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| NVENTI ON Flmm invention _ The present invention relates to an
. inproved process for producing E-caprolactam which conprises subjecting
* cycl ohexaNone o to BeckmaNN reary angenent under gas S)upB geaction
conditions in a fluidized bed reaction using a solid catalyst, erein a
" fluidized bed reaction systemwth a re-generator for the catalyst is used.
. Description of Related Art (err)-Caprolactamis a key chem cal product used
ascmwmﬁmmmuﬂmmal for Nylon or the |ike. Ampbng processes for its

pr | r ocessprb@Eshasoroprenticanal kychegnradaopied in the

i ndust r«gealss*pr oducti on thereof is a process in which cycl ohexanone oxine is
subj ected to Beckmann-rearrangenment with fum ng sulfuric acid under liquid
phase conditions. In addition, many variations for its production have been
pr oposed BACKGRQUND y@X OIHX aINVENDEONE | S subjected to Becknmann
rearrangenent with a solid acid as the catal yst under gaseous phase
react i on Rigridi to Onshd gaseaisi ghase Beckmann rearrangenent). For exanpl e,
processes are known using a boric acid catal yst (JP-A-53-37686,
. JP- A- 46-12125) , ThespkriesaatUtiventchbmlrytia iy tbiah iMpretedNoro883s34) . a
solid 2 23 June 2003 phosphoric acid catalyst (British Patent No. 881,
956) , aprdduyrel e a-idapreodbaltssd WK Nedmef 1 £8& akysk sct§ng247 (1966)), a
crystalline alumnosilicate catal yst (JP-A-57- 139062; or tﬁe i ke.
Fur t her mnes 1 chepraoness daimdesn peopased Feanbhnhemchewehdalrcehaléfgexi sts
in the reaction system (JP-A-2-275850). As the reaction nethodol ogy, a
met hod haéhasee - qeratpiose ddrmi inhi efts cye | ahexabaneeaxber rsasthjcected dp
rearrangenent in a fluidized bed using a boric acid catalyst on a carrier
under gasesudipgheseatpsd) tWwimsimm diydeizednbatnt &gc @asn i Sy coORnE WHent |y
utilized to re-generate the catalyst in the fluidized bed, and boron
trioxi de aoreb@aremdiar ioradded dacdhescatal yseédi.n fl ui di zed state before
the catalyst is returned to the reactor for the rearrangenent
(JP- A-55-53267). | Yet further, in carryinng out gaseous phase Beckmann
rearrangement with a boric acid catalyst carried on carbon in a fluidized
bed syst @gscartietdidt exferfed dstdwdont t he organi c nitrogén content of the
catalyst in a reactor and that of the catalyst in a re-generator is
mai nt ai ned wi t henCapreiltaktamr asge weenchkaicaflabysiducs: wistdidmawa fizeum t he

mm u SS FOR PRODUCI NG E CAPROLACTAM BACKGROUND OF THE
S
%

reactor of the fluidized bed to re-generate and returned upon re-generation

to the b8@teypad Fnr33pdpn of rrhe kikase Aniang ohowewsehafon stattering of
a part of boric acid as a conponent of the catalyst is unavoidable in the
r e- gener RECGHNSHOR FnBraradst thae Raswamantiiotally esn caidmwred an t he

catal yst as that of scatteri] n%_
the industrial production thereof is a. process in which

cyclohexanone oxime is subjected to Beckmann rearrangement with
fuming sulfuric acid under liquid phase conditions.

In addition, many variations for its production have
been proposed in which cyclohexanone oxime is subjected to
Beckmann rearrangement with a solid acid as the catalyst under
gaseous phase reaction conditions (gaseous phase Beckmann
rearrangement). For example, processes are known using a boric
acid catalyst (JP-A-53-37686, JP-A-46-12125), a silica.—

