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PROCESS FOR PRODUCI NG CYCLOALKANONE OXI MES BACKGROUND

OF THE INVENTION 1. Field of the Invention 5 The

present invention relates to a process for producing

a cycl oal kanone oxi nme by the amroxi mati on reaction of

a cycl oal kanone. Cycl oal kanone oxi nmes are useful as

raw materials for lactanms and the Iike. 10 2.
Description of the Related Art A process for producing

a cycl oal kaPRPCESBN | FRR | PRODUCENG aGY GRABLKANONE ) OXIMES
reacti on of a cycl oal kanone with hydrogen peroxide

and ammonia in the presence of a titanosilicate

catal yst (see, for exanple, USP 4,745,221, USP
4,794,198, USP 5, SBACKERCUND OFP THEP INVENT IQNSP

6, 828, 459 and US 2004/ 204609 A). The ammoxi mation
react i Boeld aflviheafmvestjonarried out in a

conti nuous nethod in view of productivity or

oper at i offaki pyesembdmimmtiion celdrites bata progessr faniproducing
solvent as a reaction solvent. 20 For exanple, USP

4, a94yta8 adkanlonee oxdmeoblyi theu ammmyimdtninng aeaction of a
reacti on of a cycl ohexanone using t-butyl alcohol in

an cggnval kahobheam Qydlbalk@fohenogifgsnmake, upeghar akl yaw
from 0.5 to 10 tinmes by nole of the cycl ohexanone at

fr panteRGatle £b20Qachihchss pe@ ftheallikd.t di scloses a
reaction using t-butyl 25 alcohol in an armount of 2.1
times by wei ght of cycl ohexanone 1 at 83C and a

reaction using t-butyl alcohol in an anount of 3.2 or

10 "oRe tHEBSrDyt¥Y6L06E BheChELQDEAAAREE at 80C. USP

15

20

25

5,312,987 and USP 5, 227,525 di scl ose a conti nuous

ammoxi Mehi ppokeast Fop ﬂfo&@ﬁﬁ§®Yé¥&&m&%ﬁé®kﬁﬁe dncludes
S cycl oal kanone using an organic solvent in an anount

of ahl A3 matQ ok rielalRI oY o¥eiad by Ao aintAled Qi %ydrogen
conmpound at from60C to 100C, préferably at from 70

PRSBSOS Sl 80108 8 RBLATUOMS cnceyee

al ¢ahe! £4- ARaMERU Db 42743 ,921T068p 14 % Qe deHEBls , 312, 987,
USP 5,227,525, USP 6,828,459 and US 2004/204609 A). The
ammoximation reaction is advantageously carried out in a
continuous method in view of productivity or operationality,
and usually carried out in an organic solvent as a reaction
solvent.

For example, USP 4,794,198 discloses a continyous
ammoximation reaction of a cyclohexanone using t-butyl alcohol
in an amount of from 0.1 to 100 times by mole, preferably from
0.5 to 10 times by mole of the cyclohexanone at from 60°C to
120°C, and specifically it discloses a reaction using t-butyl

dalcohol in an amount of 2.1 times by weight of cyclohexanone
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10 of cycl ohexanone at 85C. Mreover, USP 6, 828, 459

and US 2004/ 204609 A disclose a continuous

amoxi mati on reaction of cycl ohexanone using an

organi c solvent at from50C to 100C, and specifically

they disclose a reaction using t-butyl alcohol in an

anount of 3.3 15 tines by weight of cycl ohexanone at

85C. SUMVARY OF THE I NVENTION I n the continuous

anabx8 KT i« reeanddatnicaf s e | A deronel catso HelRcrdhethount of
above, it is advantageous that the anount of the 20

or gapi ersmbyentinasdoiswegdtiecdragydiohefanonesiadt &o°cC.
fromthe viewpoint that an energy cost for recovery or
purificauspnsobl2t ha7oaganyspspl zent sasddagciegep@Edontinyous
cost can be reduced and volunetric efficiency can be

| e iinatovRveeacwion bhcaadRyBbnydf cohpotnda’iyeh as a
solvent is reduced, an activity of catalyst is 25 apt

t ocpeldet rahonatnfineanl dtdgnid stitffditilih 49 aBHCbEFrom 2.5
2 long-term operation, so productivity of a

