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1 SPECIFICATION TITLE OF THE | NVENTI ON PROCESS FOR
PRODUCI NG CYCLOHEXANONE OXI ME 5 BACKGROUND OF THE

| NVENTI ON Field of the Invention The present invention
relates to a process for produci ng cycl ohexanone

oxi me by an ammoxi mation reactilon of cycl ohexanone.

Cycl ohexanone oxine is useful as, for 10 exanple, the

raw material of E -caprolgaetapchessii pti on of Rel ated

Art As one of processes for producing cycl ohexanone
oXiMmErLE Oirereei sNvEprmposed process by carrying out

the 15 ammoxi mati on of cycl ohexanone with hydrogen

per oxi de an®@RaCEHHi EOR rPROTYCANSSENCEOHEXZAONE OXIME
titanosilicate catalyst (see, for exanple, Japanese

Pat ent Kokai Publications No. S62- 59256, No.

H6- 49015, No. H6-92922 and No. 2000-72737 and EP

146898 RAUND TRi THHr BEESYT IRYs advant ages such as no

need 20 of neutralization of sulfuric acid with

anmiifild ofhitbR Radentiedn necessary for a conventi onal
process to carry out  oximation w_.th hydroxyl am ne _

sul f at e TP&nd PESEGRE e phRERHOWPD of*SLRESHr ofifct 2f r BRPTRR® for
catal(ﬁg,since§§hg catal yst used. for the reac%ion IS .

a SHIW IRl ELCNSEARRLDr BFHES ¢ BY t RB ABBOELRBRTTHnEGRCtIon
anq9¥lgﬁ%iéﬂgﬂgﬁ%%gtOn’Cyclohexanone oxime 1s useful as, for

example, the raw material of £ -caprolactam.

Description of Related Art

As one of procesgses for producing cyclchexanone oxime,
there 1is a ©proposed process by carrying out the
ammoximation of c¢yclohexanone with hydrogen peroxide and
ammonia in the presence of a titanosilicate catalyst (see,
for example, Japanese Patent Kokai Publicaticns No. S62-
59256, No. H6-49015, No. H6-92922 and No. 2000-72737 and.EP
1468986 Al). This process has advantages such as no need
of neutralization of sulfuric acid with ammonia, which had
been necessary for a conventional process to carry out
oximation with hydroxylamine sulfate, and easy separation
of the product from the catalyst since the catalyst used

for the reaction is a solid catalyst.

According to the above-mentioned ammoximation reaction,



10

15

20

25

30

2 however, the titanosilicate catalyst is gradually
deteriorated as the reaction tine passes, and this may
cause a |l owered conversion ratio of cycl ohexanone
and/or a |lowered selectivity of cycl ohexanone oxi ne.
Therefore, 5 Japanese Patent Kdkai Publication No.

H6- 92922 di scloses that on carrying out the

am@@é@f’,on EEACti oDy d:Dbef11CAREI NUEKSATRINET SRY  gradually
suppl yi ng cycl ohexanone, hydrogen peroxi de and

ammieti exritcgragedetor thhi Ireacglibng toute t pastrgh aandi théls may
aliquid ase of. the reaction njxt%{%a%hn whi ch t he a/
89 st e gi SPEYELEI T ro I heE T SAGGPSXpHgne and/or a

cat phsteq WL Thct S5/146t ehF 010 hkfaAbS€ OBk ABOUS| Yherefore,
taken out and replaced by a fresh catalyst to '
mai FARELESeh Pakard] ykekaiacPikl isatimuy tHer , Hjapapesediscloses

Pat t{et{]a%th g%g]%g%%%%.rﬁ at i St N%'he 2 9918?%12{5’3 i odrl S ge%%%ion in a

t ha n reaction I's carried out in a

ConddAHiokSUBBNRABANSAI |18, S URpIEVAEgt heyc Teiedatshhe, hydrogen
together with the raw materials to the reactor. Al so,
EPIRRSEUHGe 20043MEPRED 5o FefEPRoWNE R tHodEciong through a
cyc exano a [ agt.ion) -
het i RS S aEa e b el TR IR PR ARG bkich che
ti teddlysti | weat eicpgetber Viridm regyclredctbiranitld catalyst
silicate which has been _recovered froma previous

cy CTH Rk ahBn ST BFBAUCH of BREREFRICUSUMMRIKEE PHE and

IN\@%aggd by a fresh catalyst to maintain the catalyst
activity. Further, Japanese Patent Kokai Publication No.
2000-72737 discloses that the ammoximation reaction is
carried out in a continuous manner while supplying the
catalyst together with the raw materials to the reactor.

Also, [EP1468986 (2004) discloses a methed for
producing cyclohexancne oxime {(via the ammoximation
reaction} including the step of adding as catalyst brand-
new titanium silicate together with recycled titanium
gilicate which has been recovered from a previous

cyclohexanone oxime production process.

SUMMARY OF THE INVENTION

If gsuch replacement or introducticn of the catalyst as
described above is frequently carried out, this is
advantageous for maintaining the conversion ratico of
cyclohexanone and the selectivity of cyclohexanone oxime,
but disadvantagecus in view of cost because the amcunt of
the catalyst used is increased. Accordingly, the purpose

of the present invention is to provide a process which is
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25 | f such replacenent or introduction of the catalyst

as described above is frequently carried out, this is
advant ageous for maintaining the conversion ratio of

cycl ohexanone and the selectivity of cycl ohexanone

oxi me, but di sadvant ageous in3iew of cost because

the anobunt of 30 the catal yst used is increased.

