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

[ 0001] The present invention relates to a process for
produci ng cycl ohexanone oxi nme by ammoxi mation of
cycl ohexanone. 10Description of the related art

[ 0002] A process for produci ng cycl ohexanone oxi ne
wherei n cycl ohexanone is amoxi mated wi th hydrogen

per oxi de and anmoni a usi i cate catal yst
PR A,

has been known (see, for exa 4,745, 221,

hi's 45#33%##@??%5%?%@2%%@? B Gl

titanosilicate is usually | owered over tine.
Therefore, it is necessary to replace the

gb& gﬁbﬁlcate |E order to maintain a conversion rate
g@ ExRhohd aFNXEHFgggternlned val ue or greater.
| f 20f reguency of the replacenment is high, it may
gﬁﬁgglFﬁé gﬁ@%pen1|n ternms of catalyst cost. For this

reason, US-A2004/0002619 suggests that a silicone
£BRAB&Ind oFRer PERERNENANVERAASS IKiedate scbexiasPEogiesls for

titanosilicate so as to , . .
producing cyclohexanone oxime by ammoximation of

cyclohexanone.

Description of the related art

[0002] . A process for producing cyclohexanone oxime
wherein cyclohexanone is ammoximated with hydrogen peroxide
and ammonia using a titanosilicate catalyst has béen known
(see, for example, USP 4,745,221, USP 4,794,198, USP
5,312,987, and USP 5,227,525). In this ammoximation, the.
catalyst activity of the titanosilicate is usually lowered
over time. Therefore, it is necessary to replace the
titanosilicate in order to maintain a converéion rate of
cyclohexanone at a predetermined value or greater. If a
frequency of the replacement is high, it may cause the
problem in terms of catalyst cost. For this reason, US-A-
2004/0002619 suggests that a silicone compound other than
the titanosilicate coexists with titanosilicate so as to
suppress deterioration of the catalyst activity of the

titanosilicate.
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suppress deterioration of the catalyst activity of the
25titanosilicate. 2 SUMVARY OF THE | NVENTI ON

[ 0003] However, it is difficult to conpletely suppress
the deterioration of the catabyst activity of the
S5titanosilicate and the replacenent of the
titanosilicate is still required, whereby a spent
titanosilicate is left as a spent catalyst. The

i nventors have intensively studied for the purpose of
further reducing the catal yst cost by activation and

f ' ilicate. As 10 [t, th
EgﬁgtE§G§Hﬁﬁﬁﬁﬁhﬁﬁggskhgﬁatﬁe siI?conrgzﬁpound ©
L th the tit | t t
B os T et e Oi%lcﬁﬁfe%&o% X'if’qjsﬁnalr?et%%erﬁuppress
it I t ff t I d
e SRR D AT R AN OHS Chmneed

with the 15t|tan05|llcate mnthout coexi stence of the
titanost ldeRisuRdd tdec dhlacened peddint Gitpamsidicate is
[ 00Q4] The present invention provides a process for

Sﬁrlééuc,reﬂguémrowés@éﬁme 20 anfe twhidenafdiided e He deds as a

spent catalyst. The inventors have 1ntensively studied for
the purpose of further reducing thé catalyst cost by
activation and reuse of the speﬁt titanosilicate. As a
result, the inventors have found that when the silicon
compound other than the titanosilicate coexists with the
titanosilicate, the catalyst activity of the spent
titanosilicate is more effectively recovered by calcination
with an oxygen-containing gas compared with the
titanosilicate without coexistence of the silicon compound,
to complete the present invention.
[0004] The present invention provides a process for
producing cyclohexanone oxime which includes the steps of:

(1) subjecting cyclohexanone to ammoximation with
hydrogen peroxide and ammonia in the preéence of a
titanosilicate and a silicon compound other than the
titanosilicate; and

(2) calcinating the titanosilicate which has been
used in the step (1), in the atmosphere of an oxygen-

containing gas,
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(1) subjecting cycl ohexanone to anmoxi mation with
20hydr ogen peroxi de and anmonia in the presence of a
titanosilicate and a silicon conpound ot her than the
titanosilicate; and 3(2) calcinating the
titanosilicate which has been used in the step (1), in
t he at nosphere of an oxygen- 25containing gas, 3
wherein the titanosilicate calcinated in the step (2)

i t
okoafferdy ?S&ptéﬁlas e catcpj;yst Lo ?:g@r'gf‘ep (2)

makes It poss e to reduc

A Jrat qgl Oi%%egﬂexanone S5wher eby cycl ohexanone

oxi nme  can be at a |OMICOSt DETAI LED
%ﬁﬁ&ﬁ'PT|Q%_OF THE PREFERR%@_ENB NENTS 000 The,
res

i AVENtIor 1A desert Oeee a. Jf5i 516 to reduce

Hﬁ% I|I§¥i 3 %ﬁe as the catal hg resent
4 OO 4 (AR R %@5
nts h forma fr.anework. The f olt
é’su gé’?’eexr?é‘frt?e VoMo &e & ‘t‘f% rﬁ“urﬁ Ow cost.
S|I|con
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0006] The present invention is described‘in'detail
below. A titanosilicate used as the catalyst in the

present invention contains titanium, silicon and oxygen as

. elements which form a framework. The framework of the

titanosilicate may be composed of only titanium, silicon
and oxygen Or may fufther contain another element for

constituting the framework. It is preferable to use the
titanosilicate having an atomic ratio of silcon/titanium of
from 10 to 1000. Further, the titanosilicate may be in a
form of fine powders. Alternatively, it may be molded into
pellets optionally using a binder or it may be carriedvby a

carrier. Representative examples of the titanosilicate

" include TS-1 (MFI type), TS-2 (MEL type), Ti-MCM-22 (MWW

type) and Ti~MCM-41.

