3 DEC20D4 1 Renoval of ammonia from sol utions including caprolactam %nﬁc 2004
ammoni a 5 Description The present invention relates to a process for
distillative renoval of ammonia fromsolutions (1) which include a | actam
and anmmoni a, which conprises effecting said renoval in a distillation 10
apparatus (a) at an absolute pressure of |less than 10 bar. Sol utions

i ncluding a | actam and anmoni a are produced in nunmerous chem cal
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onmega- am nocar boxyl1c aci erivatives 15 wth water. Workup of these

sol uti ord™ 4y obl ematic, since lactans, especially caprol actam
customarily have to neet extrenely high purity requirenments. 20 WO

95/ 146% ek ii6h/ 14664 descri be reacting 6-am nocapronitrile ("ACN') in
the liquid phase with water in the presence of heterogeneous catal ysts and
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distillation apparatus. It is an object of the present invention to

provi de t echni cal | Sl d econoni cal _p re ' ni a
From sol S11Eene En g e By TaCT i AMICAAoR 5. P Rad e AR RE T hi s
obj ect iGheAERASVBEORETe SPECREARIS iR dheaPToIREYOG Rbi FYF1H0 Accor di ng
to the iyacmmsohysoéagtiion CE)ohegd-taibgiogarhoxphiarafidadaphvatives principle
t herermneitowiagern limtations with regard to the lactam Preference is
given to |l actans of C4-C20-onega-carboxylic 45 acids, such as

& am nolutanel act el ALAGRRNT ANl Achath . 18, AT AN T5B0HEC! A
("caprol act al% -am nc?hep aneldactam.qQr )
especially caprolactam, customarily have to meet extremely high
purity requirements.
20
WO 95/14665 and WO 95/14664 describe reacting 6-aminocapronitrile
{"ACN”) in the liquid phase with water in the presence of
heterogeneous catalysts and of a solvent to form a solution
including caprolactam and ammonia. Workup of this solution is not

25 described.

The distillative removal of ammonia from ammonia-containing
solutions is generally carried out at high pressure, customarily
more than 14 bar absolute, to obtain a suitable temperature for

30 the condensation of ammonia at the top of the distillation
apparatus.

It is an object of the present invention to provide a technically
simple and economical process for removing ammonia from solutions
35 including a lactam and ammonia.

We have found that this object is achieved by the process defined-
at the beginning.

40 According to the invention solution (I) includes a lactam and
ammonia.

In principle there are no known limitations with regard to the
lactam. Preference is given to lactams of C4-Cyp-omega-carboxylic
45 acids, such as 4-aminobutanelactam, S-aminopentaneléctam,
6-aminohexanelactam (”caprolactam”), 7-aminocheptanelactam or
g-aminooctanelactam, particularly preferably caproclactam. These




8- am nooct anel actam particularly preferably caprolactam These 3 DEC 2004
2 lactams may be substituted, for exanple by Cl-C4-al kyl groups, 3 DEC 2004
hal ogens, such as fl uorine, chlorine or brom ne, Cl-C4-al koxy groups or

Cl - C4- car boxyl groups, but preferably the |actans are not substituted. 5
M xtures of such lactams may al so b8 used. Such |actams are known per se.
10 Such laateassnap\behesupseptnted byf are eztinpie the deChespbnliqrpups,
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99/ 28296‘ 0 15 The reactor exit stream of such a reaction
contais at | east one nole of ammonia per nole of |actam The reactor exit
stream mEytuiras| efiesdalr lhet ano MEgnailise, besuakeds unconverted amnonitril e,
excess water, water used to quench the reactor exit streamin the 20 case

of a reaet hoﬂaég I%aingglqs§ g I f appropriate, organic solvents. The
process of Fnvention my ?lllz'e as solvent (1) any mxture of a

| actam and ammoni a, advant ageously one of the 25 reactor exit streans

ment ildhédchotactanamay bf poepaadtbanweagtiny diheg cogrespondihngnt i on anmoni a
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essent | ¥ ¢23hhol% S RdAnf cdfP Do 282REnOHHO o%ét‘lﬂéﬁa in vaporous form 35

The diSstillation apparatus (a) may be any customary single-stage or
nul ti - strhgerdastdor leatiitostapparet Wichaa fesctidiedohthink aaplleasitnone
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chambers or rec i cat él
excess water, water used to quench the reactor exit stream in the

20 case of a reaction in the gas phase, or, if appropriate, crganic
solvents.

