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1 SPECI FI CATI ON PROCESS FOR PRODUCI NG CYCLCOHEXANONE
OXI ME BACKGROUND OF THE | NVENTI ON 5 Techni cal Field
[ 0001] The present invention relates to a process for
produci ng cycl ohexanone oxi me by ammoxi mati on of

cycl ohexanone. 10 Description af the related art

[ 0002] A process for producing cycl ohexanone oxi ne
wher ei n cycl ohexanone i s anmoxi mated wi th hydrogen
peroxi de and ammonia using a titanosilicate catal yst
has been known (see, fospexampterIdSP 4, 745,221, USP
4,794,198, USP 15 5,312,987, and USP 5, 227,525). In
this ammoxpimtt e, réRepreahal gt C?@LbﬁEkMN@f\TEt BR IME
titanosilicate is usually |owered over tine.
Therefore, it is necessary to replace the
titanosilicate in order to maintain a conversion rate

term ned val ue or greater
CK@%?&&EE Oft e . . :
?%Xa 0 rggﬂencyq% Hﬁgﬁggplacenent is high, it may
| oblemin terns of catalyst cost. For this
ﬁ%%%%ﬁfﬂﬁsﬁkigggo4/0002619 suggests that a silicone

gnd ot er than thqy$|ta305|llg é eX|st§ mg for
titanosilicate %o as4Eo SUppr ess T ?lo %t?o% BF “the
cata st actlv t the 25 titanosilicate. SPNNARY
& %ﬂ@/xano ne oxim e by ammox1matlon

cyclohexanone.

Description of the related art

[0002] A process for producing cyclchexanone oxime
wherein cyclchexancne is aﬁmoximated with hydrogen peroxide
and ammonia using a titancsilicate catalyst has been 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 meintain a conversion 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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[0003] However, it is difficult to conpletely suppress
the deterioration of the catalyst activity of the 5
titanosilicate 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
reuse of the spent titanosilicate. As a 10 result,
the inventors have found that when the silicon
conpound ot her than the titanosilicate coexists wth

khenakit anosided cagasnier cat al yst activity of the

spent titanosilicate is nore effectively recovered by

%'{ag'sﬁat' gg{ow@x@} an OXYyge-£ontaiiing &ﬁ@f@«s@ﬁfye&ppress

t he titanosilicate without coexistence of th

Fo6 %%”L?%%H%%% 40 SOMPLELS die ety | oy anid on.

e present i'nvention prOV| es a process for

efl%%&%f %' cLohexanene .oxiyme. whi gh amr&@e&&m@ﬂfpﬁate is

eCtI cycl exanone to anmoxl mat1 on

lerr% nr% rOX| C(Ie%:"e q{j erhta elnct Oﬁ:ﬁlre a%etﬂ s?fléaft as a

an05| cate an conpoun

t'tgﬁoggg GaLe: a g]dé 2) Ca' C'S,{*gg{ag% 140 ﬁ}'sﬂe@émd for
Phe b Ehésf’fp. e et 1 '”%t%é% 3 St
ggt&@%ti%npa$%>reuse of the spent titanosilicate. As a
result, the inventors have found that when the silicon
compound other than the titanocosilicate coexists with the
titanosilicate, the catalyst activity ¢f the spent
titanosilicate 1s more effectively recovered by calcinaticn
with an oxygen-containing gas compared with the
titanosilicate without coexistence of the silicon compound,
to complete the present invention.
{00041 The present invention provides a process for
producing cyclohexanone oxime which includes the steps of:

{1) subjecting cyclohexanone to ammoximation with
hydrogen peroxide and ammconia in the presence of a
titancsilicate and a silicon compound other than the
titanosilicate; and

(2) calcinating the titancsilicate which has bsen

used in the step (1), in the atmosphere of an cxygen-

containing gas,
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[ 0005] The present invention makes it possible to
reduce the catal yst cost for anmoxi mation of

cycl ohexanone, 5 whereby cycl ohexanone oxi ne can be
produced at a | ow cost. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0006] The present invention is
described in detail below A titanosilicate used as
the catalyst in the 10 present invention contains
titanium silicon and oxygen as elenents which forma
f r amewbiek e ifhe hier anewoids 1dfi ddtee dd tainostidd ciat etmmysbep (2)
conposed of only titanium silicon and oxygen or may
figr uBed ceantaien saret han .el enent for constituting the
framework. It is preferable to use the 15

triobangsi | i gake phavieng amwairamdh mies oft possible to reduce
silcon/titaniumof from 10 to 1000. Further, the

thtapashkhveat eommy Me iahdx ikerimef J4 N8, PIONSE Shone,
Alternatively, it may be nolded into pellets

RRL-anal 'cﬁcg%h’éga%o?ﬂen%%ﬁn@ ddn FRY e Eaidd et by Bw cost.
carriefr. Representative exanples of the titanosilicate

