WO 01/56984 PCT/ NLOL/ 00081 - 1 5 PROCESS FOR THE PREPARATI ON OF
s- CAPRCLACTAM The invention relates to a process for the preparation of s-
capr ol act e @isgsdsl Ng from 6-am nocaproi ¢ aci d, 6-am nocaprpgama oot
am nocaproi c ester, 6-am nocapronitrile, oligonmers or polyners of these 10
conpounds or m xtures conprising at |east two of these conmpounds. Such a
process is described in JP-A-51039684. _fhis patent publication describes a
process to prepare 6-caprolactam from nyl on-6 polymer using an adduct of
s-caprol actam and terephthalic acid, isophthalic acid or adipic acid as
depol yneri sation catal yst. 15 A disadvantage is that the catalyst is a
process-foreign conpound resulting in s-caprol actam contai ni ng undesired
inpuritids. Such i BROCESSEORAIHEIPREPARATHIM QRe-CARRPDLAGTAM ocess i s
performed in the substantial absence of such process-foreign conpounds.
The object of the present invention is a process for the 20 preparation of
s-caprol actam i n whi ch t Tiee mbenm®nnelatésdoadpraiesadudne pgparation af/wi ded or at
| east reduced. This ohject_is achieved in that the Q is performed in
the pr esenc83%?'aﬁa(1‘5§%§P%Hg%éﬂmof?%r-o'g%ﬁ;Eéaé'ﬁ"&?ﬁaﬁhoc?%ﬁg’c?éri vative
t hereof in aamirpaamoic esfer] @amirideaprobifrilstaligomad onpolyntensof thede W . % (based on
the total.reaction , h 25 mxture). .I.t has en und that the rate of the
react i on*Q)f P%p?}f"lgc?é’ég"mﬁr@é&?%ﬁ'fjﬂﬂng 8ﬁﬁﬂ§%W89£ﬁFF%ﬁ°’PE°‘ﬂd§m ficantly higher
than the rate of reacti o8u¢H aprocesoaRscriibad it HR-A5 €1B2684.i Tvs pdtent
s-caprolactam starting fromthe above nentione copmpounds performed in the
o R AV R

subst anti al BHEANN RSCRRRSA RILRTHQ PERRATE §-CaP™9 RSl

derivative tpgp Q{u aBlud?of £-e5pBciath AMtPteRIpRERNE Bcigf istprHilgic acRi Walpk of
N- ( 5- car boxypen y@) -s-caprolactam and/or derivative thereof. This is
&P

advant ageousagid @agspolymarsasien catavsbr equi pment can be used and/or |ess

residencgstime is neededalfsidvhitage isihtess cA8G5a8 aluRsEAREighonNs.
Degradation reactions result in yield loss and/or in the formation of

undesi rabl e bympewndiuesstigpinredabraiactane conteiningidesiebimpsrites PYFact am nor e
e AR REVRTbAE i\ s e BERIBERCY bind iRy RRECt ™
absence of such process-foreign compounds.
The object of the present invention is a process for the
20  preparation of e-caprolactam in which the above mentioned disadvantage is
avoided or at least reduced. '
This object is achieved in that the process is performed in the
presence of N-(5-carboxypentyl)-e-caprolactam and/or derivative thereof in an
amount of less than 50 wt.% and more than 0.1 wt.% (based on the total reaction
25  mixture).
It has been found that the rate of the reaction of the process
according to the invention is significantly higher than the rate of reaction of a
process for the preparation of e-caprolactam starting from the above mentioned
compounds performed in the substantial absence of N-(5-carboxypentyl)-e-
30 caprolactam and/or derivative thereof or performed in the presence of higher
amounts of N-(5-carboxypentyl)-s-caprolactam and/or derivative thereof. This is
advantageous because smaller reactor equipment can be used and/or less
residence time is needed resulting in less degradation reactions. Degradation
" reactions result in yield loss and/or in the formation of undesirable by-products
35 making the purification of e-caprolactam more difficult. Another advantage is that

N-(5-carboxypentyl)-e-caprolactam and/or derivative thereof is a process-own



-2 conpound so that the process of the invention does not result in
s-caprolactam containing extra inpurities due to the use of a
process- f gigaj1@gogaat al yst conpound. JP- A-45022946 descri bggtaniyi0663s for
the preparation of s caprolactam by reacing

N- ( 5- car banoyl pentyl ) -s-caprol actamw th aqueous 5 ammonia at a
tenperature of 350C. The conpound N-(5-carboxypentyl)-s- caprolactamitself
is known from JP- A-45022946. The use of N (5-carboxypentyl)- s-caprol actam
or derivative thereof as reaction rate enhancing conpound in a process for
preparing s-aappronhdeb dmt threopnoBessmif iiveciaperdioo daes dot resultinisrapegiaciam de,

5. ani ; ¢ 6. ar. O . ¢
these. conpoutReran Fit RLUEE AR fhb he B  BrocidiaPbarale@nbllhd, Do 1
however not discl osed. NR-B-45022@46/¢esatilyds)a procagy fol thetpaeparstisedfd- t o be
btai ned b [ the distillati i due t is obtained in th
di'sti 11 a1 orfPBORR R deeapRo et BNer T BoP P RErL AL POFLE .
capr ol acizone, And i3 898 E3TRE bE350PRETRE ESMEARINAAYREAbYkybefityaPr Ol act am

must subsequently be 15 converted into N-(5-carbanoyl ﬁ'refgtyl ) - E- capr ol act am
bef ore the |capraactamriiseliisdnown fioahdt-AHaNRRPAG Jhesiss ohhrtBreiasboxypentyl)-

tenperature egéaﬁéggahoorc&%ﬁg%tﬂle%ﬁer‘é@ﬁjefsqjegafoﬂ%te\@'nhgncirég compound, in

N ( 5- car boxypé -s-caprolactam s meant a conpoun the al‘ol | owi ng
structural fprocedsdor R8p&FQ s-¢APrEia&Gam frodb6-dniiddap®icCact 6V t h

