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1 SPECI FI CATI ON TI TLE OF THE | NVENTI ON PROCESS FOR
PRODUCI NG CYCLOHEXANONE OXI ME 5 BACKGROUND OF THE

I NVENTION Field of the Inventijon The present
invention relates to a process for producing

cycl ohexanone oxi nme by an anmoxi mati on reaction of
cycl ohexanone. Cycl ohexanone oxine is useful as, for

10 exanpl e, the raw mat egpptiehcaT¢aRn ol act am
Description of Related Art As one of processes for

OF OFE | ¥ BiviE | DlpgRaRon] Oxime, there is a proposed
process by carrying out the 15 ammoxi mation of

cycl ohexansgecré$ hrOR dPROBUCRRGOX YEE OARS ARUNEN X TME
the presence of a titanosilicate catalyst (see, for

exanpl e, Japanese Pat ent Kokai Publications No. S62-
59256, No. H6-49015, No. H6-92922 and No. 2000-72737).

THASKHENES SohaspRdyRVERgeeNsuch as no need of 20
neutralization of sulfuric acid with ammoni a, which

hegk1dbeshn fiecepseeNt{®h a conventional process to
carry out oximation wth hydroxylamne sulfate, and

easy sppal apr88entl HReRAGHCt fdXHRdHe €8t ahySprocess for
since the catalyst used for the reaction is a solid

tedySing 2eyAtenkestahoneo ditma@bpye-dfenh@dRimation reaction
ammoxi mat 1 on reacti on,
of cyclohexanone. Cyclohexanone oxime is useful as, for

example, the raw material of ¢ -caprolactam.

Description of Related Art

As one of processes for producing cyclohexancne oxime,
there is a proposed ©process by carrying out the
ammoximation of .cjclohexanone with hydrogen peroxide and
ammonia in the presence of a titancsllicate catalyst (see,
for example, Japanese Patent Kokai Publications No. S62-
59256, No. H6-48015, No. H6-92922 and No. 2000-72737).
This brocess 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,
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2 however, the titanosilicate catalyst is gradually
deteriorated as the reaction tine passes, and this may

cause a | owered conversion ratio, of cycl ohexanone

and/or a |lowered selectivity of cycl ohexanone oxi ne.
Therefore, 5 Japanese Patent Kokai Publication No.

H6- 92922 di scl oses that on carrying out the

AMHOKLYBL] On £RACTT PehRoR: 1GRALNUOLALINARY bis  gradually
suppl'yi ng” cycl ohexanone, hydrogen peroxi de and

a L a. ect.or ouhi | i dhrougha Gt efhis ma
anﬁggﬁ?éggﬁggé 0 Qtﬁ%ﬂ%egg%?gﬁgﬁiggﬁ?e ?%h which the Y
10 | ygst | ion © a nkig nd/or a
cafafbd: el el YETRAN G CERLLG PECELPlonkRaRone ana/o

taESQe?E& qggle%%fggfﬁdé%? %ﬂﬁfaﬁﬁﬁ?%€%¥353539- Therefore,

maintain the ca i VI apanese

Pahsa%. Kgkaip Rubld cabkdn Noun1 2000: JR 7%k Ji §6L85882 discloses
that_ ﬂe anmoXxi mati on reaction iIs 15 carried out in a
COEE&EUOHE_ ”g%ﬁgﬂ“/g' | uRUPRIY NQrddd i nfedlidny Streaction in a
together with t raw materials to. the reactor.

“niPRGUBEPSR oPelhE card) ySOMRAYIRY TR TRNeinone; | bydrogen

i nt uct1on yst "as escri bed above is

ff?gygg&h& ﬁﬁﬁlr Lol s ded tAIVANHA0UIS dPlout through a
ma ntalnlng F e conversion ratio of. cycl ohexanone and
th?igﬁgfcg'Yﬁhﬁiafpﬁ%%%?%?%Qﬂﬁp%ﬁgﬁﬂT%n Weure %in which the
di sadvant ageous I n"vi ew of cost because the anount of

thSa%Q&?QfStw£§eddj[§ptjep§é§?3epron‘lb‘cq:@1redi PEEEtoEDe the catalyst

pur pose
which is deteriorated is discontinuously taken out and

replaced by a fresh catalyst to maintain the catalyst
activity. TFurther, Japanese Patent Kokai Publication No.
2000-72737 discleses that the ammoximation reaction is
carried out in a continuous manner while supplying the

catalyst together with the raw materials to. the reactor.