alumina catalyst (British Patent No. 881,927), a solid




3 23 June 2003 boric acid is lost by burning. The above-descri bed ;
conventi onal Beckmann rearrangenent process using fum ng sulfuric acid, i
. which has been widely adopted in the industry, had not only a problemin |
 that a | arge anmobunt of fum ng sulfurfjc acid is required §§Uu%E§906 probl em |
in that neutralization of sulfuric acid with amonia is necessary for 1
" recovering E-caprolactamfromthe reaction product of Beckmann L
rearrangement. In this step) as nuch as about 1.5 ton of ammoniumsulfate
per ton E-caprolactamis produced as the by-product. On the other hand, the:
gaseous phase Heckgak f t; [ n ld\d catalyst has an:
aavant 260 R e ey AR Bl g Eea s R MRl R A T R ckmmnn
rearran reaf. ... var taky Ltabl e far,~t FAH8OUS phase .
Becknan%%ggg%fégggﬁg'fthggg eé%?ﬁggpgégaiyg&%’tﬁé %gpaR§Sts ﬁdvéia probl em|
that ca S it %Qﬁ |y St g d he reaction, !
resu|ti539?§%333§f5égﬁgﬁgﬁﬁﬁﬂggggﬁ%éfﬁﬁg-t qugﬁg%ﬁgéggaiyg%ts]%ﬁgg%, whi ch
Teads tgigradual deactivation of the catalyst . Recovery of the catalytic
activity is possible by interrupting the reaction at an appropriate tine,
.sendi ng an oxy Lnjin t ]§§§§| I vi.ng t he :
car bonaceous sggg;gﬁggg&gy %%%3§ffghﬁggbmeve %gﬁﬁggg%§$g%§%%ﬁ%eﬁ%FrbrobIen1‘
that th ct. Qf. (err i S.i0tercupted dyi-i t he |
regener L on dperation <t aF 1S AR SR ITERRPA RSB0 4 2 |
June 2003 bed L QI SUSt M 1.} chi rat i e n_the |
reaction and tﬁga%% ggeneratl onei%gg)td%olu %s%n@gtggﬁeﬁ%%% g}@?go r?glvm in

whi ch_bohyas o4 o8 Of oiasgonse RiARE. BRCIINL Sl RN9eEERIL I Raekon and 2

re-generation redction step r the catalyst are perforned™n a ui di zed

bed syst e, 8oz 00t dkd he "RAL BRYEREAL ; § éa sé?’%tah%a&?i%%”ﬁh%kon are

continuously carried out by circulating the c yst through a reactor and

a re-gepgratel. phAskhi8neasebnlhers), iaAd-ablemm thah i Laks difficult to
mai ntain a high conversion or a high selectivity in the Beckiann

|
rearr angsBakrERALYI 081889 HO ceORd e A stablife PEQAMELLEN; foEya long term |
and, therefore, an inproved process which sol ves such a probl em has been i
\
|

1
|
|
|
|

demandegl y SMPBRYLAMD SBIECHS oGF £ Hill :d iNVENH @4 11 Vi @y of s t hggalovg

ci rcunst ances, the present inventors have nmade extensive studies wth the

obj ect ©fhe Pa®E1Gidt0ia PIOL@ESed FtAHOBUCHRE En& Rl BE@MsMBE AL #hBENY a
hi gh conversion or a high selectivity while continuously carrying out the

gaseoustpheise BeskovAnfbeathangeartandithddte Qperatsonsins71 he
re-generation of a catalyst.

Yet further, in carrying out gaseous phase Beckmann

rearrangement with a boric acid catalyst carried on carbon in

a fluidized bed system, the difference between the organic
nitrogen content of the catalyst in a reactor and that of the
catalyst in a re-generator is maintained within a certain range
when the catalyst is withdrawn from the reactor of the fluidized
bed to re-generate and returned upon re-generation to the bed
(JP-A-53-35691). 1In this case, it is known that a scattering
of a part of boric acid as a component of the catalyst is

unavoidable in the re-generation step, and almost the same

amount of carrier carbon for the catalyst as that of scattering



As a result, the present inventors have found that the production of

E-.caprol actam nmai ntai ning a high conversion or a high selectivity can be
- attained without interrupting the production by carrying out both a

* gaseous phase Beckmann 5 23 June 2903 rearrangement reagtj R 89832
re-generation step for the catal yst

" the catal yst between the step of Beckmann rearrangenment and the

regeneration step for the catalyst,
t he catal yst

step of

In a fluidized bed system circul ating

rearranggsent wethi RsaisReciHy) &urangg;. The present invention has been
acconpl i shed on the basis of the above findings. Thus, the present

i nvention provigges apBvaCESSck9beRl QAWRIdHE AP Ml achanm Whi ch conpri ses
the steps of (i) subjecting cycl ohexanone oxine to a gaseous phase Beckmann |

rear r angeaRptah§arkheNpirBcask! uis%@ect(&ﬁqugsysﬁﬁmﬁ& Ng- 83 SOk fe-Rrahakyst,

excluding a boric acid catal yst, and

ii) Tegenerating the sald catal yst

for use pocStHPILL) adwBeedl AnSahe SLeR Ay e1ganel@t i&m% he ﬁe&ﬁégat al yst

conprises the substeps of (a) continuously or intermttently W thdraw ng
-the sol i th catal ¥st abbRMihbEn Besk MG £ §aniBngeren: e ast 4:88}1.%?:88 %ﬂ&, (b)