N- ( 5- car banoyl pent yl ) - s- caprol act am i ant a_co nd with the follow ng
structural f%P'ﬁﬁ?%ﬁo%ﬂ'd@:%gm{@ﬁﬁ?roflﬁ%erg'@a%cggﬁmﬁé’ cglgg?ﬁ'iehs Yhe present
appl i catfiocon, pdlymersef thelle cbmpauiumorpeiriLids)cosprisiagrab least tvm ad éivéiseat i ve i ncl ude

compounds w éo?n;;[or&%dg %l rlo(\)/vvgvglgnosttdgsuc c}sgcrj.a}\ll-( -8.er1rlgcl5l>|<y%:fen‘xr\f))-sgclalp?oqa9c§§m E)galutlj\l L01/00081

to be obtained by processing the distillation residue that is obtained in the
distillation of crude s-caprolactam obtained by the reaction of caprolactone and
ageous ammonia. The N-(5-carboxypentyl)-e-caprolactam must subsequently be
15  converted into N-(5-carbamoylpentyl)-e-caprolactam before the latter compound is
reacted with aqueous ammonia at a temperature of 350°C to obtain -
caprolactam.
With N-(S-i:arboxypentyl)-s-caprolactam is meant a compound

with the following structural formula:

20
/ =0

(CHy)s ﬁ

25 N-(CH,)s-C-OH
With N-(5-carbamoylpentyl)-e-caprolactam is meant a compound
with the following structural formula: '

30 / C=0

(CHy) ‘ O

N-(CH,)s-C-NH;

35

In the present application, the term N-(5-carboxypentyl)-e-

caprolactam derivative include compounds with the following structural formula:



CO0 (CH2)5 0 5 N(CH2)5-CR or with the follow ng structural formula: /
C=0 10 (CH2)5 0 0 \ N(CH2)5-C11 11 -[NH(CH2)5-C],,-R" wherein R is NH
or OR ; nwiggnakodseast 1; R'is OH NH2 or OR; 15 Rl is pregfie@hiloyosan
organic group with 1 to 20 carbon atoms_grld nore preferably with 1 to 6
carbon atons. The organic group is an al kyl, cycloal kyl, aryl or aralkyl
group. More preferably R1 is an alkyl group wit 1 to 6 carbon atons.

Exanpl es of R groups include nethyl, ethyl, propyl, isopropyl, n-butyl,
tent-butyl, isobutyl, cyclohexyl, benzyl and phenyl. By preference Rl is
met hyl or ethyl. 20 The N-(5-carboxypentyl)-s-caprolactamand N-(5-

car banoyl pentyl ) - s- caprotacaf can for exanpl e be prepared by the nethod as
described in for éHapl e JP-|{A-45020946. The

N ( 5- car boxypentyl)-E-C ol'lactam||may be forned or can for exanple be
prepar ed & r om di - ( 5- car boxy Pe®@Hz)s@fR ne using the conditions as applied in
the process of the invention according to the 25 follow ng reaction
schene: 0 0 )] - ( = 2)5-CGCH --> 30 CO (CH2)5 1 O I
35\ N(WZ)%—%Eh&FL&@%%@%%@ -rn((':@rﬂboxypentyl )am ne may be forned or can
for exanple be prepared from 6-am nocaproic acid using the conditions as
applied in 40 the process q€=bhe invention according to the follow ng
reacti orfiOschene: V\((ﬁbﬁ)’55698% PCT/ \LO1/ 000810 -4 0 0 O

N-(CHy)s-C-[NH-(CH2)s-C]-R”

wherein R’ is NH, or OR'; n is at least 1; R”is OH, NH, or OR";

15  R'is preferably an organic group with 1 to 20 carbon atoms and more preferably
with 1 to 6 carbon atoms. The organic group is an alkyl, cycloalkyl, aryl or aralkyl
group. More preférably R' is an alkyl group wit 1 to 6 carbon atoms. Examples of
R' groups include methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl, isobutyl,
cyclohexyl, benzyl and phenyl. By preference R' is methyl or ethyl.

20 The N-(5—carboxypentyl)-s-céprolactam and N-(5-
carbamoylpentyl)-s-caprolactam can for example be prepared by the method as
described in for example JP-A-45022946. The N-(5-carboxypentyl)-e-caprolactam
may be formed or can for example be prepared from di-(5-carboxypentyl)amine
using the conditions as applied in the process of the invention according to the

25 following reaction scheme:

o) o)
I |
HO-C-(CHy)s-NH-(CHz)5-C-OH -->
30
C=0
—
(CHy)s l o)
I
35 T~ N-(CHp)s-C-OH  + H,0

The di-(5-carboxypentyl)amine may be formed or can for
 example be prepared from 6-aminocaproic acid using the conditions as applied in
40 the process of the invention according to the following reaction scheme:



11 11 11 2 H2N-(CH2)5-CH --> HO G (CH2)5-NH- (CH2)5-C-OH + NH3 5 The

- (5- carboxypentyl)am ne may be formed or can for exanple be prepared
from 6- anwigoaaRsal ¢ acid and a 5-fornylvaleric acid ester pegimgdiiobest
conditions as described in for exanpl e. )WO- A- 9835938 according to the
followi ng reaction schene: 10 0 0 0 11 11 11 H2N(CH2)5-COH +
HCG(CHR)4-CGCOH --> 1500 H 11 11 HO G (CH2)4-CH=N(CH2)5-C OH + H20
-->2000 11 11 HOGCG(CH2)5-N H (CH2)5-C- OH The conpound with formul a
25 =0 (CH2)5\ I 0 30 N(C1,12)5-CRin which R is as defined above, may
be fornmed or can for @xarrpl eb prepared fr&m 6- ani nocaproi c acid and
6- am nocapr oam de (inllcase R il -NH2) or frdm6- ani nocaproi c acid and
6- ani nocapr calgN-etas C(OH -cdd@-RChlas-Nor$ HagingHhtiHgs conditions as
applied in the process of the invention. In case the term
N- (5- car Boxypentyl )-s-caprolactamis stated below, it should be read as
N- (5- car box yﬂ%"ﬁlif—):al%oﬁﬁgnﬂ)l)%ﬁﬁ%% gé ?Hrm@@ ro\' ¥ar on @xarhﬂ@ rb%erepaT@@
N- ( 5- car boxypent yl) - s- caprol’act am nay ded a 40 begi nning of the
process accdram fpmigcapeoipaeid and auﬁnf@érnylvaiwc acmaewr(tasmg the conditions as
car boxypent Yddse sk 6 Xahbfe LA RS Sodt dRBRling1S 1R BiGIhg dackof act | on

m xt ure obtain previ ous process st ep, whi ch | so Cont ains at | east
one of 6 scheme:

10
O O O

| I |
HoN-(CH,)s-C-OH + H-C-(CH2),-C-OH  -->

15
O @) H.
J |
HO-C-(CH;)4#-CH=N-(CH)s-C-OH + H,O -->
20 O O
| I
HO-C-(CH,)s-NH-(CH>)s-C-OH
The compound with formula
25
C=0
—
(CHy)s o)

I
30 TSI N(CHYeCR

in which R’ is as defined above, may be formed or can for example be prepared
from 6-aminocaproic acid and 6-aminocaproamide (in case R’is —-NH,) or from 6-
aminocaproic acid and 68-aminocaproate ester (in case R’ is ~OR") using the

35 conditions as applied in the process of the invention.

In case the term N-(5-carboxypentyl)-e-caprolactam is stated
below, it should be read as N-(5-carboxypentyl)-s-caprolactam and/or derivative
thereof.

The N-(5-carboxypentyl)-e-caprolactam may be added at the

40 beginning of the process according to the present invention. The N-(5-
carboxypentyl)-e-caprolactam may also already be present in a reaction mixture

obtained in a previous process step, which also contains at least one of 6-



WO 01/56984 PCT/ NLOL/ 00081 -5 am nocaproic acid, 6-am nocaproani de,
6- am nocaproi c ester, 6- am nocapronitrile, oligoners or polyners of these

conpoundswg @/sgesa been found that the presence of N (5-carfe@wvipgnabosh) - s-
caprolactamin the reaction mxture in ag_anount of between 0.1 and 50 wt.

%5 (based on the toal reaction mxture) results in an increase of the
reaction rate. Wth "the total reaction mxture" is nmeant the starting
compound or mxture of starting conpound (optionally containing water)
which is fed to the process according to the invention. It has been found
that the prec¥BiReeaPsPIc RCdEC-apEnasaRipaBYHS, ByandineeapFait 88ieafri n t he reacti on

mxture in %lﬁﬁ@éﬂﬁénlﬂﬂét&ﬁéorﬁé}@%r anr%@rsvgf tl‘/@s@%HJ pofindd) @ decrease of the

reaction rate. The anount N- (5- Carboxypentyl )-s caprolactamin the
reaction mixture is pr ef|érh§bb?elbfﬂunééhﬁt(U‘Ielprewno%oéhbl@i@fmxy%r(tmrsed on the

total react 'éé%eél%&érﬂﬁr? hglrEQ&gﬁ'ﬂ?Séﬁe ﬂfan'\#]ngglmq'af agxgﬁpwéﬁcrﬁ%wr ol act am

can al so be e desire alue Wthin the above
general &nd (paaefdecmme toelIEeacdungegxtbge) sefdita i arinbeaseatHengaction rate.

N- ( 5- car box t. I rocess

Ne f: ording ¢ g\R/fiH the )r(]o\;glngéafoﬂ n%%gé“ls %@%nﬁﬁ@gﬂhﬁg #q}hpBHﬁ@bPantu;FQ%g pcon Cacting
the starti ngstanbng)o@muots)d (@atlmallyro@aplnm\gcwa@v whichés fedlito dwaprooessi de,

6- am nocapr C ' r ol yners of

t hese corrgouéncg rget ?ﬁt?(%'n%gast%g‘oﬂﬂrg ?g%én'{ Huﬁd f%ys'%oém\;\%e%ocg otf ﬁé)(sSg >c/orrpounds)

W th super hemrtad(yperﬁglpmaapmlaceamertae mastm mibédredre an dduatitigditan 3hd a
pressure of

An..exa of a | e gaseous phase
process 10 %r"?%a |r?ﬁdgﬁeﬂs%glvfp%&actlow]aggﬁg nﬁg@ﬁé so be perforned in
the Iiquid Fﬂaﬂﬁtﬁ(ypént?lb-@%abmctahﬁmﬁhéﬁ'wcﬁ@n mduran¢lprearely BefRAlTeT i C
pressures such as ed in US- A 4730040, EP-A-729944 and

WO A- 9809944Vt %ﬁ@dﬂpd@eéég%géé’lndh%@tﬁ &eagtien Mdi9Y-i on i s preferably
performed in the gas phaseamdif ogﬁqsxaamwrm)eéé@&o@&@nﬁ&mg@%ous

because s- caprolactamis obtained in a gaseous steam phase in which no or

partical |y riigpsat ad/gdeseht i e gesisashialusryithin the aheva eperiaband metesde t he
purificg g‘ Oltg éesSb d’&%‘y‘:@mo\/ﬁgg\ﬁ -@ero E@nctglzg cQPﬁéﬁa&Itérﬁ fof éia%ﬁé)' y

per f or e escrl WO A- 9 scl osure
i ncor por at eobymw'@!n@ as ref erence. The

The process according to the invention may be performed in the
gas phase by contacting the starting compound(s) (6-aminocaproic acid,
6-aminocaproamide, 6-aminocaproic ester, 8-aminocapronitrile, oligomers or

20  polymers of these compounds or mixtures comprising at least two of these
compounds) with superheated steam at a temperature of between 150 and 500°C
and a pressure of between 0.1 and 2 MPa.

