1 0 JAN 2005 Separation of ammonia The present invention relates to a
process for the separation of 5 ammonia (1) frommxtures (11) obt dithabN B05
by converting educts (I111), selected fromthe group consisting of nitriles
(I'tta), amnes (lIIlb), amno nitriles (l1llc) and am no amdes (l1l1d), to
am des (IV), wherein 10 a) the educt (Il11) is reacted with water in the

| i quid phase, in the presence of an organic liquid diluent (V), to give a
m xt ure (ISepatamic mhgmnheiamnm de (I1V), the diluent (V) exhibiting a
mscibility gap with water under certain quantity, pressure and
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separated fromthe phase (Vir1), 25 d) all or part of the amoni a present
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Processes for the preparation of amdes, such as cyclic |actanms, by

reacti ng drnegahaninheterdd@fl)i &s mwedéﬁﬁvandi%sauain@rit}exammﬂS@ur@hend
preparati on oftempptatatd avntliobofe adGUhOERRt Oftid rdill@entd {¥) Ahavaher i-n the
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¢} the phase (VII) is separated from the phase (VIII),
25
d) all or part of the ammonia present in the phase (VII) is
separated off by extraction (a) with a water-containing
mixture (IX) to give an agueous mixture (X) containing the
ammonia which has been separated off, and a mixture (XI)
30 containing less ammonia than the phase (VII), and

e) the diluent {(V), any residual ammonia and any by-products
selected from the group consisting of low-boiling components,
high-boiling components and unreacted compounds (III) are

35 separated from the mixture (XI) to give the amide (IV).

Processes for the preparation of amides, such as cyclic lactams,
by reacting omega-aminocarboxylic acid derivatives, for example
the preparation of caprolactam from 6-aminocapronitrile, with

40 water in the presence of a heterogeneous catalyst and an organic
liquid diluent in the liquid phase, are generally known.

Thus WO 95/14665 and WO 95/14664 disclose the reaction of
6-aminocapronitrile in the liquid phase with water, in the

45 presence of heterogeneous catalysts and a solvent, to give
caprolactam and ammonia. The highest caprolactam yields (86 to
94%) are achieved with titanium dioxide as catalyst and ethanol



1 0 JAN 2005 2 as solvent. The caprol actamyields were determ ned ﬁQL% 2@5
gas chromatography in said patent docunents; the work-up of the r H

di scharges to crude and/or pure caprolactamis not described. 5 In Exanple
1c), WO 97/23454 describes the reactijpn of 6-am nocapronitrile with water
in the presence of titanium dioxide and ethanol. Caprol actam was obt ai ned
fromthe PBat?bientdi sCR&r RPIRFACEAEL Y RS desSEi PRERTHITNGTh oLy BY PaF 80%
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associ at edo Wit hdhe separation of ammonia fromdilute solutions. 15 it is
thereforLe an object of the present invention to provide a process which
enabl es“ammoni a to be separated in a technically- sinple and economc
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selected from 't roup consisting of nitri a), amnes (I11b),
amino itriles (I''lc) and amno amdes (lI11d). Suitable nitriles (Il1la)
are advanThgedipsidy aptgadi ef casogadser8i®Prhavi hganirowprepieribudie as two,
three or Eapirolyuteimetiabtlye tiesenckr bf eetgra®RSisi tiee Higef enabyy dinitriles,
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either in éyidually or 35 in a mxture. pha, onega-dinitriles are

preferred aHJfLEF'these, al pha, onega- al kyl ene dinitriles having from3 to

14 C &fons or, preferably, from3 to 12 C atons in the al kyl ene radical,
or an aroftitit td@reforeli an talijlestsaéhtkes prieshat ot vanttiioneto provide a
i sopht hal prbdeds ivhécar etigts ehtahabada nid e @eparatedCanCld 468ciwyida1alykane
dinitrilessuett ahaCrebRBfXARRNAER Efdd nix@ieeySEHr ) DotRakhbrall @ tnkhe
al pha, omeggs Ul beSeisath 4n R eb LAl | kPFaTand Which! kylgne radical
(_CH2_£8 %Eﬁgéyggsn%hgrghg¥é§lé&penggl&%é(%ssgC1ated with the work-up.
We have found that this object is achieved by the process defined
at the outset.

25 According to the invention, the educts (III) are selected from
the group consisting of nitriles (IIIa), amines (IILIb), amino
nitriles (IIIc) and amino amides (IIId).

Suitable nitriles (IIIa) are advantageously organic compounds

30 having cone or more, such as two, three or four, preferably two,
nitrile groups, i.e. preferably dinitriles, or mixtures of such
compounds.

In principle, any dinitriles can be used, either individually or

35 in a mixture. Alpha,omega-dinitriles are preferred and, of
these, alpha,omega-alkylene dinitriles having from 3 to 14 C
atoms or, preferably, from 3 to 12 C atoms in the alkylene
radical, or an aromatic Cg-C;; dinitrile such as phthalodinitrile,
isophthalodinitrile or terephthalodinitrile, or a Cs5-Cg

40 cycloalkane dinitrile such as cyclohexane dinitrile, are used in
particular.

