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(57) Abstract

Process for preparing an aqueous mixture of é—caprolactam and 6-aminocaproic acid and or 6-aminocaproamide which involves, as
the reductive amination step, contacting S—formylvaleric acid and/or an alkyl S—formylvalemte in water as solvent with hydrogen and an {
excess of ammonia in the presence of a ruthenium on carrier, as a catalyst, wherein the carrier is titanium oxide, zirconium oxide, graphite
or carbon and the catalyst also contains at least one of the metals of group 8-11, or a compound..of these metals. The agueous mixiure can.

be used to prepare e-caprolactam.




[erf] caprol a pesyclization of the 6- an1nocapr0|c | - acid.p
A dlsadvantagghggh?%e process according to6 1 -U.S. Patent No. 4-9%8Lg%@5“

t he poor yields obtained 30 fromthe reductive anination which prevent iT
from being a comercially attractive process. According to

t he experinental results, the best yield of the hydrol ysis step is only
about 78% the best yield of t he reductive am nation step is only about
77% and the 5 best yield of the final step is only about 95% Hence,

the overall yield is at nost 57% Anot her dlsadvantage'is
that when the RbEHEIYE@GONTINUOUSL YD PHEPARS A0rAGUEDGS avgetypg! i od
of tinme, a decrease in partlcle S|ze of the Rane 10 Nlcke and al um na
catal yst particles ha®Ebéeh : ANDGE 2 APRQIACTAN JBEOREd because
these smal |l - particles may dlsturb any flltratlon operatlon or | ead

to catal yst | 0sses due to entrainment of the catalyst in-the product
stream 15 A further disadvantage of this process |& that the

initial activity of the c alyst sy.stem i relatlvel
A still further disadvantg@% Y?éﬁl%ﬁtiéjate%dﬁ% %d%? c%?s %ﬂflnuous
operatlon the agrtepdniny atmeacgsé&aé ahsturdroflesicRgi®lactam and 6-

aminocaproic acid and/or 6- amlnocaproamlde by

10 reductively aminating 5-formylvaleric acid and/or an
alkyl 5-formylvalerate in water with hydrogen and an
excess of ammonia in the presence of a ruthenium on
carrier catalyst. ' '

' A process for preparing g-caprolactam is s

15 described in U.S. Patent No. 4,730,040. In this
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

20 through contact with ammonia and hydrogen using a
ruthenium/zirconium on alumina catalyst, a Raney Nickel
catalyst or a Raney Cobalt catalyst to obtain a 6-
aminocaproic acid containing reaction mixture. After

_ separatibn of ammonia, the reaction mixture obtained

25 from the reductive amination is heated to 300°C to form
g-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

30 from the reductive amination which prevent it from o



An obj ect of twh§ resent invention is to -reproduci bly obtain a hi gher
yield to [err]®? Q&F‘H’%Ct am and [err]-capgokact am precur sor s PFCT/NL99/00544
(6-am nocaproic acid and 6- ~ am nocaproanide) in the reductive am nafi-®n

with an 25 inproved initial catalyst activity w thout suffering t he
above described probl ens, including the decrease of t he catal yst

particle size orpdpgs ch&ﬁrﬁé’i'dfféllgf Behr¥ttdve process. AccdPdd gb{._gct s
30 istitani % ,

achieved in that the carrier um oxi de, zirconi um oxli

graphite or caridie expemimertahtrgsuital sthedmst nsietd | efisthene of the
metal s of group 8; : t ' | sy .

It has been foun@%%%]flp%\%%n %Oﬁg%rgfs}g ﬁé@%%?'d?%%e t%e?they+%{'/%n?f'on S
performed a hi ghthe etelluctive dreindticaprst e tben amly [aboyt capE chdt ehe
precursors cap. he . I e i n.the reductive I nat i on, d the
catalyst 5 rgt %ﬁt iiflsea%gr?g?rqbe s)?lzréﬁa R I TR oERORE p?%?on%%‘ﬁce'
period of tine. Awidesrallyapielpe is dthakodthesTsi ti al activity of the
catal yst systemis inproved. Anot advantage is that the selectivity

her
of [err]-caprol actam prifiQi Ry s‘ﬁr%ada‘f%rbt?gﬁ)r’o?/e"tha%ﬁm%rt%vant age is
that 10 when st afdduter fvoramination o5 fperBdBErfde 2 SRPRS e pexiod
as

hydrol ysis step in order to_prepare 5-forny|lvaleric aci d, suc
described in U 9f faign NFekeare g4y partiglegiizpfedhaRaney very

gf’}’gp;ﬁ?ggﬁ?g?gﬁg@eﬁ rE‘nd_ aReRAH A& ddF A Yo Se i1 ddh e A WYden Found to
. ' occur. This is not desired because these small '
particles may disturb any filtration operation or lead
to catalyst losses due to entrainment of the catalyst
in the product stream. | >,
15 A further disadvantage of this process is

that the initial activity of the catalyst system is
relatively small. '

A still further disadvantage is that after
some hours of continuous operation the activity of the

20 catalyst can decrease.

