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1 SPECI FI CATI ON PROCESS FOR PRODUCI NG CYCOLOHEXANONE
OXI ME BACKGROUND OF THE | NVENTI.ON 5 Technical Field
The present invention relates do a process for
produci ng cycl ohexanone oxi ne. Cycl ohexanone oxine is
useful as a raw material of E-caprolactam and further,

a raw material of nylo i ke.

Description of the relat%gEafFFQéggogrocess for

o mat ROTR  BRORYETSR e RAEERRVGNE, ﬁkiﬁout
W th hydrogen peroxide and ammonia in the 15 presence
of a titanosilicate catalyst has been known (see for

H Rt 0% 168 PNRITRONLL oc S o 2 process for

e e honoen ont Al ned byt he- amroni mat i on

Biei‘ﬁf' B Phedtnt GiRet ﬁéaﬁefeioaﬁi?@rl&{fﬁ%lﬁpmess for
RO o t'or}é}iﬁ Ao b s ikl 2% is

mnth toluene fromthe rea tlog solutio

MFREHhgaBhé cERY| et ef §a{F6PF8ﬂaﬁ§aﬁr At FBRther, 2
2o A2 o £y TaR 26, (433 4nd! Tkg3es @ process

Description of the related art

As a process for produciﬁg cyclohexanone oxime, a
process wherein an aﬁmoximation reaction ©of cyclohexanone
is carried out with hydrogen peroxide and ammonia in the
presence of a titanosilicate catalyst has been known (see
for example, JP-A-62-59256 (1987), JP-RA-6-49015 (193%4) and
JP-A-6-92922 (19°4)). With respect to a process for
collecti:ng cyclohexanone oxime from a reaction solution
which has been obtained by the ammoximation reaction, for
example, JP-A-62-59256 (1987) discloses a process wherein
the above-mentioned ammoximation reaction 1is carried out
using water as a reaction solvent and cyclchexanone oxime
is extracted with toluene from the reaction sclution after
removing the catalyst from the solution by filtration.

Further, JP~-A-6-92922 (1994) discloses a process which
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2 includes carrying out the above-nentioned

anmoxi mati on reaction using a m xed sol vent of

t-butyl alcohol and water as tHe reaction sol vent,

subjecting the reaction solution fromwhich the

cat al yst has been renoved by filtration to 5

distillation to renove unreacted amoni a and wat er -

cohnailndag tchburylingl contl &bhedi sboveamentioned ammoximation
extracting cycl ohexanone oxine with toluene fromthe
boreaatpendusing andixednsedieast ofg trbatanlt pdcohcd and water
distillation to renove toluene as distillate, and
coasedhiengreact irexandvientxi mubjertdno et t sgaction solution
product. SUMVARY OF THE | NVENTI ON However, the thernma

st fibohi which dyhd otetalyse basnbeephimgmived dpyefidfration to
according to the above-nentioned 15 conventiona
prdtetidsacionot tal waysmene quangeakfed hiampabon, and water-—
there are a problem caused by generation of a tar and
prebntaindhgr ditdmtisdh adcphelld ashdddetddiletsyi oangdn extracting
gquality, for exanple, when the collected cycl ohexanone
oxFHelPBesanpae axdmer anbtler tedupnea fixem cthennbokEpme product,
20 state, and when the collected cycl ohexanone oxi ne

i sandadihene subireqhind | Ehei exthacdi dia | destbhlakienr to remove
the Beckmann rearrangenent reaction. Then, the )
pr Bedtuengnwaentdist hialatent endi \eal extinedcycdpheganone oxime
pur pose of devel opi ng a process for advantageously 25

cohbedt bagtomcrohndnabone oxi ne superior in thernal

SUMMARY OF THE INVENTION

However, the thermal stability of cyclohexanone oxime
which dis collected according to the above-mentioned
conventional processes is not always adequafe. For this
reason, there are a problem caused by generation of a tar
and problems of reduction in yield and deterioration in
quality, for example, when the collected cyclohexanone
oxime is stored and transferred in a heated and melted
state, and when the collected cyclohexanone oxime is
gasified for purification by distillation or for the
Beckmann rearrangement reaction.

Then, the present inventors have intensively studied
for the purpose cof developing a process for advantageously

collecting cyclohexanone oxime superior in thermal
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3 stability, in a process for produci ng cycl ohexanone

oxime by the above-nentioned anmoxi mati on reaction.

As a result, the inventors have3found that the

above- nenti oned purpose can be attained by carrying

out the ammoxi mation reaction 5 and then subjecting

said reaction solution to a series of steps

cossiabtiiligyof i edepabidessd fhist pkbahicffg @vidlatidxdhone oxime
and washing, to conplete the present invention. The

pr byetrhel abervie-mentd cnedoramwicdel nea et essaditilion. As a result,
produci ng cycl ohexanone oxi ne whi ch includes the

f ofthew inveriibiss epavé 1 fouad| Ghatf 1yhe sbewesmerddchaty purpose
cycl ohexanone, hydrogen peroxide and ammonia in the

pr eésbnd® odtbainednbyi Idaratyeing avut yshet ampioxdmetion reaction
reaction solution containing cyclohexanone oxine,

wated, thereastlrfecinimyi saddd reacddoredsdlbution to a series of
cycl ohexanone (hereinafter, this step is referred to

asstepsr eavtsictisie sy , ptéfieteshinedl ddshjiddaitign, heextraction
reaction solution obtained in the step (1) to

di enidl Washdng, o tdi sompleffe thraTprieseatd iobtemitnion.
bott om product containing 20 cycl ohexanone oxi e,

wat er afBiecypresextindrevgrisian ndfst etp prowidd e i process for
referred to as a "first distillation step"”), (3) a

st ppodiicing mycliehexanome priduzt wbbchi Andlodeshehst efpllowing
(2) with an organic solvent foll owed by separating a

m ftepe i(kotan (6dgani c | ayer and an aqueous | ayer

(1} a step of reacting cyclohexanone, hydrogen
peroxide and ammonia in the presence of a titanosilicate
catalyst to give a reaction solution containing
cyclohexanone oxime, water, unreacted ammonia and unreacted
cyclohexanone (hereinafter, this step is referred to as a
"reaction step"},

(2) a step of subjecting the reaction solution
obtained in the step (1) to distillation to distil off
ammonia and obtain a bottom product containing
cyclohexanone oxime, water and cyclohexanone (hereinafter,
this step is referred to as a "first distillation step"),

(3) a step of mixing the bottom product obtained in
the step (2} with an organic solvent followed by separating
a mixture intc an organic layer and an aqueous layer

(hereinafter, this step is referred to as an "extraction
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25 (hereinafter, this step is referred to as an

"extraction 4 step"”), (4) a step of mxing the

organic layer obtained in the st®ep (3) with water

foll owed by separating a mxture into an organic

| ayer and an aqueous | ayer (hereinafter, this 5 step

is referred to as a "washing step"), (5) a step of

subjept'ing the organic | ayer obtained in the step (4)

to distillation to distill off the organic solvent ,

and wat dd)ard sttepoistfamizd ngotthemaraaiic lairnishtpined in the
cycl ohexanone oxi ne and cycl ohexanone (hereinafter,

t histep0 €epvithrwateredoildowed, by ceeperatihg| pattigfure into
step"), and (6) a step of subjecting the bottom, \
pr eBuRTrTHNEE nddyern ant 8k epduEPUSy HRYeT | (hersinafter, this
distil off cycl ohexanone and tq obtain a bottom

pr 68est isomefierineg drelaghéxal ingisheR Ner ei naf ter,

this step is referred to as a "third 15 djst'llatiqg_t ined i
step"). 19 ehisdeh qfuaudeghifeddhe Hafontdyer obtalned in
distilled off in the first distillation saﬁg ég% i% .
desheabstep edid| cte adiskiidatdomscboi fisitd Ileaetfofie organic
step (1). Further, the organic solvent distilled off ..

| n soRFenkcond dakien 13nd 6P RPEALH § ROTEOMEFILF, containing
recycled as the organic solvent used int

he )
exygdohexana® (9Kinganende sHglohexanqng edhgreingtter, this

the second distillation step (5) is desiraply, recycle
as StR® &5 kafented e RS nFetdf (@st %%fe?'ho%/‘é‘?l"q’ » and

the (6) a step of subjecting the bottom product obtained
in the step (5) to distillation to distil off cyclohexanone
and to obtain a bottom product containing cyclchexanone
oxime (hereinafter, this step is referred to as a "third
distillation step").

