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PROCESS FOR THE PREPARATICN oF A NIXTURE CF [ err] - CAPROLACTAM
6- AM NQCAPRO C ACI D AND o . 6- AM NOCAPRO C AM DE 10
The invention revatosgots a: process for the , preparation of PcHNgotsPOT
[err]-caprolactam 6- . am nocaproic-acid and 6-am nocaproic am de by
heatlng -~ an aqueous mi xture contalnlng amoni a and ol i goner s- of

6-am nocaproi c acid and/or of 6-am nocaproic anmide. 15

JP-B- 72010715 describes a process for the preparatlon of

[err]- caprolactan1by heatlng 6- an1nocapr0|c aC|d and/ or 6-ani nocaproic
amde i.n water ¢ n the OSE MMk e B b 2 B2 anepper at ure
bet ween 200[ err] C and 380] e - caprol act am
is 20. isolated fromthe reeters '

distillation. After the isolation 0§=ANENGGARS AMTE aprolactanl t he
extraction or distillation residue - still cont ai ns unreacted

6- am nocaproi c acid and/ or 6- "~ ami nocaproi c am de and bligoners of
these two 25 conpounds. These oligoners of 6-am nocaproic acid and/ or

6- anmi nocapr oi ciani de are forThed ldwentdonheelates dychi pavcess riawtihen of
T SRCEPT™! S 2o, ARt or a MREO0RRE Y oicrkar giam o, Carelc
_ pracess that resul in a méin
yield of [err]- capPGﬁ&EFﬁPr?% e M&PPFCG‘W%M o ARAAE HPY nhea
an aguecus mixture'co:taining ammonia and oligomers: of
6-aminocaproic acid and/or of 6—-aminocaproic amide.
15 - JP-B~72010715 describes a process for the
~ preparation of g~caprolactam by heating: 6—aminocap:oic
_acid and/or 6-aminocaproic amide in water in the
p:esance_of 5-30 wt.% ammonia at a temperatu:e ‘between '
200°C and 380°C. Aftér the zeaction'e—cap:olactgm is -
20 isolated from the reaction mixture through extraction.

' or distillation. After the isolation of the &-
caprolaétam,.the extraction or distillation residue
still contains unreacted 6—aminocaproic acid and/or 6~
amznocaproic amide and’ bligomers of these two

25 -compounds. These oligams:s of 6-aminocaproic acigd
and/or 6~aminocaproic amide are formed during the: _
cyclisation reaction'offs—aminocaproic.aci&'and/oz=6—_ -
aminocaproic amide. For example, Example 1 of JP-B~
72010715 discloses a process that results in afhigh

30 yield of e-caprolactam at 380°C in combination with an
ammonia concentration of 28 wt.%. This high yield is

' achieved when the aforementioned agueous: extraction or
~ distillation residuey-containing the oligomers .of .6~
aminocaproic acid and/br G-aminocaproic;amide; is
35 recirculated to the reactor. '

A drawback of this known process is that the
total yield of e-caprolactam, 6-aminocaproic.acid and
6-aminocaproic amide relative to the oligomer substrate
of the latter two compounds is low. In a process for



anmoni a concentration of 28 wt. % This high yield is achi eved wheh the

~aforementi oned aqueous extract i on or ~ distillation residue, contai ni ng

- the oligoners of 6- am nocapr oi ¢ aC| d and/ or 6-am nocaproic amde, is -
35 recircul at%?o' .}],e react or. . A drawback Obct/RLSM6mIVWN
process is tha e total yiel d of [err] caprol actam 6-am nocaproic
acid and - 6-am nocapr0| c amde relative2to the oligoner substrate
of the latter two corrpounds S Iow In a process for WO 97/ 30974
PCT/ NL97/ 00057 -2- - the preparation
of [err]-caprolactam the conmpounds 6- . am nocapror c.acid and

6-am nocaproi ¢ ade 2682094 1 nge% uc @tf;?d{ﬁ-f'd gds is known
- these npghhdg ga g 1on verte é€¥%§a€§%' £ﬁe rollactamwith a 5 high
yield. These conﬁ&iﬁ&§a§|‘eiﬁl §61Qrﬂﬁﬁr Graminqcppr e’ D192k BAtor ecur sors.
- A further dramba@:lnd@%itrbﬂs;:rodukmmmms- ias ﬁ.haknown hastheasen f ound t hat

e i velual Y QLnaaler EhnCRE” AseARY P Lk B AU ikn o

_relatrvely poor, ecause snmall anount
formed in thi8 prbé@é’si’le £.i Thapefcompqounds arer apgp F%%sﬁsblf@ to remove

these byproducts cape@ilttam préfiutsofsP X AnitdFrpacaWbickisRARisAS a

result, the ultinate nl\mm@reggu% Eﬁgpo}t %AJ%%%nOEBﬁHdtw lh__,al scale as a

raw mat eri al invention is
a process : qual:.ty of the e-caprolactam ultimately obtaxned is

relatively poor, probably because small amounts of
10 byproducts are formed in this process. It is difficult,
if not impossible, to remove these byproducts from the
e~caprolactam product stream. As a result, the ultimate
product cannot be used'on an industrial scale as a raw
| material for Nylon—6. ' ' _ ' '
15 The object of the invention is a process
according to which the oligomers described above can be
' converted into e-caprolactam, G-aminocapfoic acid and
- 6-aminocaproic amide with a high yield. '
- Phis object is achieved with the process
20 according'to the invention because the aqﬁeous mixture
contains 0.5-7 wt.% of equivalent ammonia (calculated
" as NH,) and the tempe:ature lies between 280°C and
* 330°C, in which by “"equivalent ammonia" is meant free
ammonia and ammonia present in the form of a terminal
25 amide group of one of the compounds present in the
aqueous mixture.

It has been found that with the process
according to the invention the amount of byproducts in
the e-caprolactam product stream is considerably and

30 signifcantly smaller than that which is obtained with
the process according to the state of the art.

