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0050/ 47721 Recovery of hexanet hyl enedi am ne from m xtures conprising sane
Description 5 The present invention relates to a process for recovering
-hexanet hyl enedi am ne (1) froma mxture (I1) conprising (I)

hexanet hyl enedi am ne, 10 (I111) hexanet hyl enei Im ne, (ll V) a corr;d)ound sel ected
fromthe gr IS4 i e an ne_an

1 2- d|an1gogge?gﬁaiéﬁih%?6@£t£§fgnegggﬁig%Oﬁ¥ﬁl Q g%¥'% {GCIPLAZ1ng same

6-anmi nocapronitrile, 15 which conprises distill | ng (a) a mxture (I1) to
obtain (al )QeFSF\FE)‘b’rqfi ng fraction conprising essentially (I111), 20

(a2)a medifum boiling fraction (VI1) comprising (1), (1V) and (V), and (a3)a
hi gh boi | i nghér présenrt dawphtsémgelikeantb (VIprockbs &ﬁﬁrét:uoeriﬁévl)) to
obtain 25 hexéﬁé&lﬂgléh\éﬁﬁbﬁﬁﬁje qrquwfamcg ehir8d (£8P tm;)@g Ynd! and

(b2)a m xture (M1I) conprising (1) and as ttom uct] and (c) a
m xture (VIIL& t o, obt ai %FH cl (1) as overhead product_ and (c2)a

bot t om pr odd coﬁﬁ?‘ﬂ?% d ial portion of (V). It is known, for
exanpl e fYO%AEIK) Dexamethydienefmige, Arpe, |ndustrielle Organi sche Chenie,

4t h. Edi ti on(Ipagea2d@np@nd/Erl detddifrgmsehe safpt cohidtingy offydr ogenat e

adiponitrile in tha@Ir&ﬁﬁﬂE@l@%cld;@ht vighahd g 1, Qkéiarl?ﬁ{&‘-lylé%ﬁeiéhé orm
the fiber |Q{,§errregha1r§lr{'éexarret yl enedi am ne. As a consequencCe of the

guantitativ nv on..of. .t he ponitrile intq hexanet hyl ene- di am ne,
the hydr a??ongéﬂ?? uletrﬁllgonz[’%d% a"WPFﬁ%W%/ﬂ'ﬁ ¢80 adiponitrile and no
6- am nocg%rom trile. The hexanet hyl enedi am ne can be purified to fiber

grade qual i ¥pich eompyacent dintdllldnaner, for exanpl e by distillation as
described in GB-A-731 819 or by crystal lization as described in 45

US- A- 4, 282, 38§. a miPRY 47791t obtain
(al) a low boiling fraction comprising essentially (III),
20 (a2) a medium boiling fraction (VII) comprising (I), (IV) and
(V), and
(a3)a high boiling fraction comprising (V) and (VI),

(b) a mixture (VII) to obtain
25 (bl) an overhead product comprising essentially (IV), and
(b2) a mixture (VIII) comprising (I) and (V) as bottom
product, and

(c) a mixture (VIII) to obtain
30 (cl) (I) as overhead product, and
(c2) a bottom product comprising the essential portion of (V).

It is known, for example from: K. Weissermel, H.-J. Arpe,
Industrielle Organische Chemie, 4th Edition, page 270,

35 VCH-Verlagsgesellschaft, to fully hydrogenate adiponitrile in the
presence of iron, cobalt or nickel catalysts to form the fiber
intermediate hexamethylenediamine. As a consequence of the
quantitative conversion of the adiponitrile into hexamethylene-
diamine, the hydrogenation effluent contains virtually no

40 adiponitrile and no 6-aminocapronitrile.

The hexamethylenediamine can be purified to fiber grade quality

in a conventional manner, for example by distillation as

described in GB-A-731 819 or by crystallization as described in
45 US-A-4,282,381.
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It is further known to hydrogenate adiponitrile partially to mxtures of

the two fiber internedi ates 6-am nocapronitrile and hexanet hyl enedi am ne

-and al so unconverted adi ponitrile, foR exanple according to

US- A- 4, 60118585, fuldShér 2xrididh &35 hy@rdferAte. 288pod&r iDE- g\a@é‘ﬁal@ toDE- A-44 46

893i _ DEE A- Qb ke, oPEehs ﬁogf'ftiﬁséﬁ iﬁe/%%g‘r%%/&caﬁ%? i6-ke'iﬁ‘b%0%§$r?it i §8g£nc§er man
icatio " . : )

f\ﬁf heni um ?)? rgeo%glg'&%]ﬁ%%%aaﬁuynset 3 .nslgisoo- MCHBXSBQ%‘% PPBLEEH %ye TOYcl i zed to

f or m capr of 5EIRNR GFCBEIRA iPe VB 7R i Hle@BPY / t B Porm7AY 8%5.,6. The parti al

hydr ogenfit VomR 288, PP 8e REr2hPAB oGk DErAREH 46 B93i,f DEcAHI54 diseparate from

hexamet hy| BRrektidnid3he466,C WA 92Y 51 68XAME-AY12NB0 01222, of, Getiai nocycl ohexane

and 2- am noppt fnstiosy cd opANtEbam ne thel brbysiaazaPhRgand é,lolg%é&m cyclic

di am nes i p-par tfu%ﬂlegimﬁ %J%ﬁ?hﬁgm%@:lailg¥%:%f nyl on-6, 6 produced from such