In this production process, the ammonia distilled off
in the first distillation step (2) is desirably recycled as
ammonia used in the reaction step (1). Further, the
organic solvent distilled off in the second distillation
step (5) is desirably recycled as the organic solvent used
in the extraction step (3), and the water distilled off in
the second distillation step (5) is desirably recycled as
water used in the washing step (4). Furthermore, the
cyclohexanone distilled off in the third distillation step

(6) is desirably recycled as <cyclohexanone used in the
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cycl ohexanone distilled off in the third distillation
step 25 (6) is desirably recycled as cycl ohexanone
used in the 5 reaction step (1).5Additionally, it is
desirable that the washing step (4) includes a first
washi ng step (4a) wherein the organic |ayer obtained
in the extraction step (3) is mxed wwth an 5 aqueous
sokeacthopontepbni{dd -a base and then a mixture is

separated into an organic |ayer and an agueou Ia%er .
and a 3ddémdonadhivag kt eps( AgsiFrlle nthat dﬁﬁbn ashing step

| ayer obtained in the first washing step &fa) IS

mi {4 e udesera nbirsts washing apE§Pc AR WhsFedpddhe organic
and then a m xture is 10 separated into an_organic )

| ajeyeanodbdrizpebous thy eextrrekionaskeRt (Bé 318 piged, with an
and the aqueous |ayer that is obtained in the secon ,
vwaehizegust ejpYuibiomagopsainipgl ¢d dasehandydfihysa mixture 1is
sol ution containing a base which is used in the fjrst
waskbagatedp inte) amaer gand dvdegterdiaid 3% PPHFOYS tqwer, and 2
15 second distillation step (5) may bhe recycled as the

wasecondoasiigiardtion | fomhanaity the Rua cHlayer obtained

used in the second washing step (4b). Acqorgin ., Lo
t hdnprigkenifinatenveshingy dt@Rxdfdhe LoxPie up}g’r%r”ﬁter not
in thermal stability can be advantageously 20 . .

pr stbstantBmIgy DesuirATiDg OF TREserRARAGENSTy. 21 pixture 1s

a flow chart schematically show ng an
separated into an organic layer and an aqueous layer. Here,

a mixture of a base and the agueous layer that is obtained
in the second washing step (4b) may be recycled as the
aqueous solution containing a base which is used in the
first washing step (4a), and the water distilled off in the
second distillation step (5) may be recycled as the water
not substantially containing a base which is used in the
second washing step (4b}.

According to the present invention, cyclohexanone
oxime superior in thermal stability can be advantageously

produced.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a flow chart schematically showing an
example of a continuous production process of cyclchexanone

oxime according to the present invention.
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exanpl e of a continuous production process of

cycl ohexanone 25 oxine according to the present.

invention. 6 Fig. 2 Is a flow ch@rt schematically

showi ng an exanple of a two-stage washing step

i nvol ving a base washing, acconpanied by a step of

coll ecting cycl ohexanone oxinme fromwater |ayers from ,

the extrBigior? stigp (@3) few Shexs washengtdcasd lys) showing an
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present

i nverample | ©Hestr itert StagRet sashiing sterer davoligng a base
the attached draw ngs. The process for 10 producin

cy asisiagonacosipenadedt by @ ian 95ERLLBRELBEnSYGEghexanone
of a series of steps which include (1) a reaction

st egxisher Skamt watemokaratForfnogacii®negfraction step (3) and
cycl ohexanone w th hydrogen peroxi de and anmonia is
carthedveoshing sher pfksence of a titanosilicate

catalyst to give a reaction 15 solution, (2) a first
distillation step wherein residual ammonia is

distilled off fromthe reacti on solution and a

cy cPERRKEER nRESSRABRT RN e PENTREJ INVENELON (i ncl udi ng

unreact ed cycl ohexanone) is obtained as a bottom

product , The 3)preseixt r daivent it p LgheAepRrdbefontRarfiflril with
oxime 20 (including unreacted cycl ohexanone) ii1 .
extyefesanget htan the gatachededrayiigtne Tne process Iox

cycl ohexanone oxi nme/ wat er - m xed, sol?l#i p'ﬂ’ge(@ a nt invention

wasPFogusieg vPEEEPPeRANEREr aRX RSNt AT ni rese

géglgggsei(saggngfog r;%;iéesv\%fsr]segepvg tv?h:\i/.\gﬁe:ri.hc&%ea {1} a reaction
step wherein the ammoximation reaction of cyclohexanone
with hydrogen peroxide and ammonia is carried out in the
presence of a tifanosilicate catalyst to give a reaction
solution, (2) a first distillation step wherein residual
ammonia is distilled off from the reaction solution and a
cyclohexanone oxime/water-mixed solution {including
unreacted cyclohexanone) is obtained as a bottom product,
{3) an extraction step wherein cyclohexanone oxime
(including unreacted cyclohexanone) is extracted with an
organic solvent from the cyclohexanone oxime/water-mixed
solution, (4) a washing step wherein an extract containing
cyclohexanone oxime is washed with water, (5) a second

distillation step wherein the organic solvent is distilled

off From the extract containing cyclohexanone oxime which
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distillation step wherein the organic solvent is

distilled 25 off fromthe extract containing

cycl ohexanone oxi ne which 7 has been washed, to obtain

crude cycl ohexanone oxine, and (6) a third

distillation step wherein residual cyclohexanone is

distilled off fromthe crude cycl ohexanone oxine and ,

puhesc e erhexasbed, oxonehitaisht crude sy¥ycAobskepRng oxime, and
product. All of these steps may be carried out in a )
contiynuows openitd on. dikteihatlionl v, skepart vgrenaiqr  residual
steps nmamy be carried out in a continuous operation
anéyidlehekaeonepars difs ttildmdrf hef e rihel exide cyclohexanone
batch operations. Alternatively, all of them may_ be

caloxigmk Girtd ipubat chicléhepananeonsimpovisy @btaingd as a bottom
preferable that all steps are carried out in a | .
comirictmts opekbli arf f cbasehesvepap@al sbepfcarried out 1in a
productivity of cycl ohexanone oxine and the thernma

st atintiimpcarsd opetationi cypdterdalionl¥xi fePabtaidfedthe steps
by this process. 15 Fig. 1 is a flow chart
schemibeatdnrshdwbnl an aecCOOXLRANGUSOOREHTIT ARG the other
producti on process of cycl ohexanone oxi ne according )

t 0 gamt pofsethemveayi ope 1GRrIIRG MUcedd PAtSH yOpgrations.
predeterm ned anmount of the reaction solutign with .

t haldmmlatsivel yperddd ofietdien | Bayo br| gargigd out in batch
reaction vessel 1. The ammoxi mation reaction_is
comheatadtidns § eeliomgveyal difexbmonseferahyar @t all steps are
peroxi de 12, ammonia 13, and a solvent if necessary .

i n ¢arx yerhcoubnin a continuous operation from the’ viewpoints

of productivity of cyclohexanone oxime and the thermal
stability and quality of cyclohexanone oxime obtained by
this process.