SUMMARY OF THE INVENTION

If such replacement or introduction of the catalyst as
described above 1is frequently carried out, this is
advantageous for maintaining the conversion ratio of
cyclohexanone and the selectivity of cyclohexanone oxime,
but disadvantageous in view of cost because the amount 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 of the present invention is to provide a process
which is 3 able to suppress the catal yst cost as | ow
as possible and maintain the copversion ratio of
cycl ohexanone and the selectivity of cycl ohexanone
oxime in the anmoxi mati on reaction of cycl ohexanone
so as to produce cycl ohexanone 5 oxinme wth good

pf&%g LY %Pg:\é%rssa éﬁwgcggaiggt Eegtpra%s ew | AYepbkeible and

provides a p ess for productng cycl ohexanone oXi ne

me&PHELEH°U§ﬂé"éaﬂvéfgi CE%E%%@”B?e’c%aygﬁgﬂ§ﬂone and the

per oxi ae and amonia 1 n the presence of

: L%éii‘gé#ib%&e SRl AYSlondkehEhE OLiRE 0GESS tHUTP gk imation

Irst operati'on step for adding a

ti I‘é‘?@ﬁﬂ:ﬁczgf n??{:%ﬂéﬁan&ﬂea deagki iy Mxd4ue ( @y ohexanone

reacti on syste O ralse a concentrati'on of the

ti L 20psi L%Eﬂt oS?.t gk&(&hckﬁv‘i@? ovR3CH 98ng E‘étifi%’d .and
peration step t he

the second o step for “taking out

{i L anosihbogtBsEat U sbnLRH HheviRas! WORriiods Totd proqucing

and addin titanosilicate catalyst to the reaction

?}?gHiSh RakEaR BﬂfmﬁsggeﬁbhiﬁhﬁgdgifIfiaqting cyclohexanone,

nosilicate cata In the reaction mxture'in a

Pgsgﬂfsg%hnegeQQQQQE AGER di fEnd @14 heiRr eBRABt presence of a

nti i t he conti nuous ammbxi mati on reacti on of

CyEi?QﬁB@ﬁ@@g ghh§ﬁ§§??§6¥ dﬁgﬁerﬁothé_§98?é§§5%%m§iises the

| ow as possi e conversion ratio o

Cygs pRex t%_@ﬂ, theaselrpet 'Cﬁ’d Pfacy¥etahesangedte catalyst
oxl nme ca e mal ntal ned, and thus cycl ohexanone oxi ne
Capobg reaction mixture (or a reaction system) to raise a
concentration of the titanosilicate catalyst in the
reaction mixture, and the second operation step for taking
out the titanosilicate catalyst from the reaction mixture
and adding a titanosilicate catalyst to the reaction
mixture to keep the concentration of the titanosilicate
catalyst in the reaction mixture in a predetermined range.
According to the present invention, in the continuous
ammoximation reaction of cyclohexanone, the catalyst cost
is suppressed as low as possible, and the conwversion ratic
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 OF THE PREFERRED EMBODIMENTS
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produced wi th good productivity over a long period. 25
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 4
The present invention is explaingd in nore detai

bel ow. Titanosilicate used for the present invention
iIs a zeolite(s) which contains titanium silicon, and
oxygen as elenents conposing its framework. The

zeolite have the S5 fr mork subst anti al
conposea‘ﬁgfy BFESERuMIANE OB g SARjGeRCTor Lppdiore detail

Zgg ﬂ?s c &%%é%%é&g%%@%?éﬁg&%hﬁg Aégnentéggnt invention is a
tit i cat hose .h i t
o1 HEOLERI(ERn i ey GRRO IS HOHE Bf»{efa'fﬁm y2Bgegryaen as

fln

d
Sgabsweﬁﬁgpm%msi 1RO EPPREYPE kean THE ASPRIR%00aY, have the

A SFERELF, BRSSO Bl con, o

e 1 B LB MO B JRT etemnt o

e C@;&gzug%”%fw £ s ot
oA e SRS SRR RS B om0 <

deh§§ﬁ'oégﬁﬁ?>?§ﬁers§iv. Breds bta &EM%?%% ¥ torm of, for

obLalngdeby Ayay, Sg%t'c‘?r” E:%ﬁite't%”. Titanosilicate can be
prepared by, for example, a process described in Japanese
Patent Kokai Publication No. S56-96720.