An advantage of the process according to the
invéntion'iS'that a high yield of e—-caprolactam and g—
caprolactam precursors can be’ obta1ned. Ancther '

35 advantage of the process according to the invention is
that e-—-caprolactam with high purity can be obtained. A



according to which the ol i goners described above can be converted into .

[err]-caprolactam 6-am nocaproic acid and “6-am nocaproic amde with a.
high yield. . : - .This object .is achieved with the process 20
according to thUW)mmmMM|on because the aqueous mixture c OREHNRE7/09053_ 7
wt . % of eqU|vaIent ammoni'a (cal cul at ed qi NH[err]) and the. tenperature
i es between 280[err] C and © 330C, in whic "equi val ent ammoni a" is
-meant free ammoni.a and anmoni a present in the formof a termnal 25

am de group of one of the conpounds present -in the aqueous m xture.

I't has. been found that with the process. according to the |nvent|on the

~amount of byproductarither advahtagerof -idaprmdoreszsmapcodding Ssto ethe i S

consi derably and 3Q.39kheap! anér@ké & ddib eanBEGL: Lon Offf Aad W LD

the process according to antage

of the process accOVEFAdlt 8mPHBE of -e7¢ARRAkaGtam apd Ee-GeRr J}prghan d of

"E-caprol actam and [pelechrsors isapebatitely tricyhur Whea thea biglodt ainmehia

Another 35 advgnt %%c%kttrﬁ%ﬁaaﬁcsfsq—ﬁwﬁ%ﬁfso 2EBCubONCY | i

t hat [err]-caprola%%am\m urity can bt ai

97/ 30974 : peC, a 31gglf cantly lower rpefﬁﬁggqﬁoﬁtﬁﬁprolactam

[err]- caprolactan1a

-3- furt herlsad:mﬁagd.oa high i reeisiom oforeeicagr bbat tam prasentsnt |.on
is that the [err]- % i %gg&ré A0 ddhiflt amoud¥ehE!l-GiBiadtam

pro act am
‘precursors has to be converted into e-caprolactam in

10 subseguent steps. This means that process equxpment of
a smaller scale can be used.
' US-A—3485821 describes a process for the
preparation of a—cap:olactam in which 6—aminocaproic
" acid is cyclised in .an agueous.l wt.% -ammonia solution
15 at a temperature of 260°C in the.absencefof oligomers.
US-A-3485821 further discloses that higher yields of e-
caprolactam can be obtainsd-at,the'same=tamperatufe_
'(260°C) if no ammonia is present. However, thié-patent
. does not describe the reaction of oligomers of 6— |
20 aminocaproic acid .into e—caprolactam and. 6—aminocapr01c
acid in the presence of :(equivalent) .ammonia. o
US—-A-4730040 describes that a cyclzsation
react1on of 6-aminocaproic acid must be carried ocut in
water in the absence of ammonia because otherwise the
25 yieid of g-caprolactam is adversely affected. This
- patent does hence not describe the reaction of
oligomers of 6-aminocaproic acid in the presence .of
ammonia into e-caprolactam and 6-aminocaproic acid.
' Suitable oligomers according to the present
30 invention are a mixture -of linear oligomers of 6-
‘aminocaproic acid, linear oligomers of.G—aminocapioic-
amide and/or cyclic oligomers of same. The linear
olzgomers of G—aminocaprozc acid can be représented by
the general formula H[NH(CH,)sCO},0H, where n generally
35 corresponds to a number between 2 and 10 inclusive. The
linear oligomers of 64aminocaproic amide can be



precursors is relatively high. Wen the higher anmonia 5 concentrations of
JP-B- 72010715 are used at 280[err]C— - - 330[err]C, a significantly |ower .

fraction of [err]-capr

ol actam is obtained: A high fraction of

[err]-caprol agyg@smeRsents =~ the advantage that a smaller POTNLITEST
- [err]-caprolactam -

- in 10 subsequent steps. This neans that précess equi pnent of a smaller -
. scal e can be used:

preparatlon of [err]- caprolactanlln whi ch 6- am nocaproic acid is

cyclised in an aqueous.

“precursors has to be converted into [err]-caprol actam
US- A- 3485821 describes a process for. the

.% anmoni a solution 15 at a tenperature of

Chat i gher yi of dORRORRY %]fd B 980 Gdnoeny SetubiaBTREIC GO o0 oses

actamcan b
tenperature . (RH®R ]QGPGFP'lﬂle S eIRPY egeﬁf"“g%m%%"é‘fee’f H @9%4ht ent
does not descri bem hd nedastiven Mbsel ogbmesrsnfar@- difleranand capinews.aci d

(equi val ent) anmoni a.

e sSane

into [err]- caprolactanland h f
- o e BRAEPER 2 sgomghy ol b gl 2 ©

cyclisation 5 MRRUL WSMeGaAINBEERPETF - MG -dndbf BEOVAF P%d out in
water. in the abseiciRydderdmi@niganeeadlgelosderhamsact e .85 iyeﬁéthmfy

describe the rea

~Lerr]-caprol act b LT S tfi*a"erl%e'wﬁé &f Lﬁﬁtﬁg tyesferablgaiggg E'R& %ﬁ‘i not .

ol goners rolic aCI

presence of anmoni a i ntARMRALR] %Hp?ﬁl%@%ﬁnt&n&% amlﬁ‘a‘éﬁp‘Fb’F%“%ﬁsl d.
Sui t abl e ol.i gonergr apE il @ rieadyhBeppeesett Ah a meastion mistwren xture of

6- am hocaproic

Linear ol igoggrs &hcﬁn h also %Fn’%%‘iiBr Bhffgﬁrﬁé{js df %Qgﬁni%hﬂsﬁfﬁié é’é;d

ol i gomers of 6- enﬁ#ﬂ%ﬁﬁnﬁﬂﬁ?kﬁHQ§Péaﬁcbé“%@%ré?ﬁﬁﬁé&db9n a Pfﬂ%iﬁ%%eral
formul a H NH(CH ep¥ddd#d rdedd.[ err] OH, where n generally 35 corresponds to

a number between 2 and 10 igfjc] UsioVi@e -'o_Ee(equiHl'B‘?ﬁ:r) ghhggggr§n0{he

6- an1nocapr0|c am de can be

~ aqueous mixture according to the invention is between
15 0.5 and 7 wt.% of equivalent ammonia (calculated as '

NH,). The term “equivalent ammonia™ means free ammonia

and ammonia present in fhe form of a terminal amide

group

of one of the compounds present in the agueous

mixture. The“cbmpound;containing a terminal amide group
20 is generally for the greater part 6~aminocaproic amide.