Accyid nd YsugdiesRuipeseataliykhecpsesant 1onveat possisle and
to provide a process which is 3 q%%e to.s ress the
cat™f e 18ost e s PHNELRE Pos FABre o cﬁfﬁilﬂ#ggﬁn?rhee and the
COMKENHQR ik gt | Of Ofcyeyochehaxanonedng t be ted eamvkiyation

of cycl ghexanone é)%ci) nme in the ammoxj mati o react
&

0
of T&AAFREX dton Qﬁ¥QH9nﬁr6ﬁhdﬂsc§8l8ﬁ8§3ﬁ8n§Y§&°Hexanone
OXidWEind b t80g8o@r Pebliidtihtiy yOveer aa | Doty pR¥riied. The
present i nvention provides a %rocsss for(frodu%ing duci
cycl ohexX@FoREEBRMhel B HoM RuGUSPHS r2 RqGRFS tor producing
cychaliennanene By {ii®den daeitanudas iy draammitica dyelbhexanone,
presence of a tit nosil%cate cat al y.st ?Eq oBtionaIIy £
a D WREFBIHSE 10* he HIBEESs HOnprifSesP 55F1Tst ©F 2
opefiatdmyzidtieptencebalst hanticaptional by gasplednout wherein
while raising the concentration of the catalyst in
t he" 1 &HCEREnF RIRF 5837 addi ng catal yst to the
reacti om mextyt e @@Matidauskyer imt ehttht ettid yreandion is
15 a secaond o eragbgn step i.n mhigh the reagtignris of the
carTiEd Gut Wi | ¥ Re&pi F§EREIcorBEnt FREFBRT B - 19e

cat@dtysllyst in the reaction mixture by adding catalyst to the

reaction mixture continuously or intermittently; and

a sgecond operation step in which the reaction 1is
carried out while keeping the concentration of the catalyst
in the reaction mixture in a predetermined range by taking
out catalyst from the reaction mixture and adding catalyst
tc the reaction mixture.

According to the present invention, in the continuous
ammoximation reaction of cyclohexanone, the catalyst cost
is suppressed as low as possible, and the conversion ratio
of cyclohexanone and the selectivity of cyclohexanone oxime
can be maintained, and thus cyclohexanone oxime can be

produced with good productivity over a long period.

DETAILED DESCRIPTION CF THE PREFERRED EMBODIMENTS
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in the reaction mxture in a predeterm ned range by
taking out catalyst fromthe reaction m xture and
addi ng catalyst to the reactiongm xture. 20 According
to the present invention, in the continuous

amoxi mati on reaction of cycl ohexanone, the catal yst
cost is suppressed as |ow as possible, and the

conver ik ' Ahicend EAGLARTKANORE AfLINEER! GG | Mok detail

of cycl ohexarnone oxi ng can nmal nt and
j d d i : :
E?F?édé’fﬁt . S‘Pﬁiigéfé?gﬁlf%%agﬁg?.@%d%&#ﬁaﬁg@?&éﬁ?ﬁﬁwm s a
. re : dve n
o B T TR YIS, L kRSB, SN o Bl daxvgen s

f ore il Y £ SEMpd MBI 4 andw&f]?! i tﬁgé)z%jéﬁge may have the

contains titanrum silicon, oxygen as nt

co ' s h calLiye . e Biq.
kO oL TEeRBOLL LSRR S scon. and

_ ( titani Um.Sl I con,

ol SEHHES Tz Xng Mediild sl Mt ol YolCals JrfRl ELement (s
e ol Ll ks 86 Licangetiscate,
a”%ﬂ&ség@’a d ud ‘é%d‘n&ré“ﬁtié Y @if%%é&?}ﬁitéhﬂgm from 10 to

powder pell%ets. tanosiTicate can prepared by,

CRPE e SRR LR {6 ARG, Bl SBm ot tor

CaRlgpldUePHe DY or pellets. Titanosilicate can be
prepared by, for example, a process described in Japanese
Patent Kokai Publication No. 556-96720.

Cyclohexanone oxime can be produced by using
titanosilicate described above as the catalyst and carrying
out the ammoximation reaction of cyclohexanone with
hydrogen peroxide and ammonia in the presence of this
catalyst.

Cyclohexanone as the raw material may be, for example,
that obtained by an oxidation reaction of cyclohexane, that '
obtained by hydration and dehydrogenation reactions of
cyclohexene, or that obtained by a hydrogenation reaction
of phenol.