An example of a possible gaseous phase process is described in WO-A-9837063.
The process may also be performed in the liquid phase at elevated temperatures

25  and super atmospheric pressures such as for example described in US-A-
4730040, EP-A-729944 and WO-A-9809944. .

The process according to the invention is preferably performed
in the gas phase. The gas phase processes are advantageous because s-
caprolactam is obtained in a gaseous steam phase in which no or partically no

30 oligomers are present. This is advantageous because the purification of s-

_ caprolactam is easier. The gas-phase is preferably performed as described in
WO-A-9837063, the complete disclosure is incorporated herein as reference. The
gas phase process is preferably performed-at a temperature of between 250 and
400°C, more preferably at a temperature of between 270 and 350°C. Most



gas phase process is preferably perfornmed-at a tenperature of between 250
and 400C, nore preferably at a tenperature of between 270 and 350C. Most
WO 01/ 56944 RGesHLOL/ 00081 -6 preferably, the tenperaturedENntii@bi than
280C because hi gher selectivities to s-.gaprolactam and thus a higher
overall yield to s-caprolactamis obtained. The pressure of the gas phase
process is preferably between 0.5 and 2 MPa, nore preferably below 1.5
MPa. 5 The starting m xture conprising 6- aninocaproic acid, 6-

am nocaproate ester, 6-am nocaproam de, 6- nocapronltrlle ol i goners of

these conpan ﬁf%atdy\dh@tenmﬂr%@rlé highet thas 886 &Tl?ﬁﬁﬁhél% higher saleciitias by
vari ous - prog zﬁ&g&am %rtﬁﬁfsaﬁrﬂ g@{aﬂ &le\‘%rfélél [£5 géﬁa%g@gr?ﬁ%%ﬁlﬁe% described in

whi ch an aqueous m X al ned “cont al nocaproi c acid and
sone s 10 cafreprassaencstherdasiphaée proc8ss io praférablydretweenc@beand 2Rdira,her i n

EP- A- 729943 S ed I n which an aqueous m xture i s obtained
cont ai ni ng g%ore%r%f:eia}gyf é;glg\g':lc% 6- am nocapr oam de and s-caprol actam al so

starting&roma 5- for nyThaktertm]gmlmtmqmmm-ﬁs@ﬁmganrd&acrd Bes a process

i n which an agueous ur ne . 6- am ester
and som o capreraRea st FaboRg PrBRR. et BabRouter dlegnEap bRt
WO A- 9835938cdthmmldbeed/ar polpmesf itesewbimpbureds canueoaisainedbyvaridus obt ai ned
cont ai ni ng s-capro tam and .6- ' roic _acid / capr oam de
Star i1 ng T r HROBEISBF A AP PR VPR RO, ShbeRSf e8P P HORD A er at o 1
\g/ate_r The Sécﬁ_rebuslgmmm%bﬁmearoentagmgaa abnir;océpmlmamcawmme aci dbI 20 md/or
-am nocapr oan de bec elds to s-ca act SSI e en
starting'% r ofAR %%témcﬁﬂ%ﬁ%ﬂﬁg’% %@V'V?lﬁra?%‘:éﬂ%r EH&%&%EE&E é%ﬁ of and/ or 6-
am nocapr oamﬂeeﬁqme&rmarmmh amaqnéb@|mlgmfé?i’sibbtéméd capinhgset am 6-
am nocaproi ¢ acid and/ or, 6-am noca m de can be ﬁ{esent ﬁ%%s)ﬂg

ention

mxture whi ¥RNGSHPIBIE 5\9@@9 3HUNQGRRF "H Ade-GARIolAgkaN g0 Staing

conpri ses 25foﬁﬁ§rl\?§§r%t§eﬁ8rd L@A%@%@’dﬁé‘bm&@ﬁr@b@ssﬁﬁwmmm\ idobd W . % 6-
ani nocaproamde, 0 a . % s-caprol actam and between 0 and 35 wt. % of

the earlier mitre m@lztal@ed g@afammguaqammp@wreﬁé ester and §PME FCFRIAFARINi ons i s
ani nocapon £ AT 0T B e e e S B B s ses
starting 30Nh|cban@qaemusdnaprr@m abtained contaiping kdapiolactareand 6npri si ng
6- am nocapr Oéﬁin%ﬁé&oic%%%]and/or 6-aminocaproamide starting from 5-formylvaleric acid or
from an alkyl 5-formylvalerate in water. '
} The starting compounds are preferably 6-aminocaproic acid
20 and/or 6-aminocaproamide because high yields to e-caprolactam are possible
when starting from these compounds. Next to the 6-aminocaproic acid and/or 6-
aminocaproamide some s-caprolactam and oligomers of e-caprolactam, 6-
aminocaproic acid and/or 6-aminocaproamide can be present. A typical mixture
which can be used as starting mixture for the present invention comprises
25  between 5 and 50 wt.% 6-aminocaproic acid, 10 and 50 wt.% 6-
aminocaproamide, 0 and 40 wt. % e-caprolactam and between 0 and 35 wt. % of
the earlier mentioned oligomers in which the total of these fractions is 100 wt.%.
Starting mixtures can also be obtained starting from 6-
aminocapronitrile as for example described in WO-A-9837063. Processes starting
30 from 6-aminocapronitrile can yield mixtures comprising 6-aminocaproic acid. Such
. mixtures can be advantageously used in the process according to the invention.
Firstly, the 6-aminocapronitrile is contacted with water under hydrolysis conditions.
Secondly, water and ammonia, which is formed in the hydrolysis step, are
preferably separated. In a third step the resulting mixture is treated with the



m xtures can be advant ageously used in the process according to the
invention. Firstly, the 6-am nocapronitrile is contacted with water under
hydr ol ysi woc@amdedsi ons.  Secondly, water and amoni a, whi chpdrenfoafoosd i n t he
hydrol ysis step, are preferably separated. In a third step the resulting
m xture is treated wwth the WO 01/56984 PCT/ NLOL/ 00081 -7- process
according to the invention. The process according to the invention can al so
be applied on aqueous starting m xtures containing 6-am nocapronitrile.
Processes to prepare s- caprolactamstarting from 6-am nocapronitrile are
for exanpl e pkpcess wordimgtqshexinvsntmgww and EP- A-659741. O her exanpl es of