Cyclohexanone oxime can be produced by |using
titanosilicate described above as the catalyst and carrying
out the ammoximation reaction of cyclchexanone 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 agqueous solution which generally has a
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of phenol. Hydrogen peroxide is usually produced by a
so-cal l ed anthraqui none process. It is comercially
available in the 25 formof an ﬁqueous sol ution which
generally has a 5 concentration Trom 10 to 70% by

wei ght, and such aqueous solution of Hydrogen

peroxi de can be used for the present invention. The

a g roxi ' ‘ ra 0 0
3"BeleRtrdfIRITEAELLN £B, VARE bY pRUTE Sl Jelch® aquecus
no s cycl [ e h i kize

of %8%@?18% o‘ﬁwgﬁ%&oc[%l} %?féﬁﬂaé RN Il%éé’&’ Jﬁbfagﬁe present

exanp phosphoric acid suc

SCHLYGRLARRTeCCpy Sahbuft PROPIIRAC SRAED wsed is
DUASRERRENRL 00k BRI 3lndly prateraely g0 to 15
SThashgl 365515, 36k 0 L Rukapaihgm nonen a8°Gidtea cnar
STUBR: 81 988504 WL L O WoMhorsc acta sven
L5aSOL R S L TESBEC RIS TBE o s s

prg%gﬁﬁﬂly #%?r&ﬁ#é?éﬁ?t@nre o 2 EBﬁfuﬂf tr%?olyphosphate,

cycC exano ove- nent1 oned ammoxi mat 1 o

[ﬁég%égnggﬁogtiarried og%fdleireacti%&égyﬁggn. As. acid,

n-solvent,

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

As to ammonia, gaseous 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 1is 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 alecohol, n-propyl
alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl
alcohol, tert-butyl alcohol or tert-amyl alcohol, water, or
a mixed solvent thereof is preferably used.

The reactlon temperature of the above-mentioned

ammoximation reaction is usually 50°C to 120°C, and
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20 an al cohol such as nethyl
n- propyl al cohol, isopropyl

al cohol , ethyl al cohol,
al cohol, n-butyl al cohol,

sec-butyl alcohol, tert-butyl cohol or tert-anyl

al cohol, water, or a m xed

sol vent thereof is

preferably used. The reaction tenperature of the
above-nenti oned 25 ammoxi mation reaction is usually

y ngtfﬁgég¥% 1$fessure may be a

S0l aBEy RS Bt el gpap!

I'On pressure nay

normal “pressure

at%ﬁﬁgfrh{grgé E§8re)(orb“£nth§m5§‘€ﬁéi»£’8 'ﬁrgéﬂféf‘b' Yout the

carril e
th
{ DeeaEDgh of ootz golyed

br ﬁﬁéHéﬁrgﬁB‘cJ’el 9%&'%&8 d +Ry

such as nitrogen, Ium or

inyg EQ”EhEQS aRoygeentipaad AR At

out 1n a continuous nmanner

;OQLéEHQEé 1S tse%ﬁle reac‘%!?‘ Gof

is carrie
ertal n anodnt of

Ssuc stirre

an‘rncreased pr

ssure t'o 1 ncreas

%ﬂﬂ.g& J:quﬁlgd@f‘aszfn Of:.ncreased

I'S case,

#ﬁ&ﬂgﬂﬁeofn%ﬁﬁkﬁﬁﬁ?2§é§§éd in the

on n1§ture

Caﬁﬁlﬂ§£rb§eﬂ'Sﬂggiﬁﬂ)oEntﬂecgq nuous-type reactor

vessel "and oop type vessel, and

L?ﬁQHfgwcase, the
CEﬁd E&c&ﬁ%%iﬁdgles) such

suppl yi c oh gen per oxide, qﬂgﬂ;
and a sg ven?ﬁ%r q§?€%gﬁF|ke ff neé%gsary tot ¢lmentioned

reéﬁ&&ﬁlmﬁghbﬁ E EEQQO ué ?gfﬁ

rate near equa

ese

5RAC A iH o WhtBimBus manner.