| npur e hexanet hyl enedi am ne, Tor exanp @ color quality. For this
reason, _.the inpurities nentioned have to be renmoved fromthe 20
hexanet A9 %‘Fﬂﬂi“&ﬁ?ﬁ?ﬂbﬁil@ocanr%iﬂ%lzﬁévﬁ fsirmg cppyp bathanThe be ocesses
known for ReemsFieetlcditentlyf thekemretyibenédi anine fromthe full
hydrogenation of adiponitrile cannot be used for the reaction mxture
obt ai ned friungahe iparkjdiodandt 988 NAVeRAN robe 28 aflipRBRLELS ! it&%cgi’?e of the
i gher | evgl £ 0l kNS s hedlaadusl S dlBndtnl FLEN ML NG, [all0s O Lhe
bypr odugt and %gsg f he pr esEnge Of B-am ocapr d‘r?f“f‘g?lz h&Sadi ponitrile.
It is an g%ej’%aﬁe FERe R8s ent < TRATHIOGHCL ORI @Bda pcesethpl-30
recover i nfF¥HEeRRBt RISt FrtRehydranzeningi srshithei ktwo peyalial dhsdimgrenation
m xture coHproagitigubex arestueypl shediwaliitg, of - ayliare6apr produddde £866 such
adi poni triipure hekandtliydahkyisnimd e fepdeReRIANithal cHPONRfua13by Verdiave
L ound thateyi $e@bbRCtLHeS iﬁabkﬂ/f%:t g?éﬁfg'g?@é G ’&gﬁ’?‘gf)*n @ﬁgaﬁ%%}gbtyhe

egi nni pg. A
pa?t i al Eﬂ 1#%“%%&??%#%’%”3&%@%{’& iqé& rF%%&eilaﬁﬁlvggaﬁtoar iWgPPB- a process
40 as described in EP-A-161 419, EP-A-77 911, US-A-4, 389, 348,

US- A- 4, 601T s @rogesssy kroyn Epr Ahe pegifécatigy Af2hesaneadsleyed fardin208, 598,
DE- A 848 6%bm DheAfWl 4yd308endioh ®F4adifonidrileddaiiiort e, ud€l 9421650,
DE- A 19 50fhe222a8biloiCatizRnrdpebtLitiddorrdf &8 pa89id1 ardyedgpesilor
hodi i orepser EMRIANGE, OF Lt higndr TRRAIS Ok BhEs oy R e Tor m
r hodi um org .y u .. . 'St

of supporttehr téi??g%isjﬂ)foﬁl,ééac%?%*?ysst?g. Q:E?(a‘ﬁ’pﬁfé’g%é?:s ‘s?ﬁ‘fpzf&s EB%al yst

Presence o -aminocapronitrile and adiponitrile.

It is an object of the present invention to provide a process for

30 recovering hexamethylenediamine from an adiponitrile partial
hydrogenation mixture comprising hexamethylenediamine,
6~aminocapronitrile and adiponitrile in a technically simple and
economical manner.

35 We have found that this object is achieved by the process
described at the beginning.

Mixtures (II) can be obtained in a conventional manner by partial
hydrogenation of adiponitrile, for example according to a process

40 as described in EP-A-161 419, EP-A-77 911, Us-a-4,389,348,
US-A~4,601,859, WO 93/1207, DE-A 42 35 466, US-A-2,762,835,
US-A-2,208,598, DE-A 848 654, DE-A-44 46 893, DE-A-954 416,
DE-A-42 35 466, WO 92/21650, DE-A 19 500 222 and German
Application 19 548 289.1 by, in general, conducting the

45 hydrogenation in the presence of nickel, cobalt, iron, rhodium or
ruthenium catalysts. The catalysts may be employed in the form of
supported or unsupported catalysts. Examples of suitable catalyst
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0050/ 47721 3 supports are alum num oxi de, silicon dioxide, titanium
di oxi de, magnesi um oxi de, active carbons and spinels. Exanples of
.unsupported catal ysts are Raney nickeB and Raney cobalt. 5 If the

hydr ogenat s b 3% GRET ABth it BR1EH, |dAUcdndal seieS, tIbaRi @ APHRAEY, these
can be fe’?g&’@gezé_i’&?goﬁ%aé;,fr&ét%g? W 1anﬁ§£p%£1@! ggg%ﬂsé%@ bed in

.DE- A-19 50 ures (I enerq conprl
hexanet hyl‘é%tﬁ%’rﬁtﬁg Eryalyabseeral Ryngh é%t%nr?meg EePYon by wei ght

based on (I1), hexanethyleneimne (111), especially in anmbunts fromO0.1 to
"10% 15 b$ weiidie hiydsedemat idnl wasacaonEalodt(bsingdligetidddihwmtishesgeloup
consi st i Nga®f amnotiTan 09Ré £/ | AC be pLéthdiiedTiiRea adshviendidhali mames!, osexane or

m xtures tBeLeole a8SRESEAINSE 1R BRDANG sihodb S, ppm to 5% by 20 wei ght based
on (11), an imne (V) or mxtures of such imnes, such as tetrahydro-

azepine, in which case the imnes_can be present as individual conpounds or
as adduct sTRRIpEULRPy (1d } 1PERRFALLY SRWPTASe25 hexanet hyl enedi ani ne or

6-ami nod8pronitrile, and such adducts shall for the purposes of the present
i nventi on héekawdthylbeed bantd i(O) pessgedialégpéniaiduntisnfasmBite Bosbp t O

10, 000 ppmbaged aBel! b3 @diyponitrile and 6-am nocapronitrile (VlI), the
6- am nocapro- 30 nitrile content being from5 to 90% by wei ght based on

1) and the adiponitrile co nt being from5 to 90% wej ght b d on
(1) Accob ey ientinfui Ty, SrRethaiifres oude. prot Ldokectif : o s
a di sti FPabY oreiaht. Peped @it dfifdration affords as | ow boiling fraction
essentially hexanethyleneimne (I11). This low boiling fraction (al) can
contain f uatdmipcuadpQUVisselvdtbdasremetihdugsonp ddmsisiqydoflO di |l uent, for
exanpl e anpDifhomé8F1EPeidpRntydbRteN 0N, OLdl ASindd9e18hetdiR WRL €T
produced ag; byl ‘t’.ﬁgr%cgfr }*;%g%gég%ﬁgﬁ 'aR\BunJQefx‘Bt%P'su%Q%J, Ig3d plr action

