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5 PROCESS FQR %EE PJEPABJ\1ION OF A ftIXTtlltE OF 

10 

15 

r;~CAPROLAC'?J.M, - 6-AMINOCAPROIC ACID AND• 

6-QINOCAPIOIC AMIDE 

The invention i:elates to a. process for .;the 

preparation of a mixture of E-caprolactam, ·6-

aminocaproic -acld and 6-aminocaproic amide·by heating 

an aqueous mixture containing ammonia and oligomets"of 
6-aminocaproic acid and/or of 6-aminocaproic amide. 

JP-B-72010715 d,escribes a process f.or the 

preparation.of £-capi:olactam by heating:6-aminocap:coic 
acid-and/or 6-aminocaproic amide in water in the 
presence of 5-30 wt .·v.. ammonia .at -a tempe:catu.r.e •be:tween 
2oa•c and 380°C. Aft;er the reaction E-capi:olact•m ls .. :-

20 isolated fr.om the r.eaction mixtu:i:e thi:ough exti:action. 
or distillation •. Aftai: .the isolation of the i-
caprolactam, the extraction or distillation residue 
still c.ontains unreacted 6-aminocaproic acid and/or 6- -
aminocaproic amide and bligomers of these two-

1 -

25 -compounds. These oligome:cs of 6-aminocap~oic acid 
and/or -6-aminocapcoic amide ·are formed- during the-;; 
cyclisation reaction of ;6-aminocaproic acid and/o~ ·6- _ 
aminocap:r:oic amide. For example, Example L of JP-B-
72010715 discloses a process that results in a- high 

30 yield of E-cap:colactam at 380°c in combination with an 

ammonia concenttation of 28 wt.'6 .. This ·high yi.eld·· .is 
achieved when the aforementioned aqueous:: extraction or 
distillation residue, containinq the ·oligomers. of .-6-
aminocaproic. acid and/or 6-aminocaproic;amide,. is 

- - -

35 -_recirculated to ·the :caacto:c. 
A drawback of ·this known p:cocess is that ·the 

total yield of £-caprolactam, 6-aminocaproic.acicl.and 
6-aminocap:coic amide relative to the oligomer subst:r:ate 
of the lat:ter -two compounds is low. In a proce·ss. for 
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the prepatation of e;-caprolactam, the compounds 6-

aminocaproic acid and 6-aminocaptoic amide are not 

undesired products, because - as is known - these 

compotlnds can be convetted into t-caprolactam with a 

5 high yield. These compounds are also known as E­

cap:colactam p:cecucso:cs. A further drawback Of this 

known process is that it has been found that the 

quality of the e:-capro;t.actam ultimately obtainedis 

relatively poor, probably because small amounts of 

10 byproducts are formed· in this process. It is difficult, 

if not impossible, to temove these byproducts from the 

e;-caprolactam product stream. As a Iesult, the ultimate 

product cannot be used on an industrial scale as a taw 

ma te.r: ial fot Nylon-6. ' 

15 ~he object of the invention is a process 

according to which the oliqomers described above can be 

convetted into e-caprolactam, 6-aminocaproic acid and 

6-a~inocaproic.amide yith a high yield. 
· This object' is achieved with the process 

20 according to the invention because the aqueous mixture 

contains 0.5-7 wt.% of equivalent ammonia (calculated 
. . 

as NH3 ) and the temper,ature lies between 280°C and 

330°C, in. which by :11 equivalent a:nimonia" is meant free 

ammonia and ammonia present in the for:m of a terminal 

25 amide group of one of the compounds present in the 

aqueous mixture. 
It has been found that with the ptocess 

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 

invention is that a high yield of E-caprolactam and t­

caprolactam precursors can be obtained. Another 

35 advantage of the process according to the invention is 

that e-caprolactam with high purity can be obtained. A 
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further advantage of the process according to,the 
invention is that the ·.E-:captolactam .fraction in the 

overall amount of .£-caprolactam and e-caprolactam 
precursors is :celatively ,high. When the higher ammonia 

5 concentrations of JP-B-72010·715 are used at 280"C-

3300C, a significantly lowe:c fraction of E-caprolactam 
is obtained. A high;fraction of E-caprolactam:ptesents 

the advantage that a smaller amount of ·£-caprolactam 
precursor.a has to be converted into e-caprolactam in 

10 subsequent steps. This means that process equipment of 
a smaller scale can be used. 