Fig. 1 is a flow chart schematically showing an
embodiment of a continuous production  process of
cyclohexanone oxime according to the present invention. In
this process, firstly, a predetermined amount of the
reaction solution with the catalyst dispersed therein is
held in a reaction vessel 1. The ammoximation reaction is
conducted by feeding cyclohexanone 11, hydrogen peroxide 12,
ammonia 13, and a soclvent if necessary in the reaction
solution while drawing the reaction solution 14 whose
amount is substantially equal to those of the raw materials

{reaction step (1)). Here, the reaction sclution 14 is



solution while drawing the reaction solution 14 whose
anount is substantially equal to those of the raw
materials 25 (reaction step (1))8 Here, the reaction
solution 14 is 8 preferably drawn such that only its
liquid phase is drawn through a filter or the Iike,
and the catalyst remains in the reaction vessel 1.
VWhpretflerabdtyaldrstwri ssecihmuthateondlyy itdy albguidspbpsef is drawn
separating the catalyst fromthe drawn 5 reaction
solthriogghl 4 | £1 keqpi eedthed Likke,cared yelhhe | catpdyatr agmains in
to be fed to the reaction vessel 1. The concentration
of thige reaciipnt vesiseddd .on When ddis watpl ystedest siultaneously
conditions and the like, and is usually within a
r adgawnf, @/ step 200Dgsepawasinghethmncetedastonf¥em 1Ghe drawn
i ndi cated as the wei ght per the volune of the reaction
5 somrgaicddofcasalpsion | L4ui dsphveghiredrtaed, the catalyst is

reaction vessel 1 is preferably glass-lined one or
madequiredai tloespe stfedd fhoomthiee vieagidion ofessel 1. The
prevention of the deconposition of hydrogen peroxide.
15 concenfrationt afdrdyen qgatabdste depeads | ¢nf r Bheo.activity,
to 3-fold by nol, and preferably fromO0.5 to 1.5-fold
by regctigns éprsH timnsoird Shecyldkeheraithnts RgppAdy, within a
the amount _of amonia is usually 1-fold by nol or ) .
moranged gfef dretdt y £a. 520094Lby wWhenor ther e aanantgiption is
the noles of cycl ohexanone. 20 Ammonia is used in a _

10 npledigased vas athent welhghtt et othecyeo bireg amfhethad reaction

hydr ogen peroxide so as to reside in the
solution {(catalyst + liquid phase). Further, the reaction

vessel 1 is preferably glass-lined one or made of stainless
steel from the viewpoint of prevention of the decomposition
of hydrogen peroxide.

15 The amount of hydrogen peroxide is usually from 0.5 to
3-fold by mol, and preferably from 0.5 to 1.5-fold by mol
based on the moles of cyclohexanone. Further, the amount
of ammonia is usually 1-fold by mol or more and preferably
1.5-fold by mol or more based on the moles of cyclohexanone.

20 Ammonia is used in a more excessive amount than that of
cyclohexanone and hydrogen peroxide so as to reside in the
reaction solution and thereby, the conversion of

- cyclohexanone and the selectivity of cyclohexanone oxime
are enhanced.

25 Preferable solvents used in the reaction step (1)
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reaction solution and thereby, the conversion of

cycl ohexanone and the selectivity of cycl ohexanone

oxi me are enhanced. 25 Preferab$e solvents used in

the reaction step (1) 9 include, for exanple, alcohols

such as nethyl al cohol, -ethyl alcohol, n-propyl

al cohol, isopropyl alcohol, n-butyl alcohol,
sednicdtige,al €olrol exdmple putalcaiebholsuamhd aertmethlyl alcohol,
al cohol, water and a m xed sol vent thereof. 5 The

r eatchiydn alleniherlat w-@riopyls @bl dohali,t Hisvpromanige idoh&0,C n-butyl
to 120C, and preferably within a range of 70C to

10eCcokhwll, hesectinet y Paatlicwhdls pteterbbtylcaldatbbutnd tert-
under pressure for enhancing the solubility of amonia

i namyie adeatwoilon wadlent iagd alGuixed ksolvesdt ithrersad it | on

14 thus obtained, water which is produced by the

react i offhies nesstiriem danpernwinwe nesl lsuadbyawdsihtinofa range of
2-fold by nol based on the noles of cycl ohexanone,

t o§éftierton 120t0e ahfegirefersislpheiahdne a oxiange of 70°C to
(CHOO + NH3 + H202 -, CsHoNOH + 2H20) . Further, 15

si n0e°tydr ogaptheepXitiie | Tedsttdbny isegrieferaldiym @hraied out
10- 70w % H202 cont ai ni ng aqueous sol ution, the water

i nunHer pswamiren for aksbanoing ek i soluisikibet odn ammonia in
solution 14. Further, since amonia is excessively
usthearedetdonbsdlusiboms, unreacted amonia is al so

contained in the reaction 20 solution 14. Furthernore,
si nce | Enj $hgi repctienf golution 14 thus obtained, water which

is produced by the reaction is theoretically contained in
an amount of 2-fold by mol based on the moles of
cyclohexanone, together with the objective cyclohexanone
oxime (CgHio0 + NH3y + H;0; — CgH;oNOE + 2H,0). Further,
since hydrogen peroxide is usually used in a form of a 10-
70wt? Hy0, containing aqueous solution, the water in this
solution is also contained in the reaction solution 14.
Further, since ammonia is excessively used as described
above, unreacted ammonia is also contained in the reaction
solution 14. Furthermore, since it is difficult for
cyclohexanone to completely react, unreacted cyclohexanone
is also contained in the reaction solution 14.

Next, the reaction solution - 14 containing
cyclohexanone oxime, water, ammonia and cyclohexanone is

introduced in a first distillation column 2 to be subjected
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cycl ohexanone to conpletely react, unreacted

cycl ohexanone is also contained in the reaction

solution 14. Next, the reaction swlution 14 contai ning

cycl ohexanone oxinme, water, ammoni a and cycl ohexanone

iIs 25 introduced in a first distillation colum 2 to

be subjected 10 to distillation, amonia is collected

as te dlistiillllastdolh, ammchia nixt wod lefctedclaheaanddseillate 15,
oxi me, water and cyclohexanone is obtained as thr-a

boendm paoducixthfrdt hef fi cgcldhekiahbak onozirp,2) water and
The distillation is usually 5 carried out under nornal

pr eysldpheaadoney ilze asirairestd ons +hedar htesaurproduct 16 (the
under reduced pressure, if necessary. Anmonia
coffiestediiastitlNmtdicat | stede 2)5 | sTHesidiaH iyl Yastcikmt eds usuvally
to the reaction vessel 1. Further, when an organic
sokaemnteds cagedundetr haormadt ippressiware (ahd taat bes, cattied out
when an organic solvent is fed to the reaction vesse

1, unHeropgaasursobyenhdes cedugiede ¢hriessulre,r dfcnemessary.
solution 14 and introduced into the first

di stil | Amnonieolamined:tdd ass twhesi dabtéliate dAlsoishidesirably
organi c solvent is collected as the distillate 15 and
rete¢cliededo the tleactiemvhiegselvebsel5 The orBaniker, when an
sol vent used in the reaction step (1) is required to
haveganioweplivenki ig peEea itrhdrhd heeaotionystepexXanenehat is,
oxime in order to recycle also the organic solvent to

t hehepaeni mrgesise| sdlveote iaf Drdjahbc thel viesdstiamevessel 1,
distilled off acconpanying water as an azeotrope or

t hthe organic solvent is contained in the reaction solution

14 and introduced into the first distillation column 2. It
is desirable that also this organic solvent 1s collected as
the distillate 15 and recycle& to the reaction vessel 1.
The organic solvent used in the reaction step (1) is
required to‘ have a  lower boiling point than that of
cyclohexanone oxime in -order to recycle also the organic
solvent to the reaction vessel 1. Sone of organic solvents
are distilled off accompanying water as an azeotrope or the
like. In that case, the water may be also recycled
together with the organic solvent to the reaction wvessel 1.
For example, since tert-butyl alcohol is distilled off as
water-containing tert-butyl alcohol containing water in an
amount of 12% to 18% by weight, the water-containing t-

butyl alcohol may be recycled toc the reaction vessel 1.
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20 like. In that case, the water nmay be al so recycl ed

together with the organic solvent to the reaction

vessel 1. For exanple, since terl-butyl alcohol is

distilled off as water-containing tert-butyl alcoho
containing water in an anount of 12%to 18% by

wei ght, the water-containing t 25 butyl al cohol may be

r eAmmbad at d st hesuasbly | pecyebsa| td. the Ammawiiion svessel 1 in a
usually recycled to the reaction vessel 1 in a gaseous

f ogasesisg Towwnpeésgora ¢bmpraasevel y, Adhepnabivedy, ammonia
be recycled to the reaction vessel 1 as a solution by

