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-1- . . . _PROCESS TO CCNTINUCUSLY PREPARE AN AQUEQUS M XTURE 5 OF
e- CAPRC].'ACW&M;&Q;;[ err] - CAPROLACTAM PRECURSCRS 1. Fi elod/Nif9stob@ss _

I nventi on The present invention relates to a process to 10 -
continuously prepare an aqueous m xture of,[err]-capro- | act am and

6- am nocaproi ¢ acid and/ or 6-am nocaproam de - by- conti nuously contacting
5-fornylvaleric acid or an al kyl 5-fornylvalerate with hydrogen and an
excess of anmpRbaeks_trhe conesRmoYsafy PREHAEN MM AUEeYS i 81X TORE

catal yst. 2. Description of the Prior Art , ocess for
preparing [err]- capéBLd5ﬂ§¥ﬁ¥¥¥¥:ﬂ¥&e%¥9+éegég-O L U - 730, 040.
In this 20 process, nethyl 5-fornylvalerate is first hydrolyzed (step
a) in the presence of water and an acidic agent to yield
5-fornylvaleric acid. In this process, the 5- formylvaleric acid is

reductively aminat #deld wa ethe Invertriomgh contact with anmoni a and
hydrogen using a 25 ruthgni GO talyst

Ni ckel catal yst to obtai ﬁ% g,rye eﬁoc&&%%@%%f&%%n% %lﬁg[’%g?ﬁ&%
m xture. Af¢ er coppadnacuEl Yo fpreparanTami aguedies reigtine ﬂfxﬁuﬁépﬁbtalned

from the " SUUELLY & AT M dp e Sk 19 A08)6F 4 Cahonb ek rbaiilre SO

caprol actam by cyc am nocaproic acid dI sadvant age
of the processbaceondilsglausly, SoFARng 5- fermylvabenio Fglﬁhgrbéﬁr

yi el ds Obta'neglk&qm§JF5rmylﬁé¥E¥aﬂé“%fﬁﬁrﬁ?df%g@ﬂ'&ﬂdpéﬁVéﬂbebb brom

being a commefci,ally attractive process.” According to th
experinent al re¥enda ife s PIRSEFH0F R Fl‘}"dl?'%q“y‘é‘i“son ca§Fé8r| s only
about 78961§tu3caeauy§teld of the reductive an1na[|on step is only about

77% and t he best vyi el d-of

2. Description of the Prior Art
A process for preparing e-caprolactam is
described in U.S. Patent No. 4,730,040. In this
20 process, methyl 5-formylvalerate is first hydrolyzed
(step a) in the presence of water and an acidic agent
to yield 5-formylvaleric acid. In this process, the 5-
formylvaleric acid is reductively aminated in water
through contact with ammonia and hydrogen using a
25 ruthenium/zirconium on alumina catalyst or a Raney
Niekel catalyst to obtain a 6-aminocaproic acid
containing reaction mixture. After separation of
ammonia, the reaction mixture obtained from the
reductive amination is heated to 300°C to form e-
T 30 caprolactam by cyclization of the 6-aminocaproic acid.
A disadvantage of the process according to U.S. Patent,
No. 4,730,040 is the poor yields obtained from the
reductive amination which prevent it from being a
: commercially attractive process. According to the
35 \ experimental results, the best yield of the hydrolysis
step is only about 78%, the best yield of the reductive
amination step is only about 77% and the best yield -of
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-2- the final step is only about 95% Hence, the overall - yield s

at nost -5%% 98/35938 Anot her di sadvantage-i s that whepct/Reosoooss
reductive aninailon is performed for a pragonged period 5 of tinme, a’
decregse.-in particle size of the Rahey =~ N ckel and alum na catal yst
‘pa"||9 @wjﬁs:be?ﬂﬁipund to = occur. This i-s not desired because ®gese -
sna “ partigles. Lstur i_btratiQn o j 0 N-Y-Ta X to
catal yst | ossetﬁﬁuglggxe%th?éi ﬁ%e%?l)ié : oéﬁcef?’g"l 'ygfér%é’ ?:nr&{ hde pr o]c'i]t]ct '
stream yield isAast moistf G7her di sadvantage is that after sone

decr ease. -

ere

hours of continuous oper io(ege%hgigé%ihi‘)eéirnteeéh%gs dtdhanat wa@lped can

ore, been a need for facile 15

process for proederhgvEerrina&3rsl dét Mpnbemnes dipy s RFoLlonged period
Summary and Cbpectsmal bh@elhvarlel @h particle size AE Gliedamdythe present

process is to

duci_bl bt ai hi gh ' -
and 20 E—caprgﬁﬁbrﬁgﬁ;g\@gg&lugénoé Ecg‘%ﬁ’rﬁlcg’&%ﬁ%%dﬁ%&e%rl £S0A8' 86

ctam

gm nOng(Vjoam glebch&.t h‘&lirsgd.lschio‘te dasiteld Wedsudwuthese smdXering the above
descri bed probl ens, iLncluding.the decr.ease .of th t.al yst_partigle
ETEs i LM% oSSR o B EAAAE o PRLAA

size or loss o

s and her  0Obj ect s

are achi eved i ot batalyspr sesescdue ruwoentpraicesnthye hridparcakgbyistiqueous

m Xt ure of

6-aninocaﬂToggagégggr%%%%h%@l%QQeghﬁninocaprOiC aci d_and/ or

ti nuodsTy contacting 5- formylvaleric acid or

an al kyl 5-fornylval erat @ isti30 fwattdrex ablssgivantiggen ks Halk jEkennd an

excess of

aRRNLA UL e e SeheR Lloge A4 NN IR ULB FAIY I SF Be A

catal yst, wherernthe carrier is titanium oxide or zi rconi um oxi de. The
aqueous m xt ur eatpdistheagneesr@®ise. reductive ami nation can be used to

prepare [err]-

t he process
15

20

25

30

35

35 caprolgeh@dFore, there has bddn hasdmentdoupdcinat when

according to the ,invention is ] , hi gh. vi
process for producing s-caprola_%&E%&Wﬁjﬁaéﬂgghgig!d to

Summary and Objects of the Invention

An object of the present process is to
reproducibly obtain a higher yield to e-caprolactam and
¢-caprolactam precursors (6-aminocaproic acid and 6-
aminocaproamide) in the reductive amination without
suffering the above described problems, including the
decrease of the catalyst particle size or loss of
catalyst activity.