(a2) obtained 1s.a mX e rising essenti al
hexamet h?l Bt R2589(?%, (3 ¢onpound (1V) 45 and a conpound (1Vb), the
| evel of hexanethyl enediamne in the mxture (VIl) being preferably within
t he range é&ncimid@ (¥)160%ixntuwesghf $radedmdnes Viduch ehetéwmadiydgb-conpound
(I'V) in thezepine, in which case the imines can be present as individual
compounds or as adducts, especially with amines such as
25 hexamethylenediamine or 6-aminocapronitrile, and such adducts
shall for the purposes of the present invention likewise be
termed imines (V), especially in amounts from 5 to 10,000 ppm
based on (II)
adiponitrile and 6-aminocapronitrile (VI), the 6-aminocapro-
30 nitrile content being from 5 to 90% by weight based on (II) and
the adiponitrile content being from 5 to 90% by weight based on
(II).

According to the invention, the mixture (I) [sic] is subjected to
35 a distillation (a).

This distillation affords as low boiling fraction essentially
hexamethyleneimine (III). This low boiling fraction (al) can
contain further compounds, such as residues of the liquid

40 diluent, for example ammonia, used in the hydrogenation or
residues of the water produced as byproduct in the hydrogenation.

The medium boiling fraction (a2) obtained is a mixture (VII)
comprising essentially hexamethylenediamine (I), a compound (IV)

45 and a compound (IVb), the level of hexamethylenediamine in the
mixture (VII) being preferably within the range from 80 to 100%
by weight based on (VII), the level of compound (IV) in the
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0050/47721 4 mxture (VII) being preferably within the range from5 ppmto
0.5% by wei ght based on (VIl) and the level of conmpound (lIVb) in the
.mxture (VI1) being preferably within g4he range from1 to 10, 000 ppm based
on (VI). ShiheAl QGI?P'ﬂéﬁ% bEafLi AN A3Ln PR @I 8dnkE A-dH % kbi:ﬁ £d)

compr i 51 N9 ESYRY. SLiin e B L (A8 6L MANART 88T Lol und OB 1L €N
adi poni tril nocapronl e’c era

. an bé [ecove

distillation® ﬂ‘}é‘taﬂ?pb‘Fﬂ)r leénW%frﬁf ¥ gebiiiny, ti‘ﬁ 5%’??%6‘9’6’%& F‘ﬁt o the
parti al hydlrQ)dJéWaPP@nerqnbéHIIBw tabl e apparatus for the distillation is
-any custodary distillation colum, as described for exanple in:

Ki r k- Ot hmerrhdnGyel Bethiny T aGBesh cal3)TepbaohelYis 3r flikeure (@) 7, John
Wley 15 & }ﬁ:’lSNﬁ é@éé&tﬂaﬂ ’a?ﬁgﬁﬁtgzg 8%1d GS%IJF".n@é ch\ﬂﬁ:rggét efrd)m

col umms, ) n

packi ng. Pr% e?‘er??gpc’%ltrn’g‘ naf’g g ??Jﬂchpr%lfa lp;'gr SFusg‘ﬁaw B °5° fessure 20
drop from tPeefssebdn by ql’f%’tléﬁtb?nf o% & %B°W%a¥‘ayp?‘§’f geyusibm 5 to
50 nbar, 10hee presycied intq Haebparbinldiydgoaenatitangdeastibed.t hin t he range
from1 to 500 nbar and the pressure at the top being advantageously w thin

t he range fﬁﬁﬁa%lboaéggrmr foFhife IEGSHilSat foGld QY NPy es from 100
tcgrrzfeg’oghfé{JtCill%l%Egﬁ' 117)63?8%’ &é@cﬁ%e@ﬁé@ré 12 €n i Sy %hh%’? can be
ref or ably TAHIEROBLE T PeTirgt SRS 50 d Fhe b 111 JERBIHSY
carried &9t&i$PoSneNewy| YoRk, |1t97Ps B%Hﬁéntsg o8Bl tachhesi Biges PLaseover head
product, (alumnssi debblexapt ghéufiis acmjcpéﬁl)lnas?dy@@domm cdueinge@sor f t he

separ ation disnpaY pae®imgd in two colums, it is advantageous to obtain a
m xture of (al) and (a2) as overhead product of the first colum and to

oroehang. i feeneosd a8, S8-aNA el Sl (ﬁ‘t\m g,ggggade as
head_pr ot i Pl 19 2

e 1 UGN D R T AR, o (e

preferably £fon Sage 36 mhatut &8 RPEgRRUTS L) Bhe |RoddomiBeiadut es, on at | east

one, advantageously within the range from 1 to 500 mbar and the

pressure at the top being advantageously within the range from 1
to 500 mbar. This results in bottom temperatures from 100 to
25 300°C, especially from 150 to 250°C.

The distillation can be carried out in a plurality of columns,
such as 2 or 3 or more, but is preferably carried out in a single
column.

30
If the distillation is carried out in one column, it is
advantageous to obtain (al) as overhead product, (a2) as
sidestream takeoff and (a3) as bottom product.

35 If the separation is carried out in two columns, it is
advantageous to obtain a mixture of (al) and (a2) as overhead
product of the first column and to separate this mixture in the
second column, so that (al) is obtained as overhead product of
the second column.