Hydrogen peroxide is usually produced by a so-called
anthraquinone process. It is commercially available in the

form of an agueocus solution which generally has a
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titanosilicate described above as the catal yst and
carrying 15 out the anmoxi mation reaction of

cycl ohexanone wi th hydrogen peroxi de and ammoni a in
the presence of this catalyst. Cycl ohexanone as the
raw material may be, for exanple, that obtained by an
oxi dati on reaction of cycl ohexane, that 20 obtai ned

by duytheaitt ot 2wl debwdnegerat 708 nAACKEPGEL Pf and such aqueocus
cycl ohexene, or that obtained by a hydrogenation

I eadliil orf o Phepak-ogBdrRAYX IRRY OXhklepbSudadalfioy the present
produced by a so-called anthraquinone process. It is

COmRIeG &l dry. avai il eaddudte oS RPArdQén ANpEAYLLEE used is
sol ution which generally has a 5 concentration from

r@ %Yy Vel ghto angh A a&v&oﬂéresg&—lé%%b% 0.5 to 1.5

10
Hydr ogen per'oxi de can be used for the pr esent

| nyRNldLNpekne1aRUE  Qf hEdLageR«ReRe . d8 USEd 4isS noted that
preferably 0.5 to 3 noles, and nore preferably 0.5 to

1. 3tavmliefeRerod, NEie éian?ﬂPéthxé‘é‘Pf‘e?{f'%tflé&ﬁ@Ef@ acid such

that stabilizers of, for exanple, a sa

phesp i d DR ChHo Spkdt e ASa S8EN Mo GRS sphoYdld Hid such as

pol yphosphoric acid such as sodi um pyrophosphate and

S O @i | pobyebgﬁebﬁhste PY A0S PReWIGnACi deripolyphosphate,
ascorbic acid, 10 ethyl enedi am netetraacetic acid,

(DRI EC L ATRMALITEC kot acta
ethylenediaminetetraacetic acid, nitrotriacetic acid,
aminotriacetic acid, and diethylenetriaminepentaacetic acid
may be added to hydrogen peroxide.

As to ammonia, gaseocus ammonia may be used, or liquid
ammonia may be used, and it may be in the form of a
solution in water or an organic solvent. The amount of
ammonia used is preferably 1 mole or more, and more
preferably 1.5 moles or more per 1 mole of cyclohexanone.

The above-mentioned ammoximation reaction may be
carried out in a reaction solvent. As the reaction solvent,
an alcohol such as methyl alcohol, ethyl alcohol, n-propyl
alcohol, isopropyl alcohol, nrbutyi alcohol, sec-butyl
alcohol, tert-butyl alcohol or tert-amyl alcohol, water, or
a mixed solvent thereof is preferably used.

The reaction temperature of the above-mentioned

ammoximation reaction is usually 50°C to 120°C, and



may be added to hydrogen peroxide.
a may be used, or liquid ammonia nay be

used, and it may be in the formegf a 15 solution in

gaseous ammoni

wat er or an organic solvent.

used is preferably 1 nole or nore,
preferably 1.5 noles or nore per 1

CYy Praifeaing . 7090 ergbayeogent i‘f}{@dré‘m%i:ﬁa#:'ﬁ%sur& may be a

reaction may be carried out

In a reaction so

As to ammoni a,

The anpunt of anmpni a

and nore
mol e of

ent.

thedreadl | @rexthit@Nt (0r20a8N 2bmBERhesYEN B§e§§h§$5r but the

al cohol, ethyl alcohol, n-propyl alcohol, "I sopropy

al Geladtidir butsy!

pe¥eilbiySeeabkelivly 8uw¢ohghder an aincreased

tert-butyl alcohol or tert-anyl alcohol, water, or
M pe@s3Ureento t Raeeaksks e SuakhY Yietamddi§i£€860V8R in the

tenperature of the above-nentioned 25 ammbxi mation

5 reagdiguad !?Exdéﬁ.él%lf hP G da thieliCm

to 100C. e

reacti on pressure m

i@ﬁ‘éﬂfb PLSd e:[tﬁ‘bﬁ')’ig Oise, the

y be a norna

an 1 ncrea

pfp&%ﬁ@@ﬂaﬂméy1Bﬁrﬁﬁf@§fé&_9§eﬁ§§h§%’g?%hééﬁive %&gﬁes) such

reaction is preferably carried out

Pr agsHAie rbd dn)CheASeind e FHUNL f. ammoni a sol ved in
the 5 liquid phase of the reaction mxture, and in

this case, tBBe PressyeRtMYihfedfisst €d Pie USi%g:@éLmentioned

i nactive gas(

es) such as nitrogen,

heliumor t

|l kRmokAmbES o 2ERHEINY QR IcQibrildi AROWS: "BH¥Eious manner.

anmoxi mation reaction is carried out in a continuous
10 nMBBaeh- continuous reaction is usually conducted by retaining

a certain amount of the reaction mixture (in which a

catalyst is dispersed) in a continuous-type reactor such as

a stirred vessel and a loop-type vessel, and supplying

cyclohexanone, hydrogen peroxide, ammonia, and a solvent or

15 the like if necessary, to the reactor, while taking out the

reaction mixture at a rate nearly equal to that of these

raw materials supplied to the reactor. At the start of the

reaction, for example,

a catalyst-dispersed solution where

the catalyst is dispersed in a solvent is charged in the

20 reactor, and then the supply of the raw materials thereto

is started,

and the taking out of the reaction mixture

therefrom is also started.