An object_df the present invention is to
reproduéibly'obtain a higher yield to e-caprolactam and
s-caprolactam precursors (6-aminocaproic acid and 6-

~ aminocaproamide) in the reduegdive amination with an
25 improved initial catalyst activity without suffering
the above described problems, including the decrease of
the catalyst particle size or loss of catalyst
activity. _
N This object is achieved in that the carrier
30 is titanium oxide, zirconium oxide, graphite or carbon
and the catalyst also contains at least one of the

metals of group 8-11, or a compound of these metals.
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15 descrl bed |w0bb/5106f’atent No. 4,730, 040 showed a | ow yi el PCTIREH9/00844
5-fornylvaleric acid. It has been found hat the al kyl 5-fornylval er.at.e
can . be directly used in t he present. process, resulting in a high yield
to [err]- caprol actam whi |l e avoiding the | owyi el d-hydrolysis 20 step
described in U S. Patent No. 4,730,040 According to

EP- A- 729943 and EP- A- 72994% {é@s peen f@a‘ﬁdolté’&tar‘ﬁb(%hbé@ prasess by first

contacting methylb.org?n gowlty@ SRt Wi 1 U probagﬁ@yg&néel_yd

reactlng t he 1 nternedi ate conpounds thus f
caproic acid des+caproba¢tamthndydfcggwplact@m presensers cafi banoni a and,

for exanple, a ruhhenl gﬁy ._catal.yst .or Rane Nlckel These
pat ent appl i cat #6 %eve -1V GRLDRFAGR ¢

addi tional met aketalaed utlsoeawlwlekell,zeceb@ tac®i 3@y W&mau @m&igﬂéa
silica, titaniumoxid magnesi um oxi de, Zirconium oxi de of carbdn as

possi bl e carrlePerloﬁapng&We HORSEBer SAMANtEGSedisukbeh AbeniimeitciaY i ers

contai ning no s aFpEn Utk g 14 00
NL 009900544 HeﬁiéﬁEgﬁ%fogE%ebaggl§gE S§@%8qu%alﬁ§9%ved ﬁ%éghép

AVENDED PAGE 4 advantage 1ssehamnthheseianphestqfOEPsAsaﬁﬁélacaam

EP- A-729944. Howeve en, US|E§ the exenpllfled r ut heni um on
al um na catalysPrFﬁﬁrsors is algo igpT Ehegh BGVeDagsr i Itag ze

reduction ali®0 when startakgs febacan bikyas ﬂ-&erxefquele%texee@egﬁfé’@é by
using a rut henium and at | east one further group 8-11,netal on

zi rconi um oxi deRYBFPAKSES §kFBe 1NgPEFREL &0 PTERAESN ScPrw videxric
acid, such as described in U.S. Patent No. 4,730,040,

‘'is not needed. This is very advantageous because the
separate hydrolysis of the alkyl S5-formylvalerate as P
15 described in U.S. Patent No. 4,730,040 showed a low -~
yield (78%) to 5-formylvaleric acid. It has been found B
that the alkyl S—formylvalerate_can:be directly used in
the present process, resulting in a high yield to g-
caprolactam while avoiding the low-yield-hydrolysis
20 step described in U.S. Patent No. 4,730,040.

According to EP-A-729943 and EP-A-729944 g-
caprolactam can be prepared by first contacting methyl
S-formylvalerate with ammonia and subsequently reacting

~ the intermediate compounds thus formed, probably imine~

25'_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 copper, iron and/or chrome as poseible
additional metal in addition to nickel, cobalt or

30 ruthenium on alumina, silica, titanium oxide, magnesium
oxide, zirconium oxide or carbon as possible carrier
material. However, only ruthenium on alumina carriers

containing no substantial amount of a further metal are



»

a one-step re i nation that a high yield to [err]- ~ .
capr ol act am pS’gﬁﬂb’!@lﬁg and a high initial -catalytic acitiviy FCT/NLIYQMY 4

be achieved while at the . sane tine avoiding | oss of cat al yst -
activity and reduction of catalyst particle size. _
According to the publication WO A-9835938 [err]- caprol actam and
[err]-caprol act ajadd eI i9s Sexdp 18 £ NHE emipm-m%a and EP-ASY865ihg from
met hyl 5-fornylvalerate in the presence of rut heniumon titani um

oxi de or zirconiHANEGHBRD c‘éﬁ’aﬁl%/s‘%he exempllf% rsehepiym e uplemina
netal as furthercpaiBlySttKOTPOREIdr ifent ioned %f%léi'hsﬁf ?@Ptf’éléugggét ed.

The catal ysts used in the.process of the presen nvention are
conbi nati ons of FefurFiQm AP dakesplage. It was th%if@fl@reqmtup 8-11

netal or conpg urg%: C mtltanl um
oxi de, zirconrum X|éc}-?é,&8§r%% &ﬂﬁée‘{ ruthem% %‘étfe % rt?l%? group
8-11 netal Co, Hhurther Nyxouml, 8-F?-.1 metal on azudr@nmte qm:meer rteﬂtaﬂ'h@mﬁDst
preferred furth is. Rh .and

|
The carrier is tq’i]g%oufﬁr%?lkﬁnéte AR c%?’ﬁ%%g gg(?]f]%lelérlaphl (gre-step

carbon. Titani urpeaiictel v thrzi HLOIBrBINN de Hidh PFedd abd Ye-caprolactisgd as
the carrier because of its high chem cal and mechani cal stability

and because the PREBESAHT \ARH & Heigh initiakreata kel ¢ i Feisinety aceyld
conpounds 10 be achieved while at the same time avoiding loss of

catalyst activity and reduction of catalyst pafticle
size.

According to the application PCT/NL/980083 g-

caprolactam and e-caprolactam precursors are prepared 4

15 in water starting from methyl S-formylvalerate in the'/
presence of a ruthenium on titanium oxide or zirconium
oxide as catalyst. The use of a group 8-11 metal as
further catalyst éomponent is not disclosed or
suggested. '

20 The catalysts'used in the process of the
present invention are combinations of ruthenium and at
least one further group 8-11 metal or compounds
thereof, on a carrier selected from titanium oxide,

_' zirconium oxide, graphlte or carbon. Of the further

25 group 8 11 metal Co, Rh, Ixr, Ni, Pd, Pt and Cu are
preferred. The most preferr&d fu¥ther group 8-11 metal
is Rh and Ni.