20 include TS-1 (MFI type), TS-2 (MEL type), Ti-MM 22
(MW type) and Ti-MCM 41. [0007] Cycl ohexanone oxi ne
Eﬁgﬁ&%ﬁcgﬁseﬁ_zgﬂﬂw PR iR PR FREG N SXARANRMM I

ydrogen peroxi de and ammoni a using, as the catalyst,

#ESokgt ano?rh'eit fs%te% efesqrined ;ahove (ciélfcxzﬁae% &R (dd9ain

nMoXi ima nmay be carried out

?8?09 ph S%l%%h%%%iﬁﬁa%%cbb%%.g@?% JJEﬁaﬁft ln the

anosi |cate e catal yst spers
??%é%os??seg#glonrg%?eagg’ Tf& A%fTE%gH (H tJ&%gen as

elements which form a framework. The framework of the
titanosilicate may be composed of cnly titanium, silicon
and oxygen or may further contain ancther element for
constituting the framework. It is preferable to use the
titanosilicate having an atcmic 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 opticnally using a binder or it may be carried by a
carrier. Representative examples of the titancsilicate
include TS-1 (MFT type), TS-2 (MEL type), Ti-MCM-22 (MWW
type) and Ti-MCM-41.

[0007] Cyclohexanone oxime 1s 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
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systemis usually Ig/L to 200g/L, wherein the unit 5
corresponds to a wei ght per volune of the reaction

m xture (solid phase + liquid phase). [0008]

Cycl ohexanone as a raw material may be obtained by
oxi di zi ng cycl ohexane or may bé obtained by hydrating

cycl ohexene foll owed by dehydrogenati on or nay be

obtai ned 10 by hydrogenati ng phenol. [0009] The

anount of hydrogen peroxide is usually from 0.5 tines

ts@ 13 d-ipmess by a1 ieas etk aart ieyre vihexainong, e priedresabl ycate as
0.5 tinmes to 1.5 tines by nol. Hydrogen peroxide is

taalday apreduded day i rse-Cald ed i g fonen 1D reaction
nmet hod. I n general, hydrogen peroxide is comercially

avaichabl e as am-AGHeUS 30! WHitohad 11T @ tconcent ratd o on
of 10%to 70% by weight. This aqueous solution can be

enBlewed.s Asstahl/ iizen, My depdded o hiwdriogenini t

peroxi de. The stabilizer is, Tor exanple, a phosphate

sucheagosed Wy 20 .phosphals, Rolyphosphate such @ mixture

sodi um pyrophosphate "and™ sodi um tri pol yphosphat e,

RKEORROSEAQE G adidhs ASO/fiC. ac d.

et hyl enedi am net ettaacetic acid, or

PO oni v EBETY G roret (Tals 5 Byl and < inec
BChSLANL XLk B R mLe e i MO BASEGD 2 hcrating
Sraer el PR ERR R RIS LR cbtained

B YER, SASRONS, BMIRR,a

[co09] The amount of hydrogen perczide is usually from
0.5 times to 32 times by mol based on cyclohexanone,
preferably 0.5 times tec 1.5 times by mol. Hydrogen
percxide is usually produced by a so-called anthraquinone
method. In general, hyvdrogen peroxide is commercially
available as an aquecus solution with a concentration of
10% to 70% by weight. This aqueous solution can be
employed. A stablilizer may be added to hydrogen peroxide.
The stabilizer is, for example, a rhosphate 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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may be used or a liquid amonia may be used.

Alternatively, 5 an aqueous or an organi c solution of
amoni a may be used. [0011] The anmoximation is

usually carried out using water and/or an organic

sol vent as a reaction solvent. >5The exanples of

organi ¢ sol vent include an al cohol such as nethyl

al cohol, ethyl al cohol, n-propyl alcohol, isopropyl 10

al cohol, n-butyl al cohol, sec-butyl alcohol,

teerd -dgtsdnorad cotidlrtam t ert -nprafeohinl ¢ an asenmnatmonia in
hydr ocarbon such as benzene, toluene, xylene and
etrhydxhenzeneyoand amettet e ucidasgdet pabyds o usanthat

di oxane, di-isopropyl ether, and tert-butyl nethyl
elrbremial & R0t im dihe preseidn invveniton, ¢heeshsi &@honia
conpound other than the titanosilicate (this conpound

Ry e nefel br reflerdqed tomas thens gitd coe€OMOLRErnatively,
hereinafter) coexists wth the titanosilicate as the

cat algsioud drh%rﬁl’ﬁ'%ﬁrﬁﬂi IQMut @ AeS etk 4 May be used.
US-A-2004/0002619 his reci pe can 20 suppresses the

defoaniior at itef Qe reatidly sts achi ty &trrf@:? out using

titanosilicate, whereby the frequency of the

FARIAC ERRIVG rOfar! he Jddianes] I Gal & d & reduced,| eadingne . The

to reduction in the cost for the catal yst. Further

Lhempamunts of- g%@ﬁct 'stoalr%z%%v\é“ ‘i—ﬁ:‘lﬁdeﬂ ddher ch as

system can be 25 reduced Sso can re uce the

Gesh for 1 the Gat alyy; 3}1 8 913}, tpt Pres t,:]gﬁéopropyl

the deteriorati'on of the “catdlys tivity o

RILERAY, | HCBLE AT LIRR DY DRl PRSI N i ey
poi soni g o

alcohol and tert-amyl alcohol, an aromatic hydrocarbon such

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 the "silicon compound"” hereinafter) coexists