[0007] Cyclohexanone oxime is produced by ammoximation
of cyclohexanone with hydrogen peroxide and ammonia using,
as the catalyst, the titanosilicate described above (the

step (1)). This ammoximation may be carried out as a



10

15

20

25

and oxygen or may further contain another elenent for
constituting the framework. It is preferable to use
the 15titanosilicate having an atomc ratio of
silcon/titaniumof from 10 tog 1000. Further, the
titanosilicate may be in a formof fine powders.
Alternatively, it may be nolded into pellets
optionally using a binder or it may be carried by a

SR RENER H el i gt
MAY Ti.- MCM 41, [ 0007 i e,
tBPoHACEA TRy AMmORRECIST 5 81 “EyeroRbesdond @ thection

hydr ogen peroxi de, an ni. i ng,., as the catal yst.,
R N RS RO s SPtned tatove LicRT S &0 B von
Thi [ [ i ed t 4 .
SYSPH ARasS eatd 390 br S D84/ Te MBRE Sk the unit
titanosilicate as the catal%s i's disp%%ged as .a solid
CRR&§EPPRIS F@aétW8ﬁ9H¢xP@Fe.Ohﬁmﬁnﬁénﬁ IeREtion mixture

titanosilicate_in a reaction systemis usually Ig/L to

(soddrLPhaser &i AlANddupPesSSeor responds to a wei ght per

vol une of the reaction m xture (solid phase + liquid.
[BRA8E) . [ GycdphpxpoRERaASNE AFVWalpiRTivtlericyl benpliained
obt ai ned by oxi di zi ng cycl ohexane or may :be .
bygbpgidédipy kryelahexgneyOroRayekhe PHitiad By hydrating
dehydr ogenati on or may be obtai ned 10by hydrogenati ng
cpBéabexepe0d9l Thwednbiyntiedlydnpdengdai opeodx gy e obtained
usually fromO0.5 tines to 3 tines by nol based on
byybldheganehéngpprbkardbly 0.5 tinmes to 1.5 tines by

nol . Hydrogen peroxide is usually produced by a .
[86084&l | edThet hmaguitnofiehydrogen peroxide is usually from

0.5 times to 3 times by mol based on cyclohexanone,
preferably 0.5 times to 1.5 times by mol. Hydrogen
peroxide is usually produced by a so-called anthragquinone
method. 1In general, hydrogen peroxide is commercially

available as an aqueous solution with a concentration of

'10% to 70% by weight. This aqueous solution can be

employed. A stabilizer may be added to hydrogen peroxide.
The stabilizer is, for example, a phosphate such as sodium
phosphate, polyphosphate‘such as sodium pyrophosphate and
sodium tripolyphosphate, pyrophosphoric acid, ascorbic acid,
ethylenediaminetetraacetic acid, or
diethylenetriaminepentaacetic acid.

[0010] The amount of ammonia is usually 1 or more times

by mol and preferably 1.5 or more times by mol based on
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15met hod. I n general, hydrogen peroxide is

comercially avail able as an agueous solution with a
concentration of 10%to 70% by wei ght. This aqueous
solution can be enpl oyed. A stabilizer nmay be added to

hydr ogen peroxide. The stabilizer is, for exanple, a
phosphat e such as sodi um 20phosphat e, pol yphosphate

such as sodi um pyrophosphat e and sodi um

dyd Rl sphesrhat &y A Qphasphar fr%fr‘éldablaes% Ride 3ifonia in

é{hylenedianinetetraacetlc acl
' .. g nepent ' ' 010].T.
B s e T IR B dher Vs Y fHar
ra . I re ti 1 | sed on .
BRI o A TR AP AR B fipds ammonia

ia_jnh an _excess ampunt .conpared to hydr n .
T B e, Endl Ao 2 PSR hah Gheelict g ernatively,
m xt ure. Gaseous anmoni a he used or a .liquid
A RSHES ay ToETLSEPATAG, SHENGARY T SHPTe Y e diped.

r Ic sqlution of, a nig may be used. [0011] The .

LN e 5 PEmE ARy e G UL SR AR S arit
an organjc solvent as a reaction solvent. The exanpl es
WBRE g G OTe B SO (0 VAR 5o oI SARLH.OAS SRORFRA.  The
al cohol, ethyl alcohol, n-propyl alcohol, isopropyl
SXGHPCGFoPL RTERRYIC Sodaifart, Wiq fn Alcokal such as
tert-butyl alcohol and tert-anyl alcohol, an aromatic
TR c &lisROduc kR taY lhed£omel it rpaiv@y lx Aleiwdodnd 1sopropyl
et hyl benzene, and an ether such as tetrahydrofuran,
adicoxgre, nabuitydpedpphody hsrec—vd el apoll, msyfbutyl

et her.
alcohol and tert-amyl alcohol, an aromatic hydrocarbon such

o
—

as benzene, toluene, xylene and ethylbenzene, and an ether

such as tetrahydrofuran, dioxane, di-isopropyl ether, and

tert-butyl methyl ether.

[0012] In the present invention, the silicon compound
other than the titanosilicate (this compound may be merely
referred to as ﬁhe "silicon compound" hereinafter) coexists
with the titanosilicate as the catalyst in the ammdximation,
as described in US-A-2004/0002619. This recipe can
supprésses the deterioration of the catalyst activity of
the titanosilicate, whereby the frequency of the
replacement of the titanosilicate is reduced leading to
reduction in the cost for the catalyst. Further, the
amount of the titanosilicate in the reaction system can be

reduced, which also can reduce the cost for the catalyst.
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15[ 0012] I n the present invention, the silicon conpound
other than the titanosilicate (this conpound may be
nerely referred to as the "silicon conpound”

herei nafter) coexists wth thg titanosilicate as the
catal yst in the amoxi mation, as described in

US- A- 2004/ 0002619. Thi s reci pe can 20suppresses the
deterioration of the catalyst activity of the

fddedesi ligats phehshyy the § regensye of o f

ign of th
repl acenent of the titanosilicate 1s re uégglfea I ng ©

éa‘?:z{l%tcta{é%ﬁf\}it%r@f GOnd gJ?faﬁJEelfﬂ{ é’satrié%gg%}?rbreak of

t he anount titanosilicate 1n e reac
uc mhi C . r ce the.