CY€d OR) HANRNE biPYeiBRECHE 1 v iFt -co}g&i%élé B f£rom 60°C to

obj ect of the present invention 1sto p e a

PrO66%S, e QNG NG FrHCHBRE k@@%@“@,’dﬁ'ﬁ% ecifically they

cont 1 nuous anmoxi tion reaction of a cycloalkanone 1'n

hi @hs ¥s€l &l it Fd AU ﬂ?r%rci:ﬂgne&fi I %a?‘ﬁ%ﬂ"%s@ g%lohexanone

anount of an organic solvent used Is s

r agsiig o peXANgi ¥end PUGSAA %‘Hxﬁﬂ?of ?.33 BE times by weight
ove-descri be

i nventors have found that the a obj ect

Cﬂ&fh&yc éf%ﬁg%ﬁyﬁgnﬁgqying an i ncreased reaction

t enperat ur e, ave been usually considered to

be di sadyAAREOUTE 6l 3LEE 480 aﬁdcﬁéraid(ﬂ/iséiﬁge W digcione a

acconpl i shed the present invention hat ™

p r&ﬁ?ﬁ#r&%@? W&ﬂﬁ%ﬁ’igf Sré%n?{ P65 53¢ f gf?fgﬂggghgge ausing an

cycl oa one oxi nme by conducting a contrnuou

RGB! 00 LS8 LD I8 RLEIHE OLof apacseicaity thoy

. i d j d
USR0S0 3 NLAORR 05 P14 ST A 0 e o 2.
S by SRS ey R L AI0% 19, 1805 and the

SUMMARY OF THE INVENTION

In the continuous ammoximation reactionof acycloalkanone
as described above, it is advantageous that the amount of the
organic solvent used 1s reduced as much as possible from the
viewpoint that an energy cost for recovery or purification of
the organic solvent and an equipment cost can be reduced and
volumetricefficiency canbe improved. However, when the amount
of the organic solvent is reduced, an activity of catalyst is

apt to be deteriorated resulting in difficult to conduct a
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the organic solvent is not nore than 2 tines by wei ght

of that of the cycl oal kanone. 20 According to the

present invention, the continuous amDximation

reacti on of a cycl oal kanone can produce a

cycl oal kanone oxinme in high yield for a | ong period of

time even when an anpunt of an organi c sol vent used

is smal|l. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED

ENSOE NES¥S o Sprid 31 o fss iRTQ @t ey RE £ e at9atkapone may
the present invention has titanium silicon and
opapemeninsnéfaciennt s Tinshtheoiected the prgisent dnvention
skel eton. The nol ecul ar skel eton of the

t iitsaosprovide ampyrogessofieri mueducing s sycilaalkamuine oxime by
by 5 titanium silicon and oxygen, or may further

i #C cod¢lovloals amitertmbtioneeadt o wf iac evelobdkiangne in high
the atomic ratio of Silicon to titaniumbeing from 10

t yik@fos = Lbhgericd offseime even whersanbambaneéndt an, organic
and the shape thereof may be, for exanple, in the

f gabventf ivsedasdemall pellet. The titanosilicate can

10 be produced according to, for exanple, a nethod

descri bag lah rebtiA 0 eXTbA3ivRy iufidit iiditions, the present
ti-tanoalli-cate described above as a catal yst, the

dagivierbrey N kaneie ﬂfﬂﬂ&ﬂ@%ﬂ@:@d&#&%é@fw%bt can be

the anmoxi mation reaction of a cycloal kanone with

h)é@lﬁ%‘%doﬁ In t}ﬁ fad ﬂ%@@aeea&eté&lmﬁamsarafture which

t he cat al ys e present 1nvention,

amERd paBh! @auéffftddwsm%zfamu%@dafﬁm%afus Wiri Berms of

usi ng an organic sol vent as a reaction sol

C)aégbsehﬁeerﬂ ednd 9cLb& F&ttﬂé‘\f)%ts'e% ¥avehkYon. That

on at ons.