The carrier is titanium oxide, zirconium
oxide, graphite or carbon. Titanium oxide and zirconium

30 oxide are preferably used as the carrier because of its ~-
high chemical and mechanical stability and because the

selectivity to the preferred (intermediate) compounds

ThlsSheetHasBee THIS SHEET HAS BEEN

II"IIIHIHIHIIHIHHI serLiD




AMENDED SHEET wo g0/14062 is found to be relatively high when Pb‘?ﬁq‘i,gg/ 544
supports are used. A relaﬁively smal | but catalytlca?q
ef fective amount of the catalyst is used in the present 5 process. The
amount of ruthenium (as netal) in the catal yst (nmetal plus carrier) is
generally between 0.1 and 10 wt % The anmount of the group 8-11 netal

(as met al ) ihst fieundt bbybe tedabliveplyubighr when) these sugeeetadl late

bet ween 0. 05 and 30 w.% preferably between 10 0.1 and 10 wt.% and nore
preferably bet weBf 6 1 and 5 wt.% The nolar ratio of rutheniumto the
other netal i s generaAIyelﬁthbélyhemaamgbuﬁreat&QQtlcéllg 1 10,
preferably fron12$  1l.to 1 : 1, Tge gean ga ticle size g [err]) of the
catal yst is pref@FEBFYiYS BBPWRENCEO RRICREBLYEFr 1S WAEA iRethe: Arpsents
present as 5 appbees¥. 'nThéeaﬂhéaﬁE'@E fmshaﬁguﬁar ébgt iﬁﬁeaw 9%11; glad

0.05 m when the catalyst is present in a fixed BET surface
area can be bet weak2lyahd (mebak{ Btup/ garrher) lSBE¢n§Gﬁié¥eha£Uaems0 1
preferably betwe 3 10 0 e I a sed as
carrier to reacﬁggﬁcﬁoaﬁé% @hﬁ{%%#ﬁégr gcgﬁér% %l?gnﬁgﬁg%xﬁaé

hi gh BET surf@@@ah}eanlthadvahaégebuémBEQéasplhsgherrmaralyst

activity can be e st cap_be, prepared by any
of .the 25 proce§gesétnog% Pervestad- ki ?g 38aw aPF &t ngY Between

: 10 0.1 and 10 wt.% and more preferably between 0.1 and s

wt.%; The molar ratio of ruthenium to the other metal
is generally within the range from 100 : 1 to
1 : 10, preferably from 20 : 1 to 1 : 1. The mean
particle size (dso) of the catalyst is preferably

15 between 10 and 100 um, when the catalyst is present ag”

a slurry in the reaction mixture or between 0.001 and
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.
20 Preferably anatase is used as carrier to reach such a
high BET surface area of titanium oxide. The high BET
surface area is advantageous because higher catalyst
activity can be odbtained.
The catalyst can be prepared by any of the
25 ‘processes known for a man skilled in the art. The
supported catalyst is suitably prepared by adding at
least one group,s-il metal salt to a ruthenium on
carrier and subsequently precipitation of the group é—
11 metal salt by means of evaporation -the solvent, so
30 called impregnation or by means of reductioh of the .
catalyst. Another suitable method for preparing the
catalyst is adding a group 8-11 metal salt'to-a

ruthenium on carrier and subsequently precipitdtion of



supported cat afysosasszsui t ably prepared by addi ng af | east o ,ﬁi&#§§f%ﬁ,

8-11 netal salt to a rutheniumon carri-e® and subsequently preécip

of the group 8- 11 netal salt by neans of evaporation the solvent, so 30
call ed i npregnation or by nmeans of reduction of the catal yst. Anot her

sui tabl e method for preparing the catalyst is adding a group 8-11 netal
salt to a rut tisai group 8alliwetabdsabbskgumeshy of eadpubtienad 8F the
the group 8-11 nefal _.sajt b ans of adjustnent of the pH of the

sol uti on. pﬁ of t%?h%é@aﬁg%ﬂm5-forrrylvaIerate conpound i s

preferably a Cl1-C6 al kyl Stherayvkyal st abempdiRDERdEe éoﬁggﬁﬁae§sof sui tabl e
al kyl groups are nethyl,_ethyl, propyl,, iso-progyl, tert-butyl, n-butyl,
i so-butyl, cyRTRRRXGPLY \Br €1 1fecPiBl ¥ -ROMRYILvadgratry cogpowssi.are
used because getfylnpPod SEhyhiBabplmyi kol egAbEpE" fre méLRPL!Y | nabl e
such as, for exanpl%? by the 16 %rocesseg d%sc??bedr?HmLfggipa?gggﬁNo.
5,527,950, WD A-Propyd404g82pupry WO PeD56802%81, mnetpnd, f bsopbepyiing 5-

fornyl val eric acj g |.C o r _exampl-e
described in moé?‘ég‘%@%@f ‘ a?é?%léﬁ?*ﬁg%%ﬁﬂ “‘ggii‘g%t%r‘n% ethvh GEOHRE Arg kyl
5- f or nyl val er at eudped duvseaise t hesbytonpondneshyt €5 nboemybeall éyatgaakabl e t han
5- fornylvalgéégdf i

the fornyl-starting cd%%%%%%iﬁ% %§t§§é§1§§18£g£$%¥ re@g{gggfg?e herein to
5-fornyl val elbc processss bdédicribed in U.S. Patent No. 5,527,950, WO-A-
| 9404482 and WO-A-9506025. A method for preparing 5-
formylvaleric acid starting from a pentenoic acid is,
for example, described in WO-A-9518783. Preferably the
starting compound is an alkyl 5-formylvalerate because
15 these compounds are more readily available thén 5- -~
formylvaleric acid. Unless otherWise stated, reference
herein to the formyl-starting compound means alkyl 5-
formylvalerate, 5-formylvaleric acid, or both.
The reductive amination is performed by
20 contacting the formyl-starting compound in water with
hydrogen and a molar excess of ammonia in the presence
of a ruthenium and at least one group 8-11 metal on
carrier, as the catalyst.
The water content in the reaction mixture as
25 described above is at least 10 wt% and more preferably
between about 15 and about 60 wt% and most preferably
between abcﬁtlzo and about 50 wt%. ' -
The molar ratio of ammonia and formyl- -
starting compound in the reductive amination step is
30 preferably between about 3:1 and about 30:1, and more
preferably is between about S:1 and about 20:1.