Such 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 wvessel and a

loop-type vessel, &and supplying

cyclohexanone, hydrogen peroxide, ammonia, and a solvent or

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

reaction mixture at a rate nearly egqual 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

reactor, and then the supply of the raw materials

is started, and the taking out of the reaction

thereto

mixture

therefrom 1is also started. The concentration of the

catalyst in the catalyst-dispersed solution as the

charged

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

is usuvally 1 to 50 g/L,

and preferably 5 to 40 ¢/L,

and
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raw materials supplied to the reactor. At the start of
the reaction, for exanple, 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 m xture therefron1is al so

Stabté ?rgi‘ér%'i‘ eqiyr aly o) e gﬁ Jaﬂgt pkB U it volume of

cata I Spers d solutlo solu

<6t 5!%%?«% %'01&%%%“3{%%9&%. § BB ke efS Bhouane

?%%%ﬁg%ert %g?gg lon catqﬂis?eéa qglg’ reaction
Qﬁggl‘%nd t sod%%ends e }.Qen%ccteci” \E?%Qf Ek%:gt gaactor is

reaction conditions and so

?Paﬁf?cpgras l§.n laefog.‘r ak&l 4 ngécfésok' g@giﬁrﬂ%sgr steel from

staf nfFess stee from e Vi ewpoi nt
pr@f{ nt b@@wgBlhtEe ehltq_%rpf OEydEBgend%%rOﬂl?O%q_‘tlon
In the pres |nvent| cont i nuous anmoXi e
r j osed of the first operation step
iﬁﬁfé%ggﬁﬁaﬁe?ﬁgggggctlon |s carrled out while raising
the con ”‘ch@ %s%f i & tESn‘i:?@%h%” ammoximation
m xture by ng the cata ys Re“reaction

D S440L4909 S S8 Bt %fsg@;& CBiEBE Rl step i
COPREOL " AEAQN PE.LPEoHAt LYSLakPibRe LR A 1e raising the
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 ratic 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



10

15

20

25

15 mxture in a predeterm ned range by taking out the
catalyst fromthe reaction system and adding a
catalyst to the reaction syste By appl yi ng such
mul ti step operating condition for the addition and
taking out of the catalyst as described above, it
becones possible to maintain the 20 activity of the

CBES 5 ESEEASR, S CGRLEL L daSae B g, recoveres
o AU GREBAIER, AR RS WA Bk neh et on con
9088 - BRAPVER' SEKrOLRlod FRIARRH Lo oL erostment
IOGEN 5800 lEe 8 S RS CLERTIAE b8 SR  pcoverea
SuERERTERt BoYcRENERAR 3 CPERIRENIOR Mhidh Rl PERRE

be. uscatin i) WA bn R GERg. FAe, nEoRifipn of the
R BRI TR PP E PoP Ot nEEPRPEERAY, St fefFni tEently.
padiic SRy Srheh O B SRHGE FREPE s BRtavan is mot
m REuHER TR BB ARt o el pdiBer 3 LRt AR pEREOR g vhich i
ohE8s %o 10 AL 12 llid' Fhaddl 2o¥ 'end *keblbion mixture.
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 Fhe
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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better to take out the reaction mxture by taking out
only the liquid phase through a filter or the like. It
is 15 possible by accunmul ating ¢ he catalyst to raise
its concentration as described above to reduce the
amount of the catal yst added which is required for
mai ntaining the conversion ratio or the selectivity