treating the catalyst with an oxygen-containing gas at an el evated
tenper atay & s® phgblEneini LhedeRGeRMANL 0fi I calial ti d ahdSa Wyl phn a

range of from 10 ppmto 2,500 ppmon its way to the reaction step
re- genergichdigi 8t £9, n8Bdsb8)yT 8 PR hs 30 ¢LE e
Beckmann rearrangeh%nt ?eac?ion.step (i).n%%FEFg%E%gfgﬁ%#igﬁ%ﬁﬁ8g$£VhEB 6 |
23 June 2Q03 £ prdSudt Pahe@Rikhand eWaelr iy aihar at us vaed éf‘e}%

i nventi on showi ng a Beckmann rearrangenent step and a re-generation

far the galialhysipoukel & ol eNahfsn Puheact My

feeder, 4 a control valve and 5 to 9 each a pi%g¥ﬁbE$£%ﬁE%&%E%%ﬁF%¥F

romthe

he, present

step
screw
ON CF

THE | NVENTIEMN AidsDCes st horbprodyaing.(err) - caprol actam of the present

i nvention conprises the steps of subjecting cycl ohexanone oxine to a

gaseous phase Betckirenrotiesr rengerepher gaskbaB bhagef Bdictiaed bed system

using a solid catalyst and re-generating the catal yst.

Exanpl es of the

sol i d cateantsingeaesht pridieedy esdbly any¥entibodatatiysdenhas zaolddwrmaiqd yst and

exclude a boric acid catal yst.

A pentasil-type zeolite is preferably used.

and controlling the nitrogen content of
returning fromthe re-generation step to the step of Beckmann

i

Among t éhapenbasinien e szddlattee] s parddwek @rinythe ef iy ed tise Betd@ldde With a

MFl structure.

elenent M wherein Mis one or nore nenbers selected fromAl, B, Ga,
Ge, Fe, dHiseang phasEhBeakwano rearovaSgeiens baverbeen eqrquefet ablay 1500 or

nor e.

A zeolite having a skeleton of SiO4 tetrahedron substantially

consi st ithg cftsillyisten havk oxyrerbhery beatt chirbkbedaceous substances

deposit on the catalyst during the reaction, resulting in
coverage of active sites by the carbonaceous substances, which
leads to gradual deactivation of the catalyst. Recovery of the
catalytic activity is possible by interrupting the reaction
at an appropriate time, sending an oxygen-containing gas to
~the catalyst bed and removing the carbonaceous substances by
oxidation. However, this raises another problem that the
production of g-caprolactam is interrupted during the re-

generation operation for the catalyst in the case of the fixed

The el enent conponent constituting the skeleton of zeolite
may contraarrsirdlgeamntasthésef i ndigpal owo mporehy s andsahoabee €oppenent

I n,



In the present invention, both the Beckmann rearrangenent step and the
re-generation step are carried out 7 23 June 2003 in a fluidized bed

- system One of the enbodinments of the present invention is illustrated in
"Fig. 1. In Fig. 1, a vapor of cycl ohgxanone oxinme is fed gqﬁﬂ‘azgs ctor 1
far Beckmann rearrangenent packed with a zeolite catalysg t'hr oug

" The reaction product containing E-caprolactamas its principal conponent is
wi t hdrawn in a gaseous state towards the outside of the systemthrough a
pipe 6. A part of the catalyst is withdrawn continuously or intermttently

pi pe 9. |

!

from t hgelea@art iborbYs s (ot ralg val é’ﬁiécﬂﬂﬂ%;i opesdkibd %ert%;f%er{‘etrhaet or 2 for
I'n tor 2, :

the catalyst in a fluidized bed system he”regenera he tat al yst

is treatadWildh ahOBHEN-CU A P gass | e&&eﬁw%ggmfer.O”A%BLBSJ:LSAS the

result, carbonaceous substances deposited on the catalyst are renbved, for
exanpl eg18y &nGRCHIORNAd K3Igen Qife;pyo?\@gg%@{llso@hgts aBE'c%%aE&”perat ure
. The extent of renoval of the carbonaceous substances gepen s on the

resi dentehirranebnidte ¢abalyst Lagt he Legganerator, centration of
oxygen and thg@fenperature for the t?ea ngﬁga% ﬁbr%%§§§8%1§§f§1fgf