The concentration of the

catalyst in the catalyst-dispersed solution as the charged

solution, i.e. the initial concentration of the catalyst,

25 is usually 1 to 50 g/L, and preferably 5 to 40 g/L, and
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10 Such continuous reaction is usually conducted by
retaining a certain anount of the reaction mxture (in
which a catalyst is dispersed) kn a continuous-type
reactor such as a stirred vessel and a | oop-type
vessel , and supplying cycl ohexanone, hydrogen
peroxi de, ammonia, and a solvent or 15 the like if

neqessaryref @rabEyr eactor 304 %.st@"vi&?&’é %@F ul%xit volume of
reaction mxture at a rate nearly equa

thags dRy-Gad eéb@hﬁléﬂpﬂ‘bhﬁglﬂlgtt t;_e VAP phdlaf Nethought it
start of the reaction, for exanp a

cat@pesiadli spRr s ol HEtQGﬁ@‘P f t h‘é gat alyysf c# reaction

di spersed in a solvent Is c |n t e 20 rea

andcdridaint itdies sHRBl YsPf ohhe ri‘}” el ensaka tigdet ehe' Sreactor is

started, and the taking out of the reaction m xtur

th@’r@‘ﬂéﬁﬁbl%f ah 5OsSL A h&dl. orbeceoRaaRt I '%ﬂilég@ steel from
catalyst in the catal yst-dispersed solution as the

chaimged visoiptbiep, bre. pkBoehbiibhal o@n%ra&é@&nﬁémtlon of
the catal yst, 25 is usuaIIy 1to 50 ¢g/L, and

F@ﬁﬂﬂdﬁfiéfbgghg/L and 7 nore preferably 10 to
309 as a weight per unit volune of the charged

SO'Ut'Oﬁdfﬁﬂé“ﬁﬁésénf'ﬂﬂb@nﬁﬁ@ﬁe)t DU i dilous anmoximation

depends on the activity of the cata yst reacti on

conrdialchtah %Qns%éncoﬁﬁoéédn%tfedtlégatf tﬂ;é?calr n?&i‘g{:lbﬁ step in

S preferably gl ass-1ined one or ess
st edlichr Omhe ha-adcaviRR Nty HOf d%fﬁ:‘ﬁee[g' Yuof dilfle raising the

deconposition of hydrogen peroxid ,
concentration of the catalyst in the reaction mixture by
adding the catalyst to the reaction system, and the second
operation step in which the reaction is carried out while
keeping the concentration of the catalyst in the reaction
mixture in a predetermined range by taking out the catalyst
from the reaction system and adding a catalyst to the
reaction system. By applying such multistep operating
condition for the addition and taking out of the catalyst
as described above, it becomes possible to maintain the
activity of the catalyst and the reaction selectivity, i.e.
the conversion ratio of cyclohexanone and the selectivity
of cyclohexanone oxime advantageously also in view of cost,
and thus to produce cyclohexanone oxime with good

productivity over a long period. It should be noted that

as the catalyst added, a fresh catalyst which has not been
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In the present invention, the continuous anmoxi mation
reacti on can be conposed of the first operation step
in 10 which the reaction is car@ ed out while raising
the concentration of the catalyst in the reaction

m xture by adding the catalyst to the reaction
system and the second operation step in which the

i ' i  wWhi s ' th
Egﬁgge%?:]ﬁoﬁoﬁe%% | t%%eg‘%%%%lys}t% iﬁsﬁggfgedﬁe?%n Pyt a recovered
; ' . t ' Ki t.ih
{:na:(%%%?% ?‘gr%]&tg :hfag;cl?'?%ﬁrg%gg%ah egig%c% %ﬁeereaction cen

CatﬁéYJ.Sécy‘@lé&‘eaffgfcfbia9§93¥ﬁfﬁgbt§ %Bpgé:‘#?‘&%%%ﬁ&’n treatment

mul tistep operating condrtron“ror the a _
Laidh sty S, ORR°SEALRE I e xecoveres
CAEYSy Ay LA Ty ERELEX L, o, pbEF, g
Cost | an EREC AL RRNRA IR ShfBhe the mAUG e of the
OSRSFEIALSY Y, OIEEL 801 800 BEELER ol 3TRY. foPErpstiantay.
D 3 el ol UERY Kbl SPELEORS U 10 o
UHASIIE SEBELLAT oS0 O ASHP' £ 10100, Sl ey wnicn 1
oS oy A L1 SO RRER St B aieuee.
Accordingly, the catalyst is accumulated to raise the
concentration of the catalyst. For this purpose, it is
better to take out the reaction mixture by taking out only
the liquid Phase through a filter or the like. It is
possible by accumulating the catalyst to raise its
concentration as described above to reduce the amount of
the catalyst added which is required for maintaining the
conversion ratio or the selectivity at a certain level. It
is noted that the concentration of the catalyst in the
reaction mixture can be raised continuously when the
addition of the catalyst is carried out continuously, and
the céncentration of the catalyst in the reaction mixture
can be raised intermittently when the addition of the

catalyst is carried out intermittently.