atcénffﬁﬁ? Ni1b& p%%ﬁel t%ﬁc&@égdhﬁgaéﬁtﬁ% keep a good mixing

concentrafion o O reaction

ét%ﬁ&ftf@lq Al 584, £op lt: Q%l Y3 When n@cqgéi* Ollispersed
of e catalyst 1s carrie contlnuous , and
CQQEEQﬁéétbfntﬁg Lgfsiﬁg SEhbncBB%eh%ggkh%% @ka%%?catalyst
can be raised intermtt when the addition of

cai Rl ¥§b 'r%a%acrd. fr?deHEufgt er R,y -a 221 48 E'Eﬁctlon caused

above-descri rst operation step’is 9 continued

Congeﬁcchh\\;hkz.%%&@?ﬁ J?rgﬁFyH%tlé%Br%tﬁﬁo%ﬂﬂM may become a

ition where the cata i's honogeneously

d'ﬁP s, b?ﬁék‘é?ﬁ% t R ehAi HaNG onk el S 24Q0EE %Heo'&atalyst

e caf al he reaction m xture. Furt her,

g reggti 0”r8§8§§9n5 bﬁlg&%‘.‘@ul atx"e%r&h%f thg predetermined

deterlorated catalyst may beconme a probl

Th@éﬁé@ﬁ@ra%@ﬂ 1hehANEERLRALEARA ton! @Qe‘i:at FneStopdration is

the reactiron m xture reacﬁes a preg'eterm néed

coggepthali 8 tﬂetQ@c%hﬁﬁBP%Q%EﬁthQt%bﬁ%hﬂaﬂ3can be composed

operation is swtche he second operation step

whbfh %28pRaqcorgsed-dcehtkaBRbAY Uie Qacentahifst in a
of the ca?alyst In a
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 carrlied out
continuously or intermittently. In a cagse where the taking
out and the addition of the catalyst 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, i.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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predeterm ned range by the taking out and the addition
of the catalyst. In the second operation step, each
of the taking out and the additjon of the catal yst
may be carried out 15 conti nquSHy or intermttently.
In a case where the taking out and the addition of the
catalyst is carried out intermttently, both of them

1w ngs e And 'E3C Bt €0 ) The” pafipElon or che
fe@g{%ﬁgsg‘ EhbReohEERE, bPBSREGPR Eeroard yoe Hakih out and

steady conce

AL KaB ik OohO%0 b 2PECRIELE 30 W20 L0200 ofleration step
o L AL SR, et o e
5, WP 1l e

K
R T M,
St @ aéEePisﬁzgﬁphy (yrléset e dep SP%I P%&?{Eéicﬁ%nls better to

concentration conponen
(r:noarj(g(l:Jlé]].!E ra ?L%ﬁ%?% ﬁ‘%ﬁéﬁﬁﬁsﬂ&g géﬂPeOFthet ratalyst so
CekET g Heel U BB bl ARt T nREL Bled chan «
P AYSHeSined value, specifically, so as to keep it as a
concentration of cyclohexanone in the liquid 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 1larger 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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as to keep the residual concentration not |arger than
a 10 predeterm ned val ue, specifically, so as to keep
it as a concentration of cyclo anone in the liquid
phase of the reaction mxture taken out fromthe
reaction systemnot |arger than 2% by wei ght, and
preferably not |arger than 1% by weight, and nore

pr@&@iéﬁb*aﬂehelQﬁ&eEhEhQEIQ fbgigl%fmg Bh%?dﬁaie oxime to

the residual concentration o gen eroxide 1's

a'ﬁQeaeHE§§HrSmﬁ@ﬁlLh@oﬂﬁ%@%ﬁp%ﬁ%hpg?gggﬁgﬁaﬁone @%d hydrogen

catalyst, it is better to carry out taki ng out

t hpeddiik0BnBlighN @ oC Al iils SO 981 £1 £8Py 186 25 to keep the

resi dual concentration not Iarger than a

predgtentitaedonal ¥e, ARAmSASE! fiiGal ke SQidfs bf] lf:?f‘a e't of the

as a concentration of hydrogen peroxide int

phasgceloh henihaastd oFak@hXt .,_e tf@' ﬁln ﬁgéy fr'é%@tﬁ%?x dyStem not

reacti on system not ar ger wel g

prsmel y r n b h gt e
AL |7 BB S s oo

anﬁﬁéférabiy|ﬁoErgﬁgiﬁgEeﬂHEhtﬂ“3§x§W rﬁé@”l%ﬁ&é? Rhan 5% by
11 cycl ohexanone and the selectivity of cyclohexanone