The, reductlve @Woﬂﬁids?” is performed-by 20 contacting the fornyﬂ,c.;,&g %@g&

compound in water Wt hydrogen and a nofar excess of ammonia _

presence of a ruthenlun1and at | east one group 8-11 netal on carriér,
as the catal yst. The water content in the reaction m xture as
25 descri bed above is at |least 10 wt % and nore preferably bet ween about

15 ‘and about 60 w % and rnmhe[nempﬁrﬁﬂqre idbepmeteratbbyt b@bwaed abeut 50

wt % rati o_of a nia and for - starting
corrpound in the @%@u@ﬂ%é‘%‘%ﬁtﬂ&t"i%ﬁ'sﬁﬁ W9r§OPEFSP€%thbﬁ§mM 3:1
and about 30:1, gpllfde S §fggably is between about 5:1 and about 20:1.
The tenperature |s pre ergﬁﬁy betmeen about 40[ err] C and about

200[err] C, and nore pref ervid ypohetewen ahord ferabl Bt endhéer addunlent
160[err] C. The roces}rs refer abI conduct ed under 5
pressure. In ﬁer%"'rea‘-’lsu?%'e é%‘&ﬁ 5 %&fgaﬁ’r%ﬁsﬁ? at®requalgungrgater
resul ting equil idHdrireHy esssiiee tlg tdigud 1 o8k thim pré%éoafnwéquﬁm' Oyed-
The pressure i-s preferably, between 0.5 and 10

nol ar anount of GRARTTGER mnsxtaurer R layedqudhe tEJr%%ﬂﬁ%lh-‘i’ maﬁemylm
fornyl -startingy (f ol 5 ejbd‘quEeg ratio of hydrogen to the fornyl--
|

starting conpoun S prefera Iy etween about 1.0[err] to about 100.
The molar amount of hydrogen is at least

10 equal to the molar quéntity of formyl-starting
'cbmpound. The molar ratio of hydrogen to the férmyl—
starting compound is preferably between about 1.00 to
about 100. |
If the starting compound is an alkyl 5- 7
15 formylvalerate it is preferred that some alcohol, |
corresponding to this alkyl group is present in the
reaction mixture. The concentration of the
corresponding alcohol can be between 1 and 15 wt.%,
although the alcohol concentration is preferably
20 between 5 and 15 wt % in order to improve the
solubility of the alle 5-formylvalerate when the
concentration of the latter compound is relatively high
(> 15 wt.%). |
. The reaction mixture obtained in the process _
25 according to the invention comprises g-caprolactam, 6-
aminocaproic acid and 6-aminocaproamide, ammonia, water
and some dissolved hydrogen. If the starting compound
is an alkyl 5-formylvalerate, a small amount of alkyl
6-aminocaproate and the corresponding alcohol to the
30 alkyl will be present in the reaction mixture. Some
oligomers of 6-aminocaproic acid and/or of 6-
aminocaproamide may also be formed when the present

process is conducted at relatively higher substrate



| f .t'h_e starti ngo@eikgend i s an al kyl 5- _15'forrryl valerate it | %@f/ﬁfﬂzfoﬁﬂ
the

t hat sone al cohol, corresponding to thrssarkyl group is present 1 n :
reaction m xture. The concentration of the correspondi ng al cohol can Dbe
between | and 15 wm. % al t hough the al cohol concentration is preferably

20 between 5 and 15 wt % in order to inprove the solubility of the alkyl
5-f or nyl val er at ecqiteentFrRt iong oritkere vl igonérs hef |atder Complmmdapsoic
relatively high . 4> 15 9 . Th ction. mxture obtained
in the process ]écciz’coér_d? ﬁr{:fgm{goa?ﬂ%ar?lnc\i/een?ﬁl%nt%%n%){izgséTaérPJrr]‘Q%%%’F‘B?‘EEt am
6-  aminocapr cire axlll preskeset$ och y-eaiprid.acyamni a, wat er and sone
di ssol ved hydrogen. |If the_starting conpound is an al kyl

5-fornmyl val erate, a smal| BMdAAURRUS TdFture ofXom fdeapprAitecemd t he

cor respondi nggal cida ti}ﬁjfrﬁ%:_fézjfyéaﬂ"iﬁé _'lpgecp_r%égé}d?%%é hee_ reaction

m xture. Sone ol 1goners o am nocaproi ¢ aci of " 6-
am nocapr oam de aepralsccdre. f or red when t he present process-is conducted
at relatively higher subsgfate concentrations. These ol goners

of e.g., 6-amnocaproic IRHRTPCYESATRREGIWRNGUSBH A THRAEIHY| can be

6- am nocapr oat e,perfoxtied BdtdH 8IS WS dént BiuduLBp! ol a8 scale
The aqueous m xture fromthe one-step 5 reductive am nation can be used to
prepare s- qgﬂw%ﬁgﬁﬁ%”ﬁrocess will preferably be performed '

10 continuously.

The present invention can be performed
continuously in a fixed bed reactor in which the
heterogeneous hydrogenation catalyst is present. An
advantage of this reactor is that the reactants are )

15 easily separated from the hydrogenation catalyst. -~
Another manner of performing the reductive amination is
by way of one or more cdntinuously operated well mixed
contactors in series in which the hydrogenation
catalyst is present as a slurry (slurry reactor). This

20 manner 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
reactors are one or multiple staged bubble columns or a

25 gas lift-loop reactor or a continudusly 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
by cake- or cross-flow filtration.