As the above~described first operation step is
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In the first operation step, the addition of the

catal yst may be carried out continuously or
intermttently. on the other hard, the taking out of
the catalyst is not basically carried out excluding a
little portion which is 10 dissolved into the liquid
phase of the reaction m xture. Accordingly, the

Coishielndss SGUMER! 2L Undor bieaerotBligl £1yfha wixing

out : ti ' re j t t
| ?‘q%‘?’%%ﬁ‘i‘ﬁ {“ﬁ%ﬁg)ﬁ%ef i P%{E%fg?gtg =8 ih%g‘l.&qetn‘#’?sfzsy dispersed

POsd 185 D Yo ACEHETU gléﬂ%%t bg Eﬂ&a{:éﬂﬁEegErEﬂ%l%ﬁ Etfsth{a catalyst

concentration as descri d above to reduce € anoun

OfjJih€h$aE§5ﬁ§HQQQQ£§kﬂﬁgé41 | g e’ ed fige rea%gion caused

mal ntal ning the conversion ratio or fhe sel ecti vi

at @y CeEt@hm1beY8h: Jd ti HQES?iEE%&Egh%atalyst may become a

concentration of the catalyst Int reaction

m’ﬁf&ﬁiéﬁ”1kﬁhéf@fﬁ?ECFE%éﬂueﬂél¥oﬁ@§ﬂt£%§io§ﬂgktkﬁg catalyst

of ‘the catalyst is carf out conti nuouS

Comgn e o) Madttch e isiatd DEghengh, oraT bYhgetormines

can be ralsed Iintermtte

‘“ﬂéﬁdégnﬂfhéﬁgﬁifﬁjfh% fff%fg%ﬁ%f9%£§% %éeé%n%ﬁg gperation is

above- descri first opera e nue

| onQBitcrdd hﬁ?gﬂﬁ M%yé?e#%@ﬁoﬂ 9'9%8 ﬁ#%/ﬂgcan be composed

condi tion wher e cat onogeneous

di Yzer SesbpPeGaueBeOl ddicdiSdtihd N bR eRACcCeJ@IIWt in 2
of the catalyst
predetermined range by the taking out and the addition of
the catalyst.

In the second operation step, each of the taking out
and the addition of the catalyst may be carried out
continuously or intermittently. In a case where the taking
out and the addition of the c¢atalyst is carried out
intermittently, both of them may be carried out at the same
time or at different timings. The concentration of the
catalyst in the reaction mixture during the second
operation step, l.e. the steady concentration of the
catalyst, is usually 5 to 100 g/L, and preferably 20 to 100
g/L, and more preferably 60 to 100 g/L as a weight per unit
volume of the reaction mixture (catalyst + liquid phase),

though it depends on the activity of the catalyst, reaction

conditions and so on.
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in the reaction m xture. Further, a side reaction
caused 5 by accunul ation of the deteriorated catal yst
may become a problem Therefore 0when t he
concentration of the catalyst i A% he reaction mxture
reaches a predetermined concentration in the first
operation step, the operation is swtched to the

second ateis e i can be .comosgd 10 .
O ttlﬁﬁnﬁirg?&htﬁb Amotnt an‘gstte#‘?\ agc?csltlon of the

keepi ng the conce on 0

it o O Y AT U BT cne ane

of the catalyst.

of P dakemette R AL oD ph e COpuSt L

may be carrre

I n f\gq:%ﬁ: i n ut and the addition of the
catagrle;?t%% s care'Lr# tegﬂgﬂl:"'t(‘)%%ec?n e@?ﬂ&t%t‘l’%ﬁa FRIMCHRLFRkRPn of the
t different

”H)é_ogﬁo%%igeq.no%matr tg%&sog}m%#uﬁ%s ;I. efampple, since the

ti m ngs. concentratl

[ caesieall ol Lok 18 & CEONIGRO RIS 12" 31 SRiasure for

i.e. the steady concentra
| . , bl .. glL,
g et kil Uk SR8 B odtadiatin bbe taninetter to

and nore pr

(OB AR T U A A P catioes s

o R b r oSt Lo e fon ot 1arGer than a
Ppredetermined value, specifically, so as to keep it as a
concentration of cyclohexanone in the ligquid phase of the
reaction mixture taken out from the reaction system not
larger than 2% by weight,' and preferably not larger than 1%
by weight, and more preferably not larger than 0.5% by
weight, Since the residual concentration of hydrogen
peroxide is also a measure for the deterioration degree of
the catalyst, it is better to carry out the taking out or
the addition of the catalyst so as to keep the residual
concentration not larger than a predetermined value,
specifically, so as to keep it as a concentration of
hydrogen peroxide in the liquid phase of the reaction
mixture taken out from the reaction system not larger than
0.5% by weight, and preferably not larger than 0.2% by
weight, and more preferably not larger than 0.05% by weight.

As to ammonia, it is preferable for the conversion ratio of
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catalyst in the first operation step and the taking
out and the addition of the catalyst in the second
operation step are preferably adjusted depending on a
concentration of the 5 conponents in the reaction

m xture. For exanple, since the residual
concentration of cyclohexanone is a neasure for the

deteyd ieds bl HrRe 1He 41 & ﬁ@:ﬂriﬁ? oft ?lﬁéﬁgﬁoﬂg oxime to

carry out the taking out or t

cattde/ Sdxcsdls s amnich i Abrigler& & Sk o c§9f8ﬁ@:%z|§@%+€ naﬂgt hydrogen

| arger than a 10 predeterm ned val ue,”™ speci

as gexdegiele idndisgll t&OPERAYL AL f; |
the liquid phafgg of the reagfl %%e%lﬁﬁﬁéqﬁken%gj H] keep the

f r coriden tieadidnon oY s Mgt Iﬁ{g a y
wei ght, and preferably not I%rger t an 1%}@@\,\5?1‘%59 of the