The alpha,omega-dinitriles used are preferably linear, the
alkylene radical (-CH;-), containing preferably from 2 to 14 C
45 atoms and particularly preferably from 3 to 12 C atoms, such as
ethane-1,2-dinitriie {succinic acid dinitrile),
propane-1,3-dinitrile (glutaric acid dinitrile),



45 atons and particularly preferably from3 to 12 C atons, such as
ethane-1,2-dinitrile (succinic acid dinitrile), propane-1,3-dinitr{DelAN 2005
(glutaric acid dinitrile), 10 JAN 2005 3 butane-Il,4-dinitrile

(adi podinitrile), pentane-1,5-dini trijie (pinmelic acid dinitrile),
hexane-1,6-dinitri)e .(subecic ,acid dinitrile), heptane-1,7-dinitrile
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from3 to 10 C atons in the al kyl ene radical, or alkylaryldiam nes having
from 91%01%4 C atops .in.the al gyl 38 radical, are used in particular,
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(hexanet h§PBRRHI%T ne, HVD), 40 1, 7-di ami nohept ane, 1, 8-di am nooct ane,
1, 9-di am nononane and 1, 10-di am nodecane, particularly preferably
hexanet hyfenedirariipile, any diamines can be used, either individually or in
a mixture, such as aromatic amines, for example
25 1,4-phenylenediamine or 4,4'-diaminodiphenylpropane, or aliphatic
amines. Alpha,omega-diamines are preferred and, of these,
alpha,omega-alkylenediamines having from 3 to 14 C atoms or,
preferably, from 3 to 10 C atoms in the alkylene radical, or
alkylaryldiamines having from 9 to 14 C atoms in the alkyl
30 radical, are used in particular, preference being given to those
which contain an alkylene group having at least one C atom
between the aromatic unit and the two amino groups, such as
p-xylylenediamine or, preferably, m-xylylenediamine.

35 The alpha,omega-diamines used are preferably linear, the alkylene
radical (-CHz-), having preferably from 3 to 14 C atoms and
particularly preferably from 3 to 10 C atoms, such as
l,3-diaminopropane, 1,4-diaminobutane, 1,5-diaminopentane,
l,6-diaminchexane (hexamethylenediamine, HMD),

40 1,7-diamincheptane, 1l,B-diamincoctane, 1,9-diaminononane and
1,10-diaminodecane, particularly preferably hexamethylenediamine.

Hexamethylenediamine can be obtained by the double catalytic
hydrogenation of the nitrile groups of adipodinitrile according
45 to methods known per se.



Hexanet hyl enedi am ne can be obtained by the double catal ytic hydrogﬁ;ﬁéi@ﬁ
of the nitrile groups of adipodinitrile according 45 to nethods kn g :
se. 1 0 JAN 2005 4 of course, it is also possible to use m xtures of
several diamnes. If desired, it is ,also possible to use diam nes derived
from 5 branched al kyl enes arylenes or al kyl aryl enes, such as
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acid nitriles are those in which the amino and nitrile groups are
in the 1,4-positions relative to one another.

25
The omega-aminocarboxylic acid nitriles used are preferably
linear, the alkylene radical (-CH;~),; having preferably from 3 to
14 C atoms and particularly preferably from 3 to 9 C atoms, such
as 3-amino-l-nitrilopropane, 4-amino-l-nitrilobutane,

30 S5-amino-l-nitrilopentane (é-aminocapronitrile),
6-amino-l-nitrilohexane, 7-amino-l-nitrilcheptane,
8-amine-l-nitrilooctane [sic) and 9-amino-l-nitrilononane,
particularly preferably 6-aminocapronitrile.

35 f-Aminocapronitrile can be obtained by the simple catalytic
hydrogenation of one of the nitrile groups of adipodinitrile
according to methods known per se.

Of course, it is also possible to use mixtures of several
40 aminocarboxylic acid nitriles.

If desired, it is also possible to use aminocarboxylic acid
nitriles derived from branched alkylenes, arylenes or
alkylarylenes.

45



nitriles derived from branched al kyl enes, arylenes or alkyl aryl enes] Uf}EN %ﬂ%
0 JAN 2005 5 Suitable amno amdes (111 d) are advant ageously organic
conpounds having one or nore, such as two, three or four, am no groups,
pref erably one am no group, and one nore, such as two, three or four,
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3-amino-l-carboxamidopropane, 4-amino-l-carboxamidobutane,
5~amino-l-carboxamidopentane (6-aminochexanamide),
6-amino-l-carboxamidohexane, 7-amino-l-carboxamidoheptane,

25 B-amine-l-carboxamidooctane [sic)] and 9-amino-l-carboxamido-
nonane, particularly preferably 6-aminohexanamide.

6-Aminohexanamide can be obtained by partial hydrolysis of the
nitrile group of 6-aminocapronitrile according to methods known
30 per se.

Of course, it 1s also possible to use mixtures of several
aminocarboxamides.

15 Tf desired, it 1s also possible to use aminocarboxamides derived
from branched alkylenes, arylenes or alkylarylenes.

It is also possible to use mixtures of compounds (IITa), (IXIb),
(IIIc) and (IIId).
40
In addition to the compounds (IIIa), (IIIb), (IIIc) and (IIId}),
the educt (III) can contain other compounds which have functional
groups capable of forming the amide groups of (IV), such as
carboxylic acid groups, carboxylic acid ester groups or lactams,
45 for example adipic acid or capreolactam.