Other

compounds containing a terminal amide group, are

oligomers of 6~aminocaproic amide, for example.
"H,N(CH,)sC(0O)NH(CH,)sC(O)NH, (duner) and
_H,N(CH,),C(O)NH(CH,),C(O)NH(CH,),C(O)NH, {(trimer). The

25 nmolar

amount of equivalent ammonia is generally the sum

of the molar amount of free ammonia and generally the

molar

amount of compounds containing one terminal amide

group. For example one mol of a dimer of 6—aminocaproic

amide

,equals-one mol equivalent ammonia. One mol of a '

30 compound containing two terminal amide groups

represents two moles equivalent ammonia. The wt.% of
 equivalent ammonia can now be calculated starting from

the molar amount of equivalent ammonia using the

molecular weight of NH,. o

.35

- Because of the'presence of equivalent ammonza

the amount of t-caprolactam and the t-caprolactam
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represented by the general formula H[NH(CH[err])[err]CC][err]NH[err]

where n generally corresponds to a nunber between 2 and - 10,. |ncIu5|ve
Most ol i gonmers gfpoflesar s and trimers. ' The anDUPCT/NEIT/00057
oligomers in the agueous 5 mixture generally exceeds 1 wt. % The anount of
oligomers is generally less than 20 wt.% preferably | ess than 10 wt. %
- and nost preferably. | ess than 7 wt. % ~ Anmoni a may be added
to the aqueous m xture ~or it may al ready be present in a reaction

m )d}urEG 10 which also contai'ns oligomers of 6-am.nocaproic acid :

and/ or am nocapr Qi_c t e I :

The amount. .of (equﬁfﬁcglp %?s QH Eh& fie%%tforpﬁ\ftﬁggus %aﬁﬁ?ﬁéiicn?gﬁs:d o
the invention is béthﬁe@m%tOOS aﬁaivamn%wm 8| BRELSTARAY £ho :

(cal cul ated as_ dﬂ*[ber W) 1o¥hast P68 LBTel VEiiant samecaiad bieduss fyesm
- and a e
“of one -of the conp prg@e%e' Erg{g&é&ré& Y-Agrendtah 84106 totdll OUP

ueous m_Xture. The coq%&und

_containing a teﬁm mom ®E grsapreéacremge%r%qayr%?c{% Bresisge
6- ani nocaproi ¢ ani de.e., 6-andndeapcotponcild aml)icx G-apiaotapreic|amideale

~group, are- oligo G- ami

-Herr]N(CH err] )[er%%%ﬁ%{&g SHe ]n? err?%ﬁwnﬂ% oﬁééﬁﬁ:@tmn

"Herr] N(CH err]) [ erijayegaeq- PRRLEA} PRE GIGRAT £ F?P F 'ft?'b)%ﬁ[err]
(trimer). The 25 rgydéferdBlynichobeatbVBe clévwearTENam 3i stgtneral |y the sum

~of the mol ar gBunt of free %ﬁgpgqﬁigg§eg§n§ﬁﬁgdﬁéIQ#?centraQP ﬁfcéﬁnﬁlgo(ﬁ

conmpounds cont arni ng one ternnal exa pol  of
‘a diner of 6-am no@sprhﬁat at angfogebequeht %ethﬂ)ldeé&tEWaT'% ?ea‘n%‘m% ne
ol of a - the above general and preferred ranges by adding
ammonia or by :emqvinq ammonia, for example -by
‘stripping. - '
is ' A preferred embodiment of the process -

according to the invention is a process in which the
equivalentfammonia is .present as GfamiﬁocaproiCsamide,
This is advantageous because it is then not necessary
to add free ammonia separately.

20 ‘ Without limiting ourselves to the following
theory, we expect that a.large portion of the free
ammonia is bound as amide compounds :and ‘that ithe
increased presence of these compounds, such as 6-
aminocaprdic amide, and of any residual'free-NH3 is

25 responsible for the favourable effect according to the
invention. It has been found that the -favourable effect
according to the invention is achieved with the )
presence of between 5 and 40 wt.% G—aminOcab:oic-amide.-'
Most preferably, the G—aminocaproic amide concentration

30 of the aqueous mixture is between 8 and 20 wt.%. '

In the process according to the invention 6-
aminocapro1c_acid may also be added to the agueous
mixture. The concentration of :6-aminocaproic acid in
'the aqueous mixture is preferably between 2 and 15

35 wt.%. - | |

' 'In the process according to the invention e-



30 conpound containing two termnal anide groups represents two nol es

.equi val ent ‘ammoni a. The wt. @6of equi val ent amoni a can now be

‘calcul ated starting from ‘the nolar anmpunt of equival ent amoni a u5|ng
the ° ol eayb@4zeeei ght of NH[err] 35 - Because

presence of equival ent amoni a the anount of [err]- caprolactan1and the
[err]-caprol actam : WO 97/ 30974 -6 - '
.PCT/ NL97/ 00057 : - -5- pr ecursors in the
reacti on m xture -appears to i ncrease. The amount of equival ent ammoni a
is preferably chosen to be as Iom1as possible. This is because it has

been found th@i *ﬁéfﬂrmb n QLo[ﬁér;zi@%P ‘{Ha?rc]%te hgoagemia%ure

anount of [err]- tam.an err] ursors
‘6-:ami nocapr oi c ad?QPeﬁﬂﬂ?ﬁnq§@§ﬁpﬁoeﬁpFB?cszﬁﬂﬂﬁ91a°ta&eéPeEb%saQBeQm%
equi'val ent amonimixionoerts grieferablyi betweae . 1Taadegoi welept amoni a

concentration is pref er,ﬁ,xtél ¥aggg§gna£&$§d&>v&r trhga ? ﬁ%iggﬁq‘iiﬂ

The equi val ent .ammoni a concent Qﬁought
to the desired vaarrRlifd With partisudps edvankaad u&nagpaafequequsanges by

