- 1 - Process for the purification of hexanethyl enedi am ne [0001]
The present invention relates to a process for the purification of
hexanmet hyl enedi am ne. [0002] It relates nore particularly to a
process for the purification of hexanethyl enedi am ne by separation
fromthe tetrahydroazepine or nore generally fromthe imnes present
in the hexanet hyl enedi am ne. [0003] Hexanet hyl enedi am ne is a ngjor
chenical interpedcass fSedhe Matitflicdkabnast NAERIt Hyl drfd@iamine
manuf acture of polymers, such as pol yam des, or as internmediate in
the synthesis of isocyanate conpounds. [0004] Hexanethyl enedi am ne
i s obtained Hwoﬁ}droﬁéﬁapﬁéﬁeﬁﬁ agvporien i Teldtres heo pr epepcesof for
catal ysts complel purgriBhal of! SMM:Ganctu¢hcasapikkel, cobalt, iron,
rhodiun1o$ rut henium 20 [0005] During the process for the

hydr ogenat’i on of adi ponitrile, by-products are formed, nore
particul arly [iogitaés anhd redréeparbireulparity catbrlyt ebr ahyshraazeaepi fier
(hereinafter f - t SIAN 8! . fo 1.0g.
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the pol yam desins¥ChraseMAGm Y aidxeehevhl NeRedx@mt hyl enedi ani ne
conprisigg tetrahydroazepine. - 2 -

(0003] Hexamethylenediamine is a major chemical
intermediate used in particular as monomer in the manu-

facture of polymers, such as peolyamides, 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:

[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 conpound to pronote the reaction of THA with

hexanet hyl enedi am ne 5 to forma new heavy conpound or oligomer which
can general ly be separated fromthe hexanethyl enedi am ne. [0008]
Thus, Patent US 5 192 399 describes a process for the distillation of
a hexanet hyl gnedvam memd +dvs) Lbradubsad NacaRr oiden | @ fdIMNedm Xddir e
conprising THA. This m.xture isS gi.sti |1 %d i di slthlelsl ation colum in
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and t he hexagenéysbhedeampnesaridie cdddidtian @f tehebass|umrnmspindatid e
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the bottom fraction of the colum. The use of a pasic cogﬁgg dcan

gener at es® saFPnd B | ey WRFEH cSARBPUBR s cPrit ot i
treatment. 28EN608]1Y tbd sdiarsitiedpdrbanthé hgamatdey lanpicemssef or t he
separation of the THA which nmakes it possible to recover

hexamet hyl enedi ani ne_conprising a very |ow concentration of THA and
with in partil@epal vBrysl iPatentgePer At 18R 8P %efdasganbest @ mrocess

di scharged. 2&r[ Q0] af¥ei Dfatife abfs 0f hdhandiEaMediBMeAki oMY tO
provi de si npl.e process for. thg se%géﬁl on _of hexanet hyl enedi ne
and tetrahydf gze%fﬂéoﬁﬁrﬁnﬁg% &ry hé&" TEonp?TRT hy 2° very 'l ow
concentratiofihb$é Tiatand 36 alistaliedi iedal aistéfl lHvDon[ @@LunTdrt hi s
end, the invepli @ReBER¥LARY a5 PLRERESoA 0L Ne BYELET CRMWLBANAT The
hexanmet hyl enedi am ne by separation fromthe tetrahydroazepi ne which
consi sts in aminocapronitrile and the hexamethylenediamine are
collected at the column top, while oligomers comprising
15 the THA or heavy compcunds 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 [o008] 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 o©of hexa-
methylenediamine and tetrahydroazepine with recovery of
the HMD comprising a very low concentration of THA and

30 a minimalized loss of HMD.