starting m xtures which gﬁb%eéksg&lorP fo'1fe n%ﬁ‘tﬁb‘?lsﬁ%ncapro‘fégzmam Ct he

i nvention are pol ycaprol act m pr ocessi ar pet
wast e and/ or agmqaeamrmmmbmresmn’cainmgﬁmmtaettaprmnﬂle PWneas&sH.e pperecess of the

invention is I.n 1 n ound or
mxture of SEATPRRETEaADa D SART R Erantif SR e el E B bRE P S
super heat®d 54@16@.&91\@59@141 for exarrpl e as a nmelt. Polycaprolactam
waste is preferably fed t [ feedl be
achi eved by using an ext ﬁbeérexaraélg Eﬁtﬁ@%g 'ngeﬁ'é’\lh'ﬂ%é bek‘f‘l n’lga}gt he art.
ThetprOF:ess Smefsja':cmgrdnmg toltke mvelstmmtarepolg?aprolactg?rprbeeﬁmlwm, 15 with
particul ar advant age .usi eo Xt ur ai.ned in revi ous
P ocess of epbSRimrETorAT Gt hePEAHAE shbipribRalal Audelon Brdh HER 6
am nocapr oam de, 6-am novdrhdhe p@stss of tife mmnﬂma;ﬂp@fnmreiilirethecgabg@mr S

se conpounds.. The 1 re con{?ai S between 1

and/ or rrers f th agueous m xt

and 50 (e e SRR PP M T EHTE0f BRI SO PO BIs PRISEFHIE  woen 50
an 99 2_0 mncaﬁtaéteam/ghthe;@p@mmém as prighiel fwbeyarhpie weama&0 and 99 wt. d
(0] startin oun n . aqueo cont.al ni n oca roi c aci

o ornocas: BESRROBERM i B et it e BR PR etk B RRRRR B ¢ (it e
advant age bebehtiieverrbyt iinyghextrdier, igedepup, orbthen nta‘anEkﬁ@nmmltMabarl c acid
or its wester as for exanple describ

A-9 938. 25
The 6o am nocap. oi ¢ act o The BeReCassPeind BaPeiFsrt ava g 53 BF PRI,
conpoundig eswitle bartiellgr advantdgetudmgfapl dquebingmbdurewbeainedin EHReidtd?) 5- C- R

process step, which mixture already contains 6-aminocaproic acid, 6-
aminocaproamide, 6-aminocaproic ester, 6-aminoéapronitrile, oligomers and/or
polymers of these compounds. The aqueous mixture contains between 1 and 50
wt.% water, preferably between 1 and 20 wt.% water and between 50 and 99

20 wt.% of starting compound(s), preferably between 80 and 99 wt.% of starting
compounds. An aqueous mixture containing 6-aminocaproic acid, 6-
aminocaproamide, oligomers thereof and s-caprolactam can with particular
advantage be obtained through reductive amination of 5-formylvaleric acid or its
ester as for example described in EP-A-729934 or WO-A-9835938.

25 The 6-aminocaproic acid, 6-aminocaproamide and 6-
aminocaproic ester compound respectively are of the following formula;

O
. HaoN-(CH,)s-C-R
30
wherein R is OH, NH, and OR" respectively. R' is as defined above.
The 6-aminocapronitrile compound is of the following formula:
HoN-(CH_,)s-C=N
35

With the process according to the invention a composition is



30 wherein Ris OH NH2 and OR respectively. Rl is as defined above. The
6- am nocapronitrile conpound is of the following fornmula: H2N (CH2)5-C=N
35 Wth t{y® q@rseeass according to the invention a conposit ip@/NS16ds91l/ 56984
PCT/ NLOL/ 00081 -8 obtained conprising (8- s-caprolactam and (b)

N- (5- carboxypentyl)-E-caprolactam wherein the anmount of conponent (b) in
the conposition is higher than 0.1 w.% and | ower than 50 wt % (based on
the total conposition). The process according to the invention is
preferably performed 5 as a continuous process. The s-caprol actam can be
separ at ed f r ehipingd comgEsing () sraariakrciar gl (§-aarbpyypentybeseapatiagtan,

I nvention usj | ' R o g skilled in the
art. Exanpl e{évﬂg?eﬂg%ﬁlefa mﬁéﬁe%g?ﬁgﬁ ?@E{bﬂ gg?l%?%ﬁ%%ltbgrlih@%@?g?l i sation,
(vacuun) di sPillwidbiaod lawriftlan 2wt hdbasad on the fotpkeommosiianenbodi ment, t he
purification of s-caprol ' : | : f eedi ng
t he E-caprol actam pr oduc?ﬁé??ggﬁ%ﬁaﬁ% e@ﬁﬁ{@%@ﬁdﬁ%@é@é‘%‘éb@%ﬁ?rgf% to the

i nvent i orb t oasagantiiuaus pratden Jheiceraprakiatar sanhe skparated fipmothegeaddioneam i s

split into a_t Stk : [ s] e i gui ream
conpri sing s™ 'grleoqtbéa@?éagrﬁm%?@?,é%f%% @%ﬁ@ﬂﬁ’gg’\%a&g ;Sg%'g%rE %géﬁhlﬁg t he

| i qui d bot t okmastrr anpdreormsidiestin tHeaart. d@xamplesrof suifabldhsegardtioa tédmiquesr eam i s
mai nly water _and the hott St regm, conpri se - rolactam |ights and
heavi es; 3) fEedy’ '%%‘8”1 &g%%w)ﬁq%ﬁrﬁngoééﬁ%&gmacuum distillation
colum of which the topirss petarradsemBddihgnt| thg pusficatidn bheclymrblaotmst r eam
conpri SefRJG 20 ca%prgl actam and heavies; 4) feeding the |latter bottom stream
to a vaclRim 8PBPisSsRe BOWEB FPSof which the top streamis the