CHG O%Héagyﬂée%”ﬁfx%hﬁoﬁo J:BG%HCycﬁy]gM%%a@&Pe&ﬁoducmg a

cyclohexa one, cycC ooctanon odecanone

OXI éﬁtl on o a oycllpnoal B&:?ﬁgl%%c 1513{ hygg@.{@éﬁi a% ammoximation
TR B AT A e v
g%%g?ﬂlllyél.alg ycgoalﬁg{'xg)ﬁleqe '§r8828rpaLL¥xE&8d“§r%%oR¥a and an
organic solvent into the reaction system, wherein the reaction
temperature is from 90°C to 120°C and the supplying amount of
the organic solvent is not more than 2 times by weight of that

of the cyc¢loalkanone.
According to the present invention, the continuous
ammoximation reaction of a cycloalkanone can produce a

cycloalkanone oxime in high yield for a long period ¢f time even

when an amount of an organic solvent used ig small.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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4 ant hraqul none process. and is conmercially avail able

as an aqueous solution having a concentration of from

10-t by weight to 70* by weight, which can be used in

the present invention. The anmount of hydrogen

peroxide to be used is generally from5 0. 5 to 3 nol,
preferably from0O. 5to 1. 5 nol, relative to one nol

of a cycl oal kanone. To the hydrogen peroxi de may be

added,  Ther tdstamgisd ligadenusedhimia R tRIstadhiin Ahy present
agent including a phosphate such as sodi um phosphat e,

2 ipvlepitiosphas ¢ idapivas sSLitomapy oxyaen g the edements which
sodium tri pol yphosphate, 10 pyrophosphoric acid,

aseausiit e &heemb;benedraakemetennaﬁhetmoleauldr gskeleton of
di et hyl enetri am nepentaacetlc acid and the |ike, or a

dehev atitemdgiarietite AEPOMen atays thiccutssall subdtmntioahlyfonly by
gas or liquid, or a solution in water or an organic
sqlivemivnlhe iamior afd JRRErn, ohd nidy bfuridesi i Snclude other
generally not less than | nol, preferably not |ess

t RarRmbn® 910! Thedditfdnt: 411G it REving theodmid kandpaf silicon
Exanpl es of the organic sol vent include al cohols such

ato MRitanLu RARly Febhyhoakeohobo BspeeRYbbabCcobEl use in the
I sopropyl aIcohoI n- butyl al cohol, S-butyl alcoho

t p@:léts)élntahﬁ%ﬁ'tl%ﬂd gfat tﬁgyéha'?éé%redﬂ @iERt be, for example,

hydrocarbons such as benzene, toluene, xylene and

eEHNEB%“fSEﬁ o2NEL £ +rﬁﬁﬁﬁéﬂQﬁ:%%1&%&rahTﬁéoiﬂtaﬁosillcate can
y

|oxane | soprop ether and t-bVtyl nethyl ether
odﬂyéﬁ %Ec%&%iﬁgﬁﬁﬁ b@oHSEQahﬁlgonﬂ'ﬁéEhQH adfscribed in
necc ssary. Anong m since |qU|d phase of a
q? 63' s easily kept 25 in uniformstate,
alcoﬁbls aving | to 6 carbon atons are 5 preferably

used, A%ﬁ?%ﬁ& Eﬁfe 'H‘teargc; vvef%fé)hgga ibBabdedsiScatalyst,

not nore t1 mes pre erably 1.8 tines

Dol s e e Bt ) g B e
;or recovq%éﬁf ﬁgﬁiagés %%%“b EHE? E &ggnkﬁlﬁﬂﬁ?%ﬂﬁlperox1de

and ammonia in the presence of the catalyst. In the present

invention, the ammoximation reaction is conducted continuously
with using an orxrganic solvent as a reaction solvent.

The c¢ycloalkanone used in the present inventilon usually
has 5 to 12 carbon atoms. Examples of the cycloalkanone generally
include cyc¢lopentanone, cyclohexanone, cyclooctanone and
cyclododecanone. The c¢ycloalkanone may be obtained, for
example, by oxidation of a cycloalkane, or by hydration and
dehydrogenation of a cycloalkene. In addition, ags teo
cyclohexanone, it may be obtained by hydrogenation of phenol.