with the titanosilicate as the catalyst in the ammoximation,

as described in US-A-2004/000261%. This recipe can

suppresses the deterioration of the catalyst activity of

the titanosilicate, whereby the frequency of the

replacement of the titancsilicate is reduced leading to

reducticn in the cost for the catalyst. Further, the

amount of the titancsilicate in the reaction system can be

reduced, which also can reduce the cost for the catalyst.
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active point due to attachnment of inpurities. The
reason 5 why the deterioration of the catal yst

activity of the titanosilicate is suppressed by the
coexi stence of the silicon conpound seens to be that
the elusion of silicon fromtke silicon conpound
suppresses the elution of silicon fromthe
titanosilicate by just that nuch and the inpurity 10
adsorption by the silicon conmpound suppresses the
O3ty aosorPptgofsy=d hehdt t enosdet €ai €rHYipuStF the
that much. Therefore, the silicon conpound from which

Hdtaaond sictlivide 40 he: el it e or11hersi 41 €O8s by break of
conmpound on which the inpurities is liable to be

@@&qr&egadlsqw efier ald yo el Ayeds 45 When, the sblisOng of

compound in a formof solid is used, one having a

largele PYfFACRIA 68 At tehdh@ cﬁf’rﬂhﬁlﬁrﬂ@féé cl e@he reason
having a smaller dianeter is preferably used. [0014]

e, sild CQRt LOMMOHNG, £ QN aii r@a@éiy%naé‘@ﬁvm%y(g?nthé

preferably used, and the silicon conpound

%q%ta@o@ﬁrch%ﬁé | '5‘3%{%?%95‘%@%9 18 P@é&fy&&%af of the

preferab For exa stlicic acid

%' llll 'hec% qur}]d femd C%ee terlsgfrtﬂ@yeﬁ$51on of silicon

exerrplfle xtureo two or nore Si

AT S D AL SR

?rrlo.&nc?hlesﬁllg n%m%.lr pLho S uc(‘fpdzagr}@?kh: ?{’,:he J_mpurl ty

|ICIC acl
RS 0 o U RS e
%r%%E%%hb%eb%rt%n %ﬁ% nosfﬁlcate by just that much.
Therefore, the silicon compound from which silicon is
liazble 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.
[0014] The silicon compound containing silicon and
oxygen 1s preferably used, and the silicon compound
containing a silicon-coxygen 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 crystalline silica such as

silicalite or amorphous silica such as a fumed silica or a
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Metal losilicate other than the titanosilicate may be
used. 5 Tetraal kyl orthosilicate is preferably used as
the silicate ester. The al kyl group of tetraal kyl
orthosilicate usually has fromone to four carbon

atons. [0015] The anpunt of thé silicon conpound in

the reaction system may be adjusted optinmally

depending the 10 characteristics of the silicon

conpound and the introduction way of the silicon
corpaindyd Int o Thee Fidaicti®mnecisysienmhdoraExanpéecoffeay be
the silicon conpound in the form of solid is directly

igittreduded iof sacidi spers il wuchi distisotecfvher eilfe thelts of
solid silicon conmpound is dispersed in an 15 organic

Seleentz drddyater n=s; iBY rpdicatt s 1hen anptindn odmd Aehous .
silicon conmpound in the reaction systemis usually

M0 10.0k i tidBS (R0 tiHms te Weil ihitc Paseehon tde be used.
titanosilicate. In that case, it is preferable to

Ch=SPRI=86 11N 1 iHJ G0N - LAPAUNG A el poldh Ph@sed Nsilicate
the reaction m xture. Wen O the silicon conpound in

the for migfe 1J1g4id dis i rectd b dnoduesd s A icate usually

solution wherein the solid or the li'quid silicon

_cl:lq.;trg_p%lygjgil1 s disssalygd c,iaq:bté}f aﬁ]&&ni c solvent or water

I's introduced, the anount o e silicon compound in

(PSRl AMSASLE Sl L IGA & ML T8 R
RS8R B i REELREAN S DR L egR ) o
L9016l Fhg ammximtion 8y he, canilqd,ould @, batch
intreoduction way of the silicon compound into the reaction
system. For example, when the silicon compound in the form
of sclid is directly introduced or a dispersion such as sol
wherein the solid silicon compound is dispersed in an
organic solvent or 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 tThe titancosilicate.

In that case, it is preferable to disperse the silicon
compound as the solid phase in the reaction mixture. When
the silicon ceompound in the form of licguid is directly
introduced or a solution wherein the sclid or the liguid
silicon compound is dissolved in the organic solvent or
water is intrecduced, the amount of the sgilicon compound in

the reaction system is usually from 0.0001 times to 0.5

times by weight based on the titanosilicate. 1In that case,
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operation, or may be carried out in a continuous

operation. 5 The continuous operation is preferable
fromthe viewpoi nts of productivity and operability.

