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1 SPECI FI CATI ON PROCESS FOR PRODUCI NG CYCLCOHEXANONE
OXI ME BACKGROUND OF THE | NVENTI ON 5 Techni cal Field

[ 0001] The present invention relates to a process for
produci ng cycl ohexanone oxi e bylannDX|nat|on reaction
of cycl ohexanone. Cycl ohexanone oxine is useful, for
exanple, as a raw material for s-caprolactam 10

Description of the Related Art_ [0002] As one of

processes for producing cy&ﬁﬁﬂﬁgégag oxi me, a

process of carrylng out the ammoxi mation reaction_ of

cycl ohexanonERACERS hFaR SRRGPUSNG CHELIHBX AN GX 1R

the 15 presence of a titanosilicate catal yst has been
proposed (for exanple, refer to the patent

literatures 1 to 4 .indicated below. The process is

not BAGHGROPYDf OF THREUINVBNTAMY sulfuric acid with

ammoni a which neutralizing is required as in a

conVismlirdisall Fiedédss for carrying out 20 oximation

wi th oxyl amm ne sulfate, and it al so has an

advamél}d t haffheepaesensn J@We@tppadlmlaﬂﬁémﬁqqea process for
catalyst is easy because it is a_solid cataly

r eadREBNGINGC s 10bpBaDahe TRELES 0bY- Wéﬁ‘é&lon reaction of
amoxi mation reaction process is advantageous when it

i s cerGlichexgopngn aC hewaene oxime is useful, for example,

as a raw material for e~caprolactam.

Description of the Related Art

[0002] As one of processes for producing cyclohexanone
oxime, a process of‘qarrying out the ammoximation reaction
of cyclohexanone with hydrogen peroxide and ammonia in the
presence of a titanosilicate catalyst has been proposed
(for example, refer to the patent literatures 1 to 4
indicated below). The process is not required for
neutralizing sulfuric acid with ammonia which neutralizing
1s required as in a conventional process for carrying out
oximation with hydroxyl ammine sulfate, and it also has an
advantage that separation of a product from the catalyst is
easy because it is a solid catalyst reaction process.
[0003] The above-mentioned ammoximation reaction process
is advantageous when it is carried out in a continuous

system from the viewpoints of productivity and operation of
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25 system from the vi ewpoi nts of productivity and
operation of 2 the process. For exanple, it is

di sclosed in the patent |literatures 2 and 3 that the
amoxi mati on reaction is carried out in a continuous
system by separating through filter a liquid phase

of "a reaction mxture in a r€&actor in 5 which m xture
a catalyst is dispersed while feeding cyclohexanone,
hydr ogen peroxi de and ammonia into the reactor.

U S e S 141 LRl 5o
COTLREER 2 L8R !B B BRI 550 T,
SRS s SRR, G B8 Tt
S5 058058 S st B e it %eog]r?ch .
SBAG SBAL BR b tt
e et St ) B o

above rrentl oned conti nuoua)tsq NTTDX | n‘B.tI 32 react on

pFBREERT - [ FBFEReFnelpr dde oPPH%gta}lterature

rocess fo
p that the ammoximation reaction is carried out in a

continuous system while feeding a catalyst together with
raw materials into a reactor.
[0004]

[Patent literature 1] JP-A-62-59256 (1987)

[Patent literaﬁure 2] JP-R-6-48015 (1594)

(Patent literature 3] JP-A-6-92922 ({1994}

[Patent literature 4] JP-A-2000-72737

SUMMARY OF THE INVENTION

[0005] It is the purpose of the present invention to
provide a process which is able to produce cyclohexanone
oxime in a higher yield by further improving a selectivity
of cyclohexanone oxime in the above-mentioned continuous
ammoximation reaction process.

[0006] The present invention provides a process for
producing cyclohexanone oxime in a continuous reaction

system by preparing a reaction mixture in a reactor in
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produci ng cycl ohexanone oxime in a continuous reaction

25 system by preparing a reaction mxture in a reactor

in 3 which mxture atitanosilicate catalyst is

di spersed, and feeding cycl ohexanone, hydrogen

peroxi de and anmonia into the _reactor through a

feeding orifice of cycl ohexanoBe, a feeding orifice

of hydrogen peroxide and a feeding orifice 5 of

amoni a, respectively, wherein the above nentioned
reaction mxture forms a circulating flow in the

red GB, mixphreng tdeanaglbleate calalypdr dgerdisnessiede and
and the feeding orifice of anmonia are provided in

t h&de8BoYe ChehehesrnPsy ddydsiooehe PeoRKider eandsiagaopia into
the feeding 10 orifice of cyclohexanone along said

ci FBEI &#ERRECE | BRroRdD0F] fqnding oTifice mlodikdlahexanone, a
cycl ohexanone oxime, the circulating flow of the

r eABEABRY PRk fihce iof fhoidregennperexideaandra \keeding orifice
contains the m xture having the catal yst dispersed

t h8F oj AW t TRSPERELYRY ¥r | #h@TeAnt hihe g thpyen mentioned
flow ng, direction of the circulating flowin the

rese%*? on iR ture fmsean elirilabdasd fley dowtder eeactor,
side, .cyclohexanone is supplied to the reactor,
hy8Rdgdiieeferiliag jaxrifiiss | 8 thvduegencapesexide i tand the
downstream side and ammonia is supplied to the