The process of the invention may utilize as solvent (I) any
mixture of a lactam and ammonia, advantageously one of the
25 reactor exit streams mentioned, or mixtures of such systems.

According to the invention ammonia is distilled out of solution

{I) at a pressure of less than 10 bar abscolute, preferably less

than 8 bar absolute. Advantageously the pressure used is above
30 the atmospheric, ambient pressure.

Distillation pressure and distillation temperature should
preferably be selected so that an essentially ammonia stream can
be taken off overhead in wvaporous form.
35
The distillation apparatus (a) may be any customary single-stage
or multi-stage distillation apparatus, 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
40 evaporation chambers or rectification columns, for example sieve
plate columns, bubblecap plate columns, orderedly packed columns
or randomly packed columns.

Single stage distillation chambers, pure stripping column or
45 rectification columns with stripping and enriching sections can
be used here.



pl ate col ums, bubbl ecap plate colums, orderedly packed colums or !
random y packed columms. Single stage distillation chanbers, pure st r% BE@ ?1[]8
colum or 45 rectification colums with stripping and enriching sections
can be used here. 3 DEC 2004 3 In_,a preferred enbodi nent the vaporous
essentially ammoni a stream obt ai netl at the top of the distillation
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Chemi ca¥haectinid eglumgr incihndesvel re?tifyinyg \Welcdyjongd Sons, New York, 1979,
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& Sons, New York, 1979, pages 870-881, such as bubble columns or

absorption columns, for example sieve plate columns, bubblecap

plate columns, orderedly packed columns or randomly packed

columns.
25

It may be advantageous to carry out cooling between the

separating stages of the absorption column (b).

In a preferred embodiment column (a) may be equipped with a

30 rectifying section operated with a solvent (IV) as reflux.
Preferably the solvent (IV) should be essentially ammonia free.
Advantageously a portion of the solvent (II) loaded with ammonia
in the absorption stage may be used as reflux.

35 Advantageously solvent (II), solvent (IV) or both solvents are
water or, when the lactam is prepared from the corresponding
aminonitrile, the solvent used in this reaction.

In a preferred embodiment ammonia is removed from the column (b)
40 loaded solvent (II) by distillation or rectification in a
distillation apparatus (c).

The distillation apparatus (c) may be any customary single-stage
or multi-stage distillation apparatus, as described for example
45 in: Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd Ed.,
Vol. 7, John Wiley & Sons, New York, 1979, pages 870-881, such as
evaporation chambers or rectification columns, for example sieve



amnonitrile, the solvent used in this reaction. In a preferred enbodg Hﬁpfﬂ[}&
ammonia is renoved fromthe colum (b) 40 | oaded solvent (I1) by
distillation or rectification in a distillation apparatus (c). The
distillation apparatus (c) nay be any customary single-stage or

mul ti-stage distillation apparatus,4as described for exanple 45 in:
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Useful pressures for a compression stage are especially those
pressures under which ammonia is liquid at from 0 to 50°C. Such
temperatures may be provided in a technically simple manner by
cooling with river water or air for example.

25
Compression may be effected using conventional apparatuses, such
as turbo, piston, membrane or preferably liquid ring compressors.

In a preferred variant the compressing may be effected using a

30 liquid ring compreéssor, in which case this liquid ring compressor
may be charged with solvent (II), especially with ammonia-loaded
solvent (II) from the absorption stage.

The overflowing ligquid from the liquid ring compressor may be
35 partially or completely recycled to column (a) as reflux.