groups capable of form ng the am de groups of (IV), such as car boxilﬂ;&N 0
acid groups, carboxylic acid ester groups or |actans, 45 for exanpl pH:r]
acid or caprolactam 1 0 JAN 2005 6 |If the educt (Il11) contains a nitrile
(I'fra) and an amne (I111b), for exaﬁle if the educt (I111) contains
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(111).180 In terns of the present invention, oligomers (I1Vb) are understood
as neani nfregorpouhdshavpmiresesattofdion tthetbouptuaryioh giébds amwlagcdkes,
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groups, sucn as dieters, trimers, tetraners, pen aﬁérs or exaner s of
6-am nocacg}a&ﬁ‘i't rile, 6-am nohexanam de or an
adi podthi tril e/ hexanet hyl enedi amine mixture, or nmixtures thereof. 30 In
ternms of hdvmramsesdvd) iqareridventapadusinr be( bhcjirarde fundeedtood caggbieani ng
hi gh- nol esfulfakme AFPORI NG aMdiaC halitde JrRQ i fg SEnde 1veEpupse £xGRYGH) in the
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phase, adirarfea@eons|yhe ipyeskat prestdenef cdidrenarsogéibousre atraleystoadd an
organi ¢ ldqquiedning compounds which result from the coupling of a few

molecules, such as two, three, four, five or six molecules,

selected from the group comprising the compounds used as the

25 educt (III), via amide functional groups, such as dimers,

trimers, tetramers, pentamers or hexamers of 6-aminocapronitrile,

6-aminohexanamide or an adipodinitrile/hexamethylenediamine

mixture, or mixtures thereof.

30 In terms of the present invention, polymers (IVc) are understood
as meaning high-molecular compounds which have recurring amide
groups (-CONH-) in the main chain, for example polycaprolactam
(nylon 6) or poly({hexamethyleneammonium adipate) (nylon 6,6}).

35 In step a) of the process according to the invention, the
above-described educt (III) is reacted with water in the ligquid
phase, preferably in a homogeneous liguid phase, advantageously
in the presence of a heterogeneous catalyst and an organic liquid
diluent (V), to give a mixture (II) containing an amide (IV),

40 said diluent (V) exhibiting a miscibility gap with water under
certaln guantity, pressure and temperature conditions.

Suitable heterogeneocus catalysts are acidic, basic or amphoteric
oxides of the elements of main group II, III or IV of the

45 periodic table, such as calcium oxide, magnesium oxide, boron
oxide, aluminum oxide, tin oxide or silicon dioxide in the form
of pyrogenic silicon dioxide, silica gel, kieselguhr, guartz or



diluent (V), to give a mixture (II) containing an anmde (IV), 40 saj 8 )
diluent (V) exhibiting a mscibility gap with water under certain 10 JAN 20%
quantity, pressure and tenperature conditions. Suitable heterogeneous
catalysts are acidic, basic or anphoteric oxides of the el ements of main
group I, Il or IV of the 45 peri odit table, such as cal ci um oxi de,

nmagnesi unm@xt@ees bdregrofoxane, 2 ldaumixndes oxi destallsnodxswdsyranupsi L coh whi oxi de
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or 10 JAN:36 e dHaxidtes:Uhare, 2000l sp Bldas, ol dRhgls of subar ous
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f or m of aﬁéfté% es t GfPEe, % rlcdor"i'iﬁﬁﬁl BP DX tﬁaﬁa‘an%%rét*@i‘llﬂé #pd m xt ur es
t her eof 5 PFtir%qul %lﬂ%sﬁ'@’?}é 3 QgFédumapk i ddoandm Soxicts npdesexdesims uch
as ceri unpexdele,sadnfagriunnopkdse,a praseedyth WhxedXbdede SAMRIKUATOXi de, a rare

earth m xefepxdde, i0h Fhxt MiSfendiebanh ¥iidhd hepaboyanent QQRQBOX! des.

Exanpl es ggsg er caQQsl%Ql;e Lcat alysts are: 10 vanadl um oxi ari um oxi de,
zinc oxid I Um ox iTon oxide, chrom um oxide, nolybdenum oxi de,

tungsten oxide or mxtures thereof. Mxtures of said oxides with one

anot hed Oarenagiwn gxdgei bber i 8o mexidel f £ es oxsdeenhi@siandxtiek| urfaes, such
as zinc belday icdeontibn seleni dolybakyhienumesutfihsded YRISE €S 15 sul fi de
ggg t fr;gmsm%%%eeis Q—.fhe@b_skeL,Mﬂﬂﬁgeangf%ﬁﬂiﬂo%g?egg‘mm e Qﬁo&%&d cf‘sLof i

v [

groups | ag%lo \ﬂOiS%n?’(i?' e‘?‘? osdﬁflggﬁr ese%l&eﬁe?nguﬁet]g'b‘lré Bat aﬂ@} £Sphi ch
may be neﬁf?%ﬁé‘t}lé‘Féd?eo i1 s lendfgs phtdeadn pelbidspoltyagseat  as wel | as
aci di c 1angubfidd iand thensekibitesgefsni¢kel Nafinonan@xiRosfieny ecacatlaloyst s are

titani umbxiwesd.al um num oxi de, cerium oxide and zirconi um di oxi de,
particularly preferred catalysts being titani um di oxi des such as those

di scl osed i 6 e tio of such catal ysts as
pell ets |£§e ebs&(‘:;rgl"%@(?i ?r@éé” S Oluxglgng%%%ﬂfg@ YI5ip §3/ TI81A X’};md WO 30
99/ 11615. SERIHHEe ° Wﬁb?\t%r &r BPEN T g tRE kBETOISIISUEAP AR n- but anol
i -buta®Bl or n-pent anol . pr ef erably aliphatic hydrocarbons such as

n- hexane, Oty calitphaei catyldrsacawbonls uc beasesytdrapeatranee o i 34,

cycl ohexapigyspand epabhil Chéb @ddopopebeaapl as aamBhi Cadiydi-06a8bONS11ne

ion exchangers like Nafion.

25 Preferred catalysts are titanium oxide, aluminum oxide, cerium
oxide and zirconium dioxide, particularly preferred catalysts
being titanium dioxides such as those disclosed e.g. in WO
96/36600. The preparation of such catalysts as pellets is
described for example in WO 99/11613, WO 99/11614 and WO

30 99/11615.