Hydrogen peroxide is generally produced by so-called
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volunetric efficiency can be inproved. The reduced

organic solvent also can have a problemiIn

productivity, because a catalyst is apt to be

deteriorated when the | ess amount of an 10 organic

solvent is used, however, the problemcan be settled

by increasing a reaction tenperature. But, too snal

anount of the organic solvent is still unfavorable

f ahthraghahyae piroeessAcanddiggicymuiche iablyniavelfiidtde as an
organi c solvent to be used is generally not |ess than
OagldebugesoDytiehghavipg ef eondentnatiasef fromt had by welght
0.5 times by weight to the cycl oal kanone. As a

r @3CY D 8o OheBglit , WIELAH Gam besakedninntiye herameatt invention.
together with water. A m xed solvent of the al coho

deger kiedntabeVEyapdguat féroRide Ptefivs ad @l edanremdlly from
a reaction solvent. Wien using water, it is

agvantaosans) f igraddyani oo .o t@ 205cabd| yoélatiee to one
that an anount of water to be used Is adjusted so

that & Wwber16a1kaAbMhALI Oft thetnAfEEn sk e hay be added,
rglact?%n ?n&xtsﬁ?e iIs) from 25% byirvvei gh]t:1 to 35_\7.-b;/ay e

WebhghbxWhble! 2kl BHa?D afdBYOlofehe @l DYidd®egent including
reaction Into consideration. In the present invention,

t HGPEQ]EEhQHQU&éHr@.&(i ﬂ\ﬂ'ﬂphggphﬁ%‘é},i Qr‘p@iy%hosphate such as

cycloal'kanone i's conducted w th supplying a

ggp@gﬁ%nk ?:R?%%hp%éﬂ%%@e RoRCkesits TP te,

reactron system practically -is

B e

YPE Trea act or,

SuRRLY! BY oRnHLn Ui AANEL AU P S AW Yo, o &

Y erern a proper amount 0

ggggﬁsg%&' nthghé%ng including a titanosllicate

I'spersed ttherein, while sinultaneously

. h . . : o
aroun: SBoPa%: Y 5o QbR LAY BLMUEE ol &P%iquia, or s
The et hod of .su

BUARIRY fh e TR et AR BR VA Mg Mgyt o ammonse

B b o 45 B SRR EAY 580, SR BB ot 1
S 55 D et o5 e s 4 e ety

react| ogxrar.:in)lgtllérseéf the organic solvent include alcohols such as
methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl
alcohol, n-~-butyl alcohol, S-butyl alcohol, t-butyl alechol and
t-amyl alcohol; aromatic hydrocarbons such as benzene, toluene,
xylene and ethylbenzene; and ethers such as tetrahydrofuran,
dioxane, dlisopropyl ether and t-bytyl methyl ether. Two or
more of those may be used in combination if neccessary. Among

them, since a liquid phase of a reaction mixture is easily kept

in uniform state, alcohols having 1 to & carbon atoms are
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it is favorable that only its liquid phase Is
extracted through 15 a filter or the like while the
catalyst remains in the reactor. The concentration of
the catal yst, which depends on the activity thereof,
reaction conditions and the like, is generally from 1
g/L to 200 g/L based on the wei ght per volune of the
reactlon m xture (the total anount of the catal yst
an@TEEGEAPLEh S 20 1n addition, In view of
suppressing the decrease of catalytlc ‘?erfornance of
titanosi PRcEREURE; oF cthe QRgARI SRR Mbe; H§ed 1s not more
ti-tanosilicate such as silica, silicate or the |ike

mefhEE dsbimes Y otk aFekeeatding -Botimes by weight to the
dlsclosure In JP-A-2004-83560. The reaction
t e FYSLRBIKanesen ot BY exedeahng oam @neynt xof cthe BFgapic solvent
such a higher reaction tenperature, the problemin 7
S pr sgubeiused. A enpaOYi RSt HEOF awmmeTiognPugification of the
organi c solvent as described above can be settl ed,
angrgasjcl salkentnandypreancaguipmentdoeet ¢an h':bghreduced. and
yield f or a long period of tine . However, too high
r eyoftume trdep effigiencyy ceas bey inpagvied .t hBhe reduced organic
thernolysis of hydrogen peroxide, the thernolysis of
a Bypdrexnyl adiswe chinahavies aapriobilemds prodyertdndtiord because a
from hydrogen peroxi de and anmonia, and the
t heatrallyaltsisfapt desibecdetpoioaidtadwbeaxthe, lasd ahagnt of an
|l ead to the deterioration of a reaction perfornmance.
Acomgendgl goltrbatr fachsed, tipopeveat Jirchd Spirst Lemrean ee settled
1200C, 10 and preferably not nore than 1100C. The
redgt indreayiig aopdaet £6natemipépatuné ogpie) ifoo small amount
pressure. in order to increase an anount of ammonia
di sgativedrgenitchenl vent dsphebe]l ohfbRRra®ael £6R a catalyst 1ife.
m xture, the reaction is preferably conducted under