40
The distillation mixture advantageously has an average mean
residence time of at least 5 minutes, preferably at least
15 minutes, especially at least 45 minutes, on at least one,
preferably from 1 to 15, particularly preferably from 1 to 7,

45 especially 1, 2 or 3, levels of the distillation column.
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preferably from1l to 15, particularly preferably from1 to 7, 45 especially
1, 2 or 3, levels of the distillation colum. 0050/ 47721 5 1t is
.preferable to withdraw the distillatign m xture fromthe distillation

(hto The et act oneohs (5 wikfafay cle G2ETL B KERES Extilepgturn 11
it aval a3 88 FEL i ope € [Rek Bt i | BARPLE TR S0 e
i s advant aQRtRK Ye§Fet nandiixaturPatt ot hfndt 85 Hbatign pekumn . Ihet by ough a
del ay vessre¢tumafiogechr take @lacacentinttdet withidzawall deveh ewlamer. a10 The

"W t hdr awsnlewdl dibevel batbedow ithai withdrawabelewdlumn, the passing through the
del ay vessel, the returning into the distillation colum and, optionally,

Lo convib s avahehgbodd Bdxehd A ITalloy ATy PR A pRULPCIEC L
uol 19 COM Bl ok ay. el hrserhy thoie ok Phed, S bR

especi al | yd}§tild@tdaBecofump pl ate col uim, or onto a |l evel which is above,
especi akPy in the case of an arranged-packi ng colum, or bel ow the

wi t hdr awal Thewalthd2@wihe off stilskhialatioroflighxd ufson( thg ealunis &aeri ed out

W th advanh 29y t88dibh ¥hePliedad ora¥Ed the) réhlireAnySihe&rdnd 0 the
corponent Sy o, titﬁ%t% tys x&}{“lﬁp t&%tﬂin%tl ;;' ?‘Eﬂa@%%‘l@éhié@%gg %L}dt@é".ose

boi i ng poynt “under I he stillatyon co glon | § gpove the "boi |l ing
poi Nt of HETHEUAAN LRSI S IRY FRAEET JIRY 23 De Fiiaste CORDBIRREEPSIOTEl ude
aromat | 48, 2RPIYHTAE) c §UCh (A PREPACyER iV igRdCRR | the ZRtPRAinE favahake

al i phat i c- plarmtontoc bhpowiridglravab skewdmedubhble dimtildatiewbsilivmnent s, such
as an al kyespaddlly3@nCyie Qrlskybf @rglldtyl cobsme) oraBnde, a Mdvell ®h&Eh am no
group, preferaflye 2eBhdéid OhindPhd CdaHOWR: affark fHgdbiabadiify cbilGRLi cal or

di fferent SPCE‘e %rwoggg.wirtt}gdr%%g’gogg‘gel(l X) can consi st of one ‘conpound or
mi xt ures _of- sUch '3 conpounds. 1t 1S ‘advant ageous to use conpounds (I X)

whi ch af@ si nple to convert, as by hydrogenation, for exanple with a gas

conpri si ngThe|Earidlanien Rfemirfuine IFeSancke grargiedt apytith nto 40

hexamnet hy| edreatitagienby oadditaiminnof aprammpounkde (IX) which is inert to the
components of the mixture under the distillation conditions and
whose boiling point under the distillation conditions is above

25 the boiling point of the medium boiling fraction (a2).

Suitable compounds (IX) include aromatics, aliphatics, such as
acyclic and cyclic aliphatics, and aliphatic-aromatic compounds.
These compounds can bear substituents, such as an alkyl, aryl,

30 cycloalkyl, aralkyl, ester, amide, nitrile or amino group,
preferably a nitrile or amino group, or a plurality of identical
or different such groups.

The compound (IX) can consist of one compound or mixtures of such
35 compounds.

It is advantageous to use compounds (IX) which are simple to
convert, as by hydrogenation, for example with a gas comprising
molecular hydrogen in the presence of a catalyst, into

40 hexamethylenediamine or 6-aminocapronitrile.

The products obtained in this reaction can advantageously be used
afresh in the process of the invention. The distillation affords,
preferably as bottom product, a mixture comprising a compound

45 (IX).
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The products obtained in this reaction can advantageously be used afresh in
the process of the invention. The distillation affords, preferably as
. bottom product, a mxture conprising g conpound 45 (IX) 0050/ 47721 6 |f

the m xtureradl tfiaRaktYadPMonsesy NCorgiraisy! RO &enéaiammte i(g),
advant ageoys| paﬁfza% obfi Bt ifee e OULQILLSIRERENER DlmidiBcure of

,dlstlllatlo recovered m xture a
conventlonﬁ an exanpl e by phy5|cal processes, such as
distillation or extractlon, or chem cal processes, such as chem sorption or
"hydr ogené&t Toa. conpoiinds (EdDhpoumn e Fegowhted Hedn ffhemmikéune xinurae can

advant ageodshyenition@ll Uhaeser Niforséfffpedbyophy€icdll photésséLpSuchhes

di ffer encedwtmeatti%l bpge;&fya@t&oﬂeta!eeaheﬁnheaﬂe&fda@slaegI | figeHf T@ction (a2)

and the cop 0 to 200[err]C, preferably fromb5 to
100[err] C, un éég %ﬁ ortﬁﬁdg%FSP?gﬁa%bndltlons The use of adiponitrile or