Suitable diluents (V) are C; to Cgy alkanols such as n-butanol,
l-butanol or n-pentanol, preferably aliphatic hydrocarbons such
as n-hexane, cycloaliphatic hydrocarbons such as cyclopentane or

35 cyclohexane, and particularly preferably aromatic hydrocarbons
such as benzene, toluene, o-xylene, m-xylene, p-xylene,
ethylbenzene, i-propylbenzene or di-i-propylbenzene, especially
benzene, toluene, o-xylene, m-xylene, p-xylene or ethylbenzene,
as well as mixtures of such compounds, for example petroleum

40 ethers. The hydrocarbons can carry functional groups such as
halogens, for example chlorine, as in chlorobenzene.

In the reaction of step a), at least 1 mol, preferably 2 to 100
mol and particularly preferably 2 to 10 mol of water should
45 generally be used per mol of compound (III).



such as benzene, toluene, o-xylene, mxylene, p-xylene, ethyl benzepﬁ,JAN 2005
i - propyl benzene or di-i-propyl benzene, especially benzene, toluene, ‘
o-xyl ene, mxyl ene, p-xylene or ethyl benzene, as well as m xtures of such
conpounds, for exanple petroleum 40 ethers. The hydrocarbons can carry
functional groups such as hal ogens, §or exanple chlorine, as in

chl or obenZenetep mX.heheeactporn:ofn stfepoapqurat (II¢ast fGased onprékesablyt 2 to
100 mlo: ags @aﬁd;iicmj @bhﬁoﬂé@i@la%ﬁéég &Tﬂn d@'(I?i)W@JerSQQFﬂ Qi?@ent).
general ly u r 0 ek n a),
the pr opo(t?()n??f (g%%ggnag }Tfl . t)EgssgioéJ tbﬁéggﬁm%gpﬁqﬁagigt érf?ng&
component 87 RaHEFy TSwEetnt 1195, ARAEEFABHA LitPueht bY WEL9Ps-

advant ageously 0.1 to 50% by weight, preferably 1 to 30% by wei ght and
particul arhy pesfeiicablkyn2advadfconsiei ghtcazyiBdeoteait i@ ¢caguid

advant agegysky De t%af{g@kgéupég dehelrB@1l i QUi Gy RBagg @, LEPEFAL LY &F 180
general Iy of ;440 o 320G, ; prefsrably of 180 L6, 300C aNd partcular| y
preferably o% 1o 28DC, e yplpessure =h&di eherd §‘ra from1l to
250 bar aREePFEFerHANd BN TDNhYSIEE9e5H Parl. tPhé>priderandd PpeEssiily and

t enper d0ufeorwondia ildAsbhere are those under which the reaction mxture is
in the formof a single honogeneous |iquid phase. 15 The catal yst | oadi ngs

gener al | ypf,ang 4:0040508s 4 0D G temﬁﬂﬁf@ }505891?%%5%%?&2%&%6‘?{!%6‘& al yst

particul ar | refera from0.2 .t of reac

Dol e pel™fBtr TS0 TS FEReTi mrERT e Ry FEF Lo A uPAoE T )

cont ai ni n§PEANIERWE LEAVWIS RiARSi a (1) and optional Iy by-products selected °
fromtRE group consisting of |ow boiling conmponents, high-boiling

conponent Shancatilysactedd Cosaemerally)radfe tRoher & afo shegpr esent

i nventi onprb oy H0iy isRgnCOMPONELHt Xq2h8d %&%&99%8&4@%@%@ EQIPQnds

boiling beglo \)_. hi.gh-bai |,i.ng cohponent s ?/II)are
understooggag\l rigorf%ggg%%u%?s%rgopgf n%aqtaablg\?g Fﬂgp%emp(?é: P%%‘ 30 According
to the invention, in step b), the mxture (Il) is converted under

quant i 9, The eszaatdcandtt erperat ieldsmiinixsnse $4Eh adrar@inhed did Lreride( V)
and t he wateyr, amencinial i chd epmiandllexhipirbdacts sod leideetly fgap, tHed gi ve a
t wo- phasegsysp eIBneaRREhGI & 1ov-pBasend \WdmponBn¥bi Chi JH1B RN QRGN ti on of

di | uent (é%mééhéﬂﬂ%a%ﬁﬁ unreacted compound (III).

25 In terms of the present invention, low-boiling components are
understood as meaning compounds boiling below the amide (IV) and
high-boiling components (VII) are understood as meaning compounds
boiling above the amide (IV).

30 According to the invention, in step b), the mixture (II) is
converted under quantity, pressure and temperature conditions
such that the diluent (V) and the water are in liquid form and
exhibit a miscibility gap, to give a two-phase system comprising
a phase (VII) in which the proportion of diluent (V) 1s greater

35 than that of water, and a phase (VIII) in which the proportion of
water is greater than that of diluent (V).

Preferred gquantity, pressure and temperature conditions are those
under which the constituents of the mixture (II) are in

40 completely liquid form in the phases (VII} and (VIII), i.e. under
which no solids precipitate out.