r eS8 (D CFLfLSe Rl BEWOBLRe#N@0 PO¥ddad iRt Hike above
mentioned order. As a result, cyclohexanone is

sUBPM HiRRathsPrepEt FanthamAnwnstrean side of the feeding

orifice of cyclohexanone along said circulating flow.
[0007] That is, upon producing cyclohexanone oxime, the
circulating flow of the reaction mixture is formed in the
reactor which contains the mixture having the catalyst
dispersed therein, and it is characterized in that along a
flowing direction of the circulating flow in the reactor
from . its wupstream side toward its downstream side,
cyclohexanone is supplied to the reactor, hydrogen peroxide
is supplied to the reactor on its downstream side and
ammonia is supplied to the reactor on a its more downstream
side as in thus mentioned order. As a result,
cyclohexanone is supplied most upstream, ammonia is
supplied most downstream and hydrogen peroxide is supplied
between them.

[0008] The present invention further provides a reaction

apparatus in which the above mentioned process is carried
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suppl i ed nost downstream and hydrogen peroxide is

supplied between them [0008] The present invention
further provides a reaction 25 apparatus in which the
above nentioned process is carried 4 out for

produci ng cyl ohexyanone oxi nme as descri bed above,

that is, a reaction apparatus #herein the circul ating
flow is formed, and the feeding orifice of hydrogen
peroxi de and the feeding orifice anmonia are | ocated

in thus listed 5 order on the downstream side of the

f e Q¥ENF OB PrOSECERT £y PhasyanRaTs coXinen @8 Mdesdmibiedy above,
dirgction of the circulating flow. In other words, in

t héhAtadfi of rapphien APRAZESUS Whereinhthereteenlating flow
inyention, the feeding orifice of cyclohexyanone is

| od&t EarHRd radinthen &epding rer il asy ioffi bydaedemipetaxide and
| ocat ed downstream and the feeding orifice of

hy 8P8gdieegdnexierificd oament heaveerdochtedt Hey thus listed
feeding orifices. [0009] According to the present

i nPEAEY oRD tthe dowrsinrArs akdexiofattiten feedirionovifice of
cycl ohexanone can be 15 carried out in a high
sef¥CtoRgAXANORG cyalanmxabibee dliowdngan dicestddocedf n the
a high yield. BRI EF DESCRI PTION OF THE DRAW NGS

[ og{{ﬁul?:/qtgl_n91 ddeemat i cdnl yothens wordsss igectthenalreaction

view 20 of an exanple of a reaction apparatus which
i sARRAAKUS agperding to the present invention, the feeding

orifice of cyclohexyanone is located upstream, the feeding
orifice ammonia is located downstream and the feeding
orifice of hydrogen peroxide is located between the other
two feeding orifices.

[0009] According to the present invention, the
continuous ammoximation reaction of cyclohexanone can be
carried out in a high selectivity and cyclohexanone oxime

can be produced in a high yield.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 schematically shows a cross sectional view
of an example of a reaction apparatus which is used for the
process of the present invention.

Fig. 2 schematically shows a perpendicular cross
sectional view of anpther example of a reaction apparatus
which is used for the process of the present invention.

In the drawings, the numerals indicate the
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process of the present invention. Fig. 2 schematically
shows a perpendi cul ar cross sectional view of another
exanpl e of a reaction apparatus which is used for the
process of the present invention. 25 In the draw ngs,
the nunerals indicate the 5 follow ng nenbers,

respectively: 1 ... reactor 25.. feeding pipe of
cycl ohexanone 3 ... feeding pipe of hydrogen peroxide
54 ... feeding pipe of anmmonia la ... discharge
orifice of reaction mxture 2a ... feeding orifice of

cyciallexngnrefbers, dewpdictdveliti ce of hydrogen
peroxide 4a feeding orifice of anmmonia 10 1' ..
reacti ol m xeactor 2' ... cyclohexanone 3" ... hydrogen
peroxide 4' ... ammonia 5 ... bul khead 15 6 ..
m xi ng i2npekbedimF PAlpeFR FDESERb A4 THE | NVENTI ON
[0011] The present invention is specifically described
bel ow. Bhe feedhwsidipeavd aAgdtbeger aseraxdideused in the

4 .. feeding pipe of ammonia

la .. discharge orifice of reaction mixture

2a .. feeding orifice of cyclohexanone

3a .. feeding orifice of hydrogen peroxide

4a .. feeding orifice of ammonia

1’ .. reaction mixture

2’ .. cyclohexanone

3’ .. hydrogen peroxide

4’ .. ammonia

5 .. bulkhead

6 .. mixing impeller

DETAILED DESCRIPTION OF THE INVENTION

{0011] The present invention is specifically described

below. The titanosilicate as the catalyst used in the

present invention is a zeolite which contains titanium,
silicon and oxygen as elements forming its framework. The
framework may substantially be composed of titanium,
silicon and oxygen, or the framework may further.contain
other additional element(s). As the titanosilicate

catalyst, those having an atomic ratio of silicon/titanium
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20 present invention is a zeolite which contains

titanium silicon and oxygen as elenents formng its
framework. The franmework may substantially be

conposed of titanium silicon and oxygen, or the
framework may further contain other additiona

el enent (s). As the titanosilicd&e 25 catal yst, those
having an atomc ratio of silicon/titanium®6 in the

