled is preferably fed

at an intermediate plate of the column; the purified



invention are those exhibiting a | ow pressure drop. Mention nmay be nmade, as
type of distillation colums which are suitable, of structured packed
colums or thin filmdistillation colums. 30 [0019] According to another
characteristic of the invention, the_peocess is inplenented in distillation
colums operating under an operating pressure in the colum top of between
10 and 300 ratamelite, batediamindotricemvieeder as Ui d S radvanbagesyslas bet ween

120C and 170 0020]. The m xture to be distill is preferably fed at an
|nternedlateﬁ%eﬁ@?%%gﬁ%e%58Fﬁﬁﬁ tHe Puriticdd Cfgsehéfénﬁ ﬁyﬁ§i&m%nnne
recovered as-dmpcoémpcisesn, omc&grdlmgenmedthéep&b@ebsonyﬁttaelam&bnclose to

t he col um o] S facgordi ng -t roce of th tion, |less
t han 8 nol t%qﬁhA gg%g %ﬁﬁlongﬁ% ong A5p£:(fjv51r11§ageous g @?ﬁﬁn 4 ol

of THA pér mdvdmgragastuslyf HYBS F@@Zlm'ﬂuicgﬁcgmwfgemnmmilIHA orolof
impurities Wi ghy can be reduced with a mercury electrode in the 10

hexanet hyl enedi ami ne is determi ned by assaying by differential pulse
pol ar ography. These inpurities exhibit a pol arographic wave of reduction at

a voltage o0fpozh 155 MAGLAIDnetar o5 Y ang @feo@X%@%%q@ﬂe@ WRlcn of
i sobut anal per tonne of HVD (mmol iB/t) or in nol 15 THA per mllion nol

of HVD (npMS2T 0022] EFHBPeéet&PF§ afd dﬁVﬁH%%@ese%$C¥ﬁ%d?nvéﬁt|Gﬁe\MII
becone more }(H:»eaaﬂielt)hyﬁﬂﬁm'%’cﬁlrﬁmirib thesl i gbteefhinhba exanphesagivgn gl ow

sol ely by Vw@&égeren 15%” O%ulse 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 160°C and
an HMD feed flow rate of 2.5 kg/h (3.3 1/h). The liquid
35 flow rate of the column i1is determined by calculation
with the modelling tools conventionally wused for the
calculation of distillation columns (Aspen® software) .
The calculation shows that this flow rate is similar to

the feed flow rate in the case of the present example.



[ 0023] Exanple 1: [0024] In order to purify hexamethyl enediam ne conprising
120 nmol of THA per mllion nol of HMD, use 25 is nmade of a structured
packed distillation colum with a diameter of 50 nmconprising 2.6 litres of
gauze packing with a degree of retentien-of 6% This colum exhibits a
nunber of theoretical plates equal to 15. Feeding w th hexanethyl enedi am ne
t akes pl ace below the 30 bottom portion of the packing. [0025] Distillation

is carried o iit h o} €t r .am.t enper at ur e
of 160C and wfnz\@ﬁwolfneéedp?%%éﬁg%eté&fez%gpkg?ﬁ ?ﬁgﬁ&%%me%tgtl%m&t&%d 35 flow
rate of the ¢olufi- et ermined by calculation with the nodelling tools

conventionally used for the calculation of distillation columms (Aspen(r)

softvvare%v. The ﬁalc | ation shows that this flowrate is simlar to the
feed flow rat®3H t T asEFPERBYPLESEARTERENDl €01 1e6Eef002H] TH&ESr esi dence

tinme of the duexadetdyd esedbantee 218 doM Bt @3ia HdP0RYI1TBE mol of
hexanet hyl eqﬁﬁ:} am ne collected at the colum top conprises 2.3 nol of THA

per mllion “of HVD. [0028] Exanple 2: 10 [0029] Exanple 1 is repeated,
except that the packing wused is a structured packing (not a gauze packi ng)

with a degr r ian pf 5% and a packing volune of 7 litres. The
nunber of th@(;%rzg]i cgffag#ﬂa]teesé)’l s 20. 15 [0030] The HVMD residence tine is 6

m n. ThéOhexa- nethyl enedi am ne recovered at the colum top conprises
[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 1is 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 1is repeated. The packing volume 1is

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] 1In 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.