-contai nLAg ERAEHPPAEEIHS &%ﬁ@&ﬁg’ege@gfaggsa ﬁ&&fsg}g%%ﬂ Og]kci Rkl ur ned

to the reactor 1 through a screw nthe s BECKIERN

rearrangﬁEEPEarQQEB%ﬁe%Qdr@%?ﬂ%ﬁﬂ1éHHn¥HE”§§—§éﬁe9§9 Shtgdeon the Catalyst;

by pol ycondensati on of cycl ohexanone oxi ne or caprolactam By the

treat meabnwk hlohBe 0X%gen=a08h 2 Bi,NY; LpshBeKEeg Lan é renoval
of not on?y thg degpsitedecarbon v 81ggﬁ%hgéBQOB%gbgggé?%%Qtﬁ§£§§ 8s!ted
ni trogeq xmaerhd § Rerfondeseoln the dpriesentel n&’ﬁ%f@iss' aS;% ghesy 1t has
been reveal ed that an inportant rel ationship exists between e anount of

the nit¢egeni eolponentithat E@%&Dﬁt@ﬂntQ%ﬁ&ﬁ%éﬁﬁ%eﬁg%th&p&rﬂ%ﬂance of
the catalyst, particularly in its selectivity to E-caprolactam us, the

P

i

i nvent ass1 Savev{eyndnt Bak, BRRRARNC *l@l i Sinfiad NI A domesed  agtiyity due to

use thereof for a long tine is re-generated with an oxygen-contal ni ng gas,

a superddritc HeheCA | ¥t dW1é L RoGePt DbACESM 4 SL ok Al ded fya @ G ALYSEe having an
appropriate anount of the nitrogen conponent Tenmining thereon rather than

a cat alatstimgprodie@hpeac 868 #AUCRI EbOGRR GMPOREH: S &, a8 ghy renoved,
for exanple, by conmbustion. Specifically, by controlling the nitrogen

cont entddnarideed.

SUMMARY AND OBJECTS OF THE INVENTION

In view of the above circumstances, the present
inventors have made extensive studies with the object of
providing a process for producing e€-caprolactam maintaining a
high conversion or a high selectivity while continuously
carrying out the gaseous phase Beckmann rearrangement and the
operation for the re-generation of a catalyst.

As a result, the present inventors have found that the
production of &-caprolactam maintaining a high conversion or
a high selectivity can be attained without interrupting the

production by carrying out both a step of gaseous phase Beckmann




regenerated catalyst within a range of 10 ppmto 2,500 ppm a desired
continuous long termreaction can be conducted, while holding the

- selectivity at a higher level. The nitrogen content in the regenerated

" catalyst may be neasured on its way g o the reaction stepzéuggbt 3
_re-generating step while the regenerated catal yst being returned to the
reaction step. Wien the nitrogen content in the catalyst is |ower than 10
ppm the selectivity to (err)-caprolactamis inferior, and when it is

hi gher than 2,500 ppm the conversion of cycl ohexanone oxine is | owered.

The ni tr egeR rCoRiepdintl I die iGhHt alV§ta CAE-HEnOPL Bl BRI SRY, 3,23 plune 2003 a
met hod in which nitrogen oxi des generated by oxidizing F%e catalyst with

oxygen gaatangsweasused) wi §hza39884CBL9MBLOIEAPRY, 1ARAM ALY t%’lé);iéﬁraf ed
spectrophot onet er. The Beckmann rearrangenent reaction s conéﬁct in a

{1 ui di zegebaresy shems :The oalsaloféla Ry o isedehond shAPEnel 0 nute

spherical particles having a dianeter of 0 . nm or bel ow, which may be

shaped byederBthod &0&hUHMNEhePERY AT
reaction, cycl ohexane oxinme may be fe a ratio where the anoun

- cycl ohexapgtextn®f tthd Ratt 0fy dthe-alalsd Mlacede Pel Benkeatt ce
vel ocity, VWHSV} is about O.grto about %%?tr%, prgfeﬁa I?eabgﬁgﬁﬁgﬁgghbout

10 h-1. dbeK&atdOpr EaPEnMhHT Lo dBYaRGetbh Pl dien RR% Aff 1 50C to
about 500C, and preferably is about %0 %:to about 450C% Thelgggg%ggﬁ

pressur er@Ypbesvht hi Avkhe i bange 0P We Al Mhd@ SROHheO0hIsVE: of
preferably about 0.02 MP to about 0.2 MP. In the Heckmann rearrangenent
reacti ozhétabsvadyanfiaggeus to allow a | ower al cohol having 1 to 6 carbon
atons to co-existwi th cycl ohexanone oxinme. Methanol and ethanol are

particularly prefhes|egnal spheksc Theeamawal pafotitiedl £ohel-allopsd to
co-exist is preferably within a range of about 0.1 to about 5 tines the

vei ght  Qfr 636¢ DA@ XN PXd MBam | hi ShaksRpadyalt ageous 4. ald oy water to
co-exi st together with cycl ohexanone oxi ne. The anpount of water ‘all owed
10 23 Junso008ihg €pPcbxhskahsnpr okemablty 2. FalddWmes then s®! Be @kmann

fed

L¥ENGa 08 dhg dd KBind ﬁ&ﬁirt%;gfe ngenment |
d at 0 :