[0611] To this end, the invention provides a process
for the purification o©of Thexamethylenediamine by
separation from the tetrahydrcazepine which consists in
35 distilling, in a distillation celumn, the mixture
comprising the hexamethylenediamine and the tetrahydro-
azepine. The invention is characterized in that the
residence time of the hexamethylenediamine in the

column 1is between one minute and twenty minutes,



35 distilling, in a distillation colum, the m xture conprising the
hexanet hyl enedi am ne and the tetrahydro- azepine. The invention is
characterized in that the residence tine of the hexanet hyl enedi am ne
in the colum is between one nmnute and twenty mnutes, - 3 -
preferably between one minute and fifteen mnutes. [0012] The term
"residence tine in a distillation colum” is understood to nean the
rati o of thepreffemebbyobetweprn driweimdnunet Aed cbl figert onitthe efsl.ow rat e
of liquid noving inside the colum. In the case of the invention, the

portion of the distillation colum to be considered for the
cal cul ati on dPOLRE rEBREderRian t i"FESiidepRe poitd orirof at hdishi klaion
parts of theceolnin skt wadedsiBoabevernkha freed peiibt & e volume

hexanet hyl enedi am_ne ,t urified.. Thu resi dence t S |n t he
bot t om of‘L’thegcg grnd QEPﬁh{;n botd &0 L %ﬁ %H égﬁ‘ﬂejﬁire? ’anf

colum are nopPvingbens afent hiqtoclaswoudn. thekeassepft hige r svaencs t i me
in the interpgk @fﬁ§oﬂr§§egﬁe'&Héé?il%ilgﬁrEb@Pmﬁftéhﬁecégﬁgqﬁere%

situated bel gw t feed point of the hexanet enedi am ne IS not
be taken int6%8cchift .C3 WP moPEs, thor ‘%er?éd@élpéul Bimen bF thhe
residence tiperctibe bér mHedi Shitddratli opaﬁtﬁi usn" tueedtdluninhes phesesd
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i s under st oo€ntocBRafnt h@nC@MBOboiler 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 iz not to be taken into
account. In other words, for the calculation of the
regidence time, the term "distillation column" used in
the present text corresponds to the internal portion

20 present in the portion of the column situated azbove 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 ligquid/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 ligquid held in the column depends
on the type of internal parts, column, dimensions and
35 operating conditions (gas and liquid fiow 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 volume of



25 nents or devices positioned in the columm in order to pronote and
carry out the |iquid/vapour exchange. Mention nmay be nmade, as
exanpl es of internal parts, of structured or unstructured packings,
bubbl e cap plates, valve plates or the like. The internal parts
conposed 30 of a structured packing aret preferred in the process of
the invention. k0014] The volune of liquid held in the colum depends
on the type EPCKANEr nk$: pHACOrddBEUNT? dihgensieerst ko 35hepevatimey

conditions (gassand khquhd ﬁ&@wd@t@ tHe H&Qu%ﬁ' grﬂ%at@@u@%o@@rt@e
packed col u the vol u UId |$gﬁalc ated fromthe vol une of

packi ng and frem £he ded ee 5? &Fgﬁt SBPCt B A kT Y (3ol et st
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colum situatéd above, the feed point exane I amne.
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5 by the nanufaehur epepst Suppldrer tabnkher paeki digsaind 4tS. o .
characteristic of the construction of this material and of the
operating conditions of the distillation. [ 0015] For a plate
colum, the J8PUEE ofori guicdakel ¢olompor thspordsmeo cfhel imiigreedfd

liquid piesesbreBsgassls Pleat el {hphhedoly the unbessHe real Lafes.
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 cclumns
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 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