US-A-3485821 describes a process f·or 'the 

preparation of e-cap:col•ctam in which·6-aminocaproic 
acid is cyclisad- in .an aqueous .. l wt .. '- ·ammonia solution 

15 at ·.~ temperature of ·-260"C in the a·bsence of oliqomera. 
us-A~348582l fur~her disclos•s that higher yields.of E­

capr.olactaril can be obtained at .the same -t-emperature 
(260°C) if no ammonia.is present. However, this patent 
does not describe the reaction.of oligomets .of ·6-

20 aminocaproic acic:t .into £-caprolactam and- 6-aminocaproic 
acid in the presence Qf '(equivalent) ,ammonia. 

us-A-4730040 de.scr.ibes. that ;a cyclisation 

react ion of 6-ami~ocap:coic acid .must be ·.ca:c r ied out in 
water in the absence 01: ammonia because :otherwis·e the 

25 yield of E-caprolactam is adversel~ affected. This 
patent does hence not descri.be the reaction of 

oligomers of 6-aminocaproic .acid in1the presenc&.of 

ammonia into E-caprolactam and 6-aminocaproic acid. 
Suitable oligomer.a· according to the present 

30 invention are a mixture ·Of linear oligomers of 6-
aminocaproic acid, linear oligomers of 6-aniinocaproic 

amide and/or cyclic oligome:cs of same.· The linear 
oligomei:s of :6.:...aminocaproic .acid can be repr~sented by 

the general formula H[NH(CH2 ) 5CO]n;OH, where n generally 
35 cor:r:esponds to a number between· 2 and 10 inclusive. The 

linear oligomers of 6-aminocaproic amide can be 
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represented by the general formula H[NH(CH2 ) 5COJ-aNH2 , 

where n generally corresponds to a number between. 2 and 

10, inclusive. Most oliqomers ate dimers and trimers. 

The amount of oligomers in the aqueous 

5 mixture generally exceeds 1 wt.!\. The amount of 
oligomers is generally less than 20 wt.,, preferably 

less than 10 wt., and most pteferably less than 7 wt.,. 

Ammonia may be added to the aqueous mixture 

or it may already be present in a reaction mixture, 

10 which also contains oligomers of 6-aminocaproic acid 

and/or 6-aminocaproic amide, obtained in a previous 

process step. 

15 

The amount of (equivalent) ammonia in the 

aqueous mixture according to the invention is.between 

o.s and 7 wt., of equivalent ammonia (calculated as 

NH3 ). The te~m "equivalent ammonia" means free ammonia 

and ammonia present in the form.of a terminal amide 

group of one of the compounds present in the aqueous 

mixture. The. compound·. containing a terminal amide group 

20 is generally for the greater part 6-aminocapt:oic amide. 

Other compounds containing a terminal amide 9roup, are 

oligomers of 6-aminocaproic amide, for example . 

H2N(CH2 ) 5C(O)NB(CH2 )sC°(O)NH2 (dimer) and. 

H2N(CH2 )sC (0)NH(CH2 ) 5C(0)NH(CH2 )sC(O)NH2 (trimer). The 

25 molar amount of equivalent ammonia is generally the sum 

of the molar amount of free ammonia and qenerally the 

molar amount of compou~ds 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 

3 O 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 NH3 • 

35 Because of the presence of equivalent ammonia 

the amount of e-caprolactam and the e-caprolactam 
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precursors in the reaction mixture appears ·to increase. 

The amount of equivalent ammonia is ·preferably chosen 

to be as low as possible. This is because it'has been 

found that the fraction of E-caprolactam in the total 

5 amount of ·E-caprolactam and E-caprolactam precursors,. 

1.e~ 6-aminocaproic acid and/or ··6-aminocap:coic amide 

decreases as the-equivalent-ammonia concentration 

increases. '.rhe equivalent ammonia concent.x:ation is 

preferably chosen to be lower than 3 wt.ta. 

10 ~he equivalent ammonia concentration can also 

is 

20 

be kept at ·and/or brought to the .desired value ·within 

the above generai and preferred ranges by adding 

ammonia or by xemoving aminonia, for example ·-by 

stripping. 
A·p:cefez:red·embodiment of the process 

according to the. invention- is a process in ··which the 

equivalent ammonia is .. present as 6-aminocaproic·amide, 

This is advantageous because it is then not necessary 

to add free ammonia separately. 