E- caprol act am st prangMee tlagplopklpnprtiiaaiichm dofnedifiald pcsis eam

Conmpounds having a higher boilin oint than s-caprolactamare 25

desi gnat ed as hea@F®$ 'P%tqmﬁén@ﬁggﬁoiac%qr?'%ﬁpn neenibipWHChhe nocaprooi ¢

ﬁf'( g, 6- bam' hoc ?pf)giﬂgt%eam ik GPITRHS aQbp StREHE cEAPIMEISlEamaitd a liquid
- car boxypen -E-
P ybot’tom stream comprising s-caprolactam, water, lights and heavies;

—d—t

15 2) feeding the liquid bottom stream to a distillation column of which the top
stream is mainly water and the bottom stream comprises e-caprolactam,
lights and heavies; -

3) feeding the latter bottom stream to a vacuum distillation column of which
the top stream is mainly lights and the bottom stream comprises -

20 caprolactam and heavies;

4) feeding the latter bottom stream to a vacuum distillation column of which
the top stream is the s-caprolactam stream and the bottom stream is the
heavies stream.

Compounds having a higher boiling point than e-caprolactam are

25 designated as heavies in this specification. Examples are 6-aminocaproic acid, 6-

aminocaproamide, oligomers of these compounds, and N-(5-carboxypentyl)-¢-
caprolactam. Compounds having a lower boiling point than e-caprolactam are
designated as lights in this specification. Examples are N-methyl-e-caprolactam,
hexanoic acid, 5-hexenoic acid, valeric acid and valeramide.

30 The e-caprolactam streams resulting from the process according

"o the invention can-be purified according to conventional techniques.
Advantageously the caprolactam is purified by a crystallisation process as for
example described in WO-A-9948867.

The condensation of the product stream (step 1) is preferably



caprol actam Conpounds having a | ower boiling point than s-caprolactam are
designated as lights in this specification. Exanples are

N- net hyl - gocapesdsact am  hexanoi ¢ aci d, 5-hexenoic acid, wwadregiogoashd and
val eranmi de. 30 The s-caprol actam streansgresulting fromthe process
according to the invention can.be purifred according to conventi onal
techni ques. Advantageously the caprolactamis purified by a
crystallisation process as for exanple described in WO A-9948867. The
condensati on of the product stream (step 1) is preferably WO 01/ 56984

PCT/ NLOL/ 000@xformed pta faspasaturs of 80:20906 morerprefefabfi0atzo@emperature ofieder abl y
at a tenperajppg of 100- 170C. The distillation in step 2) is for exanple
performed at a "tenperature of 60-160C, preferably at a tenperature of
80-140C. 5 The distil | at Thendistillagerein s39p Axid for)examplerpsiforragd gt per f orned at a
pressure | o BanoAmr fer > | ower than 5 kPa.
The terrper\zggmp tg%%ioﬁgﬁ&%gt%rﬁﬁﬁgﬁ/aﬁﬁngé%r%&&ré‘gﬁ%@jﬁbﬁc‘: preferably

bet ween 510-170C, nore 'BTea(ﬂi&ﬁllatidleintmep/\%)eandyB@SQ@fﬁmblypeﬁftarmeld@éa found t hat
N-(5- car boxy@%@é%& ow%r?r?andu%’?é gfef&a?&%tQ@P&fsh%':&!veretfnéﬁ%PQ”Eﬁé‘e rate
of reaction preparing s- cap m nocapr ol

6- anmi nocapr dempéesturg-oi thendistiliptian io sw%rand@-) lsaprefemtmpbeiwneem |1ﬂ@17@(10 goners or
pol ymers of S conprising at |east two of these
conpounds. Trhte}'%lﬁsfeén é}ﬁ'ﬁee}r?g (?)ngéé so relates to the use of

N- ( 5- car boxypentyl)-s- calphas bedrefiouad thae be(Gicarboxgtentddieamrolagtairbhasoarpound i n

a process fo repa s- capr ol _act rom6 am noca lc.acid, 6-

am nocaptoan? %@f 8‘ %ﬂ%@ﬁﬁg{e@féﬁﬁpn %pé"?'HEWBQErS’PBW%C%W BOMG-i gomers or
pol ymers of ihipseagisiopeidne aniiodabidakii®s 6Camibedprale egter,leeast two of these
conpounds. The inventjon also relates to al?‘é)rocess for the L]oreparatlon of

20 pol yami de2BNSEAeRtip. PHYRMEHE O PO AFSTSOTPIOHNES AcTipftur

6- am nocapr ogymsHaingtat 4%t ARCEFAREeCcoRfifoBhds. GrhaliiveataPherdibrel I, reRifsd or
s- capr ol act am whi ch Hor ocess in g/erfor med in the presence of

N- ( 5- car boxy{de Y59 ofN-(priBPRPePihrefrirdlactamasireattion sategdhaAing n an anount
of less {shanqlhihd ¥4 Qg?bc@é Forh}ﬂ%%riﬂg & c¥brotetamh f?&ﬂ.%eac‘rﬁinfaeépr@;ie%cfa}’gf olytic
pol ymeri sati on of s-caprolactaminto
aminocaproamide, 6-aminocaproic ester, 6-aminocapronitrile, oligomers or
polymers of these compounds or mixtures comprising at least two of these
compounds. :
The invention also relates to a process for the preparation of
20  polyamide-6 starting from water and 6-aminocaproic acid, 6-aminocaproamide, 6-
aminocaproic ester, 6-aminocapronitrile, and/or s-caprolactam which process in
performed in the presence of N-(5-carboxypentyl)-e-caprolacatam and/or
derivative thereof in an amount of less than 50 wt % and more than

0.1 wt %. A process for the hydrolytic polymerisation of s-caprolactam into

25  polyamide-6 is for example described in Kunststoff Handbuch 3/4, Polyamide,
Becker/Braun, Hanser Verlag, 1998, pages 41-47. A process for preparing
polyamide—6 starting from 6-aminocapronitrile, and water is for example described
in WO-A-9808889. It has been found that the presence of N-(5-carboxypentyl)-e-
caprolactam in such an amount has a beneficial effect on the rate of the hydrolytic

30 polymerisation of 6-aminocaproic acid, 6-aminocaproamide, 6-aminocaproic ester,

. B-aminocapronitrile and/or s-caprolactam.
The invention will be elucidated by the following examples,
however these are not intended to limit the scope of the invention in any way.