30_ The catalyst concentration can be suitably .
sélected across a wide concentration range. In a fixed
bed reactor the amount of'datalyst per reactor volume

will be high, while in a slurry-reactor this



The. process acworodnmzto t he |nvent|on can %e perforrred bat ér/W.5500844

continuously. A large scale commercial” process will preferably be .
performed 10 conti nuously. The present invention can be

per f or med continuously in a fixed bed reactor in which the

het er ogeneous hydrogenation cata I's present. An advantage of this

reactor is that GIRCEREAGIIR %& &51%a3$$?r%bp%?a}%UE¥Foﬁnthe
hydr ogenat i on ca%@r&e/ﬁuousllﬁr@g@ﬂté@né@ﬁr PELLOGH BleLlig s BRAuCt | ve

amination is y way of or nore contihuously operate m xed
contactors in seﬁ‘rmtlcm\mﬂ @ﬁtmbyﬁiyd(xi@)@hadlm thectaanryer)lsspresent as a

slurry (slurry r i ;Q f t he vantage t hat

the heat of tﬁg?rée)%% ¥on ca énylg%g{llél) co%?‘?‘g%#e%tb Yor9 gg a

cool ed feed 08 melatyivé tottheatdyadlremctcootdmgent . devi ces. Exanples of

specific and suitable slur Qrs are ﬁ?e or nultlgle st aged bubbl e
0

colutms or a 25 gas lift- °?%%t?%¥ IS € T RDLEFISEEPEEd t ank

reactor (CSTR). h%d‘déﬁa{tyxdrycﬁmﬁ nE ot YSlcswdl (ibepsepanal ed Lrom
the reaction nlxture b for exanple usi ng hydrocyclones and/ or

y
filtration, for RESHRIAPLY $R/PIEAR cFrQWo%§3f¥%ﬁF?¥¢$r@}$6%r339btalned

The catal yst congeniHatiQmdavdeamuid by prise! €stede agy Acy0peo8e
concentration range. In a fixed bed reactor the amount®of cata yst per

reactor vol uk@ step |to secspyiolagtians Hydragew mpd ewottoroft Hilee ammonia
can advantageously be separated from this reaction
mixture by reducing the pressure and performing a
- gas/liquid separation. An example of such an operation
is a flash operation performed at between ambient about
15 pressure and about 0.5 MPa. Advantageously, the -~
- hydrogen and ammonia can be recycled to the reductive -
amination step.
Subsequent to the.reductive amination, thé €-
caprolactam precursors present in the agueous mixture

20 can be further reacted to e-caprolactam as for.example

described in PCT/NL98/00083.

Example T

1l gram of 5 wt.% ruthenium on zirconium oxide

25 (BET surface area 86 m?’/g) was introduced in a 100 ml
autocla#e-and 5.8 mg Rh(CO);AcAc was added. The catalysﬁ
was reduced in 57 gram of water at 150°C at 5.0 MPa |
hydrogen during 1 hour. After addition of 23.1 gram
ammonia, the temperature was brought to 100°C and the

30 pressure to 5.0 MPa. Subsequently 2.8 gram methyl-5- e
formylvalerate and 1.5 gram methanol were added. The

calculated first order reaction coefficient was 12¢ =



concentration wdd0/14bdi general be lower. In_ a conti nuously 544
sIurry reactor the weight fraction of~ cé?aTyst (i ncl udi ng the carrier)
-is typically between about 0.1 and about 30 weight % 5 relative to fthe
total reactor content. Ammoni a, hydrogen, the heterogeneous
hydr ogenat i on cat al‘%/st and the al cohol (if present)are preferably
separated fromthe” @&atbaqudxtame alutailngd eld iof Eheapedilatiat amdanati on
- prior to the cycliz on 10 ste err golactanl Hydrogen and part of
t he amoni a EﬁﬂraééﬁﬁFQgEEG fsB %5 3B&d fromthis reaction

m xture by reducing the pressure and perform ng a gas/liquid
separation. An exanple of sugh an operatron is a flash operation

performed at betwe@Ra pessure and about 0.5 NPa

Advant ageousl g, the hdogfgmaaﬁ §WE”%ax~géﬁeruﬁreSMC%ﬁﬂmﬁo

reductive am nation ste sequent to e red
am nation, the swas 1nep¢duaedannpaetﬁﬂsmlsaptesbﬂveinThhecaqaéyBs whsture

20 can be further_reac ed t [err -caprol act a § scri bed
i n PCT/ NL98/ 0008583UCE §a°% gra g {:r?ﬁf E‘&fo 99 Ak Xh%rrﬁo Jﬁ?%nhlé FRIH um
oxi de 25 (BET sanfagg arReus6 Nﬁﬁéi— éi\aéltﬂéﬁogﬁcﬁfﬂ Sngﬁaﬁiogmm)nla, th

autocl ave and 5.8 ng Rh(CO) 2AcAc, was added. The cat al yst was red uceg in

57 gram of wat erCEFPISALEFR] ¥aa PEOWIPAto LAY Gdich the iDRESSWoRIrEO M t @r
addition of 28 s ABubedgHBAL By $16 SRAMCRELNYE- YaBoDE wgigkgtéogkﬁ”l C

and the 30 pressure to 5. ubsequent | .8 gram rre
formyl val erate ahd51955@r@9¢h%@%hnﬁ$rQe$@d deﬁh61¢@lCUl@eﬁdufared first

order reaction cophdiCiefte¥BS d&8ficient was 43 * 10 per second. The

total yield of e-caprolactam and eg-caprolactam

precursors was 83%. ' 7
15 _ _ -
Comparative Experiment B )

1.12 gram of Raney-nickel and 78.5 gram of
water were introduced inn a 180 ml autoclave. After
addition of 13.7 gram ammonia, the temperature was

20 brought to 100°C and the pressure to 4.0 MPa.
Subsequently 10.1 gram methyl-5-formylvalerate was
added. The calculated first order reaction coefficient

was 62 * 10" per second. The total yield of s-

caprolactam and g-caprolactam precursors was 85%.