TS T SR AT B S, S el of

t et er.i j on. of e.cat actiwvity of the

atéllfiaz% 0 ?ﬁrll ngc;?%ed % PCI % easé%ydg[feengi yofﬁ Ry l)|c/)eosi nts due §p°o"
lLution of si.licqn, or i,soni of .activ.e .point e

“ﬁ%ygieécqﬁgﬁléﬁéﬁ%ﬁﬂu9€ﬁ% 3 Géﬁ?%%ﬁﬁxﬁ? %tﬁ§c¥he
deteriaratiqon aof the catal activity of the

e e 1% CRBRASCER Ty e R SR O e
i.l.icon compoun eens .to_be that the elusion of . _.

<8 RBRIHe e GSmiSid S Ui e s11icon

el ution of, _silicon fromthe titanosilicate by just o

TrRgy t%?cﬁ%ﬁ&%é‘qwq VP URPEESHTS i 118 BAUHES95 cHhl icon
conpound suppresses the inpurity adsorption by the .

fﬁ%ﬁgﬁ titene sy jicgde at] YdlcHhatharepaad the impurity
silicon conpound fromwhich silicon is liable to be

adeQredion e thie isddh COSMFOIRP S WHRRF afes fe iimmrity

is liable to be adsorbed is preferably enpl oyed.

245PEPA 1Re by [theo ik idamesidd datea thorimsdt et euch .

used, one
Therefore, the silicon compound from which silicon is

liabie to be eluted or the silicon compound on which the
impurities is liable to be adsorbed is preferably employed.
When the silicon compound in a form of solid is used, one
having a larger surface area or one in a form of particles
having a sﬁaller diameter is preferably used.

[0614] The silicon compound containing silicon and
oxygen is preferably used, and the silicon compound
containing a silicon-oxygen bond is particularly preferable.
For example, silica, silicic acid, a silicate salt and a
-silicate ester may be exemplified. A mixture of two or
more silicon compounds may be used as the silicon compound
may be. The silica may be crystailine silica such as

silicalite or amorphous silica such as a fumed silica or a
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having a | arger surface area or one in a form of
particles having a smaller dianeter is preferably
used. [0014] The silicon conmpound containing silicon
and oxygen is preferably usedy and the silicon
conpound 20contai ning a silicon-oxygen bond is
particularly preferable. For exanple, silica, silicic
acid, a silicate salt and a silicate ester may be

seﬁﬁﬂﬂi idded. #hdm e Ofy I &f Y &S ¢ 'ﬁ}%}:eof may be
conpounds may be used as the silicon conpound may be.

t |
25S|Cf’§l Ccl?ltémé’cﬁ?ﬁ &?dsl & ﬂ %a%%ﬁ%he Falts of

e or am)rp IC& suc a fume

ﬁﬂ éé: Had or%ﬂ G -Qkﬁfi1ﬂ§ )#ths
t OSI|ICIC aC| r a p

sa er edf e ort acid

]tel%ﬁl rléan:ee o@he%: QLI atnhec%e af]daﬁ‘ioos 1 gl%%e be used.

i'ne or  an annrp ous.
n t|t osi.l..cat.e 5 Tet aal s
TteQt%h r]Tlcar %OS recfaetreaﬁ%pursee agﬂt}ﬁe & e silicate
e up_ of_ tetraal rt 05|I|cat
S i [y ﬁ%x% e, T Y B § 00T e ually
of thz: d%lcon C din the reaction
hﬂfst Ukt é’tfr 987 ‘dependi ng t he

Ochar acteristics of the silicon conpound a d the
l']fmggduct i IRPURT e W9 isddnt %ﬁnﬁm

reactlon system For exanple, when the S|I|con
SYF Hoe TGt Mo SIRStEd SRfiimecl Y, deRersHdtedhe

or a dlsper5|on such as soI wherein the solid silicon
J1$§ld_‘|SS'9éfr§é)da isi ldigon compound and the

introduction way of the silicon compound into the reaction
system. For example, when the silicon compound in the form
of solid is directly introduced or a dispersion such as sol
wherein the solid silicon compound is dispersed in an
organic solvent of water is introduced, the amount of the
silicon compound in the reaction system is usually from 0.1
times to 20 times by weight based on the titanosilicate.

In that case, it is preferable to disperse the silicon
compound as the solid phase in the reaction mixture. When
the silicon compound in the form of liquid is directly
introduced or a solution wherein the solid or the liquid
silicon compound is dissolved in the organic solvent or
water is introduced, the amount of the silicon compound in
the reaction system is usually from 0.0001 times to 0.5

times by weight based on the titanosilicate. In that case,
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150rgani c solvent or water is introduced, the anount
of the silicon conpound in the reaction systemis
usually fromO0.1 times to 20 tines by wei ght based on
the titanosilicate. In that cgse, it is preferable to
di sperse the silicon conpound as the solid phase in
the reaction m xture. When 20the silicon conpound in
the formof liquid is directly introduced or a

sl 48 1 0ne f\ék%k?ié‘otfé‘eaé&iad%ﬁ’é &5 Qi éf'ﬁﬁ@nslllcon

conpound 1s dissolved In e ordani c solvent or water

P e s A B usu‘z}ﬁ V¥ om 00001 11 mes to

&@&2;;2%%3’ ﬁé@% preter aagF 6$gcga%/oa%§?¢1ﬁéc % Bdeen

SIS ot St v 1B ey U PRB b o,
L eé%‘é?oﬁ%ro%l%ﬁesbﬁpo%aﬁ{%?ﬂs e sy Tiewpoints

P 7 Lo RSRALY or i THE off iRe K GP apecive
LA N L R AL

cycl ohexanone, ammoni a, the

b h
cl%tqctoifrn%a”g.b@a@ QBEE A5 A or o iR OB W iR

in a reactor and t hen prOV|d|ng hydr ogen per oxi de
Risd Bt ey BeHMT Y FRh A giggionia, the

cycl ohexanone, the titanosilicate, the silicon

igad whdheolsidricam agp ot tad amdalient in a

prOV|d|ng hydr ogen peroxi de and anmmoni a
reactor and then providing hydrogen peroxide herein, or may

be carried out by charging cyclohexanone, the
titanosilicate; the silicon compound and the solvent in the
reactor and then providing hydrogen peroxide and ammonia
herein, or may bé carried by charging the titanosilicate,
the silicon compound and the solvent and then providing
cyclohexanone, hydrogen peroxide and ammonia herein.