If step a) has been carried out in a homogeneous liquid phase, it
is generally possible to separate the mixture {(II) into the two
45 phases (VII}) and (VIII) by choosing a sultable temperature. A



35 than that of water, and a phase (VII1) in which the proportion oﬁ] mtms
is greater than that of diluent (V). Preferred quantity, pressure a 8
tenperature conditions are those under which the constituents of the

m xture (I1) are in 40 conpletely liquid formin the phases (VIl) and
(VIl1), i.e. under which no solids g?eci pitate out. If step a) has been
carri ed odtirtpen prsrddeddédrsis iuictophaseyitablie prgeeerddsy fossible to
separ at e tihetaned wye addipgi 81 Dudte (Mocdp pheaesb(V) Iyaand (Vi) by
choosing a suitable tenmperature. A1 0 JAN 2005 9 further possibility is
to choose swt ortions,. for _ instance ng di | uent or,

pr ef er abl §C BT lng chngf‘ﬂve?hq%etf’ﬁv%tﬁﬁeorfVtﬁﬁeaﬁ(ﬁ tg‘ée EIRET é&ugﬁhe
phase (VI PF§ t@%ﬁépﬁﬁéﬁegeb%r%eéﬁcl)n step c). The phase separation can be
effected in a manner known per se in apparatuses described for such
llougpotses lfrsélcgshaas?e t29se a k DO £ g>e eEEQ&T&edJHn”EnﬂaﬁngﬂqMﬁle:ﬂlp Q.Ea?s?fln
ndustria a

hadustr < ;l)g&emhsstersvﬁe Wéﬁb&? ol gan B posts énéggg@%gﬁ%% RABAA e,
centrifugd&® 'l'h%l 8s° gnﬁmﬁ’rs&fé§ E]B‘?fﬂl’rst‘irdns"%r %?ve phase
separ atli%Atlk azd eaéﬁqHyVBélél@%%&ﬁﬁldééhWta Wedwheiiapl £99% elnagenabyls 1t

experi menés22 Acktikvedidegahbetde dydentsodr dantsti€pge3, all or part of the
anmoni a present in the phase (VI1) are [sic] separated off by extraction

a) with ture |v aqueous_m xture (X
((:o)nt ai ni nfil %%e&lm%%nggbwhggﬁ%g( %1? 8%89‘ 1% fj glgﬁ 2t00r %% ?%re XI§ )
cont ai ni nge?%’éast%ﬁpae?ﬁhw b[enéieﬁﬁﬁgbne( IbIY) He ?ﬁ“ﬁ&lﬁ’r @rﬂwlr&ﬁsré’d can
advant d§eBtRe Y Msa tFat er, wholly or 25 partially a mixture (X I11) defined
bel ow, wholly or parti al | y a mxture (XIV) defined bel ow whose wat er

content igc@seat®y tohaRe ihadnont henmiedgirag ,(Xhh!dr gAremoxt ’elﬁ@S t her eof .
The extragih e(@reggﬂ b?nsucﬁ(bth%ge' v fr F%}%eﬁslfgfv!‘esp%%tﬁﬁ LPr 5P

appar at usgs,_descri b urposes, . such own_e. from

O I mann’ sCERCYT Sed P Feropuch plcbonge, oo 3 PIRRS G 8y BLE an v

Ver | aggﬁe%‘l‘?%‘@né\‘lﬁ‘tuv\él RREi SANEESE8NT prife BRI BIiGh FBS PRRR si eve-

[l acuna] eeppaatesd oddl uand,a pulxdatren(Xby cangripuhgatdssgamppnpa xegrarsett| ers.
35 The optheusna@pavatyses and process conditions for the extraction

The mixture (IX) used can advantageously be water, wholly or

25 partially a mixture (XIII) defined below, wholly or partially a
mixture (XIV) defined below whose water content is greater than
that of the mixture (XIII}), or mixtures thereof.

The extraction (a) can be effected in a manner known per se in

30 apparatuses described for such purposes, such as those known e.qg.
from: Ullmann’s Encyclopedia of Industrial Chemistry, vol. B3,
5th ed., VCH Verlagsgesellschaft, Weinheim, 1988, pages 6-14 to
6-22, like sieve- [lacuna] or packed columns, pulsating or
non-pulsating, or mixer-settlers.

35
The optimum apparatuses and process conditions for the extraction
(a) can easily be determined by a few simple preliminary
experiments.

40 According to the invention, in step e), the diluent (V), any
residual ammonia and any by-products selected from the group
consisting of low-boiling components, high-boiling components and
unreacted compound (III) are separated from the mixture (XI) to
give the amide (IV).

45



(a) can easily be determned by a few sinple prelimnary experinen 02
According to the invention, in step e), the diluent (V), any residu | JAN s
anmoni a and any by-products selected fromthe group consisting of

| ow- boi | i ng conponents, high-boiling corrponent s and unreacted conpound
(I'11) are separated fromthe m xture PXI) to give the amde (1V). 4510
JAN 2005 I0 t¢ymg erfnghef préaeepr dswentinwentavoiboill ong bootpargneenpoaent s are

under st oodnasr$mesit RG &OAPONN dSHriRiuhEEh&E] Gy bh@oam@@ drliMb Q@d and

hi gh- boi | cl%m ISt isn i ng above
the am dehg ;\1/% Q%%nkémaég?tw%ar% ggg%ﬁ%%%%%%sl ge g@)o& gy fractional
distillat PSR- T oaﬁjé)v(?r C&Jc‘ﬁ ds 2 or 3, distil I atl on appar at uses. 10

Sui t abl & appar at uses are those conventionally used for distillation, for
exanpl e t ibse wedcnipbedni advdGtdgeBubigrhe diteyekapedi frft ichemi cal