The introduction recipe of raw nmaterials may be
appropriately selected. In the? case of the batch
operation, the introduction nay be carried out by

char gi ng cycl ohexanone, anmonia, the 10

titanosilicate, the silicon conpound and a solvent in

at risaqiorf e tdhetro providi hige hyelrogeni peroki tee silicon
herein, or may be carried out by charging
oypalpghemdanone hd hecadtit@nasitiwat e, the silicon

compound and the solvent in the reactor and then

droodiedi ng hiydy egersperoxi de mag emeaai dd etein, aobatch
may be carried by charging the titanosilicate, the
siddreari cegnpaund ansk thersiodyentt ang 4 hesn provbds ngperation.
cycl ohexanone, hydrogen peroxi de and anmoni a herein.

[MBRL Horth rihe: L age: roft 1die LO NS SOk DP EF Bdrh Oflhe WAEBWpo ints
the silicon conpound is dispersed as the solid phase

¥ the @ diedety ehdiiogdriiieys pref erablgatbaloR recipe
predeterm ned anount of the reaction mxture with the

birt anQsiaiteatie 1anchayt he siddcane conpopng. ti spef sedrn the

therein is retained’in the reactor and cycl ohexanone,

bydiogen tpey 94dide, ABMN @andyd m%&%a/@@h% Gnay be

provi ded herein, while the reaction m xture 'S

drawn a0 Wi, Subst anfdiald & [ Qi1 4 Ootale 9

amount of these raw nmaterial's. In this operation, the

LERSHLAILA S i, Wb i U S o
EEE@@%%igkﬁa%%en providing hydrogen peroxide herein, or may
be carried ocut by charging cyclohexanone, the
titanosilicate, the silicon compound and the solvent in the
reactor and then providing hydrogen peroxide and ammonia
herein, or may be carried by charging the titancsilicate,
the silicon compound and the solvent and then providing
cyclohexanone, hydrogen peroxide and ammonia herein.

[0017] In the case of the continuous coperation, when the
silicon compcund 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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and the silicon conpound of the solid phase stay in

the 5 reactor. Alternatively, when the silicon

compound which is soluble as a solute in the reaction

m xture is enployed, it is preferable that a

predet erm ned anount of the re&ction mxture with the
titanosilicate dispersed thereinis retained in the
react or and cycl ohexanone, hydrogen 10 per oxi de,

amoni a, silicon conpound and solvent are provided

kerceim, omhitdresddhe aveactti<on a0 Xt urken i shilf avwetr At adn, the
anount substantially equal to the total anobunt of the

e ctimirem i Sird N 4 s opersly ovakhetieaedhon filter so
m xture is preferably drawn through a filter so that

oMz ey ithd d ikmiphaseds f arandaddleche titancsilicate
titanosilicate of the solid phase stays in the

LeRCHMe AS idesCldpgbaloves thhe 8Bt Qfhd$e stay in the
preferably lined with a fluorine resin or glass, or
radetofr . staitdess iSiee), fhem the W emADtcQivound which is
prevention of the deconposition of hydrogen peroxide.

20, 1[8018]: sThe J8agtd an, teperat i &,0fy {.he, armpxi vﬁﬁgi@{/‘ed, it
is wusually 60C or higher, preferably 80C or higher,

and Jyoree - pref eqabl v %Q%c&rtéyn?ﬁ%d Msut Iy 1206 v ion
or Fower, preferably"110C or [ower and nore .
R &ferably 1006 or 5 ower;.) sThe I ec?%éi SO Ry be £A[ T £d
out under a nor mal pressure, under pressuré or

» d o L ' is . I
upder Leduced.l ssswie, e AQHsASkion, ] relerably
gg@%&&&g %%ﬁ%?ﬁggl%ﬁ%féé 'é%%td&%aQ%ﬁ%$&%€m%%}d§e%d

ncreased. case,  the pressure

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 liguid
prhase 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
stazinless 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 20°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



19

15

20

25

using an inert gas such as nitrogen or helium 5

[0019] The replacenent of the titanosilicate is stil
required in order to maintain the conversion rate of

cycl ohexanone at a predeternm ned value or nore since

it is difficult to conpletel yl8uppress the

deterioration of the <catalyst activity of the
titanosilicate even if the 10 anmmoximation is carried

out under coexistence of the titanosilicate and the
sidaiccorcamnpaureferzirl ¢ esrrieadomt widespemntssure so that
titanosilicate which arises by this replacenent is

a&tiel vatsed land] raaused iof tdwenqrieseimte nventdenct Idn Snixture
enabl es the catal yst cost to be further decreased. 15
[1G02@crERe catt i viai i«0n Ofcdde, sprentpiddanositdeai® ddiusted
carried out by calcinating the spent titanosilicate

wRdery saf Meshere: Hfs1ah Xy gen oM dy Ng:1gasn (t he

step (2)). The <catalyst activation of the spent

triobanqgsi | i aafe Ahatacgener atesoird N {de errmd mad 1omni 11
W thout the silicon 20 conpound is not sufficiently

recRvered iRy ey Gl laldom tut-dhe catd Vsite of

actlvatlon of the spent titanosilicate that generates

dyti BG L0 AR TRy hensi Tk d RS Sid IGO0 GO it is
coexists with the titanosilicate is sufficiently

a%%%q@_ l% Qagﬁolc‘e%le%n%td e D &r%o%ﬂétéllofastm of the

usual Iy enpl oyed as the oxygen-containing 1 gas

g%ﬁ:gl YOER /Y ol‘fsecqile Fﬂirg %811&@55‘& %&{ﬁé%s b

Iut W th nitrogen or a car oxi de gas. n t hat

Eﬁ\ﬁl‘éxﬂaﬁé%ﬁe 0" aLL9N of Y 9eihdyS RIEhenanl e 2P .
vol une

titanosilicate and the silicon compound. For this reason,
the spent titanosilicate which arises by this replacement
i1s activated and reused in the present invention. This
enables the catalyst cost to be further decreased.