This and other objects are achieved in the
present continuous process by preparing an agueous
mixture of e-caprolactam and é-aminocaproic acid and/or.
6-aminocaproamide by continuously contacting 5-
formylvaleric acid or an alkyl 5-formylvalerate in
water (as solvent) with hydrogen and an excess of

ammonia in the presence of a ruthenium on a carrier as

. a catalyst, wherein the carrier is titanium oxide or

'zirconium oxide. The aqueous mixture from the one-step

reductive amination can be used to prepare e-
caprolactam.

It has been found that when the process
according to the invention is performed a high yield to
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3 ‘ [err]-caprol actam and [err] caprolactanlprecursors can be

achi eved | wolds@seasducti ve am nation, and the catal yst r RCT/NIIS/00683 _
particle size and activity over a prol onged - period of tine. Another
advantage is that when starting 5 froman al kyl 5-fornylvalerate a separate
hydr ol ysi s step in order to prepare 5-fornylvaleric acid, such as )
described i n UeScaBaicdnictim ahd 30, ddfrolsctmot peecedsors cahi beis very

ST or mylval or aRERAETaS oA B deuet & RS el 4R8.B0BA65R3NSE o 1 ow
yield (78% retalﬁsfammymﬁﬁuwalﬁzﬂnzb and heet bebhy f ouad eharolpaged

al kyl 5-fornyly %. gh %cgﬁf&ee %ﬂ&?ﬁéy é’é‘f&l&% hes thabl GREA! PLOGASY

resulting in a act | e avoj di ng t he
| ow yi el d- Hydr Eirpmi @Ill@léi}élp Siefgtrfmsble‘dalmraj:es a pReRataig. hydy3dye4s.

- According to ERtA;729943 s tﬁ?pﬁf&ﬁ&@é%&%f&ylvale%@rabaat aBuean ke

prepared by first contactln | val erate with a ni a and

subsequent |y r 8gscrigped in Sﬂtgﬁ%%%ﬁalt’% tin@&%¢ naS PBFmEES babl y

i mne- 20 capreng saGidd ah) advaesagebi ﬂslélélé@g@nthe bépaaae&ence
ammoni a and, for exanpl e,

t he
Ni ckel . These pad&al Kﬁﬂﬁ|95ﬂ¢hﬁl kyln%nf?ﬁngY?%ﬁﬁ?ﬁﬁ18§| gsgﬁﬁﬁﬁgfanlum
oxi de as m@sn lilneU S. Qaittdrey Nmfesjrds, 600 shokedl, acbbal yieddr Ut7Bani um 25

cat al ysts. r t I d th
exanpres of EP—R f2§3ﬁ§yé#$%i§;‘lﬂn 4 a ﬁgsgﬁéé ?éuﬁgntﬁ 3 lE?’%ﬂul:?lvee
am nation in twﬂkyl Eﬂﬁnrmylua;@rntbt@aﬂ}hapdbractéY1aﬁédEl@aGhGIactam
precursors is in q}%edm?&q&é)ggl ngﬁf%1 1“31‘? paje thg_;%hpg%h_gaq:bogs However

when using the gx enrunton a atal yst the earlier
nment i oned m@@ﬂqiﬁQﬁamnwhik¢ea%¢¥@lm9dﬁb@|bﬂWaYéélﬂah¥§rﬁﬂa§ésIt

vas therefgre nilepPXnatliothddain Y. 851 Pat@nt WheNkLmsenoso. 21T coni um oxide
or tltanlumOX| e‘carrier 1n a one-ste re uctlvg anatlonthat a high
h

yield to [err]-caprol act ﬁcordH%CE?SgPSAC?)%I?8456‘&‘8 EvEd "RHPRE &t the

sane time caprolactam can be prepared by first contacting methyl
5-formylvalerate with ammonia and subsequently reacting
the intermediate compounds thus formed, probably imine-
20 caproic acid derivatives, with hydrogen in the presence
of ammonia and, for example, a ruthenium on alumina
catalyst or Raney Nickel. These patent applications
mention zirconium oxide and titanium oxide as possible
carrier materials for nickel, cobalt or ruthenium
25 catalysts. However, only ruthenium on alumina carriers
are used in the examples of EP-A-729943 and EP-A-
729944 . By performing the reductive amination in two
steps the yield to e-caprolactam and e-caprolactam
precursors is increased according to the patent
30 publications. However when using the exemplified
ruthenium on alumina catalyst the earlier mentioned
" problem of particle size reduction also takes place. It
was therefore not expected that by using a ruthenium on
zirconium oxide or titanium oxide carrier in a one-step
35 reductive amination that a high yield to e-caprolactam -
precursors could be achieved while at the same time

avoiding loss of catalyst activity and reduction of



avoi ding |l oss of catalyst activity and reduction of WO 98/ 35938

PCT/ NL98/ 00083 -4- cat al yst partlcle '
size. "7 wo 9835938 Det ai | ed Descrl ption of the InventionpcrT/NL98/0G0S3

The al kyl 5-fornylvalerate conpound is 5 4preferably a Clerr]-Clerr] alkyl
5-fornyl val erat e conpound. Exanpl es of suitable al kyl groups are

nmet hyl , ethyl propyl, iso-propyl, tert-butyl, n-butyl, iso-butyl,

cycl ohexyl . d%i éﬂf%ﬁﬁkiﬁﬂé“@léﬁ“’ethyl groups are used because
met hyl - and eth 5-for val erate are 10 readily obtainable such as, for
exanpl e, by the processes described in U S. Patent No. 5,527,950, WO A-

9404482 a?ddv\? A- 9f506025mewf1eanﬁéstzglg't%hoggreaeofxnvent%mc' h i’ire -
i ncor porated by reference reparin val eric aci
starting froma 15 pent%@rﬁ@f 5s€°’F‘BYl'%£ s g‘é@E?VBgé/an WO A-
95f18783, t he cmfﬁmkm;scal aHce @ikyhi shfb a '-*'-n_eatalobatngduhar ein by
reference. Preferabl.y t st t| ound is_an a