pragesiraindl9ondhki gnsunt Not hike 16r§@ste LR ESHY e used is
may be adjusted using an inert Ras such as nitrogen

angefelra My ridte 1ee@ctin 0S 2Pt Bhes 8 We Dgiet | lpi'éﬂrably not legs
treated with fluororesin or glass, or nmade o

st ghahegssstenks bi' aRiphe tbewpel &yc@.foank%yx%fé .ng

hydr ogen peroxide Trom deconposition. 20 The post

treat "enisP4 088U foREedPet €5 UWNAYBrd&R | ivent may be nsed
together with water. A mixed solvent of the alcohol described
above and water is a preferable example of a reaction solvent.
When using water, it is advantageous from the viewpoint of a
catalyst life that an amount of water to be used is adjusted
so that a water concentration in a liquid phase of a reaction
mixture is from 25% by weight to 35% by weight with taking an
amount generated by the reaction into consideration.

In the present invention, the continuous ammoximation

reaction of a cycloalkanone is conducted with supplying a
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m xture is appropriately selected from known net hods.
For instance, the post treatnent procedure can be
carried out as described InUSP 5,227,525: the sol vent
and any unreacted amonla renaining are separated and
collected as a fraction of distillate 25 by distilling
the liquid phase of the reaction mxture, and the a
bott om product including a cycl oal kanone oxine is

&b{:ﬁ&f@ﬁkéﬂ&ﬁe,%&i@@n%&% t &L Odrhod £2 Rl aeptsﬁcﬁl.vent into

an organi c solven arn an extract of the

o EhE XS RIEN BpdFem, praREIRAIIN g b ffeEed Y99 Wntinuous
nggsétw aptRids 3 Bﬂg&esdt gg[:lgﬁéeapg&%;ra{;@-t% reactor,

vent and unreacted anmon ecte
r S tj.Qn ri
| e Fpg AT S oy (S PUARAE PR pp 2ol AR, Hffonta ana
no t [ m.f at | .
're PREERE hEtenes, ' Tldln I naBR BB, Fne zeaction
autocl ave,. .t er ,syrfac f ich,is_|ini .
¢ PREFER S i p SR Y drhTyakffbergea therein,
cont [ huous moxi mation, reaction.was conducted w .
R S e
i ncl udi ng _15* b wei ght of water at 4 6..0.4 g/h C
ohiGy e Spionng, Sob s aato Lragonegss (oRgTLYS Py of these
by wei ght of cl ghexanope),] , .anmonj a, at 4. 26 20 qg/.h,
ATERECRRE IRt G e RESRSHChE SETRRI LAY e v Jaterials may
8. 60 g/h into the reactor and sinulta eoug%y .
extPetEin g PRERPEGIGFe BRIV Mete &L B G RR A9 geparately
through a_stainless steal s-intered _ netal filter so
t O TRardhnte SPMeHRE tPECTREMALeTiAlS are Rbred hafrehand and
i s kept at about 100 nlL under the conditions of d .
r cbie® iHcBure difpsuapdiedovishoethan BixbaEeoh & rav material,
pressure of, 0. 25 MPa. During 9 this period of .
r BR4 e likg.g Wpon iextrestingathe[ ¥es ki ipg reaction mixture,
silicalite (TS-1) | havingMI| structure presented in
t het AEaEavoRabhe Ehat ondyt hes ldaiiist Phasg taaryracyed through
supplying rate of the
a filter or the like while the catalyst remains in the reactor.
The concentration of the catalyst, which depends on the activity
thereof, reaction conditions and the like, is generally from
l g/L to 200 g/L based on the weight per volume of the reaction
mixture (the total amount of the catalyst and liquid phase).
In addition. in view of suppressing the decrease of catalytic
performance of titanosilic¢ate, silicon compounds othexr than the
titanosilicate such as silica, silicate or the like may be used
in combination according to the discleosure in JP-A-2004-83560.