[

cycl ohexanone oxine or less. In addition) an inert gas may be introduced to§

t he reactdarraysément ey iem dh bhelhhet tegased ReAdHden RisiHRU8Nso BIGON,

carbon di oxi de and the |ike.
catalyst, excluding a boric acid catalyst, and (ii) re-
generating the said catalyst for use in step (i), wherein said
step of re-generating the said catalyst comprises the. sub-
steps of (a) continuously or intermittently withdrawing the
solid catalyst from the Beckmann rearrangement reaction step
(1), (b) treating the catalyst with an oxygen-containing gas
at an elevated temperature so that the nitrogen content of the
catalyst falls within a range of from 10 ppm to 2,500 ppm on
its way to the reaction step from the re-generating step, and

(c) returning the so treated catalyst to the Beckmann

rearrangement reaction step (i).

BRIEF DESCRIPTION OF DRAWINGS



The re-generation step of the catalyst is carried out in a fluidized bed
system The catalyst withdrawn fromthe reactor for Beckmann rearrangenent
-is introduced into a re-generator and is treated with an oxygen-contai ni ng
" gas. As the oxygen-containing gas, g@r is preferably useg3QQmqugoge used
_if desired, after being mxed with an inert gas such as nitrogen or the
like to give an oxygen concentration of 20~ or Less . The tenperature for
the treatnment may be within the range of about 350C to about 700C,

pref erably about 400C to about 550C. Wien the tenperature is |ower than

about 350C, theiganbgnageousenHbstanses; deras hgg)a%th@eu%%tda'%s%h%a”mt be
sufficiently renoved and the renai ni ng anount of nitrogen on the catal yst

tends tpreeehar gavend) ohherfarly 4 et yh tﬁ'e&f‘réﬁ?eﬁ@h@' ¥ebpt (é%%s to be

undesirably | owered. Wen the tenperature is higher than about 70l t he
catal ysi sHCHeasra€dbit etep lficabld Q:at@aﬂ%@,”%@ge§§dltaﬁneﬁg'svhty of the
t he

catalyst tends to be gradually | owered. The pressure for re-generation
t reat meptagByrhe2 adept-gdMdRitd APRr aXsRRLH! VedhEr SATE, "c@ﬂ%‘ioﬁsvﬁli'gg for
Beckmann rearrangenent. The residence tinme of the catalyst in the 1123
-June 2083d4re- gener ahkRNashepemmy be about 0.5 hour to about 500 hours in
average. The anobunt of the catalyst to be sent fromthe reactor for
Becknmann rearrangenent to the re-generator may be about 0.1~ by weight to
about 75~ by weight, preferably about 0.5~ by weight to about 'S0~ by

vei ght ,pofathED aPPEOR I PTESRNDFI PHENG NRAAGTQY f or Beckmann rearrangenent per?

unit tinme. E-Caprolactam can be advantageously produced in the above

described mannerorAoeos dias bPoaheihBveNLE0Ro1RERRROLACLEHD gaLds St eadi Iy
produced with a high yield for a long period. In addition, _

cont i nunitsdronpoer ebipepekat ¢ 108 seap PEf GaHjRE 01 c et Bhaxhhgh copveL si on or
a high selectivity. The present invention will now be described In nore
detai | thy arepnseqis Exeadt esechheh shavhdnoehdle Gnaivugd as 4 linitation
upon the scope of the invention. EXAMPLES Exanple 1 Into a reactor 2
const i tAlteidlinfed kel svgltlerstial Abeass 61 88l c4 By Having ra Yammtari 9f 80 mm
and a length of 1,000 mm equi pped with a freeboard part having a di aneter

of 200 tha aretalysength of 1, 000 mm and into a stainless steel re-generator

2 having a dianeter of 65 mmand a | ength of 2,000 nm there was packed 250

g and 400 g, Eespedidsvelfy,thd soThd atysslistt leedhape tofe Preepawders
having a dianeter of 0.3 mmor |ess 12 23 June 2003 conprising a zeolite
W t h aiNFendtirnctiocdude kt seplinei patatgrpoardtexd Th@er£asdinic haarg t he
re-generator 2 are set as illustrated in Fig. 1.) The particles of the

cat al ysetiedvistte r daeentragiherppel ziedlzed by prdfechicl pgigdd r ogedr@as
through the pipe 9 into the reactor 1 at a rate of 0 . 4 nB /hour . The