bemay &solmstyoied | bw thepreactdonuvdsisqdr ebsaseaas@lmtion by
di ssol ved in an organic solvent or an organic sol vent

cobedngi ngowdedr . tdhea botawm ipemgekca tuse drundel r @ragsure and
first distillation colum 2 is introduced in an

extiigspdved fiol|ameddganda ngodivead woth an oexgamic solvent
solvent 17, and 10 then the m xture is separated into
ancongadndnijawatetr8 cont ai ni ng cycl ohexanone oxi ne

and cycl ohexanone which are extracted fromthe bottom
product Th® wibbttém ormroduct sollent deadman fgowousthe  first
| ayer 19 which is a raffinate (the extraction step
(3¥istiRdasigani codvmnen? 1A f dntrdducedacinonahs extractor 3
re%uired to be able to be separated from water, to
hateléapsdi IbY ybefdngdi ssistad nyithclathegiganécogadvenindl’, and
to have a | ower boiling point than that of
cythehexthmnoizture. s tseparabedplisfoofan hergagds clayer 18

containing cyclohexanone oxime and cyclohexanone which are
extracted from the bottom product 16 with the organic
solvent and an aqueous layer 19 which is a raffinate (the
extraction step (3)}. The organic solvent 17 for
extraction 1is required to be able to be separated from
water, to have capability of dissolving cyclohexanone oxime
and to have a lower boiling point than that of
cyclohexanone oxime. Suitable examples of the organic
solvents include an aromatic hydrocarbon solvent such as
toluene, an alicyclic hydrocarbon solvent such as
cyclohexane, an aliphatic hydrocarbon solvent such as
hexane and heptane, .an ether such as diisopropyl ether and
tert-butylmethyl ether, an ester such as ethyl acetate and
the 1like. The hydrocarbon solvents such as teluene,

cyclohexane and heptane are preferable and the aromatic
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sol vents include an aromatic hydrocarbon sol vent such

as 20 toluene, an alicyclic hydrocarbon sol vent such

as cycl ohexane, an aliphatic hydrocarbon sol vent such

as - hexane and heptane, an ether such as diisopropyl

ether and tert-butyl methyl ether, an ester such as

ethyl acetate and the like. The hydrocarbon sol vents
subpdascapborne sol¥entyclmhelkxanesanddiepnme dse particularly
preferable and the aromatic 12 hydrocarbon sol vent
sughefisrablygene iBh@ardncamitar f phef coaphpicTheolvent 17 1s
anount of the organic solvent 11 is wusually fromO0.1

t oudnhdlg Wyomei@t , tand-pok8ebyblweidhtom afd3pteferably from
1-fold by weight, based on the anmpbunt of 5

cytl ®dhexanorke-fxide by t heilwdttt,ompasddct oh6. the amount of
extraction tenperature is usually selected froma

r angelohexanonenmaoxtiimeperdat urtthe o béetdrwi | Phgdpotnt 16f The
the organic solvent 17 and is preferably within a

r aeyterattd6n tenp@€atuTiee isxtusuably Setgcbed oftopya range of
which nulti-stage extraction 10 can be carried out, or

a si nglrmadt agemperatmteé - Sbadhen keilingt podntt & the organic
extractor in which a mxing portion and a

| | goldéhtqa7dandpdsaprefarakiliomiieireparatgs. o The0°C to 90°C.
organic layer 18 fromthe extractor 3 is introduced

i nThewagheactorold eegd tey dreé nigy nivkédhwinui tuatsgagel Bxtraction
20, and then a mxture is separated into an organic

| agen R& whirglieds colit,aiorede byinghevshyge nplr Mulsd ~stowe nmixer
the organic |layer 18 by washing with water and an
ageebbierayiype extractor in which a mixing portion and a

liquid/liquid-separation portion are separated.

The orxganic layer 18 from the extractor 3 1is
introduced in a washer 4 followed by being mixed with water
20, and then a mixture is separated into an organic layer
21 which is obtained by removing impurities from the
organic layer 18 by washing with water and an aqueous layer
22 in which the impurities are dissolved {the washing step
{4)).  The impurities include, for example, anmonium
nitrate, ammonium nitrite and the like which are vielded as
by-products in the reaction step {1). The amount of water
20 used  for washing is usually from' 0.05 to 1l-fold by
weight based on the weight of cyclohexanone oxime in the

organic layer 18, and the washing temperature is usually

within a range of 40°C to 90°C. ¥Further, the washer 4 may
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22 in which the inpurities are dissolved (the washing
step (4)). The inpurities include, for exanple,
ammoni um 20 nitrate, ammoniumnifgite and the |ike
which are yielded as by-products in the reaction step
(1). The amount of water 20 used for washing is
usually fromO0.05 to 1-fold by weight based on the
webghtnef byy eihdlabx andnd -@tiage s Rxthectiigartan By etarried out,
18, and the washing tenperature is usually 25 within a
range af 408ih9l80&tader tder milei venshgs Jniveyr 1sdietler type
one by which nulti-stages extraction can be carried
ouextractaersiingl vhithga atixihgi poradenrixed aetiiqrid/liquid-
type extractor in which a mxing portion and a
| i gepdrbkdond- sepeiaii 0Rreor tsepapstedeparsintidarly to the
simlarly to the 5 extractor 3. The organic |layer 21
frertrhetoasBer 4 is introduced into a second
distillation colum 5 to be subjected to
di stil | Zheowrgardle thayet h2lofgam cisol wesher N4t He introduced
organic layer 21 can be collected as a distillate 23
antinthe xr seéeob@d cgtsbhbkatbor @dlencobt atei bg téebjected to
above-nenti oned unreacted cycl ohexanone can be
obddshédlasione sarchorhhalr dthetoPdaiibesedventd in the organic
distillation step (5)). Inthis step, water dissolved
andiaverdipeasedd rcdlleearaghms dagitstil2late 26| gl ddhe crude
as the distillate 23 together with the 15 organic
softyehtheXhpodest i ldxtmeon |comtsabhiygcar thed owbovwai-mentioned
pressure between a normal pressure and a slightly

unreacted cyclohexanone can be obtained as the bottom

product 24 (the second distillation step (5})). In this
step, water dissolved and/or dispersed in the organic layer
21 is collected as the distillate 23 together with the
organic solvent. The distillaticon is usually carried out
at a pressure between a normal pressure and a slightly
reduced pressure depending on the boiling point of the
organic solvent.

It is desirable that the organic soclvent and water
which are collected as the distillate 23 are recycled as
the organic solvent 17 for extraction which is introduced
in the extractor 3 and water 20 for washing which is
introduced in the washer 4, zrespectively. Specifically,
the organic solvent and water which are collected as the

distillate 23 are introduced in a liquid/liquid separator 7
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reduced pressure depending on the boiling point of the
organic solvent. It is desirable that the organic
solvent and water 20 which are ﬁpllected as the
distillate 23 are recycled as e organic solvent 17
for extraction which is introduced in the extractor 3
and water 20 for mashing which is introduced in the

vwaghehed sd ERecbirgaalily &aﬁéf*fﬁg AHC the aqueous

sol vent an mater c are collected as the 2

di shizkl-ato@), 23/ € thBh QL €S ddh £ | ﬂ.gxbg/ li0Ui 4 introduced in
separ at or 7 14 to be separated into the organic |ayer

17tnedekiieag@eeous drRYatnehqidkhd henytpeaor @%n'ﬁltroduced in
| ayer 17 is introduced in the extractor 3, and

aqyReugakR¥er 420 is introduced in the washer 4. 5 The
crude cycl ohexanone oxi ne which has been drawn as the

bot t om predegidd4 dycQpHake ny@e0 vk idiesS twhi &l | RAsCBLEAN drawn as
5 is introduced |nto athird distillation colunm 6 t

bethsubpeebRdpreddcst Pl &rbANtRdCBeLbAW Hﬂ%tillatlon column 5
cycl ohexanone can be collected as a distillate 25 and

puisfietraamiahexanese 40 thdide Wh5601¢8818hNSedul 6 to be
reduced anount of cycl ohexanone can be obtained as a

bosubieptedutl 264441 ddiddl sUERt khad it0He SE@B16RRXanone can
The distillation is usually carried out at a

t epecalieetell 240G QfidEsISlavulers r edcpdriphess ¢y lohexanone
10 kPa or less. Since the purified 15 cycl ohexanone
oxo¥tmé hwlkiioht doheding NI OfediicédCaliBlint of cyclohexanone
can be obtained as a bottom product 26 (the thizd
distillation step (6)). The distillation is nwusually
carried out at a temperature of 140°C or less under reduced
pressure of 10 kPa or less. Since the purified
cyclohexanone oxime thus obtained is superior in thermal
stability, it can be preferably used as a raw material for
the gas phase Beckmann rearrangement. It is desirable that
the distillation <onditions are adjusted sco that tﬁe
concentration of cyclohexanone in said purified
cyclohexanone oxime is 1% by welght or less and preferably
0.5% by weight or less from the viewpoint of suppressing a
side reaction in the gas phase Beckmann rearrangement,
It is desirable to recycle cyclohexanone which is

collected as the distillate 25 to the reaction vessel 1.