Without limit·inq.. our·selves: to the following 

theory, we expect ·that a. large portion·of the free 

ammonia is bound as amide compounds ·and :that: tthe 

increased.presenc~ of these compounds, such as 6-

aminocaproic amide,. and of any residual free ·NH3 i·s· 

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.ft 6-aminocaproic .amide. 

-Most preferably,. the. 6-aminocaproic amide concentration 

30 of the aqueous mixture is between. a and 20 wt.,. 

In the ptocess according to the invention 6-

aminocaproic acid may.also be added -to the a-gueous 

mixture. The concentration of '6-aminocaproic acid in 

the aqueous mixtu~e is preferably between 2 and 15 

35 wt.%. 
In the process according to the invention e-
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caprolactam may.also be aqded to the aqueous mixture. 
The concentration of the E-caprolactam in the aqueous 
mixture is preferably between 0.1 and 20 wt.96. 

The process according to the invention can be 
5 applied with particular advantage using an aqueous 

mixtui:e obtained in a p;evious process step, which 
mixture already contains oliqomers of 6-aminocaproic 
amide and/oc 6-aminocaproic acid, preferably also 6-
aminocap:coic amide, and optionally 6-aminocaproic acid 

· 10 and/or t-caprolactam~ The aqueous mixture containing 
the above oligomers, E-caprolactam, 6-aminocaproic acid 
and/or 6-aminocaproic amide can for example be obtained 
throu9h reductive amination of 5-formylvaleric .. acid or 
its este:i:. 

15 

20 

The concentra··tion of the above oligomers and 
6-aminocapro~c· amide and optionally 6-aminocaproic acid 
and/or e--caprolactam ls preferably between 10 and 40 
wt.%. Most prefetably.this concentration is higher than 
15 wt.,. These high concentrations are advantageous in 
a commercial process because then process equipment of 
a smaller scale is needed, which results in lower 
investment costs. • 

The pre.sure ·of the cyclisation generally 
should be the same as or higher than the equilibrium 

25 pressu:re·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 cyclisation can be ca:cx:ied out batchwise 
30 or in a continuous p:cocess. 

In a comme:ccial process the reaction is 
preferably carx:ied out in continuous mode in a suitable 
reactor. Examples of suitable reactox:s are tube 
reactors, continuously mixed reacto:cs or several mixed 

35 reactors in series. 
After the reaction, in which a reacti'on 
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mixtu:ce rich in e-capr:olactam is obtained, the e­

capr.olactam can be -,recovered using any separation 

technique known to a person skilled in the art. 

Examples of .suitable sepa:cation techniques: :are 

5 crystallisation, -(vacuum) distillation and extraction. 

Prefe:cably., t-caprolactam is separated by exttaction 

using an.oi:ganic extraction agent. Examples ·of .suitable 

ox:ganic ·extraction agents are methylene chloride, 

cyclohexane, chlorof.~i:m, toluene, benzene, 

10 tetrachloroethane and trichloroethene. Ptefen:ed 

extraction agents are (cyclic) aliphatic ox:ganic· 

compounds having-one. or.more hydroxy,groups:which are 

liquid under .the e~traetion conditions and 

substantially immiscible .with water. Such :(poly) 