range between 10 and 1000 are preferably used, and

the, catalyst may be in the formof, for exanple, fine
powdertRs “Fangectbetwern 40t ahdsilOPBanvechneberablaparsat, and
by a process described in, for exanple, JP-A-56-96720
(198w . catglgstomprnbe ofnt bhe Ferentohublforatexampiee fine
i ncorporated herein by reference thereto so that they

f orRAvidleFapt Belitks. prideecttitapesi¥iasttd aan peOpLépared by a
Cycl ohexanone oxi me can be produced by carrying out
amRAPHOGeEsi cleacxdbedorinef o ehamelmne i A+5nAR7agen(1981) .
101Feroxide and anmonia in the presence of a catalyst
whilhe (2eHentise abothathepa tentedpabl beadtsidni catee fscaterated
catal yst. [0013] Cycl ohexanone as the raw materi al
nayeBeisnby referends tararpbeso tihathdheyi fariom part of the
reaction of cyclohexene, by the hydration and
deRF§565EnaPeOHL kaaddonens of cycl ohexene, 15 or by

t he hydrogenati on reaction of phenol. [0014] Hydrogen
perfaf?'\iaé i s e¥ekohegapooducxineycan e pratilieed by carrying
ant hr aqui none net hod. Hydrogen peroxide is usually

out ammoximation reaction of cyclohexanone with hydrogen
peroxide and ammonia in the presence of a catalyst while
using the above-mentioned titanosilicate as the catalyst.
[0013] Cyclohexanone as the raw material may be obtained,
for example, by the oxidation reaction of cyclohexane, by
the hydration and dehygrogenation reactions of cyclohexene,
or by the hydrogenation reaction of phenol.

[C014] Hydrogen percoxide is usually produced by a so-
called anthraquinone method. Hydrogen peroxide is usually
commercially available as an aqueous solution with a
concentration of 10 to 70% by weight of hydrogen peroxide,
and such solution can be used. Further, hydrogen peroxide
can be also produced by reacting hydrogen with oxygen in an
organic solvent in the presence of a solid catalyst having
metal palladium supported thereon. When hydrogen peroxide

according to such process is used, an organic solvent

solution of hydrogen peroxide which solution is obtained by



commercially avail abl e as an aqueous solution with a
concentration of 10 to 70% by wei ght of hydrogen
per oxi de, 20 and such solution can be used. Further,
hydr ogen peroxi de can be al so produced by reacting
hydrogen with oxygen in an organic solvent in the
presence of a solid catalyst ha¥ving netal palladium
supported thereon. Wen hydrogen peroxide according
to such process is used, an organic solvent 25
solution of hydrogen peroxide which solution is
obt 8fReERBNG theepatalvay fivm dhealrpattionmitture may be
reaction mxture may be used in place of the above
mentFefeth Bidcsged phe odpatee mepidonedsbydtogen paroxide
anmount of hydrogen peroxide used is wusually in the -
r an@@I RSSO U 190 frp| Ammdnindp o fahydSoger fprmblilel nsed is
the range between 0.5 nol and 1.5 nol based on one
nol &SR dnokbranange betweennét Sdmbbasnd 3 stedbialnidzer
such as a phosphate (such as sodi um phosphate), a

S pol Bptrnabdte insbiee wangndiatwepnr OpAasphadred and soli bazed
tri pol yphosphate), pyrophosphoric acid, ascorbic acid,
10 ¥t BAemedeant neyelohexaaone . act, ininotoid ithaet ac
acid, amnotriacetic acid, and
di etidhiddeeri aurhepera adosphetaci suchrms oditteghbsphate) ,
hydr ogen peroxi de. (0015] Ammonia may be used in a
gask S YPHPAPBAte (Suph @s Soffymapylr ephrsyiha tenpndesodiun
used as . a solution of water or an 15 organic sol vent.

An bl vrhe sphaksi -a RIOphosphorieratid, Bscorbic acid,

10 ethylenediaminetetraacetic acid, nitrotriacetic acid,
aninotriacetic acid, and diethylenetriaminepentaacetic acid
may be added to hydrogen peroxide.

[0015] Ammonia may be used in a gaseous form or a liquid
form, and ammonia may be used as a solution of water or an

15 organic solvent. An amount of ammonia used is preferably 1
mol or mere and preferably 1.5 mol or more per one mole of
cyclohexanone.

[0016] The above mentioned ammoximation reaction may be
carried out in a solvent, and as such reaction solvent, an

20 alcohol (such as methyl alcohol, ethyl alcohol, n-propyl
alcohol, isopropyl alcohol, n-butyl alcchol, sec-butyl
alcohol, tert~butyl alcohol and tert-amyl alcohol), water,
oY any mixture thereof is preferably used.