and-eHYtE o chekelty RelkdrAr 88k t
Since the residual concentration grogen per oxi &gtem not

| S shlagd e FBRARUING O el éﬁg%%élg{ﬁ{étrﬁrﬁ (ﬁeegnrﬁ ﬁhé Neind more

catalyst, it is better to e tak

t hereddirabay @lbt! hghQatsl y1_5ﬂ?1§01 agg %nheﬁgtt Ii%rger than 5% by
residual concentration not larger t

pr edeghitn ned val ue, 20 specifically, so as to keep it

as a concentration of hydrogen peroxide in the liquid

phase ofutrhBet¢agki @N mdHa +e eféf‘k‘éﬂg/o EtetEH@ﬁ%ﬁon degree of

reacti on systemnot |arger than

o thr Shaiget| 0 408 CofHOR bR, S sm

angbniea by-prcduditef L £PL &) fgﬁchh%sc%ié’ﬁe?ﬁ on §§E cally, it
is better to determine the concentration of oxygen in a
waste gas discharged from the reactor by introducing an
inactive gas(es) such as nitrogen or helium, and carry out
the taking out or the addition of the catalyst when a steep
rise in the concentration of oxygen is observed or before
it is observed.

For a post-treatment operation of the reaction mixture
thus obtained, known methods can be used if it is suitable.
As described in Japanese Patent Kokai Publication No. H6~
92922, for example, cyclohexanone oxime can be separated by
concentrating the liquid phase of the reaction mixture, and
then extracting cyclohexanone oxime from thus resultant
concentrate into an organic solvent, followed by again

concentrating the extract.
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11 cycl ohexanone and the selectivity of cycl ohexanone
oxime to use excess ammonia conpared with

cycl ohexanone and hydrogen peroxge enough to

remai ns, specifically so as to keep the concentration
of anmmonia in the |liquid phase of the 5 reaction

m xture taken out fromthe reacti on system not

smal l er than 1% and not |arger than 10% by wei ght, and
nore preferably not smaller than 1.5% and not | arger
thaya96y weight. Further, as a neasure for the
deterioration degree of 10 the catalyst, it is also

effectivgt Exgﬁbfémo@ E)E%e :I%:ﬂ%;q §In??§¥+§ﬁgg%f éhqv&n below,

gas(es) such as oxygen.

detRiym fige t ?feg QHEe'ﬂi%HtT&ngfiso ﬁ%&gg%éﬁﬁgegﬁy %l'giass. In the

di scharged fromthe reactor by 1

| NRGdAmEA eg,ase(r?é%yssﬂc he s ét*ctéiglgglﬁ?ﬁgng e%h# E}éyggsgggéfxégne oxime

out 157t he takirg out or on o

whe 2 ééﬁ&ﬁgg%HS%Q Inr{xt QeasCOEﬁgghé%hgrgpgD,o%nbiaéed on its

observed or ore i's obSeéerve

PO sha! ”eﬂﬁeoloec{cﬁ%d;]é;& Un hgartgg)c}'i 8|Pt n}cXtcg.lr?ﬁeé%{ﬁg)_sne, | the

obt ai ned, known mne can be~us f

ZOseLesgted oF BN EabER. KB P T iere o

ESyEER Bt A Al g Pt o LD

oxi me f ROMJus Jogsuldaiiosed of crystalline titanosilicate
which has an atomic ratio of silicon/titanium of 36 and has
an MFI structure (manufactured by Polimeri Europa, and the
Crystalline titanosilicate having an MFI structure is
hereinafter also referred to as TS-1) was used in the
example. In this context, MFI means one of structure codes
for zeolites defined by International Zeolite Association
(IZ3).. The catalyst used herein was in the form of
spherical secondary particles consisting of TS-1 primary
particles bound to each other. A size of the particles of
the catalyst was determined by a dry weight method using a
particle size distribution measuring equipment (available
from SAKURAGIRIKAGAKUKIKAI Co.). According to the results,
a weight average particle size (or diameter) was 31 pn, and

particles with a size not larger than 20 um made up 15% by

weight of total, and particles with a size not smaller than
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concentrate into an organic solvent, foll owed by again
25 concentrating the extract. 12 Exanple An exanple
of the present invention is sho el ow, but the
present invention is not limted by this. Inthe 5
exanpl e, analysis for cycl ohexanone and cycl ohexanone
oxi me was conducted by a gas chromat ography, and based

on 105 i Sk Sup ey CHPVRLELRE b8t L8R CYCI ohexanone,

the selectivity of cytlo anone oxi ne and the yield
of cycl ohexanone oxi me were cal cul ated. 10 A catal yst
conposed of crystalline titanosilicate which has an
at Eamppd i p of silicon/titaniumof 36 and has an M
structure (manufactured by Polinmeri Europa, and the