15 alcoho1s have pxe~erably 5-12 caxbon atoms. These 

extraction agents are· preferred because they. nave a 

bette:c extraction efficiency than the chlo:cinated 

o:rganic; .compounds as des.cx:ibed above. Thes·e extraction 

agents are fu:rthermor~ p:referred because .their use .does 

. 20 . not .result ·1n any environmental objections. Preferably 

one or two and more _prefei:ably only· one hydroxy.group 

is present •. Examples of compounds having two ·hydroxy 

groups, are hexanediol, nonanediol, neopentylglycol, 

methyl-methylpropanediol, ~ethyl-methylpropanedio1 or 

25 butyl-methylp:copanediol. Examples of compounds having 

one hydroxy gi:oup are cycloh,exanol, 4-methyl-2-

pentanol, 2-ethyl-1-hexanol, 2-propyl-1-heptanol, ·.n­

octanol, iso-nonylalcohol, n-decylalcehol ,and mixtures 

of linea:c and branched ,c-1-alcobols, mixtures of linear 

30 ·and branched c,-alcohols .and mixtures of linc;aa:c and 

branched Cu-alcohols. Mixtur.es of the .above 1'l&ntioned 

alcohols can also be used. 
If E-caprolactam. is .recovered through 

distillation, it is prefetable that not all of -the E-

35 cap:rolactam is separated from the reaction mixture. It 

has been found that if the distillation :c~sidue 



W097/30974 PCT/NL97/0005'7 

- 8 -

contains a small amount of £-caprolactam, the oligomers 
of 6~aminocaproic acid and/or 6-aminocaproic;: amide will 
less easily solidify. The distillation residue 
preferably contains between 5 and 50 wt.\ E- · 

5 caprolactam. 
The distillation tesidue from the reaction 

mixture, containing a small amount of E-caprolactam, 
will usually also contain non-converted oligomers, 6-
aminocaproic acid and 6-aminocaproic amide. 

10 The process according to the invention can be 
used with particular advantage in a process for t.he 
pxepa:ration of £-cap::colactam in which 1-caprolactam is 
separated from the aqueous reaction mixture, and in 
which the thus obtained £-caprolactam-poor mixture 

15 which mixture contains at least an amount of non­
converted oligolilers, :' 6-aminocapI:oic acid and 6-
aminocaproic amide r ·is reused in the process according 
to the invention. It has been found that if this 
recix:culation is applied,. the process accor.ding to the 

20 invention can be carried out so as to result in a' . 
significantly high yield of t-caprolactam of almost 
100%. 

This embodiment of the invention is 
preferably carried 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-aminocap:coic acid, 6-ACAM = 6-aminocaproic 
amide and CAP= e-caprolactam. 'Mol oligomers' is 

30 understood to be the equivalent e-caprolactam 
concentration in mol, which can hypotbetica·11y be 
formed by that amount of oliqomers. 

In the examples the monomer yield (mol.%) is 
calculated as follows: the total of the amounts (in 

35 mol) of 6-ACA, 6-ACAM and CAP present in the mixture 
that leaves the reactor is divided by the total of the 
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amounts (in mol) of 6-ACA, 6-ACAM, CAP and oligomecs 
.pres~nt in the mixture that -is -fed to the r:eactor. This 

figure is ·then mult!plied by· 100'5. 

In the examples the e-c4pt:olactam yielQ 
5 (mol.Pr.) is calculated. as follows: the amount (in·molJ 

of e-caprolactam p:r::esent in ··the mixture that leaves the 

:r::eactor is divided by the total ·of t·he amounts . (in mol) 
of -6-ACA, 6-ACAM, CAP and oligomers pr:esent ·in the 

mixture ·that is fed to the reactor. ·'?his ~figure .is then 

10 multiplied by 100%. 
The aqueous mixture and the. resulting 

reaction mixture were analysed using, among other 
techniques, RPLC (high-pressure. liquid chroma·tography), 

. GLC (gas liquid chi:omatq~taphy), .;GPc (gel ~permeation 
15 chromatography} and NM1l ,,(nuclear magnetic .resonance). 

Example.I 
An aqueous m~xture· containing O. 03 wt. 9e 6....; 

aminocaproic acid, O. 39 wt.·~ =.e-caprolactam, O. 5 wt.' 

20 oligomers and 6 wt.~ NH3 w.as fe~· tQ-.a cyclisation 

reactor~ !he cyclisation •reactor W'1S· .a continuously 
mixed react.or with a volume of -2 1. The reactor's-· 
·.temperature was kept -at ·a :con~~ant. value of 290°C with 
the aid of an oil bath .. The·pressure was 10 MPa. After 

25 a residence time of ~o. min. the monomer yield (one 
passage) was 95.8 mol.% and th~ £-caprolactam yield was 
77.1 mol.,. 

Comparative Experiment A 
30 Example I was repeated, only now·the .aqlie~us 

35 

mixture contained 0 wt., NH3 • The monomer yield was 
91 ... o. mol.\ and the.t-captolact~m yield was .s3.6 ·mol.'& -·--

Example II 
An aqueous mixture containing 22.l wt.96 

organic components, which 22.1 wt.% comprises: 14.2 
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mol., 6-aminocaproic acid, 39.9 mol.% 6-aminocaproic 

amide, 33.9 mol.' E-caprolactam and 12.0 mol., 

oligomers, was fed in continuous mode to a c~clisation 

reactor at a flow rate of 742 g/hour (l.33 mol/hour of 

5 the aforementioned compounds). 85 gjhour (about 0.715 

mol/hour) of a distillation residue (see below) and 314 

gjhour H20 were also fed to the cyclisation reactor. So 

a total of 1141 gjhour of product mixture (21.8 wt.I\ 

products) was fed to the cycl!sation reactor (249 

10 gjhour E-caprolactam, t-caprolactam precursors and 

oligomers and 892 g/hour H20). 