[0017] In the case of the continuous operation, when the
silicon compound is dispersed as the solid phase in the
reaction mixture, it is preferable that a predetermined
amount of the reaction mixture with the titanosilicate and
the silicon compound dispersed therein is retained in the
reactor and cyclohexanone, hydrogen peroxide, ammonia and
the solvent are provided herein, while the reaction mixture

is drawn in an amount substantially equal to the total
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15herein, or may be carried by charging the
titanosilicate, the silicon conpound and the sol vent
and then providi ng cycl ohexanone, hydrogen peroxide
and ammoni a herein. [0017]1n §he case of the

conti nuous operation, when the silicon conpound is
di spersed as the solid phase in the 20reaction

m xture, it is preferable that a predetem ned anount

ﬁodrﬂ? JeagtdQn I'E'“?(g&ég.l%f’ﬂéﬂb Lher i An0Sidd Gati® AN he

e silicon conpoun spersed therein is retained In

.eact aor. ycl ) oxi de,
rHe A TS 2 RIS, AR M ter so

t] Xt yr.e 25§ r [ n_a t.,substant ial{
ey R e S SRR B Yeare
In, this aperation, the reaction mxture is pr.eferab
S g omresp e F1 1 SR e s, Heh 3t the
i S drawn the .t.itanosilicate and.t.he silicon . .
tEG S %ﬁd&eﬁé‘ast Vet Ysh $SE TS (S 15 P iR which is
Al.ternatively, when .the silicon .compaund whi.ch is .
<01t s 2 SOHAHEe M {1Fe ERGHBh THSHURR % embloyed, it
.enpl oyed, it i referab t hat a predeterm ned anount,
it it SrabdE SR & BEARLAFILREY RGN [Qicdtls Teaction
di spersed therein s retained in the reactor and
TGS Re Xaiton & Lenfditeges Lo & ek iddSPemashiBe 1G4 don
compound and_sol vent are provided herein, while the
regadiiesh 1l Hhgr &S t@ramid £ YA ChRREROTSUb HVARAZAT v
equal to the total amount of the raw materials. In
Perios igger 3R lay hé ildgen sompoung and serlereatamse

drawn through a filter so that only the liquid
provided herein, while the reaction mixture is drawn in an

amount substantially equal to the total amount of the raw
materials. In this-operation, the reaction mixture is
preferably drawn through a filter so that only the ligquid
phase is drawn and the titanosilicate of the solid phase
stays in the reactor, as described above. The reactor is
preferably lined with a fluorine resin or glass, or made of
stainless_steel from the viewpoint of prevention of the
decomposition of hydrogen peroxide.

[0018] The reaction temperature of the ammoximation is
usually 60°C or higher, preferably 80°C or higher, and more
preferably 90°C. or higher, and usually 120°C or lower,
preferably 110°C or lower and more preferably 100°C or
lower. The reaction may be carried out under a normal

pressure, under pressure or under reduced pressure. The
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15phase is drawn and the titanosilicate of the solid
phase stays in the reactor, as described above. The
reactor is preferably lined with a fluorine resin or
gl ass, or made of stainless sieel fromthe vi ewpoint
of prevention of the deconposition of hydrogen
peroxi de. 20[ 0018] The reaction tenperature of the
amoxi mation i s usually 60C or higher, preferably 80C

Wadt el s ?&rﬂ&ra%lﬂf farably MCRGH PreissudRdso that

usual ly 120 | ower, preferably 110C or | ower and
Y QiR dﬁiﬁ&@' ACH Rl RS @Rt HQB ABYNPGixture

carried out un er a nornmal 25pressure, under pressure

pré#ggg%ﬁy%pucqgl Q§§%%. TQ%e i&é@?ﬁ?@ %e adjusted

carried out un ér pressure so t

u@ﬁ)gﬂ a\ﬁec.iLn% u 2Ll AR %Jﬁr]}to%etnh%rr %%Cltl'uﬁln g‘ Xt ure

'S |1 crease t hi's case e pressure may

t ed t t
R s it %]ePﬁ S aceﬁf&%‘: ] Eaf
i S st%¥i re%yl ed.in_ord H |ntavn t he_can er%
HEAE TS CyI°di aliGn&2af én&, &t SOMVTES VA 651 g‘r re
HOGTeAReTn 351 % Re SOSEE IR R Ey OBt TPFe Since it is
LG oo SeRB e Yo UDIE S s P O TR TG T the
sili.con conpouynd. For _this reasqn, the sgent,

ceitedns BCtae thhiodh the fFadampsiniisatepraesnddt the

activated and reused in the present invention. This
2EpgBLEetine dat seysiedosit dngen GoeKkdstaacresledhe

15[ 0020] The activation of the spent titanosilicate is
titanosilicate and the silicon compound. For this reason,

the spent titanosilicate which arises by this replacement
is activated and reused in the present invention. This
enables the catalyst cost to be further decreaéed.

[0020] The activation of the spent titanosilicate is

~carried out by calcinating the spent titanosilicate under

atmosphere of an oxygen-containing gas (the step (2)). The
catalyst activation of the spent titanosilicate that
generates during the ammoximation without the silicon
compound is not sufficiently recovered by this calcination,
but the catalyst activation of the spent titanosilicate
that generates during the ammoximation wherein the silicon
compound coexists with the titanosilicate is sufficiently
recovered by this calcination.