crystal |Meaﬁ'6éf9§%|ﬁ89%§?hgv%$_§_ﬁ% %&éaslsb];u‘lgéfgﬁ?iﬁzwdsed as a

hereinafter also referre 0 as

LR, il %r ol i tégygé%?%gggggn%%r%a?’(o"qgfiroscopic

structure codes f zeo y I'nt

Ze(ﬂéﬂiﬁ-wiéij:?ﬂol(l(zd%)te T@S‘nf%%@l S f:? SP eru%fght) were

was in the formo spherical secondary “par S

co%ﬂdﬂdéﬂléﬂdTgiiﬁPéEHEBYgfﬂart%ﬁée§ngﬁﬂ%F;%v§3§35%mperature

other. A size of the particles o O the ca

Sl 5o araty i o P e E T 00 s "Paduof b eSoTraly  hen,
SAGURNA TS ARG IKL AL 1 60 drae U ALY RabDe B iBns of the
temperature of 85°C and the pressure of 0.25 MPa (gauge
pressure) by starting to supply 67 g/hr of cyclohexanone,
280 g/hr of a solution of B8 to 9% by weight of ammonia in
hydroscopic tert-butyl alcohol (water content of 12% by
weight), and 45 g/hr of a 60% by weight of hydrogen
peroxide water to the autoclave, and by starting to take
out the liquid phase of the reaction mixture through a
filter so as to keep the amount of the reaction mixture in
the reactor at 500 ml. The reaction was continued under
the same conditions as that at the start of the reaction.
During the reaction, while a gas of helium is introduced to
the reactor at a flow rate of 5 L)hr, a waste gas was
discharged through a Pressure-keeping valve, and the
concentration of oxygen in the waste gas was constantly

determined by an oxygen concentration meter. The liquid

phase of the reaction mixture which was taken out at 3.5
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a wei ght average particle size (or dianeter) was 31
pm and particles with a size not larger than 20 }m
made up 15% by 25 wei ght of total,, and particles with
a size not smaller than 13 105 plrﬁ made up 1% by

wei ght of total. Exanple 1 An autoclave having a
volunme of 1 liter was used as a 5 reactor, and 3 g of

ol canat 8 2bur B Abab o p e S ks Chen s Zgﬁ%kgﬁaed and the

ZE%‘%%%%E LR, G %%%%3%&3@52% ¥ egonexanone
29% Pk oFiFcearesBiv ik o cgp@s@sﬁ%ﬂg'ﬁebggsmﬁpgas 95.48,

e exﬁénoifgig %Bya?%&%%ﬂ%néﬁ?35?8#05%%5-9% by

?ﬁ;??;ﬁ PR folBs, BOhEREh st o4 %%?t'e%%?%'mr a steep

00/ roxi de water to th

aut OP%/avehgt{ (?OL?CI; ((fjé%%fn 1‘?516pfe’5ké’xy<ﬂﬂn t FPﬁuﬂ'@Ste gas was

to eep t%eea:r%%:hg?r%étgg :E{)?Pu 4 rgé%“t"lg gg Was  added.

B An O, T dE § LA B0 SEHEE, W0 Bhe venction,

R TR bRl o Biithate ape vasto

5 Il s VBBEEX93], 8% that 1 g of the catalyst was added.
Then, the liquid phase of the reaction mixture which was
taken out at 39 hours from the start of the reaction was
analyzed, and the results showed that the conversion ratio
of cyclohexanone was 99.3%, the selectivity of
cyclohexanone oxime was 99.7%, and the vyield of
cyclohexanone oxime was 99.0%.

After 57 hours from the start of the reaction, a steep
rise in the concentration of oxygen in the waste gas was
observed, and 1 g of the catalyst was added while 1 g of
the catalyst was taken out. These taking ocut and addition
of the catalyst was carried out by taking out a portion of
the reaction mixture without passing it through the filter,
recovering the catalyst by filtration from the peortion,
then removing the catalyst of 1 ¢ (dry weight basis) from

the recovered catalyst, and returning the residual catalyst



10

15

20

25

di scharged through a pressure-keeping valve, and the
concentration of oxygen in the waste gas was
constantly determ ned by an oxyggn concentration
nmeter. The liquid 25 phase of the reaction mxture

whi ch was taken out at 3.5 14 hours fromthe start of
the reaction was anal yzed, and the results showed

| hoddiheioRiAP 0y [ WhTadd L ONRIEN0NEL V88 20 B reactor

the selectivity o ohexanone oXi e Was
hour e FaRe e SE PRI, et ot pi fhe same
obeariea and PRa ot AFuLR PHESEISS, BR2 hariep mixture
oartein ey T TBaEOHE e BdEn R unchr AR of the
Pt T G i S b L S S
reé@hb@?sﬁBﬁturﬁaWQBCh.&@Smaéﬁgfghgﬂgnggegg Qg#;s éé?gg, the

the start of the reaction analryze and

d Stehat, ' t 1y
Cy et onerLoRtE A Ry R A B Map 18, and the yiela
CYSEOLPXIANBRAAKLE® Mfied Pl boARE [ NE V) €l d of

cycl ohexanone oxi nme was 9 % tér 57 hours fromthe

Concent SEBE BTELL00. 08 $HR giist G W reaction, o steep
gfb§f-‘5¥e‘5|.n ik 1cgn8£n{;p§t58£alo\§5to:¥@éegdg%d £ eg lv?aéltg gas was
observed, so that 1 g of the catalyst was added while 1 ¢
of thé catalyst was taken out. Furthermore, after 107
hours from the start of the reaction, a steep raise in the
concentration of oxygen in the waste gas was observed, so
that 1g of the catalyst was added while 1 g of the catalyst
was taken out. Then, the liquid phase of the reaction
mixture which was taken out at 108 hours from the start of
the reaction was analyzed, and the results showed that the
conversion ratio of cyclohexanone was 98.3%, the
selectivity of cyclohexanone oxime was 99.6%, and the vield
of cyclohexanone oxime was 97.9%., After 121 hours from the
start of the reaction, a steep raise in the concentration

of oxygen in the waste gas was observed, and at that time

point the reaction was terminated.