t enper &hgreenhas hé- FEnetaro hbse elbavdtioth taxr RF@Ce f@r etk istdiercidnd, the air
was introduced through the pipe 7 into the re-generator 2 at a rate of 0.2
nB8/ houWitd |MFHi Ferudtaieat alfis elgialt wesdeesrsd cons500Q tilid e¢he
fluidizing. Wien both tenperatures werestabilized, cyclohexanone oxine in

t he ga§583§tp@r piwgeofldda maougtrntrini peldcon aheiteaptréncipall a rate of

1, 260 g/ hour together w th gaseous nethanol at a rate of 2,240 g/hour. In
addi t i BATPRPERSgERTYIRANRSY RATRANRt f¢bememe i pehsrainaMr aseocok 1.0 nB
/hour . By controlling the nouth openings of the control valve 4 and the
screw PEelRFE3MEMPRE Sc SEHSFHCINAT % rickd B edS3r oft hEer eBet ofiland t he
re-generator, 2 and fromithe re-generator 2 to the reactor 1 at a rate of 20
g/ hour 2 The' ¢ GHQBE prdtite etk By L8RP PEReT Dn PRes araiar BAA athmedgh t he pi pe
6 to outside, the system and was anal yzed. After passage of 200 hours, the
conversi oot te FhNE B4 Afas 169 tebuprhndreReSYesBaREFRLYYE O
E-caprol actam was 95. Z%ﬁ The nitrogen content of the catal yst going from

the reSgRRLFatBY 9Tt §1LAEPedRCorX Ims a3 et bined110 ppm

In the present invention, both the Beckmann

rearrangement step and the re-generation step are carried out




13 23 June 2003 |t

_in the reaction)] x 100 Selectivity towards E-caprol actam(

anount of produced E-caprol actam)/(nolar anount of cycl ohexanone oxi ne |
consuned in the reaction)] x 100 Conparative Exanple 1 The reaction and the .
re-generation were carried out under the sane conditions as those in ‘
Exanpl e; 4 £x¢aphitRatpddeLake of ofLr igp . the catal yst was changed

to 200 g/ hour . ifter pasggge of gg%(ﬁgkﬁg égléentsCHQEH%FWEVE¥Hhexan0nel,

oxi me Wasv A c8o0and st B8 1$8l8CtHE ty, t9: ~-caprol agtam was 94. 7. The_nitrogen
content of theocatglyst going%@wﬁ%tﬁ?g' f"¥n t%ﬁ'g?

urs, e conversi o

e re-genera

anal yzegyt 9oRe8xandf BRIme il4 £ I ?%.g‘)?eé’%&' P ?ﬁgl gED S

process for producing ~caprol actam

conpri ses

subl ect agreuaLOREXRNGRRIEN TR b0 2 Aasecus phase, Beckipan fear Lan

reaction in a fluidized bed systemusing a
R R b R s T e N
ooy PSERAL e U AN ISR T
sol 1d osialoets i ho AN AXYEEREEANLRLALAG, 925:e BN Claeyld ﬁ}gé erature so

that the nitrogen content o

PP t 0 b GO0, PPIRORickS U LBk EAGY B $hER LEOMLAG. 1 ¢ generat i ng

st ep,

rear T angorsny 1eas PRGHER Va1 2 NEPraeess,d oo Bl ofuel ng, 72 capr ol act am

according to claiml, wherein the so

ré-gene
mann rearrangement reac ns
t he catal S Wthi
and (c) returning the so treate idca ysF

catalyst is a pen

zeolite for the catalyst in a fluidized bed system. In the re-

generator 2, the catalyst is treated with an oxygen-containing
gas introduced from a pipe 7. As the result, carbonaceous
subétances' deposited on the catalyst are removed, for example,
by a reactionwith oxygen or by evaporation at a high temperature.
The extent of removal of the carbonaceous substances depends
on the resident time of the catalyst in the re-generator, the
concentration of oxygen and the temperature for the treatment.
The treated catalyst containing carbonaceous substances in a
reduced concentration is returned to the reactor 1 through a
screw feeder 3.