Technol ogyis81th 84on VAl ond o GReW ke¥n & $0BS, 3Near\i\@{ﬂi,at18r7l9 pages
870- 881, %8% si.eve-plate colums, bubble-cap colums or packed
va

col ums. At ageousl y, all or part of the ammoni a can be separated
from the phase (VIIl), preferably fromthe phase (MIIl) and the mxture
(X) todét fektalphe @P@ti'rﬁtla?eé%rﬂr@brt)‘loae ¢seotanftiioasl by Yd¥2) fotro give a mxture
(XI'1) contastingtile, babk afardle aoBaI dascaidea 20: MXxiwuoenh&t) 1) in which
the ammongac fondRA; i éf'@%&nfé&@nm‘kbﬁﬂoﬁi tfi?dpg@se \'i' ! '7) @} %'tlaes) e
procedure,is, rprefN%raQ a Pd atel v§ ratl o . iﬂ‘ﬁg ¥ the
ammoni a a es ure o A ess tlﬁ’aﬁ 8 AbsoP Bt ef"ﬁe ni a being

wi t hdr amc%ls‘ﬂ@ﬁ'al ble-¢3R CiPd‘b‘B‘F‘ss‘E”ét%aCkFﬁ‘l §0\1\b‘}“k5up can advant ageously be
ef fect 88 by fractlonal distillation in one or nore, such as 2 or 3,

di stil | at hdventapeanatlysesll 30 Pairtabdt etleppamahisesarane sBeseaca V@Rl onal |y
used for tgh stHddeat(ivenr) f%}{re@é%%h. Emech@egﬁgwe@bm i éhaka% hmer;

Encycl opegli a..0fe (M 6L NECNRY! Q9. 5 BT 84 or LecleD W gy &, Sons,
{b
New York, 1979 pa%?itgég)(x ) conéafglgg the Bfgk of the ammonia, and a

20 mlxture (XIII} in which the ammonia content is less than that of
the phase (VIII).

A sultable procedure is preferably a distillative separation (bl)
or (b2) of the ammonia at a pressure of less than 8 bar absolute,
25 the ammonia being withdrawn especially in the vapor state.

This work-up can advantageously be effected by fractional
distillation in one or more, such as 2 or 3, distillation
apparatuses.

30
Suitable apparatuses are those conventionally used for
distillation, for example those described in: Kirk-Othmer,
Encyclopedia of Chemical Technology, 3rd ed., vol. 7, John Wiley
& Sons, New York, 1979, pages 870-881, such as sieve-plate

35 columns, bubble-cap columns or packed columns, especially a
column with a side discharge.

In the case of a column with a side discharge, a mixture (XIV)
can be obtained at a side discharge of the device used in the
40 distillation (bl) or the rectification (b2).

The ammonia withdrawn in the vapor state can advantageously be
subjected to a treatment {(c) with an alkali (XV) to give a
purified ammonia (XVI). Suitable alkalis (XV) are compounds

45 which give a basic reaction, preferably oxides and hydroxides and
particularly preferably those of main groups I and II, such as
sodium hydroxide.



35 col ums, bubbl e-cap colums or packed col umms, especially a col mn‘m:ﬁn h[ﬂ
a side discharge. In the case of a colum with a side discharge, 1 Iy’
(XI'V) can be obtained at a side discharge of the device used in the 40
distillation (bl) or the rectification (b2). The amonia withdrawn in the
vapor state can advantageously be stdBjected to a treatnent (c) with an

al kal i ( XVhis ovgileipacapuadvyared gmmsihy abd X ectSui babieradddaly sn(dnd are
conpoundSOQSmcy\ftb Chugihvasaz basiz, ra@@ﬁ&h@unseaort%fr%ﬁ%'%% d&x% aRflohydr oxi des

and partigetarlys pigf f r such as sodi um
hydr oxi de{ 8 5% géﬁyﬁ#ﬂ%%\%g?k{w’ c%ar% %évan% (geeoouuss ¥, PRESEFtHtt ed by
scr ubbi ng Pﬁ B?ﬁcur(frenﬁbre such as 2 or 3, apparatuses through whi ch the
ammoni a® (Xl 1) and the scrubbing agent (XV) are advantageously passed in

count er cusnietdbles aPpiatabl seappar ahusescat e ithoael Tp N lf@mabl:yuwﬂd; for

scr ubbi ngforf&-fan%?i%ml?hgsé hf@secrq.%%ﬁr !LQEdKirrk Olé'hﬁgraim:ﬁ}clo agygl gpedia of
Chem cal E@%@J{palo%bhno S ,3r\éol ]ﬁhr]] ﬁ% ﬁ}s Ee Ygrk 1979,
pages 870 %5(/’ CUCh Coml 176 eeycf;aﬁ &k ulif%, packed
col urms, ¥Rrkuri®’Ser 885%?5 H-88dr ayuck Aurmieveral st wrduansageous

enbodi ﬁﬁnbUblﬂfFe-%PXlelemIQN |Dacdeedt helammonivant (XVI cmdibelre absopsbead in
wat er, (d¢eldmnsgi ve an aqueous m xture 15 (XVI1) containing ammonia. In
anot her advant ageous errbodi ment, the mxture (XIl1) or the anmmonia (XV-1)

can be co resse to.a her pr.essu e to a mxture (XVII1). 20 The
oy e TR BhkBedolh %Sre"tbﬁfﬂﬂﬂz e ree ) B o5 LY etringaor mor e
than 8 ban ’scﬂaﬂl’t &t BPIPRREG 18 Xebee ((XDX) tocehtaial fgueess Wa:f@reand | ess

di | uenf3(AViharronte inixy wwaon@xVI 11), and a mixture (XX) containing |ess
amonia than the 25 mixture (XVIII1). Al or part of the mxture (XX) can
advant ageesdnbth@ rUs8fanthddifis @H%Qémér&“ (tﬁ)e e AL é%t'& yept téh can
advantagegm§ga&43 x%? aé%%‘%% %%%nlt §é£n Xt'y ﬁlgﬁggopressureC¥C|e |nt0 step
a) of the ertoucrees (xv ing t PR Thvent
20
The mixture (XII) or the mixture (XIII) can be distilled at a
pressure of more than 8 bar absolute to give a mixture (XIX)
containing less water and less diluent (V) than the mixture
(XVIII), and a mixture (XX) containing less ammonia than the
25 mixture (XVIII).