The cyclisation was carried out 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. 

20· 

25 

Af~er c0oling ·and reduction of the pressure 

the effluent of the cyc11·sation reactor was analysed. 

The mixture contained o.s mol., e-caprolactam, 10.8 

mol.% 6-ACA(M) and 18.7 mol.% oligomers. 

The cyclisation effluent mixture was fed, in 

continuous mode, to 2 vacuum distillation columns 

placed in series. In the· first column the solvent (H20) 

was removed. In the second column e-caprolactam wa~ 

isolated at a rate of 150 g/hour (l.33 mol/hour). 

The distil1ation residue obtained as the 

bottom flow in the second distillation column 

(containing about 0.715 mol/hour e-captolactam, e­

caprolactam precursors and oligomers) was recirculated 

in continuous mode to the cyclisation reactor (see 

30 above) at a ra·te of 85 q/hour. 
So a 100% yield of E-caprolactam could be 

obtained by recirculating the distillation residue 

after-a portion of the E-caprolactam had been removed. 

The above results were obtained 3 hours after 

35 the continuous process bad stabilised. 

.. 
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* C L M S * THIS SHEET HAS BEEN 

~c L A I M s REPLACED 

l. Process foe the preparation of a·mixture of E-

5 · c:api:ol.actam, ,6-aminocap.i:oic .. acid a~d :6-

10 

15 
2. 

3 .• 

20 

4. 

25 5. 

6. 

. 30 

7. 

35 

8. 

aminocaproic amide by heating an aqueous mixtui:e 

containing ammonia and oligomers of 6-aminocapi:oic 

acid and/or of 6-aminocaproic amide, charactei:ised 

in that the aqueous mixture contains 0.5-7 wt.'6 of · 

equivalent ammonia (calculated as NH3 ) and that 

the temperature is between 28-0°C .and 330°C; in 

which by "equivalent ammonia" is ·m~ant ·.free 

ammonia .and ammonia present in~he·ffarm of a 

terminal amide group of one. of the compounds 

present in the aqueous mixture. 

Pcocess according to Claim l, .characterised in 

that the aqueous mixture contains between 1 and 20 

wt.I\ oligomers. 
Pcocess accordi"ng to Claim 1 or Claim 2, 

.characterised in that the aqueous mixture contains 

less than 3 wt.% of equivalent ammonia. 

Process according to any one of Claims. 1-3, 

characterised in that the aqueous mixture also 

contains 6-aminocaproic amide. 

Process according to Claim 4, characterised in 

that the aqueous mixture contains between 8 and 20 

wt.% 6-aminocaproic amide. 

Process according to any one of Claims 1-5, 

-characterised in that the aqueous mixture also 

contains 6-aminocaproic acid and/or e-caprolactam • 

Process according to any one of Claims 4-6, 

characterised in that the concentration of the 

oligomers and 6-aminocaproic amide and optionally 

6-aminocaproic acid and/or e-caprolactam in the 

aqueous mixture is between 10 and 40 wt.%. 

Process for the pi:eparation of e-caprolactam, 
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according to which £-caprolactam is separated from 
the aqueous reaction mixture obtained according to 
the process according to any one. of Claims l-7 and 
according to which the thus obtained £­

caprolactam-poor mixture, which mixture contains 
at least an a.mount of non-converted oliqomers, 6-
aminocaproic acid and 6-aminocaproic amide, is 
reused in the process according to any one of 
Claims l-7. 

Process according to claim 8, characterized in 
that the separation of E-caprolactam is performed 
by extx:action using an organic extraction aqent. 

10. Process according to claim 9, characterized in 
that the extract~on agent is a (poly)alcob.ol 

15 having s-12 carbon atoms. 

i~i1Jii1ii1Mr . 

TH\S SHEET HAS BEEN 
REPLACED 

.. 