Oxw8Bgh®, USe excess ammoni a conpared with
cycl ohexanone and hydrogen peroxide enough to

remai nspuf@REES i 831 hY mdR Ay d Ordeeepnd NGet 6PD6£E L8N BRgree of
of ammmonia in the liquid phase of the 5 reaction

IR SISO AT, 0SS} Mhlimtpe ghy moune

M$£ a by-product gas(es) such as oxygen. Specifically, 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. Hé-
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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preferably not smaller than 1.5% and not |arger than
5% by weight. Further, as a neasure for the
deterioration degree of 10 the fgtalyst, it is also
effective to determ ne the anoun of a by-product
gas(es) such as oxygen. Specifically, it 1is better to
determ ne the concentration of oxygen in a waste gas
di scharged fromthe reactor by introducing an

i nactive gas(es) such as nitrogen or helium and carry
ouf, 15 the taking out or the addition of the catalyst
wheh &P Feep rise in the concentration of oxygen is

observe or bef observed, For a
post -t 1 RAREREE, < o &??eofpﬁa%e%aéﬁ%ﬁtm W% Shays below,

K hod b |
%%”%g?cp%ﬂen e pape e H e P HRERT Tn the
E'Zpar oL b5 RatuRtant PR PHG PR RRaA 0 ) HPHEpnene oxine

PR W lE 0 LB S Gie oty o,
SOHE o SO B RTRL D, 2O SRSt 00 eanone,  the
%gféﬁfiga Sho%nsgﬂdi b%ﬂghggaﬁégggn;néﬁ S|%ngr&%eld of
cveyefsﬁeﬂg ngngx@ég' 8852229235 TR
A catalyst composed 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 toc as TS-1) was used in the
example. In this context, MFI means one of structure codes
for zeolites defined by International Zeolite Association
(IZA).. 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 um, and
particles with a size not larger than 20 Hm made up 15% by

weight of total, and particles with a size not smaller than
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10 was conducted by a gas chromat ography, and based on
its results the conversion ratio of cycl ohexanone,
the selectivity of cycl ohexanone_oxine and the yield
of cycl ohexanone oxinme were caltdl ated. A cat al yst
conposed of crystalline titanosilicate which has an
atomc ratio of silicon/titaniumof 36 and has an Ml

st ture nuf actured by | i neri Europa, and the
cr%? aﬁﬂi ﬁ'é%l%i tugngéi Irbiycé't%gsg\ﬁ%% }| structure is
hereinafter also referred to as TS-1) was used in the
15 exanple. In this context, M-I neans one of

st%#%{nuie godes for zeolites defined by International
Ze B+Essoci ation (1ZA).. The catal yst used herein

was in the form. of pherical segcondar articles
consi st%ﬂgab'%oﬁéﬁfepiﬁm apa‘FﬂI&IP%sogognéllFSre&’@ﬁ used as a
ot her. A _si zedngthe arhtiI es of 20 the catal yst was

d

detEPHIREG B Urg R&i Ghe FR%IYSlsi R a>0Paft °f dydroscopic
S BB PhE I R tye PO S (V372 ISR e
" SRAEBRTREOS B L B2 (o CLATELSHY MBS pmeratse
g 48 2B E R 8, B oA e . e,
V\B;xgggn%finh%tuasl 're%xcatnfér? %as started under conditions 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 8 to 9% by weight of ammonia in
hydroscopic tert-butyl alcchol (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 mnixture 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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An autoclave having a volune of 1 liter was used as a
5 reactor, and 3 g of the catalyst and 500 g of
hydroscopic tert-butyl alcohol (water content of 13%
by weight) were charged and sti¥%¥ed in it, and
retained at a tenperature of 85C and a pressure of