5-forny|va|era% éﬁﬁﬁé%: suy %#k%ﬁ O %5ﬁém?5%%#rye59¥FPable
than 5- 20 fopry:lpydl,emsp-qmapymmmstdbmw se-lstaykd, isefbutnte

herein to the f?ﬂ;m %éal’tl cw%wﬁe%yre%%c? ig gyﬁg¥gl g&gte,

5- fornylvalerlc ron~rs
performed by use@orheamusm mettdny lor rptd setahylﬂ@-t@mmhmllenamt arewi th 25

hydrogen ap¢ a | fp BTER égl t 6 PL £, ed ruthenium

on titanium oxi e or rut eni um on zi r'’coni um oxl de, a2 t e cat al yst.
A relatively sP@OcesnescstendriRed 1in U.S efRakeedly dNanotint2df 98fe WAraryst

is used in thegpnoaaBt a3A wmsﬂ@ afmeNntob 1 &t NeDs b EAseBELEl ) 1N
t he cat al ysg 5 netal plus carrier eper a between%g % and 10
w % The mean P hclﬁeslli‘é’o(rd:[%"?al' 9 |k§’ p‘?%ﬁ%?%‘l‘ﬁ °¥0 and 100

[err]m when theepairdngsts 1Romraselletiic acid starting nfidwe &eacti on

mxture °f1§et%%%%é%é¥%Léﬂk is, for example, described in WO-A-

9518783, the complete disclosure of which is
incorporated herein by reference. Preferably the
starting compound is an alkyl 5-formylvalerate because
these compounds are more readily available than 5-

20 formylvaleric acid. Unless otherwise stated, reference
herein to the formyl-starting compound means alkyl 5-
formylvalerate, 5-formylvaleric acid, or both.

The reductive amination i1s performed by
cohtacting the formyl-starting compound in water with

25 hydrogen and a molar excess of ammonia in the presence
of a ruthenium on titanium oxide or ruthenium on
21rcon1um ox1de, as the catalyst

‘A relatively small but catalytically
effective amount of the catalyst is used in the present

30 process. The amount of ruthenium (as metal) in the
catalyst (metal plus carrier) is generally between 0.1

.-and 10 wt%. The mean particle size (d,,) is preferably
- between 10 and 100 um, when the catalyst is present as
a slurry in the reaction mixture or between 0.001 and

35 0.05 m, when the catalyst is present in a fixed bed.”
The BET surface area can be between 1 and 100 m?/g. The
BET surface area is preferably between 30 and 100 m?*/g.



35 0.05 m when the catalyst is present in a fixed bed. The BET
surface area can be between 1 and 100 nferr]/g. The BET surface area is
pr ef er abl ywaoeesmse3s 30 and 100 nierr]/g. WO 98/ 35938 PET/NL98/00083_

PCT/ NL98/ 00083 Preferably anatase~i $ dsed to reach such a high BET
surface area titaniumoxi de. The high BET surface area I s advant ageous
because higher catalyst activity can be obt ai ned. 5 Ti tani um
oxide is pref em@ﬁeﬂa&ﬂcy aemat&uese is cased etobeeaosesothi ashhghhBETeN cal .

and nechani cal st abij | nd ause.L he I % pr red

(i nter nedi at e) %m@sr?% E%Jnlblq‘?'g 1‘?%ra ﬁ%eﬁgﬁh iBﬁ* sk %e q_,feear

support is useds:ﬂﬁvantageous H&anwﬁehlgbareqatahYEheaﬂéa@ﬁﬁahqandhﬁe as

descri bed abov g{cieast 10 wt % and nore preferably bet ween about 15
0 an

and about 60 w st preferably bet ween about 20 and about 50 wt %
The nol ar r&tio of ammmn?n%ﬁﬁﬂd@r@%idelss Braferagl¥onssanas fene

reduct i ve am ngihan of Sedfyse of! £LETROGH Eﬁéiﬁ@@ﬁlaaﬁbﬂ méchadiitAbout
30:1, and nore preferably is between™ about

5.
The t enper at ur Stiabidkidierangd \PeRANRRNE %506?130t1XéF¥rFPC ﬁdpgﬁ rred

200[err] C, and (@{&:ﬁﬁ@&fé@é’i Yebfpdeeds abguEodfld 86[ Ber keland velquthigh
160[err] C rocess i g preferably conducted under

pressure. In géHEFhWh%$m§$PE%£%r%S|%S% ual or greater than the
resul ting geuilibrium prepserreavértbentenui dn ther seaticdonmmitineeegd oyed.

The pressure is, pre 25 betwee Q Th
mol ar anount of9 4%ﬂﬁf§ﬁ§:%§ oYUt +%a%€ feasg g w% gﬁﬁ m°F§rR§i5%ﬁ% ©
fornyl - starti ngppetweemngioountl. 15|'h@n<ﬂmalaoutaSDOWDf' Bpdr ogst metfleefafhimyl -
starting ConpO}é%&éEﬁ"%ﬁgﬁ@b*y ?ﬁ&“@@gu@bgHth 500 to 30 about 100.

If the starting compound IS an /l val erate it 1s preferred
t hat sone al cohol coTh@s@@hﬂrngatbotﬁﬁsaam@yﬂagﬁﬁép fogmydesent in the

15 starting compound in the reductive amination step is
preferably between about 3:1 and about 30:1, and more
preferably is between about 5:1 and about 20:1.

The temperature is preferably between about
40°C and about 200°C, and more preferably between about

20 80°C and about 160°C.

The process is preferably conducted under
pressure. In general, the pressure is equal or greater
than the resulting equilibrium pressure of the liquid
reaction mixture employed. The pressure is preferably

25 between 0.5 and 10 MPa.

The molar amount of hydrogen is at least
equal to the molar quantity of formyl-starting
compound. The molar ratio of hydrogen to the formyl-
starting compound is preferably between about 1.00 to
30 about 100.