6- an1nocapron|trlle or m xtures thereof is particularly advantageous. The
conpoundO( Tixjs ceampoundd (E¥) taptehnedi faam &he| mixpufepcanopdvantigecugly he
distillatiba.rethernedditton of conpound (1 X) to the mxture (11) before the
distillati Qaep‘@rxat)eoef t@pt&d Hothas €65 . MhieOARE fFEMIHIRY ihNtKIBSITRRY M Xi Ng

appar at us Zénthb <di9APE Qfﬂ &aéel&he( XBH eu(é loom@Bhh&9 t he
e S Rl T

d|5t|||&§|5he %ﬁ%%ﬂGFé°?IQSn4i§ﬁ°B% ueg 8fttadiranL H%éﬁt%@e in the
presence of-aminmmepdeostyble Car poirtwienitdereaf be paddddularkshe distill ation
m xture bebdvantatgepuelerably during the distillation in the formof a
conmpound 35 which rel eases carbon di oxi de under the distillation

condi ti ons an%%nﬁ ncﬁébgﬁé‘éc? -+ LHR B@E\&aergi‘ifg rellofd Of
n1xture% éereo case these conpoun S can 5 pure form
in a4l BF{P?hqhﬁeﬂfs d51%%Bne or nore constituents of n1xture (rr), or

in the formof solid, I|qU|d or preferably 40 gaseous carbon di oxide, for
exanpl e inThheaddﬂuﬁpgfoé_gpmpound (IX) to the mixture (II) before the

distillation can be effected in a conventional manner in
customary mixing apparatus.

25
The addition of compound (IX) to the mixture (II) during the
distillation can be effected by feeding the compound (IX) into
the distillation apparatus, preferably into the bottom region.

30 The distillation of mixture (II) can be carried out with
advantage in the presence of carbon dioxide.

Carbon dioxide can be added to the distillation mixture before or
preferably during the distillation in the form of a compound

35 which releases carbon dioxide under the distillation conditions,
such as ammonium carbonate, ammonium carbamate or urea or
mixtures thereof, in which case these compounds can be added in
pure form or in a liquid diluent, as in one or more constituents
of mixture (II), or in the form of solid, liquid or preferably

40 gaseous carbon dioxide, for example in the form of a gas
comprising carbon dioxide or especially in the form of pure
gaseous carbon dioxide which comprises only the customary
impurities. The carbon dioxide content of the distillation
mixture should be from 0.1 to 1000 mol of carbon dioxide per mole

45 of imine function of the imines, such as tetrahydroazepine.
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conprising carbon dioxide or especially in the form of pure gaseous carbon
di oxi de whi ch conprises only the customary inpurities. The carbon di oxi de
.content of the distillation m xture shpuld be fromO0.1 to 1000 nol of
carbon di 0@ rB8hgPb ELrtd iQhehfiOE, FhACHELMAL (18)1 Ik NAHjetiel 86 a
tetrahydroa%i_es@iri;eL rion 0QR0/ 47721 7 According to the invention, the mxture
(M1) is su Jectea to a distillation (b). This distillation produces as
over head product (bl) a conpound 5 (IV) conprising essentially

2- ani nonet Khiey dLepehtditian pEodyces sy pvasReRd HAE 0Pl hiaccompaurder eof .
-1 n addi ti®n(IV)heonpreisiay gssedtielIp\2-amiponsithtleyaiepénytdapiinene or
hexanet hyl engdiciaindfio®fcIBheixdhaSoi ilxtalres lohdid ot hosagividuct th®2) of the
ﬁleiglrr:alt ﬁ;: Oé},e{ix?kum;pf&li& nd&g%&inéneﬂéeel h\?)gg@ﬁkeﬂ%%éﬁg?%ﬁfeﬁlewam ne content
of the m xtetberxea"'%%}‘ﬁfé%%ﬁa%‘dnﬁr 8¥e“r‘%%1ufg\7’vi Fﬁ?ﬂe?ér}e range from50 to 100% by
wei ght based on (VI11). 15 Suitable apparatus for the distillation is any
cust omar ¥0 dfhe jHotgemoprediafmib2 asofiddher dbstitationanplenn s & mikxoutarer
Encycl opedi ewxifI )Cheemprid inke elsnehipl 1y3hexbtlethpdenediamiwdhn( W keyl &n Sons,
New York, I1fiwihe ROYPStE rel@khethyléheifiafilif¥ ittt 36 €1 uiEurbupblsrcap
col umms of goidTRs - Parketh WikRi A (AN 9adaR" A BACKIN Dy REELAESNGR S

given to distl &I on apparatus having a pressure drop ottomto
the top of " Mgt e 200 nbar, preferably 25 fromO to 50 nbar, the
pressure]-?n t he bottom bei ng advantageously within the range from3 to 300
nmbar, espec$eitiapleoppparatns)ornbke distdliabien dssany custdyaryop bei ng
advant ageoudistitilahion tdwlumygeas f degorlibed BOD edmmplecspedialk-pthmerm 1 to
200 nbar. Tiis,d1epebis o d@@htiemtﬁm&lbgbgyfmfd @, }00oB0 1,0 33QR[ RL1dyC,
especially %r st ﬁe&royo’éﬁ,[ qlgh b C. aT%% @wolbsd atdp Gang ?%ecgﬁr Lgd out in a
plurality,of co unms gj;ﬁg as or Qr rrgreﬁ but .| ? ﬁre}her blaéﬁgarrl ed out
in a si né?ec%]di"lﬁ’ﬁn. 4B 1% (P GPAPTSF i FRAPERYiRASKPRaY oh FoPORRE Fre
distillati ofuRRALRASkWPIch have a | ow pressure drop, preferably not nore
t han
Preference is given to distillation apparatus having a pressure
drop from the bottom to the top of from 0 to 200 mbar, preferably
25 from 0 to 50 mbar, the pressure in the bottom being
advantageously within the range from 3 to 300 mbar, especially
form 1 to 200 mbar, and the pressure at the top being
advantageocusly within the range from 1 to 300 mbar, especially
form 1 to 200 mbar. This results in bottom temperatures from 100
30 to 300°C, especially from 150 to 250°C.

The distillation can be carried out in a plurality of columns,
such as 2 or 3 or more, but is preferably. carried out in a single
column.

35
Particularly suitable distillation columns are distillation
columns which have a low pressure drop, preferably not more than
1 mbar, especially 0.3 mbar, per theoretical stage.