25 polyam de-6 is for exanple described in Kunststoff Handbuch 3/4,

Pol yam de, Becker/Braun, Hanser Verlag, 1998, pages 41-47. A process for
prepari ngvO pusepsdnri de- 6 starting from 6-am nocapronitril e, PEAVNLOG®0681 i S foOr
exanpl e described in WD) A-9808889. It -Has- been found that the presence of
N ( 5- car boxypentyl)-s- caprolactamin such an anmount has a benefici al
effect on the rate of the hydrolytic 30 polynerisation of 6-am nocaproic
aci d, 6-am nocaproam de, 6-am nocaproic ester, 6-am nocapronitrile and/or
s-caprol act gg Th! e! invention will be elucidated by the foll ow ng exanpl es,
however the ot intended to limt the scope of the invention in any
Wayb WD 01/ 56984 PfCT { ll\IL@U.S(ﬁmﬁBéutocléﬁb hﬁbﬂ&j’r@tw‘,‘blheAnlm(i)vagifllledlmnlia‘ges-havi Pg a
turbine mxer was filled w 54 m noca I.c acld a QO grans o
N-(5- Car box RGPS aEH AN PULATARE oF e CaBap e AP ORET dBt [y {1 ushed
with ni tr09%iﬂat@mieava%rmséq@nﬂ@hwshewaﬁthliutadyen%ha% p&as‘dmré bate Wae pressure in
the reactor was nmintained at 1. nperature reached 300 C,

the subsPr ataéilqséeé’cﬁucéérﬂﬁlt@q Prﬁésqf? '%Weéﬁﬁfé‘&%as ”’l‘ﬁ’n?"ﬁd%té ZMPRoCERR oi ¢ aci d

sol ution, wage ﬁdreﬁ*ea%éa%()@ ogf, tt%%b@irat@%e&@@r‘imstm@tof bBRaglieet | on
condltlons of 300 C and 1.2 MPa the water in i S noment aneously

converted i nde W% BrAMIGRsaPRRiS pEid FPIIION, ﬂ‘éassﬁ%f?ﬂr%ladﬁfleé?ﬁzﬁp@?hpﬁh@ourlo
reaction melj thﬁefa@ﬂ‘onlcdh‘aﬂi'bnéloﬁﬁcﬁﬁdb’arﬁ RO PR RAGR the 1EBGjSXPeri ment was

continued for another 7 hours at steady state conditions. The reactor
cont ent s at rsereenignenustyeconeentati infocteanarwhich stdamstrps segapniaciamiipoihes- nel t
cont ai n|1Bg Jr@a%@f'or{on%ltw car boxypentyl)-s-caprol actam The steam contai ni ng
s-caprolactamTeaving the 15 reactor was condensed and anal yzed. The
accunul at ed M@ndélnseds@admlatate wasweachedvdbe eaperimerd sasaantinuedddr i nspecti on,

cont ai ned 254 ol &R AACL AhionSOHRRAAPLAR AL P Sl K neti cs

were fit using Henl us equati on I’on_ener gy was
fi xed and t lenditiores aroowitadhto Kbograaisadf hgibe - raelt Zontalrmgl%wt% N-(5- 20
Conparative i tion of

N e b CalP BRBT The Yol FREAAS o bbbt BB B o Pons

i denti cgdb t @eactor was condensed and analyzed. The accumulated condensed product,
which was colourless on visual inspection, contained 254 grams of s-caprolactam,
corresponding to 99% yield. Kinetics were fit using the Arrhenius equation, in
which the activation energy was fixed and the rate constant kg calculated at2.41
x10° min™.

20
Comparative Experiment A

Example | was repeated without the addition of N-(5-
carboxypentyl)-e-caprolactam, keeping all other reaction conditions identical to
example 1. At steady state, the reactor contained 67 grams of nylon-6 melt, and ko

25  was calculated at 1.80 x10° min™.

Example 2
Example 1 was repeated, starting from a reductive amination

mixture containing s-caprolactam (33.9 wt%) and s-caprolactam precursors (10.9
30  wt% 6-aminocaproic acid, 38.3 wt% 6-aminocapronamide, 13.6 wi% nylon-6
_oligomers), as well as some N-(5-carboxypentyl)-s-caprolactam (0.2 wt%) and
water
(3.1 wt%). Prior to reaction, 71 grams of the reductive amination mixture was
charged to the reactor, and after flushing the autoclave with nitrogen and heating



exanple 1. At steady state, the reactor contained 67 grans of nylon-6 nelt,
and ko 25 was calculated at 1.80 x105 mn'. Exanple 2 Exanple 1 was

repeat ed W@bvHF@BNg froma reductive am nation m xture coPCEHNRDIEOS1
s-caprolactam (33.9 w% and s-caprol acyam precursors (10.9 30 w %

6- am nocaproi c acid, 38.3 w % 6-am nocapronamn de, 13.6 w % nyl on-6
oligoners), as well as sonme N-(5-carboxypentyl)-E-caprolactam (0.2 wt% and
water (3.1 w%. Prior to reaction, 71 grans of the reductive am nation

m xture was charged to the reactor, and after flushing the autoclave with
ni trogen ando ﬁ@@tf‘gﬁ§1wlﬁap%§®$ thefred GBNFBEBaUS redyctivg agtationat 1. 2 MPa
pressure, t re containing