2dd| n? darrgmmﬁuﬂyfdmmag 1ANh 0Pt Svidd ;.ét)b%@%lsesla&p. whéki ppi ng. 15
preferred enbo EEHI t ceordin _ nventjon is a
process in which & aelq%%\? I gré?%%ﬁﬁ% ?%‘Egﬁrseg’gn? 35'18°5ﬂ?ﬁ%’c%pr0| c

anm de, : - amide’ and/o: 6—aminocaproic acid, preferably also 6-

- aminocaproic amide, and optionally s-aminocap:oic ‘acid
'10 and/or g—-caprolactam. The aqueous mixture containing
" the above oligomers, e-caprolactam, 6—aminocaproic acid
and/or 6-aminocaproic amide can for example be obtained
through reductive amination of S-formylvaleric- acid or
| its ester. ' | S
18 0 . Thegconcentration of the above oligomers and
6-aminocaproic amide and optionally 6—aminocaprocic acid
. and/or e—caprolactam is preferably between 10 and 40
wt.%. Most preferably .this concentration is higher than
:, 15 wt.%. These-high caqcent:atigns are advantagebus in
20 a commercial process because then process equipment of
a smaller scale is needed. which results in lower
investment costs. : '

The pressure of the c¢yclisation génerally
should be the same as or higher than the equilibrium

25 pressure of the liquid reaction mixture at the applied
temperature. The pressure should be such that the
reaction mixture in the process according to the
invention is obtained as a liquid.

‘The cycllsatlon can be carried out batchwise

30 or in a continuocus process. '

‘In a commercial process the reactionm is
preferably_carriéd-out in continuous mode in a suitable
reactor. Examples of suitable reactors are tube
reactors, continudusly'mixed reactors or several mixed

35 reactors 1n series.

' After the raaction, in which a reaction.



_Thi s i's advant ageous because It is then not necessary to add free

ammoni a separately. 20 : Wthout l'imting ourselves to the
| follow ng theory,_we expect that a large portion of the free -
anmoni a i s bounsvassesisde conpounds and that the i ncr eas e PEOVIIEIRE7 of
these conpounds, such as 6- "~ ami nocaproic .anide, and of -any residual
free NHerr] is 25 responsible for the favodféble ef fect according to the
“invention. It has been found that the favourable effect according to
the invention is achieved with the ‘presence of between 5 and 40 wt. %
6- am nocaproi ¢ am de. Most preferably, the 6-aminocaproic anide

~concentration 30 gfixthe cagiealsnnixtaprol & tant \iseob8a tmeld 20t &%

- In the process accordin th nyen d may
" al so be added to tf&P 5&3@83&“ 8ah ﬁgx{%ééyé;ﬁﬁaWﬁén%ghﬁfaggg A%EHH g
6- ami-nocapr oi ¢ aci dechnigue kpewaqteowspessanskildeg, éFeF%I%F%et ween 2 and

15 35 w.% Examples ofshil€ablecsspanaiwnliteghhiqude areention
[err]-- ?D 97/% A&iisatlon {vacuum) distillation and e raction.
PCT/ NL97/ 00057 5 S%¥ ‘ At 3 psagtion.

al so be added tC)tIﬁ;aﬁyﬂahkyonﬁxFGP§°1aCtaNWk§(ﬂﬂﬂﬂéﬁﬁ?ﬂtpﬁne%ﬁ‘§9ﬁ}°n :
-s-caprol actam i n t hgs 3{4/eR1Drganifl sktf&ct SopjetitabExaipl e eot (suli tarbd 20

0
e i th part R B RRHERGRIAE, Hiolsd gL AR nsar 48, ©
cyclohexane, chlorofo:m, to uene, benzene,
10 tetrachloroethane. and trichloroethene. Preferred
extraction agents are (cyclic) aliphatic organic:
compounds havihg one or. mnré-hydroxy groups-which{are |
liquid under the extraction conditions and '
subatantially immiscible with water. Such (poly)
15 alcohols have preferably 5-12 carbon atoms. These
extraction agents are preferred because they have a
' better extraction efficiency than the chlorinated
drganiq.compounds as described above. These extraction
_ agents are furthermore p:eferred'because-their use does
.20 not result in any environmental objections. Preferably
' one or two and more preferably only one hydroxy .group
is present. Examples of compounds having two -hydroxy -
groups are hexanediol, nonanediol, neopentylglycel,
methyl-methylpropanediol,{ethyl-methyipropdnedibi or
25 butyl-methylpropanediol. Examples of compounds having
" one hydroxy group are cyclohexanol, 4-methyl-2-
pentanol, 2-ethyl-l-hexanol, 2-propyl-l-heptanol, .n—
octanol, iso-nonylalcohol, n-decylalcehol -and mixtures
of linear and branched .Cy—-alcohols, mixtures of linear
30 ‘and branched Cy—-alcohols and mixtures of linear and
" branched C;o—alcohols. Mixtures of the above mentioned
alcohols can also be used. ' _
o If e-caprolactam is recovered through .
distillation, it is preferable that not all of -the e-
35 caprolactam is separated from the reaction mixture. It
has been found that if the distillation residue



m xture obtained in a previ ous process step, which - m xture already
contai ns ol igoners of 6-am nocaproic am de and/ or 6-am nocaproic acid,
preferably also 6- - ° am nocaproic amide, and optionally 6-am nocaproic

acid 10 and/owbbegg$4caprolactan1 The aqueous mi xt-ure cont aiptirALe7ecost he '