If the starting compound is an alkyl 5-

- formylvalerate it is preferred that some alcohol,
corresponding to this alkyl group is present in the
reaction mixture. The concentration of the

35 corresponding alcohol can be between 1 and 15 wt.%, ~

although the alcohol concentration is preferably

between 5 and 15 wt % in order to improve the



reaction m xture. The concentration of the 35 - correspondi ng al cohol can be
between 1 and 15 w. % - al t hough the al cohol concentration is L

pref er abtywo 9gd36dgeen 5 and 15 wt % in order to inprove thecrnrLosois
98/ 35938 - 6 - PCT/NL98/00083 )

solubility of the al kyl 5-fornylval erate when the concentration of th'e
| atter conpound is relatively high (> 15 wt. 9. The

Conpr 1 ses 1 or [ oASbra At A B SR LRI P Gyt Lhkent on
6- ami nocapr oanceaceahrRtiien ik drhe latirl sepmpeied ol v erehgbivgel. hight he
starting compoyndis i %)an alkyl 5-fornylvalerate, a small anmount of alkyl

6- am nocaproate and the correspondi ng al cohol to the 10,alkyl will be
present in the reaction mbB& FRACKHRE mixtiyre Rerined HRabiRoREABFEFE aci d

and/or of 6 acceBdiepRiPaHdleiPntEl S0 dempels@s yhesptbeaptament -
process i s conducgted at relathﬁﬁl igher.substrate. concentratigns.
These ol i goner §MGCE AP L OIS &Afi (%hé()??ﬂf?%ﬁﬁ?ﬁo%ﬂé. noREPPBART d¥2ARE t he -
al kyt 6- am nocapdoaiome dissarlereal |hyndwesgersor BE tiohe est dxricihpyg otanpammd

The present inyention > perfor cont i nUoys Lo a giX ed
reactor. in whi ¢ fhe al&%%efﬁoceﬂ“é&%n%de%@%‘? bgaensérf“—:ilf(;# %:%{1 b t§/_s?%i Eslfgygsent.
An 20 advant agé -efmimicapresdteorand thmtcotee spend frg sabeehol teathky _
separat ed {¢ OML0ReINANOFALLAUL SR 3 Sne readlXhchiLBREE! hmRerfOr M Ng
the reductive amnation is Yy way of one or nore continuously operated
wel | mixed odidgerers £f f serinecdnrodt acidanrgtrogehation 25 catal yst

i's present as @apShddaprcdmiide/ MBAEEY -bd N Srmed Meﬁhafﬁgeegéﬁﬁi on has
t he advantage that theé heat of the reactjon can, be easily controlled

by, for exanpl rocessy iHARPULRE Gt Fe IRl WLy it egher | SuBbbEaBecool i ng

devi ces. Exanpkesicehtifedidrs. amksdlidaiienstdrdy S84 J cact MmsnoELpeBECcOr
mul tiple s&gged bgbble calumms or_a ' react or

conti nuousty sffrfed &ATRBOCaRTOaRITe ("’t%%%)lllé TI%%L}&O%??@H%?%%H%FFM
catal yst can are all precursors to e-caprolactam. _
The present invention can be performed
continuously in a fixed bed reactor in which the
heterogeneous hydrogenation catalyst is present. An
20 advantage of this reactor is that the reactants are
easily separated from the hydrogenation catalyst.
Another manner of performing the reductive amination is
by way of one or more continuously operated well mixed
contactors in series in which the hydrogenation
25 catalyst is present as a slurry (slurry reactor). This
mannexr of operation has the advantage that the heat of
the reaction can be easily controlled by, for example,
a cooled feed or by way of internally placed cooling
devices. Examples of specific and suitable slurry
30 reactors are one or multiple staged bubble columns or a
gas lift-loop reactor or a continuously stirred tank
. reactor (CSTR). The slurry-hydrogenation catalyst can
' be separated from the reaction mixture by for example
using hydrocyclones and/or by filtration, for example
35 Dby cake- or cross-flow filtration. B
The catalyst concentration can be suitably

selected across a wide concentration range. In a fixed



be separated fromthe reaction m xture by for exanple usi ng

hydr ocycl ones and/or by filtration, for-exanple 35 by cake- or cross-flow
filtrdtiORyo 98/35938 The catal yst concentration can bePETINLABDGOS3
sel ected across a wi de concentration range? tn a fixed WO 98/ 35938
PCT/ NL98/ 00083 -7- bed reactor the
anount of catalyst per reactor volune w1l be high, while in a

slurry-reactorptgi §eacto%0%%nfah@>tur&n o |datalrysler‘;9éﬁlré)@ctt@mevolhmea
continuously operated slurry r tqr the wei fraction of catalyst

ht
(i ncl udi ng t heW&adr Per pigd.” whide,iin, g flﬂﬁzaée’ﬁaaa"bro?ﬁ %45 and about ~ 30
wei ght % rebatkye ra® ibhe wiidllgl ireapmyrgloderniower. In a Ammoni a,

hydr ogen, the heterogene enatiaon ¢ Y, al cohol (if

present) are 16°nEF8g8P§§Vy°§§§§rt§t% %tﬂea%%tf%% N x%%?e obt ai ned

in the redugcti feaatibat iodn qartladjystto (tn}m:h;dnlngzatth@ncarrler)aplso

E- capr ol act am ﬁ‘ﬂrgoﬁgg, @'&‘1“}% a%f u{ pout S0 #LYAL ageously be
c

separ at ed fronf ure y reduci ng the pressure and
perform ng a 16elghastei g d:lmeﬁaz’c@tll creagorxeaptentf such an operation

is a flash operation perfarned at Hﬁx"éﬁ{éﬁ anhi &M e BPPYeneoupr €ssure and

about 0.5 MPa. Advantageously, t'he dr ogen ‘an nia can be recycled
to the reductlhvdroge@ﬁﬁmmn(ﬂﬁ%ﬁlﬁﬁtZKP tne adee ) G5t REeSEBELqA&Rt to

fPehggdggte'nV]?OBrgf@?am 4 Qpahe < cohsh did :Péa@éf@:[%ﬂ :ﬁﬂﬂt@@esenaaahea

hat it |s advan,ta eous to, cycli r -carolactam
precursors to EncﬁbﬁoﬁﬁﬁﬂﬁﬁﬁW?tQWQHa é?EHE% %P?WC¥E 523t4P%,  and
oy e pref erabl EtEbOIEbO e%ap&tol%duanl e&Byd:i‘tﬁjE:D dnavpant af cohel amfibnia when
t he m xture, ajltln fro Bjaerreductlveda nat']i?] reage%gl ns
al cohol, it i scéﬁvé AP conpound. It has
been di scover eﬁllrxlnalret 017 redmna@rm'se qfread;s:tutmlaMrpﬂgf@hmingcal zat i on

romotes t TR0 |
E”deSi red pgsadg{n%f‘ln %fesence of srrap%]ghcﬁgenl\lgte édéhcéﬂrebéggeqb

is a flash operatlon performed at between ambient about

pressure and about 0.5 MPa. Advantageously, the
hydrogen and ammonia can be recycled to the reductive
amination step.