[0020] The activaticn 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 1s nct sufficiently recovered by this calcination,
but the catalyst activation of the spent titanosilicate
that generates during the ammoximaticon wherein the silicon
compound coexists with the titanosilicate is sufficiently
recovered by this calcinaticon.

[0021] Air 1s usually employed as the oxygen-containing
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or nore. The calcination tenperature is usually 250C

or 5 higher and preferably 300C or higher since a

| onger calcination tine is required when the

tenperature is too |low The calcination tenperature

is usually 600C or |ower and pheferably 550C or

| ower. The calcination tine is adjusted optinmally
dependi ng on the cal cination tenperature 10 and so on

and usually from5 mnutes to 10 hours. Any pressure

e be Bt aypeyerThe cabei ma¢d on Faytherustlbbby gases may be
carried out at a normal pressure. [0022] The

chl laitreat ivain: hrayi thec @@t roeda osdrivan adbak the gper at ionthat

or may be carried out in a continuous operation. 15

landdhe casam@intihe bat of apeygdn ohs phef eabisl patd obyi solume
preferably carried out by charging a predeterm ned

aPultire of Mhe Spemndtiianosddpesieutd ascabchhayi PRO°C or
furnace such as an oven and passing the

GOt gl e NG RSy tIveUughor thegh &F NaCee | 8 tH8ger
case of the continuous operation, the 20 calcination

I8 Rriefaril Y il il £d- Ol by PASSE Nehé eenperature is too
oxygen-cont ai ni ng gas through a cal ci nati on furnace

UGN asrhaa ddildind ftdpduging- 4 he-spentudid apestbbeat &r 1ower
at a predeterm ned speed and retaining it for a

fggl%g L&A e o, tdgme ol yd omeel by dfawi 1g; b 152 2P0k 0023L is

e case wWhiere the spent titanosilicate I1s 12

el ld g Al G SAIRONNL (e S CLDALL 0N MBperature

carried out after "separating t trtanosilica

Iah‘&;”ﬁgagi%lnl ga;r{dé%%;da%@o%% ARE0AIVE Yy 0 8rs.  2any
pressure may be emploved. The calcination may be usually
carried out at a normal pressure.

[0022] The calcginaticon may be carried out in a katch
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 titancsilicate in a calcination furnace such
as an oven and passing the oxygen-~containing gas through
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 titancsilicate is
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the silicon conmpound may be cal ci nated together.
Further, 5 the titanosilicate nay be optionally washed
with water or an organic solvent or nay be optionally
subjected to pre- drying. [0024] As described above,
the catalyst activity of the $gent titanosilicate is
recovered by the calcination and 10 the spent
titanosilicate after being calcinated can be reused as
a regenerated titanosilicate for the anmoxi mation
@tihedstver e Spectdn cadihyruhde tlegeneraiedtion may be
titanosilicate may be used as a suppl enentary catal yst
uparigepece®dr ofeddres titanose | ¢ cedren D1 i @ges essbmgthe
the 15 deterioration of the catalyst activity. For
exanplegy chgbuide ammoxiieti-en ¢S oo ri et il ncd b€ and
batch operation, at |east a part of the collected
spents it tanpSiddGalfl My hee W Vel Ve badee O Further,
every few batches, while the regenerated
A RAH A AL T B 8 URPld8d o) "\Al{]tvpe?s}?&j with water or
amoxi mati on may be carried out in tthe continuous

erali-on, t j bld -
e Rt BT o . S S T o P ™
liptsryal during the operation, and the regenerated
titanosilicate may be supplied. Alternatively, the

t;i on : t. .25 j,ate .t

Rt R e el G PR ey of ene
e@%BtOft it gpent. tid %%ostlésldog?etreeé rq%}ntth{]ee cd lec%glta{ 2% and
S e nay be

stem and the regenerated titanosilica
?ﬁgpgk%%t ?ﬁ%s@&%%15%§?§ gfééyuﬁgﬂﬂéxggiéfigfé§%9n9§xa
reused as a regenerated titancsilicate for the ammoximation
(the step (1)). Specifically, the regenerated
titanosilicate may be used as a supplementary catalyst upcon
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 titanosilicate 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 continucus operation,
a part of the spent titanosilicate may be drawn from the
reaction system at an appropriate time interval during the
operat;on, and the regenerated titanosilicate may be
supplied. Alternatively, the operation may be stopped at

an appropriate time interval during the operation to draw



10

15

20

25

regenerated titanosilicate after the cal cination. Wen

the 5 silicon conmpound is drawn together with the

spent titanosilicate, the silicon conpound may be

supplied together with the regenerated

titanosilicate. In this case, Iwhen the regenerated
titanosilicate is obtained by calcinating the
titanosilicate and the silicon conpound 10 toget her,