All or part of the mixture (XX) can advantageously be used in the
absorption (d).

30 The diluent (V) can advantageocusly be separated from the mixture
(XX) and recycled into step a) of the process according to the
invention.

In another advantageous embodiment, all or part of the mixture
35 (XIII) can be recycled into step a) of the process according to
the invention.

The amides (IV) obtainable by the process according to the
invention are valuable intermediates in the preparation of

40 industrially important polymers, especially polyamides. Such
polyamides, as well as the polymer (IVc), can be used for the
production of fibers, sheets and moldings in a manner known per
se.

45



I n anot her advant ageous enbodi nent, all or part of the mxture 35 5 1)
can be recycled into step a) of the process according to the inven BQMN7W5
The amides (1V) obtainable by the process according to the invention are
val uabl e internmedi ates in the preparﬂiion of 40 industrially inportant

pol ymers, especially polyam des. Suc pol yam des, as well as the pol yner
(I'vc), can be used for the production of fibers, sheets and noldings in a
manner kridavtlpem:se. 45 1 0 JAN 2005 12 W claim 1. A process for the
separation of annnnia (1) frommxtures 5 (11) containing ammonia (1) and
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nitriles (Il lg)pcaiytheany Doc praides apilié dyromdst An wAé efiai nhkemehn a)id he educt

(rer) is reac&ﬁ%ﬁé“(&b)“ﬁé@in%'%e%ﬂeobtﬂiﬂé%.@Qa§§aci té&%cQEeifffF of an

organic |IQUIdlectlé%n m Xt ure ing the am de

(1V) and the ‘ammont a %F‘%m tk}%é’%ﬁ?ueﬁ?sﬁﬁm@xﬁfbfl -1 R1t1§6?bi |31 4PSFap
with wifer underblecepPalt Ridritefy (IpFes stide 2BANC t AMisiasat(GLEd bordittti ons,
b) the m xtureterl,) wvhereomverted under quantity, pressure and 20
tenperature conditions such that the diluent (V) and the water are in

liquid fofym ang @é‘.li]lc@' gl?-I 1%C'rlé'al:‘f.ééf vgz?ath wta rgllyettfae t\ﬁ\.% Egg?t?%ss aé'ntm (V)

consi sti ng of 1 prms cont ai nﬁ![ g ‘IE rgro porti‘on

than water, and PA°pRas® v Or@%ﬂi’%l Hga A B8R PrlopsPt FHFE 6t wat er
than 5% dil d‘é‘ﬁ‘ttuﬁ’) (IE) "Ecl’fé‘ar}ﬁégé '(k%ﬁlémi‘? $&Paraed hfr emnehea pHase
(M 11), d) althepdipagntofV) xhaimopina prEsenbilnty hmplvdse ¢MdD) dmsier30
separ at ed of fednradxt gagtt ory ( drewvitbe aamhtehps o8t @iddgdTxbas e ([X) to
gi ve an aqueous m xture-(X) containing the amoni a which has been

t ff t th th h
V) 2 oy g BL@uEL XA & 2’“"&9@‘9@ D SR Bras e e et s
sel ect%‘g1 f r oS RE=GFBED ﬁgs‘b‘%/hltﬁlﬁ%(*jf‘?lwg*“c%ﬁpd?{énﬁ%d the

water are in llquld form and exhibit a miscibility gap, to

give a two-phase system consisting of a phase (VII)

containing a higher proportion of diluent (V) than water, and

a phase (VIII) containing a higher proportion of water than
25 diluent (V),

c) the phase (VII) is separated from the phase (VIII},

d) all or part of the ammonia present in the phase (VII) is
30 separated off by extraction (a) with a water-containing
mixture (IX) to give an aqueous mixture (X} containing the
ammonia which has been separated off, and a mixture (XI)
containing less ammonia than the phase (VII), and

35 e} the diluent (V), any residual ammonia and any by-products
selected from the group consisting of low-boiling components,
high-boiling components and unreacted compounds (III) are
separated from the mixture (XI) to give the amide (IV).

40 2, A process as claimed in claim 1 wherein all or part of the
ammonia i1s separated from the phase (VIII) by distillation
{(bl) or rectification (b2) to give a mixture (XII) containing
essentially ammonia, and a mixture (XIII) in which the
ammonia content is less than that of the phase (VIII).
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hi gh-boi I i ng conponents and unreacted conpounds (I111) are separated from
the mxture (XI) to give the amde (I1V). 40 2. A process as clai med! P AN 2005
claiml1 wherein all or part of the amopnia is separated fromthe phase
(VIT1) by distillation (bl) or rectification (b2) to give a mxture (XI1)
containing essentially amonia, andld nixture (XII11) in which the anmonia
content iS-|edsproegss lrst cobinegd phadeifVil ¢y . 2 4afetednItie 200513 VIBI) A
process as cl ahfethd Mmidtaire 1xprade Whaekebnup heodgehase (Nlihg and the mixture

() ‘are wor ked.p; { ogedhet ph &pechedlr%tcukaéatolrm Qb Ofind Mg J sgpifigation