20 In a step subsequent to the reductive
amination, the alcohol (if present) can be separated.
It has been found that it is advantageous to cyclize
the e-caprolactam precursors to e-caprolactam in the
presence of 0 wt.% to 1 wt%, and more preferably from 0

25 wt.% to less than 0.1 wt% of alcohol. Thus, when the
mixture, resulting from the reductive amination
contains alcohol, it is advanfageous to separate this
alcohol compound. It has been discovered that the
presence of alcohol during the cyclization promotes the

30 formation of the corresponding N-alkyl caprolactam, an
undesired by-product. The presence of small quantities

~ of these N-alkylated by-products, for example N-methyl

- e-caprolactam, in the final e-caprolactam renders the
¢e-caprolactam less suitable for use as starting

35 material for preparing nylon-6 fibers. These N- -
alkylated products (especially N-methyl- and N-ethyl
caprolactam) are difficult to separate from the final



of these N-al kyl ated by-products, for exanple N-nethyl E- caprol act am
in the final [err]-caprolactamrenders the . [err]-caprolactam | ess

sui t abl e-f g starting 35 material for preparing nyl of- ' -
Wo g?%;fsg . %’lﬁl;(/f.és%ﬁs% i

These N ed products (especiaklg N-nethyl- and N-et i
caprolactan) are difficult to separate fromthe final WO 98/ 35938
PCT/ NL98/ 00083 [err]-caprolactam Consequently, it is highly desired

to avoi d or. _m_ni g ir ' i n {he; pr rding to
the invention. © @%ﬁf@fﬁ%éiﬁi géﬁ%é%ﬁ%é%}*heigl%%H%fsﬁi%n??ﬁggggxghre 5°
obt ai ned in theviedducy vesirsimies | the e choxhalyion imethe prageasi on can be

performed by S@éﬁﬂydiﬂgﬂﬁgxghé”EHWEﬁEion those skilled in the art, for

exanpl e distillation or - stT1pping, for exanple steam stripping.
Preferably, the al colfParatinm e Bl aehrebpf Hemt Hae aji¥buseni xt ure 10

with steam#is desarimed il MM AR amination accordifg to the
[err]-caprolactan1precursorsdpreseqé I n éhe ,aqaﬁgus ngxéurg are
preferably fur tRYSAERT &R PG HFEormed Ly pits BRFROH8aLPPYR SPep
(hereinafter rehoseedkilldd @as e ) | 26t | @bampEP)dLavibrapeohobred- i n
the gas 15 phase .as .described in for exanple U S. .Patept . 4,599, 199
or in LS Pat YRR 1% ARG D, SETIPR IS ¢ REP R 5B Yel 588 s
of which are i adeopamlatied removest édyn dyrippinentlee dyueous amikhgra m xt ure,
pref erably, con r ' i N, red | 20 amnation with
super heat ejd&st gg%%h%t%%dn Za%t errp%%te%r%nlﬁ rWt%)fﬁbe V\%%ﬁB about 150[err]C and
about 400[err]C at about The etgapyiieardtaprreschesoTfhcpyasephasd phecesses

are advant %%%%éj%%tﬁf‘re[ &dFd ?ﬁ@f&%ﬁf‘%ﬁ&ﬂ@f%@&&é& 8o ¢- gaseous
S are present. 25 S

steam phase in I ch no ol igoner epar ation of
[err]-capr ol acCARTMANAYonBHsS LRpGHAn petep (hgPpieyfter referred The

cyclization camoalago the Refd0IFBdidd dtp) can ik sePhesRedt i8UPRE gas
at nospheri c_ pressures such descri bed

as,, , for exanple t he
af or enent iohedPB2Ee HF GSRTHPND .11y, %’O@%“%Trﬁ Ep2 A—%@%Q.N?{r gh yields

of [err]- 4,599,199 or in U.S. Patent Application No. 3,658,810,
the complete disclosures of which are incorporated
herein by reference, by contacting a mixture,
preferably concentrated, as obtained in the reductive

20 amination with superheated steam having a temperature
of between about 150°C and about 400°C at about
atmospheric pressure. The gas phase processes are
advantageous because e-caprolactam is obtained in a
gaseous steam phase in which no oligomers are present.

25 Separation of e-caprolactam and oligomers can thus be
avoided.

The cyclization can also be performed in the
liquid phase at sﬁber atmospheric pressures such as,
for example, described in the aforementioned U.S.
30 Patent No. 4,730,040 and EP-A-729944. High yields of e-
caprolactam of high quality can be obtained with a
. 1liquid phase cyclization process. Preferably a liquid
'phase cyclization is performed as discussed below.
The concentration of ammonia in the

35 cyclization is preferably above about 0 wt.% and below
about 5 wt.% and more preferably below about 3 wt.% and
most preferably below about 1 wt.%. High concentrations



caprol actam of high quality can be obtained with a l'iquid phase
cyclization process. Preferably a liquid phase cyclization is perforned
as di scussgeed Japisons. The concent rati on of ammDrRGI/NRO8/(988335
cyclization is preferably above about 0 W 2% and bel ow about 5 wt. % and
nore preferably bel ow about 3 w. % and nost preferably bel ow about 1
wt. % High concentrations WO 98/ 35938 -

PCT/ NL98/ 00083 of ammorffa HERNI & Meyer bvaeghfeve ohf eht ghelbety eld to

[err]- caprol act.am ass in a,continuous. pr.qoc The

concentration GERPELRR {% df Sim RS [T - conQIEE§P8I§%§5ﬁ$5recursors in the

cyclization is preferabl yrite detoestrabbor S5fandcapvolabbawt a¥card nore

preferably bet ween abo bout %ya

el evat ed tenpeﬁﬁﬁﬁ FEIH r%éﬁ?%%%?bﬁﬂ tﬁé $§C%g 8F§8Pylgeﬁﬁ§§$za lK

200[ err] C add &eiweed50ibout G amdl abounphe wtefseﬂaél potke Prefesedlf e i s

hi gher than abggkggg%fgggﬁgrigigﬁgagggu@ Eggn syield to [err]-caprol actam
I

per pass i § possi Eressure i's preferably bet ween
about 5.0 and about ZDhefelevefredl FOMPAratErEsSbr ENi £VCHd 2atiqk eat er