The process of the invention has the advantage in relation to the
distillative removal of ammonia from sclutions that include
lactam, especially caprolactam, and ammonia and that come from

40 the production of lactam by reaction of aminonitrile with water,
of preventing the formation of solids in the distillation column
which hinders continuous operation of the workup.

Comparative example
45



The overflowing liquid fromthe liquid ring conpressor may be 35 parztdﬁlzhm
or conpletely recycled to colum (a) as ref lux. The process of the
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col um was passed through the condenser w thout, however, condensing out
al | the gpappife empiemai ning vaporous ammoni a was taken off and the

| i quid condensate recycled to the colum as 25 reflux. Columm operation was

stabl e for several weeks. 30 35 40 .
The liquid reactor exit stream from the comparative example was

20 directed into the same column, but this column was operated at a
pressure of 5 bar absolute. The vapor stream from the top of the
column was passed through the condenser without, however,
condensing out all the ammonia. The remaining vaporous ammonia
was taken off and the liquid condensate recycled to the column as

25 reflux. Column operation was stable for several weeks.

30
35
40

45



45 3 DEC 2004 6 we claim 1. A process for distillative renoval of agnoni a
fromsolutions 5 (1) which include a | actam and anmoni a, which corrpaiﬂiéﬁﬂﬂf.
effecting said renmoval in a distillation apparatus (a) at an absolute
pressure of |less than 10 bar. 2. A process as claimed in claim1, wherein
said renmoval is 10 effected at an absolute pressure of |ess than 8 bar. 3.
A process as clained in claim1 or 2, wherein an essentially amonia
stream " €3dR&R:of f overhead in vaporous form 15 4. A process as cl ai ned
in any of clainms 1 to 3, wherein said distillation apparatus (a) is

gqu: pped .at A heokaBsWdh cﬁsttqqmégm@rré:@& dall BfV‘Qﬁuﬁé’hjfé)'fQBﬁ\eﬂélﬁut{h‘.%?ﬂsng a

oi li poi re a i.a_are. par r compl etely
conde%ed tgtIc;bpg?gﬁal%pn éentsaa#gg%?rﬁlr%&?fﬂ“@.m?\' g?%lcéeﬁsgmggré ST ned in claim
4, wherein SHEECtoRdcTRA FeMOVRL) 1R o2 (HEFdlatiPHARRATAtESn2hsBr dPak) into
t he separ at @bsoluye 2Bressukeppdcdess ashan didnbdrin any of claims 1 to 5,
wherein said vaporous essentially ammonia streamfromsaid distillation
appar at ys ( ' rs i S 1C0O . ' inaliquid
o ven: 2011 L E3c8% %ﬁ?&%%@%?a“(‘ﬁﬁ“id"i g ?, lﬁg‘éf@é?%ii% d

absorel& i on SEAREESPI kN FPER 3%%0?’59675“68) OEgIeRe sP8E-cl ai ned in
claim?7, wherein cooling takes place between the separating stages of said
absor beBd.(bRA p3bc8ss fapraedsedasn ctaimed iom apywidrecdimiansedsémti®llwher ei n

said distilamabhod SPRAMMLEES thRen i It RS haalech i Fagdrdugeebi®n oper at ed
with a solvent (1V) as ref lux. 40 10. A process as clainmed in claim9,

wher el n4$ai sol vent\ﬂ({l \é) .S dessent i agf\é a.r.n"rt)njsat‘r free . 11 .A process as
clai M8d %' & BERFESS \itfer ™89 pdt 1 10h Ot C8iH° Lot e YRFFSLR with
anmoni a i n $aP81AbRBIoH iAPRarstuseth) 45 g9uipped pt the top with a

condenser (ak) in which components having a boiling point

higher than that of ammonia are partly or completely

condensed to obtain a condensate (III).

20
5. A process as claimed in claim 4, wherein said condensate
{III) is recycled from said condenser (ak) into the separator

{a).

25 6. A process as claimed in any of claims 1 to 5, wherein said
vaporous essentially ammonia stream from said distillation
apparatus (a) or said condenser (ak) is condensed by
absorption in a liquid solvent (II).