Further, when the accumulation of impurities 1in the
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stability, it can be preferably used as a raw materi a

for the gas phase Beckmann rearrangenent. It is

desirable that the distillatioasconditions are

adjusted so that the concentration of cycl ohexanone

in said purified 20 cycl ohexanone oxinme is 1% by

wei ght or less and preferably 0.58 by weight or |ess

f raiins tilkl ateevp®i ¢ pémsrpgh Psshbagaase sbfleopepation for a long
t he gas phase Beckmann rearrangenent. It is desirable

t cemeyah® €yel obRsanate \waisth d potid esf ethé@sdibeillate may
distillate 25 to the reaction vessel 1. 25 Further,

Wha phdei Bicedi by at éoti Dicatiowii 6+ eshénlike. 15

distillate 25 is remarkabl e because of operation for a

| ong tTHen washihg Isitlep @1) leaptbe podidied fd¥re the purpose
distillate may be purified by rectification or the

| idde. fihthsashienpascdpng( 4kheaythbermali fstab ity hef purified
purpose 5 of further enhancing the thermal stability
ofcymiraoHexahory c balimeandniclhxiize svtzined dyt athed gnecess as
the process as described above. Specifically, it is
adlesdEdealisalidred . t NEpeabfhcabl gl ept (43 adwahthgeofisathat the
first washing step (4a) wherein an aqueous sol ution
covgstiimngngsaepased) s amexisigl afl(s sédast vwabhingstsep (4a)
(4b) wherein water not substantially containing a

bade fesin: caal | aaghabiss | 6 byt ot econti®l whhged baakels used and a
purified water or the like) is used. The anount of

t eagubovashangr stemh (k) geviadied watéhe ndinl substantially
washing step (4) (or the anpbunt of water supplied

f cemttadining siadebase {so~called distilled water, deionized

water, purified water or the like) is used. The amount of
the aqueous layer which is generated in the whole washing
step (4} {or the amount of water supplied from the outside
of the process system) can be reduced by using a solution
which is produced by mixing the water layer formed in the
second washing step (4b) with a base, as the aqueous
golution containing a base which is used in the first
washing step (4a). Further, water which is the distillate
of the second distillation step can be used as the water
not substantially containing a base which is used in the
second washing step (4b).

Further, it 1s desirable in order to reduce a loss of
cyclohexanone oxime in the above process that cyclohexanéne

oxime which is contained in a very small amount in the
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15 of the process system can be reduced by using a

solution which is produced by m xing the water |ayer

formed in the second washing step (4b) with a base,

as the aqueous solution containing a base which is

used in the first washing step (4a). Further, water

which is the distillate 20 of the second distillation

st agqueansbdayegddaschibegedt dh the! eldthicdilomidtep (3) and the
contai ning a base which is used in the second washing

st equédhby. FEaybber disthaggeéesi nabl &hen omddving rsbce (4) is
a loss of cyclohexanone oxine in the above process

t hagtrackebexdrinean? nmgamiec wsotireng cont benerbiXected. The
very small amount in the 16 aqueous | ayer discharged

I norbanégt raclvent steged 3heaed nhg lbguathes |say@d one as the
di scharged in the washing step (4) is extracted with

anopggabtc sdMesit t ousedcol Lect ethe Thexteagionr step (3).

sol vent used here nmay be the sanme one as the 5 organic

sohzeotdinglyj nithésedbsdchbie that Ehe ordeedrdisydlvent which

it is desirable that the organic solvent which is to

heigséd ibe theedxtinadtieonestepctBini stepr stily isedirstly used

for collecting a very small anmount of cycl ohexanone

oxfor chldecthagalzoveengnsmaldd apuedusof aggriphexrdnone oxime

then used in 10 the extraction step (3). Further, the

cofrent the cboverciaitcdamaheagreonsi dagesis,aldnyd then used in

carried out by nmulti-stage extraction. Fig. 2 is a

fl thechextrachbomt i sbépy show ng Burther, the collection of
cyclohexanone oxime is desirably carried out by multi-stage
extraction.

Fig, 2 4is a flow chart schematically showing an
embodiment of the above-mentioned two-stage washing
accompanied by collection of c¢yclohexanone oxime, and the
part which is surrounded by the broken line in Fig. 1 can
be replaced with the flow <chart in Fig. 2.

Firstly, the two-stage washing is described. The
organic layer 18 from the extractor 3 is introduced in a
first washer 4a, mixed with an aqueous solution 20a
containing a base and then separated into an organic layer
21a and an aqueous layer 22a [the first washing step (4a)].
The bases contained in the aqueous solution 20a include,

for example, a hydroxide and a carbonate of an alkali metal,

ammonia and the like. The concentration of the base in the
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enbodi nent of the above-nentioned two-stage washing

15 acconpani ed by col |l ection of cycl ohexanone oxi ne,

and the part which is surrounded-by the broken Iine in

Fig. 1 can be replaced with the flow chart in Fig. 2.
Firstly, the two-stage washing is described. The

organic layer 18 fromthe extractor 3 is introduced in

a agdlebiusskodatieh 28da Misxarbud 1y ap EigleoaSranket b&n 0. 01N to
20a containing a base and then separated into an

or gR)I @nkdayafe feXdsb AN dwith8quaouardgy et 2da obNhecd i 0 S§N.  The
washi ng step (4a)]. The bases contained in the
agwasHEn§Otshperatdel Ael kbﬁ!‘%ferﬁ%‘lge)‘ﬁrﬂﬂi% @ range of 60°C to
hydr oxi de and a carbonate of an al kali netal, 25

anpott aagdidrhbe ambkat Hie gacafiédhs 0BoDhtibA RB3E dohtaining
the 17 aqueous solution 20a is usually within a range

of aOb8%dl te p2ifeammthliy efremald )2 wid hznfaldabgewefight based on
0.05N to 0.5N. The washing tenperature is preferably

wi thenweightgefoicyilGHexaritife aoulinideimnbhat ortyahtie layer 18.
aqueous solution 20a containing 5 a base is preferably

froexf, 2 the 2ef@inidy lagieght2ms Edonan thdefiesghtwadher 4a is
cycl ohexanone oxinme in the organic |ayer 18. Next,

t hknbrgduced| ayen 2baonidomadied i4lst mbsddrwithi water Z20b not
i ntroduced in a second washer 4b, m xed with water 20b
nosubstant hal lgl bpntadhdng @y dmsendinthéheseparated into an
separated into an 10 organic |layer 21b and an aqueous

| agegaf2b [tayerseldbd anvskimngagtepuédbl)dyemelh t behe second
organic layer 21b is introduced in the second
diwashingi ostepl ufdbp] and Next, the organic layer 21b is

introduced in the second distillation column 5 and
subjected to distillation. Furxther, the aqueous layer 22b
is mixed with a base or an agueous solution of the base 27
and the mixed solution is recycled as the aqueous sclution
20a containing a base which is introduced in the first
washer 4a. The adqueous layexr 20 obtaihed from the

- distillate 23 from the second distillation column 5 may be
used as the water 20b not substantially containing a base
which is introduced in the second washer 4b.