.above ollgoners [err]-caprol actam 6-am nocaproic acid and/ or

6-am nocaproi ¢ am de can for exanple be obt & ned t hrough reductive
am nation of 5-fornylvaleric acid or - its.ester. 15 .- The

~concentration of the above oligoners and 6- am nocaproi c ami de and -

optionally 6-am nocaproic acid - and/or e-caprolactamis preferably

bet ween 10 and 40 % t apky. .t tration.is higher
than = 15 wt. % %%Fayﬁ% ﬁN%%%C§%§%§%|§ﬁseé$g éﬁVa&%& eghg °1£§€Feé%
commer ci al proces%ﬁtﬁxﬁﬂﬁ&9QQHﬁ?1ﬁrBEégs3@Gﬁﬁiﬂﬁﬁﬂmkﬂ°capr°a°sﬁﬁiﬂerW%%hle is
needed, mhich_resnéss easilymaulxdifynv&hbn&nstilmaﬁion residue The
pressure of the %E?ﬁfyléga%%&iglﬁeﬁ“°?§r§“%ﬁh e gS@ne. as or hi gher

t han t he eqU|I|br ressure of I qui reactlon nlxture at the

‘applied SpeFMRIRACEAR pressure shoul d be such that the reaction
‘m xture in the proceéss accamb @istdliBeion résvdud ifron thebtaasedons a

‘reaction is ﬁ?hﬁ%ﬂ%ﬁﬂ%ﬁ%ﬂmﬁﬁsédcGGFaFH %@#ﬂ¢?ﬂﬂﬁﬁ$eﬁne

L1 quid. mixturerhec&%(\ali'ﬁibi Qnsﬁ.?fl bfm&?ﬂl{ 'oef.d -HEngg gg\n?se 30 _or '

in a continuous proce Therc al g :
lgpamersyi eabl e

‘reactor. Exanpl eSa@in&hﬁﬁﬁlcﬁﬁdiﬂchﬁﬁssaéﬁiiwéwprom lA@ddeQr S, continuously
moxed reactong, or severa r%éeF{GQSEgrézﬁg'é?ﬁh%?inwent1on can be

After the reaction, in whi ch a*reac
: _ _used with particular advantage in a process for the

preparation of e-caprolactam in which g-caprolactam is
separated from the aqueous reaction mixture, and in
which the thus obtained sécaprolactam—pocr mixture
15, which mixture contains at least an amount of non-
converted oligomers, :6—aminocaproic acid and 6-
aminocaproic amide, is reused in the p:oceés according
to the invention. It has been found that if this '
~recirculation is applied.,. the process according to the
20  invention can be carried out so as to result in a .
"gignificantly high yield of e—caprolactam of almost
100%. . . o
This embodlment of the invention is
preferably carrled out in continuous mode. _
25 " The invention will be further elucidated by
‘means of the non-limiting examples given below.
' The following abbreviations will be used: 6-
ACA = 6-aminocaproic acid, 6-ACAM = 6-aminocaproic
amide and CAP = e—caprolacﬁam. 'Mol oligomers’ is
30 underétcbd'to be tha‘equivelent g-caprolactam
~ concentration in mol, whichecan hypothetically be
formed by that amount of oligomers.
In the examples the monomer yield.(mol.%f is
calculated as follows: the totél of the amounts (in
35 mdl)'of 6-ACA, 6~ACAM and CAP present in the mixture
that leaves the reactor is divided by the total of the



WO 97/ 30974 ' PCT/ NL97/ 00057

- T- m xture rich in [err] caprol actamis obtained, the [err]-
'caprol actam can be recovered using any separation t echni gue known to a
persodn skilled- Woonses7art. - Exanpl es of ‘suitabl e separati onPCENET00MSRS
are 5 crystallisation, (vacuun) distillati on and extraction.

Preferably, [err]- caprol actamis separated 'by extraction . using an
organi c .extraction agent. Exanples of suitable organi.c extraction’
agents are nethyl ene chloride, cycl ohexane, chloroform tol uene,
‘benzene, 10 tetrachloroethane and trichloroethene. Preferred

‘extraction agents amfun®ec!(iie) manopaﬁts-eacx,gmmm, cmom%mlﬁg&mumg one

“or nore hydroxy grqQu d

condi tions and - %Pausg‘é{éaﬁg g%?ymf‘ﬁ’# %q%#aq: G ?gr%%u ‘ffp&(")% ’y)

al cohol s have pref &igwne §s1thear Buht ipbied bﬁhé@@%- extraction agents
~are preferred. because they tavena exampil@éttﬁfe ercagebmat&ﬁfypém\cy t han

t he chlori nat ed r gani ri o] esg e actlon
‘agents are furt Rer n‘(ﬁog' %r efi(eér r%gg@ggggég gst‘ he °&ﬁ ﬁ}s?se' 5%83*23“’5& F’f%s&%lt
-any environnent al dtﬁ@c‘tqu’laPFéﬂePEbﬁ?nt m té\@eméfxt!lm bRt gaves the .
ﬂreferafl y ﬁnljy on&&w&xm.e.gawmded by | h@ Rl ofE&aEpéﬁGuﬁsCPImlﬁru’{lQS -
avi ng two hydroxy n o] e ep gl yco
met hyl - met hyl pr opane%ll ol Ae’t ?% gg&n"leld‘groﬁ%%g? gggsenp getrﬁé/
but yl - et hyl propané@ﬁ’!ﬁurE&AMI é§ GPdCWpthm@?imrngThls £ bgner ¢yl dhen -
.group are cycl gpexanpleighied byl 180%. pent anol ,- 2-et hyl - 1- hexanol ,
. 2-propyl -1-heptanol, n- g?‘ ctanaol . i so:non | al cohol and

al_cohol ,
m Xt ures of linear and n%ﬁ'éﬁb'éf e'H’ft"’a ecc?r?o%logle'rrf%ﬁfé{ 9f 1inear
30 and branched C[zgaqtigngistyranwenexangivsesd usingar amang othehr anched

err]-al cohol's. Medetifinids,! RPLEDQMEgHRPEdSHiR%. 1iquid chromatography),
' . GLC (gas liquid chromatography), GPC (gel:permeation
'15.--chromatography)_and*NMR {nuclear magnetic resonance).