30 7. A process as claimed in claim 6, wherein said absorption
takes place in an absorber (b).

8. A process as claimed in claim 7, wherein cooling takes place
between the separating stages of said absorber (b).
35
9. & process as claimed in any of claims 1 to 8, wherein said
distillation apparatus (a) includes a rectifying section
operated with a solvent (IV) as reflux.

40 10. A process as claimed in claim 9, wherein said solvent (IV) is
essentially ammonia free.

11. A process as claimed in claim 9, wherein a portion of said
solvent (II) loaded with ammonia in said absorption is used
a5 as reflux,



3 DEC 2004 7 12. A process as clainmed in any of clains 1 to 11, V\/neg%irl:rg 00
said solvent (Il1) or said solvent (IV) is water. 13. A process as clai &
in any of claims | to 12, wherein said 5 solvent (Il) or said solvent (IV)
is the sane solvent as used in the,production of the lactamfromthe
correspondin amnonitrile, 14. A process as claimed in any of clains 1 to
13, wherbn A RYos8f8nts F52iefod8dapy otd Shiad™Eodded S We%q‘lﬁa%
distillationsaivenéct{ LT) cent isaid sodvenst {IVW)atisowatapparatus (c). 15. A
process as clainmed in claim 14, wherein a single 15 evaporation stage is

used i nsf pady qfr kg Qgsé%u@d U0 aAPRSE AdSnbC) £ 012 A 0627 Sy C! ai ed

in any_of clai er.e v.apor.ous. essent'i al nmoni a stream
from i d diSHhver .tﬁmz%faﬁpadﬁfréﬁig (0 45 BnE cree, L vERR) a7 dised
conpressed akd Yher Produskicmms éhel ya@Wéﬁgéldthqwowem@@ésg%s claimed in
claim16, wherimioniarpbetfi on of said condensed streamis recycled as ref
lux into sai d distillation 25 apparatus (a) for a flash evaporation with

corresp pf%%%' gngs Oéléﬂn%dr ‘:’LB' EB&(/S&{ %%%méS %Wﬁ%ﬁr@%nc' ai med in

any of C al ns ammonl a stream

from3%id didmIAnat ilﬁnre‘%’%?pﬁéf"’at B3¢ al)oa(SIPdsﬁP tvedh ePY(ak) is
conpressed ahigtddBebyoemd rastddassbiomsinclaaddetilatiop of clains 6 to 15.
19. A procesfppasathai (&d. in any of clainms 16 to 18, wherein said
conpressing of said essentially ammonia streamis effected 35 using a

L aui 9 (109 CUILEIOL, PuBPiAcEreuRs ! AhIESA T, A AdNe22 [sicl, wherein

proce¥¥ as cﬁ"é’iﬂ?é’&ti‘ﬂna?ﬁ)aﬁ l@l Hﬁﬁ% lln*"t"r?afo"fmﬁ%?‘%lqll%’%ﬁl&a F9Rtamis
caprol act amappgratus (c}.

16. A process as claimed in any of claims 1 to 5, wherein said
vaporous essentially ammonia stream from said distillation
20 apparatus {a) or said condenser (ak) is compressed and partly
or completely condensed.

17. A process as claimed in claim 16, wherein a portion of said
condensed stream is recycled as reflux into said distillation
25 apparatus (a) for a flash evaporation with corresponding
cooling of the reflux stream.

18. A process as claimed in any of claims 1 to 5, wherein said
vaporous essentially ammonia stream from said distillation

30 apparatus (a).or said condenser (ak) is compressed and
subsequently processed as claimed in any of claims 6 to 15.

19. A process as claimed in any of claims 16 to 18, wherein said
compressing of said essentially ammonia stream is effected

35 using a liquid ring compressor.

20. A process as claimed in claim 22 [sic}, wherein said liquid
ring compressor is charged with said solvent (II).

40 21. A process as claimed in any of claims 1 to 20, wherein said
lactam is caprolactam.

45