[ 0016] According to another characteristic of the invention, the
process is inmplenented in distillation 15 colums conprising between
10 and 50 theoretical plates, preferably between 15 and 35. This
nunber of plates corresponds to the portion of the colum situated
above the feed point of the hexanethyl epnediam ne. 20 [0017] The
process of the invention can be inplenented in any type of
distiIIationh@abm&nhyménhdﬁamfmeitepossf@ieabotﬂﬂiafaaéesbﬂeaﬁe 44 mes
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of the invention are those exhi ressure dro
may be nade, T&¥ t%@rdﬁeélrsﬁqcpéﬁﬂéﬁ &6l dies Rﬁrﬂc@ﬁsar@ sllhet abheen of
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cecording to anot characteristic of. the invent] th
process |g @gwgn%n?%aqu d}gFFI ?Poﬁ ESEU lﬁﬁﬁrﬂfﬁiﬁﬂﬁ
operating pr@ésHMé in the colum top of betmeen 10 and 300 nbar. The

colum 35 bottomtenperature is advantageously between 120C and 170C.

-5 - hexaneth%Ienedlanlne recover ed as top fraction or as _
i nt er medi at e [PPAd1 i of&t ConFEReratdiogs @ ft dHRheTcBE uAfPY Bt Eofrrhisds,
accordi ng tochhe peocessiuetdt heitnveati aBrchess étéﬁtﬁbdgﬂ iof TR per

T1ion b SEEREE T SRR ol o SRR T GO U f es
whi ch can bedﬁééaﬁéﬂtMﬁlh @uﬁéecumwhﬂnQQKﬁpdE i nTHese 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] 1In 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 B0 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 bhelow the

30 bottom portien 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 is determined by calculation
with the modelling toole conventionally used 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.



10 hexanet hyl enedi am ne is determ ned by assaying by differenti al
pul se pol arography. These inpurities exhibit a pol arographi c 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 HVD (mmol iB/t) or in
nol of 15 THA per mllion nol of HVD {mpM. [0022] O her details and
advant ages of the invention will become nore clearly apparent in the
~light of the exanples given below solely by way of indication. 20

[0023] Exanpl @oksi[ 0034] rrendaEL OpuRt f yRexametfayl aredl,28H08: amine
conprising 120 | ,of THA per mllion nol of HVD, use 25 i1s nmade of a
structured packéd™dF8EFFration colum with a di ameter of 50 mm
conprising 2.6 litres of gauze packing wth a degree of retention of

6% This gol yip,exhi ﬁi;%s hohuieh, RbaLdearald caboplatesyeaual 1,ds.

Feedi ng w t h hexanet enedi am ne“takes pl'ace below thé 30 bottom
portion of tKOIYEBKIRE. COPPU2SFS DR s?iMPlatdonThA rey rmedl et wek ok
top pressureus.300 nbar, a columm bottom tenperature of 160C and an
HVD feed flowrate of 2.5 kg/h (3.3 1/h). The liquid 35 flow rate of
the columm is determ ned by cal culation with the nodelling tools
conventi onal IpCa8éd Ewample Zal cul ation of distillation colums
(Aspen s@ftware). The cal cul ation shows that this flowrate is
simlar to the feid flowrate in the case of the present exanple. -

6 - [0026] THEZ2Pési BERERIT i hel df reprAtfskarfBidRAtefdthtani it Packing

m nut es. 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 wmin. 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 wvolume 1is
3.6 1 and the number of theoretical plates is egual 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 EMD.

30 [0034] Comparative example:

f0035] In order to purify hexamethylenediamine
comprising 120 mol of THA per million mol o©f 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.



5[ 0027] The hexanet hyl enedi am ne col |l ected at the colum top
comprises 2.3 nmol of THA per mllion nol of HVD. [0028] Exanple 2:

[ 0029] Exanple 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 volune of 7 litres.7 The nunber of theoretical
plates is 20. [0030] The HWVD residence tinme is 6 mn. The

hexamet hyl enedi am ne recovered at the colum top conprises 2.9 nol of

THA per m | |i@op3%9! Bast'ma@%mﬁsﬂce@éﬁ@' Sus: WILQO% gﬁg@g&lﬂe' s

repeat ed. The packing volune 1s 3. nunb oretical
plates is eq@dl 389 Zhams a[ 633" Thet HVD ?@@unqfe 160 theand

colum is 4 ra'nn Hiibe hexanenbwl engekd aras'fneocgllkgpmed(oa,%st hehgol umie t op
conpri ses HA per, m I I