The reaction temperature is not less than 390°C. By

employing such a higher reaction temperature, the problem in
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cycl ohexanone relative to the catal yst =
0.132nol / h-g-catalyst). 5 At the sane tine, helium gas

was flowed at 1.2 L/h in the gas phase within the

reactor and an oxygen concentration in an exhaust gas

was nonitored as an index of catal yst deterioration.

100 hours after the start of the reaction (the total

suppl i ed anpbunt of the cycl ohexanone relative to the

c a%??%@tw&‘sy ACPOmMPSnYG PEthe Fednced apeunt ofgrgapic solvent
concentration in an exhaust gas exceeded 10* by
voASmesentbe@ ghevn oan hemetidiedd. addngacycilealkanone ozxime
Exanple 1 A continuous anmoxi mati on reaction at 85C

wesak beducrdaced Sndiigh wieyd £or a 1Robgreniond 8L dripies. 1 However,
except that supplying rate of cycl ohexanone was at

19t &G hdah redctiol temperpltvaleordpeasidy LlehdgolHe thermolysis
bywei ght of waterwas at 34.76 g/ h [wherein, t-butyl

al eb it doeger? pesoxg/de .( the themmobysiwighta diydroxylamine that
cycl ohexanone)]. that of anmonia was at 6.43 g/h, and

t hia¢ apfirdtnrdieggenefafod fmndgydr peen petexidesmtd ammonia,
was at 12.99 g/h, and 1.51 g of the catalyst

prarsd thed therinbaysescof @ desiiredecyolbtkanonbasxi{me, and thuys
supplying rate of the cycl ohexanone relative to the

caledd sto OtHS2aeerierEBich Y6£ ) a AabPibR PbiLorhafice.

start of the reaction (the total supplied anmount of

t hec&sed Naffe reladitive térpklathi®eCabah¥eimerd krdan 120°C,

nol / g-cata yst) since an oxygen 10 concentration in

AN ke B051 £XSOP U d Ofndly ¥phwre, the reaction
was term nated.” Exanple 1 A conti nuous amoxi nation

react i ONTHR Sr&ELst Qfhy B diducesd | At GodBRa Rt A¥Rospheric
Exanpl e 1, except that a reaction tenperature was

%eé‘ﬂ%&@ oury, atlet {danthddsPhint ARoufeL s oh&'&edl sgolved

t ot al supplled annunt of the cycl ohexanone rel ative

the @/l aligd e B ke 9@5@&335)mlﬁgﬁggigehgx¥gﬁgt10n is

concentratl on 1 |n an exhaust gas excee

\“ﬂf&?%:&ﬂﬁyféEKﬁﬁé%bd%EhdéPfﬁEéE§&¥EZ£§aEB$81€£ons. In this

case, the pressure may be adjusted using an inert gas such as
nitrogen and helium. The reactor is preferably one lining
treated with fluororesin or glass, or made of stainlesg steel,
from the viewpoint of preventing hydrogen peroxide from
decomposition.

The post treatment procedure of the resultant reaction
mixture is appropriately selected from known methods. For
instance, the post treatment procedure can be carried out as
described inUSP5,227,525: the solvent and any unreacted ammonia
remaining are separated andcollectedas afractionofdistillate

by distilling the liquid phase of the reaction mixture, and the
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A continuous ammoxi mation reaction was conducted 15
simlarly as in Conparative Exanple 1, except that a
reaction tenperature was 95C. 144 hours after the
start of the reaction (the total supplied anmount of
t he cycl ohexanone relative to the catalyst = 19.0
nol / g-catal yst), since an oxygen concentration in an
exhaust gas exceeded 10* by vol unme, the reaction was

2054 %B%Eﬂct%?éimeag. r?ﬁ}l&g.r Ia&%%%mm% tained; thus

reac I on"“was conduct y as 1 n Conparative

?%@)Agb%dhoursl afé L}cﬁce %?%Satt&%fctﬁe Leagr tBE%f\PE% solvent
F HE bl At t'caaat""?‘%“%‘ﬂe gﬁg%aés%oﬁeeﬁﬁﬁ%éu I£ nested the