Next, the collection of cyclohexanone oxime is
described. The aqueous layer 19 from the extractor 3 and
the aqueous layer 22a from the <first washer 4a are
introduced in a collector 8, mixed with the organic solvent

17, and separated into an organic layer 28 and an adqueous
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subjected to distillation. Further, the aqueous |ayer

22b is mxed with a base or an aqueous sol ution of

t he base 27 15 and the m xed solugion is recycled as

t he aqueous solution 20a containing a base which is
introduced in the first washer 4a. The aqueous | ayer

20 obtained fromthe distillate 23 fromthe second

di dieivielrat 28n colThen Srgayidbe laysed 28 tdentaims 20bvery small
not substantially .containing a base 20 which is

I narotntecfi Tydishexamathenastisre 4hidb MNexthedheextracted from
coll ection of cycl ohexanone oxine is described. The
aqtbeuswabger lHydr odbt handxtitect aqudocasd liyer a@douwith the
| ayer 22a fromthe first washer 4a are introduced in

a eorigaadtormod ventxdd .wi tThet EeyuEemilast \Bhtis 17, rafflinate of.
separated into an organic | ayer 28 and an aqueous 18

| apscr2@tidine or e corgyric28l apent ai2@s hs vamitrshided in the
anmount of cycl ohexanone oxi ne which has been extracted

f r eptrapgowaterandwsed 2antthehergandcusdlapat 22 extracting
with the organic solvent 17. The aqueous |ayer 29 is

a citflohexanohe 5xdmer deoimotheT e throgapmodeterl @& § sthe first
introduced in the extractor 3 and used as the organic
sofiefilietiont remimy 2cyclBhekkenne thei enfacars t hayer 29 is
bott om product 16 of the first distillation colum 2.
Fukreeted:t he sguteuwaltayer 28 ithe tommmdd aolvent 17 which is
wast ewater. As the organic solvent 17 which is 10

i ninbdodudedn time &bkl ecoddegtazhe Bor gaihiec leaygemiky layer 17

obtained from the distillate 23 from the second
distillation column 5 may be used. Further, the collector
8 may be one by which multi-stage extraction can be carried
out, or a single-stage or multi-stage mixer settler type
extractor in which a mixing portion and a liquid/liquid-
separation portion are separated, similarly ¢o the
extractor 3 and the washer 4.

Further, the aqueous layer discharged in the washing
step (4) is advantageously subjected to the extraction step
(3) together with the mixed solution of cyclohexanone oxime
and water which is the bottom product of the first
distillation step (2), in order to collect cyclohexanone
oxime contained in a very small amount in the aqéeous layer.

In that  case, the extraction step (3) is rmore

advantageously carried out by multi-stage extraction,
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obtained fromthe distillate 23 fromthe second

distillation colum 5 nmay be used. Further, the

collector 8 may be one by whichigulti-stage

extraction can be carried out, or a single-stage or

mul ti-stage m xer settler type 15 extractor in which a

m xi ng portion and a |iquid/liquid- separation portion

ar bezapaicat ethe si Bighably t A dfer eyikabbeged anerdMe such
washer 4. Further, the aqueous |ayer discharged in the
wagikitigctdoep E4kp S (3JVardadge@édons U CtRfhddud helayer not -
extraction step 20 (3) together with the m xed
sobubistantfiad)jyl cwMadiann@Xcyelahgxanbae Wiine ishibR is not
bott om product of the first distillation step (2), in

or dequirecoitbeble eubjelktxanare a @OlTRdtGBAItieshtineret .

very small anount in the aqueous layer. |In that case,
the extraction step (3) is nore 25 advant ageously
carried out by nulti-stage extraction, 19 because the
aqEXaMPIESyer di scharged from such an extraction step
(3) can becone an aqueous | ayer not substantially
cont ai nlthg @ sEhax alween OXOAE ivhiddsdsied byegomectexamples,
to be subjected to a collection treatnent. 5 EXAVMPLES
Theupr ddenis | noeniliod tiedl dgscthésd kexasple.exabpl Example, "%"
but it is not limted to these exanple. In Exanple,
l18eprespnéingt i rihe hecowtertt is bdsatkdn ori gheight unless
unl ess

otherwise noticed.

Example 1

The respective steps and thermal stability test were
carried out by applying the washing and collection
operations shown in Fig. 2 to the continucus production
process shown in Fig. 1.

[The reaction step (1)]

A reaction solution in which the titanosilicate
catalyst was dispersed was hold in a stirring vessel-type
reaction vessel 1, and reaction was carried out by drawing
a reaction solution 14 through a filter while feeding
cyclohexanone 11, 60% hydrogen peroxide aqueous solution 12,
ammonia 13 and tert-butyl alcohol containing water in an
amount of 15% by weight into the vessel. The reaction was

carried out at 85°C and a pressure of 0.25 MPa (gauge

pressure) under a feed molar ratio of
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10 otherw se noticed. Exanple 1 The respective steps

and thermal stability test were carried out by

appl yi ng the washing and col |l ect2on operati ons shown

in Fig. 2 to the continuous production 15 process

shown in Fig. 1. [The reaction step (1)] A reaction
solution in which the titanosilicate catalyst was

di syelohexsndneohddrvgers Perbkdide/esdrimila/ff tdrgadd ttbutyl
vessel 1, and reaction was carried out by drawing 20 a

.readcohrlsel a/ilan /14 s/v.@egid @ .f i INitfroded edeediith was

cycl ohexanone 11, 60% hydrogen peroxi de aqueous
solyieildedl2s aalyepradlttads tove ratdoticH e@llremoved out of
contai ning water in an anount of 15% by weight into
t héheesyeltenThande acimoni anvgas odvifche Goidimpain i8HC tad i trogen
pressure of 0.25 MPa (gauge 25 pressure) under a feed
nobas wati ebsbrPedcyin eladezndoebey dioddected. The
per oxi de/ ammoni a/ water/tert-butyl al cohol =
1/ conten8tations. of Nompopentgadirnwtheh neast ivirelsdddtdon 14
a by-product in the reaction was renoved out of the
sywers 28n8%&mfnicycdahewhnchecaoxdmeanizad soige of Wwad@a) 2.30%
5 gas was absorbed in water to be collected. The
confeammanians Oof98omfongeioheranbaer @ad iS5G 03¢ Wi @ert-butyl
14 were 20.89% of cycl ohexanone oxine, 21.69% of
waedeph9l30% of ammonia, 0.09% of cycl ohexanone and
55.03% of tert-butyl

[The first distillation step (2)]

The reaction solution 14 which was drawn from the
reaction vessel 1 was introduced into a first distillation
column 2 together with the above-mentioned water wherein
ammonia was absorbed, and subjected to distillation at a
temperature of 83°C and a pressure of 50kPa {gauge
pressure) such that ammonia and water-containing tert-butyl
alcohol were collected as a distillate 15 and a mixture
consisting .of 46.23% of cyclohexanone oxime, 53.45% of
water and 0.205% of cyclohexanone was obtained as a bottom
product 16. The distillate 15 was used as a portion of
ammonia which was fed to the reaction vessel 1 and the 15%
water-containing t-butyl alcohol.