2.9 nol of THA per mllion nol of HVD. 20 [0031] Exanple 3: [0032] Exanple 1
is repeated. The packing volunme is 3.6 1 and the nunber of theoretical
plates is equal to 20. 25 [0033] The HVMD residence tinme in the colum is 4
m n. The hexanet hyl enedi am ne collected at the colum top conprises 3.9
nmol of THA per mllion nol of HVD. 30 [0034] Conparative exanple: [0035] In
order to purify hexanethylenedianine conprising 120 mol of THA per mllion

nmol of HWD, isl%g t n um W t i ter 35
of 50 mMm congﬁ%sﬁ]ng r ea ézﬂ ésgwgét‘#iéé %ér:t ngho tw% %Ir%é%r r%:aat e.
Thi s col um @xhi@@tmbarnurﬂ)ecwbimntheoteml t@impelrattescequial 166°T7 arithe

feeding of t yl take el ow ttompl ate of
t he col um. g}? OO%EBD g??ﬂl Zﬁﬂgﬁ |c2é(c§)r%4| e /okgt s 6t6hq/?gp pre%sure of

260 mbard a 101(31 b‘co]tQme rarperaf urehof ng@“ﬁndlsandﬂk/@rﬂ‘é@@df | W rat e of

0.5 kg/'h (0. c@ﬁicﬂl@tloﬂ‘e mﬁéH awirt flheweanateof tbhe scob%meh%lg%taqu@‘ ned by
calculation with the nodelling tools conventionally wused for the

cal cul ati on e §?FI ERE oPR EOrtAnen TRE A tddi At iGh shehs™RRat e i s

simlar to thadged fdrovshéréechatt e casesohilhe peseid exaaplfeowlO [ 0037]
The residence tine of the hez%ma%kp%/l enediamne is 33 mnutes. [0038] The

hexanet hyl efédiGaniThe ol §33% HF SRR STXAP k%P conpri ses 16. 4 nol  of

THA perioillion nol of
[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.



HW. - 8 - CLAIMS 1. Process for the purification of hexanethyl ene di am ne
(HVD) by separation fromthe tetrahydro- 5 azepine (THA) which consists in
distilling, in a distillation colum, the m xture conprising the
hexanet hyl enedi am ne and the tetrahydroazepi ne, characterized in that the
residence tinme of the mxture in the distillation colum is between one 10
m nute and twenty mnutes. 2. ProcessIaadmw ding to Caiml1, characterized in
t hat the abovenentioned residence tine is between one mnute and fifteen

m nutes. 15 3. Process according to Caim1l or 2, characterized in that the
nunber of t heoretBratesgs atfexr oft ehe pudiidtiidatatonon odol exaine thetlweenr 10 and
50. 20 4. Proces i C i cterized
in that the dlSt?F%gﬁﬁgﬂ ggrgﬁnqﬂp gg%gpgtpggrggtgg ?Eébg%ﬁégﬁp C and
170C. 5. Process%ﬁﬁﬂﬂ%ﬁnéTHB om@hﬂht¢@ﬁ%ﬁ%@%dﬂﬁgdﬂ&ﬂkﬁﬂan5 chaﬁacterlzed
in that the purifdiad hexamedhylenemdi aphpe rﬁﬂ@@ufée%érgﬁ% of THA
per mllion nol of HVD. 6. Process accor din Claim haracterlzed in
30 that the pur|fh%ﬁ?@ﬁﬁéﬁﬂﬁ?ﬁﬂ%ﬁﬁ&ﬂ%ﬂﬂ?@ﬁ fi séetrpEySrORESRATSDl of THA

per million nmol ofhdMRtekif¥DCess @@@r dheg tsonen@f theepregedineg cl ai ns,

characterized in that |t |s ggl ne%t kn a 3%_d|stlll tion colum of
struct ur ed packe&ueb b 18 1 ation column 1s etween one
10 minute and twenty minutes.
2. Process according to Claim 1, characterized 1in

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 120°C and 170°C.

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 1in
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 1is implemented in a

35 distillation column of structured packed column

type.