[0021] Air is usually employed as the oxygen-containing
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carried out by calcinating the spent titanosilicate
under atnosphere of an oxygen-containing gas (the step
(2)). The catal yst activation of the spent
titanosilicate that generatesiduring the amoxi mation
wi t hout the silicon 20conpound is not sufficiently
recovered by this calcination, but the catal yst
activation of the spent titanosilicate that generates
dHY | Nnpufe anpged My W Whidel n tlhecrsdd | G LOMRUEY may be
coexists with the titanosilicate is sufficiently
JiOGAMRT of Y dithioFdl dnal | Qb AP [PRAM A gd s, Usldhat
enpl oyed as the oxygen-containing 11 gas.” Pure oxygen

dBe be ussttediWdtiRh JdgSs fasess 'fﬁye%éﬁllyﬂ%déw b 1ume

nitrogen or a carbon dioxide gas. I'n that case,

SORERY T atmihgﬂ & ongend s sheiaply i5s%Lfé?ﬁa"1°.L| P o

nore. The cal cination tenperature i s usually 250C or
e e R Bl R, Tule AR
iRt T i SRt N, ik A8 o
ltoiwme. | ea(yaq.f’cti%%t%.%tni rE%' | éc%gj%g%diinsg uosglatlgS/alquO °],Cr SH 5lower

cal’ci nat1 on tenperature 0 on ana u
B F BTG ey b Custiar i e r 108 IR Be A e 15
SBSRRE opb SR T SRl 88 8 B SR Wndbacure
Gflorst Pan Erehe el dEoBh | ST5aRG: 21} Aren odiny

by chargin pr edet er mi ned anount .of the spen
PEPSRIS FRGale RS Odalici it (o imede- 0y df abeaisual ly

oven and passi ng the agxygen-contai ning gas through the
CRGFA&EE OUtn ath & RRLB3df PLRE SUEMt-i nuous operation, the

[0022] The calcination may be carried out in a batch

operation or may be carried out in a continuous operation.

In the case of the batch operation, the calcination is

preferably carried out by charging a predetermined amount

of the spent titanosilicate in a calcination furnace such
as an oven and passing the éxygen—containingvgas fhrough
the furnace. In the case of the continuous operation, the
calcination is preferably carried out by passing the
oxygen—-containing gas through a calcination furnace such as
a kiln, introducing the spent titanosilicate at a
predetermined speed and retaining it for a predetermined
time followed by drawing it.

[0023] In the case where the spent titanosilicate is
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20cal cination is preferably carried out by passing the
oxygen-contai ning gas through a cal ci nati on furnace
such as a kiln, introducing the spent titanosilicate
at a predeterm ned speed and fetaining it for a
predetermned tine followed by drawing it. 25[0023]In
the case where the spent titanosilicate is 12 m xed
with the silicon conpound, the calcination nay be
fialdd 6 tqut 1R 8N PR he thiet @tlagglihla%%ﬁ fa9Mbe

e silicon conpound. Altérnatively,

d 4 anesidicats gnd a%ngfQﬁgcQQEQHBgiQQEaQ% from the

cal cinated together. Furt the titanosilicate nay

528 PARlorfo 18] ekl 488G, Ol 1 3EIARLS 19858 R0

ptional I'y subjected to pre-drying.

t$§f%&ﬁqe%na%%%%buk%eg%&é%ky%%ﬁ%ghé%ggyg?%e%ﬁ%r%peghrther,

nosiTTcate s recovered ( ationan
e PasBetie g hnyl BRCGei pRRads PPRAATHRaEEE or
i_mat | t he st 1)). Specifically. .th
PogeREr e MR Todr Redt Gorapine addy abbdected to pre-

s§p§Ienentary cat al yst upon repl acenent of the
drYAdosi | i cate for addressing the 15deterioration of

the catal yst activity. For exagple, when the, , |
[QR%ANi mat P6n 9pS CEaPETe@PRTE i hRenEbAL ¥R toperalisy, odt the
| east a part of the collected spent titanosilicate nay
spendr hhir2Bpery 15aten 16r reFergrenryatefeSalmrpeiPRe 20
regenerated titanosilicate may be supplied. Wen the
theagReRtmitaRomdy 168 teaptited” BELNPN CRAE 1864EANGEOs e
operation, a part of the spent titanosilicate may be _
rgpaed BFom tRECPezetieen tdfanemiat caheapprofhrapBorfBation
interval during the operation, and the regenerated
(Eheanbspl i(éad e nBpepéfdgpplivedthal regraeraéed t he

operati on may be stopped at
titanosilicate may be used as a supplementary catalyst upon

replacement of the titanosilicate for addressing the
deterioration of the catalyst activity. For example, when
the ammoximation is carried out in the batch operation, at
least a part of the collected spent titanosiiicate may be
drawn every batch or every few batches, while the
regenerated titanosilicate may be supplied. When the
ammoximation may be carried out in the continuous operation,
a part of the spent titanosilicate may be drawn from the
reaction system at an appropriate time interval during the
operation, and the regenerated titanosilicate may be
supplied. Alternatively, the operation may be stopped at

an appropriate time interval during the operation to draw
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25an appropriate time interval during the operation to
draw 13 at least a part of the spent titanosilicate
fromthe reaction systemand the regenerated
titanosilicate nmay be supplieds The drawn spent
titanosilicate is reused as the regenerated
titanosilicate after the cal cination. Wen the
5silicon conmpound is drawn together with the spent

dd haney | ¢ale, dfhens |dpeen canRewRd 1T the rsbRpihed
together with the regenéerated titanosilicate. In this

r&a381 e Slche Legenelated didares Itii%%h%siﬁli%tt@i ReY be

by calcinating the titanosilicate and the silicon

%} ?%@q 196008t Reh SHe+ 898nehated Litkanasiricai€ as the

_ e silicon conpound can be supplied at the sane
r%p%%ﬁQ%t%ﬁpQHXBBQSHH%c% lc% o dtﬁﬁo %ﬁkin%%&%%?r’ en the
esh titanosilicate and/or a fresh silicon conmpoun
' Ll ied. [ 3 I t
THASHD SPRERA X7 Bt ogelrrie? RRFLOLE Solnl 3"
ds .t t. of Si Leh_i . of
Rt o ey hemianriny cRuebin ray o) Yipptte
B U TR ot SR a8 R B g case,
f the d ti .m xt ur.e .by  det. L ni the S
WSRO NOENEPHERER LRt Iid ARG LIGALE OF WErAGPEd BY
Furt her,. f the. I [ f h
RS PRC ERE ey eBe SRt P Be e d e SRTERYRS
on the decrease in catal yst activity mhiph d%%%easg,
tegrthezppbhes ragsprre ted tHdaRpsHd 1Fa4E: POR t5S] 6625TR™

post-treatment operation of the reaction 14 )
compound can be supplied at the same time by supplying the