(b2) and the ammpni a s arated off . A process as ai med i n any of
clains I_to 313\,{1%‘?%?%%‘11 g? part of the mxture (XI'1'l) is used as the
aqueous 2mi xture (IX). 10 5. A process as claimed in any of clains 1 to 4
wherein a4.m Rtprecd9d s chawhed hirt keywater lionst éntoi 3 witeeatier atthaart hat

of the m xturgafXldt )tHeS misedras e ;adyeQusd MXttheeadheQus GrixRupkoOCess as
clainmed in C|?E 5 wherein the mxture (XIV) is 15 obtained at a side
e

di scharge of device used in the distillation (bl) or the rectification
(b2). 7. A process as clainmed in any of clains 1 to 6 wherein all or part
of the 1@ Rturd pyedass ias réeymeddin mny checkaiast dr thot wikredynkhesi zi ng t he
amide (1V) framxtie edueth (hldhictB.thA paocesorasnel aknprkdveranyanf cgdai ms 2

to 7 wherein Bhethéjhﬁ'[}dtlulr@tlf(ﬂﬁﬁ)eQ%r Atbanad blne AGukbed Pfxduie gmm ais
carried out at a pressure of less than 8 bar absolute and the 25 amonia is

wi thdrawn _in the vapor state, 9, Aprocess as clainmed in claimB wherein

the ammonfa wit BE? 3 Cllﬁbm%p‘dﬁ' cdpdfe’ i'PEEH et St KEAV ek’ (c)
with ad5 al kaPbt¥30pd tag gi vede puadhpired afmBrF deXve)used iPOLthA process as
clained in claisIlvhawe n(bNaG@t itheusedtasiddtdonakkali (XV). 11. A process
as clainmed in any of clains 1 to 10 wherein the 35 mxture (Xl1) or the

ammoni a (XV1) al 5- ey BedeLDiel &y abf) or 16 GV %QOfQHféa}llé phfuse (V)

cont ai ni ng a”“gr{a-f%ﬁm mlBLSEESSU%E} is recycled 1 to the reactor for

wherein the )
20 synthesizing the amide (IV) from the educt (III).

8. A process as claimed in any of claims 2 to 7 wherein the
distillative separation (bl) or (b2) of the ammonia is
carried out at a pressure of less than 8 bar absolute and the

25 ammonia is withdrawn in the vapor state.

9. A process as claimed in claim 8 wherein the ammonia withdrawn
in the wvapor state is subjected to a treatment (¢) with an
alkall (XV) to give a purified ammonia (XVI).
30
10. A process as claimed in claim 9 wherein NaOH is used as the
alkali (xXv).

11. A process as claimed in any of claims 1 to 10 wherein the
35 mixture (XII) or the ammonia (XVI) is absorbed in water, (d),
to give an agueous mixture {XVII) containing ammonia.

12. A process as claimed in any of claims 1 to 10 wherein the
mixture (XII) or the ammonia (XVI) is compressed to a higher
40 pressure to give a mixture (XVIII).

13. A process as claimed in claim 11 or 12 wherein the mixture
(XVII) or the mixture ({XVIII} is distilled at a pressure of
more than 8 bar absolute to give a mixture (XIX} containing

45 less water and less diluent (V) than the mixture (XVIII}, and



m xture (XI1) or the anmonia (XVlI) is conpressed to a higher 40 pressure to
give a mxture (XVI11). 13. A process as clained in claim1ll or 12 i 205
the mxture (XVII) or the mxture (XVIIl) is distilled at a pressure of
nore than 8 bar absolute to give a nhxture (XI'X) containing 45 | ess water
and less diluent (V) than the m xture (XVIll), and 1 0 JAN 200 14 a

m xture (XX) TIHEFAENG S e EMBATE 13Fdn AR AR xEAe thEXPLXFUER t he

m xture (XVI [{XVIIl4orAclpr otiessiras (§VEiTwed in claim 11 or 13 wherein all or
part of 5 the mxture (XX) is used for the absorption (d). 15. A process

as cl ai [ | ai 3,0r er el - i Lue 1S p fromthe
m Xt uren?f}(l)() r%@ég%g%;c?gdc%]a%@gat Fig 9%55‘??}%&% (T)'? ﬁ]e}a@eé’ﬂri Z?((?{V)aé ror%ft he
educt (111). FEXTATDr UEYs & SadS e af Hed ¥ 28RGTRY LW di%s 1 to 15 wherein
6- am nocapronitrile is used as the amno nitrile (lIllc). 17. A process as
cl ai med irs.any pabeekai 85 dldimed6inherxim 131bratli padizeiinr the dsidesaed as the

nitrile (111a)k) 18 sdplFOCRESras ChaidBd il %ﬂyioa;ncplr%ic%lédtﬂqt]c? rherein

hexanet hyl enedj I ed h mmne (LLILb 0 A process as
clainmed in anss)n%g]egﬁsai (?rgb%et gﬁgg\/\ﬁ%\?}ei%o& S8 u%uncizt (&#Iéél ected fromthe

gr oup t®nsi sti ng of ethyl benzene, benzene, toluene, o-xylene, mxylene and
p- xyl ene lits uUsedoc2ss 30 35la4@ed5in any of claims 1 to 15 wherein

6-aminocapronitrile is used as the amino nitrile (IXIc).

17. A& process as claimed in any of c¢laims 1 to 16 wherein
15 adipodinitrile is used as the nitrile (IIla).

18. A process as claimed in any of claims 1 to 17 wherein
hexamethylenediamine is used as the amine (IIIb).

20 19. A process as claimed in any of claims 1 to 18 wherein a
diluent (V) selected from the group consisting of
ethylbenzene, benzene, toluene, o-xylene, m-xylene and
p-xylene 1is used.
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