[0017] A reaction temperature of the above-mentioned

25 ammoximation reaction is usually in the range between 50°C
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nol or nore and preferably 1.5 nol or nore per one

nmol e of cycl ohexanone. [0016] The above nenti oned
amoxi mati on reaction nmay be carried out in a

solvent, and as such reaction solvent, an 20 al coho
(such as nethyl al cohol, ethyl alcohol, n-propyl

al cohol, isopropyl alcohol, n-8utyl alcohol, sec-butyl
al cohol, tert-butyl alcohol and tert-anyl al cohol),
water, or any m xture thereof is preferably used.
[0017] A reaction tenperature of the above-nentioned

25 amdmdRPiGitdrah preferabhy i in (thealdapgenbehecemny®¥C and 100°C,
bet ween 50C 8 and 120C and preferably in the range
betFeEheroCaarep 0@, PrEgsuternay heaormgd presserey but

may be normal pressure, but the reaction is

pr dher aBpgtian riedraferablyr caprbiedirauts gindernpressisr for
an anmount of ammoni a dissolved in a liquid phase 5 of

t hdncEgacing a1 anpuat phepmpariydissalvedndara 1iquid phase
pressure, the pressure may be adjusted using an inert
ga®fstbr B8achiqn gyatuse - helhemn cq WIS PHtt HBAPF REafsure,
i nvention, the above nmentioned anmoximation reaction

i s thgr pregsere may Pecodinptedsusing &n inegtsgas such as
continuous reaction is usually carried out by

r ebatEpgen copriealdtuay.ni ned amount of the reaction

m xture in which the catalyst is dispersed in a
codPPhBdus rEmcthe pregentatnventianedhecsborvetpentioned

reactor or a loop type . .
ammoximation reaction is carried out in a continucus system.

Such continuous reaction is usually carried out by
retaining a predetermined amount of the reaction mixture in
which the catalyst is dispersed in a continuous reactor
such as a stirred vessel type reactor or a loop type
reactor, and feeding cyclohexanone, hydrogen peroxide,
ammonia and, jf necessary, a solvent and the like while
discharging an amount of the reaction mixture which amount
is generally equal to the total amount of those raw
materials supplied into the reactor. The discharge of the
reaction mixture herein is preferably carried out by taking
out only its liquid phase through a filter and the like
while retaining the catalyst in the 'reactor. When the
catalyst is also discharged together, an amount of the
catalyst to the reactor has to be supplied into the reactor.
As the catalyst which is to be supplied, a new catalyst |

which has not been used for the reaction is used, but the
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reactor, and feedi ng cycl ohexanone, hydrogen peroxide,
15 ammoni a and, if necessary, a solvent and the |ike
whil e discharging an anount of the reaction m xture

whi ch amount is generally equal to the total anount

of those raw materials supplied into the reactor. The
di scharge of the reaction m xSBure herein is

preferably carried out by taking 20 out only its

l'iquid phase through a filter and the like while
retaining the catalyst in the reactor. Wen the
cattBcpyered aptal i ts sihdchebias derammaepadatedolinencthe he
catal yst to the reactor has to be supplied into the

r eddisghargedt peacticl wdatuhecean dg oidssl agppni afiten

new catal yst 25 which has not been used for the

r eddibjestingutedio muiregepegatien qumaet siagali fsueodsdry,
has been separated fromthe discharged reaction

m io¥r exsmplee aiseadgent aftremowinyg ergangcinaterials by
regeneration processing if necessary, for exanple, a

t r salednetbdns anslithe oeyanatalydteara $heyrscovered

cal cination, and the new catal yst and the recovered
catCatadyshapapdaidwed Ancopmbiration. [ 0019] A
concentration of the catalyst in the reaction mxture
ded®Rd81on ah castdentmptibnt o the datalystednt the reaction
conditions and the like, and it is usually in the

r afg&tene depenuds prgan antivbiy @i ther cr&rLPSY, i FRadibon
range between 5 g/L and 100 g/L, and nore preferably

i ncopditiore drel like, and it is usually in the range

between 1 g/L and 100 g/L, preferably in the range between
5 g/L and 100 g/L, and more preferably in the range between
10 g/L.and 10¢ g/L as a weight of the catalyst per a unit
volune of the reaction mixture (catalyst + liquid phase).
It is noted that, upon the initiation of the reaction, for
example, a catalyst dispersion in which the catalyst is
dispersed in a solvent 1s charged in the reactor, and
feeding of the above mentioned raw materials.is started as
described above, while discharging of the reaction mixture
is started. As the reactor, a glass lined reactor or a
reactor made of a stainless steel is preferably used from
the viewpoint of preventing decomposition of hydrogen
peroxide.

[0020] According to the present invention, in the above
nentioned continuous ammoximation reaction process, the

circulating flow of the reaction mixture is formed in the
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10 g/L and 100 g/L as a weight of the catal yst per a
unit volune of the reaction m xture (catalyst +
liquid phase). It is noted that, upon the initiation
of the reaction, for 15 exanple, a catal yst dispersion
in which the catalyst is dispersed in a solvent is
charged in the reactor, and f Qding of the above
mentioned raw materials is started as described
above, while discharging of the reaction mxture is