_calcinated product. Further, a fresh titanosilicate and/or

a fresh silicon compound may be optionally supplied. It is
preferable that an amount of the supplemental fresh silicon
compound corresponds to an amount of Si which is drawn out
of the reaction system during the reaction. In the
continuous reaction, the amount of Si drawn out of the
reaction system may be calculated based on the amount of
the drawn reaction mixture by determining the Si
concentration in the drawn reaction mixture. Further, an
amount of the supplemental fresh titanosilicate may be
optimally determined depending on the decrease in catalyst
activity which decrease still appears despite of the above
reaction.

[0025] A post-treatment operation of the reaction
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m xture after the ammoxi mation may be carried out by

enpl oyi ng known net hods. For exanple, a |iquid phase

of the reaction m xture may be subjected to

distillation, as described i nQSP 5,227,525 so that

the sol vent and the 5remai ni ng unreacted ammoni a are

separated and collected as a distillate to give a

bott om product containing cycl ohexanone oxinme. Next,
XAHUIE (O T TRE 14 hRG! b Waldy 13 QREANL

solvent fromthe bottom product and an extracted

iy d MR rREaRhedand qondensedand A1GaRkd RN £

s&% 3?{%@ {b {hrtherd%istillatloﬁgio gFVe_%&ﬁif?t_ ¢ °

tEECLNEXARANG QU TR, S/e ey “éu%g%’&f’c% eti?m&igeciqqtaaéi%%d, as

ubj ected to Beckmann

in thi's manner may be
[ ' l-i gui-d ph t

AR 9 R 57 B P38 O R 0RS JASRLP che
L o R R e S S ST
Ammoxi.mat | ith f ti,t il t ..
o) GBS LRt Einddiei Eabs TEPR POt ToroRtainixg gel |
C&g&k%gel B- 0 of .Wako Eur% Chewhcg% | ndustries, Ltd

EVERAPGRE PRiBan Notdel &VE RAFRER SO Birvbe
RS Ohar S5l SHePEOaT PORTENS T MtLr: DR Rtan g duct

tert-butyl alcohol 15
and an ex%racted liquid may be washed and condensed and

optionally subjected to further distillation to give

purified cyclohexanone oxime. The cyclohexanone oxime.

. obtained in this manner may be subjected to Beckmann

transformation in a liquid phase or a gas phase to give e-

caprolactam.
EXAMPLES
[0026] The present invention is described by some

examples, but it is not limited to these example.
[0027] Examplell

(a) Ammoximation with fresh titanosilicate

1.5g of a titanosilicate (TS-1), 8g of a silica
gel (Wakogel B-0 of Wako Pure Chemical Industries, Ltd.)
were charged intq an autoclave having a 300mL volume and an
inner surface lined with a fluorine resin and they were

dispersed in 100mL of a water-containing tert-butyl alcohol
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(water content: 15% by wei ght). Anmoxi mati on was
carried out in the continuous operation by feeding, to
t he di spersion, cycl ohexanone at 19.6g/ hour, the

wat er- containing tert-butyl Ba$cohol (water content:
15% by 5wei ght) at 34.8g/hour, ammonia at 6.45g/ hour
(1.9 tines by nol based on cycl ohexanone) and 60wt %
hydr ogen peroxi de aqueous solution at 13.0g/hour (1.15

Wy Rbdinthased o ualahexanonaband tdoaivag Rarried
Iqu|d phase of the reactlon m xture through a filter

ot Hﬁﬁ%h% %Qh%q%u%ﬁst%%g&%%ﬁkbp%yl%@éﬁﬁ%@e %% the

aut ocl ave was nai ntai ned at 100nL. During t

QBRI hR1RAGLAn ! SIPIALY/oNES R nmlt@%d_ at

action pressure was nal nt ai HEd at

n%%ygﬁn%gggr%f%@%gﬁa%h%%h%i'R%a%eﬁe' BARS - 1EBeﬁg

IQUI reaction Xture ravvnfromt
W%H %aﬁ% %é §9%%%raf%%E.#§%h% S%a4$ﬁZEOEQFJqp%r%HheS by

gas “¢hromat ogr aph
d that the.conversion rate G hexanone was
m@@. ek 3 S TEAPBRFRRRRED, BB Ry R RaRE AL B MR e
was 99 5% The ga nal, S. Was
<Hieel fed H}-ﬂyn’é’sﬁt -‘i'ﬁru@%% DOR 98" ERs0 oY ersPaed on
ra cycl ohex ne oxi ne. _The .qperati on i
el ﬁﬁfaa%aﬁ Andhd2cuapgr & o it CEBRSEy B ohBRaRGAE T ion
was 90% e S. erabl s det erm ned as
nE R UE R RS ERABeA ERY ORorar DR s PaPPi NG e e Teaction
gper ati gn flnlshlng The operable tinme was_290_hours.
m?ﬁFGG?SPPa ?eAﬁHE?F%&F?oHaﬁlFﬁlPFééﬁe@1?énéQPPPcatQurlng
Ammoxi mation was carried out in . the
tgéﬁeoﬁﬁﬁﬁéﬂoﬁs the éBéG@leﬁeF&WPGﬁaFEFeewéépPaﬂﬁﬁﬁlPﬁ@ at
agounts -of the titanosilicate and the silica gel were

98otibpeE, thRatepstignogrepstfe WpcaRadntrdned akd016§MPa by

of the silica gel were 5Sused. The operable tinme was
pgggsH§gz§tlon using a helium gas. he liquid phase of the

reaction mixture drawn from the autoclave 5.5 hours after
the start of the operation was analyzed by gdas
chromatography. The analysis showed that the conversion
rate of cyclohexanone was 99.1% and the selection rate of
cyclohexanone oxime was 99.5%. The gas chromatography
analysis was intermittently contiﬂued to observe the
conversion rate of cyclohexanone oxime. The operation was
continued until the conversion rate of cyclohexanone was
90% or less. The operable time was determined as the time
between the operation_starting and the operation finishing.
The operable time was 290 hours.