the regenerated titanosilicate and the silicon

cdnpowsd carrdie suppiliedmnt Hel sames 11 ey Soppl Yiag

the calcinated product. Further, a fresh
tﬂa&nﬂkddiaxﬁﬁemu&ﬂdnth&aﬁqgﬁﬂamaﬂ¢¢omibﬂmp@uhﬁcmmg ey be
optionally supplied. It is preferable that an anount
cluptdie. esuppl®re niadwf raasintsititcom 45l conpouigl reused as the
corresponds to an anount of Si which is drawn out of
trirgremeacitican tSytstremidurdang: thtaeadtd ammldimdtieon. When the
conti nuous reaction, the amount of Si drawn out of the
seacideon Sygicemdara)s kel cd@dtedbasecth othd hepandunt

of the drawn reaction m xture by determning the S

20 teereantiratti-gn the tdig W digacin O mdy Xdair€upplied
Further, an anount of the supplenental fresh

H:btg@ﬁt@l%'rl hGate Ry leyereptd il [y «datesim ned-dependiigi s case,

on the decrease in catalyst activity which decrease

$Sihich| t%oec@rg%n@ef%metae taft s iaboVe: o MNP by
[ 0025] A post-treatnment operation of the reaction 14

@a)gcli'h% taflerrihe sanmmd imatd QR By hecaliri 84 0WomYound
enpl oyi ng Known net hods. For exanple, a |iquid phase

Qgge%ﬂ%rre%%%lQ%d@d@fgﬁédnﬁﬁﬁ§%éﬁﬁﬂfﬁaﬁgjéﬁﬁ the silicon

distillation,
compound can be supplied at the same tCime by supplying the

calcinated product. Further, a fresh titanosilicate and/or
a fresh silicon compound may be cptionally supplied. It is
preferable tThat 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 5i 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
amocunt of the supplemental fresh titanocosilicate may be
optimally determined depending on the decrease in catalyst
activity which decrease still appears despite of the above
reaction.

[c025] A past-treatment operation of the reaction
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described in USP 5,227,525 so that the solvent and the

5 remai ni ng unreacted amoni a are separated and

collected as a distillate to give a bottom product

contai ning cycl ohexanone oxine. Next, cycl ohexanone

oxime may be extracted wth aﬁ4organ|c sol vent from

the bottom product and an extracted liquid nmay be

washed and condensed and 10 optionally subjected to
further distillation to give purified cyclohexanone

o L r €T hef toyie | e eamroriei roxt hen by abaedarniedi sut by
manner may be subjected to Beckmann transformation in
aendlguiich phasevrometlgads phaSer t exgnwee e-a chpqoidcpaase of
15 EXAMPLES [0026] The present invention is described

by es orem c exanmplies; uduitmat bes nobjéchedetotodisheseation, as
exanple. [0027] Exanple 1 20 (a) Ammoxinmation with

fdeasir itHddaniosivdrcat @21, Hp ofo acddt anesi so vadet (I8 1) he

8g of a silica gel (Wakogel B-0 of Wako Pure Chenica
IRGUSI1ir®S ,urlteh Jr e Ve Gk | 192 P QUL DEd a¥EL 1ected as
havi ng a 300nL volune and an inner surface lined with

a fdiuerine desid ARk thayw vehe 2o dispersees imi 49ont
of a water-containing tert-butyl alcohol 15 (water

CORLIRIMex 2 FRIVED Yo R LONT g ATTOX ITBL 1 OFl NS C@ﬁm@%ap%e

in the continuous operation by feeding, to the

@SRRI SR 1w iGHC | RN exaNaNe: &l K59/ AU, tH DB IREG, -product
and anh extracted liguid may be washed and condensed and
optionally subjected to further distillation to give
purified cyclohexanone oxime. The cyclohexanone oxime

cbtained in this manner may be subjected to Beckmann

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

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

examples, but it is not limited to these example.
[0027] Example 1

(a}] Ammcximaticn with fresh titanosilicate

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

dispersed in 100nlL of a water-containing tert-butyl alcohol
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containing tert-butyl alcohol (water content: 15% by 5

wei ght) at 34.8g/hour, amonia at 6.45g/ hour (1.9

times by nol based on cycl ohexanone) and 60wt %

hydr ogen peroxi de aqueous solution at 13.0g/ hour

(1.15 times by nol based on cyél ohexanone) and

drawi ng a |iquid phase of the reaction m xture

through a filter so that a volune of the reaction 10

m xture in the autoclave was mnai ntained at 100ni.

Dwatrey: adritseroperkEi® dny wdibshiteact | mmeeimpet adureanasarried
mai ntai ned at 95C and the reaction pressure was

raittial nedk ator(t 35MRas ypefrtessurh z aféoting) ngo athe

hel ium gas. The liquid phase of the reaction mxture
driasre friam t heyAldroatawend. & howrsg aider, 15hé heaséart

of the operation was anal yzed by gas chromat ography.