25

Example IT

0.16 gram of 5 wt.$% ruthenium on titanium
oxide (BET surface area 55 nf/g)'was introduced in a 100
30 ml autoclave and 0.77 mg of Ni (NOi).6H,0 was added. The -
catalyst was reduced;in 56 gram of water at 150°C at 5.0
MPa hydrogen during 1 hour. Aftef addition of 23.1 gram

ammonia, the temperature was brought to 100°C and the



1Q[_é_r,r] per éemmaage total yield of [err]-caprolactam and [ep i‘lNL9900544
caprol actam precursors was 98% Cbnpal LtTve Experinent A g /

1 gramof 5 wt. % rutheniumon gamma-al um na was introduced in a 100 T
aut ocl ave. The catal yst was reduced in 57 gramof water at 150[err]C at
5.0 MPa hydrogen during 1 hour. After addition of 24.5 gram ammoni a,
t he. t enper atpressaxebtough? MBal0Spbsefdenhdyt aespgesmumethylsse 10
MPa. Subsequent | h 5 fpr a n
met hanol were a %n}glrﬂéfg]é Ié%“eld fg %Q{‘ 1"8 %SO% ¥SKEi 8 édg Saf ent
was 43 * 10[err]ca)]a<r:usat:eddfliﬂae orderorahcyn.ehdcoéfﬁfécli]ancawa@ aetsam and
s-caprol actam Rrecursors S ative Experinment B
1.12 gram of RameY- nP@Eelsegﬁ&\g?iSTg‘eglt&l’ﬁaﬂf Yle(i\%gpl"g ERERBTPhELSANc éard B-a
180 m aut ocl gvecaégéfactamaggéghggogg #ag /ggkam amoni a, the tenperature
was 20 brought to 100[err|C and the pressure to 4.0 Mra. Subsequent |y
10. 1 gram net hyl -.5- fornylvalerate was added. The cal cul ated-first order
reaction coeffig#gg{ % %@f 62 * 10[err] per second. The total yield of
[err]- capr [err]-caprol actam precursors was 85% 25

0.16 gram of 5 wt% ruthenium on titanium

oxide (BET surface area 55 m?/g) was introduced in a 100
10 ml autoclave and 7.8 mg of Ni (NO;).6H;0 was added. The
catalyst was reduced in 56 gram of water at 150°C at 5.0
MPa hydrogen during 1 hour. After addition of 23.1 gram
ammonia, the temperature was brought to 100°C and the
pressure to 5.0 MPa. Subsequently 2.6 gram methyl-5- 7
15 formylvalerate and 1.4 gram methanol were added. The o
calculated first order reaction coefficient was 369 *
10™* per second. The total yield of g-caprolactam and g-

caprolactam precursors was 99.8%.

20 Example IV
0.16 gram of 5 wt% ruthenium on titanium
oxide (BET surface area 55 m?’/g) was introduced in a 100
ml autoclave and 2.4 mg of Ni(NO;).6H,0 was added. The --
~ catalyst was reduced in 56 gram of water at 150°C at 5.0
25 MPa hydrogen during 1 hour. After addition of 23.1 gram
ammonia, the temperature was brought to 100°C and the
pressure to 5.0 MPa. Subsequently 2.7 gram methyl-5-
formylvalerate and 1.5 gram methanol were added. The
calculated first order reaction coefficient was 257 *

30 10™* per second. The total yield of e-caprolactam and g-

caprolactam precursors was 89%.



‘Exanple |1 0.16 gram of 5 wt.% rutheni umon t.itaniyr oxi de
(BET surface are‘mgg'162 iMerr]/g) was introduce® +n a 100 30 m au#%%ﬁﬁ%@mgﬁﬂ"

0.77 nmg of NN(N(J err]).6H err]0 was added. The catal yst was reduced ir
56 gram of water at 150[err]C at 5.0 MPa hydrogen during 1 hour. After
addition of 23.1 gram ammoni a, the tenperature was brought to 100[err]C

and- t he - 11 pressure to 5.0 MPa. Subsequently 2.8 gram
.nmet’hyl - 5- fornylvalerate and 1.5 gram net hanol were added. The
cal cul ated firstESe@BLe¥action coefficient was 249 * 10[err] per-

second. The total yield of [f%p]%fs rolfcé tgnguéerrlﬁ% éﬁ& Igcﬁ?gg

precursors was 90%

rut heni umon titApkKAY on eitéﬁlﬁﬁEJx§&éf%ﬁﬂTaéﬁﬁfééenﬁféé]f? %ﬁ(% ?%Eﬁas

introduced in a 100 10 mM autoclave and 7 nmg of NI (NJ err

added. The 5 cahtiktgducedsineduted 1ité&H gaanebloyaCereatté56[Afthe at 5.0
MPa hydrogen during 1 _hour. After addition of 23.1 gram - anmmonia, the

t enper at ure was BF%uﬁﬂﬁlFBOQOEFeW?TQFanﬁh?h@atalYEFeﬁéﬁrﬁrﬁorgdgcﬁﬁaat

Subsequently 2.6 15 for alerat and 1.4 gram net hano
wer e added. The 186@cg‘a ’};qe]ng}ﬁ‘ﬁs o SEEAG B AHLATISV SR

10[err] per secopdnsiB€ihQtar ¥behes Ohelryi] sCARERLPELROLR0L, [ 85T s

ammonia and 7 wt% methanol in water, was fed

\

10 continuously to the reactor at a rate of.1095
grams/hour. The reactor was kept at a constant pressure
of 4.0 MPa by a hydrogen stream of 7.5 grams per hour.