[0028] (a') Ammoximation with fresh titanosilicate
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[0029] (b) Calcination of spent titanosilicate

The reaction mxture left in the autoclave after the
operation according to the above operation (a') was
filtrated and the filtrated spkid was washed with the
10wat er-containing tert-butyl alcohol (water content:
12 % and then washed with water. This washed solid
was dried in air at 110C for 8 hours followed by being

cal ci nat edy@lo 394 f wa QUi 8 Auth el tthe B hBner

a regenerated titanosilicate/silica gel m xture was

dLANLTR AL Qﬁ%ﬁ%’tyio}ﬁr(@)e:eﬁpﬁ)@tha{@% (#dounts of the

Ammoxi mation Wi th regenerat anosilicate

+HAS IO JTRLd O Vas £ aini &, %%i%%é“gdoéﬁg;e%g&%rt s,

the above operation (a) except” that

1 S9gne ahed LiANASH I GRIETSL og 9B e aPtaneL

ove operation (b sed 1 nstea

S5 anidis A ST RO TR e Y equal “To or more
] Compld a S BATETS of S50t Ao ¢
(resh Lot Woes nase AT BRIV reer

LB O8RSl oL el s o689,
f?h %%%%%?5% t gdfl1g£g%eg1ggfy€a¥;;iéégﬁgﬂl&f%ﬁ(%he
water-containing tert-butyl alcohol (water content: 12 wt%)
and then washed with water. This washed solid was dried in
alr at 110°C for 8 hours followed by being calcinated at
350°C for 2 hours. As a result, 15.83g of a regenerated
titanosilicate/silica gel mixture was recovered (recovery
rate: 83.3%).
[0030] (c) Ammoximation with regenerated titanosilicate

The ammoximation was carried out in the same

manner as the above operation (a) except that 9.5 g of the
regenerated titanosilicate/silica gel mixture obtained in
the above operation (b) was used instead of 1.5g of the
titanosilicate and 8g of the silica gel. The operable time
was 321 hours which was eqﬁal to or more than that of the
above operation (a).(290 heurs).

[0031] Comparative Example 1

(a) Ammoximation with fresh titanosilicate
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The ammoxi mation was carried out in the same nmanner as
t he above operation (a) except that the anount of the
titanosilicate was doubled, that is, 3.0g of the
titanosilicate was used. The Dperable tinme was 530
hours. 10[0033] (b) Calcination of spent titanosilicate
The reaction mxture left in the autoclave after the
operation according to the above operation (a') was

filtrated Tard drie findattiahne ha$0ldad sl \waghed Which sl
wat er-containing tert-butyl alcohol (water content: 12

métrle rl 2and Heheib obas kefd ratttibnalagr o fTixampashad ex@lept that
was dried in air at 110C for 8 hours followed by being

t&Rl @inated @i 3RACHAT v oUr TheAS R @9 think 6RG afs4
the regenerated titanosilicate was recovered (recovery
Holr& . 55% . [0034] (c) Ammoxi mation with regenerated
titanosilicate 20The amoxi mati on was carried out in

fodg5ane 'Y%“'?eﬁamﬁl%xti?n%tg%%" G QRE RPN i Qe 'i:ia?]tléat

1.5 g of the regenerated titanosilicate obtaine

the above 1gaetali.nrCh) A% aised 8kead Ol nl 39 Uame

the titanosilicate. eoperabl e tine was ours

mﬂ%ﬁ%@ Q%Stﬁ%?%%%k%ah%@%a?ib%%%%?gggﬁfg%:%%%taQ%%eamount of

operation urs mpar ati ve

tgéaqqk%n%silicate was E%%b%%%?xkﬂ%kig ,m@ﬁcﬁiE&i%%eOUt
i'n the same manner as the operation (a) of anple1
hat ,1.5 of the ener at tit.ano

SRR PR P 898 0p 0T PBRCCH) Sof B A Ay Jo hours:
[66%%@'6 1(%?SCQE%QnB%ig%a%fogpent titanosilicate

The reaction mixture left in the autoclave after
the operation according to the above operation (a') was
filtrated and the filtrated solid was washed with the
water—éontaining tert-butyl aléohol (water content: 12 wt®)
and then washed with water. This washed solid was dried in
air at 110°C for 8 hours followed by being calcinated at
350°C for 2 hours. As a result, 1.65g of the regenerated
titanosilicate was recovered:(recovery rate: 55%).
[0034] (c) Ammoximation with regenerated titanosilicate

The ammoximation was carried out in the same
manner as the above operation (a) except that 1.5 g of the
regenerated titanosilicate obtained in the above operation
(b} was used instead of 1.5g of'the titanosilicate. The

operable time was 86 hours which was significantly below

that of the above operation (a) (144 hours).
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1.59 of the titanosilicate. The operable tinme was 149
hours which was significantly bel ow that of the
operation (a) of Exanple 1(290 hours). [0036] Exanple 2
10(a) Ammoximation with freshygitanosilicate

The ammoxi mation was carried out in the same manner as
t he above operation (a) of Exanple 1 except that the
anmount of the titanosilicate was changed to 2g and 3g