e oRate Bhidh FtHectRe: GraluS iar BLABPFSBlecnd

hy Al Rex R dBreTRsBop SREE LR GOMPRS 2pREEcrd

i ERRE R R G 6BBL0S THEF R of FUdigheKgpone, the

e nbr ST 7 (A PUKEOBRE RTGHIAR 8 §hepEPedng

o Shgh Eraene, NYdogen, Bl oX) g2 and AITBILE A i,

PPGRGLORRE Tk Fhamahag BT ok RSLLATADARR Orifices is

 CRBSTERENi 3¢ Mt EHeedpBRTTY &l iddeorit FYHEoRen peroxide

oo e “Seile S E o Aot S 598 above

3{ ﬁgg??%ﬂéﬁf&? vea}gggt Llog.le.gwﬁ{gd ec{ir%!c rJ]. nao%I '81\{\@ nagaove
mentioned circulating flow on the downstream side of the
feeding orifice of cyclohexancne. As a result, a side
reaction such as a condensation reaction of cyclohexanone
can be suppressed by forming the circulating flow of the
reaction mixture in which the catalyst was dispersed in the
reactor and feeding the respective raw materials into the
reactor under the predetermined relationship as to the
feeding positions of the raw materials, so that the
selectivity of cyclohexanone oxime can be improved.
[0021] Fig. 1 schematically shows a cross sectional view
of an example of the reaction apparatus used in the
continuous ammoximation reactioﬁ process according to the
present invention. Namely, the circulating flow of the
reaction mixture indicated by the white arrow marks is
formed by a pump and the like in a loop type (or a doughnut

type) reactor 1. Cyclohexanone 2’ is fed into the
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10 nentioned circulating fl ow on the downstream si de

of the feeding orifice of cycl ohexanone. As a result,

a side reaction such as a condensation reaction of

cycl ohexanone can be suppressed by form ng the
circulating flow of the reaction mxture in which the
catal yst was dispersed in the 18 reactor and feeding

the respective raw materials into the reactor under

the predeterm ned relationship as to the feeding

positions of the raw materials, so that the

sel elgtquliatingr £g¢ | theousiotdeofeadinamifian ey ay. an end
[0021] Fig. 1 schematically shows a cross sectiona

vi eRerAgnopfahhexbesd eridgfe tZhe hydaogenrpeppeids 3¢ dgefied on
in the continuous anmoxi mati on reaction process
accdralideynssrean spdesuhtthenfesding. onNefistey 2a kbrough the
circulating flow of the reaction m xture indicated by

t hefegding aridhcentxsat £hef endegobyien mthendeedéng pipe 3,
like in a |oop type (or a doughnut 25 type) reactor 1.

Oy aAtshawaabha 2 f% &l gmithet Hewnatrean @ide iofg theofieeding
through the feeding orifice 2a at an end portion of

t heoH d?ep%eth?mmadr%rfeﬁéﬂ-@ﬁi geiBice d& @F dhe end
downstream side of the feeding orifice 2a through the

f eqfintg oor PEi the Eeedinh@iped4por Fanthae, ttihe reegthgn

pipe 3, 5 and ammonia 4' is fed on the downstream side

of BiFEureecdl ngn amiuniceBahishoighnednly dddi $gmer a8 @etotal

4a at the end portion of the feeding pipe 4. Further,
t h@amoapét pEnthese fed materials is discharged through a

discharge orifice la which is provided at the reactor 1.

It is noted that the meaning of "downstream" (and also the
meaning of "upstream") as to the positional relationship of
the feeding orifices 2a, 3a and 4a is used in a relative
meaning. Thus, for example, when the feeding orifice 3a of
hydrogen peroxide is set as a basis, it can be considered
that the feeding orifice 4a of ammonia is arranged on the
downstream side of the feeding orifice 3a of hydrogen
peroxide, and the feeding orifice 2a of cyclohexanone is
arranged on the downstream side of the feeding orifice 4a
of ammonia. Further, when the feeding orifice 4a of
ammonia is set as a basis, it can be considered that the
feeding orifice 2a of cyclohexanone is arranged on the
downstream side of the feeding orifice 4a of ammonia, and
the feeding orifice 3a of hydrogen peroxide is arranged on

the downstream side>of the feeding orifice 2a of
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m xture If an amount of which is nearly the sane as a

total anmount of these fed materials is discharged

through a 10 discharge orifice la which is provided

at the reactor 1. It is noted that the neaning of
"downstreant (and also the neaning of "upstreani) as

to the positional relationshipl@ the feeding

orifices 2a, 3a and 4a is used in a relative nmeaning.
Thus, for exanple, when the feeding orifice 3a of 15

hydr ogen peroxide is set as a basis, it can be
con%“%%ﬁ@ﬁanPﬂgt the feeding orifice 4a of ammonia is
arranged on the downstream side of the feeding

ori %2 3a of ity # cydhematdcakiveshaws a merpepdiaylar cross
orifice 2a_of cycl ohexanone is arranged on the
doviRGioRstsvaew B3f anothesdprgmple f%%h&a rggcgion apparatus
ammoni a., Further, when the feeding orifice 4a of
amibifith ins thet cent inueas eammpripakion reaedilenr proeaes

the feeding orifice 2a of cyclohexanone is arranged

on 90T ddBante ridmrresends inkentieni ndrothei sbown efample,
ammoni.a, and the feeding orifice 3a of hydrogen
peraoﬂtt}érﬁ§ PF Ny PN T25CERE Hovhstsasadnsvhéchfa tgrlumnar
feeding orifice 2a of 12 cycl ohexanone. [0022] Fig. 2

sc BEaprgywahbows & preydfedcat & hldbsadsubichngirrounds
vi ew of anot her exanple of the reaction apparatus

us b iEF iRAeP LIRS niSuSLARESRE BRI %3 a bt LBnOFReE ks fprm

according to the present invention. In the shown
exdf§ €irculating flow of the reaction mixture in the reactor