20 the catal yst was taken out. These taking out and
addition of the catalyst was carried out by taking

out a portion of the reaction m xture w thout passing

it through the filter, recovering the catalyst by
filtration fromthe portion, t¥en renoving the

catalyst of 1 g (dry weight basis) from25 the

recover egheCabab¥shs appliebbibhnG1dighs epkiyalty under the
catalyst 15 together with 1 g of the additiona

catedyisd dentdift ilbBadorJaEiesel rateft, Apbeiogeiat i WA, 2004-
was carried out in the sanme nanner). Then, the liquid
phase s t hlddkasi | Dacamétir 22, waooh, waatiaked OBROGESS FOR
75 hours fromthe start of the 5 reaction was

anapPRoEI INNdYChOHERBNONE GdIdmed t hat the conversion
rati o of cycl ohexanone was 99.3% the selectivity of

cycl ohexanone oxime was 99.7% and the yield of

cycl ohexanone oxinme was 99.0% After 89 hours fromthe
start of the reaction, a steep 10 rise in the
concentration of oxygen in the waste gas was

observed, so that 1 g of the catal yst was added whil e

1 g of the catalyst was taken out. Furthernore, after

107 hours fromthe start of the reaction, a steep

raise in the concentration of oxygen in the waste gas

was observed, so 15 that | g of the catal yst was added
while 1 g of the catalyst was taken out. Then, the

l'iquid phase of the reaction m xture which was taken

out at 108 hours fromthe start of
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the reaction was anal yzed, and the results showed that
the conversion ratio of cycl ohexanone was 98.3% the
20 selectivity of cycl ohexanone oxi me was 99.6% and
the yield of cycl ohexanone oxinme was 97.9% After 121
hours fromthe start of the redttion, a steep raise
in the concentration of oxygen in the waste gas was
observed, and at that time point the reaction was

t erWikated CLPEMEE IShe present application clains
priority under the Paris Convention to Japanese Patent
Application No. 2004- 370725 filed on Decenber 22,

: itlhed ' i
200 1§ R R SRR e
y

produci ng cycl ohexanone oxi me by conti nuousl .

r eaR@HUOPE1ldhavasshey Ryl ogfrsEtcoxikyereggn peroxide and
amonia in the presence of a titanosilicate catalyst
andamtiizonth | yha pekvente vhemeivithhesplLoe&ss catalyst and
conprises: a first operation step in which the

react.ion . arri ut il. LS] - .
cong 1£n %ﬁlﬁgn%o% Eltl ﬁgnghtwaﬁps%ﬁ iq-'ﬁ%t hgg?%%gtcfoglﬁ "Xt e
by adding catalyst to the reaction 10 m xture _ _
cont i nuGusify T8 | PREFAFIPentE§P ot FhdeBontlidpeicdcténn is
step in which the reaction is

carried out while raising the concentration of the catalyst

in the reaction mixture by adding catalyst to the reaction
mixture continucusly or intermittently; and

a second operation step in which the reaction is
carried out while keeping the concentration of the catalyst
in the reaction mixture in a predetermined range by taking
out catalyst from the reaction mixture and adding catalyst
to the reaction mixture.

2. A process according to Claim 1, wherein the
concentration of the titanosilicate catalyst in the
reaction mixture is kept in a range from 5 to 100 g/L in
the second operation step.

3. A process according to Claim 1 or 2, wherein a
concentration of c¢yclohexanone in a liquid phase of the

reaction mixture is kept at 2% by weight or less in the
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carried out while keeping the concentration of the
catalyst in the reaction mxture in a predeterm ned
range by taking out catalyst fromthe reaction

m xture and addi ng catalyst 15 to the reaction

m xture. 2. A process accordingt&8o Caim1, wherein
the concentration of the titanosilicate catalyst in
the reaction mxture is kept in a range from5 to 100
g/ Lfiret tdperaddondsogerand dies sepond0operadt iMoucEsy -
according to Claim1l or 2, wherein a concentration of

cycl ohexanong iphodebhdtsoriaas &f drie onkedt c0Bims 1 to 3,
m xture is kept at 2% by weight or less in the 18

first operation ste nd the second operatian step. 4.. .
A pROSEEE PRI T Iy Sne b W e g i 2 " Liquid
wherein a concentration of hydrogen peroxide in a

| i oplhabe pifagdieofrepivs ippaniiorrern da lrapti atkdpbrabyowsdght or
by weight or 5 less in the first operation step and

t hersecond eper ai+on ofdRfticn sAepr @&ES ThaC Geicdhidohberation
any one of Clains 1 to 4, wherein a concentration of
annq&ia in aliquid phase of the reaction mxture is

kep Ei 1% by weight or nore in the 10 first

operation step and the second operation step. ,
5. A process according to any one of Claims 1 to 4,

wherein a concentration of ammonia in a liquid phase of the
reaction mixture is kept at 1% by weight or more in the

first operation step and the second coperation step.