40 Especially suitable distillation columns are packed columns,

preferably with arranged packing elements such as metal sheet
packings, especially woven wire packings.
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1 nbar, especially 0.3 nbar, per theoretical stage. 40 Especially suitable
distillation colums are packed colums, preferably with arranged packing
.elenments such as netal sheet packings, gespecially woven w re packings. 45

0050/ 47721 B¢ lis ia=dvAd¥REQNEQYS 2l el MRLeERd %iéﬁl@h%ibﬁ'ﬁ:&t‘%’}em Xhur e

0 whi ch cage: Rl GleCORLENI ek O 00T 801 0c0 SRPCRERLLYaTTPB0,0L bp 5, %
b h t Th
Tkt or an DB SIS HOVE R TGA HeEChertAE B BHSISCHIBhLh TR T

distillati oprefasiredxanple in the | ower region of the colum. 10 According
-to the inBention, mxture (VIIl) is subjected to a distillation (c). This

distillati ophyiveitds 3snONEIARRA 6 OEKE inikkhie NBXAITR! RYbeaest i1aREBE &2 ) .
advant ageougwl %ﬁepuigmrﬁ% bl g4 Oéx ?srlﬁ q@u,gp i ol £PPhL OM

product (c2 rises essential parts o ' so ot her conpounds

whi ch have er boiling point than hexanethyl ened| amne. 20 Suitable
apparatus for the distillation is any customary distillation colum, as
descri bed0f Becendimgl &0 hhe Kinvientiane mixtywepc K Wpedi dsokulhestiasatoTachnol ogy,
3rd Ed., VolistillhthenWepey & Sons, New York, 1979, pages 870-881, such as
sieve plate 25 colums, bubble cap colums or colums packed wi th arranged

or dunped R e S ng a
oressure df iy Hhet %ﬂﬁf%“ ReBathd Yokl ij&“iﬁgg%pﬁ Zﬁ‘e“v?%“ ’
O of or abl.y PFBHIE (&) 500 YRATPHEL T Hb & PEET 2o
advant agéguEF YG%demn t he range from 10 to 900 nbar and the pressure at the
top being advantageously wthin the range from50 to 500 nbar. This results
i n bottom t En@escitomeproédwre (@)t comfilseisr bEsepsitaCipalrky &f ov)1afdt g1so
250[ err] C. gbndih@otpshhds amm 6dle b idfhekeHo Pl4n dd Bodnp! £l ity of
col ums, S“ﬁ&zﬁ?et%y‘i%nédlm s preferably carried out in a single colum.
20
Suitable apparatus for the distillation is any customary
distillation column, as described for example in: Kirk-Othmer,
Encyclopedia of Chemical Technology, 3rd Ed., Vol. 7, John Wiley
& Sons, New York, 1979, pages 870-881, such as sieve plate
25 columns, bubble cap columns or columns packed with arranged or
dumped packing.

Preference is given to distillation apparatus having a pressure
drop from the bottom to the top of from 1 to 1000 mbar,

30 preferably from 1 to 500 mbar, the pressure in the bottom being
advantageously within the range from 10 to 900 mbar and the
pressure at the top being advantageously within the range from 50
to 500 mbar. This results in bottom temperatures from 100 to
300°C, especially from 150 to 250°C.

35
The distillation can be carried out in a plurality of columns,
such as 2 or 3, but is preferably carried out in a single column.

The distillation mixture advantageously has an average mean
40 residence time of at least 5 minutes, preferably at least

15 minutes, especially at least 45 minutes, on at least one,

preferably from 1 to 15, particularly preferably from 1 to 7,

especially 1, 2 or 3, levels of the distillation column.
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The distillation mxture advantageously has an average nean 40 residence
time of at least 5 mnutes, preferably at |least 15 mnutes, especially at
.least 45 mnutes, on at |east one, prederably from1l to 15, particularly

preferably fﬂf e]r) %rh@efabfé%ch%{:h&ra}w t%eoaléuifa\telba Aixte drehi thation
colum. 45 4 tﬁ& 34:4§Z2¢?b nln ohsf.@rféa%rt & ié’vétfﬂ ﬁgégwﬂ. N Yugh gs Llation

mxturefro I't through

a
a del ay vesSEi2¥aNESPet U rtEt?“ﬁPolY HEtR Flgh?t?’dﬁaﬁéf’ﬁﬁ “Fﬁle FBur ni ng
can take pl¥eumirg cae vikeh@lagal onto, dheovithdpwals leegk|onionke ar bel ow
the w t hdBaleell ebelre ¢t besloswdvhetegduixawhdrleved .di stillation col um refl ux
to pass firsg itshl’aﬂkt@ht@géiﬂisah‘fo‘teﬁﬁ:@|dltéQ;fJ.Q[LQtién i laRh UESEThA RIcOphbe

distillatiop;cql %'ﬁ%ou%ﬂ Thfel\élktb e rRkediStid hakhPRed | A theom the
colum, the P&s ng.Lhr ulqlh t del ay vessel, the returning into the

dlstlllatlon col unn and° oﬁllonally, t he reC|rcuIat|ng of the liquid in the
del ay vessel may all be effected using conventional apparatus, such as

punps, i AOvEhe Widhdsavheg raft gisthllatsipnt dkauid fHorcsheneolume ®hehdr aval
| evel of theashisig tthatveghn el dehay esgrseilal ke i retiure@iogsentd taepl at e col um,

or onto a |@vediRiteBni SoRfMRY andfSeEictallYyl ntﬁé\&e@asaupatﬂrg of the
ar ranged- pagkl i %' HHY adla f%bg%% tﬂdgé"@éféc%\ég uszgnggf c%%h#k@ﬁdlon of