Hhe tanaliysj sshowrdt fihatl ddie xonyer st afontat®: ofs5g by

cycl ohexanone was 99. 1% and the selection rate of
Gyclehexanore ad Mmwas Jha%a The gassghiomt ogr @aphymes by
analysis was intermttently continued to observe the

20 1CORVRISIAN a8 10 HWE] OhexaN B OX I BRI Ifen peroxide
operation was ‘continued until the conversion rate of

Gyelehexanang \Was 2 90% oy Aiess- (Fhe Pperabl e, id® Wassed on

determ ned as the tine Dbetween the operation starting

n tyi iJ-shing.. sLhe,: j -
e i om0 T erstalle i pesece on

tlitangs 'tih%b?hl% AR MR 19N, was rdrﬁeedof’“&}]é 't%ét%gt ion

sane manner as the above operation (a) except tha

TS Qb 18, RNV WA AN RS Y SRR, Wifring
this cperation, the reacticon temperature was maintained at
95°C and the reactlon pressure was maintained at 0.35MPa by
pressurization using a helium gas. The liquid phase of the
reaction mixture drawn from the autoclave 5.5 hours after
the start of the operation was analyzed by gas
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 contiﬁued to cobserve the
conversicn rate of cyclchexanone 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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3.0g of the titanosilicate and 16g of the silica ge

were 5 used. The operable tine was 628 hours. [0029]

(b) Calcination of spent titanosilicate The reaction

m xture left in the autoclave after the operation
according to the above operatid® (a’) was filtrated

and the filtrated solid was washed wth the 10

wat er-containing tert-butyl alcohol (water content: 12
w% and then washed with water. This washed solid

was dried iAgmeaf imatl 106§ ora8r hedrsut ol howed byme manner
being calcinated at 350C for 2 hours. As a result,

5 839 afbave egenerat@d (4) tanospt i Clade/ shéi gaogets of the
m xture was recovered (recovery 15 rate: 83.30).
[(0G30)o (id)i A xdridhttilon i 1iv4 egenewai€ddoubled, that is,
titanosilicate The ammoxi mation was carried out in

the s are tHatefarass 1 e aboven dPEs@té DNt @) s EXCePtgel were
that 9.5 g of the regenerated titanosilicate/silica

geledu XtIee ct-ainied i ihL0vddhesabavsuoperation (b) was
used instead of 1.5g of the titanosilicate and 8g of

tlee29)l i ca @gl .calhaORerabl & tdgmn ¢+ Wast 32ds iouE st avhi ch
was equal to or nore than that 'of the above operation

(a) (290 hays)-4003Y Goparatiyve: Bxanple éuég%ﬁéQe after

Ammoxi mation with fresh titanosilicate 17

%W@%b@%‘ﬂ%n""%%&ﬁrd'ﬂrﬁ;‘éx QU 38, S alEs an ﬂ%‘i as f heas

above operation (a) of anple 1 except that the

#ihi-¢a 38! MRS I Used-, e Qperables L 1es, 14 the

water-containing tert-butyl alcochol (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, 15.83g of a regenerated
titanosilicate/silica gel mixture was reccvered (recovery
rate: 83.3%).
f0030] {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 equal tc or more than that of the
above cperation (a) (290 hqurs).
{0031} Comparative Example 1

(a) Ammoximation with fresh titancsilicate
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hours. 5 [0032] (a') Ammoximation with fresh
titanosilicate The ammoxi mation was carried out in

the sane nmanner as the above operation (a) except

that the anobunt of the tltan05|llcate was doubl ed,

that is, 3.0y of the titanosilicate was used. The
operable time was 530 hours. 10 [0033] (b)

Cal cination of spent titanosilicate The reaction

mxture left in the autoclave after the operation
accordi ng tha aneboises oper diddncdat yedagutf int facedame
and the filtrated solid was washed wth the

WEETETSIC Ot aitrg rigbqer tomert 3/t 1ok cohol of waxarp tent emxcep2 that
wt% 15 and then washed with water. This washed solid
was: driiled-d rpelaivaatndil 0Gddr Shmwsefabl owednbywas 144
being calcinated at 350C for 2 hours. As a result,
hdbbgs .of the regenerated titanosilicate was recovered
(recovery rate: 55%. [0034] (c) Ammoximation with
rEPeer at ed(4 )t anosiincad Fon 260 thher Bdeioxt MedhoHi WasSate
carried out in the sane nanner as the above operation

(a) except TMHatamndxignofidhevad egenered eshit in the same
titanosilicate obtained in the above operation (b)

wasirised d nsicabdfe bg-ofidrhe(d) tanasit | €ad€. tHd€amount of
operable tinme was 86 hours which was significantly

belcow 125 ddwati iefz dehevabowaoper atdron: (89, (144 hoarsne
18 [0035] Conparative Exanpl e '2 The anmmoxi mation was