The reaction was performed at 140°C.
-~

During 154 hours the-effluent which continuously left

15 the reactor was analyzed at regular intervals. A
constant yield of desired prbducts, i.e. g-caprolactam

and caprolactam precursors, of 99.8% was obtained.

arati i In C
20 Example V was repeated but with 212 grams of
5 wt.% ruthenium on alumina (dso: 74 pm), 30 wt;%
ammonia in the feed and a total pressure of 3.0 MPa.
'Tpe yield of desired products was 98%.
However, after 200 hours the ds; was 1 pm, making this

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



capr ol act am prypo¥o/s4es Wwas 99. 8% 20 Exanple 1V. Pcrmgg,&sjﬁ
gramof 5 wt % rutheni umon titanium oxi de? (BET surface area 55 nferr]/g)”
was introduced in a 100 m autocl:ave and 2.4 ng of Ni(NJerr]).6HerrJO0
was added. The catal yst was reduced.in 56 gram of water at 150[err] C at
5.0 25 MPa hydrogen during 1 hour After addition of 23.1 gram - ammoni a,

t he t enperat ur e QRERIILIILIAFIE ) : and t he pressure to 5.0 Mra.

Subsequently 2.7 gram net - r I net hanol

wer e added. The cal cul 2‘9{6 oglfal‘nrtssté%r e@%@l&%a@%ﬁ%f%%%ﬂa] UGES 2873« 30
10[err] per secdnditiwe Hmtaéll,mem nsiacttsmr] mamqﬂxemnansaﬁdamer r]-

capr ol act am precursor

132 grans of 5 WRFH Lﬁﬁga‘%d"'tb %W%}l}%‘ 5- #f?’fﬂ%}v%]rle¥?€§n?ﬁ% 8%i de (BET

surface area $5 wH .o rdnt@nierin wdter] regkicest i dort Indohslgresaghel | oy- C

reactor. After the addition of _ water, the, catalyst was pre-reducedat
reactor at a rate of 875 grams/hour. The reactor was

kept at a constant pressure of 1.5 MPa by a hydrogen
stream of 10 grams per hour. The reaction was performed
at 100°C. '

10 . The yield of desired products was 96% dnring
the first 6 hours. However, within 18 hours theé yield
decreased to 48% and only 21 grams of catalyst was left‘
over in the reactor. This catalyst loss makes this |
catalyst not suitable for a large scale process.

15 - ' -~



140[ err] C duri urs. Subsequently, an aqueous stream consi stin
of 25 mi@bnethyﬁ)éﬁy@ nmyl val erate, 40 wt % 14 -armonia and 7 mﬁegﬁ@ﬂﬁgW§W?--
in water, was fed 10 continuously to the reactor at a rate of 1095 -
grans/ hour. The reactor was kept at a constant pressure of 4.0 MPa by a
hydrogen stream of 7.5 grans per hour. The reaction was perfornmed at
140[ err] C During 154 hours the effluent which continuously left 15
the reactor was anal yzed at regular intervals. A constant yield of
desired product s WHATe WE SLAIM: L8r:0| act am and caprol act am precursors, of

99. 8% was obt ai ned. Conpar ati ve Experinent C 20 Exanple V
was repeated but with 212 grams of - 5 w.%rutheniumon alumna (d[err]:

74 [err]m, 30 wt.% A paveeisa ifor peepeed mndm dgicdusP s ¢ 30 Ma.
The yield of desired products was 98% However, after 200 hours the
dlerr] was 1 [®rr]m FaRFRGACRRAS 25d; &amisocaprodd Beiide ahd/ausé+ n a

l'arge scal e process. gminovapPoamide by reductively aminating 5-  _
formylvaleric acid and/or an alkyl 5- - |
formylvalerate in water with hydrogen and an
excess of ammonia in the presence of ruthenium on
10 carrier as a catalyst, characterized in that the
carrier is titanium oxide, zirconium oxidé,
graphite or carbon and the catalyst also contains
at least one of the metals of group 8-11, or a.
compound of these metals. - 7
15 2. A process according to claim 1, characterized in
that the amount of grOup 8-11 metal (as .metal) in
the catalyst (metals plus carrier) is betweén 0.05 -
and 30 wt.%.
3. A process according to claim 2, characterized in
20 that the amount of group 8-11 metal (as metal) in
the catalyst (metals plus carrier) is between 0.1
and 10 wt.%.
4, A process according to any one of claims 1-3,
. characterized in that the amount of ruthenium (as _
25 metal) in the catalyst is between 0.1 and 10 wt%.
5. A process according to any one of claims 1-4,
characterized in that the carrier is titanium
oxide or zirconium oxide.
6. A process according to-any one of claims l-S;
30 characterized in that the particle size of the -
catalyst is between 10 and 100 pm and the catalyst

is present as a slurry in the reaction mixture.

[
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Conparatlve Eﬁﬂgﬁhﬁﬁﬁ& D 50 grans of Raney Ni ckel #@Tﬁhsmmmu4
introduced ina- 1 liter Fbstelloy C reactdr- An aqueous stream )

consisting of 5 w.% nethyl-5-fornylvalerate and 20 5 w. % amonia in

wat er, was fed continuously to the reactor at a rate of 875 grans/hour
The reactor was kept- at .a constant pressure of 1.5 MPa by a hydrogen.
stream of 10 graws peA pnucesihacceadihgntmaanyeohermﬁdclalms 1GQ[err]C 10

Th ield of desired d _ 96% L t.6 h Ho
wihin 18 hours the yPBRESCCSRLERd LR LRt Bbe RASRAF) 2 BidraRE Hhtar al yet

was |eft over in thatakgetois Bltweent olyst hadsonvbem bAGS the GHY Yst

not suitable for a large sc%Ie pr.o¢ess. _15
7 Encl osure 1.2 8 performed in a fixed bed: reactor.

AVENDED CLAI Mg SVWMJAV§%SEEQ%|§ccoré1ng foPhAgesnefl BF E&SE&%‘&Q73” aqueous
m xture of s- grolactan1and 6- am nocaproi ¢ acid and 6-

ani nocapr oam de by red@heragbeyigadnini khas- ﬁbﬁn?ﬂﬁéﬂﬁﬁtchas a BEF d _and/ or
an alkyl S-fornylval egaie,b0 YRLET op BQtween 30 and 100 m?/g.