0. 25 MPa (gauge pressure). Then, a continuous
reﬁ%tion was started under conditions of the 10

te

BF §t dreTofthes StaTE (He Hhesteretépnowes pralygadge and the

pressu by starting to supply 67 g/hr of
P R BNk Rno et by nEn! Privstidsn B1LE0 ( §Lofystonexanone

al cahol

(e oBoRBenthr se3orby iRy ght Fychaheg g, cHne was 95.48,

60% i ght .of hyd 15 i ter to th
autbe) 508, Tamadh o2l EkpleRexanons. ox an wam 54 Ah-a

phase othhe reaction mxture through a filter sq as

to keepFhETafolurs HHoE 13 AT bi Qf ubBej Keackdon, a steep
reactor ,at 500 m . The reaction was continued under
t hELT8Gmd B ik t FBRSSRET2RAPN O HaXXYeR t 1Bf thife Waste gas was

reaction. .20 During the reaction, while a gas _of

hePPERFYE: nﬁ’b‘iﬂu@ redorehet r SacPdr Hhe acprahvskt cwas added.
5 1/h a waste S di scharged . through a

o EettpefptE) naPlEruIe BAUTENEXORo kb BERTtofTotthe reaction,
oxygen in the waste, ,gas was constantl determ ned b
angg§§§89 éﬁﬁ%ﬁanaFBGnQRQQﬁQtﬁﬁﬁigﬁzaﬁdQ£¥Qﬂﬂﬁﬁpo¥he waste

DGR PR AR B RS S ER e Byt wna acasa.

trﬁhen, 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 cyclochexanone was 89.3%, the selectivity of
cyclohexanone oxime was 99.7%, and the yield 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 out and addition
of thé'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 portion,
then removing the catalyst of 1 g (dry weight basis) from

the recovered catalyst, and returning the residual catalyst
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results showed that the conversion ratio of

cycl ohexanone was 90.2% the selectivity of

cycl ohexanone oxi me was 95. 4% %pd the yield of
cycl ohexanone oxi me was 86. 0% 35after 4 hours from
the start of the reaction, a steep rise in the
concentration of oxygen in the waste gas was

observed, and_therefore 1 g qf .{he catalys s, added.

Foreastier Echi £l 6185 the Jadikitned. RatR1aRY; 1 TEE reactor

reaction a steep rise in the concentratiaon of oxygen

| niheretbatfes, gﬁse wBReEBELPDe s o R SR P iho the same
t.he |.iquid phase of the

cat al yst. was gdded. .. Then, .

r BRGH) i x (AP MAERR vdauich RhASR Oft B hEEAStiPRMixture
the start of fhe react.ion nal yzed, and .t he

r eZH R ?ﬁ&/\ega?ﬁﬁt e éa\rqei?si%&‘h‘rysat gﬁomof he start of the
cycl ohexanone was 99.3%. the selectivit f 15
RSO e Dy BN LIZE 00 SOG AF ( HE Sy Gpoved that the

LSO, BaiTon. of oi SdpLaNStandng ng was | *BS.3%,

coanntratjon 0 in the wa

. | .
ORISR VLY GF CYFLoRexenens, SR IRAagadd - WAy | ang Ghe vield
o&ago_t catalégt was taken Sgt These t aki ng out and

addt 156 OQﬁx?ﬂ CabatPSt¥aRs aP%red out by taking

o1 BRERE TS bl EESELLRR SHaH el b eRESH%a stees

filtration_ftromthe portipn, hen renovin he
mﬁ%ﬁ?sfnoF%fgf??ﬁ?gkﬁﬁzﬁﬂnbggi§W¥Q?ﬂnE§gFﬁg waste gas was