Gafdahred iQuledte the Sammy . ”Blwrop?’esrat}ﬁ% operati 8 £8) hours.
of Exanple 1 except that 1.
[0033] {b} Calcination of spent titanosilicate
The reaction mixture left in the autoclave after
the operation according to the above opesration (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 sclid was dried in
alr 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 cperation
(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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of the regenerated titanosilicate obtained in the

above 5 operation (b) of Conparative Exanple 1 was

used instead of 1.5g of the titanosilicate. The
operable tine was 149 hours which was significantly
bel ow that of the operation (af of Exanple 1(290
hours). [0036] Exanple 2 10 (a) Ammoximation with

fresh titanosilicate The amoxi mati on was carried out
in the sane nmanner as the above operation (a) of
BodAdle 1 dxempirathate Etmnphouit of the

titanosilicate was changed to 2g and 3g of a funed
silica (CABI@ Sirmdviifixipravivesd dyriCABOodS in the same
COPORATI ON) was used instead of 8g of the silica gel.
Theneopersablte tdperataiod 66 hout Ex4037]1 (d)cept that 1.5 g
Cal cination of spent titanosilicate The reaction

mitx tilree reefdndra tidie taitt=on) avel afiterobtdenepermttion 4B)ve
was filtrated and the filtrated solid was 20 washed

\bipleh atthe inate r - Mo g mig: e teshiipyl e al cpdwluda@t Bistead of
content: 12 wt% and then washed with water. This

washedt sold diwasddiecdde ai rrrad JOCHE 0 Sihourss 149
foll owed by being calcinated at 350C for 2 hours. As

achesuhihich G Afyra fieganerated 4 tanosid + cate/ %{S@thion
silica mxture was 25 recovered (recovery rate: 550).

19, bQO@&bm@qk Am@@@npgdggythh regenerated _
titanosilicate The ammoxi mati on was carried out in the
g@@gs]nann@&agilkh% above operation (a) except that
.75 g of the

(a) Ammoximation with fresh titanosilicate

The ammoximation was carried cut in the same
manner as the above operation (a) of Example 1 except that
the amount of the titanosilicate was changed teo 2g and 3g
of a fumed silica (CAB-O-SIL M-7D provided by CABOT
COPORATION) was used instead of 8g of the silica gel. The
operable time was 466 hours.
[0037] (b) Calcination of spent titancsilicate

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 alcchol (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 250°C for 2 hours. As a result, 2.75g

of a regenerated titancosilicate/fumed silica mixture was

recovered (recovery rate: 55%).
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regenerated titanosilicate/funed silica m xture
obtained in 5 the above operation (b) and 2.25g of the
fumed silica were used instead of 2g of the
titanosilicate and 3g of the funmed silica. The
operable tinme was 459 hours. [0@39] (b-2) Calcination
of spent titanosilicate The reaction mxture left in
the autoclave after 10 the above operation (c) was
filtrated and the filtrated solid was washed with the
Welt(s8 lcont ai i riguiieet Imadid gt watlc ohedefawt esd contendsilicate
12 % and then washed with water. This washed solid
was dried iThaidmmadxitd0G §10rwds heatrsied obhowed blye same
bei ng cal cinated at 350C for 2 hours. As a 15 result,

Qi@ 0fad hend egenes aled- 44 1@no6d ) i €atepf upeg: SiP5cCq of the
m xture was recovered (recovery rate: 76.4% . [0040]

(G AT Mt Qb N TiheJ1egeneiad esk 1 444 anosthi€atiBtained in
The ammoxi mati on was carried out in the same 20 nanner

ahd hephove anariald o )( AnExeepiq tdattd 82k @fsiNfea were

regenerated tltan03|llcate/funed S|I|ca m xt ure

%te@ ned vdyq tdye apoye aperati A {bri2)z @nd 1y 189 Of the

the fumed silica were used instead of 2g of the

ta fanpsijhicat e angd %%ﬁ%faﬂlh—:e ta m§'45§%o J_h§

operable tinme was ours 20 WHAT | S CLAINED I S:
incljﬁegcfﬁe g?ééghgg%%g§b Jg%%%ﬂg cyc %ﬁ%ﬂ%ﬁ%gto
annDXInath% fé%ctlon mixture left in the autoclave after
the above operation {c} was filtrated and the filtrated
solid was washed with the water-containing tert-butyl
alcohcl {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 cperation (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 titanosilicete and 3g of the

fumed silica. The operable time was 421 hours.
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5 hydrogen peroxide and anmonia in the presence of a
titanosilicate and a silicon conmpound other than the
titanosilicate; and (2) calcinating the titanosilicate
whi ch has been wused in the step (1), in the

at nosphere of an oxygen- 10 comitdai ni ng gas, wherein
the titanosilicate calcinated in the step (2) is used
in the step (1). 2. The process according to claim1,
wherein the titanosilicate is calcinated at a

twemper bt Wwea MERS0E: or 15 higher in the step (2). 3.
The process according to claim1l, wherein the silicon

conpound othesréheds t hertptanesihycalelbseggh8stbedxime which
froma group consisting of a silica, a silicic acid, a

sidd cal&s sahd e silicate ester and m xtures
t her eof .

{1) subjecting cyclcochexancne toc ammeximation with
hydrogen percxide and ammconia in the presence cf a
titanosilicate and a silicon compound other than the
titanosilicate; and

{(2) calcinating the tTitancosilicate which has been
used in the step (1), in the atmosphere of an oxygen-—
centaining gas,

wherein the titanosilicate calcinated in the step (2)
is used in the step (1).

2. The process according to claim 1, wherein the
titanosilicate is calcinated 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 titancsilicate is selected

rom a group consisting of a silica, a silicic acid, a

silicate salt and a silicate ester and mixtures thereof.