[Qfo fum%ﬁﬁgﬁgﬁaﬁl(@%g@ﬂe M 7D provi ded by CABOT

was used 1 nStead of 8g of the silica

gel The & Ll {18 (W8S 1/A80 11QuiSg R34k l:E)ne Same

CHIClnatlon 0 spent tltan05|llca

h
n%‘%g%té[lt %%n@(hé) %\rﬁa%rlafq;ﬁ Yt a agd ng}éﬁl?r ate tt %haé: 159
%:ZO@Q%Gaeratedtt ﬁﬁg ﬁﬁggg}ablﬁﬁinégt bg ! %ﬂ$ve

cotol er conten en was
O%’aeﬁ%&egm o %%yp@eﬁa%gw@aﬁ%a ey g guetor s ¥ad of
]‘(' ar?afsﬁ%l gsult (}1531 Ca ' %qﬂ%g) ezgﬁlé‘b‘%o V&ed 42
}\%(ry%%g\ér @g%{alest Srh 2 J.lflézae\lné: g)/o%se]l%v) tAm{DXIgmat e opvgra ion

anmoxi mat i on mas carried oQut in the sane manner as the
(@Povd &FerRdicon (@2 @%@éﬁt ‘that 2.75 g of the

ls)generated titanosilicate/funmed silica m xture
Silned EFaBPHE Zbove operation (b) and 2.25g of the

funed silica were ) ) ) .
(a) Ammoximation with fresh titanosilicate

The ammoximation was carried out in the same
manner as the above operation (a) of Example 1 except that
the amount of the titanosilicate was changed to 2g and 3g
of a fumed silica (CAB-0-SIL M—7D provided by CABOT
COPORATION) was used instead of 8g of the silica gel. The
operable timé was 466 hours.

[0037] (b) Calciﬁation of spent titanosilicate

The reaction mixture left in the autoclave after
the operation (a) was filtrated and the filtrated solid was
washed with the water-containing tert-butyl alcohol (water
content: 12 wt%) and then washed with water. This washed
solid was dried in air at 110°C for 8 hours followed by
being calcinated at 350°C for 2 hours. As a result, 2.75¢g
of a regenerated titanosilicate/fumed silica mixture was

recovered (recovery rate: 55%).
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used instead of 2g of the titanosilicate and 3g of the
funmed silica. The operable tine was 459 hours.

[0039] (b-2) Calcination of spent titanosilicate The
reaction mxture left in the natoclave after 10t he
above operation (c) was filtrated and the filtrated
solid was washed with the water-containing tert-butyl
al cohol (water content: 12 w% and then washed with

MRy Thi W@ﬂﬂﬁ%ﬁﬁ%ﬂﬂ%ﬂMWiﬂﬂﬂﬁ@éédér@t%da%1%3@5§5¥1cate
8 hours follomed by being cal ci nated at 350C for

hours. AS'I%el%'irﬁt%HJﬁnat:io%z%a%f dahe ikegener athedhe same

titanosilicate/funmed silica m xture was recovered

a8 &Y Rt @bofl tPeraltd@H0](GG- 2k APFOEHIRL O Wit I £ the

regenerated titanosilicate The amoxi mati on was

?@ﬂé%%ﬂ@&: Qa%%%liﬁ%%t% %rs ﬁlkgemﬂa%%ﬁe obﬁﬁlned in

eration except . ther egener ate

‘hbt %%%%' lopRLS/; kﬁgieg %' ' lcrj;&ia 2m§>5tg“ ¢ RLAING d' %Jﬂ%a were

ove oper tlon g of 't he f ure

u 14 %adh%%eé% %f eoEl%g o%&ﬁ e 'lB%%F % %%e
SE RESF % %b ? %fa%

uned Si [M°ca. pera Ime was ours.

fzafnsﬁi*"* SLidayc, éf%gxgﬁsasb&f. s e B REY ¢ ot eps

[8039] (b-2) Calcination of spent titanosilicate

The reaction mixture left in the autoclave after
the above operation (c) was filtrated and the filtrated
solid was washed with the water-containing tert-butyl
alcohol (water content: 12 wt%) and then washed with water.
This washed solid was dried in air at 110°C for 8 hours
followed by being calcinated at 350°C for 2 hours. As a
result, 3.82g of the regenerated titanosilicate/fumed
silica mixture was recovered (recovery rate: 76.4%).
[0040] (c-2) Ammoximation with regenerated
titanosilicate

The ammoximation was carried out in the same

‘manner as the above operation (a) except that 3.82 g of the

regenerated titanosilicate/fumed silica mixture obtained in
the above operation (b-2) and 1.18g of the fumed silica
were used instead of 2g of the titanosilicate and 3g of the

fumed silica. The operable time was 421 hours.
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5(1) subjecting cycl ohexanone to anmmoxi mation with
hydr ogen peroxi de and ammonia in the presence of a
titanosilicate and a silicon conpound ot her than the
titanosilicate; and (2) calcinating the titanosilicate
whi ch has been 10 used in the step (1) together with
the silicon conpound other th the titanosilicate, in
t he atnosphere of an oxygen-coOntai ni ng gas,

wherein the titanosilicate and the silicon conmpound

og\,ﬁgf thap ANesr idf@nosilicate calcinated in the step
I's 15 used in the step (1). 2. The process

accordlng to claim1l1, wherein the calcination is

conduc ) g%lﬁxkgﬁﬁgéQh#%&O%Lc§g C gElgh Qgﬁoﬁg 5%§he which

step ( roce ccor Ing to
linehedes nthdiestsigs e conpound ot her than the
titanoziilcate i S selecti consistin

@ si1i h o B A on o Ral Eos APPOATI GO ien
shlieagéen e5é Lsx iyl A taiRmithéheehe presence of a

titanosilicate and a silicon compound other than the
titanosilicate; and

(2) calcinating the titanosilicate which has been
used in the step (1) together with the silicon compound
other than the titanosilicate, in the atmosphere of an
oxygen-containing gas,

wherein the titanosilicate and the silicon compound
other than the titanosilicate calcinated in the step (2) is

used in the step (1).

2. The process according to claim 1, wherein the
calcination is conducted at a temperature of 250°C or

higher in the step (2).

3. The process according to claim 1, wherein the
silicon compound other than the titanosilicate is selected
from a group consisting of a silica, a silicic acid, a

silicate salt and a silicate ester and mixtures thereof.