than or equal g Iﬁﬁf&f&%iy%@&@éﬁ%soeé b.b@ <1:5antil gubdtr 830ticon dHt ure
and the tenperatu

zation can b
per f or ned contﬂWRRﬁHHEﬁferab%Yp?%%e%%mEﬁEPEHEﬁt1Fe Fﬁﬁg %ﬁnhﬁﬁ? d | ow

rates of ;0 ba3XiXivEcasseha agigeser yheldi BoEP-8ap28944tam per pass
The [err]- caprolactan1cgp6be separated fromthe 20 reaction m xture

obtai ned in théd%RITSHRTDn by for exanpl e crystal lization, extraction
or by distillation. Thiee [ pre$suaer bbapraffierabpyebetaslen sdpamtated by

ext ti Sui t | t d

cﬁlgffngggd h;I i é ggdﬁg§err%¥§§i§¥igﬁﬁg gkgﬁg%sgh§H£%E55 as -~
chl orof orm mtgﬁenmmmthhme oz, Qqualrtohtbsoweshéﬁéng Prﬂﬁﬁ%%WKﬁbﬁéﬁb
octyl phengl, %nﬂp?§9§+ ?@Fgﬁ mixture and the Eéﬁb%&%%@x%xkﬁﬁﬁﬂdygh

solvents are hat1 c organi c conpounds having one or nore
hydroxy groups, e.g., (poT1}9aw@hbzétlm ERNaPE PEghcgmed continuously

in process equipment resulting in high and low rates of
backmixing, such as described in EP-A-729944.

The e-caprolactam can be separated from the

20 reaction mixture obtained in the cyclization by for
example crystallization, extraction or by distillation.
The e-caprolactam is preferably separated by
extraction. Suitable extraction solvents include C,-C;,
chlorinated hydrocarbons and C,-C,; alkyl phenols, such

25 as chloroform, dichloromethane, 1,1,l1-trichloromethane,
dodecyl phenol, octyl phenol, and nonyl phenol.

Preferred extraction solvents are .
(cyclic)aliphatic organic compounds having one or more h
hydroxy groups, e.g., (poly)alcohols, which are liquid-

30 under the extraction conditions and substantially
immiscible with water. These (poly)alcohols preferably
! have 5 to 12 carbon atoms. These extraction agents are
- preferred because they have a better extraction
efficiency than the chlorinated organic compounds.
35 Preferably one or two and more preferably only one -

hydroxy group is present. Suitable compounds having two
hydroxy groups include, for instance, hexanediol,



30 wunder the extraction conditions and substantially I mm scible with
wat er. These (poly)al cohols preferably have 5 to 12 carbon atons.

‘These extragljon, 3?gents are preferred because they havecsa@isiiss
extraction efficiency than the chleriypated organi c conpounds. 35

Preferably one or two and nore preferably only one hydroxy group is
present. Suitable conpounds havi ng two hydr oxy groups include, for

i nstance, hexapediols;oi . ne&326¥¥£§¥§%%1 metq¥} methylpro ane

PCT/ NL98/ 00083 ane ,
neopent yl gl ycobthﬁt-mmﬂmmm@dlw butyl éﬁ%@hquﬁ@@%ﬁaéb%eﬁrola or
butyl - met hyl pr gpgaedicol of tHeddlr & téEWéOéoﬁﬁﬁﬁﬁdssﬂéﬁﬂﬁéeone

conpounds havi ng one y roxy group_include, for |nstance cl ohexanol ,

4- 5 methyl - 2- pydtrm gTRuR HICIG R AT | IDSERRES| -FYClok e‘ﬁ%ﬁ? nof;

n-octanol, d so; @Q?}Xfllmzc-%barfblde@Jé\hﬁPﬂDi—hexaz&’é‘ﬂ e xppepgrof -1 i near and
branched C[err -al cohal s, m xt ur es of

C[err]-al cohol eRE@TALe Fr&Stanolys 4§9m§9n¥iki%ﬁ%ﬂﬁhéﬂ %f%¥£?lgP88HO|S
M xt ures of t"“%.nb.omlmsjeﬁlﬂlnhﬁh:( RoLY ) br @nched nO;-al lowiimls ar e al so

sui t abl e extract,i Lon rtseggl \é/) a{"r:':ﬁeearpaa}rfd (ﬁr%ﬁ“fh%# ¢r atl%othr?:lss extd qﬁ%ggrg%

it is preferref** the “amoni a presen
aqueous n1xturefoﬂumaaxjandtﬂuan&hh¢t¢VeahuvhalsonMnHtmseSopdethﬁo prevent

a buildu el ﬁﬁg@;) _ o]

[err]- capP]bé)actaar% r?)irﬁ e(_#) en an %oca;/%f?%%lég%i%sgégéem ally
advant ageous owantablanexhﬁaQﬂlQn1&@&Nﬁmﬂ$goners are al so present in the
agueous m xture Conta'm'ﬁ%f&?a&6”Eﬂ#§a£§9%§@E§8ﬁ Nep 20 i¥spPeferred

distillation, a high concentration oner s I s usual obt ained in
the residue of tohseprarafies@arta@o Ly . Ofhehe| 2FBrRE: BEASEREI d4Pf FPeand

therefore a hi gleRGemMiaiird sth e . 1ﬁ0Ehé ngé@Bceive amphaesoandnot her
process eqH%pnen ThIS dlggdvantagfgﬁi u E not occugnm@ﬁg S%EE%Ct'On S
used as a Het hGFdedr tO PIEHD % 19R P o HEPANF SAnot her
advant age of extracti on @setractich sdf|¢ataprolsctiwatfroe thenefédmpotinds
whi ch can be of the cyclization is especially advantageous over
distillation when oligomers are also present in the
agueous mixture containing the e-caprolactam. When
20 using distillation, a high concentration of oligomers
is usually obtained in the residue of the
distillation(s). The oligomers can solidify, and
therefore a high concentration can foul, for instance,
pipes and other process equipment. This disadvantage
25 does not occur when extraction is used as a method for
isolating e-caprolactam.