m xt ure (VII out wt van e Lon
compound (92 iliier oo 45 BYTPRe 1 HIGRBNF oD e, EEPET IS T AEFYS he
di stil | atPoPlh@tPokke dridhdraval pvsingipbhatdiftddt 2t Hen cﬁ°slt“F“F‘I' ation
condi ti ons ¢spedialdyt he Y [dasg pbistplefteheeiwrn hyrepatd aani kavell yhighh
Sui t abl e cofpaabuie,( Epedidllge iar tatdaze, ofl aphaidahgedspadkiagy @oyahnc and
cyclic alipfatsdow 2RE M EHathE- fEwemt | c conpounds. These compounds can
g;agesugst K er%lr%tﬁﬁ@l&? oafgma& e @it ex&'ttng'cla%%eé;@é<w%est e,
pluralit ‘H&rﬁgﬁgh}’ %%5:&1 % Bfe?e é’é@ﬁ §#¥)Jﬁ? sifd r&%ﬁb%ﬁngg‘% can
consi st of W%&uﬁﬁ e mixturesunders fof donzgonditigns an
advant ageoushose bed léogppeinds upder vithe: hhartel’samre copdibians tis abovy
hydr ogenat i e Boinliayappime: Wt heRagethylempdianig: (I).

25 Suitable compounds (X) include aromatics, aliphatics, such as

©  acyclic and cyclic aliphatics, and aliphatic-aromatic compounds.
These compounds can bear substituents, such as an alkyl, aryl,
cycloalkyl, aralkyl, ester, amide, nitrile or aminoc group,
preferably a nitrile or amino group, or a plurality of identical

30 or different such groups.

Said compound (X) can consist of one compound or mixtures of such
compounds .

35 It is advantageous to use compounds (X) which are simple to
convert, as by hydrogenation, for example with a gas comprising
molecular hydrogen in the presence of a catalyst, into
hexamethylenediamine or 6-aminocapronitrile.

40 The products obtained in this reaction can advantageously be used
afresh in the process of the invention. The distillation affords,
preferably as bottom product, a mixture comprising a compound
(X).
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nol ecul ar hydrogen in the presence of a catalyst, into hexanethyl enedi am ne
_or 6-am nocapronitrile. 40 The products obtained in this reaction can
. advant ageously be used afresh in the 3@rocess of the invention. The

distill gt I(m tqatef RidturdrLiarabhy1 B QEL O et h§1 Shed 4 neOfRf ] SiNg a
conpoun

hexanet hyl dvﬁn f?é%u‘ﬁ? ?30&91 vlant ag 5%&5( é”tglggglgﬁ%&{%é nllp\é égggP% Irfif'es _
"bottomte g? 9k distillation. 5 The conmpound (X) can be recovered

fromthe mxture in a conventional manner, for exanple by physi cal

- processes§, Tisiclompoudds(X) |cani ba pecaveredcfrom, ther mkbnrealn gr ocesses, such
as chem soégrivent iohalyfi@a)akbonexakipl1ENbg poYEIRANdptItesdsyi BadhfaoOm t he
The. di £ or e kb e b P e (1) and
t he conpoun g%%oggkgﬁ?dg% ?‘?8%18‘?[;%1”‘200&”] C, pref e)r/abl y 15 from5 to
100[err£C under the distillation conditions. The use of adiponitrile or
6- am nodfpFi ompeund Of xobtained cfrosy the phtureurcar| gdwntaseayebyie 20

The conpourekyrfedcantbestagoedal oot he )moxt both (sfdps). bef ore or during the
distillation. The addition of conpound (X) to the mxture (VIII) before t he

distillatifg Qﬁ’%f@‘fﬁﬁéé eﬁf Qehe! Bo?lﬁ%”\b%%gg"%td&'ﬁngéxérﬁb 1%'d§89

The obsi Ll Lok i, ShR st t5h ! 3o 80y BRFIPRERLY he

el Phbl i ot BEUC e He AT R AR S B
distillation of mxture (VIIl) can be carried out with advantage in the
presence ofhearseopfdadipateitrfaebon gHamindeapesniteriddded hixturesdi stillation

m xture befpdred¥ i35pRFefanably davdditagebasdi stillation in the formof a
conmpound whi ch rel eases carbon di oxi de under the distillation conditions,

h t t th f,
o oROCRS dpeRnd %Lﬁ?&i PR 33 BRE ke KB R L e B qur g O
di luent, adu¥¥nrdideofisipild ac'f&ﬁ&tl tuents

during

The addition of compound (X) to the mixture (VIII) before the
distillation can be effected in a conventional manner in
25 customary mixing apparatus.

The addition of compound (X) to the mixture (VIII) during the
distillation can be effected by feeding the compound (X) into the
distillation apparatus, preferably into the bottom region.

30
The distillation of mixture (VIII) can be carried out with
advantage in the presence of carbon dioxide.

Carbon dioxide can be added to the distillation mixture before or

35 preferably during the distillation in the form of a compound
which releases carbon dioxide under the distillation conditions,
such as ammonium carbonate, ammonium carbamate or urea or
mixtures thereof, in which case these compounds can be added in
pure form or in a liquid diluent, as in one or more constituents

40 of mixture (VIII), or in the form of solid, liquid or preferably
gaseous carbon dioxide, for example in the form of a gas
comprising carbon dioxide or especially in the form of pure
gaseous carbon dioxide which comprises only the customary
impurities. The carbon dioxide content of the distillation