[Extraction step (3)1}

The bottom product 16 from the first distillation

column 2 and toluene 28 whose weight was the same as that
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al cohol. 10 [The first distillation step (2)] The
reaction solution 14 which was drawn fromthe
reacti on vessel 1 was introducedzinto a first
distillation colum 2 together with the
above-nentioned water wherein amonia was absorbed,
and subjected to distillation at a 15 tenperature of

83@ fanty cl ghieeasite Obx bl Pechuauged Bhesdiebdit@h product 16
that ammoni a and water-containing tert-butyl alcoho

wenmereo| introduasda ih Stanl | @kerddtend 3 NanHUrthe mixture was
consi sting of 46.23% of cycl ohexanone oxi nme, 53. 45% of

watsefi rad 0220kt cygb@hsﬁan%wﬂgega&%%d A%E a toluene
bottom 20 product 16. The distillate 15 was used as a

porliaiyer QAf8 addreii agMidls asydred g o the reaction
vessel 1 and the 15% water-containing t-butyl

al cohol .[ Thisxtfriaxedti armstiay (shep Tl )bot t om product 1,6
fromthe first distillation 25 colum 2 and tol uene

. 28 whoFhendighien@slaper Sase fasnt e 2dx®factor 3 and a 0.1N
cycl ohexanone oxi ne contained in said bottom product

16 soddne imtdmduicksl aguesuexss gt bon 32 0andhblee EmOUNte was the
was stirred at about 72C and then separated into a

t olsaee inl ayeeighi8 amdthatagfeeyalbhgrantde xildee contained in
first washing step (4a)] The toluene |layer 18 fromthe

exseadt toldemed layariNg sediclhnttddudale agueotisrst washer 4a,
sol ution 20a whose anount was the

and the mixture was stirred at about 72°C and then

separated into a toluene layer 2la and an aqueous layer 22a,

[The second washing step (4b)]

The toluene layer 2la from the first washer 4a and
water 20b whose amount was the same in weight as that of
cyclohexanone oxime contained in said toluene layer 21la
were introduced in a second washer 4b, and the mixture was
stirred at about 72°C and then separated with a decanter
into a toluene layer 21b and an aqueous layer 22b. Sodium
hydroxide was added to the aqueous layer 22b to prepare a
0.1N sodium hydroxide aqueocus solution and this was used as
the 0.1N sodium hydroxide aqueous solution 20a which was
introduced in the first washer 4a.

[Oxime collection step]

The aqueous layer 19 from the extractor 3 and the

aquecus layer 22a from the first washer 4a were mixed, the
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same in weight as that of cycl ohexanone oxi ne

contained in said toluene |ayer 18 were introduced in

a first washer 4a, 10 and the madure was stirred at

about 72C and then separated into a toluene |ayer 2la

and an aqueous |ayer 22a. |[The second washing step

(4b)] The toluene layer 2l1a fromthe first washer 4a

anmlixedt elquiius\h0agesmaid wadukhe SHirewefeveiritodisced in a
that of 15 cycl ohexanone oxi me contained in said

t okueneckayers 21a M emi RELPEUGRE | St arseqondt VaSHeE 72°C and
4b, and the m xture was stirred at about 72C and then

sepheat sdparahed detantertoliuene dayelrudse dryain 2bneous layer
and an aqueous | ayer 22b. Sodi um hydroxi de was added

t 028he JTheeduduempeerl A t28 pwepaneed 36 Qollepedi28mwhich was
hydr oxi de aqueous solution and this was used as the

0. it soduoadhydr ekedexagaetss 3ol uti on 20a whi ch was
introduced in the first washer 4a. [Oxinme collection

step] TliThaqeeavad| dietildatiom shepeXtngctor 3 and

the 25 aqueous |layer 22a fromthe first washer 4a

were m The, tollme® nlaeer agdbourdmayehe agddovldianesder 4b was
were introduced in a collector S. The m xture was

st intrzddutedbdmtor’2C asdontheii stdidmatiech icdbuwan 5, subjected
tol uene layer 28 and an aqueous |ayer 29. The tol uene

| aber @Bswhblatidnasundénence@scedi ghressurd® of 30kPa at a
introduced in the extractor 3. [The second

di sémpépitanesioFp 16)9C and such that a mixture of toluene
and water was collected as a distillate 23 and crude
cyclohexanone oxime with a purity of 98.13% which contained
0.54% of cyclohexanone was Bbtained as the bottom product
24, The distillate 23 was introduced in a liquid-liquid
separateor 7 and separated into a toluene layer 17 and an
aquecus layer 20 at about 35°C. The toluene layer 17 was
used as the toluene 17 which was introduced in the
collector 8 and the aqueous layer 20 was used as the water
20b which was introduced in the second washer 4b.

[The third distillation step (6)]

The bottom product 24 from the second distillation
column 5 was introduced into a third distillation column 6,
and subjected to distillation under reduced pressure of
4kPa at a temperature of 120°C such that cyclohexanone was

collected as a distillate 25 and purified cyclohexanone
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The toluene layer 21b fromthe second washer 4b was
i ntroduced into a second distillation colum 5,
subjected to distillation underpageduced pressure of
30kPa at a 10 tenperature of 107C and such that a

m xture of toluene and water was collected as a
distillate 23 and crude cycl ohexanone oxine with a

Pubixtiyteof wdBh 1300 phirgbyc it aioned 0g0. i eR! contained 0.02% of
cycl ohexanone was obtained as the bottom product 24.

The ydilshiekhabfe? 3vi8S obtbiadicess | B dtEdth dphodivicd 196,  The
separator 7 and separated into a toluene |ayer 17 and

andiaieoutel RFrwad Wedboyt a3pbrt I8 b¥ U8RA JHMEInone which
17 was used as the toluene 17 which was introduced in

t herascgledeeboth® Fe@dcithenaquaaey hayer 20 was used as
the water 20b which was introduced in the second

washer 4lthe2fall TBgablilng ydicsdsitljl ation step (6)] The
bottom product 24 fromthe second distillation colum

5 was i fheogueediked eyelbhiekdndngt ohkiild Ghic® Wi Gbtained as
and subjected to distillation under reduced pressure

of thékBatabmapedpetaker Gael shddectedh thh#leduced pressure
cycl ohexanone was 25 collected as a distillate 25 and

pugikied: g¥shahgxagone LoR Wt RodepuLhly
99. 70% whi ch containedmggggang? w?y?ﬁ?hgxé%gngﬂagg a pressure

obb#i nédons d2RPhYOmmRiVdiel A8stiNQatd WWals hafte obzerved.
was used as a portion of cycl ohexanone which was fed
t oThheameanti 66 vessdual. taz( Waser nalolgt Blislkeld Yorl &He) charge
fed to distillation (this tar amount corresponded to the
amount of tar before heating treatment). Further, the
cyclohexanone oxime was subjected to heating treatment at a
temperature of 200°C under nitrogen gas flow for 5 hours,
and then it was subjected to distillation under reduced
pressure in the same manner as in the above—mentioneﬁ
reduced pressure distillation. The amount of residual tar
was 0.54% based on the charge fed to the distiilation (this
tar amount corresponded to the amount of tar after heating
trgatment}. The increment of tar due to the heating
freatment was 0.53%.
Comparative Example 1
The reaction step {1) and the first distillation step

(2) were carried out in the same manner as in Example 1.

Ammonium sulfate was charged in the bottom product 16 from
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The purified cycl ohexanone oxi me whi ch was obtai ned as
the bottom product 26 was subjected to reduced
pressure distillation at a tenpggature of 120C and
under a pressure of 15torr (2kPa) until the
distillate was not observed. 10 The anount of residua
tar was 0.01% based on the charge fed to distillation

(t hirfe tRIrsAMAUNEE IO ESRPNESk® 3 ey SRt OfsdBdrate the
before -heating treatnent). Further, the cycl ohexanone

OXIHER: 6 TR Bhid difalddihid el TRMt nd an aqueous layer.
tenperature of 200C under nitrogen gas flow for 5

houte obtaAfed REyari das wibived edrd ol Sdidh@tdfime with a

under reduced pressure in the sang manner as in the

abeya-imN g o s Qi JURSSHE ¢lisitd [d@tdw oHdeanone and

anount of residual tar was 0.54% based on t'he charge

feqd e tdte wdittld | | Ao Hd D d13b AUt S MESPAUEM ed out

to the anount of tar after heating 20 treatnent). The

| NGreRY sAiel Manied (s tihe FIRAMYING 1 ti8a NBRYpd@S to the
0.53% Conparative Exanple 1 Thé reaction step (1) and

t heyidliohlex@nShld lodin@ sHteR nd?) WL St b P Wark was 0.21%
the sane manner as in Exanple 1. 25 Amonium sul fate

wapedivaied B atinighe reeith i)’ Qe tanburdt U8 2t Kad i 158 after

distillation colum 2 in order to separate the bottom

Pr Biéath nig 2 eARmdNnI3Niah e Hhee Nin et FRIQAUS h@Y %o the
The obt ai ned organic | ayer was cycl ohexanone oxi ne

Wi hRa® i ngu kired tlentd w2% Whi clyscont ai ns 0. 11% of
cycl ohexanone and
Comparative Example 2
The reaction step (1), the first distillation step (2),
the extraction step (3), the fitst washing step (4a) and
the second washing step (4b) were carried out in the same
manner as in Example 1. The toluene layer 21b from the
second washer 4b was subjected to batch concentration under _
reduced pressure of 65kPa to 30kPa at a temperature of
104°C to 108°C over 1€ hours to obtain cyclohexanone oxime
with a purity of 99.1% which contains 0.66% of
cyclohexanone as a bottom product. The thermal stability
test was carried out in the same manner as in Example 1
with respect to cyclohexanone oxime obtained. The amount
"of tar was 0.07% before heating treatment, the amount of

tar was 7.1% after heating treatment, and the increment of

tar due to the heating treatment was 7.03%.