In the step of Beckmann rearrangement, carbon and
nitrogen components are deposited on the catalyst by
polycondensation of cyclohexanone oxime or €-caprolactam. By
the treatment with the oxygen-containing gas in the

regeneration step, removal of not only the deposited carbon

is noted that the conversion of cycl ohexanone oxi ne and

the selectivity to E-caprol actam were cal cul ated based on the foll ow ng

- fornul ae: Conversion of cycl ohexanone oxime (~) - [1 - (nolar anount of

~unreacted cycl ohexanone oxine) / (mohar anmpunt of CyCIOh§§QH$Q§2PP?gE fed
~) - | ar

to?t hePPEaltor 1 was
68361 (i)
P98x 8 BdPRg a

S conpri ses

€from 10

ating the}




3. The process for producing E-caprolactam according to claim2, wherein
said zeolite has a MFI structure. 4. The process for produci ng-caprol actam
-according to claim2, wherein said zeolite has a nol ecul ar skel eton that

contains silicon as its principal c onent and anot her e t wherein
~Mis selected fromAl, BI,o Ga, Tn, CGe) Fe, Ti) Zr . A A5y.%€.jgf?‘% 2%3 ?
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In the present 1nventors’ studies, it has been revealed

that an important relationship exists between the amount of
the nitrogen component that remains on the catalyst and the
performance of the catalyst, particularly in its selectivity
to g-caprolactam. Thus, the inventors have found that, when
a catalyst having a lowered activity due to use thereof for
a long time is re-generated with an oxygen-containing gas, a
superior selectivity to g~caprolactam is obtained by a catalyst
‘having an appropriate amount of the nitrogen component
remaining thereon rather than a catalyst in which carbon and
nitrogen components are completely removed, for example, by
combustion.

Specifically, by controlling the nitrogen content in the
regenerated catalyst within a range of 10 ppm to 2,500 ppm,
a desired continuous long term reaction can be conducted, while
holding the selectivity at a higher level. The nitrogen
content in the regenerated catalyst may be measured on its way
to the reaction step from the re-generating step while the
regenerated catalyst being returned to the reaction step. When
the nitrogen content in the catalyst is lower than 10 prpm, the
selectivity to e-caprolactam is inferior, and when it is higher
than 2,500 ppm, the conversion of cyclohexanone oxime is
lowered.

The nitrogen content in the catalyst can be obtained by
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like. In the rearrangement reaction, cyclohexane oxime may be

fed at a ratio where the amount of fed cyclohexane oxime to

that of the catalyst placed in the reactor (space velocity,

WHSV) is about 0.5 to about 20 h'?, preferably about 1 to about

10 n't.

The reaction temperature may be within the range of about

250°C to about 500°C, and preferably is about 300°C to about
450°C. The reaction pressure may be within the range of about
0.01 MP to about 0.5 MP, preferably about 0.02 MP to about 0.2
MP.

In the Beckmann rearrangement reaction, it is
advantageous to allow a lower alcohol having 1 to 6 carbon atoms
to co-exist with cyclohexanone oxime. Methanol and ethanol are
particularly preferred alcohols. The amount of the alcohol
allowed to co-exist is preferably within a range of about 0.1
to about 5 times the weight of cyclohexanone oxime.

It is also advantageous to allow water to co-exist

together with cyclohexanone oxime. The amount of water allowed
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to co-exist is preferably 2.5 times the mole of cyclohexanone
oxime or less.

In addition, an inert gas may be introduced to the
reaction system. Examples of the inert gas include nitrogen,
argon, carbon dioxide and the like.

The re-generation step of the catalyst is carried out
in a fluidized bed system. The catalyst withdrawn from the
reactor for Beckmann rearrangement is introduced into a
re-generator and is treated with an oxygen-containing gas. As
the oxygen-containing gas, air is preferably used and may be
used if desired, after being mixed with an inert gas such as
nitrogen or the like to give an oxygen concentration of 20%
or less. The temperature for the treatment may be within the
range of about 350°C to about 700°C, preferably about 400°C to
about 550°C. When the temperature is lower than about 350°,
the carbonaceous substances deposited on the catalyst cannot
be sufficiently removed and the remaining amount of nitrogen
on the catalyst tends to be large and, therefore, the activity
of the catalyst tends to be undesirably lowered. When the
temperature is higher than about 700°C, the catalyst such as
zeolite is liable to be decomposed and the activity of the
catalyst tends to be gradually lowered.

The pressure for the re-generation treatment may be
adoptedwithin approximately the same range as that for Beckmann

rearrangement. The residence time of the catalyst in the
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re-generation step may be about 0.5 hour to about 500 hours
in average.

The amount of the catalyst to be sent from the reactor
for Beckmann rearrangement to the re-generator may be about
0.1% by weight to about 75% by weight, preferably about 0.5%
by weight to about 50% by weight, of the amount present in the
reactor for Beckmann rearrangement per unit time.

¢-Caprolactam can be advantageously produced in the
above described manner. According to the invention, g-
caprolactam can be steadily produced with a high yield for a
long period. Inaddition, a continuous long-term operation can
be carried out with a high conversion or a high selectivity.