45 mixture should be from 0.01 to 1000 mol of carbon dioxide per
mole of imine function of the imines, such as tetrahydroazepine.
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40 of m xture (M I1), or in the formof solid, |iqui-d-or-preferably gaseous
carbon dioxide, for exanple in the formof a gas conprisi | oXxi de
or especially in the formof pure gasebus carbon di oxﬁlﬂﬂ@ﬁﬁl@ﬂﬂtﬁ'#es
only the customary inpurities. The carbon di oxi de con ¢ Of s
distillatiofa45 ikt ure should be from0.01 to 1000 mol of carbon dioxide
per nole of rmne function of the imnes, such as tetrahydroazepi ne.
0050/ 47721 11 We claim 1. A process for recovering hexanet hyl enedi an ne
(1) froma 3- A BFAsf=e fOoF| Feenaning h@xﬂ‘%thYlﬁéﬁngﬁ dAddfeEem fe, (111)
hexanet hylSenei ninhrtuxed \()II)acowpmpicimg sel ected fromthe group consisting of
2- am nonet hyl cycl opentyl am ne and 1, 2-di am nocycl o- hexane,

10

(V) an inmne, (¢yl) padiRAtiikehb8iftheS- am nocapronitrile, 15 whi ch
conprises distil ' [ 1) in a colum at a pressure drop from
the bottomto t gk?gpgg%ﬂ%tgﬂrﬁ%%gm%b% nbar, a pressure ip the bottom
within the rangél¥tonf1°PPBHE fAphected sgom the group gersisting Pfhe top

wi thin tH® range fron?tanngethibaycorendybarismmanshperadinminecyfieom 100 to

300[err]C to obtain (hexand,ow boiling fraction conmprising essentially (I11)
as overhead proguet, aa2imigesdi um boiling fraction (VI1) conprising (1),

(1) 25 (vI) 888 A3eShas S IHARLEakAS foriaRd (23)a high boiling

fraction conprising (V) and (Vi) as bottom product, (b} a mxture (V1) to
obtain 30 (bl)an overhead product caonprising essentially (I1V), and (b2)a
mxture @9 11) UBHRimRgipes rFiASs bottom product, and 35 (c) a
m xture (VII1l) to obtain (cl)(l) as overhead product, and (c2)a bottom
product conprisiay ahei:essent(Ia) pordhtainof
(al)a low boiling fraction comprising essentially (III),
(a2) a medium boiling fraction (VII) comprising (I), (IV)
20 and (V), and
(a3)a high beoiling fraction comprising (V) and (VI),

(b) a mixture (VII) to obtain
25 (bl) an overhead product comprising essentially (IV), and

(b2) a mixture (VIII) comprising (I) and (V) as bottom
product, and

30 (c) a mixture (VIII) to obtain
(cl) (I) as overhead product, and
(c2) a bottom product comprising the essential portion of
(V).

35 2. A process as claimed in claim 1, wherein the mean average
residence time of the distillation mixture in the
distillation apparatus is at least 5 minutes in step (a).

3. A process as claimed in claim 1 or 2, wherein the mean
40 average residence time of the distillation mixture in the
distillation apparatus is at least 5 minutes in step (c¢).

4. A process as claimed in any of claims 1 to 3, wherein carbon
dioxide is added to the distillation in step (a).
45
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(V). 40 2. A process as clained in claim1l1, wherein the nean average
residence tine of the distillation mxture in the distillation apparatus is
;at least 5 minutes in step (a). 45 )50/ 47721 12 3. A process as

clained in glai ﬁ‘ﬂ:&res% abheiginde d he Qﬁ?rb@\é%aﬂg ieasd Cle“€vﬁe£éi‘i’? rpbhe
distillation mé%lr i NGt digésttl I %tdlstﬁpi g%u&_lsstet (ceast 5 mnutes in

step (c). 5 4. Frocéss as claime 01 & s 3, wherein
carbon dioxide is added to the distillation in step (a). 5. A process as
claimed in &ny BfPrqasisgsas etpigedier apy) fcBaamei HXiUS (i whawriH & 0 t he

-di stillatBon i ncehmmndc)XIX]10h&ringAapboikisy a®iotaalvere itheahyibinglpmiing 1 to
5, wherein a cospokihneltXyluhédianiinel () tid @uded tdecH@ISBeDiStih t he

m xture under tl?g,ﬁgh%t il @ épncfp,ondl tions and has a boiling point above the
boi i ng poi nt examnet hyl enedi'am ne (1) is 15 added to the
distillation mxture in step . A process as_clainmed in any of clains
1 to 6, whelei nPPTRFEFGUAS %%Uﬁﬁwlﬁga%ytfbﬁ Icllﬁ(jmﬁo]r t° LuoVEEFHER Koi | i ng

poi nt of Phe mi gempaun@VI(K) havinttedbpdlite: ppiisti abeve divenbrilirg @oing
apparatus in step fhe mi&turd (vImeds added aiometei distidilationwhisttaire sai d

corrpound (%) cogpisaxse&slsalﬁogg?md; (,VI) 25 9. A process as clainmed in
claim7 or 8, wherein corrpo I s adi ponltrl l e, 6-am nocapronitri | e or

a mxture t ere €ess i n_any. of c.I B .
Shorsin eat B coRprreEeEketL ﬁw‘esda %an??’ot?n BREVT I shEPERered (Ko 11 A
process 3$ cl a| F@‘EPII'%’Feénﬁ‘ ePmRundE Vi) t o 10 wher ei n water is added to the

distillation mxture in step (b). 35 40 45
9. A process as claimed in claim 7 or 8, wherein compound (X) is

adiponitrile, 6-aminocapronitrile or a mixture thereof.

20 10. A process as claimed in any of claims 7 to 9, wherein said
compound (X) comprises bottom product from step (a3).

11. A process as claimed in any of claims 1 to 10, wherein water
is added to the distillation mixture in step (b).
25
12, A process as claimed in any of claims 1 to 11, wherein step
(a) is carried out in one column to obtain (al) as overhead
product, (a2) as sidestream takeoff and (a3) as bottom
product.
30
13. A process as claimed in any of claims 1 to 11, wherein step
(a) is carried out in 2, 3 or more columns.

35
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