4 t
exanpl e: FOO ]qullﬁorgi??opurl?yh% 1?ehyl O&é‘ﬂﬁnamlﬁe[%Sﬁﬁh%?%gara e
mol of THA perleullpboannovids HWE, oedeldimmdaarflsa pbaventionally

distillation L&%'du%rWi Ellfla acgiéﬁ'fél_eiron 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 c¢f the hexamethylenediamine

is 33 minutes.

[0038) The hexamethylenediamine c¢ollected at  the
15 column top comprises 16.4 mol of THA per million mol of
HMD.



35 of 50 mmconprising 30 real plates with a retention of 12 m per
pl ate. This colum exhibits a nunber of theoretical plates equal to
17. The feeding of the hexanethylenedi%nine t akes pl ace bel ow the
bottom plate of the colum. - 7 - [0036] Distillation is carried
out with a top pressure of 260 nbar, a columm bottom t enperature of
160C and an HVD feed flowrate of 0.5 kg/h (0.66 |/h). The 5 liquid
flowrate of the colum is deternigﬁg ﬂﬁﬁcalculation with the
nodel I i ng tools conventionally use he cal cul ati on of
distillation colums. The cal culation shows that it is simlar to the
feed flow(ahg1in the case of the present exanple. 10 [0037] The
resi dence tine of the hexanethyl enediamne is 33 m nutes. [ 0038]
The hexanet hyl enedi am ne coll ected at the 15 colum top conprises
16. 4 nol Pegcesforphe prtificatinn efphexgmepiyinediamgne (MRINE papazdtion fffom the

Process ft&falﬁ;ﬁ&%af@ﬁﬂef ’('FHP\P]O&‘hl@Ifl é%‘ﬁ%‘l@t’geﬁlhﬁ sﬁf‘i\%ﬁ %{“a”&sﬁxh'!}f@n BYlumn, the

separatlon ffomthe tetra I’O&ZG I ne consists In

distilli mg}xma%%{nm%%g ihr%éﬁﬁ%methblﬁmﬁﬁamtnﬁé'nﬁffh&tﬁ?@l)@b@ﬁ&ﬁp@izr@afaﬁ@nzed
hexamet hyit emotharfkga@er@eduﬁ@@fttm kel ORZIRP HREIatdHAEAIEr isZRGwedh bhat

t he re5|denqg t%PeIg ‘&gnlxture in the distillation colum is
bet ween GHBE™HAGLES %Bn? %ty m nutes. [C aim 2]
[Claim 2]

Process according to Claim 1, characterized in that the abovementioned residence time

is between one minute and fifteen minutes.

[Claim 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.

[Claim 4]

Process according to Claim 1 or 2, characterized in that the distillation column bottom
temperature is between 120°C and 170°C.

[Claim 5]

Process according to Claim 1 or 2, characterized in that the purified

hexamethylenediamine comprises less than 8 mol of THA per million mol of HMD.

[Claim 6]

Process according to Claim 5, characterized in that the purified hexamethylenediamine

comprises less than 4 mol of THA per million mol of HMD.



Process according to Claim1l, characterized in that the
abovenentioned residence tine is between one mnute and fifteen

m nutes. [Caim 3] Process according 19 Cdaim1l or 2, characterized
in that the nunber of theoretical plates of the distillation colum
is between 10 and 50. [Caim4] Process according to Claim1l or 2,
characterized in that the distillation colum bottomtenperature is
bet ween iépagaaﬂd 170C. [ aimb5] Process according to aim1l or 2,
characterized tn that the purified hexanethyl enedi am ne conpri ses

| ess than 8 nol of THA per mllion nol of HVMD. [Claim6] - 9 -
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