Z;Qiféa%%t TS TBPnGa e, “ARe T cLBPP G v%ﬁ‘i‘haneddmtmed

el L e

excecgt t hat a?éeactl 011 eerat(g s 115C i g

hAHS HTeCTHe e %f ¢ t’l“‘?ﬁﬁ ® YerECLBtal

suppl i ed anount of the cycl ohexanone relative to the

catalyst = 32.7 nol/g-catalyst), since an oxygen

concentration in an exhaust gas exceeded 10% by

vOtEA#P 9%e reaction was terminated. 15 Exanple 5 A

conti nuous ammoxi mation reacti on was conduct ed )

sim I ar IR PResqRl; kSRRt IOt ddascrikedtip yppre detail by

s% éwg rate of cycl ohexanone was at 18.52 g/h,
ingpErsmpaee oMiiich shoudd ng ti@’x’é’%‘}%ﬁ 21a] agfa limitation

wat erwas at 32.92 g/h [wherein, t-but 20 al cohol was

2MEE (ihe (SCope |¢gst1b%/ RES PRt o*n%?%gb%xanone)]

that of ammonia was at 6.10 g/h, and that of 45% by

wei ght of hydrogen peroxide in water was at 16.40

g/h, and 1.43 g of the
Reference Example 1

500 mL autoclave, the inner surface of which is lining
treated with fluororesin, was used as a reactor. A continuous
ammoximation reac¢tion was conducted with supplying
cyclohexanone at 12.95 g/h, t-butyl alcohol including 15% by
weight of water at 46,04 g/h [wherein, t-butyl alcohel was 39.13
g/h (3.0 times by weight of cyclohexanone)], ammonia at 4.26
g/h, and 60% by weight of hydrogen peroxide in water at 8.60
g/h into the reactor and simultaneously extracting the liquid
phase of the reaction mixture through a stainless steal sintered
metal filter sco that a volume of the reaction mixture in the

reactor is kept at about 100 mL under the conditions of a reaction

temperature of 85°C and a reaction pressure of 0.25 MPa. During
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catal yst presented in the reaction mxture in the

reactor (a supplying rate of the cycl ohexanone

relative to the catal yst 25 = 0.132 nol/ hg-catal yst),

and a reaction tenperature was 95C. 12 178 hours after

the start of the reaction (the total supplied anount

of the cycl ohexanone relative to the catalyst = 23.5
nol / g-catal yst), since an oxygen concentration in an

eXiteius tpemiaw] exk emshok dld, by. Wof s, titenoshricatewhtitanium
termnated. 5 For each of the above exanples, a

r esalct i amil tex { DS el W kavangMFaesi hyc Gase preasntegriapitye reaction
at a proper tine after the reaction started, and a

conseinateoArofthey ebabesanasea catslest i (d Buppdying rate of the
cycl ohexanone oxinme and a yield of cycl ohexanone oxine

weryeslolbHeiidreeat iiRe Tl it datalysted JjiBabl phlg-ddtalyst).
NNMW a. 0'aC0 Ra0 coRROYM 40r| N~-MsPHNR . ON r| coRNNu9M

0.2 QN0 ¥abdd\E 1ReG ORe L 2MA0g4 &) WEANGAE W Gt %.2ML/hHl in the gas
. - ~Rantr IMcoNe41RRC
phasewlthin the reactor and an oxygen concentration in an exhaust
gas was monitored as an index of catalyst deterioration. 100
hours after the start of the reaction (the total supplied amount
of the cyclohexanone relative to the catalyst = 13.2

mol/g-catalyst}, since an oxygen concentration in an exhaust

gas exceeded 10% by volume, the reaction was terminated.

Comparative Example 1

A continuous ammoximation reaction at 85°C was conducted
similarly as in Reference Example 1, except that supplying rate
of cyclohexanone was at 19.56 g/h, that of t-butyl alcohol
including 15% byweight of waterwas at 34.76 g/h [wherein, t-butyl
alcohol was 29.55 g/h (1.5 times by weilght of cyclohexanone)].
that of ammonia was at 6.43 g/h, and that of 60% by weight of
hydrogen peroxide in water was at 12.99 g/h, and 1.51 g of the
catalyst presented in the reac¢tion mixture in the reactor (a
supplying rate of the cy¢lohexanone relative to the catalyst
0.132 mol/hrg-catalyst). 77 hours after the start of the
reaction (the total suppliedamount of the cyclohexanone relative

to the catalyst = 10.2 mol/g-catalyst), since an oxygen

10
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Example 1

A continuous ammoximation reaction was conducted
similarly as in Comparative Example 1, except that a reaction
temperature was 90°C, 125 hours after the start of the reaction
(the total supplied amount of the cyclohexanone relative to the
catalyst = 16.2 mol/g-catalyst), since an oxygen concentration
in an exhaust gas exceeded 10% by volume, the reac¢tlon was

terminated.