indicated by white arrow marks. Namely, by rotating the
stirring blades 6, a down flow of the reaction mixture is
formed in the inside of the separating wall S5 {namely, in
the central portion of the reactor 1 with respect to the
horizontal cross section of the reactor), and also an up
flow of the reaction.mixture is formed in the outside of
the separating wall 5 (namely, 1ln the peripheral portion of
the reactor 1 with respect to the horizontal craoss section
of the reactor). Accordingly, as a whole, the circulating
flow of the reaction mixture is formed which are formed of
such down flow and such up flow. Similarly to the example
shown in Fig. 1, cyclohexanone 2’ and 2’ is fed into the
circulating flow through the feeding orifices 2a and 2a at
the end portions of the feed pipes 2 and 2, hydrogen
peroxide 3’ and 3" is fed through fhe feeding orifices 3a

and 3a at the end portions of the feed pipes.3 and 3 which
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a stirred vessel type reactor 1 is used in which a
columar separating wall 5 is provided as a bul khead

whi ch surrounds stirring blades (or stirring

inmpeller) 6 in order to form the circulating flow of
the reaction mxture in the reactor 10 indicated by
white arrow marks. Nanely, by rldtating the stirring

bl ades 6, a down flow of the reaction mxture is

formed in the inside of the separating wall 5 (nanely,

in the central portion of the reactor 1 wth respect

t 0 atifidesr arenearangesk atssbeldower limiidedepth)posakions
al so an up 15 flow of the reaction mxture is forned

i n Athdhseudowdetvéan tsialese pdr &hengrivdldes 2gnand| ¥a, i and
the peripheral portion of the reactor 1 with respect

t o furdhesr eptenba &r ausl décisohied obthxwly dhet Sepding
Accordingly, as a whole, the circulating flow of the

r eotlifdisem feuakd i4a fadr febe whtlchork ko ofehef feed pipes 4
down flow and such up flow Simlarly to the exanple
shaws idnwhiigh arifiadsomaeansnanged arid deepes féduididepth
the circulating flow through the feeding orifices 2a

andPoxd tdenst be el deomsitzremosides dkdhepiopdficeanda 2nd 3a.

hydrogen peroxide 3' and 3' is fed through the

f edlinfgesy | ahcamoBy 25 fhe Baaatiomaristargolf i vhichfamount

the feed pipes.3 and 3 which 13 orifices are arranged

at ishgensreilyithe sagepals posptabmnount esethesdsiedam

sides of the orifices 2a and 2a, and further ammonia

4' Tatgrialpsis cdiadhegggd theopgked rijischarge orifice la
which is provided at the reactor 1.
[0023] It is noted that Fig. 1 shows an example in which
one feeding orifice 2a, 3a or 4a is provided as to each
material while Fig. 2 shows an example in which two feeding
orifices 2a, 3a or 4a as to each materiai. However, the
number of the orifice(s) is any optional one, and also for
example, a sparger can be used. Further, in Fig. 1 is
shown an example in which the discharge orifice la of the
reaction mixture is provided on the downstream side of the
feeding orifice 3a of hydrogen peroxide and on the upstream
side of the feeding orifice 4a of ammonia. In Fig. 2 is
shown an example in which the discharge orifice la of the
reaction mixture is provided on the downstream side of the
feeding orifice 4a of ammonia and on the upstream side of

the feeding orifice 2a of cyclohexanone. However, the

position and the number of the discharge orifice(s) are
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orifices 4a and 4a at the end portions of the feed

pipes 4 5 and 4 which orifices are arranged at deeper
liquid depth positions on the downstream sides of the
orifices 3a and 3a. Further, an anount of the

reaction m xture 1' which amount is generally the

same as a total amobunt as thesé@4fed materials is

di scharged through a discharge orifice la 10 which is
provided at the reactor 1. [0023] It is noted that

Fig. 1 shows an exanple in which one feeding orifice
2a,0rddoorldy seleuted.deduathen, edudn ardieeding ohifice(s) of
Fig. 2 shows an exanple in which two feeding orifices

2a,2 3wloentaamd/do machthmrenabériddovies durthhe pHovided
nunber of the orifice(s) is any optional one, and al so

f oraltdoaghl 2t bs gpdr ghwonabnbBlgised.of-tighe, ome Fo1gy.

1 is shown an exanple in which the discharge orifice

| a pdturbhétyrefictheommifitasenay lpe ouialddiednatheny
downstream side of the feeding orifice 3a of hydrogen
perapprdpraate gesitdomdstneam 20 si de of the feeding
orifice 4a of ammonia. In Fig. 2 is shown an exanple

i n (QI9R24H t heltischbsgeablef that itheofcanventrebion oof ammonia
m xture is provided on the downstream side of the

f eddi hheoliduid ptasef odntbai rearidi con ntikéunpsdischmisjatt from
of the feeding orifice 2a of cycl ohexanone. However,

t h&h25rpastiommwten e nonbeslbdd thee bei d8hbygeeight or
orifice(s) are 14 optionally selected. Further, when

a meedi iy orddr de( Lurdher improve the selectivity of

cyclohexanone oxime. The conversion of cyclchexanone can
be also improved by such concentration control. Such
concentration of ammonia is preferably 1.5% by weight or
nore, and usually 10% by weight or less and preferably 5%
weight or less.