L:%g%’e%{eéjdfaéé" ¥ebe 39 TS UAL NG 09 JSES A L qded while 1 g

of the catalyst was taken out. Furthermore, after 107

the

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 cyclochexanone oxime was 99.6%, and the yield
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.
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15 together with 1 g of the additional catalyst to the
reactor (hereinafter, the operation was carried out
in the sane nmanner). Then, the liquid phase of the
reaction mixture which was takekf out at 75 hours from
the start of the 5 reaction was anal yzed, and the
results showed that the conversion ratio of

cycl ohe n 99.3% the .selectivity of )

cycl oheégﬁlgﬁ'gg%ﬁiscﬁf \/%Egsﬁ?%w&ngﬁﬁtf*ﬁﬂ yiod dPeqn explained as
[ 99. 0% , Af t 89 h f th

o8 TheR e BRoiirritanst e | Cae | repgnt invention is

c ntyr.at.i.on, of ox nin the waste gas was

oS Vit ke G ehhocintRtse: Chns R ENRRE can be

1 . the.catal yst was taken out. Furthernore, after

1P abbiad FRoTATE s Hav S WFBoREaOMRRT b kg the scope

rai.se_in the _concentratjon of oxygen in the waste gas

vvgc%c,lso s%}ﬁ/%a‘?fs%’is ?ﬁ%’f‘tf@nof the catal yst was added

while 1 g of the catalyst was taken out. Then, the

i quid phase of the reaction m xture which was taken
out at 408 Ejurs fromthe start of . the reactiqgn was

anal yzed:© att The r e RS ORI H&iMsh e PrdGmides ghder  the
r &t f xanqne s 98.3% the 2Q selectivit

oF AL COYEREREEE e dRasSobabint RaAR LG5 No. 2004-
c a oxi was 97.9%. After 121 hours from
L PPl ga b T Re RO * F ot A4 SBELR e "PROCESS FOR
c | O f n_in the waste gas was
o%‘é??@‘é’&?*%&%ﬁﬂ*ﬂ%ﬁ?% OXIME . & he contents of that
application are incorporated herein by the reference

thereto in their entirety.
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poi nt the reaction was term nated. 25 16 Al though the
present invention has been explained as above, it
wi || be understood that the preéjpt invention is not
limted to such enbodi nents or anpl es and can be
nodi fied in various ways w thout departing fromthe
scope 5 or spirit of the invention. The present

R R et T Zn?”/‘iﬁ[ﬂ | cation No. 2004-

370725 |Ied on Decenbe 22, 20 .entitled "PROCESS .

FOR 10 35 - CYRICBEHPAAE gpxine by
B IAERD S TS b rrevin o

Sﬁ#@% Sk, g SESRlY, BOOIE B IRAN catayo,

B e e 2 s?,@@%%ﬁ%#& L o escnce of @

f:’rz;:,:ff. i SheEESEBHL L BRI i eanostascars
SR ELTETA Bleasth it Mol Cﬁ‘ﬂé‘?éﬁmtm ot

fc{héf%ﬂfghééglfégie catalyst in the reaction mixture; and

a second operation step for taking out the
titanosilicate catalyst from the reaction mixture and
adding a titanosilicate catalyst to the reaction mixture to
keep the concentration of the titanosilicate catalyst in
the reaction mixture in a predetermined range.

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 cyclohexanone in a liquid phase of the
reaction mixture is kept at 2% by weight or less in the
first operation step and the second operation step.

4, A process according to any one of Claims 1 to 3,
wherein a concentration of hydrogen peroxide in a liquid
phase of the reaction mixture is Fept at 0.5% by weight or

less in the first operation step and the second operation



10 titanosilicate catalyst fromthe reaction mxture
and adding a titanosilicate catalyst to the reaction
m xture to keep the concentration of the
titanosilicate catalyst in the Y®action mixture in a
predeterm ned range. 2. A process according to Caim
1, wherein the 15 concentration of the titanosilicate
cageg st inthe reaction mxture is kept in a range
fromb'to 100 g/L in the second operation step. 3. A
processgacco di ngsto Caim in a

concent Pati o ?EFoﬁ&?zﬁ’ﬁ gi f#’oa@%u%e pﬂgsgléﬁms 1 to 4,
| ofnef bR toRfett Sabicn 51 S n&ﬁﬁm’é 9 Frase of the
o EF Bkt 28 S iiReue AL RERES A Fh athoet SRy aPlgdipTe in the
P g I AR L F

"operation step and the second operation | 6 step. 5.
A process according to any one of Clains 1 to 4,
wherein a concentration of anmonia in a liquid phase
of the reaction mxture is kept at 1% by wei ght or
nore in the 5 first operation step and the second
operati on step.