Esxample 2

A continuous ammoximation reaction was conducted
similarly as in Comparative Example 1, except that a reaction
temperature was 95°C. 144 hours after the start of the reaction
(the total supplied amount of the cyclohexanone relative te the
catalyst = 19.0 mol/g-catalyst), since an oxygen concentration
in an exhaust gas exceeded 10% by volume, the reaction- was

texminated.

Example 3
A continuous ammoximation reaction was conducted
similarly as in Comparative Example 1, except thai a reaction

temperature was 105°C. 203 hours after the start of the reaction

11
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(the total supplied amount of the cyclohexanone relative to the
catalyst = 26.8 mol/g-catalyst), since an oxygen concentration
in an exhaust gas exceeded 10% by volume, the reaction was

terminated.

Example 4

A continuous ammoximation reaction was conducted
similarly as in Comparative Example 1, except that a reactlon
temperature was 115°C. 248 hours after the start of the reaction
(the total supplied amount of the cyclohexanone relative to the
catalyst = 32.7 mol/g-catalyst), since an oxygen ¢oncentration
in an exhaust gas exceeded 10% by volume, the reaction was

terminatefi.

Example 5
A continuous ammoximation reaction was conducted

similarly as in Reference Example 1, except that supplying rate
of cyclohexanone was at 18.52 g/h, that of t-butyl alcohol
including 15% byweight of waterwas at 32.92g/h [wherein, t-butyl
alcohol was 27.98 g/h (1.5 times by weight of cyclohexanone)],
that of ammonia was at 6.10 g/h, and that of 45% by weight of
hydrogen peroxlde in water was at 16.40 g/h, and 1.43 g of the
catalyst presented in the reaction mixture in the reactor (a
supplying rate of the cyclohexanone relative to the catalyst

= 0.132mol/h-g-catalyst), and a reaction temperature was 95°C.

12
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178 hours after the start of the reaction (the total supplied
amount of the cyclohexanone relative to the catalyst = 23.5
mol/g-catalyst), since an oxygen concentration in an exhaust

gas exceeded 10% by volume, the reaction was terminated.

For each of the above examples, a reaction mixtyre was
analyzedbygaschromatoérapmyatapropertimeafterthereaction
started, and a conversion of cyclohexanone, a selectivity to
cyclchexanone oxime and a yield of cyclohexanone oxime were

determined. Results are listed in Table 1.

13
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(0- 14 WHAT IS CLAIMED I S: 1. A process for producing
a cycl oal kanone oxi nme by conducting a continuous
amoxi matl on reaction in the presence of a
titanosilicate catal yst wth supplying a

Wﬁﬂy %gl p T¥.drogen peroxide, anmmonia and an
organic so vent into the reaction system wherein the
reaction tenperature is from90*C to 1200C and the
suppl yi ng anount of the organic solvent is not nore

than rocgEBr§§ ggdggt__ g%otgpe&ﬂgf al \%ﬁcﬁlﬁﬁllﬁﬁh%ﬁ@.o%ime by

I'ng erein the organic
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process accordlng to cl |n12 mhereln the n
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wei ght of that of the cycloalkanone % SS 90°C
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reaction tenperature is from900C to 1100C. 15 )
to 120°C and the supplying amount of the organic solvent is not

more than 2 times by weight of that of the cycloalkanone,

2. A process according to claim 1, wherein the organic

solvent is selected from alcohols having 1 to & carbon atoms.

3. A process according to claim 1, wheredn the supplying
amount of the organic solvent is 0.2 to 1.8 times by welght of

that of the cycloalkanone.
4. A process according to claim 2, wherein the supplying
amount of the organic solvent is 0.2 to 1.8 times by weight of

that of the cycloalkanone,

5. A process according to any of claims 1 to 4, wherein

the reaction temperature is from 90°C to 110°C.
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