[0025] The positional relationship of the feeding
orifice of cyclohexanone, the feeding orifice of hydrogen
peroxide and the feeding orifice of ammonia with respect to
the circulating flow of the reaction mixture has been
already described above. Further, as to the positional
relationship of the feeding orifice of cyclohexanone, the
feeding orifice of hydrogen peroxide and the feeding
orifice of ammonia with respect to the liquid depth
direction of the reaction mixture, namely, the vertical
direction, it ig preferable that as shown in Fig. 2, the

feeding orifice of ammonia is provided at the lowest
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a solvent and/or any other material is further
provided although it is not showmn in Fig. 1 or Fig.
2, one or plurality of the orifices may be provi ded
at any 5 appropriate position(s). [0024) It is
desirable that the concentration of anmonia in the
i quid phase of the reaction mi»& ure di scharged from
the reaction systemis controlled to be 1% by wei ght
or nore in order to further inprove the selectivity

of 10 cycl oh x?ggng%y E&Jﬁf’gs&ge@% peroxide is

concentr tjon gontrol Su concentration of anmonia

heoHRRE TS hP°6F1°Wn%rF&1%§GSPWg 1994 fice
ht Iess a ref er abl ht or | ess.
Cf%d%@c}#ﬁéaa%h heIfeeaiBg, Sretiof G ieToeen, Raroxide

or|f| S“Pf cyclohex none, the feedlng orifice, of
peREARY LT Geh T aBEPRER or i%itde SYChafmBFREerable

mnth respect to. the circulating flow of the reaction

mi RAfEiegelpeelatignsidgy gbscEeeipagidiceupther, as

to th@ ositional 2Q relatigonship of the feeding

or i 2pORe gk Ao Reovided fee AXAFRdE Atcanof

hydr%% gerOX|de and the feeding orifice of ammonija

wi P date op?‘ﬁé”ioinq hetwaen: Hie cﬁereé’éﬂgoﬁréfl‘?ﬁe"f

d§n1rnxture naneg| % the vertical_, direction,

| s hydrpdpn Peroxide 2ndkbanteading orﬁl@ﬁ&ﬁs%@&%ﬁ

org%gce gL %fnnnla is provided at the | owest
[o026]) A known process{es) can be appropriately used for
a post processing operation of the reaction mixture
obtained. For example, as described in the patent
literature 3, cyclohexanone oxime can be separated by
concentrating the liquid phasé of the reaction mixture so
as to obtain a concentrate, then extracting cyclohexanone
oxime with an organic solvent from the concentrate so as to
obtain an extract liquid, and then concentrating the

extract liquid again.

EXAMPLE

[0027] An example of the present invention is explained
below, but the present invention is not limited by such
example. In the Example, "%" and "part" which represent a

content and a used amount respectively are based on weight

unless otherwise noticed. Further, analyses of
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15 portion and the feeding orifice of hydrogen

peroxide is provided at the uppernost portion anong

the feeding orifice of cyclohexanone, the feeding

orifice of hydrogen peroxide and the feeding orifice

of ammonia. Wth such a preferable S positiona

rel ati onship, the feeding orifilk%e of cycl ohexanone

may be provided for exanple at an internediate

posi tion between the feeding orifice of hydrogen

peroxide and the feeding orifice of anmonia as shown

i n F¥glohexangneoand] cyclahemenpnecesitie Sjensacareied out by

appropriately used for a post processing operation of

t hel§dKt t9a6n chr anatedraival aod. besed exartiiec anadysis results,

described in the patent literature 3, cycl ohexanone

oxithe CARVEESsiepar bt erFlinhexapabent the i 3rj adtd viikyue £

phase of the reaction mxture so 15 as to obtain a

corfdsiohgrancnp epx g rangt ithg ¥jeldhek usiohesrhane whxime

an organi ¢ solvent fromthe concentrate so as to

obt"§it¢ saleniabted.|iquid, and then concentrating the

extract liquid again. 20 EXAMPLE [ 0027] An exanpl e of

t hd0928dent Exammie dn i s expl ained bel ow, but the

present invention is not limted by such exanple. In

t he ExafpPereadgtiomarpsaatuswased irephesExample chntant

and a used anount respectively are based on wei ght
schematically shown in Fig. 2. Namely, the raw materials

were continuously fed respectively in a ratio of 6.83 parts
of cyclohexanone 2', 4.44 parts of 60% hydrogen peroxide
aqueous solution 3’ and 2.23 parts of ammonia 4’ into the
stirred vessel type reactor 1 which was made of a stainless
steel (SUS 316) through feeding orifices 2a, 3a and 4a.

The continuous reaction was carried out under conditions of
a temperature of 85°C, a pressure of 0.35 MPa (absolute
pressure} and a residence time of 1.5 hours while
continuously discharging the liquid phase 1’ of the
reaction mixture from the discharge orifice la through a
filter and also continuously feeding tert-butyl alcchol
containing water (12% water) in a ratio of 23.6 parts.
During the reaction, titanosilicate (manufactured by
Polimeri Europa) was present at a concentration of 30 g/L
in the reaction mixture in the reactor 1. The liquid phase
17 of the reaction mixture which was discharged after 20

hours from the initiation of the reaction was analyzed, and
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25 unl ess otherw se noticed. Further, analyses of 16

cycl ohexanone and cycl ohexanone oxine were carried out

by wusing gas chromatography, and based on the

analysis results, the conversion of cycl ohexanone,

the selectivity of cycl ohexanone oxine and the yield

of cycl ohexanone oxine 5 were cal cul ated. (0028)