' ' An aqueous mixtura containing 0.03 wt.% 6—
_ amxnocaproxc acid, 0.39 wt_% g—-caprolactam, 0. 5 wt. %
20 oligomers and 6 wt.% NH, was fed to.a cyclisation
. reactor. The cyclisationareactor_wasua_COntihuously'
mixed reactor with a volume of 2 1. The reactor's-
' temperature was kept -at a constant value of 290°C with
the aid of an oil bath. The pressure was 10 MPa. After
25 a residence time of 60 min. the monomer yield (one
passage) was 95.8 mol. % and the e—caprolactam yield was
77.1 mol.%. '

- Comparative Experiment A
0 ' -~ Example I was repeated, only now ‘the .aqueous
mixture contained 0 wt.% NH,. The monomer yield was
91.0 mol.% and the t-caproiact,am’ yield was 83.6 mol.%

_ Example II o :
35 : . An aqueous mixture contain:.ng 22,1 wt.%
organic components, which 22.1 wt.% comprises: 14.2



~al cohol s can al so be used. | If [err]-caprolactamis :
. recovered through . distillation, it is preferable that not all of the
[err]- 35 caprolactamis separated fromthe reaction mxture. It - has .

been found thall dhedpie distillation residue WO 97/ 30 Se4/NLe7, :
1000:
PCT/NL97/0005§k’ - contains a small anount of [err]- caprolactan$7the

ol i goners - of 6-ami nocaproic acid and~or06-amni nocaproi c ami-de wl |
| ess easily solidify. The distillation residue . pref erably contains
between 5 and 50 wt.% [err]- 5 caprol actam ' ' - - The

distiLIatLon_residue fromthe reactlon m xture, containing a snalll
anmount” of [err]-ca grolactanl us aI alsg %o tai.n nonf%onverted

z V
ol i goners, 6- Hﬁnécﬁﬁ?ﬁ?ﬁaE&P{Fzﬂﬁf E i B -aRRps 2P
The process accomdiide,t 83t Bemohyent+caprdachem andutedd walh%parti cul ar

~advantage in a pgQ r i
Btber SR ag%ﬁ.eie {H8 foa X RAHANLONSOMOBE £d é?féﬁrrdl'i%féﬁtaﬁhl n

: . tamrs. separat ed, f e a t|on xt .
~and in whi ch TeREEPRLBE 0Bt EFREF TR 19 df jé% /&Péﬂfﬁv‘? TR V\Er gh
m Xt ure cont aéns thie kfasemant bonedtcempounds) . 85c9ﬁh@ﬂte&ﬁb°ut ° 715

~oligomers, : 6-am “124%%:9 el d &D&'tﬁlatxo@@e%qaaar @b@ea:saﬂan lanar guged in
t he process accor to the |nve hat Lf this

recircul ation i s S(H% IeEZOtYEF?NQﬁﬂﬂs 58r5kﬁg°¥%}{%é¥1 foulﬁ&%ﬁflo ®can be

carrled out SO aa tmtadswoift 11dlag/hour of product mixture (21.8 wt.%
products) was fed to the cyclisation reactor (249

© 10 g/hour es-caprolactam, g—caprolactam precursors and
‘oligomers and 892 g/hour H,0). '

_ The cyclisation was carried eut in a tube
reactor at a constant temperature of 300°C (with the

_ aid of an oil bath), a pressure of 10 MPa and a

15 residence time of about 30 min.
' After cooling and reduction of the pressure
the effluent of the cyclisation reactor was analysed.
The mixture'contained 0.5 mol.% e-caprolactam, 10.8
mol % G—ACA(M) and 18.7 mol.% oligomers.

20 : T The cyclisation effluent mixture was fed, in
continuous mode, to 2 vacuum distillation columns
‘placed in series. Tn the first column the solvent (H,0)
was removed. In the second column e~-caprolactam was
'isolated ‘at a rate of 150 g/hour (1.33 mol/hour).

- 25 . The distillation residue obtained as the
~bottom flow in the second distillation column
{(containing about 0.715.mei/hour g-caprolactam, £-
caprolactam precursors and oligomers) was recirculated

~ in continuous mode to the cyclisation reactor (see
30 above) at a rate of 85 g/hour. |

- | ' So a 100% yield of e-caprolactam could be
obtained by recirculating the'distillation residue
after-a po:tlon of the s-caprolactam had been removed.

The above results were obtaxned 3 hours after
35 the continuous process ‘had stabilised.




significantly high yi el d of e-caprol actam of al nost 1100%

- Thi s enbodi nent of the invention is preferably carried out.in -
continuous mode. 25 .. .. The invention w |l be further e ' ﬁﬁﬁg by
nmears of the noWa9MPeMng exanpl es given bel ow ' W
foll'owi ng- abbreviations will be used: 6- = 6- an1nocapr0|c aC|d

. 6- ACAM = 6- a#%neeap#e+e—————an¥de and CAP ﬁerr] caprol actam ' Mol

under st ood t he equi val ent [err]-caprol actam

I _

concerts = o i Pﬁzﬁzzﬁr;fz's'zhzemgmf orred by tn_aoun

cal cul ated as folloms the total of the anounts (in $H| §EbHA%%$éﬂ '
s th

6- ACAM and CAP present in the mxture . tRat gepv d&ﬁ&&ﬁE@r S
di vi ded by the total of the WO 9