Another advantage of extraction over
distillation is that the amine compounds which can be
present in the effluent of the cyclization are not

30 exposed to the high reboiler temperatures of the
distillation. Under these high reboiler temperature
. conditions by-products and (more) oligomers tend to be
" formed. Exposure of the e-caprolactam precursors to the
high temperatures of the reboilers can be avoided by
35 using extraction as the method for isolating e- -
caprolactams. The e-caprolactam can be purified by

methods known for purifying e-caprolactam obtained by



present in the effluent of the cyclization are not 30 exposed to the high
reboi. er tenperatures of the distillation. Under these high reboiler

t enperat Urgg 9g/35698ndi ti ons by-products and (nore) ol i gomer s HCIMELISDOHRS _
formed. Exposure of the [err]-caprol act amlérecursors to the hi gh
tenperatures of the reboilers can be avoided by 35 wusing extraction as the
nmet hod for isolating e- caprol actanms. The"[err]-caprol actam can be

purified by  peRRRAAHS rieRGWA qdimeRit | fAH r&cé@ﬁrpa@é@h@@t@m obt ai ned by
WO 98/ 35938 NEQEIOBO
- 11 - PRERFHHRG daeRTgemaTam A4S Sespiih o of P2 L NPryi ng

[err]-caprol acsamgies 9@QSCftlHée(tdmpllét$ Bt Erdsiioe of whidhR6i841, the
conpl ete di scl gsure of |ncorporated by reference. 5
The conpl ete dFE‘EPG?&Ir@é:e@f béT Irepfﬁreerﬂ% and literature cited in this
speci fi catigon are hereby The dompdrgi atistbemsuxéerefhcall patents and  The
foll ow ng non t|n ex fur, t i ,on. 10
Exanpl es E?( % re Weeas L éﬁe&rﬁds%e%gnlfesf%%tggn gﬁ?u? gﬁ? m on
—titani um oxi deincorperatied hedussietence.l |iter Hastelloy-C reactor. After
15 the addition of water, ﬁt%cmry tn RS e {RGUEREmBles FuldBkerr]C
during 12 hours. Subsequent an aqueous stream consisting of 25 wt. %
met hyl - 5- fornyﬁ@ébé‘ﬂé?t%%}ﬁve%tlonammm a and 7 wt.% et hanol in water,
was fed qgcontinuously to the reactor at a rate of 775 20 granms/ hour.

The reactor was kept at a constant pressure of 4.0 MPa by a hydrogen
stream of 10 granms per hour. The r s perfornmed at 120[err]C
During 96 hourgthgygfjuent whi ch continuously left the reactor was
anal yzed at regular 25 intervals. foqis,t ant %E&Sm%nd'éitégﬁuw 89:‘.{@5’
i.e. [ert]-caprol act %ﬁi“sca%ffo BNt PEATEFES SR § Yo WS

were introduced in a 1 liter Hastelloy-C reactor. After
15 the addition of water, the catalyst was pre-reduced at
140°C during 12 hours. Subsequently, an agueous stream
consisting of 25 wt.% methyl-5-formylvalerate, 35 wt.%
ammonia and 7 wt.% methanol in water, was fed
continuously to the reactor at a rate of 775
20 grams/hour. The reactor was kept at a constant pressure
of 4.0 MPa by a hydrogen stream of 10 grams per hour.
The reaction was performed at 120°C.
During 96 hours the effluent which
corntinuously left the reactor was analyzed at regular
25 intervals. A constant yield of desired products, i.e.
e-caprolactam and caprolactam precursors, of 97% was
obtained. '

Comparative Experiment 2
30 Example 1 was repeated but with 212 grams of

5 wt.% ruthenium on alumina (d;,: 74 um), 30 wt.%

. .ammonia in the feed and a total pressure of 3.0 MPa.
' The yield of desired products was 98%.
However, after 200 hours the d,, was 1 um, making this

35 catalyst not suitable for use in a large scale process.



obt ai ned. Conpar ati ve Experinent A 30 Exanple 1 was
repeated but with 212 grans of 5 w.%rutheniumon alumna (d[err}-

[err]m,- 30 wt - anmonia in the feed and a total press NPa
The vyi el d%f”?féésﬁed products was 98% - 1zHowever, after S? %E?Iés%otg%e .

dierr] was 1 [err]m making this 35 catalyst not suitable for use in a

| ar ge scal e process. WO 98/ 35938 :
PCT/ NL98/ 00083 . - 12 - Conparative
Experinment B Comparative Exper mept B poney-Nickel were introduced in a

1 liter Hastelloy-C reacbsorgramsaqfieBaseytNeakel wegendindtrdasipasfd 5imta %

Cont nuucty b T2 BafRh £ s L BERTAS S i

continuously t r éac at arate’o ranms/ hour. The reactor
was kept atomsitsningnofpbewtukemethylsSvEQrmy é(’aﬁ-yﬁd?ra&fer?nd 205t r eam of

10 grams per ggglre Hﬁoﬁ 2Cihofaves p@%EOE@EdcontlﬁhOMQQBe@a‘Ehéﬂ

The yield of pro uct's was 96% duri ng the first 6 hours.
However , mnthlnﬁéﬁtﬁﬁua§ ghzaypepd 875 H§éﬂ§é§&?ﬁ()3h?%E%ﬁF L WasL grans

of catal yst ﬂg@f it a cO¥BEah® bhesseaet of 1Thi mmaw wmymémkes this
catal yst not sul

able for a | arge sca ro
1 gram of 3.5 $EreaPuPhehPufiraR tPF&nkGH& %%GX|&§9ﬁ§?P zﬁﬁfé%i%?% 4
nMerr]/g) was aptiedeeced in a 100 m autoclave. The catal yst was

reduced irjl.,g57 granms 20 ggFV\%té% datpgié% err Cg@t t‘% Q#VP yﬂpgﬁ&%ng 1

hour . fter addition erat ur
brought to 100tkerfCrandét heumsesﬁomvtear 5w thida Jxanéaours pries st¥el dei ng

rai sed with thgg&gggggat E5e4§@dapd50?3 tﬁl g‘?:‘in%t Otﬂ1q.;agael t fuds S dpurs.

Subsequently 2 grams neth ate and grans nmnet hanol
were added. Thevezl &ul ahedrﬁﬂcé;tororé‘@rlsr @@@@Wﬁt loss makes this

catalyst not suitable for a large scale process.
15
Example 2
1 gram of 3.5 wt.% ruthenium on titanium
oxide (BET surface area 3.4 m?/g) was introduced in a
100 ml autoclave. The catalyst was reduced in 57 grams
20 of water at 175°C at 5.0 MPa hydrogen during 1 hour.
After addition of 23.1 grams ammonia, the temperature
was brought to 100°C and the pressure to 5.0 MPa, the
pressure being raised with the temperature and
maintained at that level for 3 hours. Subsequently 2.8
25 grams methyl-5-formylvalerate and 1.8 grams methanol
were added. The calculated first order reaction
coefficient was 84 x 107 per second.