9. A process according to any one of claims 1-8,
characterized in that said alkyl 5-formylvalerate
10 - is a C3-Cg¢ alkyl 5-formylvalerate.
10. A process for preparing e-caprolactam using the
aqueous mlxture obtalned according to any one of

clalms 1 9.
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19-07-2000 | . s ., _NL 00990054
hydrogen andEan excess of anmonia in dNespresgneetQf . T8t heny Ne
carrier as a E’gtl % racterlzed;n M 'tl‘ra.t..the.ca&ner [ $um
oxi de, zirconium oxi de, gr aphi t% o: cardien aftd t hg,cal al wst®eal Soo°
contai ns at | east one further gzééééﬁggigl, or a conpound of
t hese netals. 2. A process accordi%g@é —characterized in that
the amount of group 8-11 netal (as net al ) in t he catalyst (netal s
plus carrier) is hetween 0.05_and 30 % A process according
to claim2, ®§&cadiethecexarnlion of EP-Aﬂ@%mndofERgﬂbuES@% RQWeveERs
netal) in thﬁ'hen u31%@t%hﬁﬁbx@m§I¥fidd'ﬁhﬂhﬂﬂﬂdﬁ)oﬂ5%ﬂﬁﬁﬂﬁg”béhé1§§Eiéﬁé

' (hat t he SAUEToPeREARERE RCRL oGt part ol aie EAHGACT S48 weon

0.1 and 10 wtikeSs. plaéepr C[ttesraﬁttmﬂf@gret (moitﬂ)éi@&ﬁgd drRithyl ¥sing a
zi'rconi um

characterlze h rpier. is tit m.oxi de or

oxi de. 6. %uﬁggé ?@ g@?b %’&&af§ gy HE %F Yo G5 f?@l metal on

char act er| ze@dirgonhiam bb:adpar ttlldzlaamnzemﬁet,hgz@@ﬂmtﬁs}or ca:pbcﬁ}[ Eﬁnmﬁmi dh

and 100 [err]Im and the cat.al n e reaction

mxture, 7. B RER-GEas: FREHSE AR SHRRE R on b & diwd Tigld To &

characteri zeeap@otlaeﬁ:atnhgra@h&ts%&g 8hage 20hihhe 191§tt§|a32|.5tcatalyt'1$: REIMESH v

0. 001 and 0. 05 Tagdth‘ﬁ ste Eaerfornﬁd I'n £ aflxe%bedlreactofr

AVENDED SHEE O d ieve winl e same lme avoiding osSs O
catalyst activity and reduction of catalyst particle size.

According to the publication WO-A-9835938 g-

caprolactam and e-caprolactam precursors are prepared in water

starting from methyl 5-formylvalerate in the presence of a
ruthenium on titanium oxide or zirconium oxide as catalyst.
The use of a group 8-11 metal as further catalyst component is
not disclosed or suggested.

The catalysts used in the process of the present
invention are combinations of ruthenium and at least one
further group 8-11 metal or compounds thereof, on a carrier
selected from titanium oxide, zirconium oxide, graphite or
carbon. Of the further group 8-11 metal Co, Rh, Ir, Ni, Pd, Pt
and Cu are preferred. The most preferred further group 8-11
metal is Rh and Ni.

The carrier is titanium oxide, zirconium oxide, graphite
Oor carbon. Titanium oxide and zirconium oxide are preferably
used as the carrier because of its high chemical and
mechanical stability and because the selectivity to the
preferred (intermediate) compounds

AMENDED SHEET
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19- 07- 2000 Enclogure 1.3 e o2 8ot +7Raproedse”acor ding st 07 any
one of clai nEnglpsure 1. char akt’eki zed & n"dd3ai Ehes catal y3© has &
BET surface area of betvkens30 add 1G0 nf&s6)/§. o “ee’ o9

A process according to any one of Cl%rﬁﬁuﬁi , characterized in
a——————ﬁLgLAlM%Ierr]-CB al kyl

that said al kyl 5-fornylvalerate is
5-fornyl val erate. 10. A process for preparing [err]-caprol actam

uFin%EthgaqwﬁggsWE CLAIM 18: M Xxture obtained according to any one of
cl ai -9. &

1. A process for preparing an aqueous mixture of e-

caprolactam and é-aminocaproic acid and/or 6-
aminocaproamide by reductively aminating S5-formylvaleric
acid and/or an alkyl 5-formylvalerate in water with
hydrogen and an excess of ammonia in the presence of
ruthenium on carrier as a catalyst, characterized in
that the carrier is titanium oxide, zirconium oxide,
graphite or carbon and the catalyst also contains at
least one further group 8-11 metal, or a compound of
these metals.

2. A process according to claim 1, characterized in that
the amount of group 8-11 metal (as metal) in the
catalyst (metals plus carrier) is between 0.05 and 30
wt.%.

3. A process according to claim 2, characterized in that
the amount of group 8-11 metal (as metal) in the
catalyst (metals plus carrier) is between 0.1 and 10
wt.%.

4. A process according to any one of claims 1-3,
characterized in that the amount of ruthenium (as metal)
in the catalyst is between 0.1 and 10 wt%.

5. A process according to any one of claims 1-4,
characterized in that the carrier is titanium oxide or
zirconium oxide.

6. A process according to any one of claims 1-5,
characterized in that the particle size of the catalyst
is between 10 and 100 pm and the catalyst is present as

a slurry in the reaction mixture.

7. A process according to any one of claims 1-4,
characterized in that the particle size of the catalyst
is between 0.001 and 0.05 m and the step is performed in
a fixed bed reactor.

R O AR
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Enclosure 1.3
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A process according to any one of claims 1-7,
characterized in that the catalyst has a BET surface
area of between 30 and 100 m’/g.

A process according to any one of claims 1-8,
characterized in that said alkyl 5-formylvalerate is a
C1-Cs alkyl 5-formylvalerate.

A process for preparing e-caprolactam using the aqueous

mixture obtained according to any one of claims 1-9.
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