5 2. 7% of water. The thermal stability test was

carried out in the sane manner as in Exanple 1 with

respect to the cycl ohexanone oxpge obtai ned. The

amount of tar was 0.21% before heating treatnent, the

amount of tar was 15% after heating treatnent, and

the increnent of tar due to the 10 heating treatnent

was 14. T¥% pfespatatdprel iwigne 21ihfsr afeidONt ¢t @der Paris
(1), the first. distillation step (2), the extraction

st gon(@ntidne to r ghpaasekenPatiat (Applavdtibhe Neacon@04~370726
washi ng step (4b) were carried out in the sane 15

narfidleda®n Mevaiye 22, T4 cdnenel édy EfpPRIGESS arork herRoDUCING
second washer 4b was subjected to batch concentration
uNdHCLOHEXANENED r GEEME £ "of  60kBa dontd¥ien 8f &hat application
tenperature of 104C to 108C over 16 hours to obtain
cy@reheiamonporaitesl hetrkeia pbyi t yefiérefcé% thecbto in their
contai ns 0.66% of 20 cycl ohexanone as a bottom

pr @ddrdretPhe thernmal stability test was carried out

in the sane nmanner as in Exanple 1 wth respect to

cycl ohexanone oxi me obtai ned. The anmobunt of tar was

0.07% before heating treatnent, the anmount of tar was

7.1% after heating treatnent, and the increnment of 25

tar due to the heating treatnment was 7.03% 25 The

present application clains priority under Paris

Convention to Japanese Patent Application No.

2004- 370726 filed on Decenber 22, 2004 entitled

" PROCESS FOR PRODUCI NG
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CYCLOHEXANONE OXI ME." The contents of that application
5 are incorporated herein by reference thereto in
their entirety. 26 CLAIMS 1. Aperocess for producing
cycl ohexanone oxinme including the follow ng steps (1)
to (6): (1) a step of reacting cycl ohexanone, hydrogen
5 peroxide and anmmonia in the presence of a
titanosilicate catalyst to gicIgamg eaction sol ution
contai ning cycl ohexanone oxinme, water, unreacted

amoni a land mnrQ&wbﬁésCyﬁéﬁheﬁﬁﬁaﬂ@inEZ)c@c&bﬁ%ﬂﬂhone oxime
subj ecting the reaction solution 10 obtained in the

st épclbding ¢het ifbllabvang! @tepst i(1)0fte @moni a and
obtain a bottom product containing cyclohexanone

oxi me, vayer andstys! obexanceest () acytephekafibie)d hydrogen
the bottom product obtained in the step (2) with an

or pgamogisdel wand &ahénied iby siepapabisepcel DA 8 HiWahosilicate
into an organic |ayer and an aqueous | ayer, (4) a step

of catrilygtt hetor gagivel ayar olreaictddn n tsadutioed (Pontaining
wth water foll owed by separating a m xture into an

or gguilohkagaonandxinepquates, | ayeeacted amhiodda0fand unreacted
subjecting the organic |ayer obtained in 20 the step

(4¢ytdoHexztnbhation to distill off the organic

sol vent and water and to obtain a bottom product

containifRp) a step of subjecting the reaction solution
obtained in the step (1) to distillation to distil off
ammonia and obtain a bottom product containing
cyclchexanone oxime, water and cyclochexanone,

(3) a step of mixing the bottom product obtained in
the step (2) with an organic solvent followed by separating
a mixture into an organic layer and an agqueous layer,

{(4) a step of mixing the organic layer obtained in the
step (3} with water followed by separating a mixture into
an organic layer and an aqueous layer,

(5) a step of subjecting the organic layer obtained in
the step (4) to distillation to distill off the ovrganic
solvent and water and to obtain a bottom product containing
cyclohexanone oxime and cyclohexancone, and

(6} a step of subjecting the bottom product obtalned
in the step (5) to distillation to distil off cyclohexaﬁone

and to obtain a bottom product containing cyclohexancne



10

15

20

25

cycl ohexanone oxi me and cycl ohexanone, and (6) a step

of subjecting the bottom product obtained in the step

(5) to distillation to distil off7cyctohexanone 25

and to obtain a bottom product containing

cycl ohexanone 27 oxime. 2. The process according to

claim1l, wherein the organic solvent used in the step
(3pxiimeone or nore solvents selected froma

hydr ocar bon sol vent, an ether 5 solvent, and an ester
sol vent 2.3. The ppocesssacsmadiding otol atbaimorl,2, wherein the
wherein the ammonia distilled off in the step (2) is
reoygagd ct osoflirenst epséd) .in. the mEtEpesd3accasdi oget oor more
any one of clainms 1 to 3, 10 wherein the organic
solspdivendisst skl edteflf fromhe shgpircarbon r ecjvket,t oan ether
the step (3). 5. The process according to any one of

cl @cdwehtioahd anhestiexr tsldwentter distilled off in the

step (5) is recycled to the step (4). 15 6. The )

process 3accofflienpracesy saeopflivkaitns ¢labm51 or 2, wherein
wherein the cycl ohexanone distilled off in the step

( 6Xhies ammemnicl edisbilhedsvéf (i) . thHe Bhepprests recycled to
according to any one of clains 1 to 6, wherein the

st &pe( #repndlddes the foll owi ng steps (4a) and 20

4b) :

(4b) 4. The process according to any one of claims 1 to 3,

wherein the organic solvent distilled off in the step (5)
is recycled to the step (3).

5. The process according to any one of claims 1 to 4,
wherein the water distilled off in the step (5) is recycled
to the step (4).

6. The process according to any one of claims 1 to 5,
wherein the cyclohexanone distilled off in the step (6) is
recycled to the step (1).

7. The process according to any one of claims 1 to 6,
wherein the step (4) includes the following steps (4a) and
(4b) :

(4a) a step of mixing the oxganic layer obtained in
the step (3) with an aqueous solution containing a base
followed by separating a mixture into an organic layer and
an aqueous layer, and

(4db) a step of mixing the organic layer obtained in



10

(4a) a step of mxing the organic |ayer obtained in
the step (3) with an aqueous sol ution containing a
base followed by separating a nmpgture into an organic
| ayer and an aqueous |ayer, and 25 (4b) a step of

m xi ng the organic |ayer obtained in 28 the step (4a)
Wi th water not substantially containing a base

folthewedtéy SeRAr alibl &dfed UhSti b M S8 § L8%®hining a
and an aqueous | ayer, and the organic |ayer obtained

| Nbalke ForNdWH) by separaiiefd e MGt Sirdfo (A -oyanic layer

The process according to claim?7, wherein the aqueous

| aperd abf aigiebus) lidieerst ed 4b) is mixed with a base
and the resulting aqueous sol ution containing a base

is recythed foxdadigcst apaveda) obkQihedheipr G80SS step (4b) is
according to claim7 or 8 wherein the water

di subjleeteaf fto ntHehaten50]) is recycled to the step

(4b) .

8. The process according to claim 7, wherein the
aqueous Jlayer obtained in the step (4b) is mixed with a
base and the resulting agqueous solution containing a base
is recycled to the step (4a).

9. The process according to c¢laim 7 or 8, wherein

the water distilled off in the step (5) is recycled to the

step (4b).