Exanple 1 The reaction apparatus used in the Exanple

is as schematically shown in Fig. 2. Nanely, the raw

maher canversdics eMidyiaisdadat nesperd j o) yehé Selectivity
ratio of 6.83 parts 10 of cycl ohexanone 2', 4.44 parts

0b £6 %N eI TRE IRKINEE waaf BOUSy SHAtd D Yle B L. 23

parts of ammonia 4' into the stirred vessel type

I egetl ohekanwbineh cda@maides ofo st aim]@Sfer St dSMM&entration
316) through feeding orifices 2a, 3a and 4a. The

cefit kRHeUs ar ¢aet iogn was carried out under conditions

of 15 a tenperature of 85C, a pressure of 0.35 MPa
(absolute pressure) and a residence tinme of 1.5 hours

while continuously discharging the |iquid phase 1' of

t BRosEeREFERBNGEX Y RETNGBD R Hikehaigg orifice la
through a filter and also continuously feeding

teob2bytyl @hEOBQJes%(PltC‘&gﬁ:rﬁ:i@a@d’x‘?thraiﬁsz%f‘ﬁﬁﬁyiﬁhder the

a ratio of 23.6 parts. ng the reaction,

t b5 20ESicorcAkR RS a%g%ﬁ%fsgg OPA;t;HLﬂdTeﬁbprEQE%nV‘% . 2004-

present at a concentrati
370727 filed on December 22, 2004 entitled “ PROCESS FOR

PRODUCING CYCLOHEXANONE OXIME. ”
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in the reaction mxture in the reactor 1. The liquid
phase 1' of the reaction m xture which was di scharged
after 20 25 hours fromthe initiation of the reaction
was anal yzed, and 17 the conversion of cyclohexanone
was 99.8% the selectivity of cyclohexanone oxinme was
99. 4% and the yield of cyclohédfanone oxinme was 99.2%
Further, the concentration of amonia was 2% 5
CRCSS—REFERENCE TO RELATED APPLI CATI ONS [ 0029] The
IgpeL%catlon clainms priority under the Paris
antse Pat ent Appl i cation No. 2004-
370727 |I on Decenber 22, 2004 entltled " PROCESS
FOR 10 TQEeEPCTOHERAREREL X fclohexanqae (ogime in a
D IS 1. A process for produci ng cycl ohexanone
oxf"r‘?\g1 tHugus csﬁ??&ﬂfhssﬁf%é‘& iR¥n PEPRREMNGYA pFEREF iy Rmixture
reaction mxture in a reactor in which nixture a
t.ﬂ&qa‘surrePESP’é &%\t which mixturg spddtagoabbicate gatadyst is
ture cycl ohexanone, hydrogen peroxi de and amoni a
ar iFRRrefdoagA A NfteedriierTor Fd X tureof cyeirienaneasendiydrogen

feedin r|f|ce of hydrogen perOX|de and a feeding
or PEEERLAR ARFOATBORER %R | T6d yChuguaboisn fendineacundice of

_nixtuie forns a circulating flow

cyclohexanone, a feeding orifice of hydrogen peroxide and a
feeding orifice of ammonia respectively,

wherein the reaction mixture forms a circulating flow
in the reactor and the feeding orifice of hydrogen peroxide
and the feeding orifice of ammonia are provided in thus
indicated order on the downstream side of said circulating

- flow based on the feeding orifice of cyclchexanone.

2. The process according to Claim 1, wherein a
concentration of ammonia in a liquid phase of the said
reaction mixture is 1% by weight or more.

3. The process according to Claim 1, wherein the
feeding orifice of ammonia is provided at the lowest
position and the feeding orifice of hydrogen peroxide is
provided at the highest position among positions of the
feeding orifice of cyclohexanone, the feeding orifice of
hydrogen peroxide and the feeding orifice of ammonia.

4. The process according to Claim 2, wherein the

feeding orifice of ammonia is provided at the lowest

position and the feeding orifice of hydrogen peroxide is



10 in the reactor and the feeding orifice of hydrogen
peroxide and the feeding orifice of amonia are
provided in thus indicated order on the downstream
side of said circulating flow based on the feeding
orifice of cyclohexanone. 2. The process according to
Claim1, wherein a 15 concentPation of anmmonia in a
liquid phase of the said reaction mxture is 1% by
wei ght or nore. 3. The process according to Caiml,
wher e he feeding orifice of ammonia is provided at
tR °|"6a%état g g‘ﬂ@'%eéﬁdp‘?ﬁ?etlf%mgoppﬂtgmﬁ of the
hgdragen eroxide is 20 Erovided at the highest
poSFETBR %ﬂoﬁ%&%&gi fyeheneranane, ftdedifngding forisfisfe of
cgclohexanone,,the feeding orifice of hydrogen
pBYERPERR RRFaxider apdi bl ofeeding erlsimeny s, ammontise
process according to Claim?2, wherein the feeding
orifice of ammonia is provided at the | owest 25
position and the feeding orifice of hydrogen peroxide
is 19 provided at the highest position anong
positions of the feeding orifice of cycl ohexanone,
the feeding orifice of hydrogen peroxide and the
feeding orifice of amoni a.