Example 3 _
30 Example 2 was repeated with 1 gram of 4.2

wt.% ruthenium on titanium oxide (BET surface area 48
'nF/g). The calculated first order reaction coefficient
was 297 x 10°* per second.
Comparison of Example 2 and 3 illustrates
35 that a 3.5x higher catalyst activity is obtained when

using higher BET surface area titanjium oxide carriers.



coefficient was 84 x 10[err] per second. Exarrpl e 3 30

Exanpl e-2-was repeated with 1 gramof 4.2 . % rutheniumon titani um
oxi de (BETweuwsfagas area 48 merr]/g). The cal cul at ed fi MET/AKIBH0083
reaction coefficient was 297 x 10[ err3per second.

Conparison of Exanple 2 and 3 illustrates 35 that a 3 hi gher cat al yst

activity is obtained when usi ng hi gher BET surfacﬁiﬂj ﬂ WJﬂMXl de

carriers. WHAT wE crdiikl 18k CLAIM | S

for preparing aqueous m xture of [err]- caprolactan1and

6- am nocaproic acid and/or 6- 5 am nocapr oam de whi ch conprises the

step of 1. cont idwmisimousedlmdeﬁé VEamiprepaging dgasousnwizture

5-fornyl val eric a0|§ @Jﬁécéié‘gﬂa”é“ﬂﬁﬁ§§§a roic ac1d'£n&?5§r6 Wi th
& p ru

hydr ogen and an exc resence of heni um on
carrier ass 10 amm@mamhﬁeew&wh leomp¥ises thReasteras8f one of

i tanium oxi de or ZiRYHBENYIGeduct Arely Al 96€58 266 01dA0E bASCLE M 1.

wherei n the anoun emum (as netal) |nthecauﬂym i's
between 0.1 and 10 \ﬁt%omlw@lerw R T AR orHERY folerayhyalsrase,

wherein the upwﬂecﬂ e “ﬁche r%fdﬁd@aﬁaéﬁh ysh éﬁc@@é\l\ﬁﬁnaﬂnﬁloﬁ&d
100 [err]mand the step.is forme

masluwl}ﬁ(g)il react or .
4. A process accoﬁmlﬁf%(?ﬁﬁSQHQﬁrﬁ%.¥Ht§?n c§5r1er 2Stfle particle
size of thg catal yStcaJtSalfaﬁiﬂ/&le@Jhe(?céiQil the carrlaﬁdlﬁ 85 Ieast bhe sifep is

perfornmed in a flxe% ¢ é%1 act or. \, Process according to
any one of clains 1titanium oxi eﬂﬁﬂﬁfﬁ?ﬁP%%Ta?§§ has a BET surface area
of 25 between Bprwksdaqerding.to claim 1, wherein the amount

of ruthenium (as metal) in the catalyst is
preferably between 0.1 and 10 wt%.

15 3. A process according to claim 1 or 2, wherein the
particle size of the catalyst is between 10 and
100 um and the step is performed in a slurry phase

reactor.
4. A process according to of claim 1 or 2, wherein
20 the particle size of the catalyst is between 0.001

and 0.05 m and the step is performed in a fixed
bed reactor.

5. A process according to any one of claims 1-4,
. wherein the catalyst has a BET surface area of
25 between 30 and 100 m*/g.
6. A process according to any one of claims 1-5,

wherein the carrier is titanium oxide.
7. A process according to any one of claims 1-6,
wherein said alkyl 5-formylvalerate is a C,-C,
30 alkyl 5-formylvalerate.
8. A process for preparing e-caprolactam using the
agueous mixture obtained according to any one of
claims 1-7.
9. A process for preparing e-caprolactam comprising
35 the steps of heating the mixture obtained in the
process according to any one of claims 1-8 to a

temperature effective for cyclizing e-caprolactam
This Sheet Has Been R ;
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6. A process accordi clainms 1-5, wherein the,
carrier |s titani um Hmmmllrm”m” process according to any one of. clains
1-6, - - ogibgei n*sat d al kyl rrryl valerate is a ([ er pbr/NL98/6d0s30

al kyl 5-for rrvaaI erate. 8. A process ifior- preparing [err]-caprol actam
usi ng the aqueous m xture obtained according to any one of
clainms 1-7. A process for preparing [err]-caprolactam conprising 35

the steps of heatl %r%laglr@ uLe by @ﬁ%ﬂﬂ}:é e, the llc%u:pd'. $8e accordi ng

to any one of clai enperature ive Tor cyclizing
[err]-caprol actam and e}@gagg/lgxggg:gle thus produced e-caprolactam

PCT/ NL98/ 00083 from the mixture. - 14 - precursors
in said mxture in the |iquid phase; and extractl ng thg t hus
produced [err]1@apr 8 RECLASS according,hq P‘E'eléﬁi“kt%'r gvhereingsald  gcess

accordi ng t50 cl ai m @xtwaetdion weqb is perfcﬁmercaqismg Sat:epaicSom@If or ned
usi ng an al cohol haV| n% 12 bon atom; a5 Al i(tractl OQ agent .
11. A process accor 3PN¢™ o °¢ % A& MatFRG s at a

t enper at ure of 1aboun @&@[ceersrs] @dc@rdlng to ca'ltnnm Bh0[whefein 1s)a1c12 A
process o prepart jakatid 1RO AUMPSURIAS |90 anout, 2spiéicesten of

heating the m xture oBLa i Bt e rocess according to any one
of clains 1-8 to a about 350t°é-hperature effectlve for cyclizing

[err] caprg acygm g roces%r%ﬂ?ﬁreiadﬂrﬁf“ed-égﬁ&?éﬁfcﬁﬂnt&@mﬁﬁfsﬂﬂése at
about at WDS% eric pressu
e step of heating the mixture obtained in the
process according to any one of claims 1-8 to a
temperature effective for cyclizing e-caprolactam
precursors in said mixture in the gas phase at

15 about atmospheric pressure.