The present invention will now be described in more
detail by means of Examples, which should not be construed as

a limitation upon the scope of the invention.

EXAMPLES
Example 1

Into a reactor 1 constituted of a straight stainless
steel tube having a diameter of 80 mm and a length of 1,000
mm equipped with a freeboard part having a diameter of 200 mm
and a length of 1,000 mm and into a stainless steel re-generator

2 having a diameter of 65 mm and a length of 2,000 mm, there

was packed 250 g and 400 g, respectively, of a catalyst in the

shape of fine powders having a diameter of 0.3 mm or less
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comprising a zeolite with a MFI structure as its principal

component. (The reactor 1 and the re-generator 2 are set as

illustrated in Fig. 1.)

The particles of the catalyst in the reactor 1 were
fluidized by introducing nitrogen gas through the pipe 9 into
the reactor 1 at a rate of 0.4 m>/hour. The temperature in the
reactor was elevated to 350°C. On the other hand, the air was
introduced through the pipe 7 into the re-generator 2 at a rate
of 0.2 m*/hour to fluidize the catalyst, which was heated to
500°Cwhile fluidizing. When both temperatures were stabilized
cyclohexanone oxime in the gaseous form was fed through the

pipe 9 to the reactor 1 at a rate of 1,260 g/hour together with

gaseous methanol at a rate of 2,240 g/hour. In addition,

nitrogen gas was introduced from the pipe 5 at a rate of 1.0

m’/hour.

By controlling the mouth openings of the control valve
4 and the screw feeder 3, the catalyst was circulated from the
reactor 1 to the re-generator 2 and from the re—generator 2
to the reactor 1 at a rate of 20 g/hour. The product produced
by the reaction was withdrawn through the pipe 6 to outside
the system and was analyzed. After passage of 200 hours, the

conversion of cyclohexanone oxime was 99.6% and the selectivity

to €-caprolactam was 95.7%. The nitrogen content of the

-catalyst going from the re-generator 2 to the reactor 1 was

analyzed to be 110 ppm.
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It is noted that the conversion of cyclohexanone oxime
and the selectivity to &-caprolactam were calculated based on
the following formulae:

Conversion of cyclohexanone oxime (%)

= [1 - (molar amount of unreacted cyclohexanone

oxime) / (molar amount of cyclohexanone oxime fed in the
reaction)] X 100
Selectivity towards €-caprolactam (%)
= [(molar amount of produced g-caprolactam)/(molar
amount of cyclohexanone oxime consumed in the
reaction)] X 100
Comparative Example 1

The reaction and the re-generation were carried out
under the same conditions as those in Example 1 excépt that
the rate of circulation of the catalyst was changed to 200 g/hour.
After passage of 200 hours, the conversion of cyclohexanone
oxime was 97.8% and the selectivity to ge-caprolactam was 94.7%.

The nitrogen content of the catalyst going from the re-generator

2 to the reactor 1 was analyzed to be 3,100 ppm.
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WHAT IS CLAIMED IS:

1. A process for producing g&-caprolactam which
comprises the steps of (i) subjecting cyclohexanone oxime to
a gaseous phase Beckmann rearrangement reaction in a fluidized
bed system using a solid catalyst, excluding a boric acid
catalyst, and (ii) re-generating the solid catalyst for use
in step (i), wherein said step of re-generating the solid
catalyst comprises the sub-steps of (a) continuously or
intermittently withdrawing the solid catalyst from the Beckmann
rearrangement reaction step (i), (b) treating the solid
catalyst with an oxygen-containing gas at an elevated
temperature so that the nitrogen content of the catalyst falls
within a range of from 10 ppm to 2,500 ppm on its way to the
reaction step from the re-generating step, and (c) returning
the so treated solid catalyst to the Beckmann rearrangement
reaction step (1i).

2. The process for producing e-caprolactam according
to claim 1, wherein the solid catalyst is a pentasil-type
zeolite.

3. The process for producing €-caprolactam according
to claim 2, wherein said zeolite has a MFI structure.

4. The process for producing e-caprolactam according
to claim 2, wherein said zeolite has a molecular skeleton that
contains silicon as its principal component and another element

M, wherein M is selected from Al, B, Ga, In, Ge, Fe, Ti, Zr
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<=>7 OPEPEFSH IKEMNOROREIUWAL £, and the atomic ratio Si/M of said

zeolite is 50 or more.

5. The process for producing e-caprolactam according

to claim 2, wherein said atomic ratio Si/M is 500 or more.
6. The process for producing e-caprolactam according

to claim 1 or 2, wherein said Beckmann rearrangement reaction

is carried out in the co-existence of at least one lower alcohol

having 1 to 6 carbon atoms.