PCT/ NL97/ 00057 | | -9- amount s (in nol)
of 6-ACA, 6-ACAM GAP arnidddsgomtsthe ppemematiidm ofhe mixture eha—is feéd

to the reactor. 5Thls Jﬂﬂﬂir%thﬁ tEﬁghf$%§%§¥df%jJE&d199%66-

“In the: exanpl es™t he [erfj ol act IS caIcuIPted as
follows: the amount (|r14ﬁﬂﬂP°aP‘°éF f@%?? Q%mﬂ?ﬁ?%ﬁﬂaﬁPpP@E@ﬂ?s
‘m xture that | eaves the contaiedagoamnenila vantkbligduries st of.aﬁ—ahinmmmn S

~(in mol) of 6-ACA G A \Ynaak QEdég&%ﬁ&r@%ﬂiﬁe. Nch#facterised
' in that the aqueous"mixtuié contains 0.5-7 wt.% of
10 equivalent ammonia (calculated as NH,) and that
- the temperature 1s'betwegn 280°C and 330°C, in.
which by "equivalent ammonia" is meant free
ammonia and ammonia present in :the form of a
' terminal amide group of one of the compounds
15 = present in the agueous mixture.
2. Process according to Claim 1, characterised in
that the agqueous mixture contains between 1 and 20
wt.% olzgomets. .
3. Process according to Claim 1 or Claim 2,
- 20 - _characterxsed in that the aqueous mixture contains
less than 3 wt.% of equivalent ammonia.
4. Process according to any one of Claims 1-3,

characterised in that the aqueous mixture also
contains 6~aminocaproic amide. _ |
25 5. Process according to Claim 4, characterised in
that the agueous mixture contains between 8 and 20
wt.% 6—aminocaproic amide.
6. Process according to any one of Claims 1-5,
_ .characterised in that the aqueous mixture also
. 30 _ contains 6-aminocaproic acid and/or t—caprolactam.
' 7.  Process according to any one of Claims 4-6,
characterised in that the concentration of the
'oligomers and ﬁ-amihocaptolc amide and optionally -
6-aminccaproic acid and/or e-caprolactam in the
35 agueous mixture is between 10 and 40 wt.%.
8. Process for the preparation of ¢-caprolactam,

"This Sheet Has Been Replac




m xture that is fed to ter figure is then 10 nultiplied by
+100% : mﬁmﬁ[ﬁ ’!ﬂ,@, and the resulting .  reaction
m .xture were anal ysed usimng,t awo t echni ques, EPLC '
(hi-gh- pr essur avé 97p#9® chr omat ogr aphy), G.C (gas liquid crcmmmsaphy)
GPC (gel perrreatlon 15 chronmat ogr aphy) and NVR (nucl ear magnetic .
resonance). Exanpl e | ~ “AnTaqueous mi xture contai ni ng
0.03 wt. % 6- ~am nocaproic acid, 0.39 w.%|[err]-caprolactam 0.5 w.%
20 oligoners and 6 wt.% NH err] was fed to a cyclisation - reactor. The
.cyclisation reactor was a continuously m xed reactor with a volune of 2

1. The reactor aRFRREIRY! Bo VAR K Pi-RiprdlaeRahank é@d:é:ieatcgd (W th

the aid of an 0| | bat The BLESSUL e e |dence time

of 60 nmin. the monomer ™ &% [’Bﬁe‘eacg\%%&&JX)E‘%?%SEQE%&C%P

[err]- caprol act am yi eltdrew®gocess7gcqordingoto any ogenpfirGlaims Exﬁeramdent A
30 Exanpl %c'co%&nbeﬁsaﬁﬁﬂeh Q!Eé’ ’d}ﬁ\H bBQaﬁHHGOEJS m xture

_cont ained 0 w.% NH[er(r?]%gg e, mononer et Q %.and the
[err]-caprola tam yi el AgZARRACT M1xX “re'Ek'é‘r'rﬁPe fytuee 'sohidlns An
aqueous m Xt ure cont aiati Agase. anvmmoant oﬁnrtgmmc@n&enpedequgomwns)h 622. 1
.% conprises: 14.2 amjinocaproic acid and 6-aminocaproic amide, is
reused in the process according to any one of
. Claims 1-~7.
10 9. Process according to claim 8, characterized in
| that the separation of eg-caprolactam is performed
_ .by'extraction using an organic extraction agent.
- 10. Process according to. claim 9 characterized in
' that the extractxon agant is a (poly)alcohol _
15 having 5-12 carbon atoms.

THIS SHEET HAS BEEN
' REPLACED
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- 10 - nmol . % 6- am nocaproi c aC|d 39.9: m)l % 6-am nocaproic

am’'de, 33.9 nol.%[err]- caprol actamand 12.0 nol . - oligoners, was fed
in conti NnUOURLRIre & cyclisation = r eagép Nﬁ§7 0569"9’ rak8 gl 742 _
g/ hour (1.337mol7hour of 5 the aforenentlonedyconpgunds g hour (about
0.715 nol /hour) of a distillation residue (see below) and 314

g/ hour fed to the C)ggﬁghagal enaagact or.. So ~a total of
1141 g/ hﬂ)ﬂllmmlmﬁ ﬂ!g@ﬂxture (21.8 Wwi.%  products) was fed to the .
cyclisation reactor g/ hour [err]-caprolactam [err]-caprolactam
precursors and ol igomers and 892 g/ hour H[err]O) The .

cyclisation ried ou% N2 g a _constant tenperature
of 300[err]C Wlt FHIRSSS LQF ot %’ﬁeB?Fa'Bh‘Pﬂ)o a p‘f“é§§’t}?’8 8% fo MPa and a
15 residence tineagrebaetaB) é¢aminocaproic acid Ahées-amdhotgpauic amide

anal ysed. . The T HIAEHIS b TR OUS MLFCHE? RO eARRBPaetaRE Ly 6
m :c I %egt A%A(l\/p rgndmﬂ;&cica'mto% o&m:gd:eree:nd Pﬂnealné and/or EyelapclqlsgotTﬁrs oonf g
u xtu
_ Ve Gthe éﬁEOl?rF %@ %IFS€§ 8? g*a@ ggc¥ 98&%'%@;54 Ad on

icolums pl aced 1 n series sof vent
was renoved. |n tIRPEQIAHLY: of taminteeaprehpratadt andias ¢ -caprodiantamat a -

rate of 150 g/hourcHzkra3t &P 4d@Uin - t¥Rt the a ueousT\tﬁxgh%Te' lcb"l’itt'aqmé Q?'SiL'f

.obt ai ned as the ' bot}mﬁ flow in the second distillation colum
(cont ai ni ng about ¥ AP ATEHRL$RE r3TRRBEB| é%%%lﬁ?la[:éfir ps NH,), 1-20 wt.