S Capr ol act Ay RECertanRl s SHC o AldkAo it 47, O
correspondl rugntmtrhﬂoﬁcw%p@ndlagltcoﬂ:aﬁMa%evmrdacaamemaseutarted&itae'atefof 260 m
per hour %hﬁﬂ%/ ﬁt ate conditions were reached after 1 hour. ko anounted
to 1.85 xlO@ Y- this point, with 76 grams of nylon-6 nelt in the
react or sontaeauwwate.canmuo:%\béré&eamatmwpaanryka)ammml'assam5 niift er 29

hours running,.tine,, t eed rate wa creased to 400 .m

Reacti on wa?q %ﬁ??'hh@’glﬁf@rgraamf 8{ '?Mlorbé "?@ "Plﬁ'lf reacta; ‘E°§$a'9\ﬂ9 9% W/é?\tlgact or
cont ai ned k@r&}y@mﬂpg_gép,ﬁwb@mG nelt in the new steady state, containing
5.3 w. %N—(5 car boxypenty Lms caprol actam The reaction rate gradually

i ncreased duiteRgd hAE’S THERIPG Sfth?ﬁ%eqréé?c‘@’?%'ﬁcreéﬁeqt°-40§’6“H%ﬁj SU ko was

cal cul ated FHezttidPwis é&«ﬁm%afora tofN6VEE Kb, laftb EwRIBH SeCIR BB cordTRgd abl e to
exanple 1. The accunmul ated condensed product cont ai ned ZGOO(grams of

s- capr ol18ct £h9rams gngen-Gaagiuintieerney siepdpstate. containipg A3t %iN-(x pr ocess for
the pr epar atdfhGhorfy SAREAbREIAMTHL 2640 J1E Bl AT BI6APAGg (RS J.

6- am nocapr oam de, 6-am nocaprolic ester, am nocaproni trile, oligomers
or pol yners coﬂrqerpéﬂz@ eeftinsy At of hwrﬁ,tknr\f% Cal?él@ﬁﬁq ali2Ap %10° RSt two of

these compoupdingd Rt iRnt&REnt dontdafdble f¥kample 1. The accumulated

condensed product contained 2600 grams of e-caprolactam.
15



process is perfornmed in the presence of N (5-carboxypentyl)-s- caprol actam
and/ or derivative thereof in an anmount of less than 50 wt.% and nore than
0.1 w.%Gpradesan the total reaction mixture). 10 2. ProgeasNi@@amedsdi ng to
claim1, characterized in that, the starfgng m xture is an aqueous m xture
cont ai ni ng 6-am nocaproi ¢ acid, 6-am nocaproam de, oligoners thereof and
s-caprol act am whi ch aqueous m xture is obtained through reductive

am nation of 5-fornylvaleric acid or its ester. 3. Process according to
claiml, characterized in that, the starting mxture is 15 an aqueous

m xture contai ni ng 6-am nocapronitri | GLAIMS (Jse of

N- (5- car boxypentyl)-s-caprol actam and/ or derivative thereof as reaction
rate enhanci ng conmpound in a process for preparing s- caprolactamfrom

6- ami nocapr of-c acid pPrasegaiairapepaFfioneof scapip¢ian HArEng fredisr |

6-am nocapr oni {1 ! fminBLdSGRTCR, BlanfitepRimidd, cldiifBeatfloic asiRANS. OF

m xtures conprising at l'east two of these conpounds. 5. A conposition

conprisify (a) s- capineraripaifileydliogmgrsr PQ)’@&F%)%‘W?@MW"@S elpPBIreTt am
W5 and over tnecorin PRI ol A ARAARe Shirekbrp Sihangle o) O
process for the Srragaeis.tiisparf@fnqddmmtirdm?ﬁ blr(btoagpoypentvipe-er and 6-

ami nocaproic acid, 6- nocapy, . - . r . 0

am nocapronitrile %a}'%‘%g%ta&%@6&%@%@%&e?%ﬁ@%ﬁ%b&z@o&iﬁ%&ttn%f?o %é’ process

I's perforned in thandumessethae Ocif wiNéG (Basedrdndiy péal trgadtios nustpre)! act am and/ or

derivatiye thereof in an_a nt, of . .50, . % .0.1 30
w % 7.1 e~ of I\l-?@-cgisr %%%OE'&Pyﬁ'i"lﬂg‘-s’ %g%ragt?g%da'ﬁﬁ%%{dﬁggt%@#qevwgés t her of
as reaction rate anaquenusgnigdo ¢antaining 6-anpn@apic ¢d, G-aminocapeamideon of

I I de- ' f d_s- I - am I id,
6 am nocapr oam de, OB NNEGH BTG Cab BCRTLM B BOues LB e ¢

through reductive amination of 5-formylvaleric acid or its ester.

3. Process according to claim 1, characterized in that, the starting mixture is
15 an agueous mixture containing 6-aminocapronitrile.
4. Use of N-(5-carboxypentyl)-s-caprolactam and/or derivative thereof as

reaction rate enhancing compound in a process for preparing -
caprolactam from 6-aminocaproic acid, 6-aminocaproamide, 6-
aminocaproic ester, 6-aminocapronitrile, oligomers or polymers of these

20 compounds or mixtures comprising at least two of these compounds.

5. A composition comprising (a) s-caprolactam and (b) N-(5-carboxypenty!)-
g-caprolactam, wherein the amount of component (b) in the composition
" is higher than 0.1 wt.% and lower than 50 wt % (based on the total
composition).

25 6. A process for the preparation of polyamide-6 starting from water and 6-
aminocaproic acid, 6-aminocaproamide, 6-aminocaproic ester, 6-
aminocapronitrile and/or e-caprolactam, characterized in that, the process
is performed in the presence of N-(5-carboxypentyl)-e-caprolactam and/or
derivative thereof in an amount of less than 50 wt % and more than 0.1

30 wt %.

7. Use of N-(5-carboxypentyl)-e-caprolactam and/or derivative therof as
reaction rate enhancing additive in a process for the preparation of
polyamide-6 starting from water and s-caprolactam, 6-aminocaproic acid,

6-aminocaproamide, 6-aminocaproic ester and/or 6-aminocapronitrile.