~caprol actam preCUfcm)ri:&xe’:ll‘tdl:Dg’gdarﬂ@ﬁ@I S§ - M@ Swi: eel 6 Cahdhedaproic I&nﬁ@”él LIS
node to the cycli ﬁﬁ_ﬁeon react or, (see at _a rate of 85 hour..
f

So a 100%yield o r ‘in%eaxbt?ﬁ%\%?%n‘?go?ﬁ?l ® fgomers antc“ies -amino aPrOlC

amide and optionally 6-aminocaproic acid and/or €~
caprolactam in the agueous mixture is between 10 and 40
~wt.% and that the'temperature-is between 280°C and 330°C,
in which by "equivalent ammonia" is meant free ammonia
and ammonia present in the form of a terminal amide group
of one of the compounds present in the aqueous mixture.
2. Process according to Claim 1, characterised in that the
aqueous mixture contaihs less than 3 wt.% of equivalent
 ammonia. . . o o
3. Process according to Claim 2, characterised in that the
. aqueous mixture contains between 8 and 20 wt.% 6-
aminocaproic amide. | o
4, Process for the preparatlon of e- caprolactam, according
‘to which e-caprolactam is separated from the aqueous
‘reaction mixture obtained according to the process
according to any one of Claims 1-3 and according to which -
'_the thus obtained e-caprolactam- poor mlxture, which
mixture contains at least an amount of non-converted
oligomers, 6-aminocaproic acid and 6-aminocaproic amide,
:is'reused in the process accbrding to any one of Claims
1-3.

AMENDED SHEET



obt ained by recircul ati n’ he distillation resi due %er a porti on of
't he [érr] capr ol actam had been renoved. - C . e above results
wer’e obtained 3 hours after 35 the continuous process had stabilised.

Encl osure 1. ~_PCT/ NL97/ 000 e ai'ms
1. Pr'ocessjf"Pogrl—ot%leLepT%‘p'zar ation of a m xt 3%(3 g@ﬁ?y\?ofos‘Q @@%@WQ.

capr ol actany- ‘6“a'l‘|‘1—ﬁ06-a-p-r—91—0 ‘acid and-6-ani nocaproi c am de _ by

heat i ng re cont @tnahaaaam%@ (Q:ontlnued) am nocaproic -
am de an mm&amn cyclicolrgoners of - am nocaproi ¢ aci d
and/ or of am de and _ - opti onal | y 6 am nocaproic acid

and/or [err]-caprol actam L characterised in that the agueous

m xture contains 0.5-7 W . % of equival ent ammoni g % cal.cul at ed as :
NH err]), 1-20 wt B}EOCGSS accaafd%ﬂ% ©Pi GoREMs? 5CHBTRELOFE 25N Bt the
am de, that - sepaﬁstﬁ:@ﬁceﬁtéatapﬂopéctam ki gém‘EbS:m&ﬁdb@“ @ﬁﬂw&ic
am-de and opti onal I%*.’G- an nocagr oic acid ﬁn d/ or L E B caprol actam
in the aqueous m A3HRTi 3P pRTHRRAC 18X HRECHECD agen .% and that the

tenmperature ié. betmméﬂ%ecotmagdtawlanm]s: charactermze‘dmmh that the
pqui val ent amon Akt ¢l 8¢ 1EAMoLLeC: 8O Rh81y) agcone1 R AREPE.A PIaN, | 0

‘the formof a ternina one o rrpounds present
in the aqueous mi atons. 2.'- Pr ocess according to Claim1l, characterised
in that the aqueous m xture contains |ess than 3 wt.% of equival ent
amoni a. 3. Process according to daim2, characterised in that the
DS\'\Eg

_ A\J\E\DE



aqueous mxture contains between 8 and 20 w. % 6- . .am nocapr oi ngou-los—
.am de. 4. Process for the preparatlon of [err]-caprol actam accor di d@yéj

to which e- caprol actam is separated-fromthe aqueous ~ - reactign - 1o
‘m xture obtai ned according to the process : according- to aiaRe C -

Clains 1-3 and acc g to whig ,
‘e-'capr ol act anm poor 4 ure “Whi. CE&"‘DMM co%%g at Iea- wan -
amount of. no mm&w@ﬁﬂx. mucmo?d PUHLISHED URDERTRE PATENT COBPERATION mm'rv ®CT)

6- am noca reu T the TUOCESS dCCUl UI n t O _
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54 'rme- PROCESS FOR THE PREPARATION OF A n?&uns OF ¢-CAPROLACTAM, 6-AMINOCAPROIC ACID AND 6-
Ammocmo:c AMIDE o . o
-} {57) Abstxact

Process for the preparation of a mixture of e-caprolactam, 6-aminocaproic acid and 6-aminocaproic amide by heating an aqueous
mixture containing ammonia and oligomers of-6-aminocaproic acid and/or of 6-aminocaproic amide, the aqueous mixture containing 0.5-7
wt.% of equivalent ammonia (calculated as NHa) and the temperature lying between 280 *C and 330 °C, in which by “equivalent ammonia” |
is meant free ammonia and ammonia present in the form of a terminal amide group of one of the compounds present in the aqueous mixture. |




